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Message from the MUSIC 2013
General Chairs

MUSIC 2013 is the FTRA 4th International Conference on Mobile, Ubiquitous,
and Intelligent Computing (MUSIC 2013). This conference takes place Septem-
ber 4–6, 2013, in Gwangju, Korea. The aim of the MUSIC 2013 was to provide
an international forum for scientific research in the technologies and application
of Mobile, Ubiquitous and Intelligent computing. The MUSIC-13 is the next edi-
tion of the 3rd International Conference on Mobile, Ubiquitous, and Intelligent
Computing (MUSIC-12, Vancouver, Canada, 2012) which was the next event
in a series of highly successful International Workshop on Multimedia, Com-
munication and Convergence technologies MCC-11 (Crete, Greece, June 2011),
MCC-10 (Cebu, Philippines, August 2010).

The papers included in the proceedings cover the following topics: Mobile
Computing, Ubiquitous Computing, Intelligent Computing, Intelligent and Mo-
bile Services. Accepted and presented papers highlight new trends and challenges
of Information Technology Convergence and its Services. The presenters showed
how new research could lead to novel and innovative applications. We hope you
will find these results useful and inspiring for your future research. We would
like to express our sincere thanks to Steering Chairs: James J. (Jong Hyuk)
Park (SeoulTech, Korea). Our special thanks go to the Program Chairs: Namje
Park (Jeju National University, Korea), Jinjun Chen (Swinburne University of
Technology, Australia), Isaac Woungang (Ryerson University, Canada), Song
Guo (University of Aizu, Japan), Soon Ae Chun (City University of New York,
USA), all Program Committee members and all the additional reviewers for their
valuable efforts in the review process, which helped us to guarantee the highest
quality of the selected papers for the conference.



VI Message from the MUSIC 2013 General Chairs

We cordially thank all the authors for their valuable contributions and the
other participants of this conference. The conference would not have been pos-
sible without their support. Thanks are also due to the many experts who con-
tributed to making the event a success.

September 2013 Sang Soo Yeo
Hojjat Adeli

Qun Jin
Fionn Murtagh

MUSIC 2013 General Chairs



Message from the MUSIC 2013
Program Chairs

Welcome to the 4th International Conference on Mobile, Ubiquitous, and Intel-
ligent Computing (MUSIC 2013) will be held in Gwangju, Korea, September,
4–6, 2013. The MUSIC-13 will be the most comprehensive conference focused
on the various aspects of Mobile, Ubiquitous and Intelligent computing. The
MUSIC 2013 will provide an opportunity for academic and industry profession-
als to discuss the latest issues and progress in the area of intelligent technologies
in mobile and ubiquitous computing environment. In addition, the conference
will publish high quality papers which are closely related to the various theories,
modeling, and practical applications in MUSIC. Furthermore, we expect that
the conference and its publications will be a trigger for further related research
and technology improvements in this important subject.

For MUSIC 2013, we received many paper submissions, after a rigorous peer
review process, we accepted 36 articles with high quality for the MUSIC 2013
proceedings, published by the Springer. All submitted papers have undergone
blind reviews by at least two reviewers from the technical program committee,
which consists of leading researchers around the globe. Without their hard work,
achieving such a high-quality proceeding would not have been possible. We take
this opportunity to thank them for their great support and cooperation. We
would like to thank all authors for their work and presentation, all members
of the program committee and reviewers for their cooperation and time spent
in the reviewing process. Particularly, we thank the founding steering chair of
MUSIC 2013, James J. (Jong Hyuk) Park. Finally, Special thanks are extended
to the staffs from MUSIC 2013, who contributed so much to the success of the
conference.

Thank you and enjoy the conference!

Namje Park, Jeju National University, Korea
Jinjun Chen, Swinburne University of Technology, Australia

Isaac Woungang, Ryerson University, Canada
Song Guo, University of Aizu, Japan

Soon Ae Chun, City University of New York, USA

MUSIC 2013 Program Chairs
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Abstract. Keyword-based information retrieval finds webpages with queries 
composed of keywords to provide users with needed information. However, 
since the keywords are only a part of the necessary information, it may be hard 
to search intended results from the keyword-based methods. Furthermore, users 
should make efforts to select proper keywords many times in general because 
they cannot know which keyword is effective in obtaining meaningful 
information they really want. In this paper, we propose a novel algorithm, 
called PQ_Rank, which can find intended webpages more exactly than the 
existing keyword-based ones. To rank webpages more effectively, it considers 
not only keywords but also all of the words included in webpages, named page 
queries. Experimental results show that PQ_Rank outperforms PageRank, a 
famous algorithm used by Google, in terms of MAP, average recall, and 
NDCG. 

Keywords: Information retrieval, Page query, Grouping webpages, Ranking 
technique. 

1 Introduction 

Most of recent information retrieval algorithms have been studied on the basis of 
keyword-based searches. There are well-known methods such as PageRank [4], 
RL_Rank [1], PDOM [3], etc., which help users obtain their intended webpages by 
applying various techniques. However, in these keyword-based approaches, users 
have to make efforts to select appropriate keywords several times in most cases since 
the keywords only represent a part of results they try to find. In this paper, to improve 
disadvantages of the existing methods, we propose a new ranking algorithm using 
webpages themselves as important queries in addition to the keywords, called 
PQ_Rank(Page Query_Rank), which is performed as follows. When certain keywords 
are inputted by a user, the algorithm first provides the user with webpages related to 
them. Then, the user selects one of the offered webpages, and thereafter, the algorithm 
compares relevance between the words of the selected one and those of other 
webpages. After that, PQ_Rank preferentially shows to the user webpages with higher 
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relevance. PQ_Rank has two important features as follows. First, the algorithm can 
find more helpful webpages using the page query that is information more extended 
than the keyword query. Second, it can more efficiently perform comparison tasks 
between webpages by classifying them as a number of groups. 

The remaining sections of this paper are as follows. In Section 2 and 3, related 
work is introduced, and the indexing method and ranking technique of the proposed 
algorithm are described respectively. In Section 4 and 5, we provide results of 
performance evaluation and conclude this paper. 

2 Related Work 

PageRank [4], as a ranking algorithm used by Google, assigns priorities per webpage 
after calculating the number of links between webpages to rank them. As another 
approach, RL_Rank [1] uses topics of webpages that users visit frequently as well as 
the keyword queries in order to rank webpages. In [7], its proposed algorithm stores 
user information to a database and compares similarity between queries and the 
information. RCW [6] selects a webpage first and then finds specific webpages 
related to the selected one. RCW sets weights of webpages based on tf-idf [5], so it 
has the most effect on ranking scores of RCW. Meanwhile, the proposed algorithm, 
PQ_Rank does not depend on the tf-idf and uses a new-type ranking technique using 
the page query based on webpage groups classified by the indexer of the algorithm. 

3 A Ranking Technique Based on Page Queries 

3.1 Indexing Web Pages 

Before calculating ranking scores with queries, we first collect webpages, classify 
them as several groups, and then index them. The indexer of the proposed algorithm 
has structures in the form of a group, where each group has a linear list storing 
webpages and a comparison list having all words in the group. Fig. 1 shows how the 
indexer operates, and its detailed steps are as follows. First, the words of a newly 
collected webpage are compared to the ones of comparison lists stored for each group.  

 

Fig. 1. Execution processes of the indexer 
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Thereafter, the new webpage is inserted into an appropriate group which has the 
most words matched with those of the new webpage, where certain words which do 
not exist in the comparison list of the selected group are updated to the list. To insert 
the new webpage into the group properly, the algorithm first searches a certain 
webpage having the highest congruence within the current group, comparing the 
words of the new webpage with those of the webpages included in the group. The 
new one is inserted in front of the searched one. If there is no appropriate group, a 
new group is generated and the new webpage and its word list are inputted in the new 
group. Generation of the new group is allowed when the congruence between the new 
webpage and each group is less than N%(N is set by PQ_Rank). The congruence 
means how many the words of the newly inserted webpage is matched with those of 
the comparison list in any group. After the insertion phases terminate with respect to 
all of the collected webpages, the algorithm creates an inverted file and group-related 
files. The inverted file stores relative frequencies of words, URL addresses, and 
webpage positions for each group. The positions have group and list information of 
the webpages, i.e., indicate where the webpages are located. In the group-related files, 
for each group, all of the groups except for it are sorted in descending order of their 
congruence and the sequences are stored. In other words, the algorithm makes this file 
per group, where the file stores other groups’ names and sequences according to their 
congruence. 

3.2 Ranking Technique 

PQ_Rank shows webpages sorted in descending order of keyword frequency at first. 
Then, among the shown pages, a user selects one which is likely to contain necessary 
information. After that, PQ_Rank calculates ranking scores so that webpages most 
related to the selected one can be ranked as the top positions, where we have only to 
consider webpages with the first inputted keyword as target pages that compute 
ranking scores. The scores are calculated as follows. 

  =    ,| | ,       ℎ   
,  , ℎ                                                

Let P be a webpage selected by the user and Q be a webpage to calculate its 
ranking score. If both P and Q belong to the same group, G, The ranking score is 
obtained by dividing the size of G including P and Q,   ,  by the distance of 
them, | − |, where the value is always more than 1. If they are not 
contained in the same group, we compute the score as a different manner in order to 
consider congruence between groups. Let ,  be congruence between the 

groups including P and Q respectively, denoted as  and . Then, it has an 
integer value from 1(as the two groups are more similar) to the total number of 

groups(as they are less relevant). In addition, we use Q’s term frequency, (0 ≤ 

 ≤ 1) to distinguish importance of webpages which are not included in  but 



4 G. Pyun and U. Yun 

 

are contained in the same group to each other. Therefore, webpages with higher 
tf(term frequency) are likely to have relatively better ranking scores. To differentiate 
these two cases, we add 1 to the denominator of the second formula. Thereby, the first 
case always returns more than 1 value while the second one has less than 1 and more 
than 0. That is, specific webpages belonging to the same group as that of the selected 
page have relatively high ranking scores. 

4 Performance Evaluation 

In this section, we conduct performance evaluation regarding the proposed algorithm, 
PQ_Rank and Google. Our algorithm was written in C++ and, we used CLucene [8] 
to conduct morpheme analysis. The standard for generating new groups, N was set as 
10%. Data used for the experiments are newspaper articles from 1/1/2011 to 
12/31/2011, which are collected at http://www.washingtonpost.com. The number of 
them is 42,150 and their categories are composed of politics, business, life, style, 
entertainment, sport, region, and world. Performance evaluation is conducted as 
follows. If random keywords are inputted, PQ_Rank first shows webpages according 
to their keyword frequencies, where one webpage is selected and the algorithm 
calculates ranking scores as mentioned in the section 3. Then, we evaluate the results. 
In Google, we measure its performance using the same keywords as those of 
PQ_Rank and important keywords of the selected webpages. The first measure, 
MAP(Mean Average Precision) [3] is to compute a mean value of average precision 
regarding all queries. Recall is a ratio of correct answer pages successfully searched 
from whole ones. Average recall is a mean recall value considering all of the queries. 
Fig. 2 shows results of MAP and average recall, where the test was performed with 
respect to the top-50 webpages and 12 random queries. Each query is composed of 
two elements(a keyword / an important word of the selected webpage), so all of the 
used queries are { (cup / golf), (Korea / nuclear), (apple / food), (sea / travel), (skin / 
health), (stone / football), (open / book), (war / obituaries), (French / economy), 
(windows / garden), (island / travel), and (wife / style)}. From the results of the 
experiment, we can observe that PQ_Rank has outstanding performance that that of 
Google in terms of the MAP and average recall measures. In Fig. 3, NDCG [3] is 
evaluated, where it is more likely to have higher values when correct answer pages 
are located in the top lank positions. 

  

 Fig. 2. MAP and average recall test             Fig. 3. NDCG test 



 A Novel Ranking Technique Based on Page Queries 5 

 

NDCG is computed using DCG(Discounted Cumulative Gain) and IDCG(Ideal 
Discounted Cumulative Gain) as the following formula. =                              =  + ∑    , =  + ∑  

reli is a relevance value and set as 3(when the current webpage and the selected 
one have similar contents and the same category), 2(when they have similar contents 
but different categories), 1(when they have the same category but different contents), 
or 0(when they are entirely different). sreli is to sort reli in score descending order. 
Thus, NDCG can calculate a gap of results between the ideal case and real ranking 
algorithms. Fig. 3 presents NDCG results for the queries (cup / golf) and (apple / 
food). As in the previous test, PQ_Rank guarantees better performance than that of 
Google in every case. 

5 Conclusion 

In this paper, we proposed a novel ranking algorithm, PQ_Rank which could perform 
more exact webpage searches by using webpages as queries. By using the newly 
proposed technique, page query, PQ_Rank could provide users with more meaningful 
search results compared to Google. These advantages were proved through the 
experimental results shown in this paper. In future work, we can consider applying 
PQ_Rank to various areas such as retrieving twitter, blog, and so on. These applications 
are expected to make a great contribution to the information retrieval area. 
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Abstract. Ranking algorithm is one of the most important issues in information 
retrieval researches. It can be divided into two types according to purpose, 
general and specific purpose algorithms. Although the general purpose 
algorithms can be effective for retrieving relevant documents on the internet, it 
is difficult to find meaningful information of specific targets such as blogs or 
twitter since the algorithms do not consider unique characteristics of the targets. 
Recently, ranking algorithms have been proposed for searching useful book 
reviews by reflecting unique features of book reviews. In this paper, we propose 
a novel algorithm, RUD (Ranking based on User Discussion), for ranking book 
reviews to improve performance based on user discussion. For performance 
evaluation, we conduct precision and recall tests. The experimental results show 
that the proposed algorithm outperforms previous algorithms. 

Keywords: Book review, Information retrieval, Ranking, User discussion. 

1 Introduction 

IR (Information Retrieval) systems are used to search relevant information from a 
data collection. In the system, information retrieval begins when a query is given from 
a user, and the query does not generally identify a single document in the collection. It 
means that some documents can be matched to the query with relevance degrees (or 
ranking scores). Ranking algorithm is adopted and employed to compute the ranking 
scores of keywords in documents of the collection. Hence, the ranking algorithm is 
one of the most important issues in information retrieval researches. On the other 
hand, many ranking algorithms [2, 5, 6] were proposed to retrieve meaningful 
information on the internet with the increasing amount of documents. These 
algorithms can be divided into two types according to purpose, general and specific 
purpose algorithms. It is difficult for IR systems with the general purpose algorithms 
[2] to find useful information of specific targets such as blogs or twitter. The reason is 
that the algorithms do not consider unique characteristics of the targets. Recently, 
ranking algorithms for specific purpose, searching meaningful book reviews, by 
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reflecting features of the reviews were proposed [3, 4, 7]. In this paper, we propose a 
novel algorithm for ranking book reviews to improve performance of the previous 
algorithms. The remainder of this paper is organized as follows. In Section 2, we 
describe some influential related works. Section 3 illustrates our ranking algorithm in 
detail. In Section 4, we present and analyze experimental results for performance 
evaluation. Finally, our contributions are summarized in Section 6. 

2 Related Work 

LengthRank and ReplyRank were first proposed [4] for ranking book reviews. The 
algorithms are based on the fact that the probability of including the more additional 
information about books is higher when the length of contents is longer or the number 
of replies to reviews is larger. The experimental results in the study [4] showed that 
LengthRank and ReplyRank can find meaningful book reviews more effectively than 
a traditional keyword-based ranking technique, TF-IDF (Term Frequency-Inverse 
Document Frequency) [1]. RLRank [7] was afterward proposed to apply opinions 
about books, contents, and additional opinions about the reviews, replies, to the 
ranking together. The performance of the algorithm is better when the adoption rate of 
the number of replies is higher than that of the length of contents. In this paper, 
therefore, we propose a novel algorithm to reinforce performance of ranking reviews 
with replies based on user discussion. Meanwhile, ranking algorithms with ERQ 
(Estimated Reviewer Quality), LRERQ and RRERQ, were proposed [3] for 
considering reviewer quality as well as the amount of additional information. 

3 The Proposed Ranking Method: RUD 

In this Section, we propose a novel ranking algorithm based on user discussion, RUD 
(Ranking based on User Discussion), for searching meaningful book reviews 
effectively. Previous algorithms [3, 4, 7] focus on the amount of information in 
reviews, the number of replies, the length of contents, and the number of reviews 
written by each user. The proposed method, RUD considers an aspect of user 
discussion through replies as well as the number of reviews. 

3.1 Ranking Book Reviews Based on User Discussion 

A book review is an opinion of a reviewer about a book, and a reply of other user is 
an opinion about the review or a reply of another user. That is, users including the 
reviewer can discuss through replies. In addition, the result of the discussion can lead 
to refine the review to be more useful, especially when the reviewer participates in the 
discussion more actively. 

Definition 1. Involving rate of a reviewer uR in a review r refers to the rate of the 
number of replies of the reviewer repR by the total number of replies repT in r. It is 

denoted as ir(uR, r) and defined as 1 − 0.5 −  ( > 0). If there is no replies 
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in r, then ir(uR, r) becomes zero. For example, if there are 10 replies to a review and 
two among the replies are written by a reviewer, then the involving rate of the 

reviewer is 1 − 0.5 − =  1 − 0.3 = 0.7. 

 

Fig. 1. The rate of reviewer’s replies by the whole replies in a review 

In the equation of the involving rate,  indicates the rate of reviewer’s replies 

by the whole replies in a review, and Fig. 1 shows the rate. In the figure, 0.5 refers to 
the ideal discussion which means that the reviewer comments to each reply of other 
user. In this case, the involving rate has a maximum value, 1. Otherwise, if there is no 
reply or are only replies of the reviewer, the value becomes 0.5, a minimum involving 
rate. Meanwhile, RUD is a keyword-based ranking, and thus we reflect the 
importance of keywords with TF-IDF [1]. The TF-IDF value of a keyword key in a  
review r, tfIdf(key, r), is calculated by the multiplication tf by idf, where tf is the 
frequency of key in r and idf is a measure of whether the keyword is common or rare 

across a dataset. The idf value is computed by − + 1, where N is the 
total number of reviews in the dataset and dk is the number of reviews containing the 
keyword. 

Definition 2. RUD of a keyword key in a review r refers to a ranking score of key in r. 
It is denoted ad RUD(key, r) and defined as tfIdf(key, r) + tfIdf(key, r) × ir(uR, r). 

 

Fig. 2. The Proposed Ranking Algorithm of RUD 
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The proposed framework consists of four steps. In the first step, crawler (or web 
robot) collects book reviews on the internet. In the second step, analyzer extracts 
information such as contents, keywords, and replies from the collected data. In the 
third step, the ranking algorithm, RUD, is applied to compute ranking scores. Finally, 
indexer constructs an inverted file system for keyword-based searching. Fig. 2 shows 
a ranking algorithm of RUD for searching meaningful book reviews. First, for each 
review in the collected dataset, the frequency of each keyword is counted except 
stopwords and the involving rate of the review is calculated (lines 2 to 12). Then, TF-
IDF values are computed with the counted frequency (lines 15 to 16). Finally, ranking 
scores of keywords are obtained with the TF-IDF values and the involving rates (lines 
17 to 19). After construction of an inverted file system with the ranking scores, 
searching process is performed when a query is given from a user. 

4 Performance Evaluation 

In this Section, we evaluate performance of the proposed algorithm, RUD, with the 
previous algorithms, RLRank [7], RRERQ [3], TF-IDF [1]. The experiments were 
conducted on a 3.3 GHz Intel Processor with 8 GB memory, and run with the 
Windows 7 operating system. All algorithms used in this Section were written in C++ 
language. We have collected 0.11 million book reviews from one of the most famous 
online bookstores in the world, Amazon (http://www.amazon.com), and an online 
book review site, GoodReads (http://www.goodreads.com). Moreover, we measure 
the usefulness of reviews by the number of recommendations to the reviews. If a 
review has no less the number of recommendations than a minimum threshold value, 
then the review is useful in a dataset. To determine the threshold, we have analyzed 
our collected dataset. Then, the average value is 4.303, and we use the value as a 
minimum threshold. We employ 10 queries: history (q1), economy (q2), families (q3), 
photography (q4), biographies (q5), education (q6), humor (q7), entertainment (q8), 
relationships (q9), fantasy (q10). They are selected from category names of Amazon 
for the performance evaluation since the compared algorithms are keyword-based. 

  
(a)                                 (b) 

Fig. 3. Performance evaluation of precision and recall 
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We first compare performance of RUD with RLRank, RRERQ, and TF-IDF by 
precision test. Precision indicates the rate of the number of retrieved relevant reviews 
by that of searched K reviews, and K is set to 50 in the experiments of this Section. 
Fig. 3a shows result of the precision test, and values in the figure are the relative rate 
of precisions of the compared algorithms by precision of TF-IDF. The precision of 
RUD is the best, followed by both RLRank and RRERQ, and TF-IDF is the worst. On 
the other hand, the performance of RLRank is better than that of RRERQ (q2, q3, q4, 
q5, and q10), worse (q6), and the same (q1, q7, q8, and q9). Hence, we cannot say 
which one of them is more effective for ranking book reviews. 

Finally, we conduct recall test of the compared algorithms. Recall refers to the rate 
of the number of retrieved relevant reviews by the total number of relevant reviews 
with respect to a query. Fig. 3b is result of the recall test, and K is assigned to 50 as 
the precision test. In the figure, we can observe that the performance of TF-IDF is the 
worst, followed by both RLRank and RRERQ, and our ranking algorithm, RUD, is 
the best. Furthermore, we can know that the relative performances of the compared 
algorithms on precision and recall are similar. From the experimental results, we can 
learn that active user discussion is a significant factor in considering reviews as 
meaningful to users. 

5 Conclusions 

In this paper, we proposed a novel ranking algorithm, RUD (Ranking based on User 
Discussion), for searching meaningful book reviews. Furthermore, we conducted 
experiments of precision and recall for performance evaluation of the proposed 
algorithm. The experimental results showed that our algorithm, RUD, outperformed 
the previous ranking algorithms, RLRank, RRERQ, and TF-IDF, in terms of precision 
and recall. Moreover, we analyzed that the factor based on user discussion is effective 
on retrieving useful book reviews. As a future work, this study can be applicable to 
recommendation systems for meaningful book reviews to users. 
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Abstract. In recent years, while amounts of the information in the blogosphere 
increase rapidly, the problems of information quality have come up. 
Discovering a good quality data is the important issue in blog space with 
overflowed information. In this paper, we present WCT algorithm for efficient 
blog ranking. This method performs a ranking process using both 
interconnection of blogs and structural weights for content in blog. In the 
performance analysis, we discuss the comparison between our algorithm and 
the previous algorithm for blog ranking. The result shows that our proposal has 
the high performance than other blog retrieval method. 

Keywords: Blog ranking, Information retrieval, Blog structure. 

1 Introduction 

A Blog is an informational website and consists of discrete entries, known as posts, 
authored by a blogger who manages a blog, and the blogosphere[8], which is the set 
of all blogs, has grown to the enormous size according to rapidly development of web 
services. However, this growth provokes the uncertainty of information due to 
increasing of the incorrect information such as spam. To solve the problem in the 
blogosphere, many algorithms[1, 2, 4, 5] to estimate the quality of the posts have been 
devised in the field of information retrieval. In this paper, we propose an efficient 
algorithm for blog search, WCT(Weighted Comment and Trackback) algorithm. The 
WCT algorithm uses many properties of the blog posts. Especially, this approach 
focuses on the comments and trackbacks. Hence, we conduct the performance 
evaluation between the WCT algorithm and previous algorithm, and this result shows 
that the proposed method outperforms other method. 

This paper is organized as follows. Section 2 briefly introduces the various 
measures of information retrieval. In Section 3, we describe the suggested algorithm. 
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Section 4 presents performance evaluation including experimental environments. 
Finally, Section 5 addresses the conclusion of this paper. 

2 Related Work 

To more efficient and reliable search, many researchers have studied the field of 
information retrieval[1, 2, 4, 5, 7]. In particular, there are a variety of algorithms that 
are utilized in the blog ranking. These algorithms are classified as two categories of 
content-based algorithms[2] and connectivity-based algorithms[1, 4, 5]. First, content-
based algorithms decide similarity between the specific keywords and documents 
when the keywords are given by users. The content-based algorithms include tf-idf[2] 
strategy. Second, connectivity algorithms, known as link-based, use the connection 
among blogs(e.g. comments, trackbacks, links) in the blogosphere. There is PageRank 
algorithm which is the most famous algorithm of these methods. The PageRank 
algorithm estimates the importance of web page by the number of links received from 
other web pages. The HITS(Hyperlink-Induced Topic Search)[5] method calculates 
the ranking of blogs by consideration of the number of input-output links. Recently, 
the various models[7] for measuring the impact of blogs have been proposed. 

3 The WCT Algorithm 

In this Section, we suggest WCT(Weighted Comment and Trackback) algorithm 
using interconnection among blogs and the structural characteristic of blog posts to 
the efficient blog ranking. Specially, the WCT algorithm concentrates upon the 
comments and trackbacks since the blogger’s behavior writing the comments and 
trackbacks means to communicate between bloggers. That is, the more active 
blogging(i.e. blogger uses blog) makes the higher quality of blog posts. The WCT 
algorithm is computed as follows: 

 ( , , )  =  ( , )  +  ( , ) (1) 

In Eq. (1), the input parameters are keyword K, post P containing the keyword K, 
and blog B including post P, respectively. NCS(Network Connectivity Score)  
measures the influence of blogs in blogosphere, and BSS(Blog Structural Score) 
estimates the score of weighted K using the analysis of the structural characteristics of 
blogs. 

3.1 Estimating the Network Connectivity Score 

In this approach, we derive the influence of each blog by analyzing the link 
relationships of the connections between blogs and using the SPEAR(Spamming-
resistant expertise analysis and ranking)[9] algorithm. The NCS(B, P) is defined as 

 ( , ) =  {1 +  × ( ) + × ( )} + ( ) (2) 
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In Eq. (2),  and  are parameters with regard to weights for each blog structure 
about comment and trackback, respectively. The CMT(P) counts the number of 
comments of a post P. The number of comments indicates the popularity of blog post 
because having many comments in the blog post is the measure of high user’s 
reactivity. After that, the TRBK(P) analyzes connection of trackbacks. The trackback 
functions as that automatically generates a reverse link and creates a link between the 
blog posts. Furthermore, we add the outcome of SPEAR(B) to result. The SPEAR 
algorithm analyzes the connectivity with other pages and simply quantifies the 
connections. At this time, target of analysis includes that blogroll(i.e. blogger’s list of  
hyperlinks to other blogs of recommend) and many links in the posts. 

3.2 Estimating Blog Structure Score 

The blog has some structural characteristics which could not find in other types of 
web pages. In our proposal, we use these properties to find the topic of blog posts. 
The blog post is typically composed: title, body, tags(set of keywords chosen by 
blogger), date, URL, comments, trackbacks, and RSS feed. Whenever WCT 
algorithm extracts the terms in the blog post, we assign a weight according to the 
structure of the extracted term. In addition, we also use the weights for the 
emphasized texts(e.g. bold, italic, underline) and hyperlink texts. In other words, the 
extracted term from specific structure that is exposed to topics has more weight. 
BSS(P, K) use the following formula: 

 ( , )  =  ( ) × ∑ { ( , ) × ( , ) } (3) 

In Eq. (3), the parameter n is frequency of keyword K found in the post P. If 
keyword K are faced n times in the post, this metric computes all of the weighted term 
frequency. After that, the result value is multiplied the outcome of PIDF(K). The 
BSS(P, K) computes not only the term frequency in blog post but also the term 
frequency in the entire posts due to the noise such as spams in the blogosphere. 
PIDF(K) is denoted as follows: 

 ( ) =      |  |  (4) 

In Eq. (4),  is the number of posts including keyword K. PIDF[6] method based 
on the idf metric considers an additional element(number 17, optimized value). Thus, 
terms possessed with middle frequency have more large weight than others. When we 
index the blog posts, this approach facilitates the high quality result excluded spam or 
unnecessary things such as preposition. 

4 Performance Analysis 

In this section, we show the performance comparison between blog ranking 
algorithms. We explain the experimental environment, and then we present the results 
of evaluation for set of real data.  
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4.1 Experimental Environment 

The Experiments were performed on Windows 7 OS, with Intel quad-core 
processor(i5-3570 3.4GHz), 8GB memory, and MySQL 5.6. In addition, the entire 
algorithms were written by Python language. For performance evaluation, we have 
used the real blog data. The dataset crawled from the famous blog search site, 
Technorati (http://www.technorati.com). This is described in the table as below: 

Table 1. Statistics of entire indexed content used in the paper  

  Crawling Period 04/2013 

The number of blogs 2,157 

The number of blog posts 43,781 

The average of blog posts per blog 19.286 

The number of words 239,720 

 
The dataset has collected with 43,781 posts in 2,157 blogs and the two types of 

blogs of Wordpress(http://wordpress.com/) and Blogspot(http://www.blogger.com/). 

4.2 Experimental Results 

In order to evaluate our proposed approach, we performed the NDCG(Normalized 
Discounted Cumulative Gain)[3] test. In the field of information retrieval, the NDCG 
measures effectiveness of the information retrieval algorithms, and uses the relevance 
between query and result set. In this paper, the length of body of blog post was used 
as factor of NDCG because the length of body is criterion representing amount of 
information. Moreover, the WCT algorithm is compared with Trackback-Rank 
Algorithm[4]. Trackback-Rank Algorithm only uses trackback connectivity among 
blogs to evaluate authority of blog and score of post’s reactivity in order to rank blog 
posts.  
 

 

  

Fig. 1. NDCG at top K for cinema and film  Fig. 2. NDCG at top K for batman and notebook 
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Fig. 1 and Fig. 2 represent the NDCG at top K scores for each query. Fig. 1 is 
NDCG scores given the queries, cinema and film. On the whole, all NDCG scores of 
WCT are high compared with the Trackback-Rank algorithm, although the score is 
very similar when query is film at top 20 rank. Fig. 2 is the result of the query batman 
and notebook. As shown in the graph, WCT algorithm has the always highest scores 
in the graph. Consequently, this experimental result using NDCG metric presented 
that WCT algorithm is better performance than Trackback-Rank algorithm. 

5 Conclusion 

In this paper, we proposed an algorithm, which is called the WCT(Weighted Comments 
and trackbacks), that efficiently performs a ranking for the blog retrieval in order to 
solve the uncertainty of information in blogosphere. Therefore, WCT rank algorithm 
uses the linkage patterns such as blogrolls, trackbacks, and hyperlinks among blog posts 
to evaluate the importance of blogs. In addition, the WCT algorithm was adapted the 
weights to words based on the blog structure when the words are extracted in the posts, 
and then the pivot-idf method conducted to normalize the result. In experimental 
evaluation, the comparison of our proposal and other blog ranking algorithm, called 
Trackback-Rank, was conducted by NDCG metric. As a result, WCT algorithm 
presented higher performance than previous blog ranking algorithm. The study of the 
future, we will research the extraction of topic of blog posts using the clustering 
techniques of data mining and then this technique utilizes the blog retrieval system. 
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Abstract. Frequent graph mining allows us to find useful frequent sub-graph 
patterns from large and complicated graph databases. In a lot of real world  
applications, graph patterns with relatively low supports can be used as 
meaningful information. However, previous methods based on a single 
minimum support threshold have trouble finding them. That is, they cause “rare 
item problem”, which means that useful sub-graphs with low supports cannot be 
extracted when a minimum support threshold is high, while an enormous 
number of patterns have to be mined to obtain these useful ones when the value 
is low. To overcome this problem, we propose a novel algorithm, FGM-MMS 
(Frequent Graph Mining based on Multiple Minimum Support constraints). 
After that, we demonstrate that the suggested algorithm outperforms a state-of-
the-art graph mining algorithm through comprehensive performance 
experiments. 

Keywords: Frequent graph mining, Multiple minimum supports, Sub graph. 

1 Introduction 

Graphs are useful data structure which can express almost all data from the real world 
effectively. Therefore, many studies for mining these graph data[3, 5, 6] have been 
conducted. Most graph databases obtained from the real world include not only high 
frequent sub-graph patterns but also meaningful ones with relatively low frequency(or 
support). However, since previous methods consider a single minimum support 
threshold, there occurs the following problem, i.e., rare item problem[4]. When the 
minimum support threshold is high, they cannot find meaningful sub-graph patterns 
with small supports while when it is low, they have to mine an enormous number of 
patterns to find the useful ones. In this paper, to solve the problem, we propose a 
novel graph mining algorithm applying multiple minimum support constraints, called 
FGM-MMS(Frequent Graph Mining based on Multiple Minimum Support 
constraints). The algorithm allows us to obtain useful sub-graphs without lowering the 
minimum support threshold more than needs. Experimental results provided in this 
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paper show that the suggested algorithm has outstanding performance more than that 
of a state-of-the-art algorithm. 

The remainder of this paper is organized as follows. In Section 2 and 3, we 
introduce related work and details of the proposed algorithm, FGM-MMS. In Section 
4 and 5, we analyze results of our comprehensive experiments and conclude this 
paper. 

2 Related Work 

To solve the rare item problem from databases composed of itemsets, various 
frequent pattern mining approaches[1, 2, 4] have been proposed. MSApriori[4] is a  
level-wise method for solving this problem. A FP-growth-based algorithm, CFP-
growth[1] solves the same issue more efficiently. CFP-growth++[2] is its advanced 
version. They conduct mining works considering different minimum item supports for 
each item, not a single value. Therefore, they can easily mine specific itemsets with 
low supports but important characteristics. However, since they are limited to mining 
itemset-based simple databases, they do not deal with complicated graph databases. 

Among many fundamental graph mining algorithms, Gaston[5, 6], which is a state-
of-the-art algorithm, performs the most efficient mining operations. The algorithm 
extracts frequent sub-graph patterns classifying its mining procedure into the three 
phases: path, free tree, and cyclic graph. In addition, it uses embedding list to reduce 
runtime needed for mining patterns. Our algorithm is compared with the Gaston for 
fair performance comparison. To our knowledge, FGM-MMS is the first graph 
mining algorithm which can solve the rare item problem. By applying the multiple 
minimum support constraints, it can extract meaningful sub-graph patterns 
considering supports for each element of graphs. 

3 Mining Frequent Sub-graph Patterns Based on Multiple 
Minimum Support Constraints 

3.1 Applying Multiple Minimum Support Constraints on the Graph Mining 

In contrast to itemsets composed of only items, graph patterns consist of a number of 
elements such as vertices and edges. Therefore, the graph mining approach should 
consider all the elements. Furthermore, in this multiple minimum support framework, 
we have to consider different minimum element support values for each element. 

Definition 1. (MES(Minimum Element Support)) Let V = {v1, v2, …, vm} be a set of 
vertices in any graph, G, and E = {e1, e2, …, en} be a set of edges in G. Then, MES 
values for each element in V and E can have user-specified values or other ones 
discussed in [4]. MES(vk) and MES(el) mean MES values for vk and el respectively. If 
a support of any element x, SUP(x) is lower than MES(x), x becomes useless one. 

Graph patterns are composed of a number of the elements, and each element has its 
own MES value. General graph mining methods determine with a given minimum 
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support threshold whether any graph pattern is frequent or not. However, in this 
paper, we use a different criterion to solve the rare item problem. 

Definition 2. (MGS(Minimum sub-Graph Support)) Given a sub-graph, G, its V = 
{v1, v2, …, vi}, and E = {e1, e2, …, ej}, then, MGS(G) = minimum(MES(v1), …, 
MES(vi), MES(e1), …, MES(ej)). MGS is used to check whether G is valid or not. 
Thus, if SUP(G) is smaller than MGS(G), G becomes an invalid sub-graph pattern. 

The reason why MGS is computed in this way is to consider the rarest element 
among the graph. Therefore, a certain sub-graph satisfying the MGS condition 
becomes a valid pattern with useful rarity. However, if we directly delete elements or 
sub-graphs which do not satisfy the MES or MGS conditions, fatal pattern losses can 
be caused since pruning by them does not satisfy the anti-monotone property. That is, 
given a sub-graph with invalid elements, although it is currently infrequent, certain 
supper patterns of it may be frequent as its graph expansion works are performed. In 
all of the pattern mining areas, maintaining this property is one of the most important 
factors since we can prune invalid elements or sub-graph patterns in advance only 
when that property is effective. For this reason, we need a way to maximize pruning 
efficiency maintaining that property. 

Definition 3. (LMS(Least Minimum Support for the graph mining)) LMS is a 
pruning factor without causing any pattern loss. Given a set of MES, SMES, it is sorted 
in MES descending order, denoted as SMES = {MES(xi), MES(xj), …, MES(xl)}(∀x | x 
∈ V or E, MES(xi) ≥ MES(xj)…≥ MES(xl)). After that, Starting from xl, we compare 
SUP(xl) with MES(xl). If there exists any element, xk, satisfying SUP(xk) ≥ MES(xk), 
MES(xk) becomes LMS. Pruning works by LMS maintains the anti-monotone property. 

Certain elements having lower supports than LMS do not make valid sub-graphs in 
any case since all possible super patterns expanded from them have also lower values 
than it. Likewise, if a certain graph has a smaller support than LMS, its all of the 
possible supper sub-graph patterns also have lower values than LMS. Accordingly, 
they can be pruned in advance without causing any problem. That is, the anti-
monotone property is satisfied. In addition, by pruning those useless ones, we can 
reduce runtime and memory resources needed for the mining operations effectively. 

3.2 FGM-MMS Algorithm 

Fig. 1 presents an overall mining procedure of our FGM-MMS. In the procedure: 
FGM-MMS, the algorithm first calculates LMS according to the definition 3 and then 
finds valid V and E(lines 1~2). After that, it generates valid sub-graphs considering 
the multiple minimum support constraints, performing expansion operations for 
graphs(lines 3~6). When the sub-procedure, Subgraph-expansion is called, the 
algorithm conducts the graph expansion works with different ways depending on 
current graph forms(lines 2~3). If a support of the expanded graph, G’, SUP(G’) is 
lower than LMS, it is permanently removed. Otherwise, the support is compared with 
MGS(G’) again, where G’ is inserted in FG if its support is not smaller than 
MGS(G’)(line 5). Thereafter, the algorithm performs mining operations expanding G’ 
recursively(lines 6~7). After all of the expansions terminate, we can gain the complete 
FG considering the multiple minimum support constraints. 
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Fig. 1. FGM-MMS algorithm 

4 Performance Analysis 

We compare our FGM-MMS with Gaston[5, 6] for objective performance evaluation 
since the Gaston, as a state-of-the-art algorithm, has more outstanding performance 
than the others. They were written in C++ and ran with 3.33GHz CPU, 3GB RAM, 
and WINDOWS 7 OS. We use a real graph dataset, named DTP[6], to show how 
effectively our FGM-MMS is performed on the real-world graph data. 

 

Fig. 2. The number of frequent sub-graph patterns 

   

Fig. 3. Runtime result                Fig. 4. Memory usage 
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To assign MES for each element, we applied the methodology discussed in [4]. Its 
formula is MES(ek) = maximum(β * SUP(ek), LS), where SUP(ek) means a support of 
any element, ek, and LS is the user-specified lowest MES and has the same value as 
the minimum support threshold used in Gaston. β(0≤ β ≤1) represents how closely 
MES for a certain element is related to its support. As the value becomes closer to 1, 
relevance becomes higher. It is denoted as β = 1/α, and α is variable.  

In Fig. 2 to 4, we can observe that FGM-MMS shows outstanding performance 
more than that of Gaston in all cases when α is relatively low. The reason is as 
follows. When α is high, MES values are more likely to be set as LS, so in this case, 
our algorithm operates similarly to Gaston. Meanwhile, at lower values of α, FGM-
MMS can better reflect support values for each element to their own MES, which 
means that the effect of the multiple minimum supports becomes larger. Thus, the 
proposed algorithm can extract valid sub-graph patterns with smaller runtime and 
memory resources as shown in the figures. 

5 Conclusion 

In this paper, we proposed a frequent graph mining algorithm based on multiple 
minimum support constraints, called FGM-MMS. In contrast to the previous 
algorithms using a single minimum support threshold, our algorithm could solve the 
challenging issue, rare item problem on the graph mining area by using the multiple 
minimum support constraints, thereby mining more meaningful frequent sub-graph 
patterns. Furthermore, we demonstrated that the proposed algorithm shows more 
outstanding performance compared to the previous state-of-the-art algorithm through 
comprehensive performance experiments provided in this paper. 
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Abstract. As the printing technology is developing, the use of digital 
documents which is printed with a variety of printing papers is increasing. And 
the increase in criminal forgery of digital documents has been the cause of 
many social problems. As a result, the development of digital forensic 
techniques to collect and analyze the evidence of the crime of forgery of digital 
documents is increasingly important. In this paper, we propose an automatic 
paper identification technique with QR code that is formed based on the 
extracted features from each paper’s microscope image. 

Keywords: Printing Paper, Paper Id, Identification System, QR code, Digital 
Forensics, Digital Document. 

1 Introduction 

Nowadays using a computer is common in most age groups, and various documents 
are written on a computer and printed by various printers. Unlike the handwritten 
documents that have personalized handwriting features making those documents 
easily distinguished, the digital documents printed by printer are difficult to 
distinguish the authors who have made the documents. 

To identify the print media such as printing paper that is used to print out the 
document to determine whether the printed digital document is forged will be play a 
very important role in the field of digital document forensics. 

In this paper, high-resolution optical microscope digital images of printing papers 
were used to extract the feature values of each printing papers to identify the printing 
paper. The digital images were obtained by magnifying the specific location of each 
printing papers 500 times (monitor-magnification) and they were transformed by 
using image processing techniques such as grayscale and color quantization, and then 
we extracted the value of the printing paper's unique features. The value became the 
input string of QR code generator and we could get the QR code to identify the 
printing paper. 

Through this study, it was able to implement an automatic identification system to 
distinguish printing paper using QR code. 
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This paper is organized as follows. In Section 2, we explain the design of the 
proposed automatic paper identification system and show each stage in detail. In 
Section 3, the output of the proposed system is shown, and finally in Section 4, we 
come to a conclusion. 

2 Automatic Paper Identification System with QR Code 

2.1 Proposed System for Paper Identification 

In the field of digital forensics, the research on how to determine whether the digital 
document is forged has been constantly evolving, and the research using the unique 
features of the fibers of the printing paper has been significantly addressed in the field 
of digital forensics. Because of randomly generated paper fiber distribution features in 
the manufacturing process of paper, the features are almost impossible to replicate 
and this may be a unique feature that can determine whether the printed digital 
documents are forged or not. To prevent the forgery of digital documents, the 
extraction technology of the printing paper's unique characteristics of the distribution 
of paper fibers can be very useful in the field of digital forensics. 

In this study, we describe a technique to distinguish between each of the printing 
paper through a unique feature values extracted from the digital image which is 
magnified at specific area of the paper by the high-resolution digital optical 
microscope. 100 different printing papers were used as input for the automatic Paper 
Identification system, and high-resolution images using an optical microscope is 
magnified 500 times (monitor magnification). 

The major processes of the system are displayed in Fig. 1 as follows: 

• Stage 1: Image Processing 
• Stage 2: Extracting Feature Value of Paper 
• Stage 3: Generating QR code 

 

Fig. 1. Architecture of Automatic Paper Identification System 
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2.2 Automatic Paper Identification System Modules 

To obtain the feature value of each printing paper, the paper is photographed at a 
monitor magnification of 500, and the image captured is color photograph with 
800×600 pixels in BMP format. 

 
(1) Input digital image goes through the process of image preprocessing by gray-

scale and color quantization techniques (Fig. 2). 

 

Fig. 2. (a) original image input, (b) color quantization image, (c) gray-scaled image, (d) gray-
scaled color quantization image 

Image processing is an action to transform the two-dimensional picture and the 
gray scale technique and color quantization technique are widely used method of 
image processing techniques. 

The gray scale technique is to express the image of white, black, and 256 different 
colors including the multi-step gray. It uses the properties of color that color can be 
represented by the gray scale if red, green, blue values of the color are equal. With 
this technique, we can express more sophisticated image which consists of only 
brightness, and the equation is as follows: 

 Gray = (0.2989 * Red) + (0.5870 * Green) + (0.1140 * Blue) (1) 

Color quantization technique is a technique that creates entirely new image by 
reducing the number of colors used in the original image using distinct colors to look 
similar to the original image. The image processing procedure is as follows: 

Procedure of Color Quantization [2] 

  1) Sampling the original image for color statistics 
  2) Choosing a color-map based on the color statistics (frequency distribution) 
  3) Mapping original colors to their nearest neighbors in the color-map 
  4) Quantizing and redrawing the original image 
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(2) Divide area according to the distribution of colors in the image (Fig. 3). 

 

 

Fig. 3. Segmenting the image after enlarge the center area of the image 

(3) According to the order of size of the segmented area, calculate the center of 
gravity of top five largest areas. 

 

Fig. 4. The equations of polygon’s area and the center of gravity 

 
Fig. 5. Calculated Center Coordinates of Top 5 Areas 
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(4) Calculate the ratio of the width and height of the smallest rectangle consisting 
of the five selected coordinates. And obtain the relative position of the five selected 
coordinates. 

 Feature Value 1: width / height of the rectangle (2) 
 Feature Value 2: relative position of the five selected coordinates (3) 

 

Fig. 6. Calculating feature values 

(5) Get QR Code image with the feature value string (Fig. 7). 

  

Fig. 7. The Result of QR Code Image of Paper 

3 Results 

Through the proposed system, every printing paper can have unique QR code image. 
The results are shown in Table 1. 

Table 1. Results 

Paper no. Paper_ID (feature value)  QR code 

1 
1.1666666667;(84,61); 
(70,80),(70,180),(130,0),(210,140),(0,20) 
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Table 1. (continued) 

2 
0.7222222222;(29,58); 
(130,0),(70,10),(10,180),(0,40),(70,30) 

 

3 
1.6470588235;(154,56); 
(90,10),(220,100),(0,0),(280,10),(220,170) 

 

4 
1.4444444444;(62,41); 
(130,90),(0,40),(10,0),(130,40),(80,60) 

 

5 
0.8750000000;(58,74); 
(140,100),(0,100),(130,150),(0,0),(90,160) 

 

4 Conclusions 

Through this study, it is now possible to determine the source of the digital document 
using the Paper ID QR code image. If the encrypted QR code image is marked on 
each paper, it will be possible to determine more quickly whether the printed digital 
document is forged. Also if we standardize the unique features of printing paper, we 
can expect that this study is useful in the field of digital forensics in the future. 
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Abstract. In this paper, we explore the problem of scalable evaluation of 
Continuous Range Queries (CRQs) with non-spatial selections, each of which 
continually retrieves the moving objects that (i) are currently within a specified 
spatial query region and (ii) satisfy specified non-spatial selections. We propose 
a new query indexing structure, called the Bit-vector Query Region tree (BQR-
tree), which enables the server to cooperate with moving objects for evaluation 
of CRQs with non-spatial selections. Through simulations, we verify the 
efficiency of the BQR-tree. 

Keywords: Continuous range queries, moving objects, index structures. 

1 Introduction 

Many useful Location Based Services (LBSs) usually rely on the functionality of 
evaluating Continuous Range Queries (CRQs), each of which continually retrieves the 
moving objects that are currently located within a spatial query region of interest a 
client specifies. Consider the following scenario of a location based advertising 
service as an example, where a restaurant (i.e., client) plans to send e-discounts to the 
nearby potential customers (i.e., moving objects). Then, the service provider (i.e., 
server) must be able to keep track of the locations of these customers and report them 
to the restaurant, whenever needed. In many real-life LBSs, however, clients of 
diverse interests often additionally constrain the target moving objects by specifying 
their non-spatial selection criteria. Continuing with the above example, suppose the 
restaurant focuses on attracting only a specific class of customers (e.g., 30 ≤ Age ≤ 40, 
$40, 000 ≤ Annual income ≤ $80, 000, and Dietary preference = Vegetarian). In this 
case, the service provider should report only the nearby customers whose profiles 
match the above criteria to the restaurant. 

The majority of existing methods for CRQ evaluation assumed that moving objects 
periodically send location-updates to the server via wireless connections and the 
server keeps the results of the registered queries up-to-date [1]. However, in case the 
server involves a large number of moving objects, the overall system performance 
will deteriorate drastically due to the overwhelming server workload and severe 
communication bottleneck. To help the moving objects reduce the frequency of 
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sending location-updates, the safe region method was introduced in [2]. The safe 
region, assigned to each moving object o, is the area that (i) contains o and (ii) 
guarantees the current results of all the queries to remain valid as long as o does not 
exit it. Therefore, o need not send its location-update to the server until it does not 
exit its safe region (See o1 in Fig. 1). 

 

Fig. 1. An example of the safe region and resident domain 

Monitoring Query Management (MQM), which aims to reduce the server workload 
and communication cost by leveraging the available capabilities of moving objects, 
was introduced in [3]. In MQM, the server assigns each moving object o (i) a 
subdomain of the entire workspace, called the resident domain, which contains o and 
(ii) several query regions that overlap with the resident domain. The size of o’s 
resident domain is determined by o’s capability, which is measured by the maximum 
number of query regions o can load and process at a time. Only when each moving 
object o exits its resident domain or crosses any of its assigned query regions, it 
contacts the server to receive a new resident domain (together with new query 
regions) or let the server update the query results (See o2 in Fig. 1). In [4], the Space 
Partitioning Query Index (SPQI) was introduced to improve the performance of 
MQM. 

All the methods reviewed above cannot adequately deal with CRQs with selections 
on non-spatial attributes because they only consider spatial attributes. In this paper, 
we use the resident domain concept and propose a novel query indexing structure, 
referred to as the Bit-vector Query Region tree (BQR-tree), which enables the server 
to cooperate with moving objects for efficient evaluation of CRQs with non-spatial 
selections. The BQR-tree indexes queries based on query regions, and it augments 
each node with non-spatial information in the form of bit-vector. Through 
simulations, we verify the superiority of the BQR-tree against existing methods. 
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2 The Proposed Method 

2.1 Problem Formulation and Motivation 

Problem Formulation. Suppose each moving object o is associated with a set of n 
non-spatial attributes A = {a1, a2, · · ·, an}. Each non-spatial attribute ai in A (1 ≤ i ≤ n) 
is either numeric (e.g., Age and Annual income) or categorical (e.g., Dietary 
preference). We denote the non-spatial attribute values of o by o.A = {o.a1, o.a2, · · ·, 
o.an}. A query q is represented as (q.R, q.V), where q.R denotes a spatial query region 
and q.V = {q.v1, q.v2, · · ·, q.vm} denotes a set of non-spatial intervals or non-spatial 
values specified on a subset of non-spatial attributes Á  (⊆A) = {á1, á2, · · · , ám}. We 
assume in this paper that q.vm is an interval in case ái is a numerical attribute. For a 
query q = (q.R, q.V), the server should continually retrieve all moving objects o that 
are currently located within q.R and satisfy the following: ∀o.ái ∈ o.Á, o.ái lies in 
q.vi (or o.ái = q.vi if ái is a categorical attribute). 

 

Fig. 2. Spatial query regions with non-spatial selections 

Motivation. Assuming each moving object o has some available (memory and 
computational) capability o.Cap, the goal of our work is to make the server and 
moving objects share the evaluation process of queries with non-spatial selections. To 
this end, we use the resident domain concept. Let us assume that the moving object o 
with o.Cap1

 = 3 in Fig. 2 is associated with three non-spatial attributes A = {a1: Age, 
a2: Annual income, a3: Dietary preference} and o.A = {o.a1 = 35, o.a2 = $93, 000, o.a3 = 
Vegetarian}. Suppose the queries q1 ~ q5 involve non-spatial selections q1.V ~ q5.V 
specified on a subset of A as shown in Fig. 2 in addition to the query regions q1.R ~ 
q5.R. In MQM and SPQI, the server assigns o the resident domain depicted in the 
figure together with the query regions q3.R, q4.R, and q5.R. However, o can be assigned 

                                                           
1 In this paper, we assume that o.Cap is measured by the maximum number of query regions o 

can load and process at a time. 
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a much larger resident domain than its current resident domain (e.g., the whole 
workspace) because o does not satisfy the non-spatial selection criteria the queries q1, 
q2, and q5 specify. Therefore, o need not check its movement against the query regions 
q1.R, q2.R, and q5.R because its movement does not affect the results of q1, q2, and q5. 
This clearly helps o reduce the frequency of contacting the server for receiving new 
resident domains or updating the query results. We say a query region q.R is non-
spatially matched to a moving object o if o satisfies the non-spatial selection criteria 
the corresponding query q specifies. 

2.2 The Bit-vector Query Region Tree (BQR-Tree) 

The Bit-vector Query Region tree (BQR-tree) indexes queries based on spatial query 
regions, and it augments each node with non-spatial information in the form of bit-
vector. We classify the overlap relationship between a spatial query region q.R and a 
(sub) domain N into four cases as shown in Fig. 3: covers (Fig. 3a), is covered by 
(Fig. 3b), partially intersects (Fig. 3c), and equals to (Fig. 3d). 

          

             (a)                                  (b) 

           

(c)                                 (d) 

Fig. 3. Classification of the overlap relationship 

We represent non-spatial attribute values of moving objects and non-spatial 
intervals (or values) of queries as object bit-vectors and query bit-vectors, 
respectively. For a numerical attribute a, its mapping function f divides its domain 
into |IV| disjoint intervals iv1, iv2, ···, iv|IV| of equal length. Then, given a moving object 
o, f maps o.a into a bit-string (b1, b2, ···, b|IV|) such that bi = 1 if o.a lies in ivi, otherwise 
bi = 0. Similarly, it maps the interval q.v a query q specifies on a into |IV| bit-string 
(b1, b2, ···, b|IV|) such that bi = 1 if q.v overlaps ivi, otherwise bi = 0. On the other hand, 
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for a categorical attribute á with |C| categories c1, c2, ···, c|C|, a mapping function 
maps o.á (or the specified value q. ́  on á) into ́  a bit-string (b1, b2, ···, b|C|) such 

that bj = 1 if o.á = cj (or q. ́ = cj), otherwise bj = 0.  

Definition 1. Object bit-vector: Suppose that there is a mapping function fi (1 ≤ i ≤ n) 
for each non-spatial attribute ai ∈ A (1 ≤ i ≤ n). Then, an object bit-vector 
generated for o.A is f1(o.a1) + f2(o.a2) + ··· + fn(o.an), where + denotes the bit-string 
concatenation operator. 

Definition 2. Query bit-vector: A query bit-vector generated for q.V is f1(q.v1) + 
f2(q.v2) + · · · + fn(q.vn). Note that in case q.V does not contain the specified interval 
(or value) q.vi on ai (1 ≤ i ≤ n), the bit-string for fi(q.vi) becomes ** ··· * with its length 
being equal to fi(o.ai), where the symbol * denotes a don’t care condition. 

In the following, we show an example of generating an object bit-vector and query 
bit-vectors using the non-spatial attribute values o.A of the moving object o in Fig. 2 
and the sets of non-spatial selections q4.V and q5.V the queries q4 and q5 specify on a 
subset of non-spatial attributes A in Fig. 2. Suppose that there are three mapping 
functions as follows: 

= 1000 if  lies in or overlaps  0, 20 ; 0100 if  lies in 20, 40 ;                          0010 if  lies in 40, 60 ;                           0001 otherwise.                                          

= 1000 if  lies in or overlaps  0, 40000 ; 0100 if  lies in 40000, 80000 ;                  0010 if  lies in 80000, 120000 ;                0001 otherwise.                                                         = 10 if  is Meat eater; 01 if  is Vegetarian. 
Then, the object bit-vector generated for o.A is 0100001001 (= 0100 + 0010 + 01). 

On the other hand, the query bit-vectors generated for q4.V and q5.V are ****001001 
(=**** + 0010 + 01) and 1000 ****** (= 1000 + **** + **), respectively. Now, we 
present the details of the BQR-tree. The BQR-tree is a binary tree index of queries, 
which is built by recursive split of the entire workspace. Given a set of query regions 
on the workspace that corresponds to the root, if the number of these query regions is 
greater than the split threshold t, it is split into two subdomains, each of which 
corresponds to a child node of the root. This process recursively continues until every 
subdomain has no more than t query regions that are covered by or partially intersect 
the subdomain, and it corresponds to a leaf node. The threshold value t is determined 
by the moving object with the minimum capability among all the moving objects 
registered at the server.  

A leaf node of the BQR-tree stores at most t entries of the form (qid, q.bv), where 
qid refers to a query q in the query table and q.bv is the query bit-vector of q. A non-
leaf node stores two entries of the form (ptr, N, N.bv), where ptr is a pointer to a child 
node (i.e., leaf or non-leaf node), N is a subdomain of the child node pointed to by ptr, 
and N.bv is the node bit-vector of a node N.2 Each node of the BQR-tree stores a 

                                                           
2 Hereafter, without ambiguity, we use the symbol ‘N’ to denote both a tree node and its 

corresponding (sub) domain. 



36 H. Jung et al. 

 

variable Count and is associated with a covering list CL. The BQR-tree satisfies the 
following properties: 

1. An entry (qid, q.bv) for a query q is stored in a leaf node N only if q.R is covered 
by or partially intersects N. 

2. An entry (qid, q.bv) for a query q can be redundantly stored in several leaf nodes if 
q.R partially intersects these leaf nodes. 

3. For each entry (ptr, , .bv) stored in a non-leaf node N,  represents one of 
the equal halves of N’s domain, whereas .bv is a node bit-vector of , which is 
formed by bitwise OR-ing every query bit-vector q.bv of each query q whose query 
region q.R is covered by or partially intersects . 

4. For each (leaf or non-leaf) node N, N.Count records the total number of query 
regions that are covered by or partially intersect N. 

5. For each (leaf or non-leaf) node N, its associated covering list N.CL keeps every 
entry (qid, q.bv) for each query q whose query region q.R covers or equals to N. 

 

Fig. 4. An example of the BQR-tree 

Assuming t = 1, Fig. 4 shows the BQR-tree for the queries q1 = (q1.R, q1.V), q2 = 
(q2.R, q2.V), ···, q5 = (q5.R, q5.V) in Fig. 2. For example, the query regions q4.R and 
q5.R are covered by the node N2, and the query region q3.R partially intersects N2. 
Therefore, the node bit-vector N2.bv of N2 is 100011001 (= q3.V ∨q4.bv ∨ q5.bv, 
where ∨ denotes bit-wise OR-ing). When a new moving object is registered at the 
server, the search algorithm for its resident domain is invoked. Fig. 5 is the pseudo 
code of the search algorithm on the BQR-tree for assigning each moving object its 
resident domain N together with non-spatially matched query regions that are covered 
by or partially intersect N. Due to the space limit, we omit the details. 

After the search algorithm terminates, the server searches all the queries (in the 
query table) referred to by the retrieved entries and assigns the moving object o (i) its 
resident domain N, (ii) the pairs of non-spatially matched query region and the entry 
for the corresponding query, and (iii) the additional resident domain (if possible). For 
example, the moving object o with o.Cap = 3 in Fig. 4 is assigned (i) the node N2 as 
its resident domain, (ii) the pairs of non-spatially matched query region and the entry 
for the corresponding query ((q3, q3.bv), q3.R), ((q4, q4.bv), q4.R), and (iii) the 
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additional resident domain N1 (because N1 is the topmost element in Queue, which 
spatially touches N2). The cooperation protocol between moving objects and the 
server is quite similar to that in [4]. Therefore, we omit it. 

 

 

Fig. 5. Pseudo code of the search algorithm 

3 Performance Evaluation 

This section compares the performance of the BQR-tree method (denoted by BQRT) 
with the safe region method (denoted by SR), MQM, and SPQI with regard to the 
server workload and communication cost. The server workload was measured in 
terms of the amount of CPU-time the server takes for CRQ evaluation. On the other 
hand, the communication cost was measured by the sum of (i) the number of location-
updates sent from moving objects to the server and (ii) the number of messages sent 
from the server to the moving objects. We set query regions to be uniformly placed on 
the workspace. The movements of the moving objects we generated follow the 
random waypoint model. The computational capability of each moving object was 
randomly selected from the range between 25 and 100 query regions, and thus the 
threshold value t of the BQR-tree, BP-tree (used in MQM) and SPQI was set to 25. 
Each moving object is associated with five non-spatial attributes a1, a2, ···, a5, where 
a1, a2 and a3 are numerical while a4 and a5 are categorical. The distribution of each 
non-spatial attribute value o.a1, o.a2, ···, o.a5 of each moving object follows the Zipf 
distribution with skew coefficient α = 0.8. Each non-spatial interval or value specified 
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on a subset of a1, a2, ···, a5 by each query q follows the same distribution. We ran 
1,000 simulation time steps and measured the average of the CPU-time (in 
millisecond) and the average of the total number of messages by varying the number 
of moving objects from 20,000 to 200,000. As shown in Fig. 6, the overhead of all the 
methods increases in terms of the amount of CPU-time and the number of messages 
as the number of moving objects increases. However, BQRT outperforms SR, MQM, 
and SPQI due to the fact that only BQRT has the ability to fully utilize the capabilities 
of moving objects by ignoring the query regions that are not non-spatially matched to 
the moving objects. 

 

Fig. 6. CPU-time and # of messages vs. # of moving objects 

4 Conclusions 

In this paper, we presented the Bit-vector Query Region tree (BQR-tree) for evaluating 
continuous range queries with non-spatial selections. The BQR-tree, which (i) stores the 
additional bit-vector information to describe the non-spatial information, and (ii) 
enables the server to cooperate with moving objects for evaluation of queries, greatly 
improves the overall system performance when the queries involve non-spatial 
selections. 
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Abstract. This paper addresses the problem of processing range queries on 
wireless broadcast streams. In order to support range queries efficiently, we 
propose a novel index called Distributed Space-Partitioning Index (DSPI). 
DSPI consists of hierarchical grids that provide mobile clients with the global 
view as well as the local view of the broadcast data. The algorithm for pro-
cessing range queries based on DSPI is also proposed. Simulation experiments 
demonstrate DSPI is superior to the existing index schemes. 

Keywords: Continuous range queries, moving objects, index structures. 

1 Introduction 

With the advances in wireless technologies and wide spread mobile devices, the trend 
toward pervasive computing has gained momentum. Since location is one of the most 
important properties in a pervasive computing environment, various location depend-
ant information services (LDISs) have emerged as one of the promising applications 
[3, 4]. In order to support LDISs, efficient processing of location dependant queries 
(LDQs), which retrieve information based on the current locations of mobile clients 
(MCs), is critical. Wireless data broadcast is considered to be an effective way for 
disseminating location dependant data (LDD) and supporting LDQs since it leverages 
computational capability of MCs, and thus accommodates a huge number of MCs 
simultaneously. In this paper, we address the problem of processing range queries 
(one of the essential classes of LDQs) in wireless broadcast environments. 

In wireless data broadcast, data (e.g., LDD) are periodically broadcasted. MCs then 
may retrieve the data and evaluate their queries (e.g., LDQs) on the broadcast stream. 
In order to retrieve necessary data for query processing, MCs have to continuously 
listen to the broadcast channel until the desired data arrive. This leads to vast energy 
consumption on MCs. To alleviate such energy consumption, the concept of air index 
is introduced. With the index information, MCs can read only the required data selec-
tively. However, the waiting time of the MCs is increased because the insertion of 
index information extends the broadcast cycle. Two performance measures are  
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commonly used in the wireless broadcasting system: Access Latency and Tuning 
Time. The former is the duration elapsed from the moment a MC receives the query 
from its user to the moment the query is satisfied. The latter is the duration during 
which the MC remains in the full operational mode, called the active mode, which is 
proportional to the amount of the energy consumed by the MC. Both Access Latency 
and Tuning Time are evaluated in terms of the number of buckets (the smallest logical 
unit of wireless data broadcast). In order to support efficient query processing in wire-
less data broadcast, the air index scheme has to minimize Tuning Time while mini-
mizing Access Latency by keeping the increase of the broadcast cycle minimal. 

In this paper, we propose a novel index structure, called Distributed Space-
Partitioning Index (DSPI), for supporting range queries in wireless data broadcast 
environments. DSPI consists of a hierarchy of grids, each of which is constructed by 
partitioning the data space. Additionally, DSPI has a linear, and yet distributed struc-
ture suitable for wireless data broadcast. The rest of the paper is organized as follows. 
In Section 2, related work to our study is presented. Section 3 presents the proposed 
index scheme, namely DSPI. In Section 4, experiments are conducted to show the 
efficiency of DSPI. Finally, we conclude this paper in Section 4. 

2 Related Work 

Recently, several index structures for supporting LDQs in wireless data broadcast 
have been proposed. In [3], a linear index structure, referred to as HCI, is proposed 
based on the Hilbert curve (HC). In HCI, each LDD is assigned a unique HC value by 
recursively partitioning the data space into 2λ·2 cells, until each cell contains only one 
LDD, where λ is the order of HC. HC needs to allocate a sufficient number of bits to 
represent the HC values in order to guarantee that each LDD in the original space is 
assigned a unique HC value. Figure 1a illustrates an HC(λ = 3) and a sample data set. 
By using HC values, HCI constructs B+-tree, where each HC value of the LDD acts as 
the key value.  

 

(a) HC( λ  =  3 )       (b) Range query 

Fig. 1. HC( λ = 3) and HC based range query processing 
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DSI, presented in [4], also adopts HC for index organization. In order to organize 
the index in a distributed fashion, DSI divides the whole set of LDD into nF frames, 
each of which has the index table which maintains HC values of logrnF frames and 
pointers to the frames, where r is the exponential base, and nF is the number of frames 
in a broadcast cycle. 

In both HCI and DSI, MCs have to listen to the broadcast channel more than nec-
essary because the index is constructed based on the HC value instead of the coordi-
nates of the LDD. As illustrated in Figure 1b, in order to process range query RQ 
(shaded area), an MC has to read the LDD whose HC value ∈ {17, 23, 24, 28, 30, 
32, 33, 36, 39, 40, 46}. However, only the LDD, whose HC value ∈ {28, 33}, can 
be the result of RQ. This leads the MC to receive unnecessary LDD and thus, increas-
es Tuning Time of the MC. Furthermore, not only the distribution of LDD in the orig-
inal space but also the number of LDD may greatly deviate the performance of both 
HCI and DSI in terms of Access Latency as well as Tuning Time. 

3 Distributed Space-Partitioning Index (DSPI) 

In this section, we propose Distributed Space-Partitioning Index (DSPI) that enables 
MCs to selectively receive the required data instances (e.g., LDD), and thus reducing 
Tuning Time performance, with shorter Access Latency than that of previous indices 
[3, 4]. DSPI consists of nG hierarchical levels of grids, each of which takes different 
granularity from the others, where nG is the number of grids. Figure 2 shows the basic 
idea of DSPI, where nG = 2. Without loss of generality and for simplicity, we assume 
that nG = 2 in the rest of the paper. However, extension to nG > 2 is straightforward. 
The lowest level of the grids, referred to as Leaf Grid, points to the data instances, 
whereas, the upper level of the grids, called Directory Grid, points to the Leaf Grid. 
For the linear placement of the data on the air, Hilbert curve (HC) values are assigned 
to each cell as an identifier, according to its occurring order on the HC (See Figure 2). 
It is known that HC is effective in mapping 2-dimensional space to 1-dimensional 
linear space while preserving the spatial locality of the underlying data. 

Definition 1. (Leaf Grid). The data space DS is a two-dimensional space. The Leaf 

Grid uniformly partitions the DS into 2γL·2 cells (leaf cells) of  =  ×  , where γL 

(≥ 1) is the granularity factor of the Leaf Grid. Leaf Grid, which takes the finest 
granularity, provides MCs with local view of the entire database D. 

 

Fig. 2. Hierarchical grids (nG = 2) 
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Definition 2. (Directory Grid). The Di1rectory Grid uniformly partitions the DS into 

2γD·2 cells (directory cells) of size =  × , where 1≤ γD≤γL and γD is the granu-

larity factor of the Directory Grid. In particular, the Directory Grid which takes the 
coarsest granularity is called the Root Grid. Since we assume nG = 2, hereafter we 
use Directory Grid and Root Grid interchangeably. Directory Grid maintains infor-
mation on the lower level grid, namely, Leaf Grid (∵ nG = 2) as well as the global 
view of D. 

 

 (a) Leaf Grid          (b) Directory Grid         (c) Broadcast channel structure 

Fig. 3. Organization of the hierarchical grids 

Both Leaf Grid and Directory Grid constitute the hierarchical grids. Figure 3a, 3b 
and 3c illustrate the Leaf Grid, the Directory Grid and the broadcast channel structure 
respectively. A leaf cell lcid , contained in the directory cell dcid, is the child cell of the 
dcid. For example, lc0 ~ lc3 in Figure 3a are child cells of the dc0 in Figure 3b. Spe-
cifically, each leaf cell of the Leaf Grid maintains the following information: 

─ Identifier, dcid (being assigned according to the occurring order on the HC of order 
λ = γL). 

─ Coordinates of the data instances contained in it. 
─ Pointers (arrival time) to the data instances contained in it. 
─ Pointer to the next directory cell; for example, lc0 ~ lc3 include the pointer to the 

dc1. 

Note that leaf cells are sorted according to their identifiers, and each leaf cell is 
placed in front of the data segment pointed by it on the broadcast stream. Each direc-
tory cell of the Directory Grid includes the following information: 

─ Identifier, dcid (being assigned according to the occurring order on the HC of order 
λ = γD). 

─ Pointers to the child cells. 
─ Minimum bounding rectangles, each of which, referred to as MBRlcid, completely 

encloses all the data instances contained in the corresponding child cell lcid (See 
Figure 3b). 

─ log2N pointers pi, each of which points to the 2ith directory cell, where 0 ≤ i 
≤log2(N) – 1 and N is the number of directory cells. For example, dc0 has the 
pointers to dc1 (the next 20th directory cell) and dc2 (the next 21th directory cell). 
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As shown in Figure 3c, directory cells are sorted according to their identifiers and 
each of them is placed in front of its child cells on the broadcast stream. A range que-
ry RQ retrieves all data instances within a given query rectangle. 

A range query RQ retrieves all data instances within a given query rectangle. To 
process an RQ with DSPI, an MC determines a collection of leaf cells, which overlap 
with the query rectangle, and thereafter it retrieves the qualified data instances by 
traversing the directory cells and leaf cells. For example, consider the range query RQ 
(shaded area) in Figure 3a and 3b. As a first step, the MC determines a set of over-
lapped leaf cells (lc4 ~ lc11), referred to as OC. Then, the MC tunes into the directory 
cell dcid, which is the next nearest directory cell from the current position. Without 
loss of generality, we assume that the MC first listens to the broadcast channel at the 
time (or position) of dc1, which contains the information of its child cells (lc4 ~ lc7) as 
well as MBRlc4 ~ MBRlc7. Because the MBRlc7 overlaps with the RQ as shown in 
Figure 3b, the MC reads lc7 and selectively retrieves the qualified data instance name-
ly, d14 by utilizing the coordinates maintained in lc7. The MC removes lc4 ~ lc7 from 
the OC and moves to the next directory cell dc2 by using the pointer maintained in 
either dc1 or lc6. Since MBRlc8 and MBRlc11 overlap with the RQ (See Figure 3b), the 
MC reads lc8 as well as lc11 and retrieves d17. In this way, the MC completes RQ after 
visiting dc1 and dc0. Algorithm presents the detailed algorithm for processing range 
queries based on DSPI. 

 
Algorithm. Range Query Processing 

Input RQ: Range Query,  
OC: a set of the overlapped leaf cells 

Output  QueryResult: data instances within the RQ  
Procedure 
1:  listen to the broadcast channel 
2:  do { 
3:    move to the next directory cell (root cell) 
4:    for each child cell (leaf cell) ∈ OC do 
5:      if ( MBRlcid overlap with RQ) then 
6:       for each data instance did in the child cell do 
7:            if (did is within the RQ) then 
8:              result = result ∪ did 
9:              end if 
10:           end for 
11:          end if 
12:          remove child cell from the OC 
13:        end for 
14:   }while (OC is not empty) 
15:  return result 

Fig. 4. Pseudo code of Range Query Processing algorithm 
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4 Performance Evaluation 

We evaluated the performance of DSPI by comparing its Access Latency and Tuning 
Time with those of HCI and DSI. For the implementation of the HCI, the (1, m) index-

ing technique was utilized, where the global index is inserted every  fraction of the 

broadcast cycle, and optimal m ( = )was used in order to reduce Access  

Latency, where DATAsize and INDEXsize are the sizes of whole data instances and the 
global index in terms of the number of buckets [1]. On the other hand, for the DSI, the 
exponential base r was set to 2 and the number of data instances within each frame 
was determined so that index table associated with the frame could fit into one bucket 
[4]. For the configuration of DSPI, we set nG = 2 for simplicity. In addition, the granu-
larity factor, γL of the Leaf Grid was set to 4, and the corresponding granularity factor 
of Directory Grid was set to 3. All the experiments were conducted on a Pentium IV 
3.2 GHz machine with 1 GB RAM. The system model, which consists of a base sta-
tion, MCs and a broadcast channel, was implemented in the Java language. We con-
ducted performance analysis on two datasets: UNIFORM dataset and REAL dataset. 
In the UNIFORM dataset, 6,000 data instances are uniformly generated, while the 
REAL dataset contains 5,848 actual cities and villages of Greece [5]. In the experi-
ment, 10,000 queries were issued. We use the number of bytes instead of the number 
of buckets to evaluate Access Latency and Tuning Time because the bucket size is 
varied in the experiment [4]. The number of bytes can be translated into the time val-
ues without loss of generality, since the bandwidth of wireless channel is fixed. The 
size of a data instance is 1024 bytes, and 16 bytes are used for representing the  
2-dimensional coordinates of a data instance (8 bytes each) as well as the HC value 
(16 bytes). We set the pointer size to 2bytes. Table 1 illustrates parameter settings 
used in the experiments. 

Table 1. Parameter Settings 

Parameter Setting 
bucket size 26 ~29 bytes 
LDD size 1204 bytes 
coordinates size 16 bytes 
pointer size 2 bytes 

 
Since the number of MCs does not affect the system performance [3], we consid-

ered only the performance aspects of an MC. 
Evaluation of Access Latency. Figure 5 shows the Access Latency performance. 

For both datasets, namely UNIFORM (Figure 5a) and REAL (Figure 5b), DSPI is 
superior to the other two indexing schemes (HCI, DSI). This is due to the fact that the 
overall length of the broadcast cycle in DSPI is shorter than those of the other two 
indices. In other words, the index size of HCI and DSI is much larger than that of 
DSPI. In HCI, the whole index is interleaved m times with data instances, while in 
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DSI, every frame has to maintain lots of information (e.g., HC values of logrnF frames 
and pointers to those frames) when a large number of data instances are concerned. 
Furthermore, in DSI, redundant information increases according to the increase of the 
number of data instances. 

  

        (a) UNIFORM dataset                  (b) REAL dataset 

Fig. 5. Comparison of Access Latency 

Evaluation of Tuning Time. Note that the Tuning Time affects the energy con-
sumption on MCs. Figure 6 denotes the Tuning Time performance of the three 
schemes. As shown in the figure, DSPI outperforms HCI and DSI. This is because 
DSPI allows MCs to avoid reading unnecessary data instances by offering the global 
view as well as the local view. As mentioned in Section 2, both HCI and DSI are 
constructed based on the HC value instead of the coordinates of the underlying data 
instances. As a result, MCs have to listen to broadcast channel more than necessary. 
This incurs a huge amount of Tuning Time. Furthermore, as the order of HC increases 
(due to the skewed distribution or a large number of data instances), spatial locality of 
the data instances in 2-dimensional space can not be preserved in the 1-dimensional 
linear space. Therefore, MCs read much more data instances than necessary. 

 

       (a) UNIFORM dataset                    (b) REAL dataset 

Fig. 6. Comparison of Tuning Time 
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5 Conclusion 

This paper proposed a novel index structure, called Distributed Space Partitioning 
Index for processing range queries in wireless broadcast environments. DSIP utilizes 
the notion of hierarchical grids in order to allow MCs to selectively retrieve the re-
quired data in an efficient way in terms of Access Latency as well as Tuning Time. As 
demonstrated in the simulation study, DSPI outperforms existing index schemes (e.g., 
HCI, DSI). As future work, we plan to investigate an efficient algorithm for support-
ing k-nearest neighbor (k-NN) queries based on DSPI. 
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Abstract. Forward error correction (FEC) is an efficient error recovery 
mechanism for wireless networks in which erroneous packet is corrected in the 
destination node. More importantly, real-time and high-speed wireless networks 
require fast error recovery to ensure quality of service (QoS). Since graphics 
processing units (GPUs) offer massively parallel computing platform, we propose 
a GPU-based parallel error control mechanism using extended Hamming code 
supporting single-bit as well as multiple-bit error correction. We compare the 
performance of the proposed GPU-based approach with the equivalent sequential 
algorithm that runs on the traditional CPU for error strength, t, such that 1 ≤ t ≤ 7. 
Experimental results demonstrate that the proposed GPU-based approach 
outperforms the sequential approach in terms of execution time. Moreover, the 
proposed parallel implementation yields significant reduction in computational 
complexity from O(n3) of the sequential algorithm to O(n) of the GPU-based 
approach, leading to tremendous speedup gain. 

Keywords: Real-time wireless communication, multiple bit error FEC, 
extended Hamming code, GPU.  

1 Introduction 

Wireless communications unleash promising arena with the diversity from wireless internet 
access, telecommunication, voice over internet protocol (VOIP), wireless video multicasting, 
mobile adhoc network (MANET), wireless sensor network (WSN) and so on. However, signals 
in wireless medium are highly prone to fading, interference or noise that results in erroneous 
data. Inherent vulnerability to packet corruption imposes paramount challenge for reliable 
communication [1]. Such error is another cause of packet loss at destination. As a result, error 
control is necessary to guarantee fair and consistent data delivery.  In communication systems, 
FEC is one of the effective error recovery mechanisms in which original packets are encoded 
with some redundant information in the transmitter before transmitting over wireless 
medium[1], [2]. Upon receiving in the destination end, packets are decoded using the same 
redundancy by some FEC coding algorithms for possible error detection and correction.  

Error correction codes are popularly being employed in long distant information 
transferring or channel where message might get corrupted and it becomes performance 
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bottleneck [3]. Fundamentally error codes can be either Convolution codes or Block 
codes where the former one possesses bit by bit processing and suitable for hardware 
implementation. The later codes are processed in blocks and suitable for software 
implementation. Suitable techniques are preferred depending on a number of factors 
including error pattern which is the most crucial. Errors can fall in random, single bit, or 
multiple bit errors. High reliability areas require adequate protection that single error 
correction (SEC) may not provide. Under these circumstances, multiple error correction 
(MEC) is highly desirable [3].  More importantly, real-time, high speed and other time 
sensitive wireless networks demand fast error recovery since massive data is generated 
and need to be processed momentarily.   

Inspired by the massively parallel computing capability, low cost but extensive 
programmability and scalability, GPU is recently being exploited in general purpose 
beside graphics rendering [5-7]. Considering these factors, in this paper, we propose 
GPU based faster error recovery using extended Hamming code [2] that can support 
single bit as well as multiple bit errors in the packet level [4]. We validate our 
proposed approach using a compute unified device architecture (CUDA) [5] enabled 
NVIDIA GeForce GTX 560 graphics card. We compare the performance of parallel 
FEC algorithm with the equivalent sequential algorithm that run on the traditional 
CPU. The experimental results demonstrate that the GPU-based approach 
outperforms the serial approach in terms of execution time. Furthermore, the proposed 
implementation yields significant reduction in computational complexity from O(n3) 
of the sequential algorithm using CPU to O(n) of the GPU-based approach, achieving  
tremendous speedup.  

The rest of the paper is organized as follows. Section 2 describes the implementation 
of extended Hamming code as FEC, Section 3 presents experimental results and 
analysis. Finally, Section 4 concludes the paper. 

2 FEC Implementation 

We implement extended Hamming coding for multiple bit error detection and 
correction on CPU and GPU. This section briefly introduces the fundamental 
principle of the algorithm and its implementation.  

2.1 Overview of Extended Hamming Coding 

Describing the mechanism of entire algorithm requires understanding the following 
definitions. 

 Codeword: An ordered set (h, m, r) is called Hamming codeword which refers 
m bit information is appended by r redundant bits to produce encoded packet of 
h bits. Thus, code length, h, is given by h=m+r and r is determined by the 

inequality such as 12 ++≥ rmr
. 

 Code rate: The ratio of total information bits (m) to code word size (h) is said 
to be Hamming code rate. 
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 Error strength (t): For the maximum number of corrupted bits in a data packet, 
the algorithm is capable to detect and correct. It is determined by the channel 
condition and remains available in both sender and receiver end. 

 
Extended Hamming coding utilizes fundamental Hamming coding. A typical (11, 

7, 4) coding has 7-bit encoded segment, H, from 7-bit main message, M, by adding 4-
bit redundancy following the linear operation: 

 
H=M•G                                     (1) 

 
where G is the generator matrix of the (11, 7, 4) Hamming coding. Extended 
Hamming coding on the sender side consists of splitter, encoder and merger, as shown 

in Fig. 1, in which a packet of M bit is fragmented into tMMM ,,, 21  segments. 

Encoder employs fundamental Hamming coding of (h, m, r) on each segment 

resulting in encoded sequence ''
2

'
1 ,,, tMMM  . Finally, merger   unifies all these 

incoming sequences to generate consolidated Hamming coded packet 'M , which is 
transferred as a radio signal over wireless medium by the transmitter. 

 

 

Fig. 1. Stage at the sender end 

 

Fig. 2. Stage at the destination end

 

 

Fig. 3. Error positions in the packet detected at destination 

Refer to Fig.2, the algorithm at the destination end accomplishes segmentation of 

the received packet, 'M . Each individual segment is attempted in the error detection 
(ED) stage in order to determine possible error if takes place. Thereafter, error 
correction (EC) unit flips the bits in the positions reported by ED and transferred to 
the redundancy removing (RR) phase. Redundant information is not a part of the 
original message. They are exclusively meant for error detection, which is why 
removing them is imperative. In the end, all the fragments m1, m2,…,mt are 
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concatenated to obtain the source main message, M. Entire stages in Fig. 2 are 
implemented on CPU and GPU. For the time sensitive wireless networks, fast error 
recovery at the destination is highly desirable.  Fig. 3 and Fig. 4 show a part of the 
sample experimental output for packet size M=64 and t=7, respectively. However, it 
can support variable length packet size and larger error strength as well if required 
dynamically.  

Fig. 4. Error correction at destination 

2.2 Implementation Mechanism 

Three steps such as Splitter, Decoder and Merger of FEC are implemented in two 
different ways: the sequential approach is run on CPU which is quite straightforward 
as explained in Section 2.1 and the equivalent parallel approach is implemented on 
GPU.  

Table 1. Experimental Environment 

 
The system specification is summarized in Table 1. Regarding to GPU 

implementation, one block is assigned to compute one checksum bit of each 

individual segment, ''
2

'
1 ,,, tMMM  , in parallel. Therefore, the total number of 

Property CPU Property GPU 

Processor 
Intel(R) Core(TM) 
i5-3570K 

Brand name 
NVIDIA 
GeForce 
GTX 560 

Clock speed 3.40GHz Processor clock 1620MHz  
No of Cores 4 CUDA core 336 
No of threads 4 Total MP 7 
RAM 8.00GB Max thread per block 1024 

Bus/Core ratio 34 Shared memory per MP 49152 Byte 

Operating system Win 7,  32 bit Total global memory 1 GB 
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blocks required to be declared is 
( )

 
= =

t

i

MR

j
j

i

r
1 1

'

where )( '
iMR is the total number of 

redundancy for segment  '
iM  and jr is its j-th redundant bit respectively. 

3 Experimental Results 

This section presents the performance of CPU and GPU for the multiple bit error 
correction in terms of execution time.  

 

 

Fig. 5. Execution time vs. packet size 

 

Fig. 6. Execution time vs. error strength 
 

Table 2. Execution time (ms) on CPU 

Packet 

size, M 

(Byte) 

t=2 t=3 t=4 t=5 t=6 t=7 

400 298.73 305.86 309.80 319.00 322.94 339.42 

800 628.11 641.14 648.52 654.31 659.64 667.29 

1200 929.58 939.24 943.35 951.47 958.64 983.94 

1600 1202.10 1216.53 1224.72 1235.58 1244.81 1251.61 

2000 1648.20 1659.95 1667.49 1674.19 1679.28 1682.67 

Table 3. Execution time (ms) on GPU 

Packet 

size, M 

(Byte) 

t=2 t=3 t=4 t=5 t=6 t=7 

400 89.30 66.16 52.03 44.91 41.47 39.63 

800 165.67 116.84 92.38 76.88 69.54 60.99 

1200 240.99 163.72 128.90 106.18 96.35 88.19 

1600 312.05 214.87 163.70 139.50 119.43 103.63 

2000 370.48 264.14 202.04 164.67 150.91 135.68 
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Tables 2 and Table 3 show the execution time of sequential and parallel FEC in 
milliseconds using CPU and GPU, respectively, for various packet size, M, and error 
strength, t. For a fixed size of packet, CPU runtime reaches to large extents and 
linearly increases with the increase of bit errors in the packets. In contrast, GPU 
finishes the equivalent concurrent processing with much lower time, resulting in 
tremendous speedup. Fig. 6 is an instance showing such trend for packet size of 2000 
Bytes. Refer to Fig. 5, exponential rising tendency of CPU time is reduced to linear 
order by GPU when packet size is varied and error strength remains the same. The 
fundamental underlying reason is that an increase in the packet size or the error 
strength increases the Hamming code length and amount of checksums to calculate. 
For GPU-based error correction, a block is assigned to generate a checksum, and 
numerous similar threads and blocks end up these computations simultaneously on 
streaming multiprocessors. In contrast, sequential pattern of checksum calculation on 
CPU in essence causes long latency.  

4 Conclusions 

In this paper, we proposed a novel GPU based fast forward error correction (FEC) 
approach using extended Hamming coding. This end-to-end packet level FEC can 
provide both single bit as well as multiple bit error resiliency to the network, boosting 
reliability in communication. Moreover, the algorithm can dynamically adapt various 
code lengths and error strengths depending on channel condition.  Quality of service 
in time sensitive networks is heavily bounded by the packet processing latency. 
Experimental results demonstrated that the proposed GPU based FEC approach 
extremely outperforms the CPU based sequential approach in terms of execution time 
and computational complexity. Consequently, the approach can be effectively applied 
in time sensitive and high speed wireless communication systems. 
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Abstract. Wi-Fi Direct is a new feature in the 4.0 version of the Android 
operating system, allowing devices to connect directly to each other via Wi-Fi 
without an intermediate access point. Based on the Wi-Fi Direct feature, in this 
paper, we present a collaborative framework named DirectSpace that supports 
various collaborative situations to resolve the problems of traditional 
application paradigm such as client-server model. For this, we design 
collaborative services to support various environments, and develop 
collaborative protocols for providing workspaces over Wi-Fi Direct. On the top 
of DirectSpace, we also present a collaborative application for utilizing the 
group workspaces. 

Keywords: Collaborative framework, Wi-Fi Direct, DirectSpace, workspace. 

1 Introduction 

In 2012, Google has released a version of the android operating system 4.0(Ice Cream 
Sandwich)[1], where the new Wi-Fi Direct feature allows devices to connect directly 
to each other via Wi-Fi network without an intermediate access point. So, regardless 
of the availability of mobile networks, it can support a useful communication 
environment for smart devices to share any information such as video, photos, files 
and documents.[2,3]  

In this paper, we describe the development of a collaborative framework named 
DirectSpace that supports group workspace among multiple devices via Wi-Fi Direct. 
This framework provides an environment to effectively share collaborative 
workspaces with nearby devices. The collaborative workspaces support access control 
mechanism and group management[4] facility for effective collaboration. The 
collaborative services provide instant messaging and resource sharing based on the 
protocols designed for the framework. In addition, we present a collaborative 
application running on Android through the API provided to effectively use the 
DirectSpace, which leads to easy development of collaborative application.  

This paper is organized as follows. In section 2, we describe the design of 
collaborative services, workspaces and collaboration protocols, and the development 
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of DirectSpace. Section 3 explains the implementation of the collaborative application 
running on Android. In section 4, we discuss different collaborative systems with 
similar features and section 5 presents some concluding remarks. 

2 DirectSpace over Wi-Fi Direct 

In this section, we describe the design of collaborative services based on Wi-Fi Direct 
and present the implementation of DirectSpace utilizing the services. 

2.1 Design of Collaborative Services and Workspaces 

In DirectSpace, each peer acts as both a server and a client at the same time. When a 
peer acts as a server, the server peer provides a workspace for collaboration; 
otherwise, the peer acts as a client to the workspace provided by some server peer. 
Table 1 shows the collaborative services defined in DirectSpace. 

Table 1. Collaborative Services in DirectSpace 

Service Type Service List 

Connection  
Service 

-Peer Discovery Service, -Connection/Disconnection Service 

Collaborative  
Service 

-Resource Sharing Service 
-Group Managing Service -Instant Messaging Service  

 
The connection service is basically provided by Wi-Fi Direct, being used to 

discover other peers and connect to them. According to the Wi-Fi Direct 
specification, once two or more devices connect directly, they have formed a Wi-Fi 
Direct group. All Wi-Fi Direct devices must be able to negotiate which device adopts 
the ‘group owner’ role when forming a group. The group owner has an ‘AP-like’ 
capability, controlling the group and enabling connectivity.  

After peer discovery is completed successfully, every peer can connect each other 
and form a group in a transmission range of Wi-Fi Direct. The resource sharing 
service provides facilities like as the file explorer to manage and share its own 
resources and others in the SD Card (Secure Digital Card). The group managing 
service supports the configuration of various user-defined group workspaces and the 
associated access control for effective collaboration. The messaging service is used to 
transmit both instant messages and any information related to collaboration 
asynchronously to group users. Users can share resources through the workspace 
managed as a folder on the external storage by the server peer. Figure 1 shows the 
workspace structure in the Android file system. Each folder in depth level 1 is treated 
as a workspace while the folder depth level greater than 1 is considered as 
collaborative folders and files. 
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Fig. 1. Hierarchical Folder-based Workspace Structure  

Since a mobile peer-to-peer network via the Wi-Fi Direct feature is frequently 
reconfigured, resource damage and loss should be prevented through the appropriate 
authorization and resource access control in a workspace. A general workspace allows 
all users to access, whereas a group workspace allows only authorized users to access. 
Both types of workspaces can be protected through the passwords specified by the 
server peer. To support the workspaces of these types, the service checks the state of 
each connected user, managing the user according to the states in the workspace. The 
state of a peer is classified into the following 3 ones: One is the naive state that a peer 
does not join the workspace yet. Another is the waiting state after making a request to 
join a group workspace and the last one is the joined state to the group workspace 
after approval of the server peer. The access level is classified into download-only, 
upload only and full access. 

2.2 Design of Collaborative Protocols 

A peer connected via Wi-Fi Direct can act as a server and a client at the same time. In 
other words, each peer can respond to a request while making a request 
simultaneously. The collaborative protocol is designed to request and respond for 
cooperation of a peer group. The protocol consists of arrays of key-value pair as a 
JSON type: 

{“Request”: a type of collaborative service, “Workspace”: 
workspace to be cooperated, “Sender”: information of 
request peer, “Detail”: new JSON Object (an additional 
specific condition)} 

The attribute "Sender” which contains information of the request peer is used to 
return results of the request. The attribute "Detail" represents the detailed information 
for handling the request.  

2.3 Implementation of DirectSpace 

A workspace is instantiated through a Java class that abstracts a workspace in 
physical SD Card of a device. The class is represented by a type of workspace, access 
permissions, and an organized peer list. Since instances of the workspace class are  
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destroyed when the framework is terminated, an instance of the workspace class is 
stored into the SD Card for effective and safe management as follows: 

"Workspace": JSONObject ("Name": title of workspace 
"Authority": permission of workspace, “Open": public 
access (yes/no), "Group": limited access (yes/no), 
"Password": secret key 
"Group member": new JSONObject ("Name": display of peer, 
“Status”: status of peer)) 

Unfortunately, the workspace created in SD Card can be removed or modified by 
another application because it is considered as a normal folder by the android system. 
In this case, a fault of workspace synchronization occurs between the logical state of 
the workspace and the physical state in the SD Card. To prevent this problem, it is 
necessary to verify whether the current workspace is exactly same as the saved  
workspace whenever the configuration file for workspaces is processed. After the 
configuration file is processed, workspaces should be checked periodically while the 
application is running. Figure 2 shows how it works. 

 

Fig. 2. Procedure for Workspace Synchronization 

The collaborative services consist of a communication module and a protocol 
parser. The communication module provides functions to perform both of server and 
client roles. The protocol parser analyzes the transmitted protocol messages and sends 
results to the collaborative services. DirectSpace provides collaboration API to 
develop collaboration applications in a systematic manner over Wi-Fi Direct. Figure 3 
illustrates the structure of the DirectSpace collaborative framework. In a typical Wi-Fi 
Direct environment, an ownership is determined after a network topology is 
established. Then, every user can communicate with each other via the group owner. 
In general, IP address is invisible except group owner over the Wi-Fi Direct network, 
whereas MAC(Media Access Control) address is available. To support the IP network 
topology, DirectSpace uses ARP(Address Resolution Protocol) to translate MAC 
addresses into IP addresses. After address translation, every peer is able to directly 
communicate with each other without the need for the group owner, which reduces 
the communication overhead for redirection through the group owner. 
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Fig. 3. Structure of the DirectSpace collaborative framework 

3 Application of DirectSpace 

With the help of API provided by DirectSpace, we develop a collaboration application 
on the android system. The application supports a real-time instant messaging, 
resources sharing and connecting facilities via Wi-Fi Direct. The application also 
supports access control mechanism for workspaces in various collaborative situations. 
A server peer configures the permission rules and types of its workspaces, managing 
participants in its workspaces. A client peer can connect to a specific workspace and 
access resources according to the designated authority level. Figure 4 shows the 
application interface for collaborative services. 

  
Fig. 4. User interface of the Collaboration Application using DirectSpace 
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4 Comparison with Related Works 

As smart devices proliferate in the mobile network environment, there arise a variety of 
situations that require cooperation. WareBox[5] is a typical collaborative application 
that consists of a server and a client based on the WareBox development platform. The 
platform relies on a social network service and collaborative services. WareBox 
supports reusability and productivity by combining the provided collaboration features. 
SuperBeam[6] is an application providing a way to share large files between Android 
devices using QR codes or NFC through Wi-Fi Direct. Table 2 shows a comparison 
with these applications. 

Table 2. Functional Comparison with Other Systems 

Features WareBox SuperBeam DirectSpace 

Communication paradigm Client/Server Wi-Fi Direct Wi-Fi Direct 

Access point O X X 

Group management O X O 

Upload, Download O O O 

General workspaces O X O 

Group workspaces O X O 

Password-protected  
feature 

X X O 

 
WareBox provides collaborative services based on various workspaces, supporting 

group messaging service using Google push service. Since WareBox relies on the 
client-server model, it is vulnerable to the network failure or the server failure. Also, 
it does not support the ad-hoc network environment. 

Based on Wi-Fi Direct that supports peer-to-peer network, SuperBeam and 
DirectSpace provide file sharing service on smart devices without any infrastructure 
network. Since SuperBeam does not support the workspaces and group management 
service, it cannot meet the collaboration requirement arisen on various situations. 
However, DirectSpace can handle those various situations by providing group 
workspaces for collaborative services on smart devices. This feature immediately 
provides a fully distributed environment to spontaneously share several types of 
workspaces with nearby devices because it does not rely on central infrastructure. 

5 Conclusion 

In this paper, we described the collaborative framework named DirectSpace for 
supporting group workspace over Wi-Fi Direct. We adopt the Wi-Fi Direct feature as 
a peer-to-peer model to overcome the structural problem of client/server model. In  
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addition, we designed rich workspaces to effectively provide collaborative service 
environment in a peer-to-peer network, proposing useful services and protocols for 
collaborative workspaces as well. 

Based on the services and protocols, we developed DirectSpace. A group 
workspace provides access control mechanism for resource sharing, and the 
workspace is managed physically as a folder on the external storage such as SD Card. 
Sharing and managing of resources is easily supported through the feature like as the 
file explorer and permission policy based on the access control mechanism. Even 
when mobile networks become unstable in disaster situations such as earthquakes, 
users can communicate through the developed useful collaborative environment. 
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Abstract. The development of railway cyber physical systems is a challenging 
process. In this paper we present our current effort to extend AADL to include 
new features for separation of concerns of railway cyber physical systems, we 
extend AADL in spatial aspect, dynamic continuous aspect, physical world 
modeling aspect. Finally, we illustrate the proposed method via an example of 
specification of communication based train control system. 

Keywords: AADL Railroad system, Train control system, component, OSATE. 

1 Introduction 

The problems that must be addressed in operating a railway are numerous in quantity, 
complex in nature, and highly inter-related [1-3].Because of the timeliness 
constraints, safety and availability of train systems, the design principles and 
implementation techniques adopted must ensure to a reasonable extent avoidance of 
design errors both in hardware and software. Thus a specific methodology relevant, to 
design should be applied for train control systems development. The dependability of 
the railway cyber physical system should arouse more attention [4-5]. 

In this paper, we propose a specification for communication based train control 
system(CBTC)using AADL .We use the AADL to specifying each subsystem, and 
make an effective integration of all subsystems together to form a complete CBTC 
system. 

2 The Proposed Specification Method for Communication 
Based Train Control Systems 

AADL [6-7] is an architecture description language developed to describe embedded 
systems is shown in Fig.3. AADL (Architecture Analysis and Design Language), 
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which is a modeling language that supports text and graphics, was approved as the 
industrial standard AS5506 in November 2004. Component is the most important 
concept in AADL. The main components in AADL are divided into three parts: 
software components, hardware components and composite components. Software 
components include data, thread, thread group, process and subprogram. Hardware 
components include processor, memory, bus and device. Composite components 
include system.  

In its conformity to the ADL definition, AADL provides support for various kinds 
of non-functional analyses along with conventional modeling [8]: 

Flow Latency Analysis: Understand the amount of time consumed for information 
flows within a system, particularly the end-to-end time consumed from a starting 
point to a destination. 

Resource Consumption Analysis: Allows system architects to perform resource 
allocation for processors, memory, and network bandwidth and analyze the 
requirements against the available resources. 

Real-Time Schedulability Analysis: AADL models bind software elements such 
as threads to hardware elements like processors. Schedulability analysis helps in 
examining such bindings and scheduling policies. 

Safety Analysis: Checks the safety criticality level of system components and 
highlights potential safety hazards that may occur because of communication among 
components with different safety levels. 

Security Analysis: Like safety levels, AADL components can be assigned various 
security levels.  

AADL defines two main extension mechanisms: property sets and sublanguages 
(known as annexes). It is possible to extend the AADL concepts either by introducing 
new properties to the modeling elements, by addition of new modeling notations, or 
by developing a sublanguage as annex to the AADL [9-10]. 

Physical World Aspect: Railway cyber physical systems are often complex and 
span multiple physical domains. Modelica [11-12] is a new language for hierarchical 
object oriented physical modeling which is developed through an international effort. 
The language allows the user to specify mathematical models of complex physical 
systems. 

Dynamic Continuous Dynamics Aspect: Railway cyber physical systems are 
mixtures of continuous dynamic and discrete events. These continuous and discrete 
dynamics not only coexist, but interact and changes occur both in response to discrete, 
instantaneous, events and in response to dynamics as described differential or 
difference equations in time.  

Spatial Aspect: The analysis and understanding of railway cyber physical systems 
spatial behavior – such as guiding, approaching, departing, or coordinating 
movements is very important.  
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3 Case Study: Specification of Communication Based Train 
Control Systems 

It is known that railway system can be effectively split into four subsystems: 
automatic train supervision subsystem (ATS), zone control subsystem, vehicle  
on-board subsystem and data communication subsystem.  The CBTC system's file 
structure is expreseed by AADL ss shown in Fig.1. 

 

Fig. 1. CBTC system's file structure 

The AADL text description of code of CBTC system is as follows: 
 

system railway cyber physical LSystem                      

end railway cyber physical System; 

system implementation railway cyber physical System.Impl     

  subcomponents 

    ATSys: system ATSystem::ATSys.Impl; 

    ZCSys: system ZCSystem::ZCSys.Impl; 

    VOBSys: system VOBSystem::VOBSys.Impl; 

    DCSys: system DCSystem::DCSys.Impl; 

  connections 

    conn1: bus access ATSys.toDCS -> DCSys.fromATS; 

    conn2: bus access ZCSys.toDCS -> DCSys.fromZC; 

    conn3: bus access VOBSys.ToDCS -> DCSys.fromVOBS; 

    conn4: bus access DCSys.toATS -> ATSys.fromDCS; 

    conn5: bus access DCSys.toZC -> ZCSys.fromDCS; 

conn6: bus access DCSys.toVOBS -> VOBSys.FromDCS; 

… 

End railway cyber physical System.Impl; 
 

The components in the ATS subsystem are shown in Fig. 2.  
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Fig. 2. The components in the ATS subsystem 

We transform Modelica models to AADL property sets as Fig. 3 shows. 

 

Fig. 3. Train wheel modelica model 

We transform the Modelica model into AADL property sets as follows: 
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The end to end flow analysis result of ATS is shown in Fig. 4. 
 

 

Fig. 4. The end to end flow analysis result of ATS 

4 Conclusion 

In this paper we presented our current effort to extend AADL to include new features 
for separation of concerns of railway cyber physical systems, we extended AADL in 
spatial aspect, dynamic continous aspect, physical world modeling aspect, formal 
specification aspect. Finally, we illustrated the proposed method via an example of 
specification of communication based train control system. 

The future works will focus on the intergration AADL with formal methods. 
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Abstract. The Internet of Things (IoT) has been considered as a core infrastruc-
ture that provides the connectivity to anyone, anywhere, anytime and especially 
anything. Due to this advantage, the IoT is expected to change the whole socie-
ty and to enrich people’s everyday life, but there are a lot of technical issues in 
realizing the IoT. Among them, the heterogeneity is an urgent and essential is-
sue that cannot be easily resolved. In this paper, we described an agent model-
ing that can hide the heterogeneity of devices using the Strategy, Dependency 
Injection, and Reflection design patterns. The designed agent was implemented 
as the agent system named iSilo and various devices were developed and bound 
to the agents in the iSilo. Several experiments were conducted in Korea and  
Japan and these evaluations showed the proposed modeling could be a novel  
solution to overcome the heterogeneity in the IoT. 

Keywords: IoT, Agent, Design Patterns. 

1 Introduction 

A lot of research groups forecast that the Internet of Things (IoT) would be an essen-
tial infrastructure which changes the whole industry and society by the roots [1][2]. 
The IoT is defined as a ubiquitous computing environment where various physical 
things such as RFID embedded objects or sensors interact with each other and harmo-
nize together for smart IT services. However, there has been no common solution to 
realize it yet, because the IoT is still in the beginning stage [3].  

Although there are a lot of issues to be resolved in the IoT realization, the most es-
sential one is the heterogeneity because the IoT needs a close collaboration of various 
kinds of things having different hardware, identifiers, network connectivity, and in-
terworking protocols. That is, wireless sensors, RFID tagged products, home appli-
ances, and all other mixed type devices should identify and communicate with others 
for the IT services promised by the IoT. Unfortunately, in the existing technologies, 
there is no way to overcome the heterogeneity successfully.  

In order to resolve the heterogeneity issue in the IoT, the researchers of Cyber-
Physical System (CPS) have paid attention to an agent technology and they believed 
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that the agent technology would be a solution to hide nicely the heterogeneity [4]. In 
the proposed scenario, devices delegate their authority to the corresponding agents 
and actual collaboration is done in the agent level. Since the agents identify and 
communicate with other agents in the agent space, the differences of physical devices 
can be easily hidden. This seems a good idea to use the agent technology for over-
coming the heterogeneity, but the detailed structure or the reference model was not 
represented yet.  

Basically, to hide the heterogeneity, an agent has to implement every different 
function of various devices in it. It seems an intuitive approach, but it is impractical 
for the IoT because every function of devices cannot be anticipated and implemented 
in the development phase. Additionally, even if this approach is adopted, the agent 
must be modified in the source code level and be redeployed again into the system 
whenever a new device is appeared or the functions of a device are changed. There-
fore new approach with which an agent dynamically changes itself depending on the 
types of devices should be considered.  

In order to fulfil the requirement, we designed an agent with several design patterns; 
Strategy, Dependency Injection (DI), and Reflection. The designed agent separates its 
core and the device-dependent functions. At start time, the agent attaches the needed 
functions to itself in order to change its behavior for the correspondent device. We 
also developed an agent service platform named iSilo to evaluate the proposed agent 
design. In the iSilo, various devices with different sensing functions and network 
connectivity delegate their authority to the corresponding agents. We conducted sev-
eral experiments of the iSilo after deploying the devices made with Arduino [5] in 
both Korea and Japan. The experiments showed that the same agent could handle 
totally different devices without modifying itself and various devices could collabo-
rate through the cooperation of their agents. This evaluation indicates that the pro-
posed agent model could be a novel method to overcome the heterogeneity in the IoT. 

The remainder of this paper is organized as follows: The adoption of design pat-
terns to the structure of an agent is stated minutely in Section 2. In Section 3, the im-
plementation of the agent is described and it is evaluated to show the effectiveness. 
Finally, Section 4 gives the conclusion. 

2 Agent Modeling 

2.1 Portable Service Abstraction with the Strategy Design Pattern 

In order to support the every function of the various devices, the separation of the 
functions from the agent core and the dynamic binding is required. However, this 
separation leads to a new problem that an agent core has to know all method signa-
tures of the device-dependent functions. That is, the agent core has no choice but to 
contain the name of all classes and methods as shown in Fig.1.(a), so a simple separa-
tion cannot be a solution in considering the vast diversity of IoT things.  

This problem has been referred as the dependency in the Object Oriented Design 
(OOD) and the Portable Service Abstraction (PSA) policy has been proposed to  
reduce the dependency between objects. The PSA recommends architects to use an 
interface rather than a concrete instance for achieving low coherence between objects. 
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As shown in Fig.1.(a), the agent core has to know object references and every signa-
ture to call the needed functions. In this structure, when a new device is added, the 
agent core should be modified in the source code level and be redeployed. In our de-
sign shown in Fig.1.(b), all methods are abstracted as the Behavior interface. Then, 
the agent core can call various objects using the same Behavior interface if the classes 
implement the Behavior interface. Unlike the conventional system, when a new de-
vice is added, it will be easily supported without modifying the agent core. The re-
sulted structure is the form of the Strategy design pattern. With the pattern, the agent 
core can act as a proxy of various devices by equipping a device-dependent class 
which implements the Behavior interface. 

 

Fig. 1. The UML diagram of the conventional structure (a) and the proposed structure (b) 

2.2 The Dependency Injection  

The Strategy pattern provides a way to equip the target class having device-dependent 
functions without modifying the agent core, but the agent core still has to hold the 
target class name in the source code because the instantiation of the target class is 
unavoidable. We resolved this problem using the Dependency Injection (DI) of the 
Spring framework. The DI is a design pattern that allows to remove hard-coded de-
pendencies in the source code and to inject them in the external configuration. The DI 
ensures that the agent core does not know where device-dependent functions come 
from and it allows the selection among multiple implementations of the given inter-
face at runtime. Using the DI and the Strategy patterns, the agent core can choose the 
proper equipment classes from the external configuration as shown in Fig.1.(b) with-
out knowing their actual class names. 

2.3 The Reflection 

By adopting the DI and the Strategy patterns, the agent core can assemble the needed 
functions without worrying about the dependency problem. However, the proposed 
design still has a limit that a single method signature is commonly used for the differ-
ent type of functions. An agent of the IoT has to handle the different category of func-
tions which should be optimized for various types of devices. For example, the  
network function and the sense function may require the different method signature 
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for their own purpose, but the proposed design forces the target classes to implement 
the identical interface and it unavoidably results in limiting the extensibility.  

We studied whether it was possible to call the different method signature while 
maintaining the same interface and we finally concluded that the Reflection could be 
a solution for it. The Reflection makes it possible to inspect classes, interfaces, fields 
and methods at runtime, without knowing the names of the classes, methods etc. at 
compile time. It is also possible to invoke methods by delivering its signature string. 
Using the Reflection, the same interface can deliver the different method signature to 
its functions. In order to use the Reflection in the Spring framework, AspectJ [6] and 
Dynamic Proxy patterns [7] are used. After the implementation, network, power, and 
sense functions are called with their own method signatures via the identical interface.  

3 Implementation and Evaluation 

In order to evaluate the proposed design, an agent service platform named iSilo was 
implemented on the Spring framework. Also, several devices having various sensing 
functions and different network connectivity were developed with Arduino to emulate 
real world things. The developed devices were 11 different kinds of IoT devices; a 
temperature sensor, a humidity sensor, a human presence detector, a vibration sensor, 
a radioactive sensor, a camera sensor, a rainfall meter, a wind vane, a wind gauge, a 
speaker and an illuminometer. These devices were located at Anyang and Pusan uni-
versity of Korea and at Waseda university of Japan and they were connected in three 
kinds of network; Ethernet, Wi-Fi, and ZigBee. As it was designed, the agent in the 
iSilo acted as a proxy of each device and cooperated with other agents.  

3.1 Agent’s Dynamic Equipment of Device-Dependent Functions 

In modeling the agent, we focused on the agent’s dynamic support of the device-
dependent functions without modifying the source code of the agent core. To evaluate 
this design purpose, we conducted an experiment in which the two same kinds of 
agents act as a proxy of two different kinds of sensors; a camera sensor connected 
through the Ethernet and a temperature sensor connected through the ZigBee.  

The camera sensor reports binary image data to the corresponding agent, which 
stores the data into mass storage and renders the stored images to the management 
console. On the other hand, the agent of the temperature sensor stores the reported 
temperature data into a database and it renders the data as a bar chart. As shown in 
Fig. 2, the each agent needs not to modify the agent core at all, but just to indicate 
proper device-dependent functions in the external configuration. This experiment 
shows any kind of device can be easily supported by the proposed agent without the 
code modification if the corresponding device-dependent function is properly indicat-
ed in the external configuration.  

After the experiment, we changed a report function from “CelsiusBehavior” class 
to “FahrenheitBehavior” class in the configuration of the agent for the temperature 
sensor. This assumed the situation where a device changed its behavior after finishing 
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the deployment of IoT services. In this sub experiment, the reported value is well 
processed without affecting other parts of the system and even the corresponding 
agent itself. 

 

Fig. 2. The structure of Agent’s Dynamic Equipment for heterogeneous devices 

3.2 Collaboration between Heterogeneous Devices 

Another design purpose of the proposed structure is the collaboration of heterogene-
ous devices. In order to evaluate the design purpose, a radioactive sensor connected 
through WiFi in Japan and a speaker actuator connected through ZigBee in Korea 
were selected. We wanted that the radioactive sensor would notify an event to the 
speaker when the sensor detected the abnormal level of radioactivity. Needless to say, 
this notification between heterogeneous devices was impossible with current  
technology.  

 

Fig. 3. The structure of device collaboration by agent communication 

However, as shown in Fig. 3, this notification was very successful in the experi-
ment. When an experimenter placed radioactive material near the radioactive sensor, 
the sensor reported the radioactive level to the radioactive delegating agent through 
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WiFi. Then, the corresponding agent sent the event to the speaker delegating agent 
through the information bus in the iSilo. After receiving the event, the speaker dele-
gating agent had the speaker make a beep sound. This showed that various collabora-
tions of heterogeneous devices are possible through the agent communication in the 
proposed design.  

4 Conclusion 

The IoT has attracted a lot of research groups and it has been considered as a core 
infrastructure for the future ICT. However, there are many obstacles to realize the 
IoT. Among them, the heterogeneity is the most essential issue and some researchers 
believe that an agent technology would be a solution. The idea is that the devices of 
the IoT delegate their authority to agents and these devices collaborate with each oth-
er via their agents. However, a detail structure or a reference model for the agent has 
not been presented yet.  

In this paper, we suggest an agent modeling which resolves the heterogeneity issue 
by using the design patterns. Generally, putting all functions of devices into a single 
agent is impractical and error prone. Therefore, we adopted the Strategy, the DI, and 
the Reflection patterns to separate the agent core and the device-dependent functions. 
These patterns contributed not only to reduce the dependency and but also to enable 
flexible function extensions. The prototype implementation and the experiments 
showed that the proposed agent could handle heterogeneous devices without modify-
ing itself and it could provide the collaboration of heterogeneous devices.  
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Abstract. K-means algorithm has the performance degradation problem due to 
improper initial centroids. In order to solve the problem, we suggest BK-means 
(Balanced K-means) algorithm to cluster documents. This algorithm uses the 

value, α, to adjust each cluster weight which is first defined in this paper. We 
compared the algorithm to the general K-means algorithms on Reutor-21578. 
The experimental results show about 11% higher performance than that of the 
general K-means algorithm with the balanced F Measure (BFM).  

Keywords: Clustering, Information Retrieval, K-means, BK-means, Outlier. 

1 Introduction 

Internet produces tremendous data and information every day. It becomes to need to 
cluster the data according to their characteristics. K-means algorithm, one of the 
clustering algorithms, has been widely used in various fields because of the 
characteristics of easy implementation and fast clustering speed. 

However, K-means has the weakness that the performance is heavily depended on 
the initial centroids [1]. In order to solve the problem, we proposed BK-means 
(Balanced K-means) algorithm to cluster documents. In this algorithm the value, α, is 
applied to adjusting each cluster weight. The experimental results show that the 
algorithm overcomes the initial centroid problem of the K-means algorithm. 

This paper is organized as follows. The next section introduces the BK-means 
algorithm. Section 3 presents the experimental setting, results and analysis. Section 4 
concludes and discusses future works. 

2 BK-means 

BK-means algorithm which is based on K-means algorithm uses appliance of weight 
to each cluster to improve under-performance caused by improper initial centroid.  
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2.1 K-means 

K-means algorithm is an unsupervised clustering algorithm. It decides the object 
where it belongs in the cluster. During the process, the K-means algorithm measures 
the similarity between the object and cluster. 

Pseudo-code of overall follow for K-means algorithm is as follows: 

K-means Algorithm 

1.  ℎ      = 1,  2,  … ,   

2.  ℎ ∈ 1,  … ,  ,   ℎ      ℎ        ℎ      ℎ  ℎ       ≠   
3.  ℎ ∈ 1,  … ,  ,   ℎ     ℎ             
4.   2  3     ℎ . 

K-means algorithm decides the initial centroid as the step1. After the initial 
centroid is decided, each object decides the cluster through using the similarity 
between each cluster and object as shown in step2. After the clusters about all objects 
are decided, each centroid is recalculated for each cluster as step3. 

In case of termination condition is satisfied, this algorithm is terminated through 
step4. If termination condition is not satisfied, it repeated step 2 and 3. 

2.2 BK-means 

BK-Means algorithm is calculated using each virtual centroid given with different 
weights to each cluster. The virtual centroids are centroids applied with each weight. 
BK-means algorithm is algorithm for improving degradation of the performance when 
improper initial centroid is selected. 

 

Fig. 1. Overall clustering process of BK-means 

Overall clustering process of BK-means is as shown is Fig.1.  In Fig.1, small 

(▲�◆) means the objects which are included in the each cluster. Big (▲�◆) means 

the centroids of each cluster. In Step 1, (�) means the initial object which is not 

clustered. In step 3, (☆) means virtual centroid. And (■) is the object which will be 

clustered. Step 1 shows the process which decides initial centroid. In step1, (▲) has a 

propensity of outlier. 
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If initial centroid is determined, this algorithm determines each cluster through 
calculating the similarity between each object and cluster. And then, centroid is 
moved to the center of the cluster. This centroids are replaced to virtual centroids 
applied with different weight of each cluster as Step3. 

Equation of Weight is as follows: 

 Weight = (log ) ×   (1) 

In equation.1,  is number of all vectors.  is number of vector of .  
is variable between 0 and 1.  is doing very important role as a factor because it 
determines how much influence to the weight. The virtual centroid means centroid by 
the result of calculating between each cluster and weight. 

Similarity equation for virtual centroid is as follows: 

 ( , ) = ( )∙ ( )| ( )|| ( )| + ℎ  (2) 

In equation.2, 
( )∙ ( )| ( )|| ( )| means common cosine similarity. 

3 Experiment 

Table 1 is a dataset for experiment. In Table1, classes mean each cluster. The each 
element of the classes means the labels which represent their cluster. And the number 
in parentheses is the number of document. 

Table 1. Dataset for experiment 

 Class1 Class2 Class3 Class4 

Set1 
(20NG) 

comp.graphics 
(200) 

rec.motorcycles 
(200)

sci.crypt 
(200)

- 

Set2 
(Reuter) 

crude 
(200) 

earn 
(200) 

grain 
(200) 

- 

Set3 
(20NG) 

rec.sport.baseball
(200) 

sci.electronics 
(200) 

soc.religion.christian
(200) 

talk.politics.guns
(200) 

Set4 
(Reuter) 

interest 
(200) 

money-fx 
(200)

trade 
(200)

wheat 
(200) 

Set5 
(20NG) 

sci.space 
(300) 

comp.sys.ibm.pc.hardware
(200) 

rec.sport.hockey 
(100) 

sci.med 
(50) 

Set6 
(Reuter) 

acq 
(300) 

crude 
(200)

money-supply 
(100)

ship 
(50) 

 
Reuter which is most commonly used includes 21,578 news articles as Reuter-

21578 data collection. 20NG consists of each 1000 data in 20 UseNet group as 20 
Newsgroup data collection [2].  
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To evaluate the effectiveness of the proposed method, we used balanced F Measure 
(BFM). BFM means giving equal weight to Precision and Recall.  

Equation of BFM is as follows: 

 F =  ∗ ∗
 (3) 

In our experiments, we used Document Frequency (DF) method for improving the 
performance. When feature has high-frequency, DF method which is one of the kinds 
of Feature Selection (FS) determines that feature is the most important [3]. 

 

Fig. 2. Balanced F Measure according to the feature and value of α 

Fig.2 (a) which used Table1’s dataset by FS shows variation of BFM. Range of FS 
is 0.1 to 1.0. Meaning of 1 is using all vector of document. As a result, K-means 
algorithm shows the best performance when using the FS of the highest 0.1(10%). 
Fig.2 (b) shows the change of efficiency measured as value of α of weight when using 
the feature of the highest 10%. When value of α is 0, it generally means K-means. In 
Fig.2 (b), ‘Average’ is an average variation of Set1~ 6 as a change of value of α. BFM 
of BK-means is 11% higher than K-means when value of α is 0.6 which is the optimal 
value of α. ‘Lower Average’ measures the average variation through using BK-means 
about dataset which shows the lowest 10 % performance with K-means. When value 
of α is 0, BFM shows average performance of 34%. When value of α is optimal value, 
performance increases from 34% to 74%. 

Table 2. Optimal α for each dataset 

 Set1 Set2 Set3 Set4 Set5 Set6  
Optimal α 0.4 0.6 1 1 0.9 0.4 

 
Table 2 is optimal value of α for each dataset. Optimal value of α is value of α 

which shows the highest BFM when using the highest 10% FS about each dataset. 
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Fig.3 is variation of performance when using optimal value of α with Set1~6 in 
Table 1. In Fig.3, (a) is the results of K-means and BK-means about dataset using 
feature of the highest 10% by FS. (b) is the results about using dataset showing the  
performance of the lowest 10% by K-means.  

From Fig.3 (a) and (b), we can see that experiment performance of BK-means 
which is taken on 10% lowest of K-means increased close to general average  
performance. 

 

Fig. 3. Variation of performance according to the optimal value of α 

4 Conclusion 

In this paper, we propose the BK-means algorithm which show the minimal 
performance degradation caused by improper initial centroid, not as in the general K-
means algorithm. The BK-means algorithm uses the virtual centroids to avoid that an 
outlier become one of the centroids. This solves the improper initial centroid problem 
and makes to improve the clustering performance. This algorithm shows in general 
about 11% higher performance than the K-means algorithm with the balanced F-
measure. Especially, it shows about 40% higher performance than the K-means 
algorithm does for the data which shows the bad clustering performances with the K-
means algorithm. It means that the lowest-performance is improved nearly average 
performance when BK-means is used. 

In our experiment, the BK-means algorithm has the highest performances when the 
value, α, adjusting the centroid weights is around 0.6. In the future, the method to find 
the optimal value of α for the document clustering algorithm will be researched 
precisely for the higher performance. 
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Abstract. The process of walking or running is called the “gait”. In 
clinical research, gait detection can be used to investigate the features 
of normal or abnormal gait for demonstrating a change from treatment 
or from disease progression. In the past, many optical-based gait 
detection approaches have been proposed. In these approaches, we 
have to paste many reflective markers on the subject’s limbs and use 
multiple cameras from different directions to take the images of 
walking. They can provide high accuracy measurements for gait 
detection, but they also need very expensive optical equipment. Also, 
the experiments are restricted to the laboratory environment, which 
means that the collection of gait data will be limited in a short distance 
or a short time interval. In this paper we will propose a portable 
design, which uses dual accelerometers pasted on a subject’s left and 
right waist to do the gait detection at any time, any place. Particularly, 
we will apply the wireless communication to develop a gateway, as 
well as its App on the smart phone, to collect sensing data. The data 
collected from the sensors can be uploaded to the remote cloud for 
many telemedicine applications. 

Keywords: Gait detection, accelerometers, telemedicine applications. 

1 Introduction 

Walking is one of the most important skills in daily life. To evaluate this skill, most 
studies will collect the gait parameters as the indicators [2]. If a person has any 
problems in gait, the imbalance of standing or walking will be the first symptom to be 
presented. Moreover, such imbalance may cause harmful incidents, like falls. There 
are three major kinds of physiological factors that will cause gait imbalance. The first 
factor is the disease or the degradation of the nerve system, e.g., the Parkinson’s 
disease, which will make nerves conduction slower. The second factor is the 
degradation of the bones, joints, or muscles. The pain or deformation of lower limbs 
will also affect a person’s posture and then leads to the diminution in gait stability and 
balance. The third factor is that the patients may have lower limbs injury or hurt. 
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Through gait detection, we can detect the degree or classify the status of the 
standing imbalance or walking instability [3]. In clinical research, gait detection can 
also be used to investigate the features of normal or abnormal gait for demonstrating a 
change from treatment or from disease progression. By analyzing the gait of elderly, 
we can observe whether they have abnormality or degradation in walking ability. For 
the patients with leg or foot injury, the gait analysis can be used to evaluate the 
effectiveness of rehabilitation or balance assessment after a surgery operation. 

To detect the gait, we can break the repetitive body movements into gait cycles, 
Each gait cycle can be characterized by several gait events. Take Fig. 1 for example. 
Fig. 1 shows a process from the posture of the right foot touching the ground to the 
same posture of the right foot touching the ground again. If the posture of any one 
foot touching the ground is defined as the “heel-strike”, and the posture of any one 
foot leaving the ground is defined as the “toe-off”, then a gait cycle can be broken 
into five gait events: Rheel-strike, Ltoe-off, Lheel-strike, Rtoe-off, Rheel-strike, as shown in Fig. 1, 
where “R” denotes the right foot and “L” denotes the left foot. 

 

Fig. 1. The process of a gait cycle 

By the definition of a gait cycle, several well-known gait parameters can be 
quantified as follows: 

(1) Gait Cycle Time (GCT): The period of the time between the heel-strike of one foot 
to the next heel-strike of the same foot, i.e., GCT=t1+ t2+ t3+ t4, where ti is the time 
interval between two sequential gait events in Fig. 1. 
(2) Step number (Nstep): The number of steps in a fixed distance. This parameter can 
be counted by each leg separately, e.g., we can count the number of left heel-strikes as 
the step number of the left foot. 

In the past, many gait detection techniques have been proposed. Most of them are 
optical-based approaches, in which we have to paste many reflective markers on the 
subject’s limbs and use multiple optical cameras from different directions to take the 
pictures of standing or walking. This kind of approaches can provide very accurate 
measurement for gait analysis, but they usually need expensive optical equipment. 
Also, the experiments are restricted to the laboratory environment. 

An alternative approach is to use the accelerometers to perform the gait detection 
[1-2]. Current technology has made these sensors very small and light-weight such 
that they can be embedded into wearable clothes or shoes to detect motions. 
Moreover, most accelerometers consume much less power, which means that this 
kind of devices can be used at home for long-term data collection. The data collected 
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can be analyzed by the doctors via a remote platform. It has been shown that much 
gait information a subject performed at home in daily life can be exploited for 
significant diagnosis or prevention of motion problems. 

In this paper, we apply the wearable sensors and the wireless communication 
technology to develop a dual-accelerometer-based smart belt, such that a subject can 
wear it on the waist to perform the left and right lower-limb gait detection and 
analysis at home. Particularly, we use this belt to design an approximation algorithm 
to calculate not only temporal parameters, but also spatial parameters of gait. The gait 
data will be collected by a smart phone or other handheld devices to perform real-time 
analysis and rehabilitation suggestion. On the remote side, an information cloud is 
constructed to allow users uploading their data, analyzing and discussing long-term 
records with doctors or medical experts. Experimental results show that the proposed 
algorithm can achieve significant precisions for gait analysis with acceptable costs. 

2 Smart Belt Design 

Fig. 2 shows the prototype of the proposed smart belt. We use two ADXL330 
accelerometers as the gait detection sensors which are clasped on the left and right 
sides of the belt. The ADXL330 is a small, thin, and low-power 3-axis accelerometer 
with signal-conditioned voltage outputs. It can measure the static acceleration of 
gravity in tilt-sensing applications, as well as dynamic acceleration resulting from 
motions. In our prototype, the positions of the accelerometers could be adjusted 
according to the subject’s waistline. 

The signals from the sensors will be collected and processed by a data processing 
gateway which is clasped on the middle of the belt. Fig. 3 shows the block diagram of 
the circuit, which contains a microprocessor (Pic16F877), a Bluetooth module 
(BTM400_6B), and a power module. The microprocessor will perform the sampling 
and analog/digital conversion. We let the sampling rate of the signals as 100Hz, 
which is very sufficient for capturing the characteristics of the gait. The data will be 
transferred to a mobile phone or other hand-held devices via Bluetooth for real-time 
analysis. The power module contains a 9-volt battery which provides the whole circuit 
and the dual accelerometers with sufficient electronic power. By such a waist-belt 
design, we do not need duplicated processors or batteries with sensors to be clasped 
on the left and right knees or ankles. It means that we could significantly reduce the 
hardware costs, as well as the software complexity on signal synchronizations. 

 
 
 
 
 
 
 
 
 

Fig. 2. The prototyping of the smart belt 

Dual-accelerometers

Data processing
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Fig. 3. The block diagram of the smart belt 

Fig. 4 shows the left-side and the right-side signals of the continuous accelerations 
captured by the smart belt during a short period of walking (about six steps). We can 
find that the signals have significant pulses at each step. In addition, the peak 
responses will appear alternatively on each side. It shows that the signals can be used 
not only to identify the events of the gait, compare the differences between two lower 
limbs, but also compute the spatial and temporal parameters about the gait. If we  
assume that  

k : the total step number, 
tn : the time of the n-th heel-strike (left or right), where n=1, 2, …, k, and   
X(m): the position of the m-th time point, where m= t1, t2… , tn, 

then many other spatial-temporal parameters for gait detection can be derived, which 
are shown in Table 1. Note that, k can be obtained by counting the total number of 
peak points from each accelerometer, and tn can be obtained by recording the time at 
which a peak point occurs. Assume that the position of the starting point is zero. By 
computing the spatial parameters from the accelerations of the sensors, the relative 
distance of each peak point away from the starting point, i.e., X(m), can be obtained 
accordingly.Compared with the optical-based approaches, using the accelerometers 
for gait detection has the benefits from their small size, low cost, and low power, 
which can be applied to lightweight or wearable devices brought by the subjects 
without any spatial or temporal restrictions.   
 
 
 
 
 
 
 
 
 
 

Fig. 4. The continuous accelerations from the left and right lower limbs 

Left accelerations 

Right accelerations 

 t1         t3            t5 

  t2         t4           t6 
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Table 1. Expressions of spatial and temporal parameters 

Parameters Tn Tstep Fstep Dn Sstep Vstep 
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Note: Tn: the period time of the n-th step; Tstep: average period time of a step; Fstep: average 
step frequency; Dn: the distance of the n-th step; Sstep: average distance of a step; Vstep: average 
speed of a step 

3 Experiments 

We designed two experiments to verify the effectiveness of the smart belt. In the first 
experiment, we let the subjects wear the belt to perform each single motion in a fixed 
distance. The distance we tested includes a short distance (10m~200m) and a long 
distance (200m~ 800m). Our goal is to verify that the belt could have precise 
computation in terms of the moving distance (e.g., X(m)) for individual motions. In 
the second experiment, we let the subjects randomly perform different motions in a 
fixed time (5mins~20mins). We also measured the total moving distance that the 
subject performed in each fixed time interval. Our goal is to verify that the belt could 
have the ability to adapt the computation along with subject’s different motions. We 
totally select 10 volunteers whose heights range from 165cm to 175cm as the 
subjects. The experimental results show that for the subjects performing different 
motions, the smart belt could have 9.7% error rate in the fast walking motions and 
7.6% error rate in the slow walking motions on average. 

4 Conclusion 

In this work we propose a smart belt design to detect the left and right lower-limb 
signals. The smart belt can be applied to many homecare services. For example, if a 
subject is joining a low-limb rehabilitation plan at home, this belt can be used for real-
time gait detection, training guiding, and falling incident alarming etc.  

References 

1. Salehi, M., et al.: A sensor-based framework for detecting human gait cycles using 
acceleration signals. In: Proceedings of the 17th International Conference on Software, 
Telecommunications & Computer Networks, pp. 328–332 (2009) 

2. Zijlstraet, W., et al.: Assessment of spatio-temporal gait parameters from trunk 
accelerations during human walking. Gait & Posture 18(2), 1–10 (2003) 

3. Ran, Y., et al.: Applications of a Simple Characterization of Human Gait in Surveillance. 
IEEE Transactions on Systems-Part B: Cybernetics 40(4), 1009–1020 (2010) 



 

James J. (Jong Hyuk) Park et al. (eds.), Mobile, Ubiquitous, and Intelligent Computing,  
Lecture Notes in Electrical Engineering 274,  

87

DOI: 10.1007/978-3-642-40675-1_14, © Springer-Verlag Berlin Heidelberg 2014 
 

Implementation of Load Management Application 
System in Energy Management Service*

 

Taekyeong Kang1, Hyungkyu Lee2, Dong-Hwan Park2, Hyo-Chan Bang2,  
and Namje Park1,** 

1 Major in Elementary Computer Education, Department of Primary Education,  
Graduate School of Education, Jeju National University,  

61 Iljudong-ro, Jeju-si, Jeju Special Self-Governing Province, 690-781, Korea 
{ktg,namjepark}@jejunu.ac.kr 

2 Electronics and Telecommunications Research Institute (ETRI),  
218 Gajeong-ro, Yuseong-gu, Daejeon, 305-700, Korea 

{leehk,dhpark,bangs}@etri.re.kr 

Abstract. As the Smart grid is intelligent power grid, combining information 
Technology to the existing power grid. Electricity suppliers and consumers 
exchange real-time information to two-way and is a next-generation power grid 
to optimize energy efficiency. This paper suggests the implementation of load 
management application system in energy management service environment. 

Keywords: Energy Management, Load Management, Smart Socket, Energy. 

1 Introduction 

Load leveling is method for reducing the large fluctuations that occur in electricity 
demand, for example by storing excess electricity during periods of low demand for 
use during periods of high demand. The load management system compares total 
power consumption and quarterly power consumption of digital meter centering on 
cabinet panel and sends the "interruption" command to the sockets mounted to the 
power source in the order of priority when the power consumption exceeds the 
quarterly limit in order to control power which is not urgently required or not 
required at all.  

There are similar systems such as the power monitoring system which detects the 
power currently consumed by the user as well as the power consumed during a certain 
period to induce better power conservation, the power saving system which 
minimizes power consumption for unnecessary use by reserving the consumption of 
power by home appliances such as the management of power consumption through 
the out mode or ordinary mode depending on whether the user is inside or outside the 
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building, the added service system minimizes unnecessary use of the electricity in the 
time zone when the demand of power is low by responding to user demand when the 
flexible rate system which changes rates for different time zones would be applied, 
and the temporary system for selling the power generated through solar power 
generation equipment to the power companies. 

2 Overview of Load Management System 

The load management system can be generally divided into 4 units: smart cabinet panel, 
smart socket, data receiver, and load management program as in Figure 1. The smart 
socket and smart cabinet panel send and receive data through Zigbee communication as 
in Figure 1 and the data receiver and load management program, UART (Universal 
Asynchronous Receiver/Transmitter) communication to monitor the information 
coming from smart socket and smart cabinet panel and control the device. 

 
Fig. 1. System conceptual diagram of LMS 

3 Implementation of Load Management Application System 

Load management application program allows the user to control and monitor each 
device. The interface for load management application program is shown in Figure 2. 

The screen for load management application program is generally divided into the 
device connection information area (A) and device control and monitoring area (B). 
In Area A, set the load management program and data receiver information and make 
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Fig. 2. Load Management Application Program Interface 

connection. Area B is basically disabled. When the meta-information of smart cabinet 
panel and smart socket is registered through device information management for 
device connection, the data receiver is connected, and the device connection in Area 
A succeeds, Area B will be activated. Area B is divided into the smart cabinet panel 
on the top and smart socket on the bottom. The right side of Area B is allocated for 
real time data monitoring and control. The previously stored information can be 
monitored and analyzed through the accident information status and accumulated 
power status on the bottom left side of smart cabinet panel. In the smart socket area, 
sockets can be selected with the socket selection combo boxes on the top left for 
monitoring and control of the selected sockets. 

 

 

Fig. 3. Device information management display 

Click the Device Information Management on the top right side of the main 
monitoring screen to open the management screen. Device information management 
is shown in Area A. The top side of Area A shows the list of meta-information of all 
devices and the detailed information will be displayed when the corresponding device 
is selected. Manage the meta-information of the device by using "Add", "Edit", and 
"Delete" buttons on the bottom of the screen. The load management program can 
operate at least one cabinet panel device information is registered. 
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Fig. 4. Accident information monitoring display 

Click "Accident Information Status" button of the smart cabinet panel in the main 
screen to start "Accident Information Monitoring." "Accident Information 
Monitoring" is shown in Area A. Search for accident information by selecting 
"Subject", "Category", "Year", and "Month" options on the top and the search result 
will appear in the form of list of text on the bottom. 

 

Fig. 5. Electricity information statistics and monitoring display 

Click the "Accumulated Power Consumption Status" button of the smart cabinet 
panel in the main screen to start "Power Information Statistics and Monitoring." 
"Power Information Statistics and Monitoring" is shown in Area A. Search for power 
information by selecting "Daily", "Monthly", or "Yearly" category on the top side of 
Area A and selecting the date. The result of search is displayed in the graph on the 
bottom of the screen and the data can be shown in different graphs through graph 
options. 

 



 Implementation of Load Management Application System 91 

 

 

Fig. 6. Manager mode display 

Enter password on the left side of Area A of the main screen and click "Apply 
Administrator Mode" button to start the administrator mode. The administrator mode 
is shown in Area B. The left side of Area B allows the administrator to arbitrarily 
request for certain information. The right side of the screen shows the data sent and 
received through UART communication. 

4 Conclusion 

As the Smart grid is intelligent power grid, combining information Technology to the 
existing power grid. Electricity suppliers and consumers exchange real-time 
information to two-way and is a next-generation power grid to optimize energy 
efficiency. This paper suggests the implementation of load management application 
system in energy management service environment. 

In this paper, the load management system can be generally divided into 4 units: 
smart cabinet panel, smart socket, data receiver, and load management program.  The 
smart socket and smart cabinet panel send and receive data through Zigbee 
communication and the data receiver and load management program, UART 
communication to monitor the information coming from smart socket and smart 
cabinet panel and control the device. The load management program is composed of 
main monitoring and control, device information management, power information 
analysis, accident information analysis, administrator control, XML environment 
setting, and database. 
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Abstract. Due to wireless and sensing technologies powerful in smartphone, a 
number of smartphone applications, a.k.a APPs. have combined social sharing 
mechanisms. This paper defines social sharing contexts on a social framework 
suitable to APPs. A tourism APP based on the sharing mechanisms is 
implemented to include social behavior for data sharing, while smartphone have 
supported various wireless technologies. Besides, smartphone as a hand-held 
device is hold by users so that various gestures with user hands are adaptive to 
handle the key  features of sharing data between smartphones.   

Keywords: social sharing, peer-to-peer, social network media. 

1 Introduction 

In recent years, smartphone has advanced people’s habits of social sharing. Through 
smartphone, people share data with their friends by peer-to-peer approaches or 
announce data on Internet-based social media. Most social media have announced 
smarphone APPs for mobile users. However, smartphone still offer little room for an 
expensive and clean user interface where only few data is displayed at a time and 
scrolling becomes a chore. Currently, users share social data not only by the APPs of 
social network media, but also by social peer-to-peer APPs with wireless techniques.  

Most smartphones have supported possible wireless techniques including NFC, 
Wi-Fi, and Bluetooth to allow pairing connection and communication. The Bluetooth 
is the popular connection for phone and its peripheral devices more early than the 
others. The upgrade of Bluetooth version has a high transmission rate. NFC (Near 
Field Communication) is one kind of wireless technique with a short distance within 
10cm at rates ranging from 106 Kbps to 424 Kbps. One NFC device can sense the 
data of a close NFC tag with no physical touch, and transmit data with another NFC 
device after pairing. Wi-Fi is a popular technology for wireless local area network to 
support a high-speed rate of data transfer upon 150Mbps, but with the power 
consumption more large than the others. Wi-Fi Direct is the P2P mode of Wi-Fi.  

This paper gives the social approaches of data sharing, while users assume 
smartphone as the major instrument to carry out social activities. In order to combine 
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our past research [1, 2] where we have developed the APPs for tourism, an advanced 
version with social sharing mechanisms is proposed to apply user behavior of data 
sharing on smartphone. This paper improves the travel APP running to support social 
mechanisms of data sharing. The rest of this paper is organized as follows. Section 2 
describes the researches related to social sharing and the APPs that we developed in 
the past. The context of social sharing is addressed with smartphone as the major 
device to share data among users in Sec. 3. Sec 4 gives the analysis results and an 
implementation of the revised APPs to achieve share data during traveling. We 
conclude the paper in Section 5. 

2 Related Works 

Practically all modern smartphones have more than enough hardware capability to 
execute software as well as that in personal computer. Some frameworks [1-3] have 
proposed to generate social and searching context on smartphone, and to overcome 
the flaws in mobile features. In fact, we have researched the establishment of mobile 
APPs with the two research issues. The first issue [2] is to establish the design 
concept of mobile APPs with NFC communications for group trip. Smartphone with 
NFC can simulate the operations of NFC modes as NFC Writer, Reader, and Card or 
Tag. The NFC design assists the activities of group trip in the interactive behavior of 
tourist and tour guide during a trip. The other research [1] offers a framework to 
integrate mobile APPs with web services releasing open APIs or resource. The mobile 
client includes the four components to filter data from Web services, and keep the 
useful information in the repository of smartphone for the moment.  This framework 
guarantees that mobile APPs can offer data to users, even if connecting the Internet is 
failed. 

A. Bujari et. al. [4] propose a proximity based social application, combining with 
the interesting features of the meeting and dating applications. A user can find 
neighbors in close distance based on his location using its geo-location service. The 
application offers a server to keep profiles for all users, and each user obtains the 
similarity scores of the detected neighbors by comparing his profile with theirs. 
Besides, neighboring users can create a virtual social meeting. The research [5] 
proposes a gesture recognition framework based on accelerometer sensor and enables 
seamless integration with desktop applications. The gesture information is required 
from accelerometer sensor embedded in smartphone device held in user’s hand. 

3 Social Sharing Context 

3.1 Social Components 

Social sharing actions are divided into two types, P2P and SN media, while 
smartphone is the major the instrument to share data, depicted in Fig. 1. Any two 
neighboring smartphones are suitable to perform P2P social sharing in order  
to exchange data between users; moreover, the users usually are organized in a  
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face-to-face social community to share files. Before sharing data, a pairing action 
between smartphones must be established. Two smartphones establish P2P 
communication through NFC or manual button as a pairing trigger for Bluetooth or 
Wi-Fi Direct. Sometimes the pair from three or more smartphones of a cluster is 
automatically established by different gestures of users holding smartphones to 
generate sending and receiving actions. For the reason, a cluster or pairing server is 
necessary for automatic pairing by user’s gestures. In addition, user gestures could 
kindle smartphone in not only pairing, but also data delivery. Since a number of 
popular social network (SN) media on Internet have announced open APIs, other 
applications can access their data or the released Web services. Mobile APPs often 
achieve social actions from smartphone to SN media within the two approaches: one 
is that APPs deliver individual data to SN media for public announcement; the other 
is to capture external social data from SN for display on smartphone. Since there are 
various SN media on Internet for diverse business, each of them always announce 
open APIs or Web services with particular authentication mechanisms, individually. 
Therefore, to develop social APPs needs to integrate those APIs or services of the SN 
media for social data announcement or obtainment.  

 

 

Fig. 1. Social Components for data sharing by smartphone 

Four modules for social APPs are required. The first module, Pairing Action, is 
required to establish a pair of neighboring smartphones for P2P social sharing. The 
second module, Wireless Comm., chooses a suitable wireless technology for data 
transmission according to user’s context such as user gestures or button pressing. The 
module of Gesture Sensing is required to determine the motion of smartphone holding 
by users by its sensor nodes. For example, G-sensor can detect the acceleration and 
direction of x-, y-, and z- axis on the physical device. The gestures for sender and 
receiver should be matched up very nicely, while developers take care of social 
actions with user gestures on device pairing and data transmission. The final module 
is designed to contact with SN media on Internet. To simplify the variety of 
authentication mechanisms and to combine released services of SN media with APPs 
are important for social sharing. For example, sharing data from smartphone to two or 
more SN media should be accomplished only in a single operation by users. Some 
social APPs implement social sharing actions on accessing NFC tags or QRCodes. 
They are an indirect way that users share data each other asynchronously.  

P2P Social Sharing

Clustering/Pairing Server

Social Media

SN media Sharing

QR CodeTags
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3.2 Design Challenges for P2P Social Sharing 

To design the APPs of P2P social sharing has some challenges. The first challenge is 
about the limitation of data size on delivery information between two neighboring 
smartphones. Smartphone has supported various wireless technologies with different 
transmission abilities. However, data with different size should be transferred with 
applicable wireless techniques to reduce energy consumption. Text message with very 
small size can be delivered by NFC, while NFC is triggering for pairing. Bluetooth is 
more suitable than the others to deliver a single file with a small size such an image 
file in a short distance. To deliver a small file using Bluetooth could has the power 
consumption lower than that using Wi-Fi. Transmission failure usually happens when 
a smartphone delivers multiple files or a single file with a big size to another 
smartphone by Bluetooth. Wi-Fi is applicable to the transmission with a high speed 
between two smartphones in a distance longer than the others.  

The second challenge is how to make a pair of the two neighboring smartphones 
through social actions interesting to users before data transmission. The operations to 
directly pair two smartphones can be trigged by NFC. By the NFC context, a non-
touching but closing action is necessary while users hold the sending smartphone and 
the receiving smartphone back to back to generate a contact of NFC detection area. 
Using Bluetooth and Wi-Fi techniques, social APPs must provide a touch component 
on screen such as button by that the sender can select manually who is the receiver. 
Moreover, smartphone is equipped sensors to detect physical parameters of itself and 
the environment where it located. To design the physical behavior of smartphone is 
one of major added values for social APPs interesting to users on sharing data.  

4 Analysis and Implementation 

4.1 Questionnaire Report 

A number of social actions and user gestures are addressed, and we wanted to 
investigate if the users agree, disagree, or have no opinion to make social actions with 
the assigned user gestures. A total of 50 responses to the online survey. Table 1 
represents how general users feel they could accept the patterns of user gestures that 
we proposed for data delivery, neighbor searching, and smartphone pairing. 
According the questionnaire results, most of the users agree or have no opinion on 
delivering a single file such as image by swinging their smartphones. More than half 
of the users that accepted the investigation did not agree on delivering multiple files 
by the user gestures of swinging or sharing. Some of them thought that to deliver 
multiple files with the gestures cannot flexibly determine what file should be 
delivered during swinging or shaking. The others generally thought that to deliver a 
large number of data must spend much time, thus it was not convenient to hold a 
smartphone with any gesture for long-time delivery. The gesture of shaking is more 
suitable than the rotation on smartphone. Most people are interested in applying user 
gestures to make any two smartphones to be a pair for communication.  
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Table 1. Questionnaire Details 

 

4.2 Implementation Experience  

This research upgraded the APP proposed in [1] with the extended functions for social 
P2P and SN media communications. Fig. 2(a) gives the main screens to present the 
APP, consisting of MyTrip, SpotSearch, P2P, SNMedia, Alarm, and Camera. Users 
can plan the schedule of a personal trip by MyTrip to decide where they will go, and 
how long they will stay in each place. The SportSearch assists users in searching 
attractions, and displaying them on the Google Map. The Alarm is a warning clock to 
remind users of the schedule. The Camera is used to take a photo for ting with one of 
the tours that had been created by users before. The sub-function, friend, in Fig 2(b) 
assists users in searching neighbor friends by the gesture of shaking their 
smartphones. Users can assign the photos that they have taken into any of the tour 
schedules using the TripAlbum function. The P2P offers two sub-functions, NFC 
Hand Over and NFC Read Tag. Users can use the function, NFC Read Tag, to read a 
NFC tag, and to display the data on the screen. Fig 2(d) depicts the setup screen to 
connect with SN media. The data of a tour combines a XML file with some photos.  

The APP can share individual tours on SN media and P2P modes. For social 
sharing on SN media, users decide what SN media are able to accept their tour data by 
the configuration. In advance, the APP was designed to follow the free APIs of those 
SN media releasing the mechanisms by that external APPs can announce the files of 
text and image to their discussion boards such as Blog or the wall. The APP will 
convert the XML data into a text file with the format corresponding to the 
requirement of each of the SN media with a number of image files from the access 
path of the pictures. For the P2P social sharing, the NFC Hand Over allows that one 
user shares the data of a tour with another on the P2P mode. NFC is adapted to pair 
two neighbor smartphones, and Bluetooth and Wi-Fi Direct are for data delivery 
between them. However, NFC also is responsible to data delivery, while the data of a 
tour is only texts of the XML file without photos. The Wi-Fi Direct is the default 
setting to deliver the tour data with a number of photos. While the data size of a tour 
with a XML file and a number of photos is less than 3M bytes or the smartphone is 
not supported the Wi-Fi Direct connection, the APP selects Bluetooth for the delivery.  
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  (a)                (b)               (c)               (d) 

Fig. 2. Main screens of the travel APP supporting social sharing 

5 Conclusion 

This research has discussed social contexts on sharing data among users, while the 
users always hold smartphones to accomplish social sharing activities. The context of 
social sharing on developing the APPs has the challenges of SN media integration, 
and device pairing and data transmission on P2P. A questionnaire for P2P social 
sharing is offered to improve the acceptability of gesture design on data transmission 
between smartphones to users. According to the analysis on questionnaire findings, 
the APP for trip planning that we developed has been upgraded for social sharing.  
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Abstract. An advent of the smart era, including a smart phone, tablet, PC, online 
community, etc, brings a groundbreaking change in everyday life. Internet con-
nection is possible at any time. Also, smart era, including smart home, smart 
building, smart city, etc, is beyond a simple technology, and brings an enormous 
change in a way of communication in daily life and even economic life. This 
smart era also brings a big change in the life of teenagers. This research points out 
that the economic value consumed in return for the convenience by teenagers in 
the smart era is increased, and their consumption becomes unwise and unreasona-
ble. This research finds out the problem of teenagers’ consumption activity in the 
smart era and proposes a solution to improve the problem.  

Keywords: Smartphone, consumption, teenager. 

1 Introduction 

Smart phone is beginning to be accepted as a part of teenager’s life. According to 
smart phone using state survey of communications commission and Korea Internet 
Security Agency in December, 2010, compared to May, 2010, the rate of new smart 
phone users between the ages of 12 and 19 is increased from 9.5% (May) to 
15.3%(December) in December, 2010. Due to supply of the smart phone, teenagers 
can connect to internet for 24 hours, anywhere and at any time, find the an infor-
mation, play a network game, watch a movie, and listen to an online lecture. These 
activities profoundly change the lives of teenagers. Therefore, teenagers’ leisure life 
and way of life rapidly become convenient, and the economic value consumed in 
return for convenience by teenagers is increased. Teenagers’ consumption becomes 
unwise and unreasonable. This research tries to find out the problem of teenagers’ 
consumption activity and propose a solution to improve the problem [1].  

                                                           
* Corresponding author. 
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This research is composed of 4 chapters. The second chapter is about the smart era 
and smartphone in related research, and the economy of teenagers and unwise con-
sumption. The third chapter is about the effect of smartphone use on consumption life 
of teenagers. The last chapter is about a conclusion of the research. 

2 Related Works 

2.1 Smart Era and Smartphone 

The smart era is period of introduction of ubiquitous age, a period in which the possi-
bility of new economic activities, including UCC, blog, etc, is revealed, and a society 
where smart home, smart building, and smart city are possible. Smart phone is ranked 
first in teenager IT major trend section of a report called “vision and policy direction 
of 2011 IT” by Korean Internet and Security Agency. This reveals the importance of 
smart phone in technology of information and communication and in everyday life. 
Smart phone can be defined as “a movable multi-media which has a high level of UI 
expandability through existing cellphone’s OS(Operating System) and is capable of 
running diverse and personalized application”. Due to a rapid expansion of smart 
phone use, there is a concern about excessive use of smart phone by users. The appli-
cations can be downloaded from online, and these applications can be used while 
offline. This is the characteristic of the smart phone. This specialized function of 
smart phone provides a specialized convenience which cannot be found in the existing 
cellphone, and this convenience might cause the addiction of the smart phone. The 
research up to now is about future life, the economic effect, and technological trend. 
No research is written in a perspective or recipient [1-9]. 

2.2 Economy of Teenagers 

On this point, we want to focus on making a point that the economic life means more 
than a mere concept of materials. Efficient economic activities are the activities that 
get the greatest satisfaction, and make the largest profits as possible from the regular-
ly provided resources. Youth economy, according to Mankiw’s definition, can be seen 
as a reasonable consumption to the youth. They have to make a decision at the pro-
vided range of income, and time. Action of consumption which doesn’t only consider 
present, but also considers further future in order to maximize the satisfaction is the 
main point of this conceptualized youth economy on this paper. In other words, econ-
omy, to the youth, is the action of using the provided finance resources, and time in a 
most reasonable way or is simply the action of consumption [10]. 

2.3 Making an Unwise Consumption of Teenagers Living in Smart Era 

The advent of cyber leisure activity based on information technology interrupts a 
reasonable consumption and proper management of time. Expense of teenagers’ cyber 
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leisure activity is maximum average 250,000 a month which is more than an average 
allowance of teenagers. The expense of cyber leisure activity is mostly made by using 
the cell phone and wire telephone. Through cell phone and wire telephone, the pay-
ment can be easily made. This shows that the problem of teenagers’ consumption 
become worse. Also, since online game is highly addictive, interruption of everyday 
life, illegal access to personal information, default on payment, and plunder of item 
for the purchase of item become social problems. Smart era provides more convenient 
life to teenagers. At the same time, it contain a danger of making teenager make an 
uneconomic consumption. A reasonable consumption means a proper selection of the 
several services and goods in the range of given income and time, and consumption 
behavior which maximizes the satisfaction by considering the present and the distant 
future. However, consumption standard of teenagers is not settled in smart era which 
rapidly enters into the everyday life. Teenagers’’ obsession with smart phone causes 
an interruption of everyday life and school work, intensification of game addiction, 
and raise in expense of cellphone usage and wireless fee are consumption problems of 
teenagers. This research calls a concept of teenagers’ consumption as “making a fool 
of” which is opposite concept of the smart era. Teenagers do not realize their own 
problems of consumption, their lives are controlled by smart era, and the problems of 
consumption problems become worse [11-13]. 

3 The Effect of Smartphone Use on Consumption Life of 
Teenagers in the Smart Era 

With a hypothesis “students who use the smart phone are likely to incur a danger of 
making an unwise consumption than the students who do not use the smartphone”, 
this chapter tries to find out the effect of smartphone use on the consumption life of 
teenagers through a questionnaire design and analysis of questionnaire result.  

3.1 Questionnaire Design  

To verify the hypothesis that unwise consumption of teenager who use the 
smartphone becomes worse, the questionnaire is conducted with high school students 
as subjects. The purpose of questionnaire is to prove a difference of consumption life 
between smartphone users and smartphone nonusers. This will prove a hypothesis that 
students who use the smart phone have a higher possibility of having an unwise con-
sumption than students who do not use the smart phone. To serve the purpose of ques-
tionnaire, a variable for setting a control group, a question intended for smart phone 
user, the question intended for existing cellphone user, cellphone user and smart 
phone nonuser, economic activity, and the article about internal review for verifica-
tion of questionnaire are considered. The article which is not considered is deduced 
by conducting a pre-questionnaire for some high school students [14].  
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3.2 A Result of Questionnaire and Analysis 

A final questionnaire survey is based on 8 high schools located at Seoul, Daejeon, and 
Jeonju and conducted from June 11 to June 25(about two weeks). Total 300 students 
are surveyed. Among 300 students, 150 students possess the smart phone, and 150 
students possess the regular cellphone.  

 

 

Fig. 1. Convenience and inconvenience of using a smart phone 

• Making an Unwise Economy of Teenagers – Monetary Aspect 

The number of smart phone user who spend more than seventy thousand won is 
about eight times more than the number of regular phone user who spend more than 
seventy thousand won. More than 100 regular phone user pays a less than thirty thou-
sand won for a wireless fee. A lot of smart phone users spend between thirty thousand 
and seventy thousand won for the wireless fee. Considerable number of students 
spends more than seventy thousand won for the wireless fee. The expense of the al-
lowance and total wireless fee of smart phone user is high. There is also considerable 
number of smart phone user who uses a supplementary service which costs between 
five thousand won and twenty thousand won. Besides, there are 15 respondents who 
spent more than thirty thousand won for the supplementary service fee. As teenagers 
use the smartphone, there are many more teenagers who spend money on supplemen-
tary service than the teenagers who do not use the smartphone. The research tries to 
figure out whether the teenagers have an experience of having a part-time job to pay 
the smart phone fee. As a result of survey, there is a small number of respondents who 
have an experience of having the part-time job among the smart phone users and 
regular phone users. Examining the rate of the result, 4.7% of the regular phone users 
have an experience of working while 11.3% of the smart phone users have the experi-
ence of working. 11.3% is more than half of 4.7%. 
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Fig. 2. Comparison Charges and additional services fee 

• Making an Unwise Economy of Teenagers – Time Aspect 

To examine a time aspect of making an unwise economy of teenager, the method of 
asking actual using hours and habits is chosen. The questions about using hours is 
asked to know the frequency of use, and about using habits is asked to figure out the 
degree of interest in cellphone and smart phone. For questions asking for the using 
hours, most cellphone and smartphone users answer that they use their phone anytime 
they want. Smart phone users have a higher rate of using the phone freely than smart 
phone nonusers. On the other hand, for the using habits, the cases of serious addiction 
symptom – using the phone all day as a part of life and constantly checking the phone 
– are similar for smart phone users and nonusers. There is a higher number of smart 
phone users who shows the addiction symptom by using the phone for most of every-
day life and checking the phone every 10~20 minutes than the regular phone user.  

 

 

Fig. 3. Comparison of time to use the regular phone and smartphone 

4 Conclusion 

This research tries to prove a difference in consumption life between smart phone 
users and nonusers through a questionnaire survey based on 300 students. It also tries 
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to prove that students who have a higher frequency use of smartphone tend to have a 
higher possibility of having an unwise economy. Unwise consumption appeared in 
unwise economy remarkably appears in monetary aspect than in time aspect. Also, 
smartphone interrupts the study time. Since students have a part time job to pay the 
fee, time becomes an opportunity cost for the pleasure. Eventually, smart phone users 
spend their money on expensive fee and many hours as economical expense. These 
results showed that teenagers do not recognize the problems of their own consump-
tion, their lives are controlled by smart era, and their problems of consumption  
become worse. 

To teenagers, smart phone has a more meaning than just a way of making an active 
communication. Therefore, “smart consumption’ is needed to teenagers who have 
undeveloped economic viewpoint in this smart era. For smart consumption, a reason-
able way of thinking is required. For this, ‘economic efficiency’ has to be achieved. 
For this, two aspects of expense and utility should be considered. In an aspect of  
expense, teenagers should reduce the wasted expense of smart phone. Writing an 
account book will lead to a regulation of one’s expense according to one’s circum-
stances and decrease the expense. In an aspect of utility, teenagers should analyze the 
factors that give satisfaction to them. Eventually, a solution is that they should recog-
nize the smart consumption which fits for the smart era and act properly. 
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Abstract. Generally, there is a tradeoff between quality and computational 
workload required to obtain that quality. In this paper, we focus on practical 
issues in implementing a pig activity monitoring system. We first propose a 
method for evaluating the quality-workload tradeoff in the activity monitoring 
application. Then, we derive the cost-effective solution within the acceptable 
range of quality for the activity monitoring application. Based on the 
experiments with the video monitoring data obtained from a pig farm, our 
method can derive the cost-effective resolution size and frame rate without 
degrading the accuracy significantly. 

Keywords: Activity Monitoring, Quality, Accuracy, Workload, Tradeoff. 

1 Introduction 

Early detection of anomalies is an important issue in the management of group-
housed livestock. In particular, the damage caused by the recent outbreak of livestock 
diseases in Korea such as foot-and-mouth disease was serious. In order to minimize 
the damage incurred from such diseases, it is necessary to develop the technology for 
collecting and analyzing livestock activity data. Although some progress in 
monitoring livestock has been made recently in Korea[1-2], practical issues in 
implementing an automated activity monitoring system with a video sensor have not 
yet been reported. This is also true in other countries, although some research studies 
on applying Information Technology(IT) to livestock management have been reported 
in the last decades[3-8]. 

In this paper, we apply the computer vision technology to the daily-life activity 
monitoring of group-housed pigs in order to manage the healthcare problem of 
pigs[9]. Especially, caring individual pigs by farm workers in a large-scale pig farm is 
almost impossible. For example, a pig farm where we obtained the video monitoring 
data has more than 20000 pigs and 1000 pig rooms. Caring these pigs with 10 farm 
workers is almost impossible, and an automated analysis of the daily-life activity is 
required. Furthermore, we should consider the practical issues such as cost in 
implementing the automated activity monitoring system because poor profitability of 
pig farming has inhibited large-scale investment. In addition to this initial investment, 
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managing individual devices such as pedometers[10] in a large-scale pig farm may 
not be acceptable because of the managing cost. Thus, we consider a video camera 
which does not need such managing overhead once installed, in order to monitor the 
group activity of pigs.  

In a video-based monitoring system, we first extract the activity data from the 
video, and then determine the anomaly based on the amount of activities extracted. 
The details of the activity monitoring system are shown in Fig. 1. However, simple 
methods for extracting the daily-life activity such as the frame difference method[11] 
may not guarantee the required accuracy. In order to provide the required accuracy, 
more complicated methods such as Gaussian Mixture Model(GMM)[11] have been 
widely used in video-based monitoring systems. In this paper, we also apply GMM in 
implementing a monitoring system, and analyze the tradeoff between the quality and 
the computational workload for implementing a practical system. 

 

 

Fig. 1. Flowchart of activity monitoring system 

In fact, a similar tradeoff issue has been widely studied in the video compression 
community recently[12-13]. That is, this upcoming compression technique tries to 
maintain the required Peak Signal to Noise Ratio(PSNR), a quality metric widely used 
in the video compression community, with a minimum workload. 

In the activity monitoring applications for livestock, however, a reasonable metric for 
quality has not been reported. Thus, we first propose a quality metric(i.e., accuracy) 
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which can be applied to the activity monitoring applications. Then, we can derive the 
minimum resolution size and frame rate for reasonable(i.e., close to the baseline case 
with the maximum resolution size and frame rate) accuracy. To the best of our 
knowledge, this is the first report of the tradeoff in monitoring the continuous and 
large incoming data stream that is a characteristic of monitoring systems, and we 
verify our solution with real video data acquired from group-housed pigs. Although 
we analyze the tradeoff for obtaining a cost-effective solution, the proposed method 
can also be applied to activity monitoring applications with portable devices/battery-
operated sensors in order to prolong the battery lifetime. 

This paper is organized as follows. Section 2 describes the proposed activity 
monitoring system, and the details of the implementation and experimental results are 
explained in Section 3. Finally, we provide some concluding remarks in Section 4. 

2 Pig Activity Monitoring 

In this paper, we focus only on the automated activity monitoring system for weaning 
pigs. In fact, this system can be integrated with the existing control system which 
controls illumination, temperature, humidity, CO2, etc, and sends an alarm in case of 
emergency. From a camera installed at the ceiling of a pig room, the 24 hours/365 
days visual stream data are transmitted to a server through a LAN cable.  

The system determines first whether a given scene has any motion or not. Note 
that, the simplest pixel difference algorithm in order to detect any possible motion in a 
given scene is known to be inaccurate[11]. Therefore, we need to apply more complex 
algorithm such as GMM for more accurate monitoring. However, applying GMM 
straightforwardly to the 24 hours/365 days visual stream data generated from a large-
scale pig farm may require too much implementation cost. That is, we need to find the 
optimum tradeoff between the accuracy and the computational workload. Once we 
find this optimum tradeoff, we can adjust the camera setting or downsample the input 
data.  

For finding the optimum tradeoff, we first set the resolution size and frame rate to 
the maximum value supported by the camera(i.e., called base-case), and then compute 
an hourly activity data obtained from the activity monitoring data. After setting the 
resolution size and frame rate to each downsampled value(i.e., called downsampled-
case), we compute another hourly activity data obtained from the downsampled 
activity monitoring data. Then, we compute the similarity between the base-case and 
the downsampled-case. 

Generally, the correlation of two random variables is a standard measure of how 
strongly two variables are linearly related. Correlation therefore naturally captures our 
intuitive notion of temporal similarity. Note that, the temporal similarity between the 
two cases(i.e., the base-case and the downsampled-case) can be computed by  

 ∑ ( , μ( )( ) )( , μ( )( ) )                           (1) 
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Let  ,  be an hourly activity data obtained from the base-case at each hour i 
and ,  be an hourly activity data obtained from the downsampled-case at each hour 
i. Note that, an hourly activity data means the accumulated amount of activities 
detected by GMM during an hour. For the base-case b, μ( ) and σ( ) denote the 
mean and the standard deviation, respectively. For a particular downsampled-case d, μ( ) and σ( ) denote the mean and the standard deviation, respectively.  

Finally, we measure the execution time and the power consumption separately, and 
decide which one is better for the required workload. 

3 Experimental Results 

In this section, we present some experimental results to derive the optimal resolution 
size and the optimal frame rate under the reasonable accuracy. The activity 
monitoring system was comprised of a video sensor and a server. Note that, we 

installed a HD camera at the ceiling of a pig room and set the resolution size to 1280×
720 pixels and the frame rate to 30 frames/second(fps) initially(i.e.,base-case). Feed 
and water were available ad libitum, and light was provided continuously. With this 
initial setting, we measured the amount of activities caused by 19 pigs in a pig room. 
The experiments were performed on an Intel Core i5-2500 at 3.3GHz 4-core 
processor with 4GB RAM, and we also measured the actual power consumption with 
WT210 Digital Power Meter tool. We have used the GMM background subtraction to 
detect the motion and OpenCV(Open Source Computer Vision) version 2.3 as a 
wrapper library to import video sequence to the C program. 

From the base-case of 1280×720 pixels and 30 fps, we could obtain various 
downsampled resolutions 640 × 480, 320 × 240, 160 × 120, 80 × 60 pixels and 
downsampled frame rates 10, 15, 1 fps. Fig. 2 shows some examples of the hourly 
activity pattern with various resolution/frame rate cases. That is, some cases have 
similar patterns(i.e., 320×240 pixels/10 fps vs. 320×240 pixels/1 fps), whereas other 
cases have entirely different patterns(i.e., 320×240 pixels/10 fps vs. 80×60 pixels/10 
fps). Thus, we should derive the downsampled-case whose hourly activity pattern is 
similar to that of the base-case with minimal computational workload. 

 

 

Fig. 2. The hourly activity patterns with various resolution/frame rate cases 

For describing the temporal similarity between the base-case and the 
downsampled-case, we computed the similarity using Equation (1). Table 1 shows the 
similarity values normalized to the base-case(i.e., the similarity of the base-case itself 
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is 1). Note that, the similarity is more affected by resolution than frame rate. For 
describing the workload, we measured the execution time and power consumption, 
and then computed the energy consumption. We confirmed that the power 
consumption was irrelevant to various resolution/frame rate cases. Therefore, the 
execution time can be used as computation workload. Table 2 shows the relative 
execution time normalized to the base-case(i.e., the relative execution time of the 
base-case itself is 1). Finally, we represent the relative value of “accuracy/workload” 
tradeoff in Table 3(i.e., the relative tradeoff of the base-case itself is 1). Therefore, we 
can derive the cost-effective resolution size and frame rate as 160×120 pixels and 1 
fps, with enough accuracy(i.e., the similarity is 0.9). 

Table 1. Similarity(i.e., accuracy) with various resolution/frame rate cases    

frame rate 
resolution  

15 fps 10 fps 5 fps 1 fps 

640×480 pixels 0.99 0.96 0.95 0.95 
320×240 pixels 0.96 0.95 0.94 0.93 
160×120 pixels 0.92 0.90 0.90 0.90 
80×60 pixels 0.34 0.56 0.64 0.69 

Table 2. Relative execution time(i.e., workload) with various resolution/frame rate cases 

frame rate 
resolution 

15 fps 10 fps 5 fps 1 fps 

640×480 pixels 0.24 0.07 0.05 0.04 
320×240 pixels 0.10 0.04 0.04 0.03 
160×120 pixels 0.06 0.03 0.03 0.03 
80×60 pixels 0.05 0.03 0.03 0.03 

Table 3. Relative tradeoff(=accuracy/workload) with various resolution/frame rate cases 

frame rate 
resolution 

15 fps 10 fps 5 fps 1 fps 

640×480 pixels 4.06 12.38 17.14 19.92 
320×240 pixels 9.72 20.20 23.48 24.64 
160×120 pixels 14.65 23.13 25.04 25.49 

80×60 pixels 6.38 15.15 18.60 20.28 

4 Conclusion 

Automated detection of abnormal behaviors in livestock is an important issue in 
livestock management. We proposed a cost-effective, automated technique for 
analyzing weaning pig’s activities using visual information acquired from a camera 
installed in the pig’s house. Especially, this research focused on the practical issues 
such as the quality-workload tradeoff in implementing a pig activity monitoring 
system. From the experiments, we found that our method can satisfy the low cost 
requirement without degrading the accuracy significantly. 
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Abstract. Cloud computing is new paradigm to use computing resources that 
are delivered as services over a network. It optimizes the usage of IT resources 
such as CPU, storage, and network. Many services related of cloud computing 
are popular to end users and it is becoming more important these days. There 
are many smart phones, smart pads and other mobile devices and end users can 
access to cloud computing environment through these mobile devices. Thus, 
they can use powerful computing resources on their physical devices. This 
environment indicates mobile cloud computing in this paper. There are two 
devices such as a physical device in real world and a virtual device in cloud 
computing environment. Service providers should use strong cryptographic 
algorithms to guarantee secure communication between a physical device and a 
virtual device. However, the strong cryptographic algorithms waste time to 
process each tasks and it causes network congestion. The network congestion 
occurs when a physical device is processing too many data packets. Also, it 
cannot be guaranteed its network quality of service. We need to consider the 
network quality of service to avoid this congestion. We should try to reduce the 
execution time to guarantee quality of service. We propose suitable method that 
the cryptographic algorithms with different key lengths at various environment. 

Keywords: Cloud computing, QoS management, Cryptographic algorithm. 

1 Introduction 

According to Wikipedia, cloud computing indicates the use of computing resources 
that are delivered as services over the internet. Virtualization is an essential technique 
to cloud computing, since it integrates computing resources which are physically 
different location and it distributes these resources to users dynamically. In general, 
the service layers of cloud computing can be divided into three layers such as 
Software as a Service, Platform as a Service, and Infrastructure as a Service[1][2]. 

In this paper, we propose the suitable way to reduce the execution time to 
guarantee quality of service in mobile cloud computing. The execution time can be 
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divided into processing time and encryption time. The processing time is the time it 
takes to process its tasks and encryption time is the time it takes to encrypt or decrypt 
data. We propose a suitable method that cryptographic algorithms with different key 
lengths are used in various environments. If we can use different key lengths 
dynamically, the encryption time would be managed efficiently and finally we can 
manage the execution time. Therefore, we can avoid the network congestion easily as 
decreasing the execution time in mobile cloud computing[6][7]. 

The remainder of this paper is divided into three sections. Section 2 discusses the 
concept of mobile cloud computing and a cryptographic algorithm. In section 3, we 
discuss the suitable method to guarantee the quality of service by using the different 
key lengths. Finally, section 4 concludes this paper. 

2 Mobile Cloud Computing 

There are numerous servers and network equipments in a data center and they are 
configured the cloud computing environment. The number of mobile devices such as 
smart phones and smart pads grows rapidly recently. End users can access easily to 
cloud computing environment thought these mobile devices[8][9]. Figure 1 shows this 
environment and we call it to mobile cloud computing in this paper. We define  
that mobile cloud computing is one of specific services of cloud computing and it is  
a mobile service which is added a cloud computing service. As shown the figure 1, 
mobile cloud computing is configured real mobile devices, infrastructure resources and 
virtual devices in data center. End users approach to virtual devices in cloud computing 
using mobile devices such as smart phones and smart pads. User’s applications are in 
cloud computing and virtual devices provide the job outcome of applications via 
internet to mobile devices. 
 

 

Fig. 1. Mobile cloud computing 

In general, the physical devices are mobile devices and they have limited resources 
such as low CPU, small storage and memory capacity[3]. Therefore, if we use 
physical devices to access to virtual devices in cloud computing, then we should 
consider the possibility of network congestion which is caused from their limited 
resources. Also, there are many issues at a security aspect in this environment and 
specific requirements for cloud computing is still being discussed. Service providers 
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should offer strong cryptographic algorithms to guarantee secure communication 
between a physical device and a virtual device in cloud computing environment. 
However, strong cryptographic algorithm needs more time to encrypt and decrypt 
data packets and it would cause network congestion. There is a tradeoff between to 
reduce execution time and to guarantee secure communication[10]. We should 
consider the quality of service to avoid this congestion in mobile cloud computing and 
the secure communication at the same time. 

3 Architecture of Mobile Device 

As shown in the figure 2, we proposed the architecture of a mobile device to operate 
mobile cloud computing in our previous work[4]. There are input/output manager, 
service manager, security manager, and communication manager. However, there is 
no consideration of the factors related of quality of service. Thus, we revise the 
architecture to support the quality of service of applications in this paper. 

 

 

Fig. 2. Architecture of a physical device 

We try to reduce execution time to support quality of service. This execution time 
can be divided to processing time and encryption time. We propose suitable way to use 
the cryptographic algorithms with different key lengths. We suggest the architecture of 
mobile device and we define the security manager related to keep the security 
requirements. The security manager is in communication manager and it handles data 
encryption and decryption with different key lengths. We choose the small size of 
cryptographic key in network congestion and we avoid this congestion easily.  

Figure 3 shows the detail configuration of a security manager. It is configured a 
cryptographic module and an execution time checker. The cryptographic module is 
responsible for a local data protection and message protection. It manages the 
cryptographic algorithms and different key sizes. The execution time checker figures 
out the execution time with a specific threshold. When physical devices approach to 
virtual devices in cloud computing, physical devices should receive a lot of data 
packets from the virtual device. Therefore, this feature can cause the network 
congestion frequently. 
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Fig. 3. Security manager 

We use an encryption algorithm with different key sizes. If there is network 
congestion, we choose a smaller key size than the previous. Then, execution time to 
encrypt data can be reduced and we can avoid the network congestion. We assume 
that a cloud computing environment consists of a set of N  tasks >< NTTTT ,,, 321  

as shown the figure 4. 
 

 

Fig. 4. Set of tasks 

Equation (1) shows the execution time of a task iT . 

)(kEXX ti +=  (1) 

tX  is the processing time to execute a task and )(kE  is the execution time to 

encrypt data by the k  key length. It would be different according to different key 
sizes. The execution time meets the specific threshold and we choose suitable key size 
and apply it immediately in the system. The threshold may be queueing delay. 
Equation (2) shows the network latency of a task iT [5]. 

MB

M
Yi ⋅−

=
λ

 (2) 

In this equation, M  is the message length, B  is the bandwidth and λ  is arrival 
rate. As shown the figure 5, we define the control flow of our proposed way. 

We assume that AES algorithm is used in our proposed scheme. There are three 
key length such as k[0]=128, k[1]=192 and k[2]=256. While physical device operate 
tasks from i  to N , we calculate queueing delay iY . Then, we compare specific 

threshold and the sum of execution time and queueing delay. If the result is larger 
than specific threshold then we select the smaller key length to reduce the cost for 
encryption. Otherwise, if the result is smaller than specific threshold then we choose 
the longer key size than previous to enhance the security. 
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m = 2 
k[m] = [128, 192, 256] 
For i = 1 to N 

Calculate Xi 
IF Yi  > threshold AND m > 0 THEN 

k[m] = k[m - 1] 
ELSE IF m < 2 THEN 

k[m] = k[m + 1] 
ELSE 

Calculate Xt 
Calculate E(k[m]) 
Xi = Xt + E(k[m]) 

ENDIF 
ENDFOR 

Fig. 5. The Execution Time 

4 Conclusion 

The concept of mobile cloud computing is a mobile service which is added a cloud 
service that using virtualization technology to computing resources such as server, 
storage and network. Recently, there are various smart phones, smart pads and other 
mobile devices and clients can access to cloud computing environment via these 
devices at everywhere. Since mobile cloud computing system has to deal with very 
large amount of data, it is difficult to satisfy this requirement under the limited 
resources of mobile device. Therefore, it is important to support quality of service 
because the mobile devices have a very restricted resources and their performance is 
lower than general desktops. Furthermore, cryptographic algorithms are essential to 
keep data authentication, integrity and confidentiality. However, these algorithms 
cause network congestion. There is a tradeoff between to keep the security and to 
provide appropriate QoS. 

In this paper, we propose the enhanced way to select suitable cryptographic 
algorithms to reduce the encryption time. We choose a suitable key length when there 
is network congestion. In the future, we wish to evaluate the performance under the 
more realistic factors. 
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Abstract. U-Service environment based on WSN(Wireless Sensor Network) is 
poor in reliability of connection and has a high probability that the intrusion and 
the system failure may occur. Therefore, it is very important to ensure that the 
legitimate users make use of trustable services without discontinuance or obsta-
cle of the services they are enjoying despite the presence of failures and intru-
sions. In this paper, we propose an intrusion-tolerant Jini service architecture  
integrating security and survivability mechanisms in order to provide end users 
with Jini services having a persistent state in wireless sensor networks. The 
proposed architecture is able to protect a Jini system not only from faults such 
as network partitioning or server crash, but also from attacks exploiting flaws. It 
is designed to provide performance enough to show a low response latency so 
as to support seamless service usage. Through the experiment on a test-bed, we 
have confirmed that the architecture is able to provide high security and availa-
bility at the level that the degradation of services quality is ignorable. 

Keywords: Intrusion-tolerance, Jini, Apache River, Jgroup/ARM, Security. 

1 Introduction 

Jini[1], also called Apache River[2], is a java-based middleware supporting sharing of 
resources such as ubiquitous devices and software on networks while it copes with the 
heterogeneity of the lower levels such as the various types of devices or communica-
tion protocols. Jini provides a mechanism that discovers available services through 
the lookup services and makes a connection to the services that clients requested. 

The networked systems based on WSNs(Wireless Sensor Networks) are apt to be 
partitioned due to a poor reliability of connection and have a high probability that the 
intrusion and the system failure may occur. Therefore, it is very important to guaran-
tee the legitimate users make use of trustable services without discontinuance or  
obstacle of the services they are enjoying. 
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The Jgroup/ARM framework[3] has presented a middleware technology supporting 
the building of a dependable service in a distributed environment by introducing a 
concept is called Java-based object group platform. A set of distributed objects mak-
ing a group take the responsibility for a service. It provides a good framework to 
solve the problem of the standard Jini systems that lack the supports for fault tolerant 
service developments. However, there are some shortcomings to apply this frame-
work in the real environment directly. The first shortcoming is to lack the security 
provision for responding to the intrusion in the framework design. The system is 
made through this framework is greater danger than the standard Jini system because 
it is defenseless against intrusion due to no security mechanism and it can be easily 
compromised caused by group communication protocols performing share of service 
state data among replicated service objects as well. The second shortcoming is in 
which both the computation and communication cost are needed to merge the user 
service states among replicas are very high, when the partitioned replicas are merged 
into one group after a network is recovered. 

In this paper, we propose an intrusion-tolerant Jini service architecture to support a 
seamless service usage while it establishes the dynamic trust in a Jini system and 
tolerates the system failures and intrusions. Section 2 briefly describes the contribu-
tion of the Jgroup/ARM systems and points out its shortcomings. Section 3 introduces 
our intrusion-tolerant Jini service architecture. Section 4 discusses the experimental 
results in terms of our contribution has introduced in section 3. Section 5 concludes 
the paper. 

2 The Jgroup/ARM System 

2.1 The Contribution of Jgroup/ARM System 

In Fig. 1, from Fig. 1(a) to Fig. 2(d) illustrate service failure situations that may hap-
pen in the standard Jini service environment. In Fig. 1(a), all 65 users can make use of a 
Jini service without any problems. However, when a lookup server is crashed as shown 
in Fig. 1(b), all existing users keeping connections to the server can make use of the 
service within a given lease time. In the case of Fig. 1(c), 15 users lose all their connec-
tion and the opportunities that they can discover other services again. 30 users lose their 
connection to the server and only can rediscover unreachable service, and the presence 
of the service disappears from the lookup server. Only 20 users can make use of the 
service within a given lease time. In the case of Fig. 1(d), all users lose their connection 
to the server and only 30 users can rediscover unreachable service. In the case of Fig. 
1(e), some users are subject to restriction on making use of services according to how a 
Jini network is partitioned but the situation that servers are crashed can overcome. In the 
case of Fig. 1(f), the Jini system overcomes failure events such as a specific server’s 
crash and network partition as replicating the tasks providing the services on distributed 
computing nodes. The Jgroup/ARM system supports the case of Fig. 1(f). In Fig. 1(f), 
through considerable service resources are replicated, the Jgroup/ARM system can sup-
port the autonomous management of available resources so as to overcome all failure 
events through a dynamic service deployment and reconfiguration. 
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Fig. 1. Service Failure and Tolerance in a Jini Service Environment 

2.2 A Definition and Examples for Discussion 

Definition: In this section, we define the notion of a group of the distributed service 
objects for the further discussions as follows: 

{ }e
ns RRRRG ...,,, 321→                      (1) 

Where,   

• Gs : a server group that consists of a group of n replicated service objects  
• Rn : the n-th replica which is a member of Gs 
• e :  the number of endpoints(i.e., service instances) that is created in each Rn in 

order to establish connection from clients under no failure condition that the sys-
tem is not partitioned 

Example 1: The expression, { }20
7321 ...,, RRRRGs → , means that all of 7 repli-

cas takes the responsibility for a service and each replica has equally 20 connections 
from clients. This expression describes normal scenarios under no failure condition.  

Example 2: The expression, { } { } { }{ }10
76

7
543

3
21 ,,,,,, cbas RRRRRRRG → , means that one 

server group is partitioned into 3 partitioned subgroups that take the responsibility for 
a service. This expression describes failure scenarios that the system is partitioned due 
to the intrusions and the system failures. In this scenario, replicas in each partitioned 
subgroup have endpoints enough to connect to their clients according to how a Jini 
network is partitioned. In this example, each replica in the subgroup a, b, and c, has 3, 
7 and 10 endpoints to connect to their client side proxy respectively. 
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2.3 The Shortcomings of Jgroup/ARM System 

The Computational Overhead for Merging Distributed Service States of User: 
When the partitioned subgroups are merged into one group after the network failure is 
recovered, the Jgroup/ARM system faces a significant problem in bearing a heavy 
computation overhead for merging distributed service states of user. For recovery, the 
Jgroup/ARM system has a 2-phase merging operation as follows: 

• Merging operation between leader replicas (for example, R1-R3-R6 ) 
• Merging operation between a leader and members (for example, R1-R2 , R3-R4-R5 , 

R6-R7 ) 
• The cost of this computational overhead can be estimated as follows: 

 Time − Cost = ∑  ∗ − ∗ +  (2) 

Where, p is the number of partitioned groups,   is the number of endpoints in each 
Rn of the i-th partitioned subgroups after network is partitioned, and a c is a required 
time to make the service instances in each endpoint, and also mdt means multicast 
delay time for message delivery in group communication.  

Latency in Callback Handler: In the Jgroup/ARM system, a group-proxy[4] for use 
of a service is offered, a selected proxy in the group of proxies sends the requests to 
server-side replica corresponding to it. The selected replica replies their service result 
on behalf of all of members after the callback handler in the selected replica receives 
the service results from all members. This latency in callback handler operation is a 
cost to pay for fault detection and failover provision. 

The Lack of the Security Mechanism: The group communication among replicas 
relies on the Jgroup daemon(JD) in every node hosting services[4]. However, the JD 
supporting group multicast communication does not ensure the confidentiality and 
integrity of messages. In addition, there is no authentication mechanism providing the 
trust among replicas. Thus, attackers can easily intrude into the system by tempering 
all communication messages and configuration files. 

3 Our Proposed Architecture 

3.1 An Extension to Session-Based Allocation of Replica Instances 

In comparison with the Jgroup/ARM architecture, one of extended features in our 
proposed architecture is to support the identification and management of endpoints in 
each replica on the basis of the session while maintaining group membership among 
replicas regardless of merging subgroups.  In our system, a smart proxy in the client-
side manages the user service states whenever it receives response messages in order 
to solve the problem above. Fig. 1 and Fig. 2 show our architecture and contribution 
in comparison with Jgroup/ARM system through example 2 and expression (2)  
respectively. 
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Fig. 2. Session-based Allocation of Replica Instances and Their Membership Management 

 

Fig. 3. Reduction of Time-cost for Merging the User Service States 

Table 1 illustrates Fig. 2 above. In Table 1, U means users who send requests 
through client for use of a service, and the prefix i indicates a number to identify  
individuals. The cost of computational overhead of our system can be estimated as 
follows: 

 Time − Cost = ∑  − ∗ +  (3) 

Table 1. An Simple Simulation to Illustrate Fig.3 above  

Replica 
No Failure 
Condition 

Before Recovery After Recovery 
Absentee 

Data 
Leadercast 
Contributor 

R1 
R2 

U1 
U1 

U1 , U2 
U1 , U2 

U1 , U2, U5, 
U1 , U2, U5, 

U3 , U4 R3 , R6 

R3 
R4 
R5 

U1 

U1 

U1 

U1 , U3 

U1 , U3 

U1 , U3 

U1 , U3, U5, 

U1 , U3, U5, 

U1 , U3, U5, 
U2 , U4 R1 , R6 

R6 
R7 

U1 

U1 
U1 , U4 

U1 , U4 
U1 , U4, U5, 

U1 , U4, U5, 
U2 , U3 R1 , R3 
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3.2 Callback Handler for Intrusion Tolerance 

Our proposed architecture applies the byzantine agreement algorithm [5-6] and design 
diversity to service implementation in order to mask results introduced from compro-
mised server due to intrusions. To accomplish this goal, we have added an additional 
function to callback handler in order to act as a voter masking the compromised re-
sults. When the number of total replica is N and the number of compromised replica is 
T of N, if there are replicas of more than 2/3 N to satisfy a condition that N > 3T, 
callback handler replies the service results to client. 

3.3 Security Architecture for Secure Communication 

Our proposed architecture supports security provisions to satisfy the goals for provid-
ing secure Jini services such as authentication, access control, and confidentiality as 
follows: 

 

Fig. 4. Architecture for Secure Communication among Service Entities  

4 The Discussion on Experimental Results 

4.1 Performance Analysis 

We have experimented with 2 measures of state merging times and turnaround times. 
Through a several measurement, It has been shown that the time cost of our system is 
2 times lower than one of Jgroup/ARM system in proportional to e of expression(1),  
when a recovery operation to merge the user service states has been performed under 
system-partitioned condition(3 replica per partitioned group in the left in Fig.5). The 
right in Fig. 5 shows measurement results of turnaround time in concern with 
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leadercast, multicast and voting applications. According to the manner of delivering 
messages, a request message from a client is delivered to the replicated services and 
then a secure service result from them is committed through a voting process. 

 

Fig. 5. Time Cost Merging User Service States(left) and Turnaround Time Cost(right) 

4.2 The Implementation Results 

Fig.6 shows a snapshot that a file transfer service is keeping up its mission in spite of 
a server-crashed failure. In this experiment, when a system consists of one client and 
two replicated services in 100Mbps Ethernet environment, it has been shown that the 
failover latency is 340 ms(160 ms for failure detection + 180 ms for receiving stateful 
service from other replica) for seamless service usage.  

 

Fig. 6. A Snapshot to Check the Seamless Service Usage 
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5 Conclusion 

U-Service environment based on WSN is poor in reliability of connection and has a 
high probability that the intrusion and the system failure may occur. In this paper, we 
propose an intrusion-tolerant Jini service architecture integrating security and surviv-
ability mechanisms in order to provide end users with trustable Jini services having a 
persistent state in WSNs. The proposed architecture is able to protect a Jini system not 
only from faults such as network partitioning or server crash, but also from attacks 
exploiting flaws. It is designed to provide performance enough to show a low re-
sponse latency so as to support seamless service usage. We believe that our proposed 
architecture is a good reference model for building a better secure U-service  
infrastructure.  
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Abstract. Smart grid is the next-generation intelligent power network which 
optimizes energy efficiency through the mutual real time exchange of 
information between power supplier and consumer through the integration of 
existing power network and the information technology (IT). However, the 
smart grid environment can have problems involved with personal privacy 
invasion. This paper suggests the creation mechanism of privacy policy-based 
protection system. 

Keywords: Smart Grid Security, Privacy Policy, Privacy Protection, Access 
control, Privacy Exchange Format. 

1 Introduction 

Smart grid is a new electricity grid which transmits and distributes electricity 
intelligently by converging the information technology into the traditional electricity 
grid. Recently, the smart grid projects are promoted rapidly because the ‘Green IT’ 
becomes more and more interesting. However, Modernization of the grid will increase 
the level of personal information detail available as well as the instances of collection, 
use and disclosure of personal information.  

In this paper, we propose privacy policy-based protection system based on smart 
grid environment. The structure of the privacy policy-based protection system using 
load management system in the smart grid environment is the structure that serves 
data in the load management system to the web through the application service 
network. For this, the privacy policy-based protection system suggested and 
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developed the smart grid privacy policy-based protection system which controls 
service access by protecting items related to the personal information of the user and 
setting the privacy protection level for each item. Also, it analyzes the outcomes of 
smart grid privacy policy-based protection system. By applying smart grid privacy 
policy-based protection system, the user can show his/her information to the users 
requesting for such information through the mobile device or PC based on the privacy 
level he/she personally set and the information related with the device or to the users 
he/she designate and also receive the information he/she wants when he/she wants the 
information. By using this system, the company providing application services will be 
able to protect the personal information and become a reliable company and provide 
the service the user wants based on the information collected, expecting greater sales. 

2 Overview of Policy-Based Protection 

The privacy policy-based protection system is a service where the user who owns the 
information provides the mechanism for protecting his/her privacy. It is composed of 
the privacy policy-based protection system which manages the user's privacy 
protection policy, the system which determines the privacy policy of the user and 
sends this to the privacy policy-based protection system, and the system which 
provides information based on user's privacy protection policy. 

3 Initial Privacy Creation Mechanism 

Initial privacy is created based on the initial privacy policy which defines the privacy 
policy, the item that exists in each service, by combining initial privacy policy and the 
administrator's information application schema. The example that uses this 
mechanism is presented in Figure 1. 

Fig. 1. Initial privacy generation mechanism 

The item lists the type of information handled by each service group and the initial 
privacy policy provides basic privacy level recommended by the certificate authorities 
depending on information type, and this value is represented by the combination of 
the letter "P" and the number. Higher number indicates that the privacy must be 
protected more intensively. The information application schema is the list of the types 
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of information that the administrator handles among the information handled by the 
item, and the administrator must map the information he/she handles with the 
information listed in the item. The type of information handled in this example is 
labeled with lower case English letter, and is mapped one-to-one with the information 
in the item to form the information application schema. A unique initial privacy can 
be created by using information application schema and initial privacy policy. 

4 User Privacy Creation Mechanism 

Like initial privacy, user privacy is created based on the initial privacy policy. First, 
the list of information handled enumerated by initial privacy policy and the default 
privacy level for information is suggested to the user. The user can check the default 
value and change each value if necessary or keep the default value. User privacy 
policy is the list that reflects user's intention determined as above. The user privacy is 
created by mapping this user privacy policy and the information application schema 
of each user. 

 
Fig. 2. User privacy generation mechanism 

 
The example in Figure 2 shows a process where a user creates his/her privacy 

policy for the information belonging to a service group. The privacy policy-based 
protection system allows the user to make decisions by services handling similar 
information while automatically creating and distributing the user privacy of the user 
to be given to this information whenever there is user input. 

In the example, the user changed the privacy policy for A and E concerning the 
service group and the user privacy policy of the user is created by reflecting this 
value. Also, the user privacy relating to the mapping with the user privacy policy and 
information application server schema is created and transmitted since the 
information application schema is different. 

5 Access Group Creation Mechanism 

The purpose of the access group is to allow the owner of information to authorize the 
person he/she selects to access his/her information by designating the mobile phone 
number of the person to authorize to the designated access authority level. Currently, 
the privacy policy-based protection system allows the user to set access authority 



128 T. Kang et al. 

 

level from 0 ~ 9, and larger number indicates higher access authority for information. 
When the privacy policy-based protection system receives user input, it creates a 
security token based on the input, and currently SHA1 is used as the algorithm for 
creating a security token. The access group is divided into the user access group 
which provides the security token created based on user input, the initial access group 
which provides the token to be used as the default value for each access group when 
there is no user defined value, and the privacy level which designates the level of the 
information to be given as default value to those who are not designated by the user.  
1 access group of 1 user is given to each service group, and it is newly created and 
sent to the companies included in each service each time the user defined value 
changes. For the request for the access to user information, each company controls the 
access through the mechanism of comparing the security token provided with the 
request and the security token presented to the access group. 

6 Conclusion 

The invasion of privacy in the smart grid involves high risk of disclosing personal 
information from the level of collecting trivial information up to the level of the 
individual behavioral pattern based on the information collected. For this, the invasion 
of privacy is becoming the center of interest and a number of studies have been made 
to resolve this issue.  

In this paper, the privacy policy-based protection system is designed to allow the 
user to directly set the privacy level of each item and designate the access level for the 
third party to block the access of undesignated user and protect important information. 

References 

1. Lee, J.W., Park, N.: Individual Information Protection in Smart Grid. In: Kim, T.-H., 
Stoica, A., Fang, W.-C., Vasilakos, T., Villalba, J.G., Arnett, K.P., Khan, M.K., Kang, B.-
H. (eds.) SecTech/CA/CES3 2012. CCIS, vol. 339, pp. 153–159. Springer, Heidelberg 
(2012) 

2. Park, N., Kwak, J., Kim, S., Won, D., Kim, H.: WIPI Mobile Platform with Secure Service 
for Mobile RFID Network Environment. In: Shen, H.T., Li, J., Li, M., Ni, J., Wang, W. 
(eds.) APWeb Workshops 2006. LNCS, vol. 3842, pp. 741–748. Springer, Heidelberg 
(2006) 

3. Park, N.: Security scheme for managing a large quantity of individual information in RFID 
environment. In: Zhu, R., Zhang, Y., Liu, B., Liu, C. (eds.) ICICA 2010. CCIS, vol. 106, 
pp. 72–79. Springer, Heidelberg (2010) 

4. Park, N.: Secure UHF/HF Dual-Band RFID: Strategic Framework Approaches and 
Application Solutions. In: Jędrzejowicz, P., Nguyen, N.T., Hoang, K. (eds.) ICCCI 2011, 
Part I. LNCS, vol. 6922, pp. 488–496. Springer, Heidelberg (2011) 

5. Park, N.: Implementation of Terminal Middleware Platform for Mobile RFID computing. 
International Journal of Ad Hoc and Ubiquitous Computing 8(4), 205–219 (2011) 



Creation Mechanism for Access Group Based on User Privacy Policy-Based Protection 129 

 

6. Park, N., Kim, Y.: Harmful Adult Multimedia Contents Filtering Method in Mobile RFID 
Service Environment. In: Pan, J.-S., Chen, S.-M., Nguyen, N.T. (eds.) ICCCI 2010, Part II. 
LNCS, vol. 6422, pp. 193–202. Springer, Heidelberg (2010) 

7. Park, N., Song, Y.: AONT Encryption Based Application Data Management in Mobile 
RFID Environment. In: Pan, J.-S., Chen, S.-M., Nguyen, N.T. (eds.) ICCCI 2010, Part II. 
LNCS, vol. 6422, pp. 142–152. Springer, Heidelberg (2010) 

8. Park, N.: Customized Healthcare Infrastructure Using Privacy Weight Level Based on 
Smart Device. In: Lee, G., Howard, D., Ślęzak, D. (eds.) ICHIT 2011. CCIS, vol. 206, pp. 
467–474. Springer, Heidelberg (2011) 

9. Park, N.: Secure Data Access Control Scheme Using Type-Based Re-encryption in Cloud 
Environment. In: Katarzyniak, R., Chiu, T.-F., Hong, C.-F., Nguyen, N.T. (eds.) Semantic 
Methods for Knowledge Management and Communication. SCI, vol. 381, pp. 319–327. 
Springer, Heidelberg (2011) 

10. Park, N., Song, Y.: Secure RFID Application Data Management Using All-Or-Nothing 
Transform Encryption. In: Pandurangan, G., Anil Kumar, V.S., Ming, G., Liu, Y., Li, Y. 
(eds.) WASA 2010. LNCS, vol. 6221, pp. 245–252. Springer, Heidelberg (2010) 

11. Park, N.: The Implementation of Open Embedded S/W Platform for Secure Mobile RFID 
Reader. The Journal of Korea Information and Communications Society 35(5), 785–793 
(2010) 

12. Park, N., Cho, S., Kim, B.-D., Lee, B., Won, D.: Security Enhancement of User 
Authentication Scheme Using IVEF in Vessel Traffic Service System. In: Yeo, S.-S., Pan, 
Y., Lee, Y.S., Chang, H.B. (eds.) Computer Science and its Applications. LNEE, vol. 203, 
pp. 699–705. Springer, Heidelberg (2012) 

13. Ko, Y., An, J., Park, N.: Development of Computer, Math, Art Convergence Education 
Lesson Plans Based on Smart Grid Technology. In: Kim, T.-H., Stoica, A., Fang, W.-C., 
Vasilakos, T., Villalba, J.G., Arnett, K.P., Khan, M.K., Kang, B.-H. (eds.) 
SecTech/CA/CES3 2012. CCIS, vol. 339, pp. 109–114. Springer, Heidelberg (2012) 

14. Ko, Y., Park, N.: Experiment and Verification of Teaching Fractal Geometry Concepts 
Using a Logo-Based Framework for Elementary School Children. In: Kim, T.-H., Adeli, 
H., Slezak, D., Sandnes, F.E., Song, X. (eds.) FGIT 2011. LNCS, vol. 7105, pp. 257–267. 
Springer, Heidelberg (2011) 

15. An, J., Park, N.: The Effect of EPL Programming Based on CPS Model for Enhancing 
Elementary School Students’ Creativity. In: Park, J.J. (J.H.), Jeong, Y.-S., Park, S.O., 
Chen, H.-C. (eds.) EMC Technology and Service. LNEE, vol. 181, pp. 237–244. Springer, 
Heidelberg (2012) 

16. An, J., Park, N.: Computer Application in Elementary Education Bases on Fractal 
Geometry Theory Using LOGO Programming. In: Park, J.J., Arabnia, H., Chang, H. (eds.) 
ITCS & IRoA 2011. LNEE, vol. 107, pp. 241–249. Springer, Heidelberg (2011) 

17. Park, N., Ko, Y.: Computer Education’s Teaching-Learning Methods Using Educational 
Programming Language Based on STEAM Education. In: Park, J.J., Zomaya, A., Yeo, S.-
S., Sahni, S. (eds.) NPC 2012. LNCS, vol. 7513, pp. 320–327. Springer, Heidelberg (2012) 

18. Kim, Y., Park, N.: Development and Application of STEAM Teaching Model Based on 
the Rube Goldberg‘s Invention. In: Yeo, S., Pan, Y., Lee, Y.S. (eds.) Computer Science 
and its Applications. LNEE, vol. 203, pp. 693–698. Springer, Heidelberg (2012) 

19. Kim, Y., Park, N.: The Effect of STEAM Education on Elementary School Student’s 
Creativity Improvement. In: Kim, T.-H., Stoica, A., Fang, W.-C., Vasilakos, T., Villalba, 
J.G., Arnett, K.P., Khan, M.K., Kang, B.-H. (eds.) SecTech, CA, CES3 2012. CCIS, 
vol. 339, pp. 115–121. Springer, Heidelberg (2012) 



130 T. Kang et al. 

 

20. Kim, Y., Park, N.: Elementary Education of Creativity Improvement Using Rube 
Goldberg’s Invention. In: Park, J.J. (J.H.), Kim, J., Zou, D., Lee, Y.S. (eds.) ITCS & STA 
2012. LNEE, vol. 180, pp. 257–263. Springer, Heidelberg (2012) 

21. Kim, K., Kim, B.-D., Lee, B., Park, N.: Design and Implementation of IVEF Protocol 
Using Wireless Communication on Android Mobile Platform. In: Kim, T.-H., Stoica, A., 
Fang, W.-C., Vasilakos, T., Villalba, J.G., Arnett, K.P., Khan, M.K., Kang, B.-H. (eds.) 
SecTech/CA/CES3 2012. CCIS, vol. 339, pp. 94–100. Springer, Heidelberg (2012) 

22. Kim, G., Park, N.: Program Development of Science and Culture Education Tapping into 
Jeju’s Special Characteristics for Adults. In: Kim, T.-H., Stoica, A., Fang, W.-C., 
Vasilakos, T., Villalba, J.G., Arnett, K.P., Khan, M.K., Kang, B.-H. (eds.) SecTech, CA, 
CES3 2012. CCIS, vol. 339, pp. 133–138. Springer, Heidelberg (2012) 

23. Hong, J., Park, N.: Teaching-learning Methodology of STS Based on Computer and CAI 
in Information Science Education. In: Yeo, S.-S., Pan, Y., Lee, Y.S., Chang, H.B. (eds.) 
Computer Science and its Applications. LNEE, vol. 203, pp. 733–738. Springer, 
Heidelberg (2012) 

24. Kim, M., Park, N., Won, D.: Security Improvement on a Dynamic ID-Based Remote User 
Authentication Scheme with Session Key Agreement for Multi-server Environment. In: 
Kim, T.-H., Stoica, A., Fang, W.-C., Vasilakos, T., Villalba, J.G., Arnett, K.P., Khan, 
M.K., Kang, B.-H. (eds.) SecTech, CA, CES3 2012. CCIS, vol. 339, pp. 122–127. 
Springer, Heidelberg (2012) 

25. Kim, Y., Park, N.: Customizing Data Analysis Using Forensic Approach in Personalized 
RFID for Access Control of Student’s Harmful Contents. In: Park, J.J. (J.H.), Kim, J., Zou, 
D., Lee, Y.S. (eds.) ITCS & STA 2012. LNEE, vol. 180, pp. 249–256. Springer, 
Heidelberg (2012) 

26. Lee, B., Park, N.: Security Architecture of Inter VTS Exchange Format Protocol for 
Secure u-Navigation. In: Park, J.J. (J.H.), Jeong, Y.-S., Park, S.O., Chen, H.-C. (eds.) 
EMC Technology and Service. LNEE, vol. 181, pp. 229–236. Springer, Heidelberg (2012) 

27. Lee, J., Bang, H., Park, N.: Design of Mobile NFC Extension Protocol for Various 
Ubiquitous Sensor Network Environments. In: Yeo, S.-S., Pan, Y., Lee, Y.S., Chang, H.B. 
(eds.) Computer Science and its Applications. LNEE, vol. 203, pp. 715–722. Springer, 
Heidelberg (2012) 

28. Lee, J.W., Kim, G., Park, N.: A Study on the Learner Participation Interaction for Multi-
modality Integration for Smart Devices. In: Kim, T.-H., Stoica, A., Fang, W.-C., 
Vasilakos, T., Villalba, J.G., Arnett, K.P., Khan, M.K., Kang, B.-H. (eds.) SecTech, CA, 
CES3 2012. CCIS, vol. 339, pp. 139–143. Springer, Heidelberg (2012) 

29. Lee, J., Park, N.: Encryption Scheme Supporting Range Queries on Encrypted Privacy 
Databases in Big Data Service Era. In: Yeo, S.-S., Pan, Y., Lee, Y.S., Chang, H.B. (eds.) 
Computer Science and its Applications. LNEE, vol. 203, pp. 739–746. Springer, 
Heidelberg (2012) 



 

James J. (Jong Hyuk) Park et al. (eds.), Mobile, Ubiquitous, and Intelligent Computing,  
Lecture Notes in Electrical Engineering 274,  

131

DOI: 10.1007/978-3-642-40675-1_21, © Springer-Verlag Berlin Heidelberg 2014 
 

Specification of Train Control Systems Using  
Formal Methods 

Bingqing Xu1 and Lichen Zhang2,* 

1 Software Engineering Institute, East China Normal University, 200062 Shanghai, China 
xbqjoya@gmail.com 

2 Faculty of Software Engineering Institute, East China Normal University, 
Shanghai 200062, Shanghai, China 
zhanglichen1962@163.com 

Abstract. Just as what the public pursue, we need a much safer railway system 
with a higher level of automation in control. To achieve this goal, the author 
aims to specify the Train Control System by formal methods which can specify 
the communication of various processes in the system clearly. This paper  
applies Timed-CSP which concerns the time-delay to the specification of the 
control flow and communication among flows in Train Control System, and 
specifies the state and data change by Object-Z. By Timed-CSP and Object-Z, 
the specification of a simplified Train Control System especially the time  
constraints is more concrete. 

Keywords: Timed-CSP, Object-Z, specification, control and sensor. 

1 Introduction 

Complicated system such as train control system is a system with many complex 
behavioural aspects. With help of formal methods, we now find a way to construct a 
detailed specification of each aspect and the link mechanism among various aspects. 
While a communication mechanism is not enough to describe both the state change 
and data change in the system. Concerning the time characteristics in the system, 
Timed-CSP contains new notations which can specify the system with time 
constraints better. In addition, Object-Z is ideal for analysis in data changes. 

1.1 CSP 

Communicating Sequential Processes (CSP) is a formal language for describing patterns 
of interaction in concurrent systems. And it is a mathematical theories which is known 
as process algebras. In 1978, it is first described by C. A. R. Hoare. CSP has been 
applied in industry as a tool for specifying and verifying the concurrent aspects of a 
variety of different systems. Its syntax is as below, detailed explanation is in [1-2]. 
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Abstract. Cyber Physical Systems are in charge of the control of physical 
processes characterized by their own dynamics. This control must comply with 
timing constraints - sometimes stringent ones- imposed by the Cyber Physical 
Systems. It is crucial to address these timing issues as early as possible in  
the development process to detect inconsistencies in the requirements or in the 
constraints and to capture changes in the system. This paper aims to apply  
the clock theory to the specification of Cyber Physical Systems. To illustrate the 
concept we develop a well-known case study: the Steam Boiler Control System. 

Keywords: Cyber Physical Systems, continuous·discrete, clock theory,·time 
analysis. 

1 Introduction 

In Cyber Physical systems [1-3], time constraints [4] are vital elements which 
influence the description of physical process and control procedure. Cyber Physical 
Systems are newly defined dynamic systems which exhibit both continuous and 
discrete dynamic behaviour. For all those discrete control events and continuous time 
flows, the bilateral interaction between them remains. Therefore, time constraint 
becomes a crucial part for a formal description as it describes the mechanism of the 
link rule between discrete events and continuous time flows. This paper aims to 
consider the timing issues in Cyber Physical Systems and give a formal specification 
of time in Cyber Physical Systems by a case study. In order to guarantee the 
consistency of time constraints, this paper would prefer to apply the unified clock 
which is put forward in clock theory to the specification of the cyber physical 
systems. 

The already existing methods for specification of system are various and each has 
its own merits, but the specification of interaction among subsystems is not so 
complete. Clock theory[5] has a detailed specification on time, description of dynamic  
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operations of continuous world, and each event is combined with a clock which  
describes its time constraint. Leeb and many other researchers have done lots of work 
on the specification of steam boiler control system [6], and clock theory is ideal for 
specification of the system which requires continuous steam boiler and discrete 
controller as well. 

2 Clock Theory 

Clock theory [5] puts forward the possibility to record, describe, and analyze events in 
physical world with a clock. Thus time description is clearer in every event and the 
theory sets up a better link between continuous world and discrete world. 

Definition 1. A clock c is an increasing sequence of real numbers, c[1] stands for the 
first element of c. We define its low and high rates by: ∆( ) =  {( [ + 1] − [ ])│ ∈ }               (1) ∇(c) =  sup {(c[i + 1] − c[i])|i ∈ Nat}                (2) 

Definition 2 (Partial Order in Clock). If c runs faster than d. For all i ∈  Nat, c[i] ≤d[i]. Then relation of c and d can be denoted by: 

   c ≼ d                (3) 

Definition 3. Let c and d be clocks. We define the transition latency between the two 
clocks as 

ρ(c, d) = sup {| [ ] − [ ]|| ∈ }                       (4) 

Definition 4. Some dynamic features of continuous variable can be described better 
as follows. climb(u,r) is introduced to describe the time instants when the value of u 
rises up to r. drop(u,r) is introduced to describe the time instants when the value of u 
falls below r. 

Definition 5. (Linking Mechanism). Here c is a clock with c[1]>0, and X0 is an initial 
value. We assign the value of continuous variable u to discrete variable x at the every 
instant of clock c. x = u every c init                                (5) 

In differential equation, u is a continuous variable, u0 is an initial value, and f is an 
expression. (u = f)  ( u(0) = u ) is the relation between u and f, then u =                                         (6) 

Let e be an event. clock(e) denotes the clock that records the time instants when e 
occurs. And clock(event(c)) denotes the time instants that the event takes place at 
every time instant c[i]. 
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3 Case Study: Steam Boiler Control System 

As Figure 1 shows, the steam boiler control system [6] consists of two parts. One is 
the steam boiler which acts continuously, and the other is the discrete control part 
which gives the command when it receives messages from sensors. To steam boiler, it 
has got limits of water level such as minimal water level and maximal water level, 
and the water level influences the steam rate directly since little water cannot produce 
steam and too much water is likely to break the limit of steam rate and causes 
dangers. Furthermore, sensor collects the information of water level and steam rate, 
and then transfers the message to the controller. To the controller, it gives discrete 
commands to change the quantity of pumps so as to control the water volume and 
steam rate, and it has got some commands to reply the sensor fault and instrument 
fault. In addition, this paper only focuses on the basic steam boiler control system, but 
cannot tolerate the changes such as container volume expansion which is caused by 
heat etc. All the parameters are listed in Table 1. 

 

Fig. 1. Steam boiler control system 

Table 1. Parameter list for Steam boiler control system 

Parameter Value 

vp current speed of water 

vs current speed of steam 

Vw 

e 

z 

M1 

M2 

C 

W 

current volume of water  

volume of incoming water 

volume change of water 

minimal volume of water 

maximal volume of water 

capacity of steam boiler 

limit of steam rate 

 
To guarantee the safety of the control system, the specification should obey the 

next two rules. The current steam rate is always less than the highest rate W and the 
maximal volume of water cannot exceed the capacity of the steam boiler. 
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0 < <  0 < < <  
First of all, we consider the water level; e is the continuous variable which denotes 

the volume of incoming water; minus_pump and add_pump are events which 
control the quantity of pumps in order to adjust the steam rate. As the water volume is 
approaching the maximum, the controller is ready to make some pumps to stop, and 
the two events have time difference and sequence. climb(e, − z) ≼ clock(minus_pump) ρ(climb(e, − z), clock(minus_pump)) ≤ z/  drop(e, + z) ≼ clock(add_pump) ρ(drop(e, + z), clock(add_pump)) ≤ z/  z ≤ min ( − , − )/2 

Since the water level can influence the steam rate, the following relationship is 
similar. clock(minus_pump) ≼ clock(low_steam) ρ(clock( _pump), clock(low_steam)) ≤ z/  clock(add_pump) ≼ clock(high_steam) ρ(clock(add_pump), clock(high_steam)) ≤ z/  

And it is vital that some couples of events in the equations above have noninter- 
ference. clock(add_pump)[1] > 0 clock(add_pump) ≼ clock(minus_pump) ≼ clock(add_pump)′ clock( _ ) ∧ clock(minus_pump) = ∅ clock(high_steam) ∧ clock(low_steam) = ∅ 

There are also some timing issues in the system, since sensor and controller all 
need time to transfer the message and command. sensor_delay and control_delay 
denote the time consumed to transfer information. clock(ℎ ℎ ) ≼ clock sensor ≼ clock minus                                                ≼ clock(control_delay) ≼ clock(low_steam)  clock( ow ) ≼ clock sensor ≼ clock add≼ clock(control_delay) ≼ clock(high_steam) 

 
And no matter which part meets problem, the controller is fault-tolerant. 
 (clock(sensor_error) ∨ clock(pump_error)) ≼ clock(control_stop)≼ clock(SYSTEM_STOP) 

In the equations, e denotes continuous speed change, and vp denotes discrete speed 
at each clock unit. The continuous variable and discrete variable can be linked as  
below: =    =      
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4 Related Work 

The UML profile for Modeling and Analysis of Real-Time and Embedded systems 
(Marte) has been adopted by the OMG earlier this year [7]. And Marte supersedes the 
UML Profile for Schedulability, Performance and Time (SPT) and extends the mainly 
untimed UML with several new constructs [8]. The Clock Constraint Specification 
Language (CCSL) [9] defines a set of time patterns between clocks that apply to 
infinitely many instant relations. A CCSL specification consists of clock declarations 
and conjunctions of clock relations between clock expressions. A clock expression 
defines a set of new clocks from existing ones. Most expressions deterministically 
define one single clock. In the paper of Lamport, concept of "happening before" 
defines an invariant partial order of the events in a distributed multiprocess system 
[10]. Since clocks range over the nonnegative reals, every nontrivial timed automaton 
has infinitely many states. If the clocks of a finitary real-time system are permitted to 
drift with constant, rational drift bounds, one obtains a finitary drifting-clock system. 
The representation of a closed finitary drifting-clock system as a graph annotated with 
constraints on drifting clocks is called an initialized rectangular automaton [11].  

5 Conclusion 

This paper applies a formal method called clock theory to the steam boiler control 
system, and describes the link between control events and continuous physical 
changes. For the specification of Cyber Physical Systems, it is tough to capture the 
dynamic change between discrete events and continuous time flows, so is the 
synchronization of all the subsystems in the whole system. Using clock to specify 
CPS can give more detailed description of every subsystem and more considerate 
observation of the time line and sequence of every event.  
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Abstract. The prevalence of smart devices and the wireless Internet environment 
have enabled users to exploit environmental sensor data in a variety of fields. This 
has engendered various research issues in the development of context-awareness 
technology. In this paper, we propose a novel method where semantic web 
technology and the fuzzy concept are used to perform tasks that express and infer 
the user’s dynamic context, in distributed heterogeneous computing 
environments. The proposed method expresses environmental information using 
numerical values, and converts them into fuzzy OWL. Then, we make inferences 
based on the user context, using FiRE, a fuzzy inference engine. The suggested 
method allows us to describe user context information in heterogeneous 
environments. Because we use fuzzy concepts to represent contextual 
information, we can easily express its degree or status. 

Keywords: Context-aware computing, Fuzzy, Knowledge Representation, 
Inference, Fuzzy Web Ontology Language (OWL). 

1 Introduction 

For enhanced interaction with users in complex and distributed systems, developing 
dynamic context awareness systems becomes necessary that can recognize users, as 
well as information of the surrounding circumstances. Responding dynamically to 
changes in the application requirements, or the system itself, is also required [1]. With 
the advent of smart electronic devices, the problem of recognizing and expressing 
user context information, regardless of computer and language types, has emerged as 
an important task under the heterogeneous distributed processing system [2]. 

Since representing the environment that the user is in contact with the real world in 
crisp sets has some limitations, we introduce the fuzzy set as a more suitable means of 
representing the degree or status of the environment, than the crisp set [3]. For this 
purpose, we have chosen to use fuzzy Web Ontology Language (OWL) [4], a fusion 
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of fuzzy concepts and the standard OWL to represent a user’s dynamic context. In 
addition, it is used for the efficient description of a user’s context, since it has the 
ability to represent the real context in a similar form to human thinking, independent 
of language and computer types, and infer new knowledge from the context data. 

This paper suggests the following method. First, we represent user contacted 
environmental information with a numerical value and states, and describe it with 
OWL. Secondly, we transform the converted OWL context into fuzzy OWL [4]. 
Finally, we prove that automatic decision making of ambient environment is possible 
when using the fuzzy inference engine FiRE [5-6].  

With the suggested method, we can describe the user context information in the 
ubiquitous computing environment. This method is effective in expressing both 
dynamic context information, and environmental status. We can also infer the user-
contacted status of the environment. It is possible to enable this system to function 
automatically in compliance with the inferred state. 

2 Related Works 

A fuzzy OWL is one of the extended markup languages to represent a fuzzy set to 
OWL, which OWL itself does not provide [4, 7]. The fuzzy OWL provides a method 
to convert OWL into fuzzy OWL, and to describe membership functions that OWL is 
not able to. A fuzzy OWL uses the namespace ‘fdl’ to differentiate it from OWL. An 
element represented as a crisp set is described using OWL. Table 1 shows four 
principles to convert OWL into fuzzy OWL. 

Table 1. Four principles to convert OWL into fuzzy OWL [4] 

No Principle 
1 Every class in OWL is mapped into a corresponding fuzzy class in fuzzy 

OWL. 
2 Every class subsumption or equivalence in OWL has a fuzzy subsumption or 

equivalence form in fuzzy OWL. 
3 Every instance of class in OWL is mapped into a fuzzy constraint with 

restriction value, 1. 
4 Every property in OWL has a primitive fuzzy property form in fuzzy OWL. 

Every instance of each property can be mapped into a fuzzy constraint with 
restriction value, 1. 

 
The fuzzy OWL defines a namespace, Fuzzy Description Logic (FDL), and fuzzy 

constraints as shown in Table 2. 
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the same manner, the value of indoor pollution between 0ppm and 50ppm is level one, 
the value of indoor pollution between 51ppm and 100ppm is level two, and so on. 

Next, we normalize the quantified data as a real number between 0 and 1. This is 
used for a weight value in the fuzzy inference formula. For instance, the fact that the 
value of air pollution is very high is more related to a fiery, dangerous situation than 
the fact that the door is open, or the TV is on. Thus, the former context has a higher 
value than the latter one. 

3.2 Context Representation 

Based on the normalized data and their relations to a situation, we describe the 
situation as fuzzy OWL. There are two steps to describe a context as fuzzy OWL. 

First, we convert factors into a context, which can be represented by a general set 
in OWL. A factor can be one of every concrete surrounding element to describe a 
situation, such as doors, TV, gas range, windows, etc. Second, we transform the OWL 
contexts into fuzzy OWL using constraints, as shown in Table 2. We specify an ‘fdl’ 
namespace to describe the context as fuzzy OWL, otherwise an ‘owl’ one. If a factor 
has an weight value x between 0 and 1, we represent the value as a property ‘fdl:value 
= x’ in fuzzy OWL, as follows. 

<fdl:Class rdf:about = “temperatureLevel” /> 
  <fdl:moreOrEquivalent fdl:value = “0.8” /> 

3.3 Context Inference 

To infer a situation based on the described fuzzy OWL, we classify each factor or 
element by its characteristics, and define a set of inference rules. If a situation 
happens at home, for example, we can classify the contexts into several classes, such 
as electronic home appliances, environmental information, family, location, and so 
on. Each class has atoms; for example, a class Family has atoms, such as father, 
mother, brother, sister, daughter, etc., and a class Environment has atoms, such as 
temperature, air pollution, and so on. 

Afterwards, we define inference rules using a conjunction operator (∧). We assume 
a home that is on fire as an example. The situation includes the facts that the level of 
temperature and air pollution is high, and whether the gas range is turned on or not. 
We define an inference rule for this fiery situation, as shown in Equation (1). 

TemperatureLevel(?k) × 0.7 ∧ AirPollutionLevel(?k) × 0.9 ∧ GasRange(?k) → 
OnFire(?k)  (1) 

In Equation (1), each value represents the weight value of each factor that occurs in 
the situation of a house on fire. Through the definition of inference rule, we can infer 
the value of context OnFire(?k) using each parameter k. The parameter k includes a 
set of properties in each area such as kitchen, living room, and bathroom. 
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4 Implementation Examples 

4.1 Context Representation 

In this section, we demonstrate a whole process where the environmental data 
received from home network sensors are represented in context. We assume that the 
following environmental data are collected, as shown in the left part of Table 3. 

Table 3. Collected environmental data, and their conversion to context data 

Collected environmental data Converted context data
home.mainWindow = closed 
home.gasRange.gas = outflow 
home.gasRange.fire = on 
home.TV = on 
home.family.daughter = in 
home.temperature = 72.3 
home.air.pollutionLevel = 8 

home.mainWindow = 0.1
home.gasRange.gas = 0.3 
home.gasRange.fire = 0.3 
home.TV = 0 
home.family.daughter = 0 
home.temperatureLevel = 0.8 
home.air.pollutionLevel = 0.9 

 
The data describe that gas is flowing out from a gas range, the indoor temperature 

is high enough, and the level of indoor pollution is high. We can regard this situation 
as the scene of a fire. Therefore, we convert these environmental context data into real 
number values between 0 and 1 with a heuristic method before expressing them using 
the OWL, as described in the right part of Table 3. 

We then represent context information in the form of fuzzy OWL, based on the 
conversion rules proposed in [4]. Fig. 2 shows the fuzzy OWL context representation 
of the collected environmental context data. If we use fuzzy sets with weighted values 
between 0 and 1, we can describe the weighted value of fdl:value = “0.9”, as shown in 
the middle of Fig. 2. 

 

Fig. 2. Fuzzy OWL-based context representation 
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4.2 Contextual Inference 

We use an inference engine called FiRE to infer the user context and its corresponding 
services. The FiRE is based on Fuzzy Description Logic, and f-SHIN [8] provides 
sufficient grammars to use Description Logic [9], as shown in Table 4. 

Table 4. Examples of Inference rules 

Inference Rule #1: 
OnFire(?k) 

temperatureLevel(?k) × 0.7 ∧ AirPollutionLevel(?k) × 0.9 ∧ 
GasRange(?k) → OnFire(?k)

Inference Rule #2: 
Danger(?k, ?f)

OnFire(?k) × 0.5 ⋀ Home(?k, ?f) → Danger(?k, ?f)

 
In order to utilize the FiRE, we describe declarations of atomic-concept rules, an 

axiom, and an ABox. In Table 5, a part of ‘atomic-concepts’ represents an enumeration 
of each element in a set, and ‘roles’ describe the relationships between individuals. 
Table 6 specifies the axioms to demonstrate how it infers a situation where a fire broke 
out in the FiRE. Table 7 shows a defined ABox, which describes the converted values 
using fuzzy OWL. The values can be used by the FiRE. 

Fig. 3 shows the inference results for ‘Home Danger’ obtained from Table 7. The 
output value 0.8 means the degree of danger is 0.8 for the given situation in Table 7. 

Table 5. Atomic-concepts rules and individuals 

(signature 
:atomic-concepts (person mother father 
daughter 
Temperature AirPollution gasRange) 
:roles ((has-gender :transitive t) 

 (has-descendant :inverse t) 
  (has-child :inverse has-descendant) 
  (has-sibling) (has-degree)) 
:individuals (home)) 

Table 6. Axioms 

(implies person (and human (some has-gender (or female male))))
(equivalent daughter (and woman (some has-sibling person))) 
(equivalent OnFire (and Temperature airPollution GasRange)) 
(equivalent Danger (and OnFire (some inHome person)))

Table 7. An example of an ABox 

(instance Home temperatureLevel >= 0.8)
(instance Home airPollutionLevel >= 0.9)

(instance Home GasRange >= 1.0) 
(related Home daughter inHome) 

 
Fig. 3. Query result for ‘Home Danger’ 



 An Intelligent Dynamic Context-Aware System Using Fuzzy Semantic Language 149 

5 Conclusions and Future Works 

In this paper, we expressed user context information using a fuzzy extended language 
version of OWL, i.e. fuzzy OWL. Fuzzy OWL is suitable for expressing the user 
context necessary in a ubiquitous computing environment, while it also provides a 
basis for the effective representation of crisp sets and fuzzy sets.  

The method proposed in this paper uses an ontology language in a ubiquitous 
computing environment to describe user’s dynamic context information, independent 
of computer types and languages. Using the fuzzy concept, we can express problems 
and contexts in the real world, which are difficult to represent using the binary values 
of 0 and 1. We also provide a foundation for making further inferences in real world 
situations. When constructing an intelligent context awareness system with user 
context information, the result may vary depending on how we apply and implement 
the inference rules in the knowledge base.  

In future, we will provide more examples of real world applications, and 
implement an inference system using the fuzzy ontology that we have created. Using 
our complete inference system, we can construct an intelligent dynamic context 
awareness system for different types of languages and computers. 
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Abstract. In order to reduce r the energy consumption of sensors, we present an 
approximate data gathering technique, called CMOS, based on the Kalman 
filter. The goal of CMOS is to efficiently obtain the sensor readings within a 
certain error bound. In our approach, spatially close sensors are grouped as a 
cluster. Since a cluster header generates approximate readings of member 
nodes, a user query can be answered efficiently using the cluster headers. Our 
simulation results with synthetic data demonstrate the efficiency and accuracy 
of our proposed technique. 

Keywords: sensor network, data monitoring, Kalman filter. 

1 Introduction 

Energy preservation is a major research issue in the sensor network field since it 
directly impacts the lifetime of a network [5, 4, 7]. Thus, to reduce the 
communication overhead, in-network approximation techniques [2, 4, 6] have been 
proposed.  

Generally, in approximate techniques, each sensor estimates a sensor reading v as 
^v. If the difference of ^v and the actual reading v is greater than a user specific 
threshold ϵ (i.e., |^v−v| > ϵ), each sensor transmits v to the base station. In the base 
station, a mirror model is maintained to predict a sensor reading of each sensor. Thus, 
if a sensor node does not send a sensor reading, the base station obtains an 
approximated sensor reading using the mirror model. For most techniques of this 
approach, each sensor estimates its reading independently. A sensor’s neighbor refers 
to any other sensor that is within its communication distance. In the sensor field, the 
spatial correlations such that the change patterns of two neighbors’ sensor readings 
are the same or similar occur. Therefore, in this paper, we propose CMOS, a Cluster 
based MOnitoring technique for Sensor networks utilizing the spatial correlation. To 
estimate sensor readings, CMOS utilizes the Kalman filter which requires the 
previously predicted future value and the current measure value to predict a future 
value. 
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2 Related Work 

Most applications of sensor networks do not require highly accurate data. Therefore, 
some approximated data gathering techniques were introduced. To estimate sensor 
readings, Tulone and Madden devised PAQ [8] based on an autoregressive model 
(AR). Particularly, in [8], a dynamic AR(3) model is used in which a future reading is 
predicted using recent three readings with the following equation, X(t) = αX(t − 1) + 
βX(t −2) + γX(t − 3) + b(ω)N(0,1) , where b(ω)N(0,1) represents the Gaussian white 
noise of zero mean and standard deviation b(ω). But, PAQ requires a long learning 
phase to build the proper coefficients α, β, and γ of AR(3) model. 

Jain et al. suggested Dual Kalman Filter [2] which is based on the Kalman filter. In 
addition, recently, Min and Chung proposed EDGES [6] based on a variant of 
theKalman filter, i.e., multi-model Kalman filter. In these approaches, each sensor 
estimates its readings independently with its own model.  

Unlike the other techniques (PAQ, the Dual Kalman filter, and EDGES), we 
consider the spatial correlations such that the change patterns of sensor readings of the 
neighbor sensors are the same or similar. To utilize this correlation, in our work, 
sensors in WSN are grouped as a cluster and each sensor has several Kalman filters 
each of which serves a different purpose (see details in Section 4).  

In [4], the snapshot query approach was introduced. In this work, nodes can 
coordinate with their neighbors and elect a small set of representative nodes among 
themselves. In order to maintain the representative nodes, the authors assume that 
each node knows the values of its neighbors. For this, sensors periodically broadcast 
their readings to their neighbors as heartbeat messages. It wastes lots of energy since 
each node should receive the data of its neighbors. Also, since a representative node 
does not know its non-representative nodes’ data values within an interval of the non-
representatives’ periodic data sending, the error bound cannot be guaranteed. 

3 Preliminary 

The Kalman filter [3] consists of mathematical equations that estimate the internal 
states of a system using a predicate-corrector type estimator as shown in Figure 1.  

In the Kalman filter, the system model is represented by the following equations. 

xk = Fxk-1 + wk-1                              (1) 

zk = Hxk + vk                                (2) 

Equation (1) represents a process model that shows the transformation of the 
process state. Let xk ∈ ℜn be the state of a process. F is the n × n state transition 
matrix relating the state xk and xk-1. Equation (2) represents a measurement model that 
describes the relationship between the process state and the measurement zk ∈ ℜm. 
H is the m × n matrix relating the state to the measurement. wk ∈ ℜn and vk ∈ ℜm 
represent the process noise and measurement noise, respectively.  
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Fig. 1. Recursive cycle of the Kalman filter 

To estimate the process state x, the Kalman filter uses the estimators ˆxk and ˆx-k. 
ˆxk is called a posteriori state estimate at time k given measurement zk. And ˆx-k is 
called a priori state estimate at time k using a previously estimated posterior state ˆxk-1. 
ˆx-k and ˆxk are computed by the following equations: 

ˆx-k = F ˆxk-1                                      (3) 

ˆxk = ˆx-k + Kk(zk − H ˆx-k)                        (4) 

In the discrete Kalman filter, by using the equation (3), the prediction of a future 
value is conducted. And, by using the equation (4), the correction of an estimated 
value (i.e., measurement update) is performed. In equation (4), the n × m matrix Kk is 
called Kalman gain. As presented in the above equations, the Kalman filter does not 
store the previous data set nor reprocess stored data if a new measurement becomes 
available. In other words, to predict a future value at time k, the Kalman filter only 
requires the previously predicted future value at time k−1 and a measurement value at 
time k [6]. 

4 CMOS 

In CMOS, sensor nodes in a network are grouped into clusters and each cluster elects 
a cluster header. A cluster header communicates with the base station through multi-
hop routing. The maximum distance between a cluster header and its member nodes is 
c (i.e., a hop distance). Since member nodes and the respective cluster header are 
located closely, the spatial correlation such that the changing patterns of sensor 
readings of the neighbor sensors are the same or similar occurs. 

As mentioned earlier, CMOS estimates sensor readings using the Kalman filter. 
For the data model of the Kalman filter, we use the uniform velocity model. In 
CMOS, xk = [vk, rk]

T is used as a process state where vk is a value and rk is the rate of 
change (i.e., velocity) of vk. Under the uniform velocity model, vk = vk-1 + rk-1∆t and rk 
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= rk-1 where ∆t is an elapse time between k and k − 1. Thus, we make a state transition 
matrix F as follows:         

             F =   1  ∆t 
0   1  

Then, let the measurement of a value (i.e., the actual value) be zk ∈ ℜ. The state 
measurement matrix H is represented as follows: H =[1 0] 

In CMOS, a cluster header CH estimates its reading vch based on the process model 
and measurement model (i.e., F and H). If the difference of the actual value vch and 
the estimate value ˆvch is greater than ϵ (i.e., |vch − ˆvch| > ϵ), CH will report vch to the 
base station. Otherwise, the base station can obtain ˆvch as a report value using the 
Kalman filter KFCH for CH. A member node mi maintains the difference dmi between 
its reading vmi and the cluster header’s report value vchrep (i.e., dmi = vmi − vchrep ) using 
the Kalman filter KFdmi under the uniform velocity model. As mentioned above, the 
cluster header CH estimates vch as ˆvch. Thus, in a member node, the cluster header’s 
report value vchrep is ˆvch if the cluster header does not broadcast vch (i.e.,|vch − ˆvch| <= ϵ ). Otherwise,vchrep is vch. 

 

Fig. 2. An architecture of a cluster 

The basic architecture of a cluster in CMOS is presented in Figure 2. As shown in 
Figure 2, CH has the Kalman filter KFCH in order to estimate its reading vch. Each 
member node has the mirror KFCH represented as a dotted circle in Figure 2.  

Each member node mi also has the Kalman filter KFdmi in order to estimate the 
difference dmi of its own reading and CH’s reading. CH has the mirror KFdmi  s for its 
member nodes. In addition, the base station keeps the information of the clusters 
including the Kalman filters for cluster headers and their members. Thus, the base 
station can estimate properly sensor readings which are measured in a cluster 
properly. 
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5 Performance Study 

In this section, we demonstrate the efficiency of our proposed method, CMOS. We 
perform simulations to compare the performance of CMOS with snapshot approach 
(SS) [4], PAQ [8], Dual Kalman filter (DKF) [2] and EDGES [6] on the synthetic 
data. The sensor network consists of 100 and 500 sensors, randomly located in the 

[0,100) × [0,100) two dimensional-sensing field. In addition, we locate the base 

station at the center of the sensing field for all data sets. The communication distance 
c on the synthetic data is 20 or 10. To measure the energy consumption in diverse 
environments, we use three error bounds (ϵ), 0.2, 0.1, and 0.05. 

For the synthetic data, we make the Wave data set. For the Wave data set, we 
assign a value in the range [0.0... 50.0] to a location in the [0, 100) space using the 
SIN function. We set the values to the two-dimensional space using the assigned 
values, where locations with the same x-coordinates have the same value. Then, we 
simulate the wave passing as the vertical shift from left to right. 

 

 

Fig. 3. Average energy consumption on Wave data 

Figure 3 shows the energy consumption on the Wave data, averaged over sensors. 
Generally, as the error bound increases, the energy consumption decreases since the 
number of data transmissions decreases. As shown in Figure 3, DKF and EDGES 
show similar performances. CMOS shows the best performance over all cases. This 
result indicates that our approximate data monitoring technique based on spatial 
correlation is effective over all cases. In addition, as shown in Figure 3-(a) and (b), 
when the number of sensor nodes increases, the performance gap between PAQ and 
CMOS increases. This results show that CMOS is more scalable than PAQ. 

6 Conclusion 

In this paper, we propose an efficient cluster based monitoring technique called 
CMOS. In CMOS, sensors in networks are grouped into clusters. The cluster header 
in a cluster predicts its reading and member nodes predict the differences of their 
readings and the cluster header’s reading using the Kalman filters. Since each node 
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keeps the mirror Kalman filter for the counterpart, a cluster header (member) node 
can estimate the reading of a member (header) without data transmission. 
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Abstract. It is anticipated that high-performance handheld multi-core devices 
will be used as WSN processing nodes in the near future. Reducing execution 
time by deploying parallel applications on multi-core platforms comes at the 
cost of increasing power consumption compared to using fewer cores. This pa-
per focuses on such tradeoff between power consumption and execution time 
and subsequently achieves maximal energy saving when executing applications 
in parallel. Based on the experiments on a multi-core platform, we can verify 
that parallel execution with frequency scaling is an effective approach at the 
application level in order to reduce energy consumption.  

Keywords: multi-core platform, energy saving, parallel application. 

1 Introduction 

With the advances made in multi-core technology, multiprocessing techniques at the 
system software level have been used in order to reduce energy consumption [1]. 
However, it has been rarely reported that parallel processing techniques at the applica-
tion level can reduce the application energy consumption. Since a multi-core micro-
processor has been widely generalized in the mobile handheld devices [2], we need to 
verify whether or not parallel processing on multi-core based mobile platforms is an 
effective way for energy saving. 

Traditionally, parallel processing has been widely used to reduce the application 
execution time [3,4]. However, since using more cores causes higher power consump-
tion compared to using fewer cores, it is important to quantitatively evaluate the 
tradeoff between execution time and power consumption of parallelized applications.  

The previous studies such as [5,6], conducted by the computer architecture com-
munity were targeted for designing general-purpose processors which can be applied 
to several applications. That is, processor vendors provide several levels of frequency 
settings and several numbers of cores, and it is a user’s role to determine the optimal 
configuration for his/her application. Accordingly, it is a possible way to reduce the 
power consumption by controlling the frequency and the number of cores based on 
commercial multi-cores platforms. 

In this paper, we first evaluate the machine characteristics (i.e., the growth rate of 
power consumption with the increased number of cores and with the increased  
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frequency as well) for given multi-core platform. Then, we derive the condition for 
energy saving with parallel processing by analyzing the application characteristics 
(i.e., the fraction of sequential work and the parallelization overhead). Based on the 
experimental results, we confirmed that the combined technique of parallel processing 
and frequency scaling can significantly reduce (by up to 60%) the energy consump-
tion of JPEG encoding while reducing the total encoding time, which clearly allows 
multimedia applications to satisfy their temporal constraints. 

The rest of the paper is structured as follows: Section 2 explains the proposed ap-
proach for the analysis of machine characteristics and application characteristics, and 
the optimization of system configuration. Sections 3 and 4 describe the experimental 
results and conclusions, respectively. 

2 Proposed Approach 

First, to understand the machine’s and application’s characteristics, we measured the 
power consumption, execution time, and the energy consumption of parallelized 
AES-CBC (i.e., Advanced Encryption Standard with Channing Block Cipher and 0% 
parallelism), AES-CCM (i.e., Advanced Encryption Standard with Counter with 
CBC-MAC and 50% parallelism) and AES-CTR (i.e., Advanced Encryption Standard 
with Counter 100% parallelism) [7] with the Pthread library [8] as examples of test 
applications on the Intel i7 multi-core processors. The AES-CTR problem has no data 
dependency and is easily parallelized. In contrast, AES-CCM has 50% data depend-
ency, and AES-CBC has 100% data dependency. According to Amdahl’s law, the 
maximum speedup (with a 4-core processor) of AES-CTR and AES-CCM are 4 and 
2, respectively.  

Fig. 1 and Fig. 2 show the power consumption and execution time of the test appli-
cations with 0%, 50%, 100% parallelism on multi-core processors, with various fre-
quencies and numbers of cores. The power consumption, the execution time were 
normalized based on the case with a single core and maximum frequency. As shown 
in Fig. 1, if an application’s parallelism is more than 0, the power consumption in-
creased with increased number of cores. In contrast, the power consumption increased 
with increased frequency regardless of application’s parallelism.  

 
Fig. 1. Normalized power consumption with different frequency and number of cores 
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Fig. 2. Normalized execution time with different frequency and number of cores 

Although an application with less parallelism requires less power consumption, it 
may consume more energy due to greater execution time. Fig. 2 shows the execution 
time of AES-CBC, AES-CCM, and AES-CTR on 1, 2, 3, and 4 cores. AES-CBC (0% 
parallelism) can be performed with increased number of the cores, but both the power 
consumption and the execution time are always constant (see Fig. 1 and Fig. 2). In 
contrast, as we increase the number of cores in AES-CTR (100% parallelism), the 
execution time decreases while the power consumption increases. To improve the 
energy efficiency, we need a collective analysis of the machine and application  
characteristics. 

To collectively analyze the machine and application characteristics, we analyze the 
relationship between the application/machine and the energy consumption. The power 
consumption and the execution time depend on the characteristics of the machine and 
the application. Thus, we can represent the energy consumption E by Equation (1) 
with power consumption W and execution time T: 

 E = W × T (1) 

To analyze the power consumption and the execution time with an application’s 
parallelism, we denote the application’s parallelism as papp, where 0 ≤ papp ≤ 1.The 
application’s parallelism (i.e., papp), frequency (i.e., f), and number of cores (i.e., n) 
sensitively affect the energy consumption of a processor as shown in Fig. 3. Thus, the 
energy consumption is represented as Equation (2), where f is the frequency and n is 
the number of cores. To reduce the energy consumption, we need to set the optimal f 
and n with a prediction of the energy consumption from the given application and 
machine characteristics. 

 

Fig. 3. The relationship between application/machine characteristics and the energy consumption 
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 E(f, n, papp) = W (f, n, papp) × T(f, n, papp)                     (2) 

The commercial multi-core processor has different characteristics by the design of 
the hardware architecture. For example, in Intel’s multi-core architecture, L2 cache is 
shared by two cores. In AMD’s multi-core architecture, L2 cache is allocated per 
core. Additionally, according to the service requirement, various hardware compo-
nents(i.e., memory, hard disk, IO devices, etc.) can be configured. Since the charac-
teristics of the power consumption and execution time of the commercial multi-core 
processor depend on the design of the hardware architecture, it is difficult to general-
ize the characteristics of the power consumption and execution time. Therefore, to 
analyze the machine’s characteristics, the power consumption and execution time 
need to be measured at least once. 

The power consumption can be measured with an application having 100% paral-
lelism (i.e., AES-CTR). With an increased number of cores, the power consumption is 
also increased. We can also find that the power consumption depends on the number 
of cores. Thus, when the combination of application and machine characteristics are 
given, we can analyze the application’s parallelism. We can predict the power  
consumption by using Equation (3) with the measured results. We denote the power 
consumption of the sequential portion of the application with 1 core as Wsequential(f, 1) 
and the power consumption of the parallel portion of the application with n cores 
Wparallel (f, n). Note that, W is average watt during the execution time. 

 W(f, n, papp) ≈ Wsequential(f, 1)×(1-papp) + Wparallel(f, n)×(papp) (3) 

The parallelism is also application dependent and the speedup can vary greatly even 
for different versions of the same software. Therefore, we analyze not only the speedup 
for parallelism of an application, but also the speedup of increased frequency. 

The total execution time (i.e., T(f, n, papp), with various numbers of cores can be 
predicted using Equation (4). Wsequential(f, 1) and Tsequential(f, 1) represent the power con-
sumption and the execution time of the sequential portion of the application, respec-
tively. We denote the execution time of the sequential portion of the application with 
1 core as Tsequential(f, 1) and the execution time of the parallel portion of the application 
with n cores Tparallel(f, n). Note that, if we denote the execution time of the parallel por-
tion of the application with 1 core as Tparallel (f, 1), then Tparallel (f, n) is not equal to Tparallel 
(f, 1)/n in a strict sense, due to the pthread overhead. However, Tparallel (f, n) can be 
approximately equal to Tparallel (f, 1)/n, with a careful parallelization: 

   T(f, n papp) ≈ Tsequential(f, 1)×(1-papp) + Tparallel(f, 1)/n ×(papp)              (4) 

In this paper, we propose a greedy approach to find the local optimal parameters for 
the energy efficiency in transmitting image/video data without compromising im-
age/video quality. Algorithm 1 shows the procedure to find the local optimal frequen-
cy f and the number of cores n by using a greedy approach. Although Algorithm 1 
provides the local optimal parameters instead of global optimal parameters, it can 
reduce the energy consumption similarly to global optimal parameters, and provide 
more fast speed than brute-force search.  
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Algorithm 1. Finding Local Optimal Machine Parameters. 

given the environment parameter 

 papp← application’s parallelism 

set the default parameters 

 f ← maximum frequency and n ← 1 core 
do { 
 calculate E(f, n, papp) 
 if (n_next is not last level) { 

 n_next ← next increased level 
 calculate E(f, n_next, papp)} 

 if (f_next is not last level) { 

 f_next← next decreased level 
 calculate E(f_next, n, papp)} 

 if (E(f, n_next, papp)<E(f, n, papp)) n←n_next 

 if (E(f_next, n, papp)<E(f, n_next, papp)) f←f_next 
} while ((E(f, n, papp)<E(f, n_next, papp) AND E(f, n, papp)<E(f_next, n, papp))  

f_opt←f and n_opt←n // found local optimal frequency and number of cores 

3 Experimental Result 

To verify our analysis, we estimated the speedup of JPEG encoding that can be used 
for battery-operated portable devices equipped with a multi-core processor. We paral-
lelized JPEG encoding and derived the optimum parameters in order to reduce the 
energy consumption. Since the fraction of sequential work (i.e., reading the input 
image) of JPEG encoding was 3%, the normalized (w.r.t. 1-thread time) execution 
times with 2, 3, 4 cores were estimated to 0.52, 0.35 and 0.27, respectively. To check 
whether these parameters can achieve the minimum energy, we parallelized JPEG 
encoding with data domain decomposition [4] using Pthread library [8]. That is, the 
whole image data was partitioned into subimages, and each subimage was assigned to 
each thread. Then, we measured the time and power consumption. Table 1 summariz-
es the experimental environments(i.e., given application and machine characteristics).  

Table 1. Platforms spec. with Intel i7 processors. 

Application  
Characteristics 

Application JPEG release version 8c 

Application parallelism 0.96 

Machine  
Characteristics 

Processor Intel i7 720QM 

Frequency range 1.0GHz~1.5GHz 

Frequency step 133MHz 

The maximum # of cores 4 
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Table 2. Estimated/Measured normalized execution time and energy consumption for JPEG 

Estimated normalized energy consumption for JPEG. 

 1064MHz 1197MHz 1329MHz 1462MHz 1596 MHz 
1 core 127% 117% 108% 99% 100% 
2 cores 74% 67% 63% 61% 65% 
3 cores 55% 51% 49% 49% 51% 
4 cores 46% 44% 43% 42% 44% 

Measured normalized energy consumption for JPEG. 

 1064MHz 1197MHz 1329MHz 1462MHz 1596 MHz 
1core  127% 117% 107% 99% 100% 

2 cores 72% 66% 61% 60% 63% 
3 cores 52% 49% 46% 47% 49% 
4 cores 42% 41% 40% 39% 41% 

 
Then, the estimated/measured energy consumptions with different frequency and 

number of cores are summarized in Table 1. Note that, the aforementioned machine 
characteristics need to be measured only once and the application characteristics can 
be estimated straight forwardly by using the Amdahl’s law. As shown in Table 1, we 
confirmed that our estimation was accurate enough to locate the appropriate parame-
ters for energy-efficient parallel processing.  

4 Conclusion 

In this paper, we proposed an analysis framework to save energy by parallelizing 
applications and executing them on multi-core platforms with frequency scaling. We 
first analyzed the machine characteristics, and then combined them to the application 
characteristics in order to derive the optimum number of threads and frequency level. 
That is, our analysis provides a practical guideline in finding an energy-efficient solu-
tion for portable devices at the application level. Experimental results show that the 
energy consumption of an application can be reduced significantly (by up to 60%) 
compared to the sequential execution with the maximum frequency. 
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Abstract. In this paper, we present a RFID reader scheduling strategy for an 
effective identification by varying coverage through power control. A RFID 
reader is incorporated into a surveillance system which tracks objects with 
visual sensors. A required separation between objects is defined to avoid group 
identification with multiple objects. In order to reduce the power consumption 
of a RFID reader, the power cost is simply modeled with object positions to 
determine the activation time and the range of a RFID reader. The power cost 
model also considers the effect of added power consumption establishing group 
identification. A RFID reader is activated when the estimated power cost for the 
current sampling time is smaller than the estimated power cost for the next 
sampling time. The simulation results demonstrate that the proposed method 
reduces the power consumption with the effective object identification. 

1 Introduction 

In recent years, a green technology to save energy has received much attention in the 
research community. A surveillance system is one of the sensor based applications 
that require to minimize unnecessary power consumption of sensors. Some 
surveillance systems has visual sensors to track objects as well as identification 
sensors to identify tracked objects [1][2][3]. In order to collaboratively use two 
different types of information, an approximated coverage of a RFID reader is shared 
between visual sensors and a RFID reader as common reference information [3]. The 
system maintains the sets of estimated positions and identifications for each coverage 
of a RFID reader. Estimated positions are identified with their identifications if the 
number of added or subtracted elements in the sets is equal to each other [4]. In order 
to check the variations of the sets, the sensors are always activated to identify objects 
even though any objects may not exist in the surveillance region. However, it is not 
trivial to minimize the power consumption of a RFID reader. The activation time 
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depends on unknown object trajectories and the activation range is affected by the 
separation issue between multiple objects. Therefore, an efficient scheduling strategy 
for a RFID reader is required to reduce the unnecessary power consumption. 

In this paper, we present a RFID reader scheduling strategy by varying coverage 
through power control. The required separation between objects is defined to check 
the possibility of single identification. The simple power cost model is presented by 
considering object positions to determine the activation time and the range of a RFID 
reader. To maximize single identifications, the power cost model also considers the 
effect of added power consumption establishing group identifications. A RFID reader 
is activated when the estimated power cost for the current sampling time is smaller 
than the estimated power cost for the next sampling time. We compare the proposed 
power control method with the minimum power consumption method and the 
maximum power consumption method in terms of the identification performance and 
the power consumption. 

2 Object Identification through Power Control 

2.1 Known Object Trajectory 

A RFID reader normally remains sleep state to reduce the power consumption when 

there are no object activities for the identification. The RFID reader is activated when 

an object and a RFID reader are at the minimum distance from each other. k
id  

denotes the Euclidean distance between RFID reader kR  and object iO  within 

maxR . When a RFID reader is activated to identify multiple objects as shown in Fig. 

1, the success of a single identification depends on the tangential distance between 

objects. ,
k
i jd  denotes the difference between the tangential distances between k

id  

and k
jd  to the center of RFID reader kR . If ,

k
i jd  is smaller than dΔ , a group 

identification can be established for objects iO  and jO . dΔ  denotes the required 

separation of the tangential distance between objects to achieve a single identification. 

To avoid group identification, a RFID reader is not activated event at the minimum 

distance when the distance between objects is smaller than or equal to dΔ . 

 

Fig. 1. Basic operation with a single RFID reader to identify multiple objects 



 Effective Object Identification through RFID Reader Power Control 167 

 

When multiple RFID readers are installed in the environment, each RFID reader is 
assigned to identify each object. The Euclidean distances for the pairs of RFID 
readers and objects are calculated, and each pair of a RFID reader and an object is 
determined by the minimum distance. If the determined pair is violated by dΔ , the 
second minimum distance is used. The RFID reader scheduling minimizes the power 
consumption but there is a possibility to delay the identification because of the 
required separation. 

2.2 Unknown Object Trajectory 

In reality, it is difficult to accurately calculate the time instant of the minimum 
distance because object trajectories are not perfectly known to the system. Hence, the 
system tries to activate a RFID reader whenever an object enters the coverage. 
Although the immediate activation of a RFID reader shortens time to identify an 
object, it increases the power consumption with the maximum coverage. 

Rmax

O1

x1(t1)

R(t3) = d1(t3)
x1(t2)

x1(t3)

x1(t4)

x1(t5)

 

Fig. 2. Identification of an object when an object trajectory is not perfectly known 

In order to reduce the power consumption, the activation time of a RFID reader is 

determined by estimating power consumption. The system estimates the power 

consumption with the distance between an object and a RFID reader every sampling 

time as shown in Fig. 2. The power consumption of a RFID reader is usually 

proportional to its activated range. ( )id t  denotes the distance between object iO  

and a RFID reader at time t. The power consumption for the next sampling time is 

calculated with the estimated position of an object with the linear trajectory model 

during the sampling period of visual sensors. ˆ ( )id t  denotes the distance to the 

estimated position at time t. By comparing ( )id t  with ˆ ( 1)id t + , the system 

determines the activation time and the range of a RFID reader. If ˆ ( 1)id t +  is 

smaller than ( )id t , the system waits for the next sampling time to use less power 

with the range of ˆ ( 1)id t + . Otherwise, the system activates a RFID reader with the 

range of ( )id t  because the smaller range is not guaranteed later. 
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Fig. 3. The delay of single object identifications by the power cost estimation using only object 
positions 

Although the scheduling of a RFID reader by searching all the cases may reduce 
the power consumption, the number of cases increases exponentially to the number of 
objects within the coverage of a RFID reader. Also, if other objects enter the coverage 
of a RFID reader at the next sampling times, the anticipated identification with the 
determined scheduling of a RFID reader may not occur. In order to efficiently 
determine the scheduling of a RFID reader for multiple objects, the power cost is 
simply estimated with the distance of the outermost position to the center of a RFID 
reader and is represented by 

 ˆ ( ) (max ( )),i
i

P t f d t=  (1) 

where ˆ ( )P t  denotes the estimated power cost at time t. When the system determines 

the distance of the outermost object, the system considers a possibility of establishing 

single identification disjointed from group identification. If the outermost position has 

a chance to establish single identification by the identification of other positions, the 

corresponding outermost position is excluded in (1). The system activates a RFID 

reader at the current sampling time only if ˆ ( )P t  is less than ˆ ( 1)P t + . However, 

objects may move out of the coverage of a RFID reader at the next sampling time 

even though ˆ( )P t  is greater than ˆ ( 1)P t + . If any estimated distances ˆ ( 1)id t +  

are greater than maxR , the system activates a RFID reader at the current sampling 

time to identify objects as much as possible. Once it is determined to activate a RFID 

reader with its outermost position, the system also determines the order of the range 

according to the increasing order of ( )id t  to the outermost position. If multiple 

distances are in relation to group identification within dΔ , the farthest distance 

among them is selected. 

However, the power cost estimation with only the distance of the outermost 

position may delay single identification. For example, when two objects are in the 

coverage of a RFID reader as shown in Fig. 3, max ( )i id t  is greater than 
ˆmax ( 1)i id t +  but 1,2 ( )d t  is greater than dΔ  and 1,2

ˆ ( 1)d t +  is smaller than 
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dΔ . According to the power estimation with the outermost position, the system waits 

for the next sampling time. Then, at the next sampling time, the system activates a 

RFID reader with the range of max ( 1)i id t +  but establishes group identification. 
In order to avoid delaying single identification, the power cost model considers the 

effect of group identification by 

 ˆ ( ) (max ( )),n i
i

P t f d tα= ⋅  (2) 

where nα  denotes the weight factor for establishing identification with n positions 

with the outermost position. n = 1 indicates single identification and n > 1 indicates 

group identification for n objects. ( 1)n nα >  is set to be larger than 1α  because 

group identification is required to activate a RFID reader later to establish single 
identification.  

3 Simulation 

Fig. 4 shows the comparison simulation with three methods to identify three objects 
with a single RFID reader. The first method is the minimum power consumption 
method to schedule of a RFID reader under the assumption that object trajectories are 
completely known to the system. The second method is the maximum power 
consumption method to activate a RFID reader as soon as possible for entering 
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Fig. 4. Comparison simulation of a single RFID reader to identify three objects 
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objects under the assumption that object trajectories are unknown. The third method is 
the proposed power control by using the weighted power cost model. RFID reader 

1R  is placed at (10m, 10m) with the maximum range 5m. The sampling period of 

object trajectories is set to be 0.5sec and dΔ  is set to be 0.2m. nα  is simply set 

to the number of identified positions as a group and one for single 
identification. The initial positions of objects are (1m, 1m), (3m, 19m) and 
(19.5m, 5m) respectively. Fig. 4 (a), Fig. 4 (b) and Fig. 4 (c) show that objects are 
identified at different sampling times by the three different methods respectively. 
When object trajectories are known, the RFID reader is activated when objects are at 
the minimum distance to the RFID reader. Although it uses the minimum power, it 
takes longer time to identify objects as shown in Fig. 4(a) and Fig. 4(d). On the other 
hand, when object trajectories are unknown, the RFID reader is activated whenever it 
has a chance to identify objects. It shortens time to identify objects but increases the 
power consumption because of the long range activation as shown in Fig. 4(b) and 
Fig. 4(e). Fig. 4(c) and Fig. 4(f) demonstrates that objects are identified faster than the 
first method with the less power consumption than the second method. 
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Fig. 5. The comparison simulations as varying the number of RFID readers and objects 

( )N O  denotes the number of objects and ( )N R  denotes the number of RFID readers 

Fig. 5 shows the simulation results to compare the performance of the three 

methods as varying the number of RFID readers and objects. 1R  and 2R  are 
placed at (5m, 10m) and (15m, 10m) with the maximum range 4m. The initial 

positions of other objects 4O , 5O , 6O  and 7O  are (19.5m, 15m), (20m, 10m), 



 Effective Object Identification through RFID Reader Power Control 171 

 

(18m, 2m) and (20m, 8.5m) respectively. The average identification rate includes 
group identification as well as single identification, and the power consumption is 
calculated by simply summing the squared range of a RFID reader. With the first and 
second method, as the number of objects increases, it takes longer time to identify 
objects because it is difficult to satisfy dΔ . The average identification rate with the 
first method is more affected by the number of objects because it needs to satisfy both 

dΔ  and the minimum distance condition. On the other hand, with the second 
method, objects are identified much faster but the power consumption is much higher 
than the first method. The proposed power control shows the better identification 
performance than the first method and the less power consumption than the second 
method. 

4 Conclusion 

In this paper, we present the RFID reader scheduling method for the effective object 
identification by varying coverage through power control. The required separation 
between the object positions is defined to check the possibility of single identification. 
The simple power cost model is presented with the outermost position of objects and 
is also weighted by the expected group identification. A RFID reader is activated 
when the estimated power cost for the current sampling time is smaller than the 
estimated power cost for the next sampling time. The simulation results show that the 
proposed method reduces the power consumption with the effective object 
identification.  
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Abstract. Many engineering disciplines have become reliant on WSNs in order 
to detect and track certain events of interest by monitoring various variables, 
through a number of specially distributed wireless sensors. Due to resource 
constraints of sensor hardware, traditional WSN applications involved exchang-
ing an excessive amount of data, usually in an offline mode, between sensor 
nodes and a central unit, in order to apply computational analysis on the cap-
tured data.  New sensor devices however, are equipped with more powerful re-
sources and capable of running multiple concurrent processing, and applying 
computational data analysis can be implemented online and often in a distribut-
ed fashion.  In this paper we will investigate the application of market-based 
algorithms for energy management, tasks allocation and resource coordination 
in WSNs with multiple concurrent applications. We will also propose a number 
of algorithms for calculating costs and utilities for multi-paradigm application 
requirements. 

Keywords: Market-based, Auction-based, WSN, Sensor, Utility, Sensomax, 
Concurrency. 

1 Introduction 

Wireless Sensor Networks have gained increasing attention in many fields including 
monitoring buildings and other structures, healthcare, military, and recording envi-
ronmental conditions. Every WSN consists of a number of sensor devices (nodes) 
with wireless communication capabilities, which are distributed across an environ-
ment, to detect and track changes in the variables of interest. The node devices suffer 
from a number of hardware constraints such as limited energy sources, processor-
power and memory-space. WSNs often need to operate unsupervised for long periods 
of time in remote environments where physical access is very limited or impossible. 
Every sensor node comes integrated with a software component that regulates access 
to on-board hardware resources and manages communications with other network 
devices whist maintaining a reasonable energy level in order to prolong network lon-
gevity. This software component is often referred to as Middleware. In centralized 
networks, the administrative role of the middleware is very minimal because it only 
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takes charge of the inner-node processing and communicating the results/commands 
with a central unit. In distributed networks however, other nodes’ current states and 
properties, as well as the overall network energy requirements, all need to be taken 
into account before making any decision. Traditional sensor networks mostly in-
volved serialized actions, which needed to be executed sequentially. On one hand, 
that was due to resource-constraints of WSNs hardware in general; and on the other 
hand, WSN applications were not advanced enough and therefore required less so-
phisticated computational data processing. By parallelizing computational tasks 
across a WSN, problems associated with power efficiency, data loss, and finite  
communication ranges will be minimized while providing a framework for the  
autonomous, in-network processing of sensor data [6]. There are various methods to 
facilitate autonomous and efficient parallelization in WSNs including approaches 
based on game theory, statistical analysis, and market-based techniques. 

Market-based techniques attempt to envision the network as an auction where a 
computational task is offered as a product for sale by the end-user. A number of sen-
sor nodes, modeled as buyers, state their interest for the offered product by declaring 
their bidding price to the seller. The bidding price given by the buyers are calculated 
in proportion to a number of factors such as the amount of energy, processing and 
memory required to execute the task. Each node, based on its currently available re-
sources may calculate a different cost for executing a task. The nature of cost estima-
tion is very dynamic as every node may offer a different price for the same task at 
different instances, since the state of every node is constantly changing according to 
its remaining energy and its running tasks. The distributed nature of market-based 
techniques makes them suitable to induce localized in-network, in-cluster and in-node 
autonomies in WSNs; and the lack of centralized control means there is not a single 
point of failure.  

Sensomax is an agent-based middleware, which has been developed in Java and is 
capable of running multiple concurrent applications in a decentralized and multi-
paradigm mechanism. Sensomax was originally developed in Java ME to run on a 
network of Sun Spot devices [10]. However it was later converted into Java SE and 
SE-embedded to interoperate on various Java-enabled devices including PCs and 
Raspberry Pi [11]. As an object-oriented WSN middleware, Sensomax features a 
number of unique functionalities, as a result of exploiting core Java APIs including 
threading, sockets and garbage collection, which ease the process of running soft 
computational algorithms without imposing heavy overheads on the resources. 

In this paper, we will investigate the feasibility and the effectiveness of applying 
market-based techniques in Sensomax’s task distribution, in order to simplify the 
aforementioned complexities and implement an autonomous resource-allocation 
mechanism in which the following objectives can be achieved: 

• Maximizing the inner-node collective utility of multiple concurrent applications’ 
processing, whilst minimizing the cost of each individual application execution; 

• Maximizing the overall hardware resources’ utilities, whilst minimizing the cost of 
accessing each individual hardware resource. 
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2 Architecture and Cost Equations 

Agents are the main communication means in Sensomax’s architecture; therefore 
most task-related operations are highly dependent on how fast the agents are pro-
cessed. A task is initially deployed as an agent onto the network and decomposed into 
multiple subtask agents inside a node. Each subtask agent is further refined and pro-
cessed by different components based on its properties. We demonstrated the entire 
operation in [1] and [2]. In our market-based model, each task corresponds to a spe-
cific time interval, which is equal to the total duration of time for that task agent to be 
processed by a node. As we explained before, each node may process an agent faster 
or slower based on the number of on-going processing. Hence, each node advertises a 
different price for performing the same task. 

The other major factor for calculating the cost is the nature of the task, which is 
highly dependent on its operational paradigm and defined by its requirement 
Sensomax can inter-operate in four different paradigms: Event-Driven; Time-Driven; 
Data-Driven; and Query-Driven. Subtasks are separated into one of these categories 
and executed in their own paradigm-driven execution space. Based on our experi-
ments each paradigm takes a variable amount of time, and the list of paradigms in the 
previous sentence is ordered by time-costs, with the event-driven taking the longest 
processing time and the query-driven the shortest. In general, the shorter the agent 
takes to be processed, the less energy will be consumed (since the node can switch 
into sleep mode or process other queuing agents), which ultimately results in longer 
lifetime of the node and the network. 

There are a number of factors involved in the processing time of the agents accord-
ing to their paradigms. That is, executing event-driven agents involves setting up a 
number of components to closely monitor a variable for an event of interest, whereas 
the time-driven agents only requires a timer component to regularly check up on a 
variable;  and finally query-driven agents are instant raw queries received into the 
node, demanding an immediate measurement of a specific variable.  

Having done a thorough study of the existing research on WSN market-based re-
source allocations in [3-7] and [9], a number of algorithms have been derived that are 
exclusively tied to multi-paradigm execution of agents in Sensomax. Each paradigm 
owns a different cost function (equation) for calculating the cost associated with the 
execution of its own type of agent based on its remaining capacity. Every function is 
also dependent on the number of agents in the buffer and the number of parallel tasks. 

 Equation 1 and 2 calculate the overall costs associated with query-driven and da-
ta-driven tasks, which have derived from query agent α and data agent β respectively.  ( ) = ∑ ( . )      | ∈ , = , =   .   (1) 

 ( ) =  [ ( ) + ( . ) ]    | ∈ , ∈ , = − , =   .   (2) 
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Equation 3 and 4, on the other hand, calculate the overall costs associated with time-
driven and event-driven tasks, which have been derived from time agent γ and event 
agent δ respectively. 

 ( ) = ∑ ∑  . ( ) .  + ( . )  ∆  | ∈ , ∈ , = − , =   .     (3) 

 ( ) = ∑ ∑ ∑ + .  ∆  

                             | ∈ , ∈ , = − , =   .  (4) 

As Table 1 outlines, Cx stands for the whole collection of subtask agents integrated in 
the agent type x, with  as the total time interval and  as the total delay caused by 
processing agent x, based on the ratio of NB: the total number of agents queuing in the 
buffer to NR: number of agents already in the process, multiply by the constant , 
which denotes the total processing delay exclusively associated with each type of 
agent in Sensomax.  

Table 1. Outlines 

Description\Type 
Agent-
Driven 

Data-
Driven 

Time-
Driven 

Event-
Driven 

Agent α β γ δ 
Time Interval     

System Constant     
Processing Delay     

Subtasks Collection CQ CD CT CE 
 

In all equations throughout this paper, Sx denotes the size of collection Cx, ∆  
stands for the total lifetime of the application and M is the remaining lifetime of the 
node in milliseconds. In Equation 3, L stands for the time interval associated with 
each time-driven subtask (milliseconds) and K stands for the number of variables  
that need to be monitored simultaneously in every sub-task. In Equation 4, F stands 
for the number of dependent events in each individual subtask with their total number 
equating to G.  

As was pointed out earlier, query-driven agents take the lowest overhead since they 
get executed instantly; therefore nodes’ and applications’ lifetimes are not taken into 
account for these two types of agents. One important point to notice here is, data-
driven and time-driven agents potentially contain a number of query agents plus some 
extra processing for retrieving data from the resources and taking measurements re-
spectively; that is why equations 2 and 3 integrate equation 1 as well. Also equation 4 
takes account of all time-driven subtask agents that are embedded in the event-driven 
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ones, that is due to the fact that every event-driven agent contains a number of time-
driven agents that are required to set up a number of timers for regularly checking up 
on variables of interest 

3 Case Study 

We conducted a number of experiments to validate the effectiveness of market-based 
application in Sensomax’s architecture, in order to achieve the objectives mentioned 
in Section 1. All experiments have been conducted in the SXCS [8] simulator on 1000 
virtual nodes with the proposed cost equations integrated in them. The first phase of 
this experiment investigates the increase in the cost of executing different types of 
subtasks based on the number of nodes deployed in the network, according to the 
categories mentioned in the previous section.    

The second phase of the experiment evaluates the impact of using market-based 
techniques on the performance of the nodes in large-scale scenarios. 

 

Fig. 1. Cost Inflation and Agent Processing Time vs. Network Density 

Figure 1(A) shows the average cost inflation (in percentage) for all types of appli-
cations’ subtasks according to the network density. Based on this figure, event-driven 
tasks (blue line) own the highest inflation and the query-driven subtasks (orange line) 
own the lowest. Green line shows the average application cost increase based on the 
average increases of all four types of tasks as the network density grows. Based on 
this figure, except time-driven tasks, all other paradigms’ inflations gradually slow 
down after 700 nodes, which is quite significant in the case of event-driven tasks. The 
linear growth of time-driven tasks can be distributed to the number of frequent timers 
that regularly trigger the node and increase the overall processing.  

Figure 3(B) on the other hand illustrates the average processing time of the agents 
in milliseconds with (blue line) and without (orange line) market-based techniques in 
Sensomax, which validates the efficient usage of such a technique and its impact on 
the overall performance of the middleware. According to this figure, such techniques 
in a competitive manner can significantly optimize the system’s performance as the 
network scales up to incorporate a larger number of nodes in the form of auctioneers.  
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4 Conclusion 

In this paper we have evaluated the effectiveness of market-based techniques in 
WSNs with multi-paradigm requirements. We have also proposed a number of equa-
tions for calculating the costs associated with executing such requirements. Utilizing 
market-based techniques proved to decrease the agent processing time, which results 
in longer periods that sensor nodes stay in the low-processing state (sleep mode), and 
ultimately prolongs the network longevity. Lowering the agent processing latency 
also proved to improve the applications’ responsiveness and create more efficient 
execution environments for multiple concurrent applications in Sensomax. In our 
future research, market-based techniques will be exploited to optimize clustering and 
regulate resource allocations on the cluster level. 
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Abstract. In this paper we have proposed a fuzzy c-mean based clustering algo-
rithm for categorization of different types of objects present in a heterogeneous 
information network. We have addressed a particular scenario in this paper 
when exact structure of objects and their relationships with other objects is  
either hidden or not known. We have performed the experiments on an agricul-
ture information network and our results depicts that combining automatic  
extraction of structure of an information network with information objects can 
improve the quality of clustering. 

1 Introduction 

Information networks [4] are compound of different objects belonging to various 
types connected with each other with different relationships. An information network 
is very simple when its objects belong to same type. These types of information net-
works are called homogeneous information networks. On the other hand an infor-
mation network can be so complex that its objects are connected with objects belong 
to more than one domain. These types of information networks are known as hetero-
geneous information networks [4, 8].  

Information networks can be analyzed at two different levels, structure level and 
data level [4]. In structure level objects are analyzed based on their relationship with 
other objects, where at data level objects are analyzed based on specific values for 
relations [9, 4, and 6]. However, analyzing them separately does not generate as much 
useful results as their combination can produce [9]. In this work we have proposed an 
algorithm for analyzing objects in heterogeneous information networks by combining 
structure level and object level clustering techniques. We have used fuzzy c-mean 
algorithm for automatic extraction of relationships from multi-dimensional datasets. 
The proposed technique is based on following two steps. 

We first cluster the objects based on their types that are identified using relation-
ship that these objects have with other objects in a heterogeneous information  
network. In each cluster objects with the similar relations are organized. With this 
process we place the objects of similar type in one cluster. In the second step we  
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apply the clustering technique on each cluster obtained in result of step 1. However 
this time we cluster the objects based on the values for the relationships they have. 
The benefits of our proposed approach are twofold. Firstly Our proposed method is 
more useful when the information about structure of network is either hidden or can-
not be analyzed manually. Secondly the relations that exist between objects still  
remain same after the clustering algorithm is applied as we do not convert heteroge-
neous network into homogeneous network but we treat it as a heterogeneous network 
at all stages presented in entire process. We used fuzzy membership function in order 
to create soft and overlapping clusters so that objects with multiple relationships can 
be clustered in multiple clusters. 

The rest of the paper is organized as follows; section 2 explains proposed algo-
rithm and its mathematical model followed by experiments and results in section 3. 
Finally section 4 concludes the paper.  

2 Clustering Heterogeneous Information Network 

Here we first have defined the concepts related to heterogeneous information network 
in order to formalize the concept of clustering.  

Definition 1. Information Network: Given a set of atomic types  =  { , , , … }, 
set of objects  = { }  where  is set of objects belong to type  and set of 
tions  ℛ =  { , , , … } , a Description Graph = ( , )  is called an infor-
mation network for   if  ∈    and  is a semantic relation on V and  ∈ { ×  ℛ × }  ∪  { ×  ℛ ×  } where I belongs to class of literal values i.e. data type values.    

Let = ( , )  a simple information network, we defined = ( , , )  as a 
weighted information graph such as  = { ∈  ∧ = ( , , , ) ∶ , ∈ } . 
Weight is used in an edge to define the importance and strength of relationship among 
two objects and is a bi-side property. Using weight we analyze the strength of rela-
tionship that exists between two different objects i.e. how much these two objects are 
necessary for each other.  

Definition 2: Similar Objects: Given objects  and connected with set of objects {( , )}  and {( , )}  respectively, where , ⊆ ℛ and  , ⊆  ,  and  
are said to be similar objects if and only if there exists direct mapping →   and ∀ ∈  ,  ∈   ∃ ( ) = ( )  ∧  ∀ ∈  ,  ∈   ∃ =   

Definition 3: Equal Objects: Given objects  and connected with set of objects {( , )}  and {( , )}  respectively, where , ⊆ ℛ and  , ⊆  ,  and  
are said to be equal objects if and only if there exists direct mapping →  and ∀ ∈  ,  ∈   ∃ =  ∧  ∀ ∈  ,  ∈   ∃ =    
2.1 Finding Schema Level Similarity  

Given  and  are two different objects, where  has connected nodes ={ ( )} and  has values for a set of attributes = . We first define 
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set of types for = ∀ ∈  | =  , ( )  and = ∀ ∈  | =  , ( ) .  
Now we are ready to define the Schema Level Similarity of objects in term of set 

operations. For ∈  and ∈  we call them equal if and only if ( ) =( ) ∧  ( ) =  ( ) Equation 1 explains the mathematical model for 

  , = 2(| ∩ |)| | + | |     EQ(1) 

When network is weighted information network can be found using equation 
2 formula   , =  ∑ ( )∈( ∩ )∑ ( )∈ + ∑ ( )∈    EQ(2) 

2.2 Object Level Similarity 

In order to find the similarity between two objects irrespective of object type – for 
example finding two patients of having two different diseases – we need to take the 
original values for properties of that object. 

Let = {(  ,  , )} and = {(  ,  , )} where , ∈ ℛ, , ∈ ∪  and , ∈ ℝ. The Object Similarity ( ) can be defined as equation 3  , = = −     EQ(3) 

2.3 Construction of Clusters 

Definition 4: Information Network Cluster: Given a sub graph ( ∗, ∗) ⊆( , , )  where ∗ ⊆ ( )  and ∗ = { ∈ ( ( ) | = ( , ,  ) ℎ , ∈∗  ∈ ℛ } can be said an information network cluster if and only if there exists 
no object , ∈  ∗ ∧   , <   where ∈  ℝ                           

We discuss two types of clustering for heterogeneous information network based 
on fuzzy c-mean clustering algorithm. 1) Autonomous clustering in which there are 
no defined center points. This can also be called un-supervised clustering. 2) Manual 
clustering in which we first define the disjoint objects by our self as cluster centroids 
[2, 7]. In autonomous clustering the algorithm first selects centroids randomly and 
then evolves these centroids for each cluster iteratively in rest iterations. As the  
results of this iterative process best cluster centroids are chosen for each cluster. A 
cluster centroid is called best centroids if it has maximum common relationships or 
common values with respect to other objects that are present in the same cluster.  

2.4 Fuzzy C-Mean Algorithm  

In fuzzy c-mean clustering algorithm [1] each object is made part of some cluster 
based on membership function. Distence for each object from center of each cluster is 
measured. We already have defined the measurement of difference between two  
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objects therefore here will just briefly introduce the fuzzy c-mean membership func-
tion. The main function for fuzzy c-mean that is needed to be minimized has been 
explained in equation 4.   , =  ,  ─    EQ(4) 

, =  1 − 1, + ,     EQ(5) 

here  is the cluster centroid of the cluster j. that can be computed using equation 8 
and equation 7. =  1  ,( , )     EQ(6) 

= ∑  ∑{( , )}∑ = {( , , )}     EQ(7) 

3 Experiments and Results 

In this section we apply our proposed clustering technique on agriculture information 
network, a heterogeneous information network connecting 5 different object types 
among each other. Firstly, we discuss how the clustering algorithm behave while 
creation of clusters of objects in order to find different types of objects present in the 
information network. Table 1 presents the number of classification and misclassifica-
tion. We obtained good results as all more than 90% of the objects belonging to all 
classes were classified in their correct object type. In order to cross check the classifi-
cation of the objects in different clusters we added a hidden object type in the dataset 
for each object. Once the clustering algorithm created all clusters using the step 1 in 
section 3.3 we used the hidden labels to match the accuracy of the clustered.  

Table 1. Objects of Agriculture information network 

Type Nos Attributes 

Crop 20000 Name, Size, Color, Family, season 

Soil 2000 Name, Family, Organisms, Texture 

Fertilizer 1000 Name, Family, Soil-acidification  

Herb 50000 Name, Family, Type, Color 

Pests 1000 Name, Family, Season, Control-Method 

 
The threshold value for assigning the membership was kept 75%. Two major  

reasons were identified for misclassifications have been noticed. First reason was 
missing relation types, for example all crops have relationship with soil, herbs, ferti-
lizer, and pests. If two are more than two relationships were missed the membership 
function failed to assign the membership for cluster of crops’ objects. 
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Figure 1 presents the accuracy of classification framework with respect to thresh-
old value that was set for soft classification. Because the objects in our experimental 
dataset belonged to different object types therefore clustering without schema was not 
as much useful as clustering with schema was observed.  

Next, Figure 2 presents the classification behavior with respect to no of cluster  
centroids. An increasing number of cluster centroids increase the performance and 
optimization of the clusters. When we have more cluster centroids this means more 
accurate clustering can be done because of having more membership functions. We 
chose 0.1 to 0.5 percent from the total objects as the cluster centroids randomly. 
However these cluster centroids was updated iteratively.  

 

 

Fig. 1. Impact of threshold, membership function vs. accuracy of classification 

 

Fig. 2. Impact of cluster centroids 

 

Fig. 3. Impact of Learning, cluster centroids vs. accuracy of classification 
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Learning has always played an important role in impeding the performance of 
computational systems. Figure 1, 2 and figure 3 presents cluster performance with and 
without learning. We also observe a linear relationship between learning ratio and 
classification output. As expected learning showed huge impact on the clustering 
process. Another interesting finding was relationship between number of centroids 
and learning. We found that in those scenarios when we can’t define the cluster cen-
troids because of any reason, increasing number of centroids can fulfill this limitation.  

4 Conclusions  

In this work we have presented a clustering algorithm based on fuzzy c-mean cluster-
ing algorithm in order to perform clustering on large scale unknown heterogeneous 
information networks. We have combined structure and object level clustering to 
improve quality of the clustering particularly when the objects are connected with 
each other and network structure is not available. We have performed experiments on 
an agriculture information network in order to study quality of the proposed algo-
rithm. We discover, working with schema and objects together result as more precise 
clusters then creation of clusters separately. 
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Abstract. The data set of forest cover types based on cartographic data consists 
of very large data set of 581,102 instances. So, decision tree-based data mining 
methods that need relatively less computing resources could be used for better 
classification models. Random forests consisting of multitude of special 
decision trees are known to be a good data mining tool, and a technique based 
on grid search of random forests was investigated to find very accurate 
classifier. Experiments showed that a classifier of high accuracy could be found 
for the data set of forest cover types.  

Keywords: Data mining, forest cover type, decision trees, random forests. 

1 Introduction 

Many data mining specialists who are interested in data mining of very large data sets 
consider decision tree-based algorithms as good data mining tools because of their 
good scalability [1]. Decision tree algorithms build each branch of the tree based on 
some greedy split methods, so the tree construction time is relatively fast.  

Lots of efforts have been devoted to build better decision trees [2, 3], and the 
algorithms have relatively long history of development and have been favored by 
many data mining experts [4]. Even though decision trees are very useful data mining 
tools, it is known that a weak point of decision trees is that decision trees sometimes 
show poor accuracy compared to other data mining methods like neural networks. 
Because decision tree algorithms prefer major classes to find the best accuracy and 
fragment training data sets, they neglect the classification of minor classes, so that 
decision trees show some poorer accuracy in many data sets than some other data 
mining algorithms like neural networks. Major classes are classes where classification 
is more accurate and have more instances in the classes [5]. Note that in neural 
networks all inputs of training instances are treated more equally, because the effect 
of training is dispersed in the networks as a form of weights [6].  

Because decision tree induction algorithms fragment a training data set based on 
their branching criteria during tree building process, the training data set is drained 
relatively quickly, hence, the performance of trained decision trees is more heavily 
dependent on the training data sets. So, as a way to mitigate the problem BAGGING 
[7] was suggested for mostly small and medium-sized data sets. In BAGGING several 
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equally sized training sets are made based on sampling with replacement, and trained 
knowledge models vote for classification or prediction. Random forests suggested by 
Breiman [8] are based on BAGGING, and use many special decision trees. The 
special decision trees are made by some random selection on attributes to generate the 
trees in the forests, and do no pruning. The performance of random forests is known 
to be as good as the performance of SVM [9] that is known to be one of the most 
accurate binary classifier [10].  

For better classification models of the target data set, ‘forest cover types, a few 
research results have been published due to the size of the data set after the first paper 
related to the task was published by Blackard and Dean [11]. They used ANN and 
achieved accuracy of 70.58% based on samples. Li [12] applied scalable decision tree 
system due to the size of the data set and achieved accuracy of 91.86%.  Bo et 
al.[13] achieved the accuracy of 97.4% with their GS(greedy stagewise) SVM in 
which they took class 2 as one class and all the other as another class, because the 
data set consists of 7 classes, and SVM can treat 2 class problem only. Trebar and 
Steele [14] also transformed the data set to make it binary classification problem for 
their SVM, so the new 7 data sets have class 1 and all the other classes as another 
class, and class 2 and all the other classes as another class, and so on. They 
experimented on several sample sizes and the achieved best accuracies are 96.69%, 
95.89%, 99.34%, 99.89%, 99.57%, 99.43%, 99.78% for data set 1 to data set 7 
respectively. But, the results of SVMs cannot be used directly for classification task. 
Because each SVM could classify differently for a new instance, we need some 
ensemble method to classify the new instance.  

2 Suggested Method 

The target data set for our data mining has geographic information of four wilderness 
areas of the Rawah, Comanche Peak, Neota, and Cache la Poudre wilderness areas of 
the Roosevelt national forest in northern Colorado. The total number of independent 
attributes is 54, and one class attribute. The total number of observations in 30×30 m 
raster cells is 581,102. The data cover 129,213 acres of the area. For more details 
about the data set, you may refer to Blackard and Dean’s [11]. The class distribution 
is highly unbalanced, so that we can say that class 1 and class 2 are major classes, 
which consist of 36.5% and 48.8% respectively, while class 3 ~ class 7 are minor 
classes that occupy only 14.8%. Therefore, we can expect that random forests could 
perform better than decision trees. 

In random forests, there are two parameters, the number of trees, say nT, and the 
number of attributes to pick randomly to generate each subtree in a tree in the forests, 
say nA. The recommended default parameter values of nA and nT for most data sets 
are square root of A and hundreds respectively, where A is the number of attributes of 
the target data set [8]. The default values are based on data sets of conventional 
property like mostly data sets having moderate number of attributes and medium size. 
But, our target data set has some different properties. The size of the data set is  
very large and has several minor classes. So, we need to find best parameters for our 
target data set.  
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Generating random forests in all combination of nT and nA values may not be a 
good idea, because small changes in nT and nA will not generate much difference 
compared to computing time requirement. Therefore, we want to generate random 
forests based on the property of the target data set. As for the nA value for our data 
set, because we have very large data set, we should try several nA value increasingly 
from the default value. But small increase may not generate some different results, so 
we increase nA value as multiples of the default value as we generate three different 
numbers of trees in the forests.  

As for the number of trees in our random forests, Breiman recommended hundreds 
of trees rather than thousands of trees, and moreover, because we expect that the 
bootstrap method [15] will not be as effective for our data set of very large size as for 
the cases of medium-sized data sets, we limit three sets of trees in the forests; 50, 100, 
and 150 trees. The following is rough procedure of the experiment: 

 
Procedure: 
for nT := {50, 100, 150} do 
  nA := 7 /* the square root of 54 */ 
  do while nA ≤ 54; 

Run random forests algorithm with nA and nT; 
if nA ≥ 49 then nA := 54 
else nA := nA + 7 

     end if; 
  end while; 
end for; 

end. 
 

A PC in window 7 operating system was used having AMD Phenom 2 processor 
with 20 GB of main memory and 2TB hard disk, and random forests in Weka [16] 
were utilized. Weka is a comprehensive data mining package developed with Java. 
10-fold cross validation was used in the experiment for more objective experiment. 
Table 1 has the result of experiment. In the table, nT represents the number of trees in 
random forests, and nA represents the number of attributes to pick randomly for each 
subtree in each tree in the forests. The accuracy of 97.4379% at nT=150 and nA=35  
 

Table 1. The accuracies (%) of random forests on different nA and nT values 

 nT=50 nT=100 nT=150 

nA=7 96.0543 96.1503 96.2104 
nA=14 96.9804 97.05 97.0972 
nA=21 97.2577 97.3171 97.3345 
nA=28 97.3572 97.3913 97.4167 
nA=35 97.3911 97.4305 97.4379 
nA=42 97.3718 97.3992 97.4114 
nA=49 97.2840 97.3328 97.3436 
nA=54 97.1686 97.2236 97.2408 
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was found, and this is a very good accuracy compared to the other researches. For 
example, J48 which is java implementation of C4.5 for Weka achieved the accuracy 
of 94.6366% using the same computer in 10-fold cross validation.  

Table 2 shows the comparison of the result with the previous researches. As you 
see in the table, testing in other research used only one testing set, so that it’s not as 
objective as 10-fold cross validation.  Moreover, the results of GS SVM [13] and 
SVM of transformed classes [14] may not be directly comparable, because their 
results are based on transformed data of two classes. For more direct comparison 
SMO in weka was run for 90% and 10% of data for training and testing respectively. 
SMO is a SVM that can treat multiple classes. The accuracy is 72.6%. 

Table 2. The comparison of accuracy in each data mining method 

Accuracy (%) method training testing 

70.58 ANN 11,340 instances 565,892 instances 
91.86 Scalable decision tree 60% 40% 
97.4 GS SVM of class 2 only 400,000 instances 50,000 instances 
95.9~99.8 SVM of transformed classes 90% 10% 
94.6 J48 10-fold CV 10-fold CV 
97.4 Random Forests 10-fold CV 10-fold CV 

3 Conclusions 

The data set of forest cover types based on cartographic data consists of very large 
data records. The data set covers four wilderness areas in the Roosevelt National 
Forest of northern Colorado, and the areas can represent forest of ecological processes 
because of minimal human-caused disturbances, and the data set has seven forest 
cover types. The size of data set is very large. It contains 581,102 instances in 54 
conditional attributes, and one class attribute of forest cover types that consists of 
major and minor classes. Therefore, we need some clever data mining technique for 
the very large data. Several researches were done for better data mining results 
including ANN that is based on samples, scalable decision trees, and SVM that is 
based on class transformed data. 

The proposed method based on larger nA values and smaller number of trees in our 
random forests than conventional random forests could find very accurate results and 
it is the best result according to literature survey. Because random forests can 
overcome the weakness of decision trees, I believe that we may find very accurate 
classifier of random forests for other very large data sets that have similar property 
like the data set, if we apply random forests similarly.  
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Abstract. In recent, business intelligence becomes one of important issues due 
to various analyses on technology trends. Especially, understanding the  
relations and influences between technologies is core property for the high-
performed analysis. To do this, a few works have utilized ontologies construct-
ed automatically but still have many errors and it causes difficulty while  
interpreting technology trends. Therefore this paper introduces an application 
which visualizes relationships and influences between technologies according 
to time series. Our application provides clues for intuitive observations of  
relationship change between technologies. 

Keywords: Technology information, temporal analysis, business intelligence, 
co-occurrence. 

1 Introduction 

An importance of technology trend analytics is getting bigger in point of business 
intelligence view. The trend analytics starts from understanding technology develop-
ment according to time series, and contains measuring current status and development 
speed, and predicting maturity level [1]. Technologies give and take some influences 
each other, and there is a case of that creation or development of a technology makes 
related ones strong or weak even disappear sometimes. For example, the technology 
‘speech recognition’ of Nuance Communications1 gave positive and strong influ-
ences to the ‘smart phone’ of Apple Inc.2. To understand the influences, there is a 
work which defines relationships (i.e. hierarchy and relations) between technologies 
                                                           
1 Nuance Communications in Wikipedia:  
 http://en.wikipedia.org/wiki/Nuance_Communications 
2 Apple Inc. in Wikipedia: http://en.wikipedia.org/wiki/Apple_Inc 
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collected automatically from diverse resources, and which measures influences be-
tween the technologies [2]. However automatic ontology construction still contains 
many errors in the relationships [3]. Therefore, our research is focusing on the proba-
bilistic analysis of relationships and influences according to the time series. And this 
paper, as a start point of the work, introduces a simple application which deals with 
temporal co-occurrence between technologies. 

This paper is organized as follows. Section 2 describes the temporal co-occurrence 
of technology information. In section 3, we explain our application. Finally, we  
conclude this paper in the fourth section. 

2 Temporal Co-occurrence of Scientific Technology 
Information 

This section describes information of technologies and a method for temporal  
co-occurrence based on the data. 

This work is small part of InSciTe project3,4 and the project aims at providing 
technology intelligence service by utilizing patents, papers and Web documents col-
lected from 2001 to 2011 [4]. For the temporal co-occurrence, we use only patent data 
and table 1 shows its statistics. 

Table 1. Statistics of patent documents and technologies extracted from the documents 
published in each year 

Year Count of patents Count of technologies 
2001 237,590 28,389 
2002 255,584 30,031 
2003 269,945 31,337 
2004 301,028 33,510 
2005 336,937 35,844 

2006 362,739 38,143 
2007 390,492 40,592 
2008 472,819 45,554 
2009 514,077 48,057 
2010 467,727 44,548 
2011 343,998 37,018 

 
For the temporal co-occurrence, we selected technologies which appeared in the 

same year and used Dice-Coefficience (1) for related degree between the technologies. 

 = × , ∩ ,, ,  (1) 

                                                           
3 InSciTe (Intelligence in Science & Technology): http://semantics.kisti.re.kr/ 
4 InSciTe Adaptive in Google play: 
https://play.google.com/store/apps/details?id=net.xenix. 
inscite&feature=search_result&hl=en 
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where, Rel represents related degree and ti,year means i-th technology appeared in the 
year. By using the patent data and the degree, we have constructed more than fourteen 
million pairs of co-occurrence technologies.  

3 Application and Suggestions 

In the previous process, we constructed fundamental data which consists of temporal 
co-occurrence technology pairs with related degree calculated by Dice-Coefficient. In 
this section, we introduce an application which visualizes year based co-occurrence 
technologies by order of high related degree. Figure 1 shows the application. 

 

Fig. 1. Application of temporal co-occurrence 

The application mainly consists of two parts: a user input panel and a dashboard 
for result visualization. The panel has three components again. 

1. Combo box: user can select resource types (i.e. patent, paper, and Web document) 
but it is fixed to “Patent” until now. 

2. Text field 1: users type technology in this field. 
3. Text field 2: users set the maximum length of result which contains co-occurred 

technologies of the inserted keyword. 

And the dashboard consists of x-axis, y-axis, bubble, and bar detailed as follows: 

1. X-axis: technologies are positioned by order of high total sum of related degrees of 
all years. 
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2. Y-axis: bubbles are positioned on y-axis according to year. 
3. Bubble: size is determined by relative related degrees in the result. And the bubble 

filled with green color means the maximum degree. The absolute maximum value 
is shown on the top right. 

4. Bar: bar is colored with blue and each technology has its own bar. The bar shows 
relative ratio of total sum of related degrees of all years. 

Figure 1 and table 2 show a result which is a set of ‘patent,’ ‘speech recognition’ 
and ‘10’ in combo box, text field 1 and text field 2, respectively.  

Table 2. Co-occurrence technologies of ‘speech recognition’ 

T ’01 ’02 ’03 ’04 ’05 ’06 ’07 ’08 ’09 ’10 ’11 S R 
1 0.02 0.02 0.02 0.04 0.04 0.03 0.02 0.07 0.07 0.04 0.08 0.44 1.00 

2 0.01 0.04 0.04 0.03 0.02 0.05 0.03 0.03 0.02 0.03 0.01 0.32 0.73 

3 0.05 0.05 0.04 0.03 0.03 0.04 0.01 0.01 0.01 0.01 0.01 0.30 0.68 

4 0.03 0.04 0.02 0.02 0.02 0.02 0.02 0.02 0.00 0.01 0.01 0.20 0.45 

5 0.02 0.02 0.01 0.02 0.03 0.01 0.02 0.03 0.01 0.01 0.01 0.19 0.42 

6 0.00 0.01 0.01 0.01 0.02 0.03 0.02 0.02 0.01 0.02 0.03 0.17 0.38 

7 0.02 0.02 0.01 0.00 0.03 0.01 0.02 0.01 0.01 0.01 0.01 0.15 0.33 

8 0.02 0.03 0.00 0.02 0.02 0.01 0.01 0.01 0.00 0.01 0.01 0.14 0.32 

9 0.02 0.02 0.03 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.14 0.31 

10 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.01 0.14 0.31 

T: technology, ’01~’11: from 2001 to 2011, S: total sum of year based related degrees, R: relative ratio, 
 1: asr, 2: feature vector, 3: hmm, 4: recognition system, 5: interactive voice response, 6: dialog system, 

7: natural language processing, 8: telephone, 9: user interface, 10: navigation system 
 

In the result of figure 1 and table 2, we can expect some relationship between 
technologies as follows. 

• ‘Feature vector,’ ‘hmm’ and ‘natural language processing’ are considered as 
important element for user technology ‘speech recognition.’ And the current 
reduction of their bubble size means that they become generalized already for the 
user  technology.  

• The case of ‘navigation system’ ranked 10th and shows constant relationship even 
though its subject domain is different. ‘Speech recognition’ has totally 3,320 co-
occurrence technologies actually. Considering both characteristics, we can expect 
that there is very strong connection between ‘speech recognition’ and ‘navigtion 
system.’ 

As already shown above, the application can provide important clues to observe 
relationship changes and to understand current trend according to time series. The 
application can be considered as important factor for business intelligence. However, 
we cannot figure out specific relations and future trends by using only temporal co-
occurrence. For the more accurate prediction, a few works should be combined such 
as sense disambiguation (ex. ‘asr’ in the result means ‘automatic speech recognition’) 
and multi-dimentional analysis methods. These are remained as future works. 
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4 Conclusions 

In this paper we introduced an application to visualize relationships and influences 
between technologies according to time series. For the application, we employed 
patent data used for InSciTe project and measured temporal related degree based on 
Dice-Coefficient. As a result, we could figure out the trends of relationships and 
influences of technologies intuitively. We expect it can provides more effective and 
meaningful predictions when the application is utilized with other various analysis 
and visualization methods simultaneously. 
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Abstract. Extraction of ROI (Region-Of-Interest) in dermatosis images can be 
used in content-based image retrieval (CBIR). Image segmentation takes an im-
portant part in it. And the performance of the segmentation algorithm directly 
influences the efficiency of the ROI extraction results. In this paper, a method 
of Chan-Vese segmentation based on saliency detection to extract the ROI of 
the dermatosis images is proposed. Firstly the spectral residual approach (SR) 
[11] is used to get the saliency map of the dermatosis images. Secondly thresh-
old segmentation is used to get the initial ROI images. Finally the Chan-Vese 
model is used to segment the initial ROI images to get the final ROI images, 
which can ensure the active contours evolve close to the object and remove the 
redundant information from the complex background. The experiment results 
show that the proposed method has the better performance than only using 
Chan-Vese method. 

Keywords: saliency detection, Chan-Vese model, dermatosis images, ROI  
extraction. 

1 Introduction 

As one of the important human diseases, in recent years dermatosis more and more 
effects on human health. Skin color digital images record the information of color, 
texture and shape of the skin tissues which reflect the distribution of hemoglobin and 
subcutaneous melanin. They provide vital evidence for medical diagnosis of skin 
diseases. There have been methods in segmentation of skin cancer dermatoscopic 
images [1-2] and Psoriasis Skin Images [3-4]. 

Chinese Disease Question Answering System (Hestia QA) is being developed by 
Institute of Scientific and Technical Information of China (ISTIC). As a decision 
support system for dermatosis diagnosis the interface of Hestia QA is flexible and 
friendly which provide multiple query modes for users to choose. In image query 
mode people can input their images to know what kind of dermatosis they got. Cer-
tainly using the single diagnosis mode we can hardly get the accuracy diagnosis 
Hestia QA system combine multiple query mode to give a more accurate diagnosis. 

ROI extraction techniques can detect the regions of an image which attract the at-
tention of users. These regions usually contain the higher entropy and can represent 
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for the whole image. The ROI of the dermatosis images are those diseased tissues 
which are distinctively different from the other normal tissues in color and texture. 
Many image segmentation methods are extensively used to extract the ROI of an im-
age. As the most classic and popular region-based active contour model, Chan-Vese 
model [5].has been successfully used in many types of images especially the  
two-region images. This model is based on the Mumford-Shah functional [6] for seg-
mentation, and is used widely in the medical imaging field, especially for the segmen-
tation of the brain, heart and trachea [7]. However in the process of the evolution of 
active contour model the selection of initial contour tend to iterate from the edge  
of the whole image. Thus it can make the evolution result be influenced by the  
information of background. At the same time the time it takes is much longer. 

In this article we proposed a method of ROI extraction in the dermatosis images 
using Chan-Vese Segmentation based on saliency detection. These images are from 
various dermatosis and taken by different mobile device cameras. They usually con-
tain different degree of random noise and have difference in illumination, size, format 
and so on. The ROI extraction images can be used to Hestia QA image retrieval  
system for supporting decision. 

2 The Chan-Vese Model 

The Chan-Vese method [5] is inspired by the Mumford-Shan model Mumford and 
Shah [6] approximate the image f by a piecewise-smooth function u as the  

solution of the minimization problem. 

Let’s denote the region inside C asω , and the region outside C as Ω \ω . Moreo-

ver, 1c will denote the average pixels intensity inside C, and 2c will denote the  

average intensity outside C. 
The object of Chan-Vese algorithm is to minimize the energy function 

1 2( , , )F c c C .Defined by: [6]. 
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Where 1c and 2c are constant unknowns representing the average value of 0u in-

side and outside the curve, respectively. The parameters μ and 1 2,λ λ are weights for 

the regularizing term and the fitting term, respectively.  
Minimizing the fitting error in equation (1), the model looks for the best partition 

of 0u taking only two values, namely 1c and 2c , and with one edge C , the boundary 

between these two regions, given by [ ]0 1u c≈  and [ ]0 2u c≈ . The object to be  
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detected will be given by one of the regions, and the curve C  will be the boundary 

of the object. The additional length term is a regularizing term and has a scaling role.  
For the curve evolution, the level set method has been used extensively, in particu-

lar where the motion is governed by mean curvature, as in [8].This formulation be-
haves well even with cusps, corners, and automatic topological changes. The motion 
by mean curvature [8] is given by 

 [ ) 2
0

,

(0, , ) ( , ), 0, ,( , ) ,

div
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x y x y t x y IR
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φ φ
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Using the Heaviside function H and the Dirac delta function ( ) ( )d
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can rewrite the energy function as follows: 
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Minimizing 1 2( , , )F c c φ  with respect to the constants 1c  and 2c , for a fixed 

φ ,yields the following expressions for 1c  and 2c , function of φ . 
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Minimizing the energy 1 2( , , )F c c φ with respect toφ or fixed 1c  and 2c , using 

a gradient descent method, yields the associated Euler–Lagrange equation for φ  

governed by the mean curvature and the error terms (see [5] for more details). 

3 Proposed Method 

3.1 Saliency Map  

For an image humans can routinely and effortlessly judge the importance of image 
regions, and focus attention on the important parts of them, which representative to 
their querying intention. And most of the remaining regions cannot be interested by 
them. The salient regions of an image are areas which can most attract the users’ at-
tention and represent for the content of the image. In fact because users also have the 
different tasks and the prior knowledge they choose the salient regions usually very 
subjective, getting the different regions as the salient regions of the same image. 
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Computationally detecting such salient image regions remains a significant goal,  
as it allows preferential allocation of computational resources in subsequent image 
analysis and synthesis. Extracted saliency maps are widely used in many computer 
vision applications including object -of-interest image segmentation, object recogni-
tion, adaptive compression of images, content aware image editing, and image  
retrieval. 

The topical method based on visual feature is the saliency map method presented 
by Itti[9] and others. In the later study many researchers respectively presented many 
different saliency analysis methods. We used these methods [10-14] to get the salien-
cy maps of our experiment images, and found that the spectral residual approach (SR) 
method [11] is better than the others because it can generate less noise and extract 
more ROI. 

3.2 Chan-Vese Segmentation Based on Saliency Detection 

We chose four different type dermatosis images from Google website, and then used 
the Chan-Vese model to segment the diseased regions and cannot get a satisfactory 
result. Considering this we used a method of Chan-Vese Segmentation based on sali-
ency detection to get ROI of the dermatosis images. In the following this model will 
be introduced. 

Step 1: Saliency detection. We used the spectral residual approach (SR) method to 
get the saliency maps of the images. The results are presented in Section 4.Fig.1. 

Step 2: Threshold segmentation. We adopted the threshold segmentation method of 
the paper [11]. 

Given ( )S x of an image, the object map ( )O x is obtained: 

( )O x =
   

1

0   

if

if   

( )
,

S x threshold

otherwise

>

 
Empirically article [11] set ( )( ) 3threshold E S x= × , where the ( )( )E S x is the 

average intensity of the saliency map. 
In fact the selection of threshold is a trade-off problem between false alarm and 

neglect of objects. When the threshold is smaller the whole diseased tissues can be 
extracted. But it also can make a lot of noises, that is, the false alarm is higher. When 
increasing the threshold the noise can be reduced, but it increase the neglect of ob-
jects. The trade-off problem between false alarm and neglect of objects.is that the 
problem between precision ratio and recall ratio.\ 

Step 3: Binary image filtering .In order to solve the trade-off problem we dilated 
the object pixels of the object map obtained by higher threshold segmentation. But 
while removing the noises which generated in the threshold segmentation, it also 
brings in some normal skin tissues which surround the diseased tissues. It makes the 
whole ROI extracted precisely but cannot achieve higher accuracy. Essentially speak-
ing it cannot remove the noise. The results of the initial ROI extraction results are 
presented in Section 4.Fig.1. 

Step 4: Chan-Vese segmentation. In order to get a better result we used the  
Chan-Vese model to find the accuracy contour of the diseased tissues. Considering 
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the accuracy of the Chan-Vese segmentation we let the zero pixel regions a pixel 
value ( )G x and got the compensated grayscale images of the initial ROI extraction 
results.  

Given ( )H x of the nonzero pixel regions, the intensity of the zero pixel regions 
( )G x is obtained 

( )G x ( )( )N E H x= ×
 

Where the ( )( )E H x is the average intensity of ( )H x . The compensated 

grayscale images are presented in Section 4.Fig.1. 
In addition, in Step 3, when dilating the binary images we adopted several ap-

proaches, and then used the disk dilation approach. In the end with different parame-
ter combinations we got the better results of the initial ROI extraction results of the 
dermatosis images. These results are presented in Section 4 .Fig.1. 

In Section 4.Fig.2 we presented the comparison results of the final ROI extraction, 
and compared the iterations and algorithm time of the Chan-Vese method and the 
proposed method. Apparently the proposed method can reduce the algorithm time and 
iterations. At the same time it can well improve the precision of the ROI extraction 
results. 

4 Experiment Results 

 
Fig. 1. (a) the saliency maps, (b) the initial ROI extraction results (c) the compensated 
grayscale images 

 
Fig. 2. (a) the original images,(b) the ROI extraction results based on the Chan-Vese method, 
(c)the ROI extraction results based on the proposed method 

(a) (b) (c)  (a) (b)    (c) 
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Fig. 2. (continued) 

Table 1. The comparison chart of iterations 

 Image 1 Image 2 Image 3 Image 4 
The Chan-Vese method 160 120 800 800 
The proposed method 15 85 250 150 

Table 2. The comparison chart of algorithm time 

 Image 1 Image 2 Image 3 Image 4 
The Chan-Vese method 61.4239s 21.5153s 168.0754s 679.7835s 
The proposed method 5.3006s 14.5021s 47.103s 147.083s 

5 Conclusions 

We discussed the application of Chan-Vese model and the proposed method in ROI 
extraction of the dermatosis images. With four typical dermatosis images from 
Google site we used several saliency detection methods to get the saliency maps, 
found the SR method had the advantage and then used the Chan-Vese model to get 
accurate results. We separately compare the iterations and algorithm time of the 
Chan-Vese method and the proposed method. It shows that the proposed method not 
only get the better ROI extraction results but can well reduce the iterations and algo-
rithm time. 

In the future work we will use more derrmatosis images and try to find an optimal 
parameter combination to get the more accuracy ROI extraction results. Considering 
the noise of the images we will use some denoising method to solve it. Even we can 
change the Chan-Vese model to get a more accurate result. 
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Abstract. In this paper, semantic self-sufficiency of elements in factual 
knowledge extraction is introduced to meet the real knowledge service 
demands. The characters of semantic self-sufficiency are analyzed, and based 
on which the processing strategies are proposed. Though there are still some 
difficulties to cope with, semantic self-sufficiency is a tool to clearly define the 
elements of factual knowledge and can improve the results of automatic factual 
knowledge extraction. 

1 Introduction 

In a perspective of the processing way of computer, knowledge can be divided into 
three categories: conceptual knowledge, linguistic knowledge and factual knowledge. 
The conceptual knowledge provide computer basic information of concepts, that is, 
what a concept is and the inner relationships between concepts. The linguistic 
knowledge provide computer language syntax and related things about expression and 
understanding, maybe including a series of rules and methods. The factual knowledge 
is the accumulation of the people about all kinds of everything of the world. The fac-
tual knowledge extraction and the development of factual knowledge base is the key 
issue to enhance the performance of question answering systems and information 
retrieval systems, and also important to provide high-level knowledge service. 

The knowledge services need knowledge content of different granularity, such as 
knowledge objects and knowledge elements in patent knowledge extraction [1]. A 
piece of knowledge content relatively complete and independent can be called 
knowledge object. The major components of knowledge objects can be called 
knowledge elements. For example, The electrical high volt plug connector , has a 
sealing unit  provided between outer and inner housings that are connected with 
each other is a knowledge object,  electrical high volt plug connector, sealing unit 
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and connected with each other and so on are knowledge elements. It is very important 
to clearly define the elements of knowledge objects, so that the literatures would be 
used in a deeper level easily. The representation of knowledge objects and knowledge 
elements can use natural language, but not all the natural language description in a 
literature must be included in knowledge objects and knowledge elements. Therefore, 
a specific literature is written in natural language, only part of which is about the fact 
he want to express, the other part is about the language itself, just to make the reader 
understand the fact. So generally the knowledge extraction process is the separation 
process of factual knowledge bricks from linguistic cement. In this process, the 
boundaries of different knowledge objects and knowledge elements should be clari-
fied, and all the necessary elements of the knowledge objects should be extracted 
without omission. So in this paper, the semantic self-sufficiency is introduced from 
linguistics to guarantee proper knowledge extraction. The original meaning of seman-
tic self-sufficiency is a property that a language unit can completely and enough rep-
resent the meanings that you want to express and can be sentence elements [2, 3]. 
Here, it is borrowed to describe the property that a knowledge unit(knowledge  
element) can completely and enough represent the knowledge objects that you want  
to express. 

Because the immaturity of semantic analysis and there are a lot of difficulties in the 
knowledge expression for knowledge objects. The common extraction work focus on 
knowledge elements that without relationships with knowledge objects. Name entities 
such as person, organization, place, and figures of time, amount are basic extracted 
knowledge elements. In ontology learning area, there are extraction work about rela-
tionships of synonyms and hierarchy. With the development of knowledge representa-
tion method such as framework and case grammar and the appearance of semantics 
annotation. The study about the knowledge objects and extraction of knowledge ele-
ments that under the constraints of knowledge objects is emerging. ISTIC(Institute of 
Scientific and Technical Information of China) starts work about standard specifica-
tions, manual tagging and automatic extraction about deep content on patent litera-
tures. In the process, it is found that in deep content processing, the analysis and study 
of semantic self-sufficiency is a big problem hard to avoid. We will discuss the char-
acteristics, processing strategies and some problems of semantic self-sufficiency in 
the following sections. 

2 The Characteristics Analysis of Semantic Self-sufficiency  

2.1 Decomposability 

Knowledge elements semantic self-sufficiency in fact can be divided into two interre-
lated issues: that is, knowledge elements boundary judgement and knowledge ele-
ments sufficiency judgement. 

Knowledge elements have no definite form, and they may be words, phrases, even  
sentences, knowledge elements boundary judgement then become a task in three lev-
el:word boundary judgement, phrase boundary judgement, sentence boundary check. 
The boundary words, phrases and sentences is form boundary, but the boundary of 
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knowledge elements is semantic boundary. There are some relationship between se-
mantic boundary and form boundary, that is a semantic boundary must be a form 
boundary, but not every form boundary is a semantic boundary. So all form bounda-
ries are candidate semantic boundaries. For example, high volt in section 1 is a phrase 
but not a knowledge element, in fact it is a part but not a necessary part of a 
knowledge element. The boundaries of high volt are form boundaries rather than se-
mantic boundaries. Relatively, The form boundary analysis technologies  is mature 
in natural language processing, so the following methods can be adopted: the check of 
form boundaries of knowledge elements is a prior task of the check of semantic 
boundaries and decide the border in the knowledge elements sufficiency check step. 

Semantic sufficiency check is to judge if the boundaries of knowledge elements  
in a larger view(knowledge object)is reasonable or not. The check needs to construct 
a series of standards about a specific knowledge object contains what kinds  
of knowledge elements and the amount and constraints of every kind of knowledge 
element. 

2.2 Elements Finiteness 

Knowledge base of knowledge from the various types of literatures, and in a specific 
literature, such as a patent, the description of knowledge objects is not that complicat-
ed. Usually in a non-nested knowledge object, the amount of knowledge elements 
involved will not be more than 5, it is also accord with the 7±2 theory in psycholo-
gies. In fact, in the most common circumstances, there are 3 knowledge elements in a 
knowledge object, which is very similar with triples in resources description  
framework(RDF). To know the finiteness of knowledge elements in a knowledge 
object is very important for the preliminary sufficiency check. If there are more than 5 
knowledge elements in a knowledge object, it need a careful check. There maybe  
3 cases: 1) There is element nested with other knowledge object; 2)There is  
mistake about boundaries of some knowledge elements; 3)It is correct in some special 
expression, but it is rare to appear. 

2.3 Elements Elasticity 

To keep the semantic self-sufficiency of knowledge elements, we should separate the 
limited amount of knowledge elements with correct boundaries, but it is not a single 
solution problem. For that different authors have different writing habits. Some au-
thors use concise language, but others usually use a lot of qualifiers. So the elasticity 
of knowledge elements about semantic self-efficiency is that each value of boundaries 
in a discrete space can satisfy the self-sufficiency, and the value can be a value be-
tween the lower limit and upper limit. The elastic lower limit is to keep the core con-
tent of the semantic framework, and the elastic upper limit is to keep all the qualifiers 
of the authors, and there are some intermediate situations with part of all qualifier of 
authors. For example, The electrical high volt plug connector in section 1 is the upper 
limit and The connector is the lower limit, The plug connector, The high volt plug 
connector are also legal knowledge elements. In extraction practice, it is more easy to 
adopt either the lower limit or the upper limit. 
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3 The Processing Strategies of Semantic Self-sufficiency  

3.1 Element Boundary Check 

In general, there are two categories of methods to check the boundaries of elements, 
that is, through internal coupling relations approach and language-specific symbols 
approach. Internal coupling relationship approach is from the view that if the adjacent 
parts should be combined to a element, and language-specific symbols approach is 
from the view that if language symbols are separators of different knowledge ele-
ments. The two approaches are from different philosophical thought of combination 
and separation, and can be used together. 

The check method varies with the demand about the elasticity. For the elastic lower 
limit, the key problem is to find the core of a knowledge element. For different lan-
guage, the pattern are different, for Chinese and English without subordinate clauses, 
the core usually in the rear of a knowledge element. But this law is not effective for 
complicated situation, such as prepositional phrases, nested sentences and inversion 
sentences. For the elastic upper limit, the methods must cover the three situations 
about knowledge elements of words, phrases and sentences. Different forms 
knowledge elements have different laws. For words, dictionary match and unlisted 
word discovery can be combined. For phrases, we can use the composition rules of 
phrases and semantic relevance computation. The composition rules use the infor-
mation of part of speech, the concept categories and so on to check the semantic self-
sufficiency qualitatively. The semantic relevance use the quantitative value to check 
the relevance of neighbour words. For sentences, it is relatively easy for that there are 
explicit punctuation characters to separate different sentences. It must be pointed that 
the semantic self-sufficiency is not a separate concept, it is meaningful only in the 
scope of a knowledge object. 

3.2 Qualitative Elements Constraints Check 

The constraints of semantic self-sufficiency is divided into two kinds, that is, catego-
ries constraints and relationships constraints. The categories constraints require a 
knowledge element in a specific knowledge object must belong to one or more cate-
gories. For example, a knowledge object in vehicle domain about structural composi-
tion are limited to parts and complete machine. The relationships constraints require 
knowledge elements categories in a specific knowledge object must has accord some 
rules. For example, in a case about replacement in technology, the substitutions must 
be the same categories, for example, both are parts or both are substances, you can't 
replace a part with a substance. 

3.3 Quantitative Elements Constraints Check 

Some research in natural language processing, such as Hierarchical Network of Con-
cepts (HNC) theory provide semantic sentence categories, with basic and hybrid sen-
tence categories, all the natural language expressions can be classified into basic or 
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hybrid sentence categories [4,5]. Every sentence category can be activated by the verb 
(Of course, the sentence category must be verified by a series of process, but the re-
lated theories and tools are developed by other researchers.) And every sentence cate-
gory has the constraints of how many knowledge elements involved. For example,  
replace sentence category has two knowledge elements except for the verb element, 
and the transfer sentence category has three knowledge elements except for the verb 
element. HNC theory also has the technologies about boundary analysis for semantic 
chunks, which can be utilized in knowledge elements boundary analysis. 

4 Conclusion 

Factual knowledge is a very important base for knowledge service, and the factual 
knowledge extraction should consider both the knowledge elements themselves and 
the knowledge objects and their constraints on knowledge elements. In this paper, we 
borrowed semantic self-sufficiency to study the constraints of knowledge elements 
from knowledge objects. The semantic self-sufficiency has the characteristics of de-
composability, elements finiteness and elements elasticity. The main strategies for 
dealing with self-sufficiency are boundary check, qualitative and quantitative con-
straints check for knowledge elements. There are some difficult tasks of nested struc-
ture analysis, inverted word order, coreference analysis and omission recovery etc. 
will be studied in the future study. 
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Abstract. A Chinese Diseases Question Answering System(Hestia QA） is 
being developed by ISTIC. As a part of Hestia QA, a XML-based document  
retrieval and similarity calculation model is established here. The texts which 
describe diseases in Chinese are indexed and wrapped in XML tags. The query 
is compared with related tags in XML document and the similarity is calculated 
with a deformed cosine similarity algorithm. The Chinese terms semantic 
similarity calculation algorithm is used to get the similarity of two terms in the 
system. The result shows that our model works well. The Chinese disease XML 
datasets will be analyzed in different granularity levels or dimensions. The  
corpus of diseases in Chinese will be established after the automatic XML  
annotation software is completed in the next step. 

Keywords: ML, Chinese Diseases QA, Chinese Terms Similarity, Cosine  
Similarity. 

1 Hestia Question Answering System 

A Chinese Diseases Question Answering System（Hestia QA）is being developed 
by Institute of Scientific and Technical Information of China(ISTIC). As a part of 
Hestia QA, a XML-based document retrieval and similarity calculation model is 
established here. Some retrieval systems are over relational databases, whose 
advantages are that from the point of view of the software development, the interface 
between users and a relational database is flexible and friendly. However, there are 
also disadvantages to have relational database. The cost of the data pre-processing is 
high. When the system requires a frequent change for the data, the cost will be high 
and it is also difficult to have a change. In this article, a semi-structured XML data 
retrieval system will be established. Semi-structured datasets with domain-specific 
semantic annotation can be rapidly formed with an automatic annotation system in  
the future.  
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2 Related Work 

It is an important step from keywords matching to semantic retrieval in information 
retrieval. The phrase-based statistic has a positive but limited help to improve the 
performance of text retrieval and linguistic analysis is not better than phrase-based 
statistic [1]. In the following, one semantic computation model is introduced. 

2.1 Related Rext Retrieval Model 

Semantic Tree Model 
Usually, the query and text are decomposed into words and words are represented as 
vectors. It is a common way to use the simple data structure tree to show the 
relationship between words, which is called the semantic tree model [2]. 

 

 

Fig. 1. Semantic Tree model 

 

Fig. 2. The correspondence between T1 
and T2 

 

In a tree（Fig. 1）, between the node wi and its child node wj , the path weight is 
their similarity, e.g. Sim(w1,w1,1)=weigh-of-path(w1,w1,1)=0.3. 

2.2 XML Documents in Hestia QA 

It is a popular method in text retrieval to convert texts into XML documents and carry 
on data indexing and processing, e.g. [5]. Hestia QA describes the disease in text. In 
this article, the texts are indexed and marked up in XML. For example, 

“毛囊炎是局限于毛囊口的化脓性炎症” 

(“Folliculitis is suppurative inflammation in follicular orifice.”)  
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The note is wrapped in XML tags as follow, 
<diseaseName>毛囊炎(folliculitis) </diseaseName>是局限于 

<bodyParts>毛囊口(follicular orifice)</bodyParts >的 

<diseaseName>化脓性炎症(suppurative inflammation)</diseaseName> 

3 Tongyici Cilin and Chinese Terms Semantic Similarity  

3.1 Tongyici Cilin 

Tongyici Cilin(Cilin 1)[6] is a Chinese thesaurus by Mei Jiaju, et al in 1983. Cilin has 
a vocabulary of 53859 terms and all in a hierarchy tree. The vocabulary is divided 
into large, medium, small classes. There are 12 big classes (capital letter), 94 medium 
classes (small letter) and 1428 small classes (two-digit decimal integer). Afterwards, 
Information Retrieval Lab of Harbin Institute of Technology compiled Tongyici Cilin 
extended version (Tongyici Cilin 2) [7]. There are 77343 terms. Tongyici Cilin 2 has a 
structure of five hierarchies, including big class, medium class, small class，synset 
and subsynset (a line). The forth level is called synset, corresponding to every 
paragraph of the third level in Cilin 1 and the fifth level is subsynset, corresponding to 
every line of the third level in Cilin 1. The eighth bit is a mark, including =, # and @. 
= stands for “equal”, “synonymous”. # represents “similar”, “related”. ＠ is “self-
enclosed”, “independent” and doesn’t have synonym or related words in the 
dictionary. For instance, Aa01A04= is {劳力 劳动力 工作者}(The three Chinese 
phrases are similar to the word labour). 

Table 1. Word code in Cilin 2 

code bit 1 2 3 4 5 6 7 8 
Symbolic A d 1 2 B 0 2 =,#,@ 
Classificat

ion 
big 

class 
medium 

class 
small 
class 

Synset 
Subsynse

t 
 

Hierarchy 1 2 3 4 5  

3.2 Chinese Terms Semantic Similarity Calculation 

There are two terms, T1=<PT1,1,PT1,2,…,PT1,m>, T2=<PT2,1,PT2,2,…,PT2,n>. The 
similarity of T1 and T2 is calculated [8]. 
 
Example 1[8] T1=<燃气(gas)，汽车(car)>, T2=<汽车(car)，燃气(gas)>. According 
to the correspondence in Fig. 2 (a), the similarity of  T1 and  T2 is 1.0, which is 
unreasonable, because the sequence of Chinese terms is not considered. In Chinese, 
the order is important to semantics. 

1 2

1 1 2 1 2 2 1
( , ) 0 .3 2 0 .2 1 1 1 .0

2 2 2 1 2 1 2 1 2 1 2
S im T T

      = × + × + + × + × + + × =      + + + +      
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The corresponding relationship in Fig. 2 (b) is generated by the algorithm [8]. 
Following the correspondence, the result is 0.5, which is more reasonable. 

1 2

1 1 2 1 2
( , ) 0 .3 1 0 .2 1 0 .5

2 2 2 1 2 1 2
S i m T T    = × + × + × × + × =   + +   

 

4 Document Retrieval Based on XML 

4.1 Introduction 

As a part in Hestia QA, the document retrieval is based on XML. One line includes 
two input fields. First, there is a drop-down list, which has six options, Disease Name, 
Body Parts, Patient Description, Symptom, Colour and Skin Appearance. Then, the 
description is input in the second text field. For example, select Colour in the drop-
down list and input 红(red) for description. Now there are 4 lines and user can input 
1-4 lines. After the query is submitted, the input will be compared with the XML 
documents and calculate the similarity. For instance, the input is <Colour, 红>. The 
system will search all the <colour></colour> tags in the XML document and compare 
their value with “红”. Then the similarity of the input and the XML document is  
calculated with the algorithm.   

 

Fig. 3. The input matches XML tags 

4.2 Algorithm and Implementation 

Now, 1-4 items can be entered. Fig. 3. (a). input={input1,input2,…inputi}, 

{i|1≤i≤4,i∈Z}. In inputi, A is the attribute from the drop-down list and D 

represents the description from the text input field, e.g. inputi=<colour,红(red)>, 

A=colour, D=红. The tags related to A are searched and their values form a set 

{V1,V2,…,Vn} . According to Chinese terms semantic similarity calculation algorithm 
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[8], the similarity of D and Vn is Sim(D,Vn). The sum of the similarities 

is
1

( , )
n

j
j

SSim Sim D V
=

= . The similarity of D and  {V1,V2,…,Vn} is, 

{ } 1
1 2

( , )

( , ) ( , , , , )=

n

j
j

n

Sim D V
SSim

Sim D V Sim D V V V
n n

== =


…  (2)

Therefore, the similarity of one item iniputi and a XML document is Sim(D,V)i. 
There may be 1-4 input items. We have vector Vec1 =(Sim(D,V)1, 
Sim(D,V)2,…,Sim(D,V)i) and Vec2=(1,1,…,1). All the elements in Vec2 are 1. The 
length of Vec2 is i, which always equals to Vec1.  According to the algorithm of  
cosine similarity [9], the similarity of Vec1 and Vec2, 

1 2
1 2

1 2

·
( , )

Vec Vec
Sim Vec Vec

Vec Vec
=
  

 (3)

To compute the similarity of input and a XML document, Sim(Vec1,Vec2)  will be 
multiplied by the corresponding coefficients. When inputi is matched with a XML 
document Doc, the terms which are similar to D in {V1,V2,…,Vn} is m. 
(Sim(D,Vn)≠0) 

{ }( ) ( )1 2 1 2
1

( , ) , , , , ,
i

j
i

j j

SSim
Sim input Doc Sim input input input Doc Sim Vec Vec

m=

= = ×∏… (4) 

When inputi matches a XML document, if m=0, it means the description D is not 
similar to any related tags. Then, SSimi/mi=0.2. 

 
Example 2 inputi=<colour,红（ red） >, input2=<Body Parts, 头皮 (scalp)>. 

Calculate the similarity of the two input items and the XML document in Fig. 3(b). 

( )1

0.45+0.45
, = =0.45

2
Sim V红  

( )
2

0.25+1
, = 0.1563

8
Sim V ≈头皮  

Then，Vec1=(0.45,0.1563)，Vec2=(1,1) 

( )1 2 2 2 2 2

0.45 1 0.1563 1
, 0.8999

1 1 0.45 0.1563
Sim Vec Vec

× + ×= ≈
+ × +

 

( ) ( )1 2

0.90 1.25
, , 0.2531

2 2
Sim input Doc Sim Vec Vec= × × ≈  
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5 Conclusion and Future Work 

Input some queries into the system. inputi=<Colour,红(red)>, input2=<Body Parts,头
皮(scalp)> and input3=<Disease Name, 须疮(scabies)>. 

Table 2. Result 

id Disease name similarity 
1 毛囊炎(folliculitis) 0.2487 
2 疖毛囊深部及周围组织的化脓性炎症(Purulent inflammation) 0.0151 
3 多个相邻毛囊及毛囊周围炎症相互融合而形成的皮肤深层感染

(Skin infection) 
0 

4 丹毒多由乙型溶血性链球菌感染(streptococcal infection) 0.0455 

5 疥疮(scabies) 0.0191 

 
{input1, input2, input3} is more similar to the document of folliculitis. As shown in 

Table 2, the input has a similarity of 0.2487 with folliculitis, which is much higher 
than others. Therefore the model in this article is reasonable. 

In this model, the texts which describe the disease are wrapped in XML tags and 
converted to XML documents. The input items are compared with their related tags in 
XML documents. The Chinese terms semantic similarity calculation based on 
pairwise sequence alignment is used to calculate the terms’ similarity. The deformed 
cosine similarity is applied to the computation when compare the input items and a 
XML document. It is platform free and more compatible. Compared with systems 
based on relational databases, it reduces the servers’ load. 

Until now, the texts are wrapped in XML tags manually, so there has not been a 
corpus of diseases in Chinese. An automatic XML annotation system is being 
established. After enough XML documents are indexed, the statistics of different tags’ 
weight will be studied when calculating the similarity of the input items and XML 
documents. For example, the weight of colour tags is α and the weight of symptom 
tags is β. The value ɑ/ß will be analyzed to help calculating the similarity. Then the 
algorithm will be improved. 

After the text documents are marked with XML tags, they formed a XML datasets 
with domain-specific semantic annotation. With different tags, the XML dataset can 
be clustered, queried and analyzed in different granularity levels or dimensions, e.g. 
{(Disease Name), (Disease Name, Symptom), (Disease Name, Symptom, 
Colour)}.The XML dataset becomes a kind of data cube [9]. count() , max() and other 
measures are able to apply to the XML dataset. There can be multidimensional data 
analysis on the XML dataset as cube space. Complex aggregation or other cube space 
explorations will be used to the XML dataset which describes diseases in Chinese. It 
is the next step. 
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Abstract. Math-aware search engines are required to effectively retrieve 
mathematical documents including various equations. In this paper, we propose 
a mathematical document retrieval system by which users can retrieve 
documents using any combination of keywords and equations. The proposed 
system indexes equations and their surrounding keywords from mathematical 
documents. Then, it searches and ranks mathematical documents using a 
language model modified for the heterogeneous indexing units (i.e., mixtures of 
equations and keywords). In the experiments, the proposed system performed 
well, especially for high ranks. 

Keywords: Mathematical Document Retrieval, Heterogeneous Indexing Term, 
Pseudo-document. 

1 Introduction 

Many online documents in science, engineering, and mathematics include various 
equations. In this paper, we assume that equations are represented in mathematical 
markup language (MathML) [3]. To effectively retrieve such documents, some math-
aware search engines have been developed [1,4,6]. The previous math-aware search 
engines were focused on methods to group similar equations by using regular 
expressions or extracting index terms such as function names, variables, and 
constants. However, these systems used handcrafted rules for indexing the structural 
information of equations. Moreover, they did not consider the relations between 
equations and their surrounding keywords. Many users want to search for structurally 
similar equations although the variables in the equations may be quite different from 
each other. In addition, they want to search documents by keywords although the 
retrieval targets are equations. To satisfy the needs of these users, we propose a 
mathematical document retrieval system to simply index two kinds of heterogeneous 
terms (i.e., equations and keywords) within the same framework. 
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2 Mathematical Document Retrieval Model 

2.1 Extraction of Indexing Terms 

To extract indexing terms from mathematical documents, the proposed system 
constructs pseudo-documents. A pseudo-document consists of three paragraphs. The 
first is the group of all sentences between the previous equation and the retrieval 
target equation, the second is the retrieval target equation, and the last is the group of 
all sentences between the retrieval target equation and the next equation. Then, 
the proposed system extracts keyword indexing terms and equation indexing terms 
from each pseudo-document. By using a conventional morphological analyzer, the 
proposed system extracts content words (i.e., nouns, verbs, adjectives, and adverbs) as 
keyword indexing terms. Table 1 lists the three types of symbolic information that the 
proposed system extracts as equation indexing terms by using a MathML parser. 

Table 1. Symbolic information in equations 

Name Meaning Example 
STRUCTURE The structure tags msqrt, mroot 
OPERATOR The operators +, -, *, / 
VARIABLE The variables x, y, z 

 
Table 2 lists the 16 structure tags that the proposed system extracts from MathML 

equations. 

Table 2. Structure tags and their meanings 

Tag Meaning Tag Meaning Tag Meaning 

mtable A matrix msub 
 

mfrac 
 

mtr A row in a matrix msubup 
 

mo An operator 
mtd A column in a matrix mover 

 

mn A constant 

mroot 
 

munder 
 

mi A variable 

msqrt 
 

munderover 
 

  

msup 
 

mfenced 
 

  

 
Table 3 shows an example of symbolic information that the proposed system 

extracts from MathML equations. As shown in Table 3, (ax+b)x and ax+b have the 
same operator and the same variables. To discriminate these kinds of equations, the 
proposed system extracts structure tags as additional symbolic information. 

Table 3. An example of symbolic information 

Equation STRUCTURE OPERATOR VARIABLE

( )xa b+  mi, mo, mfenced, msup + a, b, x 

ax b+  mi, mo + a, b, x 
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2.2 Ranking of Pseudo-documents 

To rank pseudo-documents, the proposed system uses a language model [5], as shown 
in Equation (1). 
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(1) 

In Equation (1), and  are a set of keyword indexing terms and a set of equation 
indexing terms, respectively, in a pseudo-document . The term frequency of qi in  
is denoted by tf (qi, ). Further, Ck and Ce are collections of keyword indexing terms 
and equation indexing terms, respectively, while λ1 and λ2 are the Dirichlet priors for 
keyword indexing terms and equation indexing terms, respectively [7]. The Drichlet 
priors are calculated according to 

1 2,  
| | | |

k e

k k e ed d

μ μλ λ
μ μ

= =
+ + 

                           

(2) 

where μk and μe are Dirichlet smoothing parameters for keyword indexing terms and 
equation indexing terms, respectively. In Equation (1), α is the weighting parameter 
for combining two language models; a language model based on keyword indexing 
terms and a language model based on equation indexing terms. To set μk, μe and α, we 
evaluated the proposed system by using equations and names describing the equations 
(e.g., a cosine similarity and a language model) that are not included in a test query set. 
Based on this parameter calibration process, we set μk, μe, and α to 300, 800, and 0.6, 
respectively. The generation probability of equation indexing terms, p(qi | Ce), is 
calculated according to 

| | | | | |
( | ) ( | ) ( | ) ( | )

| | | | | |
s o v

i e i s i o i v
e e e

C C C
p q C p q C p q C p q C

C C C
= + +

                

(3) 

where Cs, Co, and Cv are collections of three types of symbolic information (structure 
tags, operators, and variables) that compose equation indexing terms. 

3 Evaluation 

We collected 500 mathematical documents from arXMLiv [1] by randomly. Then, we 
automatically constructed 19,193 pseudo-documents from the collected documents. 
Next, by looking up the other documents in arXMLiv, we manually constructed a 
query set that consists of 50 pairs, each an equation and a name describing the 
equation, because we could not find any test collection for mathematical document 
retrieval. Finally, we had one graduate student and two university students judge 
the relevance of top 10 retrieved documents. 
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The first experiment was performed to evaluate the effectiveness of pseudo-
documents by using the names describing equations as queries. Table 4 shows the 
differences in performance according to the document unit (full documents or pseudo-
documents). 

Table 4. Performances according to document units 

Document Unit P@1 P@3 P@5 P@10 
Full documents 0.30 0.17 0.20 0.1 

Pseudo-documents 0.40 0.23 0.20 0.1 

 
As shown in Table 4, the system based on pseudo-documents performed better 

than that based on full documents, at least for high ranks. 
The second experiment compared the performance of the proposed system with a 

previous system by using equations as queries. Table 5 shows the differences in  
performance. 

Table 5. Comparison of performance with the previous system 

Model P@1 P@3 P@5 P@8 P@10 
Youssef 0.65 0.50 0.42 0.37 0.34 

Proposed system 0.69 0.53 0.42 0.38 0.34 

 
In Table 5, Youssef indicates an equation retrieval system in which function names, 

operators, and variables are indexed without structure tags [6]. As shown in Table 5, the 
proposed system somewhat outperformed the Youssef system, at least for high ranks. 
As an additional experiment, we randomly chose five equations from the indexed 
pseudo-documents and changed variables in the equations, as shown in Table 6. 

Table 6. Equations in which variables are changed 

 

Table 7. Comparison of rankings with the previous system 

Equation in Table 6 Ranking in Youssef Ranking in the proposed system 
The 1st Eq. 253 43 
The 2nd Eq. 4 1 
The 3rd Eq. 1 1 
The 4th Eq.  2094 189 
The 5th Eq. 6 38 

Average ranking 471.6 54.4 

Original Equation Modified equation 
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Then, we input the modified equations as queries and computed the rankings in 
which the original equations are retrieved, as shown in Table 7. These experimental 
results show that structure tags are important clues in equation retrieval. 

4 Conclusion 

We proposed a mathematical document retrieval model to index heterogeneous terms 
within a single framework. To associate equations with their surrounding keywords, 
the proposed system divides ordinary documents into pseudo-documents. Then, 
it indexes partial equations and their surrounding keywords from the pseudo-
documents. In the experiments, we found that the proposed methods are effective in 
mathematical document retrieval. In the future, we will more intensively evaluate 
the proposed system with various test queries. In addition, we will perform a study on 
keyword weighting methods in which relations between equations and keywords are 
considered. 
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Abstract. In morpheme-based languages such as Korean and Japanese, spacing 
and spelling errors that frequently occur in online documents make it difficult to 
reliably extract informative lexical clues for sentiment analysis. To overcome 
this problem, we propose a simple, reliable lexical feature extraction method for 
sentiment classification systems; this method targets online customer reviews in 
Korean, which include numerous spacing and spelling errors. The proposed 
method performs longest-matching between input sentences and two kinds of 
patterns (spacing-unit patterns and phoneme patterns) that are automatically 
constructed from a large POS tagged corpus. Thereafter, the method returns 
content words associated with the longest matched patterns. In the experiments 
on sentiment classification, the proposed method outperformed previous lexical 
feature extraction methods, which are based on conventional morphological  
analyzers. 

Keywords: Lexical feature extraction, spacing and spelling errors, spacing-unit 
pattern, phoneme pattern. 

1 Introduction 

Most online customers carefully study previous customers’ reviews associated with 
the products that they intend to buy before purchasing those products. There is no 
doubt that it is time-consuming to read numerous reviews. To reduce this time-
consuming job for customers, many studies of automatic sentiment classification have 
been performed [1, 2]. Previous studies generally used machine-learning methods 
based on linguistic features that were extracted using linguistic analyzers such as 
morphological analyzers and part-of-speech (POS) taggers. However, most online 
customer reviews included numerous spacing errors (especially, in agglutinative 
languages) or spelling errors, which were intentionally generated to reduce the length 
of sentences or to express familiarity. These errors decreased the performance of the 
linguistic analyzers and resulted in low performance for the sentiment classifiers [3]. 
To resolve this problem, many text normalization methods for inflected languages 
(e.g., English, Spanish, German, and Norwegian) have been studied [4, 5]. However, 
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these methods might not be proper for agglutinative languages such as Korean,  
Japanese, Turkish, and Hungarian, because they are based on string comparisons of 
spacing units (i.e., comparing erroneous word input with correct word entries in a 
dictionary). The spacing unit of agglutinative languages is morphologically more 
complex and usually longer than that of inflected languages. Therefore, the text 
normalization methods in agglutinative languages are generally performed based on 
morphemes not spacing units because string comparison based on spacing units 
require large memory. However, conventional morphological analyzers in erroneous 
sentences show much lower performances than those in ordinary sentences, and this 
fact makes it difficult that many systems based on natural language processing (NLP) 
techniques extract effective lexical features from sentences. To overcome these 
feature extraction problems for agglutinative languages, we propose a lexical feature 
extraction method based on longest-match-preference rules of spacing-unit patterns 
and phoneme patterns. These two patterns are automatically constructed from a large, 
POS tagged corpus. 

2 Feature Extraction Method Based on Longest-Match-
Preference Rules 

2.1 Feature Extraction Using Spacing-Unit Patterns 

Online customer reviews in agglutinative languages frequently include spacing errors. 
We propose a feature extraction system that matches spacing-unit patterns to input 
sentences. First, we automatically construct a spacing-unit dictionary from a large, 
POS tagged corpus. The construction steps are as follows: 

1. Extract spaced strings including one or more content words from a POS tagged 
corpus 

2. Remove strings that occur twice or less among the extracted strings 
3. Store pairs of key (string itself) and data (content words in the string) in a database 

The spacing-unit dictionary consists of key and data pairs: the keys are the surface 
forms of spaced strings, and the data are stem forms of the keys. In an eojeol(Korean 
spacing unit), functional words follow content words. Therefore, in the Korean 
spacing-unit dictionary, the keys are the surface forms of eojeols and the data are the  
sequence of content words in the eojeols, as shown in Table 1. 

Table 1. A section of the Korean spacing-unit dictionary 

Key Data 
joh-a-ha-si-ne (be liking) joh-a-ha (like) 
joh-ne (be good) joh (good) 
ye-ppeo-yo (be pretty) i-ppeu (pretty) 

 
After constructing the spacing-unit dictionary, the proposed system matches an  

input sentence to each key in the spacing-unit dictionary, using the longest-match-
preference rules as follow: 
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1. Scan an input sentence from left to right 
2. Selects the longest match that has a key of the spacing-unit dictionary at each point 
3. Return the data associated with the matched key 

2.2 Feature Extraction Using Phoneme Patterns 

When online users submit customers’ reviews, they often input abbreviated or 
idiomatic words that are intentionally used to reduce the length of sentences or to 
express social familiarity between online users. For example, the eojeol “joh-a-yo 
(like)” is frequently changed into “jo-a-yo”, “jo-a-yong”, “joh-a-yeo”, and so on. To 
overcome this spelling issue, we propose a feature extraction system that matches 
phoneme patterns to input sentences. In Korean, intentional spelling errors are closely 
associated with inner-word abbreviations. Many eojeols with similar sounds can be 
grouped using Kodex [6], a Korean variant of Soundex. To reflect some 
characteristics of Korean spelling errors (i.e., intentional spelling errors frequently 
occurring as trailing consonants), we simplify Kodex as follows: 

1. Retain all leading consonants and all vowels 
2. Drop all trailing consonants 
3. Replace some leading consonants with their representative consonants: ‘g’, ‘gg’  

‘g’ / ‘d’, ‘dd’  ‘d’ / ‘b’, ‘bb’  ‘b’ / ‘s’, ‘ss’  ‘s’ / ‘j’, ‘jj’  ‘j’ / ‘h’, ‘p’  ‘p’ 

Based on these characteristics of intentional spelling errors in Korean, we can 
automatically construct a phoneme-unit dictionary from a large POS tagged corpus. In 
the phoneme-unit dictionary, the keys are a sequence of characters from which the 
trailing consonants have been removed. The data are content words that are the most 
frequently occurring among eojeols that have been matched to the keys. 

Table 2. A section of the Korean phoneme-unit dictionary constructed from eojeols 

Eojeol  Key Data 
joh-a-ha-si-ne (like)  jo-a-ha-si-ne joh-a-ha (like) 
joh-a-ha-si-neun (to like)  jo-a-ha-si-neu joh-a-ha (like) 
ye-ppeo-yo (be pretty)  ye-ppeo-yo ye-ppeu (pretty) 

 
After constructing the phoneme-unit dictionary, the proposed system matches input 

sentences to each key in the phoneme-unit dictionary, using the longest-match 
algorithm mentioned in Section 2.1.  

3 Evaluation 

3.1 Data Sets and Experimental Settings 

To construct a spacing-unit dictionary and a phoneme-unit dictionary, we used the 
21st Century Sejong Project’s POS tagged corpus (0.8 million sentences, 15 million 
Ejoeols; available at http://www.sejong.or.kr/eindex.php). To evaluate the proposed 
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feature extraction system experimentally, we collected 12,291 Korean sentences from 
customers’ reviews on an online shopping site (http://shopping.naver.com). 32.64% of 
sentences (8.15% of total eojeols) included spelling variants, and 45.82% of sentences 
(13.25% of total eojeols) included spacing errors. Next, we manually annotated the 
collected sentences using two sentiment tags, P (positive opinion) and N (negative 
opinion). We selected 6,235 sentences (4,743 positive sentences and 1,492 negative 
sentences) that the two annotators had tagged identically. Next, we implemented the 
sentiment classification system using a LibSVM (set by a default linear kernel  
function) [7]. 

3.2 Experimental Results 

We implemented two kinds of sentiment classification system. One was a sentiment 
classification system that used features extracted using the proposed method as SVM 
(Svpport Vector Machine) inputs. We call this system SentiClass-PM. The other was 
a sentiment classification system that used features extracted using a conventional 
morphological analyzer(precision of 95.21%)[8] as SVM inputs. We call this system 
SentiClass-MA. Table 4 shows the performance of SentiClass-PM compared to that 
of SentiClass-MA. 

Table 3. Effectiveness comparison among feature extraction methods 

System Precision Recall rate F1-measure 
SentiClass-MAGOLD 0.878 0.787 0.830 

SentiClass-MA 0.8345 0.7136 0.7694 
SentiClass-PM 0.8451 0.7526 0.7962 

 
In Table 3, Based on this experimental result, we think that the proposed feature 

extraction method will be more effective than the previous feature extraction 
methods, which are based on morphological analyzers, in corpus with errors such as 
customer reviews. In the second experiment, we compared the performance of 
SentiClass-PM to that of the previous sentiment classification system [9] in the movie 
review domain (8,000 Korean reviews on the online movie site, http://movie. 
naver.com), as shown in Table 4. SentiClass-PM outperformed Kim’s system (using 
an optimized syllable kernel function) on all measures, although it used an ordinary 
linear kernel function based on bag-of-words feature representation as an SVM kernel 
function. This fact reveals that sentiment classification systems can show good 
performance if they have effective feature extraction methods, in spite of using 
conventional classification models. 

Table 4. Performance comparison between sentiment classification systems 

System Precision Recall rate F1-measure 
SentiClass-PM 0.7761 0.7687 0.7724 
Kim’s system 0.7100 0.7032 0.7066 
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4 Conclusion 

We proposed a feature extraction system for sentiment classification in erroneous 
sentences such as online customer reviews. First, the system automatically constructs 
two kinds of pattern dictionaries (the so-called spacing-unit dictionary and the 
phoneme-unit dictionary) from a large, POS tagged corpus. Next, the system performs 
longest-matching between input sentences and keys in the pattern dictionaries, and 
returns content words associated with the longest matched keys. In the experiments on 
the sentiment classification of erroneous sentences, the proposed system showed 
better performance than previous systems, which are based on conventional 
morphological analyzers. On the basis of these experiments, we found that the 
proposed system is a simple, reliable method of extracting lexical features from 
erroneous sentences. 
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Abstract. For heterogeneous scientific and technical knowledge systems 
(HSTKSs), the computer-aided concept-mapping discovery becomes very diffi-
cult among the HSTKSs. First, this paper puts forward and establishes a public 
concept model oriented to the HSTKS used for the standardized description of 
scientific and technological knowledge concepts. Then, in the mapping discov-
ery algorithm, the algorithms to discover the relations of inheritance, "is a char-
acteristic of", "is a part of", relevance and other partial ordering relations  
between heterogeneous concepts are put forward and designed through mapping 
transfer. Finally, the empirical results show that, in public concept space, the 
mapping discovery algorithm put forward and designed by this paper, is feasi-
ble and have certain practical significance. 

Keywords: Knowledge System, Concept Space, Mapping Discovery, Mapping 
Transfer. 

1 Introduction  

Currently, there are large numbers of classification systems based on different criteria 
and thesauri of each disciplinary field. Among all the classifications specifications, 
International Patent Classification (IPC), International Classification for Standards 
(ICS), Chinese Classification for Standards (CCS), Universal Decimal Classification 
(UDC), Dewey Decimal Classification (DDC) and Chinese Library Classification 
(CLC) are widely used. Different to classifications, thesauri are mainly used in China, 
such as Chinese Classified Thesaurus, Social Science Thesaurus and other general 
thesauri; and Aerospace Scientific and Technical Thesaurus, Chinese Thesaurus of 
Petrochemical Industry and so on. 

All kinds of scientific and technological knowledge systems need to be reasonably 
and accurately correlated, in which computer-aided scientific and technological 
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knowledge concept mapping is a fundamental work practice and an important  
research direction [1, 2]. 

Theoretically, if HSTKS is projected to neutral concept space first and then do the 
research on the method of concept mapping, the computer-aided mapping of hetero-
geneous knowledge concept will be more effective. For mapping discovery algorithm 
itself, structured deduction, an important method for it, whose essence is a mapping 
transfer method, is easy for the mapping deduction algorithm of similarity relation. 
However, among past researches, few is about mapping transfer algorithm of partial 
ordering relations, which has largely limited the efficiency of semantic relation  
discovery between knowledge concepts [3-5]. 
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Concept
Mapping
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Other 
structured 
knowledge

DDC

CCS

mapping

 

Fig. 1. Research technology roadmap 

Research work of this paper includes: First, build a HSTKS oriented to general 
concept space model, namely Common Data Model (CDM) in the paper, used for 
standardized description of scientific and technological knowledge; Then, heteroge-
neous knowledge concepts in CDM will be projected into relevant Neutral 
Knowledge Concept (NKC), integrating the current semantic analysis technologies, to 
discuss the computer-aided algorithms of concept mapping among different 
knowledge systems; At last, verify the efficiency of united concept space model and 
mapping discovery algorithm by practical calculation. In the research, the research 
object HSTKS includes thesauri and common classifications, such as IPC, UDC, 
DDC, CLC, CCS, ICS and so on. The technology roadmap is shown in Fig.1. 

2 HSTKS Oriented CDM 

2.1 Basic Composition of CDM 

Although heterogeneous knowledge systems are different in architecture, there must 
be some generalities among them. Based on the analysis of all aspects of all classifi-
cations and thesauri, the basic constitution of CDM for the HSTKS is summarized as 
follows: (1) There are 7 kinds of nodes in CDM, which are identified by A to G in 
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Fig.2. (2) There are 8 kinds of basic semantic relations in CDM, which are identified 
by L1 to L8 in Fig.2. In Fig.2, the sources of 7 kinds of nodes in CDM are shown on 
the left part, and 8 kinds of basic semantic relations and their derived potential map-
ping relations in CDM are shown on the right part.  
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of equivalence
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third-stage classes of DDC; 
secondary classes of CLC 

Third-stage classes of ICS

Thesauri 
 

Fig. 2. The nodes and their relations in the architecture 

2.2 The Concept Nodes and Their Basic Semantic Relations’ Constraints in 
CDM 

In CDM, 7 kinds of concept nodes’ coverage are different, so they have different 
attributes, including ‘Name’, ‘Source’, ‘Number’, ‘Description’ and ‘characteristic’. 
Between these 7 kinds of nodes, all of the basic semantic relations identified by L1 to 
L8 are not permitted to exist. The constraints between concept nodes and basic  
semantic relations are shown in Fig.3. 
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Fig. 3. The relations mapping model between nodes 



234 L. Zhu, C. Shi, and J. Guo 

 

3 The Concept Mapping Discovery Algorithm Based on CDM 

3.1 The Concept Mapping Discovery Algorithm System Based on CDM 

On the basis of public data model, this paper designs a set of algorithms of the scien-
tific and technological concept mapping discovery, which can find the specified  
semantic relations between heterogeneous scientific and technological knowledge 
concepts. And its architecture is shown in Fig.4. 

 

Fig. 4. The architecture of concept mapping discovery algorithm 

Using the mature and traditional computing methods, the discovery algorithm of 
basic relations mapping in grammar level won’t be described in detail in the paper.  

3.2 The Mapping Discovery Algorithm Based on Structured Deduction 

Different to similarity relations, relations of partial order should consider the attenua-
tion effect in the transfer of mapping. In the research, the relations of partial order 
include 4 kinds: inheritance, "is a characteristic of", "is a part of" and relevance. In 
data structure, all kinds of classifications and thesauri are tree structures. The transfer 
toward tree root is called upward transfer, and on the contrary, downward transfer. 

3.2.1   The Situation of Upward Transfer  
Axiom 1: In the tree knowledge system, no matter mappings of similarity relations or 
of other partial ordering relations, show no decay in the upward transfer. Namely the 
transfer decay coefficient is 1 on each step. 

3.2.2   The Situation of Downward Transfer  
In the tree knowledge system, semantic relations of partial order show a decrease in 
the downward transfer, however, different partial ordering relations have same  
algorithm structures and principals. Thus, this paper takes the potential probability 
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computation of "is a characteristic of" relation for example, which can be seen in the 
Formula 1. 

r
LLLL

R

r nmnm
abF f

BABA
S

RPIC

4321

1 1111

1 αααα
= ++++ −+

=
  

 1111,...,2,1 ++++ Ι−+= nmnm BABAR  (1) 

In Formula 1, abFS  is the probability computed after the transfer of "is a characteristic 
of" relation. 

Cα , 
Iα , 

Pα  and 
Rα  are transfer decay coefficients between concept 

nodes to be compared respectively of the four relations of "is a characteristic of", 
inheritance, "is a part of" and relevance. 1L , 2L ， 3L  and 4L  are the numbers of times 
that the relations of "is a characteristic of", inheritance, "is a part of" and relevance 
appear. rf  is the similarity of the rth attribute between two concepts. 1mA +  and 1nB +  are 
the numbers of attributes belonging to concept A and concept B. 1 1m nA B+ +  is the 
number of the attributes of same type in concept A and concept B. If only the attrib-
utes of English names are compared in concept nodes, the formula 1 can be simplified 
as the following formula 2. 

 EN
LLLL

abF fS
RPIC

4321 αααα=  (2) 

Generally, in the same scientific and technological systems， the probability that some 
semantic relation appears has uniform distribution, namely, independent of the sample 
size. So suppose that the decay coefficients 

Cα , 
Iα , 

Pα  and 
Rα  should be relevant 

to the average value P  of AP  and 
BP  which are the proportions that the corre-

sponding semantic relations account for all relations respectively in two classifica-
tions(also a classification and a thesaurus or two thesauri), and relevant to the  
probability of equivalence S between the transfer’s original two nodes. Moreover, the 
decay coefficients

Cα , 
Iα , 

Pα  and 
Rα  need to have some constraints: First, 

Cα , 

Iα , 
Pα  and 

Rα  must be monotone functions; And then, if S is 0, 
Cα , 

Iα , 
Pα  and 

Rα  must be 0 and if S is 1, 
Cα , 

Iα , 
Pα  and 

Rα  must be 1; Finally, the range of S 

is from 0 to 1. Therefore, the calculation functions of 
Cα , 

Iα , 
Pα  and 

Rα  are de-

fined as 
SP

SP

+
+= )1(α , with 

Cα , 
Iα , 

Pα  and 
Rα  corresponding respectively to

CP , 

IP , 
PP  and RP . 

4 The Empirical Results  

Experimental samples from Petroleum Thesaurus, IPC and UDC of petroleum-related 
area are described by CDM. The number of concepts used for experiment extracted 
from Petroleum Thesaurus is 1500, and 900 concepts possibly related to petroleum 
are extracted from UPC, as well as 700 from UDC.  
 



236 L. Zhu, C. Shi, and J. Guo 

 

Table 1. The results of the mapping relations found and verified artificially 

Sources Total E-R I-R R-R IACO-R 

PT&IPC P 231 161 42 28 0 

V \ 11 17 26 \ 
PT&UDC P 238 105 112 21 0 

V \ 7 37 19 \ 
IPC&UDC P 161 29 97 28 7 

V \ 7 16 23 2 
Note: P is the number of potential mapping relations found and V is the number of 
mapping relations that are verified artificially. PT&IPC is the number of the mapping 
relations found between Petroleum Thesaurus and IPC. PT&UDC is the number of 
the mapping relations found between Petroleum Thesaurus and UDC. IPC&UDC is 
the number of the mapping relations found between IPC and UDC. E-R is equiva-
lence relation. I-R is inheritance relation. R-R is relevance relation. IACO-R is “is a 
characteristic of “relation. 
 

The experimental results: (1) Totally, 231 potential mapping relations are found 
between Petroleum Thesaurus and IPC (PT&IPC): The number of the potential equiv-
alence relations is 161 and the number verified artificially is 11; The number of the 
potential inheritance relations is 42 and the number verified artificially is 17; The 
number of the potential relevance relations is 28 and the number verified artificially is 
26. (2) Totally, 238 potential mapping relations are found between Petroleum Thesau-
rus and UDC (PT&UDC): The number of the potential equivalence relations is 105 
and the number verified artificially is 7; The number of the potential inheritance rela-
tions is 112 and the number verified artificially is 37; The number of the potential 
relevance relations is 21 and the number verified artificially is 19. (3) Totally, 161 
potential mapping relations are found between IPC and UDC (IPC&UDC): The num-
ber of the potential equivalence relations is 29 and the number verified artificially is 
7; The number of the potential inheritance relations is 97 and the number verified 
artificially is 16; The number of the potential relevance relations is 28 and the number 
verified artificially is 23; The number of the potential "is a characteristic of " relations 
is 7 and the number verified artificially is 2. 

5 The Conclusion, Deficiency and Prospect 

The CDM put forward and established by this paper could projects HSTKS to the 
same concept space, which making computer-aided discovery possible among various 
HSTKSs. The algorithm to discover the partial ordering semantic relations is pro-
posed and designed based on mapping transfer, providing a new research thought for 
the computer-aided discovery of the defined semantic relations. The experimental 
results indicate that the algorithm has certain practical value. 
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With the algorithm experiment done between the thesaurus, IPC and UDC, the po-
tential semantic mapping of the "is a part of" relation is not found in the experimental 
results, and the percent of the effective mapping is not high. So the accuracy of the 
projection from HSTKS to CDM should be improved, and the design of CDM could 
be further analyzed and optimized.  
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Abstract. One of the key problems in upgrading information services
towards knowledge services is to automatically mine latent topics, users’
interests and their evolution patterns from large-scale S&T literatures.
Most of current methods are devoted to either discover static latent
topics and users’ interests, or to analyze topic evolution only from intra-
features of documents, namely text content without considering directly
extra-features of documents such as authors. To overcome this problem,
a dynamic users’ interest model for documents using authors and topics
with timestamps is proposed, named as Author-Topic over Time (AToT)
model, and collapsed Gibbs sampling method is utilized for inferring
model parameters. This model is not only able to discover latent topics
and users’ interests, but also to mine their changing patterns over time.
Finally, the extensive experimental results on NIPS dataset with 1,740
papers indicate that our AToT model is feasible and efficient.

Keywords: Author-Topic (AT) Model, Topic over Time (ToT) Model,
Author-Topic over Time (AToT) Model, Dynamic Users’ Interest Model,
Collapsed Gibbs Sampling.

1 Introduction

With a dynamic users’ interest model, one can answer a range of important ques-
tions about the content of document collections, such as which topics each user
prefers to, which users are similar to each other in terms of their interests, which
users are likely to have written documents similar to an observed document, and
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who are influential users at different stages of topic evolution and it also helps
characterize users as pioneers, mainstream or laggards in different subject areas.
Users’ interests have shown their increasing importance for the development of
personalized Web services and user-centric applications [1,2]. Hence, users’ inter-
est modeling has been attracting extensive attentions during the past few years,
such as (a) Author-Topic (AT) model [3]; (b) Author-Recipient-Topic (ART) [4],
Role-Author-Recipient-Topic (RART) [4] & Author-Persona-Topic (APT) mod-
els [5]; (c) Author-Interest-Topic (AIT) [6] & Latent-Interest-Topic (LIT) mod-
els [7], and (d) Author-Conference-Topic (ACT) model [8], etc.

In fact, in the process of entire scientific career, each researcher’s interest is
usually not static. However, the above models are devoted to discover static
latent topics and research interests. Of course, one can perform some post-hoc
or pre-hoc analysis [9,10] to discover changing patterns over time, but this misses
the opportunity for time to improve topic discovery [11], and it is very difficult to
align corresponding topics [12].Currently, attention for dynamic models is mainly
focused on analyzing topic evolution only from text content, such as Dynamic
Topic Model (DTM) [13], continuous time DTM (cDTM) [14], Topic over Time
(ToT) [11], and so on.

This article mainly focuses on the dynamic users’ interest model. The orga-
nization of the rest of this paper is as follows. In Sec. 2, we discuss generative
models for documents using authors and topics with timestamps, introduce the
Author-Topic over Time (AToT) model in detail on the basis of AT and ToT
models and describe the collapse Gibbs sampling methods used for inferring the
model parameters. In Sec. 3, extensive experimental evaluations are conducted,
and Sec. 4 concludes this work.

2 Author-Topic over Time (AToT) Model

The notation is summarized in Table 1, and the graphical model representations
of the AToT model is shown in Fig. 1. The AToT model can be viewed as a
generative process, which can be described as follows.

Table 1. Notation used in the AToT model

SYMBOL DESCRIPTION

K Number of topics
M Number of documents
V Number of unique words
A Number of unique authors
Nm Number of word tokens in document m
Am Number of authors in document m
am Authors in document m

ϑa Multinomial distribution of topics specific to the author a. And let Θ = {ϑa}Aa=1
ϕk Multinomial distribution of words specific to the topic k. And let Φ = {ϕk}Kk=1
ψk Beta distribution of timestamp specific to the topic k. And let Ψ = {ψk}K

k=1
zm,n Topic associated with the n-th token in the document m

wm,n n-th token in document m
xm,n Chosen author associated with the word token wm,n
tm,n Timestamp associated with the n-th token in the document m

α Dirichlet priors (hyperparameter) to the multinomial distribution ϑ
β Dirichlet priors (hyperparameter) to the multinomial distribution ϕ
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1. For each topic k ∈ [1,K] and each author a ∈ [1, A], draw aϕk ∼ Dirichlet(β)
and ϑa ∼ Dirichlet(α), respectively;

2. For each word n ∈ [1, Nm] in document m ∈ [1,M ]:
– Draw an author assignment xm,n ∼ Uniform(am);
– Draw a topic assignment zm,n ∼ Multinomial(ϑxm,n);
– Draw a word wm,n ∼ Multinomial(ϕzm,n);
– Draw a timestamp tm,n ∼ Beta(ψzm,n,1, ψzm,n,2);

α

a ∈ [1, A]

ϑa
zm,n

xm,n

am

wm,n

n ∈ [1, Nm]

m ∈ [1,M ]

k ∈ [1,K]

ϕkβ tm,n

k ∈ [1, K]

ψk

Fig. 1. The graphical model representation of the AToT model

For inference, the task is to estimate the sets of following unknown parameters
in the AToT model: (1) Φ,Θ and Ψ; (2) the corresponding topic and author
assignments zm,n, xm,n for each word token wm,n. In fact, inference can not be
done exactly in this model. In this work, collapsed Gibbs sampling algorithm [15]
is used, since it provides a simple method for obtaining parameter estimates
under Dirichlet priors and allows combination of estimates from several local
maxima of the posterior distribution.

In the Gibbs sampling procedure, we need to calculate the conditional dis-
tribution P (zm,n, xm,n|w, z¬(m,n),x¬(m,n), t,a,α,β,Ψ) with z¬(m,n), x¬(m,n)

represents the topic, author assignments for all tokens except wm,n, respectively.
We begin with the joint distribution P (w, z,x, t|a,α,β,Ψ) of a dataset, and
using the chain rule, we can get the conditional probability conveniently as

P (zm,n = k, xm,n = a|w, z¬(m,n),x¬(m,n), t,a,α,β,Ψ)

∝ n
(wm,n)
k + βwm,n − 1

∑V
v=1 (n

(v)
k + βv)− 1

× n
(k)
a + αk − 1

∑K
k=1 (n

(k)
a + αk)− 1

× Beta(ψzm,n,1, ψzm,n,2)(1)

where n
(v)
k is the number of times tokens of word v is assigned to topic k, and

n
(k)
a represents the number of times author a is assigned to topic k.
During parameter estimation, the algorithm keeps track of two large data

structures: an A × K count matrix n
(k)
a and an K × V count matrix n

(v)
k .
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From these data structures, one can easily estimate the Φ and Θ as follows:

ϕk,v =
n
(v)
k

+βv
∑

V
v=1 (n

(v)
k +βv)

and ϑa,k =
n(k)
a +αk

∑
K
k=1 (n

(k)
a +αk)

. As for Ψ, for simplicity and

speed we update it after each Gibbs sample by the method of moments: ψk,1 =

t̄k

(
t̄k(1−t̄k)

s2k
− 1

)
and ψk,2 = (1− t̄k)

(
t̄k(1−t̄k)

s2k
− 1

)
, where t̄k and s2k indicate the

sample mean and biased sample variance of the timestamps belonging to topic
k, respectively. The readers are invited to consult [16] for details. Note that the
time range of the data is normalized to [0.01, 0.99].

3 Experimental Results and Discussions

NIPS proceeding dataset is utilized to evaluate the performance of our model,
which consists of the full text of the 13 years of proceedings from 1987 to
1999 Neural Information Processing Systems (NIPS) Conferences. In addition to
downcasing and removing stopwords and numbers, we also removed the words
appearing less than five times in the corpus. The dataset contains 1,740 research
papers, 2,037 unique authors, 13,649 unique words, and 2,301,375 word tokens in
total. Each document’s timestamp is determined by the year of the proceedings.
In our experiments, K is fixed at 100, and the symmetric Dirichlet priors α and
β are set at 0.5 and 0.1, respectively. Gibbs sampling is run for 2000 iterations.

3.1 Examples of Topic, Author Distributions and Topic Evolution

Fig. 2 illustrates examples of 8 topics learned by AToT model. The topics are
extracted from a single sample at the 2000th iteration of the Gibbs sampler.
Each topic is illustrated with (1) the top 5 words most likely to be generated
conditioned on the topic; (b) the top 5 authors which have the highest probability
conditioned on the topic; and (c) histograms and fitted beta PDFs which show
topics evolution patterns over time.

3.2 Author Interest Evolution Analysis

In order to analyze further author interest evolution, it is interesting to calculate
P (z, t|a) = P (z|a)p(z|t) = ϑa,z × Beta(ψz,1, ψz,2). In this subsection, we take
Sejnowski as an example, who published 43 papers in total from 1987 to 1999
in the NIPS conferences, as shown Fig. 3 (a). The research interest evolution for
Sejnowski is reported in Fig. 3 (b), in which the area occupied by a square is
proportional to the strength of his research interest.

From Fig. 3 (b), one can see that Sejnowski’s research interest focused mainly
on Topic 51 (Eye Recognition & Factor Analysis), Topic 37 (Neural Networks)
and Topic 58 (Data Model & Learning Algorithm) but with different emphasis
from 1987 to 1999. In the early phase (1989–1993), Sejnowski’s research interest
is only limited to Topic 51, and then extended to Topic 37 in 1994 & Topic 58
in 1996 with great research interest strength, and finally back to Topic 51 after
1997. Anyway, Sejnowski did not change his main research direction, Topic 51,
which is verified from his homepage again.
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Topic 87 Topic 37 Topic 11 Topic 88
SVM & Kernel Methods Neural Networks Reinforcement Learning EM & Mixture Models

WORD PROP. WORD PROP. WORD PROP. WORD PROP.
set 0.0188195 learning 0.01106740 state 0.0468466 density 0.0279477

support 0.0187117 network 0.00948016 learning 0.0252876 log 0.0217790
vector 0.0186039 neural 0.00780503 belief 0.0213999 distribution 0.0186946
kernel 0.0160163 input 0.00682192 policy 0.0182191 mixture 0.0178379

function 0.0146146 model 0.00681643 function 0.0175122 method 0.0144108
AUTHOR PROP. AUTHOR PROP. AUTHOR PROP. AUTHOR PROP.

Scholkopf B 0.949692 Reggia J 0.979832 Zhang N 0.629412 Barron A 0.608507
Crisp D 0.888975 Todorov E 0.976750 Rodriguez A 0.578235 Wainwright M 0.372871
Laskov P 0.706170 Horne B 0.974146 Dietterich T 0.342954 Mukherjee S 0.340927

Steinhage V 0.634973 Thmn S 0.973083 Sallans B 0.228042 Li J 0.337108
Chapelle O 0.610385 Weigend A 0.972806 Walker M 0.189143 Jebara T 0.253203

Topic 47 Topic 78 Topic 51 Topic 58

Speech Recognition Bayesian Learning
Eye Recognition &
Factor Analysis

Data Model &
Learning Algorithm

WORD PROP. WORD PROP. WORD PROP. WORD PROP.
hmm 0.0415364 bayesian 0.0243032 sejnowski 0.0265409 learning 0.00904655
speech 0.0392921 sampling 0.018456 eye 0.0265409 model 0.00752741
hmms 0.0216579 prior 0.0178563 ica 0.0183324 neural 0.00705102

mixture 0.0179708 distribution 0.0148578 vor 0.0159531 data 0.00700339
suffix 0.0104362 monte 0.0127588 disparity 0.0153583 function 0.0068393

AUTHOR PROP. AUTHOR PROP. AUTHOR PROP. AUTHOR PROP.
Rigoll G 0.460882 Schuurmans D 0.651505 Sejnowski T 0.410459 Gray M 0.974482
Singer Y 0.437547 Sykacek P 0.495506 Pouget A 0.269781 Dimitrov A 0.973538
Nix D 0.192342 Andrieu C 0.413324 Anastasio T 0.112957 Galperin G 0.97094
Saul L 0.170699 Rasmussen C 0.344185 Horiuchi T 0.0328485 Malik J 0.968536

Hermansky H 0.0795602 Zlochin M 0.244745 Albright T 0.0099278 Davies S 0.966534

Fig. 2. An illustration of 8 topics from a 100-topic solutions for the NIPS collection.
The titles are our own interpretation of the topics. Each topic is shown with the 5 words
and authors that have the highest probability conditioned on that topic. Histograms
show how the topics are distributed over time; the fitted beta PDFs is shown also.

(a) Distribution of #publications over time (b) Research Interest Evolution

Fig. 3. The distribution of #publications and research interest evolution for Sejnowski
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3.3 Predictive Power Analysis

Similar to [3], we further divide the NIPS papers into a training set Dtrain of
1,557 papers, and a test set Dtest of 183 papers of which 102 are single-authored
papers. Each author in Dtest must have authored at least one of the training
papers. The perplexity is a standard measure for estimating the performance of
a probabilistic model. The perplexity of a test document m̃ ∈ Dtest, is defined
as the exponential of the negative normalized predictive likelihood under the

model: perplexity(wm̃,·, tm̃,·|am̃,α,β,Ψ) = exp
[
− lnP (wm̃,·,tm̃,·|am̃,α,β,Ψ)

Nm̃

]
with

P (wm̃,·, tm̃,·|am̃,α,β,Ψ) =
1

[Am̃]Nm
×

∑

zm̃,·

Beta(ψzm̃,n,1, ψzm̃,n,2|Dtrain)×
∫

p(Φ|β,Dtrain)
∑

zm̃,·

ϕzm̃,n,wm̃,ndΦ×
∫

p(Θ|α,Dtrain)
∑

xm̃,·

ϑxm̃,n , zm̃,ndΘ (2)

Fig. 4. Perplexity of the 102 single-authored test documents

We approximate the integrals overΦ andΘ using the point estimates obtained
in Sec. 2 for each sample s ∈ {1, 2, · · · , 10} of assignments x, z, and then average
over samples. Fig. 4 shows the results for the AToT model and AT model in a
post-hoc fashion on 102 single-authored papers. It is not difficult to see that the
perplexity of AToT model is smaller than that of AT model when #topics > 10,
which indicates that AToT model outperforms AT model.

4 Conclusions

With a dynamic users’ interest model, one can answer many important ques-
tions about the content of document collections. Based on AT & ToT models,
this article proposes a dynamic users’ interest model, Author-Topic over Time
(AToT) model, for documents using authors and topics with timestamps, and
collapsed Gibbs sampling is used for inferring model parameters. It combines the



Author-Topic over Time (AToT): A Dynamic Users’ Interest Model 245

merits of AT & ToT models. The results on NIPS dataset show the discovery
of more salient topics and more reasonable users’ interest evolution patterns.
What’s more, one can generalize the approach in the work to construct alterna-
tive dynamic models from other static users’ interest models and ToT model.
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search on Large-Scale Semantic Calculation for Foreign STKOS, and Key Tech-
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Abstract. With the rapidly growing amount of information represented in RDF 
format, efficient querying RDF graph has become a fundamental challenge. 
There have been several relationship finding services based on querying RDF 
database to discover relationships between two objects of interest. Conventional 
relationship-finding service requires computationally expensive graph search 
operations which involve multiple self joins. It becomes even more challenging 
when the graph data is large and diverse. In this paper we propose an algorithm 
which uses RDF schema information for efficient RDF path query processing. 
By utilizing the pre-calculated class path expressions, the graph search space is 
significantly reduced. Compared with the conventional BFS algorithm, the 
proposed algorithm (bidirectional BFS combined with class path lookup 
approach) achieves performance improvement by 3 orders of magnitude. 
Additionally, the proposed algorithm is scalable, because it operates based on 
B-Tree index when it accesses to triple repository and pre-calculated class path 
information. Thus, the proposed algorithm is expected to return graph search 
results within a reasonable response time on even much larger RDF graph. 

Keywords: RDF schema, path expression, SQL based graph search, RDF path 
query, class path pre-calculation, bidirectional Breadth First Search. 

1 Introduction 

Since the Semantic Web emerged as a vision of the next generation World Wide Web, 
the amount of information represented in RDF format has been rapidly growing [1]. 
Based on the richness of RDF dataset, several relationship finding services have been 
proposed. Microsoft co-author path 1 , Relfinder[2] and OntoRelfinder[3] are the 
examples of relationship finding services which retrieve relationships between two 
given objects of interest from RDF data and display the result as a graph.  
 

                                                           
1 http://academic.research.microsoft.com/VisualExplorer 
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These services require computationally expensive graph search operations which 
involve multiple self joins. Abadi et al. [4] materialized path expressions to reduce self 
joins in path query processing. They pre-calculated the selected path expressions and 
stored the result in relational tables. OntoRelfinder [3] also pre-calculated and 
materialized path expressions to reduce search space but the scope of them remained 
within the triples of the RDF schema. They call them ClassPaths. However, in order to 
process a user query, OntoRelfinder generates a set of SPARQL query by using the pre-
calculated ClassPaths. In case the RDF schema is not simple enough, OntoRelfinder 
might generate more SPARQL queries than it can handle within a reasonable response 
time. In this study we adopt the way OntoRelfinder pre-calculates and materializes class 
paths but we propose a different path querying scheme that utilizes the pre-calculated 
class paths. 

In this paper we propose a novel RDF path querying scheme which utilizes 
bidirectional BFS algorithm combined with class path lookup scheme to reduce 
search space in path query processing. The rest of this paper is organized as follows. 
In section 2, we describe our approach to reduce search space by utilizing the class 
path information. In section 3, we describe the results of the performance test of the 
proposed approach. In section 4, we describe the conclusion and the prospected future 
works. 

2 Path Query Processing Based on RDF Schema Information 

The proposed approach is a kind of heuristic graph search algorithm that can 
significantly save the search cost by using ontology schema information. In order to 
reduce graph search space by using the materialized class path, we propose an 
algorithm that is modified from Breadth First Search (BFS) algorithm, namely BFS 
combined with runtime Class Path Lookup scheme.  

2.1 Class Path Lookup Operation 

The main modification is adding a filter operation to the BFS algorithm, which we 
call ‘Class Path Lookup Operation’. The operation filters out the non-promising 
neighbor nodes by looking up the pre-calculated class path expressions stored in a 
relational table. Fig.1 shows the structure of the relational table for class path 
expressions. Since the filtering operation leverages the B-tree index composed of 
multiple columns (namely Start Class, End Class, Path Length and Class Path), it is 
executed with the minimal cost.  

2.2 Combining BFS with Class Path Lookup Operation 

Our algorithm first searches the neighbors of the starting node as BFS does; then, 
looks up the materialized path expressions to see which neighbor node can lead to the 
destination successfully within the given path length. The algorithm enqueues only 
the promising nodes and discards the nodes which lead to unsuccessful search. The 
neighbor node search operation also utilizes B-Tree index. Fig.2 also shows the way 
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the proposed algorithm processes an example path query, ‘Find relationships between 
John who is a student and Tom who is a professor within path length 2’. In this 
example, ‘John’ has 5 neighbor nodes which include ‘Linear Algebra’, ‘Paper #101’, 
‘Computer Science’, and so on. The algorithm enqueues ‘Linear Algebra’ node for 
the next search step because the ‘Class Path Lookup operation’ finds the class path 
that starts with ‘Student/Course’ and ends in ‘Professor’. On the other hand, the 
algorithm discards ‘Computer Science’, which is a ‘Department’, because the ‘Class 
Path Lookup Operation’ fails to find any class path that starts with ‘Student/ 
Department’ and ends in ‘Professor’.  

 

Fig. 1. Example of how BFS combined with Class Path Lookup operation works 

Fig. 2 describes the proposed algorithm in pseudo code. The algorithm is derived 
by modifying the conventional BFS algorithm. Line 14 is the filtering operation by 
class path lookup, where the class path of each neighbor node denoted by u.ClassPath 
in the pseudo code is looked up against the materialized class path table to see if there 
exists any class path which starts with u.ClassPath and ends in the destination class 
D. For this operation, each node should remember classes of the previously traversed 
nodes, which is done in line 3 and 13. 

 

Fig. 2. Pseudo Code of BFS combined with Class Path Lookup Scheme 
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2.3 Combining Bidirectional BFS with Class Path Lookup Operation 

The ‘Class Path Lookup Operation’ can also be combined with bidirectional BFS 
algorithm, which further reduces the search space. The bidirectional BFS initiates its 
search from two nodes (source and destination nodes) within half the given path 
length. By joining the two result sets, one expanded from source and the other one 
expanded from destination, the set of entire paths are returned as a final result. For 
each step the bidirectional BFS searches neighbors, ‘Class Path Lookup Operation’ is 
executed to filter out the non-promising nodes which cannot lead to destination node 
in forward search or which cannot lead to source node in backward search. 

3 Implementation and Performance Evaluation 

All the proposed algorithms are implemented by using SQL. The recursive SQL query 
is written based on common table expressions(CTEs) which are the standard SQL 
syntax [5] supported by IBM DB2, MS SQL Server, Oracle and so on. The initial 
search result set retrieved from the triple table is stored in user memory buffer, which 
is then self-joined to triple table in recursive manners. The schematic of recursive 
CTE query that executes BFS search is represented in Fig.4, where T1 denotes triple 
table.  

 

Fig. 3. Schematic of BFS based on Recursive Self Join 

We run our experiments on a 1.7 GHz quad core processor with 4GB main 
memory running Window 7 with the LUBM (10,0) dataset [6] which has about 1.3 
million triples. The LUBM data set is synthetically generated by the data generator 
UBA 1.72 and converted into n-triple format, which is then loaded onto a relational 
table. We used Oracle 11gR2 as a triple repository with 2 GB main memory assigned. 

Fig.4 shows the performance of our approach. As can be seen in the figure, 
combining the ‘Filter by Class Path Lookup’ with BFS significantly improves the 
path query processing performance. The performance test was conducted varying the 
graph search path length. As the path length increases, the performance difference 
between BFS and the proposed approach grows exponentially. In case of path length 
6, our approach (bidirectional BFS combined with ‘Class Path Lookup Operation’) 
achieves performance improvement by more than 3 orders of magnitude. 

                                                           
2 http://swat.cse.lehigh.edu/projects/lubm/ 
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Fig. 4. Performance of the Proposed Algorithm 

4 Conclusion 

We proposed a novel path querying scheme which utilizes ontology schema 
information for efficient graph search operation. By combining the bidirectional BFS 
algorithm with run-time class path look up scheme, we could significantly narrow 
down the search space. The proposed path querying scheme achieved performance 
improvement by more than 3 orders of magnitude compared with the conventional 
BFS algorithm. Additionally, because the proposed algorithm works in a scalable 
manner, it is expected to return graph search results within a reasonable response time 
on even much larger RDF graph. A drawback we observed in our approach is that 
there exist empty class path expressions which do not have any instance paths. The 
empty class path expressions result in unsuccessful search but may cause considerable 
search cost. For future work, we plan to devise the methods to minimize the empty 
class path expressions when they are pre-calculated. 
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Abstract. More and more clues show that the bidders tend to risk
averse. However, traditional nonparametric approach is only applicable
for the case of risk neutrality. This study proposes a generalized nonpara-
metric structural estimation procedure for the first-price auctions. To
evaluate the performance, extensive Monte Carlo simulation experiments
are conducted for ten different values of risk aversion parameter includ-
ing the risk neutrality case in multiple classic scenes. Though there are
no unique estimators for risk aversion parameter, four (weighted) com-
binations of all estimators are obtained, and some guidance is also given
for real-world applications. Finally, empirical results on USFS bidding
dataset show that the our nonparametric method can capture bidders’
risk aversion to some extend.

Keywords: Risk Aversion, First-Price Auction, Keyword Auction, Monte
Carlo, Nonparametric Method.

1 Introduction

Keyword auction [1–3], also known as sponsored search or search auction, is a
form of advertising that appears at the top or to the right of the list of results of
search engines. Such auctions have become a dominant source of revenue gener-
ation on the Internet. To participate in a keyword auction, say for ”distributed
computing systems”, each advertiser submits a cost-per-click (CPC)bid together
with a clickable, text-based advertisement. All bids are collected, ranked, and
shown automatically in the research result page, and advertisers will pay each
time when their advertisements get clicked.

Risk aversion is used to explain the advertisers’ behavior under uncertainty.
The auction model and the optimal mechanism design for risk averse bidders have
been studied by [3–5]. Within the private value paradigm, risk averse bidders
tend to shade less their private values relative to the risk neutral case, which
often results in some overbidding [6]. More and more clues show that the bidders
indeed tend to risk averse [7–9].

In recent years, in order to gain some insight from auction data, structural
approaches, pioneered by Paarsch [10], have attracted extensive attention. Some
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of them rely upon a parametric specification of the bidders’ private values dis-
tribution, e.g., the piecewise pseudo-maximum likelihood estimation (PPMLE)
approach [11]. Laffont et al. [12] have proposed a simulated non-linear least
square estimation method, which allows for general parametric specifications.
Without any parametric assumptions, Guerre et al. [13] have presented a com-
putationally convenient nonparametric estimation procedure. However, the non-
parametric approach is only applicable for the case of risk neutrality, which
cannot explain the agents’ behavior very well. To overcome this problem, this
article generalizes nonparametric estimation procedure so that it can be appli-
cable for risk aversion in the first-price auction[14]. Amid the uncertainty of the
risk aversion estimator, this study offers several choices and gives some instruc-
tive suggestions by contrasting the experimental effects. We then illustrate our
choices and suggestions on the US Forest Service timber auctions, and find that
the bidders are risk averse.

The rest of the paper is organized as follows. After the risk-averse model
for first-price auction with independent private value is briefly introduced in
Section 2, a generalized nonparametric estimation procedure is proposed in Sec-
tion 3. In Section 4 & 5, extensive experimental evaluations on synthetic and
real-world data are conducted, and Section 6 concludes this work.

2 The Risk-Averse Model

A single and indivisible object is sold through an auction to N bidders. In this
article, the private value paradigm is considered, where every bidder has a private
value vi(i ∈ Nn = {1, 2, · · · , n}) for the auctioned object. The private values vis
are drawn independently from a distribution F (·), which is assumed to be known
to all bidders, and is defined on a compact support [v, v̄] with a density f(·).
Intuitively, every bidder is potentially risk averse with a von Neuman Morgensten
utility function U(·) satisfying U ′(·) > 0, U ′′(·) ≤ 0 and U(0) = 0. The bidders
are symmetric in the sense that they share the same private value distribution
F (·) and the same utility function U(·). Specifically, the distribution G(v) for
the private values is a uniform distribution on [0, 1] with a constant relative risk
(CRRA) utility function, U(x) = xr, r ∈ [0, 1]. In this specification, 1− r is the
coefficient of relative risk aversion, with r = 1 corresponding to risk neutrality.

Let b = σ(v) denote the equilibrium bid function. Under weak regularity
conditions, the equilibrium bid function is strictly increasing and differentiable
so that its inverse s(b) exists and inherits these properties. Bidder i maximizes
his expected utility EΠi = [Pr(bi ≥ bj, j �= i)]U(vi− bi) = F (s(bi))

N−1(vi− bi)r
with respect to his/her bid bi, where bj is the j-th player’s bid.

The first order condition for maximizing expected utility can be written as

(n− 1)s′(bi)f(vi)(vi − bi)− rF (vi) = 0 (1)

To arrange Eq. 1, we obtain

vi = bi + r · F (s(bi))

f(s(bi))s′(bi)(N − 1)
. (2)
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Let G(b) and g(b) be the distribution and density of the bids, respectively. Since
G(b) = F (s(b)) and g(b) = f(s(b))s′(b), Eq. 2 can be written as

vi = bi + r · G(bi)

g(bi)(n− 1)
. (3)

Additionally, F (vi) = vi, f(vi) = 1, and dbi/dvi = 1/s′(bi), hence from Eq. 1 one

can obtain dbi
dvi

= n−1
r

(
1− bi

vi

)
. To solve this differential equation, we obtain the

equilibrium bid functions

bi ≡ σ(vi) =
n− 1

n− 1 + r
vi. (4)

3 Generalized Nonparametric Estimation

3.1 Risk Aversion Parameter Estimation

Since one can only access the equilibrium bid and cannot access private value in
the real world, the private value v can be seen as a function of equilibrium bid
b. In other words, Eq. 1 can also be

vi = bi + r · F (σ−1(bi))

(n− 1)f(σ−1(bi))/σ′(σ−1(bi))
. (5)

From Eq. 4, it is not difficult to see that bid b = σ(v) has the same probability
distribution function with v, viz. G(b) = F (σ−1(b)). Guerre et al. [13] have
proofed that distribution function F (·) is unique, and equivalents with G(·).
Moreover, theirs probability densities also have some relevance, namely g(b) =
f(σ−1(b))/σ′(σ−1(b)). Therefore, Eq. 5 can be simplified as

vi = bi + γ · G(bi)

g(bi)(n− 1)
. (6)

Given T similar single item auctions, which can be divided further into N
categories NN in terms of the numbers of bidders. Following [9], let vα and bα
denote the α-th percentile of the distribution F (·) and G(·) respectively, the

equation G(b
(n)
α ;n) = α = G(b

(l)
α ; l) holds for any different bidders’ number

n, l ∈ NN . Thus, equipped with percentile, Eq. 6 becomes

vα = b(i)α + γ · G(b
(i)
α ; i)

(i− 1)g(b
(i)
α ; i)

= b(i)α +
γα

(i − 1)g(b
(i)
α ; i)

, i ∈ {n, l} (7)

Through simple arithmetic operations on the above two equations, one can ob-
tain the following estimator γ̂(n,l)for risk aversion parameter γ,

b(n)α − b(l)α = γ̂(n,l) · α
(

1

(l − 1)g(b
(l)
α ; l)

− 1

(n− 1)g(b
(n)
α ;n)

)

. (8)



256 X. An, J. Chen, and Y. Zhang

Of course, γ̂(n,l) = γ̂(l,n)(n, l ∈ NN , n �= l). Thus, one can obtain N(N − 1)/2
estimators for γ. Subsection 3.2 will discuss how to choose a proper one in real-
world applications. Surprisingly, G(·) disappears from Eq. 8, which means that
the estimators for γ have nothing to do with G(·).

3.2 Choice of Estimators for Risk Aversion Parameters

Intuitively, it seems that some (weighted) combinations of all estimators may
be appealing. In this study, two-level combinations are considered. Specially, for
any n ∈ NN (l ∈ NN\n), the estimator γ̂n are first obtained from γ̂(n,l) using two

kinds of weights: Tl/(T −Tn) and Tl · l/(LT −Tn ·n). Here LT =
∑T

t=1 nt, nt(t ∈
NT ) is the number of bidders in the t-th auctions, Tl and Tn are the times of
auctions with the number of bidders is l and n, respectively. Thus, there are two
inner estimators for γn. Similarly, the outer combination also using two kinds of
weights: Tn/T and Tn · n/LT . So, there are four estimators for the risk aversion
parameter γ in total. See Table 1 for details.

Table 1. Four Estimators for γ

γ̂a,a:
∑

n∈N

Tn
T

∑
l∈NN\n

Tl
T−Tn

γ̂(n,l) γ̂a,b:
∑

n∈N

Tn
T

∑
l∈NN\n

Tl·l
LT −Tn·n γ̂

(n,l)

γ̂b,a
∑

n∈N

Tn·n
LT

∑
l∈NN\n

Tl
T−Tn

γ̂(n,l) γ̂b,b:
∑

n∈N

Tn·n
LT

∑
l∈NN\n

Tl·l
LT −Tn·n γ̂

(n,l)

There is no apparent reasons to prefer one estimator to another, and many
factors may influence one’s choice; such as, auctions’ number, the number of
bidders, etc. In this situation, Monte Carlo experiments (see Section 4) can be
utilized to examine the performance of different estimators. Before this, given
observable bids {bi,t, i ∈ Nn; t ∈ NT }, a simple structural estimation procedure
is summarized as follows:

STEP 1: To estimate the distribution function G(·) and density function g(·)
of observed bids as follows: Ĝ(b;n) = 1

nT

∑T
t=1

∑n
i=1 1(bi,t ≤ b), and ĝ(b;n) =

1
nThg

∑T
t=1

∑n
i=1Kg

(
b−bi,t
hg

)
, where 1(·) is a indicator function, Kg(·) is a kernel

with a compact support and hg is a vanishing bandwidth.
STEP 2: To calculate four estimators for the risk aversion parameter according

to Table 1.
STEP 3: To estimate the private valuation {v̂i,t, i ∈ Nn; t ∈ NT } by Eq. 6.
STEP 4: To estimate the density function of private valuation f(v;n) as fol-

lows: f̂(v;n) = 1
nThf

∑T
t=1

∑n
i=1Kf

(
b−bi,t
hf

)
, where hf is a vanishing band-

width, Kf (·) is a kernel function.

4 Experimental Design and Discussions

4.1 Experimental Design

In order to evaluate the performance of all estimators, extensive Monte Carlo
experiments are conducted in this section. In all the simulation experiments, the
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private costs are draw from a uniform distribution on [0, 1], and the bidders have
a CRRA utility function, U(x) = xr , r ∈ [0, 1]. The experiment takes ten differ-
ent parameter values of relative risk aversion: γi = 0.1 × i(i = 1, · · · , 10) with
γ10 = 1.0 corresponding to risk neutrality. In order to simulate the real auction
data as closely as possible, the experiment considers three kind of sample sizes
T : 400, 2000 and 8000, which corresponds to small, median and large sample,
respectively. In each of these samples, the number of bidder n could take on four
different values: 3, 6, 9 and 12. We investigate three different patterns for the
design matrix and the probability distribution of the ns. Table 2 illustrates the
detailed Tns and their corresponding p(n)s for the three different designs.

Table 2. Design Matrices of the Tns

Sample Size 400 2000 8000

n 3 6 9 12 3 6 9 12 3 6 9 12

Design A
Tn 100 100 100 100 500 500 500 500 2000 2000 2000 2000
p(n) 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25

Design B
Tn 40 80 120 160 200 400 600 800 800 1600 1800 3200
p(n) 0.10 0.20 0.30 0.40 0.10 0.20 0.30 0.40 0.10 0.20 0.30 0.40

Design C
Tn 160 120 80 40 800 600 400 200 3200 2400 1600 800
p(n) 0.40 0.30 0.20 0.10 0.40 0.30 0.20 0.10 0.40 0.30 0.20 0.10

To obtain the simulated auction data, we first generate randomly private
valuations for different designs from the uniform distribution. We then compute
numerically bids using Eq. 4 with different values for γ. Note that the random
numbers for the experiments are generated using the multiplicative congruential
method with modulus (231−1), multiplier 397,204,094, and initial seed 2,420,375.
To minimize the impact of noise, the preceding procedure is repeated 1000 times.

In our experiments, letK(u) = (35/32)(1−u2)31(|u| ≤ l), hg=1.06σ̂b(nT )
−0.2,

hf = 1.06σ̂v(nT )
−0.2, where σ̂b and σ̂v are the standard deviations (STD) of

observed bid and private valuation, respectively. However, the kernel density es-
timator is biased at the boundaries of the support. Similar to [13], 10% observed
pseudo private values near the boundaries are trimmed.

4.2 Results and Discussions

From Eq. 8, it is not difficult to see that the percentile α may influences the
estimation for γ. In order to minimize the influence α on risk aversion estimator,
the percentile α is optimized as follows: select α∗ from {0.9, 0.91, · · · , 0.99}, so
that STD of estimators for γ is minimized. Table 3 reports the estimated values
for γ with α∗. One can see that that all the means of risk aversion estimator are
near to the real values, especially for large sample. This means that our simple
structure estimation procedure is feasible.

In order to improve these estimators’ usability, Table 4 gives some useful
suggestion based on argminx,y∈{a,b}

∑
i |γ̂x,y − 0.1 × i|/(0.1 × i). To assess the

goodness of fit of the structural estimation procedure, we also calculate the 2-
norm between the estimated and actual private values, defined formally as d =√

1
nT

∑n
i=1

∑T
t=1(v̂i,t − vi,t)2, where v̂i,t and vi,t denote the bidder i’s private
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Table 3. Estimated Values for 4 Estimators for γ in Design A, B & C

Sample Size T Estimator
Mean (Design A) Mean (Design B) Mean (Design C)
γ2 γ5 γ10 γ2 γ5 γ10 γ2 γ5 γ10

400

γ̂a,a 0.1837 0.5008 1.0019 0.1835 0.5003 1.0105 0.1860 0.4859 0.9946

γ̂a,b 0.1807 0.5037 1.0011 0.1935 0.4958 1.0243 0.1914 0.4868 0.9996

γ̂b,a 0.1816 0.5024 1.0004 0.1892 0.4971 1.0176 0.1900 0.4865 0.9979

γ̂b,b 0.1778 0.5074 1.0030 0.2010 0.4929 1.0354 0.1995 0.4886 1.0045

2000

γ̂a,a 0.1863 0.4701 0.9468 0.1876 0.4745 0.9570 0.1840 0.4663 0.9392

γ̂a,b 0.1861 0.4704 0.9481 0.1871 0.4745 0.9577 0.1830 0.4670 0.9443

γ̂b,a 0.1861 0.4702 0.9474 0.1873 0.4743 0.9569 0.1833 0.4668 0.9429

γ̂b,b 0.1860 0.4711 0.9503 0.1867 0.4746 0.9587 0.1819 0.4682 0.9517

8000

γ̂a,a 0.1842 0.4620 0.9262 0.1837 0.4622 0.9276 0.1836 0.4607 0.9235

γ̂a,b 0.1839 0.4619 0.9264 0.1833 0.4620 0.9276 0.1837 0.4612 0.9248

γ̂b,a 0.1840 0.4619 0.9262 0.1835 0.4620 0.9274 0.1837 0.4611 0.9245

γ̂b,b 0.1836 0.4619 0.9268 0.1830 0.4618 0.9278 0.1840 0.4621 0.9268

value and actual value in auction t, respectively. These results are reported in
Table 5 where the estimator for γ is set by Table 4. From Table 5, one can easily
see that private values can be estimated very well, especially for large sample.

Table 4. Design Matrices of the Tns

Sample Size Design A Design B Design C

small γ̂a,b γ̂a,a γ̂a,a

medium γ̂a,a γ̂b,b γ̂a,b

large γ̂a,b γ̂a,b γ̂a,a

Table 5. The 2-Norm between the Estimated and Actual Private Values

Sample Size Design A Design B Design C
400 2000 8000 400 2000 800 400 2000 8000

Mean
γ2 0.0163 0.0084 0.0036 0.0103 0.0059 0.0031 0.0194 0.0084 0.0049
γ5 0.0224 0.0118 0.0073 0.0235 0.0089 0.0060 0.0238 0.0132 0.0093
γ10 0.0391 0.0188 0.0128 0.0308 0.0151 0.0106 0.0432 0.0093 0.0158

5 Empirical Application

USFS (US Forest Service) biding dataset covers the western half, divided into 9
regions, of the US, which contains 13,318 first-price sealed-bid auctions during
1974 to 1993. The data provides detailed information on the estimated volume
of timber, the number of acres of the parcel, the estimated appraisal value of
the timber, the exact location of the timber parcel, the term of the contract, the
logging costs as well as other costs such as road construction costs, the number
of bidders who have submitted a bid as well as their bids in dollars and their
identity. Table 6 gives some summary information on the total bids. Since it is
well accepted among economists that the reserve price in USFS does not act as
a screening device as it is set too low, the reserve price is nonbinding.

Table 6. The Distance between the Estimated and Actual Private Values

Bids ($) Winding Bids ($) Appraisal Value ($ per mbf) Volume (mbf) Number of Bidders

Mean 8599.12 9465.33 13297.80 2312.16 3.93

STD 7398.31 7923.36 12664.30 3549.23 2.10
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By Subsection 4.2, the optimal percentile α∗ = 0.94. Additionally, since USFS
dataset is a large sample and large ns were more likely than small ones, it is
better to adopt the estimator γ̂a,a in this case by Table 4. Following simple
structural estimation procedure in Subsection 3.2, one can obtain γ̂a,a = 0.5866,
which falls in between 0.3187 in [9] and 0.6813 in [8]. It is very possible that [8]
overestimated γ and [9] underestimated γ.

6 Conclusions

A generalized nonparametric structural estimation procedure is proposed for risk-
aversion case in the first-price auctions. In order to evaluate the performance, ex-
tensive Monte Carlo simulation experiments are conducted for ten different values
of γ including the risk-neutral case in multiple classic scenes. Though there are
no unique estimators for risk aversion parameter, four (weighted) combinations
of all estimators are obtained, and some guidance is also given for real-world ap-
plications. Finally, empirical results on bidding data from the timber sales at the
USFS show that the our nonparametric method can capture bidders’ risk aversion
to some extend. What’s more, our method can be used easily in a secure trusted
auction oriented clustering, such as STACRP [14].
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for the Central Universities” (TD2012-08) and Beijing Forestry University Young
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Abstract. Analysis, prediction, and recommendation of information about 
experts are very important tasks for future research planning and strategy 
establishment. However, it takes much time and efforts even for precise 
analysis of experts because we need to analyze huge and diverse heterogeneous 
information. There are several application and tools for supporting analysis 
about researchers, but they provides fragmentary analysis result based on 
simple evaluation criteria. Therefore, in this paper, we suggest new researcher 
evaluation model based on diverse performance evaluation features, named 
RSW model. By using RSW model, we can analyze and compare researchers in 
various perspectives. In addition, we can ranked researchers and recommend 
outstanding collaborator in a specified research field.  

Keywords: Researcher Performance Evaluation, Evaluation Features, 
Researcher Evaluation Model, Performance Measurement. 

1 Introduction 

Analyzing and discovering experts is very critical part in research planning, research 
strategy establishing, and collaborator/competitor finding. Therefore, several 
counseling company and government institute have been researching for discovering 
experts by analyzing diverse related information such as arnetminer, MS academic 
search, Google scholar, and so on [1-6]. However, most of existing applications or 
tools analyze researchers in fragmentary criteria such as number of papers or patents 
or citation. Analysis results by the existing applications can not be guaranteed by all 
of researchers because researchers can have various analysis purpose. For example, 
strategy establisher in some company can be interested in commercial aspect of 
experts but professor in some university can have interest in scholar aspect of 



262 J. Kim et al. 

 

researchers. Therefore, in this paper, we newly define seven features for analyzing 
researchers in diverse aspects. By using diverse features, we can analyze research 
capability and performance of researchers and compare researchers in several aspects. 
In addition, we can suggest researcher ranking based on analysis results of diverse 
features.  

2 RSW Model 

In this section, we describe researcher evaluation model named RSW model based on 
several measurement features such as commerciality, scholarity, and so on. Each 
measure feature can be presented as combination of data element defined in metadata 
from literature resources such as papers, patents, web reports, and SNS data.  
Measure features of RSW model consists of 7 features; Commerciality, Scholarity, 
Sociality, Interest, Influentiality, Diversity, Durability. RSW model is focusing on 
analyzing internal capability of researchers; how many papers were written by 
researchers, how many citations were acquired, and so on. 

Table 1. Description of acronym 

 

Acronym Description 

)( n
K

t PRCIT  
Average number of patent citation of person PRn related K topic at t 

year 

)( n
K
t PRPTA  Number of applied patent of person PRn related K topic at t year 

)( n
K
t PRPTR  Number of registered patent of person PRn related K topic at t year 

)( n
K

t PRCPP  Patent CPP index of person PRn related K topic at t year 

)( n
K
t PRHID  H-index of person PRn related K topic at t year 

)( n
K
t PRGID  G-index of person PRn related K topic at t year 

)( n
K
t PRPPC  Number of proceeding papers of person PRn related K topic at t year 

)( n
K
t PRPPJ  Number of Journal papers of person PRn related K topic at t year 

)( n
K
t PRPAR  

Number of positive articles in social data of person PRn related K 
topic at t year 

)( n
K
t PRNAR  

Number of negative articles in social data of person PRn related K 
topic at t year 

)( n
K
t PREDC  

Number of conference editors Number of positive articles in social 
data of person PRn related K topic at t year 

)( n
K
t PREDJ  

Number of journal editors Number of positive articles in social data 
of person PRn related K topic at t year 

)( n
K
t PRWN  Number of web articles of person PRn related K topic at t year 

)( n
K
t PRWR  Number of web reports of person PRn related K topic at t year 
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Table 1. (continued) 

 
(Definition 1: Commerciality) Commerciality can be defined as ability to produce 
practical products and profits. Therefore, commerciality is closely related to patent in 
literature resources. Commerciality is combination of number of applied patents, 
number of registered patents, and CPP-index.  
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)( n
K
t PRPC  Number of paper citation of person PRn related K topic at t year 

)( n
K
t PRPCoA  Number of co-authors of person PRn related K topic at t year 

)( n
K
t PRPCA  

Number of correspondence authors of person PRn related K 
topic at t year

)( n
K
t PRPTCoA  Number of co-developer of person PRn related K topic at t year 

)( n
K

t PRPCaT  Number of paper categories of person PRn related K topic at t year 

)( n
K
t PRPK  Number of paper keywords of person PRn related K topic at t year 

)( n
K
t PRPTIPC  Number of IPC class of person PRn related K topic at t year 

)( n
K

t PRWCaT  
Number of web article categories of person PRn related K topic 

at t year

)( n
K
t PRWK  

Number of keywords extracted from SNS articles of person 
PRn related K topic at t year
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(Definition 2: Scholarity) Scholarity can be defined as ability to produce new 
knowledge and academic output. Therefore, scholarity is closely related to paper in 
literature resources. Scholarity is combination of number of conference/journal 
papers, h-index, and g-index. 
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(Definition 3: Sociality) Sociality can be defined as ability to create social 
relationship and tendency to form communities and societies. Sociality is combination 
of number of SNS articles, positive-negative index of articles, and number of 
journal/conference editors. 
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(Definition 4: Interest) Interest can be defined as attraction and concern by other 
researchers. Interest is combination of number of web articles/reports, SNS articles, 
and positive-negative index of articles. 
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(Definition 5: Influentiality) Influentiality can be defined as ability to spread 
leverage to other researchers. Influentiality is combination of number of paper 
citation, co-authors, correspondence authors, patent CPP-index, and number of  
co-developer in patent. 
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(Definition 6: Diversity) Diversity can be defined as ability to extend research scope 
and evaluated with degree of variation of research field. Diversity is combination of 
number of paper categories, paper keywords, patent IPC class, categories in web 
resources, and number of keyword extracted from SNS articles.  
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(Definition 7: Durability) Durability can be defined as ability to keep research 
consistently in some specified research field. Durability is combination of number of 
conference/journal papers, applied/registered patents, web articles, and web reports. 
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3 Conclusion 

In this paper, we suggest the evaluation model about performance of researchers 
based on various evaluation features, named RSW model. In addition, we define 7 
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evaluation features by combination of data elements extracted by literature 
information such as papers, patents, web resources, and SNS articles: (1) 
commerciality, (2) scholarity, (3) sociality, (4) interest, (5) Influentiality, (6) 
diversity, (7) durability. By the RSW model, we can analyze and compare researchers 
in diverse perspective, not just fragmentary analysis with simple single criteria. 

 

Fig. 1. Snapshot of Researcher Analysis Service based on RSW Model 

References 

1. Tang, J., Zhang, J., Zhang, D., Yao, L., Zhu, C., Li, J.: ArnetMiner: An Expertise Oriented 
Search System for Web Community. Frontiers of Computer Science in China 2(1), 94–105 
(2008) 

2. Hamaker, C., Apry, B.: Google Scholar. Serials 18(1), 70–72 (2005) 
3. Noruzi, A.: Google Scholar: The New Generation of Citation Indexes. International 

Journal of Libraries and Information Services 55(4), 170–180 (2005) 
4. Philipp, M., Kathrin, W.: An Exploratory Study of Google Scholar. Online Information 

Review 31(6), 814–830 (2007) 
5. Hands, A.: Microsoft Academic Search. Technical Services Quarterly 29(3), 251–252 

(2012), http://academic.research.microsoft.com 
6. Peter, J.: The Pros and Cons of Microsoft Academic Search from a Bibimetric Perspective. 

Online Information Review 35(6), 983–997 (2011) 



 

James J. (Jong Hyuk) Park et al. (eds.), Mobile, Ubiquitous, and Intelligent Computing,  
Lecture Notes in Electrical Engineering 274,  

267

DOI: 10.1007/978-3-642-40675-1_41, © Springer-Verlag Berlin Heidelberg 2014 
 

Fast Big Textual Data Parsing in Distributed and Parallel 
Computing Environment 

Jung-Ho Um, Chang-Hoo Jeong, Sung-Pil Choi, Seungwoo Lee, and Hanmin Jung 

Dept. of Computer Intelligence Research, 
Korea Institute of Science and Technology Information, 
245 Daehakno, Yuseong-gu, Daejeon, 305-806, Korea 

{jhum,chjeong,spchoi,swlee,jhm}@kisti.re.kr 

Abstract. Currently, tremendous numbers of scientific and technical articles are 
being published due to the rapid development of the scientific and technical 
fields. Also, systems are being proposed which can give useful information to 
users by extracting information from scientific and technical articles. For such 
systems, we need to be able to extract information from a massive number of 
documents very fast and reliably. However, legacy parsers, such as Stanford, 
Enju and so on, cannot consider a large number of documents because such 
parsers analyze wide context range of the sentence for their parsing, and so 
those parsers require a lot of time to run. Therefore, in this paper, we report on 
the development of a parser which is based on MapReduce, a distributed and 
parallel programming model. Our parser has achieved about nineteen times bet-
ter performance than that of one of the-state-of-the-art legacy parsers.   

Keywords: distributed and parallel computing, big textual data, parsing, 
MapReduce. 

1 Introduction 

Currently, tremendous numbers of scientific and technical articles are being published 
due to the rapid development of the scientific and technical fields. Also, systems are 
being proposed which can give useful information to users by extracting information 
from scientific and technical articles [1]. To extract meaningful information from 
documents or articles, such systems require natural language processing. Parsing is an 
essential part of natural language processing; it is used for recognized relations  
between subjects and verbs or objects and verbs.  

However, parsing requires a lot of time to run for a large number of documents be-
cause it consider semantics for wide context range of the sentence to enhance preci-
sion and recall value. This type of processing proportionally affects the execution 
time with increasing in the number of documents. Therefore, a parsing system run-
ning on a distributed and parallel environment needs to be developed to parse massive 
numbers of documents concurrently. In this paper, we propose a parsing system that 
applies a Stanford parser to the MapReduce framework order to extract information 



268 J.-H. Um et al. 

 

very fast. The reason why we use the Stanford parser is that it is one of the-state-of-
the-art parsers and has high precision and recall in parsing documents.  

The paper is organized as follows. Section 2 introduces related work. We report on 
the design of the proposed distributed and parallel text parsing system in Section 3. 
Section 4 describes the experimental results. Finally, in Section 5, we give the  
conclusion. 

2 Related Works 

In this section, we introduce the Stanford parser [2] and the MapReduce framework 
[3]. These are used by the proposed system in distributed and parallel environments. 
First, the Stanford parser, proposed by the NLP lab of Stanford University in the 
1990s, enhances precision and optimizes the performance by using the PCFG model 
[2]. The Stanford parser is currently released as an open source program. The Stan-
ford parser analyzes sentences using the PCFG model and notes the subjects, objects, 
and related verbs as a form of dependency tree structure. However, many studies that 
have considered the Stanford parser focus on enhancing the performance of the  
parsing algorithm.  

On the other hand, the MapReduce framework is a parallel programming model 
proposed by Dean and Ghemawat in 2003[3]. It consists of a user-defined Map func-
tion and a Reduce function. These two functions reside on each server, in order to 
allow the servers to process data in parallel (See Figure 1). 

  

Fig. 1. The MapReduce framework 

As can be seen in Figure 1, the input data is equally split ant then assigned to each 
server. The Map function processes data locally on each of the servers and the Reduce 
function merges the computed data following a user-defined process.  
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3 Proposed Distributed and Parallel Parsing System 

In order to extract information from massive numbers of documents, we have de-
signed a distributed and parallel textual parser which is implemented by applying the 
Stanford parser to the MapReduce framework. The proposed system architecture is 
shown in Figure 2. 

 

Fig. 2. The system architecture 

The system stores the input and output data, such as documents and parsed sen-
tences to the hadoop file system [4]. The PCFG model that is used by the Stanford 
parser is also loaded into the hadoop file system because the PCFG model is neces-
sary for all mappers, allowing them to parse sentences. Therefore, the PCFG model is 
loaded as a distributed cache for sharing all of the mappers.  

The work flows of the mapper and the reducer are described as follows. First, the 
mapper separates documents into sentences and then parses the sentences by calling 
the PCFG parsing module of the Stanford parser. At that time, the Stanford parser 
needs the PCFG model. For this reason, the PCFG model is stored in the distributed 
cache. After the completion of parsing, the map function writes the parsed sentence 
information in a dependency tree form. This format can be used to recognize relations 
between words or phrases. Next the reducer merges the dependency tree structure for 
each sentence and then writes final results. Algorithm 1 shows the pseudo codes of 
the Mapper and Reducer class. 

Proposed system has three advantages. First, it reduces the parsing time because 
the system analyzes massive number of documents concurrently on distributed and 
parallel environments, while legacy parsers require a lot of parsing time because they 
analyze documents sequentially. Second, the proposed system can maintain the same 
high precision performance as the Stanford parser applied to the proposed system. 
Finally, the system has high portability. The reason for this is that if users want to 
change the parser, the system can easily be changed by modifying only the parser 
calling API part with replacing the Stanford parser with the legacy parser.  



270 J.-H. Um et al. 

 

1:  Class Mapper 

2:    Method Setup() 

3:      DistributedCache.add(PCFGmodel) 

4:      StanfordParser.setModel(PCFGmodel) 

5:    Method Map(document d) 

6:      sentence <- SetenceSeparator(d) 

7:      dependencyTree <- Parser.parsePCFG(sentence) 

8:      emit(d.id, dependencyTree) 

 

1: Class Reducer 

2:    Method Reduce(d.id, Iterable<dependencyTree>) 

3:        for each dependecyTree dt 

4:             output+=dt 

5:         emit(d.id, output) 

Algorithm 1. Pseudo code  

4 Experimental Results  

To evaluate the performance of the proposed system, we consider two different HW 
environments such as single server and nineteen servers. On the single server, we 
compare the running time of the legacy Stanford parser with that of the distributed 
Stanford parser applied to the MapReduce framework. We also evaluate the running 
time of the distributed Stanford parser on nineteen servers. Servers consist of eight 
cores of Intel i7, 32GByte memories and 2TB storages; we use hadoop 0.20.203 and 
the Stanford Parser 2.0.4. The data set consists of 10,000 paper abstracts from NDSL 
owned by KISTI. We evaluate the running time from the step of the sentence separa-
tion to the step of parsing sentences using the distributed Stanford parser. The exper-
imental results are shown in Figure 3. The java heap memory size for the experiments 
is set to 4 GB. For the single server, the execution time of the proposed system is 
almost half that of the legacy Stanford parser, when the numbers of mappers and re-
ducers are four and one, respectively. Even though the system uses four mappers, the 
performance gain is only double. The reason for this is that the system requires start-
ing time to initialize the MapReduce framework and additional time to merge the 
results. In this experiment, we found that the speed is proportional to half the number 
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of mappers. The results for the distributed Stanford parser, where that parser is run-
ning on 19 servers, follow our predictions. This means that the proposed system has 
an advantage in terms of scalability.  

 

 

Fig. 3. Experimental results  

5 Conclusion 

In this paper, we propose a big textual parsing system which applies the Stanford 
parser to the MapReduce framework in distributed and parallel environments. As a 
result, the experimental results show that the proposed system has the advantage of 
scalability. Proposed parser contributes that it can parse massive number of docu-
ments by adapting Stanford parser to distribute and parallel environments. Mean-
while, legacy parsers consume a lot of time to parse because they parse sentence by 
sentence sequentially.  

For future work, we will evaluate the system by using two million documents col-
lected from the works in 2012 [5, 6]. In addition, we will study the optimization of the 
parser in distributed and parallel environments. 
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Abstract. Recently, there is an increasing interest in effectively using big data. 
It is also thought that the machine learning methods are crucial to effectively 
extract knowledge from big text data when they are coupled with big data 
technologies such as MapReduce and Hadoop. For tasks such as the knowledge 
extraction from huge amount of texts and the reasoning, it produces better 
results to simultaneously apply a machine learning method and big data 
technologies to the system. In this research, we propose a system using a 
machine learning method and big data technologies, and compare it with the 
existing system in terms of velocity and accuracy. The proposed system is 
expected to faster and more accurately build the knowledge base than the 
existing system. 

Keywords: Distributed and parallel computing, Knowledge base, Machine 
learning, Knowledge extraction, Reasoning. 

1 Introduction 

The knowledge extraction is a type of information extraction. If the information 
extracted from texts is well organized with each other, it evolves to and gives the 
knowledge used for supporting human’s decision. What is significantly considered in 
designing a system building knowledge base is the optimization of the process and the 
method applied to achieve goals of the system.  

In this research, we analyze an existing system building knowledge base and find 
some improvements for the goal of better performance in terms of velocity of system 
and the accuracy of output data. The existing system was implemented to run on 
single machine and use dictionaries and rules to building knowledge base so that it is 
not appropriate for processing huge amount of texts like big data in terms of velocity 
and accuracy. In order to improve the existing system, we suggest a new knowledge 
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extraction system having a better process to build knowledge base and architecture 
based on the process. The main idea of the new process and architecture is to apply a 
machine learning method based on the distributed and parallel environment to the 
new system. Additionally, a scheduler to control the whole knowledge base 
construction process from raw data crawling to knowledge provision to service is 
introduced. The new system is expected to be faster and more accurate than the 
existing system. 

2 Related Work 

It is generally known that machine learning methods are more preferred recently than 
handcrafted rules on which early studies were mostly based [1]. If the training data to 
learn systems is large enough to guarantee the quality of extraction, machine learning 
methods are also more accurate than other methods. 

SystemML is a system package developed by IBM to enable a variety of machine 
learning algorithms to be executed in a MapReduce based distributed processing 
environment [2]. SystemML is important in that the existing knowledge extraction 
algorithms are implemented to be driven in the distributed processing environment in 
order to process big data. Mahout1 is also intended to provide a variety of machine 
learning algorithms through Mahout as a library. The idea is that the library is to 
extend the library effectively in a cloud environment by using the Apache Hadoop to 
solve the issue of processing time taken to learn large data set which is one of 
disadvantages of existing machine learning algorithms. Exemplary open sources 
include Lucene in charge of pre-processing of machine learning, Hadoop which 
enables the machine learning algorithm to be executed in the distributed processing 
environment, and Hama which enables MapReduce to be effectively used. 

From the related work, the implications are mainly two. First, machine learning 
methods with large training data are generally more precise than rule based methods. 
Second, machine learning methods can be executed in a MapReduce based distributed 
processing environment. 

3 Analysis of the Existing System 

Figure 1 shows the process of knowledge extraction used for the InSciTe Adaptive 
service. InSciTe Adaptive service is a user adaptive intelligent service to support 
making decisions on things related to technologies or products. In order to supply the 
knowledge base for the service, the existing system applies a rule-based information 
extraction method (step 4), and the process contains some post processing tasks (step 
5, 6, 7) to guarantee the quality of data. After extraction, reasoning (step 8, 9) is made 
to make semantic triples to extend the outputs of extraction. The system addresses 5.3 
million web articles, 9.8 million papers, and 7.6 million patents, and it makes about 
500 million semantic triples, which takes approximately 5 days. 

                                                           
1 http://mahout.apache.org/ 
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The existing system has 
mainly two drawbacks. One is 
that it takes more time to extract 
knowledge and build the 
knowledge base than it is 
expected because the system is 
implemented to run on single 
machine. The systems which 
operate on single server are not 
able to deal with large amounts 
of data due to physical resource 
limitations. It influences the 
accuracy of information 
extraction result. The other is 
that it adopts a rule-based knowledge extraction method which is typically domain 
dependent and requires high cost with significant amount of manual efforts [3].  

4 Proposed System 

We propose a new knowledge extraction system whose process shown in Figure 2. 
Considering the implications of related works, unlike the existing system, a machine 
learning method is hired and the system is executed on a distributed and parallel 
environment: MapReduce framework and Hadoop file system are applied to the new 
system. The process starts with crawling raw data such as web articles, papers, and  
patents. After filtering and converting them, it does preprocessing tasks on input data 
such as parsing and PoS (Part of Speech) tagging. At the same time, it builds 
extraction model using a machine learning method. With the extraction model, it then  
extracts knowledge and optimizes the module to gain high quality of output data. 
Finally, it builds triple store with reasoning. All tasks except for crawling are 
supported by a distributed and parallel method. 

The proposed architecture is based on distributed and parallel environment. Figure 
3 shows each part of proposed system. It is composed of three parts; Data collection 
(left side), knowledge extraction based on MapReduce and Hadoop (right side), and 
job management (top side). On each slaver server, the modules for the tasks such as 
preprocessing, information extraction, triple store construction, and reasoning are 
installed and executed. The master server has a knowledge extraction management 
module for the task management of each slave server, an input document management 
module for management of the first entered data, and an output document 
management module for the management of the final output data. The MapReduce 
framework is attracting attention, as a cluster consisting of a large number of low-cost  
server processes data in a distributed and parallel method [4]. 

One of the expected issues for the new system is related to the job management, 
especially to the job scheduler. The system should be automatically executed 
according to the sequential steps to reduce the idle time of the system. For this, the 
scheduler is designed to coordinate all tasks and makes them processed in order 

Fig. 1. The Existing Process and Architecture 
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without the system waiting. Another purpose of the scheduler is that even though the 
system fails to run modules and can’t notice the state to the scheduler, the scheduler 
should address the situation and make jobs go forward. For solving this issue, we use 
the log table method. It records the state in the log table after a task is fully done. 
When errors occur, the state is not recorded in the log table so that the scheduler 
makes the current module restart by checking the log table. 

 

  
 

      Fig. 2. Proposed process                    Fig. 3. Proposed architecture 
 

5 Comparison of Two System 

The comparison is divided into three categories; differences in process and 
architecture, input and output data, and processing time. Differences in process and 
architecture are extraction method applied, processing environment, and execution 
(Table 1). The existing system uses a single machine based rule and dictionary 
method which is applied only to the knowledge extraction task. On the other hand, all 
tasks except for crawling are executed by a cluster based machine learning method in 
the new system. It is also automatically driven by a scheduler. The volume of raw 
data is also larger in the new one than in the existing one as well as the output data 
(triples) of the new system are more. 

Table 1. Comparison between the existing system and the new system 

 

Criteria Existing system New system 

Extraction Method Rule and dictionary base Machine learning (80,000 sentences 

for training) 

Processing Environment Single machine Cluster (Hadoop and MapReduce) 

Execution Manual execution Automatic execution by scheduler 

Volume of input data 5.3 million web articles,  

9.8 million papers, 

7.6 million patents 

Over 10 million web articles, 

over 10 million papers, 

over 8 million patents 

Volume of output data 500 million triples Approximately 1 billion triples 

Processing time 5 days Less than 3 days 

Evaluation (F1 score) 78% (600 web documents for test) Over 70% (5,000 web documents for test) 
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The new system is expected to be faster and more accurate than the existing one 
because of a machine learning method based on a cluster environment. From the 
previous study done by J. H. Um et al. [4], the performance of a knowledge extraction 
module with a cluster based machine learning method is nearly twice as faster as the 
same existing system. Based on the previous result, the new system is expected to 
have less processing time by approximately 2 days than the existing system (Table 1). 
In terms of accuracy, the result of the existing system is 79% in F1 score with 600 test 
documents [5]. Unlike the existing system, the new system will be used for more 
practical purpose so that more data for test is needed. 100,000 sentences is about 
5,000 web documents if it is assumed that one web document has in average about 20 
sentences. Because the evaluation with about 5,000 documents in research is beyond 
evaluation: it is almost the same as the job in real situation. Therefore, the goal of 
evaluation with 100,000 random sentences is 70% in F1 score, but it is more valuable 
goal than 78% with 600 web documents for test. 

6 Conclusion 

We have reviewed the existing system which is implemented to use single machine 
based rule and dictionary method to build knowledge base. It is lacking of the 
performance in terms of velocity and accuracy. Compared with the existing system, 
the proposed system is designed to equip with the distributed and parallel computing 
technology using the MapReduce and Hadoop. The system is also based on a machine 
learning method. Even though the proposed system processes more input data than the 
existing system, it is expected to be faster in building knowledge base. The accuracy 
is also more valuable because much more documents for test are used. 
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Abstract. Reducing the data space and then classifying anomalies based on the 
reduced feature space is vital to real-time intrusion detection. In this study, a 
novel framework is developed for logistic regression-based anomaly detection 
and hierarchical feature reduction (HFR) to preprocess network traffic data 
before detection model training. The proposed dimensionality reduction 
algorithm optimally excludes the redundancy of features by considering the 
similarity of feature responses through a clustering analysis based on the feature 
space reduced by factor analysis, thus helping to rank the importance of input 
features (essential, secondary and insignificant) with low time complexity. 
Classification of anomalies over the reduced feature space is based on a 
multinomial logistic regression (MLR) model to detect multi-category attacks 
as an outcome with the goal of reinforcing detection efficiency. The proposed 
system not only achieves a significant detection performance, but also enables 
fast detection of multi-category attacks. 

Keywords: Anomaly detection, Dimensionality reduction, Hierarchical 
clustering, Multinomial logistic regression. 

1 Introduction 

As the potential damage caused by malicious network activities has become more 
serious, the need to defend against these threats has increased significantly. The 
network intrusion detection system (NIDS), as a vital system in the network security 
infrastructure, aims to detect attacks quickly and accurately; its role is becoming more 
important. To achieve this objective, previously observed attack patterns need to be 
analyzed and profiled so that criteria for what constitutes normal traffic or an attack 
can be determined and applied to newly captured patterns for intrusion detection. In 
the detection approaches of NIDS, many studies have applied data mining techniques 
such as a support vector machine (SVM) and neural networks [1-2]. 

Although the techniques applied in previous works have shown good results in 
terms of data classification, they are not favorable for large-scale datasets because the 
training complexity is very much dependent on the amount of data in the training set. 
Especially, some data features in the classifiers used in NIDS may be redundant or 
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may contribute little to the detection process. Extraneous features and the complex 
relationships that exist among the features can make it harder to detect suspicious 
behavior patterns and can increase the computation time. Therefore, through feature 
dimensionality reduction, NIDS must reduce the amount of data to be processed for 
computationally efficient and effective detection. 

This study proposes a multinomial logistic regression (MLR)-based network 
anomaly detection system based on hierarchical feature reduction (HFR) to 
preprocess network traffic data before detection model training. The proposed HFR 
algorithm optimally excludes the redundancy of features by considering the similarity 
of feature responses through a clustering analysis based on the feature space reduced 
by factor analysis. The performance of the proposed method is evaluated using 
different data sets reduced by the ranking of the importance of input features. 
Classification of intrusions over the reduced feature space was based on the MLR 
model, a method well suited for analyzing multi-type outcomes with high speed in 
learning techniques. Our classification model was developed for the detection of 
multi-category attacks as an outcome to reinforce detection efficiency, unlike 
previous studies that were focused on a binary outcome (e.g., normal or abnormal). 
The experiment with the NSL-KDD dataset showed a significant detection rate 
through a good subset of features with a significant improvement in speed. 

This paper is organized as follows. In Section 2, several examples of related work 
are reviewed. The proposed algorithm is then described in Section 3. Section 4 gives 
details of the experiments as well as the results. The study is concluded with a 
summary and plans for future research in Section 5. 

2 Related Work 

Anomaly detection depends on the idea that the characteristics of normal behavior can 
be distinguished from those of abnormal behavior. Statistical modeling remains the 
most common approach to anomaly intrusion detection; this method includes cluster 
analysis, Bayesian analysis, principal component analysis, and the fuzzy inference 
approach. Leung et al. [3] carried out research based on density and a grid-based 
clustering method for anomaly detection. Chan et al. [4] investigated both the distance 
and density of clusters and found that attacks were often in outlying clusters with 
statistically low or high densities. Valdes et al. [5] employed naive Bayesian networks 
to perform intrusion detection on traffic bursts. Xu et al. [6] used continuous time 
Bayesian networks and avoided specifying a fixed update interval common to 
discrete-time models. Huang et al. [7] presented a simple algorithmic framework for 
network-wide anomaly detection that relies on distributed tracking combined with 
approximate PCA. Toosi et al. [8] combined a neuro-fuzzy network, the fuzzy 
inference approach, and genetic algorithms to design an intrusion detection system. 

Most previous studies were conducted based on all possible independent variables. 
Unnecessary variables can create bias and lead the model either to overestimate or 
underestimate the detecting values. In this study, in order to reduce the amount of 
training data, the HFR method was developed using unsupervised data mining 
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techniques, and applied before MLR training. Also, our classification model was 
developed for the detection of multi-category attacks as an outcome to reinforce 
detection efficiency, unlike previous studies that were focused on a binary outcome. 

3 Proposed Framework 

The proposed framework consists of three main phases. In the first phase, the feature 
redundancy can be reduced by considering the similarity of variable-responses to the 
training data set through clustering analysis. The proposed scheme can hierarchically 
reduce the features, thus helping to rank the importance of input features. Then, in the 
second phase an anomaly detection model using MLR is constructed with the reduced 
training dataset resulted from the feature reduction algorithm. As a result of the 
model, the odds ratios provide an estimate of the likelihood of being identified as an 
anomaly. In the third phase, test data are used to detect anomalies according to attack 
types based on the developed MLR model. The performance of our anomaly detection 
model is evaluated using a cross validation testing concept. 

3.1 Proposed Hierarchical Feature Reduction 

Feature reduction involves processes of determining the evidence that can be taken 
from the raw data that is most useful for analysis. To exclude the redundancy of 
features and to improve the performance of classification, statistical techniques are 
used, including factor analysis which is one of the most widely used dimensionality 
reduction techniques and hierarchical clustering which does not require predetermined 
numbers of groups and has the advantage of low time complexity. 

 

  

Fig. 1. Proposed HFR procedure 
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In an application of factor analysis, if feature dimensionality reduction is based on 
only the degree of contribution induced from observing which variables are most 
heavily loaded on certain factors, the selected features may be redundant as the 
information that they include is contained in other features. This redundancy can be 
reduced by considering the similarity of variable-responses to the training data set 
through clustering analysis. 

Therefore, a hierarchical feature dimensionality reduction algorithm is proposed in 
which the factor analysis and hierarchical clustering are combined. In the proposed 
algorithm, hierarchical clustering is initially applied and factor analysis is then 
applied to the training data set, as shown in Fig. 1. Based on h clusters of features 
through hierarchical clustering, features are extracted in which the factor loadings are 
higher than a certain threshold (subset     in Fig. 1). The redundancy of features with 
a high value of factor loadings is then reduced if they are in the same cluster, which 
organizes a good subset (subset    ) of features critical to the performance of 
classifiers. The strongest point of the proposed feature reduction scheme is that this 
method can hierarchically reduce the features, thus helping to rank the importance of 
the input features (essential, secondary and insignificant) with low time complexity. 
Using far fewer instances, the proposed method can produce high quality datasets that 
sufficiently represent all of the instances in the original dataset. The clustered feature-
factor (CFF) matrix generating subset of the significant features is shown in Fig. 2. 

 

Fig. 2. Clustered feature-factor matrix of the training dataset 

 

lkCS

EL
kFM



 A Novel Anomaly Detection System Based on HFR-MLR Method 283 

 

3.2 Anomaly Detection Method 

The proposed anomaly detection method uses an MLR to build a classifier model. 
Unlike a binary logistic model, in which a dependent variable has only a binary 
choice, the dependent variable in the MLR model can have more than two choices 
that are coded categorically, and one of the categories is taken as the reference 
category [9]. This study used ‘0’ (normal) as the reference category. Suppose Yi is the 
dependent variable with five categories for individual connection i; the probability of 
being in category m can be represented with the chosen reference category: 
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where m=‘1’ [DoS], ‘2’ [Probe], ‘3’ [R2L], and ‘4’ [U2R]. Our MLR modeling is 
performed with a significance threshold of 0.05 for adding variables and an 
insignificance threshold of 0.1 for removing variables, yielding a set of variables that 
are associated with the outcome in a statistically significant way. The final MLR 
model calculates the predicted probabilities of being in the outcome category for each 
connection record; the classification of the unordered set {0, 1, 2, 3, 4} is conducted 
on the basis of that probability. The odds ratio of the proposed MLR model, 
consisting of the essential level variables, for detecting each attack relative to the 
normal category is shown in Fig. 3. 

 

 
(a) Category 1: DoS 

 
(b) Category 2: Probe 

 
(c) Category 3: R2L 

 
(d) Category 4: U2R 

Fig. 3. Odds ratio of the essential features by attack category 

4 Experiments and Results 

The data used for testing is NSL-KDD, which is a new dataset for the evaluation of 
studies in network intrusion detection systems [10]. Each NSL-KDD connection 
record contains 41 features (e.g., protocol type, service, and flag) and is labeled as 
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either normal or an attack, with one specific attack type. The attacks fall into one of 
the four categories: DoS, Probe, R2L, and U2R. The NSL-KDD training set contains 
a total of 22 training attack types, with an additional 17 types in the test set. In the 
experiments, the dataset was partitioned into subsets. The training set contained 
125,973 records and five evaluation sets were comprised of 111,630 records. 

We compared the evaluation results of models using a selected feature-set in the 
essential level with those using essential and secondary level features by the proposed 
feature reduction algorithm. As can be seen in Fig. 4, the classification rates using the 
feature-set in the essential level are comparable to those using the essential and 
secondary levels, except for the case of the Probe class. Both sets of performance 
results show difficulties in detecting R2L attacks, which are embedded in the data 
packets themselves and do not form a sequential pattern. These were assigned to 
incorrect classes and lowered the detection rate. And, with the too small number of 
instances of U2R attacks in the NSL-KDD dataset, both models of reduced features 
provided relatively low performance for the U2R class. However, compared with the 
results of the performance with essential and secondary level features, test numbers 1, 
6, 10, 11, 13, and 14 showed higher detection rates with lower false alarm rates, as 
shown in Fig. 4. It can be said that the proposed HFR method achieves significant 
detection rates that demonstrate the possibility of successfully detecting attacks with a 
significant improvement in speed by using only a half percent of the comparison 
feature-set and 39.0% as compared with the full feature-set. Our method also 
improved detection times by 23.8% compared to those including the secondary level 
features. 

Experiments were also attempted to evaluate the performance of our anomaly 
detection scheme compared with that of several other methods; results are shown in 
Table 1. It can be stated that all the algorithms tested on the KDD data set offered an 
acceptable level of detection performance for Normal, DoS and Probe classes; they 
did not have good performance on R2L and U2R attacks. The SVM with BIRCH 
clustering [11] and ESC-IDS [8] showed the best detection rate for the DoS attack, 
and Multi-classifier [13] showed good detection rate for the Probe and U2R attacks. 
Works by Xuren et al. [12] provided the best performance for the normal class. Our 
proposed method demonstrated a better detection rate for R2L attacks and provided 
comparable performance for Probe and U2R attacks. 
 

 

Fig. 4. Comparison of performance results: DR and FAR 
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Table 1. Comparison of performance results with other works 

Method Normal DoS Probe R2L U2R 

Proposed method with the essential features 0.917 0.890 0.719 0.381 0.284 

Proposed method with the essential and secondary

features 
0.937 0.897 0.802 0.342 0.295 

SVM with BIRCH clustering (Horng et al., 2011) 0.993 0.995 0.975 0.288 0.197 

ESC-IDS (Toosi et al., 2007) 0.982 0.995 0.841 0.315 0.141 

Association rule (Xuren et al., 2006) 0.995 0.968 0.749 0.079 0.038 

Multi-classifier (Sabhnani et al., 2003) n/r 0.973 0.887 0.096 0.298 

5 Conclusion 

In this paper, an HFR method that combines hierarchical clustering and factor 
analysis was introduced; an anomaly detection approach based on an MLR was 
presented. Experimental results show that the proposed system could achieve a 
significant detection performance by using only a half percent of the comparison 
feature-set and 39.0% as compared with the full features. Our method also improved 
detection times by 23.8% compared to those including the secondary level features. 
Therefore, it can be concluded that our approach can efficiently reduce the features 
that are redundant or that hinder the process of detecting intrusions. The proposed 
method enabled reinforcing detection efficiency by the detection of multi-category 
attacks as an outcome. Future research will include the integration of various 
probabilistic techniques to achieve better detection performance and the accuracy of 
predictions. 
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Abstract. Different information related to knowledge should be collected and 
filtered by system in order to discover and integrate knowledge in multiple 
knowledge representation environment. Especially, various information exist in 
multiple forms and in separate spaces, such as geographic information, housing 
statistics, and policy statements, in housing planning doamin. Housing policy 
support system is needed to make a proper spatial decision for supply housing 
when housing demand is occured. Thus, this paper proposes a conceptual 
design of system for knowledge discovery and integration in housing planning 
support. This system uses GIS based Housing Demand and Supply Mapping 
Model (HDSMM) to support policy decision using housing statistics and 
geographic information and to be composed of multi-dimension analysis, policy 
monitoring functionalities.  

Keywords: knowledge discovery, knowledge integration, housing supply, 
housing demand, GIS. 

1 Introduction 

Knowledge discovery and integration is the processes of extracting and synthesizing 
specific knowledge at multiple knowledge models and environments. Knowledge 
integration is related to the understanding of a specific subject from various 
perspectives as well as merging various information with different schemas [1]. 
Knowledge discovery is the creation of knowledge from various sources such as 
database, xml documents, text and images [2]. 

There exist various information related to housing policy, such as geographic 
information, housing statistics, and policy statements, in internet. These information 
should be collected and analyzed for knowledge extraction and integration related to 
housing planning. However, these were represented in different schemas and 
representation models. Also, various perspectives should be considered for housing 
planning support system. They are rationalization of overlapped regulation on housing 
redevelopment and reconstruction, deregulation on multi-households and multiplex 
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housings construction and so forth [3]. This requires knowledge discovery and 
integration system that analyze and provide conditions of demand supply and 
necessitates construction of Housing Demand and Supply Mapping Model (HDSMM) 
which provides analytic information about housing demand and supply along with 
geographic information on administrative boundaries, urban zones of life, 
metropolitan traffic networks, locations of housing construction, public and private 
development project zones and so forth [4,5,6]. 

This study summed up the knowledge about housing demand and supply by 
connecting and integrating with systems like electronic Architecture administration 
Information System, Housing supply statistics Information System, land for housings 
information system and constructed an integrated housing database on that linkage. 
This paper is organized as follow: In Section 2, background knowledge to understand 
our proposal is explained. Section 3 draws out design of housing planning support 
system for knowledge discovery and integration, and finally result is summarized in 
Section 4.  

2 Background Knowledge 

2.1 Knowledge Discovery and Integration 

Knowledge discovery is to extract knowledge from various sources (databases, XML 
documents, text, documents, images). The discovering knowledge needs to be able to 
read and interpreted by a machine, and should represent knowledge in a manner 
through reasoning. Its main purpose is that the extraction result should cover beyond 
the creation of structured information in a relational schema although it is similar to 
Information Extraction in processing method. It needs that existing formal knowledge 
can be reused, or a schema based on the source data can be generated [2]. 

Knowledge integration is the process that merges different knowledge models into 
a common model. It focuses on the understanding of a given subject from different 
perspectives compared to information integration. It has also been researched as the 
process of combining new information into existing knowledge with an 
interdisciplinary approach. This process includes defining the interaction between the 
new information and the existing knowledge, the modification of existing knowledge 
to new information orientationaly, and how the new information should be modified 
in light of the existing knowledge [1]. 

2.2 Housing Demand and Supply 

Housing demand and supply can be defined either respectively or in a pair [7]. In a 
respective definition, housing demand may be divided into housing needs and housing 
demand. Housing needs refers to households lacking their own housing or living in 
unsuitable housing, whereas housing demand is quantity or quality of housing which 
households afford to buy or rent in the market. On the other hand, housing supply is 
to provide physical or non-physical services by securing housing sites and it takes 
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long time to supply housing. This is why housing supply, in the Korean housing 
market, is classified into housing permit and approval, housing construction start and 
completion, housing sale and housing destruction by housing construction life cycle.  

If defined in a pair, housing demand and supply can be understood in the 
quantitative perspective. This is the concept derived by comparing aggregate housing 
demand with aggregate housing supply, or new housing demand with new housing 
supply. In this perspective, estimating demand and supply by quantity is advantageous 
to policy but disaggregated demand is needed to cope with local housing market. 
Summing up the above discussion, while housing supply is defined in the function of 
housing permit and approval, housing construction start and completion, housing 
demand is defined in the function of population, housing price, incomes. The 
operational definition of housing demand and supply is the gap between housing 
demand and supply. 

HDSMM is a housing supply monitoring system through which departmentalized 
information of housing demand and housing supply can be identified on the map at 
one glance. However, as HDSMM can be understood in multiple ways combined with 
housing demand, supply and map, so various concepts are possible according to 
housing studies, information systems, and geographic information science. Thus, 
HDSMM will be conceptualized in terms of data and analysis model perspective, 
information system perspective and service perspective for clear definition. 

3 Housing Planning Support System for Knowledge Discovery 
and Integration 

3.1 Housing Planning Support System Design Elements  

Design elements can be derived from each perspective according to a model for 
housing demand and supply mapping. We derived four elements from each 
perspective: housing demand and supply, GIS, On-Line Analytical Processing 
(OLAP), and monitoring, as shown in Table 1. First, a housing demand and supply 
model can be constructed after factors affecting housing demand and supply are 
derived. It is constructed as a database defining factors as properties.  

Table 1. Housing Planning Support System Design Elements 

Perspective Needed services Design Elements 

Data analysis 
model 

Accumulate housing information 
Analyze the regional demand-supply 

Housing demand, Housing 
supply, GIS 

Information 
System 

Process housing information 
Provide tailored housing demand-supply 
information 

OLAP, GIS 

Service 
Browse the housing information in the map 
Diagnose the regional housing status 

GIS, Monitoring 
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The housing demand and supply model is developed to forecast short and long-
term demand, and supply, for housing policy support. Second, GIS is used to 
construct geographical information and to develop geographic analysis methods. It 
develops methods to indicate housing demand and supply information with maps and 
to conduct geographic analysis, such as demand and supply of housing in cities, 
available land for housing, and station-influenced areas. Third, OLAP is conducted 
via building a housing data mart and data warehouse. Fourth, the housing market is 
monitored to check the status of demand and supply and the effectiveness of policies. 

Housing planning support system is composed of basic statistics, housing demand 
amounts, housing supply amounts, and housing demand and supply. Basic statistics 
include population size, number of households, number of families, housing supply, 
housing inventory, and housing destruction. These are used for measuring housing 
demand and housing supply amounts. 

 
 Basic Statistics 

Korean population and housing census (hereinafter defined as ‘census’) data are 
used as reference values for basic statistics. Data from the census year are directly 
applied as reference values for the basic statistics. However, data from other years 
was indirectly estimated using data from the census year and other data. 

 
 Housing Demand 

Housing demand usually uses estimated values for mid and long-term demand. The 
modified model of Mankiw-Weil is applied for estimating. This model has 
demographical factors, such as population and household changes in the original 
model, as major variables. This study applied data from previous studies, such as 
comprehensive housing plans, and used the M-W model and a modified M-W model 
[8].  

 
 Housing Supply 

Housing supply amounts are dealt as units corresponding to administrative 
boundaries, such as city limits, guns (counties) and gus (boroughs) for each housing 
construction step. It has attributes of a new housing supply, housing stock, and 
destruction. Information related to housing supply amounts differ, depending on 
whether they are apartment houses or detached houses. While information on 
apartment houses can be obtained from census data, information on the distribution 
and entrances of residences cannot be created for detached houses. Thus, the amount 
of entrances in detached houses needs to be estimated from the amount of housing 
completed on a case-by-case basis. Census data is applied to estimate housing stock 
for the base year, while new housing supply and destruction are added and subtracted 
for other years.  

 
 Housing Demand and Supply Amount 

Housing demand and supply is estimated as the difference between the amount of 
demand and supply, or the amount of new housing demand and new housing supply. 
The housing demand and supply is identified by enabling accumulation by year and 
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location. Design elements can be derived from each perspectives presented in the 
previous Section. We derived elements from each perspective, and then design 
elements of HDSMM are classified as shown in Table 2.  

Table 2. Design Elements 

4 Conclusion 

We proposed Housing Planning Support System for knowledge discovery and 
integration and its concepts of each component are derived to make the mapping 
model which is used to recognize the regional state of demand and supply to offer 
various kinds of data about the housing supply and demand. To achieve this aim, 
various kinds of data for housing supply and demand are used. In the future study, 
when real data for housing transactions are acquired, it will be possible to better 
understand the regional housing market by monitoring and simulating housing 
demand-supply more precisely. 
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Abstract. Recently, research on big data has been actively made because big 
data are generated in various scientific applications, such as biology and 
astronomy. Therefore, distributed data processing techniques have been studied 
to manage the big data in large number servers. Meanwhile, some scientific 
applications like genome data analysis require loop control in analyzing big 
data using a MapReduce framework. In this paper, we first describe the existing 
MapReduce-based distributed systems which support iterative data processing.  
In addition, we do the performance analysis of the existing distributed systems 
in terms of execution time for various scientific applications which require 
iterative data processing. Finally, based on the performance analysis, we discuss 
some requirements for a new MapReduce-based distributed system which 
supports iterative data processing efficiently. 

Keywords: Big data, MapReduce-based distributed systems, iterative data 
processing. 

1 Introduction 

Recently, research on big data has been actively made because big data are generated 
in various scientific applications, such as biology and astronomy. Because big data 
are a collection of data sets which are large and complex, it is difficult to process big 
data using on-hand database management tools or traditional data processing 
applications. Therefore, a lot of researches on a MapReduce framework have been 
done to perform the efficient analysis and mining on the big data. The MapReduce is 
a software platform which was developed by Google in 2004 to aim at processing big 
data in a distributed computing environment. The MapReduce processes big data by 
using Map and Reduce functions which are usually deployed in functional 
programming. It is considered as a main project by Amazon, Yahoo, and Google and 
is deployed for the cloud computing test bed of Yahoo [2]. The typical MapReduce-
based distributed computing systems include Google MapReduce [1] and Hadoop 
MapReduce [2, 3].  

                                                           
* Corresponding author. 
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Meanwhile, research on big data analysis using a MapReduce framework has 
actively been done in various scientific applications, such as biology and astronomy. 
For example, genome data analysis requires iterative processing because it draws a 
result by doing operations iteratively. But, the existing MapReduce platform is 
appropriate for non-iterative data processing because it derive a result by doing one 
phase of Map and Reduce functions. As a result, the existing MapReduce is 
inefficient for iterative data processing because it perform Map and Reduce functions 
iteratively. To solve the problem, HaLoop [4] and Twister [5] were proposed as 
MapReduce-based distributed systems to support iterative data processing. To the best 
of our knowledge, there is little work on the performance analysis of MapReduce-
based distributed systems supporting iterative data processing. Therefore, it is 
difficult to choose a proper MapReduce-based distributed system for iterative data 
processing applications. 

In this paper, we first describe the existing MapReduce-based distributed systems 
which support iterative data processing.  In addition, we do the performance analysis 
of the existing distributed systems in terms of execution time for various scientific 
applications which require iterative data processing. Finally, based on the 
performance analysis, we discuss some requirements for a new MapReduce-based 
distributed system which supports iterative data processing efficiently.  

This paper is organized as follows. In Section2, we introduce typical MapReduce-
based distributed data processing systems, such as Hadoop, HaLoop, and Twister. In 
Section 3, we do the performance analysis of the existing distributed systems for 
various scientific applications. In section 4, we discuss some requirements for a 
MapReduce-based distributed system. Finally, we draw our conclusion and suggest 
future work in Section 5. 

2 Related Work 

The representative distributed systems for iterative processing include Hadoop [2, 3], 
HaLoop [4], and Twister [5]. First, Hadoop developed by Apache group is the most 
popular system for processing big data and is provided in open source [2, 3]. It can 
deal with big data based on parallel processing by using a MapReduce framework. 
The MapReduce framework is a distributed programming technique proposed by 
Google for large-scale data processing in distributed computing environments. In 
MapReduce, the input computation is a list of (key, value) pairs and each map 
function produces intermediate (key, value) pairs. The framework groups the 
intermediate (key, value) pairs based on a hashing mechanism into the buckets of 
reduce tasks. The reduce tasks take both an intermediate key and a list of values as 
input and produce zero or more output results. Because Hadoop can support linear 
scalability and the fault tolerance of computing nodes, it is used as a platform by 
many companies and researchers for analyzing big data.  

Second, HaLoop [4] is an enhanced version of the Hadoop framework, which was 
designed to support iterative processing. In addition, HaLoop dramatically improves 
their efficiency by making the task scheduler loop-aware and by adding various 
caching mechanisms. HaLoop not only handles loop control, but also offers a 
programming interface to express an iterative data analysis. The task scheduler of 
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HaLoop enables data reuse across iterations, by physically co-locating tasks that 
process the same data in different iterations. HaLoop caches and indexes data that are 
invariant across iterations in cluster nodes during the first iteration of an application. 
Caching the invariant data reduces the I/O cost for loading and shuffling them in 
subsequent iterations. HaLoop can avoid the need for a dedicated map-reduce step for 
fix-point or convergence checking by caching and indexing a reducer’s local output.  

Finally, Twister [5] is a distributed in-memory MapReduce runtime optimized for 
iterative MapReduce computations. It uses a publish/subscribe messaging infrastructure 
for communication and data transfers. Twister can support long running map/reduce 
tasks, which can be used in “configure once and use many times” approach. In addition, 
it manages invariant data for supporting efficient iterative MapReduce computations 
and provides programming extensions to MapReduce with the data transfers of 
broadcast and scatter types. These improvements allow Twister to support iterative 
MapReduce computations more efficiently compared to other MapReduce frameworks.  

3 Performance Analysis 

We compare the performance of the MapReduce-based distributed systems for iterative 
processing applications, namely Hadoop and HaLoop. HaLoop ver.1.2 and Hadoop 
ver.0.20.0 are used in our performance comparison because HaLoop is a modified 
version of Hadoop ver.0.20.0 to serve the iterative processing. By choosing these 
versions, we can fairly analyze the improvement of HaLoop with respect to the 
iterative processing. For performance analysis, we constitute a PC cluster which 
consists of 9 nodes. One of them is a name node to act as a master node and the other 
nodes are data nodes which act as slave nodes. Each node with Intel i5 2.8 Ghz CPU 
and 2GB of RAM operates on Ubuntu 12.04. We set the number of map and reduce 
tasks to five and the other system parameters to the default values.  

We run three representative iterative applications, PageRank algorithm, descendant 
query, and k-mean algorithm, and compare the execution time on Hadoop and 
HaLoop. We use Livejounal data for the PageRank algorithm and descendant query, 
while the real map data of North-East America (NE) is used for the k-means algorithm. 
Table 1 shows the characteristics of the data sets used in our performance analysis.  

Table 1. Data sets 

name # of nodes # of edges size 

Livejournal 4.8 million 69 million 1GB 

NE 0.12 million - 2.9MB 

3.1 Iterative Processing Applications 

In this section, we describe iterative processing applications that are used in our 
performance analysis. 
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PageRank Algorithm. PageRank algorithm [6] is the core part of the Google 
search engine. The algorithm is being applied to the recommendation systems of the 
various fields. Given a graph consisting of nodes (e.g., web pages) and links among 
nodes, PageRank algorithm iteratively calculates a rank (weight) of each node based 
on the rank of its neighboring nodes. PageRank algorithm can be expressed into two 
steps, i.e., join step and merge step, on a MapReduce framework. In join step, a 
MapReduce job is required to join both node rank table and node linkage table. In 
merge step, another MapReduce job is defined to compute the rank of each node by 
considering the rank of its neighboring nodes. The algorithm terminates when the 
ranks have converged or the predefined number of iterations have been exceeded. 

Descendant Query. Descendant query [4] increasingly retrieves the neighboring 
nodes from the given input node. The algorithm is being utilized in a clustering 
algorithm for astronomy and in a reachability algorithm for social network 
applications. Given a graph which consists of nodes (e.g., particles, friends) and link 
among nodes, descendant query iteratively finds all nodes that are within the 
predefined distance threshold (e.g., hop, distance) from an input node. Descendant 
query can be expressed into two steps, join step and duplicate elimination step. In join 
step, a MapReduce job is required to join query (input) node table and node linkage 
table. In duplicate elimination step, another MapReduce job is defined to delete the 
nodes found in this step which can be found in the input node table. The algorithm 
terminates when the number of retrieved nodes have converged or the predefined 
number of iterations have been exceeded. 

k-means Algorithm. k-means algorithm [4] is one of the typical clustering 
algorithms. The algorithm is being used in many scientific fields carrying out the data 
analysis tasks. Given a set of items, k-means algorithm performs clustering based on 
the mean value of items included in each generated cluster. k-means algorithm 
requires a MapReduce job to find the nearest cluster for each item and to assign the 
item to the cluster. The algorithm terminates when the mean value of each cluster 
does not differ from the value of the previous iteration or the predefined number of 
iterations have been exceeded. 

3.2 Performance Comparison between Hadoop and HaLoop 

Figure 1 shows the execution time of the PageRank algorithm with varying the 
number of iterations. HaLoop shows about 32% better performance than Hadoop. In 
the first iteration, the improvement is less than that of other iterations. The reason is 
that in the first iteration, HaLoop caches the sorted input data on each reducer’s local 
disks and creates an index for the cached data. The main reason that HaLoop 
outperforms Hadoop is that HaLoop caches the invariant data being repeatedly used 
in all the iterations into reducer input cache. By doing so, the amount of transferred 
data in shuffling phase and the overall disk I/O are dramatically reduced, 
consequently leading to high performance improvement. 
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Fig. 1. The execution time of PageRank algorithm 

Figure 2 shows the execution time of the descendant query with varying the 
number of iterations. HaLoop shows about 18% better performance than Hadoop. The 
improvement of HaLoop in descendant query is less than the improvement achieved 
in PageRank algorithm. The reason is that Livejournal data used in descendant query 
has a characteristic that a node in Livejournal data has many neighboring nodes. As a 
result, the descendant query in later iterations produces many duplicates which need 
to be eliminated. Consequently, the cost of HaLoop is dominated by the duplicate 
elimination step which does not gain much benefit from the HaLoop’s caching 
mechanism. Thus, the improvement of HaLoop in descendant query is less than that 
achieved in PageRank algorithm. 

Figure 3 shows the execution time of the k-means algorithm with varying the 
number of iterations. HaLoop shows about 19% better performance than Hadoop even 
though HaLoop cannot take advantage of reducer input cache for this application. The 
reason is that HaLoop can utilize the mapper input cache because the input data 
executed by the each mapper in the k-means algorithm is invariant in all the iterations. 
By caching the mapper input data, HaLoop can improve performance on overall 
execution time by reducing the amount of transferred data in a shuffling phase. 

 

   

Fig. 2. The execution time of descendant 
query 

Fig. 3. The execution time of k-means 
algorithm 
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4 Discussion 

HaLoop improves Hadoop in terms of the computational cost for iterative processing 
applications. This is because HaLoop can reduce data transmission cost and disk I/O 
cost by using both reducer input cache and mapper input cache. The cache mechanism 
of HaLoop efficiently deals with invariant data which are static in all the iterations, 
leading to better performance on execution time than Hadoop. 

Through our performance experiment, we draw some requirements for improving 
the performance of HaLoop and Hadoop. First, the most of iterative processing 
applications requires the join computation, so it is necessary to handle input data with 
the mutually different forms. However, because both Hadoop and HaLoop receive an 
input data with one format, users who want to run the MapReduce job have to 
transform their input data. Thus, it is necessary to revise the existing MpaReduce-
based distributed system so that they can receive input data with different formats. 
Second, because HaLoop and Hadoop do not have user friendly application program 
interface (API), user who want to run the MapReduce job have to fully understand 
both the MapReduce framework and their iterative applications. Therefore, it is 
necessary to provide a user-friendly API for the existing MpaReduce-based 
distributed systems so that scientists can execute their programs without the detailed 
knowledge of the MapReduce framework. Finally, the performances of the iterative 
processing applications are highly dependent on various system parameters in the 
existing MpaReduce-based distributed systems. However, users who want to run the 
MapReduce job scarcely know that are the important parameters for executing their 
iterative processing applications. Moreover, they do not know well how each 
parameter has to be set up for the optimized performance. Therefore, it is required to 
study on the optimization of system parameters for iterative applications. 

5 Conclusion 

In this paper, we analyzed the execution performances of the existing MapReduce-
based distributed systems for various scientific applications which require iterative 
data processing. Through our performance analysis, HaLoop showed about 20% 
better performance than Hadoop. This is because HaLoop reduces data transmission 
and disk I/O costs by using both reducer input cache and mapper input cache. The 
cache mechanism of HaLoop can efficiently deals with invariant data which are static 
in all the iterations, consequently leading to better performance than Hadoop.  

Finally, we present some requirements for a new MapReduce-based distributed 
system which supports iterative data processing efficiently. Based on the 
requirements, we will study on a scheme to receive heterogeneous input files. We will 
also develop user-friendly APIs which make it possible to easily write iterative 
programs for scientists who don’t know much about the MapReduce platform.  
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Abstract. With the evolution of IT technologies, large-scale graph data have 
lately become a growing interest. As a result, there are a lot of research results 
in large-scale graph analysis on Hadoop. The graph analysis based on Hadoop 
provides parallel programming models with data partitioning and contains 
iterative phases of MapReduce jobs. Therefore, the effectiveness of data 
partitioning depends on how the data partitioning maintains data locality in each 
node of cluster. In this paper, we propose a semi-clustering scheme for large-
scale graph analysis such as PageRank algorithm on Hadoop and show that the 
proposed scheme is effective. With experiment results, PageRank computation 
with the semi-clustering improves the performance. 

Keywords: large-scale graph analysis, semi-clustering, Hadoop, PageRank. 

1 Introduction 

With the evolution of IT technologies, large-scale graph data, such as web graph, 
social network, bio network, have lately become a growing interest in the commercial 
world and research communities. Therefore, researches on parallel programming 
models for effective analysis and mining on large-scale graph data have been actively 
studied. There are various kinds of parallel programming models that can be used for 
analyzing the large-scale graphs, for example Hadoop [1], Pregel [2], and M3R [3]. 
Among them, Hadoop is widely adopted due to its easiness of programming through 
simple API with Map and Reduce. As a result, there are a lot of research results in 
large-scale graph analysis on Hadoop. 

The graph analysis based on Hadoop provides parallel programming models with 
data partitioning and contains iterative phases of MapReduce jobs. Each iterative phase 
creates a new MapReduce job, and the previous MapReduce job conveys its results 
data into the input data of the next MapReduce job. At this stage, a MapReduce job 
shuffles the data of each node through network communication among nodes. As much 
of previous research pointed out that the network communication overhead was largely 
dependent on the overall performance of MapReduce processing [3, 4], it is essential to 
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minimize the exchange cost among nodes by optimizing the data partitioning for the 
performance of graph analysis based on Hadoop. The effectiveness of data partitioning 
depends on how the data partitioning maintains data locality in each node of cluster.  

In this paper, we propose a semi-clustering scheme for large-scale graph analysis on 
Hadoop and show that the proposed scheme can be effective such as PageRank 
algorithm. The rest of the paper is organized as follows. Section 2 presents related 
work and Section 3 describes the details of our semi-clustering scheme and brief 
algorithms. In section 4, we demonstrate the performance analysis of our semi-
clustering scheme through referenced data and PageRank algorithm. Finally, Section 5 
concludes our work and presents a future direction. 

2 Related Work 

The typical graph analysis techniques which calculate the importance of each node in 
the graph data are as follows. The PageRank [5] algorithm, which is proposed for link 
analysis of web graphs, is commonly used for clustering [6] and social network 
analysis [7]. The algorithm can be useful when calculating the importance of each node 
or the impact to the other parties in social network, and also used for calculating the 
value of each node in protein interaction network analysis in bioinformatics [8]. The 
HITS algorithm is widely used in calculating the ranks of each node of hypertext [9]. 
However, The HITS algorithm is known to show lower sensibility than the PageRank 
algorithm [10]. For example, a rank value is hard to be altered even when a structure of 
graph is changed. In bioinformatics, the PageRank algorithm is more useful to evaluate 
the importance of each protein, since false positive and false negative edges occur 
frequently in protein interaction networks. 

Hadoop provides two partitioning technique for data parallelism; hash-based and 
range-based. The hash partitioning technique splits the graph data based on fixed hash 
values. Therefore, it is inefficient because it does not consider the connectivity of 
graph data. On the other hand, although the range partitioning technique can maintain 
the connectivity of graph data, it is limited to specific issues. 

Lin [11] partitioned input data based on the range partitioning technique grouping 
related vertices to a data partition according to domain names. Although the scheme 
shows improved performance of PageRank, the range partitioning scheme based on 
domains is hard to be applied in web graph which comes from a single domain. 

3 Semi-clustering Scheme 

In this section, we describe the detailed algorithms of the proposed semi-clustering 
scheme for large-scale graph analysis on Hadoop. In the proposed scheme, for each 
vertex which contains a lot of outgoing edges, the semi-clustering creates a group of 
reachable vertices that starts traversing from it. By allocating a group of reachable 
vertices into the same data partition, it reduces the cost of shuffling and performs 
efficient computation in graph analysis on the Hadoop. 

3.1 Sort of Vertices in a Graph 

Map phase calculates the number of outgoing edges of each vertex and outputs data of 
the form <the number of outgoing edge, vertex ID> into local disks. The outputs from 
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Map function are sorted in decreasing order by the number of outgoing edges since 
MapReduce framework automatically sorts output data by keys on shuffling. Reduce 
function outputs the sorted list into HDFS. A group of reachable vertices starting from 
the vertex at the beginning of the output creates a set of semi-clusters for a given 
graph. Figure 1 shows the sorting vertices algorithm. 

 
1:  Class Mapper  // computing the number of outgoing edges of vertices // 
2:    Method Map(nid n, node N) 
3:      count <- 0 
3:      for all nodeid m�N.AdjacencyList do 
4:        count++ 
5:      emit(count, nid n) 

1:  Class Reducer  // sorting // 
2:    Method Reducer(outdegree count, nids [n1,n2, …]) 
3:      for all nid ni � nids [n1,n2, …] do 
4:        emit(outdegree count, nid ni)

Fig. 1. Sorting vertices algorithm 

3.2 Creation of Semi-clusters 

Starting from the vertex which has the largest number of outgoing edges in the sorted 
list, the graph is traversed in breadth-first search way to insert the neighboring vertices 
into a set of reachable vertices. This process is repeated until no newly reachable 
vertices are left. Each set of reachable set is called a semi-cluster, and the number of 
 

1:  Class SemiClusterDriver
2:    Method Main(depth k) 
3:      numIteration <- 0 
4:      for numIteration <k do 
5:        Map() 
6:        Reduce() 
7:        numIteration++ 

1:  Class Mapper 
2:    Method Map(nid n, node N) 
3:      c <- N.ClusterID 
4:      if c == null then 
5:        c <- findGroup(n)                  
6:      for all nodeid m�N.AdjacencyList do 
7:        if c != null  then 
8:          emit(nid m,c) 
9:      emit(nid n, N) 

1:  Class Reducer 
2:    Method Reducer(nid m, [c1,c2,…]) 
3:      M <- , p<-0 
4:      for all c � [c1,c2, …] do 
5:        if IsNode(c) then 
6:          M <- c 
7:        else if p == 0 then 
8:          p <- c 
9:      M.ClusterID <- p 
10:     emit(nid m, node M)

Fig. 2. Creating semi-clusters algorithm 
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vertices that organizes a semi-cluster is called cardinality. Cardinality is utilized to 
limit the size of a partition when allocating semi-clusters to partitions. Figure 2 shows 
the creating semi-clusters algorithm. 

3.3 Allocation of Semi-clusters to Partitions 

Starting from the semi-clusters with high cardinality, semi-clusters are allocated to 
data partitions in round-robin way. If the cardinality of a semi-cluster exceeds the size 
of data partition, the semi-cluster is allocated to the other partition that has enough 
capacity. Figure 3 shows the allocating semi-clusters algorithm. 

 
1:  Class Mapper 
2:    Method Map(nid n, node N) 
3:      M <- n+N                           
4:      emit(N.ClusterID, M) 
 
1:  Class Partitioner 
2:    Method getPartition(clusterID c, node M) 
3:      p<-getPartitionID(c) 
4:      for IsSuitable(p) != true do 
5:        p<-getPartitionID(c) 
6:      return p 

Fig. 3. Allocating semi-clusters algorithm 

4 Performance Analysis 

In this section, we evaluate the proposed semi-clustering scheme with PageRank 
algorithm. Table 1 denotes the evaluation environment for PageRank based on semi-
clustering. Joycrawler 0.2 [12] is used as a PageRank algorithm implementation in 
this evaluation. We evaluate our semi-clustering scheme by using four graph datasets: 
web graph of Stanford.edu[13] (281,903 nodes, 2,312,497 edges), Amazon product 
network[14] (334,863 nodes, 925,872 edges), web graph from Google[13] (875,713 
nodes, 5,105,039 edges), and internet topology graph[15] (1,696,415 nodes, 
11,095,298 edges). 

Table 1. Physical cluster 

Number of physical machines 9 computing servers(Master : 1, Slave : 8) 
CPU Intel i5.3.4GHz 

Main Memory 2GB 
HDD 500GB 
OS Ubuntu 12.04 

 
Fig. 4 shows the evaluation results of PageRank algorithm with four datasets. We 

measure the execution time of both the PageRank algorithm without semi-clustering 
and with semi-clustering. In the case of the internet topology graph, the execution 
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time of PageRank algorithm with semi-clustering is reduced by 7.2%. This evaluation 
results denote PageRank computation with the semi-clustering scheme improves the 
performance, as the number of nodes and edges increase. Therefore, we can confirm 
that the proposed scheme is effective for large-scale graph processing. 

 

   
(a) web graph of Stanford.edu         (b) Amazon product network 

   
(c) web graph from Google            (d) internet topology graph 

Fig. 4. PageRank execution time 

5 Conclusion and Future Work 

In this paper, we propose a semi-clustering scheme for large-scale graph analysis on 
Hadoop. In our proposed scheme, for each vertex which contains a lot of outgoing 
edges, the semi-clustering creates a group of reachable vertices that starts traversing 
from it. By allocating a group of reachable vertices into the same data partition, the 
proposed scheme reduces the cost of shuffling and performs efficient computation in 
graph analysis on the Hadoop. With experiment results, PageRank computation with 
the semi-clustering improved the performance, as the number of iterations increases. 
Therefore, our scheme can be largely effective for large-scale graph analysis. As a 
future work, we plan to evaluate our scheme on much more number of cluster nodes. 
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Abstract. Aho-Corasick (AC) algorithm is a commonly used string matching 
algorithm. It performs multiple patterns matching for computer and network 
security, bioinformatics, among many other applications. These applications 
impose high computational requirements, thus efficient parallelization of the 
AC algorithm is crucial. In this paper, we present a multi-stream based 
parallelization approach for the string matching using the AC algorithm on the 
latest Nvidia Kepler architecture. Our approach efficiently utilizes the HyperQ 
feature of the Kepler GPU so that multiple streams generated from a number of 
OpenMP threads running on the host multicore processor can be efficiently 
executed on a large number of fine-grain processing cores. Experimental results 
show that our approach delivers up to 420Gbps throughput performance on 
Nvidia Tesla K20 GPU. 

Keywords: string matching, Kepler GPU, multi-stream, HyperQ, multithreading. 

1 Introduction 

Aho-Corasick (AC) algorithm [1] is a multiple patterns matching algorithm which can 
simultaneously match a number of patterns for a given finite set of strings (or 
dictionary) against a given input data. The AC algorithm is commonly used in various 
applications such as network intrusion detection [16], [17], genome/protein matching 
for bio-sequence analysis [12], [15], among many others. In order to speed up the 
string matching operations and meet the real-time performance requirement imposed 
on these applications, achieving high performance for the AC algorithm is crucial.  

Recently, the Graphic Processing Unit (GPU) is becoming increasingly popular for 
various applications. The architecture of the GPU has gone through a number of 
innovative design changes in the last decade which have drastically increased the 
peak floating-point throughput performance (flops) [5], [6]. Although the AC 
algorithm is not floating-point intensive, it can be benefitted by many promising 
architectural characteristics of the GPU. A GPU has a large number of (fine-grain) 
cores where massive parallel pattern matching operations for the AC algorithm can be 
performed in parallel. A GPU also provides high memory bandwidths. Thus it can 
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feed the input data and the reference pattern data at a high rate for possible matches. 
On the other hand, a GPU has a complicated memory hierarchy whose efficient use 
has a major effect on the application’s performance and is mostly under the 
programmer’s control. Therefore, we need sophisticated parallelization techniques to 
achieve high performance for the AC algorithm.  

In this paper, we present a multi-stream based parallelization approach for the AC 
algorithm on the latest Nvidia Kepler GPU. Our approach efficiently utilizes the 
HyperQ feature of the Kepler GPU so that multiple streams generated from a number 
of OpenMP threads running on the host multicore processor can be efficiently 
distributed and executed on a large number of fine-grain processing cores. 
furthermore, it also exploits the high degree of the on-chip parallelism and the 
complicated memory hierarchy of the Kepler GPU in order to maximize the 
throughput performance. Experimental results on Nvidia Tesla K20 GPU based on 
Kepler GK110 architecture along with multicore host processor (Intel Xeon E5-2650) 
show that our approach delivers up to 420Gbps throughput. Comparing with a single 
stream parallelization approach, it leads to 1.45-times higher throughput performance. 

The rest of the paper is organized as follows: Sections 2 introduces the AC 
algorithm. Section 3 describes the architecture of the latest GPU including the Nvidia 
Kepler and its execution model. Section 4 explains our multi-stream based 
parallelization approach of the AC algorithm on the Kepler architecture. Section 5 
shows the experimental results on Nvidia Tesla K20 GPU employing the Kepler 
GK110 architecture. Section 6 wraps up the paper with conclusions. 

2 Aho-Corasick (AC) Algorithm 

The Aho-Corasick (AC) algorithm is a multiple patterns matching algorithm which 
can match multiple patterns simultaneously for a given finite set of strings (or 
dictionary). The AC algorithm can be implemented as a Non-deterministic Finite 
Automata (NFA) or a Deterministic Finite Automata (DFA). The AC consists of two 
phases: 1) first, a pattern matching machine called the AC automaton (machine) is 
constructed from a finite set of patterns; 2) second, the input text data is applied to the 
constructed AC machine in order to find the locations that the patterns appear [1].   

The AC automaton invokes three functions: a goto function g, a failure function f, 
and an output function output: 

• The goto function g function maps a pair consisting of a state and an input symbol 
into a state or a message fail. The AC machine has the property that g(0, σ) ≠ fail 
for all input symbol σ.  

• The failure function f maps a state into another state. It is consulted whenever the 
goto function reports a “fail”.  

• The output function output maps a set of keywords to output at the designated 
states. 

We implement the AC algorithm as a DFA. The DFA consists of a finite set of states 
S and a next move function δ such that for each state s and an input symbol a, δ(s,a) 
is a state in S [4]. Thus, the next move function δ  is used in place of both the goto 
function and the failure function. The output function is also incorporated in the DFA. 
The DFA processes the input text with length n in O(n). 
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3 Overview of Nvidia Kepler GPU Architecture 

In this paper, we use Nvidia’s latest GPU based on Kepler architecture (Tesla K20) 
consisting of 15 Streaming Multiprocessors (SMXs) or thread blocks with the 
Compute Capability 3.5. Compared with the previous Fermi architecture, it has a 
larger number of threads and registers available on each SMX. Furthermore, it 
provides new architectural features such as Hyper-Q, Dynamic Parallelism, and 
GPUDirect [19]. The Dynamic Parallelism adds the capability for the GPU to 
generate new work for itself, synchronize the results, and control the scheduling of the 
work without the involvement of the CPU. Thus it provides the flexibility to adapt to 
the amount and the form of parallelism through the program execution. The 
GPUDirect enables GPUs within and outside a single computer to directly exchange 
data without going through the CPU and system memory. Thus can significantly 
reduce the data transfer overheads. The Hyper-Q allows multiple CPU cores to launch 
work on a single Kepler GPU simultaneously. This increases the utilization of the 
GPU, thus improve the throughput performance with the involvement of multiple 
CPU cores. In this paper, we utilize the Hyper-Q feature to maximize the throughput 
performance of the AC algorithm.   

For executing programs on the Nvidia GPU, we use CUDA. CUDA programs use 
a hierarchy of memories of the Nvidia’s GPU. They are registers and local memories 
belonging to each thread, a shared memory and the level-1 data cache used in a thread 
block (SMX in Kepler architecture) and shared by threads belonging to the block, and 
the global memory accessed from all the thread blocks [5, 6]. In CUDA programs, 
data needed for computations on the GPU is transferred from the host memory to the 
global memory, optionally placed in the shared memory by the programmer or 
automatically loaded in the L1 cache or read-only data cache by the cache controller, 
and used by thread blocks and thread processors through the registers. The multiple 
threads assigned to each thread block executes in the SIMD mode by having the same 
instruction managed by the Instruction Unit on different portions of data. When a 
running thread encounters a cache miss, for example, the context is switched to a new 
thread while the cache miss is serviced for the next 400 cycles or more. Thus the GPU 
is executing in a multithreaded fashion. 

4 Multi-stream Parallelization Approach 

The AC algorithm introduced in Section 2 proceeds in two steps: 1) construction of 
the AC pattern matching machine; 2) conducting the pattern matching operations 
using the machine. In typical pattern matching applications using the AC, the first 
phase is performed once and the second phase is repeated multiple times. In this 
paper, we perform the first phase of the AC sequentially using single CPU core. Then 
we perform the second phase on the GPU in parallel with the involvement of multiple 
CPU cores where multiple streams are generated. Thus the multi-stream 
parallelization approach is focused on the second phase.  
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In AC algorithm, the input text length is usually very long. Thus we partition the 
input text into many parts and apply the multiple patterns matching procedures in 
each part in parallel. In order to process the pattern matching in each part, we generate 
a CUDA stream. Thus multiple CUDA streams are mapped onto single Kepler GPU 
using the new Hyper-Q feature. In the earlier Fermi GPU, up to 16 streams are mapped 
to a GPU. However, all the streams are multiplexed into the same hardware work queue. 
Thus they are executed serially in the same queue. In the Kepler architecture, there are 
up to 32 hardware work queues between the host and the CUDA Work Distributor 
(CWD) logic in the GPU. Thus we can generate up to 32 streams and map the streams 
onto the same GPU to run them concurrently (see Figure 1). 

 

 

Fig. 1. Partitioning of input data into multiple parts to create multiple CUDA streams for 
parallel execution on the Kepler GPU using the Hyper-Q 

Each stream calls the kernel function independently for matching patterns on each 
part of input data corresponding to each stream. Each kernel function creates a 
number of blocks and a number of threads per block for applying the pattern 
matching. Compared with the Fermi architecture where the multiple streams are time-
multiplexed to share the same GPU, the Kepler architecture allows the sharing of the 
GPU simultaneously [19]. Thus, resources of the Kepler GPU are utilized more 
efficiently. In order to implement the parallel multi-stream pattern matching, we 
create a number of OpenMP threads on the host multicore processor each of which 
create a stream individually. Each thread copy parts of the input data asynchronously 
to the global memory while the pattern matching is performed on the GPU. Thus, the 
kernel execution and the data transfer can be overlapped (see Figure 2). This 
improves the application’s performance. The pinned memory on the host memory is 
used for the asynchronous copy. Thus, the data in host memory must be page-locked 
memory.  

 
Fig. 2. Code snippets for creating and running parallel multi-streams 
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5 Experimental Results  

We implemented the parallel multi-stream AC algorithm. Our experiments are 
conducted on a system including the Intel multicore processor (2.0Ghz Intel Xeon E5-
2650) with 20MB level-3 cache, Nvidia Tesla K20 GPU with 5GB device memory. 
We also used Nvidia GeForce GTX 285 GPU for performance comparison with the 
K20 GPU. The OS is Centos 5.5. We used input data sizes in the range of 50KB - 
500MB and the numbers of patterns in the range of 100 – 20,000. In order to generate 
the random input data sets and the reference pattern data sets, we first collected 50GB 
of data from a variety of magazines such as TIME, BBC, among many others. Then 
we extracted the input data and the pattern data from the collected data. In all 
experiments conducted, we ignored the time spent in the construction phase of STT 
which run on single CPU core and the time to copy the input text data and the STT to 
the GPU device memory.  

Figure 3 show the throughput performance of different input sizes when the 
number of patterns is fixed at 20000. The throughput increases as the data size 
increases, in general. This is especially true for the Kepler GPU where the number of 
cores has drastically increased compared with the previous generation GPUs. Our 
approach delivers up to 420Gbps throughput. Comparing with a single stream 
parallelization approach, it leads to 1.45-times higher throughput performance. The 
throughput on the GTX285, however, is rather flat as the data size increases: the 
throughput saturates around 100Gbps.   

 

Fig. 3. Throughput (Gbps) for different input data sizes when the number of patterns is fixed at 
20000 

6 Conclusions  

In this paper, we proposed a multi-stream parallelization approach for the AC 
algorithm on a GPU. The proposed approach efficiently utilizes the HyperQ feature of 
the Kepler GPU so that multiple streams generated from a number of OpenMP 
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threads running on the host multicore processor can be efficiently distributed and 
executed on a large number of fine-grain processing cores. Experimental results on 
Nvidia Tesla K20 GPU based on Kepler GK110 architecture along with multicore 
host processor (Intel Xeon E5-2650) show that our approach delivers up to 420Gbps 
throughput. Comparing with a single stream parallelization approach, it leads to 1.45-
times higher throughput performance. 
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Abstract. By microscopically observing widely used data files, we iden-
tified the considerable room for life time improvement in NAND flash
memory, which is due to the discovery of a non-uniformity in bit-level
data patterns. In an attempt to exploit the discovery, we propose a novel
bit-level wear-leveling scheme. Instead of considering only the view of
page-level or block-level, we incorporate the non-uniformity in data en-
coding patterns into wear-leveling scheme. Because of its orthogonality
to the existing block-level wear-leveling approaches, our solution can be
adopted over the existing solutions without considerable overhead and
extend NAND flash’s life span up to 36% in case of SLC.

1 Introduction

During the last decade, NAND flash memory has become a de facto solid state
storage technology. In the NAND flash memory-based storage systems, it is
essential to reliably store data for years, however, NAND flash has endurance
problem that each NAND flash cell is worn-out by program/erase cycling and
eventually loses its capability to store data. Thus, the endurance problem of
NAND flash has been considered in many previous researches and they proposed
wear-leveling algorithms, which even out the wearing of different blocks of NAND
flash memory.

To enlarge NAND flash’s life span, many researches proposed their algorithms
for wear-leveling which tries to make wear-out of different blocks of flash memory
even [3][4][5][6][7]. To expand lifetime of NAND flash blocks, commonly, the
previous algorithms take page-granularity approaches and use block erase count
as a wear-out indicator.This is based on an implcit assumption all cells in same
page or same block have the same probability to be worn-out by P/E cycle.
To identify whether the assumption is right or not, we obtained data patterns
of widely used file data frequently written to disk or accounting for large part
of storage, for example, linux source codes, database workloads, encoded video
files. After analyzing the data, we found out a case that the bit-level data pattern
is not uniform. Base on our observation, we build a simple statistical wear-out
model of NAND flash cell and we propose bit-level wear-leveling scheme. The
evaluation shows that it expands life span of NAND flash up to 30%.
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(a) (b)

Fig. 1. (a) Bitwise counts of programmed state of Linux source codes, (b)Bitwise count
of programmed state of DB workloads

2 Motivation

In case of SLC NAND flash, a cell stores a bit and a page is composed of a series
of NAND cells and a block contains multiple pages. To store data on them, a
block erase operation should be performed prior to write data, which makes all
cells in the block changed to the erased state, representing logic ‘1’. If logical
value of ‘0’ is written to a cell when page writing operation of NAND flash, a
state transition of the cell occurs from the erase state to the programmed state,
indicating ‘0’. On the other hands, if logical value of ‘1’ is written to a cell, there
is no state transition of the cell and it remains in the erased state. Because a
state transition from erase state to programmed state makes a cell worn out[2],
each cell can experience different wear-out progress accoriding to the number of
its actual programs.

A problem arises from that the previous block-based wear-leveling algorithms
treat all cells comprising a block together as if they experience the same number
of state transitions between the erase state and the programmed state, thus
having the same degree of wear-out. If we assume that the physical endurance
of each cell is same, among all cells comprising a block, the cell experiencing the
highest number of programs is to be completely worn out most rapidly. If the
number of completely worn-out cells is bigger than the number of correctable bit
errors by bit error correction algorithm such as ECC or DHC, it is regarded that
the life time of the page is ended. Even though other cells still have their life time
left and they can operate normally, the page is not used any more. This leads
to the underestimation of the life time of the target page. It therefore makes the
NAND flash memory block lose chances to prolong lifetime of the block.

Outstanding freqeuncy of programs in a specific bit position appears signifi-
cantly in text-based workloads. We selected Linux source codes as a representa-
tive text-based workloads and obtained their bit-level data patterns by traversing
Linux source code tree. Figure 1(a) shows the accumulated counts of the case
of logical ’0’ at each bit position per byte, which requires the state transition of
the cell from erase state to the programmed state. We can see that the most sig-
nificant bit (MSB) position in a byte(character) experiences the highest number
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of the state transtion than other bit positions. This is because ASCII code for
human readable data does not use MSB.

In order to observe data patterns of files to be freqently written to disk, we
performed DBT2[1] benchmarks for SQLite[8], an open-source database. The
test creates database workloads and simulate heavy user loads for OLTP. We
log all of the contents synchronously written to disk through the test. We can
see that the bit-level data pattern of the result obtained from the benchmark
test is similar to the previous one, as shown in Figure 1(b). Consequently, the
difference in degree of wear-out of each cell would be apart more as the ratio of
ASCII characters increases and it provides us rooms for prolonging lifetime of
the target NAND block.

3 Proposed Scheme

In this section, we present a bit-level wear-leveling scheme based on a simplified
statistical model to span the life time of NAND flash memory, which is derived
from the observation of the data non-uniformity as described in Section 2. First,
we define the fundamental wear-out model of SLC cell, in accordance with the
writing pattern of the data. Then, we present the proposed bit-level wear-leveling
schemes to make the degree of wear-out of cells uniform.

Our Assumption: Our model is basically derived from the concept of the
charge-to-breakdown, QBD[2]. The QBD is defined to amounts of charges cross-
ing the tunnel oxide in a NAND flash cell until the oxide is broken down. It is
from the following physical characteristics: the oxide of each NAND flash cell is
little by little worn-out by repeated program/erase cycling, and the cell eventu-
ally loses its capability to store data. Base on the above, the following assumption
is obtained. The degree of wear-out of a cell after a P/E cycling is proportional
to the amount of charge passing the oxide in the cell and the number of injected
and ejected charges during a cycling is always same, and threshold voltage for
sensing stored data is also propotional to the amount of stored charges. This
assumption is a base of the wear-out modeling for a SLC NAND cell.

SLC can store only one bit value per cell, which basically is a threashold
voltage level. Typically, in NAND flash, a logical bit value ‘1’ of an SLC cell
denotes the erased state, and a logical bit value ‘0’ denotes the programmed state.
Wslc is defined to the degree of worn-out of the oxide by charge injection/ejection
during a P/E cycling. In case of SLC, a cell having a bit value of ‘0(Programmed)’
is worn out by Wslc in a P/E cycling. And a cell having a bit value of ‘1(Erased)’
is not worn-out because there is no charge tunneling the oxide during the cycling.
We simply assume that the degree of wear-out of a cell not in programmed state
is zero because, in the case, there’s no charge to be ejected from FG to substrate
through the oxide. Based on the above modeling principles for SLC, the degree
of wear-out of each cell is simply represented to the counts of the case that it
has a bit value of 0.

In order to even out the usage of each cell, the technique for distributing
the erasures and re-writes evenly across the cells is necessary. To achieve it, we
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Fig. 2. Our proposed schemes for expanding lifetime of NAND flash cells

propose a simple bit-level shifting scheme for SLC as shown in Figure 2. To make
the frequncy of programmed state of each cell statistically even, every page-level
program and erase cycling, a byte of data is written from the pivot bit in the
byte and the rest of bits are written from the LSB bit position. The location of
pivot bit is shifted by one bit. In practical implementation of this scheme, we
can set the location of pivot bit as the value of block erase counts modulo 8.

4 Evaluation

We evaluated our bit-level wear leveling scheme based on the proposed simple
wear-out model for SLC NAND flash. The evaluation is based on the previously
obtained data patterns for different file data workloads, Linux source code files,
which are the most good reference for docuement file data composed of mostly
ASCII code-based data, and DB update data, which is frequently update to the
storage and have big influence on NAND flash’s wear-out.

To simulate and visualize the page write operations onto NAND flash memory,
we examine data pattern of the two workloads in page-level. We assume that
the page size of NAND flash is 2KB. Figure 3(a) and Figure 3(b) show page-
wide view of data pattern of each workload for SLC. As previously described,
the probability for each bit to be programmed is remarkably different and it is
neccessary to be wear-leveled. The reason why the counts of lower indexed bytes
in a page are slightly higher than the others in case of Linux source codes, is
beacause the size of many files in Linux source tree is lower than the page size
and we obtained the data by only accumulating the count of bit value having
logic 0. In case of smaller sized file than the size of one page, the dummy data
contents in higher offset than the size of files, had better being filled with logic
’1’ for NAND flash’s endurance.
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(a) (b)

Fig. 3. (a) Page-wide view of wear-out for Linux source code, (b) Page-wide view of
wear-out for DB workload

(a) (b)

Fig. 4. (a) Results of our wear-leveling scheme for Linux source code, (b) Results of
our wear-leveling scheme for DB workload

The results in Figure 4(a) and Figure 4(b) are obtained by applying our wear-
leveling scheme, bit-level shifting, on the workloads in case of SLC. By applying
the proposed scheme, the estimiated wear-out counts of each cell become nearly
uniform. With comparing the maximum count, in case Linux source code, the
degree of wear-out becomes 36% lower and 15% lower in case of DB workload.
Additionally, in case of DB workloads, lower offset of bytes in a page tends to
be worn out more than the others in spite of bit-level wear leveling.

5 Conclusion

We introduce our observation that bit-level data patterns of widely-used file
data are not uniform and, based on the breakdown mechanism of oxide, we also
propose simple wear-out models for SLC NAND flash. To expand endurance of
NAND flash, we emphasize the consideration of bit-level wear-leveling scheme
and proposed simple approaches. We expect that our solutions can be adopted
in the controller-level togther with other wear-leveling scheme or other encoding
schemes.
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Abstract. The NGS technology produces large scale biologic data sets much 
cheaper and faster than the previous methods. As it is almost impossible to store 
or analyze such large scale NGS data with a traditional method on a commodity 
server, many problems arise. Hadoop is an alternative to this requirement. We 
aim to address the issues involved in the large scale data analysis on the cloud 
in bioinformatics. Accordingly, we propose analysis service for predicting 
genome structural variations associated with diseases by using Hadoop. The 
result of this study reveals that the system proposed in this study efficiently 
predicts genomic variations from large scale data sets.  

1 Introduction 

With the current NGS (next generation sequencing) [1] technology, it is possible to 
analyze one person’s genome within about a week. The data volume produced from 
NGS technology currently ranges from a few TB to PB scale. It is almost impossible to 
store or analyze this voluminous NGS data in a single commodity machine: expensive 
hardware is required for data analysis; existing frames are not enough to fully manage 
resources; managing such data requires huge storages; and lots of computing resources 
are required to analyze voluminous NGS data. In the field of bioinformatics, many 
analysis services are provided by using Hadoop to address the issues involved in 
biologic data analysis. We propose a Hadoop-based algorithm HAVS for predicting 
genomic variations and related to diseases. The algorithm covers the structural 
variation types such as translocation, inversion, insertion, and deletion. We also prove 
that our algorithm shows better performance and accuracy than BreakDancer [2]. The 
experiments are performed on Hadoop clusters with the proposed algorithm and the 
YRI sequencing data provided by the 1000 Genome Project [3].  

2 Detecting Genome Structural Variation of Cloud Scale 

2.1 PEM Based Approach and Genome Structural Variation Region  

Typical PEM-based structural variation detection methods use paired-end reads. Two 
paired reads created in a genome (case) to be detected have distance information each 
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other. When two reads are mapped with a reference genome of which the sequence is 
already known, structural variation is detected by computing the difference between 
the distance mapped with the reference genome and the distance in the case. In this 
case, because the read is mapped with the reference genome in consideration of both 
forward direction and backward direction, it is possible to detect inversion. The PEM-
based methods of finding and analyzing paired reads support resolution even higher 
than the array-based methods. The PEM-based structural variation detection methods 
analyze and characterize the mapped type of two reads. Here, the characteristics are 
referred to as an event or signature. The signatures are categorized into insertion, 
deletion, inversion, linking, and duplication depending on their nature and mapping 
types. After reads are mapped and signatures are found, clustering is then carried out to 
find a region where signatures are crowded. Clustering is used to effectively filter 
candidate regions of actual structural variation, rather than computing positions where 
structural variation occurred by using one signature [4]. That is, clustering contributes 
to improving prediction reliability by removing accidental matching parts, and to 
accurate prediction of the positions of structural variation. After clustering, signatures 
mapped with one cluster region are used to compute a structural variation region to 
represent the relevant cluster. In this case, both ends where variation occurred are 
called a breakpoint, to compute the method of determining signatures which consist of 
a cluster, and an actual breakpoint.  

2.2 Extracting Genome Structural Variation Based on Statistics  

Extraction of genome structural variation based on Hadoop is carried out in a 3-step 
MapReduce workflow. The first step is to classify the sequences as normal sequences 
(concordant), of which the direction of paired-end reads is correct and in which the 
mapping distance belongs to the range of ±2.7SD standard deviation of the mean 
fragment size of the reads, and the sequences that do not belong to the range as 
variation (discordant). The insert size, the mean fragment size, and standard deviation 
are computed, to be used as a reference for normal sequences among the classified 
sequences. And the sequences predicted to be structural variation are classified for 
each type. The second analysis process is to compute the mean insert size of sequences 
by structural variation types for only the sequences regarded as structural variation. 
The third analysis step is to cluster the structural variation sequences on the basis of the 
information computed in the above analysis process, and to predict a breakpoint in 
which structural variation occurred.  

2.2.1   Filtering Paired-End Reads and Computing Standard Deviation  
On the basis of the mapped paired-end reads, normal sequences and the sequences 
predicted to be structural variation are classified. In this case, the reference for 
classifying structural variation is defined in HASV as described below. For the inferred 
insert size, only positive numbers can be used in order to avoid overlapping sequences, 
and the sequences are regarded as a structural variation sequence if it is a negative 
number. If the mapping quality is not greater than the minimum quality, it is regarded 
as a structural variation sequence. If the maximum fragment size is above the 
allowable range, it is decided as a structural variation sequence. If the paired-end reads 
do not exist in the same chromosome, it is specified as a structural variation sequence. 
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If a sequence is not mapped with the reference sequence, it is specified as a structural 
variation sequence.  

After classification on the basis of the classification conditions for each structural 
variation type as described above, the structural variation types are given a relevant id 
as a key. More efficient and faster analysis can be implemented by gathering the same 
structural variation types to form clusters on the basis of the key in the step of detecting 
and analyzing genome structural variation. The classified normal sequences are used 
for detecting the genome structural variation by finding the mean read length and the 
mean fragment size of normal sequences. The following equation 1 is used for the 
computation.  

 (   ) =  ∑ (  )  (   ) 

(1) (   ℎ) =  ∑ (  ℎ)(  )  

 
For the fragment size of sequences predicted to be structural variation, if the mean 

fragment size computed by means of the above equation 1 is  m, the maximum 
threshold is computed by using the fragment size of the corresponding sequences 
for  m <  fragment size . For m  >  fragment size , the minimum threshold is 
computed. The following equation 2 is used to compute each threshold.  

 

>   ℎ  ∶ =  +  ( (   ) −  )(   ) − 1 ×  

(2) 

>   ℎ  ∶ =  − ( ℎ   ) −  ( ℎ   ) − 1 ×  

 

The parameter C used in the above equation 2 is a cutoff value. Because HASV uses 
all paired-end sequences predicted to be structural variation for analysis, the number of 
occurring errors also increases with the increasing number of sequences to be detected. 
As a result, the cutoff value is used to select significant structural variation sequences 
in terms of probability to decrease false positive. Unlike typical structural variation 
detection tools which carry out analysis on the basis of statistics derived through 
random sampling, HASV uses entire data and can thus derive more accurate statistical 
information. Furthermore, accurate statistical information contributes to improving 
specificity and accuracy in detecting structural variation.  

2.2.2   Computing Insert Size for Each Structural Variation Type  
Because the insert size between the reads in the paired-end reads of the predicted 
structural variation is different by types, the mean insert size for each structural 
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variation is computed in addition to the second filtering process by using the 
statistical information derived from normal paired-end reads. If the fragment size(x ) is  x  < (m −  σ ×  C) or (m + σ ×  C) <  x   while the number 
(n) for each type is n > 0 for the paired-end reads predicted to be structural variation, 

the mean insert size d of the paired-end reads for each structural variation type is 
defined as described below.  
 =  ∑ (   −  ℎ × 2)(   )  

 

If the insert size  for each computed structural variation type is  ≤ 0 , =  −   ×  2 is substituted for the value of  to be used for analysis.  

2.2.3   Algorithm for Detecting Genome Structural Variation Sequence  
The Hadoop-based algorithm for detecting genome structural variation is composed of 
the following two stages. The first stage uses the statistical information computed 
through the previous analysis step to cluster sequences in the location similar to the 
reference genome. The second stage computes the start position and the end position 
where structural variation occurred from a representative sequence predicted by 
clustering in the first stage to predict the breakpoint which is a section with variation in 
the entire sequences. The genome structural variation region is then detected to carry 
out the merging process. The process is carried out for the sequences classified as 
structural variation through the previous validation analysis process in order to cluster 
structural variation sequences mapped in similar locations in the reference genome. It 
is better than using only signatures found through one read mapping to compute the 
location with structural variation.  

 

 

Fig. 1. Data flow of HASV 
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The MAP step of the structural variation detection algorithm receives the sequence 
information predicted to be a structural variation paired-end read. The KEY for 
combining a signature with the read ID becomes K1, and SAMRecord with the paired-
end sequence information becomes VALUE V1. The paired-end read predicted to be 
structural variation and the statistics are received by means of the config object to use 
them for computing the breakpoint of the paired-end reads predicted to be structural 
variation. If the paired-end read predicted to be structural variation is ,  and   
are positioned in the same chromosome.  

If the sorting start position of   is p1, and the sorting start position of   is p2, 
p2- p1<minimum region length. If the number of sequences which form one cluster is 
smaller than 100, they are regarded as paired-end reads in the same cluster. The 
minimum length region is a value used in filtering paired-end reads mapped 
abnormally in the clustering step, and contributes to improving the specificity of 
detected structural variation sequences. The paired-end read sequences in a cluster are 
used to select a representative sequence on the basis of the sorting start position and the 
sorting end position, in order to predict the breakpoint of variation.  

3 Experiment Result and Analysis  

3.1 Experiment Environment and Data  

In this experiment, the accuracy of detecting structural variation of the HASV 
algorithm was verified and the analysis speed improvement index was then evaluated 
with respect to the increasing number of nodes in the Hadoop-based cluster. The 
experiment data was the UCSC hg18 human genome reference sequence and the 
sequence data of YRI provided in the 1000 genome project. The sequence sorting 
program was BWA 0.5.9 [5]. The error range from the actual region of structural 
variation was measured by comparing the structural variation region detected by the 
HASV algorithm suggested to verify the structural variation detection accuracy of the 
algorithm with the structural variation region reported to the DGV [6]. The structural 
variation database of DGV has detailed records of human structural variation found 
through all sorts of wet/dry experiments. It is possible to search regional or personal 
data.  

3.2 Experiment Result and Analysis  

3.2.1   Measuring Accuracy of HASV Algorithm  
While using the same analysis method as HASV, a comparison and an analysis was 
made with/of the result of BreakDancer which is widely used for structural variation, 
in order to verify the accuracy of the HASV algorithm. The accuracy of structural 
variation detection was verified in the YRI chromosome 10 by using HSAV and 
BreakDancer. The actual deletion structural variation discovered through the DGV 
experiment occurred in the region 490486 ~ 490606 of the chromosome 10 in the YRI 
sample data. While BreakDancer predicts the deletion structural variation in the region 
489751 ~ 490733, HASV predicts deletion structural variation in the region 490491 ~ 
490625. The experiment result reveals that HASV predicts structural variation more 
accurately than BreakDancer. And it is reported that deletion structural variation exists 
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through 2080877 ~ 2081202 in DGV. It is shown that BreakDancer does not predict 
deletion structural variation. However, although HASV has an error, it predicts 
deletion structural variation in the region 2081058 ~ 2081214.  

3.2.2   Evaluating HASV Analysis Speed in Hadoop-Based Cluster  
In this experiment, the effect of performance improvement was evaluated with respect 
to the increasing number of nodes in the Hadoop-based. The experiment result reveals 
linear improvement with respect to the increasing number of nodes in the overall 
analysis performance. This is a result different from the general theory that 
performance improvement is not doubled due to data exchange between input/output 
to/from nodes and the nodes although the number of nodes in a distributed system is 
doubled.  
 

 

Fig. 2. Analysis performance improvement ratio with respect to the increasing number of nodes  

From this experiment, the measurement is that performance improvement effect 
with respect to the increasing number of nodes was maximum 70 ~ 75% although there 
might be some difference depending on executed applications and the relation with 
MapReduce. For example, this means that, if 10 additional nodes are added, the 
performance is not 10 times faster, but maximum 7 ~7.5 times faster, in comparison 
with execution in one node. Because the aforementioned performance improvement 
value linearly increases, it is possible to improve analysis time by adding nodes 
without changing programs. Therefore, Hadoop is useful in bioinformatics which has a 
lot of data to be processed and tasks to be divided into many steps.  

4 Conclusion and Future Studies  

This study proves that it is possible to improve performance in a cloud computing 
environment when analyzing big NGS data, and to detect and analyze structural 
variation by using the big NGS data based on the MapReduce programming model. 
That is, it is possible to address limited performance due to insufficient computing 
resources which is an issue in analyzing big data in bioinformatics, in the scale-out 
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method which is an advantage of Hadoop. However, this structural variation detection 
analysis is just for chr10 of the YRI sample data, and the result is not for full 
applications. For future studies, it is necessary to detect structural variation for whole 
genomes by using HASV, to compare the variation result of different structural 
variation detection programs and to verify the accuracy. It is also necessary to design a 
system useful for big data analysis in bioinformatics by increasing performance which 
is a current issue in Hadoop. 
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Abstract. In distributed parallel computer simulation, there are various 
simulation platforms supporting HLA on the Grid or Cloud, but almost of them 
shows lack of various aspects because of limitation of HLA. In this paper, we 
present an architecture of Cloud Distributed-Parallel Simulation Platform for 
HLA (CDSPH) supporting distributed parallel computer simulation on the 
cloud. It offers on-demand resource provisioning for scalable simulation, self-
organization of adaptive simulation environment, and enhanced security by 
isolation between federation executions. Besides, it support web-based user 
interface to support easy access and simulation management. 

Keywords: Cloud Computing, PaaS, Distributed-parallel simulation, HLA, 
RTI. 

1 Introduction 

The HLA (High Level Architecture)[1] is an architecture which purpose 
interoperability among entities and reusability of codes for distributed-parallel 
computer simulations. Simulation entity is defined as federate for each, and RTI 
(Runtime Infrastructure) coordinates operations and data exchange between federates 
during a runtime execution. HLA is defined under IEEE Standard 1516 and used to 
support data analysis, engineering and training in a number of different domains such 
as aerospace industries, military, traffic controls and manufacturing. However, it 
shows lack of efficient allocation of simulation resources, automatic self-organization 
and security.[2] There are various approaches to overcome its weak points by 
integrating and launching HLA simulations on the Grid or Cloud environments.[2-3] 
However, Grid simulation frameworks should be strengthen a number of aspects such 
as heterogeneity of its resource pool, multi-tenancy and fault tolerance.[3] Besides, a 
number of researches presented cloud simulation middleware architecture adapting 
virtualization technology, but their embed cloud RTI service is centralized which can 
be a bottleneck of the interaction between hosted simulation entities. It is necessary to 
design a platform architecture based on HLA for scalable distributed-parallel 
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simulation with automated resource provisioning and federation execution with 
dedicated RTI service. 

Cloud computing is getting spotlight as the main key words for IT industry today. 
It can integrate various IT technologies that supply on-demand resources, useful 
platforms and applications, so it is becoming useful solution for cost reduction, self-
organizing and flexible scale extension.[4] Therefore, cloud technologies can suggest 
an easier way for launching user’s simulation entities through integrating simulation 
infrastructure with scalable resource provisioning, automated software allocation and 
execution. In this paper, we present an architecture of Cloud Distributed-Parallel 
Simulation Platform for HLA (CDSPH) supporting distributed-parallel computer 
simulation. It offers a virtual environment which provides automated resource 
provisioning, allocating and execution of HLA federations on the cloud. It makes up 
for the weak points of HLA and offers easy way to operate and manage simulations to 
the user. 

2 Cloud Distributed-Parallel Simulation Platform for HLA 

In this section, we describe several features of CDSPH, and then its architecture in 
detail. It builds virtual simulation environment on the cloud VMs automatically, and 
supports user to launch their HLA federation easily. We describe key features of 
CDSPH as follows. 

1) On-demand resource provisioning for scalable distributed-parallel simulation: 
CDSPH has IaaS management layer to access and control cloud infrastructures 
for supporting on-demand resource provisioning. When user wants to launch his 
federation on the cloud, CDSPH provides adequate VMs on its managed cloud 
infrastructure dynamically. Lifecycle of VM is managed by cloud infrastructure, 
user needs not to manage about each VMs 

2) Self-organized simulation environment via adaptive platform provisioning: 
CDSPH configures appropriate simulation environment on the VMs for 
federation execution. Each federates of the federation and dedicated RTI instance 
are deployed on each VMs. Deployed federation is launched and monitored by 
Resource agent on each VM automatically. 

3) Enhanced security through dedicated resource and RTI instance: Via CDSPH, 
execution of a federation gets dedicated VM resources and RTI instance which 
are not shared with the other federations. This isolation gives enhanced security 
level of launching users HLA simulations. 

4) Easy access and interaction via web-based user interface: Through web-based 
Cloud Simulation Portal (CSP), user can manage and interact with his federation 
execution launched on the clouds. 

 
CDSPH consists of Cloud Simulation Portal (CSP) and Cloud Distributed-Parallel 

Simulation Framework (CDSF) as shown in Fig. 1. 
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Fig. 1. The architecture of CDSPH with cloud infrastructure 

Cloud Simulation Portal (CSP) offers a web-based graphical user interface to support 
request of launching federation, simulation monitoring and user authentication. User 
chooses appropriate simulation environment and put simulation configurations such as 
federation object model (FOM) described in FDD written in a Lisp-like syntax for HLA 
v1.3, or XML for IEEE Standard 1516.[1] RTI-specific configurations which user wants 
are customized via CSP, too. After collecting user’s requirements, CSP submits users 
request named Simulation Description (SD) to the CDSF to launch user’s federation. 

Cloud Distributed-Parallel Simulation Framework (CDSF) composes a software 
environment for launching HLA federates. It adopts agent-based resource 
management scheme[4], to allocate, launch, and monitor various federates on the 
VMs. When user request is arrived, Request Analyzer reads SD submitted by CSP, 
and interprets user’s requirement. Then CDSF creates new Federation Controller and 
requests VMs to the cloud infrastructure via Cloud IaaS Manager, the abstracted IaaS 
API component. After new VMs are created, pre-installed program named Resource 
Agent on each VM starts automatically, and tries to connect to the CDSF. CDSF 
accepts each access by creating new Resource Agent Controller one by one. If all 
VMs are created and successfully connected, Federation Controller determines roles 
of each VMs via Deployment Scheduler. Therefore, each federate and RTI instance 
are allocated to the suitable VM. Because HLA is architecture, not on-the-wire 
protocol, participants in a federation can be dependent to a specific RTI by using its 
libraries. Therefore, well-suited RTI must be selected for federation execution. 
Federation Controller sends software such as federates, RTI, user configuration data 
and commands. After preparation of launching federation and RTI startup, each 
Resource Agents executes assigned federates on their VM. All simulation process and 
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logs are monitored by Resource Agents and integrated by Federation Controller, and 
this information is offered to the CSP. Therefore, users can check status of simulation 
process via CSP. 

3 Experiments 

We implemented prototype of CDSPH in java 6, and performed two kinds of 
experiments for evaluation. CDSPH is connected to a Eucalyptus cloud infrastructure 
based on Ubuntu Enterprise Cloud.[5] Our cloud infrastructure consists of 1 
Cloud/Cluster controller node and 4 worker nodes with KVM hypervisor. It was 
deployed on servers with 2 Xeon E5606 2.13GHz processors and 24GB memory. 
Tested VM image is based on Ubuntu 10.04 LTS 64bit server, and includes pre-
installed Resource Agent, java 6 and cloud-init. 

The first experiment is on measuring provisioning time of VMs for HLA 
simulation. Fig 2 shows the cumulative average provisioning time of each stage: (a) 
VM Creation, (b) Data Distribution for transfering user federate program, and (c) 
Federation Scheduling for deploying RTI and user federates. Instance type of created 
VMs has dual core processors and 4GB memory. According to Fig. 2, VM creation 
time is increased with a number of VMs. Time for VM creation is the greatest portion, 
so total provisioning time is increased, too. Because our cloud infrastructure has 4 
worker nodes and its scheduling policy is round-robin, time is significantly increased 
when the number of VMs is over each multiples of four. 

 

Fig. 2. The cumulative provisioning time of VM resource to allocate federation 

The second experiment is on measuring performance of federation on two kinds of 
simulation environments. We executed portable RTI and a sample federation [6] on 
the cloud environment provided by CDSPH and native environment. Federation 
consists of 5 federates; Manager, Production, Transport, Consumption, and Viewer. 
This time-constraint federation simulates a simple restaurant, and includes various 
HLA behaviors such as publishing and subscribing their attributes. Its time interval is 
1 second, and we executed the federation during 1000 time advances. In each 
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advances, federates finishes their task and wait until the next advance arrives. 
Therefore, we can measure the performance of simulation by measuring the length of 
idle time (sleeping time). We deployed RTI and each federates on six VMs on cloud, 
and six native servers which have Core 2 Duo E6550 2.33GHz processor and 4GB 
memory for each. Fig. 3 shows the idle time of federation in each intervals. According 
Fig. 3, we can compare the performance of federation execution launched on two 
simulation environments. The idle time of federation execution on cloud is about 
30ms less than that on native cluster environment. Table 1 shows statistics of 
experiment. Variance of federation execution on cloud is about 5 times higher than 
that of native environment, and its fluctuation is 60% higher, too. It means that 
performance on cloud needs to be improved and stabilized in further research. 
However, these results show that federation execution on cloud achieves about 97% 
of performance of native environment.  

 

Fig. 3. The comparison of idle time of the federation execution on simulation environments 

Table 1. The comparison of experiment statistics 

Max. (ms) Min. (ms) Average (ms) Variance 
Federation on Native 995 959 990.1 18.0 
Federation on Cloud 979 921 960.8 85.8 

4 Conclusion and Future Works 

This paper has presented Cloud Distributed-Parallel Simulation Platform for HLA 
(CDSPH) for distributed parallel simulations on the cloud environments. It provides 
adequate on-demand VM resources for scalable simulation, and adaptive simulation 
environment configuration for self-organization of federation execution. Isolation of 
federation executions gives enhanced security and resolves bottleneck of centralized 
RTI services. Besides, it support web-based user interface to support easy access, 
monitoring and simulation management. We are planning design and development of 
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enhanced user interface, enhanced federate scheduling algorithm, auto scaling and 
fault-tolerant architecture as a future works. 
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Abstract. We present a method for fast volume rendering using GPGPU for 
Cloud 3D Visualization. Each of the threads is processed in parallel on the 
GPU. Our algorithm is to use the computational power of graphics processors to 
speed up the rendering process of the Shear-Warp algorithm. Our GPU-based 
method provides real-time frame rates and outperforms the GPU-based 
implementation. Our experimental results show that our algorithm is much 
faster than the CPU-based Shear-Warp volume visualization in terms of 
rendering speed and image quality. It can be launched on GPU computing 
clusters provided by cloud infrastructures such as Amazon EC2. 

Keywords: Shear warp volume rendering, Cloud 3D Visualization, Parallel 
Processing. 

1 Introduction 

Parallel computing is required expensive multi-core CPU or Multiple computers, even 
though only a few years ago. However, parallel computing can be realized easily by 
GPGPU technology. Also, volume rendering [1, 2] is a technique for visualizing 3D 
volume data from CT or MRI on the screen. The shear warp algorithm [3] is one of 
the fastest algorithms among direct volume rendering. However, the existing shear 
warp algorithm has some defects such as increases in memory consumption and 
preprocessing time as well as deterioration in image quality. Especially, for 
collaborative visualization for medical application, the importance of real time 
rendering of  MRI or CT data becomes increasing for the fast diagnosis of the patient 
status in remote sites. 

In this paper, we propose a GPU-based implementation of the shear warp algorithm 
for cloud 3D volume rendering applications. To our knowledge, it is the first 
implementation on the GPU. And then, we compare it to a CPU-based shear warp 
algorithm and to a GPU-based implementation in terms of flexibility and frame rate. 
It can be launched on GPU computing clusters provided by cloud infrastructures such 
as Amazon EC2. 
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2 Shear Skew Warp Volume Sketch Algorithm on GPU 

In this section, we first describe the algorithm with its acceleration schemes, and then 
present the details of our algorithm using GPGPU. 

2.1 Sampling of Volume Data by GPU 

As in Fig.1, an intermediate image is obtained from the sampled volume data by shear 
skew transformation. Before the original volume data is allocated to the fixed memory 
in host memory, the sampling of volume data is copied onto the texture memory of 
GPU device. Our algorithm has improved the repetitive shear-skew and project into 
an intermediate image by the texture memory. It has speed up about 20% on average. 
The values of x, y, z axis to move the units are copied onto the constant memory of 
the GPU, so bank conflict decreased when the constant memory is simultaneously 
accessed. And then, the final image is converted from the intermediate image by the 
warping and up-scaling process using GPGPU, which will be described in details in 
the next subsection. 

 

Fig. 1. Overview of shear skew warp volume sketch algorithm 

2.2 Implementation of Shear Warp Algorithm on GPU 

Our aim is to use the computational power of grapics processors to speed up the 
rendering process of the Shear-Warp algorithm The power of the graphics processors 
comes from a highly parallel structure using built-in mathematical operations such as 
matrix product and texture filtering. So our approach uses the process of resamping 
and compositing on GPU kernel fuction using CUDA. As shown in Fig.2, we 
determine the number of threads and blocks that one thread can be responsible for one 
pixel of a volume slice. And each of the threads is processed in parallel on the GPU. 
For example, 32 x 32 blocks (256 thread per a block) are needed to process a 512 x 
512 size of volume slice at a time. Although three loop computations are needed to 
resample and composit values of all voxels in x, y and z directions on CPU, one loop 
computation is needed with the help of GPU. 
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Fig. 2. One thread is responsible for one pixel of a volume slice for resampling and compositing 

3 Performance Evaluation 

In this section, we describe the performance evaluation of our algorithm. It is 
implemented and tested for eight kinds of volume data in PC with Intel Core2 Duo 
2.66GHz CPU, GeForce GTX560, 2G RAM and Windows XP OS. We compare the 
performance for the previous shear skew warp[4] and our shear skew warp sketch 
algorithms in terms of rendering speed for six different size of volume data as shown 
in Table.1. 

Table 1. Eight different sizes of volume data 

Data Dimension bits/voxel Size(Mbytes) 

engine 256x256x110 8 7.208960 

CT head 256x256x225 8 14.745600 

foot 256x256x256 8 16.777216 

stag beetle 416x416x247 8 42.744832 

CTA Brain 512x512x279 8 73.138176 
bunny 512x512x361 8 94.633984 

 
In Fig. 3, (a), (b), (c), (d), (e), (f) is the resulting images rendered by shear skew 

warp volume sketch algorithm using GPGPU.  
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Fig. 3. Resulting images by shear skew warp volume sketch algorithm using GPGPU 

3.1 Rendering Time Using GPGPU 

Fig. 4 shows the comparison of rendering speed among two algorithms and using 
GPGPU. Our algorithm has speed up about 50% on the average with minimum 1.94 
and maximum 3.01 times compared to the previous one due to the reduction of 
samples through Poisson disk sampling. Also, Based GPGPU has speed up about 15% 
on the average. It shows that the preprocessing time and speed up ratio is almost 
proportional to the size of volume data. Using GPGPU, first of all necessary data 
transfer to GPU device memory, then the calculated results are transmitted to the CPU 
host memory again. So, it shows that the result of lower than the ideal value.  

 

 
Fig. 4. Comparison of rendering speed 
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4 Conclusions and Future Works 

In this paper, we have presented a method for fast volume rendering on the GPU 
using CUDA. The GPU-based shear skew warp volume visualization is processed in 
parallel. And our algorithm is to use the computational power of graphics processors 
to speed up the rendering process of the shear warp algorithm. The method provides 
real-time frame rates and outperforms the GPU-based implementation. Our 
experimental results show that our algorithm is much faster than the CPU-based 
Shear-Warp volume visualization in terms of rendering speed and image quality. It is 
launched on GPU computing clusters provided by cloud infrastructures such as 
Amazon EC2. We are planning optimization and development of the algorithm as a 
future works. 
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Abstract. This paper introduces an algorithm for real-time line detection and 
tracking utilizing the Graphic Processing Units (GPUs) for UAV’s vision-based 
hovering control system. We concentrate that there are many of lines where 
UAV can fly, and extract meaningful line to grasp of vehicle’s attitude. We 
implemented image processing techniques on GPUs for real-time performance 
because detection and tracking of lines need huge computational resources. 
Experiments show affordable frame throughput that our approach is feasible in 
real flight. 

Keywords: CUDA, Line Detection, Line Tracking, Hough Transform, 
Hovering System. 

1 Introduction 

Recently, there are a lot of software programs and hardware dealing with image or 
video processing in real-time. These technologies find use in a wide range of 
applications: medical computer vision, industry automation, military applications, 
robotics and etc. One of the newest application areas is autonomous vehicles, which 
include submersibles, ground vehicles, aerial vehicles, and Unmanned Aerial 
Vehicles (UAV). Examples of supporting systems are obstacle warning systems in 
cars, and autonomous landing for aircraft. Also various projects and researches are 
related to UAV and they are utilizing in many fields. It is getting usable at almost 
everywhere, from military scouting to civilian production facilities.  

In this paper, we propose a vision-based hovering control system for UAVs to 
maintain stable attitude by real-time image processing. A UAV equips many of 
sensors to measure inertial, altitude, acceleration and position of vehicle. 
Furthermore, most of them install image sensor for high-level missions like tracking 
target or transmitting a sequence of images. We make an approach to grasp a situation 
of vehicle by image information. There are a lot of horizontal and vertical lines in real 
world; we concentrate them as indicators of vehicle’s attitude. Line is fundamental 
feature to comprehend circumstances. By detecting and tracking of lines, we can 
judge the status of vehicle.  
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2 Related Works 

Many of researches for intelligent UAVs are related to computer vision and image 
processing. Line tracking, as one of the low-level methods to extract useful features 
from the image, is very useful technique that can be used in some practical 
implementations. There are a few researches dedicated to line detection and on the 
image. Most of these researches take a Hough transform technique as a core part of 
algorithm. Some of studies have been done in order to solve the computational 
problem [1][2]. 

Compute Unified Device Architecture (CUDA) is parallel computing platform and 
programming model invented by NVIDIA and implemented by the graphic 
processing units (GPUs) [7][8]. GPUs can achieve a high computing performance due 
to many of processing units and different memory spaces.  

CUDA gives researchers access to the virtual instruction set and memory of the 
parallel computational elements in CUDA GPUs. Unlike CPUs, however, GPUs have 
a parallel throughput architecture that emphasizes executing many concurrent threads 
slowly, rather than executing a single thread very quickly.  

 

 

Fig. 1. Processing flow on CUDA 

CUDA has several advantages over traditional general-purpose computation on 
GPUs (GPGPU) using graphics APIs. One of them is code can read from arbitrary 
address in memory. Second is it exposes a fast shared memory region and it can be 
used as a user-managed cache. Fig. 1 shows a brief processing flow on CUDA 
architecture. 

In CUDA architecture, the first step is copying data from main memory to GPU 
memory. Secondly, CPU instructs the process to GPU. Thirdly, GPUs execute parallel 
in each core. Finally, it copies the result form GPU memory to main memory.   
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In this paper, we deal with CUDA via OpenCV (Open Computer Vision) software 
library [6]. OpenCV includes GPU module that contains all GPU accelerated stuff.  

3 Implementation of Line Detection and Tracking on CUDA 

3.1   Detection of Lines  

In this section, detection algorithm which is based on unsupervised clustering is 
explained.  

Detection algorithm is similar to tracking algorithm with some modifications. At 
the first frame specified for detection preprocessed and enhanced. Step3 searches for 
edges on preprocessed image and select probable positions of line segments. A binary 
image obtained on the previous step then used for calculating a full Hough space, in 
order to detect any line in whole position. Result of Hough space usually contains a 
few peaks that show strong lines on image. Then, detection algorithm thresholds a 
Hough space with some predefined value with a subsequent clustering to expose these 
lines. On the last step, algorithm searches local maximums around cluster centers to 
make sure that the line is aligned to the best suitable position on the image. 

Main steps of algorithm are composed as follows. 

• Step 1: Receive a new frame 
• Step 2: Apply a preprocessing procedures 
• Step 3: Edge detection 
• Step 4: Convert image to Hough Space (full conversion) 
• Step 5: Threshold the Hough space by some value 
• Step 6: K-means clustering [3] with Mahalanobis distance metric 
• Step 7: Align a lines positions 

3.2   Tracking Lines  

This section contains a description of line tracking algorithm. Proposed tracking 
algorithm in this paper is based on two main techniques. Firstly, Hough Transform [4] 
is used to transfer image to the Hough space, where we can identify some primitive 
shapes like line and circle. Secondly, a set of Kalman filters [5] are used to predict 
line’s position in next frame to reduce the searching area and consequently improve 
overall performance of algorithm. Experiments show that these techniques work well 
in combination. Tracking steps are same to detection ones from 1 to 3. From step 4 to 
step 6 listed below.   

• Step 4: Convert image to Hough Space (partial conversion) 
• Step 5: Search most probable lines around predicted positions 
• Step 6: Update lines positions and predict next position using sets of Kalman 

filter 
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3.3   Implementation on CUDA  

Proposed algorithm needs to calculate probabilities of all possible lines around 
previous position in some region in case of tracking or all possible lines in case of 
detection. Simple calculation shows, that filling accumulator up procedure requires a 
certain number of operations with trigonometric functions. 

Obviously, even modern computers will be unable to execute so many operations 
fast enough to make it in real time. To overcome this problem a few treatments has 
been done to improve the performance of algorithm. One is optimization on code level 
and the other is utilizing a GPU. 

Fortunately, the voting process that fills accumulator in Hough space can be easily 
separated to parallel sub-tasks. And each sub-task can be processed independently; 
therefore, Hough transform algorithm part fits to CUDA architecture. In our 
implementation, all voting process in Hough space fully implemented on GPU, that 
provides huge bust in speed-up, also this acceleration increases with rise of input  
data resolution. The function, calculating the Hough accumulator, is fully executed on 
GPU.  

4 Experimental Results 

4.1 Experimental Environment 

To make an implementation for our research, OpenCV (Open Source Computer 
Vision) [6] is used. OpenCV is a library of programming functions for the real-time 
computer vision. The library has more than 2500 optimized algorithms in image 
processing and machine vision areas. Some of these algorithms are also implemented 
on CUDA. The image processing is operated on the general purpose x86-machine 
with a GPU on the board. We made a measurement with graphical processing unit: 
NVIDIA Quadro 2000D. CUDA SDK 5.0 is installed to develop algorithm utilizing 
CUDA features.  

4.2 Performance Analysis 

Experimental result provides a comparison between full Hough space calculation, 
used for detection algorithm, on CPU and GPU. The resolution of Hough space is 360 
degrees with frame resolution 320x240, and there are 144,000 Hough points need to 
calculate. Fig.2 shows comparison of Hough space calculation between CPU and 
GPU. Upper line means elapsed processing time for a frame on CPU at detection, and 
bottom line means time on GPU. Utilizing GPU provides average speed up around 4.5 
times per second in comparison with CPU implementation. In terms of frames per 
second it equals 5 fps on CPU and 17 fps on GPU. This result shows that using GPU 
makes the possibility to detect lines in real-time. 
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Fig. 2. Comparison of Hough space calculation on CPU and GPU 

5 Conclusion and Future Work 

In this paper, we present image processing system for vision-based hovering control 
which is implemented on CUDA. Some of critical requirements for control UAV by 
vision information are satisfying frame rate and latency in real-time. Our approach 
shows it is feasible to apply on real system. Implementations of detection and tracking 
on GPU work fast sufficient to apply UAV system.  

At this moment in time, portable device does not have powerful performance 
enough to perform image processing, however, there will release in near future. 
Parallel computing is becoming common scheme in embedded system for some 
applications. In the next paper, we will show the result with real flight. 
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Abstract. In this paper, a new method is presented to automatically find 
relationships between human affects and colors. For this, the probabilistic latent 
semantic model analysis (pLSA) and singular value decomposition (SVD) is 
applied. The proposed method is composed of three modules: feature 
extraction, feature transform and pLSA training. We first segment the image 
using mean-shift clustering, then extract color compositions by analyzing the 
colors from one region and its adjacent regions. Next, for the occurrence matrix, 
the SVD and pLSA are used. Using SVD, the occurrence matrix is decomposed 
into rank and null space matrix, where the null space is discarded and only the 
space corresponding to the singular values is used for further processing. For 
the reconstructed matrix, the pLSA is applied to obtain the correlation between 
affective classes and color compositions. To assess the effectiveness of the 
proposed system, it was applied to index the images using human affects. Then 
the results showed the effectiveness of the proposed method.  

Keywords: Affective Mapping, Probabilistic Affective Model, Singular Value 
Decomposition, Probabilistic latent semantic analysis. 

1 Introduction 

With increasing the importance of affective computing, it becomes necessary to 
retrieve and process images according to human affects or preferences [1-3]. Among 
several image domains like photographic, medical or art, especially, it is very 
important to use affects on photometric image retrieval [1, 3]. 

Fig. 1 shows examples of searching ‘mountain’ pictures according to affects, 
where they are manually annotated by users. Those images have different feelings, 
despite of the images belong to the same object class. Thus, to distinguish them, it is 
important to predict affects from image. 
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Gorgeous Natural 

Fig. 1. Search example of ‘mountain pictures in accordance with affective classes 

So far many algorithms and systems have been developed to index images using 
affects and objects. Most of them use the machine learning technique to find the latent 
semantics such support vector machine (SVM) and latent semantic model (LSA). 
Datta et al. investigated the relationship between several visual features and the 
aesthetic quality [3]. This method was used to evaluate aesthetic on painting and 
photographic images. However, in practice, there are many affective features useful 
for image retrieval, such as ‘romantic’ and ‘gorgeous’. Therefore we need to consider 
using more affective features and to predict them. Kobayashi et al. considered more 
various affects than others [4]. Kobayashi’s affective classes are composed of 180 
adjective words which were subdivided into 15 groups. Thereafter, they have built the 
relation between 180 affective classes and colors, based on market research for 
several years, which is time consuming. 

Accordingly, this paper presents a new method to automatically find relationships 
between several human affects and colors. 

2 Proposed System 

The goal of the proposed system is to find relationships between human affects and 
colors. For this, the proposed system is performed by three steps: feature extraction, 
feature transform and pLSA training, as shown in Fig. 2. We first segment the image 
using mean-shift clustering, then extract color compositions by analyzing the colors 
from one region and its adjacent regions. Next, for the occurrence matrix, the SVD and 
pLSA are used. Using SVD, the occurrence matrix is decomposed into rank and null 
space matrix, where the null space is discarded and only the space corresponding to the 
singular values is used for further processing. For the reconstructed matrix, the pLSA 
is applied to obtain the correlation between affective classes and color compositions. 

 

Fig. 2. An overview of the proposed system 

2.1 Feature Extraction 

Generally, an image is depicted by some visual features, such as color, texture, shape 
and so on. Among them, color composition is only considered in current work. To 



 Finding Relationships bet

 

extract color compositions
steps: image segmentation a

In image segmentation, 
We use the mean-shift clu= | ∈  . As the in
combinations is computa
compositions for more imp
seed region. To find seed 
multiplication of  an

 is the Gaussian dista
importance values, we rank= , , … , , (
between itself and its two a

Figure 3 shows the resul
matrix, we used 500 trainin
queries. 

 

(a) 

Fig. 3. Example of feature ext
adjacency graph and (d) genera

2.2 Feature Transform

To handle the space spar
transform the more mean
decomposed into the produc

where U and V are orthogon
roots of the singular values 
are considered as ‘noise’ 
corresponding row vectors
eliminated. 

In the proposed system,
which is represented by 
500ⅹ1170, and it is tran
between human affects and
zero value. So, these values
affects. By adjusting eigenv
as the optimal value. 

tween Human Affects and Colors Using SVD and pLSA 

s from a given image, this module is performed by t
and color composition extraction.  
the image is partitioned into clusters using similar col

ustering algorithm to divided an input image into regio
ncreasing of number of regions N, considering those 
ationally intensive. Therefore, we extract the co
portant regions rather than all regions, which are called

regions, the importance value of region is calculated
nd , where  is area of the current region 
ance from its center to the centroid of image. Based on 
k the regions, and select the top M regions as seed regio). From only the seed regions, the color compositi
djacent regions are extracted and stored onto Λ = . 
ts of feature extraction module. To generate the occurre
ng images, which were downloaded from Google using

  

(b) (c) (d) 

traction results: (a) input image, (b) segmented result, (c) reg
ated occurrence matrix 

m 

sity, we use the SVD to reduce the null space and
ningful space. Currently, the occurrence matrix X
ct of three other matrices as following equation (1). ( ) = , 

nal matrices and S is a diagonal matrix. S contains the squ
in decreasing order. Then, approximately zero values o
and discarded. In order to reconstruct the matrix, 

s of U and the corresponding column of  are a

, the occurrence matrix X is generated from 500 imag
1,170 color compositions. Thus, the matrix sized

nsformed to more efficient space in find the correlat
d colors. Then, most elements of the matrix X are close
s make difficult to discriminate the images based on hum
value, we transformed the occurrence matrix and set to 

349 

two 

ors. 
ons, 
 all 
olor 
d as 
d by 
and 
the 

ons, 
ions 
 

ence 
g 10 

 

gion 

d to 
X is 

(1)

uare 
of S 

the 
also 

ges, 
d at 
tion 
e to 
man 
100 



350 U. Akhmedjanov et al. 

 

2.3 pLSA Training 

To automatically predict the affective features from transformed occurrence matrix, 
the pLSA is used as learning algorithm to find hidden human affects from colors. A 
scale represents correlation between affects and colors. The key concept of pLSA is to 
map the high-dimensional occurrence vector to a lower dimensional affective vector, 
i.e. generate the scale. Co-occurrences probability ( , ) is shown as following 
Equation (2).  ( , ) =  ( ) ( | ) ( | ) (2)

Here, I and W mean given image and extracted color compositions from the image, 
respectively. Z is the affective vector. Then, ( | ) is ground truth and ( | ) is 
scale, which represents correlation between affects and color feature. This probability 
is approximated by Expectation Maximization (EM) algorithm. The equation (2) can 
be rewritten like equation (3). Using EM, two probabilities are updated by following 
equation (4) and (5). ( | , ) ∝ ( | ) ( | )∑ ( | ) ( | )∈  (3)

( | ) ∝ ( , ) ( | , )∈ (4)( | ) ∝ ( , ) ( | , )∈  (5)

3 Experimental Results  

This study developed system that can find correlation between the human affects and 
visual features using SVD and pLSA. To assess the effectiveness of the proposed 
system, we implemented affects-based image indexing system using scale trained by 
the proposed system. We have conducted efficiency test using 1,485 web images and 
compared its performance with one of the existing system [1]. 

3.1 Affects-Based Image Indexing System 

We developed probabilistic affective model (PAM) for predicting some affective 
classes that are associated with a photographic image from color features. The goal of 
PAM is to transform a given image i onto affective vector E(i) shown in following 
equation (6). ( ) = ( , , , , … , , )  (6)

, = ( | ) = ( | ) ( | ) = ∏ ∏ , ( , | )  (7)
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In equation (7), affective feature ,  means the probability that the image i 
belongs to the corresponding mth affective class ( ∈ ). In order to calculate the 
affective vector, visual features first are extracted from image and those features are 
mapped into affects using scale. ,  indicates the probability to map color 
compositions from image i and ,   is called as scale trained by the proposed 
system. The affective vector E(i) is calculated by multiplying scale and the 
conditional probability for obtained color composition from image i. 

In this paper, six affective classes are used as followings: pretty, colorful, dynamic, 
wild, romantic, pure. Using PAM, color composition vector obtained from an image 
is mapped into six affective classes. 

3.2 Results 

To evaluate performance of the proposed system, the recall and precision are used. 
The results were compared with one of the existing system [1]. Figure 4 shows the 
results. As can be seen, the proposed method can be almost superior to the existing 
system.  
 

 
Fig. 4. Precision-recall curves of previous system (left) and the proposed system (right) 
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Abstract. With the development of intelligent home appliance technology, real-
time home appliance status information is now generated in large quantities. 
New technology is necessary in order to process the large amount of status 
information that is generated every day. An innovative technology that has 
recently been used to process large amounts of data is cloud computing. 
Therefore, in this paper, we propose a system model to control and monitor 
home appliances using home network and cloud computing technologies in a 
smart home environment. UPnP technology is used to extract status information 
from home appliances. Cloud computing technology analyzes and processes the 
information and also provides virtualization services to users. In the proposed 
method, the gateway collects and stores home appliance information using 
home network technologies and sends the information to the cloud server for 
storage and management.  

Keywords: cloud computing technology, UPnP, virtualization services, smart 
home. 

1 Introduction 

Users are constantly provided with more convenient services due to the development 
of a variety of computing techniques such as mobile communication technology and 
data processing techniques. As the development of home appliance control 
techniques, embedded techniques, and smart devices has progressed, innovative smart 
home technology has also developed in the last several years. However, it is difficult 
to store, process, and manage the large amounts of status information that is generated 
by the home appliances of a smart home on a single node (i.e., PC). A collection of 
regional smart homes generates a huge amount of data per day. Therefore, a 
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technology to store and process a large amount of data is urgently needed. The 
technology that can provide such a technique is cloud computing. Cloud computing is 
a very efficient technique to process and analyze large amounts of data. 
Consequently, in this paper, we propose a novel system to collect the data generated 
in smart homes and process it based on cloud computing technologies.  

The proposed system model is divided into three parts: the gateway, cloud server, 
and smart device. The gateway identifies home appliances that use UPnP services, 
extracts the status information of the home appliances, and transmits the extracted 
data to a cloud server [2], [3], [8]. The cloud server stores data classified by the user 
and provides home appliance monitoring services to users using the virtualized status 
information of the home appliances. It also offers a distributed computing function 
and data storage service to users via Hadoop-based technologies such as MapReduce, 
HDFS, and Hbase [1], [3], [10]. The smart device allows users to monitor and control 
home appliance functions. The smart device receives the virtualized data of the home 
appliances from the cloud server. All of the proposed components communicate with 
each other using HTTP and transmit data using XML [8].  

The remainder of this paper is organized as follows: Section 2 discusses current 
research work related to smart home technologies. Section 3 describes the proposed 
system architecture and explains its main functions. Finally, we conclude the paper in 
Section 4.  

2 Related Work 

Cloud computing technology provides functions to store, handle, and manage large 
amounts of data over the internet. It consists of three platforms, IaaS, PaaS, and SaaS 
to offer many kinds of services to users. 

IaaS (Infrastructure as a Service) is a platform as well as the base layer of the cloud 
computing environment offering computing resources for cloud computing. The core 
technology of the IaaS platform is virtualization, a technology that converts physical 
resources to virtual resources and increases resource utilization and flexibility. PaaS 
(Platform as a Service) is a platform that uses high-speed distributed computing 
technology to process the large numbers of media data requests from SaaS and 
manages the data storage in IaaS. SaaS (Software as a Service) is a service platform to 
provide data management APIs and web-based development tools in the cloud 
computing environment [3].  

A smart home, in the conventional sense, supports automatic systems to control 
lighting and temperature and activate security apparatus. It is used to monitor many 
aspects of daily life [4]. Nowadays, smart homes incorporate many computing 
technologies to provide convenient personalized service to users within the home 
network [5]. Recently, much research on the smart home has focused on the home 
gateway. Using a home gateway, a smart home can form a peer-to-peer network to 
provide home network service anytime, anywhere [6]. The lack of a de facto 
communication standard for smart homes hinders the integration of different services. 
Therefore, Kim et al. proposed smart home software architecture based on OSGi 
(Open Services Gateway initiative) [7]. 
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We reference these concepts when designing a system model to provide a 
personalized smart home service using cloud computing technologies. 

3 Proposed System Model 

The proposed system provides home appliance monitoring service to users via a home 
appliance virtualization function supported by a cloud server. The cloud server also 
stores the status information of the home appliances transmitted from the gateway of 
the smart home and uses cloud computing technology to process this information. The 
gateway consists of a PC and home network using UPnP to search and collect the 
metadata of the home appliances in a smart home. The collected metadata is 
transmitted to the cloud server by the gateway. Figure 1 shows the architecture of the 
proposed system model.  
 

 

Fig. 1. Proposed system model architecture diagram 

The gateway is an important component of the smart home because it acts as a 
network bridge between the cloud server and the smart home. The gateway also 
monitors the home appliance statuses, collecting home appliance status information 
every ten minutes. If a home appliance status changes, the gateway gets this 
information and sends it to the cloud server. The gateway is composed of four 
modules to provide home appliance control functions as follows. The identification 
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module authorizes separate users using OAuth [9] generated by the cloud server. The 
UPnP device control module provides device selection, registration, and status 
monitoring functions using SSDP and GENA. The device controlling module sends 
actions to control the home appliances. The device metadata extraction module 
extracts detailed metadata from the home appliances. The device log data 
transmission module sends the data to the cloud server.  

The cloud server manages data, but remains separate from a smart home. Thus, the 
cloud server stores and manages home appliances status in a smart home over the 
gateway. The cloud server distinguishes and stores each home appliance of every 
smart home by user ID. The user ID is managed by the cloud server using Hbase, 
generating an OAuth-based identification number for each user. The cloud server 
virtualizes the home appliance status data of each independent smart home to provide 
virtualization service to users by user ID. The cloud server sends the virtualized home 
appliance data to the user’s smart devices to support home appliance virtualization 
services.  

The user’s smart device communicates with the cloud server and receives the status 
information of the home appliances using a specific application. The smart device 
includes an XML data extraction module. This module is able to extract XML data 
transmitted from the cloud server. All of the components communicate with each 
other using XML data transmitted through HTTP. If users are at home with a smart 
device that communicates with the cloud server, the smart device is able to directly 
connect with the gateway over the home router, reducing unnecessary traffic among 
the gateway, cloud server, and smart devices. 

4 Conclusion 

In this paper, we propose a cloud-based system model to provide real-time home 
appliance monitoring and control services. The cloud server stores and manages a 
large amount of the status data generated by home appliances in smart homes. For 
transmitting cloud server status data of home appliances, we designed a gateway to 
support data communication between the cloud server and smart homes. The status 
data of home appliances in the cloud server is transferred to a smart device. Users 
monitor and control home appliances through the smart devices using the virtualized 
status data from the cloud server. However, if many users connect to the cloud server 
at the same time, a high amount of network traffic will occur in the cloud server. 
Therefore, to support better load dispersion, we will research effective algorithms in 
our future work. 
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Abstract. As various types of smart devices have recently appeared, SNS 
(Social Networking Services) have been expanded. Thus, the demand for social 
media streaming is on the rise. In the previous study, a media conversion 
system for ensuring QoS (Quality of service) of media streaming was presented. 
The presented system implemented a distributed streaming environment with 
multiple servers in order to perform reliable streaming of converted media. The 
method of distributing streaming job is crucial in implementing a distributed 
environment. Thus, the presented system established distributed streaming 
servers that applied RR (Round Robin) and LC (Least Connection) algorithms. 
However, since systems that applied RR and LC do not consider CPU 
utilization rate and network transmission traffic, they have limitations on 
reducing the burdens of servers. This study will present a SRC (Streaming 
Resource-based Connection) scheduling algorithm for ensuring QoS in the 
distributed streaming environment. The focus of this SRC algorithm 
considering CPU utilization rate and transmission traffic of servers is resolving 
the limitations of existing algorithms. As a performance evaluation, utilization 
rate of different systems that each applied SRC, RR and LC will be compared.  

Keywords: cloud computing, Social Media Streaming, Load Distribution, QoS. 

1 Introduction 

As various types of high-performance smart devices such as smartphone, smart pad, 
and smart TV have recently appeared and SNS (Social Networking Services) such as 
Facebook and Twitter have been expanded, the demand for social media streaming 
services for diverse environments (e.g. wired and wireless) offered anytime, anywhere 
is rapidly rising [1], [2]. However, since media streaming data has high network 
bandwidth, studies on ensuring QoS (Quality of Service) are necessary [3]. Such 
studies require technology that converts media data into a form suitable for streaming. 
However, existing internet computing bases are burdensome, because they require 
substantial resources for lots of changes in multimedia [7]. Therefore, the previous 
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study presented a Hadoop-based multimedia conversion system using a distributed 
environment [4], [5]. The presented system is capable of performing distributed 
parallel processing of large amounts of massive media files generated from SNS fast 
in the form appropriate for streaming of various smart devices [4], [5]. For reliable 
streaming of converted media, a method of creating distributed environment with 
multiple servers is one option.  

The method of allocating job to each server upon request from users in a 
distributed streaming environment is crucial. Thus, the presented system established 
distributed streaming servers that applied RR (Round Robin) and LC (Least 
Connection) algorithms. RR is a method of streaming by selecting streaming servers 
in a prescribed order upon video streaming request from users [8]. LC is a method of 
streaming by selecting the streaming server with the least number of user access upon 
video streaming request from users [8]. However, since systems that applied RR and 
LC do not consider CPU utilization rate and network transmission rate they have 
limitations on reducing the burdens of servers. Thus, this paper presents a SRC 
(Streaming Resource-based Connection) scheduling algorithm that considers CPU 
and streaming transmission rate usage of servers, with focus on resolving the 
limitations of RR and LC distribution methods. Since SRC algorithm considers CPU 
usage rate and transmission rate of servers, resolving the limitations of existing 
algorithms was the focus. A performance evaluation on the system that applied this 
algorithm will compare and analyze the network streaming transmission rate between 
SRC-applied system and systems that each applied RR and LC. 

2 Background 

Amid rapid increase in network rate following the development of internet 
technology, studies on load balancing through server distribution have been 
conducted [6], [9]. In particular, solutions based on distributed environments for web 
server, file server, and media streaming that require lots of network rate have been 
studied [7], [8]. The previous study presented the following system. As production 
and sharing of social media have revitalized with various smart devices and expansion 
of SNS, transcoding and streaming technology based on distributed environments 
have been studied in order to offer social media compatible with various types of 
smart devices. However, existing approaches were limited to parallel distributed 
processing by increasing the number of cluster machines. The method of processing 
transcoding by increasing the number of cluster machines has the drawback of 
incurring rising costs as the number of cluster machines increases and didn't consider 
the splitting and merging policy of media files necessary for transcoding. As a 
solution, Hadoop-based distributed video transcoding that applied MapReduce 
Framework was presented [4]. 

Multimedia streaming data requires high network bandwidth. Thus, solutions based 
on distributed environments using multiple streaming resource-based connection 
servers have been studied for reliable streaming [6]. 
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The method of distributing streaming job is crucial in implementing a distributed 
environment. Thus, the presented system established distributed streaming servers 
that applied RR (Round Robin) and LC (Least Connection) algorithms. 

3 Streaming Resource-Based Connection 

The previous study presented a Hadoop-based multimedia conversion system using a 
distributed environment. In order to perform streaming of videos converted in the 
system presented, distributed streaming was implemented using multiple servers. To 
allocate streaming job for distributed streaming configuration, RR and LC methods 
were applied. However, algorithms of existing methods do not consider CPU usage 
rate and streaming transmission rate. Therefore, this study presented SRC with focus 
on resolving the limitations of existing algorithms. The following is 'SRC Pseudo 
Code' presented by this study. 

1: While Server_Available // begin ‘WHILE’ 
2: //define n= 1..n 

3: IF Streaming_Request THAN 
4:    FOR Streaming_Server 1 to Streaming_Server n THEN 
5:          Streaming_Server_Usage n  
6:             = CPU_Usage + Network Transmission rate 
7:    END FOR 
8: END IF 
9: Streming_Response 
10: Server_Usage_MIN_number   
11:           =  NumberofMin(Streaming_Server_Usage n) 
12:    IF Server_Usage_MIN_number == 1 THEN 
13:        Streaming_Response  
14:           =  Min(Streaming_Server_Usage n)_Server 
15:    ELSE  
16:        Server n 

17:                  =  MIN(Streaming_Server_Usage n of network  
18:                    transmission rate)_Server 
19:        Streaming_Response = Server n 

21:     END IF 
22: End Streaming_Response 
23:END WHILE 

Fig. 1. Pseudo code of SRC Algorithm 

Figure 1 shows the Pseudo code of SRC Algorithm. The streaming system was 
implemented by applying the SRC algorithm suggested by this study. SRC algorithm 
distributes streaming job in the following order. First of all, a streaming request is 
made from the user. Second, SRC-applied management module identifies the CPU 
usage of each streaming server and creates a ranking of utilization rate. Finally, 
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streaming services are provided to users via server with the lowest utilization rate. If 
more than one server has the same ranking, streaming services are provided to users 
via server that uses the lowest network transmission rate. 

4 Performance Evaluation 

Performance evaluation was conducted on 10 units of HDFS (Hadoop Distributed File 
System)-based contents server, 3 units of NginX-based streaming server, and 1 unit of 
cluster server with web-based management server. For content servers, HDFS 1.0.4 
version was used, and for streaming server configuration, NginX 1.2.7 version and 
H.264 streaming module 2.2.7 version were used. In addition, management servers 
for interface and streaming distribution for streaming were established with Jsp in 
Tomcat7 environment, and CPU usage rate and network transmission rate 
measurement and streaming performance testing tools were established with Java. As 
a data set for performance evaluation, 4MB MP4 file converted from the presented 
system was used, and the protocol used for streaming is HTTP Progressive 
Download. For performance evaluation, 600 users accessed the systems that each 
applied RR, LC, and SRC to calculate the overall transmission rate generated upon 
media streaming, and average transmission rate per second was measured using the 
streaming time.  

Table 1 shows the results of performance measurement. It revealed that SRC 
method-based algorithm that considers CPU and network had higher efficiency than 
RR and LC algorithms that do not take into account computing resources.  

Table 1. Comparison of performance evaluation 

 RR LC SRC 

Server A 62.85 MB / sec 62.34 MB / sec 67.06 MB / sec 
Server B 63.75 MB / sec 62.81 MB / sec 66.99 MB / sec 
Server C 62.76 Mb / sec 62.79 MB / sec 66.39 Mb / sec 

5 Conclusion and Future Work 

This paper has confirmed that streaming distribution methods of existing LC and RR 
methods are inefficient, and presents a SRC-based distribution method as a solution, 
along with performance evaluation. Based on the results, improvement methods of 
SRC will be studied by considering the evaluation factors of the overall system such 
as DISK I/O and OS, as an extension of current study. Such research will contribute 
to ensuring the QoS of increasing social media streaming services.  
 
Acknowledgments. This work was supported by the Konkuk University. 
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Abstract. Delivering scalable rich multimedia applications and services on the 
Internet requires sophisticated technologies for transcoding, distributing, and 
streaming content. Although cloud computing provides an infrastructure for 
such technologies, the specific challenges of task management, load balancing, 
and fault tolerance remain. To address these issues, we propose a cloud-based 
distributed multimedia streaming service, or CloudDMSS. The system is 
designed to run on all major cloud computing services, and is highly adapted to 
the structure and policies of Hadoop, which give it additional capabilities for 
transcoding, task distribution, load balancing, content replication and 
distribution. 

Keywords: Streaming Service, Mobile Media Service, Cloud Computing, 
Media Transcoding. 

1 Introduction 

With the recent proliferation of rich social media across a variety of personal devices, 
considerable attention has shifted to the challenge of adaptively distributing and 
streaming multimedia content over the Internet. Among the technologies that have 
emerged, cloud-based media streaming, transcoding, and distributed storage have 
been the most noteworthy and influential.  

The reason why cloud-based technologies have emerged in this regard can be 
discerned from the features of recent multimedia services: media heterogeneity, 
Quality of Service (QoS) heterogeneity, network heterogeneity, and device 
heterogeneity [1]. To support such features, the streaming, transcoding, and 
distribution of media must depend on massive—and massively scalable—
computational resources, i.e., CPUs, memory, network bandwidth, and storage. 
                                                           
* Corresponding author. 



366 M. Kim et al. 

 

Though cloud computing can provide these resources, in doing so, it also introduce a 
heavy burden on existing Internet infrastructure and cloud resources, and it introduces 
a host of new challenges (e.g., cluster rebalancing, namespace management, data 
distribution/replication, auto-recovery, and fault tolerance), all of which are 
intensified under the massive swings in traffic associated with rich media streaming. 
These challenges have proven difficult for developers and service vendors alike, and 
continue to trouble current media delivery systems. 

To address these challenges, we herein propose a cloud-based distributed 
multimedia streaming service (CloudDMSS) system designed to run on current cloud 
computing infrastructure. CloudDMSS capabilities include 

 
(1) Transcoding of large amounts of media into the MPEG-4 video format for 

delivery to a variety of devices, including PCs, smart pads, and phones  
(2) Exponential reduction in transcoding time through incorporation of the 

Hadoop file system (HDFS) for storage of multimedia data and MapReduce 
for distributed parallel processing 

(3) Reduction in content delays and traffic bottlenecks using streaming job 
distribution algorithms 

(4) Improvement in overall performance using dual-Hadoop clustering per 
physical cluster 

(5) Efficient content distribution and improved scalability through adherence to 
Hadoop policies 

 
The remainder of this paper is organized as follows: section 2 discusses relevant 

research on cloud-based streaming services; section 3 describes the core architecture 
of CloudDMSS with respect to transcoding, job distribution, content replication and 
distribution, etc.; section 4 presents our prototype of the proposed system and its 
configuration; and section 5 offers concluding remarks and plans for future work. 

2 Related Work 

In recent years, many researchers have applied cloud computing technologies to rich 
media services, in response to the explosion of demand for such services. This section 
presents the research most relevant to our CloudDMSS system.  

Hui et al. in [5] proposed MediaCloud, a layered architecture that defines a new 
paradigm for dealing with multimedia applications and services. The architecture 
comprises three layers—a Media Service Layer, a Media Overlay Layer, and a 
Resource Management Layer—and addresses such key challenges as heterogeneity, 
scalability, and QoS provisioning. However, this architecture is treated mainly at the 
conceptual level, leaving most of the challenges of real-world implementation to 
future work [5]. In contrast, Luo et al. addressed the implementation challenge of QoS 
provision over virtualized infrastructure by presenting a practical architecture and 
mechanism for a private media cloud [3]. They describe their system in terms of four 
major components: monitoring, load balancing, traffic management, and security. 
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In regard to cloud-based streaming, Lee et al. in [4] have proposed a configuration 
scheme for connectivity-aware P2P networks with algorithms for connectivity-aware 
mobile P2P network configuration and connectivity-aware P2P network 
reconfiguration. In [6], Chang et al. described a cloud-based media streaming 
architecture that dynamically adjusts streaming services in response to mobile device 
resources, multimedia codec features, and network environment. They also presented 
a design for the stream dispatcher component, including real-time adaptation of 
codecs in response to client device profiling, and a dynamic adjustment of multimedia 
streaming (DAMS) algorithm. In [9], Huang et al. presented CloudStream, a cloud-
based video proxy capable of delivering high-quality video streams by transcoding the 
original video in real time to a scalable codec, which in turn allows adaptation of the 
stream to various network dynamics. They also proposed a multi-level transcoding 
parallelization framework with two mapping options: hallsh-based mapping and 
lateness-first mapping. 

3 Proposed System Architecture 

Fig.1 shows an overview of the CloudDMSS architecture, highlighting three main 
modules: the Hadoop-based distributed multimedia transcoding module 
(HadoopDMT), and the Hadoop-based distributed multimedia streaming module 
(HadoopDMS), and the cloud multimedia management module (CMM). 

The HadoopDMT transcodes a variety of multimedia data into MPEG4, a standard 
format in which media can be streamed and played on a variety of devices. Quality 
and speed are improved by adopting the Hadoop distributed file system (HDFS) [2] 
for storing video data from many sources, MapReduce [2] for distributed parallel 
processing of this data, and Xuggler [7] for transcoding the data.  

Once transcoded, media contents are automatically moved and stored in HDFS of 
the HadoopDMS module. The contents are split into blocks of configurable size and 
distributed across the system. When a block is distributed, it is also replicated at three 
data nodes managed by NameNode, which constructs a directory tree of all 
transcoded contents according to the Hadoop distribution policy. This virtually 
guarantees content availability even under system or node failure. Furthermore, by 
conforming to the Hadoop policy, HadoopDMS automatically benefits from 
Hadoop’s distributed processing capabilities, as well as its facilities for data 
replication, file splitting and merging, load balancing, and fault tolerance. 

The role of the CMM module is to manage jobs such as streaming and  
transcoding tasks, and to balance the load on streaming servers with media stream 
scheduling. The module’s streaming job distribution algorithm is called streaming 
resource-based connection (SRC). SRC optimally distributes streaming jobs among 
streaming servers in HadoopDMS based on CPU usage rates and the currently 
streaming traffic. 
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Fig. 1. Architectural overview of the CloudDMSS system 

4 Implementation and Prototype 

For our prototype implementation of CloudDMSS, we constructed our own  
cloud computing servers comprising 28 nodes in total. Each node consisted of Linux 
OS (Ubuntu 10.04 LTS) running on two Intel Xeon quad-core 2.13 GHz processors 
with 4 GB registered ECC DDR memory and 1 TB SATA-2 disk storage. All nodes 
were interconnected through 100 Mbps Ethernet adapters. To implement the CMM 
module, one node was designated as our management server, running Tomcat, and a 
second node was designated as the content DB server, running MySQL. The 
HadoopDMS module was composed of 1 NameNode and 12 DataNodes running on 
HDFS. The HadoopDMS module consisted of 3 streaming servers based on NginX 
and 10 content storage servers running on HDFS. We used a dual Hadoop cluster in 
one physical cluster to distribute load between transcoding and streaming tasks. Our 
software specification included Java 1.6.0_39 (64-bit), Hadoop-1.0.4, Xuggler 
3.4.1012 (64-bit) for video transcoding, H.264 streaming module-2.2.7, and 
fuse_dfs_0.1.0.  
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Fig. 2. (a) Web-based dashboard for streaming transcoded contents (b) Web-based dashboard 
for transcoding tasks and resources 

 
The output from the prototype system is provided in Fig. 2. Fig. 2(a) shows a 

selection of streamed content offered through a web-based dashboard, running 
commodity PC hardware. Fig. 2(b) shows a screenshot of the web page for managing 
transcoding tasks. Using this page, users and administrators can upload original 
content, select transcoding options (e.g., resolution, format, and codec) and stream the 
content to other users. Users can also monitor MapReduce-based transcoding 
processes and the remaining HDFS storage capacity.  
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5 Conclusion and Future Works 

In this paper, we proposed the CloudDMSS system for efficient cloud-based 
streaming of rich social media. Our system addresses a number of pressing issues 
related to distributed media streaming, including transcoding for heterogeneous 
devices, job distribution, and content replication/distribution under HDFS.  

Our current plan is to implement a fully functional CloudDMSS system, and to 
conduct thorough quantitative performance analysis of the system on a variety of 
cloud computing infrastructures, including Amazon EC2 and Rackspace Compute.  
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Abstract. Recently, Spatial information technology closer to reality three-
dimensional space, a variety of information services and Web-based content, to 
provide information services through the space. CCTV video and camera video 
based multi-dimensional image data in order to build real-time spatial 
information-based and user-built CCTV video was up-loaded to the online 
video you should use them. In order to use the video upload large amounts of 
processing is required, spatial information can be presented as an alternative to 
building, large amount of data as a way to effectively use big data and cloud 
computing. 

Keywords: Spatial Data, Hyper Live Map, service, Video Image, CCTV. 

1 Introduction 

Dimensional spatial information in the process of building a digital land acquisition 
refers to the various types of information, and this multi-dimensional spatial 
information, as well as non-spatial information services area of the region is required 
to deal with the information[2]. Recently, spatial information technology deployment 
and service to spatial information from the real-time three-dimensional space of the 
multi-dimensional space-based information services and Web-based content through a 
variety of services to users is changing to allow participation.[4]. Search real-time 
maps and spatial services various life events, and multi-dimensional space based on 
spatial information of the people and events of various ecological information 
provided by linking the concept of real-time multi-dimensional real-spatial 
information (Hyper-Live Spatial Data) to based techniques have been developed.  

Also monitored by CCTV and video data as a possible, spatial information to 
provide in real-time demand for increasing services[1]. Naver Map Service and Daum 
Map Service in the normal map and satellite photo map services based on the offer to 
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apply, and Naver in the street, aerial view, and Daum by providing a photo-realistic 
view of the load-based map services and are provided with real-time traffic 
information[1].  

The services currently being provided to establish the cost of building a lot of 
expensive equipment, are built based on the image data, CCTV video and online 
spatial information services when building can be seen in terms of cost reduction. 
Also, upload your own videos and upload them built into the video if you use spatial 
information users can participate and every minute, every second of video are up-
loaded continuously updated, if the cost of the multi-dimensional real-time spatial 
information service that is expected to be available. 

2 Image Data Acquisition Methods Research 

2.1 CCTV 

The purpose of the integration monitoring of local government and CCTV installation 
supplement is constantly increasing. CCTV has been used mainly for security 
purposes, in real time to provide via video as a service is required[1]. In the field of 
spatial information existing equipment instead of expensive LiDAR data designated 
place in order to reduce construction costs as fixed in real time utilizing the CCTV 
has been studied[5]. CCTV picture below is the video data using the Konkuk 
University main building. 
 

Fig. 1. CCTV video data through the building 

2.2 Camera Video 

To mentioned above can be obtained through the CCTV image data, but only with 
CCTV images of any area cannot be obtained. So the image data in other ways to 
compensate people carrying smart phones and digital cameras, video data should take 
advantage of through user-participation. Smart phones and digital cameras very 
portable, and technology to the development of high quality images can be obtained 
easily[6], General with the consent of the user to upload images can be obtained 
through an internet search[7]. When these images are acquired to manage large 
amounts of images to solve this problem, which is currently active in the big data and 
cloud computing to take advantage of the one that you think is an alternative. 
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3 Fusion of Image Data to Suggestion 

3.1 Big Data 

Recently, GPS-equipped smart phone due to the prevalence of SNS activation, social 
media, due to the growth of diverse and numerous amounts of text, video, location 
data is generated in real-time position information, as well as the behavior of people 
and ideas and through SNS comments are able to analyze and predict. Most of this 
data collection, storage, retrieval, analysis, visualization, and difficult to non/semi-
structured data, if not used properly useless, that can be data[10]. BigData and 
efficient processing of such data, analysis, and in order to take advantage of was the 
emergence, BigData is usually data volume, variety, velocity as a combination of 
three factors is characterized by changes[8]. Big Data and analysis techniques for 
processing such data, the text mining, opinion mining, social network analysis, 
cluster analysis has dual images similar to nested characteristics of the object 
together with the cluster analysis technique was used for outgoing[9]. CCTV video 
shown in Figure 1, starting with the image data, after defining the similarity of 
images in order from closest to the similarity overlap over the final I used for 3D 
modeling is built. 
 
 

 

Fig. 2. Overlap process image 

3.2 Cloud Computing 

A necessary technology in handling big data cloud computing, the data throughput to 
other computers connected to the Internet, processing technology, and distributed 
processing over multiple servers is essential. The core technology of distributed 
processing, so the cloud is big data and close relationship. 
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The core technology of cloud computing, virtualization of the distributed 
processing[12]. What is virtualization server that actually processes the information 
the only that site is divided into multiple servers at the same time is a technology that 
enables multiple tasks You rate the utilization rate of the server can increase[11]. 
Distributed processing on multiple computers share processing tasks and collect the 
results back through the network is a way. The distributed system consists of a 
number of computer systems that behave as if they were one single computer system 
by large-scale operations can be processed quickly[11]. Thus, virtualization 
technologies and distributed processing technologies, if the data can have a greater 
efficiency in processing, so if you are using cloud computing technology to great 
effect can be obtained. 

4 Build Multi-dimensional Real-Spatial Information 

Image data representative of the services offered by the MS of the 'Photosynth'. 
'PhotoSynth' in the case of individuals who hold multiple pictures, similar to the 
actual appearance by placing shall automatically complete three-dimensional picture. 
Three-dimensional pictures on-line store, and the location of the photos on the map by 
inserting has been able to show to other users. 

 
 

 

Fig. 3. 'Photosynth' 3D Point Cloud and inserted on the map (above), 3D photos (below) 

Multi-dimensional real-spatial information (Hyper-Live Map) to in the image data 
obtained through the Point Cloud to 3D Reconstruction purpose of the study, 
performed experiments by CCTV. 

Experimental results establish the structure only when recording CCTV, when 
shooting closed areas or shaded areas 50 percent due to the building was possible, To 
compensate for this, the video camera, or smart phone video by adding the results of 
building CCTV video was more effective than just that building. Figure 3 shows the 
Konkuk University main building with CCTV video camera image is using that 
constructed. 
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Fig. 4. Konkuk University main building CCTV video and camera video used to 3D 
reconstruction 

In conclusion, if one unit of the structure of can be done above experiments, but 
with local scale multi-dimensional real-spatial information (Hyper-Live map), if 
services have a large amount of image data, and these data are classified with a high-
resolution quality video the processing is necessary to separate. Build three-
dimensional data generated while managing large amounts of data to solve the 
problem if they utilize big data and cloud computing for data processing speed 
increases, the effect of real-time spatial information will be exalted. And do not have 
expensive equipment utilization based CCTV video and online video built with just a 
big effect on the to get a building can bring about cost savings. 

5 Future Research in Progress 

This study CCTV or regular image data obtained through the camera of big data and 
cloud computing by leveraging real-time spatial information quickly and efficiently is 
possible that the service proposed. Upload your own image data and after up-loaded 
images that 3D data re-offer the advantage of being able to if the user will be able 
participation provide services. And the user's real-time spatial information due to the 
continuous video updates will be looks Service. The future matching the existing 
work that by image matching the data with the latest image data to build three-
dimensional data, taking advantage of the big data and cloud computing that the 
experimental results proposed. 
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Abstract. Typically, many systems in organizations suffer from limited 
computer resources, while there are a huge number of under-utilized computers 
available which are able to contribute to continue reliable services when a 
system faces operational overloads. This paper proposes a Peer-to-Peer (P2P) 
based distributed job distribution model for job allocation and aggregation 
using Hub Peers. To this end, we first provide a peer-to-peer job distribution 
model using periodically collected peer information, and then proposed a peer 
structure transformation algorithm that composes P2P network topology 
dynamically for using under-utilized computing resources efficiently. Finally, 
we prove the benefits of our approach by comparing our proposed approach to 
other works. 

Keywords: Peer-to-Peer system, distributed processing, job management, load 
sharing, tree transformation. 

1 Introduction 

Systems in organizations such as web portal sites often suffer from limited computer 
resources in handling the massive number of users. Such huge number of users 
triggers the system overloaded, and hence causes service unavailability and additional 
operational costs. Load distribution is a technique that is useful to such situation by 
distributing system-overloads to the under-utilized available computing resources, 
which are able to contribute to continue reliable services when a system faces 
operational overloads. Due to the advance of network technologies and the rapidly 
changing computing environment, there are many load distribution technologies such 
as NOW (Network of Workstation), Cluster, Grid [1,2], Peer-To-Peer (P2P) system 
[3], and Cloud computing [4]. P2P system is a two-way data exchange system 
between the independent network nodes (we call peers) through repeated interactions, 
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and a distributed system that relies on distributed peers that may join and leave 
frequently.  

In this paper, we propose a P2P based job distribution model for job assignment 
and aggregation using the Hub Peers. We propose a model to compose P2P  
based node topology dynamically such that jobs are efficiently distributed and 
aggregated based on a selected node called Hub Peer. To this end, we provide  
a Hub Peer selection algorithm and dynamic data exchange mechanisms using  
Hub Peers. 

2 A Model for Load Distribution Model for P2P Environment 

Our proposed P2P based load balancing model is based on structured P2P network 
using super peer which manage neighboring peer information. We call super peer as 
Hub Peer, as super peers in our approach do job distribution, aggregate job execution, 
route tasks as well manage peer information. In this section, we describe our Hub 
Peer selection algorithm, job distribution algorithm, and dynamic peer network 
structure transformation algorithm for P2P load distribution.  

2.1 Hub Peer Selection Algorithm 

For P2P based job distribution, a peer group, which collaborate each other, should be 
created and a Hub Peer managing the peer group must be elected. To create a peer 
group, our approach utilizes heartbeat messages, which are published to all the 
neighboring peers, exchanged among neighboring peers, used for counting the 
number of neighboring peers. The peer who gets most heartbeat message, that is  
the peer who has the most neighboring peers, is selected as Hub Peer and others 
remain as work peers. The Hub Peer must be located in close range to other peers in 
a peer group. So when a newly joining peer cannot find Hub Peer in close range, 
then a new peer group should be formed and elect new Hub Peer such that all peers 
in new peer group are located to the new Hub Peers in close range. In our Hub Peer 
selection algorithm, a newly joining peer sends peer selection message to one of 
neighboring peers. If the neighbor is already Hub Peer, then new peer can join the 
peer group immediately. Otherwise, the neighbor broadcasts heartbeat message to its 
surrounding peers in order to initiate new Hub Peer selection process. Each peer who 
get heartbeat message broadcast another heartbeat message to figure out how many 
neighbor peers are. The peer who has the most neighboring peer is selected new hug 
peer. (Fig. 1.) 

2.2 Job Distribution Algorithm 

A Hub Peer assigns jobs to its work peers and its neighbor Hub Peers, maintaining job 
assignment information. Hub peers has the information of maximum capacities and 
current workloads of its work peers and neighboring Hub Peers, and assigns new 
 



 A P2P Based Job Distribution Model 379 

 

Fig. 1. A new peer joins to an existing peer group. New peer is not located beyond the existing 
Hub Peer’s range, so new Hub Peer is elected (left). A new peer can join two existing peer 
groups A and C. As new peer is located beyond both A and C’s Hub Peer range, new peer 
group B is formed by using heartbeat message (right). 

tasks based on those information so that all peers should not have job assignment over 
their capacity. During job execution, every peer sends periodic message to Hub Peer, 
noticing the job is in execution or finished. If a job is still executing beyond the time 
threshold, then a Hub Peer considers the job execution fails and assign the job to 
another work peers. Each Hub peer i maintains a queue where total assigned jobs is 
recorded. Hub peers try to assign jobs to work peers or another Hub Peers until its 
queue is empty. Work peers get a unit of job from its Hub Peer and Hub Peers can get 
jobs at most N unit of jobs where N is the number of its work peers.  

2.3 Dynamic Peer Network Structure Transformation 

In P2P load distribution system, work peers’ jobs are assigned from their Hub Peers 
and job assignment delivered to a Hub Peer is transferred through Hub Peer 
connection structure. Therefore the time to deliver job assignment depends on Hub 
Peer capacity and network connection status. Furthermore, Hub Peers who is in 
longer distance from the job originator need longer time to have the assigned job.  

To solve this, we need new dynamic Hub Peer connection structure management 
scheme. Our dynamic connection structure management changes peers’ connection 
structure based on work peers’ individual capacities so that job assignment to work 
peers doesn’t require many hops to pass. In this paper, we propose an algorithm for 
dynamic peer network structure transformation that can reduce the number of required 
Hub Peers to pass job assignment to work peers.  
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Our algorithm first extracts each peer’s average job processing time periodically, 
selects one peer who has minimum average processing time, and changes the peer’s 
peer group. The criteria relocating peer group is peers’ average processing time: faster 
processing peer moves to faster processing peer group and slower processing peer 
moves to slower processing peer group. In our propose approach, faster processing 
peer moves closer to the center node in P2P network structure. If the peer group 
cannot hold new peer’s joining, then the peer is sent to the next available peer group 
whose average processing time is close to the peer.  

3 Evaluation 

3.1 Simulation Environment 

For simulation, we use PeerSim [5], which is open source Java-based P2P simulator. 
PeerSim provides both cycle-driven and discrete-event simulation, and supports for 
structured and unstructured P2P models. For simulation we created hierarchical peer 
structure and then run tasks on dynamic peer structure changes. In addition, we 
measured performance change when the number of peers varies. Table 1 shows 
parameter values for performance evaluation. 

Table 1. Simulation Parameters for Dynamic Peer Network Structure Transformation 

Parameters Definition Default Value 
M The number of peers 1,200 
N The number of work peers 200~1,000 
L The number of jobs 100,000 
Cycle Simulation cycle time 50,000 
G Network graph model Default overlay network 

graph 
G Maximum broadband messages from 

a single peer 
100 

α Peer error/leaving rate 0~20% 
m Maximum work peers for one Hub 

Peer 
20~100 

n The number of work peers to relocate 
at one single cycle 

20 

3.2 Simulation Result 

Fig. 2 illustrates network topology change from our Hub Peer selection algorithm and 
dynamic transformation algorithm. The network in Fig. 2 is composed 100 work 
peers, and we assume each Hub Peer can hold maximum 10 work peers. Left side in 
Fig. 2 shows initial network topology, and the result from network structure 
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Fig. 2. Dynamic Peer Network Structure Transformation. The initial peer network topology 
(left), and the network topology after dynamic peer network structure transformation algorithm 
is applied (right). 

transformation is shown in right side of Fig. 2. As you can see, all peer nodes are 
relocated such that the distance to center node is condensed. We used Pajek [6] to 
draw Fig. 3 from the network topology built by PeerSim. 

By running Peer Hub selection algorithm in PeerSim, we created a tree structured 
network with various numbers of peers and applied our load distribution algorithm to 
assign jobs to work peers. Then we measured average processing time for each work 
peer. To evaluate our dynamic peer network transformation approach, we compare 
work peer processing time for two cases: static network topology where no peer 
changes its peer group and dynamic network topology where peers can change its 
peer group based on their average processing time.  
 

 

Fig. 3. Average job processing time for the number of work peers 
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Fig. 3 illustrates average processing time based on the number of work peers. As 
you can see, applying dynamic peer network structure transformation benefits in 
average processing time to using static peer structure. In addition, the more peers join 
the network, the more performance gain exists in dynamic peer network structure. 
Our approach also shows no distinct performance change even when the number of 
peers varies.  

Fig. 4 illustrates average processing time based on the peer error rate. We 
measured performance on 1000 peers. Our dynamic peer network structure 
transformation approach shows better performance than static no network 
transformation. Error rate does not make noticeable performance changes in both 
approaches. Therefore, we found P2P based distributed system could work well on 
error-prone computing environment. 

 

 

Fig. 4. Average job processing time for peer error rate 

4 Conclusion 

In this paper, we proposed a P2P based distribute computing model. To this end, we 
provide Peer Hub selection algorithm, Job distribution algorithm, and peer network 
structure transformation algorithm. Our approach proves reasonably good 
performance in term of job processing by dynamically changing peer network 
structure such that job is assigned to faster nodes at high priority. In addition, we 
found out that P2P based distributed system works well in error-prone condition. 
There may be some processing delay for collecting peer information and relocating 
peers. However, we notice such delay is negligible as there are performance benefits 
using dynamic network structure transformation. 
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Abstract. As a variety of computing devices have been developed and the 
Internet helps them to provide various content services in ubiquitous computing 
environments, users want higher quality of such services. Existing approaches 
focus on 3D content rendering by a remote server in order to solve the 
limitation of low-end devices. In this paper, we propose a distributed rendering 
mechanism for 2D content using multiple servers. Since large 2D image 
stylization also requires high computation overhead to render an image, a low-
end client partition it into several image pieces. Each piece is sent to a different 
server, which then performs rendering. A client merges the rendered pieces to 
one output image again. The proposed method enables large images to be 
rendered by collaboration of multiple servers with reasonable processing and 
communication cost. 

Keywords: Content stylization, Distributed rendering, Multiple servers, Low-
end clients. 

1 Introduction 

With the advance of computing devices and Internet technologies, we can easily 
create and get various multimedia contents. Due to the proliferation of mobile devices 
which embed cameras, users have even more chance to manipulate 2D contents such 
as pictures, images, and video clips with a variety of applications. As recent high-end 
devices provides sufficient computing and rendering resources, users want to process, 
transform, and visualize higher quality of 2D contents.  

However, normal desktop PCs and mobile devices still lack enough rendering 
power due to hardware limitation. To address this issue, various researches have been 
done using remote rendering especially for 3D contents [1]-[7]. The remote rendering 
method enables low-end devices to display only result images which are rendered by 
a remote server, but it has an intrinsic problem. Although single server has a role of 
surrogate renderer of a client, it can get overloaded in terms of rendering time if the 
server performs rendering of large contents. As the contents size increases, it takes 
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longer time to process the contents. To overcome the limitation of single server, some 
existing approaches use parallel processing on a multi-core graphics card [8]. 
However, this approach requires expensive hardware and sufficient knowledge of 
parallel programming [9]. 

In this paper, we aim to distribute the rendering overhead of single server to 
multiple ones in order to reduce overall delay of image stylization. To this end, a 
client is in charge of dividing an input image into several small pieces, if the image 
size is greater than threshold value. Since the stylization of a pixel is affected by its 
surrounding pixels in our stylization method, an input image splits such that boundary 
pixels of pieces are overlapped. Otherwise, the stylization result at boundary pixels of 
two image pieces cannot be merged seamlessly. Each image piece is then sent to a 
different server so that multiple servers can handle only the separated image piece 
instead of a whole input image. The multiple servers conduct stylization of the 
received input image piece in parallel and independently. They do not interact with 
each other, and just send their result of image piece back to a requesting client. While 
receiving result image pieces from servers, a client assembles them into one stylized 
image, which is then displayed to a user. The proposed distributed stylization 
approach addresses the bottleneck problem of single server rendering with the modest 
change of client side, and makes it possible to stylize even a large input image within 
reasonable delay. 

2 2D Image Stylization 

To stylize 2D contents in our system, we use a GPU-based line drawing method 
proposed by Lee et al. [10]. Although this line drawing method renders a 3D mesh as 
a line drawing, it can be applied to any scene representation such as point set, implicit 
surface, or image-based representation because the method extracts lines from a 
shaded rendering of a scene. Therefore, it also works quite well using a 2D image as 
input. In addition, the method can capture the tone variations in broad region by 
combining toon shading with lines.  

Viewing the tone image as a height field, highlight lines and dark lines correspond 
to ridges and valleys, respectively. To extract lines along thin areas, we apply a ridge 
detection method using polynomial fitting. At each pixel, we fit a degree-2 
polynomial to the tone values near the pixel. In practice, we use 9 sample points 
arranged in a 3×3 grid around the pixel location, with spacing set to half the desired 
line width. We can determine if a pixel is on a ridge or valley using extracted 
geometric properties of a fitted polynomial.  

However, since we use a degree-2 polynomial, we cannot distinguish two cases: a 
pixel near a ridge or valley (Fig. 1(a)) and a pixel on an edge (Fig. 1(b)). To 
distinguish such cases, we use an iterative search method, which moves the point 
sampling toward the detected ridge or valley line, fits a polynomial with new samples, 
and measures curvature and the distance to the new ridge or ridge line. In our 
implementation, the iterations are repeated at most five times. In the case (b), the new 
computed curvature falls below a threshold or the new location moves outside the 
fitted region. Details of the approach are described in [10]. 
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Fig. 1. Ridge searching 

The line extraction process consists of two passes: the first to generate a tone 
image, which is a shaded rendering of a scene, and the second to detect ridges and 
valleys in the tone image. In the case of a 2D image as an input, the input image itself 
can be used as a tone image and only a blurring step is performed to reduce noise in 
the image or sampling artifacts in the second pass. After the line extraction process, 
we can augment lines with toon shading to stylize tone variations in broad regions. 
The whole process is performed on GPU using a fragment shader, which uses pixels 
only in a local region around each pixel in all passes. 

3 Distributed Content Stylization 

For our distributed contents stylization, we separate the required processes between a 
client and a server. A client is responsible for dividing an input image, merging result 
sub-images into one output image, and visualizing an output image. A server takes a 
role of main processes for stylizing an image piece received from a client.  

At the client side for the distributed rendering, we need to consider how to partition 
an input image. In this step, we need to make the boundary regions between sub-
images shared by each other in order to provide the same inputs to a pixel shader at 
pixels around the boundaries as the inputs in the local contents stylization. 

For each pixel, a fragment shader uses 9 pixels sampled around the pixel location 
to fit a polynomial in the second pass of the stylization. The sampling center can 
move inside the initial sampling region in the iterative searching process and we 
sample 9 pixels around a new sampling center for each iteration. As shown in Fig. 2, 
if the spacing between samples is w and the initial sampling center is at (x, y), the 
maximum horizontal or vertical distance from (x, y) to the pixels used by a fragment 
shader in the second pass is 2w. As pixel values are blurred by a Gaussian kernel of 
size k in the first pass of the stylization, we need a (2(2w+k)+1)×(2(2w+k)+1) region 
centered at each pixel from an input image to determine if a pixel is rendered as a line 
or not.  

In the image division step, we add a region of width 2w+k or height 2w+k along the 
boundary of each sub-image. Each sub-image is then sent to a different server and 
processed independently. The result sub-images from different servers are sent back 
to a client, and are combined into a final line drawing result of the input image. 
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Fig. 2. A Local Region Required for the Processing 

The proposed distributed stylization system is developed by separating 
visualization process and rendering process between a client and servers, and the 
communication between participating nodes are realized by our communication 
middleware (CM) [11]. In this section, we introduce the supporting functionalities of 
CM for rapid development of the distributed stylization system. 

The CM aims to provide an easy and efficient way of developing distributed 
applications. It supports various functionalities with options for different requirements 
of developers. The middleware deals with multi-user issues which have to be 
implemented by developers if it has only fundamental networking supports. Our 
system has a role of bridge between an application and underlying network 
infrastructure. Among basics to do this is to deliver messages and contents between 
these two entities, by which communicating nodes can interact with each another. 
With APIs provided by the CM, application developers can create, send, receive, and 
process an event. In addition to dealing with events, it supports other operations 
which detect a specialized event and conduct a dedicated service according to the 
event type.  

4 Conclusion 

In this paper, we proposed a distributed rendering scheme. Using multiple servers 
which render and stylize only parts of a whole image, the proposed system overcomes 
the limitation of single rendering server, and can process high quality image with 
marginal processing cost. As the proposed approach uses the collaboration of 
distributed servers, it can be applied to cloud computing environment where multiple 
nodes participate in distributed stylization as one of content services. 

Currently, our research is still in progress, and we are planning to conduct the 
quantitative performance evaluation according to different image size and number of 
servers in order to verify the performance. We also have a plan to extend our 
approach to adaptive distributed rendering technique. In this approach, the number of 
participating servers is dynamically chosen according to the size of input image in 
order to make the system more scalable than current fixed environment. 
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Abstract. With the rapid development of NFC(Near Field Communications) 
technologies, NFC-enabled mobile devices are replacing the existing RFID 
such as mobile payment service, access control system of door locks, and 
ticketing service. Your service access authority through authenticating the 
mobile device can be delegated to any person temporarily. But when a person 
wants to share one’s authority to others, it would be considered prevention for 
abuse of authority. For example, when parents give the payment right to their 
children, it can be used indiscriminately. And it can be abused when the 
authority is transferred to a third party without checking authentication code. So 
transferred tickets or copied access authority of door locks can occur. In this 
paper, for safe authority delegation, we will contain the authorized user’s 
identity and check authorization in mobile device whether it contains suitable 
delegation information or not. 

Keywords: Near Field Communication, Authority, Delegation, Smartphone, 
User Identification. 

1 Introduction 

With the rapid development of mobile devices such as iPhone and Android devices, 
the number of active smartphone users around the world has topped 1 billion 
according to a global research and consulting firm. And smartphone use is 
exponentially increasing and the firm estimates another billion will become smart 
phone users by 2015 [1].  

IDG(International Data Group) divides NFC services into mobile payment service 
and other services, expecting the number of users using smartphones with NFC-
enabled mobile payments to continually increase. 

As shown above, NFC is used increasingly in a variety of fields but the services 
using mobile NFC have not yet provided services which allow the authority to use 
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service to be transferred or lent to others. There is a fear that such authority may be 
misused or abused when parents hand payment authority over to their children or the 
access authority is lent to others. Therefore, it is necessary to check if the user getting 
access to the service has an appropriate authority so that the authority may be used in 
a proper manner.  

This study aims to conduct the analysis of methods and issues as to authority 
delegation on the web which was handled in the previous paper, as well as to propose 
a detailed method for safe authority delegation in mobile NFC environment. 
Regarding the way to propose, this is intended to prevent the authority from being 
misused and misused by building a safe and powerful security policy so that the 
authority of a personal profile should be possibly delegated only for the guaranteed 
medium.   

2 Related Work 

Mambo et al.[2] is a cryptographic protocol which can create a delegated authority 
with the identical effect to the original authority before verifying it. But, when the 
delegated authority is copied or leaked to the third party, it may be misused and 
abused because the identification verification procedure for the person using the 
authority is not present. Horster et al.[3] is a protocol for generating a security key 
which creates a delegated key pair of the Delegate and Authority. As the Authority is 
verified with the used of ID and delegated key pair, the Delegate may use the 
Authority’s ID or the Authority may pose as the Delegate with the delegated key pair. 
This may be referred to as misuse/abuse of authority that occurs due to unclear 
identification verification.  

To overcome the shortcomings of the techniques for such authority delegation, 
Kim et al. [4] allows delegation information to include the delegation start and end 
dates, and the Authority and Delegate, making it unclear as to ways and procedure to 
check the identity of the authority user.  

If identity verification is not possible when the authority is delegated and used in 
mobile NFC environment, it may be misused and abused by being copied recklessly 
to the third party. Therefore, to prevent this from occurring, it is inevitable to check if 
it is a mobile device which can use the delegated authority.  

Park et al. [5] uses the identity verification which makes use of the certification 
issued by the certification authority when delegating the authority in online service 
environment. Both Authority and Delegate should have the certification issued for 
delegated registration on the server, however in mobile NFC environment this can be 
replaced by the mobile device information such as a device identifier without issuing 
the certification, and the delegated information can be even handed over from the 
Delegate’s device to the Delegate’s device through NFC (Near Field 
Communication).  
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3 Proposed Method 

3.1 Overall System Flow 

This study shows when the user with a delegated authority gets access to the system 
to use the service, the system performs the user identity verification to check if the 
authority owned by the user getting access to the system is appropriate. Fig.1 shows 
the process of an authority delegation in which the user identity verification is 
possible in mobile NFC environment. 
 

 

Fig. 1. Overall Flow Chart  

First of all, the Delegate who wishes to get the delegated authority requests a right 
for the service to the Authority. In the 2nd phase, the Authority and relay server carry 
out the key generation process for coding the authority token to be handed over to the 
Delegate. In the 3rd phase, the relay server stores in the database the authority 
delegation data received from the Authority, whereas in the 4th phase the Authority 
hands the coded authority token over to the Delegate. In the 5th phase, the Delegate 
gets NFC to contact the reader to access the service and hands over the authority 
token and his/her identity information. In the 6th phase, the reader checks that an 
appropriate authority for accessing the service is present through the comparison with 
the delegated data stored in the relay server database by decoding the token.  

3.2 Authority Delegation Policy 

Only if the Authority delegated from the Authority to the Delegate contains 
identifiable information, there is a fear that the Delegate may misuse the delegated 
authority. Therefore, instead of delegating the entire authority, partial delegation 
should be made by putting restrictions on authority.  Table 1. is the proposed 
authority delegation policy. 
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Table 1. Authority Delegation Policy 

Level Authorization Contents 
Level1 Full Delegation No Limitation 
Level2 Periodic Partial Delegation  Limitation of period 
Level3 Limited attempts Partial Delegation Limitation of number of times 
Level4 Full Partial Delegation Can be used only once 
Level5 No Permission Service Inaccessible 

 
The authority is rated in 5 steps. 1st grade authority involves getting all authority 

delegated from the Delegate, putting no limit on the period of use and number of 
times used. 2nd grade authority involves partial authority per period, putting 
restrictions in the period during which the authority can be used but putting no limits 
on number of times used during the period. 3rd grade authority represents partial 
authority per number of times used, putting limits on number of times for use of 
authority. 4th grade authority allows the delegated authority to be used only once. 
Lastly, 5th grade authority allows the use of authority to be completely restricted, 
including either of the following: possessing no authority as the authority was not 
delegated, or going beyond the restrictions where the authority owned can be used.  

4 Conclusion 

The recent increase in smartphone supply drives more users to utilize mobile services 
and it magnifies the importance of mobile security solutions. But it is not easy to 
defend cyber-attacks against services because the attacks get more diverse every year 
[6]. The method proposed in this paper enabled the user identification verification by 
marking restrictions on delegated authority and individual identifiers of the Authority 
and the Delegate before the Authority delegates authority, so as to prevent the 
Delegate from forging or misusing/abusing the authority at the time of delegating the 
authority. Unique identifiers owned by each device were used as an individual 
identifier, and the unique identifiers were combined to create new identifiers so that 
the unique identifiers should not be exposed as they stood due to a sudden possible 
attack. The delegation information is coded for the Delegate not to check its contents, 
and though the delegated authority is leaked by a malicious attack, delegation 
information is unable to be identified and the identity is not verified which therefore 
can contribute to preventing authority from being misused/abused.  
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Abstract. Recently, context awareness in Intermittently Connected Mobile 
Networks (ICMNs) has gained popularity in order to discover social similarities 
among mobile entities. Nevertheless, most of the contextual methods depend on 
network knowledge obtained with unrealistic scenarios. Mobile entities should 
have a self-knowledge determination in order to estimate their activity routines 
in a group of communities. This paper presents a periodicity awareness model 
which relies on introspective spatiotemporal observations. In this model,  
hourly, daily, and weekly locations of mobile entities are being tracked to pre-
dict future trajectories and periodicities within a targeted time period. Realistic 
simulations are utilized to analyze the predictions in weekly observation sets. 
The results show that a reasonable accuracy with an increasing level of  
determination can be obtained which does not require global network 
knowledge. In this regard, the presented model can give insights for any type of 
ICMN objectives. 

Keywords: Intermittently-connected mobile networks, social networks, con-
text-awareness, periodicity awareness model, spatiotemporal correlations. 

1 Introduction 

Opportunistic way of communications has become feasible with the idea of forming 
circumstantial networks such as Intermittently Connected Mobile Networks (ICMNs), 
with ubiquitous mobile- and smart-phone carriers [1]. ICMNs provide flexibility and 
scalability for information sharing, especially in case of overloaded or inoperable 
wired/wireless infrastructures during emergencies. Unlike conventional wireless net-
working approaches, ICMNs focus on exploiting the advantages and obviating the 
disadvantages of ever-changing mobility dynamics for data routing and dissemina-
tion. In order to form collaborative/cooperative node clusters for communicating with 
high efficiency in communities or connecting dispersed vicinities with suitable inter-
mediary nodes, research motivations for ICMNs converge on context-awareness (CA) 
to eliminate forecast uncertainty due to unpredictable nature of mobile entities [2].  
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For CA, ICMNs can exploit either self-knowledge ( ), or vicinity-knowledge 
( ), or both to a certain extent. Most of the routing strategies rely on a full , in 
which global network properties are known beforehand or provided routinely. Ap-
proaches, which exploit relative significance values among node locations and meas-
ure several graph metrics such as centrality and closeness, initially obtain a partial or 
full  as well. Such unreasonable scenarios may substantially cause an unexpected 
level of dissemination in reality [3]. With more realistic scenarios, methods such as 
social labeling, ranking, and temporal-based comparisons mostly rely on an encoun-
ter-based . However, determining socially (in)coherent nodes among contacts  
may not necessarily provide a high efficiency and scalability in information sharing, 
since spatiotemporal node behaviors and relationships are especially evaluated for 
only small-scale vicinities. There are self-aware methods which focus more on  to  
determine social similarities over large-scale ICMNs [4-6]. However, they do  
not observe mobility routines for longer period of times. To the best of our 
knowledge, spatiotemporal periodicities in ICMNs have still not been investigated 
thoroughly.  

This study presents a periodicity awareness model for ICMNs which relies on in-
trospective reasoning of spatiotemporal trajectories. Only utilizing , locations of 
network entities are being tracked for long period of time. Hourly, daily, and weekly 
sets are formed in order to record and determine regions of all of the mobile nodes at 
specific time intervals. Then, these spatiotemporal regions are analyzed to build a 
prediction set for future locations and trajectories within a targeted time. On the  
contrary,  is completely ignored, such that the level of network dependency is at-
tained at its lowest. With an efficient and realistic introspection, simulation results 
indicate that a reasonable awareness can be achieved for any kind of objective in 
ICMNs.  

The rest of the paper is organized as follows: Section 2 explains our periodicity 
awareness model. Section 3 demonstrates our experimental setup. Section 4 gives the 
performance analysis. Section 5 gives the conclusion and outlines the future work. 

2 Introspection-Based Periodicity Awareness Model 

The proposed periodicity awareness model relies on location and time context.  
We use  of mobile spatiotemporal periodicity data for two basic reasons: 1) Mobile 
nodes must have selective message switching mechanisms to decide on when to  
relay the information to the other network entities. 2) Message sharing methods must 
investigate mobile message carriers' attitude to project future trajectories or contacts. 

We define two dynamic buffers,  = { , ,…, } and  = { , , …, }, to keep 
track of the locations and the corresponding times, respectively. The number of meas-
urements, denoted by , can be adjusted according to the application necessities.  
We define an ordered pair, =( , ) | 1 ≤  ≤ ,  ∈ ,  ∈  to form a general spa-
tiotemporal set  = { , ,…, }. A weekly record set,  = { ,…, }, contains all 
recordings of a specific day ( ) of the previous week. Every week, recordings  
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in the sets are updated. Analogically, we define an identical instance of W, as ,  
to investigate the generality of the weekly recordings. According to that, average 
spatiotemporal pair set, that is =( , ), is recorded in  and is also updated every 
week as given in Equation 1, where  demonstrates the number of observation weeks. 

 =    × + + 1 ,  ≠ ∅                    ,  = ∅                                          (1) 

Spatiotemporal data are recorded to project trajectories and, therefore, to estimate total 
distances ( ) and displacements (∆ ) for a targeted time . Starting from the current 
time , until + , pairs of  and  (1 ≤ ≤ , ∈ ℕ) are obtained from the 
sets of the same day,  and . For , we have the location from the preceding week 
( ∈ ) and the average location for the weeks observed ( ∈ ), where the Euclid-
ean center of them is . Then, we find the Euclidean vector  which is from  to the 
real current location. For each subsequent  and , we find . We have the 
set = , , … ,  | , ∈ ℕ} at + . For each two consecutive elements of 

, we update the ratio  between  and . The terminal point of the vector 
 gives us the projected location at that time, which is . We have the set = , … ,  , ∈ ℕ} for the projected locations at + . As Equations 2 and 3 

show, we then calculate the estimated  and ∆  between  and .  
=  ( − )                                                 (2) 

∆ =  ( −  )                                                              (3) 

We also check the distance between the estimated locations ∈ and ∈  of 
a mobile node. As given in Equation 4, if it is shorter or longer than a threshold dis-
tance ( ), we set the periodicity degree (° ) of that node to high or low, respectively. ° =    ,  ∈ −  ∈ < , or ℎ,  ℎ             (4) 

This periodicity awareness model gives an insight for any type of ICMN objective by 
estimating future locations, trajectories, and displacements. As shown in Figure 1, 
when two nodes meet at , they calculate their own , ∆ , and °  for  + . If  
the objective is the collaboration for an event detection, they can compare their ∆  
whether to see they stay in the same region, or not. If the objective is data dissemina-
tion over large regions, they can compare their  to understand which one is  
more dynamic to carry the message to the other regions. If the objective is creating 
social-coherent clusters, they can check their °  and decide to involve in that commu-
nity, or not. In this model, nodes utilize  with their own observations and do not 
require . 
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Fig. 1. The periodicity awareness model 

3 Experimental Setup 

The Opportunistic Networking Environment simulator [7] with the shortest path map-
based movement model is used to evaluate our proposed model. In the experiments, a 
virtual city of approximately 5000m by 5000m is generated to analyze 500 individu-
als as mobile entities under 4 different groups, as shown in Table 1. In the city map, 5 
different points-of-interests (POIs) types are defined with several locations. For in-
stance, residential and commercial POIs are dispersed over the city map whereas 
marketplace POIs are located near to the city center. Several range of POI probabili-
ties are assigned for each group. In the simulation, a worker can drop over places such 
as his/her house, office, and restaurant whereas a student can shuttle between places 
such as his/her house, school, and library. A housewife spends most of her time at 
home and usually goes for shopping. Thus, these 3 groups generally move with a 
purpose. Besides, a tourist is a random-stroller in the simulation. 

With this scenario, we draw a parallel between the real world and the simulation 
setup for daily city activities. In addition, by assigning varying characteristics to the 
mobile entity groups, we define 5 different settings with random seed numbers in 
order to represent each workday of a week. Random seed numbers in the simulation 
create different trajectories for one-day-long activities of the mobile entities, meaning 
that the individuals have appraised POIs with varying schedules. Spatiotemporal data 
are tracked to create the sets  and , which are utilized to predict the periodicities. 

Table 1. POI probabilities for different mobile entity groups in the simulation 

Groups/POIs Residential Commercial Educational Recreational Marketplace 

Workers (125) 0.20-0.25 0.35-0.40 0.00-0.05 0.05-0.15 0.10-0.15 

H.wives (125) 0.35-0.40 0.00-0.00 0.05-0.10 0.10-0.15 0.30-0.35 

Students (125) 0.25-0.30 0.00-0.00 0.30-0.35 0.20-0.25 0.05-0.10 

Tourists (125) 0.00-0.20 0.00-0.20 0.00-0.20 0.00-0.20 0.00-0.20 
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4 Performance Analysis 

The soundness of the presented model is investigated by analyzing the spatiotemporal 
periodicities, estimated distances ( ), and displacements (∆ ) of mobile entities. For 
each entity, spatiotemporal data is recorded for 40 different experiments, which form 
8 weekly observation sets by each of 5 weekday tests. The sensing interval differs 
between 300sec and 3600sec. Figure 2(a) shows the difference between the real and 
estimated displacements (|∆ - ∆ |) with regard to number of weeks ( ) and sensing 
interval, where  is twice of the sensing interval. It is evident that sensing frequency 
has a positive effect on the ∆  estimation, however, to a certain extent. Besides, an 
increase in  does not substantially improve the accuracy of ∆  estimation. As Figure 
2(b) depicts, if mobile entities are investigated separately, the effect of periodicity on 

 estimation can be seen clearly. Strict periodicities generate accurate  estimations. 
This means that the presented periodicity model is also suitable for determining tra-
jectories of vehicles and people with predetermined routes carrying wireless modules. 

(a) (b) 

Fig. 2. The effect of sensing interval and periodicity on estimated distances 

  

(a) 

 
 

(b) 

Fig. 3. Periodicities of mobile groups with respect to time and distance traveled 
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Figure 3(a) shows  results for each entity groups according to different day hours 
when =1800sec. In addition, the hourly changes in periodicities for each group are 
shown in Figure 3(b), by calculating the percentage of entities which stay in the same 
POI region within  among all group entities (° = ℎ, = 500 ). By analyzing 

 and °  results together, we can compare the social routines of the entities. Thus, our 
model can be suitable to fulfill any ICMN objective such as collaboration, dissemina-
tion, and clustering which are the tasks T1, T2, and T3 defined in Table 2, respectively. 

Table 2. Number of appropriate nodes selected at specific POIs and times for the defined tasks 

Tasks/Regions (tg=30min) Residential Commercial Educational Recreational Marketplace 

T1:  ≤100m ∧ ° = High 
11 (04:00) 

6 (20:00) 

9 (11:00) 

3 (16:00) 

10 (11:00) 

5 (16:00) 

6 (09:00) 

6 (17:00) 

3 (09:00) 

5 (17:00) 

T2: ∆ ≥100m ∧ ° = Low 
2 (04:00) 

5 (20:00) 

4 (11:00) 

9 (16:00) 

5 (11:00) 

7 (16:00) 

14 (09:00) 

22 (17:00) 

11 (09:00) 

32 (17:00) 

T3:  ≤1000m ∧ ∆ ≤500m 
16 (04:00) 

8 (04:00) 

13 (11:00) 

4 (16:00) 

10 (11:00) 

6 (16:00) 

8 (09:00) 

7 (17:00) 

10 (09:00) 

9 (17:00) 

The number of appropriate nodes for T1 is high for the POIs which are visited  
at least for once by each mobile group. For example, all of the mobile groups stay  
at residential areas during night. Similarly, student and worker groups provide  
better results for T3 during work hours. Besides, recreational and marketplace POIs 
are suitable For T2. 

5 Conclusion and Future Work 

In this paper, we propose a periodicity awareness model for ICMNs with introspective 
spatiotemporal observations. We record the locations of mobile entities with different 
time intervals to discover daily and weekly movement routines. We present an  
estimation model to predict trajectories and periodicities. The model projects the fu-
ture locations in a targeted time period by utilizing weekly observation sets. Realistic 
simulations show that we can obtain reasonable accuracy with an increasing level of 
determination without global network knowledge. The proposed model gives insights 
for any kind of ICMN objective. As future work, the model should utilize more preci-
sion controls and knowledge for periodicity awareness. The model will be used as 
basis for an efficient data dissemination protocol in a network of mobile phones. 
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Abstract. The explosive growth of mobile apps has given rise to the challenge 
of finding out interesting apps for users. Recommender systems are employed 
to meet this challenge. However, as the lack of user and app data, the develop-
ment of recommender systems for mobile apps is still at a slow pace. Therefore, 
we propose a system-level collaboration approach to facilitate the development 
of new systems by making a better use of the data from existing systems. To 
this end, we model the recommendation generation as an optimization problem 
and propose a new set-based particle swarm optimization method to solve it. 
We further develop three systems to evaluate our approach and algorithm. 
Evaluations based on real data have verified their performances on both the ef-
fectiveness and the efficiency.  

Keywords: Mobile app, recommender system, collaboration, set based PSO.   

1 Introduction 

As reported by recent investigations, the milestone of 700,000 apps has been hit in 
both the Google Play market and the Apple App Store [1]. Such an explosive growth 
in the population of mobile apps makes it much more difficult for users to find out 
apps of interests. Recommender systems thus are employed to meet this challenge. 
For instance, AppJoy [2] utilizes the personalized usage patterns of users to recom-
mend apps. AppBrain [3] generates recommendations within the same category by 
monitoring the installation history of apps. Other studies such as AppAware [4] pro-
vide recommendations by integrating the context information of devices.  

Such systems are of help to users for the app discovery. However, the development 
of new recommender systems for mobile apps is still at a slow pace because of the 
lack of user and app data. Therefore, we propose a system-level collaboration (SLC) 
approach to tackle this challenge. Such an approach not only integrates algorithms as 
traditional methods, but also utilizes the supporting data of systems. For instance, the 
Google Play recommends apps based on user behaviors while AppBrain based on the 
app category. By collaboration of the two, we are then able to recommend apps based 
on both the user behaviors and the app features, even though we hold neither of them. 
Thus our approach facilitates the development of new recommender systems.  
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To implement the SLC, we formulate the recommendation generation as an opti-
mization problem. To solve the problem, we address a new set-based optimization 
problem and design a novel set-based particle swarm optimization algorithm, i.e., the  
CF-SPSO. Further for evaluations, we define three mainstream recommendation ob-
jectives and pick up three popular android app recommender systems as our source 
systems. We then develop three new recommender systems leveraging the SLC ap-
proach and the CF-SPSO algorithm. Each of them focuses on one of the recommenda-
tion objectives. Evaluations have shown the promising effectiveness and efficiency.  

2 Collaborative Recommendation 

Hybrid strategies in the context of recommender systems have verified the strength of 
collaborative recommending approaches [5, 6]. However, traditional hybrid strategies 
mainly focus on combining different algorithms. Little attention has been paid to the 
collaboration among systems. Therefore, we propose the system-level collaboration 
(SLC) recommending method. The basic idea of the SLC is to collect diverse recom-
mendations of different systems for same apps. Advanced recommendations are then 
generated from the collective recommendations following the system objectives.  

The SLC approach overcomes a significant challenge, i.e., the lack of large scale 
user and app data, for developing new mobile app recommender systems. It conquers 
such a barrier by making use of the supporting data behind different existing systems. 
For instance, the Google Play market recommends apps based on user behaviors 
while AppBrain recommends apps within the same category of the apps which have 
been accessed. Through collaboration between such two systems, we are then able to 
generate recommendations based on both the user behaviors and app features. 

3 Problem Definition 

To implement the SLC approach, we formulate the recommendation generating  
process for each app k as an optimization problem.   

 ( ( ))Max Objective R k  (1) 

 
1

( ) ( )
=

. . ⊆ ,
SN

i

is t R k R k  (2) 

 ( )| |= ,RR k N  (3) 

 λ≥ ,price pD  (4) 

 λ≥ .category cD  (5) 

In the formulation, sets Ri(k) denote the apps recommended for k by the source 
recommender system i. The NS is the number of source recommender systems while 
the NR defines the number of apps in the collaborative recommendations. The λc 

and  
λp are diversity control parameters, i.e., the category diversity parameter and the price 
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diversity parameter. They are defined to achieve better robustness of the system. To 
be formal, they are defined as:  

 ( ( )) { ( ) ( )} ( )=| , . = . | / | |,categoryD R k i cate i cate k R k  (6) 

 ( ( )) { ( ) 0} ( )=| , = | / | | .priceD R k i price i R k   (7) 

Therefore, Dcategory captures the user preference of discovering apps in same catego-
ries. Dprice controls the proportion of free apps and the paid ones thus to balance the 
user preferences and the market expectations.  

The Objective can be defined specifically for each newly developed recommend 
system. To conduct the evaluations, we define several mainstream objectives of rec-
ommender systems as follows, which capture both the needs of users and the expecta-
tions of app markets.  

Similarity. The “similarity” is a widely adopted recommendation objective as sys-
tems usually focus on recommending apps that are similar to those have been ac-
cessed. However, there is no ground truth suggesting the similarities among apps. 
Therefore, we propose a new method, which measures the app similarity by measur-
ing the similarity among their descriptions on the market. This method results from 
that descriptions are used not only by developers to specify their apps but also by 
users to understand the apps. The similarity among app descriptions thus can serve as 
an indicator of similarity among apps.  

To obtain confident measurement of the app similarity, we introduce the Latent 
Semantic Analysis (LSA) method. It adopts the Vector Space Model to represent app 
descriptions as vectors of weighting terms, e.g., tf-idf terms. It then projects the space 
of terms to the space of concepts through the Singular Value Decomposition. Eventu-
ally, the similarity measurement utilizes the semantic concepts instead of raw terms 
thus it is expected to gain a more reliable understanding. To be formal, for app i and j, 
their similarity can be measured by the Cosine Similarity Distance based on their 

concept vectors, i.e., the 1 2( )= , , ...,i i i icC w w w  and the 1 2( )= , , ...,j j j jcC w w w :  

 2 2
( ), = / ,  ik jk ik jk

k k k

similarity i j w w w w   (8) 

while the dissimilarity can be denoted as ( ) 1 ( ), = − ,dissimilarity i j Similarity i j . Then 
the similarity of recommendations for an app can be defined as the average similarity 
between the app and its recommendations. Let ( )R k  be the recommendations for k:  

 
( )

( ( )) ( ) ( )
∈

= , / | | .
x R k

Similarity R k similarity x k R k   (9) 

Diversity. The “diversity”, which indicates whether the recommended items are dif-
ferent from each other, has been realized as one of the key factors to satisfy users. It 
can help users discover apps that may not be found solely based on the users’ histori-
cal experiences. As in [7], we define the diversity of recommendations as the average 
dissimilarity of all pairs of apps in the recommendation set. To be formal, given  
recommendations ( )R k  for the app k :  
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( ) ( )

( ( ))
( ( ) ( ( ) 1))

, ∈ , ≠ ,
= .

| | | | −

 i j R k i j dissimilarity i j
Diversity R k

R k R k
 (10) 

Utility. Some systems may mainly focus on their profits when recommending apps. 
Therefore, the objective “utility” is defined to characterize the profit potential of rec-
ommended apps. To this end, we characterize the profit potential of an app using its 
price and the number of its installations. Therefore, the utility of a recommendation 
set is defined as the total profits of all apps in it:  

 
( )

( ( )) ( ( ) ( ) 1) ( )
∈

= ∗ + / | |,
i R k

Utility R k lg price i install i R k  (11) 

where the operator lg is introduced to lower the scale of app installations.  

4 Algorithm Design 

To solve the recommendation generation problem introduce by the SLC approach, we 
present the set-based PSO algorithm in this section. 

4.1 Problem Statement 

As candidate solutions of the recommendation generation problem are app sets, we 
model it as a set-based optimization problem. However, it is distinguished from the 
traditional set-based problems [8]. Firstly, apps are different from traditional items. 
They are with neither weights as the multidimensional knapsack problem nor neigh-
borhoods as the travelling salesman problem. Thus there is no intrinsic supporting 
 

Table 1. Notation definitions 

Notation Definition 
RSi(k) the app recommendations provided for app k  by source RS i

U(k) the union of the app recommendations for app k  from all source RSs, that is 

1 ( )== RS

i

N

iU RS k  

P(U(k)) the power set of ( )U k , that is, ( ( )) ( )∈ ⇔ ⊆X P U k X U k

f the fitness function ( ( )): →f P U k R , that is, ( )=f Objective X

Xi the position of particle i where Xi ∈P(U(k) and |Xi|=NR, the j dimension is Xij

S the swarm of particles, that is, S={Xi|1≤i≤NS}
Vi the velocity of particle i  which indicates the position update, that is, 

Vi:P(U(k))→P(U(k))
Vij the j dimension of velocity vector Vi with Vij∈N 
t the current iteration count of position updates 

tmax the predefined maximum iteration
Pi the previous best position of particle i, that is, ( ) { ( ) 1 }= | ≤ ≤

c

i if P max f X c t
 

G the global best position of the entire swarm S, ( ) { ( ) 1 1 }= | ≤ ≤ , ≤ ≤
c

i Sf G max f X c t i N  
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information to define the relationship and conduct the substitution among them when 
updating candidate solutions. Secondly, as we provide a Top-N app recommendation, 
the sizes of our solutions are fixed, while those in traditional problems are variable. 

4.2 Cylinder Filling SPSO 

To tackle the above problem, we propose the CF-SPSO algorithm with notations in 
Table 1. The algorithm is inspired by the structure of the revolver, which holds firing 
chambers arranged in a circle in the cylindrical block. Following such manners, we 
arrange the candidate apps in a ring topology and select a fixed number of them to fill 
the candidate solutions. Thus it meets the special features of our problem, i.e., the app 
neighborhood and the fixed-size solution. Since the process looks like constructing a 
cylinder and fill a fixed number of bullets in it, we name the app neighborhood ar-
rangement as cylinder construction and the candidate filtering as cylinder filling.  

Cylinder Construction. This step is to assign app weights and neighborhood rela-
tionships. To find better solutions, we define the app weight based on the correspond-
ing fitness function, i.e., Objective(R(k)). We then arrange the apps in a ring topology 
by their weights. To be formal, we define the app weight based on the objectives of 
the system, which are discussed respectively in Section 3. That is, for ( )∈j U k :  

 ( ) ( ) ({ }) ( ) .= , , +W j similarity j k or diversity j k or utility j Random  (12) 

The Random  is introduced in case there are apps with same weights. We then con-
struct a cylinder with ( )| |U k  chambers each of which is identified by a unique num-
ber in [ 0 ( ) 1, | | −U k ]. We further assign apps into the cylinder according to their 
weight rankings in ( )U k . To this end, we define the function ( ): →Cylinder U k N :  

 ( ) ( ( ))= ,Cylinder j Ranking W j  (13) 

where ( ) ( ) ( ) ( )< ⇔ <W i W j Cylinder i Cylinder j  when ( ), ∈i j U k . Moreover, we 

have its inverse function 1
( )

− : →Cylinder N U k  to find apps by their chamber identi-
fiers. After all, all apps are weighted and arranged into a circle topology by this step.  

Cylinder Filling. This step is to fill a fixed number of bullets to the app cylinder so to 
pick up apps for candidate solutions. Thus the position of a particle is mapped to a 
cylinder filling. The position update is mapped to the cylinder refilling, which is con-
sisted of all the bullet refilling operations. Accordingly, the velocity of a particle is 
mapped to the change of filling schemes. We define the bullet refilling operator 

( ) ( )⊕ : × →U k N U k  over the app cylinder by mapping to the replace of one app in 
the candidate solution:  

 1
( ) ( ( ) mod ( ) )

−⊕ , = + | | ,i n Cylinder Cylinder i n U k  (14) 

where ( )∈i U k  and (0 ( ) 1)∈ , | | −n range U k . It indicates the moving of a filled bullet 
from the app chamber i  by distance n , which is determined by the corresponding 
dimension of the velocity. We also expand the operator ⊕  to the vector computation, 
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where all elements of vectors in corresponding dimensions conduct the ⊕  operation. 

Moreover, we define the app subtraction operator 2
( ) ( ), : →i j U k N  as:  

 ( ) ( ) ( ), = − ,i j Cylinder i Cylinder j   (15) 

where ( ), ∈i j U k . Such an operation is defined to compute the distance between apps 
in the cylinder. Based on above operators, we then redefine the position and velocity 
update functions based on the canonical PSO:  

 1+ = ⊕ ,t

i

t t
i iX X V  (16) 

 1
( ) ( )ω+ = + ⊗ + ⊗ ,  

t t p t t g t t
i i i ij ijV V R P X R G X   (17) 

where Rp and Rg are vectors of random numbers uniformly distributed in [0,ϕp] and 
[0,ϕg].The operator ⊗  is dimension-wise, where elements in corresponding dimen-
sions of vectors conduct the multiplication operation.  

Algorithm 1. The Cylinder Filling SPSO 

Require: the number of swarm NS, the number of recommended apps in 

collaborative recommendation NR, and the fitness function f 

for i=0 to NS-1 do 

 initialize Xi with random subset of U(k), |Xi|=NR  

 initialize Vi with random vectors, 0≤Vij<|U(k)| 

 initialize Pi with Xi  

end for 

initialize G with Xj whose f is the maximum of all  

while f(G)≤f(RSi) or t≤tmax or Dprice<λp or Dcategory<λc do 

 for i=0 to NS-1 do 

  for j=0 to NR-1 do 

Update Xij with Xij⊕Vij 

Update Xij with Xij+1 when  Xij{Xiq|0≤q≤j-1} 

Update Vij with ( ) ( )ω + +  
p g

ij ij ij ij ij j ij
V R P X R G X    

 end for 

 Update Pi with Xi when f(Xi)>f(Pi) 

 Update G with Xi when f(Xi)>f(G)  

 end for 

end while 

return G; 

Step Forward. To avoid duplicate selections, we utilize a 1-step forward strategy to 
guarantee that the update of each dimension of the position would not cover the  
previously updated ones. To be detailed, when updating the position along its dimen-
sions, if the app of one dimension in the new position has been selected by a previous-
ly updated dimension, we forward the bullet along the cylinder for a step to select a 
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Abstract. Max∗ operator is the kernel operation in MAP decoding.
An intuitive approximation to the correction term of max∗ operator is
presented. The binary-tree based architecture for multi-variable max∗

calculation is also suggested. The proposed max∗ operator provides a
good trade off between hardware overhead and logic delay, and can be
easily realized in parallel. Simulations on (37,21) turbo code demonstrate
that the BER performance of proposed scheme is almost near the opti-
mal Log-MAP algorithm and significantly superior to the Max-Log-MAP
algorithm. The proposed enhanced implementation of max∗ operator has
potential applications in turbo decoder.

Keywords: Max∗ operator, Correction function, Turbo decoding, Log-
MAP algorithm, Max-Log-MAP algorithm.

1 Introduction

Turbo code provides near Shannon limit error correcting performance with
acceptable decoding complexity [1]. It is widely employed in modern wireless
communication systems, such as 3GPP-LTE and CDMA2000 third-generation
cellular standards. The symbol-by-symbol maximum a posteriori (MAP) algo-
rithm is the primary soft-input soft-output (SISO) decoding algorithm [2], and
it can be used in the component decoders of turbo codes. The optimal Log-MAP
algorithm has the merit in terms of performance. However, for high complexity
of the optimal algorithm, its sub-optimal variant, the Max-Log-MAP algorithm
is a compromise between performance and complexity. To improve the perfor-
mance of Max-Log-MAP turbo decoders, several attempts have been done [3]-[9].
A new iterative SISO decoding algorithm based on the Viterbi algorithm was
proposed in [3]. It is less complex than the Log-MAP algorithm while the per-
formance close to it. Alternative approaches which combined the advantages of
Max-Log-MAP and Log-MAP decoding algorithms were proposed in [4],[5]. In
[6], [7], [8], [10], simplified correction terms, such as Linear Log-MAP, Linear-
const Log-MAP approximations were presented. By contrast in [9], a constructive
algorithm based on geometric programming was introduced in order to find the
best piecewise linear approximation.

James J. (Jong Hyuk) Park et al. (eds.), Mobile, Ubiquitous, and Intelligent Computing, 413
Lecture Notes in Electrical Engineering 274,
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In this paper, we propose an enhanced implementation of the max∗ operator
for turbo decoding. The proposed scheme is based on an intuitive piecewise linear
approximation, and can be implemented efficiently by maximum comparison
in parallel. Simulations on (37,21) turbo code show that it can significantly
improve the performance of the Max-Log-MAP algorithm at a cost of acceptable
complexity.

2 Log-MAP Decoding Algorithm

The Log-MAP decoding algorithm for turbo codes is performed in an iterative
manner. The decoder soft output, or log-likelihood ratio (LLR), corresponding
to uk is defined as [2]

L(uk) = max∗
(s′,s)uk=+1

{αk−1(s
′) + γk(s

′, s) + βk(s)}

− max∗
(s′,s)uk=−1

{αk−1(s
′) + γk(s

′, s) + βk(s)}
(1)

where αk(s) and βk(s) are the forward and backward state metrics, respectively.
After a proper initialization, the forward and backward recursion can be ex-
pressed as

αk(s) = max
s′

∗{αk−1(s
′) + γk(s

′, s)} (2)

βk(s) = max
s′

∗{βk+1(s
′) + γk+1(s, s

′)} (3)

where γk(s
′, s) is the branch metric representing the logarithm of branch tran-

sition probabilities, and the max∗ operator (Jacobian logarithm) in the above
equations (1)(2)(3) is defined as

max∗(x1, x2) = log(ex1 + ex2)

= max(x1, x2) + log(1 + e−|x1−x2|)
= max(x1, x2) + fc(|x1 − x2|)

(4)

The only difference between Log-MAP and Max-Log-MAP algorithms is the
calculation of the max∗ operator. In addition to maximum comparison, a look-up
table (LUT) of correction values is usually employed when Log-MAP algorithm
is used in practical. If LUT is ignored, then the Log-MAP simplifies to the
Max-Log-MAP algorithm at the expense of performance degradation.

3 Proposed Enhanced Implementation of Max∗ Operator

The max∗ operator greatly influences the bit error rate (BER) performance.
It is calculated by maximum of two arguments plus a nonlinear term, known
as correction function fc(x). Fig. 1 depicts the plot of the correction function.
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An intuitive way is approximates the nonlinear correction term as a piecewise
linear-constant function, in our work, we adopt the function

fc(x) =

⎧
⎪⎨

⎪⎩

−0.25x+ 0.625 0≤x < 2

−0.0625x+ 0.25 2≤x < 4

0 x≥4

(5)

The proposed approximation of the correction function is also plotted in Fig.
1. Note that the computation of Eq. (5) is equivalent to computing
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Fig. 1. The proposed approximation to the correction term

fc(x) = max(−0.25x+ 0.625,−0.0625x+ 0.25, 0) (6)

Eq. (6) indicates that the proposed correction term can be efficiently imple-
mented by parallel comparison operations. Its piecewise linear-const components
can be easily realized by shift, addition operations in digital circuit which get
rid of the LUT. Fig. 2 provides the VLSI architecture of the proposed max∗

operator. As shown in Fig. 2, the enhanced max∗ operator uses two shifters, five
adders and three multiplexer.

Another contribution of this paper is that the multi-variable max∗ operator
is presented as a binary-tree structure rather than traditional recursive man-
ner proposed in [7]. Take n = 8 as an example, as shown in Eq. (7) and Fig.
3. The transformation in Eq. (7) indicate that multi-variable max∗ operator in
Log-MAP algorithm can be realized in parallel, and each max∗ operator can be
implemented independently. Therefore, it is more flexible to trade off require-
ments between performance and complexity.

max∗(x1, x2, · · ·, x7, x8) = log(ex1 + ex2 + · · ·+ ex7 + ex8)

= log(elog(e
x1+ex2 ) + elog(e

x3+ex4 ) + elog(e
x5+ex6 ) + elog(e

x7+ex8 )

= max∗(max∗(x1, x2),max∗(x3, x4),max∗(x5, x6),max∗(x7, x8))

(7)
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Fig. 2. VLSI architecture of the proposed max∗ operator

Fig. 3. The binary-tree structure for eight arguments max∗ computation

4 Experiment Results

In order to evaluate the hardware overhead of the max∗ operator, we modeled
the 8-bit fixed-point max∗ operator and synthesized with Xilinx ISE FPGA tool
chain. The proposed max∗ operator and some other improved max∗ operator are
both considered. Table. 1 lists the logic area and delay of different improved max∗

operators for comparison. The logic utilization of the enhanced max∗ operator
in XC5VLX110T FPGA chip is 33 slice LUTs, and the maximum combinational
path delay is 6.714ns. On the one hand, the occupied resource of the proposed
max∗ operator outperforms the Log-MAP algorithm and the method proposed
in [9]. On the other hand, the combinational path has comparable delay with the
method in [8] and outperforms the Log-MAP algorithm and [8], [10]. In other
words, the proposed max∗ operator provides a good trade off between hardware
cost and logic delay.

The BER performances of different algorithms are also evaluated, as shown
in Fig. 4. Simulations were carried out with coding rate 1/2 turbo encoder.
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Table 1. Hardware implementation of various improved max∗ operator

Algorithm max∗ Approx. Slice LUTs Delay (ns)

Log-MAP
max∗(x1, x2) = max(x1, x2)

39 8.080
+log(1 + e−|x1−x2|)

Max-Log-MAP max∗(x1, x2) = max(x1, x2) 17 5.002

Linear Log-MAP max∗(x1, x2) = max(x1, x2) 30 6.715
Ref. [8] +max(0, ln2− 0.5 ∗ |x1 − x2|)

PWL Approx. max∗(x1, x2) = max[x1, x2,
42 7.347

Ref. [9] (r=3) 0.5 ∗ (x1 + x2 + 1)]

Linear Const max∗(x1, x2) = max(x1, x2)
30 7.097

Log-MAP Ref. [10] +fc(|x1 − x2|)]

Proposed Algorithm
max∗(x1, x2) = max(x1, x2)

33 6.714+max(−0.25x + 0.625,
−0.0625x + 0.25, 0)

The generator polynomial is (37,21) in octal form, denoting the backward and
feed-forward polynomials, respectively. An information sequence of 1000 bits is
assumed to be transmitted over an additive white Gaussian noise (AWGN) chan-
nel. At the receiver, a pseudo-random interleaver is adopted, and the maximum
iteration number is set to eight.

For the tested binary turbo codes, the turbo encoder state is sixteen for (37,21)
turbo code, the L(uk) calculation is similar to the approach shown in Fig. 3,
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Fig. 4. BER performance of different algorithms with (37,21) turbo code
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i.e., all max∗ operators are realized in parallel by the proposed enhanced max∗

operator. In Fig. 4, the BER performance of the proposed decoding scheme is
very close to the Log-MAP algorithm and slightly outperforms other improved
decoding algotihm [8],[9],[10]. The coding gain is about 0.30dB compared to
the Max-Log-MAP algorithm at BER of 10−4. Table. 1 and Fig. 4 also show,
the hardware cost and logic delay of the Max-Log-MAP algorithm are both
attractive, however, the performance is inferior to other improved Log-MAP
algorithms.

5 Conclusion

A novel approximation to the correction term for turbo decoding is proposed,
and the binary-tree structure for multi-variable max∗ calculation is also pre-
sented. The proposed max∗ operator provides a good trade off between hardware
overhead and logic delay. Simulation results show that the proposed scheme has
significant performance improvement compared to the Max-Log-MAP algorithm
with little increased complexity. The proposed enhanced max∗ operation offers
practical implementation advantages and has potential applications in turbo
decoders.
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Abstract. Contextualized delivery of information is one of the many strengths 
of ubiquitous computing. It makes information actionable and helps us to better 
understand our situations. In the realm of healthcare, contextual information 
provides a terse but precise picture of the patient’s health situation. The patient 
context can have many facets, ranging from nutrition context over health 
heritage context to the context of symptoms, just to name a few. Setting up the 
correct health condition context of a patient favors better and faster recognition 
of the patient’s actual health situation.  

Context-awareness in medical monitoring mainly concentrates on gathering 
numerical facts depicting special aspects of a person’s health condition. In this 
paper we want to broaden the focus on the textual dimension in context 
development, by considering semantic annotation in designing context-
awareness. We describe an approach for a context description language (CDL) 
that supports the uniform presentation of textual facts in medical reports and 
automatic reasoning on these facts. Term clusters in medical reports represent 
in a unique way symptoms and findings that set up the health context reflected 
in this particular report. These clusters manifest potential health condition 
contexts where a patient can be viewed in. A reasoning engine operates on these 
context presentations and selects those that match best the patient’s health 
situation. Locating the right context supports the physician in faster getting a 
first picture of the probable health situation of a new patient to be examined. 
We present experiments with a CDL applied on reports related to respiratory 
problems. 

Keywords: Context-awareness, context design and development, semantic  
annotation, domain-specific language, information mining, natural language  
interaction, medical reports.  
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1 Introduction 

Context can be considered as a collection of facts and their inter-relationships 
describing the environment of a user or an event [1]. Context awareness sharpens 
relevance of these facts along particular aspects. It sharpens the awareness of specific 
restaurants in the physical context of the user, when the user is looking for one of her 
favorite types of places to eat. Depending on the user’s preferences specific objects of 
the user are drawn into the context of the users while others are pushed away. In this 
example, it’s quite likely for the user to find a restaurant of her taste. If we draw the 
right objects into a given context, a terse but precise picture of a particular situation is 
obtained. This picture helps us to better understand that situation and to make correct 
decisions. Consequently, it also supports disambiguation, i.e. considering an object 
within its correct context and excluding irrelevant contexts. Disambiguation is 
important in the realm of medical information where a small number of observations 
and/or symptoms must be brought into the correct context.  

The interpretation of a health phenomenon is formed by observations and 
experiences in form of patients’ health records. In particular, experiences include 
reasoning over observations and the resulting conclusions. The situation-adequate 
compilation of information can be essential for the appropriate handling of any 
health-related situation. Contextual information is used not only to interpret available 
information, but also to seek additionally relevant or missing information. Contextual 
delivery of information makes communication more efficient, more focused on the 
aspects of the problem at hand. It can provide information on an interesting restaurant 
or building the user is probably looking for [2] or it alerts persons suffering from 
asthma when they enter an area where others with the same health problem previously 
had an asthma attack [3]. In both cases, users get focused information that takes into 
account their personal characteristics and qualities of their immediate environment. 

The two examples show that context emerges from underlying concepts and their 
attributes (qualities). Correctly setting up a context depends on the correct 
composition of these situation-specific concepts. The context “preferred restaurant 
nearby” or “area reportedly causing respiratory problems” is based its own theory 
describing a model that merges personal characteristics (preferred restaurants or 
chronic respiratory conditions, respectively) and with related objects at the physical 
location of people [4]. In the case of “asthma alert”, data may come from remote 
monitoring of people with the same respiratory problems, i.e. monitoring the location 
where they used their rescue inhaler. 

While the use of the rescue inhaler (location and time) can be monitored quite 
easily, it is a bit more complicated to represent chronic respiratory conditions. 
Medical reports typically provide facts representing health conditions in mainly 
textual form. Of course, these reports refer to a variety of symptoms that furthermore 
differ gradually. They represent thus variations of health condition concepts (e.g. 
“severe bronchial asthma” or “light bronchial asthma”). 

In this paper, we present a context description language (CDL) for the medical 
domain. With our approach we want to draw attention to semantic integration of  
textual facts into situation-specific contexts. We demonstrate how the CDL forms a 
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meta-language that supports (1) the development of context-related controlled 
vocabularies and (2) concept-based reasoning, which, in turn, controls the integration 
mechanism. Our experiment with reports on respiratory health problems exemplifies 
how context will be described and how a context is selected in accordance to an 
individual patient’s health situation. 

2 Natural Language Representation of Context 

In the recent past, mobile computing brought us a large number of location-based 
services thanks to the popularity of GPS [5]. Many context engines today are built for 
location-based services using inference models that operate on geographical data and 
related mass data [6]. In automotive systems, the context engine takes the location of 
the car, projects the car’s trajectory, and compares this path with the position or 
trajectory of objects in the car’s way. It infers a potential collision from these data and 
alerts the driver correspondingly. In our case, we have to “locate” a person within the 
most appropriate health condition context. This helps the physician to compare the 
suggested contexts with the patient’s health condition in order to get a solid first 
glance on the patient’s situation and to find clues for further examination steps.  

A context picture can be composed of purely numerical data or a combination of 
numerical and textual data. In health condition contexts, prevail textual facts 
interspersed with a few numerical facts. Reasoning is thus based more on methods for 
the semantic analysis of textual information. Our approach roots thus in Semantic 
Annotation that deals with analysis of unstructured content. By adding annotation tags 
we describe the meaning behind terms. If this description takes standardized form, 
machines can easier recognize facts than be solely applying text retrieval algorithms. 
Semantic Web knows numerous approaches for the description of content elements and 
relationships among them. RDF [7] is a popular standard to add structured annotations 
to text. It helps to bring text terms in certain semantic relationships, which supports 
understanding of text terms, to a certain extent, but does not solve the problem of 
understanding the tags. This analysis, in turn, benefits from a uniform presentation of 
the facts in a text. RDF does little to sufficiently address the understanding of meaning 
[8]. A solution to this problem provides the agreement on fixed terms to be used in text 
annotation. The Dublin Core Metadata Initiative1 developed a number of concept 
definitions, i.e. definition of terms with attributes and properties. However, Dublin Core 
does not cover medical concepts. Nevertheless, a practical approach to solve the 
problem of understanding of meaning (in texts as well as context descriptions) emerges 
from the agreement on a relatively simple and precisely specified language. If this 
language is, in addition, machine-processable, we can develop engines that reason on 
context descriptions and the semantic closeness of contexts. Usually, this is the point 
where ontologies come into play. They define logic-based knowledge-representation 
formalism and are thus a powerful candidate when it comes to define context and 
reasoning processes to support context-awareness. OWL [9] is currently the most 

                                                           
1 dublincore.org 



424 K. Englmeier et al. 

 

prominent candidate among ontology languages. However, ontologies and their 
design languages are not only powerful but also complex. The application of 
ontologies, even promising, is too labor-intensive and expensive in many cases.  

We therefore opt for domain-specific languages (DSL) [10] that are domain-related 
markup languages fostering the uniform presentation of semantics related to textual 
facts [11-12]. They manifest an agreement on language elements for semantic tagging 
and a couple of reasoning rules. Description logics expressed in DSL are not as 
powerful and scalable like ontologies. However, in a thematically not too complex 
environment, they are just as useful. Our CDL is a DSL that semantically depicts a 
patient’s health context. The development of our CDL is guided by the assumption 
that humans apply a specific language in their working environment, and this 
becomes essentially a formal working jargon. Within this domain and community 
framework, natural language statements represent literal meaning [13]. Literal 
meaning can be interpreted correctly in the absence of any explicit and implicit 
context. When describing objects or processes of their working environment, users 
apply a language in their statements that aims at unambiguous understanding of those 
descriptions. The same holds for medical personnel: they want to express literal 
meaning in order to assure that their statements are interpreted correctly by their 
colleagues.  

Literal meaning, in turn, is almost immediately processable by machines without 
language transformation that is usually required for the interpretation of (natural 
language) statements representing non-literal meaning that often refers to implicit 
knowledge of the broader statement context. In sentences representing literal 
meaning, there is a close correspondence between the term patterns and their inherent 
semantics. Furthermore, these patterns also reflect computational representations 
supporting taxonomic, temporal, and spatial reasoning. Text patterns have thus a clear 
relationship to their inherent meaning. The typical problem of ambiguity that usually 
comes with natural language analysis is by far less severe in statements representing 
literal meaning. Consequently, the logic inherent in Named Entity Recognition and 
some more text pattern recognition algorithms combined with a sparse semantic 
annotation suffice to provide enough potential to represent meaning in medical 
reports. 

Our reasoning algorithms constituting text pattern analysis can therefore operate 
immediately on the users’ statements. However, instead of traditional text retrieval 
methods [14] we propose grammar-free, machine-processable description logic [15] 
that assigns specific concepts to term (text) patterns within or across sentences. These 
concepts, in turn, form a controlled vocabulary that semantically covers the language 
elements for the context (model) descriptions. In order to find a proper health 
condition context for a particular person, a new patient for instance, we need a basic 
set of context descriptions (expressed in terms of the controlled vocabulary) that act 
as candidates for the context of this patient. From this perspective, context matching 
resembles information mining in unstructured data. We compare statements about an 
individual patient with the context descriptions in our database.  
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3 Representation of Context  

Our CDL provides, at first, abstract concepts for both, the semantic annotation of 
medical reports and the abstract representation of condition contexts (Figure 1). A 
health condition or problem usually comprises one or more symptoms. These generic 
concepts represent a symptom described by (one or more) body parts (organs) and 
(one or more) phenomena occurring in the context of diseases (congestion, dilation, 
etc.). Each of these elements usually has qualities like “normal” or “calcified”. In 
particular, phenomena have as quality also their specific location (“anterior rib arc”). 
The objective of text analysis is to classify all terms in the text according to these 
abstract concepts and to group them in accordance with their appearance in the 
individual reports. It is important to note, that each symptom is related to one body 
part and each report addresses one individual health condition. 

 

Fig. 1. Generic concepts describing health conditions. All text terms are classified along these 
abstract concepts. 

Classification and grouping are the next features of the CDL. They are achieved by 
a stepwise approach (bottom-up) starting with the most simple language constructs 
(step 1) to more complex ones (step 5). For determining the more simple language 
elements we apply the well-known approach of “Parsing and Standardization” that 
uses stereotypical (standardized) text patterns to identify (simple and more complex) 
named entities.  

1. Identification of Elementary Expressions 
For the identification of basic elements we apply Named Entity Recognition (NER) 

tasks by using a set of generic patterns for Named Entities. These entities are 
expressions like word, number, date, or ID number. Any identified Regular 
Expression (“13 mm”, “03-JAN-1996”) here represents an instance of a basic 
element. Instances of these elements stand for basic concepts like word, date, number, 
distance, name, etc.  

2. Identification of Minimal Semantics 
Minimal semantics focus on generic text elements (or basic elements) and terms 

adjacent to these elements. The concept “age”, for instance, is represented  
by a generic element consisting of a pattern reflecting a 3-digit Regular Expression 
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(“1?[0-9]{1,2}”) combined with terms like “age”, “old”, “years” or “hours”. An 
instance of “price” may have a leading symbol (“€” or “$”); the expression “hrs.” 

may follow an expression of digitals indicating that this element is instance of “hour”.  
In our approach, stop words are not eliminated, as they can be significant for the 

correct interpretation of entities. For identifying minimal semantics, we used n-grams 
that may be interlaced by stop words. To identify composed entities only the n-grams 
are used without their interlaced terms. These are used only for the purpose of further 
specification. For instance, “... valid until 30-NOV-2011” is an expression of date, 
represented by a 2-gram (“valid” and date) ignoring the term “until” in the first place. 
This term is used later when the concept “validity period” is expanded towards “end 
of validity period”. An instance of the distance element (“21 mm”) becomes a 
“diameter” element when followed by an expression like “in diameter”. Otherwise it 
just represents the size of an object. 

3. Transformation into Standardized Forms 
Natural language is ambiguous by nature even if we consider a quasi-formal 

language like the one medical professional apply in their reports. Humans tend to 
apply different words to the same concept. We handle this synonym problem by 
standardization, i.e. mapping different terms representing one concept onto one 
representative term for this concept (“caliber” to “size” or “anterior” to “front”). It 
also includes the transformation of nouns into their corresponding adjective if used in 
order to qualify another noun like in “Aortic wall with calcification”. This is 
transformed into “Aortic wall calcified”. 

Negations require a special treatment in any automatic text analysis. We treat 
negation as a special quality of an object. A negation just states if a quality of an 
object or the object itself is present or absent. In medical reports, it is important to 
explicitly mention the absence, for instance, of a certain phenomenon (“No pleural 
effusion”) in order to depict a correct picture of the health condition or distinguish 
two otherwise similarly described conditions. 

4. Identification of Key Nouns 
Named entities reflect basic language elements. These expressions are input to 

further pattern analysis. We repeat the identification of terms frequently appearing in 
close proximity. This process leads to language elements that stand for concepts 
representing represent parts of the body (“lungs”, “bronchi”, etc.) or phenomena like 
“dilation”. In the case of medical reports, nouns usually reflect these concepts.  

For the development of our controlled vocabulary we extracted instances of the 
generic concepts mentioned above. Instances of body parts are then clustered into 
concepts representing larger parts of the body (“lung” comprises “right lobe”, 
“trachea”, etc.). Here, classification systems like the International Classification of 
Diseases (ICD) of the WHO [16] provide useful sources to set up a concept structure 
for body parts. 

5. Conceptualization 
The final step identifies key patterns as a combination of basic language elements 

with key nouns. This process adds qualities to concepts represented by key nouns by 
relating key nouns to simple language elements. Both parts usually appear within the 
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same phrase. A concept represented by key nouns is thus considered in a broader 
context including terms that reflect qualities. By using n-grams we ensure that only 
terms in close proximity are considered in a single conceptualization.  

For example, in the phrase “Trachea and bronchi permeable, both normal caliber” 
we identify “Trachea” and “bronchi” as key nouns representing body parts with the 
qualities “permeable” and “size:normal”. As already mentioned, we apply also a 
normalization process that transforms, for instance, all size-related expressions into 
one standardized form “caliber” to “size”.  

It is important to deal with pronouns and similar relationships, because they may 
address qualities that need to be assigned to more than one noun. In the example 
phrase here, the qualities mentioned address the two body parts. The keyword “both” 
explicitly indicates the pronoun relationship between the qualities and the two terms 
reflecting the body parts. It is the simple sequence of terms that determines the word 
pattern and thus the role of the terms (key noun - “and” - key noun - indicator of a 
pronoun relationship - quality-related terms) appearing in the phrase. Similar 
indicators include “all”, “that” or “which”.  

 

 

Fig. 2. Medical report expressed in terms of the CDL 
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A pattern recognition engine takes the CDL, analyzes the medical reports and 
transforms them into an XML representation. The behavior of the engine is 
determined by the role descriptions of the concepts listed in the CDL. When applied 
to medical reports the CDL, the result of the analysis looks like in Figure 2.  

The example shows the observation part of the report listed in the XML structure. 
This part is usually followed by a conclusion part (shown in Figure 3). The section 
shows minimal semantics (“size”, “location” and “quality”), and keywords for body 
parts (“lungs”, “aorta”, “heart”, etc.) and phenomena (“lump”, “dilation”, etc.). It also 
shows some results of the normalization process that standardizes “nonaggressive” to 
“benign” (lines 43 and 44) when appearing in proximity to the concept “lump” (lines 
43 though 52) and “anterior” to “front” (lines 44 and 50).  

The first phrase in line 4 implicitly contains a pronoun relationship that 
semantically links the qualities “size” and “permeable” to the two body parts. The 
representation of the two related concepts (“trachea” and “bronchi”) is thus replicated. 

 

Fig. 3. Conclusion section of the medical report, expressed in CDL 

4 Experiments on Context Reasoning from Textual Facts 

Based on a reasoning theory, we develop context engines [17] that sift through data in 
order to find appropriate context clues. These clues are handed over to a 
recommender system or, like in our case, a dialog feature presenting the clues to the 
user, who may then select the most appropriate context clue. We treat context here as 
a lexical theory more than a logical theory.  

Our context engine produces a number of recommendations based on the facts 
collected by the physician. We apply a recommendation mechanism [18], in which 
recommendations are made on objects that are close to the user’s context. 
Furthermore, the physician can gradually add more facts to enlarge proximity. We 
take this approach, because the first hints on a patient’s situation usually lack 
accuracy. By viewing recommendations and gradually narrowing in the number of 
potential recommendations the physician’s view gains accuracy.  
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We ran an experiment with 170 medical reports in order to see how a CDL can be 
used to set up a specific controlled vocabulary and to generate context instances for 
respiratory health problems. An average report has a length of 250 words and 
mentions 12 symptoms. All reports address respiratory problems. The symptoms 
described in the reports, however, refer to lungs and respiratory tracts but also to 
adjacent organs like the heart.  

 

Fig. 4. The recommendation mechanism takes the patient description, locates the most 
appropriate contexts among all available health condition contexts, and presents these contexts 
to the physician. By gradually adding new facts to the user description the physician fine-tunes 
the recommendations. 

The experiment clarified how a statement on an individual patient’s situation is 
going to be matched with the context instances. Matching results in a 
recommendation list comprising health condition contexts that come close to the 
patient’s context expressed in the physician’s statement. This process selects 
candidate contexts according to a number of rules: 

It takes first all terms in the patient statement that relate to body parts or 
phenomena without considering minimal semantics that represent qualities.  

Recommended contexts must address all body parts and (absent or present) 
phenomena observed by the physician and stated in the examination report. Minimal 
semantics are used to fine-tune the selection. Nevertheless they influence the ranking 
of the individual context description. If the person description mentions a 
“subcentimetric lump” at certain location the engine relegates a description containing 
a lump with more than one centimeter in diameter to a lower rank.  

It is important to note that the engine takes negation as a quality of a concept item. 
If, for instance, the physician’s observation indicates “pleural effusion” the system no 
longer considers a context descriptions that explicitly excludes this symptom in its 
observation section. 

Let us consider, for example, a situation in radiology: The physician observes 
“bronchial dilation in the lower lobes of the left lung”. The pattern recognition engine 
transforms this statement into a patient context description as shown in Figure 5. 
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Based on the body parts and phenomena mentioned, the context engine finds 27 
candidate descriptions. Taking into account the location quality the engine reduces the 
number of candidates to 13. If the physician adds just the expression “secretion” the 
list of recommendation contains not more than 4 candidate descriptions. 

 

Fig. 5. A patient context description (“bronchial dilation in the lower lobes of the left lung”) 
expressed in CDL 

We acknowledge that we get such a favorable result because of the relatively small 
set of candidate contexts. Nevertheless, our database comprises reports on respiratory 
health problems recorded over a period of about six months by the radiology 
department. Even if we take into account the possibility that this collection grows to a 
size 10-fold of the one of our example base, we will see the number of 
recommendations growing just to 40 cases. A pre-requisite, however, to keep the size 
of the recommendation list actionable, would be the classification of each patient 
description along the main health problems before the pattern recognition engine 
starts its work.  

As an initial proof of concept, our work was validated by the user group of 
physicians involved. It showed us that our stepwise analysis of text patterns yields a 
controlled vocabulary that, classified along the generic concepts mentioned above, 
can provide machine-processable descriptions of health contexts. In a next step, we 
are going to expand this experiment to further health problems including more 
medical professionals in order to cover also a broader variety of first-time statements 
on patients’ health conditions.  

5 Conclusions 

Mobile Computing sees many initiatives, projects, and product developments under 
way that monitor key indicators of a person’s health situation. They all address 
portable devices that act as sensors gathering health data such as pulse, temperature 
and so on besides the coordinates of the person’s physical location. Connected to a 
remote data mining system, the user of such a wearable device can expect to get alerts 
warning her that her health situation sparks concerns. Or she may be warned when 
she is entering an area where other persons experienced respiratory problems.  

The context constructed in these location-based services is exclusively built on 
numerical information and the corresponding mathematical models. This approach is 
beneficial for a huge number of mobile and embedded applications that operate on 
sensory data. 
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With our paper we want to broaden the focus on the benefits of mining textual 
information for the design of context-awareness. Many medical facts are expressed in 
natural language statements. Fortunately, the language used in reports describing 
health conditions often lacks the ambiguity that usually can be found in natural 
language texts. Due to this quality medical reports lend themselves for the 
development of a meta-language that identifies the meaning of terms in the light of 
depicting the context of a patient’s health situation. This meta-language defines a 
domain-dependent Context Description Language that controls text pattern 
recognition engines and context engines.  

By broadening the focus on textual facts, i.e. facts extracted from unstructured 
texts, we can contribute to the informative performance of context-aware systems. 
Our context- and ontology-free approach is not restricted to health-related topics. 
However, it thematically scales only when we consider domains where facts are 
represented in the same clear manner. The ambiguity rises in textual information the 
more we need ontologies for a clear identification of meaning in text. 
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Abstract. This paper proposes an efficient method of constructing three dimen-
sional (3D) wireless sensor networks (WSNs) with aiming to minimization of 
the overall routing cost. It tries to divide the network into subspaces, and elects 
a routing centroid node in the eccentricity region from any node in a subspace 
in terms of minimizing communication cost of that space. The node in an ec-
centricity region is naturally close to the distance of the radius of that subspace. 
As a result, the centroid node can forward the gathered data to the node on the 
diameter. The minimization of the path cost in data gathering and forwarding 
towards the sink is an efficient approach to design a cost effective 3D WSNs.   

Keywords: Wireless Sensor Network, 3D space, Routing Cost, Eccentricity, 
Diameter, Radius. 

1 Introduction  

Two dimensional WSNs are generally designed with an assumption that all sensor 
nodes of a network are deployed on a plane. It may no longer be valid if a network is 
deployed in the Space, the atmosphere, or the ocean, where sensor nodes need to be 
distributed over a 3D space. A 3D network is a geometric tri-parametric (length, 
width, and depth/height) model of the physical environment in which the sensor nodes 
can be deployed. For example, weather forecasting, climate monitoring, and ocean 
column monitoring require the sensor nodes to be placed at different heights of the 
atmosphere and different depths of the sea, thus creating 3D WSNs [1].  

Considering the several constraints of a sensor device, it is challenging task to de-
sign an efficient WSN in 3D space for which it will be feasible to resolve the issues 
corresponding to the fundamental problems, such as: 

(i) What is the optimal way to deploy the sensor nodes in a 3D space such that the 
requirement for a minimized number of necessary nodes? 

(ii) What is an efficient solution in order to aggregation and routing data to multi-
ple sinks with minimum routing cost?  

                                                           
* Corresponding author. 
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Research towards the above answer of the questions has both theoretical and prac-
tical significance in terms of feasibility of 3D WSNs design as well as making long 
the WSNs’ lifetime. Firstly, minimizing the number of deployed nodes to achieve 
full-coverage and connectivity is very important because the sensor nodes deployed in 
a 3D space are comparatively expensive [2]. Secondly, making long the lifetime of 
WSNs in a 3D space requires an effective data aggregation and routing techniques in 
terms of routing cost minimization.  

In this paper, we propose an efficient approach for the data gathering at the eccen-
tricity region of a node in a 3D subspace, along with data forwarding using a node on 
the diameter of that 3D subspace in order to reduce the hops towards the sinks.  
For this, we first suggest to partition the entire network into subspaces. Then, the 
routing centroid node selection in the eccentric region of a subspace is naturally close 
to the average radius of that subspace. As a result, all deployed nodes in a 3D sub-
space can communicate with the routing centroid node which can forward the  
gathered data to the node on the diameter. This approach results in minimizing the 
path cost to the sink, along with benefits of effectively gathering, merging and  
forwarding the data.    

2 Related Works 

In recent years, 3D networks have gained attention in WSNs. To design an efficient 
network in 2D and 3D space, the most important task is to solve out the coverage with 
full-connectivity and the routing cost problem. The coverage with full-connectivity 
problem studied in several works [3]. Some works concentrate on network construc-
tion methods, with emphasizing energy consumption. [4] delivers two positions based 
routing algorithm which is based on the restricted directional floating-based routing 
mechanism for 3D space. [5] proposes a GDSTR-3D routing algorithm which with 
3D convex hulls and spanning tree strategies it forwards packets greedily as long as it 
could discover a neighbor closer to the destination than the current node. [6] original-
ly presents an energy efficient localized 3D greedy routing algorithm (ERGrd) in 
WSNs that is a simple variant of greedy algorithm in 3D random space. Henceforth, 
[7] gives a more expand ERGrd in large-scale random WSNs, which limits its for-
warding path inside a restricted 3D convex region.  

However, all aforementioned routing algorithms are either based on partial or a 
full-flooding for data and control packets which result to higher routing cost and incur 
higher communication overhead. Our method differs from the related works in terms 
of data gathering in a routing centroid node instead of the full-flooding that intends to 
minimize the internal communication cost within a subspace. Meanwhile, this ap-
proach encourages selecting a forwarding node on the diameter of a 3D subspace to 
route data with minimized path cost compared to the flooding in a 3D network. 
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3 EGDF: Eccentricity-Based Data Gathering and  
Diameter-Based Data Forwarding 

This paper introduces a 3D network model inspired from the spanning trees (STs) and 
optimization problems [8]. While a spanning tree spans all nodes of a given sensor 
deployed 3D space, a Steiner tree spans a given subset of sensor nodes. Our method 
proposes that the network can be partitioned into Steiner subsets of sensor nodes, 
referred to as 3D subspace. In each subspace, a node which is in the eccentricity re-
gion and minimizes the internal routing cost should be the data gathering node. The 
gathered data need to be forwarded towards the sink along the minimized routing cost 
path to reduce the overall routing cost of the network.  

3.1 Routing Cost Estimation on Connected 3D Subspaces   

Firstly, we introduce the terms; T is the tree which contains deployed sensor nodes in 
a 3D network, l(T,e) is the routing load on each communication link e between two 
communicating nodes, V is the set of all deployed nodes in a 3D space, E(T) is the set 
of all possible combinations of any source to any destination with bi-directional links, 
SPT is a spanning tree considered with shortest path in-between the 3D subspaces that 
contains minimum number of nodes, w is the assigned weights based on the distance 
on each link, and the Cost(T) is the overall routing cost of a particular 3D network. 
The routing cost of a tree is the sum of overall routing cost for the pair nodes in the 
tree ( ) ( , ),Cost T d u vu v T=  , where dT (u,v) is the distance between u and v on T. 

 

Fig. 1. An example of a T of connected two 3D subspaces 

Definition 1. Let T be a tree and e∈E(T). Assume X and Y are the two 3D sub-
spaces which are resulting in removing e from T. The routing load on edge e is  
defined by l(T, e) = 2|V(X) ||V(Y)|.  

Lemma 1. For a tree T with link weight (distance) w, the overall routing cost is  
defined as; 

( )

( ) ( , ) ( )
e E T

Cost T l T e w e
∈

=   

Proof. Let SPT denotes a simple path between nodes u and v on the tree T. Then 
Cost(T) can be obtained as; 
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3.2 Routing Centroid Node Selection in the Eccentric Region of a 3D 
Subspace  

To generalize our idea, we propose a 3D network model, in which the 3D space is 
divided into 3D subspaces. In each 3D subspace, a node would be the routing centroid 
node among the constituted nodes. Our method intends to minimize the routing cost 
of intercommunication among the constituent nodes within a particular 3D subspace. 
Therefore, among the nodes located within the eccentricity region in a subspace, the 
node having the minimum routing cost would be the routing centroid node.  

 

Fig. 2. An example of a node deployed in a 3D cube shape connected space 

Let G = (V, E, w) be a 3D space and U⊂  V, where U = {U1, U2, U3,…,Uk} obtain 
the deployed nodes {v1, v2, v3,…,vn}∈V in a 3D subspace. By DG(v,U) where v∈U, 
we denote the maximum distance from a node to any other node in a 3D subspace. 
For a node v, the eccentricity of v is the maximum of the distance to any other node in 
that subspace, i.e., maxu∈ {dG(u,v) or DG(v,V). Therefore, the routing centroid node 
in the eccentricity region of any node in that 3D subspace can communicate to any 
node using a maximum transmission distance that is not more than the radius of the 
subspace. For example, the nodes {(v2, v5, v3), (v1, v2, v3)}∈U1 is in the T1 of the cube 
and the octahedral 3D shape subspaces are shown in Fig. 2 and 3. respectively. 
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Fig. 3. An example of a node deployed in a 3D octahedral shape connected space 

The node {vi∈Ui}∈Ti which obtains the minimum internal communication cost is  
selected as the routing centroid node among the constituent nodes of the 3D subspace. 
This is the node that obtains minimum internal routing cost according to Eq. (2).    

( )

( ) min ( , ) ( )
i

i i
e E T

Cost T l T e w e
∈

=                          (2) 

3.3 Data Forwarding Node Selection on Diameter of the 3D Subspace 

We aim to gather data at the routing centroid node from constituent sensor nodes, and 
to forward it to the sink(s) through the minimum routing cost path using the nodes on 
the diameter of a 3D subspace as intermediate nodes. 

The diameter of a 3D subspace is the longest distance between any two nodes in a 
3D subspace. And the radius of a 3D subspace is the minimum eccentricity among all 
nodes in a 3D subspace and a center of a 3D subspace is a node with eccentricity 
equal to the radius. Therefore, our method emphasizes to elect a centroid node in the 
eccentricity region of a 3D subspace which is not more than the distance of its radius. 
So, any node in a 3D subspace can communicate using minimum distance, where 
2×radius-1≤ diameter. This communicating path P = {P1, P2,...,Pn} can be divided 
into three sub-paths: the path i belong in a terminal node (source) to a routing centroid 
node vi∈Ui, the path containing nonterminal node(s) (intermediate node) on the di-
ameter of a 3D subspace form routing centroid node, and the path  j belongs a routing 
centroid node to any sink(s). For convenience, we can define  

( )

( ) min ( , ) ( )
i

i i
e E P

Cost P l P e w e
∈

=   

( , ) ( , ) ( , ) ( , )
P

T T T T
d u v d v P d u v d u P≤ + +             (3) 
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Fig. 4. An example of a data forwarding path in-between two subspaces 

In the data routing, a routing centroid node can select the path which obtains the 
minimum routing cost as below  

( )
( ) min ( , ) ( )

i

i i
e E P

Cost P l P e w e
∈

=                     (4) 

Therefore, the total cost of the tree T would minimize in the entire network as in 
the following equation, where k is the number of connected 3D subspaces and n is for 
number of forwarding paths in the entire network. 

       
1 1

( ) min ( , ) ( ) ( , ) ( )
k n

i i
i i

Cost T l T e w e l P e w e
= =

 = + 
 
              (5) 

4 Conclusion  

We tried to minimize the intercommunication cost in 3D subspaces and select a min-
imum cost path between the different subspaces in the routing domain. The routing 
centroid node in the eccentricity region of a subspace is convenient to communicate 
with each one of the other nodes in that particular space. Selecting a node on the di-
ameter for data forwarding is an efficient approach by maximizing the transmission 
range of forwarding nodes. The node selection on the diameter of subspace for data 
forwarding is competent to reducing the number of intermediate nodes. So, we be-
lieve that our method plays an important role in the designing of routing mechanism 
in 3D WSNs. As a future plan, we would like to demonstrate this method in practice. 
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Abstract. This paper proposes a new weighted mining frequent itemsets using 
FP-tree based on RFM for personalized u-commerce recommendation system 
under ubiquitous computing. Existing recommendation system using 
association rules still does not only reflect exact attributes of item but also has 
the problem, such as delay of processing speed from a cause of frequent 
scanning a large data, scalability and accuracy. In this paper, to solve these 
problems, it is necessary for us to make RFM(Recency, Frequency, Monetary) 
score of item and to extract the most frequently purchased data from the whole 
data in order to improve the accuracy of recommendation, to consider 
frequently changing the weighted patterns by emphasizing the important items 
with high purchasability according to the threshold for creative the weighted 
mining frequent itemsets using FP-tree without occurrence of candidate set. To 
verify improved performance, we make experiments with dataset collected in a 
cosmetic internet shopping mall. 

Keywords: Association Rules, RFM, Weighted Mining Frequent Itemsets 
using FP-tree. 

1 Introduction 

Along with the advent of ubiquitous computing environment and the spread of 
intelligent portable device such as smart phone, PDA and smart pad has been 
amplified, a variety of services and the amount of information has also increased. It is 
becoming a part of our common life style that the demands for enjoying the wireless 
internet are increasing anytime or anyplace without any restriction of time and 
place[1],[4]. The customers need a recommendation system that can recommend item 
which they really want on behalf of them. In the u-commerce, it is important to 
recommend the proper item among large item sets. Therefore, if the recommendation 
system can recommend the suitable item which they really want, the customers are 
satisfied with the system. The possession of intelligent recommendation system is 
becoming the company's business strategy. A personalized recommendation system 
using data mining technique based on RFM to meet the needs of customers has been 
actually processed the research[1-5]. We can improve the accuracy of 
recommendation through an weighted mining frequent itemsets using FP-tree without 
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occurence of candidate set so as to be able to generate the associated items’ rules. As 
a result, we propose a new weighted mining frequent itemsets using FP-tree based on 
the most frequently purchased data extracted from the whole data for recommendation 
in u-commerce under ubiquitous computing environment. The next Sect. briefly 
reviews the literature related to studies. The Sect. 3 is described a new method for 
personalized recommendation system in detail, such as system architecture with sub 
modules, the procedure of processing the recommendation, the algorithm for 
proposing method. The Sect. 4 describes the evaluation of this system in order to 
prove the criteria of logicality and efficiency through the implementation and the 
experiment. In Sect. 5, finally it is described the conclusion of paper and further 
research direction. 

2 Related Works 

2.1 RFM  

RFM segments customers on the basis of how long since they made purchases, how 
frequently they make purchases, and how much money they spend for segmentation 
by product usage. The RFM score can be a basis factor how to determine purchasing 
behavior on the internet shopping mall, is helpful to buy the item which they really 
want by the personalized recommendation. One well-known commercial approach 
uses five bins per attributes, which yields 125 cells of segment. The following 
expression presents RFM score to be able to create an RFM analysis. The RFM score 
will be shown how to determine the customer as follows, will be used in this paper. 
The variables (A, B, C) are weights. The categories (R, F, M) have five bins. 

RFM score = A × R ＋ B × F ＋ C × M (1) 

The RFM score is correlated to the interest of e-commerce[2]. It is necessary for us 
to keep the analysis of RFM to be able to reflect the attributes of the item in order to 
find the items with high purchasability. In this paper, we can use the customers’ data 
and purchased data with 60.98% in the rate of portion for the purchasing counts[4]. 

2.2 Association Rules  

Association rule mining search for interesting relationship among items in a given 
database. Association rules, first introduced by Agrawal[6], are frequently used by 
market basket analysis including cross marketing, recommendation system in e-
commerce. Association rules which satisfy a minimum confidence threshold are then 
generated from the frequent itemsets. The traditional association rule mining employs 
the support measure, which treats every transaction equally. However, in our real 
world data sets, the weight importance of a pattern may vary frequently due to some 
unavoidable situations. Usually in an association rules, it is expressed in the form of 
the rule X→Y. The rule of X→Y means that the transaction including the item of X 
tends to include the itemsets. And then in an weighted association rules, the w-support 
of an weighted association rule X→Y  is defined as 
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WSUPP(X →Y)  =   (2) 

and the w-confidence is 

WCONF(X→Y)  = 
 

(3) 

Basically, w-support measures how significantly X and Y appear together; w-
confidence measures how strong the rule is. An weighted association rule mining 
becomes an important research issue in data mining and knowledge discovery by 
considering different weights for different items. It is necessary to consider these 
dynamic changes in different application area such as retail market basket data 
analysis. Much effort has been dedicated to association rule mining with pre-assigned 
weights[8],[9]. It is crucial to have different weights for different transactions in order 
to reflect their different importance and adjust the mining results by emphasizing the 
important transactions. 

2.3 Mining Frequent Itemsets Using FP-Tree  

Han et al. [10] proposed a data structure called the FP-tree(Frequent Pattern tree). The 
FP-tree is a compact representation of all relevant frequency information in a 
database. Every branch of the FP-tree represents a frequent itemset and the nodes 
along the branches are stored in decreasing order of frequency of the corresponding 
items with leaves representing the least frequent items. Compression is achieved by 
building the tree in such a way that overlapping itemsets share prefixes of the 
corresponding branches[11]. The FP-tree T has a header table, T:header, associated 
with it. Single items and their counts are stored in the header table in decreasing order 
of their frequency. The entry for an item also contains the head of a list that links all 
the corresponding nodes of the FP-tree. Compared with breadth-first algorithms such 
as Apriori and its variants, which may need as many database scans as the length of 
the longest pattern, the FP-growth method only needs two database scans when 
mining all frequent itemsets. The first scan counts the number of occurrences of each 
item. The second scan constructs the initial FP-tree which contains all frequency 
information of the original dataset. Mining the database then becomes mining the FP-
tree. To construct the FP-tree, the first scan is to find all frequent items by an initial 
scan of the database. Then, these items are inserted into the header table in decreasing 
order of their count. In the next scan, as each transaction is scanned, the set of 
frequent items in it are inserted into the FP-tree as a branch[11]. If an itemset shares a 
prefix with an itemset already in the tree, the new itemset will share a prefix of the 
branch representing that itemset. In addition, a counter is associated with each node in 
the tree. The counter stores the number of transactions containing the itemset 
represented by the path from the root to the node in question. This counter is updated 
during the second scan, when a transaction causes the insertion of a new branch. In 
this paper, we can use the weighted mining frequent itemsets using FP-tree based on 
RFM(WMFP) for generating the weighted association rules. In this paper, we can use 
the weighted mining frequent itemsets using FP-tree based on the customers’ data and 
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Table 1. Example transaction database involving items 
A,B,C,D, and E 

Table 2. Prefix tree 
representation by FP-tree 
mining 

 
 

the most frequently purchased data extracted from the whole data to recommend the 
item they really want exactly. 

3 Our Proposal for a Personalized u-Commerce 
Recommendation System 

3.1 System Architecture 

We can depict the system configuration concerning the personalized u-commerce 
recommendation system using the weighted mining frequent itemsets using FP-tree 
based on RFM under ubiquitous computing environment. This system had four agent 
modules which have the analytical agent, the recommendation agent, the learning 
agent, the data mining agent in the internet shopping mall environment. We observed 
the web standard in the web development, so developed the interface of internet to use 
full browsing in mobile device. As a matter of course, we can use web browser in 
wired internet to use our recommendation system. We can use the system under WAP 
in mobile web environment using feature phone as well as using the internet browser 
such as safari browser of iPhone and Google chrome browser based on android so as 
to use our system by using smart phone.  

3.2 Weighted Mining Frequent Itemsets Using FP-Tree Based on RFM for 
Personalized u-Commerce Recommendation System 

In this part, we can depict the weighted mining frequent itemsets using FP-tree based 
on RFM for personalized u-commerce recommendation system. Our algorithm can 
consider situation where the weight / importance of a pattern may vary dynamically in 
e-commerce on the real world. It is necessary for us to consider the quantity of purchased 
data extracted by the scope of RFM score which is between the score is more than 19 
points and the score is less than 40 points, had a lot of purchasing counts in order to 
prevent delay of processing speed from a cause of frequent scanning a large data. We 
can calculate the rate of weight based on the quantity item by each rank of the RFM 
score. We can have different weights for different transactions and to generate the 
weighted association rules through the weighted mining frequent itemsets using FP-
tree based on RFM. Thus we can forecast frequently changing trends by emphasizing 
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the important items. At first, we can aggregate the quantity of purchased 
data(sale_dat3) extracted from the whole data (sale). After that, we can make the rate 
of weight using aggregated counts of a section, that is, it is become the value of 
weight based on the quantity of extracted data. To propose our paper, we have two 
step of procedural preprocessing. The 1st step is that it is necessary for us to make the 
RFM scores to reflect the attributes of the item. The 2nd step is that it is necessary for 
us to process an weighted mining frequent itemsets using FP-tree based on the most 
frequently purchased data extracted from the whole data in order to forecast 
frequently changing trends by emphasizing the important items with high 
purchasability according to the threshold for creative the weighted association 
rules.for generating association rules with w-support, w-confidence and w-lift through 
the weighted mining frequent itemsets using FP-tree based on RFM(WMFP). The 
procedural algorithm of WMFP for personalized u-commerce recommendation 
system is depicted as the following Table 3. 

Table 3. The procedural algorithm of WMFP for personalized u-commerce recommendation 
system 

Step 1 : The RFM score of customer is computed so as to reflect
the attributes of the customer, consists of three attributes(R,
F, M), each attribute has five bins divided by each 20%, exact
quintile. 
Step 2 : The system can aggregate the quantity of purchased
data by each interval customer's RFM scores, which is
aggregated counts of distribution from the whole data, make the
rate of weight. 
Step 3 : The system can calculate the rate of weight based on 
quantity item with each rank of RFM score for customer. 
Step 4 : The system can scan extracted database(sale_dat3) and 
make the weighted mining frequent itemsets using FP-tree based 
on sale_dat3. 
Step 5 : Weighted Association rules are created by WMFP  
Step 6 : Wsupport  =   X  Support count    /*  N  is 

numbers of item in the rules */ 
Step 7 : The system can create creative the weighted
association rules with w- support, w-confidence and w-lift 
through the weighted mining frequent itemsets using FP-tree
using FP-tree without occurrence of candidate set.  
Step 8 : The system can reflect frequently changing the 
weighted patterns by emphasizing the important items. 
Step9: The system can recommend the items with high
purchasability according to the threshold for creative the 
weighted association rules with w-support, w-confidence and w-
lift through WMFP. 
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3.3 The Procedural Algorithm for Personalized u-Commerce 
Recommendation System 

The system can search the information in the cluster selected by using the code of 
classification and customer's RFM score in users' information. It can scan the 
preference as the average of brand item in the cluster, suggest the brand item in item 
category selected by the highest probability for preference as the average of brand 
item. This system can create the list of recommendation with TOP-N of the highest 
preference of item to recommend the item with purchasability efficiently. This system 
can recommend the items with efficiency, are used to generate the recommendable 
item according to the basic threshold for the weighted mining frequent itemsets using 
FP-tree, with w-support, w-confidence and w-lift. It can recommend the associated 
item to TOP-N of recommending list if users want to have the cross-selling or up-
selling. This system takes the cross comparison with purchased data in order to avoid 
the duplicated recommendation which it has ever taken.  

4 The Environment of Implementation and Experiment and 
Evaluation  

4.1 Experimental Environment 

This system proposes a new weighted mining frequent itemsets using FP-tree based 
on RFM under ubiquitous computing environment. In order to do that, we make the 
implementation for prototyping of the internet shopping mall which handles the 
cosmetics professionally and do the experiment. It is the environment of 
implementation and experiment below. 

 
- OS: Windows XP SP2, 
- Web Server: Apache 2.2.14 / WAP 2.0 
- Server-Side Script : JSP/PHP 5.2.12 
- XML/WML2.0/ HTML5.0/CSS3/JAVASCRIPT 
- Database: MySQL 5.1.39 
- J2SDK(1.7.0_11) 
- MySQL JDBC 
- J2SDK(1.7.0_11) 
- jakarta-tomcat (5.0.28) 
 

We have carried out the implementation and the experiment for proposing system 
through system design, we have finished the system implementation about 
prototyping recommendation system. It could be improved and evaluated to new 
system through the result of experiment with the metrics such as precision, recall, F-
measure as comparing proposing ystem(W_FP) with other previous system(O_ARM) 
using original method of mining and existing system. 
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4.2 Experimental Data for Evaluation 

We used 319 users who have had the experience to buy items in e-shopping mall, 580 
cosmetic items used in current industry, 1600 results of purchase data recommended 
in order to evaluate the proposing system[4]. In order to do that, we make the 
implementation for prototyping of the internet shopping mall which handles the 
cosmetics professionally and do the experiment. We have finished the system 
implementation about prototyping recommendation system. We’d try to carry out the 
experiments in the same condition with dataset collected in a cosmetic internet 
shopping mall. It could be evaluated in MAE and Precision, Recall, F-measure for the 
recommendation system in clusters. It could be proved by the experiment through the 
experiment with learning data set for 12 months, testing data set for 3 months in a 
cosmetic cyber shopping mall[4]. The 1st system of the weighted mining association 
rules based quantity item with RFM score, is proposing method(W_FP) called by 
“proposal”, the 2nd system is the original method(O_ARM) using the ordinary 
association rules mining, the third system is existing system. The proposing method's 
overall performance evaluation for recommendation is precision, recall and F-
measure as comparing proposing method using (W_FP) and the original method using 
(O_ARM). The performance was performed to prove the validity of recommendation 
and the system's overall performance evaluation. The metrics of evaluation for 
recommendation system in our system was used in the field of information retrieval 
commonly[12].  

Table 4. The result for table of precision, recall, F-measure for recommendation ratio by each 
cluster 

 

Cluster 

Proposal(W_FP) O_ARM Existing 

Preci 
sion1 

Reca 
ll1 

F-me 
asure1 

Preci 
sion2 

Reca 
ll2 

F-
mea 
sure2 

Preci 
sion3 

Reca 
ll3 

F-
mea 
sure3 

C1 42.23 80.66 55.44 46.20 55.70 45.90 48.79 31.32 35.64 

C2 45.25 84.47 58.93 43.20 52.53 45.76 49.36 29.54 35.06 

C3 46.42 76.94 57.90 40.99 23.93 30.05 44.26 21.81 27.65 

C4 42.81 64.52 51.47 56.06 38.37 43.77 52.49 34.98 39.75 

C5 54.99 78.45 64.66 44.83 47.40 42.74 50.41 43.21 43.10 

C6 48.56 81.40 60.83 33.56 37.23 34.68 50.93 36.60 39.64 

C7 41.58 74.08 53.26 53.94 27.27 34.90 47.41 26.81 32.26 

C8 53.92 78.87 64.05 45.07 37.23 38.29 43.60 36.60 37.82 

C9 27.72 74.08 40.34 64.08 28.45 37.19 46.68 25.19 30.28 

C10 59.99 93.78 73.17 73.85 62.50 64.42 67.23 55.34 57.10 
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Fig. 1. The result of recommending ratio by 
precision 

Fig. 2. The result of recommending ratio 
by recall 

  

 

 

Fig. 3. The result of recommending ratio by 
F-measure 

Fig. 4. The result of recommending items 
of cosmetics 

Above Table 4 presents the result of evaluation metrics (precision, recall and F-
measure) for recommendation system. The weighted mining frequent itemsets using 
FP-tree is improved better performance of proposing method using (W_FP) than the 
original method using (O_ARM). The proposed higher 37.66% in recall even if it is 
lower 3.83% in precision than the original method using (O_ARM), higher 16.24% in 
F-measure than the original method. After that, it shows that our algorithm is very 
efficient and scalable for the recommendation system. Above figure 4 is shown in the 
result of screen on a smart phone. The performance of proposing mining method was 
improved more counts of support and rule than the original method, it was especially 
worthy of notice, in the rule counts, had an effect about 4 times what the original 
mining method did before. As a result, it was efficient for us to recommend the items 
of association because it is strong cohesion of the attribute of item based the weighted 
association rules using the weight based quantity item with RFM score. So, we could 
have the recommendation system to be able to recommend the items with high 
purchasability. Above figure 4 is shown in the result of screen on a smart phone. The 
performance of proposing method is improved although it is less in average of 
confidence (average confi_rate), however it is efficient for us to recommend the items 
of association because it is strong cohesion of the attribute of item because of using a 
new weighted mining frequent itemsets using FP-tree based on RFM. 
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5 Conclusion 

Recently u-commerce as a application field under ubiquitous computing environment, 
is in the limelight[5]. Existing recommendation system using association rules still 
does not only reflect exact attributes of item but also has the problem, such as delay of 
processing speed from a cause of frequent scanning a large data, scalability and 
accuracy. And also, existing algorithms for mining association rules are based on 
fixed weight, do not reflect the weight / importance of a pattern, and do not consider 
these dynamic changes in different application area such as retail market basket data 
analysis. It was necessary for us to make RFM score of item and to extract the most 
frequently purchased data from the whole data in order to improve the accuracy of 
recommendation, to reflect frequently changing the weighted patterns by emphasizing 
the important items with high purchasability according to the threshold for creative 
the weighted mining frequent itemsets using FP-tree without occurrence of candidate 
set in order to solve these problems, to use the dynamic weights in proposing method 
of mining. We could improve the performance of the weighted mining rapidly. As a 
result, we proposed a new weighted mining technique using FP-tree for personalized 
u-commerce recommendation system in real datasets environment in order to improve 
the accuracy of recommendation with high purchasability. As a matter of course, we 
have described that the performance of the proposing method with the weighted 
mining using FP-tree based RFM was improved better than the original method and 
existing system in mining test. It is meaningful to present a new weighted mining 
technique using FP-tree based on quantity item with RFM score for personalized u-
commerce recommendation system under ubiquitous computing environment. The 
following research will be looking for a personalized recommendation in semantic 
web environment by fuzzy clustering approach to increase the efficiency and 
scalability under ubiquitous computing environment. 
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Abstract. Gas pipelines are exposed to the danger especially in bridges, roads 
and subway construction areas. It can cause leakage accidents from the stress 
and vibration changes and it can threaten human’s life. To avoid that, the gas 
pipelines should be monitored continuously. The system of stress estimation 
using MEMS (Micro electro mechanical system_ wireless tilt sensor has been 
developed and has been evaluated by a lob test bench. 

Keywords: MEMS, gas pipeline, tilt sensor, stress, wireless communication. 

1 Introduction 

In the roads and subway construction sections, pipelines are hung by beams and are 
exposed for a long time so, quite a number of risk factors are expected to be involved 
on the construction such as a gas explosion [1, 2]. Some companies are measuring the 
stress on the pipelines using strain-gage. However, it is hard to utilize the strain-gage 
on the pipelines. Also, the construction areas are huge to utilize the strain-gage on the 
pipelines. When the wireless tilt sensor which is based on the MEMS is used, it can 
be an easy way to estimate the stress on the pipelines [3, 4]. In this study, the system 
of stress estimation for the exposed pipelines using wireless tilt sensor has been 
developed and has been tested by a lab test bench which is based on real environment 
of the construction areas. 

2 The Theory of Stress Estimation Using MEMS Tilt Sensor  

The stress can be estimated, when the slope is known, equation (1) and (2) are shown 
the relationship between the stress, moment, and slope [5, 6]. To estimate the stress, 
the slope is measured my wireless title sensor. The slope is used to make the 
polynomial equation by curve fitting.  Difference between the polynomial equation and 
the result is multiplied by Young’s modulus and moment of inertia and the result is 
moment. It is possible to estimate the stress by substituting moment in the equation (2). 
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Fig. 1 represents the exposed gas pipeline which is hung by a beam. The wireless 
tilt sensors are installed on the pipeline at regular intervals. There is no necessity for 
sensors to install at same intervals. However, it will be helpful to equip the sensors 
with pipelines in a danger zone. When the external force is applied on the pipeline, 
the pipeline has the deflection which can be measured by wireless tilt sensor. The 
curve fitting is used to interpolate the slope. When the slope is interpolated, it has to 
be third-order polynomial. Also, at least four sensors are needed in a section. In the 
Fig. 1, the concentrated load is applied center along the beam. It causes the same 
angle with the opposite sign. In this case, it is possible to interpolate as one equation. 
However, when the concentrated load is got out of the center place, it causes large 
amount of errors to estimate the stress using one interpolated equation. Therefore, the 
slope should be interpolated according to angle which has the same sign. If the slope 
is interpolated by more high order, it could be possible to get the more exact result but 
it needs more many sensors. Furthermore, there is no big difference between the two. 
Therefore, third ordered interpolating polynomial has an advantage. 

 

Fig. 1. Schematic of exposed gas pipeline setting with wireless tilt sensor 

The method of stress estimation has been investigated by ANSYs which is 
commercial program of FEM. In the Fig. 2, the pipeline is applied the force of gravity 
and a concentrated load. The pipeline is fixed at both ends and is applied 98.5 N of 
concentrated load. There is a node which has different interval to examine that there is 
no necessity for sensors to install at same intervals. In a section, there are four sensors 
that have the same sign of angle. The material properties of the pipeline are given by 
Table 1.  
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Fig. 2. Distributed and concentrated loads acting on an exposed gas pipeline 

Table 1. Material properties of the gas pipeline used in FEM analysis 

Outer 
diameter 

Inner  
diameter 

Young’s 
Modulus (E) 

Density 
(ρ) 

0.034 m 0.0275 m 3.5 GPa 1300 kg/m3 

 
To investigate the method of stress estimation, the Von Mises stress that was 

obtained from ANSYS has been compared with the stress that is estimated by the 
method. The ANSYS is used to get the slopes of nodes and then the polynomial is 
interpolated by third order. Equation (3) and (4) are shown the interpolating 
polynomials. 

3562.06012.00151.0)( 2 −+−= xxxf  (3) 

3938.01488.00152.0)( 2 +−−=′ xxxf  (4) 

The third equation is interpolated between 0m and 1m; otherwise, the fourth 
equation is interpolated between 1m and 3m. The interpolating polynomials are 
differentiated and are substituted in equation (2) to estimate the stress. Stress 
comparison between the Von Mises stress that is analyzed by ANSYS and the 
estimated stress as shown Table 2. 

Table 2. Stress comparison 

Node 
Von Mises 

Stress (Pa) 
Stress 

estimation (Pa) 
Error (%) 

 0m 21.193,000 21,193,900 0.0042 

0.25m 12,306,000 12,307,230 0.0010 

0.5m 3,523,100 3,532,812 0.0201 

1.0m 13,675,000 13,679,050 0,0296 

1.5m 8,117,100 8,117,101 0 

2.0m 2,105,800 2,105,824 0.0011 

2.5m 4,358,500 4,358,486 0.0003 

3.0m 11,276,000 11,275,828 0.0015 
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3 The Testing System and Method 

The experimental test bench is mad by aluminum profiler to investigate the method of 
stress estimation. The test bench is about 3 meters long, 0.25 meters wide, and 1 
meter height. To make large slopes, the pipeline is made by aluminum whose material 
properties are given by Table 3. 

Table 3. Material properties of the gas pipeline used in a test bech 

Outer 
diameter 

Inner  
diameter 

Young’s 
Modulus (E) 

Density 
(ρ) 

0.016 m 0.014 m 68.9 GPa 2700 kg/m3 

 
Wireless tilt sensors are attached on the pipeline to measure the slopes. The strain 

gages are installed because of comparing stress values strain gages and the method of 
stress estimation.  

 

 

Fig. 3. MEMS wireless tilt sensor attached on a pipeline of test bench 

The pipeline is fixed at both ends and is applied concentrated load of 17.5 N by a 
weight of 1.8 kg. The estimated stress was compared with measured stress using 
strain gage and ANSYS. The tilt signals have been measured in 30 Hertz and have 
been 100 point moving average filter. 

4 The Result of the Testing  

Fig. 5 represents the stress along the pipeline that is measured in their separate ways. 
The data was calculated the average of the ten times. Furthermore, Fig. 6 represents 
stress at each point. 
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Fig. 4. Stress vs. gas pipeline position 

 

 
Fig. 5. Stress comparison at various positions (0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0 m) 
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On the tests, error rate shows about 13.2% between estimated stress using wireless 
tilt sensor and measured stress using the strain gages. Noise level of ±0.5° from the 
wireless tilt sensor is the major cause of the errors.  

5 Conclusion 

In this paper, the system of stress estimation for the exposed pipelines using wireless 
tilt sensor has been developed and has been tested in a lab test bench. As a result, the 
accuracy of the system is measured about 13.2 percentages. If the safety factor is 
considered and the pipelines are expended, this system will be an easy way to utilize 
in the construction areas. The stress estimation system is expected to measure the 
stress of pipelines inexpensively and effectively. 
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Abstract. Open USN service is USN service to enable enhanced and flexible 
service interoperability and provisioning based on the use of standards 
interfaces. In this paper is to define an open USN service framework, and 
provide reference architecture of open USN service framework. The use of 
standard interfaces of open USN service framework will ensure USN service 
reusability, portability across several USN services, as well as accessibility and 
interoperability by USN application providers and/or developers. This paper 
will contribute to the development and activation of new variety USN service 
by deploying sensor node constructed on variety field or sensor network to 
share and utilize at different service field. 

Keywords: Open USN Service, Semantic, Platform Model, USN, WSN. 

1 Introduction 

The ubiquitous sensor network (USN) is a well-known keyword in ICT area and 
many SDOs are developing standards for USN and other similar technologies. 
However, USN services are not widely spread yet because current USN services 
require user or application developer to have knowledge of sensors and sensor 
networks for using USN services or developing USN applications. For example, if a 
user wants to know the current temperature of Geneva, user should have the 
information about to which sensors or sensor networks he has to request the sensed 
data. Also, the user has to know how to interpret sensed data he gets. It is the reason 
that each USN service use proprietary data format for sensor data, as well as 
proprietary application programming interfaces (APIs) for developing USN 
applications [1]. 
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Even with USN middleware which can provide commonly required functionalities 
by many types of USN applications and services, user has to search, collect, analyse 
and process the sensed data by himself.  Also, many sensed data cannot be shared or 
reused by users or systems.  These are the limits of current USN services and by 
giving ability of catching the meaning of sensed data and ability of analysing the 
sensed data these limits can be overcame. 

The support of an open USN service framework aims to provide flexible and 
efficient capabilities base on the use of standard interface to USN applications and 
services, thereby enabling USN applications to take full advantage of the USN 
capabilities such as users or application developers do not need any knowledge on 
sensors or sensor networks to use USN services or develop USN applications. The 
main purpose of open USN service framework are to provide easy access to the global 
USN resource and sensed data, installation and connection of low-cost sensors,  
development and distribution of various applications, and use of the USN resource 
and sensed data [1]. 

2 Open USN Service Framework 

2.1 Overview of Open USN  

Unlike current individual USN service, open USN service opens sensing information, 
application program interface (API), and USN resources to provide the environment 
where the user or the service provider can easily use the USN service and develop 
new services. 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Current USN service framework and open USN service framework [1] 

2.2 Opening Sensing Information 

Opening the sensing information collected from USN resources is to share such 
information for other services. To share sensing information, the sensing information 
needs to be expressed and defined using semantic technology and so forth. Defined 
sensing information must be managed by open USN service platform and can be used 
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to provide additional information in connection with external Linked Open Data 
(LOD). 

2.3 Opening API 

The opening of API means providing a single interface to users through standardized 
API. It avoid APIs that require complicated procedures or the acquisition of new 
knowledge/technology and avoid direct exposure to the processing method for, 
expression of, and query for semantic data that users can hardly access, but instead 
provide the function to intermediate it within open USN service platform in order to 
allow developers and users can easily access the information or service provided by 
open USN service using open API. 

2.4 Opening USN Resources 

Opening USN resources allows users to use USN resources through a variety of 
service platforms. Generally, the direct user access to USN resources would be 
blocked due to security reasons, however, sharing through secure service platform 
would be allows. 

3 Proposed Open USN Service Scenario 

3.1 Scenario Using Multiple USN Resources 

The scenario using multiple USN resources is the service scenario supported by  
the opening of USN resources. A variety of USN resources can be shared according to 
the standardized interface between service platform and USN resources, and the 
composite information can be provided to a specific service by obtaining required 
information from a variety of USN resources as in (Figure 2). The scenario using 
multiple USN resource in (Figure 2) is as follows. 
 

- Step 1: The user requests the service platform for a specific service. 
- Step 2: The service platform which received user request checks USN resources 

required to respond to service request and collects sensing information from a 
variety of USN resources shared through standardized interface 

- Step 3: The service platform processes the sensing information collected and 
response to user. 

The user's service request in this scenario can be analyzed and processed by the 
service platform. Also, the USN resource shared temporarily to process a specific 
request can be managed in a group (USN resource community) in order to cope with 
other similar service requests. 
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Fig. 2. Scenario using multiple USN resources [2] 

3.2 Scenario Using Multiple Service Platforms 

The scenario using multiple service platforms is the service scenario supported by 
open API. The user can use a variety of service platforms through the same API based 
on the standardized API between service platform and user. In this scenario, the third 
service provider can easily create and provide a new service by integrating a variety 
of existing service platforms and USN resources. The scenario using multiple service 
platforms in (Figure 3) is as follows. 

Fig. 3. Scenario using multiple USN resources [2] 

- Step 1: The user requests a number of service platforms for service through the 
standardized API. 

- Step 2: After receiving user request, each service platform checks USN resources 
required to respond to service request and collects sensing information from USN 
resources through the standardized interface. 

- Step 3: Each service platform processes the sensing information collected and 
response to user. 

In this scenario, the user can become the third service provider. In other words, it 
enables the provision of a new service using a variety of shared service platforms and 
USN resource. 
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3.3 USN Resource Registration Scenario 

USN resource registration scenario is the scenario to easily register new USN 
resource to the service platform and provide services. The USN resource registration 
scenario in (Figure 4) is as follows. 

Fig. 4. Scenario using multiple USN resources [2] 

 
- Step 1: When new USN resource is installed, the USN resource is registered to 

the service platform according to the standardized procedure. 
- Step 2: The user requests the service platform for specific service. 
- Step 3: The service platform which received user request checks USN resources 

required to respond to service request and collects sensing information from 
shared USN resources through standardized interface. 

- Step 4: The service platform processes the sensing information collected and 
responds to user. 

 
This scenario provides the function that allows anyone to install and share USN 

resources. This allows users to use the individually owned USN resources as though 
they are social networking services. In this scenario, the plug and play (PnP) based 
USN resource management function can be used to eliminate complexity in 
registering and using USN, the biggest constraint in activating USN service. 

4 Conclusion 

Unlike current individual USN service, open USN service opens sensing information, 
application program interface (API), and USN resources to provide the environment 
where the user or the service provider can easily use the USN service and develop 
new services. 

In this paper is to define an open USN service framework, and provide reference 
architecture of open USN service framework. The use of standard interfaces of open 
USN service framework will ensure USN service reusability, portability across 
several USN services, as well as accessibility and interoperability by USN application 
providers and/or developers. This paper will contribute to the development and 
activation of new variety USN service by deploying sensor node constructed on 
variety field or sensor network to share and utilize at different service field. 
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Abstract. The ubiquitous sensor network is a well-known keyword in 
information and communication technology area and many standards 
development organizations are developing standards for USN and other similar 
technologies. However, ubiquitous sensor network services are not widely 
spread yet because current ubiquitous sensor network services require user or 
application developer to have knowledge of sensors and sensor networks for 
using ubiquitous sensor network services or developing Ubiquitous Sensor 
Network applications. In this paper describes Use-cases and Service Modeling 
Analysis specific to the support of open ubiquitous sensor network service 
framework.  

Keywords: Open USN Service, Semantic, Platform Model, USN, WSN  

1 Introduction 

In current individual USN service architecture, specific USN resources are dependent 
on specific service platform and the user is also dependent on the API the specific 
service platform provides. In individual USN service architecture, there are many 
limits in using already developed USN resources as the public infrastructure not to 
mention the inability to use such resources in other services. 

For this, it is necessary to develop an open USN service architecture to use the 
USN resources developed in the past and to be developed in the future as the public 
infrastructure. The open USN service architecture enables the sharing of USN 
resources and service platform through the standardized interface between USN 
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resources and service platforms and the standardized API between service platform 
and user. Also, it combines shared USN resources to provide multiple services. The 
support of an open USN service framework aims to provide flexible and efficient 
capabilities base on the use of standard interface to USN applications and services, 
thereby enabling USN applications to take full advantage of the USN capabilities 
such as users or application developers do not need any knowledge on sensors or 
sensor networks to use USN services or develop USN applications. The main purpose 
of open USN service framework are to provide easy access to the global USN 
resource and sensed data, installation and connection of low-cost sensors,  
development and distribution of various applications, and use of the USN resource 
and sensed data [1,2]. 

In this paper describes Use-cases and Service Modeling Analysis specific to the 
support of open ubiquitous sensor network service framework. 

2 Overview of Open USN Service Framework 

Open USN Service is a common sensor network middleware platform over 
heterogeneous USN (Ubiquitous Sensor Network) for USN service applications [2]. 
Open USN Service provides various functionalities for sensor network service 
applications. Main functionalities are sensor network abstraction using sensor 
network common interface, query optimization, integration of data from various 
sensors, sensor network monitoring, and intelligent sensor data processing such as 
event handling and sensor data mining [2,3]. Wired and wireless sensor network 
connect to Open USN Service middleware platform using a sensor network adaptor. 
Each sensor network adaptor must implement a sensor network abstraction protocol 
called the sensor network common interface that is proposed as an interface protocol 
between a sensor network middleware and sensor network field applications in Open 
USN Service middleware platform [2,3]. 

Open USN Service operates like a sensor database that contains various sensing 
values of multiple sensor networks conceptually. It provides an SQL-like query to 
gather sensing values in sensor network applications. The query processor and 
optimizer performs the aggregation and filtering of sensing value stream data, and 
provides user-friendly SQL-like query to service API. The sensor network directory 
service provides the static metadata and dynamic metadata of sensor network 
components – sensor networks, sensor nodes, transducers, and related hardware 
specifications based on sensor network physical configuration. The sensor network 
dynamic metadata are the link quality between nodes, parent node’s id, node’s battery 
level, node’s location and so on. The sensor network monitor monitors variable state 
or values of sensor networks connected to middleware and it updates these dynamic 
metadata using sensor network directory service’s API [2,3]. 

3 Proposed Open USN Service Framework Model 

Open USN service shall be able to provide the following services. 
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- The service that allows the user to easily access the sensing information without 
noticing USN technology 

- The service that allows the user to easily purchase and install the sensor and 
connect to the network 

- The service that allows ordinary developers to develop a variety of services using 
the sensing information using open API 

- The service that allows anyone to easily use the semantic processed high value 
sensing information 

The open USN service must satisfy the following requirements in order to provide 
said services 

 

 

Fig. 1. Reference architecture of open USN service framework [2] 

 
Interface FE providing open USN service framework interfaces to 3rd party USN 

application and service providers for open USN service. LOD linking FE providing 
the capability importing external LOD data to open USN service framework. 
Semantic inference FE providing logical group management for satisfying 
applications’ service requests. Resource group management FE providing 
management capability on USN resources to grouping or ungrouping for the general 
purpose. RDF translation FE providing translation capability from raw sensed data 
collected from USN middleware into semantic USN data format in a form of RDF. 
Semantic USN repository FE providing general purpose repository for Semantic USN 
data. Semantic query FE providing query capability (e.g., SPARQL – Query 
Language for RDF) for Semantic USN repository and USN middleware. Resource ID 
management FE providing management capability for Resource ID. Resource catalog 
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FE providing information regarding USN middleware and USN resources. Adaptation 
FE providing capability to reuse other USN middleware [1]. 

4 User-Case for Open USN Service Platform 

4.1 Use Case for Already Installed USN Resources: Fish Farm Monitoring 
Service 

Figure 2 shows a use case for a fish farm monitoring service when it is assumed that 
USN resources for this service are previously installed and connected to open USN 
service framework. The purpose of this service is to provide fish wholesalers with a 
kind of solution based on open USN service framework to figure out the followings: 
how to find and monitor tuna farming information in real-time and how to buy tuna 
raised in the cleanest environment [1]. 

Fig. 2. Use case for already installed USN resources [1] 
 
The steps to accomplish this use case are: 1) Query about a tuna farm monitoring 

service through the Interface FE by the Application. 2) Interpret query meaning by the 
Semantic query FE. 3) Discover requested USN resources from the Semantic USN 
repository FE (assume that B and C USN resources are discovered). 4) Request 
sensed data to the USN middleware via the Adaptation FE by the Semantic query FE. 
5) Collect sensed data from the USN middleware (in this case, from B and C USN 
resources) via the Adaptation FE. 6) Store sensed data, which are translated into RDF 
format by the RDF translation FE, on the Semantic USN repository FE. 7) Create 
inference data by the Semantic inference FE and store these data on the Semantic 
USN repository FE. 8) Provide contents including sensed and inference data by the 
Semantic query FE from the Semantic USN repository FE[1]. 
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4.2 Use Case for Dynamically Installed USN Resources: Pet Management 

Figure 3 shows a use case for a pet management service when it is assumed that users 
start to install USN resources for this service. 

Fig. 3. Use case for dynamically installed USN resources [1] 

The purpose of this service is to provide pet owners with a kind of solution based 
on open USN service framework to solve how to take care of their pet while they are 
away on a trip for a while.  

The steps to accomplish this use case are: 1) Install (or register) USN resources 
such as sensors (e.g., illuminant, humidity, gas, temperature sensor, camera, etc.) and 
actuators (e.g., electronic curtain/window, water/feeding machine, air conditioner, 
etc.)  to the open USN service framework by the USN middleware via the 
Adaptation FE as follows. 2) Assign resource IDs of USN resources by the Resource 
ID management FE. 3) Store metadata of USN resources collected through USN 
middleware, which are translated into RDF format by the RDF translation FE, on the 
Semantic USN repository FE. 4) Query about a pet management  service through the 
Interface FE by the Application. 5) Interpret query meaning by the Semantic query 
FE. 6) Discover requested USN resources from the Semantic USN repository FE 
(assume that these USN resources cannot be found). 7) Create logical groups of USN 
resources by the Resource group management FE. 8) Store these data, which are 
translated into RDF format by the RDF translation FE, on the Semantic USN 
repository FE. 9) Remaining steps are same with from (4) to (8) step in the fish farm 
monitoring service. 
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5 Conclusion 

USN (Ubiquitous sensor network) is one of rising technologies in IT convergence 
domain. USN is a core technology in environmental monitoring such as air/water 
quality, radiation and traffic noise. Useful information gathered from sensor network 
is become to information silo because of USNs are operating tightly coupled with 
sensor application until now. Sensor data representation formats in these sensor 
networks are various, and cannot understand the meaning of sensing value in other 
applications. Therefore, sensing values and information must be shared and provided 
additional information for other applications [2,3]. 

In this paper is to define an open USN service framework, and provide reference 
architecture of open USN service framework. The use of standard interfaces of open 
USN service framework will ensure USN service reusability, portability across 
several USN services, as well as accessibility and interoperability by USN application 
providers and/or developers. The proposed semantic open USN service platform 
model is supporting semantic expression and interoperability of sensing value and 
related information, and we can share semantic sensor information in other sensor 
applications. This paper will contribute to the development and activation of new 
variety USN service by deploying sensor node constructed on variety field or sensor 
network to share and utilize at different service field. 
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Abstract. The performance of ensemble, including AdaBoost, is determined by 
accuracy and generalization ability. However, the currently available 
AdaBoost’s weak learners mostly show high accuracy but rather low generali-
zation ability. In this paper, we introduce three requirements that weak learners 
must satisfy in order to improve generalization ability of AdaBoost. Then, we  
propose w-delta learning rule based neural network(NN) as a weak learner that 
satisfies those requirements. Through experiments, we show that the proposed 
method improves generalization ability while maintaining the high accuracy. 

Keywords: AdaBoost, Generalization ability, W-delta learning rule. 

1 Introduction 

In machine learning, supervised learning serves as a way to find a hypothesis that can 
resolve a given problem. However, it is extremely difficult to find a hypothesis  
with excellent generalization ability. On the other hand, ensemble utilizes multiple 
hypotheses in order to generate a better hypothesis. That is, ensemble combines a 
number of weak classifiers to produce a strong classifier. 

AdaBoost [1], which is the most commonly used ensemble, generates a set of weak 
classifiers called weak hypothesis. Each of these weak classifiers is generated by a 
weak learner. The decision tree and kernel based NN are mostly used weak learner for 
Adaboost. However, decision tree is facing with the difficulty of determining an  
appropriate number of trees and size of each tree that can reduce generalization error. 
And kernel method is facing with the difficulty of determining an appropriate number 
of centers and width of kernel that can maximize the classification accuracy. The root 
cause of these difficulties is that the requirements for weak learners to improve  
both classification accuracy and generalization ability are not aptly suggested nor 
sufficiently satisfied. Maintaining a good trade-off relationship between accuracy and 
generalization ability is a challenge not only for boosting but also for machine  
learning [2]. When these two elements are balanced well, AdaBoost can finally per-
form at its full potential. However, the currently available AdaBoost’s weak learners 
are not providing adequate solutions to overcome this challenge. 
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In this paper, we analyze requirements for weak learners to improve the generaliza-
tion ability of AdaBoost and propose a w-delta learning rule based single-layer NN as 
a weak learner for AdaBoost.  

2 Background 

2.1 AdaBoost 

AdaBoost is a meta learning algorithm that provides a high performance by boosting 
weak classifiers. AdaBoost’s weak learners generate weak classifiers based on weight 
distribution which shows training samples’ level of importance. As shown in Table 1, 
at each round  weak learner trains weak classifier ℎ  that minimizes misclassifica-
tion errors for the given training samples and their weight distribution . This  
follows the calculation of  that signifies the importance of the chosen ℎ . As noted 
in Table 1, we can see that  is inversely proportional to ℎ ’s misclassification error 

. ( ) is decreased if ℎ  correctly classifies the corresponding training samples 
and increased if it misclassifies. That is, it assigns a high distribution for the hard 
examples that remained at round  so that it can successfully select ℎ  that allows 
it to correctly classify them in the subsequent round + 1. In the end, the final classi-
fier  is a weighted majority vote of  weak classifiers where  is the weight as-
signed to ℎ . 

Table 1. AdaBoost algorithm 

Given : Set of labeled training samples   (x , ), ⋯ , (x , ), ℎ x ∈ X, ∈−1, +1  

Initialize weight distribution : ( ) = , = 1, ⋯ ,  

For = 1, ⋯ ,  
(1) Use weak learner to train weak classifier on training samples & distribution  
(2) Get weak classifier ℎ :X → −1, +1  with error  = ∑ ( ) ≠ ℎ (x )  
(3) If  ≥ , then stop, else Set =   

(4) Update ( ) =  ( ) ×      ℎ (x ) =          ℎ (x ) ≠     

Output : the final classifier   

 (x) = ∑ ℎ (x)  

2.2 Delta Learning Rule 

ADALINE is a well-known single-layer NN. The delta learning rule which is de-
scribed in Eq. (1), applied in ADALINE is a data adaptive technique for deriving a 
MSE solution which bases on an iterative gradient descent algorithm.  

w =  w +  (  − )z  (1)
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3 Requirements for Weak Learner 

As an essential requirement for ensemble to ensure increased accuracy of a classifier, 
Hansen and Salamon have suggested that the classifier must be slightly more accurate 
than random guesses and must be diverse [3]. What it means by classifier being  
diverse is that the misclassifying patterns should be different from each other. Moreo-
ver, for weak learners to be utilized by AdaBoost more effectively, weak learners 
must be able to generate weak classifiers based on training samples’ distribution. 

Accuracy. Wickramaratna et al. suggested that AdaBoost can provide its maximum 
performance when weak learners are moderately weak [4]. AdaBoost is designed to 
improve overall performance by using committee of weak classifiers that learn from 
different characteristics of training samples in training data space. However, because 
of the fact that AdaBoost gives more emphasis on hard samples and outliers, it tends 
to over-fit training examples. If hard examples and outliers - which can be a small 
portion of the whole - are overly emphasized, the rest of rather important samples’ 
features can be overlooked and result in decreased performance of the final classifier. 

Diversity. Learning algorithm is said to be unstable when a small change in training 
samples brings a relatively much impact on classification accuracy [5]. C4.5 [6] 
which is used to generate decision tree is a prime example. On the other hand,  
learning algorithm is said to be stable when a small change in training samples hardly 
impacts on its classification accuracy (e.g., SVM [7]). Ensemble can be used to  
increase the performance of classifiers generated from unstable algorithm. However, 
for classifiers generated from stable algorithm [8], some studies have shown that en-
semble can also be used to increase their accuracy but the performance improvement 
only applies to the limited type of data, compared to the unstable algorithms.  

The reason why unstable algorithm, which generally shows poor performance, has 
a room to improve the classification ability through boosting is that it has ensured a 
wide variety of weak classifiers while stable algorithm is restricted from increasing 
the classification ability due to lack of diversity. When classifiers that comprise en-
semble are diverse, even if a classifier misclassifies a specific sample, since other 
classifiers can correctly classify the sample, in the end, it can be correctly classified 
through ensemble. 

Use of Samples’ Distribution. As previously mentioned, weak learner must take the 
samples’ distribution into account. This can be done in two ways - reweighting and 
resampling [1]. Some studies have shown that resampling produces better perfor-
mance than reweighting. However, we believe that resampling is less efficient than 
reweighting in a way that it must resample according to samples’ distribution after 
each iteration. Although it is possible that weak learner which cannot handle samples’ 
distribution can be applied to AdaBoost, it is suggested to use weak learner which can 
handle samples’ distribution as it provides better computational efficiency. 
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4 Proposed Weak Learner 

4.1 W-delta Learning Rule 

As shown in Eq. (1), the learning rate( ) of delta learning rule plays an important role 
of determining how much of given samples to apply to learning. If  is too large, 
delta learning rule can experience divergent oscillations and increase errors. If  is 
too small, the learning itself can take up very long computation times [9]. 

Table 2. W-delta learning algorithm 

Given : Set of labeled training samples with distribution (x , , ), ⋯ , (x , , ) 

(1)  Calculate largest eigenvalue  of training samples 
(2)  Transform  to optimal learning rate  = ( )  

           ℎ  : , ⋯ ,  →  0, ⋯ ,  
(3)  Train for  times for all training samples w =  w + ( − )z  

Output : trained neuron’s weight  

 
Since delta learning rule is based on the steepest decent algorithm, the maximum 

stable learning rate is <  and it uses a fixed  for the duration of training pro-

cess [10]. Here,  is the largest eigenvalue of training samples’ covariance ma-
trix. 

If samples and samples’ distribution are provided, the suggested w-delta learning 
rule calculates  to find a stable learning rate. Then the function  (in Table 2) 
transforms the samples’ distribution so that it falls into the range of stable learning 
rate. We adopt log-sigmoid function to this transformation in order to make w-delta 
learning rule produce loosely correlated weak classifiers. Since log-sigmoid function 
emphasizes on high distribution more than low distribution, the w-delta learning rule 
reflects the samples which previous classifiers misclassified to learning as much as 
possible and, at the same time, applies the samples which previous weak classifiers 
correctly classified to learning as little as possible. Therefore, it generates loosely 
correlated classifiers. The function  is described in Eq. (2), where  is the slope 
parameter and  is the mean vector of training samples. ( ) =  2 11 +  ( x)  (2)

Also, since the transformed samples’ distribution ′ is always less than maximum 
stable learning rate, it prevents from causing divergent oscillations. If w-delta learning 
rule is used as a weak learner, it can generate weak classifiers that can classify  
samples with high distribution properly.  
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4.2 Improvement of Generalization Ability 

Unlike Table 1, AdaBoost that uses w-delta learning rule does not set the number of 
weak classifiers( ) in advance. Since w-delta learning rule generates weak classifiers 
using the actual samples’ distribution, as rounds continue to repeat, it can generate 
weak classifiers that classify samples with high distribution well. 

The weak classifier that is generated at the point where AdaBoost over-fits samples 
has a high chance of misclassifying the most of training samples with low distribu-

tion. Such weak classifiers will have ≥  and end algorithm. Hence, due to the fact 

that w-delta learning rule uses the samples’ distribution, AdaBoost can produce  
classifiers with high generalization ability (i.e., AdaBoost does not over-fit samples). 

5 Experiment and Result 

In this section, we compare the suggested w-delta learning rule based 
AdaBoost(AdaBoostw − delta) with decision tree based AdaBoost(AdaBoostDT). Ten  
benchmark data sets from UCI Repository and STATLOG are used to evaluate the  
generalization ability and accuracy of the proposed algorithm.  

Table 3. The experimental result of AdaBoostDT and AdaBoostw-delta 

Data set 

% Correct (# Weak classifiers) 

AdaBoostDT  
AdaBoostw-delta 

Splits # = 2 Splits # = 3 Splits # = 4 
australian 8855..55((50) 8833..77((110000)) 8833..11((55)) 8855..22((55)) 
b. cancer 94.1(20) 95.3(100) 95.9(50) 9988..88((55)) 
diabetes 72.1(5) 71.1(100) 68.9(20) 7799..44((44)) 
german 75.6(20) 74.8(5) 75.2(50) 7744..66((1133)) 
heart 76.1(10) 76.1(20) 76.1(50) 8855..22((66)) 
ionosphere 90.9(100) 94.9(50) 91.4(20) 9966..00((88)) 
l. disorders 72.9(50) 68.2(10) 69.4(100) 6666..33((55)) 
spambase 92.4(100) 93.0(50) 92.9(100) 8888..88((2244)) 
spect 69.1(5) 71.1(5) 68.0(5) 7799..44((44)) 
s. junctions 92.6(100) 92.4(50) 91.4(5) 9933..11((88)) 

In Table 3, the result of applying AdaBoostDT for the data set show that it is  
difficult to find an appropriate number of trees and splits that indicates the highest 
accuracy for each data set. For most of data set, it shows a high accuracy when the 
number of trees (number of weak classifiers) is at least 10 or more. For AdaBoostw-

delta, we did not use a fixed number of weak classifiers due to the characteristic of the 
suggested method. We can confirm that the generalization ability is improved while 
keeping the number of weak classifiers below 10 for most data sets and maintaining 
the similar accuracy compared to the result of AdaBoostDT. 

If weak classifiers are tightly correlated, their misclassifying patterns are similar to 
each other. This means that a final classifier will need a number of weak classifiers.  
It will only need a much smaller number of weak classifiers, if their misclassifying 
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patterns are uncorrelated. AdaBoost has a tendency of over-fitting data. This causes 
generating excessive number of weak classifiers in order to properly classify training 
samples. Conversely, because the method proposed in this paper uses NN to train 
samples that base on distribution, it was possible to produce the similar accuracy to 
the method of using decision tree even with a small number of weak classifiers.  
Diversity of decision tree and NN is similar because they are unstable algorithms. 
But, in our proposed method, we use the nature of single-layer NN where its decision 
boundary is directly determined by training sample. Therefore, we can confirm that 
the suggested method improves the generalization ability of AdaBoost using a small 
number of classifiers as shown through the experiment. 

6 Conclusions 

In this paper, we identified three requirements that weak learners must satisfy to im-
prove the performance of AdaBoost. Then we designed w-delta learning rule that 
overcomes the problem of existing weak learners and suggested w-delta leaning rule 
based single-layer NN as AdaBoost’s weak learner. 

Among the requirements mentioned above, the diversity is the most important fac-
tor for weak learner. So, we adopt single-layer NN to avoid over-fitting. The proposed 
method has more diversity than other studies because w-delta learning is able to  
generate loosely correlated weak classifiers through uncorrelated training samples  
and transformed distribution. Conclusively we described how the proposed method 
satisfied the identified requirements for weak learner and, through experiment, we 
confirmed that it maintained the same high accuracy as the existing methods and yet 
improved generalization ability significantly. 
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Abstract. A wireless, battery-powered, stationary camera sensor network  
optimizes trade-off between extending its lifetime and enhancing its sensing ac-
curacy by activating only a desirable camera subset for given targets in a timely 
fashion. This paper models this selection problem in a cooperative bargaining 
game based on the serial dictatorial rule, where cooperative sensors sequentially 
decide their mode between “sleep” and “active” in descending order of their 
bargaining power. Simulated resource overheads and the concerned perfor-
mances, network lifetime and sensing accuracy are given as well.  

Keywords: sensor scheduling, coverage, cooperative bargaining game, serial 
dictatorial rule. 

1 Introduction 

Since the demand to cost-efficiently extract meaningful information about multi-
targets moving inside a wide area has increased in surveillance areas, networks of 
wireless, battery-powered, field-of-view (FoV) overlapping, stationary camera sen-
sors have been widely employed due to such sensors' cheapness and handy installa-
tion [1]. The sensors more seriously suffer from their limited capabilities on  
bandwidth, lifespan, computation, and storage than other wireless sensors do because 
they deal with not only 2D points of the locations of given targets but high-dimension 
data sets of their richer information from images [2]. Thus, it is required to efficiently 
activate only selected cameras which collectively optimize the coverage of given 
targets in a timely fashion, called Camera Selection (CS). 

To solve this CS problem, this paper aims at that every camera sensor can autono-
mously select its mode between “sleep” and “active” only with local knowledge to 
optimize the collective coverage of given targets for advanced target analysis, beyond 
just tracking. As in [3, 4], each of multiple parties, cameras in the paper, should  
cooperatively bargain for an optimal collective coverage. Our CS utilizes the serial 
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dictatorial rule, by which more preferred cameras are prioritized to select their mode 
in earlier steps, for efficient computation. The remainder discusses not only our  
proposed serial dictatorial rule-based cooperative game for CS in detail but its  
required overheads and resulted network performances in multi-camera multi-target 
simulations. 

2 Game Modeling for CS 

Consider c cameras, indexed i, statically deployed and t targets, indexed j, randomly 
moving inside a geographical area. We also assume that any two cameras directly 
communicate with each other if their FoVs are overlapping. We call these cameras 
neighbors. The locations of cameras are initially calibrated, whereas those of targets 
are speculated by any object localization algorithm of [5] as needed and then are 
known to their associated cameras for successive target location estimation. Given 
estimated locations of targets, every camera i expects its set of observable targets in 
its FoV, Ti. 

Saying that mi represents the mode of camera i between 0 for sleep and 1 for ac-
tive, we formulate the target utility of target j by i given mi, the camera utility of i 
given mi, and the global target utility of j given {mi}j, the mode set of cameras whose 
FoV contains j as in (1), (3), and (4), respectively, as follows. ( ) = min∈ \ (θ ) (1)

 (θ ) = 1sin( θ ) θ ≥ 90θ < 90 (2)

( ) = ( )∈  (3)

{ } = ( ){ } (≤ 1) (4)

Unlike scalar sensors, camera sensors have the following particular characteristics. 

i. Due to the 3D-to-2D projection of photographing, the occlusion amongst 
multiple targets in one’s FoV obstructs extracting the targets’ information 
[2, 3]. 

ii. The interaction analysis amongst multiple targets provides more meaningful 
information about the targets beyond their locations [6]. 

Equations (1) and (3) respectively represent i. and ii. More specifically, j’s target 
utility of (1) stands for the least likelihood that j is observed without any occlusion  
in i’s FoV according to i’s mode. Since the greater θ , the more alleviated the  
occlusion between j and  j', we define the distinction probability between images 
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simultaneously taken by j and  j', as (2) for θ , the included angle between the i-to-j 
vector and the i-to-j' vector, and A, the scaling factor by relying on a sine curve. To 
evaluate i’s contribution for the interaction analysis of Ti according to mi, i’s camera 
utility is given as the sum of every j’s target utility over ∈  as in (3). Given all the 
modes of every camera whose FoV contains j, the likelihood that j is observed by the 
cameras in total is employed as j’s global target utility by (4), whose upper bound is 
set to 1. Then, all the cameras cooperatively tend to maximize their payoff, the global 
utility defined as ( ) = ∑ ({ } ) for appropriate {mi} for every camera i. 

3 Serial Dictatorial Rule-Based Bargaining Solution 

According to [7], the serial dictatorial rule is a sequence of dictatorial rules conducted 
by individual players whose exercising order is statically arranged by their bargaining 
powers. By evaluating camera utilities given as in (3), we consider that a camera is 
more bargaining-powerful than another if it observes more targets less occluded in the 
corresponding safe region. Given every mode of its more bargaining-powerful camer-
as determined, when a camera faces its order to choose a mode, the one maximizing 
its payoff, that is Ug, is selected by the dictatorial rule under the assumption that the 
others which have not decided their modes sleep. This bargaining process is serially 
carried out until every camera decides its mode with communicating with neighboring 
cameras as follows. 

1. Order cameras by their camera utilities. 
Given estimated locations of Ti, every camera i computes the target utilities of 
every target in Ti and its own camera utility assuming mi = 1 and share them with 
its neighboring cameras. Then, i finds its position in the dictatorial ordering  
list of it and its neighbors in descending order of their camera utilities, while  
initializing the mode set for the list, Mi = {0}. 

2. Select the current mode. 
Prior to mode selection, every i waits for all the modes of the more bargaining-
powerful neighbors to be announced while updating Mi if it is not the first of  
the list. Otherwise, it instantly takes its mode by (5) for ,  is the target j’s  

associated subset of Mi where only the mode of $i$ is replaced by mi. 

= 10 ℎ ∑ , − , > 0∈
 (5)

Only if i can improve the total of the global target utilities for every target of Ti 
by its contribution, it decides to be active. In other words, a camera covers its 
FoV only if at least one target in its FoV is not sufficiently observed for the  
moment, which means that it needs not to be responsible for the targets already 
well-covered by other cameras. After this mode decision, i announces its selected 
mode followed by that i and every neighbor, termed i', updates Mi' with i’s new 
mode and drops every j such that , = 1 obtained by the new Mi' from Ti' 
for rapid computation. 
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This local reasoning with limited knowledge soundly and completely extends  
maximizing Ug for the following Lemma. 

Lemma 1. For every camera i with its mode mi, it always holds that ( ∗) − ( ∗, ) ≥ ( , − , )∈  

where M* is the bargained mode set for every camera, m-i is the opposite mode of mi, 
M*,-i is the mode set where only mi is replaced by m-i in M*, and Mi,,j is i’s assumed 
mode set of i and i’s neighbors associated with target j for the bargaining process. 

Proof. The following equation (6) holds by the global utility definition, and (7) is 
derived since the change of camera i’s mode effects only the global target utilities of 
every ∈ . As ∗ and ∗,  are respectively restated as ,  and , , we need 

to show that (8) always holds for every i with Ti  for our claim in the following two 
different cases. 

( ∗) − ( ∗, ) = ( ∗ − ∗, ) (6)

 = ( ∗ − ∗, )∈  (7)

( ∗ − ∗, )∈ ≥ ( , − , )∈  (8)

(a) Case of ( , ) = (1, 0) 
When i decides its mode as active with assuming that every mode for its less 
bargaining-powerful cameras in its neighbors is sleep, it believes that it can im-
proving the global target utility of any in Ti. Let us say that {j'} is the target set 
each global target utility of which is actually raised by i. The difference by the 
i’s mode change is given as follows. ( )∈ \{ }  (9)

Since any of less bargaining-powerful neighbors could be active to contribute to 
improve the concerned global target utilities, ∗  is likely to have more or equal 
active cameras than Mi,j'. Thus, (8) is valid. Also, (9) is always greater than or 
equal to 0 by the definition of the target utility, which eventually leads to that ( ∗) ≥ ( ∗, ) is valid. 

(b) Case of ( , ) = (0, 1) 
When i decides its mode as sleep, it believes that every  ∈  is sufficiently 
covered by more bargaining-powerful neighbors, which derives 



 Serial Dictatorial Rule-Based Games for Camera Selection 479 

 

∑ , − , = 0∈  by (8). Similarly, it holds that ∑ ,∗ − ,∗, = 0∈  regardless of the other modes in  ∗. Thus, 

(8) as well as ( ∗) = ( ∗, )  is valid in this case, too. 

Therefore, the selected mode by (5) with limited knowledge for every camera op-
timizes the global utility by Lemma 1. 

4 Simulations and Analysis  

4.1 Simulation Environment and Results 

We test our proposed approach in the following simulation environment. 

− 16 stationary cameras of A = 2 are deployed under the maximum neighboring 

density d = 7 and calibrated in a square-shape area of 230ⅹ230 cells as in Fig. 

1a. 
− In a scenario, 10 targets freely move inside the area under speed of 15 cells per 

time for 1000 times. 
− Given target locations at the previous time instance, every camera cooperatively 

computes the expected current target locations. 

Fig. 1 presents three examples of two successes and one failure with the initial camera 
deployment. Whereas distantly located targets in general are covered as in Fig. 1b, 
Cameras 3 and 5 collectively monitor their observable targets closely located as  
in Fig. 1c because they could be occluded in the FoV of Camera 5. Due to wrongly 
given previous or differently estimated current locations of the targets, cameras may 
miss targets as Cameras 7 and 9 or be redundantly active as Camera 15 in Fig. 1d. 

 

    
(a) Cameras with FoVs   (b) Distantly located  (c) Closely located        (d) Error case 
                           targets                targets 

Fig. 1. Camera deployment and three examples of two successes and a single failure with 16 
cameras and 10 targets 

After 100 random scenario tests, we have obtained the average numbers of active 
cameras, of missing targets, and of redundantly active cameras as 6.2, 0.32, and 0.85. 
Defining the network lifetime as the time that has elapsed until targets are covered by 
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at least one sensor [8], we can expect that a network lives 2.6 (=16/6.2) times longer 
on average by ours than without any selection technique. Also, 0.32 missing targets 
and 0.85 redundantly active cameras on average indicate that our proposed approach 
works well over wrong location estimation, which necessarily occur in any existing 
localization techniques. 

4.2 Complexity Analysis 

Since we consider wireless cameras, we cannot help discussing the resource over-
heads required by our proposed method. By our design, for each time instance, energy 
consumption happens by the following operations: 

1) sensing and image processing; 2) processed data transmitting; 3) estimating 
target locations at the current time instance; 4) exchanging target locations by 
broadcasting; 5) computing utilities; 6) exchanging utilities by broadcasting; 7) 
selecting the mode; and 8) exchanging selected modes by broadcasting. 

Operations 1) and 2) are conducted by only active cameras and ours activates 0.39 
(=6.2/16) times less cameras as it extends the network lifetime. O(td) communication 
is dissipated for 4) and 8), and the computation complexity for 3) is known as O(t2) 
[9]. Each target utility, each camera utility, and each global target utility respectively 
consumes O(t), O(t2), and O(td) computation, which leads to O(t2+td) computation for 
5) and the same amount of communication for 6). Given such utilities, a camera de-
cides its mode by searching in the O(t) space for 7). 

The energy consumption of camera sensors is dominated by 1) and 2) due to the 
enormous size of image data [2, 10]. Thus, ours can be viewed as fairly competitive if 
targets are not highly crowded in any of FoVs. 

5 Conclusion 

The paper models a CS in a cooperative bargaining game, where every participating 
camera serially optimizes the global utility only with local knowledge based on the 
serial dictatorial rule. The simulated results have presented that ours extends the net-
work lifetime and works well over limitedly accurate target locations as well as that 
ours is energy-efficient for uncrowded targets. 
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Abstract. Group key exchange protocols are cryptographic algorithms that 
describe how a group of parties can communicate with their common secret key 
over insecure public networks. In 2013, Olimid proposed an improved group 
key transfer protocol based on secret sharing, and claimed that he eliminated the 
flaws in Sun et al.’s group key transfer protocol. However, our analysis shows 
that the protocol is still vulnerable to outsider and insider attacks and does not 
provide known key security. In this paper, we show a detailed analysis of flaws 
in the protocol. 

Keywords: key exchange protocol, group key transfer, secret sharing, attack, 
confidentiality. 

1 Introduction 

Secure group communications over public networks require that all group participants 
have to share a common secret key. This shared secret key, called the session key, is 
used to expedite authentication, confidentiality, and data integrity services. Group key 
transfer protocols are designed to achieve the fundamental security goal that no one 
except the group participants can establish the session key. Over the years, various 
protocols [1,2,3,4,5,6,7,8,9] have been proposed to achieve the fundamental goal of 
securely distributing a session key among a group of n participants. 

Recently, Sun et al. presented a group key transfer protocol based on secret sharing 
instead of encryption algorithm [8]. The protocol only needs the server to broadcast 
n+1 messages at once in a round of distribution and all of the legal users only need to 
store one secret share in all conversations regardless of new addition or someone’s 

                                                           
 *

 This research was supported by the MSIP(Ministry of Science, ICT&Future Planning), Korea, 
under the C-ITRC(Convergence Information Technology Research Center) support program 
(NIPA-2013-H0301-13-3007) supervised by the NIPA(National IT Industry Promotion 
Agency). 

** Corresponding author. 



484 M. Kim, N. Park, and D. Won 

 

walkout. In addition, a simple computation is enough for each user to obtain the key. 
However, due to a flaw in Sun et al.’s protocol design, the protocol fails to achieve 
the fundamental security goal. In 2013, Olimid showed that Sun et al.’s protocol is 
susceptible to insider attacks and violates known key security and proposed an 
improved version of the protocol that eliminated the flaws of the original protocol. In 
this work, we provide a security analysis on the improved group key transfer protocol. 
Our analysis shows that the protocol still has flaws in the design and can be easily 
attacked. We present insider attack, outsider attack and failure of  known key 
security on the protocol. 

This paper is organized as follows: Section 2 reviews Olimid’s group key transfer 
protocol. Section 3 presents security analysis of the protocol. Finally, Section 4 
concludes this work. 

2 Olimid’s Group Key Transfer Protocol 

This section reviews an improved group key transfer protocol [9]. The protocol 
assumes a trusted key generation center (KGC) who provides key distribution service 
to its registered users, and consists of two phases: user registration, group key 
generation and distribution. The protocol adopts the following derivative secret 
sharing scheme. 

Derivative Secret Sharing 
Phase 1: Secret sharing 

1. KGC splits S into two parts n times: = + ′ = + ′ = ⋯ = +
′ . 

2. KGC sends  the share ′ , i=1,2,…,n, respectively in a secure channel. 

Phase 2: Reconstruction 
1. KGC broadcasts the shares , = 1,2, … , , at once when users want to 

recover the secret. 
2.  regains S by computing = + ′ . 

The derivative secret sharing reduces the mutual dependence on others. Detailed steps 
of these phases are described as follows. 

2.1 Olimid’s Protocol 

Let U   be a set of all users who can participate in the protocol. The users in any 
subset of U   may run the protocol to establish common session key. 
Phase 1: User registration: Each user is requested to login to KGC for subscribing 
the group key distribution service. During registration, KGC shares a long-term secret 
′  with each user ∈U  . 



 Security Analysis on a Group Key Transfer Protocol Based on Secret Sharing 485 

 

 

Fig. 1. An execution of Olimid's protocol (described from Step 3) 

Phase 2: Group Key Generation and Distribution:  

1. The initiator, a designated user of the group, requests for a group key 
distribution service by sending KGC { , , … , }, which contains the 
identities of the registered users , , … , , in current session.  

2. KGC broadcasts the list of all participants according to the above received 
message as a response. 

3. Each , i=1, … , t  sends a random challenge  to KGC. 
4. KGC randomly selects S and α to generate the group key =  for 

current service and then invokes derivative secret sharing to split S into two 
parts t times such that = + ′ = + ′ = ⋯ = + ′ . KGC then 
computes: = { , , ( , , ′ , , )}  and Auth=H(K, , … , , , … , , , … , , ). At last, KGC broadcasts 
{ , … , , ℎ, } to the users at once. 

5. After receiving , ℎ, and α,  computes ℎ = ( , , ′ , , ), 
where  and  are from , ′  is the shared long-term secret stored 
by ,  as chosen in step 3. And then  checks whether or not h is equal 
to the corresponding part in . If any of the checks fails,  aborts; 

Otherwise, computes ′ = ′ ∗ / ,  ℎ′ = ( ′, , … ,, , … , , , … , , ) and checks whether or not ℎ′ is equal to 
Auth. If so, then ′ is the correct group session key K which is distributed 
by KGC.  
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6. Each user  returns a value ℎ′ = ( ′ , ′, , … , , , … , , ) to KGC. 
KGC computes ℎ = ( ′ , , , … , , , … , , ) with its own ′  and K, 
and checks whether or not ℎ′ = ℎ . This review confirms that every user in 
current session has obtained the correct group key. 

3 Security Analysis 

In this section, we analyze the security features of the improved group key transfer 
protocol based on secret sharing described in Section 2. The fundamental security 
goal of a key exchange protocol is to ensure that no one other than the intended users 
can compute the session key. But, Olimid’s protocol fails to achieve this fundamental 
security goal. We describe this security vulnerability of the improved group key 
transfer protocol. 

3.1 Outsider Attack 

To an outside adversary, his motivation is to obtain the group key or share the group key 
with group participants. In the following analysis, we can see that his aim is come true. 
 
Method 1: 

1. The adversary A can grasp , , … , , ℎ, and  from the broadcast 
channel between KGC and authorized users . 

2. Since A knows  = , , , , ′ , ,  ( = 1,2, … , ), A 
is able to obtain ( , , ′ , , ). 

3. Using the grasped values , , , and α, A is able to obtain ′  from ( , , ′ , , ) by guessing attack. 

4. Thus, A is able to calculate the session key = ′ ∗ / . 
 
Method 2: 

1. A can grasp , , … , , ℎ, and  from the broadcast channel between 
KGC and authorized users  . 

2. From = , , , , ′ , ,  ( = 1,2, … , ) , A is able to 
obtain  and . 

3. Using the grasped values Auth, , … , , , … , , , … , ,and , A is able to obtain the session key K From ℎ = ( , , … , , , … , , , … , , ) by launching a 
guessing attack. 

3.2 Insider Attack 

Every inside user in Olimid’s protocol is expected to reconstruct the group key but 
know nothing more extra information. However, our analyses show that malicious 
inside user  can forge the return response  ( ′ , ′, , … , , , … , , ) and   
impersonate  as following. 



 Security Analysis on a Group Key Transfer Protocol Based on Secret Sharing 487 

 

Method 1: 
1. A can grasp , … , , , … , , ℎ, and  from the broadcast channel 

between KGC and authorized users . 
2. Since A knows = , , , , ′ , ,  ( = 1,2, … , ), A is 

able to obtain ( , , ′ , , ). 

3. Then, A knows , , , and , A is able to obtain ′  from , , ′ , ,  by guessing attack. 

4. Using the obtained ′ , malicious inside user  can forge the ′  response 
message ( ′ , ′, , … , , , … , , ).  

 
Method 2: 
Let ∈U  be an authorized user for a session ( ), ′  be his long-term secret, ( ) ⊆ U    be the qualified set of participants of the session, ( ( ) ( )) ∈ ( )  
be the values that were broadcasted as part of ( ) ∈ ( ) in step 4 , and ( ) =( ) be the session key. 

1. The participant  is qualified to determine ( )  session key as: ( ) = ′ ∙ ( ) ( )/ ( ). 
2. Since ( ) ( ) and ( ) are public, he is able to compute 

′
, for all ∈ ( ):  

′ = ( ) ∙ ( )/ ( ) ( ). 
3. Suppose that  is unauthorized to recover ( ) session key, ( ) ≠ ( ). 

But, he can eavesdrop the exchanged messages, then he is able to compute ( ) = ( ) ( )/ ( )  for all ∈ ( ), where ( ) ⊆U   is the 
qualified set of parties of the session  ( ).  

4. The inside adversary  can find the key ( )  of the session ( ) as: ( ) = ′ ∙ ( ) = ′ ( )  where ∈ ( ) ∩ ( ) .  Thus, an 
insider is able to compute any session key under the assumption that at least 
one authorized participant for both sessions exists.  

5. Then, the inside adversary is able to obtain others’ secret shares  ′  ( =1, … , ). 
6. Since  knows (ℎ, , , ′ , , ),  is able to forge a ′s response 

message ℎ = , , ′ , , . Thereafter,  is able to impersonate 
. 

Unlike to the Olimid’s claim, his improved group key transfer protocol is still 
vulnerable to insider attacks. 

3.3 Known Key Security 

Suppose an adversary owns a session key ( ) . We also assume that he had 
previously eavesdropped values ( )  in step 3, ( ) ( )  and α  from the 
broadcasted message in step 4 of session ( ), then he is able to compute ( ) =
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( ) ( )/ ( ) for all ∈ ( ). Because the session key ( ) is exposed, he 

can also compute the long term secret 
′
, for all ∈ ( ): ′ = ( )/ ( ). 

Let ( ) be any previous or future session that has at least one common qualified 
participant  with ( ), i.e. ∈ ( ) ∩ ( ) . As before, the adversary 
eavesdropped  ( ) , ( ) ( ) , α  and computed ( ) = ( ) ( )/( ). 

The adversary can now recover the key ( ): 
( ) = ′ ∙ ( ) = ′ ( ). 

Therefore, an adversary is able to disclose any session key under the assumption that 
a session key has been compromised. 

4 Conclusion 

In 2013, Olimid proposed an improved group key transfer protocol based on a special 
secret sharing scheme [9]. He claimed that his improved protocol eliminated insider 
attack and provided known key security. However, our analysis shows that any inside/ 
outside adversary can obtain the session key and impersonate legal users. Therefore, 
the improved protocol does not meet the fundamental security goal. Future work 
could be undertaken to remedy Sun et al. [8] and Olimid protocols. 
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Abstract. A cyber attack is deliberate exploitation of computer systems, 
technology-dependent enterprises and networks. Cyber attacks use malicious 
code to alter computer code, logic or data, resulting in disruptive consequences 
that can compromise data and lead to cybercrimes, such as information and 
identity theft. Cyber attack is also known as a computer network attack (CNA). 
Cyber attacks occurred targeting banks and broadcasting companies in South 
Korea on March 20. The malware involved in these attacks brought down 
multiple websites and interrupted bank transactions by overwriting the Master 
Boot Record (MBR) and all the logical drives on the infected servers rendering 
them unusable. It was reported that 32,000 computers had been damaged and 
the exact amount of the financial damage has not yet been calculated. More 
serious is that we are likely to have greater damages in case of occurring 
additional attacks, since exact analysis of cause is not done yet. APT(Advanced 
Persistent Threat), which is becoming a big issue due to this attack, is not a 
brand new way of attacking, but a kind of keyword standing for a trend of 
recent cyber attacks. In this paper, we show some examples and features of 
recent cyber attacks and describe phases of them. Finally, we conclude that only 
the concept of security intelligence can defend these cyber threats. 

Keywords: Cyber Attacks, Security Intelligence, MBR, APT, Threat. 

1 Introduction 

Advanced persistent threat (APT) usually refers to a group, such as a foreign 
government, with both the capability and the intent to persistently and effectively 
target a specific entity. The term is commonly used to refer to cyber threats, in 
particular that of Internet-enabled espionage using a variety of intelligence gathering 
techniques to access sensitive information, [1] but applies equally to other threats 

                                                           
*  This research was funded by the MSIP(Ministry of Science, ICT & Future Planning), Korea 

in the ICT R&D Program 2013. 
**  Corresponding author. 



490 Y. Kim, I. Kim, and N. Park 

such as that of traditional espionage or attack[2]. Other recognized attack vectors 
include infected media, supply chain compromise, and social engineering. Individuals, 
such as an individual hacker, are not usually referred to as an APT as they rarely have 
the resources to be both advanced and persistent even if they are intent on gaining 
access to, or attacking, a specific target[3]. 

APT(Advanced Persistent Threat), which is becoming a big issue due to this attack, 
is not a brand new way of attacking, but a kind of keyword standing for a trend of 
recent cyber attacks[1]. Originally, this word was used as a type of specific security 
threats in US Air Force, but it has been recognized as a new paragon of cyber attacks 
since stuxnet, which is a malware being used to hack Iran’s nuclear power facilities, 
was found. Stuxnet greatly impacted the society to show the possibility that cyber 
threats, regarded as one of the group activities for political end before, can paralyze 
industry control system and cause a large-scale of financial damages.  

After stuxnet, similar cyber attacks have occurred all over the world. In 2009, 
Operation Aurora being used to leak secrets and falsify source codes from more than 
30 huge firms such as Google, Adobe, and Juniper, became a diplomatic issue 
between US and China, since, US claimed that Chinese hackers took lead attacks 
using this malware, Operation Aurora, but China denied and criticized US. Hacking 
groups such as Anonymous or LulzSec claiming to stand for Hacktivism have 
attacked HBGary, a security company, US agencies of FBI and CIA, and subsidiaries 
of SONY. In 2011, The Night Dragon hacking attacks were targeted at some of the 
world’s largest petrochemical companies, including Shell, Exxon Mobile, BP, 
Marathon Oil, ConocoPhillips, and Baker Hughes. Numerous critical data in gas and 
oil area were leaked by this attack. Additionally, EMC/RSA, a security company, was 
attacked by cyber terror using social engineering methods and classified data of 
SecureID, OTP(One-Time Password) solution, was stolen. In March of the same year, 
more than 150 French diplomats' computers were attacked and Paris G20 files were 
stolen in cyber attack. Furthermore, around 760 firms, including almost 20 percent of 
the top Fortune 100 companies in the US, turned out to have suffered similar cyber 
attack, under investigation of hacking case which Lockheed Martin, America's largest 
defense contractor, was attacked by massive cyber attack.  

We can find some domestic examples of cyber attack at ease. 7.7 DDoS attack and 
3.4 DDoS attack occurred at July of 2009 and March of 2011 targeting popular web 
pages and portals, and caused economic losses of 0.4 million dollars. NH’s online 
network paralysis with long-term penetration had become a big issue, because NH’s 
banking services delayed for a few days, and had given rise to need of forensic 
readiness[2]. Additionally, in 2011, a cyber terror thought to be jamming of North 
Korea had caused paralysis of wireless networks in northern part of Seoul for a while, 
and we had become to know that North Korea’s cyber offensive skills are as good as 
or better than their counterparts. Actually, a reporter of Fox news said that North 
Korean military has around 30,000 electronic warfare specialists and they have 
become the elite core of the military. He also said that the regime now culls the 
brightest students from the nation’s universities and funnels them into special secret 
schools that concentrate on hacking and developing cyber warfare programs, and 
North Korea has the capability to paralyze the US Pacific Command and cause 
extensive damage to defense networks inside the US. 
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Features of recent cyber attacks are as follows. First, it penetrates an exact target 
and steals critical data using intelligent security threats like zero-day attacks or 
rootkits. A zero-day attack or threat is an attack that exploits a previously unknown 
vulnerability in a computer application, meaning that the attack occurs on "day zero" 
of awareness of the vulnerability. This means that the developers have had zero days 
to address and patch the vulnerability. Zero-day exploits (actual software that uses a 
security hole to carry out an attack) are used or shared by attackers before the 
developer of the target software knows about the vulnerability[6]. A rootkit is a 
stealthy type of software, often malicious, designed to hide the existence of certain 
processes or programs from normal methods of detection and enable continued 
privileged access to a computer. The term rootkit is a concatenation of "root" (the 
traditional name of the privileged account on UNIX OS) and the word "kit" (which 
refers to the software components that implement the tool). The term "rootkit" has 
negative connotations through its association with malware[4]. Second, it makes 
progress in the long term patiently and stealthily not to be discovered by target’s 
defense system. The time required to complete mission can be a couple of months or 
years, but it could be longer if we consider periods of making plans and preparing 
attacks for achieving goals. Finally, it is performed having goals with serious impact 
of stealing critical information related militaries, politics, economies, etc., or 
paralyzing industry control systems, not simple goals like showing hacking powers  
or leaking someone’s banking accounts. In above instances, it is highly likely that 
well-financed groups or some countries’ intelligence services are involved.   

2 Typical Phases of Cyber Attacks 

Recent cyber attacks have the following phases to achieve goals: Reconnaissance, 
Preparation, Targeting, Further Access, Data Gathering, and Maintenance[5].  

Reconnaissance is a phase of passively gathering information about their target to 
identify the best targeting method. This may include research into the location of the 
target’s offices, the location of their computers, technologies used by the company, 
how they communicate (between offices, with customers, suppliers and shareholders), 
their employees, their employees’ contact details, interests and contacts.  

Preparation is a step of developing and testing appropriate tools and techniques to 
target their intended victim. This may include scanning to determine vulnerabilities, 
writing malicious code or acquiring code, drafting socially engineered emails, 
determining which email account to send socially engineered emails from, acquiring 
necessary hardware (such as USB flash drives), determining what infrastructure to use 
to launch the attack and for command and control communications, registering for 
and setting up necessary accounts (email addresses, callback domains etc.) and 
conducting testing.  

In targeting step, the attacker launches their attack and monitors for signs of 
compromise or failure. The sender may attempt to connect remotely to a server to 
exploit a vulnerability, strategically place a USB flash drive or give one to a target, 
send socially engineered emails and if possible, check for bounce back notifications, 
monitor command and control infrastructure for beaconing activity from the victim, 
try to connect inbound to the potentially compromised computer, or await feedback 
from an insider.  
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Once an attacker has successfully gained access to a computer network they will 
usually need a phase of further access to try to identify where in the network they are 
and move laterally within the network to access data of interest and to install 
additional backdoors. This will usually require a return to step 2 (Preparation) and 
step 3 (Targeting), the upload of tools and malicious software, privilege escalation, 
network enumeration and identification of vulnerable hosts on which to install 
backdoors. It may also involve gaining access to the domain controller to obtain 
password hashes, covering tracks by altering logs, and accessing mail or file servers 
to enable data gathering. Once an attacker has identified information of interest they 
will try to gather this information and exfiltrate it. They may do this using a ‘smash 
and grab’ approach, trying to exfiltrate the desired data before it is detected, or they 
may opt for a ‘low and slow’ approach in which they exfiltrate the data in small 
quantities over a longer period. Once an attacker has gained access to a network for 
information gathering purposes they will usually attempt to maintain their access. 
This may involve minimizing the amount of malicious activity they generate on the 
network to avoid detection, periodically communicating with backdoors on the 
network to ensure they are working as intended, and making changes as appropriate. 
If automated data gathering tools are in use, it may also involve modifying search 
terms or the exfiltration path, volume or frequency.  

Maintenance also requires maintaining callback domains and any intermediary 
infrastructure used to communicate with the backdoors. If access is lost, the attacker 
may return to step 1 (Reconnaissance) or step 2 (Preparation) in an attempt to regain 
access. 

3 Security Intelligence 

Since it could hardly defense recent diverse cyber threats using conventional 
platform-based analyzing technologies like IDS/IPS, there is a need for a newly 
defending way, a concept of Security Intelligence. It is an advanced analysis 
technology for security information, improving security intelligence by analyzing 
relations of data and security events being generated from networks, systems, and 
applications of IT infrastructures, in order to respond unknown fatal attacks including 
APT. Gartner group, an information technology research and advisory company 
providing technology related insight, has a concept that Security Intelligence is a 
methodology having interaction among various security technologies and defines it as 
context-based analysis technology combining information from diverse sources and 
having relations among them[6]. Thus, they assess the notion of Security Intelligence 
is presented as a form of context-aware security in the short term, and it will be 
continued for about 10 years. Additionally, they prospect that it is expected to be a 
spying out method for unknown attacks by analyzing relations of diverse 
characteristic factors of network, outside the pale of pattern-based threat control 
methods being used in conventional security products. 
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4 Conclusion 

Cyber attacks occurred targeting banks and broadcasting companies in South Korea 
on March 20. The malware involved in these attacks brought down multiple websites 
and interrupted bank transactions by overwriting the Master Boot Record (MBR) and 
all the logical drives on the infected servers rendering them unusable. It was reported 
that 32,000 computers had been damaged and the exact amount of the financial 
damage has not yet been calculated. More serious is that we are likely to have greater 
damages in case of occurring additional attacks, since exact analysis of cause is not 
done yet. APT(Advanced Persistent Threat), which is becoming a big issue due to this 
attack, is not a brand new way of attacking, but a kind of keyword standing for a trend 
of recent cyber attacks. In this paper, we show some examples and features of recent 
cyber attacks and describe phases of them. Finally, we conclude that only the concept 
of security intelligence can defend these cyber threats. 
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Abstract. A PoS system immediately obtains the data related to the sale at the 
time and place of purchase. It provides an initial interface for the credit card 
transaction to happen. Due to its dealing with sensitive data such as credit card 
information, many relevant organizations have been trying to suggest security 
standards. However, there still is no PoS system that guarantees security, which 
results in a lot of hacked PoS systems in different countries. This paper intends 
to draw out security functional requirements for a PoS system based on the CC, 
which can be used as a reference for its security evaluation. 

Keywords: Protection Profile, CC(Common Criteria), PoS(Point of Sale),  
Security Requirement, Vulnerability. 

1 Introduction 

In April 2010, the police identified an international hacker group that hacked into the 
PoS systems for a credit card, which are widely deployed in restaurants and gas sta-
tions, and leaked the customers’ credit card data abroad so that they were re-leaked to 
49 countries and used to make counterfeit cards. The police reports said that there 
have been accidents related to a PoS system, where credit card data stored in the PoS 
systems in restaurants and gas stations were leaked by hacking or secret information 
stored in the magnetic of a credit card was automatically leaked to an email at the 
time of payment by a malicious program. More than 100,000 credit cards’ data have 
been leaked outside the country since the second half of 2009. Leaked credit card data 
cases keep being reported since 2007, with damages to dozens of stores so far. The 
aspect of data leak used to be simple as direct drain of database containing the credit 
card information but now has evolved into real-time leak through an email at the  
point of payment. Though several organizations are trying to draw out a guideline for 
improvement of PoS systems, most stores are still using the systems with vulnerabili-
ties. Since researches on developing a PP for PoS systems have been limited to a PoS 
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terminal, which is only a part of a PoS system[1], there is no guidance on dealing with 
vulnerabilities of the other components. 

This paper draws out basic security functions that a PoS system should have from 
the Common Criteria (CC) to suggest a protection profile, which will be used as guid-
ance in developing and evaluating a PoS system and hopefully help reduce crimes that 
occur through the system. The rest of the paper is organized as follows: In Section 2, 
we review related works. In Section 3, we propose the protection profile for PoS  
System. In Section 4, we present our conclusions. 

2 Related Work 

2.1 CC and Protection Profile 

The Common Criteria for Information Technology Security Evaluation (Common 
Criteria or CC) is an international standard (ISO/IEC 15408) established with the 
objectives to integrate various evaluation standards from different countries and allow 
mutual recognition of the evaluation results between the countries that agrees on the 
idea[2][3][4]. The CC provides a special construct called Protection Profile (PP). 
Whereas an ST always describes a specific TOE, a PP is intended to describe a  
TOE type (e.g. firewalls). The same PP may therefore be used as a template for many 
different STs to be used in different evaluations. A PP must contain a PP introduction, 
conformance claim, security problem definition, security objectives, extended  
components definition, and security requirements. [2][3][4] 

3 Security Problem Definition 

This section defines the security problem. The security problem definition consists of 
three subsections, threats, organizational security policies and assumptions. The 
process of deriving the security problem definition falls outside the scope of the CC[2]. 

Threats. This subsection of the security problem definition shows the threats that are 
to be countered by the TOE. A threat consist of a threat agent, an asset and an adverse 
action of that threat agent on that asset[2]. The specification of threats should include 
all threats detected up to now, if it is not done the TOE may provide inadequate pro-
tection. In other words, if the specification of threats is insufficiency, the assets may 
be exposed to an unacceptable level of risk. So we reviewed most related papers and 
reports ([5,6,7,8]). In the result, we derive the threats in Table 1. 

Organizational Security Policies(OSP). The organizational security policies define 
rules and policies of organization, supporting the TOE security, which operates the 
TOE. The organizational security policies for this paper are described in Table 1. 

Assumptions. The assumptions are “givens” regarding secure usage of the TOE 
and necessary conditions in order to guarantee completeness of the TOE security, 
because the TOE cannot support all security functions. So we reviewed most related 
papers and reports ([5,6,7,8]). In the result, we derive the minimum assumptions for 
this protection profile in Table 1 
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Table 1. Security Problem Definition 

THREAT DESCRIPTION 

T.Stored Data Disclo-
sure 

A threat agent may disclose, modify, or delete the TSF data stored 
in the TOE(e.g. credit card information, authentication data, etc.) 
in an unauthorized way. 

T.Overgenerated Log 
Record 

A threat agent may get information from excessively generated 
log records of the TOE.(PoS Terminal Only) 

T.Undergenerated Log 
Record 

TSF data may be exposed during the operation of the TOE due to 
a function that does not generate a log. (PoS Terminal Only)  

T.Recovery 
A threat agent may try to recover deleted TST data of the TOE 
using a commercial tool. 

T.Transferred Data 
Disclosure 

A threat agent may disclose, modify, or delete the TSF data being 
transferred from/to the TOE in an unauthorized way. 

T.Unauthorized Access 
A threat agent may access the TOE by masquerading as an autho-
rized administrator. 

T.Consecutive Authen-
tication Attempt 

A threat agent may access the TOE by consecutively attempting 
authentication. 

T.TOE Access NW 
A threat agent may cause outflow, deletion, or fabrication of the 
user data and TSF data stored in the TOE through network. 

T.System Compromise 
A threat agent may interrupt the execution of the TOE by launch-
ing an attack against the TOE or its operational environment. 

OSP DESCRIPTION 

P.Data Policy Setup 
In case of collecting and storing card data, establish a policy on the 
storage and destruction of the data, based on which to restrict the 
capacity and period of storage in business, law, and regulations. 

P.PCIDSS A TOE administrator shall follow the PCIDSS policy.

P.Data Policy Setup 

In case of collecting and storing card data, establish a policy on 
the storage and destruction of the data, based on which to restrict 
the capacity and period of storage in business, law, and regula-
tions. 

P.Audit 
To trace responsibilities on all security-related activities, all 
security-related events shall be recorded; the recorded data shall 
be maintained and reviewed. 

P.PCIDSS A TOE administrator shall follow the PCIDSS policy. 

ASSUMPTION DESCRIPTION 
A.NW Access Control In order to protect the internal network where the TOE is in-

stalled, a policy to protect wired/wireless network will be estab-
lished, which requires installation and maintenance of a security 
system such as firewall. The security system will cut off traffic 
that does not comply with specified security policies and control 
access to the PoS and branch server. 

A.Physical Security A branch server, which is a part of the TOE, will be located in a 
physically secure environment that can only be accessed by an 
authorized administrator. A PoS terminal, which is also a part of 
the TOE, will be fixed to a place. 

A.Trusted Admin An authorized administrator of the TOE is not malicious, receives 
proper training on the TOE management functions, and follows 
the administrator guidelines. 

A.OS Enhancement Services or means not required by the TOE will be removed from 
the operating system and vulnerabilities of the operating system 
will be fixed properly to ensure its reliability and stability.  
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Table 1. (continued) 

NAME DESCRIPTION 
A.Default Change The default values provided by a vendor (e.g. default password, 

settings, etc. at the time of release of the TOE) will be changed ac-
cording to the level of security before the installation is complete. 

A.Virus Vaccine SW A system on which the TOE is installed shall have vaccine soft-
ware to block vulnerabilities and malicious viruses inflowing 
through the network. 

A.Minimal Info 
Disclosure 

User’s manual of a PoS terminal does not provide too much infor-
mation, such as its default password, how to reset the terminal, etc. 

A.Security Mainten-
ance 

When the internal network environment changes due to change in 
the network configuration, host increase/decrease, service in-
crease/decrease, etc., the changed environment and security policy 
will immediately be reflected in the TOE operational policy so that 
security level can be maintained to be the same as before. 

4 Security Objectives 

Security objectives are intended solution to the problem defined by the security prob-
lem definition. They can be categorized into security objectives for the TOE and for 
the operational environment. The former means security functionality that the TOE 
provides to solve a certain part of the problem, which consists of a set of objectives 
that the TOE should achieve. The latter means technical and procedural measures to 
assist the TOE in correctly providing its security functionality, which consists of a set 
of statements describing the goals that the operational environment should achieve 
[9,10]. The Security Objectives for this paper are described in Table 2. 

Table 2. Objective 

NAME DESCRIPTION 
O.Stored Data 
Protection 
 

The TOE shall protect the TSF data stored in it from unauthorized 
disclosure, modification, or deletion. A PoS terminal provides various 
means of storage, such as static RAM, CF memory, or Hard Disk Drive, 
for the TSF data (e.g. credit card information). The TOE shall be able to 
respond to a threat to the TSF data regardless of the type of storage.  

O.Audit 
 

The TOE shall correctly generate and securely maintain the record of 
all security-relevant events to ensure they can be traced and shall pro-
vide a means to review the records. It shall also provide a function to 
deal with audit data storage exhaustion. 

O.Management The TOE shall provide a means for the authorized administrator of the 
TOE to efficiently manage the TOE in a secure manner. 

O.IA The TOE shall identify and authenticate an administrator that attempts 
to access the data stored in the PoS terminal. It shall detect and deal 
with consecutive authentication failures. 

O.TOE Operation It is guaranteed that the TOE always functions normally. 
O. Deletion TSF data shall be deleted in a way that it cannot be recovered.  
O.Access Control 
Policy 

The user data and TSF data stored in the TOE shall be protected from 
outflow, deletion, or fabrication through network. 
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Table 2. (continued) 

NAME DESCRIPTION 
O.Transferred 
Data Protection 

All TSF data being transferred between PoS systems and those  
transferred for the sake of security management shall be protected from 
unauthorized disclosure and modification. 

OE.Trusted 
Administrator 

An authorized administrator of the TOE is not malicious, receives proper 
training on the TOE management functions, and follows the administrator 
guidelines and protocol. 

OE.Secure 
Management 

The TOE shall be delivered and installed in a secure manner. An autho-
rized administrator of the TOE and authorized user in the operational 
environment shall configure and manage the TOE in a secure manner. 

OE.OS En-
hancement 

An authorized administrator of the TOE and authorized user in the opera-
tional environment shall fix the vulnerabilities of the OS so that the TOE 
can be tested for its accurate operation and there will be no interference 
between the TOE and other applications. 

OE.NW Access 
Control 

In order to protect the internal network where the TOE is installed, a 
policy to protect wired/wireless network shall be established, which re-
quires installation and maintenance of a security system such as firewall. 
The security system shall cut off traffic that does not comply with speci-
fied security policies and control access to the PoS and branch server. 

OE.Security 
Maintenance 

When the internal network environment changes due to change in the 
network configuration, host increase/decrease, service increase/decrease, 
etc., the changed environment and security policy shall immediately be 
reflected in the TOE operational policy so that security level can be main-
tained to be the same as before. 

OE.Default 
Value Change 

The default values provided by a vendor (e.g. default password, settings, 
etc. at the time of release of the TOE) shall be changed according to the 
level of security before the installation is complete. 

OE.PCIDSS The TOE administrator shall follow the PCIDSS policy. 
OE.Virus Vac-
cine SW 

A system on which the TOE is installed shall have vaccine software to 
block vulnerabilities and malicious viruses inflowing through the network. 

OE.Physical 
Security 

The TOE shall be located in a physically secure environment and pro-
tected from unauthorized access. 

OE.Data Policy 
Setup 

In case of collecting and storing card data, establish a policy on the sto-
rage and destruction of the data, based on which to restrict the capacity 
and period of storage in business, law, and regulations. 

5 Security Requirement 

Security requirements are intended to satisfy the security objectives. The TOE should 
be developed to satisfy the security objectives. Table 3 shows the mandatory security 
functional requirements for a PoS system. 

Table 3. Security functional component 

Security functional class Security functional component 

Security audit 
FAU_ARP.1, FAU_GEN.1, FAU_GEN.2, FAU_SAA.1,  
FAU_SAR.1, FAU_STG.1, FAU_STG.3, FAU_STG.4 
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Table 3. (continued) 

Security functional class Security functional component 

Cryptographic support FCS_CKM.1, FCS_CKM.2, FCS_CKM.4, FCS_COP.1 

User data protection FDP_IFC.1, FDP_IFF.1 

Identification and authenti-
cation 

FIA_AFL.1, FIA_ATD.1, FIA_SOS.1, FIA_UAU.2,  
FIA_UID.2 

Security management 
FMT_MOF.1, FMT_MTD.1, FMT_MTD.2, FMT_SMF.1,  
FMT_SMR.1 

Protection of the TSF FPT_STM.1, FPT_TST.1, FTP_ITC.1, FTP_ITT.1 

TOE access FTA_SSL.3 

6 Conclusions 

Unlike a credit card payment system, this connects to the telephone line, a PoS system 
used in department stores, large stores, shops, franchise restaurants, and gas stations 
processes payment and management through the Internet. More and more people say 
that security should be considered for a PoS system, yet accidents resulting from its 
vulnerabilities keep increasing. This paper derives mandatory security functional 
requirements based on the CC (ISO/IEC 15408) in order to make an objective evalua-
tion of the security of a PoS system possible. It also intends to be used in introducing 
or developing a PoS system, eventually in improving its security.  

References 

1. Pedersen, A., Hedegaard, A.: Designing a Secure Point-of-Sale System. In: Proceedings of 
the Fourth IEEE International Workshop on Information Assurance (IWIA 2006) (2006) 

2. Common Criteria, Common Criteria for Information Technology Security Evaluation; part 
1: Introduction and general model, Version 3.1 R1, CCMB-2006-09-001 (September 2006) 

3. Common Criteria, Common Criteria for Information Technology Security Evaluation; part 2: 
Security functional components, Version 3.1 R2, CCMB-2007-09-002 (September 2007) 

4. Common Criteria, Common Criteria for Information Technology Security Evaluation; part 
3: Security assurance components, Version 3.1 R2, CCMB-2007-09-003 (September 2007) 

5. PCI Security Standards Council “Payment Card Industry Data Security Standard Version 
1.1”, Release 09.07.2006 

6. SPVA “End-to-End Encryption Security Requirements Revision 1.0” (May 27)  
(June 25, 2010)  

7. Dr. Neal Krawets Hacker Factor Solutions “PoS Vulnerability Version 2.0” (August 27, 2007) 
8. PNC SAC, “Security Requirements For an EFTPoS Terminal Version 1.2.1” (March 16, 

2006)  
9. Lee, H.-J., Won, D.: Protection Profile for Data Leakage Protection System. In: Kim, T.-H., 

Adeli, H., Slezak, D., Sandnes, F.E., Song, X., Chung, K.-I., Arnett, K.P. (eds.) FGIT 2011. 
LNCS, vol. 7105, pp. 316–326. Springer, Heidelberg (2011) 

10. Lee, H.-J., Won, D.: Protection Profile for Personal Information Security System. In: IEEE 
TrustCom 2011, pp. 806–811 (2011) 



 

James J. (Jong Hyuk) Park et al. (eds.), Mobile, Ubiquitous, and Intelligent Computing,  
Lecture Notes in Electrical Engineering 274,  

501

DOI: 10.1007/978-3-642-40675-1_75, © Springer-Verlag Berlin Heidelberg 2014 
 

A Probabilistic Timing Constraint Modeling  
and Functional Validation Approach  

to Dynamic Service Composition for LBS 

Weimin Li1, Xiaohua Zhao1, Jiulei Jiang2, Xiaokang Zhou3, and Qun Jin4,3 

1 School of Computer Engineering and Technology, Shanghai University, Shanghai, China 
2 School of Computer, Beifang University of Nationalities, Yinchuan, Ningxia, China 

3 Graduate School of Human Sciences, Waseda University, Tokorozawa, Japan 
4 College of Information Engineering, China Jiliang University, Hanzhou, China 
wmli@shu.edu.cn, {flowerencedew,wjjl2005}@126.com, 

xkzhou@ruri.waseda.jp, jin@ waseda.jp 

Abstract. Location Based Services (LBS) is a kind of real-time service with 
uncertain factors, and its modeling and validation is essential. In this paper,  
with the introduction of probability, we propose a Color Probability-TCPN 
(CP-TCPN) by using the tokens with specific colors as the research objects and 
redefining several relative parameters. We use CP-TCPN to realize modeling and 
functional verification of the dynamic services composition for LBS. Simulation 
result is presented to illustrate the application of CP-TCPN in the modeling and 
analyzing of the real-time system with uncertain factors. 

Keywords: CP-TCPN, Probability, Colors, Service composition, Modeling, 
Functional validation. 

1 Introduction 

LBS is a kind of value-added service that provides services to the users based on their 
geographic location. Nowadays, with the development of the mobile communication 
technology, the positioning technology and the mobile terminal technology, LBS has 
become an indispensable part of people’s daily life. And the research on the modeling 
and function validation for LBS dynamic services composition is becoming a hotspot. 
There have been lots of modeling and functional validation methods, including Petri Net 
and the extension methods based on it, such as PPN (Probabilistic Petri Net) [1], SPN 
(Stochastic Petri Net) [2] and TCPN (Timing Constraint Petri Net) [3]. TCPN was first 
proposed by Tsai et al. [3]. They described the definition, modeling method, analysis 
method and its usage in the real-time system. Lin et al. introduced timing constraint into 
the control process of workflow, validated and analyzed the model with the relative 
theory of TCPN [4]. In order to solve the problem that Time Petri Net and Timed Petri 
Net cannot model and analyze the project performance properly, Yu et al. used TCPN to 
model and analyze the Project Performance [5]. For real-time systems’ modeling and 
analysis, Tsai et al. used TCPN to model the systems and analyze the models’ 
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schedulability, and demonstrated the reliability through a real-time system [6]. In 
addition, TCPN was also used for verification of temporal consistency in Web service 
process [7]. Tsai et al. proceeded a further study on the verification of distributed 
real-time system, and proposed both static and dynamic analysis procedures to verify 
timing properties of distributed real-time systems [8]. However, these methods cannot 
be used in real-time systems’ modeling and functional validation as a whole. 

In this paper, by introducing the probability factors into TCPN and redefining the 
relevant parameters based on PPN, we proposed a new modeling method named Color 
Probability-TCPN (CP-TCPN) which can meet the needs of modeling and functional 
validation for LBS dynamic services composition. In other words, CP-TCPN is 
proposed to model and analyze uncertain real-time systems. By using CP-TCPN, the 
system’s stability could be quantitatively analyzed, and the method can also 
quantitatively evaluate the service composition scheme and calculate the system’s time 
complexity comprehensively. 

2 Color Probability Timing Constraint Petri Nets 

TCPN is six-tuple which was originally proposed by Tsai in 1995 on the basis of Time 
Petri Net and Timed Petri Net. As the probability isn’t considered, TCPN cannot 
describe the real-time systems with uncertain factors, such as LBS. And it also cannot 
quantitatively analyze the probability of the system. In this paper, we propose Color 
Probability-Timing Constraint Petri Nets by introducing probability into TCPN. 

Definition 1. CP-TCPN is eight-tuple through adding the token’s color and 

probability, and the definition is given as follows:  

CP-TCPN=< P, T, F, C, Pro, TC, D, M > 

where TC= {Tmin, Tmax} is the timing constraint interval of places and transitions. In this 
paper, the bound value of the intervals can be adjusted dynamically with the change of 
requests conditions; P= {p1, p2, ……, pn} is the set of places. In the sub-vector pi=<TC, 
C, Pro>, TC is the timing constraint of pi, C represents the color set of pi, and Pro is the 
usage probability of pi. If pi is an output place, the probability is set to 1; T= {t1, t2, ……, 
tm} is the set of transitions; F= {F1, F2, ……, Fk} is the set of arcs that connect the places 
with transitions. In the sub-vector Fj=<PI / PO, Pro>, PI represents the input place set 
of arc Fj, and PO is the set of output places. Pro is the usage probability of Fj, and the 
value of Pro is different along with different firing condition and tokens’ usage; C= 
{c1, c2, ……, cn} is the set of colors. In sub-vector ci=<cond, color, Fc, Tarr(ci)>: cond 
represents the usage conditions of the tokens belonging to the input places with certain 
color, color represents the token ti’s color, Fc is the set of the ti’s corresponding arcs, 
and Tarr(ti) represents the minimum elapsed time before the arrival of token ti with its 
color ci. We explain C with a simple example as shown in Fig. 1.  
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Fig. 1. An example of C (color) in CP-TCPN 

C= {a, b, c,  d, e, f } ；color(t1)=a ,  color(t2)=b , color(t3)=c ； 

c1=<cond1|cond2, a, {F1, F2}, Tarr(c1)>；c2=<cond2, b, {F2, F3}, Tarr(c2)>； 

c3=<cond3, c, {F1, F2, F3}, Tarr(c3)>； 

 
And, Pro is the probability set of the model and the model’s parameters, such as the 
conditions’ fire probability, the selection probability of tokens and arcs, the schedule 
probability of transitions and places, and so on. D is the set of the transitions’ firing 
duration. And the transition firing duration D is redefined as follows. 

i. In this paper, D is a three-tuple D=<Dmin, Dmax, S>: 

Dmin and Dmax represent the minimum and maximum firing duration; S represents the 
probability distribution of the transitions firing moment. The distribution function S 
with its distribution interval is (Dmin, Dmax), which can be mapped to the standard 
normal distribution in the interval (-∞,+∞). In this study, we define S by Eq. (1) 

           (1) 

ii. Supposing the special situation that the firing duration of a transition is smaller 
than Dmin or larger than Dmax will not happen, the firing duration D satisfies Eq. (2). 1                                      (2) 

Finally, M= {M(p1), M(P2), …, M(Pn)} is a set of marking about the tokens with 

n-vector, where the sub-vector M(Pi) represents the amount of tokens in place Pi at a 

specific moment; and M0 is the initial state. Fig. 2 shows a simple example of 

CP-TCPN. 

 

 

Fig. 2. An example of CP-TCPN 

F1 

F3

F2 abc def 

c2 c1 

t1 
f1/Pro(f1) f2/Pro(f2) 

(Tmin(p1),Tmax(p1))/Pro(p1) (Tmin(t1),Tmax(t1))/ D(t1) 

(Tmin(p2),Tmax(p2))/Pro(p2) p1 

p2 
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3 Probability Analysis Method 

Definition 2. Weak schedulable: Analyzing the transition’s schedulability without 
considering the tokens’ arriving time or assuming the tokens’ arriving time of the model 
is same, the transition is weak schedulable if and only if the following inequality is 
established: 

TLFE(tj) - TEFB(tj) ≥ Dmax         (3) 

where TLFE(tj) and TEFB(tj) respectively represents the latest fire ending time and the 
earliest fire beginning time, and their calculating method is given as follows: 

TLFE(tj)=min{min{ Tmax(pi)}, max {Tmin(pi)}+ Tmax(tj)}   (4) 

TEFB(tj)=max{Tmin(pi)}+ Tmin(tj)        (5) 

and pi∈IP(tj)(i =1,2,…,n ). 

Definition 3. Strong schedulable: A transition of the model is strong schedulable if 
and only if the following inequality is established with the consideration of tokens’ 
arriving time: 

T’
LFE(tj)- T’

EFB(tj)≥D’
max      (6) 

where T’
LFE(tj) and T’

EFB(tj) respectively represents the latest fire ending time and the 
earliest fire beginning time, and the calculating method is shown as follows; 

T’
EFB(tj)=max {min{Tarr(ci)}+Tmin(pi)}+ Tmin(tj);      (7) 

T’
LFE(tj)=min{min{max{Tarr(ci)}+Tmax(pi)}, max{max{Tarr(ci)}+Tmin(pi)}+Tmax(tj)}; (8) 

and ci∈pi , pi∈IP(tj)(i =1,2,…,n). 

We define the transition’s firing duration as a time interval, so that we can give a 
quantitative analysis of the transition’s strong schedulability. We name the successful 
firing probability as PFS(ti), and the computational formula is described as follows: 

PFS(ti) =
,

    (9) 

The model’s schedulability analysis is based on the analysis of every transition, and we 
can achieve strong schedulable probability after the probability calculation of each 
transition. But for a large scale model, we need to simplify the model during the 
computing process. Since the generated model only has sequential structure, we can 
achieve the whole model’s reachable probability after necessary calculation.  
 

 
Fig. 3. A model example with probability  

ti

tj

tk

F5F2

F3

F4

F6

F1

(Tmin(pi) Tmax(pi))/Pro(pi)

pi 

… a,b,c 

pj

… d,e,f 

(Tmin (pj) Tmax(pj))/Pro(pj)

(Tmin(ti) Tmax(ti))/D(ti)

(Tmin(tj) Tmax(tj))/D(tj)

(Tmin(tk) Tmax(tk))/D(tk)
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Next, we explain how to calculate the services composition scheme generating 
probability. From the example, we can calculate the services composition scheme 
generating probability accurately. However, at the same time we also need to gather the 
users’ feedback to adjust the relative parameters’ value, because we can achieve a 
changing value of the services composition scheme generating probability. The model 
is shown in Fig. 3. 

Table 1. The token generation probability 

Output token(pj) 

Token Probability 

{d} P(d)= 1×[P1×P1(a)× P1(F1)+ P2×P2(a)× P2(F1)+ P3×P3(c)× P4(F1)] 

{e} P(e)=1×[P1×P1(a)× P1(F2)+ P2×[P2(a)× P2(F2)+ P2(b)× P3(F2)] + P3×P3(c)× 

P4(F2)] 

{f} P(f)= 1×[P2×P2(b)× P3(F3)+ P3×P3(c)× P4(F3)] 

C= {a, b, c,  d, e, f }；color(c1)=a ,  color(c2)=b , color(c3)=c ； 

c1=<cond1|cond2, a, {F1, F2}, 0>；c2=<cond2, b ,{F2, F3},0>；c3=<cond3, c, {F1, F2, F3}, 0>； 

IP(ti)= IP(tj) = IP(tk)={pi}, OP(ti)= OP(tj) = OP(tk)={pj}；pi=<{a, b, c}, 1>, pj=<{d, e, f}, 1>； 

F1=<pi, Pro1>, F2=<pi, Pro2>,  F3=<pi, Pro3>, F4=<pj, Pro4>, F5=<pj, Pro5>, F6=<pj, 

Pro6>; 

D(ti)=<Dmin(ti), Dmax(ti), S(ti)>, D(tj)=<Dmin(tj), Dmax(tj), S(tj)>, D(tk)=<Dmin(tk), Dmax(tk), S(tk)>。 

 
The calculate method of composition scheme generating probability is shown in 

Table 1. 

4 Simulation Result 

In this section, we introduce an application example to illustrate the application of 
CP-TCPN. As shown in Fig.4, in Stage 1, the user sends a request “a” from the 
terminal, and then the system will process the user’s request so that the request will be 
transformed into a proper data series, which is named “b”. At the same time, some 
related components will judge the user’s terminal type: “c” or “d”. Then different 
process method will be given. In Stage 2, the system will generate the users’ location 
information and gather the services that may be needed in the future. The location 
information “f” is gained by the positioning system according to the request “e”. After 
the request and location information is collected, the system will generate the 
composition scheme “M&N” or “G&H” according to the sorting method “m&n” or 
“g&h” (such as price and distance). These schedule schemes “I&J” or “i&j” are 
achieved by connecting the location information with the generated composition 
scheme. 
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In this example, we suppose the time of each transition’s fire duration is 0.05 
minimum and 0.15 maximum. According to Eq. (1), the firing duration’s 
probability-distribution function of each transition can be achieved. The concrete 
method of the strong schedulability analysis and the probability of schedule scheme 
generation of the model described above can be further described as follows. 

A． Strong schedulability analysis 

The probability calculation of every transition’s strong schedulability is computed 
according to Eq. (9). We can linearize the nonlinear model structure and calculate the 
probability of the new model’s reachability through the model’s simplification as shown 
in Table 2, and the reachability probability of the whole model PFS(M) is as following: 

PFS(M)=PFS(Nt3)×PFS(t8)=0.498279 

B． The probability computing method for the schedule scheme’s generation 

During the process of services generation, there are four schedule schemes {I, i, J, j}. 
The generating relation of each token is shown in Fig.4: 

 

Table 2. Model’s simplification 

 

Step1.1 
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Fig. 4. The token generating relation 

Table 3. The probability of each model’s parameters 

Condition 

(cond) 

cond cond2 cond3 cond4 cond7 cond8 cond9 cond10 cond11 cond12 

P(cond) 1 1 1 1 1 1/4 3/4 3/5 2/5 

Color(C) 
C b c d g h m n G H M N 

P(ci) 1 1 1 1 1 1 1 1 1 1 

Arc(F) 

F F3 F4 F7 F7 F12 F12 F15 F15 F15 F15 

Output c d e g&h e m&n G H M N Δ1 Δ2 Δ3 Δ4 

P(Fi) 1/2 1/2 1 1 1 1 1 1 1 1 

 

In the computing process of the model schedule scheme’s generation probability, in 
order to simplify the analysis process, we don’t show the probability of all the arcs and 
colors in Table 3, because the key reason for the final result is just the choice of some 
arcs and tokens with specific color. 

The simulation result indicates that we can achieve that the selection probability of 
Scheme I is the largest as shown in Table 4. Therefore, we can conclude that Scheme I 
is the most widely accepted. When we recommend services composition scheme, 
Scheme I is the first choice. As the factors of the model will be changing with dynamic 
adjustment, the generating probability of each schedule scheme needs to be updated 
constantly. Therefore, the result can reflect the quality and generate situation of each 
services composition or schedule scheme in real time. 

Table 4. The generating probability of each schedule scheme 

Output token(pj) 

token probability 

{i} P(i)= 14×[12×(1/2)× 15×(1/4)×12]=1/8 

{I} P(I)= 14×[12×(1/2)× 15×(3/4)×12]=3/8 

{j} P(j)= 14×[12×(1/2)× 15×(3/5)×12]=3/10 

{J} P(J)= 14×[12×(1/2)× 15×(2/5)×12]=2/10 

a b 

c

d

g
h
e
m
n

G
H
f
M
N

i

I

j

J
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5 Conclusion 

By using the tokens with specific colors in this study, we have proposed CP-TCPN 
based on TCPN by introducing probability. After expounding the differences between 
CP-TCPN and the traditional TCPN, we redefine a set of related parameters, such as 
the place and arc. The probability computing method of the model's schemed 
generation and strong schedulability modeled by CP-TCPN has also been discussed in 
detail. Finally, an application example with simulation result has been presented to 
show the usage of CP-TCPN in real situations. As it is shown in this paper, CP-TCPN 
can quantitatively analyze the model's schedulability through probability factor and 
dynamic composition scheme generations.  
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Abstract. The popularization of smartphones and advances in location-based 
technology have led to the creation of many applications and diverse mobile 
cloud technologies. Augmented reality (AR), which integrates virtual reality 
with the real world, is one of the mobile service technologies that have been 
receiving considerable attention in recent years. This study focuses on AR 
technology, which in conjunction with point of interest (POI) information  
established in a cloud database, enables users to instantly obtain services with 
the camera lenses of their mobile devices. The developed system allows users 
to quickly share AR images and information with others in their social  
networks from their current locations. This work includes social communities, 
photographing, radar detection, and GPS positioning that facilitate various 
human-machine interactions and information searches.  

Keywords: Location-based Services, Mobile Social Network, Augmented  
Reality, Clouding Computing. 

1 Introduction 

With the increasingly wide application of mobile devices, smartphones and tablet 
computers are rapidly becoming integrated into every aspect of life, encompassing 
commercial marketing, scientific and technological industries, car navigation, interac-
tive education, and game development. The scope of application is considerably vast 
and offers many advantages. In recent years, a number of technologies associated with 
augmented reality (AR) have extended to mobile devices. This technology is incorpo-
rated real-world elements into virtual reality. In AR, computer text and image infor-
mation superimposed on images of the real-world environment provide accurate senso-
ry information when users require it. Users can roam through a given space using mo-
bile devices, integrating interaction between the virtual and the physical. AR is eye-
catching in that it emphasizes the interaction between objects and real space. The  
applications and commercial opportunities for this technology are considerable. In this 
study, we developed a cloud database system integrating AR technology and social 
networking. The purpose of this system is to provide users with a location-based  
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service (LBS) platform that supplies employment information. When users aim the 
camera lenses of their mobile devices at their surroundings, photographs are sent to the 
server site using cloud computing. The server site then retrieves and sends back data 
from the database, which is presented on the screens of users’ smartphones or tablet 
computers, enabling them to access point of interest (POI) information corresponding 
to their GPS locations. Subsequently, the screens display job openings within their 
vicinities, presenting the information in AR message boxes. This is an extremely  
convenient system for those seeking employment. 

According to a smartphone market-forecasting report released by the international 
research advisory firm, Gartner, 1.83 billion users are expected to be using their 
smartphones for internet access by 2013. For the first time, exceed that of users ac-
cessing the internet by computer (1.78 billion). The report also predicted that by 2014, 
over 70 billion downloads of mobile applications from App stores will be conducted 
yearly. In the same year, 20% of sales agents will be communicating through social 
networking services instead of through email, and personal cloud services will replace 
personal computers, forming the core of the digital industry. By 2015, approximately 
half of all online sales will originate from social networks and smartphone applica-
tions, and the data storage demands of consumers will be satisfied by free social  
network sites. At present, users are already accustomed to uploading a large number 
of photographs to Facebook. Smartphone usage is growing exponentially, of which 
Android and iOS hold a total market share of over 68%. With the development  
potential of this significant trend in mind, we developed a cross-platform mobile  
employment system using AR technology. This system can be installed in mobile 
devices using the two major operating systems mentioned above. We also integrated 
the social network Facebook, enabling users to share screen information. The popular-
ization and convenience of mobile devices and the integration of AR [5, 8] in this 
study enable users to effectively satisfy their job-hunting needs. During the process of 
job-hunting, people generally utilize the internet to seek for job vacancies, by search-
ing employment websites for example. However, it is hard to provide the job-hunting 
service according to users’ location. We hope that the vast community of mobile de-
vice users can benefit from the convenience of our proposed mobile job-hunting  
system integrated with AR, and have access to employment information at any time. 

2 Related Works 

AR was developed from virtual reality technology, the concept of which originates 
from the “ultimate display” proposed by Professor Ivan E. Sutherland in the 1960s.  
In the following decades, virtual reality has been extended in the form of computer 
graphics, computer simulation, artificial intelligence, and sensing technology. Virtual 
reality uses virtual three-dimensional (3D) images generated by computer graphics to 
create a virtual environment that integrates the visual, auditory, and tactile sensory 
information. Although derived from physical reality, virtual reality does not allow 
users to perceive their physical surroundings. AR was thus created. It enables the  
virtual and the physical to co-exist in the same space. AR does not replace the real 
world; it augments it with virtual images and allows users to perceive the virtual world 
and the real world at the same time. AR [4, 6] comprises computer-generated virtual 
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images that use real-world objects as location coordinates. The images overlap or are 
merged to create a mediated reality that resides between the virtual and the real. Using 
the newly created mediated images, images of the real world can be augmented (or 
modified or diminished). Users can obtain corresponding sensory information [4, 9] 
through related devices (head-mounted displays, retina displays, or smartphones). 

There are currently a number of existing platform systems for AR. Junaio [12], for 
example, displays AR images in the form of message boxes and uses radar detectors 
to conduct radar searches. This system is primarily used to plan transportation routes. 
Smartphone pictures and videos can also be stored in databases or uploaded and 
shared with social communities. Layar [11] enables software engineers to create vari-
ous functions; users can see AR images with automatic message box displays, make 
phone calls, send e-mail, and plan routes. The Sekai Camera system [14] enables  
users to design their own AR; the customized functions allow users to input POI  
information to their current locations in the form of text or self-designed images. Oth-
er systems are designed for specific subjects. Wikitude [13], for instance, is designed 
for backpackers and enables users to search for recreation information and geological 
information on Wikipedia. Libre Geo Social [15] locates landmarks near the location 
of the user and provides select AR information; if the user selects fast food restau-
rants, the system will immediately show nearby fast food restaurants. Comparing the 
above, we found Junaio to be the most suitable application for job-hunting, as it  
allows users to limit the range of their search by distance. When in map mode, Junaio 
displays the locations of companies. Keywords can also be used to search for other 
subjects. Location-based job-hunting is thus enabled, and through the AR images, 
users can contact companies in which they are interested via phone or e-mail. 

3 System Overview 

Figure 1 displays the four major functions of the system: (1) AR Presentation: the 
opening screen of the system shows an introduction to the system with a reality virtual 
image, (2) Tagged Info: users can detect their own locations on maps, and in conjunc-
tion with multi-point positioning functions, they can plan routes on foot, by car, or by 
public transportation, (3) Social Network Sharing: using their smartphones, users can 
upload their photographs to social network sites and share them with friends, and (4) 
Radar Detection: a radar map displays nearby POI markers and message boxes  
containing distance-related information. These are the four core functions of the  
proposed system, which supports two major platforms, Android and iOS. 

The developed system uses GPS to provide location-based information. In this 
case, the information involves job vacancies in the near vicinity. When users aim the 
lenses of their smartphone camera at the POI, virtual message boxes are displayed 
containing the marker information on companies or stores sent from the cloud data-
base to the server site. POIs are locations of interest marked by users with appropriate 
information corresponding to the coordinates. 

The information may include advertisements, URLs, or company contact details. 
The server site then returns the information to the mobile devices through Internet, 
enabling users to perform GPS tracking [1]. Job vacancies are displayed in AR  
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message boxes based on the location of the users, thereby fully utilizing the character-
istics of virtual images and integrating them with employment information. The POI 
information in this study was obtained from employment websites, providing users 
with up-to-date information. Furthermore, mobile device users can download the  
system from Android Market or App stores.  

 

Fig. 1. Overview of system functions 

3.1 AR Images 

In the augmented virtual images on a smartphone, two relevant functions can be seen, 
as shown in Figure 2. The screen shows the virtual image provided by AR; the image 
presented by GPS positioning and the lenses merges the virtual with reality, making 
the message boxes more real [10]. Users can enter the developed employment system 
by simply scanning a QR Code with the mobile device, as seen in Figure 2 (a). Upon 
entering AR mode, the content of each message box is displayed using AR virtual 
images. When users select a message box, an information window will pop out,  
containing a brief introduction for users to browse. Other functions such as making a 
phone call, sending e-mail, playing videos, and planning routes are also shown. Users 
can also link to the URLs of company websites for further information, and share the 
information or screenshot with friends so that while integrating the information that 
user’s need [2], the AR also enhances interaction with other users. 

 
                                (a)                  (b) 

Fig. 2. (a) QR Code scanning; (b) Actual screenshot 
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3.2 Radar Detection 

This function displays all of the POI information in the near vicinity of users on radar 
maps on the mobile devices with the locations of the users in the center. This allows 
users to see their relative positions with each POI marker in addition to the pertaining 
information. The smartphone screenshots clearly indicate the markers nearest the 
users. As shown in the upper right hand corner of the screen in Figure 3(a), the radar 
map displays the POI markers as dots. Densely distributed dots show where POIs are 
high in number. 

 
                  (a)                           (b) 

Fig. 3. (a) Distance adjustment function; (b) List mode 

As shown in Figure 3(a), the distance in the radar map is calculated in kilometers. 
When users take photographs, they can set a distance limit by selecting the radar map. 
This displays a scroll which shows the number of kilometers and with which users can 
adjust the distance range. When there is a greater number of AR message boxes, users 
can narrow the range to reduce the number of overlapping message boxes on their 
screen, thereby giving them a clearer screen image. By adjusting the distance on the 
screen, the message boxes will also change accordingly to demonstrate the distance 
between the POI and the users, as will the number of message boxes. 

Figure 3(b) shows the list mode that users can select. The list mode lists the markers 
nearest the users and their distance from the users. In the event that the AR message 
boxes are very dense, users can switch to this mode. As users move, the content of 
each marker will change accordingly [7]. Using the distance adjustment function, users 
can control the amount of information in the list. The system also has a gyrocompass 
function that provides further accuracy in navigation.   

4 Conclusions 

The applications of AR are becoming increasingly diverse. In particular, the use of 
AR virtual images in smart mobile devices is rapidly growing in popularity. Our de-
veloped system combines four major functions: augmented reality, map search, social 
networks, and radar detection. Route planning for multiple means of transportation is 
also provided. To satisfy the needs of individuals seeking employment, the system 
uses the current location of users to provide POI information with LBS. This allows 
users access to employment information anytime, anywhere. We tested the developed 
system on two major operating systems: Apple iOS and Android. The AR screenshots 
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can uploaded to social network sites and shared with friends instantly. As the number 
of individuals using mobile devices such as smartphones and tablet computers  
increase, an AR job-hunting application with LBS can enhance the efficiency of 
searching for this kind of information.  
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Abstract. The purpose of this paper is as follows. First, it is to develop a 
STEAM education program centering on non-traditional energy (gas hydrate 
and shale gas) targeting high school students. Second, it is to develop teaching-
learning materials that can be used in the education program. To achieve the 
purpose of this paper, we investigated the contents of the subject using 
newspaper articles, academic books, and academic journals and also analyzed 
the curriculum and textbooks of related subjects revised in Korea’s 2009 to 
determine the learning capability of the students by age. 

Keywords: STEAM, Non-traditional Energy, Elementary School, Teaching 
Method. 

1 Introduction 

For the reserves of currently used thermal energy sources such as petroleum and coal 
are limited, the gas hydrate and shale gas which are classified as non-traditional gases 
are recently drawing attention as the alternative energy source. These gases are found 
in the stratum, and a number of countries in the world are showing interest in the 
economic feasibility of these gases as the technology for extracting this gas has 
advanced recently. Korea also became interested in the use and extraction of the shale 
gas, and we decided to develop a STEAM(Science, Technology, Engineering, Art, 
Mathematics) program on the subject of the shale gas targeting high school students 
based on the idea that the integrated learning of various subjects in relation to energy 
and its use in the school curriculum can be efficient for both learners and teachers. 

The purpose of this paper is as follows. First, it is to develop a STEAM education 
program centering on non-traditional energy (gas hydrate and shale gas) targeting 
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high school students. Second, it is to develop teaching-learning materials that can be 
used in the education program. To achieve the purpose of this paper, we investigated 
the contents of the subject using newspaper articles, academic books, and academic 
journals and also analyzed the curriculum and textbooks of related subjects revised in 
2009 to determine the learning capability of the students by age. 

2 Purpose of Program Development 

We held a number of seminars among us and a consultative meeting with outside 
experts to review the feasibility of the contents and the applicability of the education 
program development plan we developed. Furthermore, the teaching materials to be 
applied to the education program were produced to reflect convergence in contents 
domain pursued by STEAM education and learner's characteristics in terms of 
educational psychology. 

The context (Co), the framework of the convergent education (STEAM), dealt with 
the utilization status of fossil fuels, its future prospect, and issues related with the use 
of energy. Creative Design (Cd) made students in teams devise models for collecting 
gas hydrate and shale gas. Emotional Touch (ET) made students to touch various 
materials when developing a model for gas collecting device and compose them close 
to actual situation in order for them to experience various emotional touches. 

 

Fig. 1. Teaching Aid to be applied to STEAM Program and the Completed Model 

Major outcomes of this paper are as follows. First, the non-traditional energy 
theme was composed of 10 classes in total centering on gas hydrate and shale gas, and 
major contents of each class were the following. Understanding non-traditional 
energy (1st class), Understanding gas hydrate: Problem solving (2nd class), Experiment 
of the characteristics of gas hydrate using alternative materials (3rd class), Design of 
gas collector for gas hydrate (4th class), Development and evaluation of gas hydrate 
collector (5th class), Understanding shale gas (6th class), Experiment of the 
characteristics of shale gas using alternative materials (7th class), Designing  
the stratum containing shale gas and the collector (8th class 8), Making the model for 
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the stratum containing shale gas and the collector (9th class), and Production of gas 
using the model for the stratum containing shale gas and the collector (10th class). 

Second, we developed a teaching aid, the teaching and learning materials that will 
be applied to the program to allow students to examine the characteristics of shale gas 
contained in the stratum and directly extract the gas. This teaching aid allows students 
to check the stratum that contains the shale gas which is one of the non-traditional 
energy sources and apply various strategies to extract the shale gas and evaluate the 
result through problem solving exercises using alternative materials (i.e. dry ice or 
soda water). 

Third, teaching-learning course guide for teacher which will provide the guideline 
for teaching and learning during the implementation of 10 classes was developed 
along with the instruction guide for teacher and textbooks for students. 

3 Method of STEAM Program Development 

To achieve the objectives of the paper, we investigated the subject using newspaper 
article, academic books, and academic papers and also analyzed curriculums and 
textbooks revised in 2009 in related subjects in order to determine the learning 
capability of students by age.  

We held a number of seminars among us and a consultative meeting with outside 
experts to review the feasibility of the contents and the applicability of the education 
program development plan we developed. Furthermore, the teaching materials to be 
applied to the education program were produced to reflect convergence in contents 
domain pursued by STEAM education and learner's characteristics in terms of 
educational psychology. 

The context (Co), the framework of the convergent education (STEAM), dealt with 
the utilization status of fossil fuels, its future prospect, and issues related with the use 
of energy. Creative Design (Cd) made students in teams devise models for collecting 
gas hydrate and shale gas. Emotional Touch (ET) made students to touch various 
materials when developing a model for gas collecting device and compose them close 
to actual situation to experience various emotional touches. 

4 Result of STEAM Program Development 

To apply on site without creating conflicts with current curriculum, a systematic 
connection into the basic science technology engineering is required. In addition, 
integrative thought 

4.1 Teaching Aid for Class 

‣ Teaching Aid for Class: A model for learning about the stratum containing shale 
gas and the extraction system 

‣ Characteristics of Teaching Aid: Students can see the stratum that contains the 
shale gas which is one of non-traditional energy and apply various strategies 
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concerning the extraction of shale gas while solving problems about alternative 
materials (i.e. dry ice or soda water) and also evaluate the result. 

 

Fig. 2. A model for learning about the stratum containing shale gas and the extraction system 

5 Proposed STEAM Program 

Grade/Classes Grade 10 / 10 

Implementation 
Model 

Theme-oriented learning, problem-based learning, project learning 

Class Stage Sub Theme Major Contents 
Related 
Subject 

1 
Check 
Theme 

What is non-
traditional 
energy? 

Learning 
Activities

Activity 1: Learning about non-
traditional energy 
Activity 2: Sharing opinions 
about the need of non-
traditional energy

Science 

2 

Investigation 
and 
Research 
Activities 

Let's learn 
about gas 
hydrate. 

Activity 1: Introduction to the 
characteristics of gas hydrate 
Activity 2: Introduction to the 
extraction of gas hydrate 
Activity 3: Design of extraction 
scenario per team (Theme: I 
would extract it this way.)

Science, 
Technology 

3 

Design gas 
hydrate 
extractor using 
a substitute. 

Activity 1: Presentation of 
extraction scenario designed 
last time 
Activity 2: Suggest test 
materials under similar 
environment as gas hydrate and 
design test

Technology, 
Engineering, 
Arts 
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4 
~ 
5 

Produce a gas 
hydrate 
extractor model 
using a 
substitute and 
test. 

Activity 1: [Warm Water vs. 
Cold Water] Which method 
can collect more gas? 
Activity 2: [Salt Water vs. 
Fresh Water] Which method 
can collect more gas? 

Science, 
Technology 

6 
Let's learn 
about shale gas.

Activity 1: Introduction to the 
characteristics of shale gas 
Activity 2: Think about and 
discuss social issues about 
shale gas

Science, 
Technology 

7 

What are the 
technological 
developments 
related with 
shale gas? 

Activity 1: Introduction to 
shale gas extraction technology
Activity 2: Guide to 
experiments using alternative 
materials 
Activity 3: Understanding the 
characteristics of the materials 
used in the experiment and 
consideration about the use of 
materials

Science, 
Technology 

8~10 

Produce a shale 
gas model using 
a substitute and 
test. 

Activity 1: Basic setting for 
experiment 
Activity 2: Basic setting + 
design the best way to extract 
gas 
Activity 3: Conduct actual 
experiment based on the design 
(each team describes the 
method and conduct the 
experiment while other teams 
watch) and prepare for the 
presentation based on the 
outcomes 
Activity 4: Presentation about 
the advantage and disadvantage 
of the experiment and 
discussion

Science, 
Technology, 
Mathematics 

6 Conclusion 

This paper develops a STEAM education program centering on non-traditional 
energy (gas hydrate and shale gas) targeting high school students. To achieve the 
purpose of this paper, we investigated the contents of the subject using newspaper 
articles, academic books, and academic journals and also analyzed the curriculum and 
textbooks of related subjects revised in 2009 to determine the learning capability of 
the students by age. 
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Abstract. To have secure multicast group communication, group key 
management plays an essential role to guarantee data security. Because 
communication bandwidth, storage memory, and computational power are 
limited resources, most group key management schemes for scalable secure 
multicast communications have focused on reducing the number of update 
messages, number of stored keys, and computational load. Here, also we 
propose efficient scheme in such a way that solves these problems.  

Keywords: Key management, Dynamic group, Multi-cast. 

1 Introduction 

Secure and reliable communications have become critical in modern communication 
system. Secure distribution of copyright-protected material (e.g. music), and audio 
streaming are all methods of multicasting to a large number of users.  

In many commercial applications of multicast and broadcast, it is desirable that 
only those users who have paid for the service can retrieve broadcast data. Thus, it 
needs basic cryptographic requirements [1] such as: data confidentiality, data 
integrity, authentication, and access control are required to build secure collaborative 
system in the multicast channel. Encryption solves the problem of confidentiality and 
secures the group communication, but it creates the problem of managing the 
encryption/decryption keys to the group members securely and efficiently. Assuming 
the use of strong security mechanisms that cannot be easily defeated by frivolous 
cryptanalytic attacks, we focus our security concerns and the rest of our technical 
discussion around key material management mainly about key distribution for 
dynamic multicast groups.  

The rest of our paper is organized as follows: section II comes up with newly 
proposed scheme for dynamic multicast group Security. Security and Performance 
analysis will appear in section III and IV respectively .The finally section is conclusion. 
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2 Proposed System 

2.1 Motivation of the Proposed Scheme 

• Minimizes hardware and software implementation complexity  
• It needs comparatively less communication and computational cost. 
• Reducing overall delay of key generation and distribution by reducing 

computational load on group controller 
• It enables member join and member leave very simple. 

2.2 System Requirements 

Dynamic multicast groups are distributed and inherently dynamic in nature in which 
multiple group members may join, leave, and be evicted simultaneously .Thus, group 
key management is often complicated due to high group dynamics.  In order to have 
secure and efficient scheme for dynamic multicast groups’ key distribution, we 
considered Scalability [5], Reliability [7], Forward Secrecy [2][6], Backward 
Secrecy[2][6], Collusion Resistance[6] and Power Proximity[5]  as basic requirements. 

2.3 Assumptions 

We assume that a complete m-ary tree is a rooted tree in which all leaves have the 
same depth and all internal nodes have m children. The protocol requires two system 
parameters: n and g. Both parameters are considered as public values and may be used 
by all users in the system. Parameter n is a prime number (usually very large) and 
parameter g (also called a generator) is an integer smaller than n with an assumption 
of one way function application .A reader should also keep in mind that all subgroup 
members are trusted.   

2.4 System Model 

2.4.1 Initialization 
One of the goals of this protocol is to reduce the overload of the group controller; 
hence, we design our scheme in such a way that shares computational and 
communication load to subgroup controllers. As a central idea, we divide the 
multicast communication group into local subgroups, which is independently 
managed by a subgroup controller (SGC) like a separate multicast group. Thus, when 
a member joins or leaves the communication group, it joins or leaves only its local 
subgroup. As a result, only the local subgroup communication key needs to be 
refreshed and the scalability problem is greatly mitigated. We consider that every 
node is a subgroup controller to its children and a subgroup member of its parent 
node. The remaining steps of the key generation are briefly discussed as follows: 

Step1: 
Initially SGCs(including KGC) form a two-party group with each of the remaining 
group members using Diffie-Hellman technique. First, KGC selects a private key xc 
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and generates a public Key Xc(Xc=   ) and broadcasts to the subgroup 
members(SGC2,1 to SGC2,m). Each subgroup member SGC2,j also assumes a private 
key and generates a public key as X2,j= ,   , Where x2,j is the private key of 
SGC2,j for 1 ≤ j ≤ m. Each SGC2,j then transmits X2,j to KGC and its respective children 
(SGC3,js). After exchanging the public keys, each member generates a unique shared 
key with KGC as K2,j= X ,    = g ,    (for i≤j≤m). Similarly, KGC 

generates the same shared key using K2,j = X , = ,   , (for1 ≤ j ≤ m ). 
The KGC actually generates (m) shared key K2,js for (m) parties for 1 ≤ j ≤ m . 

Subsequently, every SGC2,1 to SGC2,m generates two-party key with their 
respective subgroup members (i.e. SGC3,1 to SGC3,m

2) by the same procedure as 
KGC. i.e. Using the same fashion — every subgroup controller SGCi,j — forms two-
party key with its members, for 1 ≤ i ≤ L-1 and 1 ≤ j ≤ mL-2. 

Step 2: 
After the two-party key is generated within each controller and subgroup, the smallest 
two-part key of all the subgroups is identified by bottom- up searching algorithm. 

i. Initially, every leave node (SGCL-1,l to SGCL-1,m
L-2) compares its subgroup 

members’ two-party keys(KL,1 to KL,m
L-1) and returns the smallest to its 

parent SGC . 
ii. The parent SGC compares the returned results from its children and again 

returns the smallest to its Parent SGC. 
iii. Following the same procedure, the smallest of all subgroups two-party key is 

identified. 
iv. Eventually, the KGC selects a private number smaller than the smallest two-

party key as a group data encryption key( DEK). 
 

 

Fig. 1. Subgroup controller based key distribution tree 

Step 3:  
The KGC performs a multiplication and addition operation to share the group data 
communication key (DEK) for each child node (SCG) using formed two-party keys. 
KGC computes Z as Z=K2,1*K2,2……*K2,m+DEK =(ΠK2,j)+DEK (for1 ≤ j ≤ m ) and 
Z is broadcasted to all KGC’s children that are SGC2,j s, for1 ≤ j ≤ m.After receiving 
Z, each child node SGC2,j computes  DEK= (Z mod K2,j, ,(for1 ≤ j ≤ m ). Again each 
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SGC2,j computes Z2,j as the same fashion as KGC do, using its own members  
two-party unique keys( for1 ≤ j ≤ m) and then broadcasts to SGC3,js,  
 
1)  Z2,1’=K3,1*K3,2……*K3,m+DEK =  (ΠK3,j)+DEK ,(for1 ≤ j ≤ m ). 
2)  Z2,2=K3,m+1*K3,m+2……*K3,2m+DEK= (ΠK3,i)+DEK ,(for m+1≤j≤2m)  
………………………………………………………………………………………… 
m)  Z2,m=K(3,m

2
-m+1)*K(3,m

2
-m+2) ……*K (3,m

2
) +DEK = (ΠK3,j)+DEK ,(for m2-m+1≤ j ≤m2). 

 
SGC3,js  recovery the data encryption  key (DEK) as follows: 

- SGC3,1 computes DEK= Z2,1 mod K3,1  
------------------------------------------------------------------------------------------------------------------------------- 

- SGC3,m  computes DEK= Z2,1 mod K3,m 

- SGC3,m+1  computes DEK= Z2,2 mod K3,m+1 

-------------------------------------------------------------------------------------------------------------------------------- 

- SGC3,m
2 computes DEK= Z2,m  mod K3,m

2
 

 
Accordingly —every communication member— receives the group shared key 
DEK. 

2.4.2 Member Join 
A member join is an easy job in which DEK with the controller private key are the 
only changed keys. Let a member requests to join the communication, is inserted in a 
position of Subgroup controller as in Fig2 New1, the controller to which the new 
member belongs to (SGC2,2) and the new member form a two-part key. Also the 
newly join subgroup controller creates m two-party keys with all of its subgroup 
members. Then after, the smallest two-party key of the newly created two- party keys 
is returned to the KGC for comparison through two- party (because using the old 
group key to return the value, compromises the backward secrecy) based 
communication. 
 

 
Fig. 2. Sample of the new subgroup controller based tree scheme 

To visualize this concept, let us add the following expressions: 

• The new SGC2,2  selects private key x2,2 to generate public key X2,2. 
• X2,2 = 

.    
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The new SGC2,2 broadcasts X2,2  to  KGC and to its children SGC3,3 &SGC3,4.  It also 
acquires their public key from their public directory. This member forms the 
following two-party keys with KGC as well as with its children( SGC3,3 &SGC3,4 ) and 
returns the smallest value of these keys (K2,2  , K3,3  K3,4 )  to KGC. 
 

- K2,2 = .   
,     

K3,3  = , .   
 ,    

K3,4  = , .    

But, if the insertion point is as in Fig. 2 New2, the new member only creates one  
two-party key, which is returned to the KGC, with its parent node (controller). 
Finally, KGC selects new shared group key less than the old DEK and returned value. 

2.4.3 Leave Member  
If a leave member is a subgroup controller as in Fig. 3 leave1,  

• The new SGC2,2 selects private key x2,2-new(private key) from a prime number 
pool . Computing public key X2,2-new , SGC2,2 broadcasts the public key to  KGC 

and to its children SGC3,3 &SGC3,4.   
- X2,2-new = 

,    

• Selecting a new private key xc-new , KGC generates public key Xc-new 

=   , then broad cast to SGC2,1 and SGC2,2 so as to form the 
following new two-party keys(Notice that we are looking SGC2,2 as a specific 
example of a member leave). 

- K2,2-new = ,    
, 

K2,1-new  = ,     

• SGC2,2  also generates two-party key with its children(SGC3,3 &SGC3,4) and KGC 
- K2,2-new  = ,    , 

   
K3,3-new = , ,     , 

K3,4-new  = , ,     
• Subsequently, the smallest value of X2,1-new, K2,2-new, K3,3-new, and K3,4-new is 

returned to KGC. 

But if the case is as Fig. 3 leave2, the subgroup controller to which the leave member 
belongs to(SGC3,2), selects a new private key to form two-party key with each of  
its members(leaves). Then after, the smallest two-party key of the newly created  
two- party keys is returned to the KGC using old group key for comparison in which 
KGC selects new shared group key less than the old DEK and returned value.  

 
Fig. 3. Sample of the new subgroup controller based tree scheme (member leave) 
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As shown above, in every multi group subgroup based key management tree of our 
scheme, member leave is handled accordingly. 

Finally, KGC redistributes the new shared group key in the same procedure as 
initialization phase.  

2.4.4 Mass Leave 
The behavior of the massive leave of this scheme is very similar to single member 
leave. The difference is that the number of private and two-party keys changed in the 
case of mass leave is proportional to the number of members leave the 
communication. As in the case of single leave, if the members to leave are subgroup 
controllers, new subgroup controllers are assigned from the members that have stayed 
in the communication for long period time and capable of managing according to the 
criteria set in advance. 

3 Security Analysis 

The security of our protocol is based on the assumption that each current group user is 
trusted that will keep group key secret, and each group controller will keep two-party 
key. Moreover, we assume that user authentication, source authentication key 
communication integrity and confidentiality are realized through asymmetric digital 
signature and certificate.  

A fundamental challenge in designing secure hierarchical cryptographic key 
management schemes is protecting against attacks perpetrated by valid users in 
possession of correct key. In our protocol , we can conclude that a passive hacker who 
knows a contiguous subset of old or new group keys cannot discover any subsequent 
group key because there no any mathematical relation between the new and the old keys.  

Moreover, when a member joins or leave, new key is created in such a way that it is 
hidden from the member. This ensures forward and backward secrecies in our scheme. 

4 System Performance Comparison  

This protocol focuses on the optimization of user computation, communication and 
number of the re-key message load. The summary of the performance analysis is as 
follows: 

Table 1. Comparison Table 

Key Management 
schemes 

Key update 
message 

Storage 
overhead 

Computational 
overhead 

(exponentials) 
Minimal key storage scheme O(N) O(1) N/A 

Logical key hierarchy 
scheme 

O(logN) O(N) N/A 

Hybrid tree structure  
scheme 

O(M + log(N/M) O(log(N/M)) N/A 

Tree group Diffie-Hellman 
scheme 

O(1) O(log2N) O(log2(N) 

Our proposed scheme O(1) O(1) O(log(N/M)) 
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5 Conclusion 

The key management scheme considers and takes an advantage of   minimizing the 
computational overhead of inherently expensive cryptographic operations. Because of 
the complexity of group key generation, group key management needs to adopt a key 
tree structure in order to reduce group key generation times. Key trees have been 
suggested for centralized group key distribution systems in order to reduce the 
complexity of key calculation. Accordingly, we believe that our proposed scheme is 
reasonably applicable to many multicasting communication groups. 
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Abstract. STEAM education allows students to improve themselves in 
cognitive and affective domains in math․science. Visualizing and storytelling 
science as described above is a good approach towards learning science in an 
easy and exciting way. Aware of such, our paper plans to advocate convergence 
curriculum to nurture students' creativity, problem-solving skills and ultimately 
support them to become a creative talent built on convergence. This paper 
intends to investigate the effect of STEAM education program using smart grid 
on elementary school students. For this, this paper implemented STEAM 
education program using smart grid for ten students in the 4th grade in Jeju 
Special Self-Governing Province. 

Keywords: STEAM, Smart Grid, effectiveness, Science, Technology. 

1 Introduction 

STEAM is an acronym of Science, Technology, Engineering, Arts, and Mathematics. 
This is an educational curriculum that combined Art to the existing American STEM 
(Science, Technology, Engineering, Mathematics) curriculum and Yakman (2008) 
defined the STEAM education in the following two directions.  

First, it is an education where Science, Technology, engineering, and 
mathetmatics include other areas in addition to the standards of their own and 
second, it is an integrative education that purposefully includes the actual subjects 
and teaching matters. For a more detailed definition, Yakman (2008) suggested the 
framework. As shown in the framework, the STEAM education determines the level 
from the lifelong learning to detailed academic content classification. The first level 
is the Lifelong learning. This stage signifies our adaptation to our surroundings and 
sustained learning that are unintended and unavoidable. Second level is Integrative 
learning. In this stage, the student learns the basic overview of all of the academic 
fields and how they are related. The best way is to learn by topics. This stage of 
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learning is appropriate for elementary and middle school education. The third level is 
Multidisciplinary learning. This stage allows the student to learn a specific field and 
how they are related to real life. The best method is to learn the practical uses. This 
is appropriate for middle school education.  

The fourth level is Discipline learning. This stage focuses on each educational 
stage and is appropriate for middle school education. The last fifth level is Content 
Specific learning. This stage deals with detailed research of each field and is 
appropriate for high school and professional education.  

Therefore, STEAM education does not entail a part of education but refers to an 
overall paradigm from the professional learning to lifelong learning, which is 
organized with the addition of art to the existing education, especially in the 
integrated education of Science, Technology, Engineering, Mathematics and Art in 
elementary school education. Our paper plans to advocate convergence curriculum to 
nurture students' creativity, problem-solving skills and ultimately support them to 
become a creative talent built on convergence. 

2 STEAM Education Program Using Smart Grid 

2.1 Approach of Research Method  

The STEAM education program was implemented in 6 classes in a few weeks, and 
teachers were given instructions before the program was implemented to fully 
understand the contents of the program so that STEAM education is implemented in 
accordance with the objectives. 

A questionnaire survey was conducted after the program ended to find out how 
effective the STEAM education program was to students by examining the level of 
difficulty, the level of students' interest in the program, and the relevance to school 
subjects. 

1 class offered the overview of the theme, 3 classes were allocated for exploration 
and research, and 2 were allocated for processing the result of exploration and 
research to focus on the theme throughout the program. The program encouraged 
students to use real life cases and develop not only the knowledge but also the 
attitude, supplement insufficient activity hours through discussion after the activity, 
and design their own green home to realize self-directed learning. 

Students were allowed to use various evaluation methods such as self-evaluation, 
peer-evaluation, portfolio, and observation-based evaluation. 

2.2 STEAM Learning Materials Using Smart Grid 

To implement STEAM education program on IT theme, particularly smart grid, for 
participation of elementary school students, a textbook for students were prepared. 
The textbook was prepared especially with a variety of stories, cartoons, pictures, and 
photos laid out in a storytelling format to draw students' attention and it was designed 
to promote self-directed learning. Also, the guide for teachers was developed for 
teachers to understand the contents to teach and for efficient teaching. 
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The textbook was revised and complemented through expert advice and has been 
continuously supplemented through the verification by experts since when it was first 
developed. 

3 Proposed STEAM Education Program 

This is example of STEAM convergence education. Contents are as follows.  

- Theme: property of figures on axisymmetric location 
- Goal: identify property of figures on an axisymmetric location and draw them  

1) Activity 1. Learning about property of figures on an axisymmetric location  
Guide students to draw figures like heptagon and decagon that cannot be easily 

drawn with a protractor by giving easy LOGO commands like 'forward' and 'right' by 
using Microsoft Logo Program. 

2) Activity 2. Drawing congruent figures with LOGO 
Check figures in the activity sheet and draw congruent figures to apply congruence 

principle learned from PC. 

3) Activity 3. Drawing figures on axisymmetric location 
Guide students to make a presentation on how to draw figures on an axisymmetric 

location. Paint various figures, fold them in half and check their Decalcomania form. 
Make figures on axisymmetric locations on a drawing paper, paint them and fold 
them in half.  

In doing so, teachers should aid students to determine an angle that fits a specific 
figure when they draw figures by using Microsoft Logo Program rather than simply 
give the answers. Since drawing congruence of figures may be a challenge to 
students, teachers should walk around the classroom to help students. Also, they 
should encourage students to try by themselves, learn from it and digest the principles 
than merely teach them when introducing the principle of Decalcomania. 

- Theme: apply the concept of smart grid by making a simple smart grid  
- Content: consumption of electricity and power is about electric consumption 

while power generation is about producing electricity with solar, wind and other 
sources of energy  

Introduction of study activity is as follows. T is teacher, and S is student. 

1) Activity 1: What's the situation?  
T:I will share with you a story about Jaeho's family. Listen carefully and imagine 

what you'll do if you were Jaeho.  
S:(Listens to the teacher.) 
T:So what happened to Jaeho's family?  
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S:They couldn't use all the electronic appliances because of the high electric bill / 
They should save electricity / They have an issue with electricity , etc.  

T:Let's check the situation Jaeho's family is in by using appliances together.  
S:(Students use fan, lamp, radio and electric vehicles with limited electricity.)  

2) Activity 2: Make smart grid  
T:Let's think about the concept of smart grid and take advantage of it to solve 

problems. 
S:(Students simulate simple smart grid with limited electricity consumption for fan, 

lamp and electric vehicle.) 

3) Activity 3: Check together 
T:Let's check if the simple smart grid works properly. 
S:(Students confirm operation of the smart grid system.) 

4 Result of Implementing Education Program and Analysis  
of Effectiveness 

The questionnaire comprises 5 questions developed based on Likert Scale and 5 
descriptive questions, and the result of implementing the education system is shown 
in (Table 1). 

Table 1. Result of implementing the education 

Subject Frequency 
(Person)

Average 
Standard 

Deviation 
Level of difficulty of the class and learning materials 10 4.20 .75 

Level of words and sentences used 10 4.20 .75 

Interest in and satisfaction with learning materials and the 

class 
10 4.70 .48 

Preference to learning through the program in the future 10 4.60 .66 

Degree of program's effect in connection with other school 

subjects 
10 4.40 .66 

 

According to the survey, the level of difficulty of the class and learning materials 
seemed appropriate as it showed 4.20 in average, so did the level of words and 
sentences used as it also showed 4.20 in average. The interest in and satisfaction with 
learning materials and the class showed 4.70 in average, meaning that respondents 
were quite interested in and satisfied with learning materials and the class. The 
preference to learning through the program in the future was 4.60, meaning that they 
highly prefer learning in STEAM program in the future and the degree of program's 
effect in connection with other school subjects was 4.40, meaning that the effect is 
high. 
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Fig. 1. Analysis of education level 
 
Answers to descriptive questions were mostly positive about the program that 

implemented convergent education integrated with real life and new IT, and 
respondents were most satisfied with the 6th class, "Making Green Home", which 
integrated science, art, and Korean literature. 

5 Conclusion and Extended Suggestions 

STEAM education must have 5 domains converge on a single class in the course of 
solving problems instead of simply and mechanically putting them together. Also, 
learners concentrate in class more when it is about the issues related with real life and 
when the topic of study is exciting and interesting. In other words, STEAM education 
on IT is effective in fostering the convergent thinking and problem solving 
capabilities of students, and smart grid can enables effective STEAM education for it 
attracts students' interest and provides the problematic situation for students to 
develop the habit of convergent thinking. 

Students can develop knowledge and view on IT while resolving problematic 
situations with an interest in STEAM education and smart grid through the STEAM 
education program on IT theme, particularly smart grid, suggested in this study. 
Furthermore, students, by themselves, can develop self-directed learning capabilities 
and problem solving capabilities by planning, carrying out, and evaluating the 
problem solving process. 

This paper applied STEAM education program on IT theme, particularly smart 
grid, in a short period of time that it could only confirm the elements that exhibited 
changes in a short period of time which was not enough to conform problem solving 
capabilities or advanced thinking skills such as creativity. Such a limit can be 
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overcome by examining changes in students through follow-up studies after a certain 
period of time passes and extending and applying the curriculum according to the 
result of examination and also by developing many more STEAM education programs 
and learning materials on IT theme to establish STEAM education system in Korea. 

Acknowledgments. This paper is extended from the SecTech/CA/CES-CUBE 2012, 
CCIS 339 ‘Development of Computer, Math, Art Convergence Education Lesson 
Plans Based on Smart Grid Technology (2012.09)’. The Corresponding author is 
Namje Park (namjepark@jejunu.ac.kr). 

References 

1. Park, N., Ko, Y.: Computer Education’s Teaching-Learning Methods Using Educational 
Programming Language Based on STEAM Education. In: Park, J.J., Zomaya, A., Yeo, S.-S., 
Sahni, S. (eds.) NPC 2012. LNCS, vol. 7513, pp. 320–327. Springer, Heidelberg (2012) 

2. Ko, Y., An, J., Park, N.: Development of Computer, Math, Art Convergence Education 
Lesson Plans Based on Smart Grid Technology. In: Kim, T.-H., Stoica, A., Fang, W.-C., 
Vasilakos, T., Villalba, J.G., Arnett, K.P., Khan, M.K., Kang, B.-H. (eds.) SecTech, CA, 
CES3 2012. CCIS, vol. 339, pp. 109–114. Springer, Heidelberg (2012) 

3. Park, N., Kwak, J., Kim, S., Won, D., Kim, H.: WIPI Mobile Platform with Secure Service 
for Mobile RFID Network Environment. In: Shen, H.T., Li, J., Li, M., Ni, J., Wang, W. 
(eds.) APWeb Workshops 2006. LNCS, vol. 3842, pp. 741–748. Springer, Heidelberg 
(2006) 

4. Park, N.: Security scheme for managing a large quantity of individual information in RFID 
environment. In: Zhu, R., Zhang, Y., Liu, B., Liu, C. (eds.) ICICA 2010. CCIS, vol. 106, 
pp. 72–79. Springer, Heidelberg (2010) 

5. Park, N.: Secure UHF/HF Dual-Band RFID: Strategic Framework Approaches and 
Application Solutions. In: Jędrzejowicz, P., Nguyen, N.T., Hoang, K. (eds.) ICCCI 2011, 
Part I. LNCS, vol. 6922, pp. 488–496. Springer, Heidelberg (2011) 

6. Park, N.: Implementation of Terminal Middleware Platform for Mobile RFID computing. 
International Journal of Ad Hoc and Ubiquitous Computing 8(4), 205–219 (2011) 

7. Park, N., Kim, Y.: Harmful Adult Multimedia Contents Filtering Method in Mobile RFID 
Service Environment. In: Pan, J.-S., Chen, S.-M., Nguyen, N.T. (eds.) ICCCI 2010, Part II. 
LNCS (LNAI), vol. 6422, pp. 193–202. Springer, Heidelberg (2010) 

8. Park, N., Song, Y.: AONT Encryption Based Application Data Management in Mobile 
RFID Environment. In: Pan, J.-S., Chen, S.-M., Nguyen, N.T. (eds.) ICCCI 2010, Part II. 
LNCS (LNAI), vol. 6422, pp. 142–152. Springer, Heidelberg (2010) 

9. Park, N.: Customized Healthcare Infrastructure Using Privacy Weight Level Based on 
Smart Device. In: Lee, G., Howard, D., Ślęzak, D. (eds.) ICHIT 2011. CCIS, vol. 206,  
pp. 467–474. Springer, Heidelberg (2011) 

10. Park, N.: Secure Data Access Control Scheme Using Type-Based Re-encryption in Cloud 
Environment. In: Katarzyniak, R., Chiu, T.-F., Hong, C.-F., Nguyen, N.T. (eds.) Semantic 
Methods. SCI, vol. 381, pp. 319–327. Springer, Heidelberg (2011) 

11. Park, N.: The Implementation of Open Embedded S/W Platform for Secure Mobile RFID 
Reader. The Journal of Korea Information and Communications Society 35(5), 785–793 
(2010) 



 

James J. (Jong Hyuk) Park et al. (eds.), Mobile, Ubiquitous, and Intelligent Computing,  
Lecture Notes in Electrical Engineering 274,  

535

DOI: 10.1007/978-3-642-40675-1_80, © Springer-Verlag Berlin Heidelberg 2014 
 

Security Enhanced Unlinkable Authentication Scheme 
with Anonymity for Global Mobility Networks 

Youngseok Chung1,2, Seokjin Choi1, Youngsook Lee3, and Dongho Won2,* 

1 Electronics and Telecommunications Research Institute, Korea 
2 Department of Computer Engineering, Sungkyunkwan University, Korea 

3 Department of Cyber Investigation Police, Howon University, Korea 
{yschung11,choisj}@ensec.re.kr, ysooklee@howon.ac.kr, 

dhwon@security.re.kr 

Abstract. Recently, Chung, Lee, and Won [1] proposed an improved authenti-
cation scheme with anonymity which remedies security faults showed by Youn, 
Park, and Lim [2]. Their improved scheme guarantees anonymity, but does not 
provide unlinkability. In their scheme, it is possible for attackers to know par-
ticular sessions, that have already been occurred several times, are originated by 
one same user. In this paper, we propose an unlinkable authentication scheme 
with anonymity by modifying Chung et al.’s scheme. Our scheme provides not 
only anonymity and security as the previous scheme does, but also unlikability 
against malicious mobile users. Since proposed scheme still uses only low-cost 
functions, it is suitable for mobility networks. 

Keywords: anonymity, linkability, authentication, mobility network. 

1 Introduction 

With the increase of mobile users who take roaming services, maintaining users’ sen-
sitive information like an identity safely is becoming more important. This is because 
no one wants the invasion of his/her privacy caused by disclosing the identity. Also, 
the authentication schemes suitable for battery-powered mobile devices in global 
mobility networks are becoming more essential in terms of providing efficiency. 

Recently, many authentication schemes with anonymity have been proposed for 
mobility networks. In addition, several attacks against the proposed schemes and 
countermeasures have been also presented. Chung et al. categorized the previous 
schemes into two groups: schemes using high-cost functions such as asymmetric and 
symmetric cryptosystems and schemes using low-cost functions such as one-way hash 
functions and exclusive-OR operations. They focused on the latter.  

Zu and Ma [3] proposed an authentication scheme with anonymity using high-cost 
functions, and some proofs of weaknesses and improvements have been followed [4-7]. 
On the other hand, Chang, Lee, and Chiu [8] firstly proposed an enhanced authentica-
tion by basing on low-cost functions. After that, Youn el al. presented that Chang et al.’s 
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scheme not only fails to provide the anonymity against passive adversaries and mali-
cious mobiles users but also security against known session key attacks and side channel 
attacks without any countermeasures. Chung et al. proposed an improved anonymous 
authentication scheme to remedy vulnerabilities presented by Youn et al. 

In this paper, we propose a security enhanced unlinkable authentication scheme 
with anonymity for global mobility networks. Basically, our scheme has a structure 
similar that of Chung et al.’s and uses only one-way hash functions and exclusive-OR 
operations as the previous scheme dose. Therefore, our scheme is still suitable for 
mobility networks. 

The remainder of this paper is organized as follows. In Section 2, we review Chung 
et al.’s scheme. The proposed scheme is presented in Section 3. In Section 4, we  
analyze the security of our scheme. Finally, a concluding remark is given in Section 5. 

2 Review of Previous Works 

In this section, we review Chung et al.’s scheme. Table 1. contains notations used in 
Chung et al.’s scheme. These terms are also applied in the same way in this paper. 

Table 1. Notations 

Notations Descriptions   
 

 
 
 

 
 
 

h(.) 
|| ⨁ 

A mobile user 
The home agent of a mobile user 
The foreign agent of a foreign network 
A common secret key for all legitimate users  
A nonce generated by entry X 
The identity of an entry X 
A password of  
A secret key for  generated by  
A random secret parameter for  generated by  
A collision free one-way hash function 
A concatenation 
A XOR operation 

 
There are three phases in Chung et al.’s scheme: registration, authentication, and 

session key establishment. , , and  are involved in these phases. It is as-
sumed that each  and  share a long-term common secret key  established 
by using key agreement method, such as the Diffie-Hellman key agreement protocol. 

2.1 Registration Phase 

In the registration phase, a mobile user  who wants to register his/her home agent 
 submits  and the selected password . Then,  computes the virtual 

identity ||  and ⨁  after generating  and 
  for him/her only.  stores , , ,  secretly and delivers a 

smart card containing , , , , , , .  to  through a 
secure channel.  
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2.2 Authentication and Session Key Establishment Phases 

It is assumed that  who roams into the foreign network visits  and  needs 
to authenticate  through . , , and  perform the following steps. 

1.  inserts his/her smart card into the device and enters .  smart 
card generates  and calculates ⨁ ⨁ .  sends a  
login message  . , ,  to  for authentication. 

2. Upon receiving ,  records , generates  and sends an authentica-
tion message  . , ,  to . 

3. After receiving ,  checks  to determine whether it is an ally. If the 
result is valid,  generates  and sends ,  to .  

4. After receiving ,  sends , ,   to . 
5. Upon receiving ,  generates ⨁ || , || ,  || || || || , || , and  ||  || || || . And then  sends , , , , ,  to . 
6. After receiving ,  uses  with the received , , ,  and  to 

compute || || || || . If  and  are equivalent,  
computes || || || || ||  and sends , , , , ,  to  to verify whether  is legal. 

7. After receiving ,  checks  to determine whether it is an ally. Then, 
 computes || || || || ||  to check whether 

. If the result is valid, the identity of  is authenticated, and  con-
tinues to check the validities of , , and  as follows: 

(a)  computes ⨁ ||  and retrieves a set of  se-
cret information , , ,  using  as a search word to 
check whether || . 

(b) If the result is valid,  computes ⨁  and ||  
to check whether . Note that, the equivalence between  and  
implies that  equals . 

(c) If they are equal,  computes || || || ||  
and || , and checks the validity of . 

8. Then,  computes ⨁ || , || || , 
and || || ||  and sends , ,  to  to inform 
that  is a legal user. 

9. With a message ,  computes || || ||  to check 
whether . Then  computes ⨁ || , ⨁ ||  and sends ,  to . 

10. After receiving ,  computes || ||  and checks 
where .  If the result is valid,  computes ⨁ || . If  and  are equal,  is sure that  also has an 
authenticated session key. Then,  records the authenticated session key  
for future communications. 
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3 Proposed Scheme 

In this section, we demonstrate an anonymous authentication scheme which provides 
unlinkability. It consists of four phases: registration, authentication, session key estab-
lishment, ID renewal phases. Authentication, session key establishment, and ID  
renewal phases are accomplished in one process. 

3.1 Registration Phase 

The registration phase is identical to that of Chung et al.’s scheme. Fig. 1. represents 
the registration process between  and . 

 

Fig. 1. Registration phase 

3.2 Authentication, Session Key Establishment and ID Renewal Phases 

Basically, the proposed scheme has similar assumptions and structures in the authen-
tication and session key establishment phases of Chung et al’s scheme. However, the 
ID renewal procedure is existed in the middle of the authentication and session key 
establishment phases in order to renew a user’s ID. Fig 2. shows the modified phases 
of our scheme. 

Step1 through Step 7 are the same as those of the previous scheme.  
In step 8, after computing  and ,  generates a new random secret para-

meter  and computes || .  updates , , ,  to , , , . New  and  
will be used to authenticate  in the future. Then,  computes the renewed ID ⨁ || || , the hashing value || || || ||  and sends a message , , ,  to  
to inform that  is a legal user. 

After receiving ,  computes || || || || . If , 
 computes the session key ⨁ || , ⨁ ||  and 

sends a message , ,  to . 
With a message ,  computes || ||  and checks 

where .  If they are equal,  computes ⨁ || . If  and  are equal,  is sure that  also has an authenticated session key. 
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Finally,  computes ⨁ || || , ⨁  
and renews ,  to , . 

 

Fig. 2. Authentication, session key establishment and ID Renewal phase 

4 Security Analysis 

The proposed scheme still provides not only anonymity against passive adversaries 
and malicious mobile user but also security against known session key attacks and 
side channel attacks since it inherits the security attributes of Chung et al.’s scheme. 
Furthermore, it guarantees unlinkability that the previous scheme does not provide. It 
is assumed that there is a malicious user who possesses a valid smart card issued by 

. It is clear that he/she knows  which all legitimate users have in their smart 
cards. And he/she can easily eavesdrop  and  out of  and  respec-
tively. Since ⨁ ||  and  always has a same value in Chung 
et al.’s scheme, a malicious user can trace the usage of  of  by capturing it 
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in every session. Namely, he/she can know the fact that the established sessions be-
tween  and  are belongs to one same user. On the other hand, ||  is always renewed to ||  in every session by ID 
renewal procedures in our scheme. Therefore, no one can know that to whom the 
particular session between  and someone belongs. 

5 Conclusion 

In this paper, we presented the anonymous authentication scheme providing unlinka-
bility. Unlinkability means no one can even know the fact that particular sessions are 
originated by one same user without knowing who is an actual user. By adding the ID 
renewal phase and keeping freshness of virtual identities, security enhancements are 
achieved in our scheme. In other words, users do not use the same virtual identity any 
more in every session. So it is impossible to recognize that whose session this is al-
though attackers can keep watch specific user’s session. Moreover, since the proposed 
scheme still uses only low-cost functions such as one-way hash functions and exclu-
sive-OR operations, it is suitable to be applied to mobility networks. 
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Abstract. Existing small target detection systems generally use the difference 
image between a predicted background image and an original image. This 
method has two disadvantages. First, to predict the background image, the size 
of the structural element has to be carefully selected considering the size of 
small targets. Second, because of blurring, clutter such as clouds can occur 
around the edge of the background. To deal with these problems we propose a 
new feature-based detection system. The proposed method selects candidate 
pixels with Harris corner detector and then, again selects pixels that have a 
higher intensity than a threshold among the candidates. After labeling the 
selected candidates in order to obtain the number of pixels they have, the 
system decides which is a small target. In an experiment, our proposed method 
gave better results than the existing methods. 

Keywords: Harris corner detector, New White Top-Hat, Labeling, Histogram. 

1 Introduction 

Concomitant with the development of scientific techniques, techniques and systems 
for the development of weapons have been making rapid progress. In particular, 
missiles and unmanned aerial vehicles (UAVs) that effectively strike targets over long 
distances have emerged as important threat elements, such that an effective 
counterstrategy is required. 

Infrared Warning System (IRWS) and Infrared Searching and Tracking system 
(IRST) have been proposed as means of detecting small targets such as missiles early 
and to judge whether they are threats. In these systems, the difference image between 
a predicted background image and an original image is generally used to detect small 
targets from IR images that have a lot of clutter. The targets are assumed to occupy a 
couple of pixels.  

Conventional methods utilize Max-Mean and Max-Median filters [1] and White 
Top-Hat(WTH) Transformation [2]. Max-Mean and Max-Median filters remove 
clutter and make a predicted background image from IR images while preserving the 
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edges of clouds and structural backgrounds. After extracting a difference image using 
the background image, small targets are then detected from candidate targets with a 
threshold. However, the filters are not useful in cases where a target is on the edge of 
clouds or an input IR image is not clear. In addition, the performance of the filters is 
degraded when the shape of targets is irregular or a lot of clutter is distributed. 

WTH transformation [2] also removes clutter and makes a predicted background 
image. This morphology-based method can detect targets in real-time because it is not 
a time consuming job. However, it also does not work well with a variety of pixel size 
targets. New White Top-Hat (NWTH) transformation [3], which uses several kinds of 
structural elements to get better background images and to cope well with the size of 
targets, has been proposed. However it is not flexible with regards to size because the 
available number of structural elements is limited. Moreover, one of its side effects is 
generation of clutter on the edges of clouds. Multi-structuring elements (multi-SEs) 
NWTH transformation [4] has been proposed to automatically determine the optimal 
size of structural elements. However, all these methods that use a difference image 
have difficulties dealing with the size of targets and clutter on the edges of clouds. 

In this paper, we propose a new feature-based detection system to deal with the 
problems. The proposed method classifies pixels into two groups specifically, pixels 
for the background and pixels for the target using Harris corner detector. The detector 
extracts well corner features from images, so that it is able to find pixels 
corresponding to the boundaries of targets. More possible pixels are subsequently 
screened by a threshold of intensity, while almost all clutter is eliminated. Because the 
pixels can be a part of clouds or a target, a target is detected by labeling and finding 
the number of pixels of labeled areas. 

The proposed method is not restricted by the size of the targets because it uses the 
finds pixels for edges of targets with Harris corner detector. In addition, it clearly 
divides images into areas for targets and backgrounds, which improves the detection 
performance by excluding clutter.  

2 Small Target Detection System 

2.1 The Main Structure of the System 

Fig. 1 shows the main structure of the proposed small target detection system. First, it 
extracts corner features from input images using Harris corner detector. Next, it 
selects more plausible pixels that have high intensity and can be regarded as pixels for 
targets or backgrounds. The selected pixels then are labeled and areas that can be 
divided into targets and backgrounds generated. Finally, small targets are detected 
according to the number of pixels in the labeled areas with a size threshold. 

 

Fig. 1. Main structure of the small target detection system 
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2.2 Feature Point Extraction 

2.2.1 Harris Corner Detector 
Harris corner detector is a popular interest point detector due to its strong invariance 
to rotation, scale, illumination variation, and image noise. Harris corner detector is 
based on the local auto-correlation function of a signal [5]; where the local auto-
correlation function measures the local changes of the signal with patches shifted by a 
small amount in different directions. Our proposed method extracts corner features 
using the detector. The corner features consist of edges of targets and clouds, which 
are very useful in classifying images into interest areas such as targets and clouds. 
The detector algorithm is as follows:  

Given a shift ),( yx ΔΔ and a point (x, y), the auto-correlation function is defined 

as, 

 Δ+Δ+−=
W

iiii yyxxIyxIyxc 2)],(),([),(  (1)

Where ),( ⋅⋅I  denotes the image function and ),( ii yx  are the points in the 

window W (Gaussian1) centered on ),( yx . The shifted image is approximated by a 

Taylor expansion truncated to the first order terms: 
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Substituting approximation Eq. (2) into Eq. (1) yields  
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The second matrix is ),( yxc  and degree of corner is detected. The discrimination 

of corner degree is determined by corner response function equations (4) [6] 

2))],(([),(det(),( yxCtracekyxCyxR −=  (4)

Threshold k is 0.04, corner response function ),( yxR presents overall pixels. The 

tiny degree of corner response value is removed by threshold. 

2.2.2 Selection of Pixels 
In the pixels selection step, the pixels extracted by Harris corner detector are screened 
by an intensity threshold. Generally, a small target has a higher intensity than 
backgrounds and clutter because targets radiate a lot of heat. However, an IR image 
does not have a constant brightness value, which varies according to the kind of 
target, distance from the infrared ray sensor, and light scattering. Therefore, we screen 
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the pixels with adaptive thresholds. To automatically obtain the adaptive thresholds, 
we use the following method. 

Fig. 2(b) shows the histogram of intensity distribution for the input image in  
Fig. 2(a). It shows that the intensity is not evenly distributed but rather biased to some 
values. The threshold is automatically obtained according to the distribution of 
intensity. Equation (5) is the method used to obtain the histogram of the intensity 
distribution [7]: 

kk nXH =)(  (5)

Where kX is the intensity of the k th intensity and kn  is the number of pixels 

that have the same value kX . In this paper, the threshold of intensity T  is 

determined by equation (6), which gives the median of the number of pixels in the 
histogram:  
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, where W is the width of the image and H is the height. Fig. 3 shows the 
threshold obtained. Fig. 4 shows that screening pixels and clutter are eliminated by 
the adaptive threshold. Fig. 4(a) shows the image that results after using Harris corner 
detector while Fig. 4(b) shows the image after clutter elimination. 

 

  

(a)  Input image        (b) Histogram of intensity distribution 

Fig. 2. Histogram of intensity distribution of an IR image 

 

Fig. 3. An adaptive threshold 
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(a)                        (b) 

Fig. 4. Screening pixels 

2.3 Labeling and Making Areas 

Screened pixels are labeled as a precursor to dividing them into two groups 
backgrounds and targets. Generally, binarization of an image is followed by labeling. 
However, original image information can be damaged when a fixed threshold is used 
in the binarization. For example, Fig. 5(a) shows how the results of binarization can 
differ according to the threshold used. In the labeling process, if a high threshold is 
used, targets or clouds can disappear. 

 

  

(a) Gray Image  (b) Threshold 190  (c) Threshold 140  (d) Threshold 90 

Fig. 5. Labeling of binary images using thresholds 

In this paper, the screened pixels are labeled using the pixel value of gray level 
without binarization to avoid information damage. Equation (7) shows how the 
neighbor in gray images is determined. 

otherwise

jIpIjI

NeighborNon

Neighbor MaxiMin ωω ×≤≤×





−
)()()(

:

:
 (7)

Where I  is the intensity value, ip  is pixels, and i  is the number of screened 

pixels. Minω  and Maxω  are the minimum and maximum weights, respectively. In 

our experiments, we used 0.92 as the minimum weight and 1.3 as the maximum 
weight.  

In traditional labeling methods [8], the overall pixels in an image are related. 
However, we perform the labeling operation only on the screened pixels. The actual 
size of a small target is very tiny because, for IR images, it is located a long distance 
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away from the camera. The size of a target is usually in ranges such as 3× 3, 5× 5, 
7× 7, 9× 9, and 11× 11. Thus, the search areas for the neighbor is limited to a size of 
21× 21. The strategy used to search for a neighbor is as follows: 

• If a pixel among 4-connected neighbor pixels is not labeled, the pixel is labeled as 
a neighbor with the same label number. 

For instance, pixels (1) and (2), marked in red in the gray image of Fig. 6(a), are 
the screened pixels. Fig. 6(b) shows the result of our labeling. The pixels in area (3) 
are not included in area (2). Because of the limited search space, the larger neighbor 
does not need to be searched. Figs. 7(b) and 7(e) are the resultant images for the real 
images of Fig. 7(a) and 7(d), respectively. 

In the making of areas, our labeling not only searches for only the screened pixels 
instead of all the pixels in the image but also limits the search areas that result from 
the tiny size of targets. Thus, our labeling improves traditional labeling methods and 
plays an important part in the performance of the entire detection system.  

 

 

(a)                (b) 

Fig. 6. Search areas of the labeling: (a) screened pixels; (b) result of the labeling 

 

(a) Frame 50          (b)              (c) 

 

(d) Frame 83          (e)              (f) 

Fig. 7. (a),(d) input images (b),(e) labeled image (c),(f) detected small targets from images (a), 
(d), respectively   

2.4 Small Target Detection 

The small targets are detected by the number of pixels in the labeled areas: 

otherwise

TiPT

Clutter

rgetTaSmall MaxMin ≤≤
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:

:
 (8)
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In equation (8), )(iP  is the number of pixels in the i th labeled area. In this paper, 

threshold MinT  is 10 and MaxT  is 150. Figs. 7(c) and 7(f) show the small targets 

detected from the real IR images of Figs. 7(a) and 7(d), respectively. 

3 Experimental Results 

Fig. 8 shows the simulation results for WTH transformation, NWTH transformation, 
multi-SEs NWTH transformation, and our proposed method, respectively. The 
experimental IR images had resolutions of 360× 240 pixels. The IR images of the first 
and second row had a cloudy background and only one small target, respectively. The 
IR image of the last row had a cloudy background and only one small target in the 
cloud.  
 

 

(a)               (b)               (c)               (d)               (e) 

Fig. 8. (a) Input IR images; (b) WTH transformation; (c) NWTH transformation; (d) Multi-SEs 
NWTH transformation (e) Our proposed method 

We analyzed each method in terms of processing time and correct detection rate. 
Table 1 shows processing times of each method for the real IR images in Fig. 8. Table 
2 compares their results for correct detection rate.  

The experimental results show that target detection ability of our proposed method 
is superior to that of WTH transformation, NWTH transformation, and multi-SEs 
NWTH transformation.  

Table 1. Processing times 

 WTH (s) NWTH (s) multi-SEs NWTH (s) Proposed (s) 

A 0.005 0.005 0.014 0.058 

B 0.005 0.006 0.015 0.057 
C 0.006 0.006 0.017 0.059 
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Table 2. Correct detection rate(%) 

 Detection rate (%) 

 WTH NWTH multi-SEs NWTH Proposed 

Small target data 59.71 63.03 83.41 100.00 

4 Conclusion 

In this paper, we proposed a feature-based small target detection system from IR 
images. The system is flexible to the sizes of targets as it uses the corner features 
extracted with Harris corner detector. The clutter on the outside of targets and cloud 
regions are eliminated using a histogram of intensity distribution and adaptive 
thresholds. The clutter on the edges of clouds is also removed by our improved 
labeling technique. Experimental results show that our proposed method is more 
effective in detecting small targets than existing methods. 
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Abstract. We propose a new small target detection system that detects small 
target candidates based on morphology operations and detects actual targets 
using a modified Gaussian distance function. To reduce clutter on the edges of 
clouds, a median filter is applied as preprocessing. Two kinds of images are 
calculated with closing and opening morphological operators, respectively. In 
the morphology operations, various sizes of structure elements are used to 
consider the sizes of targets and candidate targets are extracted from difference 
images between the two images in the closing and opening operations. With a 
modified Gaussian distance function, small targets are detected from the 
candidate targets. The proposed method is less sensitive to clutters than existing 
methods, and has a detection rate of 98%. 

Keywords: IR Image, Small Target, Gaussian Distance Function, Top-Hat, 
NWTH. 

1 Introduction 

The small target detection method is morphology-based White Top-Hat(WTH) 
transformation[1]. WTH transformation operates subtraction between a source image 
and an image the performed opening operation. Because, the morphology-based 
method has simple calculation and is easy to realize, real-time processing is possible. 
However, it is vulnerable to images that have a lot of clutter because the resultant 
image is smooth. To overcome this disadvantage, New White Top-
Hat(NWTH)[2],[3],[4] which improves structure elements to make them suitable 
shapes for targets and to reconstitute the method of operation, was proposed. NWTH 
transformation effectively removes much of the clutter distributed in a background; 
however, it cannot remove clutter that has a similar shape to a target among the 
background clutter because its structure elements are similar to the shape of the target. 
In addition, it cannot detect a target if the size of the structure elements is smaller than 
or the same with small target because it is sensitive to structure elements. 
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In this paper, we propose a robust small target detection method that overcomes the 
disadvantages of the existing methods. Our proposed method searches for small target 
candidates based on morphology operations, and detect the probability of a target by 
using a modified Gaussian distance coordinate function. 

First, we remove clutter using a median filter for target detection. Next, closing and 
opening operations are performed by using various sized structure elements and target 
candidate pixels are obtained by means of a subtraction operation between the closing 
and opening operations. The target candidate pixels searched by the subtraction 
operation are clustered into candidate areas after labeling and the central location of 
the areas are calculated. Gaussian distance coordinate is modified in a source image 
by using the calculated centered location, and the area that is close to a small target is 
detected. 

Because the target is removed by an opening operation in the resultant image of the 
subtraction operation and a target emerges clearly from the closing operation, an exact 
target is detected. In addition, because the resultant image is made after closing and 
opening operations of the image to be removed, the clutter emerging during the 
process of the subtraction operation is less than that of existing methods. Thus, it is 
more robust than the existing methods. Further, it reduces the false detection rate 
because it searches for candidate areas by probability using Gaussian distance 
coordinates. 

2 Small Targets Detection System 

2.1 System Structure  

Fig. 1 shows the main structure of our small targets detection system. 
First, we remove clutter included in the IR image using a median filter. Next, 

structure elements of various size are set according to the size of the target, and by 
means of a subtraction operation, resultant images are made using morphology based 
closing and opening operations. Candidate pixels are then selected from the resultant 
images of each subtraction operation. After which, the candidate pixels are labeled 
and clustered into candidate areas and centered coordinate candidates are detected. 
Finally, the small target is detected from the candidate areas using a proposed 
Gaussian distance function. 

 

 

Fig. 1. Main structure of the proposed small targets detection system 
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2.2 Proposed Method 

2.2.1 Clutter Removal using a Median Filter 
The image from the infrared ray sensor includes a lot of clutter. Therefore, we remove 
clutter from the image using a median filter in a preprocessing phase. 

2.2.2 Morphology Based Subtraction 
After preprocessing using the median filter, we perform a morphology based 
subtraction operation. The morphology operators include dilatation )( kf ⊕ , 

erosion )( kf ⊗ , opening )( kf  , and closing )( kf • . Eqs. (1)~(4) are basic 

morphology operation equations. The input image ),( yxf  consisting of gray-scale is 

presented by using structure elements ),( nmk . 

)),(),(max( nmknymxfkf +−−=⊕     (1) 

)),(),(min( nmknymxfkf −++=⊗     (2) 

kkfkf ⊗⊕=• )(     (3) 

kkfkf ⊕⊗= )(     (4) 

),]([),( yxkfyxfWTH −=     (5) 

A small target is brighter than the pixels in the surrounding regions, but it is small 
and has an ambiguous shape. Thus, when the opening operation is performed, the 
bright side of the image disappears, and when the closing operation is performed, the 
dark side of the image disappears. Our proposed morphology based subtraction 
operation performs the opening operation and closing operation not on the source 
image but on the resultant image from the median filter. The resultant image from the 
morphology based subtraction operation result image is obtained using Eq. (6) and is 
a marked subtraction operation from the next content. 

),]([),]([),( yxkfyxkfyxS medmed −•=  (6)

),( yxS is the subtraction operation resultant image. ),( yxfmed is a clutter image 

that is removed using the median filter. The sizes of small targets rang from 33× to 
99× . Thus, when structure elements are not appropriate for the size of a target, the 

misdetection rate increases. In other words, it is difficult to detect a target using 
structure elements of a fixed size. Therefore, in this pater, we set up structure 
elements with three size after considering the size of the small target. Each 
subtraction operation resultant image aaS × bbS × ccS ×  is made about each of these 

structure elements. 
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2.2.3 Detection of Candidate Pixels 

Because our proposed subtraction operation obtains the difference between pixels 
using the property of the closing operation and opening operation, the pixels of the 
small target are bright, while the pixels in its background are dark. However, it is not 
easy to discover the candidate small target pixels among the many pixels. In this 
paper, small target candidate pixels kk×target  are detected using Eq.(7) from the 

subtraction operation resultant image among the structure elements: 

kkkk yx ×× ×≥ max),(target α  (7)

Where k  is a, b, c (that is the sizes of the structure elements used in performing 
the subtraction operation): kk×max is the size of the brightest pixel value of an kkS ×  

resultant image; α  is a parameter to extract the pixel that has the close brightness to 

kk×max and uses a value in the range ]0.1~1.0[  in this paper. Pixels whose value is 

more than kk×× maxα  are candidate pixels. While those with value less than 

kk×× maxα  are considered background pixels. Because the more α the fewer the 

number of candidate pixels when discrimination a size of α , the exact shape of a 
small target doesn’t realize. When α is too small, the brightest value realizes on the 
boundary line like a cloud and it occurs to miss a target. 

2.2.4 Detecting Centered Coordinate of Candidate Region  

The small target has a Gaussian distribution whose center is the brightest while  
the surrounding pixels are dark. To detect a target using the Gaussian distance 
function among the candidate pixels that have Gaussian distribution, preprocessing is 
needed.  

Because we are detecting targets using candidate pixels, we need to know the 
location of candidate pixels of the source image. The centered coordinate about the 
location of the candidate pixels is obtained with the result of the subtraction 
operation. Checking the pixels all at once after clustering near the neighborhood 
pixels is faster than checking them one by one. Neighborhood pixels are thus 
clustered into a candidate area by using a labeling method. 

The calculation of the centered coordinate of candidate targets precedes a binary 
according to candidate pixels and a background pixel that is determined from the 
subtraction operation resultant image. Candidate pixels are clustered into a candidate 
area using an algorithm based labeling method from a binary image. In the labeling 
process, the coordinates of the top, bottom, left, and right of each candidate region is 
obtained, and the centered coordinate is calculated using these four coordinates. 
Although the centered coordinate of the candidate areas is used in the source image, 
there is still a problem. Because the opening operation and the closing operation of 
the morphology operation operate from the left upper part of an image, the resultant 
image itself moves to the left upper part. 

The resultant image from the morphology based subtraction operation is cut 
partially according to structure elements. Hence, because the centered coordinate is 
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calculated in a subtraction operation result image from the morphology operation, a 
process to shift the centered coordinate into a correct coordinate is needed. The 
method to calculate the correct coordinate is given in the form of Eq. (8): 

2/)]2()2[(

2/)]2()2[(

−++−+=
−++−+=
kbottomktopy

krightkleftx
 (8)

2.2.5 Probability Target Detection 

Probability target detection uses a transformed Gaussian distance function and 
consider a target property that has a Gaussian shape. The existing Gaussian distance 
function is Eq. (9): 

]))()[(
2

1
exp(

2

1
),( 22

22
nymxyxGd −+−−=

σσπ
 (9)

When small target is detected using the existing Gaussian distance function, the 
importance of the pixel value of the small target becomes higher than the pixel value 
of its surroundings. Therefore, a modified Gaussian distance function such as that 
depicted in Eq. (10) is needed to decrease the importance of the pixel value of the 
target and to increase the value of the surrounding pixels. 

This modified Gaussian function is defined by Eq. (10): 

|])||[|
2

1
exp(1),(

2
nymxyxIvG kk −+−−⋅−=× σ

λ
 

(10)

Where 2α  is one and nm×  is the centered coordinate of the structure elements. 
k  represents the structure elements used to perform the subtraction operation. λ  is a 
parameter representing distance weight and uses a value between [0.1] and [1]. The 
higher the value of λ  is, the more importance is applied to the value of the 
surrounding pixels. If the importance of the center value of the Gaussian distance 
function proposed as Eq. (10) is zero, the meaning of the target central pixel 
disappears because the importance of the target central value disappears. 

Therefore, 
22

1

πσ
 is replaced by λ  to control the size of the central value of the 

Gaussian distance function, a method to adjust the importance of the distance using 

λ  is selected, and standard normal distribution regarding 2σ  into one is used.  
The method of detecting a small target using the proposed Gaussian distance 

function is illustrated Fig. 2. The location of the candidate regions in the source image 
is checked using the centered coordinate of the candidate area obtained in the labeling 
process. The candidate area location of the source image is then multiplied by 

),( yxIvG kk× . At this time, the size of the structure elements used in the subtraction 

operation should be the same as that of k  in ),( yxIvG kk× .  
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Fig. 2. Method of detecting a small target by using structure elements of the proposed Gaussian 
distance function  

Structure elements tRtarge  in Fig. 2 show that the importance of the small target 

pixel value is small and the importance of the background pixel value uses the 
brightness of the source image as is. Because the background is dimmer than the 
target pixel and the brightness value of the target is applied very little, the variance 
gap is small in cases where the candidate area is a target.  

On the other hand, errorR  is a cast that mistakes the boundary line for a candidate.  

Because the importance of the central pixel brightness value of the structure 
elements decreases and the brightness of the source image is used as the pixels for the 
surrounding brightness, the variance gap is larger than tRtarge . In other words, the 

variance of tRtarge is less than that of errorR . 

Therefore, the area that has the lowest variance value among the candidate areas 
according to the proposed Gaussian distance function becomes the target. Further, the 
structure elements that have the smallest tRtarge  variance size among aa × , bb × , 

and cc ×  size structure elements that are used in the subtraction operation, are 
selected as the optimum size for the structure elements. 

3 Experiment and Analysis of Results 

The image data used in this experiment comprised 211 images of size 240360×   
and single small targets in midair shot from the ground using a moving IR camera. In 
Fig. 3, the image in the first lines is the 37th among 211, the image of second lines is 
the 125th, and the image in the third lines is the 182nd. The 37th image among the 
211 images has a bright cloud background and an obvious small target. 
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An image with the number 125 represents an image that has a highly complex 
background due to clouds. Such an image represents a situation in which a small 
target is hidden hides behind clouds. 

 

 

Fig. 3. (a) Input image, (b) WTH operation result image, (c) NWTH operation result image, (d) 
Multilayered structured NWTH operation result image, (e) Proposed algorithm result image 

Figs. 3(b)~(c) are the result of using 55×  structure elements. Fig. 3(d) results 
from multi-structure elements with initial condition a=5, b=9, c=13. The proposed 
algorithm Fig. 3(e) used a=5, b=7, c=9 structure elements and λ =0.7 in the Gaussian 
distance function. Further, Figs. 3(b)~(e) are the a result of using kk×× max7.0  to 

select candidate pixels. Figs. 3(b)~(d), 37 and 182 resultant images,  have a mistake 
in that not only small targets but also boundary lines are detected as a target. 

However, in Fig. 3(e) it can be seen that a small target that is accurate in 
probability among the small target area and the cloud boundary area is detected using 
the proposed modified Gaussian distance function. 

Table 1 compares the resulting processing time and detection rate of the existing 
methods to those of our proposed method. Our proposed method has a longer 
processing time than all the existing methods; however, it has a higher detection rate 
than all of them. 

Table 1. Processing times and detection rates 

 WTH  NWTH Multi-SEs NWTH[5] Proposed  

Processing 
time 

(clock/sec) 
0.005 0.005 0.014 0.058 

Detection 
rate(%) 

61.16 63.50 83.41 98.57 

 

The detection time is the measured time taken to detect one image. The detection of 
small targets accurately among the 211 images without mistakes is the detection rate. 
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4 Conclusion 

In this paper, we proposed a detection method that detects small target candidates 
based on morphology operation and detects actual targets using a modified Gaussian 
distance function 

Because the morphology operation should be performed on an image from which 
clutter has already been removed by a median filter, structure elements that are less 
sensitive than existing morphology operations are needed. Further, because 
morphology operations are performed using structure elements, structure elements 
that are suitable for a target are needed. The proposed method can detect targets more 
accurately because it takes into consideration the shape of a target using the Gaussian 
distance function. However, a disadvantage of our proposed method is the fact that its 
processing time is longer than that of existing methods due to the large amount of 
calculation it dose. 

To solve these problems, a method that reduces the scanning area after predicting 
the target location is being investigated. 
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Abstract. As mobile devices prevail, communications security has become a 
critical and popular topic in recent years. For example, when a mobile device 
accesses Wi-Fi, the data communicated with the Wi-Fi access point may be  
encrypted to provide extra security. However, on a mobile device with limited 
energy budget, data encryption/ decryption often imposes high pressure on the 
battery life. In this paper, we review how a recently introduced Extremely Hete-
rogeneous Architecture (EHA) can potentially be used to improve performance 
and energy efficiency of data encryption/decryption on mobile devices. 

Keywords: Wi-Fi, Extremely Heterogeneous Architecture (EHA), cryptography, 
hardware acceleration, performance analysis, hotspot function. 

1 Introduction 

In recent years, mobile devices (Android, iPhone, and Windows Phone) have  
prevailed and are taking over desktop computers as the primary personal computing 
devices. Under this background, communication security has become a critical and 
popular topic. For example, when a mobile device accesses Wi-Fi, the data communi-
cated with the Wi-Fi access point may be encrypted to provide extra security.  
However, on a mobile device with limited energy budget, data encryption/decryption 
often imposes high pressure on the battery life. 

Under this constraint, users can choose to sacrifice the battery life to get extra  
security, or they can choose to sacrifice their data security in return of longer battery 
life. Fortunately, there is a recently developed hardware architecture that may be used 
to address this problem. The Extremely Heterogeneous Architecture (EHA), recently 
developed by Tang et al. [1-9], proposes to design specialized hardware accelerators 
to improve the performance as well as energy efficiency of the target workloads.  
This architecture has been used to accelerate many different workloads, such as XML 
parsing, software defined radio, garbage collection operations [10-15]. 

In this paper, we introduce this EHA architecture to the communication applica-
tion, and we review how this new architecture can potentially be used to improve 
the performance and energy efficiency of the Wi-Fi encryption and decryption 
workloads. 
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2 EHA Architecture 

In this section, we review the basic design concepts behind the EHA architecture. For 
more details about this architecture, please refer to the work done by Tang et al. [1-9]. 

As indicated in [20], the EHA consists of general-purpose cores and specialized 
cores, including: 

• A heavy-weight high-performance core, which runs at high frequency and executes 
up to eight instructions each cycle;  

• Multiple homogeneous light-weight low-performance cores, which run at low  
frequency and execute two instructions per cycle;  

• Multiple hardware accelerators implemented using Application Specific Integrated 
Circuits (ASICs); 

• Multiple reconfigurable accelerators implemented using Field Programmable Gate 
Arrays (FPGAs).  

• Each of these cores will host a specific service.  

In this design, the high-performance core acts as the “control core”, duty of which 
includes scheduling, load balancing, housekeeping, as well as some basic computation 
tasks. The low-performance cores are the “execution cores”, which get the tasks from 
the “control core” and execute them as scheduled. This type of “control core” can be 
used in mobile devices which apply Game theoretical and optimal approach [16]. 
Specialized hardware accelerators are dedicated for application acceleration and those 
targeted applications are normally frequently invoked or computationally intensive. 
To improve the performance of a particular workload, the EHA uses ASIC and FPGA 
to accelerate the execution of these programs. For applications that have great paral-
lelism, the EHA uses the Graphics Processing Units (GPUs) for acceleration, the 
processing engines (PEs) of which can work concurrently to explore the potential 
parallelism. The EHA integrates all these heterogeneous cores into the same chip and 
they can communicate with each other via the high-speed on-chip interconnect  
network. As manufacturing technology progresses, a single chip can integrate more 
cores and more cache capacity. EHA can thus scale up well because the number of 
both generic and specific cores can be adjusted correspondingly.  

3 Application of EHA on Encryption/Decryption Operations 

In the past 30 years, more and more information is stored in digitized format due to 
the rapid development of computer and communication technology. However, with-
out good protection scheme, data could be hacked and cracked by malicious intruders. 
A good security mechanism will be able to keep the secrecy and integrity of the  
information. Henceforth, data encryption/decryption has become an essential compo-
nent for modern information exchange. For example, Wi-Fi access points usually use 
WPA2 [22] to perform security support.  

However, these cryptography algorithms are often computation intensive, as many 
arithmetic and logic operations are executed in the encryption/ decryption process to 
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make data not easily cracked. Huge amount of data also are transmitted between the 
CPU and memory. Using a traditional general-purpose processor imposes very high 
computation and energy overheads, which would not be efficient for this scenario. 
Thus, the performance enhancement for the security component is crucial for mobile 
devices. 

To address this issue, we can use the EHA architecture to expedite the crypto-
graphic operations through hardware acceleration. Compared with many previous 
works [23-24] which focus on the algorithm design or the parallelization technique, 
one way to accelerate these encryption/decryption algorithms is to identify certain 
“hotspot functions” in the cryptographic algorithm, which consume a substantial 
amount of execution time of the specific algorithm. By using specialized hardware to 
accelerate these operations, we can greatly reduce the time and energy required to 
complete these expensive operations. 

To this end, we [18] have collected nine benchmarks used widely in modern  
security systems: AES, 3DES, RC5, MD5, IDEA, SHA1, Blowfish, ECC and RSA. 
Rijndael’s algorithm has been selected as AES due to its good balance in terms of 
speed, security, and flexibility. 3DES applied the DES three times to each data block 
and is widely adopted in banking information system and electronic payment indus-
try. IDEA is used by PGP (Pretty Good Privacy) v2.0 to transmit message bodies. 
Blowfish provides a good encryption rate and its memory footprint is also very small. 

ECC and RSA are public key algorithms. ECC is based on the algebraic structure 
of elliptic curves over finite fields. It is now popular due to the fact that it offers the 
same security level as offered by other contemporary algorithms at a shorter key 
length. RSA is suitable for encryption and digital signature and used in E-Commerce 
protocols. Although the execution of ECC and RSA are time-consuming, in these 
asymmetric algorithms each data can be encrypted or decrypted independently and the 
operations on these data can be performed in parallel. RC5, MD5, and SHA1 are all 
hash algorithms, which are used to verify the integrity of data blocks. RC5 is notable 
for its simplicity. What’s more, the length of its secret key, word size, and number of 
rounds of computation can be varied. It is used in devices with restricted memory size 
such as smart cards. MD5 is widely used to assure if the transmitted file has arrived 
intact and to store passwords. SHA1 is often used in firewall, VPN, and IP security.  

The approach of us towards hardware acceleration consists of two steps. The first 
step is to identify the hotspot functions. There are three aspects of the hotspot function 
we identified as worth considering.  

Firstly, we chose a hotspot function with high execution rate. The execution rate is 
the percentage of the execution time belonging to hotspot function over the entire 
execution for each benchmark. We employed performance analyzer Vtune [25] and 
showed that seven out of nine benchmarks had hotspot functions with high execution 
rate. These are the software performance bottleneck and if they are implemented into 
hardware accelerator, the overall performance will be enhanced dramatically.  

Secondly, the hardware cost to implement hotspot function is equally important. If 
the execution rate of a hotspot function is too low, implementing this function  
in hardware would make little sense since it has little impact on overall benchmark 
performance. In some cryptographic algorithms, the hotspot function is the entire 
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main process of the total algorithm, such as the encryption/decryption part. The  
hardware cost would be too high and much die area would be consumed for such 
cases. In this situation, we examined at a finer granularity by stepping into the hotspot  
functions to see if there is a “hot-line” or “hot-block” (basic block or several lines of 
code) whose size is small but still consumes a significant amount of time.  

Finally, the hotspot points (function/block/code lines) should be concentrated into 
one or up to a small number of places in the benchmark. If several hotspot points are 
distributed all over the benchmark, even they have high execution rate, these hotspot 
points are needed to be implemented as many separate hardware accelerators. Issues 
such as data dependency will make the design complex, and a lot of interfaces be-
tween the host (control core) and accelerators (execution cores) will take more power 
and hardware cost. Thus a hotspot function with high execution rate, low hardware 
cost, and high concentration will be suitable for hardware acceleration. We found 
AES has three hotspot functions and other six benchmarks has one hotspot function or 
hot-block, all of which are of small size and consume a lot of execution time. These 
hotspot points qualified for the above three aspects of hardware implementation.  

Next, we implemented the identified hotspot function/hot-block of the selected 
benchmarks into accelerators on the platform of Xilinx Virtex-5 FPGA board running 
at 100MHz. The hardware implementations achieved 30-100 folds performance  
improvement compared to the pure software implementation of the hotspot functions. 
Also they achieved the speedups of 2.9 for RSA, 4.5 for AES Encryption, and 5.9 for 
AES Decryption in terms of overall execution time of the cryptography algorithms. 
We measured the power and energy consumption and found the accelerator consumes 
much less energy than the general purpose processor. In some cases the difference can 
be up to two to three orders of magnitude. We also measured the hardware cost in 
terms of the number of hardware slices, flip-flops, and look-up tables. The overhead 
incurred by the accelerator is quite minimal. Compared to a very simple in-order 
MIPS processor design [21], the accelerator took only 1/100th to 1/1000th hardware 
cost of the MIPS processor.  

To implement this acceleration technique into EHA architecture, we could  
integrate these hardware accelerators as ASIC/FPGA accelerators proposed in the 
EHA and offload all the Wi-Fi encryption/decryption workloads to the hardware acce-
lerators to achieve performance and energy efficiency. The hardware cost and energy 
consumption investigation showed that the accelerators as “execution core” did not 
take a lot of energy consumption and die area of the EHA architecture.  

4 Conclusions 

In this paper, to address the challenging issue of performance and energy overheads 
of data encryption/decryption occurred for mobile devices when communicating with 
the Wi-Fi access point, we introduce a recently developed hardware computer  
architecture, the Extremely Hardware Architecture, to the communication application. 
We dive into the details of the EHA framework and discuss how this architecture can 
be used to reduce the performance overhead and improve the energy efficiency of 
encryption/decryption workloads. 
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In the near future, the EHA architecture can be extended to accelerate more  
networking workloads as well.  
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Abstract. Vehicular Ad hoc Network (VANET) is a kind of open wireless 
communication network and uses 802.11p protocol to interconnect vehicles and 
provides numerous services. Although it brings many of convenient applica-
tions but unlike traditionally wired networks are protected by several defenses 
such as firewalls and gateways, it may face a variety of security challenges such 
as security and privacy. The users need anonymous mechanisms to enable  
unlink ability but impartial third party requests non-reputation for accidents or 
certain events. In brief, the privacy preserving and non-reputation are contradic-
tory. To overcome these flaws, an anonymous communication scheme with 
non-reputation for vehicular ad hoc networks is proposed. Our proposed scheme 
not only accomplishes anonymously communication between vehicle-to-vehicle 
and vehicle-to-roadside infrastructure for protecting privacy, but also achieves 
non-reputation function for identifying vehicle. 

Keywords: vehicular ad hoc network, security, privacy, non-reputation. 

1 Introduction 

Along with the improvement of wireless communication technologies, Vehicular  
Ad-hoc Networks (VANETs) [1] which are one of special form of Mobile Ad-hoc 
Networks (MANETs) [2], has been used to improve the driving experience [3].  
Vehicles with onboard units (OBUs) support interactions among nearby vehicles and 
roadside units (RSUs) such that provide a better way to collect dynamic traffic  
information with low cost and high accuracy than man-made.  

VANET as the internet, a variety of security challenges always exists.  A malicious 
attacker can eavesdrop and records messages transmitted by targeted vehicle. Then, the 
attacker can track the location of the vehicle and infer the private information of  
its driver and passengers from recorded messages. It is clear that privacy and  
non-reputation play a critical role in the communications of the VANET and need to be 
enhanced to thwart such scenarios. Significant progresses [4][5] have been made in 
secure network models and threats in VANETs. Some researches [6][7] described 
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secure key, group key and certificate framework. But some of existing schemes [8][9] 
only focused on authentication with privacy preservation without non-reputation  
mechanism. Their solutions are relied on a huge number of anonymous keys which 
will be a problem when the revoked anonymous keys are large.  

Concerns both privacy preservation and non-reputation are a prerequisite for  
deployment of VANET, we proposed an anonymous communication scheme with 
non-reputation for vehicular ad hoc networks. In our scheme, vehicles generates  
private/public key pairs by itself and a Regional Authority (RA) serves as a trusted 
third party in which generate vehicular pseudonym and certificates of vehicular  
pseudonym.  

The remainder of this paper is organized as follows. A briefly related works are 
discussed in Section 2, and the proposed scheme is introduced in Section 3. The  
security analysis and evaluation results are explained in Section 4, and finally, the 
conclusion and the future works are drawn in Section 5. 

2 Related Work 

Raya et al. [10] proposed using public key infrastructure (PKI) for VANET security 
which investigated the privacy issue by a pseudonym-based approach with PKI and 
certificate authority (CA). In their scheme, each OBU stores a set of anonymous  
public/private keys to sign traffic messages and changes private keys periodically for 
avoiding being traced. Although the scheme achieves anonymous message authentica-
tion and conditional privacy preservation, but accompanies some disadvantages. First, 
each OBU needs to keep a large number of anonymous pair-wise keys. Second, a  
high search time is inevitable on looking up the long revocation list for any dispute 
certificate. Third, OBUs must suffer the overhead of anonymous keys being revoked 
and updated the certificate revocation list. Moreover, such PKI security frameworks 
need extremely cost for public key certificate and storage overhead to manage the 
Certificate Revocation Lists (CRLs).  

GSIS [11] used group signatures for OBUs and identity-based signatures for RSUs 
to resolve the flaw of a large number of public key certificates. A message can  
be verified sending from a legitimate sender by its signature which signs by group 
signature scheme. However, although it has the advantage of shorter revocation list 
and easily updated, but each vehicle has to spend more time on message verification, 
in which is linear proportion to the number of revoked vehicles in the revocation list. 
This solution is not feasible for time-aware messages. 

C.T. Li et al. [12] proposed a secure and efficient communication scheme, which 
utilizes non-interactive ID-based public-key cryptography, blind signature, and one-
way hash chain. But, it does not take the non-repudiation into account. These security 
solutions using identity-based cryptography in VANETs strongly depend on the infra-
structure to perform private/public key pair assignment and pseudonym generation. 
The key generation infrastructure can abuse its access ability, which implies the key 
escrow problem. Briefly, the non-repudiation, private preserving does not be strongly 
guaranteed. 
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3 Anonymous Communication Scheme with Non-reputation 

Intuitively, there is a Region Head-end (RH) located at the top layer, which is  
composed of a RA, application servers and necessary equipment. We assume that the 
RH is secure, which be managed and protected by legitimate organization so that 
network entities communicate with RIH is safe. For eased presentation, the notations 
throughout this paper for our proposed scheme are listed in Table 1. 

Table 1. Notations and Descriptions 

Notations Descriptions 
RA  A regional authority 
G  A cyclic additive group 
GT  A multiplicative group 
q  The order of groups G and GT 
P  The generator of the cyclic additive group G 
ê   A bilinear map G * G →GT 
PKi  The public key of entity i 
PKi;j  The j-th public key of entity i 
Ski  The private key of entity i 
SKi;j  The j-th private key of entity i 
H1()  A MapToPoint hash function, an arbitrary string to G, H1 :{0,1}* → G 
H2()  A MapToPoint hash function that maps some n to GT , H2 : {0,1}n →GT 
h()  A strong one-way hash function 
RIDi  The real identity of entity i 
PSi  The pseudonym generated for a vehicle i by RA 
Certi  A certificate of pseudonym and public key for entity i 
Texpiry  A lifetime for a certificate of entity i 
Tcurrent  The current time of entity i 
Signi(M) A signature for message M by entity i 

 

Firstly, RA sets up the required parameters as follows: 

• G cyclic additive group, GT cyclic multiplicative group are both of order q, P is the 
generator of G and ê  : G * G →GT is an admissible bilinear map. 

• RA chooses a random number s as its private key, *
qzs ∈  and its public key is 

PKRA=sP. Then,  tuple {q,P,G,GT,PKRA,H1,H2,h} is public parameters. 

In our scheme, vehicles should be registered to the RA before joining VANET the 
registration procedure is accomplished under an off-line, secure model. The following 
steps describe the registration procedures: 

• RA provides the parameters {q,P,G,GT,PKRA,H1,H2,h} to a vehiclei which issues a 
registration request. 
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• Vehiclei  chooses a random number x as its private key Ski=x, *
qzx ∈  and  

generates its public key Pki=xP. Then, vehiclei  sends its real identification, public 
key (RIDi, PKi) to RA for its corresponding pseudonym and certificate. 

• According to the (RIDi, PKi), RA generates the pseudonym PSi of vehiclei by
)(1 iii sPKHRIDPS ⊕=  and issues a certificate Certi with a expiry date to 

(RIDi, PKi) by 
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the requested vehiclei .  
• Vehiclei verifies and accepts the certificate, if ),(ˆ),(ˆ RAii PKCTePe =σ , since
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s

iii PKCTesPCTePCTePsCTePe ====σ . 

In order to improve the convenience and efficiency in certificate update, vehicles 
regenerate public/private keys and renew the pseudonym from RA according to the 
period of lifetime Texpiry which can be assigned as a specified lifetime. 

• Vehiclei chooses xi,j as its j-th private key Ski,j=xi,j, *
, qji zx ∈  and generates the 

public key Pki,j=xi,jP. Then, vehiclei sends the (Certi,j-1,Texpiry,j-1) to RA. 
• RA checks the current time, Certi,j-1 and obtains RIDi from 

)( 1,11, −− ⊕= jijii sPKHPSRID .Then, RA generates the j-th pseudonym Psi,j for  vehic-

lei as registration procedures. 

When a vehiclei want to communicate with other vehicle or RSUs, it transmits the 
message M, its Certi and the signature of M as ))(,,,,( )(exp MSignTCertTM iiiryicurrent

where

)()()( MhxMhSKMSign iii == . The receiving vehicles or RSU authenticate vehiclei by 

inspecting ),(ˆ),(ˆ RAii PKCTePe =σ . If true, they continue to check the signature of M 

whether )),((ˆ)),((ˆ ii PKMhepMSigne = as the following equation

)),((ˆ)),((ˆ)),((ˆ)),((ˆ)),((ˆ ii
x

ii PKMhePxMhePMhePMhxepMSigne i ==== and if it is true, 

they accept the message. 
It is noted that the real ID of vehiclei is hided under the pseudonym PSi which  

protects vehiclei's privacy. However, if necessary, other vehicles or RSU can provide 
the Certi to RA to request the real ID of vehiclei which RA can restore by

)(1 iii sPKHPSRID ⊕= . 

4 Analysis and Evaluation 

In our proposed scheme, RA acts as the trusted third party. According RA’s public 
key, vehicles authenticate each other by verifying their certificates. RA uses its  
private key to generate vehicle’s pseudonym and issues certificate within an expiry 
date. In the one hand, the adversaries are impossible to get the vehicle’s real identity 
through pseudonym because of they do not hold the RA’s private key. In the other 
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hand, when some situations need to trace vehicle’s real identity, RA can reveal the 
real identity from pseudonym through RA’s private key. 

Adversaries also could not abuse the vehicle’s pseudonym to send false messages, 
because they do not know the private key of the legal vehicle to create true Sign(M). 
Besides, if an adversary try to update vehicle’s public key and pseudonym by  
eavesdropping previous certificate. The RA can perceive that the certificate update 
request is illegal because of the real identity and private key of legal vehicle never be 
revealed in communications. This shows that our scheme not only provides anonym-
ous communication but also guarantees strong non-repudiation with messages. 

The efficiency of proposed scheme evaluated in the message loss ratio by the ns-2 
simulator. We simulated a traffic scenario on two six-lane 1500m straight roads which 
set a crossroad at the middle. Vehicles are randomly deployed at the roads and an 
RSU is located at the intersection then every 500m along each road allocate an RSU 
and up to 150 vehicles can associate with a RSU. Each vehicle is driving speed in a 
range from 60 km/hr to 120 km/hr. The communication range for vehicle-to-vehicle 
and RSU-to-vehicle is 300m and 600m, respectively, which send message every 
300ms. The channel bandwidth is 6Mb/s. 

 

 

Fig. 1. Average message loss ratio versus vehicle number 

Message Loss Ratio: The metric of average message loss ratio (AMLR) is defined as 
follows 
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where N is the total number of vehicles in this simulation, 

i
sendM  represents the total number of messages have been sent by the vehiclei from  

the medium access control layer, the total number of messages processed by the vehiclei 
in application layer is denoted as i

apM . Figure 1 shows the relationship between the 

average message loss ratio. The difference between both communication model is not 
conspicuous until the vehicles increase to 100, the difference becomes apparent and the 
difference reaches about 30% when the number of vehicles up to 160. However, the 
normal traffic load is below 50 vehicles, where the loss ratio is merely achieved 8%. 
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5 Conclusion and the Future Works 

In this paper we have proposed an anonymous communication scheme with non-
Reputation for VANETs. One of the significant advantages is the privacy preservation 
that RA uses its private key to issue vehicle’s pseudonym and certificate. Another is 
the non-repudiation; vehicles authenticate each other by verifying their certificates and 
RA’s public key. As a future work, we plan to investigate further on how this scheme 
can be adapted to the message aggregation for group communications in VANETs, 
which is required in high density vehicle-to-vehicle communication scenarios. 
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Abstract. In this paper, a new mobility management scheme is proposed for 
IoT (Internet of Things) environment. Usually, the mobile nodes are resource-
limited. Specially, the mobile nodes may move together with human or vehicles 
in IoT. To provide ubiquitous IoT services, a network-based mobility manage-
ment scheme supporting global mobility and group mobility is proposed in this 
paper. The performance analysis shows that the proposed scheme improves 
handover delay and control overhead in the context of IoT. 

Keywords: IoT, Network Based, Global Mobility, Group Mobility. 

1 Introduction 

IoT (Internet of Things) applications [1] attract great interests recently. In IoT, things 
are able to communicate with each other to transparently provide ubiquitous services. 
IP-based networks are widely accepted for integrating existed/existing technologies to 
support IoT applications [2]. ITS (Intelligent Transportation System) is one of the most 
popular IoT applications. By integrating the technologies of IoT, vehicular networks, 
and cloud computing, ITS can supply real-time traffic information, monitor vehicle 
state, manage fleet, improve transportation efficiency, and reduce air pollution [3]. 
However, diverse mobility patterns in IoT impact the quality of the services. An  
efficient mobility management scheme is essential to support seamless services in IoT.  

Mobile IP [4] is the most well-known protocol for managing mobility in IP  
networks. Mobile IP has been developed to meet various demands of different  
applications. Unfortunately, Mobile IP and its extensions are categorized as the  
host-based mobility protocols. That is, the mobile nodes need to be involved in  
the host-based mobility management processing. It seems quite unsuitable for the  
resource-constrained mobile nodes [5].  

To remedy this problem, PMIP [6] which is a network-based mobility management 
protocol is proposed. In PMIP, the MAG (Mobile Access Gateway) handles handover 
mechanism on behalf of the mobile nodes. Consequently, the signalling overhead and 
energy consumption on the mobile nodes are significantly reduced. However, PMIP is 
a local mobility protocol that limits the mobile nodes to move across different PMIP 
domains [7]. When PMIP domain gets large, heavy routing overhead and system load 
result in poor performance [7]. Therefore, local mobility protocols are not satisfactory 
to provide ubiquitous services in future IoT environment.  
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IETF proposed PMIP-MIP Interaction [8] that integrates PMIP and Mobile IP to 
support global mobility. However, in PMIP-MIP, the mobile nodes are responsible  
of resource-consuming binding updating procedure. Also, group mobility is not  
considered in the original PMIP-MIP design. Oppositely, NEMO [9] supports  
network mobility; that managing the mobility of an entire network moving as a unit. 
The mobile network is connected to the Internet via the Mobile Routers (MR) being 
responsible of maintaining the Internet connectivity for the entire mobile network [9].  

In this paper, a new mobility management scheme is proposed for IoT/ITS envi-
ronment. By integrating the PMIP-MIP [8] and NEMO [9], the proposed scheme 
supports the aspects, including network-based, group mobility, and global mobility, 
for managing complicated mobility in the context of IoT/ITS. As will be shown in the 
performance analysis, as compared with the PMIP-MIP, the proposed scheme can 
shorten handover delay and lessen control overhead. 

The remainder of this paper is organized as follows. In section 2, the scheme  
proposed in this paper is overviewed. Performance analysis is offered in section 3. A 
brief conclusion is presented in section 4.  

2 System Overview 

2.1 System Model 

Fig. 1 shows the typical usage scenario of this paper. In the model, the users take the 
high speed train for transportation. Each user is equipped with a few bio-sensors for 
detecting the physiological signals of the user body (e.g. body temperature, heartbeat 
etc.) and a smart device (e.g. smart phones, smart watches etc.) These bio-sensors and 
the smart device are organized as a PAN (Personal Area Network). The smart device 
acts as the sink node of the PAN; which collects the signals detected by the bio-sensors 
and forwards them to the Internet. Numerous WiFi/WiMAX APs (Access Points) or 
Cellular BSs (Base Stations) are deployed alongside the road for receiving/sending the 
data from/to the smart device to/from the Internet. Note that, in this scenario, these  
bio-sensors move together with the user body. And, the users move together with the 
train. The train moves through a few roadside APs/BSs. Diverse movement patterns 
are implied in this scenario and are considered in this paper. 

2.2 Network Architecture 

The network architecture of the proposed scheme integrates PMIP-MIP [8] and 
NEMO [9] to support various movements in the context of IoT/ITS. The system is 
composed of a few PMIPv6 domains. PMIPv6 domain here is defined as the adminis-
trative area of a LMA (Local Mobility Anchor). That is, each PMIPv6 domain [6, 7] 
is managed by a LMA. One or more MAGs (Mobile Access Gateways) are contained 
in a domain. In the proposed system, the roadside APs/BSs act as the MAG.  

Note that, a train contains a few carriages. The users equipped with bio-sensors are 
distributed in these train carriages. The communication environment of the train, as  
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Fig. 1. System Model Fig. 2. Network Architecture 

 
depicted in Fig. 2, is based on a three-layer NEMO network. Firstly, the NEMOBody is 
the PAN which is formed by the group of the bio-sensors on a user body. Each 
NEMOBody is managed by an MRBody. In our design, the smart device carried with the 
user acts as the MRBody of the NEMOBody. The MRBody relays messages between the 
NEMOBody and the MRCarriage. Secondly, all the NEMOBody in a train carriage form a 
NEMOCarriage. Each NEMOCarriage is managed by an MRCarriage. In our design, a WiFi 
AP is setup for acting as the MRCarriage. The MRCarriage relays messages between the 
NEMOCarriage and the MRTrain. Thirdly, all the NEMOCarriage in the train form a NEMO-
Train. Each NEMOTrain is managed by an MRTrain. In our design, a gateway is taken as 
the MRTrain. The MRTrain relays messages between the NEMOTrain and the Internet.  

Particularly, the MNNs may come from different home networks. With original 
NEMO [9], when the train moves, the BU messages for location updating need to be 
sent to different MNN-HAs (Home Agent for Mobile Node) for each MNNs; that 
yields considerable control messages. To remedy this problem, the MR-HA (Home 
Agent for Mobile Router) is coined in this paper. In our design, the information of 
associated LMA of each MR is maintained at the MR-HA. When the train moves 
across different domains, the LMA sends a BU message for each MRs to related  
MR-HA. Therefore, the control overhead for location updating is remarkably reduced.  

2.3 The Proposed Mobility Scheme 

Two types of mobility, including intra-LMA mobility and inter-LMA mobility, are 
considered in this paper. The train moves from the previous MAG (denoted as 
pMAG) to the new MAG (denoted as nMAG). The movement is categorized as the 
intra-LMA mobility in case that the pMAG and the nMAG belong to the same domain 
(i.e. the area managed by the same LMA). Otherwise, the movement is recognized as 
the inter-LMA mobility.  

Intra-LMA Mobility: The procedure handling the intra-LMA mobility is described as 
follows. (1) MNNs, MRBody, and MRCarriage attach to MRBody, MRCarriage, and MRTrain 
respectively (2) MRTrain attaches to pMAG, (3) MRTrain de-attaches from pMAG when 
the train moves out of the communication range of pMAG, (4) pMAG sends PBU 
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(Proxy Binding Update) messages to LMA for updating binding cache (i.e. the PBU 
message notifies LMA that MNNs de-attach from pMAG), (5) LMA sends back PBA 
(Proxy Binding Acknowledgement) message, (6) MRTrain attaches to nMAG when the 
train moves into the communication range of the nMAG, (7) MRTrain sends Rtr. Sol 
(Router Solicitation) messages to the nMAG, (8) nMAG sends PBU messages to 
LMA for update binding cache (i.e. the PBU message notifies LMA that MRTrain at-
taches to the nMAG), (9) LMA sends back PBA message, (10) nMAG sends back 
Rtr. Adv (Router Advertisement) to the MRTrain. 

Inter-LMA Mobility: The procedure managing the inter-LMA mobility is introduced 
next. (1) MNNs, MRBody, and MRCarriage attach to MRBody, MRCarriage, and MRTrain re-
spectively (2) MRTrain attaches to pMAG, (3) MRTrain de-attaches from pMAG when 
the train moves out of the communication range of pMAG, (4) pMAG sends PBU 
messages to pLMA for updating binding cache (i.e. the PBU message notifies pLMA 
that MNNs de-attach from the pMAG), (5) pLMA sends back PBA message, (6) 
MRTrain attaches to nMAG when the train moves into the communication range of 
nMAG, (7) MRTrain sends Rtr. Sol messages to nMAG, (8) nMAG sends PBU mes-
sages to nLMA for updating binding cache (i.e. the PBU message notifies nLMA that 
MRTrain attaches to the nMAG), (9) nLMA sends BU messages to MR-HA of the 
MRTrain for updating binding cache (for the binding entry for MRTrain does not exist in 
nLMA binding cache), (10) MR-HA sends back BA messages to nLMA, (11) nLMA 
sends back PBA message to nMAG, (12) nMAG sends back Rtr. Adv to MRTrain. 

3 Performance Analysis 

The performance, including the handover delay and the signalling overhead, of the 
proposed scheme is presented next. The handover delay here means the time needed 
by the MNNs or the MRs to finish the handover procedure. And, the control overhead 
is the number of control messages needed to finish the handover procedure. The prob-
ability of the intra-LMA mobility is assumed as ρ. Without losing the generality, in 
this paper, the delay for one hop is 0.01 second [10]. Besides, the number of MNN is 
defined as the number of the sensors on a user body (denoted as k) while the number 
of NEMO networks means the number of NEMOBody which is composed of the sen-
sors on the user body (denoted as Nk). In related experiments, five sensors are dep-
loyed on each user body. And, T is the handover delay time. Υ is the total number of 
control messages. In this paper, the performance of the proposed scheme is compared 
with the well-known PMIP-MIP [8]. Because the group mobility processing of 
NEMO is adopted, the handover delay and the control overhead of the proposed 
scheme are much less than those of the PMIP-MIP. 

Handover Delay: The handover delay of the intra-LMA mobility and the inter-LMA 
mobility can be given by expression (1) and expression (2) respectively. Therefore, 
the overall handover delay of the proposed scheme is offered by expression (3).  
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Control Overhead: The control overhead of the intra-LMA mobility and the inter-
LMA mobility is calculated by expression (4) and expression (5) respectively. Thus, 
the overall control overhead of the proposed scheme is computed by expression (6). 
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Discussion: The proposed scheme needs less handover delay (as shown in Fig. 3) and 
less control overhead (as shown in Fig. 5) than those of PMIP-MIP for various k and 
ρ. For both schemes, both the handover delay and the control overhead decrease as the 
ρ increases. In PMIP-MIP, both the handover delay and the control overhead increase 
apparently as k increases. Oppositely, with the proposed scheme, both the handover 
delay and the control overhead are independent of k.  

 

Fig. 3. Handover Delay for Various k and ρ Fig. 4. Handover Delay for Various Nk and ρ 
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The proposed scheme needs less handover delay (as shown in Fig. 4) and less  
control overhead (as shown in Fig. 6) than those of PMIP-MIP for various Nk and ρ. 
With both schemes, both the handover delay and the control overhead decrease as the 
ρ increases. With the PMIP-MIP, both the handover delay and the control overhead 
increase remarkably as Nk increases. Relatively, in the proposed scheme, both the 
handover delay and the control overhead lightly increase as Nk increases. 
 

 

Fig. 5. Control Overhead for Various k and ρ Fig. 6. Control Overhead for Various Nk and ρ 

4 Conclusions 

In this paper, a new network-based mobility management scheme for IoT/ITS  
supporting global mobility and group mobility is proposed. The performance analysis 
shows that the proposed scheme outperforms the PMIP-MIP in the handover delay 
and control overhead. The pre-handoff mechanism and the scalability problem will be 
considered in the future work. 

Acknowledgement. This work was supported in part of by the R.O.C. National  
Science Council under grant number NSC 100-2221-E-142-006 and NSC 101-2221-
E-142-006. 

References 

1. Atzori, L., Lera, A., Morabito, G.: The Internet of Things: A survey. Elsevier Computer 
Networks 54(15), 2787–2805 (2010) 

2. Ramjee, R., La Porta, T., Salgarelli, L., Thuel, S., Varadhan, K., Li, L.: IP-based Access 
Network Infrastructure for Next Generation Wireless Data Networks. IEEE Personal 
Communications 7(4), 34–41 (2000) 

3. ITS, http://en.wikipedia.org/wiki/Intelligent_transportation_ 
system 

4. Perkins, C., Johnson, D., Arkko, J.: Mobility Support in IPv6. IETF RFC6275 (2011) 



 A Mobility Management Scheme for Internet of Things 575 

 

5. Lee, S., Latchman, H.A., Park, B.: Efficient Handover Scheme of Proxy Mobile IPv6 in 
Wireless Local Area Networks. International Journal of Multimedia and Ubiquitous Engi-
neering 5(2) (April 2010) 

6. Gundavelli, S., Leung, K., Devarapalli, V., Chowdhury, K., Patil, B.: Proxy Mobile IPv6. 
IETF RFC5213 (2008) 

7. Kim, H.G., Kim, J.M., Kim, H.S.: A Global Mobility Scheme for Seamless Multicasting in 
Proxy Mobile IPv6 Networks. In: Proceedings of the 15th International Conference on 
Advanced Communications Technology (2013) 

8. Giaretta, G.: Interactions between Proxy Mobile IPv6 (PMIPv6) and Mobile IPv6 
(MIPv6): Scenarios and Related Issues. IETF RFC6612 (2012) 

9. Ernst, T., Lach, H.Y.: Network Mobility Support Terminology. IETF RFC4885 (2007) 
10. Yan, Z., Zhang, S., Zhou, H., Zhang, H., You, I.: Network Mobility Support in PMIPv6 

Network. In: Proceedings of the 6th International Wireless Communications and Mobile 
Computing Conference, pp. 890–894 (June 2010) 

 



James J. (Jong Hyuk) Park et al. (eds.), Mobile, Ubiquitous, and Intelligent Computing,  
Lecture Notes in Electrical Engineering 274,  

577

DOI: 10.1007/978-3-642-40675-1_86, © Springer-Verlag Berlin Heidelberg 2014 
 

An Overlay Network  
Based on Arrangement Graph with Fault Tolerance 

Ssu-Hsuan Lu1, Kuan-Ching Li2, Kuan-Chou Lai3, and Yeh-Ching Chung1 

1 Department of Computer Science, National Tsing Hua University, Hsinchu, Taiwan 
shlu@sslab.cs.nthu.edu.tw, ychung@cs.nthu.edu.tw 

2 Department of Computer Science and Information Engineering,  
Providence University, Taichung, Taiwan  

kuancli@pu.edu.tw 
3 Department of Computer Science, National Taichung University, Taichung, Taiwan 

kclai@ntcu.edu.tw  

Abstract. As people change the habit of using the Internet, network technology 
has become matured. Unlike client-server, peer-to-peer (P2P) technology  
increases the convenience of people’s daily life. The routing efficiency of  
P2P system without centralized server always is an important issue. This paper 
proposes a virtual peer mechanism of P2P overlay network based on the  
arrangement graph to make exiting physical peers be agent peers for vacant 
peers. Each vacant peer is managed by a physical peer who often is its neigh-
bor, and the vacant peer is called virtual peer. Physical peers and virtual peers 
make the arrangement graph full, and make the number of routing hops can be 
limited within the diameter of the arrangement graph. From experimental re-
sults, this system can keep routing efficiency no matter the number of peers and 
do not increase system overhead.  

Keywords: Peer-to-Peer, overlay network, arrangement graph, fault tolerance. 

1 Introduction 

With the emergence of the Internet, the traditional lifestyle has been subverted,  
and people have been more and more depended on the Internet. Due to the efficiency 
driven, people gradually abandon the use of client-server architecture, and use  
peer-to-peer (P2P) architecture. In such an environment, all peers are both client and 
server, and then can share resources and information directly.  

P2P overlay networks are virtual networks based on physical networks. Through 
the overlay network, distributed peers are connected and operated like being in  
the same domain. In P2P overlay networks, peers join or depart frequently, so fault 
tolerance is an important research issue. 

Previous work introduces a P2P overlay network which is developed based on  
arrangement graph [2], inherits properties of the arrangement graph, and provides 
great performance [7]. Therefore, this study utilizes a dynamical scaling mechanism 
and the concept of virtual peers to deal with vacant peers to make the arrangement 
graph can be kept full for achieving the effect of fault tolerance. 
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According to the rule of the arrangement graph, in this system, each peer has a 
unique ID for identification, and there are two important parameters of the arrange-
ment graph, n and k. The parameter k indicates the number of digits of each peer ID, 
and n is the range of each digit, with 1  k  n-1. Only one digit of the peer IDs of 
any two adjacent peers is different. Furthermore, the maximum number of peers that 

the system can accommodate is ! ! , the degree of each peer is k(n-k), and the  

diameter which means the longest distance between any two peers is equal to . 

The dynamical scaling mechanism can make our system adjust the values of its  
parameters according to the number of peers in the system. Furthermore, the concept 
of virtual peers is used in this study to make existing physical peers act as agents of 
vacant peers. Those peers who are managed by other physical peers are called virtual 
peers. After a new peer joins the system, it tries to discover information of its neigh-
bors, and becomes agents of its vacant neighbors if it is needed. By using this method, 
the arrangement graph can be kept full, and the routing hops of the arrangement graph 

can be kept within . When a peer leaves the system, its neighbors will compare 

their statuses and decide which neighbor will become the agent of that peer. The peer 
who acts less virtual peers gains the right of agent. 

The remainder of this paper is organized as follows. Section 2 presents details on 
P2P overlay networks and the arrangement graph. Section 3 describes the proposed 
method, and some simulation results are shown in section 4. Finally, conclusions are 
discussed in section 5. 

2 Related Work 

In this section, some introductions of P2P overlay networks and the arrangement 
graph are introduced. According to the topologies of P2P overlay networks, P2P  
overlay networks can be classified as structured and unstructured overlay networks, 
and each of them has a specific method for maintaining and routing.  

In the structured overlay network, the locations of contents/files are tightly  
controlled by using specific mapping method. The most common method is to use 
Distributed Hash Table (DHT) [6] to map contents/files and peers. Chord [9], Pastry 
[8], and Koorde [5] are notable examples of structured P2P overlay networks. In the 
unstructured P2P overlay network [3, 4], there is no such relationships between  
contents/files and peers. Peers only know information of their neighbors, so peers 
often use flooding to transmit queries on overlay networks, such as gnutella [6].  

The arrangement graph is denoted by ,  which was proposed by Day and  
Tripathi as a generalization of the star graph. Let n and k be two positive integers with 
k  n-1, and let sets  and  denote the sets {1, 2, ..., n} and {1, 2, ..., k},  
respectively.  

An (n, k)-arrangement graph, , , is an undirected graph (V, E), where V = {p1 p2 
... pk | pi ∈   and pi ≠ pj for i ≠ j} = , and E = {(p, q) | p, q ∈  V, and for some i 
in , pi ≠ qi and pj = qj for j ≠ i}. Let  be the set of permutations of k elements 
taken from . 
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G=(V, E) is the set of peers, such as participating peers, and edges, such as overlay 
links. Each peer of ,  is an arrangement with k digits out of n elements of , and 
the edges connect peers with only one different digit. , -arrangement graph is 
shown in Fig. 1. The degree of each peer is four, so each peer has four neighbors. The 
peer 24 is connected to the peers 14, 23, 21, and 34. For peer 24, there is only one 
digit different from the four peers 14, 23, 21, and 34. In other words, all peers that 
have one different digit are connected. 

 

 

Fig. 1. , -arrangement graph 

 

Fig. 2. Illustration of the Virtual Peer  
Mechanism 

3 Virtual Peer Mechanism 

The dynamical scaling mechanism is utilized to adjust the system scale when the 
number of peers achieves a certain extent. When the number of peers achieves 90% of 
the maximum number of peers that the system can accommodate, the system extends 
its system scale. Similarly, when the number of peers only remains 20% of the  
maximum number of peers that the system can accommodate, the system shrinks its 
system scale. Furthermore, in this study, the concept of virtual peers is used in our 
system. The virtual peers mean peers that do not really exist in the system and are 
managed by other physical peers. In this way, physical peers and virtual peers can 
make the arrangement graph full. Furthermore, the routing efficiency can be limited 

within  hops, which is the same as the diameter of the arrangement graph. There-

fore, this method can ensure data completeness and maintain the property of the  
arrangement graph to achieve fault tolerance. The following describe some actions for 
maintaining virtual peers.  

When a new peer joins the system, it runs through a series of actions to obtain its 
peer ID, and generates its neighbor table according to its peer ID. After that, the new 
peer also needs to discover information of its neighbors. Some neighbor peers already 
exist in the system, so the new peer records their information. But some other  
neighbor peers do not exist, and then the new peer receives the information of agents 
of those neighbor peers who do not exist. However, if the new peer finds that the 
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agent of a neighbor peer is not neighboring relation, the new peer tries to obtain the 
right of managing that neighbor peer.  

On the other hand, before a peer leaves the system, it chooses a physical neighbor 
peer to be the agent for it. If all of its neighbor peers are virtual peers, it also needs to 
choose a neighbor to become the agent for it. Besides, the leaving peer also needs to 
choose some other peers to be agents for virtual peers it manages. 

But, sometimes a peer leaves the system in abnormal ways, and is unable to do the 
above actions before it leave. Its neighbors still can fix this problem, because peers 
send messages to their neighbors periodically to check whether their neighbors still 
exist. All neighbor peers of the leaving peer send messages to each other, and decide 
who can be the agent of the leaving peer. Physical neighbor peers can have the high-
est priority, and the number of virtual peers they already manage also be considered. 
After deciding the new agent, the new agent sends messages to the other neighbors of 
the leaving peer to inform them of the newest information.  

Fig. 2 shows the concept of the virtual peer mechanism. Peers 12, 13, 14, 24, 34, 
and 31 are physical peers that already exist in the system, and other peers are virtual 
peers that are managed by physical peers. For example, peer 23 is a virtual peer that is 
managed by peer 24, and peer 24 is the agents of peer 23 and 21.  

4 Experimental Results 

In this section, some experimental results are presented to demonstrate the benefits of 
the proposed system. OverSim [1, 10] was used to evaluate the performance of the 
proposed method and other systems, because it allows them to be evaluated based on 
the same environment setup.  

4.1 Experimental Environment 

OverSim is an open-source simulation framework for building overlay and P2P  
network on top of the OMNeT++ simulation environment [11], and is a powerful and 
widely used simulator for investigations of P2P environments because it contains 
several models for both structured and unstructured P2P systems. Our proposed  
method was compared with the AGO [7], Chord, and Koorde. Some related settings 
of parameters are as following: the parameter of m in Chord and Koorde is 14, AGO 
were executed with ,  = , , and our proposed method was initiated with  ,  = ,  and extend to ,  gradually by using dynamical scaling mechanism. 
These parameters are set to make the peer space of each overlay network is close to 
20,000 peers. 

4.2 Average Routing Hops 

Efficient routing performance is very important in P2P overlay networks especially in 
a large-scale environment. Fig. 3 shows the average number of routing hops required  
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to look up information for each P2P overlay network with a different number of peers. 
From Fig. 3, the virtual peer mechanism indeed can eliminate the problem of detour, 
because the proposed method decreases the average number of routing hops of AGO 
about 1 hop by improving the problem of detour in AGO resulted from vacant peers. 
Because virtual peers can serve routing requests and guarantee the shortest path, the 
proposed method can also perform better than Chord and Koorde. 

 

 

Fig. 3. Average number of routing hops required to look up information 

4.3 Bandwidth Consumption 

The bandwidth consumption also is an important issue in P2P overlay networks, be-
cause it often affects the performance of message transmission. The bandwidth con-
sumption is the average sent and received message rate of a peer. In P2P environment, 
peers join or leave frequently and P2P systems need to maintain that information 
which makes extra overheads of P2P systems.  

 

 

Fig. 4. Average message sizes of each peer (bytes) 



582 S.-H. Lu et al. 

Fig. 4 shows average message sizes of each peer which were run with 10,000 
peers. These experiments were run with different churn rates to illustrate the influence 
of dynamical environment. From Fig. 4, the proposed method and AGO produce the 
least message sizes, and the bandwidth consumption of the proposed method is almost 
the same as AGO’s. The proposed method can decrease message sizes due to the  
dynamical scaling mechanism, but increase message sizes for maintaining virtual 
peers. Therefore, the proposed method produces the same or a little more message 
sizes than AGO. But the proposed method indeed can improve routing performance  
of AGO. 

5 Conclusions 

This study proposes the virtual peer mechanism and the dynamical scaling mechanism 
of the AGO based on the arrangement graph. Because peers often join or depart in the 
P2P environment, peers in the arrangement graph may be vacant and this situation 
affects routing performance. Therefore, virtual peers can make the routing hops  

be limited within  hops the same as the diameter of the arrangement graph. The 

experimental results illustrate that these two mechanisms indeed can perform routing 
well even in a large-scale, dynamical environment.  
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Abstract. In typical wireless sensor networks (WSNs), sensor nodes have 
limited resources such as battery power, computing capability and memory. 
Creating an event detection method comprising with those resource limitations 
is not an easy task and this sets several challenges. In this paper, we first 
describe challenges in event detection in WSNs. Then, we investigate the 
previous studies that have been done for solving those challenges.  

Keywords: Event detection, wireless sensor networks, survey. 

1 Introduction 

Wireless sensor networks (WSNs) are constructed of many tiny devices, called sensor 
nodes, randomly distributed over a large location. The sensor nodes are equipped with 
a sensing, data communicating, and processing units, which enable them to monitor 
the physical world, communicate and exchange the collected sensory data with other 
nodes, locally process and make decisions about monitored phenomena. This will lead 
to the detection of events and unusual data behaviors in a monitored environment. 
This feature is referred as event detection. Event detection in WSNs has received 
much attention in variety of applications, such as military target tracking and 
surveillance, meteorological hazards, wildlife monitoring, natural disaster relief and 
healthcare. 

There are following requirements that should be satisfied in the event detection: 
timeliness, a high true detection rate, and a low false alarm rate [1]. However, in 
typical WSNs, sensor nodes have limited resources such as battery power, computing 
capability and memory. Creating an event detection method comprising with those 
resource limitations is not an easy task and this sets several challenges. Kerman et al. 
[6] described the most common challenges in event detection as: situational 
dependence, criticality of application, numerous and diverse data sources, and 
network topology. In this paper, we give a detailed explanation to the challenges in 
event detection in WSNs. Then, we investigate the previous works that have been 
done for solving those challenges. 
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The rest of the paper is proceeds as follows. Chapter 2 discusses challenges in 
event detection in WSN. Chapter 3 presents existing solutions. Chapter 4 highlights 
conclusions. 

2 Challenges in WSNs Event Detection 

Sensor nodes possess limited resources such as battery power, computing capability 
and memory. Creating an event detection method dealing with with those resource 
limitations is not a trivial task and this sets several challenges. Kerman et al. [6] 
described the most common challenges in event detection as: situational dependence, 
criticality of application, numerous and diverse data sources, and network topology. 
In this section, we give a detailed explanation to those challenges (Table 1).  

 

 

Fig. 1. Challenges in WSNs event detection [2] 

Situational Dependence: Since, WSNs are used in a wide range of applications, event 
detection can be different according to specific situation. For instance, some metrics 
that are used to detect an event in military target tracking and surveillance cannot be 
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applied to the healthcare applications. The network administrator must consider many 
different aspects in such environments. Among those aspects are the size of network, 
criticality of applications, and the region where WSNs are deployed (e.g. WSNs can 
be deployed in a plain land or in mountain region). Thus, designing an event detection 
approach that is adaptable to various situations is a challenging task.  

Criticality of Application: WSNs are utilized in many critical applications such as 
measuring indicators of imminent catastrophic machine failures, detecting breaches 
within security perimeters, and observing human stasis parameters. Event detection 
approach in such critical applications must have a high degree of precision and detect 
particular event in timely manner. Moreover, location identification of each node 
provides the base for routing, density control, tracking, and number many of other 
communication network aspects. Thus, it is important in critical applications that each 
node reports its location accurately.   

Numerous and Diverse Data Sources: WSNs can be deployed in various locations 
and consist of hundreds to thousands of sensor nodes meaning that there is a high 
volume of sensed data from various data sources. Moreover, sensor data can be 
unstructured meaning that it can contain video, images, text documents, audio, 
multivariate records, relational data, and spatio-temporal data. Thus, event detection 
approach must comprise different data types and formats coming from numerous and 
diverse data sources.  

Network Topology: In typical WSNs applications, it is very important to construct 
efficient network topology, because it would reduce energy consumption and prolong 
network lifetime. However, in some WSNs, such the network topology changes 
frequently due to sensor mobility and sensor lifetime. Moreover, there is heterogeneity 
among sensor nodes such as different residual energy, transmission speed, transmission 
range, and nodal traffic. Thus, in such dynamic and heterogeneities WSNs, event 
detection approach must act according to movement of sensor node outside of the 
intended observed area, power consumption, sensor failures and finite sensor lifetimes, 
and balance the energy consumption in sensor nodes.  

3 Event Detection Methods in WSNs 

Most event detection methods fit into one of following three categories: statistical, 
probabilistic, and artificial intelligence and machine learning. This section describes 
those event detection methods in details. 

A. Statistical Methods 

Gupchup et al. [3] proposed event detection approach based on statistical signal 
processing techniques. They used Principal Component Analysis (PCA) technique to 
build a compact model of the observed phenomena that detects a various events from 
the collected measurements in environmental monitoring, such as seasonal trends or 
rain events. The authors use the divergence between actual collected measurements 
and model predictions to detect the existence of discrete events within the collected 
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data streams. The experiment results show that proposed approach is able to detect the 
onset of rain events using the temperature modality of a wireless sensor network.  

Meng et al. [8] proposed a compressive sensing method for sparse event detection 
in WSNs. In their approach, they formulate two problems of WSNs. First, there are a 
small number of active sensor nodes comparing to the total sensor nodes. Second, 
different events may occur concurrently and lead to the interference in detecting them 
individually. In order to solve these problems, the authors adopted a marginal 
likelihood maximization algorithm and a heuristic algorithm for the Bayesian 
framework. The authors insist that their approach lead to the higher detection 
probability than the traditional linear programming solution.  

Vu et al. [9] study the Timely Energy-efficient k-Watching Event Detection 
problem (TEKWED) for composite event detection and alarming in WSNs. In order 
to solve this problem, they proposed a novel scheme that is able to detect events and 
deliver timely warnings in WSNs. Based on this scheme, an algorithm that considers 
topology of the network and routing capabilities is proposed. This algorithm builds a 
set of detection sets that have several advantages, including the short notification 
time, energy conservation, and tunable quality of surveillance requirements in event 
alarming applications. 

B. Probabilistic Methods 

Li et al. [7] deals with detecting of complex events and proposed a non-threshold 
based approach for complex event detection in 3D environment monitoring 
applications. The authors use energy-efficient methods to collect a time series of data 
maps from the sensor network and detect complex events through matching the 
gathered data to spatio-temporal data patterns. 

Zoumboulakis et al. [10] proposed an approach for detecting complex events in 
sensor networks. They define complex events as sets of data points hiding interesting 
patterns and insist that these unusual patterns are difficult to detect using existing 
technologies. Inspired from time-series data mining techniques, the authors proposed 
an approach to convert raw real-valued sensory data to symbolic representations using 
a Symbolic Aggregate Approximation (SAX) algorithm and then use a distance 
metric for string comparison. 

Ihler et al. [4] proposed a framework for unsupervised learning in this context, 
based on a time-varying Poisson process model that can also account for anomalous 
events. The authors demonstrate how the parameters of this model can be learned 
using statistical techniques. Through the extensive experiments, the authors show that 
proposed approach performs significantly better than a non-probabilistic and 
threshold-based technique. Moreover, the proposed model can be utilized in 
examining different degrees of periodicity in the data, and make inferences about the 
detected events.  

C. Artificial Intelligence and Machine Learning Methods 

Bahrepour et al. [2] studied the role of machine learning techniques in event detection 
and proposed an approach for detecting disastrous using WSNs. Specifically, 
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proposed approach is based on detecting events using decision tree classifiers running 
on individual sensor nodes and applying a voting to reach a consensus among 
detections made by various sensor nodes. The authors explain the motivation behind 
choosing decision trees is their simplicity and explicit form of expression as if-then-
else rules that fulfill the requirements posed by resource limitations of WSNs. 

Abadi et al. [1] proposed REED, a system for robust, efficient filtering and event 
detection in sensor networks. Their approach extends the TinyDB query processor 
with facilities for efficiently executing multi-predicate filtration queries inside a 
sensor network. The proposed approach have three main features: running in limited 
amounts of RAM, can distribute the storage burden over groups of nodes, and are 
tolerant to dropped packets and node failures. It makes it suitable a wide range of 
event-detection applications that traditional sensor network database systems cannot 
be used to implement. 

Kapitanova et al. [5] described disadvantage of current event detection approaches 
in relying on the usage of precise values to specify event thresholds. The authors 
insist that t crisp values cannot adequately handle the often imprecise sensor readings. 
Thus, instead of crisp values, the authors propose to use a fuzzy value, which decrease 
the number of false positives and improves the accuracy of event detection. The 
authors also demonstrated the advantage of proposed approach over well-established 
classification algorithms.  

4 Conclusion 

Due to several restrictions in WSN, creating an event detection method comprising 
with these resource limitations is not an easy task and this sets several challenges. In 
this paper, we first described those challenges in event detection in WSN. Then we 
investigated the previous works that have been done for solving these challenges and 
describe their limitations.  
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Abstract. The demand of error free high-speed, real-time wireless 
communication is mounting day by day. Adaptive forward error correction 
(AFEC) is one of the error control mechanisms in which corrupted packets are 
automatically corrected at the destination end. Graphics processing units 
(GPUs) offer highly parallel computing platform, and we propose a GPU based 
AFEC approach for fast error recovery in this paper. We develop a massively 
parallel AFEC algorithm using the GPU and accomplish performance 
comparison with an equivalent serial algorithm that runs on the traditional CPU. 
Experimental results demonstrate that the proposed GPU based AFEC approach 
enormously outperforms the sequential approach yielding significant reduction 
in execution time while improving buffer utilization. In addition, the proposed 
GPU based approach achieves the average speedup of 74×  over the sequential 
algorithm using the CPU while reducing the computational complexity from 
O(n3) of the sequential algorithm to O(n) by using the single instruction 
multiple data (SIMD) based GPU. 

Keywords: High-speed real-time wireless communication, packet corruption, 
AFEC, Hamming code, GPU.  

1 Introduction 

Wireless network is an overwhelming reality and drawing wide attention in the 
present day world.  It ranges from wireless cellular, real time audio and video 
communication, mobile ad-hoc network (MANET), wireless sensor network (WSN), 
etc. [1]. However, due to the absence of physical media it faces some challenging 
issues. Signals are easily corrupted by disturbance such as interference, reflection, 
diffraction, multi-path fading and different noises. To overcome the adverse impact 
on wireless communication, error control is required [2]. More importantly, in real 
time and high speed networks, satellite and space communication where massive data 
need to be processed momentarily, it requires faster error recovery.  

GPUs offer massively parallel computing platform [5], [6], [7]. Therefore, this 
paper proposes Hamming coding [3], [4] based parallel AFEC approach by using 
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GPU. We validate our proposed approach using a compute unified device architecture 
(CUDA) [6], [7] enabled NVIDIA GeForce GTX 560 graphics card. We evaluate 
impacts of the proposed parallel AFEC approach on network performance in terms of 
execution time, computational complexity and speedup. Experimental results indicate 
that the proposed GPU based AFEC enormously outperforms the sequential approach 
with respect to all the considered performance metrics. 

The remainder of this paper is organized as follows. Section 2 discusses the 
proposed approach, and Section 3 presents a brief overview of the AFEC and its 
implementation using CPU and GPU, and Section 4 presents experiment results and 
analysis. Finally, Section 5 concludes the paper. 

2 The Proposed Approach 

In the proposed GPU based error recovery model as shown in Fig. 1, the sender is 
responsible for encoding the original data with some redundant information, and the 
encoded information propagates through the wireless medium to the receiver. The 
receiver executes Hamming coding based AFEC algorithm upon the received packets 
using GPU for faster error detection and correction. Finally, the algorithm removes 
redundant information, thereby retrieving the original message. Checksum calculations, 
the crucial part of Hamming algorithm, spend much time on CPU than on GPU.  

 

Fig. 1. The proposed GPU based network approach 

3 AFEC Overview and Implementation 

In this study, Hamming code is used because of its lower-order space complexity and 
its robustness in action [4]. This section briefly introduces the fundamental overview 
of Hamming code [3], [4]. The algorithm on the sender side encodes a packet of M bit 
using Hamming coding technique. For this purpose, R redundant bits are added with 
the original message to obtain Hamming coded packet, H, where the number of extra 
bit required is calculated from the following inequality [3]. 

12 ++≥ RMR  (1)
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Fig. 2 shows a typical example of sender encoding for M= 7. In this case, four 
redundant bits are needed namely, r1, r2,…,rR. The position of the redundant bits in 
the hamming coded packet are determined by ri+1=2i where i=0, 1, 2,…,(R-1).  To 
calculate the value of redundant bits, all the numbers from ‘1’ to ‘M+R’ (here 1 to 11 
for M=7, R=4) have to be converted into R bit binary as shown in Fig. 4. For each 
binary sub column from LSB to MSB, we have to consider the cell containing ‘1’. 
Then the corresponding decimal numbers indicate the indices of hamming coded 
message. Data in the indices selected for X-OR (exclusive OR) operation to get ‘r’ 
values are shown in equation (2), (3), (4) and (5). 

1197531 HHHHHr ⊕⊕⊕⊕=  (2)

11107632 HHHHHr ⊕⊕⊕⊕=  (3)

7653 HHHr ⊕⊕=  (4)

111094 HHHr ⊕⊕=  (5)

Fig.2 and Fig.3 shows the packet encoding stage at the sender end. At the receiving 
end, packet decoding, error detection and correction are performed on CPU and GPU, 
respectively.  

 

  

Fig. 2. Message encoding at the sender end Fig. 3. Cell selection to calculate redundant bits 

 
 

 

Fig. 4. Parallel AFEC mapping on GPU 

GPU is virtually decomposed into many grids; grids are further partitioned into a 
lot of blocks; and each block contains a number of threads. A group of 32 threads 
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forms an execution unit called a warp, and each thread computes the same instruction 
synchronously [6], [7]. Each multiprocessor inside GPU can execute one or more 
warps concurrently. The blocks and the threads can be one-, two- or three-
dimensional. Fig. 4 shows the mapping of the parallel algorithm on GPU.  A total of 

)( RMR +× units of global memory is allocated for data transfer from CPU and R 

blocks are declared with dimension M+R, where each block is responsible to 
calculated one checksum bit.  Checksum computation is the most task-intensive 
section of packet decoding and error detection. A total of R checksums is calculated 
by using exactly same procedure as in the sender side to generate redundant bits. GPU 
algorithm determines that a packet of n bits length requires (n-1) computational 
cycles, yielding complexity of O(n) for error detection and correction. 

4 Experimental Results 

4.1 Execution Time 

Execution time is vital for time-sensitive and real-time networks. In these contexts, 
quality of service depends heavily on the speed of error recovery. Fig. 5 shows the 
execution time for different packet sizes. Execution time increases with packet size, 
usually for the following two reasons. Firstly, longer messages have a greater number 
of redundant bits attached to the message. Secondly, the code used to calculate 
redundant information is also lengthened, increasing the number of XOR operations 
required. In addition, the computational cycles are proportionally influenced by the 
hamming code length for any packet. 

 

Fig. 5. Execution time of CPU and GPU 
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Speedup is an indication of how much faster a parallel processing is over its 
counterpart, i.e., sequential processing. Speedup of the GPU-based approach over the 
CPU-based approach is defined as ratio of the execution time of the sequential 
algorithm to that of the equivalent parallel algorithm. Table 1 shows the speedup 
obtained by the GPU algorithm over the CPU based approach for various packet size 
and the average speedup of the GPU algorithm achieves around 74×  over the CPU 
approach. 

Table 1. Speedup by GPU over CPU 

Packet size (bit) 
Speedup of GPU 
over CPU 

256 142×  
 512 113×  
1024 82×  
2048 52×  
4096 32×  
8192 22×  

4.2 Buffer Utilization 

Buffer is another precious system resource. Upon receiving, packets are temporarily 
stored to the receiver buffer and wait for de-queuing, decoding, error detection, and 
correction. Faster error checking leads to faster de-queuing which reduces packet 
waiting time in the queue. High-speed, real-time data communication implies that the 
rate of packet incoming into the queue from medium is very high.  

If χ  is the total waiting time of n packets in the receiver buffer before concluding 

their processing in the CPU or GPU,
 iλ  is the waiting time of i-th packet before it is 

de-queued and lτ is processing  time for one packet of length l,  then χ  is given 

by 

[ ] [ ] ∈∀∈∀
×−=−==

ni llni i

nn
i

,1,1 2

)1(
)1( ττλχ

 

. (6)

In (6),  lτ  is the key determinant of χ . Packet waiting time is closely related to 

the buffer size. Longer buffer occupation means that its size has to be large enough to 
accommodate further incoming packets.  

As can be seen in Table 2,  lτ  for GPU is much lower than that for CPU. Table 3 

shows that packets occupy the receiver buffer for very short instant of time relating to 
GPU processing. Advantages of waiting time minimization are many folds, such as- 
(a) it increases the availability of free space in buffer over time, (b) it makes the 
buffer even much ready to accommodate more incoming packets and (c) it enhances 
buffer’s adaption and synchronization capability with high speed traffic flow. 
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Table 2. Single packet processing time Table 3. Percentage of packet waiting time 

Packet length  

(Bit) 
CPU 
(ms) 

GPU 
(ms) 

256 1.65 0.06 

512 1.72 0.07 

1024 1.84 0.07 

2048 1.91 0.09 

4096 2.14 0.12 

8192 2.77 0.19 
 

Packet length  

(Bit)

CPU 
 

GPU 
 

256 100% 3.53% 

512 100% 3.81% 

1024 100% 3.97% 

2048 100% 4.60% 

4096 100% 5.45% 

8192 100% 6.81% 

5 Conclusions 

In this paper, we proposed a novel GPU based error recovery system for real-time, 
high-speed wireless network, satellite and space communication, where massive data 
are generated and need to be processed instantaneously. We investigated the possible 
impacts of the parallel error correction on network performance parameters. The 
experimental results demonstrated that the proposed GPU based error control 
enormously outperforms the sequential approach using the CPU in terms of execution 
time, computational complexity and buffer utilization. 
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Abstract. This paper presents design space exploration of optimal many-core 
processors for physics-based sound synthesis of an acoustic guitar by quantita-
tively evaluating the impact of the sample-per-processing element (SPE) ratio, 
which is the amount of sample data directly mapped to a processing element 
(PE). This paper evaluates system performance in terms of execution time, area 
and energy efficiencies for high-performance sound engine of the guitar as the 
SPE ratio is varied. Experimental results indicate that the SPE ratio in the range 
of 2,756 (or PEs=24) to 11,025 (or PEs=96) provides the most efficient opera-
tion for synthesizing guitar sounds with 6-note polyphony sampled at 44.1 kHz. 

Keywords: Area efficiency, design space exploration, energy efficiency, many-
core processors, physics-based sound synthesis, sample-per-processing element. 

1 Introduction 

Physical modeling synthesis has received increasing attention for creating high-quality 
sounds that imitate the sounds of natural instruments [1]. However, the computational 
complexity in physical modeling synthesis has limited its use in real-time applications 
due to the numerical integration of wave equations. To solve this problem, Motuk et al. 
investigated the use of field-programmable gate array to implement physical modeling 
synthesis and Luong et al. synthesized sounds of the gayageum, which is a Korean 
traditional plucked-string instrument, on a parallel processor by exploiting massive 
parallelism inherent in it [2, 3]. While it is evident that the overall performance  
improvement is achieved with increasing the number of processing elements (PEs), no 
general consensus has been reached that what granularity of processors and memories 
on the array system offers the most efficient performance for physical modeling  
synthesis. Consequently, this paper introduces a sample-per-processing element (SPE) 
which is the amount of sample data directly mapped to a PE, and explores the  
impact of SPE variations for physical modeling synthesis on system performance and 
efficiency characteristics. 
                                                           
* Corresponding author. 



600 M. Kang, C.-H. Kim, and J.-M. Kim 

 

The rest of this paper is organized as follows. Section 2 presents simulation  
environment for evaluation the effect of different SPE configurations. Section 3  
analyzes execution performance, area efficiency and energy efficiency for each SPE 
configuration. Section 4 concludes this paper. 

2 Simulation Environments 

2.1 Physical Modeling Synthesis: DWTVPS 

Fig. 1(a) shows a plucked string instrument model and the waveguide is equivalent to 
a physical string. The plucked string instrument model is merged and rearranged due 
to linearity as illustrated in Fig. 1(b). Thus, a body “impulse response” is utilized as 
the string excitation to generate acoustic guitar sounds. 

 

Fig. 1. Schematic diagram of the plucked string instrument and propagation distance corres-
ponding to the propagation speed 

To model physical strings, the first-order bidirectional linear digital waveguide is 
used in this study and its output for a discrete time constant n at position k is as  
follows [4]: 

( , ) ( ) ( ),r ly n k y n k y n k= − + +  (1)

where yr(n) and yl(n) are right/left-going traveling waves, respectively. A distance 
between discrete time indexes n and n+1 is denoted by X=cT and is represented as a 
unit delay as the propagation speed is uniformly distributed in space. If the propaga-
tion speed varies in time, the wave moves a distance ( )X c n T= . Fig. 1(c) presents 
propagation distances with varying propagation speeds. For c(n)>c, the traveling 
waves move further than a unit delay while the traveling waves move shorter than a 
unit delay for c(n)<c.  As depicted in Fig. 1(c), a fractional distance can occur and 
there is no way to directly express the fractional distance in digital domain. To deal 
with this problem, this paper employs a fractional delay filter as follows: 

0

( ) ,   0,1, 2,..., ,
N

k
k n

D k
h n n N

n k=
≠

−= =
−∏  (2)

where D is the fractional delay. To explain the digital waveguide model with  
time varying propagation speed (DWTVPS), the right-going traveling wave is only 
considered in this study, which can be expressed by y(n,k)=yr(n,k), since the left-going 
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traveling wave is explained in a similar manner to the right-going traveling wave. 
Given an initial distribution as y(0,k), k= −∞ ,…, ∞  , the outputs at an observation 
point k at n=1 and 2 are expressed by y(1,k)=yr(0, k-c(0)T) and y(2,k)=yr(0, k-c(0) 
T-c(1)T), respectively. Once the time varying velocity is defined as c(n) = i(n) +cf(n), 
where i(n) is an integer value which is greater and equal to zero and cf(n) is a real 
value in [0, c], the output is generalized as 

( ) ( )1

0
( , ) 0, ( ) 0, ( ) ( ) ,    0,

n

r rl
y n k y k c l T y k M n d n n

−

=
= − = + + >  (3)

where 1

0
( ) ( )

n

l
M n i l

−

=
= −  and 1

0
( ) ( )

n

fl
d n T c l

−

=
= −  . M(n) is a parameter related to the  

position of the traveling wave in the digital waveguide and d(n) represents the fractional 
distance as shown in Fig. 1(c). The final output of DWTVPS is given as  

( ) ( )( , ) 0, ( ) ( ) 0, ( ) ( ) ,    0,r ly n k y k M n d n y k M n d n n= + + + − − >  (4)

Despite the fact that it is possible to generate acoustic guitar sounds using 
DWTVPS, it is not possible to describe the frequency-dependent damping of a physi-
cal string. To represent frequency-dependent damping by dispersive wave propaga-
tion, a loop filter is needed as follows: 

1
1

1

1
( )

1loop

a
H z g

a z−

+=
+

 (5)

where g is the gain and a1 is the filter coefficient which determines the cut-off fre-
quency of the filter. To understand how each PE synthesizes desired guitar sounds, a 
pictorial representation of the full synthesis mechanism with a baseline many-core 
processor is illustrated in Fig. 2.  

 

Fig. 2. Full mechanism for sound synthesis of the guitar 

The many-core processor creates one-second-long 6-note polyphonic guitar sounds 
with a sampling rate of 44.1 kHz (i.e., 44,100 6-note polyphonic sounds samples are 
generated per second). In Fig. 2, the term “index” is an index value to store synthesized 
sound sample into the local memory of each PE. If the index value is less than equal to 
the length of the excitation signal, guitar sounds are generated with the corresponding 
excitations.  In contrast, if the index value is greater than the length of the excitation 
signal, guitar sounds are synthesized by utilizing a previous sound sample in the  
waveguide, and then the waveguide is update with a synthetic sample. This process 
repeats until 44,100 sound samples are generated. 
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2.2 Many-Core Array Architecture 

Fig. 3 illustrates the microarchitecture of the many-core processor array along with its 
interconnection network. It consists of a two-dimensional PE array, local memory and 
an array control unit (ACU). PEs are interconnected in a mesh structure; ACU con-
trols the PE array; and an autonomous data exchange interface transfers data between 
an addressed word of memory in each PE and an array in the I/O unit’s memory map. 
Each PE has a reduced instruction set computer datapath with the following minimum 
characteristics: 

 

Fig. 3. A block diagram of a many-core array and a single processing element 

• Small amount of 32-bit word local storage, 
• Three-ported general-purpose registers (16 32-bit words), 
• ALU computes basic arithmetic and logic operations, 
• Barrel shifter performs multi-bit logic/arithmetic shift operations, 
• Sleep unit activates or deactivates a PE based on local information,  
• MACC multiplies 32-bit values and accumulates into a 64-bit accumulator, and 
• Nearest neighbor communications through a north-east-west-south (NEWS) network 

and serial I/O unit 

2.3 Methodology Infrastructure 

A methodology infrastructure is divided into three levels: application, architecture, and 
technology. At the application level, single-instruction multiple-data (SIMD) parallel 
architecture simulator is used to profile execution statistics such as cycle count,  
dynamic instruction frequency and PE utilization for different SPE configurations by 
retargeting and optimizing physical modeling synthesis for each configuration based 
on the architecture and its execution properties. At the architecture level, the architec-
tural modeling of functional units [5] for many-core arrays is utilized to calculate  
design parameters of each SPE configuration. The design parameters are then passed to 
the technology level. At the technology level, the generic system simulator 
(GENESYS) [6] is used to compute technology parameters such as latency, area,  
power and clock frequency for each SPE configuration. Finally, a design space  
explorer collects and combines all information such as cycle times, instruction laten-
cies, instruction counts, area and powers of function units which obtained from the 
application, architecture and technology levels in order to determine execution times, 
area and energy efficiencies for each SPE configuration. 
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2.4 Design Space Exploration: SPE Variation 

A key design issue for physical modeling synthesis is to determine the impact of  
direct access to sound sample data on processor element granularity. SPE variation is 
a selected design variable to determine the effect of grain sizes on the reference 
many-core processor architecture in this study. A discrete set of SPE ratio is defined 
as presented in Table 1 and its local memory size is calculated as follows: 

4   [ ],MAX
PE

STR

W
MEM words

PE
= +  (2)

where PESTR is the number of processing elements per each string, WMAX is the maxi-
mum waveguide length to synthesize the guitar strings, which is set to 535. Likewise, 
an additional 4-word memory space is required to store filter coefficients: a loop filter 
coefficient, a loop gain, and fractional delay filter coefficients. As a result, an  
overall system memory is calculated by MEMSYS = MEMPE × NPE [words], where NPE 
is the number of PEs. In this study, seven SPE configurations are used as defined by 
SPE=Nsample/PESTR, where Nsample  is total number of samples to be generated. The 
number of PEs required for any given SPE configuration to cover the same sound 
sample size is given by NPE=6 × 2i, where i=0,…,6. For all configurations, a 44,100 
sound data size is produced with a sampling rate of 44.1 kHz and 16-bit quantization. 
Moreover, all the configurations are implemented in 130 nm CMOS technology and 
100 MHz clock frequency for performance analysis. 

Table 1. Modeled many-core processor system parameters 

Parameters Values 
NPE 6 12 24 48 96 192 384 

SPE ratio 44,100 22,050 11,025 5,513 2,756 1,378 689 
MEMPE [words] 540 273 139 72 39 22 14 
MEMSYS [KB] 12.66 12.80 13.04 13.50 14.63 16.50 21 

3 Experimental Results 

3.1 Evaluation Metrics 

Table 2 summarizes evaluation metrics for sound synthesis of the. Execution time is 
running time for sound synthesis, area efficiency is the amount of task throughput per 
unit of area, and energy efficiency is the task throughput achieved per Joules. 

Table 2. Summary of evaluation metrics 

Execution time Area efficiency Energy efficiency 

exec
clk

C
t

f
=  

2

1 1
A

exect Area s mm
η  =  × ⋅ 

 
1 1

E
exect Energy s Joules

η  =  × ⋅ 
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where C is the cycle count, fclk is the clock frequency, texec is the cycle time, Area is 
the PE array (mm2), and Energy is the system energy required to complete the sound 
synthesis algorithm in 130 nm technology. 

3.2 Synthetic Sounds and Execution Time 

Fig. 4 shows spectra comparisons between synthesized sound using the many-core 
processor and original sounds, and they are very similar. Due to the limited number of 
pages allowed, more details about synthetic sounds are available at http://eucs.ulsan. 
ac.kr/FC2013/SoundEngine. 

 

Fig. 4. Spectra of the original guitar sound (dotted line) and synthesized guitar sound using the 
reference many-core processor (solid line) 

Table 3 presents execution times for variable SPE configurations. As expected, the 
execution time decreases as the number of PEs increases (or SPE ratio decreases) due 
to an increase in parallelism. 

Table 3. Execution times for differnt SPE configurations 

PEs 6 12 24 48 96 192 384 
SPE ratios 44,100 22,050 11,025 5,513 2,756 1,378 689 

Execution time [ms] 19.232 12.748 7.393 4.371 2.781 2.453 2.125 

 
To obtain CD-quality sound sampled at 44.1 kHz, a sound sample must be synthe-

sized within 1/44,100 seconds (about 0.2 ms). As shown in Table 3, for example, it 
takes 19.232 ms and 2.125 ms to synthesize 44,100 6-note polyphonic sound samples 
as the number of PEs is 6 and 384 (or SPE ratio is 44,100 and 689), respectively. This 
means that a sound sample for each guitar string can be synthesized within 0.436  

sμ  and 0.048 sμ , respectively. Thus, all of SPE configurations are fast enough to 

guarantee CD-quality sound. 

3.3 Area and Energy Efficiencies 

Area and energy efficiencies for different SPE configurations are illustrated in Fig. 5. 
The efficiencies are normalized to the task average for the purpose of comparisons. 
Consequently, the horizontal axis is not significant while the shape of the curve is 
significant.  
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Fig. 5. Area energy (left) and energy efficiency (right) for variable SPE configurations 

The maximum area efficiency is achieved at PEs=24 (SPE ratio=11,025) and this 
result correlates well with the combination of execution time (see Table 3) and system 
area (see Fig. 6). As shown in Table 3, the execution time is slightly decreased at 
above PEs=96 due to inter-PE communication operations in order to obtain updated 
sound samples between neighboring PEs. On the other hand, system area is exponen-
tially increased at above PEs=24 since the system area is dominated by MACC. From 
these results, we can expect that the maximum are efficiency is achieved at PEs=24, 
which is the same as the simulation result. The maximum energy efficiency is 
achieved at PEs=96 as depicted in Fig. 5. According to Table 2, this result also corre-
lates with the combination of execution time (see Table 3) and energy consumption 
(see Fig. 6). As shown in Table 3 and Fig. 6, execution time is slightly decreased at 
above PEs=96 while energy consumption is linearly increased to carry out additional 
processes such as transferring sound sample data between neighboring PEs. 

 

Fig. 6. System area (left) and energy consumption (right) for variable SPE configurations 

3.4 Performance Comparison with Other Commercial Processors 

Table 4 shows the performance comparisons between the selected optimal many-core 
processors (PEs=24 and 96) and other commercial processors (TI TMS320C6414, 
ARM 926EJ-S and ARM 10E). Although comparisons between the many-core  
processors and other commercial processors carry unavoidable errors, the goal of this 
study is to show the potential for improved performance of the optimal many-core 
processor for sound synthesis of the guitar, rather than a precise performance  
comparison. Experimental results show that the optimal many-core architecture with 
both PEs=24 and 96 outperforms other commercial processors in terms of area and 
energy efficiency. 
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Table 4. Performance comparison between the optimal many-core configuration and 
commercial processors 

Parameters 
ARM 

926EJ-S 

ARM 

10E 

TI 

TMS320C6414 

Many-Core 

(PEs=24) 

Many-Core 

(PEs=96) 

Technology [nm] 130 130 130 130 130 

Clock frequency 

[MHz] 
250 400 720 100 100 

Execution time [ms] 61.21 31.56 34.54 7.39 2.78 

Energy consump-

tion [mJoule] 
7.34 6.31 32.8 10.85 11.79 

Area [mm2] 2.78 10.3 529 6.41 21.3 

Energy efficiency 
[1/s�Joules] 

2226 5022 883 12471 30509 

Area efficiency 
[1/s�mm2] 

5.88 3.08 0.05 10.56 8.44 

4 Conclusions 

The design space of optimal many-core processors for the physics-based sound syn-
thesis was explored by quantitatively evaluating the impact of the SPE ratio on system 
performance and efficiency. The analysis presented indicated that the SPE ratio in the 
range of 2,756 and 11,025 (or the number of PEs between 24 and 96) provides  
the most efficient many-core architecture that maximizes performance per cost and 
energy for synthesizing guitar sounds with 6-note polyphony sampled at 44.1 kHz 
with 16-bit quantization. In addition, the selected optimal many-core architecture 
achieves 211-fold (PEs=24) and 168-fold (PEs=96) performance improvements in 
area efficiency, 14-fold (PEs=24) and 34-fold (PEs=96) performance improvements 
in energy efficiency over the commercial TMS320C6414 processor, respectively. 

Acknowledgement. This work was supported by the National Research Foundation 
of Korea (NRF) grant funded by the Korea government (MEST) (No. NRF-
2013R1A2A2A05004566). 

References 

1. Serra, X.: State of the Art and Future Directions in Musical Sound Synthesis. In: IEEE 9th 
Workshop on Multimedia Signal Processing, Crete, pp. 9–12 (2007) 

2. Motuk, E., Woods, R., Bilbao, S.: FPGA-Based Hardware for Physical Modeling Sound 
Synthesis by Finite Difference Schemes. In: International Conference on Field-
Programmable Technology, Singapore, pp. 103–110 (2005) 

3. Van Luong, H., Cho, S., Kim, J.M., Chong, U.: Real-Time Sound Synthesis of Plucked 
String Instruments Using a Data Parallel Architecture. In: Huang, D.-S., Jo, K.-H., Lee, 
H.-H., Kang, H.-J., Bevilacqua, V. (eds.) ICIC 2009. LNCS, vol. 5754, pp. 211–221. 
Springer, Heidelberg (2009) 



 High-Performance Sound Engine of Guitar on Optimal Many-Core Processors 607 

 

4. Smith, J.O.: Physical Modeling Using Digital Waveguides. Comput. Music J. 16(4), 74–91 
(1992) 

5. Chai, S.M., Taha, T., Wills, D.S., Meindl, J.D.: Heterogeneous Architecture Models for  
Interconnected-Motivated System Design. IEEE Trans. VLSI Syst. 8(6), 660–670 (2000) 

6. Nugent, S., Wills, D.S., Meindl, J.D.: A Hierarchical Block-based Modeling Methodology 
for SoC in GENESYS. In: International ASIC/SOC Conference, New York, pp. 239–243 
(2002) 

 



 

James J. (Jong Hyuk) Park et al. (eds.), Mobile, Ubiquitous, and Intelligent Computing,  
Lecture Notes in Electrical Engineering 274,  

609

DOI: 10.1007/978-3-642-40675-1_90, © Springer-Verlag Berlin Heidelberg 2014 
 

Community Identification  
in Multiple Relationship Social Networks 

Ting-An Hsieh1, Kuan-Ching Li2, Kuo-Chan Huang1, Kuo-Hsun Hsu1, 
Ching-Hsien Hsu3, and Kuan-Chou Lai1,* 

1 Depart. of Computer Science, National Taichung University, Taiwan 
2 Depart. of Computer Science and Information Engineering, Providence University, Taiwan 

3 Depart. of Computer Science Information Engineering, Chung Hua University, Taiwan 

Abstract. In a social network, individuals often simultaneously belong to mul-
tiple social communities; therefore, the detection of relationships among indi-
viduals is very important. However, most of community detection methods only 
apply a single relationship in dynamic social networks with multi-relationships 
among individuals. Therefore, this study proposes a CNET Hierarchical Divi-
sion Algorithm (CHDA) to detect communities efficiently. Experimental results 
show that the proposed CHDA could detect communities with more precise 
recognition, regarding their characterization. 

Keywords: community detection, dynamic social network, hierarchical division, 
recognition. 

1 Introduction 

Analyzing social networks is a quantitative analysis approach; the sociologist uses the 
graph theory and other mathematical methods to analyze the social behavior. Recently, 
the focus of developing community detection algorithms has shifted from the tech-
nique of cluster classification to that of the characterization by sharing resource proper-
ties, so the detection of relationships among individuals is a very important issue. In 
general, individuals often simultaneously belong to multiple social communities. If the 
community detection in dynamic social networks adopts the hierarchical division  
algorithm, some information may be missed. Most of current community detection 
approaches only consider one single relationship in the dynamic social network; how-
ever, in a real world, there are multiple relationships among individuals in the dynamic 
social network. The clique percolation approach is an analyzing strategy for the  
overlapping community networks [2]. This proposed approach finds the communities 
from k-cliques, which correspond to complete (fully connected) sub-graphs of k nodes. 
A community is presented as the maximal union of k-cliques that can be reached from 
each other through a series of adjacent k-cliques. A node with a large degree of the 
major significances is an individual with a high connection degree. In such a case, it 
                                                           
* Corresponding author. 
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may not express the join of a community, so the node identification with a large edge 
degree cannot find the correct community [3]. In the same situation, a node with a high 
connectivity is unable to identify communities. 

This paper proposes a Cell Net (CNET) Hierarchical Division Algorithm (CHDA) 
to identify the community. The proposed approach could identify the multi-
relationships in the dynamic social network without missing any information. The rest 
of this study is shown as follows. Section 2 presents some of the related works. The 
CHDA, its experimental environment and the experimental results are discussed in 
Section 3 and 4. Section 5 gives some conclusions. 

2 Related Works 

Previous related work [5] points out the six types of dynamic social networks, and 
predicts the user behavior by using the information. An efficient algorithm is proposed 
for detecting and tracking community dynamics based on the graph topology and 
community characteristics. The study [2] observes the degree distribution in networks 
by using the preferential attachment model. According to this model, the authors adopt 
a dynamical hypothesis for detecting the communities. 

Most of the community detection approaches adopt the clique theory [2][4] or  
hierarchical division approaches [1] for identifying communities. The previous work 
[4] tries to find the maximal clique and to group the overlapped cliques to be a cluster-
ing kernel. The proposed strategy deals with the agglomerative process according to 
the proposed distance measurement, and assigns the nodes to their closest kernel.  
In another study [1], each node is a community initially, and the proposed approach 
applies the local similarity measurement and the diffusion of membership to different 
communities. Some previous studies [2][7] consider that community overlapping may 
hide information from networks. The study [2] tries to detect communities in  
large-scale social networks by using communities’ overlapping nature. The authors in 
the work [7] propose a new model to represent an interconnected network of networks. 
The proposed model shows the topology of on-line social networks, and the interaction 
in different networks at the same time.  

3 CNET Hierarchical Division Algorithm 

A dynamic social network is formed by a number of communities, and each community 
consists of a number of cliques. In general, each clique is a cell network (CNET), and a 
CNET is one of the largest complete connection graphs. So, a clique is a community, 
but the community is not necessary to be a clique. Suppose the maximum range of a 
dynamic social network is R, and the smallest unit of distance in the coordinate system 
is ω. The number of divisions equals to [log(R/ ω)]. The position of each node in the 
dynamic network depends on the close degree between cliques. 

The proposed algorithm consists of five steps. Fig. 1 shows an example of hierar-
chical cells. Firstly, the dynamic network is divided into a hierarchy of cells, in which 
each cell at any intermediate level is divided into a 2*2 grid of four equal-size sub-cells 
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at the next lower level. The partitioning procedure proceeds until the cell size at the 
bottom level is within the minimum distinguishable unit of the dynamic network.  

Secondly, the cliques are listed as CNET1, CNET2,…, and CNETi. There are four 
cases between any two CNETs. The first case shows the overlapping at the same level 
in different cells between two CNETs. The second case presents the overlapping at the 
same level in the same cell between two CNETs. The third case shows the separation 
at the same level in the same cell between two CNETs. The last case presents the sepa-
ration at the same level in different cells between two CNETs. 

The third step merges CNETs with satisfying following conditions: First, when the 
number of common nodes is N, where N= V*α, V is the number of nodes, α=2/V. V is 
the total number of the nodes initially. When we construct a community between two 
cliques with only one common node compared with two or more than two common 
nodes, their relationship is relatively weak. Second, the distance between CNETs, D, 
where 0≦D≦[V*α]+[n*β], and β=1/n. n is the dynamic network range initially. The 
distance between two cliques is 1 composed of a community compared with the dis-
tance between cliques more than one, and the relationship is strong. 
 

 

Fig. 1. Example of the hierarchical cells 

As new nodes join, the network continues to expand its scope without changing α 
and β. Only the number of nodes (V) and the range (n) of the network are changed. 
The last step checks whether there is any overlap between CNETs on the same level. If 
there is overlapping and the third condition is satisfied, the proposed approach merges 
these communities; otherwise, each CNET could be a community. In the last step, the 
proposed approach identifies the node which cannot be included in any CNET, and 
determines its belonging the community by the location function. 

 
Algorithm:  CNET Hierarchical Division Algorithm 
Input: nodes in a multi-relationship social network  
Output: communities in the multi-relationship social network   
{list CNETs in the multi-dimension space 
While (∀ Node ∈ SN)  

If (there is a complete graph) identify to be CNET 
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determine the relationship between CNETs in the same level 
Search_Level = [(the dynamic social network range)/(log2)]  
For (determined level is 1; determine level < search level; determine level ++) { 

calculate V by summing all of node counts, and the distance between CNETs, D 
calculate α to be 2/V 
let β be 1/(the dynamic social network range) 

If (CNET’s level in the determine Level & there is the same node of the N 
number & 0≦D≦[V*α]+[n*β] ) 
          CNETs is in the same community 
the cell is divided into 2*2 cells  } 

identify the node that is not in communities 
Let NODES be the set of nodes that are not in communities 
For each node in NODES { 
 Calculate array DISTS to be the distance between node and CNETs 
 For each distance in DISTS { 

find the minimum distance 
let the node be merged into the community } }} 

4 Experiment Results 

The proposed algorithm is demonstrated by the following example. Assume that the 
grid size of the dynamic network is 8 * 8, the initial number of nodes is 18, and the 
smallest unit of a coordinate system is 1. Therefore, the number of division is 3 
([(log23/20)]). When there is no new joining nodes and two cliques tries to merge, these 
two cliques have to satisfy the following conditions: the common nodes N equals to 
V*2/18, and the distance D between CNETs satisfies 0≦D≦[V*1/9]+[n*1/8]. 

In the first division, the hierarchical cells in the 2*2 grid are shown in Fig.2. The 
proposed approach identifies CNETD and CNETE at the same level in different cells 
with overlapping, and finds the satisfactions of the conditions. The proposed approach 
merges them into a community. 

 

Fig. 2. First division 
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With the close degree tables, the community A and B, community D and E, com-
munity H, I could be identified. After the third division, they still belong to the same 
community. 

5 Conclusions and Future Work 

In this study, we propose a community detection strategy for the multi-relationship 
social network. Individuals often span across many different social networks, such as 
working environments, league, or club activities and so on. When the dynamic social 
network is handled by the hierarchical division algorithm, it may miss some interaction 
information in different social groups at the same time. However, our approach could 
avoid such a situation. In the future, our work will focus on the CNET hierarchical 
division algorithm for detecting the community and finding the impact of personality 
in the dynamic social network. 
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Abstract. This paper presents an efficient method for speeding up ant colony 
optimization (ACO) in solving the color image segmentation problem. The 
proposed method is inspired by the heuristics of image segmentation to 
reduce the computation time. To evaluate the performance of the proposed 
method, we applied the method on well-known test images. Our experimental 
results shows that the proposed method can significantly reduce the 
computation time about 19% to 45%. 

Keywords: Color image segmentation, clustering, ant colony optimization. 

1 Introduction 

Image segmentation is the process of partitioning the pixels of one image into 
multiple clusters which contains the pixels with the similar visual characteristics [1]. 
In image processing and computer vision, image segmentation is one important 
problems since it is the pre-processing work of many other advanced tasks. In the 
past, many kinds of methods are proposed for image segmentation problem. 
Clustering-based methods for image segmentation is an important research direction 
[2][3]. 

In general, there are two types of image segmentation approaches, one is 
region-based and the other is contour-based. [4] Region-based usually approaches 
find the regions of pixels with similar characteristics such as color. In contrast, 
contour-based approaches try to detect the possible edges and to divide the image 
into different regions by these edges. 

The basic idea of the region-based approaches is that the pixels in the identical 
image region should have some similar characteristics. Therefore the region-based 
approaches usually use data clustering techniques, such as nearest-neighbor K-
means, Fuzzy C-means, and so on. 
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The remainder of the paper is organized as follows. The related works are in 
Section 2. Section 3 introduced the ACO and our improvement. Performance 
evaluation is presented in Section 4. Conclusion is given in Section 5. 

2 Related Work 

In the last 20 years, the evolutionary computing has successfully been applied on 
various discrete and continuous problems. Bhanu et. al[5] used genetic algorithm as a 
image segmenting controller to improve the quality of segmentation. Another 
approach is directly using evolutionary clustering algorithm. For example, Belahbib 
et. al [6] combined genetic algorithm and Fuzzy C-means to the image segmentation. 
Particle swarm optimization (PSO) is another popular evolutionary clustering 
methods, such as Chander et. al[7] proposed a adaptive PSO variant for image 
segmentation. Ant colony optimization (ACO) is a probabilistic technique for discrete 
problems including data clustering and image segmentation. Liang et. al[8] proposed 
a hybrid approach based on an ACO with the Otsu method. But Liangs’ approach 
only uses the pheromone information and not uses the heuristic information. This 
means that more iterations is needed for searching process. Tai et. al[9] proposed an 
ACO for image segmentation with fuzzy entropy which guides the local and global 
search process. There are some variants of ACO, such as MAX-MIN ant system 
(MMAS) [10], proposed to improve the effectiveness and efficiency. MMAS simply 
modified the pheromone update rule to avoid premature convergence and improve the 
search efficiency. The maximum and minimum pheromone value are set to avoid 
premature convergence. Only the best ant can trail pheromone to improve the search 
efficiency. That we use the MMAS as the typical ACO in this paper. 

3 Proposed Method 

The SolutionConstruction() and PheromoneUpdate() are two major process of ACO. 
In the SolutionConstruction() process, each ant constructs its solution by the 
pheromone and heuristic information. Let xi ∈ Cj denote the pixel xi is the member 
of the cluster Cj . In the SolutionConstruction() process, the ant assigns the xi to Cj 

with the following probability: 

 

(1)

 
(2)

where M is the number of clusters, τij is the pheromone value between the pixel xi and 
cluster Cj . mj is the mean of cluster Cj . ηij is the heuristic value, and ηij is the inverse 
of the Euclidean distance originally. To avoid that the distance may be zero, we do a 
slight modification. 



 An Improved ACO by Neighborhood Strategy for Color Image Segmentation 617 

 

The pheromone values are represented the previous experience of ACO search 
process. The PheromoneUpdate() procecss update the pheromone values as following: 

 

(3)

where ρ ∈ (0, 1] denotes the evaporation rate. 

3.1 Neighborhood Strategy 

As the above description of ACO, each ant assign each pixel by the pheromone value 
τ and heuristic information η. The pheromone values are stored in the pheromone 
table. In the SolutionConstruction() process, to get the pheromone value is just to look 
up the pheromone table; and this takes a little computation time. But the η value is 
derived from the Euclidean distance between the pixel and the mean of the cluster, 
this would take a large amount of computation time. Furthermore, the means of the 
clusters are varied each iteration, the Euclidean distances are needed to evaluate each 
time. As shows in Fig. 1(a), each ant must do the evaluations of Euclidean distance N 
× M times in one iterations, where the N is the number of pixels and the M is the 
number of clusters. Let the θ denoted the number of ants and the l denoted the number 
of iterations. In the whole ACO process, there are l × θ × M × N times of 
Euclidean distance evaluations. 

In order to reduce the computation time of Euclidean distance, we proposes the 
neighborhood strategy applied on ACO. The ACO with neighborhood strategy is 
named Neighborhood ACO (NACO). It is based on the assumption that each pixel has 
at least one neighbor pixel which is belong to the same cluster in color image 
segmentation problem. And the neighbor pixel with smaller Euclidean distance has 
the larger probability in the same cluster. Thus, we used the neighbors to replace the 
means of clusters in the SolutionConstruction() process. The ant does not directly 
assign the pixel to the cluster. The ant decides which neighbor is in the same cluster 
with the pixel and indirectly assigns the pixel to the cluster. As shown in Fig. 1(b), a 
pixel has only eight neighbors in the image. And the Euclidean distance between 
neighbors are fixed, we can pre-compute the Euclidean distances and store in a table 
for the SolutionConstruction() process. 

NACO has only 8 × N times of Euclidean distance evaluations. 
 

 

Fig. 1. Example illustrating how each pixel is assigned to the cluster (a) directly (b) via its 
neighbor 
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4 Experimental Result 

The experimental result was conducted on a HP DL165 G7 machine with 2.6 GHz 
AMD Opteron CPU and 12GB of memory using Ubuntu 12.04. Moreover, all the 
programs are written in C++ and compiled using g++ (GNU C++ compiler). As 
shown in Table 1, five images—denoted Birds, Lake, Moon, Red Church, and 
Swimmer —are used to measure the performance of the ACO and NACO. All five 
images are from the Berkeley Segmentation Dataset and Benchmark (http:// 
www.eecs.berkeley.edu/Research/Projects/CS/vision/bsds/). 
All images are of size 481 × 321 and in 24-bit rgb color space. The number of 
clusters based on the research by Tan et al. [3] 

Table 1. Test images from 

Image Size Color #clusters
Birds 481 × 321 rgb 3
Lake 481 × 321 rgb 12
Moon 481 × 321 rgb 3
Red Church  481 × 321 rgb 10
Swimmer  481 × 321 rgb 12

 
 
To evaluate the quality of color image segmentation, the mean square error (MSE) 

is used in this paper. A better clustering method should generate results with smaller 
distortions than the worse one. The MSE evaluation function could be described as 
follows: 

 

(4)

To simplify the discussion of the experimental results, we will use the following 
conventions. Let MSE and Time denote, respectively, the quality of segmentation and 
the computation time. Let 

 
(5)

  
(6)

where ∆MSE and ∆Time denotes the enhancement of NACO with respect to ACO 
in percentage. Because the segmentation method with smaller MSE or Time is 
better, a more negative value of ∆MSE or ∆Time implies a greater enhancement. 

As far as this paper is concerned, for all the ACO and NACO we evaluated, 
the number of ants θ is set equal to 20, and the number of iterations l is set equal 
to 1,000. The other parameter settings, we referred to [11]. The α and β are set 
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to 1 and 2. The pheromone evaporation rate ρ is 0.9. The initial pheromone value 
τ0  is set to 0.5. The pheromone increment ∆τ is 0.1. The maximum and minimum 
pheromone value, τMAX and τMI N  is set to 0.99 and 0.01. The initial solution is 
generated by randomizing. The K-means process is used as a local search 
operator in both ACO and NACO. Each experiment repeated 30 runs and we 
showed the average in Table 2 and Table 3. 

Table 2. Comparison of clustering quality between the proposed NACO and ACO 
techniques based on the MSE 

Image ACO NACO
 MSE Time MSE Time ∆MSE ∆Time 
Birds 183.9 2032.1 183.8 1627.2 -0.02% -19.9% 
Lake 407.5 6702.5 404.3 3680.1 -0.77% -45.1% 
Moon 304.1 2065.0 304.1 1662.6 0.02% -19.5% 
Red Church 185.4 5607.4 189.1 3178.1 1.97% -43.3% 
Swimmer 316.8 6697.6 317.6 3661.8 0.23% -45.3% 

 
The comparison of ACO and NACO is shown in Table 2. The five test images can 

be divided into two groups by the number of clusters. The first group is Birds and 
Moon because of the small number of clusters. The neighborhood strategy applied on 
ACO can reduce about 19% execution time in the color image segmentation with 
small number of clusters. The other group is Lake, Red Church and Swimmer. The 
NACO can reduce about 43% to 45% execution time. It shows that the neighborhood 
strategy can significantly improve the efficiency of ACO in color image 
segmentation. In addition, the difference of ACO and NACO is very small. 

 

Table 3. Results showing percentage of computation time that can be reduced by NACO 
with different number of clusters 

 
Image #clusters ACO  NACO    

  MSE Time MSE Time ∆MSE ∆Time 
Lake 4 1276.9 2561.0 1276.6 1866.7 -0.02 -27.1 
Lake 6 840.2 3589.9 836.4 2329.0 -0.45 -35.1 
Lake 8 624.6 4589.2 623.6 2742.9 -0.16 -40.2 
Lake 10 501.9 5726.4 499.0 3189.2 -0.59 -44.3 
Lake 12 407.5 6702.5 404.3 3680.1 -0.77 -45.1 
Lake 14 338.8 7606.1 337.1 4376.8 -0.50 -42.5 
Lake 16 298.8 8658.1 299.4 4569.2 0.20 -47.2 

 
In order to illustrate the relationship between reduction of execution time and the 

number of clusters, we applied the different number of clusters on the image Lake. 
Table 3 shows the percentage of computation time that can be reduced by NACO with 
different number of clusters in Lake image. In general, the reduction ratio increases by 
the number of clusters. 
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5 Conclusion 

Image segmentation is an important problem in image processing and computer 
vision. In this paper, we proposed an improved ACO, named NACO, by neigh- 
borhood strategy. The strategy is1 based on the assumption that each pixel has at least 
one neighbor pixel which is belong to the same cluster in color image segmentation 
problem. In our analysis, the NACO can reduce a large amount of computation time. 
And our experimental result shows that the NACO is more efficient than ACO. One 
weakness of NACO is that the number of clusters should be pre-defined. In the future, 
we will extend the NACO to unsupervised image segmentation. And we will use the 
better local search operator, such as Fuzzy C-means, to improve the quality of 
segmentation in NACO. 
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Abstract. Because most traditional search methods are unable to satisfy the 
current needs of data mining, finding a high performance search method for 
data mining has gradually become a critical issue. The spiral optimization (SO) 
is a promising search algorithm designed to emulate the natural phenomena, 
such as swirl and low pressure, to find the solutions of optimization problems 
within an acceptable computation time. In this paper, a novel SO is presented to 
solve the clustering problem. Unlike the original SO, which rotates the points 
around the elitist center iteratively, the proposed algorithm, called distributed 
spiral optimization (dSO), splits the population into several subpopulations so 
as to increase the diversity of search to further improve the clustering result. 
The k-means and oscillation methods are also used to enhance the efficacy of 
dSO. To evaluate the performance of the proposed algorithm, we apply it to the 
clustering problem and compare the results it found with those of the spiral 
optimization and genetic k-means algorithm. The results show that the proposed 
algorithm is quite promising.  

Keywords: Metaheuristic, spiral optimization, and clustering. 

1 Introduction 

Clustering is a well-known optimization problem, partially because it is a hard 
problem in terms of the time complexity (NP-hard [1]) and partially because its 
relevant technologies can be applied to many real world problems, such as web 
document classification [2], face recognition [3], and the analysis of customer 
behavior [4]. Although the information technologies have advanced in recent years, 
finding a powerful clustering technique is still a challenge, especially when taking 
into account the big data problem we are facing nowadays. 

In addition to the early nature-inspired algorithms, evolutionary algorithms, and 
swarm intelligence, a number of new metaheuristics have also been presented more 
recently, some of which are developed to enhance the search performance during the 
convergence process compared with early metaheuristics, such as harmony search [5], 
bees optimization [6], firefly algorithm [7], and spiral optimization [8]. Among them, 
the spiral optimization (SO) is a promising one because it is simple and easy to 
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implement. In general, the spiral optimization presented by Tamura and Yasuda was 
inspired by the analogy of spiral phenomena in nature [8]. The main idea of the spiral 
optimization is that all the points (individuals) rotate about the center (i.e., the elitist 
or optimal solution) to search the solution space, and the population converges to the 
best solution in the end. In the spiral model, all the points attracted by the center move 
to their next positions by using the rotation operator, the only operator of SO. 
Although SO outperforms the traditional single-solution-based algorithms for 
continuous optimization problems, the center of SO is still easy to fall into local 
minimum. For this reason, we present in this study a novel distributed spiral 
optimization to enhance the performance of SO for the clustering problem1—by 
splitting the population into a number of subpopulations and introducing two 
operators to the SO: the one-iteration k-means and oscillation operators. 

The rest of the paper is organized as follows. In Section 2, a brief introduction to 
the spiral optimization is given. After that, the proposed algorithm is detailed in 
Section 3. Section 4 compares the simulation results of the proposed algorithm with 
those of other clustering algorithms. The conclusion is drawn in Section 5. 

2 Spiral Optimization 

In this section, a brief review of the spiral optimization (SO) for continuous 
optimization problems [8] is given to show how it works. As noted previously, the 
main concept of the SO is to rotate the points about a center to find the potential 
solutions during the convergence process. As shown in Fig. 1, on one hand, in the 
early stage of the convergence process, SO will search for a large space to find 
regions that have a higher probability to find a better solution. In other words, SO will 
try to maintain the diversification in the early stage of the convergence process. On 
the other hand, in the later stage of the convergence process, SO will focus on finding 
better solutions in one of the regions found in the early stage [8]. In other words, SO 
will try to maintain the intensification in the later stage of the convergence process. 

The spiral optimization is as outlined in Fig. 2. As shown in line 2, the rotation 
angle θ and the convergence rate r are set to, respectively, a value in the rotation 
angleθand the convergence rate r are set to, respectively, a value in the open interval 
(0, 2π) and a value in the open interval (0, 1). That is, θ ∈ (0, 2π) and r ∈ (0, 1). Then, 
as shown in line 3, the population X is initialized as a set of centroids, i.e., X = {x1, 
x2, … , xN}, where N denotes the population size. The best point (individual) is then 
selected as the center (elitist) by a predefined measurement, such as the sum of 
squares error (SSE) for the clustering problem. Finally, in the main loop (also called 
the convergence process), the points will be rotated about the center by the angleθ, 
and the points is closer to the center by the convergence rate r. After all points finish 
performing the rotation operator, the population select the best fitness value in this 
generation as the new center. In the spiral model, the points is attracted by the center,  
 

                                                           
1 The solutions of the clustering problem can be encoded either by the centroids (a continuous 

representation) or by the clusters to which patterns are assigned (a discrete representation). 
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(a) The search scope of the first 25 iterations (b) The search scope of the last 25 iterations 

Fig. 1. The search strategy of the spiral optimization 

and move to the next position regularly, as shown in line 7. The termination criterion 
then is check to see if the termination criterion met, the spiral optimization will stop 
and return the best-so-far point as the final result; otherwise, the spiral optimization 
will continue to perform the spiral model. 
 

1 procedure SpiralOptimization() {
2 Set the parameters 0 < θ < 2π and 0 < r < 1.
3 Initialize the population of points xi and select the best point x∗ as the center.
4 Let k = 0;
5 while (k < kmax)
6 for each point xi

7 xi(k + 1) = Rotation(xi(k), x
∗, θ, r);

8 end for
9 x∗ = UpdateCenter();

10 k = k + 1;
11 end while
12 }

 

Fig. 2. Outline of the spiral optimization 

The rotation operator, which plays an important role in deciding how to move the 
search point of the spiral optimization to the next position during the convergence 
process, will be discussed in detail below. 

Consider the two-dimensional space. Fig. 3 gives an example to show how a point x 
in the two-dimensional space is rotated about the origin (0, 0) by an angle θ to x’; that is,  

x’
 = R(2)(θ) x, (1)

where the rotation matrix is defined as 

R(2)(θ) = 
cos sin

sin cos

θ θ
θ θ

− 
 
 

. (2)

The rotation matrix R(2)(θ) can be used to construct the spiral model in the  
two-dimensional space by adding the convergence rate r to Eq. (1), as follows: 

x(k + 1) = r R(2)(θ) x(k) = S2(r,θ) x(k), (3)



624 C.-W. Tsai, B.-C. Huang, and M.-C. Chiang 

 

(0 , 0)

y−
ax

is

x−axis

x

x’

  

Fig. 3. Rotation in the 2-dimensional space 

where 0 <θ< 2π, 0 < r < 1, and we call S2(r,θ) the stable matrix. 
As the spiral model given in Eq. (3) shows, while the point x is rotated about the 

origin (0, 0) by an angle θ, it will be moved closer to the origin (0, 0) by a factor of 
1 − r, for r is a value in the open interval (0, 1), i.e., less than one. To make it possible 
to rotate a point x about an arbitrary point x*, Eq. (3) has to be modified, as follows: 

x(k + 1) = S2(r,θ) x(k) − (S2(r,θ) − I2) x
*, (4)

where again 0 <θ< 2π, 0 < r < 1, and I2 is an identity matrix. 
Fig. 4 gives three different search strategies (trajectory of three different spiral 

models), by using different rotation angle θ and convergence rate r. 
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(a) r = 0.95, θ = π/4 (b) r = 0.90, θ = π/4 (c) r = 0.95, θ = π/2  

Fig. 4. Different spiral models in the two-dimensional space 

3 The Proposed Algorithm 

3.1 The Concept 

Since the search strategy of SO is similar to that of hill-climbing, i.e., to keep 
updating the best solution (the best center in this case), it lacks mechanisms to disturb 
the search directions. As such, the center of the spiral may easily get stuck on the 
local minimum during the convergence process of SO. To solve this problem, a novel 
spiral optimization is presented in this paper, by adding an oscillation operator to 
perturb the current search directions (points or individuals) of SO so that it is capable 
of "escaping the local minimum". In brief, the oscillation operator plays the role of the 
mutation operator in the genetic algorithm. To increase "intensification" of the 
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proposed algorithm, one-iteration k-means is used to fine-tune the solutions that the 
proposed algorithm found. Also, to increase "diversification" of the proposed 
algorithm, the population is divided into several subpopulations, just like the island 
model of GA, which will then exchange the information they have to each other. 

3.2 The distributed Spiral Optimization (dSO) 

The proposed algorithm dSO is as outlined in Fig. 5. First, the parameters θ and r are 
set, respectively, to a value in the range (0, 2π) and a value in the range (0, 1), as 
shown in line 2 of Fig. 5. The population is then divided into NI subpopulations (i.e., 
islands) the size of which are NP = NI where NP denotes the population size, and the 
migration interval α is set. After that, each subpopulation is initialized by randomly  
 

1 procedure dSO() {
2 Set the parameters θ and r where 0 < θ < 2π, 0 < r < 1;
3 Initialize each subpopulation, by randomly selecting patterns from the data set as the

centroids;
4 Select the best center x∗

c for each island;
5 for k = 1 to kmax

6 for c = 1 to NI // island
7 for each point xi in island c
8 xi(k + 1) = Rotation(xi(k), x

∗
c , θ, r);

9 Oscillation();
10 OneStepKM();
11 end for
12 x∗

c = UpdateCenter();
13 end for
14 if (k % α == 0) Migration();
15 end for
16 }

 

Fig. 5. Outline of the proposed algorithm dSO 

selecting patterns from the data set as the cluster centers. Then, the best center x*
c 

(i.e., center with the best fitness value) of each island c is selected, as shown in line 4. 
In the main loop, each point is first rotated, then oscillated, and finally the one-
iteration k-means applied. Note that in line 8, the points are rotated about the center 
x*

c of its island c, and the rotation operator is as given in Eq. (4). After that, the center 
x*

c of each island is updated. Then, if the migration interval α is hit, the islands will 
exchange the information they have for each other. In this study, the proposed 
algorithm will mate NI/2 pairs, by randomly choosing two different elitists from the NI 
islands for which the single-point crossover (SPC) is applied to switch the genes of 
the chromosomes of each pair. Then, dSO will check to see if the termination 
criterion is met. If the termination condition is met, dSO will terminate and return the 
best-so-far point as the final solution; otherwise, dSO will continue to perform the 
three operators (rotation, oscillation, and one-iteration k-means) and update the center 
of each island, as shown in lines 5 to 15. 
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3.3 The Oscillation Operator 

As noted previously, the main purpose of adding the oscillation operator to the SO is 
to reduce the probability of falling into local minimum, just like the mutation operator 
of the genetic algorithm [9] does. Here is how it is defined and works. Let Fmax and 
Fmin denote, respectively, the maximum and minimum fitness value of points in the 
population. Also, let Fx denote the fitness value of point x and δ denote a random 
number chosen uniformly from the range of − R to R where R is defined as 

R = 

min
max min

max min

, ;

1, .

xF F
if F F

F F

otherwise

− ≠ −


 
(5)

Now, each dimension of the point x is perturbed as follows: 

max

min

0;( ),

;( ),

i i i
i

i i i

ifx x x
x

otherwisex x x

δδ
δ

≥ + × −
=  + × −

 (6)

where max
ix  and min

ix  denote, respectively, the maximum (upper bound) and 

minimum (lower bound) value of the ith dimension of the data set, meaning that the 
oscillation operator guarantees that each dimension of a point after perturbation is 
located within the bounds of that dimension. 

4 Experimental Results 

4.1 Data Sets and Parameter Settings 

The empirical analysis was conducted on an ASUS i7 machine with 2.67 GHz i7- 920 
CPU and 4GB of memory using Fedora 12 running Linux 2.6.31. Moreover, all the 
programs are written in C++ and compiled using g++ (GNU C++ compiler). To 
evaluate the performance of the proposed algorithm (dSO), we compare it with the 
spiral optimization [8] and the GKA-clustering algorithm [10], by applying them to 
the clustering problem for the data sets from UCI [11]. The sum of squared errors 
(SSE) [12] is used to as a measure of fitness. The parameter settings of SO, dSO, and 
GKA are as shown in Table 1. 

4.2 Results 

All the clustering algorithms compared are carried out for 30 runs. The results are as 
shown in Table 2. Each entry is given as the average plus/minus the standard deviation 
of 30 runs. For instance, in the case of SO for iris, the result is 78.948 ± 0.003. 

As depicted in Table 2, GKA provides a better result than SO. According to our 
observation, this is so for two reasons: (1) For SO, the points only interact with the  
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Table 1. Parameter settings of SO, dSO, and GKA 

parameter SO dSO GKA

population size 100 100 100

island number – 10 –

island size – 10 –

rotation angle (θ) π/2 π/2 –

convergence rate (r) 0.995 0.995 –

oscillation rate – 0.001 0.001

crossover rate – 1.0 1.0

migration interval (α) – 10 –
 

Table 2. The numerical experiment of SO, dSO, and GKA 

Data Set SO GKA dSO
iris 78.948 ± 0.003 78.941 ± 0.000 78.941 ± 0.000
glass 22.087 ± 0.853 18.288 ± 0.178 18.248 ± 0.025
wine 50.912 ± 0.982 48.954 ± 0.000 48.954 ± 0.000

abalone 30.816 ± 0.876 21.364 ± 0.173 21.291 ± 0.205
yeast 46.769 ± 1.075 46.026 ± 0.322 45.245 ± 0.002

SPECT.train 233.909 ± 0.465 233.578 ± 0.000 233.578 ± 0.000  
 

best center and (2) SO lacks a mechanism to perturb the search directions; thus, for 
SO, the search directions are sensitive to the initial solutions. On the other hand, the 
results show that dSO matches or outperforms GKA. 

The main difference of the three algorithms is that dSO has a higher diversity so 
that dSO has a higher chance to obtain a better solution during the search. dSO 
divides the population into several subpopulations so that it has a better chance to 
search for many potential regions, thus increasing its "diversification." On the other 
hand, with the addition of the oscillation operator, dSO is able to perturb its search 
directions, thus increasing its "intensification." 

On one hand, in case that dSO provides the same or better results than the other two 
clustering algorithms, the standard deviation of dSO is very close to zero, meaning that 
dSO is more robust than the other two clustering algorithms. In other words, the results 
show that the proposed algorithm is less sensitive to the initial seeds than SO and 
GKA. On the other hand, it is worth mentioning that although the standard deviation of 
dSO on the abalone data set is larger than that of GKA; the average result says that 
dSO has a higher potential to get a better result than SO and GKA. 

5 Conclusions 

This study is motivated by the observation that the original spiral optimization may 
easily fall into local minimum during the convergence process. To inherit the features 
of the spiral optimization, it is easy to implement and only use the rotation operator 
with the rotation angle θ and the convergence rate r to search for the solution space. 
The proposed algorithm added two operators to the original spiral optimization: the 
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one-iteration k-means and oscillation operators to fine-tune the clustering results and 
to avoid the premature convergence of the proposed algorithm. Also, dividing the 
population into several subpopulations eventually increases the search diversity of 
dSO. In the future, our focus will be on finding more effective rotation and 
convergence methods to either improve the quality of the clustering results or to apply 
the proposed algorithm to different optimization problems. 
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052. 

References 

1. Welch: Algorithmic complexity: Three NP-hard problems in computational statistics. 
Computation and Simulation (1982) 

2. Xu, W., Liu, X., Gong, Y.: Document clustering based on non-negative matrix 
factorization. In: Proceedings of the Annual International ACM SIGIR Conference on 
Research and Development in Informaion Retrieval, pp. 267–273 (2003) 

3. Zhao, W., Chellappa, R., Rosenfeld, A., Phillips, P.J.: Face recognition: A literature 
survey. ACM Computing Surveys, 399–458 (2000) 

4. Watada, J., Yamashiro, K.: A data mining approach to consumer behavior. In: Proceedings 
of the International Conference on Innovative Computing, Information and Control,  
pp. 652–655 (2006) 

5. Geem, Z.W., Kim, J.H., Loganathan, G.V.: A new heuristic optimization algorithm: 
Harmony search. Simulation, 60–68 (2001) 

6. Karaboga, D.: An idea based on Honey Bee Swarm for Numerical Optimization. Erciyes 
University, Tech. Rep. (2005) 

7. Yang, X.-S.: Firefly algorithms for multimodal optimization. In: Watanabe, O., Zeugmann, 
T. (eds.) SAGA 2009. LNCS, vol. 5792, pp. 169–178. Springer, Heidelberg (2009) 

8. Tamura, K., Yasuda, K.: Spiral multipoint search for global optimization. In: International 
Conference on Machine Learning and Applications, vol. 1, pp. 470–475 (2011) 

9. Bandyopadhyay, S., Maulik, U.: An evolutionary technique based on k-means algorithm 
for optimal clustering in rn. Information Sciences, 221–237 (2002) 

10. Krishna, K., Narasimha Murty, M.: Genetic k-means algorithm. IEEE Transactions on 
Systems, Man, and Cybernetics 29, 433–439 (1999) 

11. UCI-machine learning repository, http://archive.ics.uci.edu/ml/ 
12. Ward, J.H.: Hierarchical grouping to optimize an objective function. Journal of the 

American Statistical Association, 236–244 (1963) 



 

James J. (Jong Hyuk) Park et al. (eds.), Mobile, Ubiquitous, and Intelligent Computing,  
Lecture Notes in Electrical Engineering 274,  

629 

DOI: 10.1007/978-3-642-40675-1_93, © Springer-Verlag Berlin Heidelberg 2014 
 

Recent Development of Metaheuristics for Clustering  

Chun-Wei Tsai1, Wei-Cheng Huang2, and Ming-Chao Chiang2 

1 Department of Applied Informatics and Multimedia,  
Chia Nan University of Pharmacy & Science, Tainan, Taiwan 

cwtsai0807@gmail.com 
2 Department of Computer Science and Engineering,  
National Sun Yat-sen University, Kaohsiung, Taiwan 

s96413002@gmail.com, mcchiang@cse.nsysu.edu.tw 

Abstract. Metaheuristics have been successfully applied to quite a lot of 
services, systems, and products frequently found in our daily life. Until now, 
none of the metaheuristics ever proposed are perfect for all the optimization 
problems; rather, each algorithm has its pros and cons. Although several high-
performance metaheuristics exist, there is still plenty of room to improve the 
final result they produce and the computation time they take. Since 2001, quite 
a few number of novel metaheuristics have been developed to provide a better 
way for solving the optimization problems. A brief review for eight of these 
novel metaheuristics is given in this paper. To evaluate the performance of 
these algorithms, we apply them to a well-known combinatorial optimization 
problem, data clustering, and the results are analyzed and discussed.  

Keywords: Metaheuristics, clustering, combinatorial optimization problem. 

1 Introduction 

The feature of metaheuristics with which we are most familiar is that it is capable of 
using the rule of thumb to find an approximate optimal solution for an optimization 
problem in polynomial time [1,2]. Since many optimization problems are either NP-
hard or NP-complete [2,3,4], they usually take an unreasonable computation time to 
find a reasonable solution by using an exhaustive search algorithm. To solve this 
problem, metaheuristics use an iterative search strategy to find an approximate 
optimal solution by using a limited computation resource, such as computing power 
and computation time. 

Clustering [5,6,7] is indeed one of the most well-known optimization techniques 
which have been applied to many problem domains, such as search engine [8], 
document analysis [9], biological information [10], and face recognition[11]. 
Generally speaking, the main feature of clustering [12,13] is that no a priori 
knowledge is required to analyze the input data (patterns). The clustering problem is 

generally defined as: Given a set of n  patterns },...,,{ 21 nxxxX =  in d -

dimensional space, partition the set X  into k clusters },...,,{ 21 kπππ=∏  that 
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minimize some predefined criteria (e.g., sum of squared error (SSE), entropy,  
f-measure, or accuracy). Although the traditional deterministic algorithms (e.g.,  
k -mean) are simple and easy to implement, the results are extremely sensitive to the 
initial solution, a problem that metaheuristics do not have. As such, we can envision 
that metaheuristics will continue to play an important role in solving the clustering 
problem [14,15]. 

The remainder of the paper is organized as follows. After a brief introduction to 
metaheuristics in Section 1, Section 2 proceeds to describe eight novel metaheuristics 
that were developed during the decade 2001 to 2011. Then, these metaheuristics for 
clustering are compared and analyzed in Section 3. Finally, changes and potentials of 
these new search algorithms themselves, open issues, and future trends are presented 
in Section 4. 

2 The New Metaheuristic Algorithms 

Table 1 shows the eight kinds of metaheuristics with different design inspirations to 
be described in this section. To make it easier to differentiate these algorithms, the 
full name of each algorithm, the acronym, the behavior, and the year it was published 
are also given in this table. 

Table 1. Eight novel metaheuristic algorithms 

Algorithm Acronym Behavior Year

Artificial bee colony ABC insects 2005 [16]

Bat algorithm BAa animals 2010 [17]

Bioluminescent swarm optimization BSO insects 2011 [18]

Firefly algorithm FA animals 2009 [19]

Gravitational search algorithm GSA natural 2009 [20]

Honey bee mating HBM insects 2001 [21]

Harmony search HS human 2001 [22]

Imperialist competitive algorithm ICA human 2007 [23]

a In this paper, we will use BA instead of BAT to denote the bat
algorithm so that all the algorithms described herein go by the
name of their acronyms.  

 
The artificial bee colony (ABC) was designed to emulate the behavior of bees 

during foraging. It was first proposed by Karaboga [16] in 2005 and used to solve the 
continuous function optimization problem. ABC has also been used to solve 
combinatorial optimization problems, such as scheduling [24] and clustering [25,26]. 
In [27], Akay and Karaboga pointed out that the scout limitation parameter setting 
will affect the final results of ABC. A later study [28] also showed that ABC is not 
very sensitive to initialization. Presented by Yang [17] in 2010, the bat algorithm 
(BA) was inspired by the bat echolocation behavior. Its applications can be seen on 
several different research domains, such as clustering [29], engineering optimization 
[30], and multi-objective optimization [31]. To enhance the performance of BA, Khan 
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et al. [29] combined BA with the fuzzy concept to solve the clustering problem. In a 
later study [30], Yang and Gandomi pointed out that the convergence rate and the 

result of BA will be affected by the setting of the loudness iA  and pulse emission 

rate ir  of bats [32]. Proposed by de Oliveira et al. [18] in 2011, the bioluminescent 

swarm optimization (BSO) was designed to emulate the behavior of glowworm fly. 
The main idea came from the glowworm swarm optimization (GSO), proposed by 
Krishnanand and Ghose [33] in 2005. Krishnanand and Ghose [34] pointed out that 
the max sensing light of agent in GSO is hard to limit, but it may be useful to apply it 
to multiple solutions in the high-dimensional space. 

Another interesting metaheuristics is proposed by Yang [19] called the firefly 
algorithm (FA) which is inspired by the characteristics of fireflies being attracted by 
the brightness of the others. It was _rst used in solving the function optimization 
problem, and the performance is quite outstanding [35,36]. In [37,35], Levy flights 
was combined with FA to improve its capability to perturb the solutions locally. In a 
later study [38], Giannakouris et al. attempted to combine FA with ACO to leverage 
the advantages of each. An alternative way was presented in [39] which uses refined 
initial solutions to improve the quality of the results. The gravitational search 
algorithm (GSA) is designed to emulate the behavior of nature gravitation. It was first 
proposed by Rashedi et al. [20] in 2009 and used to solve the function optimization 
problem [40,41]. To enhance the search performance of GSA, Sarafrazi et al. [40] 
used the disruption operator to prevent two agents from getting too close to each 
other. In a later study [42], Li and Zhou improved the GSA by adding the best agent 
information to update the position. Besides, in [41], Askari and Zahiri also used the 
fuzzy concept to determine the range of agent's movement.  

The honey bee mating (HBM) is inspired by queen bee mating. It was proposed by 
Abbass [21] in 2001. In [43], Marinakis et al. combined the greedy randomized 
adaptive search with HBM to solve the clustering problem. A later study [44] used the 
fuzzy set and HBM to solve the multi-objective distribution feeder reconfiguration 
problem. In [45], Chang also used the honey bees policy iteration to solve the 
stochastic dynamic programming problem. In [46], Marinakis et al. pointed out that 
using more than one queen can obtain a better quality. The harmony search (HS) is 
inspired by musicians creating harmony. It was first proposed by Geem et al. [22] in 
2001 and used to solve the traveling salesman problem, the specific academic 
optimization problem, and the least cost pipe network problem. In the survey of HS 
[47], Geem pointed out that HS performs outstandingly for the problems to which it 
applies. In [48], Fesanghary et al. used sequential quadratic programming to speed up 
the convergence rate of HS. In [49], Li and Li combined HS with PSO for which HS 
plays the role of fine-tuning the solution found by PSO. In a later study [50], Wang and 
Huang pointed out that a better initial harmony memory will improve its performance. 
In [51], Omran and Mahdavi used the best harmony as a tuning variable to create new 
harmony. Besides, the studies given in [52,53,54] focus on adjusting the harmony 
memory considering rate (HMCR) and the pitch adjusting rate (PAR). The imperialist 
competitive algorithm (ICA) is inspired by imperialist competitive. It was _rst 
proposed by Atashpaz-Gargari and Lucas [23] in 2007 and used to solve the function 
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optimization problem. The studies given in [55,56,57] all focus on modifying the 
moving angle factor  of assimilation policy, such as in [58], Abdechiri et al. used a 
Gaussian probability model to adjust the angle. In a later study [59], Zhang et al. used a 
linear perturbation model to adjust the position of colony after the assimilation policy. 

3 Experimental Results 

3.1 Parameter Settings and Data Sets 

The empirical analysis was conducted on an ASUS i7 PC with 2.67 GHz i7-920 CPU 
and 4GB of memory running Fedora 12 with Linux 2.6.31. Moreover, all the 
programs are written in C++ and compiled using g++ (GNU C++ compiler). In 
addition, the IRIS from UCI [60] is used to compare the performance of the 
metaheuristics in this study. For the simulation, each algorithm is carried out for 30 
runs, and the maximum number of iterations for each run is set equal to 1,000. 

3.2 Simulation Results 

As shown in Fig. 1(a), the simulation results show that for IRIS, all these 
metaheuristics provide results that are close to each other. Fig. 1(a) shows not only 
the quality but also the convergence speed of each algorithm. Fig. 1(b) shows the 
hamming distances of each algorithm during the evolutionary process. All the 
solutions are integer encoded and are of length 150; all the populations are of size 50, 
implying that if all the solutions are different, the hamming distance will be 
maximized, up to 750,1832/)]150(15050[ =−×× . 

 

  (a) The so-far-best SSE (b) The hamming distance 
 

Fig. 1. The results of applying all the eight metaheuristics to IRIS 

As shown in Fig. 1(b), for ABC, the scout bee operator is used to move the 
solutions around in the search space periodically and randomly while at the same time 
the onlooker bee operator is used as the selection mechanism which will decrease the 
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diversity of the population. This explains why the hamming distances for ABC 
oscillate cyclically. BA uses loudness and pluse emission rate to control the quality 
and diversity. Although BSO converges, when it uses the mass extinction strategy, the 
diversity may be increased at the later stages during the evolution process. FA uses a 
random perturbation strategy for each firefly agent to maintain the diversity of the 
population. GSA uses the gravitation and the number of attracted agents to 
dynamically control the diversity. HBM can be regarded as a single-solution-based 
algorithm, which evolves around the queen to generate children with a low diversity. 
For HS, the memory of musicians will greatly affect the diversity of the solution. ICA 
enhances the diversity of the solution by assigning colonies to different empires, but 
imperialistic competition will eventually move all the colonies to the same empire at 
later iteration. 

4 Conclusions and Future Work 

This paper briey reviews the most recent development in the field of metaheuristics. 
These novel algorithms were inspired from the behavior of insects, animals, nature, 
and human but are not paid particular attention until now. All metaheuristics have 
advantages and disadvantages. The ground truth is that there simply does not exist 
any metaheuristics that can solve all the combinatorial optimization problems. 
Therefore, how to efficiently apply metaheuristics to large and complex problems and 
find an acceptable solution in a reasonable time are two of the most critical research 
issues in the area of metaheuristics. In this paper, these new and relatively young 
metaheuristics are applied to the clustering problem. The quality of the results and the 
diversity are analyzed and discussed. The above analysis helps us better understand 
the characteristics of these algorithms. In the future, we will attempt to present a 
systematic description of these algorithms and a more detailed discussion about how 
to apply them to other problem domains. 
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Abstract. A team work begins with cooperative learning, the responsibility of 
associators, abilities of individuals, and team progress are rewarded for helping 
and sharing to each other. The leader leads the group comprehending tasks,  
directing discussion, and progressing in studying. For better cooperation, we 
explode the previous research of the grouping strategy - pairing strategy [1] 
which enhances the learning and testing results of students based on the 
relationship of social network. Basing on the society relationships, this method 
provides members of the groups to learn from or mimic learners who have good 
relationships with them. This paper discusses about supports, including parents, 
teachers, and members of the group, for a leader leading the group to a higher 
achievement. The specific factors are also discussed, that the parents' support is 
the biggest among the others.  

Keywords: Social Learning, Cooperative Learning, Grouping Strategy, Learning 
Strategy, Learning Achievement, Regression Line. 

1 Introduction 

Traditional learning methods have been gradually shifted from individual learning to 
cooperative learning, because of the ubiquity of e-Learning. By using the fast 
interaction between people and the obtainment of the tests, the learning method 
adopts not only the grades, but the selection of partner is also important [2]. 
Cooperative learning begins with groups. A good grouping method has to take into 
account many factors, such as learning achievement, the depth of teaching materials 
and categories. As such, personal traits, good relationships, learning behaviors all 
have something to with the learning results. For the same reason, the friends of an 
individual can be considered as the incentive of cooperative learning [3]. The pair 
cooperation takes place the learning of cooperation and the other grouping strategy 
can base on it. The leader can be interpreted as one who has some qualifications, leads 
people toward the goal and is responsible for it. Bennis [4] pointed out that a leader 
should have certain behavioral tendencies, such as the drive for development, 
willingness to take up challenges, innovation, having long-term goals, creativity, and 



638 P.-J. Chuang and C.-S. Yang 

 

always thinking about when to do it or how to achieve it. Tead [5] thinks leadership is 
an activity which works people went to the pursuit of the goals. Stogdill [6], [7] 
pointed that leadership leads people to set a goal and accomplish the goal. If it is said 
that the leadership is a condition that affects the behavior of the crowd, then Hemphill 
and Coons [8] agree with Stogdill. Lao [9] and Shie [10] pointed out that leadership is 
a behavior that a leader leads adherents together to accomplish the targets in the 
interacting process of a group. The leadership can be summarized by Wu [11] that a 
leader affects adherents to effectively accomplish the goals in a certain circumstances.  

The rest of this paer is organized as follows. Section 2 gives the related work about 
the development of characteristics of a leader. The concepts and details of the 
proposed algorithm are given in Section 3, Section 4 shows and analyzes the 
differences among varied relationships. Section 5 concludes the paper and suggests 
some possible future research directions 

2 Related Works 

Therefore, we can easily find that the leaders possess certain characteristics including 
1) A strong desire for high achievement. Professor Ghiselli [12] surveyed 90 different 
industries in the US and found that effective leaders tend to be those with high 
achievement. These people have a strong potential to realize their goals, nally become 
successful and treat them as the ladder achieving their goals. 2) Spirits of 
perseverance and persistence. That is the representation of a stronger dedication to 
persistence, patience, and confidence. 3) Being systemic.  

According to the historical backgroound, the theories studied on leadership can be 
divided into trait theory, behavior theory, situational theory, and new leadership 
theory [13]. 

• Before late 1940s, the studies focused on the trait theory which believes that the 
ability of leadership was born. The leaders are born and demonstrate distinct 
attributes in some cases during this period.  

• From late 1940s to late 1960s, the studies focused on the behavior pattern theory, 
which emphasised the connection between leadership effectiveness and the leaders' 
behavior. In this period, the studies still took the personal qualities of a leader as 
the main consideration, but emphasized the ability of leadership can be achieved 
through learning for highlighting the importance of the leader's behavior. 

• From late 1960s to early 1980s, the studies adopted the approach of contingency 
situational theory, which suggested that the effectiveness of a leader was driven by 
a combination of factors rather than simply by the leader's traits. The focus of  
the studies were extended to the leader, the team members and the context of the 
situation. It assumes that the leader could motivate the team members within the 
context of the situation and impact their behavior. 

• Before early 1980s, the studies focused on visionary leaders. This theory combined 
the viewpoints from the three above-mentioned theories, drawing on one's strengths 
to compensate for the other's shortcomings and constructed a new leadership theory 
that could cope with the rapid changes of the environment in the future. These  
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leaders not only possessed the ability to influence their team members, but were also 
able to find the optimal approach for development based on the organization's 
strengths and weaknesses. Hersey and Blanchard [14], [15] indicated when selecting 
a leader, the keys to the managerial grid and situational leadership were his attitude 
and behavior. 

3 Proposed Method 

In the experiences of the cooperative learning, students get supports from the partners 
of their groups, advices from teachers, and emotional and knowledgable concern  
by their parents. These theories of leader’s originality conclude a common goal of 
figuring out the factors that develop a leader and how to achieve effective leadership. 
In cooperative learning, the leader of the group also has the same advantages of  
leading group learning. A leader has a better ability of communication to re-organize 
the teaching of teachers and provides a better way of understanding for the crews. 
Also, the leader can translate questions from the crews to teachers. To summarize the 
task of a leader, the following can be described. 

1. Communications and advices from one to the partners in the group. 
2. Communication with teachers. 
3. Assistance of family. 

We provide the definition to decide the leader: 
 
Definition 1. (Leadership) The ability of a leader j is the maximum value of Lj 
defined as 

 Lj = MAXj(Rj + Ej + Pj) (1) 

where Rj is the relationship of j with partner, Ej is the ability of seeking helps from 
teachers, Ej = Cjt * Ajt + Ljt, communicates with teacher and ask advice from teacher, 
and like to talk to teacher, and Pj is the level of parents' care time. In this case, we  
don not concern 'dislike', because that what ever the student likes teacher or not, the 
teacher needs to like the student. Besides, the teacher needs to concern the student. 

4 Experimental Results 

The experiment works on the sixth grade of elementary school in Kaohsiung. The 
participants are 68 students from two classes of sixth grade students, with one class as 
the social pairs and the other class as the random pairs, and their scores are collected 
throughout the academic year. We take subject Mandarin as the learning material  
and test scope. The experiment spans the midterms and finals and the grouping is 
conducted twice, once in the first semester while the other in the second semester. 
Students learn in their classes and by the method of cooperative learning STAD, 
which they learn from the teachers, study together and each accomplishment will be 
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the group achievement. The student nformation and scores are input by their teachers. 
Every time, questionnaires are given to rebuild the friendship sets. The experiment 
uses first exam in the first semester of grade 5 as the pre-test, the final exam in the 
first semester of grade 6 as the post-test, and friendship sets conducted in totally a 
year. The data of the first semester of grade 5 is not used because students are not 
particularly familiar with the grouping experiment. Instead, the data of the second 
semester of grade 6 is not used because students will ready graduate from elementary.  
 

 

Fig. 1. The achievement relation of the leader 
and crews 

Fig. 2. The difference between pre-test and
post-test 

In the grouping pair, the appointment of a leader is based on academic score, 
relationship with members, communication with teachers, and the parents' support. 
Apparently, a good group achievement will be presented with the members confided 
their dependence to the leadership style and received the leader. In this section, we 
verify three statements: 1) whether the leader score will lead the group score? 2) 
Whether the relationship between the leader and teachers will affect the group score? 
3) Whether the family support of the leader could affect the group score? 

Fig. 1 shows the pre-test and post-test scores of the group average as well as the 
leader score of the experimental group. The blue color indicates the pre-test, the bar 
indicates the group average and the diamond indicates the leader score. The red color 
indicates the post-test and the square indicates the leader score. The total eighteen 
groups are because of the pair strategy, which implies two students share the same 
leader with other student.  
As the figure shows: 

• The post achievements of the groups are increased. This result indicates the  
practice of group learning. 

• The leaders' score are promoted which implies the group learning can also help the 
student of higher achievement. 

However, this result leads to a question, does the higher difference between pre-test 
and post-test implies the higher achievement of the leader. Fig. 2 shows the difference 
of two tests, where x-axis shows the leader score and y-axis shows the difference of 
pre-test and post-test. The red square indicates the post-test score of the leader and the 
blue diamond indicates the pre-test. The red and blue curves show the trend of the 
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data, which indicates the leader score of both pre-test and post-test implies the growth 
of group scores.  

As the Fig. 2 shows, the higher leader score can really promote the higher 
difference, both in the pre-test and post-test. The leader connects the teacher and the 
group learning. A good relation with the teacher can also help the group learning in a 
clear way. In contrast, the rare connection between the leader and the teacher can 
probably pull down the effciency of learning.  
 

Fig. 3. The difference of the relation between 
the leader and the teacher 

 

Fig. 4. The difference of the relation between 
the leader and the parents 

Fig. 3 shows the value of Ei of the leader relates the difference of the pre-test and 
the post-test. The x-axis shows the CAL value, which are the organization of 
communication, advice, and like, and the y-axis shows the difference. The CAL 
values have only three kinds and red curve shows the trend that the differences are 
equally distributed in these three values. This result shows that the connection 
between the leader and the teacher is not the main option to affect the group learning. 

As the main option of the leader pick, the parent's care time can help the leader 
learning. Moreover, the leader can be confident to lead the group learning. Fig. 4 
shows the relation between the parents' care time of the leader and the difference. The 
values of parents' care time have five values and the higher value indicates the more 
care. The red curve shows the trend that the more care time, the higher difference. 
Obviously, the support of the family is powerful for learning. 

5 Conclusion 

Cooperative learning opens a way to achieve group goals by learning from team 
members. In the meantime, the leader takes own group to comprehend the 
achievements. We examined the supports of a leader, relationship between the leader  
and crews, relation with teachers, and care from the parent, and found that the group 
leader who obtains family support can demonstrate a higher level of effectiveness in 
group learning. 

Based on our research, grouping of more than three people can utilize our proposed 
strategy and achieve the purpose of cooperative learning. In the future, we intend to 
include discussions on grouping of multiple people (three or four) and compare the 
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results with grouping in pairs [16]. In the meantime, we expect to explore further on 
the leadership effectiveness of the group head, measuring whether the leader of a 
group with more people are more efficient than that with a pair. Qualitative research 
deeply recognizes the behavior of human being and reasons of methods, not only the 
operation of research [17]. Cooperative learning connects to the learning styles and 
communication ways of students. Qualitative research will help us discussing data 
collection, analyzing teaching data, feedback, and validation, reliability, and ethics 
among members [18], [19]. 
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Abstract. This paper presents a new method called hybrid ant bee colony 
optimization (HABCO) for solving traveling salesman problem which 
combines ant colony system (ACS), bee colony optimization (BCO) and ELU-
Ants. The agents, called ant-bees, are grouped into three types, scout, follower, 
recruiter at each stages as BCO algorithm. However, constructing tours such as 
choosing nodes, and updating pheromone are built by ACS method. To evaluate 
the performance of the proposed algorithm, HABCO is performed on several 
benchmark datasets and compared to ACS and BCO. The experimental results 
show that HABCO achieves the better solution, either with or without 2opt. 

Keywords: Hybrid, Ant Colony System, Bee Colony System, Traveling 
Salesman Problem. 

1 Introduction 

In the current era, intelligent algorithms inspired by nature behaviors play the role of 
solving several optimization problems. Ant colony optimization (ACO), particle 
swarm optimization (PSO), and bee colony optimization (BCO) are the samples being 
categorized for those intelligent algorithms[1-14]. 

Ant colony optimization (ACO) was firstly developed by Dorigo, who introduced 
ant system (AS) to solve traveling salesman problem [1]. Ants tend to choose the path 
with the strongest pheromone to find the shortest tour for the food. Dorigo then  
extended this algorithm by introduce algorithm ant colony system (ACS) [2]. Since 
then, many researchers also continued this approach for better results on various  
optimization problems [3-6]. Max-min ant system (MMAS) was proposed by Stutzle 
and Hoos to solve TSP [3]. They proposed the pheromone level update that is bound-
ed the pheromone level between τmax and τmin. Naimi and Taherinejad proposed ELU-
Ants and KCC-Ants to modify ACS by introduce new local update [4]. This research 
emphasized that the update pheromone on earlier step is more than the later step. 
Chen and Chien solved TSP problem by combining genetic algorithm (GA)  
such as selection, crossover, mutation and ACS with communication strategy [5]. 
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They also proposed algorithm to solve TSP by combining GA, simulated annealing, 
ACS and particle swarm optimization (PSO) [6]. Besides solving TSP, ACO are also 
used to solve other combinational optimization problem such as job-shop scheduling 
problem [7], quadratic assignment problem [8] and so forth. 

Another swarm intelligent algorithm bee colony optimization (BCO), was firstly 
proposed by Lucic et al [9-10] to solve TSP. BCO is designed to create the multi-
agent system (colony of artificial bees) for solving the combinatorial optimization 
problems. Swarm behavior encourages generating the algorithms such as bee system, 
artificial bee colony (ABC), marriage in honey bee optimization (MBO), etc. Swarm 
bees are also used for solving vehicle routing problem [11], numerical optimization 
[12], data mining [13], job shop scheduling [14]  and so forth. In BCO, after travel-
ing some nectars or stage, each bees backs to the hive to communicate their way. In 
the hive, they group into three types and perform waggle dance to identify their quali-
ty of food source. The longer dance indicates the better quality of nectars found. Bees 
exchange information to each other for their next stage-tour. Bees finding bad-source 
food tend to follow the others with good-source food at next stage.  

On ant behavior, once an ant starts visiting a city, it will remain active until the end 
of the complete visiting all cities. Ants might travel the good choice or bad choice in 
their earlier steps. Good choice in the earlier step means the tour being relatively short 
when ants continue to complete any probability remainder tour. Contrary, bad choice 
may cause successively bad selections in later parts and bad result at the end. So based 
on discussion above, this research is tried to develop the algorithm that considers the 
beginning step as the more important step to construct the tour than the last step. Logi-
cally, an agent with bad choice of traveling some cities (part of tour) should be dis-
carded but an agent with good choice should be duplicated at the beginning step. The 
action on this earlier step guarantees the agent will be more competitive. 

2 Proposed Algorithm 

2.1 The Concept 

In this section, a new algorithm, hybrid ant-bee colony optimization (HABCO) for 
solving the traveling salesman problem is presented. The competitive agents are built 
by considering the performance on the earlier step in constructing the tour. The tour is 
split into some parts of tour. This part of tour can be identified as the stage in BCO 
which consists some cities. The stage-tour agent constructed is expected to judge the 
quality agent. On BCO, after traveling one stage, bees back to hive and group into 
three types based on their quality. To travel each cities on one stage, the ant-bee uses 
the role of ACS. 

The judgment of the quality of each agents especially on early stages becomes  
important issues. The judgment should guarantee the agent whose good stage-tour at 
beginning step will probably achieve the good complete tour. In ACS there are two 
important variables to construct the tour, pheromone and distance. After traveling 
some cities, says one stage, the pheromone and distance cities gathered in one stage 
are investigated to conclude whether the both variables can be to a judgment of the 
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quality agent. One benchmark TSP, st70, is investigated to see impact of the distance 
and amount pheromone at each stages. The agent (ant) travels all cities stage by stage 
with follow the ACS role, and there is no interaction likes BCO in each stages. 

In the observation, considering by calculating the distance traveled at one stage is 
not reliable. The second observation is to rely on the total amount of pheromone in 
one stage  tour traveled by each ants. It shows that the ant which gathered a lot of 
pheromone at first stage tends to be a good or best ant in the complete tour. The other 
hand, the ant which get the shortest distance probably gets the high pheromone on its 
first stage. So, it is more reasonable that total amount of pheromone at each stages 
indicates the quality sub-tour. The greater total pheromone that the ant achieves  
in one stage, the ant has high probability of getting the good complete tour.  As a 
notion, this research is performed on three stages. In our investigation, the result of 
four or more stages should not be reliable.  

2.2 Construct Tour 

After each ant-bees traveling one stage using the rule of ACS, it backs to hive to in-
teracting with each other (supposing distance from hive to each city=0), and calculat-
ing the total amount of pheromone. HABCO also categorizes ant-bees into three types 
based on pheromone gathered namely scout (S), follower (F), and recruiter (R) as 
BCO. Scout retains the previous stage and continues the next stage without interacting 
with the others, follower abandons the previous stage and follows the recruiter, re-
cruiter retains her previous stage and recruits the follower to join her previous stage 
tour. On HABCO, the judgment of quality of agents is based on the amount phero-
mone gathered in each stages. Scout agent is firstly chosen 10 % from all agents. The 
scout agent guarantees the alternative tour is kept on the process. The remainder 
agents is categorized as follower and recruiter. The probability ant-bee to be follower 
after traveling one stage is used by Eq. (1). 

 PF =  ∑ ( )  , (1) 

where i is agent index;  M is the total number agent ant-bees; τi represents pheromone 
gathered at each stages by agent; τmax represents pheromone maximum gathered at 
each stages by agent. Eq. (1) shows that agent which gathers the high pheromone  
has low probability to be follower. Agent with the highest pheromone (τmax ) will  
absolutely become a recruiter (PF=0). After categorized the agents into follower and 
recruiter, the follower will change her tour and follow one of the follower agent  
randomly. After exchanging information on hive, the agent ant-bees continue the next 
stages until finish the tour.  

2.3 Pheromone Update 

There are 3 types pheromone updating on HABCO. They are local update,  
semi-global update and global update. Local update is performed as local updating 
rule in ACS algorithm. After performing one stage, HABCO updates the pheromone 
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called semi-global update. This update is based on modified ELU-Ants algorithm that 
ants have more effect on pheromone update where they are in their earlier steps and 
less effect when they are going to finish the tour. 

 ||

.5

.),(),( S

S

o ejiji
−

+= τττ , (2) 

where S is current stage; |S| is total number stage. Obviously from Eq. (2), the phero-
mone after performing the first stage (S=1)  is added more than the next stage. So the 
ant-bees play fewer impact in update pheromone when they are in their final part of tour. 
At last, the pheromone on the edges are travelled by the best ant-bee will be updated 
with global updating. To avoid trapping local optima, the pheromone will be reduced if 
the best length tour is same in some iterations in a row. In this experiment, the phero-
mone will be diminished 5% when the best of length tour is same for t times iterations 
(t=100)  in a row. The algorithm of HABCO is described as Fig. 1. 
 

 

Fig. 1. HABCO Algorithm 

3 Experiment Results 

Experiments are conducted to evaluate the performance of HABCO. The settings of 
various parameters for the proposed algorithm are described as follows. The number 
ant bee (M=10), number stage (S=3), number iteration (nc=1000), degree heuristic 
distance (α=1), degree pheromone (β= 2), pheromone decay (γ=0.1), and limit  
exploitation (q0 =0.1).  

ACS has an advantage to make the edge more dynamic by perform local update. 
With local update, pheromone on edge visited is diminished and make it less  

Procedure HABCO for solving TSP 
Set parameters and number stage 
For each stages 

For each ant-bees 
Construct Solution and Local update 

    End ant-bees 
    Semi-global update  
    Ranked ant-bees 
    For each ant-bees 

//Back to hive 
Classify ant-bees into scout, recruiter, follower 

End ant-bees 
All ant-bees exchange information 
If (stage=number stage) 

Calculating the length complete tour of each ant-bees 
Global update by the best ant-bee 
Ruin local optima 

End if 
End Stage 
Local Search 

End 
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desirable. Therefore the premature converge can be avoided. As a consequence, the 
agent (ant) has many various options to develop the good tour. In other hand, BCO 
has main advantage on exchange information agents (bees) on their hive. Before 
backing to hive, construction bee makes the selection candidate node is more static. 
BCO has also a slightly complex formula than ACS, and also has many variables to 
set. The difference setting sometimes generates the different significant results. The 
second comparison should be discussed is comparing HABCO and ACS. Table 1 
shows that HABCO outperforms ACS either with 2opt or without 2opt. HABCO 
also shows slightly better either in average or best case. Although ACS and 
HABCO uses the same role to construct the tour at each stages, HABCO has an 
advantage in producing the competitive tour that is generated by their agents. It 
happens since after agents (ant-bees) finish each stages, HABCO generates the 
competitive agents by duplicating the good sub tour and discarding the bad sub tour 
in their hive. As a result on HABCO will have a competitive agents comparing ACS 
to construct the tour. 

Table 1. Performance HABCO ,ACS, and BCO on nine benchmark datasets [15] 

Bench-

mark 

BKS ACS ACS+2opt BCO+2opt 

(number bee=10) 

HABCO HABCO+2opt 

Avg Best Avg Best Avg Best Avg Best Avg Best 

Eil51 426 432.4 430 430.3 428 432.1 429 430.7 428 429.1 427 

Berlin52 7542 7715.8 7542 7611.4 7542 7652.6 7542 7577.9 7542 7543.5 7542 

St70 675 693.4 684 686.2 680 683.2 675 686.5 680 681.1 678 

Kroa100 21282 22054.8 21716 21568 21369 21927.3 21369 21789.9 21402 21413.5 21282 

Eil101 629 649.9 641 643.9 636 656.2 645 643 634 641.7 634 

Kroa150 26524 27476.9 26889 27219.1 26912 27452.4 27063 27139.1 26881 27015.9 26781 

D198 15780 16480.2 16202 16027 15918 16351.5 16021 16421.5 16182 16030 15895 

A280 2579 2739.6 2686 2669.9 2640 2834.1 2701 2702.4 2653 2665.1 2630 

U724 41910 46363 44688 44136.4 43781 46516.7 44091 45117.8 43901 44002.3 43432 

4 Conclusion 

This paper proposed a new hybrid algorithms called HABCO that is merged  
algorithms ACS, BCO and ELU-Ants. HABCO splits the tour into some stages likes 
on BCO algorithm. However this proposed method mimics ACS to construct the tour 
and perform local and global updating. The quality of each agents HABCO is judged 
based on the pheromone gathered at each stages. The pheromone gathered classifies 
agent into follower, recruiter and scout. A good judgment on premature step makes 
the probably good agent (identified as recruiter) duplicated, and the probability bad 
agent (identified as follower) is discarded. The scout agent is exist to maintain the 
new alternative tour. This process produce the competitive agent in each iteration. 
This algorithm also proposed the semi-global update pheromone to adopt the  
ELU-Ants algorithm. Our simulation results shows that the proposed algorithm, 
HABCO, outperforms ACS and BCO on several data sets, either with or without local 
search 2opt. 
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