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Summary

Social network sites have attracted millions of users with the
social revolution in Web 2.0. In the social network sites, a user
can register other users as friends and enjoy communication.
However, users of social network sites may easily get
overwhelmed by the excessive volume of friend information.
Recently context-aware mobile devices have been thoroughly
integrated into all walks of life. The context-aware systems
provide the user with adaptive recommendations from enormous
information. Therefore, the essential factor of social computing
is to recommend truly valuable friends using context. We
propose a friend recommendation method using physical and
social context. The main idea of the proposed method is
consisted of the following three stages; (1) computing the
friendship score using physical context; (2) computing the
friendship score using social context; (3) combining all of the
friendship scores and recommending friends by the scoring
values.
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1. Introduction

With the advent of Web 2.0, social computing has
emerged as one of the hot research topics recently. It
involves the collecting, extracting, accessing, processing,
computing and visualizing of social signals and
information [1].

Also, SNSs(Social Network Sites) are increasingly
attracting the attention of academic and industry
researchers. What makes SNSs unique is that they have a
relationship with friends [2]. People tend to trust the
opinions of friends they know rather than the opinions of
strangers [3].

Mobile devices with context-aware sensors are becoming
increasingly popular among people. The wealth of
available sensor technologies creates more possibilities for
context-aware systems. The context-aware systems should
provide the user with adaptive recommendations for
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potentially relevant information. A challenging research
issue in social computing is therefore the recommendation
method using context.

Context has rarely been incorporated into social
recommendation systems so far. But physical context and
social context can be useful sources for improving
recommendation [4].

In the SNSs, a user can register other users as friends and
enjoy communication through a virtual message and a
diary such as blog. With the rapid growth of social
networks, users of SNSs may easily get overwhelmed by
the excessive volume of information. The friendship can
significantly affect the quality of recommendations.
Therefore, the recommendation of better friend is the
essential factor of social network sites to find truly
valuable information.

This paper proposes a friend recommendation method
using the physical and social context. The scheme
considers friendship from similar physical context.
Moreover, our scheme considers explicit friendship using
social context such as the social network. And then, the
scheme combines both the friendship using physical
context and it using social context.

The main idea of the proposed method is consisted of the
following three stages; Firstly, our method computes the
friendship score based on similar behaviour using physical
context. In the computation, we adopt the traditional
information retrieval method, BM25 weighting scheme.
Secondly, the method computes friendship score with
friend relation in the friendship graph using social context.
Finally, we combine the all of the friendship scores and
then recommend friends by the scoring values.

The remainder of this paper is organized as follows.
Section 2 introduces related works. Section 3 presents
friend recommendation method using physical and social
context. Section 4 discusses and concludes our proposed
recommendation method.
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2. Related Works

2.1 Social Network Site

The evolution of the Web from Web 1.0 to Web 2.0 has
brought up new platforms as SNSs that are used by users
to articulate and manage their relationships. SNSs are an
online phenomenon which has become extremely popular
[5]. They provide social network based services to support
easy message posting, information sharing and inter-friend
communication [6].

SNSs are defined as web-based services that allow
individuals to (1) construct a public or semi-public profile
within a bounded system, (2) articulate a list of other users
with whom they share a connection, and (3) view and
traverse their list of connections and those made by others
within the system [2].

Relationships information obtained from a person’s social
network contacts can therefore be considered as one type
of a person’s social context, which extant literature refers
to as ‘who you are with’ or one's ‘social situation’ [7],
‘identity’ [8], and ‘social relations’ [9] or even ‘who you
are similar to’. Thus, information about relationships from
social network can be considered as one type of a person’s
social context.

The SNSs are used to articulate and manage relationships
to personally known people. It is expected that a
recommendation sent by one of the social network
contacts is perceived as highly relevant for the user. The
success of SNS to bind users and their friends has initiated
concepts for usage of social network data for a more
precise and personalized recommendation of information
to users [5].

2.2 Recommender System

Recommendation systems have received significant
attention from both academia and industry since the mid-
1990s when collaborative filtering was introduced.
Recommendation systems are usually classified into two

categories: content-based  recommendations  and
collaborative filtering based recommendations
[4,10,11,12].

Content-based filtering recommends items that are similar
to ones, the active user preferred in the past [13]. Content-
based recommendation systems recommend an item to a
user based on item description and user's interests [12] and
are useful recommending web pages, news articles, items
for sale, etc.

Traditional collaborative filtering recommends items to an
active that have been rated highly by users who are similar
to the active user [4]. Collaborative filtering based systems
recommend items that other similar users have preferred.
Collaborative recommendation computes the similarity to
other users rather than to other items [12]. Several hybrid
recommendation systems combine both collaborative and
content-based methods [12].

2.3 Social Recommender System

The social recommender systems predict the utility of
items, users, or groups based on the multi-dimensional
social environment of a given user. Based on this model, it
introduces recommendation mechanisms for content
sharing frameworks [14]. This method take into account a
specialized model of dependencies between users, items,
and annotations that provides a good fit for observed
properties of the folksonomy. Beyond these basic
structures, modern Web 2.0 folksonomys contain
additional features reflecting the social nature of the
content sharing framework such as contacts, personal
favorites, comments, groups, etc.

SocialFusion[12] is a framework to support context-aware
inference and recommendation by fusing together mobile,
sensor, and social data. SocialFusion consists of 3 stages:
first, a data gathering and management stage, including a
novel K-anonymization algorithm; next, an inference stage
that fuses together the diverse data streams using describer
modules to extract contextual clues called descriptors;
finally, a recommendation stage that leverages the rich
assembled data and descriptors to recommend a context-
aware action.

SENSE(Socially ENhanced Search and
Exploration)[15,16] provides an efficient top-k algorithm
that dynamically expands the search to related users and
tags. It is based on principles of threshold algorithms,
folding related users and tags into the search space in an
incremental on-demand manner, thus visiting only a small
fraction of the social network when evaluating a query.
The demonstration uses three different real-world datasets:
a large set of urls from del.icio.us, a large set of pictures
from Flickr, and a large set of books from librarything,
each together with a large fraction of the corresponding
social network of these sites. The core of SENSE scoring
is formed by three different quantizations for friendship
strengths, corresponding to the three different searches in
communities.

However, the previous approaches did not consider
physical and social context for friend recommendation.
The social recommender system is needed to tailor
towards contexts.
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3. Friend Recommendation Method

In this section, we present our method for friend
recommendation using physical and social contexts.
Friendships are user-user relations that come in different
forms [16]. We use the concept of the spiritual friendship
and the social friendship in [16]. The spiritual friendship is
the relation based on similar behavior such as high overlap
in tag usage. The social friendship is an explicit, user-
provided relation.

We consider both the spiritual friendship and the social
friendship for scoring friendship. Also, we consider
context-aware computing environments. Context has
rarely been considered for scoring friendship so far.
However, it is important to take the current context into
account.

The context is grouped into physical context such as the
current user location, time, also social context such as the
social network of the user [4]. The physical and social
context can be useful sources for improving scoring
friendship. We wuse physical contexts for spiritual
friendship, and social contexts for social friendship.

In this paper, we propose the friendship score, FS(u,y)
strength between user U and U’s friend y using physical
and social contexts. The friendship score between user u
and W’s friend y, FS(u,y) combines spiritual friendship
score, FSg(u,y) and social friendship score. FSg(Uu,y).
Equation 1 shows our friendship score, FS(u,y).

FS(u,y)=axFSsp(u,y)+(1—a)xFSso(u,y) (1)

The parameter a, 0<0<l, can be adjusted by the user and
application characteristics. If the spiritual friendship is
more important than social friendship, the parameter value
of a is increased.

The spiritual friendship score, FSg(u,y) is computed using
physical contexts. In the previous studies, the spiritual
friendship is computed using user-behaviour statistics
without considering context-aware computing
environment. Compared with them, our method considers
physical contexts such as location, time, user profile, etc.

The spiritual friendship score is computed by a logged
context score and an inputted context score. The logged
context is the continually varying context such as location
and time. It is computed from statistics of logged data. The
inputted context is got from user’s input. An example of
inputted context is the user profile.

The score, FSg(u,y) is computed by equation (2). The
score, FSg(u,y) combines both the logged context score,
FSepiog norm(U,y) and  the inputted context score,
FSspinput_norm(U,y). The result of the logged context score

and the inputted context score is composited using single
adjustable parameter B (0<p<1). If the value of parameter

B is increased, the logged context score is considered as
more important than the inputted context score.

FSsp(U,y) = S x FSsplog_norm(U, Y )+ (1 — ) x FSspinput _norm(U,y)

2

The logged context score, FSgioq norm(Uy) is computed
using the traditional information retrieval method.
Specially, we adopt the BM25 weighting scheme [17].

Moreover, the result of BM25 score is normalized. The
logged context score and the inputted context is computed
by different mechanisms. We use a linear combination for
the logged context score and the inputted context score.
Therefore, the normalization is needed. The normalization
makes different scores between the logged context score
and the inputted context score comparable. For the BM25
formula, we used the normalization procedure presented
by Song et al. [18]. The normalized formula is shown in
equation 3.

FS(U,y)splog (3)
D IDF(uci)x (ki +1)

i=1

FS(u,y )splog_norm =

Equation 4 shows out the logged context score between
user U and U’s friend y, FSgeq(U.y). The equation is based
on the BM25 weighting scheme.

f(uci,y)x(ki+1)

FSsplog(u,y) = i IDF(uci)x

, |yl
1= f iy x(l-b+bx———
1 (uci,y)x( + aWg(m))

4)

In equation (4), uc; is the user U's i th context value and the
f(uc,y) is logged uc; 's frequency in the friend y. |y| is the
total number of logged context values in the friend y, and
avg(]Y]) is the average number of logged context values in
the user collection from users are drawn. k; and b are free
parameters, usually chosen as k; = 2.0 and b = 0.75.

N —n(uci)+0.5

n(uci)+0.5 ®

IDF(uci) = log

IDF(uc;) is computed as equation (5). N is the total number
of users in the collection, and n(uc;) is the number of users
logging uc;.

The inputted context score, FS(U,Y)spinput_norm is computed
as equation (6). The m is the number of the inputted
contexts, and value of val is 1 or 0. If the user uU’s context
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value is equals to friend y’s context value, then the value
of val is 1. Otherwise, the value of val is 0.

m
Z val

FSspinput _norm = = (6)
m

The social friendship score, FSg(u,y) is computed using
social contexts. The FSs(u,y) is computed as the inverse
distance between friends in the friendship graph as in [19].
The distance is the number of edges in a shortest path
connecting the two users [19]. Equation 7 shows the social
friendship score, FSs,(u,y).

1
FSso(U, y) = — 7
(U Y) distance between u and y 2

After the friendship score, FS(u,y) strength between user u
and U’s friend y is computed, our method sorts friends by
scoring values. Finally, our method provides friends in
ascending order.

4. Conclusion

Social network services enable a user to connect with
friends. Information by friends may be more interesting,
since the user trusts the friends more than others.
Therefore, a friend recommendation method is one of key
methods in social network services.

As compared to the traditional recommendation methods,
our method finds the friends to satisfy a user's current
contexts. Context has rarely been incorporated into
recommender systems. The physical context and social
context can be useful sources for finding good friends.

We propose a friend recommendation method using the
physical and social context. Our method presents a
friendship score combining both spiritual friendship and
social friendship. The spiritual friendship is computed by
physical contexts and social friendship is computed by
social contexts. The spiritual friendship score is computed
by a logged context score and an inputted context score.
The logged context score is computed using the traditional
information retrieval method, BM25 weighting scheme.
The social friendship score is computed using distance
between friends in the friendship graph.

The proposed method can be applied for context-aware
applications using friend relationship in social network
services. In future work, we will implement the algorithm
using physical context and social context. We also will
make a prototype using our method.

Acknowledgments

This work was supported by the Gyonggi Regional
Research Center (GRRC) and Contents Convergence
Software (CCS) research center.

References

[1] Irwin King, “Introduction to Social Computing”, Lecture
Notes in Computer Science, Vol. 5982, No.2010, pp.482-
484, 2010.

[2] Boyd, Danah; Ellison, Nicole, "Social Network Sites:
Definition, History, and Scholarship", Journal of Computer-
Mediated Communication, Vol. 13, No.1, 2007.

[3] Meredith Ringel Morris, Jaime Teevan,Katrina Panovich,
"What Do People Ask Their Social Networks, and Why? A
Survey Study of Status Message Q&A Behavior",
Proceedings of the 28th international conference on Human
factors in computing systems, pp. 1739-1748, 2010.

[4] Wolfgang Woerndl and Georg Groh,“Utilizing Physical and
Social Context to Improve Recommender Systems”, In WI-
IATW '07: Proceedings of the 2007 IEEE/WIC/ACM
International Conferences on Web Intelligence and
Intelligent Agent Technology - Workshops, pp. 123-128,
2007.

[5] Katarina Stanoevska-Slabeva, Katarina Stanoevska-Slabeva,
Thomas Wozniak,"Towards a Concept for Inclusion of
Social Network Information as Context Information", Ultra
Modern Telecommunications & Workshops, 2009. ICUMT
'09, pp. 1-5, 2009.

[6] Hajime Hotta,Masafumi Hagiwara, "User Profiling System
Using Social Networks for Recommendation", 8th
International Symposium on Advanced Intelligent Systems
(ISIS 2007), 2007.

[71 Schilit, B., Adams, N. Want, R., “Context-Aware
Computing Applications”, 1st International Workshop on
Mobile Computing Systems and Applications, pp. 85-90,
1994.

[8] Dey A. K. & Abowd, G. D., “Towards a better
understanding of context and contextawareness”.
Proceedings of the Workshop on the What, Who, Where,
When and How of Context-Awareness, affiliated with the
CHI 2000 Conference on Human Factors in Computer
Systems, 2000.

[9] Zimmermann, A., “Context ~ Management and
Personalisation: A Tool Suite for Context- and User-Aware
Computing”. Dissertation thesis, RWTH Aachen, 2007.

[10] R. Burke, “Hybrid Recommender Systems: Survey and
Experiments”, User Modeling and User-Adapted Interaction,
Vol. 12, No. 4, pp. 331-370, 2002.

[11] S.S. Anand, and B. Mobasher, “Intelligent Techniques for
Web  Personalization”, Lecture Notes in Artificial
Intelligence (LNAI) 3169, Springer, pp. 1-36, 2005.

[12] Aaron Beach, Mike Gartrell, Xinyu Xing, Richard Han, Qin
Lv, Shivakant Mishra and Karim Seada, “SocialFusion:
Context-Aware Inference and Recommendation By Fusing
Mobile, Sensor, and Social Data”, Technical Report CU-CS
1059-09. University of Colorado at Boulder. Dec. 2009.

[13] G. Adomavicius, and A. Tuzhilin, “Toward the Next
Generation of Recommender Systems: A Survey of the



120 IJCSNS International Journal of Computer Science and Network Security, VOL.10 No.11, November 2010

State-of-the-Art and  Possible  Extensions”, IEEE
Transactions on Knowledge and Data Engineering, Vol. 17,
No. 6, pp. 734-749, 2005.

[14] Stefan Siersdorfer,Sergej Sizov, "Social recommender
systems for web 2.0 folksonomies", Conference on
Hypertext and Hypermedia ,Proceedings of the 20th ACM
conference on Hypertext and hype, pp.261-270 , 2009.

[15] Tom Crecelius, Mouna Kacimi, Sebastian Michel, Thomas
Neumann,Josiane Xavier Parreira, Ralf Schenkel and
Gerhard Weikum, "Making SENSE: Socially ENhanced
Search and Exploration", PVLDB '08, 2008.

[16] Ralf Schenkel, Tom Crecelius, Mouna Kacimi, Thomas
Neumann, Josiane Xavier Parreira, Marc Spaniol, and
Gerhard Weikum, "Social Wisdom for Search and
Recommendation", IEEE Data Eng. Bull., Vol. 31, No. 2,
pp. 40-49, 2008.

[17] Stephen Robertson, Hugo Zaragoza, "The Probabilistic
Relevance Method: BM25 and beyond", The 30th Annual
International ACM SIGIR Conference Tutorial, 2007.

[18] R. Song, Ji-RongWen, S. Shi, G. Xin, Tie-YanLiu, T. Qin, J.

Z. Xin Zheng, G. Xue, and W.-Y. Ma, “Microsoft research
asia at the Web track and TeraByte track of TREC 2004”,
Proceedings of TREC-04, the 13th Text REtrieval
Conference, 2004.

[19] Bender, M., Crecelius, T., Kacimi, M., Michel, S.,
Neumann, T., Parreira, J.X., Schenkel, R, and Weikum,
G., “Exploiting Social Relations for Query Expansion and
Result Ranking”, Data Engineering Workshop, 2008.
ICDEW 2008, pp. 501-506, 2008.

Joonhee Kwon  received the B.S., M.S.,
and Ph.D. degrees in Computer Science
from Sookmyung Women’s University,
Seoul, Korea in 1992, 1994 and 2002,
respectively. She is currently an associate
professor, Dept. of Computer Science
Kyonggi University, Suwon-si, Kyonggi-
do, Korea, Her research interests are
ubiquitous computing, social network
services, LBS, spatial database, GIS.

Sungrim Kim received the B.S., M.S.,
and Ph.D. degrees in Computer Science
from Sookmyung Women’s University,
Seoul, Korea in 1994, 1997 and 2002,
respectively. She is currently an associate
professor, Dept. of Internet Info., Seoil
University, Seoul, Korea, Her research
interests are ubiquitous computing, social
network services, web database,
multimedia medical database.



