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ABSTRACT. Due to the availability of more data and the increase of interactive activities in social
media, the identification of overlapping associations has been considered. In this paper, a game theory-
based approach to identify overlapping associations is proposed. In this method, association detection
is modeled as a coalition formation game. In this game, individuals in a social network are modeled
as rational actors whose goal is to improve the group’s utility, which is achieved by cooperating with
other players and forming coalitions. Each player can join multiple alliances, and alliances with fewer
players can merge into a larger alliance as long as the joining operation is conducive to the alliance’s
goals. Therefore, overlapping associations can be identified simultaneously. In this article, two types
of methods based on cooperative and non-cooperative game theory have been discussed. The results
report is analyzed based on the comparison of association methods in the form of a diagram. It can

be seen that the game group and the COFOGA method perform better association.
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1. Introduction

Social network websites provide the possibility of communication between people through the Inter-
net. Networks can have different specifications. One of the most important features is the structure
of communities. A community in a network is a group of nodes that are densely interconnected and
sparsely connected to other parts of the network. In other words, communities are groups of nodes in
a network where nodes within each community are more connected to each other than nodes outside
the community. Identifying these communities can help to understand the structural features of social
networks and improve user-centricity.

Identification of communities in cases has many applications such as online marketing, determining
the location of online advertisements and services such as identifying influential users with the ever-
increasing growth in online social networks, and targeted marketing. In the environment of social
networks, people’s behavior is not completely independent and there is cooperation and interaction
between people. We know that game theory is the science of studying human behavior and also
modeling the relationship of behavior governing strategic environments. In this environment, each
person’s behavior and decision-making depends not only on his own behavior, but also on the behavior
of others. Therefore, social networks can be analyzed based on game theory. Game theory can be
divided into two categories: cooperative games and non-cooperative game [4].

In the model of cooperative games, groups of agents who have come as a team or group to make
a profit or win the game, by cooperating with binding agreements and existing rules, they increase
the probability of their profit or victory. In a cooperative game collaborative behaviors is studied
and agents work together to improve group utility. These groups of agents is called the coalition.
Methods based on cooperative game theory consider the formation of an community as a result of
group interaction and cooperation. In non-cooperative games, the individual behaviors of the agents
are studied and each agent chooses his own strategy to improve his utility. Methods based on non-
cooperative game theory consider community formation as the result of individual behaviors of selfish
agents and society structure as a balance between individual agents.

In this paper, an almost new approach to identify communities which uses the theory of cooperative
and non-cooperative games, is studied.

Identifying communities in social networks is a complex issue, and depending on the characteristics
of the network and the purpose of the analysis, there are different methods to identify it [9].

In the article [21, 22] two coalition game models were proposed. The first model focused on the
network structure and used the Shapley value to measure people’s participation. The second model
used both network structure and individual characteristics and assessed participation in connection
proximity and preference for specific topics. However, these approaches do not identify overlapping
communities.

The first result related to community detection in computer science is probably the graph extraction

problem that can be designed VLSI [6] and the modeling of roles and positions in the social structure
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should return [18]. While these approaches are relevant to association detection, Newman pointed
out several facts that make the approaches unsuitable for association detection. [14]. For example,
in a graph extraction problem, the number of nodes to be extracted and the number of groups to
be extracted are usually specified in advance, which is very different from our proposed association
detection problem. The second serious drawback of these methods based on graph distribution is
that they are all basically examples of finding distributions of a graph in such a way that the number
of overlapping (interfering) edges between distributions is minimized. However, a small number of
overlapping edges may not be a good indication of associations without considering the inherent
connections between nodes in the graph.

Newman’s concept of modularity is the first successful attempt to fix the bugs mentioned [14].
Modularity is defined on the superposition of nodes in a graph. Suppose G is an undirected graph
that models a social network with n nodes and m edges. builds Assume that each node v belongs to
the community ¢,. We define the indicator function (¢, ¢,) = 1 if and only if ¢, = ¢,, that is, two
nodes u,v are in the same community, otherwise §(cy, ¢,) = 0. The modularity of @ is the distribution
of this special association as follows, where A is the adjacency matrix of G with Ay, = 1, when ,cp
and otherwise A,, = 0. Also, d,,d, are the degrees of nodes u and v, respectively:

Q=53 (Aw— 25 (cuc0).

2m
u,v

2. Main results

After introducing the detection of associations based on game theory, some methods introduced
in the paper, are experimentally evaluate on real networks and benchmark networks. Two types of
methods based on cooperative and non-cooperative game theory have been discussed. The results

report is analyzed based on the comparison of association methods in the form of a diagram.

3. Conclusions

Social networking websites provide the possibility of communication between people through the
Internet. One of the most important features of social networks is the structure of communities in
networks. This article has studied a game theory-based approach to identify overlapping communities,
which is an important issue in this issue. In the studied method, networks or communities are modeled
as a coalition formation game, and individuals in a social network are modeled as rational actors
whose goal is to improve the group’s utility, which is achieved by cooperating with other players
and forming coalitions. Each player can join multiple alliances, and alliances with fewer players can
merge into a larger alliance as long as the joining operation improves the alliance’s goals. Therefore,
overlapping communities can be identified simultaneously. Report the results based on the comparison
of association methods and it was examined in the form of a diagram. It was observed that the game

group and the COFOGA method are better at finding associations.
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Figure 5: NMI identified between communities
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Figure 6: Values of NMI identified between communities

St b ansls slaytislu 5 5 COCO-game baw g snt Lol il syl Lo o NMI polis sinsiylis 0 IS8
Smaz = Voo bSmin = Yo Q:eof'jbdii)b})@& Smaz = O° bsmin =\o C)ﬁad)‘g}iij> L@u_o:u‘w‘.b‘ ) calizen
Ty = *JAL& LQJ:.O‘JL’”JJ“LA R n = °/‘~3 o= °/\ LJJ‘J’ &-a:sj-’“b I (’333 d)‘ L}i‘;d‘f @L:wr.s Ca.«.r‘)..&c
J:}gJ.ATij\LngO\}S}wﬁ@)vj.u)\.\ﬁ.oOmjdj}@'ﬁk.\r;gqﬁ)mom:ngaxk:()°3k:\'° Ty =\
whad adg o5 Jole bws bylsges (Calae S ey o
el b Sam ols b sl s bl 35 dops piioe a5 enyls Gl o 458 a oS baensl sl -
e
b polaisl bl 51 b slass gl v 015 b 6 s Sls 5 bl ezl oslsl Y
VYT 558 s s Sy i b a5 o S o 2ugs OIS Y
uoL.a::‘ o u,aL.a\J.: M‘Jh)b EPhP b.\:-.nL'a @Lﬁw J...SAS‘SB\J 3 u*""‘ STIS Ao cajfj.h 6‘]: ¥
e
355053 Gy el sl asdio a3l (gu Sy Jas s 4 ool gblie (sladl 5 el o 61 ) laslsad -0
S anl e [Vo] & wslos Bl daylsses 2V 5 g (S5
CH.B:» sl iz S 5l COFOGA 3 COCO-game ‘u'“ﬁ)fd)lf (sleslas LSL”V“"’J)Q‘ 355 0 0inline O IS 5
bzl g doedsles s COFOGA Jigy 0,8 Veoo BIS 55 waiyls o5 sl 5 Shae (407 YU NMI Jlude b pp = )\
s COFOGA 5 Jxasles 51 il S8 Slismn yugy Sidw S 5y COCO-game o,/f()wo OIS 53 (opimad LS 0
émdéw c(N: Qooo L” N = \°°°) (J"’};J slass M= °/\~43 ojib J«S@J& @L&‘A L.:“ﬁ @)ﬁd}b;b}ﬁ@d&

http://dx.doi.org/10.22108/msci.2024.140739.1647 Ao


 http://dx.doi.org/10.22108/msci.2024.140739.1647

bodh)
AY=FY (YE8) ¥ et Vo b annle 5 3l 425 ol OU1 b sl oLy ol ] Glat o bopunsl Jaits

:_9.&‘540 L.>\ COFOGAJ\MJ—N JL:.....’ J)\}A dod 4> L;L:u:d:w 45:3.&@ s lin OJ&.’LJ‘ J..SGA J& COFOGAJ‘J:.G.!

..,\fl_’“(sp &‘J.é‘ QM@@L’&W w}j)j‘drS} ,LLJ‘.\}.A c(N) U‘“’jj) J‘.AJG &‘J’é\ lgL;lMde 6‘;?\ OLAj 4@‘4.;#}31.9

L Lj;jo U'HJSJJ‘ ‘SA:) cdbw\J) Ca.w‘ 4:ab ‘f\“\a lJJ."JJ N = a°°° EN °/YIL§\J.1 L;L:u:d:w 6‘?‘ uLoJ CJ\:«A Q\}J—O
il ool 51 5,1l COFOGA (g1 gl Lol il ppa) s

@ ol Gl 5 o580 e iz Sl gl NMI Ogline Luslie o B el juslie oS 555 o0 saalin 0 IS 5

dﬁ.......o;ia“ ‘&..i;iié\j B el o -39 dﬁ;ﬁ.’:p 8 3 Ss“j\.éln,_a;\.in Cs! rjUJ&hdu&ip NMI Sl

23l 0 4 Ol S Sl e
GrSans 5 e ¥

sl Sk RSt 5 23l @2l3 1 ozl b Sl es e e BLSI 6185 O] ela] gaaSd ol
s ol sl 1 Logsl i e 50, o i il il bt s i L oo sae
53 S ol Uy el b et aallan gy g3 Sl o3l 513 st 3550 ol £ 3530 ol 53 ot e 4 Ln i
st spegr O Libas o 1555 e 63ledio coilin ool olyietr oeliinl et o s ol 5 058 63ledin ) LS5
o 5 Sk 31l oSae by Gitn il € s WS 85 5 UL sl b olSon b 31 S ey 8
i sy W Ol 51y g Sllee S 53 b il sl (55 LS o o laclos) 5 sy U i
E Gl w50 Ll plesen sba wlfioe bapensl (Slgan nlnly 53 pLsl Koo b 28,5 SUsl S 5o sl
54 COFOGA 55 5 23865 € ol sanlin 5 €35 )15 (s 3550 53508 S0t (pboresl Loy, aslio ol
S 2 bppezs]

&l

[1] Y.Y. Ahn, J. P. Bagrow and S. Lehmann, Link communities reveal multiscale complexity in networks, Nature, 466 (2010) 761-764.

[2] H. Alvari, S. Hashemi and A. Hamzeh, Detecting overlapping communities in social networks by game theory and structural
equivalence concept, In: International Conference on Artificial Intelligence and Computational Intelligence, Springer, Berlin,
Heidelberg, (2011) 620-630.

[3] B. Ball, B. Karrer and M. E. Newman, Efficient and principled method for detecting communities in networks, Phys. Rev. E, 84
no. 3 (2011) 036103.

[4] O. Chatain, Cooperative and non-cooperative game theory, In book: The Palgrave Encyclopedia of Strategic Management, Uni-
versity of Pennsylvania, 2016 pp. 1-3.

[6] W. Chen, Z. Liu, X. Sun and Y. Wang, A game-theoretic framework to identify overlapping communities in social networks, Data
Min. Knowl. Discov., 21 no. 2 (2010) 224-240.

[6] PO. Fjallstrém, Algorithms for graph partitioning: a survey, Linkdping electronic articles in computer and information science, 3
(1998) pp. 34. http://www.ep.liu.se/ea/cis/1998/010/.

[7) M. Girvan and M. E. Newman, Community structure in social and biological networks, Proc. Natl. Acad. Sci. USA, 99 no. 12
(2002) 7821-7826.

[8] A. Hajibagheri, H. Alvari, A. Hamzeh and S. Hashemi, Social networks community detection using the shapley value, In: The 16th
CSI International Symposium on Artificial Intelligence and Signal Processing (AISP 2012), Shiraz, Iran, (2012) 222-227.

AN http://dx.doi.org/10.22108/msci.2024.140739.1647


http://dx.doi.org/10.22108/msci.2024.140739.1647

obodb
AYAY (¥ F) Yoled Vo als fanale 5 o0k 4085 ol 0dle o 5 o35 2158058 5 ( Jlde - (il 0 (o Ol - =

(9]

(10]

(11]

(19]

20]

[21]

[22]

(23]

(24]

A. Lancichinetti, S. Fortunato and J. Kertesz, Detecting the overlapping and hierarchical community structure in complex networks,
New J. Phys., 11 (2009) 122-128.

A. Lancichinetti, S. Fortunato, and F. Radicchi, Benchmark graphs for testing community detection algorithms on directed and
weighted graphs with overlapping communities. Phys. Rev. E 80 no.1 (2009) pp. 9.

R. L. Lung, A. Gog and C. Chira, A game theoretic approach to community detection in social networks, Chapter In: Nature
Inspired Cooperative Strategies for Optimization (NICSO 2011), Berlin, Heidelberg: Springer Berlin Heidelberg, (2011) 121-131.
M. Molloy and B. Reed, A critical point for random graphs with a given degree sequence, Random Struct Algorithms, 6 no. 2-3
(1995) 161-180.

V. Moscato, A. Picariello and G. Sperli, Community detection based on Game Theory, Eng. Appl. Artif. Intell., 85 (2019) 773-782.
M. E. J. Newman, Modularity and community structure in networks, Proc. Natl. Acad. Sci., 103 no. 23 (2006) 8577-8582.

M. E. J. Newman and M. Girvan, Finding and evaluating community structure in networks, Phys. Rev. E, 69 (2004) 231-238.
G. Palla, I. Derényi, 1. Farkas and T. Vicsek, Uncovering the overlapping community structure of complex networks in nature and
society, Nature, 435 (2005) 814-818.

A. Roth, The Shapley Value: Essays in Honor of Lloyd S. Shapley, Cambridge: Cambridge University Press, 1988.

H. C. White, S. A. Boorman and R. L. Breiger, Social structure from multiple networks. I. blockmodels of roles and positions,
Am. J. Soc., 81 no. 4 (1976) 730-780.

W. W. Zachary, An information flow model for conflict and fission in small groups, Journal of Anthropological Research, 33 no. 4
(1977) 452-473.

G. L.Zacharias, J. E. Macmillan and S. B. Van Hemel, Behavioral modeling and simulation: From individuals to societies, National
Academies Press, 2008.

L. Zhou, C. Cheng, K. Lii and H. Chen, Using coalitional games to detect communities in social networks, In: International
Conference on Web-Age Information Management, Springer, Berlin, Heidelberg, (2013) 326-331.

L. Zhou and K. Lii, Detecting communities with different sizes for social network analysis, The Computer Journal, 58 no. 9 (2015)
1894-1908.

L. Zhou, K. Lii, P. Yang, L. Wang and B. Kong, An approach for overlapping and hierarchical community detection in social
networks based on coalition formation game theory, Ezpert Syst. Appl., 42 no. 24 (2015) 9634-9646.

L. Zhou, P. Yang, K. Lii, L. Wang and H. Chen, A fast approach for detecting overlapping communities in social networks based
on game theory, In: British International Conference on Databases, Springer, Cham, (2015) 62-73.

Ol (e
u“).“:‘ D33 e&.’:\: ‘G‘ékﬂ) r)l.& e.Li.i‘..’:‘;

mwalihairanA @ gmail.com>

sl 532 S&asls 6’4'.‘)‘5(?‘;\:') $555 g5misls oyl L;)M

http://dx.doi.org/10.22108/msci.2024.140739.1647 /\Y


 http://dx.doi.org/10.22108/msci.2024.140739.1647

koo G
i AY=EY (VFo¥) ¥ oylas Vo e famals 5 5y 4,35 olul W1 L s3be s ool peliil sladit s agpan jadnis

‘;u" )}Sb ‘-Aﬂ
Q‘ﬁ\ D3 33 GK&J\: ‘Lfélf.J r}l.t- e.&.’i}‘:
delavarkh@yazd.ac.ir

| 35 J&asls u‘”liJ r)l.c suSiils LSJJ?JKs‘bLfJ ) skl LS&BJJU; 61.;

& Uuds donw
Ol g g s &sls ‘wélii r)l.:- aaslisls
alikhani@yazd.ac.ir

sl 33 J&isls L;éb“) r‘,l.: a8l s R Ls“’l"-i g st Gub;_..l.:- v
= &

——

p 4

A5 P55
Ol g ey S&esls ‘@é\w r_,l.c auslsls

z.nikooeinejad@yazd.ac.ir

ol &l 5L, rjl.: 2u8zils (63,0, 2ol Lis Lokl sl S5

A5 bl wge
olel oy oy oKl (o, r_,l.c suslsls

hasheminezhad@yazd.ac.ir

sl 33 J&asls u.ab“) r‘,l.: saSlsls 13}:'1"‘\5(31“" - O N [ 6«..2[.» Ldge

AY http://dx.doi.org/10.22108/msci.2024.140739.1647


http://dx.doi.org/10.22108/msci.2024.140739.1647

	1. Introduction
	2. Main results
	3. Conclusions
	References
	MSCI-2402-1647,ev.pdf
	1. مقدمه
	2. تشخیص انجمن‌ها بر اساس نظریه‌بازی
	3. ارزیابی الگوریتم‌ها روی شبکه‌های واقعی
	4. بحث و نتیجه‌گیری
	مراجع


