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Abstract

The proposed algorithm in this research is based on the multi-agent particle swarm optimization as a
collective intelligence due to the connection between several simple components which enables them to
regulate their behavior and relationships with the rest of the group according to certain rules. As a
result, self-organizing in collective activities can be seen. Community structure is crucial for many
network systems, the algorithm uses a special type of coding to identify the number of communities
without any prior knowledge. In this method, the modularity function is used as a fitness function to
optimize particle swarm. Several experiments show that the proposed algorithm which is called Multi
Agent Particle Swarm is superior compared with other algorithms. This algorithm is capable of
detecting nodes in overlapping communities with high accuracy.

! Particle swarm optimization (PSO)
2 Multi-agent

3 Modularity

4 Social network

3> Overlapping community detection
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The point in using the previously presented PSO algorithms for community detection is that they
recognize non-overlapping communities, and this goes back to the representation of genes by these
methods, but the use of multi-agent collective intelligence by our algorithm has led to the identification

of nodes in overlapping communities.

The results show that the nodes that are shared between a set of agents, these nodes are active
nodes that create an overlap in the communities. Our experimental results show that when a member
node is more than one community, this node is a good candidate to be selected as the active node, which

has led to the creation of overlapping networks.

Keywords: Particle swarm optimization, Multi-agent, Modularity, Social network, Overlapping

community detection
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(Table-1): Description of the real-world networks.

Network #Nodes | #Edges | #Clusters Description
Zachary’s
Karate 34 78 2 Karate club
. Dolphin social
Dolphins 62 159 2 network
American
Football 115 613 12 College
football
SFI 118 200 Unknown
Netscience 1589 2742 Unknown
Power
grid 4941 6594 | Unknown

2 Zachary’s karate club
3 Dolphin social network
4 American College football

FY b ) 5 bl VFee Lo

I Multi-Agent



https://jsdp.rcisp.ac.ir/article-1-969-fa.html

Downloaded from jsdp.rcisp.ac.ir at 10:22 +0430 on Sunday August 29th 2021

0olodc gosxo 1 (oo D)3 plool (6 5lwdiuts pi 58! Wlondiss (Y- J9u)
(Table-2): Setting of the algorithm per datasets.

lased % g| Zachary’s 22:3?2"“ American SFI Netscience | Powergrid
QO 0| karate club College Network Network Network
network
adgl Cures ol 34 62 115 118 1589 4941
0,3 o3l 200 200 200 200 200 200
[JES IRV 100 100 100 100 100 100
W 1.5 15 15 15 15 15
C, 2 2 2 2 2 2
C, 2 2 2 2 2 2
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(Table-3): Compare MR-MOEA [20] and proposed

algorithm.
wis | MR-MOEA | golgiiny w950
033 ac goxo
Football 0.306 0.318
Zachary 0.209 0.236
Dolphin 0.271 0.283

Josz » e s 90 e anlie (F) IS8 0
ol o..LoT Gfal.o.u ua>L.u u»‘w:‘ » (Y')

0.4
0.3
0.2
0.1

American Zachary 's
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Dolphine Social
Network
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(Figure-4): Comparison of the modularity of the proposed
algorithm with the MR-MOEA algorithm
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(Figure-6): The graph derived from the proposed method

and detecting nodes that lead to overlapping of the
communities.
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(Table-4): Compare IMOQPSO [21] and MODPSO [22]
proposed algorithm.

POZRYA] MODPSO IMOQPSO aatiad
Football 0.243 0.318
Zachary 0.213 0.236
Dolphin 0.264 0.283
SFI 0.748 0.752
Netscience 0.950 0.951
power grid 0.829 0.831
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(Figure-5): Comparison of the modulus of the proposed
algorithm with the IMOQPSO algorithm

1 2 4 5 ] 7 2
1 ] B 5 ] 7 22
1 2 B 5 6 7 22
1 2 4 5 6 7 22
1 2 4 5 6 7 22
1 2 4 5 6 7 22
1 2 4 5 6 7 22
. 2 4 5 ] 7 22
1 2 4 5 ] 7 22
1 2 4 5 ] 7 22

15 16 19 21 23 24 25 26 27 28] 29 30 32 33 34

15 16 19 21 23 24 25 26 27 28 29 30 32 33 34
9 15 16 19 21 23 24 25 26 27 28 29 30 31 32 33 34
9 15 16 19 21 23 24 25 26 27 28 29 30 31 32 33 34
9 15 16 19 21 23 24 25 26 27 28 29 30 31 32 33 34
9 15 16 19 21 23 24 25 26 27 28 29 30 31 32 33 34
9 15 16 19 21 23 24 25 26 27 28 29 30 31 32 33 34
9 15 16 19 21 23 24 25 26 27 28 29 30 31 32 33 34
9 15 16 19 21 23 24 25 26 27 28 29 30 31 32 33 34
9 15 16 19 21 23 24 25 26 27 28 29 30 31 32 33 34

el 5 4y Bl 0 55 45 ol Slazole sird i Jokw S5y el 0,8 0 ylosis ooyl Jolw o J5 10 sae (V- JSi)
(Figure-7): The number written in each cell represents the node number and the color of the cell represents its community.

FY b ) 5 bl VFee Lo



https://jsdp.rcisp.ac.ir/article-1-969-fa.html

Downloaded from jsdp.rcisp.ac.ir at 10:22 +0430 on Sunday August 29th 2021

[4] Newman, "Finding and evaluating community
structure in networks," Physical, 2004.

[5] B. J. J. L. e. a. Shang R, "Community
detection based on modularity and an
improved  genetic  algorithm,”  Physica
A:Statistical Mechanics and its Applications,
pp. 1215-1231, 2013.

[6] Y. B. L. J. e. a Jin D, "Ant colony
optimization based on random walk for
community detection in complex networks,"
Journal of Software, pp. 451-464, 2012.

[71 A. A. P. M. Shadi Rahimi, A multi-objective
particle swarm optimization algorithm for
community detection in complex networks,
ELSEVIER, 2017.

[8] C. Wu, T. Li, F. Teng and X. Chen, "An
improved PSO algorithm for community
detection,”  International ~Conference on
Intelligent Systems and Knowledge
Engineering, 2015.

[9] T.C.Y.S.Y.N. X Z Fan Cheng, "A Local
Information based Multi-objective
Evolutionary  Algorithm  for  Community
Detection in Complex Networks," Applied Soft
Computing Journal, pp. 42, 2018.

[10]1. 1. a T. G.Palla, "Uncovering the
Overlapping  Community  Structure  of
Complex Networks in Nature and Society,"
Nature, pp. 814-818, 2015.

[11] X. L. I. Z. Faliang Huang, "Overlapping
Community Detectionfor MultimediaSocial
Networks," IEEE, pp. 12, 2017.

[12]J. Yang and J. Leskovec, "Community-
Affiliation Graph Model for Overlapping
Network Community Detection,” IEEE 12th
International Conference on Data Mining, pp.
14-19, 2012.

[13] J. K. R. C. Eberhart, "New optimizer using
particle swarm theory,” In Proceedings of the
6th International Symposium on Micro
Machine and Human Science, pp. 39-43, 1995.

[14] Schutt.J.F, B. I. Koh, J. A. Reinbolt, B. J.
Fregly, R. T. Haftka and A. D. Geotge,
"Evaluation of a Particle Swarm algorithm for
biornechanical,” Jornal of Bionechanical
engineering , pp. 465-474, 2005.

[15] C. Zhang, X. Hei, D. Yang and L. Wang, "A
Memetic  Particle  Swarm  Optimization
Algorithm for Community Detection in
Complex Networks," International Journal of
Pattern Recognition , vol. 30, no. 2, pp. 170-
185, 2016.

[16] G.-G. W. Deb, A. H. Gandomi and A. H.
AlaviSuash, "A hybrid method based on krill
herd and quantum-behaved particle swarm
optimization,”  Neural ~ Computing and
Applications, 2016.

[17]1Y.-C. L. ,. S. R. Raheel Ahmad, "A Multi-
Agent Based Approach for Particle
SwarmOptimization," International
Conference on Integration of Knowledge
Intensive Multi-Agent, pp. 267-271, 2007.

[18] M. Vasile and L. Ricciardi, "Multi Agent
Collaborative Search," Springer International
Publishing Switzerland, 2017.

G S Az =0
aiS Wl @ as, Jo je 5 Hl Ble 4 arg L
Oyl gl oleix! sloaSd i Coeal 5 sl
Ol 5o dswg sl dao S (o)L, Jlos g anel> s
S5 s sty 9 Soml xilo ouiy ] (sla s o 05>
o iy, o o arsdl chyin S
el ogzgar el s9zg0 slo by, 59500

slagilly Sl (S baed o ey pansis
Or 3l S Sl Gl ele o ol
ol ansle lolis caslsr plolis 5l G badads
anl> (paiz 4 @l o5 ol &GS o JLd Jalse
Eyoge | &5 wmo o plis lajhag gy g aitus
el doye cpl o OIS gl @le ) (o pliges
Slwaige p e dlie Gpl o caballl o )6Sl
Sl e Shee Ol ablewr SISl
5,008 4 glaisSas (ol ool 55 pais o bl
Gl bl plablsly b8, (pasin (il oelul
@lolid 4 yxie oS (Gpate WS @Al 095 slacl
B plas cond ol sl 53 (lises els
Al 50 5 denlio |y o fole  solas ghest zuls aS” ol
03,5 olulil wiloads Sliged 4 e a5 1) oo )5
oz O oadelal ol a4 azgi b caleye s
Loy Col 00l (gpulpw orminr S8 8l cely
e | gl Slasd o NFUS ol 55 5l ooliul
&b plaeay Slay als a5 GlaigSay s
S8 eolatul 8,90 Oy ploosl giluaigs Ho (il
Wl astie oddol sle ubesl 4y axgi bl 28 8
oS lolis ol aboleaiz rax ign 5 ool
CebeS 0 1y dene 5 Fhe limed melsz )0 d5>se
ol 00,5 sl ] aelg> areis

olpig piuyssl 5l eolawl Lowon] o
5 Linee galsz ololid 5 AaS 5l G publy> o
WSloads Hliged anle> 4 oo a5 Slao 3 olulis
0 OLhmes gelor 4l beo Sl 51 S o e (e
6- References & o ¥
[1] M. G. a. M. E. Newman, "Community
structure in social and biological networks,"

Proceedings of the National Academy of
Sciences, pp. 7821-7826, 2002.

[2] Bajec and L. S. M, "Group detection in
complex networks: An algorithm and
comparison of the state of the art,” Physica A:
Statistical Mechanics and its Applications, pp.
144-156, 2014.

graphs,” Physics Report, pp. 75-174, 2010.

3] S. Fortunato, "Community detection in 5
[3] y g@j}

Y b ) 5Ll 1Fee Jle


https://jsdp.rcisp.ac.ir/article-1-969-fa.html

Downloaded from jsdp.rcisp.ac.ir at 10:22 +0430 on Sunday August 29th 2021

e g )l oslaiwl b Ylbgsed 2elga (5aluwliv

%

<

Julo g (b 0olo ool wgys ey 4 (5,b il

sbaie; dlax 5l g Jorie slaibl) ST 5 oo,

ol eloim] slaasis oo olay]

5l el @yle lasl asblly glas
ar_bagheri@aut.ac.ir

FY obe ) ol 1Fee Lo

[19] R. I. S Ismail, "Modularity approach for
community detection in complex networks,"
ACM IMCOM '17 Proceedings of the 11th
International Conference on  Ubiquitous
Information Management and Communication,
2017.

[20] M. e. a. Shahmoradi, "Multilayer overlapping
community detection using multi-objective
optimization," Future Generation Computer
Systems, 2019.

[21] "A Mixed Representation-Based
Multiobjective Evolutionary Algorithm for
Overlapping Community Detection," IEEE
TRANSACTIONS ON CYBERNETICS, vol. 47,
no. 9, pp. 2703 - 2716, 13 June 2017.

[22] Gong, M., et al.,” Complex network clustering
by multiobjective discrete particle swarm
optimization based on decomposition”, IEEE
Transactions on evolutionary computation,
2013. No, 18(1), pp. 82-97.

ol S ally glass HBKe swoxeo
kol ST Biils 5l eotan oo
3 egan bgn (S Abl) (pwsige
Ble el il Sl cixo oKisls
SloaSed Lo csolSosls slaae) ;o (laal (amol

5l cwl @ile Lol asbl, glas
akafan@chmail.ir

) 09> slySs (Bow 2bao 3942

Skl owsige g pole a0

) oigr ol aass w88 V\YAY
Cipp gac (laieay (5] o~ 9 solSeals 4 S s
O Gkl ad, b ol Cans g ple oKasls ole
ool Jorina JIBloy g (ogian Shen ugy0 s
5 ple olRisls bl euSisls s, ol Jb jo Ll
sl (o sl opsecie S, 5 ol Care
Sl slaill,
el ke il aalll,y Slas
b_minaei@iust.ac.ir

wd) ;o 1) 09 liss 5,8k Lople
oS el oS80 51 bl i 5 ook
s IS 5 e 5 28,5 VYAF Jlo o

d.\ ,AJ oKails 1 1) sen i)l wlin )5 g

OFST o8 9 0,5 AT lBle 5 (wdige il 45 Ay b
a5, b Sl oKl oo can gac lgiew


https://jsdp.rcisp.ac.ir/article-1-969-fa.html

T20Z UYlez 1snbny Aepuns uo 00+ 22:0T Ye Jiroe-dsiol-dpsl woly papeojumoq


https://jsdp.rcisp.ac.ir/article-1-969-fa.html

