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Table 1 Networks and their properties used in the experiments

f\-"enunrﬂfsl Number of Nodes (V) | Number of Edges (E)
[£] Zachary’s Karate Club 34 78
[0] Dolphins Social Network 62 159
[4] American College Football 115 613
[#] Books about US Politics 105 441
[C] Cattle Protein Interactions (IntAct) 268 303
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Table 2 Comparison of the results according to moduwlarity O values

Networks 7 D 4 B
Algorithms

DECD [1a] 0.416 - 0.605 -
Eigenvector [19f 0.393 0.491 0.488 0.467
GACD [37] 0.420 0.529 0.604 0.527
GATHE [8] 0.402 0.522 0.551 0.518
GN [13] 0.401 0.519 0.599 0.510
FN [16] 0.381 0.510 0.550 0.502
MA-COM [39] 0.420 0.529 0.605 0.527
MA-Net [8] 0.420 0.529 0.605 0.527
MENSGA [38] 0.420 0.527 0.604 0.526
MOGA-Net [36] 0.416 0.505 0.515 0.518

Proposed method (AGA-net) 0.420 0.529 0.605 0.527
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Table 3 The average modularify (0 and standard deviation values

Networks £ D A B C

Average () values 0.420 0.528 0.601 0.527 0.719
Standard deviations 0 * 0.000790 + 0.002986 * 0.000137 £ 0.000017

Sl codel Cawoas s @ az g b .ol onds ol aSll do gl p L2l 2 5o modularity Q polis oy g

ouls olgiinn w.‘;.g'”f.l\ aS a2 oo lid o lastisl Bl sl 0l CL:...J e Ak LSS Q)l..x.&o R yde 9
Q polie oy i 5 Sl cplply Canl jao Z 4l jlre Bl sl Jlie lgiedy .l ools &3l onijle 2ol
s Dglate s K0 sloaSiis (gl ol Cansds s o aS Jl> 0 .l 0.420 LSS j5ba

polie cwi jau C g B A D Z sloaslis slp Q polie e 0 axg5 b arel> oo adgs slael goonlin b




Qo 055 e op e 4 AGA-NEL o0, 5ST el 48,5 J18 ) 0)50 2 Jga j0 oS jshailen
2 etine by, 4 ole) sl oy sl 0 oslitasl ] o 45 (B 5 A D Z) a5 Lz sl ,modularity
GACD) 2 Jgoz ;o oo ools (S5 oiys8) (s slogbyy 5500 b Lo Jawgs oud sleiudny G255 o555
Syl 0 Gl g, 4 Cand (55 bl oo slpiinn g, 45 Sgd e s live Cawl 0uls duslie (GATHB
b Mas a5 Jlo )3 ol 03 95 S9azme muailSlo e g3leiiing (A3 5 005 0l g 99 IS s s (n yioiee

QS o 1Ko gllae ool ) a0 1) Lad (golpiian b9, 50 i 9 oS 5

S5 ez 4
g 0dd Eou 0,5 o |8 oolawl 090 sduzy leaSll Jdsga i o el a5 CSD altice lin oyl yo
L odel ooy ol oo doog 00,55 C80 Cawd (5l .l 00l crad  aBly slis aSlis 51 lolae Sleo!
Silgm ALl SO g elenl aSin Jlem wlialejl jo el oo dnlie oo slo,lST o atd iy sla b,
5 1o Slac Ly AGA-NEL o Juilis] S5 w550 (gl 2al s 5 05290 slo Kot 1 ogdle unsl oy 03l
Lo el 5 Loyl l Gl ool ond @ilyf 24 23y ) a5 09800 (Slaitdy ooleiig SeSs et psSl ozl
oanline o5 @l Jelogn ;25 plan i)ls Q puolie (e b ol sl 30 (YL (2l Ko oy
Ll 08 5] s oo aS Ll laaSs pled gl S |, Q polie oy yigs AGA-NEt 0,631 a8 ol o
sloin pi,sX b slalin mbs [39] MA-COM 4 [8] MA-Net slapi )63l a5 sas o olis s oyl
Cows & polive gl B gD Z) as 3 )0 [B7] GACD (o551 b (solpicinn w531 a5 >y .aiiS oo a1,
PRI B P X PRSP SRV | U SV SUUON-S VRN oo)ﬂ Cwddy (6 e olo A oSl b aslion o 9 ol oo”T

el 03 5] ety 6y At Z a5ed 4 S g Sl 00,5 oS spoline s A oS 4o [10] DECD

Sl 0351 Cewts Sy gl Z oS 4o [38] MENSGA i o5l b aaglin ,o (solgiiy oo ,68! e

Sl Bl 6 s Ko el o Jg




Sl Sy BB o laibinl Jolaz g dslie Jouz g0y 5l oads slpiian v, sl )8 5ke 5 Gl el (o
Sloiin o631 5l eolatuwl b ool ply 0uS co LIS Ce pusdy 9 0,5 5L 6l LS iils e AGANEL (sl ogdle

5 o S ojlail a5 oals b slisSas 1 65l (pl 0ad cemszad o a2 e y0 duo s 20 Lo 85 cuds

SloaSl 5l o ine malyz et sl (295 b ool slgiiny o5l aS 0l saline g0l s Jelo gy

REXPP B PR

P g N
oole Dladss gly50) canl oot Slozy TUBITAK 5 Selcuk olKisls sole Sladss o5y lawgs anlllas oyl

(B0314023831649 oo  ss) Slaal sl 1550 oams asliyy C-2211 a8 5 (5,500




References

1. Fortunato, S.: Community Detection in Graphs. Physics Reports 486(3), 75-174 (2010)

2. Jackson, M.O.: Social and Economic Networks, vol. 3. Princeton University Press, Princeton (2008)

3. Dunne, J.A., Williams, R.J., Martinez, N.D.: Food-Web Structure and Network Theory: The Role of
Connectance and Size. Proceedings of the National Academy of Sciences. 99(20), 12917-12922 (2002)

4. Gavin, A.-C., et al.: Proteome survey reveals modularity of the yeast cell machinery. Nature 440, 631-636
(2006)

5. Krogan, N.J., et al.: Global landscape of protein complexes in the yeast saccharomyces cerevisiae. Nature
440(7084), 637-643 (2006)

6. Lee, J., Hidden, L.J.: information revealed by optimal community structure from a proteincomplex bipartite
network improves protein function prediction (2013). http://www.ncbi.nlm.nih.gov/pubmed/23577106

7. Marcus, S., Moy, M., Coffman, T.: Social network analysis. Mining Graph Data, 443—-467 (2007)

8. Naeni, L.M., Berretta, R., Moscato, P.: MA-net: a reliable memetic algorithm for community detection by
modularity optimization. In: Proceedings of the 18th Asia Pacific Symposium on Intelligent and Evolutionary
Systems, vol. 1, pp. 311-323. Springer International Publishing (2015)

9. Liu, D., Jin, D., Baquero, C., He, D., Yang, B., Yu, Q.: Genetic Algorithm with a Local Search Strategy for
Discovering Communities in Complex Networks. International Journal of Computational Intelligence Systems
6(2), 354-369 (2013)

10. Jia, G., et al.: Community detection in social and biological networks using differential evolution. In:
Learning and Intelligent Optimization, pp. 71-85. Springer Berlin, Heidelberg (2012)

11. Brandes, U., et al.: On Modularity Clustering. IEEE Transactions on Knowledge and Data Engineering 20(2),
172-188 (2008)

12. Parpinelli, R.S., Lopes, H.S.: A Computational Ecosystem for Optimization: Review and Perspectives for
Future Research. Memetic Computing 7(1), 29-41 (2015)

13. Girvan, M., Newman, M.E.J.: Community Structure in Social and Biological Networks. Proceedings of the
National Academy of Sciences 99(12), 7821-7826 (2002)

14. Newman, M.E.J.: Modularity and Community Structure in Networks. Proceedings of the National Academy
of Sciences 103(23), 8577—8582 (2006)

15. Newman, M.E.J., Girvan, M.: Finding and Evaluating Community Structure in Networks. Physical Review E
69(2), 026113 (2004)

16. Newman, M.E.J.: Fast Algorithm for Detecting Community Structure in Networks. Physical Review E 69(6),
066133 (2004)

17.Blondel, V.D., Guillaume, J.L., Lambiotte, R., Lefebvre, E.: Fast Unfolding of Communities in Large Networks.
Journal of Statistical Mechanics: Theory and Experiment 2008(10), P10008 (2008)

18. Pons, P., Latapy, M.: Computing communities in large networks using random walks. In: Computer and
Information Sciences-ISCIS 2005, pp. 284—293. Springer Berlin, Heidelberg (2005)

19. Newman, M.E.J.: Finding Community Structure in Networks using The Eigenvectors of Matrices. Physical
Review E 74(3), 036104 (2006)

20. Raghavan, U.N., Albert, R., Kumara, S.: Near Linear Time Algorithm to Detect Community Structures in
Large-Scale Networks. Physical Review E 76(3), 036106 (2007)

21. Ronhovde, P., Nussinov, Z.: Local Resolution-Limit-Free Potts Model for Community Detection. Physical
Review E 81(4), 046114 (2010)

22. Huang, J., Sun, H., Liu, Y., Song, Q., Weninger, T.: Towards Online Multiresolution Community Detection in
Large-Scale Networks. PloS one 6(8), €23829 (2011)

23. Clauset, A., Newman, M.E.J., Moore, C.: Finding Community Structure in Very Large Networks. Physical
Review E 70(6), 066111 (2004)

24. Duch, J., Arenas, A.: Community Detection in Complex Networks using Extremal Optimization. Physical
Review E 72(2), 027104 (2005)



http://www.ncbi.nlm.nih.gov/pubmed/23577106

25. Tasgin, M., Bingol, A.: Communities detection in complex networks using genetic algorithm. In: Proc. of the
European Conference on Complex Systems (ECSS 2006) (2006)

26. Tasgin, M., Herdagdelen, A., Bingol, H.: Community Detection in Complex Networks using Genetic
Algorithms. arXiv preprint arXiv:0711.0491 [physics.soc-ph] (2007)

27. Li, J., Song, Y.: Community Detection in Complex Networks using Extended Compact Genetic Algorithm.
Soft Computing 17(6), 925-937 (2013)

28. Shi, C., Wang, Y., Wu, B., Zhong, C.: A New Genetic Algorithm for Community Detection, pp. 1298—-1309.
Springer, Heidelberg (2009)

29. Mitchell, M.: Genetic algorithms: An overview. Complexity 1(1), 31-39 (1995)

30. Park, Y., Song, M.: A genetic algorithm for clustering problems. In: Proceedings of the Third Annual
Conference on Genetic Programming, pp. 568—-575 (1998)

31. Sastry, K., Goldberg, D., Kendall, G.: Genetic Algorithms: In: Search methodologies, pp. 97-125. Springer
US (2005)

32. Zachary, W.W.: An Information Flow Model for Conflict and Fission in Small Groups. Journal of
Anthropological Research, 452-473 (1977)

33. Lusseau, D.: The Emergent Properties of a Dolphin Social Network. Proceedings of the Royal Society of
London B: Biological Sciences 270(Suppl 2), S186—5188 (2003)

34. IntAct Protein-Protein  Interaction  Network of Cattle. http://biit.cs.ut.ee/graphweb/
examplelnput/Cattle_protein_interactions_(IntAct).txt (last accessed date June 1, 2015)

35. UniProtKB, Bos taurus (Bovine) - P12344 (AATM_BOVIN). http://www.uniprot.org/ uniprot/P12344 (last
accessed date May 15, 2015)

36. Pizzuti, C.: A Multiobjective Genetic Algorithm to Find Communities in Complex Networks. IEEE
Transactions on Evolutionary Computation 16(3), 418—430 (2012)

37. Shi, C.,, Yan, Z.,, Wang, Y., Cai, Y., Wu, B.: A Genetic Algorithm for Detecting Communities in Large-Scale
Complex Networks. Advances in Complex Systems 13(01), 3—17 (2010)

38. Li, Y., Liu, G., Lao, S.Y.: A Genetic Algorithm for Community Detection in Complex Networks. Journal of
Central South University 20, 1269-1276 (2013)

39. Gach, 0., Hao, J.-K.: A memetic algorithm for community detection in complex networks. In: Coello, C.A.C,,
Cutello, V., Deb, K., Forrest, S., Nicosia, G., Pavone, M. (eds.) PPSN 2012, Part Il. LNCS, vol. 7492, pp. 327-336.
Springer, Heidelberg (2012)




