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A New Meta-heuristic Algorithm based on
Multi-criteria Decision Making to Solve
Community Detection Problem

Vahid Baradaran !, Amir Hossein Hosseinian %, Reza Derakhshani *

Abstract: Community detection is one of the most significant issues in the
field of socia networks. The main purpose of community detection is to
partition the network in such away that the relations between components of
the network are dense. Because of the strong relations among network
members in these partitions, you can consider them as a community. Many
researchers have developed several agorithms to solve such a problem.
Therefore, we present a genetic algorithm based on Topsis which is a multi-
criteria decision making method (MCDM). The proposed algorithm uses
Topsis to rank solutions based on modularity and modularity density which
are two of the most well-known criteria in community detection problem.
Thereafter, crossover and mutation operators are only applied on solutions
ranked by Topsis. The performance of the proposed algorithm has been
evaluated through comparing it against classical genetic algorithm and a
greedy one. The results showed that the proposed algorithm outperforms the
other two methods. Since the application of MCDM approach has not been
reported in the related literature, this paper can be considered as a basis for
future studies.
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1. Backtracking
2. Feasible



yar VWAV bt o 5l o+ b0 ol (sl

ELIBN Y

Blal Cpgmoin Lol o5 olaaSd )3 and o0 (LS & Cunl (&5 (g5lne Q@ (SSlodgy
g b (Slodgy (sl jlude )06 392y (elaial sl S o )85 1) bao)S (40 bl
(VY ohlen 5 L) 290 iy V bl &,

1 kik;
0=5. (“ff - z—z’) 5(¢:6)) () i)
ij

5035 L 8,5 510 Al 3 e b s e bainsplis A o8 o] o b
JS ol ol 1ol o o] e Cygo opl e 13 5 )l @y &1 il bl
2 39 ) ply 8 b e il plaial Sy 4 3laia f o6 5,5 93 51 .l 4 sl Jl
Ledl e j 51 sloo S &l lelaza) umd L o5 G 5 G ol yio &0
Jheme el o w83 ka3 )3 baclga (Sl 5] plyisa &5 (6500 padli )l 3l
3 sd) 338 n e ¥ el oo 5] Silosg S el D Siasgy S

(YN0 (i

M
D= Z [Lm _EXm] (¥ ik,

L XiYim

155 & Jyeo y0 Vi ylade .Cowl odds ool lis M L clelasa] IS olass oF dlayly 4o

m gloizl b Jb ply 93 L ol joo Spgo cpl o8 )3 9) ply 5 518 m glosal

e clnlgs 5 Sy n (gl ol platl ol Sy csla by 3 aimd s EXpy 5

o (23059 P9yl 0awl b g 398 o0 drlne (Silodgy (JBe 9 (Slodgy jline 9

ap g L oS el Blanl (230jg 39) 53 il Cusday Csllae )] S laal

P Bap ol 0,8 o b g o olaidl i e dlaal 4 (Bus ja Cysllas

L adlas opl p el dalgd candty IS Baa @b coles ) b o3> awass sla g
sl o Llod (lasy ©jg0d Bagyjg oy 2590 Yo 93 3 Cononl & d2gs

ol (g 5 31 00l b wave SLols> ddgi (st iy WL
g il gy o S| aslllae ol 5 (a8 1 (sl cnally Sl a8
O g Slioiess sy o ol Gl s dse 053850 51 (e Gbey ol St
o dlBl Aolb 9 3,8 o L 3 Lad ) (gl |) AL 3y sl g, -1 0l Silga



oy 50 IS o dlxe ate Jloas) Oles g cate o) Olos 4 o 1) abais y»
Jloass) 5l aliols o g 9 cute Jlows] 5l adols o 408 (glls a5 59 oo el (glan 35
9 ;i_M.:) W"’)?‘i‘” )I odsl Cmddy dlﬁul? EMDUL‘») PEVWS} uw)JLo B L%)Ja.w Jujua
2 s (lalas plgisa & Cwlaclyy (Slosg (JBs 5 (Slodgs ol ply g
Gl S8 oyl s (ol )9S 53 ol B9y (65655541 892 395 00 485 LS
$Aaas) Bl & el Sledgy (JBe 5 (Sledgy (5)) 42 4257 b g sl b9y SaSa,
S Cpme slaclya plw gl |y pgd 9 Jgl slaasy & ol 93 a3 Ngd oo
S J.Jz»b& pll laguwly (gaudd) 5 ol be] Cuzo> dhgl? Sy sl g s 55!

'l Shos

ool &y (gl 43 b (gl S5 ablis (gl Shas I S, clins > g, jl i yo pn 5
Ol 43)5 (oo e (bl g0 Wy ol )3 dblE Jore g 90 Sl
ol oo s gt bt ()5 o Lo (bl sl oo by &S gy g b
(¥ Syl 5 SISSH)

"o Mhos

W 55 K e a3 1y 5 el 51 Slade 3ol & ygody yias HSles (5 aliue oyl
byl ve LSl c(j > 905 ploul Ulgs (glad 13 (503 0 (S955Cms Cunl (Sao
slao )3 4y dgaoee T 1y lSel lie el by el Lol 30 3 Kk g (slao)S e
9 WS (o (e |y Clgz (sLad ) (Sad (1558 Mgh (e g9 nl D9 o T 0 Dol
S gl &S bl 5l el Ll 3 368 cladslusen | S bl o)y cuiy p
9 SO wisu e 35t ) 29y (2 Rod S (0 S0 | (Ko saClg> (sLAS
.(Y‘ \ A 4&39.")

1. Crossover
2. Mutation
3. Allele



¥ao VWAV bt o 5l o+ b0 ol (sl

Ayl Couxon 3l

5 Silodgy (5 )lhne 1 5l s> (Sl b))
Sledgy B
v

—'|’ et G (539, b Ol (gabad
v
bl Slos g9 Sdlas o]
(gldail 93 b (gladails ST)

v

Mg g a3 1) 093 9 Jgl oy o oSlga o @b Sles )2
S ;8

v

2,315 Jgl 45, &5 oloa p2 e SNl (5152
v
v

Lolgs Coxon (Sw)jg,a

Y

s Juols g5 b ol b

SCaw!

okl

Sl o2 )98 Ol gl 0 JSUS

(SO lammt i 981 5 LS L
oanlie 0 JSb )3 a8 b jlad .cowl ol 03,91 & JSi 5> (odlgidin wyoSUl S lis Lo
3 U8 ool Casdsy sloclir CohS S5 9 S5 otps| (L Sl jolaiod; 5 o
e 3 )S e PLl ull g) awgi s sy e 5 bl sla Slas gl
pod 9 Jol sladsy & laclsn (le 5l e (558 g5 (sl Wlg (slagusl e o)



o9 3 wlwipig 5

ador 5l s ol Guagl gy yo (e (5508 oo S Bl ¢ gy ol B
S5 w98 3 B b 3l 3Lzl ] e Ol 4y 0)lmesiy (65 el (sla g,
P 0 gylas cnlo dn dngi b g o plol obglan] dius ccles Do Ban b
g Sladgs slne 93 5kai | (eoleiuiny s8] bawgs osal s (slaclge (3 (sla sy
A e Ly Sleloa] (8L Gudod ol 3 Lo Ban g wigd o 2l (Slodgy JBs
90 L dlie ) (o3liiin )5 0 Shos jobaie (s Canl (Slodgy (J g (Slodgy
A gy 59y Btalejl D9 o odzti wilay o 1 oSl Ky g SN S5 w5
ialesl o 1) 9y Gl OieR GlP e i ol Sl el Al &jp0 (aBly glid 5
(i w2yl Lo yial )y wulas iged Pluse L b3l )5 (Slendgs ashdl > .casils
ol 05 0391 ngeiy )8 (S sl g iges Jiluwo Josi g 4 jo5

Lo 39531 8 S hos duglio

digod Joluno

A e (oolpidin i ysNl S iomins (gly (2Bly slid > &S gl gy ¢ yisw ol o
gdiee (Byre Jloal ©jgod; ilad 5,8

sl S luasl 5umsLis &5 515 0,8 TF a8 ol ' ,85 451,15 gl A (W1
o= ..\_ﬂu_p dexody b b bawsi glS ol clasl le byl .l sasee YL > &l
3o5) Sl bl slozy )i SIS el 3 iged cnpine 3l lgiien |, 45
(¥e-5

LU > obS 110 sams sl aes ol 55 bao )3 2T 15 yol sl (LS 450 (o
Byso aSud sla b wlord (5l 5 Wl o9y S 1 48 canlS ol slacuwluw L
(¥4 o) ol 335 (5 b5 35,8 o) 5 6 g o ] oS s

1. Zakhary Karate Club
2. United States Political Books (PolBooks)



Yav VWAV bt o 5l o+ b0 ol (sl

5 Llsim oy slayShIS 55,5505 4 ol 2 il sl (SUCamatcud 4w (
g Sl ooy 53 ezl Banled aSud (pl )3 05 po Cul $S9n )5S0 5o Bl g
Soyb 8 ol u.,l_,.u.i., Jad > Conasd ¢ &S coul O’..l b lid 0,5 90 e JU
(Ve 8 cy08) )1 Jb YOF 50,5 VY o ol &8s

Ol s 45 o0 48,5 a5 ol BY aSd ol 4 bgyye LS 50 2 byl 885 (5
01 onliio Yo o) L5 VAAY cla Jlus jl lappdds oyl )b, 5 Lol .casl 0,5 S bassled
(Vo8 coyo90) D) canluds Sl elain] (sbaaSids 4y (o0l s b o ol &Sl .l
olse JLish Qs o)l3 1 baim s a5 ol T (IS JUTod (glaeni 4SS (o

.(Y’ ’Y “)‘09.«3

Loy y9SUf o,y ol
orlas iS5 o aze bl psl osel Conddy ol w2 yeSl (sl yiel,b a8 bl )
asls cla by, 5l S b catS b ool 13y9] camsds )3 oo p5 Slg5 oo L]
o3l ) 5l 4l ol g3 48 ol T a oSl bey i ialesl s b das 53 1S g o
sbayiall g o LLod yiall o (il 4 (Golise golaw gy cul ol 2 sl 003

ol 0d 250V Jgdo 50 SiS5 v yoNI b Lagyo

s 191 (639,59 (S1 Jiol )by Z ok .Y Jgi>

o Wales il
N )\ Pe b5 Jlozs!
N= Y=o Pm Uik Jleas!
D — Yoo =Yoo pop oz B30
Yoo = Voo =Yoo Iteration S5 alaas

1. Les Misérables

2. Dolphins Network
3. Football Club

4. Taguchi Method



relinns S 3 0 )lirosier (65 ol 2 (o (65N, (pug, W1

YaA

sl Lo yally 8500l s jlaiods (265U (Bgy 4 loialojl b atiS aol gullas

o s e Silasgy S 5 (Siledgy (slaskes i gor e K & (e
4 Ll 5l (S5 cond B yme A8 gy e 51 .85 90 MiNitAD l531e 5 )3 o yiolo)l
A0 Ve 5l e ool Candds gl 8,8 plol ] (ggy olainlejl 9 ai Ol Caolas
Silasgy e sl 33 I Y pi 3 s 5y g 65 xS0 3 i
Caol o 03 Ui Z g D Q (sladles b s sy jlmo 95 (pl (Sj5 men 5 (Slodgy J&s

J3gas 3l ool Uy g 01 ol el islol plsl 1 us W sioll (glys cnlio pp0lio
5 USs 3 yheed oyl el sy JoB Minitab Hsle 5 3 Z (asils sl 1Sl
ok bl tylojl cilies clal ] cljl & Z [adls Sile Jloged ol )3 239 o odalite
ol odds 03y LS Y Jad )0 0 puss

Mean of Means

5.01

4.8

4.6

4.4

5.01

4.8

4.6

4.4

Main Bfeds Plot for Means
Data Mears
pop pc
/ '/\
/
2 3 1 2 3
pm It

e
-~

T
1 2

w -

S5 w yo! (W ety (610 Z (6 puSilio laged 1SS

Z i off an /¥l dbla Jlais! p s b ol jasuin £ S 51 &S ok len
Jleis] Jliie oy yias gy o=l 5ol aBl ialS Z Jlude /A 4 /5 3l g b o il

GS Y g > Sf sl ool Jhde e bl (e 2 cal <17 gl

Cawl 04



vaq VWAV bt o 5l o+ b0 ol (sl

S5 w1951 (Sl ol b il 61y (295U S ialojl S .Y Jgua

: y | 2 ¥ 3 3 S 3
9, ) ¢ Y \.\,g ! N \i%s Y = £ ® (=9 :
23 x K3 A ; R o al &l 2%
3 o :
= N fa) [a) o = })
Jfaqaa | ¥/evev | vivve visn- Jdyesy | oolevan Y- Iy || o )
YIVosY | YIVAYY | AMaAd | LAYy | Gf¥Eve | CJEAY. Yoo N Y P S Y

VIVVAD | ¥/a-Ad | alvva | alvvyy | G/eAYY | /f¥asy Yoo Jdo | <IN | e Y

Mosvy | of-a-¥ | afovA alsae | IVEYA | -I¥0-A Yoo NI Y S I ¥
Flevvs | FIAAYA | afvave | alvevy | cfvaye | /ESVA Yoo Jdo | 5| e )
sivsso | fhvey | visavy | vivaae | fvavy | Cl¥say Yoo VAN /N IR 5
ol fo | alyyyy | alvve | alvee | ofeaar | -f¥ave Yoo Jdo | e | oy s
VI | ol-AeY | afovy | oafsave | Lfees | L/¥ve Yoo NI IRV I 2 A
MYEND | F/vea¥ | vIEYY virno. | IEvvo | L/eEea Voo NI/ 2 q

Sllojl 51 ug S o9 (sl il yly pr3lia Y Jgan

Folyly jlae b kel Falyly jlade b kel

y.. Come 5l .15 bl s

Y. S5 sl oJo o Jles!
W03 Jiluo Juloni g 4 325

g S 5 S8 K5 g 53 b (ool S5 g 2,Slas ety ol
b9y r2 g a8 cul placle (Sldg JBe 5 (Slodgy (59 @ex pln a6l
gg_g' Ja_wy % c\.alﬁ).g d‘?] 9 03U Fl?u‘ Matlab h&m 5 alfune wyd.abf by»uJo djl)]
&,9+0 QuadCore8200, CPU 2.00 GHz, RAM 4 GB lasuine Ly (—ass &L,
WS p e Jods cpl 4 dogi b g o sdaliio ¥ Jads ) odel Cawddy ol sl @b 3
Ve il e ol oml (Sbe 5 (SSledgy (JBe 5l gy «(Sledgy e o yiae
bowg aS u.:LcLo.o\ i g Z Jdo PR (o Ll 0 ui))l)'f aoby slypl aspe

3,5 osnlie O Jodo ;0 olg oo 5 1) odel Canday g, dw pl 5 Gy



relinns S 3 0 )lirosier (65 ol 2 (o (65N, (pug, W1 Yoo

lg sid yd 4 guy Jo 1 el Cowddy gl £ Jou

DoSlbe | Dipgee | QoueSle | Q nyie w95 Ao
a/a+ ¥ /aVsY < [FYOR <IFAVY GA-Topsis
YI\vs VI¥YY I¥YAY JIVEA GA byS5 8118 ols
AoV ASVOY AR IYEVA Greedy
YY/05 Y¥/VO- <[OVEY [5AY0 GA-Topsis
\V/VAY VA/D- /YA JE5N GA Loyl
£/23A /Y- /yvoa Syva¥ Greedy
YV/A¥Y YYIVO- JEAYY JEAAY GA-Topsis )
Va/N0F AAVZ) /YEV < I¥EVA GA Jos o
b
\V/O¥A VAJASA L/yava <I¥YAY Greedy
AVVAZAS Va/vo-. ALRA! AR GA-Topsis
\FIYOY WYY -IYo¥ <[¥-YA GA Oblow lacwass
VV/A¥Y \Y/YY- < [Y05Y IYAY Greedy
YY/oNY YE/EAY < [fYOY JEAVY GA-Topsis
VA/OVY VA/¥55 JYEAY <IYAYS GA e dl‘fgw
5!
VO/YFY \Yatai ARAYA <IYYYY Greedy
S gy 12 Oleloial dland 9 Z ylado (2 530 -0 Jor
Oleloia! dluaxs ARy o 39! FLO
Y IAREW GA-Topsis
¥ YIAEYS GA U,S5 &1 wsls
5 FIEYA Greedy
Y WA GA-Topsis
¥ a/¥ay- GA Uyl
0 v/s5a Greedy
ye AR GA-Topsis
WY v-/yvy GA b s oy
WY a/aAY Greedy
5 a/AYVY GA-Topsis
3 /- SAF GA Obls slacpans
5 sy Greedy
Y \Y/o¥A GA-Topsis
5 a/AVFA GA 15 0] (pmlinw (glalS
0 M¥YA Greedy




Yo VWAV bt o 5l o+ b0 ol (sl

GA-Topsis (ol piyo-3l dgas oo 0nliie 550 9 ¥ sl i )0 &5 jobjlen

023U 53 (2l g e 5 (D) (Slodsy IS Q) (Slodgy slaylens 5l il
e ey 5 5l ooty vy Sll Amd o (LS 299 4V JSb A Jae i (Z)
el 418 (g falio 3 Shas ilyo 4y dlas o 5 SeuMS S35 0 )sNl 53 & Capnd 3

VO

Zakhary Dolphins  Les Misérables  PolBooks Football Club

GA_Topsis —®—GA —— Greedy

s g U 53 D )9 il b loj Y IS

9t (63Meiidin vy gl baiwgi odel Cawday slaslys a5 oyl ioriw jglaieds 9iS]

otel 9ol 51l 0l oty )5S oo slacolge & Canmsd (5 iy (5 )oline g 425 L
pi )Nl slacly s W Sle a5 5,8 ol QU,.,«Jo‘ le'go Oygo (s Dgud o0 odlawl t
L sihline @olay  Silodg JLSs 5 (Slodgy Jlure 93 59 aea Hks ] GA-Topsis
ol & 0geil ol 3 o (28 D9 rgel et sSUl sl b g3 4y 93 O g0y 2oy AD
D)l dg g 00 dwslie vy Nl 40 e W Sle le (6)bline gy &S Cunlize
el slagejl opl plosl 5l osel Cavday guls b plosl Minitab jjéls 5 ) b g0l

Gl 00 ob)a—l b4 Ja»



relinns S 3 0 )lirosier (65 ol 2 (o (65N, (pug, W1

B lre (5539 Egoome a5 51 ek 19801 2 Shas 1 (5,l] 12,8 (903l lS T Jgua

sl

S

o

; Lo 59! duny o A
p-value 5! YU omb
oo YV/AY Vseey | v ooss GATopsis--GA
LS5 &L ol
ofeee OAA- Jaayy | /avar GATopsis--Greedy
ofeee YEVA AG! v/ AY GATopsis--GA
: [EYRYeIRs
ofee AYAIVY MNAYAA | Alvava GATopsis--Greedy
ofee yeyhy vla.sa | vIASYY GATopsis--GA
weBiih g slaps
ofee yaAas FlEvvy | ¥losy- GATopsis--Greedy
ol fYivs | elssey | Llsevy GATopsis--GA
bl slacipans
oo YYF/AY AT IR VA% GATopsis--Greedy
ofen YEYIAY v/sayy | ovisovy GATopsis--GA i
: 5 ol (ool slals
ofen yar/vy sIvsso | ¥haey GATopsis--Greedy

S 2 151 2 w2 9] o 3 8o 5 (glann yloged A JSS



Yoy VWAV bt o 5l o+ b0 ol (sl

Wl 00 o))35 +/+0 ) oS p-value Hlade b ygel el (ol aS cpl 4 a6 b

Ol b b aoalss o) Laclya (ke (e jbliae Gglds 3529 pis g (e yao 453
cedSh slaclys (8L o oy > Sles sabolpiuing pi sl &S i luebsl 4l o
& S gy sl 4 oSl dw 0 Sles b lagye (slass (slayloged A S 50 Ll aily

Sl ] dnslyr sabolpiuig iy o ! (asuie a5 job yle (Cuwl 00 04uiS 4 gual
S ade o hg) plo (a2 QLS SHBIL dajadlis ) gemme CusS

Lolgiin 3 5 540
ol 8y > Bluws 13 o 3,18 3 M0 ¢ oblan] Aias JolS 25y Alie (] 52
2USE 3 1) ol Jlae G i obelern! At > i (103,09, &S bl 1
oadLs e lejen (3 S i b &S (93,09, Bl S (00 5 53 4SS S Clelaa
o=l 52 05Xl e a g daled LiKal) il |y aSs o clelais] | glac gozme Wlgo
09y 3 ALl el Bkt (43S el By (e ST ol S )b
a5 145 (Silosgy S 5 (Silosg (slapasli (oot aians asdsliti
SMo lgicds (adls 90 cpl Hlade .o oolaiwl (g o Comre obglain! Aius > yize
sl Slos gl 1006 slacls s Gl jslaioa .85 )13 Jlai de Sl ja (S3jl
9l 93 b o dlacdy w2 )9Sl 2o (g 108 Y sl g (i 9 @bl
$bsS ool cunndy ol il dunlie (Bly (clid Al o (g9 Al > g Sl S5
CtsS L oleloinl glolid )3 Ulgs s 511503 w2680 93 2 0l 1)) w2680 (55
4SS igyd sy cladSil b yide | 380 olelois] (ais )5 Wilg oo i)l ol g
Gkl lie ()lod gl b o cul 4 9y )4 @)l a5 @ 4l B
ol wleloxsl o JS Aol anlgd gz gy b yidie Mo b Ccunlise Y guase dlpiuiig
D9y 50 gl il el 5)50 Clegsge Lok lidoS (ooliwl slaaSid )
wadis 53 Algs e 0a s &l 5563l bl Olelaial 38> olwlid .ol o Sl
e SLLLS | a9 03litl il plce (sloaSud )3 i g (g5l peMS slacled
ol 008 ey Gy S5 (s Ly elein) (SaSed 53 oty lineg,S
sl 2 sloa] glaylis b aiS > col LB 00 (B2 ool > (]
b9y 3l oad Sl oo ys Sl 43 &S (pl 4 d2gi L dgud 03y 4 (Bly (lid (slaasi
ol ) galy slajlns plo g unl 0ad o3listul upagls )lino iz (6 35 rencs



gA.l.i.w.oJé)bb)wm‘sﬁfwf&md)m")ﬁws)xl)‘ Ye£

B9y 3 8 ) 45S (2l g Cnwg lelainl (A5l 5 jltel el eloal (glaylis L
L ods dlgidig w o3l IS obods 3 YU 1y ] 85 s y5 ol 4 g e ond dlpgi
2513308 0)lmeriz (gilodinny Jlae el ) 0)> &S ol Shg 4 a2y

2 0 dlgidy o2ys- Sl odlatl (g Slalllas (4l d2g8 (LS Slegsge dax
P slan! G )lidle olod o «yguo pl o caly el p cleloin! Hlols
sloagasls 58 QS Gloj )35 )0 ) o CblS)| juid & 425 L) odomy saasid
50 0 Sligred a6 L &S Slelan] Slols (gly Giagh cpl o olelan! 20 86
Slelasl aiS (glp odd slgiin o) 5 ol se odn] Olallas 4> s ol 51l 5,18
51 ool dlawlgdy Wlgi co oas &1yl 5,0y 500 (g 13,5 ookl i yls Sligren &5
Ale ojlinediz (giluwainre JBlows I (il 53 ¢ gl 8)linodiz (6 pS el b
e 5 Jas B30 s 5 Selain) Sl (bl canmy (slo il clegan (silonine
L 5 (Sledgy slajasls LS p» clelan! 20 JSG slaylae plo 3958 e
sl 5l imghy opl slaadl b odol Cowddy ol dwslio 5 oaddlpiudny wiyoSll jo (Siledgy
L bLS) )3 (65500 alie dalllas 5,5 )13 ST ldllas (clue L1550 a5 cnl Sleguigo
o4 Sy Siif o oSl L o)limedin (¢S el sla sy pob Bl (2l (o) 2
Al (gan OlaE>S (gl (6,505 b A Wl o0

&bw

el » gi:.u) M)?i” 9 ‘_;Lug ..\.C|99 .))_.v)lf (\Y‘c\a) oo co.)l)wwlﬁ be)..\W ‘LS'J?i“’l d):uo]
N8 (VA ccle M/ )56 oyt dolind . Sloj gy (st sl ARMA Jas

2 Seif whye S 65 )L (WWAY) dose  Lb B fputl plioses (5)5500 35000 ¢
L;)}L:é Cyplo dolil 25 . SOl ul’)““‘ u.xm))l“.c‘ d‘)‘.’ Lg)jwa) Ol;&)b d)l‘“’w
Y -YA ‘(\")Y sole Mb/

— A Ujlge jelaiedy po aenad (Slotidy i &1L VYA bl wiejlyd ¢ dedose L ing
2y Sy ool 63,y ied b gloofg 1 dtunS (S ST )Ll

=¥VE (VN caleMb] gyolis oyt &Llaﬁ(uwl 05 ) dulej 18090 ddlllas)
So



Yoo VWAV bt o 5l o+ b0 ol (sl

G pep (oolisl cabas; Jae (WWAY) dezee ¢ bl by ) ¢ o Olble § Bdesre )3 5o
5 o dga 162)90 ddllae) (5L8 83 (slaplums 5 ST (slaphy o= jl oalial L
N=XF (V) ccleMb] ¢)5lis o o doliliad ( polsd (syliisl

elonn! glaaSi s » gjluolaiel y 550 Joloe olwlis (WAF) oMo ¢ lazis <plodl ¢ auis
O =V (V)Y ccleMb/ g)9lis o ppto dolilias . 5316 5 Sl gy SoSay Lasy

elbein! gladsS s (SusS jl oolanl b cleMbl (5,0l8 89> ;3 (Stiwws (5,
Y=Y (V) ccleMb/ ()5l cy ko dolilad

dolelad )y o 3y o by oo > Olelain] 13T oy (IWAY) dodro (gl Soro ¢yliocid

FYQ -¥oF (Y)F ccleMb/ ¢)5lis oyt

S5 w9 359y b ooy Copde ) @lie glans e > (gl o e 3 (DSS)

O e (295t sl e ((Bg) BLIL(OAY) s (5l (02550 )l fbas] eS
FVO —¥AS (V)5 (Sl Mb/ g )5li5 Cy o dolilad . cloin] BaSis 5 35390 sla ol

References

Agarwal, G., & Kempe, D. (2008). Modularity-maximizing graph communities via
mathematical programming. The European Physical Journal B, 66(3), 409-
418.

Alborzi, M., Pourzarandi, M., & Khanbabaei, M. (2011). Using Genetic Algorithm
in Optimizing Decision Trees for Credit Scoring of Banks Customers.
Journal of Information Technology Management, 2(4), 23-38. (in Persian)

Al-Ghazzali, T. (2009). Meta heuristics: from design to implementation. Chichester:
John Wiley and Sons Inc.

Asghari Oskoei, M., & Ghasemmzade, M. (2016). Application of Heuristic Rules
and Genetic Algorithm in ARMA Model Estimation for Time Series
Prediction. Journal of Information Technology Management, 8(1), 1-26.
(in Persian)

Beheshtinia, M. A., & Farazmand, N. (2015). A Novel Decision Support System for
Discrete Cost-CO2 Emission Trade-off in Construction Projects: The Usage



gA.l.i.w.oJé)bb)wm‘sﬁfwf&md)m")ﬁws)xl)‘ ¥

of Imitate Genetic Algorithm. Journal of Information Technology
Management, 7 (1), 23-48. (in Persian)

Beheshtinia, M. A., & Ghahremani, M. (2016). A Decision Support System Based
on Genetic Algorithm (Case Study: Scheduling in Supply Chain). Journal of
Information Technology Management, 8(3), 455-476. (in Persian)

Blondel, V.D., Guillaume, J.L., Lambiotte, R., & Lefebvre, E. (2008). Fast
unfolding of communities in large networks. Journal of Satistical
Mechanics: Theory and Experiment, P10008.

Boettcher, S., & Percus, A.G. (2001). Optimization with extremal dynamics.
Physical Review Letters, 86(1), 5211-5214.

Brandes, U., Delling, D. & Gaetler, M. (2008). On Modularity Clustering.
Transactions on Knowledge and Data Engineering, 20(2), 172-188.

Chen, M., Kuzmin, K., Boleslaw, K., & Szymanski, F. (2014). Community
Detection via Maximization of Modularity and Its Variants. IEEE
Transactions on Computational Social Systems, 1(1), 46-65.

Choudhury, D. & Paul, A. (2013). Community Detection in Social Networks: An
Overview. International Journal of Research in Engineering and
Technology, 2(2), 6-13.

Duch, J., & Arenas, A. (2005). Community detection in complex networks using
extremal optimization. Physical Review E, 72(2), 027104.

Fathian, M. & Hosseini, M. (2014). Investigating the Impact of Virtual Communities
on Furtherance of Customers’ Buying Behavior. Journal of Information
Technology Management, 6(3), 435-454. (in Persian)

Fortunato, S. & Barthelemy, M. (2007). Resolution limit in community detection.
PNAS 104(1), 36-41.

Fortunato, S. (2010). Community detection in graphs. Physics Reports, 486(3), 1-
100.

Ghorbanian, A. & Shaqgaqi, B. (2015). A Genetic Algorithm for Modularity Density
Optimization in Community Detection. International Journal of Economy,
Management and Social Sciences, 4(1), 117-122.

Girvan, M., & Newman, M. (2002). Community structure in social and biological
networks. Proceedings of the National Academy of Sciences of the United
Sates of America, 99(12), 7821-7826.

Griechisch, E. & Pluhar, A. (2011). Community Detection by using the Extended
Modularity. Acta Cybernetica, 20(1), 69-85.



Yoy VWAV bt o 5l o+ b0 ol (sl

Guimera, R. & Amaral, L. (2005). Functional Cartography of Complex Metabolic
Networks. Nature, 433(2), 895-900.

Guogiang, C. & Xiaofang, G. (2010). A Genetic Algorithm Based on Modularity
Density for Detecting Community Structure in Complex Networks.
Computational Intelligence and Security, 20(4), 151-154.

Hafez, A., Ghali, N., Hassanien, A. & Fahmy, A. (2012). Genetic Algorithms for
community detection in social networks. Intelligent Systems Design and
Applications, 10(2), 460-465.

Haghighi, E., & Montazer, G., (2016). Identifying the Effective Factors in Making
Trust in Online Social Networks on the perspective of Iranian experts Using
Fuzzy ELECTRE. Journal of Information Technology Management, 7(4),
715-470. (in Persian)

Kabaranzadeh Ghadim, M.R., & Astaneh, H.R. (2009). Designing a Decision
Support System (DSS) schema with Applying Genetic Algorithm for Survey
of Resource Leveling Problem-(Vehicles). Journal of Information
Technology Management, 2(3), 69-88 . (in Persian)

Keypour, A., Barari, M, & Shirazi, H. (2014). Presenting a New Method for Link
Prediction in Social Networks. Journal of Information Technology
Management, 6(3), 475-486. (in Persian)

Leskovec, J., Lang, K. & Mahoney, M. (2010). Empirical comparison of algorithms
for network community detection. ACM, 20(16), 631-640.

Li, Z., Zhang, S., Wang, R., Zhang, X., & Chen, L. (2008). Quantitative function for
community detection, Physical Review E, 77(3), 157-178.

Massen, C.P., & Doye, J., (2005). Identifying communities within energy
landscapes, Physical Review E, 71(4), 0461011-04610112.

Newman, M. (2006). Finding community structure in networks using the
eigenvectors of matrices. Physical Review,1(3), 12-34.

Newman, M., & Girvan, M. (2004). Finding and evaluating community structure in
networks. Physical Review, 69(2), 22-38.

Pan, G., Zhang, W., Wu, Z., & Li., S. (2014). Online Community Detection for
Large Complex Networks. PLoS ONE, 9(7), 168-188.

Pizzuti, C. (2008). GA-Net: A Genetic Algorithm for Community Detection in
Social Networks. Computer Science, 5199(1), 1081-1090.

Rezaeenour, J., Lesani, R., Zakizadeh, A., & Safamajid, G. (2014). Evaluating
Authorship Collaboration Networks in the Field of Information Technology



gA.l.i.w.oJé)bb)wm‘sﬁfwf&md)m")ﬁws)xl)‘ YA

Using Social Netwowk Techniques. Journal of Information Technology
Management, 6(2), 229-250. (in Persian)

Shang, R., Bai, J.,, Jiao, L., & Jin, C., (2013) Community detection based on
modularity and an improved genetic algorithm, Physica A: Satitical
Mechanics and its Applications, 392(5), 1215-1231.

Shagaqi, B., & Teymorpour, B., (2015). A new heuristic algorithm for modularity
optimization in complex networks community detection. 11" International
Industrial Engineering Conference, 7-8 January.

Shi, C., Yan, Z., Wang, Y., Cai, Y. & Wu, B. (2010). A Genetic Algorithm for
Detecting Communities in Largescale Complex Networks. Advance in
Complex System, 13(1), 3-17.

Taghavifard, M., Hosseini, F., & Khanbabaei, M. (2014). Hybrid credit scoring
model using genetic algorithms and fuzzy expert systems Case study:
Ghavvamin financial and credit institution. Journal of Information
Technology Management, 6(1), 31-46. (in Persian)

Yue, Z., (2012). Extension of TOPSIS to determine weight of decision maker for
group decision making problems with uncertain information. Expert Systems
with Applications, 39(7), 6343-6350.

Zhang, H., Qiut, B., Giles, L., Foley, H. & Yen, J. (2007). An LDA-based
Community Structure Discovery. Intelligence and Security Informatics,
400(2), 200-207.



	2- Vahid Baradaran
	2- Vahid Baradaran

