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Sampling from social networks’s graph based on topological
properties and bee colony algorithm

Asgarali Bouyer'!' & Somayeh Norouzi’
Department of Computer Engineering, Azarbaijan Shahid Madani University, Tabriz, Iran
“Department of Computer, Miyandoab branch, Islamic Azad University, Miyandoab, Iran

Abstract

In recent years, the sampling problem in massive graphs of social networks has attracted much attention for
fast analyzing a small and good sample instead of a huge network. Many algorithms have been proposed for
sampling of social network’ graph. The purpose of these algorithms is to create a sample that is
approximately similar to the original network’s graph in terms of properties such as degree distribution,
clustering coefficient, internal density and community structures, etec. There are various sampling methods
such as random walk-based mecthods, methods based on the shortest path, graph partitioning-basced
algorithms, and etc. Each group of methods has its own pros and cones. The main drawback of these
methods is the lack of attention to the high time complexity in making the sample graph and the quality of
the obtained sample graph. In this paper, we propose a new sampling method by proposing a new equation
based on the structural properties of social networks and combining it with bee colony algorithm. This
sampling method uses an informed and non-random approach so that the generated samples arce similar to
the original network in terms of features such as network topological properties, degree distribution,
internal density, and preserving the clustering coefficient and community structures. Due to the random
nature of initial population generation in meta-heuristic sampling methods such as genetic algorithms and
other evolutionary algorithms, in our proposed method, the idea of consciously selecting nodes in producing
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the initial solutions is presented. In this method, based on the finding hub and semi-hub nodes as well as
other important nodes such as core nodes, it is tried to maintain the presence of these important nodes in
producing the initial solutions and the obtained samples as much as possible. This leads to obtain a high-
quality final sample which is close to the quality of the main network. In this method, the obtained sample
graph is well compatible with the main network and can preserve the main characteristics of the original
network such as topology, the number of communities, and the large component of the original graph as
much as possible in sample nctwork. Non-random and conscious sclection of nodes and their involvement in
the initial steps of sample extraction have two important advantages in the proposed method. The first
advantage is the stability of the new method in extracting high quality samples in each time. In other words,
despite the random bcehavior of the bee algorithm, the obtained samples in the final phasc mostly have close
quality to each other. Another advantage of the proposed method is the satisfactory running time of the
proposed algorithm in finding a new sample. In fact, perhaps the first question for asking is about time
complexity and relatively slow convergence of the bee colony algorithm. In response, due to the conscious
selection of important nodes and using them in the initial solutions, it generates high quality solutions for the
bee colony algorithm in terms of fitness function calculation. The experimental results on real world
nctworks show that the proposed method is the best to preserve the degree distribution parameters,
clustering coefficient, and community structure in comparison to other method.

Keywords: Sampling, Social networks, Clustering coefficient, Artificial Bee Colony

0ol dy ALl dged ;0 oL g Y&..\.;._:MP o doddo —
Al diged Sl elsm (b (my 0 S o0 518 b)) 058e

500 b oLl Lol slagSIl s ,5ld i b o el
Lws ol a5ty oles Lo 5| yliels] Cga widoly s ’ 2

5 Gilre slaiz! Gloasiis ool AL o5 65)L jsbay
et 5o a8 Sl ezl b sle )yl ) (S a3,
Siles b LU 6ol w5 pSaes e A
5l oolawl (S0 S [1] cunl oals o5 a3 Ly Yl
WS b el g s Sped Wil slotz) slaatin

g opxe slaghy, 31 [7-9] cul (5,8 higas w55 o]
ol (¢S aigas 4y g5 ge Al (6 S Wged gl
S LS eplal dolay 05ea8 L (g Sdiged g ool
L ool sl & sl a5 cwl oals ool lis (Jl>
5 el Lgas 35 (sl wlidie (ozee oo Sis _
sloaSel o Sy 5l @dlye St ,o (Bolad by, i 3 40578 4 il slatsiz Sl utey rg
GlaShs 5l (Fn S s S e o O] el 12 3] 055 Sohee e izl shets o
boalin o U o2 4z )0 g Joe basid gl 23t s 45 5 leogton b srlotrd slaasid
y og ob5 505 sla el slis 3b wasl Lol slaaSit sl ange Bro wiejls Jolou 5 apa sl s

locoglss ol ol a5t ojlail 5 aigms ol Laalidl [ 21T Gl Sz g oS ilue s lad L

S5 aigei 9y S Nl [10] aibioe (221581 5 piten -
a3l aSes Lol G151 eniolon) BILS aiges 45 Cenl o] o sl 5l R (S eleizl slaasin jo S

ol ols> ailsn aS g sbay ail slezel LB 5 sl
S ised slapzy, s [11] 4 (uSats |, aSi 315
gy 2 5wk Jeiol er (b e allyi o
el 2Lyl 5wt aidls Lol ib 5l (S sS acgerns
ool Sl gla el iz e Gl o W
ookl o e S Cawnl e [12] el ouls svnline
P e slos e pobeenal o Sl la S
paisel (3 slinsas 13 gm G5 M paiged Sl
Sl azls Lol aSis U ) caglie opyiiy oS
2 el )b pdiges 3 3l slahy, (oulel sl
slaasil Sl epSaises slaghs, owin @ dlie ol

Wged S B sl se prlae (5T gl By, Pl 2! 2
b el 5 i ondady S o a5 ) S
$Sah Bpre &S dged (nl 69, 2 05 aup g Vb e s
sladh b loys 5l glacsazan; S AT cal oo,
Sgudi g0 Bl Al 5 g0 sloiz) 4l BIF 5l 0e> g0
7]
sleaSed Sl xS ase sl 6ok slapn,sN
Kosba bpk s al L o)l sz el
‘\4.'_>)b 31y asle Al ‘_;..al u9‘9.'> hg)..fc)ba\ d.l.”.....sd.,

2 Clustering Coefficient

! Distribution Degree

O 2l Vo)l ivad Jlo



http://dx.doi.org/10.29252/jsdp.17.3.55
https://jsdp.rcisp.ac.ir/article-1-1009-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-23 ]

[ DOI: 10.29252/jsdp.17.3.55 ]

JE Y93 ) (i9dS i 98l 9 (5399295 S Su9 bl p eledal SlaaSl BT I (5 )5 Aiges

Jols aiges IS cole jo a8l ol s Sl
Jbo 53 Ge0sT bawg (B pSases ) Sebise
G bsy alie Ubsy ool 45 el 0a 81 125
Jbe 5 g/ mizeed {15] Slooo plonil (5 S diges (o
Solal el p e ) RS S ase b, N AT
olal Oygoa 05 S5l s, cpl o [16] 05 )
SFr o Je e s B G e 05 Dl
Wged S 5 SN (10)p05 5 (595000 b wiluen Lo S
b jpme iiSly (6 pSaised gy efiee Sbml 4
sy ol 171 as @) VARVl s eefe
adllas Sz wax 00y, S gliea 654
solil 5y50 olaiz] sladSid o Like (slacarar
15 S5mse sl sluyb s o] ol oyl g ai3,F I3
P2 s 5 gugsts al Bolal slag pFaige
9 lai 095 93 50 ) spFaise clagty, Voof Jl
a 0> Bolay sla gy [9] 0,5 gunmasl Sluss]
& Wb oo bl Solar Jb 5 (Bolal 0)F Sy 90
2SS digei ol 5 oo olad DBl b o Sy
Sl cools Jdoay hay g0 nl jo Ll oS o wdei |y
A 2500 STy cadady sladlS age « Sola
Ghey osbimes S e S 1) el SIS
Gl olag) bawss 5 0)5 ganad, p (e SySAsed
el 9wy oeloly oo 7 Dl 5 (g pSaiged o5 0
b obo,S padobenl Jlasl 5 9,8 s Sype oS
@i gy (pl &5 Sl oo 7 plu 5l i YL 4,
ST LS 5 el SUS 51 5eST e slaldlS oy
Her 5 gugatind Lawss a5 (6,508 By, ol Lo
a5 el 05 az o wluly S dsel hg, wads &)
Sl YL Az b glee S S s i
S5l ST e eadadss SIS Ll cnlple sed oo
SlaSiy Wgisel g o walsx T L IS5LL 5 Lol
RS SpSases by 9] 08 eSis |y ol S
ad bl Ve b e Jlo po GRles 5 (sls vy ' (3 55
olal Djsods 63550 o8 laml e, cnl yo [18]
Wy se Jiiie 0,5 Dbl o s 0,8 (sl s 5 1
5o oawsoBll (sro 8w b 4 g Sl v JlV 0 5
S glae 5 JEG! g 1055 0 00l Jlall 6 Sdigal
Sami & ey B o8 0, Sailel ol S5 5 che 4
Sl aales anlel 8IS ages jo Al 0)se (slae S

! Crawling

FO 2l ¥ ol VAl Jle

&) slr ) snaar (g 9 Sy cdmey sl
2o GxSNged by, 0 dsree S
alosls SLI13] Sy ot )05 o (LolSS sl ;551
S BRNE by, ) eslinl dllie cal (ol San
2 spam Sgz oS ST Ll 80, b Jus y955
sy el 6 S iged o b el 00 Adgi SIS aigas
S e Sloe )T aedS e ooleiiy (B 0 oS
b ogdies o Boly 5 dies o5 ailes slozs!
Spa> eatady SIS dged )0 iy Ceesl b slao S
At BLF 4 EorinS Bl ) Lol diges b artly azils
shol y3 ol bl Cgplane (o i jeba [l 8,90 (Lol
bew 5 @lin Gy 0 oS Cweal e L
Comal (B FR 0 s e oS 5l gl paises
398 oo el (g 1 paiga o laclbl Jlasl (o e S
obie Joo oz gloasin ol sl (Jols aises
2 otpokel 5 ol by cops gl
sy 5l pl a8 WS L 50 ol ages SIS
Bgdise Dgmie iy ) (sl

Iy Gig Alday ped iy o wllie cpl dall )
ohe 9 ptsdl Sl pem i 0w Ol
o3l el bolS jebar ol (giluoslky egi 5 (goleian
Slooslsacgorme Spre Jold p)lez (i tad salys
dnlio 5 by iole;] abul Cuyz oolitul 0y50 o, laikiwl
Sl g gunger oy (W30 0 Sele s g 03l plas mls
MYV PPN W e‘.\.;_‘vfl sl i85 gl eoolgiing o IS il

e 93 Al Y
sloases SIS 5l gpSase Gl oy sl
ST wges K obxl Ll Gan a5 ad @) eloin]
oy Ay aiy aibe ool bl 5l a5 el
b bl oo 8 )sba ope 5 31 oSl csomadss
slagts; rpemsd I Sl Jol asn JIS
odsel > (59,0 (Folal (350 g g pSaises
CF S s S SDogen By, (nl el sal il
s S5 Sl Shise mg oBL Ll o
208 Sl I ez g 9900 B0 Jate Sl ps
oolaul oalaidly aujei (wlwlp SYLaxl 51 S o8

Sz 4 A pde o gy nl (emlul ol ) [14] LS s


http://dx.doi.org/10.29252/jsdp.17.3.55
https://jsdp.rcisp.ac.ir/article-1-1009-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-23 ]

[ DOI: 10.29252/jsdp.17.3.55 ]

5 arlbne glaizl cuyo Soo)S 2 sl v albgenl 4
Fhe pb 4 Glaegeme S p0 5 bl adigs 55
S oslinl b o5 paegd 5o Ssdice gyslaen loadss
(059) 5, ke 05 o (sl o suiuad; i ,sSl
45 GloyS aazgi b gum Jolie jo dm 0058 o0 dnlime
hedsls Sl asgame 511, analdss o (1SR
€35 43y S koS 5l 1) (oS aigad ()l abgy e diigs
WJb 85 S Laio 4 Blgi o0 B9, Gl ble 5 S (oo
1217 5,5 oyl @bl ) 5 ezl sl o i Lo
L Jb o lSa TIES  (g)ls passed o2 565!
5 oo, bl eloml &8s GLE 5l ol &jg0a
2555 50 1 )lr Jb 4 by Ban g o slao S
b oo, sl (gomy a8 o [22] wiS o adlol wges 8IS
Onbe OSes gladl (oles (ol SIS o g
6l wges B 4 1, ol BLS 5l sasolal slae 5
S5 &5 D9 ge gt Sloj ;oSN uleg )0 g WS (oo
@ slanl 8 DSl eatiad slos I ane
ey o G en ¢ )0 il onds alol digei BIF
Jocar i sl LIS calls slas oyl ol
G5 3 T ool Qg SpF N o alaly el
il 3 |y slaee IS8 T [23] wis,S slgainy SIS
5 ools @l wsls Sl o4 OSSO jgle
5 Cedtge Jliml il ey 1 bl
o il plis adllas 5,50 WGBS el oyl paiges
Saa SIS ulul p (6)l0 peigad (g 5,500 I8 S
L elachy, Whes 5 gl5 (b ploed 29300 Gl
Gl piged 4 5l e wllgge 4T wlools aswgs
WSS (5o paigal S5e jsboas ) SIS S gl LSS
SIS L o SIS S adlae 1 gl 5o [24]
o2 LS 50 il g sl fadpe pidags SIS Sy 5 (SeS
Ol e oo oSS ) (6 AYes Jate 4SS LSl
SIS 5l gl paiged sl 1, Blal bl so oBuye
Gae BT SOl i (5,10 paiaes S04l of anay
59 S b e e j5bas |, O] plgise Bl Jlgde
doz STl 90 Guizmen 03,5 ()l paige K3 JIS
CSN i yiay a5 Cewl oud ail)] Bolay ojead i
NR 5 CSN clasil il [25] wload eomel NR g
o Sy 5 alls 8,5 Cbuil b 65, » i
slagty; o & Suns sFlwl g0 Gl WS (o0 35 pes

oolitul 350 o (B33 5 0,8 Ll Gl a5 e )5S
Sl s (s (gl w)le S o0 )8
b elooys Sl Ly ol ax)s Jleial b ceslite o5
2 s St Gy [18] ol iy
VY Jlo yo o 5 Glilsd) Ly e (5 50lsS
s 5l ssliiad b ey o) 0 o5 el osd &)
g oud lag (Bl 055 90 G pree 0 F0bsS 180
g 03l sibial sl @ Jb jo jeeds 1S5 olaws bl
SLral Vb a3, b beoyS 5l ime vy S QLRGN L gl
S sVl (e (6 S Aged gy [19] 858 o
sk Ol 5 o9 ok g il e ool 5 aSs
Ubay 4 welaiz) laaSis LS I b el ond )
Sy 0Pl mie RS by eadsleane
ol ) edelcwwsay auls 1 [13] 0,8 alil (6 Saiges
I Bolai slapi S 4w o YL L s,
Olges |y edn] oty digas ;0 ax 0 mojy Lais Ll
ady slaiges 5 ads) Comer il Ll 13,5 oLl
@B Gy onl el (g, 0l cules I olal O g0
Bl I (Bolas g pSaiges slaghy, 4 Ced oYL
e jlle e = G Teela5 Alejl (o sl
4 S Ol W Gy (Foezm @ Ol Gy
Srsy 0 ol (ol giSaises slagsy, nle
9 Mg Ly (Bl 5pad ekl (g pSaiges
hss ol 120] Cenl 0ad @) VoAb Jlo o il San
90 il Jletat g5 b (plaased 5l (T aige sl
oS ol DLl b by, ol o 08,8 8 soliil
Se 5 08 Ji 0 00pS 5 S e 0 F Olpen
0,5 3@ O35 Logy o350l )0 aS 00,5 oboul Ligy <)o
Sy SpSdge 5o ol Gl cer il plpen
Slsi 4 Olsiee Ghey onl Sblie 50T se S8 solil
Fore b ol S i Jluiol g5 U 5 e
Sz ipmi] S igas gy 05 o)Ll bl Slej
Jlo 5o GSes 5 Sl st amio gaiiardy elul
S9) 2 SpSNge Shyy oal o [21] w4 grhae YN0
sl Liis aomen 5 SaeS clelain] sl cdlis
&9 el Bl ez 19d e S ke ol A
Ghgy edes Owles L lagl gl g e S plnt
Sset bl p 90 b 1) SRz (gipm ] s T il

Sl i b 5l o B sy o o5 Cenl suiisy

2 Gaussian boson

! Power Law

O 2l Vo)l ivad Jlo



http://dx.doi.org/10.29252/jsdp.17.3.55
https://jsdp.rcisp.ac.ir/article-1-1009-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-23 ]

[ DOI: 10.29252/jsdp.17.3.55 ]

JE Y93 ) (i9dS i 98l 9 (5399295 S Su9 bl p eledal SlaaSl BT I (5 )5 Aiges

&

Sl asll 4 by e sl 5 169959
bl S5 (55, 5l ey SosS S1S Gsei ioza 5
roay plosl 1) adsl oleglas =)
Sl AIS 5l Klaes e il ol .a
kol aSii o3lasl o
wiyoSl il 53 45 Wadiged o3Il cpeend b
mem A )y Sl e S S ) suee

oS

adgi a5 olaasil diges oload (yasd .c
Rt
o5 ez p g Gl 05 e oS d
o ys Sl 5SS sl o YL

S lal jo as oS sl (age) y53; NB olass -y
5lplas ,2) cusl ggle k 4l S e 5035
(35 anly 6,5 Gk (sl ls lacigas ol

o5 Jle)l @l gl Jlisa 1, 555 NF olaws =T
(o2 5 5o A5 ;o NB i |) NF Jgomoj5bos)

Jyoraysba) o5 wolsis oS L gl 1) ail> lae -¥
@L=100

il e o) a5 Tans cops lde -0
ail yeas ol aoe SO Gl sogume
Sam @B g 8L pas )50y g ik
RS SR IO PO IR BCPPRISUPURR [ < BS RV
Al jgam (5,550 Jxe j0 g

Xmin 3 W jlake & adgl SIS sl o) -7
OS Amwloe o )5 a0 bl y
J.;.i‘).é BN stojf ST olssl o Lao; SALQJ
S RS Higed

. Di+Y", dij
Corenode(1)+

Q)]

i) 00591cmeots (6L Jlws 3> B (V) Jgo 8 =N

10,8 az,0 Jlade Di a5 cwsl o8 ogais

91 0y Slaluce ax )0 goemadlL dij 03y
Ll 0,8 slaslues vlax 50 M

1 s dji
CCi+0.01 m

Hubnode(i)=D;*

)

3 Trial
4 Corc
S Hub

FO 2l ¥ ol VAl Jle

RS e ity D) (Bl (05pa3 (e
Lo dllis (! )0 0,00 WS? g BA' Jis coiae slaaSis

lon )5 analie Lol s50 0 L), 055 )

olidon g, Y
Js sy S e Sl Gl Al Gl e
Gl sl Shs » (e Wz dhl, S oolena
ozl slaaSit jl (5T aged ez sloial laasis
oogstolar cools 4 azg Local el (g3leenly
6)&3-3“15 61-:5“-“}“3 LSL“’JL% )2 ‘“:-15‘ e ‘.’B‘M‘-“
2 b ol lap s o 5 S eiyeNl e
g o 5 alalET Sl onul callin ool golgiion Lbg,
9y 3 eslitul b (adsl sl ely) adsl slaaigas oy
5o w5 s 2lhacd o ol slao S 8l
2 e oS jpam Gl O jshaiear beatus e
S diges Coles ;s B qelosls alyl odal casody diges
Ty Ll §l ol at cukS & Susy 5 Vb
L odalossay slackl)F aised (bg; onl o ] casse
5 Olelazzl slaws > 5 (5slny Aex 51 Lol aSls
ONee o> U 1) Lol diged BT colic 4alie asaiee
oS Joles olbdlasl (1) Jsaz 5 S o bais
oleir SaeSoh ) (s Taige b s 35 (SIS
A8 4 o5 golpinn pin Sl sl jo g oal ool iulad

S5 Ugod 30 fws youi) S5 ObMas! :(1- Jeu=)

(Table-1): Terms of bee colony in sampling

Juss 9495 Sl S reS digad
Bee 81,5 digai
NB aiges JS5 olass
NI adgl slediges oloses

0,5y a0 ledh saimalis
Lower bound ) ) L
(osbion £905 ) 1Y gone) SIS

d‘iP-‘ oz s 0l sdimsylis

Upper bound G5 o5
Itcration o, 45 slaws
Trial [SVRPRE
Cost-Fit sS4l

09 Sy e ol 10,08 e

Pedies Ol g 5o el 4 Pl jgon Jue

! Barabasi-Albert
? Walts-Strogiz


http://dx.doi.org/10.29252/jsdp.17.3.55
https://jsdp.rcisp.ac.ir/article-1-1009-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-23 ]

[ DOI: 10.29252/jsdp.17.3.55 ]

A )\ ‘) PN d‘l.ma;f L)_:l )§| ‘kS;)L:.CAJ* UV Lmo)f
Saless oduzy a0 plal 0y50 ASLD (puiS B>
e (Vg V) aaly, w38 baio ble Ldo o 4 09
PUSU RN GOSN L IR VESURPL O VE W« SPUEL ygs
Oygods L5l oS bade mos salig o paliaed
5 35 g0 45eh (0903l el (g Lai> el pdiiane
# L el Gle)lale vozy 5 elieené Ojson
leo,S 4y alaceenl (55, poo alaly a5 o Lais UIF
RECENON Y BUVC PRV ERUIUE RS oS bl
S alie loadlie 4y« Jols diges DI S (oo S
oD $lp (25 oanled (Jols aiged (pl plu 5 358 e
Dy wolyss Lol
ool e,S Bola Gl L oadsl slaaises
Slodsesd I easlowar yiolie gluey &5 (s, 57
L oadsye ol o anle demg ol LSas Y
o5 3y 5l eadobal slae S IS 5 silead e
a® slopiie polis S53 00 5 S slr Wsed 18 40 )l
a2y Gopsliasd lan ol «Sd sl Xun s
B Al ol of JLol 5 ool b slas
")"’TL;” [COURRY PRI P 6}L.m.>Ln.; PLy k5"9” uyl.e &5
Sl 00l odgd slaaSis diges sl 0 Xmin 9 @° polie
390 AU diges lae S am 0 0 glcinsds I am aS
(S5 o8B @is ol 4 el olsisas o] ol 5 L
2 by diges a0 CuaS e WAl Cewod
9 ‘;Aa‘ d\m J‘ Xﬁ’lln 9 aoﬁali,c «_ASL:)Q l) (5 IR g
$9559 Ol Sl 050 Al Aiges 5 Xy 9 @F nolas
sl aloge (nl )0 0980 drulne (OF) Jso 2 Gl

Fit(e)=2 (V@0 = a9 + /(o = XGi)?) (9

ooty s dgi gladsl sleaSidises alo e I U
layl e o el 5o s j0 S Jlade S Jels oS
Sl folad Sygots p s ©oslapl 4 Al baised o
o 9 PN (B e )0 eadudyi slaaSilages
el oF Jle ln Wil Sl gan aCadised 55 52 0
Gk gy ol Golay a4 wiged 5 spae ko by
drale diged o1 lp W cazy K pj Jsey
(daz dsad sl 5 Wz 0,5 Ceew 43 S 1>) 955 o0
Newfood.par(j)= (newfood.par(j)+unifind(-1,1)*
(newfood.par(j)-food(p).par(j))) )

oazesyLis Hubliknode(i) Joie «(¥) Jgo,d j0 -1
«Zowl &S o hub slae S @ 0,5 cals e
slae)S az s gsome By dij wplio S 4z )5 d;
CC; 5 0,5 Koluwasd slaxs M di 0,5 ) Ksluwas
Al 4 azgl bl 0,8 2 ganals> cu o
olple DBl he Wlpioe (amabss o yd
b sae K e pomrhe )| $xSsly e
ole,S aslol oyl ay o /e
5 olat &ygeds (515 sl yses) aaiges caai=) e
Selg e sy Sl el Al 8, wsbes
Rt
My Gl LS jsba lbaiges Ko chas-))
TEREN ENE N I NAE SRR
il g i ogole b ates lade a5 cdl
ol Gslae Jloiml L lao 57 oles andl il
e gy Em ool Ll syl 1) sl
Gt A by Ola ke a5 lae,S s,
axily Lasoll jo po gymann Gule e
Sl Jliol 55 S lade b sl 57 g conily
Jleiml Gl sl bl cnl wails 6 eS
S dgad 50 Ll Hpio 5 ppe slae I sl
Lias g4z )0 i Bld 51U sl ool sy
5 e sloe S Lad> b oSTe sla)lisbe o0 )&
Al asls ol aslil 4 ool call ¢ ol
5l oadady laaiges Fit Jlade al> e ol o-)Y
Sl 9b oo albre N gaiesgm 26 )b
ey Bld jleadalg dgei myn Al>ye 0l
Fil jlake oy S o5 sliges U oogs Sloi o0l
calls a5 liges leiedr il atil
A3l Jad 050 w0yl Lol G154 (6 i
iged 4 byye Fit Jade o 2eS al> e 0,03
Slised 5 95800 038 (O Sl b olyen
s W jlaie L 5l o og aeles Wged o e
Xmin ¢ W jlake L 1, BMust o S Xmin
Aol asls el s
ORI edazmy laasln 5k slosls 5l (S
ot Gloo 5 Jis o3 (Soidng sla T b slae,s
Gl ) & el o5l Sl L oola g
ol aly eloixl slaaSiil o loassy slaasis

! Fitness Function

O 2l Vo)l ivad Jlo



http://dx.doi.org/10.29252/jsdp.17.3.55
https://jsdp.rcisp.ac.ir/article-1-1009-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-23 ]

[ DOI: 10.29252/jsdp.17.3.55 ]

JE Y93 ) (i9dS i 98l 9 (5399295 S Su9 bl p eledal SlaaSl BT I (5 )5 Aiges

2o Ly wgleiian by, bl Sl S (S
Sl o glaiged oLl 8L o (golprdey o, 55!
Pya > iy 85 4 &S (g i Wl (Glg o
G55 sl S iy 2l Ter 5 ey (S
SlET Ll st Lo oy, o5 Il o sl e 5
955 S sl e A sladsl slacls> e )S
&b b Sl Gl YL cuas S e odg e
Sl 10, A sl las laialesl adls saien g
e ol Cloz @ oSS es 5l faS o Je o5
Sloe S olol p disad anwgi o5 5ok cnlplo 5 3580
bl plp Sz Oloy atniey il (Solass 5 oo
Lssio k 5 amo s plis 1, LS5 slaws T a5 O(IKn)
g d b lews jlade Jdods S o lo 1) e 8 Dl o
ST 1Bl sleaSil  hn=m (S (8,5, b
B sba )l paige lajty, spx wasall g,
Sasasslas m a5 Okm) L ocoal plp a5 ol “5145
e a5 gla Ly olass

GOl 9y 2L -F
S S ased o eolpiing o, oL ol Gl
celoin olaaSs calize gloil o ol;1 uliie slaasios
o llinl cobbacgazme (59, @uﬁuﬂ 0l g
oo ool 5Lai (1) Jsuz o a5 cilises _adly sloaSis
Glp S diges slonall (V) Joaz 0 b plxl wcdl
sl g S spTase sl LSS (B, 90
sl Sl 0ad oolo (i Jume )9035 2 (e SOl
SrSaised iy Jhe eadanslis laghs, nle
s [25]NR 5 CSN g, [22] TIES 2,65 dolus
Ll 1) e ,osdl Gl JolSjsboay Ll jo b o,
e ° sdeliawwddts polie (gom Jglaz o S
olaws b g/ 6,5 asei F 5 b a8 S 00 slasiols;l
piyss) allie b s wed e only lis dl> e s 38
Lld I degiy, ple ailen spSaise solitn
e Nl Sy iy e mie slaell
MR o g daliie 590 0508 5 oo sllaS (ganaldsS
25

Gt Aelie oolering sy @D ean Gl
aoey (nl o &5 Gl Glaen,sSl b ookt i)
25 Jdohe ) &S sbiles 235 Dse o)l Sszg

! Near linear

FO 2l ¥ ol VAl Jle

&

CodS e o Sldies oy 5l am
WSolaiged CokeS ST 105l co dlne iz aSDaiged
RN wax Sbdigad WAL g T aSbased 5l aas
S 6N Adaisel 4,55 Wb e dddigal
lsl wxly SO0 aSbaiaes Trial Jlade 4 9 ol dalss
—digad 3l (55l 0 90 Sl 4 (yewy B gy ul g 1090 0
Gilotnd cqz @om f5 s wlie bl daasis
N glaSlaige oy b BL sleygsy oS >
0,8 o0 Dyso A8 glaaSiidisal See S e (ulaly
ENCISCNCICIFI S WO M Ees
ol CeiSl slaaiddise U owoST sbml gz
ot ol s t03ly il Bl gl oYL
<Ll p si sl 4 waxaSils dged g0 gy 7>
loly Guor Bbdgel b al>re ) 0 S
Slree Bl eadss ) am oS oo Sbml (F) 5o 8
Sl opSon 3 anlie 050 L aidaisad b oS
il e T oaSiaipe 5l wae A3 CukS
B)55 Webios aedaised ol prifiler war A Sage
Trial Joie a4 5 ab arlys ot (6,50 A bdiges
ey B g ol 5 055 g0 Lol anly o T aSatiaiges
wolsl )8 .3l oo dolol baSiiidiged 5l (o ki 8,900 dlusi &y
ol pend 03g9me | Ll Trial jlase oS 1) SlaaSiiaiges
Gebr oz Sladiged e 5 bl el iy
Sbml s WMo pe o sleaSd diges adsi al> e
sy Sileaned) Wsd Ll ile U S e
WaheS Ll 5l aSldiged ot 12l 5k 2 50 (e
i) prges, adle sl 4y a5 Sl b 3gd e Laas
oS Sl boculS g oS laSddise
Wil anily ol al b oas o ayier Sl 5l 1 s
Deb oe oy
Sz (g, 6k coleida () e S S
Sl 12l b s cedsSh glaaises lpal o
s ey wiysNl Solar Ls, s o Jlea
931 o 4 (S5 ke S Jolo sladigal o)l5en
o lil @l iy o 4 suddiulee la Sy b
00 Gl s s S0 om 4y oS5k wiloas
Ay 3 Lo adg) slaplS jo olai é g alalST Ll

] L2l


http://dx.doi.org/10.29252/jsdp.17.3.55
https://jsdp.rcisp.ac.ir/article-1-1009-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-23 ]

[ DOI: 10.29252/jsdp.17.3.55 ]

OB e game jod (2Bly GloaSll aen o ol asll
P9d a, ,o 0,0 Internet_Routers-22july6 ¢ Dolphins
sdel sty zulis (S 2o I3 CSN by, cdmnlio 'yl
el (Bolai ()l peiges by, 4 by 0 3
Py Kmin yolie a5 awdoo (LA 55 (0) Jou
Xumin b oYL cisllas b g, ;500 b duslie o golgiin
ol obacgame jma (Bolbacsers aon o Lol aSl
NR gy aglio op) o 0,1 Internet_Routers-22july6
B ag; Al e (Belai (gl paisel 5 ped A5, o
QS oo sdalie O 5 F) Jshaz o a5 sbolas o)b
Golpitn S pSaiges by, yo odeluwsd 81,5 diges
2 Y SUdns Sre L 5l a5 a8 e cl
S8l DS g ooy ans S5 Jol BIF a4 g i
S5 0B Az mier Las oaaolid fpl aS Wiyl el
dgas o a5 sl sdslcumda SIS diges 0
ey e s lagds; Gkl saslcwsd SIS
S5 w08 b (s5lo pigas gy b (Sola (s S g
Lgad 0 a0 ayied Laas sac odiaslis pl g alils

ol saalwsay GBI

GoySynlsS Ghalesl bty T —F-¥
(kS) S g5 omoms!

Slsy> (ks)Bgi ol By ToalsS (el wlulyy 5
5 kol SIS 90 a5 amlio sl (5,00 ogee e
SR 0305l nl @dlyys il sssloiwsday BT diges
SIS 5 hol SIS mssi 90 0 1, (read slalsl S o
o3b 50 odwliawsds gl S o gy ol gl pdiges
o il S SO0p yao 4 lade 4z 4o aS Aiilus [0,1]
e I R R
o ol G5 Sy a azse g on sl S Su03
2ok (nl )l Dglds ol diged 5 (Lol SIS 90 mje8

Dy go oy ) £l daly el

D = max, {|F'(x) - F(x)[} ®)

99 50 Sl 0 mjeh 4 bgye polae x VU A, o

@9 ol 5o 4 bays 75 F slagsl g jlas v SIS
&) Jsaz i)l o)Ll aisei g Jol BIS o a0 sress
SF L VOPRISPRUN MRS SINP
g ol ) o Sles e wepd Ceg g5 Aises

hilo sl slapi oSl a4 cannd golppiy gy cawlay
ovgy YL cds dwmolid a5 el (gyxpe @L.:

FE ‘5CL‘>.,..‘>| sladSls B1LF 5l 6 S diges ;o (solpaiin

ol oy axd)S 4158 s lajl 0390 (2Bl Al (Y- Jgu2)
CSL“)"'“)LI ).lél.ﬁ.eas Xmin

(Table-2): Real-world networks with values of ¢ and Xmin

parameters
N
o) Ju a | X
\ Netscience 1461 2742 341 4
Y ‘“‘eg‘gm[;g‘g‘m' 22963 | 48436 | 281 | 5
Y Karate 34 78 2.12 2
¥ Tlcp-th 8360 113689 | 3.45 10
A Football 115 613 343 8
4 Dolphins 62 159 347 6
\ Cond-mat 16726 47594 348 16
A Astro-ph 16704 | 121251 | 3.45 45
1 Lesmis 77 254 321 12
\-. Celegansneural 297 1017 3.36 11
B! Polbooks 105 411 2.64 5
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(Table-3): Parameter settings for testing of
sampling algorithms
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(Table-4): The obtained o values for the proposed method and compared it with a of main networks and compared algorithms at a
sampling rate of 20%

lhee 45 e SIICSN SINR - b olopiges ‘0"’)’ j
Lol Goleidan Shgy ey BT 610 paiges S5 g ) é.)-,w?u
TIES ol
Netscience 341 3.3438 23102 23179 27118 29118 1.6102
Internet_Router 281 2.0777 2482 2.0777 1.6777 20777 0.1518
s-22july6
Karate 2.12 21571 3.0082 3275 3.0395 3375 0.6272
Hep-th 345 3.444 3.2599 3.5810 32819 3.4819 1283
Football 3.43 33913 3.0949 3.4913 3.0013 33137 1.349
Dolphins 347 32727 4.1386 3.9222 3.6108 32222 4.1926
Cond-mat 348 34698 3159 3.0013 2.9274 3.4913 1.459
Astro-ph 345 3.469 2.8918 3.2924 33924 3.4924 34924
Lesmis 321 3.1429 23507 255 22459 2651 05507
Celegans-neural 336 3.3904 2.6684 23738 2.1642 25738 02634
Polbooks 2.64 2.6011 3.1803 33161 17161 19161 3.255

1Y SrSaiged £ L 500 et )5l g (ol Al Xaia b o] dumnyliin 9 (ol (99 132 Abol> X 0o (8- Jgur)
(Table-5): The obtained Xin values for the proposed method and compared it with X, of main networks and compared algorithms at

a sampling rate of 20%
o9,
29 UeX i i 5 > L 5,0 paiges ,
ol ey ek yeNICSN | o )sIINR 15 e g . _ | salepdige

sho! asis RS FCeC PSP

TIES ol
Netscience 4 4 3 3 3 4 2

Internet_Route

rs22july6 5 4 5 4 5 5 3
Karate 2 2 1 2 1 3 5
Hep-th 10 10 9 10 11 11 5
Football 8 8 7 8 8 3
Dolphins 6 6 5 7 5 4
Cond-mat 16 15 13 13 18 14 24
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Astro-ph 45 44 42 43 42 41 30
Lesmis 12 12 13 10 12 6 8
Celegansneural 11 11 10 11 12 7 9
Polbooks B 5 6 8 6 4 8
(030 Gy €5 L) KS Hladio cons 1 4250 &2 598 Julod :(P- Jg9u)
(Table-6): The analysis of degree distribution by KS value (with rate of 20%)
B o 59N
Al b i s 5sSJICSN w595 INR 9, TIES : &5.J‘|°)'.'"’5'°"' &0 paiged
o lesuiny S ek 5954 L
Holas
Netscicnce 0.34 0.35 0.36 0.45 0.39 0.37
i‘““gl;i‘u—fy"o”ﬁ‘m' 0.29 0.28 0.31 033 0.36 057
Karate 0.26 0.54 0.45 0.49 0.44 0.62
hep-th 0.33 0.37 0.39 0.41 0.36 0.64
Tootball 0.40 0.42 041 0.44 0.48 0.47
Dolphins 0.23 0.28 0.27 0.39 0.34 0.53
cond-mat 0.26 0.29 0.32 0.43 0.56 0.49
astro-ph 0.30 0.30 0.31 0.47 0.32 0.37
Lesmis 0.23 0.47 0.51 0.41 0.57 0.56
Cclegansncural 0.25 0.35 0.38 0.39 0.64 0.54
Polbooks 0.44 0.49 042 0.39 0.58 043
(20,5 (2w £ DIKS Hldio coms g a0 @595 Juloi (Y- gor)
(Table-7): The analysis of degree distribution by KS value (with rate of 30%)
_ . i 5951
A pb M)f" 2. )9NICSN 2,9 INR o9, TIES ; ‘S,J.b)wsf &)1 pAiged
@ ledudny S i 95 .
ol
Netscience 0.27 0.35 0.35 0.32 0.32 0.37
i“‘e;‘zi;—l;‘}]‘gm' 0.26 0.25 0.29 0.41 0.27 036
Karatce 0.25 0.54 0.44 0.37 0.15 0.18
hep-th 0.33 0.35 0.38 0.57 0.58 0.47
Football 0.26 0.34 0.30 0.38 0.26 0.36
Dolphins 0.22 0.23 0.25 0.26 0.29 0.28
cond-mat 0.29 0.29 0.33 0.51 0.37 0.46
astro-ph 0.31 0.33 0.31 0.48 0.47 0.50
Lesmis 0.20 0.41 0.37 0.32 0.38 0.48
Celegansneural 0.25 035 0.38 0.44 0.52 0.58
PoTbooks 0.08 0.19 0.24 0.25 0.12 043
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(Table-8): The obtainced clustering cocfficicnt values for the proposed method and compared it with clustering cocfficient of main
networks and compared algorithms at a sampling rate of 20%

el o9 L o9
e e < - L 610 pdiged .
Guiades | Gl ey pagNIICSN | i joSINR | s o ) _ | sl pdiges
‘ S ez 9N .
ol ass TIES sSolay
Netscicnee 0.637 0.532 0467 0.549 0352 0.489 0.321
[nternet_Router) —, 55, 0.239 0231 0.208 0.138 0.158 0.001
5-22july6
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Karate 0.571 0.351 0.334 0.299 0.229 0.229 0.22
Hep-th 0.441 0.398 0.301 0.275 0.175 0.255 0.072
Football 0.403 0.373 0.223 0.181 0.311 0.211 0.166
Dolphins 0.259 0.216 0.229 0.113 0.103 0.127 0.207
Cond-mat 0.620 0.489 0.553 0.375 0.285 0.435 0.353
Astro-ph 0.638 0.541 0.467 0.521 0.431 0.391 0.499
Lesmis 0.573 0.492 0.453 0.438 0.318 0418 0.435
Cclegansneural 0.292 0.251 0.212 0.195 0.222 0.196 0.189
Polbooks 0487 0.369 0.307 0.327 0.277 0.247 0.149

ol aSid b oy dunns o 9 (g3leiony hgy 512 0T Cemwdd (gaiabed b (Sl :(A- J9uz)
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(Table-9): The obtained clustering coefficient values for the proposed method and compared it with clustering coefficient of main
networks and compared algorithms at a sampling rate of 30%

e 0 o )
. R _ _ il b 1S pigas o
GoadgS | goliadey sl @R sNIICSN | @R e INR | gy . o SANOrses
) : S5 p 59! .
sho! a5 TIES Solai
Netscience 0.637 0562 0.497 0551 0386 0509 0351
[nternet_Router) — 5, 0.289 0.261 0.248 0.178 0218 0.141
s-22july6
Karate 0.571 0.481 0.473 0.229 0259 0.269 0.28
Hep-th 0.441 0378 0371 0315 0235 0275 0.122
Football 0.403 0383 0253 0231 0351 0261 0216
Dolphins 0.259 0213 0.189 0.127 0.162 0.167 0227
Cond-mat 0.620 0.549 0.583 0.435 0345 0375 0393
Astro-ph 0.638 0.571 0.497 0.551 0.471 0411 0.529
Lesmis 0573 0.492 0.523 0478 0368 0.468 0.465
Celegansneural 0.292 0.281 0.202 0.185 0.282 0.19 0.239
Polbooks 0487 0399 0337 0357 0.197 0277 0.209

ol 4 U o dulio 9 (3leidinn gy sl ool Cawsar gaivdidied (o (5Sileo 10— Jguz)
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(Table-10): The obtained clustering coefficient values for the proposed method and compared it with clustering coefficient of main
networks and comparcd algorithms at a sampling rate of S0%
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S ed Lo o o9y
. . , o o3 b (551 pdiges
Guddigs | (golduiny gyl e )sNICSN | o ;sSIINR 18 pdd a3 . _ | 6ole pdigei
. S ) L
ot s TIES SSolas
Netscience 0.637 0.623 0.547 0.57 0.43 0.569 0.401
[nternet_Router 0.351 0.329 0321 0.308 0238 0.258 0.101
§-22july6
Karate 0.571 0.531 0.530 0.289 0.319 0329 031
Hep-th 0.441 0.428 0.401 0.375 0.265 0335 0.172
Football 0403 0.413 0303 0.261 0.391 0311 0.256
Dolphins 0.259 0.263 0229 0.267 0.247 0217 0.287
Cond-mat 0.620 0.589 0.633 0.475 0.375 0415 0.433
Astro-ph 0.638 0.621 0.557 0.611 0.521 0.471 0.579
Lesmis 0573 0.522 0.545 0.527 0.406 0.508 0.525
| Celegansneural 0292 0.321 0262 0.235 0317 0.248 0.269
%‘*’ Polbooks 0.4%7 0.459 0387 0.417 0.257 0327 0239
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(Table-11): The number of discovered communities using LP-LPA for obtained sampling by the proposed method and the other
compared algorithms at a sampling rate of 30%
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Karate 2 2 2 3 3 RES| 4+1
Dolphins 2 3 5 4 4 542 712
Football 12 9 10 7 6 13+7 15+5
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Lesmis 2 2 4 4 7 8+4 1243
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