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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
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(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%

lhe 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%

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

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
Polbook 3 4 5 6 4 5+1 5+2
Lesmis 2 2 4 4 7 8+4 1243
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