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Abstract

Detecting communities in large networks is an important
challenge in social network analysis, and providing an
algorithm with optimal accuracy and efficiency for
extracting communities is very important. There are
different approaches to identify communities in social
networks, including methods based on classical clustering,
algorithms based on criteria of similarity in features,
methods based on finding subgraphs with a lot of internal
communication, as well as a label propagation approach. In
the label propagation approach, first, the most important
vertices of the network are determined based on a series of
importance and centrality criteria, and different community
labels are assigned to them. Then the label of each of these
vertices is propagated to the neighboring vertices and
around them. The aim of this research is to improve a
community detection algorithm called LBLD. This algorithm
first determines five percent of the most important
network vertices based on a similarity criterion. Then, with
a balanced approach, communities are developed both
from the center and from the borders, and finally a phase
of integration is implemented so that small communities
are combined with each other and form desirable
communities. Our proposed idea uses a measure inspired by

the concept of h-index to improve the accuracy of community detection. In such a way that subgraphs
are identified as communities that have at least p percent of vertices with at least degree k. The
accuracy and efficiency of the proposed solution have been evaluated by applying it to known data
sets in this field and it shows a significant improvement compared to existing similar methods
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Figure 1. Extraction of communities in social networks
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Figure 2. An example of the community detection process based on the LBLD algorithm.
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Figure 3. Flowchart of the proposed method
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Table 1: The datasets considered for evaluating and comparing the proposed solution.
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Table 2: NMI values obtained from the proposed method and a comparison with the results of existing methods.
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Table 3: F-measure values obtained from the proposed method and its comparison with the results of existing methods
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Figure 4. The value of the evaluation metric obtained from the proposed method compared to the LBLD and LSMD algorithms on the
Amazon dataset.
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Table 4: F-measure values obtained from the proposed method for various values of k and p

k=7, p=70% k=7, p=60% k=5, p=70% k=5, p=60% odlode goro ol
0.991 0.990 1 0.982 & @l )5 o8sk
1 0.968 1 0.976 Lo pdls
0.916 0.909 0.923 0.903 Jlssé
0.912 0.905 0.92 0.914 Okl

ol syl g (5 S armuii -0
oS s el 03,5l 095 4 | (liine 4z gl 2 sla o o (eleix] slaaSid yo el gl sl alis
S 0gne b g )l abipbl cnl ) aslyz glymal s Gl Coeal 4z gl g 059 cnl sloo )5 093859,
Ol Cexd 6l 0,8 calis Jlaas 51 jelaie cpl (gl o &l [V\] LBLD « Powge ds) (pl ;O S92 g0 ol el
h-index Lo poeie » s B> Jlxe SO Hiored ol ooliu] S e slaaslues [l 3l asil slo ol cuplie
S 009 Fssd 6lp &5 sl e ol nl p golpiing ol ol eolitul 5 Byme pelszr olulid s a8l ol
Oelpl ansl andls dasel> slacl s b (s iy wVlasl wasls> slacl 5l (g iy olaws cal o3V oads ololils axel>

igd oo SeSE (5558 5 S Sz plyz 4y solonidiy oysNl 40 A ai 03yl 1) by l 4 ails
amlio V] gz 00 5L g b)) saisassliss oolsacgorme aix (55, » Jlos! g (s5lwools b oolgrinn Sal, woled 5o
3 amlie 3550 Sla by, 4 o oadl il galoz (5352598 Gliee Sgete o plis ealiplil sla bl bl s S
A S lie glaoslodcgomme 595 p Jloe 4w (pl Sgge Ol .ol F-measure 5 2o, Ye5le NMI slo Lo i
Gl 0893 30 ,0Y.0 5 0o ;0 VO o oV.Y b ol Jawsgio jobo a4 dnlie 5,50 (slapy ,oX!
00,5 oLl 13 05la0 4y g oo alex 5l aS el )b L Ol Ogutn g g cpl IS aslsl gliwl, jo S sloolpiiny
olsz o YLl e canolz o 51 ST (lsee syl 2 odle oot alolids aulsz CoinS oy sl @
2 JEls o Sl a8 0sd oo Jol> Gloy ioslhae ©jgon galor olulid 1n5 0,5 513 2bs)l 990 5
il aneS wilites galsz (e 5 A el
Sl el Jladte (e (gl (JolSS g ()3 Gl s, b eeile (6 50k slapi yo5Ul jlosliinl o0 sleiiey @
el g3leiin B, S P 5K
ssbieds oadaiSlid 5 SGdlS (gonads> (slap )5Sl L allie (nl o goleiiay ool oS 5 5l Ul rizen @
2,5 oolaiwl malsx  olulis cds isl38l

&=y

[1] H. Roghani, and A. Bouyer, "A Fast Local Balanced Label Diffusion Algorithm for Community Detection in
Social Networks," IEEE Transactions on Knowledge and Data Engineering - January 2022.

[2] K. Berahmand, A. Bouyer, and M. Vasighi, "Community Detection in Complex Networks by Detecting and
Expanding Core Nodes Through Extended Local Similarity of Nodes,” IEEE Transactions on
Computational Social Systems, vol. 5, no. 4, pp. 1021-1033, 2018, doi: 10.1109/TCSS.2018.2879494.

[3] A. Bouyer and H. Roghani, "LSMD: A fast and robust local community detection starting from low degree
nodes in social networks," Future Generation Computer Systems, vol. 113, pp. 41-57, 2020/12/01/ 2020,
doi: https://doi.org/10.1016/j.future.2020.07.011.


https://doi.org/10.1016/j.future.2020.07.011

U el L3l ¢ il s [ pelatin] sloaSiet o palgz olulid <8 Saliél VFY

[4] Adamic LA, Glance N, editors. The political blogosphere and the 2004 US election: divided they blog.
Proceedings of the 3rd international workshop on Link discovery; 2005.

[5] Z. Sun et al., "Community detection based on the Matthew effect,” Knowledge-Based Systems, vol. 205, p.
106256, 2020.

[6] S. Aghaalizadeh, S. T. Afshord, A. Bouyer, and B. Anari, "A three-stage algorithm for local community
detection based on the high node importance ranking in social networks," Physica A: Statistical Mechanics
and its Applications, vol. 563, p. 125420, 2021.

[7] M. Zarezade, E. Nourani, and A. Bouyer, "Community detection using a new node scoring and synchronous
label updating of boundary nodes in social networks," Journal of Al and Data Mining, vol. 8, no. 2, pp.
201-212, 2020.

[8] S. Taheri and A. Bouyer, "Community Detection in Social Networks Using Affinity Propagation with Adaptive
Similarity Matrix," Big Data, vol. 8, no. 3, pp. 189-202, 2020.

[9] A. Clauset, M. E. Newman, and C. Moore, “Finding community structure in very large networks,” Physical
Review E, vol. 70, no. 6, p. 066111, 2004.

[10] Yang Z, Algesheimer R, Tessone CJ. A comparative analysis of community detection algorithms on artificial
networks. Scientific reports. 2016;6(1):30750.

[11]F. D. Zarandi and M. K. Rafsanjani, “Community detection in complex networks using structural similarity,”
Physica A: Statistical Mechanics and its Applications, vol. 503, pp. 882-891, 2018.

[12] M’barek MB, Hmida SB, Borgi A, Rukoz M. GA-PPI-Net Approach vs Analytical Approaches for
Community Detection in PPl Networks. Procedia Computer Science. 2021;192:903-12.

[13] Patil SV, Kulkarni DB, editors. Graph partitioning using heuristic Kernighan-Lin algorithm for parallel
computing. Next Generation Information Processing System: Proceedings of ICCET 2020, Volume 2;
2021: Springer.

[14] Gharehchopogh, F.S., 2023. An improved Harris Hawks optimization algorithm with multi-strategy for
community detection in social network. Journal of Bionic Engineering, 20(3), pp.1175-1197.

[15] Hevey D. Network analysis: a brief overview and tutorial. Health psychology and behavioral medicine.
2018;6(1):301-28.

[16] V. A. Traag, L. Waltman, and N. J. van Eck, "From Louvain to Leiden: guaranteeing well-connected
communities,” Scientific reports, vol. 9, no. 1, pp. 1-12, 2019.

[17] Hernandez-Garcia, A., Cuenca-Enrique, C., Traxler, A., Lopez-Pernas, S., Conde-Gonzélez, M. A., & Sagqr,
M. (2024). Community detection in learning networks using R. In Learning analytics methods and
tutorials: a practical guide using R (pp. 519-540). Cham: Springer Nature Switzerland.

[18 Yilmaz, C. B., Dagdeviren, Z. A., & Unalir, M. O. (2024, September). ldentifying Social Connections: An
Empirically-Driven Evaluation of Community Detection Methods on Twitter. In 2024 8th International
Artificial Intelligence and Data Processing Symposium (IDAP) (pp. 1-8). IEEE.

[19] Rostami, M., Oussalah, M., Berahmand, K., & Farrahi, V. (2023). Community detection algorithms
in healthcare applications: A systematic review. IEEE Access, 11, 30247-30272.

[20] Su, S., Guan, J., Chen, B., & Huang, X. (2023). Nonnegative matrix factorization based on node
centrality for community detection. ACM Transactions on Knowledge Discovery from Data, 17(6),
1-21.



