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Link-Block Method for the Semantic Overlapping Community Detection
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Abstract:  Since the semantic social network (SSN) is a new kind of complex networks, the traditional community detection algorithms
which require presetting the number of the communities, cannot detect the overlapping communities. To solve this problem, an
overlapping community structure detecting algorithm in semantic social networks based on the link-block is proposed. First, the
measurement of the semantic weight of links for the link-block is established depending on the analysis of LBT. Secondly, a method to
measure the semantic links weight of link-block area is developed to provide the measurement of semantic information. Thirdly, the
overlapping community detection cluster method is designed, based on the semantic weight of links, with the link-block as the element.
Finally, the SQ modularity for the measurement of semantic communities is obtained. The efficiency and feasibility of the algorithm and
the semantic modularity are verified by experimental analysis.
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Fig.1 Relevance of various LDA-based models
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initialize the author and topic assignments randomly

4

repeat
for d=1 to D do
for i=1 to N do
draw x4, and z,, from P(xg;,zglx_aiz_aisw, & B L,ar)
update U and m,. ...
end for
end for
until the Markov chain reaches its equilibrium
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Table 1 Topic groups of QLSP data set
F 1 QLSP HE LG d

Topic 1 2 3 4 5
Protocol Words Graph Image Distinguish
Route Vocabulary Structure Vector Classifier
Word Topological Model Analysis Retrieval Semantic
Asynchronously Context Theory Combination Matrix
Homogeneous Candidate Engineering Detection Measure
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Fig.14 Detected communities by various algorithms
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Table 2 EQ and SQ values of classical algorithms
F2 SUUEKI EQ M1 SQ fH

Algorithms EQ SQ1 SQ2
GN 0.4617 0.358 4 0.573 4
FN 0.406 1 03157 0.464 9

LFM 0.3254 0.2329 04314
COPRA 0.5410 0.400 3 0.569 8
UEOC 0.4410 0.387 1 0.456 4
LBTC 0.524 6 0.326 6 0.647 6

DL R VL LB C R AR R 0 8 S 1, AR 2 R 4G R el a0 i L & U BEQ R T A UL
(0.524 6),fH SQ2 {HIMEF A LH:(0.647 6). tHILIGIE T & G n 4 4256 R B 41 X R 4 LV (BEQ (58 i ) 7 Ak
FEFE AL DRI 43 1) 7 SQ(SQT,SQ2)MIE FRAR, T Kl 43 B AL X 45 T 5 1 SCAL DX fy BHAR 45 A 25 55 K.

54 EXHBELLE

AR SEH DL 4 K% ArnetMiner RZi1F QLSP 58 B AR (3L 805 15 /1) Aminer-FOAF-DataSet(AFD)4{
P (BREL 2 000 4715 4). Citation Network Dataset(CND)$#i4 (3L 2 555 N5 45)+ DBLP(April 12,2006) %4
££(1 200 000 A5 50 H 3 TR EL:(A) 15 000 A5 s B A A(B) 20 000 A5 A H s S AE g 2 56 £, 23 B 4 3¢
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g R IRASL LBTC 53k 45 B AE BQ AnifE R g e 2z, m i 16 AW 17 485 R 72 /0 503E 7 A3 LBTC 5k
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Table 3 Execution results of various datasets

R3 SAGREPAT LR

375

Algorithms QLSP | AFD CND | DBLP(A) | DBLP (B)
EQ 0.3108 | 0.1325 | 0.1928 0.2823 0.3192
GN SQ1 | 0.2310 | 0.1597 | 0.189 1 0.2139 0.286 5
SQ2 | 0.3406 | 0.3254 | 0.3313 0.348 5 0.3230
CS 10 25 39 17 16
EQ 04216 | 0.1525 | 0.223 5 0.319 1 0.261 8
N SQ1 0.3314 | 0.1392 | 0.1721 0.291 6 0.256 1
SQ2 | 0.4786 | 0.3241 | 03401 0.3892 0.3343
CS 10 27 37 19 16
EQ 0.3668 | 0.1473 | 0.2406 0.405 2 0.364 1
LEM SQ1 | 0.3172 | 0.1321 | 0.2172 0.3317 0.3133
SQ2 | 0.3850 | 0.2968 | 0.3176 0.423 8 0.4419
CS 12 24 33 2 12
EQ 0.4198 | 0.3186 | 0.1119 0.383 0 04113
SQ1 | 0.2891 | 0.2177 | 0.1202 0.297 1 0.3217
COPRA SQ2 | 04812 | 0.3434 | 0.271 1 0.4323 0.476 4
CS 13 21 35 21 13
EQ 0.3849 | 0.2312 0.2648 0.3658 0.3183
UEOC SQ1 | 03177 | 0.2218 0.2271 0.2964 0.2011
SQ2 | 0.4922 0.3291 0.3 0.4132 0.4614
CS 12 24 30 22 14
EQ 0.3248 | 0.2415 | 0.201 5 0.3542 0.300 1
LBTC SQ1 0.3512 | 0.2613 | 0.273 4 0.364 2 0.3679
SQ2 | 0.5192 | 0.3885 | 0.387 1 0.484 5 0.4893
CS 14 25 34 23 15
0.45
0.40
0.35 I GN
0.30 I FN
o 0.25 [ JLFM
H0.20 [_1COPRA
0.15 I UEOC
0.10 I LAT-LBC
0.05
0
QLSP AFD CND  DBLP(A) DBLP (B)
Fig.15 EQ histogram of various algorithms
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Fig.16 SQ1 histogram of various algorithms
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Fig.17 SQ2 histogram of various algorithms
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55 EXNHERENE LR

AT S 6] b4 2 T BTG B A X AN BT SO ORISR, LIS SCHE X & B POl T A Enron S04
ERAE R SIS 34 4 Enron #45 & 2 Enron A F] 150 AN P BAE B LA 0.5M 40304 ,423M Hidls it 5k 4
J 2 LDA 43 #1JG I\ Enron $4 5 H I 1) 4 41185 81.38 5 4 Enron £04%4E 4%l /£ TURCM,CART,CUT,LCTA #
LT EQ A SQ(SQL,SQ2)H, % 4k X AN HUR IR %5 FE AT HT AL IX LR E N 4 5% 5 o]
H1,Enron FHE S 4L X M AN ECh 10 AR SCEE AL AN 11,EQ,SQ1 # SQ2 Wi {H 4378 0.332,0.318 Fi
0.393.38 b X bb T 1 A SRR I 25 B T R 2 RVE 1 s A0, BTG 75 T4 160 58 4k X AN, R IR B8 AIE T AR SOk

LP (B)

| I GN

I FN
[ JLFM

| ] COPRA

I UEOC

| I LAT-LBC

AHOR TR SR A ) DL
Table 4 Topic groups of Enron data set
% 4 Enron HHE 4 1115 8/ 4

Topic California power Gas transportation Trading Deals
Power Gas Price Meeting
Word Transmission Energy Market Contract

© Energy Enron Dollar Report

Calpx Transco Nymex Enron

Table 5 EQ, SQI and SQ2 values of various semantic community detection algorithms

RS AHSAEXORILFILN EQ,8Q1 & SQ2 1A
Algorithms CS=6 CS=8 CS=10 CS=12 CS=14
EQ 0.198 0.271 0.339 0.331 0.283
TURCM SQ1 0.173 0.231 0.281 0.310 0.261
SQ2 0.231 0.311 0,381 0.346 0.336
EQ 0.152 0.249 0.302 0.294 0.255
CART SQ1 0.122 0.226 0.256 0.268 0.226
SQ2 0.284 0.293 0.387 0.365 0.334
EQ 0.133 0.231 0.266 0.278 0.227
CUT SQ1 0.126 0.215 0.233 0.235 0.202
SQ2 0.247 0.281 0.299 0.352 0.363
EQ 0.164 0.239 0.278 0.311 0.249
LCTA SQl 0.161 0.208 0.243 0.279 0.215
SQ2 0.219 0.283 0.341 0.384 0.315

5.6 E{TETE] 94
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300},0n={100,200,...,2100} ,0m={4,5,...,24},mi=2.5). Ho 7, B 5| G|ZR =T 1 A $ad A1 dmax 43 51 %
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T SCAA bR A ST B, R A 1 SCRL DX 45 A8 (0 R L O SCRR (1016 40 BT 1T 41, 2 2R (8) H o I S A U AE
oe(1,2). I, AT R o=1.5.
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e

28 3 TSR 1 SE 36 38 5% 4 :Intel(R) Pentium(R) 4L BE 2% ,3.0GHz CPU,4.0GB W 1£,160GB 1ifi # ,Microsoft
Windows 7 4 R4, 90 FETE 5 4 Matlab R2012b. {1 T 45795 (932 47 B 7] L5 512 56 IR 555 (1) A1 G 1 4 K, IR b, A 52 56

1%|G|={1500,3000,...,31500},7={5,10,...,55} {1 4T I [1] 5 |G|=1500,7=5 113847 B ] 1) LU AELAE 4 23 B % %, %0
Eb M 45 R 18 BioR. i ln R

) WA A T={10,20,30,40,50} 1,32 17 B[] Bl 15 204 200028 40T B KT BE AT 402 T A AR i, 3L
AT WS () 5 1 AN 00 384 o B4 00 135 AN HO L R | Gl={6000,12000,18000,24000,30000} K iz 1T
B 1) 5 3 R0 A 50 10 3 Ak S b, L 08 A7 B T I8 45 1 50 A 250 1) 348 0 7 398 . 465 0 s A B0 L S 1 A
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Fig.18 Comparison charts of running time
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B 6 N 5 SRR AT I RDGE EE 45 R (S h). OGS L &5 R RT 1 i T TURCM,CART,CUT,LCTA & LBTC 5
I AT SO SR AL, 47 I ) B A AR [F).
Table 6 Comparison of running time on various semantic community detection algorithms

R 6 AU S DOR ILEA I AT IR R X L

Algorithms |G|=1000, =10 |G|=5000, 7=20 |G]=10000, 7=30 |G|=15000, =40 |G|=20000, 7=50
TURCM 0.12 0.63 1.58 3.62 4.19
CART 0.11 0.68 1.72 3.94 431
CUT 0.13 0.57 1.56 3.38 4.77
LCTA 0.11 0.53 1.63 341 4.62
LBTC 0.12 0.69 1.76 3.75 4.74
6 LHERIE

AR S o v A 2 R 4% 4 X ) 5 A S e A AN B ) L3R T LBTC k.%o i XAt
2 I 2% (K1 75 SCHRF I RN AL 23 90 FR4 T A Rl B, T A7 R0 A v ST 2 X 4% 7 1) T S AL X R I i) .

AR SR BV I A0 BARZE TR LBT BRI 837 T LA link 94200 (19 block [ IEUH: Jy i, ¢ 57 T 7
H link-block X455 ()38 SCaE AT 5 ;42 LA link-block k847 (1) 1 B Ak X R IR EE K S 1E(LBTC); 2 1 T VR4
T SCAEIX R 43 45 R 1) SQ1 K SQ2 A,

AR SCRER I S0 43 BT S0 IR T < AE TR ) BT T ORI R4 ) UN LBTC M T4 L 4k X R LA
AT R B 45 200 SCRE 2y W 4% AT M3 3E FH 1k 5 A LDA 5L [ 5l st 4E T SR MR I B2 (Gibbs HURE It #E) &
e T A 0o DR BOH 00 56 e B 55 . M ik, N — 25 AR AT WORE £ 2 1 R, 45 6 T SCRL 25 000 2% [ 45 AL R
% LDA ¥R i it #2474k
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