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Abstract: A stochastic block model can produce a wide variety of networks with different structures (named as general community,
including traditional community, bipartite structure, hierarchical structure and etc); it also can detect general community in networks
according to the rules of stochastic equivalence. However, the simple stochastic block model has some problems in modeling the
generation of the networks and learning the models, showing poor results in fitting the practical networks. The GSB (general stochastic
block) model is an extension of the stochastic block model, which is based on the idea of link community and is provided to detect general

communities. But its complexity limits its applications in medium and large networks. In order to explore the latent structures of networks
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with different scales without prior knowledge about networks, a fast algorithm on the GSB model (FGSB) is designed to explore general
communities in networks faster. FGSB dynamically learns the parameters related to the network structure in the process of iterations. It
reduces the storage memory by reorganizing parameters to cut down unnecessary parameters, and saves the running time by pruning the
related parameters of converging nodes and edges to decrease the computing time of each iteration. FGSB has the same ability of structure
detection as the GSB model, but its complexities of time and storage are lower. Tests on synthetic benchmarks and real-world networks
have demonstrated that FGSB not only can run faster than the algorithm of the GSB model in the similar accuracy, but also can detect
general communities for large networks.

Key words: stochastic block model; general community; time complexity; complex network
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PSS L TR 1 X 4 5 A (LA R 2% 288 48 ) Oy A e e DO M 0F 90 3 B M 28077 947 1 ICRE AR ) L (1) A 420
FEX R P72k 22 R i ke 27 VR R B B P Z B AR (2) AT AR Gk X R Ly i —— i ik
7R ATAE 53 RN RE i) 1) 53k 24 T vk TP 45 ) S i I e 52 o X 4 £ v R 5 40 5(3) AT 56 T 52 B e £
265 S5 R RN TR ST IR AR 2D AN 8 X 405 v 2 75 A7 7 i 0 B T 7 B A2 A5 I A7 7 LAt IS 8 1) &5 g, DA B 3 1 2 4y 1)
U] b 7 2 8 R4 2, DR O A 41X R B 7 VA 512 B I 448 T B A e 4 DX I s A i 4 L S50 i 9 45
LR, S o 190 8% v B S A A 22 Tl 2R IR ) 5 R DT IR 1, B A e B 2 S TR 48 g (1 A 4% 4 R e LA R O A 4 S
B 7 2 194 6% 485 4 R TR 118 I8 P 75 3K

BEMLH A SBM(stochastic block model) & FH 4L 23 22 403 /€8 73 1 485 1 —— AR 7 (block model) & J& 1 >k
) AR 4 Ak 28 ) 55 P (stochastic equivalent) 4 EL A5 AHABL A €4 11071 R0 53 28 A TR AN X6 1) 45 8 ) AU AR R U, P 48 e
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SBM Jili kg W 2% 48 1 BRI — N6 280 T B 7 . SBM AN BEAR I M 4805 552 s 0 U 09 265,17 2 0T S5 SBM 11 5 42
>R RAN H 3 P8 7 VR AT UM AR 05 20 A B L E AT A ) 2 VOOt A sk S 9 A I 8% ) ol R R £ e
SBM  — ¥, 75 Az U422 (R 72 rh 6 2% 18— L8 S BR [R 32, WA [R] 759 78 0 48 A ol 2 b o AR I 22 e G AR,
AWFRHEE) T dE SBM 142 s it 72, 4L 21 1 58 47:2008 41, Airoldi 55 A\ 42 H TR & 31 8 E AL MMSB
(mixed membership stochastic block) 17 2011 4 Karrer 2% A3 Hif B 4 iF b M1 e 45 B (degree-corrected
stochastic block model), FF Rk #1551 Bk He 41 2% A\ 4% (19 B B HL R GSB(general stochastic block )t 741!,

GSB 158 704 kT AL HR AR R R e 2 4 X SEVARL ) 7 ] o 4 13%) A st A A8, 7 A s A% 2% R YY RRAS [R) A
] DU RO SR A R 25 ) SCRE DX R AL DX TE] A2 BRI 6 T GSB BEZU 1) SUAE X R I VA AN BE#% R DAL St
FEIX, T FL R A AL Ge A DX 2 A1 1) 8 22 S R I 25 4y DA R 3ok 26 25 ) ) f A8 HAR X AH GSB R 7R S il 555 1 B2
o BRI R e A T b /N B B 2 R T SRR DR SE M T AR B ) T2 N T AR O R AR S S e ) I g T
SCAEXASCN GSB B SR fR AT AR R, BRI L AR 5 SRR S 45 GSB A SK iR 2 40 4 R — 3K
FEBTE— bR A ORI FGSB, R H 2 8078 i B AN 0 B 2 850 BRAI T S0k i) 2 ) 52 2 B R T 2
H B 77 B B A P S T SR B AR O SOV BRI A T SRS AT N TR) TR AN [R) RS P N T R 8% S B
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LA SR I 5 W 4% B S 4L G 4L X Karrer Al Newman #2 H ) 5 24 (EBE AL B4 DCSB(degree-corrected
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6 IR i WS DL D SR a) &k EIRIERSH BLEW U A g
7 HMHT q 28 2400 2% NBNENW.
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-
9. XFARMCSII T s T R
10. ¢
11. ST i A2 TSI AT WSS SRS
12. R4 o3t S g b)1& e NB,NE.NW; Rl NB,NE,NW 537 B,E,W.
13, }

14.  FIH NB.NENW U510 24 ) fe KALAR;
15. } Until GERRIRE>iterMax 802 ATRSRE S B IR Z (H <conThre)
BATIE IR FGSB Hk (02 24 AT 43 #T:
1) WAEFERENZSE BEW IR RUR 0 BE ORI g, vk 51 2 i 2 N (13) R A X (14) s AR 4 0F1 ¢
A LA R BT I AL SR B AT S AL DX AT AR RN 4 sl R R A % SR AR M 2 R B GSB W
O(mxKxK)4i % N O(NxK);
2) FGSB B GSB K O(TxmxKxK), BAR A MBI FBUE GSB HIAE B HAE T IRIEA
Tk A e Ak BT 30 R Tk /> B A 3 AR 3 A R OGR4 LS i 4R 19— 3 AH Y 2 B B A T ek
> B TP I A B B T B A S RS ZE TR S S E Y 0 NS JREE S LT A L HIB AT
TS L RSP M B KT 0 MAR/IME I, A R 2 5 R SV BN 2 B B ARG T Hvkig
St N LN
FGSB £ T EM HESE [, EM 51k 25 e SR JR &6 d . A a8k B b 1) @, 17 %2 J7 08 it 2 IR 5 EM Bk 18
B AR 25 R Ix BAR W H VL E R R K18 BRI 45 . 2 IR E 3 FGSB, il K AT 5y SE LR ke, nf e /T
O(Txmx KxK) T [B] Y 3R A 350 4 1 2 AL T O@ ek SI 36 B0 iF S50k 1 g

4 RO

SZUSIAES N Windows XP & 4E,IE17 38K ] Visual studio 2010(C#iE ),PC HLACE A E45 3.0 GHz, W 17
2.0 GB. AN FIRABE . AN [ g 4 1 N T 10 44 R 52 o T9X 8 Uk RV 1 AT 3 S s

1) R & SVE R LA R ) 2% 45 48 1) 1k e, 0 2 25040 D 45 A 5 45 R 10 v /s 218 82 R 9 4% (http://www-

personal.umich.edu/~mejn/netdata/)F1 A T % 241281,

2) TR B A B IR A R AR KIS B 1 2R AR A, 19 20 B g LFR A T 4 H0 47 2,

3) WA SR R B AT RO B BE A DX AN BT I i) AR A A, 90 2 B Dy R A SE B AT ) M 2% (http://snap.

stanford.edu/data).

SCHR[27 T B 3 H A 505 A 24 B B A X A B AR S0 B L e R A SR IX, Rt IX L f FGSB 5
ZSCHREVE AT HUBL T IR 2 S0k i EM SVACE LML) EM B BT S 80 0 IR E
FLCM, #BY Z 5080 0.001 W 5VA LA/ FLCM 1 Jil EM SRk A4 a4 S AR 2 5 /T 1077 ik
B IRAREE A AR A P URIRARABL AR 22 (B /N T R B 107797 S03 dm KIARIREBE & ol 100 000. 5 & 57
HER PR A NI LNMI 8K, S A XK 4 M it 6 e B R B0 47 I IR) (Time) R 892 10 YOZ A7 I TRI 1K)
SR IR 8] (¥ 5047 24 B8 Time (4 (EBR /S, VA% B & SCRR[S] & UE B, GSB AR 70 SR fift 550923 F ok R I J 8 4 X
I AT DUAR G A7 R SRR BEL B 3 W 4 ATt FGSB 5 GSB A AH IR ¥ il 43 fig 07, B LA B Hi i 50 s I e 45
B 194 4 Sl 35 AL DS (R 4 5 R T el T A A DR ROR R S e

(1) AEGE S AR L

h THAE FGSB 5055 GSB #8 S HOK il STVEAT LT AR [R] 1) 45 K 5 I AE 7, I 199 2% SR FH A 28 LA s v
Rl 43 G5 SR X 2% — 28k 5 A% Gk X 45 K4 1 9 4%, 40 Karate,Dolphin,Football,Political blogs; 5 —J5 b L F — 4
A TR G i) D09 4%, T 9 R B 4 I 4% Adjnoun, SCHR[28]4 B fH) 43 P 4% E1,E2,E3. 5256 MR 45 H L3 1. & 2.
) NMI A1 Time B2 10 BT 45 RSP E), Hoh <= R R 84T IN TR R et Fe A DT e X0 £oRis
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Table 1 Comparisons of algorithms on medium- and small-scale networks with traditional communities

F 1 BALGALK b DR R 2 B R
Karate Dolphin Football Political
Algorithms (m=78, n=34, K=2) (m=159, n=62, K=2) (m=613, n=115, K=12) (m=19025, n=1490, K=2)
NMI Time (s) NMI Time (s) NMI Time (s) NMI Time (s)

LCM 1 0 1 1 0.906 9 102 - -
FLCM 1 0 1 0 0.905 3 0 0.509 9 0
FLCM_r 1 0 1 0 0.904 7 0 0.507 7 0
GSB 1 7 1 10 0.889 7 127 - -
FGSB 1 0 1 0 0.8850 28 0.509 5 25
FGSB r 1 0 1 0 0.873 5 16 0.4919 11

Table 2 Comparisons of algorithms on medium- and small-scale networks with bipartite structures

®2 ARSI RN 2 ERIA T

Adjnoun El E2
Algorithms (m=425, n=112, K=2) (m=372, n=116, K=2) (m=2231, n=494, K=2) (m=2144, n=525, K=2)
NMI Time (s) NMI Time (s) NMI Time (s) NMI Time (s)
LCM 0.002 9 32 0.005 5 5 0.000 3 62 0.000 8 53
FLCM 0.002 7 0 0.003 2 0 0.000 3 0 0.000 8 0
FLCM_r 0.002 7 0 0.002 3 0 0.000 2 0 0.000 6 0
GSB 0.525 8 99 0.184 9 29 0.199 9 218 09125 139
FGSB 0.525 8 0 0.184 9 0 0.197 5 6 0.905 2 2
FGSB r 0.508 4 0 0.184 9 0 0.191 7 2 0.902 0 0

SYNTER 1 FIER 2 B4 v LS T 4 e
1) FEREMEGAR SIS LR 1 i, GSB B 5 LCM R 2 3R i 52010 3R U (X 45 4 1) v
BRI AUAH R), (B2 GSB B2 SR A ST #E B B 1) L LCM B 22 J5U IR 2 HAR BUR IAE S Ak X 45 44 LAk
(18 A B 5 £5°44),GSB I 8] 5 2% 24 O(mxKxK),LCM i O(mxK).
2)  FERBUALGEA X LLAN R 44 45 0 L R SCRR[S]— B, R BRI R 2 FTos i 24 45 #4.GSB,FGSB,
FGSB_r 1] DL EC &G vl b & B — 40 I 45 ¥, LCM,FLCM,FLCM_r W fig %z B 255 W0 4% &5 44y 55 41 ,GSB
H 050 AT DL e I LAtk 25 ¥ E R, PR T A DX A ) s 0 Y 8 DL A3 AR T 2 LA 4 R )

P 2% .

3)  FGSB SRIPUHE X 45 4 [ 7ET 22 55 GSB ML, {H FGSB HIIZ AT FEIR T GSB, IR AE M 4L $ i £ 1
UL, WP 45 Political b, FGSB 1247 1 5 42 7 AU A 8L &, H LCM Hl GSB #L8 ZHUK filt VA A e

T 1 /NI Y RAFAE R 25

4y BB AN AW B S B, 25 A TR B e SR R, 3R 1 AR 2 B R, Bk FGSB_r(G BY 1

{25 0.001 I)IEAT I ] N+ FGSBOBIE A 0) 1938 47 I8 7], 2 W3S 24 119 15 {5 v) LA e ik 2 22 2 4 ¥ A 2K

B T ek b 1 5 5 FGSB_r 13z S A2 7] e ZE L FGSB 2244 FGSB 5 GSB 13 JL - A1 [A] ¥y #E i
#,FLCM_r,FLCM Fll LCM [ 1z S AER < F N (8] 28U 26 & FGSB 1247 IN R ZL L FLCM K, [A]

JJ FGSB Hik T B R T LM Ak X 451,53 2% )% 5 T FLCM.

(2) ATFIVE M BE A e Ak X I 4 1 S 1 i L A
T LRI AT AN () ¥ W7 FEE (0 1 8 4 X I 8% FF) SV e 3, 300 A [ KA PR N I o 8, S R 0 i oA 281
NSRS R A K AR G 2R A LFR ARl Az B 40N T 92451 S AN 00 38 n=10004 504 4 000 22
A1),n=500(1L % h 20 000 ZoA7). HAL S H b N P k=38, 5 K maxk=50, % a4 r1=—2, 4 X a4k 2=—1.
N L EE TR S H0 mu [ D 28 Ak X 45 ) (137 TR 88, 122 R0 /), e X B TR o0 I 7 5 21 I 2% B RAKIR 5 5
e mu BIE, 0T mu 29 0.8 F1 0.9 B4 X G5 B ARIE T, HE K mu 24 0.1~0.7 99038 W) 4% 38 3 S 56 I3 b
2 2 FIUREE (T A AN EORL B0 B3 0, & A R 2% B mu 35, GSB,FGSB,FGSB 1 ] NMI A& 47 I /) 48 AL 31
M 3 ORI 4 4 IR AL M 4k 10 YRIBAT 45 B NMI FUZATIN 18] Time 1P S4E, Ho b < R oR 8L B 4T
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Table 3 Comparisons of algorithms on networks with different mixed parameters (n=100)

K3 AFERESHI ML EREIEHE (n=100)

mu X GSB FGSB FGSB_r

NMI Time (s) NMI Time (s) NMI Time (s)
0.1 2 1 44.93 1 19.2 1 3.8
0.2 2 1 52.3 1 24 1 10.8
0.3 3 1 143.78 1 25.7 1 30.1
0.4 3 1 511.49 1 29.4 1 37.8
0.5 4 1 887.57 1 152.5 1 59.7
0.6 5 0.910 1 959.2 0.902 9 350.5 0.893 7 111.3
0.7 7 0.614 4 2 886.6 0.614 4 1150.8 0.625 7 211.6

Table 4 Comparisons of algorithms on networks with different mixed parameters (n=500)
&4 AFNRGZH & ESL R (n=500)

mu X GSB FGSB FGSB_r

NMI Time (s) NMI Time (s) NMI Time (s)
0.1 12 0.957 6 8 834.4 0.957 6 4450.4 0.957 6 801.4
0.2 14 0.908 7 43 250.5 0.907 7 8 588.6 0.905 7 21727
0.3 13 - - 0.907 2 36 025.3 0.907 2 6914.3
0.4 16 - - - - 0.903 2 21 112.2
0.5 15 - - - - 0.858 3 26 784.1
0.6 14 - - - - 0.853 2 17 379.5
0.7 13 — — — — 0.682 9 11 986

2707

PLE R 3 ANEE 4 i vl 45 i T 45k

1))

2)

3)

FEAH [FRUAS ) 0 2% L Bifi 365 YR 75 B e {EL V388 K, 5790 GSB,FGSB,FGSB_r (4L X iR 51 g 1 Gl Ik NMI
ST ) 320 T BB BB A e VAL DR AN B30 0, 38 AT BT 0528 37 346 o, 3k 5 % BRI AL IXOR IV — 336 4
FGSB_r i f7 I i) mu=0.7 E mu=0.6 71 ,;mu=0.6 ) Et. mu=0.5 [ /1N, Ji7 IR 4 X AN B 6k 32 47 1 [) ) 5 i,
TEAH I mu AR 3 AN BRI 45 L AL X /NRFERT 2.

TEAH [R]85 b Bt VR A B mue (L3 K, 5045 GSB,FGSB_r 12 4T I8 [A] & i3 i, FGSB_r 3 i
PRI B2 /N T GSB 38 Fo R 52 Bt 5 0 208 B0 A B, T8 AR X0 I 46 IR (R 185 K FGSB_r 192
AT I [R] B 2 3 O R IR 2 /N T GSB IS IR B2 .GSB fRIA 1L 2 J7 AR ANEUBOK 1) 9 45
BRI, WK 4 FrRAE n=500,mu>0.1,K>12 (M4 ECEARGEAE 12 /N 4 s 1T 45 148
AN 500 PR Z B AL RAN B ORI FGSB _r IYIZ AT IS |75 7 /N et

TEAL R AR /N FGSB 7128 45 Fiz AT (Wi (8] /N T~ FGSB_r, W15 sd M40k 100, WREFER 0.3,
0.4 #EXANECH 3 M4 FGSB_r 7F M 45 4+ X AN BUK 2 AT 3023 3 m I T FGSB, 3= 22 i K& #E X
ANBUINIE A k> 2 BT HEAT (1) P RE 2 K I B AT AT e KT HLER v S 50 e ().

(3) ANIAIFE DX AN S (1) IABE Y 28 I vk g L e
9 T BAUE FGSB 5L S b R HUAT [a] P 2 L 11 AT %08, NI E 4 SNAP B 22 31 AN [R] 450 20 1) ) 24 14T

DR, B TR I 4% 8 2 B 1R R 0 45 TR, B VR Bt I AR 3L 55 GSB A 3 AL IR vk A 15, 33k BRSOt LAz AT I ()
HEAT BT R I W 26 A T S AL X AN K23 0 K=2,3,4+ FGSB B R 0.001 W 2E &AM 2% FEVE 5 Rk
IEAT IR Y3 I 8], L% 5. bl 238 P 004 ] R B B AR AE R AR I 2% 138 4T I ) B K (0 GSB 96 T 7 B LA B it I 2 A
REAE A T S R4 21 45 2 A0 L2 R i 000 42 /D BEAE A PRI BT ) P 2 B0 199 % 485 40 B 5 ) 0 A IX AN B 1 4G
FHIR P 25 E 1347 I () e Bl 2 B9 9 BLEVEFE 2 I A BB 2 9K, K=3 I ,socLiveJournal P45 FE 2% (1 A4
AR RIS R 1) PC HLELS AR AL H N A7 75 3K .5 36 4 11 500 AT 5L 20 000 45 26 45 1K 9 4% (R 3Z 4T B
VB B, K 2R A 1558 PP 88 7 A8 DX AN B0/ ISP AT IR (A1 T /I8 24 22 4 DX 25 1Y) 4% ()38 AT I [B), AN 7E K=4 17,9 538 e
AT AR PRI 103 689 [N 28T AE AL IX AN R 15,050 2] 20 000 [1IVR A S 508/ K W 45 Las AT I R 2 7
A%/, amazon0601 s [ K=4 B 1R AR 24— ROGHE 28 W0 28 30T ) 40 i, A ATT 25 B2 05 M 2 4L 40K J2 IR
5 O DR S L X AN BRI ) 8%, 1T 3 20 I 28 J 3 g S AR JEE P A DX A R 4L XA B0 KB e i) 1

© FEREEB T

http:// www. jos. org. cn



2708 Journal of Sofiware #4334k Vol.24, No.11, November 2013

18 A7 A 8] 0b 3 FEL S DA O 5% A DX AN R /I I e DX 3R F i )
Table 5 Comparisons of running time of FGSB on big directed networks

TS5 KA ML F FGSB iz AT [A] Eb ¢

wikiVote socSlashdot amazon0601 socLiveJournal
n 7115 82 168 403 394 4847 571
m 103 689 948 464 3387388 68 993 773
K=2 47.7 2 054.8 3143.7 9073.2
K=3 165.3 4362.3 10451.9 -
K=4 553.2 12 005.2 27 802.6 -

5 & &

GSB 15 R (e S T 194 245 35 A 45 R R (LI o B0 52 20 PR3 Wi LA S s 2 P PR IR ) AR Sk 17— Fh 2 T
GSB IR 9 20 ) SCAE DA B FGSB, AT o PR e AN [l JASE 90 296 114 35 Fob o 5 495 4 K Ak DX TR] PR A2 TR
HL ALY GSB A ARIR I &R ) BE 0 (B EAT — € (4R TT FGSB 4% Gtk X K LI — FE al B BlA% St X &5
He) 3 T DRI A B GSB A L AR B ) K R 7 190 206 14 45 ) AEL I SR 3AT 5 4 80 50t K oK (8 A 2 2B LA
JTHIHEAT (1) St GSB B (1) 199 265 A pli e e, 1 255 RS 1 sl AN PR L JRE 0 A o 3 74 5 PR 5 W, A A6 20 7 e B 230
BRI P 2%5(2) 2 RS AT AR BRAR A 2 5, DU A ] FRAT B (3) BT ) 2 JO%& %38 4 (1 S5 46 DL o 1 90l 15
]38, I 2R A collapsed Gibbs 75 ¥ BAR 73 T3 ¥ R M 2 K5 (4) AR I £ 75 Ak e ) SCRE DORCBL I A XA
BOE PR (5) Rl D00 4 B R AT YT e oA 8 o P A UL ) 4 v 9 A R S5 .

Bt P EORR A B S BORBIT ST 1 B A SC AR R A T 5 5 R IR iR
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