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Community Detection Algorithm Based on Deep Sparse Autoencoder

SHANG Jing-Wen, WANG Chao-Kun, XIN Xin, YING Xiang

(School of Software, Tsinghua University, Beijing 100084, China)

Abstract: Community structure is one of the most important features of complex network. Community detection is of great significance
in exploring the network structure. Classical clustering algorithms such as k-means are the basic methods for community detection.
However, the detection results are often not accurate enough when dealing with high-dimensional matrix when using these classical
methods. In this study, a community detection algorithm based on deep sparse autoencoder (CoDDA) is proposed to improve the accuracy
of community detection using high-dimensional adjacent matrix with the classical methods. First, a hop-based operation for sparse
adjacent matrix is provided to obtain the similarity matrix, which can express not only the relations between nodes that are linked but also
the relations between nodes that are not linked. Then, a deep sparse autoencoder based on unsupervised deep learning methods is designed
to extract the features of similarity matrix and obtain the low-dimensional feature matrix which can represent the features of network
topology better than similarity matrix. Finally, k-means is used to identify the communities according to the feature matrix. Experimental

results show that CoDDA can obtain more accurate communities than the six baseline methods. Besides, the parameter analysis indicates
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that CoDDA can result in more accurate communities than the k-means algorithm which finds the communities according to the
high-dimensional matrix directly.

Key words: community detection; deep learning; CoDDA; s-hop; deep sparse autoencoder

5371 190 2% 2 1 K1 A BB 2 TR R 5 2 2 1) O AR S [ 1 190 4 45 A U2 B T Nt SRR TR P A
P4, 53 5% ) 45 3 53 HE 1 Bk (R 4 DX 45 A4 9T 1 AL X (community ), K2 4 0 45 Hh 1) 1 0 2R A7 80 1 LR — AL X
()4 R 2 T3 e 8 AN TR A XM 4 R 2 T B i L 1 BT /s (K 7 081 P 440 5 3 AN X (R R HE 1), 3 o
(7 €48 P 5 e T ) — A DI S A T A 2 o 0% S L A A DX 6 g 81 oo e A I 29 v, N5 N 2 Tl s N A
KEZ TG T AN SR 10 A Vel A 22 AR AR I 5 v W 908 T D3 ) R 2 R AT T A8 A W ST AT ) 22 R B
2 H TR 2% R B DA B AT L T B T A B G T R AR, B 2% A % () A DR B I A B A
A G USRS AR T2 G AR T O 4k R IR IR 3 Rt 8 B PR T
KAMERE . ASTEACET S A BT h AE TN L BRI 347 5 A B A% A 22 AR,

Fig.1 A sample network with community structures
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Fig.2 A deep neural network with 2 hidden layers
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Fig.3 A sample network
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Fig.4 The structure of an autoencoder (AE) Fig.5 Autoencoder (AE) representation
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Fig.6 Deep sparse autoencoder
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13. End
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16. End

17. FOReachvinV
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19. End

20. End
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AT AT BL SR HR AE X CoDDA LTI BEVE N BRATT T e N AL I SRS . WM AR R IL L[
PO R G AT EUA S . AL S0 I S S e
5.1 k¥R

A SR S FR B 4 R :Windows Server 2008 #:1F & 45, Intel Xeon 2.0GHz CPU,256GB N 7.4 S Hi 1 &
K S T Java T 5 (JDK 1.7.0)F1 Matlab(R2015b) 4 i 52 Y.

] 4 AN ESzE 4L Strike,Football™?, LiveJournal,Orkut ™3 53E 4T S8 Strike &40 AR T\ 58 122 T4 5 [ 38
{ri W 44 Football /& 2006 £F NCAA JLER LB RS [ ¢ 28 9 44 LiveJournal J& 7 2 [A) i LURRIC 1 A0 % 2 10 £ 2k
82 19 4 Orkut & — > %0 9 I FE S AL AT W 2%, F P W] DU N7 I R DG 3R, IR NI v] DA gt o7 I R B4

M4 AN ECHE AR A3 AMEL 3 11 AN 8 AN 12 AN DI T A R X e Y AR I 2 R ) R 45 T A
TR VAN R LR 1RO SR AR I 4% 40 b 45 0 LS AE X (ground-truth) 5 B

A SRR a9 R AR 22 T 48 TR AN [ 50 A b ) J2 e R AN TRD I, PR A5 L3 2.

70N TR P B0 B2 5 8 J2 00/ )3 86 ol 228 I 28 BV AT 0K 810 AR A (P04 AE B I 20 SR ) —F R S Hc i £, %
HEL 2 (105 20 MK UK ARG VAR P P 2 D 4% P A J2 1 0 T AN B30 TR ) ZE SR PR AN R I 495 o i B 2 ST DR N =01, 7% JE
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B B, B2 p=0.01. X 19 2 0B & AT LUAT R R IR 2 19 20 9 B 5% 32 )2 D028 VI 25 PR Ry o, DRAIE A6 AN ) JLASE
B 4 R AL SR L AERf L.

Table 1 Dataset information Table 2 Structure of deep neural network
Fz1 HIREGR F2 R ML S5
Strike 24 38 3 Strike 24-16
Football 180 788 11 Football 180-128
LiveJournal 6 000 89019 8 LiveJournal 6000-4096-2048
Orkut 30692 582132 12 Orkut 30692-16384-8192-4096-2048

5.2 MR
AR SR X GT ={C],C},...,Cl} IR 45 FALIX. Coms={C,,Cs,...,C} UERGPE, ¢ J& FSEFE X (ground-
truth) FRTBCE k42 45 AL X R AT Fomel @ F1 NMI(normalized mutual information)*#ix 2 AN 18 H (1L X $E A
Ao HE o A DX PR R 80 88 AT 43 AT, ) 2% 1 B0 1 20 3 S 50 8wl o Mk AR A5 20 S AL X (W45 I, DR 0k, 3RAT 1A
Ol — VP i b ot 411X 1) JT R 0047 5 o
(1) Fygme:iT X 41 X 2 SR 15 B S04 X (A8 SORIIE AR B8 )4 48 h, v S A X
F .= 2n(2max|C NG, |+Zmax|C NG |J ®)

Hrpon Z2E G A5 S EE.
(2) NMLH— B AR B oA R

NN,
-2) N;lo
2, NN, N,
NMI = - )
ZiN,.. log Nl, +sz-/10g N-/

Horh NIV RN TC R N AR T GO C) 1AL RN R N A3 AR T RERE A i AR ER j B R oT
ZALH N, = ZZ/ -
(3) O MBIk (modularity) 218 f |32 1 AL X5 & (TN b viE 2 — VB A 200 R

. . 2
k Efn 2Em +E.oul
=N 2 i i 10
0 Z[ - [ o j J (10)

Hrp, EM B C IR SIA MR, EM 2K C AR AR, m EE G a4,
53 LLRE®
BEARSCHR H I 5% CoDDA 5 UV (W ML B Sk A7 LUAC LU S PE A L
(1) Radicchi 5302 — T4 32 R TR B0 MR IR A 45 2 B A6 18 = AR TR B0 v S 1 I SR AR R AL AR
M B 2R 4R F B0 /N 1300, 1 30 = A A A I 1) B A AL X 4 R
(2) MB-DSGE 5 i —FhE B o3 PR, 1 i # gl — B 58 B 1 2 O AR 23 5 o] {4 30+ X 5 4
(3) gCluSkeleton H%: 2 — Pl i S Bl G0 A 41 00 28 F&] 11 3 s 5 1) A 1l i B2 181 s 190 % P16 110 &5 F45 JE
SRR BN T M2 v 2, N TU A% IR I 425G 28 TP B HE A 2R 0 4 X 45 4
(4) LPA Sikoit —MpbRaS AL B S0k IR AL A8 OC R A0 W 45 vp (R A% R ik A2 A F5 28 2 A A J5 A (R4 28 1)
AR A B R — AL X
(5) HANP 5kt — PR B 1R 505 LPA S92 1 e By T e VA8 im0 a5 A 4 AR e 9 DR 7 1) 7 X,
23 AR 1 AL o FE
(6) Deepwalk 5973 & — P Bl ik N S5 v5 38 i {5 FH Bt AL U0 32 R skip-gram A% 70 743 1 ] FRO I 4 E FE ORI
O ARX.




WL F A TRAHE G hRA RN R EINEE 657

54 KWHER

TE S b A S A RN AT AL SIS L B S AR SCHR ) CoDDA SVEREAT W b, R /R AN RVE AR 4l
SRS R R IE TR B 08 B 59w i 2% 1) CoDDA S92 5 AE 2 e R x5 4 X At P 1) wE ik
5.4.1 s

hy B8 E A A DX A 5 T A T CoDDA SR AN C AT 1) ML S0 k4T B 3R, 15 21 A X PP A 48
FF Fyame;NMI Al Q 45 WL 3.

Table 3 Analysis of community detection results

®3 AL KGR

ik Strike Football LiveJournal Orkut
/ F_Sﬂl?lt’ NMI Q FA“VI‘I&’ NMI Q FA“VI‘IC NMI Q FS(IWIP NMI Q
Radicchi 0.79 1.0 046 | 050 063 034 | 062 052 044 | 052 001 0.01
LPA 090 0.77 054 | 066 0.66 057 | 087 0.76 050 | 0.68 0.69 0.75
HANP 092 087 055 | 065 067 056 | 088 0.78 050 [ 0.70 0.71 0.78

MB-DSGE 079 070 052 | 034 034 057 | 0.19 042 0.16 | 034 051 0.23

gCluSkeleton | 0.96  0.87 0.55 | 027 027 055 | 070 049 045 | 027 049 032
Deepwalk 0.58 0.62 0.06 | 0.01 001 030 | 049 0.03 0.02 | 0.01 0.01 0.01
CoDDA 1.0 1.0 055 | 091 092 0.58 | 091 0.83 0.51 | 0.77 0.75 0.78

® 3 M4 R EIR,CoDDA HEAG B4 XLl I Ath 317 1) 500 T3k YR Aff . 3 A2t 81 g Ak 288 vy A4 10) 48 2 4 B
CoDDA i FI & T-BEE ) Tl b 1y vk A 2t 58 3% 719 s IR M5 5, A0 R FE R B 8 20 ) 288 o) A B 82 24 o
TEAT R A4 HX, 75 3105 0E 5 00 B S5 P AR A 5 0E R e 52 T 2R 25 45 31 S ME 4 1) #1 X . Deepwalk S0VE 280 R AN LE 1
R IX A 5 SCER[23]H A v £

53T 2 R 2K IK Radicchi 595 JE T4 FE 4> Bty MB-DSGE 535 & T8 2L K1) gCluSkeleton 5774
FETARZAL I LPA S35 A HANP 80325 DK T Bk N 1) Deepwalk 507255 LGBV [, AR TR S P Rl 9 1S
i L 11 297 20 T 245 ) ol P 928 4o 0 D9 4% LA A U IR R AR 3R 0K B8 ) .CoDDA. 5323k B 2 S B s E AT I 45,
RI:TT— )= B 3h g 8 00 % AR 0 5 — 2 B 22 1548 1R N, 3R 308 Al 0% 1K R 4 N 5080 1) 2 X B O3 iR 45 440
A8 1, Ly SR T 4 0 B N 50 A T e PR PR b 5 ) B ARV BLRE LR IR 4 R 28 R 2 1 ) 2 30 i 25 AR 1 I 8% v 1)
B R 2 R4 0T 25 A A T Y i, AT A R 0 R I L B R s A ) AT 25 A I
LT % B A B S 1 g 2 AR R T S R A ) X

CoDDA Sk WISAT E L4 K B e ANTE LR WA B B JE i B 2R I B b AT AR AR 4R B 7R 26 Y BREAT &= {F
R FRATTR SRAR 2T BE R Is AT I R HEAT e v AN [R) B4 4 | CoDDA SELFH LA S I AT I [A) WL 36 4. 52 5%
g R, A SCHE ) CoDDA SHVETERS 8] 1 5 B A7 3 A 4L X I 7 vE B A — @ T bk

W 125 28 B B A $ 0 R PR e (70 8, 465 SR L3R 5. BRARTE B 4 b 19 I8 47 ] 1A AR A O A 73 B YR B
5 S IR RO L B G B BOEAT IR AR SR HOAS S 0 7 B B B A X R IR R0 2 7 A 5

Table 4 Running time on different datasets

&4 AFEEHEE LB AT R

Btk Strike (s)  Football (s)  LiveJournal (s)  Orkut (h)
Radicchi 0.001 0.003 1.58 0.009
LPA 0.012 0.025 1.46 0.01
HANP 0.056 0.076 4.7 0.04
MB-DSGE 0.011 0.021 17.51 0.08
gCluSkeleton 0.032 0.045 185.14 1.5
Deepwalk 0.07 0.008 12.71 5.50

CoDDA 0.005 0.004 11.75 4.45
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Table 5 Offline training time for CoDDA
&5 CoDDA f &£k BLifis 17 I [

¥ ¥E4:  Strike Football Livelournal — Orkut
CoDDA  0.01s 29.54s 30h 52h

542 FIALELE:

EF %} Strike FHEAER Football HssE, 1 LB VAR CoDDA VL REAT AT A4 43 7. R 4y AH LE At 4
15:,Deepwalk 51530 AL HAR, BT LS S HL AT AT A Ak 52 58

%} Strike 3 4241 Lb 48 IR AT CoDDA 345 21 (1) 44 X R 354 X B 7 Ji o, 40 R BUE 1915 A8 T4
[ AE X AN R EL T 4 AR T A R AR X
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(a) Ground-truth (b) Radicchi (c) LPA (d) HANP
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anoc

o 0 o (O %000
CS(..C4

(e) MB-DSGE (f) gCluSkeleton (g) CoDDA

Fig.7 Comparation of ground-truth and communities from different methods in Strike
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FT Cy R Cy AL I 7(c) 7R, LPA BER AR & T [ — 4L X 171 S B T Cy F Gy AN AL X FRAG 71 0
a BARMA BT R —AIX G X BRGNP 7(d)FTR, HANP S50 JFUA 8 T R — 41 X 54 04 2
T C A Cy AN X ] 7(e) BT 7n , MB-DSGE 53244 J5iA g T [/ — 4L X 75 M 2 T CL,C F C3 3% 3 AMFEIX,
FAGAT R a HYRHLA 20 T 5 — LXK Cy R B A & T [ — 4L X 11 S 2T Gy F Cs AN EIX 13 3 194
X 5 B Ak XA 22 8K W B 7(0) 7R, gCluSkeleton S8 31 05 a #5427 55— ML C. B 7(2) R,
CoDDA S5 BI AL X &5 5 5 FUSe Ak X 58 40— B0 L3 5 SRAE 52 7 A SCH ) CoDDA S3k it 4.

WEHE Football UHEAEN 3 AN FLSLALIK (1 X 45440 5 WA 500 B4 o5 48 P LA VA R CoDDA B9 45 S 4L IX
B 8 . PR Ay A X 45 g W 6k, 9t LA ) HANP 4935 . MB-DSGE 1. gCluSkeleton 53 F1 CoDDA #1515
FF ALK 5 L AE X — S0 AR, R T 41X 45 74 B & 19715 £, Radicchi VA 3 A4 XA 4 [ —4
FEIXLPA SR R 2 AN RSB0 R A — AN XX B AR AR A B A ST H ) CoDDA Sk 13 2 45 5
5 RSz R — B, IX IR IE T CoDDA 5032 iy i k.

SIZUG 25 B R AN 2 Strike ZUHE 4,10 2 AL X 4544 B S 1 Football £ s 45, 48 SC#E H 1) CoDDA FiL#R REHE
3 BIUERG AL X UESE T CoDDA SLVEL AR AR i 2. 55 — 7 11, L B B T AN ) 09 B0 2245 B AL I FR 4E R
[ EE PR AN B 12k
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(a) Football EL3Z4E[X.  (b) Radicchi (c) LPA (d) HANP (e) MB-DSGE  (f) gCluSkeleton (g) CoDDA

Fig.8 Comparation of ground-truth and communities from different methods in Football
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Fig.9 NMI of CoDDA and k-means with different values of S in Strike
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(i) BN, B 0k 50 L S P 184 00, NI 222 T 506 38 T i 9k /) 1 i 32 G A 11 5 36 45 SR U0 - 2% T L AR A —
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ANTEAR IR A DX PR 0 s TR AR 388 0 T — 5 PR A AR RE AR 3 AR AR 0 DX 5 1 T3 Ao 3 e DX M 1 P A S /N
B 4E Strike R Football, 73 7l 2 48 /)5 A Bk 250 i 13-k RN 1-k; 6 T KPR £ 4 4 LiveJournal Al Orkut, 32 $ ¥
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(2) EWH T o

EI%} Strike ZHE 4, ¥ B IR BB 1 2 S i 35 5 2 00715 A8 [24-16], BB S=3, 5 HT AN ) 32 9 K 1 of ¥ L
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660 Journal of Sofiware A% % % Vol.28, No.3, March 2017

1

0.8

0.6

NMI

0.4

0.2 —+—CoDDA

——k-means
0 0.102030405060.70809 1
LRI T

Fig.10 NMI of CoDDA and k-means with different values of o in Strike
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Fig.11 NMI of CoDDA with different numbers of deep spare autoencoder layers in Strike
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