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Abstract Considering the nodes of Mico-blog network have single direction relations,a new model WB-MMSB was put
forward for community detection, which uses directed edges to embody the direction relations of nodes,and two aspects
link-in and link-out are used to quantify the community membership of nodes. Exponential family distribution and mean-
field variational inference method were used to inference the representations of variables in this model, and SVI algo-
rithm was used to compute relating parameters, Experiments adopted Sina-Weibo dataset and NMI to testify the per-
formance of WB-MMSB, The results indicate that the community detection ability of WB-MMSB model is better than

aMMSB model, and the convergence rate of WB-MMSB model is faster than aMMSB model.

Keywords

nities

1 3]

PLEE TR R IR R G, 044 R 4% . Sk 51 M
o LT IR RN M4 AR R A EE — R it X 3
FINEE X b G5 A B R B R4 X AT s B B TiAL X
AL SRR, XA R AR ERNES TR
FEARE IR, HEEGR 0 HE TR, 8
2002 4F Girvan # Newman™ $2 ti 3+ X % 3 0] & LA 3k , 4L K &
BE BT Z R T B LR TR B EAE R 4 5097
Web #EDCIZHE IR R 51 E 4 E B OURE . R R 25 AL
XA BT HRANRM R S MIEE.

RYERET RAF— DT ARNE TS XX R BT
BEBESIARE LEHEXEAME S X LA,
BRI KR BB — TR RET— X, ERREH
DX PR e B R 2 A X 1] B 4 I A RRAE R B T P 4%
ROF- SRS RIS AR 4 i S 2 ) 46 5 A ) R A SR 3 43
X, FEAF R BRI BRRER L SRR

mt

ZF HA:2014-04-17 &5 H }#§.2014-07-15

Micro-blog network, Community detection, Mixed membership stochastic block model, Overlapping commu-

¥ (label propagation). i1 1 il 7 ¥ (edge prediction)
gglozoenl ARG K R RN B S ML A B FRREL
M E WELAFE P, D TETRBUAFRN AR SHbT R
A, A A aE T ARNEX, BBL2ET AR TE MR IHF
SrEmMAR AR A, i, 2005 4E Palla x4 a4t
RRATEHTT R AT TARBTFESMHEX, FEET
EBHXRIATEMRIFIE. EEBMHXKEIA T EERHE
75 CPM(clique percolation method) B H L. AR B
BRI MR THIHREN T %,

TR 2008 4F i BLAY — BT AL 38 M 4%, B BUA R R
ZEWNMEETF WA . ISR P Z R R — 1
KREFE SWEMNLEME, HIERE X EH AP
FT AR ) 38 AR (DL ) 4R B 54 5 R AR B I B — /I
Bk, MMt R—M RS, B AKX Z B &t L
BFMIaM 4L X8 2B, BN SR 81 & T BRI E M 7 B4
MR P HTRE., ERERNE XX TFEEMSE, E8F
AP EFE R W SWES A EE . T W 4S5

A3 E A R RLE R ST H (20070420700) , b4 B SRFME R S TH B (F2011201146) % B,

HEROQ66—), F, 8+, 88, TERRIENEBRER AHES BT, E-mail; hbuxim@hbu. edw. cn; KB (1986 —), B, Al +4, FE
B AR ERR AR EH; RMFE1979—), &, H-4, TEHRAE NEERR GEERE SR ; |RAK 87— H, B4, TEH

RIBAEERRESFERRE.

065.



o BHEMHKERFEABEAESHK, BENITEE
FeBE 22 R R 1Y R B3 2 T AR K, PR IKHE B it (X & TR
R THMER S AERERYE. BRETHITHENEK A
My R A T E &4 X R B BLE TR T S R M
%, BT HEENE X R IAR EEBRAHEA NMM
(Newman’s Mixture Model) .JB &3 B EHE & MMM (Mixed
Membership Model) \{E & 3 J& BZ B L % MMSB(Mixed
Membership Stochastic Block model )1 1 aMMSB #& %!
(assortative Mixed Membership Stochastic Block model) ,

RAEREERIEER MMSB 1 aMMSB #8, #4 F 4%
RE GRS T S 2 AR A L AT P 2% 4t X & 2R
T P 28 S35 56 R (BRI DR T R 3 B 1] 4%, T HL IR 4%
N EERFHME. RCHE MMSB HEIREMZ .4
BT L B T R Y T A (R i WB-MMSB AR, H A
E IR R THRRMA R

2 MXTE

2008 4 Airoldi I Blei' & AR A St J& FE A AL B AL
B RIAHSE &, 32 T MMSB 880, =2 0] U R R B0 B &4t
B, BRI A Sy OCKND) G R /MBI TR M 4. 2013 4F
K. Gopalan 1 M. Blei’ % A F| FHEE AL 43 & B SVI
(Stochastic Varitional Inference) " gtk T MMSB M EI (DL T
{E K aMMSB 8 i 2 B85 F T KT A i R 25 8 Bat
X ASCMIEMELX K BRET aMMSB B, T B4
aMMSB R i SRR AR

aMMSB A HI ] G=(V, R) /R B 1 8 H0 32 40 A ¥ T 1)
Fag B V={1.2,- N} RARTEES RRRLHAM

F vy ER FARTTEX G D ZMEFENRERGFFEDL.

BOEML G A K DK 6 =0 20020k ) TR, i
X PHREBEmRE, b o BRI A RETHEK B
W%, L S0, 1. SATE 10T A, TR
BT R G DIE PR AR R 2y W 2y s A KFR AR 2R 4B 18]
K X F g —4~. MR h 0 SRS %E T £
2w =iy = RO BT, B FRIX BT S BEEREE, B X £
WIS . 1 M4 b o) i A R I, BT AR R G
DADIAER 3, =1 R Z vy =00 EF vy, AARE, (0,
2, B RRAPIB LR, (a. p BEEL

[24
N community
merberships
0}, 9, 0! 91!
Zh%/ Zhei ZI—)/ Zi(—_/ z,'_k Zj(—,('
Yu Yy TR

N(N-1)/2 paris

K community
strengths

[0S0

1 aMMSB LR LR A i

RIELL E aMMSB A RIR R, 54 B 1, TR M4 a4
A BT .

X PR EV, MK E 7 Dir(e) BB K
A XRBERERO,;

OOXFAM G HENXN H i<

MEITR 43 A5 Mult (6,) 1A A i BB X 61 2%
Zi»j s

MBI K 5345 Mult (6;) F 2075 55 7 BURERE K38 7% 8%

Ziwj

MANTF BB S A B B 4

B s iz =2
Py =12z )=1{

€s if Zimj #Zi«,

aMMSB # RY e b P8R HLRE 5 5 0 ELSE W 45, JF B AT
LURBIE S X, HIZEREEE BRI, FEERFL
B[] PR G 1 P » K R T RO R 4% 3R IX R AR A —
ERAR.

B 2 BAIERE PR — T8 BEXTTEE
B3R EBRAL X R KA SR AL XL Hop B
HEXMETHXE —SMEA P XETEARRLR.
aMMSB AR o 24 B9~ 55X 2 18] B4k DX 7 2% A TR L AR
B RZEIKE R AT ARt K RIBE. miE2
A BhRIR B Wk 2 BB AL X AZ Bt X, A% IR iR
], AR 2 Bk R SRR TR X AT AL, BUSEAE T HATT
AHIPRRFRE TREAGRAK . M7 IER L% b & A
ZIa) B 77 T 55 A s ARt B O T BB R — A KR R
o B2 PR REP KIEMATF RZ IR KR (B EF .
ZEIKIK APRERSE) IR AR AR R TRALG R AL I ; Rl
LA X AR K — S8 P o0 T kR X sk AT fig
FRTHABR R X, LRI RGR KA X FRIE L L
BRI 2 ERAA X B P, BT 4 507

B2 s X eE

TR0 28 25 S T e =2 [ Y 80 1 A2 L o O MR R A 4
X, R AT X RBEREE. L, A B
HZERBRTE X R, B aMMSB BB, 5 2 38 FH 119 1
&Rt X KB

3 WB-MMSBEEESHIES

3.1 RuEMEHNE
TR L% 1 2 BB SR RAE . A RS
BRI TR KT MAN RS R ETEY



R B 3 SR AR IR 100 2% o SR B A — P LRI SR TR R AR B9
HARINE CRE N AN S, AR E T A Rk
KEXRR) ., THREMRERFRRIET AR B , TX %R
AERINAFEMEEERX . BT XML SEIEH R
ARiE LU TFARRIER R A EA, W 3 3 i H AW
B Yy BN 3y MR BRONEE L XY R ROV EE
Ao VAR BRI @Y A BT 87 R R
s S RSB GHE T1 BE N R T MHET R
B2k E RN, I — 1 S B9 E G T LB i 8 AL
FgE R R

B3 BiRREEIE

Vi BB BT R MR BT EMERXR, T
aMMSB R R E-TH S B WA 2L R R, A LTE aMMSB &
BRI ES bR AR R ERR N IT B IR
TERILE 5 R i 3 SR R L 4R ) WeiBo-MMSB(fE[ Fx WB-
MMSB) # ),

3.2 WB-MMSB 3!

TR R g SR BE AL FNGE L B SO
AAFEEHA AT ERR Y REEEHK EREER D
M. 5 i R R 0, FOR HUBE A 7E BRI B8
MR M 0 = Onv s iz oo O ) Fo AP O~ R
i MR T ERRLK K MBS, LA S0, . =1, FIRf
NS EATERR G, RARHEALE FET X E R
BI3H Bl i = (O s Oz o 5O, ) P O - AR AT 4
o AGH IR T E ALK K HBE R 20, —1,

B Y g 8] S R AR 7l B, 1 N (L ) AL IXHR R
A BT A AIIE O AL XIE AR AR 2ey € (1,2, KIAFEE
R RIS R 2y N LG R G R ye =1
KRBT, ey =0, B ERTRIT A  GEREWR ERE
T B BR A AR AR R Oy

Py =116~ j,«>=éeﬂe.a Y S

a
NAY SR 8 NAME KA
8, ) ¢ 6y ~ HERMEHE MR
¥AEMEE althd
(B} (3 Zis) (G Zi% zk—iﬁmgeh« (A 011— G)

- M) NEN-DAAHL

D@
B 4 WB-MMSB 5 § 42 4 i A
ZEE 4, B R MEERAZERNT

DM FENTECV, NKFIRERW Dire) BB
K4 R R ERE 0. ;

X T ZRX G0 B j74,

DX TV 7. NIKRI TR E A6 Dir(w) FEURE K 4E5EA
FERBREEEG.;

b) M E T4 Mudt (6, £ R R B K18 7R 8%
Zij

O BN Gy A B 132 yiesy BOAER

P =12, =k) =6, * O * e

BER M0 0. 71 0- BSEA A o« Mo BHKF R EDH,
EATRE NXK MEMR, L XI55 Z - NXN K. RS
BUH @ B Beta 237, B & 2 XK BIRFE.
3.3 BENSEHES

WB-MMSB # R B R (0,0, 2,5, AT &
My, BEHENERERNR (D, RFSTFHEEEBESHT
R, WA B K i (A B8 R BIFT R A BRFL A SR
% . 7 LTRSS 36 ME SR B SR AR, — M BB L S ok
PRI L fR. O Rl SR #R O B EE A MCMC (Markov Chain
Monte Carlo) #4843 I M- 7. MCMC 8B F I # A %
R R AW 4% BT 5 S, X P K R B S SR
MRS . A SO AL B i SVIL
FUGER R FEEYMEBURE —AF8 AT Y RTRE,
RETEXNWEEMSE XRIHTESS RO EE R,
SVI Hk A8 43 DU 37 77 5 59 — B, 248 SCH I fB1R 4% R A
SVIFE:, Hh SVI HEIM AR T % PGS
(mean-field variational inference) FfE#HLE {f (stochastic opti-

mization) .

— 2(0» » O 9@92’5 y)
p(@»ﬂ« yﬁ,z\y) p(y) D

MTFRBEAFTEREE p(0- 0. .82 ) TEFHGHRIKE
NN EBHNBEERIN 96,0 ,8,2) BT T HHEE
43T E R S AR, B R E L& S50 Z IR
1 KL(Kullback-Leibler) 8 k478 .

q* (0,0, z) =arg minKL(g(6~,0-,8:2) || pCO~,

0\ Brzly)) (2)

g* (B s 0 s B DVENBALAL BB IS B, R (DR
A FRIME , i — 2B Ak — A B AR R B (N (3)), 4G sk KL /Y
B/MERAL AR L fBKRAE

L=—KL(q(0 60— +8:2) || p(6-+0—,8,2|3)) 3

EFHGHTRERIE , 90,0 .8 B BB H K
HiSHkE , SHMFEME M, 90~ .0 .8, ) FAE
BO0-.0.,8z K BSESFIH v, 1A ¢ TEF G RN g
(G 50 s B D I FTE R R (4D,

2010 8= 190~ 1790 | (@200

l_gjquﬁ, | $ies) (4)

33 FME A A T AR Ar HE B AT 43 HAR R (B Fik
FAETHBRENEG) , H R const BE R, ERMIT
B (6~ 50— 2, DFEW AR T By, p0ds I REL.

Lyspshsg) =E, [logp(.+0-,8,2) ] — H q{0~ 6,8

2) J+const (5
o §7 o



3.4 BMEHSHMEIT

SVIE LB (S, AV E E AL, EEH
EERAE  ERENBIENSHE. SHFLESEN
Vous s BRBECH 3. AT XA RERERFSE HAK
g M NHRRBEEXRTR2RTEMRATTE. XTS5
A BEHASEORE, WX G —DET A R

L) =E,[logp(Blz,y,¢) 1—E,[logg(8lA) J+const (6>

KWAHTE&BERNSE BEARGERELRIMAIE
K, MEHEEENRFAFEXWELRESH. higBE s
#5158 SUAT A, 3K(6) A7 1 TR A PR ER O -

pBlzry, @) =h(Pexply (2,3, @ t(P —a, (p (z5 3,
@)}

g(BIA=h(®exp{ATH(® —a (X))}

‘RS AI AR SR E (@)=, (D), RI\ER
Wi o A B HAE R, (6 AT LA Sy

LOO=E,[y (2,5, IV (O =27 Via, (D) +a, (O +

const N

KDEXFLEREEHSH A WEE, BRI E
Bkt W HEHBIIR R

VL ={E,[ 7 (z, 3,14} Via, (D €))

RBFEVBRIESE FHEE, £V LQO)=0, B8R E
—A AR RMERSS R, ZARRES &L A R
FEEHMTRERDT, EHSH A BT,

/\,»=Eq[7]g(z,-4j ,yia,,ga)] (€))

W, RS MEMEN RS EREEBI L ESH
E Sy I

7,-,k=E,,[7]g(z,--j ya) ]

/xj.k:Eq[‘/]g(Zi»; sw)]

ik :EqI:?]l (i~ 58~ 335 iy )]
4.1 REMEHEE

WA AXE K A5 W HAZEXRERE G,

LT RE S SRy

LENPBAELERESE y= )b p= )=
k=13

2. BHEA RGBT S;

3. REHE:. VG DES, HRNOHEREEE ¢
BALRE

4 ERMB.YGHOES,HEY S i ML B EM
HUREE Y R via<Yin to— 3y ITE T A KIS AGE
R B RENLAE B o BBHT sl To—1dpfn' X FR—
AR A, THE A KR E R BEVLAS BEOAL R vl <vie' T
o175 o =(re T~y rt+1;

5. WRBE 7. po A WEL WEEH; BNEEEHR 2,

EEREEY, b ‘?%E:zllp?<0<>ﬁgp, = oo, IR SCHEK
(L2 p=C(r T HH € (0.5, 1 JRBER, o HE
BRI,
3.4.2 BB ETOBEITL

SRNE . AE O AWERMNEEH M=N(N
— DA X AR g G DA RREPIHER — X H G, ). R
BECKL12 HMRAES « ER D, 2 REEN S HIBILEE
ﬁu‘F:

¢ 68 o

)l

Y=o +E(_i1_’]3 (h%é%sﬁx»;‘.k“)’f.ll

i =an +;’,’(l~l,*j) u,?&f”"’z —

Ao =@ +m (i%‘éﬂ?s,‘,,-_k o Yiewj — A
aag,1=¢k+g(%5 (i’]_)ze‘tsé,gj,k s =y )= A

SRR B B g RINRIXA W -
Pieik ‘yi»j :1OC6XP{EqDogt9i».k]‘f‘EqDOg@'«./e]JF

$ls - E,[logh 1) (10)
$ivin | yiwj =00Cexp{E, [ logh. , 1+ E,[logh. . 1+

¢he » E[log(1—p0) 1)

4 SRR

4.1 IWEE

H R SR R B S R b FAE A U B i oA v B 4
WA A H AR MIETF RSB APLIEOWET
230000 F 1 AGFEASE B 2Bk R B R R 25 09 oA B HE 15
B 17139 M ERAFANESFE. 8MHAAGREE M
ID.FEL . BRNA L X RS, R
BSOS AR, ST 16 4B K . TR B,
EH T H0S BT B EEE S REAR. F T2 30 HiE
B M E S L E BTSRRI SR
B TS FEMERKRE. X 16 MR XA UEE R
BABBEMAERX. A 17139 MR P P ERIRE R
15030 IR P /R 0 LR BUE , bl 120682 iR (&
REHEIRE H) . LHRBERQIHI S S EE MR E
BG4 H(held-out set) , NEREUIREH TS BATEN¥,
HEFIRER THANNR LA, KPR EEEE H Z2MN S
ERECE P REYLHR S 5 % BB (R SCERCS D L Horp — 2 4 4
eI L N S vk
4.2 RHGESTW

ATHEFHE, ERHSHRER—, BT K BHEXW
BH e E A A TS P SIS BE A4 KSR EE A e 3 L Bk £

EEAESH a=o=Je. BREK o= +o < Hif

x€ (0.5, 1 JRBER, FREHIHE B BB 0EE o NE
WIEAAE , RIS B UGE R T AR/, X FAEERE &
PHE & F oo  EERR SRS T RERRME , R EITR/D
BRI, RIBLEIRE = 1024, ISR EER
HRAE 1. 0X107°10. 0X107° 2 ja) . W THIEH o, LW P
AT BHE B € (0.5.0.6,0.7,0.8,0. 9, 1.0}, BRI H % B35
B A B B . SCERLO Trh At IX R A 5 5 F R R R
BB c=0. 5,4 RBEIRE =0, 9, A TEF LA WL E
HFEEERE . ST P RN BB S B g6, )

:NQTI-_IS°

23R BRI TR AR BT — AL T (E NMIVS A sk
SHF R E (Perplexity) ), NMIEE (M) EEFRE
HBE N N R RTREESHH X PR E R,
N REELHK « PTG UBAELZBX j PRy S5
H. ca EREEHRBBHE, o FRENEKOEE.N,.



FRIE  FTHTE TTERM,N . KRN E j FINFETE
KA, YrAWHXSELFHXYER, (A, B)=1; 3%
MEBE TP HERE, A, B) =0, R (Perplexity) ¥k
BRI LA TR, TR AR AL, R AT .

‘A ‘B NN
_ . _AViiY
2{; ];lN,, log(Ni‘ N )

I(A,B)=+ an
SN log Ny + BN log(Net
A AN = O8N
) E logp(yi»j ‘ Yobserved )
perplexity(H) =exp{ —L2&H yo(12)

[H|
A A
PCYirs | Vebsoroea Y52 20 P (yiej | 2iny s B p(zisj [8,) (13
ciag

4.3 RBUBEHH

Stxd A SCHR UL ) WB MMSB A0 1 aMMSB™ K5 , 4
FFATT 3RER, L8 1 EbE aMMSB AR Bt Al F AR
RIS KT RE R, 505 2 HoBe T P M A Bk
WS B, 500 3 BRI o R B TS
4.3.1 HARERE

T BLAE I 0 7 A M 0 A 4 , 5086 o 3R 48 10 O
RAEIX % B R H R B T TG0 16 4 ML K A
SR WL — 5 IR 25 , B H 8 T R IR B8 g
RIS (AN 5 ) . B 06 PRI 45 2 ST R h 5 B
AETEARB IR H b it Perplexity, #E WB-MMSB 4
B, AT B R R B (pods ) AT H AL
RERIE D, » 0, ) FAE UL B, 3 3 2% (13) BU— %
5 H 2 ] M4, aMMSB RS R SCAR (91014820 58, Ji
SRR A R 2 T

10052 i

1005

10048 e iy

10046 :

10044

10042
1004

10038 ‘\\

10036 \ e
\h\‘\“ -
-

Perplexity
w

10034
10032

4 6 8 12 14 16 18

&EEE
B 5 RIE B R S E TR R R R LA

B & 5 AT, aMMSB 55 ) R 2% B I & S2 56 o R E
X B E B A MREE R, B PR E KA E
K=38 i}, B 2R B £/, BB AR B S0 & 72 B B 0. T WB-
MMSB # B EREE K=10 57, AR EFES/N. BETH,
AN X # ik %0, WB-MMSB # R i FH R E# 1
aMMSB # R FI{K
4.3.2 Wbk bR

ETSVIBREAMMKSGEEFER., b T HELRA
PG B AE, FEHE T o, e K A8 E b K=8, ikit
aMMSB 7Y b 2K B R K

LR EEIEE H 1-F 00 log ISR BAUHE, 4
SEI8 P BB R B /NT 0. 001 % Bk 2% 3 H R AT
At 2 R, PR REFERRXADHE. ZRPITERS
W& H 2NN RERE—BiE, AX IR P H%
1180 1 e G FHRE, 35 16 8B FE 1T
B AN ENANTFYERE.

S R MEBI W SGEE W E R, TR 3 44 WB-

MMSB # R () N 2% B K T aMMSB L #, W5 4 &40 FF IR
WB-MMSB $ 5 ft) [H 28 T M3 B2 iR T aMMSB A8, 35 B,
e 11 4040 WE-MMSB BRI R BE L BT IR. LTBR
B, WB-MMSB R S5 B e T aMMSB 571,

6000
5000
WB-MMS
4000
3
,%‘ 3000
5
A 2000 e
=
1000
0
o 2z 4 6 8 10 12 1 16 18
¥ E(mins)

B 6 Mt e R SR Y L
4.3.3 EiEEHE
S Eb A aMMSB #ERIBGHE AT S 1 X R BRI, 2k A
SCERLL16 9 M IH—b 55 B (LR A1) #47Fh. B
4350 358 BRURF [EASE 284 R 2% B2 B /N PR A XS, I B ASE 78 A
ERERL. WB-MMSBBEEXS T & i it KRB EITHE
GEVREAFTERBEMGES TEREE, B 6 =0~ 1
(1=6)0:« so BB & i BEA TSR EEINE, L8
HiRE o HIERN 0.2~0.9, X620 0016, ETR BT
TR, £ 1 2B XEHEHEH K=8F# K=10, A WB
MMSB HAIEBUAR R o FHTIBEAN NMIE K .
#£1 ARFEHEHEETHIBPEREFR (NMD L

3 ] K WB- 1

# K AMMSB FHE T MMSB #

#E 0.2 0.3 0.4 0.5 0.6 07 08 09
K=8 0.6 0.58 0.65 0.63 0.76 0.82 0.79 0.83 0.85
K=10 0.72 0.75 0.73 0.78 0.83 0.89 0.9 0.88 0.87

I RSB AR M, o BN, 0 A
F O s WEMMHREBET S M FERBERGE;
RZ o B WM RRBEEZ b EHRBEXR
fHE, HE1LATH, 4K K=8,0=0. 2 i}, WB-MMSB
BRI NMI {H b FAE R K, o BUH & B B, WB-MMSB #
AR NMIE L EA R p B, B R R v B s
#HXEEEE K=10 6f, NFE#EE o T, WB-MMSB A
B NMIEER R . LA b R B 4 o 33 5 2
HERBEE A EEREEREE, I AR
EREEBE ALK AR AE .

BB OARSCRY T —F A TF IR R X R AR
BT A2 R 1, R 8 A X SRR MEEA
FxRFEEEMGEN TEHRERER ST EE. SRUA
— L EAE B ORIEM AR TERE A FRE A 1 FRAE
o N5 FIEA A, 45 R o IR NMIEAR R , I8 S T
BRI X R ERR M BE . (BA SO A — & B R &, i i
SPGB R, FEUE R TSRS —E5E,

2 % X W

(1] TE4L.mims. Mgt KA BIM]. Joad - 42 Tl Hh AL, 2008
1-138

[2] Girvan M, Newman M E J. Community structure in social and
biological network[ J]. Proceedings of National Academy of Sci-
ences,2002,99(12):7812-7826

0690



(]

[4]

Ls]

(6]

7]

[s]

(o]

[10]

fu1]

(12]

(13]

8, XK, Liu Jirming, 4, & 4B 4% BEF ] REER,
2009,20(1):54-66

B, e BBt REml] ER AT 58 RHER
%#.,2011,8(1):57-70

SR, T, £EE.F BIEMEN TR TENTRE S
£ J#%,2012,49(4):691-699

B AL b, 2. W4 B RRE 0T R P s g ) .
FHEHLEM , 2005,28(9) : 1483-1496

Palla G, Derényi 1, Farkas I, et al. Uncovering the overlapping
community structure of complex networks in nature and society
[J]. Nature,2005,435(7043):814-818

PRITIE, EE R RAE. T H P RBMF MW B TR &
(1. HHEHLEHR . 2013, 36(2) : 349-358

Gopalan P K.Blet D M. Efficient discovery of overlapping com-
munities in massive network[ ]J]. Proceedings of the National
Academy of Science of the United States of American,2013,110
(36):14534-14539

Wainwright M J, Jordan M 1. Graphical Models, Exponential
Families, and Variational Inference[ ] 7. Foundations and Trends
in Machine lLearning,2008,1(1/2):1-305

Airoldi E M, Blei D M, Fienberg S E, et al. Mixed membership
stochastic block models[ J]. Journal of Machine Learning Re-
search, 2008,9.:1981-2014

Hoffman M, Blei D M, Wang Chong, et al. Stochastic variational
infernce[ ] ]. Journal of Machine Learning Research, 2013, 14
1303-1347

Hastings M B. Community detection as an inference problem
{J7]. Physical Review E-PHYS REV E,2006,74(3)

[14]

(15]

[16]

[17]

[18]

[19]

L20]

[21]

[22]

(23]

[24]

Gopalan P, Wang Chong, Blei D M. Modeling overlapping com-
munities with node popularities[ C]// Advances in Neural Infor-
mation Processing Systems, 2013;2850-2858

Danon L, Diaz-Guilera A, Duch J, et al. Comparing community
structure identification[ J]. Journal of Statistical Mechanics.
Theory and Experiment, 2005(9) : P09008

Blei D M, Ng A Y, Jordan M 1. Latent dirichlet allocation[ J ].
Journal of Machine Learning Research,2003,3:993-1022
WM BRI, ISR, & BT R ERIH K 2] T8
HL2F#R . 2008,31(4) ;677-686

Robbins H, Monro S. A stochastic approximation method{ ]].
The Annals of Mathematica Statistics,1951,22(3) ;:400-407
i, SFHE, 21K, F. Web X BB AR g2k ) ] T EHLHF
5 &R, 2005,42(3) . 439-447

PR ERFEBL 5. — PR &R 454 X & B RN
B WHEBIR S KR 2012,49(2) :337-345

Gregory S. Find overlapping communities in networks by label
propagation[ J]. New Journal of Physics,2010,12(10):103018
Yan B, Gregory S. Detecting community structure in network
using edge prediction methods[]J]. Journal of Statistical Mecha-
nics: Theory and Experiment, 2012(9) : P09008

Blondel V D, Guillaume J L, Lambiotte R, et al. Fast unfolding
of communities in large network[]]. Journal of Statistical Me-
chanics; Theory and Experiment, 2008(9) ; P10008

He Dong-xiao, Liu Da-you, Zhang Wei-xiong, et al. Discovering
link communities in complex networks by exploiting link dy-
namics| }]. Journal of Statistical Mechanics; Theory and Experi-

ment,2012(10) . P10015

(E#% 46 70

7]

(8]

(o]

f10]

[11]

12]

[13]

[14]

Wang H, Hu J D. LogisticMap chaotic spread spectrum se-
quence{ ] ]. ACTA Electronica Sinica,1997,25(1):19-23

Jessa M. The period of sequences generated by tent-like maps
[J]. IEEE Trans. Circuits Syst. I, Fundam. Teory Appl,2002,49
(1).:84-88

Kurian A P,Puthussery S, Htut S M. Performance enhancement
of DS/CDMA system using chaotic complex spreading Sequence
[J]. IEEE Transactions on Wireless Communications, 2005, 4
(3):984-989

Youssel M 1, Zahara M, Emam E. Chaotic Sequences Imple-
mentations on Residue Number Spread Spectrum System[]]. In-
ternational Journal of communications,2008,2(2):143-154
Than M, Philip, Andi S. Chaos Codes vs. Orthogonal Codes for
CDMA[C] / 1SSSTA 2010. Taichung, Taiwan, China, 2010;
189-193

AL, BT R F. — R R A0 4 B Logistic IRIEY HI@E 15
B[] EHIRIEE, 2013, 40(1) : 59-62

TART 2R SR, B4 B Skew Tent BLbt R HAE Y
BETAAD]. A S8R TR, 2013,42(10),2772-2777
Nazila R, Siamak T, Performance comparison of chaotic sprea-

ding sequences generated by two different classes of chaotic sys-

[16]

[17]

[18]

[19]

[20]

[21]

tems in a chaos-based direct sequence-code division multiple ac-
cess system[ ] ]. IET Communications,2013,10(7):1024-1031
Zan L., C Jue-ping,C Yi-lin. Determining the Complexity of FH/
SS Sequenceby Approximate Entropy[J]. IEEE Transactions on
Communications, 2009,57(3) : 812-820

X, KA. BEGEILTHE e —REE %l ] 3t
BHLE AT, 2009,29(4) :938-941

Nguyen L. Self-encoded spread spectrum communications[ CJ//
Proceedings IEEE MILCOM’ 99. Atlantic City, NJ, 1999 182~
186

Wei M, Li Z1.,Yin F. Analysis and Simulation of AR-SESS Sys-
tem Performance[ C] // 2005 International Conference on Com-
munications, Circuits and Systems. Chengdu, China, 2005 160-
164

Duraisamy P, Nguyen L. Coded-sequence self-encoded spread
spectrum communications C]// Proceedings of the IEEE Global
Telecommunications conference Hawaii. Honolulu, HI, 2009 1-5
FRR. BTESN SR HENEE 8 R mEH AL,
YRR ,2011,60(11):191—197

KB, EH 0, N, 5. — R E TR RS X Henon B
PR E AU R R TEAR 5 R &, 2005,42(12): 2137~
2142



