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BHBIRETIL (Preferential Attachment)

[Barabasi & Albert 1999]
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Newman @ Network Modularity
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Find and evaluating community structure in networks M.E.J. Newman and M. Girvan, Physical Review E, 2004
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Mixture models and exploratory analysis in networks, M. E. J. Newman and E. A. Leicht, Proc. Natl. Acad. Sci. USA 104,
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Assortative vs disassortative

assortative:
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Chinese Restaurant Process
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Collapsed Gibbs Sampling
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Learning Systems of Concepts with an Infinite Relational Model, C.Kemp, J.B.Tenenbaum, T.Yamada, N.Ueda, AAAI 2006 $8NBBgCommunication Science Labs.
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Stochastic Block Models
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Stochastic block models

BICOSAD/—FIE., #7%
RCHEFEISAIZ) 0%
(885, sRSALN]

@oo

Infinite Relational Model

Estimation and prediction for stochastic blockstructures

K.Nowicki and T.A.B.Snijders, JASA 96 (455), 2001

Mixture model
1=
Infinite Mixture Model

RALOSRO/—RiE, #
CIRCESRIPZETL %2

o SR

7t ~ Dir(a),

w2 ~ Dir(a)

T! () 17
! @ (B

(=D =D\
(A

ne ~ Beta(f, 52),

k — Z,Ll ~ Mu1t (ﬂ-l) 9
| =22 ~ Mult(n?),
A;; ~ Bernoulli(nx)

N1 F 17135 Beta-Bernoulli
HH 2 Mg Gamma-Poisson
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IRM (FEFRBIFRETIL)

JOavsETILOMER 11 Learning Systems of Concepts with an Infinite Relational Model,
C.Kemp, J.B.Tenenbaum, T.Yamada, N.Ueda, AAAI 2006 381-388

i @ @ Chinese Restaurant Process
<Le ) Z' o ~ CRP(a)

kl=12..., @ (=2 Z%|a ~ CRP(a)
@ ! nk|B ~ Beta(B1, 52)

A;i|Z,n ~ Bernoulli(ny)

P(A|Z',Z2*,B) = (AIZI,Z2,n)p(n|5)dn

a — ! a—1 _ \b—1 — I
kl + B1,m(k,1) + B2) 5(a9) /ot S I'(a,b)

\ B(51,52) e
Beta(6; o, f) = B(; B)ea—lu —9)P~1

S EUL %  R—B5 75
00 R0 EMR O DA —
jOIﬂt
P(Z', Z%|A, B,a) < P(Z'a)P(Z%|a)P(A|Z", 22, B) max
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Collapsed Gibbs Sampling
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UMLST—%: 135D & £49M i EEM DB
#EEE,.,\(Tl). Disease or Syndrome, Diagnostic Procedure, “Mammal’, ....
REE(T2): “complicates”,

“afffects”,

Q\\ R\

T

—RDYZRR) T

“causes”,

i> TIxT1IxT2 DT—4%2&ELT IRMZER
a)

1.0rganism |2.Chemicals |3.Biological functions | 4.Bio-active substances 5.Dispases analyzes

Alga Amino Acid Biological function Antibiotic Ceall dysfunction Assassas offect of

Amphibian |Carbohydrata Call function Ereymea Diseasa measuras

Animal Chemical Genatic function Poisonous substanca Mental dysfunction diagnosas

Archason Eicosanoid Mental process Hermone Meoplastic process indicates camias out

Bactarium Izotope Molecular function | Pharmacologic substance | Pathologic function prevants awchibits
Bird Staroid Physiological function Vitarnin Expt model of diseasa tragts performs

b)

. affacts imtaracts with causas complicatas anafyzes assassas affect of

1 Lo d

i || =t :

4 1|

* biological functions affect organisms
» chemicals cause diseases
* biologically active substances complicate diseases
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Erdos-Renyl mixture for graphs + DP

Jean-Jacques Daudin, Franck Picard, Stephane Robin, INRIA technical report

2RITTDITOYIETILIZENWT. TI=T20FK. #*vytT—%
(T22)D/—FI5RZ) T ERBIRTES
J0vyYA, 7AvYE T, Erdés-Renyi

random graph #{xE
Aij|Z,n ~ Bernoulli(ny)

2099050k
CRP (=Preferential Attachment)
ZRE Z|aw ~ CRP(«)

k:,l == ]_7 2 ..... N A myﬂ L o
pp———

Mkt| B ~ Beta(81, £2)
@ © NTT Communication Science Labs.




Collapsed Gibbs Sampling

T

« 1T, AEEL—EIZEIK
o AR (self-link) [Z£ 0
R E

© NTT Communication Science Labs.



A Bayesian Approach to Network Modularity + DP

Jake M. Hofman and Chris H. Wiggins, Phys. Rev. Lett. 100, 258701 (2008)

I3t B R 1 ETIEX B R 10D ZFEEE D Bernoulli /X5 A—%4
(DH) T YOI ERESNDBEEZD

XERDTDAIUNET AT Z|a ~ CRP(o)
D78y YIZELTFIZELEY.
smd o> @ @
ERFARADATURZDUL @ 6 e
TH.IRTFEEDSD S
i#] m|B ~ Beta(B1, B2)
1|3 ~ Beta(Bs, 61) @A)

« BHRIBEEAY modularity 1230 , ot
« resolution limit O 5 g8 % [o] 8% Aij|Z;m ~ Bernoulli(m) if 7 =
o INTA=BHH DI, &R Aij|Z,n ~ Bernoulli(nz) if i # j
B(e+ B1,€+ B2) Bla+ B3 a+ Ba)
B(,Bl, 52) B(Bg, /84) ication Science Labs.

P(A|Z,B) =




(1) 0.458846 (1) 0.469602 (1) 0.451034
(2) -229109.434651 (2) -229454.252000 (2) -216655.963400
(8) -227065.176490 (3) -226995.589016 (3) -215454.118461

TTRETRITHTAA ||!

(1) 0.366086 (1) 0.416832 (1) 0.407359
(2) -544871.856043 (2) -302196.556078 (2) -462895.811110
(3) -210315.793002 (3) -205114.768975 (3) -196126.488926

© NTT Communication Science Labs.



SOHIY(R)T
(FBRA RN

(1) 0451034 (1) 018102
(2) -216655.963400 (2) -196019.767261

(3) -215454.118461 (3) -243797.817000

R AIE

(1) 0.519364 (1) -0.043643
(2) -214157.548246 (2) -231381.906832

(3) -234105.801714 (3) -230924.126@281 communication Science Labs.
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block model

Stochastic Block Model (SBM) j> IRM

| graph > U
Erd6s-Renyi mixture for graphs IERMG

(ERMG)

U > U

Bayesian Approach to Network IBNM
Modularity (BNM)
modularity O

Network Modularity (NM)

non-Bayesian uni-topic model

model

Mixture model j> Infinite Mixture
0@

© NTT Communication Science Labs.
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ICMc: Interaction Component Model for Communities

Inferring vertex properties from topology in large networks,
J.Sinkkonen, J.Aukia and S. Kaski

| IDIS5AA) 2% (bag of links)

@® Comp1 @ Comp

o 9 -
C m 1
D Il =
XA B
0°o°'~"'

component wise
node degrees

2 @ Comp3

Zla ~ CRP(a)

Z|0k ~ Mult

link counts in z

]‘9].3 ~ Mult

AN
o e‘o

(
(Ox

nz orOé

’ 2n, + 1+ NB2n, + NGB E

# of nodes

— 1+«
# of links

© NTT Communication Science Labs.
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SSN-LDA: LDA-based community discovery approach

An LDA-based community structure discovery approach for large-scale social
networks, H.Zhang, B.Qui, C.L.Giles, H.C.Foley and J.Yen

LDA E}Eﬁ[,\f:\ 'J‘/70)737<’5“)‘/7 1. Sample mixture components 8y ~ Dir(() for k € [1, K]
2. For each node i € [1, N]

(a) Sample 7; ~ Dir(«)
(b) (Sample N; ~ Poisson(§) )
(c) For each link a of the N; links :

i. Sample a community k=z;, ~ Mult(7;);

ii. Sample a taget node j ~ Mult(6y)

(@) =2

| | 1<l§N1 Cien
ik = S nf + Ka "G%%)Tf(ﬂ"}"%ﬂml*lf‘y7/;¢§§ K
J—REIshy ok TF T Cro—k B
. n‘,i + . " H/- |‘7J_07
Or; = i+ N f%éf:‘f&ﬁ@ﬁﬂ“t“}a
Zj ny, + N /—F

LDA = Latent Dirichlet Allocation © NTT Communication Science Labs.
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Mixed membership stochastic block models

 Mixed membership stochastic block models for relational data with
application to protein-protein interactions, E.M.Airoldi, D.M.Blei, S.E.Fienberg

and E.P.XING ¢ 11 each node i € 11, N]

(a) Sample m; ~ Dir(a) < LDA

2. For each pair of nodes (i,5) € [1, N]| x [1, N]

LDA

(a) Sample k = Rj—j ™ Mult(m)
(b) Sample | = z;; ~ Mult(m;) :

(c) Sample A;; ~ Bernoulli(pnk%(l — p)do) I

block model

LDA & block model \ (i,7) € [1, N] x [1, N]|

-1 w
Db S L DA p=1 :>/77kl block model

© NI communication Science Labs.




Mixed membership stochastic block models (2)

N(N-1)/2

v

& block model LEEFRTES O

) J—RR7 EOT Oy N(N-L)/2|
/—FR7 O mig (self link LS S HDP + IRM :
O

N(N-1)/2{&) ZLDA + block model !

ELTHSRAYLY JL
Eliassi-Rad, T., Koutsourelakis, P.S. (2008). Finding Mixed-Memberships in
Social Networks. AAAI Spring Symposium on Social Information Processing o Nt communication Science Labs.
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block model
multi-topic model Stochastic Block Model (SBM) j> I((HIRM
|_J graph 0 U
mixed membership | -, Erd6s-Renyi mixture for graphs IERMG
SBM =~ (ERMG)
O
LDA for graph : U U
(SSN-LDA) Bayesian Approach to Network IBNM
OO@ Modularity (BNM)
modularity O
HDP for graph _
Network Modularity (NM)
o0 ICMc non-Bayesian uni-topic model
Mixture model j> Infinite Mixture
PLSV model
AN, 00
visualization

‘ Model-based clustering
for social networks

link clustering node clustering

© NTT Communication Science Labs.



FEXE) AR

Learning Systems of Concepts with an Infinite Relational Model, C.Kemp,
J.B.Tenenbaum, T.Yamada, N.Ueda, AAAIl 2006 381-388

A mixture model for random graphs, Jean-Jacques Daudin, Franck Picard,
Stephane Robin, INRIA technical report

A Bayesian Approach to Network Modularity, Jake M. Hofman and Chris H.
Wiggins, Phys. Rev. Lett. 100, 258701 (2008)

Learning infinite hidden relational models, Z. Xu, V. Tresp, K. Yu and H.P.
Kriegel: RKEHIZ. IRM &REIL

Inferring vertex properties from topology in large networks, J.Sinkkonen,
J.Aukia and S. Kaski: 2> &L BGOSRV

An LDA-based community structure discovery approach for large-scale
social networks, H.Zhang, B.Qui, C.L.Giles, H.C.Foley and J.Yen: LDA Z#H
W= U ODOZAZ)

Knowledge discovery of semantic relationships between words using
nonparametric Bayesian graph model, I.Sato, M.Yoshida and H.Nakagawa:
LDA EF%BEH:JLTHDP%EFL\T:

Mixed membership stochastic block models for relational data with
application to protein-protein interactions, E.M.Airoldi, D.M.Blei,
S.E.Fienberg and E.P.Xing: —f# D7 AvYJETIL

Model-based clustering for social networks, M.S.Handcock and A.E.Raftery:
MAItRIE 1= 55

Probabilistic Latent Semantic VisualizationTopic Model for Visualizing
Documents, T.lwata, T.Yamada and N.Ueda: [ e[$81b 1Z& &5, PLSI[ZiE0Y
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	複雑ネットワークと機械学習�無限関係モデルとその周辺
	関係データやネットワークのクラスタリング
	スケールフリーネットワーク
	優先選択モデル（Preferential Attachment）
	Newman の Network Modularity
	Network Modularity の特徴と問題点
	Mixture Model によるノードクラスタリング
	Assortative ｖｓ disassortative
	ＤＰに基づく「無限」クラスタリング
	Chinese Restaurant Process
	Collapsed Gibbs Sampling
	単語連想ネットワーク
	単語連想ネットワークのクラスタリング例
	単語連想ネットワークの例
	単語連想ネットワークの例
	単語連想ネットワークの例
	多ドメイン間の多重関係モデル
	ブロックモデルの例：動物とその特徴
	ブロックモデルにおける関係生成モデル（１）
	ブロックモデルにおける関係生成モデル（２）
	ブロックモデルにおけるクラスタリング
	Stochastic Block Models
	ブロックモデルにおける次元圧縮
	IRM　（無限関係モデル）
	Collapsed Gibbs Sampling
	UMLS 生物医学オントロジデータのクラスタリング
	Erdös-Renyi mixture for graphs + DP
	Collapsed Gibbs Sampling
	A Bayesian Approach to Network Modularity + DP
	単語連想ネットワークのクラスタリング例
	単語連想ネットワークのクラスタリング例（２）
	ここまでのまとめ
	ノードのクラスタリング����リンクのクラスタリング
	ICMc: Interaction Component Model for Communities
	リンクのクラスタリングからリンクの両端のクラスタリングへ
	SSN-LDA: LDA-based community discovery approach
	リンクの両端のクラスタリングから全ノードペアのクラスタリングへ
	Mixed membership stochastic block models
	Mixed membership stochastic block models (2)
	まとめ
	主な文献リスト

