AHcaMbneBas KnacTepusauus: MeTofbl, 3KCNEePUMEHTbI

U MPUNOXKEHHUSA

LLlectakoe AHppe

BBICIIAS IHKOAA D KOHOMMKM
HALUWOHANBbHBIN MCCNEOOBATENbCKWM YHUBEPCUTET
®akynbrer KomnbioTepHbix Hayk
JlenapTaMeHT aHanu3a AaHHbIX U HCKYCCTBEHHOrO MHTE/IEKTa
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CopeprkaHue

° 3ap,aqa (*')OpMMpOBaHMFI cornacoBaHHOro pa36MeHMF|
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Pe3yanaTb| NnPUMEHEHUA aJITOPUTMOB KJiaTeépU3alunun

Puc. 1 : Yemoipe pazaudreix pazbueHus
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3a,u,aqa (*)OpMHpOBaHMH corjliacoBaHHOro pa36MeHHFI
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Puc. 2 : Aucambae pasbuenuli (cneBa) u coenacoBanHoe pazbuerue (cnpaBa)
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3a,u,aqa (*)OpMHpOBaHMH corjliacoBaHHOro pa36MeHm=|
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CopeprkaHue

Q Mpynnbl MeTog0B
@ [onocosatue
@ [lonapHoe cxoacTeo
@ [padhoBble MeToabI
@ BeposatHocTHble MeToapbl
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[onocoBaHue

MNpumep ronocoeaHus

1. Bbib1paem npaeuio rosiocoBaH1s

2.
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[onocoBaHue

Mpobnema nepeobo3HaueHUs METOK

|
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[onocoBaHue

Mpobnema nepeobo3HaueHUs METOK

| IR [R [Rs[Ry] e
g2 111 el
ol 2 [ 121 2
po | 1|21 ]2 |=8=%"]
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va: | 1| 223 s
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- 3| 3|33

PeweHnune

@ Buibupaem knoveBoe pazbuerue

© Benrepckuii anroput™ (Hungarian algorithm)

Lllectakoe Angpent (®KH HWY BLL3) Ancambnesas knactepusauus 17.09.2015 8 /30



Ccbinku

Kuhn, Yaw 1955

Weingessel, Dimitriadou and Hornik, 2001
Sevillano, Cobo, Alfas and Socord, 2006
Ayad, 2010
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I'IonapHoe cXoacTBeo

KoHceHcycHas matpuua

L [ R [Ro [ Rs [Rs] L o lvo[ys]valys] ]
yr:] 2 | 1 1 1 yi || 413|100 0
Yo : 2 | 2 1 Y2 4 0 1 0 0
s || 1| 2| 1|2 |©A=]y 4121070
Yyt 1 2 2 3 Yy 4 1 1
sl 1 ]3] 32 s 4|2
Ue : 3 3 3 3 Ye 4

Moaudukaumm,/Bapurauum

lam-on and Garrett, 2010
@ Sim-Rank-based similarity

s(yi,y;)

|ZZ s(a, b)

H il aeN,, ben,,

. anneciad. nle_h -
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Puc. 3 : [Ipumep KkoHceHcycHoU mampuubl

@ Fred and Jain, 2005
@ Guénoche 2011

Lllectakoe Angpent (®KH HWY BLL3) AncambneBas knacTepusauus




pachoBble MeTOAbI

@ TlMpencrasuTb Npodmnb pasbueHuii BUuae rpacdoBoi CTPyKTypbl (rvneprpad,
OBYLO/bHBIA rpad)
© Haith MMHUManbHble pe3pesbl

H H) H® H

A A A AW by hy byl by h; byl by hyhy| by by
1 2 1 1 vy 1 000 1 01 001 0
Tl 2 1 2 vl 1 000 101 000 1
Tyl 2 2 7 &l 000 100 10[0 0
w2 3 2 1 w0 100 01,0 101 0
T3 2 3 3 2 vsf 0 100 010 01]0 1
g 3 1 3 7 vl 0 01/ 1 000 010 0
x| 3 1 3 7 vzl 0 0 1)1 000 010 0

Puc. 4 : [unep-epagh, nonyyerHoili uz pazbueHus

@ Strehl and Ghosh, 2002
@ Fern and Brodley, 2004
@ Ng et al, 2004

LLlectakos Angpeit (DKH HUY BLLI3) Ancambnesas knactepusauus 17.09.2015 12 / 30




BepOHTHOCTHbIe MEeTObl

@ Mixture models - Tophy, et a/ 2005
@ Nonparametric Bayesian Co-clustering Ensembles - Wang, et a/ 2009
@ Probabilistic consensus clustering - Laurenco, et a/ 2014
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CopeprkaHue

e KpWTepuit HaMMeHbLUKWX KBaLpaToB
@ Combined consensus clustering
@ Ensemble consensus clustering
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Kputepuit HauMeHbLUMX KBaApaToOB

Pa3bueHne u mMatpuua MHLMOEHTHOCTH

' Sl SQ S3

z; 5 yl: T]0]0

Y3 : 3 Yor: 0 1 0
S:{&ﬁm&}:%_l SZ=[ys: || 0] 01
y5 9 Yy 1 0 0

w2 y 0 [ 10

Ue : 0 1 0

Mpoekuus Ha L(Z)

P,=2(Z"2)7'Z" = (py)

. {|Slkv ecnu {ylay]} € Si;
pij =
0, uHave.
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IBa nogxona k 3apadve (Mirkin, Muchnik (1981), Mirkin

(2012))

Danbl pa3buenns R, R? ..., R”, HaiiTh Takoe cornacoeaHHoe pa3bueHue S uTo:
o Ensemble consensus: S xopouwo socctaHasnusaeT R, t=1,2,... T
@ Combined consensus: R!, t =1,2,... T xopollo BocCTaHaBNAMBaIOT S
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Kputepuit HauMeHbLUMX KBaApaToOB

R Rz R RT S
X, X, X Z
Puc. 5 : Pas6uenus S, R, . .. R u coomBemcmByrowue mampuubl Z, Xy, ..., X7

Ensemble consensus Combined consensus
S={R".R?,...,R"} {R“R?,....R"} = S
|}
T 2 2 T 2
=3 I1X: = PzXq|| Ef= > |1Z-PZ|
t=1 u=1
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..n NocJzie HEKOTOPbIX BblBOOOB

Ensemble consensus clustering
K
8)=> > aij/ISi

k=1ijES,

rae A = (a;;) — KoHceHcycHas matpuua pasbuenni R = {R', ... RT}.

Combined consensus clustering

:Z Z pij = T/N)

k=1ijES,

rae P = (p;j) — cymapHbiii npoekTop Ha pasbuenns R = {R',... . RT}, a N -
KON-BO OOBLEKTOB.
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CopeprkaHue

@ CpasHenme metonos
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CreHepMpOBaHHble AaHHble

Generated

Ealleals Dataset

[—1 3 3
= N <2
= c c Consensus S
(<] 2 2 o =
= =] =] Clustering =
£ |5 5 Algorith g
© © © gorithm s
a o o
Ensemble
ARI CCV
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CreHepuypoBaHHble JaHHble

o Cdpepuueckue rayccuanbi: 1000 Habniopenuit, 12 npusHakos, 9 knactepos
@ Pasmepbl knactepos

o PaBHoMoOLLHble
o PaBHomepHo criyyaiHble
e 3apaHHble ponu 30,/20/10/10/6/6/6/6/6
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CpaBHeHWe meTon0B

Bayesian Cluster Ensemble (Wang - 2009)

Voting Scheme (Dimitriadou, Weingessel and Hornik - 2002)

cVote (Ayad - 2010)

Fusion-Transfer (Guenoche - 2011)

Borda Consensus (Sevillano, Carrie and Pujol - 2008)

Meta-CLustering Algorithm (Strehl and Ghosh - 2002)

Hyper Graph Partitioning Algorithm (Strehl and Ghosh - 2002)

@ Cluster-based Similarity Partitioning Algorithm (Strehl and Ghosh - 2002)
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PaBHOMoOLLHbIE KNlacTepbl

Similar results for other cluster models
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Puc. 6 : Adjusted Rand Index boxplot
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PaBHomoLwHble knacTepbl I

¢AR’ Aggl ARA Bayes Vot cVote Borda mcla
Std. 0.0799 | 0.0319 | 0.0726 0.0153 | 0.0451 0.0655 | 0.0573
[ Accuracy | Aggl | ARA [ Bayes [ Vot [ cVote | Borda [ mcla |
[ Std. | 0.0791 | 0.0293 [ 0.0762 | 0.0795 [ 0.1085 | 0.0452 | 0.0728 |
1 T T T — T T
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0.95f R
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3afaHHble NPOMNoOpLMH

CpepHee 3HaveHne ARI & Accuracy no 50 3anyckam
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LLlectakos Angpeit (DKH HUY BLLIJ) Ancambnesas knactepusauus 25 /30




3afaHHble NPOMNoOpLMH

¢>ARI Agal ARA Bayes Vot cVote Borda mcla
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PaBHOMepHO cny4aiHble pa3mMepbl KiacTepoB

CpepHee 3HaueHne ARI & Accuracy 3a 50 3anyckos
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CopeprkaHue

e KoHceHcycHas knactepusauus 1 community detection
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Puc. 12 : Consensus clustering in complex networks. Fortunato and Lancichinetti, 2012
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Cnacubo 3a BHUMaHHe!
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