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Matrix Factorization for Multi-view Clustering

ZHANG Yil KONG Xiang-Wei? WANG Zhen-Fan® FU Hai-Yan! LI Ming!

Abstract
describe different perspectives of the data. And multi-view learning methods are developed for ultilizing the information

In computer vision and pattern recognition fields, more and more data are represented by multiple views which

sufficiently. In this paper, we propose two novel clustering methods called MultiGNMF and MultiGSemiNMF, respectively,
which are based on multiview learning with local graph regularization, where the innerview relatedness between data is
taken into consideration. However, MultiGNMF is based on NMF, which only applies to non-negative matrix. To eliminate
this limit, we propose MultiGSemiNMF based on SemiNMF, which is also applicable for negative matrix. The experimental
results demonstrate the effectiveness of our proposed methods.
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VA T2 H AR 2 A LAY EioE e 45 L IR A AR
WAL, R U, FRATT 38 o A S 5 R I ok R
AN B S R 25 A IR H ARk o, FF3 kAR
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PER ORL AR FE. 2 1 WM 45X 4 AR E
PG BN aR:

CMU PIE A\ JGHiEZE 5 41368 5k 32 x 32
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TR T 5 0 R A AR e HEL A 6 i i 1 2 (E
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AFEIBIESTE] . AR 4k . TR (5KIF/ &R
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Table 1  The information of four databases

H Ht LR REAEL
CMU PIE 2856 2 68
UCI Digit 2000 2 10
3-Sources 169 3 6

ORL 400 2 40
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T2 MR 2 A A ) L. R E AT
frfid.
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3) CoINMEF: —FhZ LI~ 73k, RN —2ik
HEN, 4= (29) o, BrA O PL I 6 S ] 1Y A 40
HilE. 5 ConcatNMF &), A G HLEER I T
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BCE AN — L2,

ur.v —

G
min 3| X7 - U (V)" |y (29)
f=1

4) Co-reguSC: —FPel kY1 STV, 1E3CHk
23] ¥ Kumar S . S MLIEIR SR>
VEREAR B R A 2 BE, 5 MultiNMEF S0
2, TEAR I Z 1) SR 1 55— S e ) 29 525~ 1L e
BRI R Z )R % 2%, X (30) B, FESEg
AR A F WAL R, R AE AN T A S
2 CHk [23].

o\T rorrv
max 3 tr((U”)"L'U")+

> a (U TUHUN)T)  (30)

5) MultiNMF: A SCHE AP RAER R, R 5—
HEAR Z K NMF 223 773,

6) Sc-ML: & —#p ki 1) Co-reguSC H Y.
Dong 576 SCHR [24] 46 b, R A& B i 2 m AT
B TR — Fh AR R R ok SOR TR 2 2 1Y 728
(8] 22 [B]— 5 E ).

7) MMSC: 2&—fhZHSniE Rk A
IR (2 G FRIE) JE=—ANAH [F B i i
Wk, Wt R R RIE R G, BT
Y24 ] PAS 25 SR [10].

> (w(G)'LG+

K2

min
G>0,GTG=I,G;

atr(G — G x (G — GY) (31)

8) AMGL: 2 —FhZ K HRET L. HEA
[ DL &L BT 7 A2 H 322151, AT A BN
SHORIE TG, RAIER PRGN 48 7] PAZ % S0k
[11].
3.2 IHEHIEHR

AR FH DAFE SCHk P 19 2 HOFEAS 5 v AC (RS
BAEE) A NMI (IH—fb A5 5 o B [ 1 45 2%
FWTPALFEIR. 8 —IREG, & RS IRRE
A, ARG RIS DR 2R GAR 2%, AC TTAH
WRE (31) esE S o n SR rg it 14 550,
AN koh R AL, BRECR PSS B EER M 1, B
MR [E] 0. 2P S8 2 v A R 2 e 55 2] P 15 4
EUHE RS bR 2, Hh 34TR ] Kuhn-Munkres!?”!
(RIS 7 3.

> (s, map(ly))

AC == - (31)

FUE MR R I 2.0, BN ZEEAR
SR A (32) 114

p(ciyc/‘)

MI(C,C") = p(ci, ;) - logy————2

( ) cz'e(;j’eo ( J) QP(Ci)p(Cj)
(32)

Horp, p(ei) #0 p(c)) FomTe B A W & 5 9 o)
B4 OB SR AL AR R, ARk EIRATH EE L
FRREME, plei, ¢)) Fom—A G E B4y X
PSSR e F ) BOIBERR, [RIREFRATT T £t
B R (R BRREE T EA IR LS
LB R DOMAE R NT ). FELEH, 28— %
0B EER I I BIARZE, [Al— AR 211
BR— B, AP LE N RBE
SR AR, Fn% ] UK B P AR %, 10—
) BAT SR EAE BB DA K I SRR, o
H(C) =~ Zip(ci)long(ci), p(c;) fRIETREDL
c; WEGEE L.

, MI(c,C)
NMIC.C) = w5 )

(33)

3.3 ZWHERSHH
3.3.1 EEEA0ERMIEIE

TEA SRR 7 A 7 BT A N R Z TR 1Y =)
FREE AR O A, BRI v 00 A% e (LA D U, B

Wiy = et sk k= 5, RS ALK
FREACRUR P R R . e (12) PRI
AERBATREN A, =0.01(f=1,---,G),u = 10,
549k MultiNMF #1 MultiGNMF {345 —%.

TEEX TSR G, TR EE S Z P
SRR, BRI EIRATEREAT 20 WK, BUTA IREL
IBATEE T IIE TN 7 ZE A R fe e 0 S AR VA
H. &t 20 WIKESETEAT, FATGT T &AL
4 ANEEE F AC 1 NMI {E, W3 2 fiiZ 3 ir
7N

TEFR 2 R 3 W IRATAT AR B A SCHR i A
YEAE R0 M v A bE e HE At 22 PR W 2 ) SR A 1
B BERUE — AL BAR B A F8 45 T #5A B 2R B
] i) F AT 13E = 3] Co-reguSC Al SC-ML S5k %
M T AR 50 (R KBRS —Fh AT
B A S5 53R ), MMSC R ] T — 2
R, ARSI % R EE. LR A
B ESE MultiGSemiNMFE 1 MultiGNMF &
A, FAT & BE T MultiGSemiNMFE 1) 5534 AH
T MultiGNMF 83 R B A T, B
T A R A A, X UIEHFERRAE 2R >
MultiGSemiNMF %3 H MultiGNMF 3k 15— it
W s B AR B, H MultiGSemiNMF
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HER T MultiGNMF 55958 2R B A7 R4k 4R 7 FR
i, A H HOA R M6

K2 AFETHEAE A NEEE T AC {H

Table 2 The AC values by different methods in
four databases

s UCI Digit CMU PIE 3-Sources ORL
BSV 68.5£.05 55.24+ .02 60.8+.01 51.8+.02
WSV 63.4 £.04 47.6 & .01 49.1 .03 42.8 £ .05
ConcatNMF 67.8+.06 51.54 .00 58.6 .03 66.8 & .02
ColNMF 66.0 £.05 56.3 4+ .00 61.3 +.02 66.3 .04
Co-reguSC 86.6 £.00 59.5 4+ .02 47.8 .01 70.5 £ .02
MultiNMF 88.1£.01 64.84+ .02 68.4+.06 67.3 .03
SC-ML 88.14+.00 72.34+.00 54.0 £ .00 70.8 .00
MMSC 89.4 £ .38 61.6 + .06 69.9 £ .04 70.7 £ .06
AMGL 82.6 £.74 63.6 .19 68.3 +.12 64.2 £ .10
MultiGNMF  95.1 £.10 72.54+.02 73.4 4+ .00 73.5 £ .00

MultiGSemiNMF 95.6 £ .02 77.24+ .12 79.3+.00 76.2 £ .00

3 AFETETE 4 DEEE ) NMI {E
Table 3 The NMI values by different methods in

four databases

S UCI Digit CMU PIE 3-Sources ORL
BSV 63.4 +.03 74.1 +.00 53.0 £ .01 69.8 + .01
WSV 60.3 +£.03 69.1 +.02 44.1 £+ .02 65.4 4+ .04

ConcatNMF  60.3 £.03 70.5+.00 51.7 £ .03 85.1 .01
ColNMF 62.1+ .03 68.3+.00 55.24.02 84.5+.03
Co-reguSC 77.0£.00 80.5+£.01 41.4+.01 80.5+.01
MultiNMF 80.4+ .01 82.24.02 60.2+ .06 87.6 £.01
SC-ML 87.6 .00 85.14+.00 45.5+ .00 85.3 +.00
MMSC 88.0 .05 80.3+.01 66.3£.09 85.9 £ .01
AMGL 84.9+ .33 81.8+.10 56.9 & .11 81.9+ .02
MultiGNMF  90.1+.04 90.2 4 .01 65.4 .00 88.5+ .00

MultiGSemiNMF 91.2 £ .01 93.8 .05 73.4+ .00 89.9 £ .00

3.3.2 BSHMEARMENFME

1EX (12) W G DSEEE Ay, ERYHE
SR R B o 2 3] S AR Y B SR EAT A Q2R
FNTHA —LEICI AR, Al A WS AL IR R AL AT DA
T8 IR, WA N T AL I A SRR 2 AR R
S ] DAGE IR, AEFRATAY LI P A e g
W, R EE D20 —UAC B, BT PARTA Y Ay E X
AL (H2 Ay BRI EMERERCR, Ay
AN RO R — EE L OB, S22, Ay A
TEGF KB T A BRI A R [e] B 2 £

AT AE P A %ds 2 CMU PIE 1 UCT
Digit | H MultiNMF . MultiGNMF 1 MultiSem-
INMF = ANFAMUERE A, HERAR AC 1R E R
JERAFE Ay (X LR, FATRE A\r A
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2 A TR SRR

ML AP 2 A AT AT PAE B, #E Multi-
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H1, MultiGSemiNMFE 53K 0 MR 5w, HZ 2
BOEWAARN, AER/INEE R B EI e A FE 1R
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56 v 415 R A Ao B ST MultiNME. = Fh 53y 4
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Fig.1 The influences of A on UCI Digit database
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