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Abstract: Multi-view clustering has attracted more and more attention in the fields of image processing, data mining, and machine
learning. Existing multi-view clustering algorithms have two shortcomings. One is that in the process of graph construction, only the
pairwise relationship between each view data is considered to generate an affinity matrix, which lacks the characterization of neighborhood
relationships; the second is that existing methods separate the process of multi-view information fusion and clustering, thereby reducing the
clustering performance of the algorithm. Therefore, this study proposes a more accurate and robust joint spectral embedding multi-view
clustering algorithm based on bipartite graphs. Firstly, based on the multi-view subspace clustering idea,bipartite graphs are constructed,
and similar graphs are generated.Then the spectral embedding matrix of similar graphs is used to perform graph fusion. Secondly, by

considering the importance of each view during the fusion process, weight constraints are applied, and an indicator matrix is introduced to
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obtain the final clustering result. A model is proposed to optimize the bipartite graph, embedding matrix, and clustering indicator matrix
within a single framework. In addition, a fast optimization strategy for solving the model is provided, which decomposes the optimization
problem into small module subproblems and efficiently solves them through iterative steps. The proposed algorithm and existing multi-
view clustering algorithms have been experimentally analyzed on real data sets. Experimental results show that the proposed algorithm is
more effective and robust in dealing with multi-view clustering problems compared with existing methods.

Key words: multi-view clustering; subspace clustering; bipartite graph; spectral embedding matrix; clustering indicator matrix
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FESEIR I RE R, ARSORE AT LA A AT SRV RE 7 I LE AR

(1) PR R AL SRR A% K-means FIFARLIETE SR K (SC) 20l iz AT /e i S ro B LI |, JFid
SRIX LA I rh BRI IR JE A R

(2) FET Pl i 20 400 PR SRS 7% EOMSC-CA B3 VOt il g PR A7 22% [A) My 35 HEA T I A5 DR A AR i TR



10 BRAF AR SR g K B I

fE; EMKMOC 5732 00 50 S B W0 Pl by 3l i P, 4R Aok FF D600 1) K-means JEAT 4, I 80T T BRSOk Rk it
B LMVSC S35 W SR K s R0 A6 B At i 2 IR R 3 — AN /IS I, IR BT T — Bl A 1 2ok & 911X
sl

(3) FT5E A M Z BRI GMC HIE PSR B2 A 7T 2L DA Ak i 7 52 S RN o B
W RN GE— B R, 3 P — i ) 22 W0 P il A H R 1 3l bt 4 AN R B RE [ 1A 7 B, COMIVSC vk PPV il 43 4
55, BB T BR B 2 R s .

HRHE CLAT 8 S SE 5 AT P BRI, X LA VIS 50T T 8B, R, AR SCHE S 1 7 1 5 HAb L D ik 4t
FSECN IR c, AT LB ATk, B P S0 o (H ¥ B o JUSE A JLMh S48 i, X T il 2R
¥k K-means 1 SC, A SCRZF 25 BIS AT AEA FAL I 400 h Il st i 45 4L EOMSC-CA J5 i 75 ZEiff 52 il
FUBURTA SRR R 2 1, ARE E S, SEIGET I T [c, 2¢,..., Te] W AESE B EMKMC 7RIS 0k E B e
Bl <y <2, MRG0 BB AT AL B, LMVSC 78 {c, 50, 100} [ 4E-4 P48 2248 3, 78854 {0.001,
0.01,0.1, 1, 10} FIEHESH o . GMC R¥E R R EITE L K 15, WIIEZHA 4 1. COMVSC HHANSH A Fly,
HRHE SCRR (291 A7E {27, 2°,..., 2V (AR S R BEATIRAR, Ty 76 {1.3, 1.5,..., 2.7} AR A R REAT AAR, B BB RN 0.2, A
SCITR TR R T % A, SINT — B thZ 8y RARS I E R, H% & (-1E0, —1EL,..., ~1E7} 4k
AT, A2, 20, 2 R A AT R, B e (e + 1, c+3, c+5, c+T, ¢+9, 50, 100} (4R
AT IR
3.4 TIGHER
341 HESUHIRERRLGR

RS AN B SR 5 I, AR SO SR R L I A ST IR 3 AN SR VbR UE (ACC. NMI F1 F-score)
THIZRIEEE R 3-3% 5 PR, Kt LARAR SR, A T RIZ SR,

M 33 5 AT LUE Y, ASCHR I I SEVERR T 46 Handwritten B3R 4E A3 3 kAR AR, oAb T BodE 4 B30 B
TPV RE. g5 AR, 3 MO — R A S B RE

®3 AFREEEE SIS L 4CC 1

Methods 3sources bbcsport webkb Cal7 Handwritten MSRC-V1
K-means 0.4961 0.2772 0.4276 0.3726 0.5038 0.5911
SC 0.4142 0.4224 0.4631 0.4403 0.5485 0.5429
EOMSC-CA 0.5728 0.5001 0.6108 0.8351 0.9340 0.6714
EMKMC 0.6568 0.6662 0.5299 0.5160 0.5727 0.6337
LMVSC 0.4994 0.5060 0.4634 0.726 6 0.9165 0.7204
GMC 0.6923 0.5603 0.7635 0.6920 0.8820 0.7476
COMVSC 0.6864 0.6983 0.7882 0.8134 0.9450 0.7714
AL 0.8935 0.8534 0.8079 0.8365 0.9375 0.8619

R4 AFAZREEAE 2 M En 4 B NMI {H

Methods 3sources bbesport webkb Cal7 Handwritten MSRC-V1
K-means 0.5356 0.4336 0.5301 0.4710 0.6108 0.6505
SC 0.4414 0.2895 0.3717 0.4868 0.7067 0.4853
EOMSC-CA 0.5194 0.4747 0.4488 0.5219 0.7767 0.5608
EMKMC 0.6737 0.7438 0.7272 0.5440 0.6183 0.6851
LMVSC 0.5754 0.5443 0.6770 0.5193 0.8443 0.7596
GMC 0.6216 0.4771 0.4164 0.6595 0.8041 0.7509
COMVSC 0.5301 0.5346 0.4856 0.5311 0.8925 0.7040

AL 0.7911 0.7692 0.7667 0.6804 0.9021 0.7614
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K5 OAFREFRAEZ B L1 F-score {H

Methods 3sources bbcsport webkb Cal7 Handwritten MSRC-V1
K-means 0.4556 0.4569 0.4828 0.4654 0.6320 0.6952
SC 0.4866 0.3909 0.5143 0.4278 0.6808 0.4568
EOMSC-CA 0.5962 0.5776 0.5515 0.7967 0.8738 0.5475
EMKMC 0.7160 0.7017 0.743 8 0.8130 0.7125 0.7095
LMVSC 0.5207 0.6034 0.6946 0.6947 0.8540 0.7143
GMC 0.6047 0.4439 0.6933 0.7217 0.8653 0.696 8
COMVSC 0.6788 0.5322 0.7251 0.7728 0.8934 0.6776
NS RS 0.8533 0.7911 0.7655 0.8856 0.8813 0.7520

LT IRAHE 2 B ER 2L 51L GMC Fl COMVSC #HEL, AT Sk R T 8 @ RIS aE, ot mR R ET
JIT B SR HEIZ AT K-means SIS, 16 HH A% OV Dby i ;b i = AR R, FL4E G JUA R RS AT B T
BT, AHAR n o P 56 4 B AT DA e b Al AR R P 1) 20 45 415 R

R R 2 M B2 EOMSC-CA. EMKMC F1 LMVSC At Z2MEReH 1R &2 Tt 4001 R R 78
TASCEE AT W RN RS, O EAHABURE B R 5 Pl DA A B 2 1) S A SRR BE /D (e 7 LR IR 5 3 R N R )
Pipb i B R R R S AE MG B AR, 4% T AU, EMKMC 7 3sources. bbesport A1 webkb i#fi 4 1)
AT T RALAE, 434 )5 BRAE T- EMKMC 24 [R]— 008 48 (19 S 5] 0 18] 38 S ) 0 8 i AN, X SV 25 5 7 A AR
I8, R TR d BT A B AR, R S B AR e
3.4.2 AT

TEAH 5 (1) 1 S ER 058 o o A b VB AT T S, Il s TR A AN R A RIS AT IR R), ZE vt 25 A
2 . W BAE W, BRI TGV H 2 AR DT iRs AT G R, P 2 AL SR T VA T B R N AL B 2 AL

25
[ K-means
E_—1scC _
[___1EOMSC-CA
20 [ EMKMC
LMVSC
GMC — .
COMVSC
15 L Ours _
Py
£ _
T M
5 —
0 |—||_|l_h—|r]|_"_| | l_Il—l—ll'—]|_||_| | = |_|.—.|—|r"_||_| | HH | L | l‘lmHl‘l‘lhl_ll_l
3sources bbcsport webkb Cal7 Handwritten MSRC-V1

B2 RESAE 6 MIRE s T g

AR R BN, A FASAT IN TR, T 4 B SR ORI, I SR IS AT IN R B4, 7R LU W Bk,
PR 38 A T R B B 42 1 /2 LMVSC F1 GMC, IR 8] &2 2% 5 43 5310 24 O(mne®) K1 O(Tmn®) , Herbrm F e 43 51
FORPL A BRI s AR, T R R FRIEARIR S, 1L J5 10 B AR AR AR 6 ), AT O S A R T AN 2
PR BRI BB LG T RS ) 50 v I SR 28, (B 5 S TAH UL, ANSCERYE T LUAE 21 i 5 THT SE I 4
FHSEE. COMVSC W AR 2484 O(Tmn?) , £ COMVSC A FH 1 A AR Pl i AN S il o P, S 75K 385 T 8 49 14
SO BE e T IR, Bk EMKMC A EOMSC-CA #8h S I 0] 52 2% 2, {H/& EMKMC 75 B N RS 40 B 11 4
ME S RS, BN AR S SR AR I AN SR SC BT S, T LA, B3R SR T R A



12 BRPR AR, wrnndE g K 0 x4

I IR], A FEAT PR BRI 1) 2 400 I R 2 .
343 WERE BT

FTde 0 T2 S AR, 5INT A A S Hy KA R ALE. LU 4R 3sources A, BB S 4L
AN 27 5B R 2e, B 3(a)—(c) 2y T —1E0 (y — 0)« —1E5. —1E7 (y — —oo ) NI EIALTE, W LB,
My — OB, KA 20T FUIE. MR Sy — —oo I, i 15 SAH S BT S50 UE W] 2 y Ab T A (E BRI B R FE4E T N

RAG Rdm . DI, — DAl (K y W] Bl SR B R 2R fE.

Number of iterations
(a) —1E0 (y—0)

Number of iterations
(b) —1E5

K13 240y X 3sources HH A A B EE ¥ 52
h T BBV B SVE R SRR MR R, AR SO RS 2 ML B AR BT T B R A AR ST B B A

1.0 0.5 1.0
2 z ol £
£ o0s g 2 £ 08 ul
B & 04 e o2
£ 06 al 5 £ 06 a3
.g 77777 z% 5 » 3
Z 04 SN . " Z 04
S S 03 | e T IS ©
202 2 - 2 02
S > S S

0 02 0

1 2 3 4 5 2 3 4 5 6 7 1 2 3 4 5

Number of iterations
(©) ~1E7 (y——0)

I AR L P AT 2K,
AT NS I e R AL P R AT 22K,

TR MR RE B A I SRS AL 1 BestView Ron. KT 0 RFIE & 91 2 — AN, 2805
H ConView KR, K 4 A EAIHET A R L Lhc g 5.

95

100 1 =3 BestvView [ E= BestView
95 + EE ConView _ 90 + EE ConView ]
[ Ours [ Ours

90 t - 85 _

85 B 7 B 80 r —
S 80t S 5t m
o 75t _ S 70t
S S 65|

65 60

60 55 1

55 ¢ I’ 50

50 i i i i i i i

45

3sources bbesport  webkb Cal7 Handwritten MSRC-V1 3sources bbesport  webkb Cal7 Handwritten MSRC-V1

Kl 4 BestView. ConView FIAILAHIETE 6 NER4E LM fE LA

HIE 4 ATV H, R B AT e e L R B e Re. Ji4h, 7R ZHUE DL T, BestView AT ConView.
X B, 7 I P AL AR P S R SR AR T LF Ik B T webkb £idli 4R | ConView LT BestView, Zr 4T A]
R DA A 2 5 B 1 /N P BT 1) SR 2R BB D ARRL. DRI I 1 n AR ST b B MO, 22 100 1 SR 28 vt A PR R IS AR
AR, A RESRAF AT I SR RE.

344 ZHUHT

ARSLEN S HOEAT T HUEE ST, PRI BT 3 A58 . ARy # R fE{c+1, c+3, c+5, c+7,
c+9, 50, 100} AL AT, S8 AAE{2, 2., 2y RS b A TR AR, 2%y £ {-1E0, —1E1,..., —~1E7} 1%
ST B 5, B 6 BOR T SEON R RERIR .

5 BN T RSB SN B EE BB IS ACC. NMI F F-score [R5, T LA W, 2440 S BCR B/, BEE 4
BRI, R DR R BTG I BRI InE 8 I, Bl A S Y n, ok 2 IR e
SAEACRMEBRAR, ZE2R R M N [, {2 0] LI 1, Handwritten S35 45 55 HA 50 45, Soh4li A S st Al 2.

T 6 R4 T S48 A Ty XA R AE T F-score [R54 0. W] LU H, 418 8 1R 032 20 00 42 1 K3 B P9 AR
FE T AT AR (R BRRMEBE. R0l 2, B 4 3sources. bbesport Fl webkb 7E A U Py 28 (B I R B SE 4T, 24 A X



ML 5 AT B AR A S B R L 13

FCTE R PR IME I, i 4R Cal7 Rl MSRC-V1 KL B4 Handwritten 75K 2 30250 R IR R 4P 10 PERE. A3
N T e o MU Z2 AL BB, S IN 2 8y IR EIBCEE,, $ i SR RAT k. TR, O T3R5 DL K SR AT AU E AN R %,

FEEBEA T Ay .
1.0 1.0
3 3 3
g ronees g g
g o LI g 08 L oE o g
) 08 I < ,’I AT Be; 08 [ St iuiel 8
5} > / RN 3 e Ty 3 4 N |
o 7 S (=% S A a, . /5/ RN N
o0 ; o0 5 &0 7 % "y
2 oA -»- ACC g 06 | s -»- ACC g / o
g p— g S .8 | ¥ S
5 06| e NMI 5 o s NMI 5 006 -»-ACC
E F-score 2 Y ~ F-score 3 - NMI
@) o @) « F-score
04 F
0.4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0'4 1 1 1 1 1 1 1
0 ctl 3 ¢t+5 ¢t7 ¢+9 50 100 0 ctl ¢+3 ¢t5 ¢+7 ¢+9 50 100 0 ctl ¢+3 ¢t5 ¢+7 ¢+9 50 100
Number of anchors Number of anchors Number of anchors
(a) 3sources (b) bbesport (c) webkb
10 F 1.0 0.9
g 8 8
g g g 08 |
£ L e S g L JRETN g
R O s 0 e £
& P 2 T 2 07}
2 2 T A 2
206 L 7 - ACC £ 08 b -»- ACC g o ACC
2 e % v - % 06 F
2 NMIT 2 NMI 2 k- NMI
&) F-score o F-score o F-score
0'4 L 1 1 1 1 1 1 1 0.7 1 1 1 1 1 1 1 05 1 1 1 1 1 1 1
0 ¢+l ¢t+3 ¢+5¢+7¢+9 50 100 0 ctl ¢t3 ¢t5 ¢t7 ¢t9 50 100 0 c¢tl ¢t3 ¢t5 ¢t7 ¢t9 50 100
Number of anchors Number of anchors Number of anchors
(d) Cal7 (e) Handwritten (f) MSRC-V1
Bl S R x4l m B U S o iy
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S 0.6
?04
“ 02
0
(a) 3sources
1.0
2 0.8
§ 0.6
" 0.4
~ 02
0

(d) Cal7

(e) Handwritten

K6 AHH F-score VPN SE y F1 A MR BUE

(f) MSRC-V1
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& T B0 AF SN SRR, A SCEE— DI UE T SE R B H . AR SCN 3sources. Cal7. MSRC-VI1 X 3
AN ELIREE S AEFAE AR 23 I T YIME A 0, J5 2200 0.01 (¥ = Ui 75, T8 Rah s B0l . AR S Rt Ll By /e M s 4
PELE L iszat g8 a7 Fios, B noisepre A noiseaft [ ELARE(E 53 4 A0 LGt 75 57 J5 AN [F) L1k 52 46 &5 51
(1 NMIAH. I 7 WTLAE Y, AS R EEAE IR g 75 5l 4 IR Es R A L T — e BRI B, A LG

M55, ASCTHRFNER T B, SRR,
0.80 = noiseaft 0.70 + = noiseaft 82(5) = noiseaft = noisepre
8;(5) = noisepre 0.65 = noisepre 0.75
S 065 5 060 S 063
= 0.60 = 055 = 0.60
o 05
0 040 b LA
. S . S .
S F & @“Q S Q'QV@Q S E S
S sTes & STEE & FEE
KoV 8 KoV &8 KoV &
(a) 3sources (b) Cal7 () MSRC-V1

K7 MR A R SR SR

3.4.5 WSk

FeTWEME A HT, AR S0 F BT TSR B ST L. B 8 A AR SCEVELE 6 AN EESE LIt sih £k, X A
B, XA Y il o 5 R s AR B H bm s . T LA, S I SIOH B AR P, B TR L 10 kAR ]
DS VR 8. AR O R 3R 18 S0 ) L SR I Sk 8, i EOMSC-CA 7EIEAR 15 IR A2 A5 13 81 T W 8K,
EMKMC £ 10 k33 T sk, GMC R4 10 IR IS, COMVSC 7R 54 YaleA HIEA 70 IR FILSL.
i, ACSRIRE B4 AT, AR SO ] LLIA RSP A7K

4 4 4
417 210 2165 =10 1670 =10
2 416 t 2 2160 f 2 1665 |
s 4.15 ¢ = 2.155 F = 1.660
o . [} M o M
2 2 2
T 414 5 2150 | S 1.655
2, 2, 2,
3 413 D 2.145 | 3 1.650 |
4.12 1 1 1 1 1 24140 1 1 1 1 1 14645 1 1 1 1 1
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
Number of iterations Number of iterations Number of iterations
(a) 3sources (b) bbesport (c) webkb
4 4 4
4255 10 3.420 210 117 210
o 4.250 o o 1.16 H
3415 H
5 4245 ¢ 5 3 LISt
o 4240 f o 340 F o L14
g 4.235 '§ 3.405 F '§ 1.13 +
£ 4230 + 2 2 112 f
S 425 | S 3400 IR
4.220 I I I I I 3395 I I I I I 110 I I 1 1 I
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
Number of iterations Number of iterations Number of iterations
(d) Cal7 (e) Handwritten (f) MSRC-V1
8 TEANFIEHELE LIS S 4 4
4 B %5
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