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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

« BRI H ER A RRERES (62072293, U21A20473); (P64 FAREFFA IS (202203021222048)
WO I ) 2023-03-31; A& KU 17]: 2023-05-06; K FH IR [7]: 2023-06-27; jos £k H RN [7]: 2023-11-15
CNKI 2% ¥ & N i) : 2023-11-16

© TEBREEEEIEDT  htp/ www. jos. org. cn



AR 5 A F B IR ERA S NB R L 4409

considering the importance of each view during the fusion process, weight constraints are applied, and an indicator matrix is introduced to
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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Z o(pi,map(g:))

ACC=2— 7
n

e, 6(x,y) BECERRMB x =y, W 6Cx,y) = 1, B 6C0xy) = 0. map(q,) AW 8%, 8 KM SEIEHES R Ah5 %5
DD i S (25
VAL HA & (WM 2 X R

c c anij
i 2y 0108
i=1 Jj=1 n; Xn;
c n; c n;
\/Z n,~log—’+z n;log =
i=1 n J=1 n

o, n RARFERNL, ny R T IVEAR B, 0, FR BRI jIEIR S n, RIS M2 j IR
ML NMT BT RIS 4E 5 L Sn s 2 ) i —20bk.

F-score s 05 BRLR AT H R E (P () fdr 4% (R ) MRS, 4w — AN RHETTER, F-score #5¢
SN

NMI = (28)

F-score = ZC 1 & max(F;)) (29)
=

Hor, Fi;= m, P = @, R, = ﬂ
P +R;; Tonp oo

bR 3 AR R bR ITE F O 0-1, (HBOR R IR RS 2 I
33 LERMGERSHIRE

FESER LR, A SORENI LA R S50 AT RS PE RE Jy THT ) LEAR.

(1) AL SIE: LSRRI K-means AR SR (SC) 2l iz AT AE B AL AL L, JFid
SRAKLERL I d i R SRS 45 R

(2) T B I 2 LI SR 257 EOMSC-CA B3 MOl e PR A 4% IRV AL JEA T I A A AR R 2
fit:; EMKMOC S92 110 5 S i W Bl ) Sl e P, 405 40 S8t 1) K-meeans JEAT B A8, I BEVE T WO S7 R A
RS LMVSC 572 I 5 AR R R A= BB Bl i 2 TR 3 — AN SN B, IR0 T — ROt (K S O V5K & 03X
Lepe.

(3) H T e A E M Z AR AL GMC S35 PR A AE TS0 AR TSR A 1) 5 205 33 A0 P 1 Bl
W8 — PR B, O P — Tl 1) 22 A0 Pl i B A 11 ) b 45 AN 400 PR B A7 B, COMIVSC 09 P2V pleckal 4 4
L, A BT BRI A e
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MR O 18 SCSE R A P IR, 0] LB VST T E. J0rp, A SCHR R 0 5 10 5 JLAdon) o v i 3t
FISECHEE ¢, 2 T WRIIA T, BT A SIEN o (38BN IR RS, b S Eik BT, TR E R
P K-means 1 SC, A SO %S4 BB AT A1 A [0 B (0 25008 v i S i AL 45 5. EOMSC-CA 72 2l o
B P BORIVARRS s B B 1, MR M i3, SE6 S 3 ) [c, 2¢,..., Te] A0t 45 5. EMKMC J7vERS YR8 e e A ih
B <y <2, WL OB LT RAES B LMVSC 7 {c, 50, 100} [ 5EA hI R4l S 2 44 {0.001,
0.01, 0.1, 1, 10} % HE S o . GMC RIEIL R BT AE &k 4 15, VIS E A4 1. COMVSC HWAMZH A Fly,
M4 SCHR [20] A7E {20, 2°,..., 2PV AR A b AT TR, T y 76 (1.3, 1.5,..., 2.7} NSRS h BT R, BB 08 0 0.2, A
ORI T % AR, 5IN T —A B S8y SRA WAL RE, FE1% B 7F {(~1E0, ~1EL,..., —1E7} 4k
AT, B8 ALE (2, 20, 20 IR A TP AT AR, B B e+ 1, c4+3, c+5, c+7, c+9,50, 100} (1
A FRAT IR
3.4 LIGER
341 FLSEHRSERKL R

1E B SE 2 MR AE b, ASCHR I SR KL W LA IR AE 3 MBI SR ISPE N E (ACC. NMI I F-score)
NI L R WER 3-8 5 PR, A AR LU A TR, AR R RIZE BoR.

®3 AFRIEEE S Lk 4CC 1

Methods 3sources bbcsport webkb Cal7 Handwritten MSRC-V1
K-means 0.496 1 0.2772 0.4276 03726 0.5038 0.5911
SC 0.4142 0.4224 0.463 1 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 0.463 4 0.7266 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
AT 0.8935 0.8534 0.8079 0.8365 0.9375 0.8619

R4 AFRKGIEA 2R EE 4 L1 NMIH

Methods 3sources bbcsport 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 0.486 8 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 0.804 1 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

5 AFRKSEAE SR E L L Fescore {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 0.7438 0.8130 0.7125 0.7095
LMVSC 0.5207 0.603 4 0.6946 0.6947 0.8540 0.7143
GMC 0.6047 0.4439 0.6933 0.7217 0.8653 0.6968
COMVSC 0.6788 0.5322 0.7251 0.7728 0.893 4 0.6776
AR 0.8533 0.7911 0.7655 0.8856 0.8813 0.7520
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M 3-3 5 AT LLA I, ASCHR I AR R T 4E Handwritten 2030 85 _FA3 20 AR, Hotth e g S0 4 #8 4%
U Re. 45, SR TR — R A R 2 ISR K 1.

R R B ) 2 MRG0 GMC 1 COMVSC A b, BTk BoR 7 w2 ae, 0 R R #E T
RS HARIZAT K-means IS5, 1E HH B OV by 4 st i AR R, B4 G JUA R RS AT B T
BT, A nx n 1 56 4 B AT DA ep b Al AR B R R 93 £ K15

HET K 2 M B 257 EOMSC-CA. EMKMC F1 LMVSC Lk, 2 PEREH R s I, 40 R K7
TASCEE AT IR Rl G, %5 EEARBURE [ R m DA AL B 22 1) S il 4 SRR R /D (g it B LR IR A5 9 R N R I 1)
Pk i B2 5 T2 R R AE — Mk B AR, @ 5 T IR L. EMKMC 7F 3sources. bbesport Fl webkb £ 4 [
AR T UARAE, 3BT IR RIFE T EMKMC Db [F]—H50 42 (19 AS [ A0 P e AN TR PRl A4, X SE R 45 6 T A [ A0
B, B B TR TR T A R, I e B AT e,

3.4.2 AT ST

TEAH R T IR BE PO R A ik AT T 9280, IR dsk T &R s e AN Holls 48 L Ras AT I [R), ot 45 R
2 s, WTLAE Y, BRI D7 v L 2 A DT s AT A AR, RN 2 40 81 R 2K U L AR [ ) Ak B 2 A
L.

25
K-means
SC ]
EOMSC-CA
20 : EMKMC
LMVSC
[T GMC _ a
=" d coMvse
15 [ Jours _
Py
£ _
T M
5
0 .—.l—||_|l_H_|r]|_"_| I l_ll—l_lﬂl_h_l I = H.—l‘lﬂl_"_' I |_||_| I |, I l‘lﬁHl_I_h"lI—ll_l
3sources bbcsport webkb Cal7 Handwritten MSRC-V1

&2 AFSEEAE 6 ANERE L IIEAT I A AL

MHARAR NG, T NS AT IR, T S BRSO, BT RIS AT I R A K. R LR M R,
I PR AN 63T A T T AR IR A2 K2 LMVSC 1 GMC, IR & 2% 53 51 4 O(mns?) R O(Tmn2) , Ferft m At 435
TR A BRI SN, T RN EIREARIREL. 1K L8757k B E AR IR 1) 1r) R, B AT B R AR T AN & 4%
P BRI S B T KB S v M RE B, (H S BT B, A SCBE ] LIRS M RE 7 T SELE
FHIHE. COMVSC IN ] 5 4% 4 O(Tmn®) , 75 COMVSC H R ] T 4 KEA I TTAS 2 5 55 [, 3 A 4543 B3 45
WA 2% % T HoAth 57, 592 EMKMC F1 EOMSC-CA #0824 2k M I R 52 2% )%, {H 2 EMKMC 7525 A=A IE 1
AL, SRR, HASIE SR A R R A PN S AR ST . I LU Y, TR S T AR
R, A2 — LA bk (1 2 I B R 2 B0,
3.43 PERE T

FE RN T % A BARE, 5IN T —A B S5y SRR A, AR AE 3sources M, 1B S5
AR 27 BB A 2c, B/ 3(a)~(c) N y 25 F—1E0 (y = 0)s —1E5. —1E7 (y = —oo ) I (AL KA, 7] LU H,
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By — 0 I, RAFEPE LR AR y — —oo I, REAF ZUAR S AU, SEUGUENT 2 o Ab T (i B BB A 4 T e
ARG AR P, — GGy ol LAk L (3R E BE.

1.0 0.5 1.0

2 < o« £
o *= .

2 08 g | D P 2 08 al
& & 04 e o2
Z 06 al 5 5 06 a3
g Bl g z
<z 04 e T s o 04
=} N S 03 T s S AR ©
202 | 2 2 02
S s S

0 0.2 0

1 2 3 4 5 1 2 3 4 5 6 7 1 2 3 4 5
Number of iterations Number of iterations Number of iterations

(a) ~1E0 (y—0) (b) ~1E5

3 B¥y Xt 3sources HdhHE A FEIAE I 5 1)
TR D VAG TR BRI IR PR RE, AR SO A 2 W B AT T LN R, A U SR AR A
[ (R R BEAT B2, FRiC Sk Re i I B 2545 3L, 1 BestView K. KA AL B AE 5 35 3] — AN RLE vh, 4R )5 T
A SCITVEN 2 F 5 I SRR B BE AT 3625, T ConView . Kl 4 B IHE T A BB 4E L1 EL 45 1.

95

(€) ~1E7 (y——0)

100 1 == BestvView [ E= BestView
95 + EE ConView 1 90 + EEE ConView m
[ Ours 3 Ours
90 o 85 | -
85 r B _ I 80 —
3 80t 5 i
S 75t . < 70t
Q{-) 70 § 65
65 60
60 55 1
55 f Ir 50 |
50 : : : : : 45 : : :

3sources bbesport  webkb

Cal7

Handwritten MSRC-V1

3sources bbesport  webkb

Cal7 Handwritten MSRC-V1

K] 4 BestView. ConView FIA LI iEAE 6 M4 EITERELLE:

HHIE] 4 AT, e S BUR AT SRR LA EAT Btk Re. Ti4h, fEXZHE DL R, BestView T ConView.
X, TR A M AT A0 B R R P AN RE SR TS S A (PR RE. 1T webkb R 4E |- ConView LT BestView, 737 1]
BB DA A 12 50 4R A AN R 1 ) 2R 2 B T ARABL. TR I 1 A S m B AR R, 22 00 Pl 38 28 vk Ao P O IS oS 5
R, A redAF s ur RIS ge.

3.4.4 BEOHT

AICESTBHGRAT T BUENEDNT, B ITER 3B ARy B fE{c+1, c+3, c+5, c+7,
c+9,50, 100} (IS H AT, B8 ALE(2°, 2,.., 2y G Th BT IR, 230y 7E (- 1E0, —1E1,..., —1E7} (4
GHREATROL. B 5. K6 TR T SHON IR PERERI 52

5 SEIR T A B NS R BOR AR RS ACC. NMI M F-score [FI56M. W LLE W, 244l SBUR BN, BEA 4
MHCERRE N, R R B AR LR RS A 5 B B N B — s A, B R a0, i 2 R
TR PR BRAR, TP RE T R . {0 AT LA, Handwritten s A2 565 oAb B 4K, %4l s 8 R s ek A ) 8.

FEE 6 FFTAAL T 25 A Ny A BRI F-score (K55, W LU 1, 42 (R B0 /0 B0 4 (10 K S R 1 1
T AR E 1 SR ST fE. 0 2, $E 4 3sources. bbesport Al webkb 7E A HUH: Py 225 (1 P B I R BB 47, 24 A HY
HYU M, B4 Cal7 Fl MSRC-V1 K BLH 4T, Handwritten 78 K 2 3B 80T #R AL FF R I MERE. AL
H T AR 2 B S, BINS 5y TR R, $E R R A, Rk, S T SR IR L A SR A S R R,
TR PRSI AR y .
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1.0

Clustering performance

0.4

0.8

0.6

Lo
. N
p N
P AT e NN
- / s \
> / SN
/ S
/
N ‘_,.4/ -»- ACC
—
—w- NMI
F-score

0.8

0.6

Clustering performance

0.4

ctl ¢+3 ¢+5 ¢t7 ¢+9 50 100
Number of anchors

(a) 3sources

1.0

Clustering performance

04

0.8

0.6

R SR
P -

0.9

0.8

Clustering performance

0.7

F-score

cooo
[SE R SEoNS

F-score
cooo—
cvbroxo

ctl ¢+3 c+5 ¢+7¢+9 50 100

Number of anchors

(d) Cal7

13

(a) 3sources

(d) Cal7

27 e acc
S -w- NMI
v ~ F-score

ctl ¢+3 ¢t5 ¢+7 ¢+9 50 100

Number of anchors

(b) bbesport
JUPT - R
v AT
Pl
e -»- ACC
. —- NMI
F-score

ctl ¢+3 c¢t5 ¢+7 ¢+9 50 100
Number of anchors

(e) Handwritten

(e) Handwritten

HAEFIR 2024 FF 35 55 O

Clustering performance

Clustering performance

AN [ Bt ST i s BB AU BE 23 B

Kl 6 AlH F-score iS4 y 1 4 19 RS

B T ISR S B BB, A SCEHE— B IAIE T BE B R ASCX 3sourcess Cal7. MSRC-VI1 X 3
A BRESAREAEAE 43 B I0 T HME R 0, J5 2220 0.01 6w Ui 3, T2 s 75 B . AN SCSEVE RIS LU AR A e s 4
PoE L rseae g anll 7 fiw, B9 noisepre R noiseaft I EAREE 538 4 40 BE N 75 5 5 AN 5] S92 s i &5 IR

0.8

0.6

0.4

0.9

0.8

0.7

0.6

0.5

© P EBEEG T

FERIIN L
; SRR
Y S
7 T
-»- ACC
-4- NMI
« F-score

ctl ¢+3 ¢t5 ¢+7 ¢+9 50 100

Number of anchors

(c) webkb
PR
LY N ’ - e N
o ** — ::k B
-»- ACC
-x- NMI
F-score

0 ¢+l ¢+3 ¢t5 ¢+7 ¢+9 50 100

Number of anchors

(f) MSRC-V1

(f) MSRC-V1
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(K3 NMI e &7 T EUE Y, AN R SR AN e s Hon 2 B SRR R A B ML T — € R T B, A LE
M5, ASCTHRFNER T B, RS,

NMI
COCCOO0O00o
BARULLADNIIX
SHSHhSUSHRS

= noiseaft
= noisepre

(a) 3sources

3.4.5  WCSHES T

KT WCSME ST, A SCEBEHAT TSR BT L. B 8 A ASCEVELE 6 M ER S LR Suih 2. T4
B, XA Y Bl 23 A ik AR RCEOR H b bR (. 7T DA Y, 2R A WAL S 3 AR DR, 8 T 10 kAR T
DL SE I S i 8. ARl O R 18 SO on) S I S 3, T EOMSC-CA 7RI AR 15 IR 22 4 43 31 T WSk,
EMKMC 4% 10 A3 2] T8I, GMC 7E3%4% 10 IR IEL, COMVSC fE#di 4 YaleA kAR 70 W45 ZCSL.
i, ACSRIRE b4 HT, AR SO ] LLIR RSP 47K -

4.17
4.16
4.15
4.14
4.13
4.12

Objective value

4.255
4.250
4.245
4.240
4.235
4.230
4.225
4.220

Objective value

4t

4 IE\ =R

K 7

0.70 + = noiseaft
0.65 | = noisepre
g 0.60 S
§ 0.55 §
0.50
0.45
0.40
ot (R
O@ Qﬁ\ vV QO
(b) Cal7
W P b S AR S (K R 2 A

4
<10 2.165
i 5 2160
s
- Z 2155
2
r o 2.150
2
- 3 2145
T T—— 2.140
0 5 10 15 20 25 30
Number of iterations
(a) 3sources
4
x10 3.420
[ 2 3415
I g
L o 3410
k=
i 5 3405
I & 3.400
1 1 1 1 1 3395
0 5 10 15 20 25 30
Number of iterations
(d) Cal7

x10*

0 5 10 15 20 25
Number of iterations

(b) bbesport

x10*

0 5 10 15+ 20 25..30
Number of iterations
(e) Handwritten

Objective value

Objective value

K8 EAN A K de RS sit o ir

COLCo0Co00
BRNUNONNI0000
SHhSAhSHhSHSh

1.670
1.665
1.660
1.655
1.650
1.645

1.17
1.16
1.15
1.14
1.13
A2
1.11
1.10

= noiseaft = noisepre

(¢) MSRC-V1

x10*

0 5 10 15 20 25 30
Number of iterations

(c) webkb

x10*

5 10 15 20 25
Number of iterations

(f) MSRC-V1

30

UTAER, T 78 50 M 2 ML B B0 HEAT SRS M T 1k — A E B ST A ARSI Y T R T B B
IR 2 WL SRR I IR SRIE T 2 AL 7 2 1) SRS 10 S AEURAY 3 8 P v 7= ZE A BLIT, 2 R R AR AL
TR A PEEAT B Rl Ay [R5 FE R AL I (0 PR AT B AR, 5N T A9 2 B 8 R A5 R Tl K
SRS, B SR A R E RS F VR AT T IRIE. AR, AN SCHRE Y A S A N T B2 2% B D ) AL, AR R R
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{3 A PR 2% R T4 e S R T S AL R AL PR R 22 4L 1l il
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