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Abstract: Multi-view subspace clustering is a method for learning a unified representation of all views from subspaces
and exploring the latent clustering structure of data. As a clustering approach: for processinghigh-dimensional data,
subspace clustering has become a focal point in the field of multi-view clustering. Multi-view low-rank sparse subspace
clustering method combines low-rank representation and sparse constraints. During the construction of the affinity matrix,
this algorithm utilizes low-rank sparse constraints to cépture both global and local structures of the data, thereby
optimizing the performance of subspace clustering. The three-way decision, rooted in the rough set model, is a decision-
making concept often applied in clusfering algorithms to reflect the uncertainty relationship between objects and clusters
during the clustering process. In this study, inspired by the idea of the three-way decision, a voting system is designed as
the decision basis. The system is integrated with multi-view sparse subspace clustering to form a unified framework,
resulting in a novel algorithm. Experimental results on various artificial and real-world datasets demonstrate that this
algorithm can enhance the accuracy of multi-view clustering.
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X FIRE S IR, S HHREE TR KR x, FTE R
R IR A xjeUk | Co(z) TR (22) BEATHRE. 2 A H%
Wz O RS 5555, RIE R (23) AT IRA R, B NS
B4,

4. FIBT A RTIA ST TR 5e ke, 25 AT 5 e ke, Mt 30 (24)-3K (27),
TEID LI % BRI o T Rox, 5 xg; 75 45 R EE.

5. AR (29) PUATHESE PR, 5 R A R, HE R HRE

FRIAAZ O3k, RIS M BR A7 AE T HoAth SRR D Iz 4.
6. 3\ (31) SEFTAHBABERE I, AIWTIEAR I E S i BOE IR O,
R ) 4 R B ﬁﬂﬂﬁ#E%Eﬁgi%‘l, :
320 WG

R LI B 5, PR T 26T LA 51— 5
YT — S . = B B ) n KA — R
(2,23, ZLWE S92, HR 5/ O DU
oL ST 22 1 Co(Z,). . Co(Z,)} 3 ELIHE L
RIS (my, g, e, m) AEHIRE o B 17 2 5 8,
ORI R o W5, W m 5 o ML, 15—
P /DT (L L

IR U e 510 R s TR A i
b, AT RO 6T % B Kemeans 3530 10 B 5

HEE N RO BB ST RO REE

O GRS SRR O B R AR U2 R,
E55 T B TT SO REAR . I A SRR T E 2
- 4 2 0 X 4R TR A AL, o 9 A S
IRt 530 T R AR A R A A

322 ¥REEROESH%

AKTTHN DAY RO S LGS 5. E %O
VAR IC(x, en), BGITAR IF(x, fn) 53 DI NEEAS x 7E7E
Fl cn 5 fn MIARIEE S, voteCo A 1xK HIERE, T
it BN BIENXT R EGE R, Hd en<fn, WAL
BT RN K SRR LSS M 20, FATE T
WANSE 0, 5 0, k&b, He CEENTF:

e P
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e2y)

XTRRI A x 5 2R FEAX; € Co(Zy), A0
TR
(D) if xeIC(xj, fn) && x ¢ IC(Xj,cn),
then voteCo(1,k) = voteCo(1,k)
(2)if (x€ IC(xj,cn) && X ¢ IC(x,cn)),
then voteCo(1,k) = voteCo(1,k)
(3)if (xe IC(xj,cn) && x; € IC(x,cn)),
then voteCo(1,k) = voteCo(1,k)+ 1

Forl, FERE A A (1) BRI (2), RN DG,
A (3) KN RDIR, R ot W (I B
RI%y, HHEE TSR AL

A B AT R 0 L SRR, X 4 A
RGP G x HATHES A XTI, 5 e
P B FE BN R B8t I 3, WA 22505 2 50 4 i
RIS R0 5, XA R WL AN LR
R 24 %A I S — R 0 R G, A1
AT 2, 5 R 50 X R BT B B Se(Z,) e
FEREA T R T 4

(22)

1 W.; —min(W.;)
Se(Z) = x> ! —
ICo(Zy)| £=x;<Cozi) max(W.,) — min(W.))
o
xj€ U Co(Zy)

k=ki

(23)
S, W FRE R R x5 B SR x; A DL,
Co(Z) | F2eH% Z SR RS (ky, -+, k) B
554 10 A0 S 15 5 F0 GO R AR5
Mokt kg
328" LSRR EHRIS

PEAATBA G 46 G068 B0 30 R F 0 530 4
TS Do & DR A T 1 ek 3
o, S i 2 B T A SR TR L SR X 4, B
TR R RN 52, 2R L 37 2. (B T K
HEHBLIEE (0 57 R 550 17 7 53 WL, 5 3 S R A 13
WD, J5 KR B 0 20 2R W S T 2
I ) SRR R — 35 I 4 3 1) SR S W S5 0 5 )
93 B I S R A SRR 2 TR i, WA T
SR O 19 . 2% SR 3 T AR 053 5 T
150 SRR 1 7 i, TR I 2 3 i e o
R AR 1 AR

HEUGIRAN € Y FrZ0 B AR

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

2024 4F 5533 % 31

http://www.c-s-a.org.cn

i H AR SN A

1
|Co(Zp)| ijeCo(Zk) J
K 1

n=1|Co(Z,)| L=x;eCo(Zy) Wi
I HEFP R AR (25) 15 2 E I IR R K
WG IR x,.
Xy = argmax p(x € Co(Z)), k € [1,K] (25)

xeUK Fr(z;)

RGN GIREAR N B )G, B A E
PERS TS AT RO A E L

p(x; € Co(Zy)) =

24

1 K
H®) =~ > (p(x € Co(Zy)logap(x € Co(Z1)))  (26)
k=1

EHE R (27) B RIR B R R R R
HIASIIFER x,.
X, = argmax H(x) 27)
xeyX Fr(z;)
Sk, MR T FAMBIER B X, 5 X, [, R
P50 (24) &5 3, LR B R p B P HES, 12
XX, 5 X, FERENTH E S5 S:

E={Z,Zey, " . Ze,}), S ={Zs, Zsy," "+ , Zs, } (28)
F IR B, 3 3 0] A % 0 38 6 R AT
I WP, SR E fpide d RIILFE. FIN—A> 1x2 KB
I ST FE reVote, JoH4 reVote{1, 1} #8453 N IEZE
G, reVote {1, 2} #8535, X FAE & XY
B x, & SUBLIEAR RC(x;, rm) J9HUIR A, FEA x, 7
JO I AT SBHI I, P )W AR A
if (x € RC(x;,rn)) , then reVote(k, 1} = reVote{k, 1}+ 1
{if (x ¢ RC(x,rn)) , then reVote{k, 2} = reVote{k,2} + 1
y ! (29)
Hrf, x; € UK Coz) 3 TR 2,, (AR x I
SRR KT 5 SRR, BT b 5 — M AT
SEALLER, 113 WP 42 JE P 1) 4 820 T — AN K EAT %
SR, x, 5 x, RESERHRESR)E, R T A
LS HCR, DR 2 A IR R 7 AR R
A x, 5 x, WA RES E R, /L
reVote{k,1} <reVote{k,2},1 <k< K (30)
A OUH LN, SR 2 W Sk P B AR B
JERRPRIA R O & e kR, AREREE. TR
IR YD A R R SR SR IR R R, K 128 R AN E 1 A K

FIRIEAE A X, RIS R B i mi R AR Z,, .
BT OCHR[19], B GIHIFEA A LIS, &
S T SR AR DA BE AR R R IR SRR P I AN R A ) £
K ETE L ML, = [F) 55 P I8 S A T 10 56 2 5
N CL, % HSE RN
{if (xi,xj) € ML, thenw;; =wj; =1
if (x;,x;) € CL, thenw;j =w;; =0

G

4 sgug '
41 BRESHLES

AT B ANE A B, FATRA 5 A E SR
HESRIGIE, 73 )& Prokaryotic, 3-sources, Reuters, UCI
Digits 5 Citeseer. % 1 R 7 X5 10V E 415 . H
1, 3-sources 5 Reuters B & E = 22, FEA R E /D
H AR B % &3 A %, UCI Digits 5 Prokaryotic 1]
A KRB0 2 (PRRAE [7] B 48 P AIK; Citeseer R AEHAG
BRI AL R 5 AR AR ) AN [R) 2R
55K R B AR AT SEEG I, T DASE A 1 v AL &
LR R RE.

F 1 REIEAE

Data sets Number of samples Number of classes Number of views

Prokaryotic 551 4 3
3-sources 169 6 3
Reuters 600 6 \ 5
UCI Digits 2000 105 3
Citeseer 3312 2 " 6

Prokaryotic £ #id: (17 551 i 5B M1 $L o
AW BRSO 5 R PR L ik R A B
3134, B/ NEEREAHCN 35 4

3-sources FHE 4 [FIN 4 BCC, Reuters 1 Guardian
X3 G T B BRI 4 R B . — 3 169 AN FE
A, @, Buh. B3, . BAR. B e K
A,

Reuters £(#548: H 5 MANEE 5 4LRr) SO Dh e
HAEAE. L9308 6 K, RS M SCHIR[3 1k bR #E, 1%
T 3t 600 NN EHRAEA.

UCI Digits £#545: B fif 2= A 3RS0 E 0-9 F
S HBRIEIEE. A 10 NG FIEIT 200 M
A, 13 MR 7390 9 76 AT FF IR 48 B
ZH 216 NECEAH SRR AE A Karhunen-Love Z3X.

Citeseer Z#E 4 : & FBL 7 E 2 BUR U 4. H
PSRRI R, 23 e SCARE B S 3 E G R &,

Software TechniquesAlgorithm FX AR H% 141

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

it E RGN A

http://www.c-s-a.org.cn

2024 4F #5334 H3 W

BT BIRHEE S5 S W ] B EE AT LU

(1) Z T W [F) IR WAL 1 22 W0 3 228 (co-regularized
multi-view spectral clustering, Co-Reg)"", i% 5% 18 it
PR IE AL 777245 2R A

(2) ETE ¥R Z MERE K (robust multi-view
spectral clustering, RMSC)P"!, 1% 501k i ¥y B AR Pk 4%
FE ML S0 MEAE N B R BERBEI B N, BRA T &4
P B et v e R0 SRR RE I S

(3) M2 M T JE 2 (convex sparse multi-view
spectral clustering, CSMSC)". 1532 FH A i 4 5 %
RFtAT 7.

(4) FETRRRAR B £ R 1 B AR 2 40 1 25 (A 3R
2K (self-weighted multi-view subspace clustering with
low-rank sparse constraint, SWMSC)™, —Fft () 3%
FRAR I BB 2 A SRR SE .

(5) %m@]%%%%@ B (centroid multi-view
low-rank sparse subspace clustering, MLSSC)™, %% %
AR 5 M2 o, R L S &AL — B e
U S )5 e e ol 1| N S end 1 b 3

Horr, 9 7 ORIE S A IE A 7 S0 —BrE, Bk 1
L8 4 ST B0 AT IR Ak @ ik b R aG B,
B G L5 I J LA T I Bk, AT DA T W AR 3
WA SR PR R .

4.2 FNERR

SCASR PN & WL AR R A SRR PR e, 301

TN (accuracy, ACC) 5VH—4LH.AF B (normalized

mutual information, NMT).

ACC RRERMIMEM L. N RoORMEAHL P, 25

A REASRE A R, HECSARGE . v 240
ey I, 60ey) % T 1, BWET 0. 4

{:1 N ‘
ACCE= + Z S(yi,map(P)) (32)

NMI F7s A TR R AL AR L.

_2xI(Y;0)
NMI(Y,C) = HO T HO) (33)

Horp, Y RonBn BRI, C R RRER, H() &R
Z e
43 BHRE

Z MLEMRBR AR B 722 (6] SRR, (RS B, Wi
SR, MEE B SR 5N R W T AR

142 A4 AR5 % Software TechniquesAlgorithm

HIEHRAE, 5 B AR R R, Horb, HEFXT UCT Digits,
3-sources, Reuters iX 3 MEHEEE S B0 B A4 SCHR[5]
HRZEH, e N {0.9, 0.1, 0.7, 10}, {0.1, 0.9, 0.7,
10%}, {0.5,0.5,0.3, 10*}.

TE = SCUSRH, VI OB R o, 201580 550
0\, N T A8 REL 0, VA R s RIEARIREL O ks B 42
Prokaryotic, 3-sources, Reuters € N: {15, 0.8, 1.6,
151, {30, 2.2, 2.6, 20}, {8.8, 2, 10, 100}.

PIAEA% U IR B o TR TG SRS 2 1A 5 SRR K
R B TA 4 AR AT SR R 0 75— 52
(e AR =7 WEC 1 7 N BUE SC s N AP A L
FOHRE. ORI AT M0, T e A 0 B P R,
S IR, 43 A 8 AT BN 6 A0 45 R K
0, A S R A G EE, R — R E LR
Mo 5 SRR 5 R SRR
44 LWERSHH

o — 2H 504 1R, A S 5% (TW-MLSSC)
b5 22 W B R it 2 () SR S SR 0 2 B e 22 3R I 1
Re R 4F, IB1T 10 YRS Fabr, FEiH &N IEN R
Fr )-S5 DL R 5 22

M2 5% 30 LLEH, £ 3-sources 5 Reuters
IXRHIE 7] 5 2 HAF AR RO B 48 F, A3
LM ERAR R T IR R Fﬂ;‘%ﬁ\jﬁ& UCI Digits
5 Prokaryotic 1X £ERFAF HCR AT FEAE & 5D (1 £
4 I, VeAEIHURITAT | We; BT RSCM 5 CSMSC
Lk, A BRI T IR, 5 B ATECR
WL T S L, 16 3040 B S L % AR 5
LI

MEEARZE LB AT b, AR SO TR =
SRR IERAERFE [ B . FEANE M B 1) S50 2
g b, X JERE 2 BRI IR 1R $2 T H 2SR AIE m] &
HEAR FEAR BRI, JEFRBCRFFA B, X — 45
RWFF ARG O: = SRR R R B = 2
A5 BB R, IEIR PSR EAT, SRk G iy XU HR 5
HR A, #7IEIR Y3 5 K IR CiE A RS A5 B3, 5
VRIS PR AE 2 AT P40, 76 S50 i) BAR R I
ST A B AR AR B A O R AR B = D I L
S 2, TEREAGSAE 7] B4 22 i, S IR PR 5% FT i ok 1 i 2
A B, XN E T2 HAREERNE
RS HF.
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2 XHEEAEA RS L 4CC
HEtE Prokaryotic 3-sources Reuters UCI Digits Citeseer
Co-Reg 0.459 (0.010) 0.505 (0.032) 0.362 (0.017) 0.754 (0.067) 0.461 (0.107)
RMSC 0.447 (0.027) 0.477 (0.033) 0.361 (0.019) 0.742 (0.070) 0.451 (0.013)
CSMSC 0.462 (0.026) 0.482 (0.026) 0.365 (0.005) 0.775 (0.045) 0.477 (0.014)
SWMSC 0.593 (0.019) 0.702 (0.027) 0.453 (0.003) 0.831 (0.046) 0.614 (0.008)
MLSSC 0.605 (0.026) 0.654 (0.042) 0.432 (0.010) 0.835 (0.047) 0.593 (0.021)
TW-MLSSC 0.586 (0.024) 0.687 (0.048) 0.457 (0.019) 0.802 (0.058) 0.623 (0.011)
R3O EESRELEA A B 4R ) NMT
AE/TES Prokaryotic 3-sources Reuters UCI Digits Citeseer
Co-Reg 0.296 (0.018) 0.514 (0.026) 0.291 (0.014) 0.783(0.033). | | 0.170 (0.004)
RMSC 0.315 (0.041) 0.517 (0.024) 0.297 (0.018) 0.778 (0.040) L7051 (0.001)
CSMSC 0.269 (0.022) 0.518 (0.026) 0.295 (0.020) 0.819 (0.019)" 0.213 (0.002)
SWMSC 0.253 (0.013) 0.574 (0.027) 0.273 (0.012) ‘\‘ 0:812 (0.024) 0.254 (0.017)
MLSSC 0.297 (0.015) 0.579 (0.066) 0.37,‘6 (0.017) 0:854 (0.023) 0.226 (0.021)
TW-MLSSC 0.246 (0.012) 0.651 (0.030) 0.378 (0.014) 0.791 (0.018) 0.273 (0.011)

2 ME 3 sl T ARG H00, SR8

5E N 3-sources FHZ 0 IEATS L 6, Xt 3-sources & 1% M
REFISEMR, Y Bl N AR SRR S S IR I 2 0 B
o RV B AE VAR AT L 22 . 7T U ), A SO
PEREXT 28 0, 5 0, P B BONBUR. FIEA RS
WE T, 75520 550 X (7] 35 I SR 3R IR TR,
0 7E HE L X [A) 22 T HH AR AN R K AR RE, WA T A
P2 1 S 0 B 2 0 A I B R A T

0.06

0.04

0.02

0 -

Difference

-0.02
—e—Precision
—+—F-score
—0.04 | ——Recall

—0.06

Bl 2 3-sources % UIEARS 4L 0, W HIE M AR 520
(©=30, 0=20, 6,=2.2}

5 divHRE

DIRE PR e 4 2 AL BN, AR SCR A — A IR B R s
(R i T 2% () SRR . R 72 1) SR S ARAIE 1 AR
T A AR TSI A RS AT e D 1 ot R 2R TER
7, ARBRA R FH RIS B U AR, AR 75 F) T3 ) R
BEAh, ARSCR A =30 B, Bk T — P TR

=SCRFTT R, e LN T 2 AL UK AR R 1 ] 2R
K. NSEIREE RORTE, A SR A SR A — LU E 2
F AR T RERIVERE, IEW] T IR R IX —

SRR T2 T AR R AR BRI ) T AT A S AR
YEH.
0.06
—e—Precision
—+— F-score
0.04 ——Recall
—e— NMI
—v—Adj-RI
0.02
3
§ 0 3
=
a
-0.02
~0.04 |
!
/ 4 7006 1 1 1 1
2.0 2.5 3.0 3.5 4.0 4.5

0,
Bl 3 3-sources % 0IEARSE 0, XL RE RIS
{©=30, 0=20, 0, =2}

I M AFAE A BRI, ] A2 RFAE 1) 240D 14
P RIE T, HRIER T ERER R T S8k
(0 DX TR AN E 45 AEAKR I LAE b, FRATR A 3 T2
SRR, RN 4 FL A 22 R B SR SR Rk i JE AR, o
DA SRR BEAT AL B Ah, SR 0T 4 R Ho
TERERRERZ R WS LT G NIEAT
Bl

B3k

1 Chao GQ, Sun SL, Bi JB. A survey on multiview clustering.
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[\S)

W

(%4

9

10

11

12

13

IEEE Transactions on Artificial Intelligence, 2021, 2(2):
146-168. [doi: 10.1109/tai.2021.3065894]

H, TR R TIORRAE B2 R B ALE 2 A A T ()
R FRUR MR (B A EEF), 2020, 56(6): 862-869.
[doi: 10.13232/j.cnki.jnju.2020.06.008]

Brbi¢ M, Kopriva 1. Multi-view low-rank sparse subspace
clustering. Pattern Recognition, 2018, 73: 247-258. [doi: 10.
1016/j.patcog.2017.08.024]

Ng AY, Jordan MI, Weiss Y. On spectral clustering:
14th

International Conference on Neural Information Processing

Analysis and an algorithm. Proceedings of the

Systems: Natural and Synthetic. Vancouver: MIT Press,
2001. 849-856.

Shi JB, Malik J. Normalized cuts and image segmentation.
IEEE Transactions on Pattern Analysis and Machine
Intelligence, 2000, 22(8): 888-905. [doi: 10.1109/34.868688]
Wang YX, Xu H, Leng CL. Provable subspace ‘clustering:
When LRR meets SSC. Proceedings of the 26th International
Conference on Neural 'Inforn;ation Processing Systems. Lake
Tahoe: Curran ASS(;CiatCS Inc., 2013. 64-72.

Liu GC, Lin ZC, Yu Y. Robust subspace segmentation by
the 27th
International Conference on International Conference on
Machine Learning. Haifa: Omnipress, 2010. 663—670.

Vidal R, Favaro P. Low rank subspace clustering (LRSC).
Pattern Recognition Letters, 2014, 43: 47-61. [doi: 10.1016/
j-patrec.2013.08.006]

Elhamifar E, Vidal R. Sparse subspace clustering: Algorithm,

low-rank representation. Proceedings of

theory, and applications. IEEE Transactions on Pattern

Analysis and Machine 2013, 35(11):

2765-2781. [doi: 10.1109/TPAMI.2013.57]

Intelligence,

Tian L, Du Q. Parallel multi-view low-rank and sparse ‘

subspace clustering for unsupervised “hyperspectral image
classification. Proceedings. of ‘the 2018 Asia-Pacific Signal
and Information Processing Assz)ciation Annual Summit and
Conference. Honoluhi: IEEE, 2018. 618-621. [doi: 10.
23919/APSIPA.2018.8659796]

ENRG, T 2 T 2R 2 W ER R B T2
B SRR HI. B RS R G AR, 2023, 18(2): 399-407. [doi: 10.
11992/ti5.202110026]

Yao YY. Three-way decision: An interpretation of rules in
rough set theory. Rough Sets and Knowledge Technology.
Berlin: Springer, 2009. 642—-649.

Yu H, Jiao P, Yao YY, et al. Detecting and refining
overlapping regions in complex networks with three-way
decisions. Information Sciences, 2016, 373: 21-41. [doi: 10.

144 4R 5% Software TechniquesAlgorithm

15

19

20

21

22

23

24

25

26

1016/j.ins.2016.08.087]

Yu H, Zhang C, Wang GY. A tree-based incremental
overlapping clustering method using the three-way decision
theory. Knowledge-based Systems, 2016, 91: 189-203. [doi:
10.1016/j.knosys.2015.05.028]

Yu H. A framework of three-way cluster analysis.
Proceedings of the 2017 International Joint Conference on
Rough Sets. Olsztyn: Springer, 2017. 300-312. [doi: 10.
1007/978-3-319-60840-2_22]

Tt, BfEYL. 2ET K-means [ Qﬁ]ﬂ;i%%?@%ﬁ?ﬁ. it
HHLREF, 2016, 36(8): 2061-2065, 2091. [doi: 10.11772/j.
issn.1001-9081.2016.08:2061]

51, Bk Bhr, BT = 5 P R i 0 BGH K-means
. VRN L SEHL R 48, 2020, 41(4): 724-731. [doi: 10,
3959/j.issn.1000-1220.2020.04.009]

R, 0, 0 D BT N LTI =3 K-means 58
KB TFEHLRE, 2023, 50(6): 116-121. [doi: 10.11896/
jsikx.220800150]

Yu H, Wang XC, Wang GY, et al. An active three-way
clustering method via low-rank matrices for multi-view data.
Information Sciences, 2020, 507: 823-839. [doi: 10.1016/].
ins.2018.03.009]

Yu H, Zhou QF. A cluster ensemble framework based on
three-way decisions. Proceedings of the 8th International
Conference on Rough Sets and Knowledge Technology.
Halifax: Springer, 2013. 302-312.

Yao YY. Three-way decisions ancico'gnitive computing.
Cognitive Computation; 2016, 8(4): 543-554. [doi: 10.1007/
$12559-016-9397-5]

Yu H, Zhang C, 'Hu F. An incremental clustering approach
based on three-way decisions. Proceedings of the 9th
International Conference on Rough Sets and Current Trends
in Computing. Granada: Springer, 2014. 152-159.

Boyd S, Parikh N, Chu E, ef al. Distributed optimization and
statistical learning via the alternating direction method of
multipliers. Foundations and Trends® in Machine Learning,
2011, 3(1): 1-122. [doi: 10.1561/2200000016]

Hong MY, Luo ZQ. On the linear convergence of the
alternating direction method of multipliers. Mathematical
Programming, 2017, 162(1): 165-199. [doi: 10.1007/s10107-
016-1034-2]

Cai JF, Candés EJ, Shen ZW. A singular value thresholding
SIAM Journal on

algorithm for matrix completion.

Optimization, 2010, 20(4): 1956-1982. [doi: 10.1137/
080738970]
Donoho DL. De-noising by soft-thresholding. IEEE

© TEREBIK R

http:/fwww.c-s-a.org.cn


https://doi.org/10.1109/tai.2021.3065894
https://doi.org/10.13232/j.cnki.jnju.2020.06.008
https://doi.org/10.1016/j.patcog.2017.08.024
https://doi.org/10.1016/j.patcog.2017.08.024
https://doi.org/10.1109/34.868688
https://doi.org/10.1016/j.patrec.2013.08.006
https://doi.org/10.1016/j.patrec.2013.08.006
https://doi.org/10.1109/TPAMI.2013.57
https://doi.org/10.23919/APSIPA.2018.8659796
https://doi.org/10.23919/APSIPA.2018.8659796
https://doi.org/10.11992/tis.202110026
https://doi.org/10.11992/tis.202110026
https://doi.org/10.1016/j.ins.2016.08.087
https://doi.org/10.1016/j.ins.2016.08.087
https://doi.org/10.1016/j.knosys.2015.05.028
https://doi.org/10.1007/978-3-319-60840-2_22
https://doi.org/10.1007/978-3-319-60840-2_22
https://doi.org/10.1007/978-3-319-60840-2_22
https://doi.org/10.1007/978-3-319-60840-2_22
https://doi.org/10.1007/978-3-319-60840-2_22
https://doi.org/10.1007/978-3-319-60840-2_22
https://doi.org/10.1007/978-3-319-60840-2_22
https://doi.org/10.1007/978-3-319-60840-2_22
https://doi.org/10.1007/978-3-319-60840-2_22
https://doi.org/10.1007/978-3-319-60840-2_22
https://doi.org/10.11772/j.issn.1001-9081.2016.08.2061
https://doi.org/10.11772/j.issn.1001-9081.2016.08.2061
https://doi.org/10.11772/j.issn.1001-9081.2016.08.2061
https://doi.org/10.11772/j.issn.1001-9081.2016.08.2061
https://doi.org/10.3969/j.issn.1000-1220.2020.04.009
https://doi.org/10.3969/j.issn.1000-1220.2020.04.009
https://doi.org/10.3969/j.issn.1000-1220.2020.04.009
https://doi.org/10.3969/j.issn.1000-1220.2020.04.009
https://doi.org/10.11896/jsjkx.220800150
https://doi.org/10.11896/jsjkx.220800150
https://doi.org/10.1016/j.ins.2018.03.009
https://doi.org/10.1016/j.ins.2018.03.009
https://doi.org/10.1007/s12559-016-9397-5
https://doi.org/10.1007/s12559-016-9397-5
https://doi.org/10.1007/s12559-016-9397-5
https://doi.org/10.1007/s12559-016-9397-5
https://doi.org/10.1007/s12559-016-9397-5
https://doi.org/10.1007/s12559-016-9397-5
https://doi.org/10.1007/s12559-016-9397-5
https://doi.org/10.1007/s12559-016-9397-5
https://doi.org/10.1561/2200000016
https://doi.org/10.1007/s10107-016-1034-2
https://doi.org/10.1007/s10107-016-1034-2
https://doi.org/10.1007/s10107-016-1034-2
https://doi.org/10.1007/s10107-016-1034-2
https://doi.org/10.1007/s10107-016-1034-2
https://doi.org/10.1007/s10107-016-1034-2
https://doi.org/10.1007/s10107-016-1034-2
https://doi.org/10.1137/080738970
https://doi.org/10.1137/080738970
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

2024 4F 5533 % 3

http://www.c-s-a.org.cn

i H AR SN A

Transactions on Information Theory, 1995, 41(3): 613-627.
[doi: 10.1109/18.382009]

27 Daubechies I, Defrise M, De Mol C. An iterative
thresholding algorithm for linear inverse problems with a
sparsity constraint. Communications on Pure and Applied
Mathematics, 2004, 57(11): 1413-1457. [doi: 10.1002/cpa.
20042]

28 WHAHE, Tt — AR T R =SOSR IR R AR O . T
NN, 2016, 37(8): 1741-1745.

29 Brbi¢ M, Piskorec M, Vidulin V, et al. The landscape of
microbial phenotypic traits and associated genes. Nucleic
Acids Research, 2016, 44(21): 10074—10090. [doi: 10.1093/
nar/gkw964]

30 Kumar A, Rai P, Daumé H. Co-regularized multi-view
spectral clustering. Proceedings of the 24th International
Conference on Neural Information Processing Systems.
Granada: Curran Associates Inc., 2011. 1413-1421.

31 Xia RK, Pan Y, Du L, et al. Robust multi-view spectral
clustering via low-rank and sparse decomposition.
Proceedings of the 28th AAAI Conference on Artificial
Intelligence. Québec: AAAI Press, 2014. 2149-2155.

32 Lu CY, Yan SC, Lin ZC. Convex sparse spectral clustering:
Single-view to multi-view. IEEE Transactions on Image
Processing, 2016, 25(6): 2833-2843. Edoi:' 10.1109/TIP.2016.

2553459]
!

m (ke di: i)

Software TechniquesAlgorithm FXPFHE AR 5% 145

© TEREBIK R

http:/fwww.c-s-a.org.cn


https://doi.org/10.1109/18.382009
https://doi.org/10.1002/cpa.20042
https://doi.org/10.1002/cpa.20042
https://doi.org/10.1093/nar/gkw964
https://doi.org/10.1093/nar/gkw964
https://doi.org/10.1109/TIP.2016.2553459
https://doi.org/10.1109/TIP.2016.2553459
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

	1 相关理论基础
	1.1 低秩表示与稀疏约束
	1.2 三支决策聚类

	2 多视图低秩稀疏子空间的三支聚类
	2.1 多视图聚类模型
	2.2 多视图聚类算法求解

	3 基于投票的三支聚类
	3.1 算法框架图
	3.2 算法思想
	3.2.1 初始化核心域
	3.2.2 扩展核心域与边缘域
	3.2.3 边缘域对象的重新划分


	4 实验
	4.1 数据集与对比算法
	4.2 评价指标
	4.3 参数设置
	4.4 实验结果与分析

	5 结论与展望
	参考文献

