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Abstract  Clustering is an essential technique in unsupervised learning. Its primary goal is to
group data points based on their similarities and differences. With the rapid development of data
mining and information acquisition, multi-view data has become increasingly common. It allows
the same sample to be described from multiple perspectives. Multi-view clustering (MVC) in-
tegrates complementary and consensus information from different views. This capability enables
more comprehensive and accurate clustering. As a result, MVC has attracted significant attention
in recent years. Despite notable progress, existing research lacks a systematic review of MVC
techniques. This limitation hinders a deeper understanding of MVC. This paper provides a de-
tailed analysis of existing MVC methods. The study consists of five main parts. First, we intro-

duced the fundamental concepts of MVC. We summarized four common representation methods:
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subspace representation, latent representation, graph representation, and tensor representation.
We also categorized three fusion strategies: direct fusion, early fusion, and late fusion. Second,
we proposed a new MVC classification framework. We further examined various MVC approa-
ches. We classified MVC methods into heuristic MVC and deep learning-based MVC based on
whether they use neural networks. For deep learning-based MVC, we further divided the meth-
ods into discriminative MVC and generative MVC, depending on whether they incorporate gener-
ative models. For heuristic MVC, we grouped existing methods by data representation strate-
gies. These include approaches based on non-negative matrix factorization (NMF), subspace
learning, graph learning, and tensor learning. For discriminative MVC, we categorized methods
based on different discrimination strategies. These include deep embedding-based methods and
contrastive learning-based methods. Deep embedding-based methods include approaches based on
deep NMF (Deep-NMF) and autoencoders (AE). We also categorized generative MVC into two
types: variational autoencoder (VAE)-based MVC and generative adversarial network (GAN)-
based MVC. We conducted a detailed analysis of heuristic MVC and discriminative MVC. We al-
so introduced the two types of generative MVC and compared classical MVC methods. We exam-
ined their advantages and disadvantages. To provide insights into performance trends, we sum-
marized experimental results from 22 MVC methods and 7 incomplete multi-view clustering (IM-
VC) methods. These experiments were conducted on 9 public datasets and 3 incomplete datasets.
We also analyzed the time complexity of these algorithms to help readers understand their compu-
tational efficiency. To reflect the current state of MVC research, we investigated its major appli-
cations. These include 3D reconstruction, bioinformatics, and text classification. We focused on
graph-based MVC methods and deep embedding-based MVC methods in these applications. Fi-
nally, we summarized our findings and discussed potential research directions. MVC is evolving
rapidly as multi-source data grows. Many previously unsolved problems are now being ad-
dressed. However, several challenges remain. These include handling incremental and uncertain
data, improving computational efficiency, and enhancing model interpretability. MVC leverages
complementarity and consistency to improve clustering performance. It has the potential to bring
significant advancements. This paper systematically reviewed MVC techniques, performance
trends, applications, and future research directions. We hope it helps new researchers enter the
field and assists experts in identifying new research directions. Ultimately, we aim to promote
further progress in MVC research.

Keywords multi-view clustering; non negative matrix factorization; graph learning; contrastive

learning; variational autoencoder
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DMVCVAE 23 %R 0. 0001.175%%%79 Adam

AMVX 22N 0. 001, e RIFARWECH 30, ALE N Adam

F15 IMVCHEN—EIESHRE

X} B S 56 FESHRE
IMG HMBE ALy MANRERN le—2,1e2,1e2
DAIMSC MBI B ER lel, fp SEEPELFE N (1e—1,1e0,1el}
WS EC A, TR (0. 001,0. 01,0, 1,1. 0,10} M40 A, WEEFEIER R (1.0.10.100.1000,10000} . #BSH r BE£E
GIMC-FLS
S 2,9

IMSC_AGL — HBX A, .2,.4, RE#E K 10,10 10 °
WIS r = 3, k— IS BRI £ (R 7B B HA 4,02, MBI E 5. (107,107 ],[107",10°],[107%,

UEAF )
10°]

AGC_IMC ﬁi}%u],w fY 36 B3 B 0. 1,1, 0,10.100}

ARDGL o1 & —E S8 SRR Y £ o 15,888k = 107

% 16 MVC 737 ORL.UCI #1 MSRC-V1 ##5 & F Ry REEL &
P ORL UCI MSRC-V1
NMI ACC PUR NMI ACC PUR NMI ACC PUR

DIMSCH 0. 941 0. 838 0. 870 0.772 0.703 0. 652 0.508 0.548 0. 604
MLAN® 0. 831 0. 685 0.735 0.910 0.874 0. 847 0.763 0.724 0.791
RMSCH™ 0. 848 0.702 0.743 0. 822 0.915 0.789 0.566 0. 650 0.671
LRR 0. 930 0.830 0.863 0.768 0.871 0.736 0.556 0.679 00. 681
ECMSCH 0.910 0.765 0. 810 0. 780 0.718 0.672 — - —
ETLMSC2) 0.910 0. 805 0. 835 0.977 0.958 0.953 0. 626 0.738 0.738
ULTLSEM] 0.993 0. 965 0. 975 - — — — — —
CELT 0.998 0. 998 0.998 — — — - — —
DAMCL$¥ 0. 460 0.162 0.162 0. 290 0.316 0.316 — — —

Multi-NMF-28! 0.699 0. 480 0.518 — — — — — —
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% 16 MVC 77357 ORL.UCI #1 MSRC-V1 ##5 & Ay REEL &% 23
P ()R‘I: UCl MSRC-V1
NMI ACC PUR NMI ACC PUR NMI ACC PUR
SNME 0. 754 0.553 — — — — — — —
DNSRF!!™ 0. 879 0. 749 — — — — — — —
FRSMNMFL 0.931 0. 892 0. 890 0. 905 0.874 0.874 0.629 0.614 0.614
CDTMSC 0. 927 0.827 — — — — 0.781 0. 886 0. 886
SMCMB'* 0. 899 0. 803 0. 836 — — — 0.696 0.769 0. 784
MRIL_CALMY 0. 824 0. 688 — 0.724 0.727 - - — —
MVCNME®] — — — — — — — — —
FTMCMM™ — — — 0. 992 0. 999 0. 999 — — —
MCDSH! - — — — — — — — —
Multi- VAEL 0.967 0. 900 0. 897 0.934 0.925 0.923 0. 826 0. 801 0. 801
DMVCVAEM! 0. 901 0.795 — 0.912 0. 957 — - — -
GAIMVCH™ 0. 947 0. 861 0. 861 0.921 0. 904 0.910 0. 806 0.793 0.793
£ 17 MVC FEEEE L BBC Sport, Yale 1 MNIST _ iy 14 8 Eb %%
P BBC §pion Yale MNIST
NMI ACC PUR NMI ACC PUR NMI ACC PUR
DIMSCE# 0.785 0.922 0.813 0. 740 0.746 0.746 0.234 0. 348 0. 358
MLANL 0.779 0.721 0.591 0. 24 0. 254 0. 264 0. 659 0. 744 0. 744
RMSC 0. 666 0.826 0. 637 0.723 0.703 0.709 0.486 0.705 0.705
LRR 0. 698 0.836 0.705 0.712 0.721 0.727 0.697 0. 760 0. 760
ECMSCE® 0. 027 0. 285 0. 009 0. 754 0.715 0.715 0. 839 0.898 0.898
ETLMSCH! 0.972 0.959 0.949 0.781 0. 752 0.752 0. 999 0. 999 0. 999
ULTLSE!N — — — 0.912 0.921 0.921 1. 000 1. 000 1. 000
CELT™ — — — 0. 962 0. 970 0. 937 1. 000 1. 000 1. 000
DAMCH® — — — — — — — — —
Multi-NMF-2% 0.161 0.399 0. 408 — - — — — -
SNMF ! — — — 0.527 0. 467 — 0.533 0.616 —
DNSRF!?] — — — 0. 845 0. 786 — 0. 736 0. 694 —
FRSMNMF!# 0.793 0. 829 0. 829 0.752 0. 781 0.781 0.982 0.913 0.913
cDTMSCH 0.823 0. 940 0. 940 — - — — - —
SMCMB' 0. 842 0.949 0. 949 0.722 0. 688 0. 695 — — —
MRL_CALM — — — — — — — — —
MVCNMFE® 0. 806 0.911 - — — — — — —
FTMCM"™ 0. 990 0. 995 0. 995 — — —
MCDS!H - — — — — — — — —
Multi-VAEM??] 0. 965 0. 850 0. 850 0.901 0.801 0.801 0.998 0. 999 0. 999
DMVCVAEM — — — — — — — — —
GAIMVCH? 0.943 0.903 0. 900 0. 864 0.792 0.792 0. 837 0. 806 0. 806
& 18 MVC 7% 7 ##E & Handwritten.Reuters.Scene-15 _F B[4 8 Lt 37
P Handvxfrftten Reuters Scene-15
NMI ACC PUR NMI ACC PUR NMI ACC PUR
DIMSCHH 0.383 0.435 0. 461 0. 307 0.476 0.175 0.291 0. 347 0.371
MLAN- 0. 832 0.778 0.812 0. 355 0. 490 0. 250 0.486 0. 340 0.351
RMSC] 0. 661 0. 681 0.713 0.296 0.496 0.238 0.488 0.519 0.559
LRRE 0.768 0.780 0.811 0.361 0.512 0. 246 0.512 0.541 0. 634
ECMSCE® — — — — — — 0.477 0.526 0.528
ETLMSC! 0. 784 0. 864 0. 864 0. 957 0.932 0.924 0.903 0. 943 0.943
ULTLSE!H® - — — — — — 0. 960 0.976 0.972
CELT™ - — — — — — 0. 965 0. 981 0.981
DAMC! 0.932 0. 965 0. 965 — — — 0. 255 0.236 0. 236
Multi-NMF-2% 0. 664 0.773 — 0. 409 0.535 — — - —

SNMFL?
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& 18 MVC 7% 7 118 &£ Handwritten. Reuters.Scene-15 _F 14 Bk Lk 8 (2235
5 B Handwritten Reuters Scene-15
NMI ACC PUR NMI ACC PUR NMI ACC PUR
DNSRF!! - — — — — — — — —
FRSMNMF*"] 0. 947 0.933 0. 929 0. 607 0.586 0.586 0. 901 0. 874 0. 874
CDTMSCH? 0. 860 0.923 — — — — — —
SMCMB! 0. 897 0.947 0. 947 — - — - —
MRL_CAL!Y — — — — — — 0.426 0.412 —
MVCNMEF® 0.530 0.623 — — —
FTMCMM™ - — — - - — 0.932 0. 889 0. 889
MCDSH! 0.911 0. 944 — 0.667 0. 749 — — —
Multi-VAEM?] 0. 896 0. 798 0.798 0. 619 0. 649 0.794 0. 907 0. 883 0. 839
DMVCVAE!NY - - - - - - - -
GAIMVCH 0.793 0. 871 0. 871 0. 375 0. 477 0. 477 0.748 0.767 0.761
£ 19 IMVC A5 BBC Sport By 8 LL 8
Kb B ACC NMI PUR
0.1 0.3 0.5 0.1 0.3 0.5 0.1 0.3 0.5
MGH™ 0. 569 0. 600 0. 467 0. 374 0. 374 0. 247 0. 647 0. 655 0. 550
DAIMCH™] 0. 740 0. 685 0. 540 0.613 0. 547 0. 345 0. 807 0. 759 0. 612
GIMC-FLSDMH] 0.814 0. 764 0. 700 0. 730 0. 644 0.565 0. 900 0. 855 0. 805
IMSC-AGLH™ 0.716 0.721 0. 683 0. 664 0. 622 0.541 0. 835 0. 828 0. 790
UEAF!7] 0. 781 0.772 0. 653 0. 692 0. 681 0.506 0. 871 0. 860 0. 745
AGC-IMCHT® 0. 836 0. 809 0. 704 0.731 0. 679 0.533 0. 867 0. 835 0.762
ARDGLM™ 0.914 0.811 0.751 0.796 0.718 0.555 0.916 0. 887 0.797
& 20 IMVC 773k % 3sources HITH B8 Lk 3
H b B ACC NMI PUR
0.1 0.3 0.5 0.1 0.3 0.5 0.1 0.3 0.5
MGH™ 0.614 0. 543 0.423 0. 506 0.412 0. 264 0. 698 0. 636 0.542
DAIMCH?] 0.516 0. 489 0. 507 0.501 0. 435 0.416 0. 696 0. 659 0. 652
GIMC-FLSD7) 0. 683 0.613 0. 570 0. 655 0. 560 0.515 0. 817 0. 756 0. 742
IMSC-AGLH™ 0. 664 0. 654 0.625 0.635 0.610 0.512 0. 788 0.773 0.717
UEAFH™! 0. 580 0.523 0.537 0.593 0.533 0. 447 0.767 0. 734 0. 644
AGC-IMC!H7® 0.774 0.723 0. 680 0. 681 0. 624 0.520 0. 832 0.774 0.743
ARDGLM™ 0. 800 0.788 0.710 0.719 0. 683 0.556 0.838 0.819 0.766
£ 21 IMVC 77ik% MSRC-V1 LRy EEEE %
- A(,'(, NMI PUR
0.1 0.3 0.5 0.1 0.3 0.5 0.1 0.3 0.5
MGH™ 0.831 0.542 0.263 0.722 0.446 0.112 0. 831 0.543 0.271
DAIMCH??] 0. 750 0. 750 0. 624 0.671 0. 637 0. 489 0. 760 0. 764 635
GIMC-FLSDH™ 0. 808 0. 800 0. 696 0.712 0. 689 0.563 0. 814 0. 807 0. 705
IMSC-AGLH™ 0. 848 0.815 0.733 0.761 0.710 0. 622 0. 848 0.817 750
UEAF!7 0.792 0. 600 0. 556 0. 679 0. 466 0. 431 0.797 0. 604 0.561
AGC-IMC!H7® 0.751 0. 744 0. 662 0.753 0.693 0.563 0. 784 0. 769 0. 668
ARDGLM™ 0. 852 0.792 0.737 0. 789 0.723 0.572 0. 849 0. 809 0.777

MAMBEIT R Z —E WA g, Hlan,
ECMSC J7 % 76 ORL £ #s 48 1 ny R 2B 20 R L 78
BBC Sport 34545 b iy R M L4, X R A —Fh
BAEABARAE R EHOR 2 RHHR K, AE G %
T5 A R B A B 4R L

— Oy kW T A A AL, BN, DIM-
SC.MLAN F1 RMSC 4§ J5 ¥ 75 6 38 #H 5 fls 4 1 %

AL L 2 BH B AT A A B K AR B9 O 1 A A —
1) SR BR 1

BT I S 1 T 0 O B v D L BB0HR 5 X R
KM, 75 MVC o, CELT F J K & % 4 19 7
P T RE i AT R BUEE R4 xR, FE IMVC
o, ARDGL 3 52 v 2l 25 B 4 R A 22 2 L 4%
TR MRS R A RS
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Background

In recent years, several review articles have summarized
multi-view clustering research from different perspectives, but
these articles generally lack a summary of the latest methods. In
this paper. we provide a comprehensive analysis and summary of
existing MVC methods. First, we introduce common MVC data
representation methods and analyze the primary problems and
challenges faced by MVC, and list some complex data problems,
such as missing data, incremental data, and unaligned data fea-
tures. Then. according to the different technical mechanisms.,
we categorize the existing MVC methods into three main catego-
ries: (1) heuristichased MVC methods, (2) discriminative-
based MVC methods, and (3) generative-based MVC methods.

In this section, we explore in detail the specific strategies and ef-
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fectiveness of these approaches in solving common MVC prob-
lems. Subsequently, we summarize several representative MVC
datasets and compile experimental results of current mainstream
MVC approaches. Finally, this paper discusses future research
directions worth exploring in the area of MVC. We hope that
this paper can provide a clear research framework for researchers
to help them better understand the field of MVC and advance its
further development.
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