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Method MNIST | STL-HOG | REUTERS-10k | REUTERS
k-means 53.49% 28.39% 52.42% 53.29%
LDMGI 84.09% | 33.08% 43.84% N/A
SEC 80.37% | 30.75% 60.08% N/A
DEC (ours) 84.30% | 35.90% 7217 % 75.63%
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Algorithm-1: preprocessing-and-initialization-of‘target-clustering center<’

Input: -Original-data-X’ € R™*% number-of clusters k.<’
1:--Normalize Original-data‘to-(0,'1) range;<

Seeded-Kmeans cluster

I
: !
| I
| I
: = |
2:--Disrupt the-order-of data;¢’ | Select Initialize Cluster by |
3:~E-«—an-encoder neural network;¢ : Seeds Sets Cluster center kmeans '
coi) g . . . . °© 5le & ° . 3 '
4:---D«—a-feature-decoder-neural network; -« : o | w Do > _ ‘M |
5:-Encoded-data-Z ="E (X);< RIS HRR o oigse o ||
5:|Select some samples-from-each class as-the seed sets-S =Uf_,; S« R [ ! :
according to-their-categories. < > : g |
6:--Initialize cluster-centers: ,u( ) |EZESh z,forh =1, ..., k; t«0¢ | k& 0 5 :
| — ) _
7: Repeatuntil t=20¢ | J Z z ”Zl Y ” :
7a:---Assign-cluster:-Assign-each-data-point-z-to the<’ L
2
---------- cluster-h*(i. e. sebZ(Hl)),-for-h* = arg min"z — u,(f} || ;€ l
. (t+1) 1 ) .
7b:-~Estimate means: y1,, szez}f“) z;¢ Clustering center
h
Jor e t(_(t_l_l)(_l ull:l:l:l:‘
Output: ‘Theencoder E,the feature-decoder D, the disjoint k partitioning: wl TTT1]

{Z,}5_, of Z-such-that K-means objective function is-optimized.<’ U e Rkxd 15
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(a2) clustering result with random initialize (b2) clustering result with seed sets
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Active selected CL

55 5°'5°'5 5'5°5° 55 ]
Algorithm-2: Active-construction of pairwise-constraints<’ w {E 40102 E} = {E 0.05 137 ﬁ}
! 5'5"5'5"5) 7 55 '5'5" 5
Input: -X:-data,"N:number-of-data.< - -
1:--Train the-autoencoder to-obtain-Z;« J(U. k) = Ziz 1Zj= 1”?‘%
2:--Initialize-membership matrix U = [ui j] with- random numbers;«’ p
4: forepoch=-1—20-do¢ Fuzzy
5:-df-epoch < 10-do< "l ' clustering Calculate
6: tCalculate the centers Vector.s,é | — Ty : Adjust th(_a uncertainty
;.--------- -l-- d (_I . E K embershlp
matrix

9Q;-----wwsCalculate the -centers-vectors; < \ Q y,
10: Upfiate membersh.lp l‘IlatI?IX, L 1 whered?, = i — v idxun
11: -----Adjust-membership matrix;< b o (dy, 2o Y 1
12:--end-for< i=1 (E) 2 T

- - . \_/
14:-Calculate-the uncertainty matrix;<’ : : : .
15:-for-epoch-=1—N/2-do<’ M Pairwise
16: ---Select-a-pair-of-samples-from top-and -bottom, respectively;« UN € Rn*2 > constraints set
17:--+-Query-their true-labels;« ML&CL
18:-----‘Put-them-in-pairwise-constraints-set-S(ML/CL);<’ Ly Order _by — | Select pairs -
19:--end for< uncertainty

Output: -pairwise-constraints-5.<’
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Distribution calculate
- =] A | B2 2 /4 llzi —wll?, -2
° N gﬁﬁ%ﬁ%l iﬁUL_IEigggé;kcén I 9 stioation 99 = — llz; ’ — U ||)2 s
- :‘/f’ "*-\\I 1stribution 1 _—
Algorithm-2: Data-clustering«’ | py | e Zpd+ E T D)
. | | 1stribution QEj / i Qi
Input: -X:-data, m:maximum-epochs, k:number-of-clusters, N - ‘// \ R Py = WE;;)
number-of-batches-and-N,: -total number-of pairwise consiraffiis-batches.<
1:-~Train-the-autoencoder-to-obtain-Z;<
2:-Initialize-centroids-u-via-Seeded-K- s-on-embedding Z;<
4: for-epoch=1—m-do< Lo = KL(P||Q) = Zzpumgp_f{
S:for-batch=1—_Mto TG i
6 ~Calculate|Lo{|Lptiy 1, = 1(g(f(xD), x:)
7: ----Calculate'Lg; «
8: -----Calculate-total-loss-as-L, + Ly +|L;
9: -----Update network parameters-based-on-to S; < tn n ‘
10;---end-for< Lg = Z( qnﬁ——
11: --for-batch=1—"N,-do¢ e=C: i=1
® o
12: - Calculate-Lp;< / L = — l0g ) aj * Qv; e e Pl o
13 Update network parameters-based-on|Lp: (@byemr /B B ;Oo 20
]_6 ,,,,,,, End.fﬂr{_l ffD (] DD U .Jl\.\ . \O o .Ci,r
_ B ~~ Lep = — Z (1- Z aj * qbj) R e
17:-Forward pass-to-compute Z -and-S; = argmax;q;;. @Sect Z BN P WY
18:--end-for< 6, 0pa et 8,
Output: -latent-embeddings-Z,-cluster-assignment-S.<’ SN 19
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@ without giobal size constraints with global size constraints () real distribution (i) without global size constraints with global size constraints [l real distribution
_— samptes Data<’ « DEC< IDEC< SDEC< SGAE< DCC< Owurs¢’
7500 1,250 ACCe  B2.674 88.67¢ 96.67< 47.07< 96.33¢  96.90<
1.000 MNIST< NMI< 86.67< 86.82¢ 83.794 66<1 90.38<  91.99<
s 750 ART+ 79.21< 83.26¢ 79.86¢ 53.244 91.63¢ 93.31<
b eno ‘ | 500 ACCe 57494 52.03¢ 59.874 58.46¢ 79.64<  81.14¢
250 FMNIST+ NMI< 63.41<¢ 56.33¢ 63.22¢ 61.23¢ 71.33¢ 73.84¢
0 JAN BON NON NOW NON NON AON NOW MO 0 vase ART+ 45.85¢ 39.48+ 46.954 45.77¢ 65.46¢  68.69¢
1 2 3 4 5 & T & 9§ 10 1 2 3 4 5 ]
MNIST SATIMAGE <
Accuracy: 0.87, NMI: 0.83 Accuracy: 0.96, NMI: 0.91 Accuracy: 0.97, NMI: 0.91

» » 2 -1 -3 - . s » s Y -0 - ° s » n

— must link — cannot link class @ 0 o 1 2 3 ©4 5 6 07 o 8 o 9

100epochs 200epochs 300epochs 20
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