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Current difficulties in Deep Clustering

 Discriminative representation learning that capture the semantic

similarity between images

« Cumbersome techniques to avolid cluster degeneracy
* Pre-training
« K-mean initialization
 Extra regularization terms

« Combining multiple clustering-related loss
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A Unified Probabilistic Clustering Framework

Contrastive Learning Latent Mixture Model

* Instance discrimination task +  « Capture semantic structure

 Discriminative representations » Divide-and-conquer

= o mm Em o Em Em Em Em Em Em Em Em Em O O EEm E EE B R M R B B B M D B EEm M M M B M M R M O O Em Em O Em Em Em g,

Gating function Expert

N K
H H p(zn — k|Xn)]l(zn=k)p(yn|Xna Zn = )ﬂ(zn:k)
n=1k=1

=
~
N
s
[

- e o e EE o e e e T D D B DN B DN EEE EEE SN BN BN EEE BEE BEE EEE EEE B BN EE BEE BEn BEn BEn S B B BEE Ban Ban e e B M o e e e e



f ! Expert 1 v - 2.
6 ; \ BEEEEEEEEEE IRRNEnISER
: . fﬂ’l | ( | X, 2o = 1) I
' > P Yn L1 “T1
P VY | [pCzn = 11 )]
g : i
\ Hi ) L
oo [Pz = 21 )]
y Expert 2 :
Rl M s ~-f (2ol %2
[l - 1 xn, ~!. —
Xn ; - Y2 E—}p Yn - L zn, — 1,2,3 Prediction
f; : " : lp[zn:.?-lxﬂ}l
Image Y :‘ Mo K
' o -Expert 3 i
fg E > f'n. 3 :
; $ —> P( Yn | Xp, 2 = 3)
f : > Yy 13 :
' : :
| M3
________________________________________ N
f e mm oo v (Expert | ) = 20n.yn, 2n) !
l i i Yn|Xn, Zn) — ?
, Gating functlo)n exp(w,. g,/k) | | P(Yn|xn. ) Z(Xns 2n) ) :
' Zn|Xn) = : _ f + W, ) /T
| p( n| " Zszl eXp(w}Ign/ﬂ) : : q)(x’n? yn: Z?’L) — eXp (Vy'rbazwa ( n,2n uz"’ j
I

/



MICE — Inference & Learning

 Parameters to update D(Yn|Xns 2n) = %
» DNNs: 8,1 ' Z(Xn, 2n)
* Prototypes: u l
': Intractable :n

* A variant of EM algorithm
 E step: approximate posterior inference, construct ELBO

* M step: update above parameters to maximize ELBO




Evidence Lower Bound (ELBO)

« MICE optimize the ELBO of the log conditional likelihood

log p(yn|xn) > L(0,7, p;Xp, Yn)
:{ Eq (2|5 .yn) 108 D(yn | X0, 203 6, u)]] - [D KL(q(Zn [Xn, yn) ||P(2n[Xn: ) ]

 ((.) isthe variational distribution

* 1stterm: possibly relief the degeneracy issue
- 2"d term: refine gating network to consider info in experts
« Only a single object function




Theoretical Analysis

1. Relationship to a two-stage approach
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i MoCo E + 1spherical k-means' is a special case of MICE
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2. The objective function of MICE converges under the

proposed EM algorithm




Experiments — comparing to SOTA

Datasets CIFAR-10 CIFAR-100 STL-10 ImageNet-Dog

Methods/Metrics (%) NMI ACC ARI|NMI ACC ARI|NMI ACC ARI|NMI ACC ARI
k-means (Lloyd/[1982 8.7 229 49 (840 13.0 281|125 192 6.1 |55 105 20
SC (Zelnik-Manor & Perona//2004) 10.3 247 85| 9.0 136 22|98 159 48| 38 11.1 1.3
AET (Bengio et al.}20006) 239 31.4 169|100 165 4.8 (250 303 161|104 185 7.3
DAET (Vincent et al..[2010 25.1 29.7 16.3|11.1 15.1 4.6 224 30.2 152|104 19.0 78
SWWAET (Zhao et al.[[2015) 233 284 164103 147 39 |19.6 27.0 13.6| 94 159 7.6
GANT (Radford et al.[|2015) 26.5 31.5 17.61120 153 45 (21.0 298 139|12.1 174 78
VAET (Kingma & Welling,2013) 245 29.1 16.7|10.8 152 4.0 {200 282 14.6]10.7 179 79
JULE (Yang et al.; 2016) 19.2 27.2 138103 137 3.3 |182 277 164| 54 13.8 28
DEC (Xie et al.;|2016) 25.7 30.1 16.1113.6 185 5.0 (27.6 359 18.6/12.2 195 79
DAC (Chang et al./[2017 39.6 522 30.6|185 238 8.8 |36.6 47.0 257|21.9 275 11.1
DCCM (Wu et al.][2019) 49.6 62.3 40.8|28.5 327 17.3|37.6 482 26.2|32.1 383 18.2

[IC (Ji et al.[2019) - 6l7 - - 257 - - 499 -
DHOG (Darlow & Storkey,2020)  58.5 66.6 49.2|1258 26.1 11.8|41.3 483 27.2| - - -
AttentionCluster (Niu et al./[2020) 47.5 61.0 40.2|21.5 28.1 11.6|44.6 58.3 36.3|28.1 32.2 163

MMDC (Shiran & Weinshall!2019) 57.2 70.0 - 259 31.2 - [498 6l.1 - - - -
PICA (Huang et al./|2020 59.1 69.6 51.2(31.0 337 17.1]61.1 71.3 53.1|35.2 35.2 20.1
MoCo (Mean)+ (He et al., 2020 66.0 747 59.3|38.8 395 24.0|60.5 70.7 53.0|34.2 30.8 184
___MoCo (Std.)t (He et al.2020)_ ___ 06__L7_09]02 0. 04|09 20 08|03 17_09 __
("7 MiCE Mean, Ours)_________ 73.5 834 69.5]43.0_422727.7[61.3 7720 53.2|39.4° 39.0_24.7_
MiCE (Std., Ours) 02 02 0305 14 0412 1.8 24|18 30 24
MoCo (Best)T (He et al.] 2020) 66.9 77.6 60.8|39.0 397 2426 72.8 524|347 33.8 19.7

61.5 8 52 : 9.
MiCE (Best, Ours) 73.7 83.5 69.8|43.6 44.0 28.0|63.5 75.2 57.5|42.3 43.9 28.6




Visualization

(a) Epoch 1 (12.4%) (b) Epoch 500 (70.2%) (c) Epoch 1000 (83.5%)



Thank you for listening

*Primary contact: peter83112414@gmail.com

Github: https://github.com/TsungWeiTsal/MICE
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