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Motivation

* Raven’s Progressive Matrices is a representative task on
“thinking In pictures”, or spatial-temporal reasoning.

« Study on contrast effects on cognitive science, biology, and
computer science.

* Interplay between perception and inference detailed in
Carpenter et al. for humans to solve RPM.

* Missing permutation-invariance in computational models.
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CoPINet: Formulation

A ranking perspective:

p(a+|0) = p(a’|0),

Va' € A, a" # a,



CoPINet: Overview
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CoPINet: Contrast on Model

—

Contrast(Fous) = Foua — h (Z f@w/)

a’'ec A




CoPINet: Contrast on Objective

e If we model p(alO) = %exp(f(o Ua))

» Take log on both size of p(a.|0) > p(d'|0), Va' € A,d’ # a,
log p(a,|O) —logp(a’'|O) = f(OUa,) — f(OU) >0, Vd e€A,a #a,

» Take to infinity
f(OUay) — f(OUaG") = 00 <= o(f(OUa,) — f(OUa)) =1

 Add baseline and turn it into its sufficient conditions
f(OUay) —b(OUay) > 0 <= o(f(OUay) —b(OUa,)) =1
f(OUad)—=bOUd) = —c0 < o(f(OUd)—-bOUd)) —0

* Final objective
(=1log(o(f(OUa) —bOUa))+ Y  log(l—o(f(OUd)—bOUQ)))

a’€A,a’ Fay



CoPINet: Perceptual Inference

« Assume each of N attributes is governed by one of M rules
N
p(T10) = [ ] »(t:]0)
1=1

* Modify the form of distribution to take rules as hidden variables

log p(al©) =1log Y p(a|T,O)p(T|0) = log Expri0)p(alT, O))
T

« Sample rules using Gumbel-SoftMax and optimize

¢ =log(o(f(OUay, 7A')—b((9Ua*)))—|— Z log(1—o(f(OUd’, 7A‘)—b((’)Ua’)))
a’€A,a’'#ay



Performance: RAVEN

General performance and ablation study

Method Acc Center 2x2Grid 3x3Grid L-R U-D O-1C O-1G

LSTM 13.07%  13.19%  14.13% 13.69%  12.84% 12.35%  12.15%  12.99%
WReN-NoTag-Aux 17.62%  17.66%  29.02%  34.67% 7.69% 7.89% 12.30%  13.94%
CNN 36.97%  33.58%  30.30%  33.53%  39.43%  41.26%  43.20%  37.54%
ResNet 53.43%  52.82%  41.86%  44.29%  58.77%  60.16%  63.19%  53.12%
ResNet+DRT 59.56%  58.08%  46.53%  50.40%  65.82% 67.11%  69.09%  60.11%
CoPINet 91.42% 95.05% 77.45% 78.85% 99.10% 99.65% 98.50% 91.35%
WReN-NoTag-NoAux 15.07%  12.30%  28.62% = 29.22% 7.20% 6.55% 8.33% 13.10%
WReN-Tag-NoAux 17.94% 15.38%  29.81%  32.94%  11.06% 10.96%  11.06%  14.54%
WReN-Tag-Aux 33.97%  58.38%  38.89%  37.70%  21.58%  19.74%  38.84%  22.57%
CoPINet-Backbone-XE  20.75%  24.00%  23.25%  23.05%  15.00% 13.90% 21.25%  24.80%
CoPINet-Contrast-XE 86.16%  87.25%  71.05%  74.45%  97.25%  97.05%  93.20%  82.90%
CoPINet-Contrast-CL 90.04%  94.30%  74.00%  76.85% = 99.05%  99.35%  98.00%  8R.70%
Human 84.41%  95.45%  81.82%  79.55%  86.36% 81.81%  86.36%  81.81%
Solver 100% 100% 100% 100% 100% 100% 100% 100%




Performance: PGM

General performance

Method CNN  LSTM ResNet Wild-ResNet WReN-NoTag-Aux CoPINet

Acc 33.00% 35.80% 42.00% 48.00% 49.10% 56.37%

Ablation study

Method  WReN-NoTag-NoAux WReN-NoTag-Aux WReN-Tag-NoAux WReN-Tag-Aux

Acc 39.25% 49.10% 62.45% 77.94%

Method CoPINet-Backbone-XE  CoPINet-Contrast-XE  CoPINet-Contrast-CL CoPINet

Acc 42.10% 51.04% 54.19% 56.37%




Performance: Effect of Dataset Size

Acc vs dataset size

—— RAVEN

— PGM

Training set size

Dataset size on RAVEN

Dataset size on PGM

Training set size Acc Training set size Acc

658 44.48% 293 14.73%
1,316 57.69% 1,172 15.48%
2,625 65.55% 4,688 18.39%
5,250 74.53% 18, 750 22.07%
10, 500 80.92% 75,000 32.39%
21,000 86.43% 300, 000 43.89%
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Thanks!
See you later at East Exhibition Hall B + C #193




