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What is Higher-order?—Statistical Moments

For scalar random variable X, f, (X) is its proability density

1st-order moment E(X)= IR xf, (X)dX

2nd-order moment  E(X?%) = LR x“ f, (x)d




What is Higher-order?—Statistical Moments

For scalar random variable X, f, (X) is its proability density

1.1.d. samples

1st-order moment E(X) :IR xf, (X)dX E(X) :%in

2nd-order moment  E(X?) = LR x“f, (x)dx| E(X?)= %Z X7



What is Higher-order?—Statistical Moments

For scalar random variable X, f, (X) is its proability density

1.I.d. samples
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What is Higher-order?—Statistical Moments

For scalar random variable X, f, (X) is its proability density

1.I.d. samples
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What is Higher-order?—Statistical Moments
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Images courtesy of “Kernel Pooling
for Convolutional Neural Networks”



What is Higher-order?—Statistical Moments

Random vector

Probaiblity density f, (X) is everything




What is Higher-order?—Statistical I\/Ioments
Random vector
®r ° C@ =Probability Density — =y 0

The characteristic function is defined as

W

®, (o) =E(e””)=[ " f, (x)e™dx

I Fouriere Transform Pair

f (x)—— j D, (w)e *dx




What is Higher-order?—Statistical Moments

If we know characteristic function @, (@), we know everything.
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What is Higher-order?—Statistical Moments

If we know characteristic function @, (@), we know everything.
Moments matter
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What is Higher-order?@ Persp@

Convolution iIs a linear transformation

X 4 y =b+ WX
a—r—1 [ o
Lgi::ﬁ Multi-variable Taylor series:
Filer . y=b+WX+HX®X) +---
F;;};l;)re
< >

1st-order term 2M-order term
y = f(X) ? (Linear term)  (Quadratic term)



What is Higher-order?—Signal Perspective

Convolution is a linear transformation

Two variable Taylor series:
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What i1s Higher-order?—Signal Perspective

Higher order enhances non-linear
modeling capability
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Why Higher-order?

Hand-crafted Features
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Why Higher-order?

Higher-order moments can
better characterize
real-word distributions



Why Higher-order? 2nd-order moment

channel
correlation

J




Why Higher-order?

What does each channel indicate?
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B. Zhou, A. Khosla, A. Lapedriza, A. Oliva, and A. Torralba.
Learning Deep Features for Discriminative Localization. Computer
Vision and Pattern Recognition (CVPR), 2016. Hind claw | channel 448  Front claw | channel 333



Why Higher-oro =

Body | channel 452 Legs | channel 99

Physical Interpretation

For object recogniton, 2"d-order moment

capture dependency of different parts
@ Head | channel 123 Talil | c;hannel 174
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Context of the object

Hind claw | channel 448 Front claw | channel 333



Why Higher-order?

What does each channel indicate?

channel
I Bookcase | channel 97 Plant | channel 384
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Drawer | channel 360 Decoration | channel 44

B. Zhou, A. Khosla, A. Lapedriza, A. Oliva, and A. Torralba.
Learning Deep Features for Discriminative Localization. Computer ¢ : =
Vision and Pattern Recognition (CVPR), 2016. Carpet | channel 260 Floor | channel 459



Why Higher-or =

Plant | channel 384

Physical Interpretation

For scene images, 2"9-order moment
capture dependency of different objects
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Context of the scene

Drawer | channel 360 Decoration | channel 44

Carpet |éannell 260 " Floor |'channel 459
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Bookcase | channel 97 Plant | channel 384

3'd-order moment
or direct distribution
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Overview of Speaker
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Overview of Speaker
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Overview of Speaker
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Overview of Tutorial—Part 1

»Higher-order: Yesterday Once More

>Higher-order: First Dating with CNN




Overview of Tutorial—Part 2

End-to-End 2"d-order CNN
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Overview of Tutorial—Part 3

Approximate Higher-order in CNN




Overview of Tutorial—Part 24

Challenge Achievements and Code
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