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Today

Machine Learning and Physics/Information Theory: Dealing with
Noise (why and how many convolutional layers?)




More on Homework

Questions?




Reminder: Let’s Deal with Noise...

Video Featuring Nothing But White Noise ...

tubefilter.com

0 | o7 ) RSN
Static Screen Black And White 79657 ...
infovisual.co

Watching Television Computer Whi

Noise Night Graphics - Unlimi... RGB =0|= EE? - CLIP STUDIO ASK
massagroup.co ask.clip-studio.com

te Noise — Air Support Radio
celicode.us alrsupport.ca

White Noise | TV Static Sound | White ...
youtube.com

Detuned Footage | Stock Clips
stock-clip.com

White nolse - Wikipedia
en.wikipedia.org

800x600px 102.12 KB Hematite #391774
tophdimgs.com

The best online white nolse machine ...
boingboing.net
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A Video Featuring Nothing But White
Noise Has Received Five Content ID
——Claims Since 2015
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A Thermodynamic/Information Model for ML

Added Machine
Noise Learner

Y X Y
—3p Channel ———»{ Decoder —»

Pattern Observation Label
(unknown)

= Machine Learning resets bits introduced by noise.
= Machine Learning denoises an unknown pattern.




Helmholtz free Energy

A=U-TS.

= A= Free Energy
« U = Internal Energy
= T =Temperature

= S = Uncertainty




Shannon Entropy and Thermodynamic Entropy

H=-S/In2

Information is Reduction of Uncertainty

See also: Computation, Data and Science
https://www.youtube.com/playlist?
list=PL17CtGMLr0Xz3vNK31TG7mJlzmF78vsFO
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https://www.youtube.com/playlist?list=PL17CtGMLr0Xz3vNK31TG7mJIzmF78vsFO

Reinterpretation

- Rmax

B j z
Object

l @ actual

Ractual = Rmax — NH




Reinterpretation with Information Theory

noisy camera channel

noisy image

N\ \ o l Ir

ideal camera

prediction
y ]

inference alg./
decoder




How does lossy compression work?

NH

Napprox

ffoouracy
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Experiments: Images (overall)

A C F

Conv([32, 64], 3, 3) + ReLU Conv([32, 64], 3, 3) + ReLU Conv([32, 64], 3, 3) + ReLU
Conv(128, 3, 3) + Dropout(0.5) Conv(128, 3, 3) + Dropout(0.5) Conv(128, 3, 3) + Dropout(0.5)
Conv([128, 128], 3,3) + ReLU  Conv([128, 128], 3,3) + ReLU  Conv([128, 128], 3, 3) + ReLU
Conv(128, 3, 3) + Dropout(0.5) Conv(128, 3, 3) + Dropout(0.5) Conv(128, 3, 3) + Dropout(0.5)

Conv([128, 128], 3, 3) + ReLU  Conv([128, 128], 3, 3) + ReLU Flatten
Conv(10, 3, 3) Conv(128, 3, 3) + Dropout(0.5) FC(128) + Dropout(0.5)
Global_avg_pooling Conv([128, 128], 3, 3) + ReLU FC(256) + Dropout(0.5)
Softmax Conv(10, 3, 3) FC(256) + Dropout(0.5)
Global_avg_pooling FC(10)
Softmax Softmax

701,386 (0.70M) 1,144,138 (1.14M) 1,686,090 (1.69M)
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Experiments: Images (overall)

Classification accuracy (P)

~_CIFAR-10 (Classification accuracy)
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Compression ratio (Q)

No Free Lunch!
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Experiments: Images concrete

Mean accuracy

0.75

=
9]

0.25

CIFAR-10 (Parameter reduction)

2 000k
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1 000k
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0¥ 0M
0
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@ Accuracy @ Parameters

Less Parameters = Higher Accuracy!

sia13we.ed Jo JaqunN
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Experiments: Audio

0.986 A

0.984

o
©
©
N

Classification accuracy (P)

0.972 A

IDMT-SMT-Audio-Effects (Classification accuracy)
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Compression ratio (Q)

Experiments generalize to audio
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Analysis: Images

JPEG quantization matrizes:

16 11 10 16 24 40 51 6l 17 18 24 47 99 99 99 99
12 12 14 19 26 58 60 55 18 21 26 66 99 99 99 99
14 13 16 24 40 57 69 56 24 26 56 99 99 99 99 99
14 17 22 29 51 87 80 62 47 66 99 99 99 99 99 99
18 22 37 56 68 109 103 77 99 99 99 99 99 99 99 99
24 36 55 64 81 104 113 92 99 99 99 99 99 99 99 99
49 64 78 87 103 121 120 101 99 99 99 99 99 99 99 99
7292 95 98 112 100 103 99 99 99 99 99 99 99 99 99

Best quality/accuracy trade-off (Napprox) around g=20.
This is at 1 bit/pixel!




Sources

Jingkang Wang, Ruoxi Jia, Gerald Friedland, Bo Li, Costas Spanos:
One Bit Matters: Understanding Adversarial Examples as the Abuse of Redundancy, https://
arxiv.org/abs/1810.09650

Gerald Friedland, Jingkang Wang, Ruoxi Jia, Bo Li:
The Helmholtz Method: Using Perceptual Compression to Reduce Machine Learning Complexity,
https://arxiv.org/abs/1807.10569
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That’s it for today.

Questions? Projects!
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