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The Success of Deep Learning

computer vision

(Credit: Appen. (2019))

gameplay

(Credit: AlphaGo)

Al

) /
ChatGPT

natural language processing

(Credit: Andrey Suslov (2023))

autonomous driving

(Credit: Phil Brown (2019))
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NS
The Trend of Large Models...

~23 million
(# Parameters in ResNet-50)

>

~1 million
Qing Qu (EECS, University of Michigan)

(# Samples in ImageNet)
In principle, deep network can fit any training labels!
(i.e., not only clean, but also corrupted labels)

Nonconvex Optimization



The Challenges & Opportunities in Large Models...

Tremendous cost of
computation

Di cult to interpret
Vulnerable to data corruptions
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The Challenges & Opportunities in Large Models...

Tremendous cost of
computation

Di cult to interpret
Vulnerable to data corruptions

[ Theory and principles behind its success?
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NS
Low-Dimensional Structures Are Largely Ignored...
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-
Low-Dimensional Structures Are Largely Ignored...
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Nonconvex Optimization

Sparse Recovery
[Donoho'06, Candes'08]

Low-rank Matrix Recovery
[Candes'08, Recht'11,
Candes'11]

(Sparse) Phase Retrieval
[Candes'13, Shechtman'15]

Super-resolution
[Candes'14,
Fernandez-Granda'16]
(Sparse) Blind
Deconvolution [Ahmed'14,
Zhang'1l7, Kuo'20]

(Convolutional) Dictionary
Learning[Aharon'06,
Sun'l16, Bristow'13,
Papyan'17]
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NS
The Emergence of Low-Dim Models in Deep Learning
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-
Outline of Today's Course

Lec.1 Low-dimensional Models & Noconvex Optimization
(1hrs)

Lec.2 Low-dimensional Representations in Deep Learning I:
Neural Collapse (1hrs)

Lec.3 Low-dimensional Representations in Deep Learning II:
Law-of-Parsimony in GD (1.5hrs)

Lec.4 Low-dimensional Models for Robust Learning (0.5hrs)
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-
Outline of Today's Course

[Lec.l Low-dimensional Models & Noconvex Optimization (1hrs)
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-
Outline of Today's Course

Credit: Han et al.
Neural Collapse Under MSE Loss: Proximity to and Dynamics on the Central
Path. ICLR, 2022.

Lec.2 Low-dimensional Representations in Deep Learning I:
Neural Collapse (1hrs)
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-
Outline of Today's Course

Lec.3 Low-dimensional Representations in Deep Learning Il
Law-of-Parsimony in GD (1.5hrs)
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