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Deep Learning: Great success

Computer vision
I Classification, detection, segmentation...
I Medical image processing,
I Face recognition,

Reinforcement learning
I AlphaGo,
I Automated driving,

Natural language processing
I Speech recognition,
I Machine translation,

Scientific machine learning
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Deep Learning and Mathematics

Deep learning is “alchemy” ?

Mathematics?
Many areas of mathematics are applicable!
One example area: numerical partial differential equations

I Finite element method
I Multigrid method
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Example: Deep Learning and Numerical PDEs

Most commonly used tool in deep learning:

ReLU-DNN ⌘ Linear Finite Element (LFE)!

(He, Li, Xu and Zheng 2018)

Most commonly used ReLU-DNN:

ReLU-CNN ⇡ Multigrid (slightly modified) = MgNet

(He and Xu 2019)

Nonlinear space and super-approximation:

inf
v2V ReLU

n

ku � vnkL2([0,1]d ) ⇡

✓
inf

v2V LFE
n

ku � vnkL2([0,1]d )

◆d
= O(n�2 log n)

(Siegel and Xu 2020)
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Topics covered in the workshop

1 Approximation Theory
2 Optimization Algorithms
3 Dimension Reduction, Data Clustering, and Manifold Learning
4 Structure of Neuronal Network and Multiscale models
5 PDE models for machine learning
6 Machine learning for Operators and PDE models
7 Application to Numerical PDEs, Control, and Solvers
8 Graph Theory and Algorithms
9 Inverse Problems and Bayesian Inference

10 Imaging Reconstruction
11 Random Matrix
12 Quantum Computation
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Format of the workshop

24 Invited Talks
I 45 minutes for each presentation
I 15 minutes for Q&A and transition

Poster presentations (Wednesday evening)
I Brief introduction in the common zoom room
I Discussions in individual zoom rooms
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Thank you
for your participation!
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