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Preface

My research:
Machine Learning (ML)
Optimization
Signal Processing
Information Theory
Statistics
Automatic Control

My current courses:
Mathematics of Data
Reinforcement Learning
Advanced Topics in ML
Online Learning in Games
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Machine Learning (ML) works
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Machine Learning (ML) works... but many new challenges A-RISE!
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GPT-3 medical chatbot tells
suicidal test patient to kill
themselves

Q Rob Beschizza

Researchers experimenting with GPT-3, the Al text-

2 days ago

generation model, found that it is not ready to replace human

respondents in the chatbox.

Robustness

. Interpretability
Bias & Fairness
Reproducibility
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Robustness and interpretability are entangled

e Robust ML problems

a. Adversarial training
b. Robust reinforcement learning
c. GAN training

e Interpretability

a. Integrated gradients
b. Sparse features
c. Disentangled representations

1. Finding mixed Nash equilibria of generative adversarial
networks. Hsieh, Liu and Cevher. ICML'19.

2. Robust reinforcement learning via adversarial training with
langevin dynamics. Kamalaruban, Huang, Hsieh, Rolland, Shi
and Cevher. NeurlPS’20.

3. Anatural actor-critic framework for zero-sum Markov
games. Alacaoglu, Viano, He, and Cevher. ICML'22

4.  Score matching enables causal discovery of nonlinear
additive noise models. Rolland, Cevher, et al., ICML22.
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Challenges to robustness & interpretability
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Critical challenges to robustness

a.
b.
C.

High-dim. geometry
Spurious attractors
Reproducibility & Verification
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Are adversarial examples inevitable? Shafahi, Huang,

Studer, Feizi, and Goldstein. ICLR19.

The limits of min-max optimization algorithms:

Convergence to spurious non-critical sets. Hsieh,

Mertikopoulos, Cevher. ICML'20.

Score matching enables causal discovery of nonlinear additive noise

models. Rolland, Cevher, et al., ICML'22.

Escaping limit cycles: Global convergence for constrained
nonconvex-nonconcave minimax problems. Pethick, Latafat, Patrinos,

Fercoq, Cevher. ICLR'22. 6 =P-L
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Trust but verify

e Trustworthiness requires effort

a. Geometric boundary
b. Algebraic formulations
c. Uncertainty estimation

1. On certifying non-uniform bounds against
adversarial attacks. Liu, Tomioka and Cevher.
ICML19.

2. Lipschitz Constant Estimation of Neural Network
via Sparse Polynomial Optimization.

Latorre, Rolland and Cevher. ICLR’20.

3. Scalable semidefinite programming. Yurtsever,
Tropp, Fercoq, Udell and Cevher. SIAM Journal on
Mathematics of Data Science, 2021.

4.  Uncertainty-Driven Adaptive Sampling via GANSs,
Sanchez, Krawczuk, Sun and Cevher. NeurlPS
Workshop, 2020.
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Challenges to Fairness & Bias

e Models

a. Causal & disentangled reps.
b. Generative models
c. Manifold models...

e Regularizers (and optimizers!)
g g @ a. Robustness: Path norm.

b. Structured (graph) sparsity
c. Learning-based regularizers
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Efficient Proximal Mapping of the 1-path-norm of
Shallow Networks. Latorre, Rolland, Hallak and
Cevher. ICML'20.
An inexact augmented Lagrangian framework for
nonconvex optimization with nonlinear
constraints. Sahin, Eftekhari, Alacaoglu, Latorre
and Cevher. NeurIPS"19.
The Rademacher Complexity of Quadratic
Classifiers with a nuclear-norm constraint. Latorre,
Dadi, Rolland, and Cevher. NeurlPS’20.
Subquadratic overparameterization for shallow
neural networks. Song, Ramezani-Kebrya, Pethick,
Eftekhari, Cevher, NeurlPS’21.

»  EPFL
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New projects: Mathematical foundations for RISE of Al
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Distributionally robust
Multi-player setting
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Adaptation

Enhance interpretability
Model-based adaptation
Reinforcement learning

Representation theory
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Scalable, rigorous, and reproducible optimization
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Geometric and algebraic foundations for NNs

4 N[> ] Te»] [T e

Geometry %'%9 —_— ':" ’ %a? _ ':v‘ %;% (gt_éf
1. Trust but verify Lo morws parrbatton vaodal - based pesfuwrbatron
2. NAS & Algorithm o = ivberprefable. roboress = pairness
3. Explicit bias wmt\' 'l\,l<}:$:£;c°e;;:}fw+s SCALARILITY CRALENGE!:
4. Limit cycles

A y O ")

ST b . ® C—E-nr( P’ CA'
:" ?“: . TE # D<F Neuroens

.o . MUST EXPLOIT STRUCTURE :
N i :
] [ .. T _:7 B[] ] ’
W b ) . = !
R LT il .
b e radiuys ~ 4/ LIPS SPARSE CONNECTIDNS -
" 33 : SNUMETRY
gl @QDMI‘(J \S ol.v.i‘(fwu‘rw.-d by: 39 ; 39 ; (I'NVNQ\ANCE)
lq x = roaw ivput ' £ e
> Lo —
N 7 tE e'er reﬂln“»ﬁifﬁféﬁl“? e T MEeRRAC
“FOR 7 Ccavsal -rl_yruen(ah‘zmsx {:.39-. SB-P : CONSTRMNTS
EQUINKRIANCE

lions@epfl LIONS EDIC | Volkan Cevher | https://lions.epfl.ch


https://lions.epfl.ch

Interpretability: New technical developments AxAp >
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New applications: Robust domain adaptation (DA), Causality, GNNs

Source Target Robotics applications: e Mathematical formulations for Robust DA
Simulated data omain Adapted  Real images (TD)

domain domain (sD) synthetic data

R 1 RN

o formulation challenges

o algorithmic challenges

e Causality

labels No labels

\ o Joint with Amazon Research

1. Using simulation and domain . . licati . ]
adaptation to improve efficiency omputer vision applications: o Nonlinear models

. . Simulated i i i
Of deep I'ObOtIC graspmg K. imulated images Domain adapted synthetic data

Bousmalis, et. al., [EEE ICRA 2018. > 1 .

2. CYCADA: cycle-consistent %- i Knowledge graphs & graph generatlon
adversarial domain adaptation. J. S— — »
Hoffman et. al., ICML 2018 H H o  Scalable graph inference

il I o Scientific ML & circuit applications
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|deal profile

e Pareto frontier of theory & crack coding

Computation e Ethics

o  super collaborative group (within EPFL and outside)

Storage Interpretability

o  strong connections to industry (Amazon, Google,...)

e Academic track & research labs
o  Faculty@Rice, NUS, Umea (2), Zhejiang, UNC, Linkoping, AIMS, UoCB, VNU, NTU, Technion, UCL, Alborg
o Postdoc@ETHZ (3), McGill, Turing, UWisc, University of Geneva

o  Others@Kandou bus, SwissRE, TUM, Meta
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|deal profile

e Basic, future-proof research CSRankings: Computer Science Rankings

o Neurl PS, |CM L, |CLR, SlAM Opt, Math Prog,... CSRankings is a metrics-based ranking of top computer science institutions around the world. Click on a tria

faculty member's home page. Click on a chart icon (the i, after a name or institution) to see the distribution
n https://lions.epfl.ch Scholar icon () to see publications, and click on the DBLP logo (») to go to a DBLP entry. Applying to gra

m  http:/lcsrankings.org/#/index?mimining&world ~ €Srankings on GitHub.

- https://ml.epfl.ch Rank institutions in by publications from to

Publication hS-index  hS-median # Institution CQunt Faculty
o Nawe o o 1 » Carnegie Mellon University & | 138.3 52
2 The Now England doural of Modicno s

cionce 2 » Univ. of California - Berkele: 127.9 45
. mo All Areas [off 1 on] e
4. IEEE/CVF Conference on Computer Vision and Pattern Recognition 356 583 3 > Stanfol’d UniVeI’Sity E I||| 1158 43
5. The Lancet us 600 Al |
6 Advanced Matsrisls 2 P [oft 1 on] 4 P Massachusetts Institute of Technology == iy 112.4 54
L e am » Artificial intelligence ] 5  » Tsinghua University @l il 84.3 50
8. Nature Communications 287 389 e
. v e » Computer vision O 6 P Univ. of llinois at Urbana-Champaign & [l 82.7 39
L @ » Machine learning & data mining 7 > Univ. of California - Los Angeles &= i 805 19
S - » Natural language processin O rersi
S ——— w guage p 9 8 » Comell University & il 750 29
13, Proceadings of the National Academy of Sciences ws s » The Web & information retrieval (O 9 » Univ. of California - San Diego == |l 71.9 38
14, Jouralof the American Chemica Society us aw
1. ‘Angewandte Chemie 235 314 10 v EPFL u II" 708 27
16. 234 339
17. 233 512
18. 225 294
19, 213 297
20, Physical Review Letiers 209 207
21, ‘Advanced Energy Materials 206 267
22, Nature Medicine 205 356
23 IntematonalConforance on Machine Leaming o a0

lions@epfl Zeiss Research Ideas | Volkan Cevher | https://lions.epfl.ch 15 E P - L


https://lions.epfl.ch
https://lions.epfl.ch
http://csrankings.org/#/index?mlmining&world
https://ml.epfl.ch

|deal profile

e Basic, future-proof research

O

NeurlIPS, ICML, ICLR, SIAM Opt, Math Prog,...

m https://lions.epfl.ch
n http://csrankings.ora/#/index?mimining&world

m https://ml.epfl.ch

e Interest in integrated teaching & research
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(@)

@)
@)
@)

Mathematics of data
Reinforcement learning
Advanced topics in ML
Online learning in games
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Environment

action
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Thank youl!
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