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Why I moved to DL?



Dictionary Learning Why it works? 



Phase Retrieval Why it works? 



Benign NCVX problems in practice! 



RL X NCVX



RL X NCVX → DL



Where to start? 

Application-driven 

● Limitation of DL: Robustness 

● Power of DL: Difficult inverse problems 

● Niche area of DL: Medical imaging in Healthcare



Robustness of DL



Adversarial Robustness (AR)

Attack: 

Defense: 



Is AR what we care about? 

Imagenet-C 

● Large perturbation
● Naturally occurring 

Natural Robustness? 

Observed on classification, 
detection, segmentation, 
reconstruction, generation, etc 



Open questions

● How to model? Modify? 

● How to solve? 



A possible approach: agnostic “denoising”

f is a DNN, z is frozen

Deep image prior 



DIP: need for early stopping 



Other questions on DIP

● Which E? 
● Which DNN model? 
● Speed? 
● Initialization? 
● Task-oriented: do we need perfect denoising? 



Inverse Problems



Phase retrieval (PR)

2D: Coherent diffraction imaging (CDI) 3D: (multi-reflection) Bragg CDI 



Is phase retrieval (PR) solved? 



What’s the gap? 



DL for Inverse Problems 



DL for PR 



How good are they? 

Fail miserably once 
simulating realistic datasets 



Why they fail? 

Approximating (highly) oscillatory functions 



Other examples
●

3D depth from 2D image

Deblurring 

MRI Reconst.



Sol: symmetry breaking



Open problems



Healthcare





















Major FL questions 
Practical strategies to 

● Handle distribution shift (yes, batchnorm hurts…) 

● Minimize privacy exposure

● Reduce security concerns (CISCO is in!) 



Closing 

Application-driven, toward DL theory  

● Limitation of DL: Robustness 

● Power of DL: Difficult inverse problems 

● Niche area of DL: Medical imaging in Healthcare


