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LeNet-5

Existing Deep Learning Models

VGG16

ResNet

AlexNet

LSTM

Transformer

Can we design deep models in a more principled way 

and with theoretical guarantees?



• Both have “deep” structures

• Hierarchical propagation process

• Many layers

Optimization-Drived Learning (ODL)

translate into
knowledge optimization

• Optimization

• Principals and priors

• White box

• Theoretical investigation

• Less flexibility and capability

• Neural networks

• Experiences/heuristic

• Black box

• Training data

• Weak interpretability and control

• But designed based on

• Numerical rules ( )

• Experiences and data ( )

Stage 1 Stage 2 Stage K



Existing ODL Methods

Unrolling with Numerical Hyper-parameters (UNH) Embedded with Network Architectures (ENA)



Existing ODL Methods

Unrolling with Numerical Hyper-parameters (UNH) Embedded with Network Architectures (ENA)

Separate Training and 

Hyper-training



Bilevel Meta Optimization (BMO) 

We consider the following BMO formulation:

• A hierarchical optimization problem, where an optimization problem contains 

another problem as the constraint

• More general than a traditional bilevel optimization problem, since the lower 

level for training is the solution mapping of a broader fixed-point iteration



BMO for Training and Hyper-training

Training Solution 

Mapping 

Hyper-Training

Algorithm

Joint Convergence



Algorithm and Convergence Analysis

• Algorithm • Convergence Analysis

• Approximation Quality

• Stationary Analysis



Experiments
Toy Example:

• Sparse Coding

• Joint convergence

• Convergence on untrained layers

Image processing:

• Image Deconvolution

• Rain Streak Removal

More results are in the paper.



Take Home Messages

• We establish a new formulation as a general form of various ODL methods.

• BMO optimizes training and hyper-training variables simultaneously to obtain 

the true solution.

• BMO provides strict essential convergence analysis of both training and hyper-

training variables.


