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Problem Formulation

The constrained bilevel optimization (BiO) is formulated as:

which tackles nested structures present in constrained learning tasks like constrained 

meta-learning, adversarial learning, and distributed bilevel optimization.

Assumptions:

 is Smooth and bounded below over the feasible set.

 is Convex in   , and smooth in both variables.

 is Convex in   , smooth, and Lipschitz continuous (including its gradients).

Goal: develop a single-loop, first-order algorithm without projection onto the coupled 

lower-level constraint set.



Gap Function and Its Property

Here we introduce the doubly regularized gap function for the lower-level problem:

where the Lagrangian function 

Property I (Lemma 2.1.) 

Property II (Lemma 2.2.) 



Reformulation

Based on the Property I of gap function, we can reformulate the BiO equivalently as 

To develop a gradient-based algorithm, we explore its penalty formulation:

Main Algorithm

 Bilevel Constrained GAp Function-based First-order Algorithm (BiC-GAFFA)

1. Update Auxiliary Variables:

2. Update Main Variables:



Extension to Bilevel Optimization with Minimax Lower-level Problem

 Single-loop Hessian-free algorithm for BiO with minimax lower-level problem

For bilevel optimization with minimax lower-level problem:

We use following gap function:

And reformulate the BiO as: 

1. Update Auxiliary Variables:

2. Update Main Variables:



Performance (Compared with the SOTA Algorithms)

Sensitivity Analysis on Parameters

Synthetic Experiments



Hyperparameter 

Decoupling

Hyperparameter Optimization on Sparse Group Lasso Problem



GAN with or with out Constraint

WGAN:

Model:
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