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Introduction

• Review the complexity bounds of first-order methods in 
optimization in different convexity/smoothness scenarios

• Two problem settings
• Minimization

• Minimax Optimization

• Three stochastic settings
• Deterministic (general)

• Finite-sum

• Stochastic optimization
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Prior Arts

• Sebastian Ruder’s Blog on common optimization algorithms in ML

• Several monographs reviewed optimization algorithms in various settings

• Popular repository tracking nonconvex optimization research by Ju Sun

• We focus on the SOTA upper and lower bounds in various settings
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Oracle Complexity Framework

4Adapted from Prof. Yangyang Xu's Slides



Oracle Complexity Framework (cont.)
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Main Results

• Case 1-1: Deterministic Minimization

• Case 1-2: Finite-sum and Stochastic Minimization

• Case 2-1: (S)C-(S)C Deterministic Minimax Optimization

• Case 2-2: (S)C-(S)C Finite-sum and Stochastic Minimax Optimization

• Case 2-3: NC-(S)C Deterministic Minimax Optimization

• Case 2-4: NC-(S)C Finite-sum and Stochastic Minimax Optimization

• SOTA upper and lower bounds comparison
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Main Results
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Future Directions

• Richer Problem Structure
• Bilevel Optimization

• Compositional Stochastic Optimization

• Conditional Stochastic Optimization

• Performative Prediction

• Contextual Stochastic Optimization

• Distributionally Robust Optimization

• ......

• Various optimization problems arising from ML & OR, 
which come with more involved problem structure and 
complicated landscape characteristics
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Future Directions (cont.)

• Landscape Analysis
• Hidden Convexity

• PL/KL Conditions

• Relaxed Smoothness

• Low Rank Structure

• Unified Lower Bounds
• Lower bound valid for any given dimension

• Information theoretic-based lower bounds
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• Beyond Classical Oracle Model
• Average-case complexity

• Arithmetic complexity

• Communication complexity in 
distributed optimization

• Long stepsize in first-order methods 
and achieve a faster convergence rate



Feedback Appreciated!

• Possibility of overlooking certain relevant works, subtle technical 
conditions, or potential inaccuracies in interpreting the literature

• Don’t hesitate to send emails to bring them to our attention!

• Constructive feedback, corrections, and suggestions are highly 
appreciated.
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