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• 1. (strongly convex quadratics)
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• 2. (Over-parametrized Neural Network)
𝜿𝟎 : condition number of the neural tangent kernel matrix at initialization
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(ICML 2021) Jun-Kun Wang, Chi-Heng Lin, Jacob Abernethy

A Modular Analysis of Provable Acceleration via Polyak's Momentum: Training a Wide ReLU Network and a Deep Linear Network

• 3. (Escape Saddle Points)
(ICLR 2020) Jun-Kun Wang, Chi-Heng Lin, and Jacob Abernethy.

Escape Saddle Points Faster with Stochastic Momentum.

(Known results) Acceleration over Gradient Descent

Faster !

Faster !

HB escapes saddle points faster than GD
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Provable Acceleration of HB beyond Quadratics

• Average Hessian: 𝑤∗ a global minimizer of 𝑓 ⋅

• Polyak-Łojasiewicz (PL) condition:

The non-convexity of 𝑓 ⋅ between w and 𝑤∗ is averaged-out with parameter 𝜆∗ when the smallest eigenvalue 

of the average Hessian satisfies 𝜆𝑚𝑖𝑛(𝐻𝑓) ≥ 𝜆∗ > 0. 

PL holds at point w

𝝀∗Averaged-out implies 𝝀∗PL!

Karimi et al.

• Average Hessian: 𝑤∗ a global minimizer of 𝑓 ⋅

• Polyak-Łojasiewicz (PL) condition:



Our main result (informal version) 

Suppose 𝑓 ⋅ is twice differentiable, satisfies 𝜇-PL, has 𝐿-Lipschitz 
gradient and Hessian. Apply HB to solve min

𝑤
𝑓(𝑤). Assume that the 

averaged-out condition holds for all 𝑡, i. e., .         

Then, there exists a time                     such that for all 𝑇 > 𝑡0, the iterate 
𝑤𝑇 of HB satisfies:

where                                      is the condition number of the average 
Hessian at 𝑤𝑡 .



Goal: 
Showing
decays at an accelerated rate

Fact:  Spectral norm for any 𝜂 ≤
1
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If the momentum parameter satisfies 
then 𝐴𝑡 has a decomposition in the complex field:  𝐴𝑡 = 𝑃𝑡𝐷𝑡𝑃𝑡

−1,  where
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come by our poster!


