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Generalization



Introduction

Function Set of 
Deep Network

Training zero is zero

➢ If many global optimums can zero training errors, 
which one can obtain generalized results? 

➢ Use the indicator to find solution that generalizes well.

➢ Sharpness and Sensitivity



Brute-force Memorization ?

• Real labels v.s. random labels

First layer of CIFAR-10

https://arxiv.org/pdf/1706.05394.pdf



Brute-force Memorization ?

• Simple pattern first, then memorize exception

https://arxiv.org/pdf/1706.05394.pdf



Brute-force Memorization ?



Sensitivity



Jacobian Matrix
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Sensitivity

• Given a network 𝑓, the sensitivity of a data point x is the 
Frobenius norm of the Jacobian 
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It is not surprise that sensitivity is related to generalization.

Regularization is kind of minimziing sensitivity.

By the sensitivity of a 
test data x, we can 
predict the performance.

Without label



Sensitivity – Emprical Results

• Sensitivity on and off the training data manifold



Sensitivity – Emprical Results

• Sensitivity on and off the training data manifold







Sensitivity v.s. Generalization



Sensitivity v.s. Generalization

• individual points



Sharpness



Sharp Minima v.s Flat Minima

Flat Minima Sharp Minima

Training Loss

Testing Loss

good 
generalization

bad generalization

Explain self regularization?



Definition of Sharpness

Definition 1 Definition 2

𝜃∗ 𝜃∗

𝜀

sharpness

𝜃∗ + 𝜀𝜃∗ − 𝜀

𝜃′

Sharpness = 𝐿 𝜃′ − 𝐿 𝜃∗



Batch Size
https://arxiv.org/pdf/1706.02677.pdf



Batch Size v.s. Sharpness

SB = 256

LB = 
0.1 x data set



Batch Size v.s. Sharpness

Small Batch Large Batch



Batch Size v.s. Sharpness



Concluding Remarks



Summary

• Good generalization are associated with sensitivity 

• Good generalization are associated with flatness (?)

• Understanding the indicator for generalization 
helps us develop algorithm in the future

感謝張景程同學發現投影片上的錯字
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