Contents

Acknowledgement
Abstract

1 Introduction
1.1 Deep learning . . . . . . .. ..o
1.2 Spin glass theory . . . . . . . ... .
1.3 Statistical mechanical analysis on deep neural networks . . . . . . ..
1.4 Purpose of this thesis . . . . . . . . .. ... ... ... ... ..., .
1.5 Organization of this thesis . . . . . . . .. ... ... ... .. ....

2 Model and Method
2.1 Set up of the neural network . . . . . . . . ... ...
2.2 Evaluation of learning and internal structure of the network . . . . .
2.3 Procedure of learning . . . . . . ... oL

3 Results
3.1 Layer independent S . . . . . . . . ... L
3.2 Layer dependent § with regularization . . . .. ... ... ... ...
3.3 Layer dependent § with label smoothing . . . . . . .. ... ... ..

4 Summary

A Layer independent § with label smoothing

1l

11

12
12
19
24

30

32



