Contents

Abstract / Resumen / Resum

Acknowledgments

Contents

List of Figures

List of Tables

Notation

Abbreviations and Acronyms

1

Introduction

1.1 Motivation . . . . . . . . ... e
1.2 Overview of Contributions . . . . . . . . . . ... .. ... .. .....
1.3 Thesis structure . . . . . . . . .. L

Overview of Deep Learning Methods
2.1 Historical Context . . . . . . . . . . . .. ... .
2.2 Supervised Networks . . . . . . .. ... o oL
2.2.1 Deep Neural Networks . . . . . ... ... ... ... .....
2.2.2 Different types of units . . . . .. ... ... L.
2.2.3 The Backpropagation Algorithm . . . . ... ... ... ....
2.2.4  Deep Convolutional Neural Networks . . . . . . ... ... ...
2.3 Unsupervised models . . . . . . . .. ... ... ...
2.3.1 Restricted Boltzmann Machines . . . . . . ... ... ... ...
2.3.1.1 Imtroduction . . .. ... .. ... ...
2.3.1.2  Contrastive Divergence algorithm . . . ... ... ..
2.3.1.3 Different type of units . . . . ... ..o
2.3.2 Deep Belief Networks . . . . . ... ... ... ... ......
2.3.3 Other unsupervised models . . . . ... ... ... .......

iii

vii

ix

xiii

XV

xvii



CONTENTS

3 Regularization Methods for RBMs

3.1 Introduction. . . . . .. ... ... .. ... ... ...,
3.2 Motivation and Contributions . . . . . ... .. ... ...
3.3 Stateofthe Art . . . . . . . . . ... ... ... ...
3.4 Mask Selective Regularization for RBMs . . . . . . .. ..
3.4.1 Introduction . .. ... ... ... .. ......
3.4.2 A Loss function combining Lo and Ly . . . . . ..

3.4.3 Mutual information and Correlation coefficient

3.4.4 The binary regularization mask . . . . .. .. ...
3.4.5 Topology selection and convergence . . . .. ...
3.4.6 The MSR Algorithm . . . . ... ... .......
3.5 Experiments . .. ... ... ... 0 oL
3.5.1 General protocol . . . ... ... L.
3.5.2  Experiments with MNIST . . . .. ... ... ...
3.5.3 Experiments with USPS . . . .. .. ... .....
3.5.4  Experiments with 20-Newsgroups . . . . . . . . ..
3.5.5 Experiments with CIFAR-10 . ... ... ... ..
3.6 Conclusions . . . . .. .. ... o

4 Local Deep Neural Networks

4.1 Introduction . . . . . . . . . . . ... ... ...
4.2 Motivation and Contributions . . . . . . .. ... .. ...
4.3 Stateofthe Art . . . .. . .. .. ... .. .. .. ...,
4.4 Local Deep Neural Networks . . . .. ... .. ......

4.4.1 Introduction . .. .. ... ... ... .. .....

4.4.2 Formal framework for local-based classification
4.4.3 A local class-posterior estimator using a DNN

4.4.4 Feature selection and extraction . .. ... .. ..
4.4.5 Location information and reliability weight . . . .
4.5 Experiments. . . . . .. ... ..o
4.5.1 General protocol . . . .. ...
4.5.2 Experiments with CIFAR-10 . . .. ... ... ..
4.5.3 Experiments with MNIST . . . . .. ... ... ..
4.6 Conclusions . . . . . . ... Lo

5 Application to Gender Recognition

5.1 Introduction. . . . ... . ... ... ... ... ......
5.2 Stateofthe Art . . . . . .. ... .. ... ... ......
5.3 Experiments. . . . .. ... ..o oL
5.3.1 General protocol . . .. ... ... ... ... ...
5.3.2 Results with DNN . . ... ... .. ... .....
5.3.3 Results with DCNN . . .. ... .. ........
5.3.4 Results with Local-DNN . . . . ... ... ... ..
5.3.5 Comparison of the results . . . . .. ... ... ..
5.4 Conclusions . . . . . . . . . . ...



CONTENTS xi
6 General Conclusions 85
6.1 Conclusions on Regularization Methods for RBMs . . . .. ... ... 86
6.2 Conclusions on the Local-DNN model . . . . ... .. ... ...... 86
6.3 Directions for Future Research . . . . . . .. ... .. ... ...... 87
6.4 Dissemination . . . . . . . . . ... 88
A Public Databases and Evaluation Protocols 91
A.1 MNIST Database . . . . . . . . . . . . . . ..o 91
A2 USPS Database . . . . . . . . . . . .. ... 91
A.3 20 Newsgroup Database . . . . . ... ... ... ... ... ...... 93
A.4 CIFAR-10 Database . . . . . .. .. . .. . . ... .. .. ....... 93
A.5 Labelled Faces in the Wild Database . . . . . ... .. ... ...... 94
A.6 Groups/Gallagher Database . . . . . . .. ... ... ... ....... 95
Bibliography 97



