INTRODUCTION TO
DEEP LEARNING

EUGENE CHARNIAK






Introduction to Deep Learning

Eugene Charniak

The MIT Press



(© 2018 The Massachusetts Institute of Technology

All rights reserved. No part of this book may be reproduced in any form by any
electronic or mechanical means (including photocopying, recording, or
information storage and retrieval) without permission in writing from the
publisher.

This book was set in IATEX by author. Printed and bound in the United States of
America.

Library of Congress Cataloging-in-Publication Data is available.
ISBN: 978-0-262-03951-2

10 9 8 7 6 5 4 3 2 1



To my family, once more






Contents

Preface

1

Feed-Forward Neural Nets

Lol. (BEDOBDUDONE! « v o o w1 o) e o o ot wa o) oo el i vk e e e e
1.2 Cross-entropy Loss Functions for Neural Nets . . . . ... ..
1.3 Derivatives and Stochastic Gradient Descent . . . . . . . . ..
1.4 Writing Our Program . . . . . ... ... ...........
1.5 Matrix Representation of Neural Nets . . . . ... ... ...
16 Datalndependence . . . « « v« v v v v v 0 20 v v v s 00w 04
1.7 References and Further Readings . . . . . . ... .......
18 Written Exerciees . o . v v« w0 v 6 s o w5 smn s 85 m e
Tensorflow
2.1 Tensorflow Preliminaries . . . . .. ... ... .........
2.2 ATDE PYOSYEI « i owix v e e g6 6 m a e n n e e e 2
2.8 Multilayered NINE . o v v v o5 6 s s mm s s 0% 5 s ® 54 &
24 WOther Pleces . o . wos ¢ i soa s s son i@ @ 08 om0 & w66
24.1. Checkpolnting . . . . ... vi v v o o iiaioesn s e
242 temsordot . ... ... ... ... ...

2.4.3 Initialization of TF Variables . . . . ... .. ... ..
2.4.4 Simplifying TF Graph Creation . . . . .. .. ... ..
2.5 References and Further Readings . . . . . .. ... ... ...
2.6 Written Exercises . . . . . . .. ... ... ... . ...

Convolutional Neural Networks

31 Mo nas Dicldan acd DAt -

xi

14
18
21
24
25
26

29
29
33
38
42
42
43
44
47
48
49

51

=iy



viil CONTENTS
341 BiaSeE oo g R Re Y s < AR SRS 64

3.4.2 Layers with Convolution . . . . . .. ... ....... 65

3:48 Poollg . s ¢ 55 a b 2 6o 6 wd b - 8w o s 66

3.5 References and Further Readings . . . . . .. ... ...... 67
3.6 Written Exercises . . . . . .. ... ... ... ......... 68

4 Word Embeddings and Recurrent NNs 71
4.1 Word Embeddings for Language Models . . . . . . . ... .. 71
4.2 Building Feed-Forward Language Models . . . . . . . ... .. 76
4.3 Improving Feed-Forward Language Models . . . . . . ... .. 78
44 OVerAthng « s v 5 ¢ 5w v 55 v 5 @ €65 5 ¢ 5 W% 50 F 8§ FE 79
4.5 Recurrent Networks . . . . . . s 5 v v s s sm o v s a a5 82
4.6 Long Short-Term Memory . . . . . ... ... ......... 88
4.7 References and Further Readings . . . . ... ... ...... 92
4.8 Written Exercises . . . . . . . .. ... ... ... ... 92

5 Sequence-to-Sequence Learning 95
5.1 TheSeq2SeqParadigm c « o s s v s ns s camems s 5 5 a5 96
5.2 Writing a Seq2Seq MT program . . . . . .. ... .. ... .. 99
5.3 AttentioninSeq2seq . . . . ... .. ... ... ... ... .. 102
5.4 Multilength Seq2Seq . . . . . . . . ..o 107
5.5 Programming Exercise . . . . ... ... ... ......... 108
58 Written EXercises . . « « o v o s s 6 a0 55 5 ¢ 05 5 5 5 5 v s 110
5.7 References and Further Readings . . . . .. ... ....... 111

6 Deep Reinforcement Learning 113
6.1 Value Iteration . . ... ... ... ... .. .......... 114
6.2 Q-learning . . . . . ... .. ... 117
6.3 Basic Deep-QLearning. . . . . .. ... ............ 119
6.4 Policy Gradient Methods . . . . . . .. ... ... ... .. 124
6.5 Actor-Critic Methods . . . . ... ... .. .......... 130
6.6 Experience Replay . . . ... ... ... ............ 133
6.7 References and Further Readings . . . . .. ... ....... 134
68 Written Exerciges . . . . . . . . .00 v i i i i i s nou s 134

7 Unsupervised Neural-Network Models 137



CONTENTS

7.5 References and Further Readings . . . . ... ... ... ...
7.6 Whitten EXarctoes . . - 2 = v o 6 uns =2 =8 8 88 8 5 % s 8 =

A Answers to Selected Exercises

A.1 Chapter 1
A.2 Chapter 2
A.3 Chapter 3
A.4 Chapter 4
A.5 Chapter 5
A.6 Chapter 6
A.7 Chapter 7

Bibliography

Index

ix

157
157

159
159
160
160
161
161
162
162

165

169



xii PREFACE

only in Chapter 1, when we build up to back-propagation from scratch and
I would not be surprised if an extra lecture on partial derivatives would do.
Last, there is a probability and statistics prerequisite. This simplifies the
exposition and I certainly want to encourage students to take such a course.
I also assume a rudimentary knowledge of programming in Python. I do not
include this in the text, but my course has an extra “lab” on basic Python.

That your author was playing catch-up when writing this book also
explains the fact that in almost every chapter’s section on further reading
you will find, beyond the usual references to important research papers,
many reference to secondary sources — others’ educational writings. I would
never have learned this material without them.

Providence, Rhode Island
January 2018






