Contents

Prologue Xl
1 Introduction 1
11 The Topic At Hand............cccooo i, 2
12 Learning IS KeY ... 3
13 A Little Bit Of HISTOINY ..o 4
1.4 Key Methodologies Covered InThis BooK.............ccccuuee... 6
15 Classical Mathematical Modelling .........ccooeiiiiiiriniien, 9
1.6 Machine Learning Is Different.........ccccccooooviiiiiiiiiiiinneee, 11
1.7 Simplicity Leading To Complexity .....cccooeiviiiiiiiniiiiinnnnnnn. 12

2 General Matters 17
2.1 Jargon And NOtatioN..........cccoiiiiiiiiiii e 17
2.2 SCAlING e 18
2.3 Measuring DisStancCes...........cccoviiiiiieiiciie e, 19
2.4 Curse Of Dimensionality ........coiiiiiiiiiiiie e 20
2.5 Principal Components Analysis.......ccccooviiiiiiiiiicieeecennen, 21
2.0 Maximum Likelihood Estimation...............cccooooviiiieiinnnen, 22
2.7 Confusion MAatriX.......oouiiiiiiiiieieec e 26
2.8 COSt FUNCUONS . 28
2.9 Gradient DEeSCeNt.......ccooo i 33
2.10 Training, Testing And Validation.............cccccceeeveviiiiiien, 35
2.11 Bias ANd VarianCe..........ccocuuviiiiiiiiiiiiie et 37
2.12 Lagrange MUltipliers ... 44
2.13 Multiple ClaSSES.......cii i 45
2.14 Information Theory And ENtropy......ccccccevveiieeviiiieeeeecenn, 47
Natural Language Processing...........cccccceiiieiiiiiiiiieeeecennnnnnn. 50

2.16 Bayes Theorem........cccooooiiiiiiii e 51

2.17 WHhat FOIOWS. ... e 53



viii

CONTENTS
K Nearest Neighbours 55
3.1 EXECUtiVE SUMMAIY.....c.ocoiiiiiiiiiie e 55
3.2 What Is It Used FOIr?......ccooiiiiii, 55
3.3 HOW 1t WOTKS....ooiiiiiiie e 56
3.4 The AIGOrthM......oo 58
3.5 Problems With KININ ..., 58
3.6 Example: Heights and weights...........ccccccociiiiiniiiiinenn. 59
3.7 REQIreSSION.....cciiiiieeieeeeeeee e 62
K Means Clustering 65
4.1 Executive Summary.........cccccociii 65
4.2 What Is It Used FOIr?....iiiiiiieieeeeeeeeeeeeeeeeeeeeeeeee 65
4.3 What Does K Means Clustering DO? .....cccccocvvvnvrnnnnnnns 67
4.4 SCree PlOtS oo 71
4.5 Example: Crime in England,13 dimensions..................... 72
4.6 Example: Volatility........cccoooiiii e, 75
4.7 Example: Interest rates andinflation...............cc..cc.ccooo. 77
4.8 Example: Rates, inflation and GDP  ........cccooiiiiiiiiiiinnnnes 80
4.9 A FeW COMMENTS.....cooiiiiiiiiee e 81
Naive Bayes Classifier 83
5.1 EXecutive SUMMANY ........ciiiiiiiiiieieeiiiee e 83
5.2 What Is It Used FOIr?....iiiiiiiiiiiiieieeeeeeeeeeveeeeeeeeeee 83
5.3 Using Bayes Theorem.............cccccci 84
54 Application Of NBC..........ccoiiiiiiiiiiii e 84
5.5 IN SYMDBDOIS.....ccoiiiieiieeeeeeeee e 85
5.6 Example: Political speeches..........ccccooiiiiiiiii 86
Regression Methods 91
6.1 Executive SUMMANY.........cccuiiiiiiiieieie e 91
6.2 What Is 1t Used FOIr?.......ooooiiiiiiiiieeeeciieee e 91
6.3 Linear Regression In Many DImensions............cccocccuvvveee. 92
6.4 LOQIStIC REQGIESSION....ccciiiiiiiiiiiiiiie e 93
6.5 Example: Political speechesagain ........ccccccoeeiviiiiiiiiininnnnn. 95
6.6 Other Regression Methods...........ccccccceiiiiiiiiiiiiies 96
Support Vector Machines 99
7.1 EXecutive SUMMAIY ... 99
7.2 What Is It Used FOIr?....iiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeee 99
7.3 Hard Margins..........cccccoiii 100
7.4 Example: IrSeS. ... 102
7.5 Lagrange Multiplier Version..........cccuvvveveveveeeeeeeeeeeeeeieeeeeeenn 104
7.6 SOft MaArgINS....uu i eaeeaeaaes 106
7.7 (=] 1 1= I T o PP 108



CONTENTS X
8 Self-Organizing Maps 113
gl Executive Summary...............cccceeeeeeneeen. 113
32 What Is It Used FOr?......ccoocvvvvvivivviereennnnn. 113
33 The Method.........c..cooeeeiieiieceece e 114
8 4 The Learning Algorithm..................o.o 116
85 Example: Grouping shares .........ccccoeeeeeee 119
86 Example: Voting in the House of Commons 124
9 Decision Trees 127
9.1 EXeCutive SUMMANY .........ccovvviiiiiiiiiiieieieeeeeeeeeeeeeee e 127
9.2 What Is It Used FOIr?....ccooiiiiiii 127
9.3 Example: Magazine subscription..........cccccceeveeiiieeeeeeeen. 129
9.4 E NN O Y . 134
9.5 Overfitting And StoppingRUIES..........coviviiiiiiiiieeeee 137
9.6 Pruning. ..o 137
9.7 Numerical FEAtUIeS............uuuiiviiiiiiiiiiiiiiiiiieiiiiieeieeaeeeeeeeeeeenens 138
9.8 REOIESSION. ...ciiiiiiie e 139
9.9 [T ] 14 T AN 4 =T To PP 144
9.10 Bagging And RandomFOrestS ..........cccevvvvvvvvvvnenemennnnnnnnnnnnnn. 145
10 Neural Networks 147
10.1 EXeCutive SUMIMANY.........ccovvviiiiiiiiiiiieieeeeeeee et 147
10.2 What IS It USed FOI?. ...t 147
10.3 A Very Simple NetWOrK..........ccovvviiiiiiiieeieeeieie e 147
10.4 Universal Approximation Theorem............ccccoeooevviviivinnnnnnnn. 149
10.5 An Even Simpler NetworK........cccccoiiiiiiiiieeiieeeeee 150
10.6 The Mathematical Manipulations In Detail ...................... 151
10.7 Common Activation FUNCHIONS.........ccccoevviiiiiiiiieie e, 154
10.8 The Goal 156
10.9 Example: Approximating a function ...........cccccovviiiiienennenn. 157
10.10 COSt FUNCHION. ..o 158
10.11 Backpropagation ... 159
10.12 Example: Character recognition ........ccccccvvvvvevivieivieieieeneenn. 162
10.13 Training And TestiNg.......cooooviiiiiiii, 164
10.14 More ArchiteCtures.........ccccccviiiiiiiiiiie 168
10.15 [DLCTT oI =T g o] [ TP 170
11 Reinforcement Learning 173
111 EXecutive SUMMaANY........cccccoeeiiiiiiieeeeeeeee e 173
11.2 What Is It Used FOIr?.....ooiiiii e, 173
11.3 Going Offroad In Your Lamborghini 400 GT.........ccccuuuneee. 174
11.4 N =1 (o [0 ] o PR 175
11.5 A First Look At BlackjackK...........ccccccoiii, 176
11.6 The Classical MDP Approach In O&XS .....oooiciiiiiiieeeennnns 177



X CONTENTS

11.7 Y (o] (I = | ([ @] o PP 179
11.8 Example: The multi-armed bandit............ccccccovvvviviinnnnnn. 180
11.9 Getting More Sophisticated d........ccccceeeviiiiiiiiiiiieeeeeeiieeee, 183
11.10 Example: A MaAzZe......ccocoiiiiiiiiiiecc e 186
11.11 Value Notation ... 190
11.12 The Bellman EqUatioNS..........cocciiiiiiiiieeeeieeee e 192
11.13 Optimal POIICY oo 193
11.14 The Role Of Probability..........cccooiiiee 194
11.15 Getting More Sophisticated 2........ccccevvvvvvviviiiiieieiieeeeeeeeeee, 195
11.16 Monte Carlo Policy Evaluation.............cccccevvviiiiiiiiiiiiiieiiinnn, 195
11.17 Temporal Difference Learning.......cccccooovuvviieeieeeeeniniciiiieeeeen 198
11.18 Pros And Cons: MC V T DD 200
11.19 Finding The Optimal POlICY...........cuuuuiiiiiiiiiiiiiiiiiiiieieieveieeee 200
11.20 SAISA. it 201
11.21 L@ I = 1 1 o PP 203
11.22 Example: BlackjacK...........cccoiiiiiiiiiiiie, 204
11.23 Large State SPACES.........uuuevuiiiiiiiiiiiiiiieeieiie et 215
Datasets 217
Epilogue 221

Index 223



