1

Introduction

/1.1  What Is Nonparametrie Inference?..........ccccoovveeviieeciviieee e,

1.2 Notation and Background.............ccccooeeiiiiiiiiiiiiiee e,
1.3 ConfidenCe SetS.......ccoiiiiiii i
1.4 Useful Inequalities.........cccooiviiiii e
1.5 Bibliographic RemMarks.........ccccooeiiiiiiiiie e
1.8 EXEBICTISES  wooieieieeiiiie ettt e et et e e st e e tre e et e e sre e e e s ne e e e ennee s

Estimating the cbrF and Statistical Functionals

7 R I 0TI o o ] SRR
2.2 Estimating Statistical Functionals .........c..cccoooiiviiii i,
2.3 Influence FUNCLIONS...........ccvieiiiieee e
2.4 Empirical Probability Distributions..........cccccccoceiviviiiiee i,
2.5 Bibliographic Remarks.........cccccoiiiiiiiii e,
2.6 APPENAIX..ciiiiiiiiiii ittt
A B = (-] (o] 11 SRRSO

The Bootstrap and the Jackknife

3.1 The JaCKKNITE.....ccvv e
3.2 The BOOUISIrap.....cccociiiii ettt
3.3 Parametric BOOLSIrap .....ccccceiiiiiiiiiie e
3.4 Bootstrap Confidence Intervals...........ccoccviiiiiiii i,
35 SOME TREOIY ... s
3.6 Bibliographic Remarks..........cccccciiiiiiiiiiiie e,



IS AN o] o 1= 8 [ | D <SSR 37

3.8 EXEITISES oottt e 39
Smoothing: General Concepts 43
4.1 The Bias-Variance Tradeoff...........cccoooiiiiiiiniii 50
4.2 KEINEIS e e 55
4.3 Which L0osS FUNCLION?........cccoiiiiiiiieiee s 57
4.4  ConfidenCe SetS......ccciiiiiiiiii s 57
4.5 The Curse of Dimensionality ........cccccoceviieiiiiii e 58
4.6 Bibliographic Remarks..........ccccooiiiiiiiine e 59
A (=] (o1 1] 59
Nonparametric Regression 61
5.1 Review of Linear and LogisticRegression...........cccccvevvveeninenne. 63
5.2 Linear SMOOLNEIS.......cccoo i e 66
5.3 Choosing the Smoothing Parameter ........cccccooeviviiieciieicieecien, 68
5.4 LoCal REQIeSSION......ccciiiiiiiiiiieiie et 71
5.5 Penalized Regression, Regularization and Splines.............cc.cc........ 81
5.6 Variance EStimatioN.........cccoiviiiiiiniie e 85
5.7 Confidence Bands.........ccccoviiiiiiiiieiieie e s 89
5.8  AVErage COVEIAQE. .....ccuiii ittt s enees 94
5.9 Summary of Linear SmMoothing..........ccccoociiiiiiiii 95
5.10 Local Likelihood and Exponential Families...........c.cccoooveiininnnnnn, 96
5.11 Scale-Space SMOOthING.......cccocoiiiiiiiii 99
5.12 Multiple RegreSSION  ....ccoiiiiiie e 100
5.13 Other ISSUES.......cciiieiie s i
5.14 Bibliographic RemMaArks..........cccooiiiiiiiiiiiieee e 119
5.15 APPENAIX ittt sre e 119
5,16 EXEICISES  weiiiiiiieiiiieiiee it e e sttt e s itee e s te e e stee e s be e st e e s bae e sare e e bae e ebe e e saaeeenreas 120
Density Estimation 125
6.1  Cross-ValidatioN.........cccooiiiiiiiiei e 126
IV o 1 1] (0 T | = T o 1TSS 127
6.3 Kernel Density EStimation..........ccccocviiiiiiiiniiii e, 131
6.4 Local Polynomials...........ccccoooeiiiiiiiiic e 137
6.5 Multivariate Problems........cccciiiiiii e 138
6.6 Converting Density Estimation Into Regression.............cccccceeueu.... 139
6.7 Bibliographic Remarks........c.cccooiiiiiiiiii e 140
(R T AN o] 0 1=1 0 [0 | b oSSR 140
8.9 EXEITISES  ooiiiieiie ittt et ees 142
Normal Means and MinimaxTheory 145
7.1  The Normal Means Model...........cccocoiiiiiiiiiii e, 145
7.2 FUNCHION SPACES......ccciiiiiiieiiieiiie ettt sneeanees 147

7.3 Connection to Regression andDensity Estimation ...................... 149



10

7.4 Stein’s Unbiased Risk Estimator (SUre ) .....cccovivveivieiesenieinnienns 150
7.5 Minimax Risk and Pinsker's Theorem..........ccccoccvviniiiniiiccnnnn, 153
7.6 Linear Shrinkage and the James-Stein Estimator....................... 155
7.7 Adaptive Estimation OverSobolev Spaces..........ccccevvevvviiveieennnnn, 158
7.8 CoNfIAENCE SETS.....coiiiiieccc s 159
7.9 Optimality of Confidence SetsS.........cccviiiiiiiiiin s 166
7.10 Random Radius BandsS?........ccccooviiiiiiiiiienie e 170
7.11 Penalization, Oracles and Sparsity........cccccciiiiiiiie i esiee e, 171
7.12 Bibliographic RemMarks..........ccccoiiiiiiiiiiiiicccss e, 172
A R RN o] 0 1=T o To ) O RRTRPPRR 173
A (=T (o 1= 180
Nonparametric Inference Using Orthogonal Functions 183
8.1 INTrOAUCTION.....ccii ittt 183
8.2 NonparametriC RegreSSION.......cccovcieiii i 183
8.3 Irregular DeSIQNS......cccociiiiiiiiece e 190
8.4 Density EStIMatioN.........ccccooiieiii i 192
8.5 Comparison of Methods.........ccccvviviiii i, 193
8.6 Tensor Product MOdElS ......ccvveieiiecee e 193
8.7 Bibliographic Remarks.........ccccoiiiiiiiiiiii e 194
oS T (=] (0] 1S1=1 RSSO 194
Wavelets and Other Adaptive Methods 197
9.1  Haar WavEIBLS ..o 199
9.2 Constructing Wavelets.........cccoviiiiiiiiiicee e 203
9.3 Wavelet REQIeSSION........ccciieiiieiie ettt 206
9.4 Wavelet Thresholding........cccccoviiiiiniiii 208
0.5  BESOV SPACES.....iii ittt sttt 211
0.6 CoNfIdENCE SETS......ociiiiie e 214
9.7 Boundary Corrections andUnequally Spaced Data....................... 215
9.8 Overcomplete DICLIONAIIES........cccviiviiieiie e 215
9.9 Other Adaptive Methods .o 216
9.10 Do Adaptive Methods WOFrK?.......cccccceiiiiiii i, 220
9.11 BibliographiC RemMaArKS.........cccccoviiiiiiie e 221
T AR AN o] 0 =T o Lo 1 GRS 221
0.13 EXEICISES  ieieiieieieesiieeiteesteeateestee e st e te et e st e et e st enseeenbeenreeanteenbee e 223
Other Topics 227
10.1 MeasuremMeNt EXTOr . ...t 227
10.2 Inverse Problems..........iie i 233
10.3 NonparametriC BaAYeS.........ccccovveiiiiiiccie et 235
10.4 Semiparametric INTEreNCe.........ccccccviie i 235
10.5 Correlated EFTOrS... ...t 236
10.6 ClasSITICAION........ccoiiiiicie e 236
10.7 STEVES.. ..ottt bbb 237



10.8 Shape-Restricted INfErence........ccccccovvei e
10.9 TESHING et eares
[O.10OComputational ISSUES  .....cocvieeiee e
LO.L1EXBICISES  wovveeeiitiiie e e it e e et ee e e et e e e et e e e st e e e st ae e e e st e e e e s anraaeeeennees

Bibliography
List of Symbols
Table of Distributions

Index

259

261

263



