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Absolute normal scores statistic 141
Accept-reject problems 486, 487, 488
Acceptance sampling 488
Accumulation point 276-7
Admissible rule 578
Alternative hypothesis 406, 411, 414
Alternative likelihood function 219, 248
Analysis of variance #test 148
Ansari-Bradley—Freund tests 105
Ansari-Bradley statistic 12
Approximations, for inverse sampling 523
large sample 570
a.s. convergent processes 27-30
Asymptotic approximation 419
Asymptotic behaviour 35
of covariance of density estimate 204-9
Asymptotic characteristic function of
Cramér—Von Mises statistic 437
Asymptotic conditional normality of test
statistics 284
Asymptotic convergence of permutation
covariance matrix 137
Asymptotic cumulative distribution func-
tion 345
Asymptotic distribution 14,
421, 457
discussion 450
of estimator at a point 189-91
of linear rank statistic 18, 38
of quantiles in nonstandard cases 343-8
of statistics 435-49
Asymptotic distribution theory of permu-
tation rank order statistics 135-40
Asymptotic efficiency 119-20, 295
of decision rule 576
Asymptotic minimax property of likeli-
hood ratio tests 479-85
discussion 486-8
Asymptotic multinomial 528
Asymptotic normality 139, 143, 277, 295,
573
of permutation distribution 137
of simple linear rank statistics 75-88
under ties 14-16
Asymptotic optimality 588, 601
Asymptotic (Pitman) efficiency 295
Asymptotic power 291
Asymptotic problems 38
Asymptotic properties of isotonic esti-
mators 159-73
discussion 174
Asymptotic relative efficiency (ARE) 63,

145, 270,

89, 95, 96, 100, 104, 105, 107, 108,
112, 130, 148-50, 409, 414, 510-12

Asymptotic results for rank statistics 21—
37

discussion 38

Asymptotic test criterion 295

Asymptotic variance 60, 79, 90, 270, 271,
295, 458

Asymptotically Bayes strategy 261

Asymptotically distribution free tests

140-8

Asymptotically efficient tests for location
283-96

Asymptotically nonparametric tests 130,
145

Asymptotically optimal nonparametric
criteria  259-60

Asymptotically uniformly optimal fune-
tion 261-3

Augmented matrix procedure 129

Avadhani, T. V., stochastic processes 215

B-Pitman function 217-21, 227, 234, 237,
238, 246, 247
B-Pitman statistic 217
Bahadur—Kiefer representation of sample
quantiles 321-42
Bahadur’s representation 353, 354
Ballot lemma 386, 396-400, 402
extended 397
generalized 400
Ballot problems 355
Ballot theorem 359, 360, 403

Barlow, R. E., isotonic estimators 159

Basic estimator 159, 161

Bayes decision procedures 585
discussion 602

Bayes multiple decision problems 585—

601

Bayes risk 581, 582, 586, 602

Bayes risk functional of ¢ 587

Bayes rule, relative to G 5867

sequence of nonparametric empirical

591, 592, 594, 595, 599, 600

Bayes solutions, invariant 6

Bechhofer, R. E., 3-player tournament
545

Bell, C. B., stochastic processes 215

Bergstrom’s multivariate generalization
309

Bernoulli distribution

Bernoulli rv’s 352

361
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Bernoulli sequence 352

Berry—Esseen bound 309

Berry-Iisseen estimates 351

Berry—Esseen theorem 327

Best linear unbiased estimator (BLUKE)
283

Bota function 517, 527

f-modal interval 279

Binomial distribution 228, 240, 344

Binomial equivalence 350

Binomial probability 302, 305

for large deviations, estimates of 334-

6

Binomial random variables 345

Binomial Tables 240

Birnbaum, Z. W., Student’s ¢ statistic 427

Bivariate normal cumulative distribution
function 347

Bivariate normal
function 347

Bivariate paired comparison model 130

Bivariate paired comparisons 120

Bivariate process 181

Bivariate sample distribution function
435-49; discussion 450

BNS-Pitman function 217, 218, 228, 235,
238, 246

Borel-Cantelli lemma 166, 311, 313, 316,
317

Borel field 208, 336

Borel measurable function 593, 600

Borel sets 34, 236, 238, 241, 243

Borel subsets 42

Borel zero-one criterion 166

Borovkov, A. A., asymptotically optical
nonparametric criteria 259

Boundary conditions 520, 530, 531, 540

Bounds, for inverse sampling 523

on probability of correct selection 497

Bradley—Gart application 113

Bradley, R. A., multivariate paired com-
parisons 111

Bradley—Terry Model 516

Breiman—Brillinger Brownian bridge rep-
resentation 301

Breiman’s representation 354

Brownian Bridge 28, 29, 322, 353

Brownian motion 352, 353

Brownian process 435, 447

Brunk, H. D., estimator of regression 177

Brunkizing 196

probability  density

Capon statistic 12

Cauchy density 89, 95, 96, 106
Cauchy distribution 9

Censored data, robust rank tests 102-8
Centering constant 75, 81, 85, 87

Central limit theorem 56, 59, 139, 230,
240, 287, 302

Characteristic functions 207, 350, 438,
439, 440

numerical inversion of 43943
Characteristic roots 66, 127
Chatterjee, S. K., two-decision problems
563
Chebyshev bounds 465-77
Chebyshev’s inequality 309, 311, 427,
594, 600
Studentized 427
Chernoff-Savage statistic 63
Chernoff-Savage theorem 33
Chi-square distribution 16, 140, 145, 455
Chi-square test 610
Chi-square-type statistics 15
Circular triads 128
Classification problems, Chebyshev bounds
for risks and error, probabilities in
465-77
three-sample 575
Clinical trials 102
Combinatorial formulae 390
Combinatorial methods 359-84
auxiliary theorems 364; discussion
402; fundamental theorem 359
Combinatorial probabilities 354
Combinatorial theorem 362
Common distribution 224
Common distribution function 224, 236,
241
Comparison methods 26
Computation of W2 statistic 443-6, 451
Computer 128, 129
Concave function 306
Conditional asymptotic normality 292
Conditional density 228
Conditional distribution 14, 15, 224, 227,
285, 286, 290, 293, 294, 295, 339
Conditional expectation 293, 295
Conditional mean 285
Conditional moment, fourth order 295
Conditional probability 133, 305, 311,
327, 360
Conditional variance 293
Confidence coefficients 610
Confidence intervals 610
Consistent estimator 145
Contiguity, method of 26
Contiguous alternatives 26
Continuous distribution 493, 502
Continuous distribution function 75, 237,
259, 286, 371, 374-7, 379, 386, 396,
435
Continuous function 180, 183, 185, 186,
259
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Convergence 77, 128, 169, 171, 458 Dense, use of term 163
of total time on test distribution 161-9  Densities, double-exponential 101, 103-6

measure of rate of 409
Convergence rate theorem 594, 599
Convergence rates 593
Convergence theorem 31
Convergent processes, a.s. 27-30
Convex absolutely continuous functions
262
Convex conjugate 194
Convex functions 175
Convex ordering, isotonic estimation in
case of 159
Correct selection 493, 494
bounds in probability of 497
infimum of probability of 495
probability of 519, 540
Correlation matrix 127
Courant’s theorem 149
Covariance 114, 345
of density estimate, asymptotic beha-
vior of 204-9
Covariance function 233, 238, 242, 248,
437, 440, 447
Covariance matrices
140-3, 147, 148
Cramér-Rao bound 268
Cramér—von Mises statistic 226, 435, 439,
445, 450
asymptotic characteristic function of
437
Critical function 145
Cumulative distribution function 53, 64,
132, 135-6, 138, 139, 146, 345, 347
p-variate 141
Cumulative-sum techniques 436
Cycles, number of 549

66, 128, 129, 138,

David, H. A., distribution theorems 402
David, H. T., asymptotic minimax pro-
perty 479
incomplete block designs 154
Davidson, R. R., multivariate paired
comparisons 111
Decision functions 5645, 567, 568, 570
Decision problems 486
multiple 585-601
Decision procedure 7
Bayes 585; discussion 602
Decision rule 487, 519, 578, 587
asymptotic efficiency of 576
behavioral (measurable) 586
for large samples 570
for two-decision problems 564-70
standard admissible 577
terminal 535, 547, 554, 558

Degenerate random variables 177

extreme pair of 92-5, 101-2, 106
families of 89, 92, 94, 97, 98, 102;
extreme-dominated 97, 101
finite family of 93
logistic 101
monotonic 187
non-extreme pair of 93
ordering 89
pair of 92
symmetric 94, 95, 99, 100
tail probabilities of 99
unimodal 94, 98, 100, 572
Density estimates 199-210
covariance of, asymptotic behavior of
204-9
discussion 211-13
Density functions 89, 91, 101
bounded continuous 208
bounded continuous joint 209
discontinuous 343
estimating, case of independent sampl-
ing 199; points of local maxima
and minima of 275-82
Density type estimation 5-10
Desirec contradiction 277
Difference vectors 155
Differentiable statistical functions 18
Dirichlet integral 526, 527
Discontinuous density function 343
Discontinuous distribution function 386,
389
Discrete parameter stochastic process 180
Dispersion matrix 113, 114, 115, 134, 144
Distribution, mathematical method of
finding 375
multinomial 388
of 8+(m, n) 377
of D}, and D, for discontinuous
distribution funections 386

of ‘exceedances’ 418

of y,(m,n) 377

of maximal deviations 389
of 7(m, n) 379

Distribution-free selection procedures 492
Distribution-free statistics 232, 238, 245
Distribution-free tests 215
Distribution freeness, types of 215
Distribution function 47, 48, 73, 76, 144,
212, 441
absolutely continuous
binomial 88
comparison of theoretical and empirical
3704
comparison of two empirical 374
continuous. See Continuous

159
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Distribution function (cont.)
cumulative. See Cumulative
discontinuous  889; distribution of
Dt and D, , for 386
empirical. See Empirical
limiting 394
Distribution laws 385
Distribution theorems 224, 386, 400
Kolmogorov—Smirnov type 385-401;
discussion 402
Distribution theory 349
and selection procedure 502
Doeblin condition 203
Dominated convergence theorem 29, 30
Donsker’s theorem 177, 182, 184
Doob’s method 447
Double Duty (DD) procedure 535
Double sample 345
Draft, C. H., efficient linearized estimates
267
Drop the Loser (DL) sampling rule 515,
520-2, 524, 526-8, 530, 534, 537,
540
Dual theorems 168
Dupag, V., linear rank statistics 75
one-sample rank order statistics 73
Durbin, J., asymptotic distributions 435

Efficacy, computation of 409, 411
of tests 411
Efficiency of nonparametric methods 579-
83
Efficiency investigation 576
Efficiency robustness problem 104, 106
ordered family relationships 99-102
Efficient linearized estimates 267-73
Eicker, F., Bahadur—Kiefer representation
321
Eigenfunctions 437
Eigen-solutions of integral equation 437
Eigenvalues 427, 440
Elimination, inverse sampling with 530
Elimination rule 530
Elliott, N., probability of correct selection
540
Ellis formula 390
Empirical distribution function 73, 179,
180, 181, 183, 196, 259, 276, 386, 389,
396, 397, 400, 409, 414, 421
Empirical processes 23, 27, 33
one-sample 31
two-sample 26, 31, 33, 34
Equal preferences, comparisons of tests
118-21
Equivalence classes 251
Error probability 581, 582
in classification problems 468

Estimates of binomial probabilities for
large deviations 334-6

Estimator at a point, asymptotic distri-
bution of 189-91

Euclidean 2r-space 394

Exchangeable processes 235-9

see also Spherical exchangeable processes

Exchangeability 402

Exponential bound 336

Exponential density 483

Exponential distribution 160, 162

Exponential families 479, 488

Exponential random variables 241

Extremal vector 471

Failure density, maxima of 282

Failure rate function, generalized 159-73,
175; discussion 174

of monotone failure rate distributions

162

Families, ordered, relationship to efficiency
robustness problems 99-102

Fisher’s information 4, 11, 292

Friedman test 611

Fubini’s theorem 49

Galtonian regression 182

Gambler’s ruin problem 518

Gamma distribution 194

Gamma distribution function 241

Castwirth, J. L., robust rank test 89

Gaussian alternative 238

Gaussian density 204

Gaussian law 395

Gaussian processes
242, 248, 408

Gaussian stochastic process 395

Generalized B-Pitman function 247, 248

Generalized B-Pitman statistic 247

Generalized BNS-Pitman function 247,
248

Generalized BNS-Pitman statistic 247

Generalized failure rate functions 159-73,
175

discussion 174

Generalized order- and rank-statistics 42—
4

(Geometric ergodicity 201, 202

Glivenko—Cantelli theorem 162, 164, 169,
170, 171, 177, 182, 458

Gnedenko-Koroljuk distributions 385

Goodness-of-it 220, 225-6, 230-2, 239,
244, 249, 405, 436, 450, 451, 479, 486,
487

Graphical estimator 161

Greatest convex minorant 187, 189-91

Greenwood statistic 412

35, 39, 65, 233, 239,
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Grid 159, 160, 162, 163, 165, 166, 168-70,
172

Group invariance 251

Grouped data, robust rank tests

Gupta’s gamma procedure 512

Gupta, S. S., selection procedures 491

102-8

Hiajek, J., rank statistics 38
rank test theory 3
Hajek-Rényi modification 38
Helly-Bray theorem 31
Hermite polynomials 204
Higher order terms 67, 73
Hodges—Lehmann estimate 455
Hoeffding formula 43
Hoeffding, W., nonparametric tests 50
rank test theory 18
Homogeneity, classical tests of 491
Homogeneous Poisson processes 223-31
Hotelling’s T'*-test 149
Huber, P. J., Studentizing robust esti-
mates 453

I-function 527
Identification problem 551-6
relation with ranking problem 556
Identification procedure, sequential
553-6
single-stage 557
Identity matrix 144
IFR (Increasing Failure Rate) distribu-
tions 492
Imhof’s method 441
Incomplete blocks designs,
inference in  131-53
discussion 154-5
Independence, tests for 34-5
Independent identically distributed pro-
cesses 236, 237
Independent identically distributed ran-
dom variables 321
Independent observations regression model
181, 182
Indifference, region of 548
Indifference zone 491, 546
Inequality 75
Infimum of probability of correct selection
495
Integral regression function 177, 179
and its estimator, asymptotic distribu-
tion of differonce between 182-6
uniformly consistent estimation of 178
82
Interchangeable variates 402
Invariance, reduction by 44, 46
Invariance principles 352, 409, 458
Invariance properties 41

546,

statistical

Invariant Bayes solutions 6
Invariant probability density 204
Invariant statistics 251
Invariant tests 215
Inverse sampling 515-43
approximations for 523
bounds for 523
with cyclic sampling pattern 537
with elimination 530
Isotonic estimation In case of convex
ordering 159
Isotonic estimator 160, 161
asymptotic properties of 159-73; dis-
cussion 174
Isotonic functions 191-2
Isotonic regression 160, 174-6, 191-3, 196
Isotonic regression function 178
maximum likelihood estimation of 191-
4

Jackson, J. E., multivariate paired com-
parisons 126
Joint distribution 417, 436, 568
of (X0 Xiremsm) 419; under alterna-
tive H, 422
Jureckova’s theorem 269, 271, 272

k-sample problem 611
k-values 324, 332
Kempthorne, O., asymptotic distributions
450
asymptotic minimax property 486
Kendall rank correlation coefficient 611
Kernel function 276, 277, 281
Kiefer, J., order statistics and sample
quantiles 349
sample quantile process and sample df
299
Klotz statistic 12
Kolmogorov distance 14
Kolmogorov distribution 251
Kolmogorov inequality 38
Kolmogorov limiting df 303
Kolmogorov statistic 22
Kolmogorov—Smirnov distribution
252
Kolmogorov—Smirnov distribution theo-
rems 385-401
discussion 402
Kolmogorov—Smirnov statistic 178, 259,
300, 322, 385, 413, 446, 450, 575
Kolmogorov-Smirnov test 405, 406, 411,
413, 579
Koopman—Pitman-type derivative 239
Koopman-Pitman-type exponential fami-
lies 237
Kronecker delta 134, 142

235,
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Kronecker produet 117
Kruskal-Wallis statistic 246, 254
Kruskal-Wallis test 611

Kuiper test 579

Lu(®) test 149
Luy(R) test 149
Lagrangian interpolation 442
Laplace transforms 212, 243
Large numbers, law of 63, 69, 590
Large sample approximations 570
Large samples, decision rule for 570
Largest modes 565
Law of interated logarithm (LIL) 300,
301, 310, 317, 321, 327, 352, 355, 356,
410
Law of large numbers 63, 69, 590
Least favorable (LF) configuration 516
Least mode 565
Lebesgue density 593
Lebesgue dominated convergence theorem
31, 278
Lebesgue measure 50, 194, 480
Lehmann-alternatives 47
Liapounov theorem 2086, 207
Lientz, B. P., local maxima and minima
of density functions 275
Life testing 102
Likelihood function 112, 237, 238
Likelihood ratio 147, 411, 450
monotone 493
Likelihood ratio statistic
545
Likelihood ratio tests 120, 122
asymptotic minimax property of 479-
85; discussion 486-8
Likelihood-type estimates 460-2
Limit theorems 23, 35, 77, 381, 571
Limit theory 21, 22, 25, 31-4
Limiting Brownian bridge 317
Limiting central chi-square distribution
116, 145
Limiting distribution 35, 139, 385
of empirical distribution function 414
of empirical distribution function of
‘normalized’ and ‘modified’ spacings
407-9
of Kolmogorov—Smirnov statistics
of random variables 381
Limiting distribution function 269, 394
Limiting distribution laws 390-5
Limiting multivariate normal distribution
113, 116, 141, 142
Limiting noncentral chi-square distribu-
tion 118, 120, 147
Limiting normal distribution
411

116, 118, 534,

385

113, 410,

INDEX

Limiting standard normal distribution
410

Lin, Y. 8., probability of correct selection
540

Lindeberg condition 183-6, 190
Lindeberg theorem 87
Linear combination of order statistics 457
Linear process 352
Linear rank statistic 35, 39
agymptotic distribution of 18, 38
behavior under shift 3-5
limit theory for 31-4
notation 24-7
Linearized estimates 267
definition and properties of 267-70
relative efficiencies of 270-2
Lipschitz condition 30
uniform 185, 186
LMPDF tests 237, 238, 239
Local alternatives 116, 118, 119
Local maxima of density functions 275
Local minima of density functions 281
Local optimality 509-10
Location, asymptotically efficient tests for
283-96
Location parameter 99, 292, 293, 574, 579
Location problem, single-sample 574
two-sample 94, 572, 576
Location shift 284
Log-likelihood function 193
Logistic data 104, 105
Logistic distribution 509
Loss function. 260, 465, 589, 597
constant loss 465-7
quadratic loss 467-8
Lower bound, strong 312
weak 304

McDonald, G. C., selection procedures 491
Mann-Whitney statistic 499, 509, 563,
576, 610-11
Mann-Whitney table 503
Mann—Whitney—Wilcoxon distribution 252
MANOVA statistic 154
Markov assumption 200
Markov inequality 68, 71
Markov process 223
Markov sequences 199-210
discussion 211-13
Markov transition operator 199
Markovian character 516
Markovian procedure 530
Marshall, A. W., Chebyshev bounds 465
isotonic estimators 174
Massey’s test 107
Maximin efficient linear unbiased esti-
mators 98-9
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Maximum likelihood equations
129

Maximum likelihood estimation 193, 268

of isotonic regression function 191-4

Maximum likelihood estimators 112, 159,
160

Maximum likelihood principle 175

Mean function 238, 242, 248

Mean value theorem 29, 286

Median 610

Median test 9, 98, 104, 105

Median test statistic 76, 80

Mehler’s formula 204

Method of contiguity 26

Metric spaces 27, 28, 38

Minkowski’s inequality 29, 30

Mixing measure 236, 237, 239, 243, 244

Modulus of continuity 30

Moment generating function 193

Moment inequalities 26

Moment matrix 144

Monotone class theorem 243

Monotone distribution 245

Monotone function 243, 268

Monotone likelihood ratio 493

Monotone marginal processes 251, 253

Monotone marginals 231-5, 249

Monotone multiple decision problem 589—
96

Monotonic regression 160

Monotonicity 509-10

Monte Carlo experiments 283

Monte Carlo methods 534

Monte Carlo results 536, 546

Monte Carlo sampling 558

Monte Carlo studies 508

Monte Carlo techniques 454

Mood statistic 12, 573

Mood’s test 107

Mount, K. 8., asymptotic minimax pro-
perty 479

MPDF test 228, 230, 238, 239

Multi-binomial test 118

Multinomial distribution 388

Multinomial events and sample quantiles
349

Multinomial technique 350

Multiple decision problems 585-601

monotone 589-96

Multiple multivariate sign test 118-20

Multivariate distribution 231

Multivariate limit theorem 206

Multivariate location-parameter estima-
tion 349

Multivariate model 112

Multivariate normal distribution
140, 142, 143, 145

126-17,

115,

619
Multivariate one-sample statistics 135
Multivariate one-sample tests 135
Multivariate paired comparison 111-25
discussion 126-9
statistic for 120
Multivariate paired comparisons test 119
Multivariate sign test 118, 119
Multivariate situations 130
Multivariate two-sample theory 234

Naive estimator 160
Newton’s method 441
Neyman-Pearson lemma 43, 45, 220, 228,
230, 232
Neyman structure 44, 45
Neyman-structure theorem 229, 246
Noether condition 4
Noether, G. E., statistics courses 607
Noncentral chi-square distribution
148
Noncentral chi-square limiting distribu-
tion 118, 119, 120
Noncentrality parameter
147, 148
Nondecreasing functions 75, 76
Nonhomogeneous Poisson processes 223-
31
Nonlinear process 352
Nonparametric class of alternatives 50
Nonparametric criteria, asymptotically
optimal 259-66
Nonparametric inference 21
Nonparametric methods, efficiency of
579-83
for non-subjective statistics
in elementary statistics 607
Nonparametric statistics, teaching of 607
Nonparametric tests 41-9
discussion 50
for stochastic processes 215-56
theory 215
Non-subjective statistics, nonparametric
method for 154
Normal distribution 508-9
Normal process, two-dimensional 436
Normal regression 438
Normalized weight functions 91
Normalizing constants 570
sequence of 60
Norming constants 81
Nuisance parameter 449, 451, 516, 556,
557
Null distribution 222, 245
Null hypothesis 116, 118, 119, 132, 237,
238, 268, 284, 406, 407, 409, 411, 414,
418, 449, 580
Null matrix 137

145,

116-21, 145,

154
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620 INDEX
Number of eycles 549 Point probability density 429
Numerical inversion of characteristic Poisson processes 215, 216, 226, 228, 249,

function 439-43

Okamoto’s inequality 334
Olkin, I., Chebyshev bounds
One-sample test 294
One-sided tests 579, 581
Optimal permutation tests 44
Optimal rank tests 42—4
Orbit 217
Order statistic 48, 275, 281, 284, 285,
290, 292, 294, 353
generalized 47
linear combination of 457
methods for studying 349-57
of sample and extended sample 417-23
rth 370
theory of 359, 361
Ordered families, relationship to efficiency
robustness problems 99-102
Orthonormal transformation 393, 394
Overall preference 122

465

p-variate cumulative distribution function
141
p-variate normal random variables 138
p-variate situations 130
Paired comparisons 127-8, 130, 132
Parametric estimator 148
Parametric test 62
Partial orderings of permutations
Partial sum process 23
Partitioned vectors 142
Partitioning events 422
Percentile-modified tests 101
Permutation analysis 154
Permutation covariance matrix, asymp-
totic convergence of 137
Permutation distribution 135, 140
asymptotic normality of 137
Permutation groups 216-20
Permutation rank order statistics, asymp-
totic distribution theory of 135-40
Permutation tests 41, 46, 50, 145, 154,
284
derivation of 44-5
most powerful 50
optimal 44
Permutational covariance matrix 145
Permutationally distribution free test
statistic 120, 147
Permutations, partial orderings of 12-13
Pitman efficiency 91, 405-15
Pitman functions 217, 223
Pitman statistic 235
Play-the-Winner (PW) rule 515

12-13

251, 252, 263
homogeneous 223-31
nonhomogeneous 223-31
Poisson random variable 230
Power function 44, 48
Power spectrum 128
Pratt, J. W., empirical Bayes procedures
602
Preference, region of 548
Preference equality, test of 111
Preference parameters 112, 113, 126
Preference vector 111
Principal component analysis
Probabilistic modelling 154
Probability, bounds on, of correct selection
497
infimum of, of correct selection 495
of error 581, 582
of event 390, 398 ; determination of 385
that X, , = X} ;00 417
Probability density 50, 194
bell-shaped 428
Probability density function 345
Probability distribution function 179-81
Probability distributions 113, 428
bell-shaped 432
estimation of 177, 178
Probability function, cumulative 429
for treatment pair 113
Probability measure 243
on measurable spaces 49
Probability model 123
Probability requirements 545-8, 552, 553,
554, 556, 557
Probability space 27, 180, 336
Prohorov’s theorem 182, 184
Projection method 26, 75
Prokhorov’s metric 28
Pseudolikelihood. 563, 564, 571
approach to two-decision problems
563-78
Puri, M. L., incomplete block designs 131
Pyke, R., estimation of regression 196
rank statistics 21

128

Quantile function 9, 10
Quantile process 356
Quantile statistic 12
see also Sample quantiles
Quantiles in nonstandard cases, asymptotic
distributions of 343-8
‘Quick’ statistical procedures 99
Quick tests 106-8

r-order Kolmogorov condition 179
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INDEX 621

Random distribution function 236
Random function 179
Random perturbations 409
Random process 386
Random scale factor 409
Random variables 58, 67, 138-42, 171,
177, 183-7, 493, 502, 597, 598
discontinuous 385
distribution of 377-81
double sequence of 56, 59
empirical distribution function of 409
exponential 241
independent 60, 75, 180, 386, 448
interchangeable 360-4, 375, 376
limiting distributions of 381
sequence of 60
Random walk 388, 390, 392, 402
Randomization 154-5
Randomization device 449
Randomness hypothesis 237
Rank matrix 133
Rank statistics
asymptotic results for 21-37; discussion
38
linear 35; asymptotic distribution of
18, 38; asymptotic normality of 75—
88; behavior under shift 3-5;
limit theory for 31-4;notation 24-7
one-sample 53-73; discussion 73-4
permutation 135-40
univariate 134
Rank sum statistic 141, 498
Rank tests 41, 46, 50, 455
asymptotically most powerful
92, 94, 103, 104, 105
efficiency-robust 89-109
efficient estimates based on 267
grouped 90, 105, 107
maximume-efficiency-robust
103-6, 108
most powerful 50
optimal 42—4
percentile-modified 105
permutationally distribution-free 132—
5
related partial ordering of 99
theory 3-17; discussion 18
unified theory 42
Ranking, in 3-player tournament 545-9
sequential 556-8
single-stage procedure 548
Ranking problems 546-51
relation with identification problem 556
Ranks, definition of 39
selection procedures based on 491-514
Rao, J. 8., Pitman efficiencies 405
Ratio tests 116

89, 91,

89, 90-9,

Rectangular distribution 141
Recurrence formula 530
Recursion formula 502, 504, 540
Recursive equations 540
Recursive relations 520
Reduction, by invariance 44, 46
by sufficiency 46
Reflection principle 389, 402
Reflection techniques 447, 448
Region of indifference 548
Region of preference 548
Regression, estimation of 177-95; dis-
cussion 196
Galtonian 182
isotonic 191-3, 196
Regression constants 4
Regression estimates 209
Regression function, estimation of 177
integral. See Integral regression function
isotonic 178; maximum likelihood
estimation of 191-4
nonincreasing 178
uniformly consistent
increasing 186-9
Regression model, independent observa-
tions 181, 182
linear 178
Regression residuals 435
Regular spacings statistic 410
Regularity conditions 267, 268, 292, 293,
295
Renyi-Csorgd statistic 322
Response parameter space, rotation of
127-8
Riesz convexity theorem 202, 203
Risk probabilities in classification prob-
lems 465
Robust estimates, Studentized 453-63
Robustness of T, 61
Rosenblatt, M., density estimates and
Markov sequences 199
Rosenblatt transformation 232, 233, 253
Rounding off 570-2
Rubin, H., evaluation of methods

estimation of

579

S-statistic and related statistics 431-3
Sample distribution function, and sample
quantile process 299-319
Sample probability 336
property of 336-42
Sample quantiles, and multinomial events
349
Bahadur—Kiefer representation of 321-
42
methods for studying 349-57
sample distribution function 299-319
see also Quantile
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Sampling rule

INDEX

519, 521, 535, 536, 546, Smirnov-Birnbaum-Tingey theorem 396-

554, 558
Drop the Loser (DL) 515, 520-2, 524,
526-8, 530, 534, 537, 540
vector-at-a-time 522
Scale factor 575
Scale test 575
both medians are unknown 10-12
Scaling function 175
Scheffé’s paired comparison model 127
Schwarz inequality 92
Score function 54, 144
Score-generating function 4, 73, 79
Second order moment 289
Selection, correct. See Correct selection
Selection problem, nonparametric 597-601
Selection procedures 6, 8, 515-43
and distribution theory 502
based on ranks 491-514
classes of 494
distribution-free 492
means, variances and statistics of 500
properties of 506
Sobel-Weiss 5§45, 557-8
Selection rule 509, 510
Sen, P.K., one-sample rank order statistics
53
Sensory difference experiments 129
Sequence, limit theorems for 77
of alternatives 291, 292, 295, 406, 409,
410, 413
of asymptotic variances 60
of functions 427, 428, 597
of normalizing constants 60
of numbers 593
of random variables 60
Sequential identification procedure 546,
553-6
Sequential procedure 517, 518, 534, 536
Sequential ranking procedure 556-7, 558
Sethuraman, J., Pitman efficiencies 405
Shane, H.D.,incompleteblock designs 131
Sherman’s spacing statistic 231
Shift-alternatives 61
Shift (location) problem, two-sample 94
Siddiqui, M. M., order statistics 417
Siegel-Turkey statistic 575
Significance levels 610
Significance tests 126, 450, 486
Single-sample location problem 574
Skorohod topology 408
Skorokhod—Strassen representation 352
Skorokhod-Strassen type construction
353
Slippage configuration 504
Slutsky’s theorem 271
Smirnov-Birnbaum-Tingey distribution
386, 397

400
Smoothness conditions 410
Sobel, M., inverse sampling and other
selection procedures 515
Sobel-Weiss selection procedures 557-8
Sobel-Weiss sequential procedures 545
Spacing tests 405, 414
circular 407
linear 407
Spacings, circular 414
linear 414
modified 407
‘normalized’ 407
‘normalized’ and ‘modified’, limiting
distribution of empirical df of 407-9
Spearman Rank Correlation Coefficient 237
Special functions 470
Spherically exchangeable processes
242-9, 251, 252
Spherically interchangeable distributions
243
Square integrability 15
Square-integrable functions 75, 76
Standard normal cumulative distribution
function 344
Standard normal distribution function 141
Starshaped function 176
State of Nature 547, 551, 552, 553, 558
Stationary independent increment pro-
cesses 220-3, 249, 252, 254
Statistical analysis of traffic 282
Statistical inference in incomplete block
designs 131-53; discussion 154-5
Statistics based on F,(s, ) 446
Statistics courses 607
Step functions 180, 385
Stirling’s formula 391, 392
Stochastic convergence 573
Stochastic equivalence 146
Stochastic processes 64, 65, 73, 180, 385,
408
nonparametric tests for 215-56
Stone—Céch compactification 277
Stopping constant 554
Stopping rule 519, 520, 534, 535, 554,
558
Strong laws 352, 354
Strongly distribution-free property 249-
55
Strongly distribution-free statistics
254, 255
Structure theorems 224, 235, 242, 250
Studentized Chebyshev inequality 427
Studentized ratio 453, 454
Studentized robust estimates 453-63
Student’s ¢-statistic 62, 63, 215
statistic similar to 427-33

215,

251,
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Student’s ¢-test 51, 148, 150, 611

Subexponential, use of term 163

Sufficiency, reduction by 46

Supremum metric 27

Sverdrup’s theorem 145

Sycheva, N. M., asymptotically optimal
nonparametric criteria 259

Symmetric matrix 144

Symmetry, hypothesis of 61

Symmetry properties 341

Symmetry test with respect to zero 47

t-distribution 295, 296
Tail probabilities 419
Takécs, L., combinatorial methods 359
Takeuchi, K., asymptotically efficient
tests for location 283
Tauberian theorems 212
Taylor’s expansion 25, 28, 460
Taylor’s theorem 301
Teaching of nonparametric statistics 607
Terminal decision rule 535, 547, 554, 558
Test distribution, total time on 161-9
Test weights, total time on 161
Three-sample classification problems 575
Ties, asymptotic normality under 14-16
occurrence of 14
Topology on # 44
Total time, on test distribution 161-9
on test weights 161
Tournaments, 2- or 3-player 515-43, 557
3-player, ranking in  545-9
Traffic, statistical analysis of 282
Transition probability 180, 336
Transition probability density 208, 209
Transition probability operator 201-4
Trapezoidal rule 441
Treatment pair 111, 113, 118, 119, 122
Trimmed mean 457-9, 461, 462
Trimmed sample 457
Tukey’s test 106
Two-decision problems, decision rules for
564-70
pseudolikelihood approach to 563-78
Two-sample location problem 94, 572, 576
Two-sample scale problem for given
location 575
Two-sided tests 579, 582

U-statistics 25, 39

UMPDF tests 230, 237-9

Uniform Lipschitz condition 185, 186

Uniformly asymptotically efficient test
292-4

Uniformly asymptotically efficient test
criterion 296

Unimodal density 94, 98, 100, 572

Unique function 91
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Uniqueness 243
Uniqueness theorem 91
Unit hypersphere 246, 253, 254
Unit step function 75, 76, 84
Univariate distribution functions 236, 249
Univariate limit theorem 206
Univariate model 111, 112, 118
Univariate one-sample normal scores test
150
Univariate paired comparisons 130
Univariate rank order statistics 134
Univariate sign test 130
p-variate extension of 147
Univariate tests 127
Univariate theory 135
Universal constant 306
Upper bound, strong 309
weak 203
Upper class case 323-34
Uspensky’s bound 335

van der Waerden test 9
adapted 12
van Eeden, C., efficient linearized esti-
mates 267
van Ryzin, J., multiple decision problems
585
van Zwet, W. R., isotonic estimators 159
Variance 183, 285
asymptotic 79, 90, 270, 271, 295, 458
ratio of 76
Variance-covariance matrix 507, 508
Vector-at-a-time sampling rule 522
Vineze, 1., distribution theorems 385

Wald Stopping Structure 534

Weak convergence 23, 26, 27, 38

Weighting factor 187

Wiener—Levy process 190

Weiss, G. H., inverse sampling and other
selection procedures 515

Weiss, L., asymptotic distributions of
quantiles 343

Wilcoxon-Mann—Whitney statistic 22

Wilcoxon-Mann—Whitney test 577

Wilcoxon matched pairs 47

Wilcoxon signed rank statistic 63

Wilcoxon statistic 81, 509, 573

Wilcoxon test 9, 96, 102, 104, 105, 107,
272, 455, 610

adapted 12

Windows 159, 169

Winsorized sample 457, 459

Witting, H., nonparametric test 41

Woodroofe, M., density estimates and
Markov sequences 211

stochastic processes 215
Wreath product 216, 233
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