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normal approximation 115–117, 129,

147, 153, 177, 200, 284, 387, 392,

402, 406, 412, 444, 625, 626, 631,

632, 677, 783, 788, 790

normal distribution 35, 41, 81–86, 127,

129, 133–135, 138, 142–147, 149,

151, 153–156, 158–162, 164, 169,

190, 198, 200–202, 377–379, 397,

398, 403, 405, 409, 414, 418, 424,

427, 429, 434, 436, 442, 448, 457,
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normal distribution (cont’d)

501, 553, 554, 564, 567, 578, 600,

619, 676, 685, 687, 709, 771

normal equations 233, 267, 304

normal independently distributed (NID)

325

normal inspection level 690

normal probability plot 156–160, 198,

300, 361, 364, 737, 738, 740, 750,

817, 818

normal scores 156, 158, 198, 817

np-chart 371, 372

null event 48

null hypothesis 4, 139–143, 145, 147,

152, 162, 167, 173, 175–177,

191–193, 196, 200, 204, 249, 251,

263, 264, 387, 402, 463, 479, 495,

497, 498, 631, 632, 743, 744, 760

objectives 442, 471, 472, 474, 546, 550,

559

observed frequency 159, 161, 259, 260

OC curve 140, 141, 412, 413

off-line quality control 545–553, 570, 577

one way layout ANOVA 248

one-armed bandit (OAB) 681, 682, 684

ongoing chronic problems 369

operating characteristic (OC) 411, 413,

640, 678, 696

operating characteristic curve 200, 676

operating characteristic function 140, 142,

144, 146–148, 198, 411, 444, 695

operating time 605, 606

operational readiness 605, 606, 643

operational risk 560

optimal allocation 287, 290, 295, 296

order statistics 28, 34, 35, 44, 94,

107–111, 121, 162, 188, 190, 390,

618, 623

orthogonal array 473, 557–559, 571, 574,

576, 578

outer array 557, 577

outliers 34, 36, 39, 41, 45, 218, 326, 335,

712, 795

Page’s control schemes 401, 422, 423, 425

paired comparisons 476, 478–482, 541,

797

parallel connection 608

parameters

design 546–553, 577

space 133, 134, 137, 150, 164, 167,

170, 198, 649, 652, 655

parametric empirical Bayes 440

parametric family 133, 137, 666

Pareto chart 380–382, 384–387

partial correlation 230, 231, 238–240,

265, 266, 268, 269, 304, 317, 749

partial regression 229–232, 265, 266,

268, 749

partial-F test 238, 265, 266

partition of sample space 50, 54, 58, 122

p-chart 371, 372, 389, 411–414, 445, 786

performance measures 13, 356, 546, 547,

577

physical experiments 550, 581–584,

596–598, 600, 601

piston 13, 14, 30, 45, 161, 162, 189, 192,

203, 204, 269, 361–364, 366, 367,

370–372, 375–378, 388, 396–399,

498, 500, 501, 503, 508, 531, 542,

546, 577, 584, 594, 784, 786, 806,

808, 810, 811

piston simulator 13, 269, 361, 362, 366,

367, 396–399, 445, 498, 531, 546,

564, 584, 585, 587, 589, 590, 592,

594, 595, 600, 601, 786, 806

point estimator 134, 197, 198, 624
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point identification 53, 58, 186, 274, 354,

367, 380, 559

Poisson distribution 76–78, 89, 113, 116,

126, 128–130, 134, 146, 164, 171,

199, 201, 202, 419, 420, 424, 426,

439, 448, 613, 651, 665, 666, 668,

719

Poisson process 598, 639–640, 646

population

list 273, 274

mean 64, 114, 133, 154, 179, 186, 187,

197, 247, 273, 274, 276, 278, 280,

281, 285, 286, 288, 296

quantiles 295

quantities 273–296

posterior distribution 5, 163–167,

169–171, 202, 313, 436, 439, 441,

597, 649–657, 661, 662, 665, 667,

668, 681, 739

posterior expectation 170, 202, 313, 439,

651–653, 668

posterior probability(ies) 58, 59, 121, 169,

428, 655, 682, 739

posterior risk 169, 170, 653, 668

power circuit simulator 812

power function 141, 145, 146, 149, 198,

200, 736

practical statistical efficiency (PSE)

357–360

precision 3, 18–19, 42, 43, 133, 274, 279,

290, 295, 330, 368, 370, 433, 472,

473, 475, 582, 616, 628

precision of an estimator 279, 295

predicted values 222, 223, 225, 228, 236,

243, 245, 266, 328, 329, 344, 641

predicted values, FITS 235, 265

prediction errors 5, 307, 325

prediction intervals 5, 34–35, 42, 187,

223, 224, 265, 655–658, 667, 669

prediction intervals, normal 35

prediction model 290–296, 764

prediction MSE 295, 296, 764, 766

prediction profiler 565, 577

prediction unbiased 295, 296, 764

predictive distribution 439, 657, 658, 668,

669, 682

predictive probability density function

164–167, 649, 657, 665, 667

predictors 136, 224–226, 229, 230, 232,

239, 240, 243, 246, 265, 291–293,

296, 306, 308–312, 317, 318, 326,

331–334, 512, 531, 755

principal component analysis (PCA) 338,

342

principal components 338, 340, 342, 458,

459, 468, 564

principle of least squares 218, 224, 225

prior distribution 169, 202, 313, 428, 436,

597, 649–655, 657, 660, 664–666,

668, 669, 681, 683

prior probability 121, 167, 170, 202, 328

prior risk 167

probability axioms 51, 52

probability density function (p.d.f.)

60–63, 65, 67–75, 77–83, 86, 88,

90, 92, 93, 97, 137, 404

probability function 51, 53–55, 56, 60,

78, 102

probability of events 121

probability of false alarm (PFA) 423–427,

430, 431, 434, 435, 444, 448, 791

process improvement 352, 355, 380–383,

395

process capability

analysis 376, 401

indices 355, 377–380, 396, 457–459,

467, 468

study 355, 369, 371, 375–377, 381,

396, 457, 460
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process control 8, 9, 349–351, 354, 355,

358, 359, 361–399

process tracking 355, 432–441, 444

producer’s risk 672, 673, 686, 694, 696

product limit estimator (PL) 622–624,

643, 646

project evaluation and review technique

(PERT) xxiv

proportional allocation 287–290, 295,

763

proportional rule 441

protocol 47, 384, 472, 475, 796

p-th quantile 134, 178, 188, 191, 198,

201, 439, 682

p-value 4, 142, 144, 173, 179, 181,

191–194, 196, 198, 203, 204, 221,

227, 232, 234, 237, 238, 250, 251,

264, 328, 403, 405, 479, 480, 482,

495, 501, 518, 536, 734, 752, 797,

803

Q-Q plot 156, 158, 201, 619–621, 630,

645, 646, 818

quadratic model 513, 527

qualification 691–693, 697, 822

quality by design (QbD) 352, 355–360,

468, 545–579, 595, 776, 806–807

quality engineering 356, 545, 577

quality ladder 10, 352, 353, 356, 357, 359,

545, 643

quality management 352, 359

quality measurement plan (QMP)

439–441, 444

quality planning 7, 357, 395, 577

quality productivity dilemma 351–353,

359

quantile(s)

plot 36–38, 42

vs. quantile plot (Q–Q plot) 156, 158,

201, 619–621, 630, 645, 646, 816,

818

random censoring 618, 623

random component 17, 18, 42, 218, 224,

291, 583

random measurements 47–48

random numbers 13, 15, 50, 53, 158–160,

275, 398, 581, 598, 600, 618, 691,

781

random numbers generation 598

random sample 20, 53–55, 60, 70, 76,

104, 110, 122, 133, 169–172, 177,

180, 182, 247, 274–275, 378, 404,

445, 598, 619, 644, 649, 650

random sample with replacement (RSWR)

20, 42, 43, 54, 55, 71, 121, 122,

172–178, 180, 183, 185–189,

198–200, 249, 274, 275, 278–281,

283, 288, 293, 295, 479, 707

random sample without replacement

(RSWOR) 20, 42, 43, 54, 55, 60,

73, 75, 103, 104, 121, 126, 274, 275,

278, 279, 282–289, 291, 295, 296,

525, 761

random variable 15, 20, 28, 61, 65, 73,

78–80, 83, 85, 86, 89, 100, 115,

118, 125–128, 132, 190, 603, 673,

716, 728, 815

randomization 176, 197, 357, 475–476,

540, 581, 583, 659, 797

randomization test 191, 193–195, 197,

204, 270, 479–482, 541, 758, 759

randomized complete block design (RCBD)

476, 478–485

randomness 47, 214, 353, 372, 396,

401–408, 444, 582, 584, 705, 767,

778, 783, 784, 786

ratio predictor 291–293, 295
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R-charts 372, 374, 392–395

rectifying inspection 687–689, 695, 696

reduced inspection level 690, 696

reference distribution 158, 172–173, 176,

177, 193, 194, 196–198, 479

reference sample 460–464, 467, 468

regression coefficients 136, 203, 218, 221,

223–225, 227, 229, 230, 232–234,

244–246, 265, 267, 268, 290, 291,

527, 572, 750

regression diagnostics 242–245, 265, 266

regularised expression (Regex) 341

rejection region 139, 141, 198, 402

reliability function 603, 606–608, 610,

622–624, 643, 645, 646, 656, 667,

815

reliable 249, 560, 603, 609, 640

renewal density 613, 645

renewal function 612, 614, 643

renewal process 611, 616, 645

repair intensity function 612

repeatability 18, 19

reproducibility 18, 19

residuals around the regression 222, 225,

226, 235, 238, 265

resistant regression 211–213, 252, 253,

265–267

resolution 9, 504, 524, 525, 543, 558, 559,

596, 802

response surface 527–540, 561, 577, 703

response variable 4, 471, 472, 474, 475,

540, 541, 554, 571, 574, 586, 587,

796

resumption 691, 692

right censoring 618, 658, 659

risk management 356, 357, 559, 560, 577

robust correlation 265

robust design 7, 577, 586, 596

robust standard deviation 36, 38–41, 331,

391

robust statistics 36, 38–42

root mean squared error (RMSE) 325

rotatable designs 530, 531

run(s)

above or below 372, 403–406, 414

charts 6, 8, 361, 363, 371, 380, 382,

396, 783, 785, 786

length 408, 409, 423–427, 431, 432,

462

test 401, 405, 413, 444, 445, 783, 784

up and down 406–408

saddle point 539

sample

allocation 287, 295

correlation 203, 215, 216, 218, 226,

259, 265, 295

covariance 215, 216, 338, 458

kurtosis 31, 32

maximum 28, 44, 107

mean 30, 31, 33, 35, 36, 38, 39, 42,

110, 114, 116, 120, 132, 133, 135,

136, 142, 145, 150, 151, 154, 160,

161, 172, 173, 175, 177, 178, 180,

184, 197–200, 202, 203, 215, 218,

225, 248, 253, 265, 270, 276–278,

280, 291, 295, 296, 372, 376, 378,

396, 408, 425, 429, 431, 433, 436,

440, 444, 447, 448–450, 577, 625,

686, 732, 741, 758, 785

median 28, 29, 31, 44, 124, 192, 403,

715

minimum 28, 35, 44, 200

percentile 29

quantiles 29, 37, 156

quartiles 28, 29

range 28, 372, 390–392

realization 625
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sample (cont’d)

skewness 31, 35

space 47–50, 53–56, 58–61, 121, 122,

124

standard deviation 31, 38, 41, 118,

144–146, 151, 155, 177, 182, 203,

374, 376, 378, 390–392, 395, 427,

741, 785

variance 31, 42, 110, 117–118, 132,

151, 175, 176, 182, 183, 200, 215,

219, 225, 226, 233, 278, 284, 295,

396, 440, 449, 667, 743,

744

sampling distribution 114, 131, 133, 150,

160, 172, 174, 187, 197, 198, 202,

264, 275, 276, 278, 279, 284, 294,

295, 378, 392, 740, 762

sampling distribution of an estimate 198,

276

sampling inspection 354, 671, 688, 694,

695

sampling with replacement 274, 733

sampling without replacement 194, 274

scatterplots 205–210, 215–217, 228, 230,

231, 235, 236, 265, 300, 338, 380,

382, 455, 466

S-charts 372, 374, 392–395, 447

scheduled operating time 605, 606

Scheffe’s method 252, 266

Schwarz inequality 215, 216

second order designs 527–538

sequential probability ratio test (SPRT)

417, 634–640, 643, 646, 695, 696,

820

sequential sampling 358, 671, 687, 695,

696

sequential SS 237–238, 265, 266,

269

series structure function 607, 608

Shewhart control charts 355, 387–395,

401, 408–414, 423, 447, 462, 790

shift 16, 17, 163, 196, 274, 310, 377, 388,

401, 411, 413, 414, 419, 423, 425,

431, 434, 446–448, 461, 462, 605,

781, 784, 786, 788, 790,

791

shift in the mean 409, 411, 414, 434, 447,

448

shifted exponential distribution 200

Shiryaev–Roberts (SR)

procedure 432

statistic 429, 444, 448

short circuit current of solar cells (ISC)

200, 219–224, 242, 244, 268, 541,

737

sign test 191–192, 195, 197, 204, 744

signal to noise 571, 577

signal to noise ratio 552, 571, 576, 578

significance level 140–143, 145, 150,

198, 385–387, 407, 631, 632, 636,

733, 744

simple linear regression 136, 197, 199,

218, 219, 222, 229, 230, 236, 237,

243, 265, 752

simple random sample 133, 274,

278–285, 293, 295

simulation 3, 5, 13, 42, 50, 150, 156, 197,

269, 284, 285, 350, 361, 364, 366,

367, 423, 430, 431, 434, 435, 531,

550, 553, 555, 556, 564, 581, 582,

594, 596–601, 626, 646, 660, 682,

698, 757, 806, 809

simultaneous confidence interval

251–254, 266, 484, 485, 501

single stage sampling plan 673–678, 687,

690, 695, 696
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singular value decomposition (SVD) 341,

342

skewness 31–33, 35, 36, 38, 42, 44,

66–69, 73, 87–89, 121, 126, 361,

719, 720

skip lot (SL) 358, 671, 691–693

skip lot sampling plans (SLSP) 690–693,

696

skip lot switching rules 691–693

slope coefficient 218, 229, 230

source lines of code (SLOC) xxv

source of noise 548

space filling designs 585, 587, 589, 596,

600

special causes 363, 366, 367, 369–373,

375, 396, 416, 447, 601

sporadic spikes 363, 369, 370, 375, 396

stability 18, 43, 318, 330, 372, 427, 444,

604, 707

standard deviation (STD) 6, 18, 31, 35,

38, 66–69, 133, 143, 214, 222, 276,

330, 361, 364, 366, 403, 407, 414,

424, 427, 461, 508, 532, 542,

551–553, 572, 577, 620, 645, 653,

682, 706, 740, 741, 748,

763

standard error (SE)

mean 481, 734, 736, 789, 797

of predicted value 243, 266

standardized residual 244, 266, 269,

384–387

statistic 28, 29, 110, 133, 215, 260, 414,

429, 433

statistic of central tendency 29

statistical dependence 213, 215, 224, 237,

258, 270, 582, 586

statistical hypotheses 139, 631

statistical inference 4, 5, 35, 94, 117, 121,

131–204, 343, 730–745

statistical model 4, 131, 133, 247, 273,

325, 471, 473, 475, 476, 495, 514,

540, 596, 797

statistical process control (SPC) 10, 13,

200, 338, 350, 361–371, 396,

401–469, 585, 671, 694, 695, 703,

783–795

steepest ascent 537

stem and leaf diagram 36, 38, 39, 42, 45,

710

step-wise regression 755

stochastic control 441

stochastic emulator 595–596, 600, 601

stopping threshold 429–432

storage time 605

stratified random sample 274, 295, 296

stratified sampling 763

structure function 607, 608, 610, 643, 644

studentized difference of means 179–182

studentized test for the mean 174, 175,

177–179

studentized test statistic 177

Student’s t-distribution 118

sufficient statistic 138, 662, 668, 684, 732

sum of squares around the regression model

(SSR) 235, 237, 491, 492, 494

sum of squares of deviations (SSD) 248,

496

sum of squares of errors (SSE) 218, 219,

225, 232, 233, 235, 238, 267, 483,

487, 488, 491, 492, 749

sure event 48

symmetric matrix 233

symmetry of distribution 85

system design 350, 548, 549

system reliability 7, 358, 607–610

Taguchi method 356, 546–553

Taylor approach 351
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Tschuprow’s Index 261, 271, 760

testing hypotheses 131, 147–149, 167,

176, 273, 631, 634

testing statistical hypotheses 157, 198,

631

theoretical frequency function 20, 96,

131, 158, 276, 284, 362, 417, 461,

560, 585, 678

3D-scatterplots 208, 265

three dimensional-spinning 208, 215, 582

tightened inspection level 690

time categories 605–606, 643

time censored observations 618, 626

time till censoring (TTC) 623, 624

time till failure (TTF) 107, 109, 116, 122,

127, 128, 603, 610, 624, 643, 645,

658

time till repair (TTR) 610, 611, 613, 615,

617, 643, 645, 662, 664, 669

tolerance design 548–550, 566–570, 577

tolerance interval 35, 153–155, 186–192,

197, 198, 201, 204, 395, 467, 547,

548, 566, 567, 641, 737, 744

total sum of squares (SST) 235, 237, 238,

248, 265, 483, 487, 488, 491, 492,

495–497, 798

total time on test (TTT) 626, 628, 639,

655, 658

treatment combinations 247, 263, 266,

477, 495, 496, 498, 501, 503–505,

508, 509, 512, 513, 521, 522, 545,

551, 556, 568, 577, 806, 807

treatments 179, 248, 251–253, 471, 476,

478–490, 492, 541–543, 798, 799

trial 47, 54, 70, 78, 171, 186, 201, 255,

598, 638, 665, 681–684

T2 chart 450, 452, 460, 467, 468

t-test 144, 145, 150, 177, 179, 181, 191,

200, 447, 479, 481, 482, 541, 734,

789, 797

two-armed bandit (TAB) 681, 684

two-sided test 144

type I error 140–142, 198, 417, 462, 635,

640

type II error 140, 141, 198, 417, 632,

634–636

u-chart 371, 372, 375

unbiased coin 15

unbiased estimator 133, 134, 151, 175,

176, 198, 229, 233, 280, 282, 286,

289, 295, 433, 478, 484, 502, 515,

553, 624, 628, 645, 816

unbiased predictor 292, 296, 592, 765,

766

uniform distribution 38, 80–81, 96, 100,

109–112, 125, 127, 129, 133, 160,

162, 190, 586, 598, 654, 691, 720,

721

union of events 49, 51, 57, 122

up time 605

upper control limit (UCL) 367, 371, 372,

375, 387, 390–394, 396, 411, 412,

423, 440, 450, 452, 460–462, 560,

781, 786, 795

upper Page’s control scheme 418

upper specification limit (USL) 378, 397,

458, 459, 546, 560

upper tolerance limit 154, 190, 459

upper warning limit (UWL) 387, 396

US National Quality Award 355

validity 378, 475

variance 4, 5, 31, 65, 71, 74, 75, 77, 78,

80–82, 85, 87, 88, 90, 118–120,

125, 133, 145, 182, 184–186

Wald SPRT 634, 646

wave soldering process (WSP) 75, 474,

476
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Weibull distribution 89–94, 128, 615,

619, 620, 629, 641, 642, 645, 646,

659, 817

Wilcoxon signed rank test 191, 195–197,

744

x-bar chart 365, 366, 368, 371, 372, 375

x-leverage 243, 244

x-leverage of a point 243, 266

Z-test 142–145, 191
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