
Index  (bold italics for definitions)   should / can be changed, not documented changes b↔  n & b→ italics

A priori / a posteriori probability   438, 549
Absolute probability  →  State probability
Absolutely continuous  440, 451
Absorbing state  197, 198, 509-10
AC parameters  88-90
Accelerated test  35, 81, 86, 98-99, 101, 341-46, 347-

48, 376, 386, 464, 574  (see also Burn-in)
Acceleration factor  36-37, 99, 103, 341-46, 373, 376

  •  at assembly level  376
Acceptable Quality Level (AQL)  86, 318-20, 568
Acceptable risk / safety level  10-11, 310
Acceptance line  317, 334-36, 566-67
Acceptance probability curve  565-66
    → Operating characteristic curve
Acceptance test  18, 255, 314, 332, 325, 408-09, 412
    (see also  Demonstration)
Accessibility  8, 116, 157
Accident / disaster  299, 300, 301-09   (see also

External event, Harm, MTTA, Safety function)
Accident prevention  9, 399
Accumulated operating time  →  Cumulative op. time
Accumulated reward  271, 279, 517
Achieved reliability / maintainability  8, 115, 321
Acquisition cost  11, 13, 14, 391, 408
Activation energy  37, 86, 97, 99, 103, 109, 341-43, 373
Active redundancy  31, 43, 43-61, 62, 64, 68, 76,

196, 201, 213, 217, 232, 233, 397, 504, 508-10
 •  with common cause failures  271-74

Addition theorem  435-36, 437-38, 466
Additional / supplementary states  193-95, 531
Adjustment  116, 120, 158
Administrative delay  8, 113, 387, 394
Advantage of

•  fail-safe procedure  66, 72, 79, 120, 158, 160,
164, 303, 305, 306, 308, 309

•  in-circuit test  374
•  only one repair crew 121, 171, 200, 204, 207, 217,

218, 240, 386  (see also  Only one repair crew)
•  redundancy (nonrepairable)  44
•  repair priority  222   (220  for possible problems)
•  repairable redundancy  202
•  100% incoming inspection  370-71
 (see also  Realize an advantage)

Aerospace  403, 404
Aftereffect  →  Without aftereffect
After-sale  8, 13, 115, 413
Age replacement  134, 135-40
Aging 6, 442-43  (see also  Wear-out, As-bad-as-old)
Alarm / alarm circuitry   49, 158, 249, 255, 298, 310
Alarm defection  255
Alignment  →  Adjustment

Allocation (reliability)   67, 408, 410, 421
All-terminal  275-76
Alternating renewal process (ARP)  171, 176,

490-93, 494, 521, 523, 525
Alternative hypothesis ( )H1   314, 325, 332, 339,

346, 563-64
Alternative investigation methods  280-94
AMSAA model  364
Analog  →  Linear
Anderson - Darling statistic  573
Antistatic  94, 153   (see also  Electrostatic discharge)
AOQ / AOQL  315-16
Aperture in shielded enclosure  149
Approximate expressions 124, 174, 186-87, 198-

99, 201-02, 206-07, 213, 215, 217, 226, 230,
232, 233, 237, 243, 245, 247, 251, 279, 293-94,
296-309, 460, 468, 520, 529, 532

Approximation for
•  distribution function  7, 193, 444, 463, 468,

472-75, 485-87, 531, 546-47
•  interval reliability  172, 183, 200, 217, 278, 524
•  Laplace transform  186, 206, 528
•  MTTF MUT MDTS S S, ,  121-24, 199, 200, 201, 206,

217, 232, 233, 237, 269, 270, 279, 293, 294, 516
•  point availability  61, 183, 186-87, 195, 198, 201,

206, 215, 217, 232, 233, 293-94, 297, 528, 529
•  reliability function  199, 201, 278, 294
•  repair function  114-15, 186, 206-07, 528
•  series-parallel structures  232, 233
•  spare parts  126-30

AQL  →  Acceptable Quality Level
Arbitrary failure and repair rates  171, 176-82, 188,

193-95, 207-13, 531
Arbitrary initial conditions (one item)  184-87
Arbitrary repair rate  171, 183, 188, 192-95, 204-13,

218-19, 220, 222-25, 249-50, 526-30
Arithmetic random variable  440, 443, 454, 466-70
ARP →  Alternating renewal process
Arrhenius model  36-37, 97, 102, 341-44, 373
Arrival rate  532, 540  (see also  Intensity)
Arrival / occurrence time  355, 365, 480, 533, 534
As-bad-as-old  134, 138-39,  365, 387, 443, 535, 565
As-good-as-new  2, 3, 5  6, 8, 41, 61, 122, 123, 134,

171, 173, 175, 178, 238-40, 241, 250, 265, 328,
353, 386, 387, 390-93, 442, 443, 479, 536

Aspect oriented programming 164
Assessed reliability  3   (see also  Demonstration,

Estimation)
Assumptions  26, 31, 39, 41, 43, 52, 170-71, 229,

238-40, 260, 323, 328, 330, 356, 429, 442, 449
Assurance program / tasks → RAMS assurance progr.
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Asymptotic behavior
•  alternating renewal processes  (ARP)  493
•  Markov processes  (MP)  512-14, 526
•  one-item structure  185-87
•  regenerative processes  (RGP)  495, 530
•  renewal processes  (RP)  485-87
•  semi-Markov processes  (SMP)  524-26
•  versus stationary / steady-state  187, 488, 493,

495, 513, 514, 524, 525, 530
    (see also  Stationary / steady-state)
Asynchronous logic  155
Attainable intensity  366
Attributes (software), 160, 161, 162, 164
Attributes (test by)  311
Audits  21, 107, 160, 370, 387, 402, 412, 413, 417
Availability  9, 16, 386  →  Point availability (PA(t))
   (see also  Average, Intrinsic, Joint, Mission, Op-

erational, Overall, Technical, Work-mission av.)
        •  approximate expressions  178, 183, 187, 198,
        217, 232, 233, 248, 256, 274, 529, 532
Availability estimation and demonstration  323-27,

561-62, 569-71
Average availability  9, 178-79, 183, 184, 188,

514, 525
Average Outgoing Quality (AOQ)  315-16
Avoid

•  common cause failures  274
•  external events   →  Barrier, Risk avoidance / mitig.
•  human errors  158-59, 294-310
•  secondary failures  →  Secondary failures

   (see also  Negligible)
Axioms of probability theory  432

Backdriving  374
Backward equation  →  Kolmogorov equation
Backward recurrence time  485, 486
    (see also  Forward)
Bad-as-old  (BAO)  →  As-bad-as-old
Bamboo structure  97
Barriers  76, 286, 299-300, 302-09, 310
Baseline  →  Reference documentation
Basic rules  →  Rules for
Bathtub curve  6-7, 460
Bayes theorem  438, 452, 549
Bayesian estimate / statistics  452, 549
BDD  →  Binary decision diagram
Becomes negligible  →  Negligible
Bernoulli distribution  →  Binomial distribution
Bernoulli trials /  model  315, 465, 469, 471, 551, 554
Bernoulli variable  465, 469
Beta distribution / function  467, 556, 580, 582
Biased  323, 329, 330, 545, 551, 553, 571
    (see also  Unbiased)

Bi-directional connection  31, 53, 275, 276
Bienaymé  →  Chebyshev
Binary decision diagram (BDD)  53, 58, 76, 283-85
Binary process  56, 58, 61, 179, 327, 531   (see also

Indicator)
Binomial distribution  44, 312-16, 322, 353, 446-47,

465-67, 543, 551, 554-57, 565
Binomial expansion  329
Birth and death process  131, 197, 214-17, 517-21
Birth processes  →  Birth and death process
BIST  →  Built-in self-test
BIT  →  Built-in test
BITE  →  Built-in test equipment
Bivariate distribution  452
Black model  97, 345
Blackwell theorem  486
Block replacement  134, 135, 136-40
Bonding  93, 95, 100, 103, 104
Boolean function method  57-61, 275, 280, 281, 283
Boolean variable  58, 327   (see also  Indicator)
Bottom-up  72, 78, 163, 164, 166, 286, 390
    (see also  Top-down)
Boundary-scan  155
Boundary sliding   →  Grain boundary sliding
Bounds  59, 61, 187, 215, 229, 240, 260, 264, 265,

280, 293-94   (see also  Interval estimation)
Branching processes  538
Breakdown  96-97, 102, 106, 145, 149, 150
Bridge structure  31, 53-54
Bridging  90
Built in / into  1, 2, 8, 16, 115, 144, 154, 259
Built-in self-test (BIST)  156
Built-in test / test equipment  (BIT/  BITE)  66,

116-18, 156, 249, 252, 255, 256
Burn-in  6-7, 89, 101, 111, 371, 372, 373, 376, 386
     (see also  Dynamic burn-in, Static burn-in)
Bypass 158, 294, 295, 310   (see also  Incomplete

human performance, Risk management)

Calibration 370
Capability (performance)  13, 33, 387, 388, 400
Capacitors

•  use & limits  100, 145, 146, 148, 151, 589
•  test / screening  372

Captured  188
Care (pay attention)  29, 38, 42, 66, 111, 174, 220,

249, 280, 295, 353-54, 357, 362, 363, 365, 368,
375, 540  (see also Design guidelines, Mandatory,
Rules, Model validity)

CASE  164
Case-by-case  35, 81, 138, 139, 174, 220, 238, 240,

249, 259, 266, 274, 277, 289, 346, 375, 524, 526
Cauchy  distribution  579



Index 629

Cause-to-effects-analysis / chart  10, 15, 22, 23, 66,
72-80, 160, 165, 363, 389-91

Causes for
   •  common cause failures  271
   •  damage  74-75, 85, 94, 151, 152, 363, 371, 374
   •  hardware defects / failures  3-4, 95, 103, 106-07,
        109-11, 271, 363, 374-75, 388, 389, 399, 427
   •  software defects  162-65
   •  weaknesses  162-65, 363
CCF  →  Common cause failure
CDM  →  Charged device model
Censoring  (time (type I), failure (type II))
   •  data analysis  329, 330, 331, 332, 356-61, 365,

366, 534, 542, 553, 558, 559
   •  reconfigurable systems 38, 259-71 (see also Phased)
Central limit theorems  126, 472-75, 487, 544
Central moments  449
Centralized logistic support  125-29, 130
Ceramic capacitor  145, 148, 151, 153, 589
Cerdip  85, 147
Certification  402
Change  7, 21, 87, 115, 119, 165, 166, 363, 369, 387,

412, 413, 418, 425, 427  (see also  Modification)
Chapman-Kolmogorov equations  498
Characteristic function  577, 583
Characterization (electrical)  89, 90, 91-93, 108
Charge spreading  103
Charged device model (CDM)  94
Chebyshev inequality  327, 449, 471, 472, 550
Check list 77, 79, 120, 409, 410-13, 414-20, 421-25
Check strategy  21, 249, 250, 254, 255, 256, 257-58
Chi-square ( )χ 2

 distribution  350-52, 359-61,
446-47, 461, 573-76, 578

    •  relation to exponential, normal, Poisson
distributions  461, 468, 578

Chi-square ( )χ 2
 test  350-52, 356, 573-76

Claim  10, 15, 395  (see also  Product liability)
Classical probability  433
Cleaning  152, 153, 157, 589
Clock  149, 151, 155, 156
Close cooperation  →  Cooperation
Clustering of states  229, 293
CMOS terminals / technology  148, 150, 591
Coating  93, 147
Coefficient of variation  128, 449, 457-69
Coffin-Manson  111, 345   (see also  Paris law)
Cognitive  294, 295
Coherent system  57, 58, 59, 61. 293, 531-32
Cold redundancy  →  Standby redundancy
Combination of

•  methods / tools / models  38, 76-78, 161, 220,
282, 286, 295, 310, 391

•  stresses  69-72, 82, 111, 345-46

Commercial computation programs  35, 281, 290
Common cause

•  events  286
•  failures  42, 45, 66, 72, 79, 255, 271-74, 277,
     286, 397, 422  (see also  Single-point failures)

Common ground point  148
Common mode currents  149
Common mode failures  66, 72, 271, 277
Communication 11, 299, 310, 398
Comparative studies / comparisons 14-15, 26, 31, 38,

44, 47-48, 78, 117, 130, 202, 206, 207, 217-18, 227,
232-33, 237, 272-73, 378, 408, 415, 484, 588-91

Compatibility  144, 148, 151, 154, 162, 418, 424, 428
Complementary event  430
Complete Gamma function  459, 460, 582
Completeness (software)  162
Complex structure / system   31, 52, 53-61, 64-66,

68-69, 238-40, 243-79, 280-92, 293-94, 294-310
Complexity factor  67
Components & materials  81-86, 150-53, 423, 588-91
     (see also  Compatibility, Design guidelines,

Technological properties / limits)
Composite hypotheses  563
Composite shmoo-plot  91
Compound failure rate ( )λCo   65, 343-44
Compound processes  →  Cumulative processes
Compression  →  Time compression
Compromises / controversial  10, 221, 310

         (see also  Cooperation)
Computer-aided reliability prediction  35, 282, 289-92
Concept of probability  431-34
Conclusions (for repairable systems)  174
Concurrent engineering  11, 16, 19, 387, 391, 396, 414
Conditional

•  density / distrib. function  452, 523, 533, 549
•  failure rate  40, 390, 442
•  mean / expected value  442, 453
•  probability  7, 44, 390, 434-35, 441, 442, 482
•  reliability function  40, 397, 442
•  state probability  498

Conditions for  (see also  Model validity)
•  Markov processes  170, 171, 277, 386, 478, 496,

498, 503, 522, 526
•  memoryless property  40, 390, 442-43, 458, 498
•  Poisson processes  (HPP & NHPP)  488, 532
•  regeneration point / state  386, 494
•  regenerative processes  494
•  renewal processes  479-80
•  semi-Markov processes  171, 386, 478, 521, 522
•  semi-regenerative processes  171, 386, 494, 530

Conductive-filament  345
Confidence ellipse  312-13, 556-57
Confidence interval  312-13, 324, 330-31, 554, 555-57
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Confidence level  86, 312, 330, 554, 562
Confidence limits  554

•  availability PA=AA  323, 324, 561-62
•  failure rate λ  330-32, 558-61
•  failure rate at system level λS  332
•  one sided  314, 324, 331, 554, 562
•  parameters of a lognormal distribution  339
•  unknown probability p  312-14, 554-58

 (in particular  313, 324, 331, 554)
Configuration 387, 417, 424 (see also  Documentation)
Configuration accounting  21, 412, 418
Configuration auditing  21, 412, 417-18  (see also

 Design reviews)
Configuration control  21, 165, 412, 418
Configuration  identification  21, 412, 417
Configuration management  13, 15, 16, 17, 18, 21,

159, 160, 164, 165, 370, 387, 417-19, 424
Conformal coating  →  Coating
Congruential relation  291
Conjunctive normal form  59
Connections  157
Connector  145, 150,151, 153, 156, 157
Consecutive k-out-of-n systems  45
Consequence  →  Fault effect
Consistency (software)  162
Consistency checks  76
Consistency condition  477
Consistent estimates  472, 549, 550
Constant acceleration test  373
Constant failure rate λ
   •  as necessary condition  6, 40, 171, 179, 226-310,
        328-37, 393, 408, 442-43, 458, 503-06, 498-521
   •  at system level λS 0  177, 232, 233, 323, 390, 458
   •  concept  6, 328, 443, 457-58, 488-89, 498-521
   •  estimation  329, 330-32, 551, 553, 558-60
   •  demonstration  332-37
    •  investigations / results  6,35,40,61-64,183,187,188,
       189-93,196-207,214-37,245-74,277-79,293-310,328-
        37,442-43,457-58,488,498-521,526-30,551,558-60

(in particular  179, 183, 186-87, 188, 195, 201,
213, 217, 232, 233, 235, 267, 331, 335, 442-43)

Constant repair rate µ  183, 188, 189-91, 196-
204, 214-18, 220-22, 225-37, 245-48, 251-74,
277-79, 293-310, 498-521

     (in particular  183, 186-87, 188, 195, 201, 217,
232, 233, 235, 267)

Constant versus random variable  440
Consumer risk β   315, 318, 325, 326, 333, 335,

564, 567, 570  (see also  Type I/II error)
Contamination  85, 93, 98, 103, 152, 153, 371
Continuity test  88
Continuous from the right  5, 439, 480, 481, 543
Continuous parameter MC  498  →  Markov process

Continuous random variable 440, 446, 451, 457-64
Contract  18, 401, 410  (see also  System specs.)
Controllability  155
Convergence almost sure  →  Conv. with probability 1
Convergence in probability  471, 472, 549
Convergence quickness  127, 183, 186-87, 198, 199,

313, 324, 331, 432, 544, 545-46, 557, 560
•  F Fˆ ( ) ( )t t→   545-46
•  p k n p ̂ = / →  313, PA PA ̂ →  324, λ λ ̂ = /k T →  331
•  PAS St PA0 ( ) →   183, 186-87, 198
•  RS t e S t

0 0( ) → −λ  199
Convergence with probability one  471, 472, 543, 549
Convolution  454-56, 481, 491, 583
Cooling  82, 84, 145-47, 150, 262, 274, 275, 363, 373
Cooperation  10, 16, 19, 20, 21, 92, 238, 280, 300, 404,

406, 410-13  (see also  Compromise, Teamwork)
Corrective actions  16, 22, 72, 73, 77, 80, 104-05,

160, 370, 396, 398, 420, 425, 428
     (see also  Quality data reporting system)
Corrective maintenance  8, 112-13, 118, 120, 387
     (see also  Repair)
Correlation coefficient  453, 463, 479
Correlation diagram  78
Correspondence  →  Equivalence
Corrosion  6, 64, 83, 85, 98-100, 103, 104, 147, 345
Cost / cost equations  12, 14, 67, 135-40, 142-43,

378, 379-83, 466, 514
Cost effectiveness  11, 13, 16, 321, 363, 378, 379-83,

388, 391, 400, 402
Cost optimization  11-15, 16, 67, 120, 134-40,

142-43, 242, 376-83, 388, 391, 400, 408, 413,
414, 418, 420, 466, 514, 539

Cost rate / cost per unit time  12-14, 135-40
Count function / process  5, 355, 480, 488, 532, 538
Coupler  266  (see also  Switching)
Coupling  91, 97, 148, 151, 589
Covariance matrix  453
Coverage 90, 91, 95, 117, 249, 252   (see also

Incomplete coverage, Test coverage)
Cracks  85, 93, 103, 104, 107, 108-11, 152, 153, 345
Cramér - von Mises test  356, 572
Creep  3, 101, 69, 109
Crimping  157
Critical

•  application / decision / parts  1, 4, 26, 66, 72, 84, 87,
    101, 109, 144-68, 249, 254, 294, 295, 310, 370
•  design review (CDR)  108, 419, 444422225555
•  failure  1, 4, 9, 69, 72, 73, 76, 78, 120, 158,
    168, 300, 301, 303-09, 310, 390, 411
•  operating states  277
•  remark / discussion  37-38, 106, 138-39, 147, 168,
    170, 171, 239-40, 245, 252, 255, 341, 342, 346,
    354, 368, 370   (see also  Model validity)
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Criticality  72-73, 160, 165, 168
Criticality grid / criticality matrix  72-73
Cumulated states  270, 516
Cumulative damage  180, 345, 538
Cumulative distribution function → Distribution funct.
Cumulative failure rate  →  Compound failure rate
Cumulative operating time  6, 12, 122, 126, 127, 181,

328-37, 344, 409  (see also  Random cumul. op. time)
Cumulative processes  537-39
Customer documentation  →  User documentation
Customer requirements / needs 19, 401-05, 407-09, 410
Customer risk  →  Consumer risk
Cut sets approach  59  (see also  Minimal cut sets)
Cuts / cut sets  theorem  513, 518
Cutting of states  229, 237, 293
Cycle (regenerative process)  493, 494-95, 530
Cycles to failure  345

Damage  11, 13, 15, 26, 72, 74-75, 85, 93-95, 99, 102,
104, 106, 107, 151, 152, 180, 345, 346, 363, 369,
371, 374, 395, 538  (see also  Cause, Test, Visual)

Damage evolution / accumulation  109, 345, 346
Damp test  →  Humidity test
Danger  11, 299
Data

•  analysis  35, 346-52, 353-68, 406, 489, 541-
     76, 585-87
•  collection  21, 22, 23, 313, 396, 426-28
•   retention  89, 97-98

DC parameter  88, 92
Death process  61-64, 167, 517
     (see also  Birth and death process)
Debug test  166
Debugging  160, 166
Decentralized logistic support  129-30, 133
Decoupling device  32, 66, 148, 151  (see also Multiple

failure mechanisms, Multiple failure modes)
Decreasing failure rate  6-7, 349-50, 458, 460
    (see also Strictly increasing / decreasing failure rate)
Decreasing intensity  357, 360-61
Defect  1, 3, 4, 7, 12-23, 72, 86, 97, 103, 109-11, 117,

159, 162-68, 363, 377, 388, 389-91, 394-99, 416
     (see also  Potential, Dynamic, Nonconformity)

•  causes / examples  95, 102, 103, 106-07, 110,
     150-53, 162-64, 363, 370-71, 374-75, 377-78
•  detection  →  Fault detection
•  localization / elimination  hardware  311-84
•  localization / elimination  software  166-68
•  prevention  hardware  66, 72-80, 120, 144-59,
     369-70, 371-73, 375-76, 407-25
•  prevention  software  66, 72-80, 159-65, 407-25

Defect freedom (software)  159, 162, 166
     (see also Fault tolerant)

Defect tolerance (software)  159, 160, 162, 164, 165
Defective probability  p  12, 86, 311-20, 371, 374-75,

376-83, 551, 564
Deferred cost  11, 12, 14, 376-83
Definition of probability  431-34
Definitions and terms used in RAMS engineering

2-15, 162, 385-400
Deformation mechanisms / energy  109, 375
Degradation  7, 66, 92, 96, 101, 112, 157, 395, 408
     (see also  Graceful degradation)
Degree of freedom 351-52, 446, 461, 573, 575, 578-80
Delay   8, 112, 113, 242, 387, 394
De Moivre -  Laplace theorem  472, 556
Demonstration  (acceptance test)

•  availability  325-27, 409, 569-71
•  constant failure rate λ or MTBF ≡1 / λ   332-37,
     408-09   (in particular 317, 335)
•  MTTR  339-40, 409
•  probability  p, R, PA=AA   314-20, 321-22,
     564-68   (in particular 317, 335)

De Morgan's laws  430
Dendrites  95, 100
Density  440, 446, 451
Density rate  →  Failure rate
Dependability  9, 11, 13, 388, 402, 403, 517
Dependence between MTTF MTTFSi Sj&   512
Derating  33, 79, 82, 84, 86, 144-45, 388
Design FMEA / FMECA  72, 78, 390
Design guidelines  13, 25-27, 66, 77, 79, 84, 412, 415

•  components / assemblies  150-53
•  cooling  145-47
•  derating  37, 144-45
•  EMC / ESD  148-49
•  ergonomic / human / safety aspects  158-59, 294
•  maintainability  154-159
•  moisture  85, 147  (see also  Humidity test)
•  package form / type  147
•  reliability  144-54
•  software quality  159-68
•  temperature  37, 145-47
•  testability  155-57
 (see also  Mandatory, Procedure, Rules)

Design of experiment  71, 406
Design reviews  13, 16, 21, 26, 27, 77, 79, 108, 120-

21, 160, 164, 165, 377, 388, 412, 417-19, 421-25
Design rules  →  Design guidelines, Rules
Destructive analysis / test  92,  104, 105, 346
Detection  →  Fault detection
Deterministic  →  Defect, Systematic failure
Device under test (DUT)  88
Dew point  104
Diagnosis  113, 115, 116, 120, 249
     (see also  Fault localization)
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Diagram of transitions
•  probabilities 61, 190, 197, 203, 215, 221, 235,
     503, 504-06, 507, 509, 510, 517, 519
•  rates  204, 238, 246, 247, 248, 251, 253-58,
     261, 263, 267, 272-73, 277,
•  states  194, 208, 223, 252, 296-98, 303-05, 307,
     309, 527, 528, 529

Die-attach  93, 373
Dielectric breakdown → Time dep. dielectric breakdown
Difference between  →  Distinction between
Difference equations  62-63, 197, 508
Different elements  44-45, 202-03, 232, 233
Different required functions  29, 30, 259-71
    (see also  Censoring, Phased-mission systems)
Differential eqs. (method of) 63, 173, 197-99, 507-10
Digital ICs  88-107, 145, 148-51, 372, 591
Diodes  145, 149, 150, 151, 372, 590
Directed connection / arc  31, 55, 275, 287
    (see also  Bi-directional)
Disaster  →  Accident / disaster
Discrete random variable  440, 443, 445, 446, 465-70
Discrimination ratio  315, 326, 334, 335
Disjunctive normal form  59
Dislocation climbing  109, 375
Dispersion  →  Variance
Disposal  13, 19, 391
Disregarding (ignoring)  88, 133, 294, 296, 297,

298, 354, 363  (see also  Negligible)
Distinction between

•  active & standby redundancy  43, 62-64,
     201, 202, 213, 217, 217-18
•  arrival times & interarrival times  480, 533
•  deterministic & random failure / faults 363
•  early failure & systematic failure or defect  7, 363
•  failure & defect  3-4, 7, 117, 363, 388, 389, 391
•  Markov & semi-Markov proc. 478, 502, 521, 522
•  memoryless & without aftereffect  355, 489, 532
•  random variables & observations   542
•  reliability & availability  9, 170, 386 & 397,
     508 & 509
•  reliability & interval rel. 40, 176 &179, 509 & 510
•  reliability & safety  9, 303, 397 & 399
•  renewal & regeneration point  480, 491, 494
•  repairable & nonrepairable  →  Repairable
     versus nonrepairable
•  software and hardware quality assur.  159-60, 161
•  time & failure censoring

       o  data analysis  332, 553, 558-60
       o  reconfigurable systems  259-71

•  time-homogeneous & stationary  478-79
•  MDT MTTRS S  and   121, 124, 200, 217, 279, 394
•  MTBF MTTF MUTS S S,  ,   6, 199-200, 217, 270,
     279, 392-94, 515-16

•  MTTFSi  and MTTFSj   512, 519
•  MUTS  and P MTTFi S i∑     279, 516
•  P ( )i j tδ  and Qi j t( )δ   503, 523
•   Pi  and Pi   496  (footnote), 513, 525, 530
•  R( )0     and R( )0 0x      40, 397, 442
•  R( )t  and R( )t x0      40, 397, 442
•  t t1 2

* *, , . ..   and t t1 2, , . ..    353, 356, 365, 533
•  λ ( )t  and f ( )t   7, 441-42
•  λ ( )t  and h ( )t , m ( )t   7, 356, 364, 390-91,
      482-83, 532, 540
•  λ λ λ, ,  S S 0   177, 390
•  λ ( )t  and zS t( )  7, 390-91, 540
•  τ τ1 2

* *, , ...  and τ τ1 2, , ...    353, 365, 533, 542
Distributed / meshed systems / structures  52, 275-76
Distribution function  439, 446-47, 450, 457-70

•  with random parameter  444
Distribution law  439, 450, 477, 497, 498-99
Documentation  7, 13, 15, 19, 115, 116, 118, 154, 156,

158, 159, 161, 162, 163-64, 369, 387, 413, 417-19
Does not close / open  266
    (see also  No connection, Stuck-at-state)
Dominant failure mechanism / rate  36-38, 64, 109,

257-58, 343-44, 373, 375
Dormant state  33, 35, 145
Double one-sided sampling plan  319-20
Down, down state ( , )d U   57-58, 61, 173, 176, 277-

78, 490-91, 507, 524  (see also  Up, up state)
Down time  123-24, 181, 242, 270, 326-27, 538, 561,

569  (see also  System mean down time MDTS )
Drift  3, 71, 74-75,  76, 79, 83, 100, 101, 113, 147,

151, 410, 427, 588-91  (see also  Failure mode)
Drivers  148, 151
Drying material  147
Duane model  364-66, 366-68
Duration  (sojourn, stay)  →  Stay time
Duty cycle  38, 67, 290, 408
Dwell time  98, 108, 109, 373, 375
Dynamic burn-in 101, 111, 372-73  (see also  Burn-in)
Dynamic defect  3-4, 159, 367, 388, 398, 399, 416
Dynamic fault tree / gate  76, 281-82
Dynamic gates  76, 281
Dynamic parameter  88, 150, 370
Dynamic stress  69, 149

Early failures 4, 6-7, 35, 101, 109, 345, 349-50, 357,
362, 363, 367, 371, 373, 376, 386, 389, 444, 483-84

Early failures period  6-7, 349-50, 357, 362, 367
EBIC / EBT (el. beam ind. current / tester)  91,104,105
Ecological / Ecologically acceptable 10, 406, 407-08
    (see also  Sustainable)
EDF  →  Empirical distribution function
Edges  275
EDX spectrometry  104
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Effect (consequence)  4, 73, 427
•  common cause failures  42, 52, 66, 72, 79, 255,
     271-74, 274, 277, 286, 397, 422
•  imperfect switching  46, 47-48, 49, 62, 149, 220
      26, 243-47, 248, 257-58, 266-69, 282-85
•  incomplete coverage  116-18, 249-55, 256
•  series element  47, 72, 220-25, 226-28, 233, 274

    (see also  Compromises, Disregarding, Negligible)
Effectiveness  →  Cost effectiveness
Efficiency (software)  162
Efficient estimates  549, 550
Electrical characterization  90, 91-93, 108
Electrical overstress  96, 153, 371
Electrical test

•  assemblies  374-75
•  components  88-92

Electromagnetic compatibility (EMC)  79, 82, 84,
108, 144, 148-49, 363, 421

Electromigration  6, 89, 95, 97, 103, 106, 345
Electron beam induced current (EBIC)  104
Electron beam tester  91, 104
Electronic assemblies

•  accelerated test  343-44, 376
•  design guidelines  151-53
•  qualification test  108-11
•  testing and screening  374-76

Electrostatic discharge (ESD)  89, 94, 102, 104,
106-07, 108, 144, 148-49, 153, 369, 371, 374

Elementary event  429-30
Elementary renewal theorem  485
Elements of a quality assurance system  13, 21
Elements which appear more than once in an RBD 29-

30, 31, 32, 53, 54, 56, 69, 275-76, 284, 285, 289
Embedded

•  Markov chain  170, 252, 278, 287, 291, 494,
     496, 498, 501-03, 513, 514, 521-27, 530
•  renewal process  176, 210-11, 478, 490-91,
     494-95, 530
•  semi-Markov process  171, 204, 223, 478, 494,
     522, 526, 526-29, 530  (see also Semi reg. proc.)

Embedded software  159, 164
EMC  →  Electromagnetic compatibility
Emergency situation  158, 294
Emission microscopy (EMMI)  104
Empirical  (see also  Estimation)

•  distribution function  (EDF)  346-51, 542-47
•  evaluation of data  346-51, 459, 542-48, 585-87
•  failure rate  4-5
•  mean value function  362
•  mean / variance / moments  4, 327, 337-38, 544-45
•  methods,  541-48
•  reliability function  4-5

Empty set  429, 430

Environmental
•  conditions / stress  28, 33, 36, 79, 81-84,
     154, 392, 401, 406, 422
•  stress screening (ESS)  6-7, 363, 375, 389, 398

Environmental and special tests
•  assemblies  108-09
•  components  89, 92-100

Epistemic uncertainties  300
EPROM / EEPROM  34, 96, 97, 98, 151, 372
Equations for Markov & semi-Markov models

172-73, 507-16, 523-26
Equivalence between asymptotic & stationary / steady-

state 185-88, 488, 493, 495, 513, 514, 524, 525, 530
Equivalent events  430
Ergodic distribution  497, 513
Ergonomics  120, 158-59, 294, 411, 423, 425
Erlang distribution  193, 324, 326, 461, 531, 562, 570
Errare humanum est  158
Error  4, 7, 72, 76, 77, 78, 95, 158-59, 160, 163-64,

294-98, 303, 309, 363, 388, 390, 391 (see also
Flaw, Human error, Misuse)

Errors at start  168, 368  (see also  Refuse to start)
Error correcting code  66, 159, 164
Error effect / consequence (human) 294-98, 303, 308-10
ESD  →  Electrostatic discharge
ESS  →  Environmental stress screening
Estimate  →  Empirical, Parameter estimation
Estimated reliability  3, 321-22
Estimation (statistical)

•  availability  323-24, 327, 561-62
•  failure rate λ  (k fixed)  329, 553, 559-60
•  failure rate λ or MTBF≡1/ λ   (T fixed)  328-32,
     551, 553, 558-59  (in particular  331)
•  HPP / Poisson distribution  552, 558
•  MTTR   337-39
•  NHPP  365-66, 536
•  point  549-51,  interval  554   (basic theory)
•  probability  p, R, PA=AA   312-14, 321-24, 551,

554-58, 561-62  (in particular 313, 321, 324)
ETA →  Event tree analysis
Euler's integral  582
Events  429-30

•  independent  435
•  mutually exclusive  435, 436

Event field  429
Event tree analysis (ETA)  76, 286, 294
Evolution of a Markov / semi-Markov process  292,

501-02, 522
Examples of real systems  30, 32, 68, 69, 235, 267,

275, 276, 285
Exchangeability  116, 157, 424
Expanding a 2-out-of-3 to a 1-out-of-3 red.  49, 592
Expected percentage of performance  271, 517
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Expected percentage of time in Z i  ( )Pi   514, 525, 530
Expected value  445, 447, 452, 454  →  Mean
Exponential distribution  6, 40, 126, 240, 277-79,

328, 390-91, 442-43, 446-47, 457-58, 551, 553
(see also  Constant failure rate λ)

External cause / event / influence  10, 76, 78, 271,
280-81, 286, 299-310

External initialization (test)  155
Extreme value distributions  459
Extrinsic  3-4, 86, 389, 427
Eyring model  99, 102, 109, 345

Factorial (n!)  582
Fail-safe behavior / procedure  1, 10, 66, 72, 79, 120,

158-59, 160, 164, 301-10, 423, 424, 425, 517
Failure 1, 3-4, 6-7, 22, 389, 390, 397  (see also  Fault)
Failure analysis  87, 89, 95, 101, 102-05, 107, 110
Failure cause 3-4, 10, 73, 95, 105, 106-7, 110, 389, 427
Failure censoring  →  Censoring
Failure collection  →  Fault collection
Failure coverage  →  Incomplete coverage
Failure detection  →  Fault detection
Failure effect  →  Fault effect
Failure-free operating time 39, 385 → Failure-free time
Failure-free time 3-6, 39-40,  175, 238-40, 390, 440-41
Failure frequency  →  System failure frequency
Failure hypothesis  69-70
Failure intensity z ( )t  5, 7, 279, 362, 389, 482, 537, 540

•  at system level zS t( )  279, 537, 540
Failure localization  →  Fault localization
Failure mechanism 4, 37, 38, 64-65, 92, 96-100, 102-

103, 108, 109, 111, 341-46, 354, 371-76, 389, 444
Failure mode  3, 25, 27, 29, 42, 62, 66, 72-76, 101,

245, 257, 266, 277, 389-90, 415, 423, 427, 588-91
•  distribution  100, 588-91
•  examples 51, 64-65, 100, 248, 257-58, 266, 588-91
•  investigation 64-65, 72-78, 245-48, 257-58, 266-69

Failure modes analysis  →  FMEA / FMECA
Failure propagation  →  Secondary failures
Failure rate λ λ λ, ( ), ( )t x  4-7, 32-38, 39, 109, 170,
    356, 390-91, 441-43, 457-69, 482, 532, 540

•  analyses  25-67, 415
•  confidence limits 330-32,  558-61 (in particular 331)
•  demonstration  332-37  (in particular 335)
•  distinction to  →  Distinction between
•  dormant / standby  33, 35, 43, 62, 145
•  estimation  330-32, 551, 553, 558-60
•  for common causes  274
•  handbooks  35-36
•  models / modeling  →  Model
•  of mixed distributions  40, 344, 350, 444
•  of nonrepairable items  5, 39, 390-91, 441-42
•  of repairable items  5, 390-91, 442

•  of series systems  31, 42, 190
•  of 1-out-of-2 redundancy  43, 199
•  temperature dependence  3, 34, 36-37, 341-46
•  values  36, 38, 50, 341, 408, 588-91

       (see also  Compound, Conditional, Constant)
Failure recognition   →  Fault detection
Failure severity  72-73
Failure tolerant → Fault tolerant/reconfigurable struct.
Failures with constant failure rate λ  6-7, 35, 239, 363
False alarm  66, 249, 255   (see also  Alarm)
Fatigue  3, 6, 83, 98, 101, 103, 345, 459, 590
    (see also  Coffin-Manson, Wear-out)
Fault  4, 23, 66, 72, 73, 76, 78, 80, 91, 101, 113, 116,

117, 120, 159, 249, 391  (see also  Defect, Failure)
Fault collection  21, 22, 23, 369, 426-28
Fault coverage  117, 249  →  Incomplete coverage
Fault criteria  425   (see also  Fault effect)
Fault detection 74, 79, 90, 102, 105, 112-13, 116-19,

120, 154-59, 171, 240-41, 249, 274, 277, 387,
395, 421-23  (see also  Defect, Fault tolerant)

Fault effect / consequence  4, 10, 67, 72-80,  101, 294-
98, 389-90, 399, 423, 425, 427   (see also  Effect,
Error, ETA, FMEA / FMECA, FTA, Negligible)

Fault localization 112-13,  116-19, 154-59, 249-56, 374
Fault models / modeling  90-91, 243-58, 266-74, 368
Fault modes and effects analysis  72  →  FMEA
Fault review board  427, 428
Fault sensing device  73
Fault tolerant / reconfigurable structures  49, 64-65, 66,

101, 159, 160, 164-65, 255, 259-71, 274, 275-76,
299-310  (see also Defect, Mandatory, Redundancy)

Fault tree / Fault tree analysis  66, 76, 78, 280-85, 391
Fault tree structure function ( ( , ... , ))φ ζ ζFT n1   283-85
Favored (can be)  →  Realize an advantage
Feasibility / feasibility check  11, 19, 77, 121, 161,

388, 417, 419, 421, 422
Feedback  22, 86, 87, 104, 150, 155, 158, 160, 161
Fiber optic  149, 157
Field data  3, 26, 35-37, 51, 79, 86, 353-62, 426
Field data change service  118
Field of events  →  Event field
Field operation  14, 82, 83, 92, 99, 341, 371
Figures  →  Numerical
Final value theorem  583
Fine leak test  373-74
Finite element analysis  69
Firing rule  287
First delivery  384
First-in / first-out 153, 226, 235, 239, 263, 504, 506
First production item  417  (see also  Pilot production)
Fishbone diagram  →  Ishikawa diagram
Fisher / F-distribution  324-27, 467, 550, 556, 561-

62, 569-71, 580-81
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FIT (Failures in time)  36, 38, 80, 588-91
Fit of models  99, 102, 356  (see also Model validity)
Fitness for use  11, 395 →  Quality
Fix replacement  134-35, 136, 138
Fixed length test  →  Simple two-sided test
Flaw  26, 106-11, 294, 363, 375  (see also  Error)
Flexibility (software)  162
Flow of failures / events  168, 328, 330, 353, 364, 536
FMEA / FMECA  13,15,17, 27, 29, 42, 66,  69, 72-75, 78,

79, 117, 120, 160, 244, 250, 255, 259, 266, 274, 277,
301, 310, 389-90, 398, 410  (see also  Mandatory)

Force of mortality  5, 391, 442  →  Failure rate
Formation  →  Motivation and training
Forward equation  →  Kolmogorov equation
Forward recurrence time  181-82, 185, 188, 484-85,

486, 489, 491-92   (see also  Rest waiting time)
FRACAS →  Quality data reporting system
Fractile  →  Quantile
Fraction of defective items  →  Defective probability
Frequency / duration  270, 514-17
Frequency of

•  events  481 (RP),  489 (HPP),  532 (NHPP)
•  external events  286, 303-09
•  failures / repairs  279  & 515-16 (MP), 525 (SMP)
•  state Z i   525 (SMP),  526 (MP),  530 (RGP)

FTA  →  Fault Tree Analysis
Function of a random variable  444, 464
Functional block diagram  29, 30, 32, 68, 230, 235,

244, 267, 282
Functional test  88, 90-92, 374
Functionality  8, 51, 82, 112, 113, 162

Gain  →  Improvement
Gamma distribution  126, 187, 342, 446-47, 460-61
Gamma function 460, 582  →  Complete, Incomplete
Gate review 165  →  Design review
Gaussian distribution  →  Normal distribution
General / arbitrary point process (GPP) 168, 353, 539-40
General reliability data analysis  353-68
Generalized cut sets theorem  513, 518
Generalized Eyring model  345
Generating function  → Moment generating function
Generation of nonhomogeneous Poisson proc.  536
Generator for rare events  292
Generator for stochastic jump processes  291-92
Genuine acceleration  341
Geometric distribution  292, 446-47, 469
Geometric probability  433
Glass transition temperature  85
Glassivation  →  Passivation
Glitches  151
Glivenko-Cantelli theorem  543
Go / no go circuitries / decisions  158 / 428

Gold-plated pins  94, 153
gold wires  100
Good-as-new  →  As-good-as-new
Goodness-of-fit tests  346-52, 356, 366, 571-76
GPP  →  General point process
Graceful degradation  66, 259, 266-71, 277
Gradual failure  4, 427
Grain boundary sliding  109, 375
Graphical evaluation / approach  347-48, 351,

357, 361-62, 545-48
Gross leak test  373-74
Ground  148-49, 150, 151, 152, 157
Ground tracks  151
Growth  →  Quality growth (software),

Reliability growth (hardware)
Guard rings  149, 151
Guidelines  →  Design guidelines

Halogen-free  153, 589
HALT  →  Highly accelerated life test
Handbooks  20, 21, 35, 36, 118, 413, 417, 428
Handling  4, 82, 84, 85, 94, 151, 363, 378, 399, 417
Harm  15, 299, 310, 395, 398, 399
Harmonization  →  Standardization
HASL  →  Hot air solder leveling
HASS  →  Highly accelerated stress screening
HAST  →  Highly accelerated stress test
Hazard rate   →  Failure rate
Hazards  5, 9, 299, 300, 310, 391, 399, 404, 442
HBM  →  Human body model
HCMOS  148, 149, 591
Heat sink  146
Hermetic enclosure / container  147, 153
Hermetic package  85, 104, 147, 371-74
Heuristic methods 52-57, 353-54, 356, 361-62, 483-84
Hidden faults (failures, defects)  8,14, 66, 79,107,112,

113,116 ,117,120,154,156, 240, 249-56, 389, 395
High temperature storage  89, 98, 371, 372
Higher-order moments  448, 449, 545
Highly accelerated life test (HALT)  346
Highly accelerated stress screening (HASS)  370
Highly accelerated stress tests (HAST)  98, 99, 346
Historical development  16, 17, 85, 405-06
History of reliability  →  Story of reliability
Homogeneous  → Time-homogeneous
Homogeneous Poisson process  →  Poisson process
Hot air solder leveling  153
Hot carriers  89, 96, 102, 103
Hot redundancy  →  Active redundancy
HPP  →  Homogeneous Poisson process
Human aspects / factors 2, 3, 9, 10, 13, 18, 27, 77, 120,

158-59, 165, 294-98, 397, 399, 411, 412, 423, 425
Human body model (HBM)  94
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Human errors  10, 119, 158-59, 163, 294-95, 300-03,
308-09  (see also Error, Flaw, Misuse)

Human reliability  16, 174, 294-98   (see also
    Risk management)
Humidity tests  89, 98-100  (see also HAST, Moisture)
Hypergeometric distribution  446-47, 470
Hypotheses

•  failure  69, 70
•  statistical  314-16, 321-22, 325, 332-33, 335,
     339, 346-52, 357-61, 563-64, 566-76

Idempotent law  430
Imbedded  →  Embedded
Imperfect switching  243-48, 257-58  →  Effect
Importance measures (IMs)  300
Impossible event  430  (see also  Empty set φ)
Improvement through

•  preventive maintenance 134-41, 240-42, 243, 250
•  redundancy  e. g. 43 versus 40, 202, 217 v. 201
•  repair  e. g. 217 versus 47, 227 v. 44, 233 v. 232

Impulse δ(t)  584
In-circuit test  374
In-process tests  370, 412
In steady-state  →  Stationary
Inclusion / exclusion principle  438
Incoming inspection  21, 90, 150, 370, 377, 378,

379-83, 396, 411, 420, 423
Incomplete coverage  116-18, 249-56
Incomplete Gamma function  460, 582
Incomplete human performance  294-98, 393, 309
Increasing failure rate  6-7, 134-40, 240-43, 442,

443, 447, 458, 460, 483-84  (see also  Strictly)
Increasing intensity  357-60
Independent

•  elements  41-51, 52, 220-37  (see also Totally ind.)
•  events  435, 436, 437
•  increments 355, 368, 477-78, 489, 532, 536, 540
•  random variables  451, 453, 454, 454-56, 461,
     463, 472, 477, 502, 542
•  stress / strength  70-71

Indicative values   →  Numerical
Indicator  56, 58, 61, 179, 327 (see also Binary process)
Indices  3, 39, 169, 173, 175, 279, 394, 507, 512
Indirect plug connectors  120, 157
Induced failure / failure mechanism  83, 345
Inductive / capacitive coupling  91, 148, 151
Industrial applications (environment)  35-38, 83, 144-47
Influence of

•  common cause failures / events → Common cause
•  failure mode  243-58, 266-69
•  number of repair crews  141, 217-18, 232-33, 240
•  preventive maintenance  134-40, 240-43
•  repair priority  141, 220

•  repair time distrib. 114-15, 133, 174, 206-07, 220
•  series element  46, 47-48, 221, 225, 226, 227-28
•  switch  243-47, 248, 257-58
•  travel time  203-04, 527-28

Information feedback  22, 86, 104, 150, 396, 413, 428
Infrared soldering  153
Infrared thermography (IRT)  104
Inherent  →  Intrinsic
Initial conditions / distribution   63, 187, 197, 198-99,

201, 215, 487, 493, 497, 498, 513, 523-26
Initial value theorem  583
Initiating event  286
Input / output pins / driver  150, 151  (see also  CMOS)
Inserted components  84, 109, 110, 111, 152
Inspection  →  Incoming inspection
Instantaneous availability   →  Point availability
Instantaneous failure rate  →  Failure rate
Instantaneous reward rate  →  Reward rate
Integral equations (method of)  172, 178, 200-01,

204-05, 208-12, 218-19, 223-25, 511-12, 523-24
Integral Laplace theorem  472, 556
Integrated circuits (ICs) 34-38, 84-85, 87-101, 145,

147, 150, 153, 344, 370, 371-74, 377-78, 591
Integrity (software)  162, 289, 426
Intensity (see also Renewal density)

•  failure intensity 7, 356, 362, 389, 391, 516, 537, 540
•  of a point process  540
•  of a Poisson process  328, 330, 355, 357-61, 364,

365-68, 489, 519, 532, 533-35
Interactions  66, 79, 159-60, 163, 165, 290
Interarrival times  5, 41, 113, 175, 328, 353, 357, 362,

364, 368, 392, 442, 480, 483, 533, 535, 536, 540
Interchangeability  8, 157, 425  (see also Obsolescence)
Interface  19, 66, 78, 79, 116, 363, 417, 419, 421-25

•  Al/Au, Al/Si, Si/SiO2  96, 97, 103
•  hardware-hardware  66, 82, 118, 144, 151, 363
•  hardware-software, man-machine, between
     documents  16, 299, 363, 418-20, 421-25
•  software-software  161, 163, 164, 289, 424

Interference  26, 79, 82, 363, 421, 422
Intermetallic compound / layer  100, 103, 109, 153
Intermittent operation  85, 147
Internal visual inspection  89, 93, 104
Intersection of events  430
Interval estimate at system level ( )λS   332
Interval estimation  554, 554-58  (in particular  313,

324, 331)
•  failure rate λ  330-32, 558-60
•  lognormal distribution parameters  338-39
•  number of observations  473-74, 558
•  number of trials  475
•  point availability  324, 327, 562
•  unknown probability p  312-14, 321, 554-58



Index 637

Interval reliability  40, 172-73, 179, 183, 184, 188, 195,
201, 205, 213, 216, 217, 278, 397, 492, 510, 524

Intrinsic or inherent availability / cause / failure /
maintainability / reliability / weaknesses  3-4, 9, 11,
13, 23, 74-75, 86, 144, 172-73, 300, 301, 302, 310,
368, 389, 395, 427

Inverse function  291, 444, 464
Ion migration  103
Irreducible Markov chain / process  172-73, 278, 494,

497, 513-14, 518, 522, 524, 525, 526, 530
IRT  →  Infrared thermography
Ishikawa diagram  76-77, 78
ISO 9000: 2020 family  11, 402, 403
Item  2, 391

Jelinski-Moranda model  167
Joint availability   181-82, 183, 184, 188, 327
Joint density / distribution  450-51, 533, 535
Jump processes  498, 500, 511, 521-22, 530
Junction temperature 32-34, 79, 85, 145-47, 150, 342
Just-in-time  153

k-out-of-n: G →  k-out-of-n redundancy
k-out-of-n consecutive  →  Consecutive
k-out-of-n redundancy  31, 44, 61-64, 130-34, 213-16,

217, 218-19, 232, 233, 505, 517-20, 527, 529
k-terminal  275
Kepner-Tregoe  76, 78
Key item method  52-53, 54-56, 60, 68-69,

275-76, 284
Key renewal theorem  185, 186, 486, 493, 495
Kindness (test pattern)  91
Kirkendall voids  100
Kolmogorov backward / forward equations  500
Kolmogorov-Smirnov test  346-51, 356, 366, 536,

545-47, 572, 574-75, 581   (theorem  545-46)
Korolyuk theorem  531
k th moment / k th central moment  448

Lack in the diagnosis  90, 117, 168, 249, 300, 301
Lack of information  117, 168, 300, 301, 402
Lagrange multiplier  67
Laplace test  358, 360
Laplace transform  63, 198, 199, 455, 460, 512, 583-84
Large complex repairable systems  277-79, 293-94
Large series-parallel structures  31, 45-46, 226-37, 240
Last repairable  unit  →  Line replaceable unit
Last replaceable unit  →  Line replaceable unit
Latch-up  89, 96, 103, 150, 153
Latent damage  →  Damage, Potential rel. problem
Latent failure  →  Damage, Hidden failure
Latent fault time  →  Undetected fault time
Law of large numbers  471-72

LCC  →  Life cycle cost
Lead-free solder  109, 111, 152, 375
Leadless  152
Leak test  →  Seal test
Learning process / phase  150, 321, 363-64, 369
Level I, II, III  318
Liability  →  Product liability
Life cycle cost (LCC)  11, 13, 16, 112, 387, 388,

391, 400, 407, 408, 415, 421
Life-cycle phases  19 (hardware),  161 (software)
Life time  346, 353, 392, 400, 439, 585
Lightly loaded redundancy  →  Warm redundancy
Like new  →  As-good-as-new
Likelihood function → Maximum likelihood function
Limit of models  →  Model validity
Limit theorems of probability theory  470-75
Limited useful life 13, 35, 39, 79, 81, 85, 113, 116, 119,

120, 125, 146, 147, 150, 151, 177, 400, 589, 590
Limiting distribution / state probability  495, 513, 514,

518, 525, 530  (see also  Asymptotic)
Limits of the Boolean function method  57-61, 280
Lindeberg conditions  473
Line repairable unit  →  Line replaceable unit
Line replaceable unit (LRU)  115, 116, 117, 119, 120,

125, 154, 157, 399
Linear/ analog ICs / circuits 145, 148, 149, 155, 372, 591
Link  →  Edge
Liquid crystals  104
List of preferred parts (LPP)  →  Qualified part list
Load capability  33
Load sharing  26, 43, 44, 45, 52, 62, 61-64, 196-201,

214-17, 239, 277, 507-10, 517-19, 527, 528, 529
Localization  →  Fault localization
Logarithmic Poisson model  367
Logistic delay   8, 113, 241, 242, 387, 394
Logistic support 2, 8, 9, 12, 13, 16, 18, 19, 21, 26,

114, 115, 118, 119, 121, 125, 129, 134, 143,
154, 160, 165, 171, 239, 242, 260, 387, 388,
392, 394, 399, 401, 408, 413, 419, 425

Lognormal distribution  37, 113-14, 193, 207,
337-40, 342, 351, 446-47, 463-64, 585

Lognormal probability chart  351, 585
Long-term behavior / stability  86, 101
Loss of image  376
Loss of performance  66, 72, 259, 267-70, 389, 400, 514
Lot tolerance percent defective (LTPD)  318-19, 568
Low occurrence  489, 537, 539
Lower bound (PA  ,  ( ) , )t PA R   187, 260, 264, 265, 327
    (see also  Interval estimation)
Lower confidence limit  →  Confidence limits
Lowest replaceable unit  →  Line replaceable unit
LRU  →  Line replaceable unit
LTPD  →  Lot tolerance percent defective



638 Index

Machine model (MM)  94
Macro-structures (MS)  174,199,  229, 233, 234, 237, 269
Maintainability  1, 8, 9, 13, 113-15, 162, 392, 403

•  analysis  72, 121-125, 410-11, 415
•  design guidelines  154-59
•  engineering 13
•  estimation / demonstration / test  120, 337-40, 409
•  software  162

Maintenance 8, 112-13  (see also  Preventive, Corr.)
•  concept  8, 112, 115-20, 154
•  cost  134-43, 538
•  levels  119-20
•  strategy  35, 125, 134-41, 240-56, 257-74, 443

Majority  redundancy  31, 49, 66, 158, 164, 218-19,
222-25, 233, 249, 254, 295

Man-machine  16,120,158, 423  (see also  Ergonomics)
Mandatory for  (see also  Conditions, Model validity)

•  accelerated tests  341, 346
•  as-good-as-new  386  (see also Regeneration state)
•  common cause failures (to avoid)  274
•  component's selection  84-86
•  data analysis  353-54
•  elements appearing more than once in a reliability
      block diagram  30   (see e. g.  31, 32, 56, 69)
•  fault tolerant / fail-safe behavior  66, 72, 158-59,
      164, 259, 274, 310
•  FMEA / FMECA, FTA and similar tools  77
•  general data analysis  354
•  human reliability  158-59, 295, 310
•  incomplete coverage  249, 254, 255
•  Markov processes  171, 277, 496, 498, 503, 526
•  Memoryless property  40, 443, 458
•  MTBF  6, 40, 328, 392-93
•  MTTFSi   40-41, 393
•  Poisson processes (HPP & NHPP)  488, 532, 536
•  quality & rel. (RAMS) assurance 17-21, 407-25
•  reconfiguration  66, 116-18, 164, 259, 266, 274
•  redundancy  27, 42, 66, 72, 164, 239, 255, 274, 397
•  regeneration state / regenerative proc.. 171, 386, 494
•  reliability block diagram  29, 30
•  reliability growth  168, 363, 368
•  reliability improvement  26-27, 42, 66, 78
    (see also Design guidelines, Design reviews, Rules)
•  repairable systems 240,540 (see also As-good-as-new)
•  risk management  11, 300, 301, 310
•  semiconductor devices   148-50
•  semi-Markov processes  521, 522
•  semi-regenerative processes  171, 386, 494, 530
•  short-term tests (HALT, HAST, step-stress)  346
•  SMT  109, 375
•  software quality  159-66
•  test  hardware & software  116-18 & 166
•    Pi i   496-97, 500, 522, 526

Manson  →  Coffin-Manson
Manuals / HDBKs  20, 21, 35-38, 118, 413, 417
Manufacturability  79, 417, 421, 424, 425
Manufacturing process 106-11, 152-53, 369-84, 416
Manufacturing quality  16, 20, 86, 369-84
Margin voltage  98
Marginal density / distribution function  451, 533
Marked point processes  531
Market / market needs  19, 387, 396, 402, 407, 410,

419, 421, 422, 425  (see also  Time to market)
Marking  287
Markov chain  496-97   (see also  Embedded MC)
Markov model  61-64, 129-33, 141, 167, 171, 172-

73, 183, 189-91, 196-204, 214-18, 220-21, 225-28,
230-37, 240, 245-48, 251-74, 277-79, 294, 503

Markov processes  (MP, finite nr of states)  498-521
•  basic characteristics  478, 498-503, 512-17, 522
•  irreducible  513
•  mandatory for  171, 277, 496, 498, 503, 526
•  simulation  291-93
•  stationary  512
•  time evolution  501-02
•  time homogeneous  7, 170, 173, 239, 277,
      478, 498, 500-03, 517, 522, 526

Markov property  478, 498  (see also  Memoryless)
Markov renewal processes  521
Markov sequence  536
Markov theorem  497, 513
Match / Matching  149, 151
Mathematical statistics  541, 541-76
Mature (stable)  32, 38, 96, 98, 153, 154, 371, 374
Maximum ( maxτ )   456
Maximum acceptable p , PA,  λ   315, 325, 333
Maximum likelihood function / method  312, 323,

327, 330, 338, 353, 356, 365-66, 550-53, 575
MC  →  Markov chain
MDTS   394  →  System mean down time
Mean (expected value)  6, 39-40, 277-79, 445, 447,

448, 452-53, 454, 514-16, 538-39, 544-45
•  accumulated reward  271, 279, 517
•  down / up time MDT MUTS S,  123, 124, 191, 173,
      200, 237, 242, 270, 278-79, 394, 515-16, 525
•  expected failures per year  270, 408
•  instantaneous reward rate  271, 279, 517
•  logistic delay (MLD)  242
•  number of failures / repairs for Markov models
      278-79, 515-16  (525 for SMP, 540  for GPP)
•  operating time between failures MTBF  6, 40,
    328, 392-93
     o  estimation / demonstration  328-37, 408-09
     o  MTBF≡1/ λ   6, 40, 328, 392-93, 404
     o  MTBF  versus MTTF MUT,   6, 40, 199-200,
           217, 270, 279, 392-94, 515-16
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•  sojourn time Ti in Z i   173, 251, 523, 526, 530
•  survival failure-free time at age x0  442
•  time Ti i  between successive occurrence of Z i
      525, 526, 530
•  time to failure ( , )MTTF MTTFS i   6, 39, 41,
      63, 172-73, 176, 277-79, 393, 512, 524

(in particular  201, 213, 217, 227, 232, 233)
with preventive maintenance  241

•  time to perform a preventive maintenance
      (MTTPM)  8, 113, 121, 125, 393
•  time to repair / restoration ( )MTTR   8, 9, 113,
      121-24, 394, 490
    estimation / demonstration  337-40, 409
•  time to restoration  →  Mean time to repair
•  time to system failure  →  Mean time to failure
•  undetected (latent) fault time τUFT   251, 443
•  up time  →  Mean down / up time

    (see also  Dependence, Distinction)
Mean value function  355, 362, 364, 367-68, 532 , 540

•  at system level Z tS ( )   537
Mean value theorem  495
Mechanical fatigue  →  Fatigue
Mechanical keying / fixing  152, 155 , 157
Mechanical reliability  68-71, 73
Mechanical stress  69-71, 83, 98
Mechanism  →  Failure mechanism
Median  114, 450
Memories  90-91, 95, 97-98, 151
Memoryless 354, 355, 477, 489, 523, 532, 533, 536, 540

(see also  Distinction, Without aftereffect)
Memoryless property  7, 40, 62, 179, 197, 200, 220,

241, 295, 302, 329, 332, 390, 443, 447, 458, 469,
478, 489, 491, 498, 501-03, 507, 510, 511, 553, 558

Meniscograph method  94
Merging  →  State space reduction
Meshed  →  Distributed
Metal migration  100, 103 (see also  Electromigration)
Metallization  95, 97, 98, 100, 103, 104, 154, 373
Metallographic investigation  95, 104, 105, 107, 108-11
Method of

•  Boolean function  57-61
•  differential equations  63, 173, 197-99, 507-10
•  integral eqs.  172, 200-01, 204-05, 511-12, 524
•  key item  52-53, 54-56, 60, 68-69, 275-76, 284

Metrics (software quality)  160
Microcracks  →  Cracks
Microsections  95, 104, 105, 107, 109-11
Microvoids  109
Miner's hypothesis  345, 346
Minimal cut sets  59, 60, 76, 275, 281, 283, 516
Minimal operating state  →  Critical operating states
Minimal path sets  58, 60, 76, 275, 281, 283
Minimal repair  138-39, 387, 443, 535-36

Minimum ( )minτ   456
Minimum acceptable  MTBF   408
Mishandling  →  Misuse
Misleading probability  295
Mission availability  9, 140, 180, 183, 260
Mission profile 3, 28, 38, 68, 69, 79, 392, 409, 421, 425
Mission reliability  →  Interval reliability
Misuse (components /  tools)  4, 102, 103, 120, 106,

271, 357, 405, 427, 511, 516  (see also  Error)
Misuse (terms)  6, 40, 179, 393, 397, 540
Mitigate  9, 72, 73, 74-75, 78, 153, 286, 299, 300, 301,

310, 395, 398, 399  (see also  Check strategy)
•  incomplete coverage  255

Mixture of distributions  7, 40, 71, 350, 444, 547
MLD   →  Mean logistic delay
MM  →  Machine model
Modal value  113-14, 450
Mode  →  Failure mode
Model  406

•  for cost optimization  →  Cost optimization
•  for early failures / wear-out period  7, 349-50,
     367, 444, 459, 460, 483-84
•  for failure rates / mechanisms  35-38,  94 -100,102,
     103, 109, 341-46, 444  (see also  Multiple f. m.)
•  for faults  →  Fault models
•  for human aspects  294-98
•  for quality growth (software)  166-68
•  for reliability growth (hardware)  363-68
•  for risk / safety analysis / management  300-10
•  validity / verification  26, 52, 71, 102, 109, 117,
     168, 170-71, 174, 220, 238-40, 249, 252, 260,
     277-79, 280, 295, 300, 302, 342, 346, 353-54,
     356, 357, 362, 363-65, 368, 406, 483, 503, 536

(see also  Assumptions, Mandatory)
Modification  21, 119, 162, 163, 165, 363, 369,

387, 412, 418   (see also  Changes)
Modified renewal process  480
Module / Modular

•  hardware  116, 120, 154-55
•  software  161, 163, 164, 166

Moisture  85, 93, 98-99, 147
Moment generating function  538, 583
Monotonic trend (test for)  357-62
Monte Carlo 280, 290-92, 294, 464, 473, 475, 532, 536
Moranda-Jelinski model  167
More than one failure mechanism / mode  →  Multiple
More than one repair crew 204, 217-18, 231, 232, 239,

240, 276, 280-85, 293-94, 504, 505, 517-21, 531-32
(see also Totally independent elements)

More than 2 states  →  Multiple failure modes / mech.
Motivation / training / training level  18, 21, 24, 115,

119, 154, 159, 294, 310, 413, 423
MP  →  Markov process
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MS  →  Macro-structures
MTBF  →  Mean operating time between failures
MTBF≡1/ λ   6, 40, 328, 392-93, 404
MTBF  versus MTTF MUT,   6, 199-200, 217, 270,

278-79, 392-94, 515-16
MTBFS   6, 393, 394
MTBUR  (mean time between unsched. removals)  393
MTTA   (mean time to accident)  299, 301-09, 393
MTTF   →  Mean time to failure
MTTPM   →  Μean time to perform a preventive maint.
MTTR   →  Mean time to repair / restoration
MTTRS   (mean of all repair /  restoration times)  121-24
Multi-states  →  Multiple
Multidimensional random variable  →  Random vector
Multifunction system  →  Phased-mission system
Multilayer  97, 110, 148, 154
Multimodal  450
Multinomial distribution  352, 467, 575, 576
Multiple failure mechanisms  37, 64-65, 102, 271, 343-

44, 354, 444  (see also Compound failure rate)
Multiple failure modes  37, 52, 64-65, 66, 248, 255,

257-58, 266-69, 275  (see also  Common cause)
Multiple fault / consequences  76, 271, 274, 391, 444
Multiple one-sided sampling plans  319-20
Multiplication theorem  436-37
Multi point ground  149
MUTS   394  →  System mean up time
Mutually exclusive events  57, 64, 65, 178, 244, 430,

431-32, 435, 436, 437, 438  (see also  Pairwise)
Mutually independent  435, 451  →  Independent
MUX  155, 156

Nanocoating  147
n-dimensional distribution function  450, 476
    (see also  Random vector)
N-modular redundancy  49
N-self configuring programming (NSCP)  66, 164
N-version programming (NVP / NVS)  49, 66, 164
NBTI  (negative bias temperature instability)  103
Negligible  (can be neglected)

•  alarm circuitry  298
•  common cause failure  273-74
•  external event  304-10
•  human error  296, 297, 298, 303, 309
•  imperfect switching  245, 246, 247, 248, 257-58
•  incomplete coverage  253-54, 255, 256
•  repair times distribution shape  206-07, 220
•  series element to a redundancy  46, 221, 225, 226

    (see also Influence of)
Network reliability  275-76
New-better-than-used / New-worse-than-used  443
NHPP  →  Nonhomogeneous Poisson process
No aging  443  (see also  Constant failure rate)

No connection  246, 248, 257-58, 266-69
no FF (no further failures at system down)  170, 229

239  (see also  Only one repair crew)
No start at call  252  (see also  Refuse to start)
Nodes  275-76
Non-irreducible Markov chain  513
Non-Markovian  277, 279
Non-parametric  545, 563
Non-qualified parts  150  (see also  Qualified part list)
Nonconformity  1, 388, 394
Nondestructive analysis  104, 105
Nonelectronic components  35
Nonhermetic packages   →  Plastic package
Nonhomogeneous Poisson processes  → Poisson proc.
Nonregenerative stochastic processes  170, 171,

193, 207, 219, 478, 494, 526, 531-40
Nonrepairable item (up to system failure)  5-7, 39-60,

61-71, 243-44, 275-76, 283-85, 390, 393
Nonvolatile memory  87, 97-98, 151
Normal distribution  37, 70, 342, 446-47, 462-63,

464, 472-75, 487, 544, 550, 556-57, 577, 587
Normal probability chart  587
Normal process  479
Normal / reduced / tightened test  318
Not regeneration state 208, 211, 218, 223, 527, 528, 529
Null hypothesis ( )H0  314, 325, 332, 339, 346, 563-64
Number of defects at t =0   167, 168, 368
Number of observations  314, 473, 543, 555-56, 573
Number of spare parts  127, 128, 130-33, 413
Number of states  56, 65, 166, 196, 226, 235, 506
Number of trials  291, 314, 431, 434, 465-69, 473-75
Numerical

•  computation  289-92
•  examples  50-51, 70, 207, 237, 264-65, 269, 270,

322, 344, 347-52, 473-75, 483-84, 574
•  test conditions  83, 89, 94, 98-100, 108-09, 371-76
•  values for derating  145
•  values for failure modes  100, 588-90
•  values for failure rates 7, 36-38, 50-51, 408, 588-91
•  values for defective probability  371, 374-75

OBIC (optical beam induced current)  104, 105
OBIRCH (optical beam induced resistivity change)  106
Object oriented programming  164
Observability  155
Obsolescence  8, 79, 116, 143, 150, 392, 400, 416, 423
OC  →  Operating characteristic curve
Occurrence frequency  →  Frequency
Occurrence rate  271, 274, 539
Occurrence time  →  Arrival / occurrence time
On line (without operational interruption) 2, 9, 41, 112,

120, 124, 170, 171, 196, 202, 239, 390, 393, 397
One-item structure  39-41, 175-89, 240-43, 443
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One-out-of-2 redundancy 31, 43-44, 141, 196-213, 232,
233, 243-58, 271-74, 295-309, 504, 508-10, 526-30

     (in particular  44, 141, 196-99, 201, 213, 232, 233,
248, 256, 295-98, 302-09, 504, 508-10)

One (only one) regeneration state  171, 204, 207,
208, 240, 386, 494

One repair crew  →  Only one repair crew
One-sided confidence interval  →  Confidence interval
One-sided sampling plan (for p)  318-20, 567-68
One-sided tests to demonstrate λ or MTBF≡1/λ  336-37
One-step transition probability  194, 200, 496, 501, 521
Only one repair crew  170;  holds for all models in this

book (see e. g. 208, 248, 256, 267) often with no FF,
except pp. 61, 217-18, 231, 232, 276, 280-85, 293-
94, 504, 505, 517-21, 531-32  (see also Advantage)

Operating characteristic curve  315-16, 319, 334, 336,
337, 340, 565-66, 568

Operating (field) conditions  3, 7, 26, 28, 33, 35, 79,
84, 90, 99, 102, 105, 156, 388, 401, 410, 415, 422

Operating console  149, 158
Operation monitoring  116, 117, 156, 249
Operational availability  13  →  Overall availability
Operational effectiveness  13
Operational profile (software)  28
Optical beam induced current (OBIC)  104
Optimal derating  33, 145
Optimization  120, 143, 370

•  cost 11-15, 67, 120, 137-40, 142-43, 376-83
  •  preventive maintenance period  137-38, 139,
        140, 241-43, 250-51

•  reliability allocation  67
Optoelectronic / Optocoupler  145, 146, 151, 372
Order (ed) observations / sample  339, 346, 347,

352, 542, 544, 574
Order statistic  355, 357-59, 366, 534, 535, 542, 544
Ordinary renewal process  292, 480, 482
Organization (company structure)  20, 400, 402
Orthogonal  454
Outcoming event  286
Outgoing quality (AOQ)  315-16, 379
Overall availability  9, 13, 14, 139-40, 242
Overflow  519
Overhaul  113, 119
Overstress / overload  33, 96, 103, 153, 271, 363, 371
Oxidation  83, 98, 371
Oxide  93, 96, 97, 102, 103, 106, 153, 345, 373, 588-89

Package / Packaging  84-85, 89,100,104,146-47, 345
(see also  Hermetic, Plastic)

Pairwise independent / exclusive events  435, 436
Parallel model  31, 43-45, 58-60, 61-64, 196-219
     (see also  One-out-of two, k-out-of-n)
Parallel redundancy  →  Active redundancy

Parameter estimation  312-14, 321, 323-24, 327,
328-32, 337-39, 365-66, 549-62

     (in particular 313, 324, 331, 549-51, 554)
Pareto  76, 78
Paris law  345
Part count method  51
Part stress method  27, 33-38, 50-51  (see also  69-71)
Particular semi-Markov processes  295, 296, 296-310
Partition

•  data  38, 329, 350, 573
   •  item / states / tasks 13, 29, 90, 112, 115, 116,
        154, 158, 164, 166, 295, 410-13, 437, 507

•  life cycle  19, 160, 161, 328, 417
Partitioning cumulative op. time  328, 329, 335
Passivation / Passivation test 85, 89, 93, 100,  104-6, 147
Path  55, 58, 166
Path set  →  Minimal path sets
Pattern sensitivity  91, 93
Pay attention  →  Care
PCB  →  Populated printed circuit board
Pearson / Pearson theorem  555, 573
Percentage point  450
Perfective (software)  161
Performability   259, 266, 270-71, 517  →  Capability
Performance effectiveness  →  Reward
Performance parameters / test  84,  86, 108, 422
   (see also  Characterization)
Petri nets  287-88
Phased-mission systems  28, 30, 38, 259-71, 392
Physical models  →  Model valid., Physics of failures
Physics of failures  38 , 345   (see also  Failure mech.)
Piecewise definition  440, 583
Pilot production 19, 108, 363, 364, 369, 386, 389, 398
Pinholes  93
Pitch  84-85, 109, 111, 152
Plastic packages  85, 89, 98-100, 102, 104, 147, 153
Plasticity  69  (see also Viscoplastic)
Plug-in / plug-out  116, 151, 157
PM  →  Preventive maintenance
PN  →  Petri nets
PoF  →  Physics of failures
Point availability  (PA =S i S St PA AA( ), )  9, 177, 386

•  computation  9, 61, 172-73, 177, 183, 184, 185,
     188, 191, 195, 197-98, 201, 213, 217, 232, 233,
     278, 293-94, 507-08, 511, 529, 530, 531-32
•  definition  9, 177, 184, 386, 492, 507-08, 524
•  demonstration  325-26, 327, 569-71
•  estimation  323-24, 327, 561-62
•  with preventive maintenance  242

Point estimate at system level ( )λS0   332
Point estimation  312, 323, 329, 330, 365-66, 549-53,

558, 562  (see also  Empirical, Max. likelihood)
Point processes (PP)  168, 354-62, 480, 532, 536-40
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Poisson approximation  10, 316, 318, 334, 467, 468
Poisson distribution 317, 329, 446, 467-68, 552, 578
Poisson's integral  462, 464, 582
Poisson processes

•  homogeneous (HPP) 7, 35, 142, 328, 329-30, 353-
     54, 357-62, 393, 480, 483, 488-89, 532-36, 538-40

   •  nonhomogeneous (NHPP)  138-39, 168, 353-54,
        355-56, 357-62, 364-68, 489, 532-36
   •  NHPP versus HPP  533, 536

•  simulation  291, 536
•  tests  355-62, 363-68, 536

Populated printed circuit board (PCB)  23, 27, 84, 85, 90,
94, 108-11, 116, 149, 151-53, 154-59, 369-70, 374-76

Portability (software)  162
Possible causes

•  common cause failures  66, 271
•  defects / latent failures 106-07, 108-11, 148, 162-63
•  single point failures  66

Potential reliability problem  94, 95, 106-07, 110
    (see also  Damage, Weaknesses)
Power devices  98, 146, 150, 151, 152
Power Law / Power Law process  276, 345, 364
Power of a (statistical) test  357, 564, 572
Power supply  28, 96, 108, 148, 150, 151, 155, 157, 230
Power-up / power-down  96, 150, 151
PP  →  Point process
ppm  371, 462
Practical aspects for MTBF & MTTR demonstration

335, 339-40, 408-409
Practical examples  →  Examples, Numerical
Predicted maintainability  121-25
Predicted reliability   3, 25-27, 28-71, 169-298, 410-11
Predicted safety (safety function)  303-09
Preferred part list (PPL)  →  Qualified part list (QPL)
Preheating  153
Preliminary design reviews  419, 422-24
Preliminary / rough analyses  18, 51, 408, 410
Premature wear-out  345
Pressure cooker  →  HAST
Preventive actions / measures  16, 22, 72-79, 120, 144-

66, 295, 369-70, 371-74, 375-76, 409-20, 421-25
Preventive maintenance  8, 112-13, 125, 134-40,

240-43, 249-51, 310, 395, 443
Primary failure / fault  4, 76, 538
Printed circuit / wiring board → Populated printed circuit b.
Priority / priority list (software quality attributes)
     160, 164, 416, 424   (see also  Repair priority)
Probability  431-34
Probability chart  347-51, 459, 541, 547-48, 585-87
Probability density  →  Density
Probability plot paper  →  Probability chart
Probability space  429, 433, 435, 450, 471, 477
Problems for homework   592-99

Procedure for  (see also  Rule for)
•  analysis of binary decision diagrams  283-85
•  analysis of complex rep. systems  277-79
•  analysis of large complex rep. systems  293-94
•  analysis of mechanical systems  68, 69
•  analysis of phased mission systems  262
•  Anderson-Darling/Cramér-von Mises test  572-73
•  binary decision diagram's drawing up  283
•  chi-square test  350-52, 573-75
•  cost optimization (quality & RAMS ass.)  12-14
•  cost optimization at incoming inspections 279-83
•  demonstration of
    o  availability (PA=AA)  325, 570
    o  MTTR  339-40, 409
    o  probability p  315, 317, 318, 319, 321, 565
   o  λ  or  MTBF≡1/ λ   333, 334, 336
     (in particular  317, 326, 335)
•  double one-sided sampling plan  319
•  electrical test of complex ICs  88, 90-93
•  environmental test for assemblies (PCBs)  108
•  environmental test for complex ICs  92-100
•  ESD test  94
•  estimation of
     o  availability (PA=AA)  323-24, 561-62
     o  MTTR  337-39
    o  parameters  365-66, 550-51
    o  probability p  312, 321, 551, 555, 557
     o  λ  or MTBF≡1/ λ   330-31, 551, 553, 558-61
     (in particular  313, 324, 331)
•  event trees  286
•  failure analysis  105
•  first delivery  394
•  FMEA / FMECA  73, 74-75
•  frequency / duration  278-79, 514-17
•  goodness-of-fit tests  571-76
•  graphical estimation of F( )t   347, 346-51, 546-47
     (see also  361-62, 363-68, 484, 571-73, 585-87)
•  incoming inspection  379-83
•  Kolmogorov-Smirnov test  347, 356, 366, 572, 574
•  Laplace test  358, 360
•  maintenance  112-13, 116-20, 409
•  mechanical system's analysis  68, 69
•  modeling complex rep. systems  277-79, 293-94
•  phased-mission systems investigation  262
•  qualification test for assemblies 108-11
•  qualification test for complex ICs  87, 89
•  qualification test for first delivery  384
•  quality and reliability (RAMS) assurance  17-20,
     21-24, 401-05, 407-25
•  quality cost optim. at incoming inspection  376-83
•  reliability allocation  67
•  reliability prediction  2-3, 26-27, 52-53, 67, 68-
     69, 170-71, 238-40, 277-79, 293-94, 410-11
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•  reliability test
   o  accelerated tests  341-46
   o  statistical aspects  321-37, 346-68, 541-76
       (in particular  317, 326, 331, 335)
   o  technical aspects  101, 111, 370-76, 408-09
•  screening of
   o  assemblies  375
   o  components  371-74
 •  sequential test  317, 334-36, 566-67
•  simple one-sided sampling plan / test 318, 336, 565
•  simple two-sided sampling plan / test 315, 333,
     565  (see also  Sequential test)
•  simulation of stochastic processes  291-92, 536
•  software development & test  162-65 & 166-68
•  test and screening  87-111, 370-83
    (in particular  89, 372, 379-83)
•  transition probabilities determination  172-73,
     502, 522-23, 527-30  (see e. g. 200-01, 204-05)
•  transition rates (determination of)  173, 277-78,
     499-503  (see. g. 197, 203, 217, 235, 246, 258, 267)
•  trend tests  358-61

Process 477  (see also ARP, GPP, HPP, MP, NHPP,
PP, RGP, RP, SMP, SRP)

•  stationary  478-79, 487-88, 512-14, 524-25
•  time homogeneous (or with stationary
     increments)  479, 489, 532
•  with independent increments   355, 355-68,
     477-78, 488-89, 532, 532-36, 540

Process FMEA / FMECA   72, 78, 390
Process reliability  3
Procurement  370-71, 384, 411, 420
Producer risk α  86, 315, 318, 325, 326, 333,

335, 564, 568, 570  (see also  Type I error)
Product assurance  16, 395, 403, 404
Product liability  10, 15, 388, 395, 403, 418
Production / manufacturing

•  basic RAMS assurance activities  369-70, 412
•  documentation  417
•  flaw 26, 73, 77, 106, 109, 110, 111, 294, 363, 375
•  FMEA / FMECA  →  Process FMEA / FMECA

 •  process  4, 6, 7, 10, 15, 19 , 20, 21, 38, 78, 87,
     98, 106-11, 152-54, 363, 369-70, 376-79, 389,
     396, 400, 401, 405, 412-13, 416, 417, 424
 •  related reliability problems  95, 106-07, 109-10

Program / erase cycles  97, 372
Program for quality & reliability (RAMS) assurance

17-19, 407, 409-20, 421-25
Programmed reliability  406
Project documentation  417
Project management 19, 17-24, 160-61, 162-64, 414-15
Project manager  19, 24, 300 , 407, 414-15, 418, 428
Project quality & reliability assurance manager  418
Propagation (of events)  286

Protection against
•  common cause failures  66, 274
•  damage  →  Damage
•  electromagnetic fields  148, 149
•  ESD / EMC  94, 148-50
•  incomplete coverage  249, 254, 255
•  single point failures  42, 66, 79, 423
•  shorts / opens  3, 26, 29, 30, 32, 42, 51, 64-65,
     100, 101, 107
 (see also  Design guidelines)

Prototype 18, 19, 87, 108, 346, 363, 364, 377, 412,
415, 419, 420, 422, 424, 426

Pseudo redundancy  42, 397
Pseudorandom number  291-92
PSG  99993333, 99999999, 111100000000, 111100003333, 111100006666   (see also  Passivation)
Pull-up / pull-down resistor  120, 149, 150, 152, 156
Purple plague  100, 103

Quad redundancy  65, 66, 101
Quadratic statistic  356, 572, 574
Qualification tests  18, 87, 108, 363, 377, 412, 419

•  assemblies  108-11
•  components  89, 87-107, 346
•  prototypes  346, 363, 364, 377, 412, 419

Qualified part list (QPL)  87, 150, 411, 416, 423
Quality  11, 16, 395
Quality and reliability (RAMS) assurance

•  department (Q & RA)  19, 20, 410-13
•  program  16, 17-18, 24, 401-05, 407, 409-28
•  requirements  401-05, 407-09
•  standards  401-06

Quality assurance  11, 13, 16, 17-24, 144-68,
311-68, 369-84, 388, 396, 401-05, 407-28
•  software  159, 160, 161- 68

Quality assurance handbook  20, 21, 401-05, 413, 428
Quality attributes for software  160, 162
Quality control  13,16,17,18, 21, 311-20, 396, 412, 564
Quality cost  12-15, 18, 20, 378-83, 400, 413

(see also  Cost optimization)
Quality data reporting system 13, 17, 21-23, 377,

396, 413, 420, 426-28
Quality factor πQ   36-37
Quality growth (software)  166-68
Quality of design  16
Quality of manufacturing  16, 21, 86, 369-70
Quality management  16, 20, 21, 24, 396, 401, 402
      (see also  Quality assurance, TQM)
Quality manual  →  Quality assurance handbook
Quality metric for software  160
Quality test  13, 16, 17, 21, 396, 411-12, 418-20

•  statistical aspect  311-20
Quantile  338, 450, 545, 578-81
Quick test  117
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Radiation  82, 96, 103, 590
RAMS  (Reliabilit, Availability, Maint., Safety) 17, 401

•  assurance program / rules  19, 409-420, 421-28
→  Quality and rel.  (RAMS) assurance program

•  definition & realization of requirements  407-20
•  engineering  16, 17, 24   →  Reliability eng.

Random cumulative operating time  332, 553
Random duration (mission)  39, 261, 265
Random numbers  →  Pseudorandom numbers
Random sample  →  Sample
Random variable  439-41
Random vector  450-54, 476-79, 542
Random vibrations  83, 108, 109, 111, 375
Rare event  10, 289, 292
RBD  →  Reliability block diagram
Reachability tree  287-88
Realization (time schedule / simulation) of a stochastic

process  176, 208-09, 219, 250, 291-92, 477, 480,
491, 522, 527-29  (see also  Evolution)

Realization of RAMS requirements
→ Quality  and reliability  assurance program

Realize an advantage (can)  318, 336, 568
Reason for  →  Causes for
Recognition  →  Fault detection
Reconfiguration  66, 118, 164, 238, 259, 277, 514, 516

•  failure censored  266-69
•  time censored (phased-mission system)  259-66
•  with reward and frequency / duration  270-71, 514

Recrystallization  109
Recurrence time  181-82, 185, 484-85, 492
    (see also  Rest waiting time)
Recurrence time limit theorem  486
Recycling  10, 19, 391
Redesign  8, 79, 81, 87, 363, 371, 405
Reduced test  →  Normal / reduced / tightened test
Reduction  →  State space reduction
Redundancy  31, 42-45, 49, 51, 53, 61-64, 65, 101, 159,

201, 213, 217, 232, 233, 235, 244, 248, 256, 259,
267, 274, 275-76, 284-85, 397, 411, 504-06, 508-10,
519-21, 527-29  (see also Active, One-out-of-2,
k-out-of-n, Standby, Warm redundancy)

•  for software  42, 49, 66, 159, 164-65, 274
•  limitations 101, 239 (see also Compromise, Effect)
•  practical aspects 32, 49, 51, 62, 64-65,196, 239, 274
•  realization  30-32, 42-43, 44, 49, 51, 53, 54, 64-65,
     66, 68-69, 101, 196, 235, 244, 267, 274, 275-76,
     282, 411  (see also  Mandatory )

Reference documentation  419, 424
Reference failure rates  35, 38, 408, 588-91
Reflow soldering  153
Refuse to start  246  (see also  No start at call)
Regeneration point  176, 178, 182, 208, 220, 386, 480,

491, 494-95, 511, 522, 530  (see also Renewal point)

Regeneration state  41, 170, 171, 174, 193, 204, 208,
218, 223, 229, 239, 240, 386, 478, 494, 502, 522

Regenerative processes (RGP)  171,207-13,478,494-95,
     530   (see also  Markov, Semi-Markov, Semi-reg.)
Rejection line  317, 334-36, 566-67
Relation between  (see also  Distinction between)

•  asymptotic and stationary / steady-state   187,
     488, 493, 495, 497, 513-14, 524-25, 530
•  distribution functions   461, 468, 578-80
•  Pi  and Pi   513, 524-26, 530
•  stochastic processes  171, 478, 521

Relative frequency  313, 431, 434, 471, 542, 551, 554
Relative humidity  98-99, 147, 153
Relaxation  109
Release / released  19, 20, 21, 87, 369, 387, 418, 419
Reliability  2-3, 13, 39, 170, 176, 184, 199, 397
     (see also  Assessed, Estimated, Predicted)

•  allocation / optimization  67, 142, 408, 410, 421
•  analysis 13,16,25-79,144-53,169-294, 410-11, 415
     (in particular 27, 31,172-73, 201, 217, 233, 277-79;
     see also  Computer, Human rel., Risk analysis)
•  approximation  (gen. procedure)  232, 233, 293-94
•  as selection criterion  86
•  assurance  →  Quality & rel.  assurance program
•  block diagram (RBD)  28-32, 42, 50-51, 52,
     68-69, 235, 238, 267, 275-76, 283-84, 398
     (see 240, 243-80 if the RBD does not exist)
•  block diagram with elements repetition  →  Same
•  conditional  →  Conditional reliability function
•  demonstration  →  Reliability tests
•  design guidelines  144-68
•  design review checklist  79
•  engineering 13, 16
•  estimation  4   (see also Reliability tests)
•  function  3, 39, 58, 63, 69-71, 172-73, 176, 184,
     190, 199, 278, 397, 441, 442, 509, 511, 524
     o  with preventive maintenance  241-43
    (see also  Conditional rel. function, Rel. analysis)
•  growth  363-68, 398   (see also  166-68 for SQ)
•  improvement  26-27, 79, 144-54, 154-68, 407-28
•  interval  →  Interval reliability
•  long term behavior (components)  86
•  mechanical  →  Mechanical reliability
•  optimization  67  (see also Reliability allocation)
•  prediction → Rel. anal., Procedure, Computer-aid.
•  tests  35, 86, 89, 101, 109-11, 375-76

    o  statistical aspects  (estimation & demonstration)

          failure rate λ λ( / )or MTBF≡1  328-37, 358-60

          fixed mission  (R)  321-22

    o  technical aspects  101, 111, 370-76, 408-09
•  weaknesses 3, 27, 72-79, 80, 321 (see also Damage)
•  with preventive maintenance  241-43

Remote control / diagnostic / maintenance 118, 120
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Renewal density  211, 356, 481, 482, 491, 525, 532
Renewal density theorem  186, 486
Renewal equation  482
Renewal function  481
Renewal point  135, 208, 241, 292, 480, 490, 491
    (see also  Regeneration point  386, 480, 494
Renewal points frequency  →  Renewal density
Renewal processes (RP)  126, 135, 136, 171, 292, 354,

362, 480, 479-89, 494, 536-37
•  embedded 211, 490, 494, 530  (see also Embedded)
•  simulation  291-92

Repair  8, 112-13 170-71, 363, 387, 394
•  frequency  →  System repair frequency
•  priority  141, 220, 221, 233, 235, 239, 246, 258,
     267, 272, 277, 504, 506  (see also  Strategy)
•  rate  115, 171, 174, 177, 206-07  (see also Shape)
•  strategy  →  Maintenance strategy
•  time  8, 113-15, 115-20, 121-24, 337-40, 394, 464

Repairability  113  →  Corrective maintenance
Repairable item / system  5,6,41,169-310, 503-10,  526-30
Repairable spare parts  130-33   (see also  Spare parts)
Repairable versus nonrep. 41, 202, 390-91, 392-93, 442
Replaceability  157
Replacement policy  134, 135-40   (see also

Centralized, Decentralized)
Reproducibility  16, 79, 152, 416, 419, 421, 424, 425
Requalification  87
Required function  1, 2-3, 8, 9, 27, 28-29, 32, 41-43, 49,

55, 56, 128, 162, 213, 259, 389, 392, 398, 408, 410
Requirements  →  Quality and reliability requirements,
Reserve contacts  157
Reserve / redundant element / state  42-43, 62, 124, 170,

196, 206, 207-10, 213, 244, 249, 504, 526, 529
Reserve to technological limits  38   (see also

Technological properties / limits / risks)
Residual failure-free time  →  Survival failure-free time
Resilient  →  Fault tolerant, Graceful degr., Reconfig.
Resistor  145, 150, 151, 372, 588
Rest waiting time  355, 533  (see also  Recurrence
    time, Waiting time paradox)
Restarts anew  178, 208, 220, 363, 390, 478, 480, 494
Restoration  8, 112, 113, 171, 337, 387, 394  →  Repair
Restoration frequency   →  System repair frequency
Restoration time  113   →  Repair time
Results (tables / graphs)  31, 44, 47-48, 127, 141, 183,

188, 195, 201, 213, 217, 227-28, 232, 233, 237, 241,
248, 256, 265, 269, 313, 316, 317, 319, 324, 326,
331, 334-37, 340, 343, 348-51, 372, 378, 484, 489,
548, 560, 566-68  (see also  Numerical examples)

Reusability (software)  162
Reuse  10, 116, 119, 130
Reverse bias  98-99, 372, 590
Revision  →  Overhaul

Reward / Reward rate  266-67, 270-71, 279, 514, 517
Rework  109, 153, 375, 413, 427
RGP  →  Regenerative processes
Right continuous  5, 242, 439, 450, 457, 481, 532, 543
Rise time  88, 94, 148, 149
Risk  9-11,  13, 72, 107, 299, 398, 407, 411, 423

•  acceptance  10, 310
•  analysis /  modeling  9-11, 13, 286, 301-09, 411
•  assessment  10, 294, 301, 309-10
•  avoidance  107, 301-09, 309-10
•  awareness / perception  11, 300, 310
•  development / production / technological  10-11,

67, 81-82, 84-86, 106-07, 271, 363, 407-28
•  management  10-11, 13, 15, 19, 79, 87-101, 108-11,

120, 144-68, 299-310, 363-68, 398, 402-05, 407-
28  (see also Feasibility, Redundancy, Fault effect)

•  management process  300-01
•  mitigation  10, 301-09, 309-10, 399
•  priority number / importance measure 10, 299, 300

   (see also  Confidence level, Consumer risk, Fail-safe,
Producer risk, Type I / II error)

Robustness (software)  162  →  Defect tolerant
ROCOF  389, 540
Rough analysis  51, 362, 408, 410, 419
RP  →  Renewal process
Rudra's model  345
Rule for  (see also  Avoid, Procedures, Test plan)

•  check at failure  249, 250, 254, 255, 256
      (see also  Check strategy)
•  common cause failures  66, 273, 274
•  convergence of PA to  ( )t PA   183, 186-87, 198
•  convergence of R to S t e S t( ) −λ   199
•  critical decisions / failures  (see also  Critical)
•  data analysis  354, 368
•  derating  33, 145
•  design  66, 144-68  (see also  Care, Design)
•  dwell time  98, 108, 109, 111, 373, 375
•  essential parts  66
•  firing  287
•  FMEA / FMECA  73
•  imperfect switching  245, 246, 247, 248, 257
•  incomplete coverage  249, 250, 254, 255, 256
•  junction temperature  37, 146, 150
•  Markov processes  / models  498, 503, 522
•  modeling large or complex systems,  238-40,

277-79, 293-94
•  partition of cumulative op. time 329, 335, 409
•  phased-mission systems  262
•  power-up / power-down  150, 151
•  quality and reliability (RAMS) assurance  19
•  redundancy 44, 46-47, 66, 226, 248, 250, 254, 256
•  regenerative processes  394
•  reliability growth  363-68
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•  risk avoidance / mitigation  310
•  semi-Markov processes  521, 522
•  semi regenerative processes  494, 530
•  series / parallel structures  45, 46, 226, 233
•  software defect models  167-68
•  software quality assurance  159-66, 167
•  test time (cumulative operating time T)  335, 409
•  use of ICs in plastic packages  85, 147

  (see also  Conditions, Design guidelines, Influence,
Mandatory, Procedure, Qualification, Screening)

Run-in  375, 386, 399  →  Burn-in
Run test  166   (see also  Debug test)

Safety  1, 9-10, 13, 15, 66, 158, 259, 294, 399, 403,
    405, 411, 418, 423

•  analysis / assurance / improvement  9-10, 66,
     72-80, 158-59, 294-98, 299-310, 399, 411, 415
•  engineering  (safety and human aspects)  13
•  factor  69
•  function (S( ))t   303, 304-09

Same element(s) in the reliability block diagrams  30,
31, 32, 53-56, 57, 58, 60, 68-9, 275-6, 284, 285, 290

Same stress  71
Sample  311, 541, 542, 554

•  with / without replacement  465 / 470
Sample path  477
Sample space (Ω)  429-30, 431, 563
Sampling tests /  plans ( , , , , / , )p R PA MTBF MTTF  λ λ≡1

311-40, 346-61, 379-83, 541-76
Scale parameter  458
Scan path  156-57
Scanning electron microscope  95, 104, 105, 107
Schmitt-trigger  92, 148
Scrambling table  91
Screening  6-7, 13, 26, 27, 79, 363, 370

•  assemblies  79, 80, 109-11, 375-76  (see also  ESS)
•  components  35, 79, 82, 89, 101, 371-74, 423

   (see also  Early failures, ESS, Strategy)
Screening strategy  →  Strategy
Seal test  373-74
Second source  79, 82, 87, 150, 423
Secondary failure  4, 66, 73, 271, 274, 310, 427, 538
Selection criteria for

•  electronic components  81-86, 150, 411, 416, 588-91
•  materials  411, 416
•  special manufacturing processes  152, 412, 416

SEM  →  Scanning electron microscope
Semidestructive analyses / tests 104, 105, 346
Semi-Markov processes (SMP)  6, 9, 167, 170, 171,
    172, 192-95, 223, 240, 252, 279, 287, 292, 386,
    394, 478, 490-93, 500, 502, 521-25, 530

•  particular  295, 296-98, 302, 302-09
•  simulation  291-92

Semi-Markov process embedded  →  Semi-regener-
ative process, Embedded semi-Markov process

Semi-Markov transition probability  172, 192-94,
200, 222-23, 252, 296-98, 303-09, 501-02,
521, 522-23, 527-29, 530

Semi-regenerative processes (SRP) 170, 171, 204-07,
218-19, 222-25, 240, 478, 494-95, 526-29, 530

Sensing / sensing devices  73, 295
Sensitivity  82, 84, 90, 91, 96, 109, 153, 290, 301
Sequential test  317-18, 334-36, 566-67
Series element  →  Effect, Influence
Series model / structure / system  31, 41-42, 121-24,

189-95, 343-44, 354, 376, 444, 456, 458, 459, 536
Series - parallel model / structure / system with

independent elements  31, 45-51, 52, 68-69,
123-24, 141, 220-37, 285, 288, 506

Series production 19, 363, 369, 374, 375, 389, 398, 412
Serviceability 113  →  Preventive maintenance
Services reliability  3
Set operations  430
Shannon decomposition   53, 58, 281, 283-85
Shape of the

•  failure rate 7, 349-50  (see also  Model)
•  renewal function  483-84
•  repair time distribution  114, 174, 206-07, 240

Shape parameter  183, 458
Share of the failure rate  252, 256
Shewhart cycles  76
Shield / shielded enclosure  148, 149
Shmoo plot  91, 93
Shock  83
Short-term test  346  (see also  HALT, HASS, HAST)
Shut-off circuitries  310
Silicon nitride glassivation  →  Passivation
Silver plated pins  94
Simple hypotheses  563
Simple one-sided sampling plan (p)  318-19, 567-68
Simple one-sided test ( / )λ λor MTBF≡1  336-37
Simple structure  28, 31 (rows 1-6), 39-51, 175-237
Simple two-sided sampling plan (p)  314-16, 565-66
Simple two-sided test ( / )λ λor MTBF≡1  332-35
Simplicity (software)  162
Simulation → Monte Carlo, Realization of a stoc. proc.
Single-point failure  42, 66, 79, 423
Single-point ground  148
Six-σ approach  462
Skill  8, 144 , 158 , 159, 163, 376, 394,
Sleeping state  →  Dormant state
SMD / SMT  84, 109-11, 152-53, 375
    •  reliability test & screening  109-11
SMP  →  Semi-Markov process
Sneak analyses  76, 79, 415
Soft error  89, 97
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Software
•  attributes (quality attrib.) 160, 162, 164, 416, 424
•  causes for defects  162-63, 271
•  common cause faults / failures  271, 274
•  configuration management  160, 164, 165,
     412, 417-19, 424, 425
•  defect modeling   166-68, 367-68
•  defect prevention  159, 162-65
•  defect tolerant  159-66, 162, 164-65, 416-17, 424
•  defects localization / elimination  117, 154, 166
•  design guidelines for SQ 159-63,164,165-66,167-68
•  design reviews  160-61, 165, 417-19, 424
•  development procedure  160-61, 163
•  documentation  161, 162
•  element / module  161-63, 164-66, 424
•  embedded  159, 164
•  error correcting codes  159-60, 164-65
•  errors / defects at start  ( )t =0  167-68, 368
•  failure rate  159, 166, 167
•  fault  159, 391, 416
•  FMEA / FMECA  72-73, 160
•  freedom (reliability)  162
•  interaction  159, 163, 164
•  interface  161, 163, 164, 422, 424
•  life-cycle phases  160, 161, 417, 424
•  maintainability  162  (see also  Perfective)
•  metrics  160, 162
•  module  →  element
•  object oriented  164
•  packages  160, 162, 289, 290, 368, 399, 428,
•  partition  163, 164, 166, 417
•  quality  13, 17, 21, 160-62,  398, 399, 412, 416, 424
•  quality assurance  13, 21, 159-68, 416-17, 424
•  quality growth  166-68, 367-68, 424
•  redundancy  66, 159, 164-65
•  reliability  →  Software defect freedom
•  specifications  161, 163, 164, 165, 416, 424
•  standards  160, 165, 403, 404, 621
•  test / validation  161, 163, 164, 166
•  test strategy  166, 416-17, 424
•  testability  162  →  Testability
•  time / space domain  159, 164
•  Validation  161 , 163, 164, 166-67

Sojourn time  →  Stay time
Solder joint  74-75, 84, 108-11, 153, 345, 374-75
Solder-stop pads  152, 153
Solderability test  89, 94
Soldering temperature profile / stress  84-85, 152, 153
Space domain  159 , 164
Space extension  531
Spare parts provisioning  116, 118, 120, 125-33, 142
Special diodes  150
Special manufacturing processes  152, 416, 424

Special tools  116, 120, 157, 413
Specifications  3, 19, 28, 79, 88, 161, 163, 164,

165, 401, 410, 414, 417, 418, 419, 424-25
Specified p MTBF , PA,  λ,  315, 325, 333, 408
SQ  →  Software quality
SRP  →  Semi-regenerative process
Standard deviation  449
Standard industrial environment  35, 36, 37, 152, 591
Standard normal distribution  126, 312, 339, 358, 446-

47, 462, 472-75, 487, 550, 556, 577, 587
Standardization  38, 118, 120, 154, 159, 401, 424
Standardized random variable  449, 462
Standards 9, 20, 35-38, 72, 78, 79, 82-83, 87, 94, 148,

160, 162, 165, 299, 300-01, 318, 320, 334, 335,
371, 385, 422, 423, 401-05, 620-22

Standby redundancy  43, 62, 63, 201, 212, 213, 217,
218, 243-44, 397, 456  (see also  Active, Warm)

Standby time  242
State clustering  →  State space reduction
State merging  →  State space reduction
State probability  62, 172-73, 197, 497, 499, 507,

508, 513-14, 523-24, 525, 530
•  numerical examples  237, 269

State space  56, 174, 192, 476-79, 496, 498, 507, 521
State space extension  193-95, 531
State space method  56-57, 65
State space reduction  174, 277  (see also  Cutting)
State transition diagram  →  Diagram of transitions
Static burn-in  373  (see also  Burn-in)
Static fault tree  76, 281, 282, 283, 285
Stationary / steady-state   478  (see also  Asymptotic)

•  alternating renewal process  187-89, 492-93
•  behavior at system level  278
•  distribution / initial distribution  497, 513, 524-26
•  increments (time-homog.) 479, 488, 489, 532, 540
•  Markov chain  497
•  Markov process  172-73, 512-14, 526
•  one-item structure  187-89, 323-27
•  point process  539-40
•  processes  478-79
•  regenerative process  495, 530
•  renewal process  487-88
•  semi-Markov process  172, 524-25
•  system failure / repair frequency  278-79, 515-16

    (see also  Equivalence between asymptotic & stat.)
Statistical decision  542
Statistical equilibrium → Steady-state → Stationary
Statistical error  →  Statistical risk
Statistical hypothesis  563-64
Statistical maintainability tests  337-40
Statistical probability  433  (see also Law of large nr)
Statistical process control  311
Statistical quality control  16, 311-20



648 Index

Statistical reliability tests  321-37, 346-68, 541-76
Statistical risk  541  (see also  α β β β γ, , , ,    1 2 )
Statistically independent  435, 451  →  Independent
Status / status test  116, 117, 119, 158, 249
Stay time (sojourn time)  61, 170, 171, 173, 239, 251,

260, 271, 277, 291, 295, 301, 394, 477, 490, 496,
500-03, 507, 514, 517, 521, 523-26, 530

Steady-state  →  Stationary / steady-state
Step function  5, 440, 480, 543  (see  also Unit step)
Step-stress tests  346
Stiffness  109, 375
Stirling's formula  353, 582
Stochastic demand  181
Stochastic evolving network  276
Stochastic matrix  496, 498
Stochastic mean value theorem  495
Stochastic Petri net  287
Stochastic processes  61-64, 169, 171, 172-3, 476-540
Stochastically independent  435, 451  →  Independent
Storage / transportation  153
Story of reliability 405-06 (see also Historical develop.)
Strategy

•  cost optimization 142-43,376-83,466 (see also cost)
•  incoming inspection  378-83
•  maintenance  35, 125, 134-41, 240-56, 257-74, 443
      (in particular 141, 248, 255, 256, 274)
•  screening  371, 372, 375, 376-77
•  spare parts provisioning  125-33
•  test  21, 120, 166, 371, 376-78, 255, 380-83, 418-20
•  test & screening 21, 375, 376-83, 396, 411, 418-20

   (see also  Check strategy, Cost)
Stress factor 33, 86, 144-45, 150-51, 388
   (see also  Derating)
Stress-strength method  69-71, 76
Strict liability  →  Product liability
Strict sense stationary  478
Strictly increasing / decreasing failure rate  137-39,

241, 242, 442, 458, 460
Strong law of large numbers  472, 543, 544
Strongly consistent  549
Structure function 55558888, 59, 283-85, 293 (see also Fault tree)
Stuck-at-state   245-47, 248, 257-58, 266-69
Stuck-at-zero / at-one  90, 91
Student distribution (t-distribution)  579
Subcontractor  26, 415, 420   (see also  Supplier)
Subset  430
Successful path method  55-56, 69, 290
Successive approximation  316
Sudden failure  4, 6, 26, 134, 138, 427
Sufficient statistic / estim. 312, 330, 358-61, 549, 550-52
Sum of

•  distribution functions  →  Mixture
•  Homog. Poisson processes 10, 128, 330, 489, 537

•  Nonhomog. Poisson proc.  330, 489, 534, 536, 536
•  Point processes  540
•  Random variables  142, 180, 193, 347, 358, 393,
     454-56, 460-63, 472-73, 538, 569, 571
•  Renewal processes  537, 540

Superconform / superuniform  574
Superimposed processes  →  Sum
Superposition  →  Sum
Supplementary states / variables  193-95, 531
Supplier 15, 18, 105, 370, 384, 404, 411, 420, 423
Suppressor diodes  148, 149
Sure event  430  (see also  Sample space)
Surface mount devices / technique  →  SMD / SMT
Survival failure-free time  442
Survival function  441  →  Reliability function
Susceptibility  148  →  EMC
Sustainable / sustainability  10, 16, 19, 391,

400, 404, 406, 407, 408, 422, 423
Switching / switching effect  →  Effect
Switching element  49, 62, 220, 222, 243, 245, 257
Switching phenomena  79, 148, 149
Symmetry condition  477
Symptom  →  Failure mode
Synonyms used in this book

•  asymptotic & steady-state  for  stationary  187,
     488, 493, 495, 513, 514, 524, 525, 530
•  failure-free time  for  failure-free operating time
     3, 39, 385, 440, 442, 457, 505, 542
•  independent  for  mutually, statistically, stochasti-
     cally indep.  435, 451  (see also  Totally indep.)
•  mean  for  expected value  39, 445, 541
•  reliability function  for  survival function  441
•  repair  for  restoration  8, 113, 337, 387, 394
•  sample  for  random sample  311, 541

System  2, 29, 39, 175, 277-79, 293-94, 399
•  confidence limits (on λS )  332
•  design review  419, 421-25  (see also Design rev.)
•  down time  →  Down time, Mean down time
•  effectiveness  →  Cost effectiveness
•  failure frequency ( )fudS   270, 278, 515-16, 525
•  failure intensity / rate  42, 43, 111177777777, 193, 111199995555, 332,
     333399990000, 279, 516, 536, 540
•  function  →  Structure function
•  mean down time ( )MDTS  278-79, 394, 515-16, 525
•  mean time to failure referred to state Z MTTFi S i ( )
     44441111, 173, 512, 524   →  Mean time to failure
•  mean up time ( )MUTS   278-79, 394, 515-16, 525
•  reconfiguration →  Reconfiguration
•  repair frequency ( )fduS   270, 278, 515-16, 525
•  restoration frequency → System repair frequency
•  specifications  →  Specifications
•  status  →  Status
•  up time  →  Up time, Mean up time
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•  without redundancy  →  Series model / structure
Systematic failure 1,4,7,115, 363, 376-77, 388, 399, 427
Systems engineering  11, 17, 19, 391, 400, 415
Systems with complex structure  31, 52, 52-66,

68-69, 238-79, 293-94, 295-309
Systems with hardware and software  168

Tailoring  17, 112, 376, 389, 407, 409, 410-13, 414
Take care  →  Care
Tasks / task assignment 17-21, 24, 28, 29, 113, 119,

158, 160, 161, 238, 295, 402, 409, 410-13
Tchebycheff  →  Chebyshev
t-distribution  →  Student's distribution
Teamwork  10, 72, 78, 387  (see also  Cooperation)
Technical availability  242  →  Overall availability
Technical delay  113, 387, 394
Technical documentation  19, 417, 419, 424, 425
Technical safety  →  Safety
Technical system  4, 399  →  System
Technological characterization

•  assemblies  108-11
•  components  89, 90-101, 101-07
•  prototypes  363, 412  (see also  Prototype)

Technological properties / limits / risks  10, 32, 38,
67, 81, 84-85, 87, 92, 96-100, 106, 108, 147-54,
341, 346, 363, 375, 407, 588-91

Temperature dependence 3,34-35,37,103,150-51,341-46
Terms used in RAMS engineering  162, 385, 386-400
Test (statistical for unknown)

•  availability  323-27, 561-62, 569-71
•  distribution function  346-52, 542-48, 571-76
•  MTTR  337-40, 409
•  NHPP  →  Trend test
•  probability  311-20, 321-22, 353, 554-58, 564-68
•  λ or MTBF≡1/λ  328-37, 352, 408, 551, 553, 558-61

    (in particular  313, 317, 324, 326, 331, 335, 336)
Test (technical aspects,  see also  Accelerated tests)

•  assemblies  108-09, 374-76
•  components  88-101, 370-74
•  software  166

Test and screening procedure  →  Procedure
Test and screening strategy   →  Strategy
Test by attributes / by variables  311
Test conditions  83, 89, 93-101, 107-11, 370-76
Test coverage  90, 91, 117, 156  (see also  Incomplete)
Test level   →  Normal / reduced / tightened test
Test modi  156
Test pattern  90-93
Test plan / procedure  315, 317, 318, 319, 325, 326,

333, 335, 340, 347, 350-52, 358,359, 360, 361,
565, 566, 567-68, 570, 572-75

Test point  120, 152, 156
Test power  →  Power of a test

Test procedure  →  Procedure for test and screening
Test stimuli  157
Test strategy  →  Strategy
Test structure  97
Test time partitioning  →  Partitioning
Test vector  88
Testability  79,116-17,150,152,155-57, 417, 419, 424
 •  software  162, 164, 166
Testing  →  Test
TDDB  →  Time-dependent dielectric breakdown
Theorem

•  addition  435, 437-38
•  Bayes  438, 542, 549
•  Blackwell  486
•  central limit  126, 472, 473-75, 487
•  Fubini 179
•  Clopper & Pearson  555
•  Elementary renewal  485
•  Final value  583
•  Fubini 179
•  Fisher 575
•  Glivenko - Cantelli  543
•  Grigelionis  537
•  Initial value  583
•  Integral Laplace / De Moivre- Laplace  472, 556
•  Key renewal  185, 186, 486, 493, 495
•  Kolmogorov  545
•  Korolyuk  531
•  Limit theorems of probability theory 470-72
•  Markov  497, 513
•  Mean value  495
•  Multiplication  436-37
•  Pearson  555, 573
•  Recurrence time limit  486
•  Renewal density 486
•  Stochastic mean value  495
•  Strong law of Large numbers  472
•  Tightened elementary renewal  485
•  Total probability  438
•  Weak law of Large numbers  471

Thermal cycles  89, 95, 98, 108-11, 371, 375
Thermal design concept / management  146
Thermal resistance  84, 85, 146-47
Thermal stress  150
Thermomechanical stress  147, 152
Three parameter Weibull distribution  459, 547-48
Three states  64-65, 150, 152, 248, 257-58, 266-69
Tightened test  →  Normal / reduced / tightened test
Time censored reconfiguration → Phased-mission syst.
Time censoring  →  Censoring
Time compression  345
Time consuming  52, 72, 88, 114, 226, 236, 240, 259,

264, 289, 309, 316, 321, 512, 526, 531, 532, 592
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Time-dependent dielectric breakdown  89, 96-97, 103
Time domain  159 , 164
Time-homogeneous

•  Markov chains  496
 •  Markov processes  7,170,172-73,190,196, 200, 201,
     235, 239, 245, 248, 256, 257, 267, 277, 287, 291,
     295, 478, 479, 494, 498-521, 522,  523, 526, 531
•  Poisson processes  →  Poisson process
•  processes  477, 478, 479

Time redundancy  42, 164, 397
Time schedule (diagram) 135, 174, 176, 182, 208, 209,

219, 238, 240, 250, 279, 480, 491, 527, 528, 529
Time to market 11,19, 387, 402, 407  (see also Market)
Timing diagram / problem  151, 163
Tolerant  →  Defect, Failure, Fault
Top-down  76, 78, 163, 164, 391  (see also  Bottom-up)
Top event  76, 78, 280-81, 283, 286, 391
Tort liability  →  Product liability
Total additivity  432
Total down time  123, 124, 181, 538   (see also MDTS )
Total expectation  453
Total operating time  →  Total up time
Total probability  52, 70, 177, 438, 454, 485, 499, 511
Total probability theorem  438
Total quality management (TQM)  16, 17, 18, 19, 20,

21, 400, 402, 407
Total sojourn time  →  Stay time
Total up time  180,181,184, 242, 538 (see also MUTS )
Totally exclusive events  →  Mutually exclusive events
totally IE  →  Totally independent elements
Totally independent elements  52, 61, 76, 133, 141,

195, 217-18, 221, 226, 231, 232, 235, 237, 239,
276, 280, 281, 283, 284, 293-94, 531, 536

TQM  →  Total quality management
Traceability  405, 418
Training  →  Motivation / training / training level
Transformation of

•  random variables  291, 444, 464
•  stochastic processes  357-58, 531, 534-35

Transient phenomena  144, 148, 150, 363
Transistors  30, 32, 33, 34, 38, 50-51, 74-75, 96,

100, 103, 106, 145, 150, 372, 590
Transition diagram  →  Diagram of transitions
Transition probability  172-73, 197, 199, 205, 224,

496, 498, 508, 509, 511, 521, 523   (see also
Diagram of Transition probability )

Transition rate 238, 270, 277, 278, 287, 290, 293, 499,
500, 501, 507, 509, 516, 517  (see also Diagram of)

Transportation / storage  153
Travel time  203-04, 250, 257, 503, 527-28
Trend test  357-62
Triggered events  300, 301, 310, 538
Triplet  429, 439

True reliability   26
Truncated
  •  distribution / random variable  135, 140, 261, 291,
       292, 444, 522, 584   (71  for stress-strength)
  •  sequential test plan  336
Truth table  88, 90, 92
Twisted pairs  149
Two chamber oven  98, 373
Two dimensional random vector  452
Two failure mechanisms  37, 64-65, 109, 343-44, 367,

375, 444  (see also  Multiple failure mechanisms)
Two failure modes  64-65, 257-58, 266-69

(see also  Multiple failure modes)
Two-sided confidence interval  → Confidence interval
Two-sided test  / sampling plan

•  availability PA AA=   325-26, 569-71
•  const. failure rate λ or MTBF≡1/ λ   332-36
•  unknown probability p  314-18, 565-67

    (in particular  317, 326, 335)
Two-step action  158 , 294 , 295, 310
Type I (time) / II (failure) censoring  →  Censoring
Type I / II error (α / β)  315-20, 325-26, 332-37,

339-40, 346-52, 358-61, 563-64, 565-76
     (see also  Producer risk, Consumer risk)

Ultrasonic cleaning  153
Unavailability  61, 202, 230, 311-20, 321, 323-27,

561-62, 569-71
Unbiased  312, 323, 330, 338, 339, 393, 394, 544,

545, 549-50, 551, 552, 553, 562, 571
Uncertainties  26, 71, 99, 300, 301, 309-10
Unconditional

•  expected value (mean)  453
•  probability  7, 356, 434, 441, 482, 532, 540
•  stay time  523

Uncorrelated  454
Understandability / readability  (software)  164
Undetected failure / fault time τUFT   249, 251, 443
Uniform distribution / uniformly distributed  291, 292,

357, 358, 360, 464, 465
Unify methods / models / data  35, 38, 161, 169, 170-71
Uninterruptible power supply (UPS)  230-37
Union of events  430
Unit step function u ( )t   252, 584
Unknown probability  →  Defective probability,

Demonstration, Estimation, Test
Unloaded redundancy  43  →  Standby redundancy
Unused inputs / outputs  150
Up, up states ( , )u U   57-58, 61, 173, 176, 277-78,

490-91, 507, 524
Up time  123-24, 181, 242, 270, 326-27, 538, 561, 562

(see also  System mean up time MUTS )
Upper bound  59, 61, 187, 240, 260, 280, 281, 293-4
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Usability (software)  162, 289, 426
Use of  (see also Synonym)

•  indices  →  Indices
• MTBF≡1/ λ    →  MTBF≡1/ λ
•  plastic ICs  85, 147
• R t t( , )1 2   →  Interval reliability

Useful life  8, 13, 14, 35, 39, 79, 81, 85, 113, 116, 119,
120, 125, 146, 147, 150, 151, 177, 393, 400, 589-90
(146, 150, 151, 589, 590  for components)

User / User doc.  13, 15, 19, 115, 116, 118, 154,
156, 158, 159, 161, 162, 164, 413, 417

Validation (software)  161, 163, 164, 167
Validity  →  Model validity / verification
Value Analysis  13, 400, 414, 417, 421, 422
Value Engineering  13, 400, 417
Variable resistor  100, 145, 151, 588
Variable (test by)  311
Variance  447, 448-49, 454, 539, 544-45
Vibrations  28, 36, 82, 83, 103, 108, 109-11, 345, 375
Viscoplastic behavior / deformation  69, 109
Visual inspection  89, 93, 102, 104, 105
Voids  93, 95, 100, 103, 109 , 110
Voltage bias / reverse bias  98-99, 100, 372
Voltage stress  32, 33, 34, 35, 96, 98, 103, 106, 145,

149, 150, 151, 345, 371, 373, 386,
Voter  49, 222, 282, 285

Wafer  97, 106, 107, 154
Wait time  →  Stay time, Travel time
Waiting redundancy  →  Warm redundancy
Waiting time paradox  486
Walk-through  165
Warm redundancy 43, 62, 196-200, 201, 213, 217,

248, 258, 397, 504, 527, 528, 529  (see also
Active, Standby)

Warranty  21, 23,150, 376, 378, 396, 412, 413, 416, 426
Wash / Washing liquid  153
Watchdog timer  164
Wave matching  151
Wave soldering  153
Weak law of large numbers  471
Weaknesses analysis / avoidance  3-4, 6, 23, 26-27,

66, 68, 69, 72-80, 144-59, 160-65, 239-40, 255,
271, 274, 321, 363, 409-28  (see also Design
guidelines, Design reviews, Mandatory, Rules)

Wear-out / wear-out failures  / wear-out period  3-4,
6-7, 8, 35, 74-75, 98, 100, 113, 116, 134, 138,
159, 240, 345, 348, 349, 354, 357, 362, 363, 367,
389, 427, 444, 459, 483-84, 544, 588

Weibull distribution  126-28, 347-50, 354, 364,
446-47, 456, 458-59, 547-48, 552-53, 586

Weibull probability chart  348, 449, 547-48, 586

Weibull process  364
Weighted sum  7, 12, 40, 344, 349, 380-83, 444
     (see also  Cost / cost equations, Mixture)
Whisker growth  153
Wide sense stationary  479
Wire wrap  157
Without aftereffect  354, 355, 368, 478, 489, 496,

532, 533, 536, 540  (see also  Distinction)
Without interruption  →  On line
Without redundancy  →  Series model
Work-mission availability  9, 140, 142, 180-81, 538
Worst case analysis  76, 79, 151, 410, 422

X-ray inspection  93, 104, 105

Zener diodes  145, 149, 150
Zero defects  86
Zero hypothesis  →  Null hypothesis H0

f fud du= = system failure & system repair frequency
in steady-state (stationary)  516

h t m t z t( )/ ( )/ ( )=   RP/NHPP/GPP density 481/532/540
i = −

−−−
√ 1   577, 583

Pi iZ=  steady-state probability  513, 525, 530
P i iZ=  steady-state prob. of the embedded MC

496 (footnote), 513, 524, 530 (bottom)
R t t R t t( , ) ( , )1 2 or +θ    179  →  Interval reliability
S i = index for state Z i  entered at t = 0    3, 169
t t1 2, , . ..  = realizations of τ  4-5, 347-48, 351, 542
t t1 2

* *, , . ..  = points on the time axis  358-62, 533-36
T Ti ii, = mean steady-state sojourn time in Z i ,  mean

steady-state time between successive Z i  occurrences
ο ( )δ t = Landau notation  499
1-out-of-2  →  One-out-of-two redundancy
1-out-of-2: G  →  One-out-of-two redundancy
1R & no FF = one repair crew and no further failures

at system down   229, 170
6-σ approach  462
85 / 85 test  →  Humidity test
α particles  103
α β,  = producer/type I, consumer/type II risk 563-64
β β γ1 2  , ,   ( γ β β= − − =1 1 2  confidence level)  554
η τ τn n n= − −

* *
1   →  Interarrival time   533

λ = const. (time ind.) failure rate  6, 40, 390-91, 443
λS0 = const. (time ind.) system failure rate (see also Si)
µ = constant (time ind.) repair rate  114-15, 207, 277
Π  circuit   592
τ = failure-free (operating) time  440-41
τ ' = repair time  113
τ τmin max,   → Minimum, Maximum of τi  456, 343
χ 2  →  Chi-square  578
 ̂  used for estimated (empirical) values  4, 311, 541


