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Absorption law, 585, 386
Acguisiion:
conditional expected value, 364-366, 589, 592,
543, 504, 595, 600
expected value, 327-328, 3584
software, 642, 661063, 667671
uneonditional expected value, 364, 366
Adverse effects, 4, 9, 23, 44, 334, 376, 642
Adrerufl development example (project
managernenl ), 630, 637-66!
Airplane acquisition problem (fractile method),
170-175, 363-366
Anzlyvtic hierarchy process (AHPY, 168, 304, 446
AND pate (Boolean algebra), 574-373, 581, 584
592
Anticipatory tailure determination {ATD). 101,
114, 631
Aristotle, systems engingering, 7
Agtificial intclligence {AI), 218
Assays (CPR), 547-369
clazzes, 333
Associanyve law, 582
Auromated Highway Systern (AHS), 141-148
engineered systems, 141, 142, 143
failure, 142148
hierarchical hotographic madel (FIHM), 143—
148

Bands of indifference, 227, 228, 364
Bank problem (uncertainly), 274 279
Bartery selection, 544549552554
Baves' formula, 385, 415, 414, 350
carcinogenic predictivity, 46, 347-360
decision free and, 161
multiohjective decision-tree atalysts (h{OD1Y),
3R5-3R0
Bavesian analysis, terrorism and, 7d4-740
Betlman’s prineiple of optimality, 451, 953, 456
Benefit—coat concept, 256, 331
Bertalanfty, systems engineering, §, 9
Boolean (logic) algebra, 379, 581-349
AND gale, 574, 551, 584-592
distribution  analyzer  and  tisk  evaluator
{DARE), 589-3%4
Fault reey, 380-555
OR pate, 581, 586, 587, 589-341, 599
rules, 384
Boulding, svstems engineering, ¢
Brainstorming:
higrarchical holographic modeling {HHM), 136
mfluence diagrams, 177-181
Burcau ol Economic Analysis (BEA), 805-808
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Caleulus, oplimeation and, 917, 919520, 922, 926
dynamic systems, 320
Canonical transportation problem {linear
programming ). 949950
Capability maturity mode] (CWM), 662
Car trouble problem (faull tree}, 811014
Carcinogenicity prediction and battery selection
(CPBS)
accuracy, 348
assays, classes of, 533
carcinogenic, 347, 548, 533
carcinogens, 547-351, §33-556
classes of assays, 353
defined, 46
fulse characterization, 361
indifference buands, 560
noncarsinogen, 347, 548, 550
noncarcinogenic, 547, S48, 552, 554
objectives, 548
predictability, 545, 350
predictivity of an agsay, 548, 552
randomness, 564
recursive formula, 55%-560
risk of cancer, 547
selectivity, 354564
sensitivity, 548-352
specilicity, 348552
test hattery:
performance, 554-564
predictivity, 554-564
trade-offs, 564569
Cardinal scale, 604
Case studics, 843
extreme ovents and 6-sigma capability, 900911
Hwiticans Katrina. 861-877
management of lahar flow threat, 886-900
Mortheast blackout, 843911
September 11, 2001, 877- 886
Catastraphic events:
durmage, 21, 34
deciston analysis and, 156
partitioned multiohjective nisk method
{PMRM), 511- 512
risk of, 327, 328, 331, 333, 375
Cauchy~Schwarz inequality, 287
Chebyschew inequality, 503
chi-square test, 484
COCOMO {conatructive cost moedel), 124, 670,
678-679
Commersial off-rthe-shelf (COTS), 672, 775-777
Comnnrtative law, 582
Complementation law, 382, 583



Computer Aided Dispatch {CAD), TR1-TH3
Computer manufacturing problem (dectsion
analysiy}, 208-211
Conditional expected loss, 400
Conditienal expected value:
crufches problem {uncerainty), 159-) &1, 163—
168
extreme events, 3283312, 374, 703
functions, 335, 380
log-normial disiribution, 953-988
multiobjective decision—tree analysis (MODT).
376377, 395400
multiohjective multistage impact analysis
method {MMIAM), 431444
mltiobjective nsk-umpact analysis method
{MRIAM), 432
partitioned multiohjective risk method
(PMRM, 431, 439
project risk management, 649, 664
triangulsr distobution, $588-991
Constraints, 10, 13, 39, 43, 60, 66, 71. 84, 210
Continaous sk managemenr. 642, 644
Cost tunction, 677
COTS (eommercizl oft-tha-shelf), 672, 773-77
Covey's Seven Hahits of Highly Effective People,
6-18, 21
abundanee mentahity, 16
cirele of coneern, 14
circle of influence, 14
iteration, 18
kaizen, 1%
knowledyge management, 17
slate variables, 15
systetis approach, 15-14
titne management, 16
trade—offs, 17
Cost-benefit (C/B) models, 30, 429, 8§44, 860, 862,
BR7-RKE, &8O
Cramer’s method, 531, 536, 539, 340, 542
Criticality analysis (FMEA, FMECA], 6046035
Critical path method (CPM), 16
Crinches problem, |59-161, 163-168
Cumulative distribution function (edf), 169, 328,
358, 543, 589, 593 593, 600, 78!
Cyber atlack:
on waler utility (extreme events}, 367372
SCADA 367, 778779, TR1-TH3
Cybernetics, 8
Cyberterrorism, 735

Dam failure problem (PMRM), 345-330
probable maximum fload (PMF), 346
Data-into-inteliigence, 64-63
[ratabase management system {DBMS), 672
de Morgan®s theorem, 532, 583
Decision anafysis:
channel reliability problem, 178 181
cruiches problem, 159-161
decision matrix, 168169
decision trees, 161-168

INDEX 995

chance node, 162
consaguences, 163
crulches probiern, 159- 161
decision nrode. 162
decizion rutes under uncertainty, 135-161
exanple problems, 201-214
computer manufacturing, 208 211
deicing, 205 -208
dingo population. 211-214
expecied monetary value, 204-2035
testing, 2013207
expected value of vutcorne, 164
expecled value of opporminity loss, 164167
fractile method, [30-130, 169173
Hurwitz:
rendel, 240
rule, 159-161
wnfluence diagrams, 177-181
channel reliability problem, 178181
variable impact, 181
Leslie matrix, 185 193
optimistic rule, 158
pessunisiic ule, 138
population dynamics, 181193
cxample problems, 183188
exponential model, 183
macre population model, 181183
Malthusian parameter, 182
micro population model. Leslie, 188-192
triangular distribution, 175-177
Decision matrix, 168- 169
Deciston tuley under unccrtainty:
conditional expected value of risk, 157
Hurwitz rule, 130-161, 202, 210
optimistic rule, 138
pessimistic rule, 158
Decision-support sysiems (D5S), 218
Decision treg, see also Multiohjective decision tree
analysis (MODT)
Bayes' theorem, 161
chane¢e node, 162
crutches problen, 163-168
consequences, 163
decision node. 162
detined, 43
differences, SODT we, MODT, 407304
expected opportunity Joss (COL), 164167
fold back, 208, 393, 397, 398_415-416
micthods, 97
maost likely value (MLV). 167-168
multiple objectives, 375-376
representation (illustration’, 204, 206
single objective (SODT), 407
Diecision uncertaingy:
defined, 272-273
risk measurement. 272, 275-279
social cost of risk, 273, 278- 279
social values, quantification of, 273, 278-279
Decision variables:
definition, 67, 68
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higrarchical holographic modeling (HHM}, 98
modeling and, 83. 67, 68, 83-87

multiohectrve trade-off analysis, 323, 238, 241,

243, 245,250,252
uncertainty and, 257
Decisionmaking:
extreme events, quantification, 522-526
wmagor categories of, 256
mathematical models, 43
multiohjective decision tree (MODT), 375
risk-based, 3
Decomposition:

hicrarchical holographic modeling (HHM), 91,

143
multilevel approach and, 920
Dieiving problem {decision analyvsis), 205-208
Desalimation plant problem (Lagrange), 929-930
Deterministic models:
Tinear programming, 86
probabilistic, and, 918
uncertainty and, 236
Diet probiem {Lagrange, linear programming},
941944
Diffusion equation, 919
Dingo population problem (decision analysis),
211214
Direet search, B9
Discrete {integer) programming, 922
Discrete-time dynamic system, 633
Inssolved oxygen problem (PMREM)Y. 529531
Distributed parameter, 59,919
Distribution analyzer and risk evaluator (DAREY:
Boolean algebra, 589-594
conditional expectation, 587
conditional expectad value, 589
conditional extreme expectation, 585
extrome events, risks of, 574
failure rate distribusions, 612
fault rees and, generally, 46, 556, 587592
flowcharts of, 591
Monte Carlo simulation, 587
partitioning, 589
time-to-failure distributions, 589-591
Welhul] distribution, 387
Disteibuiive law, 582, 583

Dual function in nonlinear programming, 969-971

Dual in lingar programming, 438-939
Dwual problems, T9-42
Druality i linear programming, 9374944
Drnamic model, 919
[yynamic programmniing:
applications of, generally, 951-966
Bellman's principle of optimality, 953
tnventory problcm, 960-9%a6
madel formulation exampie, 963962
network example, 851953
water inventory problem, 960-966

Engineering-based systerns, risk characteristics,

36-37

Environmental healih and safety (PMEM}, 362-

364

e-constraint approach, 224-225, 235, 432, 461,

H249, ATO, 859

Equality constraint problem, 921, 924930
Errors, measurement, 61

Event teces, 101, 102, 602608

Events, 62

Exogenous variables:

generaily, 11, 47
hierarchical holographic modeling (HHM), 100
modeling and, 67 -68, 83-84, 87

Eupected monetary value (EMVY), 204-205
Expected opportunity loss, 163—166
Expected value:

Decision-tree analysis, 414

denoted, 337

fallacy of, 46, 331-332

log-normal distnibulion, ¥80-982

opportunity loss, 163—166

outcome, 164

partitioned multiobjective risk method
{PMRM), 332-337

probability density function (pdf), 95t

project risk management, 650

randmm variable, 981

risk, see Expected value of risk

triangular distribution, Y38-9491

Expected value of experimentation (EVEY, 380—

381

Expected-value function, 380-381
Expected value of risk:

extreme evants, 3257331

extreme failures, 333

fallacy, 331 -332

failure mode cffects analysis (FMEA, FMECA),
604

generally, 37-33

highway design, 355-356

risk reduction, 346

Fxpert evidetice, 157
Extreme event(s):

dam failure, 345-350

expected value of risk, 328-330
fallacy of cxpected value, 331-332
fault trees and, 592--394

lzhar flow case study, 8836-900
probability density tunction (pdf), 664
gquantilication, 666

risk and. 328 -330, 376-378

statistics of, 900-911

sustainable development and, 114

Extreme failure, value of, 344
Extreme valucs:

partitioned muhtiobjeetive risk method
{PMRM}, 368473

sensilivity analysis, 346

Weibull, 486487, 494, 493493, 499-506



Faculty population problem, |84
Failure:
antomated highway system (AHS) exampie,
142-146

engineenng-based systems, otganizational, 37—

38

generally, 24-27
risk assessment process and, 63
sofrware risk management, 36
sources, 22-23, 37

Failure density, 578

Failure mode effects analysis (FMEA, EMECAY
criticalily analysis, 604003
tailure effect probability, 604
failure mode ratig, 605
fault trees, 48

hierarchical holographic modeling (HHM), 101

103, 142-143, 603
methodology, 337559
MIL-STI-1629, 537-559
overview, 6263
part faiture rate, 605
probability, 604605
project risk managctment, 603
risk fitering, ranking, and management
{RFRMY, 64
rigk priority number, 604
scenarios, 107
SAF 11739, 603
space missions, 712
ume management, 18
two- and three-attribute approaches, 604
weaknasses, A4
Fatlure rate, faull-tree analysis, 590, 357
Fatlacy of expected value, 327-332
Farmer's dilemma problem, 3850, 57, 59, Y2-83,
631-633
Fault rrees:
AND gate, 374, 581, 584592
applications of, generally, 46, 101, 104
approximations, 374
buckground, 371574
Raolean {logic) algebrea, 575, 579
car trouble problem, 611-614
conditional expectation, rare and catastrophic
events, 600
conditional cxpeeted value, 589, 593
condimienal extreme expectations, 582, 600
damage severity levels, 592, 587-388
definition, 374
distribution analyzer and risk evaluater
{DARE}, see Distribution analyzer and risk
evaluator [DARE)
example problems, 605614
exponential distributions, 389-59)
extremne events and, 574, 3R4-588
Gurmbel types, 574
hierarchical holographic modeling (HHM),
101-102
Idempaient law, 616
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importance measure, 602
integrated reliability and risk analysis {[RRAS),
373
mtermediate event, 589
lmitatons, 575
minimal ¢ui set, 383-586
maodel description, 572
normal distribution, 523
QR gate, 374, 576, 579381, 588-580
overyview, 571-574
partitioned mdtiobjective risk method
(PMRM), 574
point probability distribution, 572
procedure, 374-573
regulation noncompliance problem, 608-611
reliability, 371
analysis, 575-583
safety and reliabilily, 571572
seenarios, 101-142
space shutile redesigned solid rocket motor
(RSRM) problem, 596602
top-down, 583
top event, 572, 579
unconditional expected values, all
variance, 573
watet distribution system problem, 605-607
Weibull distributions, 573, §90-591
Fittering:
expert oplnion, 310
nsk {iltering, ranking and management
(RFRM), 3005323
Flood frequency distribuiion problem, 346
Flood proteclion levee {(fanlt tree), 569
Flood warning problem (MQODT), 381-397, 400-
407
FMEA, FMECA see Failure mode effects analysis
Fractile method:
airplane acquisition problem, [70-173
applications, gencrally, 41
cutnulative distribution fumction {cdf}, 16%-170
extreme events and, 356363
probability density function {pdf). 169170, 664
Frechet disribution, 490
Furmniture company prohlem, 94-96

Gambicr's rufn problem. 258
Guatne theory, 920
Gamima function, 423424
Ciasket quality problem (6—sigma), 200-911
Gene-Tox database, 547-548
General nonlinear programnming problem, 966
General optimization problem. 917-91%
Geometric programming, 919
Gestall philosophy, systems engineering, 7
Gradient methods, 919
Grapes, screening of, problem, 8688
Groundwater problem(s):
conditional expected value, 354-355
constraints, 72, 83-85
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contamingtion problem, 31, 67-72, $3-85, 475
474
decision varables, 74, §3.--85
exogenous variables, 87 68, 83- 85
extreme ¢vents, 330, 350353
input variables, 67
mathematical models and, 66
mwode! parameters, 262--263
model scope, 263
multiohjective risk-impact analysis ( MRIAM),
464465
Groundwaler problem (Continued):
obective funcions, 84
optimization technigues, 263-264
output variahles, 6870
partiioned multiohjective risk method
(PMEBM), 343 345, 350354
random vanables, 68
risk, generally, 31, 83-85
risk assessment process, 69
state vuriables, 68, 84
uniconditional expected value, 325-353
vatiahles, 68-71
CGlumbel type distribution, generally, 45, 490, 517,
532-533

Hackers, 735
Jlazard and operability analysis (HAZOPM), 102,
651
Hazurd U.5.-muitihazard | 1M1 AZUS-MH), 198, Tod
Hepel, systems engineering, 7
Heisenberg's uncerlainty principle, 51
Neroin addiction problem (MRIAM), 4544355
Heszian matrix, 923
Hierarchical aspects of risk management:
crgmeered systems, $1
generally, 0
risk, identifving, quamifying, and evaluating. 90
Hrerarchicat holographic medeling (HHM):
action hotizon, 122
afreratft developmient example, 657-66]
applications, gencrally, 41, 92-94
attributes, Y3-94
automated highway system (AHS), 141--14%
connparison charts, 139-140
decision variables, 98
defined, 99|
exogenous variables, 94
faliure mode effects analysis (FMEA, FMECA),
101, 102, 104, 602--604, 605, 643, 712
fault—tree analysis. 91
hardening the water supply infrustructure,
129.134
head tapics, 92, 306
ierarchical aspects, 90-91
hierarchica! holographic submeodels (HRSY,
113-118
lahar flow case study, 889-861
multiple-criteria decisionmaking (MCDM), 218
aperations alher thun war (OOTWY, 135-140

Parcio-oplimal solutien, 92
partitioning, 101-102
project risk management, 650
risk:
identification, 41, 98-100, 121, 123
rankang of systemn, 118-119
risk filtering, ranking, and management
{RFRM}, 139
scenario model, 9%
scenario structuring, 9494
software acquisition, 123-129
space missions, 688, 721-727
subtapics, 93, 306-307
sustainable development, 1 i3-118
system acquisition project, 118-123
program consequences, 12539
system risks, 121
system consiraints, 98, 106
terrorism, analysis of, 105
trade-ofts, 90,91, 1232, 123
triplel questions, 100
witter supply, hardening infrastructure, 129-134
water resource systemn, 116113
Hierarchical holographic submodels {HHS), 113—
116
Hierarchical-multiobjective framework, 26-28
Hierarchical overlapping coordination (HOC):
decomposition. 92-98
definad, 92
furniture company problem, $4-96
hierarchical holographic modeling (HHM), 94—
100
matny organization, 92-94
Hierarchical representation, of risk, 116-117
High consequence--low probability, 328
Highway construction problem (MSM), 633635
Highway design, conditional expected value, 355—
356
Highway trattic problem (MODT), 418421
Holographic, see  Hicrarchical  holegraphic
mmodeling (HHM)
Homeland security,
adding resilience to systems, 731
protection of assets, 751
risk management phases, 751-771
strategic preparedness, 757
Homework optimization problem, 85-86
Hurricane Katrina case study:
background, 864
efficucy of preparedness, 873 876
impacts on industry and intrastructure, 864-873
education, recreation, and others, 872-873
oil and gas sector, 866-K69
ports and water transportation, 871872
public utilitics, 869—871
Hurwitz rule:
Decision analysis, influence diagram, 202
madel, 210}
tules under uncertainty, {59-161



Idempatent law, 610

[mpact  analysis, multiobjective  decision-tree
analysis (MODT), 376

Imprecision, defined, 61

Indifference band, 227, 228, 522

Inequality constraints, 928

Influence diagrams:
channel reliability problem, Mississippi River,

178-181
exogenous variables,
defined, 182

examples, 185-186

eenerally, 177-181

Hurwitz mile and, 202

guantification of nsk, 177
Information, intelligence, and models, 6466
Inlrastructure,

detined, 91

interdependencies, 760-762, 795- 839
Infrastructure problem (MODT), 421426
Inoperability:

demand-zide, 879

risk of, 798, 799, 800

Ineperability input—output model (1IM), 795-839
background, 796-79%
demand-side inoperability, 79
development and cxtensions, 814819
dynamic, §19-%25
examplc problems, 832837
multiregional, 817-819
practical uscs, 825828
regimes of recovery, 802-803
regional 1/0 multiplier systemn (RIMS [Ty, 812—
A4
supporting databases, #03-8]2
uncertainty (G-TIM), 825832
Integer (discrewe) programming, 381-45)
Imtegrated retiabiloty and risk analysis system
{IRRAS), 573
Intelligence, information, and models, 64-65
Tnrerdependency matrix (BEA), R03-838
Interstate transportation problen (MODT), 4009—
413
Inventory (water supply) problem {dynamic
programming). $56-4359
Irreversibility, uncertainty and, 257-258, 260

Kaizen, 18,25
KLO, software risk management, 674676
Knowledge management, 643647
boundanes, 646
commutlication, 17--18
compensation, 643
defined, 17
organizational failure, 23
search costs, §45-646
syatern goals, 18
trust, 17, I8, 645
Knowledge uncertainty:
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abnormal situations, 267
approximatiotn. 267
drsagreement, 267
excluded variables, 267
incorrect form, 267
mode] uncertainty, 267-269
sources of, 272
surrogate variahles, 267-238
Kolmogorov-Smimov test, 470
Kuhn-Tucker,
conditions, 967, 971-972, 973
mulktipliers, 235, 236, 250-25]
mullivbjective statistical method (M&M),
635-636
simplex method, 943947
uncertainty sensitivity index modet {USIM),
281

Lagrangian function:
desalinization problem, 929430
diet problem, 541944
formulation of, 924 930
seneralized nonlinear programming, 966-976
Kuhn-Tucker multipliers, 928, 947
Lagrange mullipliers, 919, 928, 938, 967-060
multichjective statistical method {MSM), 636
nontinear equality constraints, 925
software acquisition, 650
Lahar Muw case study:
auto regresstve moving average (ARMA), 841
conditional expected value, 897
extreme events, BE7, 893
hierarchical holographic modeling { HHM),
880-891
infrastruclure, 393
finear regression, 892
mathematical modeling, 887--888
modeling, 887888
multobjective risk impact analysis method
(MRIAM), 896-899
multiple objsetive trade-off analysis, R93-806
multiple objectives, §47
Pareto fromtier, 896
Pareto-oplimal solutions, 594
partitioned multiobjective nsk method
(PMRM), BT
probability distributions, 892
risk assessment and management, $54-R89
statistics of extretnes, 893
swrogate worth trade-oft {SWT), 893 896
triplet guestions, 88, 900
variables, 388
Leibniz:
rule, 498
systerns engineering, 7
Leontiel input-output model, 796-79%
Leslic matrix. 190, 211-213
Levee drainage system problem (MSM}), 616-619
Life-cycle cost analysis, 643
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Linear dynamic software estimation model, 74—
676
Linear modcl, 801, 918
Linear programming {LF}, 934-950
diet problem. 941447
dual primal problem, 940341
dual variables, 937, 939, 941, 943, 946
duality:
generally, 937-938
Lagrange multipliers, 938-534
feasible solution, defined, 936
fortmulation, 935-936
geometric solution of, 933
maodel, 37
ohjective function, 934
optinal {easible solution, defined, 936
primal. 937, 938
primal prablem, $37
problem, see Linzar programming problem
simplex method, 943-947
simplex tableaus, 346
slack variables. 937
solution, defined, 936
transporiation problem, 9473445
Linear programrumng problem, 934-937
optimization and, 934-935
Linear regression, $92
Log- Pearson Type 111, 749
Low consequence-high probability, 324
Low frequeney-high consequence, 346
Lumped parameter, 919

MacLaurin expansion. 487
Maintainability, defined. 90
blajority rule, 553
Malthusian parameter. 182
Management information system, 772--773
Manufacturing:
matelx organization, 92
software risk management and, 36
Manufacturing problem (MSM), 635-636
Marginal rate of substitution, 239- 241
Markov process models, 124
Malhematical models, see alse Model{s), Modeling
defined. 58,918
deterministic vs, probabilistic, 58
disiributed parameters vs, lumped parameters,
58
hierarchical holegeaphic moedeling (HHM), 40
[imear model, 58, 72
limear ve. nunlinear, 58
madeling crrors, 260 -264
multiple-criteria decisionmaking (MCTIM), 216
multiohjective multistage impact analysis
method (MMIAM), 431432
muitiobjeetive risk-impact anakysis method
(MRIAM), 428479
nealingar model, 5%
optimization techniques, 263-264
parameters, distributed vs. lumped, 5859

static ve. dynamic, 5§59
uncertainty sensitivity index method {USIM Y,
179284
variables, 67
Mathermatical programming:
classical equality constraint prablem, 921, 924-
Q30
discrete {integer) programming, 922
linear programming, 921
nonlinear programming. see ™ onlinear
programiming
quadratic programming, 921
separable programming, 931
static optitnization, 919, 921
unconstrained problem, 921
Maumee River Bagin problem (HHM, SWT), 110-
113,232
Maximax criteron, 157, 158--159
Maximin criterion, 157, 158
Maximum likelihood measures, 163
Maximum principle, 92{}
Mean time to Failure (MTTE), 409413
Medfly problem, {extreme events), 357364
Metasysteras methodology, 97
MIL-5TE3, &3
Minimal cut sets, f03-606
Minimax ¢rniterion, 157158
Minimum sufficient conditions, 923
Mises’ criteria, 531-534, 537
Model(s) and modeling
categorigs, 6
decision variahies, 6%
determuinistic, 918
dynarmic, 919
errars, sep Modeling errors
hierarchical holographic randeling, see
Hierarchical holographic modeling (HHM}
informalion {intelligence), 64—66
intelligence, 64—66
lahar flow case study, 887888
Leontief input-output, 778, 796--798
Leslie, 188193
Yinear, 518
mathermatical, 66
huilding blocks of, 209-210
classifications, 58
defined, 78, 016
state variables, 737
mess chart, 178
micropopulation, 154-193
nodels, 428
multiobjective statistical method (MSM), 48- 49
national poals, 60
nonlinear, 918
objective functions, 8487
optinization, 76-81
optimization techniques, 263-264, 916-922
parameters, 262, 915920
probabilistic, 918
random variables, examples, ¥4-86



risk assessment process, 39—42, 5788
scope, 263
sources of skepticism, 65- 69
stalie, 219
syatem. 3738
topology. 262, 920
uncertainty, 264-261
water resouree system, 111
Modeling errors:
duta, 263
human subjectivity, 264
parametets, 262-263
seape., 263
topology, 262
oplimizalion technigues, 263 -264
Monle Carle sunulation:
faualt trees, 387, 999
multiohjective statistical method (MSW}. 631
project risk management, 656
Wost likely value (MLVY, 167 168
Muitiobjective analysis:
rultiobjective decision, tree analysis (MODTY,
409
Parcto—eptimum concept, 28, &
noninteriar solution, 28, 6
hultiohiective—crileny decisionmaking (MOTIM,
216-219
Multiobjeclive decision tree {MODT):
analysis. 373476
Rayes’ formula, 385-389
calculations, $76-980
chance nodes, 378 379
continuous case, 400407
decision node, 378380
defined, 43
diserete case. flood waming, 381 397
expected value, 426
experimentation, 380- 381
axtreme evenis, 399
{old-back step, 379, 386, 398, 399
impact anabysis, 370
lass vectors, 401304
mgan time to falure (MTTE), 410413
muktiple-risk measures. 398400
sumple problems, 381-3497, 409426
sequential structarg of, 379
single obicerive {SODT), differences 380, 407-
409
solution procedure, 379380
lerToristn, analysis of, 739
Weibull distritvation, 421
Multiohjective, multistage impact analysis method
(MMEAM) 431479
eguivilent svstem. 440
expecicd values, 440
impact, defined, 432
partitioning, 444
stape trade-oll, 431
Mulliobjective multistage problem., software risk
management, H7% 683
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Muluobjective problems:

multiobiective risk dmpact analvsis method
(MREAM L, 466
statistics of extremes, 482

Multiobjective risk-impact analysis melhod

{MRIAM):
detined, 432
cxample problems, 437478
groundwater contamination problem, 476 478
impact defined, 432
irmpact anulyvsis. 430431, 444, 480461,
464
lahar flow case study, 896-300
madified heroin addiction probleny, 467 474
miultiobjective models, 428
pollution emissian problem, 57467
purpose, 428
risk-ohjective functions, 439
risk tunctions, 441, 444
sensitivily analysis, 467
single-ohjective models, 428
time horizon. 430

Multiohjective statistical method (MSMY.

conditional expectation, 631

decision vanables, 816, 626, 627

expecled value, 618,622, /31

cxogenous variables, 631, 634, 638

farmer’s dilemma problem, 631633

highway coustruction, problem, 633635

Indran simulation model, 621

Kuhn- Tucker condjtions, 636

Lagrangian muitipliers, 636

levee drainage system problem. 616619

linear regression, 629

log-nonmal distribution, 632

manufachuring protlem, 635636

methodology. 620622

Monte Carlo simulation, 631

multiohjective functions, 626

objective tunctions, 621

oplimization. 616, 618, 619

Parcto optimal, 617, 623, 624, 630, 631, 636

partitioned multiobjective risk method
{PMRNM), 622

Poisson distribution, 639, 640

quadratic regression, 629

random variables, 617, 631, 636

regression analysis, 616

risk funcrions. 622

schematic diagram of, 617

Siman simulation, 540

simulation, 616, 618, 632

state variables, 616, 618

supermarket checkout problem, 638640

suttogate worth functlons, 623

surrogate worth trade-off (SWT), 616, 622-624,
620, 638

trade-o[[ values, 623

Multiobjective trade-off analysis, 216-233, 664

advanced systems coneepts, 216
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arlificial inrelligence {Al). 218
decision-supporl system (DS5), 2180
- constraint method, 224-223, 229,237, 714
decision space, 224
functional space, 224
exarnple problems, 243233
hierarchical holographic modeling (HHM?, 219
improper iferior selution, 234234
improper noainterior solution, 234-236
indifference band, 227-229
Kuhn—Tucker multipliers, 225, 235, 236, 244,
247, 2501251
lahar flow case study, 893-896
Lambda theorem, 232
modeling, 217-218
multiple-criteria decisionrmakang (MDA,
216-219
multiple decisionmakers, 217, 232
ideal case, 232-233
probable case, 233
multiple environmental objectives, 220-222
categorics of concern, 220
client, 220
constraints, 220
nature, 220
seope, 220
time horizan, 220)
ruliplechjective {vector) optimization problem
(MOPY, 223224, 247
muftiobjective statistical method (MSM), 616
multiple perspectives, 219
nominterior setution (Parcio oplimal), 218, 226
oprimum selution, 227
optimization. 217, 219
imnpact analysis, 219
philosophy, 216-217
proper noninferior sohtion, 234-236
Reid-Vemuri {water resources problem), 249
253
reservolr problem, 22(-222
Mudtiobfective trade-off analysis (Contimed):
surrogate worth function, 227-23 1|
surrogale worth trade-off (SW17), 223-247
g-constraint method, 224-225
indifference hand, 227
Kuhn-Tucker conditian, 225
Lambda theorem, 232
Lagrange multiplier, 232
multiple decisiommnakers, 232-233
multipte objceiive oplimization problem
(MOIP), 223-224
trade-off function. 225227
trade-off surface. 238-23¢
trade-offs, 21%, 223, 240
utility function approach, 236-243
water resources planning problem (Reid-
Vemuri), 249-253
weighting methoed, 223
Welersirass’ theorem, 231
Multiple—criteria decisionmaking (MCDM), 188—
216-219
chemnical carcinogenicity, prediction of, 547

examples, 220-222

extreme events, 328-330

multiobjective decigion-trae analysis (MODT),

375

multiohjective rade-oft analysis, 216-233
Multiple decision makers (MDMs), 217
Multiple enviromunentlal objectives:

categaries of concern, 220

examples, 220-222

reservolr problem, 220-222

NASA. see Space missions
National Fovironmental Policy Act (NEPA), 114
Network example (dynamic programming), 931-
933
Network theory, 920
Mewton, [ssue, and systems engineering, 7
MNewton-Raphson medhod, 930-933
Noncompliance with regulations problem (fault
tree), 608611
Neninferior sohution, see Pareto optimum
Monlmear model, 918
Wonlinear programomng:
direct scarch, 919
dual function, 969, Y73
dual problem, 970
dynamic programming, 331-966
general nonlinesr optimization problem, 966-
976
geometric programming, 919
gradient methods. 919
Kuhn—Tucker, 966, 967-96%, 9714973
Lagrangian multipliers, 919
optimization and, 319
primal problern, 967
problem, 971-976
saddle point, 964, Y7, 976
theorem II, §TL, TV, 970-971

Ohbjective functions, in risk assessment process,
84 .27
Operations other than war {QOTW )
case study, 317 323
hierarchical holographic model (HHM), 135-
140, 310-311
Opportunity loss matnix, 165, 166
Ciptimum solution. 227
Optimality principle, see Bellman’s principle of
optimality
Oplimistic rule, 158
Optimization:
defined, Y17
tinear programrming, Y34-950)
madeling, 916
multiohjective decision-lree analysis (MODT),
398
multiobjective risk-impact analysis method
(MRIAM), 428
multiple-criteria decisionmaking (MO DM, 216



Newton-Raphson method, 930-933

OFR pate and Boolean algebra, 581, 586, 587, 589-
307, 5949

Cedinal scale, 803605

Cutput variables, in risk assessment process, 649—7)

Parameter uncertainty:
identification of, 269272
fHensurement:
crror, 269
generally, 277-278
random error i direct measurcments, 269-270
sumpling:
arrar, 278
generally, 270-271
statistical variation, 269
gysiematic:
error, 270
generally, 277278
unpredictability, 271, 278
Pareto distribution, Pearson type 1V, 346
Pareto optimal:
exlreme events, 346
fault trees. 613, 614
fromuier, 348, 348, 407, 417, 42|, 642
extreme evants, 346
fault trees, 13
rmulttobjective risk-impact analyss method
(MRIAM), 460 464
hictarchical holographic modeling (tHHM), 91
litnitations, 248
multiohjective decision-tree analysis (MODT),
JRI-38H, 407,417
multiohjective risk-impact analysis method
{MRIAM), 428. 460464
maltiobjcetive trade-oft analysis, 218, 222, 248
sct 413
Pareto optimunt:
multiohjective decision-tree (MODT1, 375
multtobjective trade-oll analysis, 220, 234

Pareto optimur (Conrinued):

multiple-criteriz decisionmaking {MCDM), 218,

221-222
risk assessment process, 60, 62-64
Fartitivned multishjective nsk method {PMEM):
calastrophic cvents, 373
chi-square test, 484
cnefficient of variation, 494, 506
conditional expectalions, 332, 479, 514
conditional expected-risk function, 482—446,
495, 527
conditional expected value, 333-336, 583-988
conditional expected- value functions, 329,
331332
cost funetion, 457
Cramer's method, 531, 536, 539, 540
cumulative distribution function (edf}, 328, 331
dumage ranges, 332
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defined, 326

dissolved oxygen problem, 529-330

disribution-free results, 3163149, 327

example problens, 528-345

expected value, 327-330, 457

exceedance probability, 328

exponantial distribution, 483, 488499, 507,
517

exlension of, 482487

extreme events, 327-330, 515-518

extreme tailure, 3235

extreme vatues, 338

extremes, 495-506

tleod peak probiem, 534-536

formulation. 336-339, 375-377

fractile distribution, 343343

CGumbel Type 1 distribution, 450, 493, 495, 517,
532-533, 537

Gumbel Type I, 490, 492, 493, 495, 517, 532-
533

Gumbel Type NI, 346, 490, 443, 517, 532-533,
540G

Kolmoparov-Snumoy test, 484

lahar Now case study, 857

log-normal distribution (£.A7, 346, 418, 485-
486, 507, 508, 511-313

WacLaurin series, 457

meun, 335, 433, 438, 486, 516

medfly problem, 357-364

muliiobjective optimization, 424, 442

multiobjective multistage impact analysis
method (MMIAM) and, 431, 444

multiobjeelive statistical method (MSM), 622

natural hazards, 333, 345, 372373

nonexceedance probahility, 335

normal case, 326

normal (&) disotbution, 384, 439, 442, 493,
507, 508, 519

Parcto distibution, 346, 317, 519521

partitioning probability, 336-339, 502-504, 519,
321

partitioning points, 441, 511-514

probability density function (pdf), 335, 482,
488490, 307, 522, 393

rardom damage, 513

rangas, 459

Rayleigh distrtbution, 336

risk analysis, 347-349

risk madeling, 330-331

risk objective, 348

sensitiviry, 339, 347, 345, 486, 300

i, $02, 506-511, 515

software risk management, 664

space mission Challenger, T00-703

standurd deviations, 472

standard nornal distribution, 312

statistics of extremes, 340, 473.-490, 499, 516

surrogate worth trade-off (SWT), 339

terrorism, #nalyais of, 743

triangular distribution, 445, 338-541
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Type I, 490, 493, 495, 317, 532533, 557
Type I1, 490, 492, 443, 495, 517, 532--533
Type 110, 346, 404, 403, 317, 532-533, 540
unconditional expected damages, 343
Mises® eriteria, 531-334, 537
Weibull (W) distribution. 421, 483, 486, 487,
480, 493, 494, 409 500, 502-503, 506-507,
309, 511-513
Partitioning, 101- 104, 497500, 515
Peyrson type IV, 340
Pessimistic rale, 158
Phantom system models {ESM), 193- 20!
risk modeling, 194
decision-bascd maodeling and simulation, 199
graphical depiction of the methodological
tramewark, 201
Pharmaceuticals problem (MODT), 413417
Plato, systems engineeniog, 7
Poisson distnbution, 6349, 640
Poliution emizsion problem (MRIAM), 445434
Population dynamies:
example problems, 183-188, 192- 205
exponenual model, 183
macre papulation model, J81-18Y%
Malthusian parameter, 182
micro populadon model, Leslie, 1858192
tmodel:
exponential, 182
macrn, 181-183
mricro, 188-192
problems, 183 188, 153 206
Population testing problem (decision analysis).
211-214
Preparedness, 757
Probabie muximum Qood (PMF), 346- 345
Prokabilistic model, 913
Probabilities:
adverse effects, 834
capubiliry, 856
cumulative {prebability) density function (edf),
128
evidence-based, 431
exceedance probability, 328, 333
extreme event, 327-328, T48-750, 352-%93
statistics ot extremes, 473

failure mode effects analysis (FMEA, FMECA),

602
seneration of, 169
tracitle method, 169
triangular distribution, 175
wrtent, 737, 743
ohjactive, 157
subjective, 157
terrorism. analysis of, 739, 741, 746, 748-750
Probability density function (pdf), 68, 664, 744
Probability distributions, 431, 478, 484
Problem-solving steps, 13, 14-18

Program evaluation and review technique (PERT),

1&, 124, 670
Programmatic nsk, 642

Project risk manugerment
aircraft development example, 655-659
continuows risk masagement, 642, 644
cosl cstimarion, Bo5—671
cost overrun, 642
failwre mode and effects analysis (FMEA,
FMECA), 643
hierarchical holographic modeling {HHM), 648
Heration, 654
knowledge management, 642- 6435
life cyche, 641642
literature review, 639--640
methads, 645--654
averview, 839640
participating parties, 64t
quantitative framework, 662665
quantitative risk assessment, 659--665
Fisk:
assessmient, 853654
delined, 640
filtration, 649—653
generally. 641
identification, f44- 649
management, 654
tracking, 634-648
schedule delays, 042
sottware acquisition. 635663
soffware development taxonomy, 639661
software estimmation medel, 672674
exumples, 676677
setution approach, 674676
software nontechnical risk, 669
taxonamy. 635661
teams, 8426435
Proper nommn{erior solution, 234-234
s—constraimt method, 235 236
improper noninferior solution, 234
Kubn-Tucker multipliers, 235

Cuadratic programming, 921

Quality control, defined, 25

Quantitative framework for software acquisition.
661662

Quantitative risk analysis, 101, 137, 603, 734

Cantitative rish assessment, 157, 681667

Duantitative rigk index, 257

uasilingarization, Y24

Crueuing theory, 920

Randorn vanable, in risk assessment process, 67,
69, B4, 86,433, 576
Rayleigh distriburion, 336
Recursive equation, 953-959
waler supply problem, 956959
Redundaney, 313, 754-755
Regional Input-Cutput Mukiplier System
(RIMS 1T}, R12-814
Regret malrix, see Opporiunity loss matrix
Reid—Vemuri (water resources problem), 249 253



Reliability, 371614
analysis, 375
defined, 90, 571, 577, 57
exponential distribulion, 590
tfault trees, 374-583
flood protection leves, 577
parallel system, 58G-581
random variables, 576
serles syslem, 578 579
Boalean (logic) algebra, 379
time-to-failure distributions, 549391
trade-offs, $75
unreliability, 800
Venn diagram, 581583
Reservoir problem, 220-222
Rezgrvoir modification problem (PMRMY, 3075311}
Resilience,
defined, 313, 754, 755
in emergent systems, 754-737
Responsivity, uncerlainiy, 235-257
Restaurant problem, choosing, 168168
Risk, generally:
acceptance and avoidance, 63
analvsis, see Risk analysis
assessment of, see Risk assessment
catastrophic events, 327-331
conditional expected value, 1537
decision analysis, 157
defined, 4,23, 61, 100, 101, 194, 255328
cropincal process, 330
cvaluation, 63
expected value of, 70, 157, 330-332
extreme events, 327-329
fault iress, 587, 606, 608, 610, 622
eroundwater contarmmalion, 30-31
wWentificaton, 63
irreversibility, 255-257
raanagement, see Risk manageament
madeling, 63
multiohjective dsk-ampact analysis method
{%BIAN), 429430, 444
multiohjective statistical method (MSM), 46 4R
perception of, 31
quantification, 330
responsivity, 255-257
sensilivily, 255-257
sources, 63
stability, 255-237
sustainahle development, 113-118
systemns engineenng, 20-21
triplet questions, [V

Risk anilysis, generally:
automated highway system (AHS), 142
conditonal expectation, 332
criteria for, 37
decision tules, 158161
extreme evenls and, 327-328
holistic approach, -6
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multiobjective risk-impact anilysis method
(MRIAM), 432

partitionred multiobjecrive risk method
(PMRM), 332-336

sources of skepricism, 55—#6

total quality management (TOM), 900

universities, tole of, 22-23

Risk asscssment:

enginecring-based systems, 36-37

expected value of risk, 321

extreme events, 32

hierarchical holographic modeling {HHM}),
96105, 115

lahar flosw case study, 588-889

multiple-enteria decisionmaking { MCDM),
216

pereeption of, 3

phantoth systerm modeis. 194-194

process overview, see Risk assessment process

software acquisition, 123-129

sustainable developrment, 113- 118

triplet questions. 62

Risk assecssment process:

modeis, see Model(s) and modeling
defined, 62

elements, 64

tisk cvaluation, 63

tisk identification, 63

risk guantification and measurement, 63
steps of, 62

syslems analysis, 06

nplet questions, 62

Risk communication, 22-2
Risk evaluation, 63
Risk filtering, ranking, and management {RFRM),

305323
Baves’ theorem, 314, 320-321
failure mode effects analysis {(FMEA, FMECA),
&2
hierarchical holographic modaling (HHM), 307-
312,318
head tapics, 308
subtopics, 308
larpe-scule syslems, 305
operations other than war { OOTW), 135-140,
317323
phages, 309317
hicriteria filtening and ranking, 3009, 311-
312,318-319
multicriteria evaluation, 309, 319--320
operational feedback, 309, 317, 323
guantitative ranking, 309, 314, 320-322
risk management, 309, 314-306
safeguarding against missing critical items,
3019, 316- 317, 323
scenario Oltering, 309, 310311, 318
scenario identificatton, 309-310
principles, 307-309
project risk management, 631-633
redundancy, 313
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restlience, 313
robustness, 313
risk ranking and filering (RRT), 307-309
software acquisition quantitative framewarlk,
fHd-667
spave missions, 688, 689, 721 726
terearism. analyais af, 310, 744
L5, Afr Force mateix, 310
Fask fumetions, in multiobjective decision-tree
analysis (MODT?, 376- 377, 308
Risk identification. 63
Risk management:
comparison charts, 139-144
defined, 23
crpineering-based systems, 36-37
failure, sources of, 22-23
hierarchical aspects, genevally, 90
hierarchical holographic modeling (HHMY, 41,
854
lahar [ow casc study, 388-889
linear pragramming maodel, 57
nultipie-criteria decisionmaking (MCDM},
218
rhantemm system modcls, 194156
projects, se¢ Project risk management
software acouisition, 141,712
software risk management, 123-124
suslainable development, 113-11%
taral risk management { TRM), 24-25
triplet questions, 62-63, 1G0-102
Risk modeling, 63
Rask prionity number (FMEA. FMECAJ, 604
Risk ranking and filtering (RRF):
defined. 303-306
Risk scenario, 716, 737-738. 8§34
Rask trackuing, 647--650
milestone chart, 648
Robustress, 13, 755

Saddle point, 954
SAE J1739 (FMEA, FMEUA)Y, 603
SCADA, 131,367, 735, T71-779. 781 -79]
Scenario model, 99 140
single-faiture, 103
suceess o as-planned, 10!
Seenano strueturing, theory of (TS5, 10[-102

Scenarin tracking, intelligence gathering, 741-742.

747, 70751

Sensiiviry:
analysis. see Scnsitivily analysis
partitioned multiobjective risk method

{PMRM), 4904949, 503

partilioning, 495498

Sensitivity analysis:
applications of, generally, 42-43
uncertinty and, 235-25%

Separable programmimg, 921

Seven Habits, see Covey's Seven Habits

Severity, failure mode etfects analysis (FEMEA,
FMECA)Y, 604

Sigmta-liont cepabilities, 301
Siman simulatoen, 640
Simplex method. 945-947
Simplex tableaus, 946947
Single-ohjective decision tree (SODT), 139, 48—
410
Six-s1gmy cuse sludy:
cumulative distribution function (edf), 904
gasket quality problem, 90]-51]
return period {EP)Y, 9035
sipmia, defined, 9401
sigma-limil capabilities, 801
standard normal distribution table, 903
statistics of extremes, $01-91[
tolerance limits (TL), 901
total quality managerment {T{MY, 500
risk analysis, 901
zome control charls, 901
Society for General Systemns Research, systems
engingering, Y
Soflware acquisition, 123129, 661-667
Software capability evaluation {SCE), 662
Software development:
acquisition, 661667
commercial oft-the-shelf (COTS). 672
conditional expected valug, 664, 677, 678, 681
constructive cost model (COCOMO), 670, 674,
679
darabase management system (DBMS), 672
development environment, 663
discrete dynamic modeling, 673-684
exireme events:
candibonal expected value, 681
risk of, 6635
nowtechnical risk factors, 667 -671
product engineering. 662, 663
program constraints, 662, 663
prograim evaluation and review technignes
(PERTY. 670
taxonomy, 662
trade-off values, 6%
variance, 671-673
Sofrware cogineering, 35, 663
Software Engincering Institute (SEDY, 662, 663, 664
Space missions
Cassini, 689, §92-700
band of indi[Terence, 7}
modeling, 6320694
scientific return, G%35-698
suttogate worth trade-oft {SWT), 69%-700
Challenger, 689-690, 700-703
Bernouli randotn variable, 701
condittonal expectation of cxtreme events,
703
Gumbel types 1,11, 703, 7035
noemal distribution, 704
partitioned multiobjective rigk method
{(PMRM, 700, 703
stalistics of extremes, 703
Columbia. 690-691, 705-711



conditional expectation, 706
gap analysis. T10-711
NASA, 708711
failure mode effect criticality anakysis
{FMECAY 712
“[aster, betler, cheaper™ (FBC), 689, 691-692,
710, 713, 717,720,722, 724
hierarchical halographic maodeling (HHM), 689,
711, 716721,
Mars missions, 681-692, 711-716
band of indafference, 714
fault-tree analysis, 712
tLagrangian form. 714
maode] elements, 716
multiohjective decision tree (MODTY, 715
Farcto oplimal froner, 713
program evaluation and review technigque
(PERT), 711
sensitivity analysis, 716
trade-offs, 713, 715
rrade-oll matnx, 714
telangular disteibution, 712
triplet questions, 711-714
uncertainty sensitivity index method
{USIn, 715721
uneerlainty laxonomy, 718
NASA. 688, T08-711
overview, H89—-692
Pathfinder, 713
risk filtering, ranking and management
{RERM), 689, 721 726
Parclo fronticr, 725
severity matrix, 722
trade-offs, 724
solid rockst boosters, 396
space shultle redesiened Solid Rocket hMotor
[RSRM), 596602
space ransportation system (STS), 596
surrpgate worth trade-off (SW7), 09810}, T3
trade-off analysis, 721
Spitce Shulle Redesigned Solid Rocker Motor
(RSBRM) problem, 596—-602
Stability, uncertainty and, 255, 259260
Standard normal probability, 991-992
State variables, 737
Static maodel, 919
Stationary poiat, 922
Staristics of extremes:
cumulative distribution luncton (edf), 486, 489
extension of partinitioned mulrichjective risk
method (PMRM), 4824835
generalized quantification of risk, 488, 515-526
lahar flow case study, 3%2-893
Letbniz's rule, 493
pattititioned multiobjective risk method
tPMEM), 4899506
recursive method, 503 306
risk funclions, 484
sensitivity to partitioning, 306-515
six-sigma case study, 300-911
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space mssion Challenger, 7]
Statistics of extremes (Continued):
standard deviation, 486
Stochastic variability, uncertainty snd, 274-275
Student dilemmma problem, 25-29
Supermarket checkouwt problem (MSML, 638040
Supervisory control and data acquisition (SCADA),
131,367, 735, 771-779, 7T81-791
Surmopate variables, uncerlainty and, 267-268, 278
Surrogate worth funetion:
E-constraint method, 229, 242-243
interactive proceduras, 231-233
Lambda theorem, 232
Weierstrass ' theorem, 231
Surrogate worlh trade-off (SWT) method:
c-vonstraint method, 224-225, 229, 240-24]
example problems, 243253
fault-tree analysis, 614
interactive procedures, 241-243
lahar fluw case study, 893-8%0
margmal rate of substtution, 235241
Mavmee River Basin problem, 232-233
multiahjective risk-impact analysis method
(WMRIAM) and, 432, 444
multiobjective optunization problems, 223234
partiticned muliobjective risk method
{PMPBM]), 338,432
probable case, 233
space missions, 698700, 713
trade-off funclion, 225227
utility function approach, 236-243
Sustainable development:
defined, 113
hierarchical holographic modeling {(BHM})
framework, 114-116
for risk identification, 115
science and engineering, 117-118
Sustainable future, 117
Svivester's theorem, 923
Synergy, defined, 18
System acyuisition (HHM), 118123
Svatem of systems, 10
Systems:
emergent properics of, 733
interdependencics between, 760-Ta1
phantom system models, 193-201
Syatems analysis, sources of shepticism, 63-66
Systenis enginesring:
cirele of concern, 14
citcle of influence, 14
Covey's Seven Habus, 11-19
framework companents. 758760
historical perspoctive, 711
humans, 23
iteration, 18, 19
life cyele, 110
rmaagement, 23-24
optirmization, 916
nrganization, 23
phases, 320921
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philosophers, 7-8
Systemns moedeling:
deterministic:
defined, 318
probabilistic vs., 918
distributed parameters, lumped parameters vs.,

maode] of terrovist network systems, 732
vulnerability, 737-741
defined, 737
of satellites and GPS. 780781
water supply system example, 734735
Terrurist network system, mode], 732

g Theotry of scenario structurmg (TS5, 101-102
dynamic models, $19 Time management, 15-16
tineur: Time-to-faiture distributions, 389-39]

delined, 918 Total guality management ([ TOM), S00-301
nowdinear ve., 915 Total risk management {TRM), 27-28
lumped parameters, 419 Transportation problem (linear programming),
noniinear model, Y18 947-950
schematic, 916 canenical trapsportation problem, 949-950
probabilistic model, 18 Triangular distribution:
static: decision analysis, 157, 175-177
defined, $19 capected value, 988991
dynamic vs., 919 performance assessment problem, 176--177
Systemns theory, 8 statistics of extremes, 481, 522-523
Triplet questions, 23-24, 711, 783, 834, 853, 842,

Target industey markets (TIMs), stachastic 838

variability, 274-273
Taxonomy, 661-H63
uncertainty, 265-279
Taylor series expansion, 286-257
Tech-Cam study, 64, 220 fault trees, 572-574, 387
Technical coefficient matrix, ¥10-811 hardening the water supply infrastructure,
stability of, 828 [29 134
Technical risk, 642 hierarchical holographic modeling (HHM), 96-
Terrorism: 100
Bayesian analysis, 744-749 knowledge model, 267-273
Capability, defined, 737 multiobjective multistage impact analysis
cvidence ratio, 746 methad (MMIAM), 431 432
hierarchical holographic model (HHM), 733, multiohjective risk—impact analysis method
743, 745, 748, 783 {(MRIAM), 452
inoperability, defined, 799 multiobjective statistical method (MSM), 4647
inoperability input—output model (11M), T98— parametler, see Parameter uncertainty

Uneertainty:
decision, 272-273
defined, 61. 253

802
intent, delined, 737
Leontief inpui-output model, 796 798
Log-Pearson type {11, 749
modelng, 731-732
multiohyectrve declsion tree (MO, 744
negwork system. 731--733
observahles, 744
analyss of, 744745
planning, 730
probabiliey, 742-743
quantitative risk anatysis and management, 733
nisk fillering, ranking. and management
(RFRM), 744
risk of inoperability, defined, 799
risks of, 731, 737, 771, T7Y, TRO
SCADA, 735 771,772
seenario madel, defined, 743
scenario tracking, intelligence gathering, 735
738, 743-744
technical challenges, 744745
threat scenario, 736-737
defined, 742

responsivity, 258-259

sensitivity, generally, 257-258

sensitivity index method (USIM), 43

sucial cost of risk, 273

social values, quantification of, 273

sorges, 35-56

stability, 257, 258-254%

surrogate variables, 267-268, 276

larget industry markets (TIMg), 274270

taxanomy, 256, 265-27%

uncertainty-sensitivity index method {USIM),
256-257

varlability, 266-267

Uncertainry-sensitivity index method (US1M),

279-2584
algorithm of, 294-2499
applications to dynamic systems, 289290
defined, 279
g-constraint form, 280-281
equality constraints, 290294
Kuhn-Tucker, 281
Lagrangian funcrion, 281
multiobjective optimization problem, 285-294



muhtiple uncertain parameters, 286-294
optimaiity, 209302
parameter aptimization, 285-293
sensitivity, generally, 236-258
sensitivily objective function, 282
surrogate worth trade-off (SWT7, 284, 287
Uneonditional expected value,
triangular distribution, 88591
Unconstrained problem, 921
Unreliabilily, 800
U.S. Air Force mateix, 310311
Utility function, 236-243

Variahility, al
WVariability uncertainty:
component sources of, 266267
defined, 266
temporzal, individual, and spaual, 275 -27¢
Variables, defined, 47, 67-72
Variance:
muktiohjsctive risk—impact analysis method
(MRIAM), 437442

INDEX 1009

partitiongd multiobjective risk method
{PMIRMY, 500, 503
uneerlanty, 399
Venn diagram, 5815383
von Mises™ criteria, 531-534, 537
Vulnerahility, 737

Water cylinder (tower) problem, 326-927

Water distribution system problem {fault ree),
605607

Water inventory problem (dynamic programming),
SaN-U60

Water resources problem (Reid- Vemuri), 245-253

Water supply, hardening infrastructurs, 129-134

Waverly bank problem (uncertainty ), 274279

Weibull distribution, see specific Hpes of analysiy

methods

Weierstrass® theorem. 231

Wertheimer, systems engineenny, 7

Wiener, horhert, systems engineering, 8, 21-22
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