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APPENDIX

NOTATION

Symbol Meaning Chapter
A Matrix of Constraint Parameters 5
Ag Parameter of Cost Function 4
ACy Average Cost of Product 4
a Constant in Utility Function i8
Returns to Scale Parameter 4
a;, a;; Parameters of Constraint Equations 5
Parameters of Production Function 2
B Vector of Constraints 5
B Discounted Benefits 13
b Constant in Utility Function 18
b; Constraint 5
C Vector of c; 5
C Discountéd costs _ 13
°C Degree Centigrade 18
C(Y) Cost Function for Product 4
CE  Certainty Equivalent 19
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452  SYSTEM OPTIMIZATION . NoTaTioN 453

Ce Closure Costs 13 L Lagrangean Equation 3
Cy Fixed Costs 14 Number of Locations 16
" . Lottery 17
Cy Initial Capital Costs 6; 12
c Annual Recurring Costs " LEP Lottery Equivalent/Probability 19
Cr Variable Cost 6 14 LI Lottery Revised by Information 17
v ariable Costs 5
. o . LRy Likelihood Ratio after N Obserbations 15
CLR; Conditional Likelihood Ratio for O; 15 M Number of Points in Utility Assessment 20
c Constant exponent 19 MC; Marginal Cost 4
i ar
¢i, cijj Parameters of Objective Function (often costs) MF;-) Monotonic Function of (+) 18
i h
Co Fixed Charge ' 5 MP;  Marginal Product
cX)  Input Cost Function 4 MRS; Marginal Ratio of Substitution of
crf Capital Recovery Factor 15 Product X; for X;
D; A Possible Decision 16 N Number of Dimensions; Periods; 4; 11; 15; 17
E Event 15 Observations
EV(*) Expected Value of (*) 15; 16 NPV Net Present Value 1
i 15
e Naperian number, 2.7183 11 o Observation .
F Future Amount 1 O;;  Outcome Conditional on D; and E; 16
o D Fahrenheit 8 OCg Opportunity Cost 6
egree Fahrenhei
. OF  Objective Function 6
7 Fumction of () > P Present Amount 11
fs(K) Cumulative Return Function for State S 7 PE) Probability of () 15-20
. obability of (¢ —
G(X) Objective Function for Dynamic Programming 7 P Response in Lottery Equivalent Method 19
. . e
§¢) Production Function 2 PF(*) Preference Function 18
& (Xi) Return Function 7 PLT(*) Positive Linear Transformation of (*) 18
h()  Constraint Equation 3 PM  Preference Measure 18
I; Inventory in Period or Stage i 7 P, Probability of E; 16
J j
IRR Internal Rate Of Return 13 Pk Probablllty Of TRk 17
! Interest Rate 13 P(E/O) Posterior Probability of Event 15
K State, in Dynamic Programming 7 given Observation _
Normalizing Parameter for Multiattribute Utility Function 20 P(O/E) Conditional Probability of Observation 15
k Number of Observations in a Test 17 given that event has occurred
k; Scaling Factors for Individual Dimensions 20 Di Price of Input X; 4
of Multiattribute Utility R Equal Annual Payment 11
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454

SYSTEM OPTIMIZATION

Notation 455

Special Mathematical Notation

R; Requirement for Period or Stage i
RTS  Returns to Scale
r Returns to Scale parameter )
Discount Rate 11
Tirr Internal Rate of Return 13
Tp Return on Investment 12
S Future Amount 11
Number of Sizes 16
S; Slack Variable 3
SP Vector of Shadow Prices 6
Sv Vector of Slack Variables 6
SWF  Social Welfare Function 21
s Scaling factor 2
T Number of Periods 16
TR,  Test Result 17
U(s) Utility of () 18
U; Utility to Individual i _ 21
u Learning Curve Exponent 4
W)  Value of (v) 18
w Vector of Dual Variables 5
wi  Relative weight 2; 21
X Vector of Resources Used in Design 2
X5 Buying Price of a Lottery 19
X Selling Price of a Lottery 19
Xi Inputs to a Design 2
Y Product of a System 2
Y; Product in Period i 7
z Dual Objective Function 5
Greek Symbol
Aj Lagrangean Multiplier 3

("  Best Value of (v)
(*)= Worst Value of (¢)

~ Is Indifferent to
> Is Greater Than
< Is Less Than

> Is Preferred To
< Is Preferred By
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INDEX

Definitions are on pages marked with boldface type.

Accounting systems, 264ff
Activities, 73, 83ff, 115, 267
Rays, 84ff
Additive functions. See Dynamic
programming
Additivity, 73ff, 87
Advantages of scale, 57
Agee, M. H., 127
Agency for International Development,
57ff, 123ff
Air transport case, 37ff, 123ff
Allais paradox, 366ff, 381
Allocation of benefits. See Social
welfare function
Almanac question, 287ff
Alternative group. See Major alternative
group
Alternatives
explicit set, 241ff
implicit set, 240, 242
number of, 140ff, 192, 307ff, 317,
419
Anchoring, 378
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Approximation, 87ff, 97ff, 105ff, 111,
139, 192
exponential, 210ff
rule of 72, 210ff
Archimedean principle, 361, 367. See
also Monotonicity
Argentina, 186, 234
Arrow, K., 433, 448
Arrow paradox, 433ff, 445
Ascher, W., 293
Asphalt vs. concrete case, 217ff, 222,
226
ASSESS program, 379, 400
Assumptions. See also Axioms of
utility functions; Axioms of
value functions
of evaluation, 198ff
of utility function, 353
of value function, 353
Assumptions of multiattribute utility,
412ff
preferential independence, 403ff, 412ff
utility independence, 403, 405ff, 414

457
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Assumptions of multiattribute utility
(cont.):
consequences of, 408ff
ATT Company, 217, 235, 258
Attribute
single, 201, 373ff
multiple, 201, 361, 396ff
interaction of, 397ff
Au, T., 258
Au, T. P., 258
Australia. See Sydney Airport case
Axioms of multiattribute utility.
See Assumptions of
multiattribute utility
Axioms of utility functions, 364ff,
374ff, 376
independence, 365ff
monotonicity, 365
concerning probability, 365
substitution, 365ff
Axioms of value functions
complete preorder, 361
consequences of, 362ff
monotonicity, 361, 367
transitivity, 361

Badgery’s Creek, 177
Baltimore, 125ff
Bar chart, 185
Bargaining. See Negotiation
Baumol, W. J., 39, 64, 235
Bayes’ Theorem, 279ff, 283, 336, 340
Behn, R., 323, 344
Benefit, 186, 191ff, 213, 222,
225, 252ff, 273ff, 352ff, 432,
438, 444, 446
annual, 193, 247
constant, 206ff, 209, 249, 253
future, 204, 211, 240ff, 321
monetary, 199
net, 246ff, 300ff
total, 193, 246ff
Benefit-cost ratio, 200, 239ff,
243, 244ff, 249, 252ff, 255,
274, 320ff, 323
ambiguities of, 246
of information gathering, 330
Benefits of systems analysis, xiv, 193

Benjamin, J. R., 294, 344
Biases
of evaluation criteria, 239, 245,
247ff, 255
in ranking choices, 303
in risk assessment, 279, 287ff
in utility assessment, 375, 421.
See also Anchoring
Binary Lottery. See Lottery
Bishop, A. B., 98
Blending problem, 80ff, 97
Bond, government, 228, 231
Boston, 210
Bounds; upper and lower, 34ff,
71, 108ff, 125ff. See also
Constraints
Bracketing, in utility measurement,
378ff, 414
Brazil, 234, 438
Break-even analysis, 106, 122ff, 270
point, 123, 126
Breakpoint, 87ff
Britain, 231, 245
Budget, 28ff, 41, 48, 62ff, 71, 107,
150ff, 155, 200, 227, 231, 240,
243ff
curves, 43
shadow price for, 229
Bush, messy, 155, 311, 332

California, 62

Capital, cost of. See Opportunity cost

Capital intensive project, 222, 226ff,
231, 245, 247, 255

Capital recovery, 206ff, 253ff

Cardinal scale. See Scale

Cartel, 444

Case, K. E., 127

Cases. See Air transport case; Asphalt
vs. concrete case; Delaware River
case; Earthquake protection case;
Electric power case; Mexico City
Airport; New York City; Railroad
crossings case; Rio Colorado case;
River transport case; Salt Lake City;
San Francisco; San Francisco Bay;
Solid waste case; Sydney Airport
case; Thermal efficiency case

Cash flow, xvi, 213ff, 223, 240
discounted, 214
CE. See Utility measurement
Centigrade, degrees, 369ff
Central America, 436, 438
Certainty effect, 366ff, 381ff
Certainty equivalent, 374ff, 379ff, 384ff,
388
Certainty equivalent method. See Utility
measurement
Chance node, 309ff, 314ff, 331
Choice, 273, 297ff, 329, 361, 375. See
also Decisionmaking, collective;
Decisionmaking, primitive models
of; Optimal strategy
Choice of product, 442ff
Cobb-Douglas, 9ff, 44, 46, 48, 50,
52ff, 106. See also Production
function
Collaboration. See Negotiation
Collective decisionmaking. See
Decisionmaking, collective
Colombia, 37ff, 57ff, 123ff
Comparability in evaluation, 204, 245,
248
of budgets, 243
with inflation, 232, 234
between people, 199ff
over quality, 199
over time, 199, 204ff, 209, 265
Competitiveness, internal, 437
Competitors, 299
Complementary slackness, 30, 34ff
Complete preorder, axiom of, 361
Compound amount, 206ff, 233
Compounding, continuous, 210ff
doubling of value, 211
Compromise group, 177
Computer, xiiiff, 6, 9ff, 23, 60,
70, 78ff, 89, 140ff, 146, 149,
184, 190, 204, 240, 249,
270, 277, 298ff, 304, 313,
379, 400ff
Confidence limit, 288
Consequences of a choice, 200
Constant returns, 72ff. See also
Economies of scale; Returns
to scale
Constant shape. See Shape, constant
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Constraint, 28ff, 46, 71ff, 105ff, 174ff,
191ff, 200, 211, 231, 268
binding, 35, 120, 125
in dynamic programming, 139, 146,
149ff
effect on linear programming, 79ff
equality, 30ff
inequality, 30, 33ff
matrix of, 72, 79, 82, 94
nonnegativity, 74ff, 151
number of, 70, 95, 139, 190
relaxation of, 108ff, 112, 120
Constraint method, in multiobjective
optimization, 178ff, 187
Construction price index, 234
Consumer price index, 234
Consumers, 53
Continuity, 74
Continuous compounding. See
Compounding, continuous
Contract curve, 442
Convexity. See Feasible region
Cootner, P., 11, 24
Corner point
in linear programming, 76ff
in multiattribute utility, 410ff, 416ff
optimum at, 77
Corps of Engineers, 191
Cost
actual, 266, 443
average, 52, 54, 57, 179, 186, 222,
263, 268ff, 273ff, 352ff, 434
capital, 123ff, 158, 245, 270
closure, 250ff
fixed, 267ff
future, 204, 211, 213, 233, 235,
240ff, 265ff, 270, 321
historic, 265ff, 270
initial, 223, 225ff
joint, 265, 267
long-run, 267ff
maintenance, 223, 226, 246
marginal. See Marginal costs
operating, 223, 246ff
present, 225
recurring, 245, 247
short-run, 267ff
total, 52, 54
variable, 123ff, 268ff
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Cost-benefit analysis, xiv, 201.
See also Benefit-cost ratio
Cost-effectiveness
analysis, S9ff
function, 48ff, 61, 63ff
knee of, 62, 253
ratio, 49, 61, 239, 243, 251ff,
255ff
Cost estimation, 263ff
difficulty of, 263, 273
Cost function, 47ff, 56, 216ff,
444. See also Input cost
function; cost-effectiveness
characteristics, 51
Cost overrun, 273
Cumulative return function. See
Return functions
Current dollar, 233ff

Dams, failure of, 277
Decision analysis, xiiiff, 197, 201ff,
232, 258, 2971f, 352ff, 364, 383,
390ff, 419ff
education of client, 320ff
multiple period calculations, 316ff
single period calculations, 312ff
and strategy, 320
structure of, 297, 307, 309ff
Decisionmaking, collective, 430ff
allocation in, 435, 438ff
ambiguity of choices, 433ff
application of, 446ff
effect of distribution in, 435ff
naive approach to, 435ff
procedure for, 445ff
Decisionmaking, primitive models of,
298ff
Laplace criterion, 300ff, 304
maximax criterion, 300, 301ff
maximin criterion, 300, 301ff
minimax criterion, 302ff
regret criterion, 300, 302ff
weighted index, 300, 304ff
Decision node, 309ff, 315, 318
Decision tree, 309ff, 390ff
after test, 330, 332ff, 337, 339
Decision variables, 71, 73, 87ff, 110,
115, 120, 158, 187

Decomposition of problems
in dynamic programming, 144
in linear programming, 80
in multiattribute utility, 403
Defensive engineering, 343
Delaware River case, 191ff
Demand function, 278, 292, 329, 362, !
446 |
de Neufville, R., 11, 23ff, 37ff, 59ff, }
64, 98, 127, 193, 293, 323, 324, i
344, 391, 422
Depreciation, 264ff
Derby, S. L., 293
Design, xiiiff, 3ff, 17ff, 22ff, 28ff, 41,
43, 47, 50, 52, 58ff, 60, 70, 79,
95ff, 105, 107ff, 115, 125, 175,
179, 186, 191, 201, 252, 263, 265,
272, 297, 343, 376, 414ff, 420,
430, 434, 437, 442, 445

balanced, 43ff, 61, 447
implication of discount rate on, 211ff,
222, 224, 240, 248
number of possible, 140ff, 192, 307ff,
317, 419
Design procedure, 189ff
Developing countries, 435ff
DIME procedure, 93
Diminishing marginal products. See
Marginal products
Diminishing marginal utility. See Utility
Discontinuous variable, 74ff, 90, 139,
148
Discounted cash flow, 214, 240, 242
Discount rate, 200ff, 205ff, 233, 240,
243, 254
choice of, 205, 212, 222ff, 249
critical, 225ff
implication for design. See Design
logical basis for, 223, 227ff,
231ff
selection of, 234ff
sensitivity to, 211ff
Diseconomies of scale. See
Economies of scale
Display mechanisms, 184ff
Distribution, effect of prior, 437ff
Distribution problem, 437ff, 438ff,
444, 446ff
Drake, A.W., 422

Duality, 92ff, 121ff
primals, 93ff
dual slacks, 121
dual variables, 121
Duckstein, L., 188
Dynamic analysis, 189, 190ff, 263,
2671ff
Dynamic programming, xiii, 139ff,
191ff, 316
additive functions, 146, 151ff
assumptions of, 143ff
constraints for, 139, 146, 149ff
effort of, 143
enumeration in, 140
formula for, 146
integers in, 148
levels, 146ff, 151
multiplicative functions, 145, 162ff
sensitivity analysis, 150, 155
sequential problems, 143, 146ff,
158
stages, 142, 146ff, 151
states, 147ff

Earthquake protection case, 276ff, 317,
3771f, 383
Economics, 4, 201ff, 353, 361ff, 431
Economies of scale, 51ff, 72, 123, 158,
191, 444
constant, 72ff
diseconomies, 52, 61
implications of, 53ff, 216ff
Economies of scope, 56ff
Edgeworth Box, 438ff
Efficiency
economic, 7, 41ff
technical, 6ff, 41, 63, 174, 263,
434
Electric power case, 15, 18, 21
Elementary lottery. See Lottery
Energy. See Electric power case; Thermal
efficiency case :
Engineering economy, xiiiff, 197, 200ff,
297, 397
Enumeration, 140
implidit, 140ff
impossibility of complete, 140
Environmental impact statement, 322ff
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Environmental issues, 173, 177, 245,
415, 443, 446ff
Environmental Protection Agency,
252
Eppen, G.D., 127
Equality, among groups, 432
Equity, 186ff, 438, 445
Ethics, 431
Evaluation, xiv, 204ff, 222, 239ff,
297, 322ff, 352, 360, 430.
See also Decision analysis
choice of method, 197
errors in, 239
hierarchy of methods, 200ff
recommended procedure, 257ff
sensitivity to discount rate, 211ff,
222ff
sensitivity to project life, 212ff
Evaluation criteria, 239, 242ff, 245
benefit-cost ratio, 239, 244ff, 255ff
biases of, 239, 245 '
comparison of, 255ff, 257
cost-effectiveness ratio, 239, 251ff,
255ff
internal rate of return, 239, 248ff,
255ff
net present value, 239, 243ff, 248,
255ff
payback period, 239, 252ff, 255ff
Event, 280ff, 298ff, 310, 315, 333ff
rare, 335ff
EVPI. See Value of information
EVSI. See Value of information
Expansion path, 45ff, 58ff, 61
Expected value
of benefit-cost ratio, 274
in decision analysis, 297, 300ff, 311ff,
316ff, 318, 330, 354
of information. See Value of
information
Experience curve, 54
Experiments, 279
Expert opinion, 278, 289, 293
Expert systems, 293
Explicit set of alternatives. See
Alternatives
Exploitation, of great by small,
444ff
Exponential change, 210ff
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Facilities, siting of. See Siting
of facilities
Factor
capital recovery, 208, 252ff
compound amount, 206ff, 233
present value, 208, 214
revision of probability estimates,
281ff
series present worth, 209, 214
Fahrenheit degrees, 369ff
Fairness. See Equity
False negative, 279, 334ff
False positive, 279, 330, 334ff
Feasible Region, 8
complexity in multiobjective
optimizations, 174
convexity of, 19ff, 24, 41, 45, 49,
76ff, 87ff, 90, 92
faces of, 77, 113
non-convexity of, 19ff, 123, 139ff,
151, 155, 191ff
outer shell of, 175ff
reentrant portions of, 19ff, 183
size of, 33, 108ff
Federal Aviation Administration,
274
Federal Highway Administration,
225ff
Feedback, xiv
Field, F., 422
Fischhoff, B., 293
Fisher, R., 445, 448
Fixed charge, 73, 91ff, 267.
See also Cost
Flexibility, 198, 298, 343, 420
Folayen, J.I., 294, 344
Forecast, 323, 334, 340
errors in, 273ff, 287, 321
overconfidence in, 288ff
Formula for evaluation, 204ff
compound amount, 208
exponential approximation, 210
present value, 208
series present value, 209
Fractile method, 380. See also
Utility measurement
Frequency in risk assessment, 276ff,
280, 292
Future amount, 206ff

Game, zero-sum, 439

Game theory, 299

Garbage. See Solid waste case

Giocoechea, A., 188

Global optimum, 77, 174

Gould, F.J., 127

Grosch’s Law, 53

Gross National Product, 435

Group choice. See Decisionmaking,
collective

Handbook, 208

Hansen, D. R., 188

Hax, A., 64

Hedging of estimates, 287, 290ff

Hendricks, D.W., 98

High technology, 123. See also
Technology choice

Histogram, 354

Hoeg, K., 294, 344

Hoffmeister, J., 11, 23ff

Hogarth, R., 391

Hyperspace, 8

Ignizio, J. P., 188
Implicit set of alternatives. See
Alternatives
Independence
of probability, 313
of return functions, 144ff, 162, 192
Index, of prices, 232, 234, 266
Indifference of preference, 361ff, 388,
405£f, 412, 414
Infeasible solution, 76, 179
Inflation, 205, 223, 232ff, 264ff
rate of, 232, 234
Information, 278ff, 297
disregard of, 301
inadequate response to, 287, 289ff
nature of, 286
perfect, 334, 336ff
sample, 334ff
Information gathering, 329ff, 343ff, 446.
See also Value of information
cost of, 330
optimal amount, 329, 338, 341, 342

revision of decision tree,
332ff, 337
test results, 331ff, 337ff
tests in, 330ff
Input cost function, 41ff,
50ff, 61
non-linear, 43ff, See
also Cost functions
Insurance, 290, 385, 443
in decision analysis, 298,
322, 420
Integer programming, 74, 90ff.
See also Dynamic programming;
Linear programming
Interest, 186, 215, 354
rate of, 205, 229, 231,
243ff
Interests, of groups, 430ff
Internal rate of return, 239,
243, 248, 255ff
ambiguity of, 250
calculation of, 249
Interpersonal comparisons, 432ff,
442
Interpolation, in multiattribute
utility, 416ff
Interview, in utility measurement.
See Utility measurement
Inventory, 82, 158ff
Investment, 212ff, 215ff, 222,
224, 227, 245ff
levels of, 243ff, 255
returns on, 227ff, 234
tax credits for, 226
Investment problem, 150ff
Isoquant, 13ff, 43, 45, 83ff,
116, 182
Isoutility line. See Isovalue line
Isovalue line, 362ff, 421, 432,
436, 438ff, 443
Israel, 234

Jacoby, H. D., 192ff
Japan, 56

Joint cost. See Cost
Jordan River, 95ff
Judgment, 278, 287, 292

INDEX 463

Kahneman, D., 371
Kay, Big. See Multiattribute utility
measurement, normalizing
parameter, K
Keeney, R. L., 293, 323, 324, 344,
396, 419, 422
Kelvin, degrees, 370
Knee
of cost-effectiveness curve, 62, 253
of noninferior solutions, 187, 402
Kuhn-Tucker conditions. See Optimality

Lagrange, J. L., 31ff, 107ff
Lagrangean, 30ff, 43
generalized, 34ff
Lagrangean multiplier, 31ff, 107ff
Laplace criterion. See Decisionmaking
Law of Diminishing Marginal Products.
See Marginal products
Learning curve, 54ff, 266
LEP. See Lottery equivalent method
Level. See Dynamic programming
Lexicographic ordering, 400£f
Lichtenstein, S., 293
Liebman, J.C., 127
Life, value of. See Value
Life of project, 205, 211ff, 242, 245,
247, 254
Likelihood ratio, 279, 282ff
use of, 283ff, 293
conditional, 283ff
Linearity, 72, 75ff, 140, 190. See
also Nonlinearity; Positive linear
transformation
Linear programming, xiii, 70ff,
106ff, 118, 139, 146, 148,
150, 187, 190, 192, 266
activities for, 83ff
assumptions of, 71ff
duality for, 92ff
effect of constraints, 79ff
integer, 74, 90ff
piecewise, 87ff
separable, 87
simplex method, 78ff, 82
size of, 70, 78, 89, 95
solution concept, 78
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Linear programming (cont.):
standard programs for, 78ff
unbounded, 77
Lof, G., 11, 24
Logic, 276, 366
Lottery, 330, 364ff, 369, 374ff, 379ff,
405ff
binary, 364, 374, 379, 382
buying price, 384ff
elementary, 365
equivalent, 374ff, 382
selling price, 384
Lottery equivalent method. See Utility
measurement
Lottery equivalent outcome, 383
Loucks, D.P., 192ff

Magluf, N.S., 64

Major alternative group, 175ff

Malaysia, 436

Marginal analysis, 41ff, 155

Marginal costs, 43ff, 51ff, 58ff, 63ff,
263ff

Marginal products, 14ff, 17, 23, 61,
263

diminishing, 14, 63, 435
Law of Diminishing, 14

Marginal rates of substitution, 15ff,
45, 58

Marginal utility. See Utility

Market studies, 279, 329, 334

Marks, D. H., xvi, 24, 98, 127,
193, 293, 323, 422

Massachusetts Institute of Technology.
See MIT

Massachusetts Port Authority, 210

Massachusetts Turnpike, 227

Master plans, 320ff. See also Optimal
strategy

Materials selection, 304ff, 414ff, 419ff

Mathematical programming, 70. See
also Dynamic programming; Linear
programming

Maximax criterion. See Decisionmaking,
primitive models of

Maximin criterion. See Decisionmaking,
primitive models of

McCord, M., 391

Measure of preference. See Preference

Mercalli Index, 317

Mexico City Airport, 308ff, 317ff, 320,
413, 419ff

Mira, L. J., 37ff

Miser, H. J., §

MIT (Massachusetts Institute of
Technology), xvii, 22, 60, 186,
267, 287, 415, 420, 446ff

Models, 105

analytic, 42, 44

deductive, 8ff

engineering, of production, 6
inductive, of production, 9ff
physical, 191

screening, 190ff

translog, 10, 106

Monetary returns, 198

Monetary value, 245, 252, 258

Money, Value of. See Value

Monotonic function, 362

Monotonicity

axiom of utility function, 365
axiom of value function, 361
in dynamic programming, 144ff

Morse, P., 422

Multiattribute utility, elementary
methods,

additive, 397ff, 410ff

conjunctive, 401ff

disjunctive, 401ff

extension of utility measurement,
398ff

lexicographic ordering, 400ff

Multiattribute utility function, 371, 375,

446 '
corner points of, 410ff
definition of attributes, 412ff
formula for, 408ff
Keeney-Raiffa, 396, 419
theory, 402ff

Multiattribute utility measurement,
396, 412ff

effort required, 409

interpolation for, 416ff

normalizing parameter, K, 408ff,
414

procedure for, 412ff

scaling factors, 408ff, 414, 415ff

Multiobjective optimization. See
Optimization

Multiple outputs, 21ff, 173ff, 435

Multiplicative functions. See Dynamic
programming

Myopic choice, 155

Natural monopoly, 53ff
Negotiation, 431, 446
collaborative, 443ff
mutual benefits of, 439ff, 443ff
process of, 445ff
Nerlove, M., 10, 15ff, 21, 25
Net present value, 215, 223, 227, 229,
233, 245, 248ff. See also Value
Dependence on discount rate, 223,
225
as evaluation criterion, 239ff, 243ff
Network, 59ff, 82, 96ff, 140, 153ff
Neufville. See de Neufville
Newton-Raphson method, 414
New York City, 28ff, 32ff, 53, 59ff,
108, 191, 193, 252ff
Board of Water Supply, 60ff
Nigeria, 436
Nile, length of, 288
Node. See Chance node; Decision node
Nominal value, 214, 265
Noninferior solution. See Solutions
Nonlinearity, 139
of scale, 87ff
Nonnegativity, 35, 74ff
Normalization, for weighted index,
304ff
Normalizing parameter, K. See
Multiattribute utility measurement
Norms of behavior, 367
Nuclear power, 344, 368

Objective function, 30ff, 71ff, 87ff,
113, 116, 144ff

Objectives, multiple, xv, 174ff, 198

Observation in risk assessment, 280ff

Office of Management and Budget,
231

Olson, M., 448
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Operations research, xiii, 201, 353, 361,
385, 431
Opportunity cost, 106, 114ff, 118ff,
127, 190, 265ff
of capital, 114, 229, 265
Optimality
conditions for, 29, 35, 42ff, 61,
140, 263
Kuhn-Tucker, 30, 33ff, 181
Second-order conditions, 35
Optimal policy, 150, 158, 160ff
Optimal strategy, 297, 298, 320, 322ff,
330, 343ff, 391
Optimal variable, 115ff
Optimization, 4. See also Dynamic
programming; Linear programming;
Marginal analysis
constrained, 28ff, 70
multiobjective, xvi, 173ff, 396
partial, 142ff, 156, 241ff
suboptimization, 242
of system, xvi, 189ff, 430
Order of preference, 362
Organization, difficulties of optimization
for, 241
Outcome, 298ff, 315ff, 333ff, 337ff,
354ff, 361, 364ff, 374ff, 379ff,
390
range of, 379, 381ff, 383, 415ff
Output, 6ff, 21ff, 45ff, 72, 173ff
Overconfidence, 277, 278, 287,
290, 292

Paradox. See Allais paradox;
Arrow paradox
Pareto optimal solution. See Solution
Payback period, 230, 239ff, 242ff,
252ff, 255ff
Payoff matrix, 299ff
Perfect information. See Information,
299ff
Period
in decision analysis, 241
in engineering economy, 206ff, 268
small, 210
Pie, economic, 435ff
Piecewise linear programming,
871f, 192
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Pindyck, R. S., 25, 270
Planning. See Design
Polarization of attention, 308,
419ff
Policy. See Optimal policy;
Optimal strategy
Political issues, 434ff
Positive linear transformation,
369ff, 375, 407, 416ff
Preference, 200, 446ff
Dependence on circumstances,
357
Indifference of. See Indifference
of preference
intensity of, 382
linearity in probability, 365
measure of, 353ff, 357, 396ff
nonlinear, 353ff, 366ff
order of, 361, 403ff
Preference function, 353ff. See
also Multiattribute utility
function; Utility function;
Value function
inflection in, 359
monotonicity of, 360
nonlinearity of, 357ff
Preferential independence. See
Assumptions of multiattribute
utility
Present amount, 206ff
Presentation of results, 184ff, 191ff,
322ff
Present value. See Value
Price, 43, 58, 199, 264, 266, 278, 362,
397, 421
determinant of design, 437ff
difference from marginal cost, 265
errors in, 264
future, 232ff, 292
indexes of, 232
linear, 43
of a lottery. See Lottery
market, 251, 255
relative, 51, 435
Price elasticity, 293
Primal. See Duality
Primitive models of decisionmaking.
See Choice; Decisionmaking

Probability, xv, 272, 276, 365ff,

374, 414

calculation of, 313
complementary, 282ff, 374
conditional, 280ff, 374
constant. See Utility measurement
existence of, 365
joint, 310ff, 313
laws of, 310
of an observation, 281ff
posterior, 280ff, 283, 331,
338, 340ff
prior, 280ff, 337, 340, 342
revision of estimates, 279,
338, 340ff
subjective, 278
of test result, 335, 340
variable. See Utility measurement
Probability distribution, 97, 105ff,
200, 273, 276, 281, 286, 293,
366. See also Risk
conjugate, 286
continuous, 285ff, 316ff, 342ff
Probability of failure, 162
Product, 6, 41ff, 48, 279, 443, 446
distribution of, 438. See also Social
welfare function
marginal. See Marginal products
multiple, 435ff, 439ff. See also
Optimization, multiobjective
Product maximization, for groups, 430
Production function, 6ff, 41ff, 50, 60,
190, 263, 270, 434, 446
characteristics, 12ff
Cobb-Douglas, 9ff, 15ff
estimation of, 9, 50
models of, 8ff
multiple-output, 8, 14,
18, 21ff
single-output, 7ff
Production possibility frontier,

175, 435, 442ff, 446ff
Production problem, 434ff
Productivity of investment,

229, 230, 232ff

rate for private sector, 229ff
rate for public sector, 230ff
Profile, of performance, 185

Profits, 200, 215ff, 229, 243, 264.
See also Revenues, Future
Programming. See Dynamic
programming; Linear
programming
Projects, appraisal of. See Evaluation
Prototypes, 279, 329, 333, 337, 343
Pruning alternatives, 155ff, 311, 318
Psychology, 162, 273, 279, 287ff, 443
Psychometrics, 373, 375ff, 378

Quade, E. S., 5
Questionnaires, in utility measurement,
376

Raiffa, H., 324, 344, 396, 419, 422
Railroad crossings case, 62ff, 67
Range of outcomes. See Outcomes

Ranking
of choices, 198, 303, 403ff,
421, 434

influence of criteria on, 250
influence of discount rate on,
248
of projects, 239, 245, 248, 255
Rare events, 335ff
Ratio. See Benefit-cost ratio;
Cost-effectiveness ratio
Recurrence formula, 149, 158ff, 192
additive problems, 151ff
multiplicative problems, 158
Redundant components, 158, 162ff
Regret, 302ff. See also Decisionmaking
Regulated industries, 230, 232 °
Relaxation. See Constraint
Reliability, 158, 162ff, 334ff, 390ff
Replacement. See Scheduling
Research management, 421
Resource allocation, 4
Resources, 6ff, 41, 51, 84ff
Response, in utility measurement, 374,
379, 384
Return functions, 144ff, 148, 151ff,
159, 163
cumulative, 148ff, 151ff, 159ff, 162
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Return on investment, 227ff, 230,
248. See also Internal rate
of return
Returns to scale, 16ff, 24, 46, 50ff,
87ff, 155
implications of increasing, 17f,
53ff. See also Economies
of scale )
Revenues, future, 213ff, 233, 243
Richter scale, 317
Rio Colorado case, 186ff
Risk, xiv, 198, 201ff, 223, 230, 272ff,
2971f, 321ff, 343, 352, 376, 384,
386, 406
trade-offs, levels of, 443ff
treatment in evaluation, 232
Risk Assessment, 272ff, 276ff, 354ff
biases in. See Biases
Errors in. See False negatives; False
positives
frequency method, 276ff, 292
by judgment, 278, 293
by logic, 276
narrow estimates, 287ff
revision of estimates, 279ff
statistical models, 278, 292ff
Risk aversion, 354, 357ff, 384, 385ff,
388ff, 407
Risk neutral, 386
Risk positive. See Risk preference
Risk preference, 357, 358ff, 386ff, 388,
407
Risk premium, 232, 387ff
River transport case, 11, 22ff, 57ff
Rubinfeld, D. L., 25, 270
Rule
six-tenths, 53
of 72, 210, 265

Safe yield, 97
Sage, A. P., 25
Salt Lake City, 95ff, 142ff, 192
Sample information. See Information
San Francisco, 286

San Francisco Bay, 342ff
Saturation, 354, 357
Saudi Arabia, 444
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Savings, 223ff, 226, 234, 267, 354,
444
Scale
cardinal, 364, 368ff
factors. See Multiattribute utility
measurement
ordered metric, 369ff, 376
ratio, 369
Richter, 317
for utility, 369ff, 376ff, 383. See also
Advantages of scale; Economies
of scale; Investment, levels of;
Returns to scale
Scenarios, for utility measurement, 383
Scheduling, 158ff
Screening, 189, 192, 234
Sensitivity
to irrelevant alternatives, 303ff, 305
to irrelevant states of nature, 300ff
Sensitivity analysis, xvi, 105ff, 150,
155, 189ff, 192, 211ff. See also
Opportunity costs; Shadow prices
Separability, 144ff
Sequential problems. See Dynamic
programming
Series of equal amounts, 206ff
Series present value, 206ff
Shadow price, 31ff, 106ff, 118ff, 125ff,
155, 266, 268
on budget, 114, 155, 229
changes, 112ff
constancy of, 111ff
nonnegativity, 35
range of, 111ff, 118ff
sign of, 107ff
Shape, constant. See Utility
Simplex method, xiv, 78ff
Simulation, 11, 60, 190, 192ff
Siting of facilities, 318, 320ff
Six-tenths rule. See Rule
Sizing the system, 47, 215ff, 244,
255
Slack variable, 34ff, 112, 119.
See also Complementary slackness
Slovic, P., 371
Social cost-benefit, 201ff
Social good, 231
Social justice, 432

Social welfare function, 431ff
allocation to groups, 435, 438ff
impossibility of, 434
interpersonal comparisons for, 432ff,

442
weighting of groups in, 431ff, 438

Software, 146. See also ASSESS

program

Solid waste case, 124ff

Solution
categories of, 175
compromise, 420, 446
dominant, 175
dominated, 177, 185
excluded, 176
inferior, 174, 447
knee of, 187
noninferior, 174ff, 396, 401ff, 435ff,

442ff, 446ff
pareto, 175
Specification sensitivity analysis, 107ff,
125, 190
Spread-sheet programs, xvi, 184, 204,
240, 298ff, 304

Stafford, J. H., xiv

Stage
in decision tree, 310, 316ff, 322
in dynamic programming. See

Dynamic programming

Standards, minimum for investment,

240ff, 252
Stanford University, 286, 342
Statistical analysis, xiv, 8, 230, 272,
278, 292ff

State, in dynamic programming, 147ff

State of nature, 298ff, 311
irrelevant, 300ff

Status Quo, 175 :

Stimulus, in utility measurement, 374ff,

379, 381, 384, 388

Strategic equivalence, 362, 364, 370

Strategy. See Optimal strategy

Subjective probability. See Probability

SUMIT case study, 446ff

Surveying, 374

Sydney Airport case, 177, 181, 184,

191, 320ff, 420

Systems analysis, xiii, 3ff

Taxes, 226, 230
Technological change, 263, 270, 277,
293
Technology choice, 123, 126, 222ff,
226ff, 232
Temperature scales, 75
Test, in information gathering. See
Information gathering
Test market. See Market studies
Thermal efficiency case, 11
Threshold, effect on preference, 379,
386, 404
Time, value of money over. See Discount
rate; Value
Time stream of costs. See Cash flow
Trade-offs, 191, 400, 402, 420ff, 440ff,
443, 446
Transfer station, 125ff
Transitivity, 303
axiom of value function, 361
lack of, in group decisions,
361, 434
Transportation, 56ff. See also Air
transport case; River transport case
Transportation problem, 82ff, 95ff
Tree representation
in decision analysis, 309ff
in dynamic programming, 155ff
Triangulation, 374ff, 381
Trigger price, 117
Tversky, A., 371

Uncertainty, 299, 308, 353, 357. See
also Risk

United States, 226, 230, 234, 245, 273,
317, 334, 343ff, 433, 437, 445.
See also Agency for International
Development; Corps of Engineers;
Environmental Protection Agency;
Federal Aviation Administration;
Federal Highway ' Administration;
Office of Management and Budget

Ury, W., 445, 448

Utility, 353, 373, 431, 440, 446

apparent dependence on probability,
381

NDEX 469

constant shape, 370ff, 407, 409, 416

dependence on context, 376, 383, 388

diminishing marginal, 353ff, 357,
364, 386, 398, 432

functional approximation, 384, 389

measurement of. See Utility
measurement

thresholds in, 386, 404

use in decision analysis, 390ff

Utility function, 201, 353, 364, 375,

398ff, 446ff
constant shape. See Shape, constant
multiattribute. See Multiattribute
utility

Utility function of a group, 431ff.

See also Social welfare
function

Utility independence. See

Assumptions of multiattribute
utility

Utility measurement, 368, 373ff,

412ff
bracketing for, 378ff, 388
buying or selling lotteries, 385ff
certainty equivalent method, 373, 375,
3791f, 387ff
computers in, 379, 400
constant probability method, 380
fractile method, 380ff
interviews for, 375ff, 379, 388
lottery equivalent method, 373,
382ff, 387ff
problems in, 381ff
procedures for, 383ff, 387ff
questionnaires for, 376ff
scenarios for, 383
variable probability method,
380

Utility possibility frontier, 442ff

Value, 3, 411f, 431, 434, 447. See also

Expected value
economic, 435
of life, 174, 199, 245, 252, 255
marginal, 354
of money, 200, 204, 211ff, 215, 387ff
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Value (cont.):
nonlinearity of, 201, 274, 311, 352ff,
264ff, 368, 440, 447
present, 206ff, 211ff, 214, 216ff,
222, 225ff, 253. See also Net
present value
real, 204, 264, 266, 311, 397. See
also Utility
relative, 41, 174ff, 181ff, 263
social, 42
subjective, 264, 352ff. See also Value
function
Value function, 353ff, 360ff, 375
axiomatic basis of, 361ff
measurement of, 364
Value of information, 330ff
expected, of perfect information, 337ff,
340, 341
expected, of sample information, 338,
340ff
maximization of, 342ff
upper bound for, 337ff, 341
Vaupel, J. W., 323
Votes, 444
economic, 437

Voting, 361
rules of, 433ff, 445

Wagner, H. M., 98
Warehouses, 91ff, 141, 269
Water supply cases. See Salt Lake City;
New York City
Weighted index. See Decisionmaking
Weighting method in multiobjective
optimization, 178, 181ff
Weights, 181ff, 368, 397, 432, 438
Welfare economics, 201ff
White, J. A., 127 ~ i
Wholesale price index, 234 "
Williams, H. P., 98, 164
Willingness to pay, 364
Winston, W. L., 39, 164
World Bank, 144, 231

Zero, as reference point, 369ff
Zero-sum game, 439
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