Abandonment option(s)
analysis, 174-177
case study and problems, 615-616,
622-623
characteristics of, 19, 26, 32, 35, 93, 105,
112, 134-135, 143, 163-167, 187,
259-260, 268
customized, case study, 386-396
decision tree analysis, 258
SLS Excel Solver software, 309-310
Absolute returns, 96
Acceptance of real options, 36-37
Acquisitions
case study, 462
expansion options, 168-170
implications of, 35, 104
technology, 56
Active strategies, 99
Aeronautical manufacturing, options to
contract example, 170-174
Airline industry, software applicatiets for,
33-34
Akason, Mark, 57
Amazon.com, 36
American call options
case study, 414-47138
characteristics of, 167, 181, 216,
244-245,298-299, 350
American options
call, see American call options
characteristics of, generally, 93, 124, 146,
171, 350, 480
double barrier options, 446-449
exotic barriers, 446-449
lower barrier options, 440-443
put, see American put options
trinomial lattices, 432-436
upper barrier options, 443-446
American put options
case study, 415-418
characteristics of, 164
Amortization, 76-77
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Analyst(s)
functions of, 66, 71, 105, 258
results interpretation and presentation
guidelines, 581-605
Ancillary services, 30
Annualized cash flow, 194
Annualized discount rate, 0
Annualized volatility, 191-192, 197
Annual reports, 144
Applied Risk Analycis: Moving Beyond
Uncertainiy (jviun), 334
Appraisal rhase, cil and gas industry, 46
Appraisais: real estate, see Real estate
industry case study
Arbitiage pricing models, 143
ArLitrage pricing theory (APT), 69, 215
+ RIMA forecasts, Risk Simulator software,
318, 332, 335-337
Asset-pricing model, 70, 86, 110
Assets options
exchange asset for, 283-284
two-correlated, 290-291
ATXT, 34
At-the-money options
calls/puts, 350
characteristics of, 135, 592
Auctions, 28
Autocorrelated cash flows, volatility
estimates, 193-194
Automobile manufacturing industry,
software applications for, 33
Autoregressive Integrated Moving Average,
see ARIMA forecasts
Autoregressive processes, 273
Average NPV, 212

Backward-induction technique, 165, 170,
176,179, 185

Bailey, William, 44

Barone-Adesi-Whaley approximation model,
93,167,171

Barrier long-run processes, 273-274
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Barrier options
abandonment, 259-260
case study and problems, 623-624
characteristics of, generally, 27-29
double, case study and exercises, 446-449
exotic, case study and exercises, 446-449
lower, case study and exercises, 440-443
upper, case study and exercises, 443-446
Barriers to entry, 34, 42
Base-case analysis
characterized, 161
net present value (NPV) analysis, 104, 587
Bayesian probability theory, 233, 256
Beginning-of-period discounting, 82-83
Bermudan call options
case study, 414-415
characteristics of, 350
Bermudan options, 124, 146, 167, 350
Bermudan put options, case study, 415-418
Bernoulli distribution, 212, 355-356
Beta
distribution, 362-363
implications of, 70-71, 85, 143-144
risk, 598
Binomial distribution
characterized, 253, 356-357
negative, 360-361
volatility estimates, 208-209
Binomial equations, 151-156
Binomial lattice
calculation of, 164, 171, 174
case study, 470-471
characteristics of, generaily; 90, 110,
123-125, 127-130,215, 257
contraction optiors, 173--174
ESO valuation caze study, 481, 484-4835,
490, 500-501, 507-513, 518-524,
526-527
Monte Carlo simulation, 239
Multinomial Lattice Solver (MNLS)
software, 308
real options analysis sample, 601
simulation of uncertainty, 136-139
two time-step, 125-127
volatility and, 138-139
volatility estimates and, 201
Binomial models, 36, 187-188
Binomial path-dependent portfolios, 215-220
Binomial probability mass function, 252
Biopharmaceutical industry, case study,
547-557

Black-box analytics, 93, 106
Blackout periods
ESO valuation case study, 494-498
implications of, 124, 146, 350
Blackout steps, Super Lattice Solver
software, 167, 302-304
Black-Scholes, generally
basic with dividends, case study and
problems, 623
closed-form solution, 150
equation, 147, 201, 236, 418
Black-Scholes, lattices, Monte Carlo
simulation, 239
Black-Scholes option model
applications, 213-214
basic, European version. 278
characteristics of, 123,133, 160, 176,
349-350
closed-from, 467—45%
with drift (dividend), European version,
279
ESO valuation case study, 483
with 1ature payments, European version,
275=280
pencralized, 287-288
Aiack-Scholes-Merton (BSM) formula
applications, generally, 36
ESO valuation case study, 481-482,
485-486, 488, 490, 492, 498, 504, 520,
522, 524, 526
Bloomberg Wealth Manager, 36
Boeing, 33-34
Bond investments, 84, 89
Book-to-market ratio, 85-86
Bootstrapping, 71, 84, 90
Bottom line, 594-595
Bottom-up analytical approach, 72, 74
Break-even analysis, 597-598
Break-even point, 112, 225
Breit-Wigner distribution, 363
Brennan, Michael, 87
Brownian motion, 137-138, 141, 152, 154,
196-197, 235, 239. See also Geometric
Brownian motion
Bull spreads, 145
Business enterprise value-to-earnings ratio, 80
Business environment, impact of, 20, 170
Business interruption strategies, 142
Business strategy, 104
Business Week, 2, 37
Butterflies, 145
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Call delta, 228
Call gamma, 229
Call options
Black-Scholes option pricing model,
349-350, 472
case study, 414-415
characteristics of, generally, 29, 88, 91,
111, 124, 167, 201, 216, 244-245, 262,
278,281, 285
defined, 348
styles of, 350
valuation equation, 225
value, 147
Call rho, 229
Call theta, 229-230
Call vega, 230-231
Call xi, 231
Capital, cost of, 42, 81
Capital Asset Pricing Model (CAPM)
computation of, 158
discount rate analysis and, 143-144, 598
implications of, 69-70, 85-86
Capital budgeting, capital investment, 17
Capital expenditures, 76-77, 104
Capitalization, 86
Capital structure, 84
Carry-forward net operating losses, 65
Case illustrations
high-tech R&D, 53-56
intangibles valuation, 50-52
manufacturing sector, R&D, 41-45
oil and gas sector, 44-49
patent valuation, 50-52
telecommunications; $7-¢'2
Cash-equivalent replicatiig portfolio, 215
Cash flow, generally. see also Discounted
cash flow; Free cash flow; Future cash
flow; Raw cash flow
exotic options, 280, 288
market-risk, 200
projection, 90
sensitivity analysis, 227
volatility and, 182
volatility estimates, 193-194, 198-199
Cash flow series, risk-neutral probability
and, 158-159
Cashless return investments, 28
Cash outflow, 90-91
Cauchy distribution, 363-364
Central Limit Theorem, 209
CFO Europe, 36

Chance nodes, decision tree analysis,
258-259
Change management, 582
Changing cost options, 182
Changing rates options, case study and
exercises, 449-452
Changing strikes options, case study and
problems, 621-622
Changing volatility options, case study and
problems, 449-452, 622
Chi-square distribution, 364
Chooser options
basic, 280-281
case studies and problems, 419-421,
618-619
characteristics of, 33-34, 173-177
complex, 281-282
exotic, see Exotic chooser options
Closed-form comphurd options
case study and problems, 620
model, im»hcasions of, 180
Closed-f¢:m =quations
charactenstics of, 123-124
Mot te Carlo simulations, 235-236
Ciceed-form exotic options, 92, 278-291
“losed-form solutions
abandonment option, 164
binomial lattices, 127, 187
characteristics of, 110, 161, 174, 239
chooser option, 174
contraction options, 171
decision tree analysis, 257
expansion options, 167-168
Closing prices, volatility estimates, 211
Coca-Cola, 65
Coin-toss game, 154-157
Combined lattice, 186
Commodity prices, 109
Comparability analysis, 71, 86
Comparables
implied volatility test, 233
in volatility estimates, 191, 195, 201-202
Competition
acquisition of, 168-169
impact of, 20-21, 53-55, 61, 73, 262
volatility estimate and, 212
Competitive advantage, 104
Complex sequential compound option, SLS
Excel Solver software, 312
Compound expansion options, 22-23,
29-30, 34-35
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Compounding, 81, 158
Compound options
case study and problems, 619-620
changing costs, 182
characteristics of, 17-20, 173, 260
customized sequential, case study,
426-428
expansion, see Compound expansion
options
on options, 282-283
sequential, 184-187
simultaneous, 177-180
Computer industry, software applications
for, 33
Computer software programs
Multinomial Super Lattice Solver, 127,
243
Multiple Asset Super Lattice Solver, 127,
187, 260
Real Options Valuation’s Super Lattice
Solver, 39,117,123, 167, 182-183,
188, 192, 259
Risk Simulator, 42, 104, 112, 115-116,
212
Cone of uncertainty, 136-137
Constant growth, 78-79, 89
Constant volatility, 127
Constraint relaxation ratio, 277
Continuous compounding, 81
Continuous decision variables, 383
Continuous discounting, 80-81
Continuous distributions
beta distribution, 362-363
Breit-Wigner distribytion) 363
Cauchy distributien, 565364
chi-square distribution, 364
Erlang distribution, 367-368
exponential distribution, 364-365
extreme value distribution, 365-366
F distribution, 366
Fisher-Snedecor distribution,
366-367
gamma distribution, 367-368
Gumbel distribution, 365-366
logistic distribution, 368-369
lognormal distribution, 115, 208-209,
236, 239, 369-370
Lorentzian distribution, 363
normal distribution, 370
Pareto distribution, 370-371
Rayleigh distribution, 374

Student’s t-distribution, 364, 371-372
triangular distribution, 115, 208-209,
372-373
uniform distribution, 373
Weibull distribution, 374
Continuous simulation models, 138, 239
Contraction, Expansion, and Abandonment
Option case study, 409-414
Contraction options
analysis, 174-177
case study and problems, 617-618,
622-623
characteristics of, 19, 35, 62, 93,
170-174, 268customized, case study,
396-402
Contracts, 112
Control risk, 70
Convertible warrants, 457-473
Cooling-off period:, 140
Corollary analysic, 94
Corporate rziacts, 35
Corporate tav rate, 68
Cost anpioach to valuation, 64
Cogst 1 capital, 42, 81
Cestof goods sold, 71, 76
“Jest of waiting, 262
Cost savings, influential factors, 225-226
Country risk, 21, 70
Covariance, 70, 143
Credit Suisse First Boston, 29
Critical success
drivers, 105
factors, 194, 595-596
Cumulative distribution functions (CDF),
355
Customized sequential compound options,
case study, 426-428

Daily discount rate, 80-81
Debt
issuance, 84
load, market-replicating portfolios,
217-219
new debt, 76
ratio, 77
Debt-to-equity ratio, 211
Decision-making ability, 92
Decision-making process
biopharmaceutical industry case study,
547-557
case study, 45, 459-467
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components of, 17-19, 37

influential factors, 72, 92, 110, 135
telecom industry case illustration, 58-59
uncertainty in, 28

Discount rate
analysis, 598-599
constant, 198
implications of, 71, 77, 84-85, 104,

Decision sciences, 233 143-146
Decision table, case study, 466 market risk-adjusted, 156, 164, 181, 258
Decision tree risk-adjusted, 155-158, 215
analysis, 158 risk-free rate compared with, 84-85
characteristics of, 54, 256-259, 271 timing options, 262-267
decision-making case illustration, 552 volatility estimates and, 199
Decommissioning phase, oil and gas sector, Discrete decision variables, 383
48-49 Discrete distributions
Default risk, 70 Bernoulli distribution, 355-356
Degree of freedom, 197, 364 binomial distribution, 356-357
Delta, 227-228 discrete uniform distribution, 357-358
Depreciation, 71, 76-77, 85, 104 equally likely outcomes distribution,
Derivatives, defined, 348 357-358
Deterministic optimization model, 383 geometric distributiors; 358-359
Development phase, oil and gas sector, hypergeometric distributions, 359-360
46-47 negative binomiia! distributions, 360-361
Differential equations Poisson distritstion, 208-209, 274,

linear programming, 276

optimization process, 275, 277

Dilution effects, ESO valuation case study,

504

Discounted cash flow (DCF)

analysis, generally, 28, 52

binomial lattice solution, 158-159

changing strikes options, 181-182

characteristics of, 16, 19, 36-38. ¢5-66

chooser options and, 174

comparison with traditioranapproaches,
96

disadvantages of, 67.-¢9

influential factors, 123

net present value (NPV), 139

risk-neutral probability and, 158

sample model summary, 594-595

with simulation, 132

simultaneous compound options, 178

straight-line, 131-132

traditional, 88, 92, 96, 164

valuation, 170

volatility estimates, 190, 192, 194,
199-202, 208, 212

Discounting

continuous versus discrete periodic, 80-81

end-of-period versus beginning-of-period,
82-83

full-year versus midyear convention,

81-82

361-562
Yes/No cistribution, 355-356
Diszre ¢ event simulations, 212
Dicerete periodic discounting, 80-81
1Jiscrete simulation techniques, 151, 160,
239
Discrete time switch options, 290
Discrete uniform distribution, 357-358
Distressed firms, 89
Distributions, see also Binomial distribution;
Continuous distributions; Discrete
distributions; Normal distribution;
Probability distributions
frequency distribution charts, 132
risk-neutral probability and, 161
zero-based, 253
Diversification, 211
Dividend policy, 85
Dividend rate, timing options, 262
Dividends
computation of, 146
ESO valuation case study, 492-496,
498-499
exotic options, 280-282, 284, 286-288,
290
implications of, 76
volatility estimates, 197
Dividends per share (DPS), 78-79
Double barrier options, case study and
exercises, 446-449



654

INDEX

Down markets, 173
Drug approval
case study, 432-434
simultaneous compound option
illustration, 177-180
volatility estimates, 212
Drug development, abandonment option
case illustration, 163-167
Dual-variable rainbow option, case study
and exercises, 438-440
DuPont, 51
Dynamic programming, 92

Earnings before interest and taxes (EBIT), 76
Earnings before tax, 76
EBITDA (earnings before interest, taxes,
depreciation, and amortization),
volatility estimates, 194
E-business
software applications for, 20-22, 35
strategy, decision tree analysis, 258-259
E-commerce, 20, 28
Econometric regression modeling, 71
Econometrics, 190, 203, 318
Efficient markets, 214
Employee stock option (ESO)
case study, 478-527
with suboptimal exercise behavior,
452-453
with vesting, 449
with vesting and suboptimal exeicise
behavior, 453-455
with vesting, suboptimal'ex=rcise
behavior, blackout periods, and
forfeiture rate, 455-453
End-of-period discouming, 82-83
English, Kenneth P., 41-43
Equally likely outcomes distribution,
357-358
Equilibrium, 215, 263
Equity
implications of, 68, 84
lattice, 184-185
pricing, 70
volatility estimates and, 211
Equity-to-total capital ratio, 77
Erlang distribution, 367-368
ESO, see Employee stock option
Estimation, risk-neutral probabilities, 158
European call options
case study, 414-415

characteristics of, 124-126, 214,
298-299, 350
financial, 147
European options
calls, see European call options
characteristics of, 124, 146, 227, 236, 350
double barrier options, 446-449
exotic barriers, 446449
lower barrier options, 440-443
put, see European put option
trinomial lattices, 432-436
upper barrier options, 443-446
valuation lattice, 149
European put option, case study, 415-418
Evaluation process, 585-588
Exchange asset for asset ontion, 283-284
Executing options
contraction, 173
implications of, 38,143, 160, 169, 173
sequential compeund options, 185
simultanegus compound options, 178
Exercise vrice, defined, 348
Exercisiag options, 88,124
Exizaptons, 259-260
Exutic barriers, case study and exercises,
446-449
Exotic chooser options
basic, 280-281
case study, 419-421
complex, 281-282
Exotic options
Black-Scholes with drift (dividend),
European version, 279
Black-Scholes with future payments,
European version, 279-280
Black-Scholes model, generalized,
287-288
Black-Scholes option model, European
version, 278
characteristics of, generally, 124, 143,
220,271
chooser options, see Exotic chooser
options
compound options on options, 282-283
discrete time switch options, 290
exchange asset for asset option, 283-284
fixed strike look-back option, 284-285
floating strike look-back options,
285-286
forward start options, 287
futures, options on, 288



Index

spread options, 289
two-correlated-assets option, 290-291
Expanded net present value (eNPV)
abandonment options, 166
binomial lattices, 161
case study applications, 584-585, 588, 594
contraction options, 173
expansion options, 170
Expansion options
analysis, 174-177
case study and problems, 616-617
changing costs, 182
characteristics of, 17-20, 35, 62, 93, 105,
111, 143, 167-170, 268
compound, 22, 29-30, 34-35
customized, case study, 403-409
e-business initiative, 20-22
oil and gas exploration and production,
23-25
venture capitalist, loss of, 27-29
Expectations, implications of, 54
Expected life analysis, ESO valuation case
study, 500-501, 503-505
Expected NPV, volatility estimates, 206-208
Expected returns, 85-86, 161, 209
Expected value, decision tree analysis, 258
Expiration/expiration date
Black-Scholes model, 213-214
exotic options, 280-281, 283-284,
286-290
implications of, 88, 164, 171
simultaneous compound ¢piions, 178-179
switching options, 268-270
Exploration phase, oiliatid gas sector, 46
Exponential Brownjau.motion, 152
Exponential distribution, 364-365
Extreme value distribution, 365-366

Facility expansion, 17

Fair market value, 63

F distribution, 366

Feasibility analysis, 20, 221-222

Financial Accounting Standards (FAS) 123,
employee stock option (ESO) case
study, 478-507

Financial assets, 70-71, 89, 193

Financial data, resources for, 195

Financial modeling, 38

Financial options, see also specific types of
options

analysis, 123

Black-Scholes option pricing model,
349-350
case study, 467-473
defined, 348
derivative, 348
exercise price, 348
formula value, 348
option price, 348
real options compared with, 109-112
volatility estimates, 190-191
Financial sector, 28
Financial statement analysis
discounting conventions, 80-83
free cash flow computation, 76
free cash flow to a firm, 77
inflation adjustment, 77
levered free cash flow; 77
price-to-earnings mulples, 78-80
terminal value, 78
Financing
agreements, 2
problei-atic, 105
Finite-dif{e ‘ences, 110
Firgta-inarket, 34, 102, 262
Fizter-Snedecor distribution, 366-367
Sive-step lattice
basic, 252-253
nonrecombining, 244
Fixed strike look-back option, 284-285
Fixed volatility, 136
Flaw of Averages, 113-115
Floating strike look-back options, 285-286
Forecasting, see also Time-series forecasting
autoregressive integrated moving average,
318, 332, 335-337
influential factors, 71, 131
using Risk Simulator software, 317,
331-343
types of, 375-376
Forecast statistics, Risk Simulator software,
324-331
Foreign exchange market, 140-141
Forfeiture rate, ESO valuation case study,
481, 489-490, 504, 515, 517-520
Formula value, defined, 348
Forward start options, 287
Fourt, Robert, 557
Framing options, 460-461
Free cash flow (FCF)
calculations, 76
to equity, 76
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Free cash flow (FCF) (Continued)
to a firm, 77
implications of, 68, 71, 77, 91, 109, 129,
131
inflationary adjustment, 77
levered, 77
terminal value, 78
volatility estimates, 194, 202
Frequency distribution charts, 132
Full-year discounting, 81-82
Future cash flow
changing strikes options, 180-181
chooser option and, 174
influential factors, 95, 105, 139, 152, 158,
164
sequential compound options, 184
simultaneous compound options, 178
single-state static binomials, 223
volatility estimates, 197-198
Future option
cash flows, 167, 169
option values, 173
Futures contracts, options on, 288

Games of chance, 112-113, 141, 154,
156-157
Game Theory, 233, 262
Gamma
characteristics of, 227, 229
distribution, 367-368
Garbage in, garbage out, 39
GARCH (generalized autore¢giessive
conditional heteroskedas:icity), see
Volatility estimates
Gemplus Internatiopat S, high-tech R&D
case illustratior:, 53-56
General and administrative costs, 76
Generalized Black-Scholes model (GBM)
ESO valuation case study, 481, 485, 488,
498, 504, 522, 524
implications of, 124-125
Generally accepted accounting principles
(GAAP), 76
General Motors (GM), 33
Geometric Brownian motion, 117, 136, 213,
235,262, 272-273, 341
Geometric distributions, 358-359
Globalization, 21, 104, 258
Gomes, A. Tracy, 50-52
Goods sold, cost of, 71, 76
Gordon constant growth model (GGM), 72

Granularity, 146-151, 154
Greeks
delta, 227-228
gamma, 227,229
tho, 227, 229
theta, 227, 229-230
vega, 227, 230-231
xi, 227, 231
Gross profits, 76
Growth curve, straight-line, 131, 133
Growth options, 23, 29, 34, 104
Growth rate
chooser option, 177
implications of, 72, 104
timing options, 263-267
volatility estimates and, 194
Gumbel distribution, 365 -3¢6

Hard options, 145:-146

Harvard Business Review, 2, 36-37

Health care secicr, 28

Hedge raiios; inarket-replicating portfolios,
2165 218-219

Hedginig; 29, 102, 142-143, 161, 170

Fiereroskedasticity, 141, 190, 203-204

Migh-growth firms, 79

High-tech industry, software applications
for, 35

Histograms, 247-252, 324-326, 354

Historical data, 60, 105, 152, 191-192,
194-195, 203, 209

Historical volatility, 233

Housel, Tom, 568

HP-Compagq, 33

Hurdle rate, 69-70, 143-145

Hypergeometric distributions, 359-360

IBM, 51
Implementation costs
exotic options, 280-281, 283-284,
286-290
in Risk Analysis, 603
timing options, 265-266
Implied volatility, 105, 164, 180, 184,
233-234
Income approach to valuation, 64
Inflation
impact of, 77-78, 177
rate, 77, 187-188
risk, 70
Initial public offerings, 28, 274
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Intangible assets, 27-28, 50-52, 64, 213
Intellectual property, 27-28, 50-52
Intellectual Property Economics, LLC,
valuation case illustration, 50-52
Interest-on-interest effects, 80
Interest rate(s)
bootstrapping, 84
impact of, 76, 84
jackknifing, 233
volatility estimates and, 201
Intermediate equity lattice, 178-179
Internal rate of return (IRR), 66, 71, 587,
594
Internet start-ups, 29-30
In-the-money options
calls/puts, 350
generally, 29, 259, 592
Intraday volatility fluctuations, 195
Intraweek volatility fluctuations, 195
Intrinsic value, 35, 74
Intuitive derivation, 134, 152, 154
Inventory levels, Monte Carlo simulation, 115
Investment decisions, influential factors, 92.
See also Decision-making process
Investment policy, 85
Investor psychology, 70, 211
Irrational exuberance, 28

Jump-diffusion option, case study and
exercises, 436-438
Jump-diffusion processes, 274, 218, 542

Knowledge Valuation Analysis (KVA), case
study, 568-580
Kusiatin, Uriel, 547

LaGrange Multiplier, 275
Lattice evolution
contraction option, 172
expansion option, 167-168
Leverage, 61-62, 85, 102
Linear optimization model, 383
Linear programming, 276
Liquid assets, volatility estimates, 190-191
Log Cash Flow Returns Approach, 191-197,
202
Log Present value Returns Approach,
197-203
Logistic distribution, 368-369
Lognormal distribution, 115, 208-209, 236,
239, 369-370

Lognormal simulation, 118
Long call, 111
Long put, 112
Look-back options
fixed, 284-285
floating, 285-286
Lorentzian distribution, 363
Lower barrier options, case study and
exercises, 440-443

Macroeconomics, 72
Management Assumptions, volatility
estimates, 191, 204-
Managerial decisions, 38, 110. See also
Decision-making process
Managerial flexibility, 87, 89, 92-93
Managerial quality, 103=10¢
Manufacturing indusiry
case study, 459-167
software applications for, 26, 41-43
strategic manu‘acturing flexibility, case
study' 517-557
Marginaicost, 222
Ma:lerability, 146, 211
Miosket approach to valuation, 64
Market comparable portfolio, 144
Market conditions, significance of, 221-224,
262
Market demand, 94, 109, 221
Market equity, 85-86
Market-forward rates, 90
Market overreaction, 79, 143, 211
Market penetration strategies, 21, 61-62,
104
Market positioning, 21, 64-65
Market proxy, 86, 191, 202
Market-replicating portfolios, 127-128,
201, 215-220
Market research, 42, 112
Market risk, 68-69, 71, 91, 194, 200, 224
Market risk-adjusted discount rate, see
Discount rate, market risk-adjusted
Market share, 21, 102, 142, 212, 262
Market size, 212
Market valuation, 211
Market value, 85
Markov-Weiner stochastic process, 213
Martingale process, 258
Maturity
implications of, 109, 111, 124, 197, 236
risk, 70-71
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Mean
implied volatility test, 233
significance of, 115
volatility estimates, 197
Mean-reversion option, case study and
exercises, 434-436
Mean-reversion process, 318, 342
Microeconomics, 72
Microsoft (MSFT)
case illustrations, 141, 143, 192
Excel, 116, 125, 147, 200, 201, 206-208,
210, 281, 297, 500
Midyear discounting, 81-82
Minimax approach, 233
Minority shareholder risk, 70
Mission, 104
Modeling, benefits of, 105
Models
binomial path-dependent portfolios,
215-220
Black-Scholes, 213-214
changing strikes costs, 180-182
changing volatility, 182-184
extensions to binomial models, 187-188
market-replicating portfolios, 215-220
Monte Carlo simulation applications,
235-239
nonrecombining lattices, 244-253
option to abandon, 163-167
option to choose, 173-177
option to contract, 170-174
option to expand, 167-170
reality checks, 232-234
sensitivity analysis, with Greeks, 227-231
sequential comportid ¢prion, 184-187
simultaneous con:pound options, 177-180
single-state static binomial example,
221-226
trinomial lattices, 242-243
volatility estimates, 190-212
Modified American call options, 180
Modified internal rate of return (MIRR),
232-233
Monte Carlo simulation
changing strikes options, 180
chooser option, 174
continuous distributions, 362-374
contraction options, 170-171
discrete distributions, 355-362
ESO valuation case study, 481, 487, 490,
504, 506-508

expansion options, 167

Flaw of Averages, 114-115

history of, 112-113

implications of, generally, 24, 37, 42, 59,
63, 70-72, 86, 94-95, 104-10S5, 113,
115-117, 132, 134, 142, 144-145, 150

obtaining range of real option values,
239-241

obtaining real option result, 235-238

parametric, 115

probability distributions, 353-355

Risk Simulator software applications, see
Monte Carlo simulation using Risk
Simulator software

robustness of, 158

sequential compound options, 184

simultaneous compouiid options, 178

stochastic optimizeacry 275

volatility estimates, 193, 199

Monte Carlo siznclation using Risk

Simulator ccitware
forecas:ing 10ol, 332-343
forecast results, interpretation of, 324-331
inpur assumptions, 320-322
aarput forecasts, 322-323
overview of, 316-317
run preferences, 323-324
starting new simulation profile, 318-320

Monthly discount rate, 80-81

Monthly volatility, 197

Motley Fool, 29

Multifactor Asset Pricing Theory (MAPT),
63-65, 69, 85-86, 143

Multinomial branch models, 92

Multinomial lattices, 110, 123-124,
242-243. See also Multinomial Lattice
Solver (MNLS)

Multinomial Lattice Solver (MNLS), Real
Options Valuation’s Super Lattice
Solver software, 127, 243, 296,
307-309, 311

Multinomial models, 138

Multiple Asset Super Lattice Solver (MSLS),
127, 187, 260

applications, generally, 127, 296,
305-307

decision-making case studies, 459-467,
553,556

optimal trigger values case study, 473-476

seamless risk model development case
study, 535-538
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Multivariate regressions, Risk Simulator
software, 318, 332, 337-343
Mun, Johnathan, 43, 297, 317, 568
Mutually exclusive options, case study and
exercises, 429

Naked options, defined, 348
Naming convention, market-replicating
portfolios, 217-218
Nash equilibrium, 233
Negative binomial distributions, 360-361
Negative cash flow, volatility estimates, 190
Nelson, Sarah, 568
Nested combinatorial options, case study
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Net income, 76-77, 202
Net present value (NPV), see also Expanded
net present value (eNPV)
abandonment options, 166
analysis in case study, 460
binomial lattices, 160
changing volatility options. 183
contraction option, 173
expansion options, 170
implications of, genera'ly, 41-42, 54, 59,
66-68, 7071, &1, $5-89, 91, 95, 104,
111, 139, 232-233
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switching options, 268-270
timing options, 260-265
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volatility estimates, 201, 205
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New economy, 1, 27

New products, 21
New technology, 60-61
Newton-Raphson search, 233
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extrapolation, Risk Simulator software,
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optimization model, 383
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ESO valuation case study, 498, 500, 502
implications of, 145-146
Nonmarketable and nontradable risk, 70
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Nonparametric simulation, 115-116
Nonrecombining lattices, 126-127, 244-253
Normal distribution
exotic options, 280--282, 284, 286-290
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272-275
implications of, generally, 115, 213, 370
in Mcute Carlo simulation, 236
veluiiity estimates, 201, 208, 210

“>fl-balance sheet, 85
Oil and gas industry
case study, 476-478
exploration and production, 23-25
software applications for, 34
volatility estimates, 192-194
Operating expenses, 71, 212
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Operating system, 17-20
Opportunity cost, 93, 95, 262, 265,
279-280
Optimal time to execution, 264, 266
Optimal timing, 265-267
Optimal trigger value, timing options, 265,
267
Optimization model
constraints, 380-381
decision variables, 380
defined, 377-379
objective, 381-382
requirements, 382-383
types of, 383
Optionality value, 31-32
Option price
defined, 348
pricing models, 93, 155-156
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Option strategy trees, 259
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Option to delay, 93

Option to execute, 34

Option to expand, 29, 35. See also
Expansion options

Option to switch, 34, 93. See also Switching
options

Option to wait, 31, 33, 35, 93, 143

Option valuation lattice, 165

Option writer, 112

Out-of-the-money call options, 350

Out-of-the-money options

call/put, 350
characteristics of, 135, 259, 592
Overinflation, 39, 79
Overvalued stock, 36

Paradigm shift, impact of, 1, 15-17,
582-583
Parameters, changing, 177
Pareto distribution, 370-371
Partial-differential equations, 92, 110,
123-124, 161, 235, 275
Pascal’s triangle, 252
Passive strategies, 99
Patent(s)
sales of, 166
valuation of, 50-52
Path-dependent options, -ase study and
exercises, 428-4.9
Path-dependent simulacions, 124, 236-238
Path-independent options, case study and
exercises, 428-429
Payback, 41-42, 597-598
Payoff, generally
exotic options, 280
functions, 87-88, 111, 155
influential factors, 225
Monte Carlo simulation, 236
profile, 112, 260-262
risk-neutral probability and, 156-158
schedule, 94-95
Payout, 85, 128. See also Dividends
Pearson’s correlation coefficient, 144
Pentanomial lattices
case study and exercises, 438-440
characteristics of, 243

Multinomial Lattice Solver (MNLS)
software applications, 296, 307, 309
Periodic volatility, 191
Perpetuities, 223
Pharmaceutical industry
case study, 473-476
research and development (R&D), 22-23,
34-35
Physical assets, 109, 128
Plain-vanilla options, 124, 301, 350
Poisson distribution, 208-209, 274,
361-362
Portfolio
management, 55
mix, 22
optimization, 29, 37, 72. 106, 275, 588
simulation, 43
Preferred stock, 68, &4
Premium, 36, 111-11~
Present value
analysis, 155
changiis scrikes options, 180
chooser option, 174
exniC options, 280-284, 286-287, 290
Ziaslications of, 88, 129, 158
wolatility estimates and, 201-202
Price-to-book ratio, 80
Price-to-earnings (P/E) ratio
implications of, generally, 76, 85
multiples approach, 28, 78-80
Price-to-sales ratio, 80
Pricing strategies, 31, 64, 212
Principal repayments, 76
Prioritization, 16-17, 21, 255
Private risk, 91, 195, 200, 224
Probability density function (PDF), 354-355
Probability distributions
characteristics of, 351-353
cumulative distribution functions, 355
ESO valuation case study, 508
implications of, 118-119, 132
probability density function, 354-355
probability mass function, 354-355
Risk Simulator software applications, 317
selecting, 353-374
volatility estimates, 204, 209-210
Probability mass functions (PMF), 355
Procter & Gamble, 51
Product development, 41-42
Production phase, oil and gas sector, 47-48
Product life cycle, 55
Products Financiers, 37
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Profitability
influential factors, 28, 80, 105, 174,
225-226, 259
sequential compound options, 184
timing options and, 265-267
Profit and loss statement, 65
Profit margin, 65
Profit maximization, 166, 168-169,
174-175, 179
Projects
comparison, 589-590
ranking/selection, 255-256
terminal value, 41
Protective put options, 469-471
Publicly traded stocks, 211
Put options
at-the-money, 350
Black-Scholes option pricing model, 349,
479
case study, 415-418
characteristics of, 112, 124, 145-146,
278, 281, 285
defined, 348
in-the-money, 350
out-of-the-money, 350
protective, 469-471

g measure, 215
Q-Ratio, 591-592
Quadranomial lattices
case study and exercises, 436-458
characteristics of, 123, 243
Multinomial Lattice Solver {MNLS)
software applicatiot.s, .96, 307, 309
Qualitative forecastiny, 1Xisk Simulator
software, 332
Quantitative forecasting, Risk Simulator
software, 332
Quarterly discount rate, 80-81

Random walks, 141, 318, 341
Rate of return, see also Internal rate of
return
implications of, generally, 129
risk-adjusted, 201
risk-free, 86
Raw cash flow, 205-206
Rayleigh distribution, 374
Real estate industry
applications for, 34
case study, 557-568
Reality checks

implied volatility test, 233-234
minimax approach, 233
sequential modified internal rate of return
(SMIRR) method, 232-233
sequential net present value, 232-233
theoretical ranges for options, 232
Real options, generally
advanced approaches to, 91-92
basics of, 89
case illustrations, see Case illustrations
characterized, 30-31
criticisms, caveats, and misunderstandings
of, 38-40
framing exercise, 460-461
fundamental essence, 87-88
importance of, 92-95
industry leaders’ accepiance of, 32-35
simplified example: 5791
traditional apprcaches compared with,
85-102
Real options analysis
assumifions, 599-600
compunents of, 37, 144, 600-602
¢riti-al steps in, see Real options process,
critical steps
software applications, see Real options
analysis software applications
traditional financial analysis compared
with, 582-585
Real options analysis software applications
compound chooser options, 553-554
Knowledge Valuation Analysis (KVA) case
study, 570-580
seamless risk model development,
533-538
valuation, 553, 555
Real Options Analysis Toolkit software, 297
Real options process, critical steps
base case net present value analysis, 104,
106
framing, 106
forecasting, time-series and regression,
104, 106
modeling and analysis, 105-106
Monte Carlo simulation, 104-106
optimization, portfolio and resource, 106
overview of, 103, 107
problem financing, 105
qualitative management screening,
103-104, 106
reporting, 106
update analysis, 106
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Real Options risk analysis, 602-604
Real Options Valuation, Inc., 43
contact information, 317
Real Options Valuation’s Super Lattice
Solver (SLS) software, see also Super
Lattice software
application cases, 385-458
characteristics of, generally, 39, 117, 123,
167, 182-183, 188, 192
case studies, 459-580
Recombining lattices
binomial, 154
characteristics of, 125-126, 245,
247-248
frequency of occurrence, 247
probability distribution, 247
Recombining tree, 245
Recursive interest rate bootstrap, 90
Regression forecasting, 104. See also
Multivariate regressions
Regret analysis, 233
Relative returns, volatility estimates,
195-196, 202, 211
Reporting requirements, 106
Research and development (R&D)
high-tech, software applications for,
53-56
initiatives, 88, 91
jump-diffusion process, 274
volatility estimates, 212
Resource optimization, 106
Restructuring costs, 221-222.
Retention rate, 85
Return and risk profile. €5
Return on investmerr ‘KO1), 42, 587
Revenues, 76, 91, 104, 194, 212
Rho, 227, 229
Risk, generally
exposure, 45
management, 16-17, 31, 38-39, 52, 73
measurement, 143, 145
mitigation, 22, 42
modeling case study, 527-547
structure, 71-72
tolerance, 42
Risk-adjusted discount rate, 67-68. See also
Discount rate, market risk-adjusted
Risk-adjusted probabilities, 128-129
Risk analysis results, 596-597
Risk-free rate
abandonment option, 164, 166

binomial lattice equations, 156
Black-Scholes model, 213-214, 349
contraction options, 170, 173
ESO valuation case study, 490-492
exotic options, 279-282, 284, 286-290
expansion options, 169-170
implications of, 68, 72, 84-85, 90-91,
128-129, 145
Monte Carlo simulation, 235-236
risk-neutral probability and, 160
sequential compound options, 184-185
simultaneous compound options, 179
SLS Excel Solver software applications,
313
switching options, 268-270
timing options, 264
volatility estimates, 197 199-201
Risk-free yield curve, 279
Riskless assets, 129, 154, 170, 184
Risk-neutral provability/probabilities
abandonmern: wiptions and, 165
analysi2 o1, 150
bincniia) iattice equations, 151-152,
1E4-156
changing volatility options, 183
contraction options and, 173
decision tree analysis, 258
expansion options and, 167-169
implications of, 123, 127-128, 156-161,
215-217
sequential compound options and, 186
simultaneous compound options and,
178
trinomial lattices, 242
Risk-neutral valuation, 128
Risk-neutral world, 156-161
Risk-return analysis, 588, 590-594
Risk Simulator software
applications, generally, 42, 104, 112,
115-116, 201, 212
forecasting, 331-343, 528-529
getting started, 317-318
installation, 315-316
Monte Carlo simulation, 316-331,
529-533
Optimization Tool, 343-347, 538-547
overview of, 318
seamless risk model development, case
study, 527-547
Rivette, Kevin, 51
Robustness, 93-94, 158, 239
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Schlumberger, real options in oil and gas sector
decision-making process, 44-45
decommissioning phase, 48-49
development phase, 46-47
exploration phase, 46
production phase, 47-48
risk exposure, 45
uncertainty, 45
Schreckengast, Jim Sr., 53-56
Schwartz, Eduardo, 87
Security cost structure, 85
Seed financing, 29
Selling expenses, 76
Selling options, 112
Sensitivity analysis, 104, 227-231, 595-596
Sensitivity testing, 93
Sequential compound options
case studies and problems, 421-424, 621
characteristics of, 19, 61, 143, 184-187,
212,258
creation of, 25
Sequential investments, 93
Sequential modified internal rate of return
(SMIRR), 232-233
Sequential net present value, 232-233
Sequential options, 22-23
Shareholder’s wealth, 92
Short call/put options, 112
Simulation, see also Monte Carlo sitae!ation
analysis, 258
discounted cash flow, 96,92
Simultaneous compound optians
case study and exerciscs, :$30-432
characteristics of,.3 77-150
Single Asset SLS sorsware, financial options
case study, 467-473. See also Super
Lattice Software
Single-factor Capital Asset Pricing Model
(CAPM), 86
Single-state static binomial example
differential equations, 221-224
optimal trigger values, 225-226
Single Super Lattice Solver (SLS) software
(Real Options Valuation) 296-3085,
309-311
Size risk, 70
Soft options, 145-146
Software development process, 55
Spearman nonparametric rank-based
correlation coefficient, 144

Speculation, 79
Spider chart, 486
Spot rate of return, 84
Spread options, 289
Spreadsheet applications, 116-117, 125,
192,200, 206-207, 281, 500
Sprint, telecommunications case illustration,
34, 57-62
Stage-gate investments, 93, 212
Standard deviation
binomial lattices, 115
implications of, 132, 143, 161
risk and return analysis, 590
volatility estimates, 196-197, 199, 201,
204-20S5, 209, 211
Start-up companies/ventures, 27-29, 274
Static net present value, 156,170
Statistical analysis, 190
Stepwise techniques, 71
Stochastic forecasting, Risk Simulator
software appiications 332, 341-342
Stochastic' methematics, 127, 197, 213
Stochasuic optimization, 262-267, 275-277,
~05
Stechustic processes
applications, generally, 272
barrier long-run processes, 273-274
defined, 272
Geometric Brownian motion, 272-273
jump-diffusion processes, 274
mean-reversion processes, 273
Risk Simulator software applications, 318
Stochastic simulation, 92, 272
Stock(s)
characteristics of, generally, 89
preferred, 68, 84
prices, volatility estimates, 190, 192-194,
204-205
valuation, 29
Straddles, 145
Straight-line cash flow model, 138-139
Strangles, 145
Strategic alternatives, 134
Strategic decision pathway, 30, 259
Strategic optionalities, 105
Strategic options, 19, 30-32, 39-40, 72,
111, 158, 170, 173-174
Strategic positioning, 88, 262
Strategic value, 135, 557-568
Strategy tree(s), 307, 461-462
Stress testing, 93
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Strike price, see also Changing strikes
options
changing, generally, 180-182
exotic options, 280, 283-284
implications of, 213
Student’s t-distribution, 364, 371-372
Suboptimal decisions, case illustration,
548-551
Suboptimal exercise behavior multiple, ESO
valuation case study, 481, 484,
487-489, 513-524, 527
Summary of results, 588-589
Sun Tzu business environment, 20
Super Lattice Software (SLS)
applications, generally, 259
case studies with exercises, see specific
types of options
development of, 297
installation, 295-296
Lattice Maker, 314-315
license key, 295-296
Multinomial Lattice Solver (MNLS), 296,
307-309, 311
Multiple Asset Super Lattice Solver
(MSLS), see Multiple Asset Super
Lattice Solver (MSLS) main entry
Risk Analysis, sample, 603
Single Super Lattice Solver (SLS), 296-205
SLS Excel Solution, 296, 309-312
SLS Functions, 296-297, 311, 31:-:14
Supernormal growth, 78
Switching options
characteristics of, 19, 33; 257-270
discrete time, 290
oil and gas exploraiiotand production,
23-2§
real options process, 105
Synergy, 104

Tax/taxation issues

legislation, 84

net profit after, 65

rate, 76, 104
Telecommunications industry, software

applications for, 34, 57-62

Terminal free cash flows, 78
Terminal value, 67, 72, 78, 239
Theta, 227, 229-230
3D option space matrix, 592-593
Three-factor asset-pricing model, 86

3G, 61
Three-time-step trinomial lattice, 242-243
Time horizon, 143
Time-series analysis
components of, 71-72, 86, 132, 203, 272
Risk Simulator software applications, 318,
332, 334-335
Time-series forecasting, 104, 193, 375-376.
See also Forecasting
Time-steps
binomial lattice calculation, 164
binomial lattice equations, 152, 154-156
changing strikes options, 182
changing volatility options, 183
characteristics of, 129, 150
Monte Carlo simulation. 235-236
Time value of money, 26
Timing options
characteristics of . 45, 260-262
solving calcu'avicns using stochastic
optimizitior 262-267
Timken Uhnipany, manufacturing case
illusirztion, 41-43
Top-d>wn analytical approach, 72, 74
Tgraado chart, 105, 486
“einado diagram, 97
Trade secrets, 51-52
Traditional analyses, components of, 19-20,
26,72-73
Triangular distribution, 115, 208-209,
372-373
Trigger points, 60
Trigger values
analysis, case study, 473-476
optimal, 225-226
timing options, 262
Trinomial branch models, 92
Trinomial lattices
case study and exercises, 432-436
characteristics of, 123, 138, 242-243
Multinomial Lattice Solver (MNLS)
software applications, 296, 307-309
t-test, 233
Two-correlated-assets option, 290-291
Two time-step binomial lattice, 125-127

Uncertainty
binomial lattice equations, 152
Cone of, 136-137
expansion options, 170
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impact of, 16, 28, 35, 37-39, 45, 52, 54,
66, 92, 94, 102, 106

influential factors, generally, 130-134

levels of, 142

nonrecombining lattices, 248

optimization under, 275

risk versus, 139-143

risk-neutral probability and, 158, 160-161

simulation analysis, 141
single-state static binomials, 225-226
timing options, 262, 266-267
volatility estimates and, 201-202
Underlying asset lattice(s)
characteristics of, 164, 167-168, 171,
182,216
chooser options, 175
nonrecombining, 244, 248, 250
recombining, 246
sequential compound options, 184
trinomial, 243
Underlying assets
barrier abandonment options, 259
chooser options, 174
expansion options, 169
implications of, 88, 111-112, 125, 127,
129-130, 151, 154, 213
Monte Carlo simulation, 235
simultaneous compound options, 178
timing options, 262, 266
value, 214
Underlying European option lattice,
148-149
Undervalued firms, 170
Uniform distribution, 373
United States Navy, Knowledge Valuation
Analysis (KVA) case study, 568-580
U.S. Treasury securities, 71, 84, 88
Update analysis, guidelines for, 106
Up/down binomial equations, 151-153, 155
Up/down factors
abandonment options, 165
chooser options, 174
contraction options, 171-172
decision tree analysis and, 258
expansion options, 167-168
in market-replicating portfolio, 216-217
simultaneous compound options, 178
trinomial lattices, 242
Upper barrier options, case study and
exercises, 443-446

Upswing market, 221
Utilities industry, software applications for,
34
Valuation
abandonment option, 165-166, 174-177
analytical perspectives, 74
binomial lattices, 160
Capital Asset Pricing Model (CAPM),
85-86
changing strikes options, 180-181
changing volatility options, 183
chooser options, 174, 177
contraction options, 174-177
cost approach, 64
discounting and, 83
discount rate versus risk-free rate, 84-85
expansion options, 1¢5-170, 174-177
financial statement analysis, 76-83
intangibles, 50-2
lattice, see Vaivation lattice(s)
methodolagies; 36
Multitactos Asset PricingTheory, 85-86
optinus, cinancial versus real, 110
pateats, 50-52
sickneutral, 128-129
robust approach to, 93
sequential compound options, 185-186
significance of, 21-23, 27, 39
simultaneous compound options,
178-179
strategy, components of, 259
in telecom industry, 59
timing options, 262-263
traditional, 63-65, 93
transitional methodologies, 65-73
volatility estimates and, 211
Valuation lattice(s)
characteristics of, 217
contraction options, 172
expansion options, 169
nonrecombining, 245, 249
recombining, 246, 251
Value creation, 72
Vega, 227,230-231
Venture capitalists, 27-29
Vertical markets, 30
Vesting
call option case study, 449-454
characteristics of, 124, 146, 350
ESO valuation case study, 487-489
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Volatility discounted cash flow, 190, 192, 194,

abandonment options and, 164

annualized, 191-192, 197

binomial lattice and, 138-139

binomial lattice equations, 152, 154

Black-Scholes model, 213-214

cash flow and, 182

constant, 127

changing, 182-184

changing cost options, 182

changing strikes options, 180

computation of, 143

decision tree analysis and, 258

discount rate and, 145

ESO valuation case study, 492

estimates, see Volatility estimates

exotic options and, 280-282, 284,
286-290

fixed, 136

fluctuations, 195

GARCH approach, 203-204

historical, 133

impact of, 31, 105, 125, 127

implied, 105, 164, 180, 233-234

influential factors, 129-130, 143

log cash flow returns approach, 190-197

log present value returns approach,
197-203

management approach, 204-210

market proxy approach, 211-212

monthly, 197

nonrecombining lattices, 127

options, changing, 183

options, changing, cosc stady and
problems, 449-422.5.2

periodic, 191

real options and, 86

risk-neutral probability and, 156, 160-161

sequential compound options, 184

switching options, 268-270

timing options, 262-263

uncertainty, impact on, 133

Volatility estimates

autocorrelated cash flows, 193-194

binomial distributions, 208-209

binomial lattice, 201

cash flow, 193-194, 198-199

comparables, 191, 195, 201-202

199-202, 208, 212

discount rate, 199

drug approval, 212

EBITDA, 194

expected NPV, 206-208

free cash flow, 194, 202

future cash flow. 197-198

generalized autoregressive conditional
heteroskedasticity (GARCH) models,
190, 203-204

growth rate, 194

and interest rates, 201

liquid assets, 190-191

logarithmic cash flow returns approach,
190-197, 202

logarithmic present vaive returns
approach, 190, 197-203

logarithmic stocl- price returns approach,
190-197

management 4:sumption and guesses
appicach, 191, 204-210

markct proxy approach, 191, 202, 211

mean, 197

awodels, 190-212

negative cash flow, 190

net present value (NPV), 201, 205

normal distribution, 201, 208, 210

present value, 201-202

probability distributions, 204, 209-210

R&D, 212

Relative returns, 195-196, 202, 211

risk-free rate, 197, 199-201

simulator software, 193, 199

standard deviation, 196-197, 199, 201,
204-20S5, 209, 211

stock prices, 190, 192-194, 204-205

technical success, volatility versus
probability of, 211-212

and valuation, 211

Waiting, cost of, 262

Wall Street Journal, 2, 36

Woarrants, case study, 467-473

Waterfall life cycle, 55

Wealth creation, 31

Weibull distribution, 374

Weighted average cost of capital (WACC)



Index

667

decision tree analysis, 258
discount rate analysis and, 598
implications of, 66, 68, 70, 78, 81-82,
84-85, 143-145
market risk-adjusted, 89-91
Weiner process, 213
“What if” forecasting, 375
Wilcoxin sign-rank test, 233
Worksheets, Super Lattice Solver software,
302-303

Xerox, 51
Xi, 227,231

Yes/No distribution, 355-356
Yields, stochastic optimization, 277

Zero-based distribution, 253
Zero growth, 78
Z-score, 210
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