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Index

Absolute deviation (AD) portfolio risk measure,
279–280

Absolute moment risk measure, 280
Accrued interest, 19–20
Active investment management, 219–220
Active management/full-blown active approach,

384–387
Active management/larger risk factor mismatches,

383–384
Active strategies, 324

types, classification, 383–384
Actual tracking error, 336–337
Adaptive decision variables, 219–220
Additive model, 433–434
Add-with-carry (AWC) generator, 124
Adjusted duration, 374–375
Advanced random walk models, 444–450

simulation procedure, 450
After-tax performance, reporting, 344
After-tax portfolio return, 345
Agency CMOs, 589, 599–606
Agency deal, structuring, 600
Agency pass-through RMBS, 595–596
Agency pool

qualification, absence, 589
securitization, 589

Agency RMBSs, 588, 589
Agency stripped MBS, 596–599
Algorithm efficiency, 169–170
Alpha percentile (α-percentile), 69
Alternative asset classes, 16
American equity options, pricing (binomial

method), 495
American option, 480

price, lower bound estimation (regression-based
methods), 558–559

pricing, 557–565
binomial method, usage, 526–528
binomial trees, usage, 513–515

simulation, usage (avoidance), 557–558
true price, upper bound (production), 558

American put option, pricing
regression methods, usage, 576–577, 580–583
two-period binomial tree, usage, 514e

Amortization, 590
Amortizing securities, 20
AMPL, 186
Anderson-Darling (A-D) test, 104

Annual discount rate, usage, 30–31
Anticipative decision variables, 219–220
Antithetic variables, 536–539

approach, 537
negative correlation, 539
usage, 574–575

Approximate dynamic programming technique,
558

Arbitrage, 487–491
concept, illustration, 489
opportunity, 487–488
strategy, 488

Arbitrage Pricing Theory (APT), 6, 401
derivation, 405
examination, 404–406

Arctangent model (OTS), 610, 611
Arithmetic Asian option price

closed-form expression, 567–568
mean/standard deviation, 549

Arithmetic random walk (ARW), 424–429
assumptions, problems, 428–429
constant drift/volatility, 428
disadvantages, 439
drift

estimation, 465, 467
inclusion, 425

facts, 428–430
model, 451
observations, 428
parameter estimation, 426–427
paths, 425e

generation, 469
price, closed-form expression (computation),

432
simulation, 426
software, advice, 457, 459
volatility, estimation, 465, 467

Array functions, application, 270–272
Arrow-Pratt risk aversion coefficient, 257
Asian call option

price, 545–546
closed-form formula, 546

pricing, 573–574
control variates method, 575, 578
crude Monte Carlo, usage, 574, 577

Asian options, 481
payoff, 547
price, simulation (usage), 556
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744 INDEX

Asian options (Continued )
pricing

example, 547–549
simulation, usage, 534–536

value, discovery, 535
Asset allocation, 260

advantage, establishment, 406–407
decision (implementation), futures (usage),

639–640
Asset-backed securities (ABSs), 17

interest, payment, 18
types, 587–588

Asset classes, 15–23
types, 15

Asset diversification, 245
MATLAB, usage, 273–275
software, advice, 268–275

Asset-liability management, 219–220
Asset managers, activities, 640
Asset price dynamics

arithmetic random walk, 470
software, usage, 457, 459

ARW worksheet, 458e
Excel 2007 regression dialog box, 463e, 467e
geometric mean reversion, 465–471
geometric random walk, 470

software, usage, 459, 461
GMR worksheet, 466e
GRW worksheet, 460e
jumps, inclusion, 448
MATLAB, usage, 469–471
mean reversion, 461–465, 470–471

model, regression output, 464e
modeling, 421
MR worksheet, 462e
observation, 444–445
@RISK, usage, 457–469
software, advice, 457–471

Asset prices
codependence, argument, 445
correlation, 445
dynamic factor models, 447
estimates, 444
multiplicative model, 433–434
realizations, simulation, 434
series, 427
volatility, 421

Asset pricing, 402
theory (positive theory), 246

Asset returns
distributions, 404–405
N-dimensional vector, 295–296

Assets
aggregate amount, 348–349
baskets, mispricing, 491
beta, 675–677
forward contract, 493
future cash flows, 658
management, 1
portfolio weights, 415–416

Asset weights, N-dimensional vector, 295–296
Asymmetric risk, protection, 481

Atlantic option, 480
Average daily volume (ADV), 327
Average estimator, variance (reduction), 538–539
Average life, 596, 617
Axioma, 187

Backward-looking error, 336
Backward-looking tracking error, 416
Bank for International Settlements (BIS)

Basel Committee on Banking Supervision, 286
regulations sanction, 294

Bank loans, 17
Bankruptcy, 486–487
Barbell portfolio, 394–395
Barbell strategy, 385–386
Barclays Capital Global Aggregate Bond Index,

381
Barclays Capital U.S. Aggregate Index, 380
Barra, 187
Barrier options, 481

pricing, 556–557
Basel Committee on Banking Supervision (BIS),

286
Basis functions, 559
Basis risk, 634
Basis swaps, 486
Basket credit default swaps, 487
Bayesian estimation approaches, 351
Bayes’ rule, 351
Benchmark exposure, 333–337
Benchmark index, 16
Benders decomposition, 225–226
Beneficial interest certificate, 588
Bermuda option, 480
Bernoulli distribution, 53e, 54–55

MATLAB, usage, 96
mean, 64

Bernoulli probability distribution, 52–53
Bernoulli random variable, 52
Bernoulli trial, 423–424
Beta (β), 403

estimation, Excel regression, 408e
usage, 674–675

Beta distribution, 72, 78–79
examples, 79e
MATLAB, usage, 98–99

Biased estimator, 565–566
Bias magnitude, determination, 116–117
Bid-ask spreads, 639
Bid/offer costs, increase, 636
Bimodal distributions, 66
Binary optimization problem, 153
Binary variables

introduction, 230
usage, 331

Binomial distribution
example, 56e
MATLAB, usage, 96–97
shape, 57e, 58e
usage, 54–55

Binomial lattices, 173–174
Binomial probability distribution, 53–57

htt
p:/

/w
ww.pb

oo
ks

ho
p.c

om



P1: a/b P2: c/d QC: e/f T1: g

ind JWBT319-Pachamanova August 9, 2010 8:56 Printer: Courier Westford, Westford, MA

Index 745

Binomial trees, 173–174
application, 719
dynamic programming technique, application,

557–558
example, 424e, 720e
model, simplicity, 423
price process dynamics description, 422–423
pricing model, Black-Scholes option pricing

formula (relationship), 508–512
state space representation, 175e
time periods, usage, 424
usage, 423–424, 495–501, 513–515, 711

Black-Litterman model, 351
Black-Scholes delta, 566

closed-form formula, 567–568
Black-Scholes formula, 495, 708

bonds, relationship, 511–512
call/put prices, calculation, 523e
implementation, 527

Excel, usage, 522–524
parameters, estimation, 505–507
risk-free rate, 533
usage, 502–512

Black-Scholes implied volatility, discovery, 527
Excel Solver, usage, 524–525

Black-Scholes model, assumptions, 512
Black-Scholes option pricing formula, 502–503,

507–508
binomial tree pricing model, relationship,

508–512
parameters, matching, 510–512
usage, 711

Bond-equivalent basis, yield, 31–32
Bond-equivalent yield, 31–32
Bond portfolio management

derivatives, usage, 633–639
futures, usage, 634–635
interest rate risk, control, 633–637
options, usage, 635
strategies, 379–388
swaps, usage, 635–637
total return, 27–28

Bond portfolio risk
decomposition, 416–417
measurement, 373–379

Bond prices
change, impact, 391e
derivation, 613
discount rate, relationship, 31e
sensitivity, 36–37

Bonds, 17
arbitrage

optimization, usage, 520–522, 527
problem, Solver dialog box, 522e

asset class, 15
Black-Scholes formula, relationship,

511–512
cash flows, 390e
convexity, 41
current yield curve, 390e
discount factors, 390e
hedge ratio, 635

hedging, 635–636
cash market, 636

management spectrum, 380e
management strategies, classification, 379
market indices, 380–382
par value, 18
payment, provisions, 20
pricing, 490e
principal level, example, 30–31
rating systems, 22e
strategy, comparison, 112e
term, interchangeability, 18
term to maturity, 18
traded flat, 20
trading at a discount, 18
trading at a premium, 18
value

calculation, examples, 32–33
change, 27

volatility, 635
Bootstrapping, 91–92

historical data, 222
technique, 103

Borrower (issuer), 17
Boundary condition, 179
Box-Muller method, usage, 539
Box uncertainty set, 233e

usage, 358
Broad-based bond market indices, 380–381
Broad-based market indices, corporate bond

sector, 382–383
Broker loan rate, 24
Brownian motion (BM), 451, 532–533
Buffer, 608

calculation, 621
Bullet maturity, 20
Bullet portfolio, 394–395
Bullet strategy, 385–386
Burnout, 593

effect, 609–610
Burnout multiplier (BM), 612

function, usage, 613
Business finance, 1
Buy-write strategy, 632

Callable bonds, 21
pricing, 610–611

Callable swaps, 486
Call money rate (broker loan rate), 24
Call option, 480

implied volatility, 505–506
long, 483
payoff, 641e
premium, payment, 711
price, denotation, 565
pricing, simulation (usage), 716–717
purchase, 495
sale, 483
short, 483
value, 499

Call premium, downside protection, 632
Call provision, 20
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746 INDEX

Cap, 19
Capital, 653

adequacy, 294–295
appreciation, 16
budget, limit (absence), 668
expenditure, 655
histogram/summary statistics, 111e, 113e
investment, 653–654

company resources, long-term commitment,
653

loss, 43
accumulation, 343

markets, 1
output distribution, 110e
project, investment (evaluation), 654
rationing, 661–662

Capital Asset Pricing Model (CAPM), 5–6, 278,
401

explanation, 402–404
risk/return trade-off, 405
scrutiny, 404
usage, 676–677

Capital budgeting, 1, 159–162, 332, 653
case study, 680–697
costs, 682
decisions, 653
implementation, example, 194–196, 199–200,

205–208
issues, 668–671
market shares, correlations (defining),

702e
MATLAB, usage, 703
modeling issues, 700
NPV/IRR calculation, 683e, 684e
NPV profiles, 687
optimization model (Excel), 194e
output, formatting, 701, 703
practice, 671–672
problem, formulation, 207e
process, 658
projects, mathematical tools (usage), 2
revenues, 682
@RISK

Define Correlations dialog box, 702e
usage, 699–703

scale differences, 668–669
simulation

inputs, creation, 699–701
usage, 701, 703

software, advice, 699–703
tornado graphs, creation, 703
unequal lives, 669–671
variable costs, impact, 681

Capital cost, 658, 659
calculation

CAPM, usage, 676–677
computation, 685–686
hurdle rate, 666

Capital gains, 43
accumulation, 343
short-term/long-term nature, 346

Capital Market Line (CML), 257–261
example, 259e
explicit line equation, 261
portfolio, presence, 260

Capital market theory, 1
Caplet, 568–569

pricing, 568
Cardinality constraints, 153, 329–330, 333
Cash dividends, 16
Cash equivalents, separation, 15
Cash flow (CF)

amount, 13–14
average, calculation, 617
change, 42
discounting, 659–660
dynamics, description, 174
estimates, 673
examples, 597e–598e, 601e–604e
expiration, 561e
generation, 595–596
matching, 157–159

data, example, 158e
strategy, 395–396

present value, 14
reinvestment, assumption, 663
time periods, simulated paths, 562e, 564e
uncertainty, 591

Cash inflows, reinvestment rate, 665
Cash market (bond hedging), Treasury securities

(usage), 636
Cash matching, example, 159
Cellular approach, 388
Central Limit Theorem (CLT), 89–90, 122
Central moments, 266
Central tendency, measure, 64–65
Certificates, 588
Chance-constrained stochastic optimization

models, 228–230
Chance constraints, 218–219

requirements, 230
Characteristic line, 403

estimation, 403–404
usage, 404

Chicago Board of Trade (CBOT), Treasury bonds
(trading), 635

Chi-square distribution, 72, 78, 353
degrees of freedom/noncentrality parameter,

inclusion, 442
example, 78e
MATLAB, usage, 98

Chi-square test, 122
Classical immunization, 389

theory, extension, 393–394
Classical NPV

calculation, 714e
computation, discount rate (usage), 728
project example, 718e

Clean price, 20
Closed-form expression, derivation, 614
Closed-form formula, 455, 546
Clustering observations, 126
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Coefficient of variation (CV), 68
usage, 112

Coefficient value, simulation, 548
Coherent risk measures, CVaR (relationship),

301–307
Collar strategies, 630–631

example, 632e
Collateral

average life, 605e
par value, 605
prepayments, 609

Collateralized loan, 23–24
Collateralized mortgage obligations (CMOs),

594
analysis, 620
bond classes, 605e
sequential-pay structures, 600, 605–606
structure, tranches (inclusion), 621
structuring, 620–621

Combinatorics, 56–57
Combined multiplicative recursive generators

(CMRGs), 124
Commercial mortgage-backed securities (CMBSs),

588
Commodities

forward contracts, 478–479
prices, 447–448

Common stocks
asset class, 15
securities, 16

Companion bonds, 606
Company

beta, 685
capital cost, adjustment, 677–678
debt-to-equity ratio, 730
financial risk, 675
options, 707
stock, beta, 674
voting rights, 16

Complementary projects, 657–658
Complex option contracts, 481
Compounding

absence, 12
distributions, 108–110

Compound interest, 11–13
Concave function, 149–150, 149e
Conditional expectation, 86
Conditional PDF, 86
Conditional prepayment rate (CPR), 592

expression, arctangent model (usage), 611
monthly CPR, 594e
monthly value, 593
ramp, 607

Conditional probability, 84–86
Conditional Value-at-Risk (CVaR), 5, 282–283

calculation, 302–303
coherent risk measures, relationship, 301–307
estimation, 309

discrete distribution, usage, 303–304
MATLAB, usage, 314–316
normal distribution, usage, 302–303

risk measure, 302
worksheet, 312e

Conditional Value-at-Risk (CVaR) optimization,
304–307

MATLAB, usage, 316–318
problem

Excel Solver dialog box, 313e
formulation, 336

worksheet, 311–313
Confidence, degree, 90
Confidence interval (CI), 90–91, 237

calculation, 115–116
estimate, computing procedure, 91, 106

Congruential pseudorandom number generators,
123

CONOPT, 186
Constant drift, 428, 435
Constant maturity Treasury (CMT) rate, 486
Constrained nonlinear optimization, 164–167
Constraint functions, derivatives, 165
Constraints

introduction, 230
objective function placement, 171
robust counterpart, 233–234
writing, 221

Consumer demand, 437
Consumer Price Index for All Urban Consumers

(CPI-U), 19
Contingent projects, 656–657

dependence, 657
Continuous compounding, 13
Continuous distributions, 58–59, 72–79

calculation, 64, 67
inverse transform, 120–121

Continuous time, stochastic processes,
422–423

Continuous-time formula, 117
Continuous uniform distribution, 72, 73

example, 73e
MATLAB, usage, 97

Contract settlement, 487
Control variables, 178
Control variates, 545–549

method, 575
Control vector, 213
Conversion privilege, 20
Convertible bond, 20
Convex function, 149e
Convexity, 40–42

adjustment, 41–42
measure, 40–41

calculation, bond prices (usage), 42
risks, 416

Convex optimization problems, 149
types, primal/dual formulations, 172e

Convex programming, 149–150
Copula function, 378, 447
Corporate bond

market, 637
pricing, example, 636
shorting, difficulty, 638
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748 INDEX

Corporate finance, 1
options, 707

Correlated coefficients, 697
estimation, 729

Correlated random walks, 445–447
Correlation (ρ), 79–81

coefficient, 80
incorporation, 110–111
matrix, 81, 642–643

examination, 410
sample, 88

Cost estimate, variation, 727e
Cost function, 212
Costs, binomial tree, 725e
Counterparty risk, 477, 480, 492
Coupon payments, 27, 389

reinvestment income, 27–28
Coupon rate, 18

calculation, 19
determination, 605

Coupon risk, 416–417
Covariance (Cov), 79–81

matrix, 81
problems, 447

sample, 88
Covered call risk, 632–633
Covered call strategy, 632

example, 633e
Cox-Ingersoll-Ross (CIR) model, 459–460, 569,

613
usage, 614

CPLEX (ILOG), 186
Credit default swap index (CDX), 638–639
Credit default swaps (CDSs), 486–487

consideration, 637–638
contract, life, 637–638

Credit enhancement
agreements, complication, 378
mechanisms, 588

Credit event, 486–487
Creditor (investor), 17
Credit rating, 21–22
Credit risk, 21–23, 376, 477

exposure, 378–379
impact, 619
management, 637–639
minimization, 379

Credit-risky positions, modeling approach,
378

Credit spread, 22–23, 36
change, 386
risk, 23
term structure, 36

Credit support
amount, 608
calculation, 621

Cross acceleration/default, 486–487
Cross hedge, risk minimization, 634–635
Cross hedging, 634
Crossover rate, 169
Crude Monte Carlo method, performance

(example), 555e

Crude Monte Carlo simulation, usage, 532–536,
542, 549

Cumulative distribution function (CDF), 61–63
construction, 62
example, 61e
inverse, approximation, 121
plots, 118–119

Cumulative normal distribution function, 508
Cumulative probability

concept, 61–63
distribution, inversion, 119

Currency
denomination, 20–21
forward contracts, 478–479

Current earnings, 16

Dealer option, 481
Debt

after-tax cost, 685
cost, 685
financing, market value terms, 675
obligations, 17

usage, 674–675
Debt-to-equity ratios (D/E), 411

usage, 730
Decisions, evaluation, 111–115
Decision Tools Suite (Palisade), 186–187
Decision variables, 144

defining, 221
introduction, 306
objective, writing, 221
vector

defining, 154
fixed values, 235

Decision vectors, N-dimensional vector, 151
Default, binary event, 377
Default-free cash flow, 30
Default-free securities, pure interest rates,

33–34
Default risk, 21–22
Defined benefit pension plan, longer-term

investments, 606
Degrees of freedom, 78
Delivery price, 478
Delta (�), 515–516

equation, 565
Delta-gamma approximation, 646–647
Dependence, 79–81

measures, covariance/correlation (usage), 81
Dependent variables, 408–409
Derivatives, 477

American option pricing, binomial method
(usage), 526–527

baskets, mispricing, 491
Black-Scholes formula, implementation

Excel, usage, 522–524
VBA, usage, 524

Black-Scholes implied volatility, discovery
Excel Solver, usage, 525–526
VBA, usage, 526

data table dialog box, 524e
example, 166e
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Excel/VBA, usage, 520–527
fair price, 532
implied volatility, Solver dialog box, 526e
MATLAB, usage, 527–528
pricing

estimate, 536–537
simulation-based methods, 564–565

software, advice, 520–528
Solver dialog box, 522e
types, 478–487
usage, 626–633
use, concepts, 487–492
worksheet, 521e, 526e

Derivatives pricing
concepts, 487–492
MATLAB, usage, 577–583
@RISK, usage, 571–574
simulation, usage, 531
software, advice, 571–583
Visual Basic, 574–577
worksheets, 572e, 573e

Descriptive statistics, 87
Deterministic constraint, 230
Deterministic models, 211
Diagonal matrix, 415–416
Differential equations, 451
Direction numbers, 554
Dirty price, 20
Discontinuous utility functions, 267
Discounted cash flow (DCF)

approach, 28
methodologies, 7
sum, 713–714
usage, techniques, 671

Discounted payback period, 666–668
calculation, 668e
measure, 667–668

Discounted payoff, 566
Discounted profit, simulation output, 724e
Discounted value, 13–14
Discount factor, 14
Discount future cash flows, 673
Discount rate, 659, 728–729

bond price, relationship, 31e
differences, 32–33

Discrete distributions, 53–57, 70–72
calculation, 64, 66
CDF, graph, 119e
generation, 222
inverse transform, 119–120
usage, 303–304

Discrete probability distributions, 57–58
Discrete uniform distributions, 70–71

example, 70e
MATLAB, usage, 97

Discretization error
bias, 117
concept, illustration, 455
elimination, Ito’s lemma (usage), 455–456

Dispersion, 66
risk measures, 278–280

Distressed debt, 21–22

Distributions
description, 63–69

percentile, usage, 68–69
parameters, estimation, 103–104
spread/dispersion, 66

Disturbance, 213
Diversifiable risk, elimination, 387
Diversification

benefit, 248
examination, 246–250
preference, 245–246

Dividend, payment, 16
Dividend discount model, 28
Dollar amount of losses, 283
Dollar-denominated issue, 21
Dollar duration, 38–39
Down-and-out put option, 557

pricing, crude Monte Carlo (usage), 576, 580
Downgrade, 23
Downgrade risk, 23
Downside dispersion risk measures, 280–281
Downside protection, call premium (usage), 632
Downside risk

hedge, 628
measures, 278, 280–283
portfolio manager concern, 629

Drift
computation, 468–469
estimation, 465, 467
meaning, 421–422
parameters, selection, 428
term, 432
usage, 425

Dual-currency issues, 21
Duality theory, 235
Duration, 36–40

calculation, 38
defining, 37
strategies, 385

Durbin-Watson test, 122
Dynamic factor models, 447
Dynamic programming, 176, 212–218

algorithm, description, 620
classical optimization formulations,

relationship, 179–181
problems, size/complexity (reduction), 217–218
recursion, usage, 182
standard notation, usage, 178–179
technique, application, 557–558
usage, 620–622

Economic conditions, 673
Economic factors, 405
Economic forecasts, usage, 386–387
Economic life, 655
Effective annual rate, 12
Effective duration, 39, 42, 374–375
Efficient frontiers, 245, 254–256

calculation, VBA (usage), 272–273
MATLAB, usage, 273–275
software, advice, 268–275

Efficient mean-variance optimization, 414–416
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Ellipsoidal uncertainty set, 233e
Embedded options, 21

existence, 416–417
Empirical probability distribution, 87
Employee Retirement Income Security Act

(ERISA), 325
End-of-year capital, estimation, 103
End-of-year distribution, histogram/summary

statistics, 105e
Enhanced indexing/matching primary risk factors

approach, 383
Enhanced indexing/minor risk factor mismatches,

383
Entity, financial obligation, 16
Environmental Protection Agency (EPA),

656–657
Equilibrium market price, 261
Equilibrium models, 613
Equities, 16

arbitrage strategies, 491
beta, 677
cost, 685
financing, market value terms, 675
index strategies, 382–383
portfolios

management, derivatives (usage),
628–633

risk decomposition, 414
valuation models, 28–30

Equity funds, management, 639
Equity portfolio selection, 321

Excel Solver
dialog box, 363e
usage, 361–366
worksheet, 365e

index tracking, 364–366
MATLAB, usage, 368–369
Palisades Decision Tools Suite (Evolver),

366–368
dialog box, 366e–368e
index tracking, 367–368
stock number, limitation, 366

software, advice, 361–369
worksheet, 362e

Equity swaps, 485–486
structures, flexibility, 485

Equivalent annual annuity method, 671
Estimates

standard error, 90
variability, 90

Estimation error
covariance matrix, 358
penalty, 357

Estimator
bias, 116–117
efficiency, 117–118

Euclidean norm, 233
European call option, 501

delta (evaluation), naive Monte Carlo/pathwise
method (usage), 577, 583

purchase, 483

European call option prices, 503e, 513
computation, 554–555

Halton sequence, usage, 576, 579–580
Sobol sequence, usage, 579–580

simulation, advantage, 533–534
strike price, impact, 533

European call option pricing, 541, 572–573
antithetic variables, usage, 574–575, 577
crude Monte Carlo, usage, 574, 577
simulation, usage, 532–534
two-period binomial tree, usage, 500e

European equity options, pricing (binomial
method), 495

European-exercise style options, pricing, 512
European options, 480

Black-Scholes formula, 495
usage, 502–512

multiple periods, generalization, 499–501
one-period example, 495–497
pricing, binomial trees (usage), 495–501
risk-neutral probabilities, 497–499

European put option
prices, 503e
pricing, two-period binomial tree (usage), 501e

Evaluation period, 324–325
Events mapping, 52
Evolver (Palisade), 157, 168

dialog box, 197e, 200e
Optimization Settings dialog box, 198e
Progress dialog box, 199e
tab, example, 196e
usage, 196–200

Ex ante tracking error, 337
Excel

Solver, 157
usage, 270

2007 regression dialog box, 463e, 467e
usage, 61
worksheet setup, 268–270

Excess return, 283
Exchangeable bond, 20
Exchange rates, 437
Exchange-traded derivatives (listed derivatives),

477
Exchange-traded option, 481
Exercise price, 480
Exercise style, 480
Exercise value, 562
Exogenous events, portfolio manager concern,

629
Exogenous insight, incorporation, 351
Exotic options (exotics), 481
Expansion projects, 656
Expectation (average), 80

operator, 83
Expected cash flows

estimation, 28
present value, calculation, 28

Expected discounted profit (probability-weighted
discounted profit), 216

Expected dollar return, maximization, 348
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Expected end-of-period wealth, denotation,
266–267

Expected loss, 302
Expected portfolio return, expression, 415
Expected prepayments, calculation, 616
Expected return, 143, 245

equality, 402
estimates, 358
formulation, 256
maximization, 332–333

formulation, 256
Expected shortfall, 282–283
Expected utility framework, 261
Expected utility optimization problem,

formulation, 261–262
Expected utility theory, 261–267
Expected value, 64

estimates, computation, 563
usage, 640

Expiration date, 480
Explanatory variables (independent variables),

408–409
coefficient, p-value, 441
linear regression, 440

Exponential distribution, 72, 76–77
CDF, computation, 120
example, 77e
MATLAB, usage, 98
memoryless property, 77

Exponential function, 432–433
Exponential time, 170
Exponential utility function, 264
Ex post tracking error, 336
External factors (economic factors), 405
Extracted factors (statistical factors), 405

Factor analysis, 405, 407, 410–412
procedure, problem, 411–412

Factor covariance matrix, 415–416
Factor loadings, 411
Factor models, 327–328, 350, 401

Excel regression dialog box, 418e
regression, running, 419
software, advice, 418–419
usage, 413

Factors, 401
choice, 415
K-dimensional vector, 411–412

Failure to pay, 487
Fair equilibrium, 347
Fair value, 28–29
Fat tails, 69

presence, 292
Faure sequences, 125

components, usage, 553
ith coordinate, generation, 553
usage, 552–553

Feasible efficient portfolios, 255e
Federal Drug Administration (FDA) approval, 708
Federal Home Loan Mortgage Corporation

(FHLMC), 16, 589, 607

Federal National Mortgage Association (FNMA),
16, 589, 607

Feedback shift registers (FSRs), 124
Finance concepts, 11
Financial applications, 219–220
Financial asset, valuation/pricing, 28
Financial call option, 710
Financial derivatives, 455

application, 477–478
Financial instruments

payoffs, 640
pricing applications, 54

Financial leverage, 674–675
Financial management, 1
Financial modeling, log returns (usage), 27
Financial options

exercise features, 711
maturities, 711
pricing, 712
real options, relationship, 710–712
underlying asset, 711
value, 712

Financial time series, 421
Finite horizon, 213
Finite state space, 173–181
Firm characteristics, 405
First order sensitivity, 26–27
Fishburn risk measure, 281
Fitch Credit Rating, bond ratings system, 22e
Fitness score, 169
Fixed income concepts, 33–46
Fixed income portfolio management, 372
Fixed-income risk management, factor models

(usage), 402
Fixed income securities, 16–23

complexity, 17–18
term, interchangeability, 18
valuation models, 30–33
Value-at-Risk estimation, 377–379

Fixed rate, level payment mortgage (fixed rate
mortgage), 590, 595

Fixed rate bonds
spread duration, 40
value, 518

Fixed rate interest rate payments, swapping, 517
Fixed transaction costs, 342–343
Floating rate bond, value, 518
Floating-rate securities (floaters), 19
Floor, 19
Forward contracts (forwards), 478–480

long position, 478
payoffs, 482e

short position, 478
payoffs, 482e

Forward-looking tracking error, 416
Forward price, 478
Forward rates, 34–36, 478

computation, 35
Forwards

pricing, 492–494
Free money, 488
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Full price, 20
Fundamental factors, 405
Funds

borrowing, 23–24, 495
management, 639
opportunity cost, 659
portfolio manager allocation, 386
returns, scenarios, 228e

Future cash flows, 658
benefits, generation, 673
risk, association, 656, 658, 679
terminal value, 666

Future interest rates, simulation (ease), 459–460
Future market yields, 44
Future portfolio value probability distribution, 640
Future price, distribution, 428, 436
Future revenues (value), binomial tree (usage),

720e
Futures, 478–480

contract
dollar duration, 634
dollar-for-dollar gain/loss, 481

forwards, comparison, 479
market

execution, 639–640
usage, alternative, 639–640

option, 512
prices, pricing formula, 493–494
pricing, 492–494
usage, 634–635

hedging context, 637
Future value, 13–14

conversion, 14

Gamma function, 78
Gamma (�), 516
GAMS, 186
Gaussian copula dependency models, 378
Generalized feedback shift registers (GFSRs), 124
Generalized Wiener process, 451

Ito process, relationship, 452
Generated random variables, negative correlation,

539
Genetic algorithms, 168

usefulness, 168–169
Geometric Brownian Motion (GBM), 117, 451
Geometric (log) form, 26–27
Geometric mean Asian option price, control

variate usage, 547
Geometric mean reversion (GMR), 442–444

drift, computation, 468–469
paths, generation, 469
process, paths, 443e
software, usage, 465–469
volatility, 467–468

Geometric random process, exponential growth,
433

Geometric random walk (GRW), 429–437,
507–508, 715

drift, 507
equation, 430

expression, 435

facts, 435–437
parameter constancy, 443–444
parameter estimation, 434–435
paths

example, 436e
generation, 469
simulation, 434–435, 440

process, exponential growth, 434
simulation, 434
software, usage, 459, 461
volatility, 461

Geometric returns, 288–289
Glivenko-Cantelli Theorem, 122
Global bond indices, 381–382
Global optima, local optima (contrast), 147–148
Goldman Sachs model, modification, 610,

611–613
Goodness-of-fit tests, 93
Gordon model, 29–30
Government National Mortgage Association

(GNMA), 589, 607
Gradients, 165
Greeks, evaluation, 565–568
GSE shelf, 607

Halton quasirandom sequence, 575–576, 578–579
Halton sequence, 551–552

prime numbers, usage, 552–553
Hedge ratio, selection, 635
Hedging, 491–492

strategy, 491
High-loss severities, creation, 589
High-yield bonds, 21–22
Historical data scenarios, usage, 289–291
Historical simulation, usage, 643
Holding constraints, 326
Holdings, conversion, 348–349
Hold-to-maturity investor, replacement, 17
Ho-Lee model, 613–614
Homoschedasticity, 409
Hoppe, Richard, 297–298
Horizon analysis, 44
Hull-White model, 613–614
Hurdle rate, 659, 662

capital cost, 666
requirement, 673
simplicity, 672

Hybercubes, random point generation, 128
Hypothesis testing, 92–93

If-then statements, 162
Immunization

results, 393e
risk measure, 394e
strategy, 389–395

Implied probability
calculation, 505
example, Solver dialog box, 526e

Importance distribution, 542–543
Importance sampling, 225–226

stratified sampling alternative, 540–545
Incremental cash flows, consideration, 658
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Independent and identically distributed (IID),
89–90

log returns, 436–437
random variables sequence, 425
sample, examination, 538
sequence, returns, 429

Independent normal random variables, sum,
427–428

Independent normal variables, sum, 431–432
Independent project, 657
Independent scenarios, generation, 107
Independent variables, 408–409
Index, 16

risk factors, 379
tracking, 219–220

limitation, 367–368
usage, 364–366

Indexed-amortizing swaps, 486
Index fund, 101–102
Indexing, 324, 333

points, criticism, 382
Infinite horizon, 213
Infinite state space, 181–185
Inflation-indexed bonds, 19
Inflation-linked bonds, 19
Inflection points (saddle points), 166
Information ratio (IR), 349–350
Initial capital, 26
Initial stock price, multiple, 436
Inputs, probability distributions, 103–104
Institutional investor, replacement, 17
Insurance industry tax-exempt indices, 381
Integer programming (IP), 152–153

algorithms, 167
optimization problems, 167

Integrated risk management system (J.P. Morgan),
286–287

Integration, concept, 59–60
Intercept alpha, value, 408
Intercept term, alpha (representation), 413
Interest

compounding, 13
requirement, absence, 12

expected risk-free rate, 676–677
shortfall, occurrence, 605
theory, 11–14

Interest on interest, 11
Interest-on-interest component, 43
Interest-only class, 596
Interest-only mortgage strip, 599
Interest-only security (IO), 599

price movement, 599
Interest rate, 437, 673

caps, 568–569
changes

immunization, 392
impact, insulation, 389

computation, 615
derivatives, pricing (examples), 568–570
determination, 28
dynamics, Cox-Ingersoll-Ross model (usage),

459–460

expectations strategies, 385
futures contracts, usage, 385
increase, 635
level, impact, 610–611
minimum, 30–31
models, 613–615

usage, 614
negative shift, usage, 391–392
risk, 374–375

impact, 618–619
scenario, 377
swaps, 486–487

advantages, 636–637
term structure, 34

Interior point methods, 163–164
Internal rate of return (IRR), 658, 662–665

cash flow reinvestment, 666
criteria, 669
inclusion, 660e
methods, decision process, 663
multiple IRRs, 664e
value, 662
yield, 662

International bond indices, 381–382
International conditions, 673
Intersector strategies, 386–387
In-the-money call option, volatility smile, 506e
In-the-money option, 494
In-the-money random path, 542
Intrasector allocation strategies, 386–387
Inverse floaters, 19
Inverse transform method, 118–121
Inversive generator (IG), 124
Inverted yield curve, 32
Investment

behavior, assumptions, 404–405
compounding, impact, 12
decisions, 658–672
horizon, 27–28, 35

duration, equivalence, 394
length, 666

liquidity, measurement, 667
management, 1
objectives

setting, 322–323
type, variation, 322–323

process, 322–325
profile, creation, 660–661
projects, classification, 654–658

economic life, basis, 655
project dependence, 657–658
risk, basis, 655–657

reevaluation, 717–718
single-period view, 325
strategy, 477–478

type, selection, 324
Investment-grade bonds, 21–22
Investment-grade corporate entities, indices, 638
Investment-grade sector, 21–22
Investors, equity, 479
ITG, 187
Ito processes, 452
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Ito’s lemma, 452–453
usage, 454–456

Ito’s stochastic calculus, 495

Jensen alpha, 413
Jensen measure, 413
Joint confidence, 357–358
Joint probability

distributions, 84–86
random variables, values, 85

Jones, Robert, 406
Jump-geometric random walk process, path

simulation, 449
Jumps

incorporation, 447–450
size, price changes (relationship), 448–449

Junior notes (subordinate notes), 587–588
Junk bonds, 21–22

Karmakar, Narendra, 163–164
Karush-Kuhn-Tucker (KKT) conditions, 164–167,

170
importance, 166–167

Key rate duration, 42–43, 375
Kolmogorov-Smirnov (K-S) test, 104, 122
Kurtosis, 69
k values, 92

Ladder strategy, 385–386
Lagrange multipliers, 164–167, 170
Large cap, company classification, 15
Last-stage nodes, 220
Latin hypercube sample, 127e
Latin Hypercube Sampling, 127
Left-skewed distribution (negatively skewed

distribution), 69
Lehman Brothers U.S. Aggregate Index, 380
Lender (investor), 17
Level payment mortgage, 590
Leveraged strategies, 23–24
Liability, duration (computation), 391
Liability-driven strategies, 388–396
Likelihood ratio, 544–545
Linear congruential generators (LCGs), 124
Linear congruential pseudorandom number

generators, 123
Linear constraints, 155

robust counterpart, 232
Linear delta approximation, 646
Linear optimization, 163–164

problem, 306–307
formulation statement, 150

solver, 392–393
Linear payoff, 481
Linear programming (LP), 150–151, 156, 172
Linear regression, 403

model, estimates (validity), 440
Linear transaction costs, 338–339
Linear utility function, 263–264
Lintner, John, 402
Liquid CDS, 638

Listed derivatives, 477
Listed option, 481
Local optima, global optima (contrast), 147–148
Logarithmic utility function, 265–267
Lognormal distribution, 72, 75–76, 502

example, 76e
MATLAB, usage, 98

Lognormal probability distribution, 556
Lognormal random variable, 433
Log return, 26–27

usage, advantages, 27
Log-return log, distribution, 433–434
London Interbank Exchange Rate, 485
London Interbank Offered Rate (LIBOR), 19

call option, caplet, 567
rate, observation, 568
spot rate curve, 34

Long-only constraints (no-short-selling
constraints), 326

Long positions, 24–25
Long put (financing), short call position (usage),

631
Long stock position, long put/short call (sum), 631
Long-term assets, 655
Long-term corporate financial planning, 211
Long-term investment, 655
Long-term mean, 438
Loss

dollar amount, 283
risk, 282
VaR reporting, 299

Loss multiple, 621
Loss/profit (L/P) form, 285–286
Lots, 343
Low-discrepancy sequences, 124–125
Lower bound estimation, 558–559
Lower-partial moment risk measure, 281
Low-risk tail event, occurrence, 289

Macaulay, Frederick, 39
Macaulay duration, 39, 374, 619
Managed money tax-exempt indices, 381
Mandated projects, 656
Mapping, 52
Marginal tax rate, 675
Margin buying, 24
Market

conditions, 673
index, 16
portfolio, 258–259

Standard & Poor’s 500, usage, 403–404
weight, 261

price, example, 723
scenarios, modeling array, 701e
shares, correlations (defining), 702e
size, determination (data), 695e
volatility, 291

Market capitalization (market cap), 15
Market impact costs, avoidance, 639–640
Market-neutral portfolio allocation strategies,

329
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Market risk
compensation, 676
default risk, dependence, 378
premium, 685

Markowitz, Harry, 2, 83–84, 245, 402
framework, 262
investment theory, 278
model, 263

Matching parameters, 510–511
Mathematical tools, usage, 2
MATLAB, 4, 6

command, default, 290
Direct Search Toolbox, 168
Genetic Algorithms, 168
Optimization Toolbox, 146, 157, 200–208, 254

functions/solvers, 201e
optimization tool interface, 202e
software, 96–99, 134–140
Statistical Toolbox, 411, 412
usage, 61, 72, 256

Maturity date, 17, 480
Maxima, interpretation, 106
Maximization, minimization (contrast), 146
Mean, 64–65

returns, N-dimensional vector, 411–412
sample, 87

Mean reversion (MR), 437–444
adjustment, speed, 437–438
geometric mean reversion, relationship, 470–471
models

regression output, 464e, 468e
versions, 450

parameter estimation, 440–441
paths, generation, 469
random walk, generation, 439–440
simulation, 439–440
software, usage, 461–465

Mean reversion (MR) process
adjustment speed, estimate, 441
long-term mean, estimate, 441
paths, 439e
volatility, 438–439

Mean reverting walk
drift, computation, 465
volatility, 463–464

Mean-risk stochastic models, 226–228
Mean-variance analysis, 245, 324
Mean-variance efficient portfolios, 255e
Mean-variance formulation, 359–360
Mean-variance optimization, 266, 413

efficiency, 414–415
framework, 250–254
problem

formulations, alternatives, 256–257
robust counterpart, 356–357

Mean-variance portfolio allocation, 355
Mean-variance portfolio optimization, 245

problem, Excel setup, 269e
array functions, inclusion, 272e

Median, 64, 65
Medium capitalization, company classification, 15

Mega-capitalization, company classification,
15–16

Memoryless property, 77
Merrill Lynch Domestic Market Index, 380
Micro capitalization, company classification, 15
Midsquare technique, 122–123
Miller, Merton, 402
Minima, interpretation, 106
Minimization, maximization (contrast), 146–147
Minimum holding, 330–331

constraints, 333
Minimum interest rate, 30–31
Minimum portfolio standard deviation

optimization problem, Excel Solver inputs,
271e

Minimum variance portfolio, 255e
optimization problem, formulation, 258

MINOS, 186, 235
Mixed-integer optimization formulations,

306–307
Mixed integer programming (MIP), 152–153
Mode, 64, 65
Modeling issues, 700
Model risk, 619–620
Modern Portfolio Theory (MPT), 245
Modified duration, 39, 374
Modified Goldman Sachs model (Richard/Roll),

610, 611–613
Modified internal rate of return (MIRR),

665–666
criteria, 669
decision rule, 666

Moment matching, 510–511
Money, time value, 658
Money management, 1

firms, proprietary multifactor model
development, 414

Monotonic functions, 539
Monotonicity, 301
Monte Carlo sampling methods, approximation

quality, 226
Monte Carlo simulation, 101, 645, 679

numerical integration technique, 550
output, interpretation, 104–107
proportionality, 536
scenario generation, 673
system, 102e
usage, 672, 673

Month multiplier (MM), 612
Moody’s, bond ratings system, 22e
Moratorium, 487
Morgan, J.P., 286–287
Mortgage

loans
cash flow, 590
transformation, 589

maturity/term, 590
mortgage loan cash flow, 590
pass-through security (pass-through), cash flow,

595
rates, change, 596, 599
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Mortgage-backed securities (MBSs), 17
interest, payment, 18
pool, 589
pricing, interest rate models (usage), 614
risk, 416–417

evaluation, interest rate models (usage), 614
terminology, 588–594

Mortgagor, embedded prepayment option
(impact), 591

MOSEK, 186
Mossin, Jan, 402
MSCI Barra, 406
Multi-account optimization, 346–350

problem, 348–349
Multicollinearity, 410
Multifactor models

construction, 406–412
usage, 406

Multinomial distribution, 85
Multinomial probability distribution, 644
Multiperiod real estate project, valuation, 724–727
Multi-period situations, complexity, 116
Multi-period tax aware portfolio optimization,

346
Multiple input probability distributions, 109
Multiple input variables, 108–110

impact, visualization, 110–111
Multiple-objective optimization problem, 148
Multiple objectives, 148
Multiplicative model, 433–435
Multiplicative recursive generators (MRGs), 124
Multistage optimization, 4, 172–185

problems, formulation steps, 185
Multistage problems, Monte Carlo sampling

methods (approximation quality), 226
Multistage robust optimization, 236–238
Multistage stochastic programming

models, 219–226
problems, dimension, 225–226

Multivariate normal distribution, 85
Multivariate normal variables

log returns, behavior, 447
Multivariate regression analysis, 93

Naive Monte Carlo method, usage, 577
Natural logarithm

function, 26–27
usage, 509–510

N-dimensional arrays, usage, 145
Negative cash flow, 663–664
Negative dollar return, 43
Neoclassical NPV, 712–713
Net present value (NPV), 658, 659–661

calculation, 714e
criterion, 669

execution, 707
data table, 661e
indexed value, 661
methods

process, 663
usage, increase, 671

multiple IRRs, 664e
optionality, 715
profile, 660

computation, 686
scenario-by-scenario basis, comparison, 692
viewpoint, 712–714

New products/markets, 656
Next-to-last liability, 395–396
n factorial, 56–57
Nikkei 225 index, 485–486
No-arbitrage concept, 728
No-arbitrage models, 613–614
No-arbitrage pricing, 495
Noise, 213

decay, absence, 428
observation difficulty, 87

Nominal annual rate, 12–13
Nominal rate, 12, 18
Nominal spread, 376
Nonagency mortgage-backed securities, allocation,

384
Nonagency RMBSs, 588

prepayments, involuntary status, 611
Nonanticipativity conditions, 222
Noncentrality parameter, 442
Nondeterministic models, 211
Nonfactor error term, 414
Nonfinancial events, portfolio manager concern,

629
Noninvestment-grade bonds, 21–22
Non-investment grade indices, 381
Nonlinear payoff, 482
Nonlinear solvers, 235
Nonnegative cash flow, provision, 489
Nonnegativity constraints, 156–157
Nonoverlapping time intervals, 452
Non-PAC bond classes, 606
Nonrecombining binomial tree, 173e
Nonstationarity, 350
Nonsystematic risk, division, 417
Nonterm structure systematic risk, 416–417
Nontraded variable, risk (market price), 729
Nontraditional asset classes, 16
Non-Treasury issue, price (change), 40
Non-U.S. bonds, separation, 15
Non-U.S. common stocks, separation, 15
Normal credit spread, 386–387
Normal distribution, 57–61

MATLAB, usage, 97
mean, 65
standard, 60e
usage, 302–303
VaR calculation, 287–289

Normal-distribution-based VaR, usage, 289
Normal random variable, 431

correlation, generation, 446–447
realization, generation, 535–536

Normative theory, 246
Northfield Information Services, 187, 406
No-short-selling constraints, 326
Note rate, 589
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Null hypothesis, 92
Numerical integration, 550

Objective function, 144
expected value, 211–212
optimization, goal, 179

Obligation acceleration, 487
Obligors, credit rating (changes), 379
Observations, pure random samples (simulation

problem), 116
Obsolescence, 655
Occupational Health and Safety Agency (OSHA),

656–657
Office of Thrift Supervision (OTS), arctangent

model, 610, 611
Oil wells, problem

price process, 214e
scenario tree, 223e
state space, 215e
stochastic programming formulation, 224–225

One-factor models, 613
100% PSA, 593
One-period binomial trees, 496e
One-period log returns, 27
One-sample hypothesis tests, 93
On-the-run swaps, pricing, 637
Operating periods, problems, 655
Optimal decision path, 177e
Optimal exercise times, 564e
Optimal mean-absolute deviation portfolio,

computation, 280
Optimal portfolio

allocation, 29, 333
construction, 352
weights, 258

Optimal solution, 145
Optimal state, 177e
Optimal stopping times (exercise times), matrix,

563
Optimization, 2

algorithms, 162–170
usage, 2, 147

approach, 388
duality, 170–172

theory, 170
formulations, 144–148

dynamic programming, relationship, 179–180
matrix form, 156

modeling, 143
software advice, 188–208

results, structure (handling), 206e
software, 186–187

user expectation, 144–145
tool interface (MATLAB), 202e
uncertainty, 211
usage, 520–522

Optimization problems
binary variables, addition, 331
constraints, 182–183
examples, 153–162
formulation, 145, 154, 161

solutions, 144
types, 149–153

Optimization Toolbox (MATLAB), 200–208, 254
functions/solvers, 201e

Option-adjusted duration, 39, 374–375
computation, 619

Option-adjusted spread (OAS), 376, 617
Optionality, 715

risk, 416–417
Option for sequential investments, 710
Options, 480–484

contracts, risk-reward characteristics, 481
exercise, 562
holder, 480
intrinsic value, 494
payoffs, 509

expected value, 533
symmetric distributions, relationship, 640

premium, 480
price, 480

closed-form formula, 567–568
computation, crude Monte Carlo simulation

(usage), 532–536
pricing, 535–536

model, input, 505
theory model, basis, 610

time value, 494
usage, 635
value, 715

Black-Scholes formula, usage, 716e
computation, 500

writer, 480
Option to abandon, 709, 717–718

valuation, 719e
Option to choose, 709–710
Option to delay, 709
Option to expand, 709, 714–717
Option to switch, 710
Option to wait, valuation, 722–724
Oracle excess returns, 409
Ornstein-Uhlenbeck process, 438–439

Ito process, relationship, 452
Out-of-the-money option, 484, 494

deductibility, 629
Out-of-the-money paths, generation, 541
Output variables, 101

distribution
bar plot, 135e
histogram, 136e

Overlay strategy, 640
Overnight repo (overnight RP), 24
Over-the-counter (OTC) derivatives, 477
Over-the-counter (OTC) market, 477
Over-the-counter (OTC) options, 481

usage, 635
Overwrite strategy, 632

Parameters, 87
estimation, 103–104, 426–427
sampling distribution, 92
tolerance, 162–163
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Parametric models, usage, 222
Par swap, 486
Partial derivative, usage, 453
Par value, 18
Passive strategies, 324
Pass-through, cash flow, 595
Pass-through certificate (beneficial interest

certificate), 588
Pass-through RMBSs, 594

formula, 616
Pass-through security

average life, 596
cash flow

example, 597e–598e
generation, 595–596

coupon rate, 595
Path dependency, 535

prepayments, relationship, 593
Path values, distribution, 617
Pathwise derivative estimates, 566, 583
Pathwise method, usage, 577
Payback period, 658, 666–668

analysis, break-even measure, 667
calculation, 666–667

Payer swaption, 569
Pay-fixed swap position, asset manager

establishment, 635–636
Payoff period, 66–667
Pay-through certificates, 588
Pearson correlation, 88–89
Penalty coefficient, 228
Pension funds, ERISA requirements (compliance),

325–326
Percentage price change, 435–436

convexity adjustment, 41–42
Percentiles, 68–69
Perfect hedge, 491–492

net profit/loss, anticipation, 634
Perfect hedging, 495
Performance measurement, 324–325
Periodic coupon interest payments, 43
Periodic coupon payments, 18–19
Periodic interest payments, reinvestment income,

43
Physical deterioration, 655
Piecewise-linear approximations, complexity,

341
Piecewise-linear function, 340e
Piecewise-linear transaction costs, 339–341
Plain vanilla bonds

duration measures, impact, 619
Plain vanilla swap, 486
Planned amortization class (PAC) bonds, 600,

606
Poisson distribution, 71–72

example, 72e
MATLAB, usage, 98
time interval, relationship, 448

Poisson process, 448
Policy variable, 178
Policy vector, 213

Polynomial time, 170
Pool, 589
Population, 169
Portfolio

adjustment, 325
assets, marketability, 343–344
cash flows, reinvestment, 389–390
constraints, 325–333
construction, 324

inputs, formulation, 324
derivatives, components, 640–647
duration, 374

calculation, 374–375
contribution, 375

expected return, 227
change, 248e
computation, 247
maximization, 146
pairings, possibility, 255e

interest rate risk, control, 633–637
losses

probability distribution, 300, 301e
scenario, 303–304

manager
problem, data, 154
protection buyer, 638–639

market value, 634
maturity, key rate duration, 43
monitoring, 324–325
optimization, 415
parameter, estimation, 351
performance measurement, 413
rebalancing, 337–338
resampling, 352–354

problems, 354
revaluation, approximation, 643–645
risk factor exposure, 414
risk-return characteristics, 254–255
selection, Markowitz theory, 246
sensitivity, 328
standard deviation, pairings (possibility), 255e
stocks, number (limitation), 361–364
strategy

development, 323–324
implementation, tasks (division), 323

value, 284
assumption, 646
equivalence, 497–498
probability distribution, 644

Value-at-Risk (VaR) estimation, 645–646
Value-at-Risk (VaR) optimization, 229, 310e

problem, 295
variance, 83, 258, 279

calculation, 247
usage, 277–278

Portfolio allocation, 153–157
evaluation, 114–115
implementation, example, 192–194, 196–199,

203–205
optimization problem, 326
performance, comparison, 267
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problem
optimization tool dialog box, 205e
Solver inputs, 193e

quantitative methods, usage, 387–388
Portfolio management, 1

derivatives, usage, 627
execution, 697–698
factor models, applications, 413–417
tax considerations, 344

Portfolio return, 145
expression, 247
time-series data, usage, 413
variance, 227

Portfolio risk, 227, 301
decomposition, 413
estimation, simulation (usage), 640–641
measurement, 640–647
profile, 640
understanding, PCA (usage), 412

Portfolio risk measures
Excel/Palisade decision tools suite, usage,

308–313
MATLAB, usage, 314–318
software, advice, 308–318
theory, advances, 277

Portfolio weights
assets, combinations, 181
discovery, 353
optimization, 334–335

Positive homogeneity, 301
Positive theory, 246
Posterior distribution, 351
Postmodern NPV, 712–713
Postpayback duration, 667
Power utility function, 264
Predicted tracking error, 336–337
Preferred stock, representation, 17
Premium Solver, 168

Platform, 186–187
Prepayments, 591–594

conventions, 591–593
effects, 591
function models, 611
involuntary status, 611
models, 610–613

option pricing theory basis, 610
option, 591
path dependency, relationship, 593
pro rata allocation, 609
rates, calculation, 616
risk, 591

Present value (PV), 13–14
calculation, 28
future value, conversion, 14

Prices, 20
changes, computation, 440
closed-form expression, computation, 432
dynamics, 437
logarithm, consideration, 431
percentage change, 435
process, random walks (relationship), 437

Pricing options, 494–517
Primary market analysis, 387
Prime loans, 588

private-label RMBS classification, 607
Principal component analysis (PCA), 407, 412
Principal-only class, 596
Principal-only mortgage strip, 596
Principal-only security (PO), 596, 599

price, increase, 599
Principle of Optimality (Bellman), 176
Private-label deals, 589
Private-label RMBSs (nonagency RMBSs), 588,

607–609
classification, 607
CMOs, comparison, 594–595

Private-label transactions, 589
Probabilistic models, 211
Probability

calculation, 63e
denotation, 229
density, 543
distribution, 502, 641e
theory, 87–93

Probability density function (PDF), 57–61
discovery, 543
impact, 58–59

Probability distribution, 51, 87–93
center of gravity, 65
comparison, 66e
creation, 52
definition, 51–52
first moment, 64
fourth moment, 69
input selection, 103–104
overview, 69–79
representatives, 61
second moment, 67
software, advice, 95–99
third moment, 69
usage, 688e, 690e
visualization, 109–110

Probability mass function (PMF), 52–53, 65
Probability-weighted discounted profit, 216
Product market, competition degree, 655
Profitability index (PI), 658, 661–662

criteria, 669
Profit/loss (P/L) data distribution, 292e, 293e
Profit/loss (P/L) form, 285–286
Profit maximization, objective, 180
Project portfolio management (PPM), 697–698
Projects, 653–654

benefits, costs/PV, 160e
capital cost, 661e

components, 676
cash flows, 669e

relationship, 654
classical NPV, example, 718e
classification, 656–657
dependence, 657–658
estimated cash flows, present value, 720
examples, 670e
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Projects (Continued )
IRR, 669e
market risk, measurement, 674–678
MIRR, 669e
multiple IRRs, 664e
NPV, 669

IRRs, inclusion, 660e, 664e
payback period, 666–667

example, 667e
PI, 669e
portfolio management, 697–698
rejection, 679
risk

assessment, 679–680
evaluation, 672–680

risk-free return, 676
stand-alone risk

estimation, simulation (usage), 687–693
measurement, 678–679

terminal value, 665–666
concept, 665e

total risk, assessment, 678–679
value

evaluation techniques, 658
flexibility, 726e
variability, 727e

value in perpetuity, 671e
Project to abandon, 719–722
Project to expand, 719–722
Proportional hazard model (Schwarz/Torous),

610
Prospectus prepayment curve (PPC), 607
Protection buyer, 486–487
Protection seller, 486–487
Protective put strategies, 628–630

example, 631e
profitability, 629–630

Pseudorandom number generators, 122–124
types, 123

Public Securities Association (PSA) prepayment
benchmark, 591–593

100% PSA, 593, 594e
165% PSA, 594e
speeds, range, 607

Pure bond indexing strategy, 382–383
Pure interest rates, 33–34
Pure-play company, estimation, 677
Pure random samples, simulation (absence),

116
Put option, 480

implied volatility, 505–506
long, 484
number, determination, 630
purchase, 484

protective put, involvement, 629
sale, 484
short, 484

Putting the issue under credit watch, 23
p-value, 93, 408–409

estimation, 410
usage, 441

Quadratic constraint, 334
Quadratic objective function, optimal objective

function, 147e
Quadratic optimization problem formulation, 339
Quadratic programming (QP), 150, 151, 172
Quadratic transaction costs, 341–342
Quadratic utility function, 262–263

shape, 263
Quality risk, 416–417
Quantile-based risk measures, 282–283
Quarterly compounding, 12–13
Quasi-Monte Carol method, 531–532, 610

examples, 554–556
performance, example, 555e
usage, improvement, 549–550

Quasi-random method, 531–532
Quasi-random number sequences, 549–556, 610
Quasi-random sequences (low-discrepancy

sequences), 124–125
values generation, 125

Random error term, 423
Randomized search algorithms, 167–169

classes, 168
Random number generation, 118–128

truly random events, 121
Random number generator, defining, 121–122
Random percentiles, selection method, 120–121
Random processes

assumptions, 533
simulation, 291

Random variables, 51, 213
central moments, 266
conditional expectation, 86
conditional probability, 86
covariance/correlation, 79–81
dependence, 79–81, 86
events mapping, 52
function, 108
generation, 554–555

determination, 114
Latin hypercube sample, 127e
monotonic functions, payoffs, 539
multiplication, 109
nonlinear function, expected value

(determination), 432–433
PDF, 60
range, 68
realization, 53, 423
simulation, 426
software, advice, 95–99
sums, 81–84

convolution, example, 85e
expectation, 83

values, 59, 89
variance, 66–67

Random walks, 422–423
correlation, 445–447
models, 444–450

simulation procedure, 450
noise, absence, 428
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Range, 68
Rank correlation, 88–89
Rate duration, 42–43
Rate of return, 25
Rating migration table, 23
Rating transition table, 23
Real estate

asset class, 15
index, binomial tree, 725e

Realized net capital gains, 343
Real options, 672, 707

analysis, standard, 708
examples, 718–727
financial options, relationship, 710–712
software, advice, 731
types, 708, 709–710
valuation, 721e, 722e

financial option pricing methods, application,
711–712

models, inputs (estimation), 727–730
Receiver swaption, 569
Recombining binomial tree, 173e
Recombining lattices, 174
Recombining trees, 174
Recovery rate, 378
Refinancing, 591

conditions, 612–613
Refinancing incentive (RI), 611–612
Regression

analysis, 407–410
input data, 561e

matrix, 563e
model, estimate, 559
response variable, 694
running, Excel (usage), 418
slope coefficient, 468
standard error, 409

Regression-based technique, 558
Regression coefficient, 406

determination, 560
display, 697
significance, 410

Reinvestment risk, 43–44, 395
Relative value arbitrage, 488
Relative value strategies, 384
Replacement projects, 656

cash flow risk, 656
Replicating portfolio, existence, 488
Repudiation, 487
Repurchase agreement (repo), 24

rate, 24
Repurchase date, 24
Repurchase price, 24
Required rate of return (RRR), 659
Required return, simplicity, 672
Required yield, 32
Resampling. See Portfolio
Research and development (R&D)

investment, 710, 714
projects, 159, 713–714

execution, 707

Residential mortgage-backed securities
(RMBSs)

accuracy (improvement), variance-reduction
methods (usage), 618

analysis, 617
average life, 617
cash flow uncertainty, 591
credit risk, 619
interest rate risk, 618–619
model risk, 619–620
option-adjusted spread, 617
prepayments, 591–594
price sensitivity (estimation), simulation (usage),

618–620
pricing, 587, 618

overview, 615–617
simulation, usage, 609–618

structures
complexity, 616
types, 594–609

structuring, 587
dynamic programming, usage, 620–622

Residential mortgage loan
cash flow characteristics, 590
prepayment rates, assumption, 592–593

Residual errors, N-dimensional vector, 415
Residual risk, 416
Residuals

assumptions, satisfaction, 409–410
autcorrelation, absence, 409
homoschedasticity, 409
normal distribution, 409

Response variables (dependent variables),
408–409, 694

linear regression, 440
Restructuring, occurrence, 487
Retained earnings, 16
Retroactive projects, 656–657
Return

assured rate, 389
attribution analysis, 325
calculation, 25
compounding, 25–26
distribution, 289
enhancement (speculation), 477–478

reference, 627
strategies, 632–633

expression, geometric (log) form, 26–27
factor, linear relationship, 407–408
internal rate, 658
numerical value, 27
rate, calculation, 25–28
required rate, 659
volatility, estimation, 729

Return/risk, optimal trade-off, 143
Revenue, binomial tree, 725e
Reverse floaters, 19
Reward, expected value, 213
Reward function, 212
Richard/Roll, modified Goldman Sachs model,

610, 611–613
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Right-skewed distribution (positively skewed
distribution), 69, 693–694

Risk
classification, 655–657
closed-form measures, 640
compensation, 676
control, 634
degree, 658
elimination, goal, 477–478
equilibrium market price, 261
estimation models, 402
exposure, 375
management, 1–2, 477–478

strategies, 628–632
systems, VaR criticisms, 298

market price, 728–729
measures, 66–69, 297

classes, 278–283
minimization, 634–635
neutrality, 263
premium, 261
profile, 256

@RISK, 4, 72
scenario simulation, 114
software, 95–96, 130–133

Risk-adjusted discount rate, usage, 679–680
Risk-adjusted excess returns, realization, 385
Risk-adjusted rate, 728
Risk arbitrage strategies, 491
Risk aversion

formulation, 256–257
mean-variance formulation, 257

Risk-based pricing, 589
Risk factor, 401

constraints, 327–329
models, 324

mathematics, 328
Risk-free asset, 257–260

return, 260
Risk-free bond, purchase, 629
Risk-free rate, 403, 685

constancy, 504
parameter replacement, 511

Riskless portfolio, setup, 496–497
RiskMetrics, 287
Risk-neutral investors, 264
Risk-neutral probabilities, 497–499
Risk neutral probability distribution, 507
Risk of loss, 282
RiskOptimizer (Palisade Decision Tools Suite), 187
Risk-return characteristics, 256
Risk-return trade-off, 112

risk determinant, 477
RiskSimtable command, 114
Risky assets, investment, 257–258
Risky future cash flows, evaluation, 675
Risky portfolio construction, 260
Robust counterparts, 231–236
Robust optimization, 145, 231–238

formulations, value, 359
philosophy, 218
reference, 359

Robust parameter estimation, 350–351
Robust portfolio optimization, 354–360
Root-mean-squared-error (RMSE), 104
Ross, Stephen, 404
Round lots, 159

constraints, 331–333
Roy’s safety-first criterion, 282
Russell 3000 (benchmark), 334

Saddle points, 166
Salomon Smith Barney Broad Investment-Grade

Bond Index (SSB BIG), 380–381
Sampling, 87–93

distribution, 92
Scenario analysis, 44

conducting, 678–679
example, 45e

Scenarios
generation, 673
impact, 226
number, 115–116
simulation, 114

method, 645
uncertainty, 51

Scenario trees
creation, 222
example, 223e

simplification, 220e
Scheduled principal payment, 590
Schwarz/Torous, proportional hazard model, 610
Scores, 412
SDPT3, 235
Seasoning factor, 612
Second-order approximation, 40
Second-order cone problem (SOCP), 234–235
Second-order cone programming (SOCP), 150,

152, 172
constraint, 230

Securities
agency guaranty, absence, 589
beta, 403
certificates, 588
characteristic line, estimation, 403–404
discount factors, 34
purchase, funds (borrowing), 23–24
selection strategies, 387

Securities and Exchange Act of 1934, 24
Securitization, 17, 587
SeDuMi, 235
Semiannual yield, doubling, 31
Semidefinite programming (SDP), 150
Semiparametric bootstrap approaches, 291
Semivariance, 281–282
Senior notes, 587–588
Sensitivities

example, 696e
measurement, 515–517

Sensitivity analysis (performing), dual variables
(usage), 171

Separation, 260
Sequential-pay bonds, 600
Sequential-pay structure, example, 600e
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Servicing fee, 590, 595
Settlement price, 479
Sharpe, William, 402
Sharpe ratio, 259
Short call position, usage, 631
Shorter-term paper, depository institution interest,

606
Shortfall risk, 282
Short positions, 24–25
Short-term gains, 345
Short-term interest rate, one-factor model, 613
Short-term investment, 655
Short-term risk-free rate, 729
Short-term trading strategies, 384
Shrinkage, 350–351
Simple discrete distributions, generation, 222
Simple rate of return, 25
Simplex algorithm, 163–164

three-dimensional space, 164e
Simulated annealing, 168
Simulated data scenarios, usage, 289–291
Simulation, 3, 352, 426

application, examples, 556–570
default option, 539
dimension, 643
estimator, 545
inputs

determination, 693–697
distributions, 700e

model, complexity (increase), 534
modeling, 101

questions, 115–118
software advice, 129–140

output, 692e, 693e
variable, distribution (bar plot), 135e

procedure, 450
software, 101, 129–140

packages, commands (usage), 104
statistical sampling, comparison, 106–107
usage, 609, 618–620

reason, 107–115
Single-account optimization, 350
Single-index market model, 404
Single-monthly mortality rate (SMM), 592–593

monthly SMM, 594e
Single-name CDS, usage, 638
Single-period liability, immunization strategy,

389–395
Six-pack securities, 608
Skew, 69
Slack variables, 157
Small capitalization, company classification, 15
SNOPT, 186
Sobol quasirandom sequences, construction,

579
Sobol sequences, 125

usage, 554
Solver (Excel), 157, 189–196

Add Constraint dialog box, 190
dialog box, 189e, 195e
inputs, 193e
Options dialog box, 191e

suboptimal solution, 195
usage, 270

Spearman correlation, 88–89
Specialized bond market indices, 381
Special purpose entity (SPE), 587–588
Speculation, 478
Spikes, 71

exhibition, 447–448
Splits, 609
Spot rates, 33
Spread, 66

duration, 40, 375–376
measures, 376

products, 375
risk, 375–376

S-shaped utility functions, 267
Stable Paretian distribution, 248, 250
Stand-alone risk, measurement, 678–679
Standard deviation, 66–67, 83

dispersion measure, 279
sample, 88
usage, 67
variance, relationship, 278–279

Standard error, 90
Standard normal distribution, 60e
Standard & Poor’s 500 (S&P500), 16

excess returns, 409
index

level, 422e
long position, financing, 485

investing, 108–109
returns, 249e

sample, 92
usage, 403–404
values, 102–103

Standard & Poor’s bond rating system, 22e
State, optimal strategy/profit, 217e
State space, 173

representation, 175e
State variable, 178

update, 183
Static spread, 376
Statistical arbitrage, 211
Statistical concepts, 51

software, advice, 95–99
Statistical factors, 401, 405
Statistical measurement, 87–93
Statistical sampling, simulation (comparison),

106–107
Statistical Toolbox (MATLAB), 411, 412
Step function, 61
Stochastic algorithms, 212
Stochastic control, 212
Stochastic differential equations, 456
Stochastic models, 211
Stochastic optimization problem

block formulation, 220
formulation, 222–223

Stochastic processes, 451–456, 613
discretization, 455

Stochastic processes in continuous time, 422–423,
451
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Stochastic programming, 145, 218–230
formulation, 218–219
methods, 211–212

Stochastic volatility, 450
Stock market returns, 110–111
Stock price, 711

correlation, 445–446
generation, stochastic process (usage), 504–505
logarithm, usage, 454
movements, 55
path number, simulation, 548
path simulation, 560e
simulation, usage, 562
strike price, contrast, 630
theoretical value (fair value), 28–29

Stock returns
covariance matrix, 334
idiosyncratic/nonsystematic component, 328
volatility

constancy, 504
estimation, 506

Stocks
dividends, 16
expected return, 29
strategy, comparison, 112e
threshold constraints, 330–331
value, movement, 54e

Straight-line utility function, 263
Strategic strategies, 384
Stratified sampling, 126–128, 539–540

alternative, 540–545
application, 540
approach, 388
example, 126
method, 536

Strike price, 480
payment, 711
stock price, contrast, 630

Stripped MBS, creation, 596
Stripped RMBSs, 594
Structured products, 587
Structuring bands, 606
Structuring speeds, 606
Student’s t-distribution, 72, 74–75

example, 75e
MATLAB, usage, 97–98

Subadditivity, 301
Subordinate notes, 587–588
Subordination

deal size percentage, 608e
levels, 609

Subprime loans, 588
private-label RMBS classification, 607

Subprime MBSs, 589
Substitution swap, 387
Subtract-with-borrow (SWB) generator, 124
Summary statistics, 105
Support bonds, 600, 606
Swaps, 485–487

position, value, 517
premium payments, asset manager receipt,

637–638

pricing, 517–519
spread, 486
tenor, 486
usage, 635–637
value, 518–519

change, 636
Swaptions, 486, 569–570

pricing, 569–570
Symmetric distributions, 69
Systematic risk, decomposition, 416

Tactical strategies, 384
Taleb, Nassim, 297–298
Tangency portfolio, 258
Tax-aware portfolio allocation, interpretation,

344–345
Tax-aware portfolio rebalancing framework,

345–346
Taxes, 673

absence, 505
consideration, complexity, 344
usage, 343–346

Taylor series
expansion, 646
extension, expression, 453
usage, 266

t-distribution, 91
example, 75e

Temperature (T parameter), 168
Tenor, 486
Terminal price, 377
Terminal value, 665
Term repo (term RP), 24
Term structure, 33–34

risk, components, 416
Term to maturity, 18
Theta (�), 516
Time decay, 516
Time horizon

specification, 389
usage, 293–294

Time intervals, length (increase), 455
Time periods

price, closed-form expression, 452
usage, 424

Time premium, 494
Time series, 421

continuity, 422
monthly increments, 427

Tolerance (parameter), 162–163
Top-down value added strategies, 384
Tornado graphs

creation, 696, 703
example, 703e

types, 696–697
Total benefit, computation, 161
Total cash flow, calculation, 617
Total portfolio risk, decomposition, 414
Total probability, 59–60
Total return, 27–28, 43–46

measurement, 43–44
Total transaction costs, 349–350
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Tracking error (TE)
defining, 333–334

methods, alternatives, 335–336
expression, 335–336
forward-looking estimates, 337
minimization, 333–337, 388
risk, increase, 388
standard definition, 333–334
types, constraints, 335

Traded flat, 20
Trades

market impact, 347
optimization, 347–348

Trade size, piecewise-linear function, 340e
Trading at a discount, 18
Trading at a premium, 18
Trading constraints, 333
Trading cost models, combinations (usage),

342–343
Trading strategies, 298e
Trading terminology, 23–25
Traditional asset classes, 15–16
Tranches, 599

average life, 621
credit support/buffer, calculation, 621
size, measurement, 608e

Transaction costs
absence, 505
amount, linkage, 341
function, 342
incorporation, 337–343
mean-variance risk-aversion formulation, 338
models, 338
reduction, 639–640

Transaction size constraints, 330–331
Transfer entropies, 447
Translational invariance, 301
Treasuries, short-term hedging, 636
Treasury bill

rates, variability, 437
riskless security, 401

Treasury bond market returns, 110–111
Treasury bonds, CBOT trading, 635
Treasury Inflation Protection Securities (TIPS),

19
Treasury securities, swaps (advantages), 636–637
Treasury yield rates, weekly data, 438e
Trees, 422–423
Triangular distribution, 72, 74

example, 74e
MATLAB, usage, 97

Trinomial trees, dynamic programming technique
(application), 557–558

t-statistic, 406
Turnover, 349–350

constraints, 327
Twisted generalized feedback shift registers

(TGFSRs), 124
Two-factor models, 613
Two-period binomial tree, usage, 500e, 501e, 514e
Two-sample hypothesis tests, 93
Two-stage relations, series, 226

Type A arbitrage, 488
Type B arbitrage, 488

Uncertainty
capital budgeting, 653
optimization, 211

Uncertainty sets, 231–236
consideration, 232–233
shape, 235–236
worst-case scenario, 238

Unconstrained optimization, 144–145
Uncorrelated factors, 412
Underlying, 480
Unequal lives, 669–671
Uniform random number, generation, 119
Uniform random variables, simulated number

values, 125e
Unimodal distributions, 66
Upgrade, 23
Upward-sloping yield curve, 32e
U.S. bonds, separation, 15
U.S. common stocks, separation, 15
U.S. corporations, stock returns, 677
U.S. equities, 15
U.S. securities, foreign securities (separation), 15
U.S. Treasuries, default-free securities

consideration, 30–31
USD/Euro forward exchange rate, 478–479
Useful life, 655
Utility functions, 261

examples, 265e

Valuation, 28–33
Value added strategies, 384
Value-at-Risk (VaR), 5, 282–301

application, 297
arguments, 297–301
calculation

example, 292–293
historical/simulated data scenarios, usage,

289–291
zero-coupon bonds, involvement, 300e

computation, 284–285
P/L data, usage, 285e

criticisms, 297–298
estimation, 308–309, 545

MATLAB, usage, 314–316
normality, assumption, 289

history, 286–287
internal purposes, estimation, 294
optimization, 229, 295–297, 309–311

MATLAB, usage, 316–318
optimization problem

display, 296
Evolver dialog box, 311e
Excel solver setup, 310e

original calculation, 287
parameters, 293–295
regulatory requirements, 293–295

Value function, 178–179
estimation, 184

Values, hypothesized/observed significance, 93
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Van der Corput quasirandom sequences,
construction, 575, 578

Van der Corput sequences, 550–551
construction, 551
generation, 125
multivariate extension, 551–552

Vanilla put option, 557
Variable-rate securities, 19
Variables (function), global/local minimum

(contrast), 148e
Variance, 66–67

adjustment, 432
computation, 247
expression, 67
minimization, 546–547
order, 454
sample, 88
standard deviation, relationship, 278–279
sum, 428

Variance inflation factors (VIFs), 410
Variance reduction method/technique, 531–532,

536–549, 610
usage, 618, 646–647

Variation, coefficient, 68
Vasicek model, 439, 569, 613

usage, 614
Vector array, multiplication, 317
Vector autoregressive models, construction, 222
Vega (V), 516–517
Visual Basic for Applications (VBA), 4, 6

usage, 256
Volatility, 67, 729–730

changes, considerations, 435
estimates, 461, 465

expansion option, sensitivity value, 717e
estimation, 465, 467
irrelevance, 635
parameters, selection, 428
smile, 506e

Wall Street Journal, usage, 404
Wealth maximization, 658–672
Weatherstone, Dennis, 286–287
Weekly drift, estimates, 461, 465

Weighted average cost of capital (WACC),
677–678

computation, 678
usage, 728

Weighted average coupon (WAC)
function, CPR (relationship), 611
rate, 595

Weighted average life (WAL), 619
Weighted average maturity (WAM), 619

rate, 595
What-if analysis, 3
White noise, 425
Williams, John, 28
Working capital

asset collection, 654
investment, increase, 653–654

World Bank, 16
World bond indices, 381–382
Worst-case computation, 231
Worst case-expected portfolio return, 356
Worst-case performance, estimation, 169

Yahoo Finance, usage, 404
Yield

annualization, 31–32
change, 42
compounding, 31
shift, impact, 618–619

Yield curve
nonparallel shift, 385–386, 416
parallel shift, 37, 385, 416
risk, 375
risk exposure, 416
scenarios, generation, 643
strategies, 385–386

Yield to maturity (YTM), location, 31

Zero-coupon bonds, 18–19, 33
investment, 299
location, 34
price, closed-form expression (derivation),

614
Zero rates, 33
Zero-volatility spread, 376htt
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