
Index

A0(2)++ model, 349–54, 456, 479–80
A0(3) model, 414, 425
A0c(2)+ model, 351–52
A0c(2)++ model, 351–52, 358–59
A0r(2)++ model, 360–61
A0y(2) model, 364
A0y(2)+ model, 363
A0y(2)++ model, 358–59, 360–61,

362–63
A1(2) model, 373, 382
A1(2)+ and ++ models, 373
A1(3)-EJ++ model, 477, 479–80
A1(3) model, 414, 416–25, 455, 456
A1(4) model, 455
A1(N) model, 502
A1c(2) model, 377, 380–81, 382
A1c(2)+ and ++ models, 373, 376, 377,

380–81, 382
A1r(3)+ and ++ models, 416,

420–21
A1r(3) model, 416, 417–19
A2(2) model, 399–403
A2(2)+ and ++ models, 348, 393, 414
A2(3) model, 414
A2(N) model, 502–503
A2r(2) model, 401–402
A2r(2)+ and ++ models, 401–402
A2r(3) model, 421–23
A2r3 + and ++ models, 424–25
A2y(2) model, 393–96
A2y(2) + and ++ models, 396–97
A3(3), 414
Ac form (hybrid model), 373
Ac form (two-factor Gaussian model),

47–50, 348
Acharya, Viral V., 258
add-on instruments, 55
ADG model. See Ahn, Dittmar, and Gallant

(ADG) model
adjustable rate mortgages, 89
AD prices. See Arrow-Debreu securities

affine term structure models (ATSMs), 53,
60, 103, 106, 107, 238, 306, 318, 320,
332, 413–80, 483–84, 552, 553

admissability, 346, 347, 373
Black implied volatilities, 94
canonical forms, 348–49, 349–52, 373,

402–403
caps calibration, 448–55
convexity bias computation, 61
correlations and volatilities, 609, 610
credit derivatives pricing, 457–78
cumulant expansion approximation, 527
essentially affine/semi-affine

generalizations, 347–48
extensions allowing stochastic volatility

jumps, 477–80
five-factor time-homogeneous

preference-free, 464
HJM forward rate model subset, 551, 582
interest rate cap prices, 454
maximal flexibility, 346
multifactor, 87, 129, 363, 403, 413–80
nested subfamilies, 346–409, 429–33
option pricing, 222, 223, 233
preference-free, 345–46, 348, 363,

396–98, 414–80, 483, 509, 553,
582, 591, 603–04, 609

preference-free double plus, 454–55
preference-free single-plus, 136
QTSMs vs., 484, 485, 486, 500, 508, 527,

537
reduced-form approach, 100
Riccati equation, 242
simple reduced form under RMV

assumption, 458–59, 468–76
single-factor, 485
three-factor, 414–75, 508, 537
three types of fundamental, 374–76
three volatility specifications, 456
two-factor fundamental, 111
two-factor Gaussian models, 346, 348–73

661

CO
PYRIG

HTED
 M

ATERIA
L



662 INDEX

affine term structure models (ATSMs),
(continued)

two-factor hybrid models, 373–93
two-factor single-plus, 109
unspanned stochastic volatility, 455–57

affine term structure models, three-factor,
412–25, 454, 455, 508, 537

Ahn, Dong-Hyun, 279, 280, 303n.3, 413,
484, 500, 501, 506, 508, 537

Ahn, Dittmar, and Gallant (ADG) model,
413, 484, 501, 506, 508, 537

Ahn and Gao model, 303n.3
Ait-Sahalia, Yacine, 135, 506
AM(3) model, 414, 415
AM(3)+ and ++ models, 414
AM(N) model, 415, 416, 425–26, 429, 430,

431, 433, 458, 459, 460–62, 464,
468–76

AM(N)+ and ++ models, 415, 416, 427–29,
4308, 431, 433, 8 464, 475–76

American call options, 277, 278–79
American interest rate contingent claims,

161–80
finite difference methods, 120, 161
tree method, 161–80, 188, 194–201

American swaption, 85, 239
Amin, Kaushik I., 188, 235n.2, 576
AN(N)-EJ++model, 477, 478–79
Andersen, Leif B.G., 457, 624, 629
Andreasen, Jesper, 624
arbitrage-free valuation, 17–47, 118, 119,

189, 320
in continuous time, 31–47
risk-neutral probability measure, 23
Vasicek model, 115–20

ARCH processes, 187
Ar form (affine model), 416–25
Ar form (hybrid model), 373
Ar form (square-root model), 399–403
Ar form (two-factor ATSM), 348, 349,

353–56, 403
arithmetic random walk model of the short

rate, 113
Arrow, Kenneth J., 18
Arrow-Debreu securities, 18–28

definition of, 18
replication of, 26–28

Asian options, 222, 480n.1, 565
asymmetric smile, 630, 631, 641
asymptotic correlation, definition of, 617

ATM. See at-the-money (ATM) caps
ATSMs. See affine term structure models
at-the-money (ATM) caps, 448, 532, 549n.2,

584, 626, 637
autocaps, 480n.1
Ay form (affine model), 416, 429
Ay form (hybrid model), 373
Ay form (square root model), 393–98,

402–403
Ay form (two-factor Gaussian ATSM),

348–49, 356–58, 361, 364–73

Backus, David K., 498–99
Bailey, David H., 229, 232, 233
Bakshi, Gurdip, 222, 524
Balduzzi, Pierluigi, 416, 417, 421
Balduzzi, Das, Foresi, and Sundaram (BDFS)

model, 416, 417, 421
Bali, Turan G., 135
Ball, Clifford A., 130, 185n.2, 343n.5
Bank for International Settlements, 99
Bayes rule, 109

conditional probabilities of events, 20–21
Baz, Jamil, 187, 203, 279
BDFS model. See Balduzzi, Das, Foresi, and

Sundaram (BDFS) model
BDT model. See Black, Derman, and Toy

(BDT) model
Beaglehole, David R., 484
Beliaeva, Natalia A., 239, 279–80, 280–81,

348, 384, 388, 448, 454, 477–80, 500,
636–37

Bermudan swaption, 85, 480n.1
Bessel function, 240, 313, 625
BGM model. See Brace, Gatarek, and

Musiela (BGM) model
Bikbov, Ruslan, 456, 457
binomial trees, 18, 140, 163–66

CIR model, 238, 239, 250–52, 257–63,
260, 273

one-factor nonrecombining, 557–65
trinomial trees vs., 263, 265, 272, 273

BIS. See Bank for International Settlements
Black, Fischer, 111, 308, 342, 583,

601–602, 606
caps/swaptions pricing formula, 93–98,

583, 584, 587, 588, 591–92, 594,
595–600, 608, 631–32, 641

See also Black implied volatilities
Black and Karasinski model, 108, 111, 114



Index 663

Black and Scholes model, 8, 11, 17, 26, 27,
93–94, 117, 162

smoothing, 110–11, 601
Black, Derman, and Toy (BDT) model, 108,

111, 114, 601–602, 606
Black implied volatilities, 93–98, 448, 493,

532, 583, 584–85, 588, 595, 600–01,
602, 603–04, 606, 607–08, 630–319,
645n.5

of difference caps, 449
LFM approximation for swaption,

597–600
smiles, 623

Bliss, Robert R., 350
Bloomberg, 94
Bodurtha, James N., Jr., 576
bond futures. See futures contracts
bond options. See options
bond price function

affine models, 345, 351–52, 376, 377,
397–98, 401, 402, 422, 423,
426–27, 428, 537

CEV-LJ, CEV-LJ+, CEV-LJ++ models,
341–42

CIR+ and CIR++ models, 315–18,
322–26, 328

CIR solution, 243–44, 245, 272, 273,
303–303, 307

exponential jump-based CIR-EJ+ and ++,
328

fundamental models, 305
HJM recombining tree, 565
mean calibration, 307
NB vs. NR method, 261–63
NR tree, 239
preference-free N-factor QTSM, 484
QTSM multifactor, 537–48
QTSM multifactor, preference-free,

508–18
QTSM nested models, 503–06
QTSM single-factor, 485–92, 493–94
risky, 460, 464–76
single-plus models, 305
stochastic, 39–40, 201, 554–55
time series of returns, 455
two-dimensional tree, 407, 409–10
unspanned stochastic volatility, 455–57
Vasicek and Vasicek+ models, 181–84,

193, 194, 218–19, 240
Vasicek EJ model, 207–9, 218–19

Vasicek-GJ model, 191–94, 201
volatilities, 333–35, 455–57
See also forward rate models; specific

bond types
Boudoukh, Jacob, 135
Brace, Alan, 583
Brace, Gatarek, and Musiela (BGM) model,

581. See also LIBOR market model
Brandt, Michael, 484, 508
Breeden, Douglas T., 28
Brennan, Simon, 331, 332
Brigo, Damiano, 108, 252, 304n.6, 306,

342n.3, 347, 348, 349, 356–58, 430,
450, 552, 584, 599, 600, 611, 623

Brigo and Mercurio model, 347, 348, 349,
356–58, 430, 450, 611

Brotherton-Ratcliffe, Rupert, 457, 629
Brownian motion, 8, 11, 515, 551. See also

Wiener process

callable inverse floaters, 480n.1
call and put options, 85, 154, 155–62,

169–71, 223–24, 228, 232, 233, 277,
278–79, 285–87

Black and Scholes different strikes pricing,
601

parity, 250, 326
proportional volatility HJM model,

577–80
trinomial tree pricing, 273–79
value on coupon bond, 249, 326
See also European calls and puts

call and put options, parity, 250, 326
Campbell, John Y., 348
caplets, 89, 90–91, 233, 448, 481n.4, 532

at-the-money, 626
Black implied volatilities, 96–97, 98, 448,

493, 584–85, 588, 600–01, 602,
631–32

Black’s pricing formula, 587–88, 606,
609

Fourier inversion method, 435
JLZ model, 633–34, 637–44
Joshi and Rebonato price, 630–31
smile, 584–85, 601, 623–29, 644
volatilities, 609

cap rate, 89
caps and floors, 50, 53, 88–93, 114, 115,

155, 233, 250, 414, 484, 508, 572, 591
afffine model calibrations, 454–55



664 INDEX

caps and floors, (continued)
Black implied volatilities, 93, 94, 97–98,

532, 583, 584, 591–92, 595–600,
623

closed-form solution, 326
collars, 92–93
definition of, 88–89
difference caps, 98, 448, 449,

532
hedging straddles, 457
Hull and White two-factor pricing,

479–80
interest rate jumps, 239, 280, 342
JLZ relative pricing, 637–44
LIBOR market model pricing, 448–55
lognormal forward LIBOR model pricing,

584, 591–95
payment in advance, 90
payment in arrear, 90–93
preference-free N-factor QTSM, 484
preference-free QTSM caps pricing,

531–37
pricing calibration, 448–55
pricing error, 509
proportional volatility HJM model

pricing, 580–81
simple preference-free double plus affine

models, 448–55
smiles, 584–85, 601, 644
unspanned stochastic volatility, 455–57,

629–44
See also caplets

captions, 480n.1
Carpenter, 258
Carr, Peter, 231
Casassus, J., 455
Casassus, Collin-Dufresne,

and Goldstein (CCDG)
model, 455

cash flows
fixed and floating, 82

Caverhill, Andrew, 321, 554
CBOT. See Chicago Board of Trade
CCDG. See Casassus, Collin-Dufresne, and

Goldstein (CCDG) model
CDG. See Collin-Dufresne and Goldstein

(CDG) model
CDGJ. See Collin-Dufresne, Goldstein, and

Jones (CDGJ) model
CDS. See credit default swaps

CEV. See constant elasticity of variance
(CEV) models

CEV+ and ++ models, 305, 331–33
CEV-LJ and CEV-LJ+ and ++ models,

340–42
Chacko, George, 187, 194, 206, 222, 233,

279, 471, 524
Chan, K. C., 237, 332
Chan, Karolyi, Longstaff, and Sanders model

(CKLS), 237, 332
Chapman, David A., 135, 482, 508
Chen, Li, 484
Chen, Ren-Raw, 394, 421, 430
Chernov, Mikhail, 456, 457
Chicago Board of Trade, 54, 55, 64, 68, 72,

73
Chicago Mercantile Exchange, 54, 55
CIR. See Cox, Ingersoll, and Ross (CIR)

model
CIR+ model, 238, 305–31, 343nn.8, 9, 348,

492, 493
bond prices and interest rate derivatives,

322–27
bond price solution, 316–18
common notational framework, 312–13
constant infinite-maturity forward rate,

318–20
forward rate volatility function, 517
as HJM forward rate model, 551
jump extension, 326–31, 477–78, 500
probability density/unconditional

moments, 313–15
CIR++ model, 305–31, 313, 314, 334,

343nn.8, 9, 348, 430, 450, 492, 493,
552

expected bond returns, 317–18
infinite maturity forward rate, 314

CIR+++ model, 450
CIR2++ model, 347, 430
CIR-EJ+ and ++ models, 328–29, 330
CIR-LJ+ and ++ models, 328, 331, 342
CIR++ model

bond price solution, 315–17
common notational framework, 312–13
constant infinite-maturity forward rate,

318–20
jump extension, 326–31, 477–78, 479,

500
CKLS. See Chan, Karolyi, Longstaff, and

Sanders (CKLS) model



Index 665

closed-form solution, 239, 325–26, 464,
556–57

CME. See Chicago Mercantile Exchange
coefficients of variation, 454
Coffey, B., 615–16, 619
collarlets, 92
collars, 50, 89, 92–93, 250
collateralized debt obligations, 457
Collin-Dufresne, Pierre, 87, 245, 435–48,

455, 481n.8, 611, 629
Collin-Dufresne and Goldstein (CDG)

model, 87, 245, 435–48, 481n.8, 611,
629

unspanned stochastic volatility, 455–57
Collin-Dufresne, Goldstein, and Jones

(CDGJ) model, 455
comparative cost advantage, 78–81
completely affine models, 374
concentration risk, 99
conditional mean returns, 483, 484, 492,

509
conditional probabilities of events, Bayes

rule for, 20–21
conditional probability density, 625
conditional variance, 462
conditional volatilities, 237, 373, 377, 483,

484
Conley, T., 135
constant elasticity of variance (CEV) models,

305, 331–40, 629
caplets solutions, 624–26, 627
forward rate process, 626
jump process, 281–82, 340–52, 624
non-affine short rate, 553
USV extensions, 585, 629–30, 631

constant infinite-maturity forward rate,
318–20

Constantinides, George M., 28, 484, 503,
509

constant-maturity discrete forward rates, 632
Consumption CAPM, 28
contingent claims valuation theory, 18, 39,

45, 120, 413–14
tree method, 161–80, 188, 194–201
See also Arrow-Debreu securities

continuous density processes, 31
continuous interval, 31–32
continuously compounded spot rates, 150
continuous probability density, 32–34
continuous-time diffusion processes, 3–14

Ito process, 5–7
Ito’s lemma, 7–8
rule of stochastic differentiation and

intergration, 9
Wiener process, 3–5

continuous-time stochastic processes, 31–47
conversion factor, 64, 65–66
convexity bias, 60–61, 63, 153, 222, 380

CIR model, 248
CIR+ and CIR++ models, 324
Hull’s approximation, 149–50, 184–85

Cooper, Ian, 413, 415, 612
correlations, 608–23

full-rank instantaneous, 612–19
matrix, 612–19
reduced rank structures, 619–23
terminal, 623

coupon bonds
cumulant expansion approximation,

435–48, 527–31
interest rate futures, 55
options pricing, 157–61, 239, 274–79,

435–38, 527–31, 543–44, 588
risky price formula, 461, 468–72
Treasury futures as, 68
See also European coupon-bond options;

swaptions; zero-coupon bonds
Courtadon, George, 394, 553
Cox, John C., 17, 26, 27, 106, 120, 332, 394
Cox, Ingersoll, and Ross (CIR) model, 106,

120, 136, 146, 151, 189, 238–303,
305, 306, 322, 331, 383, 430, 508–09

binomial tree, 238, 239, 250–52, 257–63,
260

bond options/interest rate options pricing,
273–79

cross-sectional volatility, 495
forward rate process, 398, 552, 553, 632
futures pricing, 283–87, 323
Hull and White extension, 327
interest rate trees, 250–73
jump-diffusion trees, extended with jumps,

284, 287–303
jump extensions, 279–83, 500
jump extensions, preference-free, 305–42
market price of risk, 238, 245, 317–18
mean-calibrated, 306–09, 314
NB tree, 255–63
NR tree, 252–55
options valuing, 248–50



666 INDEX

Cox, Ingersoll, and Ross (CIR) model,
(continued)

overview, 239–45
short rate, 238, 239, 240–42, 245, 250,

279, 306–07, 500, 561
three-factor, 450
time deposit pricing, 247–48
tree building, 252–63, 403
trinomial tree, 263–73, 270, 295–96, 342
volatility function, 238, 496, 518
zero-coupon bond futures pricing, 245–46
zero-coupon bond pricing, 272

credit default swaps (CDS), 50, 458–59,
473–76

market size, 99
notational amounts outstanding (end June

2006), 53
preference-free N-factor QTSM, 484
pricing formulas, 99, 100–101, 320, 345,

416, 457, 468, 473, 518–48, 546–47
pricing simple models under RFV

assumption, 104–6, 468–77, 546–47
reduced-form models, 458–59
risky bonds, 473–76
two-factor affine models for pricing, 345

credit derivatives, 49–110, 345
multifactor QTSMs valuation, 537–48
multifactor STSM valuation, 457–76
options pricing under RMV assumption,

465–68
preference-free affine and quadratic

models, 591
reduced-form pricing approach, 99–106,

342
Credit Risk Modeling, 591
credit sensitive notes, 457
cross-hedge, 414
cross-sectional AD prices, 22–23
cross-sectional volatility patterns, 483, 495
cumulant expansion approximation,

435–48, 455, 508, 527–31

Dai Qiang, 106, 109, 136, 346, 348, 349,
350, 356, 374, 394, 413, 414, 416, 417,
418, 421, 422, 426, 472, 481, 508

damping constant, 229
Das, Sanjiv R., 187, 194, 203, 206, 222,

233, 239, 273, 347–48, 416, 417, 421,
430, 471, 498–99, 524, 552, 582n.4

Datastream, 94

day-count conventions, 76–77
Debreu, Gerald, 18. See also Arrow-Debreu

securities
default-free bond price, 345, 459–60,

462–63, 538–41
zero-coupon bonds, 106–7, 157–61,

459–60, 462–63
default intensity process, 313, 343n.10, 537

exogenous modeling, 100, 457, 458, 472
recovery assumptions, 101–6

default spread process, 342
delta-neutral bond portfolios, 457
densities. See probability density
Derman, Emanuel, 113, 116, 601–602, 606
deterministic volatility models, 41, 321, 604
difference caps, 532

Black’s implied volatilities, 98, 532
definition of, 448
means and standard deviations, 532
price statistics, 449

diffusion processes, 1–2, 14–16, 238, 252,
500

jump, 14–16, 256–57, 500
See also displaced diffusion process;

jump-diffusion trees
discount factor. See stochastic discount

factor
discrete forward rates, 596–97, 609–10,

611, 612
discrete Fourier transform, 231, 232, 233
discrete-time interest rate trees, 63,

559–61
discretization bias, 506
discretization error, 231
displaced diffusion process, 585, 624, 630

LFM extension, 626–29
USV model, 630–31, 644

Dittmar, Robert, 413, 484, 501, 506, 508,
537

dollar, U.S., 49, 55
interest rate caps, 448, 532

Dothan, Uri L., 331, 332
double exponential jump-extened Vasicek

model. See Vasicek-EJ models
double-plus models, 54, 107, 108, 110, 111,

113, 347
HJM models, 108, 552
JLZ extension, 585, 637
preference-free affine, 454–55, 481
See also specific models



Index 667

DPS. See Duffie, Pan, and Singleton (DPS)
model

Duarte, Jefferson, 109, 129, 134, 318, 347,
374–75, 394, 395, 418, 422, 426

Duffee, Gregory R., 54, 101, 109, 113, 123,
129, 134, 136, 185n.3, 194, 202, 207,
222, 238, 244, 245, 318, 347, 349, 374,
375, 394, 401, 418, 422, 426, 500

Duffie, Darrell, 280, 317, 331, 332, 343n.7,
416, 430, 462, 463, 465, 471, 508, 524,
634

Duffie, Pan, and Singleton (DPS) model, 471,
634

Durham, J. Benson, 239, 279
Dybvig, Philip H., 306, 314, 320, 330, 450,

552, 612

Edgeworth expansion technique, 87, 436,
437

efficient method of moments (EMM), 364,
382, 506–08

equity options. See options
equivalent martingale measure, 17, 27,

35–36, 45
equivalent probability measures, 34, 118,

119
essentially affine models, 374
Euribor futures, 49, 50, 55, 144, 148, 149,

152–53, 221, 323–24, 329, 363,
379–80, 415, 432–33, 520, 526

Eurodollar futures contract, 37, 49, 50,
54–58, 144, 148–55, 221, 323–24,
329, 363, 379–80, 415, 432–33, 456,
520, 526

forward rate agreement, 73–74, 94
Eurodollar time deposit, 55, 184–85
European calls and puts, 233, 248–50, 287,

363, 377–81, 561
closed-form solution, 325–26
cumulant expansion approximation,

436–48
Fourier four-step inversion method,

380–81, 433–35, 524–27
HJM forward rate trees valuation, 565,

567, 577–80, 582
European contingent claims, 161–62, 163

trinomial tree, 169–70
European coupon-bond options, 86–87, 92,

157–58, 161, 565, 583
recombining tree pricing, 382

European options pricing, 86, 161, 274, 276,
573

European swaption, 85–86, 87, 157–61
Euroyen futures, 55
exotic interest-rate derivatives pricing,

413–14
exotic options pricing, 625
expectations theory, 350, 446, 447–48
explosive risk-neutral process, 454
explosive state variables, 312–13
exponential jumps, 206–15, 222–32, 284,

287–95, 341, 500
CIR+ and CIR++ models, 327, 328,

478–80
preference-free double-plus multifactor

affine models, 454

Fama, Eugene F., 350
Fan, Rong, 111, 456, 457
Fan, Gupta, and Ritchken (FGR) model,

456, 457
Fannie Mae/Fannie Mac, 81
Fast Fourier Transform (FFT), 229–32
Federal Open Market Committee, 187
Federal Reserve, 235, 500
Feynman-Kac theorem, 18, 37, 45–47,

120, 226, 446, 530–31, 547–48
FFPD. See futures-forward price

discount
FFT. See Fast Fourier Transform
FGR. See Fan, Gupta, and Ritchken (FGR)

model
Filipovic, Damir, 484
financial intermediary, 77–78
finite differencing, 120, 161
finite-dimensional term structure models,

553
finite-factor term structure models. See

Heath, Jarrow, and Morton (HJM)
forward rate model

fixed leg, 73–74, 75, 83–84, 592
floating interest rate, 75, 77, 79, 82, 84

caps and floors, 89
floating leg, 73–74, 75, 83–84, 592
floating cash debt, 79–80
floorlets, 89, 91–92, 233, 481n.4
floor rate, 89
floors. See caps and floors
Foresi, Silverio, 187, 279, 416, 417, 421,

498–99



668 INDEX

forward measure, 31, 36, 38–43, 45,
153–54, 162, 309, 327, 363–64,
527–28

Fourier transform, 636–37
JLZ model, 631–34, 637
logonormal forward swap model, 87, 584,

591–95
probability, 437
swap rate, 88, 596–600

forward rate, 3, 49, 77, 107, 127, 178
ATSMs, 361–62, 377, 398
constant infinite-maturity, 318–20
constant-maturity discrete, 632
convexity bias, 60–61, 63
correlations, 608–23
discrete, 596–97, 609–11, 611, 612
drift restriction, 551
floating and fixed legs, 73–74
HJM model. See Heath, Jarrow, and

Morton (HJM) model
joint evolution model, 588–89
LIBOR market model, 448, 551, 583–644
Markovian process, 572, 573, 575, 576,

582
Nelson-Siegel model, 406
short rate, 551, 556
String model, 54, 551
USV-based, 456–57
USV models, 456–57, 629–44

forward rate volatility, 111, 212, 309,
320–21, 333–35, 361, 362, 379,
492–93, 495–98, 509, 515–18, 551,
552, 554, 556–57

caplet smile, 624
correlation matrix, 612–19
full-rank instantaneous correlations,

612–23
LIBOR market model, 583, 584, 585,

600–608
proportional HJM model, 572–82
smoothing and overfitting dangers, 454,

601
swap rate, 599–600
three-step procedure, 604–08

four-factor affine model, 455
Fourier inverse, 224–25, 524–25
Fourier inversion method, 90, 194, 243,

250, 280, 285–87, 7 455, 481n.4,
507

Edgeworth expansion technique vs., 436

four-steps for option pricing, 224–35,
380–81, 433–35, 446, 455, 524–27

JLZ model options pricing, 633–34
Fourier transform, 223–24, 229–31,

233–35, 636–37
fractional FFT, 231
FRAs. See forward rate agreements
fully extended Vasicek model. See

Vasicek+++ model
fundamental models, 106–11

affine, 345–411, 413, 416, 483–84, 508,
509, 537

CIR, 238–303, 496, 508
constant-elasticity-of-variance, 331–42
credit derivatives valuation, 457–76
QTSMs, 107, 484–92, 508, 515, 535–40
QTSMS, multifactor, 501–506
quadratic, 483–548
taxonomy, 54, 113
usefulness, 305
usefulness vs. preference-free models, 109
Vasicek, 11, 13, 41, 113, 120–36, 148,

154
Vasicek-EJ, 206–15
Vasicek-GJ, 188–201

future conditional probabilities, 9, 11
Bayes rule, 20–21

futures contracts, 37–38, 49, 50, 56
Black volatilities formula, 93
convexity bias, 60–61, 63
definition of, 54
exchange-traded derivatives, 54
forwards contract vs., 68–69
popular interest rate, 54–55
pricing formulas, 72, 144–53, 218–32,

245–47, 283–87, 323–25, 328–29,
363–64, 377–80, 415, 518–48

pricing with nested ATSMs, 429–33
time deposits vs. bills/bonds, 55
Treasury bill, 49, 50, 54–55, 61–63, 145
Treasury bond, 37, 49, 50, 54, 55,

64–72
Treasury note, 49, 54, 55, 72–73, 145
volatilities, 347, 601–02
zero-coupon bonds, 72, 144, 145–47,

150–52, 219–21, 245–47, 283–84,
323, 329, 377–80, 415–16, 429–33,
518–20

See also Euribor futures; time-deposits
futures; zero-coupon bond prices



Index 669

futures-forward price discount (FFPD),
146–47, 152, 247, 378–79, 430–32

G2++ model, 348, 450
Gallant, A. Ronald, 413, 418, 484, 501,

506, 508, 537, 549n.1
gamma-neutral bond portfolios, 457
Gao, Bin, 303n.3
GARCH (Generalized Autoregressive

Conditional Heteroscedasticity), 455
Gatarek, Darius, 583
Gaussian process, 7, 9–11, 247, 251, 317,

320, 393, 415, 421, 427, 429, 450, 461,
464, 470, 478, 500, 556

cap price fitting, 454
forward rate, 625
fundamental and preference-free

jump-extended, 187–234
fundamental and preference-free single

factor, 113–85
good pricing performance, 453–54
limitations, 237
low-pricing error, 453
options pricing, 363–64
stochastic integrals examples, 11–14
stochastic volatility model vs., 456
three-factor, 350, 353–54, 454
trees, 497
trinomial trees, 263, 265
two-factor ATSMs, 346, 348–73, 398,

404
two-factor vs. one-factor, 362
See also two-factor Gaussian model

Geman, Helyette, 17, 28, 38
Generalized Autoregressive Conditional

Heteroscedasticity (GARCH), 455
generalized method of moments estimator

(GMM), 237, 332, 364, 382, 508
Girsanov theorem, 31, 32, 34–36, 39, 40,

119, 130, 185nn.2, 3, 202, 245, 317,
332, 343nn.5, 7, 351, 352, 375, 395

for equivalent martingale measures, 35–36
Novikov condition for, 428, 485, 509,

574, 591, 598
GMM. See generalized method of moments

estimator
Goldstein, Robert S., 87, 245, 435–48, 455,

481n.8, 582n.2, 611, 629
Gupta, Anurag, 55, 111, 456, 572

Hagan, 629
Han, Bing, 455, 457
Hansen, E. Luttmer, 28
Harrison, J. Michael, 17, 27, 119
Heath, David, 3, 9, 54, 87, 108, 114, 307,

454, 517–18
Heath, Jarrow, and Morton (HJM) model, 3,

9, 54, 87, 108, 114, 130, 313, 320,
343n.5, 517–18, 542, 551–82, 608

correlations and volatilities, 609, 610
mean calibration method, 307, 309
model trees, 321
nonrecombining trees, 556–72
one-factor nonrecomgining binomial tree,

557–65
overview, 552–56
proportional volatility, 314, 572–82
recursive programming method, 552, 557,

569–72
reduced form approach, 463–64
smoothing, 454
two-factor trinomial recombining tree,

565–69
USV models, 457, 629

hedge funds, 99
caps and floors, 89

Heidari, Massoud, 455, 629
Heston, Steven, 17, 27, 222, 524
HJM model. See Heath, Jarrow, Morton

(HJM) model
Ho, Thomas S. Y., 108, 113, 114, 140, 150,

184–85, 430
Ho and Lee model, 108, 113, 114, 140, 430

Hull’s convexity bias approximation, 150,
184–85

hockey-shape smile, 629–30, 644
Hull, John, 41, 108, 111, 149, 263, 306,

307–09, 321, 347, 349, 353–56,
367–68, 430, 450, 456, 479–80, 536,
552, 554, 592, 596, 599, 602, 606

Hull and White model, 108, 111, 114, 115,
128, 141, 142, 430, 456, 536, 606,
630–31

CIR model extension, 327
G2++ model, 348, 450
mean calibration method, 307–09
trinomial tree, 165–66
two-factor Gaussian ATSM, 347, 348,

349, 353–56, 410–11, 479–80



670 INDEX

Hull and White model, (continued)
Vasicek model extensions, 136, 144, 552,

602
Hull’s convexity bias, 149–50, 184–85
humped forward rate volatility curve, 320,

321, 362, 492–93, 495–96, 532, 602

imperative programming, 552
recursive programming vs., 570

implied volatility methodology, 128
incomplete market, 17
infinite maturity forward rate, 318–20
infinite mean and variance, 313–14
inflation, 237
information structure, 18–20
Ingersoll, Jonathan E., Jr., 106, 120, 314,

320, 331, 394, 450, 613. See also Cox,
Ingersoll, and Ross (CIR) model

Ingram, B. F., 508
instantaneous correlations, 611, 612–23
instantaneous forward rates, 127, 180, 609,

632
changes correlations, 609–10, 611

instantaneous short rate, 106
intemporal term structure dynamics, 22–23
interest rate caps. See caps and floors
interest rate changes, 113–85, 486

conditional volatilities, 483
correlations, 609–22
jumps, 187–234, 498, 500, 623
market prices of risks, 483
negative, 188, 207, 237, 307, 373, 393
negative short rate, 461, 500

interest rate derivatives, 49–110, 155,
218–19, 413–80

affine models, 428, 454–55
binomial tree for CIR model, 250–52
caps and floors, 88–93, 94, 114, 115, 155,

448–55, 454, 584–85
CEV-LJ, CEV-LJ+, CEV-LJ++ models,

341–42
conditional volatility, 237
exotic options, 480n.1
fixed, 75, 77, 82
fundamental principle underlying, 99
futures contracts, 54–56
G2++ model pricing, 348
jumps, 239, 280, 500
LIBOR market model, 583, 584–644
long-term, 64–72

mispricing of, 509
modeling factors, 345, 413
Monte Carlo simulation, 591
MPRs, 483–84
multifactor QTSMs valuation, 518–48
nonrecombining tree for HJM model,

552
notational amounts outstanding (end June

2006), 51–52
over-the-counter, 49, 98–99
preference-free ATSM model, 376, 397
pricing of basic, 49–110
pricing of contingent claims, 120, 161–80
QTSMs vs. ATSMs for, 484, 508–09
single-currency, 49
single-plus models, 305
smiles, 623
trinomial trees for CEV models, 336–40
two-factor affine models for pricing, 345,

402
volatility information, 237, 483
See also term structure models

interest rate options, 49–50, 188
Black’s pricing formula, 595–600
trinomial trees pricing, 273–79
See also caps and floors; short rate;

swaptions
Interest Rate Risk Modeling, 237
interest rate swaps, 49, 73–85

caps and floors, 88
cash flows exchange, 75–76
comparative cost advantage, 78–81
day-count conventions, 76–77
definition of, 75, 82
financial intermediary, 77–78
fixed and floating legs, 73–74, 592
forward swap rate vs. discrete forward

rates, 596–97
LFM vs. LSM pricing, 595–96
motivations for, 78–81
options on, 85–88
pricing, 82–85, 595–600

interest rate swaptions, 85–88
See also swaptions

interest rate trees, 120, 161–80, 199, 214
CIR model, 238–39, 250–73
CIR+ and CIR++ models, 326–27
contingent claims valuation, 161–80
discrete-time, 63, 559–61
nonrecombining, 238



Index 671

International Swaps and Derivatives
Association (ISDA), 78

in-the-money (ITM) caps, 448, 532, 638
Inui, Koji, 321, 554
ISDA. See International Swaps and

Derivatives Association
ITM (in-the-money) caps, 448, 532, 638
Ito process, 5–7
Ito’s lemma, 2, 7–8, 12, 37, 40, 42, 44, 139,

142, 143–44, 147, 192, 203, 208, 244,
251, 333, 336, 338, 350, 361, 375, 377,
378, 395, 398, 418, 422, 426, 429, 486,
488, 503, 518, 554, 576, 587, 590,
597–98, 626, 635

for jump-diffusion process, 15–16
Vasicek term structure equation, 116, 125

Jackel, Peter, 600
Jagannathan, Ravi, 430, 450, 453, 454, 472,

508–09, 536
Jagannathan, Kaplin, and Sun (JKS) model,

430, 450, 453, 454, 472, 508–09, 536
Jamshidian, Farshid, 17, 28, 38, 86, 88, 157,

160–61, 249, 326, 481n.4, 584, 591
Jarrow, Robert A., 3, 9, 54, 87, 98, 103,

108, 114, 239, 280, 307, 342, 416, 454,
455, 457, 481n.12, 517–18, 6 585,
624, 630, 631–44

Jarrow, Li, and Zhao (JLZ) model, 457, 585,
624, 630, 631–44

average percentage pricing errors, 481n.12
empirical performance, 637–44
extension, 636–37

Jeffrey, Andrew, 314
JKS. See Jagannathan, Kaplin, and Sun (JKS)

model
JLZ. See Jarrow, Li, and Zhao (JLZ) model
Johannes, Michael, 239, 498–99
Jones, Christopher, 455
Joshi, 536, 585, 629, 630–31, 644
Joshi and Rebonato model, 585, 630–31
jump-diffusion process, 14–16, 500

NB method, 256–57
jump-diffusion trees, 188–91, 194–215, 342

CIR-EJ+ and CIR-EJ++ models, 330
CIR-LJ+ and CIR-LJ++ models, 331
general, 288
jump extensions, 287–303, 500–01
lognormal, 295–303, 301, 327, 328, 342,

400, 624

NR technique, 254–55
three-step, 296
truncated, 239, 264, 299, 303
Vasicek-EJ++ model, 218
Vasicek-GJ model, 194–201

jumps, 187–234
caplet smile, 624, 644
CEV models, 340–42
CIR model, 239, 279–83
CIR+ and CIR++ extensions, 327–31
definition of, 187
downward, 239, 280, 623, 644
exponential, 206–15, 222–32, 284,

287–95, 327, 328, 341, 454, 500
extended, 287–303, 500
lognormal, 295–303, 301, 327, 328,

340–42, 500, 624
multiple node, 264–65, 267–69, 384
negative, 280–81, 341, 500, 641, 644
Poisson process, 188–89, 479, 481, 500,

630, 632–33
positive, 500
probabilities, 289–95
QTSMs, 498–501
risks, 585
upward nodes, 289–95
USV, 631–44
Vasicek model, 279, 500
volatility models, 280, 382–93, 477–80

Kac. See Feynman-Kac theorem
Kalman filter, 535
Kan, Rui, 331, 430
Kaplin, Andrew, 430, 450, 453, 454, 472,

508–09, 536
Karasinski, Piotr, 108, 111, 114, 602, 606
Karolyi, Andrew, 237, 332
Karoui, El, 17, 484
Kennedy, D. P., 582n.2
Kijima, Masaaki, 321, 554
knock-out caps, 480n.1
Kreps, David M., 17, 27, 119
Kronecker delta function, 231
Kumar, 629

Lando, David, 101
Lee, B. S., 508
Lee, Sang-Bin, 108, 113, 114, 140, 150,

184–85, 430, 508
Leippold, M., 484, 508



672 INDEX

leptokurtosis, 187
Lesniewski, 629
Levy inversion formula, 634–35
LFM (lognormal forward LIBOR model),

87, 89, 582–89, 594
approximation error, 600
at-the-money caplets fit, 626
Black implied volatility, 597–601, 602,

603, 607–08
CEV extension, 624–26, 629
correlations, 608–23
displaced diffusion extension, 626–29
forward rate volatility functions, 604–08
JLZ extension, 631–44
LSM theoretical consistency, 595–600
mispecification resolution, 585
multiple factor under single numeraire,

588–91
swaption pricing, 599–601
USV extension, 629–44

L’Hopital’s rule, 140, 150
Li, Haitao, 98, 239, 252, 258, 280, 342,

455, 457, 481n.12, 535, 536, 582, 585,
624, 630, 631–44

Li, Ritchken, and Sankarasubramanian
(LRS) model, 582

LIBOR market model (LMM), 38, 54, 56,
57, 82–83, 89, 108, 111, 114, 149,
348, 351, 583–644

background, 583–84
Black implied volatilities, 94, 95,

597–600
caps, 448–55
credit default swaps model, 458
floating interest rate, 75, 76–77
forward rates, 73, 74, 448, 532, 553
interest rate derivatives pricing, 413, 536
LFM version. See LFM
LSM version, 87, 88, 584, 591–95, 596
pricing accuracy, 454, 572
rate representation, 583
risk factors, 629
smile, 601, 623–29, 684–85
three main features, 584
volatilities, 314, 455, 583, 587, 600–08

linear first-order ODEs, 18
Lipschitz, 185n.3, 343n.7
LMM. See LIBOR market model
LMN model. See Longstaff, Mithal, and Neis

(LMN) model

lognormal forward LIBOR model. See LFM
lognormal forward swap model. See LSM
lognormal jumps, 295–303

CEV models, 340–42
CIR+ and CIR++ models, 327, 328, 342,

500
smiles, 624

London Interbank Offer Rates. See LIBOR
market model

Longstaff, Francis A., 99, 223, 237, 332,
380, 394, 399–403, 413, 416, 430,
433, 455, 458, 461–62, 468, 472, 473,
474, 524

Longstaff and Schwartz (LS) two-factor
model, 223, 380, 399–403, 430, 433

Longstaff, Mithal, and Neis (LMN) model,
458, 461–62, 468, 472, 473, 474

long-term mean, 233, 240, 307
look-back options, 480n.1
low-dimensional models, 413–14, 415
LRS. See Li, Ritchken, and

Sankarasubramanian (LRS) model
LS. See Longstaff and Schwartz (LS)

two-factor model
LSM (logonormal forward swap model), 87,

584, 591–600
LFM theoretical consistency, 595–600

Madan, Dilip B., 103, 222, 229, 416, 524
market price of risks. See MPRs
marking to market, 68
Markovian continuous-time diffusion

process, 3–5, 115, 194–98
Markovian forward rate process, 572, 573,

575, 576
one-factor, two-state variable, 582

Markovian process, 554, 635
definition of, 3
single-factor short rate, 440
See also non-Markovian process

Markovian term structure model, 106, 388,
464, 542

Marris, D., 624, 627–28
Marsh, Terry A., 331
martingale measure, 17, 18, 27, 36, 38, 45,

60, 62, 120, 150–51, 161, 166, 378,
465, 518, 547–48, 555

equivalent, 17, 27, 35–36, 45
forward measure, 31, 36, 38–43
LIBOR rate, 583, 586, 593, 598



Index 673

MATLAB software, 376, 393, 418, 423,
504, 519

maximal flexibility
affine model, 346
quadratic model, 511

mean calibration method, 306–09, 314
mean returns, conditional, 483, 484, 492,

509
mean reversion, 237, 238, 454, 641
medium-term caps pricing, 239, 280
Mercurio, Fabio, 108, 252, 304n.6, 306,

342n.3, 347, 348, 349, 356–58, 430,
450, 552, 584, 599, 600, 611

Merton, Robert C., 17, 26, 27, 41, 99, 106,
113, 120, 121, 122, 123, 127, 128, 130,
185n.2, 331, 332, 343n.5, 430, 461

Miltersen, Kristian R., 584
misspecification bias, 645n.5
Mithal, Sanjay, 416, 458, 461–62, 468, 472,

473, 474
mixed jump-diffusion process, 2, 14–16,

477–80, 632
Monte Carlo simulation, 7, 121, 250, 464,

542, 589, 591, 600, 619, 625, 626, 631
mortgage prepayment options, 413
Morton, Andrew J., 3, 9, 54, 87, 98, 103,

108, 114, 306, 454, 517–18, 576
MPRs (market price of risks), 107–9,

113–14, 129, 134–35, 136, 141, 144,
154, 155, 160, 203, 216, 305, 426, 462,
506, 509

ATSMs, 345–48, 350, 374–75, 382, 414,
416, 418, 419, 422, 426, 428,
462–64, 475, 483–84

CEV+ and CEV++ models, 332
CIR model, 244–45, 306
CIR+ model, 317, 318, 322
Duffee general definition of, 123
forward rate process, 556
LS model, 400–01
nonlinear specifications of, 483–84
preference-free models, 492, 511
preference-free QTSMs, 536, 540,

547
preference-free two-factor ATSMs, 347,

348, 351–52, 376, 397, 509
two-factor Gaussian model, 350

multifactor affine models, 87, 129, 363, 403,
413–80

analytical solutions, 425–48

multifactor LFM under single numeraire,
588–91

multifactor quadratic term structure models,
501–548

credit derivatives valuation, 537–48
parameter estimates, 506–08
preference-free, 508–18

multifactor square root models, 454
multinomial tree method, 18
multiple node jumps, 264–65, 267–69, 384
multiple order summation, 380, 524
Musiela, Marek, 583
Myneni, N. R., 484

Nawalkha, Sanjay K., 130, 185n.2, 239,
279–80, 280–81, 348, 384, 388, 448,
454, 477–80, 500, 636–37

Nawalkha and Beliaeva (NB) method, 239,
251, 336

CIR jump extension, 279–80, 500
NR method compared with, 261–63
tree for CIR model, 255–63, 295–96, 348
trees for stochastic volatility/jump-based

equity option models, 382
truncated-transform approach, 336–40,

383, 384, 388
Nawalkha, Beliaeva, and Soto (NBS),

280–81, 448, 454, 477–80, 636–37
NB. See Nawalkha and Beliaeva (NB)

method
NBS. See Nawalkha, Beliaeva, and Soto

(NBS)
negative interest rates, 188, 207, 307, 373,

393, 500
probabilities, 237
short rate, 461

negative jumps, 280–81, 341, 500, 641, 644
negative short spread, 461
negative state, 492
negative unconditional correlation, 109
Neis, Eric, 223, 380, 399–403, 416, 430,

433, 473, 474
Nelson, Charles R., 131, 178, 311, 406
Nelson, Daniel B., 239, 250–55, 258, 261,

336, 383, 384, 576–82
Nelson and Ramaswamy (NR) method, 239,

250–52, 383, 384
basic idea underlying, 250–52
recombining tree for proportional

volatility HJM model, 576–82



674 INDEX

Nelson and Ramaswamy (NR) method,
(continued)

tree for CEV models, 336
tree for CIR model, 252–55, 258, 261

Nelson-Siegel (NS) model, 131, 178, 311,
406

N-factor models, 39, 40, 415
fundamental ATSMs, 346
HJM forward rate process, 517–18
orthogonal Gaussian-quadratic, 518
QTSMs, 501, 502, 509–14, 515–16

no-arbitrage ‘‘forward rate drift restriction,’’
551

non-affine state variables, 347–48, 416
nonlinear drifts, 135, 397
nonlinear first-order ODEs, 18
nonlinear MPRs, 136, 348, 426
nonlinear risk premiums, 238, 465
nonlinear shape volatilities, 537
non-Markovian process, 3, 126, 138–39,

142–43, 151, 193, 208, 242, 375–76,
377, 381, 393, 418, 423, 425, 504, 505,
511–12, 516–17, 519, 522, 525, 529,
591

HJM model, 463–64
HJM model short rate, 108, 552, 554, 557
HJM proportional volatility, 572, 582

nonrecombining trees, 238–39, 552, 556–72
one-factor binomial, 557–65
recursive programming, 557, 569–72
two-factor trinomial, 565–69

Novikov condition, 36, 119, 185n.3, 245,
318, 343n.7, 375, 428, 485, 509, 574,
591, 598

NR. See Nelson and Ramaswamy (NR)
method

NS. See Nelson-Siegel (NS) model
numeraire effect, 611

ODEs. See non-Markovian process
oil shocks, 237
one-dimensional trinomial tree, 389–90,

405–06
one-factor, two-state variable Markovian

forward rate process, 582
one-factor Gaussian model, 362
one-factor LIBOR market model, 572
one-factor nonrecombining binomial tree,

557–65

one-factor square root processes, 458,
461–62

one-period binomial tree, 163
one-plus models, 114. See also specific

models
optimal stopping time, 162
options pricing, 17–47, 153–61, 162,

169–71, 413, 583
Black implied volatilities, 93, 583
CIR model, 248–50, 273–79, 285–87
CIR+ and CIR++ models, 325–26
CIR-EJ+ and CIR-EJ++ models, 328,

330
CIR-LJ+ and LJ++ models, 328
cumulant expansion approximation,

435–38
Fourier inversion method, 222–33, 380,

433–35, 455
JLZ model, 633–34
LIBOR rate, 583
look-back, 480n.1
multifactor Gaussian models, 363–64
multifactor QTSMs, 518–48
path-dependent, 480n.1
QTSMs, 222, 223, 233, 524
recombining tree, 572
smiles, 623, 645n.1, 646n.9
trinomial tree, 273–79
two-factor hybrid model, 380–81
volatilities, 222, 233, 456
yield optiions, 31, 56, 413
See also call and put option; caps and

floors; equity option; interest rate
options

Ornstein-Uhlenbeck process, 11, 13, 106,
113, 120–28

fundamental single-factor QTSM state
variable, 484–85

orthogonal state variables and interactions,
502–503, 507, 508, 511–12, 518, 531,
537

OTC (over-the-counter) interest rate
derivative market, 49, 98–99

OTM (out-of-the-money) caps, 448, 532,
638, 645n.1

OTM (out-of-the-money) credit spread, 466
overfitting, smoothing vs., 601, 605, 645n.5
over-the-counter (OTC) interest rate

derivative market, 49, 98–99



Index 675

Pan, Jun, 194, 222, 280, 313, 320, 343n.10,
458, 4619–62, 468, 471, 472, 474,
475, 500, 524, 634, 641

partial derivatives, 600, 603–04
partial differential equation (PDE), 18, 45,

120, 125, 145, 147–48, 151, 161, 191,
192, 193, 194, 221, 241–42, 244,
245–46, 247–48, 324, 356, 375,
395–96, 422, 429, 446, 635

Feynman-Kac theorem, 45–47, 530–31
path-dependent options, 480n.1
payer swap, 82
payer swaption, 85, 87–88
PDE. See partial differential equation
Pearson, Neil D., 135
Piazzesi, Monika, 239, 498–99
PIMCO bond fund, 38
Piterbarg, 629
Poisson process, 202, 328, 341

jump component, 188–89, 479, 481, 500,
630, 632–33

Poor, H. Vincent, 484
positive jumps, 500
preference-free models, 54, 100, 107–11,

430, 551, 608
affine, 345–46, 348, 363, 396–98,

414–80, 483, 509, 553, 582, 591,
603–04, 609

affine double-plus, 454–55
affine single-plus, 136
caps pricing, 608–23
CIR-EJ+ and CIR-EJ++ models, 328–29
CIR extensions, 238, 305, 309–42, 346,

492, 496
constant-elasticity-of-variance models,

305, 331–42
double-plus, 54, 107, 108, 113, 445, 450,

453, 455
forward rate models, 551
fundamental models’ usefulness vs., 109,

305
HJM, 551–82, 608
LIBOR market model, 584
multifactor QTSMs, 508–18
N-factor QTSM, 484, 509–14
quadratic, 509–14, 515, 531–37,

540–43, 553, 582, 591, 603–04, 609
reduced-form approach and, 100
single-factor quadratic model, 492–501
single-plus, 54, 107, 108–10, 113

single-plus affine and quadratic models,
136

single-plus paradigm, 160
smoothing, 454
square root, 348, 393, 414–15
triple-plus, 54, 108–9, 113
Vasicek extensions, 113, 114, 128–44,

148, 160, 346, 492
Vasicek extensions (EJ+ and EJ++), 207,

216–18
Vasicek extensions (GJ+ and GJ++),

201–6
pricing frameworks, 49–110, 147–50, 156,

189–90
Black implied volatilities, 93–98
caps and floors, 89–98, 448–55, 509,

608–23
CIR model, 245–47, 283–87, 508–09
credit derivatives, 99–106, 342, 457–76,

537–48
cumulant expansion approximation, 508,

527–31
errors, 6, 413, 440, 452–54, 481n.12,

506, 509, 532, 534–37, 641, 644
Fourier inversion method, 90, 194,

222–32
futures on zero-coupon bonds, 144–53,

219–21
interest rate swaps, 82–85
jump-diffusion trees, 188
reduced-form approach, 98–106
relative, 483–84
root mean square error, 532, 534
smoothing, 110–11
traditional approach, 18
See also bond price function; options

pricing; term structure models
pricing kernel. See stochastic discount factor
Pritsker, M., 135
probabilities, 2

Bayes events conditionality rule, 20–21
binomial tree, 166
densities. See probability density
disbribution, 437–43
Edgeworth expansion technique, 87
equivalent measures, 34, 118, 119
forward measure, 437
Fourier transforms, 223–24, 229, 231,

232
future conditional, 9, 11



676 INDEX

probabilities, (continued)
jump, 187, 188, 289–95, 299, 300–302
jump size, 500
local (or diffusion), 288–89
marginal trinomial, 391–93, 407
negative interest rates, 237
numerical solutions, 228–32
risk-neutral measure, 23–28, 118, 524
survival computation, 100–103
transformation, 223–24
trinomial tree, 165, 166, 367–68

probability density, 104, 224, 439, 524
analytical solution, 625
change under continuous, 32–34
conditional, 625
continuous, 31
of default time, 469–70
risk-neutral measures, 313–15

proportional volatility HJM forward rate
model, 314

recombining tree, 572–82
put-call parity, 250, 326
put option. See call and put option;

European calls and puts

Q(1), Q(1)+, Q(1)++ models, 493–98, 500
Q2(3) model, 508
Q3(N) model, 503, 505–06
Q4(3) model, 503, 506–07, 509
Q4(N) model, 503, 505, 506
QTSMs. See quadratic term structure models
quadratic term structure models (QTSMs),

53, 60, 188, 455, 483–548, 552
alternatives, 340
ATSMs vs., 484, 485, 486, 500, 508, 527,

537
Black implied volatilities, 94
convexity bias computation, 61
correlations and volatilities, 610, 809
credit derivatives pricing, 537–48
cumulant expansion approximation,

527–31
duration and convexity, 488–92
forward rate volatility, 495–98
fundamental, 107, 484–92, 508, 515,

535–40
futures valuation, 518–48
Gaussian, 484, 497, 517
HJM forward rate model subset, 551, 582
interest-rate cap pricing, 531–37

jump extensions, 498–501
multifactor, 501–506, 518–48
multifactor, preference-free, 508–18
nested, 506–08
option pricing, 222, 223, 233, 524
parameter estimates, 506–08
preference-free, 509–14, 515, 531–37,

540–43, 553, 582, 591, 603–04, 609
preference-free N-factor, 484, 509–14
preference-free single factor, 492–501
preference-free single-plus, 136
reduced-form approach, 100
Riccati equation, 242
RMV assumption, 537–43
single-factor, 484–501
three-factor, 506–08, 535
tree implementation of, 497–98
two-factor, 508

Radon-Nikodym derivative, 30–32, 34–35,
36, 38–39, 40, 44, 224

Ramaswamy, Krishna, 2379, 250–55, 258,
261, 336, 383, 384, 576–82

random variable, 162
interest rate jumps, 187
jump size as, 500

random walk model, 123
range Asian options, 480n.1
ratchet caps, 480n.1
Rebonato, Riccardo, 103, 111, 114, 313,

314, 413, 415, 454, 455, 457, 515, 536,
584, 585, 592, 596, 599, 600, 604,
606–07, 608, 611, 612, 613, 617, 626,
629, 630–31, 644

receiver swap, 82, 89
receiver swaption, 85, 86, 87–88
recombining tree, 382–93, 552, 554

proportional volatility HJM model,
572–82

recovery of face value. See RFV (recovery of
face value) assumption

recovery of market value. See RMV
(recovery of market value) assumption

recursive programming, 552, 557
implementation, 569–72

reduced-form approach, 54, 99–106, 416,
537–38, 543–47

credit derivatives pricing, 457–76
HJM forward rate models, 463–64
value-additivity, 461



Index 677

regime shift models, 237
relative arbitrage, 107
relative valuation principle, 414, 483
RFV (recovery of face value) assumption,

101, 103–4, 462
reduced-form QTSMs, 543–47
risk-neutral valuation under, 103–4
RMV assumption vs., 468, 474
simple reduced form ATSMs, 462–64,

468–76
valuing credit default swaps using, 104–6,

473–75, 546–47
Riccati equation, 18, 530, 635–37

with constant coefficients, 242–43, 505
Richardson, Matthew, 135
risk, unwanted, definition of, 99
risk-neutral default intensity, 103, 474
risk-neutral expectation. See martingale

measure
risk-neutral measure, 26–30, 36–38, 39,

43–47, 50, 58, 60, 69, 107, 118–20,
119, 132, 161–62, 163, 208, 210, 306,
532

AM(N) and AM(N)++ models, 462–63
CEV model, 330
CEV++ model, 334
CIR model, 245, 250, 280, 307
CIR+ model, 306, 312, 313–14, 318,

320, 493
cumulative probability, 32
drift, 556
explosive, 454
Feynman-Kac theorem, 45–47
forward rate process, 515–18, 557–58
Fourier inversion method, 433–35
jump-diffusion process, 500
LIBOR rate, 583
preference-free ATSMs, 348, 352, 420
preference-free ATSMs, two-factor,

346–47, 361–63, 377
preference-free QTSMS, 510–11, 540–43
preferences, 27
probabilities, 23–28, 118, 524
probability density/unconditional

moments, 313–15
QTSMs, 515–18, 533
short-rate, 250, 551
single-factor QTSM, 486, 495
square root process, 320
stochastic processes, 107–9, 163

time-dependent mean, 137, 489
two-factor hybrid models, 374
two-factor square root models, 393, 401,

402–403
under RFV assumption, 103–4
under RMV assumption, 102–3
Vasicek and Vasicek+ models, 181–84

risk-neutral parameters, 113, 114, 129, 136,
155, 280, 305, 322, 348, 382, 401, 464,
493, 511

risk premiums, 318, 636
stochastic discount factor, 43–45
time-inhomogeneous, 585

risky short rate, 103
Ritchken, Peter, 111, 252, 258, 320–21,

456, 457, 582
Ritchken and Sankarasubramanian (RS)

model, 320–21
RMSE. See root mean square pricing error
RMV (recovery of market value)

assumption, 101–6, 537–43
credit options pricing, 465–68
RFV assumption vs., 468, 474
simple reduced-form ATSMs under,

458–80
Rochet, J. C., 17
root mean square pricing error (RMSE),

440–41, 452–54, 532, 534, 535, 536,
549n.2

Rosenfeld, Eric R., 331
Ross, Stephen A., 17, 26, 27, 106, 120, 314,

320, 331, 332, 394, 450, 613. See also
Cox, Ingersoll, and Ross (CIR) model

RS. See Ritchken and Sankarasubramanian
(RS) model

SAINTS model, 503, 506–07, 509
Sanders, Anthony B., 237, 332
Sandmann, Klaus, 584
Sankarasubramanian, L., 252, 320–21, 554,

582
Santa-Clara, Pedro, 413, 455, 582n.2
Schaefer, Stephen M., 130, 185n.2, 343n.5
Schoenmakers, John, 615–18, 619
Scholes, Myron, 8, 11, 17, 26, 27, 93–94,

110–11, 117, 162, 601
Schwartz, Eduardo S., 99, 130, 185n.2, 223,

331, 332, 343n.5, 380, 394, 399–403,
413, 430, 433, 455, 524

Scott, Louis, 306, 394, 430, 552



678 INDEX

semi-affine models, 347–48, 374–75,
426

semi-nonparametric (SNP)conditional
density estimator, 549n.1

semi-parametric representation, 616
September 1 (2001) events, 237, 239, 280
Shiller, Robert J., 350
Shiryaev, 245
short rate, 106, 120

affine models, 455–57, 459
arbitrage-free pricing framework, 115–20
Ay form of two-factor square root model,

393–94, 403–04
CEV and CEV+ processes, 340, 342
CIR and CEV models preference-free

extension, 305, 309, 311
CIR model, 238, 239, 240–42, 245, 250,

279, 306–07, 500, 561
CIR+ and CIR++ models, 327–28
forward rate models, 551, 556
forward rates’ future volatilities, 601–02
Gaussian limitation, 237
negative, 461, 500
non-Markovian, 108, 552, 554
NR model, 239, 254–55
probability density, 362–73
QTSMs, 484, 485, 487, 501, 537
recombining tree, 239
risk-neutral, 250, 551
risky, 103, 458–59, 450, 537–38
single-plus models, 305
spread process correlation, 342
stochastic integrals of, 11–14
two-dimensional tree, 404–05, 408, 429
two-factor Gaussian model form, 349
two-factor stochastic volatility trees, 382
two-factor trees, 348, 365–67
Vasicek, 124, 188, 201–6, 216, 561
See also Ornstein-Uhlenbeck process

short spread, 459
negative, 461

Short Sterling futures, 55
short-term interest rates

caps pricing, 239, 280
futures contracts, 54
parameter restrictions, 332

Sidenius, J., 413
Siegel, Andrew F., 131, 178, 311, 406
simple reduced-form ATSMs under RFV

assumption, 468–75

Simpson’s rule, 229, 231
simulated method of moments techniques,

418, 506, 508
single-currency interest rate derivatives, 49
single-factor term structure models, 86,

481n.4
affine, 485
forward rate volatility function, 496
Gaussian, 113–85
quadratic, 484–92, 506
quadratic, preference-free, 492–501
Vasicek, 120–36, 492

single-name credit default swap, 105–6
single-plus models, 54, 107, 108–10, 111,

113, 305, 552
main theoretical appeal of, 305

single summation, 524
Singleton, Kenneth J., 6, 54, 101, 109, 136,

194, 222, 280, 313, 320, 343n.10, 346,
347–50, 356, 374, 394, 413, 414, 416,
417, 418, 421, 422, 426, 430, 458,
461–62, 463, 465, 468, 471, 472, 474,
475, 480, 500, 508, 524, 634

smile, 454, 584–85, 601, 625, 629, 637,
641, 644

asymmetric, 630, 631, 641
explanation of, 623–29
first appearance, 645n.1, 646n.9
hockey-shape, 629–30, 644
symmetric, 630, 631, 641

smoothing, 454, 605, 606
definition of, 110–11, 454, 601, 605
overfitting vs., 601, 605, 645n.5

SNP (semi-nonparametric conditional
density estimator), 549n.1

Sondermann, Dieter, 584
Sornette, Didier, 582n.2
Soto, Gloria M., 280–81, 448, 454, 477–80,

636–37
spread options, 457
spread process, 342
squared-autoregressive-independent-variable

nominal term structure. See SAINTS
model

squared percentage pricing errors (SSE), 440,
532

square root model, 106, 238, 239, 320, 348,
393, 414–15, 427, 450, 452–54, 459,
475, 500

explosive, 454



Index 679

multifactor, 454
risk-neutral, 393, 401, 402–03
two-factor, 393–411, 468

SSE (squared percentage pricing errors), 440,
532

Stanton, R., 135
state-dependent volatilities, 321, 393
stochastic discount factor, 30–32, 33,

191–92, 204, 209, 280
risk premiums, 43–45

stochastic process, 1–14
basic tools, 2
bond price, 39–40
calculus, 1
definition of, 3
differentiation and integration, 2, 9
differentiation rules, 9
integrals, 2, 9–14
integration rules, 9

stochastic volatility, 237, 454, 508–09, 536
caplet smile, 624
forward rate, 603–04
jump-based mixed sign models, 477–80
unspanned, 455–57, 585, 629–44

strike rate, 85
of swaption, 85

String models, 54, 413, 455, 551, 552,
582n.2

Sufana, R., 508
Sun, Steve G., 430, 450, 452, 454, 472,

508–09, 536
Sundaram, Rangarjan, 416, 417, 421
survival probability, 101–3
swap market. See credit default swaps;

interest rate swaps; swap rate
swap rate, 508, 629

definition of, 87
payer, 82
receiver, 82, 89
total return, 457
volatility, 599

swaptions, 50, 85–89, 155, 157–61, 342,
414, 484, 508, 629

Black implied volatilities for pricing,
93–96, 493, 583, 584, 591–92, 594,
595–601, 631

cap (floor) vs., 88–89
closed-form solution, 344
cumulant expansion approximation, 455,

527–31

displaced diffusion model pricing, 628–29
hedging straddles, 457
Joshi and Rebonato model, 631
lognormal forward swap LIBOR model,

584
LSM vs. LFM for pricing, 599–600
payoff, 87, 592–93
preference-free N-factor QTSM, 484
pricing, 158–61, 239, 416, 435–48,

527–31, 584, 589, 591, 595–600,
628–29

pricing with cumulant expansion
approximation, 435–48

receiver, 85, 86, 87–88
three main categories, 85
unspanned stochastic volatility, 455–57,

629–44
volatility, 455–57, 610, 611

Swarztrauber, Paul N., 231, 233, 234
symmetric smile, 630, 631, 641

Tauchen, G., 418, 506, 549n.1
Taylor series expansion, 111, 437
T-bill. See Treasury bill
T-bond. See Treasury bond
Tenney, Mark S., 484
terminal correlations, 623
termnal correlations, 611
term structure equation, 106, 116–18, 189
term structure models (TSMs), 1, 99–111

Black implied volatilities and, 94, 96, 97,
98

cross-sectional AD prices and, 22–23
default-free, 462–63, 472
with exogenous specification of stochastic

bond price, 130
forward rate volatility, 361–62, 551,

552
Gaussian preference-free jump-extended,

187–234
Gaussian preference-free single-factor,

113–85
new taxonomy of, 106–11
option pricing equations, 233
origin of, 106
reduced-form approach, 99–106
Riccati equations with constant

coefficients, 242–43, 505
risky, 461
Vasicek as father of, 103



680 INDEX

term structure models (TSMs), (continued)
See also affine term structure models;

fundamental models; quadratic term
structure models; single-factor term
structure models; Vasicek term
structure models

third-order polynomial, 110
Thompson, Howard E., 279, 280, 500
Thompson, Samuel, 255–56
three-factor affine models, 508, 537

four subfamilies, 414–80
three-factor CIR model, 450
three-factor CIS model, 508
three-factor Gaussian model, 350, 353–54,

454
three-factor quadratic models, 506–08, 535
time-dependent long-term mean, 233
time-dependent risk-neutral mean, 137, 489
time-dependent volatility function, 583, 606
time-deposit futures, 49, 50, 54–58, 58–60,

363, 379–80
preference-free two-factor Gaussian

model, 349
pricing, 58–60, 147–50, 152–53,

221–22, 247–48, 284–85, 323–24,
329, 379–80

pricing with multifactor QTSMs, 520–24
pricing with nested ATSMs, 432–33
simple multifactor affine models, 432–33
See also Euribor futures; Eurodollar

futures
time-homogeneous models, 54, 108, 111,

114, 115–16, 133, 154–55, 305, 311,
502, 551

CEV, CEV+, and CEV++ models, 333,
334–35

CIR+ and CEV+ models, 305, 306
deterministic volatility, 321
forward rate volatility, 552, 602–603, 605
JLZ model, 636, 638
preference-free QTSMs, 509–14
preference-free three-factor ATSMs,

424–25, 428–29
preference-free two-factor ATSMs,

346–47, 352, 353–56, 402
risk premiums, 585
state-dependent volatility, 321
unconditional volatility, 314

time-inhomogeneous models, 54, 108,
114–15, 116, 131, 155

CIR++ and CEV++ models, 305, 306,
311, 315, 320, 322

forward rate volatilities, 454, 552
JLZ model, 585
preference-free ATSMs and, 346, 347,

348–73, 376, 382, 397–98, 475–76
preference-free LIBOR market model, 584
preference-free QTSMs, 509–14, 540–43,

547
pricing errors, 536
unspanned stochastic volatility, 455
volatility function, 111, 153, 347, 454,

552, 561, 585, 636
See also Vasicek++ model

time-series behavior of yields, 508
time series of bond returns, 455
time-zero probability, 18–19, 107–8
T-note. See Treasury note
Torous, Walter N., 130, 185n.2, 343n.5
total return swaps, 457
Toy, William, 108, 111, 114, 601–02, 606
trapezoid rule, 231
Treasury bill (T-bill) futures contract, 49, 50,

54–55, 61–63
asset underlying, 61
valuing, 62–63, 145

Treasury bond (T-bond) futures contract, 37,
49, 50, 55, 64–72

cheapest-to-deliver, 67–68
conversion factor, 64, 65–66
cost of delivery, 68
embedded options, 68
underlying asset, 54
valuing, 68–72

Treasury note (T-note) futures contract, 49,
54, 55, 72–73

asset underlying, 72–73
valuing, 145

Treasury yields, ATSMs vs. QTSMs, 484
tree method, 120, 161–80, 250–73, 455

definition of, 161
demonstration of, 161–63
forward rate construction, 562–65
HJM model, 314, 556–82
jump-diffusion, 188, 500–601
NB method, 255–63
nonrecombining, 238–39, 552, 556–72
NR method, 252–55, 261–63
path independent, 321
QTSMs and, 497–98



Index 681

recombining, 382–93, 552, 554, 572–82
truncated, 239, 255, 257–58, 364–73,

388
two-dimensional, 342
two-factor, 340, 468
two-factor Gaussian, 364–73
two-factor square-root, 403–10
two-factor stochastic volatility, 382–93
two-state variable, 321
See also binomial trees; interest rate trees;

jump-diffusion trees; nonrecombining
trees; trinomial trees;
two-dimensional trees

trigger swaps, 480n.1
trinomial trees, 85, 163, 165–80

binomial trees vs., 263, 265, 272, 273
bond options/interest rate options pricing,

273–79
building for Y(t) process, 336–40, 342
CEV, CEV+, CEV++ models, 336–40,

342
CIR model, 238, 239, 263–73, 270, 273,

277, 342, 383
expansion, 266
one-dimensional, 389–90, 405–06
QTSMs, 497–98, 499
for short rate, 340
truncated, 263–71, 274, 295–96, 336–40
two-factor Gaussian, 348, 361, 365–73
two-factor nonrecombining, 565–69
two-factor stochastic, 383–93
Vasicek+ model, 166–69
Vasicek++ model, 171–77
Vasicek+++ model, 178–80

triple-plus models, 54, 108–9, 110, 111,
113, 115

HJM, 552
JLZ, 585, 636
LIBOR, 584
time-inhomogeneous preference-free

models, 347
truncated tree model, 239, 255, 257–63, 348

Ay form of two-factor Gaussian model,
361, 364–73

example, 259–63
lognormal, 299
trinomial tree, 263–71, 274, 295,

336–40, 383, 388
truncation error, 231
TSMs. See term structure models

Turnbull, Stuart M., 416
two-dimensional trees, 342, 370–73,

391–92
bond, 407, 409–10
short rate, 404–05, 408, 429

two-factor affine models, 345–411, 454, 455
with two square-root processes, 468

two-factor Gaussian model, 346, 348–73,
393, 398, 404, 410–11

advantage over one-factor, 362
Ay form, 361–73
cap price fitting, 454
limitations of, 373
low pricing error, 453–54
one-factor model vs., 362
trees, 364–73, 382–83

two-factor hybrid models, 346, 373–93
two-factor quadratic model, 508
two-factor single-plus affine model, 109, 340
two-factor square root models, 346, 373,

393–411
trees, 403–10

two-factor trees, 340, 468
Gaussian, 364–73, 382–83
nonrecombining trinomial, 565–69
square-root, 403–10
stochastic volatility, 382–93
trinomial, 348

Uhlenbeck. See Ornstein-Uhlenbeck process
Unal, H., 103, 416
unconditional mean and variance, 9–11
unconditional moments, 313–15

negative correlation, 109
unconditional volatilities, 309, 314
unspanned stochastic volatility (USV), 585,

629–44
critique of, 455–57
JLZ model, 631–44
JR model, 630–31

unwanted risk, definition of, 99
upward jump nodes, 289–95
U.S. dollar. See dollar, U.S.
USV. See unspanned stochastic volatility

valuation. See pricing frameworks
value-additivity, 461
Vasicek, Oldrich, 41, 188, 331, 332, 430

as father of term structure theory, 106
See also Vasicek term structure models



682 INDEX

Vasicek+ model, 113, 114, 128–36,
145–46, 148, 154–55, 157, 159, 160,
163, 166, 187, 306, 492

bond price solution, 181–84, 193, 194,
318, 322

as HJM forward rate model, 551
trinomial tree, 166–69

Vasicek++ model, 113, 114, 128, 136–44,
145–46, 148, 150, 154, 155, 157, 163,
185, 187, 334, 430, 492, 552

trinomial tree, 171–77
Vasicek+++ model, 114, 115, 123, 140–44,

150–53, 156, 157, 163, 187, 552, 602
trinomial tree, 178–80

Vasicek-EJ model, 206–15
bond price solution, 207–9
futures valuation, 219–22
options valuation, 222–32

Vasicek-EJ+ model, 207, 216
futures valuation, 219–22
options valuation, 222–32

Vasicek-EJ++, 207, 216–18
futures valuation, 219–22
options valuation, 222–32

Vasicek-EJ models, 188
Vasicek-GJ models, 188–201, 202–3, 206,

218, 219
bond price solution, 191–94
jump-diffusion tree, 194–201
Vasicek-EJ model’s advantage over, 207

Vasicek-GJ+ model, 201–3, 219
Vasicek-GJ++ model, 201–2, 203–6,

219
jump diffusion tree, 205–6

Vasicek-GJ+++ models, 201
Vasicek term structure models, 11, 13, 41,

113, 145–46, 148, 154–55, 157, 160,
163, 187, 240, 241, 321, 331, 430,
553

arbitrage-free pricing, 115–20
bond price solution, 124–28, 160,

181–84, 193, 194, 218–19
equation, 116–18
Fourier inversion method option pricing,

222–32
fundamental, 120–28
future short-rate distribution, 124
Gaussian distributed jumps, 188
Gaussian example, 113
jump extended, 279, 500

preference-free extensions, 128–44
short rate, 124, 188, 201–6, 216, 561
two-factor Gaussian model vs., 362
volatilities, 94, 127, 128, 154, 496

Viswanathan, R., 484
volatilities, 154–57, 237, 509, 536

ARCH features, 187
Black and Scholes model, 601
Black formula, 93–98, 532, 583 (see also

Black implied volatilities)
bond returns, 333–35, 455–57
caplet pricing, 609
caps, 455–57, 629–44
CIR model, 238, 496, 518
conditional, 237, 373, 377, 483, 484
deterministic, 41, 321, 604
difference caps, 449
finite-factor, 551
futures contract, 347, 601–02
HJM forward rate function, 517, 551, 575
humped forward rate curve, 320, 321,

362, 492–93, 495–96, 532, 602
implied methodology, 128
jump modeling, 280, 382–93, 477–80
LIBOR market model, 314, 455, 583, 587,

600–08
Merton model, 127, 128
nonlinear shapes, 537
option pricing, 222, 233, 456
proportional forward rate, 314, 572–82
recombining tree, 239
single-factor QTSMs, 486, 492
state-dependent, 321, 393
swap rate, 599
swaptions, 455–57, 610, 611
time-dependent, 583, 606
time-homogeneous, 314, 321
time-inhomogeneous, 111, 153, 347, 454,

455, 552, 561, 585, 636
two-factor stochastic trees, 382–93
unconditional, 309, 314
unspanned stochastic (USV), 585,

629–44
Vasicek model, 94, 127, 128, 154, 496
Vasicek+++ model, 178
See also forward rate volatility; stochastic

volatility
volatility coefficient, 461
volatility smile, 93, 454
volatility skew, 454



Index 683

White, Alan, 41, 108, 111, 263, 306,
307–09, 321, 347, 349, 353–56, 450,
456, 479–80, 536, 552, 554, 592, 596,
599, 602, 606. See also Hull and White
model

Wiener process, 8, 10, 11, 36, 39, 40, 115,
119, 129, 130, 188, 202, 349, 350, 356,
374, 394, 417, 421, 459, 478, 479,
501–02, 555, 587, 589, 598, 599, 625,
630, 632, 645n.2

assumptions of, 3–5
Brownian motion, 8, 11, 517, 553

wild card option, 68
Woodward, 629
Wu, Liuren, 135, 455, 484, 498–99, 508,

629

X-transform, 251–52, 253, 258, 259, 263,
295, 336–40

yield curve, 318
QTSMs vs. ATSMs, 508

yield options, 31, 56, 413. See also caps and
floors

zero-coupon bond prices, 50, 306, 537
Arrow-Debreau prices, 20
caplets and floorlets, 89, 481n.4, 609–10
caps and floors, 88–93
CIR+ and CIR++ call option, 325–26
CIR model, 243, 249, 272, 273–79, 275,

285
default-free, 106–7, 157–61, 459–60,

462–63
European call option, 249–50, 379–80
European options, 86, 161, 274, 276, 573
Feynman-Kac theorem, 45, 446
formula for futures pricing, 72
forward measure, 38–39
Fourier inversion method, 433–35, 446,

524–27

futures valuation, 72, 144, 145–47,
150–52, 219–21, 245–47, 283–84,
323, 329, 377–80, 415–16, 429–33,
518–20

HJM forward rate model, 552–56
intemporal term structure dynamics,

22–23
interest rate futures contracts, 55
JLZ model, 633–34
jump component, 187–88
jump-diffusion trees, 188, 330, 501
LIBOR rate, 82–83, 583
mean calibration method, 306–09
multifactor QTSMs, 518–20
NB vs. NR approach, 261–63, 262
n discrete forward rate, 600
as numeraire assets, 28
options pricing, 17–47, 53, 153–57, 162,

222–32, 285–87, 363–64, 433–35,
600, 610–11

preference-free framework, 100–106
risk-neutral measure, 37, 50, 60, 62–63,

547
risky, 458, 460–61, 462, 463,

470–71
swaption pricing, 610–11
T-bond futures valuation, 68–72
term structure equation, 116–18
trinomial tree pricing, 273–79,

368–73
truncated binomial tree method, 259–63
two-factor ATSMs and, 347, 383
volatility for caplet pricing, 609
volatility for Vasicek+++ model, 178
yields, 106

zero-drift stochastic process, 624–26
zero-investment contingent claims, 36
Zhang, Jun, 629
Zhao, Feng, 98, 239, 280, 342, 455, 457,

480n.12, 535, 536, 585, 624, 630,
631–44




