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barrier options, 71–7
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bonds
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convergence and, 79–80

convexity and, 99–104, 113–18
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credit-sensitive, 166–72

discount factorsand, 81–5, 249

duration and, 88–108

embedded optionsand, 109–10
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forward ratesand, 85–8

Heath-Jarrow-Morton approach and,

172–80

maturity and, 80–2, 88–108

par, 81, 92
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Borges, Jorge Luis, 1

boundary conditions

factor modelsand, 133

Laplace transformsand, 261–4

PDEsand, 55

power optionsand, 66–7

volatility and, 133

Brealey and Myers, 2

British pound, 223–4

Brownian motion, 3, 12, 56

arcsine law and, 203–4

arithmetic, 11, 148–50, 192–204, 214–15

Chebyshev’sinequality, 199

continuouspathsand, 198–9

density function and, 205–7

Dynkin operator and, 226–7

equilibrium and, 148–50
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geometric, 13–14, 17, 63, 204–9, 219–20
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172–3

hedging and, 61–3

hitting timesand, 199–203

instantaneousmean and, 193

Itô’slemma and, 209–24

jumpsand, 229–34

Kolmogorov equationsand, 56, 234–9

martingalesand, 239–45

mean-reverting processesand, 225–9

Merton model and, 135–9

momentsof, 193–4, 196–7, 207–9

power functionsand, 219–20
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(see also random walks)

reflection principle and, 199–203

Riemann-Stieljesintegral and, 209–14

risk-neutral pricing and, 58, 256–7,

265–7

sample pathsand, 198–9

square-root process, 228–9

standard deviation and, 197

stochastic differential equationsand,

198

two-dimensional, 14–16

volatility and, 14–15

Wiener processand, 194–5, 211–12

budget constraint, 33

calculus, 2

Black-Scholes/Merton, 3

Itô, 209–24

ODEs, 65–7, 265–6

PDEs, 54–5, 57 (see also partial

differential equations(PDEs))

randomnessand, 2–3

Riemann-Stieljesintegrals, 209–14

stochastic, see stochastic calculus

Stratonovitch, 4, 209–14

call options. See options

capital. See investment

caplets, 120–1

cash flows

forward ratesand, 85–8, 110–12

maturity and, 80–2, 88–108

swapsand, 118–31

Chebyshev’sinequality, 199

Chicago Mercantile Exchange,

112–13

chi-squared distributions, 23

confidence interval, 20

constant maturity swaps, 122–7

consumption level, 25–8

dynamic programming and, 245–53

continuous-time models, 47

Asian options, 67–71

barrier options, 71–7

Black-Scholes/Merton, 48–63

digital option, 64–5

power options, 65–7

control variable, 247

convergence, 79–80, 215, 242

convexity, 3

duration and, 101–4

Eurodollar and, 113–16

forward ratesand, 113–18

free lunch and, 104–8

interest rate modelsand, 99–104

Itô’slemma and, 117

LIBOR and, 113–16

Taylor expansion of, 99–101

convolutions, 261

coupons, 91–2

biasand, 82–5

convexity and, 99–104

duration and, 88–108

forward ratesand, 85–8, 110–18

maturity and, 80–2, 88–108

replication strategy for, 86

stripping and, 84–5

See also bonds

Cox-Ingersoll-Rossmodel, 142–4

credit-sensitive bonds, 166–72
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currency

convexity and, 113–18

Itô’slemma and, 223–4

Siegel’sparadox and, 218

swapsand, 118–31

density function, 205–7
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barrier optionsand, 71–7

digital optionsand, 64–5

equilibrium pricing and, 48–63

jumpsand, 231

Kolmogorov equationsand, 234–9

power optionsand, 65–7

derivatives, 1, 3

Black-Scholes/Merton model and,

48–63
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complexity of, 78–80

continuous-time modelsand, 47–63

convergence and, 79

functional spacesand, 2

interest rate modelsand, 78–80

(see also interest rate models)

Itô’slemma, 11–16, 214–24 (see also

Itô’slemma)

Laplace transformsand, 257–62

Lebesgue integrals, 2

measure and, 2

Merton model and, 135–9

pricing and, 45–6 (see also pricing)

Radon-Nikodym, 38

risk-neutral pricing and, 144–7, 256–7,

265–7

risky bondsand, 166–72 (see also risk)

differentiation, 2

digital options, 64–5

Dirac delta function, 236

discount rates, 81–5, 249

distribution
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barrier optionsand, 71–7

Bernoulli, 25

Black-Derman-Toy model and, 162–6

Black-Scholes/Merton model and,

48–63

Brownian motion and, 192–209

(see also Brownian motion)

chi-squared, 23

digital optionsand, 64–5

Dynkin operator and, 226–7

jumpsand, 229–34

lognormal, 23, 48–9, 207–8

mean-reverting processesand, 225–9

normal, 23, 207

Ornstein-Uhlenbeck processand,

225–6

Poisson, 23, 184, 229–34

power optionsand, 65–7

random walksand, 193

(see also random walks)

reflection principle, 199–203

risk-neutral valuation and, 144–7

down-and-in option, 72

down-and-out option, 71

drift, 7

Asian optionsand, 67–71

barrier optionsand, 71–7

Black-Scholes/Merton model and,

48–63

Brownian motion and, 11–16, 192–204

(see also Brownian motion)

digital optionsand, 64–5

fitting and, 150–2

Girsanov’stheorem and, 52–3

Heath-Jarrow-Morton approach and,

174–80

Itô’slemma and, 9–14

kernelsand, 50–1

martingalesand, 239–45

power optionsand, 65–7

random walksand, 193 (see also

random walks)

Vasicek model and, 139–42

duration, 3

closed-form formula for, 91

convexity and, 101–4

Cox-Ingersoll-Rossmodel and, 144

defined, 88–9

of equity, 94–9

exogenousgrowth and, 96

expected inflation, 96

free lunch in, 104–8

Macaulay, 89

maturity and, 92–4

Merton, 137

modified, 92

par bondsand, 92

perpetuitiesand, 92

price inference and, 90

Vasicek model and, 139–42
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dynamic programming

Itô processesand, 247–53

traveling salesman problem and, 245–7

Dynkin operator, 226–7

economics. See finance

embedded options, 109–10
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arcsine law, 189–92
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barrier options, 72–7
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Black-Derman-Toy model, 162–6
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Eurostrip futures, 112–13
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forward rates, 86–8, 110–12, 116–18

free-lunch paradox, 18

Heath-Jarrow-Morton approach,

172–80

Ho-Lee model, 156–8

interest rate derivatives, 78–9

interest rate models, 36–7, 180, 182–3

(see also interest rate models)

Itô processes, 9–16, 209–13, 215–24,

248–53

Jarrow-Turnbull model, 170–2

Jensen’sinequality, 26

jump process, 229–34

Kolmogorov, 4, 55–6, 234–9, 253–5,

262–5

Laplace transforms, 257–62

marginal utility function, 24

martingales, 239–45

Merton model, 135–9, 150, 167–8

moments, 226–7

option-pricing, 41, 43–7

Ornstein-Uhlenback process, 225–6

power options, 65–7

Radon-Nikodym derivative, 38

random walks, 5–8, 185–6, 189–91

risk-neutral pricing, 144–9, 256–7,

265–7

short rate dynamics, 152, 180

Siegel’sparadox, 17

single-factor model, 131–5

skill vs. luck paradox, 19–21

square-root, 228–9

standard deviation, 27

static optimization, 29

Stirling’s, 191

stochastic differential, 198

swaps, 119–20, 126, 129–30

Taylor series, 99–101

traveling salesman problem, 246

utility function, 24, 26–8, 30

Vasicek model, 139–42

volatility, 8–9

Wald’s, 241

yieldsto maturity, 80–1

zero-coupon rate, 84

equilibrium

budget constraint and, 33

Cox-Ingersoll-Rossmodel, 142–4

fitting and, 147–52

Ho-Lee model, 153–62

interest rate optionsand, 180–3

Merton model, 135–9, 148–50

pricing and, 28–41

risk-neutral valuation and, 144–7

single-factor, 131–5

term-structure-consistent modelsand,

147–66

Vasicek model, 139–42

equity, 94–9

Eurodollar

convexity and, 113–18

quanto swap and, 127–31

Siegel’sparadox, 16–18, 218

European call option

binomial option-pricing model and,

41–6

continuous-time modelsand, 54–5

interest rate modelsand, 78–80

Eurostrip futures, 112–13

exogenousgrowth, 96

expectations. See randomness

expected inflation duration, 96
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factor models

Cox-Ingersoll-Ross, 142–4

general single, 131–5

Merton, 135–9

risk-neutral valuation, 144–7

Vasicek, 139–42
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Black-Scholes/Merton modelsand,

48–63

continuous-time modelsand, 47–77

free lunch paradox and, 18–19,

104–8

interest rate modelsand, 78–80

(see also models)

risk and, 22–3, 25–8 (see also risk)

Siegel’sparadox and, 16–18

skill vs. luck paradox and, 19–21

uncertainty and, 23–8

utility function and, 24–8

valuation and, 22–8 (see also pricing)

yieldsand, 80–9

fitting, 147–9

drift and, 150–2

Ho-Lee model and, 153–62

risky bondsand, 166–72

floorlets, 120–1

forward rates, 85

contract agreementsand, 110–12

convexity and, 113–18

Cox-Ingersoll-Rossmodel and,

142–4

curve for, 87–8

Merton model and, 135–9

replication strategy for, 86

risk-neutral pricing and, 256–7, 265–7

swapsand, 118–31

Vasicek model and, 139–42

free-lunch paradox, 18–19

duration model and, 104–8

functional spaces, 2

functionsof exponential order, 259

gambling recreations

arcsine law and, 189–92

bold play and, 188

deep pocketsadvantage and, 186–7

martingalesand, 242

gamma function, 258

general single-factor model, 131–5

geometric progressions, 80

Girsanov’stheorem, 52–3

Heath-Jarrow-Morton approach

Brownian motion and, 172–3

drift and, 174–80

time and, 173–80

tree structure for, 176–80

yieldsand, 173–80

hedging, 38

Black-Scholes/Merton model and,

61–3

insurance and, 26–7

swapsand, 118–31

Ho-Lee model

fitting and, 153–62

time-varying volatility and, 157–62

insurance, 26–7

integration, 2

interest rate models, 3

biasand, 82–5

Black-Derman-Toy, 162–6

bondsand, 80–9

call optionsand, 78–80

capsand, 120–1

complexity of, 78–80

convexity and, 99–104, 113–18

coupon rate and, 81–5

Cox-Ingersoll-Ross, 142–4

discount factorsand, 82–5

duration and, 88–104

embedded optionsand, 109–10

equilibrium and, 36–7, 131–52

Eurostrip futuresand, 112–13

floorsand, 120–1

forward ratesand, 85–8, 110–12

free lunch in, 104–8

general single-factor, 131–5

Heath-Jarrow-Morton approach,

172–80

Ho-Lee, 153–62

Jarrow-Turnbull, 168–72

maturity and, 80–2

Merton, 135–9

optionsand, 180–3 (see also options)

reflection principle and, 201–3

risk and, 144–7, 166–72 (see also risk)

standard deviation and, 79

swapsand, 118–31

term-structure-consistent, 147–66

variance in time and, 79

Vasicek, 139–42

yieldsand, 80–9
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investment

American call option, 41

Arrow-Debreu securitiesand, 32–6

Brownian motion and, 196–7 (see also

Brownian motion)

convexity and, 113–18

discount factorsand, 82–5

duration and, 88–108

equilibrium pricing and, 28–41

European call option, 41–6, 54–5, 78–80

factor modelsand, 131–47

forward ratesand, 85–8

free-lunch paradox and, 18–19

interest rate modelsand, 78–80

(see also interest rate models)

option-pricing and, 41–7

power utility function and, 30–1

risk and, 30–1 (see also risk)

securitiespricing and, 28–41

(see also pricing)

Siegel’sparadox and, 16–18

skill vs. luck paradox, 19–21

swapsand, 118–31

uncertainty and, 28–41

yieldsand, 80–9

Itô calculus

Riemann-Stieljesintegrals, 209–14

Stratonovitch integrals, 213–14

Itô integral, 213–14

Itô processes, 216–17

control variablesand, 247

finite horizon and, 247–8

infinite horizon and, 248–53

optimal control of, 247–53

state variablesand, 247

Itô’slemma, 3

binomial tree for, 10

Brownian motion and, 11–16, 214–24

capital gain and, 250

continuoustime and, 11–14

convexity and, 117

drift and, 9–10

establishment of, 216–17

factor modelsand, 134

hedging and, 62

jumpsand, 233–4

kernelsand, 48–51, 54

multidimensional, 222–4

Ornstein-Uhlenbeck processand,

225–6

power optionsand, 66

risk-neutral condition and, 58, 144–7

Siegel’sparadox and, 218

single-factor model and, 131

Taylor seriesand, 214, 248

volatility and, 9–10

Wiener processand, 224

Japan, 180

Jarrow-Turnbull model, 168–72

Jensen’sinequality, 18, 26

jumps

diffusionsand, 232–3

Itô’slemma and, 233–4

pure, 229–31

time between, 231–2

kernels, 3, 22

Black-Scholes/Merton model and,

48–57

intertemporal rate of substitution,

34

Itô’slemma and, 48–51, 54

Radon-Nikodym derivative and, 38

See also pricing

Kolmogorov equations, 4

backward, 55–7, 68, 236–9

Dirac delta function, 236

forward, 234–5, 253–5

Laplace transformsand, 262–5

Lagrangians, 29–30

Laplace transforms

boundary conditionsand, 262–4

defined, 257

functionsof exponential order, 259

gamma function, 258

Kolmogorov equationsand, 262–5

linearity of, 259

propertiesof, 260–2

risk-neutral pricing and, 265–7

Lebesgue integrals, 2

LIBOR (London interbank offered rate),

110

capsand, 120–1

convexity and, 113–16

floorsand, 120–1

forward ratesand, 110–12

swapsand, 118–31

LIFFE, 112–13

loans. See LIBOR

lock-in. See hedging
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Macaulay duration, 89

margins

rate of substitution and, 30, 34, 51

utility function, 24

markets

arbitrage-free, 50, 174

convexity and, 113–18

factor modelsand, 131–47

free lunch paradox and, 18–19

interest rate, 3, 78–80 (see also interest

rate models)

pricing and, 50–1 (see also pricing)

Seigel’sparadox and, 16–18

skill vs. luck paradox, 19–21

time-structure-consistent modelsand,

147–66

zero-coupon bondsand, 82–5

martingales, 50–1, 66

convergence theorem and, 242

definition of, 239–41

gambling recreationsand, 242

stopping time and, 241

submartingales, 240

Wald’sequation and, 241

mathematics, 2

arcsine law, 189–92, 203–4

Chebyshev’sinequality, 199

geometric progressions, 80

Girsanov’stheorem, 52–3

Itô’slemma, 9–14 (see also Itô’s

lemma)

jumps, 229–34

Kolmogorov equations, 4, 55–7, 68,

234–9, 262–5

Laplace transforms, 257–62

mean-reverting processesand, 225–9

portfolio theory and, 3–4

Radon-Nikodym derivative, 38

random walks, 5–9 (see also random

walks)

reflection principle, 199–203

risk and, 22–5

Siegel’sparadox, 218

square-root process, 228–9

Weiner process, 48, 142, 198–9, 211–12,

224

See also equations

maturity, 80–1

convexity and, 99–104, 113–18

discount factorsand, 82–5

duration and, 88–108

factor modelsand, 131–47

forward ratesand, 85–8, 110–18

Heath-Jarrow-Morton approach and,

172–80

Ho-Lee model and, 153–62

Jarrow-Turnbull model and, 168–72

Merton model and, 167–8

swapsand, 122–7

zero-coupon bondsand, 82–5

mean, 7

Ornstein-Uhlenback processand,

225–6

reverting processesand, 225–9

zero convergence and, 215

measure, 2

Merton, Robert, 79, 250

Merton model, 150

Brownian motion and, 135–9

duration and, 137

equilibrium approach and, 148–50

risky bondsand, 167–8

models

binomial option-pricing, 41–6

Black-Derman-Toy, 162–6

Black-Scholes/Merton, 48–63

Brownian motion, 192–209

(see also Brownian motion)

continuous-time, 47–63

convexity, 99–104

Cox-Ingersoll-Ross, 142–4

duration, 88–108

fitting, 166–72

general single-factor, 131–5

Heath-Jarrow-Morton approach,

172–80

Ho-Lee, 153–62

interest rate, see interest rate models

Jarrow-Turnbull, 168–72

Kolmogorov, 234–9

Merton, 135–9, 148–50, 167–8

risk-neutral valuation and, 144–7

structural, 166–72

term-structure-consistent, 147–66

Vasicek, 139–42

See also equations

modified duration, 92

moments

Dynkin operator and, 226–7

geometric Brownian motion and,

207–9

jumpsand, 229–34
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moments(cont.)

square-root processand, 228–9

See also random walks

monotonical increase, 24

optimality

Bellman’sprinciple and, 247, 249

dynamic programming and, 245–53

Itô processesand, 247–53

Langrangiansfor, 29–30

static, 29

traveling salesman problem and, 245–7

options

American, 41

Asian, 67–71

barrier, 71–7

Bermudan, 109

binomial model and, 41–6

Black-Scholes/Merton model and,

48–63

digital, 64–5

down-and-in, 72

down-and-out, 71

duration and, 88–104

embedded, 109–10

European, 41–6, 54–5, 78–80

interest rate modelsand, 78–80, 180–3

limiting formula for, 46–7

swapsand, 118–31

up-and-out, 71

See also pricing

ordinary differential equations(ODEs),

65–7, 265

Ornstein-Uhlenbeck process, 225–6

par bonds, 81, 92

partial differential equations(PDEs),

54–5, 57

Asian optionsand, 67–71

Kolmogorov equationsand, 234–9,

253–5, 262–5

Laplace transformsand, 257–62

power optionsand, 65–7

risk-neutral pricing, 256–7, 265–7

payoffs

American options, 41

Arrow-Debreu securitiesand, 32–6

Asian optionsand, 67–71

Black-Derman-Toy model and, 162–6

Black-Scholes/Merton model and,

48–63

capletsand, 120–1

convexity and, 113–18

digital optionsand, 64–5

equilibrium pricing and, 28–41

European options, 41–6, 54–5, 78–80

floorletsand, 120–1

forward ratesand, 85–8, 110–18

Heath-Jarrow-Morton approach and,

172–80

Ho-Lee model and, 153–62

Jarrow-Turnbull model and, 168–72

Merton model and, 167–8

option-pricing and, 41–7

power optionsand, 65–7

Radon-Nikodym derivative and, 38

risk-neutral pricing and, 256–7, 265–7

swapsand, 118–31

See also investment

periodic functions, 262

perpetuities, 92, 103

Poisson distribution, 23, 184, 229–34

portfolio theory, 3–4

call optionsand, 64–77

convexity and, 99–104

duration model and, 88–108

equilibrium pricing and, 48–63

factor modelsand, 131–47

free lunch in, 104–8

Heath-Jarrow-Morton approach and,

172–80

Ho-Lee model and, 152–62

See also models

power functions, 30–1, 219–20

power options, 65–7

power statistics, 65–7

preference-free pricing, 51

preference function. See utility function

premium bonds, 81

pricing, 3

American call option and, 41

Arrow-Debreu securitiesand, 32–6

Bernoulli distribution and, 25

binomial option model and, 41–6

Black-Scholes/Merton modelsand,

48–63

Brownian motion and, 192–209

budget constraint and, 33

continuous-time modelsand, 47–77

convexity and, 99–104, 113–18

duration and, 88–108

dynamic programming and, 245–53
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equilibrium and, 28–41

European call option and, 41–6, 54–5,

78–80

forward ratesand, 85–8, 110–18

Girsanov’stheorem and, 52–3

interest rate modelsand, 78–80

(see also interest rate models)

intertemporal rate of substitution and,

34

Itô calculusand, 209–24

jump processand, 229–34

Kolmogorov equationsand, 234–9

marginal rate of substitution and, 30

martingalesand, 239–45

mean-reverting processand, 225–9

partial differential equationsand,

253–67

power utility function and, 30–1

preference-free, 51

Radon-Nikodym derivative and, 38

random walksand, 184–92

risk and, 22–3, 25–8, 142–4, 256–7,

265–7

uncertainty and, 23–8

utility function and, 24–8

Vasicek model and, 139–42

yieldsand, 80–9
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arcsine law, 189–92, 203–4

Arrow-Debreu securitiesand, 32–6

Bernoulli distribution, 25

(see also distribution)

Black-Scholes/Merton model and,

57–61

Brownian motion and, 192–209

(see also Brownian motion)

Chebyshev’sinequality, 199

density function, 205–7

digital optionsand, 64–5

Dirac delta function, 236

Dynkin operator, 226–7

equilibrium pricing and, 28–41

free-lunch paradox and, 18–19

gambling recreationsand, 186–92, 242

Girsanov’stheorem, 52–3

instantaneousmean, 193

Itô’slemma, 209–24

jumps, 229–34

Kolmogorov equations, 55–7, 234–9,

253–5, 262–5

martingalesand, 239–45

option-pricing and, 41–7

Radon-Nikodym derivative and, 38

random walks, 5–8, 184–93

(see also random walks)

reflection principle, 199–203

risk-neutral pricing and, 38–41, 256–7,

265–7

Siegel’sparadox, 16–18

skill vs. luck paradox, 19–21

square-root process, 228–9

uncertainty and, 32–5

(see also uncertainty)

zero convergence and, 215

puttable bonds, 109–10

Quanto swap, 127–31

Radon-Nikodym derivative, 38

randomness, 1

calculusand, 2–3

continuoustime and, 11–14

drift, 7

Dynkin operator and, 226–7

equilibrium pricing and, 28–41

infinitesimal variance and, 215

Itô’slemma, 9–14

jumps, 229–34

Kolmogorov equationsand, 234–9

mean, 7, 215, 225–9

power functionsand, 219–20

square-root process, 228–9

standard deviation, 6–7

uncertainty and, 23

(see also uncertainty)

variance in, 6–7

volatility and, 8–9

zero convergence and, 215

random walks, 3, 5–8

arcsine law, 189–92, 203–4

Brownian motion and, 192–209

(see also Brownian motion)

Chebyshev’sinequality, 199

density function and, 205–7

description of, 184–6

gambling recreationsand, 186–92
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random walks(cont.)

position variance and, 184–6

reflection principle, 199–203

risk-neutral pricing and, 256–7, 265–7

Taylor seriesand, 194–5

reflection principle, 199–203

replication, 86

Riemann-Stieljesintegrals, 209–14

risk, 1

American call option, 41

Arrow-Debreu securitiesand, 32–6

aversion, 30

Black-Scholes/Merton model and,

48–63

credit-sensitive bondsand, 166–72

defined, 22–3, 25

duration and, 88–108

equilibrium and, 28–41, 148–50

(see also equilibrium)

factor modelsand, 131–47

Girsanov’stheorem and, 52–3

Heath-Jarrow-Morton approach and,

172–80

hedging and, 26–7, 61–3

insurance and, 26–7

Jarrow-Turnbull model and, 168–72

Macualay duration and, 89

market price of, 51

Merton model and, 135–9, 148–50,

167–8

neutral pricing and, 38–41, 144–9,

256–7, 265–7

option-pricing and, 41–7

power utility function and, 30–1

quantifying of, 25–8

Radon-Nikodym derivative and,

38

standard deviation, 27–8

sampling theorem, 241

securities

American call option, 41

Arrow-Debreu, 32–6

binomial option model and, 41–6

Black-Scholes/Merton modelsand,

48–63

continuous-time modelsand, 47–77

convexity and, 99–104

equilibrium pricing and, 28–41

factor modelsand, 131–47

forward ratesand, 85–8, 110–18

interest rate modelsand, 78–80

(see also interest rate models)

intertemporal rate of substitution, 34

marginal rate of substitution and, 30

power utility function and, 30–1

pricing of, 22–8, 41–7 (see also pricing)

Radon-Nikodym derivative and, 38

risk and, 22–8 (see also risk)

time-structure-consistent modelsand,

147–66

uncertainty and, 22–8

utility function and, 22–8

short rate dynamics, 152

Siegel’sparadox, 16–18, 218

single-factor model, 131–5

skill vs. luck paradox, 19–21

square-root process, 228–9

standard deviation, 6–7, 27–8

Brownian motion and, 197

interest rate modelsand, 79

state price density, 34

state variables, 247

static optimization, 29

statistics. See probability

Stirling’sformula, 191

stochastic calculus, 4, 48

Black-Scholes/Merton model, 49

Cox-Ingersoll-Rossmodel, 142–4

geometric Brownian motion, 204–9

Girsanov’stheorem, 52–3

Itô’slemma, 216–17

Riemann-Stieljesintegral, 209–14

Vasicek model, 139–42

See also calculus

stochastic differential equation, 198

stochasticity. See randomness

stocks

Brownian motion and, 11–14

free lunch paradox and, 18–19

randomnessand, 5–8

yieldsand, 80–9

See also investment

Stratonovitch calculus, 4, 209–14

stripping, 84–5

submartingales, 240

swaps, 120

constant maturity, 122–7

interest rate, 118–19

payer swaptionsand, 121

quanto, 127–31

yield curve, 122–31
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Taylor series, 2

convexity and, 99–101

Itô processesand, 214, 248

random walksand, 194–5

term-structure-consistent models

Black-Derman-Toy, 162–6

equilibrium and, 147–52

fitting and, 147–52

Ho-Lee, 153–62

time, 3

Asian optionsand, 67–71

barrier optionsand, 71–7

binomial option model and, 41–6

Black-Scholes/Merton model and,

48–63

Brownian motion and, 199–203

(see also Brownian motion)

continuous, 11–14, 47–77

digital optionsand, 64–5

duration and, 88–108

equilibrium pricing and, 28–41

forward ratesand, 85–8, 110–18

Heath-Jarrow-Morton approach and,

173–80

hitting, 199–203

Ho-Lee model and, 157–62

interest rate modelsand, 79 (see also

interest rate models)

Itô processesand, 9–14, 247–53

jumpsand, 229–34

Kolmogorov equationsand, 234–9,

253–5, 262–5

Laplace transformsand, 257–62

martingalesand, 239–45

mean-reverting processesand, 225–9

power optionsand, 65–7

pricing and, 32, 41–7 (see also pricing)

random walksand, 5–8, 184–6, 194–5

(see also random walks)

Riemann-Stieljesintegral and,

209–14

square-root process, 228–9

swapsand, 118–31

uncertainty and, 23

(see also uncertainty)

volatility and, 8–9, 157–62

Wiener processand, 194–5

traveling salesman problem, 245–7

tree representation

Black-Derman-Toy model and,

162–6

call optionsand, 41–7

equilibrium and, 148–50

(see also equilibrium)

fitting and, 150–2

Heath-Jarrow-Morton approach and,

172–80

Ho-Lee model and, 153–62

Jarrow-Turnbull model and, 168–71

uncertainty

Arrow-Debreu securitiesand, 32–6

defined, 23–4

equilibrium pricing and, 28–41

quantifying of, 25–8

up-and-out option, 71

U.S. dollar, 180, 223–4

convexity and, 113–18

quanto swap and, 127–31

Siegel’sparadox, 218

utility function

Arrow-Debreu securitiesand, 32–5

consumption level and, 25–8, 33–4

defined, 24

diminishing margin, 24

equilibrium pricing and, 28–41

hedging and, 26–8, 61–3

log, 24

monotonical increase and, 24

power, 30–1

quantifying of, 25–8

risk-neutral probability and, 38

utils, 25

Vasicek model, 139–41

volatility, 3, 8, 21

Black-Derman-Toy model, 162–6

boundary conditionsand, 133

Brownian motion and, 14–15,

192–204

Cox-Ingersoll-Rossmodel and, 142–4

factor modelsand, 131–47

Ho-Lee model and, 157–62

interest rate modelsand, 131–5

(see also interest rate models)

Itô’slemma and, 9–14

option-pricing and, 41–7

risk and, 132–3 (see also risk)

time variance and, 157–62

Wald’sequation, 241

wealth. See investment
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Wiener process, 48, 142, 198–9

Brownian motion and, 211–12

Itô’slemma and, 224

Riemann-Stieljesintegral and, 211–12

yields

curve of, 81

discount factorsand, 82–5

duration and, 88–108

factor modelsand, 131–47

forward ratesand, 85–8

free lunch and, 104–8

Heath-Jarrow-Morton approach and,

172–80

Jarrow-Turnbull model and, 168–72

to maturity, 80–1 (see also maturity)

Merton model and, 167–8

optionsand, 109–10 (see also options)

swapsand, 118–31

term-structure-consistent modelsand,

147–66

zero-coupon bonds, 49, 181–3

biasand, 82–4

Black-Derman-Toy model and, 162–6

convexity and, 103–4

duration and, 88–108

forward ratesand, 85–8, 110–18

Heath-Jarrow-Morton approach and,

172–80

Ho-Lee model and, 153–62

Jarrow-Turnbull model and, 168–72

Merton model and, 135–9, 167–8

risk-neutral valuation and, 144–7
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Vasicek model and, 139–42
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