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admissible feedback law, 91
affine term structure, 274
angular bracket process, see also predictable
quadratic variation process 75, 77
semimartingales, 77
arbitrage
absence of, 176
jumps, 190
arbitrage strategy, 175
asymptotic jump model, 252
completeness, 256
martingale approach, 257
no-arbitrage, 253-256
attainable claim, 178

bang—bang solution, 123, 248
bank account process, 174
bankruptcy, 189
Bellman equation, 91, 95
solution, 96
Bellman optimality principle, 93
continuous time, 106
Bernoulli equation, 119
Black—Scholes model, 180
bond
maturity date, 265
zero-coupon, 265
Brownian motion
geometric, 23
budget constraint, 287

cadlag process, 10
CAPM, 255
characteristic function, 4
compensated martingale, 68
compensator of a point process, 68
compensator of an optional process, 37
complete market, 178
compound Poisson process, 70, 78, 85
conditional density, 141
conditional jump, 40
conditional jump intensity, 5
constraint set

continuous time, 102
consumption rate, 116

consumption rate process
with dividend, 185

contingent 7-claim, 177

contingent claim, 256
finite, 256

continuously compounded forward rate, 266

control, 89
control constraints, 90
control law
admissible
continuous time, 102
control process
continuous time, 102
controlled infinitesimal operator, 103
controlled recursive process, 89
counting measure, 64
counting process, 3, 24
Girsanov theorem, 46
Girsanov theorem, converse, 48
intensity, 36
martingale representation theorem, 43
multidimensional, 18
Girsanov theorem, 47
Girsanov theorem, converse, 49
stochastic differential equation, 21
Cox process, 51, 52, 155
Cox-Ingersoll-Ross
short-rate model, 294
credit risk, 260-264
cumulative dividend process, 183

default, 249

default time, 261

defaultable payment stream, 262

detection, 144

diffusion matrix function
continuous time, 101

discrete stochastic integral process, 9

diversifiable risk, 249
asymptotic jump model, 252
portfolio, 250

diversification, 227

diversifying strategy, 251

Doob-Meyer dcomposition
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discrete time, 67
doubly-stochastic Poisson processes, see Cox
process
drift function
continuous time, 101
dynamic programming, 94, 244
Bellman equation, 96
continuous time, 106
verification theorem, 109
Dynkin’s formula, 59

economic agent
representative, 285
economic equilibrium
endowment model
factor model, 292
log utility, 291
partially observed, 294-296
risk premium, 290
short rate, 290
stochastic discount factor, 290
Girsanov kernel, 290
EMM, 175
endowment process, 284
entropy
relative, 234
equilibrium, economic, 286
equivalent martingale measure, see EMM
with dividend, 184
Esscher martingale measure, 231
Esscher transform, 229
generalized, 232
event time, 3, see jump time
excess rate of return, see risk premium

F-predictable o--algebra, 13
F-predictable process, 14
F-intensity, 36
f-divergence, 233-239
f-divergence, 234
f-projection, 234
feedback control law, 90
admissible, 91
continuous time, 102
Feynman—Kac formula, 61, 203
Feynman—Kac theorem, 192
filter
finite-dimensional, 135
counting process, 155
finite-state Markov chain, 156
infinite-dimensional, 135
Kalman, 135, 136
standard estimate, 127, 147
unnormalized estimate, 146, 147
Wonham, 135, 136, 138, 139
filter equations
Cox process, 156
filtering

condition density, 141

counting process, 153
multivariate, 163, 164

finite-state Markov chain, 154

Markov process, 134

non-linear, 127

observation process, 127

state process, 127

filtration
internal, 66

first fundamental theorem of mathematical finance,

176

with dividend, 185
FKK equations, 132

general, 132
Fokker—Planck equation, 142
forward rate

continuously compounded, 266

instantaneous, 266

time to maturity, 280
forward-rate curve, 282

Fujisaki—Kallianpur-Kunita filtering equations, see

FKK equations
gain process, 151
general pricing formula, 177
geometric Lévy process, 81
Girsanov kernel, 208
admissible, 209
Girsanov theorem
marked point-process, 82
Girsanov theorem for counting processes, 46
converse, 48

Girsanov theorem for multidimensional counting

processes, 47

converse, 49
good-deal pricing bound

lower, 244

upper, 243
good-deal pricing bounds, 241-248

Poisson—Wiener model, 246
grain process

with dividend, 184

habit formation model, 297
Hamilton—Jacobi—Bellman equation
seeHJB equation, 104
Hansen—Jagannathan bounds, 209, 241
extended, 211
with dividend, 215
hedge, 178
hedging
martingale approach, 195
Hellinger distance, 234
HIJB equation, 108, 109, 111
generalized, 114, 115
verification theorem, 115
linear quadratic regulator, 111
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quadratic objective functional, 122
HIM drift condition
first, 279
second, 279
HIM framework, 277
Ho-Lee short-rate model
point-process extension, 280

incomplete markets, pricing in, 217
increment process, 9
index set
converging, 250
indifference pricing
global, 237
marginal, 237
infinitesimal characteristics, 5
infinitesimal generator, 57
innovation process, 128
innovations hypothesis, 131
innovations process
counting process, 151
instantaneous forward rate, 266
instantaneous short rate, 266
intensity
counting process, 36, 39
existence, 37
uniqueness, 38
deterministic, 69
filtration dependence, 39
Poisson process, 4
predictable, 39, 68
interest rate
risk-adjusted, 261
interest rates, 265-283
risk-free, 266
riskless, 265
interest-rate model
forward short, 268
Markovian short rate, 268
internal filtration, 66
1td formula, 73
1t6 formula
multidimensional, 19
multivariate point process, 19
optional cadlag process, 16, 17
process of bounded variation, 21
Jjump
conditional, 40
jump function
continuous time, 101
jump time, 3
jump volatility, 189
jump-risk premium, 210
Kakutani dichotomy theorem, 258
Kallianpur—Striebel formula, 147
MPP, 161
Kalman filter, 135, 136

Subject Index

Kolmogorov backward equation, 61, 84
Kushner-Stratonovich equation, 142

Laplace functional, 27

Lévy process, 79, 229

Lévy—Khinchine formula, 80

likelihood process, 50
multivariate, 165

linear quadratic regulator, 111
continuous time, 112

local characteristic, 69

local utility function, 90

Lucas tree, Lucas orchard, 284

marginal indifference price, 238
marginal utility indifference pricing, 237
mark space, 64, 65
marked point-process, 65
market completeness, 179
market price of diffusion risk, 202
market price of jump risk, 202, 210
market price of risk

with dividend, 215
market price vector of Wiener risk, 210
Markov filter equations, 134
martingale condition

Girsanov kernel, 209

with dividend, 214
martingale measure

minimal, 233

portfolio, 257
martingale modeling, 273
martingale representation theorem, 43, 82
maximimum likelihood estimate, 50
Merton model, 221, 222
money account

just-maturing bonds, 272
money account process, 266
MPP, see marked point-process
Musiela equation, 281

noise, 89
noise space in optimal control, 89
noise variables, 89
nominal claim, 260
normalized gain processes
with dividend, 184
numeraire asset, 173

optimal control
control space, 89
noise space, 89
recursive process, 89
state space, 89
optimal control law, 92
continuous time, 104
optional o--algebra, 11
optional process, 11
optional projection of a process, 150
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P-predictability, 71

point process
k-variate, 18
compensator, 68
integral, 66
marked, 65

Poisson distribution, 4

Poisson process, 4
common jumps, 30-32
compound, 70, 78, 85
conditional jump intensity, 5

return, mean rate of, 116
reverse entropy

minimal, 235, 236

relative, 234
Riccati equation, 114
risk diversification, 249
risk premium, 202, 208
risk-adjusted interest rate, 261
risk-free asset, 174
risk-neutral martingale measure, 176
risk-neutral valuation formula, 178

marking, 35 rolling-over portfolio, 272
martingale, 6 o-algebra
thinned, 33

with intensity function A, 4, 24
Laplace functional, 28
portfolio
replicating, 178
portfolio risk, 250
portfolio strategy, 173
self-financing, 174
with dividend, 183
portfolio weight, 116
predictability, 5, 9, 13, 14, 38
predictable o-algebra, 71
predictable intensity, 39, 68
predictable process, 8
predictable projection of a measure-valued process,
167
predictable projection of a process, 150
predictable quadratic variation process, 75

P-predictable, 71
SDF, 182, 183, 239, 290
second fundamental theorem of mathematical
finance, 179
self-financing bond market portfolio, 272
self-financing process
invariance, 186
self-financing strategy
with dividend, 184
semimartingale, 73
special, 73
semimartingale decomposition of stock price
dynamics, 189
Sharpe ratio, 208, 212, 241
with dividend, 213, 215
short rate, 116
instantaneous, 266
short rate process, 174

price dividend pair, 183 o-algebra
pricing function F-predictable, 13
point-process model, 193 o-algebra

product differentiation formula, 21

random clock, 41
random measure, 64
random process

optional, 11
special semimartingale decomposition, 73
state process

continuous time, 102

F-adapted, 9 statistical model, 49
F-predictable, 9 stochastic differential, 15, 66, 72
cadlag, 10 stochastic differential equation

finite variation, 10
finite variation on [0, T'], 10
integrable variation, 10
integrable variation on [0, T'], 10
optional, 11, 15
recovery function, 263
recursive preferences, 297
recursive process
controlled, 89
relative entropy, 234
reverse, 234
relative portfolio, 174
with dividend, 184
replicating portfoloio, 178
return process, 207

geometric, 81

ill-posedness, 21

linear, 80
stochastic discount factor, see SDF, 285
stochastic integral

discrete, 9
stock price

relative jump size, 189
stock price dynamics with jumps, 189
stock return

mean rate of

with dividend, 213

with dividend, 213

stopping time, 115

T-bond, 265
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thinned Poisson process, 33
time-consistent problem, 93
continuous time, 106
total variation, 234
transition density, 61
transition probability, 61

unit net supply, 285
unnormalized estimate
counnting process, 157
counting process
multivariate, 166
MPP, 161
utility function
local, 90
continuous time, 101
log, 291
terminal, 90
continuous time, 101
utility indifference buy price, 237

value function, 92
continuous time, 105
optimal, 92

continuous time, 105

value process, 173
bond market portfolio, 272
with dividend, 184

variance, 234

verification theorem for dynamic programming, 109

volatility, 116, 207
with dividend, 213

Watanabe characterization theorem, 25

Cox process, 54
Wiener process, 7
Wonham filter, 135, 136, 138, 139
Z-marking, 35
Zakai equation

counting process

multivariate, 166

MPP, 162

Wiener process, 146, 147
zero-coupon bond, 265
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