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American options, 146-147
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Atiyah-Singer index theorem, 94

At-the-money-forward (ATMF) volatility,
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Bates model, 136, 140, 157
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Black-Cox model, 206, 207

Black and Scholes option pricing
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Calibration
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of stochastic volatility models, 122
of top-down CDO pricing models, 264,
282
CDO
forward equation, 278-282
expected tranche notionals, 278-279
forward equation, 279-282
tranche premiums, 189-192
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factor distributions implied by, 217-234
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Crank-Nicoison scheme, 145
Cred't risk, 163-184
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liazard rate models, 166-175
overview, 179-181
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reduced form models, 2
top-down models, 261
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de Finetti’s theorem, 189, 196, 212
Delta, 59-60
Differential geometry, 122-125
Riemannian metric, 124
Riemannian manifold, 122-123
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Effective default intensity, 269, 275-278

computing loss distributions from,
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Expected tranche notionals, 278-279
Exponential Levy model, 33, 50, 131

F
Factor copula models, 198-206
Archimedean copulas, 204-205
additive factor copulas, 199-200
mean-variance Gaussian mixtures,
202-204
perfect copula, 205-206
stochastic correlation, 200-202
Factor models for CDO pricing,
198-212
comparison, 197-198
computation of loss distributions,
193-196
fast Fourier transform (FFT),
194
homogeneous credit risk portfolios,
factor models in, 196-197
large portfolio approximations,
197
recursion approaches, 194-196
portfolio credit derivatives, pricing of,
185-189
pricing models for, 185
Finite Moment Logstable model, 34
Fokker-Planck equations, 277, 278
Forward default intensities, 282-288
for ITRAXX tranches, 287-288
Forward equation, 269, 278, 231252,
289
Forward equation for COQ pricing,
278-282
Forward loss distribi ticns, 274-275
Forward smile, 57-58
Forward start options, 57-58
Fourier transform methods
for pricing European options, 137
FFT, 145, 194
numerical Fourier inversion, 138-140
Bochner’s theorem, 9

G
Gamma Ornstein-Uhlenbeck, 34
Gap notes, 129
Gauge transformation, 94, 97
Abelian, 120
Gaussian copula model, 235, 236-237, 241,
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Gaussian quadrature, 237
Gram/Charlier series, 219, 220
Gyongy mimicking theorem, 275-277
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Hawkes process, 257, 262
Hazard rate models, 166-175
Heat kernel expansion, 92-99
on a Riemannian manifold, 92-98
Heath-Jarrow-Morton (HJM) interest rate
model, 170
Hedging
hedging error, 150-151
hedging with options, 151-153
jump risk, 147-153
quadratic hedging, 14€-149
Hermite polynomials, 224;,232-233
Heston model, 35, 59-¢9, 65, 110, 136. See
also Stochzctic volatility
Hyperbolic Poiucarz plane, 109-112

I
Implied weolatility, 19-45
=x7 onential Lévy models, 33-34
Heston model, 35
time-changed Lévy models, 34-35
CEV and SABR, 35-43
CEV model, 36-37
SABR model, 37-43
dynamics of, 52-53
moment formula, 20-24
conjectures, 22-24
regular variation and the tail-wing
formula, 24-26
tail-wing formula, 26
moment formula, 27-29
tail-wing formula for exponential
decay, 29
Laplace integrals in many dimensions,
125-126
Integro-differential equations for barrier and
American options, 140-147
American options, pricing, 146-147
barrier “out” options, 141-142
explicit-implicit scheme, 144-145
numerical solution of, 142-144
discretization, 143-144
localization, 143
truncation of large jumps, 142-143
ito’s formula, 40, 93
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J
Jump-diffusion models, 129-160

European options, 137
integro-differential equations for barrier
and American options, 140-147
American options, pricing, 146-147
barrier “out” options, 141-142
explicit-implicit scheme, 144-145
hedging, 147-153
model calibration, 153-157
exponential Lévy models, 134-136
jump diffusions and Lévy processes,
132-134
stochastic volatility extensions, 63—65
Jump risk, hedging, 147-153
hedging error, 150-151
hedging with options, 151-153
quadratic hedging, 148-149

K
Kolmogorov equation, 118
backward, 90, 91
forward, 277
Kou’s Double Exponential model, 34, 132,
140, 149, 150

L
A-SABR model, 106-117
Smile asymptotics, 107-109
Laplace integrals, 125-126
Laplace transform, 204, 261
Bernstein’s theorem for, 9
inversion, 204
Large pool approximaiion, 243-246
Lévy-It decompositica, 154
Lévy-Khintchine formula, 134
Lévy processes, 60-65, 132-134
exponential, 33-34, 61, 134-136
stochastic volatility extensions, 63—65
time-changed, 34-35
multivariate, 208
Local correlation, 247-249
analogy with local volatility, 240
Local dynamics and delta, 59-60
Local volatility model and implied volatility,
103-106
LIBOR market models, 69-70
Loss distributions, computation of, 192-196,
277-278
from effective intensity, 277-278

fast Fourier transform (FFT) approach,
194
recursion approaches, 194-196

M
Markov chain, 170, 173
Markovian loss process, 277
Markovian point process, 275, 276
Marshall-Olkin copula, 209
Merton jump diffusion model, 34, 132, 140,
153-157
Merton structural model, 207
Moment formula, 20-24
left-hand, 22
moment-generating functions (MGFs) and,
27-29
right-hand, 20, 29
Moment-generating fanction (MGF), 27-29,
38
Moment problein, ¢
Monte Casle cunulation, 269, 282, 289
Multivariatz Roisson models, 208-209
Multiveriate structural models,
206-208

N

N-factor model, 70-71, 77, 86-87

Napoleon options, 47, 48, 66, 75, 81, 82,
83

No-arbitrage conditions, 7-15

Normal Inverse Gaussian (NIG) model,
33

Normal Inverse Gaussian with

Cox-Ingersoll-Ross (CIR) time

change, 35

(0]

One-factor model, 67-68
One-period model, §
Option pricing, x—xi

P
Partial integro-differential equations
(PIDEs), 140, 146-147

Payoff semigroup, 5-7

Petit Déjeuner de la Finance, ix, 47

Poisson models, multivariate, 208-209

Poisson process, 131-132, 167, 208
compound, 131-132, 133, 134, 135
double stochastic, 210
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Portfolio credit derivatives, forward
equations for, 269-293
collateralized debt obligations (CDOs),
271-273
effective default intensity, 275-278
computing loss distributions from,
277-278
mimicking theorem, 275-277
expected tranche notionals, 278-279
forward equation, 279-282
index default swaps, 270-271
top-down models for CDO pricing,
273-275
aggregate loss process, 273-274
forward loss distributions, 274-275
tranche spreads, recovering forward
default intensities from, 282-288
application to ITRAXX tranches,
287-288
calibration to a sparse set of strikes,
284-287
dimension reduction by default
clustering, 282-284
Portfolio credit risk: top-down versus
bottom-up approaches, 251-267
calibration, 264
default distribution, 259-264
bottom-up models, 259-261
top-down models, 261-264
information and specification, 253-259
bottom-up models, 253-253
top-down models, 255-259
portfolio credit models, 251253
Portfolio default intens’ty; 289, 273
Positive semidefinite matrix, 6
Pricing, 73
implied variance swap volatilities, setting
dynamics for, 73-75
Pricing CDOs with a smile, 235-250
large pool assumption
building the local correlation function
without, 243-246
simplification under, 240-243
local correlation, pricing and hedging
with, 247-249
local correlation as a constant across
different portfolios, 247-249
local correlation model, 236-240
correlation becomes a function of the
economy, 236

R
Random thinning, 257
Realized variance
call on, 81
modeling, 66-67
option on, 8§4-86
Reduced form models. See Hazard rate
models
Regular variation, 24-26
Reverse cliquet, 81, 82
Riemannian manifold, 122-123
heat kernel expansion on, 90,

92-98

S

SABR model, 37-43, 90, 147129
120-122

Semidefinite programiming, 7
Semigroup, 8-9
Short forward sirewr
decoupling «.£,33-84
making et .er assumptions on, 84
setting, 76
Skeve See Implied volatility
Sraile See Implied volatility
Seot/volatility correlation, 83-84
Static arbitrage, 3-18
no-arbitrage conditions, 7-15
multiperiod models, 14-15
one-period model, 5
Stochastic volatility, 50-60
extensions to jump/Lévy models,
63-65
forward start options, 57-58
implied volatilities, dynamics of,
52-53
local dynamics and delta, 59-60
risk-neutral drift, 50-52
volatility of volatility, term structure of,
56-57
Straddles, 15
Structural models, multivariate,
206-208
Subreplication problem, classic portfolio,
14

T

Tail-wing formula, 24-26
for exponential decay, 29
for left wing, 26
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Kasahara’s, 29, 34, 39, 42, 43
exponential, 41
Toothpaste effect, 238
Top-down model, 251-267
for CDO pricing, 273-275
aggregate loss process, 273-274
forward loss distributions, 274-275
Tranche spreads, 189, 224, 237, 282-288
for ITRAXX, 287-288
Tranchelets, 248-249
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Tauberian theorem, 29 A%

Variance gamma model, 140

Variance Gamma with Gamma-OU time
change, 35

Variance swaps, 62—63

two-factor model, 68—69

Vasicek model, 170, 219

Vasicek/Li static factor model, 218, 224

Volatility asymptotics in stochastic volatility
models, 91-92

Volatility of volatility, 56-57
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