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calibration 68-9, 1034, 111, 118-28, 129-76,
257-64

‘Call Option Solution II’ 38

call options 23-8, 30-2, 34-8, 42-3, 49-50,
53-4, 60-1, 72-5, 77-93, 136-8, 177-203,
206-24, 233-44

callable PRDCs 254

caplets 257

cash-or-nothing digitals 178, 185-6, 191-5

CEV model 90-3, 261-2

chain rule 19-20

CHF 3, 4, 48-9, 100, 124, 127

Cholesky decomposition 109-11, 228-9, 242,
2434, 256

chooser options 206, 254

CIR model 98, 100, 102

CLP 6-7

collapse condition 20624

compound options 202-3

conditional expectations, local volatilities 87—8

continuous monitoring 183-95, 209, 264

continuous time using discrete approximations
(CTDA) 75

control variate technique 143-7

convection—diffusion PDEs in finance 147-53,
161-5, 169-71, 206-24, 244

convergence 35-8, 135-8, 142-3, 146-7

convexity 79-81, 96, 122-7, 253, 257-64

correlations 60-1, 98-104, 107-8, 176, 225-44

covariance 234-5

Craig—Sneyd splitting schemes 172-35,.176

Crank—Nicolson implicit scheme.1¢3; 167-8,
169-71

credit crunch from 2008 48-9,.1.22-3
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67-8, 1334, 234-9

currency swaps 245-9

cutoff times 10-11

CZK 48

day count conventions 33
daylight saving time (DST) 7, 10-11
days, good business days 67, 70-5
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rules 8-10
decision rules, Monte Carlo simulations 137-8
decomposition pricing principle 191
delay adjustments, delivery dates 33-5
delivery dates 1-2, 8-11, 32-5
delta hedging 15, 113-17
see also dynamic. . .
delta-neutral straddles (DNS) 50-3, 68
deltas 15, 41-62, 68-75, 88-9, 113-17,
197-202, 242
see also gammas; spot. . . ; volatility smiles

barrier bending 197-202
heatmaps 198-202
law of many deltas 43-7, 62
market conventions 41, 47-62, 70-5
multicurrency options 242
notation 49
polynomial-in-delta smile interpolation model
59-60, 68-9
diffusion 18-20, 83-93, 119-20, 1334, 147-53
digitals 31-4, 43, 178, 183-203, 241, 264
see also binary options
Dirac delta function 81, 87-8, 1234
Dirichlet boundary conditions 132, 147, 157-9,
205, 242
discontinuity risk 183, 191-2, 197-202
discount factors 27, 34-5, 42, 53, 91, 245-64
discrete sampling 205-24
dividends 14-15, 20 -157-8
DKK, EURDKK 3
domestic binaries 153-9, 194-5
domestic (terins/quote) currencies 3—4, 41-3,
220-52.255-64
double n2i ier products 157-8, 191-5, 205-6
doubl< tnock-in barrier options (DKI) 191-5
daubl: knock-out barrier options (DKO) 157-8,
191-5, 205-6
souble lookback options 211-12
double no-touch options (DNT) 138-42, 157,
178, 194-7
double-touch binary options 178, 190—1
Douglas—Rachford splitting scheme 171-2
down-and-in barrier options 181-2, 191-5
down-and-in digitals 178-9
down-and-out barrier options 177, 180-2,
191-5
downside risk 2, 5
drift 14, 18, 20-3, 77-8, 98-105, 112-13,
119-20, 134-5, 184-7, 227-9, 230-9, 244,
255-9
driftless variance process 967
Dupire construction of local volatilities 77, 78,
83-6, 2624
dynamic hedging 14
see also delta. . .

ECB cutoff 11

The Economist 2-3

emerging markets 4, 48-9

equity options 14-15, 20-1, 42-3, 88-9, 107,
177-8

Euler scheme 132-5

EUR 24, 5, 6, 48-9, 99, 100, 107, 124, 126,
127, 225-9, 242, 249

European digitals/binaries 31-2, 177-9, 183-5,
191-5

see also binary options; digitals
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European options 13-40, 43—4, 84-93, 95-128,
13147, 177-203, 23444, 259-64
EURUSD 3, 4-5, 6, 7, 43, 46-50, 52-3, 55,
57-61, 634, 68, 70-5, 99, 122-3, 126, 132,
225-9, 249
exchange (Margrabe) options 229
exit times, barrier options 183—4
exotic options 1, 95, 106, 129, 133-4, 142-3,
147, 177-203, 205-24, 254, 264
see also Asian. .. ; barrier. .. ; binary. .. ;
digitals
concepts 177-203, 205-24, 264
second generation exotics 205-24, 264
value monitoring 202-3, 205-24
expiry dates 1-2, 7, 811, 32-3, 49, 63, 69,
88-9, 177-8, 21314, 216-17
explicit finite difference methods (EFD) 1204,
142, 155-65, 264
extrapolation methods, volatility smiles 67—8
extreme strikes 93

fat tails 38-40, 196-7
Feller condition, Heston stochastic volatility
model 98-105, 124, 126-7, 264
FENICS 44
Feynman—Kac formula 18-20, 113-17
Financial Times 2-3
finite difference methods
see also binomial models; explicit. . . ;
implicit. . .
concepts 95-7, 1204, 129-76, 205
Crank—Nicolson implicit scheme 163,19/-8,
169-71
Peaceman—Rachford splitting s¢heriie 169-72,
176
five-point smiles 70
fixed strike lookback calls/puts 211
fixed—fixed currency swaps 246-7, 254-5
flat forward volatility interpolation 65-75
floating strike lookback calls/puts 211
floating—floating currency swaps 2467
Fokker—Planck equation 77, 78-86, 1034,
111-13, 118, 119-27, 129, 147, 175-6,
2634
multidimensional case 78, 82-3, 2634
one-dimensional case 78-81
foreign (base) currencies 3—4, 41-3, 229-33,
255-64
foreign binaries 189-90
foreign exchange settlement risk 2
foreign risk-neutral measures 22-3
forward barrier options 193—4
forward induction, local volatility calibration on
LSV 1204, 142, 147
forward Kolmogorov equation see
Fokker—Planck equation

forward measure, longdated FX model 249-50,
2604

forward start options 207-9

forward tau and central space method (FTCS)
155-6, 163, 165

forward volatilities 63-75, 193-5

forwards 2, 8-9, 267, 34-5, 45-6, 49, 51-3, 68,
95-7, 1934, 207-9, 231, 245-6

Fourier transforms 35-8, 109-13, 124-5

future values (FVs) 45

FX delta 41-62

see also deltas

FX forwards 2, 8-9, 26-7, 34-5, 45-6, 49, 51-3,
68, 95-7, 1934, 207-9, 231, 245-6

FX markets, local volatilities 88-90, 132-3

FX options 1, 2, 5, 8, 1340, 42-3, 142-3,
148-9, 177-203, 205-24, 225-44, 259-64

see also exotic. . . ; mu'dcurrency. . .

FX swaps 71, 21424, 245-53, 257-9

FX target accrual reception notes (FX-TARNs)
254-5

gammas 3% ; 242
see alsc-aeltas
Garman--Kohlhagen formula 13, 14, 25-6
CGLP 1 -4,5,7,48-9, 99, 126, 249
RPUSD 1-2, 5,7, 48-9, 99, 126, 249
seometric Brownian motion 13, 17-18, 87-8,
96-7
Girsanov’s theorem 110, 186
good business days 67, 70-5
the Greeks 242
see also delta. .. ; gamma. . . ; rhos; vega. ..
Greenwich Mean Time (GMT) 11
grid generation schemes 173-6

Hagan—Woodward approach 91-3, 106

heat equations 159-63

Herstatt risk see foreign exchange settlement
risk

Heston stochastic volatility model 96, 98—-105,
109-11, 112-13, 116-17, 118, 126-8,
130-1, 134, 144, 148-53, 176

heuristic rules, currency quote styles 4-5

high-frequency volatility analysis 75

holidays 6-10, 70-5

horizon date 2, 7-10

HUF, EURHUF 3

Hull-White processes 107, 255-64

hyperbolic sine 174-5

Icelandic economy 248-9

ICOM Master Agreement Guide 8, 11

implicit finite difference methods 163,
165-8

implied distributions 30—1
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implied volatilities 56, 60, 63-9, 72, 75, 77-93,
124-7, 129-30, 228-9, 259-60
see also volatility smiles
importance sampling 1447
in-the-money options (ITM) 50, 60-1, 146-7,
177-8, 1834, 191-5, 197-202, 236
INR 4
instant one-touch products 190-1
instantaneous volatilities 63-75, 77-8, 87-8,
108, 113-18, 255-9
see also volatilities
integrated variance 65, 71-5
interest rates 13-40, 41, 85-6, 107, 239-41,
245-64
Black—Scholes term structure model 28-9, 41
calibration of the three-factor model 257-64
Dupire construction of local volatilities 85-6,
262-4
LIBOR 247-53
risk 13-40, 245-64
interim dates 67
interpolation methods 59-75
intraday effects, volatility surface interpolation
methods 73-5
intrinsic boundary conditions 157-8
ISKUSD 249
Islamic countries 6
ISO codes 24
Ito’s lemma 14-15, 17-20, 29, 79, 87-8, 101,
103-6, 108-9, 114, 119-20, 127, 258 &

Jensen’s inequality 219-20
Johnson and Shanno stochastic velatility model
98
J.P. Morgan 75
JPY 3, 4-5, 47, 48-9, 50,53,.56, 58, 634, 75,
99, 107, 1224, 126, 225-9, 242, 253, 255,
260-1
jump-diffusion 117-18
see also Brownian. . . ; Poisson. ..
jumps 117-18, 147, 203, 205-7, 210-24
see also Poisson. . .
jumps local stochastic volatility model (JLSV)
117

knock-in barrier options (KIs) 181-2,
191-5

knock-in on a knock-out barrier options (KIKOs)
194

knock-out barrier options (KOs) 13942, 147,
157-8, 168, 177-8, 1804, 191-5, 197-202,
205-6, 242, 254

Kolmogorov equations 18-20

Latin America, spot settlement rules 67
law of many deltas 43-7, 62

law of one price, Black—Scholes model 27-8, 43,
229
least squares optimisers 57, 124, 130-2
leptokurtosis 38—40
see also skewness
Levenberg—Marquardt optimiser 57, 59, 61, 131
LIBOR...247-53
linear interpolation of variance/volatilities 63—70
liquid markets, benchmark tenors 63-5, 67-75,
99-100
local stochastic volatility models (LSV) 117-28,
142, 147-53, 175-6, 2634
calibration of local volatilities 118-27, 147-9,
175-6
Fokker—Planck equation 119-27, 175-6,
2634
forward induction 12—, 142
pricing PDE 127-5;.145-53
stochastic volatiiity-calibration stage 124-5,
147
local volatilitics £8-9, 77-93, 95, 96-7, 107-8,
117-22.132-5, 149-53, 195-7, 244, 2614
barric¢r/t inary options 195-7
Ci'model 90-3, 261-2
corditional expectations 878
ciffusion 89-93, 134, 149-53
Dupire construction of local volatilities 77, 78,
83-6, 2624
FX markets 88-90, 132-3
implied volatility surface 77-8, 83-9
instantaneous volatilities 87—8
longdated FX model 261-4
log-moneyness/logspot contrasts 88—9
lognormal processes 13—40, 107-8, 251-3,
255-9, 2604
logspot expressions 18, 35-6, 78, 88-9, 98-9,
109-13, 117-20, 122-3, 127-8, 132-3, 142,
148-9, 210-13, 227-9
London cutoff (LON) 10-11
long positions 5, 49, 225-6, 2401
longdated FX model 151-2, 245-64
forward measure 249-50, 260—4
Hull-White processes 255-64
local volatilities 2614
three-factor model 255-64
typical products 253-5
Longstaft’s double square root model 105, 111
lookback options 205, 209-12

‘M-matrices’ method 163

marginal probability distributions 77-93, 111-13

market conventions, deltas 41, 47-62, 70-5

market strangles (MS) 49-50, 53-60, 63, 69-70,
99-100

Markovian projection approach 83—4

martingales 20-3, 252-3
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mask functions 72-5
mathematical preliminaries 13—40
mean reversion 98-105, 130-1, 177-8, 257-9
mean variance 107-8
Mersenne twister 133, 1367
Merton (1976) model 117
meshes 123-8, 149-76, 205-24
metals 34
Milstein scheme 133-5
model control variate 144
modified forward convention 8-9
money market accounts 42
moneyness concepts 43, 45-6, 47-55, 67-75,
88-9, 182-3, 234-9
see also at. .. ;in... ;out...
Monte Carlo simulations 77-8, 103-4, 129,
131-47, 182, 205, 2334, 241-2, 254, 264
antithetic sampling 143-7
Broadie-Glassermann—Kou correction 139-42
Brownian bridge Monte Carlo approach 141-3
control variate technique 143-7
convergence issues 135-8, 142-3, 146-7
decision rules 137-8
handling large timesteps with local volatility
134-5
importance sampling 144—7
quasi convergence 142-3
simulations/timesteps balancing issues 138—42
uses 131-2, 182, 241-2
variance reduction 143-7
moustache graphs 1967
multicurrency options
see also basket. . . ; best-ofs; quantcs;
worst-ofs
concepts 142-3, 148-9, 22541264
the Greeks 242
literature review 244
numerical methods 2324, 238-9, 241-2
triangulations 226-9, 233
untradeable factors 2434
multidimensional Fokker—Planck equation 78,
82-3,263-4
multidimensional PDEs, numerical methods
168-73, 176
Murex’s ‘Tremor’ model 118
MXN 2-3, 4, 6-7,48-9, 51

N-asset best-of calls 239

negative volatilities 104-5

Neumann boundary conditions 157, 158-63

New York cutoff (NYO) 10-11

no-arbitrage conditions 13-14, 226-9, 250-5,
257-9

no-touch binary options 13842, 157, 178,
184-5, 188-9, 242

NOK 3,4

nonlinear least squares minimisation 57, 124,
130-2
nontradeables 245-64
nonuniform grid generation schemes 163-5,
173-6, 264
nonuniform meshes 163-5, 173-6, 264
normal distributions 25-8, 37-40, 67-8, 234-9
numeraire selections 245
numerical methods
see also finite difference. . . ; Monte Carlo
simulations; perturbation theory
Black—Scholes model 129-53
concepts 90, 95-128, 129-76, 180-2, 2324,
238-9, 241-2, 264
convection—diffusion PDEs in finance 147-53,
161-5, 169-71
implied volatility calculaticns 129-30
literature review 176
multicurrency options232-4, 238-9, 241-2
multidimensiora! PDEs 168-73, 176
nonlinear least squares minimisation 124,
130-2
PDEs 147 55, 168-73
practicalnonuniform grid generation schemes
\73-6, 264
raoi-finding methods 129-30
uses 129, 180-2, 232-3
NZD 3, 4,7, 248-9
NzDUSD 3, 7, 48-9

OECD 49

one-factor asset price processes 13, 35-6, 967

one-touch on a no-touch digitals (ONTOs) 194

operator splitting techniques 163, 167-8

Ornstein—Uhlenbeck process 104, 105-6

out-of-the-money options (OTM) 47, 50, 53-5,
96, 144-5, 191-5

overnight volatilities 71-5

overview of the book 1, 264

parabolic PDEs 89-93
see also diffusion; Fokker—Planck equation
parity relationships, barrier options 182-3
Parseval’s theorem 35-6
partial differential equations (PDEs) 14-20,
77-93, 103, 111-28, 129-30, 132, 147-65,
168-73, 176, 182, 202-3, 205-24, 233-9,
257
see also Black—Scholes. . . ; parabolic. . .
partial integro-differential equations (PIDEs) 117
path dependency 29, 89, 106, 138-42, 146-7,
177-203, 205-24
Peaceman—Rachford splitting scheme 169-72,
176
Pearson type VII family of distributions 38—40
percentage forward delta 45, 47-9, 52, 68, 69-70
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percentage spot delta 45-6, 47-9, 52, 63, 68

perturbation theory 90-1, 106

pips. . .4-5, 42-3, 44, 45-6, 47-52, 55, 63, 68,
69-70

PKR 4

PLN 3, 48

Poisson process 117-18

see also jump. . .

polynomial-in-delta smile interpolation model
59-60, 68-9

Powell solver 59, 61, 131

power reverse dual currency notes (PRDCs)
253-5

practical nonuniform grid generation schemes
173-6, 264

premium-adjusted percentage forward delta 45,
46-9, 53

premium-adjusted percentage spot delta 45-9,
53,63

premiums 2, 45-8, 53-5

present values (PVs) 17, 35-6, 44, 45, 13642,
145-6

pricing concepts 1-11

probability density function (PDF) 25-8, 38,
109-10, 177-8

product control variate 144

pseudo-random numbers 1334, 136-8

put options 25-8, 35, 42-3, 53-4, 601, 72-5,
144-5, 177-203, 20624

quantos 229-33, 2434, 264

quants 1, 147, 264

quasi convergence, Monte Carlo siraulations
142-3

quotes 1-5, 41-8, 88-9

Radon-Nikodym derivatives 21-3, 110, 250-1

random numbers 133—4

range accrual options 205, 2067

Rannacher stepping 168

realised volatility products 214-24

see also volatility swaps

references 265-70

reflection principle 179-80, 186, 194-5

religious influences 6

replication methods, bid/offer digital pricing 32

rhos 245-6

see also dividends; interest rate. . .

risk considerations 1, 2, 5

risk neutrality 13-17, 18-30, 34-6, 49-50, 84-6,
88, 113-17, 144-7, 177-82, 183-6, 196-7,
230-9, 250, 255-9, 264

risk reversals (RRs) 50, 55-62, 69-70, 99-100,
1234

risk-free rates 13—40, 115-17

root-finding methods, numerical methods 129-30

RUB 6
Rubinstein model 229, 238-9

SABR model 57, 60-1, 68-9, 70, 90-1, 106
sampling theory 135
SAR, USDSAR 6
scale and speed measure density 100
Schobel and Zhu stochastic volatility model 98,
104-5, 110-11
Scott’s stochastic volatility model 98, 105-6
second generation FX exotics 205-24
SEK, EURSEK 3
self-quanto forwards 231
self-quanto (quadratic) options 230-3
settlement adjustments, mathematical
preliminaries 32-3
settlement dates 2, 5-8 323
settlement processes 1--2, 5-7, 32-5, 70-5
SGD, USDSGD 3
short positions £, 15-14, 49, 225-6, 240-1
simple delta 456, 47, 52-3, 59-60, 67-8,
88-9
simple ‘rz; ezoidal integration 37
skewnzes 3840, 53-62, 77, 93, 95-6, 1034,
107-8, 111, 122-3, 255, 261-4
see also leptokurtosis; volatility smiles
smile strikes 55-7, 69-70
see also volatility smiles
spatial grid generation schemes 174-6, 207-24
spot dates 5-10, 32-3
spot FX calibration of the three-factor model
259-64
spot rates 2—4, 5-7, 13-40, 41-62, 107-11,
177-203, 225-44, 255-64
spot settlement rules 5-7
‘square root of time’ rule 67-8
standard deviations 40, 77, 2204
see also variance
standard error 136-8
static replication methods, bid/offer digital
pricing 32
Stein and Stein stochastic volatility model 98,
104-5, 111
‘sticky-delta’ models 117
see also stochastic volatility models
‘sticky-strike’ models 117
stochastic differential equations (SDEs) 15,
17-18, 87-8, 103
stochastic processes 13, 15-18, 29, 35-6, 60-1,
79, 82-3, 87-8, 95-128, 130-2, 149-53,
195-7, 2434, 255-64
stochastic volatility models
see also Heston. .. ; SABR. .. ; Scott. .. ;
Stein. . .
concepts 60-1, 95-128, 130-2, 149-53,
195-7, 2434, 264
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types 98-106

uncorrelated stochastic volatility 107-8
stopping times, barrier options 183—4
straddles 35, 50, 51-3
strangles 49-50, 53-8, 63, 69-70

see also market. . . ; volatility smiles
strike prices 2, 2640, 42-3, 77-93
strike reset options 209
swaps 71, 214-24, 245-53,257-9
swaptions 257-9
Sydney cutoff (SYD) 11

T + x settlements 5-8

target redemption notes 205, 214

Taylor series expansion 219-21

temporal grid generation schemes 175-6

temporal interpolation, volatility surfaces 67-75

term structure of interest rates 28-9, 41, 77,
85-6, 95-7, 148-53, 219-24, 2624

term structure of volatility 65-7, 71-2, 77, 89,
219-24, 244

term-structure prices (TSs) 29

see also Black—Scholes. . .
theoretic values (TVs) 23-9, 138, 195-7
see also Black—Scholes. . .

theta implicit method 167-8

three-asset best-of calls 233, 236-9

three-factor convection 1524

three-factor FX/IR model 1524, 255-64

three-factor longdated FX model 255-64

three-point smiles 50, 70

three-star exercise 13

time to expiry 1-2, 7, 8-11, 32-3, 49,62, 69,
88-9

today date 2, 5, 6-7, 32-3

Tokyo cutoff (TOK) 11

trading floors 3—4

transactions costs 13—-14

transition probability density function 77, 79, 81,
112-13

triangulations, multicurrency options 226-9,
233

trigger PRDCs 254

TRY 3, 4, 6,7, 48, 99-100, 127

TRYRUB 6

two-asset best-of calls 233-9

‘two-curve approach’ 249

two-dimensional Crank—Nicolson scheme 169,
171-2

uncertain variance/volatility models 95-6, 107-8

uncorrelated stochastic volatility 107-8

underlying assets, mathematical preliminaries
13-40

uniform grid generation schemes 173-6

up-and-in barrier options 181-2

up-and-in digitals 178-9

up-and-out barrier options 177, 180-2

upside risk 5

USD 1-5, 6, 7, 43, 46-50, 52-3, 55, 56, 57-61,
634, 68, 70-5, 99-100, 107, 1224, 126,
127, 132, 225-9, 242, 247-9, 253, 255,
260-1

USDBRL 3, 4, 7, 48-9, 99, 126

USDCAD 3, 5-6, 7, 48-9, 249

USDCHEF 3, 48-9

USDGBP 2, 4

USDIPY 3, 4-5, 48-9, 50, 53, 56, 58, 634, 75,
99, 107, 1224, 126, 225-9, 242, 253, 255,
260-1

USDMXN 3, 4,7,48-9

USDTRY 3, 4, 6, 7, 99-100, 127

UTC time 7, 11, 73-5

value dates 5-6, 7, 8
see also spot dates
value monitoring 202-3, 205-24
vanilla optioiis 1
variance 3'/,.8-40, 63-75, 87-8, 96, 98-104,
10711, 116, 118, 127, 130-1, 132, 135-8,
43-7,215-25
Vasicek—Hull-White interest rate dynamics
257-8
vega hedging 113-17
vegas 113-17, 245-6
see also volatilities
volatilities 13—40, 41-62, 63-75, 77-93, 95-128,
214-24,255-64
see also implied. .. ; local. .. ; stochastic. . .
volatility smiles 38, 41, 47-9, 53-75, 77-8,
90-1, 95-6, 111, 117-28, 255
see also deltas; implied volatilities; skewness
extrapolation methods 67-8
interpolation methods 59-75
market strangles 55-8
polynomial-in-delta interpolation model
59-60, 68-9
SABR interpolation model 57, 60-1, 68-9, 70,
90-1
volatility surfaces 41, 49-50, 62, 63-75, 77-8,
86,90-3, 111
construction methods 50, 62, 63-75
holidays and weekends 70-5
intraday effects 73-5
temporal interpolation 67-75
volatility swaps 214-24
volatility of volatility 60-1, 90-1, 104-5
Von Neumann stability 159-63, 171
vovariance 98-104, 111, 116, 127, 130-1

Wang approach 100-1
weekends, spot settlement rules 6, 70-5
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weighted interpolations, integrated variance 73, yield curves 105, 255-9, 264
75
Wilmott, P. 167, 176, 179, 205-14 ZAR 2-3,4
worst-ofs 233-9 zero-coupon bonds 245-51, 257-8

Index compiled by Terry Halliday
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