
Index

analytic calibration method, correlation matrices
128–39

Anderson–Darling test 166
AR see auto-regressive order process
arbitrage 2–4, 9–23, 52–3, 63–78, 126–7

arbitrage-free evolution 2–3
no-arbitrage conditions among forward rates

9–23, 52–3, 63–78, 126–7
asymptotic approximations to the model 46–50,

113–15
at-the-money options (ATM) 12, 28–34, 48–50,

60–4, 81–100, 101–23, 228–9, 235–46,
250–5, 260–70

auto-regressive order process (AR) 145–51
autocorrelations 37–40, 145–51
average value theorem 48

Bartlett, B. 224–30
Bartlett–Pogudin formula 225–30
Baum–Welch algorithm 260–1
Baxter–Rennie approach 65–9
Bayesian estimation 61–2, 101–2, 260–1
Bermudan swaptions 220, 260–1

see also swaptions
best-fit models, empirical correlation matrices

195–202
beta 26–8, 31–50, 78, 81–100, 103–4, 108–23,

143–51, 160–1, 175–9, 228–9, 232–46,
249–55

0 choices 28–9, 31–3, 35–7, 43–5, 49–50,
249–50

0.5 choices 32–3, 35–45, 49–50, 160–1,
175–8

choices 28–9, 31–3, 35–7, 43–5, 49–50,
88–100, 160–1, 175–9

empirical evidence 143–51, 160–1, 175–8
LMM-SABR model calibration 81–2, 88–100,

103–4, 108–23
the market 40–5, 175–8
qualitative behaviour of the SABR model

29–37, 249–55
volatilities of the volatilities 35–7, 84–8,

91–100, 175–8

binomial trees 173–5
Black delta term 223–9
Black vega 212, 215–16
Black’s formula 2, 13–16, 27–8, 29–34, 83–4,

94, 96–7, 118, 146, 206–8, 210–16,
221–9, 232–3, 235, 243, 249–54, 257–9

see also implied volatilities
Brownian motions 13–14, 26–7, 53, 55–7,

66–70, 74, 221–2
brute-force approaches 71–2, 73, 101–2, 162–3
‘bumped’ parameters, hedging 207–10

calibration factors 1–5, 44–5, 52, 57, 60–4,
79–139, 181–202, 207–20, 232–46

correlation structure 125–39, 181–2, 191–202
‘freezing’ strategies 104–8
hedging 207–20, 232–3
hypersphere calibration method 130–9
LMM-SABR market caplet prices calibration

methods 81–100, 117–23
LMM-SABR market swaption prices

calibration methods 95–9, 101–23
models 1–5, 44–5, 52, 57, 60–4, 79–139,

181–202
recalibration needs 44–5, 207–11, 216–17,

234–46
results of the actual calibrations 91–100,

234–46
results of the hypothetical approximations

88–91, 101–2, 109–23, 233–46
Cameron–Girsanov theorem 65–9
cancellation of errors, hedging 220, 257–70
caplet-pricing condition, concepts 13–16
caplets 1, 2–3, 12–16, 29–50, 81–100, 102–4,

117–23, 220, 232–46, 261–70
calibration problems 81–2
hedging 220, 232–46, 261–70
LMM-SABR prices calibration methods

81–104, 117–23
results of the actual calibrations of caplet

prices 91–100, 234–46
results of the hypothetical approximations of

caplet prices 88–91, 117–23, 233–46

275

CO
PYRIG

HTED
 M

ATERIA
L

htt
p:/

/w
ww.pb

oo
ks

ho
p.c

om



276 INDEX

caplets (continued )
swaptions 95–9, 102–4, 220

CAPM 146
Central Limit Theorem (CLT) 184
CEV models

see also SABR...
concepts 26–50, 52, 109, 143–51
negative rates 47–50
problems 46, 47–50
volatilities 48–50

change-of-numeraire technique 64–78
chi-square 266
Cholesky decomposition 18
closed-form solutions 12
CLT see Central Limit Theorem
CMS spread options 17, 186–7, 191–2, 208,

248–9
collar option strategies 270
compensating errors in the hedges 3–4
complete markets 4
computational speed of models 1–5, 22–3, 75,

78, 99–100, 101–2, 133–4, 181
computational ‘tricks’, LMM 22–3
computationally realistic aspects, LMM-SABR

model 75, 78, 133–4, 181
concave surface, Doust correlation function 20–1,

130–9, 185–202
constant-maturity swaps see CMS...
contemporaneous correlation 145–6
continuous time indices 11, 46
convex surfaces 20–1, 130–9, 185–202, 267–9
correlation

analytic calibration method 128–39
best-fit models 195–202
calibration factors 125–39, 181–2, 191–202
case study using the hypersphere method

131–7
concepts 3–5, 9–23, 26–50, 52–3, 54–7,

59–64, 78, 81–100, 102, 103–23, 125–39,
143–51, 181–202, 232–46, 247–55,
259–70

‘corruption’ sources 125–6
creation methods 126–39
decorrelation factors 16–23, 99–100,

186–202, 248–55
Doust correlation function 17–21, 22, 130–9,

185–202, 247–9
empirical evidence 143–51, 160, 181–202,

233–46
entropy measures 182, 198–202
estimates 160, 181–202, 233–46
forward-rate/forward-rate correlations 3, 10,

16–19, 54–7, 104–23, 126–39, 143–51,
181–202, 233–46, 247–55

forward-rate/volatility correlations 3, 10–23,
55–7, 81–100, 103–4, 126–39, 143–51,
182–5, 187–202, 233–46, 249, 253–5

hedging 206–7, 233–46, 247–55
hypersphere calibration method 130–9
input/model contrasts 125–30
LMM 16–19, 22–3, 54–7, 125–6, 129–30,

185–202
LMM-SABR model 54–64, 81–2, 88–100,

103–23, 125–39, 143–51, 181–202,
233–46

the market 40, 43–5
memory storage 23
multiplicative correlation 17–19
noise factors 181–5, 188–90
numerical calibration method 128–39
qualitative behaviour of the SABR model

26–37, 249–55
random matrix theory 182–202
results of the best fits for correlation matrices

calibrations 192–5
simple correlation 16–17, 19, 54–7
strategies 128–30
super-correlation matrices 55–6, 109–23,

144–51, 160, 181–202, 247–55
swap-rate/swap-rate-volatility correlations 104,

108–23
volatility terms 12–14
volatility/volatility correlations 3, 126–39,

181–5, 188–202, 233–46, 248–55
‘corruption’ sources, correlation matrices 125–6
coupons 10–11
covariance

concepts 9–10, 16–19, 21–3, 59, 96–9, 181,
183–4, 263–70

modes of deformation 181
cross-entropy 182, 198–202
CRR 173
cubic-spline interpolation 149–50
curvatures 33–4, 85–8, 218–20, 248–55

decorrelation factors 16–23, 99–100, 186–202,
248–55

delta, definitions 211–13
delta hedging 205–20, 221–30, 231, 233–46

see also first-order derivatives...; hedging;
in-model hedging; vanna

concepts 211–13, 221–30, 233–46
definition 211–12
empirical evidence 233–46
SABR-(LMM) model 221–9, 233–46

deterministic volatility 2–3, 9–23, 27, 51, 53–4,
57, 59–64, 72, 82–8, 94–100, 102, 125,
129–30, 208–9, 219–20, 224–8, 247–8,
259–70

see also LIBOR market model
no-arbitrage drifts 72

diffusion processes 46–50, 51–2, 94, 145–6,
205, 208–9, 245–6

htt
p:/

/w
ww.pb

oo
ks

ho
p.c

om



INDEX 277

Dirac delta 87–8, 172
direct estimates of the rolling standard deviations

159, 162–3, 166–9, 175
discount bonds 9–23, 70–8

see also forward rates
definitions 10–11

discounted cashflows 9–23
discounting covariance, payoffs 9–23
distributional analysis, empirical evidence

143–51, 164–70, 198–202
dividends 10–11, 64–78
Doust correlation function, concepts 17–21, 22,

130–9, 185–202, 247–9
drifts 2–3, 11, 22, 26–7, 49–50, 51–78, 82–100,

144
dynamic models

see also LMM-SABR...
concepts 1–5, 25, 51–78, 81–100, 101–23,

205–6, 246
dynamic variables, econometric estimation 4–5,

12, 16–17, 19, 25, 27, 37, 63–4, 141–202

econometric analysis 3–5, 12, 16–17, 19, 25, 27,
37, 141–202, 231–46, 257–9

empirical evidence 1–5, 12, 16–17, 19, 25, 27,
37, 49–50, 51–2, 63–4, 141–202, 231–46,
257–9

best-fit models 195–202
beta 143–51, 160–1, 175–8
correlation 143–51, 160, 181–202
critique 143–51
direct estimates of the rolling standard

deviations 159, 162–3, 166–9, 175
distributional analysis 143–51, 164–70,

198–202
entropy measures 182, 198–202
forward-rate/forward-rate correlations

181–202, 233–46
forward-rate/volatility correlations 182–5,

187–202, 233–46
hedging performances 231–46
information from the options market 159,

175–9, 243–6
interpolation factors 149–50
literature 145–50
LMM-SABR model 141–202, 231–46
maximum-likelihood estimation approach 159,

171–5
noise/signal factors 181–5, 188–90
normality of the residuals 159, 164–70
problems 143–51
results of the best fits for correlation matrices

calibrations 192–5
SABR model 143–202, 231–46
statement of the problem 143–5
volatilities 143–51, 159–79, 181–202, 231–46

volatilities of the volatilities 160–79, 233–46
volatility/volatility correlations 181–5,

188–202, 233–46
‘empirical financial reality’ 1–2, 12, 16–17, 19,

25, 27, 37, 49–50, 51–2, 63–4
entropy 182
‘equations of motion’, concepts 52–3, 126–7
estimates 141–202, 231–46

see also empirical evidence
best-fit models 195–202
correlation 160, 181–202
direct estimates of the rolling standard

deviations 159, 162–3, 166–9, 175
forward-rate/forward-rate correlations

181–202, 233–46
forward-rate/volatility correlations 182–5,

187–202, 233–46
information from the options market 159,

175–9, 243–6
maximum-likelihood estimation approach 159,

171–5
noise factors 181–5, 188–90
normality of the residuals 159, 164–70
results of the best fits for correlation matrices

calibrations 192–5
super-correlation matrices 160, 181–202
volatilities 143–51, 159–71, 181–202
volatilities of the volatilities 160–79
volatility/volatility correlations 181–5,

188–202, 233–46
Euler approximation calendar 22
EUR forward rates 150–1, 160–3, 166–9
European options 1–5, 17, 25, 27–50, 60–4,

85–8, 96–100, 205, 207–10, 225–30
see also caplets; SABR model

excited markets see market excitations
expiry dependencies 27, 59–64, 82–100, 160–1,

235–46, 249–55, 259–70

‘fake’ volatilities of the volatilities 35–7, 145
filtration, no-arbitrage drift calculations 64–78
‘financial reality’ 1–2, 12, 141–202
financial reasonableness 1–5, 51–2
first-order derivatives with respect to the

underlyings
see also delta hedging
hedging concepts 211–14, 262–70

Fisher z-transformed correlations 192
fixed payments, volatility drifts in the swap

measure 75–8
flat-volatility calibrations 95–9, 186
forward rates 2–3, 9–23, 26–50, 52–78, 81–100,

101–23, 141–202, 221–30, 247–55
see also discount bonds; LIBOR...;

LMM-SABR...; SABR...; volatilities
concepts 2–3, 9–23, 26–50, 52–78, 81–100,

101–23, 143–51, 221–30, 247–55

htt
p:/

/w
ww.pb

oo
ks

ho
p.c

om



278 INDEX

forward rates (continued )
definitions 10–11, 26–7
empirical evidence 1–5, 12, 16–17, 19, 25, 27,

37, 49–50, 51–2, 63–4, 141–202
evolution 11, 27, 53–4
expiry dependencies 27, 59–64, 82–100,

160–1, 249–55, 259–70
hedging moves 221–30, 249–55
no-arbitrage conditions among forward rates

9–23, 52–3, 63–78, 126–7
swap rate dynamics 102–3

forward-rate-specific instantaneous volatility
function, concepts 15–16, 27, 52–7, 95–9,
104–23, 143–51, 160–1, 176–7, 186,
233–46, 248–9

forward-rate/forward-rate correlations 3, 10,
16–19, 54–7, 104–23, 126–39, 143–51,
181–202, 233–46, 247–55

estimates 181–202, 233–46
hedging 233–46, 247–55
noise/signal factors 188–90

forward-rate/volatility correlations 3, 10–23,
55–6, 81–100, 103–4, 126–39, 143–51,
182–5, 187–202, 233–46, 249, 253–5

best-fit models 202
estimates 182–5, 187–202, 233–46
hedging 233–46, 249, 253–5
information retention 202
noise/signal factors 190

Fourier components 125–6
‘freezing’ strategies 104–8
‘fudge factors’, scaling terms 16, 58–9, 210
‘fully implied’ approach, critique 3–4
functional-dependence hedging

see also hedging
concepts 207–10, 215–20, 231

future re-hedging costs, concepts 3–5
future smiles, concepts 1–5, 11, 53–4

game theory, beta choices 44–5
gamma 2, 219–20, 229

see also delta
GARCH-type models 37
Gaussian processes 28–50, 146, 164–71
geometric diffusion 46–50, 145–6

see also Merton–Black–Scholes model;
volatilities

good models 5, 99–100, 195–202, 205, 243–6
Greenland-on-a-world-map effect 130
guesstimates, future smile surfaces 4–5, 111–13,

255

Hagan, P. 25, 27–8, 35–7, 89–90, 109–18, 205,
207, 211–12, 214, 224–9, 235–40

hedge ratios 207–10, 219–20, 235–46
‘hedge what we really can’ sound bite 3, 4

hedging 1–5, 25, 51–2, 60–4, 181–2, 203–70
see also delta...; vega...
‘bumped’ parameters 207–10
calibration factors 207–20, 232–3
cancellation of errors 220, 257–70
case studies 260–1
concepts 1–5, 63, 181–2, 203–70
correlation 206–7, 233–46, 247–55
costs 3–5
critique 220, 221, 270
definitions 210–11
empirical evidence 231–46
first-order derivatives with respect to the

underlyings 211–14, 262–70
forward rate moves 221–30, 249–55
forward-rate/forward-rate correlations 233–46,

247–55
forward-rate/volatility correlations 233–46,

249, 253–5
functional-dependence hedging 207–10,

215–20, 231
‘high convexity’ tests 267–9
in-model hedging 206–10, 219
instrument choices 220
insurance aspects 270
LMM-SABR model 205–20, 221–30, 231–46
market stress volatility structure 257–70
normal-to-excited state transitions 261, 263–5,

267–9
normal-to-normal state transitions 261–3, 267
normal-to-unknown transitions 265–6
out-of-model hedging 206–10, 219, 231,

247–55
parts 205–6
performance tests 231–46
pragmatic approaches 5, 257–70
problems 205–6
quality issues 1–2, 181–2
recalibration needs 207–11, 216–17, 234–46
reduced-form models 26–7, 61–4
results of the LMM-SABR model hedging

performance 243–6
results of the quality of survival hedging tests

266–9
results of the SABR model hedging

performance 234–43
risk-neutral density 25, 205–6
SABR model 205–20, 221–30, 231–46
scenario hedging 254–5, 257–70
second-order derivatives with respect to the

underlyings 214–15
state variables 206–10, 219, 232–46, 254–5
successful hedging 205–6, 211–13
survival hedging 63, 255, 257–70
swaptions 202, 207–10, 217–20, 225–30,

231–46, 247–55, 257–70

htt
p:/

/w
ww.pb

oo
ks

ho
p.c

om



INDEX 279

two-state Markov-chain model 2, 5, 51–2,
60–4, 97–100, 244–6, 257–70

types 205–20, 221–30
volatility moves 221–30, 249–55
volatility-rate blocks 251–5
volatility/volatility correlations 233–46,

248–55
Henry-Labordere, P. 75–8, 119–20
‘high convexity’ tests 267–9
‘hockey-stick’ smiles 51
Hull and White 120
humped volatility functions 12, 60–4, 84, 95–9,

160–1
hypersphere calibration method, correlation

matrices 130–9

implementation factors 4–5, 52, 79–139
implied volatilities 2–3, 13–16, 27–37, 83–100,

109–23, 206–20, 221–30, 232–46,
249–55, 257–70

see also smile...
Black’s formula 2, 13–16, 27–8, 29–34,

83–4, 94, 96–7, 118, 206–8, 210–16,
221–9, 232, 235, 243, 249–54, 257–9

concepts 210–20, 221–30, 232–46, 249–55
definition 210–11
hedging performance tests 232–46
qualitative behaviour of the SABR model

29–37, 249–55
importance weights 102–4, 133–9, 268–9
in-model hedging 206–10, 219

see also delta hedging; hedging
in-the-the-money options 33–4, 250–5
information from the options market, volatility

estimates 159, 175–9, 243–6
information theory, concepts 182–202
informational efficiency of markets 3, 4, 62–4,

175–8, 185
initial values of the process, LMM-SABR model

81–100, 102–6
input/model contrasts, correlation matrices

125–30
instantaneous volatilities 12, 14–16, 17, 23, 27,

52–7, 95–9, 104–23, 143–51, 160–1,
176–7, 186, 233–46, 248–9

insurance aspects, ‘survival hedging’ 270
interest-rate derivatives 1–5, 9
interest-rate dynamics 59–64, 259–70
interest-rate modelling, historical

background 9
interpolation factors, empirical evidence 149–50
introduction 1–5
Ito’s lemma 72–3, 118–19, 222–3

JPY yield curve (late 1990s) 48
jump processes 51–2, 94, 205, 243

Kainth, D. 2, 99–100
Kalman filters 159, 172
Kolmogorov–Smirnov test 166
Kronecker delta 13–14, 53
Kuiper test 166
Kullback–Leibler divergence 198–202

see also relative entropy
kurtosis, empirical evidence 146–51, 164–70,

176–8

law of total/iterated expectations see tower
rule

Levy process 94, 205
LIBOR market model (LMM)

see also LMM-SABR...
caplet-pricing condition 13–16, 82
concepts 1–5, 9–23, 37–40, 51–2, 57, 82,

118, 125–6, 146–51, 185–202, 208–10,
221–30, 247

correlation 16–19, 22–3, 54–7, 125–6,
129–30, 185–202

covariance 9–10, 16–19, 21–3
decorrelation factors 16–23, 99–100,

186–202, 248
definitions 9–11
Doust correlation function 17–21, 22
forward-rate/forward-rate correlations 3, 10,

16–19, 181–202
hedging 208–20, 221–30
numeraires 9–23, 64–78
papers 9
pre-LMM days 2–3
standard model 9–23
time-homogenous functions 11–12, 15–16,

22–3, 27, 54, 58–64, 82, 160–1, 259–60
volatility clustering in the (LMM)-SABR

model 37–40, 244–5
volatility functions 11–12

LIBOR-in-arrears
brute-force approach 71–2, 73, 162–3
change-of-numeraire technique 72–3
concepts 70–4
volatility drifts 73–4

linear growth condition 47–8
linear interpolation 149–50
Lipschitz continuity condition 47–8
LMM see LIBOR market model
LMM-SABR model

beta 81–2, 88–100, 103–4, 108–23
calibration factors 79–139, 181–202,

232–3
caplet prices calibration methods 81–100,

117–23
change-of-numeraire technique 64–78
computationally realistic aspects 75, 78,

133–4, 181

htt
p:/

/w
ww.pb

oo
ks

ho
p.c

om



280 INDEX

concepts 51–78, 82, 94, 143–51, 159–79,
221–30, 231–46

correlation 54–64, 81–2, 88–100, 103–23,
125–39, 143–51, 181–202, 233–46

correlation matrix calibration methods 125–39,
181–202

critique 94, 143–51, 159–79, 231–46
empirical evidence 141–202, 231–46
‘equations of motion’ 52–3, 126–7
hedging 205–20, 221–30, 231–46
importance weights 102–4, 133–9, 268–9
initial values of the process 81–100, 102–6
LIBOR-in-arrears 70–4
the market 59–63, 81–100, 101–23
market caplet prices calibration methods

81–100, 233–46
market stress volatility structure 59–63,

244–6, 254–5, 259–70
market swaption prices calibration methods 88,

95–9, 101–23, 233–46
no-arbitrage drift calculations 64–78
parameters 81–100, 101–23, 143–51, 159–60,

175–9, 181–202, 206–7, 231–46, 254–5
results of the actual calibrations 91–100,

234–46
results of the hypothetical approximations

88–91, 101–2, 109–23, 233–46
results of the hypothetical approximations of

caplet prices 88–91, 117–23, 233–46
results of the hypothetical

approximations/simulations of swaption
prices 101–2, 109–23, 233–46

results of the LMM-SABR model hedging
performance 243–6

standard LIBOR 70–3
stochastic volatility 53–64, 83–100
super-correlation matrices 55–6, 109–23,

144–51, 160, 181–202, 247–55
swaption prices calibration methods 88, 95–9,

101–23
swaptions 88, 95–9, 101–23, 202
volatilities of the volatilities 81–2, 84–100,

102–4, 106–23, 143–51, 160–79, 233–46
volatility clustering in the (LMM)-SABR

model 37–40, 244–5
volatility drifts in the swap measure 75–8
volatility structure 58–64, 75–8, 81–100,

101–23, 143–51, 259–70
local volatility models 1–2, 3, 4–5, 25, 39,

205–6, 243
critique 1, 3, 4–5, 25, 205–6, 243
SABR model 1, 25, 205, 243

log-normal case, SABR model 28–9, 46, 53
log-normal choice for the volatility process 2, 27,

28–9, 46, 53, 145–6
long-dated options 59–63, 244–6, 249–55, 259
LongCorr, Doust correlation function 20–1

LTCM crisis 258–9

margins, traders 4–5
the market

beta 40–5, 81–2, 88–100, 103–4, 108–23,
175–8

LMM-SABR model 59–63, 81–100, 101–23,
231–46

SABR model 40–5, 59–60, 81–100, 175–8,
231–46

market efficiency 3, 4, 62–4, 175–8, 185
market excitations 39, 41–5, 59–64, 91–100,

243–6, 257–70
market stress volatility structure

case studies 260–70
concepts 59–63, 244–6, 254–5, 257–70
hedging 257–70
‘high convexity’ tests 267–9
insurance aspects 270
LTCM crisis 257–9
normal-to-excited state transitions 261, 263–5,

267–9
normal-to-normal state transitions 261–3, 267
normal-to-unknown transitions 265–6
problems 257–9
results of the quality of survival hedging tests

266–9
Markov-chain model 2, 5, 51–2, 60–4, 97–100,

244–6, 257–70
martingales 26–7, 65–78
maturities 1–5, 9–23
maximization of utility of a representative agent

65
maximum-likelihood estimation of the volatilities

159, 171–5
mean contrasts, median 46–7
mean reversion 26–7, 39, 58–9
median, mean contrasts 46–7
memory storage, correlation matrices 23
Merton–Black–Scholes model 146

see also geometric diffusion
minimum-variance portfolios 223–8, 262–9
models

see also LIBOR...; LMM-SABR...; SABR...
computational speed of models 1–5, 22–3, 75,

78, 99–100, 101–2, 133–4, 181
concepts 1–5, 9–23, 46, 99–100, 232–3
critique 1–5, 25, 26–7, 35–7, 46–50, 52, 94,

99–100, 143–51
empirical evidence 1–5, 12, 16–17, 19, 25, 27,

37, 49–50, 51–2, 63–4, 141–202, 231–46
good models 5, 99–100, 195–202, 205, 243–6
market stress conditions 59–63, 244–6,

254–5, 257–70
‘perfect model with the perfect hedge’ 4–5,

213, 243

htt
p:/

/w
ww.pb

oo
ks

ho
p.c

om



INDEX 281

uncertainty 5, 12
modes of deformation, covariance 181
Monte Carlo simulation 22, 60–2, 89–90,

101–2, 104, 109–23
multiplicative correlation, concepts 17–19

natural filtration, no-arbitrage drift calculations
64–78

natural numeraires (payoffs) 70–8
‘negative carry’ 270
negative rates, CEV models 47–50
no-arbitrage conditions among forward rates

see also LIBOR market model
change-of-numeraire technique 64–78
concepts 9–23, 52–3, 63–78, 126–7
deterministic volatility 72
drift calculation methods 64–78
drifts in the general case of several forward

rates 74–5
fundamental theorems 64–78
LIBOR-in-arrears 70–4
origin 9–10
volatility drifts in the swap measure 75–8

noise factors, empirical correlation blocks 181–5,
188–90

non-monotonic smiles 51–2
non-positive semi-definite correlation matrices

128–39
‘normal’ days 39, 41–5, 59–64, 91–100, 244–5,

254–5, 257–70
normal-to-excited state transitions, market stress

volatility structure 261, 263–5, 267–9
normal-to-normal state transitions, market stress

volatility structure 261–3, 267
normal-to-unknown transitions, market stress

volatility structure 265–6
numeraires

change-of-numeraire technique 64–78
LMM concepts 9–23, 64–78
positive values 10–11, 64–78

numerical calibration method, correlation
matrices 128–39

option pricing models 1–5, 25–78, 175–9,
205–20

see also LIBOR...; LMM-SABR...; SABR...
out-of-model hedging

see also hedging; volatilities of the volatilities
concepts 206–10, 219, 231, 247–55

out-of-the-money options 28, 33–4, 250–5, 270
‘outside-the-model’ hedging methodologies 5
overview 1–5

parameter hedging 181–2
parameters

see also beta; correlation; volatilities...

definition 232
LMM-SABR model 81–100, 101–23, 143–51,

159–60, 175–9, 181–202, 206–7, 231–46,
254–5

SABR model 26–45, 81–2, 143–51, 159–60,
175–9, 181–202, 206–7, 231–46, 254–5

partial derivatives 77–8
payoffs, discounting covariance 9–23
percentage returns 145–6
‘perfect model with the perfect hedge’ 4–5, 213,

243
performance tests, hedging 231–46
philosophy of option pricing models 1–5
‘Platonic’ model correlation matrices 182–5,

231–46
Pogudin, Andrei 225–9
portfolios of hedging instruments 207–20,

221–30, 260–70
pragmatic approaches, hedging 5, 257–70
pricing models 1–5

see also option pricing models
principal component analysis 191, 217, 219
problems with the SABR model 2–3, 25, 26–7,

35–7, 46–50
pure geometric diffusion 46–50, 145–6

qualitative behaviour, SABR model 29–37,
249–55

quality issues, hedging 1–2, 181–2

Radon–Nikodym derivative 65–73
random matrix theory

concepts 182–202
critique 190–1

recalibration needs 44–5, 207–11, 216–17,
234–46

recombining binomial trees 173–5
reduced-form models 26–7, 61–4
reference parameters, SABR model 26–45, 81–2,

143–51, 159–60, 175–9, 206–7, 231–46,
254–5

reference swaptions 249–55
see also swaptions

references 271–4
relative entropy 182, 198–202
relative prices 64–78
‘relevant’ data 144–51
residual time to maturity of the forward rates

59–64, 95–9, 160–1, 259–70
results of the actual calibrations of caplet prices,

LMM-SABR model 91–100, 234–46
results of the best fits for correlation matrices

calibrations 192–5
results of the hypothetical approximations of

caplet prices, LMM-SABR model 88–91,
117–23, 233–46

htt
p:/

/w
ww.pb

oo
ks

ho
p.c

om



282 INDEX

results of the hypothetical
approximations/simulations of swaption
prices, LMM-SABR model 101–2, 109–23,
233–46

results of the LMM-SABR model hedging
performance 243–6

results of the quality of survival hedging tests
266–9

results of the SABR model hedging performance
234–43

returns, empirical evidence 145–51
risk premiums 176–7, 219–20
risk reversals 243–6, 254–5
risk-neutral measures 25, 65–78, 205–6
rolling standard deviations, direct estimates of the

rolling standard deviations 159, 162–3,
166–9, 175

ROSAMUND 26

SABR model
see also beta...; correlation; LMM-SABR...;

smile...; volatilities...
ATM options 28–9
benefits 2–3, 25, 178–9, 202, 218–20, 231,

243–6
concepts 1–5, 11, 25–50, 51–2, 73–100, 118,

128–9, 143–51, 159–79, 211–13, 221–30,
231–46

critique 2–3, 25, 26–7, 35–7, 46–50, 52, 94,
143–51, 159–79, 218–20, 231–46

definition 26–9
description 26–9
direct estimates of the rolling standard

deviations 159, 162–3, 166–9, 175
drifts 11, 26–7, 49–50, 51–78, 82–100
empirical evidence 143–202, 231–46
estimates 143–202
hedging 205–20, 221–30, 231–46
information from the options market 175–9,

243–6
local volatility models critique 1, 25, 205, 243
log-normality issues 28–9, 46, 53
market prices fits 40–5, 59–64, 81–100,

231–46, 259–70
market standards 2
maximum-likelihood estimation approach 159,

171–5
normal case 28–9
normality of the residuals 159, 164–70
option price types 27–8
parameters 26–45, 81–2, 143–51, 159–60,

175–9, 181–202, 206–7, 231–46, 254–5
problems 2–3, 25, 26–7, 35–7, 46–50
qualitative behaviour 29–37, 249–55
reference parameters 26–45, 81–2, 143–51,

159–60, 175–9, 206–7, 231–46, 254–5

results of the actual calibrations of caplet
prices 91–100, 234–46

results of the hypothetical approximations of
caplet prices 88–91, 117–23, 233–46

results of the SABR model hedging
performance 234–43

special cases 28–9
volatility clustering in the (LMM)-SABR

model 37–40, 244–5
SABR smile surface 1
scenario hedging 59, 254–5, 257–70

see also hedging; market stress...
SDEs see stochastic differential equations
second-order derivatives with respect to the

underlyings
see also vanna; volga
hedging concepts 214–15

separating hyperplane theorem 65
Shakespeare, William 205, 210, 257
short-expiry options 61–4, 95–9, 225–8, 244–6,

249–55, 259
signal factors, empirical correlation blocks

181–5, 188–90
simple correlation, concepts 16–17, 19, 54–7
Singular Value Decomposition 262, 263
skewness, empirical evidence 146–51, 164–70,

176–8
smile surfaces

see also SABR model
concepts 1–5, 11, 13–15, 25, 29–45, 51–4,

81–100, 109–23, 216–20, 234–46,
248–55, 257–9

curvature/slope contrasts 33–4, 85–8, 218–20,
248–55

deformations 216–20
evolution 2, 3–4, 53–4
flat-volatility calibrations 95–9, 186
guesstimates 4–5, 111–13, 255
market stress conditions 257–9
qualitative behaviour of the SABR model

29–37, 249–55
shapes 29–45, 85–100, 110–23, 209–10,

248–55, 260–70
shifts 29–34, 216–20, 248–55
slopes 29–45, 85–100, 110–23, 209–10,

218–20, 248–55
sociological explanations, beta choices 44–5,

178–9
spread options 17, 186–7, 191–2, 208, 248–9
standard LIBOR, concepts 70–3
state variables, hedging concepts 206–10, 219,

232–46, 254–5
stochastic calculus 10–14, 46–50, 65–78
stochastic differential equations (SDEs) 46–50
stochastic discounting 9–23
stochastic volatility

see also CEV...; SABR model

htt
p:/

/w
ww.pb

oo
ks

ho
p.c

om



INDEX 283

concepts 2–3, 4–5, 26–50, 51–78, 83–100,
175, 205–20

critique 35–7, 46, 47–50, 94
general dynamics 63–4, 74–5
LMM-SABR model 53–64, 83–100
model types 51–2
Variance Gamma model 2

stochastic-volatility extensions, scaling factors 16,
58–9

strangles 245–6
strictly stationary stochastic processes 59
strike prices, concepts 1–5, 29–50, 79–139
super-correlation matrices 55–6, 109–23,

144–51, 160, 181–202, 247–55
survival hedging 63, 255, 257–70

see also market stress...
swap-rate/swap-rate-volatility correlations

concepts 104, 108–23
derivation 120–2

swap-rates 104–23
swaps 2–3, 29–50, 75–8, 104–23, 186–202,

231–46, 247–55, 260–70
forward rate dynamics 102–4
trigger swaps 260–70
volatility 75–8, 104–23

swaption cube 101–2
swaption matrices 101–2, 218–20, 231–46,

257–70
‘swaption-like’ products, concepts 247–8
swaptions 1, 2–3, 12, 17, 29–50, 60–4, 88,

95–100, 101–23, 173–5, 202, 207–10,
217–20, 225–30, 231–46, 247–55, 257–70

calibration problems 101–2
caplets 95–9, 102–4, 220
flat-volatility calibrations 95–9, 186
‘freezing’ strategies 104–8
fundamental types 249
future work 118
hedging 202, 207–10, 217–20, 225–30,

231–46, 247–55, 257–70
instantaneous volatilities 104–5, 233–46,

248–9
LMM-SABR prices calibration method 88,

95–9, 101–23, 202
results of the hypothetical

approximations/simulations of swaption
prices 101–2, 109–23, 233–46

Taylor expansions 87–8, 107–8, 262
‘tent’ model 185–202
term-structure models

see also LIBOR market model
concepts 9–23, 27

theta 220, 270
time to maturity of the forward rates 59–64,

85–8, 95–9, 259–70

time-homogenous functions 11–12, 15–16, 22–3,
27, 54, 58–64, 82, 95–100, 160–1, 259–70

time-inhomogeneous volatility functions 95–100
tower rule 86–8
traded assets, no-arbitrage drift calculations

64–78
traders

behavioural factors 44–5, 178–9, 219–20
implied volatility deformations 216–17
margins 4–5
survival hedging 270

‘tricks’, LMM 22–3
trigger swaps 260–70
‘true’ volatility, definition 232
two-state Markov-chain model 2, 5, 51–2, 60–4,

97–100, 244–6, 257–70

uncertainty, models 5, 12
‘unit of account’, no-arbitrage conditions among

forward rates 9–23, 64–78
unobservable volatility estimates 232–3
USD

forward rates 150–1, 160–3, 166–9, 218,
266–7

yield curve (early 2000s) 48–9

Vailliant brackets 74–5
vanna

see also delta...; second-order derivatives...
concepts 214–15, 219–20
definition 214–15

Variance Gamma model, critique 2
vega, definitions 212, 213–14
vega hedging 3–4, 205–20, 229–30, 231,

235–46
see also hedging; volga
concepts 213–20, 229–30, 240–3
definitions 213–14
SABR-(LMM) model 229–30

‘virtual’ market changes, concepts 240–3
Viterbi identification 260–1
volatilities 2–4, 9–23, 26–50, 51–78, 81–100,

101–23, 143–51, 159–79, 181–202,
206–20, 221–30, 247–55

see also SABR...; smile...
direct estimates of the rolling standard

deviations 159, 162–3, 166–9, 175
empirical evidence 143–51, 159–79, 181–202,

231–46
estimates 143–51, 159–71, 181–202
expiry dependencies 27, 59–64, 82–100,

160–1, 235–46, 249–55, 259–70
hedging moves 221–30, 249–55
information from the options market 159,

175–9, 243–6

htt
p:/

/w
ww.pb

oo
ks

ho
p.c

om



284 INDEX

volatilities (continued )
market excitations 39, 41–5, 59–64, 91–100,

243–6, 257–70
maximum-likelihood estimation approach 159,

171–5
normality of the residuals 159, 164–70
‘true’ distribution demands 52
vega hedging 3–4, 205–20

volatilities of the volatilities
see also out-of-model hedging
beta links 35–7, 84–8, 91–100, 175–8
concepts 3, 26–8, 33–7, 40–5, 58–64, 81–2,

84–100, 102–4, 106–23, 143–51, 160–79,
219–20, 233–46, 248–55

direct estimates of the rolling standard
deviations 162–3, 166–9, 175

estimates 160–79
LMM-SABR model calibration 81–2, 84–100,

102–4, 106–23, 143–51
the market 40–5, 81–2, 84–100, 102–4,

106–23, 175–8, 233–46
maximum-likelihood estimation of the

volatilities 171–5
normality of the residuals 164–70
qualitative behaviour of the SABR model

26–8, 33–7, 249–55
volatility clustering in the (LMM)-SABR model

37–40, 244–5

Index compiled by Terry Halliday

volatility functions
concepts 11–13, 59–64, 259–70
shapes 12–13

volatility hedging see vega...
volatility terms, correlation 12–14
volatility-rate blocks, hedging 251–5
volatility/volatility correlations 3, 126–39,

181–5, 188–202, 233–46, 248–55
estimates 181–5, 188–202, 233–46
hedging 233–46, 248–55
noise/signal factors 190

volga
see also second-order derivatives...; vega...
concepts 214–15, 219–20
definition 214–15

‘weighted-average-like products, concepts
247–8

White, R. 2, 99–100, 191–2, 244–5, 259–60,
267

wide-sense stationary stochastic processes 59
Wiener processes 46–7, 65–6, 224–5

yield curves 2–3, 10–11, 26, 48–9, 149–50

zero-variance portfolios 223–8, 263, 270

htt
p:/

/w
ww.pb

oo
ks

ho
p.c

om


