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2-norm constrained portfolios, Bayesian
approaches 197-201
2007-09 credit crisis see credit crisis from 2007
A-norm constrained portfolios, Bayesian
approaches 197-201
absolute aspects, VaR 14
active fund managers 35-6, 534, 61, 116-20,
133-4, 139, 1414, 154-6, 158-60, 208-9,
257-8, 264, 265-6, 282
actuaries 263
agents, state of the world 228-30
Akaike information criterion 52, 124
see also heuristic approaches
alpha-beta separation concepts 153—4, 209
alphas 1424, 1534, 161-3, 169, 170-1, 202,
238-9
see also skills
ambiguity aversion 267-8
analytical techniques 24, 42, 91-135 2067,
229, 241-2
anchors, Black-Litterman pu ttaiio construction
technique 1914
Anderson-Darling normality test 31
Ang and Bekaert RS model 218-41
annealing schedules 138
annuities 116
appendix 4, 287-93
Arbitrage Pricing Theory (APT) 152
Archimedian copulas, definition 78
Asian crisis 128
Asimov, Isaac 245
asset allocations 3, 5, 35-6, 41, 142, 154-6,
161-3, 174-5, 221, 226-31, 241-3, 264,
289-91
asset-liability management (ALM) 157, 161,
192, 240, 242, 258-61, 263
asymmetric correlation phenomenon 218-19
audit teams 2767
augmented risk models 91, 93, 96-7
see also econometric . . . ; fundamental . . .
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autocorrelations 57, 1234

autoregressive behaviour 29—11, 121-4, 218,
234-6, 241-2

autoregressive models (AKR) 121-2, 1234, 218,
234-6, 288, 289-50

autoregressive and rioving average model
(ARM A 254

average re‘nr:s 164, 217-19

backf.lled data, exercises 288-9
backtesting 73-8, 97, 163-9, 180, 206-7, 284

sce also information ratio . . . ; performance
evaluations; Sharpe. . . ; Sortino. . . ;
Stirling . . .
Bank of England 247

bankruptcies 9, 35

banks 2, 7, 8-9, 18, 54, 61, 85, 118, 221, 240,
242,246-61, 269, 271, 273-4, 283, 292-3

Basel II 248-50, 274
failures 9, 246-7, 261
‘living wills’ 247

barrier options 232

Basel II 248-50, 274

‘Bayes-Stein’ estimation 1947

see also shrinkage . . .

Bayesian approaches to portfolio construction 5,
145, 167, 178, 180-1, 187-90, 193,
197-203, 206-8, 209, 212, 222, 237, 238,
254, 269-70, 284

see also resampled portfolio optimisation

Bayesian priors 178, 188-90, 206-7, 209, 212,
222,225,236, 256-7, 281, 284

‘bear’ regime, regime-switching models 218-19

behavioural psychology 1-2, 6-10, 54-5, 57, 87,
134, 144-5, 161-3, 164-9, 173-4, 188-90,
195-6, 218-31, 235-6, 240, 245-7, 2634,
267,278,281, 282, 284

benchmarks 35-6, 57, 154, 164-6, 171, 239, 242

Bentham, Jeremy 222

Bernoulli distribution 35
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‘best in breed’ approaches, fund managers 155-6
betas 87-8, 93-5, 114-15, 1514, 242
Bewley, T.F. 267-70
‘beyond default’ loss 2467
biases 1-2, 6-10, 57, 87, 134, 164-9, 195-6,
221, 240, 246-7, 263, 267, 281, 284
bid-ask/offer spreads 159, 178, 225
binary trees 87-90
binomial distributions 35
binomial lattices 157, 231
bivariate Normal probability distributions 614,
68-9, 76, 218-19
‘black swans’ 7, 85, 250, 283
Black-Litterman portfolio construction technique
(BL) 5, 145, 151, 173, 177-8, 1914,
200-2, 208-9, 238
see also robust mean-variance portfolio. . .
Black-Scholes option pricing formula 157, 175,
232-4,271-2
blended PCA/ICA portfolio risk models 91, 98,
103, 112-20, 134-9
blind-source risk models 91, 93, 95, 96115
see also principal components analysis;
statistical . . .
Bloomberg market data 56
boards of directors 261, 2767
Boltzmann probability distributions 137-8
bonds/bond-indices 17, 23, 58-9, 86, 94-7, 172,
175, 246-7, 254, 282
bootstrapping methods 198, 202-9
see also resampled. . .
bounded rationality 54-5, 161-3, 173—4 125-90
box counting 67-8, 124-5
see also fractile—fractile plots
bracketing the extremum 135-€
Bretton Woods agreement 23
Breuer, T. 255-7
brokerage commission transaction costs 158-9,
225,232-4
Brownian motion 156
budgets 3, 142-3, 145, 161-3, 175, 237-8,
265-6, 274, 275-6, 284
business models 6, 10

calibration concepts 163-9, 197-201, 231-2
see also backtesting
call-put ratios 32
Capital Asset Pricing Model (CAPM) 18, 144,
149-52, 173-4, 191-2, 196, 266
see also Black-Litterman . . . ; mean-variance
optimisation techniques
capital gains tax 160
capital market line (CML) 1504, 191-2
capital requirements see regulatory capital
requirements
capitalisation classifications 94-5, 99

cardinal utility measures 222-3
‘carry trades’ 2
Cartesian grids 213-14
‘catastrophe’ premiums 271
Cauchy distributions 42, 109
Cauchy-Schwarz inequality 109
causal dependency models 834
see also co-dependency . . .
Central Limit Theorem 20, 32-45
certaincy equivalence 187-90
chain-link calculations 59
changing variables, Monte Carlo simulations
210, 211-13
chaotic market dynamics 125-7, 270, 283
characteristics functions 33-5
chi-squared distributions 30-1
chief executive officers 2767
chief risk officers (CROs) 272-3
Cholesky decompositicn 215
classification structuses, portfolio risk models
94-5, 99
Clayton copula, ozfinition 78
cluster analyv<is §7-90, 95, 129-33, 142, 175,
285
co-aerendaency characteristics 78—84, 119-20,
214-15
sze also causal dependency . . . ; copulas
co-skewness 23940
Cochrane, J.H. 144-5
coherent risk measures 15, 243
see also tail VaR
collateralised debt obligations (CDOs) 76, 79,
231,260, 271
commercial banks, stress testing 292
The Committee of Sponsoring Organisations of
the Treadway Commission 275
complexity pursuit 111-12, 113-14
conditional VaR (CVaR) 15, 148, 153, 1934
see also tail VaR
conjugate priors 190
constant proportional portfolio insurance (CPPI)
157
constant relative risk aversion (CRRA) 223-31
continuous distributional forms 11-23, 41
continuous time 5, 231-2
convergence concepts 33—4, 48, 49, 1234, 185,
210-15, 240
convex sets 207
coping mindsets 2, 4, 6, 263-79, 281, 285
copulas 64-90, 119-20, 193, 214-15, 243
see also fractile—fractile plots
Cornish-Fisher fourth moment approximations
26-9, 39, 114, 118, 282, 287-8
corporate actions, stress testing 259
corporate bonds, empirical examples of fat-tailed
behaviour 17
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correlation coefficients 41, 78, 84-5, 87, 88-90,
105, 107, 110-11, 119-20, 181, 192-3,
196-7, 21843, 250, 271, 282-3, 289-91

see also copulas

cost of capital, CAPM 149-54

counterparty risk 252-3, 259

covariances 73-5, 77, 78, 85, 88, 94-7, 100-3,
130-3, 146-75, 177-215, 219-43, 256, 282,
289-92

crashes 2, 7, 8-9, 18, 50, 54, 55, 128-9

credibility weightings 187-90, 209

credit crisis from 2007 2, 7, 8-9, 18, 54, 61, 118,
221,247, 251-2, 261, 269, 271, 273

credit default swaps (CDSs) 255

credit ratings 94-5, 97, 275

CRMPG-III 251-2

cross-sectional comparisons, concepts 9-10,
72-5, 82, 238-9

crowded trades 53-5, 84-5, 268-9

cubic-cubic quantile curve fits 51

cumulative distribution functions (cdfs) 12-15,
31-2,42-4, 46-7, 63-5, 81-3, 214-15

cumulative returns, performance evaluation
statistics 164

currencies 22-3, 92, 95-6, 155-6, 225, 246-7

curse of dimensionality 213

curve-fitting approaches, QQ-plots 28-9, 80-3,
282

daily returns on various equity market indices
18-30, 40, 50, 51, 57-8, 86-7, 282
data
concepts 55-9, 85-90, 91-7, 143, 1783-%%
mining 143
de-correlated return series 57-8
decision-making, Knightian uncertainty 229,
266-79, 285
deferred taxes 249
delta hedging 2324
see also dynamic hedging
derivatives 53, 84-5, 94-5, 157, 171-3, 175,
201-2, 214, 228, 2314, 240, 242, 255,
259-60, 271-2, 285
see also futures; options; swaps
pricing theory 157, 175, 2314, 240, 242,
271-2, 285
regime-switching models 231-2, 242, 285
stress testing 255, 259-60
deterministic chaos 126-7, 270
difference equations 1214
discrete time 5, 228, 231-2, 241-2
‘distance’ definitions, cluster analysis 88-90,
142,283
distributional forms, concepts 11-23, 42-50,
51-3, 79-80, 129-33, 168-9, 206-7,
243

distributional mixtures 5, 37-41, 52, 55, 68-9,

91, 129-33, 134-5,217-43
see also regime-switching models

divergences, multi-dimensional QQ-plots §2-3

diversification 17, 18-20, 33-4, 35-6, 2201,
249-50, 264, 265, 282, 292

domain of attraction 44-5, 467

see also generalised central limit theorem

dot.com boom 54, 163

Dow Jones market data 56

downside extreme events 10, 15-17, 20, 26,
31-2, 36, 40, 50, 77, 80-1, 218-19

downside standard deviation, Sortino
performance ratio 165

drawdown, performance evaluation statistics 164

dual benchmarks, mean-variance optimisation
techniques 154, 173

duration 59, 94-5, 97, 254

dynamic hedging 172-3,232-4, 253, 265

dynamic multipliers 12—

dynamic programming-149, 226-31

econometric risk rnodel 91, 924, 95-7, 98,
133—4
econorvic seenario generators (ESGs) 201-2, 232
econcmuc sensitivities, time factors 58-9, 86—7
efficient frontier analysis 145-54, 191-4, 204-5,
290
see also risk-return optimisation
efficient market hypothesis (EMHs) 1734
eigenvalues 69-75, 100-6, 114, 122, 125, 187
see also principal components analysis
eigenvectors 100-6, 114-15, 125, 186-7
see also principal components analysis
electroencephalography (EEG) 107-8
emerging markets 2634
empirical examples of fat-tailed behaviour
11-23, 56, 78-83, 282
ensemble Monte Carlo technique 214
enterprise risk management (ERM) 274-5, 279,
293
entrepreneurs, uncertainty profits 266, 269, 278
entropy 85, 88-90, 110-11, 124-5, 256-7
equally weighted (1/N rule) portfolios 182-3,
187, 197-201
equity indices 17-22, 23, 24, 40, 50, 51, 56, 85,
94-7, 175, 218-19, 246-7, 259-60, 282
‘equivalence’ measures 5, 9, 181, 206-7
estimation errors 5, 177-8, 180-7, 195-201,
206-7
Eurepo 8-9
Euribor 8-9
Euro block 22-3, 274
European options 32
ex-ante tracking error 15, 146-54, 162-3
exact error estimates 181-5
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excess returns, exact error estimates 182—5
exchange traded funds (ETFs) 240
exercises 4, 287-93
exogenous factors, portfolio risk models 91-7, 98
expectation-maximisation algorithm (EM)
129-33
expected shortfall 15, 1934
see also tail VaR
expected utility theory 2224
exponential family of probability distributions
190
extrapolation
see also extreme value theory
interpolation contrasts 47-9, 282
extrema concepts 135-7
extreme events 1-6, 7-10, 11, 246, 251, 263-79,
281-6, 293
see also really extreme events; risk
extreme value theory (EVT) 16-17, 45-50, 282
see also Fisher-Tippet theorem

F-tests 182-7
factor analysis see principal components analysis
fat tails
see also kurtosis; skew
beneficial aspects 36, 282
causes 20, 3241, 53-5, 84-5, 217, 237-9,
268-9, 281, 282-3
concepts 1-6, 7-59, 61-90, 91-2, 116-20,
217-43, 264, 281-6
definition 1, 11, 61
empirical examples of fat-tailed behavicar
11-23, 24, 40, 50, 51, 56, 78-22, 28
EVT 16-17, 45-50, 282
heuristic approaches 237-40
joint (multivariate) return series 1-2, 4, 7,
33-4,61-90, 282-3,28%5+92
moments of the distribution 23-32, 287-8
Monte Carlo simulations 214-15
persistence considerations 20, 40
portfolio construction techniques 5, 217-43,
285
practitioner perspectives 53-6, 75-6, 83-5
principles 7, 10, 16, 23, 29, 32, 36, 40, 49, 52,
55, 84-5, 264, 281-2
regime-switching models 5, 23640
relative aspects 7-10, 263-6, 281
selection effects 116-20, 264, 265-6, 283
single (univariate) return series 4, 7-59,
281-2, 287-8
visualisation approaches 11-17, 27-8, 614,
80-1, 281
feedback loops 53—4, 55, 1634, 245-6
Financial Services Authority (FSA) 247, 248-9,
251, 252-3, 274
financial services entities, stress testing 292

finite variance returns 35, 41-5
see also generalised central limit theorem;
stable distributions
first order autoregressive models 235, 288
first order conditions (FOC) 227
Fisher-Tippet theorem 46-50
see also extreme value theory
fitted cubic 39-40
flexible least squares approach 242
forecasting techniques 127, 129, 1334, 139,
163-9
Fourier transforms 122—4
fractile—fractile plots 66-75, 119-20
see also copulas
Fréchet distribution 46-50
frequency domain characterisation, moving
averages model 1234
FT Interactive Data 56
FTSE All Share index. 18-20, 27-8, 30, 39-40,
50-1, 56
FTSE W Europe (£ UK) index 18-21, 27, 30
fund managers 35-6, 534, 61, 84-5, 116-20,
132-4.13),"141-5, 154-6, 158-60, 161-3,
164-5. 169, 170-1, 208-9, 238-9, 240,
2578, 264, 265-6, 268-9, 279, 282, 285
furdaniental risk model 91, 92-5, 96-7, 98,
1334
fature returns, past returns 245-6
futures 87
‘fuzziness’ issues, regime-switching models
228-9, 236

GAAP 249
Gamma function 767
Gaussian copula 65-79
Gaussian mixture models (GMM) 129-33,
134-5
see also k-means clustering
gearing 152
generalised autoregressive conditional
heteroscedasticity (GARCH) 39-41, 218,
236
generalised central limit theorem 44-5
see also finite variance returns
generalised least squares regression 29, 121,
124-5, 138
genetic portfolio optimisation 138, 139
geometric Brownian motion 156
global extrema 136-7, 138, 283
globalisation 87, 221
‘goodness of fit’ 52
goodwill 16-17
governance models 261, 272-8, 286
governments
bonds 17, 23, 58-9, 86, 94-7, 172, 175,
246-17, 254, 282
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currencies 22-3
debt levels 8-9
gradient ascent 112
Gram-Schmidt orthogonalisation 110, 114-15
‘growth’ stocks 95, 152
‘GRS F-test’ 1834
guaranteed products 240
Gumbel copula 78
Gumbel distribution 46-50
‘gut feelings’ 3
see also qualitative perspectives

hedging 53—4, 172-3, 208-9, 231-4, 240, 253,
254, 265-6
Herfindahl Hirshman Index (HHI) 194
heteroskedasticity 20, 38—41, 124-5
see also time-varying volatilities
heuristic approaches 5, 124, 221, 237-40
see also Akaike information criterion
hierarchical clustering 87-90
higher frequency data, estimation errors 181-2
higher moments 31-2, 53, 80-1, 165-6, 218-19
see also Kurtosis; regime-switching models;
skew; variance
holistic approaches 155-6, 273-5
home country bias 221
hyperbolic tangent distributions 110-11
hypothesis tests 24-32, 89-90, 104-6
hysteresis, concepts 235-6

identity matrix 181, 196-9
idiosyncratic risk 93-7, 103, 1514, 186-7
253-4, 283
impact assessments, stress testing 6, 245-61
implementation challenges 4, 55-9,85-90,
134-9, 1434, 174-5, 209-15,:241-3,
258-61, 279
implied alphas 1424, 153-4,169, 170-1, 209,
238-9
see also reverse optimisation
implied correlation 85, 282
implied covariance 85, 282
implied volatility 40, 53, 85, 201-2, 270-2, 282
importance sampling, Monte Carlo simulations
210,211-13
in-sample backtesting 166-9
inadmissible estimators 195-7
income tax 160
incubation, concepts 134
independence tests, risk-model backtesting
168-9
independent components analysis (ICA)
‘all at once’ extraction of un-mixing weights
110-13, 114-15
blended PCA/ICA portfolio risk models 91,
98, 103, 112-20, 134-9

complexity pursuit 111-12, 113-14
concepts 4, 91, 96, 98-9, 106-15, 134-9
correlation contrasts 107, 110-11
definition 96, 98, 106-7, 112-13
fat tails 11620
kurtosis 109-10, 113-20
PCA contrasts 112-15
uses 98, 106-7
variance uses 113-15
index of stability 42—4
inertia assumption 267-9, 279
inflation 83—4, 239
information ratios 143—4, 162-3, 164-5
input assumptions, portfolio construction
techniques 177-87, 191-4, 284
insurance companies 83, 144-5, 232, 248-61,
267-8, 274, 292-3
interbank lending 8-9
interest rates 92, 95-6, 251-2, 254, 267
interior point method-174--5, 188
internal models 250, 274, 2767
International Ac<ownting Standards Board
(IASR) 249
interpolation ~oncepts 47-9, 86-7, 282
investnient banks 292
inves{ors
tvpes 221-2, 235-6, 265-6, 268-9
vility functions 217, 221-31
isoelastic utility see constant relative risk
aversion
Ito processes 156

James-Stein estimate 194-7
see also shrinkage . . .
Jarque-Bera normality test (JB), concepts
30-1
joint (multivariate) return series 1-2, 4, 7, 334,
61-90, 94, 95, 119-20, 162-3, 177-8,
194-7,203-4, 208, 214-15, 217-43, 282-3,
288-92
copulas 61-90, 119-20
definition 1, 7, 614
empirical estimation of fat tails 78-83
exercises 288-92
fractile—fractile plots 66-75, 119-20
implementation challenges 85-90
marginal distributions 64-90, 119-20, 21415
multi-dimensional QQ-plots 80-3
practitioner perspectives 83-5
principles 84-5, 88, 264, 282-3
time-varying volatilities 72-5, 84-5, 217-43,
264, 282-3
visualisation approaches 61—4, 80—1
judgemental processes 3, 231, 237-40, 279
see also qualitative perspectives
jumps 251-2
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k-means clustering 129-33
see also Gaussian mixture models
Kalman filter 167
Knightian uncertainty 229, 26679, 285
Kolmogorov complexity 111-12
Kolmogorov-Smirnov normality test 31
Kullback-Leibler ‘distances’ 89-90, 110
see also relative entropy
kurtosis 25-32, 35, 38, 53, 58, 68, 71-5, 109-10,
113-20, 138, 218-19, 239, 282, 287-90,
291-2
see also leptokurtosis; skew

I-norm constrained portfolios, Bayesian
approaches 197-201
Lagrange multipliers 171, 198-9
lambdas 204-5
language uses, risk budgeting 3
lattices 157, 231
learning 10, 87, 129-30, 270
least squares regression 29, 121, 138, 242
Ledoit and Wolf shrinkage approach 181-2,
196-9
leptokurtosis 38
see also kurtosis
leverage 152
Lévy distributions 34, 42
see also stable distributions
life insurance companies 248-61, 272, 292
likelihood function 6, 78-9, 89-90, 111, 124-5
130-3, 183, 188-90, 195-7, 245-6, 253,
257-8, 278
likelihood ratios 89-90
see also relative entropy
limited liability structures, put options 261
linear combination mixtures 58, %1, 97-129
see also independent ¢conipenents analysis;
principal components analysis
linear difference equations 1214
linear regression, market dynamics 120-5
linear time series analysis 128-9
liquidity risk 33, 54, 55, 84-5, 118, 225, 226,
241, 242-3,251-3, 260-1, 268-9, 272, 278,
285, 286
‘living wills’, banks 247
local extrema 135-7, 138
locally linear time series analysis 128-9, 139
log-Normal distributions 1, 11-32, 334, 40, 58,
61-90, 162-3
Long-Term Capital Management (LTCM)
254
long-term contracts, really extreme events
267-9, 278, 286
longitudinal comparisons 9-10, 72-3
look-back/forward bias 164, 1667, 284
loss given default 2467

lotteries, expected utility theory 223
lower partial moments 238-9

‘magnitude’ criteria 6, 98-9, 112-15, 119,
245-6, 265, 283
‘Mahalanobis’ distance 256
management structures, really extreme events
2767
Maple 56
marginal distributions 64-90, 119-20, 214-15
marginal utility theory 222-3
Market Consistency (author) 4
‘market consistent’ portfolio construction 5,
201-2
market consistent values 225
market data 55-9, 85-90, 91-7, 178-87
market dynamics 4, 17, 58, 83, 86-7, 91, 94-5,
97, 120-9, 138-9, 1/2-3, 270, 283
market impact transaction costs 159-60, 225,
2324
market implied data-5, 6, 178, 186-7, 201-2,
270-2
market malcrs, options 172-3
market po-tfolios, Black-Litterman portfolio
comsiruction technique 1914
‘markei risk appetite’, really extreme events
268-9, 277, 286
rarket values 225-6, 231, 285
market-influencing factors 4, 39, 53, 83, 91-139,
263-4, 283, 289
concepts 4, 83, 91-139, 2634, 283
exercises 289
implementation challenges 134-9
portfolio risk models 85-90, 91-7
practitioner perspectives 91-7
run-time constraints 138-9
markets 1-10, 18, 39, 50, 53, 54-5, 57-8, 61, 83,
86-7, 88-90, 91-139, 142, 221, 223-31,
235-6, 245-6, 247, 251-2, 261, 263-6, 269,
271,273, 278, 281, 282, 283, 289
behavioural psychology 1-2, 7-8, 10, 54-5,
57,223-31, 235-6, 245-6, 2634, 278, 281,
282
credit crisis from 2007 2, 7, 8-9, 18, 54, 61,
118, 221, 247, 251-2, 261, 269, 271, 273
October 1987 crash 18, 50
Marklt Partners market data 56
Markov chains 212, 217-18, 227-8, 234-7, 241
Markov processes 40, 212, 217-18, 227-8,
234-7, 241
Markowitz portfolio optimisation 148, 161,
173-4, 180-1, 188, 206-7
see also mean-variance optimisation
techniques
material element of smoothing 288
Mathematica 56
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mathematical equivalence 12
mathematical tools 2-3, 4, 55-9, 85-90, 97-8,
143, 283
see also quantitative perspectives
Matlab 56
matrix theory 100-6, 125, 195-7
see also principal components analysis
maximum domain of attraction (MDA)
46-7
maximum likelihood estimation (MLE) 78-9,
111, 124-5, 130-3, 183, 195-7
mean absolute deviation 138
mean-variance optimisation techniques
see also Capital Asset Pricing Model;
portfolio. . . ; resampled. . . ;
risk-return . . . ; robust. ..
concepts 5, 141, 146-75, 177-215, 217, 218,
222,237, 284-5
constraints 146, 148, 1524, 178-87,
195-201, 204-8, 229, 284
critique 173-4, 177-8, 217, 284
definition 146-9
estimation errors 5, 177-8, 180-7, 195-201,
206-7
exercises 289-91
implementation challenges 174-5, 209-15
input assumptions 177-87, 191-4, 284
more general features 1524
universe considerations 154, 172, 174-5
‘meaningfulness’ criteria 98-9, 112-15, 118-20;
283
means 10, 12-23, 25-32, 37-8, 41, 53, 61,34 -5,
97-8, 114, 138, 146-54, 180-7, 193-.7,
203-8, 219-43, 287-8, 292
medians 138
mesokurtic distributional mixties 28
method of moments 78-9
Microsoft Excel 26, 56
Mill, John Stuart 222
mindsets 2, 4, 6, 263-79, 281, 285
minimax decision rule 267
minimisation/maximisation algorithms 134-9,
175, 178-87, 191-2
see also optimisation
minimum risk portfolio (MRP) 204-5, 232,
276-7, 285
model error 5
modern portfolio theory (MPT) 221
moments of the distribution 25-32, 44, 53, 80-1,
97-8, 113-14, 165-6, 180-1, 218-19,
238-9, 287-8
see also Cornish-Fisher . . . ; kurtosis; means;
skew; standard deviations
monetary values, constant relative risk aversion
224-6
money market interest rates 8-9

Monte Carlo simulations 23-5, 30-1, 83, 84,
157, 185-6, 201-2, 203-8, 210-15, 241-2

monthly returns on various equity market indices
18-30, 867

moving averages model (MA) 112, 122-4

MSCI ACWI Transport 67-71, 116

MSCI ACWI Utilities 67-71, 99-100, 116

MSCI Barra market data 56

multi-dimensional QQ-plots 80-3

multi-period (dynamic) portfolio optimisation
148-9, 156-8, 167, 174-5, 2834

multiple regression analysis 95

multivariate data series see joint (multivariate)
return series

multivariate linear regression 124-5

naive 1/N rule 182-3, 187, 197-201

narrowly-held risks 144-5

‘nearest neighbour’ approacies 236

Nematrian Limited 4,287

nested stress-testing approach 292

net present values, CAPM uses 151

neural networkc 127, 129, 134, 139

no arbitrage rrinciple 94-5, 225

noise 98, 119, 11618, 125-7

non-coircidentally time series, implementation
challenges 86—7

von-constant time period lengths 57-8

non-discoverable processes, really extreme
events 269-70

non-life insurance companies 292

non-Normal innovations 124-5, 1934

nonlinear models 125-7, 129, 172-3, 246

Normal distributions 5, 11-32, 33—4, 41-5,
61-90, 105-19, 129-33, 148-54, 162-3,
187-90, 194-7, 208-9, 211, 214-15,
217-20, 230, 243, 272

‘normal’ regime, regime-switching models
218-19

normalisation of signal strength, blended
PCA/ICA portfolio risk models 115

norms, concepts 197-201

null hypothesis 24-32, 104-6, 230

numerical techniques 174, 210-15

observations, learning 10

October 1987 crash 18, 50

oil prices 92, 95

Omega function 31-2, 165-6

one-sided hypothesis tests 29-31

online toolkits 56

operational risk 249-50, 258, 259-61, 275,
277-9, 292

opinion pooling 193, 209

optimal portfolio allocations, regime-switching
models 226-31
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optimisation 135-9, 141-75, 195-7, 222,

22643, 252,257
see also mean-variance.. . . ;

minimisation/maximisation algorithms

optimisation algorithms, implementation
challenges 174-5

options 53, 157, 171-3, 175, 231-4, 259-61,
271-2

ordinal utility measures 222-3

ordinary least squares regression (OLS) 182-5,
269

orthogonal signals, ICA 108-9, 110, 114-15

out-of-sample backtesting 73-8, 97, 166-9, 180,
206-7, 284

out-of-sample log-likelihood tests (OSLL) 77-8,
168-9

outside-the-box thinking 263-4, 279, 285

over-fitting dangers 41, 50-2, 84, 282

see also parsimony

Own Risk and Solvency Assessments (ORSAs)

274

Padé approximants 124
parameterisations 5, 42—4, 51, 21743
Paris theatre tickets 263—4
parsimony 41, 50-2, 75-6, 84, 132
see also over-fitting dangers
partial derivatives 134-5
partial differential equations (PDEs) 227, 233
passive (index-tracking) fund managers 209, 263
past returns, future returns 245-6
path dependency 175, 232
pegged currencies 22-3
pension funds, stress testing 255, 292
perceptions 10, 84, 264, 265-79, 281
performance evaluations 32..55-%, 163-9, 268-9
see also backtesting; retuims'. . .
persistence considerations, fat tails 20, 40
philosophical perspectives on wealth 3
Pickands-Balkema-de Haan theorem 47
platykurtic distributional mixtures 38
‘plausible’ but unlikely scenarios, stress testing
247-8, 255-7
‘population’ means/standard-deviations,
definition 26
portfolio construction techniques 1-6, 10, 18, 32,
35-6, 88, 119, 141-75, 177-215, 21743,
245-6, 265-6, 281-6, 289-91
see also mean-variance optimisation. . . ;
robust. ..
alphas 1424, 1534, 161-3, 169, 170-1, 209,
238-9
backtesting 73-8, 97, 163-9, 180, 2067
definition 141
exercises 289-91
fat tails 5, 217-43, 285

implementation challenges 174-5, 209-15
input assumptions 177-87, 1914, 284
manager selections 154-6, 264
‘market consistent’ portfolio construction 5,
201-2
multi-period (dynamic) portfolio optimisation
148-9, 156-8, 167, 174-5, 2834
Omega function 32, 165-6
options 171-3
performance evaluations 32, 35-6, 163-9
practitioner perspectives 141-2, 170-1,
173-4, 208-9, 240, 278
principles 141, 149, 158, 160, 162, 166, 167,
171, 174, 190, 193, 198, 226, 229, 254, 264,
278, 281-2, 283-5, 286
really extreme events 265-79
shrinkage approach 181-2, 194-7, 199-203
stress testing 2456, 25261
taxes 145, 158, 160284
traditional techriques 141-75, 283—4, 289-90
transaction costs $3, 143-4, 145, 158-60, 169,
172-3, 175,225, 2324, 241-3, 284
‘portfolio facteries’ 171
portfoliv 1-surance, concepts 157-8
portio ioi1sk models 85-90, 91-139, 167-9,
240, 2467, 260-1, 264, 265-6, 283
s2e also econometric. . . ; fundamental . . . ;
statistical . . .
principles 102, 283
types 91-7, 1334
portfolio-purpose considerations, really extreme
events 265-6
posterior distributions 188-90
see also Bayesian. . .
power spectrum 125
practitioner perspectives 4, 53-6, 75-6, 83-5,
91-7, 133-4, 141-2, 170-1, 173-4, 208-9,
240, 257-8, 278, 284
see also fund managers
pre-filtering requirements 85-6
pre-knowledge concepts 188-90
see also priors
preferences 2224, 271-2
price data, concepts 58-9
pricing algorithms 59, 157, 175, 231-4, 240,
242,260, 271-2, 285
pricing/return anomalies 144-5
principal components analysis (PCA) 4, 69-78,
91, 96-106, 107, 108, 112-20, 134-9,
186-7, 208, 221, 289
see also eigen. ..
blended PCA/ICA portfolio risk models 91,
98, 103, 112-20, 134-9
definition 96, 98-102, 107, 112-13
fat tails 116-20
ICA contrasts 112-15
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one-at-a-time extractions 106
uses 98
weighting schemas 102, 11215
principles’ summary 281-6
priors 178, 188-90, 206-7, 209, 212, 222, 225,
236, 256-7, 281, 283, 284
probability density functions (pdfs) 11-23, 37-8,
61-4, 81-3, 110-11, 210, 228, 241
probability mass functions 11, 228
product (independence) copula 65-75
projection pursuit 109-10, 112, 113-14
proportion of failures (POF) 168-9
pull to par 59

quadratic functions 135-6, 138, 146-75,
177-215, 218, 2224
see also mean-variance optimisation
techniques
quadrature technique 241-2
qualitative perspectives 1-2, 3, 5, 53-9, 141-5,
174, 245-61, 263-79, 281
quantile—quantile box plots see fractile—fractile
plots
quantile—quantile plots (QQ-plots) 12-32, 37-8,
45, 49-50, 52, 66-75, 80-3, 214-15, 281,
282
curve-fitting approaches 28-9, 80-3, 282
definition 12-14
distributional mixtures 37-8, 52
exercises 287-9
moments of the distribution 23-32, 287-8
multi-dimensional QQ-plots 80-3
stable distributions 45
TVaR 16
quantitative perspectives 1-2, 3, 5,23--3, 97-8,
126-7, 1334, 141-75, 217-42.245-6, 263,
279, 281
see also mathematical tools
quasi-quadratic algorithms 138
quasi-random sequences, Monte Carlo
simulations 210, 213-14

random matrix theory 104-6, 130
see also principal components analysis
random number generators 214—15
rational behaviour 54-5, 144-5, 150, 161-3,
173-4, 188-90, 218-26, 2634, 278
real estate markets 567
real world 5, 10, 84, 217-43, 264, 265-79, 281,
285
realised variance 53
really extreme events 2-3, 6, 7, 246, 251,
263-79, 281, 282-3, 285-6, 293
correlations 271
definition 6, 263-6
enterprise risk management 274-5, 279

governance models 272-8, 286
implementation challenges 279
Knightian uncertainty 229, 266-79, 285
long-term contracts 267-9, 278, 286
management structures 276—7
market implied data 6, 270-2
mindsets 6, 26379, 281, 285
non-discoverable processes 269-70
operational risk 275, 277-9
outside-the-box thinking 2634, 279, 285
portfolio construction techniques 265-79
portfolio-purpose considerations 265-6
practitioner perspectives 278
principles 264, 268, 269, 278, 285-6
reaction guidelines 268-70, 274-9, 285
short-term contracts 267-9, 278, 286
statistics 2-3
uncertainty 266—79
rebalanced portfolios 224,.232—4
recent past observaticny. 8:-9
recursive substitution 121-2
references 295-320
regime-switching'models (RS) 5, 37, 40, 132-3,
217—43.265,291-2
see wlsn time-varying . . .
autoregressive behaviour 234-6, 241-2
‘bear’/‘normal’ regime types 218-19
complications 2201
constraints 229
critique 218-21, 227-9, 241-3
definition 5, 217-18, 230-1
derivatives pricing theory 2314, 240, 242,
285
examples 218-19
exercises 291-2
fat tails 5, 236-40
‘fuzziness’ issues 228-9, 236
general form 230-1
identification of prevailing regime 228-9,
236
implementation challenges 241-3
operational overview 219-20
optimal portfolio allocations 22631
practitioner perspectives 240
principles 221, 226, 229, 285
statistical tests 230
transaction costs 225-6, 2324, 241-3
uses 218-19
utility functions 217, 221-31, 243
regulatory capital requirements 247, 248-52,
261, 270-1, 272, 274-5, 292-3
relative entropy 85, 88-90, 110-11, 2567
see also likelihood ratios
relative performance 35-6, 164-6
religious beliefs 3
resampled efficiency (RE) 202-9
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resampled portfolio optimisation 5, 178, 186,
202-8, 210
see also Bayesian approaches. . .
returns 2, 5, 11-23, 55-9, 85-90, 91-139,
141-75, 178-87, 224, 257, 265-6, 276, 278,
282,283
definition 145-7
empirical examples of fat-tailed behaviour
11-23, 56, 282
market data 55-9, 85-90, 91-7
pricing/return anomalies 144-5
risk 2, 5, 98, 133-4, 141-75, 178-87, 224,
257, 265-6, 278, 283
time-varying risk/return parameters 5, 217-43
reverse optimisation 170-1, 195-7, 222, 238-9,
252,257
see also implied alphas
reverse stress testing 6, 247, 252-5
risk 2-3, 17, 33, 35-6, 54, 55, 98, 102-3, 118,
144-54, 161-3, 209, 222, 223-31, 238-9,
249-50, 251-3, 259-61, 265-9, 273-9, 285,
286, 292, 293
see also extreme events; stress testing
appetites 17, 35-6, 144-5, 161-3, 209, 222,
223-31, 238-9, 265-6, 268-9, 273-9, 286
assessments 5, 1417, 40, 85-90, 91-7, 114,
146-54, 161-6, 173, 177-8, 190-215, 224,
225, 238, 240, 243, 246-61, 274-8, 282,
284-5, 290-1
assurance 276-7
aversion 144-5, 161-3, 223-31, 267-79
budgeting 3, 142-3, 145, 161-3, 175, 237-8,
265-6, 274, 275-6, 284
CAPM 18, 144, 149-52, 266
definitions 2, 145-7, 266, 276-7
ex-ante tracking error 15;.116-:54, 162-3
management 6, 68-9, 5,123-4, 245-61,
270-9, 283, 293
portfolio risk models 85-90, 91-139
returns 2, 5, 98, 1334, 141-75, 178-87, 224,
257, 265-6, 278, 283
system vendors 40
time-varying risk/return parameters 5, 217-43
TVaR 15-17, 148, 246-7
types 17, 33, 54, 55, 102-3, 118, 1514,
249-50, 251-3,259-61, 266-8, 276-8, 285,
292,293
VaR 5, 14-17, 114, 148, 1524, 166, 173,
177-8, 190-215, 224, 225, 238, 240, 243,
246-61, 284-5, 290-1
risk models see portfolio risk models
risk-free rates 1504, 156-7, 164-5, 172-3, 182,
290
risk-return optimisation 5, 145-54, 163-9,
191-4, 226, 257, 261, 275-6, 278,
285

see also efficient frontier analysis;
mean-variance. . .
risk/reward balance 2, 98, 1334, 141-75, 224,
257
robust mean-variance portfolio construction
techniques 5, 173, 177-8, 190-215, 224,
225,238, 240, 284-5, 290-1
see also Black-Litterman. . . ; portfolio. . . ;
resampled. . .
definition 190—4
exercises 290-1
HHI 194
implementation challenges 209-15
non-Normal innovations 193—4
practitioner perspectives 208-9, 240
principles 190, 191, 193, 198, 209, 284-5
shrinkage approach 181-2, 194-7, 199-203
traditional approaches 190—4, 208-9
robust regression 124-3. 138, 190-1
run-time constraints, market-influencing factors
138-9
Russian debt.<sisis 128

S&P 500 " omposite index 18-21, 27, 30, 50, 56,
87. 154
sainpic means 183, 194-206
canipling errors 23-32, 82-3, 125, 182-3, 202-9
savings and loans associations (S&Ls) 273
scale characteristics 1214, 46-9, 767, 102,
112-15, 185, 226-7
scenario analysis 246-52, 2567
see also stress testing
security market line 150
see also capital market line
selection effects, portfolio risk models 91,
113-15, 116-20, 264, 265-6, 283
self-exciting threshold autoregressive models
(SETARSs) 235-6
separation theorem, multi-period (dynamic)
portfolio optimisation 156—8
Shapiro-Wilk normality test 31
shareholders 15-16, 247, 261
Sharpe performance ratio 32, 164
Sharpe, William 149-50
Sharpe-Omega ratio 32, 165-6
short-sale constraints 181-2, 198-9, 204-5, 226,
229
short-term contracts, really extreme events
267-9, 278, 286
shrinkage approach 181-2, 194-7, 199-203
signal extraction techniques 96, 97-120, 127
see also independent components analysis;
principal components analysis
‘similarity’ concepts 88-90
see also relative entropy
Simplex algorithm 148
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simulated annealing 137-8, 139
single risk factor models 196, 201
single (univariate) return series 4, 7-59, 61, 264,
281-2,287-8
skew 25-32, 42-4, 53, 58, 71-5, 77-8, 114,
218-19, 239, 246, 251-2, 271-2, 282,
287-8,291-2
see also kurtosis
skills 1434, 161-3, 169, 170-1, 208-9, 238-9,
240, 257-8, 279
see also alphas
Sklar’s theorem 65-90, 120
see also copulas; marginal distributions
Smirnov-Cramér-von-Mises normality test 31
smoothing 567, 82-3, 867, 207-8, 212-13,
288
software 55-9, 138-9
Solvency Capital Requirement (SCR) 249-50,
292
Solvency II 248-50, 274, 292
Sortino performance ratio, definition 165
sovereign default 251
sponsor covenant schemes 255

spreads 8-9
stable distributions 16-17, 35, 41-5, 50-2, 121-2
see also finite variance . . . ; Lévy distributions

stable Paretian 44
stakeholders 15-16, 247, 258, 261, 272-8, 285
‘stale pricing’ 57
stamp duties 160
standard bivariate Normal probability
distributions 61-4, 68-9, 218-19
standard deviations 10, 12-23, 25-32,:37-3, 61,
73-7, 80-3, 99-100, 104-6, 113--14,
116-20, 1434, 164-6, 182-5C, 1934,
204-8, 211, 287-91
see also risk . . . ; tracking e1:o1s; volatilities
Standard and Poor’s 275
state of the world, regime-switching models 5,
217-43,285
statistical design approaches, stress testing 255-7
statistical risk model 91, 924, 95, 96-106,
1334
see also independent components analysis;
principal components analysis
statistical significance, backtesting 163-9
statistical tests for non-normality 29-31
Stirling performance ratio, definition 165
stochastic optimal control approaches 157-8
stochastic processes 183—4, 233-4, 270
stochastic programming approaches 157-8
stock selections 161, 174-5
stratified sampling, Monte Carlo simulations
210, 212-14
stress testing 6, 85, 24561, 283, 285, 292
see also risk; Value-at-Risk

critique 2467
definition 245-6, 247-8, 251-2, 2534
exercises 292
generations of stress tests 256—7
greater focus on what might lead to large
losses 248, 250-2
idiosyncratic risk 253—4
impact calculations 258-61
implementation challenges 258-61
key exposures 254-5
methods 246-7, 251-2
‘plausible’ but unlikely scenarios 247-8,
255-7
portfolio construction techniques 245-6,
253-61
practitioner perspectives 257-8
principles 247, 253, 254, 261, 285
regulatory capital compucations 247, 248-52,
261
scenario analysis 246=52, 2567
shareholders 247, .51
statistical desisn zpproaches 255-7
third partiez 253, 261, 285
trade beok ‘ngs/settlements 258-9
traditional approaches 247-52
undler appreciated risks 2534
strictl 7 stable distributions, definition 42
structured investment vehicles (SIVs) 79, 260,
271
sub-additive risk measures 243
substitutability issues, no arbitrage principle
94-5, 225
sum of squared residuals (SSRs), exact error
estimates 183-5
super-states, regime-switching models 236-7
surveyor valuations 567
swaps 53, 255
systematic/systemic risks 17, 102, 1514,
252-61, 283

t-copula 76-8

tail correlations 271

tail indexes, EVT 47-50

tail VaR (TVaR) 15-17, 148, 193, 21011,
246-7

takeovers 9, 35-6

tangency portfolio 150

see also capital market line

taxes 145, 158, 160, 247, 249, 284

term to maturity, bonds 58-9

‘testing to destruction’ 6, 247

third parties, stress testing 258, 261, 285

Thomson Reuters market data 56, 67

threshold autoregressive models (TAR) 128-9,
235-6

time clocks 57-8, 867
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time domain characterisation, moving averages
model 1234
time factors, economic sensitivities 58-9, 867
time predictability 125-7
time series analysis, critique 120-9, 269-72
time stationarity 5, 9-10, 11, 33, 35, 3641, 48,
50,79, 120-9, 177-8, 217, 242
time-varying distributions 5, 35, 3641, 53,
72-5, 84-5, 129-33, 21743, 281, 282-3,
285,291-2
time-varying risk/return parameters 5, 217-43,
281, 285, 2912
see also regime-switching models
time-varying volatilities 5, 35, 3641, 53, 72-5,
84-5, 129-33, 21743, 264, 281, 282-3,
285
see also heteroskedasticity
Tokyo SE (Topix) index 18-19, 22, 27, 30, 31
tracking errors 15, 146-54, 162-6
see also mean-variance optimisation. . . ;
risk . . . ; standard deviations
trade bookings/settlements, stress testing 258—-9
trade-off function, risk-return optimisation 5,
145-54, 163-9, 226, 257, 261, 275-6, 278,
285
traders 142
traditional portfolio construction techniques
141-75, 283-4, 289-90
traditional robust mean-variance portfolio
construction techniques 190—4, 208-9
training algorithms, neural networks 127, 129,
139
transaction costs 55, 143—4, 145, 15800, 169,
172-3, 175, 225-6, 232-4, 241-3, 284, 285
transfer functions 124
transitional probabilities 291-2.
truncated searches, ICA 110
two-sided hypothesis tests 29-31

uncertainty 2-3, 129, 229, 266-79, 285
unconditional-coverage tests, risk-model
backtesting 168-9

under-appreciated risks, stress testing 253—4

univariate data series see single (univariate)
return series

‘unknown unknowns’ 85, 129, 203, 250

unsupervised learning 87, 129-30

upside extreme events 10, 20, 26, 30-1, 36,
39-40, 80-2, 218-19

utility functions 217, 221-31, 243, 285

‘value’ stocks 95, 152
value-added 1434, 161-3, 209, 240, 285
Value-at-Risk (VaR) 14-17, 114, 148, 1524,
166, 167-9, 1934, 210, 243, 246-61
see also stress testing
variance 35, 41-5, 53, 113-15, 146-54, 189-90,
289-92
vector spaces 100-2, 122
see also principal companents analysis
view optimisation 170-1,201-2
see also implied-ainhas
visualisation apnroacnes, fat tails 11-17, 27-8,
61-4, 80-1,231
volatilities-2,.5, 55, 36-41, 53, 58, 72-5, 84-5,
125-23, 146-54, 180-7, 201-2, 217-43,
254:270-2, 276, 281, 282-3
Voa ['cumann and Morgenstern utility theory
223

weekly returns on various equity market indices
18-30, 86-7

Weibull distribution 46-50

weighted covariances 238-9

weighted Monte Carlo 210, 214, 241-2

weighting schemas, PCA 102, 112-15

Weiner processes 156

worse loss stress tests 248, 2567

‘worst case’ scenarios 267

yield-curve dynamics 17, 58, 83, 867, 94-5, 97,
202, 254

z-transform 123-5, 168-9
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