Acceptance regions, 228-33

Alternative hypothesis, 227-39, 321-5

Approximations for non-linear VaR, 186-90

AR see auto-regressive processes

ARCH (autoregressive conditional
heteroscedasticity), 258—70

ARMA (autoregressive moving
average), 203-5, 267-8

Asymmetric GARCH, 270

Auto-correlation, 204-5, 243-4, 247-54,
262-4, 267-8

Auto-covariance, 198, 200-5

Auto-regressive process (AR), 201-5, 258-70

Backtesting, 9, 319-25
Christoffersen’s testing methodology - %
320-5
performance-quantification issues, 319-20,
325
VaR exceptions, 320-2, 325 -5
Basel committee, 4-6, 212-24
Bernouilli trials, 320
Beta, 96-9, 101-5
Black—Scholes option pricing model, 6,
169-84
Box—Muller transform, 303-5

Calculus, 31-2, 34, 43-61, 145-9, 304-7
Capital adequacy requirements, 4-5, 9, 117,
121-9, 271-2, 319
Capital Asset Pricing Model (CAPM), 3,
85-6, 91-9, 101-5
risk-decomposition properties, 97-9, 104-5
Capital Market Line (CML), 95-9
Cauchy distribution, 276-7, 279
Cauchy—Schwartz inequality, 72-5, 214-16
Central limit theorem (CLT), 145-7, 217-25,
271-8

Index

Central moments of a distribution, 137-40,
154

Characteristic function, 140-9, 155-67,
194-5

Chi-squared distribution, 154-6, 237-8, 322,
325

Choleski deconinosition, 25, 71-5, 299-307

Coefficient oI determination, 58—-60

Coherent 11sk measures, 124-9, 135

Comuound hypothesis, 228

Concitional density function, 35, 283-6

“onditional volatility, 244, 252-3, 255-70

functions, 50-2, 71-5, 87-9

Continuous random variables, 28—-31, 3341,
43-6, 137-49, 172-84

Cornish—Fisher theorem, 316-17

Covariance, 35-9, 40-1, 59-61, 68-75,
78-89, 97-9, 103-16, 146-7, 167,
190-5, 197-8, 200-1, 217-25, 299-307

Delta, 179-84, 186-95, 217-25
see also gamma
Delta method for statistical estimates, 217-25
VaR, 5-6, 185-95
Determinant of a matrix, 23—4
Differentiation, 34, 43-61, 120—1, 122-9,
133-5, 140-4, 155-60, 170-84, 214-16,
217-18, 287-9, 291-307
see also partial differential equations
Dimension of a vector, 11-12
Dirac delta function, 128-9
Discrete random variables, 27-31
Distribution functions, 5-6, 28-31, 33-41,
64-17, 120, 128-9, 131-5, 137-49,
151-67, 235-6, 237-8, 241-54, 271-89,
291-307, 309-17, 322-5
Diversification, specific risk, 99, 105
Domains of attraction, EVT, 278-83
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Economic drivers, risk factor models,
105-16

Edgeworth expansion, 315-17

Efficient portfolios, 78—89, 91-9, 101-5

Eigenvalues and Eigenvectors, 21-5, 57-61,
109-16

Empirical distribution, 291-307

Empirical plots, 243, 247-54, 284-6,
291-307

Euclidean norm, 58-9

Euler’s theorem, 123-4

EVT see extreme value theory

Expectation, 31-3, 36-9, 52, 63-75, 77-89,
102-16, 178-9, 262-3

see also mean

Expected shortfall see Tail Value at Risk

Exponential GARCH, 269-70

Exponentially weighted moving
average, 257-8

Extremal distributions, 279-80

Extreme Value at Risk, 283-6

Extreme value theory (EVT), 8, 271-89, 298,
311-13

F-distribution, 161-5, 304
Fisher information, 214-15
Fisher—Tipper theorem, 277-8
Fréchet density function, 281-3
Fréchet distribution, 277-83
FTSE-100 index, 244-54
Fundamental theorem of calculus,
definition, 31

Gamma, 179-84, 189-95
see also delta
Gamma distribution, 151--62
GARCH volatility models, 7-3, 264-70,
307
General factor modelling, 101-2
Generalized likelihood ratios, 237-9, 322,
324-5
Geometric series, 202-3
Geometry of the optimal frontier, 80-3
Gil-Pelaez formula, 141-2, 195
GJR-GARCH volatility model,
270
Global minimum, definition, 47-50
Greeks see sensitivity analysis
Gumbel distribution, 277-83

Hedge funds, 101

Hedging, concepts, 117, 180—4
Hermite polynomials, 314—17
Hessian matrix, 210-11

Hill estimator, 287

Historical simulation, 8-9, 296-9

Hyperbola, geometry, 81-2, 91-9, 158—60
Hypothesis testing, 7, 9, 227-39, 245-7,
319-25
see also backtesting

Idiosyncratic risk see specific risk
Independence, 34-5, 144-7, 198-9, 217-25,
269-70, 272-8, 297-8, 304-7, 323-5
Inner and outer product of two
vectors, 14-15, 103-5
Innovation process, 255
Interest rates, 4-5, 105, 122, 319
Ito’s formula, 173—-4

Jacobian, 162
Jarque—Bera test, 242-6
Joint distribution function, definition, 33-4
Joint probability density function, 34-9,
162-4, 207-14, 227-39, 299-307
definition, 34 162-3

Kurtosis, -129:-40, 149, 154, 156, 166, 217,
221-5,242-54, 255-70, 280-9,
50017

anaiysis of, 223-5, 242-54, 311-17

application to financial losses, 24254,
255-70

asymptotic properties of, 217, 221-5

Lagrange function, 51, 70-5, 87-9,
112-13

Least-squares solution, 50—1, 54—61

Likelihood ratios, 230-3, 237-9, 321-2,
324-5

Linear approximations, 44, 47-61, 185-95

Linear regression, 54-61, 105-16, 201-5

Linear systems, 18, 52—4, 70-5, 87-9, 169,
185-95

Linearity issues, returns, 65—7

Local approximations, 21, 218-25

see also quadratic forms

Local maximum/minimum, 47-50

Log losses, 245-54, 287-9, 296-307

Log returns, 63-75, 118-29, 131-5,
245-54

Log-likelihood function, 208-17, 286-9,
311-17, 321-5

Log-normal distribution, 148-9, 174—84

Long-period returns, 66—7

MA see moving average process

Maclaurin expansion, 147-8

Magnitude of a vector, 14

Marginal probability density function, 34,
35-9, 163-4
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Marginal Value at Risk (MVaR), 122-4,
132-5
Market portfolio, 3, 85-6, 91-9,
101-5
Maximum likelihood estimation
(MLE), 207-16, 227, 238-9, 287-9,
311-17, 321-5
accuracy of statistical estimators, 21115
appealing properties, 215-16, 311-12
concepts, 207-16, 227, 287-9, 311-17,
321-5
critique, 215-16, 311
definition, 207-8, 287-8, 321-2
hypothesis testing, 227, 238-9, 321-5
sample mean and variance, 209-15
Mean, 31-3, 36-41, 58-61, 69-75, 77-89,
101-5, 117-29, 146-7, 149, 156-60,
166-7, 171-84, 200-5, 209-16,
217-19, 231-9, 241-54, 258-70,
305-7, 309-17
see also expectation
Mean excess function (ME), 283-5, 288-9
Mean square error (MSE), 211
Minimum variance portfolio, 78-9
MLE see maximum likelihood estimation
Moment-generating function, 147-9, 153-4,
177
Moments of a random variable, 137-49,
154-67, 220-5, 260-70, 280-9,
313-17
see also kurtosis; mean; skewness; variance
Monte Carlo simulation, 8-9, 299-307
Box—Muller transform, 303-5
concepts, 8-9, 299-307
convergence issues, 306—7
critique, 307
definition, 299-307
random-number generatiow, 302-7
VaR, 8-9, 299-307
Moving average process (MA), 199-201,
203-5, 256-70
Multiplication laws, matrices and
vectors, 15-17, 21-2, 300-2
Multivariate normal distribution, 40-1, 131-5
MVaR see Marginal Value at Risk

Nelson’s GARCH see Exponential GARCH
Neyman—Pearson lemma, 230-9
Non-central chi-squared distribution
definition, 157-60, 195-6
Non-degenerative extreme
distributions, 277-89
Non-linear VaR, 6, 185-95
approximations, 186—90
delta approximation for the portfolio, 188

gamma approximation for the
portfolio, 189-95
Non-negative definite matrices, 24-5, 39,
53-4
see also positive definite matrices
Normal distribution, 5-6, 39-41, 64-5, 67,
131-5, 186-95, 2245, 232-9, 241,
245, 246, 255, 274-5, 279-80,
297-307
Normal equations, 54
Null hypothesis, 227-39, 242-54, 321-5
see also hypothesis testing
concepts, 8-9, 75, 291-307

One-fund investment service, 94
Optimal frontier
see also efficient portfolios; portfolio
theory
concepts, 70-5, 7789, 91-9, 101-5
definition, 74-5
geometrical invesiigation, 80—3
mathematicai-investigation, 78—80
risk-free rat~scenario, 77, 86-9, 91-9
Optimizatict-algorithms, 24-5, 43-61, 70-5,
7752, 91-9
s2¢ aiso linear regression
Ot ticns, 6, 8, 169-84, 185-95, 316
pricing, 169-84
sensitivity analysis, 179-84, 188-95
Over-determined linear systems, 18, 52—4,
55-61

p-values, 236, 246, 291-307, 319, 321-5
see also test statistics
Parameter estimates, EVT, 286-7
Pareto distribution, 275, 27988
partial differential equations (PDEs), 45-6,
122-9, 133-5, 170-84, 213-16
see also Black—Scholes option pricing
model
PCA see principal components analysis
Penalty parameter, RRC, 319-20
Portfolio theory, 2-3, 11, 27-41, 43, 52,
63-75, 77-89, 91-9, 101-5, 119-29,
185-95, 299-307
concepts, 2-3, 43, 52, 63-75, 77-89,
91-9, 101-5
feasible portfolio, 69-75, 77-89, 95-9
market portfolio, 3, 85-6, 91-9, 101-5
one-fund investment service, 94
risk-free rate, 77, 86-9, 91-9
setting up the optimal portfolio
problem, 67-70, 85-9
solving the optimal portfolio
problem, 70-5, 86-9, 91-9
two-fund investment service, 77-8, 94
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Positive definite matrices, 24-5, 39, 41,
48-54, 71-5, 112—16, 300-7
definition, 24-5
invertability, 25, 41
optimization algorithms, 24-5, 48—-54,
71-5
Principal components analysis (PCA), 3,
105-16
Probability density functions, 30-2, 34-9,
117-18, 120-1, 137-49, 151-67,
176-84, 291-307, 309-17
see also distribution functions
Probability mass function, 28-9, 117-18
Pseudo-random numbers, 302—7
see also Monte Carlo simulation
Pythagoras’ theorem, 58-9

Q-Q plots see quantile—quantile plots

Quadratic forms, 20-—1, 24-5, 39, 41, 44,
48-52, 71-5, 87-9, 189-95

Quadratic function optimization, 48-52,
71-5, 87-9

Quantile estimators, 243—4, 247-54,
291-307

Quantile—quantile plots (Q—Q plots), 243—4,
247-54

Random variable
concepts, 27-31, 33-9, 54-61, 302-7
linear combinations, 38-9
moments, 137-49, 154-67, 220-5,
260-70, 280-9, 313-17
scaling, 143-4, 272-9, 284-5, 293-5
Random walk, 199
Regression runs, 56-61, 105-=1¢
Regulatory risk capital (RRC). 319-20
Rejection region, 228—2v, 246, 322-5
Rho, 183-4
Risk factor models
see also Capital Asset Pricing Model;
principal components analysis
concepts, 3, 7, 101-16, 122, 185-95,
241-54, 255-70, 291-307, 319-25
multi-factor approaches, 101-16, 190-5
overview, 3, 101
theoretical properties, 102-5
types of driving factors, 105, 190-5
Risk management
Basel committee, 4—6, 319-20
basic challenges, 1-3, 241-54
concepts, 1-9, 105-16, 137-49, 241-54,
255-70, 271-89, 319-25
further challenges, 6-9, 241-54
Risk-free rate, 77, 86-9, 91-9, 174-84
Risk-neutral pricing, 176—9
RiskMetrics (JP-Morgan), 122, 256-70

Sample kurtosis, 217, 221-5, 242-54
Sample mean, 209-15, 217-19, 241-54
Sample skewness, 217, 242-54
Sample variance, 209-15, 217, 219-21,
241-54
Sensitivity analysis
see also delta; gamma; rho; theta; vega
concepts, 179-84
Short-selling, 1-3, 68, 74-5, 77-89, 169,
180-4
Significance level of the hypothesis
test, 229-39, 322-5
Simple hypotheses, 228
Simulation models, 8-9, 291-307
see also Monte Carlo simulation
historical simulations, 8-9, 296-9
Size of the matrix, definition, 18
Skewness, 139-40, 149, 154, 156, 166, 217,
221-5, 24270, 309-17
analysis of, 222--3, 315-17
application t) tinancial losses, 242-54
asymptotic.properties of, 217, 221-5
Specific risk; 98-9, 104-5, 111-12
Spectral iecomposition, 57-61, 110-16,
13-5
Susetral risk measures, 127-9, 291-307
Stzndard normal density function, 40, 132,
180-1, 313-17
Standard returns, 63-75, 118-29
Stationary processes, 197-205, 259-70
Statistical estimators, 61, 211-15, 217-25,
291-307, 311-17
see also maximum likelihood estimation
accuracy issues, 211-15
delta method, 217-25
quantile estimators, 291-307
unbiased estimators, 61, 211-15
Statistical properties of financial losses, 7,
241-54, 255-70
Stirling’s formula, 294-5
Strictly stationary processes, 197-9, 268-9
Student ¢-distribution see ¢-distributions
Stylized facts, 7, 253—-4, 255-70
Symmetric bilinear forms, definition, 20—1
Systematic risk, 98-9, 104-5, 111-12

t-distribution, 164-7, 235-6, 2767,
309-17
Tail index, 283
Tail Value at Risk (TVaR), 126-9, 134-5,
271, 285-9, 297-307, 311-12
see also Value at Risk
critique, 271, 312-13
definition, 126-7, 285-6, 297-8, 311-13
EVT, 8, 271, 283-9, 311-13
Tangent portfolio, 94-9
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Taylor series, 44, 45-6, 122-3, 145-6,
179-84, 186-7, 218-25, 238-9, 281-3,
295
Test statistics, 9, 232, 233-9, 246, 319-25
see also hypothesis testing; p-values
definition, 232, 233-6
Theta, 182—4
Threshold value for EVT, 286, 287-9
Time series analysis, 7, 64-7, 105-16,
197-205, 241-54, 258-70, 317
Time-dependent volatility see conditional
volatility
Trace of a matrix, 22-3
Triangular matrices, 19-21, 25, 71-5, 300-7
TVaR see Tail Value at Risk
Two-fund investment service, 77-8, 94
Type I and type II testing errors, 229-31

Unbiased estimators, 61, 211-15

Unconditional volatility, 244, 252-3, 259-64,
265

Unconstrained quadratic functions, 48—-52,
71-5, 323-5

Under-determined systems, 18

Unit vectors, 14

Value at Risk (VaR), 3-9, 117-29, 131-5,
185-95, 256-70, 271-89, 291-307,
309-17, 319-25

alternatives, 5,9, 127-9, 185-95, 271-89,
291-307, 309-17, 319

backtesting, 9, 319-25

calculation challenges, 5-6, 9, 117,:122-9,
131-5, 185-95, 283-9, 296--30U7,
309-17, 319

concept, 3-9, 117-29, 131-5, 185-95,
283-9, 296-307, 20017

critique, 4-9, 122, 123-.9, 135, 185-95,
271, 317

derivatives, 5—-6, 185-95

EVT, 8, 271, 283-9
investigation, 122-6
mathematical properties, 120-9, 131-5,
185-95, 283-9, 309-17
Monte Carlo simulation, 8-9, 299-307
normal distribution, 131-5, 297-307,
309-17
performance-quantification issues, 124-7,
319-20, 325
RiskMetrics (JP-Morgan), 122, 256-70
t-distribution, 309-17
Variance, 32-3, 35-41, 56, 59-61, 68-75,
77-89, 91-9, 10316, 117-29, 138-49,
153-67, 171-84, 200-5, 209-16,
217-25, 231-9, 241-54, 255-70,
305-7
Vectors, 11-25, 33-9, 52-61, 86-9, 10216,
146-7, 207-16, 227-39, 255-70,
299-307
basis of standard vectors, 12—17, 107-9
concepts, 11-75,23-9, 52-61, 102-16
coordinate systeins, 12—14, 106—8
inner and-cuter product, 14-15, 103-5
multiplicadon laws, 15-17, 21-2, 300-2
Vega, 1£2-4
Visne isation plots, 243-54, 284-6
Vi darone, 244-54
Vo.atility, 2, 7-8, 33, 69-75, 78-89, 117-29,
171-84, 244-54, 255-70, 307, 309-17,
323-5
Volatility clustering, 254, 255-70, 323-5
Volatility plots, 244, 2524

Weakly stationary process, 197-9, 268

Weibull distribution, 277-83

White noise process, 198-205, 2634,
267-70

Zero-covariance portfolio, 79-80, 82-3,
84-5, 96-9, 103-16












