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addition of matrices 14–15, 149
affine function 157
Akaike’s Information Criterion (AIC) 110
analytical solution 26
annual revision frequency 3, 4
antithetic sampling 129
arbitrage-free 6, 69, 74, 75, 80, 81
asset allocation 1, 3, 87–108
asset-and-liability management 5
asset weight constraints 100–6
assets 3–5, 36, 40, 51, 65, 68, 87, 89, 91,

93, 95–7, 100, 104–7
autoregression 27, 83
autoregressive model (of order p) 111
average arithmetic return 159
average geometric return 160
axiom 74, 75

bond function 63, 64
bond prices 39
bond pricing functions 48–9
bond return decomposition 68
bootstrapping 32
boundary conditions 76
bounds 28, 30, 100, 103, 104, 117, 118,

145, 146
branching 19
break 124, 125
brute force 93–5, 130–133
building block 19, 38, 39, 51, 56, 147
built-in function 8, 9, 22, 23, 30,

45, 118

call back 142, 145
calling functions 22–3
Capital Asset Pricing Model 51,

106–8
capital market line (cml) 107

‘case’ statement 19, 20
ceil function 55
chain rule 76, 155
Cholesky decomposition 36–8, 133, 153
‘clean prices’ 67
‘close all’ command 11
closed form 30, 31, 49, 56, 75–7,

100, 112
column vector 12, 149
command prompt 8, 11, 18, 19, 21–3, 30,

102, 122, 135
conditional branching 19
confidence interval 56
confidence level 5, 53, 55, 57, 58, 129
constrained efficient frontiers 105, 106
continuous-time yield curve models 76
control variates 129
convertible bonds 42
convexity 60–4
corporate bonds 68
correlated random numbers 36, 37, 133
correlation coefficient 52
correlation matrix 36, 37, 38, 97
counter variable 18, 73, 80
coupons 67, 68
covariance 25, 36–8, 51–3, 87–9, 95–7,

99, 104, 107, 112, 126, 132, 160
covariance matrix 36, 37, 52, 70, 97
Cramer’s rule 92
cumulative arithmetic return 159
cumulative distribution function 56, 157
cumulative geometric return 160
curvature 70, 71, 73, 74, 124, 125, 141–3

data-generating process 75, 114
decompositions 153–6
definite integral 156
density function 26, 28, 34, 53, 115, 130
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density ratio 130, 133
derivative 31, 62, 75, 76, 90, 91,

130, 154
determinant 111, 150
Dickey–Fuller test statistic 111
differentiation of matrices 152
‘dirty prices’ 67
disclaimer 74
discount factor 43, 45
distributions 156–7
diversification 5, 87, 95–8, 107, 108
dividends 68
dsolve 76, 77
duration 59–65

efficient frontier 6, 87, 88, 90, 93, 95, 98,
100, 103–5

efficient portfolios 87–95
eigenvalues 152, 153–4
eigenvectors 152, 153
element-by-element operation 13–15, 22,

43, 97, 114, 115, 127
‘else’ statement 104
empirical return distribution 55
equities 1, 3, 4, 53, 65, 66, 68, 109
error function (erf) 56, 158
error term variance 25, 30, 114
‘EX_sim’ 33
exogenous decision variables 2
expectation hypothesis states 40
expected return 65, 89, 93
expected risk 65
expected shortfall 53–9, 129, 130

in closed form 56–9
exponential function 158

‘figure’ command 10, 11
filtering algorithm 123
fixed income 4, 39, 51, 59, 65, 87, 109
fixed-income returns 65–8
fixed-rate bond 42
floating rate bonds 42
floor function 55
fmincon 23, 28, 30, 31, 45, 84, 85, 100,

104, 118
fminunc 23, 28
‘for’ loop 20, 34, 46, 104, 120
forward rates 47–8
frontcon 100
frontier 100, 104, 105
‘full investment constraint’ 89

full rank 25, 91, 151
functions 157–8

creating 18–23
fundamental partial differential equation

(PDE) 69, 75

goodness of fit of a regression 28
Graphical User Interface (GUI) 5, 135–48

building 136–8
creating 138–48
development environment 135–8
λ and yield curve factors 143–8

Hamilton filter 114, 123, 126, 127
handles 23, 30, 45, 140, 142, 143, 145–8
header of function 20, 21
‘help’ function 10
help-text 22, 63
Hess 31, 32
Hessian matrix 31
‘hObject’ 140, 142
‘hold on’ command 10

‘identity’ matrix 13, 150
‘if’ statement 19, 104
importance sampling 129–33
‘in line functions’ 22
indefinite integral 155–6
index rules 154
indexed structured variable 17
inefficient portfolios 88
infinite-maturity yield level 79
inflation rate 40
information matrix 31, 32
inline function 30
integral

simple 155–6
of the standard normal distribution 158

integration, order of 111–12
interest rate 5, 27, 39–43, 59, 61, 74, 106,

159–60
interest rate curve see yield curve
inverse function 158
inverse of matrix 151
investment constraints 2, 5, 89, 90
investment horizon 2, 5, 106
investment universe 2–5, 43, 59, 66, 91,

95, 97, 98, 100, 104, 160
irr 44
Ito’s lemma 75
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Kalman filter 123, 126, 127
keyword ‘function’ 20, 21

Lagrange approach 90
leeway/risk budget 2
‘left matrix divide’ 28
likelihood function value 30
likelihood principle 29, 30
linear (affine) function 157
linear regression 7, 23, 24, 26–9, 32, 30,

72, 73, 84, 112
linearity 155
‘liquidity’ 40
liquidity preference hypothesis 40
log likelihood 26, 30, 112, 127
logarithm 158
logarithm rules 154
looping 19, 20
looping variable 58
loss distribution 157
lottery bonds 42

Macaulay’s duration 62
market capitalisation weights 106
market portfolio 106–8
market price of risk 69, 75, 83, 107
market segmentation hypothesis 40
Markov chain 113
matrix operations 12–23, 149–52
maturity 3, 4, 40–2, 44, 47, 65, 67–70, 75,

76, 78, 80, 83, 109, 123, 124, 143, 146
maximum likelihood 26, 28, 30, 31, 127
maxiter 118–19
mean–variance portfolio theory 87
measure change 130, 133
minimum variance portfolio 98–100,

102, 104
modified duration 4, 59–65, 159, 160
Monte Carlo method 129, 130, 133
mu 118
multi-factor models 80–5
multiplication of matrices 149
multivariate log-likelihood function 112
multivariate normal 156
multivariate time-series models 69
my_fun 23

NA_a_b 84, 85
NA_est.m 84
NA_y_optim 84, 85
nargin 22

natural exponential function 158
Nelson–Siegel model 69–74, 81–3,

123–9, 135, 137, 140–3, 145, 148
‘no-arbitrage models’ 69
‘no-short-sales constraint’ 100
nominal interest rate 40
non-singular matrix 151
non-singular rank 151
normal density 120
Normal distribution 26, 28, 32, 55–7, 112,

115, 120, 130, 133, 156–8
normally and identically, independently

distribution (Niid) 26
not necessarily arbitrage-free 69–74, 82
notation xii

objective function 5, 30
observation equation 123, 124–5
optimisation approach 26
optimiser principle 30
‘optimset’ 104
order of integration 111–12
ordinary differential equations (ODEs)

77–8
ordinary least squares (OLS) regression

23–5, 32, 84, 112
Ornstein–Uhlenbeck process 77

par-bond approximation 62
parsimonious model 110
partial differential equation (PDE) 69,

76, 77
fundamental (PDE) 69, 75

partitions of matrices 16
passage of time 68
perpetual bonds 42
plot command 9
polynomials 158
portfolio frontier 107
portfolio statistics 160
portfolio weights 1, 88–92, 100,

104, 132
positive definite matrix 152
positive semidefinite matrix 152
powers of square matrix 152
price–yield relationship 45, 59, 60
principal component analysis 70
Prob.user 118
probability density function (pdf)

34, 130
product of matrices 149
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product rule 155
‘Property Inspector’ 136, 137, 139
pull-to-par effect 68

quadratic function 157
quantile function 56
quotient rule 155

radio buttons 138, 147, 148
Radon–Nikodym derivative

130, 133
random number generation 8, 36–8
random walk model 111, 125
rank of matrix 25, 91, 151
real interest rate 40
‘rebalancing frequency’ 3, 4
regime switching 6, 109, 112–22,

123–7
regime.m 115, 116–17, 122
regime_likeli 118, 121
regime_likeli.m 115, 119
regime_normaldensity 115, 120
regime_pmat 115, 121
regime-dependent variance 114
return 1–5, 36, 44, 51, 53, 55–57,

65–68, 87–90, 159
revision frequency 2, 3
risk-averse agents 106–7
risk-free asset 106
risk-free rate 106, 107
risk measures 51–65
risk premium 39
riskless asset 98
root 44
row vector 12, 149

scalar 24
Schwarz Information Criterion (BIC) 110
script file 11, 22, 23, 29, 30, 33, 34, 43,

58, 95, 132
script plots 60
security market line (sml) 108
sensitivity matrix 71
shadow prices 91
‘shifted’ density 130, 133
short-rate equation 83
simulations 32–8
singular matrix 151
singular rank 151
slope factor 128
spot rates 39–47

square matrix 16, 149, 150, 151, 152
standard deviation 51, 53, 56, 93, 97
standard errors 24, 31, 32, 73, 113, 117,

118, 120
starting values 30
state equation 123, 124, 125, 126
state probabilities 114, 115, 128
state-space model 123, 124
stationarity 111
statistical factor model 70
step-up bonds 42
strategic asset allocation

decision 2
definition 1–2
framework 2

‘strategy’, definition 1
stratified sampling 129
structured variable 17, 18
‘subplot’ command 10, 11, 12
subtraction of matrices 14–15
sum of matrices 14–15, 149
sum of squared residuals 23
surf 22
Svensson–Soderlind model 69, 73–4
symbolic calculations 75–7, 99
symmetric matrix 150
systematic risk

of individual assets and portfolios 108
of portfolio 96

tactical asset allocation 2, 3
Taylor rule 124
Taylor series approximation 159
Taylor series expansion 61
Term Structure Models 69–85
three-dimensional matrix 17, 18
time-series analysis 111
total risk of the portfolio/individual security

108
trace of matrix 151
transition matrix 113, 115, 118, 122
transition probabilities 114
transposition of matrices 150
transposition operator 12
trend stationarity 111
triangular decomposition 153
‘tst’ 148

‘uitable’ 136–7, 139, 146
uncentered R2 28
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unconstrained efficient frontiers
105, 106

unshifted densities 133
user-defined function 22, 23
utility function 5, 30

Value-at-Risk (VaR) 27, 53–8, 129, 133
VAR(1) model 110, 123
VAR(3) model 110
VAR(p) model 109, 110, 111, 112
variance 30, 51, 52, 53
variance–covariance matrix 25, 112
Vasicek shortrate model 77–9, 82, 83
Vasicek’s limiting distribution 156–7
Vector AutoRegression (VAR) 27, 53,

109–12, 123

‘while’ statement 20

yield 63
yield curve 40–2, 44, 47, 123–9

curvature 125
decomposition 70
equation 123
level 125
plotting 140–3
slope 125

yields 39–47
yield-to-maturity 44, 45–6, 75
yld2beta.m 128
yld2beta.xls 127
yld2beta_likeli.m 128
yld2beta_shell program 128
yld2beta_shell.m 128

zero coupon bonds 42
zero coupon curve 47
zero coupon rates 46
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