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portfolio optimisation: allocate wealth among n 4 assets

Markowitz (1952), Markowitz (1959): select portfolio that is mean—variance
efficient — find weights w that maximise

w' e — %w'Z’w

1: collect historical data R (7 x n4)
2: estimate 1= —!/R

3. estimate ¥ = LR/(I — Lu/)R
4: find weights w that maximise w'ji — %w’f]w

estimation problems: Jobson and Korkie (1980), Jorion (1985), Jorion
(1986), Best and Grauer (1991), Chopra et al. (1993), Board and Sutcliffe
(1994) and many others
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collect historical data R (7 x n)
estimate /i = +/'R
estimate ¥ = = R'(I — 7u/) R

find weights w that maximise w'fi — %w’i}w

el A

theoretical concerns: Artzner et al. (1999), Pedersen and Satchell (1998),
Pedersen and Satchell (2002)
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efficient — find weights w that maximise

w' e — %w'Z’w

1: collect historical data R (7 x n4)
2: estimate 1= —!/R

3: estimate X = %R’([ — %LL/)R
4

. find weights w that maximise w’f — %w’i}w

aim of research:

o test alternative risk measures & objective functions empirically
o test alternative estimation and scenario generation methods
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conditional vs partial moments

P (rq) = Cl(rq) Py (ra)

7 of r>ry

P, (ra) =C, (ra) Py (ra)

7 of r<ry
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Q, = CDF_l(q) = min{r | CDF(r) > ¢},

example: VaR
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reward risk

constant C; (Q,) minimise Expected Shortfall for gth quantile

constant —Qy minimise maximum loss

% S'r /P5(ry) Sortino ratio
P (ry) \/Pj(rd) Upside Potential ratio
Py (rq) P; (rq)  Omega for threshold r,

a7 Dpax  Calmar ratio

CI(Qp) C;(Q,) Rachev Generalised ratio for exponents v and ¢
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bootstrapping returns (r?) from a simple regression model:
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regressors: indices, PCA ...
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Kinf S #{j} S Ksup

(z = numbers of shares, A = all assets, J = assets included in portfolio)
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min O (z)

> icq TiPoj = Vo
x;“f <y <) jeJ

Kinf S #{j} S Ksup

(z = numbers of shares, A = all assets, J = assets included in portfolio)

Threshold Accepting: Dueck and Scheuer (1990), Winker (2001), Gilli and
Schumann (in press),

Matlab code available from http://comisef.eu
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iper =1 fcstHorz c%a;y
I—C: —tttt+t+t+t+t+t+t+t+tttttttttt :C\ ’.: +— ’: :\ t >
T\ lengthHist A T
tl t2 t3
debSim
iper = 2 Rebalance PF
v
I—|—|—|—|—¢ -ttt ¢ t @ >
t ) )
tl t2 t3
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o market capitalisation > 4 x 10"Euros (248 assets)
o historical window (52 weeks), horizon (12 weeks) — 40 rebalancings

o 10bp variable cost for long positions
minimum trading size (5000)

o holding size constraints
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o Y estimated as covariance matrix Y. from historical observations

min w' ¥ w

w
Zjejwjzl
0 <w; <w;™ j=1,....n4

o optimisation with maximum holding size and sector allocation
constraints done with Matlab’s quadprog.
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introducing uncertainty: compute minimum-variance portfolio from jackknifed
or bootstrapped time series
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o alternative objective functions
- optimisation more difficult, but manageable
- add value over mean—variance
o problems sensitive to data changes
o minimise risk: low variability leads to well-performing portfolios

o adding reward increases return but also variability and sensitivity
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