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Motivation



Research Objectives



Problem Definition

f(w)=(f1(w),f2(w))f(w) (f1(w),f2(w))
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Th M V i tf li ti i ti blThe Mean – Variance portfolio optimization problem

f(w)=(f1(w),f2(w)) f1 , f2,
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Assumptions of the mean-variance portfolio optimizationAssumptions of the mean variance portfolio optimization
framework that have been criticised



The Mean – Semiariance portfolio optimization problem 
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The Mean – Semivariance portfolio optimization problem 

Maximize portfolio return: f1(w)= i
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Minimize portfolio semivariance:    f2(w)= ijB
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The Mean – Value at Risk portfolio optimization problem

Maximize portfolio return:    f1(w)= i

N
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Minimize portfolio VaR:    f2(w)=
T

it pwz

Where returns              are placed in an ascending order, i.e. 
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The Mean – Conditional Value at Risk 
portfolio optimization problem

Maximize portfolio return: f1(w)= i
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Min portfolio CVaR:    f2(w)= wVaRwzwzE att



The Mean – Mean Absolute Deviation 
portfolio optimization problem

Maximize portfolio return: f1(w)= i
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Practical constraints imposed to the 
portfolio optimization problem

Budget constraint  
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Non-negativity constraint: Niwi
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Cardinality constraint:
N
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Floor and ceiling constraint:
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Previous work

Binary vector: Nizzz iN

Real-valued vector: NiwwwW iN

[2] Streichert, F., Ulmer, H. and Zell, A. (2004) Evaluating a hybrid encoding and three crossover
operators on the constrained portfolio selection problem. Proceedings of the Congress on
Evolutionary Computation (CEC 2004), Portland, Oregon, (2004), pp. 932-939.



The proposed encoding scheme

Integer-valued vector: jj

Real-valued vector : iwwwW ii

Binary-valued vector:

h

izzz ii

where Wandw
i

i



The proposed mutation operator



The proposed mutation operator

Begin
for i=0 to P;   // where P is the population size   

for z=0 to              ;  // where             is the maximum cardinality
rand            [ , ]; 

if (rand <=       ) then 

rand_asset [1, N]; //where N is the available pool of assets, e.g. for port5, N = 225

mP

=       .setValue(z, rand_asset);    //       is the child integer-valued vector
//       is the parent integer-valued vector

endif

cA pA cA
pA

endif
endfor

endfor

Explanation of symbols
is a user-specified parameter named mutation probabilitymP



The proposed recombination operator



The proposed recombination operator

Begin
for i=0 to P;   // where P is the population size   

for z=0 to              ;  // where              is the maximum cardinality
rand            [ , ]; 

if (rand <=          ) then cP

cross_point [ ,                     ]; 

aaaA Kp

aaaA Kp

for q = cross_point to            ;

.getValue( );    

.setValue( ,            ); 

Aa pp

ap
AA pc

.getValue( );    

.setValue( ,            );                                                                                                        

endfor 
endif

endfor

Aa pp

AA pc ap

endfor

Explanation of symbols
is the parent integer-valued vector 1.                is the integer-valued parent decision variable that corresponds to Ap ap Ap



The test problems



Configuration and control parameters 
of the examined algorithms



Configuration and control parameters 
of the examined algorithms



Configuration and control parameters 
of the examined algorithms



Indicators for evaluating algorithms' performance



Indicators for evaluating algorithms' performance
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Indicators for evaluating algorithms' performance
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Experimental Results



Experimental Results
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Experimental Results



The Mean – Variance efficient frontier for the port7 problem



The Mean – MAD efficient frontier for the SP500 problem



Evolution trace of HV metric for port5 problem



Mean total CPU times (in seconds) for solving the cardinalityMean total CPU times (in seconds) for solving the cardinality
constrained portfolio optimization problem under different 

risk measures for 100,000 functions evaluations



Mean total CPU times (in seconds) for solving the cardinalityMean total CPU times (in seconds) for solving the cardinality
constrained portfolio optimization problem under different 

risk measures for 100,000 functions evaluations


