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: finance.yahoo.com o lw 31 45 590 ploaw Sledb| 2 pmiw! oS (I

clc;
clear;
close all;

cn=yahoo;

Symbols={'MMM', 'ABT', 'ANF', 'AMD', 'AFL', 'BHI', 'BK', 'CPB','CTL', 'CINEF',"
KO', 'DVN', 'DTE', 'EIX','F','ITW','IVZ', 'JPM', 'LLL"', 'LEN', 'MRO', 'MCD', 'N
UE','PEP','PM','PBI','PNC','PX', 'DGX', 'RTN', 'SRCL','SYY', 'TSO', 'USB',"
WMT', 'DIS', '"WAT', 'WIN', 'IBM', 'GOOGL', '"MSFT', 'AAPL', 'YHOO', 'AMZN'};

StartDate = '01-Jan-2013";
EndDate = '01-Jan-2016";
P=[];

R=[];

for Symbol = Symbols

s = Symbol{l};
data = fetch(cn, s, 'Close', StartDate, EndDate);

Date=data(:,1);
p=data(:,2);
r=pricel2ret (p);
P=[P p]; S%#ok
R=[R r]; %#ok

end

save ('mydata', 'Symbols', 'Date','P', 'R");



555 Lo Joe (g loolyy oS (o

clc;
clear;
close all;

data=load('mydata');

Symbols=data.Symbols;
R=data.R;

port=Portfolio();
port=port.estimateAssetMoments (R) ;
port=port.setDefaultConstraints{();

W=port.estimateFrontier (100) ;
WReturn=port.estimatePortReturn (W) ;
WRisk=port.estimatePortRisk (W) ;

MU = port.AssetMean;
SIGMA = port.AssetCovar;

EF=find (IsDominated (WRisk, WReturn)) ;
SEF=EFF;

ramp_p=[];

yzero=0.000301; SWReturn (EF (1)) ;

for op=1l:length (EF)
ramp_p(op)=(WReturn(EF(op))—yzero)/(WRisk(EF(op))) ;

end

[xramp yramp]=max (ramp p);

XX=[0,WRisk (EF (yramp))];
YY=[yzero,WReturn (EF (yramp) ) 1;
plot (XX,YY, '-g', 'LineWidth"', 3)
ramp p (yramp)

hold on

$figure;
plot (WRisk,WReturn, 'LineWidth',2);
hold on;
for i = l:numel (Symbols)
s = Symbols{i};
mu = MU(i);
sigma = sqgrt (SIGMA(i,1)):
plot(sigma,mu, 'ro', 'MarkerFaceColor','r');
hold on
text (sigma+0.001,mu, s) ;
end

VoY



grid on;
xlabel ('"Risk (Variance)');
ylabel ('"Return (Mean)');



rallxalow 0 5951 (g jlwesly slaus (z

clc;
clear all;
close all;

%% Run BLKH

NUM Portfolio=input ('inter number of Portfolio (min=1 max=44):");
NUM solution=input ('inter number of solution:'");

data=load('mydata');
R=data.R(:,1:NUM Portfolio);

nAsset=size (R, 2);
MinRet=min (mean (R, 1)) ;
MaxRet=max (mean (R, 1)),

nSol=NUM solution;
DR=1linspace (MinRet,MaxRet,nSol) ;

model .R=R;
model . .method="mv';
model.alpha=0.95;

W=zeros (nSol,nAsset) ;
WReturn=zeros (nSol, 1) ;
WRisk=zeros (nSol,1);

for k=1:nSol
model.DesiredRet=DR (k) ;
disp(['Running for Solution #' num2str (k)

out = RunBLKHF (model) ;

disp (' "y
disp('"');
W(k, :)=out.BestSol.out.w;
WReturn (k) =out.BestSol.out.ret;
WRisk (k)=out.BestSol.out.rsk;

end

EF=find (~IsDominated (WRisk,WReturn)) ;

LL=numel (EF) ;
for i=1:LL
srisk (i)=WRisk (EF (1)),
end
[t y]l=sort(srisk);
tt=EF (1) -1;



for j=1:LL
EFF (J)=EF(y(J));

EF=EFF;

ramp p=[];
yzero=0.000301; SWReturn (EF (1)) ;
for op=1:length (EF)

ramp_p(op)=(WReturn(EF(op))—yzero)/(WRisk(EF(op)))

end
[Xramp yramp]=max (ramp p);

XX=[0,WRisk (EF (yramp))];
YY=[yzero,WReturn (EF (yramp)) 1;
plot (XX,YY, '-g', 'LineWidth', 3)
ramp p (yramp)

hold on

hold on;

plot (WRisk (EF),WReturn(EF), 'r', 'LineWidth', 2) ;

grid on;
xlabel ("Risk');
ylabel ("Return') ;

’



oo Jlgs1,8 YL oS 4o a5 IsDominated &b (o

function f=IsDominated (rsk, ret)
n=numel (rsk) ;
f=false(n,1);

for i=1:n
for j=i+l:n
if rsk(i)<rsk(j) && ret(i)>ret(j)
f(j)=true;
end
if rsk(i)>rsk(j) && ret(i)<ret(j)
f(i)=true;
end
end
end

end

AR



1wl ool Slgs 1,8 YU oS o a5 RUNBLKHF &b (o

function out = RunBLKHF (model)

o9
3]

CostFunction=@ (x) PortCost (x,model) ; % Cost Function
nvar=size (model.R,2); % Number of Decision Variables
npop=80; % Population Size (Swarm Size)

maxit=1000;

Lower Bound of Variables

o

Lower B=0;

Upper B=1; % Upper Bound of Variables
empty star.position=[];

empty star.cost=[];

empty star.out=[];

empty star.dStHole=[];
outsolul=1;

outsolu2=0;
star=repmat (empty star,npop,1);
BesSolution=zeros (maxit,nvar);
BestCost=zeros (maxit,1);
BesSolution = [];

for it=l:maxit
sum_coststar=0;

if it==

BesSolution.cost=inf;
for i=1l:npop

star (i) .dStHole=zeros (1, nvar) ;
star (i) .position=Lower B+ (Upper B-Lower B) *rand(l,nvar);
[star (i) .cost, star (i) .out]=CostFunction(star(i).position);

if star (i) .cost<BesSolution.cost
BesSolution.position=star (i) .position;
BesSolution.cost=star (i) .cost;
BesSolution.out=star (i) .out;
end
end
else



’

’

norm(BesSolution.posztion—star(i).position,l)

if dthole<R hole

’

Lower B+ (Upper B-

BesSolution.cost/sum coststar

’

[star (i) .cost,
CostFunction(star (i) .position)

star (i) .position

Lower B) *rand(1l,nvar)

:npop
R hole
dthole
end

1

if it>2

end

for 1

star (i) .out]

o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\

=1
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o
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rand* (BesSolution.position-

’

star (i) .dStHole

star (i) .position)

o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
o\
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’

star (i) .position+star (i) .dStHole

star (i) .position

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
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o
o
o
o
o
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o
o
o
o
o
o
o
o
o
o
o
o
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o
o
o
o
o
o
o

’

’

CostFunction(star (i) .position)

star (i) .out]

returen to region
min (max (star (i) .position, Lower B),Upper B)

compute fitness

[star (i) .cost,

o
o

star (i) .position

o©
o©
o©
o©
o©
o©
o©
o©
o©
o©
o©
o©
o©
o©
o©
o©
o©
o©
o©
o©
o©
o©
o©
o©
o©
o©
o©
o©
o©
o©
o©
o©
o©
o©
oe

’

sum_coststar+star (i) .cost

sum_coststar

oe
oe
oe
oe
oe
oe
oe
oe
oe
oe
oe
oe
oe
oe
oe
oe
oe
oe
oe
oe
oe
oe
oe
oe
oe
oe
oe
oe
oe
oe
oe
oe
oe
oe
oe
oe
oe
oe
oe
oe
oe
oe
oe
oe
oe

’

’

’

star (i) .position

star (i) .cost

star (i) .out

0

’

BesSolution.position

BesSolution.cost

if star (i) .cost<BesSolution.cost
BesSolution.out

BesSolution.cost

end

end
BestCost (it)

end



end

out.BestSol=BesSolution;
out.BestCost=BestCost;

out.BestSol.out.ret=out.BestSol.out.ret*outsolul+outsolu2;
%end

\RK



: CalculatePortfolioObjectives b oS (g

function [rsk, ret]=CalculatePortfolioObjectives(w, R, method, alpha)

end

w=reshape (w, [1,1);

% Methods

% mv = Mean-Variance

% msv = Mean-Semi-Variance

% mad = Mean-Absolute-Deviation

% cvar = Conditional Value at Risk

if ~exist('method','var') || isempty(method)
method = 'mv';

end

if ~exist('alpha','var') || isempty(alpha)
alpha = 0.95;

end

method=lower (method) ;

switch method
case 'mad'
port=PortfolioMAD() ;
port=port.setScenarios (R);

case 'cvar'
port=PortfolioCVaR() ;
port=port.setScenarios (R);
port=port.setProbabilityLevel (alpha) ;

otherwise
Semi=strcmp (method, 'msv') ;
[MU, SIGMA]=EstimateReturnMoments (R, Semi) ;
port=Portfolio();
port=port.setAssetMoments (MU, SIGMA) ;
end

port=port.setDefaultConstraints();
rsk = port.estimatePortRisk (w) ;
ret = port.estimatePortReturn (w) ;



: EstimateReturnMoments &b oS (
function [MU, SIGMA]=EstimateReturnMoments (R, Semi)
if ~exist('Semi', 'var')
Semi = 0;
end
MU=mean (R, 1) ';

n=size (R, 2);

if ~Semi
SIGMA=cov (R) ;

else
sigma=zeros(n,1l);
for i=1:n
dev = R(:,1) - MU(1i);

sigma (1) sqgrt (mean (dev (dev<0) ."2));
end
rho=corrcoef (R) ;
SIGMA=rho;

for i=1:n
SIGMA (i, :)=SIGMA (i, :)*sigma (i)
SIGMA (:,1)=SIGMA(:,1i)*sigma (i)
end
end

end

ARA
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Abstract

In the problem of portfolio optimization, Markowitz model still is the dominant approach.
But when the number of investable assets and market restrictions in theory be extended
out to the real world, the problem of portfolio optimization using mathematical techniques
and traditional Markowitz model not be easily solved. For this reason, in this study we
use artificial intelligence and heuristic algorithm (Black hole algorithm) to optimize the
portfolio and the results have been compared with the results of the Markowitz model to
see whether the method of Markowitz portfolio optimization algorithm works better than
the Black hole algorithm or not. With regard to the fact that this study only compared the
two methods, the number of 44 randomly corporations have been chosen over a period of
3 years from the beginning of 2013 until the end of 2015 from S&P500 Index, considered
and the efficient frontier of two methods that have been obtained with 100 portfolios,
have been compared using Sharpe ratio. We conclude that the performance of Black hole
algorithm is weaker than Markowitz model in portfolio optimization.

Key words: Black hole algorithm; Markowitz model; Portfolio optimization;
Metaheuristic algorithms
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