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clear

clc

xx=0;

tic

y=3;
lambda=1.4;

3
c
[
—
—
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~ 0~ 0~
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n(l,
n(l,1)=0;
for i=2:40
n(l,1)=0;
n(l,1l)=n(1,1)+1i;
for z=1:n(3)-k(3)+1
r(l,3)=0;
r(l,3)=r(1,3)+z;
r(l,2)=0;
r(l,1)=0;
for t=1:n(2)-k(2)+1
r(l,2)=0;
r(l,2)=r(1,2)+t;
r(l,1)=0;
for g=1l:n(1)-k(1)+1
r(l,1)=0;
r(l,1)=r(l,1)+qg;
CC=sum(c.*n)+sum(r.*h);
WW=sum(w.*n) ;

VV=sum (v.*n) ;
1f (CC<=480 && WW<=45 && VV<=40)

xx=xxX+1;

As=1;
for jj=l:y
£1=0;

for ii=1l:r(j3j)

Vol



fl=factorial(n(jj))/factorial (ii)/factorial (n(jj) -
ii) * (lambda/mu) ~ii+fl;
end
£2=0;
for ii=r(jj)+l:n(jj)-k(jj)+1
f2=factorial (n(jj))/factorial (r(jj))/factorial(n(jJj)-
ii)* (lambda/mu) *1ii/ (r (§33) "~ (1i-r (33))) +£2;
end
f3=factorial (n(jj))/ (factorial (k(jj)-
1) *factorial (r(33)) *r(33)~(n(33)-k(33)-r(33)+1))* (lambda/mu) * (n(3j)-k(3Jj)+1);
As=(1-f3/ (1+f1+£f2)) *As;
ASGROUP (xx) =As;
PARAMETERGROUP (xx, :)=[n r];
end
end
end
end
end
end
end
end
toc
[FINAL AS, AS_NO]=max (ASGROUP) ;
FINAL_PARAMETER=PARAMETERGROUP(AS_NO,:);
display (FINAL AS);
display(FINAL_PARAMETER);
save result PARAMETERGROUP ASGROUP FINAL AS FINAL PARAMETER
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1:n(2)-k(2)+1

r(l,2)=0;
r(l,2)=r(1,2)+t;

r(l,1)=0;

for t



for g=1:n(1)-k(1)+1

r(l,1)=0;
r(l,1)=r(l,1)+qg;
CC=sum(c.*n

y+sum(r.*h);
WW=sum (w.*n) ;
VV=sum (v.*n) ;
if (CC<=261 && WW<=35 && VV<=55)
Xx=xx+1;
As=1;
for jj=l:y
£1=0;
for ii=l:r(j3j)

fl=factorial(n(jj))/factorial (ii)/factorial (n(jj)-1ii)* (lambda/mu) ~ii+f1;
end
£2=0;
for ii=r(jj)+l:n(jj)-k(jj)+1

f2=factorial(n(jj))/factorial(r(jj))/factorial(n(jj)-
ii) * (lambda/mu) *ii/ (r (33) ~ (ii-r (35)) ) +£2;
end
f3=factorial(n(jj))/ (factorial (k(jj) -
1) *factorial (r (33)) *r(33) " (n(33)-k(33)-r(33)+1)) * (Lambda/mu) ~(n(Jj) -k (JF) +1);
As=(1-f3/(1+f1+£f2)) *As;
ASGROUP (xx) =As;

PARAMETERGROUP (xx, :)=[n r];
end
end
end
end
end
end
end
end

end
toc

end

[FINAL AS, AS_NO]=max (ASGROUP) ;
FINAL_PARAMETER=PARAMETERGROUP(AS_NO,:);

display (FINAL AS);

display (FINAL_PARAMETER) ;

save result PARAMETERGROUP ASGROUP FINAL AS FINAL PARAMETER
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clc;

clear;

close all;

tic;

%% Problem Definition

CostFunction=@ (x) costl (x); % Cost Function
nVar=6; % Number of Decision Variables
VarSize=[1l nVar]; % Decision Variables Matrix Size
VarMin=3; % Lower Bound of Variables
VarMax=13; % Upper Bound of Variables

%% ICA Parameters

MaxIt=100; % Maximum Number of Iterations
nPop=70; % Population Size

nEmp=10; % Number of Empires/Imperialists
alpha=1; % Selection Pressure

beta=2; % Assimilation Coefficient

pRevolution=0.1; Revolution Probability

o° oo

mu=0.05; Revolution Rate
zeta=0.1; % Colonies Mean Cost Coefficient
ShareSettings;

%% Initialization

[

% Initialize Empires
emp=CreatelInitialEmpires|();

% Array to Hold Best Cost Values
BestCost=zeros (MaxIt,1);

%% ICA Main Loop

for it=1:MaxIt

Q

% Assimilation

VoA



emp=AssimilateColonies (emp) ;

o)

% Revolution
emp=DoRevolution (emp) ;

o)

% Intra-Empire Competition
emp=IntraEmpireCompetition (emp) ;
% Update Total Cost of Empires
emp=UpdateTotalCost (emp) ;

o)

% Inter-Empire Competition
emp=InterEmpireCompetition (emp) ;

% Update Best Solution Ever Found
imp=[emp.Imp];

[~, BestImpIndex]=min([imp.Cost]);
BestSol=imp (BestImpIndex) ;

% Update Best Cost
if it==
if BestSol.Cost>0
BestCost (it)=0;
BesttSoll{it}=round (BestSol.Position);

end

if BestSol.Cost<0

BestCost (it)=BestSol.Cost;
BesttSoll{it}=round (BestSol.Position);

end
end
if it>1
if BestSol.Cost>0
BestCost (it)=0;
BesttSoll{it}=round (BestSol.Position);

end
if BestSol.Cost<0 && BestSol.Cost<=BestCost (it-1)
BestCost (it)=BestSol.Cost;

BesttSoll{it}=round (BestSol.Position);

end

if BestSol.Cost<0 && BestSol.Cost>BestCost (it-1)

BestCost (it)=BestCost (it-1);
BesttSoll{it}=BesttSoll{it-1};

end
end

[

% Show Iteration Information

disp(['Tteration ' num2str(it) ', SOL: ' num2str (BesttSoll{it})

num2str (-BestCost (it)) 1)
if it==MaxIt
n = BesttSoll{it} (1:3)
r = BesttSoll{it} (4:6)

AER

',Best Cost



BEST Reliability=-BestCost (it)
end

figure;

plot (-BestCost, 'LineWidth',2.5);
xlabel ('Iteration');

ylabel ('Best Cost');

toc;

costl.m . Y-Y-v

function z= costl (x)

=37
xxX=round (x) ;
n=xx(1:3);
r=xx(4:06);
excep=0;

for ii=1:j

if n(ii)<r(ii)
excep=excep+l;

end

if n(ii)<=2

excep=excep+l;

end

if r(ii)<=1

excep=excep+l;

end

end
if excep==0

k=[2 1 21;

c=[5 4 7];

h=[1 1 2];
v=[1.1 1.3 2.11;
w=[0.3 0.4 0.27];
W=45;

vV=40;

C=480;

Y=3;

mu=1.1;
landa=1.4;

penaltyl=0;

for ii=1:j
if n(ii)<k(ii)

penaltyl=penaltyl+0.5;
end

\AK



end
penalty2=0;
for ii=1:j

if r(ii)>(n(ii)

-k (ii)+1

)

penalty2=penalty2+0.5;

end

end

cll=0;

for ii=1:j
cll=cll+((c

end

if cll>C

penalty3=

(i

i)

0.5;

else penalty3=0;

end
cl2=0;
for ii=1:j

cl2=cl2+(w

end
if cl2>w

penaltyd=

else
penalty4

end

cl3=0;

for ii=1:j

cl3=cl3+ (v

end

if cl13>V
penaltyb

else

penaltyb=

end

£1=0;
£2=0;
ff=1;

for j=1:Y

for i=l:r(j)

*n(ii))+(r(i

(11) *n(ii));

0.5;

(11)

=0.5;

0;

f1=f1l+((factorial (n

end
if  (r(j)+1)
for i=(r

i))~*

r(J)+1): (n(3)-
f2=f2+ ((factorial (
(factorial (r(j *

<=(n(j)-k(J
k(

n(

))) *(r

*n(ii));

(7)) / (factorial (i

)
]
J
(3

i)*h(ii

r(ii)<1

((landa/mu)
(i-r(3)))))s

ARR

) *factorial (n

~1))/ ((factorial (n

(3)y-1)))~*

(3) -

((landa/mu)

"))



end

else
£2=0;
end
) * ((landa/mu) ~ (n(3)-k(J)

f3=(((factorial (n(j)
1)) * (factorial (r )

)
(3)))*(x ()" (n(3)-k(3)-r(3)+1)

FE=F££* (1-((1/ (1+£1+£2)) * (£3))) s

£1=0;

£2=0;

£3=0;
end

PENLATY=penaltyl+penalty2+penalty3+penalty4+penalty5;

z=—ff+PENLATY;
else
z=0.5;
end
end

global ProblemSettings;

ProblemSettings
ProblemSettings
ProblemSettings

ProblemSettings.
.VarMax=VarMax;

ProblemSettings

.CostFunction=CostFunction;
.nVar=nVar;
.VarSize=VarSize;

VarMin=VarMin;

global ICASettings;
ICASettings.MaxIt=MaxIt;
ICASettings.nPop=nPop;
ICASettings.nEmp=nEmp;
ICASettings.alpha=alpha;
ICASettings.beta=beta;
ICASettings.pRevolution=pRevolution;
ICASettings.mu=mu;
ICASettings.zeta=zeta;

function emp=CreateInitialEmpires ()

global ProblemSettings;
global ICASettings;

CostFunction=ProblemSettings.CostFunction;
nVar=ProblemSettings.nVar;
VarSize=ProblemSettings.VarSize;
VarMin=ProblemSettings.VarMin;
VarMax=ProblemSettings.VarMax;

nPop=ICASettings.nPop;
nEmp=ICASettings.nEmp;
nCol=nPop-nEmp;
alpha=ICASettings.alpha;

VY

+
)

1
)

)))/ ((factorial (k(J) -

) 7

sharesettings.m . Y-Y-v
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empty country.Position=[];
empty country.Cost=[];
kk=[2 1 2];
country=repmat (empty country,nPop,1);
for i=1l:nPop

dd=randi ([VarMin,VarMax],1l,nVar-3);
for u=1:3
ddl (u)=randi([1l, (dd(u)-kk(u)+1)]1,1,1);
end

country (i) .Position=[dd ddl];

country (i) .Cost=CostFunction (country (i) .Position);

end

costs=[country.Cost];
[~, SortOrder]=sort (costs);

country=country (SortOrder) ;
imp=country (1l:nEmp) ;
col=country (nEmp+l:end) ;
empty empire.Imp=[];
empty empire.Col=repmat (empty country,0,1);
empty empire.nCol=0;
empty empire.TotalCost=[];
emp=repmat (empty empire,nEmp,1);
% Assign Imperialists
for k=1:nEmp
emp (k) . Imp=imp (k) ;
end
% Assign Colonies
P=exp (-—alpha* [imp.Cost]/max ([imp.Cost])) ;
P=P/sum(P) ;
for j=1:nCol

k=RouletteWheelSelection (P) ;

emp (k) .Col=[emp (k) .Col
col(3)1;

emp (k) .nCol=emp (k) .nCol+1;
end

Y



emp=UpdateTotalCost (emp) ;

end

AssimilateColonies.m . 0-Y-V

function emp=AssimilateColonies (emp)

global ProblemSettings;
CostFunction=ProblemSettings.CostFunction;
VarSize=ProblemSettings.VarSize;
VarMin=ProblemSettings.VarMin;
VarMax=ProblemSettings.VarMax;

global ICASettings;
beta=ICASettings.beta;

nEmp=numel (emp) ;
for k=1:nEmp
for i=l:emp (k) .nCol

emp (k) .Col (i) .Position = emp (k) .Col(i).Position
+ beta*rand (VarSize) .* (emp (k) .Imp.Position-
emp (k) .Col (i) .Position);

emp (k) .Col (i) .Position = max (emp(k).Col (i) .Position,VarMin)
emp (k) .Col (i) .Position = min(emp (k) .Col (i) .Position,VarMax)

emp (k) .Col (i) .Cost = CostFunction (emp (k) .Col (i) .Position);

end
end

end

function emp=DoRevolution (emp)

global ProblemSettings;
CostFunction=ProblemSettings.CostFunction;
nVar=ProblemSettings.nVar;
VarSize=ProblemSettings.VarSize;
VarMin=ProblemSettings.VarMin;
VarMax=ProblemSettings.VarMax;

global ICASettings;
pRevolution=ICASettings.pRevolution;
mu=ICASettings.mu;

nmu=ceil (mu*nVar) ;
sigma=0.1* (VarMax-VarMin) ;
nEmp=numel (emp) ;

AR}
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for k=1:nEmp
NewPos = emp (k) .Imp.Position + sigma*randn (VarSize);

jj=randsample (nVar, nmu) ';
NewImp=emp (k) . Imp;
NewImp.Position (jj)=NewPos (jj);
NewImp.Cost=CostFunction (NewImp.Position);
if NewImp.Cost<emp (k) .Imp.Cost

emp (k) .Imp = NewlImp;
end

for i=l:emp (k) .nCol
if rand<=pRevolution

NewPos = emp (k) .Col (i) .Position + sigma*randn (VarSize);

jj=randsample (nVar, nmu) ';

emp (k) .Col (i) .Position(jj) = NewPos(jj);

emp (k) .Col (i) .Position = max (emp(k).Col (i) .Position,VarMin) ;
emp (k) .Col (i) .Position = min (emp(k).Col (i) .Position,VarMax) ;
emp (k) .Col (1) .Cost = CostFunction (emp (k) .Col (i) .Position);

end
end
end

end

IntraEmpireCompetition.m . v-Y-v

function emp=IntraEmpireCompetition (emp)
nEmp=numel (emp) ;

for k=1:nEmp
for i=l:emp (k) .nCol
if emp (k) .Col (i) .Cost<emp (k) .Imp.Cost
imp=emp (k) . Imp;
col=emp (k) .Col (1) ;

emp (k) . Imp=col;
emp (k) .Col (1) =imp;
end

end
end

end

UpdateTotalCost.m . A-Y-V

function emp=UpdateTotalCost (emp)

Vo



end

global ICASettings;
zeta=ICASettings.zeta;

nEmp=numel (emp) ;

for k=1:nEmp
if emp (k) .nCol>0

emp (k) .TotalCost=emp (k) . Imp.Cost+zeta*mean ([emp (k) .Col.Cost]);

else

emp (k) .TotalCost=emp (k) .Imp.Cost;

end
end

function emp=InterEmpireCompetition (emp)

if numel (emp)==1
return;
end

global ICASettings;
alpha=ICASettings.alpha;

TotalCost=[emp.TotalCost];

[~, WeakestEmpIndex]=max(TotalCost);
WeakestEmp=emp (WeakestEmpIndex) ;

P=exp (-alpha*TotalCost/max (TotalCost)) ;

P (WeakestEmpIndex)=0;
P=P/sum (P) ;
if any(isnan (P))
P(isnan(P))=0;
if all (P==0)
P(:)=1;
end
P=P/sum (P) ;
end

if WeakestEmp.nCol>0

InterEmpireCompetition.m . 4-Y-Vv

[~, WeakestColIndex]=max([WeakestEmp.Col.Cost]);

WeakestCol=WeakestEmp.Col (WeakestColIndex) ;

WinnerEmpIndex=RouletteWheelSelection (P) ;

WinnerEmp=emp (WinnerEmpIndex) ;

WinnerEmp.Col (end+1l)=WeakestCol;
WinnerEmp.nCol=WinnerEmp.nCol+1;
emp (WinnerEmpIndex)=WinnerEmp;

WeakestEmp.Col (WeakestColIndex)=[];

WeakestEmp.nCol=WeakestEmp.nCol-1;
emp (WeakestEmpIndex)=WeakestEmp;
end

AR



if WeakestEmp.nCol==0

WinnerEmpIndex2=RouletteWheelSelection (P);
WinnerEmp2=emp (WinnerEmpIndex?2) ;

WinnerEmp2.Col (end+1)=WeakestEmp.Imp;
WinnerEmp2.nCol=WinnerEmp2.nCol+1;
emp (WinnerEmpIndex2)=WinnerEmp2;

emp (WeakestEmpIndex)=[1];

end

end

RouletteWheelSelection.m . \ + Y-V

function i=RouletteWheelSelection (P)

r=rand;

C=cumsum (P) ;

i=find(r<=C, 1,

end

clc;
clear;
close all;
tic;

"first');
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%% Problem Definition

CostFunction=Q@ (x)

nVar=8;

VarSize=[1l nVar];

VarMin=3;

VarMax=10;

%% ICA Parameters

MaxIt=200;

o)

costl (x); % Cost Function
% Number of Decision Variables
% Decision Variables Matrix Size

o

% Lower Bound of Variables
% Upper Bound of Variables

% Maximum Number of Iterations

VY
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o°

nPop=50;
nEmp=10;

o©

o°

alpha=1;

beta=2;

o\

o\

pRevolution=0.1;
mu=0.05;

o\

o\

zeta=0.1;

ShareSettings;

%% Initialization

o)

% Initialize Empires

Population Size
Number of Empires/Imperialists

Selection Pressure
Assimilation Coefficient

Revolution Probability
Revolution Rate

Colonies Mean Cost Coefficient

emp=CreatelInitialEmpires();

% Array to Hold Best Cost Values
BestCost=zeros (MaxIt,1);

%% ICA Main Loop
for it=1:MaxIt

[}

% Assimilation

emp=AssimilateColonies (emp) ;

[}

% Revolution

emp=DoRevolution (emp) ;

o)

% Intra-Empire Competition

emp=IntraEmpireCompetition (emp) ;

o)

% Update Total Cost of Empires

emp=UpdateTotalCost (emp) ;

)

% Inter-Empire Competition

emp=InterEmpireCompetition (emp) ;

)

imp=[emp.Imp];

[~, BestImpIndex]=

% Update Best Solution Ever Found

min ([imp.Cost]) ;

BestSol=imp (BestImpIndex) ;

o

if it==

if BestSol.Cost>0

BestCost (it)=0;

BesttSoll{it}=

end
if BestSol.Cost<0

% Update Best Cost

round (BestSol.Position);

YA



fig
plo

BestCost (it)=BestSol.Cost;
BesttSoll{it}=round (BestSol.Position);

end
end
if it>1
if BestSol.Cost>0
BestCost (it)=0;
BesttSoll{it}=round (BestSol.Position);

end
if BestSol.Cost<0 && BestSol.Cost<=BestCost (it-1)
BestCost (it)=BestSol.Cost;

BesttSoll{it}=round (BestSol.Position);

end

if BestSol.Cost<0 && BestSol.Cost>BestCost (it-1)

BestCost (it)=BestCost (it-1);
BesttSoll{it}=BesttSoll{it-1};

end
end

[o)

% Show Iteration Information

disp(['Iteration ' num2str(it) ', SOL: ' num2str (BesttSoll{it})

num2str (-BestCost (it)) 1) ;
if it==MaxIt

n = BesttSoll{it} (1:4)

r = BesttSoll{it} (5:8)

BEST Reliability=-BestCost (it)
end

ure;
t (-BestCost, 'LineWidth',2.5);

xlabel ('Iteration');
ylabel ('Best Cost');

toc

fun

J=4
XX=
n=x
r=x
exc
for

’

ction z= costl (x)

round (x) ;
x(1:4);
x(5:8);
ep=0;
ii=1:7
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costl.m . Y-¢-V



if n(ii)<r(ii)
excep=excep+l;

end

if n(ii)<=2

excep=excep+l;

end

if r(ii)<=1

excep=excep+l;

end

end
if excep==
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landa=1.4;

penaltyl=0;

for ii=1:j

if n(ii)<k(ii)
penaltyl=penaltyl+0.5;
end

end
penalty2=0;
for ii=1:j

if r(ii)>(n(ii)-k(ii)+1) || r(ii)<1
penalty2=penalty2+0.5;

end
end
cl1=0;
for ii=1:j
cll=cll+ ((c(ii)*n(ii))+(r(ii)*h(ii)));
end
if cll>C
penalty3=0.5;
else penalty3=0;

end
cl2=0;
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for ii=1:j
cl2=cl2+(w(ii)*n(ii)) ;

end
if cl2>W
penalty4=0.5;
else
penalty4=0;
end
cl3=0;
for ii=1:j

cl3=cl3+ (v (ii)*n(ii));

end
if cl3>v
penalty5=0.5;
else
penalty5=0;
end
£1=0;
£2=0;
ff=1;
for j=1:Y

for i=1l:r(j)
fl=fl+ ((factorial (n(j))/ (factorial (i) *factorial(n(j)-1)))* ((landa/mu)

end
if (r(J)+1)<=(n(3)-k(J)+1)

for i=(r(j)+1):(n(j)-k(3j)+1)
f2=£f2+ ((factorial (n(J))* ((landa/mu) 1))/ ((factorial(n(j)-

i))*(factorial(r(j)))*(r ()" (i-r(3)))));

end

else

£2=0;

end
f3=(((factorial(n(j)))*((landa/mu)~(n(j)-k(J)+1)))/ ((factorial (k(J)-
1)) * (factorial (r(3)))*(r(3) " (n(3)-k(I)-r(3)+1))));

fE=f£*(1-((1/ (1+£1+£2))* (£3)));
£1=0;

£2=0;

£3=0;
end
PENLATY=penaltyl+penalty2+penalty3+penalty4+penalty5;
z=—-ff+PENLATY;
else

z=0.5;

end
end

sharesettings.m . Y¥-¢-V

global ProblemSettings;
AR
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ProblemSettings.CostFunction=CostFunction;
ProblemSettings.nVar=nVar;
ProblemSettings.VarSize=VarSize;
ProblemSettings.VarMin=VarMin;
ProblemSettings.VarMax=VarMax;

global ICASettings;

ICASettings.
.nPop=nPop;
.nEmp=nEmp;
.alpha=alpha;
ICASettings.
.pRevolution=pRevolution;
.mu=mu;

ICASettings.

ICASettings
ICASettings
ICASettings

ICASettings
ICASettings

MaxIt=MaxIt;

beta=beta;

zeta=zeta;

function emp=CreatelInitialEmpires ()

global ProblemSettings;
global ICASettings;

CostFunction=ProblemSettings.CostFunction;

nVar=ProblemSettings.nVar;

VarSize=

ProblemSettings.VarSize;

VarMin=ProblemSettings.VarMin;
VarMax=ProblemSettings.VarMax;

nPop=ICASettings.nPop;
nEmp=ICASettings.nEmp;
nCol=nPop-nEmp;
alpha=ICASettings.alpha;

empty country.Position=[];
empty country.Cost=[];

kk=[2 1

2 3];

country=repmat (empty country,nPop,1);

for i=1:

dd=randi ([VarMin,VarMax],1l,nVar-4);
:4
ddl (u)=randi ([1, (dd(u)-kk(u)+1)1,1,1);

for u=1

end

nPop

country (i) .Position=[dd ddl];

CreatelnitialEmpires.m . ¢-¢-V

country (i) .Cost=CostFunction (country (i) .Position);

end

costs=[country.Cost];
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[~, SortOrder]=sort(costs);
country=country (SortOrder) ;
imp=country (1l :nEmp) ;
col=country (nEmp+1:end) ;
empty empire.Imp=[];
empty empire.Col=repmat (empty country,0,1);
empty empire.nCol=0;
empty empire.TotalCost=[];
emp=repmat (empty empire,nEmp,1);
% Assign Imperialists
for k=1:nEmp

emp (k) . Imp=imp (k) ;
end
% Assign Colonies
P=exp (-alpha* [imp.Cost]/max ([imp.Cost])) ;
P=P/sum(P) ;
for j=1:nCol

k=RouletteWheelSelection (P);

emp (k) .Col=[emp (k) .Col
col(3)1;

emp (k) .nCol=emp (k) .nCol+1;
end

emp=UpdateTotalCost (emp) ;

end

AssimilateColonies.m . 0-¢-V

function emp=AssimilateColonies (emp)

global ProblemSettings;
CostFunction=ProblemSettings.CostFunction;
VarSize=ProblemSettings.VarSize;
VarMin=ProblemSettings.VarMin;
VarMax=ProblemSettings.VarMax;

global ICASettings;
beta=ICASettings.beta;

nEmp=numel (emp) ;
for k=1:nEmp
for i=l:emp (k) .nCol
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emp (k) .Col (i) .Position = emp (k) .Col (i) .Position
+ beta*rand(VarSize) .* (emp (k) .Imp.Position-
emp (k) .Col (i) .Position);

emp (k) .Col (i) .Position = max(emp (k) .Col (i) .Position,VarMin);
emp (k) .Col (i) .Position = min(emp (k) .Col (i) .Position,VarMax) ;

emp (k) .Col (i) .Cost = CostFunction (emp (k) .Col (i) .Position);

end
end

end

function emp=DoRevolution (emp)

global ProblemSettings;
CostFunction=ProblemSettings.CostFunction;
nVar=ProblemSettings.nVar;
VarSize=ProblemSettings.VarSize;
VarMin=ProblemSettings.VarMin;
VarMax=ProblemSettings.VarMax;

global ICASettings;
pRevolution=ICASettings.pRevolution;
mu=ICASettings.mu;

nmu=ceil (mu*nvVar) ;
sigma=0.1* (VarMax-VarMin) ;

nEmp=numel (emp) ;
for k=1:nEmp

NewPos = emp (k) .Imp.Position + sigma*randn (VarSize);

jj=randsample (nVar,nmu) ';
NewImp=emp (k) .Imp;
NewImp.Position (jj)=NewPos (jj);
NewImp.Cost=CostFunction (NewImp.Position);
if NewImp.Cost<emp (k) .Imp.Cost

emp (k) .Imp = NewlImp;
end

for i=l:emp (k) .nCol
if rand<=pRevolution

DoRevolution.m . \-¢-Vv

NewPos = emp (k) .Col (i) .Position + sigma*randn (VarSize);

jj=randsample (nVar, nmu) ';
emp (k) .Col (i) .Position(jj) = NewPos(jj):

emp (k) .Col (i) .Position = max(emp (k) .Col (i) .Position,VarMin);
emp (k) .Col (i) .Position = min(emp (k) .Col (i) .Position,VarMax) ;
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emp (k) .Col (i) .Cost = CostFunction (emp (k) .Col (i) .Position);

end
end
end

end
IntraEmpireCompetition.m . v-¢-V

function emp=IntraEmpireCompetition (emp)
nEmp=numel (emp) ;

for k=1:nEmp
for i=l:emp (k) .nCol
if emp (k) .Col (i) .Cost<emp (k) .Imp.Cost
imp=emp (k) . Imp;
col=emp (k) .Col (1)

emp (k) . Imp=col;
emp (k) .Col (i) =imp;
end
end
end

end

UpdateTotalCost.m . A-¢-V

function emp=UpdateTotalCost (emp)

global ICASettings;
zeta=ICASettings.zeta;

nEmp=numel (emp) ;

for k=1:nEmp
if emp (k) .nCol>0

emp (k) .TotalCost=emp (k) . Imp.Cost+zeta*mean ([emp (k) .Col.Cost]);
else

emp (k) .TotalCost=emp (k) . Imp.Cost;
end
end

end

InterEmpireCompetition.m . 4-¢-V

function emp=InterEmpireCompetition (emp)
if numel (emp)==1

return;
end
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end

global ICASettings;
alpha=ICASettings.alpha;

TotalCost=[emp.TotalCost];

[~

WeakestEmpIndex]=max (TotalCost) ;

WeakestEmp=emp (WeakestEmpIndex) ;

P=exp (-alpha*TotalCost/max (TotalCost)) ;
P (WeakestEmpIndex)=0;

P=P/sum(P) ;

if any(isnan

end

(P))
P(isnan(P))=0;
if all (P==0)
P(:)=1;
end
P=P/sum (P) ;

if WeakestEmp.nCol>0

end

[~, WeakestColIndex]=max ([WeakestEmp.Col.Cost]);

WeakestCol=WeakestEmp.Col (WeakestColIndex) ;

WinnerEmpIndex=RouletteWheelSelection (P) ;
WinnerEmp=emp (WinnerEmpIndex) ;

WinnerEmp.Col (end+1)=WeakestCol;
WinnerEmp.nCol=WinnerEmp.nCol+1;
emp (WinnerEmpIndex)=WinnerEmp;

WeakestEmp.Col (WeakestColIndex)=[1];
WeakestEmp.nCol=WeakestEmp.nCol-1;
emp (WeakestEmpIndex)=WeakestEmp;

if WeakestEmp.nCol==

end

WinnerEmpIndex2=RouletteWheelSelection (P);
WinnerEmp2=emp (WinnerEmpIndex?2) ;

WinnerEmp2.Col (end+1l)=WeakestEmp.Imp;
WinnerEmp2.nCol=WinnerEmp2.nCol+1;
emp (WinnerEmpIndex2)=WinnerEmp2;

emp (WeakestEmpIndex)=[];

Roulettwheelselection.m .

function i=RouletteWheelSelection (P)

r=rand;
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C=cumsum (P) ;

i=find(r<=C,1, "first');

end
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Elapsed r r2 r3 FINAL_AS
time 1
9.31275 1
7 1 6 8 0.9235
9.20650
5 9 6 9 0.9234
9.96006
4 8 7 9 0.9223
9.09195
7 9 9 7 0.9112
9.29686 1
3 2 5 8 0.9036
9.38242 1
1 1 6 8 0.9235
10.3655 1
47 1 6 8 0.9235
9.65419 1
2 1 6 8 0.9235
9.82131
4 9 8 7 0.9106
9.43839 1
5 1 6 8 0.9235
9.28731
7 9 6 9 0.9234
9.08844 1
5 1 6 8 0.9235
9.05606 1
8 3 6 7 0.9067
9.25389
5 9 9 7 0.9112
9.16609 1
7 1 6 8 0.9235
9.25401 1
2 1 6 8 0.9235
9.41810 1
3 1 7 7 0.9141
10.2979 1
41 0 8 7 0.9159
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9.53297

1 8 0.9155
10.2002 1
85 1 0.9235
9.18628
6 8 0.9223
9.54622 1
3 1 0.9235
9.65044 1
6 1 0.9235
9.42919 1
8 1 0.9235
1
9.445591 3 0.9067
9.31961
2 9 0.9223
9.40147
3 9 0.9223
9.48659
3 8 0.9223
9.31697
5 9 0.9112
9.14033
9 9 0.9234
9.29393 1
6 1 0.9178
9.36734
7 8 0.9223
9.37643
3 8 0.9155
9.19807 1
4 0 0.9159
9.25613 1
1 1 0.9235
9.36980
2 9 0.9234
10.5477 1
03 1 0.9235
10.0226 1
93 1 0.9235
9.35802
0 9 0.9234
9.21782
6 9 0.9112
9.74481
5 8 0.9155
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9.65799

7 9 0.9234
10.2027 1
71 0 0.9159
9.59465 1
0 1 0.9235
10.5905 1
54 1 0.9141
9.43795
6 8 0.9223
9.30310
5 8 0.9223
9.61729 1
0 1 0.9235
11.0871
50 9 0.9223
9.33904
3 9 0.9112
9.30234
5 9 0.9223
9.20617 1
2 1 0.9235
9.48552
4 8 0.9155
9.28639
8 8 0.9223
9.18761
4 9 0.9223
9.40077 1
2 1 0.9235
10.7289 1
75 1 0.9235
10.1192
16 9 0.9234
9.46884 1
0 1 0.9235
10.6468
82 9 0.9234
9.64564
7 8 0.9223
9.32801
6 9 0.9234
10.1240 1
08 1 0.9235
10.8617
14 9 0.9234
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9.77069

2 9 0.9234
9.71560 1
5 1 0.9141
11.3787 1
04 1 0.9235
10.6065 1
79 1 0.9235
10.2212
74 9 0.9234
9.69161
5 9 0.9234
10.6509 1
17 1 0.9235
9.81018 1
7 1 0.9235
10.0166 1
56 1 0.9235
10.5591
68 9 0.9112
9.44032
2 9 0.9223
9.51399 1
5 1 0.9235
10.0374 1
46 1 0.9235
9.40318
4 8 0.9223
10.5692
91 9 0.9234
9.32184
0 9 0.9234
9.34994 1
9 1 0.9235
9.82140
7 9 0.9234
10.2268 1
96 1 0.9235
9.46798 1
3 1 0.9141
9.68107
1 9 0.9223
9.30148 1
2 1 0.9235
9.55836
3 9 0.9223
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8 9.24767 1
8 8 1 0.9235
8 10.1553
9 87 9 0.9234
9 9.36347 1
0 2 1 0.9235
9 9.57962
1 2 8 0.9223
9 9.50540 1
2 9 1 0.9235
9 9.83595
3 7 9 0.9234
9 10.2037
4 46 9 0.9223
9 9.26475 1
5 6 1 0.9235
9 9.70197
6 8 8 0.9155
9 10.5228 1
7 90 1 0.9141
9 10.0819 1
8 39 1 0.9235
9 9.58838
9 9 8 0.9155
1 9.91251
00 8 9 0.9223
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Elapse r FINAL _
d time AS
1 14/57424 9 5 5 6 0/643
2 13/958379 6 6 6 6 0/6486
3 14/717952 9 5 5 6 0/643
4 13/840782 6 6 6 6 0/6486
5 14/109521 I 5 6 6 0/6571
6 14/153082 7 5 6 6 0/6571
7 14/501753 8 5 6 5 0/6312
8 15/037273 9 5 5 6 0/643
9 14/885487 7 6 5 6 0/6341
10 |[13/890102 6 7 5 6 0/6188
11 [ 13/305652 6 5 5 7 0/6342
12 [ 14/063453 8 5 7 5 0/6377
13 [13/505114 7 4 5 7 0/6288
14 [ 13/669536 7 5 6 6 0/6571
15 [15/059177 8 6 6 5 0/6295
16 [ 13/624563 8 4 6 6 0/6423
17 [15/257023 7 5 6 6 0/6571
18 | 14/088912 7 5 6 6 0/6571
19 |[19/465144 8 6 6 5 0/6295
20 | 13/930123 7 5 6 6 0/6571
21 13/43612 7 4 5 7 0/6288
22 | 13/607771 7 5 6 6 0/6571
23 | 14/518735 8 5 7 5 0/6377
24 | 14/478658 7 5 6 6 0/6571
25 | 13/580927 6 5 5 7 0/6342
26 | 14/161799 8 5 7 5 0/6377
27 | 14/115158 8 6 6 5 0/6295
28 | 13/742817 9 5 5 6 0/643
29 | 13/816393 8 5 7 5 0/6377
30 | 14/425536 6 5 5 7 0/6342
31 | 15/401968 9 I 5 5 0/6097
32 | 15/336596 7 I 6 5 0/6231
33 | 13/454962 6 5 5 7 0/6342
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34 | 13/551726 6 6 6 6 0/6486
35 | 13/745492 7 5 6 6 0/6571
36 | 13/989913 8 5 7 5 0/6377
37 | 14/272914 9 5 5 6 0/643
38 | 14/869381 7 5 6 6 0/6571
39 | 13/604902 7 5 6 6 0/6571
40 | 15/012205 9 4 7 5 0/6177
41 | 13/977089 6 6 6 6 0/6486
42 | 12/855176 5 4 6 7 0/6052
43 | 13/650074 7 6 5 6 0/6341
44 | 14/000279 8 5 7 5 0/6377
45 | 13/832518 6 6 7 5 0/6145
46 | 13/690909 6 4 7 6 0/627
47 | 14/062756 9 5 5 6 0/643
48 13/6977 7 5 6 6 0/6571
49 | 14/504608 6 6 6 6 0/6486
50 |13/593572 7 6 5 6 0/6341
51 |13/571025 5 5 7 6 0/6183
52 113/616422 6 6 6 6 0/6486
53 |14/401875 8 6 6 5 0/6295
54 |14/839441 9 5 5 6 0/643
55 |15/316818 8 6 6 5 0/6295
56 14/53507 7 5 6 6 0/6571
57 113/521142 7 5 6 6 0/6571
58 | 14/558067 9 5 5 6 0/643
59 ]13/942113 9 5 5 6 0/643
60 | 13/694068 7 5 6 6 0/6571
61 | 14/103061 7 4 5 7 0/6288
62 | 13/709206 6 6 6 6 0/6486
63 | 13/433672 6 4 7 6 0/627
64 | 14/128332 9 5 5 6 0/643
65 | 15/229708 6 6 6 6 0/6486
66 | 14/069572 9 4 7 5 0/6177
67 | 14/854735 6 6 6 6 0/6486
68 13/4674 7 4 5 7 0/6288
69 | 14/288447 7 5 6 6 0/6571
70 | 14/147366 8 5 7 5 0/6377
71 | 13/684464 7 5 6 6 0/6571
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72 | 15/341538 9 5 5 6 0/643
73 | 14/515245 5 6 5 7 0/612
74 115/294101 7 5 6 6 0/6571
75 | 14/435066 6 8 6 5 0/6043
76 | 14/462828 9 5 5 6 0/643
77 | 13/749554 6 7 5 6 0/6188
78 |13/797709 8 5 7 5 0/6377
79 | 14/358595 8 5 7 5 0/6377
80 |13/891341 7 5 6 6 0/6571
81 | 14/237099 9 5 5 6 0/643
82 |13/303033 7 5 6 6 0/6571
83 | 13/374167 8 4 6 6 0/6423
84 |13/415089 7 5 6 6 0/6571
85 |13/137701 7 6 5 6 0/6341
86 |13/602263 6 6 6 6 0/6486
87 |13/445248 9 5 5 6 0/643
88 13/26409 6 6 6 6 0/6486
89 |13/610951 6 6 6 6 0/6486
90 |13/229387 7 5 6 6 0/6571
91 |13/491817 7 5 6 6 0/6571
92 |13/560553 6 6 6 6 0/6486
93 | 14/287273 8 5 7 5 0/6377
94 |14/763862 7 5 6 6 0/6571
95 |13/744706 6 5 8 5 0/6137
96 | 14/127377 8 6 6 5 0/6295
97 |14/091162 9 5 5 6 0/643
98 |14/424111 7 5 6 6 0/6571
99 |13/586283 6 5 8 5 0/6137
100 | 12/986387 6 4 7 6 0/627
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Abstract
Optimal design of system and reliability optimization play a key role in engineering design and
have been effectively applied to enhance performance.

Failure of products and systems will cause problems at different levels. And can be also
considered Even as a serious threat to society and the environment. For this reason in modern
society, engineers and technical managers responsible for the planning, design, construction and

operation from the simplest product to the most complex system.

One of the most important issues in the reliability and availability of the system, is systems
Designing somehow that they have the highest reliability and availability. In literature there are
many ways to increase the availability of system components including their reliability, increased
levels of redundancy (increase of N), as well as a combination of the two.

In this study, redundancy allocation problem for a system with y subsystem including k-out-of-n
structure is investigated. Due to existing repairable components in each subsystem, the model
consists of selecting number of repairman and redundancy level for each subsystem. The model is
constructed based on Markovian process and the goal is maximization of steady-state availability
under constraints such as cost, weight, and volume. In this model, two type of costs are considered;
cost of employing repairmen and cost of preparing components and decision variables of the model

are number of repairman and number of component in each subsystem.
The model is located into integer non-linear programming with linear constraints. Due to
complexity and time-consuming, a heuristic algorithm called Imperialist Competitive is applied to

solve the problem. To analyze the model and application of the method, two examples are
considered. Finally, to evaluate the method, comparison between the exact solution and solution by

the proposed algorithm is done.

Keywords: Availability; Reparability; k-out-of-n system structure; Markovian process;
Imperialist Competitive Algorithm.
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