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clc

clear

load Data
mu = Miu;
m = Nob;




k = YA; %capacity of system

lambda = Lambda

rho = lambda/mu

p+ = V./(sum((rho.(+:(m-V)))./factorial(+ :(m-V)))+((rho”™m/factorial(m))...
*((*-((rho/m)*(k-m+)))/ (Y -(rho/m)))))

pk = ((rho™k)*p+)/(factorial(m)*(m*(k-m)))

Lq = (rho™(m+Y)*p - /factorial(m-1))*(() -(rho/m)*(k-m+Y)-((* -rho/m)...
*(k-m+Y)*((rho/m)*(k-m))))/(m-rho)”Y) % Lq = Average number of customers in line

L = Lg+rho % L = Average number of customers in system
lambda- = lambda*(" -pk) % Average rate that customers enter
W(q = Lg/lambda- % Wq = Average time spent in line

W = L/lambda- % W = Average time spent in the system
Ibar=lambda*("-pk) % Average rate that customers enter
maxu=lambda/(m*mu) % Maximum Utilization
effu=Ibar/(mu*m) % Effective Utilization

A L Cj O s J'Lﬂ‘,:y“:i}“ Ol et g;“’)ﬁ“"s

clc
clear
load Data
C=[ 4,0, 1Y£+4,0Y [ YOYV,AY V4,0V VivaT,AV];
Miu=+,"
fori=Y:)»
mu(i) = i*Miu;
m = Nob;
k = YA; %capacity of system
lambda = Lambda;
rho(i) = lambda/mu(i);
p: (i) =./(sum((rho(i).~(* :(m-Y)))./Mfactorial(+ :(m-1)))+((rho(i)*m/factorial(m))...
*((V-((rho(i)/m)*(k-m+)))/(* -(rho(i)/m)))));
pk(i) = ((rho(i)*k)*p- (i))/(factorial(m)*(m”(k-m)));

Lq(i) = (rho(i)(m+)*p- (i)/factorial(m-1))*((-(rho(i)/m)*(k-m+Y)-((Y-rho(i)/m)...
*(k-m+Y)*((rho(i)/m)*(k-m))))/(m-rho(i))*Y); % Lq = Average number of customers in line

L(i) = Lq(i)+rho(i); % L = Average number of customers in system
lambda- (i) = lambda*(" -pk(i)); % Awverage rate that customers enter

WAq(i) = Lg(i)/lambda- (i); % W(q = Average time spent in line

W(i) = L(i)/lambda- (i); % W = Average time spent in the system
Ibar(i)=lambda*(-pk(i)); % Awverage rate that customers enter
maxu(i)=lambda/(m*mu(i)); % Maximum Utilization

effu(i)=lbar(i)/(mu(i)*m);

TC(H)=C( )*La(i)+C(¥)*(L(D)-La(i))+C(¥)*(m-L(i)+La(i))+C(¢)*k+C(°)*lambda*pk(i);
end
plot(mu,TC)




xlabel("\mu’);
ylabel('Total Cost')
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cle
clear
load Data
C=[ 9,07, 1Y£+4,0Y [ YOYV,AY V4,0V VivaT,AV];
fori=Y:)»
m=i;
k = A; %capacity of system
lambda = Lambda;
rho = lambda/mu;
p+ (i) = Y./(sum((rho.A(+:(m-Y)))./factorial(+ :(m-))))+((rho™m/factorial(m))...
*((V-((rho/m)(k-m+1)))/ (2 -(rho/m)))));
pk(i) = ((rho™k)*p- (i))/(factorial (m)*(m~(k-m)));

Lq(i) = (rho™(m+Y)*p- (i)/factorial(m-Y))*((Y-(rho/m)*(k-m+)-((Y-rho/m)...
*(k-m+Y)*((rho/m)*(k-m))))/(m-rho)*Y); % Lg = Average number of customers in line

L(i) = Lq(i)+rho; % L = Average number of customers in system
lambda- (i) = lambda*(" -pk(i)); % Average rate that customers enter
Wq(i) = Lqg(i)/lambda- (i); % W(q = Average time spent in line

W(i) = L(i)/lambda- (i); % W = Average time spent in the system
Ibar(i)=lambda*(-pk(i)); % Average rate that customers enter
maxu(i)=lambda/(m*mu); % Maximum Utilization

effu(i)=Ibar(i)/(mu*m);
TC(I)=C()*La(i)+C(7)*(L(i)-La(i))+C(7)*(m-(L(i)-La())) +C(¢)*k+C(°) *lambda*pk(i);

end

server=":\ -

plot(server, TC)

xlabel('number of servers');

ylabel(‘'Total Cost')

ylim([min(TC)-) « + +,inf])

Jf%,ﬁé))jdlf“b@bb‘wj@JQU\}CJJC)‘MQL&]&‘;N)}S

clc %% miu + number of servers
clc
clear
load Data
C=[Y9,07, 149,07 [ YOYV,AY 14,07 ) ivaT,AY];
fori=):) .
for j=Y:) -
mu(j) =j/ +;
m=i,




k = A; %capacity of system

lambda = Lambda;

rho = lambda/mu(j);

p+(i,j) = Y./(sum((rho.”(+:(m-Y)))./factorial (+ :(m-V)))+((rho™m/factorial(m))...
*((V-((rho/m)™(k-m+1)))/(Y-(rho/m)))));

pk(i.j) = ((rho”k)*p- (i.j))/(factorial (m)*(m"(k-m)));

Lq(i,J) = (rho™(m+)*p- (i,j)/factorial(m-1))*(("-(rho/m)*(k-m+Y)-((Y-rho/m)...
*(k-m+Y)*((rho/m)™(k-m))))/(m-rho)”Y); % Lg = Average number of customers in line

L(i,j) = Lq(i,j)+rho; % L = Average number of customers in system
lambda: (i,j) = lambda*("-pk(i,j)); % Awverage rate that customers enter
Wq(i,j) = Lq(i,j)/lambda- (i,j); % W(q = Average time spent in line
W(i,j) = L(i,j)/lambda- (i,j); % W = Average time spent in the system
Ibar(i,j)=lambda*(" -pk(i,j)); % Awverage rate that customers enter
maxu(i,j)=lambda/(m*mu(j)); % Maximum Utilization

effu(i,j)=Ibar(i,j)/(mu(j)*m);
TC(1,)=C()*La(i.j)+C(v)*(L(i.j)-La(i.j))+C(7)*(m-(L(1.j)-La(i.j))+C() *k+C(°)*lambda*pk(i.j);
end
end
plot(TC)
xlabel('Number of Servers');
ylabel('Total Cost (rial)")
hold on
plot(", TC(Y»)),'ko','MarkerSize',¥,'MarkerFaceColor','k")
plot(}, TC(?»Y),'ko', MarkerSize',¥,'MarkerFaceColor','k’)
plot(e, TC(°>Y),'ko', MarkerSize',¥,'MarkerFaceColor','k’)
plot(£,TC(¢,¢),'ko’, MarkerSize',¥,'MarkerFaceColor','k’)
plot(¥, TC(¥»°),'ko', MarkerSize',¥,'MarkerFaceColor','k’)
plot(Y, TC(¥»>1),'ko',' MarkerSize',¥,'MarkerFaceColor','k")
plot(Y, TC(¥»V),'ko',' MarkerSize',¥,'MarkerFaceColor','k")
plot(Y,TC(Y,A),'ko','MarkerSize',¥,'MarkerFaceColor','k")
plot(Y,TC(Y,%),'ko',' MarkerSize',¥,'MarkerFaceColor','k")
plot(Y,TC(Y») +),'ko’,'MarkerSize',Y,'MarkerFaceColor','k")
hold off
legend(\mu =Y "\mu= Y "\mu= Y "\mu="+¢"\mu="°""\mu=",V"\mu="-,vV,\mu="+,A"\mu=
. ,Q','\mu = \')




