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ABSTRACT ARTICLE INFO
Believing in the fact that an activity can be performed through several Received: 19/07/2017
methods or states, or that there may be several executive states for Revised: 21/11/2017
activities with different numbers of resources in real conditions, the Accepted: 23/11/2017

scheduling obtained from different methods with different combinations of
time, resources, and quality need to be evaluated and optimized. These are

referred to as project scheduling problems with multistate resources. On Keywords:

the other hand, application of the theory of constraints to project project management,
management has led to the development of a novel approach in project Time-Cost-Quality trade-off,
planning and control known as the critical chain. The present paper seeks MU|'[_"ObJeC'“Ve Opt_lm]zat_lon,
to use the critical chain technique and simultaneous time-cost-quality Particle Swarm Optimization,
trade off. In this study, the multi-objective problem of time-cost-quality Pareto

trade off has been solved using the high capability of the multi-objective
particle swarm algorithm in optimization and the critical chain technique,
so that the most appropriate sequence and executive state of activities is
found such that time, cost, and quality are optimized and close to reality.
The optimization algorithm programming was coded in the MATLAB
software, and the target results were extracted. For evaluation of the
proposed model, two case studies with 7 and 18 activities have been
solved. Furthermore, a project with 60 activities where the time-cost-
quality trade off had been established were used for validation of the
proposed algorithm, and new results were extracted. The results
demonstrated that the developed algorithm has had correct, proper
performance, in such a way that it is capable of generating several Pareto
solutions with different time, cost, and quality values. Furthermore, the
results have been reported separately based on the best time, cost, and
quality, which makes it possible for the project managers to select the
better solutions given their priorities in the project.
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function sol=fitness(sol,data,nobyj)
Precedence=data.Precedence;
T=data.T;

N=data.n;

valA=sol.x;

[~,x]=sort(valA);
x=PrecedenceCheck(x,Precedence);
valA=valA(x);

valB=1./data.M;

valB=valB(x);
val=ceil(valA./valB);

ST=zeros(N,1);
FT=zeros(N,1);
fori=1: N

Ti=T{x(i)}(val(i));

ST(i)=FT(i);

if i==1
FT(i)=Ti;

else
FT(i)=FT(i-1)+Ti;
ST(i)=FT(i-1);

end

end

C=calCost(FT,data,x,val);
[T,FT,PB]=calUT(ST,FT);
Q=calQuality(data,x,val);
Z=[C-QTI;

sol.cost=Z;
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sol.Position=x;
sol.value=val,
sol.valueA=valA;
sol.info.ST=ST;
sol.info.FT=FT,;
sol.info.PB=PB;
end
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function newX=PrecedenceCheck(x,Precedence)
newX=[];
while true
for i=x
if all(ismember(cell2mat(Precedence(i)),newX));
break;
end
end
[newX]=[newX i];
[j1=find(x==i);
x()=I1;
if isempty(x)
break;
end

end

end
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function [T,FT,PB]=calUT(ST,FT)
t=max(FT)-min(ST);

PB=ceil(t/2);

Ee0=max(FT);

T=Ee0+PB;

T=max(T);

End

function Q=calQuality(data,x,val)
Qk=data.Qk;
Wi=data.Wt;
n=data.n;
Qki=zeros(1,n);
for i=1:n
Qki(i)=Qk{x(i)}(val(i));
end
Q=sum(QKki.*Wt(x))/n;
End

function C=calCost(FT,data,x,val)

dc=data.dc;

n=data.n;

sumdci=0;

fori=1:n
dei=de{x (i) }(val(i));
sumdci=sumdci+dci;

end

C=sumdci+max(FT)*data.ic;

End
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