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Abstract

The purpose of this paper is to design a multi-objective mathematical model in order to
optimize the four-echelon supply chain of perishable goods using a hybrid algorithm with
regard to procurement time, cost and customer satisfaction. Perishable four-echelon food
supply chains are considered as different supply chains due to continuous and significant
changes in the quality of food products throughout the chain until the end of consumption. In
this research, a mathematical model for the location-routing facility in a four-echelon supply
chain for perishable products with a simultaneous optimization approach of total supply chain
costs, order delivery time, emissions and customer satisfaction is presented. To assess the
validity of the research, the mathematical model in Behshahr food industry has been studied
and the research problem is presented in the form of a multi-objective nonlinear programming
model of mixed integer and to solve it, a hybrid of two refrigeration and red deer algorithms
has been used. The results of the proposed algorithm are solved in a case study and the results
of the algorithm performance are reviewed based on standard indicators and finally the
computational results indicate the efficiency of the algorithm for a wide range of problems of
different sizes.

Keywords: Four-echelon supply chain, perishable goods, multi-objective mathematical
model, meta-heuristic algorithm.
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Initialize the Red Deer’s population.
Calculate the fitness, sort them, and form the hinds (Nhind) and male RDs (Nmale).
Set the Pareto optimal fronts.
while (t< maximum number of iteration)
for each male RD
sub=1;
while (sub< maximum number of sub-iteration)
Create a neighbor of this solution by a procedure, which is depicted in Fig. S.3.2 from
Supplementary
Material S.3.
if the new solution is better than prior
Replace the old solution by new solution.
Else

Compute 6,6 = | f f

old new |

If rand <exp(— & /T )

Replace the new solution.
End if
End if
sub=sub+1;
end while
end for
Update T.
Sort the males and form the stags and the commanders.
Form harems:

n
N

com

%"

(vV,=v,-max {v.}; p, = ;N .harem = =round {p .N,.. 1} .

for each male commander

Mate male commander with the selected hinds of his harem randomly.

com + hind
New = ————;
2

Select a harem randomly and name it k.

Mate male commander with some of the selected hinds of the harem.
end for
for each stag

Calculate the distance between the stag and all hinds and select the nearest hind.

stag + hind
New = —;
2
Mate stag with the selected hind.
end for

Select the next generation with roulette wheel selection.

Update the Pareto optimal solutions.

t=t+1

end while

Consider the best front and evaluate the solutions by assessment metrics.




