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Abstract
The supply chain management is an important factor in current competitive market.
In recent years, the shortage of resources for answering an increasing food demand
has increased researchers’ attention to the food supply chain. Given the importance
of fish in the Household Food Basket, the development of aquaculture and recycling
of returned goods in reverse logistics would significantly help with preserving water
resources, as well as sustainable development. Therefore, government agencies and
aquaculture industry beneficiaries are interested in reverse logistics. This study is
focused on the optimization of a closed-loop supply chain of fish. To this end, a new
bi-objective mathematical model is proposed that both minimizes total costs and
maximizes fulfilling customers demand in uncertainty situation. Several well-known
multi-objective meta-heuristic algorithms and a proposed hybrid meta-heuristic
algorithm are applied to identify Pareto solutions. The solutions are then compared in
terms of performance metrics. Also, the epsilon-constraint method and sensitivity
analysis are used to validate the algorithms and evaluate the performance of the model.
Lastly, the VIKOR method is used to select the superior method. To demonstrate the
capability of the proposed model, a closed-loop supply chain of trout in northern Iran is
investigated as a case study. The results show that the developed model could be
effective in reducing the costs and increasing customer satisfaction.
Keywords: Closed-loop supply chain, Fish reverse logistics, Bi-objective
mathematical model, uncertainty, Meta-heuristic algorithms.
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1 .Reverse Logistics
2. Closed-Loop Supply Chain
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Bi-level

Single-objective optimization, MO = Multi-objective optimization, BL =

optimization

SO

Meta-

Solution approach: EX = Exact solution method, HE = Heuristics method, MHE

heuristic method
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1. [Initialize Population;

2

Generate random population;

3. Evaluate Objectives Values;

4. For each Parent and Child Population do

3. Assign Rank (level) based on Pareto;

6. Generate sets of non-dominated solutions;

7 Determine the crowding distance

8. Loop (inside) by adding solutions to the next generation
9. End

10. Determine the population front;
11. For each determined front
12. Roulette wheel selection (NSGA-II);

13. Generate a new population with mutation and crossover (S, )
14. End
15. Determine the non-dominated solutions (NDS, ) to be explored by the SEQ;

16. Apply Multi-objective SEO (Algorithm MOSEO) to the set NDS, .
Let ND,,, be the set of non-dominated solutions at the end of the SEO.
Update the population S, with ND,_, .

17. If the stopping criterion is satisfied, then select optimal Pareto Frontier (Best solutions).

HGASEO oz, 1 8 w2 A+ JSs

input: NDS, : a set of non-dominated solutions
T=clock;
Initialize attacker and defender.
Consider the non-dominated Pareto solutions (randomly chosen solution from NDS, ).
I=1;
Output: ND,, (set of improved non-dominated solutions).
while solving time < Max time
Do training and retraining;
if the new position of new defender can dominate the defender
Check and update the non-dominated solution sets.
end
Num_attack=1;
while Num_attack < Max attack
Spot an attack;
Check the boundary;
Respond to attack;
Update the Pareto optimal frontier.
if the new position of defender dominated than the attacker
Exchange the defender and attacker position;
endif
Num_attack= Num_attack+1;
endwhile
Create a new solution as a defender;
Update the non-dominated solutions.
Ir=It+1;
T2=clock;
Solving time=T; - T};
endwhile
Return the best non-dominated (NDy,, )
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(a) If |np_, | =|nps,| : The solutions of ¥DS, are replaced by the ND,, solutions in §, .
(b) If |vp_ |>|vps|: The set ND,,, is inserted in S and the set NDS, is removed from |vp_ |-|vps |and S,

solutions are randomly chosen.
() If |Np,_ | <|nps,| : The set NDg,, is inserted in §,, |vps |-|np_, | solutions of NDS, are randomly chosen and they

are removed from §, .
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Pc Rate of crossover 0.7 0.8 0.9
Pm Rate of mutation 0.05 0.1 0.15
NSGA-II N-pop Population size 50 100 150
Max-it. Max1mum number  of 2x 3x 4x
iterations
o Rate of training 0.2 0.25 0.3
p Rate of spotting an attack 0.04 0.045 0.05
MOSEO N Number of attacks 50 55 60
Max-it. Max1mum mumber  of 4x 6x 10x
1terations
Pc Rate of crossover 0.7 0.8 0.9
Pm Rate of mutation 0.05 0.1 0.15
N-pop Population size 50 100 150
o Rate of training 0.15 0.2 0.25
HGASEO p Rate of spotting an attack  0.035 0.05 0.065
GA- it. Maximum - number of 3x 4x
1terations
SEO- it. Maximum number of 4x 6x 8x

iterations
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NSG Pc=0.7; Pm=0.15; N-pop=150; Max-it=4x.
A-II

MOS a=0.2; =0.045; N =60; Max-it=10x.
EO

HGA Pc=0.8; Pm=0.15; N-pop=100; 0.=0.25; f =0.065; GA-it=3x;
SEO SEO-it=4x.




Main Effects Plot for SN ratios
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Main Effects Plot for SN ratios
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Interval Plot of MOSEO, NSGA-1I, HGASEO
95% CI for the Mean
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Individual standard deviations are used to calculate the intervals.
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Individual standard deviations are used to calculate the intervals.
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Interval Plot of MOSEO, NSGA-II, HGASEO
95% C1 for the Mean
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Individual standard deviations are used to calculate the intervals.
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j=1 Jf; f; Zszl,ijO,
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R, =max|w, f’+ f’i , i=1,...m

/ . fj _fj

Y o S-S~ R, -R™ . v=203,
T0 = i (1) i=l,..m
St—S R™-R S*:minSi,S'zmaxS,.,

i

R*=minR,, R~ =maxR,.

i

£olS Rank the alternatives by sorting the values Si,
Ri, and Qi in descending order.
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3 0.9000 0.3000 1.0000 MOSEO
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