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1
ABSTRACT 

 
 

This paper presents a new mathematical programming model for an 

integrated production and air transportation in supply chain 

management with sequence-dependent setup times in order to design 

an applied procedure for the production and distribution schedule. 

The aim of this model is to minimize the total supply chain cost 

consisting of the costs of distribution, production earliness and 

tardiness, and delivery. Because of the complexity and NP-hardness 

of this problem, two meta-heuristics based on genetic algorithm (GA) 

and variable neighborhood search (VNS) are proposed. The 

parameters of these algorithms and their appropriate operators are 

set and determined by the use of the Taguchi experimental design. 

Then, the quality of the results obtained by these algorithms is 

compared. The computational results show that the developed VNS 

outperforms the proposed GA. 
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2- Synchronization 
3  - Simulated Annealing (SA) 
4  - Genetic Algorithm (GA) 
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1- Evolutionary Algorithms  

Procedure    Hybrid genetic algorithm 
 

Initialization 

Fitness evaluation 

Xbest = Update 

Counter  = 0 
 

While stopping criterion is not met do 

            Reproduction (pr%) 

            Crossover (1- pr%) 

            Mutation (All offspring produced by crossover, pm) 
 

           Fitness evaluation 

           Xbest = Update 

           Xbest = Local search 

            

          If Xbest is not improved do 

                Counter  = Counter  + 1 

                If Counter  > no_change do 

                    Population = restart phase 

                    Counter  = 0 

                Endif 

          Else 

                Counter  = 0 

          Endif 

Endwhile 
 

 

Procedure    Local Search 

  k = 1 

  While  k < n + 1 do 
              v = mutated solution 

              If   f (v)< f (x)  do 

                     x = v 
                     k = n 

                     If   f (v)< f (xbest)  then 

                           xbest = v 

                     Endif 

              Endif 

              k = k + 1 

Endwhile 
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 X1                  R1    X'1   

8 1 0 0                1 0 0 1  5 0 1 3  

0 7 1 0    D     R     0 1 0 0  0 6 1 1  

0 0 7 0   4 0 1 2   1 1 1 1    0 0 1 0  1 0 6 0  

0 0 0 9   0 5 1 1   0 1 0 1    0 1 0 0  2 3 0 5  

 X2    1 0 5 0   0 1 1 0     R2    X'2   

1 0 3 5   2 1 0 5   1 1 0 0    0 1 1 0  4 1 2 2  

0 4 1 3                0 0 0 1  0 5 1 2  

2 1 4 0                0 1 0 0  1 1 5 0  

5 3 0 1                1 0 0 0  3 1 0 5  

             

Before Mutation                     After Mutation  

1 0 3 5     7 4        7 4      1 0 3 5  

0 4 1 3  p=2 6 2 4  Reallocate randomly 6 3 3  Replace  0 4 1 3  

2 1 4 0  q=2 5 5 0   5 4 1      3 1 3 0  

5 3 0 1                     4 3 1 1  

                             

X'1X'2

1'

1 RDX 
           

2'

2 RDX             

] [

 (VNS) 

 

 

VNS

                                                 
1- Variable neighborhood search (VNS) 
2- Neighborhood structure (NS) 
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4- Current Solution 
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] [jF

d

kTF

kTF

 

 

pop-size
cp

S/NRPD

                                                 
1- Relative percentage deviation 

 

 

N 9 
20, 30, 40, 50, 60, 70, 80, 

90, 100 

F 9 
4, 6, 8, 10, 12, 14, 16, 18, 
20 

K 4 2, 2, 3, 3, 3, 4, 4, 4, 5 

Qi

 
1 Uniform [50,200] 

di

 
1 Uniform [1,6] × (Qi×pi+ti) 

αi

 
1 Uniform [3,5] 

α'i
 

1 Uniform [3,5] 

βi

 
1 Uniform [5,8] 

Desi

 
1 Uniform [1,K] 

desf

 
1 Uniform [1,K] 
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Df

 
1 Uniform [24× (FNf -1)/TFk , 24×FNf /TFk] 

Cap1f 1 Uniform [200,800] 

Cap2f

 
1 Uniform [100,200] 

Tc1f 1 Uniform [60+20 desf, 80+20 desf] 

Tc2f 1 Uniform [60+20 desf, 80+20 desf] 

β'i
 

1 Uniform [60+20 desf, 80+20 desf] 

Af

 
1 Df + tf

 

MDi

 
1 di – ti

 

p'i 1 Uniform [0.5,1.5]
 

λ 1 λ=(∑Qip'i)× uniform [1.2,2]/24 

pi

 
1 pi=p'i / λ

 

S'ij
 

1 Uniform [0.1,0.3] 

Sij 1 Sij = S'ij / λ 

 2
10

10 functionobjective=S/N ratio log

100
lg





sol

solsol

Min

MinA
RPD

solAlg

solMin

S/NRPD

RPD

RPD

S/N

RPD

MINITAB 14

ANOVA

LSD

LSDMINITAB 14

VNS

GA

VNS

GA

VNS

R
P
D

VNSGA

5

4

3

2

1

RPD

                                                 
1- One-Way Analysis of Variance 
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