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Purpose: Designing a logistic network is a vital and strategic issue that provides the optimal platform for effective and
useful management of supply chain. For this purpose, in this paper, a multi-echelon, multi-product, multi-period and
multi-objective sustainable dual-channel closed-loop supply chain network has been designed taking into account the
technology of RFID. Simultaneously this model seeks to maximize the profits and social responsibility of the supply
chain network while it minimizes the whole delay in delivery time and environmental pollution. Also, because definitive
models are incapable of understanding the complexities of real-world applications, so this paper also addresses systemic
and environmental uncertainties.

Methodology: In this study, the scenario-based stochastic robust programming optimization technique is used to deal
with the uncertainty of the parameters and to deal with the uncertainty of the parameters, and due to the multi-objective
model and for validation and model exact solution in small dimensions of a new robust augmented e-constraint method
(AUGMECON-R) is used to achieve the best balance between the objectives. Also, since the problem is of np-hard
class, two NSGA-II and MOPSO algorithms were used to solve the model in larger dimensions.

Findings: The results show that this model has acceptable efficiency that due to the uncertainty of some parameters.
Originality/Value: The proposed model includes mathematical formulas in a certain and robust state that allows the
establishment of several complicated characteristics in the above text along with direct and indirect selling channels and

repairing centers and secondary costumers create the new design of supply chain that can be supreme model for the
managers and professionals with the wide application especially from strategic view.
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Table 3- Values of model parameters.
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Table 4- Results of solving designed problems in a definite and solid state.
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START

l

Create payoff table
(lexmax fk(x), k=1, 2, ..., p)

4

Set lower bounds Ibk for k=2, ..., p
Divide rk into gk intervals

(set number of gridpoints = gk+1)

J

Problem P
Max [f1(X)+eps”(s2/rz+10ss/ra+...+10Ds,/rp)]
Subject to:
X€EF
f(X)-sk= ek, k= 2,...,p
Where:
f(X) represents objective functions to be maximized
ex= Ibi+ ix” stepk
Ibk is the lower bound for objective function k
stepk = rk/gk is the step for objective function k
rk is the range of objective function k
gk is the number of intervals for objective function k
Sk is the surplus variable for objective function k
F is the feasible region
eps is a very small number, usually eps € (10, 10%)
np is the number of Pareto optimal solutions
bk= int(sk/stepk) is the bypass coefficient of objective
function k

Initialize counters ik =0 for k=2, ..., p, np=0 END

J/_I

ip=ipt1 YES ip<gp

1T

|~/ NO

l

YES

ip'lzip'l"'l

\'4

ip'].:O

i,=i,+1

!

Condition = flag
[iz]...[ip]

l

Condition=0>_ NO —>
YES
v

Solve problems

i for (i, ip to gp){

Feasible — NO ——

I
YES

¥

Np= np+1

v

Calculate b= int(s«/setpk) k=2,...,p

]

for (i, iID o ip+bp){
for (j, ip_1 t0 jp-1+bp1){
. {

for (m.m=i,)

flag [m]...[j][i]= ba+1}...}}

< YES

i>=i,+Condition —> i2<=02

— > i2<92

YES

for (j, ip-1 to gp-1){ NO
.
for (m.m= i)
flag [m]...[j][i]= g2-i>+1}...}}

i= g2

!

—

NO

AUGMECON-R 2,65 Jfaga3- ¥ JSi&

Figure 2

- Graph of AUGMECON-R algorithm.
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Table 5- Expected values of objective functions for each scenario and epsilons.
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Figure 5- Schematic representation of the answer obtained for Problem 1 in the definite case.
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Figure 6- Schematic representation of the answer obtained for problem 1 in solid state for scenario 1.
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Figure 7- Schematic representation of the answer obtained for problem 1 in solid state for scenario 2.
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Figure 8- Schematic representation of the answer obtained for problem 1 in solid state for scenario 3.

ol el ~F-1 -

L;La):ﬂbl.;(_;})ﬁwbo-d?lx‘_g\ﬁlq‘LA):A\)Qbeis&WJ:JMCUJL%)}L&\)6@>JQ\J$~JLEAC,.@.g-gub\ﬁ

uhls ong B LAJ.ZA‘)L_{ RV c\_,; Cﬁ;w«l.ma- u‘);w 3y S '(’f-jbj‘id‘ (u\? L;)\}:’*‘“ﬁ L}> ng\}lwl) PICW (_S)Lw Jl_,:wvl

Oi\L;)\JfJQ;LSw)ﬂQm}_,,o}d:v...ag\j;;q\ML;})J{WW};JUTL;\J?H{JB- 338 o iip VT BBV P

B e aeie N dgde 55 edelawsny R 4 ks 0 s B bl

VAR

>

5/ O, Sen g St

23 3825 5 6 ;S s

VP o=YV e tamin 4\?'\).@-3 c\a)l.o.:u 4\/5)):‘CJ



l~b

55 4 g

.

451:-&.:4"@

-

b sla JUS L Sl

Y

& 3lize

sl Julos gl Slusloe gmlbo -F Jouo
Table 6- Computational results for sensitivity analysis.

AL ol ol et o5l

Baa ails -100% -90% -710% -50% -20% -10% 0%
F1 -165026.814 -168453.763 -175307.66  -182161.556  -192442.401 -195869.35 2341601.835
F2 161.373 161.373 161.373 161.373 161.373 161.373 32.784
F3 10205.714 10205.714 10205.714 10205.714 10205.714 10205.714 10932.858
F4 7392.445 7392.445 7392.445 7392.445 7392.445 7392.445  275915.181
Baa ails 0% 10% 20% 50% 70% 90% 100%
F1 2341601.835 2342622.561 5538377.211 5763571.773 5722724992 6947049.341 -165026.814
F2 32.784 32.597 53.07 58.228 59.893 96.703 161.373

F3 10932.858 10932.858 10750.278 10750.278 10750.278 10932.858 10205.714
F4 275915181  277480.863  261668.738  336557.708  414897.381  488904.887 7392.445

22y ol e o5l

San a5 -100% -90% -710% -50% -20% -10% 0%
F1 -201538.862 -201538.862 -201538.862 -201538.862 -201538.862 -201538.862 2893950.631
F2 94.42 94.42 94.42 94.42 94.42 94.42 137.84
F3 10932.858 10932.858 10932.858 10932.858 10932.858 10932.858 10750.278
F4 -52400.267 -46482.645 -34647.402 -22812.159 -5059.295 858.327 23470.609
San a5 0% 10% 20% 50% 70% 90% 100%
F1 2893950.631 4033582.813 6492146.013 6786073.444 6833995.145 5416129.561 5182056.601
F2 137.84 97.002 149.925 109.687 140.349 60.672 90.23

F3 10750.278 10750.278 10932.858 10932.858 10932.858 10932.858 10750.278
F4 23470.609 41592.992  104797.811 231998.02  437558.206  599267.382 63558.81

A3 byl ol yeais 03

o ails -100% -90% -710% -50% -20% -10% 0%
F1 -233565.782 -233565.782  -233565.782  -233565.782  -233565.782  -233565.782 6121185.947
F2 3.723 11.605 27.37 43.135 66.783 74.665 66.983
F3 10205.714 10205.714 10205.714 10205.714 10205.714 10205.714 10750.278
F4 7392.445 7392.445 7392.445 7392.445 7392.445 7392.445  436972.694
o ails 0% 10% 20% 50% 70% 90% 100%
F1 6121185947 6784105.793 6798914.789 6828494.052 6850888.742 6850504.232 5714466.542
F2 66.983 98.615 103.218 120.461 129.37 129.806 151.723

F3 10750.278 10932.858 10932.858 10932.858 10932.858 10932.858 10750.278
F4  436972.694  366538.088  441784.463  592277.212  T742769.962  742769.962 70364.357

O all oz ol

Sae 2l -100% -90% -710% -50% -20% -10% 0%
F1 1912729228 -233565.782  765064.567 8276020.485 6824725.234 6795940.174 5925470.594
F2 27.899 11.605 20.868 119.314 133.941 122.434 158.963

F3 10932.858 10205.714 10932.858 10932.858 10932.858 10932.858 10932.858
F4 211590.5 7392.445 88766.929  384082.577  299528.062  230303.192 75197.055

Bas als 0% 10% 20% 50% 70% 90% 100%
F1 5925470.594 6767572.562 6789518.519  6792008.78 8276020.485  112298.877  841672.621
F2 158.963 128.633 129.669 136.259 119.314 20.836 25.258

F3 10932.858 10932.858 10932.858 10932.858 10932.858 10932.858 10932.858
F4 75197.055  150422.501 300915.25 300915.25  384082.577 88766.929  172079.359
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Figure 9- Sensitivity analysis results.
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Table 8- Determining the levels of MOPSO parameters.

o g bgiogho ok gho

Max it 100 150 200
NPOP 100 150 200
C1 1 2 4

C2 1 2 4
BETA 1 2 5
GAMA 1 2 5

Jgutor 5348 058 o b Y latle ST s m 3l 5 5 (2 sST ) Shealitanl b o5 S0 sl el (51 s e S g
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Table 9 - Design of experiments to adjust the parameter.
Maxit NPOP Cl1 C2 BETA GAMA

1 150 80 1 1 1 1
2 150 80 1 1 2 2
3 150 80 1 1 5 5
4 150 100 2 2 1 1
5 150 100 2 2 2 2
6 150 100 2 2 5 5
7 150 120 4 4 1 1
8 150 120 4 4 2 2
9 150 120 4 4 5 5
10 200 80 2 4 1 2
11 200 80 2 4 2 5

1 Spread Of Non-Domainance Solutions (SNS) 2 Jolai et al.

\4Y

>

VP =YV e i AP Y Sl O ojlad Voyss cDlhes 53 5 *,‘5,5‘.._*.43/;,5&@}_;\.3-\3



.aolsl -9 J}d—‘?-

Table 9- Continued.
Maxit NPOP Cl1 C2 BETA GAMA

12 200 80 2 4 5 1
13 200 100 4 1 1 2
14 200 100 4 1 2 5
15 200 100 4 1 5 1
16 200 120 1 2 1 2
17 200 120 1 2 2 5
V4 18 200 120 1 2 5 1
19 250 80 4 2 1 5
20 250 80 4 2 2 1
21 250 80 4 2 5 2
22 250 100 1 4 1 5
23 250 100 1 4 2 1
24 250 100 1 4 5 2
3, 25 250 120 2 1 1 5
A 26 250 20 2 1 2 1
1 27 250 20 2 1 5 2

g

ol odaliin BV v Jgdm 5548 555 0 byl Sl 3T a Olo Olsisas S0l |l 43 50 03 31 s 45 Llokdosls reoio s -

ohilagl g polia -+ oo
Table 10- Values of each experiment.
Diversity MID RAS

35 4

.

4.51:-&.:4"0

3' 2500591 95190.94 0.014959
ar 12964.24  89270.69 0.016078
j\ 15252.8 88400.33 0.012917
\—%' 3124523 89754.42  0.023874
By 41771.39 90063.85 0.061407
_;},9% 37543.99 9151253 0.042475
5 37465.12 106177  0.059679
.‘2‘ 37959.57 108768.4 0.065159
3 39603.84 106178.8 0.042854
'_':f 41721.78 102902.3 0.062234
‘3‘ 22556.81  90454.15 0.042494

28853.82 94829.13  0.047364
38272.06 92666.41 0.052358
49287.32 96033.53  0.04552
43461.95 95078.84 0.060243
43781.29 91190.11 0.064589
40071.05 93005.01  0.04274
31232.71 81817.76  0.023097
28086.11 84947.23  0.039228
30168.16 90896.74  0.041193
32535.24  86462.14 0.054772
39466.05 90465.16 0.056671
56793.49 94651.65 0.063023
57648.52 96588.96 0.073255
7942419 70939.81 0.017421
21303.48 82008.66 0.021061

22732.7 85369.31 0.026185
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Table 11- The nature of indicators.

Qb —4ac * ) ) _—
X X N XY
(Diversity)  (MID)  (RAS)
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Qs Ty T2 Ty
Q T Ty Ty
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Table 12- Normalization of index values. =
0.34329 0.35892 0.96615 1
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0.46881 0.50264 0.81841 +
n
%

0.68058  0.49446 0.19636
0.59553  0.45616 0.51012
0.59395 0.068504 0.22499
0.60389 0 0.13417
0.63697 0.068456 0.50383
0.67958  0.15507 0.18265
0.29402  0.48414 0.50981
0.4207  0.36848 0.42909
0.61018  0.42566 0.34633
0.83179  0.33665 0.45966
0.71459  0.36188 0.21564
0.72102  0.46468 0.14361
0.64637  0.41671 0.50573
0.46856  0.71244 0.83128
0.40526  0.62971 0.56393
0.44714  0.47244 0.53136
0.49476  0.58967 0.30631
0.6342  0.48385 0.27485
0.9828  0.37318 0.16957
1 0.32196 0

0 1 0.92535
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Table 13- Final output for parameter adjustment.
0.34329 0.35892  0.96615 1.0863
0.10103 0.51542 0.94761 1.0834
4, 0.14707 0.53843 1 1.1452
'1‘\3 0.46881  0.50264 0.81841  1.0687

0.68058  0.49446 0.19636 0.86385
0.59553  0.45616 0.51012 0.90717
0.59395 0.068504 0.22499 0.63882
0.60389 0 0.13417 0.61862
0.63697 0.068456 0.50383 0.81502
0.67958  0.15507 0.18265 0.72058
0.29402  0.48414 0.50981 0.76207
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Figure 10- Parameters levels: a. graph of the average effect of the parameters based on the utility function; b.
graph of the average effect of the SN ratio.
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Table 14- MOPSO parameter setting result.
Maxit NPOP Cl1 C2 BETA Gama
200 100 1 1 5 5
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Table 15- Levels for NSGAII algorithm.
1 2 3

Maxit 100 150 200
Npop 50 100 150
PC 07 075 08
PM 03 025 0.2
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Table 16- Experiments designed by Taguchi method.
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Table 17- Parameters of NSGAII algorithm.

Max iterations Populationsize PC PM
150 150 0.8 0.25
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Figure 11- Output of mini-tab software for ANOVA test.
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Figure 12- Output from ANOVA test.
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Figure 13- Output from ANOVA test.
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Figure 14- Output from ANOVA test.
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Figure 15- Output from ANOVA test.
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