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Abstract

In this paper, a closed-loop supply chain for pharmaceutical items consists of a pharmacy, a
distribution center, a recycling center and several pharmacy sites is considered in which two
types of routing are performed. The first involves the routing of vehicles between the distribution
center and the pharmacies, and the second involves the routing of vehicles to the recycling center
and all nodes. Two types of pharmaceutical items are considered for this purpose, and their
demand varies for different periods. The distribution center can offer discounts depending on the
pharmacy orders. In addition, the distribution center can increase its capacity by renting more
warehouses. Also, we have two objective functions: minimizing costs and environmental
pollutants caused by carbon dioxide emissions. This problem is solved in the small-sized
problem by the Epsilon constraint method and in the large cases by two hybrid algorithms based
on the Fordyce-Webster algorithms and NSGAII-FW and MOSA and evaluated by different
criteria. The computational results show that the NSGAII-FW algorithm is more efficient than
the MOSA algorithm.
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Table 1- Details of articles studied in the field of routing-inventory.
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Figure 2- Answer representation of inventory department.

oS 25 o alited CIL3L S 5 15 Sl Jolas Sl g 3181 51 SOLSS 8 S ) 35 ol s a3 S
Ls‘)’ 4315.: 4.,\:...,4_9 S ol &LAB ;LE?B.) &‘LGJ.:\ 9 &Ul:‘ ojf S Sl )S) uLiL.’Jo sl 0l B L;Lho; v—:?j L;AJ;A.DQL:J
ol 030> OLES ¥ ISKS )5 55 w35 S e e filus (ol s i Dlsr Sale blesses SIS @ g0 gl ) S

s e QLL.: béﬁd})b Sy 90 L;Lml;’-j)b Sl J} @)‘53 JSJA oMJQL&S v aS ol

0,8 sl J" 5 L3k 3S,e Solis 07aS das e oLis |y LG 555 (Ked adi luy (ol s i Ol Siles ¥ IKS

.M)@ UL'J..: boj“a.;.})')) S g0 L§u

B d3lg 15 9 23395 3550 Ja @ zuscoe Sl 1 SbSiad adslr

adds blwg
22395 3550

2
>
B
4
K
3
&
D)
EN
e
D)
3
3
)
9
2
3
K
D)
g.
"\\
=
™

.*....
(=]
[
(=3

&% Sy 05 4l by (b e (S0 Olgz Gioles - S
Figure 3- Representation of answer of department of routing homogenous vehicle of center of distribution.
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Figure 4- Representation of answer of department of routing homogenous vehicle of center of recycling.
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Figure 5- Flowchart of NSGAII-FW.
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Table 2- Parameters and Levels for NSGAII-FW.
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Table 3- Comparison of results of NSGAII-FW and epsilon constraint in GAMS.
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Table 4- Results by indexes for algorithms.

SM MID DM sle Jle
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Table 5- Test of normality.
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Table 6- Results of test.
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