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Tab.1 The fuzzy number of packages generated by each settlement and the number of express packages after fuzzy processing

~ G=8==0
JER A d;
(0. 8,0.8,0.8) (0. 85,0. 85,0. 85) (0.9,0.9,0.9) (0.95,0.95,0.95)
i=1 (2 200,2 400,2 600) (2 360,2 440) (2 370,2 430) (2 380,2 420) (2 390,2 410)
i=2 (1900,2 100,2 300) (2 060,2 140) (2 070,2 130) (2 080,2 120) (2 090,2 110)
i=3 (3 000,3 200,3 400) (3 169,3 240) (3170,3 230) (3 180,3 220) (3 190,3 210)
i=4 (2 400,2 600,2 800) (2 560,2 640) (2 570,2 630) (2 580,2 620) (2 590,2 610)
i=5 (2 800,3 000,3 200) (2 960,3 040) (2970,3 030) (2 980,3 020) (2 990,3 010)
i=6 (2 900,3 100,3 300) (3 060,3 140) (3 070,3 130) (3 080,3 120) (3 090,3 110)
i=7 (2 600,2 800,3 000) (2 760,2 840) (2 770,2 830) (2780,2 820) (2790,2 810)
i=38 (3 100,3 300,3 500) (3 260,3 340) (3 270,3 330) (3 280,3 320) (3290,3 310)
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Tab. 2 Unit transport cost from residential to recycling center and unit processing cost and fixed cost of recycling center

g S
i=1 i=2 i=3 i=1 i=5 i=6 i=7 i=8
j=1 20 15 18 23 25 16 22 19 30 2 600
j=2 16 15 19 12 28 24 26 17 28 2 900
i=3 15 17 13 20 23 22 19 21 32 2 400
=4 18 16 19 22 24 14 17 23 26 2 800
j=5 21 18 17 19 24 16 20 21 36 3 200
i=6 19 17 16 20 23 22 21 18 29 2 700
2.2 BEHIKE

SR A I 3k B B R R85 R . CPU 5 Intel(R) Core(TM) i5-10500, 46 3. 10 GHz. INAE R 4 GB., &4
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Tab. 3 Unit cost of transport between different levels of facilities and unit processing cost, fixed cost of processing center

Ci aw
Otom hy Up
j=1 j=2 j=3 j=4 j=5 j=6 = (=2
k=1 18 16 20 23 26 25 21 23 24 33 3200
k=2 23 13 22 20 18 16 23 22 22 35 3 400
k=3 19 16 18 21 22 20 25 21 20 37 2 800
k=4 21 19 17 20 24 16 27 25 26 31 3 000
x4 BHERLOMREDORUAERR ZERFAREYRTEANERETE/LERE
Tab.4 Unit processing and operating costs of remanufacturing and incineration center and
the maximum/processing capacity of each logistics node
l/m=1 l/m=2 HEFE Catj Cavk Caut Cabm
n 36 38 1 3 800 8 800 16 500 15 000
u; 3 500 3 900 2 4 400 7 500 15 000
€ 37 3 4 200 8 000
by, 3 500 4 4 600 7 000
5 3300
6 4 000
x5 BRAMOEHOEIRE
Tab.5 Location decision of residential area and recycling center
JE R i
Ml 5
1 2 3 4 5 7 8
1 0 0 0 1 0 0 1
2 1 0 0 0 0 1 0
3 1 1 0 0 1 0 0
4 0 0 1 0 0 0 0
5 0 0 0 0 0 0 0
6 0 0 0 0 1 0 1
F6 EML AR LB )i R OB R B 0 i R 5
Tab. 6 Location decision of recycling, treatment, temanufacturing center,incineration and landfill center
L I s 1
AL R BEPR IR 0 m
1 2 3 4 5 6 1 2
1 1 0 0 0 1 1 1 0
2 1 0 0 1 0 0 1 0
3 0 0 1 0 0 0 0 1
4 0 1 1 0 0 0 1 0

HARGE BT
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Fig. 1 Traffic allocation for each network path
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Tab. 7 Total cost results with different parameter values

6 =8=¢=0.85 r=0.8

r )= NTH H=6=0 VN NS
0.3 3261 172 0. 60 3370 624
0.4 3 251 384 0. 65 3 383 896
0.5 3 242 960 0. 70 3397 188
0.6 3235948 0.75 3 410 540
0.7 3 428 456 0. 80 3423 892
0.8 3 437 244 0. 85 3437 244
0.9 3 447 530 0. 90 3 450 596
0. 95 3 463 948
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Fig. 2 The change of total cost under change of Fig. 3 The change of total cost under the change of
remanufacturing ratio confidence level
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Operations Research and Cybernetics

Reverse Logistics Network Design of Express Package Under Uncertain Environment

LI Shanshan', HAN Yangjie?, ZHAO Yingzi’, FAN Zhigiang®
(1. Institute of Finance and Economics, Henan Polytechnic University;
2. School of Business Administration, Henan Polytechnic University, Jiaozuo Henan 454000, China)

Abstract: [ Purposes | This research established a reverse logistics network for express packaging. which consists of five levels:
residential area, recycling center, treatment center, remanufacturing center and incineration center. [ Methods ] Because of the
characteristics of wide distribution, large quantity and large fluctuation of the recycling of express packages, triangle fuzzy number is
used to define the model. In order to determine the number, location and distribution of facilities at all levels, a mixed integer
nonlinear programming model was established with the goal of cost minimization. [Findings]By setting confidence level parameters
and using credibility theory, the constraint conditions of the model are equivalent transformed, which reduced the complexity of
model solution. [ Conclusions | The experimental results show that the model can simulate the decision-making process of express
packaging reverse logistics network, and it is feasible. The Lingo program can effectively solve the optimal scheme of the layout of
facilities at all levels in the model, as well as the flow direction and flow rate between them.

Keywords: uncertainty; reverse logistics; network planning; express package

(wEHmHE #F )



