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Tab. 1 Supplier location coordinates
BRIy X Ehasdn Y RhasAR || BENEDYS X Ehads Y Rhds | NS X AR Y fih A AR

0 25 25 7 40 35 14 20 12

1 6 47 8 30 31 15 25 18

2 14 43 9 39 26 16 34 11

3 10 45 10 23 28 17 38 13

4 25 48 11 12 24 18 33 7

5 22 38 12 9 13 19 36 8

6 33 41 13 18 13 20 48 10

H ¥ 0 MHERE R R L
R2 BMEHLEBGEAZFENE
Tab. 2 Circulation box specifications of components from each supplier
BERITY 4T koRe s i oK = /A AT HERIRT  Shi ks i oK /A PHTAR
mm mm mm Ji &/ kg mm mm mm Ji &/ kg

1001 730 550 320 10 414 9001 1 100 730 420 10 323
1 1002 730 550 320 20 358 ’ 9002 1 100 730 420 20 680
1003 730 550 320 10 265 10001 870 650 320 10 433
2001 730 550 320 10 468 0 10002 870 650 320 10 522
2002 730 550 320 10 322 11 11001 870 650 320 30 880
’ 2003 730 550 320 20 298 12001 600 400 280 20 708
2004 730 550 320 10 512 e 12002 600 400 280 30 800
3001 870 650 320 10 300 13001 870 650 320 20 400
3002 870 650 320 30 258 13 13002 870 650 320 10 633
’ 3003 870 650 320 20 378 13003 870 650 320 20 645
3004 870 650 320 10 355 14001 870 650 320 10 576
4001 600 400 280 30 480 H 14002 1 100 730 420 10 580
4 4002 600 400 280 30 290 15 15001 1 100 730 420 10 588
4003 600 400 280 20 435 16001 1 100 730 420 10 900
5001 870 650 320 10 370 16 16002 1 100 730 420 10 810
’ 5002 870 650 320 10 578 16003 730 550 320 10 948
6001 730 550 320 20 677 17001 730 550 320 10 875
° 6002 730 550 320 10 345 17002 730 550 320 20 364
7001 730 550 320 10 680 1 17003 730 550 320 10 470
7002 730 550 320 20 530 17004 730 550 320 10 400
! 7003 730 550 320 10 780 18001 600 400 280 20 255
7004 730 550 320 10 530 8 18002 600 400 280 30 790
8001 730 550 320 20 698 19 19001 1 100 730 420 10 720
8 8002 1 100 730 420 10 713 20001 1 100 730 420 10 566
8003 1 100 730 420 10 658 * 20002 1 100 730 420 10 478

T B SO A Rl T A 1 PR L R 1 B L SRR U S A O S B (1. 0 g - em T D AT RS R BT
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Tab. 3 Pick up scheme without three-dimensional loading constraints

%2k
5 H Btk 1 Btk 2.
0—5—3—1—4—2—6—7—9—8—10—0 0—11—12—13—14—15—16—18—19—17—20—0
BRI AR 2 2
GIE TS 95. 48% 77.93%
YT A /h 5. 62 5. 64
FT 30 AR /lem 104. 83 105. 46
BUNAS /38 i A /2 EAE N AS 496.15/420. 60/75. 54
675 50T
650
625 aor
@ 600 H 0t
P%l 575 =
1?5 - =
550 ¢ 20
525
10 1
500
475 . . . . ) 0
20 40 60 80 100
AR EL
B 5 B AR e & 6 BB EEL T OB EWERIEE
Fig. 5 Convergence curve of objective function Fig. 6 Pickup scheme roadmap Fig. 7 Vehicle loading details of route 2
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Tab.4 The pickup scheme with three-dimensional loading constraints

ek
i © Wk 1.0—-8—10—11— Wk 2.0-1—3—5— LR 3.0—20—17—
12—13—14—15—0 2—4—6—7—9—0 16—19—18—0
BT B 2 2 2
73 [H) 26 2 R 56.43% 79.63% 41.70%
B EUSE B /b 3.71 1.92 3.22
A7 %L/ km 64.58 110. 86 68. 84
BB /38 B U /260 EAE AR 544.09/468. 55/75. 54
660 [ 50 -
640 §<>\\\Jf\\
40 + \
620
=
& 30+
f,f: 600 = . ¥
= v
580 P 20 f \ \
560
10 + \fxv
540 : : : : i 0 ; ; ; ; ,
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Fig. 8 Convergence curve of objective function Fig.9 Taking into account three

considering three dimensional loading dimensional loading scheme route
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Fig. 10  Vehicle loading details of 3 routes
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(1] Aok 5 W I B 55 IR AR A = 4 e g I AT 52 [T ], B8 B4, 2018, 40(2) £ 101-107.
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Operations Research and Cybernetics

Simultaneous Delivery and Pickup Vehicle Routing Problem with

Three-Dimension Loading Constraints Based on Milk-Run in Automotive Parts Supply Logistic

CHE Lutao', YANG Zhonghua'*"*
(1. Evergrande School of Management, Wuhan University of Science & Technology, Wuhan 430065;
2. Hubei Province Center for Industrial Policy and Management Research, Wuhan 430065
3. Center for Service Science and Engineering, Wuhan University of Science & Technology, Wuhan 430065, China)

Abstract: [ Purposes ] According to the characteristics of milk-run in automotive parts inbound logistics, which can help automotive
company achieve automotive parts transportation in smaller batch, more frequency. a simultaneous delivery and pickup vehicle
routing problem with three-dimension loading constraints was discussed to meet the demand to delivery circulation boxes and pickup
automotive parts simultaneously. [ Methods ]A mathematical model was established to minimize the total cost of transportation and
inventory, and then a two-stage ant colony algorithm was designed to solve the model. In the first stage, the memory bank of the
approximate optimal solution was obtained by the vehicle path planning sub-algorithm, and in the second stage, the feasible solution
was obtained by the loading feasibility test sub-algorithm. [ Findings]The simulation results show that the pickup scheme based on
the fuzzy vehicle loading constraint with simple arithmetic addition cannot be successfully loaded. By contrast, the routes of the
pickup scheme with three-dimensional loading constraint increased from 2 to 3, and the vehicle loading rate reduced by 27. 45% , but
the loading feasibility of the scheme is ensured. [ Conclusions | The milk-run routes with fuzzy loading space constraint are not
practical because of the lack of three-dimension loading constraints test. The simultaneous delivery and pickup vehicle routing
scheme with three-dimension loading constraints not only meets the practical needs of recycling circulation box, but also ensures the
feasibility of the three-dimensional loading.

Keywords: milk-run; vehicle routing problem; three-dimension loading constraints; simultaneous delivery and pickup; two-stage ant

colony algorithms
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