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Most industrial logistic systems have focused on carrying products from manufacturers or distribution centers to
customers. In recent years, they are faced with the problem of integrating reverse flows into their transportation
systems. In this paper, we address the vehicle routing problems with mixed delivery and pick-up(VRPMDP).
Mixed operation of delivery and pick-up during a vehicle tour requires rearrangement of the goods on board.
The VRPMDP considers the reshuffling time of goods at customers, hard time windows, and split operation of
delivery and pick-up. We construct a mixed integer mathematical model and propose a new genetic algorithm
named GAMP for VRPMDP. Computational experiments on various types of test problems are performed to
evaluate GAMP against the modified Dethloff's algorithm. The results show that GAMP reduces the total
vehicle operation time by 5.9% on average, but takes about six times longer computation time.
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Table 1. Customer data of example problem

Service quantity Service Time windows
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Delivery Pick-up time Lower Upper
1 3022 23 - 9 147 197
2 29 13 14 - 6 96 146
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Figure 1. Optimal vehicle routes of example problem
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Figure 4. Variation of total vehicle operation time over 1000 generations.

¥ SCM Lab.. KhyungHee Uniy.
FileE) Edit(E) Wiew(l) Windowi)

MEICIEIREE]

Problem Information

Graphical Solution of Yehicle Routes (GAMP)

DATA |CWProject®WVRPMDPYDATA SETWI0TWRT-100%-0,3 tut

Status

DatalD)  SolutiontS)  Help(H)
[ oo [ e
Solution Information{GAMP})
Total vehicle operation time | 3575, 46
Mo, of vehicles 18
Computation time 17168
9. vRpPMDP fEx I
VRPMDP
1. Randon number seed 1
2. Mo, of generations 1000
3, Population size 30
4. Crossover rate k]
5, Mutation rate 01
B Crossover type 1
(T:RMX E:TI\%%
Iidal scluion(®|  DET |
Ganp | was |
End |
2004-03-02 3:33 PM

Figure 5. Screen output of GAMP.



A Genetic Algorithm for Vehicle Routing Problems with Mixed Delivery and Pick-up

Table 2. Comparison of W&S and DET

Total vehicle operation time Difference
Problem type
W&S DET (%)

RNS 2731.4 23247 17.5
RNL 2734.5 2302.9 18.7
RHS 3263.3 2878.7 13.4
RHL 3291.1 2947.6 11.7
RFS 4065.8 35924 13.2
RFL 4249.9 38254 11.1
CNS 2502.5 2226.9 12.4
CNL 24947 2292.8 8.8
CHS 3338.1 2932.9 13.8
CHL 3407.3 2985.2 14.1
CFS 3836.9 3612.4 6.2
CFL 3905.8 3619.9 7.9

Average: 12.4
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Table 3. Comparison of GAMP and DET on twelve problem types

Total vehicle operation Improvement

Problem time rate CPU(sec)
OP° DET cv. GAMP cv. (%)  DET GAMP
RNS 2272.5 2.3 21363 3.6 6.0 56.1 5183
RNL 2299.0 3.5 21604 2.9 6.0 51.2  526.1
RHS 2928.7 4.2 2760.5 43 5.7 103.9 821.8
RHL 2977.2 4.4 2801.9 4.7 59 131.0 772.9
RFS  3652.0 3.5 33534 43 8.2 191.7 1106.6
RFL  3732.1 2.7 35148 39 5.8 225.6 1286.6
CNS 2202.2 1.7 2082.8 1.7 5.4 55.6 5874
CNL 2261.6 1.8 2110.6 2.6 6.7 60.2 559.2
CHS 2819.0 3.9 2707.0 2.1 4.0 138.5 884.7
CHL 2878.0 3.3 27583 1.6 4.2 147.6 731.1
CFS 3511.8 2.3 32925 1.0 6.2 284.5 1276.4
CFL 36045 1.1 3348.6 1.2 7.1 210.0 974.8

Average 29 2.8 5.9 138.0 837.2
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