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A Heterogeneous VRP to Minimize the Transportation Costs

Using Genetic Algorithm

Mu Kyun Ym - Geonwook Jeon

Department of Operations Research, Korea National Defense University, Seoul 122-875

A heterogeneous VRP which considers various capacities, fixed and variable costs was suggested in this

study. The transportation cost for vehicle is composed of its fixed and variable costs incurred pro-

portionately to the travel distance. The main objective is to minimize the total sum of transportation costs.

A mathematical programming model was suggested for this purpose and it gives an optimal solution by
using OPL-STUDIO (ILOG CPLEX). A genetic algorithm which considers improvement of an initial
solution, new fitness function with weighted cost and distance rates, and flexible mutation rate for escaping

local solution was also suggested. The suggested algorithm was compared with the results of a tabu search

and sweeping method by Taillard and Lee, respectively. The suggested algorithm gives better solutions

rather than existing algorithms.
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Table 1. Objective functions for HVRP
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Customer 1 2 3 4 5 6
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1~50 1 0
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450~ 0 1
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Table 5. Genetic Parameters
. P P number of Flexible
popsize ¢ m generations | fitness value

value 10 0.8 0.02~0.5 | 1000~3000 0~1
5. TEEY A5 Y S E AN
B Ry A58 95te] ILOG CPLEXS}F 7ol A AA]
€ Fagusiag ledd 2ar 57 A9 adz 748
Aze) gl ee BBt Ry A% Ane

the <Table 6>} 7t}

Table 6. Validation of Mathematical Model

ILOG CPLEX Genetic Algorithm
Result of Cost 407.63 407.63
Run Time(sec) 2.42 1.21

A A3 TYst Ad 7S AL o7 B Ao A AT
52288 2239} ILOG CPLEX(8.0) AFE A 42247}

S Z Bl A whE A7k A7E 4S5 Ao Faxg
20702 S7HA QAAZES Hlws) ® An fAgaeE
BIAL A AAATEO] Bt A 9 B RS & 5 AT A
207) 2 B 283 A9 = U <Table 7>3 2T}

<Table 7>0| 4] & 4= 915%0] ILOG CPLEX Y] AZMA|ZF &
F& FRAF Tl wet FAYI S v A 52 5
A& JER) O, ILOG CPLEX K T} §- 4 & 118] Z0] Th4e
TRA| e} AfFe) 278kl A HH o 7Pk B2 E FA s

> 2
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Table 7. Comparison of the ILOG CPLEX and Genetic Algorithm

ILOG CPLEX Genetic
(8.0) Algorithm
Result of Cost 613.92 615.78
Demand Points : 20
Run Time 24180 #ofcar: 4
(sec) (6h 43m) 273.21
o 5849 B AEHAT,

[e =] U% ?ﬂ

2 AFdAME HEHE YsHA A&t L3 A 1

Au) 9] 3-8 H A3 7 Taxllard(TallIard 1996)2] 31 of #| & A}

g 122, o] HvkLee, 2004)] A S Al 22 247 A5

£ AT A e gaE]Ed Hlast Atk B Ao A
2183 g H B M) = Thg <Table 8>3} 2t}

=
o
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Table 8. Fixed and Variable Costs
Vehicles(Capacity) AQ20) | B(30) | C40) | D(70) | E(120)
Fixed Cost(feos) 20 35 50 120 225

Variable Cost (gos) 1.0 13 1.9 2.4 2.9

SELEIN LATFE FFERE 204 % 10vholn

8A & 2070 o]t} A E A I+ v <Table 9>9} 2t}
Table 9. Results of the Existing Problems and This Study
car Vehicle routes loading Distance
amounts
A D-7-D 19 52.84
B D-8-1-D 30 47.58
B D-12-D 29 16.12
C D-5-11-D 40 37.36
Case 1 E D-18-4-19-13-14-6-D 118 91.65
E D-3-20-2-16-9-10-15-17-D 118 125.47
(fou)| 590 Dist | 371.02
Run Total | 961.02
(9ooes)| 836.29 | Time 164 Cost  |(1426.29)
(sec)
E D-11-16-2-20-3-1-D 115 83.54
E D-8-7-6-14-18-D 119 87.90
E |D-12-4-13-19-17-15-5-10-9-D| 120 138.22
Case 2 (fwst) 675 Dist 309.66
Run Total | 984.66
(Gooss)| 898.01 | Time 0.42 Cost |(1573.01)
(sec)
A D-15-17-D 13 53.4
B D-12-D 29 16.2
C D-9-10-5-D 37 63.7
This D D-1-8-7-6-D 64 67.5
Stud E D-3-20-2-16-11-D 108 82.9
y
(2006) E D-14-18-13-4-19-D 103 104.5
(fuss)| 675 Dist | 388.03
Run Total | 1063.03
(gooes)| 643.03 | Time 2652 Cost |(1318.03)
(sec)

D: Depot



il

2

Jo

ARA E A7t 71EY g TR HEH
AFEG 9o 0 BAAR) Bas HAou o
7Fo] g2 91 to] H] oH Zo] 205 2;1~H] case 29] 74
F& v s FE Aol daelsE }
%ﬂﬂﬂﬂwh4ﬂﬁiﬂ%fvﬂﬂza
ol BYUE Ao MUNE AAEE the 7|z
Hop ArA|zte] 2oy 23S YEhASIH. <Figure 1>~
<Figure 3> AHH 1 2 AL 29} B A1 6| A4 =2
£ 4% 1Yol

Ll

ALA

hu

re AN

=

A=
H

p
8

01‘9‘—10
2

i LA )

BN

A
,‘I’ J:::% He 8
- 52,64 s
(@, 62@ - ) ne e
F6752 --T5788) —-—+ =mnzc
—_— ATE
{ /’ (45749 ——=> uE
7’
’ . \
» (24NN (5241)
. : \
. . 1
N, 7 V]
’ \
\ 1 (12) Uy o
O NI O
(20.26) < -

(5,25) (2723) s - (5221)

(88.16)

Figure 1. Vehicle Routes (Case 1)
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Figure 3. Vehicle Routes(Suggested Algorithm)
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