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A Mathematical Model for a Multiple Trip Vehicle Routing Problem
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Abstract

Physical distribution plays an important role in the shipping industry.

Considering transportation costs amount for a fifth or even a quarter of the
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average sales dollars, the delivery of goods from a depot to local customers is an

important and practical problem for logistics managers. In reality, we are facing the

fluctuation of demand. When the total demand is greater than the whole capacity

of owned trucks, logistics managers may consider adopting a multi-trip strategy

or using an outsider carrier. In this study, logistics managers must route a fixed

number of trucks with different capacities from a single depot to customers with

certain demand while trucks can operate multi trips with time window constraints

or logistics managers make a selection of less-than-truckload carriers. The main

objective of this study is to develop mathematical model to help logistics managers

solving the problem. The results show that the proposed integer programming

model can provide more flexible vehicle scheduling for logistics managers, lower

operating costs and increase profits for a company.

Keywords: Vehicle routing problem, Multi-trip, Less-than-truckload carrier, Integer

programming
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®1 AUBREEHEIAFRESHTEEMEAAS
EAEfmIE | HEBE (cwt) EIFERA () EERLA (9)
1-1 30 50 TL $1/per mile, LTL $5/per mile
1-2 40 50 TL $1/per mile, LTL $5/per mile
1-3 50 50 TL $1/per mile, LTL $5/per mile
1-4 60 50 TL $1/per mile, LTL $5/per mile
1-5 70 50 TL $1/per mile, LTL $5/per mile
1-6 80 50 TL $1/per mile, LTL $5/per mile
1-7 90 50 TL $1/per mile, LTL $5/per mile
1-8 100 50 TL $1/per mile, LTL $5/per mile
1-9 110 50 TL $1/per mile, LTL $5/per mile
1-10 120 50 TL $1/per mile, LTL $5/per mile
2-1 30 50 TL $1/per mile, LTL $5/per mile
2-2 40 60 TL $1/per mile, LTL $5/per mile
2-3 50 70 TL $1/per mile, LTL $5/per mile
2-4 60 80 TL $1/per mile, LTL $5/per mile
2-5 70 90 TL $1/per mile, LTL $5/per mile
2-6 80 100 TL $1/per mile, LTL $5/per mile
2-7 90 110 TL $1/per mile, LTL $5/per mile
2-8 100 120 TL $1/per mile, LTL $5/per mile
2-9 110 130 TL $1/per mile, LTL $5/per mile
2-10 120 140 TL $1/per mile, LTL $5/per mile

3 1 TL (Truckload) : A F # 4® 5 LTL (Less-then-truckload) : % # b 3 ; cwt. (cubic weight

A

tonnage): hundredweight (£ % 100 & > & 5 112 &) °
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®2 TBAEFEEZTRESTEHEEREAE
BrmE | EHEE (owt) EIE A ($) IR ()
3-1 250 250 TL $1/per mile, LTL $5/per mile
3-2 260 250 TL $1/per mile, LTL $5/per mile
3-3 270 250 TL $1/per mile, LTL $5/per mile
34 280 250 TL $1/per mile, LTL $5/per mile
3-5 290 250 TL $1/per mile, LTL $5/per mile
3-6 300 250 TL $1/per mile, LTL $5/per mile
3-7 310 250 TL $1/per mile, LTL $5/per mile
3-8 320 250 TL $1/per mile, LTL $5/per mile
3-9 330 250 TL $1/per mile, LTL $5/per mile
3-10 340 250 TL $1/per mile, LTL $5/per mile
4-1 100, 100 150, 150 TL $1/per mile, LTL $5/per mile
4-2 105, 105 150, 150 TL $1/per mile, LTL $5/per mile
4-3 110, 110 150, 150 TL $1/per mile, LTL $5/per mile
4-4 115,115 150, 150 TL $1/per mile, LTL $5/per mile
4-5 120, 120 150, 150 TL $1/per mile, LTL $5/per mile
4-6 125, 125 150, 150 TL $1/per mile, LTL $5/per mile
4-7 130, 130 150, 150 TL $1/per mile, LTL $5/per mile
4-8 135, 135 150, 150 TL $1/per mile, LTL $5/per mile
4-9 140, 140 150, 150 TL $1/per mile, LTL $5/per mile
4-10 145, 145 150, 150 TL $1/per mile, LTL $5/per mile

FLITL: A F & 4m 5 LTL @ %4 b & 5 cwt.: hundredweight (% 3 100 F# > & 5 112 &%) o
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- Eﬁi:’i’%ﬁ% & %iﬁz’ﬂ%ﬁ&ﬁ;@_** o %
HABLA ($) TR (B) HERLA (9) TR (#)
1-1 346.8 1 276.51 INA 1T 20.27%
1-2 346.7 1 204.15 INA 1T 41.12%
1-3 289.32 1 191.13 1 33.94%
1-4 289.32 1 164.13 2 43.27%
1-5 260.71 1 164.13 2 37.04%
1-6 241.09 1 164.13 2 31.92%
1-7 183.71 1 161.88 2 11.88%
1-8 183.71 1 161.88 2 11.88%
1-9 155.1 1 155.11 2 0.00%
1-10 155.1 1 155.11 2 0.00%
2-1 346.8 1 276.51 N TR 20.27%
2-2 356.7 1 214.15 AN SR 39.96%
2-3 309.32 1 211.13 1 31.74%
2-4 319.32 1 194.13 2 39.21%
2-5 300.71 1 204.13 2 32.12%
2-6 291.09 1 214.13 2 26.44%
2-7 24371 1 221.88 2 8.96%
2-8 253.71 1 231.88 3 8.60%
2-9 235.1 1 235.11 3 0.00%
2-10 245.1 1 24511 3 0.00%
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EiBR AR R E

AR B R Z X REIRIGHREI R R
EEAE MR BB R SR ERR AR S * Z R ER R AR AR E
1-1 1-4-2-1 L3,L5and L6 1-3-7-6-7-4-2-7 L5
1-2 1-6-4-1 L2,L3and L5 1-5-7-6-4-7-3-2-7
1-3 1-6-4-2-1 L3andL5 1-3-7-5-7-2-4-6-7
1-4 1-6-4-2-1 L3 andL5 1-3-2-4-7-5-6-7
1-5 1-3-2-4-6-1 L5 1-4-2-3-7-6-5-7
1-6 1-4-6-5-1 L2and L3 1-4-2-3-7-6-5-7
1-7 1-2-4-6-5-1 L3 1-3-7-2-4-6-5-7
1-8 1-2-4-6-5-1 L3 1-2-4-6-5-7-3-7
1-9 1-3-2-4-6-5-1 1-5-6-4-2-3-7
1-10 1-3-2-4-6-5-1 1-5-6-4-2-3-7
2-1 1-4-2-1 L3,L5and L6 1-3-7-6-7-4-2-7 L5
2-2 1-6-4-1 L2,L3and L5 1-5-7-6-4-7-3-2-7
2-3 1-6-4-2-1 L3andL5 1-3-7-5-7-2-4-6-7
2-4 1-6-4-2-1 L3andL5 1-3-2-4-7-5-6-7
2-5 1-3-2-4-6-1 L5 1-4-2-3-7-6-5-7
2-6 1-4-6-5-1 L2and L3 1-4-2-3-7-6-5-7
2-7 1-2-4-6-5-1 L3 1-3-7-2-4-6-5-7
2-8 1-2-4-6-5-1 L3 1-2-4-6-5-7-3-7
2-9 1-3-2-4-6-5-1 1-5-6-4-2-3-7
2-10 1-3-2-4-6-5-1 1-5-6-4-2-3-7

X TR kR Wuetal (2017) 5 % A FE 5 %

e 7R S AR R C A riE o
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2 R 2-1 2 2-10 EREEER AR E
R 6 THEEEREEMAELKAFIFRERER
Py, Eﬁi:’ﬁﬁ%ﬁ% R g’iﬁi’i’ﬁaﬁﬁﬁi** i %
@R () HITHERE (#) R (3) EITEERE (#)
3-1 549.22 131 549.23 2498 0.00%
32 512.86 294 512.87 2321 0.00%
33 512.86 280 512.87 1950 0.00%
34 512.86 292 512.87 2189 0.00%
35 512.86 351 512.87 1797 0.00%
3-6 512.86 227 512.87 1896 0.00%
3-7 512.86 284 512.87 2123 0.00%
3-8 512.86 303 512.87 1690 0.00%
3-9 512.86 293 512.87 1741 0.00%
3-10 512.86 301 512.87 1939 0.00%
4-1 704.2 788 498.53 17203 29.21%
42 696.28 1352 448.91 16411 35.53%
43 659.03 1128 448.91 18085 31.88%
44 659.03 1733 448.91 23252 31.88%
45 655.46 3031 448.91 7404 31.51%
4-6 607.36 3929 446.29 11882 26.52%
47 607.36 4360 446.29 7543 26.52%
48 568.81 3483 446.29 13739 21.54%
49 568.81 5520 44227 15173 22.25%
4-10 568.81 8783 44227 13357 22.25%
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R7 HUBEREMXRASEXSERGRERER

REREMmER B R R RS SRR ERRAE
3-1 1-10-2-4-9-6-5-7-11-1 ~ L3, L8 1-10-2-4-9-6-5-7-11-12 L3,L8
3-2 1-3-10-2-4-9-6-5-7-11-1 L8 1-3-10-2-4-9-6-5-7-11-12 L8
3-3 1-3-10-2-4-9-6-5-7-11-1 L8 1-3-10-2-4-9-6-5-7-11-12 L8
3-4 1-3-10-2-4-9-6-5-7-11-1 L8 1-3-10-2-4-9-6-5-7-11-12 L8
3-5 1-3-10-2-4-9-6-5-7-11-1 L8 1-3-10-2-4-9-6-5-7-11-12 L8
3-6 1-3-10-2-4-9-6-5-7-11-1 L8 1-3-10-2-4-9-6-5-7-11-12 L8
3-7 1-3-10-2-4-9-6-5-7-11-1 L8 1-3-10-2-4-9-6-5-7-11-12 L8
3-8 1-3-10-2-4-9-6-5-7-11-1 L8 1-3-10-2-4-9-6-5-7-11-12 L8
3-9 1-3-10-2-4-9-6-5-7-11-1 L8 1-3-10-2-4-9-6-5-7-11-12 L8
3-10 1-3-10-2-4-9-6-5-7-11-1 L8 1-3-10-2-4-9-6-5-7-11-12 L8

R1:1-5-6-9-4-1
4-1 R2:1-11-10-2-1 L3,L7and L8 1-10-2-4-9-12-6-5-12-7-11-12 L3 and L8

R1:1-10-2-4-9-1
4-2 R2:1-6-5-7-1 L3, L8and L1l 1-10-2-4-9-12-6-5-7-12-3-11-12 L8

R1:1-5-6-9-4-2-1
4-3 R2:1-3-10-11-1 L7 and L8 1-10-2-4-9-12-6-5-7-12-3-11-12 L8

R1:1-5-6-9-4-2-1
4-4 R2:1-11-10-3-1 L7andL8 1-10-2-4-9-12-6-5-7-12-3-11-12 LS8

R1:1-3-10-2-4-9-1
4-5 R2:1-5-7-11-1 L6 and L8 1-10-2-4-9-12-6-5-7-12-3-11-12 L8

R1:1-2-4-9-6-5-1
4-6 R2:1-7-11-10-1 L3 and L8 1-11-10-2-4-12-6-5-7-3-12-9-12 L8

4-7 RI:1-3-6-9-4-2-1 1-11-10-2-4-12-6-5-7-3-12-9-12 L8

R2:1-7-11-10-1 L3 and L8
4-8 E; }: g: i: ;: ?01 -1 L8 1-11-10-2-4-12-6-5-7-3-12-9-12 L8
4-9 E; i: g: Z: Z: ?01 -1 L8 1-10-2-4-9-12-6-5-7-11-12-3-12 L8
4-10 Eé 1: g: Z: Z: ?6_111_ 1 Ls 1-10-2-4-9-12-6-5-7-11-12-3-12 L8
ok TR KR Wuetal (2017) 5 %% AT R 0 Y 12 KA S4B T2 feiEd o
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