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Heuristic for Vehicle Routing Problem
with Perishable Product Delivery
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The purpose of Vehicle Routing Problem (VRP) is to design the least costly (distance, time) routes for a fleet of
identically capacitated vehicles to serve geographically scattered customers. There may be some restrictions
such as the maximal capacity for each vehicle, maximal distance for each vehicle, time window to visit the
specific customers, and so forth. This paper is concerned with VRP to minimize the sum of elapsed time from
departure, where the elapsed time is defined as the time taken in a moving vehicle from the depot to each
customer. It is important to control the time taken from departure in the delivery of perishable products or foods,
whose freshness may deteriorate during the delivery time. An integer linear programming formulation is
suggested and a heuristic for practical use is constructed. The heuristic is based on the set partitioning problem
whose performances are compared with those of ILOG dispatcher. It is shown that the suggested heuristic gave
good solutions within a short computation time by computational experiments.
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Ay she, o] A2 A E AWHAE B¢ di7F Aol &
] %+ Hard Time Window A 9} 287153 3] 2 4 9] 5} 5]
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Omar(2005)= Adaptive memory ¢ 2]&-S 44319t
0]7]% A7 ZFAHVRP : Heterogeneous VRP, VFM : Vehicle
Fleet Mix)= Lol A &8 7153 2hako] 2 A& o] AFolgt
TAZA, ST = 2FF] LG HEH o] ATt WE M F
H]-g-0] 874 112 5= VFMFC(VFM with fixed cost) & 4| o}
FH| &5 13 F = VFMVC(VFM with variable cost) 2 U=
4= Utk Lee et al.(2006)-& EFEA X7 A H o] -8 Fol| A
A=A 2 AA87] Yl JFEE FA[Set Partitioning) =
Z1-8-3}91th. Salhi and Rand(1993)= &Aj ol A Theket o] %
3= =A317] 918 ZA(reduction), A ZIHreassignment),
$Hcombination) 59| aHE AAISIH oM, FHLLEE, B
FA2] ol &gk wEtFe|2E Sl A9 A7-=0chi(1998)
Gendreau et al.(1999) 5ol ]3] BTk
T OE Je o AFHE2ZEAY & F e e A7
&3te e o] FAo]T{PDPVRP : Pick-up and Delivery VRP).
A= o] aFste Aul2Y F/7F 1o upet
hEA A, ofd AL FS e, ofd AL FA
£ 273l o]t Mosheiove(1998)= A9 AZE tf
2 2% alsﬁ MHl2E whs = e oY 422 £
eI SH= tour partitioning 31H-2 A A1 SF T o] <]
volz@% 7IRE 24 2 EATDVRP : Time Deadline
A3 24 2 EAMDVRP : Multi-Depot VRP),
gk o] o)) AFORHE AHIAE WS F Sl
Shujj 4= x}2k73 2 E A SDVRP : Split Delivery VRP), ©]5A]
a4 Fa 1A F Fo] FAHHo|A] & AFHE
A (SVRP: Stochastic VRP) 50| A A ZEA41¢] & EH =
TE ol gkt
AF7ZEA Y B3 Complexity) 0.2
Wl & AFEo] RaEiT: dA H‘?:H H
3} & g]E(Exact algorithm), 52 ¥AZF oﬂ‘?..ﬂ Classical
heuristic), ME}-2] 228 502 2= thKang, 2006). 3 43}
dneFe A3 E ATdre FH2 doy AL
H w2 Ao} 2 23} ¢ae]E-S K-tree W (Fisher, 1994), &
2|k AH(Blasum and Hochstéttler, 2000; Ladanyi et al., 2001;
Lee and Mitchell, 1998; Toth and Vigo, 2001), & 2] A1 & ¥ (Lee
et al., 2006; Malandraki and Dial, 1996) 5o.2 A=Ak A
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(Saving method Clark and Wright, 1864), 29133 "} (Sweeping
method Gillet and Miller, 1974), <7 o]%-3l **H(Nearest to
neighbor method Rosenkrantz et al., 1974)%2] a5 o] A|A] =}
o). Improvement ¢ &2 AZWY 3¢ 7HHHH§°J intra-
route 7§ ¥ (2-opt, Or-opt)d ZB=Z 2] 312 7)1 W (cross,
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T AT, 299 dugFoE FAE 194N V&
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HAYUES AA AL ol & T3l 297 S 913 vl
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Table 1. The objective function of VRP regarding perishable
product delivery

Vehicle Si;lrj\gr?cee A“rr:\égl Sum of elapsed time
6 20 20
Vehicle 1 1 50 20 + 30 = 50
ehicle
2 60 20 + 30 + 10 = 60
Depot 90 20 + 30 + 10 +30 = 90
3 30 30
Vehicle 2 4 70 30 + 40 =70
ehicle
5 120 30 + 40 + 50 = 120
Depot 130 30 + 40 + 50 + 10 = 130
Ob.fn. of
standard 90 + 130 = 220
VRP
23' ‘;”S'te%f (20 + 50 + 60 +90) +
r?]% o (30 +70 + 120 + 130) = 570
<7)3>
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i Al =AM A (s=1, 2, :
T ARNA wpA O R *1H i—% Be 129 a7t
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U: xeke] Az 8-

Di: 12i 9 %

dij: i 9 7 j 7k o] F A ZE

T: 2k 93] A2 s o] BEHF
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<323 522>
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EZE 11k5: V] (22)

ZZZ ZJks Vi (23)

ZE 77kq: ka,S (24)

E i,p:k,s Z‘&),Lk.sﬁ»lzo Vk757P227“'7N (25)
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ZZZ X . <711 VTS V,T#0 (2.7)

IETIET s



268 Kyung Hwan Kang

X =0 Viiks (2.8)
‘Xviﬁj,kn,s =0orl VZ], kv S (29)
AA e 2ol B4E 4 (2.1)3 Zo] AHHlX A

A2l 5§ TN T APUFE T EFE 4399 3
02 EAPOoRA BRYs £30| sl 4% 5
<Table 153} o] ZIo1A) 3 wA) Al A2 6 37
78] 015 A1701200] BHF<] 4] AA FH o]
W 5= 47k ek B2k DACEA 158 BT 4219 =
AP ol g o, & Hoz @ BAYSE

L )=
thsa 2
ﬁﬁnzzzz(s—l)d X
i j ks

7t o] pekof o3| ghnk Aul2d 4 ge-S U
= 40l (2.2)9F (2.3)°It A (24)= BE A2 7 2] A
H| 2 Ao ghint S-S om gt A 25)€ A 5 &
o AEAE An| 3t 54 A poll =23 A2 2 AA
oA SefobsiH, Mul2 EAMIE A s 10] S7Hghtk
2 (26) A% AA & Afzoltt 4 (27)& FEAR
WA (sub-tour elimination) AlFZ7ASZ FNE E3FslA] &
£ AL PARY, 4 28 FAAHT o5 3
SHA| TrE= Aok ol A E H A3 e RES A9
A7t ARFE HHSHE F-817] 93 AlHAIZo] A=A L
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Aol s oz FAAT 19 AT 293
HWH(Gillett and Miller, 1974)3} o]l w#H(Rosenkrantz,
1974)% S8 3t BA S0 233l thokdt A2 ELS A
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Ao 2 A2E AR, o BY e APRVEA) H7
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Figure 2. The example of route generation
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3.2 32 A3} (Route optimization)

29 A2 AASAAE 1A A A F 2N-1)° 719
A 25 tdd o2 2 o] dHARr 23o] He A4
AEE Ze otk o & 50 <Figure 2>9141¢] 61 14
S AR 1,2 30 2% T35 0] 9101 seed noded] ¥ 3} u}
2}, I O clusteringoll M A | A2/ =6 14 23
25 Ut HF 40 feasible st A FE 27 A H 7] 1A
T 6ol T & g /jo] AR A o] Hojof 3hH
HFTHOZ AR H= AR e ¢ H e AFY 7o 5
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4 oful 5 7Tk 4 (33)& 7 o] Iyt FFEEE  <HAg} >
sl 4 BAE ARG AR HEs)E AU L e 62
9] o) 71% 27l0]ch
<) %> subject to
r= A2 X (r=1,, 2(N-1)) Yy =1 Vi (3.3)
¢ = 19704 B Er A2 ¥ & o
K=7H8 2}ge] 4 Ny, <K (3.4)
yr= Tt AE ro] A HA 1, T84 oH0 '
Fi= 145 ¥3sl= 4= y, =0or1 v (3.5)
Table 2. Experimental result of small scale instances
Optimal solution SPH ILOG dispatcher Gap(%)
>t Instance Ob. fn. | C.T.(sec.) Ob. fn. C.T.(sec.) | Ob. fn. |C.T.(sec.) |Opt. vs. SPH op(;'isg:\'tcL:(r)G
1 400 2033 403 0.02 403 88 0.72 0.72
2 238 1609 242 0.17 245 75 1.75 2.86
3 237 631 245 0.01 237 84 2.92 0.00
20 customers/ 4 261 1086 267 0.02 261 84 2.08 0.00
5 vehicles 5 288 9932 300 0.01 288 82 4.27 0.00
6 267 2584 273 0.02 267 81 2.17 0.00
7 496 1596 496 0.02 496 75 0.00 0.00
8 455 1652 479 0.02 455 65 5.03 0.00
9 453 402 459 0.01 453 84 1.28 0.00
1 271 1689 278 0.00 271 86 2.61 0.00
2 254 4003 260 0.01 254 89 2.33 0.00
3 237 4084 237 0.02 237 78 0.10 0.00
20 customers/ 4 235 4837 242 0.01 239 85 2.93 1.55
. 5 240 2987 243 0.02 240 78 1.42 0.00
3 vehicles 6 243 1270 251 0.00 243 82 3.40 0.00
7 339 1452 349 0.02 344 86 3.02 1.57
8 368 864 379 0.01 368 84 2.84 0.00
9 346 135 377 0.00 363 87 8.30 4.63
1 214 125 220 0.01 214 98 2.72 0.00
2 209 16668 213 0.01 209 92 1.69 0.00
3 228 5421 243 0.02 228 106 6.18 0.00
20 customers/ 4 250 3785 253 0.00 250 98 1.22 0.00
. 5 203 1349 203 0.02 203 95 0.00 0.00
4 vehicles 6 201 1254 230 0.01 221 102 3.89 0.00
7 299 15 299 0.02 303 102 0.00 1.38
8 283 3562 284 0.01 286 87 0.27 0.78
9 313 521 339 0.01 313 103 7.59 0.00
1 254 2875 256 0.01 257 98 0.84 1.08
2 264 2658 274 0.02 267 94 3.82 1.43
3 264 1452 287 0.02 297 86 8.15 11.15
20 customers/ 4 219 13405 219 0.01 219 87 0.00 0.00
5 vehicles 5 210 10130 224 0.03 210 75 6.18 0.00
6 229 7852 232 0.01 229 94 1.25 0.00
7 323 56 332 0.01 323 119 2.62 0.00
8 292 1542 308 0.01 292 75 5.14 0.00
9 392 3521 392 0.02 397 96 0.06 1.28
Average 286 3306 294 0.02 288 88 2.68 0.79

Ob.fn. : Objective function, C.T. :

Computation time
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of o sl K.aL = Atk
T 7HA 2 APk ARe H 2l o}
{3 73l AT AR 1 AF=2070
Fa1, 2B 5 2ol A st 7bA] F7HAZH oW, AF
A9 Fe F 365 Ak F HAle S Y
7} ILOG dispatcher®] HImL EA], AF8-E ©o]E]= Solomon
(1988) ®lo|¥ 187) <} Breedam(1994, http://neo.lcc.uma.es/radi-
aeb/WebVRP/index.html) Blo]E(T1 ©l°]E 607])S A&}
R G CEELEL EE R EES R RPN
2x o, AR A2 A2 58 sl g, 19 33
A, F Y, AT 5 A AAEFE 71E dole st
& Y5ttt Breedam(1994) tl o] B 9] A5 7127} 01 4]
A 7] wjof] Solomon(1988) o€} FL 3k 25T 9] 7H&
AFE A48ttt H A8l /3-8 tool <l ILOGAFS] CPLEX
8.1% o]&3te] 73 om AHE-H HFH= HE Y 4 CPU 2.6
GHz o]t}
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Table3. Experimental result of Solomon(1988)’s instances

o9

e

7] A3 ARIA 723670 el A of] el H 1T 3,306% 485
Ko, 207 o)’de] o] = dA tsixe HHsE
TF3717F ook AFES TAFHL 1% o], ILOG
dispatcher= ¥ 883 A~ 2 ¥ 31T}, Gap (SPH value- optimal
solution)x100/SPH value, (ILOG dispatcher value-optimal sol-
ution)x100/ILOG dispatcher valueZ & 2]}tk HEEE 3
He HAS div] H3t 2.68%] gapS HHoH, ILOG dis-
patcher= & A3l tiH] 0.79% 2] gap-& F-A13HA T

Ao} o) Ao T3k A% A= <Table 3>3} <Table 4>9}
2t} Gap2 (SPH value-ILOG dispatcher value) x 100/ILOG
dispatcher value = 7 ©] 3}tk Solomon(1988) ol #¢] 73-¢- &
2844 Zd ol M= ILOG dispatcher ¢ 2]& B} AR
a0l 1.81% Eou, Al SHAME e gl
B 0.08% 4 2%F WHA ILOG dispatcher &a18] 52 2F 980
% A2 5T} Breedam(1994) tlo]E 2] 7% Zhset-2- 1071 <]
instance = 1A & o] 91O <Table 4>l A| A H Fh-2 7} sete]
A& Hepdth £2 3 SH A= ILOG dispatcher &
aE)Eo Hlel HEE T alH o 74010.76% =A Uk o, Al
A2 S| A= et A 7to] o] Fojxth ILOG dispatcher
o] 7%, a9 7N 74 7 8- ==inter-routefintra-route &L
259 5420 A= Q3 A FEIF AR wet
3 o] g o] AXA M, o= ALFAIZEe] F7HASIe] ©
o}, A3 a sy 3 ILOG dispatcher2+9] gap< ¥ 1.81% %}
0.76% A, ALFAI Tkl Hls) F33] -3k s & H e Y
o] A TS & qitk o]& Tt -5 ARG o=

C.T(second) Objective Function
Instance Number of Numl_Jer of Vehicle capacity ILOG ILOG Gap(%)
customers vehicles SPH . SPH .
dispatcher dispatcher

c101 25 25 200 0.05 28 914 953 -4.09
Cc101 50 25 200 0.05 201 1909 1869 2.14
Cc101 100 25 200 0.11 1451 4433 4436 -0.07
C201 25 25 700 0.02 45 1095 1071 2.16
C201 50 25 700 0.16 360 2293 2192 4,61
C201 100 25 700 0.09 2680 4800 4636 3.54
R101 25 25 200 0.01 36 1304 1291 1.08
R101 50 25 200 0.05 289 2472 2436 1.48
R101 100 25 200 0.11 1683 4201 4135 1.59
R201 25 25 1000 0.01 58 1304 1297 0.59
R201 50 25 1000 0.02 602 2472 2387 3.54
R201 100 25 1000 0.11 4773 4201 4136 1.58
RC101 25 25 200 0.01 13 1469 1450 1.32
RC101 50 25 200 0.03 44 2982 2964 0.61
RC101 100 25 200 0.03 1575 5372 5158 4.15
RC201 25 25 1000 0.13 38 1470 1450 1.41
RC201 50 25 1000 0.17 269 3028 2975 1.77
RC201 100 25 1000 0.23 3503 5372 5106 5.21

Average 0.08 980 2838 2774 1.81

C.T. : Computation time
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Table 4. Experimental result of Breedam(1994)’s instances
Number . C.T(second) Objective Function
Set Instance Number of of Vehlc_le ILOG ILOG Gap(%)
R R e SPH dispatcher SPH dispatcher
1 1T1~10T1 100 25 100 0.19 978 7474 7343 1.78
2 11T1~20T1 100 25 100 0.46 1161 7022 6945 111
3 21T1~30T1 100 25 100 0.27 756 7034 7009 0.36
4 31T1~40T1 100 25 100 0.21 1274 5483 5477 0.11
5 41T1~50T1 100 25 100 0.18 849 5948 5929 0.33
6 51T1~60T1 100 25 100 0.25 1113 6512 6455 0.89
Average 0.26 1022 6579 6526 0.76

C.T. : Computation time
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