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Abstract

This paper is concerned with multi-objective vehicle
routing problem(VRP), in which objective of this
problem is to minimize the total operating time of
vehicles and the total tardiness of customers. A
mixed integer programming formulation and a
heuristic for practical use are suggested. The
heuristic is based on the route-perturbation and
route-improvement method(RPRI). Performances are
compared with other heuristic appeared in the
previous literature using the modified bench-mark data
set. It is shown that the suggested heuristic give
good solution within a short computation time by
computational experiment.

1. A&

27 ZEA(VRP)S]  ®F
Ramser(1959)°] o3& Hx=
TFAE 1A Au|aS

= P A4 ddE
aHese] HgAdM o g2 9 vk ¥

B2 drsejgtr. 3 WA= VRPTW(VRP with
time window)@A A2l Mu|~Q A F}SHA| I
AekAlzkol 9= EAIEA4,  Homberger and
Gehring(1998)2 7 stz 5& #8835 dHS A
AlSFA o™, Taillard et al(1997), Berger and
Barkaoui(2003)-> W E}FrE] ~ElS o] &% WHE A
TFatolth AlzkAleke]l Qe LJHAF Al i3
Malandraki and Dial(1996)2 2 A& el 2]3t

HE AAEReH, 192005 WA A9l <4
1PES AT F oAAE 5o JuAE
7} MDVRP(Multi-Depot VRP)ZA], Fagerholt(1999),
Wu et al(2002) 5o o3 AFEHATh AFH = A
o] ® & YEl&= PDVRP(Pick up and Delivery
VRP)ZA a7o] g T FAZ Q78ks U
o]t} Mosheiov(1998)7} 7 ZiE-eHs o] &3 WS
AAEFAT) olwtolm= bkl A A &) Aoldh

o ofp

HVRP(Heterogenous VRP), 17}, 8. ©o]gA|7to]
57 07 F0]X=SVRP(Stochastic VRP), &8
< 3 AlF7|zte] grizte® 85 PVRP(Periodic
VRP)5©] 15o] itk

5ol VRP dTE°] & SIFAYRHE HA&
steb= HASFE HAL AN HTole 1A
o] Qs AMula AIE F535E Ao T4
st H-71E A tH(Malmborg, 1996). TH=e]  3174o]
&8s BEE AHlE ARME F55(hard  time
window)dl= A 2 AES FHIE Aol dA
Ao ofgy] wjite] ;A AMu|~ 85 A7l
= AAAE A5 HavEs F718ke R (soft time
window)E©] A5 ATt

oA AAEE O5d 2EAREA
(Multi-objective VRP)+= b3 22 Afxy &
s bzt e FdAaA s A4 SF

[0
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(Tardiness)9] & FHA3} b= Aot} A9
AAZE WA AR TMEAE o AA G A}
gebol] o3 Fojzith FrIAALe A () ok
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Tardiness = Max(0, arrival time of vehicle-due time
of customer) €))

Aoty WAZA FH-S RPRI(Route Perturbation and
Route Improvement)© 24, 2 WA WA= ZH=W
Zh(route-perturbation) THA| 2 A], Z7]dfo] <3t A=
dellA, nAE FelA AL (unfitess)’t 71
] FRuAS Alsta, AEE v
TRl Ao A Ak (finess)’l 7HE F
2o 2 242t o] FA7|E dAeltt. o] WAE
3l 2709 AmolA Aol FAHEN. S o
Aol AroME AdEE uAo] ALEM, o]F
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5" (inter-route  change; relocate, exchange, cross
method)©] 1719] 548 13X @ o]FofF
g, Aljbd A S 7F ade] A= 5
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formulation

Min w (3t %, ) +UT=w)Q ve,) )

ki, j ki

s.t

dx; =1 Vj=2..N ®3)
ki

kak’,.,/. =1 Vi=2..,N 4)
5]

Z;xk,uﬁl Vk=1...K 4)
=

YA xSV Vk=1..K 5)
i J

Dy =D py =0 Wp=L.N-Lk=1..K )
X, =0 JVk:L...,Ki:L...,N %
yk),.ZZxk’,.)j(zk’j—mI.) Vk=1...K j=L...N (8)
z,d:()l Vk=1..K ©9)

Zxk’,.,j(zk’i+si+ti,j)=zk,j Vk=1..K j=2..N (10)

w—u+Lx, <L-1 Vk=IL..K ij=2,..Ni#j (11)

)
BARE ()2 Aol F LA F PIA
AR ArSBT. Atz Q) 3L Z AL

Az @)= AnAe] EE
multi-trip& 8884 &S oyl

of zZkaAeA & = gl g 11T A
W 2 ()= A>e] AAEE Akl (62
AgFEEo dEAe Aguidn. Az DL 4
A Td A e AHad = gl HET
aAe) grAds ekl AR =
d 9 AaA A 2ol st
= ARl B x7stEdolnh AR (10)2
L2435 AREE Aefdt Az
A (e PRAR PAS A% Agxiow,
Kulkarni and Bhave (1985)°] 2J3] AQt= At o]
Al ek 719 Danzig and Ramser(1959)9] H-&
A A AlekzAe] b aAel F7h Fokal
el A$Hen Zohahe W, op)el #7He)
Aekzz0] I Q5 tHBektas, 2006). AAE 2 35}
FelmgeagANon naREglon, A4
B Fapl AAAE Ard AWNDE 27
o web 3geAE B AN £2 oS
AFahs BAH e AN

3. &A% 3]H(Route Perturbation and
Route Improvement)
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EFS 20T A FHQ AgE A o
2A A 2 Ao ZelzHPAA AR s
o] o]l EWHE 2-0pt, Or-opts HE&3l 7| E
TRk 271 dele] FRaE Sl T
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a8 /198 4 (108 B ALABLEE o,
FRATANA ALIFEED BE FFL 0§35
E FRaE AR,

Min_vehicle=Min integer > (total customer’s demand

/vehicle capacity) (12)
e A 289 WEE dnES Fa o] F
ojAIH, B MAS 3H gAgE XoE A
Foloi @de WAU B AXs g v
FreElagolA ol xale] AU AAIZE S
o Aol Fad AL WAL W F ol
qE A o}~ Wlel dis] ogd A7 Iy H
ojgton, ¥ =iolMe BRI FEAA
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& S F2 ol &e skl

3.1 7 23 (Route-Perturbation)
HAEHUZE Zb Ago] AMu|iasteE Ao FHFS
vt E Aot o] H{AL b ApRFel] oJFfAn] A
% stUE dAste, thE AFo] A
H| 23k 1o F3Fo R o] FAF O ZA o] Fof
Aot oju oJu TS HASI, ofH zFgoR
o]|FAIZA A7) sl EA W o o] Ut
2 =FdAe FATET MNEdes SYste o] FA
3, ol Ao Z oA A<
=& ANdSs =Yste] si4dst
zh 2} a4 YAH

[

2 3} %= (unfitness) A2t
z} Admes A (135 B3 TEoh =
T Aol o }‘i‘ﬂ]*“ HL‘C 517—39] A3 =
q 2 &

k]
B
lo —(E
41:

e ﬁxéiﬂﬁ‘r O]—E o4 43} % (regional

unfitness)o} F7] A1 H-2 3= (tardiness unfitness)2]

o=z AibHr.

Notation

0 : AAAE %ﬁgi g A ok A o) Zhi

If 6;; > 180, 6;; = 360-6;;

Fi @ 3L 5 AMu] 28k 2 kol o] Au| s

Hk = 711‘/] x]zﬂ—

UF; : 317 14 & TR

UFR; : 37%* i°] 11‘%“4 A

UFT; : 2174 o] 7|41 F-4 8=

w 7}%ﬂ

UF; = wy UFR+(1- w) UFT; Voo (13)

UFR =6, Vi (14)
JeFix

UFT, =max(0,z,,—m;) Vi (15)

2 (14)9] UFRA= A8 9} e a3y ArR|2E
e U2 uAzke JauAE SR 3 7R
S olm ). UFRo] ATHE AL &G ko]
G A2 gl 2 el e s w|

ojmlgtel. A (15)

at7] 917 Aeolvh. UFT;

7t 2 27 B A AR o olFAzeR

A %Hél Mg F T olsh A& PM"

3 FARETE 2 SAdE F ool FrRa
F A

s gHoR o
= 149 W44
o

Step 2) A% (fitness) A4t

Stephel A olF o Aga nAe 4wt
A Fe Ao oF s dn A% e
4 (16 Ba Ptk Z a4 92 NFEos
]Oﬂ%og 7(-161—1:7}_ _8_ ;(]-E]: 7_]— ;(%l:g] = 9

71A o] 22 ApgFow o]FakA €t

Notation

@ AAAE FHOR xF3 1A
FTye : o|F7 o] % kol gk & A3

FTRy : o|F37 io] 2% kol tjat A4 Agw
FTT, : 2% k9] 97143 A=

SFe : A4 kol olsh Mul =g we mAe) 4
¢ SEOI %@ el

FTy = wm

2a;/c,-q

jeSF,

FTT =w ( D t,%, )+ =w)( D v,) Yijk  (18)

k., jeSF; k.ieSF,

FTRH(1- wy) FTTx Vik (16)

FTR,, = ik (17)

4 ane olFd 14 io delA 7 Al A
o4 AP ﬁwom 9 Aol
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i@u e 17%‘—%94 AuAE FHL
o] Fdgs Adete Aew, O %

< AFgor o]FA 7= Flo] Al
o) A 7h ok Froh Avke 3e A ek 3t
Fk7F HAshe BRI AdHoR MY Ao
ok 2 (18)2 ZF Abge] dAA B

e Aoz FrT 7} Atk %

2 aAE Aujzsites °4v7} Atk= ool
thoole} Ze HAS B3 olFaA iv T A=
7V FTy 7V 22 Aoz olFshAl d.

3 2 73 2 7] A (Route-Improvement)

2WES F3 olFuo] AT OZA 7}t A
o] AMu| =gt a4 FFo]l dEpA M, AR
& olFE Aol &Y s|EATF] Azt A
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<Tabu search heuristic steps>
Step 0. Initialization
Tabu List size, max_iteration(#) and
max_number_non_update(#) are specified.
Initial_Sol := Solution of sweeping and
2—opt/ Or—opt method
Current_Sol := Initial_Sol
Best_Sol := Initial_Sol
Counter (#) := 0 and Counter (#)=0
Step 1. t:=¢t+ 1, t':= t"+ 1
Step 2. Generating neighborhood solutions
2.1. Evaluate unfitness of customer
2.2. Select n number of customer by
decreasing order of unfitness
2.2. Evaluate fitness of vehicle for the
selected customers
2.3. Check tabu list and vehicle capacity
If not in tabu list and not violate
vehicle capacity, Transfer the selected
customer from existing route to new
route.
Otherwise, remove from
neighborhood candidate
2.4. Improve the two route such as
existing and new route of selected
customer by 2opt/Or—opt
2.5 Current_Sol := best neighborhood
solution. Go to Step 3.
Step 3. Tabu List update by FIFO
Step 4. Evaluation Current_Sol with Best_Sol
4.1. If Current_Sol < Best_Sol,
Best_Sol := Current_Sol and #=0.
go to Step 1.
4.2. Otherwise, go to Step 1.
Step 5. Stopping criterion
5.1. If £ > max_iteration or
¢’ > max_number_non_update
Stop.

BREsEE HAe olFHUY A, o] FA
AR, olFFe Agdrel v ARE g
PrE A/WF widt FF olFHE A4
A aAn A48 AR, o FE AFARE o
B xEsh Haste] HE o|FE Ao A
W Age PAR BresEd gL ol
o AaE Fal o] FolAirh

Notation

Tabu_list[{].customer : iHA| E}F-2]~EQ] 17
Tabu_list[7].from_route : 2
ool AAn
Tabu_list[i].to_route : /A E}F-E2EQ] 317]9] o]
F5e) AR

Existing route : ©]®¥ iterationoll A A A% 1790]
gk xtFA R

¥ iterationol Al AAH a7 0]
T AFP R

by

O

New route :

]
I

o

<Tabu list criteria>
For 7/ = 1; /<=Tabu list size, /++
If (Tabu_list[/].customer = selected customer)
If (Tabu_list[/].from_route = existing route) &&
(Tabu_list[/].from_route = new route)
Don't transfer, break;
Else if (Tabu_list[/].from_route = new route)
&& (Tabu_list[/].from_route = existing route)
Don't transfer, break;
Else if transfer;

4. 43725

AdE HAH FHe] e 7|EATAA AAH
theke HEA FHe] Asd vl 71Ed
T2 ¥ construction ¥3LE|E T improvement
du)Fe] oz FA3FAT Construction L3l
2]52 Clark and Wright(1964)2] saving method&
A-gste] 27|85 -6k31 21, improvement ile]
F2 ZA=7F /A9 (inter-route  improvement)$!
Relocate, Cross, Exchange W83 Z4=ZU 7]4%H
(intra-route improvement)?! 2-opt, Or-opt ¥HE& 4
4313 th Improvement ¥3E] &2 2] Mol o
o] o] FAA k& wWirlA REESIA ET) o]
gk W ELS Lin(1965), Lin and Kernighan(1973),
Timon et al(2004) ol &3] AFHAY. 7]E9]
3|} FCSI(First Construction Second Improvement)
dug]Fos  AHsla, ILOGAF] Dispatcher 3.3
versions ©]-835fo] EEIE 3T

23] AF8-¥ Ho]EE Solomon(1988)¢] Hlo]H =
Fstel A&tk Solomon®]  HC]E
R101~R110, RC101~RC108°] % 187} ©lo|HE
&3t om, o] oy A A8 %2200, 7
Aejqni 2 EFlE 10, shvte] bt 10070 9
Mg 7HAAL vk 72 1] A= xy HE (O,
99) Alolol KXot} Solomon®] EolE ol
A AR FEe R AT A (12)E o83
of o] AFE 88 =F 33t Solomont]| ]
B+ time-window®] %}, 3F%Fl ready time™} due
timeS 7FA I k. B =&Y 1A g8 Azt
< ready time¥} due time2] oz AASIATH
B MRS Qe debrE A" 27| FR
FE 30, o] FHE = 30, B AE Apo]=
£ 3, TEx HAd ¥EIF@E 1,000, best7}
MAHA F= A 7()= 10002 A A
g FAAEH S BA ] Tl w09,
0.5, 0.19] Al 7}A] caseoll i3] A&st3lt).

E 12 AFEAAE HAFET AY uiFEe] Y-
o 4] RPRI&|'Ho] FCSIEHHT} 788 & + 3l
o oA or 549 SudAE 45%g =9
Mol glom, F AT SHAAME 4.7%,

2 ofy

al
al



¥ 1. RPRI®} FCSI9] AeH|n A3

W1:0.9 W1:0.5 W1:0.1
RPRI (1706, 1856, 359, 643) (997, 1975, 19, 556) (204, 2039, 0, 644)
MR101
FCSI (1761, 1916, 368, 1518) (1130, 2215, 44, 926) (214, 2139, 0, 2370)
RPRI (1718, 1883, 233, 376) (983, 1956, 11, 816) (228, 2054, 25, 185)
MR102
FCSI (1883, 1987, 944, 132) (1047, 2078, 17, 1610) (231, 2268, 4, 2285)
RPRI (1694, 1869, 119, 222) (982, 1921, 43, 1277) (232, 1989, 36, 351)
MR103
FCSI (1758, 1918, 323, 842) (1016, 2031, 0, 803) (251, 2294, 24, 1515)
RPRI (1687, 1860, 126, 251) (982, 1896, 68, 643) (206, 1915, 16, 945)
MR104
FCSI (1746, 1900, 360, 1066) (1047, 2009, 86, 865) (219, 2023, 18, 2164)
RPRI (1699, 1855, 296, 359) (981, 1950, 13, 380) (199, 1963, 3, 481)
MR105
FCSI (1770, 1935, 286, 1288) (1102, 2144, 60, 1405) (224, 2197, 5, 2212)
RPRI (1714, 1869, 315, 301) (976, 1941, 12, 432) (203, 2032, 0, 166)
MR106
FCSI (1878, 1987, 899, 193) (1055, 2095, 15, 1066) (237, 2318, 6, 1162)
RPRI (1698, 1870, 158, 246) (951, 1888, 14, 1058) (220, 2140, 6, 942)
MR107
FCSI (1726, 1896, 195, 658) (1025, 2024, 26, 1797) (251, 2198, 35, 1233)
RPRI (1682, 1853, 145, 187) (982, 1896, 68, 644) (206, 1915, 16, 558)
MR108
FCSI (1746, 1900, 360, 714) (1033, 2003, 63, 2079) (227, 2022, 28, 1114)
RPRI (1716, 1862, 401, 428) (955, 1897, 13, 398) (204, 2040, 0, 1273)
MR109
FCSI (1814, 1976, 354, 570) (1089, 2160, 18, 953) (208, 2074, 0, 919)
RPRI (1696, 1862, 205, 282) (967, 1928, 6, 289) (191, 1906, 0, 340)
MR110
FCSI (1790, 1957, 284, 500) (1007, 2008, 5, 394) (198, 1984, 0, 505)
RPRI (1863, 2064, 58, 95) (1042, 2078, 7, 91) (213, 2125, 0, 24)
MRC101
FCSI (1893, 2085, 172, 620) (1105, 2199, 11, 160) (220, 2196, 0, 188)
RPRI (1855, 2055, 59, 77) (1036, 2070, 1, 32) (214, 2106, 4, 168)
MRC102
FCSI (1881, 2070, 177, 322) (1048, 2093, 4, 297) (229, 2292, 0, 134)
RPRI (1853, 2051, 76, 48) (1041, 2077, 4, 24) (208, 2077, 0, 38)
MRC103
FCSI (1879, 2062, 230, 391) (1073, 2146, 0, 400) (219, 2187, 0, 331)
RPRI (1850, 2045, 97, 53) (1051, 2062, 40, 50) (272, 2143, 64, 31)
MRC104
FCSI (1904, 2097, 173, 415) (1049, 2098, 0, 550) (234, 2202, 16, 502)
RPRI (1856, 2061, 12, 55) (1028, 2055, 0, 96) (241, 2181, 26, 62)
MRCI105
FCSI (1878, 2067, 180, 348) (1080, 2157, 2, 333) (218, 2179, 0, 154)
RPRI (1858, 2060, 40, 81) (1038, 2076, 0, 38) (208, 2079, 0, 23)
MRC106
FCSI (1903, 2093, 186, 510) (1102, 2192, 11, 358) (224, 2244, 0, 81)
RPRI (1854, 2059, 7, 45) (1027, 2055, 0, 15) (208, 2077, 0, 27)
MRC107
FCSI (1867, 2070, 44, 261) (1094, 2181, 6, 121) (214, 2135, 0, 83)
RPRI (1841, 2042, 34, 37) (1022, 2044, 0, 10) (207, 2065, 0, 20)
MRC108
FCSI (1888, 2091, 55, 295) (1074, 2147, 0, 90) (211, 2112, 0, 135)
Average Gap® (34, 2.6, 51.0, 64.4) (5.9, 5.8, 13.0, 51.8) (42, 5.7, -43.5, 63.2)

T, boe, ) aBATE, b F AFLAAL, ¢ T FIIAA, & AN
Gap*:(FCSI’Value — RPRI’value)*100/FCSI’value
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