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The Solution Approach to Multi-trip Vehicle Routing Problems

Student: Chia-Lin Kao Advisors: Dr. Hsun-Jung Cho
Dr. Guey-Shii Lin
Institute of Transportation Technology and Management
National Chiao Tung University

Abstract

As the age of a competitive environment emphasizing professionalized
work share and corporation comes, the importance of well organizing and/or
linking the merchandise manufacturers, distributors, retailers, and end
consumers so as to efficiently fulfill the requirements of most delivery
services 1s ever increasing. Investigated data have shown that the
transport cost comprises approximately 35 ~ 60 percent of total operating
cost for delivery operators. The majjorelements relating such cost include
the total distance that all di'spatched.vehicles travel and the total fixed
cost of all dispatched vehicles for:service. Because the locations of
demand are spreading widely, 1nappropriate:route allocation plan and
fleet size may lead to fairly high transport cost for the operators,
especially those who initially.run the-business.

An operator who may possibly carry very limited number of vehicles
when running services at the initial stage. It will be useful in decreasing
the size of fleet if the service time windows of demand side can be
organized flexibly. Furthermore, a suitable routing plan may help
dispatch the individual vehicles by multiple trips to reduce both fleet
and operating costs under existing service time requirements. Thus, the
model proposed in this study is applicable for a multi-trip VRP with time
windows (MTVRPTW). The arising challenges include: 1) NP-hard complexity;
2) objectives withminimized fleet size first and shortest travel distance
then; 3) fulfillment of capacity and delivery time constraints; and 4)
scheduling of multi-trip dispatch.

In this study, a mathematical programming method and an associated
heuristic algorithm were concurrently developed to solve the cases
regarding to MTVRPTW. With the former, three network scales were proposed
to test for their outputs accuracy and computation times required using
the package LINGO. With the latter, problems by a larger network scale
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could be solved efficiently by following a two-stage objective: the fleet
size minimization, then the shortest travel distance. A multi-trip
feasible solution was initiated via the saving algorithms and
depot-inserted method. The fleet reduction and the traditional
improvement modules were then activated to improve the fleet size and
travel distances. Finally, solutions to Solomon’ s benchmark problem set
were found and compared individually with those from other relevant
research to check the output performance of the heuristic approach. In
addition, data collected from field investigation were analyzed for
contracting the operator’s service plan. A series of sensitivity tests
were also conducted to locate the best fleet size for practical references
and to reach the conclusions and recommendations.

Keywords: vehicle routing problem (VRP), time windows, heuristic
algorithms
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N NV
Subject D> xi =1 (j=1,-..,N) (2-2)
i=1 k=1
N NV
SSx=1 (=1, N (2-3)
j=0 k=1
N N
x-S xE =0 (h =0, Nik=1-- N (24
i-0 j=0
N N
YA Ox) <K (k=1 N (2-5)
i=0  j=0
N
>k <1 (k=1, +++ee, NV) (2-6)
=i
N
3 Xk <1 (K=1, -+, NV) (2-7)
i=1
NV
X = {xij}e S (xij :in‘}) (2-8)
k
x=1 or 0 for all i, j,k (2-9)



C-.leﬁz\,{w 11\3‘1‘?1_1] T\%Jmfﬂﬁ'ﬂ,\'ﬂ\

Xj CBgRV R FREE Arc(i, j) 0 5 0-1 ®i#k

D g g ong kR
FEE-TE L]

(2-D)7F B RRRAS Bl 2 P ART 5 (2-2)5 2 (2-3) 50 g E -

A A= R RS (DR IR E S U (25) 5 3 e
PRALT FLED T LU GORACDI L5579 iﬁa*mﬁ #

(2@*“ﬁi+ﬂvmﬂ¢ (2-9)F B 0-1 BBCTH A E R Sk

Xl A7 D ARk AR B TR R B o B RIX =0 -

B LI R €A B Rid A RARE LR E R oo @ pTA F 5 en)
B Bk Fipd 7 il § ORI G B R F R i F R g
4ﬂﬁﬁﬁ?§@%£ﬁ%f ERRET R A FEF TG RS

% R4 - Bodin(1983) & éﬁ HHR-e R A et 422 ¢ 42 (vehicle routing and
scheduling) ¢ & ]2 & ﬁr’“ Zimirttm - ¥ 12 AR EF 2o g > 7
FEANE S AR o el F Sk gmi SR B8 (Multi-depot VRP) ~ BE R P4 T
B gmie SR 38 (VRP with time windows, VRPTW) % 4p Bf 42 5% 3% o
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2.1 2 fmig AR PR R RO BT 2

T & A5

PR R L T

B gmend) 3 gk ¥ - 3=k 55

B - iF; S im

B RN H- ;524

7 FeenA) j FETMZ R st
7R

T K BEB S AEM
FRedl

B e ) f £33 257
I E A |

B x 2 -2 2k %E

L ist ANE Y
& A Bh A TS A
T % TR
Poalfmp pixh
ffzp & B RS A B

SR EESSCES
BRG] B Rk

2.1.2 VRP ehffz = 2

B fmip AR R(VRP) e £ f2 > 2 « R P ¥ & =5 8 0 #2272 (Exact
Solution) bk’*"T'J/}3’4=(}‘xpprommatlon Methods) MAEfEE ~ 5 A BE R AH
(MP-Based) ¢ ;% » B)4e @ & £ 2 *T;% (Branch-and-Bound) ~ #-3% (3 ;=
(Lagrangean Relaxation) ~ *» &L & ,é (Cuttmg Plane) % % # A # i (Column
Generation) % o B A srj2i2 ¥ RS Pl A &2 > wd > VRP A4 2R B
*+ NP-Hard » #<f% < A0 32 0% > ﬁ:rﬁ’*,; SR PR RAE J ) SR
fo @ AT 0 fRiE AR R R AT R & AR R 0 B BRI B ke
PERY N RAF TR o

& ¥ Bodin(1983) % + » 32 VRP 2 jlag p& > -H 10 57 7= &

1. A »#E s (Cluster First Route Second) @ & #-7 @b = & w3
FoORBLREBEEITFSEEDEIEM 1974 £ Gillete & Miller ’fLr#%
T endF pa iz (Sweep Procedure) Bl E_B»rigfa > 5% o H {1 A en 54 4
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T4 BE KRB B E- BRA AR o AH AR L E > - AR Y
PEas A BB RIRIE T o m B B RS AR T AR am;ﬁﬁ % R R
B AT -

2. APt s F(Route First Cluster Second) @ 82 i2 & % - #gen™ 2
TEARF B ARG R R - EERNRAR(T A AT AR Rk
e L0UF] > 47 5 B £ R B Golden ¥ 4 (1974)#7# )
Giant Tour Algorithm B|&_JE3tetfE = 2 o

3. & gENALE N2 (Saving or Insertion Procedure) : 1964 # Clarke and
Wright #& &0 & 4 2 Kj2 VRP 4L > 2 a2 R@Mmp &4 G~ | 33
» ik o Bt ',ikﬁx—\maﬂgmmm—, RBEFE BT 0 E DTG hE R
E»L*Kb £33 LI S S - S S

4. i & 2 42 (Improvement or Exchange Procedure) @ 7 -4 5 &2
EAvrreed > B R A g Gk o F Reh2 x5 2-Opt~3-Opt & K-Opt % o

5. #4312 (Mathematical Programming Approaches) IR aE- 4 —‘ﬁ Fisher and
Jaikumar(1981) 41 * #2412 - % VRP R*RLA f2 2 - ddg i 48 fc TSP
AL H LR R R AT 0 At ¥ E R @ GO TSP R AR pE

6. + 483 2 (Interactive Optimization) : #-i4 i ¢ &2 g ok i »
RR R AL B ALY - AR

7. B i 272 (Exact Procedure) : # #L-ingix f& /2 3 » £ 2 L2 (Branch and
Bound) ~ # i #L%]/# (Dynamie programming)®? *» L & ;2 (Cutting Plane) -
AAEIUE R FRR R E (TiRdmkEan E R Y d Ao FH A
f2 5 B A2 P E A BEEES SR B R REA R S ) il B R AR

e

¥ - Bodin(1983) 7" 4p EYEFER A -0ty SRR N E NN\ R
25 B F REER AT :a*.st%\mﬁ T\E&»ﬁ REUFE ARSI PlEEEY oA
¥ F Fisher(1995)x #-VRP chfejiz= 2 %? %’ AR A LT = PR
FolFE  BEEFEN 2 95 60 #58T T0 &AL F o % o (greedy)
ER s Rt L A ";/I{’J'”"?E?_%f‘%*iﬁm)é(}? fRE o B A
M= x4
1. Clarke and Wright(1964) & %4 ;* (saving algorithm)
2. Lin and Kernighan(1973)¢n7% #;# (exchange algorithm)
3. Gillete and Miller(1974) ¥ psi# (sweep algorithm)
B FFER B A A A Pl (MP-based heuristics) >t 70 # ¢ Hp g E T 4 o
H3s VRP B 42 fi(Relax) = [ 8 afic 8 A0S » B (R & fden 2
7 Fisher and Jaikumar(1981) ~ % & 4 % % -
SR A E w2 (Al algorithm) » p 80 # A B4 B E X 4 o d 307
i By 4 e si s AT R B v 3R A 2 AR A S R
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PR UF RN L EoxF e VRP R R c HFRP A B
wo- PR A REERFARSED  WHHT B RERNEGE S D
FJR2 25 - 2 G PR B R IBF S ok 2 A A g s
6 Moy e E S 2 > B R A B 25 £ & #F 2 (Tabu Search,

TA) ~ # 4% :% L % (Simulation Annealmg, SA) ~ PP %
(Threshold Accepting, TA) ~ & %1;% & i (Genetic Algorithm, GA)
1 % -kx (Great Deluge Algorithm, GDA) % % -

=N

o
cllh
-r:\j,

ﬂ\

2.1.3 ﬁ&féﬁ AR N fRE -S4 2

a4z Hd Clark & Wright(1964)4% ) & 2 2 §mik 42 1° XL chpc s 5% 2
2o R AT R ] Ao AU s AR R R SR 3R g
SRR N o PR R A E B R A S R E IR RS AR B

R

=

TR R peRlE Y Sk H 2 2N R5 S, =C,+C,; —-Cy - S & T &

FiE o CATEES ) ARG F KRB0 55k o Hipddedpfim  LEG Y Bk
LA A R A B R A SRR E R B o % &R F R

dvor ARdnBR AR 0 B & 2 fRRE L ARAeTR IR 2. 1 Ao

A-

A

ST R FTHENE

HETT NS - R BRSTH

AR R[10]
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N~

n‘_’f? ERAPE N Z Y BB e KB L EHakE o FI P HEF - 1FE
Mg o - MEBERBRS AT LT A TR 2.2

(1) #gJoin) * %3 B g KRBT A 5 - (FRAR -

(2) & »~(Attach) @ s - H BLER T — § BLERJT > = 5 — ATEAREM o

(3) & (Merge) : i 2a B 5 BREL /T » & 4 — TR AR o

Depot
Al B
e —
Depot Y Depot
—
[E-ADN
Depot Depot
& H
Depot Depot

B 2.2 42887 %8
AL kR [10]

2.1.4 VRP gz L

i) &Y o Rgtm= B VRP @ ez i 2 > ik A & A -interchange ~
k-optimal ¥ Or-opt /7 & % o
1. A-interchange = ;’%

A -interchange #_¢ Osman % é‘i’j’“ 1993 & #73% 410 ;ﬁﬁ&.ﬁ“ EE AR IE FF )
10 S BE LA - %ﬁ%%yﬁiﬁ (shift process) > @ 1-1 2 1-2 & 2%
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#i2 45 A-interchange 2t & BE2 72 cPpn & U RAGALDT KBRS 0 ¥
FI#* RIT BRIE O~ 2 RH i AR R KBRS N ¥ - AR o 1-0 Ed - *‘%ﬁi‘fé
- FoAme T - dE 11 L A AR bR - F RBE Uk r T e e
¢ -0 &bkt B 2.3

@ME

B 2.3 1082 47 2 B
ALK R[16]
2. K-Optimal élf%
K-Optimal & & < #% ;2 Z-Lin 3¢ 1965 # #7341 K * & eng L .5 X #Een
g B Lin A k24 TSP cnffdaied g m ot 7@ % & VRP
R AR o T B 2.4 12 2-0pt s b KL R HEE o

D D

B 2.4 2-opt &HR2HET 7 B
A kR[]
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it Bz AR AL(AD2B)E(CDD)S & e (7 <
b'“r:r’i%—'ﬁ'i%’x%“ry"sb L E R AT MR e P
B¥EFRT fF
3. Or—Optv;F*Je

Or-Opt 2 Or 7 1976 & #74 I ehig 4B ) L4k d 2 > i ¥ MR BN HE
Serh i R ge S N AP AR 2.5 977 > M EZE] S A 04 FF A
S B, 14D = gh(, 4], 142) S R - AR B2 i ;’-ﬁhiﬂ;;@zﬁ—};
SELjo T HETEE RS JEE S jH 2 F'“n,\@w:fp#ﬂ:;gc I

A EE S Rt LR

i+l
: +1

B 2.5 Or-opt 7+ & B
A &R [13]
2.1.5 # % 3% (Tabu Search, TS)
TS 4 Glover(1989) =74 1> Willard(1989) R & % #-TS f@;’* » R fz VRP-
TS m FiB2 Adafd i > NIF B G2 B RN 2 5 F K AP 2 B fRiT 5
KOF 2 GRPp o ¥ )64‘3‘% ;,.:}ﬁ;’—’é‘s SRS IHE A A Ak Bla s &f‘ﬁxx f&2.
oo —dam 3 0TS A& ¢ 7 3 #8:i7 f# (Neighborhood Solution) ~ # # B T
(Move) ~ # & 7| 4 (Tabu Llst) ~ FF #P)(Aspiration Criterion)! % % {4
A (Stopping Crlterlon):t Bk F o & BHEP 4T
(1) AB:TfE - 1% B fFecd ™2 > WHFP v FfE2 975 7 7% o
(2) #opeje o ﬂﬁié TfEY EP R P m A F 7 F‘ PR YN B E R A
LAY H O T AT RBE LRI
3) ZHILH : & & %ﬁﬁ;‘?_“ ’ i"-%‘# R BRI e kAT R > A R
R Rl TR VRS EY S O SRREE Y S o
R fﬂ»‘" Oy —gﬁjﬁiﬂ%‘f’* F kR s B RS (CRlp
ERIEH) 0 G o AR o
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M)ﬁiﬁ%ﬂ'1éﬂEtéf%iﬁﬁ#iﬁwéﬁ’ﬁfﬂfﬁij?%*#ﬁﬂ?ﬁ
» e 1&"" ’ﬁ /’?ﬁi 2 jk-_
(5) & éum DE g

2.2 % T 2 §mik 42 K 4Z (Vehicle Routing Problem With Time
Window, VRPTW)

2.2.1 VRPTW F* 48 2_%&

DR AR R A ADE L w744 B 3 (Traveling Salesman
Problems, TSP) » 2 TSP & — £k efrdg i ¥ 48 4c ki“,f N REL AR L] 0 A TSP 4e »
K2y 275 VRP - TSP &2 VRP ¥ * NP-Complete eR* 38 » F]ypt » < 5 %
o S fEx Kfz o 2P Golden ¥ 4 7 1980 & #&-TSP 2. ki s\ Rz &2 5 Z 3 0 &

B G 3 '9%373"]‘#‘}% CRARRT L EAFEE o RA O IFMREAERESNRE M
LR S REpFEE and R0 AR RARER > Tt o 1wt @ AR R IRAFPF R T R
MR WL T T B ik AR R A RARS

- VRP che & G ey FEIIF T FH W F oREEE
v B giE e Beenit & A EC) o Bt S VRP 2 PR R R FE i I R E g
i® %ﬂﬁiﬁs 2B B TR, BRI T A4 (1)4%56 d H-xb g
BEw %*(mﬁﬁi%@ﬁ?mﬁt v (3)F BAEE P d - 3E PRI
- 5 (A)F R AR PR KR AR AEL F KPR oA VRPTW 3 @5
VRP4e + £ 2 F LT & - LFRBDFIFERT > bldrp 3 - £ 2R R T

8:32&;]11%\ Rlgd+ & 8w FlERFE/FE 8817 IR EZ >
Fraw e 1l B2 B P ERFd W ST UAFERR DD RIRGE BT T2 iﬁax pid
‘.—-fﬂﬁ:'iﬂ CHFART AP FAEY o bl LB B S EE IR R 2 4F

Ehyd % o 0T A 5 VRPTW endefiz = 02 o

2.2.2 HaE N pa Rk

Ffz VRPTW R® 3L cri= 4o f2 cn™ 2 B0 % L 5 Solomon # 1987 # & ) ehé 4 2
(Saving Heuristics) ~ PF R = & #4837 f% ;% (Time-Oriented Nearest-Neighbor
Heuristic) ~ #& » i# (Insertion Heuristic)# p& @ # v #F 45 ;2 (Time-Oriented
Sweep Heuristic) ° “,% FgE R 2.2.3 % mp o H o FEikdefs o

1. PR Ss BRiTiR2
wm#f‘ LS SN S S S EEIE 3 EVEIE £t SLESERS
Bho T~ BT ORE gt RER G AEh o 35 Mgt T RELEGTE PR T
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ﬁ%*ﬁ?mﬂﬁﬁ*iﬁﬂ’%%ﬁﬁw—ﬁﬁT—%%ﬁ%’%ﬁ%ﬂﬁﬁ

1'+ it e T\i'l‘,h B 4e i — iﬁifﬁ ‘é‘%}e + ﬂL‘}b.% B ”Ll‘)l mﬁﬁ ‘f\.gé'?#k)‘iuﬁﬁ%«%ﬂ
FRLE
2. &> *

By L AR MR T R r R T - A
PRItk fEr TEFFFE-
3. WRE=HFfi2
B U5 B Head g 55 f27% 0 Solomon(1983) #4745 i# s * *+ VRPTW R 4Z > % - 1#
Bk Gillett &2 Miller(1979) endfds i -3 Fgbo 3 > 7% L#-7 fgt
i L f RAAR SN T B R B G AT B S AT B R R P £ 2 3
FondF R RN FRERSDAD  F O BERT IR E 0 L BE
BEENE REIRG > PR AR T A M B2 2R ? REEE ko ¥
DEAERHR BTG R ORBISRIRGE S L -

¥

St Yo

2.2.3 VRPTW B3 7¢ ¥
VRPTW%”%!;«}'*’ ff‘r'—}‘;’;‘éﬂ’k VRP #p 02 » i@ %2 VRP 2 < 42 i 2 *Eh"

BEAREIREFE YIS 2V A ﬁ’ RPTWFviW@?AE&\B*F“w‘“% g

5 %mmﬂ»anm+éa,m s S £ § 2 ST

-‘eslf-
k'l

—

ViTfEe e 2 F K-Opt R $&yd v it 498 S BLafRIZEFEE B HRF 527
EF T L4 0 T Potvin & A F A E L IRIZ L B E 2-optky g2 T

$ AR ORE A H - R DR E Y Or-opt s > T AL
2-optk L 4% o

1. 2-opt¥X

BB L N A R B c B A AT B 2.6 frm 0 1 ]
BRI PH N h B IR S SEITE S B jH f'éj TR BB (L, 1)
(G, D & (4, j+1) ~ (G, I+ R F 7 e P iRdodic 7 &8 Pl B, 14D
(j, jtD & (4, j+1) ~ (j, itl) ©
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i i+1 i

.
Depot
) ; 1 j
F2.6 2-opths &M

2.2.4 VRPTW jflz b 3T 2 & i b ih i % Mz

R AR S E PR G2 S Bk ARk A OTVRPTI) - e picst 5% 2
2 R AR TG 2 g AP M RIRR BIAE er  hAT  fUr T R 2 P
WY © g e VRPTWOR AW IR 8 2 170 11 1E 5 2§ R fa = 35

HoemR 4K -

Solomon(1983) & H 4 4 36 % ¢ & jpl& VRPTW i & i2 » 14 VRP b4E & A A3
+5 00 AZ VRPTW b2 > iz AT P ¥ B iR ieit t 45 1) o o D6 ALRIA VALY & H -
ek 100 BAEE B TALBHS T 0 Ak AR R B 2 vk (7 PR ¥ 000k (7 AR o
FRASZMAAE RIS AREHA AR L TER)CAI( a3
éi@%’%ﬂ?#_qi RC( 12 2 2 22 = ;\é_i/ﬁ?%f“ﬂﬁﬁff—') v 1R 78R AR B
& RI~Cl-RCI(@mprmerd 8] )2 R2-C2-R2(BAFAL LD T E
L) ELE T A R TR RS S RL~CL~RCLR2 (2 RC2 - & 56 ATATAT2 4P
BF AT & 2.2 4 o
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7. 2.2 VRPTW ¢ 4E B

L BiREE/ 1 N A ¢ Ao id 2 KR

B S Y B/ BEHL S &)
€201 700/3390 3/591. 56 Potvin and Bengio(1993)
€202 700/3390 3/591. 56 Potvin and Bengio(1993)
€203 700/3390 3/591. 17 Rochat and Taillard(1995)
€204 700/3390 3/590. 60 Potvin and Bengio(1993)
C205 700/3390 3/588. 88 Potvin and Bengio(1993)
C206 700/3390 3/588. 49 Potvin and Bengio(1993)
C207 700/3390 3/588. 29 Rochat and Taillard(1995)
€208 700/3390 3/588. 32 Rochat and Taillard(1995)
rcl01 200/240 14/1669 Thangiah et al., (1994)
Rc102 200/240 12/1554: 75 Taillard et al., (1997)
Rc103 200/240 11/ kL0 Thangiah et al., (1994)
Rc104 200/240 10/1135. 48 Cordeau et al., (1997)
Rc105 200/240 13/1633. 72 Rousseau et al., (1999)
Rc106 200/240 11/1427.13 Cordeau et al., (1997)
Rc107 200/240 11/1230. 54 Taillard et al., (1997)
Rc108 200/240 10/1139. 82 Taillard et al., (1997)
Rc201 1000/960 4/1046. 94 Cordeau et al., (1997)
Rc202 1000/960 3/1374. 27 Haibing and Andrew(2003)
Rc203 1000/960 3/1078. 73 Chiang and Russell(1997)
Rc204 1000/960 3/799. 12 Homberger et al., (1999)
Rc205 1000/960 4/1302. 42 Homberger et al., (1999)
Rc206 1000/960 3/1158. 81 Taillard et al., (1997)
Rc207 1000/960 3/1062. 05 Cordeau et al., (1997)
Rc208 1000/960 3/829. 69 Rousseau et al., (1999)
R101 200/300 18/1607. 7 Desrochers et al., (1992)
R102 200/300 17/1434.0 Desrochers et al., (1992)
R103 200/300 13/1207 Thangiah et al., (1994)
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R104 200/300 10/982. 01 Rochat and Taillard(1995)
R105 200/300 14/1377.11 Rochat and Taillard(1995)
R106 200/300 12/1252. 03 Rochat and Taillard(1995)
R107 200/300 10/1104. 66 Haibing and Andrew(2003)
R108 200/300 9/964. 38 Cordeau et al., (1997)
R109 200/300 11/1194.73 Homberger et al., (1999)
R110 200/300 10/1174. 49 Chiang and Russell(1997)
R111 200/300 10/1099. 46 Homberger et al., (1999)
R112 200/300 10/953. 63 Rochat and Taillard(1995)
R201 1000/1000 4/1252. 37 Homberger et al., (1999)
R202 1000/1000 3/1207. 17 # 4 ~(1999)

R203 100071000 3/942. 70 Homberger et al., (1999)
R204 100071000 2/849. 05 Haibing and Andrew(2003)
R205 100071000 3/994.°42 Rousseau et al., (1999)
R206 1000/1000 3/833 Thangiah et al., (1994)
R207 1000/1000 2/905. 13 Haibing and Andrew(2003)
R208 100071000 27130, Backer et al., (2000)
R209 1000/1000 3/855 Thangiah et al., (1994)
R210 100071000 3/939. 37 Backer et al., (2000)
R211 100071000 2/923. 80 Taillard et al., (1997)
C101 200/1236 10/827. 3 Desrochers et al., (1992)
C102 200/1236 10/827. 3 Desrochers et al., (1992)
€103 200/1236 10/828. 06 Rochat and Taillard(1995)
C104 200/1236 10/824. 78 Rochat and Taillard(1995)
C105 200/1236 10/828. 94 Potvin and Bengio(1993)
C106 200/1236 10/827.3 Desrochers et al., (1992)
C107 200/1236 10/827. 3 Desrochers et al., (1992)
C108 200/1236 10/8217. 3 Desrochers et al., (1992)
€109 200/1236 10/828. 94 Potvin and Bengio(1993)

TR KR AR AT
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2.3 5 A= & 4w g A2 K 3 (Multiple-Trips Vehicle Routing
Problem, MTVRP)

pst S gk I OMVRR)E = 22 3 fEd I Ag2 1+ 3 2 751'_;“1 e S
e s :’zww S| (%) B Rt EF T L (e
LT o T LA R S B RRE e B IRAE( S iR u,ﬁh e
Rl B DGR Y R 0 PV LA REF DL A o

e /]?%‘% % > MTVRP &% ¢ Fleischman(1990)#& !> & & » - B e

7o Rz MTVRP » 2t = 2 % & & 4 2 & 44 %% & /2 (bin-packing algorithm) % &
f% 68 1 1] 361 BAZE B 2 18 Taillard(1995) % & 3 B 14 3 [y b fjg o 3¢
kfz @ B gmikARR AL 0 ¥ - FAEE L * Tabu search Rj2¥ # fEhd im
wAER RED A4V T3S 0 $ - PP E BT Bin-packing ¥ EiE e 00 #—

fe 8 chv 1 IFPERARL G - B Bino ¥ FfE¢ feid AT R PFRFARL S packing e+

oo fif Rt B fRB(BIin) iR T o BRERAT EF B HE 1 TR LY
T nie B gn s Petch ¥ 5 5 (2004) BRI G 02 dmdcdo] (frAgiB T O TR
Bh it i B§mE G JApt oz > 2 & S PR RfR > 5 - PR
* &4 ;% (saving approach)if#i:*' VRR Az 4 ; % - PP E L I* fakiw g i
(Bin Packing )dp /=i %2 48 5 & = Ipb L IH @ e L firwecd V- fpEin
f% > ¥ Petch & % 1% Taillard 2 Brandao #7 i€ 9 45 #& 5 FHE ot e IR
CPU -fiz crps B 4 s+ 3 3 T2 3 Soere

BH BT 2 g o Kjetil 5 (199941 % 5 Ap=x 2wk MK AL
(multi-trip vehicle routing problem) =% & 24, Ff A ficehd & - (optimal
fleet design)fe & fr&edtid] > H AR E L § S Ap=t it > PR 5 % M
A frE T A A HRH AR LSRRG B MR AR E (R A
AR FEA R HRE IR A B RE 205 2R - REX
Ad4 sy HApovw FfR(R e EE7T ;FE%F’&‘T) $ o E Tt HART
FRaa) = S AR hT FR(PF AT 2 zrfﬁF'&T) R Z R & 4 Bl (set
partitioning) P #cH RG> 2 > PR LB A 1 Ffrd iy 0 K

FA1* w B e R AR Gl T R fEA AT 4 B 15020030 & 40 B gk
FEFHRAAF130~160~225-280 2340 2T BF R E > ARHRF FHE
FA KfEREN R TAT T RO R E MR P 0 2 BT RfES 2
B EE o B ARA 0 PR A Uﬁ’ Fik H(port)edicp 3 § 5 % o R
[EREaT ‘mpﬁF’&ré BETE,— L X PR ﬁhﬁ,z@«‘ PP R e

@ Brandao fr Mercer(1997)f L &4t 5 § PF & L™ e 5 4p= & jmip A2 R
o X TR T RE BRI PR RS T o R - R
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Tabu search fiz & ff 2 Bhedd » 2 3 ket 3 7 72 B e F DA G hfeid e
& ; Brandao fr Mercer(1998)1a g1 bt g2 x4 MTVRP i& 7 £4% -

ERIM YRG0 R F1% 15 (1998) » i& * Tabu search fie £ A % Bbidd »
Ll SN f‘ﬁ*"f\ﬁ*?ﬁ‘—}\‘;k LR RERRF A D) Ap B imig AT

FF& I ¥ 1,_‘37"‘]”‘-?;» ’ﬂ/\ﬁbfﬁi&-l Iffﬁkﬁ&ifg?ﬁjf’v %\{}EL °”15\;l’<ﬁ/%
(2000)5 [E-$FPF T T D R AR R AL & ) = B g 155 ﬁ“"f(?;’** Lingo #c %8
TR el R o Aw S AR REPE R N R Ot B Z FFE* Bin

packlng/ ;‘/z:}ﬁm&* #en™ 5% fed 333 Bin packing ﬁ’ﬂ/é TE ik PEE
Y EMTEF U Fp o x B Binpacking w B AF E TR
P % P~% 0 Bin packing ﬁ’ﬂ/ o5 A ARA A (2002) 41 E R T S AR B fmig
AR AL R A PR KRS 0 B - BRI m R S AR B AL S
i rw&ph IR EE AR Z R GAN BB HOTRAEEY 25 s R
REARET LFET FRRAE AR R IREF T AT F R IRER
SR PPE B AR E AR PR A0 D delc 50 fEkk B 4
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7.2 Z3%
44tk &k MTVRPTW P 322 77 % » AT 8 01T 5| S bz 3k -

1. d A7 A faandtar Wk* & 4 % (saving algorithm) k& » & &
FNEITHE B 2 dopF P R8T 302 (Time-Oriented
Nearest-Neighbor Heuristic) ~ # » 72 (Insertion Heuristic) & pF ¥ %
## 43 i% (Time-Oriented Sweep Heuristic)® > A k=3 ¥ i v H s 0 2
R - B e

2. AP Ar* BLipHFE(IS > B tHEERLZR 2 RjEEE
FEEO AR ETUREDEL CH AL E B DR ARFL TR
TH @ R KT L iR o

3. AT BLIWHEZ(TOMPMTEE[Z > T A RHE & B x5 2 4o
#2319 L 7% (Simulation Annealing, SA) ~ F*#3 % % (Threshold
Accepting, TA) ~ £ Flix & % (Genetic Algorithm, GA)#£? + £ -k (Great
Deluge Algorithm, GDA) %% KRk » A kg v 1% H & g 8% 2

F47 & fg o
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BRAR4:013178101196427350
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FEZ P T 100 % | 2dmdc: 114m REEH = A~ 11098
A1 :0 27169 30 65 71 66 20 70 0

BeA 200 28 33 50 81 51 935343 770

B30 52 31 88 62 11 63 90 32 10 48 82 0

a4 (0 83 18 45 8 84 61 91 85 93 96 0

A5 0 92 59 99 97 87 6 94 95 98 100 37 0

BA6:0 76 78 79 29 24 68 80 12 0

AT 0 21 73 23 67 39 56 55 25 54 26 0
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VRPTW iRl 3# &/ 42 RC105 2 B &5 %

AEEBP 1008 | 2 imEc: 14 4m MEEH S & 11596
Bes1:0 95 63 51 84 85 89 91 0
Bes2:0 33 76 18 48 21 25 24 0

Bes 310 42 44 61 81 54 68 0

Bes 410 64 86 87 59 97 75 58 0

Bes 510 65 83 23 19 22 49 20 77 0
Bes6:0 98 12 16 15 78 73 60 100 0
BA 710 69 82 99 57 66 56 80 0

Bes 810 31 29 27 30 28 26 32 34 50 0
BeA9:0 92 62 67 71 94 93 96 0

B 10:024558 67464310
Bes11:0 72 39 36 38 40 41 43 35 37 0
Bes12:0 90 53 52 T4 0

B 13:0 14 47 11 9 10 13 17 0
Bes14:0 88 79 55 70 0
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FEZEP T 100 % | 2 ipdc: 124@ KRR~ &~ 1406
100 95 62 67 29 31 34 93 70 0

B 200 65 52 87 59 75 58 77 25 0

B30 8299 57 86 74 97 0

a4 0 83 23 21 18 19 49 20 22 66 0

A5 0 42 39 38 36 40 44 41 43 37 35 0

A6 0 92 64 51 85 63 76 89 48 24 0

BART0 14 47 16 15 11 12 10 9 13 17 0

B 80 33 28 27 26 30 32 50 80 0

A9 02745538646410

BA10:0 61 72 71 84 56 91 0
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ek AP 2ZREEBEAATH

R T |FREE PR 7% P& RY
REE R | X R | Y AR @ ! 7 (H FRE ((Him: A
A4 A4 &)
0 50 50 0 720 0 0
1 2 3 0 240 60 30
2 11 7 240 540 70 30
3 17 21 0 720 80 30
4 19 11 540 720 60 30
5 5 24 0 720 150 30
6 20 2 240 540 130 30
7 15 17 0 240 60 30
8 26 6 540 720 90 30
9 30 18 0 540 100 30
10 40 21 240 540 70 30
11 45 24 0 720 60 30
12 46 23 240 720 80 30
13 35 14 0 240 110 30
14 29 13 540 720 60 30
15 49 9 240 540 150 30
16 45 8 0 720 70 30
17 41 11 0 240 100 30
18 35 12 0 540 140 30
19 36 25 0 720 130 30
20 51 3 540 720 80 30
21 60 15 240 540 110 30
22 74 22 0 240 90 30
23 65 16 240 720 60 30
24 62 19 0 720 70 30
25 69 9 0 540 100 30
26 56 17 240 540 150 30
27 52 24 540 720 80 30
28 57 20 0 720 60 30
29 76 10 0 240 110 30
30 88 18 240 540 130 30
31 99 22 240 720 70 30
32 87 25 0 540 110 30
33 82 21 540 720 90 30
34 96 14 240 540 80 30
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35 79 13 0 720 60 30
36 80 8 240 720 100 30
37 81 5 240 540 150 30
38 94 5 0 240 70 30
39 2 26 240 720 90 30
40 12 37 0 720 130 30
41 25 35 540 720 100 30
42 23 31 0 540 110 30
43 16 25 240 540 90 30
44 19 28 0 720 70 30
45 17 29 240 720 60 30
46 14 33 0 240 80 30
47 11 35 0 720 110 30
48 8 29 540 720 130 30
49 7 30 240 540 100 30
50 10 31 0 540 140 30
51 26 26 240 720 90 30
52 217 37 0 720 150 30
53 49 35 540 720 80 30
54 48 31 0 240 60 30
55 42 25 240 540 110 30
56 35 28 240 720 70 30
57 36 29 240 540 130 30
58 39 33 0 540 110 30
59 30 35 540 720 100 30
60 41 29 240 720 90 30
61 39 30 240 540 150 30
62 40 31 0 240 60 30
63 51 26 0 720 70 30
64 95 37 0 540 80 30
65 4 34 540 720 130 30
66 73 33 240 720 140 30
67 70 29 240 540 100 30
68 60 28 0 240 140 30
69 61 26 240 720 150 30
70 62 31 0 540 60 30
71 63 30 240 540 70 30
72 64 30 0 720 80 30
73 T 36 0 240 140 30
4 94 31 540 720 90 30
Ib) 91 29 240 720 100 30
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76 88 28 0 540 60 30
T 82 27 0 720 130 30
78 83 28 240 720 110 30
9 79 33 0 240 110 30
80 80 30 240 540 70 30
81 89 31 240 720 90 30
82 11 39 0 720 100 30
83 16 44 540 720 80 30
84 19 50 240 720 140 30
85 22 40 0 720 60 30
86 25 47 240 540 130 30
87 9 49 240 720 140 30
88 26 37 0 540 100 30
89 44 44 540 720 90 30
90 47 41 0 720 110 30
91 26 51 0 240 70 30
92 50 40 240 540 80 30
93 33 49 240 720 60 30
94 37 48 0 720 130 30
95 39 39 0 240 140 30
96 34 40 0 540 150 30
97 32 50 240 720 80 30
98 41 93 240 540 90 30
99 50 39 040 720 100 30
100 55 44 240 720 110 30
101 62 46 240 720 70 30
102 4 50 0 720 60 30
103 71 41 240 540 140 30
104 69 37 0 240 110 30
105 68 39 540 720 130 30
106 63 50 0 540 80 30
107 71 46 240 720 140 30
108 51 38 0 720 100 30
109 76 39 0 240 150 30
110 i 41 240 540 90 30
111 80 50 540 720 70 30
112 91 47 240 720 60 30
113 95 43 0 540 110 30
114 85 42 0 720 130 30
115 1 56 240 540 140 30
116 25 62 0 240 80 30

82




117 24 57 540 720 140 30
118 23 51 0 720 110 30
119 21 53 240 720 90 30
120 14 62 0 540 70 30
121 19 61 240 540 60 30
122 15 54 240 720 150 30
123 26 50 540 720 130 30
124 47 63 0 720 80 30
125 41 65 240 720 140 30
126 32 49 240 540 100 30
127 39 o7 0 240 140 30
128 34 56 240 720 140 30
129 31 51 0 720 70 30
130 30 52 540 720 110 30
131 29 52 0 540 60 30
132 47 61 240 540 140 30
133 52 50 540 720 130 30
134 53 62 240 720 150 30
135 65 63 240 720 80 30
136 67 50 0 240 140 30
137 69 57 240 720 140 30
138 4 54 0 720 100 30
139 75 96 240 540 70 30
140 50 59 040 720 60 30
141 51 51 0 540 110 30
142 4 56 240 720 130 30
143 69 60 240 540 140 30
144 76 49 0 240 150 30
145 79 53 0 720 70 30
146 80 56 240 720 110 30
147 92 62 540 720 80 30
148 99 57 240 540 140 30
149 86 62 0 540 100 30
150 93 64 240 720 70 30
151 96 o7 0 720 60 30
152 78 52 240 720 150 30
153 79 50 0 540 80 30
154 24 62 540 720 140 30
155 21 63 0 240 110 30
156 1 4 240 540 70 30
157 22 69 240 720 130 30
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158 23 68 0 720 140 30
159 17 63 240 720 140 30
160 15 62 540 720 60 30
161 16 61 240 540 150 30
162 26 63 0 240 100 30
163 30 65 0 540 140 30
164 47 69 240 720 130 30
165 45 68 240 720 110 30
166 41 67 0 720 70 30
167 34 62 540 720 140 30
168 50 63 240 540 90 30
169 30 70 0 540 140 30
170 36 74 240 720 70 30
171 45 4 540 720 60 30
172 52 63 540 720 140 30
173 56 69 0 720 150 30
174 62 T 0 240 130 30
175 74 74 240 540 80 30
176 71 71 0 540 110 30
177 56 63 240 720 100 30
178 66 62 540 720 90 30
179 69 64 0 540 70 30
180 74 65 240 540 60 30
181 78 74 040 720 90 30
182 88 72 0 240 130 30
183 85 65 0 720 70 30
184 91 66 240 540 80 30
185 96 70 0 540 150 30
186 76 63 240 720 100 30
187 79 T4 240 540 90 30
188 82 63 240 720 70 30
189 86 61 540 720 60 30
190 99 70 0 720 110 30
191 1 79 0 240 90 30
192 25 85 240 540 80 30
193 22 95 540 720 130 30
194 16 96 0 540 70 30
195 15 76 240 720 140 30
196 17 80 0 720 100 30
197 19 T 240 540 140 30
198 26 79 540 720 150 30
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199 30 85 240 720 60 30
200 34 86 0 720 70 30
201 50 92 0 240 130 30
202 47 91 240 540 90 30
203 49 99 540 720 100 30
204 44 95 0 540 110 30
205 55 76 240 540 80 30
206 56 84 240 720 150 30
207 T 88 0 540 90 30
208 75 95 540 720 70 30
209 60 96 0 720 60 30
210 65 84 0 240 130 30
211 61 81 240 540 90 30
212 79 88 540 720 100 30
213 85 95 240 720 80 30
214 88 84 240 540 150 30
215 95 81 0 540 130 30
216 92 76 540 720 70 30
217 91 ‘G 0 240 60 30
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