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The Vehicle Routing Problem

Consists of Private Fleet and Common Carrier

Student: Hsin-Y1i Lin Advisor: Dr. Kuan-Cheng Huang

Institute of Transportation Technology and Management
National Chiao Tung University

Abstract

Vehicle Routing Problems have been studied for almost 50 years, but only a few
addresses the issue of both private fleets and common carriers. In the past, most
companies delivered goods through their own fleets. When people began to perceive the
importance of cost reservation, a new style of company that provided specific services
such as third-party logistics emerged. For those that still require frequent and massive
shipments, delivery through common carriersis not economical — private fleets are
therefore indispensable. However, private -fleets cannot satisfy every customer's needs.
The irregularity of demand and quantity increase démonstrates the necessity of the
common carrier. Combining the usage-of common=carrier and private fleets could
improve the cost reduction and customer satisfaction enhancement.

Numerous heuristic solution methodsthave been proposed for VRP known as
NP-hard. They can be classified as classical heuristics and metaheuristics. Recent
research has shown that both categories have their advantages and disadvantages.
Classical heuristics is simpler and easier to implement, but can not compete with the
accuracy and flexibility of metaheuristics. In order to find a balance between these two,
the Set Covering Model and the concept of column generation was used to develop a
Lagrangian relaxation based heuristics. The calculation is initiated through generating a
partial set of feasible routes to be the solution space which would be carefully adjusted
through the iterative solution procedure to contain relatively better routes instead of all
possible ones, and the result is subsequently improved. The popular vehicle routing test
problem set in the literature is revised to the numerical experiment examples of this
research. Derived from the characteristic of the vehicle routing problem consisting of
private fleets and common carrier, we took the step of relaxing the covering constraint.
By using this method, the benefit is able to find reasonably approximate solutions and the
computational time shortened.

Key Words: Vehicle Routing Problem, Private Fleet, Common Carrier, Set Covering
Problem, Lagrangian Relaxation, Heuristics
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B §mE: SR 38 (Capacitated Vehicle Routing Problems,

FI2.17 278 & 5T AIVRPenBE 4 % A2 T ot 308730 B0 2 4 5 £ 7 cnd fie
SR AL o #-F £ CVRPH2 s

Route length

Mixed service

VRPPD

Backhauling Time

Windows

VRPPDTW

Bl 2.1 VRP A A%5304p 35 B %6
FHL %R ¢ Toth & Vigo(2001)

G8 CVRPIE fenG v & fREL AR 3L > $H8cE T 5 g £ F RELEF B



R i W A S ,g\mﬁ’“ﬁl%p’x%x BipFER L C
YK 5hd o ?@&Jyﬁéiaaﬁ@@*mﬁﬁ FREE 27 REd G
EL ] fﬁ,_v'.¢.,i§; LT = B
1 PAEE RHIRIA- X 0 Pl - fmA R EHE G F R
é%ﬁ A A

2.
3

F BPRADRT KEF T

2C

P iRE

#245 Lenstra and Rinnooy(1981) % /?r 'VR

TR B 0 ¢ A5 5 Frek(depot) 0 195 5 R 2 E&a(customer)
( ) .
-"’JOIII \\
@) \ | O—
/ II| | .
o\ 0
ff Route 1 \ l
4 \ |I Route 2
A -
1‘____———_
— Depot
Route 2 I,."f O
% Route 3

B 22 VRP T & B

T &- B GV,E) >
T3 A(edge) & o d R 2

t &

»,_

£ f > NP-hard F* 4235 2 ] 2.2 VRP

V ok & R A0 frﬂh(vertex)\ BE& o EN AR

J?ﬂl %L,|l—7

7 F(demand) - c; * & & * &

SN () ESE N

kiv = & (generalized cost) ° § ¥

H?lf‘/G(V EY(*G(V,A) % - B =2

M4 % & (complete graph) » T iXT &, 3 $ B2 B30 A F P BB LOER F L

R HCVRPHF #0530 5



(2.1) min ZZC”ZXuk

ieV jev k=1

subject to

(2.2) EK: v, =1 VieV\{0}

K
(2.3) Z Yo < K
k=1

24) D Xp =2 X =Yy VieV,k=1..,K

jev jev
25 D.dy,<C  vk=L..,K
ievV
2.6) D> % <[s]-1 >2,k=1,..,K
ieS jeS
(2.7) yikje{O,l} VieV,k=1,...,K
(2.8) Xy €01} Vi, jeV,k=1..,K
B Xy 2o Bk (k=1...,K) iR (i, e B e > FAE 1A 2wk RIx

Py =1>F 2Ry, =0- “W 3 (22 ek R T /@E“’ D MIRTE- =5 (23)
FRART DR BARBK S5 (248 BEF IR LRI - AR RS AR - R
BLAER 5 (25)5 55 [ B 4RE e e A A A4 U] 5 2.6 LY %
Bk i BlRARA 2 o

d P ERERANET AFRE DT R B ML R AT A A
W4e 2.1 & > ¥ hiEd v 7 ’5§‘§§i*§q‘VRP S Eiélgkfé&‘?’}éﬁgﬁ;‘ﬁ » 4r Bodin et
al.(1983) ~ Bodin(1990) ~ Fisher(1995)% Berman & Das(2005) » 7 ¥ %% 3 i¢ $f VRP
RRREen>m T fRe et d AT P EFEOFEEEELILER Js’;\(SetCoverlng
Problem, SCP)F % *7 B % » SCP 4p Bf F’%?‘ TREIT 22 &P o Bt FMESEP
TR R A RAEIRAEZARRE 2 g o BISY 23 & e R e

2.1 & B AR AE fefz 2 5V

1195 Toth & Vigo(2001)#7 %37 77°The Vehicle Routing”- % © #& 3| » F 4R 22 &~
oV AG - SHREREZE S S SRR

2.1.1 HrEjsiw B2

1. % i %2 (Branch-and-Bound Algorithms)



B S 3;“1;'2 DWEFRILEN B E R EIFEE > A HF é’ﬁ Qt(dlscrete)ﬂ ®

qnﬁ.ﬂgﬁw%ﬁmﬁﬁﬁﬁ@ﬂﬁﬁﬁia“&*’ﬂ%@“%*i‘iq‘

WMAT A FERER L FfE > BT AL R B A EfE

LRIUE > TED AL Z RTA BB rES o A X RABT 7

BRI E S 2t B drikie  EATHE S
‘ LB FRP¥TH F BB TR G AR 2,3 dost

SAEE S SR GG E R S P R T i
s

2

I Li&ﬁﬁ s\zfva‘frﬁ*m
Lr“ﬁ Re %Emg“r"’ ;U F M
KSR

= °

\_.

1%
4o (¥
et
Jur

w5l
reoNy i
oo b

E

‘.\-_ﬂ\‘
T
i

2 =

T,

2
AN
&
DZERIN
pIe
N
'y
W
e
S\
)

ﬂ}ﬂ'@
&
(& = & po

3 ey
do

s
AL A Pagjéﬁauj*b ZRBUYE LI

« FgR4rif CVRP 5 TSP chie # 1 3E > 4 #7353 TSP £ CVRP I 3 ehb fif ¢

]
RU C L o
& X
3

A fE > Ft CVRP #rzfd £j2 = 5% 5 &3 TSP @& * ehjzi2 > 2 3] 1980 & X % &) >
AL UE R F F B3 2 S 9 CVRP H‘Fﬁ’*ﬁ’mz > Laporte and Nobert(1987)4%
AT B IREL AR A AR 202 o A A R A R Hens 7o T R
M3 3F 5 RGAFFRDTU NRFE D 0 et ARG R R F O S0
AR UE T KRR AR

2. & % *7 % ;% (Branch-and-Cut Algorithms)

A GoE R - RG] S A (LP-based) A L g U K fRAR & A
B M 23] (Mixed Integer Linear Programming) 2 & #« i3 i* B2 48 » 4 ﬁ‘ R e b
A R Ao U] G S R AT  E RA L UUR B G 2
(Cutting Plane Method)en & -

RfEpEAR A £k frg;m HlE & @ F - el 272 (Simplex Method) f% i4- |4
BN §RE - B3 $7 s FRfROE AR S AFHE S Bl >

ﬁ%#*%mﬁﬁﬁﬂi’®W%%€$Wﬁ R 4 SN S ) C
AV A 0 AfERATI ~ 3505 ﬁﬂ%ﬁi‘]“**&%‘ll’é’%\ﬁﬁ—" #Ad Ti
X HE TR LR S AR S IE N S SCE PR R R
Jl o

G D A A S AN S S
%ﬁﬁé:%%i’—%%ﬁiﬁ“ﬁﬂ*’«L%&mFW’%%ﬁ e
FAfREE e e 5 T — B e RN F T R ﬁ%g’i
aﬁﬁgwgﬁﬂ@%%%éﬁﬁﬁﬁ°’f e S ks
fRf GE e R E R Rl Y o R R e 2 ATUR R SaTa
R AL R R AL EAF E P TS K AT f’fﬂt"’\# ifF o i L o Ui iR o
fe A BN LB g o » FA E«mkra R N BGE e=1)53 S A R



07 G 0 R RJER g 0 AT g e L P e RSN e

ERUE AN IR
}%3{' ,,4,\ K"l]k
o EF PTG AR

AL TRNILIETA B A f—‘gﬁ_
AL > T & %wﬁimtﬁ B S
EHBOF BB ARY & Y APRGIE 2§ o
(Rl gL o @BAEH - B L g

(«}3*/
A1¢§W

3. B &% % % &2 (Set-Covering-Based Algorithms)

7 & & & 2)(Set Partltlonmg) 22 & £ % % (Set Covering)’ Balinski#? Quandt(1964)
7 MCVRPE»I“ PREIMERATS B LA BN RyR o

Pl deT

(29) min)_cy,

reR
Subject to

(2.10) D ey, 21 VieV

reR

@211) Dy, <K

reR

y, €{0,1} vreR

if customer i is served in route r

air =

1
0 otherwise

if routr r is in the optimal solution

1
0 otherwise

AAEE AT T AR BATACEE R B R G ek B R RF R
FAZNBgRERC o T} T ARME L S R={,2,...,R} > ¢, 5B R
o FAEE BB PR, =10 FR @, =05 EEREMEY & FERAT
myrzl’?ﬂly—%)om¢<*910ﬁ“@4ui@%: LEMEE - o (21N T
RERV AL KIERR -
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a
(2.12)  min)_cX,
j=1

Subject to

(2.13) Zax_l VieV \{0}

[/

(2.14) ZMzK

X, {0,  Vj=1,...,q

1 if customeri is covered by route j
0  otherwise

{ 1 if routr jisin the optimal solution
X. =

0 otherwise

BEABRES RS - B FE D RHARRL 0 - BFE D R ARET R R S
- BEESc{lL...n > B R EEH AR e IRIE 0 ot i B R AR 1
20 BREC R AIRED IPRR JIOANK Q42 [FHEG Sr 2Rkl 0 B
T ARSI ARG ;=1 ;’nB'JaiJ.:ooF FoEA Y ¢ pRAjRIX =1
FRIX =00 B R W] RS E AT IR Q13)R B S TR g D E

SR VATIES SRS L 1) a#K%%ﬁ°

2.1.2 B N faik

1. @ %pog ;N 272 (Classical Heuristics)
B X A

(1) i# #22& $£72 (Constructive Methods):

¥ o & ﬁIﬁR%Q%Eﬁ 'lp_ﬁ-ﬁrmﬁ%}a&ﬁ%}lﬁﬁi%iﬁ)\ﬁﬂ\” 3’3—5*2&#9
%I B gER MY o F L& 4 2 (Clarke and Wright Savings Algorithm) %7/ 2t 4 o

(2) = F¥ % (Two-Phase Methods)

¢ 7 AP L & ¥ (route-first, cluster-second)£? L & 3 £ % £t i 3 (cluster-first,
route—second)m/ﬁ‘ﬁ oA S L L MY ﬁx&? Hohi A#H L ¥
i (elementary clustering methods) » 44 17 - = & B4 # {5 > dpin 2 4p1 L ¥l
1 % i (Sweep Algorithm) 5 2 & % | % = f& 5 § it &~ L % "L/ (truncated
branch-and-bound) » ¥ & # - = %47 hd dmECARE & 5 B id - fE 5 TR (petal
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algorithms) > £ 2 4 * ENir & Rk FRANLH > K7 EBPF OV FHE -
(3) # & ;= (Improvement Heuristics)

1 7 AE # gL 97 f TSPéfie
FEEWFTRFVRP g AE 2 - F TR LA RF I B R
®

B BAENBEaEy o S EJRE R b3 £ H Y s Christofides,
Mingozzi¥? Toth(1979){ & & & %4 ;2 bt’3 optic & % > 7§ 3-opt¥t & 8 2 T A A
2:1‘{ ’ LLﬁi‘}\ﬁq‘mW’?ﬁ‘Vi—‘{i N t} A3 ;‘)ﬁi g , ﬂ\é{—.ﬂf‘l/éﬂ\f%}é ?E,?E ~ 6 2, ‘*!er )
BRI BB AR Y hE R ITE AL T e Emp

(=1

*

& ‘4 ;% (Savings Algorithm)

& 4 ;= 4.4 Clarke 2 Wright %1964 # & JL#% o B E RERERGOT Y
(greedy);z Rl o g AMRKF - S E30E pd - 28 dRIRGs > 7 - AV (7R(2 [f
4 FILY ,@"J’ﬁ'{ﬁ] ¥ hdm) o @]LLjﬁ;@g E o g AR (0,...,1,0) & (0, §,...,0)
2 (0,..,0,J,0) » B2 d - S BIRIRIEM RERRA D EHSDEEES
S;j =Cip +Cp; i-’ﬂ:':“r* Sl N Eh R R i T E X R ATRA T

PwmE G R
ke AT -

H 185 3F 5 ¥ Clarke & Wright ehfk & & % i {58 e A BEeFT 7
Gaskell(1967)¢2 Yellow(1970)3% 21 R & & % S, =Cp +Cy; —AC; » A 5 B3 f& %
gt’ﬂ.fiﬁ"‘%\»fr%kﬂﬁ!l&»iéfj@ﬁ*if?ﬁiﬁﬁﬁﬁffﬁﬂ%ié‘B"’3}5? SARMAT
Atinel 2 Oncan(2005)4p 91 7+ 2 R RN AT AL S 5 £ (741 & f B 4E
(m-TSP)¥& % 454+ & F® 4E(Bin Packing Problem)s & > 'ﬂt" A S B AL
FERBEEG RORTE G A E S N5 R RFEE ] feL BB g o
d +dj

d

(2.15) s =C; +Cy; — AC; +ﬂ‘COi —cjo‘+v

2.  E B VEogg 3 32 (Metaheuristics)

BPER N A 80& B 4y o AFFETAT Y A B E A A LA E AR SV R o
’5"1% - 25 A E % 7k Su(Expert System)eiiE = o B4 7 e BPRE B ka2 iR iR
L2 RfgE302 > ¥ - 2 o Pl ERRBREINGEE 2 BWFE P g g2

(Metaheuristic) » 1 & & | * #7419 L ;% (Simulated Annealing) ~ #& F17% & ;2 (Genetic
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Algorithms){r 2 & # % ;% (Tabu Search) k % > 4-Pureza % Franca(1991)#% 1 - B
move-generation=i T L A2 B 0 & B e L A2 A AR AR FH - B S BOIE  &E
B M- R AR - B & BRIE T W] ik 74T ‘M BLIE 2 F RIE LY
E2P B R B FLafE2z Ry PERIXZ S AEHFZIF AT i h

Gendreau et al.(1994)#% &) - B # & #F 2 kX KfZFVRP > fis PerdpFec g @

s ERE - BERG- B Frﬂ&«ﬁ: »I3F - ERAY > R MR T o
mmmﬂwlw%ﬂf PR E - B ghan e 2 kR MBCTL o hik
LAY o A r T B RIOF S ERORIT N TR S H0F 2 0 R et L fEa Sy Bt
% B 2% & 2 © Van Breedam (2001)1 | * Savelsbergh (1985)#74% ) ez fé B SR et
FoE o Ao r FERIT L ] ok T d o Bz Bt x4 W EAREL X 2 (string
exchange) ~ A F 45 #& /2 (string relocation) ~ 2 & A FL < 3 % 5 4 /2 (string mix) o AE
LHEF AL ERG - FRARTRE RS B P AP AR R B BV - iR R AR AR

ZELE S B AP AR R BLIT R HE o ME P AR L - iR ARe- B
I R T T P A
ﬁ@ﬁﬁﬁﬁ%@%%iﬁoﬁﬂéﬁiiﬁﬂﬁﬁéW{ﬂbyﬂ@ﬁiﬁgﬁ
REA 2 0 % o 1345 Van Breedam(2001)f'ﬁ?? gt AT VG eI 2
’ﬁff»"i#—’/z N ﬁﬁhﬁiﬁ/z‘ R v ﬁ-ﬁiiﬁz‘ f&ﬁlf > M”F’ x' mﬁ'q;ijﬁ{? H ]‘:"L“E'*‘
fAred B 4F o W A IRF F IRE A AR,

¢ Z 3| F ;2 (Tabu Search, TS)

#4405 2 20 Glover(1989)4 dipmmr -t jw 5 2 i * % £f% VRP 4

Willard(1989) > TS fh 4 } ¥ L3 EAITHF Feh- A%, e - B4 1 ED

“ﬁﬂ‘é’ﬁﬁ£+”ﬁi~?%ﬂ Gt 0 hBF AT R s o
%uﬁﬁgﬁ fRicsr 24 & H (tabu list)® » MEF L EAF S F & P hendy
F o HiliE /z;'.jém@-% Gt B L H B 1 B £ Lk H0F AT
2R ’? | % i AR 2T SWFEIRL 0 FEFLT - BAE R R
A2 ABFLHP? TR FTRIENTE S 0 NP AP - R FenfE o £
¢ H rrf”?ﬁx;tm:ei%é«ufﬁ% | L H P el > FEFIBIE S > BT AR
ITHRAEE > F AR T - BEE D Eofg; EEORISS > X R
BH LHE RGOS o BRAFAST B ZH LHERET LY Bk
fa bk il 0 B 7 e RIS € BRI RS 0 i o R
AL ATER R A2 BREA B A o
Taillard(1993) » H /g B2 2 RK3F A & F T BBEA L HIT

LpAEmns - BRELRY - fpd HApk v 22— 4 dnfd > B d el 4o dp
i3 X $5 &F #8:17 fZ(neighborhood) k # 3 #F (move) s P o — L ARITfF cndP & e
FPROE AR EAIAED FE UM BT A A RPN ZBRARAG P 4
I L AL BRRABE P H N s BT LT AP

o pldrH ¢ XH(M,P)K 5 (1,0) & 5 &R
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RAP Nl BAEE
B BELALY ] B

2. HE - R AIEF BT REARY o B KIOFEL Rt E
(tabulist) ¥ » WL EAFMH N T & P hendPF o 2472 4 i i 8
BRG] LH FE T o 4| LH F G2 nAPF AT ER > I 2 A
%e@fﬁ@%&ﬁ’%@ﬁﬁf—%ﬁﬁﬁﬁ’?ﬂ*%pfﬁ’Eﬂmv
TR 0 WA T - fREL FfE

3050 WAMITH M RIF I ER > A AFR LI R - D
® (penalty) > & #0&F e ;4 5 21t o

44 RFRFFRHFOM G AR L FE 2 Y XP AT RIDBFEFPE
ﬂﬁﬁ,@wﬁpﬁ#g F3KiF B =% #k(iteration) ~ P B AL ke~
FRELBECPURFR - 8 pHRENFLFLPN 2B L FLanig i o

I Bﬁé‘ﬁ“‘ P FMP)=(LD) & 5 #BRA Y 1A E
L3

+— F-“

B ECH 34 f#i2 ¥ gk ¥ 5§ deLaporte et al.(2000)4- 8 dmEs UK AL 0 & ARG A
Y E BV ViR 1T - FFI20t 0 Gendreau et al.(2001)#E3HE * T E 5 K £
Ul end fRE AR ALY A 3 & B BV EE 54272 0 Gendreau(2005) B A o & 5

ER gl 2z e bt A tie

22 B &0 EAn M Rk < PR

1395 Cordeau et al (2002) ¢ " »b 0% FOgk 5N fde2 > 37 2w 35 4 g N R
B endr it > & w5 FE(Accuracy) yak B (Speed) ~ #§ H 4 (Simplicity)£2 &4+
(Flex1b111ty) o IL 1'5? CLETAE N fR2 0 B O VEE \ﬁep/z AAEE SRR T RGBT
AR VEREFRSTREDE > fre BER T FETRFER S B2 A
Hrr 2 éﬁ'b‘_‘% RIS FA E 0w H P ik &3 2 Clarke & Wright & 4 /2 £
Peid TR A LT NiREE o

AP HEAIT AFTEY V- TR N B EHmE */zﬂﬁ’}‘;\ﬁﬁéiﬁ
faAA & K22 02 o B B g R 5 A #H kg 38 272 (MP-based heuristic) o 4t 5
BE B NIRRT LRI HITNER AR > AR R RN L AH
LR AN REORFEE oD o R FEBMEFR AL DR SRR E
By Nes ko 55_}4—1?(»—’# AR P E 4 - {,5%1 o

BB IR AR AL 4R S B & 4 1B AL 1 f2 47 1 4o Agarwal et al.(1989) -
F* F#cA 2 2 (Column Generation, CG)*fﬁ-; Dantzig-Wolfe Decomposition > £ ¥|
MR oh o A& LA sG] m*x‘f%i"’ (DualTheory)if?'r 4 i
(colum) + P 113 0% L BT T 51 R T e
Hro it FHc AL FRFEEBERERF LY %,ﬁﬁ';i@ﬁig ) EL F «’i{—%’; A T
i o 3 FAE 5 R VRP 3k SCP 5% 2 18 » £ e AR # L] o 4

~ 4
=
B o

f

14



(2.16) min ) c X,

reR

Subject to

217)  Dlax, =1 ieN
reR

2.18) x>0 rew

RAUBESFHEFENT A P BREL Y 27 RRGE 7
TREZHEreRIT BT g 0 E R HESRAS AC -

F A (2.18) Tk 2 ¥+ 18 % #ic(dual variables)mw o P ¥ JE (7 0L B AR 2 ¥R
%7 (dual problem) % :

(2.19) Max i TT;

Subject to

N
(2200 Y a,r <c,  VreR
(221) 7,20

195 i #.2 (Simplex Method) 2~ #1875 §4 (dual feasibility) ¥ +v @ &4 A ¥ g
3| eh% fc(remaining columns) @, (I= 1= N), " reR> F &7 Mg o+ P age
N
TR B | e b 2 & (the least reduced cost) » =¢ M|n|m|ze(c Zﬂ, ) 5200 A e
i=1
BN o R 3 W A S| AN LR P et S AT BB PE R A AE)
(F)% a, * 40w 2 1A R -

Agarwal #-CG + FAER 4™ > 20y, i=lo N £ 2 R840 7 y T4
§ oy e 8 -

(222) min Z= f(y)—ZN:ﬁi Y,

i=1

Subject to

N
(223) Dlazm<c,  VreR

(2.24) y,,Binary

39(2.22)¢ f(y)H_column y T ek i TSP = & » @ ;%(2.23)5 & 2 £ - d
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R KT f(y) 0 Agawal F A L s B f(y)=p-yiTinitidEz o HP pi
p, (i=L---,N)*fcne g pAKEBAELI = MM 3t EE- H T A
% 5 % ¢ ' 38 (Knapsack Problem) » £ 12 & & % *3;% (branch-and-bound) % » ¥
a¥=y* o M EEEHTLE R FEDE L33 RFAEEZL A2 0 column

;ILO?*)IifI;&Kq# MTI’F" mﬁ’»liﬁ*pﬁrgtﬁ”’npﬁ}%‘g: /LL"EFF &mﬁ,\]j_ﬁgg’
‘F’"‘ ;; ji’rﬁ;:ﬁ s ;}%ﬂ N L"’ ﬂ&_&g- T\ﬁ'*'ljg lgﬁ’rgxﬁ °

B OREA D F A KR AT ﬁﬁiﬁﬁiﬂ P HXEE R RN gl ¥
FI* A SRR I L B BHE I R E R ot VL2 AT R BT
T e pth BRI LB 4 FI T DN TFIRHCGE § R KRR K EF % L

yobo BY @ @ir Fend > d WAgarwalE A B ¢ L dpd s Eie - BSPPHW
AR5 I R 4E2 SCPe™ (7% > @i — 2 SPPend it f24 % I I 482 SCPed i 1% o
é%%ﬂﬁz%ﬁ@%’ﬁﬂﬁmwﬁﬂﬁwiﬁﬁ%’ﬁﬁgwg%’ﬁm&?ﬁ
f2AR4>CSPPRY AL - VAt AR R BEALIE E - B BTN o R 5N Ty
EEHFSCPY £ Bl F i £ 3] F A ILSPPE (71304 FI S S AT Y T A

F# B~SPPefi ;¢ o
B2k CG s /7 00 51 B8 300 B RG  AfR b AT ik 8 > AR i
Aﬂé&ﬁ@w%mmiﬁgmwﬁﬁﬁﬂ%zg

e s HEIAp A e R fR B AT

; ° y ]‘ ’ 1\1 SCP "{i jfl‘gtl"!ﬁ: émﬁ*ig '#f 1 {1 f‘l‘ mé}ﬂiﬁ* ’ _L Iguﬂ'\‘“ ,F‘
iz #f Branch-and-Bound - f# » %] & 4 $ 85 FHop BapFr iz RE L PP 2> &
7 AT o

é%%ﬁﬂ%ﬁ’aﬁp*'ﬁﬁHA%%’&bm¥ﬁﬁww%ﬁ%§ﬂ
iz > 4rKelly and Xu(1999) o H i = —iFrade 54 L] R* 38(SPP) 5 A # O VRPEHE 74 &
AR LT AR R SR HE mﬁﬁ@‘ﬁ:—i’ EENEY Sl LR
TR RN IPE L e N O N R T B2 H BRI E BN
*ﬂ%%ﬂ%**ﬂ’%?ﬁﬁi%:w&%%&*%@ﬁﬁﬁﬁiﬂéﬁmij
FeBoiT A 4 anfR i LA T e A 3TENfR o
Voebo A B- i w (TEZ R fagiNfEiE o X ’1% #(2006) 7% E 48 -2 §REL AR
R AEdE 2 B & a3 P RE(SCP) A sV it o 3 BESCPR AL enRfiz » P oav — Ao 5V 2
& ’%ﬁﬁ?ﬁﬁwéﬁlﬁﬁﬁﬂﬁﬂﬁ’“”Qﬁﬂhaﬁa*gdﬁﬁﬁﬂ#“ﬁr*<<o‘
Fed A i % & L 2% (Branch and Bound) T\ﬁ’am‘y:f\ WREES S EE = LEEI T
B A %\\ slrrBalas and Carrera(1996) ; & & _# * 2 ;¢ 9:5 - (Lagrangian
Relaxation) » # 7 f# & & ik 5 %5 = m%ﬁxmv FRREE > g B g A
THIP 1‘%»\ £ 1% =X & B i 1 ;% (Sub-gradient Opt1m1zat10n)z\%5 PN LI 4
I ip AT R B B iF f% > 4oBeasley(1990) % Caprara et al.(1999) - F]pt » X i]‘\ #(2006) %
‘VBeasley(l99O)5'k Caprara et al.(1999)en 4 f3 = ;8 » & 4 %ﬁig Aok A 0 W -
]? }\ /ﬁv-r = e ‘}\ﬁ*ﬁfiﬂ N E ‘1 r %K/v\ & iﬁiﬁx ’ﬂj % ; ,w ﬁ*ﬁ—‘r— [ -ﬁ ‘r’-‘\"guk@—?-r
ﬂﬁ&—ﬁ*&;ﬁﬁmﬁiﬁﬁﬁxﬁﬂ@ﬁ#fg’né #"“"mﬁl"ﬁﬁﬁxﬁ%‘)ﬁ WITEEfE o T
gD AR BERE TN AR REL L G ety & T
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WA IR R AT AR S B B gt 9 o

FREEE PG B iR ;‘@;‘F—‘ﬂkmﬁ Ey v)‘kifgg 7 '3 - Balletal.(1983)% #/m p
i%&ﬁ%%@lktiéﬁkhﬁi&ﬁ ﬁuﬁbﬁ*é% d32d |
FEXFE > o R EFE DT ENAL o L AR L RARD ] A2
ﬁ;q%,mw ) «;‘;ﬁ B Lﬁ,ij ) ’F.“@;q“-_«g? ’ ﬁm; i%vé(Multlple Depot) & §@z 5 f*
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(2.25) min z :tik +§n“zn“icuk X +ZR, L,
" i
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(2.26) Zm:YOk =m (k=L2,....,m)

2
(2.27) ivik +L =1 (i=2,3,.....,n)

k
(2.28) iquik <Q, (i=2,3,...,n;k=12,....,m)
(2.29) ix“k =Y, (i=1,2,...,n;k=12...m)
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(231) D> Xy <[s|-1 forall Sc{2,3,.....,n} (k=12,....m)

i, jes

Xy €410,13; Y, €{0,1}; L € {0, 14 (1 =0, L, c0stt; j=0,1,cccsnsk =1,2,..000.,m)
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3.1 &5 #50

AT ORI E pF B R A v PRI P R R AL H AR

w H BRK
1. FEREE RAIRGE- &> 2 d - R R L HE T F R
H - b d iR ARR AL AT BR AR Ip BRI G

R i R

]

C

\l-g-

NBEEE PG EEREK S

2
3
4. ERRADRFTREZTALDND BT
5
6 # & hPRIRE AP B R E 2 B2 1)

e

AR 4T
n n K n
G min DX + D Pz,
i=1 j=I k=l i=1

subject to

(3.2) zK:yik+zi =1 Viel\{0!

K

(3.3) Z Yo <K

k=1
(B4 DX =D X =Yy Vielk=1..,K

jev jev
(3.5 D dy,<C Vk=1..,K
iev

(3.6) D> x <[S|-1 vScI\{0},

ieS jeS
(37)  y,eloll  Viel,k=1...K
38) X, {01} Vi jeV,k=1,.,K
(3.9) 7,01} Vi jeV,k=L...K

S|>2,k=1,...,K
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ﬁv%ﬁggz\pmzwmwﬂﬂf E AR ﬁg 4 CVRP # % e Z 8 97 4.0(3.3)
REERE R B BB T D RS G@*ﬁi—ﬁﬁﬁ€* WEE
o P E K z@*a@%,oﬂaaT §%#%£ﬁ@ﬁﬁ 5 (3.6)5% B
Aok S Bl AE 4 o

32 f & EHE
32,1 - 43 jRE AP AL

B B R AR AR G - B EouEdk SaF 0 &3 F I 3E(set covering problems,
SCP)riic & 241 Host 4o

i CAER M i=1,. | : 95 BE R A el & o

k 24wz %5 k=1,..,Ke

roc B fRRAE B A2 hI T M T Al ek B s 2 BT 2w
PR gt 2§ ) e

Cr :jﬁg’_ﬁap Wi B S r R R A o

air : 0-1 5 %& FAEER I ¢ i pRAe B rZ pF A=l FR5 00

Xe D O0-15 B § 8RR R B EAARERFF > X =1 FA[50-

if customer i is served in route r

1
{ 0 otherwise

if routr r is in the optimal solution

otherwise
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(3.10)  min) cX,

reR

Subject to

(3.11) Dagx, 21 Viel\{0}
reR

(3.12) D x, <K

reR

X, €{0,1} VreR

PR R ’2;@3?%]* Ao UFINGA)E T AR E R B A E ST o 1

FIFN@ID? 97 * 3 R 2LE L TP I KRG REE DV ARRE - X o T
*y f\ﬁ’”}\ 4R E AL E D L A 'i FREFBL LTI LEEES
B & » &) I 42 (Set Partitioning Problem - SPP)2_ £ ®] o 24|58 (3.11)i@ * % & ;% /@ 2L %
ﬁ{qm—»m:iﬁﬂmgﬁﬂwﬁ¥oﬁf’wéT#ﬂa”ﬁﬁfgiﬁﬁﬁ
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322 BE 53 Bimad e A R A

#3188 315 1 (.9)5¢ i SR FhRB A IR 2 B RE AR AT
c3 SR S U w*&imw ERS B A

(3.13) mm§}m+iga
i=1

reR

subject to

(B.14)  Dax +z,21  Viel\{0}

ir r
reR

3.15) > x, <K

reR
(3.16) x e{0,I} Vre®
(3.17)  z,e{0,ll Viel

Rl R
C, : HIEHEE @Lj‘[ﬁ’ﬁ‘ FREPTEAYS
P, BT L[ It ETEPURY A
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ToF R L MR bt REE R AR A T R U Rk L
BF D R SR o
MGG A
(3.18) L(u)=Min> ¢, (U)X, + .y,

reR iel

Subject to

(3.19) c(W=c ->u VreR

iel,

(3.20) D> x <K

reR

X, €{0,1} VreR

CUEPTE r e d R T AR E RS 2 B8 o (I, ={iel:a, =1))
Ffpr P NP F c(U)<02 Ec(u)=0FRIx =1;F 2 >c(U)>0Rx, =0-
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(321)  L(u)=Mind c (WX, + > (P, —U)Z; + D U,

reR iel iel

Subject to

(322) c(u=c,-Du  VreR

iel,

(3.23) > x <K

reR
(3.24) x e{0,Il Vre®
(3.25) z,€{0,ll Viel
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% S IERRES
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B3E 4L d  Solomon k(4o % < Lﬁ%) + CVRP Instance ® 7 Christofides and
Eilon 42 & 2 :xm@ 17 » & W 5 nl3-k4 ~ n22-k4 ~ n33-k4 ~ n51-k5 22 n76-k7 % 7 B &
3 %\B f‘i“mﬁ* L4 4.1 plE%kE 5 CPU Intel Pentium M 1.73GHz > 760MB
RAM > I:T*F’“J CPURFRF(f)) = g A% » WAL - $F -

# 4.1 Christofides 2 Eilon ¥ —*ﬁ" VRP 548 B 12 £

AL | BEE R | F R P R AR

E-n13-k4 12 6000 247

E-n22-k4 21 6000 375

E-n33-k4 32 8000 835

E-n51-k5 50 160 521

E-n76-k7 75 220 682

BHREP FOTEL T Al FRBER L HRABI OB FRT R

I - 52 RN AL > HRAEY Pk iEf2 * iRk AT TR
FRALZATTEEEGE R 4253 LRp L o f%’ t % (8P B RS
A G R T EEHA SN A3 I L 4.1 ¢ A1 BRI AT T e
PR E

4o BT OREAES

EoRBC]) FAPHRT 0 FAEEHL D 1"‘ B o RIFFFPRE WP E T aw P
TR EATT R ORE RAET R - LD R RIS o A E R
VIR AL T F RO S A A AT T E AR R o & 42 50 BT
BA PR R

42 BEPEGRT GRS S FEA

Instance | Best Known C}?{lzrsrzﬁt \I/\L (I){iglt;e Gap (%) CP(LSIeZ.l)me

nl3-k4 247 250 4 1.21 7

n22-k4 375 375 4 0 20

n33-k4 835 842 4 0.8 60

n51-k5 521 530 5 1.73 112

n76-k7 682 717 7 5.13 235

,/TT”J |3Z n76-K7 &2 B F f3 A pEfR < b > HAA R A 50 B ?F%'!Tmm%\“’ff'j

EE2EDRELEF é»ff"%\iﬁzxm?' jRBcP) SRR EfEY R Y 0D fmlcp Y
Foi 2 at BpEF oA AFh2? Sl R ERHFET M Tﬁﬁi"'?ﬁ’i{%?}i@‘* ’
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FUSE IR RNITE RO A > U LB R AT OB ARE R KRR E T i il

g€ omiEARL AT FRpFRARE o

42 % B RS WE SRR E 2 R

MLHAEN22-k4 R b B A PER R D D RERMEBEARE A2 R
Pl RASHBEFT MR A 43 BRREHACRE 4.1 -

%43 IR n22-k4 R4 B AT R 2

Instance: n22-k4 ‘ Capacity: 6000 ‘No. of Vehicle: 4‘ Cost:375
Route 1: 1 7 2 3 6 8 10 1
Route 2: 1 13 16 19 21 18 1
Route 3: 1 14 12 5 4 9 11 1
Route 4: 1 17 20 22 15 1

270

250 s i

| { <
]
g, <
210 3K

22

170

120 125 130 135 140 145 130 155 160 163 170

Bl 4.1 53 n22-k4 4o B AE B 4 A

BB RE P E Y ST SRR AP R e h R E
FhrXdT BEE puE1S5HEF1HE= 075> 05H =112 0.255’51:51”&%
I HFEFIE BFRE B EArd 44 FH el o ut L St YRR IR B8
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44 3 blRIn22-k4 3t R FE F 2 BIRER()
No. of
Common | Common . Nodes
. . Private No. of
Carrier Carrier Result . Served by
Fleet Cost Vehicle
Rate Cost Common
Carrier
R=1.5 0.00 375.28 375.28 4
R=1 51.56 314.03 365.58 3
R=0.75 38.67 314.03 352.69 3
R=0.5 167.17 113.40 280.58 1 14
R=0.25 145.69 0.00 145.69 0 21
INES S P SN o] g
Common Carrier Cost: 0, Private Fleet Cost: 375, Total Cost: 375.
% 4.5 5|38 n22-k4 AL |(R=1.5 5 )
Route 1: 1 7 2 3 6 8 10 1
Route 2: 1 13 16 19 21 18 1
Route 3: 1 14 12 4 9 11 1
Route 4: 1 17 20 22 15 1
270
3
o~
250 'é ;
2
10
230

210

180

T

170

120

39

N \\\'\-‘2/
125 130 135 140 145 150 155 1&0 165
W42 63 n22-k4(R=1.5)5 4 ]

170



2. AR F S H I SRR O H
Common Carrier Cost: 0, Private Fleet Cost: 375, Total Cost: 375.
Node Served by Common Carrier: 13, 17, 20.

% 4.6 )3 n22-k4 BARARLI(R=1 ¥ )

Route 1: 1 16 19 21 22 18 15 1
Route 2: 1 7 2 3 6 8 10 1
Route 3: 1 14 12 5 4 9 11 1

270

230 r\ Hj

7

3
4
3
1a
11
210
o Jlj // 15
13 19
190 a

e

230

170

120 125 130 135 140 145 150 155 160 165 170

B 43  G]4E n22-k4(R=1)i 52 )

3. AN RER FE A I § e n0.75H
Common Carrier Cost: 51.56, Private Fleet Cost: 314.03, Total Cost: 365.58.
Node Served by Common Carrier: 13, 17, 20.

% 47 )4 n22-k4 B SR EI(R=0.75 H i)

Route 1: 1 16 19 21 22 18 15
Route 2: 1 7 2 3 6 8 10
Route 3: 1 14 12 5 4 9 11
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270
N
250 '/5-‘4\\
w4 6
3
10
210 12 11
Y 13
2L 1 {/Xw T
18 (,f/19
190 o
170

120 125 130 135 140 145 150 155 160 165 170

B 4.4  #]3E n22-k4(R=0.75)kx 47 §]

4. % * }T-@’?ﬁ 5T o EEaa).58
Common Carrier Cost: 38.67, Private Fleet Cost: 314.03, Total Cost: 352.69.
Node Served by Common Carriet: 4, 55 11,°12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22.

% 4.8 b3 N22-kd B ARALEI(R=0.5 ¥ i)

Route 1: 1 10 8 6 3 2 7 9 1

270

Fﬁ
4
250 25

ﬁ

230 u]2 \ 11

210
= {7 15 1a
12 19
190 )
21
=32
170

120 125 130 135 140 145 150 155 160 165 170

B 4.5 4% n22-k4(R=0.5)k 5 §]
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5. & FE Y K 5 b D)6 BEAR 0258
Common Carrier Cost: 145.69, Private Fleet Cost: 0, Total Cost: 145.69.

Node Served by Common Carrier: 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22.

270
a
z 3
4
230 =b
n7 L1
D "8
10
270 .17 11
14 *1 13
210 PETIL B 6
12 19
190 0
o 7
l?u 1 1 1 1 1 1 1 1 1
120 125 130 135 140 145 150 155 160 165 170
Bl 4.6 = 542 n22-K4(R=0.25) 5% 42 [

422 4 R 6B S R FRREFY

FANFEAP R SNSRI SRS & B R RR R L

»13:‘?3 P BREE LA 49
%49 i3 6|REN22-k43t A F B 2 2 B E R (D)

No. of

Common Cg:;gle(;n Private Result No. of Selj\(/)ggi
Carrier Rate Fleet Cost Vehicle y
Cost Common

Carrier
R=1.5W 0.00 375.28 375.28 4 0
R=1W 0.00 375.28 375.28 4 0
R=0.75W 59.93 307.17 367.10 3 5
R=0.5W 307.51 0.00 307.51 0 21
R=0.25W 153.76 0.00 153.76 0 21
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Wrr R=15W 5 bl H i 2 £ oh 3 53502 38 5 15 B350 & BRIESE X 3% & B
FREE IO REGE od L7 THRVREA 44T g IRF LB T E
PIREenBL AT A 2 D o £ 410/ EH|REY L FRFwmE LEOTH o

%410 % &8FwmE RE

Node 1 2 3 4 5 6 7 8 9 10 11
Demand 0f 1100{ 700{ 800| 1400| 2100, 400/ 800f 100] 500{ 600
Node 12 13 14 15 16 17 18 19 20 21 22
Demand| 1200{ 1300 1300{ 300 900{ 2100 1000| 900, 2500{ 1800, 700

-
&
o
hS
2%
\4
=
T
W
(&
(3
bo
i

>4 oo v R=0.75W R chs s 4L

Common Carrier Cost: 59.93, Private Fleet Cost: 307.17, Total Cost: 367.10.

Node Served by Common Carrier: 13, 15, 16, 17, 19.

% 411 53T n22-kd B R (R=0.75W)

Route 1: 1 20 22 21 18 1

Route 2: 1 14 12 5 4 9 11 1

Route 3: 1 10 8 6 3 2 7 1
270

m
250 i
7 5]
5
10
230 12 il

210
1 \15 16
19
190 S
'\\-—22/’/4 21
170
120 125 130 135 140 145 150 155 160 165 170

B 4.7 )38 n22-k4(R=0.75W)E 4 §]
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423 ® % PR

lfﬁ@ﬂw%‘“ \ﬂm”lip"”\‘"l:ij/w\f‘mfvﬁ“ H-:’}gyl?:*" fv‘iiCP#EP\»"m"%\
4.12 5 n22-k4 G| XEH-b 2 & S BLEEAE 0 Y g - BREP 3 P e v JF AR T BE ot
BT FLA HRBITLD ﬁé‘j’(‘?ﬁ Fe b 0 MERHRE N EAZ0H 5 - R E 0 X330

Hri¥- B8 &AERT ?pi*»i&:%”/ﬂ’ % & cy & £ 10/30~10/40 ~ 10/50 ~20/30 ~
20/40 ~ 20/508 =%~ B EBEFRFE O BE L L4130
% 412 Hxher X g ulipar &

Node 1 2 3 4 5 6 7 8 9 10 11
Distance| 0.00| 49.37| 48.08| 41.79| 40.72| 36.72| 31.02| 31.38| 24.19| 27.66| 17.26
Node | 12 13 14 15 16 17 18 19 20 21 22
Distance|23.35| 11.18] 16.03| 7.07| 20.25| 9.85| 22.09| 29.07| 30.53| 31.62| 33.54
7413 13T EEN22-kd4>t R F B E 2 BREF(2)

No. of
Common | Common ) Nodes
. ; Private No. of
Carrier | Carrier Result . Served by
Fleet Cost Vehicle
Rate Cost Common
Carrier
20/50 0.00 37528 375.28 4 0
20/40 0.00 375.28 37528 4 0
20/30 0.00 375.28 375.28 4 0
10/50 40.00 314.32 354.32 3 4
10/40 40.00 314.32 354.32 3 4
10/30 140.00 205.50 345.50 2 10

# ¥ 10308 = e f itm KR G
Common Carrier Cost: 140.00, Private Fleet Cost: 205.50, Total Cost: 345.50.

Node Served by Common Carrier: 4, 5, 10, 12, 13, 14, 15, 16, 17, 19.

% 4.14  5|4E n22-k4 B A AH40(10/30)
Route 1: 1 9 7 2 3 6 8 11 1
Route 2: 1 18 21 22 20 1
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270

/'-b\ X
4
250 ==
7 [
2
10
230 ®1 11
13
14 M
210
. \15 16
o 38 19
21
170
120 125 130 135 140 145 150 155 160 165 170
Bl 4.8 5|48 n22-k4(10/30)# 42 [

SRR TR E > EFL
SEFRE R B L]

4.3 EFRRES %

» &

#4153 % 418 5 B & GIRSRIREZRIE S S 0 BE ek B 4.2 3 B 4.6
b BUAEE SRR 1P

LR RS xR
BRSO

B EE

2 415 B3 nl3-k4 2 A FE 22 PlREE
No. of
Common | Common . Nodes
. . Private No. of
Carrier | Carrier Result . Served by
Fleet Cost Vehicle
Rate Cost Common
Carrier
R=2 0 250 250 4 0
R=1.5 13.5 233 246.5 3 1
R=1 87 150 237 2 4
R=0.5 168 0 168 0 12
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% 4.16

i 2T |3 n33-k4 At AF B2 2 PEL S

No. of
Common | Common . Nodes
. ) Private No. of
Carrier Carrier Result : Served by
Fleet Cost Vehicle
Rate Cost Common
Carrier
R=1 0.00 841.65 841.65 4 0
R=0.75 112.87 711.49 824.35 3 2
R=0.5 99.41 663.68 763.09 3 3
R=0.25 327.34 258.80 586.13 1 16
2 417 B:xt|3EnS1-kS 2 A FE 22 PR E
No. of
Common | Common : Nodes
. . Private No. of
Carrier Carrier Result : Served by
Fleet Cost Vehicle
Rate Cost Common
Carrier
R=1 0.00 52985 529.85 5 0
R=0.75 0.00 529.17 529:17 5 0
R=0.5 152.96 360.73 513.68 4 15
R=0.25 300.29 0.00 300.29 0 50
% 418 13 :T|3E n76-K7 > A F E 22 PR %
No. of
Common | Common . Nodes
. . Private No. of
Carrier Carrier Result . Served by
Fleet Cost Vehicle
Rate Cost Common
Carrier
R=1 23.78 693.66 717.44 7 2
R=0.75 33.77 671.18 704.95 6 4
R=0.5 94.12 601.96 696.08 5 15
R=0.25 453.86 0.00 453.86 0 75
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