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##4970518221 MAJOR TRANSPORTATION ENGINEERING
KEY WORD: VEHICLE ROUTING/ LANE COVERING/ CONTINUOUS MOVE / COLUMN GEMERATION

YOSSIRI ADULYASAK : MODEL AND SOLUTION ALGORITHMS FOR TRUCKLOAD

CONTINUOUS MOVE ROUTING PROBLEM. THESIS ADVISOR : MANOJ
LOHATEPANONT, Sc.D. 95.pp.

The problem of excessive empty backhaul distances is a major challenge in the
planning and operation of truckload transportation, in which goods are picked up from an
origin and delivered to a destination without mid-route pickups or deliveries. The empty
backhaul distances can be reduced by combining two or mare truckload trips together to
form a sequence of continuous move truckload trips. The objectives of this research are to
develop a truckload continuous move optimization model and solution algorithms of this
problem for large-scale ftransportation network, incorporating major operational
complexities, namely, fleet-commodity compatibility, trip-based cost function, and time
windows. We present a Continuous Move Optimization Model (CMO), which is based on the
set paritioning formulation. We develop two solution approaches—an exact column-
generation-based branch-and-bound algorithm and a heuristic algorithm—which yield
significant empty haul distance reduction under relatively short runtimes, and provide
a comparison study measuring the effectiveness and applicability of the two methods.

The results show substantial reduction in empty haul distances, ranging from
30% to 42%. Our findings indicate that as problems become larger, empty haul reduction
increases but at a decreasing rate. (The comparison between the branch-and-bound with

column generation approach and the heuristic shows better cost savings with the former

and markedly better runtimes with the latter.

Field of study

Academic year
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2.4 ﬁzymmsmaumqmﬁ’umq (Lane Covering Problems)

flayminisasauagudunig (e lliazizandt LCP) wlunisinenzsitoyminisauga
N o2y ' P - s o =
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e’ eAeAWlUNNTINEY - AB izmm’mmumwmmiumu%mzmaz};azﬁmmmuum
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LASINNITANTIRENILLAA
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LUUANaBINAmAAIansIeatiyrInITAseuAgNLEWNg uivld 2 gluuy Ae
LULANADINNARAAARSUULLELTaM (Arc  Base) WATWULANA2INNALIAAIAATILL

] ¥
\&Un"a (Path Base) T9NsIazi@ansail
2.5.1 LULANABINNANAAIRAS LLLLEULTAN (Arc Base)

Fumuz [9]  TANMUILLLAA8INNALAAIARS LULLAWTN FLULRIUANITIES
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o

= o = dgj
TIHAZLRUAUBRILLLANRARAINANLS

Min > > AD, X (1.1)

ieV jeN keN
Subject to:
Py =D X =0 VjeF,vkeC (1.2)
ieV
D X — D Xy =0 VieV,vkeN (1.3)
jeN jeN

D> DyXy <D, VieV (1.4)

jeN keN
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D %y <Y, VjeF,vleS (1.5)

ieV

X — D, Xy <O VieV,VjeF,vkeC (1.6)
leC-k
D Xy <1 VieV,vleS (1.7)
keF
D> Xy =D BXy <0 VieV,VleS (1.8)
jeN keN keF
Xi— 2. X <0 VieV,VjeF,VleS (1.9)
keN-S
Xy, =X =0 VieV,VjeF,vleS (1.10)
Xijke{O,l} VieV,Vj,keN (1.11)

Tngl
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v o
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U Lﬂ‘ﬂul’L“ll‘V] (1.4) muumimwzmﬂuummumq%mmiumm:mmq@qzﬁmmmmmﬂ

| '
el =

AI U o Y o tﬂl % ra o
aunsnnsle Rewlan (1.5) Auualiarwiusaussyniieanainlsanule dacldinuaiuon
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wdsiluiaagnuans (Binary Variable)
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2.5.2 LULANABINNADRAAIFASLLLLAUN (Path Base)

WULAN AN AEIFANARSUUTALNS Ae suudtaesniduniidulydaeenns
WwusnaudsduAudnlslunndngdula 9uddeaes Jordan [10] AN DeAnEU
ToywnaAusnaudsuunsiaiios nadiAnen1090Fin 1aiesa uainea ﬁzmi"gmu?m
Taannualvisn 1 ﬁummmﬁlﬂﬂzﬁmmmmﬁuﬁﬂé’? 2 P53 AL UL 1R8N
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2.6 LWULANABINNTLLNLTRA (Set Partitioning Formulation)

TueRSae09 Hoffman waz Padberg [11] l@nanqieuuLaaag Set Partitioning T4

t%

dunuuanaasidngnianldlunisudilyminissudsuazdunienisaugs (Delivery and

Routing Problems) liy1n134as1971919a1 (Scheduling Problems) Lagiloymifnuamig

v 1
o X a

NFNIMNZaN (Location Problems) edlgiutiuanutniataasvialilasil

Set Partitioning Formulation:

Min) ¢ x, (2.1)
reR
Subject to Z:é‘irxr =1 VieC (2.2)
reR
X, €{0,1} VreR (2.3)
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2.6.1 NMSEIENITWINALRAENANGA LUNITWAL Y UINITULILLE R

?f'ﬁm:“mm@Lfmaﬁ'ﬁﬁ@mﬁuié’s{qLﬁuiﬂﬁ'mimm@uqummmLa@ﬂ@ﬂwmmﬁqim
lduannisnisuitlymiuuunauaane (Relaxation)  AMNULLAIABINNATIAAAATUD
tTyunnnsutiaam Fagl 2 E‘Eﬂﬁﬁmmgmﬁﬁ AR ANIUNEULLILEaUAANY (Lagrangean
Relaxation) waznuuaANTlL&uLLLNaUAaNe (Linear Program Relaxation) 11911348
984 Jordan [10] 181933 a nuisunsusiaunatslunistlssunuAnaeuantestalas iz

ada a

dl di = [ a
W@ﬂLW@Ll@HULWHUﬂUQﬁEQ?@Wﬂ

X oo a o 7 Y = Wy e X ,
UanNaAINU EQNV]WQL@@ﬂQLUﬂW?ELmLWﬂuﬂW'N"I L‘?J'W]QﬂLW@ﬂ’]?N@LQ@ﬂeLMLLﬁL?Tﬂu b

-dlddl o

nsld38ansnuAeu (Lagrangean Formulation) AALANLAENIUINALRAENANGALLLT

\NTLALIL (Subgradient Optimization) tagl Etcheberry [12] wisansldimatianisniinanus
(Column Generation) mu@jiﬂﬁummﬁﬂtymﬁwummﬂ%qngﬁw,mwj@umma g M.
Parker WAz J. Ryan [13] nanaIng Sun (9] Ialfwadiannsndaaauiiunisuiiloyun

AOLLLUANABINTUINITANAAAIRAN INIUIATN AL ATIATIEA

NSNS ANEAIWIUNITUIAINALRAL AL LNATLANITANLARANA (Column

Generation Technique)

Branhart et al. [14] na1atamaBAnIaninanusdfulsnenlddaalunsmua
wataasilymgluuuiiuanisdduaunnlig) (Large-Scale Linear Programming) @93
foutlslunnssndulanaiuauunn 98n1970MARAN AT BNNN9aF 9 TRIRINGNAT LS
b . v > ay . y
#ugu wazmAnaaanig ngue sl antiuA Al daeianasld (Reduced
Costs) vassiutls i lunquignuesiouilsiingau drddaudslanainimliuaiaaad
A 4 a vy, A gy A P 6 @ e . o =2 a o
andsnld (narhaRAA ldaenanaalailuay auiunsaitfyuiAiaingn) Aaueo

Y, e & o ' Y R
wtlsdn Tl luaneeangusiutlsiiugau uaziinismaAnaaas uidnaiaaunssialaid

sauilalpgnunsnlvinaasnandadlsan

Fuauz [9] Tildwatiansndfinaausiasudetloymnaulasanduilymmvan uas

k% o

lyunsas Tnetlyumanaziilunissnduladnagldiduniclalunisaud @usn Telansne
WULAAINAIAANAAT LU LKL LS aeIn 1 TuUsas uazdilyuisaadunisafradunns
et I dusaulslunsdndulaluilyuinan Taldisnsuitlywises Aa n1sldasnis

wdunedungauuumaneiing (Multi-Label Shortest Path)
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Branhart et al. [14] ldWauwimatianisnidaaansflunsmAnaaangiluy

ANUUANITIINATUIUAN (Integer Programming) Telsneaziaen Al

wiydulsaslunuusiaesdiuvian

afuuusasIdIunannlsznow

Tdrengquéutlsiiugiu

v Hauilsla
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Column Generation
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NINIANLALRAEALEMATBANITNIHAGANARINTULL LA 4897 WL LIAMUANTT
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2.6.2 N9 A8 a3/ AA LUNITUNT NN ULINLTR
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%

aa a a a i’/ v al a o o dl yaa dl I o dil
A19NN7E97ARN AU VL@N\?WU'J@E]’QWM’JUN’]ﬂGHQBL‘TJQﬁﬂW?MWN@L'?IZ\IEI‘V]LL[ﬂﬂ[ﬂ’Nﬂu MU

[

uatiiuANNIzaNiUAnHuUzaasilyun Jordan  [10] lalddanasnuninm (Greedy
Algorithm) Tun1sunATua@as Ergun, Kuyzu uaz Savelsbergh [7], [8] wsweinstld

faNBINNNTAR LUTREANEINNNTARNIIN (Greedy Merge Algorithm) LNAUIAHALAAE

Jordan [10] ldulRauiieunanisunauateasing ldains e uiuUaauAans
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a o o a KR a 1 1 1 o 1R 1 ¥ a
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% 1
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q

Ergun, Kuyzu 1&g  Savelsbergh [7], [8] linnnsufitloymniia 2 giluriumn

= ! o v { dl ¥ ada a a dl Y o d? =
wWreumsuguiu uazagdlidn Auaiaaanliainisaasana lAMmunIuE AN TWIBINS
waaanin TnedanuanaNAUtuuunsInaaasinngn Inaldaenuas X-PRESS

Optimizer 2005B tlszaany 2-3% uazldaanlunisuddaymiauinlungaindngluuunismn

Ao

NALRAENANEA

K. Hoffman uaz M. Padberg [11] l#nanafenisunenianisnnegqsanmunldlunng

Y ] o ad d‘dd L] a a a dl 1
wAtleyudanAuasnisunalRanangs e ldaan1miaEdsanAel st LLam
1 o dld A A dl v a i’/
TRINALAAY N1TUIZUIAIIBLILATEIAIABLNG ARNTSALALLAL INALALNNALAALIATIU
o 4 d‘ ¥ dlddl ¥ o 1 a o
azmIinanldluntguitlymstuuunismnaeasnangaanasillsunn faatiwnuias
tﬂlzﬁ v é’ A a o -QII o aa a a a
AN luA1UN A 9IUIAEeaY K. Hoffman way M. Padberg [15] NUN38N19N18E23aRANT
T lunisuAtlyminiuueniadeanwauidlsenaufumeataAnN1TuANANUAZFA (Branch and

Cut)
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N1SANHINITANLEUNITUDILFENAIDENILASITALWUNISIAE

TuunilaznaiafeanisAneinisaiiunisrestisvnaaad e naanauilyuiuas

wuanelunsdiuilenisaiiiunisrestdimsnetng ludaugaitaaziiaus iedunau

o

ARt R GRS AR B LTI

3.1 ANBUENITANLUIULDIUT HNAYIDENG

UsEneatuEnnnuianiudanasnisaudsluisnisainuanagiuuiuay

Hlasadnanisaudaluszdulszina anwaeguuunisauderestssmseten WuEn sl

NNFUVAILLLANAUIALAT N aRALL AN AUsn TN azRansasallTl
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