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Three-Dimensional Container Loading and Vehicle Routing

Problem with General Overlapping Service Regions

Student: Bo-Yan Chou Advisor: Dr. Ming-Jong Yao
Dr. Chun-Cheng Lin

Department of Transportation and Logistics Management
National Chiao Tung University

Abstract

This study investigates the Three-Dimensional Container Loading and Capacitated Vehicle
Routing Problem with general overlapping service regions, which is an extension of the three-
dimensional capacitated vehicle routing problem (3L-CVRP). We are interested in solving the
optimal decisions including the fleet deployment using the vehicles in the original region, the
trans-regional vehicles and the vehicles from outsourcing, the corresponding vehicle routes for
logistics companies to satisfy customers’ demand, and the three-dimensional container loading
with pre-determined and overlapping service regions. We take a districting concept of “general
overlapping service regions” (GOSR) into consideration in this study, which would increase the
flexibility in vehicle routing and fleet deployment, and help reducing the operating cost of the
distribution operations for logistics companies.

We formulate a mathematical model following the scenario of the 3L-CVRP with
overlapping service regions. It is well known that the conventional VRP is NP-hard. Since the
concerned problem in this study is more complicated than the conventional VRP, it will be more
difficult to solve. Consequently, we propose a genetic algorithm (GA) as our solution approach.
The data structure of chromosome encoding in our GA is not only comprehensive, but also easy
to deal with the situation of GOSR and to understand cargo assignment and three-dimensional
cargo loading situation. We randomly generate our instances in our numerical experiments by
referring to the benchmark problems for the conventional VRP and 3L-CVRP, taking into
account of the characteristics of GOSR. Our experimental results show that our proposed GA
is able to obtain solutions with excellently quality effectively, and making use of GOSR may

save significant distribution operating cost for logistics companies.

Keywords: General overlapping service regions; three-dimensional capacitated vehicle routing
problem; genetic algorithm
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MU RARE 2R 0 RTRG B AL ErE A3 B2 4B 5 %L Bischoff
& Marriott (1990) ~ Gehring et al.(1990)£2 Hemminki(1994):& * & # gt = j* &k % ;‘i—%i‘ e

F\:E&E°

H Layer of dimension

WX HXd

F23 pRE=E7 FF
AEFAERHRY I FFFEIT ABEEE2 250 20 ! Jinetal. (2004) > Liu et
&QND&UnadQMQ°i%?%%i%ﬂﬁﬁ*4i?ﬁ’%E%iTi%i*
FRZZT AR ELRVEOCFRIFLAL X P AR R R
A%ﬁm%?ﬂ\'u I)HE R b AR 2 AP R o

# g i AT

2 §mEL /I 4E(Vehicle Routing Problem; VRP)# % d Dantzig & Ramser (1959)#74%
AR PHE PR EREIRPFA 2 2 BT R Y S A 2 B
B SRR S S e AR L R T 0 bl B2 P i

AP BB REE AT B A 2 T

(1) *4@2d & F =k (Depot) &1 5 & 3£ w -2k

(2) % B% 5@ RERIRT - % F FRD TN 4% Rl
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() # BE * ML R G

BB REL TR 3R 5 H 32k (Single-depot) ~ e B 122 & f8(Homogeneous fleet)2 #-7] »
% % Jg ¥ % (Time windows) ~ i # |+ (Period) ~ % # % #(Stochastic demand)% 4 &% &
(Split deliveries) % 3k » ¥ ® F 4 g ¥ - Jop 4 2 FR > B IRECR 440 B 2.4 7
oo pB24°¢ haR BE S (E S A-L) BT B JRIRT D B4 R ARIRTE- X0 R
B gl Breb g 3w D5 R L ARk L RETIRE Y E RS B ERIT
RAE S 4o r B gm2 7 2400 5 ¥ £ 7 & "2 B §mE K 48 (Capacitated VRP; CVRP)
foprs B ¥ Lend §RES TR REEE ] o 1995 Brackers etal. (2016) & 2009 # 1 2015 & &
syt NG 90%0 praeg B U B IR AR AL A A T2y 7 e
EEFFRFE S L RHIRF L AR LD BT R 452 1 # 35 3] (Laporte,
2009) *27F B fE A B 3 RAD WS B PR AT 2L P ek S K 3L (VRP with Container

Loading Constraints)2_ 1p i < )]% 0

Route 2

Route 3

F] 2.4 2 gai i 4T & ]
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23 THEFREE D RS AL

m e p A& ? B C R 4E(Container Loading and Vehicle Routing Problem) d
Gendreau et al.(2006)*T#% ) » % % & PR A 2 2 fmE SR A2 B A R AT o FIH R AR
AERF R B RR IRz W > 2 R R A L ER TR CFA M
Bt RS AR erRY R A VRS EDAS TE LT AR A A £ il

i 42 (Two-dimensional Loading Capacitated Vehicle Routing Problem > 2L-CVRP): & % &

AP 7 €2 P fpis L K AL (Three-dimensional Loading Capacitated Vehicle Routing
Problem - 3L-CVRP)# fd#f 3l - w4 & 42 £ 2 B - BT R fdg2= £ ~ W2
INGLR

YRS BETFE2 P RE LR H(Q2L-CVRP)~ )}% ¢ > Shen et al. (2012) 14 & -] it

FELXA(E s g v AL D gRIIE S 2) 5 PR LRI - AT E S R 2
AR BRI S AR HRR A d B2 B RE 2 AR RE Y R
B - %% ieiific e Leungetal (2013) Ffk g b @4 k(2 24t ® Ak

B A)E B R S - BT RR L A P R % e R
Fod 2 @ e AR 2 ABdEE 1R Boai B - 3 ek (7 Hce Cotéetal. (2017)
Mol B RERE S A R e - E S KRR R B RR L ko 4

FHEX D B2 d BEFAE Tl - 2 et admp WY o

e ez R F E2 2 gRRCK ALGL-CVRP)© gt ¥ > Gendreau etal.(2006) 14 &
P BRI A AR PR R - BRROF 2 RGBS AT DR T o H Y
B ftd P @ i AR RY RS A p i Al AR S
S fpiEAeY Y RS iR PP EHM LTRSS T2 LFEE S
Rz PR o Miao et al. (2012) M B it FE A A(e Z B R T 2 AE D fREIT A M)
PR R - B ATRE R R AL KPR D RRE X PREK [
Ptz 2 fiefmpE ¥ A2 @Y Pandfds v TR A piafpiEaed

BE B2 sl e & 2 -8 4£ 7| o Bortfeldt & Homberger (2013) 17 & /]
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Ceschia et al. (2013) Mo | * FE X A(& F DR * X AL BRI A5 P R0 T
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FRLFRE T LBRERY § oA e e B g YRR
Z AR 2 e E AR o RS (2017) et £ 2 GEP S B B R AR ALY

MR E IR RSB LA R IEL 0 Bt B REIE L RHIA TEE AP AR
I ol S SRR SCREVE R ST TN SR I N S O
P dEERE P AR 253 A A e VAR R B RY
SR TS R F AR e S 1 (RN R A SR L e TR
{7 fiei¥ o ii»é{_'d.'rj_!’i"?)?% ) ?éfﬂigté)gkfifﬁlg{; IEE R R 2 e 0 B AR
BRI TR oA AFFREL CRZ AR L BRI FFABP ARG 0 TR
TEERRAEHRARHLAFEET AW T AR 2 TR L 2a g

Wi 17 AR

R E FRAL R RRANER  A¥ 2V BT EPRR R fRRE
ar B R B~ 3B 35 4k i T 3 o b4e D Gendreau et al. (2006) ~Miaoetal. (2012) - Bortfeldt
& Homberger (2013) £ Mainnel & Bortfeldt (2016) ¢ 24| %384 + » ¥ viFdaicd @
Wi o UFERHG LI RAR A LR PRI GG ETHEFTE T3
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221 e PIRAT S D RETNAEZ vy 2B R

R K AmddE arf pES EER R

“a-)i ﬁ’}, /?i g B b2 'ﬁ' i* k= 3 L
LYY za \Y% \Y% AV 6
Coté et al. 3

S VvV vV 1
(2017)
Leung et al.

B \Y \Y% 1
(2013)
Shen et al.

S Az v 1
(2012)
Fl s 4

= g A% \Y 6
(2017)
Bortfeldt &
Homberger piiye \Y \Y \Y4 6
(2013)
Ceschia et al. -

=& v A% \Y 4
(2013)
Miao et al. _

za A% v A% 2
(2012)
Gendreau et al. -

= S V V AV 2
(2006)

d O PR 2 B /S S JF R AL YR A NP-Hard RO AE 08— B4 5 5 RUAT2 R s
B { # (lori& Martello, 2010) » F]t :E 2 = )]?e SR EaB N T KRR AL 220
£ 228 ¢ pARA S D PRI AT g R R R

S ’;L i ar Fefz > E
AT = A FFE
Coté et al. (2017) A " ARR
Leung et al. (2013) Za i SRR
Shen et al. (2012) - A AT
2l et (2017) = A FH
Bortfeldt & Homberger (2013) & PR BOETE N fRE
Ceschia et al. (2013) - & k3R EOB N fR
Miao et al. (2012) E RIS A FIRE 2
Gendreau et al. (2006) A R NS S E
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PRSI EPFERIA BT 2 E8I R AN RER BRI A28
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Routing Problem with Pickup and Delivery ,VRPPD) » % & : Bard et al. (2009), Gonzalez-
Ramirez et al. (2011) # Gonzalez-Ramirez et al. (2017) ~ (2) & F# % "4 & R/ R
%% (Vehicle Routing Problem with Time Deadline, VRPTD) : 4% & :Schneideretal. (2014) -~
(3) & A H 2 & % BRI (Districting and Routing Problem for Security Control,
DRPSC) - % % : Prischink (2016) ¥ (4) %5%‘ PRiEPRIE~ T B %k B 82 > 4 1L ! Steineret
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