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This paper deals with a vehicle routing problem with resource repositioning (VRPRR) which is a variation of well-known
vehicle routing problem with pickup and delivery (VRPPD). VRPRR in which static repositioning of public bikes is a representative

case, can be defined as a multi-objective optimization problem aiming at minimizing both transportation cost and the amount

of unmet demand. To obtain Pareto sets for the problem, famous multi-objective optimization algorithms such as Strength Pareto

Evolutionary Algorithm 2 (SPEA2) can be applied. In addition, a linear combination of two objective functions with weights

can be exploited to generate Pareto sets. By varying weight values in the combined single objective function, a set of solutions

is created. Experiments accomplished with a standard benchmark problem sets show that Variable Neighborhood Search (VNS)

applied to solve a number of single objective function outperforms SPEA2. All generated solutions from SPEA2 are completely

dominated by a set of VNS solutions. It seems that local optimization technique inherent in VNS makes it possible to generate

near optimal solutions for the single objective function. Also, it

shows that trade-off between the number of solutions in Pareto

set and the computation time should be considered to obtain good solutions effectively in case of linearly combined single objective

function.

Keywords : Vehicle Routing Problem with Pickup and Delivery, Static Repositioning of Public Bikes, Multi-Objective
Optimization, Strength Pareto Evolutionary Algorithm, Variable Neighborhood Search

1. M 2

Vehicle Routing Problem with Pickup and Delivery(VRPPD)
= AAOREY FE5 FRetL A &8s =
Neahs Akl 4 des 2Ashs Aloltie6]. VRPPD
© aEshs HA ek, Aol &%, AFaLe] g5, AR AR
(time window), W E3%<] A|oF Tl we} ohkaiA ©
FE A7 AT A A X|(Vehicle Routing with

=i}

Received 24 February 2021; Finally Revised 5 May 2021;
Accepted 26 May 2021
T Corresponding Author : dsyim@hnu.kr

Resource Repositioning) }% 7 Z 4= VRPPDY &
H3 HEgor g TR AR 7Hed Ads dde
2 g 3 FEEY ol 2 Agol adste
Ao Ao 4 9t

HEAQ A AR A F BEmA ol Lope Al
EYS o] &% & A BA Aotk AujA=
7F AL todiol = o AAE Fa7F B o]
AR Ol EAA o] A Mu| A S AT Ao
9L A A= A7 o] go] BAH| A= A
2 AZEe ek AR E gt WA o' S T AREARE
gl ofgh AlZtdol] AFgks o] &5t ZF el B



Multi—objective Optimization of Vehicle Routing with Resource Repositioning 37

A S s 5

o ulz i
= bl S -1
FE A AnsEe dgo 44 ANAE 9

2. X! WHHX| HEAE 22X

ook R

A a1
A o APAARD A =t thojdaell A 9] Askak 4 UESA GV, Al v={0,1,2, -, n}E == F
S AAstE AFoME vst MILP(Mixed Integer golal, A={(ij):i=jt+ oF2 JFoE = 0= &
and Linear Problem) 4|7} A= Sth ZE TA1E l(depot), Uz =25 245 YERY, =& 9
Hoz Ao LYNT H25E /R B0 4 = F2F 4, ok (i, )l Ao LA 17t A
g ARZAL el wet oje) Fej Joluch B4 o] ok A §F k=1 - m)E 2E mAY
SEAE 918 4 dlelat @ ww PRES S BA ul Aol o] 9Astn vk
[5, 12, 37} 9l Wb, ohee] Apgpo] ofe] Wl Widhe nE oo £8E Bfsta ol I A9L d7)
28 B g8k BAIB, 101= ek £, delil e 5 99 85, <oyl At EE #E A4S uFE] 9
EARTEE F3] wEstefoF sz wABPE A= W @ "4, >0) F sholth AL WEE Fa
H, EUES S 8ot TA2 5, 11, 13] BE HE AL 4] o]Fo] atEE A4YS AAY E UaE ah=
Tl MeE AT TAMAPE AT BE ALFES 9L guUg Y AuAE RE wEd ga 8.9
HBE) AF AR 208 g AA 20l F81o o) go] HE AL 34E RE QS dHlglo]
ol UHE & S TV A ST olEUE Frjojof ). o]efd Agol A RE wro £oE w
X ALFEI QA F GRS = QuFEEe] AolS za] 98 2k Az F A wE AI7F Ulo] 3
Hagehs A7 Y dAAY 9, e Bu HA o zgs 4 = Az2 A4 2o Y AwA S
T e S et 5% A FE =SS g8 g Az A Aot
s1g&ate A5, 7HEAE ol &t BN E %@%‘? 9 BAl9] )2 Ll Ak A2 QAE R={r, ry
of sz Aol dnbHelt(s, 11, 13]. Rainer-Bach et | 1o 710 Auw PHHm, 7 A2E o] we
al[10]9] ATolA= AT tig 7heAE =i ZH Ho}g AR 1= W Vg 0, )5 v, E V- {0} 0] TR
o ko] kel i 7kE Al 1/1000002 8FG1A] 2 o] oo i}'ﬂoﬂ '1 Sursie] Jao] A 221
W R Bl AgE hgAs] Agel gddow L T L L ) sae s
olg & Wt ohe} EAld] t@ shke]l A} A ;};w; Hathety] S5 BAgen 4 4 (e And
Age Jro et S el e

B APl E AL A 9% A A B4 T T

X Q] A g} = By 223 n|lgAl T 7
- 3—:5735; A N :al S A =0, 0) ¢ ) 1,000 (1)
#HA 3 EAE thEvh A A Zpg Ao g 7] A (1) ZTelA Zust 7+ 2o FrAte] mE
& Ao BEH HAst TACA Y FHE HA 6 LEES A UE WES & A R ol u 7}
& 7] #F s stoho] ofnh T HE - 0 og g 2 A% 71 $RATS uja,
AMeh= Ak ARl Bk TRE ARE ATT T pge pmas wse) £28 BEAA} Bk 49
A= RS %?‘:} ol weh 2 e A= A A g syare GRA R = g o EAPE W) 2] A
‘] ;—(]'%k 75‘1171]294 Ezﬂ a@ﬁ} "E‘Xﬂoﬂ ‘:H—‘:S_L -‘ﬂ’aﬂi I Y HE 29 okS Qg]_ﬂ kA Q‘Q_llz w9 Q%

RIS B R AT S WES BATE = o) gqeiwl —a(e,) WEE Al Hojo} sz A

o e N Y ers y

(Strength Pareto Evolutlonary Algor
22k AZAE FEAo A8

>
]
_>‘i
o,
Y
=
ﬁ',
2 0
rl
>
o,
1o,
>
o
lo
|
™
‘ ~
=
)

[e] )
AR57E A8 A B BAGRA AFEA e vpep  WHEF I}
Shit ol A AR e IR Aadd
EE A9 UolHE ol gso] AUF AnE Agei, -
A 5N AW AR AT FF AN B =d, 0=— %/ dlvy) < CoJ=1Lony k=1m  (2)



Jae—Goo Kang - Dong—Soon Yim

38

Elass

k5] of of

3.1 SPEA2

(€)

1d(Ukj) =0,k=1, --

n,

=7 2) 2

J

o] ks o} skt th

1 EE

)
=

0

Ar

gl

L
.

13 2)

e

Nd

7

SoMY YU T
EENGgHERg FT
E.T285%e Tuy
& 5w e & W " o
< ENNTEAD ., TR G
e a4
o S =g g0 o) o
fEgpwa 5w AR
£ E £ 39 o
ST MEFme P
= = o] & 8 T X
%mﬁmm_y@ﬂ% N oo o
BiaoighT Smw
Lakﬂu_/r.meﬂ = KA
Feontgatw Hog
tEEeéqrs I=f
T LTI I
v L ERDFT EBT
%ﬂaﬂﬂ_%ﬂwokﬁ S o 2
Yl NA N - — O
#ﬂu%?wﬂﬂxﬁ o X W
N o & o i
JI.._]H_ =t Oﬁ ;Oq
wE L ET 2w E o
How T E < oy RN B W
dERIOEE LS T
N~ L) B N
G P
ST E DS DT 00 o
TR RR To I of wo or W gy
BERO G0 o T T8 g F oA R
TE g ooy TE Ry
%EM@&%?%MM&«%
B &mﬁLﬁﬂﬁvamg
dl.mgﬂﬂuaonﬁlw N o
SLsT R ST R T,
?@?Wm%wﬂé?w@rm\%
o T o ok ma Nd AT - ~ Hﬁ
Maﬂmﬁr%?%&ﬁ?ﬂ%ﬂmﬁ
B ol g PR R
TN Ng e e
JJ!L OJ|O MG)NE
pTrat LTy
ATgoTEﬂﬂ % R
Mﬂdﬂﬂuiﬂ‘mimuﬁxdﬂél%
ﬂﬂﬂ%ﬂaﬂﬂ%ﬂ L
Y B~ <A <RI
o) o P e g T
.E.Ez%@maﬁ% Gt
oF oF oy B! Jo g B &oiﬁo
o BTN R g WK o] g
T T AR oo RO B A B #R A

= m
o lﬂl_l
_A_UM
Nfo

MGERE

485
A

A
9

3)
g

A A=A

SPEA2E
1A

4

n
i=

4(R) =

{7«]7 Ty, *o

2 2% 42 R

B

3

=7

12 mY Hd2=

Hol 3

(¢}

min{dm QA}’

1) 9k d, > 0019 y,(R)

)

Qk:_yi(R)

Q
2) wkeF 4, < ool y,(R)

min{d;, @, — C,},

Qk —Y; (R)

Q=

Aol k+19 A A

-
.

2t o] & A7

i

ol
2

£}
N

o

el

4

o

=
ofpy
o
u

23]

T %o

o T

= up

o

5 ©

N

5%

ojn

T T

i T

W

& U

2 o__o

BE

B 2L

—_

B

RS

- SR

Ty
o) BX

il =E oy

dlo ofy o

R

T o s

o O

Proow

N K 3

il

SO

o 5 S

s M

TN

W K g

=35 "

o o= )

oI

Wﬁ ojp —

g

= X o B

do @ R By

% Ao A+

3,5, 1,217,810, 46,9, 12, 11

oy

]

?_
o] 87} o

MM ojn
= iy
c2li~e
T
|
H ®°
K of
—_
™oy
Wy o
T w
w )
3
ol &
b o
o N
N
1) MA]_I
AN
4= N
o
o
LN
el
ol of
ﬂAl
=amy
DU

5

EHAIEE &

ol §laL, 2}

) L(1): 3,5 12 7,8 10,4 6,09, 12, 11

2) R(1): 3,5, 1,2,78, 10,4609, 12, 11

o
=

k

g Al

of

o

3) L2): 3,5 1,278 104,69 12, 11

ANA =

o AR AE

oL
o

flof A

5

A& 4

w

23

4 RQ): 3,5 1,278 10,4, 609, 12, 11



Multi—objective Optimization of Vehicle Routing with Resource Repositioning 39

5) {L(1),L2)}: 3,5, 12,78,
6) {L(1),R2)}: 3,5, 112,7,8,
7) {R@),L2)): 3,5 1,2,7]8,
&) {R(,RQ)): 3,5, 1,2, 7|8,

10 |4, 6, 9, 12, 11
10, 4, 6 | 9, 12, 11
10 | 4, 6,9, 12, 11
10, 4, 6 1 9, 12, 11

Algorithm : Decoding using cut-point movement
oA 0 27] A 73 gkt

TOoEZE

27 7 EQEE
A1 v dAE T

L1: A ERJAEE dial] m7)e] 425 A3t 7
& ek, P 2 S NRE 2t AR s
e gt

1.2 : L(k—1),R(k—1),L(K),R(K),
{L(k=1),L(k),L(k=1),R(K)},
{Rr(k—1),L(k)

z2719 A IJAEEL mle AR 74 L
T mESo] xoEES AYdn. of5 7l LUES
thell 2 ZRJE o5& Wk F3ste] AT 2 L)
Egs A, o weEt £d9] S ARE WA
oo Aloke vad S £l 299 SlE mle] A=
= 2] A SAgs 49 HAE s R A
AsE s A FelaE el S

o, o
-

O
—r

N

of\

T

=y

o

e

o

)

N

5=}

T

o2

oL

%

N,

A0 of fo mx o
O ox HU pE o
= o

>
fr
v

2
)
N
N
ofN

L
-©

>
R
o

2 Apolo] &S g steiof gt

B Ao M dhbe] R4S s Yo R s
sk o R Ak &arg]F 3 VNS(Variable Neighbor-
hood Search)[7]5 &3} T}

4. M8 % 2N
4.1 G0[E] R A A

VRPS] WlXvla ZTAES o]&ste] AY AuAE
Qe oA HA g e A% HrkE AT HES
&3+ t}. Uchoa S 15]°] Al¢tkst VRP wAE2 1005
B 10007441 9] =52 ZdtetE 1007] FAZ 74 H o
AT} o] F =E 5120, 214, 3082 3714 EAES A}
o= Tt

AAE EAES == ko] A, 2 F7 A E
g2k AeiA] Al Akl eiA e Akl &
W o] Fad g F7 AR asith b k5
A F8¥E <Table 1> A% & F A ols&s
RHEA1717] Q18 A 83 e] 00] HES o2 A
ahdal, ke &3 3002 A3k

o&i D)

[e

<Table 1> Problems for Experiments

data no. of no. of vehicle req'd
nodes vehicles | capacity | movements
X120-6 120 6 30 300
X214-12 214 12 30 500
X308-13 308 13 30 1000
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{(Table 2> Parameters in SPEA2

parameters value
population size 100
archive size 100
crossover Pr. 0.25
mutation Pr. 0.01
crossover operator (0):¢

mutation operator inverse
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<Figure 1> Solutions from SPEA2, GA, and VNS in X120
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<Figure 2> Solutions from SPEA2, GA, and VNS in X214
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<Figure 3> Solutions from SPEA2, GA, and VNS in X308
Problem



Multi—objective Optimization of Vehicle Routing with Resource Repositioning 41

4.3 VNS S&%

o)1, B 454 Qe

I
ddste] F 9Lo

z & 7ol <Figure 4>
ol A <Figure 6> 3 Aol thall 97§¢] 7+ 9} 997 <]
7hEAol W3 A s UEkith 292 9970

Zhs Ao vlE] APAzte] fhad®E 9AQ e A
e BHoAEth 9 TheAE ek sl o] 9970 T
22 -3 ol vlal] ok 18%<] A YA Tko] A F At
9978 &l F Awske e HE-2 30% ©1dS

(<Table 3> Zx). o] 22 Ail= 71529 +5 Fol=
W 8 bR o] ik AgAES ST a8 H o
2 958 A Y E S8 AT S st

- VNS solutions for x120

4500
4300 "
4100 8 099 Wfalg ts
3900 A 9 weights
3700
3500 8
3m0§808

o
3moog§gg§o o L o

2) O e

2900 © 88 604" A o

O 5 B0 & o@osoog AO8sooO Ao

2700
2500

0 5 10 15 20 25 30 35
72
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<Figure 6> Solutions from 99 and 9 weights of VNS in X308
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<Table 3> Dominate Ratio of 9 Solutions over 99 Solutions

Problem Dominate ratio
X120 53.5%
X214 78.8%
X308 31.3%
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