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B Notation

Sets
I Set of population nodes
0 Set of distribution center
Ji Set of candidate locations
T Set of time periods
Indices
[,j,h Index of all nodes

t,t' Index of time period

Parameter
fi Fixed cost of building a battery-exchange station at candidate location |
dj Distance from node i to node j (Include population node, candidate location, and depot)
Cryel Coverage level of battery-exchange station

D; The number of households at population node i € [

Bt Limited budget at time period t € T
1: If the distance between candidate 1 and candidate j is lower than R
0: Others

Ay 1, d; <Ri#]j
A = y

y 0, dj >R
M Sufficiently large number
R Range of service coverage of battery-exchange station

Decision Variables

1: Demand node i was served by a candidate location j at time period t
0: Others

1: Battery-exchange station was operated at candidate location j at time period t
0: Others

System Optimization & Application Lab. “
Kyung Hee Univ.
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N Bi-Objective

. — t - =
Maximize F1 = Z Z z DX i (1) Battery-exchange stationOl HHBHSH= AICH = ZICH=2t
i€l jEJ teT
.. — t _
Maximize F2 = 2 z Z djo Y} (2) Depot=H Battery-exchange station j JtAl Hel Z|CHzt
J€J 0€0 teT
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Subject to

Equations
ZXE SM-Y!, Vj€JterT (3) SHAIEZE0{0Fpopulation nodelil AHIA HIZ JHs
i€l
Yyt vjey @ ] IO FH J12F S0Hfacility = 1 #1982 Jbs
teT
Z ZX; <1, viel (5)  Population node i= otLt2| facility jOil £
JEJ tET
AL A<
. 1 XA facility &8 &2
dpY' <R, Vj€ SR
OZEO p 1€l ©)  Distribution center 22 2l RISt A
1 1 XA EE HI2I8Htime period t2 facility & X2
t ¢t/ : '
D, Z AjYn 2 Cra ~Yj,  Vi€LE>T (D) pagiity 226 82 OHs 89| L0 EXH5H candidate SOIA
hejhz] t=1 OI&X0fl XIH& facility It &=IHE [H, Coverage level OlaH A€ 4= QUCH
dj XyF <R, Viel,jeJ,teT (®) Population node i2t candidate j AFO| H2!| MI<f
Y fyi<p,  veer ©  Time period t2 FICH Ol&t F2t
i3]
X; €{01}, VieljejteT (100 ZEBE=XTA
vt e{01}, VjeJteT (1) Z3¥x==A
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= Parameters
- )
Candidate node
@ A
. = _ _ DIz P lati d
« Service area: M2Al XIotE 35 H stoi2 2K ._ ® - at:nno )
_ - | o S (=)
(CIRIE, HES, 22 S) Sh e, a0 S
» Population node: 1204 Sapgh L0
Batsok 5 2
> OHIIE & ZAr=sHSO2 1 y & .
« Candidate location: 30H - : T
D33 pr2 ® 511
> ZEMSQ) & BOIH & TYFAR ARE OIIIE ARG BASCRZ I8 |, . LI - A e
ogok-dong =14 i C526 188 Irwon-dong
« Time period: 4 a g
G-'.'Jc.-dl:ng ba
« R:1km AP ok ek
- Coverage level: 1 vize ooy corm A )
s :
DIz Poi-dong
®
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Epsilon-constraint method

Algorithm. Epsilon constraint method
1 CS(e)  Maximize F
. ) . o . o 2 Subjectto Fy > &,
Multi—objective optimizationOlA = &2 &= ; el
Pareto opt imal solutions= &=ob)| {st & 12|E. 4 Initialize the parameters related fo the algorithm: OptF2. InputF2, ParetoF2". O. t
3 OptF2 is the optimal value of F2 single objective
6 InputF2 is input data
_ 7 ParetoF2' is solution value of F2 in iteration t
SXNSIA Ol = OFAl = . . :
=8g+ 2FE MSA2= 0l =3 8 O is set of feasible solutions
= | = = 9 { is iteration of algorithm
o EtA4 TS BAXOR E0 LD ZIFsisSe =2 | e i
11 ParetoF2’ =0
12 InputF2 = ParetoF2°
References 13 While (OptF2 = InputF2). do
1) Ko,Y.D.,& Song, B.D. (2019). Sustainable service design and revenue 14 if (CS(e) has a feasible solution). do
. } . . 15 X* = ParetoF2'
management for electric tour bus systems: Seoul city tour bus service _
and the eco—mileage program. Journal of Sustainable Tourism, 27(3), 16 0=0 U {X%}
308-326. 17 forallx € O
2) Fan,Z,Li,H., Wei,C.,Li,W., Huang, H., Cai, X., & Cai, Z. (20186, 18 if(X*>x). then 0=0-x
December). An improved epsilon constraint handling method embedded 19 end if
in MOEA/D for constrained multi—objective optimization problems. 20 t&<t+1
In 2016 IEEE Symposium Series on Computational Intelligence 21 InputF2 & InputF2 +ParetoF2'
(SSCI) (pp. 1-8). IEEE. 22 end while
23 Refurn Result of Set O

System Optimization & Application Lab. m
Kyung Hee Univ.
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N Result: Pareto Solutions
F1 Obj (population) F2 Obj (km)
1 45970* 16.99635 . .
Pareto Optimal Solutions
2 43817 17.02003 21
3 43036 19.92197 N
4 33465 20.14169* h
* F1 Single object2 T+ 2 [ L}-= optimal solution
** F2 Single object2 T2 I LE= optimal solution
CPU Time: 11.23 sec ‘ 531009 34000 37000 40000 43000 46000

CPLEX 20.1.0
Computational Environment: Intel Core i7-10700 CPU, 32GB RAM

F1

System Optimization & Application Lab. m
Kyung Hee Univ.
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Result (A Zt3}

Facility location

F1 Max F2 Max

15,26 3,13,26

11,27 4,6,7,27
4,6,10,25 5,8,20,25

3,5,7,24 23,24

12 13

cgok-dong

Dachi-dong

@
s

Samjean-dong

cgok-dong

D142

cs2Bl ™

Pai-tdang

Dagchi-dong

2
®
cs17 cs18
a7 PEA,
s L
R |
e © ® cs1st o E
5 S 29
& D140 Irwon-dang
i9
- ®
C-.--u-n-n-u

Samjean-dong

F1 Max

F2 Max
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Result (A Zt3}

T=1<

Facility location

T F1 Max F2 Max

—

15,26 3,13,26

2 11,27 4,6,7,27
3 4,6,10,25 5,8,20,25
4

3,5,7,24 23,24

Sum 12 13

O T=101 =i AH(0l&

logok-dong

D120

M2A pi4g €528 e

@ @
Dizs Poi-dong Dizs Poi-dang
L L
Eql 130

0.‘\\"I1!||'|J

Samjean-dong

ogok-dong

Digg (528

Samjean-dong

Irwon-dang

Dizo . csn

F1 Max

F2 Max
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- Result (A Zt3}

T=2<

Facility location ®

T F1 Max

F2 Max

—

15,26
11,27
4,6,10,25

E- S VS I S

3,5,7,24

3,13,26
4,6,7,27
5,8,20,25
23,24

Sum 12 13

logok-dong

O T=101 =1 AHI0IE
O T=20i ==l AHIOIE

Poi-dong

M24 1gg c528 T

&
Des
nza D32
&
(514 "
139

Samjean-dong

ogok-dong

Pai-dong

Samjean-tomg

( D123
D47 e
0 L
< . {511
R
o i &
142 01490 Irwon-dang

F1 Max

F2 Max
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- Result (A Zt3}

T=3<

Facility location

T F1 Max F2 Max

1 15,26 3,13,26

2 11,27 4,6,7,27
3 4,6,10,25 5,8,20,25
4

3,5,7,24 23,24

Sum 12 13

O T=101 2t AHl0IA 2 A
O T=20 %12 AH0l&
O T=30i FJi= AH01& @ @
Aae
Far T S

o130

Samjean-dong

Irwon-dong

ogok-dong

Pai-dong

D130

Samjean-tomg

D120 Irwon-dong

F1 Max

F2 Max
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N Result (A Z=h
T=4 < [}
&
Facility location ® e
T F1 Max F2 Max o D3t @
1 15,26 3,13,26 P @
2 11,27 4,6,7,27 A2 u®% L
3 4,6, 10,25 5,8,20,25 . '® ok X 3
4 3,5,7,24 23,24 it .
Sum 12 13 ® . Y 7
ps3 D32 .
O T=101 =2t AHOIE @
O T=201 S8 AF0l& A
.mmu-.
O T=30I ==l AHIOI&
@)

T=40ll Itz AHI01&

Pai-dong

Sam|jean-dopg

ogok-dong

@ Samjean-dopg

Depos
@ 5
G516 2
47
= - &
@ oute 4
e . ]
2 L 1140 I 4
o
0-.-m-<lu|-g
131 ® -

F1 Max

F2 Max
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Result (A Zt3}

Result

Ceva =1 Crvet =2

F10Obj F20bj F10bj F2Obj
MItH =) (km)

M=) (km)

F1 Max
F2 Max

45970 16.99 42846 11.25
33465 20.14 33379 15.33

T=10ll =Jt=l AHI0IE
T=20ll F=ot=l AHI01E
T=30ll =Jt= AHI014
T=40ll =Jt=l AHIOIE

O0O0O0

F1 Max

F2 Max
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Bi-objective, multi-period J|B2| &=2| X
MEIA WA KGR S22 2K E AL Z case studyE I EtH S =S ZE0IRUS
SN AHI0|E 2 HBH, MHIA S AlLE2IL, G4 HI2F S= BHS6H= Pareto optimal solution=0] EE2&US
EHE 24401 D1gtst

+2+O| optimal solution =2 M &E CHE network configuration= X|L|0H, 2} configuration 2|

MEIA & AL Z2EE X3 JtsE
AH| L AHOIE Y 2t & 2 parameter (R, coverage level )2 &6t M=0| 2R

IR0 2+
Ololl =c| X[ &t 2

NBIA EHHE 2l
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