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Abstract

Successful management of a business requires appropriate decision making that considers various factors such
as information technology advancement, sustainability, and uncertainty. To survive in this fast-changing business
environment and secure a competitive advantage, business enterprises must design efficient supply chain models,
increase profits through optimal cost management, and provide services that can satisfy customers. Recently, for
corporate sustainability, companies need to design supply chains that consider not only economic factors but also
environmental and social factors.

In particular, the use of mobile phones, which belong to small IT-based electronic products, is increasing day
by day, and as a result, mobile phone producers put various products on the market in a short cycle to satisfy high
customer demands, which shortens the lifespan of mobile phones and rapidly generates waste mobile phones.
Accordingly, various ways to increase the reuse or recycling rate of waste mobile phones have been introduced.
Given these trends, this study aims to design a Sustainable Closed-Loop Supply Chain (S-CLSC) model for
mobile phones and propose a solution to optimize it.

First, an analysis of the mobile phone supply chain employed in the existing research revealed a lack of studies
that considered the S-CLSC model in the mobile phone supply chain structure. Therefore, bearing a realistic
mobile phone supply chain in mind, this study designed the S-CLSC model that considers the raw material and
module production stage for mobile phone production and the collection and recycling stage of waste mobile
phones. Economic, environmental and social factors were taken into consideration for the sustainability of the
designed mobile phone supply chain model; that is, the design considered maximizing total profit (economic
factor), minimizing the total amount of CO, emitted during the transportation and production process of maobile
phones (environmental factor), and maximizing job opportunities, reducing unemployment rate and loss day when
adopting new technologies (social factor).

Second, this study proposed a Hybrid Genetic Algorithm (PHGA) approach to perform numerical experiments
on the designed S-CLSC model. The proposed PHGA is a combination of Genetic Algorithm and Cuckoo Search.

As a result of comparing the S-CLSC model for mobile phones designed in this study with the existing mobile
phone supply chain model, the S-CLSC model turned out to be superior to the existing model in terms of overall

profits. Furthermore, a comparative analysis using Pareto optimal solution revealed the superiority of the proposed

Vi
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PHGA in terms of the ability to search for the optimal solution. However, in terms of computation time, the S-
CLSC model presented in this study turned out to be slightly slower.

The S-CLSC model and the mathematical model employed in this study are expected to contribute to designing
an efficient supply chain for the sustainable management of mobile phone producers. Future research will
consider more diverse aspects (e.g., environmental and social factors) and seek to enhance the practical

application of the methodology employed in this study by collecting and using more realistic data.
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H 1&8 HE

1.1 329 HiE & 224

g2 Xgod Jt= U J1g 2t S48 M2 Qg JIge ME M4, R8s %
SSUHA 2Mets HH22 M2 2M £ DHIE 2MeE JIYsS0H 22222l(Supply Chain
Management: SCM)2| SA2 2K =10 UCH
SCM2l JHE 2 1980 = Oliver and Webber(1982)0fl 2/off MS2Z AZEU2H, 0lF=2 E2
HARXS0 2ol Crest I8 =0] MAIZ O 2CHChristopher, 1992; La Londe et al., 1994; Mentze,
2001). gt o=z sCMe CHEtAH(Multi-stage)2 & &0, 2 A4M == (Raw Material Supply) Ol A
AZSHH HMS 4&H(Product Manufacturing), =& I H (Distribution Center), Z~0H& (Retailer)S HM A
EHOZ D2M(Customer)0il MBO0l MYE MNMXS [LE BSS EEG6HH, 0148 =8RSS
3Gt Do ZMEE =0l= XS LSHCH (B4, 2006).
200080 SOHAEANMSEH ‘HII MIIEXHS2 22 M0 28t 7 XH(Waste Electrical and
Electronic Equipment: WEEE)'?t SEAS0NA SH0HE= SAXHSOH CHoi =& 23 AHel

M
O
I
o

s

HIETME RH=E AHE HMSH Xl & (Restriction of the Use of Hazardous Substances in Electrical and

Electronic Equipment: RoHS)’ S0l MEZ AH:EZHANREH SCM =FSE0 O &8 2

THOb MEA MAUA EZIACH £ DMol MetZF SFa) MSALZ0 e 214101 B RS A
DEtZdAEol MBS0l s 2401 =0tXAH =AU, 0lz 2o dSHQ SsCMe =2Fs S9!
= Y & (Forward Logistics: FL) 270l S 25 (Reverse Logistics: RL)E S& et H AR X3 = 2 (Closed-

Loop Supply Chain: CLSC) &2 2240l S ULCH

¢l CLSC 2 =27 =82 sl ZU. FL HHAN= XM 32, M3 A

UutA S
HAHAE A™ 220 ME2 NMEEHD, RL HHOWA= =& HEH(Collection Center)ES Sl
DMOZLH MEE MBS +=HGHH, 2lAIOI2E HE(Recycling Center) 52 2 =4IE (Recovery

o

Center)OiAd= =H=E HNS2 MAHelHA THALE Jts MEZ& 2XAIE(Secondary Market)Oll
MEOHGt (2 Y=, 2016) MEE Jtset 232 UMM =M S=otAU 35 2Itsst
HEZ& HIIECHAmin et al., 2012). 0/t 20| FLIt RLE HHSH CLSC2 &2& 292 <l
Crst Z20H0IA AR S0l DS ACH (Fleischmanna et al., 2000; Wang et al., 2010; $t2 S, 2013; Chen
et al., 2015; Fathollahi-Fard et al., 2018). OIS &+ HE=E2 CLSC Z2Z A0 JUAHAH I

JMAHQ =EEOE Ottt B X2 =HS gl dote A0l 2Ro6tls AS Mot RUCH
ol SdHe =00 UMA HS2 M2EE 2 MAIESS LdgezZm &3 He 0l01Ke
Jlgez Ase = I 20 J1g3dE 30 =501 2 =+ UACHMin, 1989). SHXHQI
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EMHZE 18t CLSC= FLO 0K CHAHQl n2Hoz L
Used Product)l &ZJts&0 &=3ot2 UL =

S X (M & Z(Recycle), i AtZ(Reuse), H J|(Disposal))2 2
20002 0l =

==
— TT

oo XNZIsSsLYEMAHAZ A 2/(Word  Summit

= M Z(Returned Product or
£ HES 3AA M IX
SICHEIR 5, 2013).

on Sustainable Development:

WSSD)0ll Al XI5 0ts & (Sustainability)= 0l AICH2l S28t 01%Z2 WHMREAM XI5 Jlsst H=2

=22 (Sustainable Closed-Loop Supply Chain: SCLSC)0il CH&t &0l = =O0tKIA ZRUCH IJIE2
CLSCUHM Z2A=2 S3E, Atald AN 2st I HECI HEQI 1SO1400110 SA80002 &2
BHEIEIAIAE L= MIE AMAHES IA6tD Jls A2 IHE HEXQl SCLSC &S0IChH
(0124, 2015).

SCLSCO|gt CLSCHI M EHMZA R °I(Economic Factor), & & 2 Ql(Environmental Factor), At3| & 0l

20OIl(Social Factor)2 &M 1efol HEIIH2Z CLSCE XI= JsSotAH &elote

= 20|18ttt (Mota

et al., 2015; Sahebjamnia et al., 2017; Ozceylan et al., 2017). SCLSCHI M= ZH A, 83X, At A R0I10]
N2 &% oEFQ ZHAE IO, M R0l 2% SEHZHOHOF XZItsHE2 008 = UL
(BE3 2, 2009). Ol et =2 =0 SCLSC 22 2= 2 20 st 2 H2S0| 2o

&l

[

HEl D RUCH (Devika et al., 2014; Santibarez-Aguilar et al.,

Ozceylan et al., 2017).

2014; Mota et al., 2015; Zhalechian et al., 2016;

O BHAE QL= =2 CLSC 230AM 2dot= & 019= =03 (Maximizing profit)ot=
ZH &2 3HIEZ =z 2A3H(Minimizing Cost)ot= 2ME LH=HAM Ded& 0 QUACH Devika et al.
(2014)= SCLSC =22Elol st HAHE DHIMCH, BHMAFC ooz 2 dHS2 1EHIE,
Meldlg, 28818, =889 &= zAstctes =cl28 = MAIGHAL Talaei et al.(2016) & <0l A
HAlSt SCLSC 22 FMAQ 0l%2 DZUIE, BiilE, MEHIE, Meldl8 S 1ot

SN, 38 ols DHst HRE JIE A1S0AHE SCLSC 2 &Sl =S EUHAM BHEE=
COEM HZE L= 38 UHUAM HES = COES 1DAHGHRUCEH Lot YR 725 (Paksoy et al.,

2011; Arampantzi et al., 2016) OlAl= CO, Xc2lHIE2 1i6tRUCEH Paksoy et al.(2012)2] SCLSC
LM 22 2 HES 3ot HFUA HIED= COEE zAsdcte 2RES
HAIGIA 2O, Ozceylan et al.(2017)2 AP0 A= SCLSC 2ol &2X 2d2 <ol 229
HESID SH 2t =SUFHM BHIEZ= COEN MM = 3= MEHUHAM S22 M ¥
Helg M BiEs= Co 2 42 DHGHALT

AT, AFSIE olozEs JIguHA Adls o 2 Al 2X2 I8 s8I £= J|I&
2 xtelel Iz 24, HRE St ALYE (Unemployment rate) S =& A0 L Devika et al.
(2014)2 HZSM HII dEHUHA ADl=S TS U M8%= Xl =2 26D, 2
HNHEaedsE FAZol= SCLSC Z2E=  HMGHRUCEH Talaei et al. (2016)21 HA0NAM=
HMESHOA MEE= DF Liel == Hs IJtsst dAel =, MM, HIIMEHUA Y85 =
AEAALE AIGIAQ Q0102 1248t SCLSC 2 S Mot AL

N
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stH (2] Ml JHKl RS 2 G331t ZCh Santibarez-Aguilar et al.(2014)
ARUAN= =0/ 5 HIES JHEL R0 SWHEY HEBRIUHA BIEE=

A
.
Co &t Xl JISE SZHQ R ARHQ ez 22r st SCLsC 2¥

DEs

NI ©+GHRALCE. Mota et al.(2015) H20lA HMIQtet SCLSC 222 JNEUIE, =5HIE, H NS 2=HIE
£ zlAslols MAEQ R0l MEZ MAUMZNAM HHEE=E =24 HALS EAecls S3HQ
A 0A

RO AHEES ZAsoteE AMEHQ 02 &M 1DHGHULCE Zhalechian et al.(2016)
(@)

MNigtel sCLsC ZEz2 ZMAe ooz NIHHIE, MOAHIE, ==HES Egst & HES
FAGHUCH, SEHQ Q02 =S NENAM BHEZ= COEH HIIS WUXE Dol OIS
ZIASIGHACH DI 2 AR EQ P2 = AYEN 230l M2 ddEs 2Xel Jie %
N d&= dedol 012 = H=tot AL

NS =20lA 2<01 sCM2 et HAZ 11 28 A0 U 2o 2 XS &

= ACH 0IE &clot®E 18 1-11 &Ch

i Closed-Loop Supply Sustainable Closed-Loop
Supply Chain Chain Supply Chain
L L
15982 2000 2010

d81-1. sCMel Z M tAE

SCLSC Z2E0l 2ot = JIE&E 2SS stAHES dloty sl &
AWM, HREE JIE 2301 BMA, S3He R0t =2 JDAHGHUCH
Fihimnia et al., 2013; Talaei et al., 2016).

SN, ZME, 3H, AlglH 0 2SS Jdst JI&E d718: €2 EMot

= 0

o2 t=sA z &g (Multi-Objective Optimization) 2K 2 oHZotA 210 S X & SH(Single-
Objective Optimization) 2Kl Z2 o Z 6t UACH(Pishvaee et al., 2014; Zhalechain et al., 2016; Ozceylan
etal., 2017).

A, GiE=2 HARS0| Jtatel 832 JH8s SCLSC 22 =2 NOtotA 20 (Talaei et al., 2016;
Saffari etal., 2015) & 2 X0l XS0l CHEH AMAIARE DHAS A2 A2 gL
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SCLSC Z2Ys SE2X2z 2eldt)| ol =5 -l JUAM CLst =5 MHEsS DdE
SHAH 2t & HH S (Normal Delivery:

ZRIt AUCH JIES SCLSC HERZA 2EL0M=E FL & RL 28 & 2t &
NDL)2HOl Z=THSIRAXICH eIyl X HEBSH Il LAMe=Z Qo M AE HMIYHMA
AZEN SAHAQ SFHH E2 AMES AKX @D B2 HMSS A0 = JU=s =22
0RO Otsoi /O =2 S0A 2cte!l MS A0t 236t Y= &=0lH, oledst =2kl

= MEGHOUA DXz XHE M X (Direct

Shipment: DSP)ot= 410l JtsoH™2M, 012 &=2 & B0l Mt SCLSCOIA NDL2H DSPS
=

=
EF HH, AME S22 HAM D0 MBS dLEot= LA0/0, DSPEt EHOH Jtsdt ME8S S22t
=& G SJRAHEH, A0ES AXA 21D B2 DXH0H HHSdts & A0l
Chiang et al. (2003)2 0| M Z(Dual-Channel) 22 UIER A &2 HFNAM HS JAIIE

/ol DSPE XN OZ AEdt= A0l 27 UHIERZD M2 =0 SuA0letd =EGHALCH Hua
et al. (2009)= =2t2f Ul JHel AlUtel2E Ol=ot0d DSPt A0HES ZRot= NDLE

d2, JtA 1 2lEEtY(Lead Time) SEHNA HHEH CHEJIE HIWEAGHALH 24 210 NDL 2t
Dedote AE0 DSPIE NDLE &M 1eddt= A0l MEB OrAEeH OtLlet clEErd S
ZAAI=0 S4F0I2t) SAGHUCE Yun et al. (2018)0IM= CLSC Z22ENAM HE2
HAM ZHHHMEHE Soi 220 NMZot= NDL MELHMOUAM HS2 B2 220
HdELl= DSPE ot l, Lot RLOIA 3l== M3= MAH XM (Remanufacturer)S ol 2Xt
ANE0 XHLSt= NDL2L bt XL6t= DSPE 1J2otRCh =XIWNE Ss A& ZI CLSC
2e9o xXFE <Iof NDL & OtLlet DSPE &M 1eddte= 2401 HIE SHHOM o
SWUHO|I2te NS USOIAULCE Chen et al. (2018)2 &t= El
HIA EFOIHE &Eot)l 2ol NDLet DSPE &M Dot
CLSC Z2Z2'ut NDLYt DSPE &N 1efst CLSC 22 = dluw =245t NDLet DSPE &M

4

é
e
_O'ﬂ
rD
=
-
12

= 972 =H2 1L1Z0lM HMAIg JIE SCLsC Z2Eo stAHES =
= CHet At 1E W HMAIGHH 1 8& HE s=E2
=0l A 8tCt OIE RAoHA Z2HHY Z(Mobile Phone)2l 4t 2 |E SHE Dedst FLI ALE

Xelol 2tst RLES Sget SCLSC Z2Z2= MetstCh Mgt SCLSC R UAMesE ZBHA, A,

nx
X
ol
kJ
P
ol
2
Jm
ol
|1
A
1A
e
=
O
<2

AMlH ROISE & Ddoti, 0l Ch=H £ X 3t (Multi-Objective Optimization) = Xll

il
%
vy
ol
N
s
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BN, = ZH2ES 28 CLSC 2= MAlet JI& H4=S e = 018 H42 SE=S
SAEHCH 02 Sl & E sCLsC 228 ==&t

=M, 2HteES A8t JIES SCLSC Z2Z(SCLSC-0)1 = AFO0IA HMAISH JH&=E SCLSC
ZE(SCLSC-N)S UERZA gtz +4otH, 012 22 U=H Xz 2HE HAISO = Al
JHA QB HE, 3 H, Atsl® o)E & 108 SCLSC-O ¥ SCLSC-N 22= & A ST

AIRH, SCLSC-O%2t SCLSC-N 2RE= HAol)| e =2l2&(Mathematical Model)S Al Al SHCH.
=

2A2tol 222 Ml I QUM BAX, AEE 20)2 2o SHELEZ HAIGHH,
SHE4+E NS of)| st CHYst MAEA(ME SO, FL, RL 2t S 2F 52 HYXAH, 2
SHNA HETE SHISS RAEA, HAS, MES L HIIES HIE HAXA S)2 IHX
SICk

SR, SCLSC-

2t SCLSC-N 2% 0Oldi= <& BE=clAE(Metaheuristic) I8 =S HIQHstCE &

O
ARNME S RELDe|S(Proposed Hybrid Genetic Algorithm: PHGA) & 282 M50, PHGA

Hd28= Soll SCLSC-0%t SCLSC-N 2Z!

ChA M, Atdl HR0M= CZst AJIE SCLSC 2= JedotH, MetE PHGA
0lE0t0d SCLSC-0%2 SCLSC-N 2o a5 Hlu =48l &
Ch=& 2 A3 2H0 20l AI2EE= IHHIE = X6 (Pareto optimal solution)E 0| & 8HCH

AL0A  HOtE PHGA #IZES <2xd= &SotJl 2ol Gen et al. (2009)0l
x x

mHML2[S(Genetic  Algorithm: GA) &Z2&0t Kanagaraj et al. (2013)01 XIC+&t
S N2E(

Hybrid Genetic Algorithm: HGA) &2 &= &M dlw 24 &tCt.
AL
T

HAM, 2 AF0A KMErEl SCLSC-N 220 CHol &

SIHE NDL 2= JhAl= SCLSC-N

HE/ADR & JHA =SMHE(NDLY DSP)= &M JtXl= SCLSC-N UIERIAZ FEotH 222
AT E Hluw At

- DHEES I8 JIES SCLSC-0 ZE 2 HAMA MEetgt SCLSC-N ZEo LS
Hlw =45t = HF0A KEHet SCLSC-N 22| 2482 Sstlih
- JIE G70lA HEet GA HGA EZ28 M = H-0AM Xetet PHGA E2 -2l HluUEAS
Sol = AF0A Xetsh PHGA E28 2 =485 YSEHLt
- o =EMENDL)2tS JhXl= SCLSC-N UWIERAR & JtAl +==IHE(NDLZt DSP)S
<

ol
=

JIXl= SCLSC-N UIERZS =AEE
DSP)S &M JtXl= SCLSC-N UWERHHIS f+=4= YSs&tlt.
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H 2 & 2HIEESE {8t SCLSC 22 &)

= Hllds Z2HIEES 88 2c
Metst CLSC (SCLSC-O0) Z2€= ZHEStCh. =M, SCLSC-02
g HI8tCH SCLSC-O0 222 &M =2 Z2HeEZSE ?Is 5=

E
22 AW ZHEE SS20 e JIE 2> IE 9,

|IE P8t SCLSC ZEs &HAettt. HN JIE HAF0A

2007)9t B 2 2HLE Z3Y

a8=S Dot MeHStCh SCLSC-N 2EE J|IZES SCLSC-O0 ZE0UA Dcdst &0l HO|

DHEES =, MAIZ, HEgE 2HE FJlotl LotA2H, 012 28 as4dS JHEot)]

4o
0
J

=2 2 E AOIG Z2HEE ALE BIE0l =230 =0tX
SAI AJIDF B O #OEXL

AEXS O =0t 200 -2 Qloff =r0ist 22 HJ| 26t
=

&3t2 Qo 2HtEE MHS

et al. 2017) =2 & AIA HII| & XA

28 8AMS 1T &4 MS

O
AESEDN B +EFJ)l= HY| ZH2E 2dEds S
mol =, 2, Ects, Fel, ZEE, ¢l

58XOR 2lg TR AUCL US| FR0ME 20055 2E Ol2i8 BI| 2utLEol s8X0l
c <

|Z& A (Jang et al., 2010; John et al., 2018; Ahmadi et al., 2019)E 24i6t0f & H StCH.

Y
30
o
kA
ro
S
Q
i
S
10
0y
02

=
o
o

=2
x
I
3
>
r

(2
85% O|&0l ZHIZES AEotd UL, ZHIEE AFE XS 30% 0140l 2HIEES & M3Z2=2
OF UEtGCHet=2E H4, 2018). MetA ZHHEZES =2
JHAIPlE ReZ 00X ALH, 2HEE

02 o
(]
10
S
oy
Jp
Bt:
e
(=)
c
fal]
02
ro
tO

R

0

N
o
Hl
oo
m
(=)
$0
S

2H2|E ol MAX M THEEHM S (Extended Producer Responsibility: EPR)2| [H& Z25°2=2
Qe EZ NESIACHASA 21, 2007). ddLE OFADNX HIDOI ZHILES =M L WEE2
HAHCZ OIRUXIA 210 UM, S5l W HII ZHLES =) 2Y HRE0l olsS
AMBTUZLH OIFUXILD UIJ| W20, HOI SHLES =) 0|2 THEE E2 MAIE0| MU=2
OI2 XXl &1 ?AEP(%‘JI%* Ql, 2007). 2= HJ| ZHILE 2= =0/J] Aol HE SRst A2
Meas L HAIES D28 DY ES| CLSC 220t Z 2 6tCHThavalingam et al., 2016; Xu et al., 2016;

John et al., 2018; Ahmadi et al., 2019). £t =2 AT UHA 2L

A0 22oH OIFHAILL AKX, OECD =Jt & 2Hte
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3= & Xl (Raw Material Supplier: RM), 2& Xl & & Xl(Module Manufacturer: MM), HI& Xl = & Xl (Product
Manufacturer: PM), = F4lE (Distribution Center: DC), 0l 4! At XH(Telecommunications Company:
C), tHel & (Retailer: RT), 1) 2H(First/Secondary Customer Group: CG), HJ| 4l Ef(Disposal Center: DP )2t
2 8 SAHZ O0IFAHXN L2 UL FMEBLZ HHEH, SCLSC-0 222 FL S&2 RMUA
HEE FXNME MMOl SSote SHRE AEGIH MMOIA ZHIEEN ZRS 2 LESS
AFSHCH MMOITA MALE D &2 PMO S26t0 2UILES MASICH PMOIA MAHE DHILES]

=2
al%= DC, TC, RTE HHMA zSH2Z CGlHl 2U0Xs ESH

—

oon

0z

02%(=1- al%)= =2cte! =2= S DSP =& A2 0]
SCLSC-O0 222 RL S&2 CGUA AtE=Z0 t 22U ES y1%= DPOI 22U B
Mel= 1, v2%E=1-v1%)2 MAFS Jtset 2HH2E2 RTUHA =18ttt =HeE 2HeE2 Hedt
HAE HES AX O 4501 2=
B2%° Z2HIZEE M2 BEHHMEAM HII Xcle
Olet &0l ZJI8 2 (2007)2 7%t M ZHgE 3% &&= 1doil SCLSC-O0=
MIAIGHALCE ot X2t =L 28t =
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QutgEs Mot He=dt 45 HLE WHE= MM CGHl Z2Hr2== ME0iotd  XHE Ok
=}

DPOIl 2L A= 210l SL0ICH Ol AIE2=FH0l 2 ZHIEES 8822
P\ 0

3otk 2ot Ulls H#= 20letth. =M, JIE2 SCLSC-OZE U A= CGE 1A I
Z1&(First Customer Group)dt 2Xt 128 T1&(Second Customer Group)S =2 SHHZ &M 1DHGHLD

2
ALH gt ez 11X 1028 1829 20l ZBIZE dMSS F0E fgt A5 20IotH, 2t

2 1 ds0 3= MAE Z2HteEs 06l fg 180101 HE0 01 =2

Olet 201 JI&ES ZHEES <8t SCLSC-0 28 2& ZMH&ES H4&st SCLSC-N 2& JHE0|

2 ZilMd=s 2120AHd MAE 2 Z2HEES 98 SCLSC-O0 220l ol 22 JIssS
Folot) THALE 2 THEE JIsS S8AIZI HEE FEHSl SCLSC-N 22 S HeHsttt OIE <Io
MM JIE AP S(Jang et al., 2010; John et al.,, 2018; Ahmadi et al. 2019)0il A HICtSH CI2Fst HEHES
S IHEC
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Manufacturers

Consolidation
center

Drop-off-
center
Commercial Second ’
B . I End-of-use ---
customers
End-of-use >

MNon- reusable
1
1
1

= 3=8 = 24 A= Solil MASsHAL,

ol = FLE HHZ 3= 2UWA HeEESots EYHE Metotd ACHJang et al., 2010; John et al.,

J

Olet 22 &&= 1ol SCLSC-O0 22= Jf&et SCLSC-N 2= & &tCh M erel SCLSC-

my
[

N 282 dXHO UWERAZ Fx= 1O 2-61
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I a;_, %
X
2 — i — [0
Raw Material Module Product a,%  Distribution
Supplier Manufacturer Manufacturer Center
[ & ‘
1
o ,
Recovery ,i,
Center
]
< B o - [
2/ 7 :
Secondary Collection Frist customer Retailer  Telecommunications
Customer Group Center Group Company
11

Disposal Center

8 2-6. & AF0IA Hetel SCLSC-N 28 #x & =27

18 2-60lA 20 Xl= SCSCL-N 2&2 FL= SCLSC-O0 22| FLUt &2 HH(RM, MM, PM, DC,
TC, RT)0O 1Xt ZD24(First Customer Group: FG)2| EHHE FIIot0d LDHAIMCH SCSCL-N 29

FLEH= RMIt MMS Sofl 2HZEE M40 2Rst 255 2= 20 i MSS 5 JHA
+=SMES 0l=ol FGOI el 2N NDLS OlEdH al% BIES ZHIE2ES DC, TC,RTE Sl

FGOI =50otH, 2%(=1- al%) HIES Z2HIEE2 FGZRH 2c24els Soff === 22 US

DSPE 0Ol&Z0dH FGOl bt =&¢6tCh. SCLSC-N2 RL ©JHl= SCLSC-0E JH&otH FGERH
ME=Z0| 2 UL ES #=0{6tD| gt =& HE(Collection Center: CC)E FOt3UL A FO=2

AE=Z0| 2 51% HIES Z2HIEE=2 FGOIA CCE Soll =HotLl, §2%((=1- 51%) HIE2
HOI 2HEE2 Bt2 Ml €82 HAXAL Z0A 2250 Q01 20 0lE DPOIA Xcl

=00 JHEGIRULCE CCE SolAd =HE ZHIZEZS 25 d=ZYMCl 2 S H B (Recovery Center:
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® Index Set

r: index of raw material supplier, r € R

m: index of module manufacturer, m € M

p: index of product manufacturer, p € P

d: index of distribution center, d € D

b: index of telecommunication company, b € B
t: index of retailer, t € T

u: index of first customer group, u € U

f: index of customer group, f € F

w: index of disposal center, w € W

c: index of collection center, ¢ € C

v: index of recovery center, v €V

s: index of secondary customer group, s € S

0: index of module o € 0

j: index of job opportunities, j € J

e: index of unemployment rate, e € E

I: index of lost days caused by work’s damages, [ € L

y: index of technology y € Y

® Parameters
f fixed cost at raw material supplier r
fm: fixed cost at module manufacturer m
fp- fixed cost at product manufacturer p
f4: fixed cost at distribution center d
fp,: fixed cost at telecommunication company b
fz: fixed cost at retailer t
f.v- fixed cost at disposal center w
. fixed cost at collection center ¢
f,»: fixed cost at recovery center v
h,.: unit handling cost at raw material supplier r
h,,,: unit handling cost at module manufacturer m
h,, unit production cost at product manufacturer p
hg: unit handling cost at distribution center d
h,.: unit handling cost at telecommunication company r
h;: unit handling cost at retailer t

h,,: unit handling cost at disposal center w
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h.: unit handling cost at collection center ¢

h,,: unit handling cost at recovery center v

tc,m: Unit transportation cost from raw material supplier r to module manufacturer m
tcmyp- Unit transportation cost from module manufacturer m to product manufacturer p
tcpq: Unit transportation cost from product manufacturer p to distribution center d

tcpy . Unit transportation cost from product manufacturer p to first customer group u
tcy - unit transportation cost from product manufacturer p to customer group f

tcgp: UNit transportation cost from distribution center d to telecommunication company b
tcye: Unit transportation cost from telecommunication company b to retailer t

tcy,: unit transportation cost from retailer t to first customer group u

tce ¢ UNit transportation cost from retailer t to customer group f

tcy, - Unit transportation cost from retailer t to disposal center w

tc,, - Unit transportation cost from first customer u to disposal center w

tcey - UNit transportation cost from customer f to disposal center w

tc,c: unit transportation cost from first customer u to collection center ¢

tcee: unit transportation cost from customer f to retailer t

tc.,,+ Unit transportation cost from collection center ¢ to recovery center v

tc,,- unit transportation cost from recovery center v to raw material supplier r

tcys: Unit transportation cost from recovery center v to secondary customer group s

9J,: CO, amount emitted from a vehicle per kilometer

I CO, amount emitted from production process of module manufacturer m

¥,: CO, amount emitted from production process of product manufacturer p

9, CO, amount emitted from recovering process in recovery center v

VE,: capacity of raw material that can be shipped in one vehicle

VE,: capacity of module that can be ship in one vehicle

VE5: capacity of mobile phone that can be ship in one vehicle

VE, capacity of used mobile phone that can be ship in one vehicle

Jyp: number of created job opportunities, if a product manufacturer p using technology y
Ly number of lost days caused by work’s damages during the use of technology y at product manufacturer p
eyp- number of unemployment at product manufacturer p using technology y

Jyv: number of created job opportunities if a recovery center v using technology y

: number lost days caused by work’s damages during the use of technology V at recovery center v

ey,: Nnumber of unemployment rate at recovery center v using technology y

w?: weight given to the element of created job opportunities j at product manufacturer p

w?: weight given to the elements of unemployment rate e at product manufacturer p

w?: weight given to the elements of lost days caused by work’s damages | at product manufacturer
1 gntg y y g p p
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wj’: weight given to the elements of created job opportunities j at recovery center v
wg: weight given to the elements of unemployment rate e at recovery center v

wy: weight given to the elements of lost days caused by work’s damages | at recovery center v
SB,, unit selling price of mobile phone from product manufacturer p to first customer group u
SP, ¢ unit selling price of mobile phone from product manufacturer p to customer group f

SP,,, unit selling price of mobile phone from retailer t to first customer group u

SP¢s unit selling price of mobile phone from retailer t to customer group f

SB,,: unit selling price of part from recovery center v to raw material supplier r

SB,; unit selling price of used mobile phone from recovery center v to secondary customer group s
a; : ratio of mobile phone from product manufacturer to first customer group or customer group
a,: ratio of mobile phone from product manufacturer to customer group

B, : ratio of mobile phone from retailer to first customer group

B ratio of mobile phone from retailer to disposal center

1. ratio of mobile phone from customer group to disposal center

y,. ratio of mobile phone from first customer group to retailer

&, ratio of mobile phone from first customer group to collection center

§,: ratio of mobile phone from first customer group to disposal center

&, ratio of mobile phone from recovery center to secondary customer group

&, ratio of mobile phone from recovery center to raw material supplier

® Decision variable
Q.- quantity transported from raw material supplier r to module manufacturer m
Qmp: quantity transported from module manufacturer m to product manufacturer p
Qpq: quantity transported from product manufacturer p to distribution center d
Qpy: quantity transported from product manufacturer p to first customer group u
Qp s quantity transported from product manufacturer p to customer group f
Q4p: quantity transported from distribution center d to telecommunication company b
Qp;: quantity transported from telecommunication company b to retailer t
Q. quantity transported from retailer t to first customer group u
Q¢s: quantity transported from retailer t to customer group f
Q.. quantity transported from retailer t to disposal center w
Q.. quantity transported from first customer group u to disposal center w
Qpw: quantity transported from customer group f to disposal center w
Q¢ quantity transported from first customer group u to collection center ¢
Q¢ quantity transported from customer group f to retailer t
Q.. quantity transported from collection center c to recovery center v

Q. quantity transported from recovery center v to raw material supplier r
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Q. quantity transported from recovery center v to secondary customer group s
d,n distance between raw material supplier r to module manufacturer m

dnp distance between module manufacturer m to product manufacturer p
d,q distance between product manufacturer p to distribution center d

d,, distance between product manufacturer p to first customer group u

d,s distance between product manufacturer p to customer group f

dg, distance between distribution center d to telecommunication company b
dp;: distance between telecommunication company b to retailer t

d, distance between retailer t to first customer group u

d.r distance between retailer t to customer group f

d,., distance between first customer group u to disposal center w

ds,, distance between customer group f to disposal center w

d,. distance between first customer group u to collection center ¢

d,; distance between customer group u to retailer t

d., distance between collection center ¢ to recovery center v

d,, distance between recovery center v to raw material supplier r

d,s distance between recovery center v to secondary customer group s

C,: capacity of raw material supplier r

Cy,: capacity of module manufacturer m

: capacity of product manufacturer p

C,: capacity of distribution center d

C,: capacity of telecommunication company b

C,: capacity of retailer t

C,,: capacity of first customer group u

Cr capacity of first customer group f

C.: capacity of collection center ¢

C,: capacity of recovery center v

C,,: capacity of disposal center w

C,: capacity of secondary customer group s

vr,.: takes the value of 1 if raw material supplier r is opened and O otherwise
vm,,:. takes the value of 1 if module manufacturer m is opened and O otherwise
vp,- takes the value of 1 if product manufacturer p is opened and 0 otherwise
vd ;. takes the value of 1 if distribution center d is opened and 0 otherwise
vb,,: takes the value of 1 if telecommunication company b is opened and 0 otherwise
vt,: takes the value of 1 if retailer t is opened and O otherwise

vc,.: takes the value of 1 if collection center ¢ is opened and 0 otherwise

v, takes the value of 1 if recovery center v is opened and 0 otherwise
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vy, . takes the value of 1 if technology y is used at raw material supplier r and O otherwise
vy, :takes the value of 1 if technology y is used at recycling center v and 0 otherwise

IS et IMetHEE SJAIZEEHSE AIE0tH SCLSC-O0 2210t SCLSC-N Z2E 9
=cl2EsS Ao 2B H BN SH g K= JMEQ RS DAHtH =
0l (Total Profit: TP)= ZlHstol= AOICE TP= NS(RES)2 ST0H0I2(Total Revenue: TR)HI M
SCLSC-02| A2t &HMBt= & =381 &(Total Transportation Cost: TTC), & X 2lH|IS(Total Handling

Cost: THC), & 1 &8HB|I&(Total Fixed cost: TFC)2| &2 i ez AHMIRULCH F H SHES
F,(x) SZ2&el 05 NdotH 2 A 2to =SUE UM BHED= 3 CO,E(Emitted CO, in
Transportation Process: ETP) = PMUIAN ZHIEEZS Mo [ HHED= T CO2E, RCOIA
LU ES 3=ot=s HENA BIEZ= 5 COE (Emitted CO, in Handling Process: EHP)2| &=
Zastols S SH2Z ot ACH M BHM SHES K= A& 015 xMstcts
21010, PMIt RCOIM &Dl=2 T2g ER d4EHs 47 ZX2lJob Opportunities: JO)0I A
A8 2ol E0EE=E 22l £= AYE (Unemployment Rate: UE) 1t =4 2 =~(Lost day: LD)2)
SIS Ut 2102 HAE UL

X SCLSC-O REs st +=cI28S &HSHC SCLSC-0 222 Crakst Moz otolA Al
IR SX8g+E zAGAI= A0ICH

X B 2X&4 F(x)= SCLSC-02 & 0/2(TR_SCLSC-O)0l A & DEH|E(TFC_SCLSC-0)
= X 2IHIZ(TFC_SCLSC-0), & #Z&H|E(TFC_SCLSC-0)Q) &S # 2O 2 HALEM, 0|2 Esi6HH
F=Al(D)DF 2L
Maximize F;(x) = TR_SCLSC-O — (TFC_SCLSC-O + THC_SCLSC-O + TTC_SCLSC-0) Q)

F=A(DOIA TR_SCLSC-O= PMOIA CGOIl AE +=&5He 2HI2ES S+ QU 2 HAHE
HAMA RTOHIA CGOUl +=&5s ZHIEES S (Q) 1 222 HOUIIE2Z SPy,, SP 22
FHEO, 0l E&otH 422 2Ct

TR_SCLSC-O = Q% SPy; + Qs * SPy; (2)

SCLSC-O0 R E°o & FH|IE(TFC _SCLSC-0)2 2 ©H RM, MM, PM, DC, MC, RTOl Cist
DEHIEY HEHREZ2 FLELD HE =% RM2 LDEHEE PM 2 LDFUIE( f )t
HEAHRwn)2 HAECH 0IE HSotH =A/(3)2 2Lt

TFC_SCLSC-O = Y, fy vy + X fin - VMt
Ypfp VDp +Xafa vdgt
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Ybfb Vby + X fe vt (3)

SCLSC-O 222 & XHMc2lHIE(THC_CLSC-0)2 2 &H RM, MM, PM, DC, MC, RTOllAl Z&ot=

= HMeldl82 RMUIA 28 AL

ol

Melggd HEWRE 2deEth HE S% RMOIA 2
XMeldlZ(h,), Mel=2(C,), RM HEHR@wn)2 HLHEDH 0l HEotH =4/(4)2b 2L

THC SCLSC-O= Y, h,-C, v + YXphpy - Cpy - vM,, +

YphyCpvpy,+Xahg Cq-vdy +

2php - Cp-vby + X hy - Cp - vyt

Yw hy - Cy 4)
SCLSC-O Z2Z9o 2z A2t Z2HigEsS dgg [ ZMol= & ==SHIE(TTC_CLSC-0) 0
CHoll =AI5)HA HEIUCH HE =8 RMOUIA MMOI 232 222 [l &2dot= HlE2 RMOIA
MMOll 5= 228 i SAY =3HI3(

=

A e HR(vr., vm,)SE LIEHHCH

TTC_SCLSC-O = ¥, Y tCm * G 1y - UMy + Xy Xty * oy * UMy = VP, +
YpLatCpa - Cpvpy - vdg+ Yy Yrtcyr ay - Cpvpy +
Ya 2p teap - Cq  vdg " Vhy + Xp Xt tCpy * Cp * VD * VEF
YeXftce Py Co vt + Xp Xw terw ¥y Gt
Yr2etcre Vo Cr vty + X Xy tepy - B+ Cp - vty (5)

= U =2Xs

Fy(x) = SCLSC-O 2ol CHH2F 2zDFNA HISZHs Co
(EPT_SCLSC-O)If 2HIYE Hel BENA BIST= CO,Z (EPH_CLSC-0)22 HALECDH 012

EE5IE LA (6)D 2CH

Minimize F,(x) = EPT_SCLSC-O + EPH_SCLSC-O (6)

2Al6)0 Al EPT SCLSC-O= SCLSC-O 2o 2= AH2t DHIYES 25t BHOA

BHEE = CO &2 LEtHE =20ICt. OIE =Y RMOUA MMO =222 =3ot= UE0UA
I:J

HAE O RMOIA MMIIX & H2l(d,,)2 W& O1S(vr,vm,), RMOIA

nio

tHED = COo.&

MMIIXl Jte Xbes 4(2), 2208 Y HHEDES COZ (9,)2 HAZIH A7) 2CH

VE,

21

Collection @ chosun



(Zm Zp dmp UMy, vpp) ( ) Yy
(Zp 2adpa - Upp) : (a;-Ejp) Uy +

(Zp 2y dpr - vpyp)- ( ) U; +

QaZpdap " vdg - vbp) - (VC—;)
(S Zedpe vby vtd) () 9 +

(ZeZydeg-vr) - (552)-
(ZrZedge-vte) - (B22) -1 +
(Zr Zwdp) (L) -0, +

(e B dow vt (B) - 01 (7)

9; +

AATNOIMC EPH SCLSC-O= MMIF PMOIA SHIZE MABFNAN HIES= CcoS

LIEFS 200ICH 02 S MMOIA BIZ SIS COZ2 Helds 22 & 22(C,), NE Rmy),
SE SILUE MelE I HESS COZ (9,)3 HAED 248D ZCH

EPH_SCLSC-O = Y Coy * UMy = O + X Cy = VP - 5, (8)

H BT =& 4 F(x)= SCLSC-O 2O PMOIA AIBIXQl Q012 D50 249) 9 2Lk

Maximize F;(x)= SF1_SCLSC-O (9)

2] (10)0il A SF1_SCLSC-O= SCLSC-O Z&°| PMOIA AtzlHel oIel &Xtel II&l(jyy ),
&A% (eyp), 8 La(L,)2 PMA HE 01R(vry), PMOI TUE M2 IS (v,) AE 2

2
1

2122 DP%iI(W wEwWh)E S8 gtezZ HAE DN 018 +AWN)HM ESFCH

SP1_SCLSC-O= w’ * [(Zpjyp VI " Vyp) —
We . (Zp eyp . U?"r . vyp) —

W (Zplyp 1 - vyp)] (10)

010

=41 (1), (6), (10)2 Ml JHX SHEE EHSAII|II| ?Ig MSxAHA2 UGS &0
2 Zom Qrm * VT - UMy — X Gy - vy < 0 (11)
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=
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Cr G, Gy, Cq, Cp, G, = 0, Vr €ER,Ym € M,Vp € P,Yd € D,VYb EB,VL ET,

=4l (33)= SCLSC-O 220l AMEEI=

UL
bse =

F () =

4 A1(35) 0l A
2H0 M= SCLSC-O

2

ol 0l 2=y Zd=Ch

=
=)

TR_ SCLSC-N = Qpy

ES

SCLSC-N 29
CH &t

=
=)

DEHIE Dt

TFC_SCLSC-N= ¥, f. -

HAP20A Kt
SCLSC-N2|

0l2!(TR_SCLSC-N) &

* SP +Qtu* SPtu +QUT'* SPUT' +QUZ UZ

HENHF

MHEHR(wn)2 HEHELDH Ol

(33)

SIAFZ EEH %=0t HIR & ==(Non-negativity) 2= LIEILHLD
gt SCLSC-N Z2& 9|
= 0|2 (TR_SCLSC-N) 0l Al

A2 HIZ(TFC_SCLSC-N)2| &S #h gto

22|22 RMAIBHCH SCLSC-N 2o
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o

= =

o
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HEot

o

Z0|

FG Uil

(35)

BIE(TFC_SCLSC-N)2 & A RM, MM, PM, DC, MC, RT, CC, RC 0l
£ T4=Ch

o= . RM2]
= HE5IH $AI(36)2 20

=d JEHIEE2 PMe LEHIE( f, )t

Uy + Yo fn - VM +

Ypfp VPp+ Xafa-vdg +

2pfo " vbp + Xife - vt +
Ycfe vee + Xy forvvy (36)
SCLSC-N 2 g9l & XcZlHIZ(THC SCLSC-N)2 RM, MM, PM, DC, MC, RT, CC, RTS
CHHOA LMol Mels8dl HERz2 PHEC. HE =2 RMOUA 245t HeldlE=2
RMOIA 22 9IY Helbl&(h,), ™el+=2(C,.), RM2 IHEWR(vr, )2 HAECH 01 HE&otH

AAN3T)QF 2O,
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THC_SCLSC-N= Y, h, - C. vy + X Ny * G - vy, +
YphyCpvpy +Xahg - Cq-vdy +
2php - Cp-vby + Xphe - G- vty +
Yehe Corvee + Xphy - Gy vy +

thw'cw (37)
SCLSC-N 249 & £#=&H|ZE(TTC_SCLSC-N)2 RM, MM, PM, DC, MC, RT, CC, RTS| 2 HHHE
Sol £ M3 =32 [ 2d6t=s =808 &g€22 ALED ME S8 RMOUIA MMO
2ES =2 I 2M0t= =8HES RMUA MMO 222 228 M SHRY =SHIE(tem),
RMOIA MMOI B85 & FSE(( ), 2 2H2 MHE HR(vr, vm, )2 UEHCH OIS
HEotH +=4/(38)2 Lt
TTC_SCLSC-N = Y, ¥ tCprp * G * V1 UMy + Xy Yoy tCryy * Gy = My * VD, +
YpXatcpa ayCpvp, vdg + X, Xy tchy, ay - Cp - vp, +
YaXpteay - Cqvdg - vby + Xp Xitey: * Cp - vby - vt +
Dt 2ty GVt + Xy X teye * 61 Gy " vee +
2w Leuw " 62" Cy + X Xy teyy - Cp - vC + Ve - VY, +
Yy 2 tepp &1 Gy V0, VT + Xy, Mg tCps &5 Gyt VD, (38)
SCLSC-N Z2g°o £ BN =X+ Fx) = H3H 2t =3LF0UAMH HiEZ= CO
(EPT_SCLSC-N)1t Z2HIZZE Xel UEUAM BHEE= CO,Z (EPH_SCLSC-N)2Z H4&HEICH 0IE
HelotH =4 (39)1 &Lt
Minimize F,(x) = EPT_SCLSC-N + EPH_SCLSC-N (39)
=4l (39)0lA EPT_SCLSC-N2 SCLSC-N Z22iol 2= 4dl= 2t0l Z2HtedES +=35dl=
HFEUHM BHEE= CO, 2= UEtLE =4l0ICH ME =Y RMOUIA MMOl 232 ==ote
HEHOUAM HHEE= CO, = HAE I RMOUAM MMIMEX & Hl(dq, ), RMI MM JH4
Ol 2(vr,vmy ), RMOIA MMII Jts & X & (1), 22018 2 WEDE COY (9)2
1
HA&ELCH OIE HEot® =4 (40)0t ZCt

EPT_CLSC-N = (3, X dyy * V15 - vMpy) - (%) O+

(Zm Zp dmp UMy, ¢ Upp) ’ (‘f_g;) U +
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(Zp Zadpavpp) - (2) -9y +
(Zp Zudpu vpp) - (G2) 01+
(CaZydap vda - vhy) - (7o) 01 +
(5 Zedpe - vby vt (72) 01 +
(e Zudevt) - (7) 0 +
(T e due vee) - (3252) 01 +
(ST ) - (352) 01 +

(e By dey v v00) - () 01 +
S0 Zrdur) - (552) 01 +

.C‘U
(S o dys vw) - (B2) 0 (40)
=4l (40)0l 4 EPH_SCLSC-N2 MM, PM, RC2| XIZ MAMMENAN BHEE= CO, SHE= LIEtH
A0ICH OIE =% MMOIA BHEEI= CO, SEE HMilie B8 & =E((C,), MHE HRB(vmy),
22 otUE XM2e I tiEZ = COE (9,2 HAtE L 0l E8otH =441 &CF.

EPH _SCLSC-N= Y, Cp - vy, -, +
LpCp- vpp Oy +
Zv Gy vy, - 191; (41)

I

SCLSC-N Z2E° A M =sHE F;(x) = PMOIAZ At3l

= ol  QOI(SF1_SCLSC-N)mt
RCOIAI Sl AFSIZQI QOI(SF2 SCLSC-N)22 RAEC) 012 ESolH £4A1(42)% ZCh

Maximize Fs(x)= SF1_SCLSC-N + SF2_SCLSC-N (42)

SF1 SCLSC-N = W (Cpiyp " VPp * Vyp)-

we “Xpeyp VP Vyp)-

W (Zplyp 0P *Vyp) | (43)
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F=2](43)0l A SF2_SCLSC-N2 RCOIA &lJI=(vy, )2 MEE B2 dlls 2Rl I3 (jyy)
A

MOIE(ey,), EA AR(L,)E 22 HEIW, wl, wy)

i
Il
Qj
=)
o
=
hull
[l
=)
i
el
ror
Qj
|’Cl
4
P>
0

(44)Dt 2L,

SF2_SCLSC-N= w? - [(Sujyw - U0y - By)-
Wg ' (Zv €yy "V * vyv)'

le ! (Zv lyv A vyv); (44)

=4l (34), (39), (422 M IJtX SHEE FHSAIDII RS HAxXH2 OSH &Ch
F=A(45) 0l ==2I(56) K= SCLSC-N Z2Eo| 2f HAH|S 2t2 X2l Jts E= HMefotd UC
Al

| = (45 RMOIA 2= B3 & =E(Qm)2 MM 2F Xl =E((C,) 20

= A
=2 T

=2

i

AU Z0t0F 8tlh= XS 2f0lsttt.
Y 2om Qpn "V vy, — X0 G s My, < 0 (45)
Yim 2ip Qmyp = VMyy " Uy — 2, €y - VP, < 0 (46)
Y XaQpa VP " Vdg —2qCq-vdg <0 (47)
a; 'Zp 2 Qpa * VPp vdg — X, Cy (48)
2aXpQap - vdq - vby — X Cp - vb, <0 (49)
Yp 2t Qe Vhy - vt — 2, Co -t <0 (50)
22 Qv — Xy €y <0 (51)
81 Xudw Quw —LwCy <0 (52)
8y LudicQue " vee — X Cove, <0 (53)
22y Qey Ve V0, — X, Gy o1, <0 (54)
& " Ly Xy Qur V0"V — 2y G vy <0 (55)
€ Xy s Qus " V0 — X5 C; < 0 (56)

SCLSC-N Z2E0IA RMOl & & ZOI2 HE=lte M2 =4 (57)2 &C

X =1 (57)

AAL (S80I AGHMKS 241 (58)D 22 /0|2 MM, PM, DC, MC, RT, CC, RCE 202t QX!

5 2O HASITHE HMOICH

YmVMy, =1 (58)

Ep Upp = 1 (59)

Ed Udd =1 (60)
27
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2pvby, =1 (61)

2evt =1 (62)
Yeve, =1 (63)
Yoy, =1 (64)
SCLSC-N 2 &9 2+ CHH 2l RM, MM, PM, DC, MC, RT, CC, RC2l Ji&d HEE LIEtl= M2

F=AI(65) 0N =2 T2)NXI0 ESEELL HE S0 =4 (65 = RMOl U&t HE OHR(vr)E “17S
JHNIE HEEL) “0vE JHAE HE X &= MerOICh

vr, ={0,1}, VR (65)
vm,, ={0,1}, VM (66)
vp, ={0,1}, VP (67)
vdy ={0,1}, VD (68)
vh, ={0,1}, VB (69)
vt, ={0,1}, VT (70)
ve, ={0,1}, VC (71)
v, ={01}, WV (72)

o
o
rir

SCLSC-N 249 2= HHUHME 2 HHES= HI2&E=(Non-negativity)E It N OF

Mote AAl (73)3 ZCH

Cr,Cm, Cp, Ca, Cp, C;, Co, Cy = 0,¥7 € R,Ym € M,¥p € P,Vd € D,Vb € B,Yt ET,Vc EC,YV EV (73)
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I." 4 X A2

o [— QU )
41 U=A x| A5 YHE

Z| X 3H(Optimization)gt =M & HULTAHES BHESIHA  E Hol(Optimal Solution)E &=
212 ol0|StCh el X Mg 2He otLel SHE+~E JHAXICE A0 UetdeE & M
= 1 0lae SX &8 SAMH DHH0F ot Z2E UCHI L E 21, 2008). 0|2 &2
=8 &2 & ZHE z&EsotDX & 22 24 SHEgs2 OYst |2z 2o
MZ &3 (Trade-of )=l StLSl SHe S S&AIIIH UE SHE=I sl8E = UL

(Krokosky 1968; Pearl et al. 1984; Osyczka et al. 1985). O

=
= =
UqAOA SHHC olol F0l42 zUatet sFHel Kool COo, tHEdl €2 K4S

ZAslote 2ME 1DHE M, 019 =

d
2t CO, tHEE= z23AIII Rloide BA H= BIE0 =J1 W20 & 8IS0
A

o
for
on
S
0
%
Of

SOt A0, Ol & 0192 2t A2 aSEHeE S0l oY =50 SLTHShin et

al., 2011; Kumar et al. 2014). O[2 20l =0& M Z2AHGIHAM =2 SHEE+E 43

ZIhstote 2HE O=& % &E3 2H (Multi-Objective Optimization: MO)ct] StCH.

getqoz U8 zHs EMe &4 (74 - (752 20| Heg = ULL

Maximize {Z1=F, (x), Z1=F; (x), Z1= F;(x) Zq=F,(x)}

S

MO0 et H+= 1960EHFE JAEN M, U= S5 gt M2 &43HE
|

ubjectto: g;(x) <0 ,i=1,2m (75)

s UEHZA z&Es 2H, ME3E z&3 2H S0l =2 HSZH0H 20 =20=
ZHAE, 3, A&l oI 22 2 SHF+E JiXkl= SCLSC 229 = X0l
20l =& 0 UCLH (Paksoy et al., 2011; You et al., 2012; Pishvaee et al., 2012; Amin et al., 2012; Liu
et al. 2014).

MO ZXMoAd=E 2 =8 &9 it A2 &=FEI| 20 stuel S& a2 oot
ZI &b 2 = 8lICH, 2 =& g2 oiE t=olAH Hluwotl= HECH O2tHM MO

otod M2 2tel ol S XX

Z J 2
HEO 28 WEES Fot=s LYOl =2 AASE 12 UCH (Bentley et al., 1998; Fonseca

etal., 1993; Gen et al. 2009). O|E Ut E = X3l (Pareto Optimal Solution: Pos)et StCt. Ol S

B401 £ Jfel A0 poss @ 417 20| HEE & UCH
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F{x)
) |
. . .
A
- A u B et optimal solution
A [ | . .
A weak Pareto optimal solution
- '\ u @ Dominated solution
F
A |
_— A
Maximizing
Problem A u
L 4
Fy(x)

MO Z2HO0UAM PosE 2EEol= Y 2Z = e-Constraint Method, Weighted Sum Method,

Normal Boundary Intersection Method S0l =2 A& JACHZ 2 & 2, 2008).
g-Constraint Method2 =&l 8t Il =

== dotd 0 89 WolA 1O sHg+=2 ZHsAl
M

A
T
=== X8 HIREA FHEH EAE =old 0 HEsS Ze =SH =0 oA
A
T

2l St Ct(Steuer, 1986),
MO ZHMOUAM JtE 20l AHEE= 282l Weighted Sum method= MO ZME

i

2F+=(Single objective optimization: SO)

gO0ICH Ol sos =& 2o =&/ g0 I=

INeE 0O Jiel 2™ 2HEZ B A

1E Sk 25 HOEe=EM

Normal Boundary Intersection Method= @&t 2tHCEZ &0l of S EAot)| &t
IO Z Das et al. (1998)2 APNM HS22 AHZ & UCH Weighted Sum method 2HE1 0l Bl 6H
UotAOl HIMdE O=2H x[Hs ZM0 CHol @ 2ot 24t ZAHES Hote O =&H 0l
SHHOI XIS BAHE MU BEoH PosE =Xle= ER % UCHShukla, 2007).

ZI20l= Meta-heuristic 28 = oLl |S&L1C|IE (Genetic Algorithm: GA) HZ2E S
olgst MO 2H0l =210 UL 1 Ols= GA E2E=2 Ad w3y = stgl =9
o 2+0|
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(Goldberg 1989; Murata et al. 1995; Fonseca and Fleming 1993; Gen and Lin 2005)2 H31E ol
H=2 Z2HEZA2H, SMMIMKET MOGA IOl CHS: ARIb SLSHH Al UL
X220 X HetEl MOGAE Pareto Ranking EOF J|®H ) CHE2X &4 JISX £JF "oF Il
S Xl 312 Lt= == QUL Pareto Ranking It J|8& ofle & 2HE JILt2e=z 6N
okl =M2 Hgk &5 =0 0I00 2ol HdEHsS AI#SO (22 2/, 2008).
STHOLKI Ch2Fet Pareto Ranking IOt J|&0l MOtEZIRUCH GE =D Pareto Ranking GA
(Goldberg 1989), Ct= &= GA(Fonseca and Fleming 1995), Non-dominated Sorting GA(Deb, 2002) 2
20l ULH C=2HE &= IJISX Tt BIt Jlgz U=2H g0 222 IHSXIE Hot:
tHe SHOF Metoles A2 PosE +ot= HHOICH =2 R0l M0l H=SX FIF Bt

Ol= Ishibuchi et al. (2003)2] A0 A HetE Y ItSX 2 IJH(Random-weight GA)
|20t Genand Cheng (2000) Ol M HICt=E IS JtSXI 2 IHAdaptive-weight GA) JI1 &0l ULCH.

42 OlEts2AE JIY

ShsE NS JhsoiH GHFS Dot AENO=Z O/ SAZIS AHME CYs
B2 D2oi0F B0 Ol FEo| 2ED AAKACE 2 AANBIS B 2 ¢

=2 2ol BEsclAS (Meta-Heuristic) Ol CHel OI210 11 SS0l &8 HFIH CHoH
SIS ) QUCH 19609 HFE SMIK HEISCIAES K 212500 BE
L UR=2 LetsclAs JIges g sd0AM &

SMUAN 22 HBE C+S KU 0ISECH 0

i
H
0T
o
0z
=

pal
tol

Aot HES 2Yst &gk 22| S(Evolutionary  Algorithm)©! & ek (Evolution Strategy),
HA YD 2| S(Genetic Algorithm: GA), =M, =& HMEol= M==S2 HPE Z-EH Particle

Optimization(PSO), Ant Colony Optimization(ACO), Cuckoo Search (CS) 2 1cls, AlM,
A L Als] SHAS 2Yst 2102[5¢Q!1 Tabu Search(TS), Simulated Annealing(SA), Y!'H,
MAZCl BI=2 2 0|2 EMot= 21els2! Hill Climbing (HC), Variable Neighborhood Search
(VNS), Iterated Local Search (ILS) 0| UCHZHZ 2017). 01 E&otH OHEtFEIAE

JIEE2 2HE Yot 8 4-22F 2L
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Meta-heuristics

K Nature-inspired

Dynamic objective
function

Various neighbourhood
st

ructures

8 4-2. HEts2AE JIEsS
421 GA

HE2 Sl Dl SEXMO XA JIEHZA
Holland(1975)01l 2loff MS22 NS ULCE. 1= Goldberg(1985), Gen (1997) S2I £ Sof
NEERD SETHNKE &Lst HAF2I 02X UL GAES HAA XAHG I
JIES HIAYE22= &G HHA2 22 NP-hard 2HE HZE = A= 28 =2
SHLIOIM, =& & EMI2HNAN MEE XXHHE EMots 28010l 20 Ctst 20k
HECN O =242 SYoll ACL GA 2o It 2 S EME ==0dl(Potential
multi-solution) S ol & EH(Population)S  0I&8&tCt=  2d0ICkJohnson,  1997).
HEtSCIAE H2YR SA HC= otLtel HZ2SRH EM=S AIEGCHH 0l HAAIIHAM
ZIMOHE (ot LYEHES AMSotd ULH BHHON GA ZE2E2 MY ==oi=2 0IFHXA

HE == 0ISot BM= AlI&oH)| 20 4820t O E10 S&Ee 2H0l ol SA, HC

P
o
Jo

GA &ZEges oA d=83s
J

Hu
=
ol
=
>

20 O &880 282 2 2Ch
GA &E2E2 JdE= =Ml CHoll MSxHS 2tRote RIIEHSE PHAZ H46HH,

0l ZIJIECOl CHoll & HAHKH(Genetic operator)©! 1 X+ Ol (Crossover), = & 810[(Mutation),

tZEHCH GII0A SEHAMIE

>_

& E(Selection)= HEZotH ZIHHE T=ot= LES

(*ICollection @ chosun



=250 0% Mo HHS SDAC(Paent POIZD 50 SEMNE s S0
MAE JH2 K& SH(Offspring: 0)0l 2t SHCHCheng et al. 1996).

GA Z2ge Hg&Xte HH GAI(Chromosome) =2 JHXA(Individual) 2t =2le
HYHES AME0IH 1dd= EME HEotH, 018 Soi =J| EHsS ddstlt. dd=
Il ZE0l Ool wWXH0Iet SHHOIE HESH SMH IS Adst = INEZHHS
MASHCH MdE &I CHol XH&& EOH(Fitness evaluation)S A AIGHH M2
gH=Eote M2E dHs d=stth 0l HE8= S MU(Generation) ==Jt 22 MK EH=
A5t ZHHE 8L GA 282 Ji=He ddnd2 08 4310 20

Population M1} Offspring ()
!-\-[a|1 '\.'III'\.'\III((\((IIL' :II.'I'I'I‘\"\I'.IL'
CTTETETTT —
WG PIomioaem
011101110
— %
||fII1|I|l]|U
+1 L|:1|||:-1r-| i
OOUIDTIO0 | yyation | ||3||"||||'||
10
| . [RTE) R LR] K]
decading
N } evaluation A
inating Solution candidates
soviid |> fitness computation
selection | P+ Cln
stop New Population
ronletee wheel
18 4-3.GA2 J|=2X0ol & Ut (Genetal., 2008)
1) ofiel Had¥ & =J| & A4

GA E2H A Lei= 22X ol 2MAE oHE RENCIE HEiot EIt &8 HEIN
d8otElUe= e =28 2HMOILH |S&EX HE2 LdE 2He of S22t HEHN EM
20 HSAIPI=LE Z2&ot= AOICH 012 M WEe 42 R0 IH Fes
OIZECH GA E2g0l= HSEW= HIE AEZ HESB(BIit String Representation)dt &%
H &Y (Real Number Representation)0| RUCH HIE AEY HIEYE2 0 E2 1 22 S8 ¢
st2 ALEGHH, Al HEH2 HMgst o =S AIEd 2l g SRAHCZ HAS 2
A= SCLSC Z2E0A =2 ZHHNAM DdEls &ZH =2 dEH2 HE 20 et
LMol= ZMEC ol SHAA RO0I A3l & QoI0 ek 22t SH&+E 2 H3I6HRUL
| 22 2 HHOUAM HEE= Zdl =2 M0 ol 222 BSE HAIIID 0l
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HEGIH LMAIZA O HE HEE ZHcl=s YE2 AMsSdI| 20 f12 S JHX E8Y
SUHAM &4 EEYES AM26t= 2101 BIAG6HH. 2 HAR0AM 2 H S SCLSC-N 2ol 2+
CH=S=S O 44 13 20 ESEMCH
RM MM PM DC TC RT CC RC
Initial Solution = 5 3 1 4 1 2 3 2

¥
oo
N
s
<
>
O
[00]
!
fl
=
i
fl
ol
;OII
[0
=
py)
<
o
ol
i
=

Y S=S2H, MM2 38 M X,
PM2 18101 MZ S, DC= 48 M HIH, TC= 181M X, RT = 2810 A0HE, CC= 3R

dIE, RC= 281M dEJH 22 JHEEle s 2 = UCHL 0l &2 &=+

=

3
=

e
IS

40 o

ArEol =J| HES d48g = UACH 2eF0l =J1 =2l 3| (Population Size)Jt 5& &

8 452 22 =)ol Ee= g ot 2= = ULH

RM MM PM DC TC RT CcC RC

Pl= 5 3 1 4 1 2 3 2
P2= 4 5 4 4 3 2 2 4
P3= 2 8 6 2 2 3 6 3
P4= 1 3 7 1 2 6 1 1
P5= 7 2 2 6 4 1 2 2
8 4-5. FJ|of & &
2) =& AL (Genetic Operator)
HdALMKE HESHL REAMIG=E OSH

MAE ZIIo HEH2 oHE JH&dHI ol =
Ct
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Crossover, Cycle Crossover, Position-Based Crossovers2| 80| HZEH AIS &0 UACHZ 2 &
2| 2008). = A0 M= Michalewicz(1994)0 A XICtSt Single-Point Crossover 2 &i= AtZ0HH
O0I€ & 4-60lM HEBOIALY.
| EHE
RM MM PM DC TC RT CcC RC
P1= 5 3 1 4 1 2 3 2
p2= 4 5 4 4 3 2 2 4
RM MM PM DC TC RT CcC RC
O1= 5 3 1 4 3 2 2 4
02= 4 5 4 4 1 2 3 2
8 4-6. WXk HOI

Single-Point Crossover &2 &8 & S IS JHMOA SH eHgotAH & 02
FHE S HdE6t), d8E HEHE2 JIECE F NS |RECKNE UIAIZCEN MZE2
HME 2HECL WE W 18 4-6%2F 201 =JIEHUHAM Pl P2E HEGHH SEHGHLD,
SENE P1t P20IM SHESHH EHE S HEEHCH MIIM= PM 0|2 EHESZ FoAD|
M=o 22 XN&Es JELZ2 F HMe 2 RHUANE M2 wWXotW E Ol 028
MASICH Ol H MAHE 01,028 JI&EQ x=J| HHOl ZEAIZICH

(2) =9 0l(Mutation)

SHH0l=E HME FHole FAEUNE HZGHH HEst & HEE KRNI g2
HESIH BlIEAPDIe 2Ygoez MZ2 JHME MHSCh GA TZ2Yo HZUEUA
SHH0IE HEotA %S Z=2 JIEU 4= =J1 FHo S Mo UE M=Z=2
HME Mdot= LEHOl UL Metd ool A idEs Sl NIEE X Ho{l =8ot=
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A0 At YMEIH, 2= dI9F ZEHHE X RoHAH S0 Oetd SHEH02 82

a2 FHots HMSS OUEES =222 = JU2H, 012 Soil dGA X[ Ho{e EM

tsdEs2 =0 & %= AU, =480l 2P 0l=  Inversion Mutation, Insertion Mutation,
m

Displacement Mutation, Duplication Mutation, Random Mutation S0| QUCt. 2 HF0lA = Random

MutationS AtE0tH E4-70H A 012 HEHHS HHGHULH

RM MM PM DC TC RT CC RC

P4 1 3 7 1 2 6 1 1
RM MM PM DC TC RT CcC RC
04 1 3 7 1 2 5 1 1

Random Mutation Z&e HE Ex= UsSW 20 UM sSAHHOE HEotJ| Rl

H SERSHCEH SMEHE OJHAIONIA SHESHAH SHL Sl |RECIXE

HEE SECITL S CHAl SHESHH LMAIA MZ2 HME 448t HE 0 18 4-

7T0lM 2 Z0l P4Dt HEIEIACH, II0A CHAl SHESIH HEHE |sAMIX= RTOIC
Al

etQl 6= GOt ChAl 2lotEH 042 20| RT gt2 52 Bigtllh

(3) & EH(Selection)

rt

GA E2HUlN d8=2 Us MUl EHs d4o] <ol 1 0l FZ2HHOILE Xt
s

gdts dMZ dE6tHL Z2RE dEols 2EES AEetl ZEHCZ d2 ASH

rr

HEH 91 O 2 = Roulette Wheel Selection, Ranking Selection, Fitness Proportional Selection, Expected

Selection, Elite Selection S0l RUCHGen and Cheng 1997). & ™S 0lM= Gen and Cheng

(1997)0il A HMICHESH Elite SelectionS AFZRUCE O M ZHHEZ X0, SHHO = M2
= FHn =J| EH 250 ol Hegx BIIE Aot O HEgk g0l =&t
=AUZ JHME =578 U5, =2 IS HME CAl =6ttt 88 &2 I8 4-

8t 2Lt
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Total

RM MM PM DC TC RT cC RC o
P1= 5 3 1 4 1 2 3 2 | 3723945
p2= 4 5 4 4 3 2 2 4 | 3.723.904
P3= 2 8 6 2 3 6 3 | 3723715
P4= 1 3 7 1 2 6 1 1| 3723711
P5= 7 2 2 6 4 1 2 2 | 3723832
01= 5 1 4 3 2 2 4 | 3723992
02= 4 5 4 4 1 2 3 2 | 3723901
04= 1 3 7 1 2 5 1 1| 3723217

RM MM PM DC TC RT c¢cc rc Jloul

Profit
P1= 5 3 1 4 1 2 3 | 2 | 3723945
01= 5 3 1 4 3 2 2 | 4 | 3723992

Hes
" P2= 4 5 4 4 3 2 2 | 4 | 3723904
02= 4 5 4 4 1 2 3 | 2 | 3723901
P5= 7 2 2 6 4 1 2 | 2 | 3723832
X 2 8 6 2 2 3 6 | 3 | 3723715
Heiore

o 1 3 7 1 2 6 1 | 1 | 3723711
1 3 7 1 2 5 1 | 1 | 3723217

Collection @ chosun
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2EHH QI GAS Ol EXt= 118499 2L

begin
GChest= 0
t<0 [/l t: generation number
randomly initialize parent population PP(t);
while (t < max generation)
produce offspring population OP(t) from PP(t) by adapting crossover and mutation operators
evaluate OP(t) and store the best solution to GLyeg

if (F(GCbest) > F(G Lbest)) then Gcbest < GI—best
end if
end
output GCpest;
end

18 4-9.GA Ol B Xt

GAZ HIHME 0|28 M0l otlict Gz 4" s 0IF0 sAl
gaiol= JIE01J] 20l o =2t 2EOUA Z2UAS I CHE Meta-heuristics I 20l Bl oH
HE ot 2ie2 2N UCH et S&otn EM

3210 §2 CLSC 2Ys dfZote Yoz 0ol AF2E D UCH (Gen and Cheng, 1997).
Dehghanian(2009) & 0A= XI=SJtsst S=2 U ER 2 (Sustainable Supply Chain Network)
Z06tRULCH Kannan(2010)2l A= HiE2I HESH

el CLSC ZE= &Xotll, 02 GA EZE= AtSol =HS6HRUCE  Yun(2013)2

il
Mo
Jo
1]l
=
0
2
Jﬁ
HU
48

HAHRUAMN=E F=F UERIAE Zitot)l ol GA TI2EES HMOGHRLH XHetEe GA
d28e 92582 2 HHE HEOH| ot 1O JHE R0 Oet 0 E= 1 ez
HEOIUCH, REALXZ = Binary Tournament Selection, Two-point Crossover, Random mutation
AESHA LY

JJeflt GAZ2 M ZZ2HUA Oh==IHME Soll sAl0 Ect2=2 CHE JHAI0 HioH i<

=2 Mgk gts &= 2 EHo O2d0ol ZAEHN XNSHE zHoH0 WE Jtsd0l

=N
HHOIIL HZgE O3, NEE Z A ¥28el SA
HL, TS, CS S= X E0ol0 M === HUstole =2gd ®RAY LIS (Hybrid Genetic
Algorithm: HGA) 20l J|&2 22 AXSHM N USH, SdS YSotACHYun
et al., 2013; Wen et al., 2011; Soleimani et al., 2015; Li et al. 2016)2] HF 0 AM= O

IZNA AMAES HUSES SafAIJIJ] fet HGA EZ2E S MotRUCH HGA B2 2

il
O
[
m

nio
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0|2 &4 H(Neighborhood search)lt GA &H 282 =&& 2 O0ICH Soleimani et al.(2015)2
AFANAME 72 CLSC 2LS oiHZdt)| | HHSZ PSO H2H I GAEZES =g6t

HGA &EIZ2E =S HMotoltd ZEHEQ GA 28 20 HGA &EIZ2EO0l S=olli=s HS

& S3UCH Li, et al.(2016)2 HF0AME SSHQ &Y dF ZHE <ol TS 2EU GA
d2YsS =g8 HGA TI2E S HMoGHULH Metd 2 H-20lM&E SCLSC-N 229
Z XS ol HGA ZZ2ES HNCtstCh MetEe HGA E28 2 GAEZE Y CSEIZES
Sget HEolt

422 FFAXI(Cuckoo Search: CS)

9
w
rr
0z

min

252 ¢ R2Yst d0elEs S otUZ2 i3 II(Cuckoo)dt CHE M SN 2=

e
rr

A& Heavy-tail X E H3AIZ! Levy FlightE Z&st &M JIBH2Z2 Yang and
Deb(2009)0fl 2ldi HMS2= MHEUCH WP II= KII 20 HI=xs M2 SXE HEHGIH
MOt SXIE Bl2 AOI0 &€= =0 SXAI0A S2X B HPI= JIE €=

J

=
SHOR WEUWD 1 SXE SHEO 2ot SN2 FO ADE #PI| 28 wAY A2
C =

I

I
e
B
ol
=
0z
o
=
0o
>
1o
]
I
0y
Hu

£ Elilz U2 0ls fIXz &da3E =HES
e Jl=g gStCH(Gandomi et al. 2013). Levy Flighte] S&& Z2 oS
Eél—%} Il(l‘d% II -I E EFAHSH BB 0O} O|_L|a|_ %/%HE|I| E)QFS IICl‘:!% EFAH%FQE}M EFAH

23t L MZ22 of XY, A0 dUHELZ HIHA OIRAHE XEs EAGHH EMs

Ch2ster = QUCH (3 LEH2017).CSOHAM TS 22 M It &S JI==2 &

- M8 Jtsg SX == DIHA UM sX2 =2 MIt Pa € [0, 1] SHE=2

ool &= A =+ RUCH 0 LR, 2= BeldAu SKNE HAN MZ=2

xt(tﬂ) = xit) + a @ Levy(p) (76)
a = a.[ bestnest (t) — x;(t)] 77
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Kanagarag et al. (2013) & 20l A
Jlgol et 2010 ot HGAZ
di 22 UERZ 2ME
ULCH (Wen et al., 2011; Soleimani et al., 2015; Li, et al. 2016).
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U CH(Yang and Deb,2010, Burnawal et al., 2012; Panda et al., 2013).
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=M, CSE Sl GAlNA Ma= NHEZHS IHHSHCH CSel A2 = HMHE O WE2H 2|
?Ioil Levy FlightS AtEGSt= 20ICH Ol CSOIA XHEHE OHM SO0IA sHE0tH 8 JHe
HHE SEGtD Levy FlightE Sofl HEE JHXHE BtAIILD Mgt HILE AAISHCH
BHOFOIl Levy Flightel HMES Sol BatE didl JIE H20 HEEUS BR0= 08 JIE
of CH&! ArEEE0 MESHCH OIZXH HeE NEZH2 HEgEE Botst = US M
22 HHCOZ FH GAS HEolH B8 =20 U= [ al
EXE JHAIL UL Kanagarag et al. (2013)0l A Metet HGAE 282l XA EXE 118 4-

100l A =3 otRAL

procedure: HGA approach (Kanagaraj et al. 2013)
begin
GChes=0
t<0 /I t: generation number
randomly initialize parent population PP(t);
while (t < max generation)
produce offspring population OP(t) from PP(t) by adapting 1X crossover operator and
random mutation operator;
evaluate OP(t) and store the best solution to GLpes ;
choose a solution x; randomly among OP(t)
generate a new solution Xne, from x; by adapting Levy flight scheme
it (F(Xnew) > F(x;)) then
Replace CP(t) € Xnew
end
evaluate CP(t) and store the best solution to CLpes;
if (F(G Lbest) > F(CLbest)) then GCrest € GLpest
else GCpest € Clpest
end if
newly produce PP(t) using OP(t) and CP(t) by adapting elitist selection scheme;
t < t+1;
end
output GCpes;
end

>

18l 4-10. Kanagarag et al. (2013)Hl Al HICtSH HGA &2Y &

Kanagarag et al. (2013)0| HMICtSt HGA E 2B S GAE 2B |FMAMIE Soi HEHE
AAEEH SOHA StL2 IME HEi6H CSE AEotD UIJl B0 2 Br=0lAd &

2ol of JH&Ol AIEEX %= 2HMEOI JACH 0IE JHASGH| fch XBHS=2 oiE
MAHGHD JHEE = s 0| ZRSHCH ddM 2 AFP0AM Kanagarag et al. (2013)01 Al
Hetst HGA 28 CS2Q Levy Flightel && ZAlS JH&GHH PHGA E2ES ML

PHGA &2H2 H&E Eil= s &

=
M GA FIHOUA X S WLEH AT = QEAAXC DI,
SHHOIZ ME5I0 M22 IS, = NS MHEC. 1 02 CS ¥2MS M50
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TEZCel DS JHHOI ol Levy FlightS =g5t0 Hatc
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Flighte] &= Sofl HE= HHS2 oot JIE NEHH2 20 HEEUS R0
Ol X&EEEU MBS JHHdE of &8H, = M2 AMEdHsS 448ttt 0 HEsS
MOt 2 K 2¥86tH = "HE Hots EXE [ECLL O 4-11 412 HME =

ux
02
ol
39
[w

A0IA KQteh PHGA B2 8 el MMAQ Ad 3y f EXE

Step 1: GA approach

Step 1.1: Representation
0-1 bit representation scheme is used for effectively representing opening/closing
decision of all facilities at each stage.
Step 1.2: Selection
Elitist selection strategy in enlarged sampling space, (Gen et al. 1997) is used
Step 1.3: Crossover
Two-point crossover operator (2X), (Gen et al. 1997) is used.
Step 1.4: Mutation
Random mutation operator, (Gen et al. 1997)is used.

Step 1.5: Produce offspring

Step 2: CS approach

Step 2.1: Apply Levy flight scheme, (Kanagaraj et al. 2013) to the offspring of GA and produce
new solution.
Step 2.2: (Evaluation) compare the fitness value of the individual by Levy fight with that of the
individual randomly chosen by the population and store the best individual among them.

Step 2.3: (Iteration) repeat Steps 2.1 and 2.2 for all individuals of population.

Step 3: Termination condition

If pre-determined stop condition is satisfied, then stop all Steps, otherwise go to Step 1.2.

e
>
ol

B
Dl

8 411 = SF0AM Metet PHGA E2E 2l dHMA
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procedure: PHGA approach
begin
GChest= 0
t<0 /I t: generation number
randomly initialize parent population PP(t);
while (t < max generation)
produce offspring population OP(t) from PP(t) by adapting 1X crossover operator and random
mutation operators;
evaluate OP(t) and store the best solution to GLpe ;

for each solution x; of OP(t) do
generate a new solution Xney from x; by adapting Levy flight scheme (Kanagaraj et al. 2013);
randomly select another solution x;in OP(t);
if (F(Xnew) > F(Xi)) then CP(t) € Xnew // CP(t): CS population
end if
end for
worst solutions with fraction rate (fr) are abandoned,
randomly regenerate new solutions X, newas many as fr;
CP(t) € Xr new
evaluate CP(t) and store the best solution to CLpe;
if (F(G Lbest) > F(CLbest)) then GCbest < GI—best
else GCpest € CLpest
end if
newly produce PP(t) using OP(t) and CP(t) by adapting elitist selection scheme;
t € t+1;
end
output GCpes;
end

8 4-12. = SF0A KMetet PHGA E282 01 EXt

2 AF0A JMetst PHGA E2B2 5 & AtlH720lA Gen and Cheng (2000)01 Xl Qtst
GA &2 81t Kanagarag et al. (2013)0| XIotst HGA &2 +=HEE HlW-Z245t0H PHGA

2gol e442 YSH NN B

i
12
10
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Atell A0lAM= SCLSC-O 2& 1t SCLSC-N 22= Hlu, =40otJ| <ol
CtA JHAl ScaleE DHARMCE OIS
RTOF 2821 2000 &
SHl= JHEEXl &=0. 2l TC, CG, DP= =22 ofLtel &It D&

SCLSC-N 222 AL Scale 18 RM, MM, PM, DC, RT, CC= 22} 20J4Jt

H 511

2o
=

S0 SCLSC-O 2&¢!l &% Scale 12 RM, MM, PM, DC,
DeAEDD 0l S0M 2 SHAHOA otLtel &HI8 JHETH UHoHE 2=

JAEN, 0l

SHl S0HAM 2 SHOA otLkel -8 JHET D UHE 2 ZHIS2 HEEX Z=C0h
Jeld TC,FG, SG, DP= 22t otLtel &HIet DA =) I =0
H# 5-1. =Xl &S P8 SCLSC-O SCLSC-N Z2Z°| CtA JHXl Scale
SCLSC-N
SCLSC-O
Scale RM MM PM DC TC RT CG/FG DP CC RC SG
1 20 20 20 20 1 20 1 1 20 20 1
2 30 30 30 30 2 30 1 1 30 30 1
3 50 50 50 50 3 50 1 1 50 50 1
4 80 80 80 80 4 80 1 1 80 80 1
5 100 100 100 100 5 100 1 1 100 100 1
=X g0 AMES=E ZHEE0 Oist 21" =548, JEUIE, M2lHlIE, ]

wWXtHOl HIE: 05 =20l HIS: 03, & AU
2t HOUHSO AN ZME = CH2st O0IHS HEgdsS

2
(=}

Z=: 1,000, Pa:0.5, Levy flight & %!:
MAHGHI| <ol
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>
il
=)
e
02
il
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rior
ro

Core 15-1600 CPU), 4GB RAM, 0S-X El O|H, MATLAB R2014aE 0O|&
SCLSC-O1t SCLSC-N Z2¢ dHluwer 28 &2
Flof BHMA, &F

& Ml (Problem 1, Problem 2, Problem 3)& A& 8tCHGen et al.,
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YO GA, HGA, PHGASl +=lHEE

U[1-2]01 04,
E 203 Bt=
IBM &8 PC 1.3 Ghz Processor (21!
of T2 HYE UL
ot
ANSIE QI st SHESF (x), K@), F;(x)E 22 Al Xl SEfel
04 2018). Problem 12



=l 2E0A MAlISH ZHAE s 20lcte SRS FF(x)S zIUacHEA 838 20l

°l0lote =HEs+ F,(x)E zlAztol= 2MIO0ICH Problem 2= F,(x)E ZIAStotEHA A2l H

Problem 1: Maximize F;(x) and Minimize F,(x);
Problem 2: Minimize F,(x) and Maximize F;(x);

Problem 3: Maximize F;(x) and Maximize F,(x)

Problem 1, Problem 2, Problem 32 Ci=2& ZH01J] &0 Idl&E oHEg I HEE
ArECHA 2 e 2, 2008). THHE ofl&E I M 0ls E 522 20| Pos ZEIlotJ| <ol
HXoHEE Y 20H& BB (Pos)2 == |Sj|, €& HILEoH2 et HFIoHEES
HIZ RNDS (Sj), &xofl & HIEd E&2 JHel DIR (§)) S0 UM, & &S

HOLGH)| <ol ™ CPUtime (sec.)& 1Lt

i 5-2.SCLSC-O 221t SCLSC-N 22 dlu 4= ?Ist 2

Measure Description
|Sj| Number of Pareto optimal solutions in reference solution set (S*)
RNDS (S)) Rates of Pareto optimal solutions in S*
DIR (Sj) Average distance between Pareto optimal solutions and S*
CPU time (sec.) Average CPU time obtained after all trails

= 482 =48z AuAM 2Zset ¥=E Sof SCLsC-0 Z& 1 SCLSC-N Z2&° A

X

W, JIE 2HLEZS <8t SCLSC-0 22 &2 HFAWAM Hetst LELES <8t
SCLSC-N 2= Problem 1, Problem 2, Problem 3 =Z%H0AM Hlw ZAStCH =M, 2%
&Z <ol SCLSC-N Z2Z0A D201 ALS8t Z2HIEES =HHIEg, HJIIHlE, =&
HIZZC2| THEE HIE, A
AT, SCLSC-N f g S 24l
NDLZt DSPE &M JiXl= SCLSC-N 22z F=2otd 2 =38TE Hlw AL
Ot ez JIE 28 GA HGAS 2 AFUAM Metet 28 PHGAL s

HI

H

HIES H 59, 5111 20| Case 1 — 14 = Soff 2ABHC

o

mio
=
£
ol
2

oA
_|__|_/C\_>|

nio

& Zot DR St
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5.1 SCLSC-O 221t SCLSC-N 2& Hluw

Al A0l SCLSC-O2t SCLSC-N Z2Eol =]RE FHELZ AHHEH SCLSC-O

2282 RMUIAM 2HIZ2Z 250 MEE= MZ22 £ 3,0000HE Mitotd MMOI S=8HT
MMOIA = OH&OERIZ 3,0000H2) 2501 2H=01X10, PMOI S=2501 3,0000H2] 28 Z0|
oG L8 PMOIA D200 22 ES 828 [ oy %= NDLE a, %= DSPE
AEZ&tCH CGZ 2ol AFE=H0| Y ZHIEE = MAIE0l Jtsst Z2HI2ES RTOA
=)ol H=g HAEE Soil ot =, HAIE IS8 g% 2HIYES CGOl MEDiotl
MALE0l 2Jtssgt =H 22 E B,%E DPOl 2 HIDJISCH £8 CGE ol AtE+Z 0|
4t ZHEE % = HIIE DD y,%= RTOHA =Jct= 7 =222 A0 UL

B0 SCLSC-N ZE&€=2 RMOIA Mz=z=2 25 18000 dd&totl) 1200012 2l=&
5= MEE80l6 = 30000 2= MMO Zgetth OHIEXNZ PMOIA S JHA
+=ESMHEs Soi 2HOXIL FGUHAM =ZBtEE= Etiisttt. S=F0lA SCLSC-N 222

SCLSC-O 220t Z2l FGEZFH AME&E AIE+Z0l 24 ZHEES 6, %S CCE Sl

F=JiotD, MEE L MAZ0l =2IJts8t 6, % Z2HIZEEZS DPOI 22U HIDISHCH =&

ZHIEEZ2 RCOAM = B2 AXd MME IS8 & % Z2HIZES SGOI IHEOHSHLD
MAIEO0l 2)ts8t ¢ %2 Z2HIZ2ES S2odfiottd ME2E Jisst ZHtegE 2235= RMU
DHEE s328lss 2

SCLSC-O SCLSC-N
a, 0.8 0.8
a, 0.2 0.2
B 0.8 -
B> 0.2 -
Y1 0.8 -
Vs 0.2 -
o - 0.8
&, - 0.2
& - 0.5
& - 0.5

V]

0|t &2 2% &52 JI&l SCLSC-0%2F SCLSC-N 2 2= Problem 1, Problem 2, Problem 3

=00AM BlwotALM, CHA JHAl Scaledil CHEF Z2t= H 5-401A E 5-80HXl MIAIGHALC.
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i 5-4.SCLSC-O1t SCLSC-N Z2Z!9| Hluwe=4 Z1t (Scalel)

Problem 1 Problem 2 Problem 3
SCLCS-O SCLCS-N  SCLCS-O SCLCS-N  SCLCS-O  SCLCS-N
ISjl 6 9 3 0 0 3
Rnps(Sy) 0.4 0.6 0.0 1.0 0.0 1.0
DIr (S) 0 0 0 294 898,513 0
CPU time(s) 44.6 60.9 44.6 60.9 44.6 60.9

H 5-40 A Scale 10i CHoll SCLSC-O1t SCLSC-N 2= dluwst 2 M AIGH

?R
H[[
Jx

20 ZHAE 20 Fx) 1t EHE 20 F(x)E 18 Problem 1 EHH0HA = 1542
His&ol g0l O R/Ct SCLSC-O0 Z2Z0A Sold 2= S0A dIBdH =2

S
T »

LIEFLHS |Sj| 22 60104 SCLSC-N 29| |Sj| 242 SCLSC-O0 e
LIEtSCEH & 20 & HIREMH SUHAM Bl&= UEHH= RNDS(S)) SHUA SCLSC-O0 SO
47H° RNDS(S|) 22 40%Z E0IgQUCH SCLSC-N 2 15040 HIR2a Z=0IA 9Kl
BRIt YOHAIl 20l RNDS(S) =22 60%= SCLSC-O 2 ECH SCLSC-N 2O
= LHESCH Folidl 25 Lo HlRE ol 2t HelE LtEHW= DIR (S)) 8t= SCLSC-
DEUHAMN 022 LEISG20, 0l= SCLSC-O0 2EUM FoHE Z2E Pos)t HISEdHCH=
o|0l2 oA=Lt SCLSC-N 2L0A 2UH& Pos= 25 HIREGO0II| HEZ0 DIR (S) st&
022 UEIRCH Ol= SCLSC-N 2Z2i0] 24t ES MeE = MHAES 1040t Problem

101 Uiet =EH0IA X500, 2H2E = & == flof CC, RTE FIHEL2=Z L&t
SCLSC-N 2E0| 2=otlt= "2 iAde = ULt

B3 Q0 Fx)A MIE ROUF(Kx)2 1S Problem 20 et =&8Z 0= G2t
2HCH ISjIE SO SCLSC-0 2o HISE %= 3, SCLSC-N 222 HILHEWH == 022
LIEFSCH RNDS(S) =B 0IAME SCLSC-O 2o HIRLo HIE2 100%, SCLSC-N 2o
IS HIS2 0%2 LIEFSCH DIR (Sj)0IA SCLSC-O 2O RE pos= HISHHHO0(D
M0 022 LIEFS20, SCLSC-N 229 DIR (Sj) 2t2 2942 SCLSC-O 20| Problem
200 O &2 Z2UE 20/ UCH Ol= SCLSC-N ZEUHM AIE2E 2o ESl =4 &

0

== {8 CC2 RT, Z2HtEE= THEOH otJl e SGE FIIZ2 1HMI M0

-

PHIYES Helotle UEOUA BIEDE=E CO, L= =5 HEUA BIEE = CO,0 2HMo=Z
QIoH SCLSC-N 20| &8 SHUM £X 2= Z2U4E BRUCL

MEE 22 Fx)2d ZHE 22 F(x)S 148t Problem 30 M= SCLSC-O 22| |Sj|
22 0, SCLSC-N 22| |§| a2 322 LIEtG 2, |S)| 2t0l Wet Ryps(S) SHMIA SCLSC-
O 222 HIEoH HI=0l 0%, SCLSC-N 2 &2 HILEWM H=2 1000z & HIRENE
= HBI&20] SCLSC-N 2Z0A O =H UEL= RE & = AULH SCLSC-0 2 A

>
P
[o]]
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of & oIt HIEoHJt Ol & AoHO0ID| IH=20ll Dlg (S) 8t= 898,513 0/11 SCLSC-N 222

o 4

E PosOl HISEWMOIII WE0 Dlr (S) a2 02% LIEtGCL ZEXH2=Z Problem 3
ZHWH M= SCLSC-O0 2 EHCI SCLSC-N Z2E0| O R£=&0| =HQILZACH O0lal Scale 10
it Z2UE RAUHEH SCLSC-N 22 Pos =ZH0IA Problem 113} Problem 30AM K28t

ZUE 20|41, SCLSC-O0 222 Problem 20l S8t Z21UE LIEtGL &AL

_

£ LtE

£

CPU time(s)2 SCLSC-O 29| AISAI2+S 44.6 E0|0{ SCLSC-N DO AlSHA

U

r

o=
- o

@

gl £5EE2 20 609x=2 LIEtRLE 0= SCLSC-N Z2Z0| CC, RT, SG2 &2 FIIA
CHHE DeotUI| 20 A0l O 2 2= HE 2 = ULL

e

H5-5. SCLSC-O1t SCLSC-N 29| Hlwe=4 Z 1Dt (Scale 2)

Problem 1 Problem 2 Problem 3
SCLCS-O  SCLCS-N  SCLCS-O  SCLCS-N  SCLCs-O SCLCS-N
IS 4 3 4 1 0 5
Rnos(S;) 0.43 0.57 0.8 0.2 0.0 0.1
DIr (S) 59 0 0 543 903,024 0
CPU time(s) 44.9 61.3 44.9 61.3 44.9 61.3

SCLSC-O%2} SCLSC-N 29| Scale 20i st Hlw =24 ZUE HAISH E 5-50A
Problem 1 ZWE =23, SCLSC-O0 2 [Sj| 3t2 4, SCLSC-N g9 |Sj| 42 3292
LIEHGECH |Sj| 2 ek SCLSC-O 2O Ryps(S)S 43%Z2 SCLSC-N 2O Ryps(S)S
SCLSC-O0 2= O =2 HIE2 57%= LIEIGCH SCLSC-0 2ol H|R&al 2t &xolzt
HelE UEHHE DIR(S) 242 590101, Roll& 2 E Poss HIRE Q! SCLSC-N 22| DIg(S)
20l 022 LtEFLE ProblemlOl M SCLSC-N Z 20| =+6ilt= L2 & 5= UCL
Problem 20l Al= SCLSC-O 29| |Sj| 2t 40|04, SCLSC-N 29| |sj| gt2 12 SCLSC-O
QY B0 Y2 222 LEGCH 02422 Ryps(S) SHOIA SCLSC-0 2ol Il
HE2 80%0/0, SCLSC-N 222 HIREd HS82 20%=2 LIEFGCH SCLSC-0 2E9o 2=
Pose= HIREall 01J] M0 DI (S) 82 00I0, SCLSC-N 20 A Dlg (S) 22 54322
LFEFLE Problem 2 SSH0IA SCLSC-O 20| SCLSC-N 2L 2%

= UL

-

ror

ZE LIEtgs ¢

Problem 30l SCLSC-O 222 HILSHMNE 7oK 250 |Sj| 2t2 0010, Rups(S)tE
0% LIEFSICH SCLSC-N 2O = 5)H2 PosIt REHM 0ISS 25 HISYM2A [Sj|
2t2 SCLSC-0 PHECH = LIEHD Ruws(S)= 100%2 LIEFGCH Dlg (5) ZS0IAM
SCLSC-O 2% 7{2| 2tS 903,0240/0{ SCLSC-N 2&9| H2| 22 092 LIEH} SCLSC-O
DU} SCLSC-N 2O 2442 Q=50 UCH 5HAIPH Scale 204 SCLSC-O 2t
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SCLSC-N 2o AlsH A2+ LIEHH CPU time(s) Z 3t Problem 1, Problem 2, Problem 3 Ofl A

SCLSC-N 2o CPU time(s)2 44.9%, SCLSC-O 229 CPU time(s)2 61.3%2 SCLSC-O

DAY SCLSC-N ZE0| ad £&I0F 8l 22 2 & UL O 0l®= SCLCS-0 2E=
c

£ 20110 ULH

02
I

SCLSC-NE2Z =20 2% &2 S801 E=ot)l =0l tE &

H# 5-6. SCLSC-O1t SCLSC-N Z2Z!o| Hluwe=4 Zt (Scale 3)

Problem 1 Problem 2 Problem 3
SCLCS-O  SCLCS-N SCLCS-O SCLCS-N SCLCS-O  SCLCS-N
ISi| 4 10 2 0 1 3
Rnos(S)) 0.28 0.72 1.0 0.0 0.28 0.72
DIr (S) 279,495 0 0 1,274 618,680 0
CPU time(s) 45.4 61.5 45.4 61.5 45.4 61.5

Scale 30 CH&t Hlw =4 ZUE HMAISH E 560M= Problem 1 Zlt= F 14949
Hl&aiot RoHFJCH OI=S0MA SCLSC-O 2ol |Sjl= 49, L& 10012 BIEd=
SCLSC-N ZZ0IM FoHFC et HISEGH HIEQ Rwps(S)= SCLSC-O ZE0I 28%,
SCLSC-N ZE€2 o 3 GO =2 &8¢ 72%2=2 LIEFSLH SCLSC-O0 222 Dlg (5) &t
279,4950| ) SCLSC-N ZE°| Dlg (5) &2 022 UEHL = S0l Xetgh SCLSC-N
Qe Probleml SHUAM JI& SCLSC-0 2 Bl  2=06lCts HS & = UL

Problem 2 ZU0IMd= & 2942 HISEHIt oM SCLSC-O1t SCLSC-N Z2Z 9 [§]] &2
212t 2% 022 LIEHSCEH Ryps(S) 2l SCLSC-O2E2 100%, SCLSC-N 222 0%=Z LIEF&CH
Dlr (S) &t2l SCLSC-O0 2€=2 0, ol 2= PosIt HIEoHIH Ot:l SCLSC-N 2& 2 Il
240l 1,2742 LtEILE SCLSC-O 2Z0| Problem2=HW M 26t HE ZALCI.

Scale 30i CH&F Z 1t Problem 30IM & 412 HISEoiIt FoHH20, SCLSC-O0 22
ISjl= 17§, SCLSC-N 29| [Sjl= 3)H2 LIEFGCE L8t Ryps(S)E SCLSC-O0 20| 28%0| 04
SCLSC-N 22 72%2 =2 LIEFSCH SCLSC-O Z2E°| Dlg (S) &= 618,6800/10 SCLSC-N
249 DIk (S) &2 022 LIEFLF SCLSC-N Z2&0] SCLSC-0 28 2 =&X0lcdte HS
2 Bot UCH ZEH2Z Scale 32 Problem 11+ Problem 20l & AR M HQHSH SCLSC-

Q0| =8 ZW BACH SHXIZE Problem 2EHU A= JIE HP20UAM HHSH SCLSC-O

N
2 &0l SCLSC-N 2Lt =8t ZUE LIEHHRUCE

g0

P

a

4=

Scale 30lA CPU time(s)& tt=%t X2 SCLSC-O0 222 4
CHHE D28t SCLSC-N 220l 1 20 &2 ¢ “2IH 615%% SOl ULt
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i 5-7.SCLSC-O1t SCLSC-N Z2Z!o| Hluwe=4 Z1t (Scale 4)

Problem 1 Problem 2 Problem 3
SCLCS-O SCLCS-N SCLCS-O SCLCS-N SCLCS-0 SCLCS-N

ISi 4 10 1 1 1 5
Rups(S)) 0.28 0.72 0.5 0.5 0.16 0.84
DIr(S) 270,350 0 257 296 525 0
CPU time(s) 45.8 61.9 45.8 61.9 45.8 61.9

H 5-70 Al SCLSC-O%t SCLSC-N Z229| Scale 401l st =4 ZtE HMAIZHCE  Problem
10 CHet 20 F 1402 HIREoHIt 2ol OIS0 M SCLSC-O 22| |Sj| gt= 4, SCLSC-
N 29| |Sj| 2t 1022 LIEtL} SCLSC-O 20| 2Bl =2 A2 ZACE Rups(S) SHHOA
LIEtSCE Dlg (S) =EH0IA SCLSC-O

i

T OF&HJFXRIEZ SCLSC-N 220] 72%Z 2=+ 21
DEol Hel g2 270,350 0l SCLSC-N Yol H2l g2 02z LUIEL 2 HF0A
MIAI8H SCLSC-N 22U AN FoHE ZE Pos)t HISEdMS JIZlesE 22 2 %= UL
Problem 2 ZUt0lAM HISEdH 2JiJt 2ol SCLSC-O 22t SCLSC-N ZEo| [§]| st=
22t 12 LHEHGCH 2128 Ryps(S) ZP0IA SCLSC-0 221 SCLSC-N 229 HI 2l
|S &k 50%2 LIEHGHCH S8k SCLSC-O 2O DI (S) 242 257010 SCLSC-0 2o

T

Dlp (S) &2 2962 X2 O =H LIEIGCH Problem 2 SB0 A= SCLSC-O 20| SCLSC-
N 2 20 R=«otlies 22 & = UL

Problem 30 A = 672 HISHdHIt P ECH OIS0 M SCLSC-O0 2| |sj| 22 1010,
Rups(S) 262 16%2 LIEFGCH SCLSC-N 22| [Sj| 2t2 SCLSC-0 DHEC} =2 5, Ryps(S)
%S 84%E ULIEIGICH DIg (S) =O0IA OF&JIXIE SCLSC-0 2% el 3t2 5250(0

Of

SCLSC-N 229 el &2 00l2 UEtU SCLSC-O0 EE€ 20 SCLSC-N 229 4=

o]
=

ot UCH CPU time(s)Ol Al SCLSC-O 229 AldHAIZtE 458 =0/ SCLSC-N Z o]

0l

ASAIZIS & M Lal 552 Y0 61952 LIEIGCE 0= SCLSC-N 20| CC, RT, SG2
22 FIF Bol HHE I HR0ICH
H 5-8.SCLSC-Ot SCLSC-N 29| Hlm.24 Z1} (Scale5)
Problem 1 Problem 2 Problem 3
SCLCS-O SCLCS-N  SCLCS-O  SCLCS-N SCLCS-O  SCLCS-N
IS 1 14 2 2 0 5
Rups(S;) 0.06 0.94 0.5 0.5 0.0 0.84
DIr () 6,989 0 0 166 678,352 0
CPU time(s) 46.1 62.4 46.1 62.4 46.1 61.9
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I 5-80|l A= SCLSC-0%t SCLSC-N 29| Scale 50 CHEt 242 DH=Z HIAlGHSLC Scale 52
Problem 10i CHEH ZIDt= = 1502 HIRYoHIt RoHFCH OIZ0IAl SCLSC-0 29| |sj|
22 1, SCLSC-N 29| [Sj| 2t2 1422 LIEILF SCLSC-N 20| SCLSC-0 2% B[t =2
22 2 AUCH Rups(S) ZHUME OFEIIXIZ SCLSC-O 20| 7%, SCLSC-N 20| 93%=2
48 ZIE LIEFLDH Dlg (S) =S0IA SCLSC-0 22 Ha| 2t2 6,9890/1 SCLSC-N
Do el A2 022 LIEHL 2 S0A HAIB SCLSC-N UM TaHE 2= PosIt
HIFsHet= 20l0ICh.

Problem 20 CH&H ZDt HISYHIF = 4)4Jt oI SCLSC-O 21} SCLSC-N 29|
ISi| 2t2 22t 22 LIERGCH 22 °l0I2 Ryps(S) =T0IA SCLSC-O 22D SCLSC-N
Do YR HIET DIRIIXR 50%2 LEFGCH £8F SCLSC-0 22O DIy () 24t
00/0{ SCLSC-N 29| DIg (S) 2t2 1662 LIEFL} Problem 2 =QH0iA SCLSC-0 20
SAGIHE HE L & QUCH

Problem 30{l CHEH 2t 2 S Soi PoHX = 84 HISEaHE= SCLSC-N S 0A |Sj|
22 80/0f SCLSC-O0 29| Isj| 22 022 UEIGC 12422 SCLSC-N 22| Ryps(S)=
100%0ICt. DIR Z0IA SCLSC-O 2o DIy (5) 2t2 678,352, SCLSC-N 2| Dlg (S)

HE

a2 022 LHEtLE SCLSC-O0 Z2E8E20 SCLSC-N 220l =g g3otd UL CPU
time(s)& SCLSC-O 2& 2 &aAl2t2 46.1 =O0IH{ SCLSC-N 229 A2 & O =&

= E 20 624x= LIEFSCH
CtS& SCLSC-O1F SCLSC-N 2 &9 Scale 501 CHS' Problem 1, Problem 2, Problem 3
=N A HIREo =8 WAS O 5-108H 2 5-3DHX LIEFWC

I

Fafx) Fafx)
i
4,000 11 120 . * + -
3,000 + 110
+
A

2,000 + + = 100 +
1,000 Fifx) 90 Fafx)

4,000,000 3,000,000 2,000,000 5200 4200 3200 2200 1,200 200
& 5-1. Problem 10i CH&F SCLSC-O1t 18 5-2. Problem 20{ CH&t SCLSC-O1t

SCLSC-N 29| =& It&E(Scale 5) SCLSC-N 2<!o| #& 1t&(Scale5)
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Fs(x)

130
+SCLCS-N  =SCLCS-0

120
110 +

100 +

90 Fifx)
5,000,000 4,000,000 3,000,000 2,000,000

18 5-3. Problem 301l CH&t SCLSC-O1 SCLSC-N 22| & 1t&(Scale 5)

8 5-10lM= SCLSC-O1t SCLSC-N 222 Problem 10 CH&t =X ASZ0HAH 2HE M

8
D F(x)
=)

0

Z2UE 28 =S/ R = 2o g zZlAsgtoles HIREoHs ddiZ o Bz
P Xot) A0 SCLSC-N 2E0M 20HE 2= HEZol2t SCLSC-O0 ZEOUA XA 6J EXol &
K] HISBHSS & = JACH O 5-20lM LIEHH Problem 2= F,(x) & EA36t0 F(x) E

ZlUatot= 2HOD| =20 Bl*Eodl=s dciZ Ht& Z0l 2 Xlat
EO& 6 M HF=xol S0A 240t HILZoll, SCLSC-O 220N S
HEoels &0lgy =~ UCH I8 5-30 A LIEIH Problem 32| 2f =
I0ICt. 22 dHlfBdie iz b X0 ?AXlotd =Xl &8 &dl 21

SCLSC-N 220lA 20&l 8 ) Hxol S0A 5 It Bl*BoHS =S =02 otAL.

o
&
I

Jral
o
ol
el
rr
H0
>

Ola CtA JHXl ScaleS 11248t SCLSC-O%t SCLSC-N 2SS Hlw 24s 2 2 AL0A
HIgtet SCLSC-N Z &0l 2= Scaletl Uiet BMAH 20l 0[9= ZUstotBEA SFH ool
CO, BHE&= ZlA3lots Problem 1t ZHAE 2012 0l2ls ZUSHA AtelH RS ElUatots

Problem 3 ZHH0A <SS ZUE UEIHCH SCLSC-N 222 =Z0| &t ZHIZES d2H0
2= HAHY RTE HH == ZHIEES SGOI MEOH otA L
RMOIl THEE6HH ZHMZAEC 0/2 SEHUAM O S&X0ICH £8F CC2 RTE FIIZ2 HAHAET2ZM
A2l Q01 SHUAM AL HQ a2 St B2 A S8 20 UEts
CO, tHEE = zlA3ctHAM At E Her= Z=|H&tot= Problem 20l SCLSC-O 22 0| SCLSC-N
D220 O =g Z2UE 2RUCLL 1 Ols=s 2 AF0A Metet SCLSC-N 22 0M= 2HteEE
=) % 3== ?lol CC2A RTE &H 2

CC2 RCOIM ZHIEZS Xcelg [ BHEZ= CO, &0l SJtot #F X2 =HUAM £E2 ol
LEEFLHAI 2 ot RJUCH Zdeflk SCLSC-N

232 MHEE AL 00" I =0 2

SHUHAM &280lctl) & = ULL HESY SCLSC-0 222 RMUAE Z 3000 JHel MEZ=2
£ES Xclotld MMOI Sgotd UK SCLSC-N 222 RMOIA 18000 M=Z2=2 R3S

4>
N
=
@
()
O
i
O
%
1>
N
9'j
2

aad

C}. 82 R0l Qolol

O MZ2=2 FXIHE ALZ0HA 20t AE =g

Oft

52

Collection @ chosun



XMelotd 1200042 S5 MEE

ol

tD QUCH 8t Problem 11 20| 0122 ZICHEtolE A CO,

BHEZ=S ZlASiote 2MEe Problem 31t 20| 0l9S zIUSEAM Ald FetsS zIUHstol=
SZHMI0lAM= SCLSC-N 2&0| 2=05lJ| 20 Z2HIEES =852 Jelatd| ?Iof M= SCLSC-N

=& R=20M= SCLSC-O0 220l UWERZA

02

20l O 480D 2 & UCH &K A
PEMOR Ch5l)| 20| SCLSC-N 2 2O #E AMSTE LEIGCH HLFSH SCLSC-N
PUe2 QUYES SEX0 H2UZ 9o CC, RT, SGE IO &K WMo, 28It O

= = =
SHHMH ZEHE Fot= Ad =EI HlnECZ el JeZ BEHEC

52 SCLSC-N Z2&0l thet 212 E 24

H
=
o
I

CHEES =280l M2lE floil SCLSC-N 222 LNAHOZRH AIZFH0| EH
CCE Soll =HotJLt, Ht2 HJlots ©H, 2l =He ZHIEES RTOA 3=o6td 0l
O tACH Oleigt wAE ol

ol

N THAFESIAHLE RMOII 220t ME&ols EFsSSS FIIE2 1d
[=3]

HT
e W
o
o
=2
x
=
>
Ol
O
]
®
|
\‘
o
O
:O£
AL
Jz
ro
[

£ot= HIE E= DPOl EUA HIIsts o
Case 1-72 4 HIS(5,%)DF HII HIS(S5,%)2 #5IAI3H (NDL HIS(al1%), DSP HIS(2%), WEE
HIE (&%), MAIE HIE (5%2 DEAZ) 2t 220 F(x), K&), HRE) Ol 0E IS
OIXI=XZE 2OIGHACH T 590 A 20l §,%= 10%% ZIHAIFI D §,%= 10%% 2 AAIZICH

i 5-9.Case1-701l CHet =H E= HJI| HI=
Rate Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7
a 0.8 0.8 0.8 0.8 0.8 0.8 0.8
o 0.2 0.2 0.2 0.2 0.2 0.2 0.2
8, 0.2 0.3 0.4 0.5 0.6 0.7 0.8
5, 0.8 0.7 0.6 0.5 0.4 0.3 0.2
& 0.5 0.5 0.5 0.5 0.5 0.5 0.5
e 0.5 0.5 0.5 0.5 0.5 0.5 0.5

SCLSC-N EE= = 590lM XMAIE HIES Soll Casel-78 Hlw 248 2= H 510 GA
MAIHCEH Hlw Z20 =H HIES0 ==+ HJI HE=2 H=+5 SHE+ F(x) SItotl UL
FGUIA =HE= 22Ut E 20| ES+=5 HESH HAME0 SIHEI| 20 019= St A2l
UL F(x) FSHUAMN= AIS+80l L ZHIEES +=Hotd HIITH=E Z2HEES & 20|
HEo 23H FHUHAME EH2Z LIEREC 2 g-= MM, PMIt RCOIAS 2dEH=
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A& 222 NHIMI| W0l AMIIE Q012 Kk SHUHA ZHYEZ =H5IH RCOIA
3l=ot) 20 3A=S= MBS0l SIHEE AMSE Q101 RCe XHl&EHES SIHAIIILD AL
ZAUNMOZ ANE2EH HLES HIIcte AHELD £=HIW MEE2 = MMAIEdl= 2101 O
SESXMOZ LIEMGC
8 5-4,5-55-62 ¥ 5-102 Case1-70il CHst =Z2ME UEHHD ULk
H 5-10.Case 1-7 Bl2E==24 21
Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7
F,(x) 3,035,673 3,168,914 3,253,475 3,335,275 3,428,328 3,575,337 3,677,905
F,(x) 3,289 3,230 3,224 3,163 2,973 2,757 2,478
F3(x) 104 106 107 107 108 110 112
Fifx) F2(x)
5,000
4,500,000
4,500
4,000,000 4,000
3,500
3,500,000 3,000 b“_0\‘\\‘\:
2,500
3,000,000 2,000
1,500
2,500,000 1,000
Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 1 Case 2 Case 3 Case 4 Case 5 Case b Case 7
18 5-4.Case 1-70il CHE F(x) 21t 18 5-5. Case 1-70i CHSt F,(x) Z 1t
B3fk)
118
116
114
112
110
108
106
104
102
100
Casel Case 2 Case 3 Case 4 Case 5 Case 6 Case7
& 5-6. Case 1-701l CHEF F3(x) Z 1t
SCLSC-N 222 =HE ZHILEZ MEE L= MAMSOHI| <ol RCUHA 3s WIS
HXID UCH RCUHM =S ZHIEEZS MEEot= A0 O =&KX MAS8ct= A0l
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=SESHOIXNE =0I6t)| o SCLSC-N 22 RMOIA Z2HtEE £F2 MEE HIE0ILt SGOIA

o = 80%, DSP H'% o = 02%, —+—3'| t”%
Fi(x),F,(x),F;(x) 0l i ga= =

&%= 10%% SIHAIZILD HEEHIE2 &,% 2 AAIZLH

I 5-11. Case 8-1401 CHSH MEE2 L= MAIE2 HIS

et B1stE H 5-1201M HMIAISH Case 8-145 ol
2 HIZ (5,%), HEE HIE (s,%)0 H3IAIZ{ NDL HIE

§;=80% 1t HIJI HIES §,=20%= LDEAIZIL, 2
StOIRUCH H 5-1101AM MAIS 243t 201 22 THAIEHIE

Rate Case 8 Case 9 Case 10 Case 11 Case 12 Case 13 Case 14

o, 0.8 0.8 0.8 0.8 0.8 0.8 0.8

a, 0.2 0.2 0.2 0.2 0.2 0.2 0.2

6q 0.8 0.8 0.8 0.8 0.8 0.8 0.8

6, 0.2 0.2 0.2 0.2 0.2 0.2 0.2

& 0.2 0.3 0.4 0.5 0.6 0.7 0.8

& 0.8 0.7 0.6 0.5 0.4 0.3 0.2

=HeE ZHIEEE2 MEgE L= MAREotIl ol RCOHl Z=Z2&Ch. H 51200 3I=&

SHYEZ= SGUHM MAIE0| Jtsgt 2t E HIEd RMUAM MHEE0| Jtsst 232 HlE=
LEolH =48 ZUE Case 8U0NA 201D UL ZHIEZEZ2 WAIE HIS=2 10%%
SItAIZIL, HEE HIE2 10%% 22AH 248t 20 22X F(x)= Case 8FH 147Xl Al
Sototl ULE Ol === ZHEdE= 222=x2 oot RMUAM MEEocts A=2C0 SGOl
OO MAFESt= A0l 0lYE SHUHM O sS&dds & = ULH otX2 SFHQ RIS
NeAst SHE = F(x) = Case 8UA Case 140X ZItot) UCH Ol 2HIYES sHF A0
SHUA sl=e 2HEES SGUA MAIEote X 2O 322 RMUIA MEEot= A0l O
2880lcte AE & = ULL SCLSC-N 222 RMUA MZ2 £ZF= HMilote U= CO;

g0l Ol HIEEDl 20 H&Eots 2401 & S8HA O

ULE  Fx) SHUAM=E A= ZHILES HAMESHAL HEE06
&

RCOIAS ZME= AMSE Hes DAMI 20 Al2IE 20101 F(x)
=
.

o MHEEE0l g&= 0IXIX

ZHEZS THAFZE1W RMUIA 2HE Z

=
72! 57,58, 590 Al Case8-140f CHEH 2t 2= &2 F(x), F,(x), F3(x)2 =
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H 5-12.Case 8-14 Q12T Z4 Z 1t
Case 8 Case 9 Case 10 Case 11 Case 12 Case 13 Case 14
F(x) 3,495,940 3,508,256 3,561,849 3,552,888 3,555,985 3,642,368 3,741,085
F,(x) 3,430 3,666 3,658 3,683 3,810 3,887 3,958
F5(x) 106 106 107 105 104 106 108
F1t F2(x)

4,500,000
4,000,000

3,500,000

PR

Case 6

3,000,000

2,500,000

Case 1 Case 2 Case 3 Case 4 Case 5 Case 7

8 5-7.Case 8-1401 CHEt F(x) 21t

4,400
4,100
3,800
3,500
3,200
2,900

2,600

2300

2,000
Case8 (Case9 (Casel0 Casel1l (Case12 Casel13 Case14

718 5-8. Case 18-1401 CHEr F,(x) Z 1t

125

120

115

110

105

100

95

Case8 Case9 Casel0

Case11 Case12 Case13 Case 14

18 5-9. Case 8-1401 CHSt Fy(x) Z 1t

Ol&te] Z2NE RAGHH, SCLSC-N 229 SI2E 24 A0 FGUIM AIEE 2HIZES HJIots
220 #HHole A2 ZHEES HAE € HEEES =0 012 28 BIES 24AIH 0=
SIHAIE = UL Eet 2HteE 3= MAIESH HE0 &35 SHUAT COo, HHEES
=2 = UL Al H 2o FH0A =HeE Z2HEES RCH S206H)| 20 RCUHA ZdE=
gxtel Jlsl, g4, g0 gegs 0ld s/ A=z UeRct ddu 3=s=
ZHEES MAIEote A2 ZHHEL =FHiMe s&H0/Xe 012 MzEd=s R 2Eh
SEHCZ SEH0IAN UL SAHACH, HEEEL HAIESE2 Ateld Qo0 otFd Sets
OIXIAl 2= A2 =G AL
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5.3SCLSC-N 220 tHet =EHE Hl

= A0 HMetst SCLSC-N 2&2o| &g =EXHEQ NDLEHS JbAl= SCLSC-N (SCLSC-N1)
280 0l =3IEge NDLL DSPE &M JiX= SCLSC-N (SCLSC-N2) Z22€= JdAHGHH
w2A4sS ol 2 5-100M MAIS ChA JHAl Scaledt H  5-20il A
5-130il M= SCLSC-N1%} SCLSC-N2 22| Scale 10i CHolf Problem 1,

|w =45t ZBE HMAIRUCH

H 5-13. SCLSC-N131t SCLSC-N2 220l CHEt "l Z 1t (Scale 1)

Problem 1 Problem 2 Problem 3
SCLSC-N1 SCLSC-N2  SCLSC-N1  SCLSC-N2 SCLSC-N1  SCLSC-N2
ISi| 1 9 4 3 1 4
Rnos(S;) 0.1 0.9 0.57 0.43 0.2 0.8
DIr (S) 135,661 0 71 0 145,429 0
CPU time(s) 51.5 60.9 51.5 60.9 51.5 60.9

H 5-139] HlwW =4 Z 1 Problem 10A= SCLSC-N1 22| Pos &It ZHUA |Sj| at2 1,
SCLSC-N2 Q22| |sj| 2t& 92 LIEtLtD, 0l0 M2t Ryps(S) 2t SCLSC-N1 20| 10%0|H
SCLSC-N2 222 90%=Z SCLSC-N1 2220+ dHl®EoH HIE0l O =H LULEFSCE SCLSC-N2
DOl RE PosIt HISEGHOII| 20 Dlg (S) 2(01 028 LIEHLID SCLSC-N1 29| Dlg (S)
a2 135,661 LIEFGCH 012t 201 Problem 12| PosE &oiote 2E S WA= SCLSC-N2 20|
S5 FWUE ERULL

Problem 20l A SCLSC-N1 22O Pos It =HOIA |Sj| 28t2 4, SCLSC-N2 22| |sj| 2t2 32
LEEFLEL), Rnps(S) 22 SCLSC-N1 20| 57%, SCLSC-N2 ZE€Z2 43%= SCLSC-N2 ZEEZC
HIEdl B0l O =M LIEtSCE SCLSC-N2 229 RE PosIt HIESH0IDl W20 Dlk (S)
gf0l 022 LIEFLIL] SCLSC-N1 Z2E°| DIk () &2 712 LIEtSCH O0l2F 20| Problem 20M=
Raos(S) 2 DIg (S) EZO0A SCLSC-N2 20| <=8 Z2UE BA2M0, HIRAWNH H+E
LIEtLI= |Sj| &= 0lA = SCLSC-N1 20| O 25t dlE 20/ RUCHL

Problem 30| M= SCLSC-N1 222 Pos BII =HOA |Sj| 8t 1, SCLSC-N2 22| |sj| &t
52 LIEFLLD) Ryps(S) @ft2 SCLSC-N1 Z2&O0| 20%0I0{ SCLSC-N2 Z2E2 80%2Z SCLSC-N1
20 HIREH HI=0 O =H UEHSCE S8 SCLSC-N2 222 2= Posit HISEHO0|J]
H=20l Dlg (S) &t2 0, SCLSC-N1 Z2&°| DIg (S) at2 145,429 LIEtSCE Ot&JEXIZ Problem 32
PosE EJlote 22 ST WA SCLSC-N2 20| 48t 2UE

S S XACH Scale 10i CHSt Problem
1, Problem 2, Problem 30| CHSH &8 =T E LIEILIE CPU time(s)2 220 SCLSC-N1 22 Jt&
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e AH=EE 202 515%, SCLSC-N2 2E=2 20 “c2lA 6092 LtEFRCH SCLSC-N12t
SCLSC-N2 2Z°| Scale 10l CHst Hlw Z 1t Problem 1, Problem 2, Problem 30 Al & JtXl =&IHE 2
NDLI DSPE2 &M JiXl= 240l SCLSC-N2 2E0| o =82 & UCt BHXIZH CPU time(s)
ZH0 M= SCLSC-N1 220 & =& ME=S 1ol 20 AHAIRI0 015 =& MHES
st SCLSC-N2 22 20 o e ad =55 20l= FOIBISA T

Agt ZUE MAIRUCH

4

Y
jo
Jon

=
o

o

S

AL

J

A

H 5-140il A= SCLSC-N12+ SCLSC-N2 2 22| Scale 20il

H 5-14. SCLSC-N131t SCLSC-N2 220l CHE&t "l Z 1t(Scale 2)

Problem 1 Problem 2 Problem 3
SCLSC-N1 SCLSC-N2 SCLSC-N1 SCLSC-N2 SCLSC-N12 SCLSC-N2

ISi| 2 3 2 3 1 5

Rnos(S;) 0.4 0.6 0.4 0.6 0.16 0.84

DIr (S) 63,968 0 183 0 366,677 0

CPU time(s) 52.4 61.3 52.4 61.3 52.4 61.3

&4 Z 1t Problem 10l & 5JH2 HISEoHIL o XD O S0 Al SCLSC-N1 2&2°| |5j| &2 2,
SCLSC-N2 Z2ZE2 [§)| g&t=2 32 LIEtRCE E£8F Ryps(S) HTO0IA SCLSC-N1 Z2EC| g2 40%,
SCLSC-N EZ22 60%2Z SCLSC-N1 220 HILEof HIE0l O =H LIEHSCH SCLSC-N2

299 RE PosIt HIRFEWMOIIl THE0 DIz (S) =2t0l 00IH, SCLSC-N1 ZEZ° DI (S) &2
63,9682 = LIEFSECE Problem 20l A SCLSC-N1 22| |Sj| 8t0] 20| SCLSC-N 222l [Sj| 8t2
32 LIEISCH HISE0 HlE2 SCLSC-N2 20| JIE =2 60%0/0{ SCLSC-N1 222 40%0|Ct.
HZoi2t &Xol HelE UELE Dlg (S) @2 SCLSC-N1 Z2€° A< 1830/04, SCLSC-N2
242 ZE it SN0 WE0l DIr(S) 2t01 02 LtEHSGECE. Problem 30ilAl SCLSC-N1 22 9]
ISj| 22 10104 O 2Ch O =H SCLSC-N2 29| |Sj| at2 52 ULEILE Ryps(S) SHUAM 2
Lol HIAWMN HIESE 16%, 84%= = 2IZ|UCH SCLSC-N1 2L UM P& Pos=2 HIEdH2A
BlwA el QA0 DIr(S) 22 366,67701H, SCLSC-N2 LE WA FolHdl Poss2 25 HISEHO0!J]
H=20l DIg(S) 2t2 02 LIEHSECE. Scale 20i CHEF & 22| Problem 1, Problem 2, Problem 301 CH &t
AlSH=2G 0l 524%, SCLSC-N2 2E€=2 20

=

it 4
0

CPU time(s)2 Z'O0, SCLSC-N1 22 M it
L2l 61.3x=2 LIEFGCE SCLSC-N11} SCLSC-N2 2 2!9| Scale 20l CHEF PosZEJF Z 1t Problem 1,
Problem 2, Problem 30X & JIXl =S NDLIF DSPE &M JHXl= SCLSC-N 20| ¢ 48t

NE 2 = UCH otXEH CPU time(s) EHH0A = [ SCLSC-N1 20| S =& MES
DAY =201 018 =5 MHES DS SCLSC-N2 22 20 #E Al S5 SBALL

H 5-15 0lAl= SCLSC-N12} SCLSC-N2 2 &!9] Scale 301l CHoll Problem 1, Problem 2, Problem 32

Blu =48t 2UE MAIRCHL
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i 5-15. SCLSC-N11t SCLSC-N2 220l CH&t "l Z t(Scale 3)

Problem 1 Problem 2 Problem 3
SCLSC-N1 SCLSC-N2 SCLSC-N1 SCLSC-N2 SCLSC-N1 SCLSC-N2
ISjl 0 10 3 4 1 3
Rnps(Sy) 0.0 1.0 0.42 0.58 0.25 0.75
DIr(S) 127,965 0 876 797 106,357 0
CPU time(s) 54.0 61.5 54.0 61.5 54.0 61.5

H 5-15°9 Hlw 24 Z1 Problem 10 A SCLSC-N1 Z2Z9| |Sj| &t2 022 HISEoHIt o XIXl
LULCH DHEZ Ryps(S) 242 00ICH SCLSC-N2 222 |Sj| at& 1022 Rpyps(S) 2401 100%2 =2
ol &Il =20 SCLSC-N2 Z220| SCLSC-N1 220 O =g 2 #2=2 LIERCE.  SCLSC-
N2

FD

Yol @E pos= HIRHWOII| W20 DIg (S) 30l 0, SCLSC-N1 22O DIy (5) &*2
127,9650ICt. 012+ 20l Problem12l PosE #EOicl= 2 HT WA SCLSC-N 20| =5 ZFUE

A Ct.

Problem 20| A SCLSC-N1 221t SCLSC-N2 2= Hlw 24st 2t N =8 UEL=
ISj| 201 30104 SCLSC-N2 29| [Sj| 22 42 LIEIGCH HISEaH HIS2 SCLSC-N2 20| &
=2 ZIE =20 58%0/H SCLSC-N1 E2=2 42%=2 LIEHSC BB HIoH HEE
LIEFLI= Dlg (Sj) @2 SCLSC-N1 Z2&°| g0l 8760/, SCLSC-N2 Z&°| Dlg (§) st=2 7972
LIEFSCE SCLSC-O 220| =8 2H22 20/ JULCH

Problem 30IA S OI&IHXIZ 0lE MHES 1Dedsh SCLSC-N2 20| O =8 ZINE LIEtLID
ASH 2t MT WA= SCLSC-NI POl |Sj| 22 1, SCLSC-N2 2Ol [Sj| 242 322 Ryps(S)
SHUAN 2 2L HIREM2 H=2 25%, 75%=2 QAL SCLSC-N1 20U AN ol &
PossS2 HIREoH2t HIWXH el UM Dlg (5) &2 106,357010, SCLSC-N2 ZE0UA o
Poss& 25 HISEHO0ID| 20l DIg(S) 842 0= LIEHGCE Scale 30l CHSH 2t 29| Problem 1,
Problem 2, Problem 30i CHSH CPU time(s)& &Z220{ SCLSC-N1 20| & HitE AHEEE &
54Z=0|0, SCLSC-N2 222 =20t & 615%= LIEISCH SCLSC-N11t SCLSC-

30 CHEF PosEOF Zt &Y #=EIME NDLS 1148t SCLSC-N1Z2E =20 & JHel =&M<

NDL2F DSPE & JHKl= SCLSC-N2 2 20| Problem 1, Problem 2, Problem 30Al 25 %8 A=

FF
o
N
o
=2

M= SCLSC-N12t SCLSC-N2 22 2| Scale 40l (&t HlW 248 Z2UE MAIRLCH
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i 5-16. SCLSC-N11t SCLSC-N2 29| [Het Z DH(Scale 3)

Problem 1 Problem 2 Problem 3
SCLSC-N1 SCLSC-N2 SCLSC-N1 SCLSC-N2 SCLSC-N1 SCLSC-N2
ISjl 0 10 1 2 1 5
Rnps(Sy) 0.0 1.0 0.33 0.67 0.16 0.84
DIr(S) 308,715 0 259 201 166,526 0
CPU time(s) 55.5 61.9 55.5 61.9 55.5 61.9

FHl

5-162] &4 Z 1t Problem 10l SCLSC-N1 Z2&° HI<SEdiot FoHXIXl 221 &0l [Sj|

ro

0, SCLSC-N2 22&o| |sj| 22 1022 LUEIGCH Jd2{22 SCLSC-N1 21 SCLSC-N2
O Ryps(S) a2 22t 0%2 100%= SCLSC-N2 20| SCLSC-N1 2YECH o 248 ZUsS
C. SCLSC-N2 29| RE Pos= HIRFEH0ID| IR0l DIg(S) 8401 022 LIEHLITD SCLSC-N1
= =0l Al SCLSC-N2

K o 0 %
e 2l
10
=
pel
@
3
o
w
o
oo
\I
[ERY
(&)1
=
o
=
[
M
=
o
S
=2
@D
3
[
10
0
a
i
&
S
ol
rr
H
rn

o
0

20l O 2=+ 2U4E EALL

=)

Problem 20l A SCLSC-N1 22D} SCLSC-N2 22E H
10/ SCLSC-N2 2EO| |Sj| 22 22 UEHLCH HIH6
2]E B0 67%0/0 SCLSC-N1 2H2 33%=2 =0IE ALt

]

L 245 2D SCLSC-N1 229 [sj|

b £
ro

2 SCLSC-N2 Z2&0| J+&
|Eoli2t EFXoH HelE LEtL=

10

DIr(S) a2 SCLSC-N1 Z2E° AL 2590[04, SCLSC-N2

Problem 30A S OF&IAZ Ol MES 1edsh SCLSC-N2 220 O =8t Z2WE UEHLD
AOH, 2 HTO M= SCLSC-N1 DOl |j| 22 10/, SCLSC-N2 2o |5j| 22 52
LIEFRt ST Raps(S) SZHOUAE 2t 22 HIREoH2 HIES=2 16%, 84%= LIEtGCE SCLSC-N1
Z2E0lA Dlg (S) 8ft2 1665260104, SCLSC-N2 20 A Foildl Poss=2 25 HISZ 012 S0l
Dl (S) &t 0= LIEFGCH  Scale 40 CHst CPU time(s)& 220 SCLSC-N1 ZEO0| Jt& #E
AHEEE BP0 555% _1c2lil SCLSC-N2 222 20 L 619%=% LIEH%C SCLSC-N11t
SCLSC-N2 2| Scale 401 CH&H Pos®E It Z 1t SCLSC-N2 20| Problem 1, Problem 2, Problem
WA 2F =8t A= & = QUL SHAIZH CPU time(s) SHOUA SCLSC-N1 RLE2 &Y =5

MHES Dol =20 =5 8 #X2JF ©@=0t)| 20 0I5 =5 MES A8t SCLSC-N2

H 5-170ld= Scale 50 CHEF HlW =2Ast ZWE HMAIRCH
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i 5-17. SCLSC-N131t SCLSC-N2 29| Scale 501 CHSt Hlw 21t

Problem 1 Problem 2 Problem 3
SCLSC-N1  SCLSC-N SCLSC-N1 SCLSC-N  SCLSC-N1 SCLSC-N
ISi 1 13 3 4 1 7
Rnps(Sy) 1/14 13/14 0.42 0.58 0.12 0.88
DIr(S) 48,827 7,363 107 37 57,360 15,570
CPU time(s) 55.9 62.4 55.9 62.4 55.9 62.4

I 5179 HID 24 2D Problem 101A = 14742 HISFHI 2HEOD OIZ0IA SCLSC-NL
Da0| |Sj| 2'2 1, Rus(S)E 0.07% 012, SCLSC-N2 2EO0A [Sj| 2t 13, Rups(S)= 0.93%2 2
SCLSC-N2 Z 20| SCLSC-N1 220 ¢ =8 ZUE 2L SCLSC-N2 22| DIy (S) =t
7,363, SCLSC-N1 Z22°| DIr(S) gt=2 48,827= LIEFRLLCE. Problem 12| PosE &liol= 2= HZO0A
SCLSC-N2 20| O 9438 ZWE SHUCL

Problem 20 Al SCLSC-N1 2& 1} SCLSC-N2 €S HlD 245 21 HISFH 22 LEHI=

10
0
%
o
i
o
(V2]
O
-
(2]
(@)
Z
N
0
0
o

ISj| 2t0l 30104 SCLSC-N2 2o [sj| 2t2 42 =OIgUCt H
JIE =2 ZDE 204 58%0/0 SCLSC-N1 22 4202 LIEHGCH DIg(S) 242 SCLSC-N1 29|
22 1070|104, SCLSC-N2 22 S Dlg(S) 240l 372 LIEFLCH.

Problem 30| M S DH&EDJIXIZ Ol MES D248 SCLSC-N2 20| Of 48 22 LEHHD
UOM, 2 TN A SCLSC-N1I 2O [Sj| 22 1, SCLSC-N2 29| [sj| 2t2 72 LIEHGLH.
Rups(S) ZCOIA 2t 2O HILAMO HISS 12%, 88%= LIEHGCH SCLSC-N1 22| DIy ()
22 57,3600/, SCLSC-N2 2| DI () 2t2 155702 SCLSC-N1 PLECH O 48 2B
2 AL}

CPU time(s) =X 0IlA SCLSC-N1 20| JI& #2 AETZE B0 559%, SCLSC-N2 2

R

1

120 el 624%x=%2 LIEHGCH SCLSC-N11t SCLSC-N2 S &19| Scale 50 CHEF Hlw =420 <
=3TE NDL St= 148t SCLSC-N1 2% 20 S Jie =&Y NDLI DSPS &M Jt

SCLSC-N2 20| Problem 1, Problem 2, Problem 30lA 2% <

time(s) SHOMA SCLSC-N1 20| & =& HES DA 20 2F 58 #+X2IF H=06tH
AMAI2H0] Ol =5 MES 148 SCLSC-N2 2 2L e &3 555 SRUCH

5-130lA H 5-170tK HMIAlEl Zt2b &0 SCLSC-N1 Z2& 1t SCLSC-N2 2E€=s =& <

HH

Z0H0A Hlwst 20 ZFHME 2= zsictn #3E s X Astol= 2HMHQ Problem 1,

J

r
0
1
k0

ol zIAstotd Al Rels zlUstot= 2MHQ Problem 2 1l

il
D ARIA RIS x|Etot= 2XH ! Problem 30l NDL2H DSPE & 11 &t

ZI CH 3ot SCLSC-N2
D20l NDL 2t= 11248t SCLSC-N1 Z& =20t =g ZUE UELLD ACH Ol ZHILEES
?et S=L0 A NDLEH Dejot= 2 20 NDL2F DSPE 20| ddot= A0l 28XH0Idte AS
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ol
=]

tALCH

Ol
ol

54 J|& E28Y Het=l 28 bl

= ZB0AM= 5.1Z20AM MAIS SCLSC-N 222 T4 JtAl ScaleS ot J|1&E E2EM =2
AF0AM HCHEH PHGA EZ2YE S Hlw Z2AGHRUCH Hlw 240 ALE
al.(2009)0ll M HMICtEH GA &2 Y 1t Kanagaraj et al. (2013)01lA HICtEH HGA H2E S AIEUCH 2
2YES Ul 248 2= 2 5180AM E 5-220H K LIEFRIC

H 5-182 SCLSC-N 2209 Scale 1= 0/&6t0H GA, HGA, PHGA &2 HEZWUE UEHLHD

QUL
I 5-18. GA, HGA, PHGA?2| Hl &4 Z 1t (Scalel)
Problem 1 Problem 2 Problem 3
GA HGA PHGA GA HGA PHGA GA HGA PHGA

ISi| 0 1 6 0 1 3 0 1 3

Rnos(S;) 0.0 0.14 0.86 0.0 0.25 0.75 0.0 0.25 0.75

DIr (S) 48,422 0 170 526 132 0 27,644 45,966 0

CPU time(s) 58.9 59.1 60.9 58.9 59.1 60.9 58.9 59.1 60.9

H 5-182] Problem 10{lM GA E28= Sol Holid &HXol S0 A HISEH =Z LIEtLI= [S)|
242 00ICH Ol= GA EZ2H0UAM HISREWMNE otk =Ch= 2/0|0ICH. HGA EZEHUHA ZME
S= 2ol SO0A 102 oo HIEol 0 Z& &I W2 |Sj| 8t= 12 LIEHSCEH el

PHGA ZZ2E= Soi olldl F=xol S0A JI&E 2 =2 oi=0l dlLEol U ZSEHO
UON [§)] et 622 UHEHGCE Ol0l et Problem 10IA 2t EZ2HESZRE FoH& Ryps(S) si2
GA= 0%, HGA= 14%, PHGA= 86%= LIEtSICE Dlg (§) st=2 2 28 0UHA GAEZ2EO0l ItE

B
ae,
T
®
>

=2 48,422, PHGA & Z2Y= 170, HGA &Z282 02=% LIEt%CE Problem 101 CHet 21
H2-E [5)|2 Ruos(S) SHUA JtE =8 oiE E2A20H, HGA E=ge dlEdl It PHGA
2B AXIC Dr(S) SSHOUA JtE =2 gts ERULH Ol GA 280l HeE2
H20 SCLSC-N 2 22 S&StD ScaleOl 2 2HME HZot=0 SHAHEOl Ul A2
°|0lstCt. HGARt PHGA E2He =88 I Hsg 9y =, 2888 RAL0els L-olol Maol
GARL[I 28 ZWE UEILLD JUX 2 PHGA H2H 0l HGA EZ2EECH i &2 AMEodte
HEOl LS| 20 HGALZCLH PHGA &280l =2 28 ZWE 20/ UL

Problem 20lA= GA HZ2YO0IA |Sj| 2t2 022 LIEIS D, HGA &E28 2 |Sj| 8t2 1, PHGA
H2Yo |5)| #2 322 2 AFUAM HMetet PHGA E2HUHA A

BA

o
e
b2
ro
=5
40
[l

|
<
nt
0z
Ll
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»y

S 2 £ QUCh Rws(S) @ GA Mage

LIEFRCE DIg (S) at2 2 828 0HA GA E280l JIE =2 22l 526, HGA &2 82 1320/,

0%,

HGA &28 2 25%, PHGA &Z2E2 75%=2

Tolldl 2= ol ot HILEO0IJI 20l PHGA B2 &2l DIr(S) st=2 02F LIEHRCH

Problem 32 GA E2ENASE OIEIIXIZ [Sj| 262 02 UEILD HGA E2#ol [3j
PHGA T2E ol [sj| 22 322 UEHL Jt&

8282 HISEHE —otAl Rotd U

75%2 LIENGCE Dig (5) 2t 22

PosE Hotolll fIgt 2= HTOAM JtE

2E0D HEol g4 32100 €2 O

[==]
i B

oF
s

O EH
=

X1 Ol

ol H< 27,644, HGA EZ2E2 X

SEHE Fot2 AUCH Rwps(S) UM GA
=0l 0%0I04, HGA &EZ2E

SdHUAM GA &
Hel gtel 4596622 PHGA E2E 2 022 UEHRCH

2 25%, PHGA &2

o

Jei2=Z Scale 1 22 PHGA &2

g2Ee JIE& gF0A Metet 2ge RAg0es 828

ZHOAN =8 ZUE 22X RIACH 1 = A0AM JHES PHGA E28E 2= Problem
(Problem 1, 2, 3) SH0OA JI&E =+t 2UE 20|10 ULH 2 E2ES2 48 £S5 LEW
CPU time(s) SS0UM= GA 280 e ZHEO0IJ 20 JtE #E &= 5501 58.9%,
Sgd 2ol HGAE2HYO A3 £5= 59.1=x, PHGA 28 =L 6092 AUECSZ

Fafx)
4,500 SGA EHGA PHGA
4,000

L
3,500
3,000
2,500 b ®
(=] iy

2,000 o
1,500 Fafx)

3800000 3700000 3600000 3500000 3400000 3300000

18 5-10. Problem 10l CHSt GA, HGA,
PHGAS| &g Z 1t (Scalel)
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Fifx)

120
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100

95
3,500

@GA EHGA PHGA

Fa(x)
3,000 2,500 2,000 1,500

1

5-11. Problem 20l CHSt GA, HGA,
PHGAZ2| algi Z 1 (Scalel)

=)

BA T°




Fafx)
125 ©GA @HGA A PHGA

120 .

115 =

110

105

100 =]
a5

0 Fifx)

3800000 3,700,000 3600000 3,500,000 3,400,000

& 5-12. Problem 301l CHSH GA, HGA,
PHGAZ2| A& A1} (Scalel)

—_18 5-100iA Scale 10 CHet GA, HGA, PHGA &EZ2& 2| Problem 1 &3 2SS Z0WF1 RULCH

ad 2 GA E282 04, HGA 8282 1, PHGA &E2E =2 62 PosE

2% Z2yol
“3olD UCL 0 BN A I KK I JIE S48 22 MY o B0l AXGHH HGA

=N
H2YHUAM 100 HISAGH, PHGA EZ2YHUHA 6JH2 HIREMI LME/JLl=E HE L = JULH
18 51100 A Problem 2 A& Z1 GA 282 34, HGA E28 &2 2J4, PHGA

PosE #=gotd UASH, 0 SUAM F)3 K@)t JHE =2 & dHE Hi2 Z0l X
HGA 2" 0UA 104, PHGA EZ2E WA 3040t HISBHZ SESALACH. O 5-1201 A Problem 3
Ao ANE 201D ULH 2 B2 A 21 GA 282 31, HGA 282 40, PHGA
B2EH2 642 PosE 8ot UM 0l SUA Fx)d F(x)Ib JtE =8 gt2 Mg et Z0
FIXIGtH PHGA EZ2HEUHA ZALRUCE HE &€ = ULH

x

H 5-190iA= Scale2= 0|8t GA HGA PHGA E2E =S Hluw =48 ZUE HAlGHALH

_@
|0
|-|'U
x

T 5-19. GA, HGA, PHGA2l Hl1 =4 ZDi(Scale 2)

Problem 1 Problem 2 Problem 3
GA HGA PHGA GA HGA PHGA GA HGA  PHGA
ISjl 2 1 3 2 0 2 1 1 5
Rnos(S)) 0.0 0.25 0.75 0.5 0.0 0.5 0.14 0.14 0.72
DIr (S)) 50,930 92,657 0 0 413 336 13,161 79,390 0
CPU time(s) 59.2 59.9 61.3 59.2 59.9 61.3 59.2 59.9 61.3

H 5-192| Scale 20lA Problem 12 2= EI2HSZ2H & ZEHXol ZSO0HA = 5012

HISaHI LOACL 0IS0A GAR2YY |sj| 242 2, HGAEZ2HS |5 12 UELD
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PHGAE 2 OZ2H 20X |§j| 242 322 LIEFCH 001 [2t RupsS)= GAEZHS 0%,
HGAT2HS 25%, PHGAEZHYES 75%0ICh Dlp (5) 2 GAEZHO S 50930 OI0,
HGAZZHS 2t 2 Z0A JIE =2 Dk (5) 22 LIEIHCH PHGAE2YS 2E =X}
HISFBHO0IDI IH20 Dig(S) 201 022 LFEFGCH,

Problem 20 CHEH ZDt |Sj| =2I0IA GASH PHGAZ2HOIA LM HISFHS = [si=
SUSIA LIEFCH HGARZHOIA HISHIN XX %A W0l [Sji= 00ICh 2oz
Ruos(S) SEOIA GATD PHGAZ2H Ol HISEsH HIS0| 50%% 010, HGAEZH0IA HISH5Ht
QMR AUT 20 HIBOI 0%2Z LIEFGCH Dlp () ZHOAEZ OHRIINZ GAD
PHGAE 2EO Xt 25 HISFH0II 20 022 LIEFGCH 51X HGAEZ#Ol &
DIr(S) 242 41322 LIEHGCH.

Problem 30IA 2 H2HEZRE A =X S0IA = 7 Wl HISFHI RHECE Of
Z0IM GAD HGAZE 2O HISHT = |5j| 2t 242 12 LIENGCH BHe 0l PHGAE 2B 0IA =
B D& 20l M [Sj| 2001 50ICH 20iX HISEM 01 M2 RupsS) 2
PHGAE 2E 0l 72%, GASt HGAE ZE 2 212! 14%, 14%= LIEHSCH GAZE 2 -0l HEt DIR(S) &2

ro

10

ne

A
13,1610/ 0 HGAZ 2 E 0l THEF DIg(S) 2t01 JtE =& 79,3900/ Ct. PHGAZ 2 E 0l 3% ZME 2=
ol ot HISESH0ID| IHEZ0 DIr(S) 2t 022 LIEFGCH  Scale 20 CHEH 2t H2H S Hlw 20 2
AU A HCHSH PHGAZE 2B 2 Problem 1, Problem 2, Problem 30l CHst 2= SH0
oHE 20110 ULt BHXICH AMEEE LIEHH= CPU time(s) SHOHA S LRl GAT
JHE WHE 59.2= 0I0H, 288 |SAYNelsS YHO HCGAZEIZHEZ2 59.9=, PHGAEZHEZ2 Jt&
tel 61.3x3 AMERUCH

18 5-13, 5-14, 5-15= Scale 20{l A Problem 1, 2, 30 CHoll GA, HGA, PHGA&E Z2H 2| et
ZIE LIEtW D ACH

Fats) Falx)
5000 ©GA EHGA APHGA
124 $GA EHGA APHGA
4500 - 122 rs
120
4000
118 = . o
116
3500
o @ 114
3000 s 12
E 110
2500 108 .
=] 106 »
2000 @ 104 l
1500 Fifx) 102 Falx)
3,800,000 3,700,000 3,600,000 3,500,000 3,400,000 3,300,000 3500 3000 2500 2000 1500
18 5-13. Problem 10l CHSt GA, HGA, _1& 5-14. Problem 20l TSt GA, HGA,
PHGAS| =% Z1} (Scale 2) PHGAS| ==& Z 1t (Scale 2)
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Filx)
125
@GA EHGA PHGA
@
120
= )
115
®
110
105
100
a5 = Fifx)
3,800,000 3,700,000 3,600,000 3,500,000 3,400,000
& 5-15. Problem 301l CHSH GA, HGA,
PHGAS| ==& Z 1t (Scale 2)

18 5-130il A Scale 20il CH&F GA, HGA, PHGAE 22| Problem 1 A& Z2WE E0HF1 UL
2 2o g Z GAEZE 2 40, HGAEZ2E 2 304, PHGAE Z2ZE 2 3JH2 PosE =3 ot1]
ULH Ol SUA F) F,(x) It It 2=t 22 Mg ¢ X0l AXotH, GAEZHU A 3942
B30, HGAEZ2HE0lA 104 8|S Eol, PHGAZEZ2E A 3JH2 BISBoHII SME/ULU= HE &
= QUCH 12 5-1401 M Problem 2 &ldd 21 GAEZE 2 2, HGAE Z2E 2 5, PHGAE Z2E 2
342l PosE #Eotd U2HMH, 0 SUA F(x) 3t F() It JIE =2 e ddHZ "2 E0
X222 GAEZEONA 2JH, HGAEZHEOA 0, PHGAEIZHONA 2JiJt HILBH=Z
SERE AT I8 5-1500A Problem 3 &g ZWE 2010 UCH 2 - A& Z}
CGAEZE 2 2, HGAZZ2HEZ 3, PHGAZZE 2 52 PosE =8otd U2H 0 SuA
Fi(x) 2 F3(x) ot JHE =8t gt2 M X0 ?IXIotH GAZE HGAEZEHUA 2 2 112
HIZ o, PHGAE Z2EOA 5 JHe HILEoHIot HAIUU= XE & = UL
H 5-200lAd= Scale3= 0/ &8t GA HGA,PHGA E28 = Bl 248 ZUE HAIRLC
H 5-20. GA, HGA, PHGAS| Hlw =4 Z 1t (Scale 3)
Problem 1 Problem 2 Problem 3
GA HGA PHGA GA HGA PHGA GA HGA PHGA
S| 2 1 6 1 1 3 1 2 2
Rnps(Sy) 0.22 0.11 0.66 0.2 0.2 0.60 0.2 04 04
DIr (S) 46,612 26,225 6,873 271 328 164 16,381 41,312 18,953
CPU
time(s) 60.5 60.9 61.7 60.5 60.9 61.7 60.5 60.9 61.7
i 5-202 Scale 301l CH&t Problem1 Z21t & 9 JH2l HILE It 20 OISUHA GAEZ2HE S |5
A2 2, HGAZ 2 H 2| [Sj| 8t2 1, PHGAZE 2HZ2H 20U [Sj| &t 622 LIEHGCE Ryps(S)<
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Problem 20| ol A
LIEFLI D, PHGAE 28 &= It Bl <= ol
GAL} HGA O HILEdl HIE0l 22 20%2
Raos(S))& 60%0ICt DIg (S) =H0UAM=
GAZE Y2 271 JalD PHGAR 2| DIx(S)
Problem 30l 2 &
GAEZHE 2l |Sj| at2 1, HGALt PHGAE =Y
=0l et GAE
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LIEFGHCH PHGATE 2 -2 E<=
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Z2UE LIEHS SO, Problem 30l
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=
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Scale 30i| Z 0t
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20l ==
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t S 605x=0I0H,
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_1& 5-16. Problem10il CHSt GA, HGA,
PHGAS| 3% Z1} (Sale3)

Collection @ chosun

PHGAH
46,6120|04, HGAZ 28 9|

HGA
a2 1642 N %

B Fold 2= FxZoil =0l
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=
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2 Ygo adl B GAEZ2E 2 44, HGAEZE 2 34, PHGAEZE 2 10042 PosE =30t
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502 PosE€ =#=Zotll ULH 0 SUA F(x) 2 FMx) IJb HE =2 2 D Ht2 50
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GA HGA PHGA GA HGA PHGA GA HGA  PHGA

ISjl 0 1 7 0 1 2 0 2 5
Rnos(S)) 0.0 0.16 0.84 0.0 0.33 0.67 0.0 0.28 0.72
DIr (S)) 23,659 0 8.625 453 379 221 46,156 98,144 0
CPU

time(s) 61.6 61.9 62.4 61.6 61.9 62.4 61.6 61.9 62.4
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S2EUA 1K,

PHGAE Z2E0IA 240t MEHERUCH D 5-212 Problem 3 A ZUE 2010 UCH 2
2Ee Ad Zi GAEZE=2 2, HGAEZE =2 3Ji, PHGAEZ2E =2 52 PosE 8ot
UCMH 0 SUA F(x) 2 F(x) It JtE =8t g2 Mg &t Z4 AXSLt. = GAEZHE
ZU0M HISEoiot SR ZUACH HGAZH PHGAZEZH WA= 2= 2, 5 e HIEdHIt
LA AUL=E HES € = ULt
Ot 2 2 H 5-220lM= Scale 58 1dof GA, HGA, PHGA &EZ2E = Hluw =48 ZHUE
KIAIRLCE
I 5-22.GA, HGA, PHGAS| HlW 24 Z1} (Scaleb)
Problem 1 Problem 2 Problem 3
GA HGA PHGA GA HGA PHGA GA HGA PHGA
ISjl 1 3 10 1 0 3 0 1 8
Rnps(Sy) 1/14 3/14 10/14 1/4 0/4 3/4 0/9 1/9 8/9
DIr(S) 23,275 16,491 2,268 0 706 86 63,155 30,079 0
tci::(s) 62.1 62.4 63.8 62.1 62.4 63.8 62.1 62.4 63.8
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£5 1 HAEY =& HIE
Parameters Value
tCrm, U[0.1, 0.4]
tCmp U[0.1, 0.4]
tCpa U[0.1, 0.4]
tChu U[0.8, 1.2]
tc,s U[0.8, 1.2]
tCap U[0.1,0.4]
tCpy U[0.1,0.4]
tCru U[0.1,0.4]
Transportation cost teey U[0.1, 0.4]
tCrw U[0.1, 0.4]
tCory U[0.1, 0.4]
tCr U[0.1, 0.4]
tCuc U[0.1, 0.4]
ter U[0.1, 0.4]
tcey U[0.1, 0.4]
tc,, U[0.1, 0.4]
tcys U[0.1, 0.4]
£ 2 ©@Y Xal HE
Parameters Value

h, 15

A, 35

h, 5.0

hy 3.0

Handling cost h, 25

h, 2.0
hyy U[5.0, 7.0]
he U[2.0, 2.5]
h, U[3.0, 3.5]
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£& 3 &Hl 138 HE
Parameters Value
Fixed cost frs Frs foo far for oo fons U[2000,2500]

25 4. £HI2F Hel

Parameters Value
drm U[0.1, 4.0]
Amp U[0.1, 4.0]
dmp U[0.1, 4.0]
dpa U[0.1, 4.0]
dp, U[8.0, 12.0]
dpr U[8.0, 12.0]
dap u[0.1, 4.0]
dpt U[0.1, 4.0]

Distance of each facility dy U[0.1, 4.0]
des U[0.1, 4.0]
Ay U[0.1, 4.0]
dry u[0.1, 4.0]
dye U[0.1, 4.0]
det u[0.1, 4.0]
dey U[0.1, 4.0]
dyr U[0.1, 4.0]
dys U[0.1, 4.0]
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2= 5 AN Q0

Parameters Value
2! U[0.1,3.0]
m U[0.3, 0.6]
O U[0.2, 0.6]
Ebvironmental Factors Oy U[0.0, 1.0]
VE, 500
VE, 100
VEs 150
VE, 200
== 6 ABIEQl QO
Parameters Value
Jyp U[90, 100]
byp U[20, 30]
yp U[15, 20]
Jyv U[80, 90]
lyy U[10, 15]
' Eyv U[15, 18]
Social Factors
Wy 1
wp 1
wf 1
wy 1
wy 1
w/ 1
25 7. T0{ ItA
Shpu 971$
SPyy 874$
Selling price SPtu 971$
SPy 971$
SFyr 390$ * U[0.5, 0.8]
Shys 971$ * U[0.4, 0.6]
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