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ADS(RISZE4ZAl): Automatic Dependent Surveillance
AIS(RESAIEA|AE]): Automated Identification System

CHIPs(Bt=X| A SM%): Creating Helpful Incentives to
Semiconductors and Science Act

CUT: California United Terminals

DEA(KtZEEHEA): Data Envelopment Analysis

ETS: Emission Trading System

EU: European Union

EWS(E7|ZEAIAH]): Emergency Warning System
FTZ(RFR2XI): Free Trade Zone

GARM &112|F): Genetic Algorithm

GPR(XIEH 2™ XI=): Geopolitical Risk Index

HPH: Hutchison Port Holdings

ILA(ZH[SEH=SXFE3S]): International Longshoremen’s Association
IRA(RIZH|0|M Z=H): Inflation Reduction Act

ITT(EO1E 7k 2): Inter-Terminal Transport

JIT: Just In Time

LA: Los Angeles

LB: Long Beach

MIP(E&™4=A2]): Mixed Integer Programming

NJ: New Jersey

NP-Hard: Non—-deterministic Polynomial-time hard

NY: New York

PBCM(ZL|A A<M TH2)): Port Business Continuity Management

PCA(F4& 24): Principal Component Analysis
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PSA: Port of Singapore Authority

SAA: Sample Average Approximation method

SIPG: Shanghai International Port Group
USMX(D|=3HF243]): United States Maritime Alliance

VARMIEXE | 3|12 S): Vector Autoregression
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EXECUTIVE SUMMARY

A Study on the Development of an Analysis
Model for the Effectiveness of
Global Supply Chain Risk Hedge Policies

Moo-Hong Kang - Joo-Ho Lee - Byung-Joo Kim - Seung-Hwan Won -
Sung-Woo Cho

1. Background and Objectives of the Study

1) Background of the Study

= (Changes in the Global Economic Environment) The stability
of global supply chains is being severely threatened due to
factors such as the COVID-19 pandemic, U.S.-China trade

disputes, and the Russia-Ukraine war

= (Peculiarity of South Korea's Economy) South Korea heavily
relies on specific industries like semiconductors and
secondary batteries, making the entire economy highly

susceptible to global supply chain risks

= (Need for Supply Chain Risk Management) There is a critical

need for proactive measures to manage supply chain risks,

ix



and developing policy alternatives to address these risks is

essential

2) Relevance to National Policy

= This study provides strategies for responding to global supply
chain risks and stabilizing them, which aligns with national
tasks such as ‘19. Strengthening Macroeconomic Stability
and Internal and External Risk Management’ and ‘20. New
Industrial Trade Strategy to Enhance Industrial Competitiveness
and Supply Chain’

= The study is also related to the national tasks ‘40.
Establishing World-Leading Maritime Traffic Logistics' and
‘41. Protecting Maritime Territories and Sustainable Ocean
Management by focusing on the stabilization of maritime

and logistics through ports, thus ensuring logistics sovereignty

3) Objectives of the Study

= To develop methodologies such as Mixed Integer Programming
(MIP), metaheuristics, and simulation models that can
quantitatively analyze the effectiveness of policies aimed at

responding to global supply chain risks

= To experimentally analyze the effects of five different
policies that governments and businesses can adopt to

address supply chain risks
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2. Research Methods and Characteristics

1) Academic Methods

= (Distinction from Existing Research) While existing studies
often rely on qualitative analysis, which limits the ability to
draw clear policy effects, this study employs quantitative
data to analyze policy effects and proposes more concrete

and practical solutions

= (Literature Review and Expert Interviews) The foundation of
the models was established by synthesizing existing research
and expert opinions from both domestic and international

sources

= (SWOT Analysis) A comprehensive analysis of the strengths,
weaknesses, opportunities, and threats (SWOT) of the study
was conducted to derive the optimal model and development

plan

= (Development of Metaheuristic and Simulation Models) Two
models were developed to effectively analyze the complex

variables within supply chains

2) Policy Implementation Methods

= Held consultations with industry and academic experts to

collect data, select, and review methodologies

Xi



= Push for policy implementation through interviews with

government officials and presentations at seminars

3. Research Findings

1) Summary of Findings

xii

Developed policy effect analysis models such as Mixed
Integer Programming, metaheuristics, and simulation models

to define supply chain risks and provide countermeasures

Mixed Integer Programming and metaheuristic models were
designed to immediately propose alternatives when global supply
chain risks occur. These models were tested to analyze which

alternatives were chosen in both general and risk scenarios

Unlike the other two models, the simulation model was

developed to suggest stable alternatives even in the event of risks

The three developed models were used to analyze the effects
of five supply chain risk response policies that can be

implemented by governments and businesses

Initially, the effectiveness of three government-level response
policies was tested using Mixed Integer Programming and

metaheuristics models

The results before and after the occurrence of supply chain risks
were compared and analyzed, and the effectiveness of the

policies was evaluated by comparing scenarios with and without
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policy implementation

- Additionally, a simulation model for stable logistics supply chain
design was tested. Unlike the first part, this section tested two
policy scenarios that can be implemented at the corporate level,

such as multi-sourcing and risk mitigation inventory

2) Policy Implementation Strategies

= Formulate a logistics strategy to support the global supply

chain

- Clearly define the role and proportion of logistics according to
the country’s strategic direction, and establish an international

logistics strategy based on this

- Identify the needs of companies requiring logistics services and
classify the necessary international logistics services to prepare

appropriate overseas logistics infrastructure and support policies

- Examine changes in domestic and international conditions and
develop strategies tailored to the domestic situation, establishing

a foundation for supply chain stabilization

= Secure key overseas ports

- Form a consortium with shipping companies capable of
generating cargo volume, global logistics companies, the Korea
Maritime Promotion Corporation, and port authorities to secure

shares in overseas ports

- Nurture a Korean-style global terminal operator to secure

overseas ports

xiii
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Consider diversifying maritime transport routes

Diversifying maritime transport routes is expected to play a

crucial role in dispersing global risks

The current structure, which is concentrated on certain
countries and routes, can deal a critical blow to the entire supply

chain if issues arise in those routes

There is a need to reduce reliance on existing routes and secure
stability in the global supply chain by developing new routes
or expanding services in regions where South Korea's shipping
services are relatively underdeveloped, such as the Middle East,

Africa, and South America

Establish a supply chain risk response consultative body and

system

A ‘Supply Chain Risk Response Consultative Body led by the
Ministry of Trade, Industry, and Energy, the Ministry of Oceans
and Fisheries, and the Ministry of Land, Infrastructure, and
Transport, with participation from logistics-related research
institutes and companies, is necessary

Through regular meetings, 1) preemptively organize supply
chain risks and explore countermeasures, 2) monitor areas with

potential supply chain risks

Additionally, 3) when supply chain risks actually occur, respond
quickly according to pre-established manuals to effectively

address them

It is essential to establish an early warning and response system
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capable of preemptively responding to supply chain risks, and
by linking with the Korea Customs Service's “Trade My Data

Service' platform, support rapid decision-making

4. Expected Outcomes

1) Academic Impact

= This study systematically evaluated global supply chain risks
using quantitative analysis, moving beyond traditional
qualitative approaches, and presented new analytical models

and methodologies for global supply chain research.

= By integrating theories and methodologies from various
disciplines such as economics, business management, and
logistics, this study contributed to the promotion of

multidisciplinary research.

2) Socio—economic Impact

= Through various scenarios, this study proposed proactive
measures to address supply chain risks and supported the
development of more rapid and effective response policies

by the government and companies.

= The developed analytical models serve as tools to evaluate

the effects of various policies in advance and derive optimal

XV
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policy alternatives, aiding policy makers in decision-making.

In an increasingly uncertain global supply chain environment,
this study contributes to the formulation of policy responses

that can enhance national competitiveness.

By systematically managing supply chain risks in key
industries, the study lays the foundation for enhancing the

sustainability of the national economy.
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Policy Data
(Node/Arc, Cost, etc.)

X2 KA} 2H

Popper(2008)2] A-FolA g EA7 PAg F 7HA] 239
A #ES 2RI & Ut Poppers TSt ojefjof|S W2 4719
EAES 71 dolotzE FEjol AujA|ste] Aestiion, Aerse
X (creativity) I ‘ZA(evidence) & H&HH L2 E-&5}3T}.48) Popper
of }=H, 2 AFolA ARSI s AlEHold B2 ESAS nEE
&5k o SlojA S FH AHE 25T & 9loH, HEREAE
g2 A9 "ol E FAIste] &Rl AYE =&tk A0 H|
5 Qlth £ At 23 o] 2HA A 2A0 A 22
ke == 4 Sl= e A RYH oo w ot 33

235 TPAA FHQ EFEFTE AT 5 e AlEdeld 2ge

48) Popper(2008), p. 66, X21g: ML 2/(2019), p. 25.
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t: 1 ¢ (t=1,2,..., T)

[x}ateE]

PD,, : B A pol| A quﬂ o gk 7] 7k ol A 2] W2

OR,, : Bl A poll A 55 goll o gh 2 5=1] &

PIC,, : Tl A poll A 7 %q«l o) G A LF-A v &

MIC D3 AR ol A F- go] T A LA H§

54

L
539

Aol A -

:9)

PT i ABAEAL joll M el A p7hA]

F oo AR TE &
$u)e

MT; ﬂitﬁx}zﬂ]*i ?% *E*PXH”V] =58

Tquz ) A poll A F3 goll th @k 7] Tk poll A o) o) i E 1 ]
DG, oA p91 4 % Y g0 7102, o1 A ] &

PTT;, : 35 A2 joll A J}uﬁzﬁpﬁ}x] L&A 7

MTT R R I K e e Rl T o e i

PTL, s 3-8 AALA o Ao p74 2] 17130 2467k s -89
ML 58 Ao A AL 7 110 b s e



[4 3-1]

I3Y A3 O 51 24
=]
Qp : 1717 poll A H3F go] 5
N, t 713053 A2k joll A 53E go] Ak
M, t 713055 AR joll A el A p & 53 g0 B
L, t713 5% *@*PX}MW #q°l ZHE%}
R, t 713E B A poll A K-35 g2 A AL
Sm t7l7JLév&%x}zﬂlﬁﬁﬁﬁ*ﬁhi Fl AR TaF
Oyt t717&-&ﬂﬁﬂp°ﬂ/‘1 AFge Tl 1, 1gx koo
VVth 1753 AR jOl A -5 g7k AR 18‘*1% Uﬂ_o
Y tﬂﬁ%ﬂﬁﬂp O HF gE F-F AL 7 A AV eb e 1, T A ok
X 1715 A O Rl H R E %Eﬁg%ﬁﬂ} "o‘}‘?i 1,
2R GO0
ERLES
J Q T J P Q T
Min TC =YY Y MIC, - 1]-<Z,+ZZZZPT]M - M,

i=lg=1=1 j=lp=lg=1u=

T I J Q T
+ZZZPIC¢7 qul—i_ZZZZMY‘zj'Szqu
p=lg=1=1 i=1=1g=1t=1
P Q T I J Q T
+ZZZOR/M1 Oj)qt+ZZZZSC : 2]qt
p=1lg=1u=1 i=1lj=1lg=1=1
[A2F4]]
Q[}qt_qut+R[)q1t*1:PD[)qt for an p’ q' t
J
;Mqut—qut:O for all p, g, t
ZM7mt+I7q, Loy =Ny, =0 for all j, q, t
I
38— Ny =0 for all j, q, t

55



Ny—M-N,, ,—M- W, =0 forallj g t [4] 3-06]
Qu—M-0,, <0 for all p, q, t [4] 3-7]
Wiy Oy = 10,1} for all j, p, q, t [4] 3-8]
My, — M+ Y,, <0 for all j, p, q, t [4] 3-9]
St — M+ X, <0 for all i, j, q, t [4] 3-10]

Alquﬂ qut’ ]\qu Szﬁth’ qut’ qut = 0 for aH i’ jy p’ qa t [/‘\‘] 3_11]

O, * PTT, +W,

Jqt

« MTT,; < TW,, foralli, j, p, q t [4 3-12]
Alquf S PTLJZ’ for aH j’ p’ q’ t [/'\'] 3_13]

S < MTL,, for all i, j, q, t (4] 3-14]

A ZAE F + U=F Ndstglen, oo w2549 53 7H,

Asd 5ol 7R

56



—L

HEIH

2 345

L

F of
1

TOHX 2

[e]

Bt

A
2 3 45

1

3 o]/8-%- 2](2023)] A6 A

O

9]
st

)

Qo]
=

ol 53 AR}
2 345

1

THOHX 1

(H 3-7) 2 A2 SEMH|(chromosome)

2/ 345

1

0
b A

7}s

p 8

1

=
T

00
2|2
s}

1
1

00
112
1.

1
1

1

112
1
2122

2|2
0 00
2|1

1
1
1

J|gtoz XK} &y

=

=

22
0 1
22

-4F5(2008), p.b

=)
=}

x|

o
=]

712t

(B 3-73 Zo] 7|& A+ &

o+
K-

ol

2
At
a4

-
[l

o
Jre e §
od
=

X

17h M) ok

9]

Uics

O 2 H 3

2440 G

| Big M&

o

S
W

—_
o

57

69) 0|4 9| (2023), pp. 109-111.



Hog TEHES s
ox-]ol—_‘]-y_ =9 H]Ejﬂ- T;H

=0 u| 23} A8 B¥o] AL = YA
wfebet 87k e BAsor & A

f
ML
1o
=)
° o
:10]1
i)

49 SARepante 382 Aok
Stk SHAEE o= Algto] o] 2283 2 X £ 4 7] ]

=
B ATAY Aokl WA e A BAS 4 3 Fo2H 4
o

go] HA| FreF ohe S Bol ARSI T ole s HolAk:
THFAGHG 22 ghe FAEIAL £ WMk It A u
ehct
J Q T J P Q T
Ml?’l TC = ZZZMI ]]qt+ZZZZP7‘]/H1 . M//)q} [}'\'] 3_15]
j=lg=1u=1 j=lp=1g=1u=1
P Q T I J Q T
+2§: PIC,, M+ZXD:ZM$W$W
=lg=1u=1 i=1j=1g=1=1

~

J Q T

+iiioze 0+ LYY SC, S

p=lg=1= i=1j=1g=1t=

—

+M (if O,, « PTT;,+ W, » MTT;; < TW,,)

Pat Jqt

+M (if My, < PTL,,)

+M (if S;;,, < MTL;;)

ijqt

3) HEIREAE B 45 HS

A A g 271 A, #

3 2% 4
o 1,2 4,6, 39 4 2] BARH 2 EA st

58



100.0
11.95 1 100.0
100.5
101.4

2.69

GA

72,488
469,650

EFAH
o=

AIZH=)
0.23
0.39
10 2,956,781 14,400* 2,970,919 35.01
30 8,864,091 14,400* 8,984,762 63.41
tof 4Apziet

0o

MIP

=)

| Z{oH

72,488

10 469,650
lg4xoz

o

7|2t
3

=

T MM ZSKR
6
6
10

10
0 ZH 2717F HEO| et St AIZH0] 7|

Rz MK 5

2|

-
[

o

4
5

HIT
HIx | T &
5

M 27|

o
(=

x|

FOH &

I
[

H

[

A= (# 3-8)3 2

ST FoopT oA N E
t478 £3E8LT
=Y E w Wy gy O
A_.A_.aoumm E]_ENLWﬂnmeau
NG - S -
o By utﬂ_]_woﬁ:ui
e E W e e
BEoW —_BwebE
X Ay =T R
ﬂ,ﬂnﬁx_tﬂm tu_totntﬂ%q
o B F o P e oy W
_,m_w_ ,Q. A_lm.h 1J.J|H.b
N - B A
TN oo M AT
¢ B g R o P
R oo Sk O oA
ol m DJ~s o) o . — ok
TR TR L
T oy W oo W WOl
o o B o m oy oor W
DA S S T <
A B R
o © o = JJ
PEEE ok
N oo
TET¢ Ty ooy
sEpd TEE RO B
O =TI~ F o mM g
W B R T o Ao
Bxvs® o7 g
T No R/ T Mo WK BN T

A 494
59

=
L

sy

2

=2

i
o} webd g Az

9] A7t



3. A0 2 A ¥ JHY

E}%oi AlEFold HFoA = 35 a3zt TS IA JFE
+ 473 Robust) EF53FEE AHd 84T = = Z¥S /st
dd= FPoih. FHLE2 HolHE 7|HeE Hstal g
23S, AlEdoldS ESHAS nE d&sto] FoHl 29E =
+ H H20o] Sl

o &

A 2
al ¥
Zo

d

ol' r_, ) 51-.,.,

=
=

(8 3-12) et AZ2f0]d R2| MIA

,.'”"‘ I - \\7( ..‘\
il Pl
nunk\ Sy A . L
/}(ulm ey =P
\‘t 00 e 8 n

=Ee| A ..

, (®|=o] 2= Al#H) o \

A= BMIE, 0[81% (2019), p. 11.

3-12)9 o] AA| thgel A%L F)
%sw eIl Aol g oe A4



MR g R g Y —_
J) G ol 1_H1_ o & W _n:, < © W 7o
LY 88 oy Jo W B mﬁoﬁaﬁu%
oF W = X oF N ‘o To o o ofw
Al w N op o N Xl o W % o B IR RS
AN o XX T o] oo| ™ & w0 IH
°© <N X o° o W = | go M w0 O
7.n._ﬂ wﬂ_mﬂhﬂiﬂu ogo"__ijmoL w g R
oo o Ry P 7 oy XL R Mo '
DXy Ao Brodo Moy
— MA H XD ow m__ o)/ g o T m_.,u
O ) w0 2 o S R
= j.ﬁ,A__o N X]ﬂnﬂ o = N ol ==
~ o’ X ™ ,._Zl.urﬁte,l_l_o ]
O N T ™ ﬂl.uo,l =N U.___o — =
s RAHES SN pH Iy FReneeo2
ST B O oy M ETWE S
= T & o) ge S o U
<q eV - < <} o W.E I o i o 0 ,olﬁ ~ ot
cdE Dy e %M_@ﬂ_ﬂl_e <
g =Z mro%mﬂmaﬂe o_amﬂummWLmﬂm—m oK
= M T .- 2 o | o g1
mﬂrwwm tho_mm&umedr @%d.qu%e._ mwgoxlowm_umﬁx_o
&]_n_mo _z_.ﬂ\ﬂIV]mM orﬂﬂou%ﬂu_ Ty @ A
i A < 2 g T < mp oF op M K
Lmﬂmg UEHHE._ﬂo7LE ,Ale_Jﬁ],]
RS- I e
~ ~y O oy r —
Cop & X o J_m or ok TR Tl S L]_‘_ o
g x = B e oo ™o ™R
BT cETRWE KU YR
SyrEr B oo P U
o ., G uw.cﬂm_ux_cﬂ.ﬂu,l ,._7._A|1_E._ N =
e BPRORTE BB 4 B W= |||
< °F o EMm g ARstyx
T ol X = % PR
Wom W

61

AlE-d|o] A ]
| &0l X2 o)Ak AA(discrete event), Oo]AE 7]H¥H(agent

based), AIA"] tho] ] A(system dynamics)E AF

INEEHPSINESE!



4 H919 —H‘o}ﬁﬂr % Algotet], AL tolfgAs e 2 5
A3E 7ot getdos Ak mdgol ARgRitt ofAt Akl HEF
2 3 EE Zﬂlﬂ_ 32 23S A Uet). oo]HE 7|t BEl2 o
O|HEZF AA AAE Uetli= wfS- AR RERE oo]HET} BA 3

A B RS RESH B Y 2@ csi,

(27 3-13) AIBOI RHY W B

Xz giMlE, 0181%(2019), p. 18.

o] Aol uje} TSI WEA 2 olFA A5 el
o] Zaste. Aol B ;
$HE Ede o B

62



12
o
FO
B

2
1o

B
0x
1o
40
re
0x

Iy

J

Z20|80] 20|} £ KT WAIS A
7o 5P| e 4 U= 59
g} K& 7tsst it 278 Tts
°° A Bt= Kprtol 712
S52M Z|ASIO| XHY LH|Z2 S22
o Aat 4 9l 57
S 28 Eet 9 S0
" Af2t ol
oz L& = Q= H310| i35}
T eussNY L=
2o STFMBEETIHEE 0SS
m':ﬂ -
=
smey | =20 2 OMEE HHZE S0t &
&= ol g
ML O~
=) A &S Z0|7| Y5t KpAt|
H2 E2E
sey | AT ﬂf@i&l(})%ﬂt&gg 51218t
> Us 6—"—'4
o MAZIOIAE 27 ARl 5y
AR E klEloA o|l= :31
?‘O =2 T ME o=
Axtor| | ZEDIES SMAYSS
- A Z0AS| X2
wopy | SMA SRR IEOZRH
<
MEX 2Y 33 55 S0 tist &+ 5

K& Pettit, Fiksel, and Croxton(2010), p. 12.

O

21 20| LRt 29
stel 24
FE58d BN A4 LS 8L, &
S Al 7Y, OE A&
iR RS g, 91 24/3R, TE 44,

RISE A, it 27,
A =S

ol 8%, 24, ue olLixI
|2 A7, S MM, KR B, FIE Ty
274, Hg R, T2A|A BES, D 244
TN, RIZ, Rt 2 ARO] TN, M2

&, 20t 9 21 AAE

REZ Ciofal, TRAA 2 RIE KA, 21
=, QOist N Hig, 255 S8, 0121

[y

0

S
7| AE), 2 Ei T, B MM 2 Ay
0I5, ALI2IS 2, ZZ7I9| O[], HIAL
A G4 7Y3l, B XM EE oz

Q7] e, AFE X, HIALA ALY, 2,
73] KHHHK|

CERIS i, X=2jy 24, 2dstE 23

HE HEZE2Q [
34,7t

IG
o
0l0
A
o
oy
1=
=o]

63



2P A%, WX, BEANA, ARFFAR FAHL, DR
SAlE 7o) Xabsih, B, 3—%‘3&%}, %E_—L:LX}-— 2 58

BT U THY 09 B 2AHo RN PITT. 5 A%

= 3
TuA], ALl 5L, FEATAeE dusaAt Tt ataE

_\:‘_l‘

WA ot LEGAE S3H AT BASHY ARIFAE T A
2 stk GG IR 6 9 AL BAE 48T 6. 9
AL ABE A1 24 AR AL D] FEHE ol W, (S -
DUEE FEoHe Aol

ARt WA AT AR ek gtk AT AFE BB
A, QREFA) AH 7hEA, el BopA et REAAR, SEAY
o} ARFFA 719 £ 7H8Ae] ke mlAT

AlEFold Rl 270 Y=o AY Fof §zstA] gk A&
A ALEL ZH Bx So] 9}, AEdold myol o FEL thol
2.

64



g

0t

DEMAND_INTERVAL T

DEMAND_SIZE +Q 37|¥

DUE_DATE_PERIOD | &+

TRANSPORT_TIME_MF £&4

UnitHoldingCost_DCi | TO{XA i2] &2 X I X|H]|

[=F=9Y

UnitHoldingCost_MFj Ty

UnitShortageCost_DCi | TOHX] iQ &9 Z&H|

jo R ML Al

Okl
]
ol=}
u
if
fim}
0o
ol
=
B[
1z
H
og!
=
ne
o
@

=7} M
BN RAEER IhY
* BF 89 a0 ME BE 27|
4 == a3

o QTR 7|7t0| BBk} AIBES T}

—

LAY OIIA O i29] » 2& AIZH| Sfphl} &Bts 7HKI=

s

0@l

li==0f| [HE 8 271

40

0@t

i==0f [ 8 271

40

0@t

i==0f [ 8 271

40

i_TO_DCi 25 Azt TeRizE 71y
TRANSPORT_TIME_SP | 2= SEAt kOIA ESMAKL | o 24 AlZtO| oot &THE 7HKl=
k_TO_MFj 29| 25 A7t ASERZ JHY
RunPeriod A3l 7|7t o U Y
- - TOHR] (0l TSt (s, S) M F|e BE 98 JH40f M2 HiE 37|
LittleS_DCi 0] 5 7} e 15:38
, , SEMAXRL O CHSt (s, S) M| » B2 Q& 7i4=0] M2 HiE 27|
LittleS_MFj © 0| 5 7 ég
BiaS DCi TOHR] (0l CiSt (s, S) ML e BE 98 JHi0f M2 HiE 37|
9o MOl S gt EE
. . ':'anX ng M |e B 2354 JH40f (= HiE 37
BIgS_MFJ TEO 7(|:|7‘c 5 HS 7(? S) i I:IE S 0 OE HIE 27|
ol =20
° 25 | =0 ME HiE 27|
F=pSy
2=
F=pSy
e 525
F=pSy
e 525
F=FSy

UnitTransportCost_MFj
_To_DCi

UnitTransportCost_SPk °J§4—3Xf k01|*1

_To_MFj

OrderFixedCost_DCi_T |THOiX i01|A1 g2

UnitShortageCost_MFj | EEMAX} jo| HHe| EXH|

SZAAKE A A 122
FESL M B =2 2 10l me i 21 4

LA |

24| * 2 0 ME g 271 28

E’é'itfﬂ J2O  BF 7 40 ME HiE 27|

65



B3 oln| FIt HY
o_MFj ZE 174H| A8
OrderFixedCost_MFj_T | 2ESMLA}OIM EE2SEAtk « 22 S 0| T2 g 27|
o_SPk 29| FF 1179H| F=FS|
OrderVariableCost_DCi | HOIX 0N ESHLA} 22| |» 2E @8 0| T2 HiE 37|
_To_MFj =2 HSH| F=FS|
OrderVariableCost_MFj SEMAX}L M EE2EEXt k|« BE Q& JH40 T2 HHE 37|
_To_SPk 29| =F HEH| F=FS|
PNE=HPSIN ESES]
Algdgoldo] X EE= Fole= NE A &4, AA" AA 7 A
ol Waki, o] efat WSk AR SAT e WA A8st] A%
oA AAFstal 7AlsfjoF gttt AlEY ol HPo A &4 9 AH ®e

gue g P

(& 3-12) AI22018 2O 7HH| £ &=

33
partType
dueDate

demandQuantity
orderQuantity_DC2MF
orderQuantity_ MF2SP
current_DC
current_MF
current_SP
current_Route
transportTime
Atz: XA 2

66

o]
2E 9
40| 27 9B I3
£Q9| 37|
LA PEUMRIRO| 22

o
SEYUNN d=2SeSAzo FEF

115 S HOjX

P
=~

>4 > (0o ojo | 0o dio oo | px

0z oz o

g2 EQ EQ EQ EQ
08

0° oe ol oo
Z =z = =
2|

2

e

Al K



33
InventorylLevel_D
Ci
InventorylLevel _
MF;j

Ongoing_DC2MF
Ongoing_MF2SP
Available_MF

Available_SP

Available_MFj_To &
_DCi

Available_SPk_To
_MF;

LeadTimelog

PSRRI

HESSAHALE 7150t 1

Z3Y 223 oS &1 24 2 Y 03
H3-13) AZ2|0|d 2O ey Ha 3=
20| 7t 29
° |:i

TOHX i9f M &

70 M2 HE 27| 28

SSMURL 2| 2 7 ° B2 R N0 ME HE 27| 43
HOIHMOIM REHMUNZY F20]| | Ln ox
=le o5 = HHAH A4x
Xlst §0| OHI™ 0 B2 K 0l MEHH 37| 4
SEMATON ARSTNRO) 5 5
TEOl_ od T e 5
§O, T8 202 1 OfLjz 0| ° FE REIIN T2 i 37| 8

LRPEARE 7HsotE 1, OfY
MO0
o4
il
MAFJOIA HOKA 129 2
| |36|-D:|1 o™ 0

- H233X

© BS LA 710 THE e 7]

t7H==0i] THE B 271

* B2 M0 T2 WE 37| 28

OJE A KoM EESMAX} 22 N =
| JK=513 1, OfLE 0 * 4= Jl=0] ME g 37| 4
e o HI O Jhag| M2 Ui 37| A
(YU AIE) - (FEAF)
o] A== H BAFo] g9t AEH oA XY &

67



(B 3-14) NBHO0|M 28| 52 312

B3 ojoj =7} Mo
o THOHR| £X9) FTSAIH]) x (TR AfT
HoldingCost DC | Tofx| Exjmexp | > (HOHA ”Hix’? 1) > (TR XH12
T

S{FSYUA R HIAFXH]) x (RS
Ao

TR CHO| A THOHE! XHTT
ShortageCost_DC | HO§X S=ZH| Z{(HoHA |>);< (S TOHA M2

HoldingCost_MF | 2EMAIXt S DR X|H|

S{ESYUA TP S2H) x (B9 #54
AR +E)

ShortageCost_MF | SEMMA £&

nz

H

0|

TotTransportCost Z24H| Z{(H? 28H) x (2&E)
TotOrderingCost EZE2H| S{FE I8 + (52 ¢sH|) x T2}
TotCost 24|12 S5 +%§SH|X;HZ|)(IHJ_'—17X|H|) +2(2
Ordere%%tﬁantity_ ’HUHEQW Tnair LR} 53 05 JHA0)| M2 B 37| MF
Ordereauantiy. | FEHPIWATES | == g0l me v 27 g
£x0
e e | 28 ¥ 7ol 112 i 37] 493
fecelvagiaeniv- OJET?.J?W PEBY oz gwoieol m2 vy 27|
SuppliedQuantity 29 5388 HE {8 Ji0| T2 uiE 37| 8
OnTimeQuantity O| I-I();/L)l‘;'% 12 %%ﬂgiggggiﬁ;i;%ﬂ T2 100

Rt Kt 2H

2) 2 g

13 ol o4t AFd AlEd|old REF
= Arena 16.1& ARE3ITE. 8L &
713 HER 99t 3970 &9 EEolA= ]
AAZ PP AL Q1S Eaf Wadt 4 FEI A1 HES HEU\g

AZIt} BAT BELS g AT AZo] EXY XA AAZ BPE o] Z

68



=

R

FE AR HojEr

7 HA 25AZE diA A9 ARE Sk AR

=

O

9] A £F I

5

h
It
=

HA

F=A

Al

=

1

@)

olg}

J =)
s e
Dsey
13 beS il Cwgeoads  pposy
SRS — BteL 45 2 e ,
iz s/ - -
adil)ed T oy
£ ]
BRI — wadste. —
/e IS/ & | : e oy 8
L D ANZO0
WRC/% T om d e PR T i
75 2d5 — =

ERNZES +— UOOSUBLL
;e mds

Zpmay
EE, 0N /1
el /d e

: BPDANZI f
| anoy a0y = pon g 1ERS /A i
apualy — s — ;
wne) ¥§/1d
b s e ey
BECIZES — bonelE — e
pi/ld Heds/ 4 o e i _
. QB4 PUBLIAT |ed
e 3a adiL g EE) Mo
asmane &
.
K
zEd | =
adli s ._; i
LI
-
™3

69



2=l

B0
OH

no

(J& 3-15) 2

paipi) s paip) —

'
5 pIoaay
uondaog
e
v

e eny
20z4H
N0y OQEN
££anoy apoea/zd  PAUR/Ed
ameussly
wnog —
£ anoy
anpeua
wnog
£PI09RY
uopdang
£z anoy
BNELRYY g
nog AgereRy

Aoy 0N~ 2az4H ¢
8psa/Ld #8UD / 1d

z-z 3noy

wnog — ...A.o
KI
1z ey ™~
EL =R I-TAI
wnog 3
! 13pI0 LRg 110 13010 dSZANINEY  4NZD0 LB SDIO LpRd nH
607811 I BWIL sr< [JBQBWIL ~— DAISPIQ ~—  Palspi0 = pajding >3
peaT al uopIRY | UQEPRAD pio2ay piooay Py

70



OH
oy
o2
o
i
i}

(23 3-16) 2|23 2= (SN F=SSA0l LS EfS 2| A3)

Generate |
Typhoon SP2

0

NERPONESE!

. SetTyphoon
SP2

Set Typhoon
. SP2 -
Unavailability

A8 3-17) MAst 28

Typhoon Check 0
= Duration > « Duplicate SP2 »™
Typhoon
o] ke
Reset "
Finish
= Typhoon SP2 » .
Availability Typhoon SP2 | |

Supplied Quantity

i 5 N AEmC s rmen } == i 1490 1164
'g i On-Time Quantity

2 1508 1238
g - " . 1508 1138
= : . Alternative Routes

g ! jBEEE 0 '
§ | = Alternative Suppliers
i 1 1 !
= No. of Exception

- e 0

INE=RPAIN RSS!

71



H3E 529 2lA3 AMLEe 28 H &

=

1. §I_EIAEI Eéi 74%% I% AILI-EIQ A'lx-l al AlS]

—

2 ATolq AU nRo A5E 95 Adeles 44 & o
A 9T A2 oty 205 2ol RN $E 1) UR(ES

AE 5=, HEH, 471228 EoH & 29 AR(Y=ANE st +
Auetoll Al BARE &, vl 5 ﬂlﬂ(MomgomeryMl = oAt
A AR G A)o] BE 17} 2f= Sohe EFeae A= Fost

=7
o= 258

Q. BE 19 Bl sihe] 2RA0NN YET glont o=
o Eotd 243 4 AT, 1) wam
9]

ETSIAG 9 ofmelrt 8

HoOsla= =] O AT
'-’T—lool' E%OHTL_—‘O—L

01:1
;O 0
fr NYE

O

A
=2,
()
i
5
jd
N o
i
2
o,
ol
rlr
Siat
=
o,
ko)
o
=y

>,
glu)
o,
e,
fo
ot
O
o L
i o
s B 4
)
il
fr
N
A1
2,
_?l‘,
i)
[
e
fol
X
=)
o,
N o

=

T
o
é
Z
o
filo
A
)
Wo
op
ol
il

Az 44 247

L ARl D FEA/ARFTIA(E) B

o
R s =
A9 BRFFYL TN ol ol tht &4 7712 7,



=z ]
=2

o) o [ ol T O RO
m HE 4+ 8
R iE o ar
Ho I w T 2
) nE g am LA
e E oo B
B 1= to wo ) o
& ok of
o~ o HU!
2T °o«N PN =
q ﬂvMIO \w ,.H.Ol Z_O E._,m
Eo= : %o A
o% M_M T E m._
< ___ﬁuo _ = & °
o S < AR AR
o <l = o T
~ (==
‘__.w_ mw ol N o
B w i T o i
o - D Rt
o A RSy
Ho B% ~ | T X ;P
U 7 & 8
o 15 T
a T o M 7
ol T g W
B oy S
— ;01_ ZE
1o E._ [>~o) w _—
B ol i
) SEY
PR e powE
o = I ey £ omoop
g <X B s < o
~, far iy = Bl —
7W O_E o Y g E ,Ol
Ko & o WOR T
B =0 gm T R iR

73

20709
Eo] ZAY

L
-

9/]

=

1

1

T

ZAgoly 17]]
&l

E

o™, 409

°

1 2 ER

59 71E
T11 74709 ZHEZ}

o



g & o] 200kWh7Do] sigsh= & Ee FFol AAE 4 Jrtal 7}
g

spoict

H 3-15) Y E 7|Z 32 FA 2 M= 7+
al=|[Y[E ZhE 3= 2 3k= JH==(7H/kWh)
2TEU(40LIE) 20PLT 208 4,00074
INF=MPSINESE]

i

[¢]

T2 7IbEE Aol A dast REgs 4 28 ¢
oSttt (E 3-1602 sj4shd v] FHojA e 1
20709 EHEZF WRskal 25 Ao 1

7b ot B 155 ofyio] Eatsfof gt F4F 2k FE 13} vVt
A= 15 2} 22 BH|E, 25 A 13 THE, 35 A 20 BHE

HE71% B3 155 oY= Zt

H 3-16) TOHXE/7|ZHE 7

o
4»
Ho
o
/_B
&
L2}
ot
o
N
ot

Tl TYE, 7|7HZ)

ol sz 17|?_*(PR)2%' EF_E—EO; 1 T2 ;.*%7@ ;
0| £u g 20 15 23 14 15 14
5= 22 13 20 6 7 8

AR . R
(50kWh)9] 7FA0] #Askt 715t al, EH[8-2 FNS USAQ] of&

70) R2|LiZt LS8 HYEQ KSHE #2422 1,1700mm x 1,1700mm 37|
71) 2/S0|2 HHE{2|2| ZL 1kWhE 5~8kgll 2AIZ 7R

74



(B 3-17) B $E SFHIS(OR,0) L HZHIZ(PIC,)

co): o2
HHOH 2z ENED S| g
0 5 Y 2576 112
T Bz 9 606 112

A2: * 0182 2(2023), p. 122.
** FNS USA2| OHSE} X|9 1Y BR2(16Z2/USD)0 13:Y(7Y) X2

LAY 71Z0 7 B 312 1H(3.3m)T 3500097208 A}
AL 21,4009, 1%8°] 47H9] EHE Hto] 7kttt 7hgste] 15
Qo] 44g#]o] BIu]7} H¥ske Ao =Askglr}.

H 3-18) S MAK} B2H|R(MIC,)

ool Ea/ERE

B YLt 8= 2|
stz B 44
o
HE) 44

A2 CQIH|2XIAEIA QIE{E X12(2024.7.9.)8 7|8tO2 KA} &4

O (E 3-19= FHEE 428 33% = = A4S AR A=
oltt. dlE 501 FF 12 RN A = Q7] wizel vl-go] 5]
AT Agstolut @A, A7REEof A= AR 4= gl7] Tl 1,000,000
2ejEks 2 5 Aotel 9= RS st il 5F 19
e oll= 2otet e, H=FR 5 Al 7 A=AIZE 97w 2
T AlEo] & 4 k5 0929 HlEo] WAsh= Ao A5l #&
29] A9 FF 13 ¥R Asto], SAT, A7EEEolAg FFE 4 glo]
9 A=gFA 2 +5 Pt A=A F=F st

72) CIUIH|ZX|AEIA QIE{E X}2(2024.7.9.)

75



(8 3-19) 2EH/ASTZXIH TH50E(SCy)

o0 22 19] 22 QRIMR MM

MEER| S S
R FR 5

HERISEA
& 1(=0=)

RE 281g=3)

el 28
CEUC s
0
0
0
1,000,000*
1,000,000*
1,000,000*
1,000,000*
1,000,000*
1,000,000*
0
0
0

(H 3-20) HOHRQ} 5 YL 2H 2EHI(PT) X 2E712HPTL), 2878 (PTL)

DR~ SEAMAMX SXH|(L/LYE) 2K  IISB(LIE/ZF)
SH=(LA/LBE) 753 3 40

0 £= SEE(NY/NJE) 638 5 40
SHR(AEHLAES) 627 5 40
S ESH 509 5 40

PNT=MPSINESES]

76



Ok
H
ol=}
u
if
fim}
0o
ol
=
s
1z
H
og!
=
ne
o
@

TS (E 3-21)2 99 (E 3-20)9] HHEY 51|, 257 &&52
A8l Tradlinx, 7==2H, Uber FreightE 7|80

T ERA/AIRE, ESeSRA/At 52 AR Yot

r, —T11L O

3-21) 32 2R 28H|(PTy) X 287IZHPTL) M ARYAOLE 7HE0| 712)
o IS GiMSS Exes Eles Exos £ 20 325
SIS () AZHY) AH2l(miles) 2U(E)  AlZHY (=2 MZHE)

: 15,058 17
St ,
LA/LBSt 8100 12 | 2,142 6,704 b gssmaymae) | (3%)
B 12,759 31
Ol' |
NY/NJg 9200 28 | 105 = 3305 2 pecdimae) (sx
. 10,528 30
MHHL S ’
e 9200 28 343 1074 1 ociimae) (5x)
_ 10,161 34

HI15} |

oYg | 9400 32 162 | 507 T soozayme) | (5X)

/KR (BHAFRQU/GHAILAAIZE Tradlink, FCL 8iAF AAIE(ZMY: 2024.7.8.)
(ER4E72|) F2US 7|80 72| HA(ZAY: 2024.7.8.)
(ExR429) 3.13USD/mile(Uber Freight(Z4A1: 2024.7.8.))

(Eaﬁ"oﬂi) 0|2 B2 2FAL 1Y 2F THSAIZH2 10AIZI7IK[0|22 10A|ZH0F 1L 2 HAt

the (E 3-22)% O (& 3-2003 2ol BE A deFEA 7t

9 &5H|, 571, F7HETE AERE HolH (E 3-23)2 #H

3-22)5 =&317] Y@l Drewry, HMM 59 A&E 7|90& 400E
ol 174 Se/ARE, ESRS20/ARE 58 2ASS,

H 3-22) Yuixiet 2 ZEAt 2 2EH|(MT) & 287 1ZMTL), 25718ZHMTL)

55 YLt HFEZEA | RSH(EZ/HIE) 28AHE)  TIBH(EUE/F)
QY 1(301=) 72 9 50
28 2(5Y8) 78 10 50
gm  RH3E3ID) 102 7 50
- Smal 40 2 50
A7E=2 45 2 50
+4510] 39 1 50
INE=MPSINRNES|

77



(B3-23) 72 Z38E 28HI(PT)) X 287IZHPTL,) MR ARKAOLIE ZIEO|L 7 1)

Zust | ARQl hNes EXes  Exes | 290 &2
@QX)  (F2) ARKY) 292) AIZHL) (=2 o)
ZHE2Y 1,434 57
o=eap 0180 96 (T2zRy/ZRIE) | (9%)
ZHZ2H 1,552 67
(Gam) 1298 66 (78ZR/ZHE) | (10%)
2H =g 2,024 47
o 1,77 4
(5=82) 0 0 254 (oga/ZE) (7%
(355,300%) 781 11
SMK Ol
SHE | 827 )10 wozay/maE) (%)
896 9
Al
SIIEE ) 642 | 8 @szE/ZYE) (22
_ 762 4
AHSHO
&atol 508 3 Gog/ZIE)  (1%)
ZF/RZ: (SHARY) Drewry(ZdA1Y: 2024.7.9.)
(MR -s|=/235t2) StEo AR OIEE X1Z2(QIERY: 2024.7.8.)
(BHARAAIZH HMM(ZAIY: 2024.7.8))
(GHAREAI7H-3|UE) §U=Z 23] Al 10Y SIHAISZEHM(ZHAMY: 2024.7.8.))
(AR EAIZH-E2382) 232512 JiA Al 10Y ?:.’_/.\_(g%% (ZMel: 2024.7.8.)
(EAHRA2Q)) Tradlinx, ZIH0|U LIE 2 Z3|(HAMY: 2024.7.8.
(EHREAIZH 22U 240|122 192 7HH

N
N
nz
oo
a
my
=
-_——

%A AT TYYSARY D AEFAY wYo] FolU U<
4B ARSAT 1 A3k (1 3-19)34 2ol 72,4882 el9] RIS
o WS B} 1Y B A2 B =3

78



L NG T A
® BR(HE WX |
A 28 9uxt

W e 33N 3

1 15t : 36 (20+15)
27210

INERPSINE X

(O™ 3-1900l4 & + AUxel 75 12 FH2=257H 7 77k
o= &35 oA FUshe Aoz AZHA. ot 2k 717t &2
A= &7l 50702 Ad=o 9ol Z+ FE 2070, 157H, 2370 FE&
HA ol 357020 + 15), Al WA o 237) &3k Ao 2o}
o 53 2+ = AJslolE S3lA stk Aoz 2AseeH, &
13} TR = &3 Aol 50702 Hof 9lo] AR F&20] HA] ekot
A RA o 2271, F WA ol 1371, Al HA ol 20714 S T

PR VA

HoxR

ﬂ{

oA BEE XHoto] vl SRR &5 A2 Tt 51 A
A wla 5 BlUES Sots A0E AAsth 257I%t0] v
o] &ot= ART= AdFos AAN G731 155 oJi=2 JEo] 7}
5ot 59 Y& Eg3 vl8o] 7MY A 5o BUFS Bole AL
2 ANE EE0I9 o|AY 98 Y BE 258 At 3= v
(& 3-24), <3 3-25)% &t

79



THof

35

20

15
23
22

23
22

13
20

13
20

R M A

S5(35)

35 ol

g 1(:=01x)

OF

0] 52(23)
0l $2(22)
0l $2(13)
0] $£(20)

23
22

110
<0

g 1(=01x)
ol

OF

1o

13
20

ol
ol

110
<0

110
<0

INT=RPSINESUS]

A

)

7F Al

=
(@)

o

(Sensitive Analysis)

4

oV

Z

Hlastglon, o2 (& 3-260%

J=
=

& zstA

o] 7}

80



= =7l = (=l ST oS

;LI ojl'E oHIg'( PE_1) HI %7|_
UHEMO| At - 72,488 -

0% 73,182 0.96%

. 20% 73,881 1.92%

Tee 30% 74,575 2.88%

40% 75,274 3.84%

10% 72,653 0.23%

wae 20% 72,818 0.46%

e 30% 72,983 0.68%

40% 73,148 0.91%

10% 78,709 8.58%

catig 20% 85,098 17.40%

sere 30% 91,487 26.21%

40% 97,876 35.02%

10% 72.488 0.00%

e auzl 20% 77.856 7.41%

o 30% 77,856 7.41%

40% 77,856 7.41%

Xt KAt A

2) 38Y 2lA3 Y HE(0I= IRA HE)

Y 23 24 A 239 B8 /54 FAsh] 918 vlo] [RA
W2 Faste] TAC oY (Friend-Shoring) FHS B F9E 75
1 57k ABE ARSI TASLolYL F- 9 FFYE 7
2o 229 29 TP BAZ shadths oz, I A, 3
o £A B2 QA8 22 FFY ol47t BAXR S U Q2=
2 v} Skt ou)z STk AHEs 2o FW7E BAE o
A0l THFE GRY 5 ] o] DA LojPS 2AskE 4ol

73) HOIH XAMIKIHAAR, HARZ)(AMY: 2024.716.)

81



=0 oA HY vjmlr &5 HiEE ke FEole $I4 €95
gl

(8 3-27) HEE 2SH|(MT) ¥ 23712HMTLy), 272 MTL)
BEE MM ARIEA 2SH|(E2) 2SAZCRD  IISTHEAE/7ZH

2 1(=R0= 72 9 50
28 2(3128) 78 10 50
s 28 3E3E2) 102 7 50
smel 40 2 50
Ayinz 45 2 50

A510] 39 1 50 — 0

PNI=MPSINESES]

1A% TR (37 3-20), (E 3-28)% @o] F3 Al WEY TAY
o 79le] UrS Al FFotE, WA HISL 72,5432 2E 5T
Aoz BASIG

(O3 3-20) &% A1} 11(01= IRA 25)
s S ENGTEA™
@ TOHR|(HIZ ALK}

s con | | A FE WK
T Enies  [|EA=3ER 3

h 3R} 22

- 134} : 35 (20+15) 2R} 13 |34

2330

3FX: 20 | 4
g 7./

\&‘\:/A\m% $ 0o
N7
R\

INE=RPAIN RS

82



Ok
Iy
ol=}
u
if
fim}
0o
ol
=
s
1z
H
og!
=
ne
o
@

(H 3-28) &% ZnH (012 IRA g5 - ESaXA X 22E diz)

HEE MM | BE | IIZKF) H=ZEXt A A TOiX =
1 FH 1(=:01x) 35 0] S£(35)
k=N 2 - - -
-_— 3 S8 1(=:01x) 23 0] S2(23)
1 ABI0| - BWEl | 22 0] E5(22)
EF-) 2 A510| — ZX|2 13 0] 38(13)
3 A510] — SME 20 0] S5(20)

PRSIV

2. NSHOWM 2 AZS 3t AR 4H U A
1) 71E AlL2IR

7z AdEet %F A¥d oA A Adeled] g5or 48t
7% AtEe ee the met g
H 3-29) 7|ZF AlU2IR WE

= EE

o2

DEMAND_INTERVAL | £Q 54§ 74240 T2 720 K|&
2140 37| 20ZE, 15Z[E, 23LHEC| Uikl £150| 224 1/301 23 o2
TEZ 120 7| 2ERE, 13LAE, 20LHEQ| A S120| 2174 /301 243 O AR
© BE 1 Q7 HE 7(2t0] 513kHE ABH0| 242t (143 x 7Y/Z x 0.75), (143
o /= =
DUE_DATE PERIOD | * /&/F x 118 @S =2
" RE2: 97 UE RIS SR 30] 242 6% x TY/F x 0.5), (6% x
/Tx 1.1)0 FSER
° @-3 —?—%AH*rXfEHE‘I D|;|1 EfDHﬂOi

DEMAND_SIZE

L
=
=
o]
oa
O}i

0
z

N
_*o
ol
g
EE

ol
53

9), (172 x 1.1)QI #S=2R
), B1Y x 1.1)l HS2%

TRANSPORT_TIME_ 9
9), (302 x 1.1 ASEE

MF1_TO_DC1

83



a= o
© 92 URBINDE 51 SEMMTOM Tl 22 AR
TR NI IMES |« soix 249+ 2 ARie) Sista 415101 221 (572 x 0.9), (572 x 1.1)2) FEEE
Sl 79 © 24 ARIC) SR AFEI0| 22 (672 x 0., (67 x 1.1)9) PEEE
TRANSPORT T+ S| BEBSNVE 52 FEKV i 26 42

SP2_TO_MF1

l:\:l

Pixsped

TRANSPORT_TIME_
SP3_TO_MF1

=
SESURA 7t 2
I

x 0.9), (9% x 1.1)9 FSE

Azt

TRANSPORT_TIME_
SP4_TO_MF1

SYLURA 7Hs 25

242L (42 x 0.9), (4% x 1.1)91 2

AlZt

RunPeriod

=9F X1

7|2tE 1efoto] 2F

LittleS_DC1

° OJ= HOHX0] 28t (s, S) XL B s 3k
° {(xq o AO) (111_;1 EN=pi b =S HOD}OE FSpS|

iR ()]
7E E( 2o+15+23)1 gE  (7+31+430+34)d

CHENT :

DRSS

7

DRSS

(224 13+ 21 E  (17+31+30+34)¥
o BZ : 73T E( 3 30) 2UE  (7+3 jo 349

7

)
)

LittleS_MF1

ro
=
w

° St EEMAXI0N 25t (s, S) ML HH s 2t
£8) x (H@ ZYRIF pe)loz 4y
5+ L BT
3 4
22+13+20) 2 E « (114+9+4)d
3 4

15
70
15
74

[ ]

4o

ot
-

!

]

~ m

° B2 2 2152 E(

=112 E )

=2189E )

BigS_DC1

° Ol= HOfA0] 2t (s, S
° s ol 282 4
2E 1: 155HE

© BE D 147 E

BigS_MF1

° St SEALK0N 2Bt (s, S) ML FH S 7Y
o 57k 2HE MA
° BE1:342EYE

© RE 2 42T E

UnitHoldingCost_DC1

° 0|= TOiROl| 25t T MIRX[H|
1:1693
e BHR 2162

HIT
* 5=

84



oK
il
o2
o
i
=
0lo
fon
it
HI
=
o
o2

oz

= u

° St BEMAXI0| 2ot T HIRX(H|
UnitHoldingCost_MF1|e X 1 : 5 2522
|=]

° 2E2:6.255

UnitShortageCost_D | © OI= HO{X0l| 25 el S2H|
C1 * 25| S

o
®

UnitShortageCost_M | ® &= SZMALXI0]| 25t SEH|

F1 * MBASIX| 2

51 HEMATRLE 0| DRI B9 248

)

- Couy | AY/LBE B 753224

it tCost 5

ni Fr??g% C?S = e NY/NJBt 29 63822
o MH{LS AQ: 527
° Y5 AQ: 500Y2

° S8 HESaAERY o SE UMK He 28|
UnitTransportCost_S . Toet
P1_To_MF1 TOE B 7282

- sz 3R 7823

UnitTransportCost_S | * SMZ Ha3aX2 R ot SEMLUXIIA| Hel 24|
P2 To MF1 e 40y

=

UnitTransportCost_S | ® &7122 MAeSEAZRH $t=o| SEMMAIIIA] He| 2&H|

P3_To_MF1 ° A5EtE
Al

UnitTransportCost_S | * 4510| B23aX2RE ot SEMLUXIIA| Hel 24|
P4_To_MF1 ° 303

° 0|2 HIINYZRE] ot=2| EEMMAINX| FZ 18|
OrderFixedCost_DC1
_TO_MF1

HE 2:606<2

OrderFixedCost_MF1 | ® 8= 2SYUNZRH G HRSSAI| F2 18H|

_To_SP1 o TIP45IK| 22

OrderFixedCost_MF1|® o= EEMMAZEE] SH(CIQ| A2 JSATIK| 2 1-H|
_To_SP2 o 5K 942

OrderFixedCost_MF1|® 2= S SEMAIZRE Y2 HRSSAVNK| &2 17GH|
_To_SP3 o T35l o2

SRR EE] 10| RRBERIN 22

0z

OrderFixedCost_MF1 | ® &= 82
To_SP4 . 233X

52
ajo




o2

3 rE
OrderVariableCost_D | ® 0I= HIHIME=RE] ot= SEMMAIIX] F2 HEH|
C1_To_MF1 o DH3IX| S

OrderVariableCost_ M | ® ot= SEMAMKZRE SWTIC| AESEAK| =2 HSH|
F1_To_SP1 o DH3IK| &

OrderVariableCost_M | ® ot SSMMAZRE SN ASISANA| F2 HESH|
F1_To_SP2 o TH3IX| &

OrderVariableCost_M | ® ot= SEMMAZRE] Y7IE20| ARSI FF HEH|
F1_To_SP3 o TIR5IX| S

OrderVariableCost_M | ® 2t= SEMMAZRE] 4510| AESSAMNA| =2 HaH
F1_To_SP4 o TPi5HK| 42

012 BOR| £7| W1 47
0J20] TR 23t (s, ) ML B s 2o 2 4%
BE 1 77HYE
22 2: 73 E
MARI| 27| D 47

ALERIO| 23t (s, S) M2 2 s it 2| 2

InventoryLevel_DCi

InventoryLevel _MFj

X A A

2) 2|A3 BIFE AL2|L

2 A7l DT PAIE AR 98 -9 F2 A7E 94
AESNG. o2 wigoR AT B0 WA PAZ 29l AR
elaze) Hde Astt. ez A7l Hog AH & AT
A golol sk PA32 HE A

o dE2Q dF2E vy 2(2023) AFE = = A+ AT &
T B AYATE ARSI FFHFAPEE YR A A




OH
oy
o2
o
i
i}
olo
fol
B

BEsint 7B 22 vz E Yehs 239 22T 990S
ok AN T} PAT,
‘AR AAH AT Eo| 7pE; @2

|

I g AT golog A5
23,8 YA, &5 AT,
HEhE Heom A 9918 & 117/4E2 Fstct

%

Wi} 3

EX

I

O o+

g|A3T Q09I NS 01 7
__’n_:lO'{i-”9| 2f I-”OF gl Lt Xt 7}5%
o . AAF B odd [SXs] = = S
gﬁxgigpneo S F5 SO2 0I5t M Bx0f M2 94
o oz A S E S = Qe =d
] XX E4E 51, ML S X o]
= D_I X mtﬂ —y ) y - O — —_Oo
KA 2 M mz of
=3 T B2, 27} 72 AL SOPH0]
(environmental) | A}S|X- XX | X 20t ’ EfE ol =re
E|ﬁ3. = T
GHH =0t GDP, 22|, &g Ha} S0i| 2 £ HE 2/F
oa RS HE/A(ZER) E RSUEKI ST L IHOC 9| X|¢H,
=S T sH It Saf A 2
(transportation) 27 E1 HE| HZ0| M2 90 =7} =1}
- 2 MRt H 57t &1
gl23 =4 S8 Ei HY ee== vty o) Tente
XX A Iy ZE|(H0) L 22XE2 e A
organizational 5 =
(org ) 717 25t ZE|(EDH L 22X X;f 29 SUlS
IES= A
b AH S10F Lj| C|X|E! KFALO| CHEH DA M2
loE AI__.:. AO|H 22 SO LY CIX|E KRt Ioﬂ ALO|H SZ0
(information e
system) HOJE u EA e | S ALY 1H SOR I8t Hj0jE S
gA3 Tes =R 30| HHE
Atz: 0Lt 2] (2023), p. 62.
9] AR ZE Ivanov et al.(2019)0] AASE 3549 98 E7E 2

slqith. oY Bdols dTAS0] AAF BRET ohfe} Chopra &

Sodhi(2004), Quang & Hara(2018)7} AAIgt 55 37

HAT acle ot wHolM HER & e 7138 ATt

87



H 3-31) SeYUA 2(AT 201 (wEt I S ALz

2|A3 g9l A I

el o |+ 2008 98 119 A2 o Do 12 X BIIEHA
12 358 S
- 1999 B X/ - OffZ ZHHE} OLAIO} 4341 Ol
S20024 R B4 - CEAH AR SE MY 32
200711 2= K * 55,000040] S5t EQF 23% 21
AHA C

o
02 A F2Q YMo| 10~15% S&t
- AU TSRS

222 ASAL At HE 4E 55 34
9]

Kixps | 2006 7tE2|Lt &{2(AH1Q

° 2001 L= AT S AL|

SETT e EoR A Il 4
= 201581 QI HLIO| E4  « Bl 281 MM SChet U
= 20161 EH|BIAGHHO|  « TR BZLOIA 15%01 Lot AT Af
BASF 3% =% 2ARI2, B 40| 2 T2 SH

21 * 20054 ASOS SFMIE{C| oA

* 20004 D|= 747 | TY ||
A IR B SR

[ ]
ror
ug
~
=
o
ofM

anl

— = =
HXIM 2]A3 « 20094 “7tA” 2AT :igﬂ%ifgﬂzzzagig
: . ) o MAFZEA 9 ZCf
S8 7| +20084 712 * S8 A S
R 20161 BHAKSAL K | Xf2¥ 130,0000H A0 QiThSt &t
sop g * 20164 OJ2 BAuT 1« S U 67} B SO 25 35 Aty
BMIETE AR |« 27 70020] =X ROl 518 S0t D)

KtZ: Ivanov et al. (2019), p. 62.

fo rfr
e e,

> o
[> )
o)

(e

>,

it

&

e

=

Ho

ofll

2

i)

o

ok

ACH

[>

Hu

ok

F b9k Al 74 she) B
ERDEREEE B

H
o

31 ¢
o} Aolat ol AR ol4o] B nlhT |slo] Fojxal
T walof 57 o] Jestn GAe ANE B Fea

mogy P ol N
o
N

_\::l
rr
lu)
il
Fo
ro
i
e
Fo
%
9,
ol
)
=
A
i)
IS



= b
S2Y 223 g a1t BN 2y s 03

00| ol JHL
20l e
MNE Q
T T DoolHo] MM B I e ax lES
_‘6I:H:I.“—|OI_—||_ Eoé-l
SEEH So M BE0| IS 9
= ZLx|
e Clol ZIRHREE 22 QI3 23 20|
=5 - -0
- HesE ) dusocHE
= 77 29, =M 23} 712, 48t S
= EHS, X||_, ﬁ_‘!‘, Bl E;y lu_rAH’=|,l_ o|3.|
Sk Xl 2lsh walole I
© Ab3| FHI)| X|THEOI A5tS
ii I- HIAHSE A O|= O|o-|
Hze 0jx|= a%*thEEOETM_TZ
L o
8, U, 55, 62, 27t e X1 2
o | _ :
ST ek g B/ RA X 2OHH0| T2 9/
A e
2 32|, 901, 38 9171, #2 Hst Sof o
anE s +2 ¢S 913
20| M3 s 2|, A ST, HZAE,
‘JIK—E:II-”._—H_? l Eos‘l
A ol A3t 0] M2 93
o4 WEST B U SH0| 2 240 X9,
S ol =C} —s I—'”—'r-l = | - ||:_—,|_ A, O|g-|
o—g— H|E$‘ﬂgﬁri8|_ I‘I|n9| %Uél, ]ll'—|‘_—6J— ‘—‘—‘—TiAEro
’ =
e A BE(+Q0| SHB HEH0| T2 22450
2 H A' o \_O(TLL— I:I‘:I—;\t_o Olal, o|g4
T eseumyuss (ELLL L O -
= SR A% 221K xj0| A3t 1A 502 015t 9
AP, M) B2 R 2 | EX L 22/ 2
XX| |E, =25 =T = Do KEK}HEI‘%JTD
e QB2 MY | XX 2RAISO| QR 524 2 AT T
e QIO A1 K AJASIS Talat CIX|Z AfMO)
7 =] oVl o — L ey
O|&H HIAHG =
=2t Ol 774, QIEHO[2, THRUIOR QI MBI 2]
. , 5l ElO =
feTe S41, H0JE| 2H|Z I3} M AJAHS| 92
° = &
T oma s ew ol T ors
PNT=MPSINESES]

89



571 SlsiAe duaaAt, FEYAA, wofA, AR 9
A(F7D AR ARFFA-FEAZA, FEAZA-GA] Ee A A
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7h, AFQL, E7], 9=, v, AR Soloh sig AEE sAl0l 1Y
st AA(F7He S=2 vl=o] sfgettt. S thEAQl 72 1875
| ‘Drought and subsequent famine’, 2010¥ ‘China drought and
dust storm’, 2010~20119¥ ‘China drought 181 = A2(KBS,
MBC 5)°ll 271€ 201449 &5 AY 71", 20229 ‘F2F AY 7=
o] l=dl, A HAQl F7Fol Aokl 7Reo = ls AA P4 H SET
FFE vHEA & S Qo] gAaaz vtgstA] Aot =] 49 B4
Hog 7hEo| vt ARt =7t2 EREHAE AT, 27 EE
golA Aot TREAIS 7 Yo BRE i AeE ot A B
£ Aot aig Z"oAE SGI, SPI3, SPI6, PDSI, MSWSI, SMI
Y gt ALE ATt £ A= o8 A7l Yo f-2Hu
2t 7 AE Bl d AgstA fdd 4 e ASE dSH SCGIE E
LAY EHAY). SGI= 201349 Bloomfield and Marchantof 2]5j
AA = Q3L EE Aok A9(Standardized Groundwater level Index)
o] ofztolct. & W tiH] A5kl w1 ¥ AEE UEe S
3t AFEA FE Aol FUCE AREStE vl A9 #et e

o] 3} Age 248 4 J 7Y ke A4, ¥, 79, 4
Al A7 GA GAR ol A Qlom o~z FiFoke w4 AlE
L8, 74 A= F 16770 Al Tl F9 o] digste Al
= AL = QU1 d2ell A= 7hee] A ARE merely] s o
A AHgot WE2E(n)s AEstn ARe 20144 19578 697H4
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o ¥ W= rtut 2okt sttt stk 25te A AlA s
%9] 5%(The New York Times)E A}A|5}7] W&o o|3Lo]A]

olyf Feko] WAYSHA = A AA F5Fol I¥F= A A= AT
EoluH GDP &Alo] HHAsH -’F O]‘:} Thrfat -rﬁ}% 4h& ook sh=
=58 F2 gz 4 WAHLE 2FdfoF st &2 F3lth Witk st=
oA B2 o =0l "ejﬁé}q. ojff BRI =2 AT TS
(Gatun Lake)ollA] 38t 4743 $7]12 ¥HEE= AYk(El Nino) &
FoE 20239 7HEZ 9] 4=91= 80T E(fr) o]stE S/HHolY A8kt
(Woodwell Climate Research Center B4 ‘3. Gatun Lake levels
continue to drop ™A 20234 A= 1), o]Hs A2 THES
2olE 712a7] Az 19659 oF AL I olAHel Azloltt
(Woodwell Climate Research Center B34 ‘3. Gatun Lake levels
continue to drop ZLHo|A 1965¥W~20229¥ A= Zal). ESE 20244
192 1¢¥ 71& $9E /M B2 827E 0|32 71E351%tHWoodwell
Climate Research Center 2114 ‘3. Gatun Lake levels continue to
drop Z1¥olA] 20249 A= 3a1). A 2023FET} 22 (XA 59
7198 1SS H2 19989|, 20169 F Al JAtHWoodwell
Climate Research Center 2114 ‘3. Gatun Lake levels continue to
drop J¥olA 19984, 20164, 20239 A& 1), kAT 1998 A7}
2016\oll= Zrzt 4493t 599 oF 78T Eof| 77k =95 7S5t =9
7t F45H #otA A 9 HEA JESPHWoodwell Climate
Research Center). THetA] 2023W5H WA 7HES9] 7 @40l 7]
&9 ARTH= & AolE Hole Aol FEsfiof gttt st £5h= 5k
Bt 384 0] FIoFH 2 HWoodwell Climate Research Center) 2023
g 349 7FE2 9 49171 85 E ofstE HojA| 1L of 343 9] AlHdo] Fi}
Sk31L, 202449 6 71 9F 2930] Bt Qlof B HMAE F&ESHA
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Eo5lal Qltk(Panama Canal Authority). 85HE9] =& 3]&5}1l 515
Bt 354 o|io] FHsh= BA HAE &St 149 ol 7ITto] &
QE= AZ & Stk A AHE A Zo] 7HEoE QIgE sl &
st & Aol digt A= 7}*24 99t ARAQ o] 9leH, 7t

E£29 8= Ayl F4o] FHEY. BAE Ak FHOE F714
2l 7hao] WAkl 717F 9? SOl AARE olAl= 1 F717F 3d A&
2 golHy 7HFe HEel 7|7to]l AofAal Qltk(Seatrade Maritime
NEWS). whehA] 3% shjul 2519 53 Ak 39 F7]2 W45t oF
17 A& HE 20R He 727} gl A0 s wotEn ZAA 9
U 7 o5 Bt oF 383 9] o] shut 518 SHTHWoodwell
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FA(product variety), 82 E&44(demand uncertainty), &2
717t 84 (lead time importance), & 2 7|e} Y& (disruption and
other risk), €% H]-&(transportation cost), AZ E&/J(manufacturing
<

complexity), &% EF&A(coordination complexity), T & o]

(post-sales issues) &-°]tt.

CE e
* X7| A2f (long-term agreement) * HIE2XQ! 7+ M (inefficient price
* 7124 Ot (price stability) policy)
o HZ JH TEMAL BN =7| HAOIAM 2 |« ZE7|ZE BE, AH|A 0lF (lead time,
SRIH &0 s quality, and service issue)

o L2 7124 H|& (low transaction cost) o U2 SEAAY B B

° 12 &1 (scale effect)
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2 259} §€49 2o] HQsith uetd FTFHL VB £48 &
g Tauk SEE 95 ok o) 7HASHY eglAo] Qr
2 ATslolof a1, eks} Foho] WA AL 27 2AE §9) A%

T (0¥ 4-7)2 3579 &4 (resilience), 77 (robustness),
ZE A (redundancy), A4 (flexibility) 79 #AE HoF1 Qitt. &
49§ FHol= WURteR FFYY FEA4S 1T £ A=
ol F 7HA 49318 FEE 93 FEL fAHS FHEV] 9% F
)l AR 4= it} AR, £ oHIE T E uTt JFoz
E] H53517] 93t H4o|t}. o] EAE 35 Aol #HEY. &4,
AR A oA B2 FAHA de

£ gist7] 9l FE4S IEoke Aot} o] A4
I} #=o] YUtk

(12 4-7) B2 SH 24

4

Resilience

%

Robustness Redundancy Flexibility

Proactive

Reactive

Risk mitigation inventory Parametric recovery (inventory)

Redundant capacity | Process recovery (capacity flexibility)

Backup facilities and channels I Structural recovery (backup facility)

Xt=: lvanov et al.(2019), p. 468.
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Xt&: Ivanov et al.(2019), p. 471.
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MH| A ,
A
- »
100
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