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3DP(ED Z2lg): 3-dimensional Printing
AHP(AHIZ3t M) Analytical Hierarchy Process
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ARBZEA): Augmented Reality
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CBR(A| 7|8t &2): Case Based Reasoning

CC(EERE AEED: Cloud Computing

CFS(ZAH|IO|H 3tE =X Container Freight Station
COPINO(AHEEIE M E): Container Pre—notification Message
DCSA(CIX|E 74H|0|L{ 248 3]): Digital Container Shipping Association
D/O(2&20 E& sHEQITX|A|): Delivery Order

DSC(CIX|E 23AtS): Digital Supply Chain

EDI(MXI2A 1 2h): Electronic Data Interchange

ERP(FAIX XF&&t2]): Enterprise Resource Planning

GR(Yt3}t £2): General Reasoning

GRAI: Graphs with Results and Actions Inter-related

IAT(RI =2 742): Inter-arrival Time

IBCS(ZHI0| & HAMED): Industry Blueprint-Container Shipping

ICT(HESA7|%): Information and Communication Technology
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KPI(B1& 4 1tX|H): Key Performance Indicator

M2M(AFZEAD): Machine to Machine

MCDM(EH|E JAHEEE): Multi-criteria Decision Making
OC(EUxE): Omni Channel
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SCM(E2AEEE]): Supply Chain Management
SCOR(BEAIERY &E23): Supply Chain Operations Reference
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TT(ANZHRE EfR): Turn—around Time

UAV(R2I&t27(): Unmanned Aerial Vehicle
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EXECUTIVE SUMMARY

1. Purpose

= Now in its third year, this study, which began in 2019, aims
to present quantitative benefits of digitization of the supply
chain of port container exports and imports, while
suggesting a phased strategy for integrating logistics
information. Through these efforts, this study ultimately

aims to accelerate the digitization of the supply chain.

2. Methodology and Features

1) Methodology

= Taking domestic and foreign manuscripts, research papers,
and data on the Internet for use as reference, this study
sought to conduct a literature review on the overall subject

of digitization.

Xi
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Approximately 10 forms of domestic literature and more than
50 items offoreign literature were investigated and analyzed.

Around 15 sources of data on the Internet were searched and

utilized.

Interviews with on-site managers and consultations with
experts were carried out to understand the present status
of the supply chain of containers importing and exporting
from ports as well as to establish a strategy for integrating

digital supply chain logistics information.

Interviews and consultation with experts in ports and logistics

data and information were carried out.

In addition, those working for terminal operators and shipping

companies were interviewed.

This study utilized an ExtendSim-based simulation in order
to quantitatively evaluate the digitization of the gate-in

process of containers which is a target for the analysis.

With regards to prior/post digitization of the container gate-in
process, 24 simulation scenarios were set up by applying
variables including different distributions of truck arrivals,
working cost for the main ship - gate-in/gate-out and the

number of average stacks.

Utilizing the ExtendSim, which specializes in process analysis,
this study analyzed the gate-in process of containers

corresponding to 24 simulation scenarios.



2) Features

EXECUTIVE SUMMARY

= A literature review was carried out in relation to the

digitization of the supply chain, drawing implications. For

this purpose, the subject was sub-divided into the following

three categories: i) Definition and background of a supply

chain and a digital supply chain, ii) Cases of digitization of

the supply chain, and iii) Evaluation of the supply chain and

the digital supply chain.

{(Summary Table 1) Differentiation of this study from preceding studies

Differentiating

This study
areas

* The gate—in process within a

Subject , ) .
port’s container supply chain

* (Purpose) Suggesting
field-based practical
alternatives for digitization,
verifying the its quantitative
effect base on quantitative
assessment, contributing to
facilitatingthe digitization of the
industry

(Major content) ldentifying and
analyzing the present status of
container gate—ins/gate-outs,
drawing challenges of
container gate—outs,
establishing alternatives of
digitization of container
gate—outs, drawing expected

Purpose and
major content | e

Preceding studies

* Conducting research on a
variety of fields including the
ports & logistics, shipping,
manufacturing, retail sales and
food industry?) (Referring to
paragraph 2)

* Botti et a/. (2017): Suggesting
the conceptual definition of
port smart service system

* Weernink et a/. (2017):
Presenting a digitization
strategy for ports based on
introduction of block—chain
technology as well as expected
effects in terms of quality

* Kapkaeva et al. (2020):
Presenting the digitization of
Port of Hamburg from the
perspective of information
flows

* Lee & Lim(2020): Covering the
present status of application of
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Differentiating
areas

Study
methods

This study

benefits and policy
suggestions

* A review of preceding studies
¢ Case analysis
* Interviews with experts

* Modelization of measures for
simulations

* Performing simulations and
analysis

* Policy suggestions

Preceding studies

blockchain technology to
logistics/shipping logistic and
constraints that prevent the
introduction and improvement
measures

* Seon & Kim (2019): Suggesting
qualitative expected effects
and limitations following the
introduction of block—chain
technology to the logistics
industry

* Botti etal (2017): A review of
preceding studies, theoretical
consideration and case
analysis

* Weernink et a/. (2017): A
review of preceding studies
and case analysis

* Kapkaeva et al (2020): A
review of preceding studies,
case analysis and TOGAF(The
Open Group Architecture
Framework)

° Lee & Lim (2020): A review of
preceding studies, case
analysis and Topic models

* Seon & Kim(2019): A review of
preceding studies, theoretical
consideration, interview with
experts and case analysis

A lack of studies that provide alternatives based on challenges as
well as quantitative effects through simulations after narrowing the
scope of digitization within the supply chain of port containers.

Summary

2) The scope of digitization in this study is limited to the gate-in process as the study
describes challenges of gate—in containers more serious than those of carrying=in process.

Xiv



EXECUTIVE SUMMARY

= Unlike most preceding studies regarding digitization of the
supply chain, this study suggests realistic and specific
alternatives of digitization based on challenges in the fields,

presenting qualitative effects after performing simulations.

3. Results

1) Alternatives for the digitization of container gate—in process

= Before trucks enter terminals, confirmation information of
arrivals is shared with terminaloperators, allowing the
re-handling process in preparation for gate-out, ultimately

boosting the efficiency of the gate-out process.

= Alternatives for digitization of the gate-out process can be
specified by the following three categories: i) flow of
activities or information, 1ii) travel objects and iii)

digitization relevant elements.

{Summary Table 2) Summary of alternatives for digitization of gate—out containers

Flow of activities or

. . Moving objects Items relevant to digitization
information

Shippers — shipping | ® Transportation
companies cost

* Booking
information -

Shipping companies — (export)

Operators :
¢ Delivery order

(import)
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Flow of activities or

. : Moving objects [tems relevant to digitization
information

Shippers (or Shipping
companies)
— Transport companies

* Gate-in/gate-out
orders

* Transportation
and dispatch * Sharing work-related information
information

Transport companies —
Operators

* Checking in real-time on the day of
transportation via smartphone of a
driver

* Time of arrival may vary but make
sure keeping the order of arrival.

* Advancing the forecasts with
technologies such as big data and
machine learning

* Performing the re—handling to
improve the efficiency of gate—out
works

* Expected time of

Drivers — Operators )
truck arrival

2) The results of simulation

= A total of 24 scenarios were extracted for simulation based
on whether or not digitization was implemented, the interval
between arrival of trucks (100 seconds, 130 seconds), the
ratio from the main ship - gate in/gate out (5:5, 6:4, 7:3)

and the average number of container stacks (3.5, 5.0).

- With regards to digitization, confirmation information of truck
arrivals was shared with terminal operators an hour before the
arrivals, allowing yard cranes, if idle, to perform re-handling.
If digitization was not applied, however, information on such

arrivals was checked at the time of arrivals.

Xvi



EXECUTIVE SUMMARY

The arrival interval between trucks was scheduled to 100
seconds and 130 seconds, which was confirmed to satisfy the
crane utilization rate of 0.8 and 0.6 respectively through trial

and error.

Based on consultations with experts, 3 scenarios were extracted

regarding the ratio from the main ship - gate in/gate out.

The average number of stacks is set to be the maximum tier
based on the result of interviews with field workers as well as

the Bay-Row-Tier system of a target terminal.

The results of the simulation show that digitization has the
effect of reducing 53% of the vehicles’ average waiting time

while cutting the turnaround time by 17%.

The reduction of waiting time through digitization was more
noticeable when the utilization of yard cranes was low. What
it means is that the higher the idle time of a yard crane the
more likely re-handling can be performed in preparation for the
gate-out process. (With digitization as an alternative measure,
when the arrival interval between trucks was 130 seconds, the
average waiting time was reduced by approximately 57%, while
showing a 49% reduction when the interval time was 100

seconds).

Meanwhile, when the arrival interval between trucks was 130
seconds, the average turnaround time was reduced by 13% on
average, while when the interval time was 100 seconds there
was a 22% reduction. The more frequent the arrival of trucks

is, the longer the waiting line of trucks will be, accounting for
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a higher ratio from the total turnaround time. Therefore, as the
waiting time is reduced, so is the turnaround time that truck

drivers actually feel.

3) Strategies for establishing the integration of logistics

information in digital supply chain

= Strategies for establishing the integration of logistics
information in digital supply chain consist of 3 stages. The
first stage identifies the ecosystem of container export and

import supply chains.

- Identifying 5 principal agents (trade transaction functions such
as shippers, cargo handling/transportation functions including
terminal operators and shipping companies, management
functions like the Ministry of Oceans and Fisheries and the
customs office, inspection functions such as Animal and Plant
Quarantine Agency and port logistics support and information
system functions) in accordance with type of information
services (inland transportation, installation/storage,
customs/inspection, loading/unloading, and port

entrance/departure service)

- Investigating items of available information and services by
major sector of the supply chain (maritime transportation, ports,
railways and land transportation, and finance and logistics
departments in charge) and identifying problems within the
supply chain ecosystems of imports/exports such as the

shortage of real-time information sharing as well as governance.
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-—Constructing an import/export and integrated information
map centering on 2 key services (trade transaction, cargo
handling and transportation) as well as 6 principal agents
(shippers, CFS operators, terminal operators, shipping

companies, inland transportation services and forwarders)

The second stage analyzes modes for connecting supply
chain information of container imports and exports as well

as the level of digitization.

From the perspective of working process, the information flow
of the import/export platform map constructed during the first
stage is displayed in diagram form. It also specifically identifies
types and forms of delivering information (shipping request,
export declaration, commercial invoice, B/L etc.) followed by
specifying the means to deliver information (paper, telephone,
fax, mail, EDI, mobile and web) between relevant parties.
This study analyzed the ratio of digitization following the
frequency of information delivery per principal agents of
sending and receiving imports and exports
(shippers/forwarders, terminal operators, shipping companies
and land transportation companies).

After identifying the needs and challenges per principal agents
of sending and receiving imports and exports, subjects that need

to construct a digitization model were selected.

The third stage constructs a digitized model for the supply
chain of container imports and exports, while analyzing its

impacts.
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- To begin with, the present status and digitization measures are

investigated with regards to the gate-in/gate-out processes of
trucks selected as a target for constructing a digitized model.
(Different targets can be selected depending on the needs of a

variety of stakeholders)

The effects of digitizing truck gate-in/gate-out processes were

analyzed based on simulations.

Based on these analyses, the quantitative effects of digitization
were identified. And models for the rest of the supply chain
process were established depending on the needs of

stakeholders and analyzed the effects.

4) Policy suggestions

XX

= Construction strategies and implementation measures

should be prepared in order to carry out measures for
building digital supply chain. To attain this goal, this study
proposes the following 4 policies that are connected to major

national agendas.



EXECUTIVE SUMMARY

{Summary Table 3) Content in linkage to policies relevant to digitization of
shipping—ports—inland logistics

Classification

Measures towards
Smartization of
Import/Export Logistics —
focusing on shipping
logistics (2020)

Strategy for Expanding
Smart Shipping Logistics
(2021)

2030 Port Policy Direction
and Promotion Strategy
(2020)

Implementation
Strategies to become a
global leading logistics

nation — the bth Basic Plan
for National Logistics
(2021)

Shipping | Ports

v

Areas in digital supply chain
Inland

AN

Linked content

* Entrance/departure
information of ships

* Working time at ports

* Gate-in/gate—out
information of trucks

* Gate-in/gate—out
information of trucks

* Traffic information by
local governments

* Entrance/departure
information of ships

* Loading/unloading
information of cargo
transport

* Gate-in/gate-out
information of
self-driving trucks

* Logistical information
such as facilities,
companies and location
of delivery

* Information from
unloading to transfer

= Secondly, the governance should be established to collect

and provide logistics information as well as connect and

integrate relevant information.

- When a number of relevant institutions and information owners

are involved such as the supply chain of export and import

containers, it is necessary to establish the Commission on Digital

xXxi



xxii

Supply Chain within the integrated information center of digital
supply chain for comprehensive management and operation of

systems.

This commission should assume a number of roles as following;
planning for constructing a system necessary for collecting,
processing and utilizing of information and securing investment;
formulating a guideline for pseudonymization and combination
of information; improving the legal systems such as writing
contracts, securing investment funds and discovering
differentiated business models and services that participants are

willing to share information.

For the purpose of connecting information, it is necessary to
establish strong governance that allows multi-governmental
discussions and private-public cooperation, information sharing
and determining the level and timing of processing data.
Furthermore, an innovative support system should be
established to foster professional personnel for operating the

Commission on Digital Supply Chain and manage the outcome.

Next, digitization of the supply chain should be evaluated
by establishing a feedback system.

It is necessary to prepare evaluation guidelines that allow
performance of a digital platform led by the government to be
assessed and reflect the result when building a next digitization
model. At the same time, such guideline is essential to determine

whether or not the investment funds will continue their support.

In order to make the evaluation guideline for a digital model,



EXECUTIVE SUMMARY

problems of specific process of the supply chain should be
understood while identifying whether a digital model is

established to solve them.

In addition, continuous efforts should follow to conduct
simulations based on digital models, continuously tracking

discrepancies with the reality and make improvements.

Fourthly, it is important to establish the ecosystem of digital
supply chain where information and human resources can

be integrated, pursuing sustainable growth.

Rather than establishing a digital supply chain platform with low
availability, this study proposes a system that allows voluntary
sharing of information by participants, generating profits by
connecting them. Based on such ecosystem, the overall supply

chain will be able to maintain sustainable growth.

After setting up a goal of implementing the supply chain based
on digital information, a group of experts including business
experts, data analysts and policy experts should be nurtured.
Through these efforts, it allows creating the ecosystem with
virtuous cycle by identifying problems and challenges of the
overall supply chain and then addressing them.

To create the virtuous cycle, a cooperative commission
consisting of the industry, universities, government
departments, and research institutes (Commission on Digital
Supply Chain) should take a leading role in organizing industrial

clusters for promotion.

Based on these physical foundations such as clusters for
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promoting the digital industry, it is necessary to make a leap
forward to develop and become a Digital Data Center for Supply
Chain where global logistics data are gathered, processed and

analyzed ultimately leading to sales.
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N
>
i
Wi
O
N
_O|L
rr

JENA TFAKE HAESHE Tl AEo] of
AR Eohd 7192 AU Zefd Aol AFFct

Tjahjono er al(2017) 42} AFdgHgo] FJARETH ol m|A]= FF
of gt oflu] EA(preliminary analysis)Zt S5 4.0°1 thigt AsiE Al

Al 24 Hoe 539 Wl Ul 7K 7s(&®E, &7 il FE ©

,

14) Biiyiikdzkan and Gocer(2018), pp. 157-177.
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oz sHgslal, FFAETE] HAATAE(KPL: Key Performance
-1>2 SCM9] KPIof| 932 &

1
o>,
o Mo d
A=)
)
=]
\
N
N
N,
i
=2
j:‘
i)
un)
of,
ol
b

T U= AR (F 2-2)= As =R 43 A 71ed
=
=
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12

o112l

oF

1
K-
o
||00
80

00
80

&

(AR) | Yes

No

3D DEE

No

NEEE
NEEE

saiec

No
No

No

AfOH EOF

=
IT
| E200] S50 iR AZ0| EHEE
EiS & 4 Q| TH20) 43 HIZ, A2 HZ<)

Yes

or ol

SSO0| BHSE7] 0 0[2] 4

Yes

Ct,

ot

S

Al

OF5

2t o

Yes

AtSAIE 2 0| A

(AIDC)
TXAE(RFID)

Yes

t= ol ==0] =
St

Yes

A2 EL(M2M)

3=2

S
O
—

=
A7, GiI7|%|

ot 2
o

= AtE

E0| FF0f| HF
7|80 M H

Yes

S2KBI)

YT

=
=

A= Tjahjono et a/.(2017), p. 1179
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A, ole2 43k At sl =
ZAog ozt YW AL, E-=F % ETUE Y42 VIS E (#
2-3)3 2ol 719jet A1 ade 78, 5 Vles EF9H0 28 Al
A5 o] Zasks dERH.

16l
oH.
N,
i
o)
juy
‘I
I
>,
N
ol
rEI
filo
N
N
)
o
N
rlr
§2

(H2-3) 352 7|8 & 2I1E 22
Tl g 23 WE-2F | EEUE
JEM(VR), SLEMAR)  + + + +
3D Z2E + + + +
AZ0|M + + + +
SEMEEE += += + +
2RE J|s + + +- +-
LD - +-
loT +- + + +-
UAEZHA AFF} += + + +-
5412 2 Hj0JE 25 = + + =
FIRRA +- ¥ + -
AZEAM + +- +-
A58 - - +

A= Tjahjono et a/(2017), p. 11812 7|BtOZ XA} HY

o9} Zr2 TFARES YAESh= 20199 T AR 29 AR 0]
% U% 7HsskE T ok AgAo] &L TR B A4S oA
s A A RS Az 971 zefgon, old] gERoR e
sl goto s tAd FEAkso] FE gk1s

Aéimovi¢ & Stajic(2019)= TFARE YA}l tiek Fof, -7,
i AH|, gAEePT S3EARE) pAlE 93 ABATh ol tAlE

15) Frederico(2021), Spieske & Birkel(2021), Govindan, Mina & Alavi(2020), Pournader, Kach
& Talluri(2020)
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SeAs UREst 28 28 02

IS B0 AL TIARE 7|H] SR A mdlg of At o
1} &2 3arke BYY M= ids g | 5
% B7 5 stUE, 219 4AE 24517 et gAlA - A543 Ve
Hog APt "yAE 3uAkEolge A2 Hlds sk AL 7
AJol AFoIA A 2 EH0|ER, 7|E TFARERE AFE B9
)

g Tlo|Eetole Agety, Es EUS 45T 4 9]

lo

Q0 NS

||

IEE (28 2-D3 (Y 208 54 30 7 A9 Hla
o (2% 212 ABA FFAE BPS HolFy, 28 YL ol
S ol AL A3 +0E ASHE A FUE Eek WA T
SO ARE AR, AZT AP, W] A9, 14 248 Eef
T 4 ot

(38 2-1) HSHR SEAE 28
A%
> — >
R B > -

= =
F= 22

ArZ: Acimovi¢ & Stajic(2019), p. 802 7|80 2 XXt Y

olo] ¥l BT TS AL WEHA TRAE Lol dt
2 wARS W A2 7147 Ee B TIALBLYE ofsheke A
& oA ANE 4 ook SR A AHAE dAd 54 A
gol 841 7148 itoR BT QA AR 7ls0] B 4 gt

A= TRt dE 201, 54 AFel dist 27 S 59 159
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A2Sl0] S8 OIIAOIA RISk KT AL B8 i ALge
TFAS AZYANA S AL SEAA} 2E oA i A
Qa1 42 i1 Sk, B HIAL AL B A
F LS 9Io) FES AR YANE AT 4 ok BE L AN
Zho At i e 2A) SAT % o) AulRlA olzo] =
th ARHOR HEA ANE AL TIAE U 1Y HAsh 9 Al
A% 71% sl Bie olshe AN Axtetn @ 4 gk

(0]

[¢)

(O3 2-2) S8 SeAs YEA

At - AHAF

—

|
]
by

Xt=: Schrauf & Berttram(2018), p. 10; A¢imovi¢ & Staji¢(2019), p. S0(XRI)S 7|HoZ XXt

o

o] McKinsey?] ‘Supply Chain 4.0 - the next generation
digital supply chain'®] 54 IFAET 53 3349 AolE T4l
71 SHolA Qokt #E AVNSHHA, HAE 3EAREY B4 S
AR R

16



SeAs UREst 28 28 02

(B 2-4) MSH S UXIE S3AE2 RH0|
X

== HEN ZaNE S EEETS
oy ZIABY HEE B Y
) = DIAS NS EA
oNAE X7} 2 TXS AR K see TaEs S
oE O|o 7|'8
e FA SISO et A0l | IS 7K =X 2t
55 A0l of0] QU B2 HitE | KetAzie i we
oo R} s 5% 17 29 #p}
e 2E 124 42 o W27 7H5

Rt=2: Adimovi¢ & Stajic(2019), p. 802 7|EICZ XAt A
Frederico(2021)+= 3349 YAE3E ‘Supply Chain 4.0'°]2t

Ao, 3199 2 WeRI0] thgat] ) 71 2 )
Holeha At ABE oIt AN U 2571 53t 2L Wl

o
9 A3 5ol 7Fssth. ol A4% 40 B4S 3 28 A
Be] 0 FFAE Q1] i g KA e T 4 U
S oA, FFAE ARGUHS ATAY. (I8 2-3)2 olF T2

16) G| 2l(Pandemic)
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(d8 2-3) OXI® 7| ¥ Supply Chain 4.0

SUPPLY CHAIN 4.0 ON THE POST-COVID-19 PANDEMIC

RESILIENCE IMPROVEMENT
Efficiency, Responsiveness, Flexibility, Reliability,
Transparency, Visibility, Traceability

Data, Information and Knowledge
Technologies

Cloud Computing

Cyber-Physical
e Technologies

Artificial

Intedligence Internet of Ddditive Augmentad
Things Rohoties | Manufacturing | Reality

Bleckehain

B
9
=i
(=]
=
L
o
e}
=
=
w
w
E
m
E
=
=
=
w
S
(3
[T}
=
=

Xt&: Frederico(2021), p. 6

Spieske & Birkel(2021)2 AP+ B4 B9l 43 AATg7s7}
FEU9 W9 22 358 #7100 oSk EEEd 7 #AE Bl
(1" 2-4). |52 ZEU197F 54K FHdol Ile E=F st Al
717F Helow, Hldloly &4 7&o] FuAke SEEEA Ao 7P
& 3t 2 HEH o027 APA+F HE 23, HlHolHE &8%t
71&0] At Ei= 4ol A& &3k AH(457)= T0T(167), Al(14
), E5AIN(147), S29207) 59 43 ARIE871e9 48 AH

o] oF 2~38 F w2 Eolth
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(O 2-4) B2AE 3|=2ERM(SCRES) Z3| U3 (Framework)

relationships

SCRES - Synthes\zed positive
onship
(O Number of identified

....................................................... A S
7 A @ Element ID

Supported SCRES
phases

Enhanced SCRES
antecedents

14,0 enabler
technologies

Xtz Spieske & Birkel(2021), p. 10

UAg BaARe] tat Aol 7)ol AEl wret Tt @ o

AY(EE APLE) 7142 B89 @ A BolAt 2§71 Waw

o Hd
g uoR @ 17714 F49 BF Z2AAS ARtk Hold F
7ol Qltk. (& 2-5)% & AT 71H

11, 240 %E AolA HEHE
1gAE oA 3RS A4S 29t Zold. MAccenture,
(2014), "Supply Chain Quarterly,(2020) 5

o}m

29| AtollA "AE

71&0] ALES ZAZXRA3L, Raab & Griffin-Cryan(2011), Bhargava,
Ranchal & Othmane(2013) 5& F3AKE Zox}t 7+ 8 TA 7} vt
o] Ho} & EATt E3 Bityilkozkan & Gocer (2018), Nasiri er

al (202002 1A} 71X E 2407 3 B T AAE 7R}
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(B 2-5) MAHTLE ORI SSAE Yol 29

L5
CXE S2its d

Raab - Griffin-Cryan(2011) | * CIX|E H|0|E|, M 2 ZHZ 7|0t X 2ZAS

Bhargava et a/(2013)

Accenture(2014) dy

Kinnett(2015) o K58 Jx|7|Hte| 224t

ATKearney(2015) s D2NA KY-57|5} 7|20t SSAEQ| 28

Supply Chain o MH7|AS 5195t SIHK DI

Shaman(201 6) OE7|§E EOI_I- i:i%xﬂ oa)‘IE

SearchERP(2016) o ALHH7|HF ZIAS

Bitytikozkan & Gocer(2018) | « ADIE - JIX| &4 S8 28 T2MA

Supply Chain . Al XI55 4510l 0|2 E5F D0 Al SEAF
Quarterly(ZOZO) |_|—| JC()%| J EI|O|E1 [:|X|E9-|' = O|E %n_l- OEILDO 66 o)<\3

SupplyChainGameChanger |

(2020)

Nasiri et a/(2020)

Embedded Computing

o

o
* NIE Yt 7E 2 Y0 S0 AIAH, B2, At
o X YRS 2EaH HotS RAlolH R HI0|HE X2|- &

Design(2020) Eéfi pbe
A= 2438]-0|AF- MHE(2019), p. 19; 0|HA - MHE-UEA(2020), pp. 11~16 HIEHSZ XX} XAz

2 QP 2] YT AdS 285tuA ek U4 B
Agolet “2ng A 714E 7Mio R Fao| B Hojest Jre

AN ZF A Ao 2

FARE1NE Aojg

17) 011 21(2020), p. 16
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H2E SaAts OX|E=t Al

F| 2 Fto] FeAkERel EAskE shue] &84 -84 1ZEtt of
Yet A28 7S FEsH= s|H(Hub) 98-S $3sH HHA, Fi
FRER SHA A Yot= A7 B AU Botti et al(2017)
2 Pt ZTFAEE AE G AH|A A AR(Smart Port Service
System)2&E  AAFTHILH 2-5). o] AAFE AHFAZ|&(CT:
Information and Communication Technology), ZZ¢E ARE 5
= ol8dl FEARE FolAE 7t HlolEt AHE AAREe R ZRT &
WA s, o]F B3l TFARE AR HlE AR oblE J

(O3 2-5) AOIE ZE MH|A AJAHR THQ

@% @Y - gg

Road operators . Health and
Inspectors 1 » Shipping agencies
1 , -~

o R
. _-ca
Pan‘aurhomy ————— Smart Port L <
Service System Interoceanic shipping

lines

Reg.l‘onal shipping lines I

@;@ <ia;>%,. s

Customers Carriers Freight forwarder

Container depot

Xt2: Botti et al(2017), p. 7
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Weernink er a/(2017)2 AFEQIEYl 2 EEA4Q 7|&S e &
FAREC] 83t AE FFARE FRE FYFE SEEE B9l AdHch

(I 2-6). EFARI 7Ie7HE ERE2 7120 Fo] 2AMz A=Y A
29 YRS yAEslstal, ol AARte R BE o|siARlA Al5gt
o E3E AFE8S Hassial AntE 5 24 GRE o8t AR
AsdozA Ao a&ide s AFVPIAIE A2 + A

(O™ 2-6) X 7I&2(ESHQ) ME Al, YoU=F ¢ HE SEX
TERMIMAL
SHIP AGENT —_— r
P ¥
'_i, I-lm-- ﬁ#’iwm‘a
e LI o
o =L 3
o] o o]
CARRIER
o o o i [
Z e
= HINTERLAND
t* l'll TRANSPORTATION
INSURANCE CUSTOMS BANE
AS-IS
TERMINAL
SHIF AGENT e r
'I' I_Im_- E-\ku&;
LA It )
T,
by o 0
CARRIER
(] o o i 7
B, g i
HINTERLAND
L* ' ' l l TRANSPORTATION
INSURANCE CUSTOMS BANK
TO-BE

Xt=: Weernink et a/(2017), p. 9
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Dossou(2018)= © W= s 2/dst7] 93 U2 Ax2 4% 4t
A (Industry 4.0) 334K 4.0(Supply Chain 4.0)°] 5434 o,
o2]gt 7ldo] F4a7]Hol oFAlZ AGEA] okttal Ak 50D
A 4719 oz AR 7]8F =2(CBR: Case Based Reasoning)
7} 9uls} 2Z(GR: General Reasoning)a &&3 7|& JAEARF S
=11, AR AHEIE AR (I8 2-7)2 Sa7IH00A 431 A9
N TEARE 4.02 AT uf ZF A disf o] Al e g elsfoF
2 HojEth & A= 7Ie(hssl 7148 25, AHE /IEY, 4
d )& FaARE0l 85 o) WY AT A4 Fu

a7k Aok g,

(O3 2-7) 27|99 4%t LU I SSAE 4.0 &Y

To elaborate

To favourize acceleration x
p

.
¢ oA~
-,
p

o2 A g7t S471 gl G2 olsi 2 7r43t

To observe
A AH

Xt=: Dossou(2018), p. 4562 7|82 XXt Y

A& 4.0 Aol digt ddo] vt Hal Kl F50k) $4719 e



of B AT T g 4% AAFY L TFAE 40 7A 9L BYS
L 2¢jo] 4

7 mal5|o, 283l

2-9E &5l AXAH. 18 oA 9] s oA &1, F71, A7
2 oA A ol thsf

A= Fa71d0] & 2AFES ASch= o 283 125 YRt

A 2282 GRAI(Graphs with Results and Actions Inter-related) %
HE 7igel wet Fusleior gttt 71919 AEiE 5785 flsiA= A
I A 7152 FFek, 7HE dlikE 7IHEe 2 H 8 AU ERIskH= A
29Ug 29T YL EHUHL AH 47
AdE 9 3F9AKE 4.0 24T 4 AUtk ZF @A 7199 Hsky

of whe} gt

24
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ol 5 e ‘ag - . = O !‘;J” nH
N N e 8 i 51 ol
wk d
ol ~
< W " TR oy 2 op ojn
ﬂ'l]"ﬁf l %Em- d@r Tk LAl NFnir S
I T e I L, <
= L ¢ | eeE R -
N a
9
o
N
=
?
2w 5 £ é £ £ x ¥ > E 8
ru| iR | 3% | BB | Bf ig | & | o
RNLYT e <= o Iy N I
T & +d Ta - 4 F] =

NS
wn



AR 75%0] AR AR BE BAEY, AR, 5U4E 7))
5) F4 A4 7199 Gammadl ANG 29 A3k BEHCH £
2

AEg gl 7l B4 AY els 5=

ot BgE ZEo AU E FYsta, HAEE T Gammas
71A, 71&, AZEY0]9] H|gof| FE2 A AlV|s B FAE H5HA]

QLI BPHE HBHE U BT AT RO IS A
gttt Al7l% TEo] Wad @4 R U 780 ojge 2e o
2o] gol £9u4 Eyck

S, AS7RsAE St e A7 S olltols 4
th ol Bol A% FE AR 9% ATEE FAH: oA o

ofzit}. 2ol ohd FHE (cobon)iB] FABH= FE AFHo|oArt
a

-T2 A o]of e it FEAMB A HRE Aoz HHY

F 9 IAUNEEE PR 7e(@EE, ZEE, A&A], ToT 44,
2A(FAEE, e, S48, 2% 9 58T BT ohyS A
Y2 ERP, A8 =, SAHEA A9 =t )= 43} 499
2 FFAE 4.0 HEoE AR

Perboli, Musso & Rosano(2018)= HAE 33AKES] S84 UA
SHHA, Hlole EHA, 3-8 HAIAY 22 E5ARIY &40l a6 5 &
7 Adol A 08 HGE= A4 FHJ olg2 ESAIC| 35
ARE QHRZE ZEA|Ao] AEHo RN, a8 A=Y 2 B84 =
o|1, ANHow TIAAE AT 4= 3= ABUCE ET A4
F H2YA Ao 2 A EE2A 1S 83 ARIE AARH. (O'" 2-10
A ZF BAY FAAE EEAIQ T 7]eE oE

=
A &]8E = AeA =4S RoE.

fi

O

o

18) Cobot: &= 2% (collaborative robot)
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SeAs UREst 28 28 02

(a3 2-10) 7tx| 12|

r'y
A2 5 Jf
ZAIS} AAZF
&, 22 74, -
A0 =) AE, TR A B
A @AY 2,
FEUAN HAL (A olHSC 524
1)7HAl 4, =
I S S
=4 30| =]
FAIs}, A7
HAE MR R(KPI) & 22H| ZEs
w | 2UEH Lol =0
3| gz o=, et
o | 2= sgazt AL IE2] B(KP])
2UEY
ZgiA, 573 YYo=, Qmp S
= 22 27 SAsE AN 7
gitsds 221 L TRAES
RO AZ2Z 07| S 2o
ST T, 9%,
;fg' S ol T 2 2 iﬁ%g;"ﬁ”"’” I
o == ES E HE HE
= AlO AlEH S % B2B - oijl{h
HjS Z H(ASN(= HEAE g2k o sl
= | H|L 7F4(H| 23 AZQao| 42
st Al), EDI(K At Eish S e 4z
2 W 3h) =2 =3 A =0
S =m HAl2| ST
EDI =28, U 4l SR oo R
3 Zol= ERP2L9| G513 At 4 *\U"gog At B2C - 274 717}
AS 2RM TMAA B UL 5 L2 7= S
AArAf 3 BAL {5MIEUA 2|Z A8 294
L]
<& =38 M ey
B - o

A= Perboli, Musso & Rosano(2018), p. 620232 7|HtC 2 XX}

FHH(2019)= AEHolaL LAl Use Caseol A3l 4/dSDS7}
A gkl OR Y FFAEHE(SCM: Supply Chain Management) 7+&
Y AYIE A& ELHE, AAZE AE, A5 T4, End-to-End &
A AlE 2 LEsf] AAIZH

U E - - A V202002 =A1A 7|0l 83 FFTolA <
gAg 7|9k JAEAH-E ARFIH. EutEE= Operation Playbook® Q1
A5

g 7]&g A% SCME /Ao, Saffron

fru
e
olrt
10
N
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Technology= QA7 FE(Connitive Computing) 7]&& #-83lo] &
FARE EREE AT EN S22 A JFE FAIR AHEIE &

s

Kapkaeva er a/(2020)2 35+ t A€
T2 o= AAlsHH, B Agely Juto x}%*g%—z?_}a
o] FlojAlL ot H1, Y AH7} oS3} kA
29] T o|FloF shH, o|F {8 WY KO 55 F7HI7]= HAl
g3t gQsitty AZFch

o= UH (20200 @A EF L shEoFe] tAEs} 2 5%

a7k, 1 5 E5AIQ 71eE SAHCE HAE Yas £4

ofst7] sl MA=et IBMY E5A41S 7IHEe = 3 &7 EER Ef
ol=&# Z(Tradelens) AHH|2} AH4SDS AAA2Y] Nexledger AHIE &

3 71& 542 43 olF 3l &F % shEore] HAIgste] glof

A EFA] 7Ied] AR T AdAES AAIRH.

19E(2019) 4] vAZ9} BMO] Edo|EAZE ]2, HAY
Ea AR HIE %—1_:4, 17 QEARY, £, ARET 5

Jugovi¢ er al(2019)2 E5F L 500 qlo] EEAQI 7&eS 18
o 42 5 U= ol g5 EAFH. EEAIIS At EA TE, &
P

(o)

= Pz

97 o4, AW, Boh RTAGE AAREOE 7S 4 9lo] BB
o

=

ok

Zo|1, FolAt AYF Y B2 FofalA] WEL olefFt oL
79 ool 28T & Yk WAYOR ojFTh EF, Avte A

Mo o 4
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disg

Yang, Fu & Zhang(2021)& AZ3A} A E 7|&S =5t ot

NS

7FA] 8 8R1(Drivers)& A WA 8217} 94 Q10 & FLEFch o
A8 714 TYcte A ol AR YR 2948 k= EAE
4t 8E&FE SX5] olth. B4 WA 8912 3Are] A=A
Wapgdolrt, oputE, dEjuinl, 22 AMY REO| F4S 9 A2 T
A 7143 EU% dojt), 914 golo g Azl FFAE HIFE I
ARE TEY, 81 3RS A QA A U2E SE5A7]1L
ZAQ] vHAY S o A8 71es Tyttt B3 334 o
EYZt A E 7&S EYT A4S, 884 AF S Hdl AxGA
T 593 HAE 71&S ARgTliof ot A4 9 AR ATE A%t
Foz 2L 7|&S AAFeR st kst

ESE HAE 71e9 EYUTY 42 B €50 &Y ElE 1R
olal, ARAE 334K ZF L E8 BEEE TEANA(Supply Chain
Processes: Design, Procurement, Production, Warehousing and
Logistics)olAl= ©tFst 334 7]5(Supply Chain Functions:
Demand forecasting, Supplier selection, Sourcing strategy,
Quality control and Logistics planning)< 7HAst7] Yaf o231 22
£ (Descriptive, Predictive, Prescriptive)& 71 HAE 7152 &Y
Sk Hth ESt 7|EE o= Qlst avE O G884 (efficiency), @ &
A 2% (supply chain structure), ® A|&7Fs/d(sustainability),
@ FAl(innovation) SHOZE QFsH3lt}. th (O™ 2-11)2 WA ¢
A 89l +5I, 7IHay} 7o) #AE Qo Jfdxoltt.
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(2 2-11) UXE 7|8 M8 ME=(H=Y

Internal drivers

Operational
*  Strategic
Drivers External drivers oy DU
(why) +  Customer et I (G

*  Supplier or other
supply chain partners
Competition

Supply chain processes
Design, procurement, production,
warehousing, logistics, etc

— Adoption activities —— Supply chain functions

*  Demand forecasting, supplierselction, ®..
sourcing strategy, quality control,

Process logistic planning, etc

(how) Il Digital functions W
*  Descriptive, predictive, prescriptive,etc | 4 | i/

Level A: low tech intelligence, low SC cooperation [+
Level B: low tech intelligence, high SC cooperation
Adotpion levels —| Level C: hightech intelligence, low SC cooperation .
Level D: high tech intelligence, high SC cooperation | .-

¥ Supply chain efficiency f
lmpact Supply chain structure
(what) Sustainabiltiy
Innovation

Xt=: Yang, Fu & Zhang(2021), p. 9

Ishfaq er al(2021)2 &4 HAE FFAKE 25 AR
AMjAY Y] AFAR FFAREZ ZF = E(Node) = @ == AR (F9 °]
SEAZDE A Hes| FEoh, 7 J W FEE v o R oA
A= FYUTTHIE 2-12). 18U AR - IR0 TRt HE=
FES A9 k= SFUAE(Omnichannel) 732 HAE 79| =
Y= SR oH, (I¥ 2-12)¢ 22 "yAE g5Ake FRoMs =&
9 BAZE E9geids 2R & Sl
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(1 2-12) HEH AU ZIAST ORI A0 ZIAS RX BT

Traditional Retail Supply Chain

Merchant
Groups

!

Digital Retail Supply Chain

Merchant J _.«
Groups

Xt&: Ishfag, Davis-Sramek & Gibson(2021), p. 8

&3t Ishfaq, Davis-Sramek & Gibson(2021)2 AmjAt tjA g 33
ARg FE2E TR (OE 2-13)3 Zo] AR, HAds} 194=
Aol gAdsto] thgt Ql4leltt. of HqAEalrt BRash, o]& Qs A=
T = Zo] FORJIAE Ash= Aot olF v E YAE A
o} fAg Agho] WA} (I¥ 2-13)9] HAE FFAKE FRoA &
AT & Y=ol gAE AeiAl= ofAt 7+ oo, 14 g9 7
SHA| tf-3sk7] et 24 ¥l IAZEA] 2 A% 22 o] BjAFA
BRAE B2 7Y, HAE A 8 34+ I, AA As

3, 59 Tl §A% gheo & 4 9t
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(23 2-13) UXIE SSAE HE=(A0HY)

Digital - Digital
Ecosystem Transformation
Interdependencies - .
- : Integrated Demand
ructura g il
Informat, sensing
Reconfiguration ~ phieck :
Mon-linear 5 .
interactions cwnit’;,'g Flexible
Automation Execution
Digital
Awareness
Digital Digital

Vision Value

Xt&: Ishfag, Davis-Sramek & Gibson(2021), p. 8

NF FFALEY wlold, AR, BEAQ, FAOE AFY 5
tAE 71& 8AHE7E S716ka Atk Kohler & Pizzol(2020)2 £5A4

Iee AE FEARECl A8eE oAl 7HA Al(FairChain, IBM
FoodTrust, OpenSC, Provenance, TE-FOOD, WWF pilot)& 7|&3
FE AR R 2F H 7R SH0lA 245k, HAE /ﬂ% SEARES

EAS AA L} ESE Feng et a/(2020)2 EEAQ 7|1&E 7|¥to& St

AZ TS AEEE AAAHIH 2-14). o)== AFY 74]" AFEQIE
U A, EEAY AS, ofEAIA AFCE FAE 0] Jlon, FJHF
+9 XPEQ}E} ol FA| 7+ AR A5AEo] 53T AARIT
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SeMe HXEe &

28 2E

2 2-14) OX|E SEME HEE(AEY
(O3 2-14) LXE S8rE HE(AEY
B O ) G ) el )
o ] l ] I l I
i2— B A B —
Farming Truek transport Cold storage Distribution Retall siore Consumer
Forward Traceahility
< T PRty >
Backward Traceability
Farmer Processing tramsportation Storage Distributor Ret; Consum: s
information information information information infor mation infarmation information
——— - IR -
1T -
traceability Tnternal | Exter -|‘ Internal | Ex (rml Internal II e mll Intornal
erer iy .
M~ Pamifme — | ___ _ _ N TR o T Temma — | _ __ |
I Fersilzation 1| T Procesing | T Tlogsties” [ 1 swereTime || T i o
| Watering 1| ! Production ;| | Temperatwee || | Temperature | | | Location | £
I Pesticide Ii: Date 1 -j‘ Humidity || 31 Humidiey | i: Distributing | HIE
I residues 3] Quatiy ‘} Ougen |51 omgen ) time | iz
I Harvest 1|2 inspection 1| % Carbon diox Ilil 2 learbon dioide! ] e I ERE-
| 1E 1 ] &) Bl i Z |3
,,,m,,,sl,,-:-:,, ISV R el - atuiute HE
] S Foow |2 Toww |2 Toww FT umm 3|F
Transact tion, Tramaction Transaction Traneaction Transacti ramsaction
Blockehain Blackchal Blockchain ehaln Blockchaln chchain
Blockchain p——
Tayer . __
Smart Comtrac| Smart Contract) . ——
ot
: Quality data Logistic data Tramsaction data
et — —
K Tima —] Route —] e
| Tempernture | — Service — m“
| Gas Quality
I
£ LE
g 45 |43
- k-1 2
Application g 3 b
layer
Tax —
s geraent Consumer

Atz Feng et a/.(2020), p. 8

Alicke, Rexhausen & Seyfert(2017)= ‘Supply chain 4.0’(1‘4X 1=
SEARE) 152 A @ HAER 19 e @ MELR 7s= Fosta
® ©o]Z AA = A9 RAo] HRsity AFFLh Eﬁj Supply
chain 4.02 ITFAEY 29aLA4S FTUAZoZHN 7|E iy
05~75%9] & &4 A, 15~30%9] &5 9 H¥t H-E E3, 50~80%

=2
7V 3EARE FHIE 3 35~75%9] AavE Faet 3HEAREY] Al

&3 g $2 PSS 7)Y 2-15).
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(72 2-15) CIX|e Z2AKS 7|0ET

Lost sales (service)

-50%

6510 75% zeqr

Transport and
warehousing costs 10t 15% 4540 309
-30to 50%
SC admin costs -5to 10%
-50to 80% 7510 90%
Inventories
-20 to 50%
-35to0 75% 5010 80%

Baseline Basic Advanced Visionary
(SC2.0) (SC30) (SC4.0)

Source: McKinsey

Xt=: Alicke, Rexhausen & Seyfert(2017), p. 10

2 dojMe AT dEE 53 s5/ke] HAE d-ER
& ofyet Axd, A9, AFAT Zo] Tt AR ZopollA EeE
I ZF A9 3EARE HAESke 27 Yz {5t di-831]
golgks 352 F2o] lou, fAEse] AR dEr2 Ao i€l
4 IS 9 A, A W BlaEA s, 214 <] Wst )
of et A= t2A $HEHIL QU EIF AR SeAE 72 9 AA
E7} Jolotn 2 AHQ] ANEE ofe-E Untshd FgARE "AEst i
ke 54 Aol A&sh7lols AV e AoE ddE

o ot

N

34



IS OXgs 28 2E 02

H3E SsAtsdt OXE SaAts Got

UAE FEAE R U9 Bk s 3R Bk g A4
nejsjo} Gk XY FFALS FRAE 99 3 IR FRANE
BRI e OAE FAa0] A% 283 5 k. s, 2

Q1 AEOIA TS Aot RS o & dAE TINL 5

go OADNE Btk W A8 £3 WS

o o

2

(3d 2-16) HYAFHML SSAE B7t Y

4.8% 1.2% = MCDM
4.8%

\

A= Lima-Junior & Carpinetti(2017), p. 340

€.0% = Mathematical programing

Al

11.9% Simulation

— = Statistical
. (]

= MCDM combined with

mathematical programin
21.4%. progr g

= MCDM combined with AI

Lima-Junior & Carpinetti(2017)= AP AolA &-8H TFAE F
7HP ] FAIE mebs] 4 79 8 B S Y3k olg2
Science direct 5 HAMNLZ Baff oF 1705 HY AollA ZFAKE ¥
7kel AFAH o R AHE 841 AFE FH . olE0] AFPAT HEE
B9 e SEAke B e @ e JAFEHEE(MCDM

Multi-criteria  decision making), @ g% ¥(Mathematical
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Programming), @ 91&A5(Al), @ RS (Simulation), ® A A
(Statistical) F, ® & AR EL FEEY 58, @ I QA
AARET} ATAs T HAo2 HYHA(ad 2-16).

\l

Z} vralo] gau| 8-S AHRE thr|E QAFAA Zo] Aulo| ga) 7HRE

g &8t & 5 o ol $FARe0l s WU V1€l ®
oLy wjRolct. AR MPATFolH TeT FIAEY]

37} 71%L v$- thofFsl, Webster(2002)= H]E, A&7Ms4], A4

(Agility), 3 (Flexibility), S8/8< 4 7|E02 dAgs = ot

t71E ARl AFACIA 7 Aol Qe E UE o= &
A FFEF(SCOR: Supply Chain Operatlons Reference)!9)
1} 22 ge] WolEof A= A 3ol EAst7| wito|e}t Ittt SFAE
-9 FxEFS @Evle A @ el FI(APICS: American
Production and Inventory Control Society), (%)ASCM(Association
for Supply Chauin Management)?|2t= SFARSTE & 3]oA AAISH

Ao, FFARE 55 JMAsks BT 4652 Btk 7Ie= AT

Kiszs

npAete 2, 7HE gloE 7} Aof HiE7te] weo|uy Aol oEsfjof 5t
= 4%, AEs E4H(AHP: Analytical Hierarchy Process)?t 22 4
Lol o A=A 011: AYE AAE 4= 7] "izolth. AE &1, A
A Ax FEAES Adshe B, 3arke 2QHE2 Jol7|de] A
4 golH= <l NEH A tlolHE gHst7] o ERE, ofsiIAR}
7r FY =9 22 H7HA| = olet B H HEF(Customised) Hl°JE
7F Aol R sfjof st TEA] ERt B9t Bot 7R HlolE 7t 575t

o @ 4 gtk

7

oEL

—_

l

19) APICS(2017)
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L

2 BY3kE 5% 39AkE B7ke F BIARE Wol -85 WHlolth
e APATe 2 ool o] WS & tE AEEEY
AR, 7HE HlolE 7t BA] 8kE W ul%- f-85itt. ol S
SRR RS AlTTo=N, FF I HolEE Ao $EF YA
A (Decision Variables)tt E2%H:, A9FA](Contraints)?] A4

Sl
(Coefficients)o]] ts] 83t &= 917] wjFolc},

d
—_

o=

Sh

o

5~

o= Al #e14l& Ff L A olsiF 4= AUtk Shaw er al(2012)
2 Amid, Ghodsypour & O'Brien(2006), Kumar, Vrat &
Shankar(2006)°14 AF3sE AFHA AFALH 7|5t TF4F A EA

o elwde ofel Zol Btk

Minimise Z; = ZPZCEI (1M
i=1

Minimise Z; = E Qx; )
i=1

Minimise Z, = ZL,x, 3
i=1

Minimise Z; = E Gx; @)
i=1

Subject to
N =D (5)
1=1
xz, < U, (6)
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@)
®)
©)

Aol 9 LA

o

AFEAS HogE.

, B

B

L

| .

=, (5) ~ (9)
Zm

83} A3

=]
5118

=

[¢)

Pz, < B,
y.3kel
=

1

Z Gixi << CUP[)e’r

n

i

x; > 0 and integer

@ F2ollA9

o

(3 2-6)°lA - e ddA(Index)2t AAHE W5, wfEE

7o (1) ~ (4 47 =

Ho <]
© Z &
B O or
n_A.ouu_.AT %0
T iy o
= 4 o = o o
A = | #0 T il =l
~ b io Kb K iol | ol
NOTOX CL AN oW s SR
_'_._._H_ 0 <0
< o JJar A
o o Flae B8 <o
mmmr o1 Pﬁeﬂﬂ__A_.A_.wm
,Alu_ﬂ 4OOTFm|_|X7A_._o_._“_“_A_
- o R AR I
of Nr e of EWEEE R R
A_.du.x ol pE T T TR
ar g Fl |tz agys
= E_E.Z$x$$H.ZA_=._
oy T > |x x W mmmrE T
RO s Ml F M0 fo oK OH OK O | &) MO fD
s oF Fo.u = Mo Ho | Kk Kk Kk KF | KF| HO | HO
‘|_|~|o A_l e | o | o | o | o | o | o | o | o
X N T
ey 0
ﬁoﬂoww_l - W_u T
IR U 2ol 3l 2o E)
,_H_Ol.WO_E |A.A.__|m._ﬁLI_._._ |:._.|
TN o 5 :
11 or
4 © of ©
ﬁﬁm &
o M 2 S R R O N R B
moo]ﬂw TR SN ST AN S
Np X Q
K
= ol of

OF
2

S Glat A

!

=)
=

Skt 0 g

L]
7|2 XX+ HH-Fe

=

=

XtZ: Shaw et al(2012), p. 8185
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IS OXgs 28 2E 02

HOJARE 1T o] Aol A &85 HHgoltt. Ko
e HHe Adlste A o=, Y HolHE &8 4 AUs 1 ¢
F&sith &3], tle QAHEAECIU R0 13T 4 gl
gt 7|20l Ak 5Z HoAF BT & long HPALolA ¥l
H3] AR ExtendSmlJ—} 7o AZE A8s B4 =
o - &-gsfof oh= @] o, BA =7t SEFohE FEof 4Y
T2 & ouE AFAEo] ASskeE T

(O 2-17) SEAE B2t 23 HYAF0AQ| CI0|H £X

2.4% " s
gt = Specialists' judgments
- (]

47.6% .
= Simulated data

= Historical data combined
with specialists' judgments

Historical data
29.8% = Based on other studies

XtZ: Lima=-Junior & Carpinetti(2017), p. 343

ogh, oA e] A RS Fou|gt 223K (Garbage in
Garbage out)& A5tz /0] Qlou =, QA9 Y Ho[EE HIEA
StHgflof sttt Lima-Junior & Carpinetti(2017)= APAT9] o
o] &7t wdoly 7HFo® AAHHE HolHE E4 EE3¥a= B
THLE 2-17). °ol& &3ll, tFE APA7t | JArEEEolY &
YRPS E83 olf7t Y Holy EEAE 52 5 Utk
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O

SEARE B7MolA RYAEE 83t 4 APA+= LNG 334K
2 A4S Katebah er a/(2020), k-4 7+ 9oFE F3AKES A+
S}t Franco & Alfonso-Lizarazo(2020), BFo] Ui A(Biomass) YA &
FAREE A3 Akhtari & Sowlati(2020), SUAE A 3FA S A
T3t Pereira & Frazzon(2021) 5°] Uth.

Pereira & Frazzon(2021)& A0 ZZARSO|A E814 993} oz
P92 Al 1t A7 5 AF3H ole2 VA 22
71&E &89 8950 lv LAY RoAHY 7|Hte R A3}

De Giovanni(2019)= A&4Ql 33AKEC] HAE 33 R Hest
o, 38 9 53 S Bty FaAREoNAe] AldE 9 A4
2o g AHos) AAstnt 7oA AU AlYolE(Game
Theory)oll 4] AU Qu]dttt. AP Z Zodzxp7t H4qt dehkg A
o IFARE AlAFIA Y o]l FHigtels YT QArEE AYULR

2 & 9lr.

Schliiter, Hetterscheid & Henke(2019)= 53AF& HA|E3} Al &
3 fAF ] RkE A7) 96l 59 A4S dAE et ‘:]X]
g3} AU 5 RoAF A8, A== Bt HE B D
& B7IE "AE3} AU & Adsks W AlAIR:

Pr

Paulauskas, Filina-Dawidowicz & Paulauskas(2021)= 7]
A93} 52 ok HHEES /staA} vk =43t HlolHE 7wt
O % ROAJRo] 7hseh | HEE AAIFAL, 3070 °oh?loﬂ “H?l } I
7= PP olF 3l UAEI 7IE= +H3
Fatoll vl HAE3} o] 9F 30% = Ziii —;_f—xé?}'ﬁﬂr.

oﬁL‘r.&
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SeAs UREst 28 28 02

4™ AAH

AL FRAET HAE AL 4o, BaAE dAgst A
o, WPl g AT E AEst 43 AEyr|e] g,
2UH9, 7] YZ¥3} 5 thiela st oIs 33 dgs
€ ST 49 Bl WA AUSD 4, 99 AR A T

5 419 RopaE g A1)

R

w4S mofolel ez 92 9t & &9 49 Fe
OAESE A S48 Y A FRAE TE B4, digH @
4 BA, oIF WP AT AHE AT T Aot

2 A= FHBIHA)ONAY AHolH FFAKE W RiE ZEAAE
e s AdA]l fAdal deE Ajtetal, =P8 HE FFHeE o
7¥staizl Rt PR AMY 3gARE UAEIME ARt Botti et
al(2017), Weernink et a/(2017), Kapkaeva et al(2020), ola-
B171(2020), A3 AEE (201992 APA+ HE L AR=IEAS S35l 1A
g3} Az /9o = A/, Jr_]fL olf+E WIoh= H ASSHArh
Weernink er al(2017) 4 /?'_12}'71'5'4 1(2019) AlRbet HAE3}; Mol
gt 7| avs AR 227F oy, Agdtet AREAS 715t

o= 3 AAARI BitEh= A7 )l & AFollA = ol Hsh ] ¢
3 FHET 2ore] HAESt dof tigt avs Hoh Z@o|al A
o5 FAstA} gtrh. AFA 7 aTe 3aAke FoiRkEe] HAld
goll tiet AHE FAskaL, Al HAEsE SXIsks o 8%t

=

¢

2

o
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(B 2-7) {YH O] 2 A2 AHEY

xE A = o7 MY
. TSR, SR, MEY, ANY, AZ
SO ZH|O|L ESAE L EE T o=t e ’ "
oip oy | CBLAENLSBASHEIS B2 1 o' o rioist dogo) ot syl
M Bz
* Botti et a/(2017): &2t AOIE AH|
A NARIO| JHEN Ol Ho
) s * Weernink et a/(2017): E2H|Q17|
° (SH) 47t 7|gto| MZIA CX|E5) I £ £Q2 £351 510t0| K[43} M2
212 MM, OIS SEPH22 B o o) chet mel 7| cheat AA
ol CIXIEiete] MM SIS ASE RO
o AFO10 E15) 2| 7 * Kapkaeva et 4/(2020): €525 34t
s e R O | ol RiEisis B 58 SP0IA A
A FRUE - (Faug) ZEo|Y EY S It O[S E7(2020): 22 /5SS
el —E‘&u ?_'IF—'”O“—_-I HE 9H§A|’§3I'E uggl Eclgi‘-ﬁm WIES 3(19_#34@._5%,
E, 7iH|0|H BI= X3t et 3 %q'(;gof ;HMEF%F E;‘%F‘;r"‘
220), 7|t gt =&, A e icee o= Alc
o M3} 2UBE(2019): EEX017|£9
S0 S0 Tiet "Xl 7|thE
o 2 A S MIA|
* Botti et a/(2017): MaAT AE, 0]
EX 0H, AHEA
o Mo AE * Weernink et a/.(2017): MaiAT A
o AHIEA E AIEA
™ _
« X227} olEy= * Kapkaeva et a/.(2020): MaliH+ A
L . E, Al¥|2M, TOGAF(The Open
ATEE | oosis ot CHot B35t : i
EolHRE 27 Oiot 2 Group Architecture Framework)
RSB YA EA 18- 2EHZI(2020): T AE,
* ZHHA AlEN, EZod
o Ms-ZI8E(2019): MAT AHE,
O|2X N, HMEJ HT, AMglEN
- 0 74H|0|H SEAKE W CIXIE3 HYIE sHEst,
ST OH2ALE 7|t ChOt =& ROJMSIS S5t HEFY IS MAISH Gt BAHE

AEgE EE| flol (B 2-7)0ME SUST B2 M 5201 THoHM D

20) HIEC} HEE0IM 2] ORZARRI0] Tf M2Iet2 Madl TIXZEe| WIS HER Bre
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ZH|O|L] BESQ! &3t 2 [C|X|=5} Biot

43



1. ZHO|H HE T2MA

>N
=)
tlo %
=2
o
N
(i
(o)
o,
9,
vy

et Huld2gAel 52 E(D/0: Delivery Order) 3 % WY S5
0=, @ 35 E= AATE EEA] HHE5-2 =6
SEARE Al =2 8 AZRE E]ls) A=Fe] HiAlE A AR
o AFARIE YA R ASEH, @ REZo] Huldo| X<, A
Sl of= RGO R o]Fskil, ® of= W 5t AH|(df: of=
)9 =52 ol ZAHo|HE §HESHA Ht

® Ko 4N o
@ ¥
jille

m,
=)
e r

o
m
[t
fr

K
)
o

+SAeIAE AFE AR &5 2E &%, 24 &5er 29
T ATHE 3-1). 78] 252 oFF & ¥l ihEs] 22 A5t
o] drtAoltt. Tk, G 7 ZEolu 2go] o] At FrEE
<AEY S0 FY=EE de Sl 278 52 Huldd Fa
2|7F 1AIZE o)l Z397F BaL, 1]l 3~43] o 25T
ot &4 252 ofF] g9 5714 shuel A2 E8ske
om, 24A7 S FHE .

)i o(%l‘

_—10

=™ ooN fr Mo
| Mo
g2 ook g
)

ﬁ—\#

21) EH0AQ] 2HFRE(Inbound)
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AEO[L gt

7
T

YR l2lo 22 351 28 lvlelym Rlo 2B 2R 12 B 23 |0
(=74
B
21 =Rixhn i2lvre ixln
23 23 5T R2 V0.8 om
Wi Iy W = <ZREEl vo _m
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TRl =TI &2 24 I2lo 235 Iz
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AR AFY &5 EF iRt &5 A LF 6AZHA] o]FofA|H,
o|e} FAlo] AP HIE YR ET} Aps & EudPAtl ASHT AP
HEEQIA H(COPINO: Container Pre-notification Message)22+&= 2%
Aol A Eud 2 Ago]|E ¥HEdst ] Hof| ASshe AEE WobH, A
glojH @99 52 AP E, Y2 252H E= AsksdB/L: Bill
of Lading) FH, A2 MslsHYE7} 25 ot HiARAIE 2
57| k= ElREo] £ AIZIHE s =2 AYoly o] okl A
Blo|ldE EHuldojA] ¥r&Esh=s H$7F Bk

o

rO

(d8 3-2) 22| 2E2 HiXtEF

o2 25 A EE

N 25 SR 0% 2%
-00——0-0 1 4
! 2 -oo——0-0" ? 5
Ss—— 3 -oo—o-k% 5
Saas IR A Kp2foj==0f et _FUmom
o|O] 2™ 9l AW 2ESETE 2EEFEHH =2
sTTaE Hy ZEw Aol v =

A= KXt 2

A2 kel 94 2L WA A LheAt 245 don, 2A2

R A B e} MR £ A WA gRt B26)

A vjAe} BA0) A MEAARE A4 v, 2499 = v
}

YL o] Zejo] nhgEl AHS TR, the B wR} ¥
22) SMDG(ZAL: 2021. 9. 19)
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ZiHo|Y BEe) 3 2 CiX|Est &ot 03

A gk, vl wek, 215 8 AOIA Bl W& A7 2ol
o9 e A9w WG WHPHIY 3-2)

Bt B5 24 252 24413t 59t 5] ok, whE v Ak
Fo] ufg- Zot Eud-2GAF Aol E AR Asiat APdA S
316}71 o9 ot E3 o] djQ] Aeko] EQUH dlolEle}t HE} X

glo] AF=oF sh= Enld %ol WA wix gdRiet 5714 11
} | A sHoF gt

N

_HN

|r

O|

2. ZHO|H Y T=NA

Aelolu w1 AQlolat ol £5 B4 AHo|Ug RELS
243 Erld WL SIIsHe 21 ojuldict. Aejofo] nhreE A
9

GOl B0z SHAE AINARRE Bl degAR At
HES o] g3 ¥ vk Ak offe] AEolIE HIysHA et

¥ QRARE et ok O 85 Bk EYEE A4S 5o} A
ofore %16} @ 8% EE AR 2540 B2 o= o

e
lo 4

HApE 3ol BN oy SRE SR, © L5 |
J u}ﬂ AR B B, 7Hg A% oz viAE APt
A EeldelA] e AYS 7 F AEoNIS ¥

12 3

L © AT YA B2 A4 B e MY
g

ol
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iflry
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23) EX0||AQ] OFRHERE(Outbound)
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YA el o4 2ol ofF wA AHe 8% Foln, olst B4
o A RE A W], DA BFS F Aol S W&
T o2 Y AYL VT F, Holde] WY Eglo] erdz &%
SR Ao A NEIHHRE AEY] e, IS Az 2ol
- 3

Euldegits e Ao el P2 fsl E =2l
A e SHEHE, oIS L83l BAF 2I9A8S A9 T2z of
2J5k 1:]- o]:1: X}x]xk,] EXPE‘— o]:1:
o)) B7kE % Qlout, 74 fEH o=

3. BAMSH HEO| HEEQ NiE 38

%iw—% Al %/\}?} Ef—.}% ‘HD}. e 8/\1% Hew ‘ﬂ%%“%"]
—_L
H

TS AAl5] AHotd, &% A 18A1914 &% Y 8AI7HA=

v
Q359] A-AHAIE 1] —012 Pﬂﬂ% aAT R g ursEek] H]
&

)

5ol 7 30T 25 T 24 8AA 1A 8 38 Ee
oA ZEoluE XJOMH 7RI Q= TAY 1313k BHlESol $7F
o 4 11ARE 25 A7k 249 + ¥4 Ed3t A2 25
Qo] sigshe o7t BIdEe Ao, dAF oz HAAR]
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