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AHP(AIZ 3t 248): Analytic Hierarchy Process

ARMA(X? || H0|SH) : Autoregressive Moving Average
ARIMA(XE | 3| H5+=XM0|SHE ) - Autoregressive Integrated Moving Average
B2B(7|¥ 7t AHal): Business to Business

B2C(7|&i1t AH|Xt 7+ 7{2K): Business to Customer

CAGR(AHHSZE) : Compounded Annual Growth Rate

CBEC(=24 7t TXA72h): Cross Border E-Commerce

CEIV(EtB E4=3t= 215): Center of Excellence for Independent Validators
CV(WXIEB) : Cross-Validation

DC(EFMEH(X11)): Distribution Center

FBA(OIOIE ELHE AMH|A): Fulfillment By Amazon

Fuzzy AHP(IHX| A&5H 2M4%8): Fuzzy Analytic Hierarchy Process
GDC(ZM|Z2F4E): Global Distribution Center

HCFC(ZAE a2 3}Et2): Hydro Chloro Fluoro Carbon

loT(AFZQIEIL): Internet of Things

LNG(HUSHHHTIA): Liquefied Natural Gas

MAPE(™ZEHH|X}) : Mean Absolute Percentage Error
Port-MIS(E2H2B™EA|AH]) : Port Management Information System
RMSE(™ZHEZ24H : Root Mean Squared Error

SCM(EB3Y 22]): Supply Chain Management

SQF(AE 2tM HZ): Safe Quality Food

TC(ERME(S1)): Transfer Center

TRASS(
TEU(20L|E Z0] ZAH|0| 2 7[): Twenty—foot Equivalent Unit

ol

2R AEZ| MH|A): Trade Statistics Service
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EXECUTIVE SUMMARY

A Study on the Vitalization of Living
Logistics Functions in Ports

Seokwoo Choi - Junghoon Shin - Seong-Hyun Cho - Min-Jeong Park

1. Background and Purpose

1) Background

= Changes in population demographics, rapid growth in the
eCommerce market, and the widespread adoption of
third-party logistics (3PL) are driving the logistics industry

boom.

- The surge in single-person households valuing convenience and
efficiency, along with increased internet usage among the baby
boomer generation, is accelerating the activation of logistics

services.

- Despite the pandemic, major domestic eCommerce companies
have seen significant revenue growth, contributing to the rapid

expansion of the eCommerce market.

XV
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The growth of leading domestic 3PL companies and the
widespread adoption of 3PL services are enhancing the
competitiveness of logistics companies and stimulating

industrial activity.

The "Act on the Development of living Logistics Services
Industry” was enforced in 2021, emphasizing the public's role
in securing facilities for living logistics in accordance with

related laws.

'Living logistics services' encompass a concept that combines
parcel delivery services and small cargo delivery services. Living
logistics facilities refer to all logistics facilities used in living

logistics businesses.

While the legal definition of facilities that should concern the
public in living logistics remains unclear, the law mandates the

public to obligatorily secure living logistics facilities.

Meanwhile, major ports worldwide are expanding their roles
as distribution and logistics hubs to secure future

competitiveness.

Major ports worldwide are actively investing in infrastructure
improvements such as the establishment of smart logistics
centers to respond to the rapid growth of eCommerce and cold

chain markets.

There's a growing need to expand the role of ports beyond
traditional  functions like ship arrivals and cargo

handling/storage towards becoming distribution and logistics

hubs.
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= The drastic changes in the logistics landscape
post-pandemic and the expansion of the port's role and
functions as public facilities act as new growth drivers and
opportunities to enhance global competitiveness in the port

industry.

- Therefore, it's essential to establish systems predicting port
cargo volume for cross-border eCommerce, cold chain

demands, etc., and conduct in-depth analyses of port locations.
- Additionally, there's a necessity for thorough research on

suitable living logistics facilities for ports and the formulation

of strategies to activate living logistics functions within ports.

2) Relevance to National Projects

= It is anticipated that this study will be utilized as a means
to achieve the national goal of 'a dynamic economy led by

the private sector with the government's support.'

- Particularly, it aims to align with national tasks such as 'pursuing
industry strategies focused on growth,' 'strengthening financial
and tax support for dynamic innovative growth," 'establishing
a new industrial trade strategy to enhance industrial
competitiveness and supply chains,’ and 'building a leading

global maritime transportation and logistics system.'
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3) Purpose

Developing a forecast model for the volume of living logistics
in ports to predict future demand for ports and their

hinterlands.

Systematic prediction and trend analysis of living logistics port
throughput through the refinement, classification, and

application of export/import data and quantitative models.

Devising strategies for the concentration of living logistics
in ports through an analysis of living logistics center

locations.

Reviewing specialized logistics services and types of logistics
centers for ports while proposing measures to activate living

logistics functions within ports.

2. Methodology

1) Academic methodology

xviii

The primary research methodology of this study is largely

divided into three stages.

In the first stage, identification of living logistics items handled
in ports and related industries is conducted through domestic
and international precedent studies and case analyses. Data
collection and analysis are carried out according to the

classification system of maritime logistics items.
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- The second stage involves analyzing the locations of living
logistics centers in ports and their hinterlands. This includes
methodologies for analyzing location selection determinants,
factorization, and stratification of evaluation criteria, expert

surveys, and AHP analysis.

- The third stage involves brainstorming among the research team
and expert consultations based on the analysis results and
implications, aiming to define and propose measures for

activating living logistics functions within ports.

2) Policy-making methods

= The policy proposals presented in this study were
concretized through policy deliberation councils, expert

consultations, and field surveys within the private sector.

- Deliberation councils were conducted with relevant government
and port authorities. Opinions from experts in eCommerce and
cold chain logistics were gathered, and policy exploration and
concretization were carried out through on-site surveys of

private logistics centers.

3. Result

1) Summary

= Concept and Trends in Living Logistics at Ports

Xix
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- Living logistics at ports refer to logistics activities conducted

within ports and their hinterlands, involving the shipment,
handling, consolidation, packaging, storage, and transportation

of small and lightweight cargo as requested by consumers.

Domestic and international port and logistics companies are
focusing on minimizing logistics costs through reduced transport
distances between ships and storage facilities. They aim to
shorten transportation times by minimizing nodes between
suppliers and consumers. Instances of living logistics

infrastructure supply within ports are increasing.

{Domestic and International Cases of Port Living Logistics)

Category Features

* Increase in E-commerce volume and expanded regular
Baltimore routes based on infrastructure investments (port
facilities, multimodal transportation, etc.).

* Cool Port Oakland: Adjacent cold chain warehouse
facilities at terminals enable faster transportation
Oakland . :
processes between ships and storage, reducing
transport and energy costs.

* Based on temperature control technology, excellent
handling capabilities, refrigerated container services,
demand from downstream markets, and a
Rotterdam | comprehensive transportation system, it operates as
Europe's largest fresh food handling port.

* Developed near the terminal, the Cool Port and food
hubs integrate cold chain functions and facilities.

Port

* Equipped with temperature—controlled warehouse
facilities capable of storing and handling various cold
chain cargoes.

* With high connectivity to inland waterways, railways,
roads, and airports, it enables swift transportation of
fresh goods.

Antwerp



Category

Incheon

Port Busan

Donghae

Maersk

Logistics

Companies Americold

Amazon

DHL

EXECUTIVE SUMMARY

Features

¢ Specialized eCommerce zones: Constructing smart
logistics centers, supporting small and medium-sized
enterprises, and introducing integrated customs
inspection facilities.

Cold chain specialized zones: Utilizing LNG cooling
energy technology to reduce energy consumption,
aiming to attract high—-value cargo by leveraging the
strategic location adjacent to Incheon New Port and the
metropolitan area.

Promoting maritime logistics activation, establishing
smart joint logistics centers.

Located in the hinterland to reduce container logistics
costs, situated in free trade zones, simplifying
export-import procedures, and benefiting from high
connectivity to inland transportation networks.

Functioning as an export—import forward base for
storing, processing, and selling seafood from the East
Coast and Russia to domestic, Chinese, Japanese, and
other markets.

Benefiting from its location: Smooth trade via Donghae
New Port, adjacency to the metropolitan area and
nearby airports.

Incentives include tax and lease reductions, financial
support, administrative services, and deferred tariffs.

Providing cold chain solutions centered around the
port, strategically positioned near origins and port
areas.

Optimizing cargo loadings, reducing container
movements, minimizing demurrage and dispatch fees,
enabling quicker product launches, among other
benefits.

* Locating cold chain facilities near the port to support
handling, transportation, cross—docking,
transshipment, inspections, and related activities.

* Site selection considering transportation, population
density, locational demand to meet
same-day/next-day demands.

* Placing near major urban centers and logistics hubs to
shorten delivery times and reduce costs.

xXxi



Category
ShipBob
Logistics
Companies

Dongwon

Lorex
Amway

Others China

Features

¢ Selecting fulfillment center locations based on optimal
logistics costs and delivery times. Suggests
considering various factors beyond factory or port
locations.

e Utilizing Busan Port for collecting, redistributing, and
exporting overseas agricultural, livestock, and aquatic
products.

* Gathering and redistributing overseas agricultural,
livestock, and aquatic products through Busan Port for
export purposes.

* Propelling the establishment of a cold chain cluster
centered around the new Busan Port, leveraging
advantages such as reduced container logistics costs,
simplified export—import procedures, and enhanced
connectivity with inland transportation.

* Re-classifying, assembling, labeling, repackaging
large quantities of goods imported from the US for
export to various Asian markets.

* E-commerce promotion policy: Concentrating related
businesses and integrating customs, taxation, foreign
exchange, and other relevant systems to streamline
export-import procedures and reduce processing
times.

* Designating and expanding comprehensive

e—commerce pilot zones, mostly located in coastal
areas, aiming to foster E-commerce growth.

Source: Prepared by the authors

= Current Status and Demand Forecast of Port-Based Living

Logistics throughput

- Utilizing data from the Korea Trade Statistics Promotion

Institute's Trade Statistics Service (TRASS) to classify items of

cross-border e-commerce and cold chain cargo based on HS

codes.

- The port throughput of cross-border e-commerce freight has
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shown a high annual growth rate, averaging 96.7% from 2013
to 2022. Meanwhile, the cold chain port freight demonstrated

an average annual growth of 4.2% during the same period.

- Using econometric models like the Grey model and ARIMA
model, the forecast for future port-based living logistics freight
indicates an estimation of 4.641 million tons by 2030 and 6.973
million tons by 2040.

(Forecasted Volume of Port-Based Living Logistics)
Unit: 10,000 tons, %

Annual Growth Rate

ltem 2022 2025 2030 | 2040 o Tins o oo
22-'25 '25-'30 '30-'40

Cross—Border

E-commerce 0.4 0.5 0.7 1.1 6.0 7.2 4.7
Exports
E-commerce 19 23 23 23 60 0.0 0.0

Fulfillment Exports

Cross—Border
E-commerce 2.2 1.6  27.7 @ 59.9 74.0 19.0 8.0
Imports

Cold Chain Exports 264 338 | 421 | 65.0 8.6 4.4 4.4
Cold Chain Imports | 281.4 | 324.6 | 391.4 | 569.0 | 4.9 3.8 3.8

Note: 2022 figures represent actual performance.
Source: Prepared by the authors

= Analysis of the Effect of Seaport Living Logistics Centers

- After deriving the determinants of the living logistics center's
location, the importance among factors was analyzed using
Fuzzy AHP. As a result, facility infrastructure emerged as the
most crucial factor at 13.6%, followed by market size for exports

(12.2%) and transportation and logistics costs (8.5%).
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{Fuzzy AHP Comprehensive Analysis Result)

Top-Level Factor Sub-Factor
Impor Importance  Importance = Rank
by tance ey (Sub-Level) | (Overall)
N Facility Infrastructure 0.52 0.14 1
oF acility & 1 o5 " Operational Stability 0.28 0.07 6
perations
Specialized Facilities 0.20 0.05 9
Export Market Size 0.56 0.12 2
Domestic Market Size 0.25 0.05 7
Demand | 0.22 E-commerce/Cold
Chain Volume 0.20 0.04 15
(Conversion & New)
Transportation &
Logistics Cost 0.48 0.08 3
Cost | 0.18 Operating & 0.27 005 | 11
: Maintenance Costs ' '
Real Estate Costs (Rent, 0.95 0.04 13
etc.)
Tax BSeneﬁts, Financial 046 0.08 4
upport, etc.
Réggg'tfry 0.18 | Administrative Support 0.30 005 8
Customs & Industry 0.25 0.04 12
Support
Regular Routes
(Air & Sea) 044 007 °
Efficiency and
Logistics Establishment of
Network Integrated Transport 0.26 0.04 14
Systems
Connectivity to 0.30 0.05 10

Back-end Areas

Source: Prepared by the authors

- In order to identify distinctive characteristics of the port

compared to other locations, we conducted a comparative
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evaluation with inland and airport hinterland logistics sites. The

site-specific evaluation results revealed that the port received

high ratings in specialized facilities, transportation and logistics

costs, lease fees, and tax incentives.

(Results of Evaluating Candidate Site Logistics Center Locations)

Category

Operational Stability
Specialized Facilities

Logistics Volume
(Conversion and New)

Transportation & Logistics
Cost

Operating & Maintenance
Costs

Real Estate Costs (Rent,
etc.)

Tax Benefits, Financial
Support, etc.

Customs & Industry
Support

Efficiency and
Establishment of
Integrated Transport
Systems

Connectivity to Back-end
Areas

Overall

S,0

S,0

S,0

S,0

Hinterland

Overall Evaluation Results

Port

Airport

Logistics Hub

Inland

E-com | Cold | E-com | Cold | E-com | Cold
merce = Chain  merce Chain merce = Chain

C
A

B

B
B

C
A

A

A
A

B
B

B

B
B

B
C

B

B
B

A
C

C

C
C

A
C

C

C
C

Note: SWO stands for strengths, weaknesses, and opportunities, respectively, based on site

evaluation results

Source: Prepared by the authors
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= Measures to Activate Port's Living Logistics Function

- Proposing strategies to activate living logistics functions within
the port and its hinterland, leveraging the site-specific

distinctiveness of the port.

- From a facility and operational perspective, advocating the
establishment of specialized living logistics hubs within the port,
providing collaborative logistics functions for small and
medium-sized logistics and freight companies, and suggesting

improvements in workforce recruitment and living conditions.

- Regarding cost considerations, suggesting logistics cost
reduction strategies such as joint purchasing of maritime freight
rates, offering comparative estimates through a 3PL logistics
cost platform, and expanding benefits through designated free

trade zones to reduce lease fees.

- In the realm of regulations and laws, emphasizing the need for
tax incentives, various support measures, improvements in
customs services, and relaxed criteria for designating

port-oriented free trade zones.

- In terms of the logistics network, outlining the necessity for
enhancing connectivity by developing a Sea & Air integrated

logistics business model and expanding relevant infrastructure.

{(Summary of Strategies to Activate Port's Living Logistics Functions)

T= 4ot ZF2 g
Facility and 1. Establishment of Specialized | ® Securing supply areas for living
Y Living Logistics Hubs within logistics within the port hinterland
Operations

the Port * Attracting international

XxVvi
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2. Provision of Collaborative
Logistics Functions for Small
and Medium-Sized Logistics
and Freight Companies

3. Improvement in Workforce
Recruitment and Living
Conditions

1. Logistics Cost Reduction

Cost

2. Expansion of Lease Fee
Reduction Benefits

1. Provision of Tax Support and
Incentives

2. Enhancement of Customs

Regulation Services

s and Laws
3. Relaxation of Criteria for
Port-Oriented Free Trade
Zone Designation

1. Activation of Port-Airport
Interconnected Composite
Transport

Establishment of New Regular
Maritime Transport Routes

Logistics | 2.
Network

3. Strengthening Connectivity of
Hinterland Areas

Source: Prepared by the authors

EXECUTIVE SUMMARY

FO HE
e-commerce logistics centers

* Developing a Cold Chain Cluster
utilizing LNG cooling

* Promotion of smart collaborative
logistics center construction

* Addressing imbalances in
workforce supply

* Simultaneous development of two
types of port hinterland areas

* Cost

¢ Joint procurement of maritime
freight rates

* Provision of a comparative estimate
platform for 3PL logistics costs

* Expansion of designated free
trade zones

* Relaxation of conditions for
applying lease fee reductions

* Introduction of a total incentive
system

¢ Cultivation of regional maritime
transport customs directors

* Relaxation of criteria such as cargo
handling volume and presence of
container terminals

* Development of Sea & Air
Integrated Logistics Business
Model

* Introduction of regular ferry routes
between South Korea-China and
South Korea-Russia

* Enhancement of connectivity
between the port and inland
transportation

XxXVii



2) Policy recommendations

= The proposed strategies to enhance the port's living logistics
functions in this study will be pursued through policy forums,
public-private meetings, demand surveys, research tasks,

and related initiatives.

- Each strategy will be refined through policy forums,
public-private meetings, and demand surveys to establish
detailed policies.

- If necessary, policy research tasks will be conducted to integrate
these strategies into future port master plans and comprehensive

development schemes for hinterland areas.

4. Expected Outcomes

1) Policy effects

= Improvement of the Comprehensive Plan for Hinterland

Development

- To enable the formulation of specific strategies for each port,
it's essential to establish strategies for securing hinterland

locations reflecting expected demand based on characteristics.

- This involves improvements in calculating future demand areas
for hinterland development, expanding reserved demand ratios
during forecasting, and reevaluating criteria for designating

hinterland areas.
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Deveopment of a Monitoring and Demand Prediction System

for Port Living Logistics

For policy development, implementation, and performance
evaluation aimed at enhancing port living logistics functions, a

quantitative data-based policy support system is necessary.

Expectations are that the living logistics item classification
system and prediction methodologies proposed in this study will

serve as foundational data for system development.

Formulation of Strategies to Attract Global Leaders in Living

Logistics

Realizing the transformation of living logistics hubs into global
logistics hubs through the creation of logistics centers

necessitates the attraction of global leaders in living logistics.

These strategic initiatives, founded on the policy
recommendations from this research, are anticipated to serve

as a framework for attracting global logistics companies.

Long-term Human Resource Development and Supply Plans

Given the demographic decline and concentration of population
in metropolitan areas, regions surrounding ports are expected

to face challenges in local workforce availability.

Strategies include initiatives for training specialized living
logistics professionals, improving living conditions in hinterland
areas, and establishing cooperative strategies between companies
and labor unions. This research's outcomes are expected to serve

as fundamental resources in addressing these needs.
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2) Social and economic effects

XXX

Anticipating Enhanced Societal Benefits through Integrated

Living Logistics Monitoring System Development

The living logistics item classification system and demand
prediction methodologies developed in this study are expected
to integrate with various public and private data sources. This
integration aims to build a comprehensive living logistics
monitoring system, facilitate status analysis, develop predictive

systems, and evaluate policies effectively.

Expectations of Job Creation and Value Addition through

Private Investment Attraction

Activation of living logistics functions within ports is anticipated
to attract domestic and international private investments. This
attraction could potentially generate employment opportunities,

contribute to value addition, and ensure sustained cargo volume.

Aiming for a Reappraisal of Overall Socioeconomic Value

of Ports

Elevating the living logistics functions of ports offers an
opportunity to position them as global logistics hubs. Job
creation and increased income through this function contribute

to balanced regional development.

Moreover, as ports become more intertwined with the daily lives
of citizens, there's an expectation for improved perceptions and
reduced negative perceptions toward ports, further fostering

their societal value.
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24) The Maryland Port Administration(2022.6.1.)(ZAY: 2023.4.12.)
25) Port Technology(2021.2.17 )(AAMY: 2023.4.12.)
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China's 105 Integrated Pilot Zones for Cross-border E-commerce

@ The first batch (one city) approved in March 2015 » The fourth batch (24 cities) approved in December 2019
® The second batch (12 cities) approved in January 2016 @ The fifth batch (46 cities) approved in April 2020
@ The third batch (22 cities) approved in July 2018
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(1) Maersk
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(J& 2-5) Maersk?| ZEXQI T2 MA

Producer Consolidation Export Customs Sanitary Ocean Terminal
&Storage Haulage Brokerage Inspection Handling

Lo @ r ---o E n:"g:‘“'" o -JH_‘;__IO_E ’ =I LF.

Sanitary Customs Import Cold Store Integrated Cold Chain Logistics
Inspection Brokerage Haulage Storage Door

AI2: Maersk(2022.8.10.)(ZML: 2023.3.15.)

36) Maersk(2022.8.10.)(Z@MY: 2023.3.15.)
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37) Americold(ZMe: 2023.4.15)
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(8) Amazon

AIA 19 AAAAR 71990 AmazonS A& FE 2 A2 A6k oy
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Amazon fulfillment centers across the US
The company has over 100 active warehouses and dozens of planned locations

@ Open Warehouse [ 4

Planned Warehouse

¢ .
L & ] . New Jersey ranks third
e P (Y ‘. L] = among all states in
‘ " warehouse count
California has the most s = " L]
facnm-esl, counting J‘ o®
combinined open > & Amazon is heavily focused
and planned locations . < on the US. South, where the
Py highest numbers of opened
and planned warehouses are
»
*, L 4
Texas has the second-
highest number of warehouses s
SOURCE: MWPVL Intemational Inc., Supply Chain and Logistics Consultants. Includes warehouses of 500,000 square feet or more. CNBC

At=: CNBC(2020.1.19.) (&MY 2023.4.17.)
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1) AHP

2 AFollA= A AR o] AYPAR ol APAet Zo] AHPE
ARESFTE AHPE= 1980¢ ] Thomas Saaty”} AIQFSH o]=f T4 9JA}
24719 SolA 7P d8] 851 Sl HHolth AHP: YWy os
oA BAE =] Qlthes) A A= AT ﬂ]i—% AA5k= @A
ot GAEES Wel7] sl asior & a%1s ==
AR Ao g Fstolo] ASS AN = HWHJE oAEs 89l

|

£ 7o) AdH| i(pairwise comparison)°|tt. 821E 7+ Aiuw

O

T the9] (4 4-119] A%EE vehd,
1 ayp - ayy

A= | L 4 4-1]
0;41@;72':' 1

0%7]/\‘] Z,]: 1,2,"',%0]]]51, aij > 0, aij = l/ajlo]tl‘ <j—£ 4_4>JE__ Saaty-o/]
08 ATg 8T AT A9 829 ;9] G Lepdc,

(B 4-4) Saaty°| 9% Mz
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o7t O 52 (weakly more important)

65) S48 I2=H(2009), p. 829.

92



ot MEsRME X 51t 24 04

= O A A=
5 ZQ(strongly more important)
7 02 E2(demonstratively more important)
9 Al £Q(absolutely more important)
2,4,6,8 QIHe LT Bkt
= a;; 7t 2 a7 e a); ot

At&: Saaty(1990), p. 15, Mel8: FA%- L%=F(2009), p. 829.

Al BiAs A 81E e AHiA 7SR F4elH, |l WAle o

g HASoltt. 4B HSL I3 H|E(consistency ratio)E Ak
A mjekst S~ 9o dukA o Z 0% olAto|H AUitAo] BH=EFE Aog

AzAZF asit. vpAet O HA DAl B3 Ao, A
TFZE Z3EA digh 719] SAEe) 71ERE AASH] Fok HitEe]
E 7MeAE thaat 2.

w; = Zc al , Vi, j=1,2,--,n [4] 4-2]
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o714 i A BAIES] SR, ol WA jol Tt A
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2) Fuzzy AHP

Fuzzy AHP= 7|12 AHPS} HA|(Fuzzy) 7|\HE At HhHo 2 A
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gt 254 7|& AHP 23Rt & vkt g2A Qle}.60)

66) 5IEX- & T(2008), p. 454
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A 52(absolutely more important) 9 8,9,9

Xt&: Caha(2019), p. 14.

Fuzzy AHPO] 24 A= o233 2o A HA= ASTRE J5t
L dAoly, & ¥AE Hx] BdgE vE FASHs Aotk HA] Bt
FE vE 2zt dioky Br|E Alele] Aju|wgEolt.

1 vy ¥y, 1 vy vy
SIS ot 1 D
— |0 e D o 0,
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E7} o]FojF o 2240 g AHP £4 A] YA H]E(consistency
ratio)Z AXIete] I HlE&o] 0.3 o]l AEAEE AlQlste] & 105
RE e s S$8=E BASIIT & dFolA= AHP % Fuzzy AHP
g Y8 A 7R R(version 4.3.1)9] ‘ahpsurvey, TFuzzyAHP’
7|1XE &5t

O

£ fo

T= N HIZ(%)
A gof 33 OJTTUIIJ 13 12.4
217t S S YA 92 87.6
A2 2HE 2 22 21.0
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HIE 0.18 0.18 0.21 0.19 0.17
H-He 0.16 0.16 0.20 0.15 0.16
=5 HEY=Z 0.16 0.16 0.14 0.13 0.17
X2 XA
(2) ot 22l
A 9 89 9919] 519 89l Foll= A A= 7} 50.1%= 7HF
%A% Ao Urhtor] oloj4 “2e gAY 0] 28.5%, ‘SHAA o]



H H

ol
0:
utor
Ju

=l
>~

ISRME X 51t 24 04

0

21.4%2 YRt 87 299 k9] 89l Folle FEAY A= 7L
54.3%, WA R 24.6%, HAAGAH D SEAR] 257 21.1%
wo|glon, HlE 8219 519 82l Foll= +F E EFH[E 0] 47.1%,
‘T 9 fAH]E 0] 26.7%, ‘Yd=E 5 F&AF H]&' 0] 26.2%= UERG
ot &3 - A oA ARG, JAEE 5 F8AIY 0] 45.9%=
F =L 71 FAAY 29.1%, B L AJAY 25.1%F ERE
on, EF YET aRlofAE g7 6:& 7t 44.2%, HNEHA] A4
g0l 31.3%, B SEAA 15 oF 2 584 0] 24.4%=2 UET

A% 20F  ESRAME BR08

= e BB owg oms
A 3 Ald elmat 050 050 051 045 051
Sor 29 o8y 029 030 019 034 029
—° E35} Al 021 020 030 021 020
+ENY 72 054 054 053 047 056
*2 LA % 72 025 025 022 036 022
HRAAH/ZEH 858 021 021 025 0.7 | 0.21
25 USRS 047 046 054 042 047
HIg 29 9 RXHIE 027 027 022 028 027
Yz S FEMHI 026 026 025 030 026
ECA= 046 046 044 052 045
RIS RSN 029 028 036 025 029
S ol HAx|Y 025 026 021 023 026
sz 7| 23 U o) 4 044 044 049 028 047
HE =YRLHHTSORUEEN 024 024 025 041 020

i Hi S EAX| 1z 031 032 02 032 032
PNERPVRE

99



A $eAE o
/g-ﬁ:]i\ﬂ ‘/\]H ojxx

E’I__—-‘

]

St 157)]

7t 14.2%2 71 S8
FEA FE(11.6%),

8/\,_ tﬂ

519 22 4 AA Z2%
93t 7;10_% UrEHstOU%
E7H-8(8.5%),

'IT

3 8.1%), AAEE, AAEE 5 AL (7. 5%)

342)

A9l ol
22 | zex
JURE

0.28
oo
=Q 0.21
HIEZ 0.18
HHE | 016
sz
yeog 016
X2 MR A

100

TAXbA

o

H 4-9) AHP

3
Al4 Q1Zg

29 orgy
%i AlA
)\|If ‘|_'|LE
Al 72
A7RH/ZEA)
sa8su8
% U QXIS

-

i

=<
oltZ 5 2S4S

(7.0%), ‘ES}F A1(6.1%) «2

VS|

=]
=

=58

2 uehiet

iy
ON N~ _-‘lo

-
w

OIS o w

11
14

15

2 Ao} A
EQF 5
/g-qpa o7 =9

A
olo]
‘e oy

A7 FREFT H



ot MEeEME UK 51 24 04

I.

0x
10
X0}
ro

olo
il

AHn = 105)5 W22 Fuzzy AHP £49] &AM Ayk= ot
Itk 57 A9l 8119 A4 $8 % AFES Sl WA B9 HA
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ENe) (0.11,080,9 (1,1,1)  (0.11,1.31,9) (0.11,1.28,9) | (0.14, 1.25, 9)

HlEg (0.11,0.79,9) 1 (0.11,0.77,9  (1,1,1)  (0.11,0.96,9) | (0.11,0.99, 9)
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22 HEYT (0.11,0.66,9)
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2g _ HX[&(fuzzy number) g;1x|.¢.
stetgt Z=ofzt Al5iZE (defuzzified number)
AlE Y2 0.12 1.30 3.94 1.79
=Q 0.10 1.10 3.34 1.51
HIZ 0.08 0.89 2.67 1.21
HA= 0.08 0.91 2.80 1.26
=R UEY= 0.08 0.83 2.51 1.14

X2 A A

H4-12) X 5QF ¥ #2849 220)

S ) x| Z2&(fuzzy weight) 20
a5tz Yz Alsizt (rank)
AE 22 0.02 0.26 0.60 1
*Q 0.02 0.22 0.59 2
HI& 0.02 0.18 0.60 4
HH = 0.02 0.18 0.60 3
SR HEHA 0.02 0.17 0.58 5

X2 A A
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e} 43y 71588 TS
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29.7%, B3 9 AFRIAY 24.8%= UEFGOH, 25 YEYA QRlAE
712 571 44.0%, WiEHA] AAAJ0] 29.8%, B3 S5A|A 0K

9 88/0] 26.2%% UENT

St b Ut AHP 4 2

Thob v

319 aeld 7Ksx grol fAREIA Uehtor], SAeglolE wskt
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YA AT

T 4-14) IX|
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Al o1zt
Ald & o0 OFRIA
2% Toeee
St A
FENT 72
29 LAl 2
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25 =FHE
Hl& 2% 9 RAHIE
iz 5 FSUHIE
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4 % QTR 29)

HX|4=(fuzzy number)

SRRt BUA A
0.23 1.57 4.28
0.13 0.84 2.28
0.09 0.59 1.61
0.27 1.69 4.67
0.12 0.74 2.14
0.09 0.59 1.59
0.20 1.44 3.66
0.11 0.81 2.08
0.10 0.75 1.89
0.18 1.37 3.40
0.12 0.89 2.26
0.10 0.74 1.84
0.18 1.33 3.29
0.11 0.79 1.97
0.12 0.90 2.16
% 29619 22)

HX| £ T (fuzzy weight)

e
0.05 0.52 0.78
0.04 0.28 0.79
0.04 0.20 0.76

A X[
(defuzzified
number)

2.03
1.08
0.76
2.21
1.00
0.76
1.77
1.00
0.91
1.65
1.09
0.89
1.60
0.96
1.06

AO
T

(rank)
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FENY A2 0.05 0.56 0.79 1
£Q LA 72 0.05 0.25 0.79 2
HRMH/ZEHMI 42 | 0.04 0.20 0.73 3
25 Y23 0.04 0.48 0.78 1
HIg 2% Y RKHE 0.04 0.27 0.78 2
U S BSAHIR 0.04 0.25 0.78 3
28X/ 0.04 0.46 0.78 1
A= K| 0.04 0.30 0.78 2
ST Y MARY 0.04 0.25 0.78 3
g2 WgREBLHR) > 0.04 0.44 0.78 1
HE 25t &A1& 0.04 0.26 0.78 3
i HISTIX| G1ZA 0.04 0.30 0.78 2

A= A ERY

A SEAE WO & 157 3191 8219 4 FRES S
AviEE A Qe 13.6%2 Y $a% A0 UERtom, ofol4
SEA FR(12.2%), 25 D ZRUEE5%), A, el 5 F
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A AEolgd o, v 2 AL 4904 6912 F AT Wttt
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