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Due to appearance of extra-large container ship,
global port environment has been being changed
quickly to Hub & Spoke system, in which large
container ships stop at some central ports and small
size ships distribute the shipping freight to the final
destinations. In addition, every countries are trying to
improve efficiency and productivity implementing
high technologies such as construction of automated
container terminal. In Korea, there are some studies
on automation of container terminal including
automated gate system. Especially the phenomena
and causes of congestion in gate of container terminal
have not been considered sufficiently. This study
presents the real status of congestion in some
container terminals in Korea, and figures out the
causes of congestion through empirical investigation
and analysis. As a result of our studies, we found that
the critical causes of congestion were sorted in the
order of the inappropriate COPINO(Container Pick-
up Notice And Arrival Notice), unstable
TOS(Terminal Operation System), and H/W and
operator's error.
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With increased global competition and higher
customer expectations, logistics outsourcing has
become a rapidly expanding source of competitive
advantage and logistics cost savings. An increasing
number of companies are outsourcing their logistics
activities to third-party logistics (3PL) firms so that
they can concentrate on their core competencies.
Using China’s emerging logistics industry as a
backdrop, the present study focuses on how to build
trust between logistics users and 3PL providers and
explores how trust influences logistics users’
performance. The findings indicate that logistics
users’ satisfaction with prior interactions with
logistics providers, 3PL provider’s shared values,
3PL provider’s participation, 3PL provider’s learning
capacity, 3PL provider’s information sharing and
3PL provider’s communication are key determinants
of logistics users’ level of trust towards 3PL
providers. Additionally, logistics users’ trust may
facilitate their performance towards 3PL providers.
Our findings suggest that increasing the level of trust
in China’s 3PL relationships would greatly improve
the efficiency of China’s 3PL practitioners by
reducing the substantial monitoring costs required in
today’s environment to make sure that the interests of

both parties are being addressed.
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This study presents a decision-making model for
designing, evaluating, and implementing a strategic
supply chain management (SCM) planning based on
the data obtained from a transportation service
system. A management decision-making model is
applied and analyzed to simulate real a transportation
service system and utilized to derive satisfying
solutions. The model results are derived and
discussed to enhance the model applicability. The
model results provide the supply chain managers with
managerial insights for planning and controlling
SCM in a transportation service system. Proposed
management model can serve as a transportation
service system’s key management tool to improve
supply chain performance and competitive
advantages as well as in other similar service systems.
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This paper addresses a heuristic algorithm that
minimizes total weighted tardiness(TWT) in wafer
fabrication process (FAB) using shifting bottleneck
procedure. There are various processes in FAB. Some
processes consist of identical parallel machines and
the others consist of single machine. Also mask setup
is required in between when a machine changes
processing job types, jobs are grouped into the same
type if they used the same setup apparatus. The
developed algorithm consists of two steps. In first
step, Apparent Tardiness Cost with Mask
Setup(ATCMS) index rule is suggested to solve
subproblem on parallel machines. In second step,
bottleneck process is selected and jobs are assigned to
the process according to the subproblem solution
having largest TWT value. Steps are repeated until all
jobs are assigned to the process. Various experiments
were carried out to show the efficiency of the
proposed algorithm. It is shown that the proposed
algorithm outperforms other algorithms in a wide
range of problem settings.
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This paper deals with multi-objective optimization of
a supply chain using a simulation model and a genetic

algorithm. This paper proposes a hybrid model which
has a complex supply chain model and a multi-
objective model through a simulation method and a
genetic algorithm. Also the model considers a
manufacturing capacity, the number of vehicles, and
the velocity of the vehicles which are dynamically
changed. Finally, this paper shows that the proposed
multi-objective hybrid model is effectively applied to
either a variability of a supply chain is large or not.
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The healthcare industry is a single largest industry in
the United States. In spite of this, it is growing rapidly
and is arguably the hottest area of business. However,
the present organization of the healthcare supply
chain is in some ways less developed than one would
expect, compared against the Hi-Tech industry. In
this paper, we focus on the supplier, distributor and
customer in the supply chain of healthcare products.
The market for healthcare product is currently highly-
fragmented with many disparate suppliers and
distributors offering a wide variety of products and
services. So, we map out a generic supply chain for
the healthcare industry, survey some of the players,
and see which players are getting on the more
dominant track. Finally, we conclude with a
discussion on the possible future evolution of players
in the supply chain of healthcare product.
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Urban mining, which considers economic benefits of
recycling end-of-life (EOL) consumer electronic
goods, is regarded as another source of raw materials
and contributes to both environmental protection and
resource recirculation. In order to prepare a criteria
for eco-friendly activities, this study estimates
emissions of greenhouse gases (GHG) in reverse
logistics of EOL consumer electronic goods. We used
the legacy guidelines for estimation about the GHG
emissions in collection, transportation and recycling
processes with priority given to the recycling centers.
Also we proved that obtainments and utilization of
recycled materials is eco-friendly by indirectly
comparing GHG emissions in recycling EOL goods
with emissions in producing virgin materials. This
study could be used as a basic example for
environmental assessment of reverse logistics,
recycling and other related activities.
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Supplier development project(SDP) is designed to
create and maintain networks as well as to improve
the suppliers’ capabilities. In this research, the
performance formation model of SDP is established,
which enables readers to understand what factors
affect the firm’s performance. To identify the
significance of the proposed model, the survey data
from 144 suppliers of Delphi Korea Corporation were
collected. As a result, the managerial attitude towards
supplier development has a significant effect on the
performance of SDP. In addition, it is tested whether
the two variables, (1)the level of information
exchange and (2)the level of comprehension on the
purpose of SDP, play mediating roles between the
managerial attitude and the performance. In the event,
it is verified that (1)the level of information exchange
plays a role as a partial mediator, but (2)the
comprehension level on the purpose of SDP is not
statistically significant.

In this paper, we develop the profit maximization
model for the different types of delivery services to
select the best price and guaranteed delivery time
with consideration of lateness penalties. Customer
demand is sensitive to the price paid for service and
guaranteed delivery time. Using a simple M/M/1
queuing model of a profit maximizing firm, we show
concavities of model about two prices and one
guaranteed delivery time respectively. According to
the proposed algorithm using the concavities, we find
out the optimized prices and delivery time. Through
numerical examples, we examine the pricing and
guaranteed delivery time for delivery services when
the market is sensitive to price or guaranteed time.
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A new address system based on road name(Road
Name Address) has been introduced since April,
2007. By the Enforcement Ordinance(2007) we
should use only Road Name Address nationwide
from 2012. If Road Name Address system is
introduced with keeping current address system based
on lot number and current postal code system, many
problems such as the followings are anticipated.

Those problems include confusion of sorting process
by duplex address notation, unavoidable route
division by deliver area boundary, improperly
matching problem between address and postal code.
Hereafter inefficiency and turmoil are expected in
collection and delivery work of postal letter.
Therefore the change of Postal Code System and
renumbering of Postal Code are required to increase
the efficiency of postal work.

In this paper, we analyzed the effect of delivery area
and postal code by introducing road name address
system, and suggested improvement directions
through the benchmarking of advanced countries.
Considering those directions we proposed four new
alternatives for postal code system and evaluated
these. The suggested new postal code systems are
expected to be utilized effective under the road name
address system.
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Extant studies on inventory decision making with
rational-men assumption have focused on finding an
optimal order quantity. However, in most social
science fields, bounded rationality assumption has
recently been emerging as more realistic assumption.
Based on this research trend, some inventory studies
turned their interest toward inventory ordering
behavior with bounded rationality assumption. This
research also gears its foundation to that assumption,
and takes inventory ordering behavior in a sudden
demand change situation. If inventory manager is
rational, he or she will show the same amount of
response to the same quantity change only with
opposite change direction. This study, however, set
hypothesis of asymmetric ordering contrary to that of
classical economic assumption. The authors believe
that this research will contribute to extend the
understanding of the current inventory studies with
the expectation of improving practical ordering
performance.
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A freezing and refrigerating warehouse make practice
as knot from production to consumption so as to meet
customers’ needs in each stage. Developing from the
dimension of stable food supply, it plays the role of
blocking the factors harmful to food and performs
socially important function.

To present the method for enhancing the
competitiveness of freezing and refrigerating
warehouse business in Gyeonggi-do, this research
investigates the present situation and problem of
freezing and refrigerating warehouse business in
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Gyeonggi-do and corroboratively analyzes the factors
affecting the sales volume of commercial freezing
and refrigerating warehouse.

The suggestion to domestic freezing and refrigerating
warehouse business through this research is that
domestic freezing and refrigerating warehouse
business needs to develop as company specialized in
logistics by increasing logistics service to shipper. It
is required to enhance and professionalize the
employees in logistics training, to adopt stevedoring
equipment and facilities that can be mechanized.
Government should prevent the reckless increase of
warehouse by converting warehouse business to
permit system in consideration of the required
facilities for freight quantity of freezing and
refrigerating warehouse.
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In the last decade, traveling purchaser problem(TPP)

has received some attention of the researchers in the
operational research area. TPP is a generalization of
the well-known traveling salesman problem(TSP),
which has many real-world applications such as
purchasing the required raw materials for the
manufacturing factories and the scheduling of a set of
jobs over some machines, and many others. However
all the past study of TPP is restricted on single
purchaser. Therefore it’s hard to apply it to real world
problem. In this paper we suggest PHMTPP(periodic
heterogeneous multiple traveling purchaser problem)
which is generalized form of TPP. It's considered
multiple period and heterogeneous multiple
purchaser(vehicle) based on TPP. We study
PHMTPP for refuse logistics optimization.
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The regional distribution center of a major Korean
food and beverage company uses picking tours
generated by its warehouse management system
(WMS), but its management is not satisfied with the
quality of current tours. The picking area consists of
vertical and middle cross aisles, and has picking
locations at some cross aisles. Pickers with carts walk
to collect line items. A graph optimization algorithm
is developed to minimize total traveling distances for
the unique layout. For the given set of orders, the
graph optimization algorithm reduces total distances
than the WMS by 24.3%. Its computing times are less
than a second in average.
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A Study on Improvement of Gate Congestion in Container Terminal *

Hyung-Rim Choi’ - Ho-In Lee” - Jung-Rock Shon" - Sung-Pill Choi* -+ Chae-Soo Kim" - Joong-Jo Shin**

Dept. of Port and Logistics Systems, Dong-A University”

Dept. of Management Information Systems, Dong-A University™

Due to appearance of extra-large container ship, global port environment has been being changed quickly to Hub
& Spoke system, in which large container ships stop at some central ports and small size ships distribute the shipping
freight to the final destinations. In addition, every countries are trying to improve efficiency and productivity
implementing high technologies such as construction of automated container terminal. In Korea, there are some
studies on automation of container terminal including automated gate system. Especially the phenomena and causes
of congestion in gate of container terminal have not been considered sufficiently. This study presents the real status
of congestion in some container terminals in Korea, and figures out the causes of congestion through empirical
investigation and analysis. As a result of our studies, we found that the critical causes of congestion were sorted in
the order of the inappropriate COPINO(Container Pick-up Notice And Arrival Notice), unstable TOS(Terminal
Operation System), and H/W and operator's error.

Keywords: Container Terminal, Gate, Congention of Gate, COPINO
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A Study on Factors affecting Formation of Trust between Logistics
user and third-party Logistics providers in China

Myung-Moo Lee’ - Seung-Hun Yu" - Yun-Ho Kim™"

‘Department of International Business, Woosong University

“Institute of Japanese Studies, HUFS

With increased global competition and higher customer expectations, logistics outsourcing has become a rapidly
expanding source of competitive advantage and logistics cost savings. An increasing number of companies are
outsourcing their logistics activities to third-party logistics (3PL) firms so that they can concentrate on their core
competencies. Using China’s emerging logistics industry as a backdrop, the present study focuses on how to build
trust between logistics users and 3PL providers and explores how trust influences logistics users’ performance. The
findings indicate that logistics users’ satisfaction with prior interactions with logistics providers, 3PL provider’s
shared values, 3PL provider’s participation, 3PL provider’s learning capacity, 3PL provider’s information sharing
and 3PL provider’s communication are key determinants of logistics users’ level of trust towards 3PL providers.
Additionally, logistics users’ trust may facilitate their performance towards 3PL providers. Our findings suggest that
increasing the level of trust in China’s 3PL relationships would greatly improve the efficiency of China’s 3PL
practitioners by reducing the substantial monitoring costs required in today’s environment to make sure that the
interests of both parties are being addressed.
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Mo &N i & o 7
tibl Is with rtner 3PL. .
o 14 compg 1Die goals Wl‘ Oulﬁ pg ner Anderson & Weitz, 1989; Dwyer et al., 1987;
FH7HA pursuing the collective missions of our partner 3PL. .
, Tsai et al., 1998
support each other s goals.
involved in the set f th ial goals.
Lo | [mvoiecn e serup of The COmmercial goas Doney & Cannon, 1997; Dyer & Chu, 2000;
ARG takes into account our suggestions.
. . . . Kwon & Suh, 2005
perform an active role in the decision making.
hare inf tion about their busi devel t. .
[ . share information about their business developmen Anderson & Narus, 1990; Anderson & Weitz,
=g IS reported to us about the order status. i .
s . o . 1989; Cummings, 1984
willing to share confidential information.
frequently exchange each other s opinions. Dwyer & Oh, 1988;
zho] keeps us informed of new developments. Henderson, 1990;
frequently discuss each other s expectations. Kim & Oh, 2005
ability to apply new knowledge to commercial goals. Jordan & Lowe, 2004;
e ability to extend existing capabilities. Mayer & Davis, 1995;
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Supply Chain and Performance in Transportation Service System

Chang Won Lee*

School of Business, Hanyang University

This study presents a decision-making model for designing, evaluating, and implementing a strategic supply chain

management (SCM) planning based on the data obtained from a transportation service system. A management

decision-making model is applied and analyzed to simulate real a transportation service system and utilized to derive

satisfying solutions. The model results are derived and discussed to enhance the model applicability. The model

results provide the supply chain managers with managerial insights for planning and controlling SCM in a

transportation service system. Proposed management model can serve as a transportation service system’s key

management tool to improve supply chain performance and competitive advantages as well as in other similar

service systems.

Keywords: Decision-making model, Supply chain performance management, Transportation service system

1. Introduction

In a recent global economic recession period, various
applications of supply chain performance management
(SCPM) into a service system enable more effective and
efficient business decisions. The transportation service system
is not an exception to this phenomenon. The performance
issue of supply chain management (SCM) can allow supply
chain managers to overcome many of the challenges

confronting a transportation service system. Such SCPM can

provide unprecedented opportunities to develop strategic
planning of the strategic supply chain operations in
transportation service systems [2][13][18][22].

Due to the technology and business paradigm shift,
strategic SCM in a transportation service system may become
more tightly coupled with inventory and warehouse cost,
capacity planning, order fulfillment, transportation
requirement planning (TRP), and total transportation goals
that should be considered as a whole system. Successful
linkages of these complicated goals play a critical role

affecting supply chain performance in a transportation service
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system [17][25].

Strategic SCPM in a transportation service system is a
growing requirement for improving profitability and produc-
tivity. Even though factors affecting supply chain performance
in a transportation service system are widely identified,
tangible and financial factors are overemphasized. Thus,
intangible factors should also be considered in a transpor-
tation service system [5][9].

When management considers several conflicting goals to
achieve, management decision-making models enable
effective results in the strategic supply chain management and
other operational environments. An appropriate planning
strategy needs to be based on the compromised and objective
decision-making process among diverse stake-holders (both
supply and demand sides) in a transportation service system.

Therefore, an appropriate decision-making model is
essential to establish a strategic SCPM plan in a transportation
service system [10][27]. However, attempts to resolve such
complicated and multidimensional managerial concerns by
application of management decision-making models are not
well adopted as a best practice in a transportation service
system and is rarely applied to handle an emerging and
challenging management concern, considering a strategic
supply chain performance planning which includes inventory
and warehouse costs, capacity planning, order fulfillment,
cost-containment, transportation requirement planning (TRP),
and total transportation cost in a transportation service system.

A decision-making approach can resolve cost/benefits

trade-offs problems within the system. A decision to use

o
e

transportation will trade higher costs of transportation in
inventory and warehousing than using sea transportation. The
cost trade-off issue presents interrelationship of supply chain
measures and variables. Thus, the value of transportation
service system considers the impact of the cost and service in
supply chain spectrum [7][8][24].

The purpose of this paper is 1) to develop a decision-
making model that aims at designing, evaluating, and
implementing a strategic SCPM in a transportation service
system and 2) to present a case study that the decision-making
model can improve strategic SCPM in a transportation service
system and other similar service systems.

Section 1 of this study introduces current research issues of
supply chain management in a transportation service system.
Section 2 provides a brief review of supply chain management
and transportation service system. Section 3 describes a
background of this case study along with a study data. Section
4 shows the model applicability to a real-world transportation
service system. Section 5 provides model results and

discussion. Section 6 makes conclusions for the study.

2.Supply Chain Performance and
Transportation Service System

Supply chain management (SCM) is the most popular
concept for many service systems attempting to integrate their
business processes among their supply chain partners. SCM is

defined as a business philosophy to maximize customer

Table 1. Supply chain performance measures

Factors SC performance measures Author(s)
Cost Cost minimization Cavinato (1992) [6]
Inventory cost Lee and Billington (1992) [19]
Lean Lamming (1996) [15]
Flexibility Capacity maximization Kouvelis and Milner (2002) [14]
Profit/benefit Profit/order fulfillment Beamon (1999) [2]
Supplier/buyer benefit Fliedner (2003) [12]
Productivity Morgan (2004) [21]
Quality Information integrity Morgan (2004) [21]
Time/ Product demand variance Lee et al.(1997) [19]
Responsiveness Stock-out minimization Bottani and Rizzi (2008) [4]
Activity days and total cost Beamon (1998) [1]
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expectation and minimize business processes and transactions
by integrating all activities of information flows, material
flows, and cash flows. A transportation service system plays a
significant integral role in integrating these two flows among
supply chain partners. Especially, the concept of flows has
been considered as a primary part of managing a
transportation service system since continuous flows of
material, cash and its relevant information are required among
supply chain partners.

Information and communication techn- ologies (ICT) have
allowed the activities in transportation systems to reduce
inventories, improve its service quality, and co-create financial
benefits and performance for supply chain partners
[3][11][23][26].

There are three issues in supply chain performance in
transportation service system. The initial issue is optimality in
the decision-making model that should consider the
relationship among transportation, customer service,
inventories, and warehousing processes. These processes can’t
operate independently since transportation activities impact on
the inventory and warehousing costs, product marketability,
and service productivity [16].

Thus, without a multi-criteria decision making approach to
supply chain performance measurement in a transportation
service system, the system may fail to meet maximization of
customer satisfaction goals and minimization of supply chain
cost goals. The second issue is optimality for the impact on
supply chain with other management functions in the system.
A transportation service system using a low transportation rate
model may achieve supply chain cost-leadership only, but it
does not provide the minimization of total processes and
activities as well as total transportation costs. Low cost
transportation service leads to slow service system, resulting

in higher inventory and warehousing costs and unsatisfied

customer service. Such a lagged transportation service may
increase transportation costs while impact negative customer
service or negative service productivity.

The third issue is optimality of the impact of decision on
supply chain partners. Inventory and warehousing strategies
may not always meet the customer needs so that the strategic
decision may not be in the best practices of the supply chain.
Table 1 shows supply chain performance measures. It deals
with profit/benefit, cost, flexibility, profit/benefit, quality, and

time/responsiveness.

3. Problem Statement

The transportation service system in this study is a leading
transportation service provider. Its mission is to support the
institution by providing a financially sound environment for
transportation service. The company has offices throughout
the Americas, Asia, Europe and Oceania. The company
currently provides a comprehensive service of outbound
logistics solutions from SCM and ocean transportation to
terminal services, technical services and inland distribution.
It’s operations range people, places and information globally.
The company’s global operations provide reliable, on-time
delivery from factory to dealer. The human resources in the
company have excellent expertise, a global mind set, and a
commitment to meet customer expectations. The company
transports more than 4 million units every year with around
half and half by sea and inland. The company annually
processes around 3 million automotive and other related units.

The company’s goals are to achieve the following services:
customer with high order fulfillment, total transportation cost,
inventory and warehouse cost-containment, tracking

management, and capacity planning. The current system is

Table 2. Criteria, goals and priority in transportation service by the SC measures

Factor/Criteria Measure/Goals Priority
Cost Inventory and warehouse cost containment 4
Flexibility Capacity planning 5
Profit/benefit Order fulfillment 1
Quality Transportation requirement planning 3
Time/responsiveness Total transportation cost 2
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designed, implemented, and operated with valid and reliable
measures for ensuring tangible benefits. The management
wants to provide better services for their customers in the
transportation service. Primary dataset are selected for this
study since they are the most competitive areas in this
transportation service system.

Five performance measures became goals to seek. These
characteristics of supply chain are divided by criteria to
decompose goals that seek cost containment goal, capacity
planning goal, order fulfillment goal, transportation
requirement planning goal and total transportation goal.
Identifying these characteristics is very important to estimate
the potential profitability of the transportation service system.

The company currently faces many challenges balancing
capacity planning, customer service with tracking planning
and order fulfillment, and costs of inventory and warehousing

and total transportation. Top decision-makers in the company

o
e,

the relative priority and the order of prioritization. Five goals’
decomposition with respect to five criteria is completed for the
model application of supply chain performance management
in transportation service.

A priority is derived for each goal in order to obtain the
relative importance of the five goals using the Delphi method,
a qualitative approach for compromising different goals.

The company’s top decision-makers have justified the
prioritization of the overall goals under consideration. This
provides the top decision-makers with a prioritized ranking
indicating the overall preference for each of the decision alte-
rnatives (or five goals) and it enables the decision-maker to
handle problems in which the subjective judgment of
individual decision-maker constitutes an important role of the
decision-making process. Derived performance measures and
related data were validated by the company’s top decision-

makers.

Table 3. Unit cost and supply and demand level for EU bound

o Destinations in EU bound
Supply Origin Expected Supply
Koper, SL Bristol, UK Antwerp, BL Drammen, NW
SO1 700 810 800 1080 2344
S02 680 790 810 1100 540
SO3 650 770 800 1010 933
Expected Demand 1256 801 1126 634 3817

participated in the overall planning and review process.

The necessary goals and criteria were developed from the
task force committee. Data templates pertinent to the strategic
proposal for supply chain operations in the transportation
service system were derived. Based on the data set, an initial
proposal of the strategic planning was developed.

Complexity may increase with each location and supplier in
outbound system, but also does the potential value of supply
chain operations can provide.

Table 2 presents the relationship among the criteria and
goals for goal decomposition and prioritization of the
transportation service system. It shows the criteria for
prioritizing goals used in this case study as well as the relative
priority of each goal. Table 2 illustrates the relative
importance with respect to each supply chain performance

factor/criterion that the task force team developed. It presents

Table 3 shows related data characteristics of SC
performance in transportation service system. The top
decision-makers in the case company reviewed the data
template and the goal decomposition. They provided the
validation for the goal priority and relevant data. The
transportation service system’s strategic planning management
developed and reviewed the on-going proposal for supply
chain performance. Technical and/or managerial terms for the
goals and criteria have been modified in terms of its own
planning context. However, none of the revision showed the
major modification for the proposed goals and criteria.

Thus, the transportation service system’s SC performance
management validated all data to apply a decision-making

model.
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4. Model Application

Goal decomposition and prioritization is established for the
decision-making model application in SC planning in a
transportation service system. Priority is judged for each goal
in order to obtain the overall importance of the five goals.

Decision-makers in transportation service system have
justified the prioritization of the overall goals for the supply
chain planning. Decision-making model for transportation
service system have been generally limited to concerning
financial aspects, rather than other strategic managerial

aspects of a system.

Xj; = Transportation amount per load from supply origin i
(i=1,2,3) to destination j (j=1,2,3,4)
where Xij <0

In this paper, a decision-making model is formulated based
on the following information. The decision-making model has

fifteen goal constraints.

Priority 1: Order fulfillment goal - Avoid under-
achievement of expected demand since unfulfillment of
demand order may cause serious customer responsiveness,
resulting in weakening market competitiveness. Thus, the first
priority is to prevent any unfulfillment of each expected

demand amounts.

Xu+Xo+Xa+d 1 =1,256 (1)
Xt X+ X5+d, = 801 (2)
X+ X+ Xa+d3 =1,126 3)
X+ X+ X54ds = 634 4)

Priority 2: total transportation cost goal - Minimize the

total transportation cost.

700X|1 +8 10X12+ 800X]3 +1080X14 + 680X21 + 790X22
+ 810X, + 1100X54+ 650X 5+ 770X5, 4+ 800X53+ 1010X54
+ d_s - d+5 =0 (5)

Priority 3: transportation requirement planning (TRP) goal

- Avoid over-achievement of expected demand in order to

balance supply chain resource and transportation requirement

planning.
X +Xo+ X5 —d = 1,256 6)
X+ X+ X5 —dH = 801 7
XX+ X5 —d5=1,126 (8)
XXt Xz —d's= 634 )

Priority 4: Inventory and warehousing cost-containment
goal - Avoid over-achievement of supply in order to prevent

excess inventory and warehou- sing costs.

XXX+ Xy —d's = 2,344 (10)
X1+ X+ X34+ X4 — d+7 = 540 (1 1)
X+ X504+ X33+ Xas —dfs = 933 (12)

Priority 5: Capacity planning goal - Avoid under-
achievement of supply in order to keep efficient supply chain

capacity planning.

X11+X]2+X13+X14+d-(, = 2,344 (1 3)
X21+X22+X23+X24+d-7 = 540 (14)
X3|+X32+X33+X34+d-3 = 033 (15)

There are five goals to achieve in this study. Following is
objective function of the decision-making model in supply

chain of transportation service system:

Minimize Z=P; (d"1 +d >+ d 5+ d")
+ P, (ds+d%)
+P;(d" +dh+d5+dY)
+ Py (dfs + d* + d%)
+Ps(d6+d7+d%)

Therefore, the decision-making model for supply chain in
this transportation service system is to minimize the value of
the objective function subject to goal constraints (1)-(15),

satisfying the preemptive priority rules.
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5. Analyses and Discussion

The proposed model was solved using a software, AB:QM
System Software [20] with some minor modifications. The
solution was derived. The possible solutions are enumerated at
the first goal priority level and reduced at each subsequent
goal priority level until overall goal satisfaction is no longer
achieved. The computer solution yields the model results, as
shown in Table 4.

The order fulfillment goal (G,) is the most important goal
for the decision-making model for supply chain planning.

Priority 1 (P)) is to avoid under-achievement of expected
demand in city of Koper, SL (d7), Bristol, UK (d*,), Antwerp,
BL (d7;3), and Drammen, NW (d74). This priority is fully
satisfied, since P; = 0. All related deviational variables are
zero (d"y,d,,d3,and d 4, =0).

Priority 2 (P,) of total transportation cost goal (G,) is to
minimize its total transportation cost. This goal is fully

satisfied with minimum cost of transportation of 2,974,310.

o
e

Priority 3 (Ps) is transportation requirement planning goal
(Gs). This priority is fully satisfied, since P; = 0. All related
deviational variables are zero (d*;, d%,, d*;, and d*, = 0).

Priority 4 (Ps) is inventory and warehouse cost-
containment goal (G). This priority is not fully satisfied, since
P, = 1,758. The deviational variables are not zero (d*s =
1,758). This means that supply has been over 1,758 than the
target level. This will cause more inventory and warehousing
costs.

Priority 5 (Ps) is capacity planning goal (Gs). This priority
is not fully satisfied, since Ps = 1,758.

The deviational variables are not zero (d’s = 1,218 and d*7 =
540). This means that the service origin 1 (SO1) and 2 (SO2)
are both under-utilized compared to the current supply
capacities.

Table 5 shows current and proposed SC performance in
transportation service system in this study. The total

transportation cost is decreased by 2.7%. In managerial

Table 4. Analysis of Objective Function in Transportation SC Performance

Goal Priority Goal Achievement Deviational Variables*
Pl= 0 Fully achieved d's=1,758
P2= 2,974 310 Fully achieved de=1218
P3 = 0 Fully achieved d7= 540
P4 = 1,758 Partially achieved * all other deviational variables are zero.
P5= 1,758 Partially achieved

Table 5. Current and Proposed SC Performance in Transportation Service System

Service Origin (S0) — Destination Port Current transportation supply chain Proposed transportation supply chain
SO1 — Koper, SL 357 0
SO1 — Bristol, UK 344 0
SO1 — Antwerp, BL 1067 1126
SO1 — Drammen, NW 576 0
SO2 — Koper, SL 0 0
SO2 — Bristol, UK 457 0
SO2 — Antwerp, BL 59 0
SO2 — Drammen, NW 24 0
SO3 — Koper, SL 899 1256
SO3 — Bristol, UK 0 801
SO3 — Antwerp, BL 0 0
SO3 — Drammen, NW 34 634
Total transportation cost 3,058,130 2,974,310
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perspective, if we follow this solution guideline, Origin 2 is
not necessary so may be considered to be closed. Some other
current route does not have a scale of economy.

In this transportation decision-making model, a non-
dominated solution has been sought. A non-dominated
solution is followed: a feasible solution to a transportation
decision-making problem is non-inferior, if no other feasible
solutions derive an improvement in one goal, without
generating a trade-off in another goal.

Regardless of the relative importance structures and the
goals, this model can lead to inferior, sub-optimal solutions.
These solutions are not necessarily to be optimal available to
the decision-maker in a transportation setting. Decision-
makers can decide what will occur if the output values deviate

from overall goals.

6. Concluding Remarks

Supply chain environments in a transportation service
system are rapidly changing with global, multiple, and
complicated decision-making concerns such as inventory and
warehouse cost, order fulfillment, capacity planning, cost-
containment, transportation cost, and transportation
requirement planning (TRP) goals in the system. The
transportation service system provides the management with
new supply chain environment. An appropriate decision-
making model can be one of the most useful planning tools in
developing a strategic supply chain management in a
transportation service system, especially for a tactical and
strategic plan under the multi-criteria decision-making
situation. The reason is that the satis- fying behavior makes
sense when a system can secure proper profits to overcome
potential competition and to prevent pressures from the
demands for higher wages.

The proposed decision-making model in this case study
provides valuable insights to decision-makers to improve SC
performance and productivity enhancing core business
competency in a system. The decision-making model for SC
performance in a transportation service system is presented
and analyzed to support total process planning scheme. The

transportation service system in this study considers the

proposed planning as the potential supply chain performance
strategies.

The management in the transportation service system has
accepted the study results as valid and feasible solutions to
adopt in their supply chain practice. The effects and outcomes
from this decision-making model will be examined during the
future supply chain performance planning. The future strategic
supply chain performance will be assessed to compare with
the proposed model. The strategic supply chain performance
plan will provide the supply chain performance management
with a strategic insight to set an appropriate supply chain
planning, while meeting customer and other stakeholders’

needs and taking its competitive priorities.
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A Scheduling Algorithm for Minimizing TWT in Wafer Fabrication
with Mask Setup Using Shifting Bottleneck Procedure
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This paper addresses a heuristic algorithm that minimizes total weighted tardiness(TWT) in wafer fabrication
process (FAB) using shifting bottleneck procedure. There are various processes in FAB. Some processes consist of
identical parallel machines and the others consist of single machine. Also mask setup is required in between when a
machine changes processing job types, jobs are grouped into the same type if they used the same setup apparatus.
The developed algorithm consists of two steps. In first step, Apparent Tardiness Cost with Mask Setup(ATCMS)
index rule is suggested to solve subproblem on parallel machines. In second step, bottleneck process is selected and
jobs are assigned to the process according to the subproblem solution having largest TWT value. Steps are repeated
until all jobs are assigned to the process. Various experiments were carried out to show the efficiency of the proposed
algorithm. It is shown that the proposed algorithm outperforms other algorithms in a wide range of problem settings.
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Figure 1. The manufacturing process in wafer fabrication
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Figure 3. photo process and mask
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2.3. Shifting Bottleneck Procedure
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disjunctive graphs o83 vil¢- %% S 9 H—;f—L R
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Table 1. The simulation experiment data for

EA 02 = Shifting Bottleneck S o] &

SB algorithm and ATCMS
Ezr;fgirlrilsetnt Data value N
Numrtl);rci)é IEaasrallel 2.4.6 3
Processing time in uniform[80, 100] 1
parallel machine
Number of cycle(I) 10, 15,20 3
Number of masks(M) M=IxJxm,m=0.5,0.8 2
Number of jobs(J) 10,20, 30 3
Rate of overdue jobs(T) 03,06 2
Range of duedates(R) 05,25 2
Number of total problem 216
Processing time in other uniform(1, 20]
processes
Setup time of masks uniform[1, 100]
Priority of jobs(W) uniform[1, 5]
Duedate of jobs(d)) Ui form [ — 02+ 02
Index of T+ (10 -
jobs-machines(y ) T)X E|Cpax)
Release time(r;) uniform[0,10]
o, & WA A dit FAHoR v FHATkE TR &
E% gt 7 vHEe Solo] BHE B AAAn 94497}
EA3 A FAo] HRHA GO b FHL WA T 4 ¢l
HE71A19] Fel= SB Aglofxe Zo] npAa s Fuls) w2
Sl BRko] Qoml, vk 2] FulARE, W 7)A0) 40} 2}
AT 52 SB AT 2 Ao g AYsiglh H4 R
Table 2. The comparison results of TWT with
various machines and various jobs
Maﬁh‘i’ges JNO;’; EDD MS | RATCS | ATCMS
10 4969.04| 5150.53| 3494.55| 2631.60
20 20286.57 | 18113.01| 13089.95| 9891.87
10 30 3136748 | 27630.01| 22394.91| 17350.00
Average | 18874.36| 16964.52| 12993.14| 9957.82
15 11837.71| 11445.10| 831245| 6176.63
20 21255.81| 19531.13| 14858.03| 11079.40
15 30 32572.61| 29040.18| 24625.54| 18831.87
Average | 21888.71| 20005.47| 15932.00| 12029.30
20 21017.37| 19748.25| 15308.65| 1137521
30 32260.72| 29373.19| 2510541 18720.72
20 40 58594.62 | 5142497| 46092.73| 3524847
Average | 37290.90 | 33515.47| 28835.60| 2178147
Average | 26017.99 | 23495.15| 19253.58| 14589.53
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Figure 6. The comparison results of TWT with various number
of parallel machines
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Figure 7. The comparison results of TWT with various number
of masks
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Table 3. The comparison results of TWT with
various T and various R

T R EDD MS RATCS ATCMS
0.5 23128.64 20612.77| 15983.669 12223.18
03
1 23089.23 20672.79 16736.82 12648.76
0.5 2892291 2634722| 2184533 16717.77
0.6
1 28930.18 26347.83 22448.50 17167.03
(Table H= 27 29| 2H= vHs 74 o] EAsk= ¥271A

o 9] ATCMSY] A% B3-S doflr gt}

£% - 44

Table 4. The comparison results of TWT with
various T and various R

Nof 1 Nof e MS RATCS | ATCMS
Cycles Jobs
10 | 17267191] 15931736 12244154) 82562.82

20 [7399984.38| 695009.23| 635988.66| 416798.11

10 30 |1663285.24(1539465.92|1502515.13] 997055 .45
Average | 85864.17| 797930.93| 753648.43| 498805.45

15 272207.24| 24374707 165742.99| 128384.22

20 |1169963.91{1009150.29| 805248.76| 620421.13

5 30 |2689730.95(2303154.62|2006722.34/1560251.35
Average [1377300.70|1185350.66| 15932.00] 769685.56

20 373629.69| 332827.42| 225077.83| 174876.00

20 30 |1609821.96{1650153.99| 1135573.19] 887621.15

40 |3761277.94|3058256.44(2873237.60/2261586.32
37290.90|1516341.93| 1411296.21{1108027.82
Average [1383619.25|1198151.72|1128123.12) 792172.94
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A Hybrid Multi-Objective Optimization of a Supply Chain Using
Genetic Algorithm and Simulation

Kyoung Jong Park*

Dept. of Business Administration, Gwangju University

This paper deals with multi-objective optimization of a supply chain using a simulation model and a genetic
algorithm. This paper proposes a hybrid model which has a complex supply chain model and a multi-objective model
through a simulation method and a genetic algorithm. Also the model considers a manufacturing capacity, the
number of vehicles, and the velocity of the vehicles which are dynamically changed. Finally, this paper shows that
the proposed multi-objective hybrid model is effectively applied to either a variability of a supply chain is large or

not.

Keywords: Multi-objective optimization, Genetic algorithm, Simulation, Hybrid model
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Past, Present and Future of Players in Supply Chain of
Healthcare Product:
A case survey of players in supply chain of healthcare product in U.S

Lee, Jinpyo!

Department of Business Administration, Hongik University

The healthcare industry is a single largest industry in the United States. In spite of this, it is growing rapidly and is
arguably the hottest area of business. However, the present organization of the healthcare supply chain is in some
ways less developed than one would expect, compared against the Hi-Tech industry. In this paper, we focus on the
supplier, distributor and customer in the supply chain of healthcare products. The market for healthcare product is
currently highly-fragmented with many disparate suppliers and distributors offering a wide variety of products and
services. So, we map out a generic supply chain for the healthcare industry, survey some of the players, and see
which players are getting on the more dominant track. Finally, we conclude with a discussion on the possible future
evolution of players in the supply chain of healthcare product.

Keywords: Players in Supply Chain of healthcare product, Intermediatries and producers in supply chain of
Healthcare Product, Supply Chain of Healthcare Product, Trend for Role Change of Players

product in U.S.

1. Introduction

Basically, this is an exploratory study that seeks to achieve
an initial sense of the level of supply chain operations and the

key operational issues of the supply chain of healthcare

The healthcare industry is the single largest industry in the
United States. In spite of this, healthcare industry in US is still
one of the fastest growing sectors in US, and increasing
demands are placed on the supply chains of its products. Many

healthcare companies, with their traditional modes of
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operation, may find their supply chains unable to cope with
the sudden and rapid growth. This study focuses on the current
operations and possible challenges of healthcare product
companies and sees ways in which they may seek to improve
their supply chain performance in the future.

In this paper, case survey is used as a research methodology
to analyse what is collected. Case surveys bridge the gap
between general surveys and unique case studies to combine
their respective benefits of cross-sectional and in-depth
analysis. More detail about the casre survey is as follows.

Case studies can be one of three types: exploratory,
descriptive, and explanatory. Although case studies may often
begin with little conceptual framework, the narrative must
nevertheless be organized around specific propositions,
questions, or activities, with flexibility provided for modifying
these topics as the analysis progresses (Yin, R., 1981). Case
studies can be done by using either qualitative or quantitative
evidence. The evidence may come from fieldwork, archival
records, verbal reports, observations, or any combination of
these. As a research strategy, the distinguishing characteristic
of the case study is that it attempts to examine a contemporary
phenomenon in its real-life context, especially when the
boundaries between phenomenon and context are not clearly
evident.

The survey is a widely used research method in the areas of
marketing and business (Babbie, E., 1990). Management
research is being characterized as soft, or applied, and is
undertaken in complex organizations in dynamic
environments (Tranfield, D., Starkey, K., 1997). This makes it
difficult to apply the more traditional survey methods that
emphasize replicability and cross-validations.

As a consequence, case surveys have been proposed as a
way to study many issues in some depth across many cases
(Larsson, R., 1993). The case survey approach as used in the
present exploratory study is mainly qualitative and provides
great richness and multiple perspectives of the many managers
involved. From the qualitative data, narratives or stories are
developed that are examined for patterns. Thus, the analysis of
the survey data is mainly interpretative and inductive.

In this paper, a combination of questionnaire and interviews
for the case survey was employed to get the information that

was required. This was designed to yield higher quality data
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given the anticipated reluctance of companies to openly share
their operational issues.

Step 1 was a questionnaire that was distributed to each
company after it agreed to participate in this study. The
purpose of the questionnaire was to get some preliminary
information about the company and its operations.
Specifically, the questionnaire targeted quantitative and
scorable data in the areas of supplier management, production
processes, logistics and distribution, and customer and order
management. Having given the initial response to the
questionnaire, the companies would have a better idea of what
to expect during Step 2, the interview session.

In Step 2, some of the unanswered questions from Step 1
were reviewed. If they were sensitive, they were left blank.
Otherwise, they were usually answered once the doubt was
clarified. The main aim of the interview was to obtain
qualitative information, such as descriptions of the supply
chain operations, the perceived challenges, insights, individual
opinions. Since the review would have provided the initial
understanding of the supply chain, it was then possible to
quickly zoom in on the parts of the supply chain that would be
most likely to harbour the operational issues that were sought.

Finally, the data was collated in Step 3, and a summary
report was submitted to each interviewee with a request for
clarification of residual doubts, as well as for pointing out
sensitive information which had to be kept confidential or
deleted.

2.Structure of Supply Chain in US
Healthcare Product Industry

The overall structure of healthcare industry in U.S is well
shown in Burns (Burns, 2005), which address three key sets of
actors (purchaser, providers and producers) and two sets of
intermidiaries between actors: The first intermidiary is a
company which finances healthcare, and the second one is a
company who distributes products from producers to the
providers. Out of the whole healthcare industry, in this paper,
we mainly focus on product, producer, distributor and
provider. In this paper, we use the supplier for producer and

customer for provider.
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2.1 Product

The healthcare or lifesciences industry is regulated by the
US Food and Drug Administration (FDA). The FDA classifies
the healthcare products into three categories drugs, medical

devices and biologics (U.S. Food and Drug Administration).

2.1.1 Drugs

The category of drugs can be classified into the following
types: prescription, Over-the-counter (OTC) and generics.
Prescription drugs require a doctors prescription in order for
the drug to be available to the patient. OTC drugs are available
to patients without a prescription. Currently, the FDA has
more than 100,000 products in more than 80 classes under this
category. Generic drugs are copies of a brand-name drug that
is similar in dosage, safety, strength, and indication. Generic
drugs enter the market after the patents held by the original
brand owners expire, after which other manufacturers apply to
the FDA to produce generic versions.

Investments in research are high for any pharmaceutical
company trying to develop a new drug. The typical product
life cycle of a drug begins in research and development. Upon
approval by FDA and award of the patent, the patent-holding
company enjoys monopoly status in the market for those
drugs, thus commanding a premium for the products sold.
After the expiry of the patent, generic pressures eventually
allows competitors to enter and manufacture the same drug,

thereby turning it into a commodity.

2.1.2 Medical Devices

Medical devices are matched to three device classes,
according to degree of regulatory control imposed (U.S. Food
and drug Administration). Classification depends on the
intended use and indications of the device, and also on the
risks posed to the patient in its use. More risky devices will
belong to a higher Class. Class I items are items such as elastic
bandages, examination gloves, and hand-held surgical
instruments. Class II items require some special controls like
labeling requirements, mandatory performance standards and
postmarket surveillance, e.g. powered wheelchairs, infusion
pumps, and surgical drapes. Class III devices are usually those

that support or sustain human life, are of substantial

importance in preventing impairment of human health, or

which present a potential, unreasonable risk of illness or

injury.

2.1.3 Biologics

Biologics, in contrast to drugs that are chemically-
synthesized, are derived from living sources (such as humans,
animals, and microorganisms). Most biologics are complex
mixtures that are not easily identified or characterized, and
many biologics are manufactured using biotechnology at the
cutting-edge of biomedical research. Biologics can consist of
the following classes: blood, therapeutics, vaccines, cellular &

gene therapy, allergenics, tissue and devices.

2.2 Supplier in Supply Chain of Healthcare Product

The healthcare supply chain is not unlike that in most other
industries. It begins with product development, and proceeds
to production, distribution, and finally to the customer. Here is
a high-level look at the typical components of the healthcare

supply chain (Fig. 1).

Players: « Biotech « Orig. Suppliers « UPS, DHL, «IDN

* Manufacturers « Contract FedEx, etc *GPO

« Big Distributors manufacturers « Big Distributors « Hospitals/clinics

« Big Distributors + Phama/retail

Processes: Develupment'—»l Production |—>| Distribution |—>| Customersl
Sub- *R&D * Sourcing + Transportation + Consolidated
Processes: « Design/Prototype * Mig +DC service centers

« Process dev *QA + Warehousing « JIT(stockless)

« Clinical trials + Assembly « Inventory + Product barcoding

+ Regulatory + Packaging and RFID

+ Sterilisation + Delivered
healthcare
+ Activity-based

costing

approvals
« Prodt maketing

Fig. 1: Generic Supply Chain of Healthcare Product

Development: This is the phase in which the product is
developed. This phase can be very research- and technology-
intensive. The products that are developed frequently have a
direct or indirect impact to human lives, and the relevant
health authorities regulate the industry closely. Clinical trials
are exhaustive and approvals for sale to consumers are granted
only after careful evaluation. The entire process from R&D to
FDA approval can take as long as 12 years and cost as much
as $802 million for each drug that makes it to market (Parloff
2004).

Production: The production phase comprise the set of
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processes that results in the physical creation of the products.
It begins with sourcing for raw materials, followed by
manufacturing, quality assurance, assembly and packaging,
including sterilization.

Distribution: Distribution is the act of selling and
delivering the finished goods from the production plants to the
customers.

Customers: Finally the product is delivered to the
customers. Customers in turn sell to the retail stores or
consumers. Examples of customers are the hospital systems,
doctors clinics, and retail pharmacies.

In this paper, we use supplier as companies who develop
and produce the healthcare products. This means that the
supplier is in the phase of development and production in the

supply chain of healthcare product.

2.3 Distributor in Supply Chain of Healthcare Product

The medical/surgical supply distribution industry has
grown due to the rising consumption of medical supplies and
the increasing reliance by manufacturers and customers on
distributors. The increase in consumption has been the result
of an ageing population, new healthcare procedures and new
healthcare products. The increasing reliance is driven by
customers seeking to take advantage of cost savings
achievable through the use of distributors. The healthcare
industry has also been characterized by the consolidation of
healthcare providers into larger and more sophisticated entities
that are increasingly seeking lower delivered product costs and
incremental services through a broad distribution network
capable of supplying their inventory management needs.
Additionally, these large healthcare providers are gradually
shifting the utilization of medical/surgical supplies from the
acute care setting to the alternate care setting. This trend
allows the providers to reduce their overall cost, but changes
their inventory management needs from a large single location
(hospital) to several smaller locations (surgical centers,
nursing homes, etc). The economies of scale that a distributor
can generate by servicing a number of facilities should allow it
to meet these needs at a lower cost than an individual
healthcare provider or manufacturer.

The traditional role of a distributor involves warehousing

25
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and delivering medical/surgical supplies to a customers
loading dock. Increasingly, distributors have assumed the
additional roles of asset managers and information managers.
Larger distributors are offering a wide array of customized
asset management services that many smaller distributors are
unable to provide. In addition, as the ability of
medical/surgical supply distributors to manage information
becomes an increasingly important factor, the larger

distributors will have a distinct advantage.

2.4 Customer of Healthcare Product

From the perspective of suppliers (including manufacturers
(OEMs) and contract manufacturers), distributors/wholesalers
and other logistics providers in the healthcare supply chain,
the customers are the healthcare providers such as hospitals,
doctors offices, retail and independent pharmacies, and GPOs.

GPO stands for Group Purchasing Organization. GPOs are
organizations of sometimes up to hundreds of hospitals that
consolidate their buying power in negotiating contracts with
suppliers and distributors. They aim to achieve economies of
scale in bulk purchases of medical supplies. Increasingly,
GPOs have evolved to award contracts to manufacturers not
just for products but also for services. This can range from
pharmacy management to human resource training. GPOs
negotiate directly with both medical/surgical supply
manufacturers and distributors on behalf of their members,
establishing exclusive or multi-vendor relationships. As the
combined purchasing volumes of their member institutions are
very large, GPOs have the buying power to negotiate price
discounts for the most commonly used medical/surgical

products and services.

3. Literature Review

A decade ago, the concept of supply chain management
was not exactly what it is today. The synchronized
management and optimization of supply chains was not
commonplace yet (Rivard-Royer, Landry and Beaulieu 2002).
Companies tended to view logistics as transportation.

Distribution was not synchronized with manufacturing. Many
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OEMs did not have the expertise to deal with the challenges in
distribution and logistics, and looked towards logistics
providers for help (Turbide 1996).

Not only were operational challenges treated as piecemeal,
few reports were dedicated to healthcare supply chains. For
example, operational challenges could be described in terms of
3PL-client partnerships, quality management, invoicing and
tracking, channel inventory management, point-of-sale
demand capture, delivery speed, smaller shipment sizes, and
other business process-related challenges (deRoulet 1992),
but none of these were unique to the healthcare industry.

Other sources of information focused on particular portions
of the supply chain or narrowly-defined issues when
discussing operational challenges. Procurement is one
example, and the challenges here were seen to be in creating
accurate procurement and inventory plans, and gaining
accurate, timely, and detailed visibility into spending and
supply chain operations (Survey 2003). Similarly, the
logistical challenges faced by companies sourcing
internationally were examined (Murphy and Daley 2008).
Global logistical challenges were discussed for the automotive
industry (Piszczalski 2002), focusing on the issues with
international trade such as global transportation and related
services, delivery uncertainties, and how information
technology is being employed to deal with these difficulties.
As another example, the specific issue of over-dependence on
a single rail route for transportation of coal to a steel producer
was discussed (Sanyal 2004). Again, these operational
challenges were not discussed in the light of the healthcare
industry.

The recent worldwide buzz surrounding healthcare may
lead one to think that the entire industry is forging ahead and
changing very fast, constantly developing innovative products
that are becoming crucial to our ways of life, and unleashing
new demand that never existed before. While some of this is
undoubtedly true, it is important to realize that it does not
apply to the majority of products in the healthcare industry.
Bread-and-butter consumables such as syringes, gloves,
bandages, crutches, and the bulk of medical supplies and
devices have been around for a long time and they are not
changing. Even in the area of drugs which today generates the

most excitement, the entire process from research and

development to FDA approval can take as long as 12 years
and cost as much as US$802 million for each drug that makes
it to market (Parloff 2004). Hence, unlike the faster moving
industries such Hi-Tech and Retail, not much study has been
devoted to the operations of healthcare supply chains.

Still, there are some articles that pertain to healthcare
supply chains and their operational issues, but mainly for the
U.S. only. The flow of products from production to
consumption in the healthcare industry has been documented.
It involves a wide array of activities, and amount of material
moved per handling tends to decrease toward the unit of
consumption as it approaches the final point of use (Robertson
1997). Specifically, the indicated areas in which operational
challenges occur are product movement, order management,
information sharing, and activity-based costing. Possible
responses to the challenges include EDI/electronic commerce,
supplier certification, data warehousing, net billing, rebate
process simplification, receiving process improvement, shift to
activity-based costing/management, total delivered-cost
mentality (versus acquisition cost), role definition, inventory
management reduction programs, cost-containment/outcomes
data, outsourced service partners, industry °cobest practice®+
teams, industry-wide freight consolidation, and adoption of
common automation goals for industry to reach critical mass.

The distribution of newly-launched pharmaceutical
products also presents unique challenges (Heine 2000).
Besides mentioning supply chain challenges such as rebate
management, information integration and the expected special
handling and storage challenges, it called for proper market
evaluation and formulation of precise distribution plans, which
need to be detailed 18-24 months prior to product
introduction. They are affected by whether the products are in
Phase I, II, or Phase III clinical trials. It also pointed out that
because the end consumer market is only accessible via certain
distribution channels such as physicians offices, nursing
homes, and other healthcare providers, the payer (such as
healthcare insurance firms) has the power to decide on the
channels of distribution. Companies should therefore know
how they will secure payment, either by hiring a consulting
firm, hiring their own expert, or contracting with a company
that specializes in distribution and may also have

reimbursement services. Product packaging for stocks and
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samples must adhere to strict regulations, which must be
considered 12-18 months prior to commercialization, as it can
potentially have an adverse impact on the products lifecycle
sales. Notwithstanding these challenges, it is possible to have
a compound stocked throughout the pipeline from drug
wholesalers, independent and chain pharmacies, physicians, to
other market segments, just 1-2 days after FDA approval.

Operationally, large university hospital systems in the U.S.
have always had problems managing inventories (Morton
2004). The challenge stemmed from having to make low unit-
of-measure deliveries, on time, to patient units that were
geographically-dispersed while complying with all regulatory
standards (Campbell 2003), within an environment of
convoluted pricing structures (Grove 2004), constrained
logistical resources, large numbers of SKUs with limited shelf
lives, and increasing demand for services. Compounding this,
the implementation of diagnostic related groups (DRG) by the
U.S. government, which resulted in a pre-fixed level of
compensation for specific medical services, have put these
health systems under heavy cost pressures (Nicholson,
Vakharia and Selcuk Erenguc 2004). From an analysis of
inventory costs and service levels of an in-house three-echelon
distribution network, findings indicate that outsourcing
distribution of non-critical medical supplies directly to the
hospital departments using them (i.e. two-echelon network)
results not only in inventory cost savings but also does not
compromise the quality of care. Paradoxically, this trend
towards cooperative buying via large distribution contracts is
creating problems such as °ZEchannel stuffing. Forward-
buying of huge amounts of drugs so that they could be sold
more profitably when prices rose, resulted in surplus volumes
of drugs in the supply chain and also contributed to the
problem of counterfeit drugs (Becker 2004). To address the
counterfeiting problem (Koleszar 2004), the FDA has
proposed that bar codes be mandated on all unit dose
prescription drugs within the next three to five years, or to
create a better system for tracking drugs through the
distribution system.

However, the limited information available mostly relates
to the healthcare market rather than to the running of supply
chains. There is a dearth of information on operational

challenges probably because companies have always
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considered such information confidential and have been
habitually protective. As such, this paper represents the step
towards understanding the operational challenges of

healthcare supply chains.

4.Players in Supply Chain of Healthcare
Product

In this section, for each company that was interviewed, a
description of the supply chain network is given. This is
followed by a summary of its profile, and key operational
challenges. The names of the companies have been masked
and they will simply be referred to as SU, DIST and CUST.
This naming scheme makes obvious reference to the role the
company plays in the healthcare supply network ? supplier
including original equipment manufacturers (SU), medical
products distributor (DIST), and customer as healthcare
provider including GPO (CUST).

4.1 Supplier SU

SU is a leading US firm that develops, manu-factures and
markets products and services in the areas of pharmaceuticals,
nutritional supplements, and diagnostics. Globally, SU is
capable of provid-ing total, integrated solutions across the
healthcare spectrum for some of the worlds most prevalent
medical conditions, including AIDS, cancer and diabetes. For
interview, we mainly focused on diagnostic instruments and
the chemical reagents that go with them.

The medical instruments are high value, low volume. Once
installed, end customers tend not to switch to competing
products. This ensures on-going demand for the
accompanying reagents. In this business, the reagents are the
main revenue generators. They are low value, high volume
products. Demand forecasting is not done for every SKU. It is
only done for high-value products, which is the instruments.

Customers do not share demand forecasts with SU. Orders
are placed as and when required. Forecasting is done by month
working together with the sales and marketing department. It
is based purely on sales prospects and not transaction history.

This process is good enough for now.
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SU faces several challenges in meeting its de-livery
commitments. Most of the time, problems occur due to
production problems. Production breakdowns usually happen
because of technical problems. In recent years, SU has faced a
lot of issues with product quality. When the production quality
standards are raised, the Quality Assurance (QA) process is
more rigorous and this in turn results in more frequent delays

Supply-side uncertainty from the manufacturing plants to
the distribution hub is very high due to the relatively slow
order processing. Orders are communicated only via email and
phone calls. The information technology employed is
primitive, with no integration whatsoever. This creates a
problem with its turnaround time, or the order cycle time. SU
finds it difficult to make a turnaround for customer orders
within 1 week. Currently its capability is 2 weeks. Using a
distribution hub sometimes increases the customer lead-time
because not enough safety stocks are kept. Although SU
operates an outsourced warehouse, it is not barcode enabled.
This no doubt contributes to its problems with order
management.

SU might benefit from a re-evaluation of its supply chain
network, as it appears that there is no strong reason for
maintaining distribution hub rather than drop-shipping goods
directly from the affiliate plants to each individual local
Distribution Center (DC).

A major customer complaint is the shelf life. The 20-30 day
product shelf life is too short. This is attributed to production
cost (produce in large batches to save cost results in longer
inventory depletion times hence shorter available shelf life at

the customer end).

4.2 Distributor DIST_1

DIST_1 is a leading products and services provider in the
healthcare industry. Moreover, its vision is a world in which
DIST_1 is cognizant of every transaction involving the
delivery of any product or good in the healthcare supply chain.
DIST_1 believes that this unique market insight will give it an
unassailable advantage over its rivals, who do not have access
to the same number of customer touch-points as it has.

DIST_I’s strategy to cement their market leadership is

multi-fold. It includes innovation of value-added services, the

offering of a comprehensive array of products and services,
and significant research and development in building its brand
name and its product pipeline. In order to address its growth
objective, DIST_1 has scaled tremendously both upstream and
downstream. Since 1999, it has acquired 39 companies, which
allowed them to develop drug substances with a proprietary
technology for the first time. Currently, DIST 1 is engaged in
drug synthesis and analytical chemistry, dosage form
development, and clinical supplies to support phases one
through three of the FDA approval process.

It is interesting to note that DIST_1s success has stemmed
from their superior position in the supply chain, being the
aggregator of demand and supply for the multitude of
suppliers and customers. Although DIST_1 has it beginnings
in the wholesaling of drugs, it has come to be a well-regarded
brand in its own right. In fact, DIST_2, introduced in the next
section, even buys and sells products of the DIST_1 brand.

Although the US market is by itself large enough to sustain
growth and profitability for the near to medium term, DIST _1
has decided to take proactive steps to extend its dominance
beyond US shores. Currently, DIST 1 has sales offices in 42
countries, and continues to acquire assets and capabilities
globally.

The following two instances succinctly show how DIST_1
is executing its vision of being everything to everyone in the
healthcare supply chain.

First, DIST_1 has a relationship with one of the largest drug
makers (calleds as maker G) to design, develop, manufacture,
package, and distribute maker Gs product (called as product
A). This is a soft gel product that DIST_1 developed in its
laboratories and for which it is doing the manufacturing as
well. DIST_1 provides a just-in-time production service to
maker G, and this is achieved by connecting to its worldwide
forecasting system. DIST_1 assumes the responsibility to
order the raw pharmaceutical ingredients on behalf of maker
G, manufacture the soft gel, package it according to maker G’s
particular requirements, and finally manage the logistics and
distribution not only in the US but also into several individual
countries within Europe.

Second, DIST_1 makes efforts at expanding its supply
chain and customer base under a motto from molecule to

medicine to market to patient. For instance, DIST_1 develops
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and makes patient-specific therapies (in the form of drugs).
These pass through some form of a production process such as
process L, before they are dispatched to nuclear pharmacies
for final preparation and distribution to the patient. Here,
DIST_1 owns the entire process from pharmaceutical
development to delivery to the provider site for a particular

patient.

4.3 Distributor DIST_2

DIST_2 is another leading distributor of medical/surgical
supplies in the U.S. They provide solutions in supply chain
management, logistics and technology. Even though a much
smaller player than DIST_1, DIST_2 bears mentioning
because of its strong position in medical/surgical distribution
and for its collaborative efforts with other distributors in an
effort to compete with DIST_1. While DIST_1 is largely able
to offer a complete solution to their clients, DIST_2 is unable
to do on its own, hence, its collaborative efforts being made.
In the case of serving the University Hospitals, DIST_2 will
provide logistical support and value-added services, while its
collaboration will provide most of the core pharmaceutical
products, the IT transactions systems, and to a lesser extent
automation and staffing services.

DIST_2’s growth has been achieved by expansion into new
geographical areas through acquisitions, the opening of new
distribution centers and the consolidation of existing
distribution centers. From 1989 through 1995, DIST_2
acquired four other healthcare distributors, and established no
less than 15 distribution centers throughout continental U.S.

From 2000, DIST_2 began to provide dis-tribution services
for manufacturers, helping them to implement logistics and e-
commerce solutions. The form of these arrangements varies,
as DIST_2 sought to provide customized services to meet the
needs of their manufacturing partners. The company
announced agreements with several suppliers of healthcare
product.

In 2002, DIST_2 announced that it will engage in strategic
development of a third party logistics (3PL) unit, aimed at
aggregating (healthcare-specified) customer orders and
growing its existing medical manufacturer direct business.

Because there is minimal 3PL penetration in healthcare,
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compared to other industries, the opportunity is compelling.
Through its 3PL business unit specialized in healthcare,
DIST_2 will offer logistics and supply chain management
services in two main categories: distribution/transportation
management and consulting services on the healthcare
product. In order to make the most of these opportunities,
DIST_2 intends to leverage its existing relationships with
suppliers and customers, its activity-based costing expertise,
and its distribution facilities, transportation systems and
information technology. This initiative offers DIST_2 a good
avenue for diversification within healthcare, without the risk

of inventory ownership.

4.4 Customer CUST

CUST is a healthcare group purchasing organization and
supports nearly 1,400 not-for-profit and for-profit acute care
facilities, as well as ambulatory surgery centers, physician
practices, and alternate care sites in U.S. Moreover, its
network includes hospitals, a general practice clinic chain, a
leading radiology services provider, and a major provider of
laboratory services. CUST also has dental clinics, diagnostics
services, clinical research, managed care, dialysis services,
and hospital consulting services.

CUST plays the role of the end-user in the healthcare
supply chain. It is supplied by large distributors for
pharmaceuticals and medical equipment, which account for
70-80% of the total procurement spending. There are also
other suppliers, of which some are direct suppliers of
proprietary products and the rest are smaller suppliers. These
smaller suppliers supply general medical supplies that are not
available from the large distributors.

Although CUST has a central Group Purchasing Office,
individual entities (e.g. hospitals) still have their own buyers.
The Group Purchasing Office operates at arms-length with its
affiliates in the region. It is mainly concerned with identifying
opportunities for cost savings through consolidated purchases
and negotiations with vendors. Daily supply chain activities
are handled locally at the entity level, although inventory is
reviewed monthly at the Group level. Each hospital runs its
own inventory system. As such, there is no Group-wide

visibility of stock levels. Communication and stock queries are
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mainly conducted over email.

Demand is seen as very closely tied to hospital occupancy
level, which experiences seasonality. Stock levels are adjusted
accordingly, based on experience. The difficulty in forecasting
demand lies in the nature of the products of the healthcare
industry. There is a large variety of SKUs to deal with, and the
demand of any given SKU could fluctuate unpredictably and
independently from the others. Apart from the known seasonal
trends, it is considered important to keep abreast of hospital
operations in maintaining appropriate levels of stocks. For
example, it is obviously possible to relate certain items to
certain procedures or treatment categories. When the demand
for a particular treatment changes, it would make sense to
similarly alter the stock levels for the related items. Demand
can be estimated from regular feedback meetings with key
hospital staff and monitoring of stock movements and hospital
admittance rates.

Suppliers and distributors generally approach CUST to seek
business. This includes emails, posting queries on the CUSTs
website to introduce their products, phone, fax, or dropping a
brochure. The vendor evaluation process focuses on financial
stability, while the product introduction process takes almost
three weeks and evaluates quality, acceptance, and
compliance. ISO 9000 and clean room class 10,000 and above
is required for manufacturing suppliers. CUST sees about 2-3
new product introductions a month. These are the ones that
have successfully gone through the entire suppliers,
distributors and product evaluation processes. The main
challenge working with suppliers and distributors is in the
integration of information.

At present, CUST does not have any VMI arrangements
with its suppliers and distributors. This is mainly due to the
concern of losing core expertise - the °Einternal controls over
what to stock, when to stock, and how much to stock. On the
other hand, CUST does have VMI arrangements with some
proprietary suppliers.

The most important challenge is to be able to quickly
turnaround the procurement cycle, transforming the users
specifications into physical inventoried items in the wards.
The typical order delivery time for product is 2-3 weeks (order
from supplier and distributors, deliver to hospitals). The

relative percentage of the lead-time is 70% internal and 30%

external. Most suppliers and distributors tell CUST that they
can deliver within a day or so once they received a firm order.
Hence, the main improvement area would be the internal
requisition process, in particular, the approval process.

Another challenge is to continually analyse opportunities
for cheaper procurement, including negotiating with suppliers
and distributors to reduce costs.

CUST is in the process of implementing a new inventory
management system to replace current system, which is meant
to streamline processes, reengineer processes, and reduce
turnaround times. The new system should be able to read the
manufacturers bar codes that are already on the product itself,
whereas the current system is only enabled for reading
CUST’s barcodes. In the existing system, inventory
transactions are captured in a two-step process in which one
party consumes the product and records usage manually on
paper, and another party keys in the data into the current

system. This is deemed unnecessary and inefficient.

5. Lessons and Implications

In this chapter, some lessons and implications are drawn
from the data collected. These are inferred from the interviews
and questionnaire results. (The detailed results are shown in

Appendix 1.)
5.1 On supply management

From the companies surveyed, the customer was generally
satisfied with their suppliers. The exception would be the
distributor, which believed that its suppliers lead time, pricing,
order cycle efficiency, and capacity-flexibility were
moderately inferior. In terms of supplier selection, the most
important selection criteria were good product quality coupled
with high liability on delivery terms. In terms of the time to
launch the order, the time for document preparation, suppliers
response time, transportation time, the time to receive and
inspect goods, and time to place goods in user sites, it is
generally felt that not much needs to be improved. DIST_1,
however, feels that all supplier-side lead times should be

improved with the exception of the times to launch the order
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and the transportation lead time itself.

The customer was the only one who rated price, fragmented
deliveries, JIT capability, and strategic alignment as very
important criteria. The other companies tended to emphasize
the importance of product quality, delivery terms, and the
flexibility to respond to change requirements. Notably,
DIST_1 considers the technological level of its suppliers as
very important, and at the same time considers product
warranties as not so important. This indicates that the
distributor is concerned with distributing superior products
that do not give many after-sales problems.

It is noted that the customer was the only company that did
not share much information with its suppliers and distributors,
although it indicated that it would like to share more inventory
and order data with its suppliers and distributors in the near
future. The rest of the companies interviewed mostly felt that
they did not need to do more to integrate IT systems with their
suppliers. Sharing planning and scheduling information with
suppliers is commonplace, but does not by itself lead to
superior supplier performance.

The most popular means of communicating with suppliers
by distributors and customer are email, phone, fax, and face-
to-face meetings. The distributor relied mostly on EDI for
real-time communication with its suppliers. Generally, the
companies felt that they would like to use and need more
internet technologies with their suppliers in the near future,
and that the impediments were the smaller suppliers rather

than the larger ones.

5.2 On production and storage

Costs associated with the storage of inventory such as the
capital costs of the warehouse and the value of the inventory
and WIP account for the bulk of production and storage costs.
Other operational costs such as stock management, insurance
costs, goods in transit, pilferage, deterioration, damage, scrap
and rework costs are less significant.

The distributor DIST 1 and DIST 2 indicated 4 and 6
annual inventory turns respectively, which contrasts with
supplier SUs more than 12 turns per year. One explanation for
this is that supplier SU has almost all its key supplies on

consignment basis. Stocks are not owned until the point of
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actual usage.

5.3 On logistics and distribution

The customer CUST declined to answer this set of
questions. From the remaining three companies, the
percentage of goods rejected by customers is typically
between 1 and 1.5%. Different companies used different
transportation modes to different extents depending on the
nature of their product and customer demands. Most of the
companies interviewed were able to deliver to their promised
dates with at least 95% consistency. Only supplier SU seemed
to have some unresolved issues as it was experiencing a
relatively dismal 70-80% on-time rate.

Supplier SU reported outbound freight as its major
component of logistics cost. This is attributable to the cost of
air freight. The distributor spends proportionally the most on
its warehouses, human resources.

Service levels, cost-competitiveness, and criticality of
function were posed as possible reasons why companies
would choose not to outsource some or all of their logistics.
Companies that did not outsource logistics because it is a core
competency also said that 3PLs are not cost-competitive
enough. If they did outsource, it would likely be due to
capacity constraints or organizational change. For example, in
2002, distributor DIST_2 announced that it will engage in
strategic development of a third party logistics (3PL) unit,
aimed at aggregating customer orders and growing its existing
healthcare product manufacturer direct business.

The companies were further asked to evaluate the
significance of a list of 16 factors, some positive and others
negative, when deciding whether or not to outsource. By far,
the most important factor is whether cost reduction can be
achieved with outsourcing. With the help of the 3PLs,
companies also hope to improve their logistics service levels,
upgrade their systems. It is felt, however, that 3PLs will not be
able to make access to healthcare product markets any easier
or to help accommodate seasonal peaks.

The chief concerns of the companies are the loss of control
over their supply chains and the doubt that 3PLs will be
competent enough to do the job satisfactorily. The potential

loss of critical skills is not viewed as significant. Every
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company believes that 3PLs generally had more than adequate
IT solutions to meet their needs. In fact, some of them see IT

as a strength that 3PLs could sell.
5.4 On customer and order management

Distributor DIST_1 and DIST_2 ship mostly in cartons, and
supplier SU mostly in eaches (single units). Most companies
usually have one destination per customer order.

In terms of forging relationships with customers, the
companies placed the most emphasis on long-term
relationships and engaging the customer in continuous
improvement activities. Supplier SU shares information
mainly with their affiliate customers, not end customers. The
distributor already fully shares its shipment schedules and
order statuses with customers, and would like to further share

inventory availability data, albeit with certain restrictions to
prevent customers from picking and choosing stocks.

As with suppliers, communication with customers is done
mainly through the usual channels of email, phone, fax, and
face-to-face meetings, with most companies using EDI to
some extent. The companies generally displayed a strong
desire to use internet related technologies more with their
customers. Better integration with customers will lead to
greater switching costs. The progress, however, may be
slightly hampered by the smaller customers who may not
possess the requisite technologies to participate. It is believed
that internet-related technologies will be a significant

competitive advantage over the next few years, but the
companies feel that not only were their technological
capabilities up-to-date, they also foresee no resource shortages
to keep abreast of developments. This shows that top
management have been and will continue to be supportive of

IT integration with customers.

6. Trends in the Healthcare Supply Chain

In this section, the past, present, and possible future trends

are discussed based on a survey and interview and analysis of

publicly-available sources.
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6.1 Past and Present

We present charts that show the overlapping services

provided by several of the players in the healthcare supply
chain, first from a period 10 years ago (Fig. 2), and then the

present (Fig. 3).
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Fig. 2: Supply chain services provided (10 years ago)

Prior to the 1995 purchase of a franchiser of retail
pharmacies, DIST_1 was a pure distribution company.
Manufacturing started with the acquisition of automated pill
dispenser coorperation in 1996. About 10 years ago, DIST_2
was the second largest distributor of medical/surgical supplies
in the US. During the end of 90s, DIST_2 was one of the most
advanced in the use of information technology to better
service its customers. It reported the use of EDI transactions,
Continuous Inventory Replenishment, JIT partnerships, and
offered a host of supply chain consulting services in its SEC
10-K filing for 1993. It had also successfully implemented a
modern and more versatile distributed Warehouse
Management System by 1999 that allowed it to easily

collaborate with customers systems.
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Fig. 3: Supply chain services provided (Present)

DIST_1 may even move into positions in which they
become competitive with the suppliers, contract
manufacturers, and other logistics providers in the supply

chain. DIST_Is vision is unique in its breadth and depth for
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now, but it may be the impetus to the other players to consider

moving into all aspects of the healthcare supply chain.

6.2 Future

Fig. 5 shows how the same chart might potentially look 5-

10 years from now.
This is developed from the interview and from observing
how the industry as a whole has been progressing up to the

present. A detailed discussion on the observation follows from

section 6.2.1 t0 6.2.4.
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Fig. 4: Supply chain services provided (Future)

6.2.1 Changing Customer Base

As the baby-boomers reach the age of 50 and beyond, there
has been and will be an increasing demand for drugs and other
medical products, and the logistics services that go with the
delivery of these products (Fig. 6). This also means that there
will be more nursing homes, outpatient clinics, and in-home
patient care.

Diagnosis-Related Group (DRG) is a system to classify
hospital cases into one of approximately 500 groups, also
referred to as DRGs, expected to have similar hospital
resource use and developed for Medicare as part of the
prospective payment system. It was decided in 1983 to impose
DRGs on hospitals nationwide. A scheme for billing for
medical and especially hospital services by combining
diseases into groups according to the resources needed for
care, arranged by diagnostic category. A dollar value is
assigned to each group as the basis of payment for all cases in
that group, without regard to the actual cost of care or duration
of hospitalization of any individual case, as a mechanism to
motivate healthcare providers to economize. (Centers for

Medicare and Medicaid Services, 1983) Due to disregarding

the duration of hospitalization under DRGs, admission has

decreased since it was imposed nationwide.
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Source: American Hospital Association

Fig. 5: Number of Hospitals vs. Admissions

Thus, while the traditional customer for a distributor may
have been the hospital systems and the retail pharmacies, there
is increasingly a recognition that the supply chain really needs
to be extended to the individual in the nursing home or private
home. These customers can be served via mail order and more

predominantly through a network of pharmacies, which should

require IT.

6.2.2 Inventory and Pricing Model

In the traditional model of healthcare products distribution,
the distributor adopts a ‘buy-and-hold’ strategy. The
distributor can buy at a low price in bulk from the suppliers
just before a price increase, and then profit handsomely from
selling the stock (Centers for Medicare and Medicaid Services,
1983) to customers later. On the flip side, this also means that
the distributor owns the inventory in storage and assumes the
demand risks entirely. Now, the suppliers’ needs have shifted
to ‘just-in-time’. This means that suppliers’ manufacturing
plants are only releasing product to the distributors’
warehouses when there is firm demand for it.

This was originally driven by the suppliers because they felt
that a buy-and-hold model was not in the best interests of their
end customers. The distributors were facing the demand
fluctuations alone, and significant supply chain inefficiencies
arose from the excess inventory and profiteering during price
adjustment cycles. The idea is that in the just-in-time model,
risks are shared and the level of inventory will be lowered.

Incentives are also aligned with the interests of all parties.
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Going hand-in-hand with the just-in-time inventory model
is the fee-for-service pricing scheme. Unlike the inflation-
based model, the just-in-time model requires an activity-based
costing scheme to function well. Hence the fee-for-service
scheme imposes different distribution costs on different
manufacturers, depending on the nature of their relationships
with the distributors and their products’ needs. Previously,
some manufacturers were not too happy with the fact that they
were in effect subsidizing other manufacturers by paying the
same distribution costs despite having simpler handling and
storage needs. Now, each manufacturer can pay only for the
level of service that they require. The fee-for-service model is
inherently data-driven, that is, it necessitates a level of
technology and infrastructure before implementation. Clearly,
this is not an obstacle for any of the two major distributors
mentioned in Section 2. Therefore, it constitutes a barrier of
entry for the smaller distributors.

As the suppliers push towards direct selling to customers,
the nature of the business relationship between the large
distributors and the brand owners is likely to change. Instead
of having the distributors own and manage the inventory,
suppliers can now help customers to manage inventories by

using just-in-time or VMI technology.

6.2.3 Global Healthcare Exchange

Global Healthcare Exchange (GHX) is a company that
provides an electronic marketplace for the healthcare industry
by the same name (www.ghx.com). The Exchange was formed
by five of the world’s leading healthcare companies (Abbott
Laboratories, Baxter International, GE Medical Systems,
Johnson & Johnson and Medtronic). It provides access to
product catalogues, on-line ordering, customer-directed
distribution, on-line order status and order confirmation.

GHX is important by the fact that it is now the leading
online exchange for the healthcare industry. This was achieved
when it joined with HealthNexis, which was the portal
founded by major healthcare product distributors. With this
alliance, GHX became the only electronic trading exchange in
healthcare owned and governed by organizations representing
the entire healthcare supply chain, including suppliers,
distributors, providers, and GPOs.

Over time, it is expected that GHX will become the de facto

online marketplace for the buying and selling of healthcare
products. It will be able to drive price transparency,
standardization of electronic communications, and real time
tracking of product availability. The implication for the large
distributors is that their customers will in future not need to
depend on them for electronic product catalogues, financial
transaction systems, and a host of other services provided
today. Except for the physical storage and distribution of
goods, all existing services can just as well be performed by

GHX, which is open and neutral to all parties.

6.2.4 External Competition

The low margins in the distribution business will encourage
companies who are capable of scaling upstream and
downstream, in order to capture the value in the growth of
healthcare product market. This is evident from the survey of
the big distributors product and service innovations. Such new
offerings run the gamut from research and development to
custom Kkitting, from contract sales and marketing to end-to-
end supply chain management. More interestingly, companies
in other industries have begun to try and carve out a space for
themselves in the anticipated high growth of healthcare
products. In a March 28, 2004 news article from Reuters,
Delphi, the worlds largest automotive parts maker, has
announced plans to adapt its existing technology in
automotive electronics to the healthcare industry. Essentially,
the same product can command a better margin in healthcare.
Similarly, since 2000, Intel has set up a scientific research
division to develop microelectromechnical devices in the field
of bio-nanotechnology (Fitzgerald, 2003). This is hardly
surprising when one considers the typical gross margins in the
healthcare industry for product companies (that is, the brand
owners as opposed to the service-providers like the
distributors). To illustrate, Johnson & Johnsons gross margin
is 75.2%, Mercks is 83.5%, Novartis is 78.9%, while the large
distributors see only less than 10% margin. (Forbes.com
Quotes and Chatrs, 2009)

With external competition, the dominant distributors can
respond in several ways. One, they can, like DIST_1, expand
their range of products and services up and down the supply
chain. Two, they can focus on logistics and distribution and

make sure that they are more cost-efficient than other firms.
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With the advent of online markets such as Global Healthcare
Exchange, and the migration towards direct supply from
suppliers, the latter strategy would probably be unwise
because traditional 3PL firms like FedEx and UPS can easily

fill those roles now.

6.2.5 Role of third-party logistics providers

While selling through distributors has their obvious
benefits, it may also mean that supplier lose some of their
channel visibility and the power to price or to allocate sales
among their customers when stocks are limited. In fact,
supplier SU may prefer not to sell their products through
distributors. Hence, 3PLs should provide a way for supplier to
sell direct to end customers. This means that 3PLs should offer
those logistics and distribution services that a typical
distributor might offer, such as warehousing (with pest
control, expiry lot tracking, etc), freight, labelling and
packaging, cold chain service, expedition, local deliveries, and
s0 on.

However, to penetrate in healthcare industry, 3PLs also
need to address some of the perceived concerns over their
taking on greater roles in potential customers supply chains.
First, it is accountability. The process for resolving issues of
mishandling and misshipment must be clearly articulated,
especially when these incidents result in damages to human
health or perhaps loss of lives. Second, the 3PLs are seen
today as not sufficiently equipped to meet the special handling
and storage requirements mandated by the healthcare industry.
The 3PLs will need to ramp up their knowledge of the
requirements and to build up the necessary infrastructure and

manpower expertise to support the healthcare industry.

7. Conclusion

This is an exploratory study in which four companies of
healthcare product were surveyed. The case survey consisted
of a questionnaire and an interview session. The queries posed
were around the companies operations and challenges. Based
on the data that was collated, several general characteristics of
the healthcare product industry were discerned. Observations

were made on supply management, production, logistics and
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distribution, outsourcing, and customer and order
management. Finally, the current and possibly future supply
chain services that the companies have expressed a need for
are consolidated.

The main findings indicate the following. The supply
chains supporting healthcare product industry are traditional in
nature, mainly because the industry itself is not fast-moving
and there is no impetus for operating a sophisticated supply
chain. Companies tend not to outsource 3PL services much,
preferring to work with specialised healthcare distributors.
This is because 3PLs today are not able to meet the special
needs of the industry in terms of product handling and storage.
For the export market, companies tend to focus on cost and
believe that 3PLs cannot offer cheaper alternatives.

To illustrate the typical configuration of the supply chain of
healthcare products, we looked at the four players who have
succeeded in gaining market dominance by positioning
themselves at the aggregation points where process and cost
efficiencies were best realized.

Based on the direction in which the players in the supply
chain of healthcare product are headed and the dynamics seen
in their interactions with each other, we have distilled what are
the essential trends for the industry in the immediate to
medium term. Combined with a further analysis augmented,
we compared the services provided by representative players
in the supply chain and highlighted areas where there was
overlap. Finally, we made general postulations on the potential
future for companies providing logistics services within this

industry.
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Appendix 1: Questinaire Results
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Highest quality of the finished product

Highest liability on delivery terms and respect of promised dates

More fragmented and frequent deliveries

Highest flexibility and speed In responding to change requirements

i) Bl e R

elalo|o]e

| en|en]n

Capacily to adapt te changes in demand (for cramele. to werk in
JIT mode, to evaluate riska, stc)

=

w

in

Technological level

0]

Human resources leval

Ability to adapt to new technologies and new management systems

Better quarantees in procucts

RS G| A

IR ES

AR R RS

Total cost of the product (including non—quality costs, stacks, nan—
planning costs, prevention costs, costs of other non=planning
supplies. etc)

35

Degree of alignment of sirategic paolicies with the supplier, and
possibility of generating synergies

.5

(3) With regard to delivery terms of the suppliers, which of the
following times does your company consider should be improved?

No

improvement

needed

Should be
improved
immediately

lime to laungh the supply order

Tine Lo deliver documents o Ue order and lechnical
specilicalions

Time to supplier's response

Time for transporntation

Time to receive and inspect the materials or products

Time to place in user site (departments or production lines)

Bl o |

plefwl=] & [w

() ) ) R R

(4) Please indicate the extent to which, in the last three years, the
number of suppliers used by your organisation has increased or
decreased.

Decreased
substantially

Increased
substantially

(5) How difficult is it to have the following in your relationships with
your suppliers:

Very easy

Impossible

Commitment to a long term rélationship

Shanng of confidential intarmation

| w

Jaint caontinuaus Improvement activities

Shiewing ol risks and rewards

Joint development of strategic business plans

a | GE) R RS G

2 rap

Joint development of information systerms

e

Joint product developmeant

M.A

Joint inventory management

el B

G| b | | 2| Lo G| 4= | &S

(6) Please indicate the extent to which you agree or disagree with
the following statements:

Strongly
disagree

Strongly
agree

My organisation usually selects the suppliers that offer the lowest
price

My organisation establishes relationships with its suppliers that
benefit both the supplier and ourselves

Supply chain activity is increasingly controlied by the larger
organisations in our supply netwark

(7) Pleass indicate the sxtant to which your organisation now
shares the following information with its suppliers:
Invelory stalus

Mol shimie al
all

Share fully

Sales data

N.A.

Shipment schedule

MNAL

Dermand forecast

N.A.

Order status

Praduction schedule

—| ]t ] en] )

Crlnjanm) i) =] n

M.A.
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(8] Please indicate the extent to which you believe that your Nidkskare gl sh
arganisation will share the following information with its suppliers in -
5 all are fully

the next three years:
Inventory status M.A 5 5 4
Sales data N.A 5 5 N.A.
Shipment scheduls N.A 5 5 N.A.
Demand torecast N A 5 5 h.A.
Order status N.A 5 b 3
Production schedule N.A. 1 1 N.A.
{9) How often do you use each of the following methads of Not t Use
communication with your suppliers? a\(\j use a frequently
Phane N.A 5 5 5
Fax N.A 5 5 5
Face-to-face N.A. 3 4 4
Mail N.A, 3 2 3
E-mail N.A. 5 5 5
Online Bulletin Board N.A. | 2 |
Internet Marketplaces/Portal N.A, 1 2 1
Iraefesstry spesesilie: ponialbs N A 1 3 1
Internet based business-lo-business toals (eg. 12, Manugistics) N.A. 1 1 1
Electronic Daia Inlerchange (EDI) NA 3 3 1
Other N.A 1 1 1
(10} Please indicate the extent to which you agree or disagree with |Strongly Strongly
the following statements: disagree agree
My organisation would like to use internet related technologies A 5 5 3
mgre in our relationships with our supplists )
My erganisation is limited in 1he pace at which it ¢an imroduce
Irlesniel resbistescd soppsly acbain lecdmologies by the gace al adogation NA& 3 2 4
of these technolonies by our suppliers
Smaller suppliers are hampering my organisation’s progress in the A 4 5 by
implementation of internat related technologies in the supply chain
Larger suppliers are hampering my oiganisation's progress in the NA 1 | 2
implementation of internet related 1echnologies in the supply chain o
My organisation is likely to be influenced in its selaction of
suppliers in the future by their iImplementation of supply chain AL 1 1 4
interne! related technologies
Purchase orders sent to our suppliers are electrenically integrated

u N.A 5 5 5
with our own ERP or backend system
[B) Production and Storage
117 Score the following costs relative to total inventory Low Hi
costs: gh
Warehousing cost Gapital and storage costs 2 4 4 N.A.
Costs associated with inbound inventory and work—in—process

3 1 1 N.A.

(WiP)
Service cost: Stock management and insurance costs 3 1 1 MN.A.
Costs associated with finished goods stored and in—transit 3 1 1 N.A.
Risk cost: Pilferage, deterioration. damage | 1 1 N.A.
Serop and rework costs 1 1 1 LA
Underrage costs (lost sales due to stockout) 3 1 1 M.A.
(2) what Is the annual number of Inventory tums? »]2 4 6 MN.A.
{3) Which of the following are imporiant reguirements in Nat Criti
outsourcing preduction? imgortant cal
ctags 10k /100k clean rooms ot 1 1 N.A
autamated assembly capability 5 1 i N.A.
cerification to |SO 9000: 2000 5 5 5 N.A.
U.S. FOA=approved facilities 5 1 1 N.A.
protolype desian and development 4 1 1 N.A.
distribution services 3 3 2 NA.

C) Logistics and Distribution
(1) % ol wjecled guods ayuins! lolal volunme 1 1.5 1 N.A.
{2.1) % of cargo volume by air B0 4 5 N.A.
(2.2) % of cargo volume by ocean 30 3 2 N.A.
(2.3) % of cargo volume by truck 10 93! 93! N.A.
{3) % of cargo requiring lemparature control 70 3-4 3-4 N.A,
(4) What percentage of customer orders are delivered to promise? v0-80 98 96.5 N.A
(5) What percantage of linished goods are In=tiansit at any time? 15| Pomef Dont MA,

Kriony Know
i waekhy 10 hwice twice

(6) What Is the typical frequency of deliveries? monthly Jday Jday N.A.
(7) Total logistics cost as a % ol total sales revenue Declined | Declined | Declined hLA.
(8) volume of goods per year of per maonth 120,000| Declined | Declined N.A

ka/manth
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(9) What relative percentages of tha whole do the cost elements
make up? That is. as a percentage of total logistics costs.
Inbound 10 2 4 M.A.
warehousing (inventary managemant) 20 20 ES M.A.
local duliveries: own fleel 1 15 10 M.A.
local deliveries: outsourced ) z 5 M.A.
Qutbound treiaht 60 1 4 N.A.
Human rasources 5 10 27 M.A.
Material Handling Eauipment (maintenance and leasing costs) I 20 25 M.A.
(10) What is the most common reason for not outsourcing? (please
tick one)
3PLs can'l provide adequate service levels. systems. and MA
capaciies i
P! s can't prowiders are not cnst=cnmpetitive with in=hnnse MA
gperations o
Supply chain opearalions @we lovw complex, laige and loo crillcal Lo % X " MA.
oulsource
Other (please state: )
(11) Which of the following might be reasons driving your company [Will not Wery likely
to outsource its logistics activities? haopen PEASON
Capacity/space constraints | 3 4 M.A.
Lawk ol needed experlise 1 1 1 MNA.
Qrganizational change e 1 1 M.A.
Mergers end acguisitions I 1 1 M.A.
Changing markals and customer requiremsnts 1 2 2 MLA.
New products and cost pressure 5 1 1 ML.A.

. oo . . I\'lIIUVI:f \Jeﬁf
(12) Rate the following positive and negative factors you might positive/neg itive/
consider In outsourcing some logistics functions in vour company  |ative Es;;:""fe
Cost reduction: lower |ogistics costs due te the increasad +5 NA MA. MA.
efficiency of the 3PL
impraved logistics senvige * increased levels of service and +1 NA. NA. NA.
congistency.
Facilitate and accelerale business reengineering + N.A. MN.A. N.A.
Heduced r'nvor_lrog}:_ £Ols "More advancgd physical distribution £ HA N.A. HA.
systems resulting in lower invenlory costs
Upgrade iogistics sysiem ' galn access to state of the art logistics ‘4 M.A NA HA
capabilities. at a fraction of the cost of upgrading own system ) ~ ~
Accass (o logistics expertise . the 3PL is likely to be aware of
current developments in the logistics field such as new regulations. 4 HL.A M.A. M.A
innovations and logistics technology
Accommodated seasonal peaks - the problem of seasonal changes o MA MA MA
shifts from the outsourcer to the 3PL provider o o o
Easier access lo Foxsfgn markels : gain access o [oreign markets
by engaging in outsourcing. The 3FL offers previously established
local contacts, the ability to resclve ‘ . 0 NA NA. MA.
lneal regulatory problems and overcome cultural differences nsing
local expertise with professional accreditation Also, the opportunity
L enter a new markel withoul (he necessary infrastruciure cosls
Concentrats on core compersncies . 1educe the rasources and
efforts expended outside their core business, While maintaining +3 M.A N.A, MN.A,
high standards of logistics service
Economies of scale: access economies af scale by autsourcing the
logistics functions to a 3 PL, which is alraady large and efficient +3 MNLA. MN.A. M.A.
enough 1o achicve the desired economics of scale
Loss of criical skills  if the logistics function in guestion is a core
activity tor the company, oulsourcing it will cause the company to -1 MA. MA. MA
lo3e the specific skills that constitute part of its competence and
compelitiveness = . S P
Loss of cross—functional skills = difficulty or breakdown in
communication betwean tlje arL anq inmrnaﬂrfunclional -3 N.A. MA. MA.
departments regarding logistics and informaton systems
lzading In lass of crass—funclional coaperation
Loss of conirol ovar the supply chain : loss ol control over the
logislics process and lhe savice levels, Imposing penallies on 3PL -3 NA NA MA
parlmer such as berminalion of contracl and slop-payments can o o o
only result in heightenaed risks and broken relationships
Lack of expertise/knowledge in the pecuiar needs of my industry -
the 3PL firm may not have the necassary technical expertise or 3 NA MA MA
understand the particular naesds or matarial handiling and storaga o o o
thal is necessary in my indusiry
Lack of global logistics providers : there simply is not a worldwide
logistics network that would completely cover all of my company's -1 N.A. MN.A. M.A.
relevant markets
inadeguate | T. salutions - the IT solutions otfered by 3PLs for
supply chain management are not able to deal with my comparny's -1 N.A. N.A. MN.A.
neads
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Question e ol su DIST 1 | DIST 2 | CUST
!D! Ordar/Customer Management
{1.1) What percentage of orders are in units of eaches a0 0 4] MLA,
{1.2) What percantage of orders are in units of cases/cartions 4] a0 85 NoA
{1.3) What percentage of orders are in units of pallets 10 10 15 NLA.
(1.4) What percenlage of orders are in units of mixed o] 0 0 N.A.
(2) Frequency of customer orders (per day) {Ii;;ﬁ rn;:. n*:'::; M.AL
[3.1) Numbear of destinatione par ordar (minimum) 1 1 1 M.A,
(3.2) Number of destinations per order (maximum) 1 1 1 M.A.
{4) To what extent would you deseribe your relationships with your W
customers as involvinog® Mot at all ery much so
Commitment 1@ & long lerm relationship 5 2 [ WA,
Sharing of confidential information 3 | 1 N.A
Joint continuous Improvement activities 3 4 4 N.A.
Sharing of risks and rewards 4 | | N.A,
Joint development of strategic business plans 2 1 1 N.A.
Joint development of infarmation systerms 2 3 2 WA
Joint product development 2 1 1 N.A.
Joint inventory management 4 3 3 N.A,
(5) Please indicate the extent to which your organisation now
4 5 % Not share at
shares the following information with its all Share fully
customers:
Inventory status 3 | | LA
Sales data E] 3 4
Shipment scheadils & [ [3 N A
Demand forecast 5 | 1 N.A.
Order status 5 5 5 N.A.
Production schedule 5 N.A, N.A, N.A,
6] Please indicate the extent to which vou believe that your : <
R . b = o Mot share at

organisation will share the following information with its customears all Share fully
in the naxt thraa yaars:
Inventory status 3 2 2 M.A.
3ales data 4 3 3 WA
Shipment scheduls 5 b Bl N.A.
Demand forecast 5 I 3 N.A.
Orger status 5 5 5 N.A.
Production schedule 5 M.A N.A. MNoAL
{7) How often do you usc cach of the following methods of Nat ar al Use
communication with your customers? ) frequently
Fhane 5 5 5 N.A.
Fax 4 3 4 N.A.
Face-to-face 2 5 8 N.A.
Mail 2 2 2 M.A.
E=rnail 5 [ 4] hA
Online Bulletin Board 1 1 2 N.A.
internet Marketplaces/Portal | | 1 N.A.
Inqustry specific portals 1 | 1 N.A,
Intermet based business to business tools (eg. 12,

3 1 1 1 N.A.
Manugistics)
Electronic Dala Inlerchange (EO1) 3 3 3 WA,
Other 1 | 1 NL.A.
{8) Please indicate the extent to which you agrea or disagrae with  [Strongly Strongly
the following statements: disagree agree
My orgamsation would like to use nternet related technologies 4 4 5 N A
more in our relabionships with our customers i
My organisation is limited in the pace at which it can introduce
internet related supoly chain technologies by the pace of adoption 3 4 5 N.A.
of these technologies by our customers
3maller customers are hampering my organisation's progress in the
4 : : ST - 3 5 5 N.A,
implementation of internet related technologies in the supply chain
Larger customers are hampering my organisation's progress in the 3 2 1 N.A
implemeantation of internat related technologies in the supply chain C
My organisation is [ikely to suffer financially in the future because
we lack Iheresources 1o apply the lechnologies thal are necessary 1 1 1 N.A.
for ug to compete effectively in the intarnet enabled supply chain
Internat related supply chain technologies will have no significant
impact on my organisation’s compaetitive position in the next three 2 1 2 N.A,
yaars
My organisation is keeping up with companies in US in the adoption P 5 5 N A
of supply chain technologies i
Customer orders are electronically intearated with our own ERP or 3 . 5 WA

backend system
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Estimation about Emissions of Greenhouse Gases in Reverse Logistics
and Recycling of End-of-Life Consumer Electronic Goods
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Urban mining, which considers economic benefits of recycling end-of-life (EOL) consumer electronic goods, is
regarded as another source of raw materials and contributes to both environmental protection and resource
recirculation. In order to prepare a criteria for eco-friendly activities, this study estimates emissions of greenhouse
gases (GHG) in reverse logistics of EOL consumer electronic goods. We used the legacy guidelines for estimation
about the GHG emissions in collection, transportation and recycling processes with priority given to the recycling
centers. Also we proved that obtainments and utilization of recycled materials is eco-friendly by indirectly
comparing GHG emissions in recycling EOL goods with emissions in producing virgin materials. This study could
be used as a basic example for environmental assessment of reverse logistics, recycling and other related activities.
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Information Sharing as a Competitive Strategy of
Logistics and Supply Chain : The Performance Formation Model of
Supplier Development Project

Jang-gwen Song" + Gwang-suk Kim™ - Lim-soo Son"* + Chul-sik Lee"*

Chungnam National University” + KISTEP™ - Delphi Korea.Thermal Div.”™

Supplier development project(SDP) is designed to create and maintain networks as well as to improve the
suppliers’ capabilities. In this research, the performance formation model of SDP is established, which enables
readers to understand what factors affect the firm’s performance. To identify the significance of the proposed model,
the survey data from 144 suppliers of Delphi Korea Corporation were collected. As a result, the managerial attitude
towards supplier development has a significant effect on the performance of SDP. In addition, it is tested whether the
two variables, (1)the level of information exchange and (2)the level of comprehension on the purpose of SDP, play
mediating roles between the managerial attitude and the performance. In the event, it is verified that (1)the level of

information exchange plays a role as a partial mediator, but (2)the comprehension level on the purpose of SDP is not
statistically significant.

Keywords: supplier development project(SDP), Delphi Korea Corporation, supply chain management(SCM)

o F a8k, A2 7]l qlojA] 3] Apatoltt (Lee and
1. A& Yang, 2000). Kwon and Suh(2004)2] a1LojlA|, A& 2] Ao
= = AFEES AN, FEA S ol gA| RhEThaL

1980413 ] B 7II5L vz 2] ol olrlsol & clFer AN, TubvIeln B At glow Al 5
Sl BRALT B AAS ot T WsEl Aol gL wAE AL ¥ 4 ok
AL AUSAT Krause, 1997, ToH/193 B0kl AL 3R ARALE TR HIRAS Slstel Whes 7

T ol =2 20079 Sethstar shedu] o) 2 Qo] oJsto] AFE %
¥ Corresponding author: Dept. of Business, School of Business and Commerce, Chungnam National University 705-764, Korea
E-mail: chulslee@cnu.ac.kr

*20094 99 79 £31, 20094 109 154 13 4% A4, 20094 109 299 23 442 4, 20094 114 179 33 442 4=, 20094 114 23%
AR 2.



90 222

o7 EAe) AYT BE SES

2003). ¢ &5 EoﬂL ks —“—v,

S EZFSIHBurt et al,,

S, A71AE, A4S 2 % %’46} 3717k 2t
ot ey 4] Azt 719s et AR 2o A% wst
Y LA 5715 2 FaiAe ol 7|17 Sek AL
THbE] o gk, o] A2 710l 1| 8)&

Aol ARl A5 ST 4 Sk e sk st
%7 wZolek & 4= 9ltt (Basnet et al., 2003),

TaAhs B4 AR A AES 7| GollA w8
ojnf, 123t FHo 7HAE BAA AR Fo] AlFHrhe
7P stoll A saAbe Bed] 2E B SRS 4 e 9A
ol s a4 Holqlth, Uolrba] FgAke] flo] ZsfAl Abat
= 93s 4= Q= A AAYA o AU glolsh= 7363:0] A
it (Bennett and O Kane, 2006). L2yt o|2fgt
ZF v Qlok, AAlR Akl gk Hle gelst
53] Y 7190l AET SABA 2 olA 2714 S
Aol Tt o5 da7IHE0l et A7 2420 R o] Fof
AHA AZFE AT (Newman and Rhee, 1990; Phillip et al.,
2000; Sako, 2004).

F& TS Ye £ 7198 54 Y i 250
TEAE ©ed] sl S QA AR HAL At o R 1)
Fol= Zl0] oftet, el 59 = Gle Fetid o s QA6
o= Zlole}, 1ejar ofot HeH theFstal 553 e 3
A1 Qleh= Aotk (McHugh et al., 2002), ©13& &
of ¥izb7} 7194 9] g atoll w9 F 83 Fake vl 4= Slek
ARttt gt ASA A4te 3adAY HskE e Hot

o
A& 5 ok Aol g2l vt et (Tracy

O rr rg
N
ol F

19

O

% R
ru
N
of [

)
2,
I

Sk

1., 2005).

2|
flo o
on m
o

o
il
o’

[©]
=+
m

A
At gk Al 7192)
5o 34 AR At

A2 WaFt mas A
o, 7l S FIA A 0 UL 3
3]

Aol A shefsfara} g,

ola—x\li
ol
e
o
ﬁ%rlr
2 ogo o
o R F2
o L=
L
H;]r.&ml.l
oeujg
2
o
o 1%
oI'

=
of
ok
filo
N
r
o
Lo
il
o
—d
P A
s

2.1. 38R LAY

F2 ofule] FAPRLI 7199 270 B

g ok

T e A9 A2e TS e Roltt EE B
¥ 71202 49 B 52 w2 3

od
o S & Hoh= T4 A o2 Folst¢itt (Hahn et al,
1990; Krause, 1997; Nelson et al., 2005; Koh et al., 2006;
Bennett and O Kane 2006).
TEA NEAR W ohgshe 1 sz Sk 1L S
A gk ok =, gt 7lEHilE s A, 2=

4 Y LE i3t ws £, FFA 3 Tl o) A4
=2 AFATIEA 71eA = o}‘— ofof| i 714<] FHA+ 3
At ?l M EA} 5ol It} (Zsidisin et al., 2003).

5 ol BA9E 27 HOH* © saAtet 7l
AE 7HAAL Qlofok itk 18] al 11 FgAE 58] FAtel| o
APHAQ] 270 AlES 59 H FA, o™ ZLefet o4
SaAet S84, 52 Aol ARl F5 AHol SlefoF
k= Aol o5 Foll Al A4 egola Hot gt
TuEe (HACE tE AR Ho o4t 2710w S
F Qe Aotk 2y whd I FEAE A AE A
ofuehd of= A3 4|8 Zo] ofytt (Petersen et al., 2005).

Rl

2.2. A AEE714% 354 LA E

SEAF EA R Yxetal & 4 e ERET) 1939&‘ Al

A PPN HENGS BER st 07]9-3E 719
ﬁ%%@ﬂﬂﬂ%ﬂ%%@ﬂ%ﬂ%%ﬂWﬁﬂﬁm+“EJ
2% BE/199) WA Eo) 2 sl HRAA v§S

A ARAAE A7l 1960 dd =, o= QWXP‘MV} %3

71& AE=g AN ASEE %’B‘H FEUAE Addem

w Horlo oo
e
%
o

-z
o
jins
)
~
o
o
o
Ho
H1
_?_lg
2
_:L

by
ry
=2
rir
H1
to
ful
olr
e
FPE

]““ g opuet REXGO 34 *}
gh= AHol A GM, 25, Fto]&y F v gAER
= 70@}3]1 Wk itk GM2 HEE9E Zﬂiiﬂ'a
ﬂlxﬂé Z¥eshar Qlef, = FH J§
D% E3 QS9ooo<>la}L 559 3
ok w3t
1= «l FSS(FuH Service Suppher U Aol &
SCORE(Supplier Cost Reduction Effort) 52} < H

EOI)
)
[

B o i
l—m T

L ¢

o

jins

__>i',‘

xg

2l ol
;Q J}Iu
l

>
i
inj
10 o
ol
=)
Oof
o,
(e}
m‘;i —VE e D{H
o 1o R



AR A H o2 ARR - FFA LA

o,
o
[l
U
W]
L )
flo
o

<

f
T
oZ
ol

-

qL
i
o
rir

)
_>|4_5£

jins
24
o

rlr
¢

ox,
Hz
i

2
=

X,

o mu
|
N

Py
Hu
=2
In
rlr
o
oy >

o

7LHMA,%@@

O

*WAHAﬂW
I 8t} (e.g., Monczha and Steven, 1998; Lo et
al., 2006). A, Y7154 H37} ek, a5 EH??H 7t
z*‘ﬂ e Aoz Fujat g7l 34z
o gy AEZ o7 2 s)e Lt
el M s 7HA] AL
Foll el A7FARofl A %
%%Oﬂ 3k SEAE ] Y& 7k ol qlet Eﬂrﬂw A
& 2{A o] Te7HA
7 Qle}. f7ERROA o]
| < 78‘%* 1 =3 Qﬁ TadA el gt a7 WA
ﬂ"‘q TaAet HEE v g
@ vz FHEsto]
Pﬂ% XE%% Al (Monczha and
E%"G]— _g_/\‘— .T’_.:L—U"J I:]—H
Fol A= ofH HollA] v F83}
& 5l 1’41’5HHE iﬁiﬂ
741% lE~<>H E}""ﬂ Zl

o v S
ek 3 4 ek, 2 7
2 Bye e

O

SEAkl Het

2

Steven, 1998).
mﬂhﬁ%?ﬂﬂ

N

9] fde Olﬂi‘d *XW-HL—J
E}(Gordon S. 2005). —TLUHZH
FA8H7] HO}W

> it

I

o o

o
Hu

-

oft

ox,
o

)

2

2

°f F“& ?&E} A A9 EH 4 7]
7H%§% iAoz Zhgitks 2120] 3l

r® O Jn it S R ox T

il
rlO I"LI

oy

i

lo

lo

A ad 91

<]

ot ohA] Al ofefRt FAY A= PR oA Foldl
Ao 8 7hstar, ApALS] YA AR A FafAfek A9
e GAstA Yok Aot} (Bates and Hollingworth,
2004). of=iet FHof gk o] A or FFWAE AT
of = L7l Hlsh ml=7]Ygo] BALAE B Taqt A
© 2 A3} 9l (Retsperger et al., 1990).

AR, G715 Qs nd e 4 Qle 27 g
e LAY A, B, e HEs ¢
oefet M5l sl - w1/ ell A Tk 4
a7b FgiAoltt, 7l or iAo 2 §lo] ZIgYE7]
Aeiie saEol AAlol Eakstofof g Fagh 4] a4
ojnf, AU A ] Rt AL O WA 2Tt H
ok, A ARl A AdEHA saAE AAsHE ol gt

AR O] 3o %E}% —Er 1I7P ““E SHA] & < ATk
.8

N

% 4o
re
=
=
jg.gglo
o
N
Ja..o{)‘j
— o
MR oox
—04010_0,
—ﬂ&ojw_‘
o & W
Cooy =M
r[oirll‘
2 o
i&:\o—
mgo&ll‘
—".ﬂrﬂfﬁﬂo
_rﬂ—?ﬂoﬁﬂrﬂ
>H£%£
o ¥ o
Tk
o N o 2

};
=3

A
chel 44 2 ﬂﬁﬁ#ﬂo

>

ofs
-
2

<3
bl

N

ol o::, 1‘
=3
o e G
w2 oo -
o

>
of e wmr
1o
=
QL
Ir
L
o
e
2
r__oI
o
K‘l
é
o
clot H”

i)
=)
N

¢
oZ,
Y

~{
oX,
o
=2
=
Ho
ofn A
to
et
fo
ro,
o

N
L 2 ) L oop

lui
Ho
re
oX,
o
ulu

5 7199 4t wee A%
Swamidas and Newell, 1987). 7|42k 5}-9) 7}
AR FAAS A TP S8R w1R AA
HHarrigan, 1995).

N
re

oo o [z X r we Lo
o ofm
:OI|=

¥ 2 o & fr
o
8
-

ol
2

3. ATy A
3.1 FEA MEALY A=Y

AT7HA 9 SR LA ZEEel diF 24
2l A, Fi7199 g5 Aol tiet 71 = et &

ALBELR Qloto] FaAke A2 2R o 3}
e A Bao] A ofe A sk EA, S84
o ALAR S sh7l st 2AAA Y vEFeR s A
G5 F FARRTE HA ok AR, SRl g A1
A9 vl Folct, YA, 7| 4e) SEA AR Te RS
AR o2 FgAto] izt 354 MEAY B5E0] iﬂﬁlﬁolxl

xoto] FaA AR B9 Aoesol vl Eskint. uet

m}n
wo Mo
-+ oE i

2

xR
HoR

_ﬁ
=

[n HE



92

€

ofr
ri4

A ol2E 2AIME didst] flstel A7l Duto] o}
F)oIA ALt A LAY A0, 53] Dufo]s2jo}
]k] 7Aze HEO As ARyRo]l 2ol Tyl AR
FE floiA Duto]ejore] FAPNEAAIYIE T3 e
%ﬂo}oﬁ saAet 19 de= 2 4 Al wE=sk
= ARS djash] 13 =3 7]t
AFIAE v 2ol aorg = Q. & A=
7} | Aol g B2 sharat vk, A A
= TR ol FEA Agdacle] T LAY A
ol tiste] Y= vAE71? G v ojudt Joyd
7F? éir |32jotol A et 3+
oA HojFe ARy &

ﬁ

a3t

AAA £G4 oY

3.2.2. AHAF £2

Dunn and Young(2004) 521 Sa3A7EA g 9lof
A Q3 W AR WS A5 Sanchez—Rodriguez
F20052 BFAEU ol FFYAN /1) A

OEI

°ﬂ7ﬂ Elﬂt 7} 15 skt = Qi = Ae xR}, Eet
Sako(2004) = FEAREWY 2A AL A 9] 2 AR WS
[e) o

< = 2 ] A
A= Aieds W3l IAUNEE 258 50 4 o

. oleet SRS

I0|._|

A WA=l Mt
E2(Quality)
27K

ag 1.

3.2. Q771 2%

3.2.1. FuZE YA Hi=

Paulrajet Chen(2007) 354+ AAAQ 2o A= @
& Aol FaAF AR Aol Arkt YFs mA= &
Qlo R Zrxeqict, AeA 5 B Aol Al 35
7\}7}1‘“74]5]94 Ao Fa3gh 9Qlo® 2835 itH(Wagner,
2006). saAt AR O] A12F A FEAke] a7 9R9] 2t
Aol *é# Aol & 93 v)ZthLeonard, 2003). AG7H
=8 v o o3t 22 7Hdo] =& E )

Hi: 0 d7e] gz a4t AdAge Qo] 344

ol S vl Aet,

[ee]

H2 : HnAane] ges Taael poaze] Juas 4
ol Al AL v,

HA: A7) gt AaAe o) ojslze] 34
Aol ke v,

419 31903, 20084 82l 98 5 Tk A

=

— #7HCost)

- &71(Delivery)

- [FHM(Flexibility)

- 9|=M(Dependency)

R

3.2.3. 1A Bz ol
TR AEAe) 2RAQ A%} e B
olFEE B AT FHA AL o

o= T«
W42 Y] QIthTaj and Berro, 2006), ¥yt ofug} 23 o]
Az s AupEs YHa IANSE 22E woIF

2= 9J&o] ZHEn} QlthKrause and Scannell, 2002). ©|=3t
OLEQ Hlglo 2 T} 7+ 7Hdo] AAE ]I}
H5 : HEAE F39) olgleidd F5A /EAE] gt

- .
2442 gake vk

Al

Z
4, AFEA

4.1 A= 3

dufo]szjofel A A Sl 148719 7|H o2 RE A=
BZXAE B3 A



zo] ofFolglh, JUskA Rt HEsH 478 AY &
144709 71945 AEshad. g4 2E5E(simple
A

random sampling) 4|22 T E
7199 Faggue 7y &

wzof] BEFET0= 2 Aol it A
Skt B AY A Q=S 1] S8 & AT oAt
ghgo] A Aslnt. 7HEA e flell HE2 L2 FolH
2 285 144719 719 eI emA SRk A
o] At gl AatdaFadle Atshet AgRt 44S war gleh

2 ol ARE dlolE 9] 542 GE Dol AlAE e Tt

1, MEESSYA)Y E4

£4 = %
G 29.9%

TR 49 R 9.0%
A5 61.1%

238 47 e —
FUERE 85.4%

100~200%} 18.1%

il 200~3009} 32.6%
3009} o4 49.3%

ks 85.4%

AzFG 1A o 9.7%
HE 4.9%

Z uj2al o) 20%°]3} 27.8%
%LHH7I < (Hmtolse]op 21~40% 63.2%
qE= 41901 9.0%

4.2, 227 Aofet

3

B\

4.21. 337 ARgEFaQl
e JH WEo £F

U]—_Q_ 6‘1—1}—0] /H

& (Information Exchange)
el FaA LA oA Fast ¥
+2 ARuS FAA Y (Dunn and Young, 2004;
Monczka et al., 2002). “FaAREH2|9 oWoll= FagollA
71909] Aeke] HEel 24E ¥

1S BRI AL 5 BRHES FY
% 93, DA Bt 7S AERE 5 & e AE

]

1o
BN
N
Dl
s
2
ol

Tt (Sanchez—Rodriguez, 2005). SHAREU

O] 2 AR e YiLpEs W51

< EolE 4= gkl @SRt (Sako, 2004). ¢
=]

Fes THE 9Xq 3174‘: A

7

=
.

-l

H1

>,

N

m&li L

o s

S
o=

u 2o

£

o 2

DA AR AR 93

9) ?-EH7]<§IL} BAMAA] S A1) $je BE Hash AHas

7} lek(x5), %ﬂHﬂ"dJH v A7E S8 BE ad
EEEEL] w X6). (4 x} Al 5 Sl
Ha3t Ara) %v} Se4s} A1 48] 1917 ol
o cHx)

Lt 7}—# A7,
o Jpzsisie), BEOIE 4
S poE 200 @

8ttt (Krause and Scannell, 2002), 92 Ag§eiofA] o]

4 THES THOR 94 2= AxE ANl v 30
ez S () Arke 111} 7H‘:“741§‘4 =49 A
Ao tisto] F2g ehals] ofsfeHSy. (2) a4 LA 2
e %@ﬂ | 13kl AR-El= 7lf°ﬂ "HOM =24& ¢ds] of
HHS2). B) 35 MEALY E5= HOH Aol dsh=
THi7] 2t} Bgoll djsl k8] ofsfgH(S3

+ 217949 e
S LA A A B AR el

A Ao & F3FS vttt (Handfield et al., 2000;
Leonard, 2003). Y9} AsiddFolA o] 88 EFES SAHOR

94 272 HEE A8alo] thoo] 37 Bl thste] Folah
HES BASES stk () A0 A2 AA0e 234 )

Aol SFot Z2askolet Wil )ek(X1). (2) FIAte] 2
L A NEAR N A= o] PrHX2). (3) A Hi
73 GA0] FHA MEA R A Alo] A C= A AHCHXS).

4.2.2. 43s - 34 NLAE Y Ht

A= 24317] 93] Shepherd and Gunter (2006)2] &
N AREE SATES ARSI A= 2o, At
o o A= FA 40l tiet Addor HoE,
SHZH ) B A= ARAIRM o= A ofstar Qlrt ofd 7]
o] ALH R FAY S wolaa} At 1 7] 2944
oz FAPY =82 7]&ofolt et EAl= Y7o,
A7kl Az, ] B ZBE R 3A s 4 ol E
gt 7]¢o] A Sk A= 224 MAr7E FalA
AHEtE A7 RE 7h22] BabH AR A AE ) Al
A= w7171 AlRb A Sz A 1749 gokof A

A WA FEAY 5 s SES driih, W1 Ee 2

o

N



o=
|o
U
-0,
%
o,
)
i)
o
>
>
ok
i)

2 37149 g o BYOZ A3 BAS A
ummoa SN gk, foAAe sl dhet ool
& St SIS B0 W, S Sl A Tt
Al WA, A it 0, B4 5 ol o
At 334 AR Y
8 FHIZ B 412 24 i BN, Wb

le

A, IS S BRSSPSR ASST. 0F
RS 3 PPMAKUTD, QRS A2 A7Vag %

2, 971 WA 78 AMAE 91 BAE HEE AR T
7 Aol Fsks H=E A OPEE SHTHY2). () S84
LA R A2 100% FAEE A(Y3). @) 354 HEA

) A &

3|9 Az Go4o] HgA oz HAEAHYA), (5
ollof| gt uf 7] %9 Q2 EE %= ERY QT YS).

2 AN SHFEEY S 45 ﬁ%ﬂ AzuL &
THeronbach-a A& S48t <
B & H4ELS 0.6014 —:L%H} Rl E@]?—i Qict, uf
2hA] B B Aof AMgE= S
2t (Nunally, 1978).

H 2 ZH Hap g5 MY 24

N0l 3= 4 | =24 Lot
AENF FE 5 0.819
A E £3 o)) 3 0.847
HuAYgRe] gw 3 0.775
a4 A Ak 5 0.622

E3 BE SAPRES QAENEY sy FAEeR
e o R A2 TS AT S ot

4.4. 71347

FlollA AR 7HES AAs] s, WHELR 2
AS 28 RS ARESHIT AMOS 7.02 ¢85t
AREAL 23519, p—value®} C.R.(critical ratio)& 7|&
o 7 AR %94*3% Axsteict, 1 23S T8 A 7

0]7] gJ3) AlFAlo] Bl T
S(indicators)& H5=2 ARS8t FA71E S (constructs) <
@ﬁlw}. 7}°léﬂl°1(x , p—value, GFI, AGFI, RMR,
RMSEA, CFIL, IFI 5 7]202 mEo] 432 slskqrt
(Bagozzi and Yi, 1988). (& 3ol ol AlAIe g2 mdl

1o
f

= A4 %’BH CHFEA TS At Qi g4 2d
x*=758.125 (d.f.=99), GFI=0.857,
AGFI1=0.829, RMSEA=0.117, CFI=0.915, IFI=0.918,
TLI=0.917 2.2 Huha REld3te = =8 73kt

H 3. i8] 20| CiHEEA Zat
P

HER(MEE) 22
42
BN CR.
—(T)"T;LX]' 7HHE]—7;"§]19'] Arjl}'_ Seksk
7%t g 4,390 4,24
Rungel 4%
AnAdRe] 1.223 498
NEALDEE olsf & — —_—
A% 0.470 6.75
B3 AR ) A3 ;
e s 3.302 3.42%%%
34 A ele) At
AR E ol 42 000
Model Fit Index
Chi-square 758.125
d.f. 99
CFI 0.915
TLI 0.917
IFI 0.918

Note: *#% ¥ .2 717 () 01, 0,05, 0.104:Z0)A F-2J3-& ©jn]

& PollA Hzo] thd

olg% AHHHS U3k

o
mﬁ

g EAADE vigo R HREAS
o}, %4 YA Bt SRk A
dAE o] At 2FHQl g vFiths HI Z2A 47}
4.39(p<0.0D0]2L, CR.E= 4.24(] C.R. [»2.58 )& AA=3ct.
WA meofl A w7 R AARE HREFY] £ 2 T
AZEIE ofef5E o] HFFAY Beol T PP W
£ The H29 Hae ZH2F fofst dnks B othH2: A=A
=1.22(p<0.01), C.R.=14.98(| C.R. | )2.58); H4: ZA=2A %+
=0.47(p<0.01), C.R.=26.75( | C.R. | >2.58)). ZLe|} &= ufj7j=d
7SS TR AR Ak 2 o]of = TA|(H3
H5)& vt Z23E ¥tk & H39Y 4% A2AS7
3.30(p<0.01), C.R.= 3.42(| C.R. | »2.58)% 71do] Z|A|H Bt
W H49 A FA2As+E -0.08 (p0.10), C.R.& -0.19
(| CR. | {L645)E o3& Hol7]of F53HS BTt

g2 B AAAT H) SO Wk BY o] Eteol
NG H5HE BAL Q‘ﬂ’c‘f} o, AN AYE SRS e v
o Bolgie}, asE AHE HRaRe 42 3 LAY
B3 ofa] HF & A2 mdol|A] A3 BOo=N RIAFE
w salsoiet AHdA RS SRlsh BAolA 74

ol

9l o
e Ha THEA R R ofs = & Al9lstal



2
ol

A 7

g
S

FAsklh B3 HERdS 24sk=d ol F
AR GA HE 7F T AR A o AHAQl FF
= WAE AE #dIs7] 2olA frofghe ouls vz
ARFY =2 o] A/ (full mediation) F= F-Euj7H

(partial mediation) A7} Y=A S S015H= 7fo|AFo] 2o

_c\)_]"
R

AE)E AAISF tHAnderson and Gerbing, 1988).
H 4, x|E@do| MX
Sy 22
= Moy el
2= (215 Al =2 i
FH¥X| t-value| FHX| t-value
TEANEA R ATt — -
e He 3924 302
e st s
AnAA) o 1.224 14.34 1,193 13,99
TEANEA R AT} —
B p E;_%QJ 4—% 3699  3.922% | 7135 18 34%%*
Model Fit Index
Chi—square 498.386 502.641
d.f. 62 63
CFI 0.919 0.916
TLI 0.916 0.915
IFT 0.920 0.919

Note: *## ** * .2 77k () 01 0.05, 0.10

G AA =Y YolN 71 ] el we e
3 K3 ofsi4E & Al ne] £ wolr, 53]
e RELR 42 o 9 He Riajude 27}
ARSI,

Fholaglo] ZolAZ AT} o) el a4
2 Y3t A9E B I(E(1)=4.255, p<0.05), F-Eulj7f Lo
Ao AR R} (HAGA] B — R AL )

AR e AgH

L3 NEAY) Aoy 95

= F(AE2A4=3.92(p<0.05), t=3.02( | t | >2.58))3H Lte}
vt g9o] Aukd wel A3HE S Hej CF TLI IFI 59

sl AlojA Fu7) o] ?—?%Pé Hojpa glr}, A B
HuH7H Etﬂo] _,4 E‘H‘E Aﬂx—lg H49]' H5= 7]7_|L5]1
H1, H2, H3&= BAIH & f-o3t éﬂi Helo},

5. 4%
5.1, AFA}e] goF
A wioln wE

Hzfsto] oo BL

Z—]Q_i

TurkedEls Al 7194 golA
Aol Mo AR A, AlEe] EEE
iﬂlx}ﬂ ﬂ?mﬂ ZA] g5k LANE-S gHE ekl

L Ye agxo sustel FIAoRL oS oY
Sl E—",’-izﬂ ZaAo| At} 7199 ZIALY FHAEE dA

3171 Sistol B4l o] Fuaist B4 BAH, oA F
T4 AARS B3 Fojaisk B 4Bl 2L W
A M2 A 5 ke el Zhsstel A AYE 5

o AR HAsp 7|94 ol Ao gase,
W S oleh whebd T4 A

21 DA AR e, DAL EE of3)
 DANERI 2 PIAS SHALE S, oo
4 A ATHEAAA, 2
Joll o) o3k w21 shofat

r_&
o
;:
rﬁ:

7HHA, 147]7]1/3,
AL s

ogfE AP S Bz AFEAS
A 37 FEFRL FoIA 2)7H%74]§;J
AL AR o] Aol frol7t

s3] olge B9
[e]

O A0 ekt

Note 1: ()| g2
Note 2: ** ** *2 220,01, 0.05, 0.10%
Note 3: X1,X2....,

EZ3P4(standardized regression weights)Z 2/0]
Z0IM folgS <ol

X8, Y1Y2,...,Y5= 2 EiHa(atent variable)2 EEH
‘4.2 X FHol of XMl AY=of Uct

+(observable variable)g LIEHLHT,

33 2. SR HLAE =¥



BAE A 219 Aol = v
3t 34 3 BAe] Bl 7] d ke A
& U AR A Y
A2l Aol 57423l 71018 s s Aol

& A7l ol FEAES A NEARY Fo4s gL

AR FHA LA BEE] AN of A A AT A
Gt 9J7jo] Sl FEHOR o FolA T 93-S o 4 STt
Fi UpeiRe) 580) ARs 9 BRG] 94 g A
A% st % o] el oz kel SjiAol of

ol 51 A7) uhio], A 49 2329l R ol $
o] olstofx]x] gk Hiio] ubigo] w31 sl thet ARzl 4t
T o] AEA) ghe HO) ANolet 2t B4 4
AYUE AN ol FE007 9l 245 s 5
S8 Eot el 7]80]1 gl ojRe
SIS F4 A A 1 Apolel s, B
W AEARES Ao 2A0] B4 A ) Aabed
sl ool BEA0) Aol AT e AR
oft mek=2l Bl ZAe] ZskE Aol

K o

:-_I‘

Ae &%

2

A5

e

o

[e)

O
o

rN
g
2,

FAABY SUL G A4 FAt] B FIA
ALARE B B e} BAFS IR AFH $EF
ol sto|sielole] A R4S Fotol £EaHGIT, 1 2t
£ w2 ofsfaARke] Skl FFARR ok, Uoprt 7
i B B BT 4 Gl B4 A BES AN
ah314} 319,

2 aTt F2 45 $EPA dsfolmeofehs St
of 7)9it BT FIAEL hPO AT TR AL
519 44 42 hgom o] ofFolzl He Frjr]¢e 9
o F0% mulo] @ 4 glosleln BYHT B Ao Bae
FEA ATAF 0] T ATALLY Aol )AL TS
sfofsht] 1 %2jo] Qiek, Shu ATUSIOL AT HEA

. _{J_:E]u_/,\_ . o]i—]/\]

of lof 2 7] gAel sick A, FA Aol Akl71¢19)
FEAE Age] Hold 71909 T AW ARA Fo
FUTAL AN e A, T el et s

22} B o] Butz o M) 4 ¢l oIk 0]0] HE} vl

=2 202 T M

u:g_&
e 32 ol—_]
r&:‘“

A ez 71T SRl WAE A
HAEAE B Foll FHi714] Hdo] ojwd
|21 =71l tigt A7 Fasieh, A ThES Q)5 A
o] Butaole A3 E&ate] 3RS thokslala,
I RSN 7]7] A, AHE7I o] el R el 4 9 A
217, A e] 93t B0 th27] izl 4k EoF
52 or 25 A=A a7t Al

N
)
g rlr
OH

i

o
o

)
iy
o
10

re T
i)

N
nfr

T
o ol
E:ll o,
— oz
jins

3

HZ‘J
r—{n

(11 Anderson, J. C., and D. W. Gerbing(1988),
“Structural Equation Modeling in practice : A
review and recommended two-step approach”,
Psychological Bulletin, Vol. 103(3), pp. 411-423,

[2] Bagozzi and Youjae Yi (1988),
Structural Equation Models”

On the Evaluation of

, Journal of the
Academy of Marketing Science, Vol. 16(1), pp. 74—
94,

[3] Basnet, C., Corner, J., Wisner, J.,
(2003),

Practices in New Zealand”,

and Tan, K.

“Benchmarking Supply Chain Management

Supply Chain
Management: An International Journal, Vol. 8(1),
pp. 57-64.

[4] Bates, K. A., and Hollingworth, D, G. (2004), “The
Impact of TQM Institutionalization on Transactions
Cost

Calculations in Customer—Supplier

Relationships”, Industrial and Corporate Change,
Vol. 13(3), pp. 477-503.
[5] Bennett, D., and O Kane, J. (2006),

Business Excellence Through Synchronous Supply

“Achieving

in the Automotive Sector”, Benchmarking: An

International Journal, Vol. 13(1/2), pp. 12-22.
[6] Burt, D. N., Dobler, D. W., and Starling, S. L.
(2003),

New York : McGraw—Hill.

World Class Supply Management, Tth ed.,



o=
27 9

i
of

[71 Dunn, S. C. and Young, R. R. (2004), “Supplier
Assistance Within Supplier Development
Initiatives”, Journal of Supply Chain Management,
Vol. 40(3), pp. 19-29.

[9] Gordon, S. (2005), “Seven Steps to Measure
Supplier Performance”
38(8), pp. 20-25.

[10] Hahn, Chan K, Charles A and Kim, Kee Young

(1990), “The Supplier Development Program, A

Quality Progress, Vol.

’

Conceptual Model”, Journal of Purchasing and
Material management, Vol. 26(2), pp. 2-7.

[11] Handfield, R. B., Krause, D. R., Scannell, T. V.,
and Monczka, R. M. (2000), “Avoid the Pitfalls in
Supplier Development”, Sloan Management
Review, Vol, 41(2), pp. 37—49.

[12] Harrigan, K. R. (1995), “Vertical Integration and
Corporate Strategy’, Academy of Management
Journal, Vol. 28(2), pp. 397-425.

[13] Hartley, Janet L and Gwen, E Johns (1997),
“Process oriented supplier Development; Building
the Capability for Change’, International Journal
of Purchasing and Materials Management, Vol.
33(3), pp. 24-29.

[14] Koh, S. C. L., Saad, S., and Arunachalam, S,
(2006), “Competing in the 21st Century Supply
Chain Through Supply Chain Management and
Enterprise Resource Planning Integration”,
International Journal of Physical Distribution and
Logistics Management, Vol. 36, pp. 455—465.

[15] Krause, Daniel R (1997), “Supplier Development :

Current Practice and Outcomes”, International

Journal of Purchasing and Material Management,
Vol. 339), pp. 12-19,

[17] Krause, Daniel R., and Scannell, T. V. (2002),
“Supplier Development Practices : Product — and —
Service — Based industry comparison”, Journal of
Supply Chain Management, Vol, 38(2), pp. 13-21.

[18] Kwon, 1.K., and Suh,T. (2004), “ Factors Affecting
the Level of Trust and Commitment in Supply

Chain Relations”, Journal of Supply Chain

’

Management, Vol. 40(2), pp. 4-14.
[19] Lee, C. C., and Yang, J. (2000), “Knowledge Value

AR A Fo 2 ARTF

A A RG] AR 97

Chain”, The Journal of Management Development,
Vol. 19(9), pp. 783~ 794,

[20] Leonard, S. (2003), “Leadership Development for
the Postindustrial, Post Modern Information Age”,
Consulting Psychology Journal, Vol. 55(1), pp. 3-
14,

[211 Lo, V. H. Y., and Yeung, A. (2006), “Managing
Quality Effectively in Supply Chain: A Preliminary
Study” ,
International Journal, Vol. 11(3), pp. 208-215.

[22] McHugh, M., Humphreys, P., & Mclvor, R. (2003),

Buyer—Supplier Relationships and Organizational

Supply Chain Management: An

Health, Journal of Supply Management, Vol 39(2),
pp. 15-25.

[23] Monczha, M Robert and Steven J. Trecha (1998),
“Cost Based Supplier Performance Evaluation”,
Journal of Purchasing and Material Management,
Vol. 24(1), pp. 2-12.

[24] Monczka, R., Trent, R., and Handfield, R. (2002),
Purchasing and supply chain Management, 2nd
ed., Stamford, CT: South—Western,

[25] Nelson, D., Moody, P. E., and Stegner, J. R,
(2005), “The 10 Procurement Pitfalls”, Supply
Chain Management Review, Vol, 9(3), pp. 38-45.

[26] Newman, R. G., and Rhee, K. A, (1990), “A Case
Study of NUMMI and Its Suppliers”, International
Journal of Purchasing and Material Management,
Vol. 6(4), pp. 15-20.

[27] Nunnally, J. C. (1978), “Psychometric Theory, 2nd
ed., New York : McGraw Hill.

[28] Paulraj, A., & Chen, I. J. (2007), “Strategic Buyer
— Supplier Relationships, Information
Technology and External Logistics Integration”,
Journal of Supply Chain Management, Vol. 43(3),
pp. 2-11,

[29] Petersen, K. J., Ragatz, G. L., and Monczka, R. M.
(2005), “An Examinatio of Collaborative Planning
Effectiveness and Supply Chain Performance”’,
Journal of Supply Chain Management, Vol. 41(2),
pp. 14-25.

[30] Phillip L Carter, Joseph R. Carter, Robert M.

Monczka, Thomas H. Slaight, Andrew J. Swan



[34] Shepherd, C.,

%

ofr
rid

(2000), “The Future of Purchasing and Supply : A
Ten—-Year Forecast”, Journal of Supply Chain
Management, Vol. 36(1), pp. 14-26.

[31] Retsperger, Wolf, Shirley Daniel, and Abdel El-

Shaieb (1990), “Quality is Free : A Comparative
Study of Attitudes in the US and Japan”, Journal
of Purchasing and Material Management, Vol,
26(2), pp. 8-12.

[32] Sako, M. (2004), “Supplier development at Honda,

Nissan and Toyota : Comparison Case Studies of
Organizational Capability Enhancement”,
Industrial and Corporate Change, Vol 13(2), pp.
281-308.

[33] Sanchez—Rodriguez, C., Hemsworth, D, and

Martinez—Lorente, A. (2005), “The Effect of
Supply Development Initiatives on Purchasing
performance : A Structural Model”, Supply Chain
Management, Vol. 10, pp. 289-301.

and Gunter, H. (2006),
“Measuring Supply Chain performance : Current
Research and Future Directions”, International
Journal of Productivity and Performance
Management, Vol. 55, pp. 242—-258.

[35] Swamidas, P. and W. T. Newell (1987),

st 7| A ARSI st
s A geere A

. Delphi Korea.Thermal Div,
Global Supply Management

FEAA A

T4 EoF 1 SCM, Lean Manufacturing

rp

o

TORER
“Manufacturing Strategy, Environmental
Uncertainty and Performance”, Management
Science, Vol. 33(4), pp. 509-524,
[36] Taj, S., and Berro, L. (2006), “Application of

Constrained Management and lean
Manufacturing in Developing Best Practices for
Productivity Improvement in Anauto—Assembly
Plant,” International Journal of Productivity and
Performance Management, Vol. 55(3/4), pp. 332—

345,

[37] Tracy, M., Lim T., and Vonderembse, M, A, (2005),

“The Impact of Supply-Chain Management
Capabilities on Business Performance”, Supply
Chain Management, Vol. 10(3/4), pp. 179-191,

[38] Wagner, S. M. (2006), “Supplier Development

Practices: An Exploratory study’, European
Journal of Marketing, Vol. 40, pp. 554—5T71.

[39] Zsidisin, G. A., Ellram, L. M. and Ogden, J. A.

(2003), “The Relationship Between Purchasing and
Supply Management s Perceived Value and
Participation in Strategic Supplier Cost

Management Activities”, Journal of Business

)

Logistics, Vol. 24(2), pp. 129-154,

Aleoista 7 gstat At
Yl (Australian National
University) 88718 AAt

AR g=rkelr)4 7] 2 7 (KISTEP)



Journal of the Korean Society of Supply Chain Management

Vol. 9, No. 2, pp.99 ~110, November 2009

Qe DA S-S T2 wEal 3
Aubil 5 An| 29 7174 9 B2 e A7 2A
F5e - o4
EEELEE EELE

Pricing and guaranteed delivery time to maximize the total profit for
the different types of delivery services with
consideration of lateness penalties '

Jung-Hyun Ham + Chul-Ung Lee*

Division of Information Management Engineering, Korea University

In this paper, we develop the profit maximization model for the different types of delivery services to select the

best price and guaranteed delivery time with consideration of lateness penalties. Customer demand is sensitive to the

price paid for service and guaranteed delivery time. Using a simple M/M/1 queuing model of a profit maximizing

firm, we show concavities of model about two prices and one guaranteed delivery time respectively. According to the

proposed algorithm using the concavities, we find out the optimized prices and delivery time. Through numerical

examples, we examine the pricing and guaranteed delivery time for delivery services when the market is sensitive to

price or guaranteed time.

Keywords: Delivery time strategy, price- and delivery-time-sensitive demand, guaranteed delivery time
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AHFORH F ] AAIHQ 2y

oflt mlo mlo
oo 12
off A ok

>

(lateness penalty cost)&

dEC i

7 o] (Problem Setting) & 7] 9|
g

=4
24
+9 &

& AFolMe 7HAa B HiSAR ] wet a7} Wets)
AE|2 7] 9] pof o] disf Attt S st e
A2 A2 vl AR 7hA o] whet At SARE A & AATS
oy, 2242 7o) FrRhE, F& o] % whE AR Wi &4
o] &=} =715 vighe 23} uSA|ko] =HEke W2 71
off Fuif ek o= = URFA QL HiS MUl AE o8k A2 b
Folxlnt, AH|A 7oA 27 A 8.8 F53] 4
A, HilE Akl AR ThE F e AR, o] 5 Ut
& HH|AS QL= HAE dAI 7R A A

Atk o3t AJRllA, 7192 2d o= 471 flal 1) #hE wi

ke

L
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% Aok Qi i Aulao] ofet 7143} 2) we Az
H4S 2ok 2ol tsh B 5 gl wEAIZES A%
a7 ek, wheba] £ AN Zzpe] Aule Yt 7HAu
vjA 7k W15 RO viA|7HS AA S md L Afdst
O]E B s

£ M g AHIAR DAY 508 S5, 12
A 747494 A m_oﬂ ofet 7HA B Al e 3RS

i R e BN LR

HH%°1] wet p, 2} p,9) AR T2 7T 3
R7F EAYsk | BAE HiSAIRE Wl =7
| EARS) A2 wlgolu, A%

ri

=
)
3

"3kl 27HA] Hilg AE|AE 7R

AL 2T, HE i 40125 O aS A A
She AlAELE 27 MM/IN AR e, 12)3 e 37
2 71yt

1) whE wjE e e} At v Mu| A A2jshe AlAH Y
29 W2] §HO 27t 4T} 2 TAHT, 25 3] o
g 2Ale shA] ghett

) WhE vl Au|Aoh dub g Au|Aof 8 =2 3}

A= Zh MBS0 71 3t p,, B WS AIRERL L3t L,

of tig A% #a ok EAHW 871 00] He B¢
= §ith

) ZYZ¥e] AHAE AT uf,
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Hi4 Au|A9] gl=eke] [ 1

-3
=

¥ e rr R

AE g 7

8) FEA gl = AP E(first—in, first—out)= ©]F0] AT},
3.2 7] % (Notation)

3 Ao TR S Bl e
chea} e 7| 5:50] Mg

B2 AABH Sk

vg T WHE Hl |20k Ol Hig AH| 20 A T
epyt 710 o] WhE wjg Au 0] 71 (),
cpat 7190 The) Ak s Al 20 A1 (Z )
CLytWRE B A 20) A RS AITHE ),
eLy: AN A0 A A,

WRE s Ao 20) Tl ),

ey bl Al 20 I Al
PRy B2 o AHI20] BAE ulg12E o] Aol <)
EER] = 79 WAEE oo 2| BA HlE
ARE g Aul o] B wiE7] 7k ool Aol 9

om:

‘R,

S5 O A9, WA B9l e BA g,
i ANAS) 22 A 8%
Ly QU M| 20] 28 He) gk

3.3 23 (Demand Function)
B oALo A 1AL A7} 7o) kel AlE) AR
& ANBL] gl 149 =85 WAL A 7b) 71 o) g

Shel 7HATE BAE HjEA| 7k
oItk Pgelgon], S5 o), ut

o
e A3} dut v AH|AE Pk 17

S2 EAY, ol 40
A

off wpet 2tz = a5kt A= oo digt 24 oh3}
Edy
A.p. L, L)=a-bp -1 +4(p,—p)+b(L-L) 6))
AB:poL,L)=a-bp 8L +b(n—p)+b(L-L) ©

*by, by, bs, bs: Z1Z0] Afu| 2o ik 7hAT} A HiAl
Lol w2 o] HMokE, By, by, bs, b 0)
*by, by 713 W] W HilST AR v Au|ao] ThA
HAE wSAIZEE gt pa gk of Hoke,
(bs, by 0)

29] 0.5 AT, WE 5 s
A17bo Thet 4 B byt b vl AfulA T70] WA



>
2
=
ofr
e
ox
=
ofo
o
=

o ok 4 e bk o 2 ke kb, by, A@)2)

FRTSE FE |3, U Hlg AHAS HeE 022 0 S

EHIIC A4k g M4 AT DAL ME vl Au

£ a78H LA HESES T, vk j Au]20) 7o

O R TR b B2 W AuAY Jhe] BRE 40
=

71 Wzl by, by, by, by, bs, bg B
& AE| o) A Hjg Afu] A0 7}744 Hil5-A1 7k EHEP Sk
= Uehdlith, Z1219) AH|2AE Afolol= 7HA R} wjA Rt whef
FRodo] WA p,— py < 0% 9= WE HiE AH|29
712o] Uuk vijE AB| 28 7HA KL 7] o] W Hi AfH]
Lo A duk HiEAu AR R0l Uehlu| 712 Afoldf
o 8 @A hoR FHSHL Fo P& A=t

- L) 0% A= w2 v Au|29] HjdA|7to] Uut vljS
Au|20f vGAIZEE T T 2)7] uizof duk sjAn| 2ol A wh
2 g AH| 220 00 HE UrEh by iEAIZEY He]
of Q15 482 BrejAolm), o] ghe Zhtt

a0l ATh BAT AT e SR8kl by b2
242k Au| 20 5 90]) Thak 7h2 3t HiSAI7Ee) EhRAl b, byok
by, bRk B T FRITL (b)bs, bobs, bby, boby) o121%
Ve AT A7) AR - 03E AT 1, 2 A
2:0] 207} 1A} jEAREE] Xl 2 Qlat 4R 0] Hmet 7} A)
E0| 7147} ARk B UAStHE A Yehis Ao 4
AR AT G u), T2 AL F4E W aiEAIZ] T
2 &2 Au| A9 87} A gEils AR WAIs] fdol
t}, o] Hadar®} Hillinger (1969)2] &1 olej= o 7z}
=l i AR =T,

E3E 744 Hlao]| whE =2kl byol ubAIRE HlLe] wt
& 72 TR b 2 B0s/b, ) by/by, bs/bs) by/be)=
TR o|Ho] 710 YafjA FZojnz FHAof v
Z ofst | 2L WFeR O] 790 /by by/by, by/bs { bylbe)= HIEA]
Thol wIzek Aoz olgitt. ofdet 7Hd-SJayaswal(2009),
Boyaci®} Ray (2003)2] Aol 4] AR&-E| 91k,

Y op>

lo

117451 A|ARo.

o 4

3.4 Au|& 7|49

e ke 53 dubilg A2 14 0 s A7 24 103

3.4.1 AlF o] mE o]¢

WE T Qe v AulAL 212 p, p,o] R B
oo, 2 AL 91 S m, o DA S, o
214 719) ofo1 74 A1) Atol A8 A 4
2 oj= t o] A3 AWz @,
(B =M A (B, Pyl ) ®
(s =M a(py Py o ) "

3.4.2 A1 itlE B/gH]-8-(lateness penalty)
Algol B wiFAzbET = vigo] B e, 170
gro] WS o] 5 ﬂﬂﬁm 91et H-go] HAsHA Ht, o
W, oA 23 AlES I B AR 5 9l
& WA, i Aol oA A AR =
olof i Fltt, ofof whet HAYE H7| nlE Zof| sl w
A2 RO Al HAH]Go] Aut v AH] A
Aufld BAH| Qo] WA T AR sl
2219 Mu|A7F M/M/IA 28RS TrEchal 7Pgstgloeng,
o] et =8 =22 A(py, po, Ly, LB 2(py, po, Ly,
L7} €k, 4=20] et W ulid, Auk v Au| 0] Hat A
&2 19} py7t "ok, B8 1249] 7)ok Al7Hwaiting time)
S ApRES gE7] g, AL B 1A Al wE
AP, pys Ly, Ly)
= A(pnpy L)
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o U J_
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]
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-

rlm Ho rlrx U

H

o]-}

3°
lo
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_1\1

Hi AfH] A o, Gut v AfH A

APuPulinly) o) warg w4z AZo
o, PRSATWNA) ok, B wiEARE el AlFol
Ol E|7] S BHEO uu}e Wl AH] 201 0 p-(u-AL o]

( sy~ Ay Lzoll:]— :I_E']DE Hﬂ}é HHZJO\— /\‘1
H| 29} Aut ufj: ’\1‘11’\—4 A| Al E ]GO gt Al tha

Bk v Aol 2] 7

T Zrom Al(5)7} W vl A A0 A S HAH RS 4]
(6)0] YHF HiE AH|A0] A Auljd HAH]|E-S T
Rlxﬂ'l(p]’pZ‘Ll’Lz)xe*(ﬁ*&JL. ®)
= 4(ps Py Ly, Ly)
sz’]q(Pan’Lan)xe-rm—z,uq ©

=4 (P pya Ly L)

3.437149 & <9 I

x{;‘q] o]olg 71-7qu /\13]/\ é'] 5k
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5, olof ufe} W2 v Au|2} Au)
L7199 % 50 Gk oha
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Maximize #n(p,,p,,L)
=[p -m)A(p, Py, Ly, Ly)
_RxA(p,pis Ly L) R NI
=4(p» Py L L)
+[P2 _mzlaa(pnpz:LpLg)
XA (P Py by ) st @
= A4(p oL, L)
Subject to
> 4(pLpy L, L), 1> A4 (g, Ly, L) ®
L<L,p>p, ©)
p >0,p,>0,4(p,p,, L, L) >0,
A(pys Py Ly Ly) > 0,L, > 0,L, >0 (10)

A1(8)& M/M/1 th7) %8 (queueing modeD)?] YA $3
AloFAlolH | AoFA Q)= W iE Au|A0 714
A2 ZhA R Am ) HAE WA ARt ulE AH]A
HAE wfjSAED A Ae #2102 7 s
o] Ok_,] %ku]—o 7L‘— ]ok/\lo]r;]- i 9l 6;]— A
e vl AH| 20 7FAQ] py ot ARE Hi AfE| A9
RS vl AJu] A 0] HALE HijEA }‘?l Lo|Bg whE vl An
29] =201 A1), LRE HljE Au]
of thste] A2zt

F oldS Adislshe py, p, LY @2 o= 24 24
(optimality condition)& THET},
A2 1 L9 ghol Foi RS uf,

gﬂz‘sv\o]u}

Z o]9 4= p, I p,oll tist

9. SRl Al pat p,9] sllXet FE(Hessian
matrix}& T3, EHAE p,, p, 2t ths) 23} ]
& & L a T,
B3 7ol oRTE &1 —
%I ] q— < 1=, ap‘z apz 6p|6p1
ol @ B34lo] Y,
p1, POl digt Aok S (Hessian matrix)< tha-1) 2t}
#r or
H Hp
H=|
r 3
an A
e&me e—t,(m}wy e—ﬁ(ﬂgw e.g‘mw
B g B
—| ZbJI -C.u)w%eﬂ(hw 2E enhu){iﬁz e—l(.s')};‘,:EzY
Z=24+24"+ 244'L 4 247L, + A4 12)
Y =2B+2B"+2BB'L, + 2B"L, + BB"L (13)

o] d¢
= (b +b,) 14)
= (b, +b,) 15)
A=a-bp -bL +b(p,-p)+b(L, - L) 16)
B=a-b,p, —b,L, +b,(p, )

A'=py—(a-bp -bL +b(p,-p)+b(L, - L))
B =, ~(a-bp, —bL, +b(p, - p,) +b,(L, - L))

(
(
(
-p)+b (L -L,) a
(
(
A,B,D,E,A",B"\Z,Y >0 (

}raz

4] (9)¢] FAISt 3 Ee"]*i, 44%p1ﬂpi7‘7P2z}ﬂlt'

2 ~14(4) 2 -L(8) 2
% op_& AIS,D Z e szbl}’ 1)
1
2 ~L{A) p g2 -1 (B) 2
_gp_fzr=_ € Af,b,Z_e B{-}EY (99)
2
3, 54 (concavity)e FH8H7 WA=
2
DRTE et %A e g
1 12
P&z _ Fr ;
=4DE-B)
X3 [éhébz] B
2e" )R DZ(DE-B)
Arj
2R EY(DE-B))
: -
~(LA+L,E) DE — 242
L AR ©23)

4930 A Aet =2 bs) by, by by 0|22 E)Y D) by}

gu}, a3 22 (DE-b7) ) 0 o] "}, o]& EZdA
a’:za’n-_ o'r ol7] wWiEol . o] 7Fo] ZojAL
N ap,apzl >0 °]7] "ol L, & gho] oA

o}, & 0]9] §<= py, p,ol Higt 228k (concave function)©]

o,

A 2. pi, p8 ol FolRE W, F ol B Lol it

Q& 3+=(concave function)©]th,

8. S22 (Dol heljA] L 2.2 22} wlahd ohaat g,

&r_ e MIRAN2C+ACL + A4

aLll A:J
~1y(4") 2 -1,(B') 2
e Aﬁ,C Z e szbj ©4)
C=(b,+b5,)>0 (25)

A 002 BN BAAS 1, 93} w8 glo] oxrt 2o
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, & ol Lol st 2E&4(concave function) Y&

JOIDt concavitys -o}A

o
I
i
il
=,
oN
flo rsL'
Im )l.n
"‘ .
o,

1

B2 2 l|(local optima)S L%
7] HOIW Kaspi®t Rosenblatt(1991)%
B3 AlrrE R A7) ¢ ﬂﬂZ—J "]XW
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Moo
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T
Mo
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il
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olN
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oft
ol
=
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10
a2

g0l @ ZX(concavity)
$2 olg tog ‘%—‘T‘Cﬂ 7# 740 skekgke vk
A|ZE o2 A ste] HEZA 5 (local
o] & Hlwa}o] LAREA OH(near optimal solution)& A ei5}
Zolet, olefgh Whe YuefEe 7] o] H-8(2007),
Moon} Cha(2008) &+ 5ol AHE-= KTt
2 Aol A= Rand ¥LE]EE 7dsto] BAE wiSA7RS]
At sieks Fetal, S Wrol A TWRE SiE B
AP S st olF Ff AR p, I} py, L LY

N o

12

optima)

l‘lF BRI o

Modified RAND algorithm
Step 1. L, 2] A3t gkt 5]’@%}:(111(;111“): 0, Limin= L)< Axt
Slal, Step 2& @ol4

Step 2. [Liminy, Limin} & 553 T AR AL 9
s A4, 4 #9 HaHS LR AA Ly,
Ly, Ly)j=0 02 A% 3 Step 3 22 Joi7t,
Step 3. j=j+l, r=0, p,(nN=p,(nN=0, Ly(r)=L,;= 7. Step 4
2 Joj7h
Step 4. r=r+1 2.2 4A3}1 Step b= HAZ,

Step 5. 1A Ly(r—1)oll thaliAl, B2l 12 ARS8t p, p, &

8L, p,(r)=p,, p,(r)=p,= AR, p,(r-1)°]1L

py(N=p,(r=D)°|H Step 7, °FIH Step 622 Ho|

it

A7 p\(r), py(r)ell talAl Fe] 25 oldsto] L

AARSEAL, Li(r) = L o2 /47, Step 42 dolt,

Step 7. pj;=p,(r), py=p,(1), Ly=Li(r-DE 24, py;, pz,-, Ly
of thaliAl, 5=¢] PV AAISEIL PV;= PVE AH, j=n
o] Step 8, OFU™ Step 3 2.2 o5

Step 8. PVigolAl 7H & 4 2= j& A9k, py, py,
LyE 9AEA™S py, p,, LiE 2%, Step 92

Step 6.

3.5 A A

RAND ¥Hs &a12|5E& 38l p,, p,, Li7F %A A% =X
Hol7] st th3o] 4=2] A F&3%t. o] AA o] thgt
o 7 4= (parameter) g2 th2] (DI} 2},

E 1. #X|ol|xlofl cigt Hag

g 2t i 2t
m; 5 bs 0.7
m. 3 L, 1

a 10 R 12
b 0.5 R, 8

b, 0.9 4 14
bs 0.2 Hy 10
b 0.4 n 2

bs 0.7

FSL'

9]9] vj7H4(parameter) 3t o8] &
a3, Z47re] Aol tistel dofX p,, py, Ly &k
29 2k,

YreAEE 7Y

al
it 5 oloje ¢

5]
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2. Rod Zatgt

ANZE =0 AZE = 0.5
' L o b, L b b,
1 0.147731 12.666630 8.548885 0.202502 11.487487 8.556979
2 0.176369 12.028230 8.550781 0.182659 11.894171 8.551662
3 0.179852 11.953700 8.551234 0.180558 11938689 8.551336
4 0.180245 11945331 8.551291 0.180324 11943653 8.551302
5 0.180289 11944395 8.551297 0.180299 11944208 8.551299
6 0.180294 11.944291 8.551298 0.180297 11.944270 8.551299
7 0.180295 11944278 8.551298 0.180296 11944275 8.551298
8 11944278 8.551298 0.180295 11944278 8.551298
9 11944278 8.551298
& ol9 44137071 % ol9 44.137071
= 0,180295, p* = 11.944278, p* = 11944278,
% 0]9] = 44137071
4. £ Ad A2 =0 5 A2t Aol
AR YT o181l B3R AL, p, L) iailintatet
e . . HHSAIZHO] 7Ho]
oA Wstsl=A] &elstr] Al thao A Adls HAlst oI2t5t AJRH oIZrst AR
Ak, FAAAA AHEH WS parameter)sc D 11944277 11482031
Jayaswal(2009) 37 mj7j ¥4 (parameter)s P 8.551297 8.872543
Astglon QHL H ol510] 7pgo| uH| 4 4—5}oﬂu} 7 /\-]H] L. 0.180295 0.178697
20| AU L ;=5 m,=30.8 sk Au]A0] HALE wjEA] W2 HE AH| A =9 4,258985 3.514882
7He =12 AAsIE L9 F7HERe n=900 & HA3}% .0 Ay ullg AH A 28 3.968754 4.507343
], 2 Afl20) M2l §L Jayaswal2000 A7 2R A Chd LI 55049
gl &&e Fastol, $a9 AR webA u=14,
1,=10@=10), 1,=24, 11,=20 (@=20)°.2 #-§-3}3ic}, L A] uf A A HlolHE AT At wWE vl An| 0] 7}
TN 4(parameter) Fh2 th9] (E3)ell Hlatqict, 7—*.( P A 7H o HIRRE ARG HjA ko] w1t

H 3. AEof cHet o gt

Ha gel o

a 2 10, 20}

b, 5 0.48, 0.5, 0.52, 0.52, 0,561

b, 5 0.84, 0.87, 0.9, 0.93, 0,96}
b,/ b, 2 0.2/0.4, 0.4/0.2)

b, 5 0.67, 0.7, 0.73, 0.76, 0.79}

by 5 0.66, 0.68, 0.7, 0,72, 0,74}
R/R, 5 16/4, 12/8, 18/12, 24/20, 36/24)

& b T2 A3t F w7y W4 ghol a=10, b,=0.5,
b,=0.9, bs=0.7, bs=0.7, R,=12, R,=82] 70| wvjA|7lo] 1l
At AH/=0.2/0.4)2F 7HA ol T17st AR (03/b,=0.4/0.2)9

dish 7l arelEE Agste] 42 F olftp, py, L R 4

A4

P Aol A &

¥ 92 T,

old} o

5 o297 p,)

I} 220 A7kl Wz AR 7ol Wzt ARl A]
o F2 P2 7S SIS 4 Uk shAle R ull AH] A9

w7 F%}%Q‘IL L2 %

o] 3 F 2570 E FEdto] HAs

Ao A= ) -0.981, 24 -0,902¢9] &2
I lom wijEAtel wizkst Aol -
-0.9219] 9] AHTAE 7HA 1 Qlch, ATE 5

249 ST 424
[e]

; oS Au] 0] BAE uilEAl
} e = 7M. o
174 ofef wigt p, 9

=] [e]
s

A

[‘

APApolA olefat ZgAo] LR

7FAshH,

7] 7
selal7) 9l

B3E S48k,
Al3tglet, (3#3)9]
4 0.025%-€ 2t 0.8657}4]
Folch #4483 7H4o) vizket

RS A

2 -0.986, H4

3] BAE uj
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B A 7HA o] AFTAIE ZRlsh] %OHH ﬂﬂ
Aof| thgk 7T H5-2 S Ao AARIARE B A]oA] Hlo]
B2} A3 RAE 2 Fleln
12250 T
ugu} 12,000 1
i
IS
7y 117507
H|
A
o 11,500
11.250
0.000 0.000 0.400 0.600 0.800

HEEHE Afu|A0] HFE HEAIZH

a3 1. iAol 2izst ALY

18 DI} (1Y DL a=10, b,=0.5, b,=0.9, bs=0.7.
b=0.7. R,=6, R,=4%] T /|52 o] 831 Al 7bo]] w173t A]
A3 710 Qe A4 APl W2 vl Aful 2] 714
o A A7) el B ERA AT ke F4

ZRFE A ¢+ 0

]
11.600
it 3
€ 11400
|
s
A M
w) 112007 2
o
11.000
10.800 4
0.000 0.200 0.400 0,600 0.800
2SS MH|AQ] BEE HHEAIZH
a8 2. 7ol 212t AlE
ERE, 2 Wi by, by, bs, b6 SVt WHE W E A
dAJste], 7t A R Fdolols d& ¢ O‘Lpl,pz, L,°] o]
A Wsleh=AIE wAEEem, 1o gt Aube (&5 A
2latgint, o] BAoli= (E®3)9] oh7juis gho] AMgsiolon], A
A

w2l el 2 ﬂ [EE9] dudAE A 24= &
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5. Z W0l S710 WE L, P, P,o| Hst
Hi&AlZol 2izet AlE 7Hofl 2l AlE
L1 P1 Pg Ll Pl PZ
b AR < Eo B4 £ = A B E B
b, EEST I I R - < o B < S ¢
b Fag Fag AN 27} AN FaES
bs R R
W2 S AR A0 ZHA p )T WIS AIZHL )2 ] B

SIS s B ke P I A o R Bk LEF AAollA L3t
p7tEA st Aol ARk Au|A9f 8.0 Higt 7H4 g

A b7k Z7V5He 790 HASI T, A3 BAE wiEA7ke) o
207 Hrh 2o HAS DA e 4 QA A A
k2 Aul29] 7o) oA 7HA o] Wefal 4= ek AL
oF 4= 9l

5. 4% g 34

F3) etk AN BL 7|ASL AT A}
S B83te] 7|9 AAEY axg B45T ek, w4 A
2Z gk A7 uet 7HA S ASHA A Bakels nao) e
ke 7]YEBe B AHAe] £ o M2 s AXH A
H|AS WEo] Wink B3, S5A, ARAAD A, w4 wje
78 &4 WA S0} Au|AE o] 83k 1AL 7]olA]
B A7 7}74% =3, Fjolars AAs e g,

o A2|sh o] 23t A& 7] 99

SYAE dLefsto], 7HA T wSAI] WIgkE 8.9k 2|
HAES e 74 B wiSARE ARl s st
Ak, SAke o] gl whel whe wijSa} Uk HiS] 2714]
i AE|AE AAJSIAL ot 2 AE|lAs MM/ O7] 28E
2T 78Rl ol E3, 7199 olelE HdigtA7]E 7t
Ap,, p)Tt BAE HSAML, )& Foke Ly A e
£ 24sp] 9 daelES skl A dds FiA,
AR e s o] Mol weh 71919 o]l HTighA|
71 7HA 3 2R uSAIzke] ol & Helegint, o & 3 B
A HjEATo] BEEeE o B2 7S Te = QA 1
2 A Rl uebA, BE HiE AHlAY THAE SEle
Aol 2|2o] obd = Q52 SIS whebA A T
3| HiSAIZt] wet 7hAE AAshe Aol okt Z42re) Al A
ol S RS sHsfoF shv, & =9 A3} 229 4H
& THsked 262 ¢ 9le Ao |diEn



108 3z .

5 QoA 7]91e] FRA) %
ok FEAD G RIS
A% 4 A, o] AL 2 a A2 o o
Aol Rk Mg Bt ol that Hlg-S
stol BAIZ Bgeta, o] tht HH

n P
A gsie, ek ole] et 27} A7k B,

(1] &R, 9AA(2003), LB $H4 of A4 H7|2hoF
A28 A S=SCMERE] A, A3, AlLE, pp. 1~6.
A5(2002), =W Qe Hleg=2] /9
Qo] A|3AF EFEw GA ARl mA= Gkl
et A, TSCMER] A, AH2d, AlLE, pp. 9~20.
(3] 8714, o18-&(2007), AAAE SN FA7HE AR S
3 ARE FLSOMEFBIA), ATH, A2E, pp. 22~34.
[4] Stalk, G, Hout, T.M.(1990),

time: How time—based competition is reshaping

Competing against

global markets. NewYork: The Free Press

[5] So, K. C., Song, J. S. (1998), Price, delivery time
guarantees and capacity selection, European
Journal of Operational Research, Vol 111(1), pp.28-
49,

[6] Goolsbee A. (2000). In a World without Borders:
The Impact of Taxes on Internet Commerce, The
Quarterly Journal of Economics, Vol.115(2),
pp.561~576

[7] Lynch J. G and Ariely D. (1998), Interactive Home
Shopping: Effects of Search Cost for Price and
Quality Information On Consumer Price Sensitivity,
Satisfaction With Merchandise and Retension,
Marketing Science and the Internet, INFORMS
Collegeon Marketing Mini—conference. Combridge,
MA. pp.6~8

[8] Hill A, and Khosla I, (1992), Models for optimal lead
time reduction. Production and Operation
Management, Vol.1(2), pp.185~197.

[9] Palaka K., Erlebacher S., and Kropp D. H.(1998),
Lead—time setting, capacity utilization, and pricing

decisions under lead—time dependent demand. IIE

transactions, Vol.30(2), pp.151~163.

[10] Ray S. and Jewkes E. M. (2004), Customer lead
time management when both demand and price
are lead time sensitive, Furopean Journal of
Operational Research, Vol.153(3), pp.769~1781.

[11] Webster S. (2002), Dynamic pricing and lead—time
policies for make-to—order systems, Decision
Sciences, Vol.33(4), pp.579~599.

[12] Boyaci T. and Ray S. (2003),

differentiation and capacity selection cost

Product

interaction in time and price sensitive markets,

Manufacturing and Service
Management, Vol.5(1), pp. 18~36.

[13] Boyaci T. and Ray S. (2006), The impact of

capacity costs on product differentiation in

Operations

delivery time, delivery reliability and price,
Production and Operations Management,
Vol.15(2),pp.179~197.

[14] Pekgun P., Griffin P, M., Keskinocak P.(2006),
Centralized vs. decentralized competition for price
and lead—time sensitive demand, Working paper,
School of Systems and Industrial Engineering,
Georgia Institute of Technology

[15] Jayaswal S. (2009), Product differentiation and
operations strategy for price and time sensitive
markets, Ph D thesis, Management Sciences, the
University of Waterloo

[16] Hadar J., Hillinger C. (1969),
Competition with Unknown Demand, The review
of economic studies, Vol.36(4), pp.519~525.

[17] Kaspi M, Rosenblatt M, (1991), On the economic

ordering quantity for jointly replenished items.

Imperfect

International Journal of Production Research
Vol29, pp 107~114,
[18] Moon, I.K., Cha, B.C. (2006),

replenishment problem with resource restriction,

The joint

)

FEuropean Journal of Operational Research,
Vol.173(1), pp.190~198.



i3

Aldu g BAN G- T w2t Qb g Mul ] 44 Bl ke ez 2 109

238 E-E
i TP RS ek e B DA AEoieha At Estat st
A st A2 ggst A&k Ak gatat AAL
et Aty Pennsylvania state Univ. AF%}3-81EA}
Tl ok | /ae g EF, SCM, University of waterloo BHARE 113
kR

7Y - mE sty AR A QL wa

T /e W ET,
ERAILE AA 9 Ao,
e—Marketplace






Journal of the Korean Society of Supply Chain Management
Vol. 9, No. 2, pp.111 ~122, November 2009

AFaAA N B2 $2viet S5 )
A4 Hg AT

An optimal design of postal code system
through the benchmarking of advanced countries '

Joon-Mook Lim'* - Eun-Jeong Hwang" - Chun-Nam Cha™ - Seong-Jun Lee™

Dept. of Industrial and Management Engineering, Hanbat National University”
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A new address system based on road name(Road Name Address) has been introduced since April, 2007. By the
Enforcement Ordinance(2007) we should use only Road Name Address nationwide from 2012. If Road Name
Address system is introduced with keeping current address system based on lot number and current postal code
system, many problems such as the followings are anticipated. Those problems include confusion of sorting process
by duplex address notation, unavoidable route division by deliver area boundary, improperly matching problem
between address and postal code. Hereafter inefficiency and turmoil are expected in collection and delivery work of
postal letter. Therefore the change of Postal Code System and renumbering of Postal Code are required to increase
the efficiency of postal work.

In this paper, we analyzed the effect of delivery area and postal code by introducing road name address system,
and suggested improvement directions through the benchmarking of advanced countries. Considering those
directions we proposed four new alternatives for postal code system and evaluated these. The suggested new postal
code systems are expected to be utilized effective under the road name address system.

Keywords: Postal Code System, Road Name Address System
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A Study on Inventory Ordering Decision Making in Demand
Turbulence: Based on the bounded rationality assumption

Tae Hyun Kim* + Won So Kim*" + Seong Am Moon** + Se Hoon Park™**

School of Business, Yonsei University *

National Defense Management College Korea National Defense University**

Extant studies on inventory decision making with rational-men assumption have focused on finding an optimal
order quantity. However, in most social science fields, bounded rationality assumption has recently been emerging as
more realistic assumption. Based on this research trend, some inventory studies turned their interest toward inventory
ordering behavior with bounded rationality assumption. This research also gears its foundation to that assumption,
and takes inventory ordering behavior in a sudden demand change situation. If inventory manager is rational, he or
she will show the same amount of response to the same quantity change only with opposite change direction. This
study, however, set hypothesis of asymmetric ordering contrary to that of classical economic assumption. The
authors believe that this research will contribute to extend the understanding of the current inventory studies with the
expectation of improving practical ordering performance.

Keywords: bounded rationality, inventory ordering decision, newsvendor model
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TEoR FHEY] otk Higo] thREHA QY] e
Ao zgk stz k= A T4 (bounded
rationality) o tigt F3o] Z718FHcHSimon, 1957). At
Z‘)‘Lﬂ/ﬂ o H:]Q]-o]-“ ﬂ?ﬂ 01]/\1 ‘_Zl-_,] Z‘]El_;(ﬁﬂ] “Eﬂ U] Z—]_l—ll_ _Tl]—
Ho| A= oldf FHHow gareA He S84
(uncertainty) o =A% HKahneman®t Tversky, 1979). #l
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T4 R E AL AU 4 gL, 53] S e = RE
o7|H AR (risk) ol A= AFFEe] 24 oS3t thEA
RSt M Adedor HolHA Y57 AlgH(behavioral
economics) HOFE WASIGT 0|9t FURE ARAVTlA A
ke AEE AR el 7P o AT AR S
= AstaAt k=gst7] AASItHLoch e Wu, 2007).
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Aoz H{skal gl Aejehd, s Aea] 540 <l
],

HFErd=s A%t 5 At 71 A ol dhelf
AE 2o gk, g AlgtE el 2 olo 7Rk & e
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AE2 ARt el stellAf ojele %fﬂﬂ Al = Qe A
S SR, AEAEE Wl wpeh 2 AL Hskeke A

AR e TS ez 125

238 Lurie®t Swaminathan(2008)9] ¢1-, & WSt H2
H-8-& Halel= A a3tE 4539 Cantoret Katok(2008)
9 04—? olg] 7|49 FES dBH 07 ks WAl Aty
< A%3t Bolton} Katok(2008)9] A, Ajardte] ws-9] At
7t %‘T;L/\]—— THE L e}0] OALaE o] whet gepiiths Wust
Katok(2006)2] %17 Eo] iz 4o]c}.

au ol ATE2 AR FEAEC| EHcRE B
ol 5ol TS FoltaL, el thet A QleEe] Afol & vt
I3l oottt A|she stelA 714 sl AAEA YJAHEARS
Aske s AeHbehavioral economlcs’ o o3l fat
‘14 (perception) Z ‘P5-(behavior) ] AZFo] weh A= A]

b 4 QS S GAPAR Glof e Fa% ARA
.2 7153t Tomono, 2006), A H a3t Rofol A= 7 o

AR 94%4 of ehat Q4] B 5ol Aol 2 GFS 7

=2 T

=72 51 QIthWeber £, 2002), SHA|TH Algte gHe]A 7}
A9 8 Q] AFE2 A =29 Aol theto] F1
UA Gitt, ol £ d4= AFE 1 AtEF o] Hashy

o& F3l FEAEl tigt oJslE = W

ek kst

2.3 709 529 918 A4 45

AR ojabd Aol e A QIZF 7S ARgEk, Ak
el 7l vhgE 9 Y 92 AEA Y ufe- &
a3k 948 et ojuf ol tigh AA| Zefrkesdel 9l
ol 3t W5(risk behavior) 7IE-S AAAHAZ} AAIA Al
eof sl 7|thst= 744 9] HEE vt ErkWeber 9,
2002; Kahneman® Tversky, 1979). " Y& F(risk
taking) AU ‘Y-S 3]9(risk averse) 3= 2 BF AAZ
Ago] 7H4E 7HA]of] thet 7|h 7wt = Ao s B Aol

Ao et Fe LA FA MU EORE ThFEo] oLt
(MacCrimmon®} Wehrung, 1990), $22lojgte 93 o
k29 Yol et e = (attitude) oF, ElE7} oF75k= ]

Aol A ¢hrhe ASANIE ol Uth(Weber®}
Milliman, 1997; Schoemaker, 1990), wehA] Z29] HA1E ¢
39’ Jd(domain) = Yrol(dl: B4 ¥, =8k Yo, A%
98, A]—g] = 13 of7} 913 5) ApE g o 251w Qu},
o Sarin®t Weber(1993)2 ‘Y& -2 E(risk-return
framework) ¥olAl 1R et &2 el et 24
(perceived risk) T T-E%|0] o= 1 glr,} 93 -Rtt Eof u}
= ofdo] thet 352 el tet Bre(Ee A)olA
=], Hdel tiet e YR AeRiE dojxe " ad
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(benefit) 7} L 10| Arpt A3 Fr=QlAlof gt ¢14] ¢
A2 o AR KSarind}t Weber 2], 1993). 18] st 914o]
Argatet th2 3 (Bontempo 55 1997; Slovic, 1997), 2+ A8
g =P ‘:}okﬂ T S A2 Aol gt 33%5 gz o

A-S0llA A
Iy e Ee
£ ole S FwEol Bat TS A 5'101‘47*] Fohe Wt
%/ (mean—centering) @40l H(Schweitzer?t Cachon,
2000), * #|L9] WHAIAERS o] 31#sH= B (recency effect)
o]WHBostian 5, 2008), 2718 24|’ 12ZHanchoring) 51%
@/(Sterman, 1989) 5 Ak el stollA BG4
Oﬂ EHX% Sh= 2ol A E‘ﬂ giolct, =2 o] Eﬁ“'ﬁ}‘:}—
o] ek Y] EAeke Aol webd FEA
—rﬁﬂﬁ demand risk) ol gt ¢14] 2 PFo] FZ ol Bt
dﬂ‘”"/h—%# 31‘:} e A7 €] 04-TL01]A1 7Hle] 7HA]
Al 4l sio] = z]o] ¢ LHET A _Xr_f,'_ﬁg%
AT ol A9 FH Aol H1d 24
73 off T8k 7HQ1e] A @ aHrhs Zﬂ?l
= 7HeE A a5 AlE vH,

o1 0, 2719 1439, A0k Dol 298 19

202 BLE ofo] 2 AT 384 Aelo] Hoz ng
3 91l e 1413 5] FEFT 1A G thh &
Fa712 g,
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Exl
A=)

5|
5
e

AoA A EE o EHE 54 %

A5 7HE SARE(uniform distribution) & ARSI A
g Aol A BREAGRu dHFE H--(Boltond} Katok, 2008;
Su, 2008; Katok®} Wu, 2007; Schweitzer®} Cachon, 2000),
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. 2004),  TA SL/‘(step function) & &
3= ZA$-(Sterman,
1989) S—J—H(S curve) § —r3~ /\}ﬁ Fe] S AAR7E 8
ARG ©27] 1= H(Steckel 2], 2004) 522 thoFsitt, 1
ARAA oA RE delFA o= A= f——lxﬂ g 2
o 7P "E‘%@J@% RS iao]”{ ﬁ]*el 4011711 wE

= 73—?—(Croson
=

J

d APS 8 5 learning—by—doing) & &3 HA 4
& ©(Bolton} Katok, 2008), REAHHE 22
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TRYEH7} ‘ﬂé}% B AY 7R Feke] gl i an=
=
9
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T8 A A ZHof uhet thct

2 AgtollA T 7HA = FEE 2 ARl ffRdel| Higt &
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gk ¢17] ¥ o] FE ol n|A= I AE3
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AR SR U B e ST e
A2 th2HGoldsteinT} Weber; 1997). 71552 Y& A
Rl b s AT G e i o - T R e R R
CmE oE A 9JY 0 R BRE 4 glon] 48y
AEL B4 Y¥(risk in gambling domain) ¥’ FAH4 ¢
H(risk in investment domain) ‘02 EFE o] S}t
(Weber &, 2002). ¢1dell tigt 5742 " 214 (perception) 2
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T Aui st EL\#.J Arolu] T EX Ao
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(Schweitzer®} Cachon, 2000) —’F‘jé%
T3t A8} 014 =9
ot}

B Ao A Aol gt <14 |l
£ %S HEH HE Fole /TS TE 3 2 A8
o] B tf-S3H=R] Y] Aol & K A
[t f3t 52 ‘Hopt gho]
Tt 22 A 7Hsdtch AR oA st FEFE
7} 712 FEF e 2k Alo]of BHAY OP— Aol A
s =8 sto) HhSel=A1E HoFr] g ot 2L
837 Eol ESASE ASto 2 A $de tigh 14 E 5ol 9
AAA | ZgEl= Aoltt, mEka] B ApoMs FEYAE

2 F8 g 5 I H R S

ghgE o] lvkar & 4= Qlrk S

AL 717 Ao AR ou7t Hon] B A= 27
of ojzl Bf FHYo] &5t 27| g T2Hanchoring)
g5 e Ao ER 2] FEFS £ Afoli] FEHSEA]
AHsHA] oot arefrf ol A A ejgtet,

2 Aol A whedshs Y9 Y2 £717 St £A4 Hd
o|m 7z} gJof gk 99| QAT o] o FH F FEE
BISP wof w2 o] el AR S FQ MR gt

Aol thet Q141 He(dB)ol P FL, B AA
Soll G Eot o, Bm= Q14T AEe] 588 FAlo 1L
234 AHHHSarin?t Weber, 1993). ej=7} 350 JaS
Fe L, Hert P59 Qo YIS £, o] ATt WE
Y] S EoTFe o R AHth(Ajzen, 1991).
ZA Sl el gt Q14]o] 2 FEAR W2 A 2 8
BT R & WO AR OE 20E A4 4 9l

E5H £ Aol Zofatas sl A ol 7he e I
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T 5ol Folshs AL AST 4= e TFE AME £ 90 Zskery o digh RS ol iz Ao ohgo] el 2
TH{Weber 5, 2002). £ A1 §82 o] 99 F AFH 9 ofFd 7sAo] duht 2270 digt A& & 5ol tig Aew
o Absle] 714 Jglat B4 SlP o2 Agkett), o= Ak Aosilnt, AR FEL & 13}
£ B97F AAA o] A%l & Py frolct
(MacCrimmon®+ Wehrung, 1986, 1990). ol¢] vje-& & 2 & 332 F&Wr 72 FH T FE L e
o) 7P e okt 2t TOFH T I E WshdEe 7120 Y oA £4E
7k glo] & AtofAe 224 AHoE Fol te i & st
7P A 2R AEAA 2 E71EE YA risk AR S tAERproxy) 2 ARSI R Sttt 2 o)A 34
perception) & Zol= =8 g T FE ZHIAHE A= F 303 AIFEE A =Y, o e WA T
ol X ] Ao & HHYAIZ o]t} (step function) Fefolct ©A §po] AME-E o EE U A
335 TR oA LA Y= AR FAA A3k A
7H 9 A3 R oAAAAL 7 BARE A (risk AT TEo] Y 2|9 S5ENE SAHA HFo] gt 9l
perception) & Zfoli= =8 F¥ F FE Z wisky 4] 9 5o FFohs S 2] Yot FEAE
Eof A< ztolE WA Floltt, 1~108] &9 Hat 1007, B=HAF 20709) 85 vzt

11~203] 59k 4t 16070, WA} 20709 =8 ¥52 AF

7hd 3 A|IL FE AR 7F B CHE Weisk St 213]~303ofl= ohA] Bt 10070, EEHAF 20709 o)A
behavior) Fol7Fs49 ole =8 ¥ & F& F8E AT 7 oS A Bt ¥ 22UA AJH

= W3R oA 0] 202 urlAZ) Ao|T) A8t —‘:}/ﬂﬁ—i(rando distribution)= F&4 #X& A
SHoITt, & AFolld 2 F WIS whele 7] 113

W 4 A FE QAR 2 EAEE 9 dEisk A+ #ﬁtﬂi o| 3} o] %] FEFE 9] ztojoltt, 1~108]7HA]
behavior) #ol7bsAde] 2lols 48 F¥ & FE o FE /IS g4EAy Pﬂa*%‘—i 9] 96%7F EZHA} o]

Z 3ol A 9] Ao] 5 YA Aot} 9 H*H ol A Qg A Q] RS Bt webA 1~103] 2}

O] FE2103] 2} o]H9] 2o E¥ ZJEE HENE EF YofA

3.3 Mg 22k Aol d =74 PgH o R FEsta 21"; Ak, wEkA Zh 2R
1~103] 59te] Wt FEFS 118]9] o wE 0|49 ehgste

331 59 Y19 A4 € gF FEF FAR ARG R fat}. ok 11~218]9] F43] ¥

ool QA B e AT A AR 5 T 9 ke o] tieshe 2 vldAte] S0l 1~109] 4] 3
TR S ol theto] Weber 2(2002)7F ASSHHE & i FEF iR dvht §43] MskerkE 2 & W= ud
o g ARSE Theo] Aol At YR (risky)SITtL A 9] 7|20 AHet) ok B 2R tfu|9] WslEnto] Fajojn

20l EYE U8 e
GPGAL 7ol 329 £ drk
=714 913 GP(GA 529 £:902 1 AR Y] 2k ——
(2 %) GPGA)3 S99 592 £577) 2ol Mg et -
GPGA 27U S T 2t 14 W ok
IPUA)L A8 1075 218 T HEAFARI 24 : ohcf
444 913 DAY 03_%94 5% $714 F4ol FAit o - wgolr
(2 %) IPIA)3 2180 5%8 g FAof £ATn 44 g
IPIA)4 A%5-9] 10%= Aol Tzt 54 wjo JEny
5 el ol 24350 ot A S 2 4l ol o
2t 919t 5] e o R UG




T A9 A AR A3 AT

2 fole] AUl o 24 AT 285 0

= USRS dehls Bl ARz A B okel 4
A AR V) B4 40 5 FE E A
EECEEPECLRER R,

20

(78 38 ¥ F& & ¥3) « = £ |(AVG k — ORD w)|

i=11
AVG k: k ¥4 mdga}e] 1~108 3} JFFE
ORD ki : kA S dg=te] i gzte) FE£3F
k=¥d83} gANE, i=FEF

3.3.3. A= ot 43

w2 AFoA Y Ay AiEEo] 2 (newsvendor
model) .2 g}, o] By o) 7t 7| - ATt A
3 =59 4o)7] fjZo|thJacobs €, 2009).

olz 4l

3.4 AESH W BAjuk

22vgo|n " H2k9] =& (random sampling) & &°l 12
A0 (high margin) AEEACZ, 1082 Aukzl(low
margin) AFS5HCE WA & HAsHltHSchweitzer2t
Cachon, 2000). ‘Y&-HE Elrisk-return framework) ©]
2o Th2H, Aol ozt F5S et Gzl ] o
B B) = ol tigt Q1] & ofuet M=o gt 7|k
#8(expected benefit) o A= FEFS T+=rHSarint
Weber, 1993). AlE2] o]E2 AIA 885 7P L= 80|
ot whebA 2 Ate THF G ol thet 2143} 5ol o
AR AFE7] Qfel] AlEY o]olEs T2 Aot R B4R

BE AFste] 7Y ES REE $4

Aol WA A% 1 olSIBE A2 che A 3
§fo] A 0]9)0] FEL Al A ST,
7H0] 2118 $J8 BAHLH(ANOVAIS AH3te] 71 1310]
_/,E

AR e TS ez

variable) & SA=lou A 7t 2fo
(categorical variable) 2 =S E}.
0] S ek (median) 2] o} A4 = =
E=orhigh) Aee®, sk3jshs B Add s Ralow) AT
Z RS

4.41 B 24

& Ao AR S
AT AFH o2, Aol 7Rk 54
Elg7d d

analysis) 7|

L Weber £](2002)9] 24 =1
e
Azl AMEEE BolA 29184 (confirmatory factor
W& AMgs7| = gt

Yl 789} 7l (construct) o] £4% 16719 42 BF
T ngo B4 A¥ ‘Chi-square/DF = 2.588(P=
.000), ‘GFI=816, CFI=745 ©] Y= A|4=50] A&E 3
t}, o]F chi-sqaures FE2] F7]o wle} 7|EXE HFA]7]
7] of & A97h gol ZAIE ARl YEfete, GFI(= 900] vy
A), CFI(= .90) 5A17F /1@ A5 SEA71A] ot S g o
A epgstA] oRokeholahAlat 91 E, 2007). whebd SA <
S o7 9I8) 3 200|419k 2ol 7} a.4lof| et 423
9] 23k Qo1& A A (factor loading)%te] 0.6 9A| £317
L, Q1A o it 7o) fofulshA] %2 B--(p-value )
D), SEEFeE Ageia] sttt 7hrskglch, webA gpd,
ipl, ip2, ga3, ial, 1a29] oAl =& A sk thA] EelA &
QLEAS AASHSIT), T vk 3 33 Pt

Yl 7He] 7Hd (construct) o] 4 10709 SAEFS LT
ZstE= By B4 AW ‘Chi-square/DF = 2.383(P=
000y, ‘GFI=907, CFI=911 9] A= AFEo| A=EEHS
t}. ©|F chi-sqaurew F&9| 7|0 w} 7|EAE FHA]
7] o8& 397t Wot ZAE A4 ¢helete, GFI(> .900] Hig

A)), CFI(=> .90) A7} 7124 & SFA7|Be SH RGO 2 A
ehgsirhar FeksHiTk(e] a4k Y A1E, 2007).

Zt a9 e A 2019 ARJ2)71 0.60] o | A
= valueﬂ TR S 7o ® AAL, F71AQ1 Hetke] I

23 39 E O 29y B /12 BREATE
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H 2. 8lolX Q0IFM Aul(ie7) 28 2F 2 Al

29I &3 3|HA p-value
=714 —epl 78 -
T_ - —gp 2 NE ok

913014
(=Riliey] R 3 68 S5
(€3 £ :
—gp4d 29 -
i N
. ipl 22
) —ip2 .23 o
RN
@ —1ip3 N Ak
—ip4d .63 -
—gal .83 ok
5714
AHAE
GA) —gal .53 ok
—gad Nt -
—ial 31 ok
#4
—ia . .
R ia 2 03 793
(E'IA‘; ° —ia 3 87 o
—ia4 .86 -

#: p—value .01, **: p~value .05
(gp4, ip4, gad, iade= RIAAA7} 12 AAE QO EE p-value $2)

(average variance extracted; AVE) o] 7]&X]Ql |5 o]A21A] T2 Q9159 PRz Sgelgy] 71249 5Hch
£ ARSI AEA AAAE SAERY 24 A ip3E Al ZTh wehd AR AR 1A aQEA mEY e S EAEA

G BE R0l ol Ao o QB2 5l o PHAPYOl ADKUGKD ¢ - Uk WAL B

84 H2
x—i@*éo] 94”95]3111“& %‘.’:l R?_Oﬂ 943]1 AYEE o2 S3E H|usty] HdREAREe] B AT Algkct 3 BHE}
ol 5 B@Ao] ok & 4= QlthFornell?}t Larcker, 1981). & 40fA4]

ABIBIER(FAMA Y3lA2] AVE = 515) SHEFOR A} HEo| WE Jfd sheldAdo] SEE Qi)

0l BESE 3|HA p—value AVE Crombach a
skekok
=714 —gpl .82
A4 —gp2 Nt ok 034 770
(GP)
—gp3 .66 -
B2 9ol —ip3 55 001
A A 515 635
(IP) —ip4 85 -
=714 —gal .85 -
MEESS —ga?l .82 ok 636 .839
GA) —gad 7 st
=24 ofE —ia3 7 o
A HedE 76 856
1A —ia4 98 -

#%: p—value .01, **: p—value .05
(@p3, ip4, gal, lade LYHA7}HE DHEJY LR p-value $-2)



Fogdl AlS AnFE AR Hg A7 AT PN TS wiRez 131
B 4, BREMFEINAVE)L SEEAME 2 blm
GP P GA IA
GP 0.534
P 0.014 0.515
GA 0.139 0.002 0.636
1A 0.003 0.201 0.068 0.776
A A BBAdEE, WA o9 SR AFTAA Al
4.4.2. A= B4 4.3 A3t i3t =9
AlgAe ‘G2dts Yuk(Crombach )7} .6 ~ .7 oAl A
& A3l 2005). #3& HH EE /fEE] .6 ool g o] oJst Al Azl E7]4 9aeldo] oW T2
B2 2t EEY] AlFEe FEE gl 1 & Wop o] Aol 5 7PA 2tk 7H 12 Aol Hlth 1
U £714 s W B QA FAE A
4.2 7449 A% A 7ML o] H)7] ort, FATR o] AelslA] gk
A, £714 fldsE B 7Po] AR A 2 Aol diFt =
2 AT FIIA Rl tigt A =, FAA ARl W o oo} e
A = T el digt ol 7R A AL FAE Sfeda delE 7Pdo) B AR A Gk ol
Yzl tigt o 7k = Aol diste] 1 ol & ﬁ © 7714 A FA ol 7= A9 Afol =2 s e o
o]l £8h=7h, W Adol £dhertel uet eadw Stk F714 $19E Aol thet B4 o] e Al oAk
= AL o9 ztol7t EAt=AE AT ‘WOIE} A o] Q= um@g_i 3ol 7Rsslc) v B 2. Zy)2
TAREA(ANOVA) 02 et 7h 7hde] AAAT = & 59 wlelie oapEAoR O AikE wy]HeR o 4 Qirk Ak
At T oo wad RS Aurr AR TR
7P 12 A 05 oA A E e 7HE 2,34 A 2 ool whysith B ARe 2E7|7HS 303 whEels Ald
EEA] gtk o] Aif= AlE o]dEM TS Wk ojma ulg A 7]4:0] FHo] & 7]4:9] 4290 Fuh} 33
F714 flelef iet Aol g Ad WE AU fAH =X ANE v 715 & 5= Uk, v Ee Bed 9@
¥ SR &SP R MR 2 FEdes Bl AuieRlal Aujekelo] tha] dArEA el utd sl Al A Aa
FAA Sfelell tigt QA E, F71A Aol diF ol 7k 2RO AA ) AjtelA] akokd Ao Bt
TE, FA AEol tet Hed 7 o Aol w2 e =717 ogalEol| tiat 7H4do] AelE ] kL o] 9 1189
W2 %S 48 JH T FE RN AR U2 T T Aol kel AR, 5717 g asel tiat g
W5 Bolslrh we] oft (construct) o] ABFE SA2H HolNe] 35S 255
of ds}A] gfotAolet, AFAite] w2 £7]4 A4
H 5. 97tdel Ayzat
7t HE o2z F-value Sig. met
71 F714 $18 A4 High, Low) High 6.352 .030 A=
— FRFH T FE E HEPYE o] Low 6.292 .036 A=
D) S22 93914 (High, Low) High 2.446 149 7|2+
- —eFH ¥ FE Z s Ao) Low 2,863 129 712}
3 =714 oJ3914](High, Low) High .236 .637 712
—FREH & FE F U E Ao Low 1.504 255 712
244 4 A S04 High, Low) High 077 787 7z
—FoEH & 2E F U E Ao Low 1.973 198 712
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A study on the determinate factors of competitive superiority on the
freezing and refrigerating warehouse in Gyeonggi-do*

Jae-Hak Lee t

Dept. of Marketing & Distribution, Namseoul University

A freezing and refrigerating warehouse make practice as knot from production to consumption so as to meet
customers’ needs in each stage. Developing from the dimension of stable food supply, it plays the role of blocking
the factors harmful to food and performs socially important function.

To present the method for enhancing the competitiveness of freezing and refrigerating warehouse business in
Gyeonggi-do, this research investigates the present situation and problem of freezing and refrigerating warehouse
business in Gyeonggi-do and corroboratively analyzes the factors affecting the sales volume of commercial freezing
and refrigerating warehouse.

The suggestion to domestic freezing and refrigerating warehouse business through this research is that domestic
freezing and refrigerating warehouse business needs to develop as company specialized in logistics by increasing
logistics service to shipper. It is required to enhance and professionalize the employees in logistics training, to adopt
stevedoring equipment and facilities that can be mechanized. Government should prevent the reckless increase of
warehouse by converting warehouse business to permit system in consideration of the required facilities for freight
quantity of freezing and refrigerating warehouse.

Keywords: freezing and refrigerating warehouse, competitive superiority, logistics service
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Periodic Heterogeneous Multiple Traveling Purchaser Problem
for Refuse Logistics Optimization

Myung-Jin Choi -

Sang-Heon Lee

Department of Operations Research, Korea National Defense University

In the last decade, traveling purchaser problem(TPP) has received some attention of the researchers in the
operational research area. TPP is a generalization of the well-known traveling salesman problem(TSP), which has
many real-world applications such as purchasing the required raw materials for the manufacturing factories and the
scheduling of a set of jobs over some machines, and many others. However all the past study of TPP is restricted on
single purchaser. Therefore it’s hard to apply it to real world problem. In this paper we suggest PHMTPP(periodic
heterogeneous multiple traveling purchaser problem) which is generalized form of TPP. It's considered multiple
period and heterogeneous multiple purchaser(vehicle) based on TPP. We study PHMTPP for refuse logistics

optimization.

Keywords: Traveling purchaser problem, Reverse logistics, Refuse logistics optimization
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B oqe= 7]29] CTPPE 2utslste] §3fo)
R =

Folgt B4
1aty H7]E54+AMME(RCC, Refuse collection
center)oll A YETO] SFHHooF #AE A He e
Hkgste] |7k AeEjshe t I theE B el &
A|(PHMTPP, periodic heterogeneous multiple TPP)o] 3
ok, 2 ARe] ZETAS EatolEd GAY) B Sl A
o3t th=9] A AL)S o8-t th=o] RCColA 44717t
ot #715s (et M2E Adas AAekE AdE
Y57t He H715Y 7Y 2 &t Ex HlEe Hadbele
o] 249 2dER(inbound logistics) A olg} & 4= 9le
B2 PHMTPPY 2§ 1= FQXo] Q= ch 2% oA CTPP
9} W 71EAE skl 3olA PHMTPPY| 48] 23
= AXsH 4%olA ARls oFa, 53olA A2 3 A
L}Zﬂ% A~k

2. 71EAT 1%

#A} 227 TPPi= Ramesh(1981)9] 2l 2|22 Ak=|9l o
U ol kol A o i Es Algte] ¢l UTPP] st +
o] Algto] 9l dRtskE Feje] TPPSI CTPP+= Laporte
et al.(2003)0] &Jelf 2|z & A|t=|Sle}, Laporte et al.(2003)
UTPPS} CTPPo| 2% A4 7Hs8 MAH(market adding
heuristic)2t 2 A3 7121 branch and cut &2 52 HHs
ek,

Boctor et al.(2003)2 EFEA 2] 7]HF8E PH(perturbation
heuristics) 71%& AI%FstSitt. PHE Al 7HA1= UTPPY| 4
< $I3t UPHIz} UPH2, CTPP| 8142 913 CPH7} 2410]tt,
o] Al 71 71 wiAAIA(market drop), "H&57Hmarket
add), "2 market exchange), TSP F-2| A8, 2| #0]-& 4t

%(cheapest insertion), = "1 A] 7 (double market drop), &
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1} 2 23K double market exchange)] 7714 7124 AAE A
2 2o ggtsto] ARg-she Aotk

Riera—Ledesma and Salazar—Gonalez(2005)= UTPP ¥
CTPPY] i 2& 9J3l = 719 o5 B8 7Hs3h %459 i3
A% BAH(LS, local search) ¥ale]52 AIRtsHgith
Goldbarg et al.(2008)2 CTPPY 2& 3l Jain et
al.(2003)8] 4% AR} o]F(horizontal gene transfer)d}
Margulis(1992)] W34 (endosymbiosis) 7Hd-S 283+ &
2E9] TA(transgenetic algorithm)E ASts3iTt,

Angelelli et al. (200802 &Y 7|13t 1eshe 7]& A
oF &) A7Fe] sgof wet uigtol A dufshs AlES] %
(quantity)e] Z4gHe 7H43k= D-TPP(dynamic TPP)E A<t
skt 7]1E9 dqts0] B4 (deterministic)o]al 4
(static)¢l Hhd D-TPP+= Al7H] 350
&4 (stochastic) A3l A<

o

TPPe} & &= Qi

Mansini and Tocchella(2009)= F&&= Ylof| o]5H]&3t
Fofjulgo] T EY 7]22] TPP H9} ApHg}slo] o5&

SR Yol Fashe| T ofu]8-2 AFA ol A] g
7} A4 =% o AR ekt TPP(TPP-B, TPP with budget
constraint)S ASksl%ct TPP-BE: 7]&2] CTPPR} A9 =Y
gt xo|ut BRI o5 g HAdto|aL & tufju]g-o] gt
AR = AokA] el At

7|12 TPP A= Fullat =7k 1991 & oz} BAof 235t
et 2y 57 717k0] Qs w71 A ) 2 24k 9
A Tz 2 gaFo] Atolgt o] 2RkAlEFo] e Eofof
StOE B A= Ty itk 7143t 7|1& TPPE dRlkslst
of 7§e] 717F 9 gego] Aot vt o] ARFuiRhe] H7|E<]
FAGE Yol A2E FAJsh= PHMTPPE thEch, o 2jat
o2 Aol sl depot = 12 A7,

o]

3. | Y
3128700 9 7HgArt

= Ao A AAEH= PHMTPPE @Y depotol] AA)-&o]
golgt vl 9] ApgFo] EAERAL 7} A depotoll A L 2 5
Aot n7kA] AF] o et FESHHA AA 7
g7k o), FulrlE, Lejal A o) wE wEH|et
I8 E Fadele Aot PHMTPPY el2d 152 ¢
St 7P AR ot 2t
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« T depotell vt AteFo] ATt

« 2k Ao 2 3 A2 B depotol AR o] Foj T,

« AbFe] v e sl ARl 133t 18- 2 A
2ol zgre WAl A FiAlES sfe ARl o)
depot® 5H},

o A2 1Y FoF ujd o8 7Rsst zk ke Sy Azt
off &7 5ol st L3t

depotol A= o Al &= Fofg

20
fx)

C RE AEQ) T A7 S HHEA] SEE|olof T,
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=
%

s &%l tiet Aol

3.2 PHMTPP 48|28

{Notation)

12 AQl(index) He =AY ¢, teT=11, -+ 7}

6 :

m

d
9
8

a -

By -

o iHHEo] 7Hs
2 Al (index) == 9] 4=,
i€EM={1,-- m}i=1": depot
LR AR AlEL]
IEN=1{1, - n}
Dk ARQIEE= ARFY] 42 ke V={1, - v}
ol ol Bfsls A1) 712

P ol A w7k o) ol A2,

JEM, j=1": depot

Al 12 Tl Qe

o] g oA ol FRs e AE 19]

: e ko] A2 8o

(

rE

&1

e uE
=
o,

5]

{Decision variable)

Xiije = {

Vi - 1A W A A k7 FHORE AlE 19] 7F

1ol AheF k7t i i
olufet jaEA
0 otherwise

-
Ho]"\':—?:

S QA2 W, =(1, 7}

)
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0 otherwise

Min 2 E 2 (Cijkezvakmtijk)+ E

tETiEMEM teTiEe M\ {1}IEN

Z (bﬂkgvy tz’k[) & k;VT B A
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Lz =1 vie M\ {1} ©
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I_EEMmtihk *jez;wxznjk =0 VREMVEEV, VtE T @)
jEM\{l}xujk=1 VkEV VIET ®)
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tETic i h)kgjvy“k[ i ViEN ®)
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E}% QJU]O]"% ’-‘4 3 Y wolA Y olss HAISH
oFAolct 4] (7)2 Miller et al.(1960)0] #|A1g TSPo)A 2]
w2 X] oF 4] (SECs, subtour elimination
constramts)—J 34 Fe| 2 PHMTPPOIA = SUsHA 245
th A Q)2 ZE AlEE Ags] et v s ook g
th= 94”1014 41(9), 10 54 was E£3she =7} sl
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& A9 Addode dod= A oAl tsl ILOGAH
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oA A 7 AR B 202 o A, Afol 2 Y &
FIhe depot®] = htoln] tiA] 4= m2 depotE EoF5}o]
8% skl 100x100 224+ 22|= HHdol A =5
A2 E(uniform distribution)e]l we} FAH¢1= ARt 4
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A A eI 2k WA depotS ER 87 HAT 2 4. Inventory of markets in 2nd day(gy)
AR (@ D3tk 1 =2 depoti A 29R R e e
E] 8‘?1 iE7l’ X'"%L‘(XH%L%‘ EH}B]— ﬁ] 7]%)'% %HHEPE UH;E)L% L]'H' 1 0 0 0 0 0 0
. 9 2 1 2 9 1 2
_ 3 4 2 2 3 3 1
H 1, Distance between markets(C;)
4 4 3 3 2 1 2
1|0 |8 | 3 |49 | 38| 51| 37 |2 p P ] . 2 3 ]
2 |31 | 0 | 56 | 61| 36 | 47 | 68 | 44 7 P 1 1 ) 3 3
3 (3 |5 | 0 | 27|38 | 8| 3|5 3 . n ] . 5 ]
4 |49 |61 27| 0 B8] W] 6| Total | 23 | 16 | 19 | 19 | 15 | 1
5 38 36 38 28 0 79 69 62
6 | 51 | 47 | 82 | 9 | 79| 0 | 70 | 35 GE 5 i B &) 7H S vEhd,
7 37 68 38 65 69 70 0 35
s | %5 ) 51 73 62 35 35 0 H 5. Price of each product(b,)
1 2 3 4 5 6
ZH o] Tl O (T Zro] AAFE E o 1 0 0 0 0 0 0
T @ AE 5L etk G 2)9) Zo] ARt F o
S0l AH 2tfo] Aol FohEA)sok she oS 300] G N T T N O B
3 2 3 6 4 9 3
Hrt,
4 2 3 8 2 9 3
E 2. Demand for each product(d) 5 1 5 7 3 8 4
Product | 1 | 2 | 3 | 4 | 5| 6 | Total 6 3 3 4 3 8 4
Demand | 4 | 6 | 4 | 5] 6| 5] 30 ! 2 8 > 5 ! >
8 2 4 6 4 9 3
GE 3, & He YA 72 o] AlE Baaws Ve
o 18] L depot® R BE BE| BGWHE 098 eaxjwe 7E 9F 7} {jHoR AREsI ol oS 7
AR 7 F5E Bae g2 Pl e ET A (1, A 29 4ES BT 289 Ao Qo] & F7] Foke| 7
51 7t A Ad7Rs(feasible)sHAl Yol AR st mj @ el 308 2Z 715t Aekths=o] Ald) )= (feasible) 3}
SHlower bound)o|t}, AFeFe-afol w2 WFH|et nAHl= (GE
E 3. Inventory of markets in 1st day(q,;) &9} 7¥0] AAFI}.
1 2 3 4 5 6
1 0 0 0 0 0 0 ¥ 6. Fixed cost and variable cost of vehicles
2 2 1 4 ) 1 2 Loading capacity(ton) 7 9
3 4 1 4 5 4 4 Variable cost(q;) 35 40
4 4 5 4 1 1 3 fixed cost((,) 200 220
5 1 2 3 4 1 1
6 5 1 1 5 3 1 <§— 7>’8‘ UHZo]'tg Ho]"E‘7P§‘ ?“—_1‘/1\‘% UrEHﬂU} depOt?_I 1@ UH;%]'
7 5 4 5 3 4 5 2 AEHE ) WESHA oz go]nf Fho] 191 miAke 1
8 2 3 1 2 4 3 dolut T2 25 139 HHE, gho] 29 Wi o]Eo] AA F
Total | 23 17 22 25 18 19 B HREERE Qujgit), o 5o, 29 mi 1Y 32 2¢UF 1

gk R R 0 1 EE 29 S ZHEnren,(1, 2).

B 7. Available days for visiting markets

Market 1123|4516 7/8
Available days 0] 1 1211 ]11]2 |1




152 H A . o] A3

A w2 olE B WE VheStEE o= 39 ghe Zten

100
(reo,=13h.
2
_ X7
429823 9 24 o 7
70
4149 dA ] el CPLEXE AHgdto] &3 HAs=
. _ 60
18,0002 AFZE|GAL AXAIZES oF 127} A9 E|QiT) 7 5=
7R 2t) o] AfgFo] ARk 2 A AR (E QI L 50 *8
_ ) ) 40 *5
H 8. Optimal route of each vehicle
Capacity of Number of 30
t | Vehicle ID pactty Route visiting
vehicle(ton)
markets 20 * 2 *6
1 7 1-4-3-1 2
1 10
2 9 1-7-1 1
1 7 1-4-5-2-6-1 4 0
9 0O 10 20 3 40 5 60 70 80 90 100
2 9 1-7-1 1
12 1. Optimal tour of vehicles in 1st day
GE 9= A 7 Ake] 24 H= 14H ool A gt
289 BE ehdict. 120 1>o1| 1 A 6 o e 9
Ghe b pokekte) 29-2lis 11 gl 7,29 Aefl
N 20
8 22k Pubstaich. WA F70e] AH ok 2 BEY T o
3002 GE 20 BEY Pilavdn 4%s YA g w0 i
4= Qi 70
E 9. Purchase quantity of each vehicle 60
Product i 50 x
¢ |ID 1203456 |Tota | Loadins 8
Market amounts
40
4 1 3 4
1 6
1 3 2] 2 %0
2 7 32|13 9 9 20 2 5
4 2 2
10
b) 1 1
1 7 o
2 2 2 2 0 10 20 30 40 5 60 70 8 90 100
6 2 2
2 7 113 113 8 8 1% 2. Optimal tour of vehicles in 2nd day
Total 416145165 30 30
H 10. Logistics cost
(T D, (T™ 2+ oI5l AA 2t Aol FAet 24 . Variable cost Fixed |Purchase| ,
Moving | Variable | Sub ¢ ¢ ota
=2 7v7F COS| COS!
RS 27t et distance cost total
AEHOR & oA o)A T EFHE2 (& 1007 2ot & L]0 35 | 3,745 | 200 17 | 3962
o] Abo|a} gt}]g] 22F 2340 tjs) 0|57t WEH| 2 17,0500] 2| ™ 40 | 2,960 | 220 43 | 3,223
5\_35191 IARE 840, 182 A Fufu] L0 7 1100] A8 9 1) 21 35 7,385 200 15 7,600
o] & E2n|ge 18 0000] 2959l 2 74 40 2,960 220 35 3,215
-|—| 466 - 17,050 840 10 18,000
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A Graph Optimization Algorithm for Optimal Routing
in an Aisle-Based Order Picking System*

Hoyoung Jang - Kyungil Choe

Department of Industrial Management Engineering, Hankuk University of Foreign Studies

The regional distribution center of a major Korean food and beverage company uses picking tours generated by its
warehouse management system (WMS), but its management is not satisfied with the quality of current tours. The
picking area consists of vertical and middle cross aisles, and has picking locations at some cross aisles. Pickers with
carts walk to collect line items. A graph optimization algorithm is developed to minimize total traveling distances for
the unique layout. For the given set of orders, the graph optimization algorithm reduces total distances than the WMS

by 24.3%. Its computing times are less than a second in average.

Keywords: aisle routing, order picking, graph optimization algorithm

1. Introduction

Efficient order picking is one of the most critical elements
of order picking systems (Tompkins et. al., 2003). Depending
on the equipment and order profiles of an order picking
system, there are numerous alternatives to improve its
efficiency - see Choe et al. (1992) and De Koster et al. (2007)
for various issues and comprehensive literature reviews on

order picking. For an aisle-based order picking system

(ABOPS) with in-the-aisle picking, traveling times are crucial
to its efficiency: they are estimated as much as 50% of total
order picking times (Tompkins et al., 2003). Therefore, one of
the major issues in the operation of the ABOPS is how to
minimize the traveling times of pickers.

ABC Co., a major food and beverage company in Korea,
has several regional distribution centers (RDC) to supply a
number of retailers. The RDC located in a southern province
operates both automated and manual picking systems. In the

manual picking area, a picker with a cart walks in the aisles of

T This study was supported by the Hankuk University of Foreign Studies Research Fund of 2009.

F Corresponding author: San 89, Mohyun-Myun, Yongin-Si, Kyunggi-Do, 449-791, S. Korea,
Tel:+82-31-330-4257 Fax: 82-31-334-2522 E-mail: kichoe@hufs.ac kr

20094 109 202 B3, 20094 119 23 AA 24,
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the rectangular layout as shown Fig. 1, which represents only
a part of the area: the actual number of vertical aisles is 13. A
picker collects items belonging to the same customer order.
The number of line items (or picking locations) of an order

varies greatly from 5 to sometimes more than 100.

Fig. 1. The ABOPS of the RDC

The warehouse management system (WMS) of the RDC
provides picking lists which are supposed to minimize
traveling times if pickers follow the sequence of lists. The
WMS, however, seems to use a simple greedy-type heuristic
which is not efficient in general. The manager of the RDC is
not satisfied with the quality of current lists, and looks for a
more sophisticated alternative to optimize the traveling times
of pickers.

The optimization problem of aisle routing is a special case
of the traveling salesman problem, one of the famous NP-hard
problems. Our problem, however, is not NP-hard because of
its simpler layout. Among earlier studies, Ratliff and
Rosenthal (1983) develop the graph optimization algorithm
(GOA) which can find an optimal route for a given set of
picking locations in the most basic layout: a rectangular
picking area contains cross or horizontal aisles only at the
ends of vertical aisles. The algorithm is based on dynamic
programming, and linear in the number of aisles and the
number of picking locations.

Although Ratliff and Rosenthal (1983) mention the

ﬂl{
o,
e

extensions of the GOA for an ABOPS with middle cross
aisles, Roodbergen and De Koster (2001a) seems to be the
first study that explicitly deals with middle cross aisles as
shown in Fig. 2. They extend the GOA and show that traveling

times can be decreased significantly by adding cross aisles.

Fig. 2. An ABOPS with middle cross aisles

Although these studies can yield optimal routes in their
ABOPS, the dynamic programming-based GOA is very
sensitive to the layout. They are not directly applicable to our
problem, because our ABOPS has openings also in some cross
aisles. Therefore, we need to modify their algorithms to fit
with our layout.

Instead of optimal methods, one may consider various
heuristics for aisle routing-Peterson (1997), Vaugh and
Perterson (1999), Roodbergen and De Koster (2001b), and De
Koster et al. (2007). Although these heuristics have certain
advantages, our experiences with the GOA suggest that it
would work well for our problem. Furthermore, the GOA can
be a baseline to compare with other heuristics (Cho et al.,
2009).

Representing the rectangular picking layout as a graph of
edges and vertices, the GOA enumerates all picking tours by
the principle of dynamic programming. Constructing a picking
tour takes gradual steps from lower left to upper right adding
aisles and picking locations to the current partial tour. The

algorithm is complete if all I/O and picking locations are
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included in the picking tour.

In the next section, we introduce the graphic representation
of picking tours in the ABOPS. Section 3 explains how the
GOA can be modified to our problem. Here our descriptions
focus on modification rather than on the precise definitions
and theorems of the GOA: they can be found in Roodbergen
and De Koster (2001a), unless specifically mentioned. Section
4 compares the results of our algorithm with picking lists
currently used by the RDC. Conclusions and remarks are

given in the last section.

2. A Graphic Representation of the ABOPS

We assume that, depending on the order picking policies of
the RDC, the WMS gives the set of line items to be collected
in a picking tour, and that any picker with a cart has the
capacity enough for collecting all line items of the set. Items
are stored at the both sides of a vertical aisle (except the left-
most one) and one side of a rear (or upper) cross aisle as
shown in Fig. 1. The picking area consists of two blocks, X
and Y, divided by middle cross aisles as shown in Fig. 3. The

notations are defined as follows:

+ n = the number of vertical aisles
+ m = the number of picking locations
+ j = the aisle index starting from the left
* g; = the rear end of aisle j
* b; = the middle of aisle j
* ¢; = the front end of aisle j
* v,; = picking location in block X
* v,; = picking location in block Y
* G = the graph representing the whole area
o T; = the partial tour subgraph (PTS) generated from aisle
1 to aisle j
+ L = the subgraph of G consisting of vertices a;, b;, and ¢;
together with all edges and vertices to the left of a;,
b;, and c;.
« ¥; = the subgraph of G of vertices b; and c; together with
all edges and vertices between b; and c;.
«Lv=L7UY;

* Xj = the subgraph of G consisting of vertices a; and b;
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together with all edges and vertices between ¢; and
b;.

cL=L"UX

T =tour subgraph, i.e., any subgraph of G if its edges
form a cycle or picking tour that includes every v,
and v,; at least once (see Ratliff and Rosenthal

(1983) for a precise definition)

For any subgraph Ly CG, a subgraph T,CL; is called an
L, PTS, if there exists another subgraph of G (called as a
completion) consisting of edges and vertices not contained in
L, such that the union of these two subgraphs form a tour
subgraph. Two L, PTSs are said to be equivalent if any
completion of one PTS is also a completion of the other. Now,
our ABOPS can be represented as a graph as shown in Fig. 3.
Certainly, we are supposed to visit not all vertices but I/O and
picking locations, and are allowed to visit a vertex more than

once, if desirable.

al a2 a3 a4 as a6 a7 a8 J{ a9 Joal0}={all }<al2 =al3

Block X

Block Y

cl c2 c3 c4 c5 c6 c7 c8 o 9 McloHcll Hcl2Hcl3

Fig. 3. A graph presentation of aisles

3. The GOA for Optimal Aisle Routing

It is easy to describe the GOA by following the principle of
dynamic programming. For our problem, the states are defined
as the equivalent classes of PTSs, the transition between
classes as the addition of subgraphs to each PTS of the current
equivalent class, and the cost as the length of the resulting
PTS.
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States

The states or the equivalent classes can be defined by 5
factors, and so be denoted as a quintuplet, (a, 3, v, 8, €), where
a = the degree parity of a;, 8, = the degree parity of b;, y = the
degree parity of c;, y = the connectivity, and g = the
distribution of a;, b;, and ¢; over the components. The degree
parity of a vertex indicates whether the number of edges
associated with the vertex is odd, even or zero: ‘u(uneven)’ if
it is odd, ‘e’ if even, and ‘0’ if zero. The connectivity of a PTS
indicates the number of its connected components: it must be
from 1 to 3. The distribution of a;, b;, and c; over the
components indicates which of g;, b, and ¢; are contained in
the same component. We will explicitly notify the three cases
of distributions only: a-bc, b-ac, and c-ab (e.g., a-bc means
that @; is in one component, and b; and c¢; are in the other).
Other cases are not shown in the quintuplet, because there is
only one component or there is only one possibility of the
distribution under the combination of the other four factors.
For example, the PTSs shown in Fig. 4 can be noted as (e, e, e,
1) and (e, e, e, 2, c-ab). It should be noted that the first
quintuplet is shortened, because all of a,, b,, and ¢, belong to
the same component.

Roodbergen and De Koster (2001a) prove that there are the

only 25 feasible equivalence classes of PTSs:

0,0,0,0),(0,0,0,1),(e, e, e, 1),(e, e, ¢, 3),
(e,0,0,1),0,¢,0,1),(0,0,¢, 1), (e, e, 0, 1),
(e,0,e,1),(0,e,¢, 1),

(u, u,0,1),(u,0,u,1),0,u,u, 1),
(e,u,u,1),(u,e,u, 1), uel),
(e,e,0,2),(e,0,¢,2),(0,¢,¢,?2),
(e,u,u,2),(u,e u?),uue,?),

(e,e, e, 2,a-bc), (e, e, e, 2, b-ac), (e, e, e, 2, c-ab).

These classes are the outcome of complete enumeration
based on the properties of PTSs. For example, (0, 0, 0, 0) and
(0, 0,0, 1) imply that none of aisles in L; contain picking
locations, and that none of aisles in G — Lj contain picking
locations, respectively.

It is easy to show that, when all PTSs are added, the
minimum length tour subgraph is the shortest one among the

following eight classes of PTSs:

O O OO0

OO0 OO0 OO0 00 O

(a) APTS of (e, e, ¢, 1)

i

(b) APTS of (e, ¢, e, 2, c-ab)

)i {

O O OO

OO0 OO0 OO0 00 O

Fig. 4. Quintuplet notations of PTSs

0,0,0,1),(e,0,0,1),(0,e,0,1),(0,0,¢, 1),
(e,e,0,1),(¢,0,¢e,1),(0,e,¢,1),(e,e,¢, 1).

Note that any final tour subgraphs of more than one
component cannot be feasible, and that any subgraphs with
vertices of odd parity cannot be a feasible picking tour (Ratliff
and Rosenthal, 1983).

Transitions
In our problem, the transition between states is
corresponding to adding edges and vertices. It consists of 3

steps as follows:

o L to Lj* : the step of adding vy,
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o L to L : the step of adding vy,

o Li**to Ly, : the step of adding cross aisles

There are 6 ways to traverse each vertical subaisle between
a; and b; or b; and ¢; as shown in Fig. 5. Subgraph (6) in the
figure is used when there is no line item in the subaisle. Those
routes are employed the transitions from L;” to L and from
L to L. All feasible combinations of transitions are given
in Tables 1 and 2.

Fig. 5. Traversing a vertical subaisle

If there are no openings in cross aisles, there are 14 feasible
ways for the transition from Lj** to L;,,~ as shown in Fig. 6. In
our problem, however, there will be 5 more transition cases as
shown in Fig. 7 to traverse a rear cross aisle with storage
locations. Subgraphs (17) and (18) in the figure indicate that
the picker does not fully traverse the cross aisle. All feasible

combinations of adding cross aisles are shown in Table 3.

® ® = © ®
® & ® &
O, © ©

[¢)] 2 3) “) )
®
=)
O® =0 © ©

©6) @ ®) 9 (10
O—® ® ®
=) &=
= = O= © ©

an (12) 13) (14)

Fig. 6. Adding cross aisles to L™
(Roodbergen and De Koster, 2001a)
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a5) (16) a7 (18) (19)

Fig. 7. 5 transition cases for cross aisles with storage locations

Cost
The cost of each transition is the length of subgrpahs added.
The shortest subtour will be chosen among the combinations

feasible for the transition.

Applicability

Our GOA is a little bit more complicated than previous
ones. For the most basic layout, the GOA of Ratliff and
Rosenthal (1983) has 7 equivalence classes and 5 transition
cases for adding cross aisle. For the layout with middle cross
aisles, that of Roodbergen and De Koster (2001a) has 25
equivalence classes and 14 transition cases. For an ABOPS
having cross aisles with openings, ours has 25 classes and 19
cases. This apparent complexity of the GOA, however, does
not imply lengthy computing times. The GOA including ours
is linear in the number of aisles and the number of picking
locations. In fact, our experiences show that any real-sized
problems could be solved within a second.

The flexible nature of dynamic programming makes our
algorithm be applied to various shapes of the ABOPS. It can
generate an optimal tour even if some vertical aisles do not
have cross aisles and also if some cross aisles do not have
openings. Our modifications can be used also for an ABOPS
with multiple cross aisles with openings: modify the GOA
Roodbergen and Koester (2001b) with our additional

transition cases.

4. Computational results

Evaluating the efficiency of our GOA, the optimal routes of
23 orders of the RDC are generated. The number of line items
per order ranges from 8 to 124, and the average is 25.3. Our
algorithm is coded in C on a core 2 duo 2.33GHz-CPU with
1GB RAM. The average of computing times is 0.73 second
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Table 1. The combination matrix of the transition from L;” to L, (Roodbergen and De Koster, 2001a)

L7 to Lf'v (1) (2) (3 G (3) (6)"
(0,0,0,0)® (0,u,u,1) (0,e,e,1) (0,e,0,1) (0,0,e,1) (0,e,e,2) (0,0,0,0)
(0,0,0,1)¢ 4 4 4 4 4 (0,0,0,1)
(e,0,0,1) (e u,u,2) (e,e,e,2,a—bc) le,e,0,2) (e,0,e,2) (e,e.e,3) (e,0,0,1)
(0,e,0,1) (00,1, 1) (0,e,e,1) (0,e,0,1) (0,e,e,2) (0,e,e,2) (0,e,0,1)
(0,0,e,1) (0w, u,1) (0,e,e,1) (0,e.e,2) (0,0,e,1) (0,e,e,2) (0,0,e,1)
(e,e,0,1) (e u,u,1) (e,e,e,1) le,e,0,1) (e,e,e,2,c—ab) (e,e,e,2,c-ab) (e,e,0,1)
(e,0,e,1) (e u,u,1) (e,e,e,1) (e.e, e, 2,b-ac) (e,0,e,1) (e,e,e,2,b-ac) (e,0,e,1)
(0,e,e1) (0,u,u,1) b (0,e.e,1) (0,e,e,1) (0,e,e,1) (0,e,e,1)
(e,e,e, 1) (e,u,u,1) ¢ (e,e,e, 1) (e,e,e, 1) (e,e,e,1) (e,e,e, 1)
(a,u,0,1) (u,e,u,1) (1t u,e,1) (w,u,0,1) (u,u,e,2) (0, u,e,2) (a0, 1,0,1)
(0,0, 1) (u,u,e,1) (1, e,u,1) (u,e,u,2) (2,0,u,1) (1, e,u,2) (2,0,u,1)
(0,0, 1, 1) (0,e.e 1) L) (0,u,u,1) (0, u,u, 1) (0,0, u,1) (0,0,u,1)
(e,u,u,1) (e,e,e 1) ¢ (e, u, 1) (e, u,u,1) (e, u,u,1) (e, t,u,1)
(u,e,u,1) (u,u,e 1) L (u,e.u, 1) (u,e,u,l1) (u.e,u,1) (w,e,u,l)
(u,u,e,1) (u,e,u,1) g (u,u,e,1) (u,u.e,1) (w,u,e,1) (w,u,e,1)
(e,e.0,2) (e u,u,2) (e,e e 2, a—bec) (e,e,0,2) (e,e.e,3) (e,e.e,3) (e,e,0,2)
(e,0,e,2) (e u,u,2) (e,e e, 2, a—bc) le,e,e.3) (e,0,e,2) (e,e.e,3) (e,0,e,2)
(0,e,e,2) (0, 0,u,1) (0,e,e,1) (0,e,e,2) (0,e,e,2) (0,e,e,2) (0,e,e,2)

le,e. e, 2, a-bc) (e u,u,2) £ le,e e, 2,a-bc) (e,e.e, 2, a-bc) (e,e.e,2,.a-bc) (e,e.e, 2, a-bc)
(e,e,e, 2, b-ac) (e u,u,1) (e,e,e,1) (e,e,e,2,b-ac) (e,e,e, 2, b-ac) (e,e,e,2,b-ac) (e,e,e, 2, b-ac)
(e,e,e,2,c-ab) (e u,u,1) (e,e,e,1) (e.e,e,2,c—ab) (e,e,e,2,c-ab) (e,e,e,2,c-ab) (e,e,e,2,c—ab)
(e u,u,2) le,e,e, 2, a-bc) e le,u,u,2) (e, u,u,2) (e,u,u,2) (e, u,u,2)
(u,e,u,2) (u,u,e,1) (u,e,u,1) (u,e,u,2) (u,e,u,2) (w,e,u,2) (u,e,u,2)
(u,u,€,2) (u,e,u,1) (1, u,e,1) (u,u,e,2) (u,u,e,2) (., e,2) (w,u,e,2)
(e,e,e,3) (e u,u,2) (e,e,e,2,a-bhc) le.e,e,3) (e,e,e,3) (e,e,e,3) (e,e,e,3)

#This transition is only allowed if there are no items in this part of the aisle.

®This class can occur only if there are no items to be picked in L7,
“This class can only oceur if there are no items to be picked in G — Ly,
9This transition would violate condition A2(c).

“This transition will never lead to the optimal solution.

Table 2. The combination matrix of the transition from L to L, (Roodbergen and De Koster, 2001a)

L;V to L} (1) (2) 3 ) (5) (6)*
(0,0,0,0)® (16,u,0,1) (e,e,0,1) (e,0,0,1) (0,e,0,1) (e,e,0,2) (0,0,0,0)
(0,0,0,1)¢ d 4 b1 4 d (0,0,0,1)
(e,0,0,1) (1e,1,0,1) (e,e,0,1) (e.0,0,1) (e,e,0,2) (e,e,0,2) (e,0,0,1)
(0,e,0,1) (1t,1,0,1) (e,e,0,1) (e.e,0,2) (0,e,0,1) (e,e.0,2) (0,e,0,1)
(0,0,e,1) (1e,u,e,2) (e,e,e,2, c-ah) (e.0,e,2) (0,e,e,2) (e.e.e3) (0,0,e,1)
(e,e,0,1) (1, 1,0, 1) J (e.e,0,1) (e,e.0,1) (e,e.0,1) le,e.0,1)
(e,0,e,1) (u,ut,e,1) (e,e,e,1) (e,0,e,1) (e,e,e, 2, b-ac) (e,e,e, 2, b-ac) (e,0,e,1)
(0,e,e,1) (,u,e,1) (e.e.e1) (e.e.e,2,a-bc) (0,e,e,1) le,e. e, 2, a-bc) (0,e.e,1)
(e,e e 1) (1, u,e,1) & (e.e.e, 1) (e,e.e 1) le,e.e 1) le,e.e 1)
(a,u,0,1) (e,e,0,1) £ (1,0, 1) (2, 0,0, 1) (a,u,0,1) (1,,0,1)

(1, 0,u,1) (e,u,u,1) (u.e,u,l) (1,0,u,1) (1, e,u,2) (u,e,u,2) (1,0,u,1)

(0, u,u,1) (u,e,u,1) (e, u,u,1) (e u,u,2) (0, we,u, 1) (e, u,u,2) (00,1, 1)

(e, u,u,1) (u,e,u,1) & (e u,u,1) (e, u, 1) (e, u,u,l) (e u,u,1)
(u,e,u,1) (e,u,u,1) ¢ (v, e,u,l1) (w.e,u, 1) (u,e,u,l) (u,e.u,1)
(u,u,e,1) (e,e.e, 1) 4 (v, u,e,1) (w,u,e,1) (w,u,e,1) (u,u,e,1)
(e,e,0,2) (1e,1,0,1) (e,e.0,1) (e.e,0,2) (e,e.0,2) (e,e,0,2) (e,e,0,2)
(e,0,e,2) (1,u,e,2) (e,e.e,2, c-ab) (e.0,e,2) (e,e.e,3) le.e.e3) (e,0,e,2)
(0,e,e,2) (u,u,e,2) (e,e,e,2,c-ab) (e,e.e,3) (0,e,e,2) (e,e,e,3) (0,e,e,2)

(e,e, e 2, a=bc) (1, u,e,1) (e,e.e1) (e.e,e,2,a=bc) (e,e.e,2, a=bc) (e,e. e, 2 a=bc) (e.e,e, 2, a=be)
(e,e e2, b-ac) (1, u,e,1) (e,e.e1) (e,e.e, 2, b-ac) (e,e.e, 2, b-ac) le,e.e, 2, b-ac) le.e e, 2, b—ac)
(e,e,e,2, c-ah) (1, u,e,2) g (e.e,e,2,c—ab) (e,e.e, 2, c-ab) (e,e. e, 2, c-ab) (e,e.e, 2, c-ab)
(e, u,u,2) (e u,1) (e, u,u, 1) (e u,u,2) (e, u,u,2) (e u,u,2) (e, u,u,2)
(u,e,u,2) (e,u,u,1) (u.e,u,l) (u,e,u,2) (1, e,u,2) (u,e,u,2) (u,e.u,2)
(1,1, e,2) (e,e,e, 2, c-ab) g (u,u,e,2) (1, u,e,2) (u,u,e,2) (u,u,e,2)

(e,e e 3) (u,u,e,2) (e,e.e,2,c-ab) (e.e,e, 3) (e,e.e,3) le,e.e,3) le,e.e,3)

AThis transition is only allowed if there are no items in this part of the aisle,
" This class can occur only if there are no items to be picked in L;'"‘

“This class can only occur if there are no items to be picked in G— Lj”.

< This transition would violate condition A2(c).

©This transition will never lead to the optimal solution.
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Table 3. The revised combination matrix for the transition from Lj** to L/

L™t Lyt (1) @) 3) (7) (8) ©) (15) (16) (19)
(11,1,0,1) (1,1,0,1)

(1.0.u,1) (u,0.1,1)

(0,2,u,1) (0,1,1,1) (e,u1,2)

(e.u,1) 0,u,.1) (eu,u,1) (0,22,2,1) (e,u,u,2) (e.,u,2)
(u.e.u,1) (1.0.u,1) (u.e.u1)

(nu.e1) (1,1,0,1) (wu,e,1)

(eu.2) (e.r,u,2)

(u.e,u,2) (u,e,u,2)

(1,u.e,2) (w,u.e,2)

L"twl., @ (&) (© (10 () (12 (13 (4 (7 (s
(0,0.0,0) (0,0,0,0) (£.0.0,1)
(0,0,0,1) (0,0,0,1)

(e.0.0.1) (e.0.0,1) (0,0,0,1) (0,0,0,1)
(0..0.1) (0,e.0,1) {0,0,0,1)

(0.0..1) (0,0,¢,1) {0,0,0,1)

(e.:e.0.1) (20,0,1) (0.8,0,1) (e,e.0,1) (0,0,0,1) (0,0,0,1)
(e0.e.1) (.0.0,1) (0.0.¢,1) (e.0.e.1) (0,0,0,1) (0,0,0.1)
(0.e.e,1) (0.e,0,1) (0,0.e.1) (0.e.e.1) (0,0,0,1)

(e.e.e.l) (e,0,0,1) (0.e,0,1) (0,0,e,1) (ee0,1) (e0.e1) (Oeel) (eeel) (0,0,0,1) (0,0,0,1)
(e.€,0.2) (e,2,0.2)

(e.0,e,2) (e.0.e,2)

(0.e.e,2) (0.e,e,2)

(e.e.e.2, a-be) (e,e,0,2) (e.0.e2) (e.e,e,2,a-bc)

(e.e.e.2, b-ac) (e,e.0,2) (0.e.e.2) (e.e.e.2.b-ac)

(e.e.e.2, c-ab) (e.0,62) (0,ee2) (e.ee2.c-ab)

(e.e.e.3) (e.e.e.3)

Table 4. Summary of experiments

No. .No.. of Length by Lengthby Improved No. ‘No.. of Lengthby Lengthby Improved

line items the WMS the GOA  length line items the WMS the GOA length
1 18 80 80 0.0% 13 21 356 228 36.0%
2 11 146 128 12.3% 14 42 432 286 33.8%
3 40 308 242 21.4% 15 16 296 184 37.8%
4 10 216 146 32.4% 16 36 308 262 14.9%
5 10 204 140 31.4% 17 28 284 214 24.6%
6 23 254 198 22.0% 18 9 158 132 16.5%
7 42 380 284 25.3% 19 10 138 122 11.6%
8 31 286 220 23.1% 20 43 310 260 14.2%
9 9 128 100 21.9% 21 21 270 192 28.9%
10 8 172 116 32.6% 22 124 512 356 30.5%
11 23 332 208 37.3% 23 26 268 202 24.6%
12 39 376 280 25.5% Aveg. 253 270.2 199.4 24.3%
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(a-1) The current tour of order no. 14
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(b-1) The current tour of order no. 15
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(b-2) An optimal tour by the GOA

Fig. 8. Comparison between the current and optimal tours

per order. The results of experiments are summarized in Table
4. Comparing with pick lists generated by the WMS, the GOA
can decrease the average length (measured in meters) of a
picking route by 24.3%.

It should be noted that it does not mean the same reduction
in total times because of picking and loading/unloading times
by a picker. Examining picking tours reveals some interesting
results. Fig. 8 shows the optimal and current routes of two
orders. During out study, we have tried to find out the
algorithm used by the WMS which was customized from a
commercial package, but failed to identify its details. Fig. 8
implies that the WMS might use either the super-tour heuristic
or the greedy-type heuristic. Whatever it uses, it provides

picking tours far from optimal ones.

5. Conclusions and Remarks

Efficient order picking is one of the most critical elements
of aisle-based order picking systems (ABOPS). A regional
distribution center (RDC) of the ABC Co., a major food and
beverage company in Korea, has an ABOPS, where pickers
with carts walk in the aisles to collect line items. The RDC
manager is not satisfied with the quality of picking tours
generated by its warehouse management system (WMS), of
which the algorithm seems to be a kind of the greedy heuristic.

The optimization problem of aisle routing is a special case
of the traveling salesman problem, one of the famous NP-hard

problems. Our problem, however, is not NP-hard because of
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its simpler layout. For our problem, we modify the GOA
which is originally developed by Ratliff and Rosenthal (1983)
for an ABOPS without middle cross aisles, then extended by
Roodbergen and De Koster (2001a) for one with middle cross
aisles. But none of them consider cross aisles with storage
locations. Accordingly, we modify the GOA for our problem.
Ours is similar to the GOA of Roodbergen and De Koster
(2001a) except 5 additional transition cases.

By using the real data of 23 orders, we compare the optimal
picking tours by our GOA with ones by the WMS. In average,
the GOA can reduce the tour length than the WMS by 24.3%.
Its computing times are no longer than a second, in spite of its
apparent complexity.

With the GOA by Roodbergen and de Koster (2001a), our
GOA can be used for various ABOPS having multiple cross
aisles with storage locations. For a complicated layout,
however, it would be very tedious to find out all equivalence
classes and transition cases. Hence, it could be easier to find
°Enear-optimal°@ solutions by meta-heuristics (Cho et al.
2009).

Finally, our study focuses on minimizing travel distances.
In real ABOPSs, however, there are various options for
improving its productivity. For example, order batching and
zone picking may be effective policies for the ABOPS.
Approaches with the more comprehensive point of view
would further improve the RDC.
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