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A Study on Institutional Pressure, Supply Chain
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The goal of this paper is to study how friendly environmental regulation as antecedents variable of supply chain
environment management (SCEM) practices has effects on SCEM practices and relationship between SCEM
practices and the business performance in Korean exporting manufacturing firms. Referring to previous studies, this
study uses friendly environmental regulation as the antecedents factor of SCEM practices. Factors of SCEM
practices are green purchase, cooperation with inter company, environmental participation of organization, eco
design and reverse logistics. The result of this study based on the above, friendly environmental regulation affect all
the variables of supply chain environment management (SCEM) practices. Environmental participation of
organization and eco design affect business performance of theirs.
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Environmental Performance Analysis on the Effect of Free Visit and
Pickup Service for Disposed Large Consumer Electronics

Hyun Soo Kim'

Department of Industrial and Management Engineering, Kyonggi University

The collection of disposed large consumer electronics (refrigerator, washer, TV, air-conditioner) is very important
activity for maintaining proper environmental stability and also obtaining useful recycled resources. Unfortunately,
however, existing collection services have generated several unwanted obstacles, such as illegal disposal and export
of e-waste. Recently, Free Visit and Pickup Service (FVPS), which has shown to overcome these existing problems,
was introduced in 2012 and nationally applied through our entire local governments.

The main purpose of this study is to measure and analyze the pre- and post- effects of FVPS according to the
environmental performance index as well as ensure its ability to reduce environmental damage while providing

satisfactory of customer service.

Keywords: Free Visit and Pickup Service (FVPS), Environmental Performance Index (EPI), Disposed Consumer
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Table 1. Quantity of disposed large consumer electronics (unit: 1,000)
2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015
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Table 5. Results of EPI classifications
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Effects of technological, organizational, and environmental factors on the
diffusion of SCM information systems and performance
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Supply Chain Management Information Systems(SCM IS) have many benefits to firms, including minimizing the
bullwhip effect, maximizing the efficiency of activities, reducing inventories, lowering cycle times, and achieving an
acceptable level of quality.

This study investigated the effects of technical, organizational and environmental characteristics on the diffusion
of SCM IS, and used the balanced scorecard(BSC) to verify the effects of the diffusion of SCM IS on SCM
performance. We collected 234 questionnaires to test the research model and hypotheses. The results showed that
technical and organizational factors had a significant impact on the diffusion of SCM IS. Among environmental
factors the level of cooperation had a significant impact on the diffusion of SCM IS whereas the environmental
uncertainty had no significant impact. The diffusion of SCM IS had a significant impact on SCM performance from
the perspective of BSC. We also discussed research implications and limitation and suggested future research as a
conclusion.
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Table 1. Research of technological, organizational, and environmental factors on the diffusion

Researcher Field Technological factors Organizational factors Environmental factors
Lee & Shim * Perceived benefits ) « Presence of champions
RFID * Presence of champions .
(2007) * Vendor pressure » Market uncertainty
« Diversity of org. proc.
Mishra et al. SCM * Procurement-process knowledge * Suppliers’ sales-process
(2007) digitization * Org. perceptions of digitization
technological uncertainty
« Enhancement of products
ans services
Pan & Jang ERP * IT Infrastructure « Size * Production and operations
(2008) + Technology readiness « Perceived barriers improvement
+ Competitive pressure
* Regulatory policy
Lin & Ho SCM « Explicitness of technology | < Encouragement for innovation | + Environmental uncertainty
(2009) * Accumulation of technology | <« Quality of human resources | ¢ Governmental support
. + Usage level of ICT .
Shahawai & Idrus ) . + External Classification
ERP * Technological level of + Level of business type
(2010) ) * ICT Usage Level
« transformation
« Perceived costs
] + Top management support
« Expected benefits o .
Chan & Chong ) * Firm size + Competitive pressure
SCM « Complexity . .
(2013) . . + Technological competence | « Market trend expectations
+ Technology integration . .
. . + Financial competence
+ Security and privacy
Jean et al. + Customer orientation + Context of culture
SCM « IT advancement . .
(2014) + Buyer dependence + Environmental uncertainty
. + Compatibility o
Ruivo et al. * Training i
ERP » Complexity . + Competition pressure
(2014) * Best practices

« Efficiency
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Table 3. Core Functions of SCM Information System

Core Functions

Description

Monitoring

Operating status monitoring

Analysis & reporting of internal and
Classification Frequency Percent Information Analysis y ) P ) &
(%) external information
Electronic components, Managing Rules | Permissions management for functions, etc.
computer and 59 252 Inventory management of our company
oo i Inventory mgt.
communication devices and partners
Motor vehicles, trailers " 188 Sales mgt. Products & customers sales informations
and semitrailers ' Management of resources, production
A — Resources mgt. o
Medical, precision and facilities, etc.
Industry o 36 154 - - —
. optical instruments e-procurement | Support of electronic purchasing activity
es
P Chemicals & chemical - 115 Demand analysis | Demand analysis of product and service
products ' Manufacturing | Manufacturing planning according to
Food products & textiles 24 103 planning demand and inventory
Fabricated metal products 17 7.3 Logistics Planning | Making of the logistics operating plan
Basic metal products 14 6 Transportation | Domestic and international, corporate
Other manufacturing 13 55 planning and inter-company transport
Total 234 100 Order fulfillment, verification,
Order mgt. i
<300 127 543 processing support
Number —
300-1,000 39 16.7 o Activities related to management and
of Logistics mgt. )
1,000-2,500 29 124 product delivery
employees
> 2,500 39 16.7 Inbound and outbound processes, storage
Warehouse mgt. o
Total 234 100 and distribution
<1 year 10 43 Payment support with electronic cash
Payment mgt.
. 1~3 64 274 transfer
Experience —
. 3~5 54 23.1 Communications between the
with SCM Portals o )
5~7 47 20.1 participating companies
> 7 year 59 25.1 Reverse Support the return of defective product
Total 234 100 logistics mgt and services, etc.
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Table 4. Operational definitions of variables and literature support

Variables Operational definitions Literature support

o SCM can be easilly exchanged between existing IT, data services .
System compatibility . e . Bradford & Florin(2003), etc.
and technical compatibility with the task and work practices.

SCM can be easilly integrated information across the multiple
System integration | platforms and compatible with our customer’ s/supplier’ s Swafford(2008), etc.

IT infrastructure.

Top management accepts possible risks, which may result from

Support from top ) i )
introducing SCM and provides the necessary resources for the Chan & Chong(2013), etc.
management .
operations of SCM.
Education and Firm provided extensive training with the SCM and employees can .
. . Ruivo et al.(2014), etc.
human resources learn new technologies easily.

. Collaborate with suppliers, partners on new product design and
Level of cooperation . . Jean et al.(2014)
development through our information system.

. It is very difficult to monitor the trends in our industry and the
Uncertainty ) ) Chong & Zhou(2014)
actions of competitors.

o Whether the introduction of SCM information system functions .
Diffusion of SCM IS o ) Rai(1990), etc.
and the degree of utilization level features introduced.

i . . Sales growth and profitability, return on assets, cost reduction
Financial perspective .
rate/cost reduction

. customer satisfaction, customer repurchase rate, products and
Customer perspective ] Bhagwat & Sharma(2007), etc.
services rates

Business process Time to market of services and deliveries, Cost and time reducing
perspective for into the new market.
Innovation and Increase of staff performance and using information, staff

learning perspective | responsibility of uncertain conditions.
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Tabel 5. Results of validity and reliability analysis

. . Composite | Cronbach’s
Variables | Iteam | Loadings| AVE Relabity| Alpha
SC1 0.781
System
SC2 0.857 | 0.643 | 0.844 | 0.721
compatibility
SC3 0.765
SI1 0.836
System
. . SI2 0.852 | 0.670 | 0.859 | 0.754
integration
SI3 0.765
TMS1 0.880
Support from top
TMS2 0.868 | 0.741 | 0.896 | 0.825
management
TMS3 0.835
Education THR1 0.802
and human THR2 0.839 | 0.708 | 0.879 | 0.793
resources THR3 0.882
EC1 0.805
Level of
. EC2 0.836 | 0.686 | 0.858 | 0.771
cooperation
EC3 0.844
UN1 0.776
Uncertainty UN2 0.796 | 0.594 | 0.814 | 0.667
UN3 0.738
SCMP-FP1 | 0.782
Financial
. SCMP-FP2 | 0.896 | 0.701 | 0.875 | 0.788
perspective
SCMP-FP3 | 0.830
SCMP-CP1 | 0.845
Customer
. SCMP-CP2 | 0.869 | 0.715 | 0.883 | 0.801
perspective
SCMP-CP3 | 0.822
Business SCMP-PP1 | 0.907
process SCMP-PP2 | 0.768 | 0.714 | 0.882 | 0.797
perspective | SCMP-PP3 | 0.854
Innovation | SCMP-LG1 | 0.876
and learning | SCMP-LG2 | 0.889 | 0.771 | 0.910 | 0.852
perspective | SCMP-LG3 | 0.869
Diffusion of SCM-
o 1.000 | 1.000 | 1.000 | 1.000
SCM IS Diffusion
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7} 0.142(t=2.02) 2 BAASZ Fujdlt S n)x]= F10
2 BAzZo] 714 2H2)E AHE QT o]= SCMe EAA &
] FroAA7} ofste] trefet F 2ol A dYske HHO|
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Table 6. Results of testing discriminant validity

Variables 1 2 3 4 5 6 7 8 9 10 11
System compatibility 0.802
System integration 0.616 | 0.819
Support from top management 0.583 | 0.646 | 0.861
Education and human resources 0.638 | 0.619 | 0.693 | 0.842
Level of cooperation 0.638 | 0.666 | 0.675 | 0.665 | 0.829
Uncertainty 0440 | 0465 | 0.512 | 0.538 | 0.585 | 0.770
Financial perspective 0.526 | 0.508 | 0.588 | 0.549 | 0.551 | 0.486 | 0.837
Customer perspective 0545 | 0.593 | 0.534 | 0.576 | 0.575 | 0457 | 0.675 | 0.846
Business process perspective 0536 | 0.599 | 0.565 | 0.576 | 0.539 | 0435 | 0.632 | 0.682 | 0.845
Innovation and learning perspective | 0.555 | 0.568 | 0.537 | 0.585 | 0.531 | 0.460 | 0.651 | 0.736 | 0.743 | 0.878
Diffusion of SCM IS 0.640 | 0.631 | 0.675 | 0.644 | 0.654 | 0493 | 0.612 | 0.626 | 0.650 | 0.649 | 1.000
Notes) Diagonal elements in bold: square root of AVE
Table 7. Results of Hypothesis testing QI kAR g0l gFelo] HojHal, Ao BEFANS &
N Aty Fe)Ete =9 b 7 X 2 9lo 25
Hypotlmis Path co:;;;g;ent vatlue RESUltS »_'0]'_]__ J\’_l—al 0]"‘ [¢) *10] E-‘F‘]ﬁ]— E]J— OE7IE 9]"] UHZﬂE [e)
__ 3 thgol 7Hsal Wl ue AuAARY EXE Fa AYS
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Diffusion of SCM IS . )

Level of cooperation BEALE SRS Bl AFA B SCM At AL
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Fig. 2. Results of the structural model
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Flexible Load Sequencing in Container Terminals
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In this study, a method for estimating the quay crane (QC) operational time is used to determine the best loading

sequence for containers. Detail parameters such as the distances to be traveled by the QC spreader in the horizontal

and vertical axes, acceleration and deceleration rates, maximum speed of the spreader and hoist are considered. The

objectives of this study include minimizing the total QC operational time and the number of relocations that occur in
the yard during the container retrieval process. A tree search-based algorithm is used to find the best loading
sequence. Numerical experiments are performed to find the acceptable width of the tree search, analyze the effect of
each objective’s weight settings, and evaluate the proposed approach.

Keywords: Container Terminals, Container Loading Sequence, Tree Search

1.INTRODUCTION

The vessel turnaround time is one of the most important
performance measures in container terminals. Quay crane
(QC) has a potential to become a bottleneck resource in
container terminal. Researches about QC allocation problem
and container buffer installation to assure QC efficiency have
been studied by Lee and Koo (2010) and Koo (2012)

respectively. In order to minimize the vessel turnaround time,

it is important to generate a good QC operation schedule,
which minimizes the total loading time.

QC scheduling has been extensively studied by Kim and
Park (2004), Moccia et al. (2006), Tavakkoli-Moghaddam et
al. (2009), Chen et al. (2014), Al-Dhaheri et al. (2016), Beens
and Ursavas (2016), and Turkogullari et al. (2016). Kim and
Park (2004) proposed branch-and-bound and GRASP methods
to solve a QC scheduling problem. Moccia et al. (2006)
developed a branch-and-cut algorithm that provides better

solutions than the model proposed by Kim and Park (2004),
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while Tavakkoli-Moghaddam et al. (2009) extended this
model into a QC scheduling for multiple vessels and used a
genetic algorithm to solve the problem. Recently, Chen et al.
(2014) studied a QC scheduling problem that forces QCs to
move unidirectionally during the operation. Al-Dhaheri et al.
(2016) considered the vessel stability constraints, which were
not considered much yet by other researchers. Beens and
Ursavas (2016) introduced a QC scheduling problem at an
indented berth, in which the containers can be unloaded and
loaded from the two sides of a vessel. The special
characteristics and restrictions of the problem were explained,
and a branch-and-price algorithm was proposed to solve it.
Turkogullari et al. (2016) solved a QC scheduling problem
with crane setups, which is combined with a berth allocation
problem. A comprehensive survey and evaluation of the QC
scheduling problems are provided in the study by Bierwirth
and Meisel (2010) and Meisel and Bierwirth (2011),
respectively.

In container yards, relocation occurs when a container must
be removed before retrieving a target container below it. The
number of relocations must be minimized in order to reduce
vehicle waiting times and facilitate the container flow in the
storage area.

The outbound containers in the yard may be classified into
several classes of weights. On the vessel, in order to ensure the
ship stability, heavier containers are stored at lower tiers and
lighter ones at higher tiers. To reduce the number of
relocations, containers are expected to be stored in the reverse
order at the yard, i.e., lighter ones at lower tiers and heavier
ones at higher tiers.

The previous studies on the load sequencing are as follows.
A group of studies addressed the pickup scheduling problem
in which for a given sequence of the loading groups of
containers, the travel route of each yard crane and the number
of containers to be picked up at each yard-bay on the route are
determined during the loading process (Kim and Kim (1999),
Narasimhan and Palekar (2002), and Ryu et al. (2001)). The
other studies that are directly related to this study have
attempted to determine the loading sequence of the individual
containers in the marshaling yard and slots in the vessel, a
process that requires a more detailed scheduling than the
pickup scheduling (Beliech (1974), Cho (1982), Cojeen and

A48

Dyke (1976), Gifford (1981), Kozan and Preston (1999), and
Kim et al. (2004)).

The solution methodologies applied to solve the problem
are as follows: the mathematical programming approaches
(Cho (1982), Kim and Kim (1999)), the heuristic algorithms
(Beliech (1974), Cojeen and Dyke (1976), Gifford (1981),
Kang et al. (2006)), and meta-heuristic approaches (Kim and
Kim (1999), Kozan and Preston (1999), Ryu et al. (2001),
Kim et al. (2004)).

In the previous studies, the preference for the QC operators
in sequencing operations was expressed as a rule for searching
the solution, or imbedded into the objective function of the
mathematical formulation or fitness evaluation. This study
contributes significantly to the literature as the detailed
movement of the spreader, the waiting time for stopping the
spreader, and the time for positioning the spreader at the exact
point are explicitly considered for estimating the operation
time and sequencing the loading operations.

In this study, a loading sequence is generated, while aiming
to minimize the total time required by the QC spreader to load
the containers and the number of container relocations at the
yard. In the process, the detailed movement of the equipment
is considered for estimating the operation time.

The remainder of this paper is organized as follows. In the
next section, the problem is explained in more detail. In
Section 3, a tree search is proposed along with a method to
reduce the computational time. Section 4 presents certain
experimental results. Finally, conclusions and an outlook for

future research are given.

2. PROBLEM DEFINITION

In the QC load sequencing, the loading operations of the
containers at the yard to slots on a vessel, are scheduled. The
resulting loading sequence is later used as a basis to schedule
other equipment, such as vehicles and yard cranes.

During the QC scheduling, the basic unit of scheduling is a
cluster representing a group of containers that has the same
port of destination and size; i.e., the QC scheduling determines
the assignment of the clusters to QCs, and the operation

sequence of the clusters is assigned to each QC. During the
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load sequencing process, the assignment of the individual
containers in a cluster to slots in a vessel and the loading

sequence of the containers are determined.

2.1 Various Strategies of Container Assignments
to Slots and Loading Sequences

There are three different strategies for the load sequencing:
(1) a fixed assignment of the containers to slots and a fixed
sequencing of the container loading operations, in which the
assignment of the containers to slots in the vessel and the
loading sequence of the containers are predetermined and
cannot be changed; (2) a fixed assignment of the containers to
the slots and a flexible sequencing of the container loading
operations, in which only the assignment of the containers to
the slots is predetermined, while the sequence of loading may
be determined in real time during the loading operation; (3) a
flexible assignment of the containers to the slots and a flexible
sequencing of the container loading operations, in which the
assignment of the containers to the slots and the sequence of
loading may be determined in real time during the loading
operation. This last strategy is called “category loading,” in
which the only condition to be satisfied is that the category of
a container to be assigned to a slot should coincide with the
category pre-specified to the slot. The strategies of the
container assignments to the slots and the loading sequences
are classified in Fig. 1.

The strategy of fixed assignment and fixed loading
sequence is a popular strategy in practice. Figs. 2(a) and 2(b)
illustrate the most preferable sequence, only from the
viewpoint of the QC operators, for the loading on deck and in
hold. A preferable sequence for the QC operator may be
created by considering the QC operator’s view line and
convenience of operation on the deck and in the hold.

In the strategy of fixed assignment and flexible loading
sequence, any container can be loaded as long as the target
slot on the vessel can be accessed. However, the assignment of
the containers to the slots in a vessel is considered. The reason
is that the assignments of the containers to the slots is related
to the stability of the vessel and hence once they are
determined and approved by the corresponding vessel liner, it

is usually not allowed to change them.

‘11- ng]_xLo—l _/,:}\-] 7éz4t)d 95

In the category loading, any container can be loaded to any
slot on the vessel only if the category of the container
corresponds to the category specified for the slot. A category
is defined by the destination port, the container size, and the
weight class. Changing the assignment of the containers can
only be possible with the permission of the corresponding
vessel liner. Thus, the category loading is exceptionally
possible only when the vessel liner and the terminal are

operated by the same company.

Container Assignments to Slots

Flexible
(Category
Loading)

Fixed

Exceptionally
allowed, but not
adopted

Fixed | *F 1
- popular
Loading e :
Sequence

Exceptionally
allowed and
adopted

*Implementable

Flexible

* Considered in this study

Fig. 1. Container assignment and loading sequence types

., considers QC
*+., operator’s view

t 1 l918
[5]4]3]2

=~

| o |00

1
QC B
m ith loaded container

] A slot on vessel

—— hatch cover
(b)

Fig. 2. Fixed loading sequences
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Based on the real data, the containers are classified based
on their weights as shown in Table 1. In Fig. 3, four classes of
weights are considered. The Containers 1, 2, and 3 at the yard
are classified to be very heavy. The Containers 4, 5, and 6 are
heavy. For the loading sequence with the fixed slot
assignments, Slot 1 can only be loaded with Container 1, Slot
2 with Container 2, etc., while in the category loading, each
slot can be filled with any container that satisfies the weight
requirement. Therefore, any of Containers 1, 2, and 3 at the
yard can be loaded into Slot 1,2, or 3 on the vessel.

This study compares the two strategies: the strategy of fixed
assignment and fixed sequence, and the strategy of fixed

assignment and flexible sequence.

Table 1. Classification of containers based on their weights

Class of | Range of weight for 40 ft | Number of containers
weight containers (in tonnage) (in percentage)
Extra light 0-14 48
Light 14-19 5
Medium 19-23 5
Heavy 23-26 20
Extra heavy more than 26 22

A48

2.2 Estimating the Total QC Operational Time

The total required time for a QC to perform loaded and
empty movements is calculated based on the spreader and
hoist movements, while considering the interferences of the
spreader with the other existing containers on the vessel. The
movement of the loaded spreader is shown in Fig. 4. During
its movement, the loaded spreader must always be located
above any existing container with a certain minimum gap. To
satisfy this requirement, some important positions are
determined to define the trajectory of the spreader, as
illustrated in Fig. 5. The parameters that are required to
calculate the QC operational time are shown in Table 2.

The QC operational time is the total estimated time that is
required to load the containers included in the loading
sequence. The operational time is affected by the locations of
the containers on the vessel. Depending on the locations of the
containers on the vessel, additional time may be required
when it takes additional time for stopping the swinging of the
spreader during the loading operation, as shown in Figures
6(b) and 6(c). When another container has been loaded at the
outer side of the target slot, no additional time is required, as
shown in Figure 6(a). The detailed explanations regarding the
estimation of the QC spreader movement time are provided in

Section 3.2.
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Fig. 3. Containers to be loaded in the yard and target slots on the vessel's deck
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Fig. 5. Important points required to define the trajectory of the spreader

When the containers are loaded into the holds of a vessel,
the QC operators use the automatic movement function of
QCs when the current target row is the same as the row of the
container immediately previously loaded. If two consecutive
containers are loaded into different rows in a hold, then a
spreader position adjusting time is additionally necessary.

In order to avoid frequent relocations during the retrievals
of the containers from the yard, the number of relocations
required to retrieve a container is evaluated. However, this
study broadly estimates the number of relocations by skipping

the decision on the relocation position of the relocated

container. The relocated container is assumed to be located at

the same stack as the one where it was previously relocated.

3. TREE SEARCH
3.1 Evaluation of a Loading Sequence
Each loading sequence is evaluated using the following

weighted objectives: the QC operational time to load the

containers and the number of required relocations to retrieve
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Table 2. Parameters required for QC operational time calculation

Parameters Value
Container’ s height 25m
Container’ s width 22m
Hatch cover’ s height 1.5m
Horizontal distance between the left hand side of a container at QC transfer point (TP) and the left most storage slot on a vessel Tm
Minimum allowance required between the spreader and a container or between containers for passing each other 25m
Vertical distance between the TP and hatch cover 20 m
Maximum speed of a loaded spreader during its horizontal movement 1 m/s
Maximum speed of an empty spreader during its horizontal movement 2.8 m/s
Maximum speed of a loaded spreader during its vertical movement 4 m/s
Maximum speed of an empty spreader during its vertical movement 4 m/s
Acceleration and deceleration rates of a loaded spreader during its horizontal movement 0.5 m/s?
Acceleration and deceleration rates of an empty spreader during its horizontal movement 0.8 m/s?
Acceleration and deceleration rates of a loaded spreader during its vertical movement 2 m/s?
Acceleration and deceleration rates of an empty spreader during its vertical movement 2 m/s?
Required time by QC to pick up a container 15.65s
Required time by QC to release a container 96s
Required time for an operator to insert cones at the bottom of a container 14.7 s
Required time for an operator to wait for stopping the swinging of the QC spreader 10's
Required time for an operator to adjust the QC spreader position to load the next container into a stack that is 10
different from the immediately previous one in hold

the containers from the yard. The weighted objective function
is calculated using Equation (1).

Minimize

Weeine X (normalized QC operation time) +

Wreocaion X (normalized number of relocations) (1)

The total QC operational time and the number of
relocations in the yard are normalized using expected longest
single QC operational time X number of loaded containers

and maximum number of tiers in the yard-1.

3.2 Search Tree for Sequencing Loading Operations

To briefly explain the tree representation, a problem
depicted in Fig. 7 that has nine containers to be loaded on a
vessel's deck is considered. In Fig. 7, Containers 0-8 have the
same attributes and are to be loaded into the same bay in a
vessel. The proposed flexible loading sequence is represented
in a tree, as shown in Fig. 8a, which shows the sequence of the
containers to be loaded.

Each node in the tree represents a container to be loaded to

a designated slot on the vessel. In the tree, the nodes at higher
levels represent the containers, which will be loaded earlier by
the QC.

Each arc is labeled with the weighted objective value,
consisting the required time for the QC to load the container
that is connected, and the number of required relocations
when the container is retrieved from the yard. The QC
operational time is calculated, while considering the real
movements of the QC’s spreader and hoist, as explained in
Subsection 2.2.

A branch is made from a node if there is another remaining
container that can be loaded in the next step, considering the
available slots on the vessel. In Fig. 8, at the initial step,
Nodes 0, 1, and 2, are created and connected with the Start
Node. After loading Container 0, which is represented by
Node 0 in the tree, Containers 3, 1, and 2 can be loaded next.
Therefore, Nodes 3, 1, and 2 are connected to Node 0. The
branching process is performed until all the containers in the
current QC schedule are loaded to the vessel, considering all
the possible loading sequences of the containers, as illustrated

in Fig. 9.
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combinations of the containers below it and number of
required relocations to retrieve all containers). The loading

sequence with the smallest total objective values is selected as
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3.3 Detail Search Procedure

Considering all the possible loading sequences during the
tree search require considerable computational effort. To
reduce this, a certain combination of the width of the search
tree is specified in order to limit the tree’s size. The tree’s
width corresponds to the total number of nodes, in each level,
which are branched in the tree. The nodes with the smallest
expected total objective values are selected, while assuring
that each main node must have at least one branch. The tree
search is performed as follows:

Step 1. Set depth_index=0. Given the current layout of the
containers on the vessel, create main nodes below the Start
Node to represent each current candidate of the containers that
can be loaded.

Step 2. Calculate the objective value for each main node.

Represented
container layouts

i
3|4

ol

Fig. 9. Tree representation of loading sequences

Step 3. Among all the nodes in the lowest level of the tree,
select the best containers, as many as the tree’s width, which
have the smallest objective values, and delete the remaining
nodes from the tree. If depth_index=total number of containers
to be loaded, then go to Step 6; otherwise, set depth_index =
depth_index + 1, and go to Step 4.

Step 4. For each node at the lowest level of the tree, update
the layout of the containers on the vessel after loading the
container(s) represented by node(s) above the current node in
the tree, and then create new nodes to represent the candidate

containers to be loaded next.

A%
Step 5. Calculate the accumulated objective value to load
each candidate container at the lowest level of the tree starting
from its main node, and then go to Step 3.
Step 6. Find the smallest total objective value among all the

container loading sequences below the main node.

3.4 Utilizing Tree Search Procedure for Real Time
Operation

The proposed search procedure for the loading sequence
provides more flexibility during the real time loading
operation. During the real time operation, there are more than
one candidate slots to be loaded with the next container, which
could lead to reducing vehicle and QC waiting times. The
flexibility during the loading operation is an important aspect
when considering unexpected changes in the vehicle arrival
sequence from the pre-specified plan constructed during the
operation planning stage. The delays can be caused by the
container handling delays by other equipment and congestion
during the travel of a vehicle toward a QC. By using this
flexibility of the loading sequence, the possibility of
inefficient operation due to uncertainty in vehicles’ arrivals
can be reduced.

A tree search is performed once before the loading
operation starts. A loading sequence, containing all the
containers to be loaded, is obtained as the result of the tree

search.

4. NUMERICAL EXAMPLES

In the numerical experimental analysis, the result of the
proposed flexible loading sequence is compared with the QC
operator preferable sequence, called the fixed loading

sequence in this experiment.

4.1 Loading Sequence Using Various Combinations
of Width for the Search

In this experiment, the loading sequences were obtained
using the tree searches with various widths, while minimizing

the total QC operation times by setting weine=1 and Wretocarion= 0.
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The two types of problems are solved. First, there are 12
containers, stored with four tiers and three rows at the yard,
which will be loaded into the slots on the vessel’s deck.
Second, nine containers, which are stored in three tiers and
three rows at the yard, will be loaded into the slots on the
vessel’s hold. The examples of the container layouts in the
yard and the target slots on the deck and in the hold are shown
in Figs. 3 and 10. Using each combination of the width for
search, 8 and 10 problems are solved when containers are
loaded on the deck and in the hold, respectively, with
randomly generated slot positions on the vessel and container
layouts at the yard.

The average of the total QC operational times required to
load 12 containers on the vessel's deck and 9 containers into
the vessel's hold, which were obtained from all generated
problems, are shown in Figs. 11 and 12, respectively, while
required computational times are provided in Figs. 13 and 14.
The relative objective values are calculated by comparing
them with the average objective value obtained by using
width=10 and width=5 when containers are loaded on the deck
and in the hold, respectively. It can be seen in Figs. 11 and 12
that as the width of the search tree become larger, the total QC
operational times tend to decrease. The reason is that a search
tree with a larger width keeps more options of the containers

to be loaded in each step during the search procedure. In other
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words, more candidates of the containers are considered. If the
width is too small, then it is possible that the candidates of
containers that lead to better loading sequences may be
removed from the search candidates. When the containers are
loaded into the vessel’s hold, the total QC operation times tend
to be similar because the QC spreader travels through a similar
trajectory in order to arrive above the guide cell, where the
target slot is located, before loading the containers. When the
width is increased from 5 to 10, the total QC operational times
is slightly increased, which could occur because better loading
sequences are pruned due to the limited width of the tree. Figs.
13 and 14 show that as the width of the search tree become
larger, more computational times are required.

The average values of the total QC operational times using
the fixed and flexible loading sequences are provided in
Tables 3 and 4 when containers are loaded on the deck and in
the hold, respectively. As the width increases, the total QC
operational times tend to decrease. Using the proposed flexible
loading sequence, the containers are loaded stack by stack into
the hold in order to avoid the additional time for the QC
spreader adjustment when the target row to load a container is

changed.
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Fig. 10. To be loaded containers in the yard and target slots on the vessel' s hold
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4.2 Experiments Using Various Combinations of
Weights on Two Objective Terms

In this section, the experiments are performed in order to
evaluate the effects of different weights on two objective
terms. In each experiment, the final loading sequence is
evaluated using a weighted objective function, as expressed by
Equation (1), which is the weighted sum of the total QC
operational time and the number of container relocations at the
yard. Each objective term’s weight should be given
considering the bottleneck of the terminal. If the bottleneck is
in the quay side, then the total QC operational time must be
prioritized, by setting w_,., > W while the opposite

qgctime relocation®

setting is used when the bottleneck is in the yard side, in
which the total number of relocations must be minimized.
In this experiment, the same problems as the ones in

Section 4.1 are used. The search tree with width=25 is used for
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Fig. 13. Required computational time with various tree’s width
parameters during container loading on the vessel's
deck
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Fig. 14. Required computational time with various tree’s width
parameters during container loading into the vessel's
hold

finding a sequence to load the containers on the deck and in
the hold, which provides a good total QC operational time
within an acceptable computational time (approximately 12 s).
The fixed and flexible loading sequences with various weight
settings are compared with each other, while considering the
fixed assignment of the containers into the slots on the deck or
in the hold.

The total QC operational times and the total number of
relocations in the yard obtained when containers are loaded on
the deck and in the hold are presented in Tables 3 and 4. When
the containers are loaded on the deck and in the hold, as the
weight on the number of relocations increases, the total
number of relocations tends to decrease, while the total QC

operational time tends to increase.



Table 3. Experimental result using various weight settings
during container loading on the deck
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Sequencing [Wactine, Total QC | Total number of
. Wrcncaion] operational | relocations
strategies relocation times (s) in the yard
Fixed 1518.849 9.6
[1,0] 1501.887 9.6
[0.8,0.2] 1501.887 9.8
. [0.6,0.4] 1501.887 9.5
Flexible
[0.4,0.6] 1501.887 9.5
[0.2,0.8] 1500.209 94
[0,1] 1562.799 5.6

Table 4. Experimental result using various weight settings

during container loading in the hold

Sequencing [Wctine, Total QC | Total number of
R o] operational | relocations
strategies Wreloaton times (s) in the yard
Fixed 1115.55 39
[10] 1116.07 35
[0.8,0.2] 1115.55 42
) [0.6,04] 1115.55 4
Flexible
[0.4,0.6] 1115.55 35
[0.2,0.8] 1115.55 42
[0,1] 1137.21 1.8
5. CONCLUSIONS

In this study, a problem to determine the loading sequence
of the containers in the container terminal was addressed. The
real trajectory movement of the QC spreader and some
practical constraints were taken into account. A tree search
was proposed to obtain the loading sequence, while
minimizing the total time required by the QC and the number
of container relocations in the yard. The effectiveness of the
proposed flexible loading sequence was tested and compared
with a common rule used in practice. This study only
considered the QC operational time and the number of
relocations in the yard. However, this study did not consider
the detailed movement of the yard cranes for evaluating a
loading sequence of the containers, which may be addressed in

future studies.
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Table 2. Characteristics of the sample respondents
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A7) @ Az A 3 EBE 71A L F4 A 9 3kst
- 30(29.41) 25(24.51) 31(30.39) 1(0.98)
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2(1.96) 8(7.84) 5(4.90) -
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Table 3. Descriptive and correlation of variables

TSR MEIIE 1 2 3 4 5 6 7
1 ARZH 1
2. w94 L483%* 1
3. 8 Z4eds 538" .345" 1
4. FFAEET 426" 4817 380" 1
5. WReEA Tt 349" 327" 377" 466" 1
6. A=A} 407" 343" 361" 449" 678" 1
7. 5T 321" 347" 319" 460" 676" 815" 1
Bt 5.0173 4.7132 4.9653 4.5490 4.6039 4.8871 4,9093
FEERt 1.2074 1.2051 1.0377 1.1164 0.9866 0.9391 1.6023
o ARAeE 01 oA el
AIRA QL W8-E AR SEAe] Al tiRe - A 3 Ao e, 2010). A=Y A9 At nE
o oFCE 80.39%01H, L&A 5 o]4o] 64.70%% U 852(HES, FRATHo R YEh AR o 719 41F]
ehdth dEEEe A7) 9 AA7E 29.41%, SR D FEO] 4y

24.51%, 714l 2 F50] 30.39%% LERdT WY FREs
5009 ¢ ©l3}7} 53.92%01H, FJY 49| 7]E 22 500
o157} 80.39%= A 2ANHAFS] B 7 Q50] Fav| o

e,
43 7SEAZ 2 Mue

AFHLEY 71eSAF 2 JHEA Ht &4
9] (Table 3)°l A=Istol YERIT. 7]1&EA%
Ao SH7I49) e S AF w2 B1t(4.0000)
A detd=d olF FEFw(5.0173),
(4.9653), 1LATHE/d1H4,8871), & &/ 2H4.9093)0l 4
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Table 4. Reliability and validity of variables

ZFUE
el Cronbach’a
1 2 3 4 5 6 7
0.215 0.194 0.207 0.824 0.063 0.133 -0.142
smze 0.114 0.199 0.231 0.821 0.101 0.226 -0.015 19
0.097 0.289 0.147 0.811 0.074 0.133 0.184
0.109 0.308 0.198 0.750 0.093 0.047 0.320
0.134 0.067 0.842 0.145 0.168 0.070 -0.114
oty 0.056 0.093 0.839 0.265 0.085 0.236 0.081 002
0.127 0.143 0.860 0.172 0.057 0.146 0.160
0.077 0.193 0.773 0.122 0.005 0.220 0.268
0.094 0.803 0.053 0.227 0.124 0.165 -0.019
S 0.144 0.831 0.091 0.204 0.084 0.077 0.145 993
zsts 0.104 0.786 0.093 0.155 0.071 0.027 —-0.008
0.140 0.870 0.061 0.176 0.124 0.046 0.170
0.111 0.105 0.297 0.166 0.034 0.733 0.225
JEAE 0.155 0.271 0.143 0.275 0.183 0.750 0.056 459
= 0.170 0.171 0.214 -0.001 0.099 0.720 0.299 '
0.072 0.070 0.101 0.151 0.312 0.764 -0.098
0.408 0.187 -0.049 0.219 0.710 0.020 0.113
ot 0.074 0.070 0.147 0.101 0.721 0.237 0.396
a1 0.383 0.187 0.243 -0.047 0.725 0.174 0.046 .854
0.359 0.172 0.119 0.197 0.718 0.213 —-0.003
0.466 0.062 0.018 -0.060 0.539 0.147 -0.133
0.447 0.045 0.022 -0.002 0.427 0.163 0.588
[— 0.434 0.010 0.038 -0.018 0.361 0.024 0.634
a1 0.488 0.126 0.152 0.156 0.096 0.184 0.689 .909
0.446 0.167 0.250 0.083 0.147 0.131 0.658
0.470 0.138 0.090 0.069 0.240 0.245 0.670
0.818 0.062 0.041 0.055 0.155 0.153 0.211
e 0.812 0.227 0.161 0.203 0.084 0.039 0.086 859
0.789 0.152 0.105 0.157 0.181 0.112 0.188
0.793 0.094 0.105 0.214 0.285 0.049 0.165
eigenat 4.545 3.416 3.338 3.237 3.153 2.789 2.885 27
EH24(%) 14.202 10.674 10.431 10.115 9.854 8.715 9.015 73.007%
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At AR AAL SHANE ARES, G4, BUY T, WEAY 5 ol 22
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At Atolofl A FFAREE S W HEEA Q)
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of SrHZ A%, 2013 : ©]% 3], 2008).
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e felolghe As geld 4 E3F 9FA (Table 604 257 fFofet k& vlAle ALz A
Table 5. The results of regression test hypotheses 1-3
|EH A Txs A Ol ©o|5t=2
74 =2lHa g EEsH A4 | RAME
SSAESE HE} tat RUE
H1 AEZH R’, (p—val) .182(.000) 426 4.691 .000
H2 a4 R, (p-val) .231(.000) 481 5.481 .000
H3 | S84 Z259$ R, (p-val) .145(.000) .380 4.092 .000
Table 6. The results of regression test hypotheses 4-6
714 DY ZEHS BES A E RQUSE
N ZoALSE | THeENT | SaMn i} 2k Rolats
H4 FEpN R’, (p—val) .217(.000) .466 0.272 000
H5 . R’, (p—val) .202(.000) .449 5.004 .000
H6 o R’, (p-val) .211(.000) 460 5.178 .000
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31714 R Adi | AdiR 23 7l R RolmE

7 ’ 5 " "

EENCES SRS (p-val) R U | yuze | ZEARES| fosE

YROEA | ot E TG 117(000) | 108 342 000

H7-1 181 067
WA | ot B RT3 a5 E TS .234(.000).| 218 | +.110

377 000

UATEAATD | atfIAET .166(.000) | .157 407 .000

H7-2 273 .007
TANEANS | oA L+ T A ES .242(000) | .226 | +.069

.306 .002

3T atfIR BT .103(001) | .094 321 .001

H7-3 i . 163 103
A B e R R N e s .216(.000) | .200 | +.106

372 .000

FAY | FEAEST| FEE

WEeEA T | otfl1G-AA .107(.001) | .098 327 .001

H7-4 i 133 188
WEIEEATS | oI+ A S .231(000) | 216 | +.118

402 .000

IANEAT | a+plHAA 117(000) | 108 .343 .000

H7-5 . 162 117
UAEARTS | atflF A2 BAE TS .222(.0000| .206 | +.098

.370 .000

ST atfIaA 121(000) | 112 347 .000

H7-6 164 105
T atflF A+ FAE RS .232(000) | 217 | +.105

1381 .000

SHALSUS| ST | foUE

UEREANE | oetf1 5 2SS .142(000) | .134 377 .000

H7-7 233 014
YRGZATT | otlETALENS+RIFAEER |.265(000) | 250 | +.116

.378 .000

IAREATE | atfLEFHLSHE .130(.000) | 121 .361 .000

H7-8 216 028
NANEANT | o fIET R LGNSR T TAESE |.240(000) | 225 | +.104

1362 .000

il atfLEFRLSHE 1102001 | .092. .319 .001

H7-9 i ; 167 .083
A atfIETA LSS+ FARESE |.237(.000) | 222 | +.130

1399 .000

AR o B2 (Table T)oll= F7H 02 AAIHA] = &ttt A Hof +1300.2 = H Rgto] F7ketdA, miziHaed 35

o
HFH0R JPIETTE B AWRAST /19 L 33 ALTUS SPULRAE 719 LTI A M) &
AT Aolol ) SEOAASRAY 8E s Ao A WRuEAT DRSS BTl A9 §o
ehidh % SYEGO09 FRHALAGERTS, A, T AR o) dEol, £ B Sl Hgads

B A50I80] S840 7Y L SIALHAOE o] AHo2 719 % FIAE 29Ed U Les
BEAT, DAUSR, FFH xpxg)ou APHor 4 AL@RT FFEEY] AESE 2FEE 49, 5Y
(9] 915 G TAAR RS THISER o ABAYUE EEH AGGR BF SolAE A2 Ll
AKX X3S BeAE o % LT A ] ARols, A A 8 A 2R A

2 Uehdt,
AU AR 59 Rk Wskhe 24 +.069°)

SHAE Fetesde sade A R A & ¢
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9 ﬂl



118

=
20
=)

(@2}
it
ru
=
ok
o
re
44

tl':
o

A7) Azjel AAES AN ofelel o] Held 4

%0,
wo

>
e
re
-
rlr
=
~N
a4
1o
e
3
—=
nz
N
~N
>
=
1o &
i
o
i

;:
2
o

1o
>~
aly

o
o
2
>
F1
OH ﬂIEE
ol
>~
>
offt
i)
o
ol
ol
X
)
rlr
offt
o

(o
i
filo
=
ol
ol,
K
o
X
s
of
st
1o
2
o2k
to
-0,
1
o
X
e
N
s
il

i)
IN
of
i
S~
e
r.(
ox
|o
f
)
9
N
N [&
mﬂ‘.
= (‘
i
i
ox
=
-
1o
N
jins

ok
2
e
o

rlr
N of
)
2
it o Ho o of X o A

QL
=)
o
i
o
=
>
X

E)I:I o Y el
i &
ofm ~ Ul:‘“ 4
1110_’, H-U
— -
N

= of
€ 3 o
zo fifn ﬂ;
1o o
~ s
in’s =2
b=} =)
of

ol

>~

aly

oX,

¢ lo

ol ool

2 e

=

ﬁ

rlr

N

u

j=i)

ol

o

ol

rir

Py

©

T

=l

ol

ol

s

v}

S -

2 N\
O

4 2 2

% A= >

{0 _]1)1
ol

o
nﬁ
tlo
B
o
Q2
re
4
rE
s
o
=
ofo r%"h

2 o
|o
=
re
-
[
s
(|
fl
©
o ol

4 G

e

2
N

ol
=

otk

o o
=
>
of
o

N
-
i

Of

ol
£l

ox Mx oY Fo
ox,

ol
et
T
Olil [\ f
flo
Ho
o2 rf
ox,
of
ot
2
N
ol
)
ol
r
s
4 ¢
o
it
~
5
ol
ot

AEAE BHAINE FIAEET
& P 2 A BHe 3uF
RN, BUA 2EG0] FaF FINLFTY AAL

= [T=! =
L %%*P—g JM - ?‘a JCLOJP_ 2gstu], ol /)
WA SHoA Y LJAP— Pl ol w275/ L &
FAREA T A GAE o vk As AR
7Hd 7-1~7-99] 44

e RA Y s GP% AL AAEH A
z, ks 2
4 ZIAEA T Q0159 zl;gzjgg u]‘
Ao if4RA Eitee
MRS 719 U FFALA] n)H L JFo] BE &
obAu], $4E RIGHE $715ks A0 k] mhitolh, &
3 7H4 4, 5, 6,9 AL 2ol B ESRAE FRASE
2719 B FEAeA 8dsdl B AW Fod 9F
& UAE AoR yehy] migolth, I2ER A 9 7]

oY,
:IN£
e

ST ZHORA AALANE FRALTT FaAS
thA] 3 ¥l s Aol

A3Hoz B ATL /145 AT U Aepe
AR Bl FRALET] thit A7EA 94 A
3 AT 2ANY 7199 A 0 71e7pae B
28 Sasie B0 AASE R 478 Ausidon
FFNLY BT 5 AL 153 Lol FRNLY §
TS PIAE ARTR, FA4, BUA 2EHSY HAag)
So| a7sths 2% AXSAT B8 A SHolxo)
FHALEUE FoelE A 719 2 FIALHUE DA
& 4 oles FUslt. TenE AWs|9Ee] AT W
NehEe $EoE Yooz Autick s ol

3, 46 ElelEle] +5
L2 o] ATE Ui s
o BAHoR AApE 9 1eEs velg

10271)7} W3 2R2- Holt} o]
A48

L‘E” X]O]: _9_0] o7

242 59
o 1 RAR Bgs ol 471909 S slna Aol
ekt & 4 i), AT 8 71T BE 4S5
Hom 2% 3

}
0% £G57] SlahAls A1) Yol of =

=) BATE 3 SAYES FA48 & 4 ol 312,
L At BIE 7)2H9) A7t o) RoiAof st
OFAA e F471950] AT D 14 VAT AL
LA, dobl Aelg shetn ks tronl, 93YA S
A AYAE dgoz
1041]55 uJ—o]—r,I.

=712 A } 29.41%, ZPEX} 2 R 24, 51%, 7174] 2 a%
30.39%2A4 o]E Fo| 84.31%0]H, FES 2A|3t}, o
= 2 A7E g AR AN F2 b1 - AEA S 7]
B £ GAES deR A4S A7 wZoltt, whet
1 oefgt Bt A 2 AL AR Ao 285}, whetbA
Folli= A=AQl 2 S HlolH ) 5 & o B
doto] ZAFE P g /Jo] Azt

A, 2 03_%% TEAREY EAE AldZ whskA] et 4
Fisher(1997)0l &JsH FgAME>
A& £33 Xﬂ%, FAA Algel uhet FaAkE 4
(Eed sarken veA %T‘Mg th2A| A-gEofof s}
1, Lee(2002) GAl 359 Bl el 2gFofof sl

O~



AP AEE L EREES AR

i
N
olr

o vhErka AN sl 2ee FHAY B4
?ﬂﬂﬂﬂﬂﬁéﬁﬁH%ﬂ¥ﬂﬂcz&ﬂoai
Ao A o|eat EAL & vtalslz] Byl

2 350 B4 et AT 2 7147 7]

Abgdolut 1A of2 Ab¢fo] EAst

ox L of
I o [

Of
rlr po

i

]
L2 J:i e
IO O.\_,

r
2 e

Fo
Ly

¥
~
>

12
ek
m{o
of
—
rl r

o ol
=
U
Mo
=
i

=)
A
o
mlo
1
]IO
n&"
—1>
%0,
rir
N

2

2]
ofr
W
rlo
N
11% "
)
4p
1
oX
N
N,
[o
4> 10
o

o N
2 O
o r%i olN

a2
ro,
fo
B
o
o
AN
=

%9,
W e 2

rlo
o

e
~N
jins
il

(o3
Jo

>~
>,
e

o2 o

N

)

fjo

b

X

T

oY, —

o

o

o

(T,
2oy o F
of flo o auE o

e oo Hx
=
it
sk
4>
e
i)
g}
=<‘>l=

4 =2
)
N
rlr
ﬂ
B
&
I3
o
=

7] wlEolch(Koufteros et

e Mo wn
pass
&
DO
o
(e}
o
DO
o
(e}
~

59
Fu
o)
lo
N
jiAcs
i
lo
=
(i
12
1o
i
]
o
o
o
B
ri
at
[
o
=
=

i
>

4
2
2
o T
=
O
I
et r

i
lll
2
é
i

y Clo
=
N

o
£
o xo
Ul
i
~
i
s
—E
w2
[e]
=3
ET
9*9
DO
o
o
@
=)
0
B
e
Y
=)
~

=
12

(T}
=
nE

o 343 719 2 ¥
Aol EASHAAE A AN T2 2 AFelAE oleft
He wgsh] BPOnE AF ATAHE ofefd 1Y
0 3RS0l B4 et A B el o)
Ae] el Hlishe Q7% Bad Ao oy,
e A2 o2,

o

pt 1o
Al
oX,
>{|

o
rlr

REFERENCES

[1] Aggarwal, S.(1997), Flexibility Management: The
Ultimate Strategy, Industrial Management, Vol. 39(1),
pp-26~31.

[2] Bae, J. T. and Kim, J. H.(2007), Inter-Firm Collaboration
Between Large Firms and SMEs in New Product
Development : Process and Government Policies, The
Korean Small Business Review, Vol. 29(4), pp.295~318.

[3] Beamon, B. M.(1999), Measuring Supply Chain
Performance, International Journal of Operations &
Production Management, Vol. 9(3), pp.275~292.

[4] Brewer, P. C. and Speh, T. W.(2000), Using the Balanced
Scorecard to Measure Supply Chain Performance,
Journal Business Logistics, Vol. 21(1), pp.75~93.

[5] Cheon, J. G., Shin, Y. J. and Pai, H. S.(2011), The Effect
of the Technology Innovation Capabilities and Supply
Chain Management Activities on the Business Innovation

Performance: Focused on the Footwear Industry in Korea,

3719 9

o4

A 9T 97 119
The Journal of Business and Economics, Vol. 27(2),
pp-25~57.

[6] Cheon, M. B.(2008), A Study About The Organizational
Conflict of International Enterprises Has An Influence In
Corporate Performance, e-Business Review, Vol. 9(2), 65
~92.

[7] Chesbrough, H. W.(2003), Open Innovation: The New
Imperative for Creating and Profiting From Technology,
Cambridge, MA: Harvard Business School Publishing.

[8] Chin, M. K. and Lee, C. K.(2007), A Study on the Factor
and Performance of Supply Chain Management(SCM) by
Information Integration of Distribution Industry, e-
Business Review, Vol. 8(2), pp41~63.

[9] Chung, S. Y .(2016), Strategic Management of Technology
4th Edition, Seoul. Pakyoungsa.

[10] Chung, Y. K., Cho, S. H. and Kim S. C.(2007), The Impact
of Inter-Firm Collaboration on the Performance of Supply
Chain Management: The Case of Buyer-Supplier
Relationship in Korean Automotive Industry, Journal of
the Society of Supply Chain Management, Vol. 7(1),
pp-139~151.

[11] Fawcett, S. E. and Magnan, G. M.(2002), The Rhetoric and
Reality of Supply Chain Integration, International Journal
of Physical Distribution & Logistics Management, Vol.
32(5), pp.339~361.

[12] Fisher, M. L.(1997), What Is the Right Supply Chain for
Your products?, Harvard Business Review, pp.83~93.

[13] Go, J. M. and Jang, G. S.(2011), A Six Sigma
Methodology Based on Data Mining, BSC, and BPM,
The Journal of Industrial Innovation, Vol. 27(1), pp.57~
87.

[14] Hagedoorn, J.(1993), Understanding the Rational of
Strategic Technology Partnering: Inter-Organizational
Modes of Cooperation and Sectoral Differences, Strategic
Management Journal, Vol. 14(5), pp.371~385.

[15] Hersey, P. and Blandchard, K. H.(1977), Management of
Organizational behavior: Utilizing Human Resources,
Englewood Cliffs, NJ, Prentice-Hall, Inc.

[16]Jeon, J. Y. and Chung, S. Y.(2013), Strategies for
Improving New Product Development Performances
through Inter-Firm Collaboration between Large

Enterprises and SMEs: Focusing on New Product



120 Lgcie!

Development with Conditional Purchase Option,
Productive Review, Vol. 27(4), pp.391~413.

[17] Kang, A. and Oh, J.(2011), The Effect of Supplier' s R&D
Capabilities and Internal Integration on Supply Chain
External Integration in New Product Development, Journal
of The Korean Production and Operations Management
Society, Vol.22(4), pp.469~494.

[18] Kaplan, R. S. and Norton, D. P.(1996), The Balanced
Scorecard: Translating Strategy into Action, Harvard
Business Review.

[19] Kim, G. S.(2013), Easy SEM with SmartPLS, Seoul,
ChungRam.

[20] Kim, J. D.(2013), The Effect of Collaboration of Large
Enterprises in Supplier Relationship on Manufacturing
Capability and Performance of SMEs, The Journal of
Digital Policy & Management, Vol. 11(11), pp.265~
278.

[21]1Kim, J. M. and Park, K. T.(2014), Success Factors for
Partnership Between Large Firm and SME(Small and
Medium Enterprise), Korean Corporation Management
Review, Vol. 21(6), pp.25~38.

[22] Kim, J. R. and Yang, H. S.(2007), A Study on Influence
of Antecedents and Activities within SCM on Balanced
Scorecard Performance, Journal of the Korea Academia-
Industrial Cooperation Society, Vol. 8(5), pp.1227~
1242.

[23] Kim, J. W. and Choi, J. H.(1999), The Impact of
Communication Strategy on New product Performance,
Korean Journal of Logistics, Vol. 7(2), pp.5~65.

[24] Kim, S. H.(2013), The Impact of Supply Chain
Integration on Business Performance in the New Product
Development Process, Journal of The Korean Production
and Operations Management Society, Vol. 24(4), pp.537
~561.

[25]Kim, S. H. and Lee, S. W.(2009), Collaboration Model
Development using Three-Dimensional Concurrent
Engineering: Focused on the chain of capabilities,
organization, technologies, Korea Journal of Business
Administration, Vol. 22(6), pp.3487~3507.

[26] Kim, S. K.(2008), A Study on Technology Innovation
Performance through R&D Capability and Technology
Commercialization Capability of IT SMEs, Yonsei

FEE

University Department. of Management of Technology
The Graduate School.

[27] Kim, S. W.(2004), The Role of Supply Chain Integration
for Firm Performance Improvement, Korean Management
Review, Vol. 33(2), pp.631~653.

[28] Koufteros, X. A., Cheng, T. C. E. and Lai, K. H.(2007),
Black-Box and Gray-Box Supplier Integration in product
Development: Antecedents, Consequences and the
Moderating Role of Firm Size, Journal of Operations
Management, Vol. 25(4), pp.847~870.

[29] Koufteros, X. A., Vonderembse, M. and Jayaram,
J.(2005), Internal and External Integration for Product
Development: The Contingency Effects of Uncertainty,
Equivocality, and Platform Strategy, Decision Sciences,
Vol. 36(1), pp.97~133.

[30] Krajewski, L. and Wei, J. C.(2001), The Value of
Production Schedule Integration in Supply Chains,
Decision Science, Vol. 32(4), pp.601~634.

[31] Labro, E.(2006), Is a Focus on Collaborative Product
Development Warranted from a Cost Commitment
Perspective?, Supply Chain Management: An International
Journal, Vol. 11(6), pp.503~509.

[32] Lee, D. S. and Chung, L. C.(2010), A Study on the Effect
of Technological Innovation Capability and Technology
Commercialization Capability on Business Performance in
SME:s of Korea, Asia Pacific Journal of Small Business,
Vol. 32(1), pp.65~87.

[33] Lee, H.(2002), Aligning Supply Chain Strategies with
Product Uncertainties, California Management Review,
Vol. 44(3), pp.105~119.

[34] Lee, J. H.(2008), A Study on the Effects of Supply Chain
Environmental Management on Environmental
Performance, Hongik University Production

Management Major Departmenr of Business
Administration The Graduate School.

[35] Lee, J. S.(2009), The Impact of Key Success Factors and
Implementation Typology of SCM on the Business
Performance-Using the Balanced Scorecard-, Management
Information Systems Review, Vol. 28(1), pp.45~69.

[36] Lee, M. H.(2008), The Impact of Information Use on
Marketing/Manufacturing Integration and Business

Performance in a Supply Chain, The e-Business Studies,



ke SelA o) FaAkeEd 719 o

Vol. 94), pp.3~22.

[37] Lee, M. H.(2008), The Impact of Integration of HR and
Operations on Performance in a Service Supply Chain,
Journal of the Korea Service Management Society, Vol.
10(4), pp-95~120.

[38] Lim, S. H.(2007), Long-Term Collaboration Relationship
Impacts of Supply Chain Management Performance of
Distributing Manufacturing Company : Application of
Balanced Scorecard Approach, Journal of the Korean
Society of Supply Chain Management, Vol. 1(1), pp.127
~137.

[39] MacDuffie, J. P. and Helper, S.(1997), Creating Lean
Suppliers: Diffusing Lean production Throughout the
Supply Chain, California Management Review, Vol.
39(4), pp.118~151.

[40] Mentzer, J. T., Min, S. and Zacharia, Z. G.(2000), The
Nature of Interfirm Partnering in Supply Chain
Management, Journal of Retailing, Vol. 76(4), pp.549~
568.

[41] Mohr, J., and Spekman, R.(1994), Characteristics of
Partnership Success: Partnership Attributes,
Communication Behavior, and Conflict Resolution
Techniques, Strategic Management Journal, Vol. 15(2),
pp.135~152.

[42] Narula, R.(2004), R&D Collaboration by SMESs: New
Opportunities and Limitations in the Face of
Globalisation, Technovation, Vol. 24(2), pp.153~161.

[43]Oh, J. S. and Rhee, S. K.(2008), Influences of Car
Assembler-Supplier Collaboration on Performance and
Moderating Effect of Technology Uncertainty: A Study
of Korean Automotive Industry, Journal of The Korean
Production and Operations Management Society, Vol.
19(1), pp.23~57.

[44] Pagell, M.(2004), Understanding the Factors That Enable
and Inhibit the Integration of Operations, Purchasing and
Logistics, Journal of Operations Management, Vol. 22,
pp459~487.

[45] Park, S. W. and Park S. T.(2013), A Study on the Impact
of Supply Chain Partnership on Performance of
Suppliers, The Journal of Digital Policy & Management,
Vol. 11(10), pp.169~179.

[46] Petersen, K. J., Handfield, R. B. and Ragatz, G. L.(2003),

o4

FAREA el A a7 121

A Model of Supplier Integration into New Product
Development, The Journal of Product Innovation
Management, Vol. 20(4), pp.284~299.

[471Roh, H. J.(2011), Research Methods and Statistical
Analysis Utilizing SPSS, Seoul, Hakhyunsa.

[48] Ruekert, R. W. and Walker, O. J.(1987), Marketing’ s
Interaction with Other Functional Units: A Conceptual
Framework and Empirical Evidence, Journal of
Marketing, Vol. 51(1), 1~19.

[49] Schilling, M. A.(2009), Strategic Management of
Technological Innovation, McGraw-Hill.

[50] Shapiro, B. P.(1977), Can Marketing and Manufacturing
Coexist?, Harvard Business Review, Vol. 55, pp.104~
114.

[51] Shim, J. S. and Lee, M. S.(1998), A Theoretical Foundation
for Examination of the Impact of the Cross-Functional
Integration Factors upon the New Product Development
Performance, Korean Business Review, Vol. 11, pp.83~
100.

[52] Shin, D. Y. and Park, S. C.(2003), The Effects of
Exploration and Exploitation on R&D Performance,
Journal of Strategic Management, Vol. 6(1), pp.93~126.

[53] Simch-Levi, D., Kaminsky, P. and Simch-Levi, E.(2008),
Designing & Managing the Supply Chain Concepts,
Strategies & Case Studies 3™ Edition, McGraw-Hill Korea.

[54] So, S. H.(2004), An Empirical Study on the Structural
Relationship Model of Supply Chain Partnership,
Chonnam National University Department of Business
Administration Graduate School.

[55] Song, M., Dyer, B. and Thieme, R. J.(2006), Conflict
Management and Innovation Performance: An Integrated
Contingency Perspective, Journal of the Academy of
Marketing Science, Vol. 34(3), pp.341~356.

[56] Soni, P. K., Lilien, G. L. and Wilson, D. T.(1993),
Industrial Innovation and Firm Performance: A Re-
conceptualization and Exploratory Structural Equation
Analysis, International Journal of Research in
Marketing, Vol. 10, pp.365~380.

[57] Stank, T., Keller, S. and Daugherty, P.(2001), Supply
Chain Collaboration and Logistical Service Performance,
Journal of Business Logistics, Vol. 22(1), pp.29~48.

[58] Stevenson, W. J.(2012), Operations Management 10™



=
20
=)

122

Edition, McGraw-Hill Korea.

[59] Tachizawa, E. M. and Gimenez, C.(2007), Drivers and
Sources of Supply Flexibility: An Exploratory Study,
International Journal of Operations and Production
Management, Vol. 27, pp.1115~1136.

[60] Teramoto, Y., Kanda, M. and Furukawa, K.(1990),
Network Organization for Inter-Firm R&D Activities:
Experiences of Japanese Small Businesses, International
Journal of Technology Management, Vol. 5(1), pp.27~
40.

[61] Upton, D.(1994), The Management of Manufacturing

]—ﬂ sk} hAb

ngsb,]— /\“UK]—

A%

u

Flexibility, California Management Review, Vol. 36(1),
pp-72~89.

[62] Vickery, S., Calantone, R. and Dorge, C.(1999), Supply
Chain Flexibility: An Empirical Study, The Journal of
Supply Chain Management, Vol. 35(1), pp.16~24.

[63] Yam, R. C. M., Guan, J. C., Pun, K. F. and Tang, E. P.
Y.(2004), An Audit of Technological Innovation
Capabilities in Chinese Firms: Some Empirical Findings
in Beijing, China, Research Policy, Vol. 33(8), pp.1123
~1140.

313} sHAL

o]l
H o
REE LSRR SRR

School of Industrial Engineering,
University of Oklahoma YA}

A - AR eta geh
TAEok MHlAedHe, &
SCM, AlFAE 3

)

g

) Tl“lTo,



Journal of the Korean Society of Supply Chain Management ISSN 1598-382X
Vol. 16, No. 2, pp.123~133, October 2016

The Effects of Luxury Brand Diversification in Automobile Makers:
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As a new initiative, Hyundai Motor Company diversified into luxury automobile market by creating a new
company brand called “The Genesis” . However, there is nothing new about this attempt. Honda, Nissan and Toyota
motor companies have all diversified into luxury market by creating Acura, Infiniti, and Lexus, respectively. This
effort, as history has proven, imposed significant restriction in terms of supply chain management. This restriction is
leads to possible insolvency issues leading to financial and supply chain restrictions in long term. Upon these issues,
this study focuses on productivity change before the diversification and after.

As shown in the Japanese car makers, Honda and Nissan have been damaged and affected by poor productivity for
10 years. Tangible asset and number of employees have largely increased without efficiency. Instead, Toyota has
efficiently managed productivity. By using module-type production, Hyundai is not guaranteed the productivity
increase in the luxury diversification. Hence, this study shows that it will not be difficult to see productivity decrease
in this Hyundai's endeavor.
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Table 2. MEATEY 2 MAXHT
Reference Relevant Industries Input / output factors Decision Making Unit | DEA-type
High-Tech Capital, Employees / . . .
Wang et al (2005) . . 21 Business entities | CCR-Input unit
Business Industry Sale Amount, Profit
. . Operational Expense, Total Deposit, Provision . DEA-CCR/
Weiguo et al (2008) Banking Industry 5 Major U.S Banks
for bad debt / Net profit, Total Loan MPI
. Labor, Capital, and Purchased funds /
Staub et al (2010) Banking Industry .
Loans, Deposits, Investments
Media Budgets / Brand Familiarity,
Buschken (2007) Advertising Sympathy, brand consideration, brand | 35 Auto Manufacturers |DEA-VRS input
purchase intention
Krishnasamy M&A on banking Labour (overhead expense), total asset / .
. . 10 commercial banks MPI
(2003) industry total deposits, loan and advances
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Table 3. £224 H|0[E 29F
(E2 Million Yen)
Operating Expenses Total Assets Employees(people)
Honda Nissan Toyota Honda Nissan Toyota Honda Nissan Toyota
Max 4238 6256 8549 3156 7010 8431 92800 145582 96849
1980 Min 2353 4199 3077 1549 3588 1724 50609 105443 47064
~ Mean 3443 5221 5585 2441 5398 4283 75397 126427 74681
1990 Median 3652 5266 5777 2843 5569 4279 79200 129546 79901
STDEV 658 828 1741 646 1452 2141 16294 17243 17601
Max 8019 7715 12100 9187 9723 15800 137827 | 169644 | 210709
1991 Min 4108 5707 9226 3498 6147 8978 96800 118161 102423
~ Mean 6153 6322 10572 5953 7219 11604 116312 | 133165 | 142426
2000 Median 5869 6276 10300 5285 7070 10750 113350 | 133295 | 144750
STDEV 1232 584 1039 1857 1014 2491 13009 15187 35955
Max 12700 10800 24000 18300 16900 32500 204730 | 165729 | 320808
2001 Min 7673 7205 12600 10500 10100 17300 144785 | 142925 | 215648
~ Mean 9753 9101 17880 12830 12140 25580 180945 | 157035 | 279949
2010 Median 9571 8984 17880 11800 12140 26450 180468 | 158425 | 275865
STDEV 1546 1043 3711 2391 2148 5613 16743 6601 34925
Max 24500 47600 344109
2011 Min 18200 29700 317716
~ Mean 21040 36920 332020
2015 Median 20600 35400 333498
STDEV 2797 7543 10456
o A5 #xs| R, Hondat 19829014 1983 18l 3 A 3}

19854 olA] 19861 Afolof Mﬁﬂl% (Operating Expenses)
o] 50,000,000¢1 o] F53t 4= 9t} w3t o3t
FE52 1986\3 19874 o]& AA| % #Eoﬂﬁ Hojz %
AEQ Fo] o3t AiSoletn HojHith £ SolAw
198213} 198340l 90007 o4 A58t 2m 198413} 1985
Hol & zH2F 80009} 6000 & 2.2 A53ATt, o] A7)0
23|83 4ol astgint

Nissan?] HloJEZ $]2] Hondado|E 2} H|S=8t FAS
ojth, 1984493} 19854 0)= total asset ©] 80001kl o]AF
Z71slgon £ = 1979404 19809 Alo] 28] 7}
7kt sFAIHE Nissand] 4 $YYolFH b= F-3 A4t
o] Z7h Q) EurEl WA Erkel 2 dole o] oy
& HojEth

Toyotax ¢ F7|43= 24 QEa A

o] o)

Zeo)q 2 e

W Bolx] gtk AR 9] ZAHe A Aoy
FAT F7 44T voln gt 0dle F4% Bolelw
27811, o) £ 4402 §AISH o] Aol

gl A eIt} SR DEA: 8 712 & 23 EAI- 0
stk AAR 2ZEA (DEA)2 Decision Making UnitAto] 9] 4
A9l Aupet Hol S zéfﬂx*o] 2| g vlastr] 7t of g
& ¢zolth, A=, DMU= A%E DMUAR|o| AT 2Jul & 7}
A olg 7)) oA Al of o}‘% Aol vl |l At
2|7} w2t
olgl7]e], A} FA A= ZF DMUS] AR A &) Aol gt
DMUE 20007 o]4 whEo] ZAWXE st Al7| AR,

o]2]3t 7]%< bootstrapping ]2kl 3=t o] 7]Ho| A= 7}
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Market Value (Thousand Yen) Earnings Per SHR
Honda Nissan Toyota Honda Nissan Toyota
Max 1899 3674 7660 74 47 114
1980 Min 1067 1198 1321 12 0 33
~ Mean 1398 1877 3849 44 25 69
1990 Median 1264 1603 3252 42 28 73
STDEV 284 766 2225 18 17 28
Max 5096 5533 18586 246 122 125
1991 Min 2075 869 5508 31 0 33
~ Mean 4043 2764 9652 141 44 81
2000 Median 4214 2304 8007 134 15 81
STDEV 922 1617 4419 74 52 33
Max 8623 6478 28735 382 137 566
2001 Min 3497 1446 10016 0 0 0
~ Mean 6096 4161 16144 248 85 285
2010 Median 6096 3831 13521 2717 92 310
STDEV 1516 1439 6014 119 38 181
Max 25833 615
2011 Min 8844 64
~ Mean 16345 308
2015 Median 13809 237
STDEV 7309 221
Table 5. 84 2421t
Honda Nissan Toyota Honda Nissan Toyota
1980 0.8106 03513 0.7977 1996 0.7971 0.3387 0.5923
1981 0.7686 0.3430 0.7278 1997 0.7425 0.4700 0.8629
1982 0.7989 0.2677 0.8269 1998 0.7760 0.6411 0.8840
1983 0.7339 0.3291 0.6128 1999 0.8516 0.7160 0.6557
1984 0.7930 0.5046 0.6949 2000 0.7840 0.5826 0.8169
1985 0.5746 0.5576 0.6608 2001 0.8041 0.5342 0.6453
1986 04109 0.3035 0.8038 2002 0.8428 0.5587 0.5401
1987 04111 0.1957 0.8207 2003 0.8127 0.4462 0.5402
1988 0.3725 0.2286 0.6871 2004 0.7053 0.2728 0.6130
1989 0.4298 0.2186 0.8932 2005 04189 0.3148 0.7144
1990 0.4876 0.2484 0.9026 2006 0.7793 0.3273 0.7249
1991 0.4992 0.2410 0.7319 2007 0.5017 0.3058 0.7661
1992 0.6268 0.1888 0.6310 2008 0.5653 0.3215 0.7876
1993 0.9000 0.1911 0.5576 2009 0.6071 0.3327 0.6434
1994 0.8245 0.1054 0.6676 2010 0.7239 0.3753 0.463
1995 0.9082 0.2136 0.5888
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