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In today’s global manufacturing environment,
products are usually transported globally to meet
the changing demand of the customer, from an
origin to a destination, multiple routes are
usually available, with different lead times and
unit transportation costs. In this paper, we
consider the case where more than two routes
are available. Assuming that the length of lead
time and unit transportation cost are in reverse
order for m (m>2) routes, we mathematically
formulate the problem. We present a domination
rule where some of the (m-2) in-between routes
can be dominated by the fastest and slowest
route in minimizing the long-term average total
cost, while keeping the shortage rate at a certain
level for a single product. In case all in-between
routes are dominated, the problem becomes the
two-route case, whose approximate optimal
solution is known.
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In Korean express delivery service market, many
domestic companies have been competing
fiercely to extend their own market share. The
line-haul vehicles operated by the express
delivery service companies in Korea in general
can be classified into three types depending on
the ways their expenses occur; company-owned
vehicle, mandated vehicle which is owned by
outsider who entrust the company with its
operation, and rented vehicle (outsourcing).
Actually, most of the line-haul vehicles in
express delivery services belong to the mandated
vehicle class. Hence, this study suggests an
approach to the design of a service network with
pick-up and delivery visits for mandated line-
haul vehicles with the objective of maximizing
the incremental profits of the drivers ------
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There have been few studies on topology of
whole supply chain network as a specific unit of
analysis. In this paper we investigate the
topological characteristics of a whole military
supply chain network using NetworkX by
Python, based on the database of 16,394,122
transactions. The result shows that connectivity
distribution of military supply chain network
follows power law. The degree exponents are
2,09 and 2.03, respectively in our study. It means
that the military supply chain network is a
typical scale-free network. Through this
interdisciplinary research, it is expected that
network science could be applied to the analysis
of SCM as a effective tool to deal with the
growing complexity of supply chain network.
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Recently green supply chain management has
drawn the attention of researchers. Previous
studies to design a generalized closed-loop
supply chain(CLSC) network are very limited
and do not consider the qualitative factors of the
facilities to be open. In this paper, a new
generalized supply chain network design
problem is considered that includes facilities like
suppliers, plants, distribution centers,
dismantlers and customers. We propose a
closed-loop supply chain model considering not
only the quantitative costs but also the
qualitative factors of facilities. The model has
two objective functions. The first is to minimize
the total cost, and the second is to maximize the
total weight of all facilities to be open. Our
approach is composed of two phases. In the first

phase, a framework for facilities -+
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In this paper, we propose two types of reverse
logistics (RL) networks: reverse logistics
network in centralized area (RLC) and reverse
logistics network in decentralized area (RLD).
For the RLC, the used products taken from all
customers are sent to one of the centralized
integration centers, which performs the functions
of collection center, recovery center, and
redistribution center simultaneously, after
treating them in it, they are all sent to one of the
centralized secondary markets. For the RLD, the
used products taken from all customers are sent
to the regionally decentralized integration
centers, and after treating them in each
integration center, they are sent to regionally
decentralized secondary markets. The
mathematical models for effectively representing
the RLC and RLD are proposed «+-+*
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This paper deals with the problem of
determining the optimal assignment of
transportation works to identical trucks to
minimize the total difference between delivery
time desired by customers and real delivery
time. Transportation work can be defined as a
huge size or amount of freight such as steel coil
and oil or a group of small freights which can be
delivered by a truck by one travel. This paper
develops a brand new quantitative model from
the view point of customers rather than that of
deliverers, tries to find the optimal assignment of
freights to trucks and the optimal order of
delivery of them. In conclusion, it is possible to
identify the new optimal scheme which can
improve the customer satisfaction.
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This paper presents adoption process for GSCM
(Green Supply Chain Management) in Korean
manufacturing companies by analyzing their
sustainability reports. At first, we developed
GSCM evaluation index from two different
frameworks, sustainability evaluation
framework focusing on environmental side and
strategy and activities in GSCM. Based on this,
we analyzed 158 sustainability reports of Korean
manufacturing firms published from 2008 to
2012. As a result, we observed that the adoption
process for GSCM is implemented in the order
of importance of GSCM areas, which are eco
design, green manufacturing, environment
management system, life cycle analysis,
cooperation system, and reverse logistics
network. Also, we found that there exist
significant procedural and strategic differences
not only among companies, but also among
industries in adopting GSCM.
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Supply Chain Quality Management (SCQM)
which has recently received wide interest is a
means of gaining competitive advantage by
operating inter-organizationally within a firm’s
supply chain to improve product and service
quality. First, we expand the scope of existing
SCQM analyses that focus on the buyer by
considering the key processes affecting business
outcomes from the supplier’s standpoint.
Second, we determine the moderating effect of
buyer-supplier relationships in SCQM processes
and business performance. We use data drawn
from the SCQM model and Quality
Collaboration Index for Supply Chain
Management (QCI-SCM) developed by the
Korean Standards Association, and our results
are as follows. First, analyzing the impact of

each of the SCQM processes on business
performance shows that quality delivery and
talent development positively influence
performance whereas crisis management does
not have significant impact. Second, we examine
whether the link between SCQM processes and
business outcomes are -+

This paper presents the linkage model of
production and direct shipment planning model
under the decentralized batch production
facilities. P-paint company that target as a case
study in our research, has a distinct
characteristics like these: (1) Each product has
its own distinct manufacturing factory, (2) Direct
shipment in other warehouses around plants, (3)
Batch manufacturing system with production-
sequence, (4) The items produced in batch
process are directly translated in stock-keeping
unit(SKU) for storage at warehouses and
transportation among them. These leads to
higher complexity of the problem over a generic
supply chain planning. We determine the
production lot size considering the point of
direct shipment and highlight the best strategy
among three alternatives, including base case,
linkage between production and transportation,
and the partial allowance of cross-docking
system through experiments with CPLEX.
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This paper deals with the problem of designing
3-stage supply chain network consisting of
suppliers, plants, distribution centers(DCs) and
retailers. To define the problem considered in
this paper it is assumed that there are single
product, multi raw materials, and two objective
functions and there exists a lead time for DCs to
replenish the order from retailers. The problem
determines the locations and numbers of plants
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and DCs to be open among the potential plants
and DCs, and allocates the raw materials from
suppliers to open plants and finished goods from
plants to DCs and from DCs to retailers while
minimizing total costs as well as maximizing the
customer service levels. This paper formulates
the mathematical model for this problem and
develops the solution procedure exploiting the
fuzzy set theory. In order to show the
applicability of the proposed solution procedure
five different sized numerical examples are
generated and solved.

Supply chain Quality Management (SCQM)
emerged as product quality issues expanded
beyond an organization and into its supply chain.
In SCQM, first-rate suppliers play a vital role in
determining the buyer’s competitiveness and
success. Previous SCQM studies, however, only
focus on the need for SCQM, rendering supplier
selection largely unexamined. This research fills
in that gap by identifying quality, cost,
flexibility, delivery, and the relative importance
of these factors as the criteria for supplier
selection and providing empirical analysis of the
criteria for improving SCQM outcomes. With
217 automotive parts manufacturers categorized
into three SCQM groups where the high-
performing group contains 40, the moderately-
performing group 145, and the low-performing
group 32 manufacturers, we run a Multivariate
Analysis of Variance (MANOVA) and an
Analytic Hierarchy Process (AHP). First,
MANOVA results in the importance of the
selection factors show a significant difference in
quality, cost, and delivery at the 5% significance
level across the three SCQM groups whereas
flexibility has no statistical significance. Second,
AHP results of the relative importance of the
selection factors across the three performance
groups show that quality, delivery, and cost must
be taken into account before flexibility to
improve SCQM. Findings in this study elucidate
the implications of aligning -«
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Domination Rule For The Dynamic Multi-Route Transportation Problem
Under Demand Uncertainty

Suk-Chul Rim" - JingJing Jiang

Department of Industrial Engineering, Ajou University

In today’s global manufacturing environment, products are usually transported globally to meet the changing
demand of the customer, from an origin to a destination, multiple routes are usually available, with different lead
times and unit transportation costs. In this paper, we consider the case where more than two routes are available.
Assuming that the length of lead time and unit transportation cost are in reverse order for m (m>2) routes, we
mathematically formulate the problem. We present a domination rule where some of the (m-2) in-between routes can
be dominated by the fastest and slowest route in minimizing the long-term average total cost, while keeping the
shortage rate at a certain level for a single product. In case all in-between routes are dominated, the problem becomes
the two-route case, whose approximate optimal solution is known.

Keywords: Domination rule, Inventory, Target service level, Multi-route transportation

sites, distribution centers, and customer sites located around

1. Introduction the world. For many manufacturers, the transportation cost
accounts for approximately two thirds of the total logistics

Nowadays, many manufacturers that run global business  costs (KITA, 2013). Therefore, it is very important to reduce
operate a global supply chain to transport products via  the transportation cost to reduce the total logistics cost. For

transportation network that connects many manufacturing  global transportation, multiple transportation modes are

* This research was supported by Basic Science Research Program through the National Research Foundation of Korea (NRF) funded by the Ministry of
Education, Science and Technology(2012-0002387).
1 Corresponding author: Department of Industrial Engineering, Ajou University, Youngtong-gu Woncheon-dong, San 5, Suwon, 443-749, S. Korea
Tel: 82-31-219-2424 Email: scrim@ajou.ac kr
201349 749 9% £, 20141 19 69 AR A4 249 5 AR 2.
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usually available. A manufacturer can choose the
transportation mode based on the products’ attribute. The
fastest mode is the airplane, which is the most expensive per
unit amount of product. Moreover, the slowest and the
cheapest one is vessel. For domestic areas or near distance,
trucks are mainly used.

A series of transportation modes that carries products to
meet the demand at the destination is called multi-modal
transportation, which is now widely used. Transportation
modes include vessel, railroad, airplane and truck. In multi-
modal transportation, the most important issue is to minimize
the transportation cost while satisfying the demand. However,
it is very difficult to meet a certain level of service at the
destination due to the changing demand and delivery lead time.

In multi-modal transportation, considering two extreme
choices: the most expensive air transportation by which the
inventory level at the destination can be minimized, and the
least expensive vessel transportation which will result in a
higher inventory level to cope with the demand change during
the long lead time. The relative economic advantage of the
two alternatives will depend on the parameter values,
including product parameters, cost parameters and route
parameters. Product parameters include unit price of the
product, profit rate, and available quantity from the origin

when shipping at every period.

ol
o,
ol

If the multi-modal transportation mode can be operated
suitably, the total transportation can be reduced while still
satisfying the demand, comparing with the two extreme
choices. Fig.1 gives an illustrative example including 5 routes
from origin to destination. The lead time marked in each route
is inversely proportional to the unit transportation cost of this
route. Note that time unit of lead times is assumed to be week

in this paper for easier presentation, but it can be any time unit.

Rim et al. (2012) proposed the dynamic two-route
transportation problem, which is to determine the shipping
amount of a product from the origin to destination at every
period via two distinct routes with respective lead time and
unit transportation cost so that the long term average total
transportation cost is minimized, while maintaining a target
service level. In our paper, we expand dynamic two-route

transportation problem to multi-route transportation problem.

However, our objective is not to find the shipping amount of
products for each route. Assuming that there exists m routes (n>2),
what we attempt to figure out in this paper is whether some of the
in-between routes i (1<i<m) can be dominated by the two extreme
route, that is, the fastest and the slowest route in minimizing the
long term average total cost while maintain the service level. If all

the in-between routes are dominated by the two extreme routes,
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Fig.1 An illustrative example of Dynamic Multimodal Transportation Problem with 5 routes
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then the problem becomes the two route case, whose approximate
optimal solution is known by Rim et al. (2012)

The rest of this paper is organized as follows. In Section 2,
we review the related literature. In Section 3, we
mathematically formulate the problem. In Section 4, we
present a domination rule by a theorem. Conclusion and future

research are discussed in Section 5.

2. Literature review

For multi-route transportation problem, a group of research
has figured out the problem of determining shipping quantity
over multiple routes. Many of them use the updated demand
forecast. Sethi et al. (2003) classifies these into the following
three categories. The first category is Bayesian Analysis, where
demand forecast is updated by Bayes rule. The second category
is using a time-series model (Eppen and Iyer, 1997), which is
useful for the case when the demands of consecutive periods
are correlated. Demand can be modeled as an ARIMA model,
and myopic optimal policy can be derived under special
conditions.(Johnson and Thompson, 1975, and Lovejoy,1990)

The third category is a demand forecast that can be
classified into demand update and stationary demand model.
Hausman (1969) presents an optimal decision rule by
modeling the updating process of demand forecast as time
elapses which is the quasi-Markovian process. Sethi and
Sorger (1991) propose an optimal solution framework for a
rolling-horizon type decision rule for practical use. However,
their dynamic programming formulations have limited
practicality due to heavy computational burden. Heath and
Jackson (1994) model the evolution process of demand
forecast using a martingale. They address the problem of
determining an economically safe stock level for multi-item,
multi-facility production system. Yan et al. (2003) present a
single-period optimal ordering rule for two supply channels
with updated demand forecast. Donohue (1998) studies the
pricing policy for perfect demand update in a risk-sharing
purchase contract between seller and buyer. Barnes-Schuster
et al. (1999) study the structure of objective functions between

seller and buyer in a single period, two-stage model where

updated demand forecast arrives at the beginning of the
second stage. The Gallego and Ozer (1999) model the
updating process of demand forecast using a super martingale
and show that the state-dependent (s,S) policy is optimal.

Bensoussan et al. (1983) study an inventory model with
two supply modes, one instant delivery and the other with one
unit of lead time, and present generalized (s,S) as an optimal
ordering policy for fixed or variable ordering cost. Zhang
(1996) extends this study to the case of three supply modes.
Scheller-Wolf and Tayur (1998) show that a state-dependent
base-stock policy is optimal for a Markovian dual-source
production inventory model without taking demand forecasts
into consideration.

Sethi et al. (2001) address the problem in which demand
forecast is updated as time elapses. The authors point out that
future demand contains many random factors, and uncertainty
is eliminated as time approaches. Finally, real demand is
realized in the same way that one can peel off the layers of an
onion to get to the core. This study deals with the multi-period
problem of periodic review ordering for a single item. The
authors show that the ordering policy defined by the state-
dependent base-stock level of fast and slow routes is optimal
for finite-period and discounted infinite-period problems. As
an extension, the same authors [2003] show the optimality of
the (s,S) policy by demand forecast update when ordering cost
is constant. For two route case, Rim et al. (2012) presented an
approximate optimal solution procedure.

This paper is basically an extension of the work of Rim et
al. (2012), which addresses the two route case. In this paper,
we address the problem of more than two route case, which is
more realistic. We also assume that demand follows a certain
distribution because the demand of high-tech electronic
products with short life cycles is hard to forecast so that it will
be better to regard demand as a random variable that follows a

certain distribution.

3. Mathematical modeling

In this section, we will present a mathematical model of the
problem. We will use the same notations as in Rim et al.

(2012) as follows to describe our problem.
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i: route (i=1,2,3, -+, m)

t: week (1=1,2,3, -+, 7)

D: demand during week ¢ (realized at the end of week ¢,
random variable)

E: inventory at the destination at the end of week t

A arriving quantity at the beginning of week t

B inventory at the destination at the beginning of week ¢

c;: unit transportation cost of route i

b: unit backorder cost

w: unit inventory holding cost per week

f: unit inventory finance cost per week

¥': unit obsolescence cost per week

a: probability of shortage in weekly demand at the
destination

A constant portion of average demand to be shipped via the
route i

S : shipping quantity via route i at the beginning of week

(decision variable)

Note that
E=B -D M
B=E_ +A @

At the destination, the demand during week ¢ is met by the
beginning on-hand inventory of the week t. Backorder
quantity at the end of week ¢ is immediately met by the
products that arrive in the beginning of week (t+1). To
visualize the problem, an example of four-route case is

presented in Fig. 2.

ol
o,
ol

To simplify the problem, we assume that the lead time of
route 1, 2, 3, and 4 are one, two, three and four weeks,
respectively. At the beginning of week ¢, we want to determine

S.
P

and six in-transit amounts, and S, S, S S} s

=12 Pl T2 P Y20

1 2

S

S:, Sf, S: and Sj by considering four arriving amounts S, S,

-1
,and S
4
and S, ..

To generalize, let us consider the m (77>2) route problem in

4
147

which the lead time of route i is assumed to be i weeks. We
need to determine S:’ Sf, Sf, -+, §"at the beginning of week ¢.
1 SZ S] Sw

=17 T2 Y30 > Mtem?

e S s S:z"" s"

17 72 > M2

There are m arriving amounts S and m(m-
. . 2 3

1)/2 in-transit amounts such as S, , S, ,
m-1 m m

" Sr—(m—Z)’ Sr—(m—Z)’ and SI—(m—l)'

Demand is assumed to be realized at the end of every week,

and so the resulting inventory.

To define the objective function of the problem, we define

the weekly total cost during the week ¢ as follows:

TG = Y¢S+ B,(w+f+¢)

i=1

+b » max[0,— £

The four terms of equation (3) represent the transportation
cost, inventory cost at the destination, cost of in-transit
inventory, and backorder cost, respect- ively. Note that the
cost of in-transit inventory does not include the holding cost
because the in-transit inventory is not stored at a warehouse.

To determine the optimal shipping amount S;(l <i<m) at

the beginning of every week such that the long term average

Fig. 2. Four decisions (thick line) considering four arrivals (thin line) and six in—transits (dotted line) at the beginning of week ¢
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total cost will be minimized is a very complex problem. One
alternative approach to this complex problem is to assign a
certain portion of the average demand to the (m-1) slowest
routes, respectively, and adjust the required service level at the
destination by determining the shipping amount via the fastest
route (S ;)- Rim et al. (2012) proposed this approach for the
two route problem.

We assume that the stationary demand at the destination D,
follows an independent and identically distributed normal
distribution N(z, o). Note that we have to determine S: such
that the ending inventory of every week will have a shortage

with probability a. So, for each week, the following equations

must hold.
Pr(D,>B))=a 4)
A=).8, )

i=1
Using eq. (1), (2) and (5), eq. (4) can be rewritten as

Pr(D,y, > B, )=0
=Pr(D,y1 > E+4,,,)
=P

(
r(Deq > B +A4—-D,+ 38, ©
i=1

=Pr(D,,,+D,>k)=a

Where k=F,_,+ A, + Ebfﬂ_i for any 7>3. Recall
i=1
that D follows N(y, ¢°), so D, +D ~N(2y, 2¢°). From eq.(6),

we get k=2u+z, /2 , where / f(z)de=1—q and
f(x) is the probability density function “of the standard normal
distribution N(0, 1).

Recall that we assign a certain portion of the average
weekly demand to the (m-1) slowest routes, and adjust the
required service level at the destination by determining the
shipping amount via the fastest route (S:). Let A, denote the
portion of the average weekly demand (y) to the route i for the

(m-1) slowest routes. Then,
Si=Ap (1<i<m) (7)

Using eq. (2), (7) and k, can be expressed as

S'=max

k— (E; L+ A, +Z} e H
- Ep- )

=max

To summarize, we always ship a set of fixed amount A x (2
<i<m) via (m-1) slowest routes (2’ A<1), but ship the variable
amount defined by eq.(8) via the fastest route. In doing so, the
service level (1-g) at the destination is met every week.

The natural question that follows is what set of portion A(2
<i<m) will minimize the long term average total cost. As we
consider the average weekly total cost as . ZT)ITQ’ finding an

T00 T

exact optimal solution seems to be very hard. An approximate

solution for two routes was proposed in the paper of Rim et al.
(2012). However, in this paper, instead of attempting to
present an optimal solution, we will attempt to figure out if
some of the in-between routes i (1<i<m) can be dominated
by the two extreme route, that is, the fastest and the slowest
route in minimizing the long term average total cost while
maintain the service level. If all the in-between routes are
dominated by the two extreme routes, then the problem
becomes the two route case, whose approximate optimal

solution is known by Rim et al. (2012)

4. Domination rule

Since D, follows M(y, 6°) and D is iid, B, follows N(k—p, 6°)
since B from eq. (6). Furthermore, since £ = B, — D, follows
N(k—2p, 26%), the expected values of the shipping amounts S:

at the beginning of week ¢ are as eq. (9).

Where F is the cumulative distribution function of standard
normal distribution. For the last term of eq. (3), the expected

quantity of the backorder in week ¢ is obtained as eq. (10).

By using Taylor series for exponential function as eq. (11)
and an approximation for the cdf of N(0, 1) as eq. (12), we
obtain eq. (13) and eq. (14).

By taking only the first three terms of eq. (13), we obtain
eq. (15).



eq.(9)

E'[Sf]=)\iu 1<i<m)

E[S}]= E‘[max(k-— i)\iu—Bt),O}
i=2

=f°° max[(k— ixiu—Bt),O]f(Bt)dBt
k— 2”‘]/\1, m

_/ '”J(k—EAiu—Bt
i1=2

BB+ [ . 0 f(B)B

k—g,\w
=3 -3
(k ZAzu f = 1(5,)aB- f =*" Bf(B)dB
m (l—i)‘i Iz i[(l_i)\i /,L]
=Syl i=2 Ny i=2 o
( i=22 zﬂ) g (e=p) g \/2_71'6
N (1—53)\1)[1/ ) (l—gA)/L
=|1— % 1=2 g 252
( igz z)u 4 * \/%e

eq. (10)

E’[max(O,—E‘)]=foo max (0,— E,)g(E, )dE,

—/ dE+f 0 - g(E)dE,
=(’°‘2“>[1—F(i“55’“)]+ e

eq. (11)

x2 3

e =1+z+— 51 +§'+- o . forany xER,

eq. (12)

Flz)=0.51440.414z—0.112% +0.009z*  forany x > 0,

m 2
i=2

20°
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eq. (13)
m 2 3 m 2 m 4 m 6
) (“EZ*’)“ (1—2,\i 12 I—ZAi) it (1—2&) 8
e 20? ____1___ i=2 i=2 e b ° o o,
95 212204 312355
eq. (14)

e 2 T A

eq. (15)

m

E(Tc:)=c,E(5;‘)+f]cﬂ(@”’)+(w+f+¢)E(Bt)+E(6;’)(f+w)+ZJz‘ « s (f+)
+b + max[0,— E] "

- Sarond 22

1= 2\ 0.514+0.414—————0.11
i=2

m 2 |
2 (1_2/\5) /~L2
i=2

E(Cl+f+'¢)) 2

+0.009—
o
m 2 m 4
(1_ Z)\z) W (1_ )\z) Ty
g =2 i=2
+ 1 +
| V2m 20° 8o?
+ud N(e+i o f4i o )+ k—p)w+f+y)+b o |(k—2u)(1— :
= o
’ _ (2p—k)?
+—0 e 40*

<Theorem>If (c~c )—(m—i)(f+y)>0 holds for 2<i<m—  clearly. Then A and B can be expressed respectively as eq.
1, then A=0 minimizes the average weekly total cost, therefore ~ (19) and eq.(20) and C does not change.

such route 7 is dominated.
(Proof) We assume that A+A+--+--++A is a constant, and compare
We use letters A, B, and C to express terms of eq.(15) the average weekly total cost when A=0 (/<i<m) with when

separately as following equations, eq. (16), eq. (17) and eq. (18). v>A>0. As all the parameters are constant, so are A and C.

m From eq.(20), in order to minimize the term B, A (/<i<m) must

Let v=)Y \0<v<1), ; , S
Let Bet ¥ i=22)\1( )+ 50 we can analyze equations be equal to 0 when (c,—c )—(m—i)(f+y) is positive.



eq. (16)
m m 2
\ Sk -3
A=(c,+f+v) (1—2,\i)u0514+0414 =N S TR R
i=2 g o
+4)009j____i§_)___
g - .
{ (1—EA j (1—2&. ,ﬁ]
g =2
+ 1- e
| \/2_7r 2" 8o*

eq. (17)
B=pY \(c;+i o f+i o)
i=2

eq. (18)

[ewp-fithe

2

i=2

C=(k—p)(w+f+e)+b

eq. (19)

m 2
5l
1=2

—0.11
o2

A=(¢+f+v)|(1—v)y0.514+0.414

eq. (20)
B=uY N eti « f+i - ¥)
={ c2+2f+2¢)+)\ (c3+3f+3¢) }
* M—i[Cnoy T m=0f +(m=Dy]+ N, (c,, +mf+mip)
=p 2c2+2f+2w)+x( 3 +3f+39)
{ 1+ (m=1)f+(m— l¢]+(u—2)\l) m+mf+mzp)}

M{ o[y ) (m 2)(f+¢7)]+)\ [03 ¢, )—(m— 3(f+1/)]}
m l m—1_ Cm (f+¢ ]+V(C +mf+m¢)
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5. Conclusion and future research

In this paper, we study the dynamic multi-route
transportation problem, as an extension of the two route case.
We present a mathematical formulation of the problem. Unlike
the two route case, we could not present any solution
procedure for the multi route case. Instead, we present a
domination rule such that some of the in-between routes are
dominated in minimizing the long term average total cost,
while maintaining a specific service level at the destination.

In case all the in-between routes are dominated by the rule
we present in this study, the problem fortunately becomes the
two route case, whose approximate optimal solution is known.
Even if some of the in-between routes remain in the problem,
the domination rule we provided will serve as a sensitivity
analysis tool as to how much change of the parameters will
make the route in question dominated, so that the problem will
become the two route case. The result of this study can be
applied only to the case where demand follows a normal
distribution, which may not be common in practice. This is a
weakness of this paper.

For the cases where more than two routes remain in the
problem after the domination rule has been applied, the future
research is to develop a solution procedure to determine

approximate optimal solution for the problem.
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A Genetic Algorithm-Based Heuristic For Network Design Of Service
Centers With Pick-Up And Delivery Visits Of Mandated Vehicles In
Express Delivery Service Industry
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In Korean express delivery service market, many domestic companies have been competing fiercely to extend
their own market share. The line-haul vehicles operated by the express delivery service companies in Korea in
general can be classified into three types depending on the ways their expenses occur; company-owned vehicle,
mandated vehicle which is owned by outsider who entrust the company with its operation, and rented vehicle
(outsourcing). Actually, most of the line-haul vehicles in express delivery services belong to the mandated vehicle
class. Hence, this study suggests an approach to the design of a service network with pick-up and delivery visits for
mandated line-haul vehicles with the objective of maximizing the incremental profits of the drivers of the vehicles
under the assumption that express delivery service companies operate mandated vehicles only. A heuristic based on
genetic algorithm is developed and tested through an example problem.
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1. Introduction

Although most service centers in an express courier service
network are directly linked to a consolidation terminal, some
of them with geographical disadvantages are operated as milk
run types (from/to the consolidation terminal), which can be
represented as a traditional Pick-up and Delivery Problem
(PDP). The pick-up and delivery activities in PDP are
performed using a fleet of vehicles and a set of customer
requests. In this case, both the collection and delivery of goods
should be carried out within the routes and the goods collected
from the pick-up location must be delivered to the
corresponding customers by the vehicles (Lee er al. 2010, Kim
et al. 2011; 2012, Ferdinand et al. 2013). Usually, the line-
haul vehicles operated by the express delivery service
companies in Korea can be classified into three types
depending on how their expenses occur; company-owned
vehicle, mandated vehicle which is owned by outsiders who
entrust the company with its operation, and rented vehicle
(outsourcing). From the operational point of view, mandated
vehicles are essentially identical to company-owned vehicles.
The only difference is how the drivers are paid, and a
mandated vehicle is paid by the amount which is proportional
to its workload. For a given set of delivery orders, the manager
of the express delivery service company has to allocate the
orders to three types of vehicles considering vehicle routing
and dispatching (Ko et al. 2002, Chung et al. 2007). The
objective of this study is to construct a network design for the
profitable tour problem with pick-up and delivery visits with
the goal of maximizing the incremental profits of the drivers

of mandated line-haul vehicles.

2. Literature Review

A number of studies have been carried out related to the
design of service networks for express delivery service.
Cheung er al. (2001) was the first to examine a service
network design problem encountered by express couriers such
as DHL Hong Kong. They proposed a hybrid

optimization/simulation model that aims to maximize service

coverage and service reliability by adjusting the cutoff time.
Their study revealed that the extension of the cutoff time led
to a higher level of service coverage but decreased the service
reliability. Also, Ko et al. (2007) developed an integer
programming model and a genetic algorithm to determine the
cutoff time at each service center according to the spatial
proximity of the service centers to the customers and the
consolidation terminal capacity. Lee et al. (2010) configured
an express delivery service network that maximizes revenue
for PDP. An optimization model for a profitable tour design
with pick-up and delivery based on a multi-objective
formulation involving single and multiple companies allied for
resource sharing was developed by Kim et al. (2011, 2012).
Recently, Ferdinand ef al. (2013) proposed an approach to a
pick-up and delivery service network design problem with the

objective of maximizing profits of the companies.

3. Problem Definition

First consider the cost structures of operating three types of
vehicles. The cost of a company-owned vehicle is the sum of
the fixed cost and the variable cost and calculated as the
equivalent monthly cost. Mandated vehicle has a similar cost
function, but the fixed cost is much lower compared with that
of company-owned vehicle. Rented vehicle has only variable
cost which is proportional to the shipping amount. It is more
economical to operate the company-owned vehicle when the
shipping amount is high, while in the opposite case mandated
and rented vehicles are more economical (Ko et al. 2002).
According to the classification by Bodin et al. (1983), the
problem considered here can be represented as a typical PDP.
The difference in this study is that the objective function is
formulated to maximize the revenue instead of minimizing?the
cost of delivery. However, a PDP with sales (PDPs) may be
also interpreted as a travelling salesman problem with sales
(TSPs). The approach used in this study has a similar concept
to the previous studies such as Lee et al. 2010, Kim et al.
2011; 2012, Ferdinand et al. 2013). The first step of the
proposed procedure is to divide all nodes into pick-up and
delivery nodes. Route generation is intended to link all nodes

for each vehicle starting from and ending at the same depot.
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The second step is to build the m-TSP (Multiple Traveling
Salesman Problem) by converting the profitable tour problem
with pick-up and delivery nodes. For example, consider that a
line-haul vehicle travels among five service centers for pick-
up and delivery at early times, and packages are picked up and
delivered along the travel route followed; there are two
vehicles and each vehicle is assigned to one tour. Each service
center has two different nodes, delivery and pick-up, and thus
there are ten nodes for five service centers. The difference in
this study is that the delivery and pick-up processes are not
performed by the same vehicle. The converted model is
regarded as a type of m-TSP with the objective of maximizing

the incremental profit. Many studies have been performed

Maximize W; = {aZ, — B(AT,)Y}

Maximize Wy, = { 0Zm — B(ATy)Y}

where

n
Z Dy;(ai;)(Adty;)
Zi = =4

ny
Z Pybi;(Apty;)
=1

In Expression (1), incremental revenue is produced via an
increase in collected profits resulting from adjustment of the
tour route and the delivery and pick-up times. An incremental
operating cost is incurred due to an increase in the travel
times. When calculating the operating cost, instead of (A7),
(AT)" is used to prevent an excessive time increase that may
affect the operating times in the consolidation terminal where
v is larger than or equal to one. The notation used in this study

is defined as follows:

i index for a vehicle from an express delivery service
company,i=1,2,--,m

ji index for a node corresponding to a service center

serviced by vehicle i,j=1,2, -+, n,

incremental of revenue of vehicle i

a incremental revenue per unit

delivery amount per hour of service center j for

vehicle i

regarding the m-TSP with applications in several areas
including logistics. Because this problem belongs to the NP-
hard class, most studies suggest heuristic algorithms due to the
problem characteristics. Given the tour route, the total revenue
and operating costs are easily obtained based on the travel
times among the depot and the service centers and the
operating times for each service center. The objective function
in this study is to maximize the net profit, which is calculated
by subtracting the incremental cost from the incremental
revenue instead of assessing the total revenue for m-TSPs with
multiple service centers.The constraints are equivalent to those
of an m-TSP with two nodes for each service center. Thus, the

objective function is defined as follows:

()
if j is a delivery mode
if j is a pick — up mode
a; delivery type for service center j for vehicle i which

reflects order characteristics such as residential,
industrial, and commercial areas
Adt,

; incremental increase in time required for delivery

order for vehicle i in an updated tour as compared to

the current tour of service center j (unit: hour)

pick-up amount per hour of service center j for vehicle i

b, pick-up type of service center j for vehicle i which

reflects order characteristics

incremental increase in time required for pick-up

order for vehicle i in an updated tour compared to

the current tour of service center j (unit: hour)

B incremental cost per hour according to increase of
total tour time

AT, incremental increase in total tour time for an

updated tour of vehicle i compared to the current

tour (unit: hour)

0% index reflecting the effect of tour time on tour cost
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4. Solution Procedure

A genetic algorithm (GA) is generally referred to as a
stochastic solution search procedure that is proven to be useful
for solving combinatorial problems using the concept of
evolutionary computation imitating the natural selection and
biological reproduction of animal species (Goldberg, 1989;
Gen and Cheng, 2000). The chromosome representation
contains 51 genes, as shown in Figure 1. The first three genes
represent the number of service centers supported by three
vehicles, respectively. We assume that each vehicle should
support at least 10 nodes. The remaining 48 genes denote the
routes that will be taken by each vehicle. Four genetic
operators are used in the proposed GA: cloning, crossover,
mutation and selection operators. The cloning operator copies
a subset of the best current chromosomes to the new
population. A partial-mapped crossover (PMX) is applied,
which is viewed as an extension of the two point crossover
operation for a binary string to a permutation representation.
Next, a reciprocal exchange mutation is adopted for the
mutation operation, and roulette wheel selection is used to
select the new population. The decoded chromosome
generates a candidate solution and its fitness value based on
the fitness function. The objective function in the proposed
model given in Expression (1) is used as the fitness function.
The partial mapped crossover is used in the crossover process,
which passes ordering and value information from the parent
tours to the offspring toursin which the chromosome cannot
contain duplicate values. The process is mapped from a
portion of one parent string onto a portion of the other parent
string while the remaining string values are exchanged. Next,
the reciprocal exchange mutation is adopted as a mutation
operator. The decoded chromosome generates a candidate
solution and its fitness value based on the fitness function. The
objective function in the proposed model is used as the fitness

function. The values of dt,, pt

i

AT, can be easily calculated
from the tour sequence corresponding to a chromosome. Since
the proposed model belongs to a class of multi-objective
decision making problems, the maxmin operator is employed
to obtain a compromised solution. The overall procedures are
coded in MatlabTM.

5. An Example Problem

An illustrative numerical example is carried out with a data
set similar to the previous studies (Lee ef al. 2010, Kim et al.
2011; 2012, Ferdinand et al. 2013). The example problem
considers a single consolidation terminal, 24 service centers
and three mandated line-haul vehicles. Table 1 shows the
current operation data of each service center for three
scenarios. The travel times among a consolidation terminal
and service centers are shown in Table 2. It is also assumed
that 5 minutes are required for preparing the package
loading/unloading tasks in the service center, and 0.03 minutes
of package handling is required for each package. The upper
bound of trip time is 12 hours, and the capacity for each
vehicle is 3000 units. The GA parameter values are as follows:
population size is set to 500, maximum number of generations
is 300, and cloning, crossover and mutation rates are 2%, 70%
and 6%, respectively. After a GA-based heuristic is applied to
the example problem based on the maxmin criterion, it is
obtained that the incremental profits and travel times for each
vehicle are: 9.03 hours and $166.80 for vehicle 1, 12.30 hours
and $68.37 for vehicle 2, and 12.53 hours and $39.43 for
vehicle 3, respectively. We observe that although the travel
time for each vehicle is longer, more incremental profits of
$39.427 are realized. Figure 2 shows tour sequences for each

vehicle with scenario 1 after GA implementation.

6. Conclusions

This study suggests a GA-based heuristic for the service
network design for the pick-up and delivery among a single
depot and multiple service centers with the objective of
maximizing the incremental profits of the drivers of mandated
line-haul vehicles. While most of the express delivery service
companies in Korea operate mandated vehicles, the proposed
approach considers the balance of the profits of drivers based
on maxmin criterion. As a further research, a service network
design problem compromising profits of the company and

drivers is suggested based on maxsum and maxmin criteria.
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Tablel. Current operation data for service centers

Service . . Service . .

Center Delivery Pick-up a, b, Center Delivery Pick-up a, b,
1 160 200 02 0.02 13 40 20 0.1 0.01
2 20 40 0.1 0.01 14 50 60 0.1 0.01
3 120 100 0.2 0.02 15 380 450 0.3 0.03
4 20 20 0.1 0.01 16 170 220 0.2 0.02
5 60 80 0.1 0.01 17 20 40 0.1 0.01
6 40 20 0.1 0.01 18 120 100 0.2 0.02
7 400 500 03 0.03 19 20 20 0.1 0.01
8 150 180 0.2 0.02 20 40 40 0.1 0.01
9 20 40 0.1 0.01 21 60 80 0.1 0.01
10 100 180 0.2 0.02 22 40 20 0.1 0.01
11 20 20 0.1 0.01 23 60 80 0.1 0.01
12 60 80 0.1 0.0 24 350 420 0.3 0.03

(a) Scenario 1

Service . . Service X .

Center Delivery Pick-up a, b, Center Delivery Pick-up a, b,
1 160 200 0.2 0.02 13 110 100 0.2 0.02
2 20 40 0.1 0.01 14 40 60 0.1 0.01
3 40 20 0.1 0.01 15 20 20 0.1 0.01
4 400 500 0.3 0.03 16 130 170 0.2 0.02
5 60 80 0.1 0.01 17 20 40 0.1 0.01
6 120 100 0.2 0.02 18 40 20 0.1 0.01
7 20 20 0.1 0.01 19 370 440 0.3 0.03
8 120 160 02 0.02 20 180 160 0.3 0.03
9 20 40 0.1 0.01 21 60 80 0.1 0.01
10 40 20 0.1 0.01 22 120 100 0.2 0.02
11 400 480 03 0.03 23 40 60 0.1 0.01
12 60 80 0.1 0.01 24 20 20 0.1 0.01

(b) Scenario 2

Service . . Service . .

Center Delivery Pick-up a, b, Center Delivery Pick-up a, b,
1 400 500 03 0.03 13 40 20 0.1 0.01
2 20 40 02 0.02 14 60 70 0.2 0.02
3 120 100 0.1 0.01 15 150 180 0.3 0.03
4 20 20 0.1 0.01 16 330 460 0.1 0.01
5 60 80 0.1 0.01 17 20 40 0.2 0.02
6 40 20 0.2 0.02 18 120 100 0.1 0.01
7 160 200 03 0.03 19 20 20 0.1 0.01
8 350 460 0.1 0.01 20 140 110 0.2 0.02
9 20 40 0.2 0.02 21 60 80 0.1 0.01
10 100 110 0.1 0.01 22 40 20 0.1 0.01
11 20 20 0.1 0.01 23 8 90 0.2 0.02
12 60 80 0.1 0.01 24 120 150 0.2 0.02

(c) Scenario 3
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Table2. Travel times among a consolidation terminal and service centers

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
T |38 72 18 11 17 39 50 23 56 42 8 14 63 21 50 12 94 21 17 49 44 79 82 46
1 0 25 32 43 13 41 30 42 74 27 29 10 49 63 19 91 13 61 31 27 54 50 68 23
2 0 24 8 23 34 71 29 38 19 22 30 68 91 47 97 31 48 18 74 78 35 71 24
3 0 16 8 26 72 41 35 67 15 46 88 25 36 84 23 40 42 69 24 20 55 67
4 0 41 18 20 23 31 43 12 47 44 15 25 92 40 66 19 97 40 63 60 10
5 0 19 55 20 33 54 14 22 8 41 13 11 69 22 39 78 33 56 73 96
6 0 17 52 48 16 32 8 38 19 76 28 11 42 22 91 97 59 22 28
7 0 53 49 21 29 43 62 42 40 15 75 41 38 23 33 8 84 86
8 0 32 43 56 70 19 8 14 39 93 17 31 94 41 63 56 95
9 0 22 99 25 17 20 32 47 14 81 48 42 8 63 90 30
10 0 64 23 42 15 73 51 22 98 16 93 36 78 44 29
11 0 26 62 31 18 15 28 79 37 61 14 58 16 29
12 0 44 20 19 77 34 13 48 8 94 21 52 85
13 0 41 33 61 15 78 28 61 11 40 24 30
14 0 51 19 22 79 43 82 38 25 64 64
15 0 47 39 66 45 58 69 72 78 59
16 0 27 49 12 50 17 30 93 41
17 0 45 27 23 8 58 17 93
18 0O 8 19 97 8 17 15
19 0 8 46 33 89 43
20 0 49 92 26 64
21 0 34 23 62
22 0 8 41
23 0 26
24 0

= 1:7;; Isfsll’vs TPia] p3 [pis[pis] Pe] p7 l’:xoﬁts! osimIPHINZIWBJP@HIPMI P2 P9 D12 P1 191:;;1232 To1] P o1goz] mlm_Sij'm [o2PieP3[o2] Dsﬁzﬁm: [o1e[ o6 o13[D27] DSFJulm#J
(a) Overview of chromosome
[ 15 | 17 | 16
(b) Number of nodes supported by each vehicle
[P8 [P14 |[P3 [PI5 [PI9 |P6 |P7 |PIO |DI5 [D8 [P21 [Pl [P12 [DI10 [P23 |

(¢) Vehicle 1

[P24 [D11 [P20 [P2 [P9 [DI12 | PI

[P18 [P22 [D2 [D1I [P4 [ D19 [ D21 [ D7 | DI8 [ P17 |

(d) Vehicle 2

[ Ps

[D24 P16 [ P13 [ D23 | D3

| D20 | D4

| D9

[ D16 | D6

[ D13 [ D22 | D5

[ D14 [ D17 |

(e) Vehicle 3

Figure 1. An example of chromosome representation
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Figure 2.The tour sequences based on GA
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A Study on Topology of Supply Chain Network: Focusing on a case of
Military Supply Chain Network

"Young Lee" - ?Ki-Hong Chung - Seong-Am Moon -+ *Soon-Hong Min - *Dong-Joo Kang

"WDepartment of Defense Management, Korea National Defense University
*Department of Physics, Korea Advanced Institute of Science and Technology
“Yonsei University, School of Business
“KERI (Korea Electro-technology Research Institute)

There have been few studies on topology of whole supply chain network as a specific unit of analysis. In this
paper we investigate the topological characteristics of a whole military supply chain network using NetworkX by
Python, based on the database of 16,394,122 transactions. The result shows that connectivity distribution of military
supply chain network follows power law. The degree exponents are 2.09 and 2.03, respectively in our study. It means
that the military supply chain network is a typical scale-free network. Through this interdisciplinary research, it is
expected that network science could be applied to the analysis of SCM as a effective tool to deal with the growing
complexity of supply chain network.

Keywords: Military supply chain network, topology, Scale-free network, Power law, Interdisciplinary research
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Design of a Green Supply Chain Network using Both a Cooperative
Coevolutionary Algorithm and Fuzzy Set Theory

Yongho Han'

Department of e-Business, Busan University of Foreign Studies

Recently green supply chain management has drawn the attention of researchers. Previous studies to design a
generalized closed-loop supply chain(CLSC) network are very limited and do not consider the qualitative factors of
the facilities to be open. In this paper, a new generalized supply chain network design problem is considered that
includes facilities like suppliers, plants, distribution centers, dismantlers and customers. We propose a closed-loop
supply chain model considering not only the quantitative costs but also the qualitative factors of facilities. The model
has two objective functions. The first is to minimize the total cost, and the second is to maximize the total weight of
all facilities to be open. Our approach is composed of two phases. In the first phase, a framework for facilities
selection criteria is proposed based on fuzzy set theory. The output of this stage is the weight of each facility. In the
second phase, a multi-objective mixed integer nonlinear programming model is formulated to choose the facilities to
be open for each type and to optimize the amount of parts and products shipped between facilities in the CLSC
network. A cooperative coevolutionary algorithm is then applied to get an approximate solution. A numerical
example is presented and a sensitivity analysis is performed. The results show that both the proposed model and the
solution approach are validated.

Keywords: green supply chain management, closed-loop supply chain, cooperative coevolutionary algorithm,
fuzzy set theory, multi-objective mixed integer nonlinear programming
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Comparison of Reverse Logistics Networks in Centralized and
Decentralized Areas: Genetic Algorithm Approach

YoungSu Yun'

Division of Business Administration, Chosun University

In this paper, we propose two types of reverse logistics (RL) networks: reverse logistics network in centralized
area (RLC) and reverse logistics network in decentralized area (RLD). For the RLC, the used products taken from all
customers are sent to one of the centralized integration centers, which performs the functions of collection center,
recovery center, and redistribution center simultaneously, after treating them in it, they are all sent to one of the
centralized secondary markets. For the RLD, the used products taken from all customers are sent to the regionally
decentralized integration centers, and after treating them in each integration center, they are sent to regionally
decentralized secondary markets. The mathematical models for effectively representing the RLC and RLD are
proposed and they are solved in a genetic algorithm approach. In numerical experiment, two types of RL networks
are presented for comparing the performances of the RLC and RLD using various measures of performance. Finally,
we can conclude that the RLC significantly outperforms the RLD.

Keywords: Reverse logistics network, centralized area, decentralized area, genetic algorithm

which is consists of various components such as row material
1. Introduction supply firms, manufacturing firms, distribution centers,
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(or remanufacturing center), redistribution centers, first and
secondary markets after collecting the used products from
customers. Of the two flows, reverse logistics (RL) network
have recently focused on many researchers since increasing
interests on exhaustion of resources and environmental
regulation have caused the effective treatment of used
products (Min et al. 2006; Kim et al. 2007; Tuzkaya and
Gulsun 2008; REVLOG 2008; Lee et al. 2009). The RL
network is usually consists of customers, collection centers,
recovery centers, redistribution centers, first and secondary
markets.

The European working group on reverse logistics defined
the RL network as “the propose of planning, implementing
and controlling flows of raw materials, in process inventory,
and finished goods, from the point of use back to point of
recovery or point of proper disposal” (REVLOG 2004).
Therefore, in a broader sense, the RL network is related with
the distribution activities involved in product return, source
reduction, recycling, reuse, repair, disposal, refurbishment,
and remanufacturing (Stock 1992).

Various sides of fields of the RL network have been
investigated by many researchers (Fleischmann et al. 1997,
Brito et al. 2003). Of the sides, several researchers have
studied the determination problem of the optimal locations of
various components such as collection centers, recovery
centers, redistribution center, and secondary markets etc.
(Stock 1992; Krikke et al. 1999; Jung and Lee 2005; Min et al.
2006; Aras and Aksen 2008; Na and Lee 2009; Yun et al.
2012; Yun 2013a).

Krikke et al. (1999) proposed a mixed integer programming
(MIP) model for solving the multi-echelon RL network with
customers, collection centers, selection centers, recovery
centers, redistribution centers, disposal centers and secondary
markets. In the multi-echelon RL network, the recovery centers
had the functions of remanufacturing and recycling centers
simultaneously. They considered various costs such as
transportation costs, handling costs and investment cost
resulting from customers to collection centers, selection centers,
and recovery centers. However, there is a mistake that they did
not considered the transportation costs between recovery centers
and redistribution centers. Min et al. (2006) proposed a genetic

algorithm (GA) approach to solve a RL network, which can be

2
T

represented by the MIP model of determining the optimal
numbers and locations of initial collection centers and
centralized return centers. Although they reinforced the
efficiency of the proposed approach by performing a sensitivity
analysis using varying maximum holing periods, initial
collection points and unit inventory carrying costs, the
transportation costs resulting from customers to initial collection
centers and centralized return centers did not be considered and
another components of RL networks such as redistribution
centers, first and secondary markets did not be also taken into
consideration in the MIP model. Similar study was performed
by Aras and Aksen (2008).

Na and Lee(2009) designed a RL network that the used
products collected from customers are sent to centralized
returns collection center and disposal facility. In their study,
the centralized returns collection center has the functions of
collecting and treating the used products simultaneously and a
sensitivity analysis using the changes of fixed costs and
variable costs had been done. However, unfortunately, they
did not considered recovery centers, redistribution centers,
first and secondary markets in the RL network. A similar
study was also performed by Jung and Lee (2005). They used
the centralized return center which can perform the functions
of collecting and treating the used products. Yun (2012)
proposed an MIP model for solving four-stage RL networks
for product resale. Customers, collection centers,
remanufacturing centers, redistribution centers and secondary
markets were considered in the four-stage RL networks. The
MIP model was solved by using an adaptive GA approach. In
numerical experiments, he proved that the performance of the
proposed adaptive GA approach is more efficient in various
measures of performance that that of the conventional GA
approach. Although he considered various components in RL
network, if much larger sized RL networks are considered in
the MIP model, finding the optimal solution will become more
and more difficult, since the numbers of the components
which can be opened at each stage are increased.

Yun (2013a) developed a hybrid GA approach to solve a
multi-stage RL network which can determine the optimal
locations of collection center, remanufacturing centers,
redistribution center and secondary markets. He compared the
performance of the GA approach with that of the hybrid GA
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approach and concluded that the hybrid GA approach
outperforms the GA approach in some measures of
performance. However, his study only focused on the RL
network of a centralized area and did not considered various
situation of RL network such as decentralized area.

The conventional studies mentioned above can be classified
into two ways. One is to consider multiple stages at a RL
network (Min et al. 2006; Aras and Aksen 2008; Yun 2012,
2013a). The other uses a single (or integrated) stage at a RL
network (Krikke et al. 1999; Jung and Lee 2005; Na and Lee
2009). Especially, the conventional studies considering
integrated stage have proved to be more effective than those
considering multiple stages (Jung and Lee 2005; Na and Lee
2009). Therefore, in this paper, we also consider the RL
networks with integrated stage. The RL networks with
integrated stage are divided into two types: the RL network in
centralized area (RLC) and the RL network in decentralized
areas (RLD). For the RLC, the used products taken from all
customers are sent to a centralized integration center, which
performs the functions of collection center, recovery center,
and redistribution center simultaneously, after treating them in
it, they are sent to a centralized secondary market. For the
RLD, the used products taken from all customers are sent to
regionally decentralized integration centers, and after treating
them in each center, they are sent to regionally decentralized
secondary markets.

Although some conventional studies showed the efficiency
of the RLC and RLD, respectively (Jung and Lee 2005; Min et
al. 2006; Lin et al. 2014), any comparison between their
performances has not been made. Therefore, the objective of

this paper is to compare the performances of the RLC and

RLD. Section 2 shows the structures of the RLC and RLD in
detail. The mathematical formulations for representing the
RLC and RLD are proposed in Section 3. The mathematical
formulation is solved by a GA approach in Section 4. The
performances of the RLC and RLD using various measures are
compared by various numerical examples in Section 5.

Finally, the conclusion and remarks are followed in Section 6.

2. Structure of RLC and RLD

Since the RLC and RLD are represented by a multistage
form which is composed of various components such as
customers, integration centers and secondary markets, we need
to correctly define their status and structure. Figure 1 show a
conceptual model for the RLC and RLD.

For the RLC of Figure 1, the used products taken from all
customers are sent to one of centralized integration centers
considered in a whole area, and after treating them in it, they
are sent to one of centralized secondary markets considered in
a whole area. For the RLD, on the other hand, the used
products taken from all customers are sent to one of the
integration centers considered in regionally decentralized
areas, and after treating them in each center, they are sent to
one of the secondary markets considered in regionally
decentralized areas.

The considerations under the RLC and RLD shown in

Figure 1 are as follows:

- The location of the integration center which will be

opened should be determined for effectively sending the

| Stage 2 | Stage 1 |
— 7l !
Secondary Integration Center 1
Market 1 (Collection center 1, Recovery center 1, Redistribution center 1)
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N /
Secondary 1/
Market 2
| —
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Figure 1. Conceptual model for the RLC and RLD
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used products taken from customers to the secondary
market which will be opened.

- The fixed costs required for the opening of the determined
integration center and secondary market, and their
handling costs for unit products should be determined.

- The transportation costs required for transporting the used
products at each stage (customer — integration center —

secondary market) should be determined.

3. Mathematical Formulation

Before designing a mathematical model for the RLC and

RLD, several assumptions are considered as follows.

- This paper considers the RL network for single product
only.

- The number of customers is already known. For the RLD,
all customers respectively sends only one used product to
one of integration centers and one of secondary markets
located in regionally decentralized areas. For the RLC, all
customers respectively send only one used product to one
of centralized integration centers and one of centralized
secondary markets within a whole area. Therefore, the
capacity of all customers is identical with the number of
customers both in the RLD and RLC.

- The locations of customers, regionally decentralized
integration centers and secondary markets, and centralized
integration centers and secondary markets are displayed as
site coordinates and their values of each location are
known in advance.

- In the RLD, integration centers and secondary markets
will be respectively opened alone within each regionally
decentralized area. In the RLC, however, integration
centers and secondary markets will be opened alone
within a whole area.

- The fixed costs required for the opening of integration
centers and secondary markets are different each other and
are already known.

- Unit handling costs are identical even though which
integration center and secondary market are opened in

same stage. The costs are already known.

3
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- Unit transportation costs are calculated by the site
coordinates of the integration centers and secondary markets
opened and all customers at each stage. For instance, if the site
coordinates of the integration center 2 and the secondary
market 3 are (3.3, 2.5) and (5.8, 4.5) respectively, then the unit
transportation cost between the integration center and the
secondary market is calculated by using the Euclidian distance

as follows:

Unit transportation cost =\/(5.8—3.3)2 +(45-25)? )

Based on the assumptions mentioned above, a mathematical
model which can represent the RLC and RLD is developed.
The objective function is to minimize the total cost which is
composes of fixed costs, handling costs and transportation
costs under considering various constraints. The index set,
parameters and decision variables used in the objective

functions and constraints are set as follows:

Index set:
i : index of customer; i€/
Jj : index of integration center; j&J

k : index of secondary market; k€K

Parameters:

FIC;: fixed cost at integration center j

FSM, : fixed cost at secondary market k

HIC : unit handling cost at integration center

HSM : unit handling cost at secondary market

TCI, : unit transportation cost from customer i to integration
center j

TIS, : unit transportation cost from integration center j to
secondary market k

CCU, : capacity at customer i

Decision variables:
hi; : handling capacity at integration center j
hs, : handling capacity at secondary market k
1L if integration center j is opened
4 0, otherwise

- 1, if secondary market & is opened
§ 0, otherwise
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Using the parameters and decision variables, the
mathematical model for the DRL and CRL is represented as

follows:

Minimize Z =y > TCI,-CCU, -x;"+ > FIC,-x," + HIC(Y hij-x,")+
i J J J

> S hiy xS+ Y My xS+ HSM(Y hsi - x%)
ok k k

2

Subject to

3 hi; =Y hs, =0 “)
J k

2% =1 (5)
J

Y a1 (6)
k

x =01} VjeJ

x ={0,1} Vkek )
hij,hsk 20 VjeJ,VkekK 8)

The objective function of equation (2) minimizes the sum
of fixed costs, handling costs and transportation costs resulting
from each stage. Equation (3) ensures that the sum of the used
products handled in whole integration centers is the same as
that in whole secondary markets. Equations (4) and (5) show
that integration centers and secondary markets should be
opened alone. Equations (6) and (7) restrict the variables to

integers 0 and 1. Equation (8) means non-negativity.

4. GA Approaches

Several conventional studies have reported that solving
network design problems such as the RLC and RLD were
known as NP-complete (Gen and Cheng 1997; Savaskan et al.
2004). Therefore, conventional approaches such as heuristics
are difficult to effectively find global optimal solution.
Recently, some methodologies using GA approach has been
successfully adopted to effectively solve the network design
problems (Min et al. 2006; Lee et al. 2009; Yun et al. 2012,
2013b). In this section, we also design a GA approach to
effectively solve the RLC and RLD.

4.1 Representation and Initialization

The most important thing when designing the RLC and

RLD using GA approach is how to set a correct
representation scheme, since whether integration centers and
secondary markets are opened or not should be
automatically determined during genetic search process.
Therefore, we design a new representation scheme as shown
in Figure 2 to correctly represent the structure of the RLC
and RLD.

Stage 1 Stage 2

I I 1

X, Xy XX X X3
loJol1i]1]o]o]

N N S

Figure 2. An example of representation for the RLC and RLD

In Figure 2, the integration center 3 is opened (x{= 1) and
the integration centers 1 and 2 are not opened (x{=x}=0). As
a same meaning, the secondary market 1 is opened and the
secondary markets 2 and 3 are not opened. Therefore, whether
any integration centers and secondary markets should be
opened or not is automatically determined by randomly having
0 or 1 in order to minimize the total cost. By using this
representation scheme, we can easily produce initial
population. For example, if population size is 5, then initial

population can be generated as shown in Figure 3.

vicsfofo]1t]1]o]o
vo=lo] 1 fofof[1]o
v,=lo]1lofo]o]|1
v,=[1|ofo]1fo]fo
vi=lofof[1]o]of1

Figure 3. An example of initial population

4.2 Genetic operators

4.2.1 Selection

The selection strategy is to choose the promising
individuals from the current population, and the chosen
individuals are then considered as the population of the next
generation. For selection, the elitist selection strategy in an

enlarged sampling space (Gen and Cheng 1997) is used.
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4.2.2 Crossover

Crossover operator is adapted by exchanging some genes
between individuals. The main reason adapting crossover
operator is to improve the solution quality during genetic
search process. For the RLC and RLD, the revised two point
crossover operator (Yun 2013a) is used. The detailed
implementation procedure for the revised two point crossover

operator is as follows:

Step 1: two individuals are randomly selected in population.

Step 2: two genes in the selected individuals are randomly
selected.

Step 3: If the values of the selected genes in the selected
individuals are identical, then go to Step 2, since there
is no change when the values are exchanged with each
other. If the values of the selected genes are different,
then go to Step 4.

Step 4: the values of the selected genes are exchanged with
each other. If the value of a selected gene is exchanged
with 1 (the case of the second and fifth genes of V," in
Figure 4), then the genes with the value 1 among the
other genes should have the value O instead of 1 (the
case of the first and fourth genes of V,” in Figure 4). If
the value of a selected gene is exchanged with O (the
case of the second and fifth genes of V," in Figure 4),
then randomly select a gene (the case of the third and
sixth genes of V" in Figure 4) among the other genes and
then the value of the selected gene is exchanged with 1

(the case of the third and sixth genes of V," in Figure 4).

These procedures for the revised two point crossover

operator are summarized in Figure 4.

N2 N2
v o [0 L1 0]
ve[ T [o]o ] Jo]0]

> i
vi=lofofofo|o]o]
vl 1 ]o]i |1 o]

vy'=[ofo |1 ]o]o]1]
O oo [ ]v]

V4

Figure 4. An example of crossover operator
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4.2.3 Mutation

In general, random mutation operator (Gen and Cheng,
1997) is to simply select one individual and points out one
gene in the selected individual. If the value of the selected
gene value is 0, then the value is exchanged with 1. However,
this mutation procedure does not be directly adapted in the
RLC and RLD, since all integration centers and secondary
markets do not be opened when the selected gene values are
changed into 0, and the duplicated integration centers and
secondary markets can be opened when the selected gene
values are changed into 1. Therefore, for the RLC and RLD,
the revised random mutation operator (Yun 2013a) is used for
preventing the difficulties mentioned above. The detailed
implementation procedure of the revised random mutation

operator is as follows:

Step 1: an individual is randomly selected in population.

Step 2: a gene in the selected individuals is randomly
selected.

Step 3: If the value of the selected gene is 0, then the value
is exchanged with 1(the case of third genes of V," in
Figure 5). In this case, the gene with the value 1
among the other genes should have the value 0 instead
of 1 (the case of second genes of V,” in Figure 5). If
the value of the selected gene is 1, then the value is
exchanged with 0. In this case, a gene among the other
genes is randomly selected and the value of the

selected gene is exchanged with 1.

These procedures for the revised random mutation operator

are summarized in Figure 5.

4.2 4 Fitness test

Each individual of the new population produced from
crossover and mutation operators should be evaluated by
measuring its fitness. The fitness values of each individual are
computed by using the objective functions in the equation (2)

under satisfying all constraints from the equations (3) through

).
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Figure 5. An example of mutation operator
4.3. Overall Implementation Procedure

The overall implementation procedure using the proposed

GA approach is as follows:

Step 1: Initial population size
Generate initial population using the representation
scheme proposed in Section 4.1
Step 2: Genetic operators
Step 2-1: Selection
The elitist selection strategy in an enlarged sampling
space (Gen and Cheng 1997) is used.
Step 2-2: Crossover
The revised two point crossover operator (Yun 2013a) is
used
Step 2-3: Mutation
The revised random mutation operator (Yun 2013a) is used.
Step 2-4 Fitness test
Fitness test is performed by the objective function under
satisfying all constraints.
Step 3: Stop condition
If a pre-determined number of termination condition is

satisfied, then exits all steps, otherwise, go to Step 2

S. Numerical Experiment

In numerical experiment, the test problems 1 and 2 using
RL network are presented. They have various sizes of
customers, integration centers and secondary markets. Tables
1 and 2 summarize the sizes of them. In Table 1, 40
customers, 12 integration centers and 8 secondary markets are
used for the RLC, while they are separated into 10 customers,

3 integration centers, and 2 secondary markets in each region

for the RLD, since we divide the components of the RLC into

regionally decentralized four parts.

Table 1. Test problem 1 for the RLC and RLD

No.of  No.of int. No. of sec.
customer  center market
RLC 40 12 8
RLD Region 1 10 3 2
Region 2 10 3 2
Region 3 10 3 2
Region 4 10 3 2

Table 2. Test problem 2 for the RLC and RLD

No.of  No.ofint. No. of sec.
customer  center market
RLC 80 24 16
RLD Region 1 20 6 4
Region 2 20 6 4
Region 3 20 6 4
Region 4 20 6 4

Table 2 shows much larger sized numbers of customers,
integration centers and secondary markets for the RLC and
RLD.

For the test problems 1 and 2, the fixed costs, the unit
handling costs and the site coordinate information at
customers, integration centers, and secondary markets are
listed in Appendixes 1 and 4. In Appendixes 1 and 2, for the
RLD, customers, integration centers and secondary markets
are separated into four regions (region 1: customer 1 through
10, integration center 1 through 3, and secondary market 1
through 2, region 2: customer 11 through 20, integration
center 4 through 6, and secondary market 3 through 4, region
3: customer 21 through 30, integration center 7 through 9, and
secondary market 5 through 6, region 4: customer 31 through
40, integration center 10 through 12, and secondary market 7
through 8). In Appendixes 3 and 4, for the RLD, customers,
integration centers and secondary markets are separated into
four regions (region 1: customer 1 through 20, integration
center 1 through 6, and secondary market 1 through 4, region
2: customer 21 through 40, integration center 7 through 12,
and secondary market 5 through 8§, region 3: customer 41

through 60, integration center 13 through 18, and secondary
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market 9 through 12, region 4: customer 61 through 80,
integration center 19 through 24, and secondary market 13
through 16). The graphical representations using the site
coordinate information for the test problems 1 and 2 are

displayed Figures 6 and 7.
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Figure 6. Graphical representation for the test problem 1
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Figure 7. Graphical representation for the test problem 2

The proposed GA approaches for the RLC and RLD is
programmed in Visual Basic Version 6.0 and runs on IBM
compatible PC 3.40 GHz processor (Inter Core i7-2600 CPU),
4GB RAM and Window 7. The parameters in each approach
are set as follows: total number of generations is 10,000,
population size is 20, crossover rate is 0.5, and mutation rate is
0.05. Altogether 20 independent iterations are carried out to
eliminate the randomness of each approach. Table 2 shows the
measures for comparing the performances for each GA

approach.

o2
>

Table 2. Measures of performance

Measure Description

Optimal The value of minimizing the sum of handling cost, fixed

setting  cost, and transportation cost resulting from each stage.

Optimal Opening or closing decision at integration centers,
setting

CPU time

and secondary markets in the optimal solution
Average CPU time (in Sec.)

In Table 2, the CPU time is the averaged value over 20
independent iterations. The optimal solution and the optimal
setting mean the best result when each approach reaches to a
pre-determined total number of generations. Table 3 shows the

performance results for the Test problem 1.

Table 3. Performance results for the Test problem 1

Optimal ~ Optimal CPU
setting solution time
oprie 8 "o Co o

RLC IC* 4 2320 1625 8480
SM* 4 1400 521 640

14986 085
RLD Regionl IC. 1 580 1505 1108
SM. 2 350 651 420
Region2 IC. 1 580 1625 807
RLD SM. 2 350 521 160
Region3 IC. 1 580 1702 1121
SM. 2 350 655 490
Regiond IC. 2 580 1505 1154
SM. 2 350 585 250

1,7979 102

*1.C.: integration center, S.M.: secondary market

For the RLD of Table 3, integration center 1 and secondary
market 2 are opened in regions 1, 2 and 3, but integration
center 2 and secondary market 2 are opened in regions 4, in
terms of the optimal setting. The handling costs at integration
centers and secondary markets are the same as each other in
all regions, since we assume that the costs are identical even
though which integration center and secondary market are
opened in same stage. On the other hand, the fixed costs and
transportation costs are very different in each region, since the
fixed costs and site coordination formation in each integration
center and secondary market are different each other. The

handling costs, fixed costs and transportation costs in all
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regions are summarized as total cost. For the RLC of Table 3,
integration center 4 and secondary market 4 are opened. The
handling cost of 232.0 in the integration center 4 is identical
with the sum of the handling costs of each integration center
opened in the regions 1, 2, 3, and 4 of the RLD, since we give
the assumption in Section 3 such as unit handling costs are
identical even though which integration center and secondary
market are opened in same stage. As a same meaning, the
handling cost of 140.0 in the secondary market 4 is identical
with the sum of the handling costs of each secondary market
opened in the regions 1, 2, 3, and 4 of the RLD.

In the comparison between the performances of the RLD
and that of the RLC, the total cost of the RLD is greater than
that of the RLC and the CPU time of the RLD is slightly
slower than that of the RLC. Finally, the performances of the
RLC are superior to those of the RLD in terms of the optimal
solution and the CPU time.

Figures 8 and 9 show the graphical representations

0.0 5.0 0.0 15.0 20.0 5.0 0o 35.0 40.0

@ Customer A Integration center H Secondary market

Figure 9. Graphic representation according to opening/closing
decisions for the RLC in test problem 1

customers send each used product to one of the integration
centers and secondary market considered within whole area.

Table 4 shows the performance results for the Test problem 2.

Table 4. Performance results for the Test problem 2

according to the opening and closing decisions of each Optimal  Optimal CPU
setting solution time
integration center and secondary market, when the GA . Handiing Fixed Transp. Total
approaches for the RLC and RLD reach to the optimal Opening Cost Cost Cost cost
solution. RLC IC. 22 12400 1078 12241
SM. 6 4480 842 1920
32961 16
07 - R RLD Regionl IC. 6 3100 1017 1677
30 SM. 4 1120 576 1520
300 7 R m Region2 IC. 6 3100 1031 2103
0 9% 4 RLD SM. 4 1120 575 300
200 Region3 IC. 5 3100 1188 1600
150 SM. 3 1120 917 800
100 " - u Regiond  IC. 2 3100 1383 17718
s0 4 4 SM. 2 1120 509 1200
00 I : ‘ : : : : : 35054 22

@Customer A Integration center Ml Secondary market

Figure 8. Graphic representation according to opening/closing
decisions for the RLD in test problem 1

The opening decisions of integration centers and secondary
markets, including all customers, are represented as a link
among them. In Figure 8, we can see that the used products
from customers are sent to one of the integration centers and
secondary markets considered within regionally decentralized
areas. On the other hand, in the RLC of Figure 9, all the

In Table 4, the sum of the fixed costs (107.8 + 84.2 =
192.0) at the integration center and the secondary market
opened in RLC is significantly lower than that of the fixed
costs (101.7 + 57.6 + --- + 50.9 = 719.6) at the integration
centers and the secondary markets opened in RLD, on the
other hand, the sum of the transportation costs (1,224.1 +
192.0 = 1,416.1) at the integration center and the secondary
market opened in RLC are highly greater than that of the
transportation costs (167.7 + 152.0 + -+ + 120.0 = 1,097.8) at
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the integration centers and the secondary markets opened in
RLD. This means that four integration centers and four
secondary markets for the RLD should be opened in each
region, while, for the RLC, just one integration center and the
secondary market should be opened within whole area. These
costs are summarized at the total cost. Finally, the
performances of the RLC are more efficient in terms of the
total cost and the CPU time than those of the RLD.

Figures 10 and 11 show the graphical representation when
the GA approaches for the RLC and RLD reach to the optimal

solution.
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Figure 10. Graphic representation according to opening/closing
decisions for the RLD in Test problem 2
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Figure 11. Graphic representation according to opening/closing
decisions for the RLC in Test problem 2

As shown in Figures 8 and 9, Figure 10 shows that the used
products from customers are sent to one of the integration
centers and secondary markets considered within regionally
decentralized areas. On the other hand, in Figure 11, all the
customers send their used products to one of the integration

centers and secondary market considered within whole area.
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6. Conclusion

In this paper, two types of RL network have been proposed.
First type is to consider the RL network in centralized area
(RLC) and the second type is the RL network in decentralized
areas (RLD). For the RLC, the used products taken from all
customers are sent to one of the centralized integration centers
considered in whole area, which performs the functions of
collection center, recovery center, and redistribution center
simultaneously, after treating them in it, they are sent to one of
the centralized secondary markets in whole area. However, for
the RLD, the used products taken from all customers are sent
to one of the integration centers considered within regionally
decentralized areas, and after treating them in each center,
they are sent to one of the secondary markets within regionally
decentralized areas. The mathematical model for representing
the RLC and RLD has been suggested and the model has been
solved in the proposed GA approach. For the proposed GA
approach, a new representation scheme has been developed
and the initial population has been generated using the
scheme. The initial population has been reproduced using the
conventional genetic operators.

In numerical experiment, two test problems using various
sizes of RL networks has been presented to compare the
performances of the GA approaches for the RLC and RLD.
Test problem 1 has 40 customers, 12 integration centers, and 8
secondary markets. The test problem 2 has a larger sized RL
network than test problem 1. These two test problems have
been performed under the same environment and the
computation results have been compared using various
measures of performance such as optimal solution, optimal
setting and CPU time. Finally the RLC outperforms the RLD
in terms of the optimal solution and the CPU time. For future
study, i) a logic for adaptively controlling GA parameters such
as crossover and mutation rates will be developed, ii) much
larger sized RL network problems will be considered, and iii)
a sensitivity analysis according to the increase and decrease of
the fixed costs and transportation costs will be also performed
for carefully comparing the performances of the RLC and
RLD.
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Appendix 1. Site coordinate information for the test problem 1 Appendix 2. Fixed costs and unit handling costs for the test problem 1
No. Customer Integration center Secondary Market Fixed Cost Unit Handling Cost
X y X y X y Integration center 1 150.5 5.80

1 113 12.1 107 3.0 4.1 12.1 Integration center 2 185.2 ”
2 17.5 19.6 17.0 114 72 0.6 Integration center 3 146.0 ”
3 38 4.6 0.2 40 29.1 10.2 Integration center 4 162.5 ”
4 10.6 74 27.6 6.7 28.7 56 Integration center 5 178.4 ”
5 35 152 31.8 7.1 155 23.7 Integration center 6 155.5 ?
6 9.0 163 30.8 34 122 378 Integration center 7 170.2 i
7 6.7 174 74 37.1 394 295 Integration center 8 190.3 ?
8 10.7 16.3 2.6 26.5 364 280 Integration center 9 160.5 ?
9 16.7 8.2 16.1 39.5 Integration center 10 145.8 ”
10 143 10.2 332 374 Integration center 11 150.5 ?
11 28.7 9.0 353 25.7 Integration center 12 165.2 ?
12 279 18.0 230 28.1 Secondary Market 1 56.4 35
13 27.1 158 Secondary Market 2 65.1 ”
14 22.7 15.7 Secondary Market 3 60.2 ”
15 377 34 Secondary Market 4 52.1 ”
16 332 09 Secondary Market 5 60.2 ”
17 222 84 Secondary Market 6 65.5 ”
18 32.8 9.8 Secondary Market 7 55.0 ”
19 38.8 9.8 Secondary Market 8 58.5 ”
20 294 1.6

21 0.7 26.2

22 25 20.3

23 0.0 25.6

24 13.7 359

25 12.1 20.8

26 15.1 322

27 13.7 255

28 12 39.0

29 72 240

30 9.1 394

31 31.6 235

32 235 326

33 29.5 382

34 222 34.7

35 343 39.6

36 326 28.3

37 37.1 30.7

38 309 393

39 24.1 28.7

I
S

209 38.5
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Appendix 3. Site coordinate information for the test problem 2

No. Customer Integration center Secondary Market No. Customer

X y X y X y X y
1 10.7 9.1 145 16.7 10.0 9.6 41 17.0 273
2 137 3.7 15.7 13.0 182 14.0 42 8.8 39.6
3 6.8 50 2.1 12.6 164 18.9 43 10.5 28.9
4 58 35 133 10.5 10.3 18.5 44 1.1 29.7
5 16.5 4.8 29 1.6 38.1 114 45 12.8 29.6
6 13.6 42 45 13.6 20.7 19.6 46 12.6 21.3
7 11.1 194 21.1 29 36.5 55 47 15.1 25.3
8 6.5 04 26.6 16.6 23.7 42 48 17.0 274
9 94 109 325 2.7 144 395 49 142 229
10 74 14.7 26.9 37 19.7 380 50 35 235
11 2.1 6.2 395 12.8 58 310 51 12 214
12 30 5.8 250 50 16.7 358 52 16.6 22.6
13 32 184 16.7 24.6 392 375 53 8.1 258
14 2.6 143 5.1 249 342 294 54 13.6 394
15 18.6 14.7 38 239 38.1 379 55 14 315
16 11.0 14.0 11.9 318 27.7 30.0 56 179 212
17 5.6 73 9.8 304 57 142 242
18 03 5.7 16.1 26.3 58 19.6 26.1
19 40 8.3 32.8 377 59 10.6 313
20 39 179 319 349 60 14.7 38.1
21 23.6 16.2 359 347 61 339 36.7
22 30.0 32 225 213 62 330 353
23 36.2 7.1 39.7 40.0 63 264 257
24 239 10.6 40.0 375 64 20.8 36.3
25 34.6 7.7 65 312 212
26 259 8.8 66 30.6 24.1
27 23.8 18.2 67 22.8 40.0
28 39.6 9.7 68 37.6 343
29 21.7 129 69 39.8 299
30 374 0.3 70 342 315
31 26.0 14.6 71 20.8 338
32 20.8 14.7 72 21.5 26.1
33 23.6 12.1 73 345 292
34 36.6 10.0 74 23.1 25.5
35 33.7 0.7 75 313 30.6
36 394 78 76 232 304
37 383 8.7 77 347 21.8
38 225 17.0 78 279 29.7
39 374 70 79 395 222

I
S

30.7 120 80 31.6 39.9
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Appendix 4. Fixed costs and unit handling costs for the test problem 2

[o)
g4

Fixed Cost

Unit Handling Cost

Fixed Cost

Unit Handling Cost

Integration center 1
Integration center 2
Integration center 3
Integration center 4
Integration center 5
Integration center 6
Integration center 7
Integration center 8
Integration center 9
Integration center 10
Integration center 11
Integration center 12
Integration center 13
Integration center 14
Integration center 15
Integration center 16
Integration center 17
Integration center 18
Integration center 19
Integration center 20
Integration center 21
Integration center 22
Integration center 23

Integration center 24

182.5
162.1
1383
146.9
146.5
101.7
117.5
1513
189.2
159.1
180.3
103.1
160.4
1953
165.7
130.8
118.8
124.0
1834
138.3
176.0
107.8
1034
142.1

155

Secondary market 1
Secondary market 2
Secondary market 3
Secondary market 4
Secondary market 5
Secondary market 6
Secondary market 7
Secondary market 8
Secondary market 9
Secondary market 10
Secondary market 11
Secondary market 12
Secondary market 13
Secondary market 14
Secondary market 15

Secondary market 16

95.0
824
78.9
57.6
83.5
842
75.1
57.5
78.0
72.1
91.7
68.7
92.1
509
59.6
72.5

56
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An Approach to Scheduling Problem for Multi-Server System
— Concentrating on Logistics Activities

Taeho Kim

Department of Business Administration, Incheon National University

This paper deals with the problem of determining the optimal assignment of transportation works to identical
trucks to minimize the total difference between delivery time desired by customers and real delivery time.
Transportation work can be defined as a huge size or amount of freight such as steel coil and oil or a group of small
freights which can be delivered by a truck by one travel. This paper develops a brand new quantitative model from
the view point of customers rather than that of deliverers, tries to find the optimal assignment of freights to trucks
and the optimal order of delivery of them. In conclusion, it is possible to identify the new optimal scheme which can

improve the customer satisfaction.

Keywords: Assignment of freights, Order of delivery, Customer satisfaction, Mixed integer programming
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A Study on Adoption Process for Green Supply Chain Management in
Korean Manufacturing Industry

Songi Kim, Bongju Jeong'

Department of Information and Industrial Engineering, Yonsei University

This paper presents adoption process for GSCM (Green Supply Chain Management) in Korean manufacturing
companies by analyzing their sustainability reports. At first, we developed GSCM evaluation index from two
different frameworks, sustainability evaluation framework focusing on environmental side and strategy and activities
in GSCM. Based on this, we analyzed 158 sustainability reports of Korean manufacturing firms published from 2008
to 2012. As a result, we observed that the adoption process for GSCM is implemented in the order of importance of
GSCM areas, which are eco design, green manufacturing, environment management system, life cycle analysis,
cooperation system, and reverse logistics network. Also, we found that there exist significant procedural and strategic
differences not only among companies, but also among industries in adopting GSCM.

Keywords: Green supply chain management, Adoption process, Sustainability report, Korean manufacturing firm

&3 71950 A AR Ak B5E E AS oS At

1. A& ol A5 ¥ 4 Sirh ol wet NEAAAA FEAE

(Green supply chain management, ©]aF GSCM)Y] F8.40]

A AR CR thorst 8 ol47t EE T Qa1 Fa4  UFEEA )loH, B2 719Ee] GSCME A fis) kst
oA g2 AT Q) ofo] met Az A E LR AU,

ofUg} AL 3 Tk AL Aseurbs Srivastava (2007)= GSCM& FaAkede] ol &k AlE
Alolth. Zhu et al (2012)0] EH 7|5 Exjd oz txﬂo} AA|, AR 22 Y AE, A I, SAIE S dAle =2
7Rtk A8 97)Hos AAdwo] ot wehy TR ot AREel B Al GAMA $H o s Tejels A 02 YA

TR B0 901YE AR@SIETER) 9 Ao dRATATe] 1)gS ol 58 A7) (NRF-2009-0085893).
T RAARL : A AT AR 50 AA et PR AR 8k

A3} 1 02-2123-4013, 4% 1 02-364-7807, o|H|¢¥ : bongju@yonsei.ac.kr
20149 2¥ 9¢ T3, 20144 39 25U AR A4 49 1Y AR B4,
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GSCMe] ¥ I 7130 GSCME] A2k A8l 73t
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Impact of Buyer-Supplier Collaboration on Supplier
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Supply Chain Quality Management (SCQM) which has recently received wide interest is a means of gaining
competitive advantage by operating inter-organizationally within a firm's supply chain to improve product and
service quality. First, we expand the scope of existing SCQM analyses that focus on the buyer by considering the key
processes affecting business outcomes from the supplier’s standpoint. Second, we determine the moderating effect of
buyer-supplier relationships in SCQM processes and business performance. We use data drawn from the SCQM
model and Quality Collaboration Index for Supply Chain Management (QCI-SCM) developed by the Korean
Standards Association, and our results are as follows. First, analyzing the impact of each of the SCQM processes on
business performance shows that quality delivery and talent development positively influence performance whereas
crisis management does not have significant impact. Second, we examine whether the link between SCQM processes
and business outcomes are moderated by buyer-supplier relationships and find the following; the stronger the bond
between the buyer and the supplier, the greater the positive impact that quality delivery process, talent development
process, and crisis management process have on business outcomes.

Keywords: Supply Chain Quality Management (SCQM), Buyer-Supplier Relationship, SCQM Process, SCQM
Performance
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HIH2ot R TLOHKt == HIH2of A= TLORKE =
7193 5 Aoy | ARUACE AY 7= | 40
4 20 20 Aol | 25 2 LA 10
scaM | 23 10 10 Z2MA 2 7 50 0
omap A2y 10 RS 40
oAk 5 ELL R s R
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Length Relatlonshlp) T2 AR A A o)A AR Ak g
g IAE F8A]5 1| 0}0“‘"4' Ghoshal®t
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TAE G, AT TR YRl SCQM 22
A2t AgTke] A, ufAt-3gAF TA Y 24 ants Ak
£ Ao|BE Z 346709 FaAt HlolElE o] 831%laL, o] FolA
dlolE7F B523 719S A gk 334709] Hlo|EE SPSS 18.0
o7 BT,

RE719] FAL AR, ufEo] A9 809 o4
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ko I g o2 109] ol4~209] mlehe] HlEo] ol
FAY 9] A 207 ol~4078 vIREe] Z1]dol 71 ot
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ZukA 0 & gl ELR o] 7]9150] 2009 Y o]ate] mj&dt 500
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Al 23 SHEFEY WA g AR 4t
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Nunnally(1978)°l] 2J3}# 0.6 o[4doH 4=83iuist 202 o}
ABR AAHOR ZAHEAY A e Fodt 0% & 4 9
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FHHe BN PoARG FFAT B ] FFA At AL o

T2 B gl(H) HIE(%) Ha gle(y HIZ(%)
109wk 56 16.8 107 W) 41 12.3

” 109} ~ 209 73 219 | B 104 ~ 209 66 19.8

=1 . 2091 ~ 409 61 18.3 o 207 ~ 407 99 29.6
| 409 ~ 809 60 180 | 9 409 ~ 607 60 18.0
- 809 o4 84 251 | % 607 o4 68 20.4

A 334 100.0 A 334 100.0
718+ 62 18.6 oz 14 4.2

E£49e 127 38.0 i 85 95.4

sun | 7 AALEE 74 222 | = A 109 32.6
A A 43 12.9 s A 59 17.7

7| € 28 8.4 tj #o] A 67 20.1

A 334 100.0 A 334 100.0

TLI= 090Xt 25 9A5 CFI= 0.90 ©]4o|i(Bentler,

81

o ARy 32 gEeg

1990) RMSEA7} 0.08%t} Yo 22 (Browne and Cudeck,
1992) A o= e ff 2o Ay} SH It &
T ot e FAME Y AEAE = (CR: Construct
Reliability)®} BAF2ZA4(AVE: Average Variance
Extracted)7} ZtZF =8 7] A2 0.72} 0.5 o]4o|=&
(Fornell and Larcker, 1981) AFErdZo] EA7} gl A2
2 RIEGIT}, B5t AN ZA2he] BaE 47 A7
b A AgEt 24 U o e Ert SR e

7S] AARE st 9IAA 3£ A (Hierarchical
Regression Analysis)e AAISHET A 2g9] AYES =
o|7] Sfete] FLulAt—ggAk WA Aol L vlE = Qe
QA4 A7 WiEH S FAMeE HAsktHAutry and

H 4 UEREYE 24 2t
EAfeAS ZXHL eldbSIVEL t-value CR AVE
uikly 0.748
FAHE 9 53l 0.803 14.818
EEIAH - 0.816 15.078
— 0.912 0.633
m2MA A 2 EA T 0.805 14,847
B d o 0.813 15.003
A& 0.785 14,437
Q7|22 A7 AA = 0.883
e = 0.831 0.711
DN A A71 w24 0.801 14.732
- B2 0.827
Oh A} —
jL Ao Ag 0.746 13.261 0.827 0.614
ST 2A
A &717k 0.776 14.012
=4 A} 0.733
H]& gt 0.757 13.332
Aot AAbg gt 0.738 13.164 0.887 0.611
b - & At 0.791 14.652
AY7) - e At 0.881 17.980
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B AN ZRMA Q7|22 Z2MA TOHR-SEAE 2A Mat
EAAE ZEA A 0.633
A7 B ZEAA 0.396(0.629) 0.711
TR A A 0.280(0.529) 0.333(0.577) 0.614

4zt 0.220(0.469) 0.190(0.436) 0.253(0.503) 0.611

2) AL BAREAS 1okl TAAY 1 ARASS AF, BE AL 4BASE g

o) EIAE T2, A

_]
o
19|, 2AH0] iR -FHA AAE 28, A8

= 7ok
(Aiken and West, 1991; o]g-4]at 2]& 2013). o]2|gk £X]

£ 3t 3o tE3Al 38A(Tolerance), HAFY QA (VIF:
Variance Inflation Factor)g &¢13t Ay} K& W4 Jhof tf
SN HAE Sl Ao R Ykt

GE 6ol AAE AAH HEA Ao AuEE 2 1
< 719 ATE 7IEHsR shal, ARl Azt mjEdnt
SHHSE FEAE ZEAA AYSA Z2AL Y7)H
2] TEAAS AP ORE 3] A3 ZAafolrt, oA
B upe} o] EAAE T2 A2 (p=0.343, p<0.0)2F A
S4 ZRAA(6=0.193, p0.00)= 719 Batel 3HA FF
= A AR et webA HI-13 H1-2= =9l

o}, 2y 97|ee] TEAAR=0.001, n.s)= 719 ATt
FAHOR YT YFS 74 Fo 402 ehgonz

HI-32 71453tk S3bstd, SCQM Z2A|A7F 719 At

gt A3k, FuiA-FgA #A W 39 A4(6=0.101,
p<0.05)E FJatH, 3lAR Y] o] F7Isk= Ao R et
PYTHAR=0.010, AF=4.395, p<0.05). o|&|3t A= B o
oA 2R Afeet FufAb-g 2 TAVE 71 s A
gkt glof et 8919S ojulgitt,

opA]eke 2 1y 3of A el A -gg A TA7E SCQM ZE
Mok 719) o] BAof njA= 24 aiks $As9 . 1
A}, FuiR-3FA BAE Z2F SCQM Z2A 28} 7| ATk
A Fofet 2ERIE vA= AoR Yeyth FAHHoR
ZEAAY JTAEHSEEY I AeE AR, 44

ZZA|A(E=0.162, p<0.01), YA ZZAA(5=0.294,

el N

6. YA 37N At

M 281 282 283
1A (SA/=3)

A7k &Y 0.024 0.020 0.013
FEAE ZRA|A 0.343%* 0.328** 0.812%*
AASA ZRAA 0.193%* 0.197** 0.073
SJ7)¢e] ZE2AA 0.001 0.015 0.211*

20 (24)

T RS E AL TA 0.101* 0.091
3T (FEAg)
FAAE x Foir-33A 0.162%*
AAEA x oA -F A 0.294*
71| x FofA-EA 0.255%*
AA 2o R® 0.242 0.252 0.294
AR’ 0.010 0.042
AF 4.395* 6.325%*

%) 229k wek gh. * p0.05, ** p<0.01
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p<0.05), 91713e] Z2A2(8=0.255, p<0.00)7} F2lskx, 3l
Amgol de AA S THAR=0.042, AF=6.325,
p<0.01), whebA FufAb-FFAL WA G| Ado] s FAA
 ZRAL AR Z2AL, 71 ZeAA7E 7Y A
of Hj2|= ggko] Z Aolgi= Ho-137E H2-371A)7} 5% 4]
golong HoE A E i)

& A7e A S SCQM Z2AIAE A4 =
§ ZEA|Z, 7| ZRAAR FEse] 7|9
AFE A3}, SCQM Z2AAL} 71 A3t 7¢
o @A o] FuliA-FaA #A Y 2 avE A
& WA olE 8l A=mEA AT AU FEAE F
FE0QM) 2d Faike FEEHEAFQCI-SCM H
£ o]8dto] ATA o2 FAoHt
HA SCQM Z2A|A7E 71 Aol v]Ale d¥E 24T 2
o FAAY ZEA|IRC} QS ZEAIAE 7Y Al 584
A FFE WA, 71 ZRAAE FOfRE = A
AT &, FEAE TEAe W F2Y IS FA7I7] S8
A M, HHE 3 59, 7, A 2 SR, 2ed gl
&=, AE|A ol QoA RS 1R F S shaL, Ak 8t

S R 5 S DEEAL Fote] Q121 PAslolol

ox U

SCQM ZR2A|2A FollA] $7]13e] ZRA|A7E 71 Autel]
F& FA Fohs ACE BEAE 2 A7 Anks 9y 9
(2011)9] Aot dWAdEeith o= &2 o] B4 tiigo] H ¥
AAREC] HiFE 2009 € ofske] mfEAT} 500 ofste] A
S A $471%Baird et al., 1994)0]7] wjito] eht Antz
3498 4= Qlrt, 47 d2 HOE 718 E skA] grjEtE ¢
710 A5l s 4= 903 (Levy and Powell, 2000), &2
FAE 2aR ok 7| He A AES FEshe AR GRS

FAEE SA dlldst= Aokl Zet E4J(Adams et al., 2012)
S Ayt olgl EA0R el 47199 7] ZEAA
= 7190 ATl f93t P wAA] ok 4= ok

Egh B Aol A= SCQM Z2A| 271 719 Aol vl 2=
o] i At—g At BAlo sl 2w =0l el A E T,
1 Az}, A5 A AT 7AE AEEAIE AdeE £
Al ZEAA QIASA ZEAA Q71 ZEAATE 7Y A

A Tk} FFAT JHol FFA Al A= 83

ol w7 33
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B 9% 5 93 A elshs Aol 719 TS He A
Atk & 4= 9lek, oleldt Auhe HAITES wiEow d4a

5 Sk, et FEAk kel gt ASMAE AYe A,
mi2k= FEAR 1S o ol 719 259 $IFo] opd Yo
Agoz 9145l (Kleindorfer and Saad, 2005), 7119 A%
Dol AFE F= Abdo] HAFE o ofefgt el tiAsh=

A, SOQME] 7 ZEAAS ATHOR $ahe 719 At
apAPE Alolehs it 7]t} objet 2 mRAAY KA
2o o BAY, H18% 5 719 AT olojx| A
£ A%A0R BAgtoRA 715 Ha4) SOQM 7ol
Eejolg AFIHAL olS Bal A3 AL 95t} ojmgt 2z
g AFH O Bhejsiof sHexo] Bt M2 Wake AX)
sct

=4, TR AR FEARETE Y A8t 7Y At
o] IAE A% hFE9] AP A4-=(Garvin, 1988; Gulati
et al., 2005)3 ThEA & Al FaAke] YAl SCQM =
ZA|20F 719] o] BAE EASHIT et SaARE T

AL EGITE AL 7]E AEo] RS g At BA Y] FA
FufAkE A7l 7) wholh ey 2 AlE FEE Y
A717] Seiie SaAt Alssle YR 9 REY F4o] B
A oo gtk Hofl A (Forker, 1997) & A= A} 9159
TS 3aA SHO R Hsigiths 9o Adtt,

AR, & At A5 A BAZE SCQM ZE2A| A} 7|
A At 2t 2AUPFEA] ojudt Ae-S h=A] AT EOEH,
HEFZ g Lo -5 BAE AAskh SCQME AAoh=
7199 gdAtE 719 S A7) Slsko] FafA-gE Ak
WAZE o2 710l e 4= gl A 9=F(Ketchen Jr and
Hult, 20079 148k, 719 -9 SCQM Lz A28t of
Yt oA -g5 2k TAE 71DskA Hejaljor & Aolt,

o|ggt 9] 9lol| = B3l w A= E 7R SHAIE Ak A
A, = EEH DY Aol SRkt 13 g AN ez o]
Fojzlong B AL first-tier SCQMTHS EA51tH= ot
AE Adet, E4, oA BAC 719 Aok Ak B
ol whet AR GERs Faiks 23] IAIE Ay, &
= 3 AL AT RN o3t WAIE WHIsHA] S8kt

¢
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Production and direct shipment linkage model in a decentralized batch
manufacturing environment: Focused on Paint Industry
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This paper presents the linkage model of production and direct shipment planning model under the decentralized

batch production facilities. P-paint company that target as a case study in our research, has a distinct characteristics

like these: (1) Each product has its own distinct manufacturing factory, (2) Direct shipment in other warehouses

around plants, (3) Batch manufacturing system with production-sequence, (4) The items produced in batch process

are directly translated in stock-keeping unit(SKU) for storage at warehouses and transportation among them. These

leads to higher complexity of the problem over a generic supply chain planning. We determine the production lot size

considering the point of direct shipment and highlight the best strategy among three alternatives, including base case,

linkage between production and transportation, and the partial allowance of cross-docking system through

experiments with CPLEX.

Keywords: Paint Industry, Batch Production, Decentralized Manufacturing, Production and Distribution
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 2E A E HASES 0374]’5} 3 Basic Model tH|
0l gag Hoja Qi £4] A3 2.22%9] B84 At
e A2 Uepdth dnbA o R H|QIES] Fe- vfE '41“1 @
Holojo] oF 4% =2 =0]¢fo] &4 oh2 Atgol7] hEol &
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=& g7 AUzl 24 Znt
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Basic Model 3,152,358 — —
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T 63 TS B ARAES AN Ao Saz
A2 wrte] Z710) w2 WzkES] WSS A Aot WA

F 3% 4+ A AT ©@7F Sk fE vl g nigte el Ay or 74 o] Al HlE2 Flstal
HLE Hoj3a otk £asks JAHoR Z7t A7l Aol UAREHIEE A Y vl GAIE AL Qirk, wheba] 2agko] ¥
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3-stage Supply Chain Network Design with Considering Cost and Lead Time

Ki Ho Chung'

Department of Management Information Systems, Kyungsung University

This paper deals with the problem of designing 3-stage supply chain network consisting of suppliers, plants,
distribution centers(DCs) and retailers. To define the problem considered in this paper it is assumed that there are
single product, multiple raw materials, and two objective functions and there exists a lead time for DCs to replenish
the order from retailers. The problem determines the locations and numbers of plants and DCs to be open among the
potential plants and DCs, and allocates the raw materials from suppliers to open plants and finished goods from
plants to DCs and from DCs to retailers while minimizing total costs as well as maximizing the customer service
levels. This paper formulates the mathematical model for this problem and develops the solution procedure
exploiting the fuzzy set theory. In order to show the applicability of the proposed solution procedure five different
sized numerical examples are generated and solved.

Keywords: 3-stage supply chain network design, lead time, utilization rate, customer service level, fuzzy set theory

£ Z¥slal lth(Melo, Nickel and Saldanha—da—Gama
1. AZ 2009). 7190l oldgt Al 24 #zto] agdow At
7AYo A Abobd7] HsliAe Anr|AEe] Yol AlES ddke

259 7145 44 B50) 2R K Yuslgel g4 Ao Bohs B2 A shershor Ak o] sl v
WY ) AFSYRTE A7 HolA L aggpe] 2y O SAI MEAHE AALR gAA 1A e 4
Hlglon 2ujaEe] 87 A toksizic, olst ANEe  FORM RO Hske wAS AlSH 3 - =S ok
WA 50 BEAAS ZAlA 7|95 FAT 34 W 20| Basith ol SRS mshaA o W, S
Fo] 8o 90143PAE A Thska she e ul X o olste] AFE| S
T RAAR : BARFeA] G 29 2 309 (hd%) AA e, Tel: 051-663-4451, Fax: 051-627-6830, E-mail: khchung@ks.ac kr

2014 3% 299 B2, 20149 49 149 AA 4,



104 A7) %

HiSAE S ot ofl Alflok sfm, 2 1 =25 of W wjgAlE| 7}
oba] =58 ARIA], 2|2 Aol A AR Al ES o] = HiE:
Al = S6aliok 3 1017 § Bk 29 Fa4o] tiFy
1 9=d(Ghan, Chung and Wadhwa 2005), 354 UE
A2 A ZA= FaAkE Bl slofAl 7 S Al
olct,

T e UEYNA A4 A= 1990t E B2 150
o|Fo|A fteh. AF7HA| A7t XYH FeAE HIESA A
Ale 37 FESF] 2 B (2-stage) LAY 3 THA(3-stage)
|2 ERE 2 @A SaAE UEHZEAE WA 78—l
Bl(E= 224E)-12402 o]ojx= 3 AZ(3 echelons)

EQA oA Sl A uiSAE, wSAlE ol A AL 72] €]
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49 Tde 2R o=E FAdlshet 24e WAL o
(Lin, Gen, and Wang 2009).
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Analysis of Supplier Selection in Improving
Supply Chain Quality Management

"Hyun Jung Kim - ?Soo Wook Kim'

"Department of Business Administration, Sangji Youngseo College
2College of Business Administration, Seoul National University

Supply chain Quality Management (SCQM) emerged as product quality issues expanded beyond an organization
and into its supply chain. In SCQM, first-rate suppliers play a vital role in determining the buyer’s competitiveness
and success. Previous SCQM studies, however, only focus on the need for SCQM, rendering supplier selection
largely unexamined. This research fills in that gap by identifying quality, cost, flexibility, delivery, and the relative
importance of these factors as the criteria for supplier selection and providing empirical analysis of the criteria for
improving SCQM outcomes. With 217 automotive parts manufacturers categorized into three SCQM groups where
the high-performing group contains 40, the moderately-performing group 145, and the low-performing group 32
manufacturers, we run a Multivariate Analysis of Variance (MANOVA) and an Analytic Hierarchy Process (AHP).
First, MANOVA results in the importance of the selection factors show a significant difference in quality, cost, and
delivery at the 5% significance level across the three SCQM groups whereas flexibility has no statistical significance.
Second, AHP results of the relative importance of the selection factors across the three performance groups show that
quality, delivery, and cost must be taken into account before flexibility to improve SCQM. Findings in this study
elucidate the implications of aligning the strategic direction between buyers and suppliers for improving the overall
SCQM performance and competitiveness.

Keywords: Supply Chain Quality Management (SCQM), Supplier Selection, Multivariate Analysis of Variance
(MANOVA), Analytic Hierarchy Process (AHP)
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o Aarl G7)715he w57 ol YA =
5 suA AR7EE Tl A5 HATE 28] wiiolth,
Boyer and Lewis(2002 )% E*J F F4, HE 794,
7] Zo] Aol Hhet thEAQl W OR A EA (trade—off) &

Hj&o 2 Ay = 9
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4 A A %) (cumulative) 22, £ 9l (integrative) L2 A

AlBkoict, A mdlof mEd, 71¢jo] HA4gh A A
o] loug o] 7kx] Ak BERE FollA AiFl Fadd of
2t $A91E Aot AR AHlS FAReoF gkt Bhdo] &
A9l wdlo] T2 A BERELS AT HAHQ] oA gt
7 BRE 73ty oh2 Hart JskE 4= ook d1E o, Al
AZR] L7952 285t A 3 Lol HAAETE 9
gt FAL 2 thefst A Qo] A& o3 EHENE ohuzt
W B8-S fASHL e}, upAto g Q] Ml A
2y R nds 2347 Aot Boyer and
Lewis(2002)} o3t Al 714] BEg AFSEA 39l 1 Ant
FAAQ meolu ARl R 7|9 B4 Hatof oAl
S8 T U WEA, A F3EE 7ol o41s] A
7} % H?'&Eh_-’ FotoAct. ofe} o] A BERE hof UEfh=

015 271 ol a‘i?é}ﬁh
AL, F 74U =% FollA TEA A 80= AL uilE,
F 80%, 59%, 54%% AIA = ekl vrgc),

TFAEE SaA Aol gt =05 Bt A8}
ol o] BaA AA715 AL A5
+r P TR AR71ES AASHATH(Tam and
Tummala, 2001; Bharadwaj, 2004; Ting and Cho, 2008; Ho
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o FAIeNM 9] B A BAIS BT A 3 A
o 71zom 243 vge 2a4e AN on,
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LA AR, ol Aot S Al of Aake vl 7, A
w7k 71ed 5848 85 d4ske Ae sl 4
52004)2 3574 A7 FEES e £ 5,
58, U4 5, 8 5, gil sYoR F Tkl 3
AL 4710l FEES B7P71E duE ofof drhal sk
o, 53], 4 S dede A 999 Ee Feel 124
e MAle A2 YEt 09712005 SEA 487
Fo= FAw e, Jrived, v S AAEL,
TEAE AAehe AR AHP 20| FoA|me} 22 7]
& 7Pl vjsf gkl A oltal =gl

T o] AfdTEe sEA AR 4,
818, 794, §718 ARSI AHP 7|92 ol8ste] s54F Al
7129 A SRS EAsI H2ole olE Eoh A

TEA 7S 2] Sfsf =stkal ek 13
< A AR7IEY BAdlA F8EE el
= IL, FEAF Aol 3k AaraAol 7199 et ofd
S A=A Ao EA ottt Mol A FAE A

Li et al. (2006} 19671 Al=PASS W2 EIHAR] &
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749 Q. Wdsks AORA,
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WSRO0 AZASH HEYA ke WAl BRALH
27k B47 Aol TR G Aviel, F249e 4
B2 ke AR, ARERE, WA, fAN, WES 5
of AsA el Atk TATE, FEAA w|L A9, A7)
#2) Adh 7H Al 5o viAEAR) ot RsT et

(2009 S REY Q) SCQM BH I FHAE: 43
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& QT ZEAAE B84 0R YT § e F4, HE,
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AR, W& 5= AIAEHITE Vonderembse and
Tracey(1999)= 3aA4F AA7|E0] Adstal FwA7t AlE i
of Zofst FuAke] A7t FHL of= ke F4 At
2 oA AL AF3HATh Kuei et al.2001) 7|HES &
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A (MANOVA: Multivariate Analysis of

=
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s 7§—r

AR AolS W - o

SHeso] AR 4 4&4&7417}
ANOVAIA ¥rd & gl=
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ANOVAE A4 7+ ol & draledl AME7M53 ARE
MANOVARTH A7 ARgsitt 4], ANOVAS o]&] ¥ AMES
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£ 4% 1% 27 (Type L error)7t A3 SFg o] #zIcho|sh4] 1}
ARE, 2013).

T3+ AHP(Analytic Hierarchy Process) 7]%-2 Saaty(1980)
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Dickson(1966),
A4 AFo] ALY 71EE FEs= B Weber et al.(1991),
Tam and Tummala(2001),
Kuei et al.(2001),
=X A AFol A7|17t £ 7]5-& Llohe B Kannan and Tan(2002),
FARS R 3l 115]'(2003)
FAE(2004), ©]271(2005),
BER Ay e FEE AT 5 Ye A= Ting and Cho(2008),
Ho et al.(2010)
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i e]-g- AFE ) Al FEAl A A &St vE Weber et al. (1991),
Tam and Tummala(2001),
Kuei et al.(2001),
a = wilslid o o
HIE A8 g Esl=t Yo H8 7”‘331# AATH2003),
£(2004), ©]%71(2005),
RN E4a B 5% 9L 99 Bas g " g and Chot00s),

Ho et al.(2010)

wsjol et 12 719 Qg7 o) Wale| wha) 5 e 58 . N
g oAt WA 2 gl el ulmin and Mininno(2003),
AT 1 XEH2003),
e W5 AES) thepshas BAT - e 3349 5 £42(2004),
233719} 0] 5 78(2012)
2ol gt g8 | FulRe) B SA) A TFA) s
A s FHAAAE A A a2 s A7 Dickson(1966),
Weber et al.(1991),
Kuei et al.(2001),
) S A7} A A Y| QE AHsks] R7)= Hr Kannan and Tan(2002),
F9E(2004), ©]£71(2005),
] s A A ES B Wa st 2e gl Ting and Cho(2008),
o Ho et al.(2010)
AEo EdeE ARAL tH] 7]9]9) A ZASZ Tan et al.(1998),
AA4(2000),
ES ARA} djH] 7]¢] 0] u = Kuei et al.(2001),
Si?:vl Kuei et al.(2002),
. ANAAE& ZBAAL i8] AR GE Kannan and Tan(2002),

et A 2H42(2009),
HFH4(2012), Lin et al.(2013),

7} LR o] F 2 t|E AR ] AvbA R SEEIL gl
o] 7IH& A UAE A oY 7I&s 1Y $Aded]
1, AAoli FHAQ BrP|ES ZIAE = Ak
Atk AHPE AAShE B2 that 2o 34, 9
Aok BH o2 714 82lE ol AAEH A2 AT o]
dAeA AR AR AT BEE Sl ol

st SA, 22 Al e 8dse Adivlaste] 7 a4l
9 A FREE ARSI 7 9] tighe Hlatstoe] A4
S8 oj Jlo] B FRYAIE vwFozH, of 9] tighe g
7] Tee fof o F7E RSk A dee WE ¢ =S
TR AR, AEY 8age] AA F8EE st
1, Akgd SR dde AYeA] Felsh] fstel el
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4 H]&(CR: Consistency Ratio)
. CR gfe] 0.1 X} 2o o3t
A wetet 7;ﬂ"’]Uj](Prasant et al., 2008), 0] Fro] Zh&o o

S AYAR F RS 890

Ao wositt YA 7)8lE+t
"S- 0]8-51¢] (Escobar and
HAES] WA E Fgelt,
0

=

-
A Z h:|:]
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Che 278 ATk e 9-2F A%, 2013). Narasimhan(1983)°]
TeA AR EAle 2x= AHP 71Hs 283t o] %= AHP 71
o Iz AA A gixFel v o g A8E 9 thHill and
Nydick, 1992; Barbarosoglu and Yazgac, 1997;

2004; Teng and Jaramillo, 2005; Tahriri et al., 2008).

4. AT 3}

41 d=2d A EfZY

Aol o7 Aol 4SS A=t B =g

AEH 9,

AEst

Ak WA FANEES A= =S HESH] $184A Cronbach’s

g2

of

w2 A B AT

rJ

agk, A FZ(CR: Construct Reliability)2} 3
(AVE: Average Variance Extracted)& &4 0]’ =8
Nunnally(1978)el W2 Cronbach’s af}o] 0.6 oA o A2
Z7h et Ao & 4 e, ¥4 0.665, Bl 0.716, 4
/3 0.807, 971 0.657, SCQM “3¥+ 0.8332.& K5 7]22]%1 0.6
ojAo] itk Fornell and Larcker(1981)e] w2 CR 2 0.7
o[, AVE & 0.5 ol/do] Hojof s 471 d o] A= es &
Hok 4 9l GE 204 Bizol & 9o FAMNEES 27
o] 7&& WSSk &, Al WY AR5 B3 HE A N
1,454 AFEl sheE Aoz B 2ot
gl Q918X (CFA: Confirmatory Factor Analysis)e &
3 :[LAg7HL4‘:,] AFEIY TS AESIT Baggozzi and
Yi(1988)0ll w2 Aot S 749 @l Aol 0.5
ool ulgr2g], Aol thet S5 QAA AT
o] 5 0,5 ool nE HFEF st Ykl & 4= 9
npA e 2 YIS ] THE RS A ) 4 37
g A Aol AVERTE 2k whletg=rt glrka

g 4= 9l=t(Fornell and Larcker, 1981), & AZAI=2] Al
o 3 AN e AVERTE 2o n@ 7k 74 7ho] shale}
=S I 4= lolek

SCQM Aol weh 1Ada} 443, A/dah Hee 29t

H 2 7N ME=9t EfEE
TRfH Z-HS QO t-value CR AVE
FAAEE 0.878
23 R 0.919 12.265 0.883 0.717
A=) 0.732 9.731
THufjH]-& 0.851
HIS A H]) & 0.692 9.124 0.796 0.568
E404 0.708 9.346
Bisto] gt kg 0.914
|od AAtsE 0.728 9.265 0.832 0.626
9ol gt &= 0.715 9.309
Mk s 0.779
=7 7] &4 0.764 10,313 0.826 0.613
w7 &5 0.805 10847
AFY FHAeE 0.897
o o= 0.724 9.524 0849 0574
A& 0.740 10.278 ’ ‘
A EE 0.649 8.565
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# 3. 78 2ol e

M =3 HIE oM =4 SCaM Mt

+3 1

H|§- 0.215%#* 1

94 0.088 0,379%#* 1

i 0.180%#* 0.206*** 0,402%** 1

SCQM A2k 0,234%*%* 0.273%** 0.150** 0.219%#* 1
) FE p €0.01, ** p €0.05

o AR FFA AA71Ee] FaEe] TSt 4ol FA S MANOVAE 8t 3of|= ARSASo] LSD(Least Significant
2 {93t o2 Hol=z| mfotsly] 9lsf s EAHEA Difference)S AREBIGITH AFEAZ0)A SCQM Aol o 7
(MANOVA)S Aldatoict, & 217709 24t 71de2 a0 o7t B3] AbolE A o2 BAskIt 1 Al (& 5)
407, 5797 14570, A/83} 3272 FHEE %L, MANOVAS ]Z]/\]H‘ﬂ =t F4, v, d7lolAe T 159 B
AAsE7] Aol Al Jete] TR Eo] Fdgh A& elskqlrt. 4%} ZLFolU AdY} 17 HotEe R =& s
T2 ol 'SCQM Aol mE [t Bt g5 #E (Vector) 7t 7}1] Ao vehdth a2y SaXoE 1T} AT}
st =AM e HEs ] 913 MANOVAE AAJskgleh.  A4dat 25 s gatghol fofgt 2kol7t gllek
I A3} ) 7k A9 Pillais’ s trace, Wilk's lamda,
Hotelling' s trace, Roy s largest root®] &9jghgo] 42 4.3 3B MY7|ZEQ Hifd 5=
0,019, 0,018, 0,016, 0,001 T$- Lrokp(0.05) B 7]2H|9)
th &, SCQM o] whef a3t Ak kol a4k %7189 SCQM Azto] W FuAk 7158 dd 85 uof

FOTA BE SUSAL grkn B 4 9k

oleigt ARo] FHA AA7IEE FollAl o= oA T2 7]

y
g3

317 ¢fsto] AHP

7 63} 2t T34
AR Gere )z

JolEe] Famel $HE9lE A

L

UeF=AE AHE A= G HOF ZT) SCQM ATERE o= W AT 152 F440.6%), B71(31.2%), H-816.0%), +%
Z 5% Sl BEAF A7 E4, ulg gl gis] fogt A(12.2%), AT 15 E4(52.4%), ¥E(20.2%), 7]
zlolE BT FAA tieiAe et Afol7k fiddet ot & (14.8%), 99412.6%), AT 2152 H8(38.0%), 794
A4 9] A o4 10% stofl A= -2Jgt 2o] & H4iet, (28.3%), &4(23.0%), ¢7110.8%) «=0|30t}, o3t A= &
H 4. SCQM Auizt 3+ MH7|ZQ| ZQE i0]
ST MHIE ML | MEE = NS F foEtg
=4 4.610 2 2.305 4,295 0.015%*
H-& 6.220 2 3.110 4,353 0.014%*
oA 3.425 2 1712 2.827 0.061*
7] 5.280 2 2.640 3.694 0,026%*
) ¥ p <0.05, * p €0.10
H5 N2H5
zZax} ISAE EXEY Mupd =0 BAY LSD X Zxt
MYIIE npaini} =M} KAt (p € 0.05)
=3 3.86 3.56 3.36 3y FA, ) Azt
g 3.88 3.47 3.38 A3k FA, ) Azt
oM 3.78 3.46 3.47 -
= 4.03 3.64 3.57 A3 S ) Azt
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A AA Al SCQM A7t EAY $710) LAl 3] & 2010). E3F Kuei et al. (2001)& SCQM Aol whet Loja15 31
A 58S 7P SQAISHAEE SCQM A7E W2 Ak 3 AT, 243 AT 150 R JHEste] FaA ARIES AT
Aol vl FEs 7P Stk As AHISPE} EZSCQM  Hok=H|, 1 Ay vAT 2 AT 152 4, A48 1
AL e A AUSE 7|9 H18-S AR FRAISH]  F2 HEo| iAo R Fasittal gskglth
T, SCQM A7t R it daE T°r S F4T H7|E
SRARITHAL & 4= gl

FAHoR olFE Fare SAe9S Aurw 5 HAE
SCQM “Jtol| whet g2k AR 7|zo] wl-g- 2 &po|7t s AL
2 Uehgtth 43t 25 lolA saAk A7 S8 ke 7190 ARE S 237] HeiAe St AR RE A F

FALYFE24.2%), B7) 25(17.2%), WH1L2%), AHE 2 AFS AP 7HE 07 A7|of Fgitotof gitt, ofof what 4t
(10.0%) =ol9aL, T4 15 FAATE23.3%), W4 viAks 354 S84 QAlskaL FufRket 354k 7ke] §Y
(20.3%), W £52(10.1%), ALR]-809.9%) oItk BiHol 21 & Higo & A7 A A FtekaL Qi ek iRzt A
7t 15 FAHR2L1%), W3(14.7%), Wte] tiek ¥k A3 FEAE AASHA] ek e oAk FaAk 7] 4714
(13.6%), JAr5=(11.5%) <22 F83H3t, ol BAl= 235l8] A ofgl= ool 4= it} o] =gt A7tst ¥

olggh A W AYPAAEY o|B4 T HAT FA ARY S84 AT oA AFEE AlE 9 AHIAY
T Qe ASEA date| sfdEr B2 dFAE] 3EA AR FAS AT Slske o] RolR= FaAke A Al 1Y
9] 29 7|Fo7 ZAW H|&S FA59tHDickson, 1966; @Y <1 SCQMe] oiA & uzIA| e}

Pearson and Ellram, 1995; Hirakubo and Kublin, 1998; olof & H e IR A o] a3t AFEAAIe Q] I A%
Tam and Tummala, 2001; Ting and Cho, 2008; Ho et al., HAl=S A2 SCQM Aol wat T34 A7 4,
H 6. SCQM Aol WE ZSZAt MH7|IZ(NQSR)9| 52
Nej= InFthigais 40t a8 M40 2=

£Q =9 =R 29| zo =9
24 0.406 1 0.524 1 0.230 3
Hl& 0.160 3 0.202 2 0.380 1
48 0.122 4 0.126 4 0.283 2
@] 0.312 2 0.148 3 0.108 4
H 7. SCOM Mutoll 2 IZA MYIIEGHIESE) 52
ol gt e gt Mgt 28
stol=
z=Q =9 =Q 29| zog =9
EF4AE 0.242 1 0.233 1 0.065 8
W4 0.112 3 0.203 2 0.147 2
A=A 0.052 8 0.088 5 0.017 1
Fufulg 0.022 1 0.075 6 0.098 5
A ar)g 0.100 4 0.099 4 0.070 6
F4u g 0.038 9 0.028 10 0.211 1
Bisto]| ok Be- 0.038 0.071 7 0.136 3
R 0.071 0.045 8 0.115 4
Ego] tg o3¢ 0.013 12 0.011 12 0.032 9
&= 0.075 5 0.101 3 0.010 12
w7 &5 0.172 2 0.015 1 0.068 7
w7 &% 0.065 7 0.031 9 0.030 10
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