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Although typical vehicle routing problem with
pickups operates at the initially planned route in
static environment to pick the freight up, this
study deals with new customer orders of pickups
during vehicle routing so as to reschedule the
routing plan. The strategies for real-time
rescheduling are proposed, which are event-driven
algorithm, periodic algorithm and hybrid
algorithm to supplement the shortcomings of these
two algorithms. The object function applied to this
vehicle routing problem is the vehicle movement
cost determined by the distance of vehicle
movement to minimize the sum of fixed cost
regardless of the vehicle movement distance. And
in order to evaluate the performance of a newly
planned vehicle route based on real-time
rescheduling, performance measures are
developed.
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For aisle-based order picking systems the
travelling times of pickers are crucial to the
productivity of the whole system. We consider
two aisle routing policies: the graph optimization
algorithm (GOA) and the ant colony optimization
(ACO) heuristic. The GOA gives an optimal tour
but needs to be changed depending on the layout
of aisles. On the other hand, the ACO heuristic
may not yield optimal tours but turns out to be
effective and flexible. Comparing two methods by
real data, our ACO heuristic can generate fairly
good solutions within a few seconds.
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This study addresses the storage space allocation
problem for inbound containers with different
arrival and retrieval characteristics in container
terminals. It is assumed that multiple groups of
containers, with different retrieval rates and
duration of stays from each other, are stored in the
same storage system. Statistical expressions are
developed for estimating the expected number of
relocations for retrieving an inbound container. It
is attempted to find the optimal number of stacks
to be allocated to the multiple groups by using an
analytic model with the handling and space costs.
It is also addressed how to select the multiple

groups of containers which will be mixed in the
same area. A numerical experiment is done to
illustrate the procedures in this study.
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This paper evaluates Multi-Objective Particle
Swarm Optimization(MOPSO) techniques.
MOPSO methods mainly use concepts based on
the metric information or the pareto dominance
concept to optimize multi-objective functions.
One of the most typical methods which use the
metric information is Sigma method. One of the
most typical methods which use the pareto
dominance concept is PROB. This paper tests the
two methods using a known function and a supply
chain model. Also ANOVA tests using a 5%
significance level are performed in SPSS to
examine significant performance changes between
two methods.
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In this paper, we proposed delivery model for the
dual of appliances delivery and installation
services. In order to carry out the proposed
delivery model, delivery vehicles and installation
services are required the concurrent scheduling.
We propose a meta-heuristic algorithm for
solving the concurrent scheduling, based on the
ant colony system. Scheduling algorithms were
developed and existing models and proposed
models were compared by executing experiments
with scheduling algorithms. Through experiments,
the results showed that the proposed delivery
model minimizes the number of delivery vehicles
and cost more efficiently than existing delivery
model.
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This paper studies the relationship between
C2C(Cash-To-Cash) cycle time and financial
performance of Korean companies. Especially, we
focus on the effect of the industry type and the
size of companies on this relationship by
considering 10 different industries and two
different sizes. More specifically, the multiple

regression analysis is used to investigate the
relationship between the C2C cycle time including
its components such as days of inventory, days
sales outstanding, and days payable outstanding
and financial performance metrics such as
ROA(Return On Asset), operating profit rate, and
net profit rate.

The results indicate that the relationship between
the C2C cycle time and financial performance is
sensitive to the industry type, and 17 out of 30
cases(combinations of the three financial metrics
and 10 industries) result in statistically significant
negative relationship. Similarly, on 33 out of 90
cases, the three components of the C2C cycle time
have statistically significant relationship with the
financial performance of companies. Regarding
the size of companies, we find statistically
significant relationship between the C2C cycle
time and the financial performances regardless of
the size of companies. However, the significance
is higher with the SME(Small and Medium size
Enterprises). Further, ROA and operating profit
rate of big companies do not show statistically
significant relationship with days of inventory and
days sales outstanding.
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We present a model for measuring the supply
chain performance of parts manufacturers in the
automotive industry. The performance
measurement model is based on data envelopment
analysis (DEA) with input and output factors
selected considering the SCOR model and the
automotive industry’s characteristics; the
proposed model can be differentiated from
previous similar approaches in the literature by the
fact that the main concept of the SCOR model is
incorporated into the DEA model specification.
The input factors selected include cost of goods
sold, transportation cost, cash-to-cash cycle time,
and inventory turnover. The output factors
selected include sales and customer evaluation
score. The proposed model is applied to the
performance evaluation of 224 tier-1 domestic
automotive parts firms. As a result of the
evaluation, efficient and inefficient firms are
distinguished, and the required improvements in
terms of input and output factors for inefficient
firms to attain efficiency are determined.
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We consider a network design problem in a four



tier supply chain consisting of suppliers, plants,
distribution centers and customers. We suggest a
cooperative coevolutionary algorithm(CCEA) to
solve the problem. First, the problem is
decomposed into three subproblems for each of
which the chromosome population is created
correspondingly. Each chromosome in a
population is represented as an integer denoting a
supply node. Then an algorithm generating a
solution from a chromosome representation is
suggested. Also an algorithm evaluating the
performance of a solution is suggested. Finally we
set the operator of selection, crossover, and
mutation. An experimental study is carried out to
compare the performance of the CCEA with that
of a genetic algorithm. The results show that the
CCEA tends to generate better solutions than
genetic algorithms.
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Pick-and-pass order picking is used widely for
small but expensive products such as cosmetics,
medicines, and healthcare products. In such
picking, each picker picks items that are located in
their own zone and passes the bin to the
succeeding picker until all the orders are picked in
sequence. In addition to the traditional objective
of minimizing the makespan, in this study we
consider the fatigue of the pickers, which we
define to cumulatively increase as the picker has
to work on the waiting bins without a break.
Given a set of orders to pick, the fatigue of the
pickers will depend on the sequence of the orders.
We propose various heuristic rules for order
sequencing to identify - using simulation - the
rules that yield an order sequence which will
reduce the total fatigue and deviation of fatigue
among the pickers by evenly distributing the
picking load for each picker over time.
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This paper models and solves the principal-agent
models for the procurement of food materials in
child care centers when quality is perfectly
observable and when quality is not perfectly
observable in supply chain concentrating. When
quality is perfectly observable by child care center
as principal, the optimal solution is the first-best
solution where the marginal utility of
parents/children obtained from the quantity and
quality supplied by supplier is equal to the

marginal cost to supply them. However, when
quality is not perfectly observable to child care
centers the optimal solution cannot be the first-
best but the second-best where the sum of unit
price and quality incentive is greater than the
marginal cost to supply the quantity and quality
and social welfare is reduced by the multiplication
of the marginal cost of quality and the inverse of
success rate function of cumulative distribution
function of quality from that in the first-best
optimal solution.
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This study will provide a design direction of the
new system apposite to the current status of
Korean Medical Supplies industry by identifying
the strengths and weaknesses of the present
distribution system for strengthen Korea medical
supplies channel.
To achieve this, we have done a comparative
analysis with developed countries. As a result,
implications like, introducing medical supplies
channel information systems of developed
countries, price control, government participation
in medical supplies market through transparent
channel policies, constant work-out for medical
supplies companies, regulation reinforcement by
KGSP, building infrastructures and channel
system improvement of medical supplies,
distribution channel informatization, inspiring
channel? transparency through changing industry
structure of medical supplies, were drawn out.
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Electronics industry is known to have a complex
network of suppliers, manufacturers and
distributors. In order to be competitive, a firm
must have a cooperative and efficient relationships
with other firms in the upstream and downstream
of its supply chain. It is important to build a
supply chain partnership for a successful
implementation of supply chain management. It is
not, however, easy to have a good partnership
with other firms because the firms often have
different perspectives about the partnership.

This study attempts to find out the critical factors
of partnership that have significant impacts on the
supply chain performance, and whether there are
any differences in perspectives between buyer
company and supplier company in recognizing the
critical factors of partnership. We collected data
from two groups of firms in electronics industry:
the buyer company group is a large finished
products manufacturer and the supplier company
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group comprised of a group of small-to-medium-
sized parts manufacturers. Seven factors of
partnership are tested in the investigation.

The results show that leadership, trust, and
communication are important factors positively
affecting the supply chain performance. It was
also found that there was a clear difference in
perspectives between buyer company and supplier
company in recognizing the important factors
affecting the supply chain performance. The buyer
company considered leadership the most
important factor for a successful SCM
implementation and good performance while the
supplier companies considered communication,
trust, and coordination more important than
leadership. These results may provide useful and
important information for understanding the
different perspectives of buyer and suppliers, and
for developing proper supply chain policies.
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In the process of investment negotiation, the
investor and the enterprise have different opinions
causing conflicts. Therefore, we need an objective
standard to mitigate the conflicts between the
investor and the enterprise, and need to make
constant improvement to achieve a rational
investment. Therefore, this paper presents an
investment negotiation model which enables
investment allocation regarding the core
competences among companies. The presented
model can mitigate the structure of conflicts
between the investor and the enterprise
considering idiosyncratic investment that is
caused when the core competences is converted
into power, and could be used in forming
sustainable optimal alternatives in the process of
dynamically changing negotiation.
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Strategies and evaluation for real-time rescheduling of
vehicle routing problem with pickups

Kim Dong Sik - Young Hae Lee'

Dept. of Industrial and Management Engineering, Hanyang University

Although typical vehicle routing problem with pickups operates at the initially planned route in static environment
to pick the freight up, this study deals with new customer orders of pickups during vehicle routing so as to reschedule
the routing plan. The strategies for real-time rescheduling are proposed, which are event-driven algorithm, periodic
algorithm and hybrid algorithm to supplement the shortcomings of these two algorithms. The object function applied
to this vehicle routing problem is the vehicle movement cost determined by the distance of vehicle movement to
minimize the sum of fixed cost regardless of the vehicle movement distance. And in order to evaluate the
performance of a newly planned vehicle route based on real-time rescheduling, performance measures are developed.

Keywords: Vehicle Routing, Rescheduling , Performance Measures
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Ant Colony Optimization Heuristic and Graph Optimization
Algorithm of an Aisle-Based Order Picking System

Seungyong Cho + Hoyoung Chang - Kyungil Choe'

Department of Industrial and Management Engineering, Hankuk University of Foreign Studies

For aisle-based order picking systems the travelling times of pickers are crucial to the productivity of the whole

system. We consider two aisle routing policies: the graph optimization algorithm (GOA) and the ant colony

optimization (ACO) heuristic. The GOA gives an optimal tour but needs to be changed depending on the layout of
aisles. On the other hand, the ACO heuristic may not yield optimal tours but turns out to be effective and flexible.
Comparing two methods by real data, our ACO heuristic can generate fairly good solutions within a few seconds.

Keywords: aisle routing; order picking; graph optimization algorithm; ant colony optimization

1. Introduction

The efficiency of order picking is critical to the productivity
of distribution centers or warehouses (Tompkins et al., 2003).
Depending on the equipment and order profiles of the
distribution center, there are a number of alternatives to
improve order picking processes - see Sharp et al. (1991), De
Koster et al. (2007), and Gu et al. (2010) for various issues

and comprehensive literature reviews. For aisle-based order

picking systems (ABOPS), the travelling times of pickers are
estimated as much as 50% of total order picking times
(Tompkins et al., 2003). Therefore, the major issues in the
operation of ABOPSs with in-the-aisle picking include how to
minimize travelling times.

One of the major food and beverage companies in Korea
has several regional distribution centers (RDC) to supply a
number of retailers. The RDC located in a southern province
operates an ABOPS, where a picker with a forklift drives

along the aisles of the rectangular layout as shown in Figure
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1(a). It is different from the most common layout as shown in
Figure 1(b), because of rear (or upper) cross aisles with stock
locations. The warehouse management system (WMS) of the
RDC provides pickers with picking lists or picking sequences
which are supposed to reduce travelling times. The pickers of
the RDC, however, are not satisfied with the quality of picking
tours in use. The WMS, a part of an off-the-shelf package,

seems to use a kind of greedy heuristics which are simple but

(a) The typical layout of an ABOPS with middle cross aisles

inefficient in general.
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(b) The layout of the RDC

Figure 1. Layouts of ABOPSs

The aisle routing problem is a special case of the travelling
salesman problem (TSP), one of the famous NP-hard
problems. The unique nature of aisle routing, however, makes
it solvable in polynomial times. Ratliff and Rosenthal (1983)
develop the graph optimization algorithm (GOA) which can
find an optimal picking tour in the most basic layout: a
rectangular picking area contains cross aisles only at the both
ends of vertical aisles. Roodbergen and De Koster (2001)
extend the GOA to a layout with middle cross aisles as shown

in Figure 1(b). For a typical real-sized problem, the GOA

% '31731?4_

usually finds an optimal tour within a second.

Although the GOA is very effective and quick, it has
several drawbacks. First, its optimality depends on the layout.
For our problem, we have to modify the GOA, because our
picking area has cross aisles with storage locations. However,
it could be too tedious to find all modifications required
whenever the layout is changed. Second, picking sequences
can be subject to some constraints which are very difficult to
be imbedded in the GOA. Therefore, heuristics are more
widely used in practice than the GOA.

There is a wide spectrum of aisle routing heuristics - see De
Koster et al. (2007) for a complete review on the design and
operation of ABOPSs. At one end of the spectrum, there are
simple routing rules such as the S-shape heuristic, the mid-
point heuristic, and the largest-gap heuristic. At the other end,
there are more sophisticated heuristics such as simulation
annealing (Ho and Tseng, 2006) and TSP heuristics (Theys et
al.,2010)

The ant colony optimization (ACO) heuristic is one of the
meta-heuristics effective to routing problems: see Dorigo and
Blum (2005) and Dorigo and Stutzle (2010) for its
comprehensive review. It is inspired by the foraging and
indirect communication behaviour among ants by a chemical
called as pheromone. Ants are known to choose a path at a
junction by comparing the levels of pheromone accumulated.
A shorter path has usually higher pheromone trails, because it
is more likely that, in a given time interval, they move more
frequently along a shorter path than longer one. The ACO
heuristic is applied first to the travelling salesman problem,
and then to various problems including vehicle routing
problems, scheduling problems, and so on. Our experiences on
ACO heuristics imply that they are very flexible for
representing additional constraints, and quick to find ‘fairly’
good solutions for routing-type problems (Cho and Choe,
2010). Hence it seems to be a logical alternative for aisle
routing in real ABOPSs.

This study focuses on the application of ACO to the aisle
routing problem by using the real data. In the next section, we
explain the details of our ACO heuristic. Section 3
summarizes the GOA modified for out layout to find optimal
tours. Section 4 compares the ACO heuristic with the GOA.

Conclusions and remarks are given in the last section.
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2. ACO for Aisle Routing

In the ACO heuristic, an ant is supposed to find a picking
tour for a given set of picking locations. We use ants as many
as the number of picking locations so that the starting point of
an ant is pre-assigned to each picking location. The notation is
as follows:

Ty = the basic amount of pheromone

i = the pheromone trail of path (i, j)

Hij = the distance of path (i, j)

N¥=the set of picking locations not visitedyet by ant k at

location i
P} = Prob{an ant k at location i selects location j}
T* = the picking tour generated by ant k.

Starting from its pre-assigned starting location, the next
location is selected by the state transition rule (STR). It is a
pseudorandom proportional rule (Dorigo et al., 1999) which
either deterministically selects the next picking location with
probability ¢, (a parameter usually determined by pre-
experiments), or randomly selects one with probability 1 - g,.
Note that g, represents the relative importance of extending
the search space: the smaller ¢g,, the higher the probability that
we can find a radically different tour from previous ones.
Suppose that ant & is now at picking location i, and that g is a
uniform random number in [0, 1]. If ¢ <g,, the next location j

is determined by (1):
Jj=argmax,_. 7,7/ )

where 3, is the distance-influence parameter. If ¢ > ¢,, then
the next node is randomly selected by the probability
distribution defined as follows:
k Tr‘f”:f

P=="— jeN!

! k TJ fﬁ
Zm, M o )

An ant completes a picking tour as it returns to its starting
location. Now the next ant searches from its pre-assigned
location, and so on. The new best tour is compared with the
current best one, after every ants of the colony find tours. The
algorithm stops either if the improvement is insignificant or if

the pre-set number of iterations is reached.

[

We need to describe two key rules in the ACO heuristic; the
Local Update Rule (LUR) and the Global Update Rule (GUR).
The LUR is performed immediately after an ant selects the
next picking location. It intends to reduce the pheromone trail
of the newly selected path so that the path becomes less
desirable for following searches. Representing the pheromone

evaporation, the pheromone trail can be updated as follows:

i — (1 -9+l (3)

where ¢ is the evaporation rate, and 7, is usually set to the
reciprocal of the total length of a feasible tour (in our
experiment, a feasible tour is generated by the nearest
neighborhood heuristic). In this way, the LUR can expand the
search space.

The GUR is applied when a new best tour is found. It
increases the pheromone trails of every paths belonging to the

new best tour, 7%, as follows:
7 — (1 - p)g+ p/D’ 4

where p is the global update parameter, and D* is the total
distance of the tour. The GUR encourages ants to find better
paths around the new best tours rather than totally different

ones. Finally, our heuristic can be summarized as Figure 2.

Initialization
Initialize all parameters and ants
Main loop
For e =1 to n {n: the number of epochs}
For k=1 to m{m: the number of ants}
Repeat
Select the next location by the STR
Update pheromone trails by the LUR
Until all locations are visited by ant k
End for each
Find S’{S" the best tour of this iteration}
If D'< D* §* «— §’and update by the GUR
End for each

Figure 2. The ACO heuristic
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3. Optimal Tours by the GOA

The GOA generates an optimal tour. It enumerates all
picking tours by the principle of dynamic programming by
representing the picking locations and rectangular layout as a
graph of edges and vertices. Constructing a picking tour takes
gradual steps from lower left to upper right adding aisles and
picking locations to the current partial tour or the partial tour
subgraph (PTS). The algorithm is complete if all picking
locations and the I/O point are included in the picking tour
graph.

Using the terminology of dynamic programming, the states
of our problem are defined as the equivalent classes of PTSs.
Suppose that we finish the construction of PTSs with picking
locations in aisles up to j-1, and now trying to adding subaisles
and picking locations in aisle j. The equivalent classes can be
defined as a quintuplet, say (2, 8, v, d, €): a = the degree
parity of the upper aisle junction (a;), 8 = the degree parity of
the middle aisle junction (b)), y = the degree parity of the
lower aisle junction (c;), ¢ = the connectivity, and ¢ = the
distribution of a;, b;, and ¢; over the components. The degree
parity of a vertex indicates whether the number of edges
associated with the vertex is odd, even or zero: ‘u(uneven)’ if
itis odd, ‘e’ if even, and ‘0’ if zero. The connectivity of a PTS
indicates the number of its connected components: it must be
from 1 to 3. The distribution of a;, b;, and c; over the
components indicates which of a;, b;, and ¢; are contained in
the same component. We will explicitly notify only the three
cases of distributions as follows: a-bc, b-ac, and c-ab (e.g., a-
bc means that a; is in one component, and b; and ¢; are in the
other). Other cases are not shown in the quintuplet, because
there is only one component or there is only one possibility of
the distribution under the combination of the other four
factors.

Roodbergen and De Koster (2001) show that there are only
25 feasible equivalence classes of PTSs, and that, when all
PTSs are complete, the minimum length tour is the shortest
one among the eight classes of PTSs as follows: (0,0, 0, 1),
(e,0,0,1),(0,¢,0,1),(0,0,¢,1),(e,e,0,1),(e,0,¢,1),(0, ¢,
e, 1), (e, e, e, 1). Note that any final tour subgraphs of more
than one component cannot be feasible, and that any

subgraphs with vertices of odd parity cannot be a feasible

picking tour (Ratliff and Rosenthal, 1983).

The transition between classes is to add a subgraph to each
PTS of the current equivalent class. If there are no openings in
cross aisles, there are 14 feasible ways for the transition as
shown in Figure 3(a). In our problem, however, there will be 5
more transition cases as shown in Figure 3(b): see Jang and
Choe (2009) for its details. The resulting distance of a PTS is
defined as the cost.

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

that any real-sized problems could be solved within a second.
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(b) Transition cases for cross aisleswith storage locations

Figure 3. Transition cases for adding cross aisles
(Jang and Choe, 2009)

4. Case Study

Evaluating the efficiency of the ACO, we select 23 orders
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of the RDC. The number of line items per order ranges from 8
to 124, and the average is 25.3. Our algorithm is coded in C on
a core 2 duo 2.33GHz-CPU with 1GB RAM. The average of
computing times is 6.02 seconds per order. After setting the
values of parameters by pre-experiments, we run the ACO
heuristic 10 times per order. Similarly, optimal tours are
generated by the GOA on the same PC. In average, it takes
0.73 second per order to find an optimal tour.

The computational results are summarized in Table 1. It
implies that the algorithm of the WMS seems not to be
efficient, because it generates picking tours longer than
optimal ones by 26.2%. In general, most users are not very
interested in evaluating algorithms embedded in commercial
packages. Those algorithms, however, might be too simple or
general to give good solutions. For example, Figure 4

compares the tour of order no. 14 by the WMS with ones by

the ACO heuristic and the GOA. It shows that tours by the
WMS are following the simple pattern far from optimality.
The ACO heuristic works almost as well as the GOA. It can
find the optimal tours of 20 orders (87% of tested orders), and
gives tours 0.6% longer in average than optimal ones.

The flexibility of the ACO heuristic can be more useful for
real problems, although it requires longer (but not much)
computing times than the GOA.

The GOA requires new optimal transition combinations
whenever the aisle layout is changed, and it could be very
tedious depending on the layout. In fact, the RDC is
considering an extension of the picking area which will result
in an irregular or non-rectangular shape. For the extension, the
ACO heuristic will work well without significant changes,
while it is too tedious to find all the equivalent classes and

transition matrix required for the GOA.

Table 1. The summary of experiments by the ACO and the GOA

No No. of line | Length by | Length by ACO No No. of line | Length by | Length by ACO
' fems | WMS | GOA | ayg Min. ' ftems | WMS | GOA | v Min,
1 18 80 80 80 80 13 21 356 228 2292 228
2 11 146 128 128 128 14 42 432 286 288 288
3 40 308 242 242 242 15 16 296 184 184 184
4 10 216 146 146 146 16 36 308 262 266.6 262
5 10 204 140 140 140 17 28 284 214 214 214
6 23 254 198 198 198 18 9 158 132 132 132
7 42 380 284 2874 284 19 10 138 122 122 122
8 31 286 220 222.6 220 20 43 310 266 269.8 268
9 9 128 100 100 100 21 21 270 192 1954 194
10 8 172 116 116 116 22 124 512 356 3624 356
11 23 332 208 209.6 208 23 26 268 202 202 202
12 39 376 280 280.2 280 Avg. 27.8 2702 1994 200.7 199.7

(a) A tour by the WMS

(b) An optimal tour by the GOA

(c) A tour by the ACO

Figure 4. Picking tours of order no. 14
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5. Conclusions and Remarks

In an aisle-based order picking systems (ABOPS), the
efficiency of aisle routing is critical to the productivity of the
system. The regional distribution center (RDC) of a Korean
food and beverage company operates an ABOPS, where
pickers travel through aisles to pick line items. The warehouse
management system (WMS) of the RDC provides pickers with
picking lists, which is supposed to reduce travelling times. The
pickers, however, are not satisfied with the quality of picking
lists or sequences.

For a picking area of the basic rectangular layout, optimal
picking tours can be found by the graph optimization
algorithm (GOA). It yields optimal tours within a second, but
heavily depends on the layout. It may be too tedious or
lengthy to find all modifications required for some
complicated or irregular layouts. For example, our picking
area has some cross aisles with picking locations, and so the
GOA should be modified accordingly. Moreover, the RDC
considers an extension of the picking area which will result in
a non-rectangular layout. In this case, the modification of the
GOA may be too complicated. Hence we try an application of
ant colony optimization (ACO) to our problem.

Following the framework of ACO, our heuristic involves
three major rules: the state transition rule, the local update
rule, and the global update rule. The state transition rule is a
pseudorandom proportional rule which determines the next
picking location of a tour. After the next location is selected,
then the pheromone trail of the path is reduced by the local
update rule so that next ants can expand the search space. On
the other hand, the global update rule prevents the search
space from being extended randomly. If a better picking tour
is found at the end of iteration, the global update rule increases
pheromone trails of paths belonging to the new tour.

Using the real data of the RDC, we compare the ACO
heuristic with the WMS and the GOA. Both the ACO heuristic
and the GOA reduce the length of picking tours than the WMS
by about 26%. The ACO heuristic is a bit slower than the
GOA, but can be more effective under the real situation,

because it is more flexible for additional constraints and

changes in layout.

In general, many users of off-the-shelf WMSs do not
seriously verify the algorithms embedded in the system. Our
case, however, shows that warehouse operation can be
improved by changing algorithms. There are a number of
other issues in improving the productivity of ABOPSs,
although our study is restricted to aisle routing. Based on our
routing algorithms, one may try other methods such as

batching, zoning, storage-assignment, and so on.
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This study addresses the storage space allocation problem for inbound containers with different arrival and
retrieval characteristics in container terminals. It is assumed that multiple groups of containers, with different
retrieval rates and duration of stays from each other, are stored in the same storage system. Statistical expressions are
developed for estimating the expected number of relocations for retrieving an inbound container. It is attempted to
find the optimal number of stacks to be allocated to the multiple groups by using an analytic model with the handling
and space costs. It is also addressed how to select the multiple groups of containers which will be mixed in the same
area. A numerical experiment is done to illustrate the procedures in this study.
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Metric Information and Pareto Dominance Concept in
Multi-Objective Particle Swarm Optimization Using a
Supply Chain Model and a Known Function

KyoungJong Park™* - ChoongSoo Lee™
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“Logistics & Distribution Management, Gwangju University

This paper evaluates Multi-Objective Particle Swarm Optimization(MOPSO) techniques. MOPSO methods
mainly use concepts based on the metric information or the pareto dominance concept to optimize multi-objective
functions. One of the most typical methods which use the metric information is Sigma method. One of the most
typical methods which use the pareto dominance concept is PROB. This paper tests the two methods using a known
function and a supply chain model. Also ANOVA tests using a 5% significance level are performed in SPSS to
examine significant performance changes between two methods.
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Annealing: SA), EHE A A](Tabu Search: TS 9} e wE &
2| AE(Meta Heuristic: MH) 7]'H& bt ejo] EAo 2
8ol 7hsstH, ARgshe AARA st B o gk 27gste] A
o Z{Asljo] W] t=S gtk ey PSO 71HE 7Hsel9l
1ol $A(location)dh= A= HiA], &= (velocity), T
A3l (nertia weight: w), 7FEAS (e, ¢), ZAE AH 5&
ARg-sto] 21 A efjo]] whz] 2] P gic

PSO 71\ 4 dare} &t vlsgt d o 2 Asf gAY 7]
Hol gk e el EFARo]o] IS AXA oh=th. T Al
o o 7] 1 B2 Ao gt A=rt b & HAY A E 2
=5 A=Y %Z]%‘Oﬂ B Fofgitt PSO 7% 7

3l BEASH 7§91 2] A 3l (personal best)2} HA]
‘XH ‘i}%% %ﬁﬁ arASH 74 24 3ll(global best)7F A A3k
WEFo g dieg MAAZIAL, 1 oA s EAAIA 9

dloje = ofd
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IE=

i‘?“;%r/} Eberhart & Kennedy, 1995).

o} YA A (primitive)©] 1L Trdt 484 ¢1 AAAET

S
QR 5] ufRof WEe] Qpsfolut A &= SHo|A ufj$-
aAoltHMahnam et al., 2009). PSO 7| 544 &arg]

Sk vl FGrlollA e £ ANE Holgla, 4 FopollAl
= AgAo] X Ertal Yy HHMostaghim & Teich, 2003;
Amraee et al., 2006).

PSO 71¥9] 2] Aslof ARREE= tjA2l de A HE
(metric information)E °l8dh= 7| (Mostaghim & Tech,

20037 T & AHj 7} (pareto dominance concept)S ©|-&

3= 71¥(Alvarez—Benitez et al., 2005)°]th, 72 ARE o]
Sl 24 WL Sigmaclil, THE A S o]-89)
+ 32 Q1 WH-e PROBO|t, IR 2 2 ¢dto A= PSOY

A2 AR g g E A HdE 2 e known
function)e} F& Akg ol g3t 1 AdE Bristat
gt

2 A7) Al 13ollA = PSO 71 EAF A 42 AT
SHAth Al 2780l 4= MOPSO9| 7i'd, PROBS} Sigma 719
e 3 dare)so] tiefA At Al 3FollAe & AdolA

o154

o

A 2714 el Ae) 4uE o435 Sigma 7] 1t
9% A e o431 PROB 7]%€ i et B AL
& Bdo] A83le] 1 23S BA mhstoz 4] 430y
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2. MOPSO 7|4

NA Q] Q2 7} mAThe] nsa) AAE20] kiR Q40
2V o] Tk Ath(+D)9) 91312 ARk 4= % 7M1, PSO
TPge ARES e Oishe AAE Theo] A () EE A @)

2 ®FsH(Julio et al,, 2005).

a V) =al) +of)) (1)
) =l ol e @

AL (D2 tAleellA $1R]eF S5 o] 85t tha Alt(t+1)2]
AAe] RS F3h= 7 ARk 9l Aol oY) &= tAlTfol A Q)
niA YA kA Qaxof thet o5 HEE oujgith A (1)

o Alhe] 7HA 2 ol5e uf ALY A9 £=E mlAeHA &
Aot A (2)9F o] WAsto] AFHT|E Fith A (2)9]
x€0,1] 2 £=9] 375 Aojgh= Ak QA constriction
factor)olt}, x 7} 0ol 7H7HHAIH oh5 AlHE o) 5dl= UA
&57b RS oujslit} 4] (9)9] (ML Zo FER TQ
(stochastic perturbation)& &Ju|sl= &5 oA Hturbulence
factor)= YAZF 2|9 2| A sfo] wh| 2] oF=s @R $Ix|ofA]
A% & WA BAEeE sk s ARt

AL @% 22 aE W7l s A Q) 2ol AF QA
(Fieldsend & Singh, 2002) R" & E3Hsto] 7} Q1Ahe] A2
A2] A& A3l % i Mostaghim & Teich, 2003).
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}(mutatlon operator)2} H]
3 g sk YAk &JXH Ao HE gk Elsto] At
Ht(Mostaghim & Teich, 2003). - 4&ke] or2 Mdit+1)<]
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= A3 o TeE ANSP| = Sttt (Mahnam et al., 2009).
el 22 PSO 7|9 23 PSO 2 843 ) 714 o3&
A& ZF Aol Tt WA A% G, & e AolthAlvarez—

Benitez et al., 2005). & 3F+2] F24]o] opd o 719 £
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7HE 4= Q= A ol Al 2 32 Agstd wAn A F
At G, & Adeish= et 7HL§°] %XH"%}X] A= Aol Q)
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. z,.'= enforceConstraints(z,),

A=0

. (t) (1) N

: fi:rc,,&_,:vf# ’GG"M P,,k}”:l-— initialize ()
forni=1:N

:for ki= 1: K

ol = wrlfl o (B —2f) + ey (G — )
AN _”cff).+vff).+em

T end

(). — (r))

D y= ()

vif 2 tuvuEA
tAi= {u€A| uxzt)}

t A= AUZY

. end

- end

Hif sl P, vl < Fen By
Y Pa=tn

- end

: G= selectGuide(z') A)

:end

18 1. MOPSO ¥112|59| H}

ke 3t Qe §4E o4 MOPSOS] A A1 9 = Al Y 24 33

ok H= of#20] At (Mostaghim & Teich, 2003),

MOPSO ¥ig]&9] 7]2 Axk= o5 (1 D= A%
7 ek

I DO MOPSO €atel&e A% 7)o 24 s & &
B A% ARske ool Earchive) A B2l N7HO| Q&
9 YA} s WP 27|35} st 7k fAtof it Ah<l
A P, o AA HAG G,e ) o7 z7skEn
(Alvarez—Bemte et al., 2005).

Al toll A niA QRRe] kWA Q40 S5 g0 3t 9]
ot) 2 4] @)%} 4] ( £ o]-8-5te] ALFETHER 5-8). HA R
£ 758 49 A YA ) & o]g3tod HrHETK EH’_]
ol7to] B AS] ¥ 5ol o) °k’5}7ﬂ AJHRE|A] O 3] O}ﬂ
o]H Ao 27hE| (k] 11-13), &8 of 23] A|ul=E= Ofﬂol‘j
A] QA5 ofFfo|H AdflA AH|AAA of7to]H A7} ] A]ul 3
PO A =S gk

MOPSO 7[®ellA] 7Hd Sa3k B 7HQl 2|23k} A4 &
A Adsh= Zolo /el &gt B, o AEE wusi,
ghoF niHA) QA ) o AR} Y7L P, & kA AuisiA
B ) :c," o] A2 B|AH}(non—dominating)d}H,
P,=z) o2 HAHHER] 16-18). A9 WHE0] A= H]A]

iEtaL ) of oja) Aujgsia] ko opztolH A9 BE W
= Xﬁﬂ JJX*%AL G, & THIL HAL o] oA G & A
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Coello et al.(2004)3} Ho et al.(2005)= 39 th¥FA
(diversity)s FAI817] $IiA H21A} arej5e] Sl At
AHmutation operator)S ¢85ttt PSO HHollA E¢iHo]
ALAE ARS8 ol fe YRSl AY O]EEW gdom A9
ol wi-d $17/de] 71 wZolth, Aol st Edo] Akt
of Meizt ZARo] B0 AE2 69 ‘3}00“3% f%k FAI7]AL 2]
Aafol] sHsle B SolE o Ak LU AR FHwo]
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(repository)) 7d-& o|-&3lLt. o Oq?%ﬁ %}ﬂg H] 2] 3f
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e 2= dF9 A E F(elitism) Z‘j%ﬁol‘:}. Alvarez-
Benitez et al.(2005)-= | & A|uf 7i'dS o]--5te] 9] ok
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2003; Mahnam et al., 2009)

ZHMostaghim & Teich,
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o|5 QJz} ac] OJ3) el A5 Hieleka stel nA
Qo] 1A HAGE 6, & ke Al ()2 AWt X mdo]

,.\_

I x> BRI YA as= ool H AS] WiH aS ofw|dith,

a€ Awithprobability | X,|”' ifz,E4
= a= A, with probability € LX) atherwise ®)

A G)oll A n¥A A} w, o] of7folH AQ] oW a7} Al
Bg 52 x|t o] HL, o] gro] n¥A YAk A =gk

. 0]

2
T

o

6,0 Frh. % ThE AAES Aufehe 4
& Hokx)7] o] a7t Ml HEL %01%741 gk, o
7, o] o7fol s AS] W7k ohlel nlA Q1 =, & Aukshe
obtoluiel W A, o a7t B8 xS AT HeElEm
o] ztol A4 3t 6,0 Bk

=
A4 Aolo] A frot WHES m_aw n¥A Qo)
G, & A5 ot

3. A& =ml A

7 =X E:ﬂ]"ﬂb_]‘

2

Sigma 7|%3} PROB 7]¥< #7117 $Jat Ade o714 =
dS n|wslith A Hy mde A ( )02 BHEL TRy 3k
Alojal, = WA Hee U] AYEe FaAke 2ol A
6) 719 w=wollA AR %I A gro|thZitzler, 1999;
Mostaghim & Teich, 2003).
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i=2

g(-"cga wery Zl'—'k) =1+ k=1 (6)
hU]:Q) =1- Vfl;g

f] ($1)=:U]

f2(5)=§(2’-’2, ey :Uk)h(fp.q)

2 (0)oll4 AR 4 k= 300 |1, BE AR 75

3 deo] zEl0,1] o] g(z)=1 ¥ v B2 (convex) I E
2|2 THEZ YASit
AIAR] v wE A3 2714 S FUE 575_01]/4 Alglst

o}, AA mAT] 7] n& 3000] 1L, tAHolA] &
ARe] kWA @aof thgt V) T &= o) 2 A (2) A @)E
o]-galo] AL PSO 7% 9] stehulg] Zhe UARtA O R AL

£ 71&& o]&3ti(Mostaghim & Teich, 2003; Julio et al,
). sk Yetle wol 2 042 wAsit n 1t
91 [0, 1ollA e o2 Aestar A Altia~= 300>
2 AR Algdolde %t 27] Bl £k g AW
9] F7ho] z,£[0,1] o]B R FUZE 7oA AHOZ Heys)
a6 3 & Zke 12 A3 Mostaghim & Teich, 2003).
™ D L H= FErl Tl A ()0l i3t Sigma 7]
$2F PROB 711 9] A dato|ct,
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37 3. Sigma 7|ES OISY W SHA f,()2F L0 et mE Z2E

2
PROB_RNDX_300_1.0
R |
0 T
0 0.5 1
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J% 4. PROB7I#E 0|82 I =

Al f @200 CHE TE ZEe

" DI O™ HolA HojFe Ax 2 —F& J57] $I=t |l
| O} Al ol

A i

Lajnt, ohEA 2He) dueEe 4 omi Jﬂ7}*l°ﬂ o5t
2 PESS vy oR uefdt ‘ilE}(Coello et al., 2004),
A, 24 71HE A g E ZHEQ} Aot daelEe] gt
E ZHEY ARE Hadldith %ﬂ, A 71 waE shs
o] ZolHL Fdisleto] FEYL AT HE EEE Y 3
o} A, 24 719 s R H Ao il Z3EE 84

rl-llﬁ
p

rEﬁ
;1o b
> L

Al (6)2 o] 22 Q] A U 4= Q7] W R Ak
22l 7} g5 Fol| Al Generational Distance(GD) 484 =&
3ttt GDO 7id2 Van Veldhuizen & Lamont(1998)2] 41
A70EL, Coello et al.(2004)0] ARESIATE o] HIHL Ao
2wl AE ke szt sk e &2 se Holxl A
B7tshe th5o] A (7)2 2ol Ao},

& MOPSO2] 7Az] Ax % el w A g ¥4 35

A (NolA ne dad vAue] gake] WeF2 j4=o]r,
= 429 gligt I E 24 gt Q= WHE FollA 7Y A
W eto] S-Zetjot A (euclidean distance)©]
Q40 T E FF A3 o] EAstH

PROB 7|3} Sigma 7|99 GD ¢k tH59] G D3t o]
eldk,

1, PROB 7|3} Sigma 7/#2] GD
A3 1
B PROB Sigma
1 0,004699402 0.005341171
2 0.005774311 0.008256151
3 0.003223033 0.009934298
4 0.007551314 0.006453400
5 0.005923547 0.016290575
6 0.006617842 0.007754506
7 0.006045126 0.007037262
8 0.006536561 0.010386686
9 0.005029728 0.008398889
10 0.004663000 0.011415379
2714 7199 A Aol (& DS BA BAL 55 (X 2)
o] gokme} (& 39 EAMEARE Ae|Hct (E 2)9A4 PROB

712l Ha-2 0.0056050] 3 EARS: 1.52E-060]ct, Sigma 7|
Ho] 42 0.00912680] 2 EAR- 9 7T6E-060]tt, & 7|H2
GD kol 0ol 7H7he- 3t& 7HAoF =71 wio] PROB 719 &
o] Sigma 7|"ETE 231, FANE T ZobA] o -3t 7| o
2 dgEc

GE 39 FAREA A pEtol 0.0042 F24 ¢=0.055
t} 27 gj¥&o]l PROB 7|1} Sigma 7] oll= 4-2J3t 2ko]7} )

H 2. 2437l gol Q0o

QIRtO & | HE & Hd A
PROB 10 0.056064 | 0.005606 | 1.52E-06
Sigma 10 0.091268 | 0.009127 | 9.76E-06

H 3. Y37l ol BMEAME

Hj% 5 X = -
o= | meg |me é’g Ful | Pzt |F 72l
A2 |6.20E-05| 1 |6.20E-05|10.986 | 0.004 | 4.4139

ZF | 0.0001 18
A 0.00016 | 19

5.64E-06
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S :
AEHOR 4] (62 B7IRE 27H] 71WE 799 o=0.05¢Y
Frolgt 2fo)7} EAJskH, PROB 7|9 GD7} Sigma 713

GDXt} Pk BAilo] = 29k} 8B 2 PROB 7|¥o| &

2 o & THECS] Ak o 7 v & s WEe 3

4 ZYobA] Sigma 7] B 821 7§ ol2kal dheke 4= 9l

=8
= 8 A9L 4 Eloj(Factory — Distributor — Wholesaler

- Retailer)Z 4% (08 59 22 33 Ak Bds 714

BICH(Strozzi et al., 2007; Thomson et al., 1991).

Goods{materal fiows
L -*¥T

0 0 g 0 0 1 0,
i 0 o 3 0, e i g
A

Factory Distributor Whalesaler Retaler
Information L/T

5]

Ordersfnformation fows)

33 5. 4E[0] 35 Mg 22

" 5olld A Q% T ARE 2] SAAL FA ]
geo) Hasiol 2RikEgol Aysiol a9 4 @7} O
A,

Mmivm:ze;(mc- (i}lm,_,nﬁm- (gnvv,_i)) 8

Magimize 3 OFR/m ©)

i=1

©)F QoA me Eoj9 olal ¢
BLCE 17o] @33 A|Zo] g wjo] &A1)
Hjgo]1, HICE AnTe)S Yot doAEY AgAH] 4o
o BL,; = tAReIA A Elole] A 01
Aol A A E|o]e] Auo|t} OFR, =
&8 ou|alct, (1 5)9] mulofA] /\}—QE]
71EoR et ot 2

FED,: Factory 7| tl4=2.%
DED,: Distributor 7|t|4=2.3F
WED,: Wholesaler 7]tj4=2.3F
RED,: Retailer 7|t} =98
FIO,: Factory 5%

2
T

o
ofy

DIO,: Distributor 45-%
WIO,: Wholesaler $5%F
COR,: 17 35+

FPR,: Factory 8AFE
DOP;: Distributor =&
WOP,: Wholesaler -2
ROP;: Retailer %2
FBL,: Factory A&
DBL,: Distributor 2%
WBL,: Wholesaler 2&%
RBL,: Retailer A&3F
FINV,: Factory A3
DINV,: Distributor A 32k
WINV,: Wholesaler A x12F
RINV,: Retailer A 1%

2] I (end customer)?] 2= I AL FAES I
23lo] 242 (deterministic) & thAlol| & (stochastic)
85 7Pgsie] D, =p+pD,_, +e, |pl<1¢ AR(D) 2P
AT D, = A oA 8, pE ST old A &
r _I;];]-O] Qo] BAbo] 4 2 o] o] Z2Zo| 1 Solst AFEEE u}

= A ou)slal, p & 1A} A7 ABA IS (autocorrelation
coefficient) o]t}

7 glof9] 7|d) 294 ED, =6 « 10,_,+(1-6) « ED,_,
2 7Pgstn, ED, ¢ ED,_, & A t9} t-19] 7|t =8.0]3,
10, = N3 t-10119] F2Q 535 ofu)gitt, 2 ‘ﬂ°19]

o) 50 TheAEY Fojo] FEu @A) Fojo] oj%
25 esmd ol axe

Fto] Altste ghol 25
9 $8E7F AR BRHAE 2P Ae oS w8
o] Zhoxie,

H AR 4 9A0A vy BAR FREE) I I
7} o) g8k AR 1 9] 717K period, week)o|™, Factory El
ool 9] AlF A ARR dAAS) EEE dL2st] 3FE 7}
getet, A4 - (capacity)> Fettiolat, 2} ‘?ﬂﬂﬂ sk A
I AE 7RI 7R 84 E FEE ARl o

= AL HREER] Y= Ao 7}145‘3_}1:}

8 AReY] 7 Eolo A Aag HEer] ik ARl e

< order—up-to-level A HHMolH  order—point order—
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1101'

_Q_
o=
=
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ot
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H]

1o

ofy

4G

quantity (s, Q Al2Hl order—point order—up—to-level (s,
S) Al2Hl periodic-review order—up—to-level (R, S) A|2H)
4 (R, s, S) Al&Ho] of7]of &3th(Silver et al., 1998). & +=

e 7} glojo] A3 BHE HFOZ periodic-review order—
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up—to-level R, S) A&E ARSsHH, o] A2 27| (R)utct
Elo]o] A8 2SI max(0, S— INV, ) T 2SI}

2E 149 295 Uedl= AR() HE2 | p=—06,
p=100, &+ o=10¢ AF&EE N0,0%) 2 7H4%ct
(Zhang & Zhang, 2007). Z} €]o{¢] Xﬂi tﬁ% Hle= [0, 20],
TR 955 =
200, At = 100OE ”;%h:} Zﬂi‘ ﬂ‘: E}%]fi QL Al
2= Bl 7t Elojd & Foto] 3o]aL f4ate] 191 A2 E 7}
ity A AlEdolA 7172 6007 717k, 200 T 7]
7k warm—up 7|7Fo2 7HEsto] A| A,

(R, S) AL BAfA] 7} Elojo] Aars WEsl= 7] RS 1
o]n] order—up—to—level S AH|A $Z(service level)
95%= Bto] kA Al4x(safety factor) z4t 1.652 AR&3HTH PSO
710 sfebnle] g2 A (E)ollA AR 21 22 24e AL
i g

& D+ E’ a Ake Bes ARgSte] 2714] 718l thsf 103]
e o FALREY FENEEY] Bt

£

0

# 4. PROB 7|82t Sigma 7[HE A&

PROB Sigma
SmHg | FEUEg | EMmHe | RE0Es

4267272 0.6601375 12297209 0.7325875
2411205.4 0.6317 13186258 0.7549625
4994082.9 0.68055 16984625 0.7732
1878625.5 0.659925 14104684 0.784725
4987734.3 0.6637125 6754120.2 0.7458375
5228330.4 0.63835 4848103.5 0.6789447
4842524.4 0.5775125 22769514 0.755925
5730392.7 0.653825 7231945.5 0.7206125
5107358.3 0.648775 9497043.8 0.7316
4177133.6 0.651425 12770917 0.753975

SARAE GE DY T ol&sto] TA NG} TS
2 WHpo] vlmetct, (GE 5)9F (E 6) PROB 7|H7} Slgma 7]
HE TA8E SHAA B7RgE QoFmel BANLA oIt}
PROB 7|¥& o]-&-¢t SA|11H]-8-9] H+-2 4362465.9510]aL &
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A design and analysis of scheduling for the dual of
appliances delivery and installation services
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In this paper, we proposed delivery model for the dual of appliances delivery and installation services. In order to
carry out the proposed delivery model, delivery vehicles and installation services are required the concurrent
scheduling. We propose a meta-heuristic algorithm for solving the concurrent scheduling, based on the ant colony
system. Scheduling algorithms were developed and existing models and proposed models were compared by
executing experiments with scheduling algorithms. Through experiments, the results showed that the proposed
delivery model minimizes the number of delivery vehicles and cost more efficiently than existing delivery model.

Keywords: Vehicle Routing, Ant Colony System, Delivery Model
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18l 3. Architecture of MACS-DSVRPTW

=t 2Ear AR AR|A7IARY %ETZﬂ% 3 43}
(MACS-SVRPTW, multiple ant colony system

vehicle routing problem with time window)& 2= F 71¢]
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3.3.1 7|3 9 AejAo|43 (State Transition Rule)
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Azto] whE 7 o7 77 uf 2| ji,

MACS—-SVRPTW®] 7ju] 3 Eol| &3t
AR A A7|AL QIR0 0F FUskaL A 2
A5 W7L 5k AJgto] whE AL
= Z7+S) 7] ofo]HESE AaL(AfH]
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k=& A8 gk 22 JH@)oF Fel2E ARk)2 24E
t},

hk AARA o] 11 il (18)

RS LIEaViR S

aln] « glh), keEN (19)

2191 k=& AEgh
o Frejag o] Al
o] 0t 1AFo] 9] k4= g
Iy g, <qold A2

(roulette wheel) ¥4l 2

flo

AR Aol ¢, e HZE HH
ol At e 2 U,
a9l Keigre
3 2ol 4% w2 AN 290

1 =3
g,

R}

(o}

l—mQ

_ Q[Tkl * ﬁ[hk]
Py 2‘1[71-] . r

Al (20)
KEN

AE7hseh BE ke Eo] A Zhof tigt FE4p) AL &
A k=S 4 éfﬁt}. TE 77wy} o} AeE gziA] 99
T2 HHESl A eyt

3.3.2 Y| 2& ¢d°|E(Pheromones update)
ulofo|lME= HRE 5HHA H2add Bel =i, Al
7ol Aol whet w2 to] FHsHA Frk, Z242+o] Jfulofo]HE



THAAF w3t AR AR 29 o]

7h AR 7hset FE7F A H2e fElolExF A 2
o] o] RO}, pi= HZE FAEE 03} 1410]9] gloltt,

Tij={l_.o) cTitee T
Ty =(1=p) « m;+p/y", (i, j)EY”

274 FN P B ARk o] Hld Ao 2 Qeo]

et o714 e g e AR
A8 solch Fe Aol T wso] Hol 2L oy
o= W2 o] o ZA=|o]4 Uk A] o] 10} HENSES

i
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3.3.4 MACS-DSVRPTW<] 3}

MACS-DSVRPTW %2} ACS-DVEIEA1 ti4=9]
23}, ACS-DTIME(E A} A ZAI7He] 243}, ACS-
SVEI(EZ] Au|A7AF 429] 248)) ACS-STIME(EZ] Au|A
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Procedure MACS-DSVRPTW
Initialize
9" <- the best feasible solution
T;; <- initialize pheromones
N_AntT,,,, <-the smallest number of vehicles
N_AntS,,,, <-the smallest mumber of service engineers
Iterate
While (find best feasible solution)
Activate ACS-DVEUN_AntT,,,.-1)
Activate ACS-DTIME(N_AntT,,.,)
Activate ACS-SVEI(N_AntS,.,-1)
Activate ACS-STIME(/N_AntS,, ;)
While (ACS-DVEI, ACS-DTIME, ACS-SVEI,
ACS-STIME are active)
wait an improved solution ¥
V' =1y
if( N_Ant T, (W)I<N_Ant T, () )
N_AntT,,,, = N_Ant T, (1)
stop ACS-DVEI, ACS-DTIME
i N_ANtS, e (9)<N_Ant Sy, (W) )
N_AntS,,,, = N_AntS,, ()
stop ACS-SVEI, ACS-STIME
End While
End While

return %7

a2 4, MACS-DSVRPTW Procedure
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FE ok Aol wie] RS 3 A e 1A ¢
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Ao] AElE|A] ok uAoAlE INGHS S7HAAA thgHl 3]
© AYEES ohaL, A g2 o] Foj2) 7] Y=t

ACS-STIME ¥1ej59] dal= (18 83 Zon 3] A
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Procedure ACS-DVEI(N_AntT;,,,-1)
Initialize
Ty <- inifialize pheromones
N_AntT,,,;<-the smallest number of vehicles
Iterate
While (keepLooping)
for each ant k
ant(k, false, true) // find a solution %"
//ant(Int k,Boolean local_search,Boolean IN)
end for each
if(visitedCustormers(y*) > visitedCustomers(4”))
YACS= DVEL _
reset IN
reset 7;;

if(pA O~ PVEL 4§ feasible)

send ¥ @7 PVEL 14 MACS-DSVRPTW
keepLooping = false
End While

global pheromone update with wgf

Procedure ACS-SVEI(N_AntS,,,,-1)

Initialize

T;; <- initialize pheromones

N_AntS,,,; <- the smallest number of vehicles

Iterate

While (keepLooping)

for each ant s

ant(s, false, true) // find a solution %°
//ant(Int s, Boolean local_search, Boolean IN)

end for each

if(visitedCustomers(%* )>visitedCustomers(’ D))
¢A CS- SVEI _ ’(}')s
reset IN
reset T;;

if(pA 95~ SVEL is feasible)

send ¥ SVEL 4, MACS-DSVRPTW
keepLooping = false
End While

global pheromone update with 1})""‘

12l 5. ACS-DVEI Procedure

a8 7. ACS-SVEI Procedure

Procedure ACS-DTIME(N_AntT,, ;)

Initialize

T;; <- initialize pheromones

N_AntT,,,, <- the smallest number of vehicles

Iterate

While (keepLooping)

for each ant k

ant(k, true, false) // find a solution wk
//ant(Int k, Boolean local_search, Boolean IN)

end for each

if(pA 5~ PTIME io feasible)

run local search on # ¢S~ PTIME

if('(fJA CS— DTIME < w.qt)

send ¢ €5~ PTIME  \MACS-DSVRPTW
keepLooping = false
End While

global pheromone update with ‘lb”l

Procedure ACS-STIME(/V_AntS,, ;)
Initialize
T;; <- initialize pheromones
N_AntS,,,, <- the smallest number of vehicles
Iterate
While (keepLooping)
for each ant s

ant(s, true, false) // find a solution *
//ant(Int s, Boolean local_search, Boolean IN)

end for each

if(yp? 7 STIME s feasible)

ACS—- STIM
run local search on ¥ SRR

if(,‘,bAC-‘S—STIME < ,d,q!)

send 9" STME, MACS-DSVRPTW
keepLooping = false
End While

global pheromone update with 3"

12!6. ACS-DTIME Procedure

12! 8. ACS-STIME Procedure
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50 Ay - Az - 2AFY - o] FH
< o > H 1, S0 Mu|A LS siESZHo| HERIE AAE
Al
i :5::3; Travel route
‘ Input Data ‘
1 0-54-9-147-165-12-27-39-185-93-0
TESTRTEN 2 0-60-37-112-29-88~75-123-167-96-163-0
ofEst NEEA 3 0-62-153-42-155-122-19-107-105-121-11-0
4 0-55-72-117-17-103-141-152-132-192-59-99-0
5 0-41-35-182-130-176-124-188-30-168-94-0
6 0-95-83-5-137-102-186-180-119-100-158-0
7 0-187-125-89-67-115-143-32-111-142-0
8 0-73-145-3-24-70-109-84-140-78-0
9 0-15-31-169-77-193-162-45-139-49-127-0
10 0-74-150-181-33-0
1 0-34-171-149-174-79-92-T6-38-53-0
22 11 HlE AE mEAA 12 0-10-154-179-166-48-14-128-164-56-0
13 0-106-151-85-80-133-68-104-46-69-87-0
2 AR} 194709 DAwEE JA T ARk AT} bt 14 0-90-25-21-189-113-63-177-190-159-16-0
MujA7) Addstelo] Qs 7|2 Hidrdo] AAE A (X 15 0-86-26-52-173-65-22-120-82-194-184-0
3t 2 16 0-178-13-135-20-28-138-144-118-8-44-0
Wl Bl clelsleh HAm o] AHEe 990 g 17 0-183-6-126-175-43-97-58-23-156-114-0
srol Basieln, % Aol $40 A7He 4 78150l 212t 18 0-148-61-170~134-91-50~51-66-64-191-0
19 0-146-4-161-110~129-136-0
o e EE B 54 2H-E 310, 208 o2 2h-E o 1) %0 0131570
o A2 LS =A| Hln 2L ol of 2hpEel 748 Eol A 21 0-116-98-1-40-108-160-101-157-47-172-0
= A9 THIAIEL AR 2AIRMEA] B AT AN o] ThE A 22 0-36-7-81-18-2-71-0
Of Alzoll wlsh 47| wizolct, Total
ST AH] 2 o] 3} ujFR o] WigAleF AAE Al < travel 4,781
£ 2o 2ol Uit F 2L 1002 padglm by e
o AASOA 3L HIE RS WA R o]k whize] Ak
njth 12A nZo] SFE|Qiet ARF th AR QA F &
H 2, &0 Mu[A O3t HESZHO| HHERIE AAZE
Delivery vehicle number Travel route
1 0-54-161-26-179-85-149-166-48-100~173-65-109-84-106-45-107-132-157-116-191-0
2 0-60-154-131-20-42-135-24-70~77-97-92-39-177-152-140~78-156-96~0
3 0-62-150-171-6-9-112-174-10~113-79-27-22-180~-160~101-119-142-158-163-0
4 0-55-125-145-98-1-67-129-192-155-40-108-122-148-162-33-111-190~56-11-99-0
5 0-41-35-3-110~147-165-2-17-28-143-32-136-128-183-105-139-194-16-0
6 0-95-25-72-52-21-178-90-103-146-91-124—68-58-23-38-93-121-94-114-172-0
7 0-187-7-83-37-81-181-175-43-193-14-63-75-123-71-86-30~168-47-82-49-0
8 0-73-57-36-61-169-5-137-134-184-176-182-19~141-188-104-164-46-159—69-44-0
9 0-15-89-151-31-170-18-80~130~115-102-186-138~76-185-144~167-64-87-127-0
10 0-74-4-66-153-13-117-126-189-29-12-133-88-50-34-120~51-118-53-8-59-0
Total travel time(min) 3,220
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THAAF w3t AR AR 29 o]

ol A|7HE 3,3205-0.3 7HAdteltt,

H 3. HiS1E Mu|A O3} SR O] HX| MU|AT|AL AAIE

Service
vehicle Travel route
number
1 0-41-110-9-136-58-160-94-0
2 0-95-153-81-100-84-188-132-0
3 0-62-83-85-102-32-120-16-0
4 0-74-173-122-75-105-78-96-8-0
5 0-60-36-80-10-148-144-164-0
6 0-187-31-117-77-186-45-119-0
7 0-54-42-2-29-133-180-168-0
8 0-55-13-149-155-109-23-11-0
9 0-73-171-112-70-184-139-118-0
10 0-15-21-129-103-177-101-156-127-0
il 0-89-52-67-193-138-162-142-0
12 0-35-98-178-17-143-93-30-0
13 0-25-170-181-48-39-185-116-69-0
14 0-154-147-166-113-63-71-121-0
15 0-4-37-175-12-27-106-114-159-0
16 0-125-18-90-146-92-19-157-49-0
17 0-161-14-22-33-167-64-87-0
18 0-7-176-128-34-51-56-47-0
19 0-151-179-130-28-79-38-194-0
20 0-150-137-108-76-141-86-46-163-0
21 0-66-20-135-189-97-111-190-0
22 0-72-1-126-43-124-50-158-191-0
23 0-3-6-174-40-65-140-104-0
24 0-131-169-192-134-88-183-53-82-0
25 0-57-99-59-44-0
26 0-145-165-5-91-68-123-172-0
217 0-26-61-24-115-182-152-107-0
Total
travel 1,673
time(min)
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The Study of the Relationship between Cash-To-Cash Cycle Time and
Financial Performance of Korean Companies in Various Industries and
with Different Sizes by Using Multiple Linear Regression Analysis

Geum-Joo Jahng - Jachwan Yang'

Department of Business Administration, University of Seoul

This paper studies the relationship between C2C(Cash-To-Cash) cycle time and financial performance of Korean
companies. Especially, we focus on the effect of the industry type and the size of companies on this relationship by
considering 10 different industries and two different sizes. More specifically, the multiple regression analysis is used
to investigate the relationship between the C2C cycle time including its components such as days of inventory, days
sales outstanding, and days payable outstanding and financial performance metrics such as ROA(Return On Asset),
operating profit rate, and net profit rate.

The results indicate that the relationship between the C2C cycle time and financial performance is sensitive to the
industry type, and 17 out of 30 cases(combinations of the three financial metrics and 10 industries) result in
statistically significant negative relationship. Similarly, on 33 out of 90 cases, the three components of the C2C cycle
time have statistically significant relationship with the financial performance of companies. Regarding the size of
companies, we find statistically significant relationship between the C2C cycle time and the financial performances
regardless of the size of companies. However, the significance is higher with the SME(Small and Medium size
Enterprises). Further, ROA and operating profit rate of big companies do not show statistically significant
relationship with days of inventory and days sales outstanding.

Keywords: cash-to-cash cycle time, days of inventory, days sales outstanding, days payable outstanding
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ROA(ROA1, ROSOI) =

+ ByADVER+ (3; SIZE+ By LEV+ ByOWN+ 3,)FOR+ ¢ +v

By + B DOI+ B,DSO+ By DPO+ B, SGROW+ B, RND

(g A) RO Yol Chst 714 2t
23 2342 233
o A T
DOl A & Zau2 ROSO ZAH4 : ROA Z&HS 1 ROAT
MATRE BAI= T Roverall) | pA= Tk Ri(overal) | pA+ T R¥{overall)
Asg —0.00044 *-1.86 21.681-0.00087 | **-2.52 31.91 | -0.00085| **-2.43 26.67
A/ Q5 /7P A [ -0.00031 | *¥-2.02 10.88 | -0.00030 *-1.66 17.23 | —0.00046 *~1.77 10.76
e —-0.00029 —-0.69 1.59|-0.00070 *-1.88 19.62 | -0.00111| **-2.17 18.41
3}s} 0.00031 1.53 1.59 | —0.00006 -0.24 19.12 | —-0.00011 -0.33 19.63
ol = /oJek 0.00073 | ***2.67 0.10| 0.00009 0.39 8.37 | 0.00029 0.82 4.45
/ZEAE/MF4 | 0.00006 0.30 1.62 | -0.00035 *~1.79 3.26 | —0.00026 -0.88 0.92
% 0.00021 1.23 22.54 | 0.00003 0.12 22.53 | =0.00007 -0.31 30.99
AR /A —-0.00068 | ***-3.42 28.43 | —0.00005 -0.25 28.25 | —0.00030 -1.00 15.34
A A -0.00119 | ***-4 35 0.23 | —0.00103 | ***-3.08 8.78 | —0.00126 | ***-3.25 15.97
) 0.00012 1.48 48.25| 0.00004 0.31 32.38 | 0.00016 0.79 36.94
23 252 233
DOI9| Al Zk
A Zati4 1 ROSO ZAH4  ROA ZAHA  ROAT
AR B A T Rioverall) | g A= T Rioverall) | gAS T Ri(overall)
A —0.00016 | ***-2.72 2.74 | —0.00021 | ***-3 24 18.77 | =0.00029 | ***-3,23 13.34
(mi'd B) DHERHA Sl4=7|7t0l CHSt A2t
E§1 282 283
DSO°| A4 Zf
S0Si A% Z&H4  ROSOI Z&H4L D ROA Z&HS ROAT
AT BAlIS T2t |Rdoverall)| g4 TZ | Rioveral)| pAx T |Roverall)
AR -0.00122 *-1.86 21.68 | —0.00146 | ***-2 84 31.91 | -0.00186 | **-2.43 26.67
A5/ Q57 /ATRE | -0.00014 -0.34 10.88 | —=0.00051 -1.17 17.23 | =0.00073 -1.19 10.76
e —-0.00023 -0.34 1.59| 0.00049 0.85 19.62 | 0.00072 0.97 18.41
s}s} -0.00104 | ***-3.49 1.59 | -0.00005 -0.14 19.12 | =0.00025 -0.57 19.63
ol & /9)oF —-0.00041 *-1.74 0.10 | -0.00036 *~1.9 8.37 | —0.00043 -1.47 4.45
DE/ESAE/MFSE |-0.00074 | FF#-2.87 1.62 | —0.00025 -0.91 3.26 | —0.00095 | **-2.22 0.92
=% -0.00071 | ***-3.37 22.54 | -0.00003 -0.09 22.53 | —0.00016 —-0.58 30.99
Az /A -0.00088 | ***-3.36 28.43 | —0.00012 -0.45 28.25 | —0.00014 -0.35 15.34
g Ak 0.00016 0.57 0.23 ] -0.00010 -0.27 8.78 | 0.00009 0.22 15.97
LA -0.00208 |***~13.17 48.25| —-0.00156 | ***-6,19 32.38 | —0.00261 | ***-7.25 36.94
231 2342 233
o A Fh
POt A & F4i4 : ROSO| F48i4  ROA F4p4 1 ROAT
MATRE BAI= T R(overall) | pA= Tak Rioveral) | pA= T R¥{overall)
A EE -0.00104 |***-12.01 2.741-0.00039 | ***-413 18.77 | =0.00074 | ***-5.78 13.34
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(ol C) HUM=F HA|7|Zoll ChEt A2t
23 252 253
DPOSI A & B4&H4 1 ROSOI B4HS 1 ROA &M 1 ROAT
MR BAl= Tk R(overall) | pA= Tk R(overall) | pA= T R¥{overall)
AEE 0.00040 0.94 21.68| 0.00036 0.58 31.91 | —0.00022 -0.34 26.67
A9 5/ 7P/ A | 0.00023 0.50 10.88 | 0.00039 0.72 17.23 | 0.00064 0.83 10.76
Fol 0.00061 0.89 1.59| 0.00076 1.27 19.62 | —0.00037 -0.46 18.41
ety 0.00037 1.25 1.59 | 0.00051 1.43 19.12 | 0.00064 1.32 19.63
& /ofef 0.00052 1.34 0.10| 0.00034 1.08 8.37 | 0.00028 0.58 4.45
uR/EeAE /Mg | 0.00062 #%1.98 1.62| 0.00043 11 3.26 | 0.00030 0.50 0.92
a4 -0.00031 -1.11 22.54 | 0.00034 0.83 22,53 | 0.00011 0.30 30.99
AR/ 0.00075 ##2.84 28.43 1 0.00077 #%2.36 28.25 | 0.00148| **%3.07 15.34
A&t 0.00113 | ***4.88 0.23| 0.00100| ***3.48 8.78 | 0.00191| ***573 15.97
=) 0.00101 | ***5.86 48.25| 0.00110 | **%4.20 32.38 | 0.00180| ***4 .87 36.94
23 22 233
bPoSi A= & S4814 : ROSO! Za84 : ROA Zau4 1 ROAI
MR B Al T Rioverall) | g A= T Rioverall) | g A= T Ri(overall)
A F2 0.00061 | ***591 2.74| 0.00062 | ***5.41 18.77 | 0.00097 | ***6.21 13.34
R R 2 M7 §993 10%, 5%, 1914 R-91%
G4 g o= AE) FHaL
5, 7Y 720 ME ZEFTI MPHatztel 2
ROA(ROA1, ROSOI) = B, + B,C2C+3,SGROW+ ByRND+ 3, ADVER+ B3;SIZE+
BeLEV+ B, OWN+ B, FOR + e+ v
@E A) 07| Z47|Y L2UH: SATIHHARAS
23] &2 =
DO A & B4 1 ROSOI 444 ROA i ::J)ROA1
& o1 S471Y tHo1g S471Y tHo1g SA71Y
C2C A4 gk -0.00031 -0.00055 —-0.00015 -0.00038 -0.00012 -0.00068
T# RE-5.34 #H%-6,33 *#-0.32 R4 21 -1.52 x4 92
R(overall) 1.86 7.65 22.37 10.76 20.55 10.08
(i B) CH7 |t A7 L2 MAEE AR ME Sp7|1E
2% &2 =
DO A & Z4&H4 1 ROSOI 44 T ROA i ; ROA1
& o1 S471Y tHo1g S471Y tHo1g S471Y
C2C A4 gk -0.00013 -0.00064 -0.00013 -0.00032 -0.00021 -0.00055
T% =177 #4%£-9.60 *-1.70 HH—-4.50 ##-2.06 #HE-5.45
R(overall) 6.54 2.96 19.14 14.63 15.52 11.37
HORE R = ZZF §5E 10%, 5%, 190141 9
GEh) W o= A3 FaL
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S484 : ROSOI S48 1 ROA E4uia  ROAT
B thled EIST oh1ed EIST oh1ed 54719

DOI A=k —-0.00021 —-0.00003 —-0.00012 —-0.00023 —0.00008 —0.00035
T%k #H%-3.02 —-0.28 -1.49 #1908 -0.80 ##-9.03
DSO A5k —-0.00047 —-0.00152 —0.00015 -0.00062 —0.00002 -0.00138
T4 E—4 41 #H%-9 86 -1.26 %3 56 -0.13 x5 2T
DPO A5k 0.00028 0.00085 0.00057 0.00063 0.00075 0.0010
T%k #42.18 k4 81 #4%3.93 #4320 *EEL 24 3,44
R—sq(overall) 1.14 8.72 22.82 11.87 23.44 11.68
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Supply Chain Performance Measurement of Automotive Parts
Manufacturers using DEA

Uk-Hwan Seo” - Sungmook Lim™"

“SMR Korea
“Division of Business Administration, Korea University

We present a model for measuring the supply chain performance of parts manufacturers in the automotive industry.
The performance measurement model is based on data envelopment analysis (DEA) with input and output factors
selected considering the SCOR model and the automotive industry’s characteristics; the proposed model can be
differentiated from previous similar approaches in the literature by the fact that the main concept of the SCOR model
is incorporated into the DEA model specification. The input factors selected include cost of goods sold,
transportation cost, cash-to-cash cycle time, and inventory turnover. The output factors selected include sales and
customer evaluation score. The proposed model is applied to the performance evaluation of 224 tier-1 domestic
automotive parts firms. As a result of the evaluation, efficient and inefficient firms are distinguished, and the
required improvements in terms of input and output factors for inefficient firms to attain efficiency are determined.

Keywords: Supply chain management, Performance measurement, SCOR, DEA, Benchmarking, Automotive
industry
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Multi-Stage Supply Chain Network Design
Based on a Cooperative Coevolutionary Algorithm

Yongho Han"

“Department of e-Business, Pusan University of Foreign Studies

We consider a network design problem in a four tier supply chain consisting of suppliers, plants, distribution
centers and customers. We suggest a cooperative coevolutionary algorithm(CCEA) to solve the problem. First, the
problem is decomposed into three subproblems for each of which the chromosome population is created
correspondingly. Each chromosome in a population is represented as an integer denoting a supply node. Then an
algorithm generating a solution from a chromosome representation is suggested. Also an algorithm evaluating the
performance of a solution is suggested. Finally we set the operator of selection, crossover, and mutation. An
experimental study is carried out to compare the performance of the CCEA with that of a genetic algorithm. The
results show that the CCEA tends to generate better solutions than genetic algorithms.

Keywords: cooperative coevolutionary algorithm, genetic algorithm, supply chain management, network design,
nonlinear multi-objective optimization
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Order sequencing for picker’s fatigue reduction
in the pick-and-pass order picking system

Won-Suk Choi - Suk-Chul Rim'

Department of Industrial Engineering, Ajou University

Pick-and-pass order picking is used widely for small but expensive products such as cosmetics, medicines, and
healthcare products. In such picking, each picker picks items that are located in their own zone and passes the bin to
the succeeding picker until all the orders are picked in sequence. In addition to the traditional objective of
minimizing the makespan, in this study we consider the fatigue of the pickers, which we define to cumulatively
increase as the picker has to work on the waiting bins without a break. Given a set of orders to pick, the fatigue of the
pickers will depend on the sequence of the orders. We propose various heuristic rules for order sequencing to identify
- using simulation - the rules that yield an order sequence which will reduce the total fatigue and deviation of fatigue
among the pickers by evenly distributing the picking load for each picker over time.

Keywords: order picking; pick-and-pass; pickers’ fatigue, fatigue balancing.

1. Introduction
1.1 Pick-and-pass picking systems
Distribution centers have been playing a key role in today’s

agile supply chains as customers require on-time delivery with

shorter lead times. Various material handling activities such as

receiving, put-away, storage and retrieval, inventory
replenishment, order picking, value-added processing, and
shipping take place in distribution centers (Tompkins ef al.,
2003). Among these, order picking is known to account for the
largest portion of the cost and time, viz., as much as 65% of
the operating cost in most distribution centers (Coyle et al.,
1996). Order picking is defined as the process of retrieving

specified quantities of items from their respective locations to
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satisfy customer orders (De Koster et al., 2007). Some
distribution centers have automated order picking systems but
still most order-picking is performed manually. Manual order-
picking is costly and prone to human errors.

Order-picking systems can be classified according to
various viewpoints such as picker-to-part or part-to-picker,
pick-by-order or batch picking, zoned picking or total zone
picking, sort-while-pick or pick-and-sort, and sequential or
simultaneous picking. A comprehensive review of order
picking systems can be found in Dallari et al. (2009) and De
Koster et al. (2007).

Zone picking can be either sequential (also called ‘pick-
and-pass’) or simultaneous (also called ‘synchronized’). Pick-
and-pass picking involves moving a bin for each order through
a sequence of zones, where the designated picker for each
zone picks those items that are located in that zone and passes
the bin to the succeeding zone. No sorting is necessary at the
end of each picking zone. On the other hand, simultaneous
zone picking involves picking the subsets of an order in the
respective zones simultaneously and combining these at the
output station to complete the order before commencing work
on the next order.

In this paper, we address the pick-and-pass picking system,
which often uses a U-shaped conveyor, as shown in Figure 1.
A U-shaped conveyor is beneficial as the input and output
points are located at the same side so that workers can execute
both input and output processes and save on space. Storage
racks are located around the U-shaped conveyor; further,
pickers are assigned to each zone. Such a system is widely
used for the order picking of small and expensive items such

as cosmetics and healthcare products. The reason why we

| Zone C I | Zone D |
Pocker C Pocker D
- 999 -
< 000 <« 0000000
Buffer
Pocker B Pocker A
| Zone B | | Zone A |

Figure 1. A U-shaped pick—and—pass picking system
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study pick-and-pass picking system is that picker’s fatigue is
most correlated with the sequence of orders in this
configuration because the pickers are sequentially located.

As a bin with its picking list arrives, the picker completes
picking the items located in his/her own zone and immediately
pushes the bin on the powerless roller conveyor to the output
buffer, which is the input buffer of the succeeding zone. If the
input buffer of the succeeding zone is full, the picker has to
wait (this is called ‘blocking’) until the succeeding picker
finishes picking the current order and takes the first waiting
bin in his/her input buffer. After picking at the last station is
complete, the bin is pushed to the packaging station where it is
taped and labeled for shipping. Each item has its own location
in the storage rack, and items in the rack are replenished from
the warehouse by other workers.

Customer orders that have arrived during a certain period of
time are processed as a batch. The picking list in the bin
displays the number of items to be picked at each zone. The
problem is to determine the sequence of orders to input to the

first zone such that pickers’ fatigue will be reduced.

1.2 Pickers’ fatigue

Another issue in manual order picking is pickers’ fatigue.
In most manual picker-to-part systems, pickers have to walk to
the locations of the items to be picked. Many studies have
addressed the problem of minimizing the travel distance of the
pickers (see Section 2 for a literature review). However, in
most pick-and-pass zone picking systems, pickers’ fatigue
does not depend mainly on travel because of the limited length
of each zone. A rather significant factor that impacts upon
pickers’ fatigue in pick-and-pass picking is how evenly the
picking load for each picker is distributed over time so that the
picker has breaks between pickings.

According to Beurskens et al. (2000), it seems that there is
no universally accepted framework for the quantitative
modeling of workers’ fatigue. Hence, we try to best represent
the fatigue of order pickers in a pick-and-pass system as
follows. Consider a set of orders to pick. Since the locations of
the items are predetermined, each picker will find some bins
with nonzero items to pick but other bins with no items to

pick, in which case the picker has a break if there are no
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waiting bins from the preceding zone (this absence of waiting
bins is called ‘starving’). Another type of forced break is
through ‘blocking,” when a picker finishes picking a bin and
finds no space to put the bin in his/her output buffer. Forced
breaks by starving or blocking will alleviate fatigue.

Although the total amount of items to pick for each picker
is determined for a given set of orders, the pickers’ fatigue
may vary depending on the order sequence. That is, we
assume that a picker will suffer greater fatigue if s/he has to
pick items consecutively without breaks. On the other hand,
the picker will suffer less fatigue if s/he has more frequent
breaks through starving or blocking.

It is desirable to reduce not only the total amount of
pickers’ fatigue but also the deviation of the fatigue over all
pickers because different level of fatigue among the pickers
may cause complaints. Therefore, the problem we deal with in
this study is to identify the rules to determine the sequence of
orders such that the total fatigue and the deviation of pickers’
fatigue will be minimized, while keeping the makespan from
growing excessively.

Despite vast research in order picking, very few have
addressed pickers’ fatigue. However, this issue is becoming
more important because it will result in more picking errors.
Since picking accuracy is one of the most critical performance
measures in warehouse management, reducing pickers’ fatigue
by simply providing better sequences of orders will be of great
benefit. Greater fatigue will jeopardize the job satisfaction of
pickers, which will make it difficult to employ the right people
for order picking at the right cost. Even temporarily high
fatigue may cause complaints among pickers, especially when

they can see each other in a U-shaped configuration.

1.3 Makespan

The term, makespan, is defined in this study as the time
starting from when the first order enters the first zone to the
time when the last order is completed at the last zone. The
makespan is determined by the order sequence, which may
cause starving and/or blocking of the pickers. If an order
sequencing rule reduces starving and/or blocking, the
makespan also will be reduced.

Since the makespan is an important performance measure

of the order picking, most of the existing studies in order
picking attempt to minimize the makespan. However, the
picked items are usually shipped to the customers by the third
party logistics provider on the next day, minimizing the
makespan is not such an important issue in this case, as long
as the increased makespan does not result in the overtime.
Therefore, in this study, we will attempt to find out a good
heuristic algorithm that will minimize the sum and deviation
of the pickers’ fatigue, as long as the additional length of
makespan due to this algorithm does not exceed a reasonably
small range.

In this paper, we will present a quantitative fatigue model
for the pickers in a pick-and-pass system. Given a set of
orders, we will explore heuristic rules to determine the order
sequence. Further, we will compare the rules in terms of
performance measures that include the makespan, the total
fatigue, and the deviation of the fatigue.

The rest of the paper is composed as follows. We will
survey the related research in Section 2; present a quantitative
fatigue model in Section 3; propose a few heuristic sequencing
rules in Section 4; evaluate the average performance of the
proposed heuristics using simulation in Section 5; and
conclude with a few research issues for further study in

Section 6.

2. Related research

Although there have been numerous studies on order
picking, to the best of our knowledge, no research has been
reported that considers pickers’ fatigue in order picking.
However, in this section, we will review the related research
results in two categories: order picking in general and the

fatigue issue in particular.

2.1 Order picking

The literature in order picking can be categorized in four
main areas including the layout design of storage facilities, the
product storage policy, the pickers’ routing policy, and the
picking policy. For the layout design problem, two main issues

have received the most attention. One is the facility layout
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problem that deals with where to locate the various
departments such as receiving, storage, picking, and shipping.
The other is internal layout design that determines the number
of blocks, the number of aisles between blocks in the picking
area, the length and the width of the aisles, etc. (Meller and
Gau, 1996). Product storage policies are usually classified into
the following five: random storage, closest open location
storage, dedicated storage, full turnover storage, and class-
based storage (De Koster et al., 2007). The pickers’ routing
policy is to determine the shortest routes of the pickers.
Roodbergen and De Koster (2001) explored the performance
of five heuristic route policies for a single block warehouse,
including S-shaped, Return, Mid-point, and Largest gap,
besides a combined heuristic that combines the Largest-gap
and S-shaped heuristics.

Various picking policies such as discrete, batch, zone,
bucket brigade, and wave picking have been studied. Single-
order picking (discrete picking) involves picking all the items
in an order by one picker in a tour so that sorting is not needed
after picking. Batch picking entails picking a group of orders
simultaneously so that the pickers’ travel time can be reduced
substantially at the cost of sorting items by order after picking.
In zone picking, each picker is dedicated to a certain zone. The
advantages of zone picking include a shorter picker travel
distance and greater picking efficiency due to each picker’s
familiarity with their respective zone. Note that batch or zone
picking is referred to as wave picking if orders need to be
picked in a predefined time-window (Parikh and Meller,
2008).

A relatively new approach, namely, bucket-brigade picking,
is a form of zone picking where pickers’ boundaries between
zones change dynamically. That is, each picker continues
picking as s’/he moves in one direction along the rack until s/he
encounters the succeeding picker; when the picker returns and
moves in the opposite direction until encountered by the
preceding picker, where s/he receives the bin and continues
picking (Koo, 2009). Other research areas related with order
picking include the order fill rate (Rim and Park, 2008), cost
and throughput modeling (Russel and Meller, 2003), and
picking and deliveries (Shiau and Lee, 2010).

For pick-and-pass order picking system, Yu and De Koster

(2008) present an approximation method to estimate the mean
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order throughput time in the pick-and-pass order picking
system, where orders are processed as they arrive in the
system. However, in our problem, orders are received until the
closing time; and all the orders are sequenced in order to
minimize the fatigue deviation of the pickers before the orders
are fed to the pick-and-pass system. Such a batch processing
of orders is suitable as it eliminates the idle time of the pickers
between the sporadic arrival of orders if the arrival rate of
orders is low. Obviously, however, for the order picking
systems with high rate of order arrival, orders will have to be
picked as soon as they arrive in the system. Schultz et al.
(2010) study the workers’ work speed and reaction in parallel
workstations; and present a modified heuristic that performs
well for increasing throughput using empirical approaches,
analytical modeling, and Monte Carlo simulation. Our study,
however, is on the sequential workstation where the speed and
reaction of one worker will not be affected by the coworkers
as much as in the parallel setting.

Pan and Wu (2009) develop an analytical model for the
pick-and-pass system by describing the operation of a picker
as a Markov Chain for the estimation of the expected distance
traveled of the picker in a picking line. Based on the proposed
analytical model, they derive properties of storage assignment
and propose three algorithms that optimally allocate items to
storages for the cases of a single picking zone, a picking line
with unequal-sized zones, and a picking line with equal-sized
zones in a pick-and-pass system. Melacini et al. (2011) present
a framework for designing pick-and-pass order picking
systems, where total picking cost is minimized while
respecting the required service level in terms of average order
throughput time. Main decision variables include the number

of zones and the number of pickers per zone.

2.2 Fatigue

Fatigue lowers productivity in the workplace and increases
the error rate and likelihood of industrial accidents. Fatigue
can also be described in terms of a loss of efficiency and a
general disinclination to work (Weijman et al., 2003).
Employees may suffer mental fatigue in addition to physical
fatigue. However, there was no one measure capable of
assessing the total body fatigue until Babski et al. (2000)
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investigated the relationship between operator fatigue and time
stress. A battery of fatigue assessment techniques was used to
estimate the total body fatigue while subjects performed a data
entry task under various levels of time-induced stress. The
results indicated that the total body fatigue and the number of
errors committed increase as the time-induced stress increases.
Physical fatigue was objectively measured by evaluating the
change in the heart rate. The authors presented the total body
fatigue as a weighted average of five variables, including the
change in the heart rate, tone task reaction time, level of
tiredness, and number of mental and physical fatigue
symptoms reported; they concluded that as the task duration
increases, the total body fatigue also increases.

McLauglin (2007) presented a model that will help to
predict, prevent, control, and mitigate the prevalence of task-
related factors that negatively influence stress, fatigue, and
workload, thus enhancing human performance. A quantitative
model representing the state of stress, fatigue, and workload
experienced under task conditions was developed using fuzzy
set theory with data inputs from both objective and subjective
measures such as the heart rate, NASA TLX, blood pressure,
and a variety of additional factors.

Saito (1999) developed a visual reaction test and a portable
fatigue meter as an apparatus for the fatigue measurement of
VDT (video display terminal) work. The author stated that
although a large number of fatigue tests have already been
adopted, it is still hard to draw a generalized conclusion as to
methods for selecting the most appropriate test battery for a
given work load; hence, the measurement of the degree of
fatigue may be virtually impossible. Beurskens et al. (2000)
evaluated the validity of the checklist individual strength
(CIS) questionnaire and concluded that CIS seems to be an
appropriate instrument for measuring fatigue in the working
population. The authors stated that no gold standard exists for
fatigue; therefore, we will never be able to prove the validity
of instruments that measure fatigue.

Yano and Rachamadugu (1991) studied the job sequencing
problem to minimize the work-overload in paced assembly
lines, as in automobile assembly. If the bins are moved by a
paced conveyor in our problem, our problem will be an
extension of the work by Yano and Rachamadugu (1991) in

which only two states at each station are considered, whereas
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our problem deals with multiple states that are determined by
the amount of picks at each station.

Despite many research results that are reported in the
literature, to the best of our knowledge, there has been no
study on pickers’ fatigue in order picking as a function of the
order sequence. Shiau and Lee (2010) addressed the problem
of determining the sequence of orders to pick so that the
orders packed for each customer can be directly loaded in the
delivery vehicle without any buffer storage space at the
shipping area. Their proposed algorithm consists of heuristic
container selection, an optimized loading configuration that is
obtained through linear programming, and a heuristic loading
sequence to generate the picking sequence of the orders. Our
problem does not consider the packing orders and the loading
sequence of the boxes in the truck because these boxes are
transported by the truck in a batch to the sorter at the

distribution center of door-to-door delivery service providers.

3. A fatigue model for order pickers

The unique value of this paper is that this is the first attempt
to consider the fatigue of the pickers in the pick-and-pass
system. For a given set of orders, the total picking load for
each picker is determined regardless of the order sequence.
However, we assume that if the order sequence is such that a
certain picker will encounter a series of heavy loads to pick
without a break, the fatigue of the picker will rapidly increase.
On the other hand, if the picking loads are evenly spread over
time for each picker, then the picker’s fatigue will be
alleviated. We believe that this assumption is reasonable; and
picker’s fatigue is a new important issue in operating order
picking system because it will affect the picking accuracy as
well as the job satisfaction of the pickers. In this section, we
will propose a quantitative fatigue model for the pickers in a

pick-and-pass order picking system.
3.1 The fatigue level
Since there has been no research result on the modeling of

pickers’ fatigue in the pick-and-pass order picking system, we

will propose one based on the following rationality: Recall
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that doing the same amount of work can result in different
amount of fatigue; that is, we suffer more fatigue when we are
‘tired’ than when we are ‘refreshed’ after a break. It indicates
that the magnitude of fatigue at time ¢ can be expressed as the
fatigue level at time ¢ multiplied by the work load at time ¢.
We assume that the fatigue level of a picker will increase as
s’he encounters a series of orders that have nonzero pick load
at his/her zone without a break. On the other hand, if the
picker encounters a break between the two consecutive orders,
then we assume that the fatigue level will be lowered
proportionally to the length of the break. The break can be
either by encountering the next order which has no pick load;
or starving due to the delay of picking at the preceding station.
Note that the only decision variable of this problem is the
sequence of the orders to be fed to the pick-and-pass order
picking system. Let us define the parameters and internal

variables as follows:

Parameters

r;: the fatigue level of picker j as s/he starts picking the i
order

b, the length of break that picker j has before starting the
i" order.

a: fatigue-growing factor. (0< a <1)

P;: number of items for picker j to pick in the i order.
(=time for picker j to complete order 7)

m: buffer size between the two consecutive pickers

Internal variables

f;- amount of fatigue added to picker j for picking the i
order.

S; and f;;: starting and finishing times of the i order for

picker j, where F; = §; + P

Let the fatigue level of a picker to be 1 when there is no
accumulated fatigue. We assume that every consecutive order
without a break will increase the fatigue level of the picker to
(1+a) times of the previous fatigue level. Then we define the
pickers’ fatigue level (r;) as Eq. (1).

o (1+a) ifb, =0
n= min[]! P } - for all i and j (€))]
(I+axb,) d

j=is
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That is, we define that the pickers’ fatigue level (r;)
increases by (1+a), where >0, for picking the i" order if the
picker has no break; however, if the picker j has a break of
length b; due to starving or blocking, the fatigue coefficient

decreases by (1+ab;) for picking the i" order.

3.2 The picker’s fatigue model

The problem that we address in this paper can be

formulated as follows:

Minimize 2.2, f; )
Subject to
F;=8;+F; foralliand;j 3)
by =S;=F_, foralliandj @)
fiy =1 forallj 5)
Ji =1 Fy foralliand (6)
fi=21y forall j 7
= {n":::[[ﬁ”’ g',’._.l,]S.-._m_,ﬂ] iy < forallfand j 8)

where the state variable M; denotes the current number of

orders (or bins) waiting in the output buffer of the picker j.

The objective function of the pickers’ fatigue model is to
minimize the total fatigue of the pickers, as in Eq. (2). Note
that minimizing the total fatigue will also reduce the deviation
of fatigue. The length of the break for picker j after s/he
completes the (i-1)" order and before s/he starts picking the i*
order is defined as in Eq. (4). The initial fatigue coefficient of
the picker is set to unity for all pickers, as in Eq. (5). We
define the amount of fatigue of picker j in picking i" order to
be the fatigue level multiplied by the number of items to pick,
as in Eq. (6). Eq. (7) defines the total fatigue of picker j.

At the boundary of two consecutive zones, there is a buffer
space that can accommodate m bins. The starting time for
picker j to pick the i" order is formulated as Eq. (8). That is,
when there is at least one empty output buffer space for picker
J, s/he can start picking the i” order only when s/he has
completed the (i-1)" order (S, >F;,;) and the preceding picker

i =

(j-1) has completed picking the i" order (S,>F,,;). On the

i =
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other hand, when there is no empty output buffer space for
picker j, s/he can start picking the i* order only when the
above two conditions are met and the succeeding picker (j+1)
picks the first waiting job out of his input buffer so that one
empty space becomes available for picker j in his/her output
buffer (S; > Si1..;.1). We also assume the following.
« The first picker will never starve for work since all orders
are ready.
« Picking any unit item yields the same amount of fatigue
for every picker.
« Each picker’s travel time for picking within his/her own
zone is negligible.
« Each picker immediately starts picking if s/he finds a bin
waiting in the input buffer.
* The time for a completed bin to be moved to the output
buffer is negligible.

+ No item shortage occurs in the rack.

3.3 A numerical example

Consider a pick-and-pass picking system having four zones,
each of which is picked by pickers A, B, C, and D,
respectively, as shown in Figure 1. Suppose there are six
orders whose respective numbers of items to pick at each zone

are given in Table 1.
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Table 1. An example of (P) for four pickers and six orders

Order Picker A B C D
2 2 7 3

2 3 1 1 6

3 10 1 6 5

4 7 8 6 10

N 7 9 7 9

6 5 5 6 4

Let « =0.1; m = 1; and §;, = 0. For a particular order
sequence of 1-2-3-4-5-6, the length of break (b;) and fatigue
level (r;) for picker j to pick i" order can be determined using
Eq.(1) through (8); as shown in Table 2. The resulting pickers’
fatigue (f;) and makespan for three arbitrary order sequences
are compared in Table 3.

In this example, the order sequence 6-4-2-1-3-5 yields the
minimum total fatigue and minimum fatigue deviation, while
the sequence 1-2-3-4-5-6 minimizes the makespan. For n
orders, the number of possible sequences is n!. For a practical
problem size of, say, 100 orders, enumeration is prohibitive in
terms of the computing time. Hence, we need to identify an
algorithm that will result in better average performance in

terms of the makespan and/or fatigue deviation.

Table 2. The values of sequence (1-2-3-4-5-6) of six orders for four pickers

Picker A Picker B Picker C Picker D
order S Fia bia I Se Fia b I Se Fic bic ric So Fio bo Io
1 0 2 X 1.00 2 4 X 1.00 4 11 X 1.00 11 14 X 1.00
2 2 5 0 1.10 5 6 1 1.00 11 12 0 1.10 14 20 0 1.10
3 5 15 0 1.21 15 16 9 1.00 16 22 4 1.00 22 27 2 1.00
4 15 22 0 133 22 30 6 100 | 30 36 8 1.00 | 36 46 9 1.00
5 22 29 0 1.46 30 39 0 1.10 | 39 46 3 100 | 46 55 0 1.10
6 29 34 0 1.61 39 44 0. 1.21 46 52 0 1.10 55 59 0 1.21
Table 3. The resulting pickers’ fatigue and makespan for the three order sequences
Order Pickers’ fatigue Total Fatigue
sequence A c D fatigue deviation Makespan
1-2-3-4-5-6 45.02 27.95 33.70 39.34 146.01 7.34 59
6-4-2-1-3-5 37.11 26.52 34.62 40.10 13835 5.83 62
3-6-5-1-2-4 38.34 2641 3451 4187 141.13 6.64 66
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4. Heuristic algorithms

The problem that we address in this paper is a
combinatorial optimization problem in which we find the best
order sequence out of n! possible sequences. For this type of
problem, no efficient optimal solution procedure will be
available. Instead, we can define a few rules for order
sequencing, and compare them in terms of the average
performance by using computer simulation so that we can
hopefully identify a rule that outperforms all others.

In developing heuristic algorithms for this problem, as we
consider changing the sequence of orders, the only data we
have is P;, the number of items for picker j to pick in the order
i(= time for picker j to complete order i). Therefore, in
searching for good heuristic algorithm, we can only consider
the heuristics that determines the order sequence by using the
values obtained from P;’s, such as sequencing the orders in
ascending order of the total number of items to pick for order
i, or the total picking load for picker j. In this section, we will
propose eight heuristic algorithms to determine the order

sequence.
4.1 Quantity-based heuristics

We consider the heuristic algorithms that are based on the
number of picks in each order. Let =% and & =LZ7,
denote the total number of items to pick for order i and the
total picking load for picker j, respectively. Based on O, we
propose the following four heuristics (Break ties randomly).

* QA: Sequence the orders in ascending order of Q..

+ QD: Sequence the orders in descending order of Q..

* QL: Sequence the orders in alternating order of Q; (with
the order having the largest Q; as the first).

+ RL: Sequence the orders in alternating order of the
picking quantity of picker j whose total picking
quantity & =# is the largest among all the pickers

for the given set of orders.
4.2 Fluctuation-based heuristics

We define the fluctuation of order i (F;) as the sum of the

squares of the differences in the picking load between

j=is
2
s

consecutive zones, as described in Eq. (9).

tME

F =

i

(P;; x R,jn )2 (9)

i=

Using this term, we define the following two heuristics.
« FA: Sequence the orders in ascending order of F.

« FD: Sequence the orders in descending order of F..
4.3 Difference-based stepwise heuristics

Another pair of heuristics considers the difference between
pairs of orders. Let V(i,k) denote the sum of the squares of the
respective differences in the picking load for all the pickers
between orders i and k, as described in Eq. (10).

V(i k) =3 (F, - B, (10)
J=l

Using this term, we define the two heuristics DS (resp., DL)
as follows. First, select as the next order k the one that attains
the smallest (resp., largest) difference from the current order i.

These two algorithms need to be described in more detail as

follows.

<Algorithm DS>
Let p(k) denote the k" order in the input sequence.
n:=1
Let Q denote the set of orders, that is, @ ={1, 2, ..., I}.
Step 1: Find j* such that R* <R; for all j (break ties
randomly).
Find y such that P,* < P* for all i. o(1)=y.
Step 2: wi=y.
Q=0-{y}.
If Q=g stop.
Find y such that V(w,y) < V(w,i) for all i€ Q.
n=n+1.

o(n):=y. Go to Step 2.

Algorithm DL is the same as DS except that the inequality
in Step 2 is in the opposite direction. The reason why the
proposed heuristics are only related to P is that P;’s are the
only information that we have in determining the sequence of

the orders. For the reason why they will help in minimizing
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the deviation of total fatigues among pickers, the first four
heuristics in 4.1 have weak ground, as they are based on the
total number of items to pick for each order. However, the two
heuristics in 4.2 consider F;, the fluctuation of order i, which is
the square sum of the difference between the number of items
to pick at adjacent pickers for order i. Since this quantity will
reflect the changes of the work load at the adjacent pickers for
each order to some extent, the total fatigue and fatigue
deviation obtained from these two heuristics are better than
those from the first four heuristics, as will be shown in Figure
4andS5.

The last two heuristics in section 4.3 have quite a strong
ground because the heuristics DS chooses as the next order the
one whose sum of square of the difference of the number of
items to pick between the order and its predecessor for all
pickers, as defined in Eq. (10), is the smallest. By doing so,
each picker is most likely to receive the sequence of orders in
which the picking loads are evenly distributed, which will
minimize the deviation of fatigue. DL, on the other hand, is
the opposite of DS, thereby resulting in the largest total fatigue
and fatigue deviation, as will be shown in Figure 4 and 5.

Regarding the usability of the proposed algorithms,
especially the best one, DS, it is expected from the
experimental results that the total fatigue and fatigue deviation
of the pickers will be minimized simply by determining the
processing sequence of the collected orders. This algorithm
can be easily implemented in a personal computer at the order
picking area of distribution centers. Hence we believe that the

proposed DS heuristic has a good practical usability.

5. Performance evaluation

We evaluate the average performance of the eight heuristic
algorithms that we presented in the previous section using
simulation. Since all the parameters are deterministic, we use
Microsoft Excel 2007 as the simulation tool. We assume six
zones and six pickers; further, 100 orders are received every
day. For each order, we set the number of picks in each zone
to be uniformly distributed between 0 and 10. We let the size
of the buffer storage space (m) between consecutive zones to

be m =0, 1,2, ..,5. The simulation runs for 100 days to
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estimate the average total makespan, total fatigue of pickers as

defined in Eq. (2), and fatigue deviation.

5.1 Average makespan

Figure 2 shows that the average makespan decreases as the
buffer size increases up to a certain size, say, three, for all
algorithms. Note that the decrease in the makespan is
alleviated as the buffer size exceeds two. When m = 0,
algorithm QD performs best. However, when m>1, DL
significantly outperforms the other heuristics. Note that DS
yields the longest makespan.

Recall that we model pickers’ fatigue in section 3.1 such
that when a picker receives a bin with no item to pick, the bin
neither increases nor decreases the fatigue of the picker.
Suppose, however, that bins with no items to pick let the
picker have a break of one unit of time (which is equal to the
time to pick one item from the rack). The simulation results

show that such a change does not create any significant

850

—+— DS
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QD
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—+— QA

—8—FA
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550 L L L L L —— DL

Buffer size(m)

Figure 2. The average makespan as the buffer size increases

850
—+— DS
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—a— QL
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600 et RL
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Buffer size(m)

Figure 3. The average makespan when bins with no items to
pick let the picker have a break of two units of time.
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Table 4. Average (and standard deviation in the parenthesis) of makespan from the heuristics as the buffer size increases

Buffer
0 1 2 3 4 5
Heuristic
DS 83149 768.55 739.15 72029 707.65 698.58
(17.48) (19.34) (20.55) (22.92) (24.51) (25.82)
oL 819.70 67729 643.04 62749 622.40 620.14
(15.96) (17.92) (18.59) (19.14) (19.73) (19.95)
79691 678.70 641.57 626.77 621.03 618.56
D (18.23) (16.26) (18.04) (19.73) (20.66) (20.76)
oD 768.92 669.19 636.80 624.78 620.28 617.96
(16.71) (16.89) (17.77) (17.83) (18.17) (18.71)
0A 769.59 667.74 637.46 624.66 619.03 616.89
(16.99) (19.29) (20.63) (20.84) (20.68) (20.40)
A 797.58 676.47 63947 623.76 618.07 615.84
(1743) (14.92) (15.85) (15.98) (16.96) (17.41)
RL 804.14 671.71 634.84 620.71 61481 612.58
(17.14) (14.22) (16.35) (17.85) (18.46) (19.02)
DL 797.10 616.44 592.44 589.10 588.76 588.65
(18.49) (16.17) (16.55) (17.02) (17.11) (17.16)

Table 5. Average (and standard deviation in the parenthesis) of makespan when bins with no items to pick let the picker
have a break of two units of time

Buffer
0 1 2 3 4 5
Heuristic
831.69 769.03 739.94 72133 708.86 700.12
ps (17.27) (19.15) (20.39) (22.68) (24.24) (25.70)
819.72 678.57 64581 631.76 627.33 625.68
QL (15.98) (17.99) (18.39) (18.77) (19.20) (19.44)
D 79723 680.27 644.86 631.43 626.54 624.52
(18.18) (16.13) (17.89) (19.42) (20.18) (20.40)
oD 769.54 67097 639.82 629.26 62548 623.92
(16.65) (16.60) (17.29) (17.27) (17.61) (18.00)
0A 770.05 669.46 640.54 629.14 62423 62235
(16.81) (18.92) (20.02) (20.01) (19.69) (19.46)
A 797.88 677.98 64244 628.90 62432 622.59
(17.34) (15.00) (15.71) (15.53) (16.52) (17.05)
RL 804.29 673.50 638.43 624.99 619.74 617.91
(17.16) (13.97) (16.34) (17.33) (17.62) (18.12)
DL 79720 61941 598.23 595.86 595.59 59548
(18.41) (16.00) (16.70) (17.14) (17.19) (17.23)

change in pickers’ fatigue, even when the break is two units of ~ no item to pick; then, the bin neither increases nor decreases
time long, as shown in Figure 3 and Table 5. Therefore, we  the fatigue of the picker in the following study.

will examine only the cases when a picker receives a bin with
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5.2 Total fatigue

Figure 4 shows the average total fatigue for each heuristic.
It is observed that as the buffer size increases, the total fatigue
increases, especially when m >2. This is because more than
one buffer space will absorb the fluctuation so that pickers
will be more likely to continue working without breaks
between orders. It is worth noting that DL and DS yield the

largest and smallest total fatigue for all m > 2, respectively.

5.3 Fatigue deviation

Figure 5 shows the average fatigue deviation for each
heuristic. It is observed that as the buffer size increases, the
fatigue deviation increases, especially when m >2. It is worth
noting that DL and DS again yield the largest and smallest
fatigue deviation for all m>2, respectively. This is because
DL and DS select the next order based on the relationship to
the current order. That is, using DS, pickers will receive the
orders in such a sequence that the pick loads of consecutive

orders have the smallest difference.
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Figure 4. The average total fatigue as the buffer size increases
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Figure 5. The average fatigue deviation as the buffer size

Table 6. Average (and standard deviation in the parenthesis) of total fatigue as the buffer size increases

Buffer
0 1 2 3 4 5
Heuristic
DL 3,126 23,085 347,826 708,814 913,189 1,034,420
(76) (20,115) (200.438) (300,486) (316,568) (330,024)
0A 3,283 6,259 32,759 152972 331,166 548,069
(88) (1,696) (33,190) (179,175) (290,371) (340,092)
RL 3,204 5,486 32,391 136,739 321,249 520477
(82) (1,332) (26,069) (114,219) (226,247) (287,076)
A 3,225 5,648 29,090 128,348 275,638 426,013
81) (3,724) (28,310) (140,696) (220,879) (261,443)
aL 3,207 5,341 25,734 108,354 245364 410,684
(84) (930) (32,987) (125,402) (210,115) (273,078)
D 3,225 5272 20916 91,289 215,042 370,401
(85) (1474) (15,658) (104,189) (169,499) (242.802)
D 3,284 5942 21,635 62,139 132,844 221,712
92) (1,531) (17,907) (56,761) (108,294) (149,271)
3,865 5,527 7,386 10,309 15,660 27,287
ps (214) (1,052) (2,199) (4,744) (9,740) (26,346)
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Table 7. Average (and standard deviation in the parenthesis) of fatigue deviation for different buffer sizes
Buffer
0 1 2 3 4 5
Heuristic

DL 36 5,601 94,675 183,164 226,308 245656
(11) (7.883) (68.867) (89,121) (80,603) (71,657)

oA 46 632 8,554 46,961 103,528 170,980
(16) (547) (12,767) (66,454) (110,560) (126,809)

RL 36 443 7,770 37455 88,943 143,469
(13) (470) (9,404) (41,541) (80,228) (94,131)
40 529 7,132 38,001 80,780 123,548

FA (13) (1279) (10,465) (55,596) (81,634) (90,347)
40 395 5,672 30,400 72,622 121,856

Q- (12) (289) (9,968) (44431) (75,869) (97,564)

D 41 404 4208 24,525 58,627 102,590
(13) (529) (5,027) (38,238) (60,956) (85,695)

oD 46 545 4,563 15,489 35,789 61,139
(18) (513) (6,506) (21,120) (40,175) (53,838)

DS 107 333 671 1,290 2,559 5,985
(50) (311) (683) (1,552) (3,530) (10,337)

5.4 Analysis 6. Conclusion

Experimental results indicate that the heuristic DS
significantly outperforms the other heuristic algorithms in
terms of total fatigue and fatigue deviation, as shown in Figure
4 and 5, respectively. Table 6 and 7 show that DS performs
approximately ten times better than the next best heuristic
(QD). Figure 3 shows that algorithm DS increases the average
makespan by 12.5% over the other algorithms, which can be
regarded as acceptable for the profit of dramatic reduction of
total fatigue and fatigue deviation by algorithm DS. This
increase of makespan can be absorbed by wave picking, in
which a set of orders that arrive in a certain time window are
picked together.

Note that the deviation increases as the average increases.
This explains why figure 4 and 5 look alike. That is, the
algorithm DS results in the least amount of fatigue, as shown
in Figure 4, thereby minimizing the deviation of fatigue also,
as shown in Figure 5. Minimizing both the total fatigue and

fatigue deviation is desirable for the pickers.

In this paper, we study the pick-and-pass order picking
system where bins representing customer orders are moved via
a conveyor along which picking zones are located. The
designated picker for each zone picks items that are located in
that zone and passes the bin to the succeeding zone. Such a
system is widely used for the order picking of small and
expensive items such as cosmetics and healthcare products.

Unlike most research in the order picking, we study the
issue of pickers’ fatigue, which is becoming more important
for the human resource management and employee
satisfaction. We present a quantitative fatigue model for
pickers in the pick-and-pass order picking system. For a given
set of customer orders and item locations in the zones, the
problem is to determine the sequence of the orders to be input
to the first zone.

We present eight heuristic algorithms for this problem.
Simulation results indicate that the heuristic algorithm DS
significantly outperforms the other heuristics that we propose
in relation to the total fatigue and the fatigue deviation. For
practical cases with a buffer size of two (resp., three) between

adjacent zones, DS yields a total fatigue of only 34% (resp.,
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17%) of that of the next-best algorithm (QD). Furthermore,
DS yields a fatigue deviation of only 15% (resp., 8%) of the
next-best algorithm (QD) for a buffer size of two (resp., three).
The improvement is even greater if we compare the
performance of DS with that of other heuristics.

It is significant that we can reduce the total fatigue of the
pickers by 66~83% simply by determining the order sequence.
Note that the makespan is increased by about 12.5% from the
above comparison, which can be absorbed by discrete
operations in the delivery process. It is also observed that if
the pickers have more frequent breaks between consecutive
picks, the makespan will increase and the pickers’ fatigue will
decrease. That is, there is a trade-off between the pickers’
fatigue and the makespan. Our problem has only one objective
function, which is to minimize the total fatigue, as in Eq.(2).
Another measure, makespan, is examined to see if or not the
makespan increases too much for the best performing
algorithm.

The contribution of this study is to provide a simple
algorithm to determine the sequence of orders to the pick-and-
pass order picking system such that the total fatigue (and also
fatigue deviation) of the pickers is minimized. Given a set of
orders, total amount of work for each picker is fixed.
However, since the total fatigue of a picker is assumed to
depend on the order sequence, the algorithm (DS) we propose
as the best heuristic can contribute to minimizing the pickers’
complaints about seemingly unfair work load.

A possible extension of this study will include order
picking using a paced conveyor along the zones, which boils
down to the problem of Yano and Rachamadugu (1991) but
with multiple states determined by the amount of picks at each
station. Another possible extension of this paper is to study
how to determine the boundaries between adjacent zones
along the conveyor for a given set of orders such that the total
fatigue and/or the fatigue deviation is minimized. We have
selected the configuration of six picking zones because we
thought it will represent a typical pick-and-pass order picking
system. The average performance of the proposed heuristics
will not change much as the number of zones changes.
Analysis on the impact of the number of zones on the
performance of the heuristics may be an interesting subject for
further study.
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Economics of Quality in Food Procurement Contracting of
Child Care Centers
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This paper models and solves the principal-agent models for the procurement of food materials in child care
centers when quality is perfectly observable and when quality is not perfectly observable in supply chain
concentrating. When quality is perfectly observable by child care center as principal, the optimal solution is the first-
best solution where the marginal utility of parents/children obtained from the quantity and quality supplied by
supplier is equal to the marginal cost to supply them. However, when quality is not perfectly observable to child care
centers the optimal solution cannot be the first-best but the second-best where the sum of unit price and quality
incentive is greater than the marginal cost to supply the quantity and quality and social welfare is reduced by the
multiplication of the marginal cost of quality and the inverse of success rate function of cumulative distribution
function of quality from that in the first-best optimal solution.

Keywords: Quality observability, Principal-agent model, Incentive compatibility, First-best social welfare, Second-
best social welfare, Child care centers

1993). Because quality of products/services supplied from
1. Introduction suppliers in supply chain is one of the most important
determinants of quality of products/services produced
A key challenge facing today’s procurement activity is the  /provided by procurers, procurers should get an appropriate

management of quality (Kim and Weaver, 1995; Weaver,  quantity of products/services with appropriate quality from
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suppliers in order to guarantee the appropriate quality to final
products/services. Recent experience in supply chain research
provides an important case for analysis of opportunity for
supply chain contracting to manage the quality in supply
chain. Weaver and Kim (1999) and Kim (2006) demonstrated
that grades and standards leave in place substantial incentives
for supply chain management of quality. These incentives
pose an important turning point for the industry since they
may motivate either substantial vertical integration or achieve
supply chain management through the structurally neutral
approach of contracting. In fact, regulative alternatives such as
grades and standard to manage quality are dominated by
contracting alternatives (Kim, 2006).

From the property of quality, quality can be classified into
two cases: quality is perfectly observable to all players within
supply chain and quality is not perfectly observable to at least
some players within supply chain. For example, both procurer
and supplier of used cars cannot observe the quality of used
cars perfectly even though supplier can have more information
on the cars than procurer (Akerlof, 1970). Dairy food
manufacturer (procurer of raw milk) observes the quality of
raw milk imperfectly. This observability of quality can make
some considerable difference in the procurement decision by
procurers and as a result, in welfare of procurers and suppliers.
This paper deals with the microeconomic analysis of this kind
of quality-based supply chain contracting problem through a
principal-agent model and examines the impacts of the
observability of quality in supply chain on utility of procurers
and suppliers, and social welfare concentrating on the case of
food procurement by child care centers.

Child care centers can provide a good example for quality-
based supply chain contract in that they must manage the
quality of foods provided to children every day which is
totally dependent on the quality of food materials such as
meats, fish, vegetables, and dairies etc. supplied by suppliers.
The importance of providing quality food to children cannot
be overemphasized because foods provided to children in
children center will affect the future health status of children
and bad quality foods can expose many children to the danger
of serious infections. In Korea, approximately 1,175,000
children are attending child care centers and are fed at least

once a day by child care centers. Since the standard feeding

cost for a child per day is about 2,100 KRW, total annual cost
is approximated to 641,550 million KRW in 2009 (from the
homepage of Korea Ministry of Health and Welfare:
http://english.mw.go kr/front eng/index.jsp). Because this

large amount of money is used for contracting for the food
procurement by child care centers, the impact on social
welfare will be predicted to be huge.

Though the notion that quality can be explicitly managed
through supply chain is the focus of extensive literature in
management science under the banner of Total Quality
Management (TQM) it has received little attention within the
context of neoclassical microeconomics. Chong (1996), De
Vany and Saving (1983), Dotchin and Oakland (1992), and
Lederer and Rhee (1995) implemented some pioneering work
on how to define and bring quality to profit function and
utility function. Baron (1981) studied the price regulation
under information asymmetry on quality between government
and firms. Deaton (1988) and Wenmoth (1992) contributed to
pricing quality based on the market value of it. Recently,
Bogetoft and Olesen (2004), Valeeva et al. (2004), and
Bahlmann and Spiller (2008) researched the quality
management problem in supply chain for food safety. As
noted, this paper is differentiated from past researches in that
it models quality-based principal-agent model, solves it under
contracting environment, and find some good insights into
welfare.

This paper is made up as follows. Next section provides an
overview of food procurement contracting process by child
care centers with food material suppliers in supply chain. The
third section discusses the basic notations for modeling and
sets the principal-agent models, and the fourth section solves

the models. Finally, section 5 writes up conclusion.

2.0verview of the food material
procurement process of child care
centers

Generally, child care centers procure all food materials
which are required to cook foods for children from a large
wholesalers or retailers such as CJ Food, Homeplus, and E-

Mart through a blanket contract because it will cause a lot of
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administrative cost and searching cost to procure food
materials from a variety of suppliers. The contract can be
renewed monthly following the menu decided also monthly by
child care center. The quantity, quality, and price per unit of
food materials should be determined through contract. Quality
of food materials is defined based on multiple factors such as
nutrients and pollutants. For example, the beef of 100 gram
supplied by different suppliers includes different amount of
protein, carbohydrate, antibiotic residues, and heavy metals
though it supplied to child care center already passed the
government standard for nutrients and pollutants. Thus, a food
material including more nutrients and less pollutants in unit
amount can be regarded as higher quality. A unit of food
material with higher quality will be compensated by quality
incentives in addition to unit price. Quantity of food materials
will be ordered sufficiently enable to make children feel full
and moreover, offer them at least the minimum requirement of
nutrients, which is how to related quantity to quality.

In order to procure food materials, child care centers have a
predetermined budget which is somewhat flexible because
they can get extra budget from government or founders if
current budget is not enough. Thus they will try to minimize
procurement cost rather than to keep current budget.
Moreover, while they will not pursue profit by processing
food materials procured they should try to give maximum
satisfaction to children and their parents as customers.
Therefore, they will try to maximize the utility of customers
and to minimize the procurement cost simultaneously also
guaranteeing profit or utility to suppliers large enough to
encourage them to participate in contract.

If suppliers reveal the quality of food materials which they
want to supply truly the procurement process described above
will not be problematic. As noted, child care centers may have
only to procure appropriate quantity of food materials with
appropriate quality at appropriate price from appropriate
supplier observing the exact quality of food materials.
However, if suppliers do not reveal the quality truly and child
care centers cannot observe the exact quality before
procurement child care centers should endure loss from this
kind of information asymmetry and as a result, social welfare

can be affected.

113

e
ol
)
=t
2
M
a2

3. Principal-agent model for contracting

Following and extending the models of Lederer and Rhee
(1995) and Salanie (1998), this paper starts from the following
notations. Suppose a supplier (e.g. large-size retailer) prepares
a vector of quantity y(=(y,,......,y,)) that has continuously
variable quality g(=(q,,......,q,)) to supply it for n food material
items to child care center. Each element of ¢, g;indicates the
composite quality level of food material item i integrating the
level of multiple factors regarding quality. The neoclassical
cost function of the supplier’s preparation becomes C(y, q).
The properties of cost function are assumed to be %” , %”’ ,
6@;—550 , %50, and %”’ . As noted, this quality may be
perfectly observable and imperfectly observable to child care
center while quantity is always perfectly observable. Before
closing the layout of notation, it is possible to generalize the
objective of quality management to allow for incentives (A) for
quality attainment ¢ (Lederer and Rhee, 1995).

Based on the above notations, the utility function of
supplier as the agent is defined as U’'(z")=U"(py+Ayg—C(y.9)
where U*() is a utility function for suppliers, r* is the profit of
suppliers, p is the vector of market unit prices of food
materials supplied by suppliers, A and is the vector of quality
incentives for a unit of food materials (Lederer and Rhee,
1995). The objective function of child care center as the
principal, U’ is defined as B(y,q)-py-Ayq where B() is the
benefits of child care center from quantity y and quality ¢
supplied by supplier which as noted, is the utility or
satisfaction of customers.

Based on the utility functions defined above, the principal-
agent models are developed to decide the contracting
parameters, y, ¢ and A. As noted, child care center becomes
principal who decides the contracting parameters and cannot
observe the quality of food materials supplied by supplier in
the case of information asymmetry where quality is not
observable to child care center while it is perfectly observable
to supplier and supplier becomes agent who takes principal’s
decision on contracting parameters and can conceal the true
quality of her/his food materials. There are two models
available: model for information symmetry case where quality
is perfectly observable and model for information asymmetry

case.



114 ./a\_./o:u . 7]

3.1. Model for information symmetry case

Model for information symmetry case where both child
care center and supplier can observe the quality of products

supplied by suppliers perfectly is as follows:

ﬁ{an" =B(y.q)-py-iyq
subject to, )
U'(py+Ayg—C(y.q)2U" (IR)

where U" is the reservation utility for supplier which is the
minimum utility level which child care center must guarantee
to encourage supplier to participate in contract. As noted
above, the utility function of child care center, U” consists of
the benefits obtained from the consumption of y and g by
parents and children and procurement cost of y and ¢ and the
utility function of supplier, U takes the revenue factor
obtained from supplying y and ¢ to child care center and cost
factor caused by supplying y and g to child care center. Child
care center decides the quantity (y), quality (q), and quality
incentive (A) to procure from supplier in order to maximize the
utility of customers and to minimize the procurement cost
simultaneously. Constraint (IR: Individual rationality) means
that child care center should guarantee the reservation utility
to supplier in order to encourage supplier to participate in
contract. Reservation utility is, generally, the utility level
which supplier can obtain when she/he operates independently

rather than participating in contract.
3.2. Model for information asymmetry case

In information asymmetry case, supplier can get more
utility by lying on his/her quality than by revealing his/her
quality truly. Thus, quality of a supplier can be regarded as a
type variable of the supplier instead of the decision variable.
This lying can affect the utility of child care center and
moreover, social welfare seriously. Therefore, the most
important point in contract is how child care center leads
supplier to reveal her/his quality truly. In information
asymmetry case, though child care center cannot observe the
quality of products supplied by supplier perfectly it is assumed
to know the distribution of quality in market.

The model is as follows.

MaxU” = [ (B(y,9)~ py~Avq)f(4)dg

subject to, )
U'(py+Ayg-C(y,q))2U" (IR)

U'(py+Ayqg—C(y,9) 22U (py + Ayg'-C(p.q)) (IC)

where ¢ is the quality level which supplier pretend to
supply though she/he supplies ¢ and f{q) is the probability
density function of quality in market in the range of [ 4.4 ].
g’ is assumed to be greater than ¢ without any loss of
generality. Two things are different from information
symmetry case. One is that g is not a decision variable any
more and as the result, the expected utility of child care center
with respect to quality distribution is maximized by deciding
quantity and quality incentive. Two is that incentive
compatibility (/C) constraints are added to constraints.

Child care center decides the quantity (y) and quality
incentive (A) to procure from supplier in order to maximize the
utility of customers and to minimize its utility based on the
quality revelation by supplier. Constraint (IC: Incentive
compatibility) means that procurer should decide contracting
parameters (y, A1) with which supplier can obtain more utility

by revealing her/his true quality than by lying on it.

4. Economic solution of Principal-agent
model

In order to examine how imperfect quality observability
affects the utility of child care center, supplier, and social
welfare, the principal-agent models in equation (1) and (2) are
solved theoretically here. For simplification of analysis,
suppose that risk neutral, that is,
U'(z")=U"(py+Ayg—C(»,9)) = py + Ayg —C(y.q) and the

utility function of customers B(y,q) is replaced by u”(y,q).

supplier is

Here, the form of C(y,q) and u*(y,q) can be assumed to be a
generally used functional form such as Cobb-Douglas type.
These assumptions simplify some technical points and mainly
enable us to use surplus analysis. Moreover, supplier is
assumed to operate in perfectly competitive market, which
implies that the reservation utility should be zero since she/he
will obtain zero profit from the independent operation in

perfectly competitive market.
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4.1. Information symmetry case

Equation (1) is modified into equation (3) by the above

assumptions.

Maxu”(y,q)—py—Ayq
YA

subject to, ?3)
py+Ayg—C(y,q)=0 (IR)

Equation (3) can be easily solved by using Lagrangean
multiplier method. The detail solution process is illustrated in
Appendix 1. The results show that procurer decides y*, ¢*,
and A* which satisfy %(y*.q*h%u'.q') and %f(y*-q*h%(y"q’) .
These results imply that the optimal solution for information
symmetry case is the point where the marginal utility from
quantity for child care center is equal to the marginal cost to
supply quantity for supplier which is equal to the marginal
utility from quantity for supplier in perfectly competitive
market and the marginal utility from quality for child care
center is equal to the marginal cost to produce quality for
supplier which is equal to the marginal utility of quality for
supplier in perfectly competitive market. This is consistent
with the results of neoclassical economic theory and can be
called the first-best optimal result. The first-best social surplus
becomes uf(y,q)-C(y,q), which implies that there is no
additional loss in social welfare and the optimal quantity,
quality, and quality incentive for both supplier and child care
center are determined. Moreover, the price for food materials
supplied by supplier including market price (p) and quality

incentive (A) is equal to the marginal cost of supplier.
4.2. Information asymmetry case
Also, equation (2) is modified into equation (4).
MaxU” = [ (3.9) - py=130)f (i
subject to, C))

py+Ayg—=C(y,q) 20 (IR)
py+Ayq—C(y.q) 2 py+Ayq'-C(y,q) (IC)

Equation (4) should be solved differently from information

symmetry, that is, it may not be solved directly by using
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Lagrangian multiplier method because py+1yq-C(y,q) is
optimized at q in order for constraint (IC) to be included in the
optimization process of equation (4).

The below solution process follows and extends that of
Salanie (1998). At first, incentive compatibility constraints
should be solved in order for them to be plugged into objective
function and the solution process is illustrated in appendix II.

From appendix 11, it is possible to know the fact that

Y 0.0)u= 2 2@+ Z @y + 42 @+ A9
oq dq oq g

ac o
—E(y(q)sq) 2 (g)=0

)

and

%(y(q),q)%(q)go (6)

should be satisfied by (y,4). Equation (6) includes a very
meaningful intuition. Because the second part of equation (6)
can be assumed to be non-positive ( ‘%(q)sﬂ : Quantity
purchased by child care center is decreased in quality), the
first of it becomes %(%q) for all y and g which is called the
Spence-Mirrlees condition or the single crossing condition.
The Spence-Mirrlees condition means that higher quality will
require more from child care center for a given increase in
quantity than lower quality and thus it is possible for child
care center to separate the different types (quality) of supplier
by paying more for higher quality, which allows us to call the
Spence-Mirrlees condition as the sorting condition. If the
Spence-Mirrlees condition is not satisfied by supplier’s utility
function, incentive compatibility constraints do not hold
because suppliers may not be sorted.
7C because as noted, >0 and

avoq
0. This implies that the slope of supplier’s utility

. Fu' _
Mathematically, @—&
a'C
<
avq
function with respect to y is increasing in quality g (type).

Figure 1 illustrates this point. The utility function of supplier
with higher quality (g;) has a steeper slope against y than that
with lower quality (g)).

To plug incentive compatibility constraints into objective
function, let’s estimate the information rent for supplier which
child care center should pay to supplier in order to make
supplier reveal her/his quality (type) truly. v(q) becomes the

information rent of supplier if it is the utility which the
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Fig. 1. The Spence-Mirrlees condition for quality contract

supplier with quality g obtains at the optimum of her/his
program. In order to make supplier reveal her/his quality truly,
child care center should give at least v(¢q) to supplier with

quality g. Mathematically,
v(q) =V (q.9) = py(q) + A(q)¥(q)g - C(¥(q),q) )

In equation (7), since all g’s except the last g are
determined by the last ¢, equation (7) can be differentiated
with respect to the last g and the result is

T @=-5 00,0 <0 ®)

which implies that information rent decreases in quality.
This result means that supplier with lower quality thus benefits
more from her/his private information and she/he may pretend
her/his quality is ¢’>q, see Appendix III. Moreover, equation
(8) enables us to get rid of py+1yq from v(q). That is,

wa)= [~ 0.0k ©)

which can be plugged into objective function representing
constraints (/C).

In addition to incentive compatibility solution, it is
necessary to specify individual rationality constraints.
Individual rationality can be expressed by v(¢g) >0 for all g. As

v —
noted, because 7 @<° it can come down to V(g)=0

and it is independent of supplier’s type.

With the above notations, it is possible to set up procurer’s
utility function as follows. From equation (9), we have
PO+ K@ = COWD @) =Co@a)+ [ 000 an d

procurer’s utility function becomes

[ ota.0)-Cowra- [ 5-00.0d/@d (10)

The third integrand in equation (10) can be changed to

7 6C _ac 1 . .
fa(y(f),!)f(q)dq—aq (y,q)[l_h(q}] where h(g) is the failure

f(@)
1-F(q)

rate function of F(q)= (Kamien and Schwartz, 1981;
ac 1
Ross, 1993). The integrand H”(y,q)-C(y,q)*a’q(y,q)[m] of
equation (10) represents the social surplus under information
asymmetry (Salanie, 1998). While in information symmetry
case, the first-best social surplus was u”(y,q)-C(y,q) , more
loss in social welfare happens under information asymmetry
by %(y;q}Ik—;mlzo which is the impact of imperfect
observability of quality on the social welfare and will go to
supplier as the compensation to her/his lying. Finally, the
optimal solution is obtained by optimizing the integrand of
equation (10) in every type of ¢ and therefore,
solution should
2 @ =X 0t @0+ v {y’(q),q)[]—_-;a] , which implies

& & ydg
that marginal cost for a unit is greater than the price for a unit

the optimal satisfy

including both market price (p) and quality incentive (7).

The results of this paper show that supplier can get more
profit and utility from lying the quality of her/his food
materials, child care center will lose the utility of customers
and cost more to procure food materials, and the decrease in
the utility of customers and more cost looks greater than the
increase in the utility of supplier because social welfare is also
reduced. This implies that child care centers cannot get the
quality which they want spending much money. Therefore,
child care centers have to search for suppliers which are hard
to lie on the quality of their food material as well as good at
quality management and try to encourage them to participate
in procurement contract. Also, it will be very interesting to
estimate the size of the loss in social welfare from imperfect

ac 1
quality observability 7, @95 for future research.
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5. Conclusion

The quality of foods provided to children in child care
center is essentially important because it will affect the future
health and nutritional status of children and bad quality food
can expose many children to the danger of serious infections.
This quality of food provided to children by child care centers
is considerably dependent on the quality of food materials
supplied by suppliers to child care centers. Therefore, the
quality management of food materials is the important starting
point for the provision of safe foods to children and in order to
do it, child care centers need to screen and manage the quality
of food materials supplied. Though alternative approaches are
available: standard and grade system, contracting, it is
illustrated that contracting is far better option than standard
and grade system by Kim (2006).&#160; Thus, this paper
focuses on the contracting system and develops a principal-
agent model for the management of quality of food materials.

If the quality of food materials is perfectly observable by
both child care center and supplier, the principal-agent model
can be simple which will require only individual rationality
constraints and is also solved easily. However, if it is
impossible or very difficult for child care center to observe the
quality of food materials supplied by suppliers perfectly and
accurately,&#160;this imperfect observability of quality
requires the inclusion of incentive compatibility constraints in
addition to individual rationality constraints in the principal-
agent model which make the model harder to be solved than
the principal-agent model for perfect observability of quality.

This paper solves both principal-agent models for both
when quality is perfectly observable and when quality is not
perfectly observable theoretically.&#160; When quality is
perfectly observable, the first-best optimal solution which is
that the marginal utility of child care center obtained from the
quantity and quality supplied by supplier is equal to the
marginal cost to supply the quantity and quality is obtained.
That is, Child care center has only to decide appropriate
quality with appropriate quality at appropriate price looking at
quality of food materials optimizing the utility of customers
and the procurement cost and guaranteeing the reservation
profit to supplier simultaneously. However, when quality is

not perfectly observable to child care center the optimal
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solution cannot be the first-best but the second-best where
supplier can get more profit and utility from lying the quality
of her/his food materials, child care center will lose the utility
of customers and cost more to procure food materials, and the
decrease in the utility of customers and more cost looks
greater than the increase in the utility of supplier because
social welfare is also reduced. This implies that child care
centers cannot get the quality which they want spending much
money. Therefore, child care centers have to search for
suppliers which are hard to lie on the quality of their food
material as well as good at quality management and try to

encourage them to participate in procurement contract.
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Appendix I

From , L=u"(y.q)-py—Ayq+u(py+2iyqg-C(y,q)) the first

order conditions are

oL  ou” ac
5=E—p—iq+#p+uﬁ~q-#g=0 (A
L ou’ ac

—— v+ —u—-=0 A2
rolr HAY Ly (A2)
aL

o= Yt r=0 (A3)
oL o py+ayg-C(y,9)=0 (A4)

op

From (A3), if y and ¢ are not zero, y=1. (A1) and (A2) become
" _aC au" _ac

5 and a0 o

and mur=Mmc, . Mu?=mc, means that principal’s marginal

respectively and MU=MC,
utility obtained from quantity should be equal to supplier’s
marginal cost caused by supplying quantity and mu;=ac,
means that principal’s marginal utility obtained from quality

should be equal to supplier’s marginal cost caused by

supplying quality.
Appendix I

Let ¥(g.¢) be the utility achieved by a supplier of type ¢ who
announces her/his type (quality) as ¢', then the utility can be
expressed by ¥(g,9)=py(g")+Ag)¥(q)'-C(¥(g"q) where y and
A can be expressed as a function of ¢ because y and A are
decided for each level of ¢. That is, though the cost function of
the supplier is based on true type q, its revenue is based on the
pretending ¢' instead of q. For (y,A) to be incentive

compatible, it has to be that the following first and second
v
%
The first order condition and the second order condition comes

order conditions hold: %tq,q')l,ﬁﬁﬂ, (¢.9",.,<0 for all g.

down to

%{q.q%.s p@(q)+@(q)y(q)q+A(q)%(q}q+z(q)y(q)

oq aq (AS)

ac &

-—= ,q)—(q)=0

P (gq) q)aq(q)
ad = p &2 (4 T 0 (g4 2
" (4.9 y= P Py (+ o’ (@Dy(g)g+ 2 (9) aq(q)q+ 2 (@y(q) A6)
A @y &'y y 8 ay

—(q)= My —= Aq)=(gq)+— Alg)=
+aq(q)aq(q)q+ (q}aq’ (g)g+ (q)aq(q)+aq(q)y(q)+ (q)aq(q)

Moreover, differentiating equation (AS) with respect to ¢

again gives us

7y e TA NN )
PE(qH P (@)y(g)g+ % (q)aEr (9)g+ P (q)y(g)

84, &y &y oy 34 %
+E(q}5§(q}q +* i(q)ﬁ(q)q + l(q)a—q(q) + E(q)y(q) + l(q)a(q) (A7)

2 2 ol 2
—iy—f(y(q),q)[%(q)}z A%U(q),q}%m-%(y{q),q)%(q) -0

and subtracting equation (A6) from equation (A7) gives us

equation (A8).

55 VD05 @ <0 (A8)




B2 AR Fo Ak Seln £

AP p%(q)+ %(q)y(q)q + A(q)%mq +A@)¥(a)

Equation (AS) : a"ac 5 and
“Z @ Z (@ =0
5 V@5 @

2

o°'C ay
(A8) : oydg (y(q),q)a(q)SO consist of sufficient and

necessary incentive conditions.

Appendix I

Utility of supplier with type g pretending her/his type is ¢’
(>q)is

¥(q.q") = py(a") + Mg (g )g'-C¥(g")q)
= py(g)+A(g)y(gg'-C(¥(g)q)-C(¥(g).q)+C(¥(g").q")  because
>v(g)=V(g'q")

C(¥(g7.9)<C(¥(g"%q") by %zo
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International Investigation on the Distribution System of
Medical Supplies

Soo Wook Kim

College of Business Administration Seoul National University

This study will provide a design direction of the new system apposite to the current status of Korean Medical
Supplies industry by identifying the strengths and weaknesses of the present distribution system for strengthen Korea

medical supplies channel.

To achieve this, we have done a comparative analysis with developed countries. As a result, implications like,

introducing medical supplies channel information systems of developed countries, price control, government
participation in medical supplies market through transparent channel policies, constant work-out for medical supplies
companies, regulation reinforcement by KGSP, building infrastructures and channel system improvement of medical
supplies, distribution channel informatization, inspiring channel? transparency through changing industry structure of

medical supplies, were drawn out.

Keywords: medical supplies channel systems, comparative analysis with developed countries, distribution channel

informatization
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Analyzing the Impacts of Supply Chain Partnership on the
Firm Performance

Seung-Chul Kim"" + Jin-Bum Hong ™~ - Su-Young Hwang™~

“Hanyang University, School of Business

**Graduate School of Hanyang University, Department of Business Administration

Electronics industry is known to have a complex network of suppliers, manufacturers and distributors. In order to
be competitive, a firm must have a cooperative and efficient relationships with other firms in the upstream and
downstream of its supply chain. It is important to build a supply chain partnership for a successful implementation of
supply chain management. It is not, however, easy to have a good partnership with other firms because the firms
often have different perspectives about the partnership.

This study attempts to find out the critical factors of partnership that have significant impacts on the supply chain
performance, and whether there are any differences in perspectives between buyer company and supplier company in
recognizing the critical factors of partnership. We collected data from two groups of firms in electronics industry: the
buyer company group is a large finished products manufacturer and the supplier company group comprised of a
group of small-to-medium-sized parts manufacturers. Seven factors of partnership are tested in the investigation.

The results show that leadership, trust, and communication are important factors positively affecting the supply
chain performance. It was also found that there was a clear difference in perspectives between buyer company and
supplier company in recognizing the important factors affecting the supply chain performance. The buyer company
considered leadership the most important factor for a successful SCM implementation and good performance while
the supplier companies considered communication, trust, and coordination more important than leadership. These
results may provide useful and important information for understanding the different perspectives of buyer and
suppliers, and for developing proper supply chain policies.

Keywords: supply chain management, electronics industry, partnership, SCM performance, buyer-supplier
relationship
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B1-2 gH4] 0.157 0.081 0.17 -0.019 0.786 0.101 0.016
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B2-2 45 4% 0.228 0.13 0.182 0.085 0.292 0.113 0.625
B2-3 45 4% 0.002 0.207 0.094 0.275 0.3 0.137 0.682
B2-4 43724 0.263 0.12 0.099 -0.029 -0.033 0.093 0.801
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B3-4 27 0.258 0.296 0.707 0.158 0.013 0.265 0.014
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29l HIEZSI4 BE&P4
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B .063 .099 .053 .642 522
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BN 515 116 .360 4,437 .000
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THE AL o5k -.454 .099 -.384 -4.603 .000
Constant 1.852 718 2.579 011
R square= .406 DF=17 158 F=15.440 Sig F=0.000
8. 71212 a5 4.3.2.2 354 W9 sEUA] JeFt SCM A
LELY 291 452y A7HE 19 F WA F29l 3aAk Y 2ARE flsiA
2o 1% ozl o4 e 23] A4S B3 Eu40] 93felal 8948 AlmHofc)
i a7k 71z T AT A m o] Tidt AR E(R) 3 0.6550191a
*4 e i F 2H2 17,6542 Lehon oo digt 42882 0.0002-24
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e
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Developing an Investment Negotiation Model Considering Core
Competences

Chang-Soon Park” - Sun-Eung Ahn™"*

“Dept. of Business Management, Dongyang Mirae Univerisity
“Dept. of Industrial & Management Engineering, Hanyang University

In the process of investment negotiation, the investor and the enterprise have different opinions causing conflicts.
Therefore, we need an objective standard to mitigate the conflicts between the investor and the enterprise, and need
to make constant improvement to achieve a rational investment. Therefore, this paper presents an investment
negotiation model which enables investment allocation regarding the core competences among companies. The
presented model can mitigate the structure of conflicts between the investor and the enterprise considering
idiosyncratic investment that is caused when the core competences is converted into power, and could be used in
forming sustainable optimal alternatives in the process of dynamically changing negotiation.

Keywords: Investment Negotiation, Core Competence, Idiosyncratic Investments
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2 ] 5 20| &: 1%(A)=49.92%, 1*(B)=50.08% l
ZE R Plgslsa:l
kT A R & A 3| 5713
S2Es | 71da | 7IHB L) ldAa | ZIHE ®t 2lda | ZIdB o
Alegd |[[05]| 08 1.1 | 0.25 0.3 | 0.55||{ 0.25 0.3 | 0.59
Absl-d 0.5 0.4 0.9 0.25 0.2 0.45 0.25 0.2 0.45
# 1 2 0.5 0.5 1 0.5 0.5 1
222 JE i S apg Aoh A & 5213
o= | 2lea | 71dB | ® ZlgdAa | ZldB o ZldAa | ZIdE i
?l&4 [0.5A. |06/ —1+—|"|+0.2254 | 03246 0.656-|*]-{0.2016] | 0.3484 | 0.55
A4 | 0.5/0.9 |0.409 | 1 0.2744 | 0.1754 | 0.45 | | 0.2976 | 0.1524 | 0.45
B - - 2 0.4998 | 0.5002 | 1 [0.4992 | 0.5008}—1
% 6. BATNA &M SEX
1. GEEYE Ha AV SEE 3R
37|
i e TETN Aot s
v 7I€A 71gB A 7|HA 71eB 7I9A 71¢B 2l
1 0.0025 0.0975 0.1 0.0013 0.04875 8.4E-07 0.05 0.05
2 0.0075 0.0925 0.1 0.0038 0.04625 2.TE-05 0.05 0.05
3 0.0125 0.0875 0.1 0.0063 0.04375 0.00015 0.0499 0.05
4 0.0175 0.0825 0.1 0.0088 0.04125 0.00047 0.0495 0.05
5 0.0225 0.0775 0.1 0.0113 0.03875 0.00119 0.0488 0.05
6 0.0275 0.0725 0.1 0.0138 0.03625 0.00259 0.0474 0.05
7 0.0325 0.0675 0.1 0.0163 0.03375 0.00502 0.045 0.05
8 0.0375 0.0625 0.1 0.0188 0.03125 0.00888 0.0411 0.05
9 0.0425 0.0575 0.1 0.0213 0.02875 0.01438 0.0356 0.05
10 0.0475 0.0525 0.1 0.0238 0.02625 0.02127 0.0287 0.05
11 0.0525 0.0475 0.1 0.0263 0.02375 0.02873 0.0213 0.05
12 0.0575 0.0425 0.1 0.0288 0.02125 0.03562 0.0144 0.05
13 0.0625 0.0375 0.1 0.0313 0.01875 0.04111 0.0089 0.05
14 0.0675 0.0325 0.1 0.0338 0.01625 0.04498 0.005 0.05
15 0.0725 0.0275 0.1 0.0363 0.01375 0.04741 0.0026 0.05
16 0.0775 0.0225 0.1 0.0388 0.01125 0.04881 0.0012 0.05
17 0.0825 0.0175 0.1 0.0413 0.00875 0.04953 0.0005 0.05
18 0.0875 0.0125 0.1 0.0438 0.00625 0.04985 0.0001 0.05
19 0.0925 0.0075 0.1 0.0463 0.00375 0.04997 3E-05 0.05
20 0.0975 0.0025 0.1 0.0488 0.00125 0.05000 8E-07 0.05
gl 1 1 2 0.5 0.5 0.5 0.5 1
ShEehE 1 Blee WA et RS A
41483 4.2800A = 71998 B7He9 fo] FUE A9 4. 1800M = 719A%F 719BY] B7H49) /e &
AZ Sof Blyolaro] 2 EAIEO] S Slsh Aot WARHEE @4t AR Qe Wske AR ulLstel
w3o] 7ol RSk AL AEIC BIPRS00 A ok 4.28elAlE BrhS Fdo] BUSHIT B
S, Aktel Hel3E 98l 1% FART} 712 SRS S 219 Th AN R S7hshe 7] UA% A7 el H vl wstol
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E3i}, 7L Bl sekrofe] Jakg oujald] 7]9IA
o} 7|9BY] W7k 49| Fo] 012 FUskL /1Y 7+ A
4.1 B7FEE Q9 AV 5L H¢ 4 o]z} Gizte) Wlek ARl 3147149 ARkS AESIT
(*"1 XPZ)
| i BATNA: 7IZAG0%), 7I2B50%) | 7IE AR 71 Slsdel] ot 1oL, ghse] ol Lo}
B2 7|95 AA| 8471)E St w3 G713 5
== s719] G F 7] BE BE 0,052 SAUsi}, 7]QA%} 7]
BY] BrRHEE AA) 557 B ERe AP Aoz u)
e AIHE 7I2A gt oA A oJgt Eoly FAe A4S AT &+
? e e, S TRoITE 2 WEER Y99S Teid A
—— sirzen 47 S8 A wpEn sjalejeo] Ao we} 34
Ao ZARHS B S JrHaET F2),
o it : 4.2 B7VGEE o] £H 02 F7lshe F$
1234567891011121314151617181920
e
o | zaeme 719AS H7HS7E eAbd oz S7lshs ARl A BA7IY
So| B3} v|mato] 3)5712] o ARG AETTHEL B2). 7]
TH 7. R4 B WAV SET 32 2 B} 712 3l4g0] 7 1013, AA7IA5] BoFE
H 2. BIE=E Haol @At Bkl A9
mylst= S e s
& (j;ﬁ AR5 Motz 3|4
7|%A pllatet A 7|A pllateid 7|%A pllab=rd gl
1 0.0025 0.05 0.0525 0.0013 0.025 3.3E-06 0.026 0.02625
2 0.0075 0.05 0.0575 0.0038 0.025 9.7E-05 0.029 0.02875
3 0.0125 0.05 0.0625 0.0063 0.025 0.00048 0.031 0.03125
4 0.0175 0.05 0.0675 0.0088 0.025 0.00139 0.032 0.03375
5 0.0225 0.05 0.0725 0.0113 0.025 0.00302 0.033 0.03625
6 0.0275 0.05 0.0775 0.0138 0.025 0.00552 0.033 0.03875
7 0.0325 0.05 0.0825 0.0163 0.025 0.00889 0.032 0.04125
8 0.0375 0.05 0.0875 0.0188 0.025 0.01298 0.031 0.04375
9 0.0425 0.05 0.0925 0.0213 0.025 0.01760 0.029 0.04625
10 0.0475 0.05 0.0975 0.0238 0.025 0.02250 0.026 0.04875
1 0.0525 0.05 0.1025 0.0263 0.025 0.02750 0.024 0.05125
12 0.0575 0.05 0.1075 0.0288 0.025 0.03243 0.021 0.05375
13 0.0625 0.05 0.1125 0.0313 0.025 0.03720 0.019 0.05625
14 0.0675 0.05 0.1175 0.0338 0.025 0.04177 0.017 0.05875
15 0.0725 0.05 0.1225 0.0363 0.025 0.04612 0.015 0.06125
16 0.0775 0.05 0.1275 0.0388 0.025 0.05025 0.014 0.06375
17 0.0825 0.05 0.1325 0.0413 0.025 0.05419 0.012 0.06625
18 0.0875 0.05 0.1375 0.0438 0.025 0.05794 0.011 0.06875
19 0.0925 0.05 0.1425 0.0463 0.025 0.06153 0.010 0.07125
20 0.0975 0.05 0.1475 0.0488 0.025 0.06499 0.009 0.07375
A 1 1 2 0.5 0.5 0.54641 0.454 1




H
[@))
o

=

o

S}

A4H70] 0,052 ARelA A4 B4 A9 deE 2
ok e S Tela A 815 me S
uen] sjyelake] xjol7t Aol uket 84 FAle] AR

| SR BATNA' 7IA(54.6%), 7I21B(45.4%)

0.05
—e— HAE5 7IEA

o dHEle 7| UER
—a- HotR s 7|YA

B.s:00:0:0.0:0.4.0 = 32257

0.025

f.eo.009.0.049:8.

12345678 91011121314151617181920
e

L Il )
T T |

e
o>

AFS 13 Al BATNAE 719A 54.6%, 71

4% BABHE Ao Uehde), 2 3o Xo4] Azt
b EL0] H|Zo| 2R JLof| A= AAL-Y7} AbE ke
i, H7}EHE 0] H|Zo0] & FHEo| A
711 JFL )AE Ao 2 Vehdt,

i o
EN
=
B
o3

(S
od of HL

o

ol
Mlo
M o oHo

=2
ofl,
N
Ol
ol
o g
O
]
o,

st
1
©°
d
il
il
4
5‘.9
i_

=

do
(TR
N

NS

>

©

_EL

19
jITﬂ o, rir
£

©
o2

o
4o
=
19
ol

=

12
HIC N
1o
i
X,
=
)
—m
=
il
2,
ot
2
|o
U
2,
oF
ol

l

o
=
s
i)

(i)
)
il
o E -
o
o

S
i
o,
o

WP Bl B A% £ 89| A% FYT
2 B Ao e

5. 4%

3 ATOIAE 71919 AAgle] uhE F2A BH|5} o
2 43 KR Y £ 9 AhE 857102 24
SpoATh AT ST e oju) 24 7] 200) sjaleferg o
w5t} o] & EABl40] st lLste] 719 sl o
£ EA7L 29E 4 ol WS AT B S R
2 91k 240 §o14S 9o AThd] B47HIE ol 83t FAe
i 7)< AN

AQHEL EARA AL AR RS ek Tl A

e

spyefepo] 2719000 o We £AE sty o49HY Fe
& A7) & 4 Qi Rt EE Sold £AE AW 4 9
£ ugon S0 IS 70 A THS 2L 4 ol
A7} ik, AR WATelA Ao BATNAS 34
She WO BT 4 Yk EG B AN AN 2
NETEE GAGERIA AASE shelsh AR thop
WHEST A7 Rsaltt 7129 Sel WA, AHP,

o

F2 A *}Eﬂoﬂ A8oto] 1 AN HE 2y

o
r2
-
O
!

EPH S ASske Aol dasitt, v dAAA A BE
AR A3} B2} o] argjsfof sk TRkt Mggo] At
2 S i o) e S A S0k A vl defstet, o]
A o] f& A9 wiET} FAdoll A et AtEe] KsE o] &
Ot Unkst 22 Ayshe myof tfgh At wlH|gh Aot
£ AFelA ARk FAEFRE L FLE vl 7hset BES
2] oY1 || AWA 7)EE AAs| ofeR BAIE 7HA
I Qiek, whebA 2 Ao mEe EApReL 7199 AA| A
Aol A857] olel R FAAQ] BAHT tEo] thekst HabE
& g 1Y Of FFo] o] ol A] e FAE 7HALL Y&
Aol tigh 71491 A7t atEt
a4

(1] 8P, &A%, oF3(2006), BaAKEW E8leas v

ot FApE wgo) AN, rSsCeMers], A6, 23,

pp.49-56

[2] Belmiro, P. M. D. and Reis, A.(2006)
Projects Evaluation System Based on Multiple
Attribute Value Theory,” Computers & Operations
Research, Vol. 33, No. 9, pp. 1488-1504.

[3] Claude, C. and Jain, S. C.(2004),
Negotiations: a Pratical Guide, Thomson Learning,
South Western.,

[4] Dahl, R. A.(1957), “The Concept of Power,”
Behaviorial Science, Vol. 2, No. 3, pp. 201-218.

[6] Emerson, R. M.(1962),
Relations,” American Sociological Review, Vol. 27, No.
1, pp. 31-41

(6] Emmer, S., Kluppelberg, C, and Korn, R.(2001),
“Optimal Portfolios with Bounded Capital-at—Risk,”

, ‘Developing a

Global Business

“Power—-Dependence



Mathematical Finance, Vol, 11, No. 4, pp. 365—384.

[7] Epstein, L. G. and Zin, S. E.(1989), “Substitution, Risk
Aversion and the Temporal Behavior of Consumption
and Asset Returns, a Theoretical Framework,”
Econometrica, Vol. 57, No, 4, pp. 937-969.

[8] Habbeb, W. M.(1988), Power and Tactics Iin
International Negotiation, Johns Hopkins University
Press, Baltimore.

[9] Hall, J. C. and Hofer, W.(1993), “Venture Capitalists’
Decision Criteria in New Venture Evaluation,”
Journal of Business Venturing, Vol. 8, No. 1, pp. 25—
42,

[10] Khorramshahgol, R. and Moustakis, V. S.(1988),
“Delphic Hierarchy Process (DHP): A Methodology for
Priority Setting Derived from the Delphi Method and
Analytical Hierarchy Process,” European journal of
operational research, Vol. 37, No. 3, pp. 347-354,

[11] Liveratore, M. j.(1987), “An Extention of the Analytic
Hierarchy Process for Industrial R&D Project
Selection,” IEEE Transactions on Engineering
Management, Vol. EM—34, No. 1, pp. 12-18.

[12] Mario, E. and Tommaso, P.(2004), “Project Selection
by Constrained Fuzzy AHP,” Fuzzy Optimization and

%3 &
et Al ot
et Al A4t
ot Al uhat
A < ol e} 3 gE AR
Bysor: Qbay, BEuAY, BF

161

Decision Making, Vol, 3, No. 1, pp. 39-62.

[13] Mohanty, R. P., Agarwal, R., Choudhury, A. K. and
Tiwari, M. K.(2005), “A Fuzzy ANP-based Approach
to R&D Project Selection: a Case Study,” International
Journal of Production Research, Vol. 43, No. 24, pp.
5199-5216.

[14] Prahald, C. K. and Hamel, G.(1990), “The Core
Competence of the Corporation,” Harvard Business
Review, Vol. May—June, pp. 79-91.

[15] Ramanathan, R. and Ganesh, L. S.(1995), “Using AHP
for Resource Allocation Problems,” European Journal
of Operational Research, Vol. 80, No 2, pp. 410—417.

[16] Roger, F. and William U.(1991), Getting to Yes,
Penguin Books, New York.

[17] Rubinstein, M.(1976), “The Strong Case for the
Generalized Logarithmic Utility Model as the Premier
Model of Financial Markets,” Journal of Finance, Vol.
31, No. 2, pp. 551-571.

[18] Saaty, T. L.(1977), “A Scaling Method for Priorities in
Hierarchical Structures,” Journal of Mathematical
Psychology, Vol. 15, No. 3, pp. 234-281.

[19] Zartman, I. W.(1983), The 50% Solution, Yale

University Press, New Haven,

Univ. of California at Berkeley,

X913t}




2011'A Sr=SCME2In] 11A 282 [N 2D &)

3] WA AlLE

Bo

Hr

AR (7o B dst ), AA

uhd

),

5}
o

o) Ageta}

-
[¢}

(

A
T
Al B

3%

a}
zl

F ol AR EAILE

[
pu

Zlensd) A7

3
A8

Ol B I, ol

NS
(A

=
L

3t

AT,

B3
=

st |

=1 &

A

o w4

9

I+
__O_l
Bo

o]

FMed Adgat), 47

i i3S o AFAIA] 92 AL RS 2

9|

557 4412 9]



Sleile ARNAR7IeTET e
TR IsEAEdREe s 2ot
SRS,

il s

ot SCM &7 mit1a, m2s

el & /2011 10 31
23 /2011 109 31

W) / ola
BT / THY - PSS

WA / 42 erESCM 22|

BIIE ORI HET ABE 1271 SRIHSHT AIBSIT U]
528k 525

X3} 031-438-5269, 400-4506 & 031-406-1089
http: //www.kscm.org



	00.SCM학회지(차례)
	01.김동식
	02.최경일
	03.장동원
	04.박경종
	05.심인수
	06.양재환
	07.임성묵
	08.한용호
	09.임석철
	10.김태호
	11.김수욱
	12.김승철
	13.박창순
	13.박창순
	판권

	14.판권

