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The express courier business in Korea has been recognized as one of promising business sectors with the annual
growth rate of over 10 percent since 2001. As such, many domestic and foreign companies have been estab-
lished and are fiercely competing to extend their own market share. The severe competition has forced them to
focus on achieving cost competitiveness and high level of customer service. Small and medium-sized enter-
prises(SMEs) with relatively poor network infrastructure, in particular, are facing tougher challenges to cost
reduction and efficiency improvement in their logistics networks. Strategic alliances among SMEs may be an
effective way to cope with these challenges. Therefore, this study proposes an integer programming model for
compromised network design and its solution procedure based on maxmin and maxsum criteria for strategic
alliances. The applicability and efficiency of the proposed model are demonstrated through an illustrative
numerical example.
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1. Introduction economy with the popularity of e-commerce, TV home
shopping, telemarketing, and door-to-door deliveries.
In particular, the total Korean market size of courier
Courier service is nowadays recognized as one of the  service industry is expected to reach up to a four tril-
most efficient delivery methods due to the increasingly  lion won by 2014 with the annual growth rate of over
far-flung nature of business operations in the global 10 percent since 2001. As such, the courier business
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held great potential for successful business venture in
Korea, and many Korean companies providing domes-
tic courier services have been established. Moreover, a
number of global foreign companies have also entered
into Korean market. These domestic and international
companies are fiercely competing to extend their own
market share, and the severe competition has forced
them to focus on achieving cost competitiveness as
well as providing a high level of customer service.
Under the current business environment of courier
service industry, small and medium enterprises (SMEs)
with relatively poor network infrastructure, in partic-
ular, are facing tougher challenges to cost reduction
and efficiency improvement in their logistics networks.
To cope with the challenges, the adoption of strategic
alliance (e.g., sharing network infrastructure such as
service centers and consolidation terminals) may be an
effective way of maintaining their competitiveness.
The strategic alliance among SMEs can create econo-
mies of scale leading to cost reduction of operation.
Through an efficient operation of sharing service cen-
ters, for example, all the allied companies may realize
an increase in net profits. They may also provide better
services to customers by cooperatively sharing their
existing facilities. Consequently, SMEs may efficien-
tly compete for expanding their market share without
further investment.

There have been a few studies on various types of
strategic alliances in logistics. Chopra and Meindl
(2004), Min (1996), and Simchi-Levi et al. (2003)
pointed out that a significant amount of cost savings
may be realized by consolidating two or more facilities
as a type of strategic alliances in supply chain mana-
gement. The cost efficiencies result from reduced space
by increasing storage density, reduced safety stock in-
ventory by consolidating stock, more efficient meth-
ods and equipment to handle an increased volume, and
reduced overhead and redundant management costs. In
transportation operation, the cost savings could also be
achieved by taking advantage of consolidated ship-
ment to its customers rather than multiple shipments.
Cachon and Lariviere (1999) proposed a methodology
for optimal capacity allocation. There have also been
many studies directly related to the design of courier
service network. The study conducted by Cheung et
al. (2001) was the first to examine a service network
design problem encountering express couriers such as
DHL Hong Kong. They proposed a hybrid optimiza-
tion/simulation model that aimed to maximize service
coverage and service reliability by adjusting cutoff
time. Ko et al. (2010) suggested an approach to the re-
configuration of an express courier service network
with respect to assignments of service centers to con-
solidation terminals and adjustments of their cutoff
times. They proposed an integer programming model

and a genetic algorithm-based solution procedure for
allowing express couriers to maximize their incremen-
tal profit. Recently, Chung et al. (2009) proposed a
network design model for strategic alliances among
express courier service companies by monopoly of ser-
vice centers. Chung et al. (2010) extended their pre-
vious study to the problem of sharing consolidation
terminals of individual companies. An integer program-
ming model and its solution procedure based on a fuz-
zy set theoretic approach were developed. However,
the prior studies dealing with a network design model
with respect to strategic alliance have been performed
under the assumption that the consolidation terminals
could be only shared by the service centers selected as
candidates for alliance in merging regions.

Apart from the previous studies, this study especially
takes into account the capacity share of a consolidation
terminal among allied companies for the shipments of
service centers selected in not only merging regions
but also non-merging regions. The problem situation
thus comes to be more realistic and becomes more
complex to solve. Therefore, this study proposes a
compromised network design model to facilitate stra-
tegic alliances among SMEs in courier service indu-
stry. The objective of the proposed model is how to in-
crease the net profit of each allied company by har-
nessing its under-utilized service centers due to low
demand and sharing consolidation terminals with avai-
lable processing capacities for the open service centers
in merging and non-merging regions. A multi- objec-
tive integer programming model and its solution pro-
cedure based on maxmin and maxsum criteria are de-
veloped and then a numerical example is carried out to
verify the applicability of the proposed model to real
world problems.

2. Problem Definition

A courier service network generally consists of cus-
tomer zones, service centers, and consolidation termi-
nals. In the service center, express courier companies
receive shipment request from customer zones, pick
up parcels, screen, sort, document, label, and con-
solidate them before transshipping them in bulk to a
consolidation terminal. In this way, the service center
acts as a temporary storage facility connecting custom-
ers to a consolidation terminal. At the consolidation
terminal, the packages delivered from service centers
are combined, screened, sorted, and then loaded onto
delivery trucks for their destinations. Thus, the pro-
ductivity and service level of an express courier serv-
ice are highly related to the efficient management of
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service centers and consolidation terminals while main-

taining an appropriate level of customer satisfaction.

For the purpose of this study, a network design model

with strategic alliance may be classified into one of the

following four models :

® Model (a) is a service center level collaboration
model. Each participating company only collabo-
rates in pick-up/delivery at consolidated service cen-
ters while its own terminals are exclusively opera-
ted. That is, a consolidated service center is not re-
allocated to each company. The objective of this
model is to minimize the operation cost of service
centers by reducing the number of service centers
in a region with a low demand.

® Model (b) is a terminal level collaboration model.
The participating companies may share other com-
pany’s terminals and reallocate service centers to
the terminals. The goal of this model is to improve
the utilization rate of existing terminals of partic-
ipating companies.

® Model (c) is another form of terminal level colla-
boration. This is a location/allocation model which
simultaneously determines whether the existing ter-
minals are still open or not and how to reallocate
service centers to the open terminals. Its objective
is to minimize the total operation cost by reducing
the number of terminals and reassigning the service
centers to the terminals.

® Model (d) is an extended version of terminal level
collaboration model which can be applied when
participating companies have consolidated through
merger and acquisition (M&A). This model deter-
mines whether the existing terminals are open or
not with the consideration of changing terminal ca-
pacities. The goal of this model is to minimize the
total operation cost and to maximize the utilization
rate of terminals and service centers.

The strategic alliance model investigated in this pa-
per is a hybrid model of the Models (a) and (b) dis-
cussed above. In this study, companies participating in
the alliance collaborate in pick-up/delivery together at
the merged service centers and share the capacity of
consolidation terminals by reassigning all the open
service centers to the consolidation terminals. We as-
sume that there are several regions in which each par-
ticipating company has a service center with low de-
mand of daily pick-up, so-called merging regions and
the others are called as non-merging regions. Service
centers and consolidation terminals are also assumed
to be operated according to the following principles:

e Within a merging region after alliance, only one
service center stays open while remaining serv-
ice centers are closed.

e The open service center after alliance is also re-
sponsible for pick-up and delivery of all the amo-
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unts of other company’s service centers within the
same merging region.

e The current existing consolidation terminals are
still used even after strategic alliance.

e Each company’s service centers are divided into
two types; Service centers in a merging region
are defined to be Type I service centers, and Type
II service centers do not belong to any merging
regions.

e Both the open Type I service centers in each mer-
ging region and Type II service centers may be
reallocated to all the company’s consolidation ter-
minal while satisfying the processing capacity of
terminal.

The selection of open service center in each merging
region and the reassignment of open Type I and Type
II service centers to the consolidation terminals are
formulated as an integer programming model and the
solution procedure will also be developed.

3. Mathematical Model

This section describes the integer programming model
to maximize the expected profit increase of each par-
ticipating company. Suppose that there are n express
courier companies, and that the location of terminals
and service centers managed by each company are
given. The underlying assumption is that there are m
regions in which all » companies possess one service
center independently with relatively small amount of
shipment. Under the condition that the daily pick-up
amount for the service centers in each region and the
processing capacity of terminals per day are given, the
problem is to maximize the profit of each company by
selecting one among n service centers within each re-
gion and reallocating the open Type I and Type II
service centers to terminals subject to the processing
capacity of all the terminals. It is assumed that all ter-
minals operated by one company are also available to
other companies after alliance. The following nota-
tions are introduced for developing the mathematical
model for the problem :

I : Set of service regions in which service centers are
to be merged, 7=1{1,2, ---, m}
Set of express courier companies, J = {1, 2, ---, n}
: Set of Type II service centers of company j, j €J
: Set of terminals for company j, j €J
ST+ Ty+ - + T,
: Daily pick-up amount of company ;’s Type |
service center in region i, i €7, j €J
: Sum of daily pick-up amount of all the service

centers within region i, i€ 7 i.e., D, = Y d,;
=y

NN® S

S
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d; = Daily pick-up amount of company ;’s Type II

service center [, j € J, 1 ShH
: Indicator variable such that i = =1, if daily
pick-up amount of company ;’s
Type I service center in region i is assigned to
terminal k of company j
before alliance, a,;, =0, otherwise,
ieLjed ke T
by - Indicator variable such that b, =1, if daily
pick-up amount of company ;’s
Type 11 service center ! is assigned to terminal &
of company ; before alliance,
b, =0, otherwise, j €J; ES.kET,;

Q. - Capacity for terminal % of company j,
JELEET,

r,. - Net profit contributed by one unit of pick-up
amount for company j’s Type I service center in
region i, i€ 1, j€J

py - Net profit obtained by terminal & when one unit
of pick-up amount in a merging region is

assigned to terminal & of company j, j €.J, k € T}
q;, - Net profit obtained by terminal % when one unit

of pick-up amount of company ;’s

Type II service center ! is assigned to terminal %,

JELIES, kET

f;; + Daily fixed cost accruing from operating
company ;’s Type I service center in region i,

i€l jEJ
x;; : Binary variable such that z;; =1, if company ;s
Type I service center in region i is still open,
xz,; =0 otherwise, i€ jE.J
y; - Binary variable such that y,;, =0, if the sum of
pick-up amount of all the Type I service centers
in region 4 is assigned to terminal £ of company
J» vy =0, otherwise, i €1 jEJ, kE T}

zy, - Binary variable such that 2, =1, if all the pick-up
amount of company ;’s Type I service center [ is
assigned to terminal k, z;, =0, otherwise,
JEJIES KET

Qg

When Type I service centers are merged and reallocated to
a terminal, changes in net profit and reduction of operating
cost for each company are calculated as follows: Consider a
company called ;. If the Type I service center of company ;
is still open in region i, then the profit of company 5 result-
ing from merging Type I service centers increases by
r,7(D; —d,;). On the other hand, if Type I service center of
company 5 is close in region i, then the profit of company J
decreases by —r,d, ; . Thus the net profit of company j by
merging Type [ service centers for all merging regions can be
written as Y jr,/(Da,; —d,;). If the service center of com-

=y
pany 5 is open in region i and the sum of daily pick-up
amount of all the service centers in the region is assigned to
another company’s terminal, then the net profit of company

j decreases because the profit from processing the amount
in the terminal of company ;" will be transferred to other
company. On the other hand, if other company’s Type I serv-
ice center is merged in a region and it is assigned to a termi-
nal of company §', the profit of company ;" increases by
3NN p}k Yizx— a;7,,7) Dy And the sum of daily fixed op-

1€ETkET,

eratmg cost reduced by closing service centers of company

j' can be written as Y f,(1—x,;). Next, the profit of com-
=vs

pany j' by reassigning Type II service centers to a terminal
is ) qﬂkd_flzﬂk—lgg kET a1 d%byy. Then the objec-
(S o7 e ¥

JEJIESKE Ty
tive function for company j* can be derived as follows :

ZT“ D$“ i; ")

A=y

+E E p]k yz]k

zjkzz'j’)Dz: + Eﬁ:j’(l _'rij)
€1 kE

+E E qulk Rtk E qulkdjlbjlk

Max Z

JETIES KET,
= XE:[(TL j’Dz —f ij Z pj’kaij'kDi)xi 7
12
+E E p]ADymﬂLE E E q]lk ZZ]lk
i€ kET, JEJIES KET,

+ Z( ij — Tij’ ij')_ Z Z ,qjlkdj'lbj'lk
17 lESf ke Tf

Since the last two terms Y (f,;—r,;d;;
=y

)* E E qj'lkd?’l
€8 kET;

> by, are constant, they may be calculated and expressed as

el

C; in the objective function. Thus, the problem can be de-
scribed as the following multi-objective integer programming
model (P) with n objective functions :

p)
Max Z(z)= E(TnDi —fu— E plkailkDi)xil
kET,

&7
+ E E Pl T EE E qjlkd?zzﬂk+ G
iEIKET, JENESKE T,
MaX Zn(r): E( l7lDl fln - E pnka‘mkDi Tin (1)
ier
+ E E Pk DYini + E E E q]lk lz]lk
1ETEKET, JEJIESKET,
s.t. Do, =1, ie1 ?2)
jEJ
E Eyijkzl =4 3)
JEJ KET,
Yz =1, JEL IES; “4)
kT’
ZDiyijk+Z Zd i = ij JEJ kETj ®)
ier JEJIES;
x40, 1}, i€l jEJ 6)
€10, 1}, €1 jEJ, kET, @)
2,40, 1}, JELIES, kET ®)
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The objective function (1) consists of #n conflicting
objectives corresponding to n companies. Each ob-
jective function represents the sum of net profit in-
creases through merging Type I service centers and net
profit increases by allocating Type II service centers to
terminals. Constraint (2) assures that only one service
center is open in a region and all the others closed.
Constraint (3) implies that the entire pick-up amount
consolidated in a region should be assigned to only
one terminal. Constraint (4) implies that every Type II
service center must be allocated to only one terminal.
Constraint (5) shows that the sum of daily pick-up
amount of Type I and Type Il service centers allocated
to the terminal cannot exceed the processing capacity
of the terminal. Constraints (6) ~(8) represent binary
variables.

4. Solution Procedure

Since there are n objective functions in model (P)
which represent the net profit increases of n compa-
nies, there exists a trade-off relationship among them.
This paper proposes two methods using maxmin and
maxsum criteria. Applying a maxmin criterion, the
minimum of participating companies’ profits is de-
noted by q, i.e.,
« =]Wm{Z1(a¢), Zz(x)Z (x)}

n

Then, the problem can be written as follows :

(P1)
Max «
S.t. Z,(m)z a, 1=1,-,n

€ Hx),

where F(z) is the solution set satisfying constraints (2)
~(8) of problem (P).

Next, a maxsum criterion is to maximize the sum of
the net profits realized by all the companies within
strategic alliance. The problem based on the maxsum
criterion may be formulated as (P2).

(P2)
Max 7= Z Z (ri,jl)i —fiy— Z Pyl | Ty
ierjeJ kET;
+ E E E pj'kDiyij'k + E E E E qjlkd?lz ik
iEljERET, JEJENESKE T,
st. z€ Flx)

The objective function of (P2) is expressed as the

sum of n objective functions in (P), which is the sum
of the net profits realized by n companies. It is in-
tuitive that the total profit increases with the maxsum
criterion is greater than the total profit with the max-
min criterion. However, it may be desirable to distrib-
ute the realized total profit evenly among all the com-
panies.

5. Numerical Example

An example problem involving two express courier
companies is described below to demonstrate the pro-
posed approach in this study. For the purpose of sim-
plicity, only pick-up amount is included in the model
and delivery amount is not considered. The total num-
ber of regions for merging service centers is fixed to
five, and the number of terminals owned by each com-
pany to two. The set of terminals for company 1 is 71
= {1, 2} and the set of terminals for company 2 is 72 =
{3, 4}. Every service center of company 1 is allocated
to terminal 1 or 2 and every service center of company
2 is allocated to terminal 3 or 4 by means of ran-
dom-number generation. The daily pick-up amount for
each Type I service center is determined in the range
between 10 and 50 units and the daily pick-up amount
of Type II service center is assigned between 100 and
500 units through random-number generation. In addi-
tion, service center closedown results in the reduction
of daily fixed cost for maintaining and operating the
service centers, and these cost reductions should be
converted to net present value. These are obtained by
generating random-number between $50 and $100 per
day. The terminal capacity is equally assigned to 2,000
units for every terminal of two companies. <Table 1>
displays the amount of daily pick-up, allocated termi-
nal, and the daily fixed cost of Type I service center
for two companies. The daily pick-up amounts of
Type 11 service centers are also shown in <Table 2>.

Table 1. Data for Type I service centers

. Pick-Up Allocated Daily Fixed
Merging Amount Terminal Cost
Region

Cl C2 C1 C2 C1 C2
1 40 13 1 3 82 57
2 50 37 1 3 58 91
3 35 15 1 4 64 51
4 37 42 2 4 87 64
5 34 10 2 3 71 82
* Cl : Companyl, C2 : Company 2.
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Table 2. Data for Type II service centers

Non-Merging Region Company 1 Company 2
1 483 447
2 478 160
3 384 192
4 354 219
5 107 278
6 382 127
7 114 298
8 257 363
9 357 364
10 201 267

Table 3. Optimal solution and allocation of the Type
I service centers to terminals

Merging Open/Assigned Terminal
Region Company 1 Company 2
1 0 1/1
2 1/1 0
3 0 1/4
4 0 1/3
5 1/4 0

Table 4. Optimal allocation of the Type 1I service
centers to terminals

Non-Merging Region Company 1 Company 2
1 1 4
2 2 3
3 1 1
4 3 2
5 1 4
6 1 4
7 4 2
8 3 2
9 3 4
10 4 3

The optimal solution for maxmin criterion can be
obtained using Excel Solver. <Table 3> shows the op-
timal solution. Company 1’s service centers are se-
lected to be open in regions 2 and 5, while the service
centers of company 2 are open in other regions. The
optimal allocation of open Type I and Type II service
centers to terminals is shown in <Table 3> and <Table
4>, The values of objective functions for companies 1

and 2 are Z1 = 3,119, 722 = 3,119, respectively. The
profits realized with maxsum criteria are 3,517 and
2,722 for companies 1 and 2, respectively. The prob-
lem has also been solved with the objective function
maximizing each company’s own profit to compare
the performance of the compromised solutions. It can
be observed from Table 5 that the compromised sol-
utions based on maxmin and maxsum criterion provide
a better balance in each company’s profit.

Table 5. Comparisons between maxmin and
maxsum criteria

o Objective Function Value
Criterion Sum
Company 1 | Company 2
Max Zi(x) 3,643 2,548 6,191
Max Zx(x) 2,605 3,600 6,205
Maxmin 3,119 3,119 6,238
Maxsum 3,517 2,722 6,239

6. Conclusions

As the market size of express courier industry grows
rapidly, competition among express courier companies
is becoming more severe. Especially, small and medi-
um-sized companies have relatively poor network in-
frastructure and are facing challenges to cost reduction
and efficiency improvement in their logistics networks.
To cope with the challenges, strategic alliance via shar-
ing network infrastructure such as service centers and
consolidation terminals is recommended. The adoption
of strategic alliance may be an effective way of en-
hancing their competitiveness because it has some
meaningful advantages. The strategic alliance among
companies can create economies of scale leading to
cost reduction of operation. Through an efficient shar-
ing of service centers and/or consolidation terminals,
all the allied companies may realize an increase in net
profits. They may also provide better services to cus-
tomers by cooperatively utilizing their existing facili-
ties. Consequently, they may efficiently compete for
expanding their market share without further invest-
ment. In this study, we present a network design mod-
el for strategic alliance among small and medium sized
express courier service companies and develop a sol-
ution procedure. Other problems in strategic alliance,
such as co-operation of terminals, maintenance/close-
down of existing terminals, and capacity change of ter-
minals, are to be included in the future research.
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