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ABSTRACT

This paper discusses the problem of determining locations for public health-care facilities and allocating patients to
the public facilities with the objective of minimizing the total construction cost. The public health-care facilities have
two types of facilities: public hospitals and health centers. The public hospital provides both hospital services and
homecare services, while the health center provides only homecare service. We present an integer programming for-
mulation for the problem, and develop two types of heuristics, based on priority rules and approximate mathematical
formulation. Results of a series of computational experiments on a number of problem instances show that the algo-

rithms give good solutions in a reasonable computation time.
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1. INTRODUCTION

In most developed and developing countries, gov-
ernments deploy various types of systems to provide
public health-care services. Especially for a society fac-
ing the aging population, the role of public health-care
services by the government becomes very important.
One such example is homecare services. For aged citi-
zens with limited mobility, going to a hospital can be a
very difficult task, and having health-care professionals
visit their home to provide necessary care is much more
desirable. In designing a system for homecare service,
the central question is to determine the number and loca-
tions of care facilities to establish-e.g., homecare service
centers and hospitals-when these facilities provide dif-
ferent service coverage and incur different construction
cost.

In this paper, we consider a public health-care sys-

tem with two types of facilities: health centers for home-
care services and public hospitals for regular hospital
services as well as homecare services. In particular, we
focus on a location problem for both types of public
health-care facilities. Since it is a public health-care sys-
tem, cost to patients for the services received depends
on their income levels in the system, that is, the charges
for the same service may be different for patients with
different income levels. We also take into account the
fact that there already exist a number of private hospitals.
We develop solution methods for solving such health-
care systems design problems common to the developed
and developing countries. The main contribution of this
study is to deal with and present a viable solution me-
thod for a real-world problem that must be solved by the
(local) governments to maximize the utility of the budget
invested on public health-care services.

In the problem considered in this study, patients,
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who need health-care services, are geographically scat-
tered throughout the country. The two types of public
health-care facilities, public hospitals and health centers,
provide two types of health-care services, hospital ser-
vices (for inpatients and outpatients) and homecare ser-
vices. As part of homecare services, nurses visit patients
at their home to provide necessary service on site. Pub-
lic hospitals provide both hospital services and home-
care services, while health centers provide only home-
care services. For a public hospital, its capacity for hos-
pital services, i.e., the number of bed, is limited. For a
health center, there is no specific capacity limit because
the number of nurses for homecare services is assumed
to be sufficient.

As part of social security services, these public health-
care facilities offer health-care services, including hospi-
tal and homecare services, to low-income patients for
free or at a significantly reduced cost. High-income and
middle-income patients are allowed to use the public fa-
cilities for hospital services, but at standard cost. Note
that the standard cost for hospital services at a public
hospital is lower than the cost at a private hospital. Due
to the government policy, high- and middle-income pa-
tients are not eligible for health-care services provided
by a health center; they are required to seek homecare
services from private hospitals offering the service. Low-
income patients are to be assigned to a public facility
within a pre-specified distance, which is determined
according to the government policy. In the remainder of
this paper, we refer to high- and middle-income patients
(people) as high-income patients (people) for simplicity.
Also, patients needing hospital services are called in/
out-patients and patients needing homecare services are
called homecare patients.

This paper discusses the problem of determining
locations for public health-care facilities and allocating
patients to the public facilities with the objective of
minimizing the total construction cost. Types of facili-
ties included in the problem are public hospitals, health
centers, and private hospitals. Table 1 summarizes the
services provided by each of the facilities and the popu-
lation they serve. We do not consider homecare services
provided by private hospitals in this study.

Table 1. Service types provided by the facilities

High-income patients Low-income patients
Health center - Homecare services
Public Hospital services Homecare and
hospital hospital services
Private Homecare” and
hospital hospital services )

¥ Homecare services provided by private hospitals to high-
income patients are not considered in this study.

We assume that there already exist a number of pu-
blic hospitals, health centers as well as private hospitals.
There is some degree of competition among private ho-
spitals and public hospitals, since high-income patients

for hospital services can choose to go to their preferred
facilities (among private hospitals and public hospitals).
Understandably, public hospitals wish to serve as many
high-income patients as possible within their capacities
as high-income patients pay standard costs, thereby con-
tributing to their revenue. In addition, when the gov-
ernment makes the decision on the locations of new
public hospitals and health centers, it has a pre-set target
in terms of the percentage of patients served by public
hospitals (The target set by the Korean government is
30%. In 2008, about 15% of the both high-income pa-
tients and low-income patients were served by public
hospitals, and the rest, about 85% of the patients, were
served by private hospitals).

There are a large number of research articles on fa-
cility location problems describing a variety of applica-
tions. Surveys on such research are given in Hale and
Moberg (2003), ReVelle and Eiselt (2005), and Daskin
(2008). Studies on facility location problems may be
classified according to the objectives used in the prob-
lems. Problems with the objective of minimizing the
total system cost while satisfying demands are modeled
as p-median problems in Lorena and Senne (2004), Fa-
thali and Kakhki (2006), Choi and Lee (2007), Domin-
guez and Munoz (2008), and Schobel et al. (2009). Pro-
blems with the objective of maximizing the demand
covered by a given number of facilities are modeled as
set covering problems in Hong and Lee (2004), Weng et
al. (2006), Berman et al. (2007) and ReVelle et al. (2008).

A number of researchers have considered facility
location problems in health care systems, as reviewed by
Rahman and Smith (2000) and Daskin and Dean (2004).
Prior research works in the health-care domain include
those for: the emergency medical service facilities by
Adenso-Diaz and Rodriguez (1997), and Jia et al. (2007);
preventive care facilities by Verter and Lapierre (2002);
healthcare facilities for patients suffering a diabetic coma
by Pacheco and Casado (2005) and Pacheco et al. (2008);
healthcare facilities for seasonally moving populations
by Ndiaye and Alfares (2008); long-term care facilities
by Kim and Kim (2010); specialized health-care servi-
ces such as traumatic brain injury treatment by Syam
and Cote (2010), and public healthcare facilities under
competition with private hospitals by Kim and Kim
(2009).

In relation to this research, location problems in
which there are multiple types of facilities have also
been studied. Zhang (2006), Lu and Bostel (2007), Wang
et al. (2008) and Costa et al. (2011) consider two-level
facility location problems in which lower-level facilities
supply products to higher-level facilities. In another vari-
ation, Galvao et al. (2002), Jayaraman et al. (2003),
Barreto et al. (2007), Smith et al. (2009), and Obreque
et al. (2010) address hierarchical location problems in
which higher level facilities provide both higher level
services and lower level services, while lower-level fa-
cilities provide only lower-level services.

Though various facility location problems have been
dealt with in a number of studies, there is no research
that dealt with a facility location problem of two types
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of public health-care facilities under the presence of a
competition between the public and private hospitals.
We develop a new mathematical formulation, and pro-
pose two types of heuristics based on simple optimiza-
tion techniques. In the first type, locations of new public
hospitals and health centers are determined based on the
computed priorities of the candidate locations. In the
second type, an approximation is used, and locations of
the facilities are determined based on the information
obtained from the solution of the approximated problem.

The remainder of this paper is organized as follows.

In the next section, we describe the problem considered
here by stating assumptions used in this study, and pre-
sent a mathematical formulation for the problem. In
section 3, we discuss the two types of heuristics devel-
oped for this problem. Performance of the algorithms is
tested on a number of randomly generated problem in-
stances, and the results are reported in section 4. Section
5 concludes the paper with a short summary and discus-
sion on possible extensions.

2. THE TWO-TYPE PUBLIC HEALTH-
CARE FACILITY LOCATION PLOBLEM

This paper assumes two types of public health-care
facilities, public hospitals and health centers, providing
hospital services and/or homecare services. In the prob-
lem considered here, we determine locations for the pu-
blic health-care facilities and allocate low-income in/out-
patients to the public hospitals with the objective of
minimizing the total construction cost. We consider de-
cisions regarding the locations of the health centers, but
do not consider decisions regarding the allocation of
low-income homecare patients to the health centers, since
the capacity of each public health-care facility for those
patients are assumed to be unlimited. Thus, it is enough
to ensure that there is a public health-care facility within
a pre-specified distance, or reachable distance, from the
low-income homecare patients.

The following assumptions are made in this research.

1) There are public hospitals, health centers and pri-
vate hospitals that have been already established.

2) Patients in a region are represented with a patient
group. Each patient group is specified by the num-
ber of patients in the region and the location of the
region. Patients in a patient group have the same
level of income and have the same preference for
health-care facilities.

3) Public hospitals provide both hospital services and
homecare services, while health centers provide only
homecare services.

4) High-income in/out-patients who need hospital ser-
vices, use their most favorite (public or private)
hospitals.

5) The relative preference for the public hospital or
private hospital at each location is known (They
depend on the distance to the facilities, cost, and

quality of the services).

6) Low-income patients can be assigned to any public
facility within a pre-specified distance (reachable
distance) without consideration of their preferences.

7) At least a given fraction of in/out-patients should be
served by public hospitals, while all (low-income)
homecare patients should be served by the public
health-care facilities, i.e., public hospitals and health
centers.

8) The capacity (number of sickbeds) of each (exist-
ing or candidate) public hospital is given, and the
construction cost of a public hospital or a health
center at each candidate location is known.

9) The capacity for homecare services of a public health-
care facility is not considered, because nurses visit
homecare patients, and it is assumed that there are
enough nurses available for the services or enough
nurses can be assigned to a public health-care facil-
1ty.

10) At any location, at most one of the three types of
facilities, i.e., public hospitals, private hospitals,
and health centers, can be established including the
currently existing one, if any. Currently, there is no
location at which there are two or more facilities.

For a clearer description of the problem considered
in this paper, we give a mathematical formulation for
the problem. Note that allocation of low-income patients
to health-care facilities is closely related with the set
cover problem. However, in the problem considered in
this study, preference of high-income in/out-patients
should be considered when the patients are allocated to
the facilities. First, we list the notation used in the for-
mulation (and throughout the paper).

set of patient groups

set of facility locations (/ and J are identical by

assumption 8)

i index for patient groups (i € /)

7,1 indices for facility locations (j, [ € J)

F; number of high-income in/out-patients in patient
group i

G; number of low-income in/out-patients in patient
group i

d; distance between the location of patient group i and
the facility at location j (travel time may be used
instead of distance)

D, (given) upper limit of the distance between a low-
income in/out-patient and the public hospital that
the patient can use

D, (given) upper limit of the distance between a home-
care patient and the public hospital or health center
that is to serve the patient

ly=1if d;<D,, and 0 otherwise, that is, the low-income
in/out-patients at patient group i can be assigned to
the public hospital at location j if /;= 1

my;=1if d;<D,, and 0 otherwise, that is, the homecare

patients at patient group i can be assigned to the

public facility at location j if m;= 1

o~
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ominimum required (target) ratio of the number of y; <Li(p,+2)) vi,j o (8)
in/out-patients served by public hospitals to the L _
number of all in/out-patients j;mv (p,+1,+2;+2;)21 vi 9

o; cost of establishing a public hospital at candidate

’ location j 22 (Fx+Gy)) 20} (F+G) (10)
. . . jeJ iel iel
f  cost of establishing a health center at candidate ’ o
' location j (3 < @) x; €40, 1} vi,j o (11)

C; capacity of a (candidate or existing) public hospital y; €40, 1} vi,j  (12)
at location j ) .

p;= 1 if there is an existing public hospital at location j, €0l v (13)
and 0 otherwise z;e{0, 1} vi o (14)

g;= 1 if there is an existing private hospital at location j,
and 0 otherwise
r;= 1 if there is an existing health center at location j,
and 0 otherwise
P={jlp,=1}, ie., the set of locations where there al-
ready are public hospitals
O ={jlg; =1, ie., the set of locations where there al-
ready are private hospitals
R ={j|r,=1}, ie., the set of locations where there al-
ready are health centers
w; relative preference for the private hospital com-
pared to that for a public hospital at location j
h; preference of in/out-patients in patient group i for
the hospital at location j, note that if there is an ex-
isting private hospital at location j (g; = 1), h; is gi-
ven as w;/ d; otherwise (g, = 0), h; is given as 1/d;
x; binary decision variable that is equal to 1 if high-
income in/out-patients at patient group i are to use
the public hospital at location j (if the preference
for the public hospital at location j is greater than
that of any other hospital, existing or to be estab-
lished), and O otherwise
vy binary decision variable that is equal to 1 if low-
income in/out-patients at patient group i are to be
served by the public hospital at location j, and 0
otherwise
; binary decision variable that is equal to 1 if a new
public hospital is to be established at location j, and
0 otherwise
z°; binary decision variable that is equal to 1 if a new
health center is to be established at location j, and 0
otherwise
M alarge number (to be used in the formulation)

An integer programming formulation for the prob-
lem is given below.

[P] Minimize Yazi+y Bz (1)
jeJ

jedJ

subjectto D x, <1 vi o (2)
je

>y, <1 Vi (3)
je
X, Sp,+z, Vi, j 4)
pi+q +r+z 4z <1 v %)
Z(F;xi/ +Gy)<Ci(p; + Zl/) vj (6)
iel
thlxil thj(pj+qj+zi) Vi, j (7)

leJ

The objective is to minimize the total construction
cost of public hospitals and health centers. Constraint
sets (2) and (3) ensure that in/out-patients of each pa-
tient group are allocated to at most one public hospital,
and constraint set (4) restricts allocations to be made
only to public hospitals established (i.e., those that al-
ready exist) or to be established. At each location, at most
one health-care facility, either public or private, can be
established including the currently existing one by con-
straint set (5), and constraint set (6) ensures that the
number of patients served by a public hospital cannot
exceed its capacity. In addition, constraint set (7) en-
sures that high-income in/out-patients in a patient group
are served by a public hospital, if their most favorite
hospital is the public hospital (already established or to
be established), while constraint set (8) ensures that low-
income in/out-patients are served by public hospitals
within the reachable distance. Constraint set (9) lets all
homecare patients (patient groups) be covered by public
hospitals or health centers established or to be estab-
lished. Also, constraint (10) ensures that public hospitals
established or to be established must serve the minimum
required number of in/out-patients.

3. HEURISTICS

Since solutions for (the integer programs of) the
problems of practical sizes cannot be obtained by a com-
mercial software package for integer programs due to
excessive memory requirement, we developed heuristics
in this study. Note that a special case of the problem, the
set covering problem, is proven to be NP-complete (Ga-
rey and Johnson, 1979). We present two types of algo-
rithms. The first type employs a method based on prior-
ity rules, while in the second type of algorithms, an ap-
proximate model is used in which decision variables for
allocation are not considered. In the second approach,
locations of new public hospitals and health centers are
determined for an initial solution based on the solution
of the approximated problem, and then the solution (lo-
cations of the public facilities) is modified in a way that
constraints related to the allocation are satisfied.

3.1 Priority Rule-Based Algorithms

Two priority rule-based heuristics are developed; a
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health center first heuristic and a public hospital first
heuristic. Both algorithms consist of two phases, one to
generate an initial solution (facility locations) and the
other to improve the solution. In the first phase, we ob-
tain an initial solution by using priority rules. We select
locations of the facilities one by one by selecting a loca-
tion with the highest priority among candidate locations
available at the moment during the solution procedure.

In the second phase, we improve the solution obtained

in the first phase.
In the following, we give detailed descriptions of
the heuristics. We use the following notation in the de-
scriptions, in addition to the notation given above.
T; number of hospital-service patients who can be addi-
tionally served by the (new) public hospital at can-
didate location j
V; number of homecare-service patient groups that can
be additionally covered by the (new) public hospital
at candidate location j

W; number of homecare-service patient groups that can
be additionally covered by the (new) health center at
candidate location j

3.1.1 Health center first heuristic (HCF)

The heuristic consists of two phases: generating an
initial feasible solution and improving the solution. In
the first phase, new health centers are selected (to be
established) one by one until all patient groups can be
provided with homecare services. The selection is done
according to priorities of the candidate locations for the
health centers. That is, at each time, we select a candi-
date location with the highest priority among candidates
available at the moment. Priorities of the candidates are
computed as W;/B; (for the meaning of the symbols, re-
fer to the notation given earlier).

When the selection procedure for homecare services
is completed, i.e., when selected health centers cover all
patient groups, locations of public hospitals are selected
for hospital services. Since public hospitals provide ho-
mecare services as well as hospital services, health cen-
ters can be replaced with public hospitals for homecare
services. Selection of locations for the public hospitals is
done using another priority rule. That is, among the lo-
cations at which health centers are to be established, a
location with the largest value of 7;/a;—f)) is selected
for the location of a new hospital instead of a new health
center. Note that this priority function denotes the ratio
of the number of patients who can be additionally served
by a new public hospital to the difference between the
construction costs of a public hospital and a health cen-
ter at location j. This process of substitution of a health
center with a public hospital including re-allocation of
patients to the facilities is repeated until the minimum
required number of in/out-patients can be served by pu-
blic hospitals.

In the second phase, the solution obtained in the
first phase is improved with two methods: cancellation
and replacement. First, starting from the location of a
public facility that requires the maximum construction

cost, we check whether the selection (for establishment)
of a facility can be canceled without violating constra-
ints, that is, if demands/requirements for the services
can be satisfied by other selected facilities. If possible,
the selection is canceled. This cancellation procedure is
repeated until there is no more selected location to be
checked. Then, starting from the location of a public fa-
cility that requires the maximum construction cost, we
check whether each of the currently selected locations
can be replaced with a candidate location (that has not
been selected) where a public facility can be established
with a lower cost while still satisfying the demands.

The procedure of this heuristic can be summarized
as follows.

Procedure 1: (HCF)

(Phase 1)

Step 1: If homecare services for all patient groups are
covered by existing health centers and health
centers to be established at selected locations,
go to step 3. Otherwise, go to step 2.

Step 2: Compute priorities of candidate locations for
health centers. Select a location with the high-
est priority for a health center, and go to step 1.

Step 3: If the number of in/out-patients who are served
by existing public hospitals and public hospitals
to be established at selected locations exceeds
the minimum required number of patients, go to
step 5. Otherwise, go to step 4.

Step 4: Compute priorities of candidate locations for
public hospitals. At the candidate location with
the highest priority, substitute a health center
(selected to be established) with a new public
hospital, i.e., select the location for a new pub-
lic hospital instead of a health center, and go to
step 3.

(Phase 2)

Step 5: (cancellation) In a non-increasing order of con-
struction costs among the currently selected lo-
cations for public facilities, check if the dema-
nds/requirements can be satisfied without the
public facility at each selected location. If so,
cancel the selection of the location for estab-
lishment of a public facility (This cancellation
step is repeated until there is no more selected
location to be considered).

Step 6: (replacement) In a non-increasing order of con-
struction costs among the currently selected lo-
cations for public facilities, check if each loca-
tion can be replaced with a candidate location
that has not been selected and requires lower
construction cost while satisfying the demands/
requirements. If there is one, replace the cur-
rently selected location with this candidate lo-
cation. If there are two or more such candidate
locations, the one requiring the lowest construc-
tion cost is selected for replacement (This re-
placement step is repeated until there is no more
selected location to be considered).
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3.1.2 Public hospital first heuristic (PHF)

This heuristic is composed of two phases as well.
In the first phase, we select locations for public hospitals
given the demands for hospital services, and then select
locations for health centers to satisfy demand for home-
care services that cannot be satisfied by existing public
hospitals or public hospitals to be established. In the
second phase, the solution is improved by cancellation
and replacement procedures as in HCF.

In the first phase, we first select locations for pub-
lic hospitals in a way that the minimum required number
of in/out-patients can be served by public hospitals. At
each iteration, among available candidate locations, a
location with the largest value of T;V;/a; is selected. As
can be seen in this priority function, we select the loca-
tion for a new public hospital based on the number of
patients who can be additionally served, the number of
patient groups that are to be additionally covered by the
new public hospital, and the construction cost. Note that
when this selection process is completed, at least the
minimum required number of in/out-patients can be
served by public hospitals. Then, we select locations for
health centers to cover patient groups that are not cov-
ered by the public hospitals. For the selection, we set
priorities of candidate locations for health centers as W/
B, i.e., the ratio of the number of patient groups that are
to be additionally covered by the health center to the
construction cost. A location with the largest priority
value is selected.

The solution obtained in the first phase is improved
in the second phase with two methods: cancellation and
replacement. These improvement steps are identical to
those of HCF. The procedure of Phase 1 of PHF can be
summarized as follows.

Procedure 2: (PHF)

(Phase 1)

Step 1: If the number of in/out-patients who are served
by existing public hospitals and public hospitals
to be established at selected locations is greater
than or equal to the minimum required number

of patients, go to step 3. Otherwise, go to step 2.

Step 2: Compute priorities of candidate locations for
public hospitals. Select a location with the hi-
ghest priority for a public hospital, and go to
step 1.

Step 3: If homecare services for all patient groups are
covered by existing facilities and facilities to be
established at selected locations, go to step 5.
Otherwise, go to step 4.

Step 4: Compute priorities of candidate locations for
health centers. Select a location with the high-
est priority for a health center, and go to step 3.

(Phase 2) identical to Phase 2 of HCF

3.2 Approximation—-Based Algorithm

This heuristic consists of two phases, one for ob-
taining an initial solution and the other for modifying

the solution. In the algorithm, we use an approximated
(simplified) version of the mathematical formulation of
the problem in which decision variables for allocation
(and associated constraints) are not included. This ap-
proximate formulation is used to obtain an initial solu-
tion. Since this initial solution may not be feasible for
the original problem, we modify the initial solution in
the second phase if needed. In the following, we de-
scribe the two phases of the algorithm in detail.

3.2.1 Phase 1: Obtaining an initial solution
The heuristic consists of two phases: generating an

initial feasible solution and improving the solution. In
the first phase, new health centers are selected (to be
established) one by one until all patient groups can be
provided with homecare services. The selection is done
according to priorities of the candidate locations for the
health centers. That is, at each time, we select a candi-
date location with the highest priority among candidates
available at the moment. Priorities of the candidates are
computed as W;/p; (for the meaning of the symbols, re-
fer to the notation given earlier). An approximate formu-
lation is used to obtain an initial solution, i.e., to select
locations of the facilities. In the approximate formula-
tion, which is given below, decision variables for alloca-
tion, x; and y;, as well as constraints (2), (3), (4), (8),
(11), and (12) are disregarded, and constraint sets (6),
(7), and (10) of the original problem [P] are substituted
with a new constraint, (15). In the formulation, S; de-
notes the maximum possible number of high- and low-
income in/out-patients who can be served by the public

ieK;

hospital at candidate location j, i.e., S, :min[z F +
ZzﬁG‘_,CJ_j, where K; is the set of patient groups of

which the high-income in/out-patients may possibly use

a public hospital at location j, i.e., K. ={i|h > max
/ Y ke(PUQUY

h,} - Note that K; can be defined from the (given) pref-

erences of in/out-patients of patient groups for the pri-
vate and public hospitals.

[AP] Minimize Dazi+y Bz
jeJ jeJ
. 1 2 .
subjectto p,+q,+7,+z;+z; <1 Vj 5)
Zm,],(p>/+}f/+z}+zf)21 Vi O]

jeJ

Zhefo, 1} vi  (13)
2efo, 1) Vi (14)
2.8,(p; +2) 203 (F +G) (15)

JjeJ iel

Constraints (6), (7), and (10), which were used for
the allocation of patients to facilities in [P], are substi-
tuted with (15), which ensures that the number of pa-
tients to be served by the public hospitals is greater than
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or equal to the minimum required number of in/out-
patients. An optimal solution for [AP] can be obtained
easily, or within a reasonably short time, with a com-
mercial software package for integer and linear pro-
grams, such as CPLEX. Note that an optimal solution of
[AP] can also be used as a lower bound on the solution
of the original problem [P].

3.2.2 Phase 2: Modification

When locations of public facilities as well as pri-
vate hospitals are given, patients can be assigned to the
facilities easily using the information on the locations of
facilities and patient groups and preferences of the pa-
tients. In other words, the values of x;’s and y;’s, i.e.,
the allocation of high-income and low-income in/out-
patients, respectively, at patient group i to the public
hospital at location j, can be determined from the values
of ;! and 72, i.e., the decisions on the establishment of

J . f
new public hospitals and new health centers, respec-
tively, are obtained as a solution of [AP]. If all con-
straints are satisfied by the solution (for the original
problem) obtained in this way, the procedure is termi-
nated. Otherwise, the solution obtained in the first phase
is modified with two methods: replacement and addition
of the locations for the facilities. First, we replace the
location of a public facility that is selected in the current
solution with a location that is not selected in a way that
the total construction cost is increased least. This repla-
cement procedure is repeated until all the constraints are
satisfied. If the constraints are not satisfied after the re-
placement procedure, we additionally select locations
for public hospitals and/or health centers with the mini-
mum construction cost one by one until the constraints
are satisfied.

The procedure of this algorithm can be summarized
as follows.

Procedure 3: (approximation-based heuristic, ABH)

(Phase 1)

Step 1: Obtain an optimal solution of [AP] with an in-
teger programming solver.

Step 2: Based on the values for 2} ’s and z; ’s in the op-
timal solution of [AP], assign the high-income
in/out-patients to their favorite hospitals and as-
sign low-income in/out-patients to public hospi-
tals within a reachable distance. If there are two
or more public hospitals within the reachable
distance, the low-income in/out-patients are as-
signed to a public hospital with the maximum
remaining capacity.

Step 3: If the number of in/out-patients served by the
public hospitals is greater than or equal to the
minimum required number, terminate. Other-
wise, go to step 4.

(Phase 2) identical to Phase 2 of HCF

Step 4: In a non-increasing order of construction costs
for the currently selected locations, check if each
location can be replaced with a candidate loca-

tion that has not been selected while satisfying
all the constraints. If there is one, replace the
currently selected location with this candidate
location. If there are two or more such candidate
locations, the one requiring the lowest construc-
tion cost is selected for replacement (This re-
placement step is repeated until there is no more
selected location to be considered).

Step 5: If the constraints related to the demands for the
services are satisfied with the current solution,
stop. Otherwise, select additionally a public ho-
spital or health center with the minimum con-
struction cost one at a time, until all the con-
straints are satisfied. Stop.

4. COMPUTATIONAL EXPERIMENTS

For evaluation of the performance of the suggested
heuristics, computational experiments were performed
on a number of problem instances that were randomly
generated in a way that the resulting instances reflect
real situations in Korea relatively closely (Note that
there are about 400 basic districts in the capital city and
1,200 districts throughout the country in Korea).

We generated 96 problem instances, one instance
for each of all combinations of: three levels (400, 800,
and 1,200) for |/], the number of patient groups; two
levels (800/\/m and 1,200/@) for D,, the reachable
distance between low-income in/out-patients and a pub-
lic hospital; two levels (1,200/ \/m and 1,600/ \/W) for
D,, the reachable distance between homecare patients
and a public facility; two levels (0.3 and 0.5) for o, the
ratio of the minimum required number of in/out-patients
served by the public hospitals to all in/out-patients; two
levels (5% and 10%) for |P|/|/], the ratio of the number
of existing public hospitals to the number of patient
groups; and two levels (10% and 20%) for |Q|/|/], the
ratio of the number of existing private hospitals to the
number of patient groups.

These parameter values were set in a way that the
resulting instances reflect the current situation in Korea
and the healthcare service plan which was announced in
“Vision 2030’ by the Korean government. Other data
were generated as follows. Here, U(x, y) and DU(x, y)
denote the uniform distribution with range (x, y) and the
discrete uniform distribution with range [x, y], respec-
tively.

1) The x-coordinate and the y-coordinate of the location
of each patient group were independently generated
from U(0, 1000).

2) The number of high-income in/out-patients (F;) in
each patient group was generated from DU (100, 200).

3) The number of low-income in/out-patients (G;) in
each patient group was generated from DU(50, 100).

4) The relative preference for a private hospital com-
pared to that for a public hospital (w;) at each loca-
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Table 2. Results of tests on the instances with 400 patient groups
Parameters Percentage gapsa) CPUT”

O Pl ¢ D D, LB HCF PHF ABH HCF PHF ABH
40 60 16340 4.28 4.99 0.81 0.40 0.41 4.79

03 80 10891 5.07 5.74 4.45 0.27 0.27 3.41

60 60 13718 6.33 6.50 4.02 0.33 0.31 4.09

20 80 8301 2.04 1.70 2.01 0.20 0.18 2.39

40 60 46624 2.49 4.75 0.92 1.18 1.18 5.68

05 80 27158 4.05 6.83 4.13 0.61 0.68 448

60 60 44516 2.84 6.49 4.67 1.05 1.12 4.94

A0 80 24874 2.06 7.78 3.75 0.63 0.63 7.31
40 60 7252 2.08 3.25 0.59 0.16 0.15 12.04

80 4454 5.59 3.68 3.50 0.10 0.10 10.22

03 60 60 5306 2.30 1.77 0.79 0.13 0.11 11.51
40 80 3992 248 3.18 2.18 0.10 0.10 12.04

40 60 30283 2.81 3.92 1.59 0.75 0.70 9.11

05 80 16030 3.16 5.60 2.08 0.35 0.36 10.49

60 60 27360 4.70 6.23 0.91 0.61 0.66 12.95

80 13130 3.27 5.18 220 0.32 0.30 13.50

40 60 32238 3.74 4.87 1.38 0.73 0.74 8.98

03 80 22486 2.50 6.12 1.37 0.54 0.50 6.08

60 60 30047 1.00 6.11 0.78 0.62 0.64 8.46

2 80 19429 1.86 6.46 1.21 0.45 0.50 5.51

40 60 82197 3.05 532 0.76 1.98 1.93 7.59

80 62460 2.89 291 0.00 1.58 1.59 5.15

03 60 60 80832 2.49 4.62 0.31 1.85 1.77 6.12

80 80 59374 3.64 3.54 0.34 1.43 1.27 6.02
40 60 23317 3.27 3.26 1.39 0.52 0.56 20.05

03 80 17382 427 4.90 1.73 0.44 0.44 15.76

60 60 21045 2.99 3.23 1.76 0.47 0.52 22.37

40 80 14680 3.71 429 0.00 0.32 0.38 14.54

40 60 79773 335 7.06 0.82 1.72 1.92 21.23

05 80 57952 3.09 4.83 1.48 1.35 1.52 15.79

60 60 78910 3.10 477 1.87 1.68 1.93 27.29

80 56332 2.54 2.38 0.81 1.26 1.37 16.16

Average 322 4.76 1.71 0.75 0.78 10.50

LB: lower bounds, HCF: health center first heuristic, PHF: public hospital first heuristic, ABH: approximation-based heuristic.
9 Percentage gaps of the heuristic solution values from lower bounds. ® CPU time in seconds required to solve a problem instance.

tion was generated from DU(1, 3).

5) The capacity of the hospital (C)) at each candidate
location was generated from DU (300, 700).

6) The construction cost of a public hospital at each

candidate location (c;) was set to ¢'+ ¢'Cj, where ¢’

and ¢ were generated from DU (200, 400) and U(1,
3), respectively.
7) The construction cost of a health center at each candi-

date location () was generated from DU (100, 200).

The heuristics were coded in C++, and computa-
tional experiments were performed on a personal com-
puter with an Intel Dual Core processor operating at 3.2
GHz clock speed and 2 GB RAM. Since there is no al-
gorithm specifically designed for the problem consid-
ered in this study, the suggested algorithms were com-
pared with CPLEX 10.0, a commercial software pack-
age for integer and linear programs. For problem in-
stances of practical sizes, i.e., those with 400, 800 and
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Table 3. Results of tests on the instances with 800 patient groups
Parameters Percentage gapsa) CPUT”

o P ¢ D D LB HCF PHF ABH HCF  PHF ABH
29 42 32444 3.48 4.22 1.10 0.76 0.71 48.97

03 57 22485 5.40 4.19 1.17 0.48 0.55 35.30

0 42 27752 4.59 5.81 2.74 0.63 0.73 4431

40 57 16675 6.79 4.53 1.49 0.36 0.43 26.25

29 42 89784 6.47 5.94 4.73 227 2.06 57.11

05 57 54094 5.36 6.18 4.55 1.38 1.39 46.02

0 42 89402 5.77 6.07 431 2.20 2.01 52.25

%0 57 51023 0.39 2.78 1.11 1.20 1.20 76.13
29 42 14153 4.37 5.70 3.29 0.37 0.32 126.96

57 9064 5.83 5.49 4.08 0.20 0.23 108.71

03 0o 42 10518 3.21 4.44 1.83 0.23 0.26 116.53

%0 57 3288 3.47 4.53 1.31 0.08 0.07 122.72

29 42 60013 1.96 4.92 2.54 1.27 1.39 92.56

05 57 32175 275 5.10 1.69 0.73 0.74 111.32

0 42 53856 2.14 476 2.74 1.13 1.15 130.98

57 26317 341 5.86 1.87 0.66 0.61 145.96

29 42 64195 3.53 4.09 1.68 1.36 1.35 98.38

03 57 45028 3.04 433 1.17 0.97 1.01 63.80

0 42 59793 1.51 3.66 0.46 1.44 1.24 87.80

0 57 38294 2.83 4.09 1.64 0.89 0.86 57.90

29 42 164209 1.86 4.48 0.80 3.59 4.24 80.24

57 125565 1.25 3.59 0.00 2.73 2.82 53.18

03 0o 42 161736 1.22 4.46 0.12 3.63 3.85 63.77

160 57 117713 3.62 6.32 0.89 3.01 2.89 64.20
29 42 46246 4.03 5.52 2.20 1.12 1.10 203.05

03 57 35287 2.10 3.59 0.00 0.83 0.86 168.96

0 42 42813 1.32 2.77 0.00 1.01 1.06 237.58

57 28767 4.18 591 1.71 0.72 0.74 152.73

80 29 42 158190 2.77 6.03 1.69 3.89 4.05 215.11

05 57 115271 3.49 5.15 2.06 2.60 2.51 169.57
0 42 162152 0.78 3.92 0.00 3.44 3.90 278.10

57 110509 3.63 4.26 0.97 2.44 2.76 170.93

Average 3.33 477 1.75 1.49 1.53 109.61

LB: lower bounds, HCF: health center first heuristic, PHF: public hospital first heuristic, ABH: approximation-based heuristic.
9 Percentage gaps of the heuristic solution values from lower bounds. ® CPU time in seconds required to solve a problem instance.

1,200 patient groups, CPLEX could not even find feasi-
ble solutions due to excessive memory requirement.
Hence, lower bounds were obtained from the approxi-
mate formulation, [AP]. Performance of the algorithms
is shown with the percentage gaps of the heuristic solu-
tions from the lower bounds. Throughout the paper, the
health center first heuristic, the public hospital first heu-
ristic, and the approximation-based heuristic are denoted

with HCF, PHF, and ABH, respectively.

Table 2 shows the results of the tests on problem
instances with 400 patient groups. As can be seen from
the table, ABH worked best. It gave the best solutions in
the majority of the instances. The average percentage
gaps (from lower bounds) of HCF, PHF, and ABH were
3.22%, 4.76%, and 1.71%, respectively. ABH gave solu-
tions with gaps larger than 3% in only 6 instances out of
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Table 4. Results of tests on the instances with 1,200 patient groups
Parameters Percentage gapsa) CPUT”

0 Il o DD LB HCF PHF ABH HCF  PHF ABH

” 35 48625 3.58 4.24 1.25 1.01 1.11 101.35

03 46 33497 2.62 3.40 2.12 0.80 0.77 74.40

15 35 41974 223 471 2.31 0.91 0.99 88.95

46 25122 2.73 3.92 1.59 0.64 0.54 50.89

60 93 35 136012 4.95 6.35 3.80 3.06 3.35 123.57

. 46 82134 4.69 5.66 3.44 2.02 2.06 97.75

35 35 135249 417 5.58 3.36 3.50 3.02 106.03

46 76404 2.41 3.99 1.26 1.62 1.74 154.31

120 23 35 21216 5.42 5.94 3.33 0.52 0.56 260.84

46 13552 7.14 8.24 427 0.30 0.29 217.90

03 15 35 15786 4776 5.69 1.63 0.37 0.34 24521

190 46 4953 497 6.06 1.94 0.13 0.11 264.28

93 35 88828 3.39 6.65 3.96 225 2.29 193.90

46 48072 3.18 4.81 1.91 1.04 1.24 228.52

03 15 35 81003 2.37 5.58 2.02 1.95 1.72 278.94

46 39611 2.95 3.87 1.72 0.87 0.99 291.14

93 35 96380 3.89 6.49 1.81 224 2.16 190.74

. 46 67547 3.23 3.91 1.56 1.74 1.69 130.99

35 35 89779 2.54 3.85 0.27 2.08 2.10 183.31

46 57512 3.16 4.14 1.38 1.38 1.21 117.08

o0 23 35 246205 2.85 4.59 0.95 6.01 5.89 162.85

46 185641 4.43 6.94 1.59 4.16 4.92 108.36

03 15 35 242158 2.09 4.13 0.00 5.43 5.29 130.51

240 46 176836 3.08 3.96 0.76 4.04 3.74 130.94

2 35 69635 3.63 541 1.93 1.48 1.55 440.12

03 46 52869 1.66 3.75 0.43 1.21 1.25 33847

15 35 64248 4.40 3.52 0.35 1.56 1.50 470.52

120 46 43797 2.96 3.29 0.00 0.99 1.05 307.70

93 35 237302 3.07 5.11 1.69 5.98 5.93 450.52

. 46 172795 3.57 7.50 2.06 4.38 4.28 335.65

35 35 239513 417 7.82 0.65 5.99 5.84 586.34

46 166066 3.02 4.73 0.82 3.46 3.97 350.80

Average 3.54 5.12 1.76 2.28 2.30 225.40

LB: lower bounds, HCF: health center first heuristic, PHF: public hospital first heuristic, ABH: approximation-based heuristic.
9 Percentage gaps of the heuristic solution values from lower bounds. ® CPU time in seconds required to solve a problem instance.

32, but it required a longer CPU time than HCF and
PHF. HCF and PHF gave solutions within 2 seconds for
each problem instance, while ABH gave solutions in 30
seconds. Although an integer programming problem
should be solved for an initial solution in ABH, it did
not require an excessively long time. This may be be-
cause the number of decision variables is reduced sig-
nificantly by the approximation, and the resulting loca-

tion problem, without variables related to the allocation
of patients to facilities, can be solved in a short time.
Similar results were obtained from the tests on the
problem instances with 800 patient groups and 1,200
patient groups, as shown in Tables 3 and 4, respectively.
Although the average percentage gap of the heuristic
solutions from the lower bounds increased slightly as
the problem sizes increase, the relative performance of
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Table 5. Results of tests on the instances with 100 patient groups
Parameters Percentage gapsa) CPUT”
o Pl ¢ D D, CPLEX HCF PHF ABH CPLEX HCF PHF ABH
20 120 3668 3.71 420 1.25 3.71 0.09 0.08 1.21
03 160 1807 3.38 243 0.55 3.38 0.05 0.04 0.61
120 120 2952 4.67 5.89 2.81 4.67 0.07 0.07 1.10
5 160 1066 4.88 5.72 0.47 4.88 0.03 0.02 0.33
%0 120 10088 3.77 3.15 0.59 3.77 0.26 0.25 2.26
05 160 5728 3.72 5.59 2.93 3.72 0.14 0.13 1.91
120 120 8620 2.54 3.36 0.59 2.54 0.21 0.22 1.93
160 5131 2.48 4.89 3.20 2.48 0.12 0.11 1.94
10 %0 120 3227 2.57 4.18 1.83 2.57 0.08 0.08 1.06
160 2018 1.98 1.64 0.25 1.98 0.04 0.05 0.62
03 120 120 2580 422 5.47 2.83 422 0.06 0.06 0.80
10 160 1717 2.15 3.20 0.00 2.15 0.04 0.04 0.59
%0 120 8070 2.97 4.87 3.62 2.97 0.17 0.19 2.06
05 160 4272 1.71 5.57 0.66 1.71 0.10 0.10 1.01
120 120 7788 2.93 5.66 3.53 293 0.20 0.18 1.58
160 3931 3.46 5.90 1.91 3.46 0.08 0.09 1.33
%0 120 9309 1.82 242 0.00 1.82 0.22 0.19 0.98
03 160 5839 3.46 4.09 1.58 3.46 0.13 0.12 2.02
120 120 9055 2.85 435 1.78 2.85 0.22 0.21 1.82
5 160 4543 2.66 3.92 1.47 2.66 0.10 0.11 1.43
%0 120 23339 3.37 6.01 1.98 3.37 0.56 0.55 2.12
160 16625 3.28 5.67 1.66 3.28 0.42 0.38 2.28
03 120 120 23159 2.96 5.98 1.84 2.96 0.50 0.56 1.76
0 160 16046 3.11 6.40 0.40 3.11 0.39 0.38 2.28
%0 120 4699 2.06 436 0.26 2.06 0.10 0.10 1.19
03 160 3314 341 4.68 1.60 341 0.07 0.07 1.15
120 120 4352 3.38 4.85 1.82 3.38 0.10 0.10 1.38
10 160 2942 2.35 4.11 0.00 2.35 0.07 0.07 0.98
%0 120 18145 245 5.70 1.37 245 0.42 0.40 1.78
05 160 12967 2.04 3.69 0.65 2.04 0.29 0.31 1.25
120 120 17520 2.77 5.68 1.07 2.77 0.44 0.39 1.81
160 12538 2.69 5.57 0.00 2.69 0.31 0.32 2.02
Average 2.99 4.66 1.39 2.99 0.19 0.19 1.46

LB: lower bounds, HCF: health center first heuristic, PHF: public hospital first heuristic, ABH: approximation-based heuristic.
% Percentage gaps of the heuristic solution values from optimal solution values. ® CPU time in seconds required to solve a problem

instance.

the three heuristics was the same. That is, in terms of the
average percentage gaps, ABH worked best, followed by
HCF. Also, ABH gave solutions with gaps larger than
3% in only 10 instances out of 64 instances of these
sizes. ABH worked better, in terms of the percentage
gap, in cases where the number of existing private hos-
pitals (|Q|) is larger. This may be because the initial so-
lutions, which are obtained from the approximated for-

mulation, were often feasible in these cases. ABH re-
quired 2 and 4 minutes on average to solve each of the
problem instances with 800 and 1,200 patient groups,
respectively.

To evaluate the performance of the heuristics in
terms of the gaps of the heuristic solutions from optimal
solutions, we further tested the algorithms on small-
sized problem instances, those with 100 patient groups.
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For this test, we generated 32 instances with the same
method as the one used for generating problem instances
of practical sizes. Optimal solutions were obtained with
CPLEX applied to the complete formulation, [P]. The
results of the tests are given in Table 5, which shows
optimal solution values, heuristic solution values and
percentage gaps of the heuristic solutions from optimal
solutions as well as the CPU time needed for CPLEX.
Note that the heuristics required less than 5 seconds for
each problem instance. All the three algorithms, espe-
cially ABH, worked relatively well. The average percent-
tage gap of HCF, PHF, and ABH were 2.99%, 4.66%,
and 1.39%, respectively. ABH found optimal solutions
in 4 instances out of 32, and gave solutions with gaps of
more than 2% in only 6 instances.

Finally, in Table 6, we show the effect of the reach-
able distances of/to a low-income in/out-patient and
homecare patient, i.e., D1 and D2, respectively, on the
solution value, i.e., the total construction cost. Note that
when the government plans to establish new public fa-
cilities, it usually considers the budget and the total con-
struction cost. As can be seen from the table, the total
construction cost was affected by both factors, the rea-
chable distance to in/out patients (D1) and the reachable
distance to homecare patients (D2). The total construc-
tion cost was affected more by D2 than D1. This may be
because a public facility, with enough nurses for home-
care services, can cover more patient groups without
establishing additional facilities, while a public hospital
can serve only a limited number of patients due to the
limited capacity even though D1 is increased. Hence, to
reduce total construction cost, one may think of an alter-
native of increasing the reachable distance to homecare
patients, which is directly related with traveling distance
of nurses. For such an alternative, labor cost or overtime
cost for the nurses as well as traveling cost may be in-
creased, and one may have to consider tradeoffs be-
tween these additional costs and the construction cost.

Table 6. The effect of the reachable distance on the total
construction cost

Yl D, D, Cost
00 e
400 ’
60 38373.0
60
80 253109
35 802394
23
46 55688.8
800
35 35 76847.1
46 49647.0
120 120455.1
80
160 83616.6
1,200
120 114890.9
120
160 744934

5. CONCLUSION

In this study, we considered the problem of deter-
mining locations of public health-care facilities and al-
locating patients to the public facilities with the objec-
tive of minimizing the total construction cost. An integer
programming model is presented for the problem. To
obtain a near optimal solution in a reasonable computa-
tion time, we developed two types of heuristics. The
results of the computational experiments on randomly
generated problem instances showed that the heuristics
gave reasonably good solutions in much shorter time
than a general-purpose integer and linear programming
solver, by which even a feasible solution could not be
obtained for large-size problems. Designed on the basis
of the situations of a real-world health-care systems de-
sign problem, the solution method presented in this
study may be considered a viable tool for real applica-
tion.

This research can be extended in several directions.
For example, one can consider a problem of determining
locations of public health-care facilities with the objec-
tive of maximizing the number of (potential) patients
covered by the facilities under a constraint on the budget
for construction cost. Also, it may be necessary to con-
sider problems of determining locations of the facilities
and allocating nurses to patients for homecare services
while considering construction costs of the facilities and
travel distance of the nurses. In addition, one may need
to consider cases in which the capacities of the existing
public facilities can be changed, or problems involving
the decision on the capacities of the facilities.

REFERENCES

Adenso-Diaz, B. and Rodriguez, F. (1997), A simple se-
arch heuristic for the MCLP: application to the lo-
cation of ambulance bases in a rural region, Omega,
25, 181-187.

Barreto, S., Ferreira, C., Paixao, J., and Santos, B. S. (2007),
Using clustering analysis in a capacitated location-
routing problem, European Journal of Operational
Research, 179, 968-977.

Berman, O., Verter, V., and Kara, B. Y. (2007), Design-
ing emergency response networks for hazardous
materials transportation, Computers and Operation zs
Research, 34(5), 1374-1388.

Choi, S. S. and Lee, Y. H. (2007) The multi-period de-
mand changing location problem, Journal of the Ko-
rean Institute of Industrial Engineers, 33, 439-446.

Costa, A. M., Pranca, P. M., and Filho, C. L. (2011), Two-
level network design with intermediate facilities: an
application to electrical distribution systems, Omega,
39, 3-13.

Daskin, M. S. (2008), What you should know about loca-
tion modeling, Naval Research Logistics, 55, 283-



Kim, Kim, and Lee: Industrial Engineering & Management Systems

Vol 11, No 2, June 2012, pp.202-214, © 2012 KIIE

214

294,

Daskin, M. S. and Dean, L. K. (2004), Location of health
care facilities. In Brandeau, M. L., Sainford, F., and
Pierskalla, W. P. (eds), Operations Research and
Health Care: A Handbook of Methods and Applica-

tions (Boston: Kluwer Academic), chapter 3, 43-76.

Dominguez, E. and Munoz, J. (2008), A neural model
for the p-median problem, Computers and Opera-
tions Research, 35, 404-416.

Fathali, J. and Kakhki, H. T. (2006), Solving the p-me-
dian problem with pos/neg weights by variable nei-
ghborhood search and some results for special cases,
European Journal of Operation Research, 170, 440-
462.

Galvao, R. D., Espejo, L. G. A., and Boffey, B. (2002),
Ahierarchical model for the location of perinatal fa-
cilities in the municipality of Rio de Janeiro, Euro-
pean Journal of Operation Research, 138, 495-517.

Garey, M. R. and Johnson, D. S. (1979), Computers and
Intractability: A Guide to the Theory of NP-Com-
pleteness, Freeman, New York, NY.

Hale, T. S. and Moberg, C. R. (2003), Location science
research: a review, Annals of Operation Research,
123, 21-35.

Hong, S. H. and Lee, Y. H. (2004), The maximal cover-
ing location problem with cost restrictions, Journal
of the Korean Institute of Industrial Engineers, 30,
93-106.

Jayaraman, V., Gupta, R., and Pirkul, H. (2003), Select-
ing hierarchical facilities in a service-operations
environment, European Journal of Operational Re-
search, 147, 613-628.

Jia, H., Ordonez, F., and Dessouky, M. (2007), A mod-
eling framework for facility location of medical
services for large-scale emergencies, I/E Transac-
tions, 39, 41-55.

Kim, D.-G. and Kim, Y.-D. (2009), A Lagrangian heu-
ristic algorithm for a public healthcare facility loca-
tion problem, Technical Report 2009-03, Depart-
ment of Industrial Engineering, Korea Advanced
Institute of Science and Technology (KAIST).

Kim, D.-G. and Kim, Y.-D. (2010), A branch and bound
algorithm for determining locations of long-term
care facilities, European Journal of Operation Re-
search, 206, 168-177.

Lorena, L. A. N. and Senne, E. L. F. (2004), A column
generation approach to capacitated p-median prob-
lems, Computers and Operations Research, 31, 863-
876.

Lu, Z. and Bostel, N. (2007), A facility location model
for logistics systems including reverse flows: the
case of remanufacturing activities, Computers and
Operations Research, 34,299-323.

Ndiaye, M. and Alfares, H. (2008), Modeling health care
facility location for moving population groups, Com-
puters and Operations Research, 35,2154-2161.

Obreque, C., Donoso, M., Gutierrez, G., and Marianov,
V. (2010), A branch and cut algorithm for the hier-
archical network design problem, European Jour-
nal of Operational Research, 200, 28-35.

Pacheco, J. A., Casado, S., Alegre, J. F., and Alvarez, A.
(2008), Heuristic solutions for locating health re-
sources, IEEE Intelligent Systems, 23, 57-63.

Pacheco, J. A. and Casado, S. (2005), Solving two loca-
tion models with few facilities by using a hybrid he-
uristic: a real health resources case, Computers and
Operations Research, 32,3075-3091.

Rahman, S. and Smith, D. K. (2000), Use of location-
allocation models in health service development
planning in developing nations, Furopean Journal
of Operational Research, 123, 437-452.

ReVelle, C. S. and Eiselt, H. A. (2005), Location analy-
sis: a synthesis and survey, European Journal of
Operational Research, 165, 1-19.

ReVelle, C., Scholssberg, M., and Williams, J. (2008),
Solving the maximal covering location problem
with heuristic concentration, Computers and Op-
erations Research, 35, 427-435.

Schobel, A., Hamacher, H. W., Liebers, A., and Wagner,
D. (2009), The continuous stop location problem in
public transportation networks, Asia-Pacific Jour-
nal of Operational Research, 26, 13-30.

Smith, H. K., Harper, P. R., Potts, C. N., and Thyle, A.
(2009), Planning sustainable community health sche-
mes in rural areas of developing countries, Euro-
pean Journal of Operational Research, 193, 768-
777.

Syam, S. S. and Cote, M. J. (2010), A location-allo-
cation model for service providers with application
to not-for-profit health care organizations, Omega,
38, 157-166.

Verter, V. and Lapierre, S. D. (2002), Location of pre-
ventive health care facilities, Annals of Operations
Research, 110, 123-132.

Wang, X.-F., Sun, X.-M., and Fang, Y. (2008), Genetic
algorithm solution for multi-period two-echelon in-
tegrated competitive/uncompetitive facility location
problem, Asia-Pacific Journal of Operational Re-
search, 25, 33-56.

Weng, K., Yang, C., and Ma, Y.-F. (2006), Two artifi-
cial intelligence heuristics in solving multiple allo-
cation hub maximal covering problem, Lecture Notes
in Computer Science, 4113, 737-744.

Zhang, J. (2006), Approximating the two-level facility
location problem via a quasi-greedy approach, Ma-
thematical Programming, 108, 159-176.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


