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A B S T R A C T  
 

 

This paper presents a multi-objective and multi-service location-allocation model with capacity 

planning to design a healthcare facility network considering a referral system. Therefore, a mixed-

integer nonlinear programming (MINLP) model containing two objective functions is proposed. The 
first objective function is to minimize the total opening cost, minimize total setup cost of different 

types of services and minimize the total traveled distance by patients to reach each facility. The second 

objective function in the model aims to minimize the maximum normalized workload between opened 
facilities in each level. Specifying location of different facilities, allocating patients zones to family 

physician centers, establishing an optimal flow between different levels in the network and 

determining the optimal capacity for different specialized and super specialty facilities are main 
strategic and tactical decisions in the proposed model. In order to solve the proposed model and arrive 

at Pareto solutions, a primary nonlinear integer program is transformed to linearize the model, and 

then, an augmented 𝜀-constraint method is applied on numerical examples. Finally, the results obtained 

by a sensitivity analysis on the main parameters are reported to show that the presented model can be 
used to design a multi-level healthcare facility network. 

doi: 10.5829/ije.2018.31.02b.22 
 

 

 
1. INTRODUCTION1 
 

In the network design, facility location is very crucial in 

both industries and healthcare systems. In healthcare, 

small numbers of facilities available for people or unfit 

locations of facilities have been reported to increase 

costs, as well as mortality and disease rate [1]. 

Moreover, the main purpose of the healthcare network 

design model is to determine the optimal location of 

healthcare facilities and to allocate patients to these 

opened facilities to receive services. The basic location-

allocation models are divided into three groups 

including set covering model, maximal covering model, 

and p-median model. 

Most of the papers related to the healthcare network 

design presented in the last years have considered the 

network as a single level and have paid less attention to 

a hierarchical structure. Also, real-world referral 
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systems have been implemented in healthcare facility 

networks in order to reduce patient expenses in recent 

years. 

In a referral system, healthcare service providing 

centers are divided into three levels. The first level is 

primary health centers (family physician centers) that 

are the entry point of patients to the healthcare system 

and are usually sited in the closest locations to patients 

living zones. The second level is specialized centers that 

are responsible for providing specialized services to the 

referred patients of the first level. The third level is 

super specialty centers that provide super specialty 

services to the referred patients of the second level. 

In the healthcare network design, capacity planning 

for different facilities in the network is another 

important issue that must be determined in order to 

reduce the variable cost of the healthcare system. 

However, most authors of the published papers in recent 

years have not considered this issue in their proposed 

models. When designing a healthcare network, the 
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decision-makers need to consider different objective 

functions including accessibility improvement, equity 

maximization and cost minimization [2]. In designing a 

healthcare network, considering maximum workload in 

each health center is an important issue that directly 

affects bothphysicians’ and patients’ satisfaction. This 

objective function had not been observed in most 

published papers in recent years. 

The main contributions of our paper differentiating it 

from other relevant papers can be summarized as 

follows: 

 Proposing a novel mixed-integer nonlinear 

programming model with capacity planning to 

design a healthcare network by considering a referral 

system. 

 Considering two objective functions that deal with 

minimizing the total cost and total traveled distance 

as well as minimizing the maximum workload. 

 Considering three levels for the referral system in 

the network including family physician, specialized, 

and super specialty centers. 

The remainder of the paper is organized as follows. 

Section 2 reviews the relevant literature. Section 3 

illustrates the problem definition in details. Section 4 

describes the mathematical formula of the model. 

Section 5 presents solution procedures and describes 

computational results and sensitivity analysis. Finally, 

Section 6 presents some concluding remarks of the 

paper and some recommendations for future research. 

 

 

2. LITERATURE REVIEW 
 
Due to the extensive literature on location-allocation 

models or referral systems for the healthcare facilities 

network design. Kim and Kim [3] presented a mixed-

integer linear programming model for determining the 

location of long-term care facilities with the objective 

function of minimizing the maximum allocated patients 

to each facility. They presented a branch-and-bound 

algorithm for solving their proposed model. Syam and 

Cote [4] proposed a location-allocation model for 

specialized health care services, such as traumatic brain 

injury (TBI) treatment. The objective function in their 

study was to minimize the total cost. They used a 

simulated annealing algorithm to solve their proposed 

model. Then, they improved their early model in a 

recent paper [5] by considering the severity of injury for 

patients. Also, the penalty cost related to the reception 

of additional patients was added to the previous 

objective function. Sharif et al. [6] presented a 

capacitated maximal covering location model for the 

location-allocation problem of healthcare facilities at 

one district in Malaysia. In order to solve their proposed 

model, they proposed a new solution approach based on 

genetic algorithm. Gunes et al. [7] proposed a novel 

integer programming model for planning a primary care 

facility network based on patient preferences including 

distance to facilities and equity, as well as based on 

physician preferences including income and workload, 

equity, professional support and a collegial 

environment. Kim and Kim [8] presented an integer 

programming model for the healthcare facilities location 

problem with the limited budget. In order to solve the 

model, they used a heuristic algorithm based on 

Lagrangian relaxation and subgradient optimization 

methods for a number of problem instances. Ghaderi 

and Jabalameli [9] presented a multi-period and 

uncapacitated model to design a network to locate 

facilities with budget-constraint. They used two 

efficient heuristics to solve the model.  

Mohammadi et al. [10] studied a reliable healthcare 

network design problem that proposed a bi-objective 

and multi-service model with uncertainty related to the 

covering threshold and a number of patients. In order to 

cope with the uncertainty, they used two meta-heuristic 

algorithms including simulated annealing and 

imperialist competitive algorithm. Zarrinpoor et al. [11] 

developed a reliable bi-level facility location model for 

health service networks considering risks of unexpected 

disruptive events, congestion, service quality, service 

capacity, uncertainty related to the reliability, demand, 

service and geographical accessibility. In their proposed 

model, the objective function was to minimize the total 

costs. Shishebori [12] presented a novel single-objective 

mixed-integer non-linear programming model for a 

single-level facility location network design problem 

considering reliability associated with facilities. In the 

objective function, they considered different costs. 

Schweikhart and Smith-Daniels [13] considered a two-

level hierarchical referral delivery network and 

proposed a non-linear integer model for determining the 

number of locations and service offering of facilities 

with a limited budget and capacity in order to maximize 

the profit.  

Galvao et al. [14] proposed a tri-level hierarchical 

model for locating maternal and perinatal healthcare 

facilities in Rio de Janeiro. The objective function was 

to minimize total traveled distances by mothers. In order 

to solve the model, they developed some relaxations and 

heuristics. Galvao et al. [15] developed their early 

model by taking into account a capacity constraint. 

They solved this novel model with a Lagrangian method 

using Rio de Janeiro data. Mestre et al. [2] presented 

two multi-service, multi-period, multi-objective and 

hierarchical location-allocation models for hospital 

network planning under uncertainty associated with 

demands. The first objective of the model was to 

minimize the total cost and the second one was to 

improve geographical access. Zarrinpoor et al. [16] 

presented a novel reliable hierarchical location-
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allocation model considering heterogeneous 

probabilistic disruptions of facilities. In order to solve 

the proposed model, a Benders decomposition algorithm 

was developed. Mousazadeh et al. [17] proposed a novel 

model for the health service network design under 

epistemic uncertainty and considered two levels of 

referral systems. The objective function was to 

minimize two criteria including the total cost of 

establishing new facilities and the total traveled distance 

by patients. Although two levels of the referral system 

are considered in this paper, the assumption of capacity 

planning and the objective function of minimizing the 

maximum workload has not been raised. 

 

 

 

3. PROBLEM DESCRIPTION 
 
The respective problem is a multi-objective, multi-

service and multi-level health facilities network design 

with capacity planning for facilities of the network 

including patients zones, family physician centers, 

specialized clinics, specialized hospitals, super specialty 

clinics and super specialized hospitals. At first, each 

patient zone is assigned to one family physician center 

in the network that is responsible for delivering 

elemental services to the assigned people. After visiting 

the family physician center, three probable conditions 

could occur: 1) patients leave the network because no 

more treatments were needed, 2) patients were referred 

to specialized clinics for receiving the specialized non-

surgery cure, and 30 patients were referred to 

specialized hospitals for receiving specialized surgery 

cure. After referring patients to specialized clinics or 

hospitals, another three probable conditions could 

occur: 1) patients leave the network because no more 

treatments were needed, 2) patients were referred to 

super-specialty clinics for receiving super specialized 

non-surgery cure, and 3) patients were referred to super 

specialized hospitals for receiving super specialized 

surgery cure. The proposed model should determine 

optimal selection of the location for different facilities, 

optimal flow of patients zones to family physician 

centers, optimal flow between family physician centers 

and specialized facilities, optimal flow between 

specialized facilities and super specialty facilities and 

optimal capacity for different specialized and super 

specialty facilities as the main strategic and tactical 

decisions.  

The assumptions of our problem are described as 

follows: 

 At the beginning of planning horizon, there is no 

opened facility in the network. 

 The potential locations for establishing different 

facilities are certainly specified. 

 The number and types of various services are known 

(non-urgency services are considered in this article).  

 The demands of each patient`s zone for each service 

is specific and certain.  

 All demands of patient`s zones are satisfied by 

various facilities in the network. 

 The maximum allowed capacity for each service in 

different facilities is considered limited in the 

network. 

 Setting up some services in some specialized centers 

or super specialty centers were not possible. 

 Each patient`s zone is served by one family 

physician center in the network without paying 

attention to the type of service required by patients 

of this zone. 

 Each family physician center refers patients to one 

specialized hospital and one specialized clinic for 

each service. Also, each specialized hospital or 

eachspecialized clinic is allowed to refer patients to 

one super specialty hospital and one super specialty 

clinic. 

 

 

4. MATHEMATICAL MODEL 
 
4. 1. Notations         The sets, parameters and decision 

variables are defined below: 
sets 

I  Set of patients zones 

J  
set out of candidate locations for family physician 

centers 

L  Set of candidate locations for specialized hospitals 

K  Set of candidate locations for specialized clinics 

F  
Set of potential locations for the specialized facility 

 f l k   

M  Set of candidate locations for superspecialty hospitals 

N  Set  of candidate locations for superspecialty clinics 

E  
Set of potential locations for the super specialty 

facility  e m n   

S  Set of types of services 

Parameters 

jf  Fixed cost of opening a family physician center  at 

candidate location j. 

hg  
Fixed cost of opening a specialized facility at the 

candidate location h. 

ep  
Fixed cost of opening a super specialty facility at the 

candidate location e. 
s

id  Demand of patient`s zoneI for service type s. 

ijyd  
Travel distance between patient`s zone i  and family 

physician center j . 

jhwd  
Travel distance between family physician center j  

and specializedfacility h . 

hezd  Travel distance between the specialized facility h
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and super specialty facility e. 

jcay  Maximum capacity of opened family physician 

centerat candidate location j. 

s

hcaw  
Maximum capacity of an opened specialized facility 

at candidate location h for service type s. 

s

ecaz  
Maximum capacity of opened a super specialty 

facility at candidate location e for service type s. 

s

i  
Fraction of people in patient`s zone i that are 

referred to a specialized hospital by family physician 

center for service type s. 

s

i  
Fraction of people in patient`s zone i that are 

referred to a specialized clinic by family physician 

center for service type s. 

s

j  
Fraction of people in family physician centerj that 

are referred to a super specialty hospital by 

specialized hospital for service type s. 

𝜏𝑗
𝑠 

Fraction of people in family physician center j that 

are referred to a super specialty clinic by a 

specialized hospital for service type s. 

s
j  

Fraction of people in family physician center j that 

are referred to a super specialty hospital by a 

specialized clinic for service type s. 

s
j  

Fraction of people in family physician center j that 

are referred to a super specialty clinic by a 

specialized clinic for service type s. 

s
hcw  

Cost of setting up for each capacity unit service type 

s  in a specialized facility h . 

s
ecz  

Cost of setting up for each capacity  unit service 

type s  in a super specialty facility e. 

s
hwp  

1, if setting up the service type s  in specialized 

facility h  is possible; 0, Otherwise. 

s
ezp  

1, if setting up the service type s in super specialty 

facility e  is possible; 0, Otherwise. 

1z  
Maximum amount of the total cost related to 

establishing various facilities in the network. 

2z  
Maximum amount of the total cost related to setting 

up various services in the specialized facilities and 

super specialty facilities. 

3z  Maximum amount of the total traveled distance by 

patients to reach facilities. 

Variables 

jy  1, if a family physician center is openedat 

candidate location j; 0, otherwise. 

hw  
1, if a specialized facilityis openedat candidate 

location h; 0, otherwise. 

ez  1, if a super specialty facility is openedat 

candidate location e; 0, otherwise. 

s
hwy  

1, if service types in a specialized facility h to be 

provided; 0, otherwise. 

s
ezy  

1, if service typesin super specialty facility e to be 

provided; 0, otherwise. 

s
ijay  

the flow of patients from patients zone i to family 

physician center j for service type s. 

s
jhby  

the flow of patients from family physician center j 

to specialized facility h for service type s. 

s
hecy  

the flow of patients from specialized facility h to 

super specialty facility e for service type s. 

ijau  
1, if patients zone i  is assigned to family 

physician center j; 0, otherwise. 

s
jhbu  

1, if family physician center j will refer patients 

tofrom specialized facility h for service type s; 0, 

otherwise. 

s
hecu  

1, if the specialized facility h will refer patients 

tosuper specialty facility e for service type s;0, 

otherwise. 

esez
hew  

capacity expansion the service type s in a 

specialized facility h. 

s
eez  

capacity expansion the service type s in a super 

specialty facility e. 

 
4. 2. Model          The mixed-integer nonlinear 

programming model for the three-level health facilities 

network design is as follows: 

1

2

3

1

1

1

j j h h e e

j J h H e E

s s s s
h h e e

h H s S e E s S

s
ij ij

i I j J s S

s s
jh jh he he

j J h H s S h H e E s S

Min f y g w p z
z

cw ew cz ez
z

yd ay
z

wd by zd cy

  

   

  

     

         

          

 
  

 


  

 



 

 
(1) 

s
ij

i I s S
j J h H

j

s s
jh he

j J s S h H e E
e Es s

h e

s S s S

ay

Min Max Max
cay

by cy

Max
caw caz

 
   

   
 

 

  
  
   
  

 
 

   
   
   
   
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  



 

 

 
(2) 

Subject to: 

s
ij j j

i I s S

ay cay y

 

  
j J   (3) 

s s
jh h

j J

by ew



  
,h H s S    (4) 

s s
he e

h H

cy ez



  
,e E s S    (5) 

s s s
h h hew caw wy  ,h H s S    (6) 

s s s
e e eez caz zy  ,e E s S    (7) 

s s
h hwy wp  ,h H s S    (8) 

s s
e ezy zp  ,e E s S    (9) 
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s s
h jh

j J

wy by



  
,h H s S    (10) 

s s
e he

h H

zy cy



  
,e E s S    (11) 

s
h h

s S

wl s w



  
h H   (12) 

s
e e

s S

zy s z



  
e E   (13) 

s
h h

s S

w wy



  
h H   (14) 

s

e e

s S

z zy


  e E   (15) 

s s
ij i

j J

ay d



  
,i I s S    (16) 

s s s
jh i ij

h L i I

by ay

 

   
,j J s S    (17) 

s s s
jh i ij

h K i I

by ay

 

   
,j J s S    (18) 

s s s
he j jh

e M j J

cy by

 

   
,h L s S    (19) 

s s s
he j jh

e N j

cy by



   
,h L s S    (20) 

s s s
he j jh

e M j

cy by



   
,h K s S    (21) 

s s s
he j jh

e N j

cy by



   
,h K s S    (22) 

.s
ij ij

s S

ay M au



  
,i I j J    (23) 

.s s
jh jhby M bu  

, ,j J h H

s S
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
 (24) 

.s s
he hecy M cu  

, ,h H e E

s S
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
 (25) 

1ij

j J

au



  
i I   (26) 

1s
jh

h L

bu



  
,j J s S    (27) 

1s
jh

h K

bu



  
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1s
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

  
,h F s S    (29) 

1s
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e N
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

  
,h F s S    (30) 

 

, , , , ,

, , 0,1

, , ,

, 0,

s s
j h e h e

s s
ij jh he

s s s
ij jh he

s s
h e

y w z wy zy

au bu cu

ay by cy

ew ez Integer





 

, ,

, ,

i I j J

h H e E

s S
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 



 (31) 

The objective function (1) is composed of three terms. 

The first term relates to minimization of the total 

opening cost for family physician centers, specialized 

hospitals, specialized clinics, super specialty hospitals 

and super-specialty clinics. The second terms minimizes 

the setup cost of different types of services in each 

facility. In order to improve patients accessibility to 

different facilities in the network, the third term 

minimizes the total distance traveled by patients to 

reach each facility. Since the objectives have different 

units, they are normalized. The objective function (2) is 

aimed at minimizing the maximum workload for each 

opened facility in each level of the network. Since it is 

assumed that each facility has a different capacity, 

therefore, total coming flow to each opened facility is 

normalized. Constraint (3) guarantees that the total input 

flow to each family physician center does not exceed 

the relevant capacity. Constraints (4) and (5) are related 

to capacity planning for different services in the 

specialized and super specialty facilities. Constraints (6) 

and (7) ensure that the planned capacity for each 

specialized and super specialty facility does not exceed 

the maximum capacity. Constraints (8) and (9) state that 

a type of service can be set up in one of the specialized 

or super specialty facilities if it is possible. Constraints 

(10) and (11) guarantee that each service can be set up 

in specialized or super specialty facilities only if there is 

any demand in these centers.  

Constraints (12) and (13) ensure that each service 

can be assigned to specialized or super specialty 

facilities only if suchfacilities are built in one of the 

candidate locations. Equations (14) and (15) state that a 

new specialized or super specialty facility is only built 

when at least one type of service is set up in the related 

center. Constraints (16)-(22) guarantee that all patients 

demands should be satisfied by family physician 

centers, specialized hospitals, specialized clinics, super 

specialty hospitals and super specialty clinics, 

respectively. Constraints (23)-(25) state that only a 

patient flow is possible from patients zones to each 

family physician center, from each family physician 

center to each specialized facility or from each 

specialized facility to super specialty facility if and only 
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if the corresponding facilities have already been opened. 

Constraint (26) guarantees that each patients zone must 

be assigned only to one family physician center. 

Constraints (27) and (28) guarantee that each family 

physician center is allowed to refer patients to the most 

specialized hospital and/or specialized clinic. 

Constraints (29) and (30) guarantee that each 

specialized hospital and each specialized clinic for each 

service is allowed to refer patients to the most super 

specialty hospital and one super specialty clinic, 

respectively. Constraint (31) is related to the definition 

of binary and integer decision variables in the proposed 

model.  
 
4. 2. 1. Model Linearization          The presented 

model is a mixed-integer nonlinear programming 

(MINLP) model regarding second objective function, 

However, it can be easily linearized by introducing new 

variables and additional constraints as follows: 

s
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j
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Max ma
cay
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

 
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
 

(34) 

As well as equivalent minimization maximum workload 

for the mixed-integer linear programming model 

(MILP) is formulated by: 

)( mbmemaMin   (35) 

The additional constraint for linearization is as follows: 
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5. COMPUTATIONAL RESULTS 
 
This section presents the computational results and 

analysis of the proposed model using numerical 

examples. The parameters values in instances were 

generated from Ghaderi et al. [9]. Table 1 gives details 

on simulation of the input data. In these tables, U[a, b] 

states that the data follows discrete uniform distribution 

in the interval [a, b]. Table 2 illustrates different 

problem sizes that are used for the sensitivity analysis. 

The presented model is implemented and solved with 

the augmented 𝜀-constraint method on numerical 

examples.  

 

 
TABLE 1. Parameters values in instances 

jf  U[100000 120000] lmzd  U[30 50] 

lg  U[180000 200000] lnrd  U[30 50] 

kh  U[120000 140000] s
i  U[0.2,0.5] 

mp  U[200000 220000] s
i  U[0.2,0.5] 

nq  U[160000 190000] s
j  U[0.1,0.3] 

jcax  
 

U[2500 3000] 
s
j  U[0.1,0.3] 

s
kcay  U[2500 3000] s

lcw  U[0.1,0.3] 

s
lcaw  U[3000 4000] s

id  U[100 200] 

s
mcaz  U[3000 4000] 

s
lcw  U[180 200] 

s
ncar  U[2500 3000] s

kcy  U[120 140] 

ijxd  U[10 30] s
mcz  U[200 220] 

l
jwd  U[30 50] s

ncr  U[160 190] 

jkyd  U[30 50]   

 

 
TABLE 2. Conditions of instances used for the results 
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1 5 3 2 2 2 2 

2 10 5 3 3 3 3 

3 20 15 9 9 5 5 
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The model was coded in GAMS software version 24.1.2 

and solved with CPLEX solver on a computer (Intel 

Quad Core i5-2.50 GHz, 2450M CPU, and 4GB RAM). 

For solving this model in the augmented 𝜀-constraint 

method, the first objective function related to 

minimizing the total opening cost, total setup cost and 

total travelled distance is considered as the first priority, 

and the workload minimization objective function is 

considered as the second priority. In order to implement 

the augmented 𝜀-constraint method, the interval 

between the worst and best value for each objective 

function is divided into five sections (𝑞𝑖 = 5). Figure 1 

shows the conflict between the two intended objective 

functions in numerical example 3. In other words, the 

figure shows optimum Pareto solutions in numerical 

example 3. 

According to Figure 1, since both the objective 

functions are intended to minimize some criteria, the 

negative slope between the values of the objective 

functions shows the conflict and Pareto space between 

the objective functions. 

 
5. 1. Sensitivity Analysis            In the proposed 

model, one important parameter in management 

decisions is the maximum allowed capacity for each 

facility, which limits the capacity expansion in each 

opened facility. Therefore, Figures 2 and 3 demonstrate 

the effects of increasing the maximum allowed capacity 

of each objective function, as compared to when the 

maximum allowed capacity is fixed for the numerical 

example 2. The maximum allowed capacity increases in 

three steps, including 0%, 50%, and 100%. According 

to Figures 2 and 3, the decision makers could realize 

how the maximum capacity can be varied in each Pareto 

solution in order to reach better objective function 

values. For example, if the decision maker selects the 

Pareto solution 6, the decision would not be appropriate 

to increase the maximum capacity as much as 100% or 

50%. The reason is that, although the second objective 

function related to the maximum workload has 

improved with this increase in this Pareto solution but 

the first objective function related to the total cost and 

total traveled distance has increased. 
 
 

 
Figure 1. Pareto solutions associate to numerical example 3 

The obtained result could also be attributed to the 

fact that if a decision maker selects the Pareto solution 

1, the decision to increase as much as 50% or 100% is 

an appropriate decision because any increase in this 

Pareto solution leads to improvement in both the 

objective functions. 
In this section, the sensitivity analysis has been 

conducted on the increasing demand. Figures 4 and 5 

show these results for the numerical example 2. The 

demand increases in three steps including 0%, 50%, and 

100%. As can be seen in all the Pareto solutions, with 

increasing in the demand, the first objective function 

related to the total cost and total traveled distance 

increases because of establishing more facilities and 

setting up more services. Similarly, by increasing the 

demand, the second objective function related to the 

maximum workload increases because of more 

congestion patients in each facility. 

In terms of managerial insights of this work 

managers of healthcare organization can use the 

proposed model to make a trade-off between total costs 

and maximum workload. 

 

 

 
Figure 2. Changing the value of total opening cost for 
different facilities with changing in capacity in numerical 
example 2 
 
 

 
Figure 3. Changing the value of total maximum workload 
with changing in capacity in numerical example 2 
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Figure 4. Changing the value of total cost and total traveled 

distance with changing in demand in numerical example 2 

 

 

 
Figure 5. Changing the value of total maximum workload 

with changing in demand in numerical example 2 
 

 
They can benefit from the obtained Pareto solutions and 

choose an option which is in line with their goals and 

policies. Following the proposed model has a great 

effect on reducing costs and maximum workload. 
 
 
6. CONCLUSIONS 
 
This paper presented an optimization MINLP model for 

location-allocation healthcare facilities and capacity 

planning for these facilities by considering a referral 

system. In this network, three levels of the referral 

system were considered with different healthcare 

facilities including family physician centers, specialized 

hospitals, specialized clinics, super specialty hospitals 

and super specialty clinics. The proposed model has two 

objective functions that has been described in Section 4. 

The first objective function in the model consists of 

three criteria. The first criterion relates to the 

minimization of the total opening cost for different 

facilities in the network. The second criterion aims to 

minimize the total setup cost of different types of 

services in each facility. The third criterion relates to the 

minimization of the total traveled distance by patients to 

reach each facility in order to improve patients 

accessibility to different facilities in the network.  The 

second objective function intends to minimize the 

maximum workload in each level. For solving the 

presented model, it was first linearized and then, is 

solved with the augmented 𝜀-constraint method on 

numerical examples in different sizes in Sections 5 and 

6 respectively. Finally, sensitivity analyses were carried 

out on some of the model parameters including 

maximum capacity and demand and based on our 

results, we conclude that: 

 Because the network structure considered in this 

study is based on the referral system in Iran, there is 

an effective coordination between different levels of 

the network for providing a service to a patient. 

Consequently, compared to a network single-level 

reduces dramatically the cost and maximum 

workload. 

 One of the important parameters of the proposed 

model that influences net density is the maximum 

allowable capacity for each facility. If the maximum 

allowable capacity is low, the need for activation of 

more and more of the facilities is needed and the 

network is dispersed, and vice versa. 

 If demand for demographic regions increases, 

network costs will be worsened by increasing the 

population density in each of the centers due to the 

construction of more facilities and maximum 

workload in various facilities. 

Areas of further research are human resources 

planning (health service providers) in each facility, 

considering uncertainty related to patients demands, 

fixed opening cost and setting up cost and developing 

heuristic and meta-heuristic algorithms to solve large-

scale instances for the proposed model in order to reach 

the near-optimal solution when an exact solver does not 

reach an optimal solution in a reasonable time. 
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هچكيد
 

 

ریزی ظرفیت برای طراحی به همراه برنامهسلسله مراتبی تخصیص چندهدفه و چندخدمته  -یابییک مدل مکان ،این مقالهدر

ریزی غیرخطی دوهدفه پیشنهاد شده . بدین منظور یک مدل برنامهشودمیشبکه سلامت با در نظرگرفتنن نظام ارجاع ارائه 

در  خدماتاندازی انواع های راههزینه، های تاسیس تسهیلاتاست. تابع هدف اول مربوط به حداقل کردن مجموع هزینه

حداکثر بارکاری در  ،تابع هدف دومدر . باشدمی برای رسیدن به هر تسهیل طی شده توسط بیماران مجموع مسافتو تسهیلات 

ی تسهیلات مختلف، تخصیص در مدل پیشنهاد شده، تعیین مکان بهینه. شودحداقل میسطح  هر شده درفعال  میان تسهیلات

ی تسهیلات تعیین ظرفیت بهینه سطوح مختلف شبکه، ومناطق بیماران به مراکز پزشک خانواده، تعیین جریان بهینه بین 

تخصصی جز تصمیمات مهم تاکتیکی و استراتژیکی است. به منظور حل مدل پیشنهادی و بدست آوردن نقاط تخصصی و فوق

ددی های عپارتویی، ابتدا مدل ارائه شده به مدل خطی تبدیل شده، سپس از روش محدودیت اپسیلون توسعه یافته بر روی مثال

دهد که مدل ارائه شده روی پارامترهای اساسی نشان می استفاده شده است. سرانجام، نتایج حاصل از آنالیز حساسیت بر

 تواند برای طراحی شبکه سلامت چندسطحی به کار رود. می

doi: 10.5829/ije.2018.31.02b.22 

 

 

 


