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ABSTRACT

One of the most important issues, which most managers in many organizations
are concerned about is procuring required resources to maximize system capacity
in presence of financial budget restrictions. Management of resource allocation in
emergency healthcare centers is a significant area in this case. This study provides
an insight into resource (personnel and hospital equipment and facilities) allocation
problem for emergency healthcare centers considering different constraints along
with multiple goals (including cost, number of admitted patients, cycle time, service
capacity, etc.). The problem is formulated as a multi-objective mixed integer linear
programming model and it is solved by a weighted goal programming method. The
AHP method is used to achieve the weight of goals. A case study with practical data
collected from a healthcare center is presented to show the applicability of the proposed
model. According to a comparison with the current state, 12.7% improvement in
achieving goals is realized. Finally, the behavior of the model is investigated under
different scenarios and computational results are presented and discussed.

Keywords: AHP; emergency healthcare center; goal programming; mathematical
programming; resource allocation.

INTRODUCTION

Emergency centers are medical treatment departments that prepare healthcare services
for patients without any prior appointments. Therefore, there is not any precise and
accurate information about the daily number of patients. There are some internal
and external factors (e.g. distance, social and psychological factors, the economic
and demographical features and availability of other nearby emergency centers) that
can affect customers (patients) to choose an emergency center to receive healthcare
services. In this study, internal factors are considered to improve the efficiency of
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whole emergency system (Béland et al.,, 1998). In fact, a useful vision for decision
makers who deal with management of internal factors is prepared to maximize the
efficiency of emergency center.

Emergency centers, like other agencies preparing specific services to their
customers, need trained human resources and equipment to have expected function.
In fact, these are system's resources, which can be grouped as internal factors and
decision makers have the authority to make different choices about them in order to
promote system's services.

This study concentrates on resource allocation in an emergency center in presence
of different restrictions, which exist in any real world problem. Resource allocation is
the process of dividing available resources to several competing objectives in order to
achieve a satisfactory level of all goals. Due to the conflicting and inconsistent nature
of objectives, the method which is applied for resource allocation can considerably
affect the efficiency of whole resources. In this paper, the resource allocation problem
is presented as a multi-criteria mathematical programming model and a weighted
goal programming method is utilized to deal with the conflicting objectives (i.e.
minimization of cost and maximizing the number of admitted patients or minimizing
the patient's cycle time, etc.) in the problem. According to variations in different
decision makers' opinion and different policies of healthcare centers, it seems that this
method, through different weighting, provides more suitable flexibility in classifying
and prioritizing goals rather than other goal programming methods such as preemptive
goal programming method.

LITERATURE REVIEW

One of the most important problems, which all decision makers in organizations are
concerned about is resource allocation. All companies need to apply specific methods
to allocate available and limited resources in order to reduce their operational costs,
which is an essential factor in company economic survival (Gonzalez et al., 2002).

Resource allocation problems can be classified in microeconomics topics or in some
other related fields like welfare economics. One of the most important areas in which
resource allocation problems are applied is emergency centers management. Kwak &
Lee (1997) proposed a linear programming model for planning and allocation of human
resources in a healthcare organization. This model aims at minimizing total payroll
costs of human resources by allocating them to the appropriate shift hours, considering
a satisfaction level for patients. They applied a preemptive goal programming method
to solve the model, using data obtained from a healthcare organization.

Ozkarahan (2000) developed a preemptive goal programming model for planning
and allocation of surgeries to the operating rooms in a hospital. The proposed model
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prioritizes the planned surgeries in each day considering some factors (including
rooms functions, surgeon preferences, etc.) in order to meet patients’ and physicians’
expectations and in addition to increase system efficiency by minimizing idle times
and overtimes. Harper (2002) developed a generic framework for modeling hospital
resources considering real world conditions. The innovative and new aspect of this
framework, in comparison with the previous capacity planning methods, is the
application of patient classification techniques. In another study, Bruin et al. (2007)
applied queuing theory for analyzing bottlenecks in the emergency care chain of
cardiac in-patient flow. They aimed at allocating resources (hospital beds) considering
maximum allowable number of rejected patients as well as investigating the relationship
between changes in customers (patients) arrivals and length of stay (number of days in
hospital for a patient) and occupancy rates.

Oddoye et al. (2009) presented a simulation model for healthcare planning in a
medical assessment unit of a general hospital in UK. They employed a simulation
model to offer and evaluate various scenarios in order to achieve optimal clinical
workflow. Then a weighted goal programming model is developed in order to challenge
the findings from the simulation.

Beaulieu ef al. (2012) proposed a four steps method to deal with operating rooms
scheduling problem, which minimizes cancellations and overtimes and maximizes
resources efficiencies with uncertainty. Hulshof et al. (2013) developed a mixed integer
linear programming model for tactical resource allocation and elective patient admission
planning, considering multiple resources, multiple time horizons and several patients
with different treatment processes. In fact, this model allocates required resources
to several care processes and provides a useful tool to make decisions for patients'
treatment plans. Giiler ef a/. (2013) improved a weighted goal programming model for
scheduling the shifts of the residents in the Anesthesia and Reanimation Department
of Bezmialem Vakif University Medical School. They showed that the proposed
model has afforded extensive improvements in planning more efficient schedules. In
a recent study, Ekin et al. (2015) developed a resource re-allocation model with fuzzy
constraints in which several risk preference levels are considered. U.S. Army hospital
data was used in order to demonstrate effectiveness of the developed model. Turgay &
Taskin (2015) presented a fuzzy goal programming, which is concerned about human
resources and budget allocation for healthcare organizations in different planning
horizons with several types of services. A case study is considered using data obtained
from a healthcare organization in Turkey. Li et al. (2015) proposed an integer linear
programming model, which considers multiple goals such as minimizing the number
of patients waiting for service and maximum number of patients in recovery rooms.
In terms of medical resource allocation, Feng et al. (2015) proposed a multi-objective
stochastic resource allocation model for emergency departments. They developed an
algorithm to optimize the objective functions simultaneously.
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Taking into account all previous studies, we can realize that different aspects of
resource allocation for healthcare organizations have been studied. Even though, as far
as our knowledge goes, there is no comprehensive model considering all problematic
issues of real world situation. For instance, different patients should be prioritized
according to the emergency level of situation, which they have, in order to receive
treatment and occupy vacancies in healthcare centers. In this study several similar
assumptions and factors along with multiple goals have been included in a case study
framework for one of the healthcare centers in Iran and real experimental data is used,
which provides a useful tool for mangers who deal with time laboring problem of
resource allocation.

PROBLEM DEFINITION

A goal programming model is developed for the resource allocation in a healthcare
emergency center, which consists of four primary goals as follow:

e Goal 1: Minimize of the total daily costs of resources (personnel and equipment)

e Goal 2: Maximize of total number of admitted patients due to an importance
factor

e Goal 3: Minimize total distance travelled by non-admitted patients to the nearest
other healthcare centers.

e Goal 4: Minimize the cycle time of patients in the system (emergency center).

All resources are classified into two main categories: human and equipment. Human
resources include physicians, nurses and medical assistants. The equipment resources
include hospital equipment and facilities such as ECG, Ventilator, Sonography,
Spirometery, Radiography and hospital beds.

The first goal concerns the costs. It is assumed that all resources have daily variable
costs, which include maintenance and usage costs for equipment and payments for
personnel working in the center. These costs have linear relationship with the number
of resources, which are allocated. In addition, fixed costs are prorated over variable
resource allocation costs by dividing initial cost of equipment by years of its working
life and adding annual maintenance costs; then it is divided by 365 (number of days in
a year) to obtain daily cost. In the same way, human resources, monthly salaries and
wages are prorated over 30 days.

The second goal insures that the patients with different treatments are admitted in
emergency center so that the total number of admitted patients is maximized due to an
importance factor. First, all kinds of treatments receive a weighted value s; (0<s,<100)
according to their equipment requirements and then the total amount of weighted
values is maximized.
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The third goal concerns about the minimization of total distance, which non-
admitted patients should travel to reach other healthcare centers, when denied care at
this emergency center. It is assumed that the emergency center is planned to provide
healthcare services for all people, who are living in a specific region of the city. In
other words, all these people first apply for admission in this emergency center and
if they are rejected then they will travel a distance to reach to another emergency
center. In fact, this goal minimizes the distance traveled by patients who are denied
care. It should be noted that, all such patients receive correct directions to the nearest
emergency center that can accept them.

Finally the fourth goal minimizes the time that the patients spend in emergency
center and includes time of actual healthcare and waiting times. It is worth noting
that resources availability can affect this goal dramatically. In other words, the more
the number of resources (personnel and equipment) the shorter the service time
becomes. Moreover, in order to have a more realistic model and therefore more logical
feasible solutions, some secondary goals are considered in the model. The model tries
to minimize the difference between the resources specific service capacity and the
patients’ average arrival rate. Besides, some logical relationships are assumed for the
number of resources in the model in such a way that the number of some resources
should be determined commensurate with the number of some other ones. These
logical relationships make some new requirements (secondary goals) to the model.
It is assumed that any resource has a specific service capacity and its deviation from
patient’s average arrival rate is minimized in the proposed model. Moreover a logical
relationship is assumed for the number of resources in the model in such a way that the
number of some resources should be determined based on the number of some other
resources. These logical relationships make some new requirements to the model and
could be considered as secondary goals. Secondary goals are not the main purposes of
the model, but are necessary to achieve feasible and logical solutions. Secondary goals
of the model are as follow:

e Minimization of the difference between physician’s appointment capacity and
patient’s average arrival rate,

e Minimization of the difference between equipment and patient’s average arrival
rate,

e Decreasing the difference between the number of nurses and the desired number
of nurses according to the number of physicians,

e Decreasing the difference between the number of nurses and the desired number
of nurses according to the number of hospital beds,

e Decreasing the difference between the number of medical assistants and the
desired number of medical assistants according to the number of hospital beds.
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In fact the developed model is a multi-objective model with four primary goals
to deal with resource allocation problem in an emergency center, in addition to some
other secondary goals to make it more realistic and logical.

Before presenting the model, in order to simplify it to be capable of being solved
using linear goal programming methods, all parameters and values in the model are
assumed to be deterministic. These kinds of problems have probabilistic natures.
Therefore, interval estimation is inappropriate for this study and all parameters are
estimated using point estimation. Although in real world problems, total cost has a
nonlinear relationship with number of resources, but in this study a linear relationship
is assumed to make it possible to be presented as a linear constraint.

THE MATHEMATICAL MODEL

In this section we introduce a mathematical resource allocating model of an emergency
center that considers different constraints and objectives of conflicting natures and
different priority levels for decision makers. Weighted Goal programming method can
be a useful method to deal with this problem. In addition, paired comparison method is
applied for taking into account different experts' opinions and determining appropriate
weighted values for objectives. In other words, main objective function is a weighted
linear combination of goals.

Indices:

Index for type of illnesses ( i =1,...,/, where [ is the number of illnesses
types)

Index for resources of type (r € (R, UR,), where R, ={p,n,a,b} is a set of
r physician (p), nurse (n), medical assistant (a) and bed (b); and R, ={1,...,K },
where K is the number of resources of type equipment)

z Index for goals (z =1,...,Z where Z is the number of goals)

Parameters and variables:

w,  Weighted value associated with goal z
c, Daily usage cost for resource »
c™  Daily maximum cost of resources
s; Importance factor for patients with illness i
! Distance to the nearest healthcare center with enough resources to accept the
! patient i
A Daily average number of patients
7, Percentage of patients with illness i

0; Average time (hours) that a patient with illness i needs a hospital bed
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Refers to the entry of row i and column j of the matrix of required equipment
for each type of illnesses
r?"  Ratio of the number of nurses to the number of physicians

r®"  Ratio of the number of nurses to the number of beds
r?  Ratio of the number of medical assistants to the number of beds
n, Daily capacity for resource

U.  Upper bound of deviation variables of goal z
=1 If patient with illness i is admitted; O otherwise

e
X Number of resource

+ .. . . .
d, Positive deviation variable for goal z

d.  Negative deviation variable for goal z

Now the problem is formulated as follows:

Loddy o dy ix, 4
mmwl—+w2—+w3—+w4—+2wz . @)
U, U, U, u, = U,
S.t.
> cx,—d +d =c™, ()
re(R;UR,)
I
D s.e; —d; +d; =100, A3)
i=1
]
> l,(—e,)—d; +d; =0, (4)
i=l
I
Y oropte, —d; +d; =n,x,, Q)
i=l
nx, —-d; +d5"=pAve, 6)
I
X, —ds+d s :ZairripAveei .7 €R,, (7
i=1
rx, <x,, ®)
r"x, <x,, )

r¥x, <x (10)
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x,za.e,; i =1,..1&reR,, (11)
x,>0,r eR,, (12)
x,>1reR,, (13)

e, €{0,1},i =1,....1, (14)
d',d >0,z =1,..,7Z, (15)
x, :int,r € (R, UR,). (16)

Equation (1) is the objective function that minimizes the weighted average of
deviation variables. d " and d_ (z =1,...,4) are deviation variables of the four primary
goals andd and d (z =5,...,Z) are deviation variables of secondary goals. In order
to tackle the commensurability of goals, deviation variables are normalized through
their upper bounds (U, ). Equation (2) is concerned about resource allocation costs
and requires the total resource cost does not exceed ¢™. Equation (3) is the second
objective and aims at maximizing the total admitted patient’s importance factor. In
an ideal situation, total importance factor is 100 and all patients with any kind of
illnesses are accepted by emergency center. Equation (4) presents the third objective,
which minimizes the distance which non-admitted patient i should travel to reach the
nearest other healthcare center with enough resources to receive healthcare services.
This objective function will be equal to zero where all patients are accepted with the
healthcare center. Equation (5) requires the number of hospital beds not to be smaller
than the number which is needed. Equation (6) is concerned about the total capacity
of physicians for visiting patients, which should not be smaller than daily average
number of patients. Equation (7) makes similar requirements for other resources of type
equipment. In fact, Equations (5, 6 and 7) refer to the fourth objective. Equations (8,
9 and 10) adjust the number of nurses, medical assistants and hospital beds according
to the specific ratios, respectively. /" is the nurse to physician ratio and requires the
number of nurses not to be smaller than the required number. In a similar way, 7"
and " are the nurse to hospital bed ratio and medical assistant to hospital bed ratio,
respectively. It is assumed that patients with different types of illnesses can receive
healthcare services in this center and these different types of illnesses need different
resources (equipment). Equation (11) insures that a patient with a special illness will
be admitted if all required equipment are allocated to the emergency center (e.g., if
illness 7 requires equipment Ventilator, Radiography and Spirometery, a patient with
illness i will be rejected unless all the required equipment are allocated). In other
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words, variable e, receives 0 unless all variables related to required equipment are
equal to 1). Equations (12) and (13) show the minimum number of resources. It is
required that the number of personnel resources and hospital beds not to be smaller
than one and requires the number of equipment not to be smaller than zero. In fact,
Equation (11) guarantees the minimum number of equipment, therefore, Equation (12)
is redundant and can be removed.

MODEL IMPLEMENTATION IN A CASE STUDY

A case study along with related computational studies are presented in order to evaluate
the performance of the developed model. All data are collected from Ekbatan Hospital
(located in Hamedan, Iran) in 2009. Illnesses (conditions) in this emergency center
are divided into 8 categories. These categories and the equipment required for each
category are shown in Table 1. Table 2 expresses the distances and capability matrix
of nearby healthcare facilities.

Table 1. Required equipment for each type of condition

Condition Equipment Required
ECG Ventilator  Sonography  Spirometery  Radiography

Pulmonary 0 1 0 1 1
Burns 1 1 0 0 0
Outpatient 0 0 0 0 0
Poisoning 1 1 0 0 0
Stroke 1 1 0 0 1
Cardiac arrest 1 1 0 0 0
Brain hemorrhage 1 1 1 0 1
Fractures 0 1 1 0 1

Table 2. Distance and capability matrix of nearby healthcare facilities
Nearby . Capability of Nearby Healthcare Centers
Healthcare D0 Cardiac  Brain
Centers (km)  Pulmonary Burns Outpatient Poisoning Stroke arrest hemorrhage Fractures
Kashani 1.7 - - 1 1 1 1 - 1
Bou Ali 2.1 - 1 1 1 1 1 - 1
Emam 1.9 1 1 1 - 1 1 1 -
Atiyeh 32 - 1 1 1 - 1 - -
Sina 2.0 - - 1 1 - - 1 -

Besat 2.2 1 1 1 1 1 1 - 1
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Table 3 also presents different conditions importance factors and average number
of hours which patients need hospital beds.

Table 3. s; and o, for illness (condition) 7 (number of samples = 50)

. N . I t factor fi
Average time and standard deviation of patients mportance factor for

Condition with condition i needs hospital bed patients v:i(t:)condition
Average time (hrs) (o)  Standard Deviation
Pulmonary 6 2.47 15
Burns 3 1.14 10
Outpatient 1 0.4 25
Poisoning 4 1.08 10
Stroke 2 0.74 12
Cardiac arrest 3 1.1 18
ch::qlgrrhage 2 0.81 4
Fractures 3 0.98 6

According to different priorities of objectives due to their importance for decision
makers, it is necessary to determine appropriate weighted values for them. Paired
comparison method, which is grouped as analytic hierarchy process (AHP), is applied
in order to deal with this problem. AHP is one of the multi-criteria decision making
methods, which was first introduced by Thomas L. Saaty in the 1970s and has been
developed and applied by many other researchers since then (Saaty, 1980). AHP is a
method for prioritizing several goals, taking into account different managers opinions.
The first step is to make paired comparison matrix for any expert which presents
the paired comparison ratios for all goals according to the priories of each expert.
Matrix 4 shows paired comparison values for expert 4 where a; and 1/a; are paired
comparison ratios for goals i and ;.

Tables 4 is a sample of paired comparison matrixes for four primary objectives
prepared by an expert (physician).
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Table 4. Paired comparison matrix for goals according to the first expert's choice

1 2 3 4
1 - 1 0.75 0.5
2 1 - 0.75 0.4
3 1.33 1.33 - 0.6
4 2 2.5 1.66 -

Then it is needed to consider all experts’ choices simultaneously and obtain the overall
paired comparison matrix:

where b is calculated as:

N

N

— | I (k)
bij _( k1% ) ’

where index k refers to the paired comparison matrix associated with expert k£ and N
is the number of goals. Table 5 shows the overall paired comparison matrix which is
obtained from three expert's paired comparison matrix.

Table 5. Overall paired comparison matrix for goals

1 2 3 4
1 - 1.66 0.75 0.466
2 0.867 - 0.616 0.366
3 1.337 1.666 - 0.533
4 2.166 2777 1.888 -

Finally weighted least square technique is applied to determine weighted values
for goals. Obtained weighted values for goals are as: W = (0.19, 0.16, 0.25, 0.40). It
should be noted that, experts make their choices independently. Moreover, consistency
ratio for paired comparison matrix is equal to 0.988 which is acceptable. In addition,
decision makers can assign different weighted values according to their choices. In
some cases, emergency center is like a private-sector organization and decision makers
aim at minimizing resources usage costs, while in some other cases, emergency center
is considered as a non-profit organization and decision makers are concerned about the
quality of healthcare services (e.g., patients waiting time for receiving service).
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Daily capacities for resources are given in Table 6.

Table 6. Daily capacity for resource i

Resource n, n, 7y n, ns n n n n,

Daily Capacity 48 48 48 48 48 192 - - 24

As presented in Table 6, n,,r € R,, which refers to daily capacities of equipment
are equal to 48 patients. n, refers to the number of the patients whom a physician can
treat every day (in 24 hours). There is no capacity constraint for nurses and medical
assistants (shortage is not applicable to them). Also n, shows a hospital bed capacity
for one day which is equal to 24; which is trivial, each bed can receive only one patient
in any one hour time interval. Suppose that daily average number of patients (p™*) is
equal to 1000. Finally, Table 7 shows the percentages of people with different types

of condition:
Table 7. The percentage of patients with condition i
Condition 7 7, 7y 7, 7s 76 7, 7y
Percentage 0.1 0.2 0.15 0.15 0.05 0.05 0.2 0.1

Also the resources daily usage costs, ¢, ,r € (R, UR,) are as below in Table 8.

Table 8. Daily usage costs for resource i

Resource c c, s ¢y Cs ¢, c, c, c,
Daily usage costs 6 8 23 4 9 3 1 1 1

Collected data are used to execute numerical computations on the developed
model. Computations are implemented using CPLEX Solver in GAMS 23.5 software.
In order to evaluate the performance of the model, different scenarios are designed and
the results are presented.

Tables 9 and 10 summarize the comparison of the current state of the emergency
center with the suggested results achieved from the model where ¢™ is 400 and
r”", r and r™ are 3, 0.8 and 1, respectively. Table 9 shows the number of resources
allocated to the emergency center and Table 10 compares the admitted conditions
(considering the cost restriction along with other constraints) in the model with the
ones in the current state in the attempted emergency center. It shows that, except brain
hemorrhage, all other types of conditions are admitted. Moreover, objective functions
achieved from the model shows improvement (12.7%) in comparison with the one
attained form current state.
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Table 9. Allocated number of resources where ¢™ = 400

Resources ECG Ventilator Sonography Spirometery Radiography Physician Nurse x;i}{;ilt
X X, X3 X, X5 X, X, X, X,
Model 10 13 2 2 5 6 34 42 42
Current state 11 11 3 4 6 7 23 35 28

Table 10. Admitted patients where ¢™*= 400
Conditions
Obj. Func.
e, e, e e, es € e, e
Model 1 1 1 1 1 1 0 1 0.089
Current state 1 1 1 1 1 1 0 1 0.102

Cost analysis

max :
1

In this section, a brief analysis of model performance for different values of ¢
presented. Table 11 summarizes the computational results which indicate some useful

S

points. One of the most important points is the achieved values for objective functions.
As it is presented, for ¢™ = 200, the value of the objective function is 0.155; but
™ result in smaller (better) values for objective function. Finally
the best possible value for objective function is achieved where ¢™is 850. Moreover,
regarding to normalized goals and due to proximity of goals weight values, the
objective function growth pattern shows almost a linear trend (see Figure 1). Another
important feature is the changes in types of admitted conditions. Where ¢™ = 850,
patients with all types of conditions are admitted; but the smaller the ¢™
number of rejected patients and finally where ¢™ = 200, the emergency center does

greater amounts of ¢

the more the

not accept two types of conditions (i.e. conditions 7 and 8).

max

Table 11. Computational results for different values of ¢

"X X, X X, X, X, X, X, X, e e e e e ¢ e ¢ SIE)IJIC CP[(JS;ime Iter.
200 9 100 2 3 515 1 1 1 1 1 1 1 1 0O O 0I5 0.08 13
250 8§ 131 2 4 5151 1 1 1 1 1 1 1 0 1 0.142 0.05 15
300 10 13 2 3 5 516 1 1 1 1 1 1 1 1 O 1 0119 0.02 12
400 10 13 2 2 5 6 34 42 42 1 1 1 1 1 1 0 1 008 0.06 10
500 9 142 2 5 6 6277 77 1 1 1 1 1 1 0 1 0064 008 16
600 10 14 2 3 6 6 84 105105 1 1 1 1 1 1 0O 1 0.041 008 17
700 14 18 6 3 10 6 61 77 76 1 1 1 1 1 1 1 1 0.034 0.08 17
800 14 18 6 2 10 6 9 120120 1 1 1 1 1 1 1 1 0.008 0.06 19
80 14 18 7 3 10 6 971211211 1 1 1 1 1 1 1 0 0.03 1
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Fig. 1. Objective function cost curve

Sensitivity analysis for daily average number of patients

Developed model consists of different objectives. These objectives are significantly
related to the daily average number of patients and variations of this parameter effects
on achieving the goals. Therefore, it can be a critical parameter for decision and policy
makers to concern about. Table 12 presents an analysis of the model performance
for different values of p™"* 850. Not surprisingly, increasing p™* will
intensify the deviation from the objectives. But it would be interesting that 850 unit of

max __

when ¢
investment (¢™ =
of the daily average number of patients without significant harm to the goals scored
(see Figure 2).

850) can be up to servicing one and a half times the current value

Table 12.Total importance factor values

pre e, e, e e, es € e, e, Obj. Func.
900 1 1 1 1 1 1 1 1 0
1000 1 1 1 1 1 1 1 1 0
1100 1 1 1 1 1 1 1 1 0.014
1200 1 1 1 1 1 1 1 1 0.033
1300 1 1 1 1 1 1 0 1 0.04
1400 1 1 1 1 1 1 0 1 0.04
1500 1 1 1 1 1 1 0 1 0.046
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Fig. 2. Daily average number of patients curve

CONCLUSIONS

This study provides a framework for available and limited resources (human and
equipment) allocation in an emergency healthcare center. Any organization needs
variety of resources to do its functionality and provide products or services to its
customers. In addition, there are many other factors (e.g., cost, customers satisfaction,
service time, etc.), which should be taken into account. In this paper, a multi-
objective linear programming model is developed, which seeks to optimize some
primary objectives as well as some secondary ones. Due to the conflicting nature of
mentioned objectives, it is necessary to make a trade-off between them to achieve
the optimum solution. In order to overcome this problem, goal programming method
is applied to solve the model and minimize the gaps between obtained values and
determined goals. Numerical computations are implemented using data obtained
from a healthcare center, and a comparison was carried out to show the improvement
(12.7%) of the proposed model in contrast with the current state. Finally, sensitivity

max

analyses over daily maximum cost of resources (¢™) and daily average number of
patients ( p™*) were accomplished. The approach applied in this paper can be further
extended in future studies to conquer limitations of this research. For example, instead
of assuming the parameters and values to be deterministic, it would be interesting to
take the uncertainty into account through different approaches. The problem can be
also investigated through various strategies and priorities of considering a healthcare
emergency center as a profit/non-profit organization. More details can be considered
in the model (e.g. physicians are assumed to treat all patients with different types of
conditions). In addition, more realistic nonlinear objective functions can be attempted
in the future.
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