International Journal of Informatics and Communication Technology (1J-ICT)
Vol. 15, No. 3, September 2026, pp. 1419~1430
ISSN: 2252-8776, DOI: 10.11591/ijict.v15i3.pp1419-1430 O 1419

Multi-criteria optimization of emergency unit allocation using
COPRAS and SMART: a case study in Palembang

Evi Yuliza, Fitri Maya Puspita, Indrawati, Sisca Octarina, Frisca Frasilia
Department of Mathematics, Faculty of Mathematics and Natural Sciences, Sriwijaya University, Indralaya, Indonesia

Article Info ABSTRACT

Article history: Increasing living standards and instant eating patterns have improved
. people's demands for quality health services. Hospitals as health service

Received Jul 11, 2025 facilities are actually real-time networks that expected to be able to provide

Revised Apr 29, 2026 effective and efficient services. This research uses the complex proportional

Accepted May 17, 2026 assessment (COPRAS) and simple multi-attribute rating technique

(SMART) methods to determine the hospital with the most optimal

emergency unit (EU) services in each subdistrict based on predetermined

Keywords: criteria. The research results show that the COPRAS method is produces
COPRAS performance index values ranging from 0.0195 to 0.1317, while the SMART
. method yields scores between 0.054 and 0.122, both demonstrating

Emergency unit consistent ranking outcomes. The three hospitals, with the most optimal EU

Hospital performance are Dr. Mohammad Hoesin, RSU Pertamina, and RSJ Ernaldi
Optimization Bahar, with Dr. Mohammad Hoesin achieving the highest utility value
SMART (0.1317). The novelty of this study lies in the integration of real-time spatial

and operational data from Google Maps and RS Online into a hybrid set
covering problem (SCP) framework, combining the strengths of COPRAS
and SMART.

This is an open access article under the CC BY-SA license.

Corresponding Author:

[@Noel
Fitri Maya Puspita

Department of Mathematics, Faculty of Mathematics and Natural Sciences, Sriwijaya University
Indralaya, 30662, Indonesia
Email: fitrimayapuspita@unsri.ac.id

1. INTRODUCTION

As the standard of living increases and the diet becomes more instant, the demand for quality health
increases. The development of hospitals in Indonesia is growing rapidly from time to time. Hospitals as real-
time networks [1], [2] have health facilities that have a variety of services covering various health fields.
Hospitals, as a means of health care, are places that are used. With the rapid development of technology and
increasingly fierce competition, hospitals must improve the quality of their services. Another factor that plays
a role in influencing patient satisfaction is the facilities available at the hospital. Location facility problems,
such as emergency service facilities, form an important class of location problems in optimization problems
[3], [4] and waste disposal place [5]. Until now, medical and health experts have always tried to improve the
quality of themselves, the profession, medical equipment, health managerial capabilities, and especially the
quality of health services [6], [7], for example, with integrated health management [8] or with a high
technology gadget to monitor the patient’s condition [9]. One of the things that determines whether a hospital
has good quality is the emergency department or emergency unit.

Therefore, hospitals are expected to be able to provide effective and efficient services to the
community of health service users. The effectiveness of patient care is an important indicator in assessing the
quality of health services. One of the healthcare facilities that has another very important role in providing
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health services to the community is the hospital [10]. Customer satisfaction can be achieved by providing
quality service to its customers. Health services, according to the Ministry of Health of the Republic of
Indonesia in 2009, are every effort organized individually or together in an organization to maintain and
improve health. Emergency services provided must meet good service quality [11]-[14]. Services in the
emergency unit will affect patient satisfaction and hospital image [15]. Services in the emergency department
(ED) [16], [17] play an important role in influencing patient satisfaction and hospital reputation.

Emergency unit (EU) location optimization in Palembang City hospitals aims to minimize the
average travel time from the location of customer requests to the nearest facility [18]. The best hospital
criteria that can be used are service, because it is the most important thing to determine quality [19], [20].
To further improve hospital operations, an information system can be developed [9].

This study seeks to implement the complex proportional assessment (COPRAS) [21]-[23] and
simple multi-attribute rating technique (SMART) [24], [25]. The COPRAS method is one method of making
a decision that assumes a direct and proportional dependence on the level of significance and usefulness of
alternatives. These methods can identify multiple criteria in making decisions. In addition, the COPRAS
method prepares attributes to be identified, normalizes the matrix, normalizes the weighted matrix, calculates
the maximum and minimum values of the index, calculates the relative weight, and calculates the quantitative
utility of each alternative. The COPRAS approach is known for ranking through several stages by evaluating
alternatives based on their level of significance and utility. Meanwhile, SMART is a multi-attribute decision-
making technique used to support decision-makers in choosing between several alternatives. The SMART
method has simple calculations and is easy to implement for handling randomness in uncertainty problems or
in a group decision-making approach [26]. The weighting calculation will produce a value for each
alternative to obtain the best and optimal alternative. The COPRAS method can be used to perform a ranking
with the main criteria used, assuming a direct and proportional dependence of the level of significance and
utility of all alternatives, including in an Industry 4.0 environment [27]. COPRAS emphasizes proportional
comparison between alternatives based on the relative weight of each identified criterion.

The scarcity in discussing both methods for choosing a public health facility needs to be resolved.
Therefore, the purpose of this research is to determine the most optimal alternative hospital emergency unit
(EUV) in each subdistrict based on predetermined criteria, based on the advantages of implementing COPRAS
and SMART as real-time networks applied.

2. RESEARCH METHOD
2.1. Data source
This research uses secondary data obtained from Hospital Online Palembang City in 2024. The data
consists of the number of subdistricts in Palembang City. Data were collected and verified during Quarter 1
of 2024 (January—March 2024) to ensure temporal consistency between operational hospital data and spatial
travel network data. The sources of data used in this study are as follows:
1. Hospital Online Palembang City (https://sirs.kemkes.go.id/fo/) to provide hospital operational data such
as the number of doctors, hospital class, and bed availability.
2. Google Maps to collect travel time and distance data from each subdistrict hospital with the EU.
3. Badan Pusat Statistik (BPS) Palembang City to supply demographic and administrative boundary
information for the 18 subdistricts of Palembang City.

2.2. Research variables and criteria

This study applies 9 evaluation criteria that represent accessibility, capacity, and service readiness of
hospitals in the EU. The selection of the nine criteria in Table 1 was based on their direct relevance to both
spatial accessibility and operational readiness of the EU. Each criterion represents a critical component of
emergency medical service performance and aligns with national health policies and previous studies. This
multidimensional structure supports decision-making under the set covering problem (SCP) framework,
allowing policymakers to determine optimal emergency hospital locations that maximize coverage and
accessibility for residents of Palembang City.

2.3. Methods
The research methods used in this study are as follows.
1. Determine the value of alternative linguistic weights for each subdistrict and criterion, as Table 1 explained.
2. Assign numerical weights to the 5 classifications for each subdistrict.
3. Determine the weight for each criterion in the 5 classifications. Rank the optimal hospital locations for
each subdistrict using the COPRAS and SMART methods.
4. Analyze and compare the results of the two methods.
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Table 1. Criteria
Code Criterion Definition Unit Type Data source
¢ Travel time Average duration from the subdistrict Minutes Cost Google Maps
center to EU
c, Distance Road network distance from the Kilometers Cost Google Maps
subdistrict to EU (km)
C3 Hospital class Classification based on service Ordinal Benefit Website Hospital
capability (A-D, where A is highest) (A-D) Online
Cy Service level Quality of emergency unit services Scale (0-1, Benefit Website Hospital
linguistic) Online
Cs Number of general ~ Total number of general practitioners Persons Benefit Website Hospital
practitioners available in EU Online
[ Number of Total number of specialist doctors Persons Benefit Website Hospital
specialists available in EU Online
c; Number of Class | Total available inpatient beds in Units Benefit Website Hospital
beds Class | Online
Cg Number of Class Total available inpatient beds in Units Benefit Website Hospital
11 beds Class Il Online
Co Number of Class Total available inpatient beds in Units Benefit Website Hospital
111 beds Class IlI Online

Figure 1 describes the flowchart of the methods. The selection of COPRAS and SMART methods in
this study is based on their simplicity, transparency, and compatibility with the nature of the data compared
to other MCDM approaches such as analytic hierarchy process (AHP), technique for order of preference by
similarity to ideal solution (TOPSIS), and VIseKriterijumska optimizacija | kompromisno resenje (VIKOR).
Both COPRAS and SMART provide a straightforward computational process that is easy to implement and
interpret, making them suitable for evaluating multiple alternatives under various criteria. COPRAS
emphasizes proportional comparison based on the significance and utility levels of alternatives, while
SMART applies a direct linear weighting technique to determine overall scores. These characteristics enable
both methods to produce transparent and consistent results without the complex pairwise comparisons
required by AHP or the iterative distance-based evaluations found in TOPSIS and VIKOR. Furthermore,
COPRAS and SMART effectively accommodate mixed data types, including linguistic assessments, fast,
near, good, and quantitative indicators, such as the number of doctors, number of beds, which are common in
healthcare service evaluations.

Step 1: Data Collection
Clollect sacondary data from RS Online and Goagle Maps
meluding travel time, distance, hospital elass, mumber of
general and specialist doctors, and mumber of beds.

Assign weights to each criterion usi

Step 2: Criteria Weighting
mguistic and numerical

seales based on significance

v

Step 3: COPRAS Method Steps
HMarmalize the decision matrix
Compute the weighted normalized matrix
Determi imizing and mi
Caleulate relative waights
Compute performance index and rank altemnatives

ertteria

!

v

Step 5: Comparizon and Validation

Step 4: SMART Method Steps
Assign criteria weights
Neormalize the weights
Determine utility values for cost and benefit criteria
Calculate total scores and rank alternatives

Compare rankings from both methods to datermine the most
optimal emergency hospital for aach subdistriet

Step 6: Integration with SCP
Intearate the results into the Set Covering Problem (SCF)
model to identify the optunal hespital locations that ensure
IMAXINNIN SEIVICE COVErage.

Figure 1. Flowchart of COPRAS and SMART method
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Their computational efficiency also supports the integration of real-time spatial and operational data
obtained from Google Maps and RS Online into the SCP framework. This integration facilitates the identification
of optimal hospital locations that ensure maximum coverage and accessibility. Therefore, COPRAS and SMART
are considered the most appropriate methods for this research due to their simplicity, transparency, flexibility in
handling linguistic and numerical data, and strong compatibility with spatial optimization models such as SCP.

3. RESULTS AND DISCUSSION

This section discusses the steps to optimize the EU of each subdistrict in Palembang City using
existing criteria by COPRAS and SMART methods. The use of these two methods is done to determine the
most optimal recommendation hospital for each subdistrict.

3.1. Rank the most optimal hospitals for each district using the COPRAS method
3.1.1. Add linguistic weights for Alang-Alang Lebar Subdistrict

In the linguistic weight table for Alang-alang Lebar subdistrict, for example c; is the linguistic weight for
the travel time criteria from the subdistrict to the hospital that has an EU facility, and so on, as presented in Table 2.

3.1.2. Add the numerical weights with Values in 5 Classification Weighting for Alang- Alang Lebar
District.

Based on the weight range for each criterion, Table 3 is the numerical weight data for Alang-Alang
Lebar Subdistrict.

Table 2. Linguistic weight of alternatives for Alang-Alang Lebar Subdistrict

Alternative Criteria
€1 C2 C3 Cyq Cs Ce C7 Cg Co

a; Fast  Verynear ClassA  Enough Little Very little  Very little  Very little ~ Much
a, Medium Medium Class B  Enough  Very little  Very little  Very little  Very little Very little
as Fast Near Class B Enough  Very little  Very little  Very little  Very little Very little
a, Medium  Near Class C Good Little Little Very little Little Little
as Fast Near Class B Enough Much Little Enough Little Little
ae Medium  Near Class C  Enough Very little  Very little Very little  Very little Very little
a, Long Jauh Class C Very good Very little  Very little  Very little  Very little  Little
ag Very long Medium Class B Enough Very much Very little Very little Little Much
aqy Very long Medium ClassC  Good Little Very little  Very little  Very little  Little
ao Long Near ClassB Good  Verymuch  Enough Enough Much Little
a; Long Medium ClassC  Good  Verylittle Verylittle Very little Very little Very little
a, Medium  Near  ClassC  Enough Little Very little  Very little  Very little  Very little
a3 Long Medium ClassC  Good  Verylittle Verylittle Very little Very little Very little
Qs Very long  Jauh Class C  Enough  Enough  Verylittle Very little Very little Very little
Qs Medium  Near ClassA  Enough  Enough  Verymuch Verymuch  Much  Very much
a6 Very long  Jauh Class C  Enough Much Very little  Very little  Very little ~ Enough
ay Long Medium ClassD Very good  Little Very little  Very little  Very little  Very little
g Fast Near Class B Good Much Little Little Very little  Very little

Table 3. Numerical weight table of alternative in Alang-Alang Lebar Subdistrict

Alternative Criteria

(&1 G C3 Cq Cs Co C7 Cg Co
a; 0.75 1 1 0.50 0 0 0 0 0.75
a, 0.50 050 0.75 0.50 0 0 0 0 0
a; 0.75 0.75 0.75 0.50 0 0 0 0 0
a, 0.50 0.75 0.50 0.75 025 0.25 0 0.25 0.25
as 0.75 075 075 0.50 0.75 025 050 025 0.25
ag 0.50 0.75 0.50 0.50 0 0 0 0 0
a; 0.25 025 0.50 1 0 0 0 0 0.25
ag 0 0.50 0.75 0.50 1 0 0 0.25 0.75
aqy 0 0.50 0.50 0.75 0.25 0 0 0 0.25
aqg 025 075 075 0.75 1 0.50 050 0.75 0.25
a, 0.25 050 0.50 0.75 0 0 0 0 0
a, 0.50 0.75 0.50 0.50 0.25 0 0 0 0
a3 0.25 050 0.50 0.75 0 0 0 0 0
Ay 0 025 050 0.50 0.50 0 0 0 0
a5 0.50 0.75 1 0.50 0.50 1 1 0.75 1
A6 0 0.25 050 0.50 0.75 0 0 0 0.50
a;; 025 050 0.25 1 0 0 0 0 0
aqg 0.75 075 075 0.75 0.75 025 0.25 0 0
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3.1.3. Determine the decision matrix for Alang-Alang Lebar Subdistrict
The matrix is as follows.

0.75 1 1 0.5 0 0 0 0 0.75
0.5 0.5 0.75 0.5 0 0 0 0 0
0.75 0.75 0.75 0.5 0 0 0 0 0
0.5 0.75 0.5 0.75 0.25 0.25 0 0.25 0.25
0.75 0.75 0.75 0.5 0.75 0.25 0 0.25 0.25
0.5 0.75 0.5 0.5 0 0 0 0 0
0.25 0.25 0.5 1 0 0 0 0 0.25
0 0.5 0.75 0.5 1 0 0 0.25 0.75
0 0.5 0.5 0.75 0.25 0 0 0 0.25
0.25 0.75 0.75 0.75 1 0.5 0.50 0.75 0.25
0.25 0.5 0.5 0.75 0 0 0 0 0
0.5 0.75 0.5 0.5 0.25 0 0 0 0
0.25 0.5 0.5 0.75 0 0 0 0 0

0 0.25 0.5 0.5 0.5 0 0 0 0
0.5 0.75 1 0.5 0.5 1 1 0.75 1

0 0.25 0.5 0.5 0.75 0 0 0 0.5
0.25 0.5 0.25 1 0 0 0 0 0
0.75 0.75 0.75 0.75 0.75 0.25 0.25 0 0

3.1.4. Calculate the normalized matrix
Xop =22 h=12,...,5 (1)

= ;
Yh=1Yab

X,p : Normalised decision matrix values.
Yap - Decision matrix of the a-th alternative on the b-th criterion.
r  : Number of alternatives.
s : Number of criteria.
The calculations are based on (1) as:

¢, =(0.75+05+075+05+0.75+05+025+0+0+0.25+0.25+05+0.25+0+05+0+0.25 +

0.75)=6.75dan Xy, = 222 =0.11, Xp; = -2 =0.07, X5y = 222=0.1
6.75 6.75 6.75

Then, the matrix is as:

0.11 009 009 004 0 0 0 0 0.18

0.07 005 007 004 0 0 0 0 0

0.11 007 007 004 0 0 0 0 0

0.07 007 005 006 004 011 0 0.11 0.6

0.11 007 007 004 0125 0.1 022 011 006

0.07 007 005 004 0 0 0 0 0

0.03 002 005 009 0 0 0 0 0.06

0 0.05 007 004 017 0 0 011 0.8

0 0.05 005 006 004 0 0 0 0.06

003 007 007 006 017 022 022 033 006

0.03 005 005 006 0 0 0 0 0

0.07 007 005 004 004 0 0 0 0

0.03 005 005 006 O 0 0 0 0

0 002 005 004 008 0 0 0 0

0.07 007 009 004 008 044 044 033 1

0 002 005 004 0125 0 0 0 0.12

0.03 005 002 008 0 0 0 0 0

0.11 007 007 006 0125 0.1 011 0 0

3.1.5. Determine the normalized weighted decision matrix.

The normalized weighted decision matrix is as follows.
D' = Xup Wy )

Where;

D’ :Weighted normalised matrix value.

X.» : Normalised decision matrix values.

W, : Numerical weighting of the classification on each b-th criterion.
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Then, based on (2), 4;; = (0.11) (0.17) = 0.02, A,; =(0.11) (0.17) = 0.02, ..., A;9g = (0) (0.08).
Then, the matrix generated is as follows:

0.02 0.02 0.01 0 0 0 0 0 0.01
0.01 0.01 0.01 0 0 0 0 0 0
0.02 0.01 0.01 0 0 0 0 0 0
0.01 0.01 0 0.01 0.01 0.1 0 0.01 0
0.02 0.01 0.01 0 0.01 0.1 0.02 0.01 0
0.01 0.01 0 0 0 0 0 0 0
0.01 0 0 0.01 0 0 0 0 0
0 0.01 0.01 0 0.02 0 0 0.01 0.01
0 0.01 0 0.01 0.01 0 0 0 0
0.01 0.01 0.01 0.01 0.02 0.03 0.02 0.03 0
0.01 0.01 0 0.01 0 0 0 0 0
0.01 0.01 0 0 0.01 0 0 0 0
0.01 0.01 0 0.01 0 0 0 0 0
0 0 0 0 0.01 0 0 0 0
0.01 0.01 0.01 0 0.01 0.06 0.04 0.03 0.02
0 0 0 0 0.02 0 0 0 0.01
0.01 0.01 0 0.01 0 0 0 0 0
0.02 0.01 0.01 0.01 0.02 0.1 0.1 0 0

3.1.6. Calculate of maximizing and minimizing i-index for each criterion
Sta =2p=1dap,a=12,..58_ s =Yi1dw,a=k+1L,k+2,...,1r (3)

Were,

S.+«: The maximum value of the index for each criterion.
S_q: The minimum value of the index on each criterion.
d,p,: Weighted normalised matrix.

1, Cy, C3, C7, Cg, ANd cq are cost criteria while c,, c5, and ¢, are the benefit criteria.
Using (3), then:

S_i=ctc,tegte,+cgteg, A =0.02+0.02+001+0+0+0.01=0.06, 4, =0.01 +0.01 +
0.01+0+0+0=0.03, .... Total cost or the minimum value is 0.06.

Syi=cytes+cg, A4, =0+0+0=0,4,=0+0+0=0..., A;53 =0.01 + 0.02 + 0.01 = 0.04. The total
benefit or the maximal value is 0.04. To calculate the relative weight using (4):

— S Z£=1S—a 4
Qu=Stat =T (4)
S—a2a=13_a

where:
Q. : Relative weight value of each alternative.

r  : Number of alternatives. For computing the value of Si then,
—-a

1

0.06

16.67,— = 14.624,— = 33.33,— = 50,— = 25— = 33.33 50 ¥ — = 654.238
0.07 0.03 0.02 .03 S_

’0.04 0 @

Then, Table 4 is obtained to show the alternative priority of Alang-Alang Lebar Subdistrict by
applying (4).

3.1.7. Calculate the performance index value of each alternative
The performance index value of each alternative is stated in (5), as follows:

= Qa_
Po = 5= (100) ®)

max

where:
P, : Performance index value of each alternative.
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Q. : Relative value or weight given to alternatives.
Qmax - Alternative value with the highest number of relative weights.
Then, the calculations using (5) are as follows:

0019 (100) = 14.814, P, = 222 (100) = 29.147, P, = 222 (100) = 21.718, ...
0.1317 0.1317 0.1317

P1=

From the results of the calculation process using the COPRAS method, the result is that the order of
P;from the first to the last rank can be seen from the largest P; value to the smallest, namely P, , is RSU Pusri,
P,z is RSUP Dr. Mohammad Hoesin, P,,is RSU Pertamina, P;, is RSU RK Charitas, Py is RSU
Muhammadiyah, P,, is RSU Karya Charitas, P,; is RSIA Tiara Fatrin, P;; is RSIA Az-Zahra, P, is RSIA
Kader Bangsa, P;g is RSUD Siti Fatimah, Pg is RSUD Palembang Bari, Ps is RSI Siti Khodijah, P, is Bunda
General Hospital, P;, is Sriwijaya General Hospital, P, is Palembang Lung Hospital, Ps is RSIA Bunda
Noni, P; is Eye Hospital, and the last order is P; is RSJ Ernaldi Bahar.

Therefore, the order of hospitals that have EU facilities that can be visited by the community in
Alang-Alang Lebar Subdistrict is RSU Pusri, RSUP Dr. Mohammad Hoesin, RSU Pertamina, RSU RK
Charitas, RSU Muhammadiyah, RSU Karya Charitas, RSIA Tiara Fatrin, RSIA Az-Zahra, RSIA Kader
Bangsa, RSUD Siti Fatimah, RSUD Palembang Bari, RSI Siti Khodijah, RSU Bunda, RSU Sriwijaya, RSK
Paru Palembang, RSIA Bunda Noni, RSK Mata, and the last is RSJ Ernaldi Bahar. Do the same calculation
as Alang-Alang Lebar subdistrict, with complete stages for Bukit Kecil, Ilir Barat I, Kertapati, Seberang Ulu
I, Seberang Ulu II, Ilir Timur I, Hir Timur I, Kalidoni, Kemuning, Plaju, Sematang Borang, and Sukarami
subdistricts.

Table 4. Alternative priority of Alang-Alang Lebar Subdistrict

Alternative S, S_ SL Q.
—-a
a, 0 0.06 16.67 0.0195
a, 0 0.03 3333 0.0384
as 0 0.04 25 0.0286
a, 0.02 0.04 25 0.0458
as 0.03 0.07 14.624 0.0462
ag 0 0.03 33.33 0.0358
a; 0.01 0.02 50 0.055
ag 0.02 0.04 25 0.0484
aqy 0.01 0.02 50 0.0651
aq 0.05 0.07 14.62 0.066
a, 0.01 0.02 50 0.056
a;, 0.01 0.03 3333 0.041
a3 0.01 0.02 50 0.056
Ay 0.01 0.01 100 0.1317
a5 0.07 0.12 8.33 0.0773
Ay 0.02 0.02 50 0.0705
a,; 0.01 0.02 50 0.0638
ag 0.03 0.04 25 0.0548

3.2. Ranking the most optimal hospitals for Alang-Alang Lebar Subdistrict applying SMART method
3.2.1. Determine criteria

In this study, there are 9 criteria used in ranking the most optimal hospitals, namely distance
traveled, travel time, level of service, number of specialists, and number of general practitioners from each
hospital that has an EU. Determine the criteria weight as Table 5 shows:

Table 5. Criteria weight for EU

Criteria Weight
Travel time from the subdistrict to EU 1
Distance from subdistrict to EU 1
Class of the hospital 0.50
Service level of the hospital 0.50
Number of general practitioners in each hospital 0.75
Number of specialist doctors in each hospital 0.75
Availability of class I beds 0.50
Availability of class II beds 0.50
Availability of class III beds 0.50

Multi-criteria optimization of emergency unit allocation using COPRAS and SMART ... (Evi Yuliza)



1426 O ISSN: 2252-8776

3.2.2. Determine the normalization of criteria weights

Normalization = ij (6)
j=1Wj

Were,
w; : Weight value of the j-th criterion.
2 w; . Total sum of all criteria weights.

¢, =(0.75+05+0.75+05+0.75+05+025+0+0+0.25+0.25+05+0.25+0+ 05+ 0+ 0.25 +
0.75 0.75 0.75

0.75)=6.75then X,; = —2=0.11, Xpy = —=>=0.07, X3; = 22 =0.11, ..., Xy51 = 22 =0,11, ...,
6.75 6.75 6.75 6.75
Co=(0.75+0+0+0.25+0.25+0+0.25+0.75+0.25+0.25+0+0+0+ 0+ 1+ 0.5+ 0 + 0) = 4.25,

0.75 0 0 0
X19_ E—O.].B,ng— E—O,ng— E—O,...,Xlgg—m—o
Then, the matrix is as follows.

0.11 009 009 004 0 0 0 0 0.18
007 005 007 004 0 0 0 0 0
0.11 007 007 004 0 0 0 0 0
007 007 005 006 0.04 0.11 0 0.11  0.06
0.11 007 007 004 0125 0.1 022  0.11 0.6
007 007 005 004 0 0 0 0 0
003 002 005 009 0 0 0 0 0.06
0 0.05 0.07 004 0.17 0 0 0.11  0.18
0 0.05 0.05 006 0.04 0 0 0 0.06
003 007 007 006 0.17 022 022 033 006
003 005 005 006 0 0 0 0 0
0.07 007 005 004 0.04 0 0 0 0
003 005 005 006 0 0 0 0 0
0 002 005 004 008 0 0 0 0
0.07 0.07 009 004 008 044 044 033 1
0 002 005 004 0125 0 0 0 0.12
003 005 002 008 0 0 0 0 0
0.11 007 007 006 0125 0.1 011 0 0

3.2.3. Determine the parameter values for each criterion
Parameter values for each criterion are described in Table 3.
Determine utility value,
a.  For criteria with the cost category, it can be calculated with (7) as follows:
Cout— Cmin (7)

]( l) Cmax— Cmin

b.  For favourable criteria (benefit), it is calculated with (8) as follows:

Cmax— Cout
uj (ai) - Cmax— Cmin (8)
Were,
u;j(a;) : j-th criterion utility value for i-th alternative.
Cmax - Maximum criterion score.
Cmin - Minimum criterion score.
Coyut - j-th criterion value.
Cost criteria (cq, ¢, ¢35, €7, CgCq) IS calculated by using (7) as follows:

_ (0.75- 0.75) _ _ (0.75—- 0,5) _ _ (0.75- 0.75) _
e(ay) =100 T === 0, ¢1(ap) = 100 -2 = 033,.... 1 (a1) = 100 === == 0
For benefit criteria (c,, cs, dan ¢;), the calculations by using (8) are as follows:
_ (0.5- 0.5) _ (0.5- 0.5) _ (0.75- 0.5) _
ci(ay) =100 s = 0, c,(a,) =100 s 0,...,ci(ag) =100 aon = 0.5
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3.2.4. Rank
From the results of the above calculations, the number of each criterion is obtained as follows:

a, = 0.19,a, = 0.44,a; = 0.33,a, = 0.47, as = 0.37,as = 0.42,a, = 0.65,as = 0.59, as = 0.64,
a10 = 0.53, all = 0.57, alz = 0.4‘5, a13 = 0.57, a14 = 0.7, a15 = 0.3, a16 = 0.69, a17 = 0.64‘, a18 =
0.48.

From the results of the calculation process with the SMART method, the results show that the order
of a from the first rank to the last rank, which can be seen from the largest to the smallest value, namely a,,
is RSU Pusri, a;¢ is RSU Pertamina, a, is RSIA Kader Bangsa, a,, is RSU Karya Charitas, aq is RSU
Muhammadiyah, ag is RSUD Palembang Bari, a,, is RSIA Tiara Fatrin, a5 is RSIA Az-Zahra, a,, is RSU
RK Charitas, a,g is RSUD Siti Fatimah, a, is RSU Bunda, a;, is RSU Sriwijaya, a, is Palembang Lung
Hospital, a¢ is RSIA Bunda Noni, as is RSI Siti Khodijah, a; is RSK Mata, a,5 is RSUP Dr. Mohammad
Hoesin, and a, is RSJ Ernaldi Bahar. By doing the same calculation as the Alang-Alang Lebar subdistrict,
with complete stages for the subdistricts of Bukit Kecil, Ilir Barat I, Kertapati, Seberang Ulu I,
Seberang Ulu I, Hir Timur I, Hir Timur 11, Kalidoni, Kemuning, Plaju, Sematang Borang, and Sukarami,
as stated in Figure 2.

Figure 2. Optimal location of emergency unit in Palembang

4. CONCLUSION

Based on the results and discussion, when applying COPRAS method, the optimal sequence of
hospitals that can be visited from each subdistrict is RSU Karya Charitas - RSUP Dr. Mohammad Hoesin -
RSU Pusri - RSU Pertamina - RSU RK Charitas - RSIA Az-Zahra - RSUD Siti Fatimah - RSI Siti Khadijah -
RSU Muhammadiyah - RSU Bunda - RSU Sriwijaya - RSUD Palembang Bari - RSIA Kader Bangsa - RSIA
Tiara Fatrin - RSK Mata - RSIA Bunda Noni - RSJ Ernaldi Bahar - RSK Paru Palembang. Meanwhile, by
applying the SMART method, the optimal sequence of hospitals that can be visited from each subdistrict is
obtained- RSU Pertamina - RSU Pusri - RSIA Az-Zahra - Siti Fatimah Hospital - RSU Muhammadiyah -
RSIA Kader Bangsa - RSU RK Charitas - RSUD Palembang Bari - RSIA Tiara Fatrin - RSU Sriwijaya -
RSK Mata - RSU Bunda - RSI Siti Khodijah - RSJ Ernaldi Bahar - RSUP Dr. Mohammad Hoesin - RSK
Paru Palembang - RSIA Bunda Noni. From the method used, the optimal hospital recommendation is
to use the COPRAS method because this method is easy to implement in the faithful calculation steps.
Lastly, future research is recommended to use other methods such as multi-objective optimization based on
ratio analysis (MOORA). In addition, several criteria can also be added such as the capacity of the ER unit,
availability of medical personnel, and availability of ambulance cars.
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