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Abstract—This study aims to develop a web-based hospital recommendation and mapping system
utilizing Dijkstra's algorithm and the Analytical Hierarchy Process (AHP) approach. The AHP method is used
to determine the best hospital based on various criteria, such as the number of inpatient rooms, number of
doctors, security, hospital class type, and available facilities. Meanwhile, the shortest path to the destination is
determined using Dijkstra's method to the recommended hospital. 12 hospitals served as the research subjects
for a case study carried out in Lhokseumawe City. The results show that Cut Meutia Lhokseumawe Hospital
is the best recommendation with the highest ranking value of 0.21. Furthermore, Dijkstra's algorithm for
finding the shortest route showed that the distance from the starting point in Gampong Batuphat Timur to the
recommended hospital is 17,375 meters. This developed system can assist the public in selecting the best
hospital while also finding the fastest route to reach it.
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I. INTRODUCTION

This Decision making in determining optimal recommendations requires a
systematic method so that the decision making process is more structured and objective.
With the right method, the recommendation results can be more in line with the
information needed by the user [1]. One important aspect in decision making is the choice
of hospital, which is a consideration for the community because each hospital has
different levels of service, facilities and patient recovery rates [2].

Lhokseumawe City has 12 hospitals with various types of classes, facilities, and
various numbers of medical personnel. Hospitals have a strategic role in improving public
health, so a system is needed that can increase accessibility to health services and
maintain public trust [3]. Therefore, a decision support system is needed that not only
provides hospital recommendations, but may also efficiently map the locations of
hospitals to give the public more thorough information [4].

One method that can be used in a hospital recommendation system is the Analytical
Hierarchy Process (AHP) method. This method allows decision making based on various
predetermined criteria using a paired comparison scale [5]. The AHP method was chosen
because this method has the ability to handle decisions involving many criteria by
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considering the level of importance of each factor hierarchically [6]. In this study,
hospital recommendations will be based on several main criteria, such as security level,
hospital class type, number of doctors, number of inpatient rooms, and available facilities.

In addition to recommendations, this system also provides a hospital mapping
feature which is part of the Geographic Information System (GIS) [7]. This mapping
serves to store and present geographic information about hospitals so that users can easily
find out the location and distance of the hospital from their starting location [8]. To
determine the fastest route to the destination hospital, this study implements Dijkstra's
Algorithm. This algorithm works by determining the quickest route from a starting
location to a destination point based on a certain weight, in this case the distance traveled
[9]. Dijkstra's algorithm was chosen because of its reliability in finding optimal paths
with lower complexity compared to other algorithms such as A* [10].

In the research conducted by [1], the research aimed to assess the best hospitals in
Central Lampung, making judgments by applying the Analytical Hierarchy Process
(AHP). However, this study has a major difference, namely by adding a website-based
system approach that not only provides hospital recommendations based on established
criteria, but also calculates the quickest path to the recommended hospital using the
Dijkstra Algorithm. In addition, This study offers solutions in the form of a more
interactive web-based system and focuses on the Lhokseumawe region. A website-based
system was chosen because a website is a system that connects various web pages that
interact with each other [11].

Therefore, the purpose of this study is to create a website-based hospital
recommendation and mapping system by using Dijkstra's algorithm for route optimization
and the Analytical Hierarchy Process (AHP) approach for decision making. The main
contribution of this research is the development of a system that integrates decision-
making methods and GIS-based navigation systems to provide a comprehensive solution
for the community in determining the hospital that suits their needs and facilitating access
to the selected hospital.

This study aims to create a mapping and recommendation system for hospitals, so
that people in Lhokseumawe City can easily choose a hospital that suits their needs. It is
anticipated that this will improve the city's health services' efficacy and efficiency, while
providing a better service experience for the community.

Il. METHODOLOGY

The methods used in this study include literature study, needs analysis, data collection,
design of the, implementation of the,testing of the system and evaluation of the system.
The method in this study will be described using the waterfall approach which will be
illustrated in Figure 1 below.

| Literature Study

7 N
| Needs Analysis
| Data collection

h
| System Design
’System Implementation

| System Testing

| System Evaluation

Figure 1. Research Flowchart
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A. System Scheme

The System Scheme is a stage in the implemented system, in this system it will go
through several stages, namely, inputting criteria and alternative values, data processing
using AHP, displaying recommended hospitals, selecting objects, processing the shortest
route using the Dijkstra algorithm and displaying objects and distances. The system

scheme is illustrated in Figure 2 below.

Input criteria and
alternative values

I Data processing using AHP I

/Bet recommended hospital/

| Choose a hospital I

v

Shortest route processing
using Dijkstra's algorithm

/display shor’testdistance/

Figure 2. System Scheme

B. Analytical Hierarchy Process (AHP)

An approach to decision-making that is frequently employed is the Analytical
Hierarchy Process (AHP). Thomas L. Saaty created this technique in the early 1970s,
Because it may deconstruct complicated issues into more straightforward hierarchical
patterns, AHP is frequently utilize [12]. According to [13], There are several stages in the
AHP method, including:

1. Describe an issue and decide on a preferred fix.
2. As shown in Figure 3, create a hierarchical structure that begins with the primary

goal.
Purpose
Criteria 1 Criteria 2 Criteria 3
Alternative 1 Alternative 1 Alternative 3

Figure 3. Hierarchy Structure

3. Make a matrix for pairwise comparisons. by outlining each element's influence
on the criteria or alternatives at the same level above it and conduct a pairwise
comparison using an importance scale of 1-9. If an element is compared to itself,
the comparison result will be given a value of 1.
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Table 1. Scale of Interest
Value Explanation

Criteria or alternatives A is equally significant as additional standards or
options.
Criteria or alternative A is somewhat more significant than the other

3 criteria or alternatives.

5 Criteria or alternative A is more important than other criteria or
alternatives

. Criteria or alternative A is clearly more important than other criteria or
alternatives

9 Criteria or alternative A is absolutely more important than other criteria

or alternatives

Intermediate values indicate that a Criteria or alternative A is slightly
2,4,6,8 | more important, more important, clearly more important, or absolutely
important than other criteria or alternatives.

If criteria or alternative B is compared with A, then the inverse value is

The_ 1/value of A (example: if A =3 compared to B, then B = 1/3 compared
Opposite
to A)
4. Normalize the table by dividing the number of rows.
5. Calculate the vector priority value by adding each row and calculating the weight

value that can be obtained by using the vector priority / n matrices method.
6. Multiply the weight derived from normalization by the sum of the values for each
column in the matrix to determine the eigenvalue.
7. Assessing the degree of consistency in the decisions that support them is crucial.
Things done in this step are:
e Calculate the Consistency Index (CI) value using the formula:

Cl = (eigennv_allue—n) (1)
e Calculate the Consistency Ratio (CR) value using the formula:
cr==: (2)

The following table makes the Random Index (RI) value clear:

Table 2. Random Index Table
n 1 2 3 4 5 6 7 8 9 10

RI 0 0 058 | 09 112 | 124 | 132 | 1,41 | 145 | 1,49

8. Verifying the value of hierarchical consistency. The data assessment needs to be
adjusted if the value exceeds 10%. Nonetheless, the computation result can be
deemed accurate in the event that the consistency ratio is 0.1 or less.

C. Dijkstra's Algorithm

Dijkstra's algorithm was first introduced by Edsger W. Dijkstra in 1959. This
algorithm is widely used in various fields, such as navigation systems, computer
networks, and geographic information systems, because of its ability to find the shortest
path efficiently in a weighted graph that does not have negative weight edges [14].
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An efficient algorithm is Dijkstra's algorithm in providing the shortest path from one
location to another in a graph [15]. The principle of the Dijsktra algorithm itself is to
search for points at a location by searching for the two shortest paths [16]. Dijkstra's
algorithm works with a greedy approach, namely at each iteration, it chooses the edge
with the smallest weight that connects the processed node to the unprocessed node [17].
This process is repeated until all nodes are connected, with the goal of determining the
shortest route between the source node and every other node [18].

The goal of this technique is to determine the lowest weight path between each node
in graph G and the source node S, by selecting the edge with the smallest weight at each
step [19]. A collection of vertices (GV) and a set of edges (GE) make up a weighted
graph G, where each edge has a weight indicating the distance or cost to move from one
vertex to another [20].

G=(V,E) (3)

In the context of geographic information systems (GIS), Dijkstra's Algorithm is
very useful for mapping and finding the fastest or shortest route, for example in mapping
applications for hospitals, cafes, salons, or other public facilities [21]. This is because the
graph can be represented as a road network, nodes as locations, and weights as the
distance or travel time between these locations [22].

I11. RESULT AND DISCUSSION

The findings from the website's examination and testing of the hospital
recommendation and mapping system utilizing the Dijkstra algorithm and the Analytical
Hierarchy Process (AHP) approach. This system can sort hospitals based on the largest to
smallest preference values for hospital recommendations and the closest route to the
hospital.

A. Manual Calculation Method Analytical Hierarchy Process (AHP)

Hospitals in this study will be assessed based on criteria and alternatives. The
following is a table of criteria and alternatives that will be used for the calculation of the
AHP method.

Table 3. Criteria

Criteria Code
Number of Doctors C1
Security C2
Facility C3
Number of Inpatient Rooms C4
Hospital Class Type C5

Table 4. Alternative

Alternative Code
Arun Hospital Al
Prima Inti Merdeka Hospital (PIM) A2
Cut Meutia Hospital Lhokseumawe A3
Az-Zuhra Hospital Lhokseumawe A4
Bunga Melati Hospital A5
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Bunda Hospital Lhokseumawe A6

Kasih Ibu Hospital Lhokseumawe AT

Abby Mother & Child Hospital A8

PMI Hospital Branch North Aceh A9

Sakinah Hospital Al10

Tk. IV Kesdam Hospital All
Lhokseumawe

Metro Medical Center Hospital Al2

Se have set the criteria and alternatives, Afterward, a pairwise comparison matrix of
kriteria must be created. This comparison is done by comparing the value of the elements
that match the given criteria.
Table 5. Pairwise Comparison Matrix

Criteria c1 C2 C3 C4 C5

C1 1 3 3 3 4

C2 1/3 1 1/3 2 1/3

C3 1/3 3 1 2 2

C4 1/3 1/2 1/2 1 1/2

C5 1 3 1/2 2 1
Amount 2,25 105 | 5333333 10 7,8333333

The next step is to create a matrix normalization table obtained from the values in
each cell/column divided by the amount obtained, then find the vector priority value by
adding each row. And find the weight value obtained from the vector priority value
divided by n matrices (the number of criteria elements).

Table 6. Matrix Normalization

C1 C2 C3 C4 C5 P. Vektor Weight
C1 | 0,44444 | 0,285714 | 0,5625 | 0,3 | 0,510638 | 2,103297028 | 0,420659
C2 0,15 0,095238 | 0,0625 | 0,2 | 0,042553 0,55 0,109688
C3 0,15 0,285714 | 0,1875 | 0,2 | 0,255319 | 1,076681583 | 0,215336
ca 0,15 0,047619 0,05937 01 | 006383 0,453346983 | 0,090669
C5 0,11 0,29 0,09 0,20 | 0,06383 | 0,818234971 | 0,163647

Make sure the total of the weight values is 1, if it is not 1 then the calculation is
definitely wrong. Next, find the eigenvalue, the eigenvalue is obtained from the weight
value in the matrix normalization table multiplied by the number in the comparison

matrix table.
Table 7. Eigen Value
C1 C2 C3 C4 C5 Amount
0,94648366 | 1,15172281 | 1,14846035 | 0,90669396 | 1,28190 | 5,43526225
3 3 5 6 1 2
After obtaining the eigenvalue, The Consistency Index (Cl) value must then be
determined.
Cl =(5,435262252-5) / (5-1) = 0,108815563
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Finding the Consistency Ratio value (CR) comes next after obtaining the CI
value.

CR =0,108815563 /1,12 =0,097156753

The value of 1.12 is obtained from the sum of n matrices based on the Random Index
(RI) table.

After that, ensure the Consistency Ratio (CR) value <= 0.1 then the matrix is said to
be consistent, but if the CR value > 0.1 then the matrix is inconsistent and can be
recalculated.

After the calculation process above, the next step is the ranking process this is
displayed in the table that follows.

Table 8. Ranking Results

C1 Cc2 C3 C4 C5 Total Rank
Al 0,14045 | 0,11 | 0,14 | 0,13 0,1 0,12409 2
A2 0,07492 | 0,07 0,1 0,05 | 0,05 | 0,06898 5
A3 0,20524 | 0,23 0,2 0,23 | 0,22 | 0,21705 1
A4 0,03353 | 0,04 | 0,03 | 0,04 | 0,04 | 0,03671 12
A5 0,056314 | 0,04 | 0,04 | 0,07 | 0,04 | 0,04863 9

A6 0,06637 | 0,04 | 0,07 | 0,07 0,1 0,06927
A7 0,03353 | 0,08 | 0,08 | 0,11 | 0,09 | 0,07871
A8 0,07643 | 0,15 | 0,11 | 0,04 0,1 0,09529

A9 0,04894 | 0,04 | 0,03 | 0,04 | 0,04 | 0,03979 11
Al10 | 0,05159 | 0,05 | 0,04 | 0,04 | 0,04 | 0,04432 10
All | 0,14093 | 0,09 | 0,11 | 0,12 | 0,12 | 0,11619

Al2 | 0,07492 | 0,06 | 0,05 | 0,08 | 0,05 | 0,06298 8

B. Manual Calculation Method Dijsktra's Algorithm

Dijkstra's algorithm is applied after getting the recommended hospital. Cut Meutia
Hospital Lhokseumawe is the recommended hospital based on the process known as the
Analytical Hierarchy Process (AHP) computation.
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Figure 4. Weighted Graph

Based on the image above, the points of each cut are obtained to go to Cut Meutia
Hospital Lhokseumawe. Based on the image, it can also be seen that the points are
connected so that the formula can be used:

dist[x] « min { dist[x], dist[u] + c[u, x]} (@))]

Dist[x] is the item's lowest value dist[X] the previous one compared with dist[u] which
was the previous permanent point + c[u,X] is the distance between the next permanent
point and the preceding one. So, the points that will be passed are as follows:

S0 —-S1—-S2—->S3—>S4—>S5—S6—>S7—S8— S34 - S23 — S24
— S25 — S26 — S27 — S28

C. Website Implementation

Website implementation is a visualization of the output of the recommendation and
mapping system that has been created. System implementation is also useful to see
whether the system is running well or there are still things that need to be fixed or added.

Figure 5. Criteria Weighting Page
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This page will display the results of the hospital criteria value calculation process. The
admin has decided the value of each weight comparison, and this value is the outcome of
the AHP method computation.

Matriks Nilai Alternatif

i
p—
«

Figure 6. Alternative Weighting Page
The outcomes of calculating the sub-criteria's alternative value will be shown on this
page. This value is the result of the calculation of the AHP method and the value of each
weight comparison has been determined by the admin.

Figure 7. AHP Calculation Page

The outcomes of the AHP computation and the rating of recommended hospitals will
be shown on this page. The AHP calculation can be run if the admin has input the criteria
weight value on the criteria weighting page and the alternative sub-criteria weight value
on the alternative weighting page. The results of this ranking will be used as a hospital
recommendation for users.

&) HOME  REKOMENDASIRS  PETA DJIKSTRA

®, PN Spesiais:

Rumah Sakit Cut Meutia Rumah Sakit Arun RS Tk. IV Lhokseumawe Kesdam

Lhokseumawe Z Akreditasi: Paripurna L Akreditasi: Paripurna

2 Akreditask: Paripurna
B Tipe Kelas: C B Tipe Kelas: C

¥ Peringkat: #

Figure 8. Hospital Recommendations Page
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This page will display hospital recommendations that have been calculated by the
AHP method so that users can choose the recommended hospital. Users can also choose
specialists available at the hospital.

Lokasi

Figure 9. Shortest Routes page

This page will display the shortest route based on the user's initial location to the
hospital selected by the user. This page will also display the route and the total distance to
be traveled.
D. System Architecture

To provide a more comprehensive explanation of the developed system, this section
describes the technical implementation aspects, including system architecture, backend
technologies, data privacy, and system performance.

System Architecture

The system adopts a client-server architecture, where the frontend interface is
accessed via a web browser, and the backend processes data and manages logic. The
application is developed using the PHP programming language, and MySQL as the
relational database. The architecture separates the user interface layer from the business
logic and data access layers to enhance maintainability and scalability.

Backend Technologies and GIS Integration

The backend handles AHP calculations, alternative rankings, and shortest path
analysis using the Dijkstra algorithm. The calculation logic is implemented within
controller functions, and data is dynamically retrieved from the database. For geographic
visualization, the system uses the Leaflet.js JavaScript library to render interactive maps.
Hospital location data and route nodes are stored in spatial format, allowing real-time
mapping and route rendering.

Data Privacy and Security

User data privacy is considered in the system design. The system does not store
sensitive user information permanently. The only user input required is the starting point
location for route calculation, which is processed temporarily. The admin panel is
protected by session-based login authentication, and input validation is performed at both
frontend and backend to prevent SQL injection and unauthorized data manipulation.

System Performance

Performance testing using browser-based tools (Google Chrome DevTools) shows that
the average system response time for core processes, such as AHP ranking generation and
shortest route calculation, ranges between 1.2 to 2.8 seconds, depending on the number of
alternatives and complexity of the route graph. This indicates that the system can handle
user requests efficiently and is suitable for real-time usage.

10
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IV. CONCLUSION

Considering the outcomes of the trial at 12 hospitals in Lhokseumawe City, It was
discovered that the test findings using the Analytical Hierarchy Process (AHP) approach
produced a ranking value of 0.21, which is owned by Cut Meutia Hospital Lhokseumawe.
The results of the top 3 hospital rankings from the AHP calculation are Cut Meutia
Hospital Lhokseumawe, Arun Hospital Lhokseumawe and Tk. IV Kesdam Hospital
Lhokseumawe. Based on this, Cut Meutia Hospital Lhokseumawe is the recommended
hospital in Lhokseumawe City. Based on the results of the trial using the Dijkstra
algorithm, the shortest path to the recommended hospital, namely Cut Meutia Hospital
Lhokseumawe and using the starting point of Gampong Batuphat Timur, the closest
distance was 17,375 meters. To validate the accuracy and applicability of the shortest
path generated by the system, a comparison was made with Google Maps using the same
starting point (Gampong Batuphat Timur) and the same destination (Rumah Sakit Cut
Meutia Lhokseumawe). The comparison results show that the path generated by the
system is in line with the main route recommended by Google Maps, both in terms of the
road sections traveled and the estimated total distance. This proves that the
implementation of the Dijkstra algorithm in the system has accurately reflected the real
conditions in the field and can be used as a reference in making decisions about the
fastest route. Considering the findings of the study that has been conducted, it can be
concluded that this research produces a hospital recommendation and mapping system
that can provide hospital recommendations and search for the shortest route from each
hospital location based on the user's initial location.
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