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Abstract. Finding the shortest path is one of the problems in graph theory. This research aims to apply
the Dijkstra algorithm in determining the shortest route for State Vocational School (SMK) students
throughout Yogyakarta. State Vocational Schools throughout Yogyakarta have several locations spread
across various regions, and determining the shortest path is crucial for students' time and transportation
efficiency. Dijkstra's algorithm was chosen because of its ability to find the shortest path in a weighted
graph, which can be applied to complex networks of school trajectories. The research method involved
collecting geographic data on schools, available transportation, and distance between locations. This data
is used to build a weighted graph representing the transportation network between State Vocational
Schools throughout Yogyakarta. The implementation of Dijkstra's algorithm is then carried out using a
python programming language. We hope the research results can map the shortest routes between schools,
minimize student travel time, and increase transportation efficiency. The practical implications of this
research include developing an information system or application that can help students, teachers, and
schools plan daily trips. Apart from that, the research results can also be a basis for developing methods
for determining the shortest route in the context of other schools or similar environments.
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1 Introduction

The background to this research theme emerged from the practical need to increase the efficiency of the route
management system in the State VVocational School environment in the city of Yogyakarta. In the context of
discrete mathematics, using Dijkstra's algorithm is an effective method for finding the shortest path in a
network. State VVocational Schools spread across Yogyakarta require an optimal route system to facilitate the
movement of students, educators, and education staff between various facilities and locations in the school.
The application of the Dijkstra algorithm will help optimize route settings by considering factors such as
distance, travel time, or even the complexity of accessible roads, thereby increasing the overall operational
efficiency of the school.

In addition, from a mathematical perspective, this research can be a real contribution to applying theoretical
concepts to relevant practical contexts. The application of Dijkstra's algorithm not only presents an opportunity
to dig deeper into the mathematical characteristics of the algorithm but also provides a concrete understanding
of how mathematics can provide practical solutions to everyday problems. This algorithm was found by
Edsger W. Dijkstra in 1956 [1,2,3]. Thus, the Dijkstra algorithm can be used to apply graph theory in
determining the shortest route in the network of the package delivery service companies. The shortest route is
generated by running the Dijkstra algorithm on the initial model graph, starting from the starting point to all
other points and returning to the starting point. Therefore, this research can open opportunities to improve the
understanding and application of mathematics in real-world contexts, especially in logistics and movement
management in educational environments. This initial model graph is a connected weighted graph, where the
weight is the mileage. We call a point in a graph a vertex. So, the starting point is the starting vertex. The
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shortest closed route generated from this algorithm can be either a cycle or a circuit. A cycle is a closed route
that visits a vertex once. Otherwise, it is a circuit. For example, S; = (2,3,4,2) is a cycle, but S, =
(1,2,3,4,2,3,5,1) isacircuit in a graph, where {1, 2, 3, 4, 5} is a vertex set of this graph [4].

Several related studies regarding the shortest route are the Fuzzy Dijkstra Algorithm [5], the Dijkstra
Algorithm for the Traveling Salesman Problem [6], Finding the shortest path using a Minimum Spanning Tree
with several algorithms [7, 9, 10, 11], and Logistics Distribution using Dijkstra Algorithm [8].

Finally, this research can positively impact time and resource management in State Vocational Schools
throughout Yogyakarta, which in turn can improve operational efficiency and provide a better experience for
school users. By combining mathematical understanding and technological applications, this research can be
a model of how the discipline of mathematics can significantly contribute to overcoming practical challenges
in the fields of education and school management.

2 Dijkstra Algorithm

2.1.Dijkstra Algorithm Experiment

We give the steps of the Dijkstra Algorithm below

a. Select the starting node (Node 0 / UNP student dormitory).

b. Determine the nodes that are directly connected to the initial.

c. Choose the node with the fastest travel time.

d. Make a permanent setting that connects the initial and the selected nodes in step 1.

e. Determine all nodes that are directly related to those in permanent settings.

f. Choose the node with the fastest travel time that is directly related to those on the permanent
settings.

g. Repeat steps 4, 5 and 6 until the final node (Node T / UNP Library) is incorporated in the

permanent settings.

2.2 Dijkstra Algorithm Pseudocode

To make calculations more accessible, we use software tools to find the shortest route using the Dijkstra
algorithm [13].

function Dijkstra(Graph, source):

for each vertex v in graph.Vertices:
dist[v] « INFINITY
prev[v] < UNDEFINED
addvtoQ

dist[source] «— 0

while Q is not empty:
u < vertex in Q with min dist[u]
remove u from Q
for each neighbor v of u still in Q:

alt «— dist[u] + Graph.Edges(u, v)
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if alt < dist[v]:
dist[v] « alt
prev[v] «—u

return dist[], prev[]

3 Research Methods

The flow of research methodology can be described as follows. First, collecting of customer location/address
data. Then, location data is processed into distance data from one location to another. Second, this data is
constructed as an initial model, i.e., a connected weighted graph. Third, run the Dijkstra algorithm on this
graph to obtain the shortest route. This shortest route should visit all schools and return to the first schools.
Thus, this route is a subgraph of the initial model graph.

The steps for creating a Djikstra Algorithm table are as follows:

1. Create a table with columns as values or distance from nodes while rows are node positions.

2. Select the starting and destination nodes (the condition is that they must be directly connected).
3. Calculate the value or distance of several selected destination nodes.

4. Choose the smallest value or distance if all nodes have been tested.

5. The selected node becomes the reference node for the next stage.

6. Continue repeating from No.2 until all nodes have been tested or the destination node has found the shortest
distance or value.

The initial model graph is obtained from the distance map between vocational schools in Yogyakarta based
on the Google Maps application [12]. We give the map below.

Figure 1. Maps of Vocational Highschool in Yogyakarta

Thus, the initial model graph of this algorithm is a connected weighted graph, namely D given below.
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Figure 2. The initial model graph D

4 Results and Discussions

The results of the discussions are associated with the Network Map over Vocational High School in
Yogyakarta. Then, we obtained the shortest path using the Dijkstra algorithm, shown in Table 1.

Table 1. Implementation Dijkstra Algorithm

W(u.v) A B C D E F G H
A 0* o) 00 0o o) 3.2 1.7 00
G 0* 3.7 3.8 o) o 3.2 1.7* o0
F 0* 3.7 3.8 6.5 4.6 3.2* 1.7* 3.85
B 0* 3.7 3.8 6.5 4.6 3.2* 1.7* 3.85
C 0* 3.7 3.8* 6.5 4.6 3.2* 1.7* 3.85
H 0* 3.7 3.8* 6.5 4.6 3.2* 1.7* 3.85*
E 0* 3.7 3.8* 6.5 4.6* 3.2* 1.7* 3.85*
D 0* 3.7* 3.8* 6.5* 4.6* 3.2* 1.7* 3.85*
Table 2. Detail Route of Graph D

Initial Point — End Point Route Total Distance

A-A 0

A-B A-G-B 3.7

A-C A-G-C 3.8

A-D A-F-D 6.5

A-E A-F-E 4.6

A-F A-F 3.2

A-G A-G 1.7

A - A-F-H 3.85

Information:

A: SMK N 1 Yogyakarta
B : SMK N 2 Yogyakarta
: SMK N 3 Yogyakarta
: SMK N 4 Yogyakarta
: SMK N 5 Yogyakarta
: SMK N 6 Yogyakarta
: SMK N 7 Yogyakarta
: SMK N Teknologi Industri Yogyakarta

I o m m o O
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Table 1 shows the weight of every vertex to the others, and the shortest path from SMK N 1 Yogyakarta to
other Vocational Schools is between 1,7 kilometers and 6,5 kilometers, with detail given in Table 2. Table 2
shows that all possible routes from point A to other points include the distance needed to reach them. So, we can conclude
how to reach them effectively from point A.

4 Conclusions

According to Table 2, 7 alternative routes were obtained using the Dijkstra algorithm; the total distance is
shown in Tables 1 and 2. Therefore, based on the findings, it is concluded that the travel distance from SMK
N 1 Yogyakarta to SMTI Yogyakarta is 0,05 km shorter than that from Google Maps. So, we can get a model
of how the discipline of mathematics can significantly contribute to overcoming practical challenges in
education and school management.
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