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The socio-demographic conditions of the region have an influence on the 
transportation performance in the region. This study aims to determine the shortest 
path between two specified points, namely the starting and the end point of several 
sub-districts in Medan city, especially the sub-district of Medan Amplas. To get the 
output, several steps are needed, namely collecting the coordinates of street names and 
road lengths, which is obtained from Google maps. Graphs are used to present the 
data. Data analysis is used by Floyd–Warshall Algorithm with HTML Web 
Application supported by PHP programming language, JavaScript and MySQL 
database. The test results using the Black Box method show that the system 
functionality is 100% running well. For testing, the results of the final W_ij and Z^* 
final matrix calculations generated by the system is same with the manual calculations. 
Finally, to test the reliability of the system made, the results of the reliability test show 
the truth of working well and it can be accepted. There are no path deviations, so that 
the results are as expected 
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INTRODUCTION 
In this modern era, the whole world uses the 

road as one of the most useful media and it is often 
used for transportation and travel. Manipulation of 
the shortest path between various locations seems to 
be a major problem in the road network. Utilizing the 
shortest transportation route to arrive at a destination 
is the need of every individual and the most 
important thing is to be able to arrive in a short time. 
Various applications and products are introduced to 
solve or overcome difficulties by developing shortest 
path algorithms for road networks (Alam & Faruq, 
2019). Indonesia is a vast country with a number of 
large cities that have a modern highway network that 
continues to develop. The city of Medan is a large 
city with rapid growth, so there may be new road 
construction or expansion projects taking place after 
2022. For more detailed and up-to-date information 
about modern highways in Medan, you should 
contact your local government or other sources the 
latest news. Development of Indonesia's road 
network continues, with many toll road expansion 
and construction projects underway (Soemardi & 
Pribadi, 2021). The existence of this toll road helps 
improve connectivity between cities and facilitates 
the mobility of people and goods. This information 
is based on my knowledge as of 2022, and it is 
possible that there have been developments and 
changes since then. 

The main function of roads is as transportation 
infrastructure that allows the movement of people 
and goods from one place to another (Surya et al., 
2020). Highways are the backbone of land 
transportation systems throughout almost the world. 
Highways provide access for individuals to move 
from home to work, schools, shopping centers, and 
various personal destinations (Situmorang, 
Trilaksono, & Japutra, 2019) This provides 
individual mobility which is important in everyday 
life. Highways provide access for individuals to 
move from home to work, schools, shopping centers, 
and various personal destinations. It provides 
individual mobility which is important in everyday 
life. 

Roads are the main routes for the transport of 
goods and supplies (Malisan, Marpaung, Hutapea, 
Puriningsih, & Arianto, 2023). Roads facilitate trade, 
distribution of goods, and efficient supply chains. 
Highways provide access to public services such as 
hospitals, schools, and health facilities. They are also 
important in case of emergency evacuation. Then it 
also supports economic growth by connecting 
production areas with markets and customers (Li, 
2020). They allow access to rural and urban areas, 
which play an important role in economic activity. 
Highways help facilitate tourism by connecting 
tourist attractions with city centers and 
accommodation. This helps regional economies that 
depend on tourism. Highways provide access to 
educational institutions such as schools, colleges, 
and universities, which are important in developing 
human capacity and educational progress. Another 
impact is reducing congestion and greenhouse gas 
emissions through improving sustainable mobility, 
such as public transportation, bicycles and 
pedestrians (Pojani & Stead, 2015). 

Roads help in the dissemination of information 
and communications by facilitating the installation 
of telecommunication networks and cables. Highway 
construction can trigger growth and development of 
certain areas. They can open up remote areas for 
investment and infrastructure development. Being a 
gathering place for road users, highways have an 
important role in promoting traffic safety and 
reducing the risk of accidents (Schepers, Twisk, 
Fishman, Fyhri, & Jensen, 2017). Highways play a 
role in connecting country to country, making them 
an important element in global connectivity and 
international trade. In the modern era, highways also 
increasingly involve technology, such as traffic 
management systems, GPS navigation, and smart 
sensors to increase efficiency and safety for road 
users (Putra & Warnars, 2018). In addition, the 
emergence of electric cars and autonomous vehicles 
will also bring significant changes in the function of 
roads in the future. 

The network is a system of points with a 
distance between the two points. A common problem 
with networks involves finding the shortest path 
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between one point in a network and another. The 
search for the shortest path is a problem that has been 
discussed and studied the most since the late 1950s. 
The shortest path problem is generally explained 
using the concept of a graph, which can be either a 
directed graph or an undirected graph (Bernstein, 
2013). The edges of an undirected graph can be 
considered to allow trips in both directions. 
Conversely, an edge in a directed graph can only be 
used for one-way travel. Usually in determining the 
shortest path using a weighted graph (Sadavare & 
Kulkarni, 2012). 

In graph theory, the shortest path problem is to 
find a path between two vertices in weighted directed 
graph in order to minimize the weights of the 
constituent edges (Sadavare & Kulkarni, 2012). In 
this study the data used is data from the two-way road 
network observation which is divided based on 
several sub-districts in Medan city, where 
observations are carried out only for Medan city sub-
district by using a google maps with the aim of 
knowing the roads in the Medan district and the 
length of a road traversed. Medan city is one of the 
big cities in Indonesia with a very dense population. 
In addition to many immigrants, especially many 
students who migrate. The people of Medan city 
often face problems in using public transportation. 

The graph consists of three key point, namely 
vertices, edge, and weights. In this study, the vertices 
of graph are represented as street names in Medan 
Subdistrict, the edges represent roads which connect 
the street names in Medan Subdistrict and the edge 
weights represent the length of the road network. 

The difficulty in determining the shortest path 
arises because there are many existing roads from 
one area to another, making it possible to choose an 
alternative path if there is an obstacle on the main 
shortest road. The need to find the shortest path and 
the fastest travel time is also taken into account to 
avoid losses. In finding the shortest path, the more 
points and lines on the graph, the more complicated 
it will be (Mardlootillah, Suyitno, & Arini, 2014). 
The transportation network in big cities like Medan 
in general has a complicated network. People will 
know the road that must be passed to get to the 

destination they usually visit, but if the destination 
has never been visited on average, they are often 
difficult to determine the path that must be passed to 
reach it. So far, people will ask other people who 
know very well about the transportation network in 
the city. So that the trajectory they take will likely be 
longer and require more time and effort. 

The preceding study about the selection of the 
best route using the Dijkstra algorithm for 
transportation network analysis have been studied by 
Ojekudo & Akpan (2017). This study addresses 
Dominion Paints Nig. Ltd's problem of transporting 
their products from their manufacturing plant to sales 
outlets by presenting an analysis of the shortest path 
using Dijkstra's Algorithm, and it was concluded that 
the best paths found from the analysis will save the 
company less distance in transporting the paints 
while also minimizing time and cost of fueling their 
vehicles (Ojekudo & Akpan, 2017). Another 
algorithm to determine the best route is Floyd-
Warshall algorithm. To detect the occurrence of 
negative cycles, the Floyd-Warshall algorithm might 
be utilized. Some existing Floyd-Warshall algorithm 
implementations will fail because exponentially 
huge numbers may arise during execution 
(Hougardy, 2010). Conducted research titled Use of 
the Waterfall Method for the Development of a Rural 
Monitoring and Evaluation System. The rural 
monitoring and evaluation system is developed using 
modeling diagrams, specifically UML, and testing is 
performed after the system design step is done 
(Tristianto, 2018). 

For each and every pair of pertinent nodes, the 
Floyd-Warshall method is more effective than a 
single-pair shortest path approach (Aziz, Farid, & 
Suryani, 2017). The Floyd-Warshall algorithm, also 
called the plum point method, is a dynamic 
programming strategy used to identify the shortest 
route between nodes in a given weighted graph. 
Floyd-Warshall in an effort to make computations 
simpler. Finding the shortest path can be made 
simpler by using it (Dela Cruz et al., 2016; Nova et 
al., 2023). For every side of every node, the Floyd-
Warshall algorithm will compare all potential path 
trajectories. The distance is determined by adding the 
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weighted total of the shortest pathways between each 
pair of vertices during one algorithm iteration (Aziz 
et al., 2017). 

This study aims to determine the shortest path 
between two specified points, namely the starting 
and the end point of several sub-districts in Medan 
city, especially the sub-district of Medan Amplas. 
The search for the shortest route is carried out using 
a web-based application based on the Floyd-
Warshall algorithm. Three types of testing are carried 
out to measure system reliability, namely the Black 
Box, testing the calculation results, and the reliability 
testing of the system created. 

This article consists of four section. Section 1 
gives the introduction of the problem carried in this 
study. Section 2 explain about the dataset, the 
Waterfall algorithm, and the Floyd-Warshall 
algorithm. Section 3 gives the results and discussion 
of this research. And, Section 4 conclude all the 
results of this work. 

 

METHODS 
Various methods can be used to present the 

ideal path, in this case determining the shortest route. 
The appropriate strategy can assist in generating 

information about the shortest path. An algorithm, 
such as the Floyd-Warshall algorithm (Khamami & 
Saputra, 2019), can be used to determine the shortest 
route. Floyd-Warshall is an algorithm that can 
calculate the optimal weight for connecting point 
pairs and do it for all point pairs at once. In other 
words, while determining the ideal route to be taken, 
first calculate all possible routes to be taken, and then 
compare each pair of paths (Aziz et al., 2017). At the 
stage of developing the shortest route system using 
the waterfall method. 

The data collection method used in this study is 
observation, namely collecting secondary data in the 
form of street names in the Medan sub-district of 
Medan Amplas and determining the distance of each 
network point through Google Maps. Observational 
research via Google Maps is an approach that can be 
used to obtain information about the physical or 
geographic location of a particular place without 
having to physically be at that location. Google Maps 
is an online mapping service that provides maps and 
satellite images of various regions around the world. 
The dataset of the coordinates (latitude and 
longitude) and length of the Medan Amplas sub-
district road consist of 212 data is given in Table 1. 
The location map of Medan Amplas district shown 
in Figure 1. 

 

 
Figure 1. Location Map of Medan Amplas District 

 
 
 
 
 
 
 



2196 
 

Table 1. Data on the Coordinates and Length of the Medan Amplas Sub-District Road 

 
 

1.Waterfall Method 
The Waterfall method is one of the Software 

Development Life Cycle Models (SDLC) which 
consists of: analysis, design, implementation, testing 

and maintenance stages (Mariana, 2019). The stages 
of waterfall method are shown in Figure 2 
(Tristianto, 2018). 

 

 
Figure 2. Stages of the Waterfall Method 
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In Figure 2, system development from the 
requirements analysis phase includes hardware and 
software. In the design phase, data flow diagram 
design is carried out which aims to facilitate 
understanding of the system being built. 
Implementation phase of activities to implement all 
designs have been made. At this stage, the 
programming process of the Floyd-Warshall 
algorithm is carried out using HTML Web 
Applications, supported by the PHP and JavaScript 
programming languages using the MySQL Database 
at each stage between the two vertices, until the 
approximation is known as the optimal value. The 
customer-delivered software will undoubtedly 
develop issues at some point, necessitating the 
maintenance phase. This modification may be 
necessary due to a software error that needs to be 
adjusted to the surroundings (new peripherals or 
operating system), or it may be required by 
customers who require development to be 
operational. 

To find the shortest route is carried out at the 
testing stage. There are three tests carried out in this 
study (Tristianto, 2018), namely: 

1. Black box testing, this test is fundamental 
aspects of the system without paying 
attention to the internal logical structure of 
software. Black Box testing tends to be 
concerned with the system. Functional 
testing is one kind of black box testing that 
is frequently utilized. To determine what the 
code is meant to do, functional testing 
makes use of high-level design testing 
approaches and customer-performed 
specifications to plan test cases. Functional 
testing guarantees that the features listed in 
the requirements specification function as 
intended. 

2. Testing the calculation results, the test is 
carried out by comparing the calculation of 
the Initial W_ij matrix generated by the 
system with the Initial W_ij matrix which is 
calculated manually. If the final matrix 
results are obtained from the system with the 

final matrix calculated manually, then the 
system is running as expected.  

3. Testing of correctness results of the path and 
mileage generated by the system, is carried 
out by passing and observing the road 
network in the Medan sub-district and 
comparing the paths with the results of the 
system calculations. 

2. Algorithm Floyd-Warshall 
The Floyd-Warshall algorithm is an algorithm 

used to find the shortest path between all pairs of 
vertices in a weighted graph, where the weight on 
each edge (or edge) is a number that represents the 
distance or cost between two connected vertices. 
This algorithm can be used on directed or undirected 
graphs, with or without cycles, and can handle edges 
with negative weights, provided there are no 
negative cycles in the graph. The Floyd-Warshall 
algorithm has a time complexity of O (n^3), where n 
is the number of nodes in the graph. This makes it 
efficient for medium to small sized graphs, but may 
be inefficient for very large graphs. 

This algorithm is best known for its ability to 
handle graphs with negative weights if there are no 
negative cycles, but the Bellman-Ford algorithm is 
more commonly used if handling negative cycles is 
a primary requirement. The Floyd-Warshall 
algorithm is a type of dynamic programming, which 
solves problems by viewing the answer as a series of 
interconnected decisions. This signifies that the 
solution is derived from the preceding stage's 
solutions, and there may be more than one solution. 
To tackle the problem at hand in this study, the 
Floyd-Warshall method is utilized to find the shortest 
path between two or more points defined on a digital 
map. 

The Floyd-Warshall algorithm is an algorithm 
that is often used in the context of roads and 
transportation to find the shortest route between all 
pairs of points (for example, cities or road 
intersections) in a road network. In this application, 
the Floyd-Warshall algorithm can assist in trip 
planning, vehicle routing, and transportation network 
optimization. 
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To find the shortest route between two 
specific locations, you can use the resulting shortest 
distance matrix. Find a route from the start node to 
the end node by following the graph steps based on 
the information in the distance matrix. 

This algorithm can also be used for road 
network optimization. You can identify roads with 
heavy traffic or roads that require maintenance by 
checking the shortest distance matrix. Then, you can 
plan road repairs or modifications based on these 
findings. The Floyd-Warshall algorithm has a major 
advantage in modeling road networks, namely that it 
can handle directed graphs with negative weights 
(for example, roads with light traffic) and allows you 
to find the shortest route between all pairs of vertices 
in one iteration. 

However, keep in mind that on a large scale, 
this algorithm can be expensive in terms of 
computing resources, especially if there are 
thousands of nodes in the road network. Therefore, 
for practical applications, other approaches are often 
used such as Dijkstra's algorithm to find the shortest 
route between two certain points or the A* algorithm 
for heuristic-based routing. 

The Floyd-Warshall approach compares each 
route variation to the target point by adding the 
distance between nodes (crossing points) that are 
passed. The numerical value of the line connecting 
the nodes represents the weight of the distance. The 
Floyd-Warshall algorithm will employ each line as a 
calculation material to discover the shortest route 
(Kriswanto, Bendi, & Aliyanto, 2014). The 
flowchart algorithm Floyd-Warshall can be seen in 
Figure 3. 

The Floyd-Warshall algorithm, which is 
referred in (Khamami & Saputra, 2019), is as 
follows: 

 
The Floyd Warshall algorithm's minimum 

value determination procedure can be expressed 
mathematically as follows (Sahoo, Sen, Tiwary, 
Samanta, & Senapati, 2022): 

1. Each matrix cell is examined in the 1st 
iteration to see whether the distance 
between the two beginning points exceeds 
the total of the distances from the origin to 
the destination (the destination point 
represents the first iteration) and the 
distance from the original point (the origin 
represents the first iteration). Alternatively, 
ask yourself if W_ij>W_ik+W_kj. 

2. If so, then starting from the origin (origin = 
1st iteration) to the destination (W_ik+W_kj 
), the distance between the two starting 
locations is replaced by the total of the 
distance from the origin to the destination 
(destination point = 1 iteration). 

3. If not, the distance between the two 
beginning places (W_ij ) is used. 

4. Up until the last iteration, the iteration 
procedure is carried out (the number of 
iterations equals the total number of points). 

The Floyd-Warshall method forms a matrix 
during its iteration to determine the shortest path, 
which corresponds to the k-iteration. This will slow 
down the procedure, especially for high values. 
Despite its slow processing time, the Floyd-Warshall 
algorithm is frequently employed to find the shortest 
path due to its simplicity. 
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Figure 3. Flowchart Function Floyd-Warshall 
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RESULTS AND DISCUSSION 
Medan Amplas is one of the 21 sub-districts 

located in Medan City, North Sumatra Province, 
Indonesia. This sub-district is bordered by Medan 
Johor to the west, Deli Serdang Regency to the east 
and south, and Medan City and Medan Denai to the 
north. Medan Amplas District has a diverse 
population with different ethnic, religious and 
cultural backgrounds. The population consists of 
various social groups, creating social and cultural 
diversity. This subdistrict provides various facilities 
and services for its residents, such as government 
centers, education, health care, commerce, and 
places of worship. There are various shops, 
traditional markets, hospitals, schools and 

government institutions in this sub-district. Like 
many areas in Medan, this sub-district has diverse 
economic sectors, including trade, industry, 
agriculture and services. Medan Amplas District also 
has various small and medium businesses that 
support the local economy. This sub-district may not 
be known as a major tourist destination, but it has 
several interesting places and restaurants that visitors 
and locals can enjoy. This sub-district has 7 sub-
districts, namely Amplas, Bangun Mulia, Harjosari I, 
Harjosari II, Sitirejo II, Sitirejo III and Tambang 
Deli. The dataset consists of 211 data, is given in 
Table 1. 
 

 

 
Figure 4. Road Data in Graph Form

 
The initial stage of searching for the shortest 

route is transforming road coordinate data in Medan 
sub-district of Medan Amplas in the form of a graph, 
which can be seen in Figure 4. In Figure 4, forms a 
road network in Medan sub-district of Medan 
Amplas which consists of 211 points. The graph 
consists of three key point, namely vertices, edge, 
and weights. In this study, the vertices of graph are 
represented as street names in Medan Subdistrict, the 
edges represent roads which connect the street names 
in Medan Subdistrict and the edge  

 
weights represent the length of the road network. The 
point in this case represents the coordinates of the 
road. The existing points are connected to each other 
according to the road coordinate, data obtained from 
Google Maps in Medan sub-district of Medan 
Amplas. There are 553 sides formed into a road 
network. 
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The Programming of Floyd-Warshall Algorithm 
 The Floyd-Warshall algorithm is a search 
algorithm shortest path using a directed weighted 
graph with the weight of the positive or negative side, 
but does not have a cycle with negative weight. This 
algorithm calculates the shortest distance from all 
pairs of vertices in a directed weighted graph. One 
example of the application of the Floyd-Warshall 
algorithm is in road maps. This algorithm returns the 
smallest weight for each pair of nodes. Basically, this 
algorithm does not return the sequence of paths taken 
to get the smallest weight from one node to another. 
However, with certain modifications a sequence can 
be obtainedthe path taken to get the shortest path 
from the required pair  of nodes or for each pair of 
nodes. 

The Floyd-Warshall algorithm is an 
algorithm in computer science that is used to find the 
shortest distance between all pairs of vertices in a 
weighted graph. This algorithm works on directed or 
undirected graphs with weights on each edge. The 
main goal of this algorithm is to find a shortest 
distance matrix that contains the shortest distances 

between all pairs of vertices in the graph. 
Applications can be run through web-based 
applications that have been designed using 
programming of the Floyd-Warshall algorithm uses 
HTML Web Application, supported by the PHP and 
JavaScript programming languages using the 
MySQL and database obtained. The main algorithm 
to run the web-based applications given in Figure 6. 
The web-based application is displayed in Figure 5 
and consists of several menus: 

• Floyd-Warshall menu, which shows that the 
algorithm used in this route search is the 
Floyd-Warshall algorithm. 

• Node menu, contains a list of points that 
have been entered into the database. 

• Connection menu, to input the starting point 
and destination point where you want to find 
the shortest route. 

• Graph menu,  

• User account menu. 
 

 

 
Figure 5. Web Application Display 
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Figure 6. Main Program 
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The calculation process with the Floyd-
Warshall algorithm in finding the shortest path 
between all points in the network is carried out after 
getting nodes and paths, then the initial W_ij matrix 
and Initial Z_ij matrix are obtained. Initial W_ij 

matrix is a matrix that is useful for finding the 
shortest distance of each pair of points, while the 
Initial Z_ij matrix is useful for finding the shortest 
path between points. The flowchart to obtained the 
Matrix is shown in Figure 7. 

 

 
Figure 7. Flowchart Function Get Matrix() 
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Shortest Route Search 
 Through the system built, it can find out the 
shortest path taken on the way from the initial 
position to the destination position in Medan sub-
district. The results obtained from the results of the 
Floyd-Warshall calculation provide the optimal 
choice of travel routes in terms of distance. Running 
the Floyd-Warshall algorithm and calculating the 
shortest distance matrix, you can use the matrix to 
find the shortest route between two specific points in 
the graph. The find_shortest_path function will find 
the shortest route between two points in the graph 
using the shortest distance matrix generated 
 
 

by the Floyd-Warshall algorithm. The result is a list 
of nodes that form the shortest route. If no routes are 
available, it will return the message "No routes 
available". In this example, the shortest route 
between vertex 0 and vertex 3 is searched and 
printed. 

Figure 8 provides a view of a web 
application looking for the shortest path. For 
example, the shortest route from Jl. Development 
towards Jl. Dwikora. After pressing the start button, 
the results of the shortest route solution are obtained 
in detail that needs to be taken based on the input 
departure and destination as shown in Figure 8. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. The Web Application Displays Looking for the Shortest Path
 
Next, three types testing are carried out to 

measure system reliability. The first test results using 
the Black Box method showed that the system 
functionality was 100% running well. For the second 
test, its function is to check the calculation results of 
the Final W_ij and Final Z^* matrices produced by 
the system using the application that was created.  
 

 
And the last stage is testing the reliability of the 
system created, the results of the system reliability 
test on the web-based application show that it works 
properly and is acceptable and there are no path 
deviations. Based on the results of the three tests, it 
can be concluded that the results obtained are in 
accordance with expectations. 
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CONCLUSION 

Based on the findings of this research, the 
shortest path search application based on the Floyd-
Warshall algorithm can be deployed in the Medan 
sub-district of Medan Amplas. The search for the 
shortest route from the starting point to the 
destination point begins with converting the road 
coordinate data from Google Map into the form of a 
road network. The network is then transformed into 
a neighboring matrix and the shortest path choice is 
determined using the Floyd-Warshall method. 
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