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Abstract- In this study, the properties and differences of 
some commonly used shortest pathfinding algorithms 
were examined. Thus, the performances of these 
algorithms were compared in different situations on the 
maps required by the game and the use of the most 
appropriate algorithms for these situations was suggested. 
These comparisons were performed on an Android-based 
mobile application in order to show them to a wide range 
of users. By taking the results of this study into account 
and choosing the correct shortest path algorithm, the 
developer can minimize the memory requirements on the 
system where the algorithm will be used. Also, use of a 
suitable algorithm provides a significant time advantage. 
 
Keywords: Shortest Pathfinding, Android, Dijkstra’s 
Algorithm, Bellman-Ford Algorithm, Floyd-Warshall 
Algorithm, A* Algorithm. 
 

1. INTRODUCTION                                                                         
Nowadays, when almost all people in the world have 

at least one technological device, technology is advancing 
very rapidly. As a result, the use of portable devices such 
as small-sized mobile phones, tablets, wearable 
technology such as smartwatches has increased 
incrementally compared to the past [1]. With these 
technologies developed by free software groups, 
Android-based phones used by billions of people today 
also show a rapid increase in usage. Nowadays researches 
are carried out to ensure effective and fast execution of 
especially strategy games and navigation-based 
applications on phones. 

The shortest path problem is one of the most practical 
problems in network analysis. Based on the various 
mathematical models, different algorithms have been 
proposed for optimal routing, given the network’s 
parameters, characteristics, and structure. There are some 
commonly used shortest pathfinding algorithms in 
literature: Dijkstra algorithm [2, 3, 4, 5, 6]; Bellman-Ford 
algorithm [7, 8, 9]; Floyd-Warshall algorithm [10, 11, 12] 
and A* algorithm [13, 14]. These algorithms were used in 
the developed Android-based mobile applications [15, 16, 
17]. 

The problem of determining the shortest distance 
between the participants of the transportation process can 

be achieved using graph theory [18]. If number of 
variables in the optimization problem is continuous and 
number of them is discontinued, then Genetic Algorithms 
(GA) can be used [19]. 

Dijkstra's algorithm is an algorithm for finding the 
shortest paths between nodes in a graph. This algorithm 
was conceived by computer scientist Edsger W. Dijkstra 
in 1956 and published in 1959 [2]. The original variant of 
Dijkstra's algorithm found the shortest path between two 
nodes. A more common variant fixes a single node as the 
“source” node and finds the shortest paths from the 
source to all other nodes in the graph that produces a 
shortest-path tree. 

It is shown in [3] that Dijkstra's algorithm is strongly 
inspired by Bellman’s Principle of Optimality and 
constitutes a dynamic programming successive 
approximation procedure par excellence both 
conceptually and technically. Consequently, this 
algorithm can be incorporated into dynamic 
programming. In [4], the Dijkstra algorithm is used in 
robot path planning. The shortest path is selected in the 
process of the barrier. An idea of shortlisting the 
appropriate nodes in a graph is proposed in [5], which is 
then used to find the shortest path via Dijkstra’s 
algorithm. In [6], the Dijkstra algorithm was selected for 
the shortest path data analysis and route selection. 

Bellman-Ford’s algorithm can solve the single-source 
shortest path (SSSP) problem and better applies 
parallelization for multi-core architectures. The study [7] 
presents a parallel implementation of the Bellman-Ford 
algorithm that exploits the architectural characteristics of 
recent graphics processing unit (GPU) architectures to 
improve both performance and work efficiency. This 
work presents different optimizations to the 
implementation, which sufficiently reduces the redundant 
work caused by the parallelization.  

The Bellman-Ford algorithm has been applied in 
fuzzy networks, for the past few years. In [8], the 
neutrosophic version of Bellman’s algorithm based on the 
trapezoidal neutrosophic numbers is proposed. In [9], the 
routing method based on Bellman-Ford algorithm is 
proposed within the Software-Defined Networking 
(SDN). The SDN data were represented in the graph with 
nodes and vertices. 
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The Floyd-Warshall algorithm is founded by Robert 
W. Floyd in 1967. It is a simple algorithm to compute the 
shortest paths between all pairs of vertices in an edge-
weighted directed graph. The number of side weights on 
a path is the weight of the path. This algorithm calculates 
the least weights of all paths connecting a pair of points 
and does so simultaneously for all pairs of points. The 
Floyd-Warshall algorithm compares all possible paths in 
the graph for each side of all nodes. This may be due to 
the evaluation of decision making (choosing the shortest 
path) at each stage between two vertices until the estimate 
becomes the optimal value [10]. It can also be used to 
detect the negative cycles. It is shown in [11] that, for this 
problem, many existing implementations of the Floyd-
Warshall algorithm will fail because exponentially large 
numbers can appear during its execution.  

In [12], the problem of finding the route is presented 
as a multi-vehicle route problem with a time window. 
The dynamic programming-based algorithms to 
overcome the problem of conflict-free routes using time 
windows are described in this work. A* is a graph 
traversal and path search algorithm. This algorithm is 
used in many areas of computer science due to its 
completeness, optimality, and optimal efficiency [13]. 
The A* is a best-first search algorithm, which means that 
it is formulated in terms of weighted graphs: starting 
from a certain starting node of the graph, it seeks to find a 
path to a given target node at the lowest cost. 

An A* search algorithm was applied to path planning 
in a Chinese chess game in [14]. Based on the results of 
this work, the shortest path was found for mobile robots 
(chess pieces) moving to target points from their starting 
points in a collision-free environment. The paper [20] 
presents a simplified path solving algorithm for known 
and unknown environments. In the study robot range is 
limited to the size of the map created within the 
computer's internal memory. Two path planning 
algorithms (Dijkstra algorithm and A* algorithm) have 
been simulated to analyze the most efficient execution. 
The obtained results show that the A* algorithm gives 
better performance and lower computational cost in 
comparison with the Dijkstra algorithm.  

Different types of pathfinding problems can be solved 
by various algorithms, e.g., single-source shortest path 
problems by Dijkstra’s algorithm, single-source problems 
if the edge weights are negative by Bellman-Ford 
algorithm, single-pair shortest path problems by A* 
search algorithm using heuristics to try to speed up the 
search, and all-pairs shortest paths problems by Floyd-
Warshall algorithm. 

In this study, the properties and differences of some 
of the most commonly used shortest pathfinding 
algorithms such as the Dijkstra algorithm, Bellman-Ford 
algorithm, Floyd-Warshall algorithm, and A* algorithm 
were examined, and these algorithms were used in the 
developed Android-based mobile application and their 
performances were compared. Thus, the performances of 
these algorithms were compared in different situations on 
the maps required by the game and the use of the most 
appropriate algorithms for these situations was suggested.  

These comparisons were performed on an Android-
based mobile application in order to show them to a wide 
range of users.  
 

2. INVESTIGATION OF VIDEO GAMES AND 
NAVIGATION PROGRAMS USING SHORTEST 

PATH ALGORITHMS 
Video games are one of the entertainment activities 

used especially by children and young people since the 
entrance of computers into homes. The shortest 
pathfinding algorithms are the algorithms in which the 
grid logic and game maps are divided into certain squares 
especially in strategy games and weighted or unweighted 
graphs are used for the purpose of the game. In these 
games, the Dijkstra and other algorithms, especially the 
A* algorithm are used. Some examples of strategy games 
are Dune 2000 [21], a video strategy game published by 
Westwood in 1998; Age of Empires [22], also a video 
strategy game developed by Microsoft Game Studios in 
1998. 

Another area where shortest path algorithms are used 
is navigation applications. In these applications, the 
coordinates of the users are shown on the map. When 
users select a destination, the application draws a path 
from the user's point to the destination point. This road is 
located at the intersection of roads with given costs. The 
cost of graphs is indispensable for navigation 
applications. Especially on roads with traffic, this cost 
value will be more. Users do not see any point and cost 
values on the map when they look at the application, but 
the shortest pathfinding algorithms are used to go from 
one point to another point in the background [1]. 
      
2.1. Dijkstra Algorithm  

Dijkstra algorithm is an algorithm that finds the 
shortest distance from one point to another point on roads 
with certain metric weighted values [2]. It was developed 
in 1956 by Dutch computer scientist and mathematician 
Edsger W. Dijkstra. 

The working principle of this algorithm is; determine 
a “source” point and find the shortest path by passing 
over the costs of all other points from this source point 
(Figure 1). As shown in Figure 1, the Dijkstra algorithm 
is an algorithm that can find the distances from one point 
to many points at one time. Some conditions must be met 
in order to use the algorithm in a healthy way. If one of 
the costs is given a negative value, the results in the 
algorithm will be inaccurate and inconsistent, and the 
resulting paths will not be the shortest. If it is desired to 
give negative values to the costs on the roads, the 
“Bellman-Ford” algorithm can be used. 

Dijkstra algorithm is a greedy algorithm. The 
pseudocode of the algorithm is shown in Figure 2. The 
mobile Android application has been developed by 
adhering to this pseudocode.  
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             Figure 1. Graph of going from one point to many points 

 

 
 

                  Figure 2. Pseudocode for Dijkstra algorithm 

 
2.2. Floyd-Warshall Algorithm 

Floyd-Warshall algorithm is another algorithm for 
finding the shortest path on a graph. The algorithm was 
published in 1962 by Robert Floyd. The algorithm, which 
was published several years before Bernard Roy in 1959 
and Stephen Warshall in 1962, is now known as the 
Floyd-Warshall algorithm. The algorithm is also named 
as Floyd algorithm, Roy-Warshall algorithm, Roy-Floyd 
algorithm, and WFI algorithm [23]. 

The difference between this algorithm and the 
Dijkstra algorithm is that the paths can have positive or 
negative values. However, the path to be used in the 
algorithm from the same point to the same point, for 
example, from point A to point A loop path should not 
take a negative value. A path from one point to another 
may take a negative value too. As shown in Figure 3, the 
Floyd-Warshall algorithm is an algorithm that can find 
distances from many points to many points at once. 
 

 
 

Figure 3. Graphic of going from many points to many points 
 

The pseudocode of the algorithm is shown in Figure 
4. The mobile Android application has been developed by 
adhering to this pseudocode. 

 
 

Figure 4. Pseudocode for Floyd-Warshall algorithm 

 
2.3. Bellman-Ford Algorithm 

The Bellman-Ford Algorithm is a weighted graphical 
algorithm that finds shortcuts from one source point to all 
other destination points. This algorithm was first 
introduced by Alfonso Shimbel in 1955 and later 
published in 1956 and 1958 by Richard Bellman and 
Lester Ford, respectively. The algorithm published by 
Edward F. Moore in 1957 is also referred to as the 
Bellman-Ford-Moore algorithm in some sources [24]. 
This algorithm runs slower than the Dijkstra algorithm. 
However, besides slower operation, there are some 
advantages, for example, some of the paths given to the 
algorithm may take negative values. Negative weighted 
paths are used in many applications, and the algorithm 
can detect the presence or absence of negative loops on 
the graphic. 

As shown in Figure 5, Bellman-Ford is an algorithm 
that can find the distances from one point to many points 
at one time even if it is negative. 
 

 
 

Figure 5. Graphic of going from one point to many points 

 
The pseudocode of the algorithm is shown in Figure 

6. The mobile Android application has been developed by 
adhering to this pseudocode.  
 

 
 

Figure 6. Pseudocode for Bellman-Ford algorithm 



International Journal on “Technical and Physical Problems of Engineering” (IJTPE), Iss. 51, Vol. 14, No. 2, Jun. 2022 

 243

2.4. A* Algorithm 
Published by Peter Hart, Nils Nilsson, and Bertram 

Raphael of Stanford Research Institute in 1968, this 
algorithm is one of the most popular shortest pathfinding 
algorithms because of its speed. This algorithm, which is 
much preferred in video games, is called smarter than the 
other algorithms according to the solution style that 
results from the problem-solving technique. The 
algorithm uses the data it holds efficiently at every point. 
When the algorithm is executed, it adds an “F” value by 
adding two different parameters, “G” and “H”, at each 
step. At each step, it selects the smallest of the resulting 
“F” values and proceeds to the next step. 

The value G here corresponds to the cost between the 
currently selected point and the point the algorithm is 
targeting for the next step. The H value corresponds to 
the estimated cost value between the currently selected 
point and the endpoint. As shown in Figure 7, A* 
Algorithm is an algorithm that finds the distance from 
one point to another point at once. 
 

 
 

Figure 7. Graphic of going from one point to one point 
 

The pseudocode of the algorithm is shown in Figure 
8. The mobile Android application has been developed by 
adhering to this pseudocode.      
                                                            

 
 

      Figure 8. Pseudocode for A* Algorithm 
 

3. COMPARISON OF VARIOUS SHORTEST  
PATH ALGORITHMS VIA MOBILE 

ANDROID APPLICATION 
 

3.1. Map Selection Screen  
In the map selection screen of the developed Android-

based mobile application, it is possible to select a 
common map on which the algorithms will work. The 
different pre-prepared maps selected here contain start 
points, endpoints, and obstacles. There are 4 maps 
embedded in the application. The map selection screen is 
shown in Figure 9. The letter “S” on this screen means 
“Single Source”. “M” letter means “Multiple Sources”. 
For example, the map indicated by “S->S” means “Single 
Source to Single Source”. Map with “Negative Cycle” 
indicates negative loops in the content of the map. 

 
 

Figure 9. Map selection screen 
 
3.2. Algorithm Selection Screen  

After selecting the map, 4 different shortest 
pathfinding algorithms appear on the application. One of 
these algorithms can be selected regardless of the order. 
The algorithm selected from this screen will be used in 
the simulation screen with the map selected from the map 
screen. When the “Results” button is pressed, the results 
screen is displayed after the algorithms are executed 
sequentially. The algorithm selection screen is shown in 
Figure 10. 
 

 
 

Figure 10. Algorithm selection screen 
 
3.3. Simulation Screen  

The selected algorithm is displayed at the top of the 
simulation screen. In the center of the screen, the map 
selected from the map screen has a grid of squares. When 
the selected algorithm is executed in this section, the 
shortest path that the algorithm finds will be displayed 
step by step with green squares on the map in the middle 
of the screen. The algorithm is activated by pressing the 
“Start” button at the bottom of the screen. Dijkstra 
algorithm simulation process is shown in Figure 11. The 
shortest path will work with the start point at the top left 
and the endpoint at the bottom right. 
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Figure11. Simulation screen 

 
3.4. Results Screen  

When “Map 1” is selected from the map screen, each 
of 4 algorithms mentioned is used in order to calculate 
the shortest route from one point to another point on this 
map. Some algorithms run slower or faster than others. 
These speeds, which vary depending on the design of the 
algorithm, present the results of this comparison made to 
the person using the algorithm, and these results are 
displayed on the results screen. 

After selecting “Map 1” on the map selection screen 
shown in Figure 9, one of the listed algorithms Dijkstra, 
Bellman-Ford, A* or Floyd-Warshall is selected in the 
algorithm selection screen shown in Figure 10, and the 
simulation screen shown in Figure 11 is opened. As 
shown in Figure 11, pressing the “Start” button starts the 
execution of the algorithm. When the selected algorithm 
completes finding the shortest path, this path is shown 
with green boxes as shown in Figure 11. The results for 
“Map 1” where the calculations are made from a single 
source to a single source for each algorithm are shown in 
Figure 12. 
                             

 
 

Figure 12. Calculated results of Map 1 

 

As shown in Figure 12, the “Duration” column is the 
runtime of the algorithm. The unit of time used here is 
millisecond (ms). The “Length” column shows the length 
of the shortest path that the algorithm can find.  

When “Map 2” is selected in Figure 9, the application 
starts to find the shortest path from a single source to 
multiple sources on this map at the same time. When all 
algorithms are selected from the screen in Figure 10 and 
run one by one, all results are transferred to the results 
screen again. The results for “Map 2” where the 
calculations are made from a single source to multiple 
sources for each algorithm are shown in Figure 13.  

 

 
 

Figure 13. Calculated results of Map 2 
 

When “Map 3” is selected in Figure 9, calculations 
are made from many points to many points on this map at 
the same time. The results for “Map3” where the 
calculations from multiple sources to multiple sources are 
made for each algorithm are shown in Figure 14. 

As seen in Figure 13 and Figure 14, the “Length” 
columns for “Map 2” and “Map 3” are empty. Since the 
calculations made on these maps are obtained from one 
point to many points and from many points to many 
points, it is quite difficult to show all the lengths. 
 

 
 

Figure 14. Calculated results of Map 3 
 

The “Map 4” in Figure 9 contains negative values for 
costs. Dijkstra, Floyd-Warshall, and A* algorithms have 
yielded efficient results since other maps do not have 
negative weights. The results obtained after selecting 
“Map 4” and calculating a short path from one point to 
another on this map by all algorithms are shown in Figure 
15. 
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Figure 15. Calculated results of Map 4 

 
3.5. Discussion of the Simulation Results 

The results of all the executed algorithms are 
summarized in Table 1. Here the “Duration” column is 
the runtime of the algorithm. The “Length” column 
shows the length of the shortest path that the algorithm 
can find.  

  
Table 1. Results of the shortest path algorithms (D: Duration; L: Length) 

 

Algorithm 
Map 1 Map 2 Map 3 Map 4

D L D L D L D L
Dijkstra 154 377 127 - 9835 - - -
Bellman- 

Ford 
10180 377 14144 - 24887 - 971 93 

A* 78 377 18703 - 37651 - - -
Floyd-

Warshall 
61518 377 61105 - 377 - - - 

    
In the case of Map 1, when the algorithms are run one 

by one on a map calculating from one point to another in 
order to find the shortest path, the Dijkstra algorithm 
found 154 ms, Bellman-Ford algorithm found 10180 ms, 
A* algorithm found 78 ms, and Floyd-Warshall algorithm 
found 61518 ms. It is seen from the results that when 
calculation from a single source to a single source is 
required, the most efficient algorithm is the A* algorithm. 
Since the A* algorithm is an algorithm that focuses only 
on one target, it has found the fastest result by proceeding 
intuitively unlike other algorithms. 

Especially in terms of speed, the A* algorithm is used 
in strategy games. This is due to the fact that in such 
games the general provisions require point-to-point 
calculations. Since the A* algorithm produces intuitive 
predictive results, it can find the shortest path on the map 
in a few steps more than other algorithms require. 
However, this redundancy is reduced so that it goes 
unnoticed in games by changing the weights used in the 
algorithm. 

In the case of Map 2, when the calculations are made 
from one point to many points, it is found that the A* 
algorithm suffers a significant performance loss. This is 
due to the fact that, by design, this algorithm has to 
perform computations from every point to every point. 
The Dijkstra algorithm has yielded a remarkably fast 
result, and it is seen that the best result is the Dijkstra 
algorithm when the calculation is made from one point to 
several points. This algorithm finds the shortest paths 
from one point to all other points while performing a 

calculation by its own design. Since it does not calculate 
separately for all points such as the A* algorithm, it is 
seen that the speed is much faster. Because of this 
feature, the Dijkstra algorithm is generally used in 
navigation applications and network routing protocols 
that do not contain negative values. 

In the case of Map 3, when calculations are made 
from many points to many points at the same time on this 
map, Dijkstra and A* algorithms are found to fall behind 
the Floyd-Warshall algorithm in this calculation. As seen 
from the obtained results, the Floyd-Warshall algorithm 
is slower in calculating from one point to another than 
other algorithms because it tries to find the shortest path 
for all points given to the algorithm. However, it can be 
seen that in the case of calculations from many points to 
many points, this algorithm finds the shortest paths from 
all points to all points much faster than other algorithms. 
It is used in video games of tower defense type, where all 
objects need to know the location of other objects at the 
same time. The Floyd-Warshall algorithm is also used in 
more complex network routing protocols as well as 
Dijkstra. 

As seen in Table 1, the “Length” columns for “Map 
2” and “Map 3” are empty. Since the calculations made 
on these maps are obtained from one point to many points 
and from many points to many points, it is quite difficult 
to show all the lengths. 

The “Map 4” in Figure 9 contains negative values for 
costs. As seen in Table 1, in the case of Map 4, only the 
Bellman-Ford algorithm found a result as 971 ms. This is 
due to the fact that other algorithms do not support 
negative costs. Dijkstra, Floyd-Warshall, and A* 
algorithms give efficient results when maps do not have 
negative weights. Bellman-Ford algorithm is frequently 
used in graphs containing negative values and Router 
Information Protocol applications. 

Since the Dijkstra algorithm tries to make calculations 
from one point to all points with a greedy approach, it has 
been seen that it performs more operations on efficiency 
than the A* algorithm. It was found that the number of 
iterations increased because the algorithm controls each 
note more than the A* algorithm. More iterations mean 
more working time. Since the A* algorithm is focused on 
the endpoint, it is found that it is more efficient due to the 
operations at the closest points to the endpoint without 
spending time at each point. 

Dijkstra algorithm is more controllable than the A* 
algorithm. Due to the intuitive approach of the A* 
algorithm, it has been found that the A* algorithm does 
not always find the optimal path. This is because the A* 
algorithm performs heuristic calculations based on the 
last point. In other words, when the number of obstacles 
on the map increases, it is seen that the A* algorithm 
thinks that the algorithm will end as it approaches the 
endpoint. As a result, it ignores the obstacles because it 
uses an intuitive approach while performing calculations, 
and this causes a decrease in the performance. 
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The most important factor that separates the Bellman-
Ford algorithm from the Dijkstra algorithm is the 
negative weights that can be given to the roads on a map. 
When the negative weight is given to the Dijkstra 
algorithm, there is the possibility of entering infinite 
loops or making inaccurate results while performing 
calculations. This algorithm performs calculations from 
one point to all other points just like the Dijkstra 
algorithm. However, it has been found that the Dijkstra 
algorithm works better if there is no negative weight in 
the graph used. 

The feature that distinguishes the Floyd Warshall 
algorithm from other algorithms is that it can find the 
shortest path from any point to all other points. When the 
same process is performed with other algorithms, it is 
seen that they do not perform as well as the Floyd 
Warshall algorithm. For this reason, the Floyd Warshall 
algorithm is more effective in tower defense games in 
which each object must know the shortest path between 
each other.     
 

4. CONCLUSION 
In this period of rapid development of technology, 

people's need for speed is increasing. Depending on how 
complex and fast the algorithms used, the yields that 
people can get from these algorithms vary. In this study, 
the most popular shortest pathfinding algorithms such as 
Dijkstra algorithm, Floyd-Warshall algorithm, Bellman-
Ford algorithm, and A * algorithm, used in video games, 
map calculations, and navigation applications are 
examined. 

In this study, various maps were designed using the 
application developed for Android, and the performance 
of the algorithms listed above on these various maps was 
examined and based on these performances, it was 
suggested which types of algorithms can be used in 
which types of games. 

Once the user has decided for which purpose to 
choose the shortest path, he must choose according to this 
information the most appropriate algorithm taking into 
account the advantages and disadvantages described 
above.  

As can be seen from the results, no algorithm is 
determined as the best algorithm. Depending on the 
purpose of use of the algorithm, it has been seen that the 
algorithms perform more effectively on certain maps and 
their advantages are determined. If these results are taken 
into account and the shortest path algorithm is selected, 
the memory requirement in the system where the 
algorithm will be used can be minimized and the 
algorithm can be run more efficiently to save time. 
 

NOMENCLATURE 
 
GA Genetic Algorithm 
GPU Graphics Processing Unit  
SDN Software-Defined Networking  
SSSP Single-Source Shortest Path 
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