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1. Introduc/on 

Pathfinding algorithms play an important role in the world of computer science, enabling navigaCon through complex 
environments such as digital maps, games and networks [1]. This report examines two of the most widely used 
pathfinding algorithms, Dijkstra’s Algorithm and the A* Algorithm, discussing how they funcCon and comparing the two’s 
performance within a grid-based, maze scenario. The second part of this report reflects on the implementaCon of my 
own maze solving soluCon, including the design process, challenges and its performance. 

 

2. Dijkstra’s Algorithm and the A* Algorithm 

This secCon introduces Dijkstra’s Algorithm and the A* Algorithm, describing how they funcCon as well as their typical 
applicaCons. They are later compared with the goal of highlighCng their strengths, weaknesses, and suitability within a 
maze-based pathfinding scenario. 

 

2.1 Dijkstra’s Algorithm 

Dijkstra’s Algorithm is a graph-based pathfinding algorithm used to find the shortest path from a single source node to all 
other nodes within a weighted graph [2]. The algorithm explores nodes in order of increasing cumulaCve cost with the 
goal of ensuring the shortest possible path to each node is found. This is achieved by storing a set of unvisited nodes, 
each associated with a value represenCng their distance, and selecCng the node with the lowest cost [3]. 

At the start of its execuCon, the source node is assigned a value of zero, while all other nodes are given a distance value 
represenCng infinity. As the algorithm progresses, adjacent nodes are examined, and their distance values updated 
whenever a shorter path is idenCfied. Once a node’s shortest path has been found, it is marked as visited and removed, 
meaning it shall no longer be considered moving forward. This process conCnues unCl the desCnaCon node has been 
reached or all other nodes within reach have been explored [3]. 

A key advantage of Dijkstra’s Algorithm is that it guarantees that the shortest path to the desCnaCon node (when all 
edges have a non-negaCve cost) [4]. This makes the algorithm suitable for a wide range of rouCng and navigaConal 
problems. However, due to the fact Dijkstra’s Algorithm does not provide any guidance towards the desCnaCon node, it 
may also explore a large number of unnecessary nodes. This can reduce its overall efficiency in grid-based environments 
such as the maze scenario, where the target desCnaCon is already known. 

Despite this limitaCon Dijkstra’s Algorithm remains widely used due to its simplicity and guarantee of finding a shortest 
path. These characterisCcs make it a useful baseline for comparison against a more complex algorithm such as the A* 
Algorithm. 

 

2.2 The A* Algorithm 

The A* Algorithm is an informed pathfinding algorithm that works as an extension of Dijkstra’s Algorithm. A key 
difference between the two is A*’s use of heurisCc informaCon, guiding its search towards a specific target node [4]. 
Rather than relying solely on cumulaCve cost travelled so far, A* evaluates nodes based on a combinaCon of a cost 
funcCon that accounts for both the known path cost, and an esCmated remaining distance to its goal. This allows for the 
algorithm to prioriCse paths that have a higher likelihood to reach its desCnaCon node at a lower cost.  
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Within A*, each node is assigned a value defined by the funcCon f(n) = g(n) + h(n), where: 

• f(n) represents the total esCmated cost of a path via node n. Nodes with the lowest value are explored first. 
• g(n) represents the number of moves made so far. 
• h(n) represents the es0mated number of moves remaining. 

When the heurisCc funcCon h(n) never overesCmates the true remaining cost to the target, A* is guaranteed to find the 
shortest path to its desCnaCon node [5]. 

One drawback of A* is its dependance on the quality of the heurisCc informaCon it is provided. Poorly chosen heurisCcs 
may reduce its effecCveness and lead to behavior characterisCc of uninformed search algorithms. Despite this 
dependency, the A* Algorithm remains widely used within major pla]orms such as Google Maps, uClizing it for 
applicaCons such as finding the fastest route to a desCnaCon [6]. 

 

2.3 Comparing Dijkstra’s Algorithm and the A* Algorithm 

While Dijkstra’s Algorithm and the A* Algorithm both share a common foundaCon, using cumulaCve costs to find a 
shortest path, they differ greatly in their approach to finding a shortest path. 

Dijkstra’s Algorithm guarantees an opCmal soluCon by expanding nodes in order of increasing cumulaCve cost, excelling 
within scenarios where no specific desCnaCon node is provided. However, because the algorithm does not incorporate 
any heurisCc guidance, nodes are explored uniformly in all direcCons. This can result in Dijkstra’s Algorithm examining 
nodes that do not directly contribute to reaching a target in an efficient manner. 

In contrast, the A* Algorithm improves upon Dijkstra’s Algorithm by incorporaCng heurisCc informaCon. By combining 
factors such as esCmated remaining distance and cumulaCve cost so far, A* is able to prioriCse more promising paths. 
However, when the heurisCc funcCon overesCmates the true remaining cost, the algorithm may prioriCse less efficient 
routes. This leads to increased node exploraCon and decreased efficiency. In such a case, the performance of A* over 
Dijkstra’s Algorithm is reduced. 

In the case of the maze-based scenario, Dijkstra’s Algorithm can be expected to explore a larger porCon of the maze 
before reaching its desCnaCon node. In comparison, A* can be expected to direct its search towards the target, leading 
to fewer explored nodes and a faster soluCon. Using this informaCon, it can be deduced that A* is beber suited for maze-
based pathfinding where a target desCnaCon is known. 

 

3. Implementa/on of Maze-Based Solu/ons 

This secCon of the report covers my own implementaCon of a pathfinding soluCon for the provided maze-based 
scenario, aiming to showcase the design decisions, reasoning, and development process behind the final soluCon. 

 

3.1 Understanding the Problem and Constraints 

Before implemenCng a soluCon, I first separated the scenario into two categories, one containing informaCon relaCng to 
the problem itself, and the other describing constraints.  
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Problem Overview: 

• The maze consists of a 20 x 20 grid with cells containing either a player, a target, a wall, or empty space. 
• The player can move one cell at a Cme in direcCons, led, right, up, and down. 
• The objecCve is to reach the target from the starCng posiCon. 
• Both the maze and individual cells can be viewed. 
• The maze is randomly generated but always solvable. 

Constraints Overview: 

• Only the GridNavigatorAutomatic::Navigate() method may be modified. 
• Player movement must be performed using the provided methods. 
• Collisions with walls must be avoided. 

 

3.2 Algorithm Choice and Design Decisions 

Based on the problem requirements and constraints, Dijkstra’s Algorithm was selected. This was due to its guarantee of 
finding the shortest path, keeping the number of grid moves as low as possible. While the A* Algorithm was considered, 
its dependency on quality heurisCcs introduces addiConal complexity and potenCal sources for error. 

 

3.3 ImplementaAon Details 

This secCon describes how Dijkstra’s Algorithm was implemented within the constraints of the provided framework. 

 

Finding Player and Target Posi,ons: 

[Figure. 1] 

Although the framework provides fixed coordinates for the player and target starCng posiCons, the implementaCon 
scans the grid for both nodes in the event that the coordinates are changed. 
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Data Structure: 

[Figure. 2] 

Figure 2 shows the iniCalizaCon of all nodes within the grid, assigning data such as cost, visitaCon status and parent 
coordinates via the use of a nested loop. 

 

Core Pathfinding Logic:  

[Figure. 3]  
Figure 3 contains the logic regarding adjacent cells. A series of condiConal if statements first check if the selected 
adjacent cell is valid, if so, its cumulaCve cost is increased by 1, represenCng the cost of a single move within the grid. If 
the current path to reach the cell is found to be the cheapest, the cost value, parent coordinates, and movement 
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direcCon are updated accordingly. If the cell has not yet been added to the open list, it is inserted for future evaluaCon. 
This block is repeated three more Cmes in order to check all four direcCons of travel. 

 

Path Reconstruc,on: 

[Figure. 4]  
Figure 4 depicts the logic used to reconstruct the shortest path. A while loop is first used to backtrack through the maze 
from the goal posiCon, pushing the movement direcCon taken at each step to a vector. This list of move direcCons is then 
reversed so that it now travels from the start to the goal. A final for loop is then used to execute these moves unCl 
reaching the target cell. 

 

3.4 Results 

The benchmark results of ten thousand abempts demonstrates the pathfinding algorithm’s consistent performance 
across mulCple runs, with the range of accesses being 236 with a mean of 513. While this is close to a target of 400 
(represenCng every cell within the grid), this number could have been reduced further by scanning the grid once 
completely at the start of a run, and then saving the results to memory.  

The efficiency of movement varied more significantly with the minimum and maximum number of moves being 34 and 
90 respecCvely. The mean however remained on the lower end at 47. Importantly there were no wall hits recorded in 
any abempts, demonstraCng the algorithm’s reliability in respect to obstacle collision.  

[Figure. 5]  
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