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[bookmark: _Toc218944054]Introduction
Pathfinding algorithms are used to find the shortest path from a source to another point in a graph [1]. They can be applied to various scenarios, such as GPS systems, character movement in video games, and data routing in computer networking [2]. Two examples of pathfinding algorithms are Dijkstra and A*.
[bookmark: _Toc218944055]Dijkstra’s Algorithm
Dijkstra’s algorithm is used for solving single-source pathfinding problems for both directed and undirected paths. However, Dijkstra’s algorithm can't be used for graphs with negative edges [3]. 
Dijkstra’s algorithm works by first selecting a source vertex to start navigating through a graph. 
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Figure 1. An example of a graph


When traversing the graph, the starting node has a distance of 0, and each unknown vertex has a distance of ∞ [2]. The method for traversing the graph is:
· Find the node with the shortest distance
· Visit the node
· Find each connected node and record the distance from the starting node
· Repeat
We begin by selecting A and designating it as our starting vertex. Next, we check which nodes we can visit that are not already visited. In this case, B, C, and E. We record the distance of those nodes from our starting node [1], [2].
	Visited
	Node

	
	B
	C
	D
	E
	F

	A
	2
	1
	∞
	5
	∞



After examining the nodes linked to A, we proceed to the next node with the smallest cost that has not been visited, B. We repeat the steps, mapping out any new nodes, recording the distance from the starting point of A, then moving to the node with the smallest distance from A until we have visited every node [1], [2], [3]. This should give us a table of results that looks like this:
	Visited
	Node

	
	B
	C
	D
	E
	F

	A
	2
	1
	∞
	4
	∞

	AC
	2
	1
	4 (1+3)
	3 (1+2)
	∞

	ACB
	2
	1
	4
	3
	7 (2+5)

	ACBE
	2
	1
	4
	3
	7

	ACBED
	2
	1
	4
	3
	6 (1+3+2)

	ACBEDF
	2
	1
	4
	3
	6



When visiting node D, we find a shorter path than what we previously recorded; therefore, we update the value in our table.
Our progression through the graph looks like this:4
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Figure 2. Traversing a Graph


[bookmark: _Toc218944056]A* Algorithm
The A* algorithm works similarly to the Dijkstra algorithm, but it uses heuristics to increase the speed of the algorithm by guiding it towards its destination [2]. A heuristic function is an estimate of the minimum cost from any node to the destination, so that the algorithm prioritises nodes that lead it towards the destination more efficiently [4]. You can also use an exact heuristic function, which will give you a better result than just estimating the best route, but this is generally more time-consuming [5].
First, the algorithm evaluates the starting point and assigns it a score or an F cost. This F cost is calculated as F = G + H, which comprises the distance from the starting point to the current node (G) and an estimate of the remaining distance to the destination, calculated using a heuristic function (H). The heuristic function for the distance between two nodes can be represented as a straight line from the starting node to the end node [6]. The algorithm then examines the neighbouring nodes and calculates their scores. It then visits the node with the lowest score. It repeats this method, recording the scores of all the nodes until it reaches the destination. As with Dijkstra’s algorithm, if A* finds a more efficient route to a node, it will track that route [2], [6].
[bookmark: _Toc218944057]Comparison
Both pathfinding algorithms search for the shortest path and achieve similar results. However, the significant difference between the two is that Dijkstra’s algorithm searches every node in a graph, guaranteeing the shortest route for all nodes at the cost of a longer search time [7]. 
Whereas A* utilises a heuristic function to compute the most optimal pathway more efficiently, but it doesn’t always lead to the most optimal result [8]. When creating an A* algorithm, you must select a suitable heuristic. It must be computationally efficient and relevant to the scenario. With a poor heuristic, A* can degrade into Dijkstra, and you will lose the main advantage of A*, its speed [7], [9]. You can also manipulate your heuristic to favour speed or accuracy, depending on your requirements [4].
Dijkstra’s algorithm has a time complexity of O(V2), where V is the number of vertices in the graph [3]. This means that it also becomes less efficient as the graph size increases, as it must search through the entire graph. Unlike A*, which has a time complexity that is typically better than Dijkstra's [7]. 
Dijkstra and A* both have uses in the transportation, robotics, and logistics fields [2]. Dijkstra’s algorithm is used more in network routing protocols, and A* is used in navigation systems, games, and AI pathfinding [7].


[bookmark: _Toc218944058]Developing a Pathfinding Implementation
When developing a Pathfinding algorithm, I decided to start with a breadth-first search. My algorithm begins at a set of coordinates, visits them, and then searches nearby cells. It adds those cells to a std::queue of coordinates to use as a base for further searching. The original set of coordinates is added to a std::unordered_map so they are not revisited. I created a Node class that allowed me to track the ID, type of cell, coordinates, and parent of each cell. Recording the parent of each node allowed me to backtrack through the nodes once the target had been reached.


In my initial implementation, all connections of a visited node would be searched for using grid->GetGridSquare. This led to additional searches, typically exceeding 600 grid accesses per run. 
When I ran the benchmarking, I received these results:
	Table 1. Benchmark Results 1

	
	Minimum
	Mean
	Maximum

	Accesses
	541
	813
	969

	Moves
	34
	47
	88

	Wall Hits
	0
	0
	0



My initial algorithm successfully navigated the maze without hitting the walls. However, it accessed the grid more than once per square.
This was due to this code:


When checking the adjacent cells, it would access the grid before checking if the node was already in the search or visited list. To fix this, I first changed the node class so that it only required the x and y coordinates in the constructor.


I then modified the logic of the main do-while loop so that it accesses the grid at the start, rather than when searching for connections.
The code now looks like this:


It identifies the connections of the focus node and creates new nodes based on their x and y coordinates. Next, it checks if this node is unvisited, comparing it against the node’s parent, the search list, and the nodes that have already been searched before adding it to the search list and setting its parent. If it is not found, it deletes the duplicate node object. I also changed searchList from a std::queue to a std::deque, which allowed me to iterate through it.
When running the benchmarking test, I now received these results:
	Table 2. Comparison of Benchmark Results

	
	Minimum (v1)
	Minimum (v2)
	Mean (v1)
	Mean (v2)
	Maximum (v1)
	Maximum (v2)

	Accesses
	541
	221
	813
	347
	969
	381

	Moves
	34
	34
	47
	47
	88
	90

	Wall Hits
	0
	0
	0
	0
	0
	0



The number of moves in the first version was very similar to the number of moves in the second version. However, the number of grid accesses was significantly reduced. I also added some cleanup of pointers to avoid any memory leaks.


[bookmark: _Toc218944059]References
[1]	M. A. Javaid, ‘Understanding Dijkstra’s Algorithm’.
[2]	‘Pathfinding Algorithms- Top 5 Most Powerful’. Accessed: Jan. 03, 2026. [Online]. Available: https://graphable.ai/blog/pathfinding-algorithms/
[3]	‘DSA Dijkstra’s Algorithm’. Accessed: Jan. 02, 2026. [Online]. Available: https://www.w3schools.com/dsa/dsa_algo_graphs_dijkstra.php
[4]	‘Heuristics’. Accessed: Jan. 03, 2026. [Online]. Available: https://theory.stanford.edu/~amitp/GameProgramming/Heuristics.html
[5]	‘A* Search Algorithm’, GeeksforGeeks. Accessed: Jan. 03, 2026. [Online]. Available: https://www.geeksforgeeks.org/dsa/a-search-algorithm/
[6]	‘A* Pathfinding for Beginners’. Accessed: Jan. 03, 2026. [Online]. Available: https://web.archive.org/web/20171022224528/http://www.policyalmanac.org:80/games/aStarTutorial.htm
[7]	‘Difference Between Dijkstra’s Algorithm and A* Search Algorithm’, GeeksforGeeks. Accessed: Jan. 04, 2026. [Online]. Available: https://www.geeksforgeeks.org/dsa/difference-between-dijkstras-algorithm-and-a-search-algorithm/
[8]	A. Candra, M. A. Budiman, and K. Hartanto, ‘Dijkstra’s and A-Star in Finding the Shortest Path: a Tutorial’, in 2020 International Conference on Data Science, Artificial Intelligence, and Business Analytics (DATABIA), Jul. 2020, pp. 28–32. doi: 10.1109/DATABIA50434.2020.9190342.
[9]	Polylog, The hidden beauty of the A* algorithm, (Jan. 20, 2023). Accessed: Jan. 03, 2026. [Online Video]. Available: https://www.youtube.com/watch?v=A60q6dcoCjw

image3.emf
//find connections   std:: vector < Node *> connections;           //left   cell = grid - >GetGridSquare(focus - >x  -   1, focus - >y);   connections.push_back( new   Node (focus - >x  -   1, focus - >y, cell, focus));     //up   cell = grid - >GetGridSquare(focus - >x, focus - >y + 1);   connections.push_back( new   Node (focus - >x, focus - >y + 1, cell, focus));     //right   cell = grid - >GetGridSquare(focus - >x + 1, focus - >y);   connections.push_back( new   Node (focus - >x + 1, focus - >y, cell, focus));     //down   cell = grid - >GetGridSquare(focus - >x, focus - >y  -   1);   connections.push_back( new   Node (focus - >x, focus - >y  -   1, cell, focus));     //is unvisited?   for   ( auto   node : connections)   {     if   (!(searched.find(node - >id)  !=   searched.end()))     {       if   (node - >type !=  griditem :: wall )       {         //add toSearch         toSearch.push(node);       }         searched.insert(std:: pair <std:: string ,  Node *>(node - >id, node));     }   }  
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image4.emf
class   Node   {   public :     std:: string   id;     enum   griditem   type ;     int   x, y;     Node * parent =  nullptr ;       Node( int   _x ,  int   _y );   };  
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//if not a wall, find connections   std:: vector < Node *> connections;     //left   connections.push_back( new   Node (focus - >x  -   1, focus - >y));     //up   connections.push_back( new   Node (focus - >x, focus - >y + 1));     //right   connections.push_back( new   Node (focus - >x + 1, focus - >y));     //down   connections.push_back( new   Node (focus - >x, focus - >y  -   1));     //check if new node   bool   found =  false ;   for   ( auto   node : connections)   {     //is it parent?     if   (focus - >parent !=  nullptr )     {       if   (node - >x == focus - >parent - >x && node - >y == focus - >parent - >y)       {         found =  true ;       }     }       //is it searched?     if   (!found)     {       for   ( auto   n : searched)       {         if   (n - >id  ==   node - >id) {           found =  true ;           break ;         }       }     }       //if not found, is it in searchList?     if   (!found)     {       for   ( auto   n : searchList)       {         if   (n - >id  ==   node - >id) {           found =  true ;           break ;         }       }     }       //add to searchList     if   (!found)     {       //set parent node and add searchList       node - >parent = focus;       searchList.push_back(node);     }     else     {       //duplicate node, delete       delete   node;  
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class   Node   {   public :     std:: string   id;     enum   griditem   type;     int   x, y;     Node * parent =  nullptr ;       Node( int   _x ,  int   _y ,  enum   griditem   _type ,  Node *  _parent );   };  
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