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Introduction
The purpose of this document is to compare the Djikstra’s and A* pathfinding algorithms, 
and to produce an example pathfinding algorithm to solve a maze.
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Task 1 – Research
Dijkstra’s algorithm and the A* algorithm are pathfinding algorithms which aim to provide a 
solution to the shortest path problem [1]. These two algorithms are greedy algorithms, 
which means that they use the best immediate solution to the issue [2].

Dijkstra’s algorithm is a pathfinding algorithm that attempts to find the shortest point to a 
path between two points across a graph. It builds a minimal path from the starting node to 
the target by constructing a distance array for each individual point. Nodes are initially 
marked with a value of infinity, and then have their values reassigned based on how close 
they are to the start and end node. It then moves to the node with the lowest value and 
repeats until it reaches the end point [3]. Dijkstra’s Algorithm is a breadth-first search, 
meaning that nodes at the top are computed first [4].

Dijkstra’s algorithm uses the following steps:

1. Creates an array for each node on the graph. The distance of each node is infinity 
by default with the exception of the starting node, which is assigned 0 and as such 
is considered the current node.

2. A process called edge relaxation is performed wherein the algorithm sets a distance 
value based on how far each node is from the current and the targeted node. The 
distance value of any nodes that have to be travelled through are added.

3. The node with the lowest distance value is now considered the current node.

4. If the targeted node has not been reached, repeat the algorithm again from step 2. 
Otherwise, the algorithm is considered complete and can be terminated.

A* (also known as Astar [5]) is a variation of Dijkstra’s algorithm which performs additional 
heuristics to find the shortest path [3]. Whereas Dijkstra’s algorithm only concerns the 
physical distance between the two nodes, A* also performs an additional heuristic check 
based on a distance vector [3]. One distance vector that can be used is euclidean 
distances, which are just a straight line between the current node and the target node. The 
sum of these two values are then used to find what the shortest path is. 

The A* algorithm uses the following steps:

1. Creates two different arrays – one for open (unevaluated) and closed (evaluated) 
nodes. Add the starting node to the open list.

2. Add the current node to the closed array, then evaluate every neighbouring node. 
Skip any neighbouring nodes that are in the closed list, and evaluate the weight 
value of any unevaluated neighbouring nodes. For nodes that are not marked as 
open but are not closed either, calculate their weight value based on the sum of 
their Djikstra edge distance as well as the distance vector being used by this 
particular flavour of A* (such as Euclidian distance, but other distance vectors can 
be used depending on the use case). If the node is marked as open, check if the 
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edge distance of the node from the current node is less than what it is already set 
as and, if it is lower, reset the distance.

3. Close the current node, then move to the node with the lowest weight value.

4. Repeat these steps until the target node has been reached.

There are further variants of the A* algorithm for specific use cases, such as robotics [6] 
and network routing [7].

Although Dijkstra and A* are usually both implemented as a breadth first search, Dijkstra’s 
algorithm is not as computationally complex as A* because it does not use a heuristic but it 
is less accurate as a result. While Djikstra’s algorithm may be preferable on less powerful 
hardware, A* is preferable on modern hardware. While A* is more computationally complex 
than Dijkstra's, in more complex graphs (such as road networks) A* scales better and can 
have specialised heuristic functions for specific use cases [8]. However, in cases where a 
valid heuristic is not available or necessary, Djikstra’s Algorithm may be better than A* 
because a heuristic may be expensive to compute and may not be as beneficial on smaller 
graphs.
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Task 2 – Implementation

The purpose of this program is to algorithmically navigate a randomly generated maze 
without colliding with a wall. This algorithm exclusively uses heuristics to find the goal, as 
the mazes that are generated by the maze program are always extremely similar. For 
example, each maze is always a 20x20 grid, the player character always spawns on the 
bottom left and the goal is always on the top right. There is also never any need to move 
downwards.

The first implementation of the program functioned mainly as a proof of concept to test the 
viability of a heuristic implementation. In this implementation, the player is always moved 
up by default and, if a wall is hit, moves to the right. If a right wall is hit then the player will 
begin moving left instead of right until it hits another wall. No checks against the grid are 
made and many wall collisions are made (including against walls that have already been 
collided against), which means that this implementation is suboptimal. Still, it confirmed a 
number of conditions about the maze (including the fact that the goal is always in the same 
place) and in turn proved the possibility of using a purely heuristic method of finding the 
goal.
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Figure 1: Screenshot of the first proof of concept



With this knowledge, the second implementation was made to be more optimal in terms of 
moves. Instead of blindly moving forward, it checks the tile above and, if it is an empty tile, 
it moves upwards. If the tile above is a wall, it then alternates between scanning right and 
left until it finds an opening and moves over to it when it has found one. It does not perform 
any scanning on the top row because that row is always clear and the goal is always in the 
same place, so it just moves to the right when on that row.
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Figure 2: Full screen image of the purely 
heuristic code



Due to an if error, it would make a wall collision if the goal is directly above it. The cause of 
this issue was that the code was checking for an empty space in order to move up, which 
would flag the goal as an illegal move. This was fixed by changing the check for an empty 
tile to instead be a check for if a wall is not on the tile.

Running the fixed version of the algorithm in benchmarking mode (which performs ten 
thousand maze runs) the algorithm performs on average 63 grid accesses, moves 48 
times on average and never hits a wall.

Compared to a more conventional pathfinding algorithm, this algorithm does not use 
container types such as stacks and dequeues. This means that the algorithm is not as 
complex as a more general pathfinding algorithm, and is therefore less intensive on 
system resources and is easier to read. However, it is not appropriate for more 
complicated mazes because it is specifically optimised for this particular maze generator. 
Given more time and word count, an implementation of A* or Djikstra’s algorithm may have 
been produced to compare it with this algorithm.
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Figure 3: Truncated code image showing the fix that was made

Figure 4: Output of the navigation program
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