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Dijkstra Algorithm
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Description automatically generated]The Dijkstra algorithm is a computing method that was “published in 1959 and named after its creator dutch computer scientist Edsger Dijkstra” [1] will find the shortest path from a single source node to other nodes in a graph. It is one of the best algorithms as it “is often considered to be the most straightforward algorithm for solving the shortest path problem.”[2] this relies on the assumption that the shortest path to the node is finalised once visited. It begins by initialising the distance to the source node as zero and all other nodes as infinity and a priority queue is used to select the node with the shortest known distance. Once all nodes are processed, the shortest path to each node is determined.

When would Dijkstras Algorithm be used?

Dijkstras algorithm is ideal for:

· Network routing protocols
· Route Planning (GPS, Satnav)
· Shortest path solutions in transportation networks
· Optimal resource allocation

	Benefits
	Drawbacks

	Guaranteed Optimal solution. It “guarantees the shortest path”[3] when it has non negative edge weights
	“it conducts a blind scan which takes a lot of processing time”[4]

	It can be applied to many real-world applications
	Dijkstras algorithm is limited to non-weighted graphs which means that when a graph has negative edge weights it will try to conduct its algorithm incorrectly, which will lead to incorrect results

	It is very efficient as when it is implemented with a priority queue in small and medium sized graphs, the algorithm has a time complexity of O
	For very large graphs it can be less efficient compared to alternative algorithms



Dijkstras Algorithm summary

In summary, Dijkstras algorithm is a very powerful tool for solving the shortest paths in a non-negative weighted graph, it balances both simplicity and efficiency. However, the algorithm does not suit larger graphs or scenarios with multiple source optimisation.

A* Algorithm
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Description automatically generated]A* algorithm is a shortest path finding algorithm from the starting node to a target node in a weighted graph. It is classed as one of the smartest path finding algorithms used in modern technology as it combines techniques used in its own and Dijkstras algorithm which implies that it is “more efficient than purely uninformed algorithms like BFS and DFS”[5] this is if the heuristic is well-designed. 

A* evaluates each node using the formula f(n) = g(n) + h(n). g(n) is the cost of reaching the node from the starting point, and h(n) is an estimate heuristic of the cost to reach the target point. It uses a priority queue to explore the nodes with the lowest f(n). And the neighbour nodes are updated if any shorter paths are found. The search then continues until the target node is reached.

Heuristic Functions

Manhattan Distance: This method is used “to identify data points that are significantly different from others in a dataset” [6] It does this by calculating the differences in x and y coordinates, and is restricted to vertical and horizontal directions.

Euclidean Distance: The Euclidean distance is more suitable for datasets that allow diagonal movement, it works out the straight-line distance between two points

	Benefits
	Drawbacks

	A* Is very efficient as it uses both cost from the start and estimated cost to the goal
	It is not ideal for very large graphs

	If the heuristic is admissible and consistent it is guaranteed to find the shortest path
	It heavily depends on the quality of the heuristic

	It can be used in many different applications
	If it is not very well designed other algorithms may perform better



Comparison

Dijkstra and A* algorithms are both used for pathfinding in graphs and mazes but both offer differences in their approach and outcomes.

Dijkstra’s algorithm is uninformed which means that it explores all of the possible paths in order to find the shortest one. It does not use a heuristic, and relies on the actual cost from the start. This means that it is reliable for all sorts of graphs apart from large graphs as it starts to explore many unnecessary nodes, especially in weighted graphs.

A* is different as it is informed and does use a heuristic to estimate the cost to the target and combines it with the actual cost from the start to prioritise nodes. Which implies that A* is significantly faster for most problems especially when a god heuristic is available. 

Although the Dijkstra algorithm is simpler and works in most graph. A* is the more efficient and adaptable out of the two. But it does depend on a heuristic to find the shortest path.







Task 2 – Reflection on code implementation and results

Overview of the implementation

The solution that was imlementaied in this maze was the left-hand-on-wall rule, ensuiring that the maze is solvable by always keeping the players ‘left-hand’ on the wall. By using this strategy it guarantees that the target node is eventually reached even although the path might not be the best route it still reaches its goal and provides a path without hitting a wall.

The core of this implemented in the navigate function, which repeatedly evaluates the possible moves left, forward or right until the target is reached. The deisicion making process is based on checking if there are walls in the way and adjusting the players direction to ensure no wall is hit. Although this approach is more straightforward it highlights the limitations when compared to more complex algorithms like A*.

Key Sections of code

Navigate Function

The navigate function is the core of the implementation of code written. It contains the logic for movement.
[image: A computer screen shot of code

Description automatically generated]
This navigate function used in the code is simple and effective for navigating the maze. However, even though it provides a path without hitting walls it is very unlikely to be the best route to reach the target node. These paths can be longer than the best paths and also use more grid accesses due to the reactive nature of the code.





TryMove Function

The TryMove function checks whether the player can move in a given direction without actually moving them. This ensures that no invalid moves are made like stepping into a wall.
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Description automatically generated]

In this code the players position is determined by moving through the grid. Once the position is located the function then calculates the next position based on the desired direction and checks if any walls are in its way. Even though this is effective it would benefit from optimisations like storing the players position instead of recalculating it every move.

Limitations and attempt to integrate A*

The left-hand to the wall solution was successful in finding a path to the target node without hitting any walls. However, it does not always find the best path.  For this the A* algorithm needed to be implemented as a more suitable algorithm for the task set. 

The implementation of A* was too complex due to restrictions in modifying other files such as grid.h and grid.cpp. Despite numerous attempts, these limitations kept bringing up errors on gridSize, playerpositon x and y.

If modifications were allowed the following steps would’ve been taken to successfully implement the A* algorithm.

Heuristic Definition: The Manhattan distance would’ve been used as the heuristic as it was suitable for this maze.

Priority queue: Introduced a priority queue to process the nodes based on their f(n) value f(n) = g(n) + h(n)

Parent tracking: Parent nodes would’ve been stored for each visited node in order to reconstruct the shortest path once the target is reached

Grid Representation: Update the grid data structures to include cost values and visited nodes.

Despite the restrictions, The code implemented was tested in automatic mode and successfully completed the maze and reached the target node without hitting any walls. Even if it wasn’t the best path it still can complete mazes given.
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-hxle (moveResult moveresults: :complete) {
int leftDirection = (currentDirection + 3) % 4;
| moveresults leftMove = TryMove(directions[leftDirection]);

if (leftMove != moveresults::wall) {

currentDirection = leftDirection;
| moveResult = grid->MovePlayer(directions[currentDirection]);
}

i else {

moveresults forwardMove = TryMove(directions[currentDirection]);
if (forwardMove != moveresults::wall) {

: 3 ! moveResult = grid->MovePlayer(directions[currentDirection]);
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il else {

: : :  currentDirection = (currentDirection + 1) % 4;
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Imoveresults GridNavigatorAutomatic::TryMove(movedirection direction)
griditem** currentGrid = grid->GetGrid();
int playerX = -1, playerY = -1;

for (int i = @; i < 20; ++i) {
for (int j = @; j < 20; ++j) {
if (currentGrid[i]l[j] == griditem::player) {

. playerX = j;
. playerY = i;
break;

}

}
if (playerX != -1) break;

}




