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[bookmark: _Toc194401619][bookmark: _Toc217877004]Introduction 
In computing, pathfinding is often seen in relation to traversing graphs, with the goal of determining the shortest path to a destination from a starting point. The common approach to the problem would usually be Dijkstra’s algorithm or its counterpart, A* algorithm.
[bookmark: _Toc217877005]Algorithms
Using a graph-based system, the connections (edges) are given weights representing the distance or cost of traversing that edge. To store a shortest path, nodes store a reference to the neighbouring node with the shortest total distance from start to its own location, which when traversed in reverse, gives a path to follow.
[bookmark: _Toc217877006]Dijkstra’s Algorithm
[bookmark: _Int_KkXSrJcV]Dijkstra’s algorithm works by tracking visited nodes, along with their ‘tentative distances’, a value tracking the shortest known distance to that node. This value is overwritten if a shorter value is found. Dijkstra’s requires a pre-defined start node to work but can return the shortest path to any node unless stopped at a specified end node.

In more detail, the algorithm would begin by setting the tentative distance for every node. The starting node would be set to 0, and every other node set to infinity (or other suitable high numbers). Every node would be marked as unvisited.

[bookmark: _Int_M1VXAn1k]Next, it would pick the next node with the lowest tentative distance that has not been visited, at first this would be the start node. The selected node would be marked as visited, then all connected neighbours that are not visited are checked to see if their tentative distance is less than the tentative distance of the current node plus the weight of the edge [1]. If it is, it would then proceed to update the neighbour’s tentative distance with that new value and set the parent of the neighbour as the current node. This would be repeated for all connections.

The algorithm would then loop this process, choosing the next node with the lowest tentative distance, marking it as visited, and so on, until all nodes within the graph are visited, or if made to stop once visiting a set end node [1].

[bookmark: _Toc217877007]A* Algorithm
The A* algorithm is a modified version of Dijkstra’s algorithm. It implements a heuristic value, which is an estimate of how much distance is left until reaching the end goal. The heuristic value is calculated via a function based around the systems used, such as Euclidean distance (straight-line distance), Manhattan distance (measures distance across grid lines), etc. 

This value is then used in an equation to create a new f-value, being  [2].
In the equation, f(n) would be the ‘f-value’ for that node, with g(n) being the tentative distance of the node, and h(n) being the heuristic value for the node calculated with a function. This f-value is used for prioritising which node to check, as opposed to using purely the tentative distance.

In an implementation, this would be shown like Dijkstra’s, beginning by initialising the tentative distances of all nodes to infinity and the start node to 0, along with assigning all nodes as unvisited. It then selects the node with the lowest f-value, checks that the node is unvisited, then marks it as visited. 

This is followed by checking the tentative distance of all neighbours, and it is less than the current node’s tentative distance plus the edge weight, it would update the neighbour’s distance, and parent node, along with recalculating its f-value. This would then repeat, choosing the next node with the lowest f-value, looping until it visits the selected end node [3]. 

[bookmark: _Toc217877008]Comparison
Dijkstra’s algorithm and A* are both effective implementations for pathfinding. The core differences within their implementation are how Dijkstra’s algorithm searches for the next node based purely on the lowest tentative distance, effectively searching broadly. In contrast, A* implements a heuristic estimation for the distance remaining and uses this in the calculation of an ‘f-score’, giving the total distance estimated to a destination, and resulting in it searching along a path it believes may give the shortest distance overall first.

[bookmark: _Int_8DCv9AyM]This has the effect that A* cannot provide a guaranteed path to every node, as A* requires a dedicated set end node, where Dijkstra’s can as it will check every node. Dijkstra’s is shown to be slower than A*, given that the heuristic value is admissible. The big O notation for both Dijkstra's and A* would be O(ElogN) where E represents the number of edges, and N the number of nodes. This means their complexity is considered equivalent, with worst-case A* degrading into Dijkstra’s [3].
[bookmark: _Toc217877009]Implementation
[bookmark: _Toc217877010]Solutions
The task requires a solution be implemented to dynamically solve the shortest route through a generated maze. The first method, dubbed “Up-Right”, was devised by analysing the maze generation, determining factors such as the rough layout and the positioning of the player and end goal being static. This method prioritises moving up and right simultaneously, unless blocked. If both are blocked it would move left until either left is blocked or up is unblocked.

The second method derives from the first, “Enhanced Up-Right". Moving up is never a bad move, whereas moving right may result in backtracking left, so this system changes so that it will only move up first until it is blocked. Afterwards, it will move right or left if right is blocked. Finally, a Dijkstra’s algorithm solution would be implemented, ensuring the shortest path was used. This converts the maze into a graph, with each position being a node, then following typical Dijkstra’s.

[bookmark: _Toc217877011]Issues
A few issues encountered when implementing the solutions. First, when implementing the first method, it got stuck attempting to move left. After trial and error, it was revealed that the attempts to restore it to original movement if hitting a left wall never triggered, resulting in an infinite loop. Implementing precautions and ensuring no desynchronisation of tracked player coordinates fixed the issues. 

When implementing Dijkstra’s algorithm, one issue was that there was always one wall hit every run, but mazes finished correctly. After analysing when these hits occurred, and the implementation, it was discovered that it was pathing both to and from the start node, returning a default move direction, hitting a wall, then following the path normally. This was resolved by implementing changes, such as no longer including the start node within the path, ensuring a valid direction was found, and skipping if the current node is the same as the destination.
[bookmark: _Toc217877012]Results
The results of the various implementations proved interesting, none hit any walls as all had factors preventing this. However, accesses and moves are worth checking. With the Up-Right methods, the accesses vary due to checking only spaces they try move to. The enhanced variant access reduces greatly as it checks one section every move, but the basic version checks all. Dijkstra’s always has 400 accesses, as it checks every square to convert it into a graph. Regarding moves, all have a minimum of 34, with similar mean averages, however, with the maximum, Up-Right methods have 1.5x the moves as Dijkstra’s. All the data is shown in the spread sheet below:
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[bookmark: _Toc217832158][bookmark: _Toc217876996]Figure 1. Spreadsheet holding data on different pathfinding implementations
[bookmark: _Toc217877013]Interesting Code
One interesting segment was the ‘getDirection’ function, which converts from player and target coordinates into the mazes ‘movedirection’ type. To prevent issues from returning a default direction, as ‘movedirection’s have no null, a bool method is used. This will then return true or false depending on if a value was returned. The code shows this below:
[image: ]
[bookmark: _Toc217876997][bookmark: _Int_39zypQzb]Figure 2. Code for the ‘getDirection’ method
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Pathfinding Implementation Results

Accesses Moves Wall Hits
Implementation Minimum |Maximum |Mean Avg |Minimum |Maximum |Mean Avg |Minimum |Maximum |Mean Avg
Up-Right Method 75 377 188 34 136 70 0 0 0
Enhanced Up-Right 51 237| 97 34 124] 56 0 0 0
Dijkstra's Algorithm 400 400| 400 34 86 47, 0 0 0
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bool getDirection(movedirection& dir, std::pair<int,int> playerCoords, std::pair<int,int> targetCoords)

// Gets the difference in co-ordinates
int x = targetCoords.first - playerCoords.first;
int y = targetCoords.second - playerCoords.second;

// Returns valid move, along with the corresponding direction

if (y == -1)

1

i dir = movedirection::up;
| return true;

3

if (y = 1)

1

i dir = movedirection::down;
| return true;

3

if (x = 1)

dir = movedirection: :right;
return true;

dir = movedirection: :left;
return true;

// Ensures that if no move is found, no move is made
return false;




