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Dijkstra's algorithm is an [1] algorithm used to find the shortest distance from a starting vertex to all other graph vertexes that possess positive edges. [9] Dijkstra’s algorithm is not suitable for graphs with negative weights as path weights are added to calculate the priority of which one to visit next, and by including negative weights this would result in a decrement of the total path cost.
The graph must be a weighted graph, which [2] is a graph that contains edges with numerical values, which are known as weights.  The algorithm works by indicating a starting vertex with a distance of 0, as no distance has been traversed. [1] All other vertexes have an unknown distance, in practise when using C++ the distance is set to [3] int_max as the cost values are integers. 
[1] All traversable unvisited vertexes should have their distances updated to the total accumulated path cost plus the distance to travel to that vertex, if the new distance is shorter than its currently known shortest distance. A vertex should then be chosen to travel to that is traversable and has the lowest distance from the current vertex, where it is then considered visited and the process repeats from the current vertex until the shortest path to all vertices have been found.
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A* algorithm is an [4] algorithm with similarities to Dijkstra in the way it works but has a heuristic function used to calculate the distance of the current node from the end node. This algorithm requires an estimate of the end node to be known as a result. It is an algorithm used to find the shortest path from a start node to an end note in a weighted graph and determines which node to visit next based on the current distance from the start node and the distance from the end node.
The algorithm begins on the start node from which the shortest path is desired. The current node is added to a data structure to track which nodes have been visited to avoid repeat visits. The algorithm then looks at adjacent nodes and their corresponding weights, which in this case is known as the F cost. This is a sum of the distance travelled from the start node and a calculated estimate of the distance to the end goal, depending on [5] the number of directions that can be traversed. For four-directional-movement movement, the Manhattan distance should be used to calculate the distance from the end.
[4] Edges that have the lowest F score are given the highest priority for traversing as they are the most promising. The algorithm travels to the lowest weighted node and repeats the process. Unvisited nodes have their F costs updated along the way if new traversals result in a lower F cost. Once the target node has been reached, the path is traversed backwards along the nodes with the lowest F costs to identify the best path.
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[6] Dijkstra’s algorithm and the A* algorithm are both used for identifying the shortest path between nodes in a graph, however they have some differences between them that make one more suitable over the other in certain cases. For example, Dijkstra’s can be slow in comparison to A* because it is [7] a greedy algorithm. This means it is an algorithm that focuses on a short and current scope of the graph and selecting the best value in the scope, rather than attempting to calculate ahead for an optimized result. It is best for applications where continual traversal does not require reevaluating visited nodes.
 A* often outperforms Dijkstra when the graph contains a considerable number of nodes, however this is dependent on how well calculated the heuristic is. [8][7] It is especially important for the heuristic to not overestimate costs, otherwise it may not find the optimal path and the performance degrades to Dijkstra’s complexity of O((V + E) log V) for implementations involving a priority queue.
[bookmark: _Int_p79v9nyN][6] They also differ in how they are initially implemented. Dijkstra’s starts with a distance of zero for the starting node and infinity / a representation of infinity for the remainder nodes. Whereas A* always has a distance calculation as it uses an estimated distance from the end node and current distance from starting node. A* is used more often in pathfinding applications in games, whereas Dijkstra’s algorithm is often used in network routing to ensure that data is transmitted along the shortest path possible.
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This was a unique and exciting challenge to develop as I have not coded any algorithms in this manner prior to this assignment. A lot of thought went into the development, and I reevaluated certain processes multiple times. I originally started with the development of Dijkstra’s before switching to A* halfway through. This is because I found the heuristic functionality of A* easier to implement than Dijkstra’s.
A challenge I faced during the coding was how best to store a node alongside its attributes and behaviours. I implemented a struct in the end as it provided me complete control over how I implement the node for manipulation within the main code body, alongside reducing redundancy. Additionally, deciding how to identify the walls in my application was a lengthy consideration. I decided to make an initial loop to identify every square in the grid and delegate the player, target, and walls into separate data structures. 
This comes with the benefit of the number of accesses to the grid being constant every run but could add some overhead in comparison to checking surrounding coordinates to see if it is a wall when the traversable coordinates are being calculated, without a pre initialized set of wall coords. It does however mean that the code can in theory run if the size of the grid was not constant, or if the player and target starting positions were randomized.
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[image: ]For the results obtained by 10,000 automatic runs, my code had a consistent 400 accesses each run due to only accessing the grid once every run.
The moves ranged from 34 to 92, with a mean of 47. The best case is not far off the mean, which indicates the is efficient at finding the shortest path. In the worst-case scenario, the algorithm does not exceed 92 moves, which is less than double the mean, giving a good idea of the potential variation in time to compute.
Finally, there are 0 wall hits across every run of the algorithm, due to every grid item that is a wall being known ahead of time, so they can be avoided before traversing.
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An interesting portion of my code is the function to determine which node should be traversed after the current node. It takes in the current node’s coords and a set of coords denoting the coordinates of walls.  It produces a set of possible coords that can be traversed from the input coordinates, and loops through them with an iterator to check whether the coords exist in the walls set. If found, the coords are erased from the potential coords to be explored, and after all coords are checked, the traversable coords are returned.
[image: ]Additionally, how the coordinates are translated to player movements in the grid is equally interesting. A vector is made containing the coordinates of the best path nodes, which is calculated by traversing through the parent nodes, as the parent node is the node that had the lowest cost leading to that node. The path is then reversed for the entire vector because the vector inserting was initialized when we reached the target node and worked backwards from there. The best path vector is then looped through for each coordinate, and the difference in x and y is calculated and passed into the if statements to translate the change in direction to a viable movement.
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Enter choice:

1: Manual mode (for learning the environment).

2: Automatic mode, single run (for testing of your code.
3: Benchmarking mode, 10,000 runs of automatic mode.
3

Minimum accesses: 400

Mean accesses: U400

Maximum accesses: 400

Minimum moves: 34

Mean moves: 47

Maximum moves: 92

Minimum wall hits: @

Mean wall hits: @

Maximum wall hits: @
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set<pair<int, int>> traversableCoords(pair<int, int> coords, set<pair<int, int>> walls) {
set<pair<int, int>> returnCoords = {

| 1/ Right

pair<int, int> { coords.first + 1, coords.second },

11 Left

pair<int, int> { coords.first - 1, coords.second },

7/ Down

pair<int, int> { coords.first, coords.second + 1},

1 up

pair<int, int> { coords.first, coords.second - 1 },

for (auto it = returnCoords.begin(); it
if (ualls.find(xit) 1= walls.end()) {
it = returnCoords. erase(it);

returnCoords. end(); ) {

return returnCoords;
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vector<pair<int, int>> bestPath;
for (Node node = &currentNo
bestpath. push_back(node->coords);

3
reverse(bestPath.begin(), bestPath.end());

for (unsigned int i = 1; i < bestPath.size(); i++) {
int dx = bestPath[i] first - bestPath[i - 1].first;
int dy = bestPath[i].second - bestPath(i - 1].second;

movedirection direction;
//grid->PrintGrid();

if (dx == 188 dy == @) {

| direction = movedirection: :right

¥

else if (dx == -1 && dy == @) {

| direction = movedirection: :left;
¥

else if (dx == 0 && dy == 1) {

| direction = movedirectior

¥

else if (dx == 0 && dy ==

| direction = movedirectior

¥

else {

| continue;

3

moveresults result = grid->HovePlayer(direction:
if (result == moveresults:

| return;

¥

else if (result

| return;
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