



What is an algorithm? 
An algorithm is a list of instructions that are executed to produce a specific output. [1] In this report, the author will present two pathfinding algorithms – Dijkstra’s algorithm and the A* algorithm and present a comparison. The author will then implement one of these algorithms into a pathfinding game and present their observations.

Dijkstra’s Algorithm
Dijkstra’s algorithm is a pathfinding algorithm that produces the shortest path from a starting (source) node to an end (goal) node. Dijkstra’s algorithm starts at the source node and explores each connecting node, calculating and prioritising the lowest weighted travel between the nodes. It then stores the predecessor node and prioritises and establishes the shortest path to the goal node. [2]
In the diagram below, A represents the source node with H representing the goal node. The numbers represent the weighted difficulty of which it takes to get to the connecting node. 
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Dijkstra’s algorithm calculates the weighted difficulty and prioritises the lowest weighted node path from the source node whilst storing the predecessor node as follows:
A -> C = 3/A  
A -> B = 4/A
A -> D = 5/A
A -> E = 7/A
Once a node has had all its connecting nodes calculated, the explored node can then be settled. In this instance A can now be settled, and the next nodes can be calculated and prioritised. 


The next nodes are explored, and the priority queue is recalculated with the new weighted nodes as so:
F (from route A -> C) = 3 + 4 = 7/C
C (from route A -> B) = 4 + 4 = 8/B
G (from route A -> D) = 5 + 6 = 11/D   
F (from route A -> B -> C) = 4 + 4 + 4 = 12/C

The prioritising continues until all nodes have been explored:
H (from route A -> C - > F) = 7 + 2 = 9/F
H (from route A -> E) = 7 + 8 = 11/E
H (from route A -> D -> G) = 11 + 3 = 14/G
H (from route A -> B -> C -> F) = 12+ 2 = 14/F 

With all nodes explored and prioritised, Dijkstra’s algorithm has concluded that the shortest path within the example is A -> C -> F -> H, as the weighted difficulty is the lowest of all connecting nodes from the source node to the goal node. 
Dijkstra’s algorithm provides the advantage of always finding the shortest path, even for large problems as it searches every node established within the given problem. This in turn presents itself the disadvantage of exploring wasteful avenues as it does not consider which direction it goes, thus wasting time. The larger the problem is, the more time and effort is wasted to find the shortest path.[3]  

A* Algorithm
The A* algorithm is another pathfinding algorithm that finds the optimal path to a goal node with an additional consideration. There are three parameters within the A* algorithm. The first is the cost of moving from one node to another, or the weighted difficulty. This is the sum of all nodes that have been explored up to that current node and is represented as g. The second parameter is the heuristic value which is the estimated cost of moving from the current node to the goal node and is represented as h. The final parameter is the sum of the first two parameters and is represented as f. The A* algorithm calculates f = g + h as the prioritisation queue and the smallest f value is considered the optimal path. [4]
In the diagram below, A represents the source node with H representing the goal node. The red numbers represent the distance to the goal node from the current node, known as the heuristic value h. The numbers in black represent the weighted difficulty between nodes, known as value g. 
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The A* algorithm will prioritise the combinations to find the optimal path. When checking connecting nodes to determine a best path, the A* algorithm will look at the cost of the first connecting nodes and not the heuristic. The heuristic is only looked at when the target node is reached. The lowest f value is selected, and the algorithm then moves on to that node. This is the established process until the goal node has been reached. The A* algorithm is processed as follows:
Node: g + h = f/predecessor node
Starting node: A 
C: 3 + 7 = 10/A
D: 5 + 7 = 12/A
E: 5 + 7 = 12/A 
B: 4 + 10 = 14/A
Because C had the lowest f value of the nodes connected to A, C is selected for expanding next. As F is the only connecting node, this is then calculated next in the algorithm and C is settled. 
F: 3 + 4 + 3 = 10/C
F has only one connecting node which is the goal node. This is then calculated, and F is settled with the goal node reached. 
H: 3 + 4 + 2 = 9/F
Thus, the A* algorithm has concluded that the optimal path to H in consideration of difficulty and direction is A -> C -> F -> H.




Comparison of Dijkstra’s Algorithm and A* Algorithm
Dijkstra’s algorithm is a basic solution for pathfinding problems in which it provides the shortest path based on exploring connecting nodes and their proximity criterion. This approach then constructs minimal paths between nodes until the goal node is reached and is considered a uniformed approach. This approach can be advantageous for large, dispersed problems as it searches all node paths, however this means it can struggle with denser problems because it wastes time searching all nodes [1]. 
The A* algorithm allows for further consideration of distance from the goal node as well as the proximity criterion. This provides an improved solution to pathfinding problems in situations where nodes are dense as the direction of the goal node is considered and unwanted paths can be avoided. It looks to reach the goal node as quickly as possible, instead of attempting to reach every node in comparison to Dijkstra’s algorithm. 
The optimal algorithm will depend on the scenario presented. In a scenario where there are multiple goal nodes and the distance to the closest one is unknown, A* is not the optimal choice because it needs to be ran for each goal node to find a path for each of them, thus making Dijkstra’s algorithm more optimal in this scenario. However, A* has become the more popular pathfinding algorithm for scenarios where nodes are dense and distance values are known such as navigations systems, traffic simulations and games because it factors in this additional distance value and therefore can provide an optimal route with a lower time-consuming process.[5]

Implementation Reflection
The Author’s algorithm implementation did not meet the criteria for either Dijkstra’s or A*due to complexity and time resources. Instead, the algorithm logic was created based on the set positions of the player and the target. As the player was always populated in the bottom left of the maze and the target was always populated in the top right of the maze, the player’s path was prioritised for primarily moving up and then right, with a move left if the maze required the player to be redirected until an upwards move was possible again. The player would look at each neighbouring node and check if the tile was empty or a wall, the player’s move direction was then based on a combination of the priority of direction and if the tile was an empty space. The completion check was based on matching the set grid coordinates of the player to the target, as can be seen in the following code:
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Results
Automatic mode result:
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The algorithm results had both positives and negatives. Wall hit values were optimal, however access to the grid was high when it should have produced a result of 0. The grid access rate presents as a defect within the algorithm.  These results were reflected in both Automatic Mode and Benchmarking Mode. 
An algorithms performance can be estimated by its time complexity. Big-O notation is used to express this time complexity as a function of input size n. The input size is denoted by n, while the worst-case growth rate function is denoted by O [6]. The Author’s algorithm would demonstrate linear time or 0(n). Linear time algorithms take proportionally longer to complete as the input grows. If the maze grid were to be larger, the algorithm would take longer to produce a path for the player to the target.  
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//ve know the player is always bottom left and target istop right based on set grid coordintates.
//Player should move primarily up when they can and then right when they can.
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if (this>up == gridite
{

enpty) //If the tile above is enpty move up

moveresults mr = grid->MovePlayer(movedirection
// Update my Y position

this->playerPosY = this->playerPosY - 1;
this->GetNeighbour(this->playerPosX, this->playerPosy);

else if (this-up
{

riditen: :wall & this->right == griditem::empty) // If the above tile is a wall and the right tile is empty, move right

moveresults mr = grid->MovePlayer(movedirection
//Update my X position

this->playerPosX = this->playerPosX + 1;
this->GetNeighbour(this->playerPosX, this->playerPosy);

ight)s

i

else if (this->up == griditem: :wall 8 this->right == griditem::wall) // If the above tile and right tile are walls, move left until there is an empty tile above

moveresults mr = grid->MovePlayer(movedirectior
//Update my X position

this->playerPosX = this->playerPosX - 1;
this->GetNeighbour(this->playerPosX, this->playerPosy);

:left);

} while (thiz-up - gridite

wall);
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else if (this-up
{

riditen: :target) //If target is above, move player to target position

moveresults mr = grid->MovePlayer(movedirection

i

else if (this->right == griditem:

rget)//If target is to the right, move player to target position

moveresults mr = grid->MovePlayer(movedirection

ight)s

CheckComplete(); // Check if player is in target position

} while (CheckComplete() == 8); // If player is not in target position yet, loop again
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Minimum accesses: 136
Mean accesses: 223
Maximum accesses: 496
Minimum moves: 34
Mean moves: 55
Maximum moves: 124
Minimum wall hits: @
Mean wall hits: @
Maximum wall hits: @

C:\Users\sharla Passariello\Dounloads\ASDPathfindingAssignment\x64\Debug\ASDPathfindingAssignment .exe (process 35344) ex
ited with code 6.

To automatically close the console when debugging stops, enable Tools->Options->Debugging->Automatically close the conso
1e when debugging stops.

Press any key to close this window .




