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[bookmark: _Toc187739007]Part 1: Dijkstra’s Algorithm and A* Algorithm

Dijkstra’s Algorithm is a search algorithm used to find the shortest path between the nodes within a graph. Publicized in the article “A note on two problems in connexion with graphs” by Edsger W. Dijkstra [1], it employs a greedy algorithm approach to its implementation, which makes a locally optimal choice depending on what looks best at its current situation to ensure a globally optimal solution [2]. The algorithm searches neighboring nodes with the smallest weights first, the nodes with the shortest distance, by using a priority queue. This is then repeated until all nodes are visited and the path is found.

To show how Dijkstra’s algorithm works, take this example weighted graph as shown below.

[image: ]
Fig.1: A picture of a weighted graph with varying distances between nodes. The weights of each node are shown in red. Created with PowerPoint.

The goal is to find the shortest path from ‘A’ to ‘D’. At the start, the weight of the nodes is set to infinity as the distance is not yet known, except for the starting node, which is zero. To start, the nodes neighboring ‘A’ are checked. The distance is found between each, and the weights of those nodes are updated if they are smaller. Since each weight starts out as infinity, they are all updated. Once each neighbor has been explored, the node ‘A’ is then marked as visited. 
[image: ]
Fig.2: A picture of a weighted graph with updated weights for nodes ‘C’ and ‘F’. Created with PowerPoint.

We then move on to the next node. Since Dijkstra’s is a greedy algorithm, it will go to B, as it has the smallest weight currently. The neighbors of ‘B’ are checked, starting with the nodes with the smallest distance, which in this case would be ‘C’.

[image: ]
Fig.3: A picture of a weighted graph showing the distance between nodes ‘B’ and ‘C’. Created with PowerPoint.

Since the distance between ‘B’ and ‘C’ is 9, which is greater than 6, the weight of C isn’t updated. This cycle repeats until all nodes have been visited. Once the algorithm is terminated, the path is then found. The shortest path is A, B, D.

[image: ]
Fig.4: A picture of a weighted graph showing the distance between nodes ‘B’ and ‘D’. Created with PowerPoint.

The influence of Dijkstra’s algorithm is evident within the A* search algorithm. In many ways A* is comparable to Dijkstra’s, both using a greedy algorithm approach to find the shortest path, however the main difference is that A* relies on a heuristic, which estimates the potential remaining distance to the goal node. This heuristic is then used to prioritize certain nodes that may be closest to the goal and skip potentially unnecessary nodes [3]. This is known as a heuristic search.

Looking again at the example graph, assume that the heuristic, the estimated distance to ‘D’ is approximately 11. Instead of checking all neighboring nodes, the algorithm can prioritize ‘B’ whilst not needing to check the other nodes surrounding ‘A’. This makes A* potentially more efficient in finding the goal as it only searches nodes that the heuristic deems more likely to lead to the shortest path.

An example of a major use case for algorithms like Dijkstra’s and A* is for pathfinding within video games. In 2022 a paper was published regarding how multiple algorithms, including A* and Dijkstra’s, handled pathfinding within the Unity game engine [4]. These algorithms were implemented and tested with different sized graphs. The performance of each algorithm, including the execution time, the shortest path length, total iterations and block computed were monitored. The results from these showed that whilst A* and Dijkstra’s produced similar path lengths, A*’s execution time, iterations and computed blocks were all smaller. This shows A* being the more efficient algorithm.
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Fig.5: A picture of a table showing the difference between the results for Dijkstra’s and A* with regards to pathfinding on a grid. Taken from [4].

Another paper in 2020 used both Dijkstra’s and A* implementations to find the shortest distance between points on different scaled maps [5]. The results showed that the distance calculated with both algorithms was the same, however the A* algorithm had a faster running time when finding the distance on a large-scale map. These show that A* handles scalability more efficiently compared to Dijkstra’s.
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Fig.6: A picture of a table showing the difference between the results for Dijkstra’s and A* with regards to finding the shortest distance on a map. Taken from [5].

Whilst A* seems to be faster and more efficient than Dijkstra’s on paper, one major point to keep in mind is that a good heuristic is required for it to outperform Dijkstra’s, as the heuristic allows the algorithm to focus its search. Depending on if the heuristic overestimates the cost to the goal, the algorithm may produce a suboptimal result [6]. A*’s performance is mainly dependent on its heuristic, unlike Dijkstra’s algorithm, which only needs to search for all possible paths to ensure an optimal solution is found.
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One of the tasks specified in the assignment was to develop an implementation for an automatic maze navigator. The maze is a 20x20 2D grid consisting of walls and empty spaces, with a ‘player’ and a ‘target’. The goal is to navigate the player to the target. The code for generating this maze and moving the player has already been provided; the only requirement is to implement the automatic maze navigation. This implementation must find an optimal path to the target with the fewest moves whilst avoiding walls and there must also be a limit to how many times the grid is accessed.

[image: A screenshot of a computer screen
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Fig.1: A screenshot of a maze generated from the provided code. W spaces represent walls, P represents the player and T represents the target, with all other spaces being empty. Screenshot taken from Visual Studio 2022.

Certain parts of this maze need to be taken into consideration, namely the positioning of the player and the target. Running the maze generation multiple times shows that the player will always be located at coordinates (18, 1), and the target at (1, 18).  These coordinates can be used for both the root of the search and where to terminate it. 

The algorithm chosen for the implementation is Breadth-First Search (BFS). This explores every adjacent space, starting from the root and expanding outwards until it finds the target, using a First In, First Out approach [7]. For this implementation, a 2D array is used to keep track of each visited space on the grid. An array of pairs stores information on the edges of each space.  

[image: ]
Fig.2: A screenshot of the variables inside ‘GridNavigatorAutomatic.h’ which shows the ‘visitedSpaces’ array and the ‘parentSpaces’ pair array. Taken from Visual Studio 2022.


The implementation starts by obtaining information of the whole grid as a 2D array, using the provided ‘GetGrid()’ function. This increases the access count to 400, as each space is accessed once. This will be used for search validation and to avoid walls. A queue is initialized, and the starting coordinates (18, 1) are pushed as the root. This space is then marked as visited in the array.

[image: A computer screen shot of a black background
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Fig.3: A screenshot of the code which initializes the BFS implementation, showing ‘gridInfo’ getting the grid’s information as a 2D array, as well as the queue being initialized. Taken from Visual Studio 2022.

After this, the BFS loop starts. Each iteration, the X and Y values from the front of the queue are saved to two variables for the search, with the explored space being dequeued. 

[image: ]
Fig.4: A screenshot of the code which shows the root coordinates (18, 1) being pushed and marked as visited. Taken from Visual Studio 2022.

A method of adding the neighbors of each explored space to the queue is needed. To do this, an array of pairs called ‘navDir’ is used in conjunction with a for loop. In each iteration, the values from ‘navDir[i]’ are added to the X and Y values of the explored space, which gives the coordinates for surrounding spaces. A verification check is done to ensure that the space has not been visited yet to avoid repetition, as well as checking that the space is within bounds of the grid. If the space is not a wall, the space is marked as visited and the current coordinates are assigned to that space as a parent to allow for backtracking. The valid space is then pushed to the queue. 

[image: A screen shot of a computer code
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Fig.5: A screenshot of the code which shows the BFS loop. It explores the neighboring spaces and checks to see if they are valid. If so, they are marked as visited, given a parent space and pushed to the queue. Taken from Visual Studio 2022.

When the values in the queue are equal to (1, 18), the target has been found. A loop starts which backtracks through each space’s parent and adds it to a vector of pairs until it reaches (18, 1). The path for navigation is then found, terminating the loop.


Once BFS finds the path’s coordinates, the player needs to move from the starting point to the target to complete the navigation. A for loop is used to access the coordinate pairs from the vector in reverse, which ensures the path coordinates are in the right order. 

[image: ]
Fig.6: A picture of the code used for the movePlayer() function which initializes the for loop and calculates the movement with ‘checkPathX’ and ‘checkPathY’. Taken from Visual Studio 2022.

During each iteration, the variables ‘checkPathX’ and ‘checkPathY’ are updated by subtracting the X and Y coordinates of ‘navigation[i]’ from their current values. The resulting values determine where the player will move. For example, if ‘navigation[i]’ was (1, 17) and both ‘checkPathX’ and ‘checkPathY’ were (1, 18), the difference would be (0, 1). This determines that the player must move left to reach the coordinates in ‘navigation[i]’. The values from ‘navigation[i]’ are then transferred to ‘checkPathX’ and ‘checkPathY’ for the next iteration. 
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Fig.7: A picture of the code used for the movePlayer() function which shows the logic for moving the player in different directions, as well as ‘checkPathX’ and ‘checkPathY’ being assigned the current values of ‘navigation[i]’ for further iterations. Taken from Visual Studio 2022.

This loop continues until the player reaches (18, 1), where the maze is recognized as being completed. If the maze is run once, it will display the results of the navigation, including the amount of moves to reach the goal, access to the grid and any wall collisions. 
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Fig.8: A picture of the code being run in Automatic mode, which displays the results of the implementation once finished. Taken from Visual Studio 2022.

If ran in benchmarking mode, the results would look like this, displaying the minimum, mean and maximum values for each.
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Fig.9: A picture of the code being run in Benchmarking mode, which runs the code 10,000 times to produce minimum, maximum and mean results of the implementation. Taken from Visual Studio 2022.

The results show that the BFS implementation finds a short and efficient path to the goal with no wall collisions. Grid accesses are kept to a minimum of 400, as the entire grid is only accessed once. Whilst the implementation finds an efficient path, there is room for improvement. In terms of Big O notation, BFS has a complexity of O(V+E), where V is the number of vertices and E is the number of edges. For a small 20x20 maze, BFS is sufficient for pathfinding, however in larger graphs with more vertices and edges, the algorithm becomes less efficient. A greedy algorithm which considers the weights between edges such as Dijkstra’s or A* are much more scalable and efficient in this regard. 
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Total Iterations Total Computed [Execution Shortest Path

Grid Model Algorithm (Blocks) Blocks without SPL Time (ms) Length (Blocks)

Dijkstra’s 1022 961 7500.14 61

A-star 962 901 6757.75 61
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‘Table 6. Running Time from starting point to 2 destination point using Dijkstra and A* algorithm

Test Number Running Time _ Running time A* _ Total Distance (in
Dijkstra (nanoseconds) km)
(nanoseconds)
1 2,991.400 2,992.000 10138
2 3,987.800 2,992.800 10.138

3 3,989.100 2,992.100 10.138
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private:

int visitedspaces[20][26];
int navPosX = 1, navPosY = 18, newNavPosX = 6, newNavPosY = 6, checkPathX = 18 , checkPathy =
vector<pair<int, int>> navigation;

pair<int, int> parentSpaces[20][26];
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//Grabs the info for the grid and saves it in a 20 array.
auto gridinfo = grid->GetGrid();

queue<pair<int, int>> queue;
pair<int, int> navbir(u] = { make_pair(e, 1), make_pair(1, 6), make_pair(-1, 0), make_pair({

-}

//Pushes our starting point to the queue and marks it as visited so that we don't need to check it again
queue.push(make_pair(18, 1));
visitedspaces[18][1] = 1;
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/[Pushes our starting point to the queue and marks it as visited so that we don't need to check it again
queue. push(make_pair(18, 1));
visitedspaces[18][1] = 1;
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//A for Loop is used here to change the navDir type.
For (int checkType = ©; checkType < 4; checkType++)
{

//This adds or subtracts values of either 1 or -1 to navPosX or NavPosY, which allows us to check all spaces that surround the current space
newNavPosX = navPosX + navDir[checkType].first;
newNavPosY = navPosY + navDir[checkType].second;

//Checks to see if the space has not been visited yet and is in the bounds of the maze.
if (visitedspaces[newNavPosX] [newNavPosY] = 1 G& newNavPosX >= @ S& newNavPosX < 19 && newNavPosY >= 6 && newNavPosY < 19)
1

| //Checks to see if the space is valid (not a wall)

if (gridInfo[newNavPosX][newNavPosY] == griditenm::.

arget)

mpty || gridInfo[newNavPosX][newNavPosY] == griditem::

//Marks space as visited, adds the current space as a parent to this space, then pushes it to the queue.
visitedspaces[newNavPosx] [newNavPosy] = 1;

parentSpaces [newNavPosX] [newNavPosY] = make_pair(navPosX, navPosY);

queue. push(make_pair(newNavPosX, newNavPosy));
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/[Reverses the vector so as to ensure that the navigation path is in the right order during the loop.
For (int i = navigation.size() -
1

//subtract the X and Y coordinates in the navigation vector from checkPathX and checkPathy, which represent the previous coordinate values.
checkPathX = checkPathX - navigation[i].first
checkPathy = checkPathy - navigation[i].second;
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//The values produced from checkPathX and checkPathy determine the direction the player must move to reach the coordinates in the navigation vector.
if (checkPathx == 1)

1

| grid->MovePlayer(novedirection: :up);
if (TESTING_SEARCH)
1
| grid->PrintGrid();

Y

3

if (checkPathX == -1)

//1£ our BFS implementation works as intended, this should never happen, as we are always moving up.
grid->HovePlayer(novedirection: :down);

if (TESTING_SEARCH)

1
grid->PrintGrid();

3

if (checkPathy == -1)

1

grid->MovePlayer(novedirection: :right);

if (TESTING_SEARCH)
€
| grid->PrintGrid();
3

3
if (checkPathy == 1)

grid->MovePlayer(movedirection: :left);

if (TESTING_SEARCH)
€

grid->PrintGrid();

3

//Assigns the current navigation vector values to checkPathX and checkPathy for further loops.
checkPathX = navigation[i].first;
checkPathy = navigation[i].second;
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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, 16,006 runs of automatic mode.

2

Grid Acesses: 460

Grid Moves: 34

Wall hits: @

C:\Users\will\Desktop\ASDPathfindingAssignment (1)\x64\Debug\ASDPathfindingAssignment .exe (process 2884) exited with code]
o (0x0).
Press any key to close this window .
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Studio Debug

Enter choice:
1: Manual mode (for learning the environment).

2: Automatic mode, single run (for testing of your code.
3: Benchmarking mode, 10,600 runs of automatic mode.

3

Minimum accesses: 400

Mean accesses: 406

Maximum accesses: 460

Minimum moves: 34

Mean moves: 47

Maximum moves: 90

Minimum wall hits: @

Mean wall hits: @

Maximum wall hits: @

C:\Users\will\Desktop\AsDPathfindingAssignment (1) \x64\Debug\ASDPathfindingAssignment .exe (process 8284) exited with codel
o (0x0).
Press any key to close this window .
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