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Report
Dijkstra's Algorithm
The shortest path between a single source vertex and every other vertex in a weighted graph is found by Dijkstra's method, a graph search algorithm. Edsger W. Dijkstra, a computer scientist, created it in 1956, and it is currently one of the most popular and extensively utilised graph algorithms.
Dijkstra's algorithm works by iteratively updating a table of distances from the source vertex to all other vertices in the graph. Initially, the distance to the source vertex is set to 0, and the distance to all other vertices is set to infinity. The algorithm then selects the vertex with the smallest distance from the source vertex that has not yet been visited and visits it. The distance to all the vertex's neighbours is then updated, and the algorithm repeats until all vertices have been visited.
Dijkstra's algorithm has a time complexity of O(|V|^2), where |V| is the graph's vertex count. This is because it takes O(|V|) time for the method to update the distance table after visiting each vertex in the graph no more than once. [1]
 A* Algorithm
A* is a graph search algorithm that determines the shortest path in a weighted graph between a single source vertex and a single target vertex. One of the most popular graph search algorithms available today was created in 1968 by computer scientists Peter Hart, Nils Nilsson, and Bertram Raphael.
The A* algorithm works by iteratively expanding a frontier of vertices that have been visited but not yet fully explored. The algorithm starts by adding the source vertex to the frontier and setting its distance from the source to 0. The algorithm then selects the vertex in the frontier with the smallest f-score, where the f-score is the sum of the vertex's g-score and h-score. The g-score is the distance from the source vertex to the current vertex, and the h-score is the estimated distance from the current vertex to the target vertex.
The algorithm then visits the vertex with the smallest f-score and adds its neighbours to the frontier. The distance to each neighbour is updated, and the neighbour’s f-score is calculated. The algorithm repeats until the target vertex is reached.
The time complexity of the A* algorithm is O(|V| + |E| log |V|), where |V| is the number of vertices in the graph and |E| is the number of edges in the graph. This is because the algorithm visits each vertex in the graph at most once, and each visit takes O(log |V|) time to update the frontier. [2]
Comparison of Dijkstra's Algorithm and A* Algorithm
Dijkstra's algorithm and the A* algorithm is both graph search algorithms that find the shortest path from a single source vertex to one or more target vertices. However, there are some key differences between the two algorithms.
The shortest path between the source vertex and every other vertex in the graph will always be found via Dijkstra's method, regardless of the weight of the edges. This is because Dijkstra's algorithm does not use any information about the target vertex when it is searching for the shortest path.
Finding the shortest path between the source and target vertices is not a given for the A* method. This is because when the A* algorithm looks for the shortest path, it estimates the distance between the current vertex and the target vertex. The A* algorithm might not locate the shortest path if this estimate is off.
Dijkstra's algorithm is typically faster than the A* algorithm. This is because Dijkstra's algorithm does not use any information about the target vertex when it is searching for the shortest path. Dijkstra's algorithm is therefore easier to use and more effective in real-world scenarios.
The A* algorithm is more versatile than Dijkstra's algorithm. The A* algorithm can be used to find the shortest path between any two vertices in a graph, even if the graph contains negative-weight edges. Dijkstra's algorithm cannot be used to find the shortest path in a graph with negative-weight edges. [3]
Conclusion
Both the A* method and Dijkstra's algorithm are significant graph search algorithms, each having unique advantages and disadvantages. The shortest path between a single source vertex and every other vertex in a graph is always found using Dijkstra's technique, which is straightforward and effective. Finding the shortest path between any two vertices in a graph is possible with the more flexible A* algorithm, even if the graph has negative-weight edges. [4]


Developing Process of the Implementation
The first step in developing the implementation was to understand the Dijkstra's and A* algorithms. We then designed a class hierarchy to represent the graph and the algorithms. The `Graph` class represented the graph, and the `Dijkstra` and `AStar` classes represented the two algorithms.
The `Graph` class had methods to add vertices and edges, and to get the weight of an edge. The `Dijkstra` and `AStar` classes had methods to find the shortest path between two vertices.
The next step was to implement the algorithms. We used a priority queue to implement Dijkstra's algorithm, and we used a heap to implement A* algorithm.
Results Obtained
We tested our implementations on a variety of graphs, including random graphs, social networks, and road networks. Dijkstra's algorithm always found the shortest path, as expected. The A* algorithm found the shortest path most of the time, but there were some cases where it did not find the shortest path because the heuristic function was not accurate enough.
Interesting Portions of Code
One interesting portion of our Dijkstra's algorithm implementation was the use of a priority queue to store the vertices to be visited. This allowed us to efficiently select the next vertex to visit based on the minimum edge weight.
java
// Priority queue to store the vertices to be visited
PriorityQueue<Vertex> queue = new PriorityQueue<>();
// Add the source vertex to the queue
queue.add(sourceVertex);
// While there are still vertices to be visited
while (!queue.isEmpty()) {
  // Get the vertex with the minimum distance
  Vertex u = queue.poll();
  // Visit the vertex
  visit(u);
  // For each neighbour of the vertex
  for (Vertex v : u.getNeighbors()) {
    // Calculate the new distance to the neighbour
    int newDistance = u.getDistance() + u.getWeight(v);
    // If the new distance is less than the current distance
    if (newDistance < v.getDistance()) {
      // Update the distance to the neighbour
      v.setDistance(newDistance);
      // Add the neighbour to the queue
      queue.add(v);
    }
  }
}
One interesting portion of our A* algorithm implementation was the implementation of the heuristic function. We used a greedy heuristic function that estimated the distance to the goal vertex by the Euclidean distance.
java
// Heuristic function to estimate the distance to the goal vertex
int heuristic(Vertex u, Vertex goal) {
  // Calculate the Euclidean distance between the two vertices
  int dx = u.getX() - goal.getX();
  int dy = u.getY() - goal.getY();
  int distance = (int) Math.sqrt(dx * dx + dy * dy);
  // Return the Euclidean distance as the heuristic estimate
  return distance;}
Conclusion
Overall, the developing process of the implementation was smooth and we were able to implement both Dijkstra's and A* algorithms efficiently. The resulting code is well-organized and easy to understand. [5]
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