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Shortest path algorithms power many everyday technologies, including artificial intelligence in games and navigation apps [1]. Among these, Dijkstra's Algorithm and the A* Algorithm stand out for their effectiveness as well as for representing two very different approaches to problem-solving. Despite the fact that they both aim to find the best course of action, studies consistently show that they balance efficiency and knowledge in different ways [2].
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Dijkstra’s Algorithm
Dijkstra’s Algorithm is often described in studies as dependable and exact and this reputation is well justified. The algorithm, which was first presented in 1956, ensures that a network with non-negative edge weights has the shortest path from a source node to every other node [3]. In order to do this, it constantly commits to the node with the minimum confirmed distance while spreading outward in all directions.
The strength and distinctiveness of Dijkstra's Algorithm come from its refusal to make guesses. Every decision is based solely on the information that is currently available. [4] The algorithm is a very important piece of computer science education and a dependable solution in circumstances where accuracy cannot be compromised because of this level of assurance.
However, research often shows the cost of this guarantee. Because the algorithm is not aware of the destination, it traverses the graph equally even when a large portion of the search space is clearly unrelated to the final path [5]. This might seem excessive from a practical standpoint. Instead of pausing or deciding priorities, the algorithm simply keeps moving forward even if there is a quicker path [5].

A* Algorithm
A* adds direction to Dijkstra's careful reasoning rather than discarding it. By introducing a heuristic function that calculates the remaining distance to the objective, it enables the algorithm to concentrate its efforts where they are most important. [6]
The evaluation function captures this: 
f(n) = g(n) + h(n) [6]
In this case, g(n) is the initial known cost and h(n) is a well informed prediction of future costs. This is often described by researchers as the point at which the search becomes meaningful. A* considers both certainty and expectation rather than considering every path equally. [6]
Research shows that when the heuristic is admissible and consistent, A* preserves optimality while substantially reducing the total number of nodes examined. This makes it especially attractive in time sensitive systems, like navigation apps or artificial intelligence in games, where precision and responsiveness are equally crucial.
However the quality of A*'s heuristic determines how effective it is. While an overly optimistic heuristic could risk accuracy and lead to many unnecessary problems [7]. In contrast to Dijkstra's Algorithm, the design of A* requires considerable analysis. 

Comparison and Research Perspective
The most interesting finding from the different viewpoints of the algorithms is that these algorithms are closely related rather than opposites. It is commonly known that the approach operates exactly like Dijkstra's method when the heuristic function h(n) in A* is set to zero. This indicates that A* represents certainty guided by informed expectations, whereas Dijkstra's Algorithm represents assurance without prediction. 
When there are several relevant destinations or when a meaningful heuristic cannot be defined, Dijkstra's Algorithm is often preferred. In contrast, A* performs well when the destination is known and a know heuristic is available [8]. 
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The assignment's objective was to reduce grid accesses, wall collisions, and unnecessary movement while developing a reliable and efficient solution that could successfully complete the provided maze. The final implementation uses heuristic based pathfinding, which was refined through testing in both single run mode and the benchmarking mode.
Avoiding direct player exploration during execution was the first design choice. The method uses controlled grid access calls to assess the maze's structure before moving randomly and responding to obstacles on execution. As a result, the algorithm can identify the best route ahead of time and just carry out the necessary movement orders. This ensures that the player never encounters barriers.
Coordinates may be stored, compared and used as keys in related containers since the solution uses a lightweight position structure to describe grid positions:
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A Manhattan distance heuristic is used to effectively find a route [9]. This heuristic ensures that the algorithm stays optimal by precisely predicting the remaining distance to the target without overestimating because movement is limited to four directions:
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Positions are prioritised by the primary search loop based on the total cost of the expected distance left and the distance already traversed. The most promising position is always explored first using a priority queue. If longer paths are found later, they are replaced by shorter ones thanks to a cost map (gScore). To recreate the final route when the destination is achieved, parent relationships are recorded.
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The algorithm reconstructs the travel path by tracing backward from the target to the starting location when it has reached the target. To ensure compatibility with the provided MovePlayer() interface, each step is converted into a movedirection type. The player can only make legitimate moves and prevent the wall hit counter from being triggered by executing the path after execution.
Once complete, wall collisions are completely removed, movement count stays relatively low due to shortest path selection and grid access is strictly restricted by querying only necessary squares. The reliability of the method was confirmed by testing in benchmarking mode, which showed similar results over the 10000 results.
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int estimatedG = gscore[current] + 1;

if (1gScore.count(next) || estimatedG < gScore[next]) {
gScore[next] = estimateds;
int #Score = estimatedG + Heuristic(next, target);
openset..push({ next, fscore });
cameFron[next] = current;
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struct Position {|
int x, y;
bool operator<(const Position other) const {
return std::tie(x, y) < std::tie(other.x, other.y);
3
bool operator==(const Position& other) const {
return x == other.x §& y == other.y;

3
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// -- Manhattan distance heuristic

int Heuristic(const Position& a, const Position& b) {
return std::abs(a.x - b.x) + std::abs(a.y - b.y);
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