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Dijkstra's algorithm [1] was invented by Edsger W. Dijkstra, a Dutch computer scientist, mathematician and computer programmer.  It is a well-known graph traversal algorithm which can be used to determine the shortest path from any given vertex (or node) to any other reachable vertex on the graph.  Each of the edges, the connections between vertices, need to be weighted.  This is initially set as zero for the start vertex and as infinite, conceptually approximated depending on the language, e.g. for C/C++ as INT_MAX, for all other vertices on the graph. 

From the start vertex the algorithm checks each connected vertex and ascertains the weight (or traversal cost).  Once the minimum value has been established this vertex is added to a visited list so that it is not checked again.  By combining the current vertex weight to the weight of a connected vertex gives a potential value that is compared to see if it is lower than was previously recorded.  If so, then this vertex is updated as the best path along with the minimum distance parent leading to it. 

The algorithm continues to iterate over each vertex in the graph recording the shortest path from the start vertex to all other vertices, eventually stopping either when every possible branch has been exhausted, or a specified "target" vertex has been located. By not revisiting any vertex for which the minimum distance has been established, known as greedy, the shortest path is always guaranteed. A limitation of this algorithm is that is only works with positive weights as it does not revisit vertices once their parent and weight are assigned.  A negative weight would suggest a significant benefit to traverse those edges.

The A-Star [2] algorithm combines Dijkstra's algorithm and greedy best-first search with a heuristic value.  It is more efficient than Dijkstra as it uses the heuristic to guide the search towards the target vertex, this means less vertices in the graph are explored and less time is taken arriving at the goal. 

A-Star evaluates a possible path using the cost function f(n) = g(n) + h(n). The value g(n) represents the exact cost from the starting vertex to any connected vertex and h(n) represents a heuristic cost from a connected vertex to the target vertex.  This heuristic value is determined based on the problem at hand.  For the example of a grid where movement is limited to four cardinal directions, up, down, left and right, here we can use the Manhattan Distance calculation ((a.x - b.x) + (a.y - b.y)).  This value is calculated for each vertex to the target and added to the actual vertex cost.  Where diagonal (8 directions) movement is possible then Euclidean Distance (straight line) can be used. 

A-Star can be implemented using a minimum priority queue data structure where the queue always sorts to the lowest (estimate) value first, this is known as the open list.  Two other lists are used, a closed list for visited vertices and a parent list to track the path between vertices. Similarly, as with Dijkstra the start vertex is assigned an estimate of zero and placed into the open list queue to initialise it.  The process then iterates over the open list until no more values remain.  As each vertex with the lowest estimate is taken from the top of the open list it is inserted into the closed list.  If the vertex is the target, then no more need be checked and the loop exits so the parent list can be checked, back tracking from the target to the start. Otherwise, each connected vertex to the current is checked, if it already on the closed list it is skipped else the g, h, and f (estimate) values are calculated.  If the vertex has a lower g value or is not yet on the open list then its parent, weight and estimate are updated before being placed into the open list.  This cycle then repeats until the target vertex, if it exists, is found. 

As previously noted, A-Star is efficient in that it will always find the target vertex in the graph, but it may not however always find the optimal path as it follows the estimated weighting, whereas Dijkstra will always find the shortest path but at a time cost as it visits every vertex in order to do so [3]. 
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When approaching any programming project my first step is to create a working prototype, no matter how bare bones.  This helps greatly in discovering what is possible and understanding the concepts and ideas behind what I am trying to achieve.  I start with breaking down the problem into component parts and ask the questions: What do we have? What do we need?

1. How do I make a graph of the grid?

Easier than it first appeared and an answer to the question, what do we have?  We have the Vertex, Graph and ConnectedVertex classes. The framework allows us to retrieve a two-dimensional array of the grid.  By instancing a Graph object and iterating over the grid array we can map all the grid squares to vertices in the graph. This is also an opportunity to discard any walls as they cannot be passed through, and the player and target can be identified along the way.  Next repeat the process and add all edges by checking each of the vertices (accessible) neighbours.

2. How can I use what I already know? 

Now we have a graph ready to go, the course work also supplies a working Dijkstra class implementation.  This allowed me to implement the first (sort of) working example and provides a reference point for further development.  However, a bit difficult to go through lists of vertices, is it right? Would be better if I could see it.

3. How can I better visualise that process?
We can plot the route and all the visited vertices onto the map using the stored x/y coordinates collected when creating the vertices then print it out.  This increases the access count but is only needed for visualising the process during development.  Now I can see what is happening!



4. How do you implement A-Star?

A-Star works on a similar principle to Dijkstra but uses an heuristic value to "guide" itself to the target instead of visiting all possible locations.  We need to calculate an estimated weight (f) value for the edges, this is the actual weight (g) plus the heuristic value (h) so the logical place would be the ConnectedVertex class.  In order to calculate the heuristic, we need to know the coordinates of the vertex.  Originally I used a separate map and pair (vertex, coordinates) but on later reflection making them a property of the Vertex class was a neater (and more OO) solution.  A priority queue (in minimum order) was used to present the lowest estimated value each time through the loop.  This was a little tricky in creating the delegate function for comparison to reverse the order, mainly due to passing in pointers, finally some experimentation from previous experience proved bracketing the dereferenced pointer allowed calling the method.

struct CompareEstimate
{
    bool operator()(ConnectedVertex* a, ConnectedVertex* b)
    {
        return (*a).GetEstimate() > (*b).GetEstimate();
    }
};

5. How to calculate the heuristic value?

Manhattan Distance is the recommended calculation for grid-based navigation where movement is constrained to only four directions.  Initial results were good with some experimentation revealing that multiplying that value with an extra weighting provided even better results e.g.
15 * (abs(pointA.x - pointB.x) + abs(pointA.y - pointB.y));

However, I am unsure why this works and is still a matter of ongoing investigation.

6. Refactor, re-test and ship it.

At this stage I usually have what works but most likely has some untidy parts.  A code review is in order, then refactoring as I aim towards the final product.
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