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Brief overview
Dijkstra’s Algorithm named after discoverer Edsger W. Dijkstra sets out to solve the shortest path problem from a given source to a destination within a weighted graph, this graph may be directed or undirected, the only necessary condition that’s needed for Dijkstra’s algorithm is that there are no negative edge weights [1] [2]Key principles
The algorithm itself works by employing a set of both visited and unvisited vertices that it will maintain and expand as execution occurs. The algorithm will be executed on a graph of any given size starting at a root or source vertex, at this point every vertex bar the source will be conceptually added to that unvisited set and iterated through.
From this set of unvisited vertices an adjacent vertex of the smallest possible weight or distance is selected to be visited next, if the weight of travelling to that vertex is smaller than the current specified edge weight it will be updated to that lower value. At first the source is of distance zero, and often the normalised method is to set all other edge weights to integer max or as close as possible to infinity. [1] [2]
In terms of implementation Dijkstra’s algorithm is an example of a greedy algorithm. This being that at every point it is finding locally best solutions or put simply the algorithm is only performing operations based on the current situation and as a result the outcome is hoped to eventually be globally optimum. [2] [3]
More advanced implementations of Dijkstra’s algorithm may be seen boasting a priority queue for visited but not fully explored vertices, more specifically a minimum priority queue, this is created by adding a comparator of sorts often “std::greater<>()” as this effectively reverses the queues behaviour to prioritize minimum values. This now means the minimum priority queue will always have the lowest value associated with the top of that queue. So, if the priority is stored in ascending order indexed by weight, it’d be good practice to call the top function to get the next vertices to visit as they will have the lowest potential distance. As such it can be said that discovered but not visited vertices are to be added. A set will work perfectly well for a visited vertices as it prevents duplicate values preventing a vertex being visited more than once. [5]
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Brief overview
The A star pathfinding algorithm or A* is another commonly utilised pathfinding algorithm, often considered an extension or modification to Dijkstra’s algorithm A* sets to balance the benefits of a greedy algorithm such as Dijkstra’s algorithm alongside those of a best first search. [7]
Key principles
In principle, the A* algorithm employs a similar methodology to Dijkstra’s algorithm. That being an open list of which contains visited but not yet fully explored vertices and a closed list that contains fully explored vertices with known “cost”. However, this cost or distance is not entirely based on one consideration. [7]
Instead of just using relative distance from the start vertex the A* algorithm instead employs an educated guessing system called “heuristics”. As briefly mentioned, a heuristic can be simplified in thought as a well-engineered educated guess, based on known circumstances to fill in gaps. Often used for computational Intractability where a person or algorithm cannot solve a given problem in reasonable time as well as to provide a better case than an optimizing strategy. [1]
Factoring in the heuristic function, A* is then able to keep track of the goal node as well as the cost so far to reach said goal. By combining these two known factors we can produce a close estimate of the cost to reach the goal from the current vertex.
It can be expressed in the format:
· F(v) = g(v) + h(v)
Where F(v) is the total estimated cost of path through the current vertex, which is the cumulative sum of g(v) given as the cost of the path so far to reach the current vertex and h(v) which is of course the estimated cost from v (current vertex) to the goal. It’s this h value that can be considered as the heuristic factor in the cost or distance function. [7]
It’s this F(v) value that is used to prune the lowest cost vertex from the priority queue or open list, then once all adjacent vertices are fully visited the current vertex’s cost is either updated or left as was. Once all this has occurred that current vertex is now added to the set or map whichever DSA structure was chosen for the closed list. [8]

[bookmark: _Toc185413999]Key differences
A star explores far less paths than Dijkstra’s algorithm as it employs the use of heuristics and is only actually concerned with finding the best path to a given destination. As such it is said to be an informed search algorithm unlike Dijkstra which is a greedy algorithm. Dijkstra’s algorithm only considers distance from the start node as its goal is to find a locally best solution or path to every other vertex on the grid unless terminated early.
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My implementation highlights
For the implementation Dijkstra’s algorithm was chosen as it is said to be the simplest pathfinding algorithm to work with. However, after implementing this algorithm and after doing more educated research into the matter in future A* will be more heavily considered.
Graph Building, creating X,Y values. Associated functions handing across to Dijkstra:

Via GridNavigator.cpp:
[image: ]
The instance of Graph that is being built.
Special vertices:
[image: A screen shot of a computer program

Description automatically generated]
[image: ]
Note that these vertices exist out of scope so that they persist or “maintain state” outside of the if statements. This allows them to be passed as viable parameters to Dijkstra.
The above snippet shows the creation of special vertices, these being start and end. The start vertex is used by Dijkstra to initiate the runtime and sets its associated distance as ‘0’ where all other edge distances until visited will be set as INT_MAX via an inline if-else. This start vertex will always be equal to the same X,Y values as the ‘player’.
Similarly, for end the grid pointer is called to get the grid square associated with the target or goal, the concept here is that this will be used to terminate the Dijkstra instance early and produce a parent list path to this end point.
It should be noted that both if statements exist nested within the iteration of grid size X and Y seen below.
Making compatible labels:
As one may or may not have noted in the above instance there is a function call to “MakeLabel()” with parameters X and Y respectively, this is a helper function designed to produce a vertex label of type string for the class vertex from integer values as when building the graph instance doing so via integer values was the simplest and most logical data type. These X,Y values are populated in sequence via an iteration seen below.
[image: ]
Note the use case of a comma this will become apparent later.
Iterating through every applicable section of the grid to produce a traversable graph:
[image: A black background with white text

Description automatically generated]
[image: A screenshot of a computer

Description automatically generated]
Via Grid.h:
[image: ]
Via Grid.cpp:
[image: A screen shot of a computer

Description automatically generated]
The iteration of X and Y by grid size produces flexibility in the sense that theoretically any grid size can be built upon; by implementing a public getter method for “GetGridSize” class integrity is maintained and grid Size is used in place of hard-coded sizes on iteration sequences. Thus, cementing reusability and flexibility.
By then nesting an if statement inside of this iteration against griditem::wall all the relevant grid space is created as a vertex where it is not a wall, note the reuse of the MakeLabel function.
Creating edges based on Labels created
[image: A computer screen shot of text

Description automatically generated]
Typically, the overuse of if statements is not encouraged, however for this case this was the most reliable method to evaluate all the conditions that need to be satisfied. By considering the vertices that have now been created, it is logical to now infer how they’d exist on a two-dimensional graph. By evaluating X and Y values with respective values it is possible to create edges (omnidirectional connections between vertices). For example, imagine vertex 1,18 -> 2,18 we can say that X has incremented by a factor of 1. Or that 2,18 exists to the right of 1,18. The same principle applies to relative X (inverse of right) or Y values.
Calling Dijkstra, passing values to
[image: A computer screen shot of a program code
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When creating a pointer to the Dijkstra class one might note that both “g” and “grid” are passed into the class as arguments both of which are pointers. This is to produce the member initializer list inside the class. Allowing methods to be accessed from graph and grid as needed within Dijkstra ensuring that the instances used are not nullptr.
See also, that  “outOfScopeStart” and end are used here to set source node and destination allowing Dijkstra to enact functionality regardless of grid position(s) respectively. These pointers are deleted as needed.
RunDijkstra() is responsible for running the entire module and initializing the distances, this method ensures that all values that are not source are set to INT_MAX asides from the source node which is set to “0”.
PrintShortestPath() is a slightly ambiguous name in the sense that this function does reverse the parent list to print the shortest path to destination, but it also creates a reference of this path to be followed by the relevant pathfollowing class.
Inside Dijkstra
Running the module
[image: A screenshot of a computer program

Description automatically generated]
As aforementioned running the module requires a valid start and endpoint, as such the following if statements provide simple but effective screening against invalid graph points.
[image: A computer screen shot of a program
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Put simply if either or both of these statements don’t exist in the graph a logic error is thrown and the program returns to console.
If both statements are satisfied, then using an auto reference iterator for the vertices inside of graph g as populated in the previous module they are evaluated against a ternary condition.
[image: ]
This is effectively a concise way of handling if-else statements, i.e., if v’s label is equivalent to the start vertex. Then set that vertices weight to zero, else all other vertices must be as close to infinity as possible in this case that comes in the form of INT_MAX.
Then v (vertices) is added to an unordered map “graphDistances” this is a map that associates keys (string labels) with (value) connectedVertex type. Connected vertex associates a given vertex with a weight assigned from Dijkstra via the setWeight access modifier
[image: A screen shot of a computer

Description automatically generated]
[image: A black background with white text

Description automatically generated]
This effectively initialises the graph distances which will be updated on the open list as the runtime occurs.
Distance tracking and updating
[image: A computer screen shot of a program code

Description automatically generated]
While there are vertices that are not yet visited this section will be executed.
[image: A screen shot of a computer program

Description automatically generated]This minDistanceVertex serves to select the next shortest distance from graphDistances. Consider graph distances to be that open list that will be constantly updated while new vertices are being explored and distances calculated, and the set visited is the closed list containing fully explored vertices.
// More deets
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Description automatically generated]
Update distance serves to set new distances, which minimum distance will use to select the next best vertex locally in hopes to achieve a locally then globally best solution. This works by getting all associated connections with the current vertex setting the current connection as an adjacent vertex. And if that current now adjacent vertex exists in the visited list continue through until the next iteration.
Potential distance is used to update the graph Distance if the current vertices weight and adjacent vertices weight is less than the graph Distance. If this is true, then the adjacent vertices weight is updated for graph Distances. Which minimum distance will then use to determine which vertex to visit next.

Shortest path
[image: A screenshot of a computer program

Description automatically generated]
Shortest path produces the path of which determine movement will use to solve the maze. This is a cumulative effort of all methods seen so far.
It works at be tracing a parent map which is the known shortest path to the specified endpoint passed in from grid navigator automatic. It works by effectively working backwords from the endpoint using the shortest known or minimum distance to the nearest adjacent vertex. By then reversing the order or results obtained a path is constructed from start to finish. 
However, seeing as enumeration is used to specify and update player positions. A way of determining how to move between vertices was required.
Handling movement (passing to Path Follower)
[image: A screenshot of a computer program

Description automatically generated]
To determine which direction to move for vertices in the path it was decided that a relative difference in X and Y would provide sufficient. Much like how we considered edges, a positive or negative for a given value would give insight into which enumerator to call and update position with.
[image: A screen shot of a computer program

Description automatically generated]
A switch statement allows for case-by-case handling of all possible movements required as well as exception handling for possible edge case.
[image: ]
The return values of each movement are pushed onto a vector to allow for one block of movement to be processed linearly. 
Performing movement and solving the grid
[image: A computer screen with text

Description automatically generated]
So long as this class has a valid grid instance movement will be updated grid pointer and directions size is one less than path (start vertex not added). Directions are reversed using;
[image: ]
As path itself is a reverse of the correct solution. Doing this inline doesn’t provide any computational benefit it’s just more concise. 
[image: A screen shot of a computer

Description automatically generated]
There is also a helper function identical to the one seen in determine player moves that just serves to aid in debugging. 
While the directions are iterated through, an element is passed from reversedDirections to grid->MovePlayer(). This updates the player’s position.
Outputs:
[image: A computer screen shot of a black background
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Description automatically generated]
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On average, this implementation will solve a grid in 43 or more moves. However, some grids do end up with the player falling short. This is likely due to how the path is “mounted to” and would require a rework of the pathing system. However, this achieves the desired goal most of the time and provided an enriching experience. One that was highly enjoyable.
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, void ConnectedVertex: :SetWeight(int weight)
{

| this->weight = weight;
}
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// Run the algorithm
while (visited.size() < g->Getvertices().size())

Vertex* v = MinDistanceVertex();
if (v == nullptr || v->GetVertexLabel() == endPoint)
{
| break;
}
visited.insert(v->GetVertexLabel());
if (v->GetvertexLabel() == endPoint)

std::cout << "Destination reached!” << std::endl;

{
=
}

UpdateDistance(v);
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- Vertex* Dijkstra: :MinDistancevertex()

int min = INT_MAX;
Vertex+ minDistance = nullptr;

for (auto& entry : graphDistances)
Vertex+ v = entry.second->GetVertex();

// skip visited vertices
if (visited.find(v->GetvertexLabel())

visited.end())
{

| continue;

}

// Find the vertex with the minimum distance

if (entry.second->GetWeight() < min)
{

min = entry. second->Getueight();
minDistance = v;

if (minDistance == nullptr)
{
std:

cout << "NO REACHABLE VERTICES REMAINING" << std:

;

return minDistance;
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void Dijkstra: :UpdateDistance(Vertexs v)
€

for (auto& connection : v->GetComnections()) // For connections in each vertex

//Vertexs adjVertex = connection->GetVertex();
Vertexs adjVertex = connection->GetVertex();

1/ Siip visited adjacent vertices

if (visited. find(adjVertex->GetVertexLabel()) I=
t

| continue; // if already visited go to next iteration
3

int potentialDist = graphbistances[v->GetVertexlabel ()]->Getiieight() + v->GetConnectionWeight (adjVertex); // adds the weights fron current vertex to the adjacent vertex

Std: :cout << "DEBUG POTENTIAL DISTANCE: " << potentialDist << std::endl << "ADJACENT VERTEX: * << adjVertex->GetVertexLabel() << std:iendl;

1F (potentialDist < graphDistances[adjVertex->GetVertaxLabeL()]->GetWeight()) // if the potentisl distance is LESS than graphDistance of the adjcent vertex, BB the new weight as that valus and add current (now prev) fo PARENT List

€
‘graphbistances[adjVertex->GetVertexLabel ()]->Setueight (potentialDist); // Get current Vertex and St new weight

parents[adjVertex->GetVertexl abel ] = v;
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void Dijkstra: :PrintShortestpathToDest(std: :string endPoint)

€

if (visited.£ind(endPoint) 1= visited.end()) // T endPoint not in visited List throw error and check iterators
€

st

cerr << "ERROR: Mo path to destination: " << endPoint << "check graph end try again® << std::endl;

std: ivector<std: :string> path; // Add verticies to this to create a tracable path
Vertexs current = g->FindVertex(endPoint);

/1 DEBUGBING: Test contents of parent nap
Std::cout << std::endl << "sxa" << std: :end
#or (const autos pair : parents)

cout << "VERTEX: " << pair.first << "PARENT: " << pair.second->GetVertexLabel() << std::endl;

out << Text;
(parents. Find(endPoint) == parents.end(D) // check if endpoint has a parent vertex in map

path. push_back(current->GetVertexLabel());
current = parents[current—>GetVertexLabel O];

3

7/ Print the path in reverse order
out << "Shortest path to " << endPoint <<

" << std:iendl;

= path.rbegin(); it 1= path.rend(); ++it)

cout << it
Gt + 1 1= path.rend())

std: rcout << " —>

calcPlayerfloves(path); // Pass vector 'Path’ to £ind diff in x and y vals
Std: zcout << std: zendl;

instance
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“And associated utlily functions (Passes over to PathFollower)

v void Dijkstra:
€

LcPlayertioves (std:

ctor<std: :string>6 path)
PathFolloer pathFollomer(gr); // Hand over to Path follower with referenced instance of orginal orid passed into Dijkstra::Dijkstra (Check if insatnce is valid, just need a grid pointer to be handed across)
1/ Store a1 directions

st vector<aovedirections directions;
for (sizet i 0; 3 < path.sizeQ) -

auto [x1, y1] = parseCoords(pathlil);
auto [x2, y2] = parseCoords(pathli + 11);

int deltaX = x2 - x1; // Change in X (across, move Left or right 'x' amourt of ties)

int delta¥ = y2 - y1; // Change in Y (Up ox down, move up or down

* amount of tines)

”
1/DE8US (Current coords)
Stdicout << std:iendl << “Current coodz: * << path[i] << stdiiendl << "Change in Xi " << delfaX << std:zendl << “Change in

* << deltay << "Move direction:  * << std:zend

“
movedirection direction = determinePlayerfioves(deltaX, deltaV); // returns a move direction based on change in x, y for current vertex FRON path. direction instance to handle indivdusl directions push onto vector
directions. push_back(direction);

3
/1 Process one conplete set NOT Looping this, should reduce issues
pathFolloser.Follospath(directions, path); // Send path to be followed and directions to take to follom path (seperate class ot to tie Gridiav directly into Dijkstra)

/7 Add an enun pass directions to it, for Show path? item to char in orid style?
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// Which way to go?
movedirection Dijkstr:
1

deterninePlayerfioves(int deltaX, int delta¥) // work out what way to go from + or — (Flipped left and rights > <)

1F (deltax < 8) // x is positive

i
| stdiicout << "Go right as X i * << deltsX << stdiiendl;
| return movedizection: right,
]
| i etax > o)
T
| stdiicout << "Go leftl as X iz * << deltaX << std:iendl;
Rt ——————
3
| if (dertay > @) /7 positive y.
I
| stdiicout << "Go up! a5 ¥ iz * << deltaV << std:sendl;
f return movediection:
[
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I
| stdicout << "Go down! 35 ¥ is:
|| retun movecirection: down
I
iF (deteax = 0)
i
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i
| i ety = )
I
i stasicout << ¥ iz 017
[}
iF (deltax = 0 &8 deltay = 8)
i
| stdicout << "no relative change?";
|| roturn movedirection: up; // defualt case, may help if really stuck
[
e
€
| throw std: ‘Logic_error(*Unable to deternine movement, DIAGONAL NOVENENT NOT PERNITTED™); // Handle edge cases lazy handling better than nothing
i
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movedirection direction = determinePlayerfloves(deltaX, deltay
directions.push_back(dizection);

; // returns a move direction based on change in x, y for current vertex FRON path. direction instance to handle indivdual directions push onto vector

3
/1 Process one conplete set NOT Looping this, should reduce issues
pathFollomer.FollowPath(directions, path); // Send path to be followed and directions to take to follow path (seperate class not to tie GridNav directly into Dijkstra)
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v void PathFollower::FollowPath(const std::vector<movedirection>& directions, const std::vector<std::string>& path) // should be able to work grid magic on this, pass path (is beinged passed) and direction
€
st: vector<novedirections reversedDirsctions;
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