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Abstract
This report is based on a brief with three tasks. The first task is to implement an Artificial Intelligence agent in C++ for finding a location on a given map. This includes creating a user guide and test plan, as well as identifying and explaining the key algorithms and data structures used in the implementation. The second task is to critically evaluate the k-means algorithm and suggest solutions for its shortcomings. The final task is to demonstrate the usage of the k-means algorithm to calculate new centroid positions based on the supplied starting centroids and data points.
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[bookmark: _Toc92275357]Algorithms
[bookmark: _Toc92275358]Depth First Search (DFS)
DFS searches by expanding down to the deepest node in the search tree that has no successive nodes. As it does this, it adds unvisited nodes to a stack. Once a node has been visited, it is removed from the stack, and the next unvisited node is popped off the stack. The search then continues downwards from this node and the above process repeats until the desired value is found or the stack is empty (i.e. all the nodes have been visited). The author has implemented the ‘graph-search’ version of this algorithm. This avoids loops by not returning to previously visited nodes. DFS is complete (i.e. guaranteed to find a solution [1]), but not optimal (i.e. the solution is not necessarily the best [1]) [2].
[image: enter image description here]
Figure 1: An example of Depth First Search being used to traverse a small search tree [3]. 
[bookmark: _Toc92275359]A-star
A-star is an example of a best-first search. It is the same as the Dijkstra algorithm, but with the addition of a heuristic. For each node it visits, it calculates an estimated ‘cost’ to reach the destination. This cost (f) is the sum of the cost it took to reach the node (g) and the estimated cost to reach the destination from the current node (h, for heuristic) [4]. The author chose to use the Manhattan distance as the heuristic in their program, as the agent cannot move diagonally [5][6]. The algorithm chooses the next node to move to by choosing the one with the lowest estimated cost. This algorithm is both complete and optimal (i.e. finds the best solution [1]). 
[bookmark: _Toc92275360]Data structures
[bookmark: _Toc92275361]Stack
A ‘stack’ is a data structure working on the principle of Last In, First Out (LIFO), where the last item added to the stack is the first one to be removed. Items are ‘pushed’ on to the stack to add them, and ‘popped’ off the stack to remove them [1][7]. Having a stack is fundamental for the DFS algorithm to work as this ensures the deepest unvisited node is chosen for expansion [2]. The author chose to use the std::stack class from the standard C++ library.
[image: represent the LIFO principle by using push and pop operation]
Figure 2: Example of a stack, with demonstrations of push and pop operations [8].
[bookmark: _Toc92275362]Maps
The author made use of map containers in the program. A map is an associative container of variable size that allows key-value pairs to be stored [9][10]. The keys must be unique, but the values do not need to be. Elements can be accessed via the key, which is also used to sort the contents of the map. The author chose this data structure for storing the floorplan imported from the .txt file as it ensures the floorplan positions are stored in the correct order. The key is the index of the floorplan position and the value is the ‘position’ data structure outlined in the next section.


[bookmark: _Toc92275363]‘position’ data structure
The author implemented a data structure called ‘position’ for storing details associated with each floorplan position. The definition of the structure can found in Figure 1, along with descriptions for the attributes.
[image: ]
[bookmark: _Ref90369271]Figure 3: The definition of the position data structure.
[bookmark: _Toc92275364]User guide
Please see Appendix A for the user guide.
[bookmark: _Toc92275365]Test schedule
Please see Appendix B for the test schedule.
[bookmark: _Toc92275366]Program code
Please see Appendix C for the program code.


[bookmark: _Toc92275367]Task 2
[bookmark: _Toc92275368]K-means clustering algorithm
The k-means algorithm is often used in the world of machine learning [11]. It is a clustering algorithm and is therefore an example of unsupervised learning [11]. It categorises data points in a given dataset into clusters. The number of clusters, k, is defined by the programmer, and is where the algorithm’s name comes from. The basic k-means algorithms is as follows.
1. Define k number of points within the search area as centroids. The centroids each represent the centre point for a cluster. For the original k-means algorithm, these are chosen at random [11].
2. For each point in the dataset, find the nearest centroid and assign the point to the associated cluster. 
3. When all points have been assigned to a cluster, the centroids need to be recalculated. This is done by finding the mean of the points in each cluster, with this mean value becoming the new centroid for that cluster.
4. Steps 2 and 3 are repeated until the centroids no longer change. 
[bookmark: _Toc92275369]Areas of consideration
This algorithm is capable of very quick and efficient clustering of datasets, often requiring very few iterations to complete. There are, however, some considerations that need to be made. It requires three different parameters to be defined, and these all have an effect on the final result.
· The initial centroid positions.
· The metric used for calculating distance.
· The number of clusters (k).
Each of these parameters will be outlined in greater detail in the following sections.
[bookmark: _Toc92275370]Choosing the initial centroids
Running the algorithm with different starting centroids will generate different results as it is only guaranteed to find the local optima [12]. Therefore, a metric is needed in order to identify the starting centroids that give the best results. This is called the inertia, and is the mean squared distance between each point and its centroid. The best result is the one with the lowest inertia. 
The downside to the algorithm only finding the local optima is that it means the algorithm needs to be run several times to find the most optimal solution. There have been numerous suggestions for alterations to the algorithm to improve performance. One such method is through improved ‘seeding’ of the starting centroids as demonstrated by the k-means++ algorithm. This attempts to ensure starting centroids are chosen that are preferably further away from the centroids that have already been chosen [11][12]. The extra time taken for the seeding is outweighed by the resulting performance improvement for running the k-means algorithm with the seeded centroids [12]. 
[bookmark: _Toc92275371]Choosing the distance metric
Different measures can be used to calculate the distances between the points and the centroids. Euclidean distance is a common choice, resulting in clusters taking a spherical or bell shape. An alternative for detecting hyperellipsoidal clusters is the Mahalanobis distance [13], although this has a higher computational cost [14]. Some research has also been done into the effectiveness of other metrics, such as Manhattan distance, Cosine distance and Pearson correlation measure [15][16]. The results from the research do not definitively single out any one distance metric as the best. Instead, the most appropriate metric should be based on the problem being solved and the complexity and amount of data [15].
[bookmark: _Toc92275372]Choosing the number of clusters
Another area for consideration is how many clusters are chosen. Figure 4 gives examples where sub-optimal numbers of clusters were chosen.
[image: Examples of clustered datasets where an inappropriate k value was chosen.]
[bookmark: _Ref90370524]Figure 4: Examples of clustered datasets where an inappropriate k value was chosen [11].
There are two common approaches for choosing the ideal number of clusters: the ‘elbow rule’ and the ‘silhouette score’. Both are summarised below.


[bookmark: _Toc92275373]The ‘elbow rule’
For the elbow rule to work, the inertia needs to be calculated for each k value. As the k value increases, the inertia drops. Initially, increasing the k value results in a dramatic drop in inertia, but the inertia soon plateaus despite k increasing. When the k value and inertia are plotted on a chart (see Figure 5 for an example), a pronounced ‘elbow’ can be seen. The k value where this occurs is a good candidate for the optimum choice. 
[image: Chart, line chart

Description automatically generated]
[bookmark: _Ref90384026]Figure 5: Example of how the number of clusters would be chosen using the 'elbow' rule.
[bookmark: _Toc92275374]The ‘silhouette score’
The silhouette score is a more precise alternative to the elbow rule, and can be used when the elbow rule gives an ambiguous result. The score is the mean of the silhouette coefficient for all the points in the dataset. The coefficient for a point is calculated using the following formula [11]:

a = the mean distance between this point and all other points in the same cluster
b = the mean distance between this point and all points in the next nearest cluster
In essence, this provides a separation distance between clusters for that point. The coefficient value has a range between -1 and 1 [17]. 
· A positive value indicates the point has been assigned to the correct cluster. The closer to 1 this is, the further away the point is from the neighbouring cluster.
· A value of 0 indicates the point is on or near the boundary between clusters.
· A negative value suggests the point has been assigned to the incorrect cluster. 
The individual coefficients and the coefficient score can be plotted on a chart to provide a useful visualisation called a silhouette diagram. Figure 6 shows some examples.
[image: Chart, funnel chart
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[bookmark: _Ref90372892]Figure 6: Examples of silhouette analyses for clustering on a dataset with different k values [17].
The vertical dashed line is the silhouette score. Each diagram has a plot for each cluster. The thickness of the plot for a cluster indicates the size of the cluster. The ideal k value will have evenly sized clusters, and as few clusters above the silhouette score as possible [17]. In some cases, despite one k value generating a higher silhouette score, analysis of the silhouette diagrams might show a different k value to be a better choice [11].
[bookmark: _Toc92275375]Limitations
There are some limitations to the k-means algorithm. It is not very well suited to datasets with non-elliptical clusters or clusters with varying sizes. Scaling can be used to improve this situation [11]. Datasets where the x and y variable ranges are not similar can result in distance calculations being weighted towards the variable with the larger magnitude. Scaling through normalisation ensures the variables use the same range [18][19]. This can reduce the likelihood of data points being assigned to the wrong cluster, and can make the clusters more spherical [11].
[bookmark: _Toc92275376]Task 3
The data points in Table 1 need to be assigned into two clusters with a k-means algorithm. Two starting centroids are given (shown in Table 2). These are plotted on the scatter plot chart shown in Figure 7. The author is tasked with calculating the next position for both centroids, and subsequently reclassifying the data points based on the new centroid locations.
		[bookmark: _Hlk88566596]x
	y

	5
	5

	0
	5

	2
	3

	2
	2

	5
	1

	3
	3

	1
	4

	5
	3

	1
	2


[bookmark: _Ref88564989]Table 1: List of data points for classification.
		Centroid 1
	Centroid 2

	x
	y
	x
	y

	1.86
	4.31
	3.22
	4.61


[bookmark: _Ref88565001]Table 2: The starting centroids.
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[bookmark: _Ref88568848]Figure 7: Scatter plot chart of the data points and starting centroids.
The first step is calculating the distance between each point and each centroid. This can be done by calculating the Euclidean Distance [13], which is essentially Pythagoras’ Theorem [20]. The equation for this is:

The calculations for the first data point follow.
Data point 1 (DP1) – x = 5, y = 5
Centroid 1 (C1) – x = 1.86, y = 4.31
Next, the above variables are added to the equation.


Next, the same calculations are carried out for the second centroid.
Data point 1 (DP1) – x = 5, y = 5
Centroid 2 (C2) – x = 3.22, y = 4.61
Next, the above variables are added to the equation.


The distance from the data point to both centroids can now be compared to find out which cluster the data point belongs to.
	Centroid
	Distance from data point 1 to centroid

	Centroid 1
	3.21

	Centroid 2
	1.82


Table 3: The distance from data point 1 to the two centroids.
As shown, the data point is closer to Centroid 2, and is therefore part of that cluster.
The above calculations were repeated for each data point. The distance between each data point and the centroids can be seen in Table 4, along with which cluster they are in.


	x
	y
	Distance to Centroid 1
	Distance to Centroid 2
	Cluster membership

	5
	5
	3.21
	1.82
	Centroid 2

	0
	5
	1.98
	4.94
	Centroid 1

	2
	3
	1.32
	2.62
	Centroid 1

	2
	2
	2.31
	2.88
	Centroid 1

	5
	1
	4.56
	2.25
	Centroid 2

	3
	3
	1.74
	1.62
	Centroid 2

	1
	4
	0.91
	3.69
	Centroid 1

	5
	3
	3.40
	0.45
	Centroid 2

	1
	2
	2.46
	3.81
	Centroid 1


[bookmark: _Ref88567117]Table 4: The distance between each data point and the centroids, along with the resulting cluster membership (colour-coded to make differentiation easier).
The next step is to recalculate the new centroid positions based on the cluster membership. This is done by calculating the mean of the x co-ordinates and the mean of the y co-ordinates of the data points in each cluster. The data points in each cluster are shown in Table 5, and the mean values are shown in Table 6. Figure 8 shows the scatter plot chart with the updated centroids.
	Centroid 1 data points
	Centroid 2 data points

		x
	y

	0
	5

	2
	3

	2
	2

	1
	4

	1
	2



		x
	y

	5
	5

	5
	1

	3
	3

	5
	3





[bookmark: _Ref88579845]Table 5: The data points grouped into each cluster.
	Cluster
	Mean of the x values
	Mean of the y values

	Centroid 1
	
	

	Centroid 2
	
	


[bookmark: _Ref88579838]Table 6: The mean values for the x and y axes for each cluster.
[image: ]
[bookmark: _Ref89357441]Figure 8: Scatter plot chart of the data points, starting centroids and updated centroids.
Therefore, the new centroid positions are as shown in Table 7.
	Centroid 1
	Centroid 2

	x
	y
	x
	y

	1.20
	3.20
	4.00
	3.00


[bookmark: _Ref88569124]Table 7: The new centroid positions.
The next step is to reclassify the data points into the cluster based on the new centroid positions. The equations are as they were before. The resulting distances and memberships can be seen in Table 8.
	x
	y
	Distance to Centroid 1
	Distance to Centroid 2
	Cluster membership

	5
	5
	4.20
	2.24
	Centroid 2

	0
	5
	2.16
	3.16
	Centroid 1

	2
	3
	0.82
	1.41
	Centroid 1

	2
	2
	1.44
	2.24
	Centroid 1

	5
	1
	4.39
	3.61
	Centroid 2

	3
	3
	1.81
	1.00
	Centroid 2

	1
	4
	0.82
	2.00
	Centroid 1

	5
	3
	3.81
	2.24
	Centroid 2

	1
	2
	1.22
	2.83
	Centroid 1


[bookmark: _Ref88580487]Table 8: The resulting distances and cluster membership based on the new centroid position.
This process continues until the centroids no longer change. In the case of this example, the cluster membership has not changed from before. This means the clustering has now been completed for this dataset when using the particular starting centroids provided for this example.
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[bookmark: _Ref88560366][bookmark: _Toc92275380]Appendix A
[bookmark: _Toc92275381]User guide
[bookmark: _Toc92275382]User menu
A user menu will be displayed when the program is started. This gives various options, each with a corresponding number. This number is used to select the desired option.
[image: Text

Description automatically generated]
Enter the number of the desired option, then press the Enter key to select it.
The menu will be displayed at the end of each search process.
[bookmark: _Toc92275383]Option 1 – Depth First Search with the default map
Choose option 1 on the main menu to run a depth first search on the default map. The default map is stored within the Visual Studio solution (floor0.txt). The map will be loaded and displayed on screen.
[image: A picture containing text

Description automatically generated]
You will be prompted to enter the letter of the destination you would like to find a route to. Enter the letter and press Enter to run the search. The search process will be displayed on the screen. The agent’s current position will be shown in blue. Any paths taken that ended up with a dead end will be shown in red. The valid path will be shown in green, starting from the position indicated with an S.
[image: A screenshot of a computer

Description automatically generated with medium confidence]
If the destination was not found on the map, a message will be displayed stating it was not found, along with the map showing all the visited locations.
[image: Graphical user interface, text

Description automatically generated]
If the destination was found, the map will be displayed again, this time with the path to take highlighted in green. Any positions that were visited but did not lead to the final destination are highlighted in red. 
[image: Text

Description automatically generated with medium confidence]
Below this, a written list of directions from the start position to the destination is printed. 
[image: Text

Description automatically generated]
[bookmark: _Toc92275384]
Option 2 – Depth First Search with a custom map
This operation runs a depth first search on a custom map. There are custom maps stored within the Visual Studio solution. These are:
· floor0.txt – the default map. The size is 16 by 16 characters.
· floor1.txt – largely the same as the default map but with an additional destination. The size is 16 by 16 characters.
· floor2.txt –the same as floor1.txt but with an asterisk removed, thereby allowing multiple routes to the same destination. The size is 16 by 16 characters.
· floor3.txt – a completely different map designed to have multiple routes to the destinations. The size is 12 by 12 characters.
On choosing option 2 from the main menu, you will be prompted to enter the file path of the custom file. To load one of the pre-made custom files outlined above, enter the filename (e.g. floor3.txt) and press Enter. To load your own custom file, enter the full file path and name (e.g. C:\Users\example.user\Documents\floor2.txt) and press Enter. 
[image: A screenshot of a computer screen

Description automatically generated with medium confidence]
You will then be prompted to enter the width of the map. This is the number of characters in each row of the map file. Enter the number and press Enter.
[image: ]
You will next be prompted to enter the height of the map. This is the number of rows in the map file. Enter the number and press Enter.
[image: A screenshot of a computer

Description automatically generated with medium confidence]


The map will be loaded and displayed on screen.
[image: A picture containing text

Description automatically generated]
You will be prompted to enter the letter of the destination you would like to find a route to. Enter the letter and press Enter to run the search. As with option 1, the search progress is displayed on screen, and if the destination was not found on the map, a message will be displayed stating this is the case. If the destination was found, the map will be displayed again, this time with the path to take highlighted in green. Any positions that were visited but did not lead to the final destination are highlighted in red. Finally, a written list of directions from the start position (indicated by the letter S) to the destination is printed below the map. Example screenshots for these can be found in the instructions for option 1.
[bookmark: _Toc92275385]Option 3 – A* Search with the default map
The instructions for option 3 are the same as for option 1, with the only difference being the underlying algorithm used for path finding. One difference to the information displayed is that the values used to estimate the cost of reaching the destination are shown for each visited point, along with the valid adjacent positions that are added to the list to be visited.
[image: A picture containing calendar

Description automatically generated]
[bookmark: _Toc92275386]Option 4 – A* Search with a custom map
The instructions for option 4 are the same as for option 2, with the only difference being the underlying algorithm using for path finding. As with option 3, the values used to estimate the cost of reaching the destination are shown for each visited point. 


[bookmark: _Ref88560376][bookmark: _Toc92275387]Appendix B
[bookmark: _Toc92275388]Test schedule
[bookmark: _Toc92275389]Menu testing
	Test
	Check menu operates correctly with valid entry

	Pre-requisites
	Main menu displayed

	Testing data
	Menu options entered as integer (1 to 5)

	Testing method
	· Enter the number for the corresponding menu option.
· Check the operation that runs.

	Acceptance criteria
	· Entering a specific menu option number opens the corresponding operation.

	Result
	Passed
[image: ]
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	Test
	Check invalid menu options (non-number) are correctly handled

	Pre-requisites
	Main menu displayed

	Testing data
	Text values entered at menu prompt

	Testing method
	· Enter a random text string at the menu prompt.
· Check the message returned by the program.

	Acceptance criteria
	· The user will be warned of an invalid value and will be prompted to try again.

	Result
	Passed
[image: ]





	Test
	Check invalid menu options (non-integer) are correctly handled

	Pre-requisites
	Main menu displayed

	Testing data
	Decimal values entered at menu prompt

	Testing method
	· Enter a decimal value at the menu prompt.
· Check the message returned by the program.

	Acceptance criteria
	· The number before the decimal will be used as the entered value. If this relates to a menu option, that operation will open. If not, the user will be warned of an invalid value and the menu will displayed again.

	Result
	Passed
[image: ]





	Test
	Check the ‘try again’ prompt validation validates in the same way as the initial menu prompt

	Pre-requisites
	Invalid value entered at the main menu

	Testing data
	Invalid values entered at ‘try again’ prompt

	Testing method
	· Ensure the ‘try again’ message is displayed.
· Enter an invalid value at the prompt.
· Check the message returned by the program.

	Acceptance criteria
	· If the value is invalid, the user is prompted to try again. If the value is valid, the correct operation will open.

	Result
	Passed
[image: ]





[bookmark: _Toc92275390]Floorplan loading and display testing
	Test
	Check the default floorplan is loaded and displayed correctly

	Pre-requisites
	Option 1 or 3 chosen from the main menu

	Testing data
	Default floorplan (floor0.txt) stored in the Visual Studio solution

	Testing method
	· Compare the floorplan displayed on screen to the one in the file (shown below)
[image: ]

	Acceptance criteria
	· The floorplan displayed matches the layout of the default floorplan defined in the file, with additional padding added to make the column spacing more uniform with the row spacing.

	Result
	Passed
[image: ]





	Test
	Check custom floorplans are loaded and displayed correctly.

	Pre-requisites
	Option 2 or 4 chosen from the main menu.

	Testing data
	Custom floorplan (floor3.txt) stored in the Visual Studio solution with a height of 12 characters and a width of 12 characters.

	Testing method
	· Enter the file path of the floorplan file.
· Enter the width of the floorplan and press Enter.
· Enter the height of the floorplan and press Enter.
· Compare the floorplan displayed on screen to the one in the file (shown below)
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	Acceptance criteria
	· The floorplan displayed matches the layout of the custom floorplan defined in the file, with additional padding added to make the column spacing more uniform with the row spacing.

	Result
	Passed
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	Test
	Check non-existent file paths are handled correctly.

	Pre-requisites
	Option 2 or 4 chosen from the main menu.

	Testing data
	A path to a file that does not exist.

	Testing method
	· Enter the invalid file path.
· Enter an integer for the width.
· Enter an integer for the height.
· Check the returned message.

	Acceptance criteria
	· The user is informed the file was not found and the main menu is displayed again.

	Result
	Passed
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	Test
	Check non .txt file paths are handled correctly.

	Pre-requisites
	Option 2 or 4 chosen from the main menu.

	Testing data
	A path to a file that is not a .txt file.

	Testing method
	· Enter the invalid file path.
· Check the returned message.

	Acceptance criteria
	· The user is informed the file needs to be a .txt file and is prompted to try again.

	Result
	Passed
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	Test
	Check floorplan is displayed correctly with the final path and other visited locations

	Pre-requisites
	Option 1 chosen from the main menu

	Testing data
	Enter ‘E’ as the destination

	Testing method
	· Enter the destination and press Enter.
· Compare the final floorplan displayed on screen to the one below.
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	Acceptance criteria
	· The floorplan displayed matches the one above.

	Result
	Passed
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	Test
	Check an invalid destination is correctly identified

	Pre-requisites
	Option 1 chosen from the main menu

	Testing data
	An invalid destination for the floorplan

	Testing method
	· Enter the invalid destination and press Enter.
· Check the output returned by the program.

	Acceptance criteria
	· The user is informed the destination could not be found, and the map of visited locations is shown.

	Result
	Passed
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	Test
	Check the expected path to a destination is found when only one path is possible

	Pre-requisites
	Option 1 chosen from the main menu

	Testing data
	‘E’ as the destination

	Testing method
	· Enter the destination and press Enter.
· Compare the final floorplan displayed on screen to the one below.
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	Acceptance criteria
	· The floorplan displayed matches the one above.

	Result
	Passed
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	Test
	Check the expected path to a destination is found when there are multiple paths to that destination

	Pre-requisites
	Option 2 chosen from the main menu. floor3.txt entered as the file path and 12 entered for the width and height.

	Testing data
	‘E’ as the destination

	Testing method
	· Enter the destination and press Enter.
· Compare the final floorplan displayed on screen to the one below.
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	Acceptance criteria
	· The floorplan displayed matches the one above.

	Result
	Passed
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	Test
	Check the outputted directions against the final path

	Pre-requisites
	Option 1 chosen from the main menu

	Testing data
	A valid destination for the floorplan

	Testing method
	· Enter the valid destination and press Enter.
· Check the directions returned by the program against the final floorplan.

	Acceptance criteria
	· The directions match up with the path highlighted in green.

	Result
	Passed
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	Test
	Check an invalid destination is correctly identified

	Pre-requisites
	Option 3 chosen from the main menu

	Testing data
	An invalid destination for the floorplan

	Testing method
	· Enter the invalid destination and press Enter.
· Check the output returned by the program.

	Acceptance criteria
	· The user is informed the destination does not exist on the map.

	Result
	Passed
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	Test
	Check the expected path to a destination is found when only one path is possible

	Pre-requisites
	Option 3 chosen from the main menu

	Testing data
	‘E’ as the destination

	Testing method
	· Enter the destination and press Enter.
· Compare the final floorplan displayed on screen to the one below created from PathFinding.js (qiao.github.io).
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	Acceptance criteria
	· The identified path matches the one above.

	Result
	Passed
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	Test
	Check the expected path to a destination is found when there are multiple paths to that destination

	Pre-requisites
	Option 4 chosen from the main menu. floor3.txt entered as the file path and 12 entered for the width and height.

	Testing data
	‘E’ as the destination

	Testing method
	· Enter the destination and press Enter.
· Compare the final floorplan displayed on screen to the one below created from PathFinding.js (qiao.github.io).
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	Acceptance criteria
	· The identified path matches the one above.

	Result
	Passed
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	Test
	Check the outputted directions against the final path

	Pre-requisites
	Option 3 chosen from the main menu

	Testing data
	A valid destination for the floorplan

	Testing method
	· Enter the valid destination and press Enter.
· Check the directions returned by the program against the final floorplan.

	Acceptance criteria
	· The directions match up with the path highlighted in green.

	Result
	Passed
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#include <iostream>
#include "SearchDFS.h"
#include "Floorplan.h"
#include "SearchAStar.h"

using namespace std;

int main()
{
	
	cFloorplan floorplan;

	cSearchDFS searchDFS;
	cSearchAStar searchAStar;

	string filePath;
	char valueToFind;

	int width = 0;
	int height = 0;

	int processType;
	bool exitChosen = false;

	//	Loop until the user chooses to exit
	while (!exitChosen)
	{
		//	Prompt the user for how they would like to run the program
		cout << "\t******************************************************************" << endl;
		cout << "\t                             Main menu                            " << endl;
		cout << "\t******************************************************************" << endl;
		cout << endl << "\tPlease choose a menu option. ";
		cout << endl << "\t\tDepth First Search";
		cout << endl << "\t\t\t1. Load the default map";
		cout << endl << "\t\t\t2. Load a custom map";
		cout << endl << "\t\tA* Search";
		cout << endl << "\t\t\t3. Load the default map";
		cout << endl << "\t\t\t4. Load a custom map";
		cout << endl << "\t\t\t5. Exit program";
		cout << endl << endl << "\t\tChoice: ";
		cin >> processType;

		
		while (1)
		{
			//	Validate the input and prompt again if invalid
			if (cin.fail())
			{
				cin.clear();
				cin.ignore(numeric_limits<streamsize>::max(), '\n');
				cout << "\t\tPlease enter a valid number: ";
				cin >> processType;
			}

			//	Clear extra characters out of the buffer
			if (!cin.fail())
			{
				cin.clear();
				cin.ignore(numeric_limits<streamsize>::max(), '\n');
				break;
			}
		}

		//	Case statement based on the user's choice
		switch (processType)
		{
		case 1:

			cout << endl << "\t******************************************************************" << endl;
			cout << "\t                 Depth First Search - default map                 " << endl;
			cout << "\t******************************************************************" << endl;

			//	Load the default map (floor1.txt in the solution directory) and continue if loaded correctly
			if (floorplan.LoadDefaultMap())
			{
				//	Print the floorplan on screen
				floorplan.PrintFloorplan();

				//	Prompt the user to enter the character of the location to be searched for
				cout << endl << "\tPlease enter the character of the location you would like to find the way to: ";
				cin >> valueToFind;

				valueToFind = toupper(valueToFind);

				//	Set up the search with the floorplan and value that needs to be found
				searchDFS.SetupSearch(floorplan, valueToFind);

				//	Start the search
				searchDFS.SearchFloorplan();

			}
			
			break;

		case 2:
			
			cout << endl << "\t******************************************************************" << endl;
			cout << "\t                 Depth First Search - custom map                  " << endl;
			cout << "\t******************************************************************" << endl;
			
			//	Prompt the user to enter the full file path of the custom map file
			cout << endl << "\tPlease enter the full file path of the custom map file: ";
			cin >> filePath;

			//	Clear the buffer
			cin.clear();
			cin.ignore(numeric_limits<streamsize>::max(), '\n');

			while (filePath.find(".txt") == string::npos)
			{
				//	Prompt the user to enter a path for a valid txt file
				cout << endl << "\tOnly .txt files are allowed. Please try again: ";
				cin >> filePath;
				//	Clear the buffer
				cin.clear();
				cin.ignore(numeric_limits<streamsize>::max(), '\n');
			}
			
			//	Prompt the user to enter the width of the custom map file
			cout << endl << "\tPlease enter the width of the map: ";
			cin >> width;

			while (1)
			{
				//	Validate the input and prompt again if invalid
				if (cin.fail())
				{
					cin.clear();
					cin.ignore(numeric_limits<streamsize>::max(), '\n');
					cout << "\tPlease enter a valid number: ";
					cin >> width;
				}

				//	Clear extra characters out of the buffer
				if (!cin.fail())
				{
					cin.clear();
					cin.ignore(numeric_limits<streamsize>::max(), '\n');
					break;
				}
			}

			//	Prompt the user to enter the width of the custom map file
			cout << endl << "\tPlease enter the height of the map: ";
			cin >> height;

			while (1)
			{
				//	Validate the input and prompt again if invalid
				if (cin.fail())
				{
					cin.clear();
					cin.ignore(numeric_limits<streamsize>::max(), '\n');
					cout << "\tPlease enter a valid number: ";
					cin >> height;
				}

				//	Clear extra characters out of the buffer
				if (!cin.fail())
				{
					cin.clear();
					cin.ignore(numeric_limits<streamsize>::max(), '\n');
					break;
				}
			}
			
			//	Load the custom map from the filepath the user entered and continue if loaded correctly
			if (floorplan.LoadCustomMap(filePath, width, height))
			{
				//	Print the floorplan on screen
				floorplan.PrintFloorplan();

				cout << endl << "\tPlease enter the character of the location you would like to find the way to: ";
				cin >> valueToFind;

				valueToFind = toupper(valueToFind);

				//	Set up the search with the floorplan and value that needs to be found
				searchDFS.SetupSearch(floorplan, valueToFind);

				//	Start the search
				searchDFS.SearchFloorplan();
			}		

			break;

		case 3:

			cout << endl << "\t******************************************************************" << endl;
			cout << "\t                      A* Search - default map                     " << endl;
			cout << "\t******************************************************************" << endl;

			//	Load the default map (floor1.txt in the solution directory) and continue if loaded correctly
			if (floorplan.LoadDefaultMap())
			{
				//	Print the floorplan on screen
				floorplan.PrintFloorplan();

				//	Prompt the user to enter the character of the location to be searched for
				cout << endl << "\tPlease enter the character of the location you would like to find the way to: ";
				cin >> valueToFind;

				valueToFind = toupper(valueToFind);

				//	Set up the search with the floorplan and value that needs to be found
				searchAStar.SetupSearch(floorplan, valueToFind);

				//	Start the search
				searchAStar.SearchFloorplan();
			}

			break;

		case 4:

			cout << endl << "\t******************************************************************" << endl;
			cout << "\t                      A* Search - custom map                      " << endl;
			cout << "\t******************************************************************" << endl;

			//	Prompt the user to enter the full file path of the custom map file
			cout << endl << "\tPlease enter the full file path of the custom map file: ";
			cin >> filePath;

			//	Clear the buffer
			cin.clear();
			cin.ignore(numeric_limits<streamsize>::max(), '\n');

			while (filePath.find(".txt") == string::npos)
			{
				//	Prompt the user to enter a path for a valid txt file
				cout << endl << "\tOnly .txt files are allowed. Please try again: ";
				cin >> filePath;
				//	Clear the buffer
				cin.clear();
				cin.ignore(numeric_limits<streamsize>::max(), '\n');
			}

			//	Prompt the user to enter the width of the custom map file
			cout << endl << "\tPlease enter the width of the map: ";
			cin >> width;

			while (1)
			{
				//	Validate the input and prompt again if invalid
				if (cin.fail())
				{
					cin.clear();
					cin.ignore(numeric_limits<streamsize>::max(), '\n');
					cout << "\tPlease enter a valid number: ";
					cin >> width;
				}

				//	Clear extra characters out of the buffer
				if (!cin.fail())
				{
					cin.clear();
					cin.ignore(numeric_limits<streamsize>::max(), '\n');
					break;
				}
			}

			//	Prompt the user to enter the width of the custom map file
			cout << endl << "\tPlease enter the height of the map: ";
			cin >> height;

			while (1)
			{
				//	Validate the input and prompt again if invalid
				if (cin.fail())
				{
					cin.clear();
					cin.ignore(numeric_limits<streamsize>::max(), '\n');
					cout << "\tPlease enter a valid number: ";
					cin >> height;
				}

				//	Clear extra characters out of the buffer
				if (!cin.fail())
				{
					cin.clear();
					cin.ignore(numeric_limits<streamsize>::max(), '\n');
					break;
				}
			}

			//	Load the custom map from the filepath the user entered and continue if loaded correctly
			if (floorplan.LoadCustomMap(filePath, width, height))
			{
				//	Print the floorplan on screen
				floorplan.PrintFloorplan();

				cout << endl << "\tPlease enter the character of the location you would like to find the way to: ";
				cin >> valueToFind;

				valueToFind = toupper(valueToFind);

				//	Set up the search with the floorplan and value that needs to be found
				searchAStar.SetupSearch(floorplan, valueToFind);

				//	Start the search
				searchAStar.SearchFloorplan();
			}

			break;

		case 5:
			exitChosen = true;

			cout << endl << "\tProgram will now exit." << endl << endl << endl;

			break;
		
		default:
			cout << endl << "\t\tInvalid choice!" << endl << endl;
			break;
		}
	}

	return 0;
}
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#pragma once

#include <string>
#include <fstream>
#include <map>
#include <stack>

using namespace std;

typedef struct {
	int index;		//	The index of this position in the floorplan 
	int x;			//	The position on the x axis of this floorplan position
	int y;			//	The position on the y axis of this floorplan position
	bool visited;	//	Boolean indicating whether this position has been visited yet
	char value;		//	The character at this position in the floorplan
	float g;		//	The cost to reach this position so far (used for A* algorithm)
	float h;		//	The estimated cost to reach the destination from this position (used for A* algorithm)
	float f;		//	The sum of g and h (i.e. total estimated cost to reach the destination from the start) (used for A* algorithm)
} position;


enum class Direction 
{
	North, 
	East, 
	South, 
	West, 
	Invalid
};

class cFloorplan
{
public:

	//	Constructor
	cFloorplan(void);

	//	Methods
	bool LoadFloorplan(string, int, int);
	bool LoadDefaultMap(void);
	bool LoadCustomMap(string, int, int);
	void PrintFloorplan(void);
	void PrintFloorplan(map<int, int>);
	void PrintFloorplan(map<int, int>, map<int, position>);
	void PrintFloorplan(map<int, int>, map<int, position>, position);

	map<int, position> GetFloorplanPositions(void);
	char GetStartChar(void);
	int GetMapWidth(void);
	int GetMapHeight(void);
	char GetCharCorridor(void);
	char GetCharWall(void);
	char GetCharOutOfBounds(void);

private:
	
	//	Attributes
	int width;
	int height;

	char startChar;
	char agentChar;
	char corridorChar;
	char wallChar;
	char outOfBoundsChar;

	map<int, position> floorplanPositions;


	
};
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#include "Floorplan.h"
#include <iostream>
#include <fstream>
#include <map>
#include <list>

using namespace std;

//	The default constructor for the Floorplan class
cFloorplan::cFloorplan(void)
{
	string line;
	int count = 0;
	int element = 0;
	
	height = 16;
	width = 16;
	startChar = 'S';
	agentChar = 'Q';
	corridorChar = ' ';
	wallChar = '*';
	outOfBoundsChar = '#';

	LoadDefaultMap();
}

//	Loads the floorplan in the passed in file in a map of floorplan characters for 
//	later use
//		INPUT - string filePath - the file path of the file that will be imported
//		INPUT - int enteredWidth - the width (number of characters) of the floorplan in the file
//		INPUT - int enteredHeight - the height (number of characters) of the floorplan in the file
//		OUTPUT - bool - boolean indicating whether the floorplan was loaded successfully
bool cFloorplan::LoadFloorplan(string filePath, int enteredWidth, int enteredHeight)
{
	string line;
	int mapCount = 0;
	int lineCount = 0;
	int element = 0;

	height = enteredWidth;
	width = enteredHeight;

	//	Clear the map of floorplan positions
	floorplanPositions.clear();

	ifstream floorplanFile(filePath);

	//	If the file was opened...
	if (floorplanFile.is_open())
	{
		//	While there is a line found and the line count is less than the defined height...
		while (getline(floorplanFile, line) && lineCount < height)
		{
			//	For each character up to the defined width, add the character to the floorplan
			//	position map
			for (int x = 0; x < width; x++)
			{			
				floorplanPositions[mapCount].index = mapCount;
				floorplanPositions[mapCount].x = x;
				floorplanPositions[mapCount].y = lineCount;
				floorplanPositions[mapCount].visited = false;
				floorplanPositions[mapCount].value = line[x];

				mapCount++;
			}
			
			//	Clear the line from the buffer to prevent extra characters being add on the next input
			line.clear();

			//	Increment the line counter
			lineCount++;
		}

		floorplanFile.close();

		return true;
	}
	else	//	File wasn't found
	{
		cout << endl << "\tFile not found!" << endl << endl;
		return false;
	}
}

//	Method for loading the default map (floor0.txt, located in this solution)
//		OUTPUT - bool - boolean indicating whether the floorplan was loaded successfully
bool cFloorplan::LoadDefaultMap(void)
{
	return LoadFloorplan("floor0.txt", 16, 16);
}

//	Method used for loading a custom map, with the file path, width and height passed in for set up
//		INPUT - string filePath - the full file path of the file to be loaded
//		INPUT - int enteredWidth - the width (number of characters) for the custom map
//		INPUT - int enteredHeight - the height (number of characters) for the custom map
//		OUTPUT - bool - boolean indicating whether the floorplan was loaded successfully
bool cFloorplan::LoadCustomMap(string filePath, int enteredWidth, int enteredHeight)
{
	return LoadFloorplan(filePath, enteredWidth, enteredHeight);
}

//	Display the stored map on screen
void cFloorplan::PrintFloorplan()
{
	map<int, position>::iterator it;
	int count = 1;

	cout << endl << "\tHere is the floorplan that has been loaded." << endl << endl << "\t\t\t";
	
	//	Iterate over the floorplan positions in the attribute
	for (it = floorplanPositions.begin(); it != floorplanPositions.end(); ++it)
	{
		//	Write the position character on screen, followed by a space for formatting
		cout << it->second.value << " ";

		//	If the end of the row is reached, add a line break and tab characters for alignment
		if (count % width == 0)
		{
			cout << endl << "\t\t\t";
		}
		count++;
	}

	cout << endl;

}

//	Display the stored map on screen with the path taken included
//		INPUT - map<int, int> finalPath - a map of the floorplan positions of the path that was taken
void cFloorplan::PrintFloorplan(map<int, int> finalPath)
{
	map<int, position>::iterator it;
	int count = 1;

		cout << endl << "\tHere is the path that was taken." << endl << endl << "\t\t";

		//	Iterate over the floorplan positions in the attribute
		for (it = floorplanPositions.begin(); it != floorplanPositions.end(); ++it)
		{
			//	If the character to be printed is included in the path map...
			if (finalPath.count(it->first) > 0)
			{
				//	If the value at this position is a space...
				if (it->second.value == ' ')
				{
					//	Write an x on screen in green, followed by a space for formatting
					cout << "\033[32m" << "x " << "\033[0m";
				}
				else
				{
					//	Write the original value on screen in green, followed by a space for formatting
					cout << "\033[32m" << it->second.value << " " << "\033[0m";
				}
			}
			else
			{
				//	Write the position character on screen, followed by a space for formatting
				cout << it->second.value << " ";
			}

			//	If the end of the row is reached, add a line break and tab characters for alignment
			if (count % width == 0)
			{
				cout << endl << "\t\t";
			}
			count++;
		}

	cout << endl;

}

//	Display the stored map on screen with the path taken included. This includes any dead end areas that were visited
//		INPUT - map<int, int> finalPath - a map of the floorplan positions of the path that was taken
//		INPUT - map<int, int> allPositions - all the floorplan positions, used for checking which have been visited
void cFloorplan::PrintFloorplan(map<int, int> finalPath, map<int, position> allPositions)
{
	map<int, position>::iterator it;
	int count = 1;

	cout << endl << "\tHere is the path that was taken." << endl << endl << "\t\t";

	//	Iterate over the floorplan positions in the attribute
	for (it = floorplanPositions.begin(); it != floorplanPositions.end(); ++it)
	{		
		//	If the character to be printed is included in the path map...
		if (finalPath.count(it->first) > 0)
		{
			//	If the value at this position is a space...
			if (it->second.value == ' ')
			{
				//	Write an x on screen in green, followed by a space for formatting
				cout << "\033[32m" << "x " << "\033[0m";
			}
			else
			{
				//	Write the original value on screen in green, followed by a space for formatting
				cout << "\033[32m" << it->second.value << " " << "\033[0m";
			}
			
		}
		else if (allPositions[it->first].visited)
		{
			//	If the value at this position is a space...
			if (it->second.value == ' ')
			{
				//	Write an x on screen in red, followed by a space for formatting
				cout << "\033[31m" << "x " << "\033[0m";
			}
			else
			{
				//	Write the original value on screen in red, followed by a space for formatting
				cout << "\033[31m" << it->second.value << " " << "\033[0m";
			}
		}
		else
		{
			//	Write the position character on screen, followed by a space for formatting
			cout << it->second.value << " ";
		}

		//	If the end of the row is reached, add a line break and tab characters for alignment
		if (count % width == 0)
		{
			cout << endl << "\t\t";
		}
		count++;
	}

	cout << endl;

}

//	Display the stored map on screen with the path taken so far and the agent's current position included. 
//	This includes any dead end areas that were visited
//		INPUT - map<int, int> finalPath - a map of the floorplan positions of the path that was taken
//		INPUT - map<int, int> allPositions - all the floorplan positions, used for checking which have been visited
//		INPUT - position agentPosition - the current position of the agent
void cFloorplan::PrintFloorplan(map<int, int> finalPath, map<int, position> allPositions, position agentPosition)
{
	map<int, position>::iterator it;
	int count = 1;

	cout << endl << "\tHere is the path that was taken." << endl << endl << "\t\t";

	//	Iterate over the floorplan positions in the attribute
	for (it = floorplanPositions.begin(); it != floorplanPositions.end(); ++it)
	{
		if (agentPosition.index == it->first)
		{
			//	If the value at this position is a space...
			if (it->second.value == ' ')
			{
				//	Write an x on screen in cyan, followed by a space for formatting
				cout << "\033[36m" << agentChar << " " << "\033[0m";
			}
			else
			{
				//	Write the original value on screen in cyan, followed by a space for formatting
				cout << "\033[36m" << it->second.value << " " << "\033[0m";
			}
		}		
		else if (finalPath.count(it->first) > 0)	//	If the character to be printed is included in the path map...
		{
			//	If the value at this position is a space...
			if (it->second.value == ' ')
			{
				//	Write an x on screen in green, followed by a space for formatting
				cout << "\033[32m" << "x " << "\033[0m";
			}
			else
			{
				//	Write the original value on screen in green, followed by a space for formatting
				cout << "\033[32m" << it->second.value << " " << "\033[0m";
			}

		}
		else if (allPositions[it->first].visited)
		{
			//	If the value at this position is a space...
			if (it->second.value == ' ')
			{
				//	Write an x on screen in red, followed by a space for formatting
				cout << "\033[31m" << "x " << "\033[0m";
			}
			else
			{
				//	Write the original value on screen in red, followed by a space for formatting
				cout << "\033[31m" << it->second.value << " " << "\033[0m";
			}
		}
		else
		{
			//	Write the position character on screen, followed by a space for formatting
			cout << it->second.value << " ";
		}

		//	If the end of the row is reached, add a line break and tab characters for alignment
		if (count % width == 0)
		{
			cout << endl << "\t\t";
		}
		count++;
	}

	cout << endl;

}

//	Returns the map containing all the positions in the floorplan
//		OUTPUT - map<int, position> - a map containing the positions in the floorplan
map<int, position> cFloorplan::GetFloorplanPositions(void)
{
	return floorplanPositions;
}

//	Returns the character that signifies the start position of any searches
//		OUTPUT - char - the character that signifies the start point on the floorplan
char cFloorplan::GetStartChar(void)
{
	return startChar;
}

//	Returns the map width that has been set for the floorplan
//		OUTPUT - int - the width of the floorplan
int cFloorplan::GetMapWidth(void)
{
	return width;
}

//	Returns the map height that has been set for the floorplan
//		OUTPUT - int - the height of the floorplan
int cFloorplan::GetMapHeight(void)
{
	return height;
}

//	Returns the character used to indicate a corridor position
//		OUTPUT - int - the character used to represent a corridor
char cFloorplan::GetCharCorridor(void)
{
	return corridorChar;
}

//	Returns the character used to indicate a wall position
//		OUTPUT - int - the character used to represent a wall
char cFloorplan::GetCharWall(void)
{
	return wallChar;
}
//	Returns the character used to indicate an out of bounds position
//		OUTPUT - int - the character used to represent an out of bounds position
char cFloorplan::GetCharOutOfBounds(void)
{
	return outOfBoundsChar;
}
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#pragma once

#include <string>
#include <fstream>
#include "Floorplan.h"

using namespace std;

class cSearch
{
public:

	//	Methods
	int FindCharacterPosition(char);
	int FindStartPosition(void);
	int FindKeyForDirection(Direction, int);
	int DirectionValid(Direction, int);
	void SetupSearch(cFloorplan, char);
	virtual void SearchFloorplan(void) = 0;		//	Pure virtual method - derived classes must define this
	void DisplayResultOnScreen(bool, position, position);
	void DisplayStateOnScreen(position, position);
	void DisplayDirections(map<int, int>, position, position);
	string DirectionLabel(Direction);

protected:

	//	Attributes
	char searchValue;

	cFloorplan floorplan;

	int width;
	int height;

	char startChar;
	char agentChar;
	char corridorChar;
	char wallChar;
	char outOfBoundsChar;

	map<int, position> floorplanPositions;
	map<int, position> nodeParents;
	map<int, int> finalPath;

	//	Constructor
	cSearch(void);

};
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#include "Search.h"
#include <iostream>
#include <list>

using namespace std;


cSearch::cSearch(void)
{

}

//	Sets the various attributes in the class ready for the search process to begin
//		INPUT - cFloorplan providedMap - the floorplan that will be searched
//		INPUT - char valueToFind - the character that will be searched for in the floorplan
void cSearch::SetupSearch(cFloorplan providedMap, char valueToFind)
{
	floorplan = providedMap;
	searchValue = valueToFind;
	width = floorplan.GetMapWidth();
	height = floorplan.GetMapHeight();

	corridorChar = floorplan.GetCharCorridor();
	wallChar = floorplan.GetCharWall();
	outOfBoundsChar = floorplan.GetCharOutOfBounds();

	floorplanPositions = floorplan.GetFloorplanPositions();

	nodeParents.clear();
	finalPath.clear();
}

//	Searches the floorplan for the character passed into the method
//		INPUT - char valueToFind - the character that will be searched for in the floorplan
int cSearch::FindCharacterPosition(char valueToFind)
{
	//	Declare an iterator matching the type of the floorplan
	map<int, position>::iterator it;

	//	Iterate over the objects in the map...
	for (it = floorplanPositions.begin(); it != floorplanPositions.end(); ++it)
	{
		//	If the value of the current object equals that of the searched for value, return the map index
		if (it->second.value == valueToFind)
		{
			return it->first;
		}
	}

	//	Return -1 if the character wasn't found in the floorplan
	return -1;
}

//	Calls the FindCharacterPosition with the starting position character stored in the attribute to return 
//	the index of the starting position
//		OUTPUT - int - the position of the start character
int cSearch::FindStartPosition(void)
{
	return FindCharacterPosition(floorplan.GetStartChar());
}

//	Method for returning the key of the next position in the chosen direction from the position defined in
//	parameters
//		INPUT - Directions direction - the direction that will be checked
//		INPUT - int basePosition - the key of the position that the check will be based on
//		OUTPUT - int - the key of the next position in the chosen direction from the base position. -1 is returned is travel in this direction is not possible
int cSearch::FindKeyForDirection(Direction direction, int basePosition)
{
	//	Declare a result variable set to -1. -1 indicates that the chosen direction is blocked
	int result = -1;

	//	Switch to pick logic based on passed in direction
	switch (direction)
	{
	case Direction::North:

		//	Check to make sure the current position isn't already in the top row.
		//	If it is in the top row, it is not possible to go north
		if (basePosition > width)
		{
			//	Set the result with the key of the position to the north of the current position
			result = basePosition - width;
		}

		break;
	case Direction::East:
		//	Check to make sure the current position isn't already in the furthest right column.
		//	If it is in the furtherest right column, it is not possible to go east
		if (basePosition % width != (width - 1))
		{
			//	Set the result with the key of the position to the east of the current position
			result = basePosition + 1;
		}
		
		break;
	case Direction::South:
		//	Check to make sure the current position isn't already in the bottom row.
		//	If it is in the bottom row, it is not possible to go south
		if (basePosition < ((width * height) - width))
		{
			//	Set the result with the key of the position to the south of the current position
			result = basePosition + width;
		}

		break;
	case Direction::West:
		//	Check to make sure the current position isn't already in the furthest left column.
		//	If it is in the furtherest left column, it is not possible to go west
		if (basePosition % width != 0)
		{
			//	Set the result with the key of the position to the west of the current position
			result = basePosition - 1;
		}
		break;
	}

	return result;
}

//	Method for checking whether the next position in the chosen direction from the defined position
//	is a valid direction for travelling to
//		INPUT - Directions direction - the direction that will be checked
//		INPUT - int basePosition - the key of the position that the check will be based on
//		OUTPUT - int - indicates whether the direction is valid. 0 equals invalid, 1 equals valid
int cSearch::DirectionValid(Direction direction, int basePosition)
{
	//	Get the key based on the supplied direction and base position
	int keyToCheck = FindKeyForDirection(direction, basePosition);
	
	//	Declare variable for storing the value of the position being checked
	char valueToCheck;

	//	If a valid key was found for the directions...
	if (keyToCheck != -1)
	{
		//	Get the value to be checked
		valueToCheck = floorplanPositions[keyToCheck].value;
	}
	else	//	Otherwise return 0
	{
		return 0;
	}

	//	Check whether the value matches any of the blocking characters (e.g. wall and out of bounds characters).
	//	If it does not, it is valid
	if (valueToCheck != wallChar &&
		valueToCheck != startChar &&
		valueToCheck != outOfBoundsChar)
	{
		//	Return 1 for valid characters
		return 1;
	}
	else
	{
		//	Return 0 for invalid characters
		return 0;
	}
}

//	Method for displaying the results of the search on screen
//		INPUT - bool destinationFound - boolean indicating whether the destination was found in the search
//		INPUT - position agentPosition - the final position of the agent
//		INPUT - position startPosition - the start position of the floorplan
void cSearch::DisplayResultOnScreen(bool destinationFound, position agentPosition, position startPosition)
{
	int x = agentPosition.index;

	finalPath.clear();

	finalPath[x] = -1;

	//	Back track through the path taken by the agent, starting at the agent's final position.
	//	The nodeParents map contains the nodes that were visited and the parent node that was visited
	//	beforehand. The resulting path is added to a new map
	while (x != startPosition.index)
	{
		finalPath[nodeParents[x].index] = x;

		x = nodeParents[x].index;
	}
	
	//	If the destination was found...
	if (destinationFound)
	{
		cout << "\tThe destination has been found at position " << agentPosition.index <<
			" (" << agentPosition.x << ", " << agentPosition.y << ") on the map!" << endl << endl;

		//	Print the floorplan with the final path taken highlighted in green
		floorplan.PrintFloorplan(finalPath, floorplanPositions);

		//	Print out a list of directions to take to get from the start to the destination
		DisplayDirections(finalPath, startPosition, agentPosition);
	}
	else
	{
		//	Inform the user the destination was not found
		cout << "\tThe destination wasn't found on the map!" << endl << endl;

		//	Print the floorplan with the final path taken
		floorplan.PrintFloorplan(finalPath, floorplanPositions);
	}
}

//	Method for displaying the results of the search on screen
//		INPUT - bool destinationFound - boolean indicating whether the destination was found in the search
//		INPUT - position agentPosition - the final position of the agent
//		INPUT - position startPosition - the start position of the floorplan
void cSearch::DisplayStateOnScreen(position agentPosition, position startPosition)
{
	//	Putput the agent position on screen
	cout << "\t>> Agent position: " << agentPosition.index << " (" << agentPosition.x << ", " << agentPosition.y << ")" << endl;

	int x = agentPosition.index;

	//	Clear the finalPath map ready for it to be re-populated with the updated path so far
	finalPath.clear();

	//	Back track through the path taken by the agent, starting at the agent's final position.
	//	The nodeParents map contains the nodes that were visited and the parent node that was visited
	//	beforehand. The resulting path is added to a new map
	while (x != startPosition.index)
	{
		finalPath[nodeParents[x].index] = x;

		x = nodeParents[x].index;
	}

	//	Print the floorplan with the current state of the search
	floorplan.PrintFloorplan(finalPath, floorplanPositions, agentPosition);
}

//	Method for printing out a list of directions for the user to take to get from the start position
//	to the desired location
//		INPUT - map<int, int> finalPath - the final path for the user to take
//		INPUT - position agentPosition - the final position of the agent
//		INPUT - position startPosition - the start position of the floorplan
void cSearch::DisplayDirections(map<int, int> finalPath, position startPosition, position agentPosition)
{
	cout << "\tHere are the steps to take to get to the destination from the starting point: " << endl;

	int positionIndex = startPosition.index;
	int stepCounter = 0;

	//	Initialise the variables that will be used to track the current and last direction
	Direction lastDir = Direction::East;
	Direction nextDir = Direction::East;

	//	Loop until from the start position and follow the path until the agent position is reached
	while (positionIndex != agentPosition.index)
	{
		//	Update the current and next positions
		position currPosition = floorplanPositions[positionIndex];
		position nextPosition = floorplanPositions[finalPath[positionIndex]];

		//	If statements to figure out which way the agent moved and update the nextDir variable with
		//	the direction
		if (currPosition.x == nextPosition.x && currPosition.y == nextPosition.y - 1)	//	Moving down
		{
			nextDir = Direction::South;
		}
		else if (currPosition.x == nextPosition.x && currPosition.y == nextPosition.y + 1)	//	Moving up
		{
			nextDir = Direction::North;
		}
		else if (currPosition.y == nextPosition.y && currPosition.x == nextPosition.x - 1)	//	Moving right
		{
			nextDir = Direction::East;
		}
		else if (currPosition.y == nextPosition.y && currPosition.x == nextPosition.x + 1)	//	Moving left
		{
			nextDir = Direction::West;
		}
		else
		{
			cout << "I don't know which way it went!!!!" << endl;
		}

		//	If the end has been reached, output how many steps were taken in the final direction
		if (nextPosition.index == agentPosition.index)
		{
			cout << "\t\tGo " << DirectionLabel(lastDir) << " for " << stepCounter + 1 << " steps" << endl;
		}

		//	Check to see if the next direction matches the last direction that was taken.
		//	If so, increment the step counter. If not, output how many steps were taken in the old direction
		//	and reset the step counter
		if (lastDir == nextDir || currPosition.index == startPosition.index)
		{
			stepCounter++;
		}
		else
		{
			cout << "\t\tGo " << DirectionLabel(lastDir) << " for " << stepCounter << " steps." << endl;
			stepCounter = 1;
		}

		//	Set the last direction equal to the next direction ready for the next iteration
		lastDir = nextDir;

		//	Update the position for the next iteration
		positionIndex = finalPath[positionIndex];
	}

	cout << endl;
}

//	Method to return a string label for a given direction
//		INPUT - Direction direction - the direction to return a label for
//		OUTPUT - string - the label for the given direction
string cSearch::DirectionLabel(Direction direction)
{
	switch (direction)
	{
	case Direction::North:
		return "North";
		break; 
	case Direction::East:
		return "East";
		break;
	case Direction::South:
		return "South";
		break;
	case Direction::West:
		return "West";
		break;
	default:
		return "Invalid";
		break;
	}
}
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#pragma once

#include <string>
#include <fstream>
#include "Floorplan.h"
#include "Search.h"

using namespace std;

class cSearchAStar : public cSearch		//	Inherits from Search class
{
public:

	//	Constructor
	cSearchAStar(void);

	//	Methods
	int CalculateCost(position, position);
	void SearchFloorplan(void);

private:

};
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#include "SearchAStar.h"
#include <iostream>
#include <fstream>
#include <cmath>
#include <list>
#include<windows.h>

using namespace std;


cSearchAStar::cSearchAStar(void)
{

}

//	Method for searching the floorplan using an A* algorithm
void cSearchAStar::SearchFloorplan(void)
{
	bool destinationFound = false;
	int count = 0;
	int key;

	//	Get the start position for the map
	position startPosition = floorplanPositions[FindStartPosition()];

	//	Get the index of the destination. -1 is returned if it wasn't found
	int goalIndex = FindCharacterPosition(searchValue);

	//	If the goal is on the floorplan, run the search, otherwise don't
	if (goalIndex != -1)
	{
		//	Get the position of the destination
		position goal = floorplanPositions[goalIndex];
		//	Set the agent's position to the start position
		position agentPosition = startPosition;

		//	G = distance between the current node and start node
		//	H = heuristic - estimated distance from the current node to the goal node
		//	F = total cost of node
		//	F = G + H
		agentPosition.g = 0;
		agentPosition.h = 0;
		agentPosition.f = 0;

		//	Create an 'open' map of positions to be visited
		map<int, position> openList;

		//	Add the agent position to the open list
		openList[agentPosition.index] = agentPosition;

		//	Loop until the destination has been found or there are no more positions to visit
		while (destinationFound == false && !openList.empty())
		{
			//	Set the current node to the first item in the map and the current index to 0
			position currNode = openList.begin()->second;
			int currIndex = 0;

			//	Create an iterator for the open list map
			map<int, position>::iterator it;

			//	Iterate through the map to find the node with the lowest cost so far
			for (it = openList.begin(); it != openList.end(); ++it)
			{
				if (it->second.f < currNode.f)
				{
					currNode = it->second;
					currIndex = it->first;
				}
			}

			//	Update the agent's position to the selected node
			agentPosition = currNode;

			Sleep(300);

			//	Clear the screen
			system("cls");

			//	Display the currentstate of the search path on screen
			DisplayStateOnScreen(agentPosition, startPosition);

			//	Print the agent's current position on screen
			cout << "\tAgent position: x = " << agentPosition.x << ", y = " << agentPosition.y << ", g = " << agentPosition.g
				<< ", h = " << agentPosition.h << ", f = " << agentPosition.f << endl;

			//	Check whether the value of the agent's location matches the search value
			if (agentPosition.value == searchValue)
			{
				//	If the search value matches the value of the agent's location, set the flag to true
				destinationFound = true;
			}
			else
			{
				//	Iterate through the direction enums...
				for (int directionInt = 0; directionInt < 4; directionInt++)
				{
					//	Get the direction to check by converting the integer to a direction enum
					Direction dirToCheck = static_cast<Direction>(directionInt);

					//	Check whether the neighbouring tile is a valid location (e.g. not a wall)
					if (DirectionValid(dirToCheck, agentPosition.index) == 1)
					{
						//	Get the key of the node being checked
						key = FindKeyForDirection(dirToCheck, agentPosition.index);

						//	If the node hasn't been visited before...
						if (!floorplanPositions[key].visited)
						{
							//	Set the distance between this node and the start node
							floorplanPositions[key].g = agentPosition.g + 1;

							//	Calculate the heuristic for the cost of getting from this node to the goal
							floorplanPositions[key].h = CalculateCost(floorplanPositions[key], goal);

							//	Calculate the total cost for getting to the goal node (g + h)
							floorplanPositions[key].f = floorplanPositions[key].h + floorplanPositions[key].g;

							bool alreadyOnList = false;

							//	Iterate over the open map...
							for (it = openList.begin(); it != openList.end(); ++it)
							{
								//	If this node is already on the open map...
								if (it->second.index == floorplanPositions[key].index)
								{
									//	Set the flag
									alreadyOnList = true;

									//	If this node's distance from the start is greater than the distance
									//	of the position already on the open map...
									if (floorplanPositions[key].g > it->second.g)
									{
										//	Update the position on the open map to the current node
										openList[floorplanPositions[key].index] = floorplanPositions[key];

										cout << "\t\tChecked and updating on list: x = " << floorplanPositions[key].x << ", y = " << floorplanPositions[key].y << ", g = " << floorplanPositions[key].g
											<< ", h = " << floorplanPositions[key].h << ", f = " << floorplanPositions[key].f << endl;
									}

									break;
								}
							}

							//	If the position isn't already on the open map...
							if (!alreadyOnList)
							{
								//	Add the position to the open map
								openList[floorplanPositions[key].index] = floorplanPositions[key];
								cout << "\t\tChecked and adding to list: x = " << floorplanPositions[key].x << ", y = " << floorplanPositions[key].y << ", g = " << floorplanPositions[key].g
									<< ", h = " << floorplanPositions[key].h << ", f = " << floorplanPositions[key].f << endl;
							}

							//	Add the position and its parent to the map of node parents
							nodeParents[key] = agentPosition;

						}
					}
				}

			}

			//	Set the selected node to visited and remove it from the open map
			floorplanPositions[currNode.index].visited = true;
			openList.erase(currNode.index);

			count++;
		}

		//	Clear the screen
		system("cls");

		//	Display the search results on screen
		DisplayResultOnScreen(destinationFound, agentPosition, startPosition);
	}
	else
	{
		//	Inform the user the destination was not found
		cout << endl << "\tThe destination isn't on the map!" << endl << endl;
	}
	
}
//	Calculate the heuristic (Manhattan distance) for the A* algorithm
//		INPUT - position posToCheck - the position the heuristic is being calculated for
//		INPUT - position goal - the end location the distance to is being calculated
int cSearchAStar::CalculateCost(position posToCheck, position goal)
{
	//	G = distance between the current node and start node
	//	H = heuristic - estimated distance from the current node to the goal node (uses Manhattan distance)
	//	F = total cost of node
	//	F = G + H
	//	https://medium.com/@nicholas.w.swift/easy-a-star-pathfinding-7e6689c7f7b2
	//	Section 3.6 - Artificial Intelligence: A Modern Approach - Russell & Norvig

	int xDiff = abs(posToCheck.x - goal.x);
	int yDiff = abs(posToCheck.y - goal.y);

	return (xDiff + yDiff);
}
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#pragma once

#include <string>
#include <fstream>
#include "Floorplan.h"
#include "Search.h"

using namespace std;

class cSearchDFS : public cSearch		//	Inherits from Search class
{
public:

	//	Constructor
	cSearchDFS(void);
	
	//	Methods
	void SetupSearch(cFloorplan, char);
	void SearchFloorplan(void);

private:

	//	Attributes
	stack<position> nodeStack;

};
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#include "SearchDFS.h"
#include <iostream>
#include <fstream>
#include<windows.h>

using namespace std;


cSearchDFS::cSearchDFS(void)
{

}

//	Initialise the various attributes for the class and clear down any attributes
//  that may have been used already
//		INPUT - cFloorplan providedMap - the floorplan that will be searched
//		INPUT - char valueToFind - the character that will be searched for
void cSearchDFS::SetupSearch(cFloorplan providedMap, char valueToFind)
{
	floorplan = providedMap;
	searchValue = valueToFind;
	width = floorplan.GetMapWidth();
	height = floorplan.GetMapHeight();

	corridorChar = floorplan.GetCharCorridor();
	wallChar = floorplan.GetCharWall();
	outOfBoundsChar = floorplan.GetCharOutOfBounds();

	floorplanPositions = floorplan.GetFloorplanPositions();
	
	//	Empty the stack
	while (!nodeStack.empty())
	{
		nodeStack.pop();
	}

	//	Clear the maps
	nodeParents.clear();
	finalPath.clear();
}

//	Method for searching the floorplan using an Depth First Search algorithm
void cSearchDFS::SearchFloorplan(void)
{
	bool destinationFound = false;
	int count = 0;
	int key;

	//	Get the start position for the map
	position startPosition = floorplanPositions[FindStartPosition()];
	//	Set the agent's position to the start position
	position agentPosition = startPosition;

	//	Push the first node onto the stack
	nodeStack.push(agentPosition);

	//	Loop until the destination has been found or the stack is empty
	while (destinationFound == false && !nodeStack.empty())
	{
		Sleep(300);
		
		//	Clear the screen
		system("cls");

		//	Display the currentstate of the search path on screen
		DisplayStateOnScreen(agentPosition, startPosition);
		
		//	Check whether the value of the agent's location matches the search value
		if (agentPosition.value == searchValue)
		{
			//	If the search value matches the value of the agent's location, set the flag to true
			destinationFound = true;
		}
		else
		{
			int validRouteCount = 0;
			
			//	Iterate through the direction enums...
			for (int directionInt = 0; directionInt < 4; directionInt++)
			{
				//	Get the direction to check by converting the integer to a direction enum
				Direction dirToCheck = static_cast<Direction>(directionInt);

				//	Check whether the neighbouring tile is a valid location (e.g. not a wall)
				if (DirectionValid(dirToCheck, agentPosition.index) == 1)
				{
					//	Increment the valid route counter
					validRouteCount++;
					
					//	Get the key of the node being checked
					key = FindKeyForDirection(dirToCheck, agentPosition.index);

					//	If the node hasn't been visited before, add it to the top of the stack
					//	and add the agent position as the parent for the node
					if (!floorplanPositions[key].visited)
					{
						nodeStack.push(floorplanPositions[key]);

						nodeParents[key] = agentPosition;
					}
				}
			}

			//	Set the agent's position to visited in the map of floorplan positions
			floorplanPositions[agentPosition.index].visited = true;

			//	Check for a dead end... i.e. there is only one valid route
			if (validRouteCount == 1 && startPosition.index != agentPosition.index)
			{
				//	Clear the screen
				system("cls");

				//	Display the currentstate of the search path on screen
				DisplayStateOnScreen(agentPosition, startPosition);

				Sleep(300);

				//	Set the position to backtrack from and the position to backtrack to
				position backTrackPosition = agentPosition;
				position stopPosition = nodeParents[nodeStack.top().index];

				//	Start the back track
				//	Loop until back on track
				while (backTrackPosition.index != stopPosition.index && backTrackPosition.index != startPosition.index)
				{
					//	Output the location on screen
					cout << "\t<< Agent position: " << nodeParents[backTrackPosition.index].index << " ("
						<< nodeParents[backTrackPosition.index].x << ", "
						<< nodeParents[backTrackPosition.index].y << ")" << endl;
					backTrackPosition = nodeParents[backTrackPosition.index];
					
					//	Clear the screen
					system("cls");

					//	Display the currentstate of the search path on screen
					DisplayStateOnScreen(backTrackPosition, startPosition);

					Sleep(300);
				}

				//	Tell the user the search is back on track
				cout << "\tBack on track..." << endl;

				Sleep(300);

			}

			//	Set the agent position to the node on the top of the stack
			agentPosition = nodeStack.top();

			//	Pop the top item off the stack
			nodeStack.pop();
		}

		count++;
	}

	//	Clear the screen
	system("cls");

	//	Display the search results on screen
	DisplayResultOnScreen(destinationFound, agentPosition, startPosition);
}
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Please enter the character of the location you would like to find the way to:
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>> Agent position: 218 (10, 13)

Here is the path that was taken.
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<< Agent position
<< Agent position: 16 (@, 1)

<< Agent position: © (@, ©)

Back on track...

The destination wasn't found on the map!
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The destination has been found at position 126 (14, 7) on the map

Here is the path that was taken.
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Here are the steps to take to get to the destination from the starting point:
Go East for 8 steps.
Go South for 2 steps.
Go East for 6 steps.
Go South for 2 steps.
Go West for 7 steps.
Go South for 2 steps.
Go East for 2 steps.
Go South for 2 steps.
Go West for 2 steps.
Go South for 2 steps.
Go East for 7 steps.
Go North for 4 steps
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Depth First Search - custom map
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Please enter the full file path of the custom map file:
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Please enter the full file path of the custom map file: floor3.txt

Please enter the width of the map:
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Please enter the width of the map: 12

Please enter the height of the map:
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Here is the floorplan that has been loaded.
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>> Agent positiol

: 89 (9, 5)

Here is the path that was taken.

0 % x
ok ok % XX %
X * X
X kX %
X kX %
X kX %
X kX %
* X X X

*O KX * X ®

*

R
% x %
% x %
% x %

KR K K K K K K K K K K K KO ¥
* kK %

*m
*
*

Agent position:
Checked

*
*

*
*

*
*
* X kX KT %

*
*
*
*

9, ¥y =5,
adding to

* X KX KXk

* X KX KXk
F R K K KX KX KXk

O % X X X kX %

*
*
FOE K K K K K K K K K K K K K ¥

* T % %

g =23,
list: x




image20.png
B e

Main menu
B T T e

Please choose a menu option.

Depth First Search
1. Load the default map
2. Load a custom map

A* Search
3. Load the default map
4. Load a custom map
5. Exit program

Choice: 1
B T

Depth First Search - default map
B T e S P

Here is the floorplan that has been loaded.
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Main menu
B T T e

Please choose a menu option.

Depth First Search
1. Load the default map
2. Load a custom map

A* Search
3. Load the default map
4. Load a custom map
5. Exit program

Choice: 4
B T

A* Search - custom map
B T L TP

Please enter the full file path of the custom map file:
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Main menu
B T T e

Please choose a menu option.

Depth First Search
1. Load the default map
2. Load a custom map

A* Search
3. Load the default map
4. Load a custom map
5. Exit program

Choice: 5

Program will now exit.
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Main menu
B T T e

Please choose a menu option.

Depth First Search
1. Load the default map
2. Load a custom map

A* Search
3. Load the default map
4. Load a custom map
5. Exit program

Choice: hello
Please enter a valid number
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Main menu
B T T e

Please choose a menu option.

Depth First Search
1. Load the default map
2. Load a custom map

A* Search
3. Load the default map
4. Load a custom map
5. Exit program

Choice: 9.7

Invalid choice!

B Y

Main menu
B T T e

Please choose a menu option.

Depth First Search
1. Load the default map
2. Load a custom map

A* Search
3. Load the default map
4. Load a custom map
5. Exit program

Choice: 1.2

B Y

Depth First Search - default map
B T e S P

Here is the floorplan that has been loaded.
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Main menu
B T T e

Please choose a menu option.

Depth First Search
1. Load the default map
2. Load a custom map

A* Search
3. Load the default map
4. Load a custom map
5. Exit program

Choice: hello
Please enter a valid number: hello
Please enter a valid number: 7.5

Invalid choice!
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Main menu
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Depth First Search - default map
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Here is the floorplan that has been loaded.
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Depth First Search - custom map
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Please enter the full file path of the custom map file: floor3.txt

Please enter the width of the map: 12

Please enter the height of the map: 12

Here is the floorplan that has been loaded.
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Depth First Search - custom map
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Please enter the full file path of the custom map file: C:\Users\Patrick.Atkinson\Documents\floor99.txt
Please enter the width of the map: 16

Please enter the height of the map: 16

File not found!
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Please enter the full file path of the custom map file: C:\Users\Patrick.Atkinson\Documents\QuestionList.x1sx

Only .txt files are allowed. Please try again:
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Here is the

0 % x %

KR K K K K K K K K K K K KO ¥

*m

path that
ok ok k%
X X X X X
ok ok ok ok
* X X X X
ok ok k%
* X X X X
ok ok k%

B *
ok ok k%
* X X X X
ok ok k%
ok ok k%
ok ok k%
ok ok k%
X X X X X
ok ok ok ok

was
* %
X X
* x
X X
* %
X X
X *
X X
* %
X X
X *
X X
* %
* %
X X
* %

‘taken.

*
*
*
*
*

*X kX ® D *
* X kX *
* X kX *

* R K K KX KX

F X K KX R X X X kX KXk
*
*

X X X X %

*

*

* T % %

O % % X X %

FOE K K K K K K K K K K K K K ¥




image34.png
The destination wasn't found on the map

Here is the path that was taken.
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Here are the steps to take to
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South for 2 steps.
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get to the destination from the starting point:
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Here is the floorplan that has been loaded.
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Please enter the character of the location you would like to find the way to: X

The destination isn't on the map!




image39.png




image40.png
Here is the

0 % x %

KR K K K K K K K K K K K KO ¥

*m

path that
ok ok k%
X X X X X
ok ok ok ok
* X X X X
ok ok k%
* X X X X
ok ok k%

B *
ok ok k%
* X X X X
ok ok k%
ok ok k%
ok ok k%
ok ok k%
X X X X X
PR

was
* %
X X
* x
X X
* %
X X
X *
X X
* %
X X
X *
X X
* %
* %
X X
* %

‘taken.
* ok ok
x A x
* ok ok
X X X
* ok ok
X X X
* ok ok
X X X
X * *
X X X
* ok ok
X X
* oy *
* x
X X
P

* X KK KX KX KX R

*
*

* T % %

F R K K KX KX KXk

O % X X X kX %

FOE K K K K K K K K K K K K K ¥




image41.png
2ls





image42.png
The destination has been found at position

Here is the path that was taken.
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