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[bookmark: _Toc2182370]Introduction
In this report we will be looking at the theory of influence maps, whilst looking at the main advantages and disadvantages of different algorithms, implementing an influence map with a linear drop-off in C++ code and analysing the results. To be able to complete the code an investigation on what influence maps are and how they work will be required.
[bookmark: _Toc2182371]Influence Maps
Influence maps are widely used in real-time strategy games and aims to portray an understanding of influence or power throughout an area or level. A strong Influence would be a reason to avoid or be attracted to an area. Millington [1] explains that it could be used to help analyse military influence, other uses may allow us to understand areas that are most travelled through; or, guiding the habitats and migration of creatures in a game [2]. There are many things that might affect influence in an area, some examples of these could be proximity of a military unit, proximity of a well-defended base, duration since a unit last occupied a location and even the weather could cause influence to change. It is suggested that some factors might only make a small amount of difference, however small differences added up can have a larger impact [1]. This allows us to ask questions such as “where can they not hit” or “where can I not be reached in the next few seconds” [2].

Influence maps are represented using a few different techniques, which we will briefly explore now. 

[bookmark: _Toc2182372]Representation
Influence maps have a strong connection with pathfinding and have a similar representation, floor polygons and grids [2] could be used. 

· Grids – Normally grids are split up into hexagons or squares [3] and placed on top of a level allowing for a one to one correlation between the grid and the level [4].

· Floor Polygons – Also known as a navigational mesh, represents the level as convex polygons [5]

Floor polygons do allow for larger areas to be represented with just one polygon taking less memory when storing the information, the downside to this as explained above is that this can bring undesired results allocating too much influence on a location if the polygon is large. Having a more complex representation of the level may be slower to calculate but improves the understanding of influence in areas [1].

We will now move on to looking at the way to calculate influence and how it affects the spread of influence throughout a level.

[bookmark: _Toc2182373]Methods
Influence can be spread throughout a level in many ways from a gradual drop-off to holding strong influence for a large distance and drastically dropping off after a point. These techniques allow for many objects to be modelled with different influences throughout a level. 

· Linear drop-off – This uses a value for the drop-off that is constant and gives a gradual decrease of influence that is the same from start to finish, this can be calculated using the following equation: -

Influence = MaxValue - 
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[bookmark: _Toc2014515]Figure 1: Influence spreading linearly [2]

Method 2 - Another one we could that gives more of a rapid initial drop off with a longer range of influence is calculated as: -

Influence = MaxValue / 

Method 3 - Finally, if you wanted it to maintain strong influence for a larger period and then drop off rapidly it could be calculated as: -
 
Influence = MaxValue / ( + 1)

 stands for Euler’s number which is calculated at approximately 2.71828

As a general observation you can see that the linear method is the faster one to compute as it is done in constant time, with square roots done in O(M(n)) time and a power is computed as O(n) time. Whilst with the linear method it spreads general influence across a range, this does not give you the flexibility that the other algorithms give. Method 2 gives you a quick decline of influence but as the distance gets larger the rate of decline reduces allowing for a large radius of influence, of which may or may not be desirable. Method 3 is almost an all or nothing approach where it holds high influence for quite some distance, however dramatically declines hitting low to zero influence almost instantly after it starts to decline. This type of influence could be that of a soldier with a sword that holds high influence up close but holds little further away. It is possible to provide the opposite of this by inversing the result from the distance and max distance calculation to represent something that holds little to no influence close to the object and much higher further away, a catapult could hold this type of influence if a max distance was applied where influence drops back to 0. Ultimately it depends in what you are trying to represent, with Millington [1] suggesting that the vales should be set by the game designers who use a graphical overlay to fine tune to get the balance right. 

Below is a graph showing the types of influence that each method gives.
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[bookmark: _Toc2014516]Figure 2: Graph and Table Showing Effects of Influence Using Different Calculations

Another formula that requires also requires Euler’s number is: -
	
Influence = MaxValue / ( + 1)

We will now show a step by step example of this, where the source of the influence is labelled lo1 is situated at (1,1), with a strength of 3.5, and the area we wished to calculate would be located at position (3,4).

The first thing we will calculate is distance - radius, there are a few different types of distance calculations we could use, the two main ones are Manhattan distance and Euclidean distance, Matt Buckland [6] explains Manhattan distance as taking the difference from two points and sum them together, whilst Euclidean uses the Pythagoras theorem of a2 + b2 = c2 [7]. To get the exact value we will need to use a square root making this slower to compute than Manhattan but usually more accurate as Manhattan does not accommodate diagonal calculation [8]. The method of choosing for the algorithm will be Manhattan as it’s simplistic, requiring little calculation giving good results.

1. Distance
Distance = distance between (1,1) and an assigned location of (3,4)
Distance = (3-1) + (4-1) = 5.

2. Exponent 
Given radius is 7
Exponent = 5 - 7 = -2

3. Plugging in values gives us 3.5/(-2 + 1)
As a reminder   2.71828
2.71828-2 = 0.13536 rounded up
3.5/0.13536+1 = 3.08272 rounded down

So, the influence at point (3,4) from influence point (1,1) of strength 3.5 is  3.08272.

Taking another point of influence Io2 at location (1,6) with a strength of 4.3. We will go through the same steps to calculate influence.

1. Distance
Distance = distance between (1,6) and an assigned location of (3,4)
Distance = (3-1) + (6-4) = 4.

2. Exponent 
Given radius is 7
Exponent = 4 - 7 = -3

3. Plugging in values gives us 4.3/(-3 + 1)
2.71828-3 = 0.04979 rounded up
4.3/0.04979+1 = 4.0961 rounded up

We now have two points of influence Io1 and Io2, of which these influences could be the same influence type or be competing influences trying to take control of an area. If the latter, to determine who has control of the area and by how much you would simply subtract the higher from the lower. 4.0961 - 3.08272 giving Io2 control of the area with 1.01339 influence. If the two influences were allied influences, then a simple sum of the two numbers would provide the total influence in that area created by the two influence points. It also may be desirable to cap allied influences, so they don’t breach a certain threshold.

Using algorithms are not the only way to spread the influence, Blurring is a technique commonly used in image processing where an image is blurred for antialiasing or other aesthetic reasons [9]. Influence could be spread using this blurring technique over a distance using a convolution mask [1]. 

[bookmark: _Toc2182374]Convolution Mask
A convolution mask takes values of neighbouring cells to compute its cell value [1], this allows influence to spread from the source point, the higher the influence at source, the further the spread. There are many types of filters out there, a common one used is the Gaussian filter which can have different sizes which takes calculations from a grid of pixels as shown below. This would be placed so that the middle value is over the section of influence that you want to calculate, and the neighbouring values are the added up to create the total value for the influence point of interest. A final output of an applied Gaussian filter would look like is shown in figure 4.
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[bookmark: _Toc2014517]Figure 3: A 5x5 Gaussian filter
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[bookmark: _Toc2014518]Figure 4: Final Output of a Gaussian Blur Filter [1]


The algorithms mentioned above will take some time to calculate since every influence source needs to be updated, if you had a large map with many influence sources on the map then you could be spending large amounts of time calculating all the influences. Millington [1] explains that influence is not normally done over one frame but many frames, this means that a fully updated influence map rarely complete, this reduces the number of calculations required with the acceptance that some knowledge will be lost, but still allows the AI to perform reasonably. 

A task was set where a 6 x 8 grid of influences were given, and the requirement was to apply a Gaussian blur to a pixel of the area of influence.

[image: ]
[bookmark: _Toc2014519]Figure 5: An Area of Influence

With the mask that has been provided shown in figure 6, we can now calculate the desired pixel of row 3 column 3.

[image: ]
[bookmark: _Toc2014520]Figure 6: Gaussian Mask

The full calculation of this process is as follows: -
The middle section of the Gaussian Mask is applied over the desired cell we wish to calculate, in this case it’s row 3 column 3.

Next, we multiple the values of the influence map with the mask that is now associated with that pixel highlighted in figure 5 and added together to create the final value to apply to the one pixel we are interested in.

Row 2, Column 2 – 1/16 * 26 = 1.625
Row 2, Column 3 – 2/16 * 26 = 3.25
Row 2, Column 4 – 1/16 * 26 = 1.625
Row 3, Column 2 – 2/16 * 18 = 2.25
Row 3, Column 3 – 4/16 * 18 = 4.5
Row 3, Column 4 – 2/16 * 24 = 3
Row 4, Column 2 – 1/16 * 16 = 1
Row 4, Column 3 – 2/16 * 16 = 2
Row 4, Column 4 – 1/16 * 22 = 1.375

If we add the values from all the calculations, we get a value of 20.625 which is then applied to our pixel of row 3 column 3. An excel file has been included in the appendix detailing the calculations.
In the example above, we have only used a small mask but even then, this is clearly expensive to run as it needs to do approximately O() [10] calculations for every pixel on the screen with slightly reduced calculations as it approaches the edges of the screen if padding is not used which then turns this into an O() with  growing as the size of the scene of influences grows. Precomputing values could speed this up, however, this would only apply to static influences.

Another requirement of the project is a C++ implementation with a chosen algorithm, with the ideas from above it has been decided as there is limited time to create a project the choices were that square based grids with linear drop-off, whilst grids are quick to code they are slower to compute due to density required. With linear drop-off being quick to compute this should help balance this out, Manhattan distance calculation will be used as this will also produce faster calculations and still produce reasonable results.

A requirement is that a file loader was used to load in maps of influence, this was created with a design to read text files of size 54 x 29 as it would be simple to update a text file when influence and player characters were being created, W = Water, F = Fire, P = Player, * = Wall. 
[image: ]
[bookmark: _Toc2014521]Figure 7: Output to console demonstrating working file loader

A decision was then made on how the overall program would run, if it was to have a file loader, an AI bot making decisions, influence to be applied and updated then an engine that drives it all would work well. An engine was created to do just this.

[bookmark: _Toc2182375]Engine Class
The engine class communicates with the file loader to load in the file data, the engine then stored the data into an array of type Tile of which was a class that stored location data using an int structure storing x,y data, influence cost, name of tile and a letter. The idea here is that one tile would represent one area of influence and multiple of these would represent the scene and would map against the file loaded in. The engine class would store and update the data here depending on the predefined influence values stored in #defines.
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[bookmark: _Toc2014522]Figure 8: Map data loaded into array
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[bookmark: _Toc2014523]Figure 9: Influences being set


Now that we have added influence on a location next, we need to spread this influence and update it to a buffer as shown below. The buffer is so we don’t overwrite values of other influences before we get a chance to use them.
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[bookmark: _Toc2014524]Figure 10: Data showing linear drop-off calculation

A graphical interface was now created as it’s much easier to get a feel of what’s going on when you can visually see it. Interface was created using GL_Quads, each char representation in the file was a 5*5 quad.
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[bookmark: _Toc2014525]Figure 11: Influence map with OpenGL

Merging of the influence was the next step, it’s now clear to see “no man’s land”, where both influences cancel each other out. One basic approach is to calculate every single space on the influence map, this is done on O(m*n) time and takes longer to compute the larger the influence map is. The approach taken uses O(r) complexity as we only loop through the points of influence and update from these points. This works fast when the number of influence points are low and slows down the more points we have but, in most cases, it’s better than checking every point on the influence map. 
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[bookmark: _Toc2014526]Figure 12: Merging of influences showing "no man's land"
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[bookmark: _Toc2014527]Figure 13: Stacked blue influence producing further spread

An AI bot was then created to traverse the scene and respect influence of a certain type. The design was to create the bot that would move up, down, left and right in a naive way that it needs to feel for influence per tile. Directions were created using an enum that was randomly selected using Mersenne Twister algorithm. The AI bot then moves avoiding fire influence ‘F’ and when it lands next to a water influence ‘W’ it will then take some tiles around that location and clear that area of influence as shown in figure 14. The AI bot’s next move is to move in the direction of a trapped person and if the bot finds fire in its path it will use the water to remove some fire influence and go back to randomly searching for some water again. Once the person has been located the AI bot will change it’s target to the bottom left of the screen, search for water again in case of any fire in its path and then move directly to the target shown in figure 15.
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[bookmark: _Toc2014528]Figure 14: AI bot removing influence
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[bookmark: _Toc2014529]Figure 15: Final position of AI bot once person has been rescued from the fire
A Test Schedule was created to show individual components working.

[bookmark: _Toc2182376]Test Schedule
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[bookmark: _Toc2182377]Conclusion
There are many ways that we can calculate influence on a map, some faster than others and some that provide different types of results which can be used for mimicking different types of influence. Using a square representation looks blocky and does not consider diagonals and is slower to calculate, however, it still performs well and gives the AI a good understanding of the area. If a perfect system was created where the AI precisely knew where influence was then this would take longer to calculate and may give predictable results, allowing for a little bit of error e.g. updating influence after several frames allows the AI to make judgements that are almost accurate and thus improves performance.
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Excel Influence Calculations
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////////////////////////////////////////////////////////////////////////////////////////
// A Tile class is the lowest level of the influence map, one tile maps to            //
// one character in the text file, maps to one quad in openGL                         //
// this holds the influence for each location and the engine will                     //
// create multiple of these to populate it's map array and influence calculation array//
////////////////////////////////////////////////////////////////////////////////////////

#pragma once
#include "stdafx.h"
#include "Structs.h"

class Tile
{
public:
	Tile();
	~Tile();

	XY location;//location of tile
	int influenceCost;//current influence of this tile r/g/b
	std::string name;//name of the tile
	char letter;//letter of tile from text file
};

[bookmark: _Toc2182380]Structs.h
//Basic structures created here for use in other classes to make things more readable
#pragma once

//Colour structure
struct RGB
{
	float red;
	float green;
	float blue;
};

//position structure
struct XY
{
	int x;
	int y;
};

[bookmark: _Toc2182381]Stdafx.h
// stdafx.h : include file for standard system include files,
// or project specific include files that are used frequently, but
// are changed infrequently
//

#pragma once

#include <iostream>
#include <tchar.h>
#include <windows.h>
#include <stdio.h>
#include "GL\glew.h"
#include "GL\glut.h"
#include <math.h>
#include <string.h>
#include "Tile.h"

[bookmark: _Toc2182382]Randomiser.h
#pragma once
//////////////////////////////////////////////////////////////////////////////////
// This class is used to generate a random number between two passed in values  //
// this is used to randomise movement and to randomly add influence to locations//
//////////////////////////////////////////////////////////////////////////////////

#include <random>

class Randomiser
{
public:
	Randomiser();
	~Randomiser();

	int randomNum(int, int);//returns a number between two passed in values

};

[bookmark: _Toc2182383]Randomiser.cpp
#include "Randomiser.h"
#include <iostream>


Randomiser::Randomiser()
{
}


Randomiser::~Randomiser()
{
}

int Randomiser::randomNum(int startNum, int endNum)
{
	static std::random_device rd; // random device engine, usually based on /dev/random on UNIX-like systems
	static std::mt19937 rng(rd());// initialize Mersenne twister using rd to generate the seed

	std::uniform_int_distribution <int> uid(startNum, endNum); // random dice
	return uid(rng); // use rng as a generator
}

[bookmark: _Toc2182384]Player.h
/////////////////////////////////////////////////////////////////////////////////////////////////////////////////
// This class is used to keep track of the AI bot and is used to keep tabs on the AI target trapped in the fire//
/////////////////////////////////////////////////////////////////////////////////////////////////////////////////

#pragma once
#include "Tile.h"
#include "Structs.h"


class Player
{
public:
	Player();
	~Player();

	//player setup
	Tile* playerPos;//pointer that points to the location on the map
	XY playerTarget;//player's target
	RGB playerColour;//colour of player
	
	bool hasWater = false;//used to determine if player has found water
	int numberOfTries = 0;//used to limit the number of attempts it has to find water
};

[bookmark: _Toc2182385]Player.cpp
#include "Player.h"

Player::Player()
{
	hasWater = false;
	numberOfTries = 0;
	playerColour.red = 1.0f;
	playerColour.green = 1.0f;
	playerColour.blue = 1.0f;
	
	playerTarget;
}


Player::~Player()
{
}

[bookmark: _Toc2182386]MapLoader.h
/////////////////////////////////////////////////////////////////////////////////////////////////////////////////
// This class is used to load data in from a text file, the text file needs to be in the dimensions of MAPWIDTH//
// & MAPHEIGHT, if not then this class will fail                                                               //
/////////////////////////////////////////////////////////////////////////////////////////////////////////////////


#pragma once
#include <fstream>
#include <string>

//map sizes in files
const int MAPWIDTH = 55;//map size + null term char
const int MAPHEIGHT = 29;

class Map_Loader
{
public:
	Map_Loader();
	~Map_Loader();
	char mapBuffer[MAPHEIGHT][MAPWIDTH];
	bool loadMap(const std::string&);
	void displayMap(void);
};
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#include "Map_Loader.h"
#include <fstream>
#include <string>
#include <iostream>


Map_Loader::Map_Loader()
{
}


Map_Loader::~Map_Loader()
{
}

bool Map_Loader::loadMap(const std::string& mapName)
{
	std::ifstream txtFile(mapName);
	if (txtFile.is_open())
	{
		while (txtFile.good())
		{
			for (int i = 0; i < MAPHEIGHT; i++)
			{
				for (int j = 0; j < MAPWIDTH; j++)
				{
					txtFile.get(mapBuffer[i][j]);
				}
			}

			txtFile.close();
		}

		txtFile.close();
		return true;
	}
	//no map found
	return false;
}

void Map_Loader::displayMap(void)
{
	for (int i = 0; i < MAPHEIGHT; i++)
	{
		std::cout << "\t";
		for (int j = 0; j < MAPWIDTH - 1; j++)
		{
			std::cout << mapBuffer[i][j];
		}
		std::cout << " " << i;
		if (i == 10)
		{
			std::cout << "\t [X]";
		}
		std::cout << "\n";
	}
	std::cout << "\n";
}
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////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
// This class does all the leg work and is the central hub for every class besides the main openGL class and is called//
// by the main class this class talks to classes to handle the file loading, updating multiple influences to a buffer //
// and updates to overall values to a map array, it adds influence at random locations and directs the bot movement   //
////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////


#pragma once
#include "Map_Loader.h"
#include "Structs.h"
#include "Player.h"
#include "Randomiser.h"

//set influences
#define FIREINFL 100 //influence of the fire (red)
#define WATERINFL -100//influece of the water (blue)
#define MAXTRIES 4000 //number of tries allowed to search for water/fire

//AI bot movement
enum Movement
{
	UP = 1,DOWN,LEFT,RIGHT
};


class Engine
{
public:
	Engine();
	~Engine();
	bool mapLoaded;//used to check if map is loaded

	void createMap(Map_Loader*);//create nodes with map info combined from Map_Loader
	void createTile(char, int, int);//create tiles to be used in the map
	void run(void);//main engine loop
	
	int distanceCalc(Tile*, XY*);//used to calculate the distance from influance
	
	void doLinearDropoff(Tile*);//linear calculation
	void addInfluence(char);//add an influence
	int addInfluenceTimer;//timer to add an influence
	void swapInflBuffer(void);//swap the buffer of map buffer and mapInfCalc
	void resetMapInflCalc(void);//resets the mapInfCalc so can be used on next run
	void removeInfluence(XY, char);//removes tiles in a square pattern

	//player
	Player player1;
	void playerController(void);//player movement, controls state, should be a state machine, fix if time
	bool targetFound;//allows to detect if a target has been found
	bool targetSafe;//when target found, move to safe area and to quit
	void findWater(void);//sets to finding water
	void moveToGoal(void);//sets to moving to goal
	bool movePlayer(Movement);//move player in a direction

	Player target;//target player is after
	bool targetPlayerFound;//flag for if initial target found
	
	Randomiser newRandom;//used to create random numbers

	//void printMap(void);//used for early testing days, now no longer required as visual in openGL

	Tile map[MAPHEIGHT][MAPWIDTH];//main map with calculated influences
	int mapInfluenceCalc[MAPHEIGHT][MAPWIDTH];//used for calculating influences and then updating map with the final values
	Tile* objectPointers[1024];//list of pointers that point to objects of interest that need influences calculated
	int ptrCount = 0; //keep track of pointers
};
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#include "Engine.h"
#include <iostream>
#include <algorithm>
#include "Tile.h"


Engine::Engine()
{
	mapLoaded = false;
	addInfluenceTimer = 0;

	//setup target
	target.playerColour = { 0.0f,1.0f,1.0f };
	target.playerPos = &map[11][19];

}

Engine::~Engine()
{

}

void Engine::createMap(Map_Loader* map)
{
	for (int i = 0; i < MAPHEIGHT; i++)
	{
		for (int j = 0; j < MAPWIDTH-1; j++)
		{
			//loop through all of the map from the map buffer and then create the nodes with the influences
			if(map->mapBuffer[i][j] != '\n')
			createTile(map->mapBuffer[i][j], i, j);
		}
	}
}

void Engine::createTile(char object, int height, int width)
{
	//create tiles objects wall, fire, and water
	switch (object)
	{
	case 'F':
		map[height][width]. name = "Fire";
		map[height][width].letter = object;
		map[height][width].location.y = height;
		map[height][width].location.x = width;
		map[height][width].influenceCost = FIREINFL;
		objectPointers[ptrCount] = &map[height][width];
		ptrCount++;
		break;
	case 'P'://player
		map[height][width].name = "Player";
		map[height][width].letter = object;
		map[height][width].location.y = height;
		map[height][width].location.x = width;
		map[height][width].influenceCost = 0;
		objectPointers[ptrCount] = &map[height][width];
		player1.playerPos = &map[height][width];
		ptrCount++;
		break;
	case 'W':
		map[height][width].name = "Water";
		map[height][width].letter = object;
		map[height][width].location.y = height;
		map[height][width].location.x = width;
		map[height][width].influenceCost = WATERINFL;
		objectPointers[ptrCount] = &map[height][width];
		ptrCount++;
		break;
	case 'T':
		map[height][width].name = "	";
		map[height][width].letter = object;
		map[height][width].location.y = height;
		map[height][width].location.x = width;
		map[height][width].influenceCost = 0;
		player1.playerTarget = { width, height };
		objectPointers[ptrCount] = &map[height][width];
		ptrCount++;
		break;
	case '*':
		map[height][width].name = "Wall";
		map[height][width].letter = object;
		map[height][width].location.y = height;
		map[height][width].location.x = width;
		map[height][width].influenceCost = NULL;
		break;
	case ' '://maybe changes can happen to the floor,
		map[height][width].name = "Floor";
		map[height][width].letter = object;
		map[height][width].location.y = height;
		map[height][width].location.x = width;
		map[height][width].influenceCost = 0;
		break;
	default:
		map[height][width].name = "NULL";
		map[height][width].letter = '@';
		map[height][width].location.y = -1;
		map[height][width].location.x = -1;
		map[height][width].influenceCost = NULL;
		break;
	}
}

void Engine::run(void)
{
	//create map from filebuffer
	Map_Loader newMap;

	if (mapLoaded == false)
	{
		//newMap.loadMap("Maps/testMap.txt");//one influence test
		newMap.loadMap("Maps/map1.txt");
		createMap(&newMap);

		mapLoaded = true;

		player1.playerTarget.x = target.playerPos->location.x;
		player1.playerTarget.y = target.playerPos->location.y;

		//process linear droppoff on objects
		for (int i = 0; i < ptrCount; i++)
		{
			doLinearDropoff(this->objectPointers[i]);
			//swap out new calculated influences
			swapInflBuffer();
		}
	}
}

void Engine::addInfluence(char type)
{
	//add influence of type to the map
	//loop through all of the map and find low influence points to add the 'spread' of water or fire
	//look through the map and find places to put the fire, if water then skip if 0 influence then add, add influence to low fire values to imitate spread of fire

	Tile newInfl;
	int x = newRandom.randomNum(1, MAPHEIGHT -2); //find value for x
	int y = newRandom.randomNum(1, MAPWIDTH -2);//find value for y

	if (type == 'F')
	{
		if (map[x][y].influenceCost > 0 && map[x][y].influenceCost <= 20)
		{
			newInfl.name = "Fire";
			newInfl.letter = 'F';
			newInfl.location.y = x;
			newInfl.location.x = y;
			newInfl.influenceCost = FIREINFL;
			this->doLinearDropoff(&newInfl);
			swapInflBuffer();
		}
		else
		{
			addInfluence('F');
		}
	}
	else
	{
		if (type == 'W')
		{
			if (map[y][x].influenceCost < 0 && map[y][x].influenceCost >= -20)
			{
				newInfl.name = "Water";
				newInfl.letter = 'W';
				newInfl.location.y = x;
				newInfl.location.x = y;
				newInfl.influenceCost = WATERINFL;
				this->doLinearDropoff(&newInfl);
				swapInflBuffer();
			}
			else
			{
				addInfluence('W');
			}
		}
	}
}

int Engine::distanceCalc(Tile* inflSource, XY* checkLocation)
{
	//manhatten distance does not consider cost of diagonals meaning it overestimates the heuristic value
	//get absolute value between x's and y's and return value
	return abs(checkLocation->x - inflSource->location.x) + abs(checkLocation->y - inflSource->location.y);
}

void Engine::doLinearDropoff(Tile* currentInfl)
{
	//start with a clean influence calculator buffer
	resetMapInflCalc();
	//linear droppoff -0.1 per tile
	int linearDropoff = 10;
	//used to keep track of where we are
	XY currentLocation;
	//used for the calculation of layers
	int layerStep = 0;//steps along +x 2 then changes direction to -y for 2 steps then -x for 2 steps and +y for 2 steps to create box

	//if time test should find when influence is < 0.1 for eg
	int test = 10;
	while (test > 0)
	{
		layerStep += 2;
		//get top left of each new layer
		currentLocation.x = currentInfl->location.x + (layerStep / -2);
		currentLocation.y = currentInfl->location.y + (layerStep / 2);

		int step;
		for (step = 0; step < layerStep; step++)
		{
			currentLocation.x++;//step in the +x direction

			// if currentLocation x or y is out of bounds (inc wall) then skip and advance to the next node
			if (currentLocation.x < 1 || currentLocation.x >= MAPWIDTH - 2)
			{
				continue;
			}
			else
			{
				if (currentLocation.y < 1 || currentLocation.y > MAPHEIGHT - 2)
				{
					continue;
				}
			}

			//update mapInfluenceCalc with calculated value from distance check
			
			if (currentInfl->letter == 'F')
			{
				mapInfluenceCalc[currentLocation.y][currentLocation.x] = currentInfl->influenceCost - (distanceCalc(currentInfl, &currentLocation) * linearDropoff);
				if (mapInfluenceCalc[currentLocation.y][currentLocation.x] < 0)
				{
					mapInfluenceCalc[currentLocation.y][currentLocation.x] = 0;
				}
			}
			if (currentInfl->letter == 'W')
			{
				mapInfluenceCalc[currentLocation.y][currentLocation.x] = currentInfl->influenceCost + (distanceCalc(currentInfl, &currentLocation) * linearDropoff);
				if (mapInfluenceCalc[currentLocation.y][currentLocation.x] > 0)
				{
					mapInfluenceCalc[currentLocation.y][currentLocation.x] = 0;
				}
			}
		}
		for (step = 0; step < layerStep; step++)
		{
			currentLocation.y--;//step in the -y direction
			// if currentLocation x or y is out of bounds (inc wall) then skip and advance to the next node
			if (currentLocation.x < 1 || currentLocation.x >= MAPWIDTH - 2)
			{
				continue;
			}
			else
			{
				if (currentLocation.y < 1 || currentLocation.y > MAPHEIGHT - 2)
				{
					continue;
				}
			}
			//update mapInfluenceCalc with calculated value from distance check
			if (currentInfl->letter == 'F')
			{
				mapInfluenceCalc[currentLocation.y][currentLocation.x] = currentInfl->influenceCost - (distanceCalc(currentInfl, &currentLocation) * linearDropoff);
				if (mapInfluenceCalc[currentLocation.y][currentLocation.x] < 0)
				{
					mapInfluenceCalc[currentLocation.y][currentLocation.x] = 0;
				}
			}
			if (currentInfl->letter == 'W')
			{
				mapInfluenceCalc[currentLocation.y][currentLocation.x] = currentInfl->influenceCost + (distanceCalc(currentInfl, &currentLocation) * linearDropoff);
				if (mapInfluenceCalc[currentLocation.y][currentLocation.x] >= 0)
				{
					mapInfluenceCalc[currentLocation.y][currentLocation.x] = 0;
				}
			}
		}
		for (step = 0; step < layerStep; step++)
		{
			currentLocation.x--;//step in the +x direction

			// if currentLocation x or y is out of bounds (inc wall) then skip and advance to the next node
			if (currentLocation.x < 1 || currentLocation.x >= MAPWIDTH - 2)
			{
				continue;
			}
			else
			{
				if (currentLocation.y < 1 || currentLocation.y > MAPHEIGHT - 2)
				{
					continue;
				}
			}
			//update mapInfluenceCalc with calculated value from distance check
			if (currentInfl->letter == 'F')
			{
				mapInfluenceCalc[currentLocation.y][currentLocation.x] = currentInfl->influenceCost - (distanceCalc(currentInfl, &currentLocation) * linearDropoff);
				if (mapInfluenceCalc[currentLocation.y][currentLocation.x] < 0)
				{
					mapInfluenceCalc[currentLocation.y][currentLocation.x] = 0;
				}
			}
			if (currentInfl->letter == 'W')
			{
				mapInfluenceCalc[currentLocation.y][currentLocation.x] = currentInfl->influenceCost + (distanceCalc(currentInfl, &currentLocation) * linearDropoff);
				if (mapInfluenceCalc[currentLocation.y][currentLocation.x] > 0)
				{
					mapInfluenceCalc[currentLocation.y][currentLocation.x] = 0;
				}
			}
		}

		for (step = 0; step < layerStep; step++)
		{
			currentLocation.y++;//step in the +y direction
			// if currentLocation x or y is out of bounds (inc wall) then skip and advance to the next node
			if (currentLocation.x < 1 || currentLocation.x >= MAPWIDTH - 2)
			{
				continue;
			}
			else
			{
				if (currentLocation.y < 1 || currentLocation.y > MAPHEIGHT - 2)
				{
					continue;
				}
			}


			//update mapInfluenceCalc with calculated value from distance check
			if (currentInfl->letter == 'F')
			{
				mapInfluenceCalc[currentLocation.y][currentLocation.x] = currentInfl->influenceCost - (distanceCalc(currentInfl, &currentLocation) * linearDropoff);
				if (mapInfluenceCalc[currentLocation.y][currentLocation.x] < 0)
				{
					mapInfluenceCalc[currentLocation.y][currentLocation.x] = 0;
				}
			}
			if (currentInfl->letter == 'W')
			{
				mapInfluenceCalc[currentLocation.y][currentLocation.x] = currentInfl->influenceCost + (distanceCalc(currentInfl, &currentLocation) * linearDropoff);
				if (mapInfluenceCalc[currentLocation.y][currentLocation.x] > 0)
				{
					mapInfluenceCalc[currentLocation.y][currentLocation.x] = 0;
				}
			}
		}
		test--;
	}
	//update the base influence value
	mapInfluenceCalc[currentInfl->location.y][currentInfl->location.x] = currentInfl->influenceCost;
}


void Engine::swapInflBuffer(void)
{
	for (int i = 0; i < MAPHEIGHT; i++)
	{
		for (int j = 0; j < MAPWIDTH - 1; j++)
		{
				//find out which has the greater influence whilst skipping the source of influence
			if (!(map[i][j].letter == 'F' || map[i][j].letter == 'P' || map[i][j].letter == 'W'))
			{
				map[i][j].influenceCost += mapInfluenceCalc[i][j];
				if (map[i][j].influenceCost < 0)
				{
					map[i][j].name = "Water";
				}
				else
				{
					if (map[i][j].influenceCost > 0)
					{
						map[i][j].name = "Fire";
					}
					else
					{
						if (map[i][j].influenceCost == 0 && map[i][j].letter != '*' && map[i][j].letter != '@')
						{
							map[i][j].name = "Floor";
						}
					}
				}
			}
		}
	}
}

void Engine::resetMapInflCalc(void)
{
	for (int i = 0; i < MAPHEIGHT - 1; i++)
	{
		for (int j = 0; j < MAPWIDTH - 2; j++)
		{
			mapInfluenceCalc[i][j] = 0;
		}
	}
}

void Engine::playerController(void)
{
	//don't want to loop here as want to return back to openGL to display movement
	if (targetFound == false && player1.numberOfTries < MAXTRIES)
	{
		if (player1.playerPos->location.x == player1.playerTarget.x && player1.playerPos->location.y == player1.playerTarget.y)
		{
			//target found
			targetFound = true;
		}
		else
		{
			//start player movement
			//if time do state machine here
			if (player1.hasWater == false)
			{
				findWater();
			}
			else
			{
				if (player1.hasWater == true)
				{
					moveToGoal();
				}
			}
		}
	}
	if (targetFound && !targetSafe)
	{
		// if target found, new target == safe zone
		player1.playerTarget.x = 1;
		player1.playerTarget.y = 1;
		targetFound = false;
		targetPlayerFound = true;
		player1.hasWater = true;//speed up movement, could be done better though with it looking for target before looking for water and finding water if fire found
	}
}

void Engine::findWater(void)
{
	int randomDirection = newRandom.randomNum(1, 4);//picks a number between 1 and 4

	switch (randomDirection)
	{
	case 1:
		//up
		if (movePlayer(Movement::UP))
		{
			//is water found at new location?
			if (player1.playerPos->name == "Water")
			{
				//take group of water away in loop
				removeInfluence(player1.playerPos->location, 'W');
				player1.hasWater = true;
				player1.playerColour = { 0.0f,0.0f, 1.0f };//player turns blue to show he has water
				player1.numberOfTries = 0;//reset number of tries as water has been found
			}
			else
			{
				player1.numberOfTries++;//increase number of tries
			}
		}
		else
		{
			//wall or fire found, reroll
			findWater();
		}
		break;
	case 2:
		//down
		if (movePlayer(Movement::DOWN))
		{
			//is water found at new location?
			if (player1.playerPos->name == "Water")
			{
				//take group of water away in loop
				removeInfluence(player1.playerPos->location, 'W');
				player1.hasWater = true;
				player1.playerColour = { 0.0f,0.0f, 1.0f };//player turns blue to show he has water
				player1.numberOfTries = 0;//reset number of tries as water has been found
			}
			else
			{
				player1.numberOfTries++;//increase number of tries
			}
		}
		else
		{
			//wall or fire found, reroll
			findWater();
		}
		break;
	case 3:
		//left
		if (movePlayer(Movement::LEFT))
		{
			//is water found at new location?
			if (player1.playerPos->name == "Water")
			{
				//take group of water away in loop
				removeInfluence(player1.playerPos->location, 'W');
				player1.hasWater = true;
				player1.playerColour = { 0.0f,0.0f, 1.0f };//player turns blue to show he has water
				player1.numberOfTries = 0;//reset number of tries as water has been found
			}
			else
			{
				player1.numberOfTries++;//increase number of tries
			}
		}
		else
		{
			//wall or fire found, reroll
			findWater();
		}
		break;
	case 4:
		//right
		if (movePlayer(Movement::RIGHT))
		{
			//is water found at new location?
			if (player1.playerPos->name == "Water")
			{
				//take group of water away in loop
				removeInfluence(player1.playerPos->location, 'W');
				player1.hasWater = true;
				player1.playerColour = { 0.0f,0.0f, 1.0f };//player turns blue to show he has water
				player1.numberOfTries = 0;//reset number of tries as water has been found
			}
			else
			{
				player1.numberOfTries++;//increase number of tries
			}
		}
		else
		{
			//wall or fire found, reroll
			findWater();
		}
		break;
	}
	//used to turn off colour so can see during "rescue"
	player1.playerColour = { 1.0f,1.0f, 1.0f };//player turns blue to show he has water
}

void Engine::moveToGoal(void)
{
	//find fire blocks, heads towards firefinds lower values as priority and then random on neutral tiles
	//find distance between goal and players position
	XY distToTarget;
	distToTarget = player1.playerTarget;
	distToTarget.x -= player1.playerPos->location.x;
	distToTarget.y -= player1.playerPos->location.y;

	int i = 0;

	//if distToTarget.x is positive then need to decrease x value
	if (distToTarget.x < 0)
	{
		//move left
		movePlayer(Movement::LEFT);
	}
	if (distToTarget.x > 0)
	{
		movePlayer(Movement::RIGHT);
	}
	if (distToTarget.y > 0)
	{
		movePlayer(Movement::UP);
	}
	if (distToTarget.y < 0)
	{
		movePlayer(Movement::DOWN);
	}
}

bool Engine::movePlayer(Movement move)
{
	if (targetPlayerFound)
	{
		//move target with player
		target.playerPos = player1.playerPos;
	}
	switch (move)
	{
	case UP:
	{
		if (map[player1.playerPos->location.y + 1][player1.playerPos->location.x].name != "Wall" && map[player1.playerPos->location.y + 1][player1.playerPos->location.x].influenceCost <= 0)//if not wall or fire then move
		{
			
			//player1.playerPos->name = player1.LastPosition;//set last position back to what it was before player went there
			player1.playerPos += MAPWIDTH;//move pointer MAPWIDTH UP
			//player1.LastPosition = map[player1.playerPos->location.x][player1.playerPos->location.y + 1].name;//set location to "Player" so can be drawn
			player1.numberOfTries++;
			return true;
		}
		//fire processing, if moving towards fire and has water then use bucket on water
		else
		{
			if (map[player1.playerPos->location.y + 1][player1.playerPos->location.x].influenceCost > 0 && player1.hasWater)
			{
				//use water on fire
				removeInfluence(player1.playerPos->location, 'F');
				player1.hasWater = false;
				player1.playerColour = { 1.0f, 1.0f, 1.0f };
				player1.numberOfTries = 0;
			}
			//if on fire move away from dangerzone
			else
			{
				if (player1.playerPos->name == "Fire")
				{
					if (map[player1.playerPos->location.y + 1][player1.playerPos->location.x].influenceCost <= player1.playerPos->influenceCost)
					{
						//next position has less or the same influence so move there
						player1.playerPos += MAPWIDTH;//move pointer MAPWIDTH up
						player1.numberOfTries++;
					}
					else
					{
						//greater influence in this direction, choose another direction, could randomise it, however, could spend time going over directions already checked
						movePlayer(Movement::DOWN);
					}
				}
			}
		}
		break;
	}
	case DOWN:
		if (map[player1.playerPos->location.y - 1][player1.playerPos->location.x].name != "Wall" && map[player1.playerPos->location.y - 1][player1.playerPos->location.x].influenceCost <= 0)//if not wall or fire then move
		{
			//player1.playerPos->name = player1.LastPosition;//set last position back to what it was before player went there
			player1.playerPos -= MAPWIDTH;//move pointer MAPWIDTH down
			//player1.LastPosition = map[player1.playerPos->location.x][player1.playerPos->location.y + 1].name;//set location to "Player" so can be drawn
			player1.numberOfTries++;
			return true;
		}
		//fire processing, if moving towards fire and has water then use bucket on water
		else
		{
			if (map[player1.playerPos->location.y - 1][player1.playerPos->location.x].influenceCost > 0 && player1.hasWater)
			{
				removeInfluence(player1.playerPos->location, 'F');
				player1.hasWater = false;
				player1.playerColour = { 1.0f, 1.0f, 1.0f };
				player1.numberOfTries = 0;
			}
			//if on fire move away from dangerzone
			else
			{
				if (player1.playerPos->name == "Fire")
				{
					if (map[player1.playerPos->location.y - 1][player1.playerPos->location.x].influenceCost <= player1.playerPos->influenceCost)
					{
						//next position has less or the same influence so move there
						player1.playerPos -= MAPWIDTH;//move pointer MAPWIDTH down
						player1.numberOfTries++;
					}
					else
					{
						//greater influence in this direction, choose another direction
						movePlayer(Movement::LEFT);
					}
				}
			}
		}
		break;
	case LEFT:
		if (map[player1.playerPos->location.y][player1.playerPos->location.x - 1].name != "Wall" && map[player1.playerPos->location.y][player1.playerPos->location.x - 1].influenceCost <= 0)//if not wall or fire then move
		{
			player1.playerPos--;//move pointer left
			player1.numberOfTries++;
			return true;
		}
		else
		{
			//fire processing, if moving towards fire and has water then use bucket on water
			if (map[player1.playerPos->location.y][player1.playerPos->location.x - 1].influenceCost > 0 && player1.hasWater)
			{
				removeInfluence(player1.playerPos->location, 'F');
				player1.hasWater = false;
				player1.playerColour = { 1.0f, 1.0f, 1.0f };
				player1.numberOfTries = 0;
			}
			//if on fire move away from dangerzone
			else
			{
				if (player1.playerPos->name == "Fire")
				{
					if (map[player1.playerPos->location.y][player1.playerPos->location.x - 1].influenceCost <= player1.playerPos->influenceCost)
					{
						//next position has less or the same influence so move there
						player1.playerPos--;//move pointer left
						player1.numberOfTries++;
					}
					else
					{
						//greater influence in this direction, choose another direction
						movePlayer(Movement::RIGHT);
					}
				}
			}
		}
		break;
	case RIGHT:
		if (map[player1.playerPos->location.y][player1.playerPos->location.x + 1].name != "Wall" && map[player1.playerPos->location.y][player1.playerPos->location.x + 1].influenceCost <= 0)//if not wall or fire then move
		{
			player1.playerPos++;//move pointer right
			player1.numberOfTries++;
			return true;
		}
		else
		{
			//fire processing, if moving towards fire and has water then use bucket on water
			if (map[player1.playerPos->location.y][player1.playerPos->location.x + 1].influenceCost > 0 && player1.hasWater)
			{
				removeInfluence(player1.playerPos->location, 'F');
				player1.hasWater = false;
				player1.playerColour = { 1.0f, 1.0f, 1.0f };
				player1.numberOfTries = 0;
			}
			//if on fire move away from dangerzone
			else
			{
				if (player1.playerPos->name == "Fire")
				{
					if (map[player1.playerPos->location.y][player1.playerPos->location.x + 1].influenceCost <= player1.playerPos->influenceCost)
					{
						//next position has less or the same influence so move there
						player1.playerPos++;//move pointer MAPWIDTH UP
						player1.numberOfTries++;
					}
					else
					{
						//greater influence in this direction, choose another direction
						movePlayer(Movement::UP);
					}
				}
			}
			break;
		}
	}
	return false;
}

void Engine::removeInfluence(XY position, char type)
{
	//takes size and removes tiles, eg if size = 3 remove 3x3
	int size = 5;
	Tile* tempPosition = &map[position.y][position.x]; 
	//set temp position to top left of node selected
	tempPosition -= MAPWIDTH + 1;
	
	for (int i = 0; i < size; i++)
	{
		for (int j = 0; j < size; j++)
		{
			if (tempPosition->location.x < 1 || tempPosition->location.y < 1 || tempPosition->location.x > MAPHEIGHT-1 || tempPosition->location.y > MAPWIDTH -2)
			{
				continue;
			}

			switch (type)
			{
			case 'W':
			{
				if (tempPosition->name == "Fire")
				{
					tempPosition++;
					continue;
				}

				tempPosition->influenceCost = 0;
				tempPosition->name = "Floor";
				tempPosition->letter = 'F';
				tempPosition++;
				break;
			}
			case 'F':
				if (tempPosition->name == "Water")
				{
					tempPosition++;
					continue;
				}

				tempPosition->influenceCost = 0;
				tempPosition->name = "Floor";
				tempPosition->letter = 'F';
				tempPosition++;
				break;
			}
		}
		tempPosition += MAPWIDTH - size;
	}
}


//void Engine::printMap(void)
//{
//	for (int i = 0; i < MAPHEIGHT; i++)
//	{
//		std::cout << "\t";
//		for (int j = 0; j < MAPWIDTH - 1; j++)
//		{
//			std::cout << map[i][j].letter;
//		}
//		std::cout << " " << i;
//		std::cout << "\n";
//	}
//	std::cout << "\n";
//}
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