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APPENDIX GA36c

	LEVEL 6 ASSESSMENT SPECIFICATION 



	Student name:
	     Nathan Thomson
	Student ID number:
	P141062

	Programme:
	MComp/BSc Software Engineering

	Module:
	Advanced AI and Machine Learning

	Module code:
	M6X01080
	[bookmark: _Toc4182260][bookmark: _Toc4186346]Contribution to Overall Module Assessment (%):
	50%

	Lecturer:
	G Dickers
	Internal Verifier:
	 Ian Wells

	Assignment Title:
	Influence Maps
	Word count (or equivalent):
	1000 + code

	Submission deadline:
	22/3/2019
	Return date of provisional marks & written feedback:
	10/5/2019

	Submission method:
	All written assessments, where practical and possible, must be submitted via Turnitin unless otherwise instructed by the Lecturer. (Please DO NOT put this assessment specification into Turnitin or it will match many similarities with other students’ submissions.)
Alternative submission method (if applicable): 
Late submission of the assessment will result in a late penalty mark.  Penalties for late submission: Up to one week late, maximum mark of 40%.  Over one week late, 0%.  Only the Extenuating Circumstances Panel may approve a change to submission dates.

	Academic honesty / referencing:
	Academic honesty is required. In the main body of your submission you must give credit to authors on whose research and ideas your work is based. Append to your submission a reference list that indicates the books, articles, etc. that you have used, cited or quoted in order to complete this assessment.  




	Module Learning Outcomes 
(from module syllabus)

	1.Critically analyse, evaluate and apply A.I. and machine learning methods to solve given problems. 
2.Analyse practical problems and synthesise appropriate software solutions using selected AI/machine learning methods.






	
TASK DESCRIPTION



Influence maps are used to provide information about various objects or regions contained in a game map.  For example, influence maps might encode information about:
· the terrain of a region;
· enemy and allied territories;
· attractive locations (restaurants, bars, etc) and 
· unattractive individuals (enemies, gangs, etc).

Your  tasks are: -
1) Investigate the theory of influence maps and then analyse and evaluate established approaches to implementing them – both in regard to the data structures and the algorithms used.

One approach to updating cells of an influence map is to use convolution filters.  As part of your investigation detail this method. Assume a Gaussian filter has been chosen and explain the effect of this filter on the map. Illustrate your answer for just 1 cell by using the Gaussian convolution mask shown in the figure 1a together with the (partial) influence map shown in figure 1b.  Each student has their own individual cell to calculate and these are detailed in an assignment appendix located on moodle called 2018-2019AppendixAssignProblems.docx  In this document students are identified by their student ID number.
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Figure 1a: A 3x3 Gaussian kernel filter
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Figure 1b: Influence map

In your answer, also provide an outline algorithm for this convolution method and also present an analysis of its space and time complexity (use big O notation).  Identify key data structures used and analyse their suitability for your algorithm.  Identify any limitations of this method.

Another method used to update influence maps involves calculating the influence at each cell using a formula, for example, equation 1 calculates influence, Id based upon distance, d from an influence source, Io, with an influence range, r. If several influence sources are used, then the overall result should be the sum of the individual propagated influences. 

		equation 1

Provide an outline algorithm that would use this method and include an analysis of its time and memory complexity when used to calculate influence values at each cell of the map.  Again, using the problem appendix document on moodle (2018-2019AppendixAssignProblems.docx), use equation 1 to calculate Id for the given values of Io and r and use the cell co-ordinates provided to determine d. As the distance, d is not given directly and needs to be calculated using the relevant cell co-ordinates, discuss two approaches used to calculate this distance and use one to calculate d giving reasons for your choice. 
Why is it unlikely that equation 1 would be used in the implementation of an influence map? Explain how you could modify the approach used here to improve the efficiency of your algorithm.

You can use your results from this section as test data for your implementation in the next part of this assignment (see tasks 2 and 3 below).

2) 	Select, with arguments for your choices, suitable influence map methods and techniques you have studied and use these to implement an influence map using C++.  Your final program should be compatible with Microsoft Visual C++ 2015 and should be executable on any machine in your timetabled tutorial laboratory room.

Using your answers from task 1, select one approach to implement an influence map. Develop suitable classes, or a family of functions and structures if using C, to implement the influence map and test it using suitable data.

In addition your application should be able to load an influence map from a formatted file.  This influence map should encode influence sources (positive and negative) in relevant cells. 
The user should be able to update the influence map by calling a suitable update function.

The graphical template code provided on moodle can be used to help display your results visually.

3) Test the effectiveness of your implementation by evaluating its performance when guiding an AIbot through a dynamically changing environment.  The detail of the environment you choose must be agreed with your tutor before commencing the implementation.  Some suitable examples are:
i. Pac-Man style
Your AI bot is attracted to food, health or point scoring objects and repulsed by ghosts, inedible objects, etc. [1][2]
ii. Crowd behaviour
Find a place to eat in a busy place but avoid other revellers. [3]
iii. Tactical Analysis
Your AI bot needs to navigate its way through a battle zone avoiding enemy positions. [4]

In order to achieve this first modify your application so that in can initialise the location of one or more AIBots in a game world that overlays the influence map. Next, develop behaviours for the AIBots such that they will:
· contribute to the influence map if required to (for example the cell they occupy might be given a repulsive, negative influence value); 
· they will move away from or towards an influence source based upon the rules underlying their behaviours. These behaviours should satisfy the goals of the application/game.


4)	Submit a report (see guidance notes below) covering tasks 1,2 and 3 above (1000 words).  Section your report such that it corresponds to the tasks above.  Task one will be the focus of the written aspect of the report and as well as the review and analysis of influence maps this section will include your answers to the numerical calculations.  Section two will include arguments for your algorithm and design choices and make reference the code in the appendix. It will also include a test schedule that exercises the influence maps functions/classes. Section 3 will briefly describe the simple game world, the behaviours of the AIBots and how they interact with and use the influence maps. Include screen shots of the application where relevant.  It should also include a test schedule. Your source code must be included in an appendix but will not contribute to the word count.

You must include references and a bibliography.
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	GUIDANCE FOR STUDENTS IN THE COMPLETION OF TASKS



Knowledge and understanding of appropriate algorithms, data structures and AI concepts is essential and is demonstrated by your ability to select and interpret suitable influence map methods and algorithms. Equally a sound understanding of the given programming language, API and SDKs is required in order to successfully implement a solution.

Analysis is required in the choice of appropriate algorithms, methods and software APIs and SDKs and in interpreting the algorithm to create your application.  Evaluation of your application involves assessing the suitability of your chosen algorithms, concepts and methods to successfully complete the task and includes all aspects of testing and validation of your application.

Your implementation relies upon your ability to use suitable programming languages, APIs and SDKs with understanding in order  to implement your solution effectively using your chosen algorithms, data structures and methods. A good solution will use a graphical interface to show dynamic behaviour and/or the influence map details and will demonstrate AI bots using influence maps to act appropriately for the scenario chosen.

You should submit the code and report at the date specified in the assignment brief as directed by your tutor.  The code you submit will be in the form of a Microsoft visual studio 2015 console project and will include within the project folder all necessary files for the correct execution of your program in debug mode – for example include all necessary dynamic link libraries (*.dll), library files (*.lib) and include files (*.h). Please reference any code you have studied or used in your assignment.




NOTE: The guidance offered below is linked to the five generic assessment criteria overleaf.

1. Engagement with Literature Skills
Your work must be informed and supported by scholarly material that is relevant to and focused on the task(s) set; you should make use of scholarly reviews and primary sources, where appropriate (for example, refereed research articles and/or original materials appropriate to the discipline).    You should provide evidence that you have accessed a wide range of sources, which may be academic, governmental and industrial; these sources may include academic journal articles, textbooks, current news articles, organisational documents, and websites.  You should consider the credibility of your sources; academic journals are normally highly credible sources while websites require careful consideration/selection and should be used sparingly.   Any sources you use should be current and up-to-date, mostly published within the last five years or so, though seminal/important works in the field may be older.  You must provide evidence of your research/own reading throughout your work, using a suitable referencing system, including in-text citations in the main body of your work and a reference list at the end of your work. 


2. Knowledge and Understanding Skills
At level 6, you should be able to demonstrate coherent and detailed knowledge and a systematic understanding of the subject area, at least some of which is informed by the latest research and/or advanced scholarship within the discipline. You should be aware of the uncertainty, ambiguity and limits of knowledge. Your work must demonstrate the growing extent of your knowledge and systematic understanding of concepts and underlying principles associated with the subject area.  Knowledge relates to the facts, information and skills you have acquired through your learning.  You demonstrate your understanding by interpreting the meaning of the facts and information (knowledge). This means that you need to select and include in your work the concepts, techniques, models, theories, etc. appropriate to the task(s) set.  You should be able to explain the theories, concepts, etc. meaningfully to show your understanding.  Your mark/grade will also depend upon the extent to which you demonstrate your knowledge and understanding; ideally each should be complete and detailed, with comprehensive coverage. 


3. Cognitive and Intellectual Skills
You should be able to: critically evaluate evidence, arguments, assumptions, abstract concepts and data some of which are at the forefront of a discipline (and that may be incomplete) to devise and sustain arguments, to make judgements and/or solve problems; describe and comment upon particular aspects of current research, or equivalent advanced scholarship, in the discipline Your work must contain evidence of logical, analytical thinking, evaluation and synthesis. For example, to examine and break information down into parts, make inferences, compile, compare and contrast information.  This means not just describing what! But also justifying: Why? How? When? Who? Where? At what cost? At all times, you must provide justification for your arguments and judgements.  Evidence that you have reflected upon the ideas of others within the subject area is crucial to you providing a reasoned and informed debate within your work.  Furthermore, you should provide evidence that you are able to make sound judgements and convincing arguments using data and concepts.  Sound, valid conclusions are necessary and must be derived from the content of your work.   Where relevant, alternative solutions and recommendations may be proposed.


4. Practical Skills
At level 6, you should be able to apply the methods and techniques that you have learned to review, consolidate, extend and apply your knowledge and understanding, and to initiate and carry out projects. You will deploy accurately established techniques of analysis and enquiry relevant to the discipline, and apply them in complex and unpredictable contexts, to devise and sustain arguments and/or to solve problems. You should be able to frame appropriate questions to achieve a solution - or identify a range of solutions. You should be able to demonstrate how the subject-related concepts and ideas relate to real world situations and/or a particular context.  How do they work in practice?  You will deploy models, methods, techniques, and/or theories, in that context or circumstances, to assess current situations, perhaps to formulate plans or solutions to solve problems, or to create artefacts, some of which may be innovative and creative.  This is likely to involve, for instance, the use of real world artefacts, examples and cases, the application of a model within an organisation and/or benchmarking one theory or organisation against others based on stated criteria.  You should show awareness of the limitations of concepts and theories when applied in particular contexts.


5. Transferable Skills for Life and Professional Practice 
Your work must provide evidence of the qualities and transferable skills necessary for graduate-level employment requiring the exercise of initiative and personal responsibility and decision-making in complex and unpredictable circumstances.  This includes demonstrating: the learning ability for professional development to advance existing skills and acquire new competences of a professional nature that will enable you to assume significant responsibility within organisations; that you can initiate and complete tasks and procedures, whether individually and/or collaboratively; that you can use appropriate media to effectively communicate information, arguments and analysis in a variety of forms to specialist and non-specialist audiences; fluency of expression; clarity and effectiveness in presentation and organisation. Work should be coherent and well-structured in presentation and organisation.






	
     STUDENT FEEDBACK FORM



This section details the extent to which the assessment criteria are demonstrated by you, which in turn determines your mark. The marks available for each category of skill are shown. Lecturers will use the space provided to comment on the achievement of the task(s), including those areas in which you have performed well and areas that would benefit from development/improvement.
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	Generic Assessment Criteria 
	Marks available
	Marks 
awarded

	1. Engagement with Literature Skills
.
	
	

	





	10 
	

	
	 
	

	2. Knowledge and Understanding Skills

	 
	

	





	25 
	

	
	 
	

	3. Cognitive and Intellectual Skills

	 
	

	





	20 
	

	
	 
	

	4. Practical Application Skills

	 
	

	





	40 
	

	
	 
	

	5. Transferable Skills for Life and Professional Practice

	 
	

	



	5 
	

	
	
	



	Assessment Mark (Assessment marks are subject to ratification at the Exam Board.  These comments and marks are to give feedback on module work and are for guidance only until they are confirmed. )
	Late Submission Penalties (tick if appropriate)
	%

	
	Up to 1 week late (40% Max)
	
	

	
	Over 1 week late (0%)
	
	








	GENERIC ASSESSMENT CRITERIA



	Level 6

	In accordance with the Framework for Higher Education Qualifications, at the end of Level 6 students should have coherent and detailed knowledge and a systematic understanding of their subject area, at least some of which is informed by the latest research and/or advanced scholarship within the discipline. They will be able to accurately deploy established techniques of analysis and enquiry within a discipline, using their conceptual understanding to devise and sustain arguments and/or to solve problems. They should be aware of the uncertainty, ambiguity and limits of knowledge. They should be able to critically evaluate evidence, arguments, assumptions, abstract concepts and data (that may be incomplete), to make judgements, and to frame appropriate questions to achieve a solution - or identify a range of solutions. They will apply the methods and techniques that they have learned to review, consolidate, extend and apply their knowledge and understanding, and to initiate and carry out projects. They will have the ability to manage their own learning, and to make use of scholarly reviews and primary sources (for example, refereed research articles and/or original materials appropriate to the discipline). They will demonstrate the qualities and transferable skills necessary for employment requiring: the exercise of initiative and personal responsibility; decision-making in complex and unpredictable contexts; the learning ability needed to undertake appropriate further training of a professional or equivalent nature.



	Level 6
	FAIL
	MARGINAL FAIL
	SATISFACTORY
(3rd / Pass)
	GOOD
(2.2 / Pass)
	VERY GOOD
(2.1 / Merit)
	EXCELLENT
(1st / Distinction)
	EXCEPTIONAL
(1st / Distinction)

	Category
	0-29%
	30-39%
	40-49%
	50-59%
	60-69%
	70-84%
	85-100%

	Engagement with literature (including reading, referencing,
academic conventions and
academic honesty) 
	Little or no evidence of reading and/or reliance on inappropriate sources.
Views and findings mostly unsupported and non-authoritative.
Referencing conventions used incoherently or largely absent.
	Poor engagement with essential reading. No evidence of wider reading. Reliance on inappropriate sources, and/or indiscriminate use of sources. Heavily reliant on information gained through class contact. Inconsistent and weak use of referencing.
	Engagement with a limited range of mostly relevant and credible sources. Some omissions and minor errors.
Referencing conventions evident though not always applied accurately or consistently.
	Engagement with an appropriate range of research-informed literature, including sources retrieved independently. Some over-reliance on texts. Referencing may show minor inaccuracies or inconsistencies.
	Engagement with a wide range of research-informed literature, including sources retrieved independently.
Selection of relevant and credible sources.  Very good use of referencing, with no/very few inaccuracies or inconsistencies.
	Engagement with an extensive range of relevant and credible literature, informed by the latest research. Consistently accurate application of referencing. 
	Exceptional engagement with an extensive range of relevant and credible literature, informed by the latest research. High-level referencing skills consistently and professionally applied.

	Knowledge and understanding (Coherent and detailed knowledge and systematic understanding of the subject area, at least some of which is informed by the latest research and/or advanced scholarship within the discipline.)

	Major gaps in knowledge and systematic understanding of the subject matter. Substantial inaccuracies. No awareness of knowledge of the latest research and/or advanced scholarship within the discipline.

	Gaps in knowledge, with only superficial systematic understanding. Some significant inaccuracies and/or irrelevant material.  No awareness of knowledge of the latest research and/or advanced scholarship within the discipline.
	Limited knowledge and systematic understanding of the relevant concepts and principles within the subject area which to some limited extent, is informed by current research and scholarship. 
	Knowledge is reasonably detailed, accurate with a good systematic understanding of the field of study and to some extent, current research and scholarship.
	Knowledge is reasonably extensive coherent and detailed.  Exhibits very good understanding of the breadth and depth of established views, and the work is, at least in part, well-informed by current research and scholarship. 
	Excellent coherent and detailed knowledge and systematic understanding of the principles and theories of current research and scholarship. Clear awareness of challenges to established views and the limitations of the knowledge base.
	Exceptionally coherent and detailed knowledge and systematic understanding of the principles and theories of the subject, well-informed by current research and scholarship. A critical, sophisticated and nuanced awareness of the ambiguities and limitations of knowledge.

	Cognitive and intellectual skills 
(Conceptual and critical thinking, analysis, synthesis and evaluation of research, assumptions, abstract concepts and data (that may be incomplete); logic, argument and judgement.) 
	Wholly or almost wholly descriptive work. Little or no analysis, synthesis or evaluation.
Failure to develop arguments, leading to illogical or invalid judgements. Unsubstantiated generalisations, made without use of any credible evidence.

	Largely descriptive work, with superficial use of critical evaluation. Weak development of arguments and judgements. Information accepted uncritically, uses generalised statements made with scant evidence and unsubstantiated opinions. Ideas sometimes illogical and contradictory.
	Limited attempt at critical thinking, analysis, synthesis and evaluation, tending towards description.
Some evidence to support emerging arguments and judgements but these may be underdeveloped or with a little inconsistency / mis-interpretation.
Asserts rather than argues a case.

	Some critical thinking, analysis, synthesis and evaluation. Can analyse new and/or abstract concepts and data without guidance.
An emerging awareness of different stances and ability to use evidence (that may be incomplete) to support the argument.
Mostly valid arguments and logical judgements. Some tendency to assert/state opinion rather than argue on the basis of reason and evidence.
	Sound critical thinking, analysis, synthesis and evaluation demonstrating critical thinking. Ability to devise and sustain persuasive arguments, and to review the reliability, validity and significance of evidence (that may be incomplete) to make mostly appropriate and valid judgements. 

	Excellent critical thinking, analysis, synthesis and evaluation. Ability to investigate contradictory or incomplete information and make strong, persuasive, arguments and sophisticated judgements. Some evidence of independent thought and ability to ‘see beyond the question’, suggesting a grasp of the broader field and wider concepts.

	Exceptional critical thinking, analysis, synthesis and evaluation based on judiciously selected evidence. 
Ability to investigate contradictory or incomplete information and make strong, persuasive, arguments and sophisticated, nuanced, judgements. Evidence of independent thought and ability to ‘see beyond the question’, suggesting an outstanding grasp of the broader field and wider concepts.

	Practical skills
(Apply/deploy accurately established tools and techniques; initiate and carry out projects; formulate solutions to solve problems in complex and unpredictable contexts.)
	Limited or no use of methods, materials, tools and/or techniques.
Little or no appreciation of the context of the application.
Limited understanding of the application of theory to practice or making appropriate links between the two.
Very weak problem-solving skills in complex and unpredictable contexts. 
	Rudimentary application of methods, materials, tools and/or techniques but without consideration and competence. Flawed appreciation of the context of the application.
Weak understanding of the application of theory to practice, with only occasional evidence of making appropriate links between the two. Weak problem-solving skills in complex and unpredictable contexts. 


	An adequate awareness and mostly appropriate application of well-established methods, materials, tools and/or techniques.
Basic appreciation of the context of the application. Theoretical knowledge and understanding applied in practice, but not always making logical links between the two.
Can identify problems and propose basic solutions in complex and unpredictable contexts without fully appreciating the complexity. 
	A good and appropriate application of standard methods, materials, tools and/or techniques.
Clear appreciation of the context of the application. Mainly consistent, accurate and logical application of theory to practice, making appropriate links between the two
Can identify problems and propose mostly appropriate solutions in complex and unpredictable contexts.
	A very good application of a range of methods, materials, tools and/or techniques.
Very good consideration of the context of the application, with perceptive insights. Can identify problems and propose appropriate solutions in complex and unpredictable contexts.
Evidence of some innovation and creativity. 
	An advanced application of a range of methods, materials, tools and/or techniques.
The context of the application is well considered, and insightful.
Application and deployment extend beyond established conventions.  Can identify complex problems and propose excellent solutions. Innovation and creativity evident.
	Exceptional levels of application and deployment skills in unpredictable, practical contexts, drawing skilfully on the latest research within the discipline. Can identify complex problems and propose sophisticated solutions. Assimilation and development of cutting edge processes and techniques.

	Transferable skills for life and professional practice
(Exercise of initiative and personal responsibility; professional development; initiate and complete tasks and procedures: individually and/or collaboratively; use appropriate media to communicate effectively; fluency of expression; clarity and effectiveness in presentation and organisation.)
	Communication medium is inappropriate or misapplied.
Work is poorly structured, disorganised and/or confusingly expressed. Very weak use of language and/or very inappropriate style. Little or no evidence of autonomy (or collaboration, where relevant) in the completion of tasks. Little or no evidence of the skills required in graduate employment.


	Communication medium is poorly designed and/or not suitable for the audience. 
Work is poorly presented in a disjointed manner. It is loosely, and at times incoherently, structured, with information and ideas often poorly expressed. Weak use of language and/or inappropriate style. Weak independent initiative (or collaboration, if relevant). Limited evidence of the skills required in graduate employment.
	Can communicate in a suitable medium but with some room for improvement. 
Mostly ordered presentation and structure in which relevant ideas / concepts are reasonably expressed. Work may lack coherence in places. Can work as part of a team, but with limited involvement in group activities. 
Demonstrates the basic skills required in graduate employment, with some areas of minor weakness.
	Can communicate effectively in a suitable format, but may have minor errors.
Mostly coherent, organised work, in a suitable structure and is for the most part clearly expressed. Can work effectively independently and/or as part of a team, with clear contribution to group activities. 
Demonstrates the skills required in graduate employment, with some areas of strength and some of minor weakness.
	Can communicate well, confidently and consistently in a suitable format.
Work is coherent, fluent, well-structured and organised. Can work very well autonomously and/or as part of a team, with very good contribution to group activities. 
Demonstrates very good graduate employment skills, with just occasional minor weakness.
	Can communicate professionally confidently and consistently in a suitable format.
Work is coherent, very fluent and is presented professionally. Can work autonomously with initiative. Where relevant can work professionally within a team, showing leadership skills as appropriate, managing conflict and meeting obligations. Demonstrates excellent graduate employment skills and an appetite for further development.
	Can communicate with an exceptionally high level of professionalism. 
Work is exceptionally coherent, very fluent and is presented professionally. Can work exceptionally well and professionally within a team, showing advanced leadership skills. Demonstrates exceptional graduate employment skills and an appetite for further development.
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[bookmark: _Toc4186347]What is an influence map?

An influence map is used to analyse data, Ian Millington states that “Tactical analyses of all kinds are sometimes known as influence maps.” [1] . Ian Millnigton states that they have a variety of uses within the game world. Ian Millington gives an example that they can be used “in real-time strategy games, where the AI keeps track of the areas of military influence for both sides.” [1], 
Contextualised in games they can be used to analyse game data, such as different areas of the level, enemies & goals. Ian Millington mentions that they can be used to track areas of shadows in a given level as “all locations within a chunk should have roughly the same amount of illumination. “. This illustrates that influence maps can be very useful within games.  

[bookmark: _Toc4182262][bookmark: _Toc4186348]The Big 0 notation	

The big O notation is used to describe the time and space complexity of a given algorithm. Contextualised in games, this notation can be used to describe the amount of time and memory it takes the game to calculate the algorithm. Ian Millington states that “execution time is O(nm), and memory is O(m), where m is the number of locations in the level, and n is the number of units”. 

[bookmark: _Toc4182263][bookmark: _Toc4186349]Influence Map Equations

There are different equations that impact the impact that an influence map has, listed below are four different equations and the difference of them.
All of the following equations assume that Io is the Influence source, d is the distance, It is the threshold of influence and Id is the resulting influence from the sum of the equation.

Above is the equation for linear drop off model. Ian Millington states that this equation works in a way that away from the influence the source, if you “double the distance and we get half the influence” [1]


Above is the rapid initial drop off, where you get high influence close to the source, but rapidly declines as you get further away from the influence source. 

Above is the equation for the influence source to impact the neighbouring areas in way where they first plateau and then rapidly drop off as you get back a certain distance.

Above is the method that was provided in which the neighbouring areas first plateau and then as you get further away from the influence source, rapidly decays 
	1/16
	2/16
	1/16

	2/16
	4/16
	2/16

	1/16
	2/16
	1/16





Above is the Gaussian Kernal Filter convolution method that can be used in order to reduce the noise levels of traditional Gaussian filter methods, and as a result make the surrounding areas around the influence source less diverse. 


[bookmark: _Toc4182264][bookmark: _Toc4186350]Gaussian Kernel Filter

To illustrate the Gaussian filter calculation, I will be applying it on the following table that has been provided as requested. 
	
	Col 1
	Col2
	Col3
	Col4
	Col5
	Col6

	Row 1
	32
	32
	32
	34
	34
	36

	Row 2
	26
	26
	26
	26
	30
	36

	Row 3
	18
	18
	18
	24
	24
	24

	Row 4
	14
	16
	16
	22
	22
	24

	Row 5
	14
	14
	14
	20
	20
	18

	Row 6
	16
	20
	20
	22
	24
	26

	Row 7
	16
	22
	22
	24
	26
	30

	Row 8
	18
	24
	24
	26
	28
	32













The cell the filter will be applied to is row 2, column 2., As a result, the following will the 3x3 grid of cells that the filter calculation will be using.
 
	
	Col 1
	Col2
	Col3

	Row 1
	32
	32
	32

	Row 2
	26
	26
	26

	Row 3
	18
	18
	18








The calculation will be as follows. The 3x3 grid provided to me multiplied by the Gaussian filter convolution method.

	
	Col 1
	Col2
	Col3

	Row 1
	32
	32
	32

	Row 2
	26
	26
	26

	Row 3
	18
	18
	18


	
	Col 1
	Col2
	Col3

	Row 1
	1/16
	2/16
	1/16

	Row 2
	2/16
	4/16
	2/16

	Row 3
	1/16
	2/16
	1/16


 

[image: ]





The resulting calculation table would look like this 

	
	Col 1
	Col2
	Col3

	Row 1
	(1/16) * 32
	(2/16) *32
	(1/16) * 32

	Row 2
	(2/16) *26
	(4/16) *26
	(2/16) * 26

	Row 3
	(1/16) * 18
	(2/16) *18
	(1/16) * 18








=
	
	Col 1
	Col2
	Col3

	Row 1
	0.0625 * 32
	0.125*32
	0.0625* 32

	Row 2
	0.125  *26
	0.25 *26
	0.125* 26

	Row 3
	0.0625* 18
	0.125*18
	0.0625* 18








The following table shows the influence map for cell 2,2 using the Gaussian filter convolution method

	
	Col 1
	Col2
	Col3

	Row 1
	2
	4
	2

	Row 2
	3.25
	6.5
	3.25

	Row 3
	1.125
	2.25
	1.125








After the filter has been applied to all of the 9 cells, and the calculations finished, the next step was to find the sum of all of the 9 numbers in the 3 x 3 grid.
The resulting sum looked like this ;
2+4+2+3.25+6.5+3.25+1.125+2.25+1.125 = 25.5
The next and final step of the equation is to divide the final value by the amount of cells in the filter, in this case 9;
25.5/9 =2.83333333
The answer is the cell influence for cell 2,2. Cell 2,2’s influence is 2.83333333.
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Alongside the Given the following, I was tasked to find the influence for cell 2,2, with the range, ‘r’ 5. using the equation below.

[image: ]

The two influence sources I had been provided with are below.

Location of influence source 1 (Io1) = (1,1).  Io1=3.5
Location of influence source 2 (Io2) = (1,6).  Io2=4.3


Id = 3.5

The influence source for Influence source 1 is as follows;
 


Id1 =  3.405613878



The influence source for Influence source 2 is as follows;
 


Id2 = 4.184039907
The influence source for cell 2,2 is the sum of Id1 & id2,
Id = Id1 + Id2
=
Id = 3.405613878 + 4.184039907
The final influence value for cell 2,2 is;
Id = 7.58965378
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Before implementation it was important to consider the differences between the Gaussian kernel filter method of convolution against the other equation method we were given. Below Details the comparison.

The Gaussian filter has the advantage that it is less computationally expensive, as it is using simple mathematics. The Gaussian filter convulation method only utilizes additions, multiplications and a singular division at the end of the algorithm.

The equation provided to us however, is more computationally expensive as it involves more complex mathematics, complex mathematics illustrating square roots, and a number to the power of 2. Using the big O notation, it is clear to see how having a few extra calculations will not be too impactful on a smaller set of data, however as the program gets larger and more iterations of the algorithm is run, the amount of memory used and the time it takes for the algorithm to be used on the entire data set is going to get more expensive.

However, although it is less computationally expensive, the Gaussian filter kernel method has a major disadvantage in that it is less accurate. To understand why, it is first important to understand that the Gaussian filter will use the algorithm on every cell in the data set, for example if you had a grid of 20*20 pixels, it would calculate the influence for all 400 cells. The inaccuracy of the algorithm comes from the fact that each further calculation is influenced by the previous calculation thus skewing the results to a value which is not what it would have been otherwise. This meaning the algorithm has a lot of noise.

The equation 1 method does not run into this issue and has a high level of accuracy, as when it calculates the distance from every cell in the data set, it does not have any noise. This is because it does not use any data from any other cells other than the cell of choosing and the cell its calculating the distance from. Therefore, in the terms of accuracy the equation would be the better option.

Data Structures
· Structures 
· Vectors
· Graphs
· Arrays
The following are examples of data structures can be used for influence maps implementation. 

[bookmark: _Toc4182267][bookmark: _Toc4186353]Which algorithm will I be implementing and the reasoning

I will be implementing the Gaussian filter kernel method as it is less computationally expensive and thus more likely to be used within games. Clients computers will be of varying speed and performance and the time and space complexity should be kept low enough to not hinder the use of products.

For the implementation, I will have each cell as an individual struct.

 [image: ]

Each cell will have a x and y value. These will dictate where in the grid of numbers they are, 1,1 being the top left in the grid, and GridWidth , GridHeight, being the final number in the grid.
[image: ]
Each cell will also have a floating point variable for the value and the influence, and as shown above these are both initialized to 0 on creation of the struct.

These structs will be stored in an array which will be initialized to the size of grid height * grid width
[image: ]
Code declaring the array to hold the structs;
[image: ]
Setting the number of cells variable to rows * columns.
 [image: ]
Creating the array of the size equals to the amount of cells.




Testing
	Test Number
	Description
	Expected Result
	Actual Result
	Pass/Fail

	1
	User is provided with multiple options on loading the program
	User is presented with multiple options on loading the program.
	User is correctly presented with multiple options on loading the program. (Illustrated example in Appendix figure 1.)
	Pass

	2
	The demo using the values provided to us in the appendix of the assignment brief, calculates the Gaussian filter then correctly calculates the influence for cell 2,2
	The math is the same as the correct math of the Gaussian filter convolution method documented in this report.
	The program correctly displays the math, and illustrates the workings out.
(Illustrated example in Appendix figure 2.)
	Pass

	3
	Loads the values of an influence map from a file and display them on screen
	User should be able to see the values from file on screen
	User is correctly displayed the values from the file
(Illustrated example in Appendix figure 3 & Appendix figure 4.)
	Pass

	4
	Using the values from file, calculate the Gaussian filter then correctly calculate the influence for a random cell, in this case, 3,4
	User should be able to see final influence for the cell. 
	User can correctly calculate the influence for any cell in the files values, however only works for cells that are not on the edge or a corner. Functionality has not been added for that yet
(appendix figure 3 & 5)
	Pass
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Some AI bot was implemented. 
[image: ]
The above gets the r values of every neighbouring pixel and subtracts from it the blue value of that pixel, these values are stored in their corresponding variables.
[image: ]
The above checks which direction to go, it compares the values with each other, and sets the value to the lowest and then sets choice to the corresponding option, after this is done it then goes into a switch statement which will execute the choice.



	Test Number
	Description
	Expected Result
	Actual Result
	Pass/Fail

	1
	User is provided with multiple options on loading the program
	User is presented with multiple options on loading the program. Pressing 3 will bring it to the AI bot one.
	User is correctly presented with multiple options on loading the program. (Illustrated example in Appendix figure 6.)
	Pass

	2
	Using the space key button
	The user should be able to press space and move the ai bot
	Pressing space correctly moves the ai bot
(Illustrated example in Appendix figure 7 & figure 8.)
	Pass

	3
	AI bot seeks blue influence source
	AI bot should move towards the blue influence dot and away from the red influence dot
	AI bot correctly moves away from the red influence source but does into move towards the blue influence source and instead moves away (Appendix figure 7, 8, 9, 10, 11, 12,13,14,15)
	Fail
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Figure 1
[image: ]
Figure 2
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Figure 3
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Figure 4
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Figure 5
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Figure 6
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Figure 7
[image: ]


Figure 8
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Figure 9
[image: ]


Figure 10
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Figure 11
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Figure 12
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Figure 13
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Figure 14
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Figure 15
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#include <stdio.h>
#include <iostream>
#include "gaussianfilter.h"
#include "cell.h"
#include <stdlib.h>
#include "glut.h"
#include"influenceFromFile.h"

#include <fstream>	
using namespace std;

gaussianfilter gFilt;
cell _cell;
influenceFromFile infFile;

#define GRIDSIZE 20

int loops = 0;
////// Global Variables
typedef struct rgbtag {
	float r;
	float g;
	float b;
}rgb;

struct bot {

	int x;
	int y;

} ai;


rgb grid[GRIDSIZE*GRIDSIZE];

rgb gridtemp[GRIDSIZE*GRIDSIZE];
//function prototypes
void init(void);
void display(void);
void drawBox(float w, float h, float l);
void reshape(int w, int h);

void init()
// Initialize
//************************************************************************
// desc: initializes OpenGL
{
	glClearColor(0.0f, 0.0f, 0.0f, 0.0f);		// clears colour buffer 
	glEnable(GL_DEPTH_TEST);					// hidden surface removal
	glEnable(GL_CULL_FACE);						// do not calculate inside of poly's
	glFrontFace(GL_CCW);						// counter clock-wise polygons are out

	for (int i = 0;i<GRIDSIZE;i++)
	{
		for (int j = 0;j<GRIDSIZE;j++)
		{

			grid[i + (j*GRIDSIZE)].r = 0;
			grid[i + (j*GRIDSIZE)].g = 0;
			grid[i + (j*GRIDSIZE)].b = 0;
		}
	}

	ai.x = 7;
	ai.y = 10;
}

void drawBox(float w, float h, float l)
//drawBox
//***************************************************************************
//This function first translates a further x,y,z units then draws a box of
//width w, height h, length l
{
	glPushMatrix();       //save modelview 
	w = w / 2.0; h = h / 2.0; l = l / 2.0; //adjust values so centre is in middle of box
										   //draw faces of box
	glBegin(GL_POLYGON);
	glVertex3f(w, l, h);
	glVertex3f(w, l, -h);
	glVertex3f(-w, l, -h);
	glVertex3f(-w, l, h);
	glEnd();
	glBegin(GL_POLYGON);
	glVertex3f(w, l, h);
	glVertex3f(-w, l, h);
	glVertex3f(-w, -l, h);
	glVertex3f(w, -l, h);
	glEnd();
	glBegin(GL_POLYGON);
	glVertex3f(w, l, h);
	glVertex3f(w, -l, h);
	glVertex3f(w, -l, -h);
	glVertex3f(w, l, -h);
	glEnd();
	glBegin(GL_POLYGON);
	glVertex3f(-w, l, h);
	glVertex3f(-w, l, -h);
	glVertex3f(-w, -l, -h);
	glVertex3f(-w, -l, h);
	glEnd();
	glBegin(GL_POLYGON);
	glVertex3f(-w, -l, h);
	glVertex3f(-w, -l, -h);
	glVertex3f(w, -l, -h);
	glVertex3f(w, -l, h);
	glEnd();
	glBegin(GL_POLYGON);
	glVertex3f(w, -l, -h);
	glVertex3f(-w, -l, -h);
	glVertex3f(-w, l, -h);
	glVertex3f(w, l, -h);
	glEnd();
	glPopMatrix();   //restore previous modelview matrix so leaving things as you found them 
}


// display
//************************************************************************
// desc: handles drawing of scene
void display()
{
	glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);		// clear screen and depth buffer
	glLoadIdentity();										// reset modelview matrix


	gluLookAt(0.0, 0.0, 1.0, 0.0, 0.0, 0.0, 0.0, 1.0, 0.0); //reset camera position
	glColor3f(0, 0, 0);  //set colour
	glTranslatef(0.5, 0.5, 0.5);  //move by x,y and z units
								  //tests grid by applying greyscale values to each position
								  //
	for (int i = 0;i<GRIDSIZE;i++) {
		for (int j = 0;j<GRIDSIZE;j++) {
			if (grid[i + (j*GRIDSIZE)].r>grid[i + (j*GRIDSIZE)].b)
			{
				glColor3f(grid[i + (j*GRIDSIZE)].r, 0, 0);
			}
			else
			{
				glColor3f(0, 0, grid[i + (j*GRIDSIZE)].b);  //set colour		  }
			}

			if (ai.x == i && ai.y == j)
			{
				glColor3f(1, 0, 1);
			}


			glPushMatrix(); //save current position/orientation, etc.
			glTranslatef(i, j, 0);
			drawBox(1, 1, 1);  //draw 
			glPopMatrix(); //restore previous "current" position/orientation etc.
		}
	}


	glFlush();  //force drawing

	glutSwapBuffers();			// bring backbuffer to foreground
								//any errors then display error codes 
	GLenum errCode;
	const GLubyte *errString;
	if ((errCode = glGetError()) != GL_NO_ERROR)
	{
		errString = gluErrorString(errCode);
		fprintf(stderr, "OpenGL error : %s\n", errString);
	}

}
void keyboardread(unsigned char key, int x, int y)
{
	switch (key) {
	case 'u':

		break;
	case ' ':


		float left, right, up, down;

		// get up rgb value
		left = grid[ai.x + ((ai.y + 1)*GRIDSIZE)].r - grid[ai.x + ((ai.y + 1)*GRIDSIZE)].b;
		// get down rgb value
		right = grid[ai.x + ((ai.y - 1)*GRIDSIZE)].r - grid[ai.x + ((ai.y - 1)*GRIDSIZE)].b;
		// get left rgb value
		up = grid[(ai.x - 1) + (ai.y*GRIDSIZE)].r - grid[(ai.x - 1) + (ai.y*GRIDSIZE)].b;
		// get right rgb value
		down = grid[(ai.x + 1) + ((ai.y)*GRIDSIZE)].r - grid[(ai.x + 1) + ((ai.y)*GRIDSIZE)].b;


		/// find out which option is the lowest
		//default to up
		// up = 0 , right = 1, down = 2, left = 3


		int choice = 0;

		if (up < right && up < down && up < left) choice = 0;

		if (right < up && right < down && right < left) choice = 1;

		if (down < up && down < right && down < left) choice = 2;

		if (left < right && left < up && left < down) choice = 3;


		switch (choice)
		{
		case 0:
			ai.y += 1;
			break;
		case 1:
			ai.x += 1;
			break;
		case 2:
			ai.y -= 1;
			break;
		case 3:
			ai.x -= 1;
			break;
		}
		if (loops <50)
		{
			for (int i = 0; i<GRIDSIZE; i++)
			{
				for (int j = 0; j<GRIDSIZE; j++)
				{
					gridtemp[i + (j*GRIDSIZE)].r = grid[i + 1 + ((j - 1)*GRIDSIZE)].r*(1.0 / 16.0) +
						grid[i + 1 + ((j*GRIDSIZE))].r*(2.0 / 16.0) +
						grid[i + 1 + ((j + 1)*GRIDSIZE)].r*(1.0 / 16.0) +
						grid[i + ((j - 1)*GRIDSIZE)].r*(2.0 / 16.0) +
						grid[i + ((j*GRIDSIZE))].r*(4.0 / 16.0) +
						grid[i + ((j + 1)*GRIDSIZE)].r*(2.0 / 16.0) +
						grid[i - 1 + ((j - 1)*GRIDSIZE)].r*(1.0 / 16.0) +
						grid[i - 1 + (j*GRIDSIZE)].r*(2.0 / 16.0) +
						grid[i - 1 + ((j + 1)*GRIDSIZE)].r*(1.0 / 16.0);

					gridtemp[i + (j*GRIDSIZE)].b = grid[i + 1 + ((j - 1)*GRIDSIZE)].b*(1.0 / 16.0) +
						grid[i + 1 + ((j*GRIDSIZE))].b*(2.0 / 16.0) +
						grid[i + 1 + ((j + 1)*GRIDSIZE)].b*(1.0 / 16.0) +
						grid[i + ((j - 1)*GRIDSIZE)].b*(2.0 / 16.0) +
						grid[i + ((j*GRIDSIZE))].b*(4.0 / 16.0) +
						grid[i + ((j + 1)*GRIDSIZE)].b*(2.0 / 16.0) +
						grid[i - 1 + ((j - 1)*GRIDSIZE)].b*(1.0 / 16.0) +
						grid[i - 1 + (j*GRIDSIZE)].b*(2.0 / 16.0) +
						grid[i - 1 + ((j + 1)*GRIDSIZE)].b*(1.0 / 16.0);

				} //convolution calc.  very messy tidy up using matrix mult.
			}
			loops++;
		}
		for (int i = 0;i<GRIDSIZE*GRIDSIZE;i++) //copy calculated array into original
			grid[i] = gridtemp[i];
		//quicker to swap pointers to arrays - kinda double buffering  
		//2 influence points set here
		grid[GRIDSIZE / 2 + (GRIDSIZE*GRIDSIZE / 2)].r = 1;  //use this if you want to keep inf at level


		grid[20 + ((19)*GRIDSIZE)].r = 1;

		grid[GRIDSIZE / 2 - 5 + (GRIDSIZE*(GRIDSIZE / 2 + 1))].b = 1;

		glutPostRedisplay();
		break;
	}
}

void reshape(int w, int h)
//reshape
//************************************************************************
//OpenGL reshape callback is called when the window is resized
{
	glViewport(0, 0, (GLsizei)w, (GLsizei)h); //respecify size of view port to match new w and h
	glMatrixMode(GL_PROJECTION);  //go into projection mode
	glLoadIdentity();   //reset projection matrix
	glOrtho(0.0, GRIDSIZE, 0.0, GRIDSIZE, 0.0, 100.0); //defines orthoganal projection (parrallel
													   // viewing volume
													   // window limits of display
													   // left =0.0, right =2.0,
													   // bottom = 0.0, top = 2.0
													   // near =0.0, far = 100.0
													   //gluPerspective(60.0,(GLfloat)w/(GLfloat)h,1.0,200.0);  //redefine projection matrix to match changes in w and h
	glMatrixMode(GL_MODELVIEW);  //switch back to modelview mode
	glLoadIdentity(); //reset modelview matrix
	gluLookAt(0.0, 0.0, 1.0, 0.0, 0.0, 0.0, 0.0, 1.0, 0.0); //reset camera position
}



int main(int argc, char** argv)
{
	int choice = 99;
	cout << " Pick an option" << endl;
	cout << " 1. demo student appendix . and gaussian filter for given cell (2,2)" << endl;
	cout << " 2. demo loading a map of different values from a file and calculating the influence for user inputted cell" << endl;
	cout << " 3. demo open GL bot" << endl;
	cin >> choice;

	switch (choice)
	{
	case 1:
		gFilt.demoGaussianFilter();
		system("PAUSE");
		break;

	case 2:
		infFile.demoInfluenceFromFile();
		system("PAUSE");
		break;
	case 3:
		glutInit(&argc, argv);
		glutInitDisplayMode(GLUT_DOUBLE | GLUT_RGB | GLUT_DEPTH);
		glutInitWindowSize(500, 500);
		glutInitWindowPosition(100, 100);
		glutCreateWindow(argv[0]);
		init();
		glutDisplayFunc(display);
		glutReshapeFunc(reshape);
		glutKeyboardFunc(keyboardread);
		glutMainLoop();
		break;
	default:
		break;
	}
	
	
	

}
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#pragma once



class cell
{
private :
	struct _CellStruct
	{
		int id;
		int x;
		int y;
		float value;
		float influence; // what is the influence of this point on desired cell
	};

	int GRIDHEIGHT, GRIDWIDTH, numberOfCells;

	/// GRID FUNCTIONS ///
	void setWidthHeight(int  width, int height); // Sets the width + Height of the grid
	void setNumberOfCells(int width, int height);  // sets the number of cells variable to width * height

	/// CELL FUNCTIONS ///	
	void initialiseCells(int num); // creates an array of cell structs = to the amount needed
	void generateCells();

public:
	cell();
	~cell();
	int cellX; // will be used for assigning the x value to the cell 


	/// INITIALIZING STUFF
	void createGrid(int width, int height); // user called function to create the grid, pass in height width of the grid, handles the rest of the functions to do with the grid
	void setUpCells(int num); // user called function to set up the individual cells in the grid, handles the rest of the functions to do with the cells
	
	/// GETS & SETS
	float getCellInfluence(int x, int y); // pass in the cell x and y and returns the influence value of that specific cell
	float getCellValue(int x, int y); //pass in the cell x and y and returns the value of that desired cell
	void setCellInfluence(int x, int y, float newInfluence); // pass in the cell you wish to change x and y value and the float influence you wish to assign to it.
	void setCellValue(int x, int y, float newValue);		  // pass in the cell you wish to change x and y value and the int value you wish to assign to it.


	/// PRINTS
	void printCells(); // print cells info and all their info
	void printCellValues(); // prints cell values in a grid like display
	void printCellInfluences(); // prints the cell influences in a grid like display

	void setGridToAppendixGrid();

	_CellStruct* cellArray; // declare array that will be used to hold the array of cell structs
};
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#include "cell.h"
#include <stdio.h>
#include <iostream>
#include <fstream>
#include <iomanip>      // std::setprecision
using namespace std;

cell::cell()
{
	numberOfCells = 0;
}


cell::~cell()
{
}


// read in the amount of variables
// amount of lines
// divide amount of variables by lines  to get width
// amount of lines = rows
// do as before to make grid :) 
void cell::createGrid(int width, int height)
{
	// calls other functions to set up the grid
	setWidthHeight(width, height);
	setNumberOfCells(width, height);
}


void cell::setWidthHeight(int  width, int height)
{
	GRIDHEIGHT = height;
	GRIDWIDTH = width;
	setNumberOfCells(GRIDWIDTH, GRIDHEIGHT);

	/*cout << "the grid height has been set to : " << GRIDHEIGHT << endl;
	cout << "the grid height has been set to : " << GRIDWIDTH << endl;*/
}

void cell::setNumberOfCells(int  width, int height)
{

	numberOfCells = GRIDHEIGHT * GRIDWIDTH; // sets the number of cells to correct amount

	/*cout << "the number of cells in this grid is : " << numberOfCells << endl;*/
}

void cell::setUpCells(int num)
{

	initialiseCells(num);
	generateCells();

}

void cell::initialiseCells(int num)
{
	numberOfCells = num;
	cellArray = new _CellStruct[numberOfCells];
}

float cell::getCellInfluence(int x, int y)
{
	int desiredcell = 99;
	float temp;

	for (int i = 0; i < numberOfCells; i++)
	{
		if (cellArray[i].x == x && cellArray[i].y == y)
		{
			temp = this->cellArray[i].influence;
		}
	}
	return temp;
}

float cell::getCellValue(int x, int y)
{
	int desiredcell = 99;
	float temp = 0;

	for (int i = 0; i < numberOfCells; i++)
	{
		if (cellArray[i].x == x && cellArray[i].y == y)
		{
			temp = this->cellArray[i].value;
		}
	}
	return temp;
}

void cell::setCellInfluence(int x, int y, float newInfluence)
{
	float temp = 99.0;
	
	temp = newInfluence;

	for (int i = 0; i < numberOfCells; i++)
	{
		if (cellArray[i].x == x && cellArray[i].y == y)
		{
			this->cellArray[i].influence = temp;
		}
	}
}

void cell::setCellValue(int x, int y, float newValue)
{
	float temp = 99;
	
	temp = newValue;

	for (int i = 0; i < numberOfCells; i++)
	{
		if (cellArray[i].x == x && cellArray[i].y == y)
		{
			this->cellArray[i].value = temp;
		}
	}
}

void cell::generateCells()
{
	int xindex = 1;
	int yindex = 1;
	int cellNumber = 0;

	// as with the table provided in the apendix, 1,1 will be top left and will be cell #1 in the grid

//	// assign values to the 
	for (int i = 0; i < GRIDHEIGHT; i++)
	{
		for (int j = 0; j < GRIDWIDTH; j++)
		{
			// set the x & y indexes in the cell & the cell number index
			this->cellArray[cellNumber].id = cellNumber+1;
			this->cellArray[cellNumber].x = xindex;
			this->cellArray[cellNumber].y = yindex;
			// set value and influence to 0 as initialised values
			this->cellArray[cellNumber].value = 0;
			this->cellArray[cellNumber].influence = 0;

			//increment the x index and the ID index
			xindex++;
			cellNumber++;
		}

		// set x index back to one indicating the new column
		xindex = 1;
		// increment the y index by one indicating new row
		yindex++;
		//cout << endl;
	}


}

void cell::printCells()
{
	int cellNumber = 0;
	//// print out all of the array

	for (int i = 0; i < numberOfCells; i++)
	{
		cout << cellArray[cellNumber].id << " has the co-ordinates of  x :" << cellArray[cellNumber].x << " y : "<< cellArray[cellNumber].y << " , the value of : "<< cellArray[cellNumber].value << " and the influence of "<< cellArray[cellNumber].influence <<   endl;
		cellNumber++;
	}
}

void cell::printCellValues()
{

	int cellNumber = 0;
	float temp = 999;

	cout << " the maps cell values are " << endl;
	for (int k = 0; k < GRIDHEIGHT; k++) {
		for (int i = 0; i < GRIDWIDTH; i++)
		{
			
			cout << cellArray[cellNumber].value << "	";
			//formatting help - to make sure it looks ok
			if (cellArray[cellNumber].value < 10)
			{
				cout << " ";
			}
			cellNumber++;
		}
		cout << endl;
	}
}

void cell::printCellInfluences()
{

	int cellNumber = 0;
	
	//cout << " the maps influence values are " << endl;
	for (int k = 0; k < GRIDHEIGHT; k++) {
		for (int i = 0; i < GRIDWIDTH; i++)
		{
			cout << std::setprecision(4) << cellArray[cellNumber].influence << "	";
			//formatting help - to make sure it looks ok
			if (cellArray[cellNumber].influence < 10)
			{
				cout << " ";
			}
			cellNumber++;
		}
	cout << endl;
	}
}

void cell ::setGridToAppendixGrid() 
{


	///row 1
	setCellValue(1, 1, 32);
	setCellValue(2, 1, 32);
	setCellValue(3, 1, 32);
	setCellValue(4, 1, 34);
	setCellValue(5, 1, 34);
	setCellValue(6, 1, 36);

	///row 2
	setCellValue(1, 2, 26);
	setCellValue(2, 2, 26);
	setCellValue(3, 2, 26);
	setCellValue(4, 2, 26);
	setCellValue(5, 2, 30);
	setCellValue(6, 2, 36);

	///row 3
	setCellValue(1, 3, 18);
	setCellValue(2, 3, 18);
	setCellValue(3, 3, 18);
	setCellValue(4, 3, 24);
	setCellValue(5, 3, 24);
	setCellValue(6, 3, 24);

	///row 4
	setCellValue(1, 4, 14);
	setCellValue(2, 4, 16);
	setCellValue(3, 4, 16);
	setCellValue(4, 4, 22);
	setCellValue(5, 4, 22);
	setCellValue(6, 4, 24);

	///row 5
	setCellValue(1, 5, 14);
	setCellValue(2, 5, 16);
	setCellValue(3, 5, 16);
	setCellValue(4, 5, 20);
	setCellValue(5, 5, 20);
	setCellValue(6, 5, 18);

	///row 6
	setCellValue(1, 6, 16);
	setCellValue(2, 6, 20);
	setCellValue(3, 6, 20);
	setCellValue(4, 6, 22);
	setCellValue(5, 6, 24);
	setCellValue(6, 6, 26);

	///row 7
	setCellValue(1, 7, 16);
	setCellValue(2, 7, 22);
	setCellValue(3, 7, 22);
	setCellValue(4, 7, 24);
	setCellValue(5, 7, 26);
	setCellValue(6, 7, 30);

	///row 8
	setCellValue(1, 7, 18);
	setCellValue(2, 7, 24);
	setCellValue(3, 7, 24);
	setCellValue(4, 7, 26);
	setCellValue(5, 7, 28);
	setCellValue(6, 7, 32);
}


[bookmark: _Toc4186362]gaussianfilter.h

#pragma once

class gaussianfilter
{
private :
	 

public:
	gaussianfilter();
	~gaussianfilter();
	

	float gArray[9] = { 0.0625, 0.125, 0.0625,
						0.125, 0.25, 0.125,
						0.0625, 0.125, 0.0625 }; // array holding values for the gaussian filter
	
	
	void printGaussianFilter();
	
	void demoGaussianFilter();
	void applyGaussianFilter(int x, int y); // pass in desired cell for the influence to be applied to
	void appendixTable();
	void gaussianFiltMapCalc(int x, int y, float float1, float float2, float float3, float float4, float float5, float float6, float float7, float float8, float float9);
	float desiredCellInfluenceCalc3by3(float tmp1, float tmp2, float tmp3, float tmp4, float tmp5, float tmp6,  float tmp7, float tmp8, float tmp9);
	float desiredCellInfluenceCalc2by3(float tmp1, float tmp2, float tmp3, float tmp4, float tmp5, float tmp6);
	float desiredCellInfluenceCalc2by2(float tmp1, float tmp2, float tmp3, float tmp4);
};


[bookmark: _Toc4186363]gaussianfilter.cpp
#pragma 
#include "gaussianfilter.h"
#include <stdio.h>
#include <iostream>
#include "cell.h"
using namespace std;
cell _grid;


#define ROWS  8 // y
#define COLUMNS  6 // x

gaussianfilter::gaussianfilter()
{
	
}


gaussianfilter::~gaussianfilter()
{
}

void gaussianfilter::printGaussianFilter() {
	

	for (int i = 0; i < 9; i++)
	{
		cout << gArray[i] << "   " ;

		// below if statements are for cout formatting to make it look cleaner in console :)
		if (i+1 == 3 || i+1 == 6) 
		{
			cout << endl;
		}

		if (i == 3 || i == 4)
		{
			cout << " ";
		}
	}
}

void gaussianfilter::demoGaussianFilter()
{
	///set up the grid with the provided grid from the appendix
	//initialize the grid and cells
	int numOfCells = ROWS * COLUMNS;

	cout << "initializing the cells" << endl;
	_grid.createGrid(COLUMNS, ROWS);
	_grid.setUpCells(numOfCells);

	/// print the initialized cells
	_grid.printCellValues();
	cout << endl << endl << endl << endl; // create space between tables
	cout << "cells influence values are " << endl;
	_grid.printCellInfluences();

	// set up the grid cells values so they are what they are in the appendix
	cout << endl << endl << endl; // create space between tables
	appendixTable(); // sets the cells to the values in the appendix
	_grid.printCellValues();
	cout << endl << endl << endl; // create space between tables
	
	cout << "the gaussian filter will be applied to cell 2,2 using the gaussian filter" << endl;
	cout << " the gaussian filter is " << endl;

	printGaussianFilter();
	cout << endl << endl << endl; // create space between tables

	applyGaussianFilter(2, 2);
	cout << " the resulting influence map for cell << 2, 2 is " << endl;
	_grid.printCellInfluences();

	/// apply the gaussian filter to the desired cell
	
	// get desired cell value

	float t1, t2, t3, t4, t5, t6, t7, t8, t9, result;
	t5 = _grid.getCellInfluence(2, 2);

	// get adjacent cell Influences
	t2 = _grid.getCellInfluence(2, 2 - 1);
	t6 = _grid.getCellInfluence(2 + 1, 2);
	t8 = _grid.getCellInfluence(2, 2 + 1);
	t4 = _grid.getCellInfluence(2 - 1, 2);

	// get diagonal cell Influences
	t1 = _grid.getCellInfluence(2 - 1, 2 - 1);
	t3 = _grid.getCellInfluence(2 + 1, 2 - 1);
	t7 = _grid.getCellInfluence(2 - 1, 2 + 1);
	t9 = _grid.getCellInfluence(2 + 1, 2 + 1);

	result = desiredCellInfluenceCalc3by3(t1, t2, t3, t4, t5, t6, t7, t8, t9);
	cout << "result of influence is " << result <<endl;
	
	
	/// set influences back to 0
	// set adjacent cell values
	_grid.setCellInfluence(2, 2 - 1, 0);
	_grid.setCellInfluence(2 + 1, 2, 0);
	_grid.setCellInfluence(2, 2 + 1, 0);
	_grid.setCellInfluence(2 - 1, 2, 0);

	// set diagonal cell values
	_grid.setCellInfluence(2 - 1, 2 - 1, 0);
	_grid.setCellInfluence(2 + 1, 2 - 1, 0);
	_grid.setCellInfluence(2 - 1, 2 + 1, 0);
	_grid.setCellInfluence(2 + 1, 2 + 1, 0);
	
	//set desired influence
	_grid.setCellInfluence(2, 2, result);
	cout << endl << endl << endl; // create space between tables
	cout << " the final result of the calculation of the influence for cell 2,2 looks like this " << endl;
	_grid.printCellInfluences();

}

void gaussianfilter::applyGaussianFilter(int x, int y) 
{
	float temp1 = 99.0, temp2 = 99.0,temp3 = 99.0,temp4 = 99.0,temp5 = 99.0,temp6 = 99.0,temp7 = 99.0,temp8 = 99.0,temp9 = 99.0;

	// 1 2 3
	// 4 5 6
	// 7 8 9
	
		// get desired cell value
	temp5 = _grid.getCellValue(x, y);

	// get adjacent cell values
	temp2 = _grid.getCellValue(x, y - 1);
	temp6 = _grid.getCellValue(x + 1, y);
	temp8 = _grid.getCellValue(x, y + 1);
	temp4 = _grid.getCellValue(x - 1, y);
	
	// get diagonal cell values
	temp1 = _grid.getCellValue(x-1, y - 1);
	temp3 = _grid.getCellValue(x + 1, y-1);
	temp7 = _grid.getCellValue(x-1, y + 1);
	temp9 = _grid.getCellValue(x + 1, y+1);
	
	gaussianFiltMapCalc(x, y, temp1, temp2, temp3, temp4, temp5, temp6, temp7, temp8, temp9);

}

void gaussianfilter::appendixTable()
{

	//set up the grid with values from appendix
	///row 1
	_grid.setCellValue(1, 1, 32);
	_grid.setCellValue(2, 1, 32);
	_grid.setCellValue(3, 1, 32);
	_grid.setCellValue(4, 1, 34);
	_grid.setCellValue(5, 1, 34);
	_grid.setCellValue(6, 1, 36);
		///row 2
	_grid.setCellValue(1, 2, 26);
	_grid.setCellValue(2, 2, 26);
	_grid.setCellValue(3, 2, 26);
	_grid.setCellValue(4, 2, 26);
	_grid.setCellValue(5, 2, 30);
	_grid.setCellValue(6, 2, 36);

	///row 3
	_grid.setCellValue(1, 3, 18);
	_grid.setCellValue(2, 3, 18);
	_grid.setCellValue(3, 3, 18);
	_grid.setCellValue(4, 3, 24);
	_grid.setCellValue(5, 3, 24);
	_grid.setCellValue(6, 3, 24);

	///row 4
	_grid.setCellValue(1, 4, 14);
	_grid.setCellValue(2, 4, 16);
	_grid.setCellValue(3, 4, 16);
	_grid.setCellValue(4, 4, 22);
	_grid.setCellValue(5, 4, 22);
	_grid.setCellValue(6, 4, 24);

	///row 5
	_grid.setCellValue(1, 5, 14);
	_grid.setCellValue(2, 5, 14);
	_grid.setCellValue(3, 5, 14);
	_grid.setCellValue(4, 5, 20);
	_grid.setCellValue(5, 5, 20);
	_grid.setCellValue(6, 5, 18);

	///row 6
	_grid.setCellValue(1, 6, 16);
	_grid.setCellValue(2, 6, 20);
	_grid.setCellValue(3, 6, 20);
	_grid.setCellValue(4, 6, 22);
	_grid.setCellValue(5, 6, 24);
	_grid.setCellValue(6, 6, 26);

	///row 7
	_grid.setCellValue(1, 7, 16);
	_grid.setCellValue(2, 7, 22);
	_grid.setCellValue(3, 7, 22);
	_grid.setCellValue(4, 7, 24);
	_grid.setCellValue(5, 7, 26);
	_grid.setCellValue(6, 7, 30);

	///row 8
	_grid.setCellValue(1, 8, 18);
	_grid.setCellValue(2, 8, 24);
	_grid.setCellValue(3, 8, 24);
	_grid.setCellValue(4, 8, 26);
	_grid.setCellValue(5, 8, 28);
	_grid.setCellValue(6, 8, 32);

}

void gaussianfilter::gaussianFiltMapCalc (int x, int y, float float1, float float2, float float3, float float4, float float5, float float6, float float7, float float8, float float9)
{
	//	1	2	3
	//	4	5	6
	//	7	8	9

	float tmp1 = 99.0, tmp2 = 99.0, tmp3 = 99.0, tmp4 = 99.0, tmp5 = 99.0, tmp6 = 99.0, tmp7 = 99.0, tmp8 = 99.0, tmp9 = 99.0;

	tmp1 = float1;	tmp2 = float2;	tmp3 = float3;
	tmp4 = float4;	tmp5 = float5;	tmp6 = float6;
	tmp7 = float7;	tmp8 = float8;	tmp9 = float9;
	

	

	// calculate the influence of the inputted cell (cell 5)
	tmp5 = tmp5 * gArray[4];

	// calculate adjacent tiles
	tmp2 = tmp2 * gArray[1];
	tmp6 = tmp6 * gArray[5];
	tmp8 = tmp8 * gArray[7];
	tmp4 = tmp4 * gArray[3];


	// calculate diagonal tiles
	tmp1 = tmp1 * gArray[0];
	tmp3 = tmp3 * gArray[2];
	tmp9 = tmp9 * gArray[8];
	tmp7 = tmp7 * gArray[6];

	// set desired cell value
	_grid.setCellInfluence(x, y, tmp5);

	// set adjacent cell values
	_grid.setCellInfluence(x, y - 1, tmp2);
	_grid.setCellInfluence(x + 1, y, tmp6);
	_grid.setCellInfluence(x, y + 1, tmp8);
	_grid.setCellInfluence(x - 1, y, tmp4);

	// set diagonal cell values
	_grid.setCellInfluence(x - 1, y - 1, tmp1);
	_grid.setCellInfluence(x + 1, y - 1, tmp3);
	_grid.setCellInfluence(x - 1, y + 1, tmp9);
	_grid.setCellInfluence(x + 1, y + 1, tmp7);

}

float gaussianfilter::desiredCellInfluenceCalc2by2(float tmp1, float tmp2, float tmp3, float tmp4)
{
	float result = 0.0;
	result = tmp1 + tmp2 + tmp3 + tmp4;
	result = result / 4;
	return result;
}

float gaussianfilter::desiredCellInfluenceCalc2by3(float tmp1, float tmp2, float tmp3, float tmp4, float tmp5, float tmp6)
{
	float result = 0.0;
	result = tmp1 + tmp2 + tmp3 + tmp4 + tmp5 + tmp6;
	result = result / 6;
	return result;
}

float gaussianfilter::desiredCellInfluenceCalc3by3(float tmp1, float tmp2,  float tmp3,  float tmp4,  float tmp5,  float tmp6,  float tmp7,  float tmp8,  float tmp9)
{
	float result = 0.0;
	result = tmp1 + tmp2 + tmp3 + tmp4 + tmp5 + tmp6 + tmp7 + tmp8 + tmp9;
	cout << "sum of influence values is " << result;

	result = result / 9;
	return result;
}


[bookmark: _Toc4186364]influenceFromFile.h

#pragma once
class influenceFromFile
{
public:
	influenceFromFile();
	~influenceFromFile();

	void init();
	void setUp(); // read from file and put it into cell array of structs
	void calculateFilter(int x, int y);
	void demoInfluenceFromFile(); // has all the other methods for use
};




[bookmark: _Toc4186365]influenceFromFile.cpp
#pragma once
#include "influenceFromFile.h"
#include <stdio.h>
#include <iostream>
#include "gaussianfilter.h"
#include "cell.h"

cell _grid2;
gaussianfilter gFilt2;
//hardcoded rows and coloumns size from file
int rows = 5;
int columns = 8;

#include <fstream>	
using namespace std;

std::ifstream file(".\\influenceFile1.txt");

influenceFromFile::influenceFromFile()
{
}


influenceFromFile::~influenceFromFile()
{
}

void influenceFromFile::init()
{

	//initialize grid and cells
	//initialize the grid and cells
	int numOfCells = rows * columns;

	cout << "initializing the cells" << endl;
	_grid2.createGrid(columns, rows);
	_grid2.setUpCells(numOfCells);


	_grid2.printCellValues();
	cout << endl << endl << endl << endl; // create space between tables
	cout << "cells influence values are " << endl;
	_grid2.printCellInfluences();

}

void influenceFromFile::setUp()
{
	/// assign file numbers to the cell :)
	float float1, float2, float3, float4, float5, float6, float7, float8;
	int xIndex = 1;
	int yIndex = 1;


	while (file >> float1 >> float2 >> float3 >> float4 >> float5 >> float6 >> float7 >> float8)
	{
		//set the values been read from the file to the cell grid line by line
		_grid2.setCellValue(xIndex, yIndex, float1);
		xIndex++;

		_grid2.setCellValue(xIndex, yIndex, float2);
		xIndex++;

		_grid2.setCellValue(xIndex, yIndex, float3);
		xIndex++;

		_grid2.setCellValue(xIndex, yIndex, float4);
		xIndex++;

		_grid2.setCellValue(xIndex, yIndex, float5);
		xIndex++;

		_grid2.setCellValue(xIndex, yIndex, float6);
		xIndex++;

		_grid2.setCellValue(xIndex, yIndex, float7);
		xIndex++;

		_grid2.setCellValue(xIndex, yIndex, float8);
		xIndex = 1; // set back to 1 for next row

		yIndex++;

	}
}

void influenceFromFile::calculateFilter(int x, int y) {

	float temp1 = 99.0, temp2 = 99.0, temp3 = 99.0, temp4 = 99.0, temp5 = 99.0, temp6 = 99.0, temp7 = 99.0, temp8 = 99.0, temp9 = 99.0;

	// 1 2 3
	// 4 5 6
	// 7 8 9

	float result = 99;
	
	// get desired cell value
	temp5 = _grid2.getCellValue(x, y);

	// get adjacent cell values
	temp2 = _grid2.getCellValue(x, y - 1);
	temp6 = _grid2.getCellValue(x + 1, y);
	temp8 = _grid2.getCellValue(x, y + 1);
	temp4 = _grid2.getCellValue(x - 1, y);

	// get diagonal cell values
	temp1 = _grid2.getCellValue(x - 1, y - 1);
	temp3 = _grid2.getCellValue(x + 1, y - 1);
	temp7 = _grid2.getCellValue(x - 1, y + 1);
	temp9 = _grid2.getCellValue(x + 1, y + 1);

	// multiply the values by the filter

	// desired cell
	temp5 = temp5 * gFilt2.gArray[4];

	//adjacent
	temp2 = temp2 * gFilt2.gArray[1];
	temp6 = temp6 * gFilt2.gArray[5];
	temp8 = temp8 * gFilt2.gArray[7];
	temp4 = temp4 * gFilt2.gArray[3];
	
	//corners
	temp1 = temp1 * gFilt2.gArray[0];
	temp3 = temp3 * gFilt2.gArray[2];
	temp6 = temp6 * gFilt2.gArray[5];
	temp9 = temp9 * gFilt2.gArray[8];

	
	result = gFilt2.desiredCellInfluenceCalc3by3(temp1, temp2, temp3, temp4, temp5, temp6, temp7, temp8, temp9);
	cout << endl;
	cout << " the value divided by 9, the influence for cell result is " << result << endl;;
	_grid2.setCellInfluence(x, y, result);
	

}

//void influenceFromFile::multiplyFilter(float temp1,float temp2, float temp3, float temp4, float temp5, float temp6, float temp7, float temp8, float temp9) {
//
//}

void influenceFromFile::demoInfluenceFromFile()
{
	
	init();

	setUp();
	
	cout << " updating cell values with the values from the file " << endl;
	_grid2.printCellValues();
	cout << endl << endl << endl;

	int choiceX;
	int choiceY;
	cout << "please enter the x and y co - ordinates of the cell you wish to calculate the influence for " << endl;
	cin >> choiceX >> choiceY;
	cout << endl;
	cout << "you have chosen cell" << choiceX << " , " << choiceY << endl;
	
	float temp;
	temp = _grid2.getCellValue(choiceX, choiceY);
	cout << " the value you chose is " << temp << endl;

	cout << endl << endl << endl; // create space between tables

	cout << "the gaussian filter will be applied to cell 2,2 using the gaussian filter" << endl;
	/*cout << " the gaussian filter is " << endl;
	gFilt2.printGaussianFilter();*/
	cout << endl << endl << endl; // create space between tables
	calculateFilter(choiceX,choiceY);
	cout << " the resulting influence map for cell" << choiceX << " , " << choiceY << " is " << endl;
	_grid2.printCellInfluences();
	

	
	system("pause");

}
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for (int i = 0 i < GRIDHEIGHT; i++)
{
for (int j = 0; j < GRIDWIDTH; j++)
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// set the x & y indexes in the cell & the cell number index
this->cellArray[cellNumber].id = cellNumber+l;
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