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	Lecturer:
	Gordon Dickers
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	 Andrew Baker

	Assignment Title:
	Advanced AI and Machine Learning Assignment 1A
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	Submission deadline:
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	Referencing:
	In the main body of your submission you must give credit to authors on whose research your work is based. Append to your submission a reference list that indicates the books, articles, etc. that you have read or quoted in order to complete this assignment (e.g. for books: surname of author and initials,  year of publication, title of book, edition, publisher: place of publication). 
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	I declare that this assignment is all my own work and that I have acknowledged all materials used from the published or unpublished works of other people. All references have been duly cited.
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	Late submission will result in a late penalty mark, as follows: 
Up to one week late, maximum mark of 40% for first attempts. No late submission for resit work.
(Academic Quality Handbook 2016/17 7.5 (5))
Only the Extenuating Circumstances Committee may grant an extension.



	Learning Outcomes tested
(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.




· 


	
                 MARKING CRITERIA AND STUDENT FEEDBACK



This section details the assessment criteria. The extent to which these are demonstrated by you determines your mark. The marks available for each criterion 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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	Common Assessment Criteria Applied
	Marks available
	Marks 
awarded

	1. Research-informed Literature 
Extent of research and/or own reading, selection of credible sources, application of appropriate referencing conventions.
	
	

	





	10
	

	
	
	

	2. Knowledge and Understanding of Subject
Extent of knowledge and understanding of concepts and underlying principles associated with the discipline.
	
	

	





	25
	

	
	
	

	3. Analysis
Analysis, evaluation and synthesis; logic, argument and judgement; analytical reflection; organisation  of ideas and evidence
	
	

	





	20
	

	
	
	

	4. Practical Application and Deployment
Deployment of methods, materials, tools and techniques; application of concepts; formulation of innovative and creative solutions to solve problems.
	
	

	





	40
	

	
	
	

	5. Skills for Professional Practice 
Attributes in professional practice: individual and collaborative working; deployment of appropriate media; presentation and organisation.
	
	

	




	5
	

	
	
	



	Assignment 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 one week late
	
	

	
	1st/2nd/3rd attempt?
	1st
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MASTERS COMMON ASSESSMENT AND MARKING CRITERIA



	
	FAIL
	FAIL
	SATISFACTORY
	GOOD
	VERY GOOD
	EXCELLENT
	EXCEPTIONAL

	Assessment Criteria
	FAIL 0-39%
	FAIL 40-49%*
	PASS 50-59%
	PASS 60-69%
	MERIT 70-79%
	DIST’ION 80-89%
	DIST’ION 90-100%

	1. Research-informed Literature 
Extent of research and/or own reading,  selection of credible sources, application of appropriate referencing conventions 


	Little or no evidence of reading.
Views and findings unsupported and non-authoritative.
Referencing conventions largely ignored.
	Poor evidence of reading and/or of reliance on inappropriate sources, and/or indiscriminate use of sources.
Referencing conventions used inconsistently.
	References to a limited range of mostly relevant sources. Some omissions and minor errors.
Referencing conventions evident though not always applied consistently.


	Inclusion of a range of research-informed literature, including sources retrieved independently. Referencing conventions mostly consistently applied.


	Inclusion of a wide range of research-informed literature, including sources retrieved independently.
Selection of relevant and credible sources.  Very good use of referencing conventions, consistently applied.
	A comprehensive range of research informed literature embedded in the work. Excellent selection of relevant and credible sources. High-level referencing skills, consistently applied.

	Outstanding knowledge of research-informed literature embedded in the work. Outstanding selection of relevant and credible sources. High-level referencing skills consistently and professionally applied

	2. Knowledge and Understanding of Subject
Extent of systematic knowledge, understanding and critical awareness of concepts and underlying principles associated with the discipline.
	Major gaps in knowledge and understanding of material at this level. Substantial inaccuracies.
	Gaps in knowledge, with only superficial understanding. Some significant inaccuracies.
	Evidence of knowledge and understanding of current and relevant concepts and underlying principles but with some gaps or errors. 
	Knowledge is accurate with a good understanding of the field of study.
	Knowledge is extensive.  Exhibits understanding of the breadth and depth of established and contemporary views. 
	Excellent mastery of a complex and specialised area of knowledge and skills, with an excellent critical awareness of current problems and/or new insights at the forefront of the field. Clear awareness of challenges to established views and the limitations of the knowledge base.
	Exceptional mastery of a complex and specialised area of knowledge and skills, with an exceptional critical awareness of current problems and/or new insights at the forefront of the field. A critical awareness of the ambiguities and limitations of knowledge.

	3.  Analysis
Analysis, evaluation and synthesis; logic, argument and judgement; analytical reflection; organisation  of ideas and evidence
	Unsubstantiated generalisations, made without use of any credible evidence. Lack of logic, leading to unsupportable/ missing conclusions. Lack of any attempt to analyse, synthesise or evaluate.
	Some evidence of analytical intellectual skills, but for the most part descriptive. Ideas/findings sometimes illogical and contradictory. Generalised statements made with scant evidence. Conclusions lack relevance.
	Evidence of some logical, critical thinking and some attempts to synthesise, albeit with some weaknesses.
Some evidence to support findings/ views, but evidence not consistently interpreted.
Some relevant conclusions and recommendations, where relevant.
	Evidence of logical, analytical, critical thinking and synthesis. Can analyse new and/or complex data and situations without guidance.
An emerging awareness of different stances and ability to use evidence to support the argument.
Valid conclusions and recommendations, where relevant
	Evaluates methodologies, current research and ideas critically and, where appropriate, proposes new hypotheses/ideas. Evaluates and synthesises complex issues both systematically and creatively.  Makes sound judgements and proposes convincing arguments in the absence of complete data.  Sound, convincing conclusions / recommendations.
	Excellent critical evaluation of methodologies, current research and ideas and, where appropriate, proposes new hypotheses/ ideas.  Evaluates and synthesises complex issues systematically and creatively.  Makes excellent judgements and proposes convincing arguments in the absence of complete data.  Strong, persuasive, conclusions, justifiable recommendations. Work is of conference publishable quality.
	Exceptional critical evaluation of methodologies, current research and ideas and, where appropriate, proposes new hypotheses/ ideas.  Evaluates and synthesises complex issues at a high level of mastery.  Makes outstanding judgements and proposes highly convincing arguments in the absence of complete data.  Highly persuasive conclusions. Work is of journal publishable quality.

	4. Practical Application and Deployment
Effective deployment of appropriate methods, materials, tools and techniques; extent of skill demonstrated in the application of concepts to a variety of processes and/or contexts; formulation of innovative, original and creative solutions to solve problems. 
	Limited or no use of methods, materials, tools and/or techniques.
Little or no appreciation of the context of the application.








	Rudimentary application of methods, materials, tools and/or techniques but without consideration and competence. Flawed appreciation of the context of the application.


	A satisfactory awareness and mostly appropriate application of well-established methods, materials, tools and/or techniques.
Some appreciation of the context of the application.





	A good and appropriate application of standard methods, materials, tools and/or techniques.
Good appreciation of the context of the application, with some use of examples, where relevant.





	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 use of examples, where relevant.
Evidence of some originality, innovation and creativity. 
	An advanced application of a range of methods, materials, tools and/or techniques.
The context of the application is well considered, with extensive use of relevant examples.
Application and deployment extend beyond established conventions.  Originality, innovation and/or creativity evident throughout.
	Outstanding levels of application and deployment skills. Assimilation and development of cutting edge processes and techniques.







	5. Skills for Professional Practice 
Demonstrates attributes expected in professional practice including: individual initiative and collaborative working; deployment of appropriate media to communicate (including written and oral); clarity and effectiveness in presentation and organisation.
	Communication media is inappropriate or misapplied.
Little or no evidence of autonomy in the completion of tasks.
Work is poorly structured and/or largely incoherent.
	Media is poorly designed and/or not suitable for the audience. 
Poor independent or collaborative initiative.
Work lacks structure, organisation, and/or coherence
	Can communicate clearly to specialist and non-specialist audiences in a suitable format but with some room for improvement. 
Can work autonomously and as part of a team, but with limited involvement in group activities. 
Work lacks coherence in places and could be better structured.
	Can communicate effectively in a suitable format, but may have minor errors.
Can work effectively autonomously  and as part of a team, with clear contribution to group activities. 
Mostly coherent work and is in a suitable structure.
	Can communicate well, confidently and consistently in a suitable format.
Can work very well autonomously and as part of a team, with very good contribution to group activities. 
Work is coherent and fluent and is well structured and organised.
	Can communicate professionally and, confidently in a suitable format.
Can work professionally autonomously and within a team, showing leadership skills as appropriate, managing conflict and meeting obligations.
Work is coherent, very fluent and is presented professionally.
	Can communicate with an exceptionally high level of professionalism. 
Can work exceptionally well and professionally autonomously and within a team, showing advanced leadership skills.
Work is exceptionally coherent, very fluent and is presented professionally.
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BACHELORS COMMON ASSESSMENT AND MARKING CRITERIA



	
	OUTRIGHT FAIL
	UNSATISFACTORY
	SATISFACTORY
	GOOD
	VERY GOOD
	EXCELLENT
	EXCEPTIONAL

	Assessment Criteria
	0-29%
	30-39%*
	40-49%
	50-59%
	60-69%
	70-79%
	80-100%

	1. Research-informed Literature 
Extent of research and/or own reading,  selection of credible sources, application of appropriate referencing conventions 
	Little or no evidence of reading.
Views and findings unsupported and non-authoritative.
Referencing conventions largely ignored.
	Poor evidence of reading and/or of reliance on inappropriate sources, and/or indiscriminate use of sources.
Referencing conventions used inconsistently.
	References to a limited range of mostly relevant sources. Some omissions and minor errors.
Referencing conventions evident though not always applied consistently.
	Inclusion of a range of research-informed literature, including sources retrieved independently. Referencing conventions mostly consistently applied.
	Inclusion of a wide range of research-informed literature, including sources retrieved independently.
Selection of relevant and credible sources.  Very good use of referencing conventions, consistently applied.
	A comprehensive range of research informed literature embedded in the work. Excellent selection of relevant and credible sources. High-level referencing skills, consistently applied.
	Outstanding knowledge of research-informed literature embedded in the work. Outstanding selection of relevant and credible sources. High-level referencing skills consistently and professionally applied.

	2. Knowledge and Understanding of Subject
Extent of knowledge and understanding of concepts and underlying principles associated with the discipline.
	Major gaps in knowledge and understanding of material at this level. Substantial inaccuracies.
	Gaps in knowledge, with only superficial understanding. Some significant inaccuracies.
	Evidence of basic knowledge and understanding of the relevant concepts and underlying principles. 
	Knowledge is accurate with a good understanding of the field of study.
	Knowledge is extensive.  Exhibits understanding of the breadth and depth of established views. 
	Excellent knowledge and understanding of the main concepts and key theories. Clear awareness of challenges to established views and the limitations of the knowledge base.
	Highly detailed knowledge and understanding of the main theories/concepts, and a critical awareness of the ambiguities and limitations of knowledge.

	3.  Analysis
Analysis, evaluation and synthesis; logic, argument and judgement; analytical reflection; organisation  of ideas and evidence
	Unsubstantiated generalisations, made without use of any credible evidence. Lack of logic, leading to unsupportable/ missing conclusions. Lack of any attempt to analyse, synthesise or evaluate.
	Some evidence of analytical intellectual skills, but for the most part descriptive. Ideas/findings sometimes illogical and contradictory. Generalised statements made with scant evidence. Conclusions lack relevance.
	Evidence of some logical, analytical thinking and some attempts to synthesise, albeit with some weaknesses.
Some evidence to support findings/ views, but evidence not consistently interpreted.
Some relevant conclusions and recommendations, where relevant
	Evidence of some logical, analytical thinking and synthesis. Can analyse new and/or abstract data and situations without guidance.
An emerging awareness of different stances and ability to use evidence to support the argument.
Valid conclusions and recommendations, where relevant
	Sound, logical, analytical thinking; synthesis and evaluation. Ability to devise and sustain persuasive arguments, and to review the reliability, validity & significance of evidence. Ability to communicate ideas and evidence accurately and convincingly.
Sound, convincing conclusions / recommendations.
	Thoroughly logical work, supported by evaluated evidence. High quality analysis, developed independently or through effective collaboration.
Ability to investigate contradictory information and identify reasons for contradictions.
Strong, persuasive, conclusions, justifiable recommendations.
	Exceptional work; judiciously selected and evaluated evidence. Very high quality analysis, developed independently or through effective collaboration.
Ability to investigate contradictory information and identify reasons for contradictions.
Highly persuasive conclusions

	4. Practical Application and Deployment
Effective deployment of appropriate methods, materials, tools and techniques; extent of skill demonstrated in the application of concepts to a variety of processes and/or contexts; formulation of innovative and creative solutions to solve problems. 
	Limited or no use of methods, materials, tools and/or techniques.
Little or no appreciation of the context of the application.
	Rudimentary application of methods, materials, tools and/or techniques but without consideration and competence. Flawed appreciation of the context of the application.


	An adequate awareness and mostly appropriate application of well-established methods, materials, tools and/or techniques.
Basic appreciation of the context of the application.

	A good and appropriate application of standard methods, materials, tools and/or techniques.
Good appreciation of the context of the application, with some use of examples, where relevant.

	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 use of examples, where relevant.
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, with extensive use of relevant examples.
Application and deployment extend beyond established conventions.  Innovation and creativity evident throughout.
	Outstanding levels of application and deployment skills. Assimilation and development of cutting edge processes and techniques.

	5. Skills for Professional Practice 
Demonstrates attributes expected in professional practice including: individual initiative and collaborative working; deployment of appropriate media to communicate (including written and oral); clarity and effectiveness in presentation and organisation.
	Communication media is inappropriate or misapplied.
Little or no evidence of autonomy in the completion of tasks.
Work is poorly structured and/or largely incoherent.
	Media is poorly designed and/or not suitable for the audience. 
Poor independent or collaborative initiative.
Work lacks structure, organisation, and/or coherence
	Can communicate in a suitable format but with some room for improvement. 
Can work as part of a team, but with limited involvement in group activities. 
Work lacks coherence in places and could be better structured.
	Can communicate effectively in a suitable format, but may have minor errors.
Can work effectively as part of a team, with clear contribution to group activities. 
Mostly coherent work and is in a suitable structure.
	Can communicate well, confidently and consistently in a suitable format.
Can work very well as part of a team, with very good contribution to group activities. 
Work is coherent and fluent and is well structured and organised.
	Can communicate professionally and, confidently in a suitable format.
Can work professionally within a team, showing leadership skills as appropriate, managing conflict and meeting obligations.
Work is coherent, very fluent and is presented professionally.
	Can communicate with an exceptionally high level of professionalism. 
Can work exceptionally well and professionally within a team, showing advanced leadership skills.
Work is exceptionally coherent, very fluent and is presented professionally.
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FdSc & HN COMMON ASSESSMENT AND MARKING CRITERIA



	
	OUTRIGHT FAIL
	UNSATISFACTORY
	SATISFACTORY
	GOOD
	VERY GOOD
	EXCELLENT
	EXCEPTIONAL

	Assessment Criteria
	REFER (equivalent to 0-29%
	REFER (equivalent to 30-39%*
	PASS (equivalent to 40-49%)
	PASS (equivalent to 50-59%)
	MERIT (equivalent to 60-69%
	DISTINCTION (equivalent to 70-79%
	DISTINCTION (equivalent to 80-100%

	1. Research-informed Literature 
Extent of research and/or own reading,  selection of credible sources, application of appropriate referencing conventions 
	Little or no evidence of reading.
Views and findings unsupported and non-authoritative.
Referencing conventions largely ignored.
	Poor evidence of reading and/or of reliance on inappropriate sources, and/or indiscriminate use of sources.
Referencing conventions used inconsistently.
	References to a limited range of mostly relevant sources. Some omissions and minor errors.
Referencing conventions evident though not always applied consistently.
	Inclusion of a range of research-informed literature, including sources retrieved independently. Referencing conventions mostly consistently applied.
	Inclusion of a wide range of research-informed literature, including sources retrieved independently.
Selection of relevant and credible sources.  Very good use of referencing conventions, consistently applied.
	A comprehensive range of research informed literature embedded in the work. Excellent selection of relevant and credible sources. High-level referencing skills, consistently applied.
	Outstanding knowledge of research-informed literature embedded in the work. Outstanding selection of relevant and credible sources. High-level referencing skills consistently and professionally applied.

	2. Knowledge and Understanding of Subject
Extent of knowledge and understanding of concepts and underlying principles associated with the discipline.
	Major gaps in knowledge and understanding of material at this level. Substantial inaccuracies.
	Gaps in knowledge, with only superficial understanding. Some significant inaccuracies.
	Evidence of basic knowledge and understanding of the relevant concepts and underlying principles. 
	Knowledge is accurate with a good understanding of the field of study.
	Knowledge is extensive.  Exhibits understanding of the breadth and depth of established views. 
	Excellent knowledge and understanding of the main concepts and key theories. Clear awareness of challenges to established views and the limitations of the knowledge base.
	Highly detailed knowledge and understanding of the main theories/concepts, and a critical awareness of the ambiguities and limitations of knowledge.

	3.  Analysis
Analysis, evaluation and synthesis; logic, argument and judgement; analytical reflection; organisation  of ideas and evidence
	Unsubstantiated generalisations, made without use of any credible evidence. Lack of logic, leading to unsupportable/ missing conclusions. Lack of any attempt to analyse, synthesise or evaluate.
	Some evidence of analytical intellectual skills, but for the most part descriptive. Ideas/findings sometimes illogical and contradictory. Generalised statements made with scant evidence. Conclusions lack relevance.
	Evidence of some logical, analytical thinking and some attempts to synthesise, albeit with some weaknesses.
Some evidence to support findings/ views, but evidence not consistently interpreted.
Some relevant conclusions and recommendations, where relevant
	Evidence of some logical, analytical thinking and synthesis. Can analyse new and/or abstract data and situations without guidance.
An emerging awareness of different stances and ability to use evidence to support the argument.
Valid conclusions and recommendations, where relevant
	Sound, logical, analytical thinking; synthesis and evaluation. Ability to devise and sustain persuasive arguments, and to review the reliability, validity & significance of evidence. Ability to communicate ideas and evidence accurately and convincingly.
Sound, convincing conclusions / recommendations.
	Thoroughly logical work, supported by evaluated evidence. High quality analysis, developed independently or through effective collaboration.
Ability to investigate contradictory information and identify reasons for contradictions.
Strong, persuasive, conclusions, justifiable recommendations.
	Exceptional work; judiciously selected and evaluated evidence. Very high quality analysis, developed independently or through effective collaboration.
Ability to investigate contradictory information and identify reasons for contradictions.
Highly persuasive conclusions

	4. Practical Application and Deployment
Effective deployment of appropriate methods, materials, tools and techniques; extent of skill demonstrated in the application of concepts to a variety of processes and/or contexts; formulation of innovative and creative solutions to solve problems. 
	Limited or no use of methods, materials, tools and/or techniques.
Little or no appreciation of the context of the application.
	Rudimentary application of methods, materials, tools and/or techniques but without consideration and competence. Flawed appreciation of the context of the application.


	An adequate awareness and mostly appropriate application of well-established methods, materials, tools and/or techniques.
Basic appreciation of the context of the application.

	A good and appropriate application of standard methods, materials, tools and/or techniques.
Good appreciation of the context of the application, with some use of examples, where relevant.

	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 use of examples, where relevant.
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, with extensive use of relevant examples.
Application and deployment extend beyond established conventions.  Innovation and creativity evident throughout.
	Outstanding levels of application and deployment skills. Assimilation and development of cutting edge processes and techniques.

	5. Skills for Professional Practice 
Demonstrates attributes expected in professional practice including: individual initiative and collaborative working; deployment of appropriate media to communicate (including written and oral); clarity and effectiveness in presentation and organisation.
	Communication media is inappropriate or misapplied.
Little or no evidence of autonomy in the completion of tasks.
Work is poorly structured and/or largely incoherent.
	Media is poorly designed and/or not suitable for the audience. 
Poor independent or collaborative initiative.
Work lacks structure, organisation, and/or coherence
	Can communicate in a suitable format but with some room for improvement. 
Can work as part of a team, but with limited involvement in group activities. 
Work lacks coherence in places and could be better structured.
	Can communicate effectively in a suitable format, but may have minor errors.
Can work effectively as part of a team, with clear contribution to group activities. 
Mostly coherent work and is in a suitable structure.
	Can communicate well, confidently and consistently in a suitable format.
Can work very well as part of a team, with very good contribution to group activities. 
Work is coherent and fluent and is well structured and organised.
	Can communicate professionally and, confidently in a suitable format.
Can work professionally within a team, showing leadership skills as appropriate, managing conflict and meeting obligations.
Work is coherent, very fluent and is presented professionally.
	Can communicate with an exceptionally high level of professionalism. 
Can work exceptionally well and professionally within a team, showing advanced leadership skills.
Work is exceptionally coherent, very fluent and is presented professionally.
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The author has written about the different search methods like hill climbing, Manhattan distance and A* search algorithm into an application to solve an 8 tiles games, so that the randomised tiles reach the end goal state of the AI search. He has also explained how the search algorithm works and the steps that they take while searching for a solution to the end goal state. The author has also critically evaluated the search algorithm explaining their shortcomings and how to solve them. The algorithm has also been tested checking to see how many times that it can complete the search through the 8 tiles, to rearrange them back to the end goal state and compared the differences between the hill climbing, Manhattan distance and A* search algorithm.
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Hill Climbing Search Algorithm technique allows us to find a solution to problem by performing multiple steps. The technique start at the base of the hill, walks upwards until reach the top of the hill. Starts with the initial state of the problem and keeps improving the solution to the problem until its best solution possible.  The algorithm is a variation of a generate and test algorithm that discards all the states that do not look promising or seem unlikely to lead to the goal state of the problem. To make the decision it uses heuristic that indicates how close the current state of the problem is to the goal state of the problem.
There are many different steps to hill climbing algorithm takes and they are:

Step 1- it defines the current state as the initial state of the problem.
Step 2- loops until the goal state of the problem has been achieved or until there are no more possible operators that can be applied to the current state of the problem:
· 2.1 Apply the operation to the current state and generates a new state
· 2.2 Compares the new state is the goal state of the problem
· 2.3 Quit the problem if the goal state has been achieved 
· 2.4 Evaluates the new state with the heuristic function and then it compares it with the current state of the problem.
· 2. 5 Checks if the newer state is closer to the goal end state of the problem compared to the current state. 
· 2. 6 Updates the current state if it is closer.
The hill climbing algorithm finds the goal state with iterative improvements, and is the equivalent to reaching the top of the hill.
(1) (2) (3)
 
[bookmark: _Toc510466094]Applied Hill Climbing to 8 Tile Game

The hill climbing algorithm work by checking to see if it can move in either 4 of the direction up, left, right and down. After it check if its ok for it to move in the direction it, it moves the blank space tile into the directions and checks how may tiles are out of place. Then it stores the number in a variable and moves the tile back to the previous position. The solutions then pick the direction which has the least number of tiles out of place and move the blank space to that location.  


[bookmark: _Toc510466095]Starting Position						End Position
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[bookmark: _Toc510466096]First Move							Second Move


Checks all direction around the blank space and moves up to put 8 back into its end goal position.

Checks all direction around the blank space and moves right to put 7 back into its end goal position.
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Checks all direction around the blank space and moves up to put 4 back into its end goal position.

Checks all direction around the blank space and moves left to put 5 back into its end goal position.
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Checks all direction around the blank space and moves left to put 1 back into its end goal position.
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Hill climbing is a short-sighted technique which only evaluates only immediate possibilities to solve the problem. Sometimes it may end up in few situations where it cannot pick any further states. There are three different states that the hill climbing algorithm can get caught in and they are local maximum, plateau and the ridge. 

[bookmark: _Toc510466101]Local Maximum

Local maximum is a state which is better than all the neighbours state, but there exists a better sate which is far from the current state of the problem. The local maxima is generally lower than the global maximum and at this point the direction to move in cannot be decided easily. If the local maximum occurs within the sight of the solution which is known as “foothills”. (1)(2)(3)


[image: http://www.brainkart.com/media/extra/V7Cmw5s.jpg]

Figure 1 – Local Maximima
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The plateau is a state in which all the neighbouring states have same heuristic values, so it makes it unclear which way to choose for the next state by making local comparisons. (1)(2)(3)

[image: http://www.brainkart.com/media/extra/qJRhFtJ.jpg]
Figure 2 - Plateau
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The ridge is an area in which is higher than the surrounding states but it cannot be reached in a single move. If you have four possible direction to explore and there is an area which exist diagonal to the position it cannot be reached. (1)(2)(3)

[image: http://www.brainkart.com/media/extra/p9TiWGM.jpg]
Figure 3 - Ridges
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While using the hill climbing search method, the question is whether you have reached the highest hill possible for the solution. Without adding further extensive exploration through the problem, you will not find out if the highest hill has been found. The hill climbing technique works but it only uses the local information and that why it can run into problems. It does not maintain a search tree so that the current node data structure, so it only needs to record the state and its goal state of the function. Hill climbing assumes that the local improvements will lead to the global improvements for the solution. There are many different approaches that can be taking to fix the local maximum, plateau and ridge and they are backtrack, jump, explore several directions. 

[bookmark: _Toc510466105]Backtrack

 The backtrack approach works by going back to one of the previous states and exploring the other direction to see if the goal state can be achieved through them direction. To implement the backtrack approach you can maintain a list of paths almost taken and go back to one of them and if the path was takin, that leads to dead end in the search then go back to another one.
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The jump solution is that you can skip a few states and make a jump in a new direction. This expose several directions can be used to figure out the correct path that should be taking to reach the goal state of the problem. The jump solution Is best way to handle a problem like the plateau.

Another approach to improving hill climbing search algorithm is modify it to the steepest ascent hill climbing algorithm, which considers all possible states from the current state and then picks the best one as a successor, unlike the simple hill climbing algorithm. Instead of just picking the closet one to the end goal of the problem, steepest ascent hill climbing algorithm chooses the best successor among all possible successors and then updates the current state of the problem.

[bookmark: _Toc510466107]Manhattan Distance

The Manhattan distance is nothing but just a sum of the absolute values of the differences in the goal x and y coordinates and the current x and y coordinates. The Manhattan distance is computed by calculating the total number squares that are moved horizontally and vertically to reach the target end goal state from the current state of the problem. While using the manhattan distance you ignore any diagonal movement and any obstacles that might be in the way. Manhattan distance is a simplest heuristic that is ideal for the 8tile game because the movement allows 4way movement through the left, right, up and down direction. The distance is picked by using a scale that matches the cost of function, for the best path and the heuristic sets distance, to the lowest cost between the 8-tile search. 
When there are no obstacles stopping the movement of the 8tile blank space, the minimum movement of the cost for distance. Moving closer to the goal and it should increase the goal distance and decrease the heuristic distance by the distance.  When you add the two of them and they stay the same, that is sign that the heuristic and the cost function scale match. You can give optimal paths to the a* algorithm to make it run faster by increasing the distance, or by decreasing the ratio that the lowest and highest edge costs.

[image: ]

Figure 4 – Manhattan Distance

While applying the Manhattan distance to the 8 tiles as a search algorithm to find the shortest distance, it can get caught in a deadlock by there being multiple direction, that have the same value for the distance moving the 8 tiles back into their end goal location. The algorithm would not now which direction to pick for the search because both would have the same result. The Manhattan distance would be moving the blank space which is 0, to achieve the end goal position of the 8 tiles AI Search.
(5)(6)(7)(8)

[bookmark: _Toc510466108]A * Search Algorithm

A* works by maintaining two list which are open list and the closed lost. The purpose of the open list is to hold all potential best path nodes for movement in the 8tile search, that have not been considered starting the first node which called the start node. If the open list ever becomes empty then there is no other possible path for the AI search through. the closed list starts out empty and contains all the nodes that have already been considered and visited while taking place.
The main loop for the A* search selects the nodes from the open list that have the lowest estimated cost to reach the goal. If the node that is selected is not the end goal node, it puts all its valid neighbouring nodes onto the open list and repeats the process. With this algorithm all the created nodes keep a reference to their parent nodes, which makes it possible to backtrack back to the start node from any nodes created by the A* algorithm.

[bookmark: _Toc510466109]Node

 The node stores the positioning value like x and y position, reference to its parents and has three scores associated with it. Scores is how the algorithm determines which of the nodes to consider first.

[bookmark: _Toc510466110]Heretic Score

The heuristic is easy way to estimate the distance between each node and goal node that you are trying to achieve. It is computationally easy which is very important as the h score is calculated at least once, for every node that is considered before it reach the goal state. 
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[bookmark: _Toc510466111]Figure 5 – A* search

(5)(6)(7)(8)
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[bookmark: _Toc510466113]Hill Climbing Search Method

Multiple test was run using the hill climbing to see if the search method would get caught in a deadlock and not be able to solve the puzzle.

	Test No
	Randomised 8 Tiles
	End Goal 8 Tiles
	Weather it achieved the end goal

	1
	Provided 8 Tiles puzzle

1, 4, 2
3, 5, 8
6, 0, 7
	0, 1, 2
3, 4, 5
6, 7, 8
	No deadlock end goal achieved

	2
	6, 0, 2
4, 1, 5
7, 3, 8
	0, 1, 2
3, 4, 5
6, 7, 8
	Deadlock, it couldn’t figure out which direction is best to take.
It couldn’t move and of the starting tiles

	3
	1, 5, 4
7, 0, 2
3, 6, 8
	0, 1, 2
3, 4, 5
6, 7, 8
	Deadlock, it couldn’t figure out which direction is best to take.
It couldn’t move and of the starting tiles

	4
	2, 3, 5
1, 7, 4
0, 6, 8
	0, 1, 2
3, 4, 5
6, 7, 8
	Deadlock, it couldn’t figure out which direction is best to take.
It moved the blank space around for 6 moves and got caught in a deadlock.

	5
	0, 3, 5
6, 2, 1
7, 4, 8
	0, 1, 2
3, 4, 5
6, 7, 8
	Deadlock, it couldn’t figure out which direction is best to take.
It couldn’t move and of the starting tiles




[bookmark: _Toc510466114]Comparison Between Search Algorithm

Hill climbing search method checks the different direction that it can move in the 8 tiles search like up, down, right and left and see which direction put the most number of tiles back into their original place and picks that direction for the movement and repeats, until the end goal state or no further progress can be made. While the Manhattan distance checks for the shortest distance between the current goal and the end goal of the 8 tiles search and picks that direction. It the moves in that direction and checks again against to end goal state of the 8 tiles search until it has been reached or until no further progress can be made. While the A* star search checks by creating two lists and open and closed. 
The search uses the list for storing of the current nodes available that it can move to and when it has made the move, it passes them to the closed list. This allows the A* star search to back track if the current node does not have any more moves to move the 8 tiles back into place.  Hill climbing and Manhattan distance searches do not store the previous moves made, so that means it can back track through the 8 tiles maze if it gets stuck in a deadlock, while A* search method does store the previous movement. The allows A* star search to not get caught in a deadlock while moving the 8 tiles around, to get them into the end goal position.  The conclusion to which search algorithm is the best to use, is the A* search method for the AI so that it does not get stuck in a location while trying to solve the problem. The simple search methods like the hill climbing and Manhattan distance search can me modified to store the previous movement, so that it backtracks to find direction to achieve the end goal of the search. 
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Jump

The jump solution is that you can skip a few states and make a jump in a new direction. This expose several directions can be used
to figure out the correct path that should be taking to reach the goal state of the problem. The jump solution Is best way to handle
a problem like the plateau.

Another approach to improving hill climbing search algorithm is modify it to the steepest ascent hill climbing algorithm, which
considers all possible states from the current state and then picks the best one as a successor, unlike the simple hill climbing
algorithm. Instead of just picking the closet one to the end goal of the problem, steepest ascent hill climbing algorithm chooses the
best successor among all possible successors and then updates the current state of the problem.

A * Manhattan Search Algorithm

A* works by maintaining two list which are open list and the closed lost. The purpose of the open list is to hold all potential best
path nodes for movement in the 8tile search, that have not been considered starting the first node which called the start node. If
the open list ever becomes empty then there is no other possible path for the AI search through. the closed list starts out empty and
contains all the nodes that have already been considered and visited while taking place.

The main loop for the A* search selects the nodes from the open list that have the lowest estimated cost to reach the goal. If the
node that is selected is not the end goal node, it puts all its valid neighbouring nodes onto the open list and repeats the process.
‘With this algorithm the created nodes keep a reference to their parent nodes, which makes it possible to backtrack back to
the start node from any nodes created by the A* algorithm.

Node

The node stores the positioning value like x and y position, reference to its parents and has three scores associated with it. Scores
is how the algorithm determines which of the nodes to consider first.

Heretic Score

The heuristic is easy way to estimate the distance between each node and goal node that you are trying to achieve. It is
computationally easy which is very important as the h score is calculated at least once, for every node that is considered before it
reach the goal state.

Manhattan Distance

The manhaftan distance is nothing but just a sum of the absolute values of the differences in the goal x and y coordinates and the
current x and y coordinates.

Appling Manhattan climbing to 8 Tile Game

Shortcomings to Manhattan Search Algorithm
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H score - the heuristic

The heuristic is a computationally easy estimate of the distance between each
node and the goal. This being computationally easy is very important as the H
score will be calculated at least once for every node considered before
reaching the goal. The implementation of the H score can vary depending on
the properties of the graph being searched, here are the most common
heuristics.

Manhattan distance

This is the simplest heuristic and is ideal for grids that allow 4-way movement
(up, down, left, right).

h(n) = |n.x — goal.z| + |n.y — goal.y|

Diagonal distance (uniform cost)
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A* Search Algorithm makes the
most intelligent choice at each
step. Hence you can see that
algorithm goes from (4,2) to (3,3)
and not (4,3) (shown by cross).

Similarly the algorithm goes from
(3,3) to (2,2) and not (2,3)
(shown by cross).
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