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MODULE TUTOR / TIWTOR Y MODIWL: Mike Dacey 
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· Make sure that Your Name , Your Student P Number, Your Module Title, Assignment Title and Your Module Lecturer’s Name are clearly shown on the front page of your assignment
· All assignments must be submitted electronically to Turnitin unless indicated by the module lecturer here: …………………………………………...
· If lecturer additionally requires you to upload coding separately to Moodle it will be indicated here: ………….YES ………..….
· If a paper submission is required then it will be indicated here: … NO……….
you will then be required to submit the assignment parts in a suitable report folder– not in poly-pockets - to the library. For paper submissions only this form (ALL PAGES) MUST be printed out, signed, attached to the front of your assignment and submitted to the library separately from your electronic assignment submission.  Paper submission assignments will not be accepted without this form as it is a requirement that you sign the disclosure regarding the referencing convention.
· DO NOT put this form into Turnitin or it will match many similarities with other students’ submissions.
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	School of Applied Computing ASSIGNMENT SPECIFICATION 



	Student name:
	Eyad Ahmed N. Algmesh
	Student P number:
	P142639

	Programme:
	BSc Software Engineering

	Lecturer:
	Michael Dacey
	Internal Verifier:
	Gaynor Thomas

	Assignment Title:
	Critical and Real Time 1

	Hand Out Date:
	
	Submission deadline:
	2/02/18


	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). 

	Disclosure: 

	I declare that this assignment is all my own work and that I have acknowledged all materials used from the published or unpublished works of other people.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.

	Student’s Signature:

	Hardcopy assignments will not be accepted without a signature here

Eyad
	
Date:
	
2-2-18


	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 2017/18 7.5 (5))
Only the Extenuating Circumstances Committee may grant an extension.



	Learning Outcomes tested
(from module syllabus)

	Demonstrate a systematic understanding of the concepts of real-time systems and the role they play in the design of such systems

	Undertake an informed discussion on the concepts related to the development of safety critical systems.


· 

	
TASK DESCRIPTION



(Lecturer – please insert task(s) / questions / what the student must do, here)

Guidance

IN THE ELECTRONIC SUBMISSION OF THE REPORT, ALL THE CODE SHOULD BE INCLUDED IN THE APPENDIX FOR MARKING

PART A (UNDERSTANDING)

Define the terms soft real-time systems and hard real-time systems. Determine which category you would associate the following application with and provide appropriate arguments:

A car satnav is used to guide a driver, and upon identifying a waypoint updates the screen to remind the driver with a latency of 1.5s. 

PART B (IMPLEMENTATION)

Write the ARM assembly code for a function that can be called from C that takes two 32x10 pixel images passed as arrays representing a foreground and background image, combines them and returns a pointer to the final displayable image. Each ARGB pixel consists of 4-bytes, representing the alpha, red, green and blue components.




Full red 	= 0x??FF0000
Full Green 	= 0x??00FF00
Full Blue 	= 0x??0000FF

Alpha blending makes an image more or less transparent. For example,

Alpha 	= 0xFF??????	// Opaque (255/255 = 1)
Alpha		= 0x00??????	// Transparent (0)

Say you want to the image to be 50% transparent (127/255)
Alpha 	=  0x7F??????

The equation for alpha blending is:

result = foreAlpha * fore + (1 – foreAlpha) * bkg

Example:
Say foreAlpha = 1,
result = 1 * fore + (1 – 1) * bkg = fore		(the foreground image is opaque/fully visible)
Say foreAlpha = 0,
result = 0 * fore + (1 – 0) * bkg = bkg		(the foreground image is invisible)
Say foreAlpha = ½ = 0.5,
result = 0.5 * fore + (1 – 0.5) * bkg = 50% of both	(foreground is 50% transparent)

However, the alpha value is a byte which has a number range of 0 to 255. Changing the equation we get:
result		= (foreAlpha /255) * fore + (1 – (foreAlpha /255)) * bkg
		= (foreAlpha /255) * fore + ((255 – foreAlpha)/255) * bkg
		= (foreAlpha * fore + (255 – foreAlpha) * bkg)/255

However, we still have a divide by 255. Recall that shift right is divide by 2, therefore shifting by 8 is a divide by 256. We can live with this slight inaccuracy so we get:


                result = ((foreAlpha * fore) + (bkg * (255 – foreAlpha))) >> 8


Note: You can add a small correction if you wish to ensure total transparency, by modifying the alpha value so the range is shifted from 1-255 to 2-256 but leaving 0 alone so we can still get full opaqueness:
if(alpha > 0) alpha += 1


We handle the red, green and blue colour channels separately:
resR 		= ((foreAlpha * foreR) + (bkgR * (255 – foreAlpha))) >> 8
resG 		= ((foreAlpha * foreG) + (bkgG * (255 – foreAlpha))) >> 8
resB 		= ((foreAlpha * foreB) + (bkgB * (255 – foreAlpha))) >> 8

That is, you read each pixel from the foreground and background images and run this equation three times to calculate the separate R, G and B values from these images storing the three values in the resultant image pixel.


Figure 1 Calculating the RED value, repeat for GREEN and BLUE
The images can be created by loading the memory at run time using a loop, by storing them in ROM, etc.

Also consider adding a bit mask (again it could be provided as a parameter in the C function), allowing each pixel is in the foreground image to be hidden (equivalent to setting alpha = 0x00) if the corresponding mask bit is set. Only one bit is required to represent each pixel. In our case, we have 32 pixels per image row therefore one 32-bit word is all that is required to represent the 32 pixels in the row. For a 32 x 10 pixel image, the mask require is 1 x 10 32-bit words.


Figure 2 Applying a bit mask to remove bits from foreground image
Marks will be awarded for your approach to this problem, so break the implementation into steps and describe each one carefully. For example, start off with one pixel for the foreground and background images, etc.

PART C (ANALYSIS)

A washing machine controller contains the following:
· Mainboard
· microcontroller containing a CPU, USB and RS485 (USART) communication
· EEPROM module
· Speaker (for buzzer)
· Interface module (different modules can be used, starting from simple on/off and finishing on touch-panels)
· Power driver, which is responsible of control of the drive, and for switching on/off such elements like the heater, the valves, the pump, the door lock electromagnet etc. 

The main task of the software is to control the data flow between the interface module, mainboard and power driver which are connected together using RS-485 serial communications bus (using the Modus protocol but this is irrelevant for the assignment). All communications with this bus are via input/output buffers. The USART uses DMA to send a message from a buffer and to fill a buffer with an incoming message. Interrupts signals from the USART signal the completion of these operations. The software sends and receives messages to/from a number of devices for temperature and water level measurement, opening/closing valves, starting/stopping the pump, setting/releasing the door lock electromagnet, staring/stopping the heater and sounding a buzzer when the washing cycle completes. Low-level hardware device drivers supervise the DMA and the Nested Vector Interrupt Controller (NVIC) configuration. Finally, the software contains special procedures for execution of washing cycles determined by the user settings read from the interface module. For this assignment we are not interested in how the washing powder gets into the washing and you need only consider a simple wash and dry cycle. 

Perform a requirements analysis for this real-time embedded system (RTES).
Identify the real-time constraints and any safety critical issues that need to be considered?
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Marks will be deducted for poor of referencing.



	GUIDANCE FOR STUDENTS IN THE COMPLETION OF TASKS



(Lecturer – please insert guidance for students here. Please link the task to the five common assessment criteria overleaf)

Research-Informed Literature

· Not applicable

Knowledge and Understanding of Subject

	PART A 
	%Max
	Marks

	Discussion of soft/hard real-time systems
	20
	



Analysis

	PART A 
	%Max
	Marks

	Evaluation of Satnav scenario
	10
	



	PART C
	%Max
	Marks

	Washing machine requirements
	20
	

	Constraints
	10
	



Practical Application and Deployment


	PART B 
	%Max
	Marks

	Implementation of Alpha Blending Calculation
	10
	

	Reading and writing pixels 
	10
	

	Structure of assembler code 
	10
	

	Use of bit mask
	10
	




Skills for Professional Practice

· Not applicable

	
                 MARKING CRITERIA AND STUDENT FEEDBACK



	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.
	0
	

	2. Knowledge and Understanding of Subject
Extent of knowledge and understanding of concepts and underlying principles associated with the discipline.
	20
	

	3. Analysis
Analysis, evaluation and synthesis; logic, argument and judgement; analytical reflection; organisation  of ideas and evidence
	40
	

	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.
	0
	

	




























	
	

	
	
	


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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	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
	



	
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.



	
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.



	

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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Real Time Operating Systems (RTOS)
Introduction:
An operating system is a part of a computing system that provides the user the capability to control and utilize the hardware resources. It is used as an interface which controls the underlying hardware and also provide the user the functionality to utilize the available hardware resources. The front end of an operating system is user friendly and the core of an operating system should be optimised in a way to utilize the resources efficiently and without conflicts. The tasks that an operating system can perform in terms of managing resources included memory management, resource management, conflict resolution and memory and resource allocation, this also includes the processes that runs on an operating system and the file management system that is used to store and handle data or information (Tanenbaum, 2009)
There are multiple operating systems available in the market. Two major operating system architectures are the Windows architecture developed mu Microsoft and the Linux architecture which is an open source operating system and have multiple vendors who provide the operating system implementation. The major differences include the functioning of the kernel of the system and the way the graphical user interface (GUI) is handled. The operating systems are evolving over time and both windows and Linux have different versions available. A major reason for this evolution is the changes in underlying hardware or the physical resources that a operating system has available to manage. Theses examples of operating system follow guidelines known as the general-purpose operating system guidelines are and designed in a way to be ported on to a vast variety of general purpose machine The evolution in these systems is led by the massive increase in memory sizes, the read/write speeds and the computing power of the central processing units. Another major challenge is the availability of parallel processing hardware which required further care is designing the resource allocation protocols (Shapiro et al, 2004). 
In contrast to the examples of the operating systems discussed such as windows and Linux, there is another class of operating system developed and available, which are designed to run on real time systems. The underlying principle of these kind of operating system is the same as the general-purpose operating systems, and that is to provide the interface between the hardware and the person utilizing the hardware resources. In addition, there are other major design considerations which only exist for real time systems, due to criticality of the tasks that these systems perform. The that a real-time operating system (RTOS) perform also include memory management, resource management, memory and task allocation, handling of files, data read/write and tasks of time critical nature. The major difference from the general-purpose operating system is how these tasks are performed and in explained in the following text (Casavent et al, 1988). 
Real Time Operating System
As discussed, the operations performed by peripherals connected together is controlled by the operation system. In a real-time system, the hardware components perform tasks which have an associated time duration. This time critical task requires the operating system managing and allocating resources in such systems to be aware and capable of handling the associated time constraints. A RTOS is divided into two basic types including a) Soft real-time system and b) Hard real-time system, depending on the type of time critical task the system performs (Barbanov, 1997). 
Hard Real Time Systems:
In a hard-real-time system, the most important discriminating factor is the time deadline, which is applied on all operations of such a system. It is defined as a purely deterministic system which has well defined time constraints. Any system which is not capable of meeting the deadlines is considered to fail. This is one of the major design requirement of hard real-time system. The time criticality does not mean that the task has to be performed with in a given time line, it actually means that the task performed by the operating system should exactly match the time deadline specified. For example, if a hard-real time operating system is required to give an output in 1 minute, the operating system should be capable of processing all the inputs and outputs required for the task in 1 minute. It does not mean within 1 minute and similarly anything after 1 minute is not acceptable. This defines the exact time when the output is required and all computations, task processing and allocations with results should be completed in 1 minute. A real-world example of such a real-time system is a missile launching system. If a missile is launched form such a real-time system with the target of reaching the destination at 10:00 AM, the system will only be considered successful if the missile actually reaches the destination at 10:00 AM, otherwise the missile system launch is considered as failed if the time changes only in seconds. The deadline is the most important thing to consider when designing the operating system for this missile launching system (Tanenbaum, 2009).
Soft Real Time System:
In contrast to a hard-real time system which has strictly defined deadlines in terms of time, a soft real-time system can perform a task within a time duration but can miss the deadline. In such a system each task that is performed should give an output or result after a certain amount of time. The deadlines applied on tasks in a soft real-time system has priorities, where high priority tasks are performed with in the deadline with preference, and low priority tasks can take longer just to benefit the high priority task. In other words, a soft real-time system has to complete tasks with the timelines are required by a user or the underlying hardware but has the flexibility of missing the deadline. Although a system missing the deadlines consistently is considered to have a degraded performance and is not preferred. In a personal computer system, the running operating system uses this model in soft real-time processing when applying task allocation and priorities. The three main tasks this operating system perform are the memory management, process management, file management and device management. These are discussed in the following sections for soft and hard real-time system and decide how the operating system is designed (Tanenbaum, 2009). 
Process Management 
The process management controls how the threads generated in an operating system are controlled. A collection of threads creates a process and defines the sequence of operations performed during the task performance. The process management include task processing and memory success for successful operation. In a hard-real time system the constraints on these operations are well and strictly defined. There are two types of systems that need to be handled and include the system task, required for the successful operation of the system and application tasks which are required for successful running of an application on the underlying hardware. Both these processes have to run in tandem for the success of both hard and soft real-time systems. In handling processes, the success also depends on the priority scheduling algorithm used and mechanism implemented to avoid deadlocks in accessing the available resource (Li et al, 1997).


Memory Management
The available memories including random access memory and read only memory is handled by both hard and soft real-time systems. In hard real-time systems, the sizes of the memory can be limited whereas soft real-time system are designed to handle larger memories. In memory management, it is again important to prioritise access and allocation for better performance. Efficient memory management is achieved by operating systems by dividing the task of memory access in the form of segmentation and paging. In segmentation the physical memory is divided in to logical segments, whereas in paging the physical memory is divided in to pages of fixed sizes (Meghanattan, 2005). 
File Management
A very important task of any operating system is to handle the files, since the data is stared and organised in the form of file. This task is important for both system level and user level processes. The files can be stored in the primary and secondary memory and has to be moved or updated as required by the process accessing the files (Silberschatz, 2014). 
Device Management
All peripheral devices connected to a central processing unit and used to provide input and output to the system and the user has to be managed by the operating system. General purpose operating systems are designed for heavy hardware systems and can have a lot of peripheral attached. Real time operating systems are mostly designed for light weight hardware system or embedded systems, and this limitation is necessary to achieve the deadlines associated with these system, which help is designing fail safe systems (Silberschatz, 2014). 
Some of the basic differences that exist between real time and general-purpose systems include the hardware, the scheduling algorithm, the level of determining required in processing tasks, the kernel design and the allowed limits of interrupt latency. The interrupt latency in a hard-real time operating system is zero. The RTOS uses pre-emptive kernel design which is necessary for task scheduling and priority handling. The scheduling in an RTOS is implemented by using priority algorithms to achieve the deadlines.  
Case Study: A car satnav is used to guide a driver, and upon identifying a waypoint updates the screen to remind the driver with a latency of 1.5s.
The specified satnav system should be managed by a soft real-time operating system. The underlying hardware will have a geographical positioning system to identify the actual position of the car, a memory that will store a map or the meta data for the acquired location, a CPU for processing the tasks such as route calculation and a display to input and output information form the user. The latency of showing the updates to the user is given as 1.5sec. Although this is an ideal time for remining the user of the upcoming changes in the route, but this deadline can be slightly missed, and a few seconds added or reduced in updating will not result in a major failure of the system. This time performance will define how well the satnav is performing and in cases of consistent and major delays in updating the route information will mean that the system has failed. 


PART B (IMPLEMENTATION)
 

     .equ SWI_Exit,  0x11

        .text
        .global _start

_start: .global _start
        .global main

        b       main

main:
	mov     r2, 32
.L1:
        
        ldr     R0, = Input1
        mov     R1, #42
        str     R1, [R0], #4
        dec 	 R2
	cmp 	 R2,0
	jne	    L1
	 mov     r0, 10	
.L2:
        
	ldr      R2, = Input2
        mov     R3, #43
        str     R3, [R2], #4
        dec 	 R0
	cmp 	 R0,0
        jne     L2
        
	swi     SWI_Exit

MyArray: .skip 20 * 4
        .end

The following piece of code will be used for bit masking

eor     r2,r3,r3,lsr #8
and     r1,r1,#0xFF00   %for transparent
and     r2,r2,#0x0000   % for opaque  
orr     r1,r1,r1,lsl #8
eor     r0,r0,r1

For the purpose of addressing different parts of the arrays, the following buffer calculation is used
ADR R4, Buffer
RSB R0, R1,R1 lsl, #3
Add R0,R2,R2
SUB R0, R0, #32
LDR [Rx, R4, R0, LSL, #2]



PART C (ANALYSIS)
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Figure 1. The real time embedded system architecture for the washing machine. 
The given task requires a soft real-time operating system, where the tasks need to be completed well within the given deadlines. Since the operating system will be handling two CPUs, one on the main board and the other controlling the memory interface, synchronisation and concurrent operations have to be handled properly. The following design requirements will be followed.

Device Management
The devices included in the washing machine hardware that the process management that the operating system must handle include the sensors, the motors and the processing units. The sensors data reading will be a critical task and should be performed with in specified time guidelines. Also allocating hardware resources to different washing machine tasks will be performed by the device management routines.  Since a shared memory is used an interrupt and priority based device management scheme will be implemented. 
Memory Management
An EEPROM module is used for memory and interfaced using the serial communication links. Since multiple data operations has to performed, the operating system has to segment the memory and apply scheduling algorithms for writing data in the memory. The correct commands have to be read by the CPU for proper operation of the washing machine. 
Interrupt handling
The major operation of the washing machine including the wash and dry cycles are controlled by the sensors and input devices fixed on the washing machine. The operating system will be implemented to handle interrupts where some of the interrupts will be given priority as required by the user. For example, if during a normal wash cycle, the user wants to stop the washing machine a stop button can be used with the highest priority. In this case the operating system will override other options and stop the machine. The sensor data will determine if the wash operation is conducted and will display interrupt for the operation which should be handled by the operating system. 
Interface handling
The operating system will perform the message passing interface to handle communication between the peripherals used for the successful operation of the machine. The concurrency and deadlocks have to be handling when dealing with the interfaced components such as DMA and serial communication. 
Other than this, the RTOS will compute algorithmically different programming options provided to the user which will determine the type of fabric, type of wash cycle and ultimately control all the motors and sensors. The algorithms will also perform security checks for successful operations, such as door closure, availability of water, and vibration. 
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