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	School of Applied Computing ASSIGNMENT SPECIFICATION 



	Student name:
	     
	Student P number:
	

	Programme:
	

	Lecturer:
	Tim Bashford
	Internal Verifier:
	John Rees

	Assignment Title:
	Safety analysis and formal methods

	Hand Out Date:
	10/12/2015
	Submission deadline:
	[bookmark: _GoBack]22/01/2016


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declare that this assignment is all my own work and that I have acknowledged all materials used from the published or unpublished works of other people.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

	Assignments will not be accepted without a signature here
	
Date:
	


	Late submission will result in a late penalty mark, as follows: 
Up to four weeks late, maximum mark of 40% for first attempts and 0% for resubmissions. 
(Academic Quality Handbook 2015/16 7.5 (5))



	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.


	Represent a real-time system using established software engineering methodologies

















	
TASK DESCRIPTION



Part A (50%):

Mueller [1] described system safety engineering as “organized common sense”.  Leveson [2] extended the system safety approach further and identified its primary concern as the management of hazards.  In more recent research Leveson [3] has highlighted problems with the event-chain-driven accident models used in risk and hazard analysis approaches and suggested alternatives models based on systems theory.  Provide an outline of the current processes and techniques use for risk and hazard analysis techniques.  In a recent paper Stringfellow [6] promotes the uses of STPA (Systems Theoretic Process Analysis), as part of a safety driven design methodology effective on software-intensive safety-critical systems. An advantage of this technique is that it can be used to drive the earliest design decisions and then proceed in parallel with ensuing design decisions and design refinement. 

Write a paper which details STPA, its foundations (STAMP and systems theory) and makes a case for its use over traditional event-chain models.  The paper should be between 1500 and 2000 words in length. 

References

[1] 	C.O. Miller, The Broader Lesson from Challenger, Hazard Prevention, Vol 23, No 1, pp 5-7, 1987
[2] 	N. G. Leveson, Part 2: Introduction to System Safety, SAFEWARE: System Safety and Computers, pp 126-176,  Addison-Wesley, 1995
[3]	N. G. Leveson, A New Accident Model for Engineering Safer Systems, Safety Science, Vol 42, No 4, pp 237-270, 2004
[4]	M. V. Stringfellow, N. G. Levenson, B. D. Owens, Safety-driven Design for Software-Intensive Aerospace and Automotive Systems, Proceedings of the IEEE, Vol 98, No 4, pp 515-525, April 2010


Part B (50%)

Any formal specification language has its own underlying mathematical logical framework consisting of a notion of (software) models, a notion of statements (also called sentences or formulas) that can be used to express properties about such models and a notion of what it means for a model to satisfy a sentence. 

Models are mathematical abstractions of programs or systems. Here mathematical structures such as numbers, sets and lists are used to represent data structures while mathematical functions are used to represent procedures, functions and behaviours in programs. Transition systems are used to represent reactive systems.  A specification can be a syntactic presentation of a model in which case it is said to be model-oriented or it can be a syntactic presentation of a collection of statements (and then it stands for all the models that satisfy all statements) in which case it is said to be property-oriented (or algebraic).  The framework usually also provides proof rules that allow for the construction of proofs that statements can be a consequence of other statements or for a model to satisfy a sentence.

There are a wide range of formal specification languages each with its own associated development methods and comprehensive computer based tool support.  The following are some examples.  

Notable examples of model-oriented specification languages include: B [1], Z [2], VDM [3, 4], and VDM++ [5].

Notable examples of property-oriented specification languages include: CASL [6, 7, 8], Maude [9], CafeOBJ [10], and temporal logic languages.

For the specification of concurrent systems there is a class of languages called process algebras. The most famous examples of these are CSP [11] and CCS [12]. Since their invention many specialized process algebras have been invented.

Some languages include several styles. A notable example of this is the RAISE Specification Language, RSL, [13, 14, 15] that includes and integrates model-oriented specification, property-oriented specification, and process algebra.
  
During the course you have briefly studied Z (a model-oriented language), this assignment requires you to compare Z to VDM a language a similar model-orientated specification and produce a paper (1500-2000 words) detailing that comparison.  For this you will need to produce a framework by which the comparison between the two languages can be made and it is suggested that you investigate other similar studies in order to develop this framework.  You are also required as part of the assignment to highlight the strengths and weaknesses of formal specification languages in general. 



References

[1] 	J-R. Abrial. The B-Book: Assigning Programs to Meanings. Cambridge University Press, 1996.


[2] 	J. C. P. Woodcock and J. Davies. Using Z: Specification, Proof and Refinement. Prentice Hall International Series in Computer Science,1996.

[3] 	Cliff B. Jones. Systematic Software Development Using VDM. Prentice Hall, Englewood Cliffs, NJ, second edition, 1990.

[4] 	John Fitzgerald and Peter Gorm Larsen. Modelling Systems – Practical Tools and Techniques in Software Development. Cambridge University Press, UK, Second edition, 2009.

[5] 	J. S. Fitzgerald, P. G. Larsen, P. Mukherjee, N. Plat, and M. Verhoef. Validated Designs for Object-Oriented Systems. Springer Verlag, London, 2005.

[6] 	Till Mossakowski, Anne Haxthausen, Donald Sannella, and Andrzej Tarlecki. Casl, the Common Algebraic Specification Language. In Logics of Specification Languages, EATCS. Springer, 2008.

[7] 	CoFI (The Common Framework Initiative). Casl Reference Manual. LNCS Vol. 2960 (IFIP Series). Springer, 2004. With chapters by Hubert Baumeister, Maura Cerioli, Anne Haxthausen,Till Mossakowski, Peter D. Mosses, Donald Sannella and Andrzej Tarlecki

[8] 	Michel Bidoit and Peter D. Mosses. Casl User Manual. LNCS Vol. 2900 (IFIP Series). Springer, 2004. With chapters by Till  Mossakowski, Donald Sannella, and Andrzej Tarlecki.

[9] 	Manuel Clavel, Francisco Duran, Steven Eker, Patrick Lincoln, Naraciso Martı-Oliet, Jose Meseguer, and Carolyne Talcott. All About Maude - A High-Performance Logical Framework. Lecture Notes in Computer Science. Springer, 2007.

[10] 	Razvan Diaconescu and Kokichi Futatsugi. CafeOBJ Report : The Language, Proof Techniques, and Methodologies for Object-Oriented Algebraic Specification. Amast Series in Computing. World Scientific Publishing, 1998.

[11] 	C. A. R. Hoare. Communicating Sequential Processes. Prentice Hall, 1985.

[12] 	R. Milner. A Calculus of Communicating Systems, volume 92 of LNCS. Springer-Verlag, Berlin, Germany, 1980.


[13] 	Chris George, Peter Haff, Klaus Havelund, Anne E. Haxthausen, Robert Milne, Clau Bendix Nielsen, Søren Prehn, and Kim Ritter Wagner. The RAISE Specification Language. The BCS Practitioners Series. Prentice-Hall, 1992.


[14] 	Chris George, Anne E. Haxthausen, Stephen Hughes, Robert Milne, Sø Prehn, and Jan Storbank Pedersen. The RAISE Development Method. The BCS Practitioners Series. Prentice-Hall, 1995.


[15] 	Chris George and Anne E. Haxthausen. The Logic of the RAISE Specification Language. In Logics of Specification Languages, EATCS. Springer, 2008.














	GUIDANCE FOR STUDENTS IN THE COMPLETION OF TASKS


Part A (50%):

Research-informed Literature (25%)

Marks will be awarded for;
· Identification of suitable research material (over that presented above) – 5%
· Correct use of reference material – 10%
· Depth of research – 10%

Knowledge and Understanding of Subject (50%)

Marks will be awarded for;
· Overview of current approaches to
· System safety  - 5%
· Hazard analysis – 5%
· Description of emerging approaches
· STPA – 10%
· STAMP – 10%
· Coverage of underlying concepts 
· Event-chain-driven accident models – 10%
· Systems Theory – 10%

Analysis (20%)

Marks will be awarded for;
· Evaluation of current approaches focusing on their limitations – 10%
· Evaluation of emerging approaches focusing on how the overcome the limitations of the above.  – 10%

Practical Application and Deployment (0%)
N/A

Skills for Professional Practice (5%)

Marks will be awarded for document presentation (5%)

Part B (50%)

Research-informed Literature (25%)

Marks will be awarded for;
· Identification of suitable research material (over that presented above) – 5%
· Correct use of reference material – 10%
· Depth of research – 10%

Knowledge and Understanding of Subject (30%)

Marks will be awarded for;
· Discussion of Formal Methods in context – 10%
· Detailed discussion of
· Z – 10%
· VDM – 10%

Analysis (40%)

Marks will be awarded for;
· Development of a suitable framework for evaluation – 20%
· Conclusions – 20%

Practical Application and Deployment (0%)
N/A

Skills for Professional Practice (5%)

Marks will be awarded for document presentation (5%)
Part A
	
                 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.
	
	

	




	25
	

	
	
	

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

	





	50
	

	
	
	

	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.
	
	

	





	0
	

	
	
	

	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 four weeks late
	
	

	
	First Attempt?
	
	



Part B
	
                 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.
	
	

	




	25
	

	
	
	

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

	





	30
	

	
	
	

	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.
	
	

	





	0
	

	
	
	

	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)
	%



	
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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