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Time allowed: 2 hours

Answer two questions

All questions carry equal marks

                                                                                             [25 marks]

	1
	(a)
	Explain why this course is necessary and useful for computer scientists and software engineers. Include in your answer the advantages and disadvantages of the use of formal methods.


	13

	
	(b)
	Consider the sentence:

I saw a man on a hill with a telescope.
What is it that makes this sentence unsuitable as part of a specification?

Name two other kinds of pitfall formal specification can help detect?

Give an example of each.


	6

	
	(c)
	Give three examples of formal methods terminology that might confuse computer science students, explain each.

What are the historical reasons for this confusing terminology?


	6








         [25 marks]

	2
	(a)
	Explain the term Design by Contract (DBC) and the advantages of using it in software development.


	8

	
	(b)
	Consider the following JML code:

/*@ 

   @  requires (* list ‘a’ must be in ascending order *);

   @

   @  ensures (\result == 0) || (\result == x);

   @*/
Who benefits most from the inclusion of the line

requires (* list ‘a’ must be in ascending order *); 
Who benefits most from the inclusion of the line

ensures (\result == 0) || (\result == x); 
Who is to blame if the list is not in ascending order?

Who is to blame if the \result is equal to something other than 0 or x?


	4

	
	(c)
	Write the formal JML for the statement 

requires (* list ‘a’ must be in ascending order *);

What kind of statement is it?

What kind of statement is 

ensures (\result == 0) || (\result == x); 
If a JML assertion makes use of a method

int getMarks() {…}

what must be added to the method signature? Why?


	13




         [25 marks]

	3
	(a)
	Consider the following CafeOBJ module:

module SIMPLE-NAT {

[Zero NzNat < Nat]


op 0 : -> Zero


op s : Nat -> Nat


op _+_ : Nat Nat -> Nat


vars X, Y : Nat 


eq 0 + X = X .


eq s(X) + Y = s(X + Y) .

}

Write a proof of the associativity of the operator +. Include clear explanations of each line to demonstrate your understanding.

How would you explicitly state that the operator + was associative and commutative?


	10

	
	(b)
	What are hidden sorts used for in formal methods?

What syntax do you use in CafeOBJ to declare hidden sorts (give an example)?

What do behavioural operators represent?


	8

	
	(c)
	Consider the following class Book
class Book {

String ISBN;

String title;

String author;

…

void loan() {

…

}

void return() {

…

}

}

Specify a CafeOBJ module called Book which describes this class.

You do not have to develop equations for the operators you declare.


	7








         [25 marks]

	4
	(a)
	What is a Term Rewriting System (TRS)?

In your explanation, include the form of rules of a TRS and the steps taken by a TRS when evaluating a term.


	9

	
	(b)
	Explain the terms:

terminating, confluent, canonical

as they relate to TRSs


	6

	
	(c)
	Write a CafeOBJ specification for a simple natural number module with the operator

/ (division)

There are several operators on which the definition of ‘/’ depends. Include declarations and equations for each of those operators.


	10
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