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Answer three questions

All questions carry equal marks

                                                                                                                                             [25 marks]

	1
	(a)
	What are formal methods? With what kinds of systems are formal methods used? Why are they used for those systems, and not for others?


	7

	
	(b)
	What is a specification? Where does it fit into the software lifecycle? 


	6

	
	(c)
	Give two examples of potential confusions arising from the fact that formal methods has mathematical, rather than computer science origins. For each term, explain what it means in mathematics, and give the equivalent term used in computer science.


	6

	
	(d)
	Consider the following informal specification:
The function Sum should take as its argument a list of numbers. If the numbers are all positive, it should return their sum. The function BinarySearch should take as its first argument a sorted list of integers (in ascending order), and as its second argument a single integer; it should return true if the second argument is found in the list. The Student class contains a list of modules studied by the student (as integer IDs). These are sorted in descending order. The method IsStudying should use the function BinarySearch to find a particular ID in the list.

Find 3 errors in the above informal specification that could be caught by the use of formal methods. What kind of error is each?


	6




         [25 marks]

	2
	(a)
	Operators can be declared in several different notation styles in CafeOBJ. The standard notation is declared like this:

op f : Nat Nat -> Nat

and used like this:

f(A:Nat, B:Nat)

What are the other types of operator notation style? How are each of those styles declared and used in CafeOBJ?


	6

	
	(b)
	Write a CafeOBJ specification for a simple Natural module (called SIMPLE-NAT) including the following operators:

+, *, -


	10

	
	(c)
	Outline the steps taken by CafeOBJ when the module you created in part (b) is input, and the following command is run:

reduce in SIMPLE-NAT : s(s(s(0))) * s(s(0)) .


	9








         [25 marks]

	3
	(a)
	What is Design By Contract (DBC)? List six advantages to using DBC.


	6

	
	(b)
	Why do contracts make good documentation?


	2

	
	(c)
	/*@ 

  @ requires x >= 0.0;

  @ ensures JMLDouble.approximatelyEqualTo(x, \result * \result, eps);

  @*/

public static double sqrt(double x) { 

          … 

}

What do the terms ‘client’ and ‘supplier’ mean in the context of DBC? 

Who would be to blame if the argument x was less than 0.0?

Who would be to blame if the result was not equal to 
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?
Who benefits from the inclusion of the statements

requires x >= 0.0;  and
ensures JMLDouble.approximatelyEqualTo(x, \result * \result, eps); ?


	5

	
	(d)
	/* students must always have a minimum mark of 40 */

class Student { 

String name = “”;

Subject[] subjects;

Student() {

…

}

/* name must never be set to null */

void setName(String new_name) {

this.name = new_name;

}

String getName() {

return name;

}

}

class Subject {

int mark = 0;

Subject() {

…

}

int getMarks() {

return mark;

}

}
In the classes above, identify:

One pre-condition,

One post-condition,

One invariant which requires the use of a quantifier,

One method which should be declared pure.

Write informal JML assertions expressing the pre-condition, post-condition and invariant.

Write formal JML assertions for the same pre-condition, post-condition and invariant.
	12







         [25 marks]

	4
	(a)
	What is refinement in the domain of formal methods?


	6

	
	(b)
	Taking as a starting point an English language specification of a Stack data type, give three possible stages of refinement.


	3

	
	(c)
	What are the three types of block into which elements of CafeOBJ modules can be organised, and what is the purpose of each?


	6

	
	(d)
	Consider the following CafeOBJ code:

module SPLODGE {

[Splodge]

op _bing_ : Splodge Splodge -> Splodge

vars S S' : Splodge

eq S bing S' = S' .

}
Why does CafeOBJ offer the user two choices when the module above is input and the command

parse in SPLODGE : S bing S bing S .
is run? 

What are the two choices offered? (You don’t need to reproduce the CafeOBJ output exactly)


	10
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