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Note: Where we write “one sentence” we mean “one sentence” - you will not profit from waffling (e.g. don’t try to answer questions we have not asked; you are more likely to loose rather than gain any marks)

Question #1  [6 marks] 
 

(a) [2 marks]

     Name the theory of computation on which each of the following two
     programming language families are based: 


    (i) imperative languages 

    (ii) functional languages

(b) [2 marks]

     Name (one each) a programming language optimized for:

     (i) commercial applications 

     (ii) systems programming 

     (iii) numeric computation 

     (iv) symbolic AI

(c) [2 marks]

     For each of the following programming languages, state whether they are 
     "pure" (i.e. they can only be used in a single style) or "impure". 
     Assume that procedural programming, object-oriented programming, 
     logic-based programming and functional programming are the only  valid 
     programming styles for the purposes of this question.


     (i) Prolog 

     (ii) C++ 

     (iii) Haskell 

     (iv) C

Question #2  [23 marks] 
 

(a) [1 mark]

     What is the scope of a Prolog variable?

(b) [7 marks]

      Given the following Prolog knowledge base:

       child_of(mary, steve).

    child_of(mary, anne).

    child_of(alice, anne).

    child_of(alice, steve).

    child_of(jane, steve).

    child_of(leslie, steve).

    female(mary).

    female(alice).

    female(jane).

      Write a rule to find all pairs of sisters; e.g. 

    ?- sisters(X,Y).

    X = mary,

    Y = alice ;

    X = mary,

    Y = alice ;

    X = alice,

    Y = mary ;

    X = alice,

    Y = mary ;

    No

Note that your rule will likely generate multiple answers to this query. Modify your rule so that Prolog will only generate one answer for each pair of sisters

(c) [5 marks]

      Consider the following Prolog program.:

   holiday(tuesday,wolfsBirthday).

   weather(tuesday,fair).

   weekend(saturday).

   weekend(sunday).

   bake(cake,Day) :- picnic(Day).

   picnic(Day)    :- weather(Day,fair), !, weekend(Day).

   picnic(Day)    :- holiday(Day,wolfsBirthday).

    (i)  What answer will Prolog give to the query

   ?- bake(cake,tuesday).

    (ii)  Why? 

    (iii) What happens if the cut (!) were removed?

(d) [4 marks]

      What does the following mystery script (in Prolog) do? 

      Give an example.

   m([_]).

   m([ _,_ | L]) :- m(L).

(e) [6 marks]

      Write a Prolog rule that adds an element to the end of a list. 
     The first argument is the  element to be added, the second argument is a list 
     (assume it is non-nested), and the third argument is the resulting new list. 

     ?- add (a, [b,c,d], R). 

   R = [b,c,d,a] 

Question #3  [14 marks] 
 

(a) [1 mark]

     One sentence: what is the difference between a partial application
     and a partial function ?

(b) [2 marks]

     Why is Haskell’s lazyness needed to make multi-legged functions work ?

(c) [3 marks]

      Use list comprehension to define a function that computes the number of

      negative elements in a list; e.g.

     ? neglist [1, -3, -4, 3, 4, -5]

   3
(d) [3 marks]

      List all values returned by the following list comprehension:

      [ x^3 | x <- [1..], X^3  <  50 ]

   Remember that the expression [1.. ] generates a non-terminating string of 1s.

(e) [5 marks]

      Consider the following Haskell function

     mystery (x : y) = if null (x : y) 

                        then []

                        else y : (mystery [x])

     Can you imagine what it intends to do? 

     Does it work? 

     If not, why not?

Question #4  [15 marks] 
 

(a) [5 marks]

     Write a Haskell function that makes a copy of a list - element by element.     

     You must use explicit recursion and not list comprehension for this !


     (Hint: remember that you can use the (x : xs) pattern to split lists into a head

      and a tail !)

(b) [5 marks]

     Given a list of single-argument functions or lambda expressions, and a list 

     of arguments, write a higher-order function, called execute, that will apply the 
     first of these functions to the first value in the argument list, the second   

     function to the second value from the argument list, etc. ..

     For example,

     programs = [ (\ n -> n), 

                  (\ n -> n + 2), 

                  (\ n -> n * n * n) ]

     arguments = [1, 2, 3]

     execute programs arguments

     [1, 4, 27]

(c) [5 marks]

     Write the most general type declarations for  each of the following 4 Haskell   
     functions (e.g. String -> String ):

   (i) length’ [] = 0

      length’ (x : xs) = length’ xs + 1

     (ii) f x y = x > y

     (iii) foldl’ f z [] = z

       foldl’ f z (x:xs) = foldl’ f (f z x) xs

     (iv) parrot x = x
Question #5  [17 marks] 
A syntax chart for generating parenthesis strings is given as follows:

                       (1)             

  S               a                S                   T 　　　  　S      

             (2)                 

                                                      c                  

                                

                         (3)

   T    　          　   b                T         

                         (4)          


 The symbol “!” is an end marker for the input string and “#” is a bottom marker for the history stack in the trace.

(a) [5 marks] Show selection sets at branches (1) and (2)., and (3) and (4).

(b) [7marks] Write a recursive descent parser for this chart in C, Pascal, or Java. Pseudo code notation is allowed, similar to the one in the notes. 

(c) [5 marks] The trace for the string acc! is given as follows:

         History          input string      Comment

     --------------------------------------------

#            a c c !       enter S

# S         a c c !       consume a 

# S            c c !       enter S

# S S         c c !       consume c 

# S S            c !       exit from S

# S               c !       enter T

# S T            c !       exit from T

# S               c !       enter S

# S S            c !       consume c 

# S S               !       exit from S

# S                  !       exit from S

#                     !       accept

Following this example, trace your parser with the string acbacc!.  

Question #6  [25 marks]
The following is a PL/0 program with parameters for multiplication of two integers x and y, and its object code. The program is based on the recursive definition of the product x*y by the following.

              x * y =  x * (2(y/2) + odd(y)) = (2x) * (y/2) + x * odd(y),

where odd(y) is 1 if y is odd, and 0 otherwise. In the program, odd(y) is used for the truth value, that is, 1 for truth and 0 for false. Also the division “/” is division by truncation, that is, fraction is discarded.
const m=7, n=5;

var x,y,z;

procedure mult(x, y, var z)

  var w;

begin

  w:=0;

  if y>0 then begin

    call mult(2*x, y/2, &w);

    if odd(y) then w:=w+x;

  end;

  z:=w;

end;

begin

  x:=m; y:=n;

  call mult(x, y, &z);

  write(z);

end.

 0 jmp 0 30 

 1 jmp 0 2 

 2 inc 0 7 

 3 lit 0 0 

 4 sto 0 6 

 5 lod 0 4 

 6 lit 0 0 

 7 opr 0 12 

 8 jpc 0 27 

 9 lit 0 2 

10 lod 0 3 

11 opr 0 4 

12 lod 0 4 

13 lit 0 2 

14 opr 0 5 

15 lda 0 6 

16 stp 0 0 

17 stp 0 0 

18 stp 0 0 

19 cal 1 2 

20 lod 0 4 

21 opr 0 6 

22 jpc 0 27 

23 lod 0 6 

24 lod 0 3 

25 opr 0 2 

26 sto 0 6 

27 lod 0 6 

28 sid 0 5 

29 opr 0 0 

30 inc 0 6 

31 lit 0 7 

32 sto 0 3 

33 lit 0 5 

34 sto 0 4 

35 lod 0 3 

36 lod 0 4 

37 lda 0 5 

38 stp 0 0 

39 stp 0 0 

40 stp 0 0 

41 cal 0 2 

42 lod 0 5 

43 wrt 0 0 

44 opr 0 0

START PL/0

35      /** This is the output of the above program  **/

END PL/0

(a) [10 marks] Copy this object code onto your answer book, and give a comment to each machine instruction, explaining the meaning in the source program. 

(b) [10 marks] When the procedure is entered three times, and the instruction at 24 is executed for the first time, the stack looks like as follows: 

0 0 0 7 5 0 1 1 42 7 5 6 0 1 7 20 14 2 13 0 1 14 20 28 1 20 0 0 28

Explain the meaning of each element. Undefined values are initialised to 0.

(c) [5marks] Give the snapshot of the stack after the instruction at 24 is executed for the second time. 

