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Programming Languages

Time Allowed: 3 Hours

Instructions: There are 5 (five) questions, each worth 20 (twenty) marks. Answer
all the questions.
You are allowed to use electronic or paper foreign language dictio-
naries.
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Question 1. [20 marks]

(a) [3 marks] State three advantages of giving a formal description of the semantics
of a programming language.

(b) [2 marks] Explain how we present an operational semantics for a programming
language.

(c) [2 marks] State one strength of operational semantics and one weakness.

(d) [4 marks]

Imperative programming languages often provide WHILEand REPEATloops.

Present rules which describe the operational semantics of typical WHILEand REPEAT
loops.

(e) [4 marks] Explain how we present an axiomatic semantics for a programming lan-
guage.

(f) [5 marks] Explain how we can use the formalism of axiomatic semantics to reason
about program correctness.
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Question 2. [20 marks]

(a) [6 marks] The programming language Haskell allows us to write higher-order
functions.

Explain what a higher-order function is, and explain what benefits, if any, there are to
using higher-order functions.

(b) [6 marks] Write Haskell functions which will:

• take a function f and a list [x1, . . . , xn] and return the list [f(x1), . . . , f(xn)];

• take two functions f and g and return their composition;

• take a list of Booleans and return True if any of the members of the list are True;

• take a list of Booleans and return True if all of the members of the list are True.

State the types of your functions clearly.

(c) [8 marks] Explain what an inductively defined type is in Haskell, and explain the
relationship between inductively defined types and recursive functions.
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Question 3. [20 marks]

(a) [6 marks] Prolog programs are often described as having a declarative semantics
and a procedural semantics.

Explain what we mean by the terms declarative semantics and procedural semantics. Ex-
plain what problems, if any, arise in Prolog from having both declarative and proce-
dural semantics.

(b) [5 marks] Define a Prolog predicate append/3 to append two lists.

Explain why Prolog gives this behaviour:

?- append(L1, L2, [1,2,3]).

L1 = []
L2 = [1,2,3] ;

L1 = [1]
L2 = [2,3] ;

L1 = [1,2]
L2 = [3] ;

L1 = [1,2,3]
L2 = [] ;

no

(c) [9 marks] Explain what we mean by the term meta-programming, and explain one
application of this technique.
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Question 4. [20 marks]

(a) [5 marks] Explain what we mean by the terms:

• formal parameter

• actual parameter

• in mode parameter

• out mode parameter

• in/out mode parameter

(b) [10 marks] Suppose that the following procedure has been defined in a Pascal-like
language:

procedure tester(x : Int, y : Int, z : Int)
begin

z := y;
x := x + y;
y := 2 * x;
writeln(x);
writeln(y);
writeln(z);

end

In this language writeln(Expr) writes the value of the expression to the standard
output, and := is assignment.

Suppose this program fragment is executed:

i := 1;
j := 2;
k := 3;
tester(i, j, k);

State what output this will produce, and state what the values of i , j , and k will
be immediately after the execution of tester(i, j, k) if the parameter passing
mechanism is:

• pass-by-value

• pass-by-value-result

• pass-by-reference
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(c) [5 marks] Algol-60 provided pass-by-name parameters, but no major imperative
language since has provided pass-by-name parameters. Explain why this is the case.
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Question 5. [20 marks]

Write an essay giving a critical assessment of a programming language with which
you are familiar. State clearly the criteria you are using to assess the language.

********************************
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