
 
 
UNIVERSITY OF ABERDEEN   SESSION 2004-2005 
 
Examination in CS4018  (Formal Models of Computation) 
 
Tuesday, 18 January 2005      12pm-2pm 
 
Answer TWO questions. 
Use a separate answer book for each question. 
Each question is worth 25 marks; the marks for each part of a question are shown in brackets. 

 TURN  OVER 
 

 
1. (a)  Taking into account the following equivalences 

t ≡ λxy.x              f ≡ λxy.y          i ≡ λabc.((a)b)c 
  You should obtain the normal form of the λ-expression below, if it has one: 
 

(((i)f)2) ((((i)t)3)4) 
 

  Show the conversion sequence used to obtain the above normal form, indicating which conversion 
rule you applied at each step of the sequence.  

 
               (Assume the usual definition for numbers and pay special attention to the parentheses)  (8) 
 

(b) Give the type definitions for the following Haskell functions f and g:    (6) 
 
 
 
 

 
 
 

(c) Explain the computation performed by the Haskell program below, where length is a built-in 
function to compute the size of a list. You should illustrate your explanation with an example 
showing how the program runs.        (6) 

 
 

 
   

(d) Explain (i) what algebraic types in Haskell are, and (ii) how they are defined; iii) provide examples 
of definitions and instances of the algebraic type definitions; (iv) explain how pattern matching 
works on algebraic types.         (5) 

 
2. (a)  Give three possible reasons for studying “concepts of programming languages”  and comment on 

them.            (5) 
 

(b) “The Algol 60 report was an extremely important document in the evolution of programming 
languages.”  Discuss this statement and identify the positive and negative aspects of the arising from 
the report and the process leading to its production.      (10) 

 

(c) Describe short-circuit evaluation and discuss when its use may be dangerous.   (5) 
 

(d) Identify the advantage of precedence rules and state how the same effect could be achieved if they 
did not exist.           (5) 

f :: ... 
f 1 g x = g x 
f (n+1) g x = (g.(f n g)) x 

g :: ... 
g p [] = [] 
g p ((x,y):xys)  
  | (p x y)   = x:(g p xys) 
  | otherwise = y:(g p xys) 

m a xs = length [y | y <- xs, y =  = a] 
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3. This question is about Computability and Complexity. You can choose any two of the three items I, II 

or III below. 
 

I    Consider the following sketch of a (purported) proof for the proposition P, which states that the set Q 
of all fractions is uncountable. The proof is a variant of Cantor’s diagonal method. The (purported) 
proof of P is as follows: 

      

“Suppose Q could be enumerated. Focus on those elements of Q that are larger than 0 and smaller 
than 1. Each of these can be represented as an infinite sequence of digits. (For example, 1/10 is 0.1 
followed by countably many occurrences of 0;  1/3 is 0.3 followed by countably many occurrences of 
3.)  Cantor’s method allows us to construct a number N that does not occur in the enumeration. 
Therefore, the enumeration must be incomplete.”  

   

You should answer: 
 

1. Precisely how may the number N be constructed?      (3.5) 
2. Is P true? Why? If P is not true, why not?       (3.5) 
3. Is the proof of P correct? Explain any flaws in it.      (5.5) 

 

II     Consider the following problems: 
 

(a) Determine, for every program/input pair (P,I), whether P terminates when applied to I. 
(b) Determine, for every program P, whether P terminates for every input I. 
(c) Determine, for a given program/input pair (P,I), whether P terminates for input I. [Hint: You 

may want to distinguish between the case that P terminates for I and the case that it does not.] 
 

1.  State which of the problems described above (and denoted as a, b and c respectively) is the 
hardest one and which is easiest one in terms of their formal computability.   (5) 

 

2. Motivate your answer. (Formal proofs are not necessary.) Do these formal computability results 
match your intuitive judgment of how difficult each problem is?    (7.5) 

 

III   In the Generation of Referring Expressions, there is a problem of finding a ‘minimal’  distinguishing 
description for a given target referent r. (Recall that a set of properties { P1,..,Pn}  is a distinguishing 
description (DD) of r iff the intersection of their extensions equals { r} . The DD is minimal if there 
does not exist a description using fewer than n properties.) 

  

 Consider the following argument: 
  

 “Let the cardinality of the set of properties in the language be n. Then there exist 2n possible 
conjunctions of properties. Hence, the problem of finding a minimal DD (for every domain, set of 
properties, and target referent) must be exponential.”  

  

1. Is the proposition that this argument purports to prove true?     (2) 
2. Is it true that, with n properties, there are 2n possible conjunctions of properties?  (2.5) 
3. Is the proof correct? Explain any flaws that you may find in it.    (4) 
4. Is there an algorithm for finding the minimal DD? If no, then explain why not. If yes, then sketch 

one such algorithm.         (4) 
 

 
 

 


