
UNIVERSITY OF ABERDEEN   SESSION 2003-2004 
 
MOCK Questions for CS4018  (Formal Models of Computation) 

 

 
The list below contains “stand-alone”  items covering the topic of lambda-calculus and functional programming (Haskell). 
They should appear combined as subgroups in which their marks total 25 – that would be one question in the exam. 
 
(a)  Obtain the normal form of the λ-expression below, if it has one. Show the conversion sequence used to obtain the 

normal form, indicating which conversion rule you applied at each step of the sequence. Assume the usual definition for 
arithmetic operators, numbers and logical connectives. [NB An actual question should have only one expression – I’ve 
included a list of them for you to practice!] 

(8) 
 

(λx y z.(2 × x  ×  x  + 4 × z) / (3 × x − 5 × z)) 3 ((λy. y y) (λ x. x x)) ((λx. x   × x)((λx. x   × x) 2)) 
(λf  x g. g f (x × x) + f x) (λx.  x − 3) 2 (λy. 2 − y) 
(λf a x. f (f (f x 2))) (λx. 2 × x) (λy. y − 4) 4 
(λf a b c.( f (f (a ∧ b) ∨ c))) (λx. x ∧ true) ((λx. x > 4) ((λx. x   × x) 8)) false 

 
(b) Write notes on infinite data structures in Haskell. Your notes should include: 

§ What infinite data structures are 
§ How they are used (with at least one example) 
§ How Haskell’s lazy evaluation allows the manipulation of infinite data structures 

(12) 
 
(c) This item concerns an implementation of the “noughts-and-crosses”  game (also known as “ tic-tac-toe” ) in Haskell. The 

game is played by two players who take turns writing “X”  or “O”  on a 3-by-3 grid. Players are initially assigned “X”  or 
“O”  and they can only write their assigned symbol on the grid (that is, they cannot type “X”  or “O”  indiscriminately). 
The winner is the player that first manages to get 3 “X”  (or “O” , if that is the symbol the player has been assigned) 
along a row, along a column or along a diagonal of the grid. Players cannot write their symbols on positions already 
occupied. You should: 

 

i. Propose a data structure to store the configuration of the grid. 
(5) 

ii. Propose a Haskell function that given a configuration of the grid, a symbol to be written on the grid and its position, 
it returns the new configuration with the symbol added to it. You should use the pair (C,R) to refer to the position of 
the grid on which the symbol should be inserted – “C”  is the column and “R”  is the row (both must be between 1 
and 3). Your function must cope with attempts to write on positions already occupied – your solution must check 
this condition. 

(10) 
iii. Propose a Haskell function that checks if a given configuration has a winner, that is, if there are 3 equal symbols 

along a row, column or diagonal. 
 (10) 

 
(d) Consider the Haskell program below 
 

f = [(x,[y | y <- [1..x], even y ],[z | z <- [1..x], odd z]) | x <- [1..]] 
 

where even y tests if the value of y is an even number and odd z tests if the value of z is an odd number. Answer the 
items below: 

 

i. Provide the type definition for function f. 
(3) 

ii. Explain what f does, showing how the expression:  
take 6 f 

is computed, where take n f is the Haskell built-in that returns the first n elements of f. 
(10) 

 


