RHEINISCH. LEHR- UND FORSCHUNGSGEBIET
LuFG
TECHNISCHE INFORMATIK 2
HOCHSCHULE RWTH Aachen - D-52056 Aachen - GERMANY  informatik Ii
AACHEN http: //www-i2.informatik.rwth-aachen.de/lufgi2

Prof. Dr. Jiirgen Giesl
Peter Schneider-Kamp
Stephan Swiderski

Exercises Functional Programming — Sheet 7
Solutions will be collected until Wednesday, June 6, 2007 in the exercise course.
Exercises can be solved both in English and in German.

Exercise 1 (2 points)
Let Dy, Dy, and D3 be domains with complete orders i, Co, T3, respectively. Let

f: Dy — Dy and g: Dy — D3 be continuous functions. Show that the composition
go f: Dy — Dsis also continuous.

Exercise 2 (2 + 4 points)

Consider the following Haskell declarations for sum and the associated higher-order
function f_sum:

sum :: Int -> Int
sum = \x -> if x <= 0 then 0 else sum (x-1) + x
f_sum = \g -> \x -> if x <= 0 then 0 else g (x-1) + x

The function ®¢ gy : (Z), — Z,) — (Z, — Z, ) is defined as follows:

0, if <0
g(x — 1)+ x, otherwise

(2 am(9))(0) = {

Here, — and + are the strict extensions of the subtraction and the multiplication
function.

Show that

(a) Ps_gum 1S monotonic.

(b) ®:_gup is continuous.

Hint: You should use Lemma 2.1.11 and Theorem 2.1.15 in your proof.



Exercise 3 (1 + 1 + 2 + 3 points)

Consider the following Haskell functions:

fact :: Int -> Int
fact \x -> if x <= 0 then 1 else fact (x-1) * x

three :: Int -> Int

three = \x -> 3

incr :: Int -> Int

incr = \x -> incr (x+3)

times :: (Int,Int) —> Int

times = \(x,y) -> if y <= 0 then 0 else x + times (x,y-1)

The higher-order Haskell function f_fact corresponding to fact is:
f_fact = \g -=> \x -> if x <= 0 then 1 else g (x-1) * x

The semantics ¢ sace Of f_fact is:

1, if 2 <0
g(x —1) -z, otherwise

(6ssact(9)) (@) = {

The semantics ¢sacy Of fact is the least fixpoint of ¢ _sace, (Where for all z < 0 we
define z! = 1):
xl, frxelZ
Dsace () = { L otherwise
(a) Give the Haskell definitions for the higher-order functions f_three, f_incr,
and f_times corresponding to three, incr, and times.

(b) Give the semantics ¢s tnree; Pf_incrs and @ tines Of the functions f_three,
f_incr, and f_times.

(c) What does the function ¢(L) compute for n € IN, f € {f three, f incr,
f times}?
Here, ¢;}(J_) denotes n applications of ¢; to the undefined function L.

(d) Give all fixpoints of the semantic functions ¢ _tnree, @s_incrs and ¢ _tines from

(a). Which ones are the least fixpoints (i.e, which correspond to ¢inree, Pincrs
and @yines respectively)?



