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Comp 205:
Comparative Programming 

Languages

Lazy Evaluation

• E r r o r s

• E v a l u a t i o n  S t r a t e g i e s

• I n f i n i t e  L i s t s … .

Lecture notes, exercises, etc., can be found at:

w w w .csc.l iv .ac.uk / ~ g rant/ T each ing / C O M P 2 0 5 /

Errors

E r r o r s  a r e  reported w h e n  t h e  H a s k e l l  i n t e r p r e t e r
e v a l u a t e s  a n  i l l e g a l  e x p r e s s i o n :

Mai n> 3/0

program error: {primDivDouble 3.0 0.0}

Mai n> head (tail [2])

program error: {head []}

Mai n>

R e p ort i n g  Errors

E r r o r s  c a n  b e  r a i s e d  b y  t h e  p r o g r a m m e r .

C o n s i d e r  t h e  f o l l o w i n g  f u n c t i o n  t o  c o m p u t e  t h e
g r e a t e s t  n u m b e r  i n  a  n o n - e m p t y  l i s t :

maxList [] = error "empty argument list"
maxList (n : []) = n
maxList (n : ns) = max n (maxList ns)

H a sk e l l  i s L a z y

H a s k e l l  o n l y  e v a l u a t e s  a  s u b e x p r e s s i o n  i f  i t ' s
n e c e s s a r y  t o  p r o d u c e  a  r e s u l t .

T h i s  i s  c a l l e d  l a z y ( o r  n on - s tri c t)  ev a l u a ti on

Mai n> maxList []

program error: empty argument list
Mai n> fst (0, maxList [])
0
Mai n>

P a t t e rn s F orc e  Ev a l u a t i on

H a s k e l l  w i l l e v a l u a t e  a  s u b e x p r e s s i o n  t o  t e s t  i f
i t  m a t c h e s  a  p a t t e r n .   S u p p o s e  w e  d e f i n e :

Mai n> myFst (0, maxList [])

program error: empty argument list
Mai n>

myFst (x, 0) = x
myFst (x, y) = x

T h e n  t h e  s e c o n d  a r g u m e n t  i s  a l w a y s e v a l u a t e d :

L a z y  B u t  P rod u c t i v e

H a s k e l l  w i l l  p r o d u c e  a s  m u c h  o f  a  r e s u l t
a s  p o s s i b l e :

Mai n> [1, 2, div 3 0, 4]
[1,2,

program error: {primQrmInteger 3 0}
Mai n> map (1/) [1, 2, 0, 7]
[1.0,0.5,

program error: {primDivDouble 1.0 0.0}
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L a z y  Ev a l u a t i on

L a z y  ev a l u a ti on :  a  s u b e x p r e s s i o n  i s  e v a l u a t e d
o n l y  i f  i t  i s  n e c e s s a r y  t o  p r o d u c e  a  r e s u l t .

T h e  H a s k e l l  i n t e r p r e t e r  i m p l e m e n t s
topm os t- ou term os t e v a l u a t i o n :

R ew ri ti n g  i s  don e a s  n ea r th e " top"  of  th e
pa rs e tree a s  pos s i b l e.

F o r  e x a m p l e :

reverse (1 : (2 : []))

T op m ost - O u t e rm ost

reverse (1 : (2 : []))
⇒

(swap 1) (reverse (2 : []))
⇒

(reverse (2 : [])) ++ [1]
⇒

((swap 2) (reverse [])) ++ [1]
⇒

((reverse []) ++ [2]) ++ [1]

reverse (n : ns) = swap n (reverse ns)
swap h rl = rl ++ [h]

T op m ost - O u t e rm ost

((reverse []) ++ [2]) ++ [1]
⇒

([] ++ [2]) ++ [1]
⇒

[2] ++ [1]
⇒

[2,1]

I n f i n i t e  L i st s

H a s k e l l  h a s  a  " d o t - d o t "  n o t a t i o n  f o r  l i s t s :

Mai n> [0..7]
[0,1,2,3,4,5,6,7]

T h e  u p p e r  b o u n d  c a n  b e  o m i t t e d :

Mai n> [1..]
[1,2,3,4,5,6,7, ...
...
2918,2919,291<<not enough heap space --
task abandoned>>

U si n g  I n f i n i t e  L i st s

H a s k e l l  g i v e s  u p  d i s p l a y i n g  a  l i s t  w h e n  i t  r u n s  o u t
o f  m e m o r y ,  b u t  i n f i n i t e  l i s t s  l i k e  [1..] c a n  b e
u s e d  i n  p r o g r a m s  t h a t  o n l y  u s e  a  p a r t  o f  t h e  l i s t :

Mai n> head (tail (tail (tail [1..])))
4

T h i s  s t y l e  o f  p r o g r a m m i n g  i s  o f t e n  s u m m a r i s e d
b y  t h e  p h r a s e  " g en era tors a n d  s el ec tors "
• [1..] i s  a  g e n e r a t o r
• head.tail.tail.tail i s  a  s e l e c t o r

G e n e ra t ors a n d  S e l e c t ors

B e c a u s e  H a s k e l l  i m p l e m e n t s  l a z y  e v a l u a t i o n ,
i t  o n l y  e v a l u a t e s  a s  m u c h  o f  t h e  g e n e r a t o r
a s  i s  n e c e s s a r y :

Mai n> head (tail (tail (tail [1..])))
5
Mai n> reverse [1..]
ERROR - Garbage collection fails to 
reclaim sufficient space
Mai n>
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A  S e l e c t or

T h e  b u i l t - i n  f u n c t i o n  filter r e m o v e s  e l e m e n t s
i n  a  l i s t  t h a t  d o n ' t  s a t i s f y  a  p r o p e r t y  p :

filter :: (a -> Bool) -> [a] -> [a]
filter p [] = []
filter p (x : xs)
| p x       = x : filter p xs
| otherwise = filter p xs

Mai n> filter (<10) [1, 11, 2, 13, 3]
[1,2,3]

A n ot h e r S e l e c t or

T h e  b u i l t - i n  f u n c t i o n  takeWhile r e t u r n s  t h e
l o n g e s t  i n i t i a l  s e g m e n t  t h a t  s a t i s f i e s  a  p r o p e r t y  p :

takeWhile :: (a -> Bool) -> [a] -> [a]
takeWhile p [] = []
takeWhile p (x : xs)
| p x       = x : takeWhile p xs
| otherwise = []

Mai n> takeWhile (<10) [1, 2, 13, 3]
[1,2]

S e l e c t ors

N o t e  t h a t  e v a l u a t i o n  o f  takeWhile s t o p s  a s  s o o n
a s  t h e  g i v e n  p r o p e r t y  d o e s n ' t  h o l d ,  w h e r e a s
e v a l u a t i o n  o f  filter o n l y  s t o p s  w h e n  t h e  e n d  o f
t h e  l i s t  i s  r e a c h e d :

Mai n> takeWhile (<10) [1..]
[1,2,3,4,5,6,7,8,9]
Mai n> filter (<10) [1..]
[1,2,3,4,5,6,7,8,9

S u m m a ry

• L a z y  ev a l u a ti on :  o n l y  e v a l u a t e  w h a t ' s  n e e d e d

• i m p l e m e n t e d  b y  t o p m o s t - o u t e r m o s t
e v a l u a t i o n

• H a s k e l l  a l l o w s  i n f i n i t e  l i s t s

• l a z y  e v a l u a t i o n  a l l o w s  u s i n g  ( s e l e c t i n g )  p a r t s
o f  i n f i n i t e  ( g e n e r a t o r )  l i s t s

Next: more infinite lists


