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Comp 205:
Comparative Programming Languages

Functional Programming Languages:

More Lists

• R e c u r s i v e  d e f i n i t i o n s

• L i s t  c o m p r e h e n s i o n s

L e c t u r e  n o t e s ,  e x e r c i s e s ,  e t c . ,  c a n  b e  f o u n d  a t :

w w w . c s c . l i v . a c . u k / ~ g r a n t / T e a c h i n g / C O M P 2 0 5 /

Recursion

T h e  t y p e  o f  l i s t s  i s  “ r e c u r s i v e l y  d e f i n e d ” :

A  l i s t  i s  e i t h e r :
• e m p t y ,  o r
• i s  a n  e l e m e n t  f o l l o w e d  b y  a  l i s t

M a n y  f u n c t i o n  d e f i n i t i o n s  f o l l o w  t h i s  p a t t e r n :

l engt h [ ]  =  0
unzi p ( x :  xs)  =  1 + l engt h xs

Recursion

T h e  s u m  o f  a l l  t h e  n u m b e r s  i n  t h e  e m p t y  l i s t
i s  0 :

sumAl l ( x :  xs)  =  x + sumAl l  xs

sumAl l [ ]  =  0

sumAl l  : :  [ I nt eger ]  - > I nt eger

C o m p u t e  t h e  s u m  o f  a l l  t h e  n u m b e r s  i n  a  l i s t :

T h e  s u m  o f  a l l  t h e  n u m b e r s  i n  a  l i s t  x :  xs
i s  x +  t h e  s u m  o f  a l l  t h e  n u m b e r s  i n  xs :

Recursion

C o n c a t e n a t i n g  a l l  t h e  s t r i n g s  i n  t h e  e m p t y  l i s t
g i v e s  t h e  e m p t y  s t r i n g :

concat ( s :  ss)  =  s ++ concat ss

concat [ ]  =  [ ]           - - - = “ ”

concat : :  [ [ Char ] ]  - > [ Char ]

C o n c a t e n a t e  a l l  t h e  s t r i n g s  i n  a  l i s t  o f  s t r i n g s :

C o n c a t e n a t i n g  a l l  t h e  s t r i n g s  i n  a  l i s t  s :  ss
i s  s a p p e n d e d  t o  t h e  c o n c a t e n a t i o n  o f  a l l  t h e
s t r i n g s  i n  ss :

Patterns

P a t t e r n s  c a n  b e  c o m b i n e d :

zi p : :  [ I nt ]  - > [ St r i ng]  - > [ ( I nt , St r i ng) ]

z i p [ ]  ss =  [ ]
z i p i s [ ] =  [ ]
z i p ( i : i s)  ( s: ss)  =  ( i , s)  :  z i p i s ss

More Patterns

P a t t e r n s  c a n  b e  c o m p l e x :

unzi p [ ]  =  [ ]
unzi p ( ( x, y)  :  ps)  =  ( x: xs,  y: ys)

wher e
( xs, ys)  = unzi p ps
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List Comprehensions

H a s k e l l  ( a n d  o t h e r  l a n g u a g e s  l i k e  M i r a n d a )
p r o v i d e s  a  s p e c i a l  n o t a t i o n  f o r  c o n s t r u c t i n g
n e w  l i s t s  f r o m  o l d :

s u p p o s e   xs = [ 1, 2, 3, 4, 5, 6] ,  t h e n

[  2* x |  x  <- xs ]

i s  t h e  l i s t [ 2, 4, 6, 8, 10, 12] .

S om e T erm in ol og y

[  E |  P <- LExp ]

b o d y

s e l e c t o r

List Comprehensions

T h e  s e l e c t o r  c a n  c o n t a i n  a  pattern r a t h e r  t h a n
s i m p l y  a  v a r i a b l e .
F o r  e x a m p l e ,  a  f u n c t i o n  t o  a d d  e a c h  p a i r  i n  a
L i s t  o f  p a i r s  o f  n u m b e r s :

addAl l  : :  [ ( I nt , I nt ) ]  - > [ I nt ]

addAl l  ps = [  x+y |  ( x , y)  <- ps ]

List Comprehensions

T h e  s e l e c t o r  c a n  b e  c o m b i n e d  w i t h  o n e  o r
m o r e  g u ard s ,  s e p a r a t e d  b y  c o m m a s :

Main> [  2* x |  x<- [ 1. . 6] ,  even x,  x<5 ]
[ 4, 8]

s i n c e  t h e  o n l y  e l e m e n t s  o f  [ 1. . 6] t h a t  s a t i s f y
t h e  g u a r d s  a r e  2 a n d  4 .

List Comprehensions

M o r e  t h a n  o n e  s e l e c t o r  c a n  b e  u s e d :

[  ( x, y)  |  x  <- [ 1, 2, 3] ,  y  <- [ 5, 6]  ]

d e n o t e s  t h e  l i s t

[  ( 1, 5) ,  ( 1, 6) ,  
( 2, 5) ,  ( 2, 6) ,
( 3, 5) ,  ( 3, 6)  ]

List Comprehensions

L i s t  c o m p r e h e n s i o n s  a r e  e x p r e s s i o n s ,
s o  t h e y  c a n  b e  u s e d  i n  d e f i n i t i o n s :

coor ds : :  [ ( I nt , I nt ) ]
coor ds = [  ( x , y)  |  x<- [ 0. . 9] ,  y<- [ 0. . 9] ]

mkCoor ds : :  [ I nt ]  - > [ I nt ]  - > [ ( I nt , I nt ) ]
mkCoor ds xs ys

= [  ( x, y)  |  x  <- xs,  y <- ys ]
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Summary

K e y  t o p i c s :

• R e c u r s i o n
• L i s t  C o m p r e h e n s i o n s

Next:   Higher-Order Functions


