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Comp 205:
Comparative Programming Languages

Functional Programming Languages:

More Haskell

• N e s t e d  d e f i n i t i o n s

• L i s t 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 /

N est ed  D ef i n i t i on s

maxOf 3 : : I nt - > I nt - > I nt - > I nt

maxOf 3 x y z  = maxOf 2 u z
wher e
u = maxOf 2 x y

" L o c a l "  d e f i n i t i o n s  c a n  b e  m a d e  u s i n g  t h e
wher e k e y w o r d :

maxOf 3 x y z  = maxOf 2 ( maxOf 2 x y)  z

w h i c h  i s  e q u i v a l e n t  t o :

The F i b o n n a c c i S eq u en c e

-- nth number in the Fibonnacci sequence
f i b n = f i b1

wher e
( f i b1,  f i b2)  = f i bs n

-- (nth, (n+1)th) in Fib. seq.
f i bs 0 = ( 1, 1)
f i bs n = ( f 2,  f 1 + f 2)

wher e
( f 1, f 2)  = f i bs ( n- 1)

. . .  O r

f i b n = f i b1
wher e
( f i b1,  f i b2)  = f i bs n

f i bs n
|  n <= 0  =  ( 1, 1)
|  n > 0   =  ( f 2,  f 1 + f 2)

wher e
( f 1, f 2)  = f i bs ( n- 1)

T h e F seq uence w h ere F = Fib onacci

- - f i l e:  f i b. hs

f i b n  =  f i b1
wher e
( f i b1,  f i b2)  = f i bs n
f i bs m

|  m < 1   = ( 1, 1)
|  0 < m   = ( f 2,  f 1 + f 2)

wher e
( f 1, f 2)  = f i bs ( m- 1) ,

T h e F seq uence w h ere F = Fib onacci

- - f i l e:  f i b. hs

f i b n =  f 1
wher e
( f 1,  f 2)  = f i bs n
f i bs n

|  n < 1   = ( 1, 1)
|  0 < n = ( f 2,  f 1 + f 2)

wher e
( f 1, f 2)  = f i bs ( n- 1) ,
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L o c a l  i s  H i d d en

Main> : l  f i b. hs
. . .
Main> f i bs 5

ERROR - Undef i ned var i abl e " f i bs"
Main>

S u m m a r y

K e y  t o p i c s :

• L o c a l  d e f i n i t i o n s  ( wher e )

Next:   Lists

Lists

bread
milk
butter
onions
orange juice
t-bone steaks
chocolate

• A t t e n d a n c e  S h e e t s
• L e a g u e  t a b l e s
• t o p  t e n s
• t h e  F i b o n n a c c i s e q u e n c e
• . . .

Lists in Haskell

A  l i s t  i s  a  s e q u e n c e  o f  v a l u e s ,
i n  a  p a r t i c u l a r  o r d e r

Lists in Haskell

A  l i s t  i s  a  s e q u e n c e  o f  v a l u e s ,
i n  a  p a r t i c u l a r  o r d e r

L i s t s  a r e  homogeneous:
a l l  t h e  e l e m e n t s  i n  a  l i s t  ( i n  H a s k e l l )
h a v e  t h e  s a m e  t y p e

Lists in Haskell

A  l i s t  i s  a  s e q u e n c e  o f  v a l u e s ,
i n  a  p a r t i c u l a r  o r d e r

L i s t s  a r e  homogeneous:
a l l  t h e  e l e m e n t s  i n  a  l i s t  ( i n  H a s k e l l )
h a v e  t h e  s a m e  t y p e

L i s t s  a r e  d y na mi c :
u n l i k e  a r r a y s  i n  i m p e r a t i v e  l a n g u a g e s ,
t h e  l e n g t h  o f  a  l i s t  i s  n o t  c o n s t r a i n e d
( a n d  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 )
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Notations for Lists

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

• c o n s t r u c t o r s :
1 :  1 :  2 :  3 :  5 :  8 :  [ ]

• " s q u a r e  b r a c k e t s "  n o t a t i o n :
[ 1,  1,  2,  3,  5,  8]

• s t r i n g s  ( o n l y  f o r  l i s t s  o f  c h a r s ) :
[ ' h' ,  ' e' ,  ' l ' ,  ' l ' ,  ' o' ]  = " hel l o"

Functions on Lists

Prelude> l engt h [ 1,  1,  2,  3,  5,  8]
6
Prelude> l engt h " "
0

Prelude> [ 1,  1,  2,  3]  ++ [ 5,  8]
[ 1,  1,  2,  3,  5,  8]
Prelude> [ ]  ++ [ 1]  ++ [ 2]
[ 1, 2]

L e n g t h :

C o n c a t e n a t i o n  ( a p p e n d ) :

More Functions on Lists

Prelude> head [ 1,  2,  4]
1
Prelude>

H e a d s  a n d  t a i l s

More Functions on Lists

Prelude> head [ 1,  2,  4]
1
Prelude> t ai l  [ 1,  2,  4]
[ 2, 4]
Prelude>

H e a d s  a n d  t a i l s

More Functions on Lists

Prelude> head [ 1,  2,  4]
1
Prelude> t ai l  [ 1,  2,  4]
[ 2, 4]
Prelude> head [ ]
ERROR:  . . .

Prelude>

H e a d s  a n d  t a i l s

More Functions on Lists

Prelude> head [ 1,  2,  4]
1
Prelude> t ai l  [ 1,  2,  4]
[ 2, 4]
Prelude> head [ ]
ERROR:  . . .

Prelude> t ai l  [ ]
ERROR:  . . .

H e a d s  a n d  t a i l s
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Yet More Functions on Lists

Prelude> t ake 3 " cat f l ap"
" cat "
Prelude>

Yet More Functions on Lists

Prelude> t ake 3 " cat f l ap"
" cat "
Prelude> dr op 2 [ ' i ' , ' n' , ' t ' , ' e' , ' n' , ' t ' ]
" t ent "
Prelude>

Yet More Functions on Lists

Prelude> t ake 3 " cat f l ap"
" cat "
Prelude> dr op 2 [ ' i ' , ' n' , ' t ' , ' e' , ' n' , ' t ' ]
" t ent "
Prelude> r ever se ' p' : ' o' : ' o' : ' l ' : [ ]
" l oop"
Prelude>

Yet More Functions on Lists

Prelude> t ake 3 " cat f l ap"
" cat "
Prelude> dr op 2 [ ' i ' , ' n' , ' t ' , ' e' , ' n' , ' t ' ]
" t ent "
Prelude> r ever se ' p' : ' o' : ' o' : ' l ' : [ ]
" l oop"
Prelude> zi p [ 1, 2, 3, 4, 5]  " cat "
[ ( 1, ' c ' ) , ( 2, ' a' ) , ( 3, ' t ' ) ]

List Constructors I

A  l i s t  i s  e i t h e r :

• empty
o r

• an element of a given type together with
a list of elements of the same type

i n  B N F :         [ a ]    : : =    [ ]   | a  :  [ a ]

List Constructors II

" [ ] " a n d  " : " a r e  c onst r uc t or s f o r  l i s t s :

• t hey  a r e p r i mi t i v e op er a t or s
( i . e . ,  n o t  e v a l u a t e d )

• a l l  l i st s a r e b ui l t  f r om t hese op er a t or s
( a n d  e l e m e n t s  o f  t h e  " p a r a m e t e r  t y p e " )
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Constructors and Pattern-Matching

C o n s t r u c t o r s  c a n  b e  u s e d  i n  P a t t e r n - M a t c h i n g :

i sempt y [ ]  = Tr ue
i sempt y anyt hi ngEl se = Fal se

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

head [ ]  = er r or  " head [ ] "
head ( x: xs)  = x

Evaluating Recursive Functions

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

l engt h ( 1 :  2 :  4 :  [ ] )
⇒

Evaluating Recursive Functions

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

l engt h ( 1 :  2 :  4 :  [ ] )
⇒

�
x ←←←← 1 , xs ←←←← 2 :  4 :  [ ] �

Evaluating Recursive Functions

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

l engt h ( 1 :  2 :  4 :  [ ] )
⇒

�
x ←←←← 1 , xs ←←←← 2 :  4 :  [ ] �

1 + l engt h ( 2 :  4 :  [ ] )

Evaluating Recursive Functions

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

l engt h ( 1 :  2 :  4 :  [ ] )
⇒

�
x ←←←← 1 , xs ←←←← 2 :  4 :  [ ]  �

1 + l engt h ( 2 :  4 :  [ ] )
⇒

�
x ←←←← 2 , xs ←←←← 4 :  [ ] �

Evaluating Recursive Functions

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

l engt h ( 1 :  2 :  4 :  [ ] )
⇒

�
x ←←←← 1 , xs ←←←← 2 :  4 :  [ ]  �

1 + l engt h ( 2 :  4 :  [ ] )
⇒

�
x ←←←← 2 , xs ←←←← 4 :  [ ] �

1 + 1 + l engt h ( 4 :  [ ] )
⇒
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Evaluating Recursive Functions

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

l engt h ( 1 :  2 :  4 :  [ ] )
⇒

�
x ←←←← 1 , xs ←←←← 2 :  4 :  [ ]  �

1 + l engt h ( 2 :  4 :  [ ] )
⇒

�
x ←←←← 2 , xs ←←←← 4 :  [ ]  �

1 + 1 + l engt h ( 4 :  [ ] )
⇒

�
x ←←←← 4 , xs ←←←← [ ] �

1 + 1 + 1 + l engt h [ ]
⇒

Evaluating Recursive Functions

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

l engt h ( 1 :  2 :  4 :  [ ] )
⇒

�
x ←←←← 1 , xs ←←←← 2 :  4 :  [ ]  �

1 + l engt h ( 2 :  4 :  [ ] )
⇒

�
x ←←←← 2 , xs ←←←← 4 :  [ ]  �

1 + 1 + l engt h ( 4 :  [ ] )
⇒

�
x ←←←← 4 , xs ←←←← [ ]  �

1 + 1 + 1 + l engt h [ ]
⇒

� �

Evaluating Recursive Functions

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

l engt h ( 1 :  2 :  4 :  [ ] )
⇒

�
x ←←←← 1 , xs ←←←← 2 :  4 :  [ ]  �

1 + l engt h ( 2 :  4 :  [ ] )
⇒

�
x ←←←← 2 , xs ←←←← 4 :  [ ]  �

1 + 1 + l engt h ( 4 :  [ ] )
⇒

�
x ←←←← 4 , xs ←←←← [ ]  �

1 + 1 + 1 + l engt h [ ]
⇒

� �
1 + 1 + 1 + 0

l engt h without Pattern-Matching

l engt h xs
|  xs == [ ]   = 0
| ot her wi se  = 1 + l engt h ( t ai l  xs)

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

Summary

K e y  t o p i c s :

• L i s t s  ( 3  n o t a t i o n s )
• C o n s t r u c t o r s
• P a t t e r n - m a t c h i n g
• R e c u r s i o n

Next:   Recursion and List Comprehensions


