
1

Comp 205:
Comparative Programming 

Languages

User- D ef i n ed  T y p es

• E n u m e r a t e d  t y p e s

• P a r a m e t e r i s e d  t y p e s

• R e c u r s i v e  t y p e 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 /

Introducing Constants

O f t e n  i t  i s  u s e f u l  t o  d e c l a r e  c o n s t a n t s  i n  p r o g r a m s :

• t o  m a k e  t h e  p r o g r a m  e a s i e r  t o  r e a d ,  a n d / o r
• t o  g r o u p  r e l a t e d  d e f i n i t i o n s  t o g e t h e r

I n  J a v a ,  w e  m i g h t  d e c l a r e :

publ i c st at i c  f i nal  NORTH = 0;
publ i c st at i c  f i nal  EAST  = 1;
publ i c st at i c  f i nal  SOUTH = 2;
publ i c st at i c  f i nal  WEST  = 3;

T urning 9 0 º

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

publ i c i nt  t ur n( i nt  di r ect i on)
{

di r ect i on++;
i f  ( di r ect i on < 0)  | |  ( 3 < di r ect i on)

r et ur n NORTH;
r et ur n di r ect i on;

}

T urning 9 0 º  A gain

N o t  r e f e r r i n g  t o  t h e  r e p r e s e n t a t i o n  ( i nt ) ,  m a k e s
t h e  c o d e  e a s i e r  t o  f o l l o w :

publ i c i nt  t ur n( i nt  di r ect i on)
{

swi t ch ( di r ect i on)
{  case NORTH:   r et ur n EAST;

case EAST :   r et ur n SOUTH;
case SOUTH:   r et ur n WEST;
def aul t    :   r et ur n NORTH;

}  }

P utting on th e  S ty l e

H a s k e l l  a l l o w s  t h e  p r o g r a m m e r  t o  d e f i n e  t y p e s :

dat a Car di nal Poi nt
= Nor t h |  East  |  Sout h |  West

T h e  i n t e r p r e t e r  t r e a t s  t h e s e  a s  n e w  v a l u e s  o f  a  n e w
t y p e :

Main> : t  East
East  : :  Car di nal Poi nt
Main> East
ERROR - cannot  f i nd " show"  f unct i on . . .

D e riv ing Cl asse s

data CardinalPoint
= North | East | South | West
der i v i ng ( Eq,  Show)

Main> East
East
Main> East  == West
Fal se
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Constructor Review

" [ ] " a n d  " : " a r e  constructors f o r  l i s t s :

• th e y  a re  p ri m i ti v e  op e ra tors
( i . e . ,  n o t  e v a l u a t e d )

• a l l  l i sts a re  b ui l t f rom  th e se  op e ra tors
( 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 " )

S om e Constructors

Bool    :  Tr ue a nd Fal se

[ a]     :  [ ]  a nd :

( a, b)  :  ( _, _)

Char    :  ' a' ,  ' b' ,  . . .

E num e rate d T y p e s

T y p e s  d e f i n e d  t o  h a v e  o n l y  c o n s t a n t s  a r e  r e f e r r e d
t o  a s  e num e ra te d  ty p e s :

dat a Col our s =  Red |  Or ange |  Yel l ow |
Gr een |  Bl ue |  Pur pl e

- - Bool  i s a bui l t - i n enumer at ed t ype:
- -
- - dat a Bool  = Tr ue |  Fal se   

T rue  and F al se

T h e  t y p e  Bool i s  a  b u i l t - i n  e n u m e r a t e d  t y p e ,
w i t h  c o n s t r u c t o r s  Tr ue a n d  Fal se ;
t h e s e  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 :

not  : :  Bool  - > Bool

not  Tr ue  = Fal se
not  Fal se = Tr ue

Constant Constructors

T h e  c o n s t a n t s  i n  e n u m e r a t e d  t y p e s  a r e
c o n s t r u c t o r s ,  a n d  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 :

t ur n : :  Car di nal Poi nt  - > Car di nal Poi nt

t ur n Nor t h = East
t ur n East   = Sout h
t ur n Sout h = West
t ur n West   = Nor t h

Main> t ur n East
Sout h

Constructors w ith  A rgs

O f t e n  w e  n e e d  t y p e s  w h e r e  t h e  c o n s t r u c t o r s  
t a k e  a r g u m e n t s :

dat a Poi nt  = Pt  ( I nt , I nt )
der i v i ng ( Show)

Main> Pt  ( 3, 6)
Pt  ( 3, 6)
Main> : t  Pt  ( 3, 6)
Pt  ( 3, 6)  : :  Poi nt
main> : t  Pt
Pt  : :  ( I nt , I nt )  - > Poi nt
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Constructors w ith  A rgs

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 :

dat a Poi nt  = Pt  ( I nt , I nt )
der i v i ng ( Show)

get X : :  Poi nt  - > I nt
get X ( Pt  ( x, y) )  = x

Main> get X ( Pt  ( 3, 6) )
3

Constructor Curry

W e  c a n  u s e  c u r r y i n g  f o r  c o n s t r u c t o r s  t h a t  t a k e
m o r e  t h a n  o n e  a r g u m e n t :

dat a I nt St r i ng = I S I nt  [ Char ]

get St r i ng : :  I nt St r i ng - > [ Char ]
get St r i ng ( I S n s)  = s

Main> get St r i ng ( I S 7 " pr osper " )
pr osper

T y p e  P aram e te rs

T y p e s  c a n  b e  d e f i n e d  o v e r  a r b i t r a r y  t y p e s
u s i n g  t y p e  v a r i a b l e s :

dat a Thi ngAt Poi nt  a = At  ( a, Poi nt )
der i v i ng Show

Main> : t  At ( 0: : I nt ,  Pt ( 2, 4) )
. . .  : :  Thi ngAt Poi nt  I nt
Main> : t  At ( " begi n" ,  Pt ( 2, 4) )
. . .  : :  Thi ngAt Poi nt  [ Char ]

M ore  T y p e  P aram e te rs

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

dat a Thi ngAndLi st  a b = TL a [ b]
der i v i ng Show

get Li st  : :  Thi ngAndLi st  a b - > [ b]
get Li st  ( TL t  l )  = l

Main> get Li st  ( TL 7 " pr osper " )
pr osper

P ol y m orp h ism

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

dat a I nt Li st  a = I L I nt  [ a]
der i v i ng Show

mapLi st  : :  ( a - > b)  - >
I nt Li st  a - > I nt Li st  b

mapLi st  f  ( I L n l )  = I L n ( map f  l )

Main> mapLi st  or d ( I L 7 " abc" )
NL 7 [ 97, 98, 99]

S um m ary

• U s e r s  ( p r o g r a m m e r s )  c a n  d e f i n e  t y p e s  b y
s p e c i f y i n g  c o n s t r u c t o r s  a n d  t h e i r  t y p e s

• t h e s e  t y p e s  a r e  d i s t i n c t  f r o m  a l l  o t h e r  t y p e s
( a n d  c o n s t r u c t o r  n a m e s  s h o u l d  n o t  b e  r e u s e d )

• d e f i n i t i o n s  c a n  b e  p a r a m e t e r i s e d  o v e r  t y p e s

Next: more user-defined types
(trees and catamorphisms)


