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Comp 205:
Comparative Programming 

Languages

More User- D ef i n ed  T y p es

• T r e e  t y p e s

• C a t a m o r p h i s m 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 /

Recursive Type Definitions

S o m e  r e c u r s i v e l y - d e f i n e d  t y p e s :

data Nat  =  Zero | Succ Nat

data List a  =  Nil | Cons a (List a)

data BTree a  = Leaf a |
Fork (BTree a) (BTree a)
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Recursive F unctions

S o m e  r e c u r s i v e  f u n c t i o n s  o n  Nat :

data Nat = Zero | Succ Nat

-- convert "caveman notation"
-- to decimal

value :: Nat -> Int

value Zero = 0
value (Succ n) = 1 + value n

M ore Recursive F unctions

S o m e  m o r e  r e c u r s i v e  f u n c t i o n s  o n  Nat :

data Nat = Zero | Succ Nat

nplus :: Nat Nat -> Nat
nplus m Zero = m
nplus m (Succ n) = Succ (nplus m n)

ntimes :: Nat Nat -> Nat
ntimes m Zero = Zero
ntimes m (Succ n) = nplus m (ntimes m n)

Recursive F unctions on B Trees

data BTree a = Leaf a |
Fork (BTree a) (BTree a)

sumAll :: BTree Int -> Int
sumAll (Leaf n) = n
sumAll (Fork t1 t2)

= (sumAll t1)+(sumAll t2)

leaves :: BTree a -> [a]
leaves (Leaf x) = [x]
leaves (Fork t1 t2)

= (leaves t1)++(leaves t2)
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Recursive F unctions on B Trees

data BTree a = Leaf a |
Fork (BTree a) (BTree a)

bTree_Map :: (a -> b) ->
(BTree a) -> (BTree b)

bTree_Map f (Leaf x) = Leaf (f x)
bTree_Map f (Fork t1 t2)

= Fork (bTree_Map f t1)
(bTree_Map f t2)

Recursive F unctions on B Trees

data BTree a = Leaf a |
Fork (BTree a) (BTree a)

BTree_Reduce ::
(a -> b) ->

(b -> b -> b) ->
(BTree a) -> b

bTree_Reduce f g (Leaf x) = f x
bTree_Reduce f g (Fork t1 t2)

= g (bTree_Reduce f g t1)
(bTree_Reduce f g t2)

U sing  Reduce

sumAll = bTree_Reduce id (+)
where
id x = x

leaves = bTree_Reduce (:[]) (++)

bTree_Map f = bTree_Reduce (Leaf.f) Fork

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

C a ta m orph ism s

bTree_Reduce f g i s  a  catamorphism:

- i t  r e p l a c e s  c o n s t r u c t o r s  w i t h  f u n c t i o n s

bTree_Reduce f g r e p l a c e s

• Leaf w i t h  f

• Fork w i t h  g

Repl a cing  C onstructors
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S um m a ry

• R e c u r s i v e  t y p e s

• C a t a m o r p h i s m s

Next: Infinite lists and lazy evaluation


