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Comp 205:
Comparative Programming Languages

• I m p e r a t i v e  P r o g r a m m i n g  L a n g u a g e s

• Functional Programming Languages

• S e m a n t i c s

• O t h e r  P a r a d i g m 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 /

Functional Languages

T o d a y ,  w e  w i l l  l o o k  a t :

• F u n c t i o n s
• T y p e s
• L a n g u a g e s  ( p r i m a r i l y  H a s k e l l )

Lev els of  A b str action

• H a r d w i r i n g  ( l o g i c  g a t e s )

• M a c h i n e  c o d e  ( c h i p - s e t  i n s t r u c t i o n s )

• A s s e m b l y  l a n g u a g e

• " H i g h - l e v e l "  l a n g u a g e s
( F o r t r a n , A l g o l ,  C o b o l ,  P a s c a l , A d a ,  M o d u l a )

• O b j e c t - o r i e n t e d  l a n g u a g e s
( S i m u l a 6 7 ,  S m a l l t a l k ,  J a v a )

• D e c l a r a t i v e  l a n g u a g e s

• …

• S p e c i f i c a t i o n  l a n g u a g e s  ( O B J ,  Z )

C od e G ener ation G ap s

" S e l e c t  a l l  i t e m s  i n  a n  i n t e g e r  a r r a y  t h a t  a r e
l e s s  t h a n  1 0 "

j := 1;
FOR i := 1 TO LineLength DO

IF line[i] < 10 THEN
newline[j] := line[i];
j := j + 1;

END
END
���������
	��
�����
� �����������������! �"
#�$%"'&)(*(*+�,�$.-/+1032546+7"'&),�89&)�
:����9;��<� �=�?>/�������!@A��;)B!��;DC�E!EGF��

D eclar ativ e Languages

D e c l a r a t i v e  L a n g u a g e s  c a n  b e  d i v i d e d  i n t o
Functional a n d  Logic l a n g u a g e s .

F u n c t i o n a l  l a n g u a g e s  i n c l u d e :
• L I S P
• S M L
• H a s k e l l
• H o p e

L o g i c  l a n g u a g e s  i n c l u d e
• P r o l o g
• E q l o g

W h at is a Function?

• y = 2 *  x

• x a 2 *  x

• twice(x) = 2 *  x
• twice x = 2 *  x (P r e f i x  N o t a t i o n )
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S om e T er m inology

twice x = 2 *  x

F u n c t i o n  n a m e

F o r m a l  p a r a m e t e r F u n c t i o n  b o d y

For m al P ar am eter s

F o r m a l  p a r a m e t e r s  c a n  b e  r e n a m e d :

• twice x = 2 *  x
• twice z = 2 *  z
• twice i = 2 *  i

For m al P ar am eter s A gain

F o r m a l  p a r a m e t e r s  c a n  b e  r e n a m e d :

public static int twice(int x)
{
return 2 * x ;

}

i s  t h e  s a m e  a s :

public static int twice(int i)
{
return 2 * i ;

}

A ctual P ar am eter s

F u n c t i o n  e v a l u a t i o n  w o r k s  b y  sub stituting a n
actual p a r a m e t e r  f o r  a  f ormal p a r a m e t e r :

• twice x = 2 *  x

• twice 7 = 2 *  7 = 14

A ctual P ar am eter s A gain

T h e  s a m e  k i n d  o f  e v a l u a t i o n  t h r o u g h  s u b s t i t u t i o n
i s  a t  w o r k  i n  i m p e r a t i v e  l a n g u a g e s :

public static int twice(int x)
{

return 2 * x ;
}
...

int i = twice(7);  // i = 14

Programming with Functions

F u n c t i o n a l  p r o g r a m m i n g  l a n g u a g e s  a l l o w  d i r e c t  
d e f i n i t i o n s  o f  w h at i s  t o  b e  c o m p u t e d

( r a t h e r  t h a n  t h e  h ow o f  i m p e r a t i v e  p r o g r a m m i n g  
l a n g u a g e s )

twice x = 2 * x
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Functions and  T y p es I

F u n c t i o n s  n e e d  n o t  b e  r e s t r i c t e d  t o  n u m b e r s ;
t h e y  c a n  w o r k  o n  a n y  s o r t  o f  d a t a .

A m o n g  t h e  d a t a  s t r u c t u r e s  o f  i n t e r e s t  t o
C o m p u t e r  S c i e n c e  a r e :

• b o o l e a n  v a l u e s  ( t r u e ,  f a l s e )

• c h a r a c t e r s
• s t r i n g s
• l i s t s
• t r e e s
• g r a p h s

Functions and  T y p es I I

T h e  ty p e o f  a  f u n c t i o n  r e f e r s  t o  t h e  k i n d  o f
a r g u m e n t  i t  t a k e s ,  a n d  t h e  k i n d  o f  r e s u l t  i t  r e t u r n s .

T h e  f u n c t i o n  twice t a k e s  a  n u m b e r  a s  a r g u m e n t
a n d  r e t u r n s  a  n u m b e r  a s  r e s u l t ;  i t s  t y p e  i s :

n u m  → n u m

O r :

twice :  n u m  → n u m

Functional Programming 
L anguage s

T h e  e x a m p l e  twice i s  m i s l e a d i n g ,  b e c a u s e  i t s
d e f i n i t i o n  l o o k s  a l g o r i t h m i c .

N o t  a l l  f u n c t i o n s  a r e  a s  e a s y  t o  e x p r e s s  i n  a
p r o g r a m m i n g  l a n g u a g e … .

T he Fib onacci S e q ue nce

1 ,  1 ,  2 ,  3 ,  5 ,  8 ,  1 3 ,  2 1 ,  3 4 ,  5 5 ,  8 9 ,  … .

E a c h  n u m b e r  i n  t h i s  s e q u e n c e  i s  t h e  s u m  o f
t h e  t w o  p r e c e d i n g  n u m b e r s  
( a p a r t  f r o m  t h e  f i r s t  t w o ) .

fib 0 = 1
fib 1 = 1
fib n = (fib (n-2)) + (fib (n-1)),      if n > 1

T he  Fib onacci S e q ue nce  
( J av a re mix )

public static int fib(int n)
{

int i = 0;
int x = 1;
int y = 1;
while (i < n)
{

y += x;
x = y - x;
i++;

}
return x;

}

T he  Fib onacci S e q ue nce  
( H ask e l l  re mix )

fib n = fib1
where
(fib1, fib2) = fibs n

fibs 0 = (1,1)
fibs n = (f2, f1 + f2)

where
(f1,f2) = fibs (n-1), if n > 0
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Factorial s

T h e  f a c t o r i a l  o f  a  n u m b e r  n i s  t h e  p r o d u c t  o f
a l l  t h e  n u m b e r s  f r o m  1 t o  n :

fact n = 1 *  2 *  ••• *  n

H o w e v e r ,  t h i s  c a n  b e  d e f i n e d  recursiv ely :

fact 0 = 1
fact n = (fact (n-1)) *  n

Summary

• F u n c t i o n s  w o r k  b y  sub stitution a n d  ev aluation

• F u n c t i o n s  c a n  h a v e  ty p es

• F u n c t i o n a l  p r o g r a m m i n g  l a n g u a g e s  a l s o  w o r k
b y  sub stitution a n d  ev aluation

• F u n c t i o n a l  p r o g r a m m i n g  l a n g u a g e s e m p h a s i s e
w h at i s  t o  b e  c o m p u t e d ,  r a t h e r  t h a n  h ow

Next: Haskell


