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Comp 205:
Comparative Programming 

Languages

Lazy Evaluation and Infinite Lists

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 /

Never- E n d i n g  R ec u rs i o n

The expression [ n. . ] c a n b e im pl em ent ed
g enera l l y  b y  a  f u nc t ion:

nat sf r om : :  num - > [ num]
nat sf r om n = n :  nat sf r om ( n+1)

Main> nat sf r om 0
[ 0, 1, 2, 3, . . . .

This f u nc t ion c a n b e inv ok ed  in t he u su a l  w a y :

E x a m p l e:  I n d ex i n g  L i s t s

S u ppose w e w a nt  a  f u nc t ion t ha t  w il l  ind ex
t he el em ent s in a  l ist ,  i. e. ,  nu m b er t he el em ent s:

i ndexLi st  : :  [ a]  - > [ ( I nt , a) ]

su c h t ha t ,  f or exa m pl e,

i ndexLi st  [ " Those" ,  " ar e" ,  " pear l s" ]
= 
[ ( 1,  " Those" ) ,  ( 2,  " ar e" ) ,  ( 3,  " pear l s" ) ]

O n e W a y . . .

O ne w a y  of  im pl em ent ing  t his is w it h a  rec u rsiv e
d ef init ion:

i ndexLi st  xs
= i nd 1 xs

wher e
i nd n [ ]  = [ ]
i nd n ( x: xs)  = ( n, x)  :  i nd ( n+1)  xs

. . .  O r . . .

A not her w a y  of  im pl em ent ing  t his
is t o u se t he b u il t - in f u nc t ion zi p :

zi p : :  [ a]  - > [ b]  - > [ ( a, b) ]

z i p xs [ ]  = [ ]
z i p [ ]  ys = [ ]
z i p ( x: xs)  ( y: ys)  = ( x, y)  :  z i p xs ys

Main> zi p [ 1, 2, 3]  [ " Those" ,  " ar e" ]
[ ( 1, " Those" ) , ( 2, " ar e" ) ]

. . .  A n o t h er

U sing  a n inf init e l ist  ensu res t here a re enou g h
ind ic es:

i ndexLi st  xs = zi p [ 1. . ]  xs

H ere,  zi p is a  sel ec t or.
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R ec u rs i ve D ef i n i t i o n s

The F ib ona c c i seq u enc e c a n b e rec u rsiv el y
d ef ined  a s f ol l ow s:

f i bs m n = m :  f i bs n ( m+n)

( c f .  prev iou s d ef init ions u sing  pa irs) .

Main> f i bs 1 1
[ 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, 144, ….

D ef i n i n g  C o n s t a n t s

C onst a nt s a re f u nc t ions of  no a rg u m ent s
( t hey  v a ry  ov er not hing … )

days = [ " Mon" ,  " Tue" ,  " Wed" ,  " Thu" ,  " Fr i " ]

- - NB:  days i s a const ant ,
- - not  a " var i abl e" :
- - we can' t  now wr i t e
- -
- - days = [ " M" ,  " T" ,  " W" ,  " Th" ,  " F" ]

U s i n g  C o n s t a n t s

Main> days ++ [ " Sat " ]
[ " Mon" , " Tue" , " Wed" , " Thu" , " Fr i " , " Sat " ]

C onst a nt s c a n b e u sed  in expressions,  b u t  t hey
c a nnot  b e red ef ined :

W e c a nnot  w rit e ( in t he sc ript  f il e) :

days = days ++ [ " Sat " ,  " Sun" ]

R ec u rs i ve C o n s t a n t s

al l Ones = 1 :  al l Ones

C onst a nt s can b e rec u rsiv el y  d ef ined :

Main> al l Ones
[ 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, . . .
Main> zi p al l Ones [ 1, 2]
[ ( 1, 1) , ( 1, 2) ]

R ec u rs i ve C o n s t a n t s

f i bs = 1 :  1 :  f pl us f i bs ( t l  f i bs)
wher e
f pl us ( l : l s)  ( m: ms)

= l  + m :  f pl us l s  ms

C onst a nt s c a n b e rec u rsiv el y  d ef ined
w it h l oc a l  d ef init ions:

E ra t o s t h en es '  S i eve

A  nu m b er is p r i m e if f

• it  is d iv isib l e onl y  b y  1  a nd  it sel f
• it  is a t  l ea st  2

The siev e:

• st a rt  w it h a l l  t he nu m b ers f rom  2  on

• d el et e a l l  m u l t ipl es of  t he f irst  nu m b er
f rom  t he rem a ind er of  t he l ist  

• repea t
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E ra t o s t h en es '  S i eve I

pr i mes = er at ost henat e [ 2. . ]

To g enera t e a  l ist  of  a l l  t he prim e nu m b ers:

E ra t o s t h en es '  S i eve I I

si eve n = f i l t er  ( / =0) . ( ` mod`  n)

To rem ov e m u l t ipl es of  a  nu m b er n f rom  a  l ist  l :

E ra t o s t h en es '  S i eve I I I

next  n ps = n :  s i eve n ps

To g enera t e one prim e:

To g enera t e a l l  prim es:

er at ost henat e = f ol dr  next  [ ]

E ra t o s t h en es '  S i eve I V

pr i mes = si eveAl l  [ 2. . ]
wher e
si eveAl l  ( p: ns)

= p :  s i eveAl l  ( s i eve p ns)

To g enera t e a l l  prim es:

S u m m a ry

• I nf init e l ist s a nd  l a z y  ev a l u a t ion g iv e a  
pow erf u l  c om b ina t ion f or rec u rsiv e 
d ef init ions

• ( som et im es ha rd  t o f ol l ow )

Next: Introducing OBJ


