
W h y  s i d e ef f e c t s ?
P u r e l y fu n c t i o n a l  p ro g r a m s  a r e

c o m p u ta t ion a l l y  c o m p le te .

W h y  b o t h e r  w i th s i d e  e ff e c ts ?

R e m in d e r:  "s id e  e f fec t " =  a n y th in g  t h a t's n o t

e v a lua t ion

e .g . :  ch a n g ing t h e  v a lue  in a n  u p d a t a b le

(m u t a b le )  da ta locat ion ,  p r in t ing  t o  sc r e e n



T o m o de l w o rld ?
" W o r l d c h a n g es - - - t o m o d e l i t ,  ne e d  s i d e

ef fe c t s "

W r o n g ---  can  a l w a y s  m o d e l  c h a n g i n g w o r l d

u s i n g f u n c ti o n o f t y p e

World -> World

T a k e s  " o l d w o r l d " ,  re tu r n s  " n e w  w o r l d "

L i k e  l i s t  reve r s e ,  w h i c h r e tu r n s  f res h l is t

i n s te a d o f  u p d a ti n g o ld  l i s t



S o w h y t h e n ?
1. E f f i c i e n c y

2 . E x p r e s s i v e n e s s

3 . P e r m i s s i v e n e s s

4 . I n te r a c t i o n w i th o u t s i d e  w o r l d

5 . A b s t r a c t i o n / e a s e o f  e v o l u t ion



1. Ef f ic i e n c y
P u r e l y fu n c t i o n a l  p ro g r a m s  m a k e m a n y  c o p i e s

o f  d a t a

e.g . ,  l i s t  f unc t ions  re tu rn  ne w lis t s

N a i v e  c o m p i le rs  w i l l  p r o d u c e  c o d e  t h a t  s p e n d s

ti m e a n d  s p a c e  c o n s t r u c t i n g  a l l  th e s e  c o p i e s

S o l u ti o n s. . .

c o m p i le rs

t y p e s y s t e m s



S m a r t c o m p i l e r s
C a n e l i m i n a t e  s o m e  ( n o t  a l l )  cop i e s  b y  a n a l y s i s

H o w e v er :

R e q u i r e  c o n s i d e r a b le  inv e s t m e n t t o w r i t e

M a y h a v e  s l o w  c o m p i l a t i o n t i m e

M a y r e q u i r e  w h o l e -p r o g r a m  k n o w l e d g e

St i l l  do e s n 't  ge t  a l l  the c o p i e s

O n g o i n g r e s e a r c h p r o b l e m



S m a r t ty p e  s y s t e m s
" L i n e a r ty p e s y s t e m s "  c a n r e s t r i c t u s e s  o f d a t a

c a n m a k e  s o m e d a t a  t y p e s " u n ique ly  p o in ted  to "

i f  a rgum e n t  t o  reve rs e is  u n ique  po in te r  to  tha t

lis t ,  t he ce l ls c a n  b e  r e u s e d ins t e a d o f  be in g

c o p ied (n o  o t h e r c lie n t  c a n  a c c e s s t h e  p re v io u s

lis t  va lue;  i t  is  g a r b a g e )

H o w e v er :

C a n b e d i f f i c u lt  fo r  p r o g r a m m e r s  t o l e a r n

C a n b e to o r e s tr ic t i ve  fo r  m a n y  p r a c tica l

p r o g r a m m i n g i d i o m s

O n g o i n g r e s e a r c h p r o b l e m



(O n th e  o ther h a n d )
U s e  o f  i m m u t a b l e  d a t a  c a n e n c o u r a g e  s h a r i n g

D i f fe ren t  u s e rs o f  a  da t a  s tru c t u r e  d on ' t  need  t o

w or ry a b o u t  o n e m u t a t ing it in  a n  u n a c c e p tab le

w a y

S o m e t i m e s  t h i s  s h a r i n g l e a d s to e f f i c i enc y

g a i n s

H o w e v er ,  the s e  b e n ef i ts  can  b e  re a l i z e d i n  a n

i m p u r e l a n g u a g e  s i m p l y b y u s i n g i m m u t a b le

d a ta s t r u c t u r e s



2. E x p r e s s i v e n e s s
S o m e  d a t a  s t r u c t u r e s i n h e r e n tly h a r d to

e x p r e s s  i n p u r e l a n g u a g e s ,  e .g .:

C y c l i c  d a t a  s tr u c tu r e s

d o u b l y lin k ed  l i s t s

t r e e s w h e r e  n o d e s h a v e  p a r e n t  po in t e r s

I n c r e m e n ta l ly  in i t ia l i ze d d a ta s t r u c t u r e s

a r r a y s w h e r e  e l e m e n t  v a lu e s d e p e n d  o n

p r e v ious ly  c o m p u t e d  e l e m e n t  v a lu e s



D o u b ly lin k e d lis ts
datatype 'a DList =

DEmpty

| DNode of {elem:'a,

prev:'a DList,

next:'a DList};

val empty_dlist = DEmpty

val single_dlist =

DNode {elem=25,

prev=DEmpty,

next=DEmpty};



D o u b ly lin k e d lis ts
datatype 'a DList =

DEmpty

| DNode of {elem:'a,

prev:'a DList,

next:'a DList};

fun prepend x Empty =

DNode {elem=25, prev=DEmpty, next=DEmpty}

|  prepend x (DNode {elem, prev, next}) =

DNode {elem=x, prev=DEmpty,

next=(DNode {elem=elem,

prev= (XXX?),

next=(YYY?)})};



I n c r e m e n t a l l y

ini t ial i zed arra y s
H a r d t o  w r i t e  a r r a y c o n s tr u c to r  ex p r e s s i o n if

l a te r  e lem e n ts ' v a l u e s  a r e c o m p u t e d f r o m

p r e v i o u s  o n e s
[2, f(this[0]), ... ]?

P u r e l y fu n c t i o n a l  s o l u t i o n s  t e n d  t o b e  b a r o q u e

C a n m a k e  c o n s t r u c t o r s  i n t o p r i m i t i ves  ( l i ke

A r r a y .fr o m L ist) . . .

(B u t  t hen  y o u're j us t  admi t t in g  d e fea t . )



3. P e r m is s i v e n e s s
fun copy (w:world) = (w, w);

B u t  t h e r e  s h o u l d o n l y  b e  o n e  w o r l d

N o  s u c h  p r o b l e m  i f  w o r ld  i s i m p l i c it ( jus t

c u r r e n t  s ta te  o f  m e m o ry )

A g a in ,  l ine a r  t y p e  s y s te m s  c a n h e l p ,  w i th

c a v e a t s  m e n t i o n e d p r e v i o u s l y



4. In te rac t ion
I / O i n h e r e n t l y  "s i d e -e f fec t ing "

E . g . ,  ne t w o r k c a r d b u ffe r :

W h e n d a ta a rr ive s , th a t s p e c if ic s p o t in m e m o ry

c h a n g e s

W h e n y o u n e e d to s e n d d a ta , y o u 'd b e t te r p u t

th e n e w d a ta in th a t s p e c if ic s p o t in m e m o ry

C a n p u s h d o w n in to r u n tim e s y s te m ; a g a in ,

th is is a d m itt in g d e fe a t
(H a s k e ll is p u re ; it  us e s m o n a d s fo r I/O , w h ic h a re n ic e b u t s u ffe r

from a n a lo g o u s p ro b le m to "th re a d in g -the -w o rld p ro b le m " (n e x t

s lid e ))



5. E v o lut ion /abs t ract ion

W h e n m o d e l i n g  s i d e ef fe c t s  b y  e x p l ic i t  "w o r l d "

a r g u m e n t/ re t u r n ,  a l l  p o t e n t ia l l y  s ide -e f fec t ing

fu n c t i o n s m u s t t a k e  a n d r e t u r n w o r l d

e.g . ,  I f  f  take s an  in t  a n d u p d a tes  t he  w or ld ,  i t

m u s t  be  o f  t ype
int * World -> World

S o f's  c a l l e r s m u s t a l s o ta k e / r e tu r n t h e  w o r l d

R e s u lt: w o r l d g e ts  " th r e a d e d "  t h r o u g h c a l l

c h a i n ,  w i th s o m e  a n n o y i n g  r e s u l ts



E v o l u t ion e x a m p l e
S u p p o s e f i n i t ia l ly  is p u r e . . .

f un f x = x + x;

. . . b u t  e v o l v e s  to  re q u i r e  a  s i d e  e ff e c t:

f un f x =

let val _ = Log.append "debug: x = "

^ (Int.toString x)

in x + x end;

v al f : fn int -> int

I n  i m p u re  l an g u a g e ,  th i s  i s  s i m p le



E v o l u t ion e x a m p l e
I n  p u re  l an g u a g e ,  w e  m u s t  p a s s / r e t u r n  a

" w o r l d " to m o d e l  s i d e  e f fec ts

S o ,  w e  m u s t  a d d  a " w o r l d " to x 's  a rg  a n d

r e t u r n v a l u e

f un f (x, l:Log) =

let val newLog = Log.append ...

in (x + x, newLog);

v al f = fn : (int * Log) -> (int * Log)

W e m u s t n o w  u p d ate  a l l  o f f 's  c a l l e r s ,  a n d  t h e i r

c a l l e r s ,  e tc .  rec u r s i v e l y  u p  t h e  c a l l  cha i n !



A bst rac t ion
E v o lu t ion p rob le m is  r e a lly  s p e c ial c a s e  o f  m o r e

g e n e ra l  p rob l e m :

I n  p u r e l y fu n c t i o n a l  c o d e ,  i m p o s s i b l e to

a b s t r a c t  a w a y s i d e  e f fec ts

C al le r  f o r ced  t o  kn o w a b ou t  fn ' s s id e  e f f e c t s

O f ten  g o o d (s id e  e f f e c t s a r e  i m p o r t a n t ,  &  sh o u l d

b e  d o c u m e n t e d ) ,  bu t  no t  a lwa y s

e.g . ,  i f  f unc t ion h a s " p u re " in t e r f a c e  bu t  in t e r n a lly

m a y c a c h e p rev io u s ly c o m p u t e d  v a lue s  f o r

e f f i c ien c y



C o n c lus io n
M y  b e l ie f:  W i th  l an g u a g e  a n d c o m p i le r

te c h n o l o g y  a v a i l a b le  in 2 0 0 4 ,  s ide  e f fec ts  a re  a

n e c e s s a r y  e v i l  in a  p r a c t i c a l  l ang u a g e .

(C a v e a t :  H a s k e l l  c o m m u n i t y  d i s a g r e e s ,  & t h e y

h a v e  s u c c e s s f u l l y  wr i t t en l a r g e  p r o g r a m s . )


