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extended abstract 

L i n d a  cons i s t s  o f  a few s i m p l e  o p e r a t o r s  t h a t ,  w h e n  i n j ec t ed  in to  

a h o s t  l a n g u a g e  h, t u r n  h in to  a pa ra l l e l  p r o g r a m m i n g  l a n g u a g e .  

( M o s t  o f  o u r  p r o g r a m m i n g  e x p e r i m e n t s  so f a r  h a v e  been  c o n d u c t e d  

in  C - L i n d a ,  b u t  we  h a v e  r ecen t ly  i m p l e m e n t e d  a F o r t r a n - L i n d a  pre-  

p r o c e s s o r  as  well . )  T h e  S / N e t  is a m u l t i - c o m p u t e r  t h a t  can  also 

f u n c t i o n  as  t h e  b a c k b o n e  of  a local  a r e a  net ;  each  S / N e t  is a 

co l lec t ion  of  n o t  m o r e  t h a n  s i x t y - f o u r  m e m o r y - d i s j o i n t  c o m p u t e r  

nodes  c o m m u n i c a t i n g  o v e r  a f a s t ,  w o r d - p a r a l l e l  b r o a d c a s t  bus .  W e  

h a v e  i m p l e m e n t e d  a L i n d a - s u p p o r t i n g  c o m m u n i c a t i o n  ke rne l  on  an  

S / N e t  a t  A T & T  Bell  L a b s  (whe re  the  m a c h i n e  w a s  d e s i g n e d  a n d  

bu i l t ) ,  a n d  th i s  i m p l e m e n t a t i o n  is i n t e r e s t i ng ,  we  a rgue ,  for  t w o  

reasons .  I t  d e m o n s t r a t e s ,  f i r s t ,  t h a t  L i n d a ' s  p o w e r f u l  a n d  f lexible  

c o m m u n i c a t i o n  p r i m i t i v e s  can  be m a d e  to r u n  well; t h e  l a n g u a g e ' s  

s h a r e d - m e m o r y - l i k e  s e m a n t i c s  can  in f a c t  be s u p p o r t e d  in t h e  

absence of  phys i ca l l y  s h a r e d  m e m o r y .  Second,  a l t h o u g h  L i n d a  a n d  

t h e  S / N e t  a re  p a r t i c u l a r l y  w e l l - m a t c h e d ,  t he  s i m p l i c i t y  of  t h e  

l a n g u a g e ,  of  t he  i m p l e m e n t a t i o n ' s  de s ign  a n d  of  t he  S / N e t ' s  logica l  

s t r u c t u r e  s u g g e s t  t h a t  L i n d a  i m p l e m e n t a t i o n s  m i g h t  r e a d i l y  be 

c o n s t r u c t e d  on  s i m i l a r  a r c h i t e c t u r e s  e l sewhere .  A L i n d a  ke rne l  

s i m i l a r  to  t h e  S / N e t ' s  h a s  in f a c t  r ecen t ly  been  b r o u g h t  up ,  in  

p r e l i m i n a r y  f o r m ,  on  an  E t h e r n e t - b a s e d  n e t w o r k  of  M i c r o - V a x  

w o r k s t a t i o n s .  

P r o c e s s e s  in L i n d a  c o m m u n i c a t e  t h r o u g h  a g l o b a l l y - s h a r e d  

col lec t ion of  o r d e r e d  tup les  cal led t up l e  space  o r  T S .  T h e  o p e r a t o r s  
t h a t  L i n d a  p r o v i d e s  a d d  tup l e s  to  th i s  s h a r e d  col lect ion,  r e m o v e  

tup l e s  a n d  r e a d  tup les ,  o u t ( t )  causes  t up l e  t to  be a d d e d  to T S ;  

t h e  e x e c u t i n g  p rocess  c o n t i n u e s  i m m e d i a t e l y ,  i n ( s )  causes  s o m e  
t u p l e  t t h a t  m a t c h e s  t e m p l a t e  s to be  w i t h d r a w n  f r o m  TS;  the  

v a l u e s  of  t h e  a e t u a l s  in t a re  a s s i g n e d  to the  f o r m a l s  in  s,  a n d  the  

e x e c u t i n g  p rocess  con t inues .  I f  no m a t c h i n g  t is a v a i l a b l e  w h e n  

l n ( s )  executes ,  t h e  e x e c u t i n g  p rocess  s u s p e n d s  un t i l  one  is,  t h e n  

p roceeds  as  before .  I f  m a n y  m a t c h i n g  t ' s  a re  ava i l ab l e ,  one is 

chosen  a r b i t r a r i l y ,  r e a d ( s )  is t h e  s a m e  as  i n ( s ) ,  w i t h  a e tua l s  

a s s i g n e d  to  f o r m a l s  as  before ,  excep t  t h a t  t h e  m a t c h e d  t up l e  

r e m a i n s  in T S .  

O u r  S / N e t  i m p l e m e n t a t i o n  of  these  o p e r a t i o n s  b u y s  speed  a t  t h e  

expense  o f  c o m m u n i c a t i o n  b a n d w i d t h  a n d  local  m e m o r y ;  t h e  

r e a s o n a b l e n e s s  of  t h i s  t r a d e - o f f  w a s  o u r  s t a r t i n g  po in t .  In  t he  

k e r n e l  s c h e m e  we  i m p l e m e n t e d  ( m a n y  o t h e r s  a re  poss ib le) ,  e x e c u t i n g  

O U t ( t )  causes  t up l e  t to  be b r o a d c a s t  to  e v e r y  node  in t h e  n e t w o r k ;  

t h u s  e v e r y  n o d e  s t o r e s  a c o m p l e t e  copy  of  T S .  E x e c u t i n g  i n ( s )  

P e r m i s s i o n  to c o p y  w i thou t  fee all o r  par t  o f  this ma te r i a l  is granted 
provided tha t  the  cop ies  a re  no t  m a d e  o r  d i s t r ibu ted  for  d i rec t  
c o m m e r c i a l  a d v a n t a g e ,  the A C M  c o p y r i g h t  not ice  a n d  the title o f  the  
pub l i ca t ion  and  its da te  a p p e a r ,  and  not ice  is g i v e n  tha t  c o p y i n g  is by  
pe rm i s s ion  o f  the  Assoc i a t i on  for  C o m p u t i n g  M a c h i n e r y .  T o  copy  
o therwise ,  o r  to republ i sh ,  requi res  a fee a n d / o r  specif ic  pe rmis s ion .  

t r i g g e r s  a local  s e a r c h  for  a m a t c h i n g  t. I f  one  is found ,  t h e  local 

k e r n e l  a s k s  t ' s  o r i g i n  node  for  p e r m i s s i o n  to  de le te  it;  i f  p e r m i s s i o n  

is g r a n t e d ,  t is r e t u r n e d  to t h e  p rocess  t h a t  execu ted  i n ( ) .  

( P e r m i s s i o n  is den ied  only  w h e n  s o m e  o t h e r  p rocess  is a t t e m p t i n g  to  

de t e t e  t mor e - o r - l e s s  s i m u l t a n e o u s l y ,  a n d  it h a s  been  to ld  to  go  

a h e a d . )  I f  t h e  local  s e a r c h  t r i g g e r e d  by  i n ( s )  t u r n s  up  no  

m a t c h i n g  tup le ,  all  n e w l y - a r r i v i n g  tup l e s  a re  checked  un t i l  a m a t c h  

occurs ,  a t  w h i c h  p o i n t  t he  m a t c h e d  t up l e  is de le ted  a n d  r e t u r n e d  as  

before ,  r e a d ( )  w o r k s  in  t h e  s a m e  w a y  as  l n O ,  excep t  t h a t  no  

tup le -de le t lou  need  be a t t e m p t e d ;  as  soon  as  a m a t c h i n g  t up l e  is 

f o u n d ,  i t  is r e t u r n e d  i m m e d i a t e l y  to  t he  r e a d i n g  process .  

W e  h a v e  s t u d i e d  t h e  k e r n e l ' s  p e r f o r m a n c e  on  a s m a l l  (8 node)  

S / N e t  by  m e a s u r i n g  r u n n i n g  t i m e s  for  p rocesses  d o i n g  

c o m m u n i c a t i o n  only ,  a n d  by  e x p e r i m e n t i n g  w i t h  a s i m p l e  m a t r i x  

m u l t i p l i c a t i o n  p r o g r a m  in t h e  p r o m i s i n g  b u t  r e l a t i v e l y  u n f a m i l i a r  

d i s t r i b u t e d - d a t a - s t r u c t u r e  s ty le .  C o m m u n i c a t i o n  de l ays  in  o u r  

s y s t e m  a re  c o m p a r a b l e  in  r o u g h  t e r m s  (g iven  i t s  i d i o s y n c r a t i c  

c h a r a c t e r ,  a n d  o u r  h a r d w a r e )  to  de l ays  in  e f f i c ien t  m e s s a g e - p a s s i n g  

k e r n e l s  for  b u s - b a s e d  n e t w o r k s  l ike B i r r e l  a n d  N e l s o n ' s  R P C  ke rne l  
a n d  C h e r i t o n  a n d  Z w a e n p o e l ' s  V kerne l .  

L i n d a  o f f e r s  pa ra l l e l  p r o g r a m m e r s  a new w a y  of  l o o k i n g  a t  

n e t w o r k  c o m m u n i c a t i o n  s y s t e m s .  S t a n d a r d  c o m m u n i c a t i o n  

p r o t o c o l s  r equ i r e  t h a t  i n f o r m a t i o n  be h a n d e d  a r o u n d  f r o m  p rocess  
to  process ;  no  p rocess  can  u n b u r d e n  i t se l f  of  n e w  d a t a  w i t h o u t  f i r s t  

d e t e r m i n i n g  w h e r e  the  d a t a  shou ld  go,  a n d  t h e n  h a n d i n g  i t  a l o n g  

expl ic i t ly .  L i n d a  processes ,  on the  o t h e r  h a n d ,  a re  a n o n y m o u s  

d r o n e s  s h a r i n g  access  to  one  d a t a  pool .  S h a r e d  m e m o r y  h a s  long  

been  r e g a r d e d  as  t h e  m o s t  f lexible  a n d  p o w e r f u l  w a y  of  s h a r i n g  

i n f o r m a t i o n  a m o n g  para l l e l  p rocesses  -- b u t  a n a i v e  s h a r e d  m e m o r y  

is h a r d  to  i m p l e m e n t  w i t h o u t  h a r d w a r e  s u p p o r t ,  a n d  r equ i re s  t h e  

a d d i t i o n  of  s y u e h r o n i z a t i o n  p r o t o c o l s  i f  i t  is to  be sa fe ly  accessed  in 

para l l e l .  In  L i n d a ,  h o w e v e r ,  t h e  s h a r e d  m e m o r y ' s  cell-size is t h e  

logica l  tup le ,  n o t  t he  p h y s i c a l  by te ,  a n d  so i t  is c o a r s e - g r a i n e d  

e n o u g h  to  be  s u p p o r t e d  e f f i c i en t ly  w i t h o u t  specia l  h a r d w a r e .  A n d  

because ,  in L i n d a ' s  s h a r e d  m e m o r y ,  d a t a  m a y  n o t  be a l t e r ed  in situ 
-- i t  is access ib le  v i a  r ead ,  r e m o v e  a n d  a d d  i n s t e a d  of  t he  s t a n d a r d  

r e a d  a n d  w r i t e  -- i t  m a y  sa fe ly  be s h a r e d  by  a n y  n u m b e r  of  pa ra l l e l  

p rocesses .  A l t h o u g h  m u c h  w o r k  needs  to  be  done  a n d  o u r  w o r k  

w i t h  t h e  L i n d a  k e r n e l  is st i l l  a t  all ea r ly  s t age ,  we  h a v e  t a k e n  (we 

feel) a s i g n i f i c a n t  f i r s t  s t ep  t o w a r d s  d e m o n s t r a t i n g  t h e  p o w e r  a n d  

p r a c t i c a l i t y  of  L i n d a  as  a pa ra l l e l  p r o g r a m m i n g  mode l .  

T h i s  w o r k  w a s  p e r f o r m e d  p r i m a r i l y  a t  A T & T  Bell  Labs ,  

H o l m d e l ;  S id  A h u j a ,  E r i k  D e B e n e d i c t i s ,  R o b e r t  Gag l i ane l lo ,  H o w a r d  

K a t s e f f  a n d  T h o m a s  L o n d o n ,  all o f  Bell  Labs ,  w e r e  o u r  r e s e a r c h  
e o l l a b o r a t e r s .  T h i s  m a t e r i a l  is b a s e d  u p o n  w o r k  s u p p o r t e d  by  t h e  
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