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Abs t rac t  : 

I n  t h i s  paper a rep resen ta t i on  o f  t h e  C h i l l  and t h e  Occam concurrency 

semantic by appropiated ne t  models i s  shown. The r e s u l t i n g  ne t -  

c h a r a c t e r i s t i c s  impact on t h e  a p p l i c a t i o n  o f  these program 

representa t ions .  It i s  demonstrated, t h a t  f o r  ana lys i s  purposes C h i l l  

programs should be deduced from ne ts ,  wh i l e  i n  Occam a n e t  may be 

der ived from t h e  language as w e l l .  

1. I n t r o d u c t i o n  

Technology, meaning VLSI (Very Large Scale I n t e g r a t i o n  = 100.000 t o  

1.000.000 t r a n s i s t o r s )  and l ead ing  towards ULSI ( U l t r a  Large Scale 

I n t e g r a t i o n  = 1.000.000 t o  10.000.000 t r a n s i s t o r s )  and WS1 (Wafer Scale 

I n t e g r a t i o n  = 10.000.000 t o  100.000.000 t r a n s i s t o r s )  which inc ludes  

defec t - to le rance,  i n f l uences  and spurs t h e  development o f  p a r a l l e l  

processing computers ahead /Lea 86/.  Also sof tware was and i s  being 

developed t o  make t h e  p a r a l l e l  processing power a v a i l a b l e  i n  a 

comfor table and sa fe  manner, because many app l i ca t i ons  ( d i g i t a l  s i g n a l  

processing, number crunching, sw i tch ing ,  . . )  a re  concurrent  i n  nature.  

Th is  inc ludes  d i s t r i b u t e d  and network opera t ing  systems as w e l l  as 

concurrent  programming techniques. Two o f  t h e  e a r l y  languages which 

in t roduced fea tures  o f  concurrency a re  PL I1  (pa r t s  o f  a program executed 

i n  p a r a l l e l  are c a l l e d  task )  'and A l g o l  68 ( i n c o r p o r a t i n g  semaphors 

/ D i j k s t r a  681). More r e c e n t l y  f . e .  ADA,  C h i l l  and Occam were and are ? 



be ing  deve loped .  Also f o r m a l ,  ma themat ica l  methods t o  d e a l  w i t h  

concur rency  emerged; f . e .  CCS, CSP and P e t r i  n e t s .  

I n  c o n t r a s t  t o  p u r e  s e q u e n t i a l  programming a l s o  t h e  management o f  t h e  

concur rency  o f  a  Programm ( i n c l u d i n g  s y n c h r o n i s a t i o n  and communication 

between p a r a l l e l  p r o c e s s e s )  h a s  t o  be accomplished.  T h e r e f o r e ,  new 

c o n c e p t s  were developed (semaphor,  c r i t i c a l  r e g i o n ,  m o n i t o r ,  

r endezvous ,  ...) /Andrews S c h n e i d e r  831.  Here new p r o p e r t i e s  r e l a t e d  t o  

c o n c u r r e n t  p r o c e s s e s  ( a l r e a d y  known i n  t h e  f i e l d  o f  o p e r a t i n g  sys tems  

See  e . g .  ICoffman Denning 731) a r o s e :  

A multiprogramming sys tem can  deadlock, t h a t  means a t  l e a s t  one p r o c e s s  

i s  w a i t i n g  f o r  an  e v e n t  which n e v e r  w i l l  o c c u r .  Pe rhaps  t h e  most 

d i f f i c u l t  method t o  f a c e  d e a d l o c k s  i s  p r e v e n t i o n :  Before  a  program i s  

e x e c u t e d  it i s  a n a l y s e d  and p e r h a p s  r e c o n f i g u r e d  i n  such  a  way, t h a t  no 

dead lock  w i l l  o c c u r .  Another p o s s i b i l i t y  i s  deadlock d e t e c t i o n :  These 

a r e  r u n  t i m e  checks  t o  d e t e c t  a  d e a d l o c k ,  and t h e n  r e c o v e r i n g  s t r a t e g i e s  

a r e  employed. Having advanced i n f o r m a t i o n  deadlock avo idance  can be 

a p p l i e d  b e f o r e  a l l o c a t i n g  ' r e s o u r c e s '  ( t h e  meaning o f  r e s o u r c e s  depends  

on t h e  s y n c h r o n i s a t i o n  p r i m i t i v e  used)  d u r i n g  r u n  t i m e .  

A ' l i v e l o c k '  is  an i n f i n i t e  l o o p  which o c c u r s  because  o f  misuse o f  

concur rency  f a c i l i t i e s .  

Between p a r a l l e l  p r o c e s s e s  a  p r o p e r t y  c a l l e d  ' f a i r n e s s '  h a s  t o  be t a k e n  

i n t o  a c c o u n t .  Many t i m e s  t h i s  p r o p e r t y  i s  c o n s i d e r e d  t o  be l anguage  

immanent, b u t  u n f o r t u n a t e l y  it o f t e n  i s  implementa t ion  dependen t !  

Chill (CCITT High Level  Language) was des igned  by an i n t e r n a t i o n a l  

o r g a n i s a t i o n  i n c o r p o r a t i n g  i d e a s  of many t e lecommunica t ion  companies 

12 .200  841.  I t  i s  t h e  compulsory l anguage  f o r  programming p u b l i c  

s w i t c h i n g  sys tems  i n  Germany. Concerning c o n c u r r e n c y ,  C h i l l  i s  v e r y  

complex i n c o r p o r a t i n g  t h r e e  s y n c h r o n i s a t i o n  mechanisms: Regions and 

e v e n t s ,  b u f f e r s  and s i g n a l s .  

The Occam programming l anguage  /Inmos 84, May 8 3 ,  S t e i n m e t z  871 was 

developed by Inmos under t h e  a s s i s t a n c e  o f  Hoare and i s  i n f l u e n c e d  ve ry  

much by t h e  o r i g i n a l  CSP /Hoare 781.  It was des igned  i n  c o n j u n c t i o n  w i t h  

a  s p e c i a l  RISC l i k e  m i c r o p r o c e s s o r  c a l l e d  ' t r a n s p u t e r '  /Inmos 861.  

Concerning concur rency  it i s  a  very  s i m p l e  l anguage  i n c o r p o r a t i n g  a  

p o i n t - t o - p o i n t  synchronous  communication p r i n c i p l e .  

Working many y e a r s  i n  t h e  f i e l d  o f  P e t r i  n e t s ,  C h i l l  and a l s o  d u r i n g  t h e  

l a s t  y e a r  w i t h  Occam, q u e s t i o n s  combining t h e  e x p e r i e n c e  of  t h e s e  

a c t i v i t i e s  a r o s e .  We don ' t  want t o  compare t h e  l a n g u a g e s  ( a s  e . g .  i n  



/K rop f  861) i n  t h i s  paper.  I n  a d d i t i o n  t h e  r e l a t i o n s h i p  between 

synch ron i sa t i on  mechanisrns and n e t s  has been p r e v i o u s l y  s t u d i e d  i n  

d i f f e r e n t  con tex t s :  The mon i to r  concept o f  Modula 2 was model led by ne t s  

i n  /Ste inmetz 841; implementat ions o f  n e t s  i n  ADA were shown i n  /Colom 

S i l v a  V i l l a r r o e l  861;  some c o n s t r u c t s  o f  t h e  C h i l l  concurrency were 

model led as p r e d i c a t e  t r a n s i t i o n  n e t  i n  / H o l l i s  K rop f  841; t h e  r e l a t i o n  

between CSP and n e t s  was s t u d i e d  a l ready  /Czaja 84, R e i s i g  84, Do lezo l  

Schübe1 T r i e b e 1  W i r t z  841 and t h e  p r i n c i p l e s  o f  dead locks-de tec t ion  i n  

Occam programs us ing  n e t s  were demonstrated i n  /Ste inmetz 871. Bu t  here 

we w i l l  d e f i n e  some of t h e  ques t ions  n o t  answered up t o  now and we w i l l  

t r y  t o  g i v e  an answer by t h i s  paper:  

1. Can n e t s  desc r i be  t h e  semantic o f  t h e  concurrency mechanisrns o f  Occam 

and C h i l l  ? 

2 .  Which n e t  c l a s s  has t o  be used ? 

3. Where may these  t r ans fo rma t i ons  be employed and may n e t s  be used t o  

analyse ( w i t h  r espec t  t o  t h e  synch ron i sa t i on  p r o p e r t i e s )  concur ren t  

programs ? 

4. Are a l l  these  ques t ions  i n f l u e n c e d  by t h e  s p e c i f i c  language (here 

C h i l l  and Occam) ? 

5.  Which o f  t h e  f o l l o w i n g  t r a n s f o r m a t i o n  process i s  more u s e f u l  f o r  t h e  

a n a l y s i s  o f  synch ron i sa t i on  p r o p e r t i e s  i n  concur ren t  programs ? 

Concurrent  Language --> Net o r  

Net  --> Concurrent Language 

C h i l l  (CCITT High Leve l  Language /Lenzer L e t s c h e r t  H o l l i s  L ingen 87, 

Sammer Schwärze1 82, 2.200 841) was designed p r i m a r i l y  as a h i g h  l e v e l  

language f o r  SPC ( s t o r e d  program c o n t r o l )  te lephone exchanges. I n  t h e  

CCITT ( I n t e r n a t i o n a l  Telegraph and Telephone C o n s u l t a t i v e  Committee) a  

'team o f  s p e c i a l i s t s '  ( ITT,  LME, P h i l i p s ,  Siemens, NTT, UKPO, Nord ic  

PTT) was formed t o  develop t h i s  language. 

C h i l l  i s  s i m i l a r  t o  Pascal ,  Modula 2 and ADA and shou ld  n o t  be 

cons idered  as a ' te lephone language'. Bu t  up t o  now t h e  a v a i l a b i l i t y  o f  

compi le rs  and programming environment i s  very  d i f f i c u l t  and expensive 

because t h e  language has a t  l e a s t  s i m i l a r  cornplexi ty as ADA /Branquar t  

Lou i s  Wodon 821 (every  member o f  t h e  committee t r i e d  t o  i n c o r p o r a t e  h i s  

own language cons t ruc t s  i n t o  C h i l l ) .  

C h i l l  i s  composed o f  

- program s t r u c t u r i n g  statements (process d e f i n i t i o n ,  r e g i o n s ,  . . . )  

- a c t i o n  statements ( s t a r t  express ion,  zero-adic  o p e r a t o r ,  de lay  



a c t i o n ,  . . . )  a n d  

- d e s c r i p t i o n  o f  t h e  d a t a  o b j e c t s  ( i n s t a n c e  modes ,  s y n c h r o n i s a t i o n  

modes ,  . . . ) . 
The c o n c u r r e n c y  i s  i n c l u d e d  i n  t h e s e  t h r e e  c o m p o n e n t s ;  we w a n t  t o  

r e s t r i c t  o u r  d e s c r i p t i o n  t o  t h e  c o n c u r r e n c y  f e a t u r e s .  U n f o r t u n a t e l y  t h e  

t h r e e  commun ica t i on  mechanisms  ( r e g i o n s  and  e v e n t s ,  b u f f e r s ,  s i g n a l s )  

a r e  v e r y  complex  t h a t  a b o u t  80 n e t s  a r e  r e q u i r e d  t o  d e s c r i b e  t h e  

s e m a n t i c  i n  a  c o m p l e t e  f o r m .  T h e r e f o r e  t h e  d e t a i l e d  d e s c r i p t i o n  h a s  t o  

b e  r e s t r i c t e d  t o  some f e a t u r e s  o f  o n e  c o n c u r r e n c y  rnechanism: The 

f e a t u r e s  o f  r e g i o n s ,  e v e n t s  and  s i g n a l s  w i l l  b e  e x p l a i n e d  b r i e f l y  a n d  

d e t a i l s  o f  t h e  b u f f e r  c o n c e p t  w i t h  a n  e x a m p l e  w i l l  b e  p o i n t e d  o u t .  

P r o c e s s ,  P r o c e s s  I n s t a n c e  and  P r o c e d u r e  

A process ( p r o c e s s  d e c l a r a t i o n )  is  a p o s s ~ b l y  p a r a m e t e r i s e d  s e q u e n c e  o f  

a c t i o n s ,  t h a t  may b e  s t a r t e d  many times f o r  c o n c u r r e n t  e x e c u t i o n  f rom 

d i f f e r e n t  p l a c e s  i n  t h e  p rog ram.  A p r o c e s s  is r e p r e s e n t e d  by a  n e t .  A 

process instance ( P I )  i s  t h e  s e q u e n t i a l  e x e c u t i o n  o f  t h e  s t a t e m e n t s  
P 

d e f i n e d  by a  p r o c e s s .  The P I  is  r e p r e s e n t e d  by a  t o k e n  i n  t h e  n e t .  Every 

P I  is  u n i q u e l y  d e f i n e d  by a n  i n s t a n c e  v a l u e :  t o  t h e  t o k e n  t h i s  

' p r o c e s s i n s t a n c e '  v a l u e  i s  a t t a c h e d .  

T h e  body o f  a  procedure i s  a n e t .  If  a  p r o c e d u r e  is  c a l l e d  by a  P I  t h e  

r e s p e c t i v e  t o k e n  is i n t r o d u c e d  i n t o  t h e  n e t  o f  t h e  p r o c e d u r e .  I n  o r d e r  

t o  r e a l i z e  r e c u r s i v e  p r o c e d u r e - c a l l s ,  t h e  d e p t h  o f  t h e  c a l l  is  a t t a c h e d  

t o  t h e  t o k e n  ( ' n e s t i n g  l e v e l  c o u n t e r ' ) .  

Processinstance counter nesting level Counter .processinstance ,... , 

<processinslance, ... , 

STO P 
~processinstance~ <processinslance . l .  

iprocessidl -0 f ree 
<processinslance .I 1 I > 

START '1' 
fnesiing level counlerl 

(4 STOP 

F i g .  2 .1:  S t a r t  a c t i o n ,  s t o p  a c t i o n  and  s t o p  a c t i o n  i n  a r e g i o n  

A P I  c a n  b e  c r e a t e d  from any  p l a c e  o u t  o f  i ts p r o c e s s  d e f i n i t i o n  a n d  by 

t h e  e v a l u a t i o n  o f  a  s t a r t  e x p r e s s i o n  it becomes a c t i v e .  I n  t h e  n e t  

e n v i r o n m e n t  t h i s  means t h e  i n t r o d u c t i o n  o f  a  t o k e n  ( F i g .  2 . 1 ) .  The 

a t t r i b u t e  ' p r o c e s s i d '  i s  n e c e s s a r y  f o r  c o r r e c t  r e p r e s e n t a t i o n  o f  t h e  

s e m a n t i c  o f  d e l a y  c a s e  a c t i o n s .  A P I  t e r m i n a t e s  r e a c h i n g  t h e  l a s t  a c t i o n  

s t a t e m e n t  o f  i ts body o r  by e x e c u t i n g  a  s t o p  a c t i o n .  An e x i s t l n g  P I  c a n  

a d o p t  o n e  o f  t h e  d i f f e r e n t  s t a t e s  ( h a n d l e d  by t h e  s c h e d u l e r  and  t h e  

d e s p a t c h e r ) :  Running o r  r e a d y  t o  r u n  ( e x e c u t i n g  o r  b e i n g  a b l e  t o  



e x e c u t e ) ,  s u s p e n d e d  o r  d e l a y e d  ( w a i t i n g  f o r  commun ica t i on  r e s o u r c e s ) .  

Reaion and Event 

The r e g i o n  ( c r i t i c a l  r e g i o n )  is  composed o f  d e f i n i t i o n s ,  d a t a  o b j e c t s  

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

a c c e s s  t o  i t s  v a r i a b l e s  a n d  p r o c e d u r e s .  Whi le  a  c r i t i c a l  p r o c e d u r e  i s  

e x e c u t e d  t h e  r e g i o n  is  l o c k e d  a n d  any  P I  a t t e m p t i n g  t o  e n t e r  t h e  r e g i o n  

w i l l  b e  d e l a y e d .  

Through  t h e  e v e n t - l o c a t i o n s  t o g e t h e r  w i t h  t h e  d e l a y  a c t i o n ,  d e l a y  c a s e  

a c t i o n ,  c o n t i n u e  a c t i o n ,  a n d  d e l a y f a i l  e x c e p t i o n  p r o c e s s e s  may 

s y n c h r o n i z e  and  commun ica t e .  T h i s  p r i n c i p l e  is  s i m i l a r  t o  t h e  m o n i t o r  

c o n c e p t  / H o a r e  7 4 1  ( f o r  t h e  n e t  r e p r e s e n t a t i o n  See e . g .  / S t e i n m e t z  8 4 1 ) .  

B u f f e r  

A b u f f e r  is a  k i n d  o f  m a i l b o x  f o r  t h e  commun ica t i on  o f  c o n c u r r e n t  

p r o c e s s e s .  S e n d i n g  and  r e c e i v i n g  P I ' s ,  which  a r e  c o n s i d e r e d  t o  b e  

e x e c u t e d  c o n c u r r e n t l y ,  may s e n d  m e s s a g e s  t o  a n d  g e t  m e s s a g e s  f r o m  

d i f f e r e n t  b u f f e r s  o r  it may b e  d e l a y e d  t o  p r o c e e d  l a t e r .  The 

commun ica t i ng  P I ' s  may s y n c h r o n i z e  o r  n o t .  The ADA r e n d e z v o u s  / A D A  8 3 ,  

B i s h o p  8 6 ,  Welsh Lister 811 a n d  Occam c h a n n e l  c o n c e p t  are  a s p e c i a l  t y p e  

o f  b u f f e r  w i t h  b u f f e r l e n g t h = p .  A d d i t i o n a l y  ADA a l l o w s  a t imer t o  b e  set: 

D u r i n g  t h e  s p e c i f i e d  time t h e  r e n d e z v o u s  h a s  t o  b e  a c c o m p l i s h e d .  

The b u f f e r s  c a n  b e  m o d e l l e d  i n  t h e  f o l l o w i n g  ways: 

1. Eve ry  b u f f e r  i s  r e p r e s e n t e d  by a  p l a c e  ( o r  s e t  o f  f e w  p l a c e s  i f  

n e e d e d ) :  T h i s  l e a d s  t o  t o o  many t r a n s i t i o n s  a n d .  a r c s , w h i c h  are 

r e q u i r e d  t o  mode l  t h e  r e c e i v e  case a c t i o n s .  

2.  S e t s  of b u f f e r s  a r e  d i f f e r e n t  p l a c e s :  The s e t s  a re  d e f i n e d  by t h e  

b u f f e r s  i n v o l v e d  i n  t h e  r e c e i v e  c a s e  a c t i o n s .  

Example: 

RECEIVE CASE (bu f f e r -1 ,  buf fe r -2)  : . . 
( bu f f e r -3 )  : . . ESAC 

RECEIVE CASE (bu f f e r -1 ,  buf fe r -4)  : .. 
(buffer-5)  : . . ES AC 

RECEIVE CASE (bu f f e r -6 ,  buf fe r -7)  : .. 
( bu f f e r -8 )  : . . ESAC 

The  b u f f e r s  {buf fe r -1 ,  b u f f e r - 2 ,  bu f f e r -3 ,  bu f f e r -4 ,  buffer-5) fo rm 

a  Set and  {bu f f e r -6 ,  bu f f e r -7 ,  buf fe r -8)  make up  a n o t h e r  set .  

3. A l l  b u f f e r s  are o n e  p l a c e :  The c o m p l e x i t y  o f  a r c  i n s c r i p t i o n s  

i m p l i e s  a  l o s s  o f  u n d e r s t a n d i n g  t h e  b e h a v i o r  of t h e  n e t .  

We a d o p t e d  t h e  first s o l u t i o n  wheneve r  p o s s i b l e  o r  o t h e r w i s e  t h e  s e c o n d .  

Wi th  r e s p e c t  t o  t h e  p r i o r i t y  of t h e  s e n d  b u f f e r  case a c t i o n  t h e  



f o l l o w i n g  mode l l ing  a l t e r n a t i v e s  e x i s t :  

1. To each  p r i o r i t y  c o r r e s p o n d s  a  p l a c e  o r  a  s e t  o f  p l a c e s .  The 

C h i l l  c o m p i l e r  a v a i l a b l e  t o  us  s u p p o r t s  two d i f f e r e n t  p r i o r i t i e s ,  

s o  we choose t h i s  a l t e r n a t i v e .  

2 .  The p r i o r i t y  i s  an a t t r i b u t e  o f  a  t o k e n .  T h i s  mode l l ing  is  

recommended f o r  t h e  d e f i n i t i o n  accord ing  t o  12 .200  841 .  

For t h e  model l ing o f  buf f er  location p l a c e s  wi th  f i f o  c h a r a c t e r i s t i c s  

a r e  r e q u i r e d .  T h i s  b e h a v i o r  can be r e a l i z e d  by t h e  f o l l o w i n g  s i m p l e  n e t :  

F i g .  2 .2 :  A b b r e v i a t i o n  o f  a  f i f o  n e t  macro 
0 

Every b u f f e r  is  i l l u s t r a t e d  by t h r e e  p l a c e s :  

- 'Delay s e n d i n g  p r o c e s s  i n s t a n c e '  ( d e l s e n ) :  A l l  t o k e n s  

c o r r e s p o n d i n g  t o ' a  P I ,  which performed a  send b u f f e r  a c t i o n  and t h e  

cor responde ing  b u f f e r  was f u l l ,  a r e  i n s e r t e d  i n  t h i s  p l a c e  ( t h e  P I  

is  d e l a y e d ) .  A b u f f e r  is  ' f u l l ' ,  i f  t h e  amount o f  messages e q u a l s  

t h e  d e f i n e d  b u f f e r l e n g t h .  The a t t r i b u t e  ' p r o c e s s  name' o f  t h e  t o k e n  

i s  used t o  send  t h i s  t o k e n  ( P I )  t o  t h e  c o r r e c t  n e t  ( p r o c e s s )  a f t e r  

conc lud ing  communication.  

- ' B u f f e r  l o c a t i o n '  ( b u f l o c ) :  T h i s  p l a c e  i s  t h e  b u f f e r  i t s e l f ;  t h e  

messages w i t h  a  r e f e r e n c e  t o  t h e  send ing  P I  a r e  p l a c e d  h e r e  ( t h e  

r e f e r e n c e  i s  r e q u i r e d  f o r  t h e  ' s e t '  pa ramete r  o f  r e c e i v e  b u f f e r  

c a s e  a c t i o n s ) .  These messages w i l l  be f e t c h e d  by t h e  r e c e i v i n g  

PI 'S .  

- 'Delay r e c e i v i n g  p r o c e s s  i n s t a n c e '  ( d e l e c ) :  If no message is 

a v a i l a b l e  a t  t h e  moment and no send ing  P I  is d e l a y e d  on t h e  

r e s p e c t i v e  b u f f e r  l o c a t i o n ,  t h e n  a  P I  e x e c u t i n g  a  r e c e i v e  

e x p r e s s i o n  o r  a  r e c e i v e  c a s e  a c t i o n  w i l l  be d e l a y e d .  The t o k e n  is 

i n s e r t e d  i n t o  t h e  p l a c e  d e l e c .  

The b u f f e r l e n g t h  is t h e  c a p a c i t y  ( a b b r .  Cap.) o f  t h e  p l a c e  b u f o c .  PI 'S  

( t o k e n s  i n  t h e  p l a c e  d e l s e n )  have t o  be r e a c t i v a t e d  i f  t h e  marking o f  

t h e  p l a c e  buf-loc i s  s m a l l e r  t h a n  i ts c a p a c i t y .  The message h a s  t o  be 

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

2 . 3 ,  2 . 4 ,  2 . 5  and 2 . 6 )  a r e  shown f o r  a  b u f f e r  w i t h o u t  p r i o r i t y  and which 

i s  n o t  d e c l a r e d  i n  a  r e g i o n .  Every a r c  s t a r t i n g  o r  end ing  a t  ' s end ing  

p r o c e s s '  o r  ' r e c e i v i n g  p rocess '  r e f l e c t s  a  c o n n e c t i o n  t o  t h e  n e t  

c o r r e s p o n d i n g  t o  t h e  r e s p e c t i v e  p r o c e s s .  



(delayed sending process instances) 

<p-s ,n lc-s .m.1~ = <prinsl-stnding,nlc-s,m,l > 

t 
process idenlifier 

p-s ,nlc-s,m,lr 

sending cp-s,nlc-s > - 
process 1 reactivation of 'delayed sending' 

processinstances of process 2 
sending . p . s , n ~ c . s r  - 
process 2 

buf - loc 

Cap. = - 
O d e l - r e c  

(delayed receiving processinstances) 

F i g .  2.3: A b u f f e r  

The s e m a n t i c  o f  t h e  send buffer c a s e  ac t i on  d i s t i n g u i s h e s  t h r e e  

o p e r a t i o n s  ( F i g  2 .4)  : 

1. No P I  i s  d e l a y e d  i n  t h e  c o r r e s p o n d i n g  p l a c e  d e l r e c  and t h e  b u f f e r  

is f u l l .  The s e n d i n g  P I  w i l l  be d e l a y e d  ( t h e  t o k e n  is  p l a c e d  i n t o  

' d e l s e n ' )  and t h e  b u f f e r  w i l l  r ema in  f u l l ,  t r a n s i t i o n  tl o c c u r e s .  

2.  No P I  i s  d e l a y e d  i n  t h e  c o r r e s p o n d i n g  p l a c e  d e l r e c  and t h e  b u f f e r  

is n o t  f u l l .  The message is  p l a c e d  i n  b u f l o c  by o c c u r e n c e  o f  t h e  

t r a n s i t i o n  t2. 

3. A t  l e a s t  one  P I  is  d e l a y e d  b e i n g  a t o k e n  i n  t h e  p l a c e  d e l r e c .  One 

o f  t h e  PI'S ( t o k e n  i n  p l a c e  ' d e l e c ' )  is  r e a c t i v a t e d .  T r a n s i t i o n  

t3 o c c u r e s .  

sending 
process 

'sending 

process 

F i g .  2.4: Send b u f f e r  c a s e  a c t i o n  
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The r e c e i v e  b u f f e r  case a c t i o n  i s  s i m i l a r  t o  t h e  r e c e i v e  expression bu t  

app l i ed  t o  d i f f e r e n t  b u f f e r  l o c a t i o n s .  I f  t h i s  a c t i o n  i nc ludes  an 

o p t i o n a l  ELSE-part, then t h e  statement l i s t  f o l l o w i n g  i t  w i l l  be 

executed by t h e  P I :  t h e  P I  w i l l  never be delayed. 

F ig .  2.6 shows t h e  cornrnunication o f  two processes (sending and r e c e i v i n g  

process) by a  send b u f f e r  case a c t i o n  and a  rece i ve  expression.  

The f o l l o w i n g  Chi11 program incorpora tes  two sending and one r e c e i v i n g  

processes and 12 P I 'S :  

prograrn : MODULE 

DCL s t o r e  BUFFER ( 1  / *  ansich 2 * / )  INT; 

putmuch:PROCESS() . . .  
SEND s t o r e  (200 / *  u n i t s  * / )  PRIORITY 1; 

CWRITE(' putmuch: 200 u n i t s  de l i ve red \ne ) ;  

END putrnuch; 

putfew: PROCESS ( )  . . . 

SEND s t o r e  (3 / *  u n i t s  * / )  PRIORITY 0; 

CWRITE(' putfew: 3 u n i t s  de l i ve red \ne ) ;  

END putfew; 

getall:PROCESS() . . .  
DCL l o c a l s t o r e  INT INIT:= 0; / *  1 i f e t i m e A o u n d  i n i t  */ 
CWRITE(' g e t a l l :  s t o r e  ernpty \n ' ) ;  

D0 FOR i := 1 T0 11; 

l o c a l s t o r e  := l o c a l s t o r e  + RECEIVE s to re ;  

CWRITE(' g e t a l l :  g o t  sornething\nS); 

OD; 

CWRITE(' g e t a l l :  f i n i shed \ne ) ;  

END g e t a l l ;  

D0 FOR i : = l  T0 10 ; 

START putrnuch(); 

OD; 

START p u t f e w o ;  

START g e t a l l ( )  ; 

END program; 

The corresponding n e t  (F ig  2.7) shows t h e  communication p r i m i t i v e s  i n  a  

'b lack  box'. The d e t a i l e d  n e t  w i thou t  a rc  i n s c r i p t i o n s  i s  i l l u s t r a t e d  i n  

F ig .  2.8. The prograrn conta ins processes which execute send a c t i o n s  o f  

d i f f e r e n t  p r i o r i t i e s .  For a  c o r r e c t  eva lua t i on  o f  t h e  b u f f e r l e n g t h  (each 

p r i o r i t y  has another p lace)  a  p lace  c a l l e d  ' b u f f e r  element counter '  

(b-e-C) i s  in t roduced.  The sum o f  tokens o f  t h e  p laces ' d e l e n n '  w i t h  

~ r i o r i t ~  0  arid -del-sen' w i t h  p r i o r i t y  1 i s  rscorded.  For  every 





S i g n a l  

C o n c u r r e n t  P I - s  c a n  cornmunicate  v i a  s e n d i n g  and  r e c e i v i n g  s i g n a l s .  A l l  

s i g n a l s  which  were s e n t  b u t  n o t  r e c e i v e d  h a v e  t o  b e  q u e u e d .  A s e n d i n g  P I  

w i l l  n e v e r  be  d e l a y e d !  The s e n d  s i g n a l  c a s e  a c t i o n  c a n  s p e c i f y  a  

d e s t i n a t i o n  p r o c e s s  and  a  s p e c i a l  P I  ( p r i m i t i v e  v a l u e ) .  If  none  o f  t hem 

a r e  s p e c i f i e d ,  a n y  P I  may r e c e i v e  t h e  s i g n a l .  The r e c e i v i n g  P I  may 

s p e c i f y  t h e  s i g n a l s  t o  b e  r e c e i v e d .  If t h e  r e c e i v e  s i g n a l  c a s e  a c t i o n  

c o m p r i s e s  no  ELSE-part  a n d  t h e r e  is  no a p p r o p i a t e d  s i g n a l  a v a i l a b l e  a t  

t h e  moment, t h e n  t h i s  P I  w i l l  b e  d e l a y e d .  S i g n a l s  a l s o  may h a v e  

d i f f e r e n t  p r i o r i t i e s .  

C h i l l  C o n c l u s i o n  

The s e m a n t i c  o f  t h e  C h i l l  c o n c u r r e n c y  r e q u i r e s  a  h i g h  l e v e l  n e t  model  

( l i k e  m o d i f i e d  p r e d i c a t e  t r a n s i t i o n  n e t s  / S t e i n m e t z  8 6 a / ) ,  b e c a u s e  

t o k e n s  h a v e  t o  b e  u n i q u e  f o r  m o d e l l i n g  r e c u r s i v e  p r o c e d u r e  c a l l s  a n d  

dynamic  c r e a t i o n  o f  PI 'S .  A m o d i f i e d  p r e d i c a t e  t r a n s i t i o n  n e t  is a 

p r e d i c a t e  t r a n s i t i o n  n e t  w i t h  i n h i b i t o r  and  reset a r c s  and  a l l o w i n g  

a d d i t i o n ,  s u b t r a c t i o n ,  m u l t i p l i c a t i o n  and  d i v i s i o n  b e i n g  a p p l i e d  t o  t h e  

e l e m e n t s  o f  t h e  t u p e l s  o f  a r c  i n s c r i p t i o n s .  Some c o n s t r u c t s  o f  C h i l l  

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

F o r  t h e s e  t o k e n s  q u e u e s  o f  d i f f e r e n t  l e n g t h  and  p r i o r i t y  h a v e  t o  b e  

o r g a n i z e d .  The t r a n s f o r m a t i o n s  o f  C h i l l  p rog rams  w i t h  a b o u t  500 l i n e s  o f  

c o d e ,  a b o u t  15 p r o c e s s e s  a n d  e x t e n s i v e  u s e  o f  t h e  c o n c u r r e n c y  f e a t u r e s  

r e s u l t  i n  c o n s i d e r a b l y  c o m p l i c a t e d  n e t s  (500 p l a c e s  a n d  t r a n s i t i o n s  o f  

h i g h  l e v e l  n e t s ) .  T h e s e  r e s u l t s  c o n v i n c e d  u s ,  t h a t  t h e  a n a l y s i s  o f  C h i l l  

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

a c c o m p l i s h e d  by t h e  f o l l o w i n g  t r a n s f o r m a t i o n  c o n c e p t :  

additional 

redesign - information 
net + / \ (f.e. data structure, 

net analysis andlor 
simulation System 

characteristics 
program 

compiler 2, 
F i g .  2 .9  : A p p r o p i a t e d  t r a n s f o r m a t i o n  c o n c e p t  f o r  C h i l l  p r o g r a m s  



3. Occam 

The programming language Occam was i n t roduced  1982 by t h e  B r i t i s h  

company Inmos L td .  There a s p e c i a l  microprocessor  ( c a l l e d  t r a n s p u t e r )  

a r c h i t e c t u r e  was conceived i n  c o n j u n c t i o n  w i t h  Occam. The language and 

t h e  t r a n s p u t e r  as process ing element i s  designed f o r  concur ren t  

p rocess ing  systems. The development o f  Occam has proceeded and so 

Occam 2 was r e c e n t l y  e s t a b l i s h e d  as t h e  new s tandard  w i t h  some minor 

changes i n  t h e  syntax and adding da ta types ,  mu l t i d imens iona l  a r rays  and 

communication p r o t o c o l s  t o  t h e  o r i g i n a l  language. I n  t h i s  paper a l l  

r e fe rences  a re  made t o  t h e  l a s t  v e r s i o n  o f  Occam c a l l e d  a l s o  Occam 2 as 

de f i ned  i n  /May 871 and /Steinmetz 871. 

C.A .R .  Hoares o r i g i n a l  CSP /Hoare 781 p r i n c i p l e s  o f  synch ron i sa t i on  and 

communication were adopted i n  Occam i n  a very s i m i l a r  form. The r e l a t i o n  

between CSP and P e t r i  ne t s ,  l a t e r  TCSP and P e t r i  ne t s ,  has been s t u d i e d  

c a r e f u l l y  (see e.g.: /Taubner 84, Do lezo l  Schöbe1 T r i e b e 1  W i r t z  84, 

R e i s i g  841) .  The equiva lence o f  CSP and Occam was used t o  achieve t h e  

r e s u l t s  o f  t h i s  paper. 

For  b e t t e r  understanding some exp lana t i ons  o f  t h e  syntax and semantic o f  

Occam a r e  i nc luded  i n  t h e  f o l l o w i n g  t e x t .  An Occam program i s  a 

h i e r a r c h i c a l  s t r u c t u r e  of cornmunicating s e q u e n t i a l  processes. A process 

i n  Occam i s  n o t  equ i va len t  t o  a process o r  process i ns tance  i n  C h i l l .  

Every C h i l l  a c t i o n  i s  an Occam process. An Occam process can be p a r t  o f  

another  process. With 'process'  we w i l l  denote i n  t h i s  chapter  t h e  Occam 

semantic o f  process. 

Occam has f i v e  p r i m i t i v e  p r o c e s s e s :  A SKIP causes t h e  program t o  move t o  

t h e  n e x t  i n s t r u c t i o n .  A STOP s tops  a process ( t h e  f o l l o w i n g  process can 

never  s t a r t )  and can s top  t h e  whole program. Another p r i m i t i v e  process 

i s  t h e  assignment: 

v a r l  := var2 

Concurrent processes communicate v i a  channels w r i t i n g  va lues i n t o  a 

channel by an ou tpu t  process: 

channel ! expr 

and read ing  va lues f rom a channel  by an i n p u t  process: 

channel ? var  

Types (da ta  s t r u c t u r e s ) ,  v a r i a b l e s ,  abb rev ia t i ons  ( i n c l u d i n g  cons tan ts ) ,  

channels and t i m e r s  have t o  be s p e c i f i e d  be fo re  use. I n d e n t a t i o n  from 

t h e  l e f t  hand margin i s  used t o  i n d i c a t e  t h e  program s t r u c t u r e  ( l i k e  



BEGIN END o r  { ) i n  o ther  languages). Comments s t a r t  w i t h  double hyphen 

( - - )  and te rminate  a t  t h e  end of  t h e  l i n e .  Three consecut ive dotes ( . . . )  

denote p a r t s  o f  t h e  program whose i n t e r n a l  d e t a i l s  a re  n o t  r e l e v a n t  a t  

t h e  moment. The t e x t  f o l l o w i n g  these dots  i s  a comment. 

The r e l a t i o n  between t h e  p r i m i t i v e  processes i s  de f ined by t h e  

cons t ruc tors  (SEQ, I F ,  WHILE, PAR, ALT, CASE). The cons t ruc ts ,  a l so  

processes, can be p a r t  o f  o the r  cons t ruc ts .  I n  Occam t h e  s t r u c t u r e  o f  

p a r a l l e l  and sequent ia l  program p a r t s  has t o  be formulated by t h e  

programmer. 

I n  con t ras t  t o  most o f  o ther  programming languages no i m p l i c i t  ( d e f a u l t )  

sequen t ia l  r e l a t i o n  between p r i m i t i v e  processes e x i s t s :  

-- i n c o r r e c t ,  t h e  r e l a t i o n  between t h e  f i r s t  and t h e  second 

-- assignment process i s  undef ined ! 

INT a,b: -- s p e c i f i c a t i o n  

a := 3 -- f i r s t  assignment 

b := a -- second assignment 

The SEQ cons t ruc t  in t roduces sequen t ia l  o rder ing ,  one process i s  

executed a f t e r  another: 

INT a,b : 

SEQ 

a := 3 

b := a 

Every component process i s  a n e t .  The composit ion o f  these nets  i s  a 

sequen t ia l  o rder ing  as shown i n  F ig .  3.1.  

Program: 

SEQ 

... a 

. . .  b 

-- e t c .  

. . .  n 

Net : 

F ig .  3.1: SEQ const ruc t  

By PAR t h e  component processes are  executed i n  p a r a l l e l  ( t oge the r ) .  This  

can be multiprogramming o r  mul t ip rocess ing :  



INT a l1a2 ,a3 :  

PAR 

a l  := 1 -- these  component 

a2 := 2 - - processes a re  

a3 :=  3 -- executed t o g e t h e r  

I f  a p a r a l l e l  process s t a r t s  a l l  i t s  component processes s t a r t  (meaning 

a,b, . . ,n  i n  t h e  example above).  The process t e rm ina tes  i f  a l l  t h e  

component processes have te rmina ted .  

Prograrn : 

PAR 

. . .  a 

... b 

-- e t c .  

. . .  n 

F i g .  3.2 : PAR c o n s t r u c t  

The WHILE, I F  and CASE c o n s t r u c t o r s  a re  t h e  r e p e t i t i v e  and t h e  

c o n d i t i o n a l  c o n s t r u c t o r s  r e s p e c t i v e l y .  The boolean express ions  a re  

model led n o n d e t e r m i n i s t i c a l l y .  I f  none o f  t h e  cho ices  (boolean 

express ions)  o f  t h e  I F  c o n s t r u c t  i s  TRUE t h i s  process never  t e rm ina tes ,  

it s tops .  The corresponding t r a n s i t i o n  Stop i n  F i g .  3 .4  has o n l y  t o  be 

i n c o r p o r a t e d  i f  t h i s  rnay happen ( i t  i s  cons idered as a programming 

e r r o r ) .  U s u a l l y  t h e  l a s t  cho ice  i s  TRUE and t h e  cor respond ing  process 

SKIP. 

Program : Net  : 

INT X : 

SEQ 

. . .  o t h e r  processes 

WHILE X < 100 -- boolean expr .  

. . . a ( l oop )  

F i g .  3.3: WHILE c o n s t r u c t  



- va lue  b e f o r e  

x = O  -- 2.choice 

. . .  b -- 2.process 

-- e t c .  

X > 10000 -- n . cho i ce  

. . .  n - - n . process 

F i g .  3.4: I F  c o n s t r u c t ,  CASE c o n s t r u c t  l eads  t o  t h e  Same n e t  

The communication and synch ron i sa t i on  method i n  Occam i s  based on 

channels.  A channel always connects two (and n o t  more) processes i n  one 

d i r e c t i o n ,  p o i n t - t o - p o i n t :  one i s  an ou tpu t  process denoted by 

exclamationmark ( !  and another  i s  an i n p u t  process denoted by 

questionmark ( ? ) .  Ahead o f  t h e  ques t ion-  o r  exclamationrnark t h e  name o f  

t h e  channel has t o  be w r i t t e n .  The t r a n s m i t t e d  va lue  (eva lua ted  by an 

express ion)  and t h e  v a r i a b l e  assigned a r e  w r i t t e n  a f t e r  t h e  ques t ion-  o r  

exclamationmark. I f  b o t h  processes a r e  ready t o  communicate t h e  va lue  i s  

t r a n s f e r e d  frorn one process t o  t h e  o t h e r .  A process i s  i n a c t i v e  w h i l e  

w a i t i n g  f o r  t h e  comrnunication. It makes no d i f f e r e n c e  i n  Occam i f  t h e  

processes a r e  runn ing  on one o r  d i f f e r e n t  processors.  T h i s  synchronous 

communication known f rom CSP can be represen ted  j u s t  as a s imp le  

t r a n s i t i o n !  

Program : 

CHAN OF INT com: -- s p e c i f i c a t i o n  

INT X : -- o f  channel  and v a r i a b l e  

PAR Net : 

SEQ - - process R Channel com 
Process Q Process R 

com ? X waiting waiting 

SEQ -- process Q to 
output t0 (-0 input 

com ! 100 

communication communication 
F i g .  3.5: Channel accomplished accomplished 

The ALT c o n s t r u c t  chooses t h e  f i r s t  process ready t o  execute.  A process 

i s  ready i f  t h e  corresponding guard i s  a c t i v e .  The guard may cornbine a 



boolean express ion  w i t h  an i n p u t  process:  e .g .  (chan ? X )  & (a > b ) .  If 

no boolean express ion  i s  used t h e  t r a n s i t i o n  Stop can be om i t t ed .  I n  ou r  

prograrnming exper ience we succeded i n  avo id i ng  most o f  t h e  boolean 

express ions i n  t h e  ALT c o n s t r u c t s  and t hen  u s u a l l y  t h e  prograrns were 

e a s i e r  t o  r ead  and t o  understand. 

Prograrn : 

ALT 

chan.a ? X -- guard-a 

... a  

chan-b ? y  -- g u a r c l b  

. . .  b  

-- e t c .  

F i g .  3.6: ALT c o n s t r u c t  

Net : 
ALT begin n-1 

. . 'T' 

The da ta type  o f  a  channel  i s  c a l l e d  p r o t o c o l .  Values o f  d i f f e r e n t  t y p e  

can a l s o  be t r a n s m i t t e d  by one channel  ( tagged p r o t o c o l ) .  The input 

s e l e c t i o n  c o n s t r u c t  s e l e c t s  one process accord ing t o  a  t a g  ( s e l e c t i v e  

va lue)  r e c e i v e d  over  a  channel.  T h i s  can be model led by an ALT c o n s t r u c t  

w i t h  n o n d e t e r m i n i s t i c  cho i ce  o f  t h e  f o l l o w i n g  process (a ,b , . . ,n  i n  

F i g .  3 .6 ) .  

L i k e  a  FOR statement  i n  Pasca l  a  rep l i ca tor  e x i s t s  i n  Occam. A 

r e p l i c a t o r  can be combined w i t h  a  PAR, SEQ, ALT o r  I F  c o n s t r u c t  t o  

c r e a t e  an a r r a y  o f  s i m i l a r  processes. The a c t u a l  v e r s i o n  o f  Occam 

r e s t r i c t s  t h e  base and coun t  o f  t h e  index  o f  t h e  r e p l i c a t o r  used w i t h  a  

PAR c o n s t r u c t  t o  be known b e f o r e  execu t i on  ( a t  cornpile t i m e ) .  So t h e  

r e p l i c a t e d  process can be extended t o  an Occam processes w i t h o u t  

r e p l i c a t o r .  Knowledge o f  t h e  cornponent processes o f  a  c o n s t r u c t  t o  be 

expanded i s  o f t e n  needed, because i n  many cases j u s t  one o r  a  few 

expanded processes i n s t e a d  o f  thousands o r  more c o n t a i n  t h e  Same 

i n f o r m a t i o n  about synch ron i sa t i on  p r o p e r t i e s !  T h i s  f a c t  can be a p p l i e d  

a l s o  t o  SEQ, ALT and I F  c o n s t r u c t s  w i t h  base o r  count  o f  a  r e p l i c a t o r  t o  

be eva lua ted  a t  r u n  t ime .  Then t hese  c o n s t r u c t s  can be extended i n  t h e  

Same way as t h e  PAR c o n s t r u c t  shown i n  t h e  f o l l o w i n g  example. 



Program w i t h  r e p l i c a t o r  

(3) CHAN OF INT comm: 

VAL max I S  3:  

PAR 

INT i: 

(max)INT X :  

PAR i = 0 FOR max 

comm(ij ? X [ i j  

INT i: 

PAR i = 0 FOR max 

comm(i) ! i 

Expanded Program: 

(3lCHAN OF INT comm : 

PAR 

(3 l INT  X :  

PAR 

comm (0) ? x(O1 

comm (11 ? x [ l l  

comm [2) ? X (21 

PAR 

cornm [O) ! 0 

comm f l )  ! 1 

comm (2) ! 2 

Procedures and functions can be expanded t o  a ne t ,  because r e c u r s i v e  

procedure c a l l s  a r e  n o t  a l lowed.  

Program w i t h  procedure: Expanded Program: 

PROC add (INT r e s u l t ,  a ,  b)  INT x ,y ,z  : 

SEQ SEQ 

r e s u l t  := a + b X := 120 

y :=  130 

INT x,y,z : z : = x + y  

SEQ 

X := 120 

y : = 130 

add (2,  X ,  Y)  

A l l  assignments and s p e c i f i c a t i o n s  a r e  n o t  t ransforrned i n t o  a n e t .  I f  

boolean express ions a r e  r e q u i r e d  by a c o n s t r u c t  t h e  cho ice  i s  model led 

n o n d e t e r m i n i s t i c a l l y .  

The c o n s t r u c t s  and processes a r e  composed t o  a new n e t  r e p r e s e n t i n g  t h e  

program. The f o l l o w i n g  examples show an Occam program and t h e  

corresponding n e t .  The n e t  deadlocks, i f  i n  t h e  n e t  t h e  upper r i g h t  

t r a n s i t i o n  'CHAN pu t '  f i r e s .  Th i s  i s  e q u i v a l e n t  t o  t h e  execu t i on  o f  t h e  

guard and s t a r t  o f  t h e  process marked w i t h  an exclarnationmark. 



Program with possible deadlock: 

CHAN OF INT put, call, get: 

INT ANY: 

PAR 

INT info.merge, ANY: 

ALT 

call ? ANY 

SEQ 

put ? info.rnerge 

get ! info.merge 

put ? info.merge -- dead- 

get ! info.merge -- lock! 

INT info.get,ANY : 

SEQ 

call ! ANY 

get ? info.get 

INT info-put : 

SEQ 

INT i, X: -- delay 

SEQ i = 0 FOR 5000 -- delay 
x : = x + 1  -- delay 

put ! info.put 

Corresponding net: 

Q 

Fig. 3.7: Deadlock in an Occam program 

Please note that the net rnodel used is just the ordinary place 

transition net /Reisig 82, Peterson 811. This is possible, because of 

some restriction on modelling level and some features of the language: 

Restrictions at modelling level: 

- Nondeterministic modelling of boolean expressions in guards of the 

IF and ALT construct. 

- Evaluation of the expressions for the replicator of the SEQ and ALT 

construct at compile time. 

Features of the language /May 87, Steinmetz 871 which contributed to the 

simple net model: 

- The amount of parallel processes (indicated by the replicator in 

the PAR construct) must be fixed at compile time. 

- Procedures and functions can always be compiled either by 

substitution of their bodies or as closed subroutines. 

- Recursions are not allowed. 

We found it very appropiated to introduce the restriction concerning 



nonde te rmin i sm w h i l e  a n a l y s i n g  and  d e v e l o p i n g  c o m p l i c a t e d  Occam 

p rog rams .  We t h e r e f o r e  s t a t e ,  t h a t  i n  t h e  c a s e  o f  Occam t h e  f o l l o w i n g  

c o n c e p t  ( F i g .  3 . 8 )  i s  u s e f u l  and  p r a c t i c a l .  N e v e r t h e l e s s  a  scheme 

a c c o r d i n g  t o  F i g .  2 . 9  may a l s o  be  u s e f u l l .  

redesign 
program 

net characteristics net generator compi (er 
interpreter 

I 
net 

anal ysis and /or 
simulation 

F i g .  3.8: A p p r o p i a t e d  t r a n s f o r m a t i o n  c o n c e p t  f o r  Occam p rog rams  

4. Conclusion 

I n  C h i l l  c o n c u r r e n t  P I ' s  may s t a r t  and  t e r m i n a t e  i n  a n  a r b i t r a r y  manner ,  

t h e  amount o f  P I ' s  i s  n o t  known b e f o r e  e x e c u t i o n .  I n  Occam t h e  amount  o f  

c o n c u r r e n t  p r o c e s s e s  is s t a t i c a l l y  d e f i n e d  ( a t  c o m p i l e  t i m e )  and  t h e  

s t a r t  and  t e r m i n a t i o n  i s  s y n c h r o n i z e d .  The r a t h e r  c o m p l i c a t e d  

i n t e r a c t i o n  o f  P I ' s  i n  C h i l l  ( d e f i n e d  w i t h  some i n c o n s i s t e n c i e s  / H o l l i s  

861 )  is  b a s e d  on s h a r e d  v a r i a b l e s  ( b u f f e r s ,  r e g i o n s  and  e v e n t s )  and  on 

message  p a s s i n g  ( s i g n a l s  w i t h  q u e u i n g ) .  These  mechanisms a r e  a p p r o p i a t e d  

t o  b e  e x e c u t e d  on  o n e  c e n t r a l  p r o c e s s i n g  u n i t  o r  a  s h a r e d  memory 

a r c h i t e c t u r e .  The message  p a s s i n g  c o n c e p t  o f  Occam i s  c o n c e i v e d  f o r  

d i s t r i b u t e d  a p p l i c a t i o n s .  A t r a n s f o r m a t i o n  o f  C h i l l  p rog rams  t o  n e t s  

r e q u i r e s  d e c o m p o s i t i o n  t e c h n i q u e s  f o r  b e i n g  a n a l y z e d  / S t e i n m e t z  8 6 b / .  

The s e m a n t i c  o f  Occam c a n  b e  d e s c r i b e d  by a l g e b r a i c  l a w s  /Roscoe  Hoare  

861 o r ,  w i t h  some a b s t r a c t i o n s ,  by n e t s  a s  o u t l i n e d  i n  t h i s  P a p e r .  

With r e s p e c t  t o  t h e  q u e s t i o n s  posed  a t  t h e  end  o f  t h e  i n t r o d u c t i o n  we 

f o u n d  o u t :  

1. It was shown,  t h a t  t h e  s e m a n t i c  o f  d i f f e r e n t  c o n c u r r e n c y  mechanisms 

c a n  b e  d e s c r i b e d  by n e t s .  

2 .  F o r  Occam p l a c e  t r a n s i t i o n  n e t s  a r e  a d e q u a t e .  C h i l l  r e q u i r e s  a  h i g h  

l e v e l  n e t  model .  

3. The n e t  d e s c r i p t i o n  o f  C h i l l  may b e  u s e d  t o  d e s c r i b e  t h e  s e m a n t i c  o f  

t h e  c o n c u r r e n c y  i n  a  c o n c i s e  fo rm and it may b e  u s e d  f o r  t e a c h i n g  



purposes. The a p p l i c a t i o n  o f  a t rans fo rmed Occam program Spans f rom 

t h e  pure d e s c r i p t i o n  t o  t h e  a n a l y s i s  o f  synch ron i sa t i on  p r o p e r t i e s  

a t  compi le  t i m e  (deadlock p reven t i on ,  no d e t e c t i o n  and no avoidance) .  

Bu t  we have t o  keep i n  mind t h a t  nondeterminisms were i n t r oduced .  

4. A t  f i r s t  g lance  it was very  as ton i sh ing  t h a t  a l l  t hese  r e s u l t s  a r e  

very  language dependent. Bu t  w i t h  r e s p e c t  t o  t h e  concurrency Occam 

and C h i l l  a r e  found t o  be two very  ' c o n t r a r y '  languages: One i s  

f a i r l y  s imp le  and t h e  o t h e r  r a t h e r  compl icated.  There fo re  d i f f e r e n t  

n e t  models and t r a n s f o r m a t i o n  processes a r e  recommended. The two 

t y p e s  o f  n e t  needed have d i f f e r e n t  Tu r i ng  power. Bu t  due t o  t h e  f a c t ,  

t h a t  i n  b o t h  language-transformations data-dependencies and c o n t r o l -  

s t r u c t u r e s  a r e  model led n o n d e t e r m i n i s t i c a l l y  t h e  C h i l l  and Occam 

r e p r e s e n t a t i o n  r e p r e s e n t  a b s t r a c t i o n s  a t  t h e  Same l e v e l .  

5. For  t h e  a n a l y s i s  o f  synch ron i sa t i on  p r o p e r t i e s  

- a C h i l l  program shou ld  be d e r i v e d  f rom a n e t  s p e c i f i c a t i o n  

( F i g .  2 .9 ) ,  

- an Occam program may be de r i ved  f rom a n e t  o r  may be t rans fo rmed 

i n t o  a n e t  ( F i g .  3 . 8 ) .  The advantage o f  t h e  second p o s s i b i l i t y  i s  

t h e  f a i r l y  easy i n c o r p o r a t i o n  i n t o  a programming environment.  

The au tho r  i s  i n d e b t e d  t o  Dr .  J. Lenzer f o r  many va luab le  d i scuss ions  

concern ing t h e  language C h i l l  and i t s  concurrency and i s  t h a n k f u l  t o  t h e  

anonymous rev iewe rs  f o r  t h e i r  c r i t i c a l  comments. 
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