
/ AD—AQ 7G 706 UNIVERSITY oF SOUTICRN CALIFORNIA LOS ANGELES DEPT OF— —ETC P10 /2
JOYCE. A LANGUAGE FOR COMPUTER NETWORKS. (U)
NOV 79 P BRINCH NANSEN N0001k—7P— C—071U

UNCLASSIFIED NI..

END
DA T E

T!tA E D

I -so



. — - . -

( 1 
~~~~~~

- -

~~~~~ WILJU JLJU  U ~~
A.

JOYCE
A LANGUAGE FOR COMPUTER NETWORKS

/

PER BRINCH HANSEN

NOVEMBER 1979
~~~~~~

Computer Science Department
University of Southern California

A.

~~~~~~~~~~~~~ ~~~~~~~~~~~~ 

-

~

, 

I
--

— - - — -
~ ~~~~~~- _ _ -_~~~~~~~- . - ‘

~
‘‘

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



SE C U R I T Y  (~~ ~~~~~~ A ’ ~ ,. .~ ~~~~ 1 A ~~~E O Y o , ~ (~ .I. Fn~.,. d)

REPORT DOCUMENTATION PAGE 
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~

I R E P O R T  N U M B E R  2 GOVT ACC ESS ION PlO. 3 REC IP N T S C A T A L O c N . M N E W

‘ 4 Y I T % y fund S.~b,I,I.i O~ REP O RT B PER IOD COvER(t~

~~~ Y C F  • : \  L A N Ct A f l E  FOR C O M PU T E R  ! ~~ / l e chn ic al  R e p~~~t~ /
N E T W O R K S  • \ . ~~~~~~~~~~~ O R G.  REPO RT NUMUER

7 -Au~~$OR(.) 1 CON T RA C T  0! G R A NT  N U M U C R ( . )

vr~~• 
/

P r i n c h  i anse r i  /~~ N0 0014 77 C..07 14

S P E R F O R M I N G  O R G A N I Z A T I O N  NAME A N D  A D D R ES S  JO PROGRAM ELEM ENT.  PROJ E CT . T A SK
AR EA & W O R K  U N I T  NUMBERS

C o m p u t e r Sc i ence  D e pa r t m e n t
U n i v e r s i t y  of S o u t h e r n  C a l i f or n i a  NR 048 - (4 7
Los A n g e l e s , Ca l i fo rn i a  90007

C O N T RO L L I N G  O FF IC E N A M E  A N D  A D D R E S S  ,_~~ ~ . IS. *EPOPT OATS

O f f i c e  of Nava l  R e s e a r c h  P1 November l~~79
A r l i ng t o n , V i r g i n i a  2 2 f l7  .

_____________________________________________ 41
T4 MONITO RINC ,  A G E N C Y  NAME B A0 ORESS( ,V  dISI., *,r I,,,,,, ConJ rofIIn 4 Oh i o . )  IS . S E C U R I T Y  CLASS.  (o f SIR F•porl)

/

ij’ ,~ U n c l a s s i f i e d
.
,- - ., / 0-  _____________________

IS.. O E C L A S S I F I CA T I O N / D O W N G R A D I N G
— SCHEDULE

__________________________________________________ Not _ap~ 1icable
IA. DJ S?RIRUT I ON S T A T E M E N T  (of 151. R.po11)

U n l im i t e d  _________________________________

This d~~ uir~ nt k~ ’~ ~~~~ a~~mved
JOY p’zJ~~~~ r:~ I ~~~~~~ EC1C~

IT . D ISTRIBUT ION S T A T EM E N T  (of h• .b. ,,.oI ~~f.,.d In BlooS 30. Ii dIi(.,W,S fro., RupOrI)

IS .  S U P P L E M E N T A R Y  NOTES

9 K EY WORDS (ConIIno. on ,.,, •,a. •Id. If n.o...., y und id .n l f f y  by block n, ,b.r)

Joyce , P r o g r a m m i n g  Language , Dis t r ibu ted  P roces ses

20 A B S T R A C T  (COnIIno. o,, I•0•’R• •id• if n R C u R R ~~y un4 ld.’fli fr by block ,,, ~~,b.o)

This repor t  d e f i n e s  an exper imenta l  p rog ramming  language called Joyce wh ich
is in tended f o r  rea l - t ime applications controlled By microcompute r networks
without common s torage .  The language include s dis tr ibuted processes which
com m unicate and synchronize themselves by means of procedure  calls and
guarded  re i~ion s.  The p resen t  vers ion of the language is implemented on a
PDP i i  s ing le -processor  system. The compiler is not available for distribu-
tion.

DD ~~~~~~~ 
1473 EDITION OF I NOV U S I S  OBSOLETE

S/N 0 1 0 2 0 I 4  660 1

.1 / .‘ / SECU RITY  C L A S S I F I C A T I O N  OF T H I S  PRO F  I VJl•~ 001. n

( .
~~~~ 

. 
~~~0•

~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— 

• 

-~~~~- ‘ °~~~~~-~ .)  
• -~~ . , 

.



I
I

JOYCE - A LANG UAG E FOR COMP UTER NETWORKS

Per B r i n c h  Hansen

Computer Science Depa r tment
Unive rsity of Southern Calitor n iaLos Ange le s , C a l i f o r n i a  900p7

• 1November 1979

Abst ract

Th i s repo r t d e f i n es an expe r i m ent al p r ogra m m in q 
~angua qec a l l ed  J o y c e  w h i c h  i s  i n t e n d e d  f o r  r e a l — t i m e  app i  i cat i on scontrol le d by micr ocomputer networks With out common storage.The lang uage includes distrib uted processes  w h i c hcomm unicate and synchronize themselves by means of procedurec a l l s  and g ua rde d  reg ions. The present version of thel ang uag e  i s  impl emen ted on a PDP 11 si n g le_processor system .The compil er is not available for di str ibution.

The developmen t of Joyce has been Supported by the Office ofNaval Research under con tract NRø48—~547 _- ———

j~~~C 
TAB —1

,~~~~
..- ,- ~U. C L d  iiCo pyr i ght (~ 1979 Per  Br inch  Hans en

( ‘ ( I  _ . _ . ..—

• Avr i.~
- - . t ~~ Y ~1o rI t j _ ~ - .

\ D ~ st ~~

- - ~fl&.t’ — —  -~~$~~~~~ 0 $0 
—



C ON T F~ N T~

1. r w ’ r R o n u c Tr o N
2 .  SYNTAX N O T A T I O N  7
1. VOCABULARY

~.1. C h a r i c t e r  se t
~t .? .  Sy m h o 1 s 1

~.3.  Names 4
4. BLOCKS .1

4 . 1 .  P e c l ar a t l o n s
4.2. Statement 1 i~~ts 6

5. TYPt’S 6
5.1. S t a n da r d  tç’pe s

~‘ . 2 .  Process t ype s
C .1. Type I i e c l ar a t i o n s  P
c .4 .  R e c o r~ type s P
5. ~~. Array t ype s

6. CONSTANTS 9
F . 1. N u m e r a l s
6 . 2 .  Ch a r a ct e r co ns ta n t s
6 . 1 . St r l n q  c o n s t a n t s
6.4. Constant de c larations 11

7 . RANGES 11
8.  VA R I A B L E S  11

8 . 1.  V a r i a b l e  l e r l 3 r a t i n n s  17
8 . 7 .  V,~i r i a h 1 e  s e l e c t i o n  1?
5• l~ W h o l e v I r i a h i e s  12
8.4. Field vI r iable s 11
8.~~. I n d e x e d  v a r i T h i e s  I l
8. 6 . Type tran sfers 14 ,
8.7. Vari able retrieval 14 

0

~. EXPRESSIONS 14 
_________

. 1.  Type com p a t i b i l i t y  •

~~ OPERATO~~~~~~~~F 

18 
~~ 1

10 1 Boolean operat cr c 1~ 

1 

~~ _____

0

— - $0



CONTENTS

11. STATEMENTS 19
11.1.  S k i p  s t a t e m e n t s  19
11.2. Assi gnmen ts 19

• 11.3. Procedure calls 20
11.4. Crea te statements 21
11.5. Start statements 22
11.6. Cond i tional statements 22
11. 7. If statements 23
11.8. While statements 23
11.9. When statements 24
11 .1 0. Cycle statements 24

12. PROCEDURES 24
12.1. Parame ters 25
12.2. Local varia bles 25
12. 3. Standard procedures 26

13. PROCESSES 26
14. PROGRAMS 29
15. SYNTAX SUMMARY 30
16. STORAGE AND SPEED 31

ACKN OW LE DGEMENT 32
R E F E R E N C ES 32
I N D E X  3 3

,

~~~~~~~~~ 

A_~. - 
,L& .~ . r~I ~~~~~~~~~~~~~ 

‘
~~~~~°~ ~~~~~~~~ 

JJ~~~



1. INTP ,( ’I D U C T I O N

T h i s  r e p o r t  d e f i n e s  an  e x p e r i m e n t a l  p r o g r a m m i ng l a n q u a q e
c a l l e d  J oy c e which is intended for real —ti n e appi icat ion s
c o n t r o l l e d  by m i c r o c o m p u t e r  n e t w o r k s  w i t h o u t  onn inn  t o r a g e .
I t  is based on the concurrent pro q ram m i -l q concept
d i s t r i b u t e d  p r o c e s s e s  ~11 w h i - h  u n i f i e s  t h e  m o n i t o r  a n d
proc ess concepts 12 , 31 and p r o v i d e s  a s t r u c t u r e d
alternative to message communication in networks.

A Jo yce program consists of a fixed number of concurren t-
processes that are started in i t i a l l y  and exist fnrever . F a r h
pro cess can access its own variables only. There are no
common v a r i a b l e s .

A process can call procedures defined within other
processes. These procedures are executed when the other
processes are waiting f o r  some c o n d i t i o n s  to  become t r u e .
T h i s  i s  t h e  o n l y  f o r m  o f  p r o c e s s  c o m m u n i ca t i o n .

P roces se s  a r e  s y n c h r o n i z e d  by m e a n s  of  g u a r d e d  reg i o n s  T 4 ,
5]

The d a t a  t y p e s a n d s e q u e n t i a l  s t a t e m e n t s  i n  Joyc e a r e
b o r r o w e d  f r o m  t h e  p r o g r a m m i n g  l a n g u a g e  P a s c a l  1 6 ] .  The d a t ~
t y p e s a r e  i n t e g e r s , h o o l e an s , c h a r a c t e r s ,  a r ra y s , r e c o r d s ,
and process types. Processes and procedures can be nested
a r b i t r a r i l y  and  a c t i v a t e d  r e c u r s i v e l y.

In a m i c r o c o m p u t e r  n e t w o r k  w i t h o u t  c o m m o n  s t o r a g e  e a c h
processor can be dedicated to the execution of a single
proces s .  When  a process  i s  w a i t i n g  f o r  some c o n d i t i o n  to
becom e t r u e  t h e n  i t s  p r o c e s s o r  is  a l s o  w a i t i n g  u n t i l  a
p r o c e d u r e  c a l l  f r o m  a n o t h e r  p rocess  m a k e s  t h i s  c o n d i t i o n
t r u e . P a r a m e t e r  p a s s i n g  b e t w e e n  p ro c e s s e s  can  he i m p l em en ted
by input /output between separate stores. It is possible that
such a ne two r k  w i l l  r e q u i re  a r e s t r i c t e d  subse t  o f  Jo yce .
The present version of the lang uage is impl emented on a

PDP 11 m i c r o c o m p u t e r .  The l a n g u a g e  i n c l u d e s  s e v e r a l
machine— dependent features which are necessary to control
p e r i p h e r a l s  on t h e  PDP 11. I n p u t / o u t p u t  I s  c o n t r o l l e d  by
d i r e c t m a n i p u l a t i on  of  d e v i c e re gi ste r s  w it hou t the use o f
i n t e r r u p t s .  The p u r p o s e  o f  t h e  s i n g l e— p r o c e s s o r
impl em entation is to discover the al gorithmic advantages and
l i m i t a t i o n s  o f  d i s t r i b u t e d  p r o c e s s e s  I n  c o n c u r r e n t  p r o g r a m s .
S ince  the l a n g u a g e  i s e x p e r i m e n t a l  i n  i t s  p r e s e n t  for 1~ no
attempt has been made to distinguish between its abstract
and mach ine—dependent parts. The c o m p i l e r  is not  avail ab l e
for dis tribution. .
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2 .  SYNTAX ~~T\rl :N

Th e  pr o~ r ann  I n~i I an q  uaq e c o n e  I s s o I t h r e e  p a r t s  : ( 1  a
voc ab u l ar y of ~orci s ~~~ spe c~ a~ charact e rs , ca f l ed  sym bols;
(2) synt ac tIc rules that define sequences of symbols , cal ~ed
sencences; ,i ui ( 1 )  semantic rul e s that define the meanin g of
sencences .

S e n t e nc e s  c a n  he c o m b i n e d  to  f o r m  o t h e r  s e n t e n c e s .  A
pr oi ram Is I sentence th at is not containe d In any other
sentence.

A s y n t a c t i c  e n t i t y  I s  a c l a s s  o f  sen c en c e s  w i t h  c o m m o n
properties th a t w i l l  be defined toci ether. The definition of
•~ synt ac ti c e n t i t y  h a s  t h e  f o r m

* 5 :  F
whe r e  S i s  t h e  n a m e  o f  t h e  e n t i t y  w h i l e  F i s  a s y n ta c t i c
e x p r e s s i o n  t h a t  d e f i n e s  t h e  c l a s s  o f  sen r en c e s  t h a t  S s t a n d s
f o r .  The n a m e  S consists of o n e  or  m o r e  w o r d s .  The f i r s t
word b eq ins with an uppe r case letter followed by l owe r case
l e t t e r s  o n l y .  A n y  foll ow in o words consist of l ower case
let ers onl y.

A ‘;yntax expressi on has the f°rm
T I * T2 * . . .  I T o

w h i c h  s t a n d s  f o r  t h e  u n i o n  o f  t h e  a l t e r n o t i v e  sencence s
d e f i n e d  by t h e  s y n ta x  t e r m s  TI , T? , . . . , Tn.

E a c h  syntax term has the form
Fl F? . .. Fn

which stands for conc atenation of the sencences defined by
the syntax factors Fl , F?, . . . , Fn.

Each synt ax factor is one of the following :
(1) A symbol stand s for itsel f (see 1.7).
(2) The nam e of a synta cti c entit y S stands for the

sencences defined by S.
( f l  A f a c t o r  ~E ,  s t a n d r  f o r  Empt y I F ( w h e r e  F i s  a s y n ta x

e x p r e s s  i on~
( 4 )  A factor ~F 1* st~~n1s for Em pt y I F I FE  I
Occurrences of the sym bols I , t , 1 , * in sencences are

denoted Number sign , Left bracket , Right b racket , Asterisk
in the syntax expressi ons.

This syntax not a ti on i s a  v a r i a n t  of the 8a1’kus—N aur form

E a ch se~~cence defin ed by .i syntactic entity Is constructed
by choosing one of  t h e  t e r m s  o f  t h e  s y n tax  e x p r e s s i o n  and
repl acinq each of its factors b y one of the symbol s (or
sence~~’I’s) whi t it ston (1 s for . I f  a foctor inc ludes other
expre ssions or refers to other synt ac ti c entities by name
the sencen-e constr u cti on must he I l O f l P  recursively.

0
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1• Vo cabu lo ry 3

3 . V O C A B U L A R Y

E a c h  s e n c e n c e  i n  the language is a finite sequence of
symbols chosen from a finite vocabulary. The symbols are
c h a r a c t e r  s equ e n c e s .

1 .~~. Character set

I Character: Gr aphic * New line
I Grap hic: Letter I Digit I Special character I Space
I Le t t e r:  a * b * c I ci * * f * ~ * h $ i * j * k * I *

~n * n I o * p * 9 I r * s * t * u * v $ w * x * y $ z
I Di g it: ~ I 1 * 2 * I * 4 * S I 6 I ‘ 1 8 * 9
* Special ch ara cter: “ * 

I 
* ( $ ) $ + * , * — I . * / I

:~~U7~T < * = I )  I Number si g n I Left bracket *
R iqh t bracket * Asterisk

Chi ra cters are used to form symbols (see 3.2).
The c h a r a c t e r  set  m a y  be a r b i t r a r i l y  e x t e n d e d . In

particular , the letters may he represented in both uppe r
case and lower case with different fonts (roman , italic , or
holdface . These different representations of the same
l e t t e r s  are equivalent when t h e  l e t t e r  i s  p a r t  o f  a word
s ymb o l  ( see  1. 7 )  or a n a m e  ( see  3 . 3 ) .

3 . 2 .  Sy m b o l s

* ~y~ibol: Special symbol * Word sym bo l I Name I Numeral I
Cfi~Tacter constant I String constant I Symbol Comment

I ~~~~~~ symbo l : + * — * / I = I <> I I <= * ~ * )= I
: -1 ( I ) I . I , * : I ; I . . I Left bracket *
Right bracket * Asterisk

* Wo r~ sym bol: and I arra y * beg in I const I create *
cycle * do * el s e  I end * if I not I of * or  *
~~~~~~~~~~~~~~~ p~~cess I r e  c orci * ~~~~ * space * St a r t *

I val I var * wh en I while
* Comment : S p a c e  I New TT~e I

~X~7~sequence of characters without quotes ”

A symbo l denotes a p r i m i t i v e  concept of the language. It
is either a special symbol , a word symbol , a name (see 1.3),
a numeral (see ~~~~~ a character constant (see 6.2), or a
strin g conStant (see 6 . I t .

The spcc ial symbol s and the word symbols have fixed
mean in..s. In t h i s  r e p o r t  t h e  word symbols are shown in
italics (see 1.1).

Any symbo l followed by a sequence of comments stand s for
the symbol its e lf. Two adjacent word symbols or names must
be separated by a t  l e a s t  one  c o m m e n t .

‘a

— —
-
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1. 3 . Nam es

3.3. Names

* Name: Letter I Letter I D in it 1*

* ~Ti~ d a r d  n a m e :  hoolean * char I false I ~j~~~~er I
tr ue I ~~T~e

A name dennte s either a constant (see 6.4), a data type
(see 5.3), a record field (see 5.4), a v ariable (see 8.1), a
procedure (see 12), a pa r am eter (see 12.1), or  a process
module (see 13).

In this report names are shown in Italics when they occur
in syn tax expressions and in roman type when they are used
in exampl es (see 3.1).

The s t a n d a r d  n a m e s  h a v e  p r e d e f i n e d  m e a n i n g s .  The m e a n i n g s
of a ll other names must be defined by declarations (see
4.1 ).

The w o r d  s y m b o l s  ( see  3 . 2 )  c a n n o t  be used as  n a m e s .

Ex ampl es: - 
/

c h a r

p roduc e r
ge t l

4. BLOCKS

* B l o c k :  f D e c l a r a t i o n  ] *  Body
* ~~~~~ b e g i n  S t a t e m e n t  l i s t  end

A prog ram consists of entities called blocks. Each block
consists of declara tions (See 4.1) that define named
e n t i t l e s  and  a body  t h a t  d e f i n e s  o p e r a t i o n s  on these
en tities by means of a statement list (see 4.2). =

Bloc ks may contain other blocks. If a block contains
another block , the blocks are said to be nested and the
l a tter is  c a l l e d  an i n n e r  b lock  of  t h e  fo r m e r .

A program (see 14) is a block that is not contained In any
other block. The Inner blocks of a program are parts of
procedures (see 12) and process modules (see 13).
The process of following the text of a block and

p e r f o r m i n g  the  o p e r a t i o n s  d e f i n e d  by t h e  body i s  c a l l e d  the
execution of the block. The pe r son or device that per fo rm s
the execution Is called a processor.

The execu tion of a block creates the entities defined by
the declarations and ex ecutes the body. The execution of the
body end s within a finite time (unless it fails or cycles)

The execu tion fails if the processor detects a meaningless
opera tion. The execution cycles if it continues forever .

— -~—~~~ - ...~~~~~~
_ ~~ L 
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4 . 7 .  ! ‘ ! A t e n t ’ f l t  l i S t s

Ex •’m~~’ Os :c , ’r : c ’  ‘ n 7 t r . i . i b . t  = I — ’ -~~’ ~~~~~~~~~~~~~~~~~

t ~
- j’ e I t t ~~. t c i  • i r a I . . 1 7 c t ‘~~ ‘

v a t  t h 7 s :  ‘h , i r ;  f u l l :  r’ -o,’Ie,i n

j’t ‘ce.ture sk -i p a~ h e c t i c  c : =  s + I t•n .1

~ r ’~-rso s o u c e ( s i i 5 -
~ - :  01’- .

v a t  “~~~~‘~ t : ‘hi r

uc d o  pr o.) uc’o (next succ . p u t  ( n e x t  e n d
e n . 1

4 . .’ . S t o t e r r e r  l i s ” s

I .~~‘ oo~
- - r t  It  °‘iteo p n t ; ~ t . i te’n t ’f l t  1 *

A sr .ir ,’nenr l i s t  d e n o t e s  exe .-ut i o n  o f  i sequence of
S t  0 t en o” t s ~ Se” 1 1 \

The p X ,* , u t ion o f  a s ! a t e m e n t  I is ! c m - u s e S  t h e  s t a t e n e n t s  t o
he e x t ’- , : el o n , ’ i t  .i t i n e  in th e o r d e r  w r i t t e n .

E x  an I
h i s ~

f r e e : —  t .ilse ; r:= I

~‘ . TYP~~

A pr o. lr .m m del ines oper ati ons to he perf ormed on d a t a
val ues w h i c h  i re either simpl e or structure d . A s i m p l e value
can onl y be opo rate d upo n a~ ~ w h o l e .  A structured v al ue
consist s c t  a f i n i t e  sequence of other v a lues , ca l l ed
subvil.ie s; i t  c o n  e i t h e r  he oper .ite 1 upo n is a w h o l e  or
su h v . m l cc b y s u h v a l  i c .

Pat.i v a lu e s are .iraupeci int o classes , called type s , whic h
.mr~’ e i ther simp le or structured .

~ s i n p l e  t y p e  d e t e r m i n e s  a set  o f  s i m p l e v a l u e s .  The
e t ype s int ecter , h ccmi p an , and ch . m r a - t e r  a r e  pr e d e f i n e d

St an.) - r d  rvt ’,’s ( s e e  ~~. 1 1 . (‘ther sirr p’ e type s known as
p r o c e s s  ‘ y p e n  ire d e f i n e d  b d e c l a r a t i o n s  o f  p r o c e s s  m o d u l e s
( se e  ~~~~~~

A -; r cot iir ‘~d t y pe .leterm ices m Set o f  ; ;t  r u c t u r e d  v~~l ut’s.
iict;i re d ‘vpe s ire known is re cord type s (see S~~ 4 ’t an d

a r a y ’ ;: ‘ •‘ s see ~ . I . Tb e y i r e d e ft n e .~ t ’ ; in ca n s c f t v pc
led i r ’  ions in t t’tns ‘f th e (prev ious r y de fine d \ type s of
t he I r ‘; It’\ a I i’ s

-‘ - - — -~~~~ - .  - - . 0l1~~,.!, .,~j~~~~1JJ 
.

~~~~



I • - i;; ) ir • \‘t ’5 5

7- v e t - ’;” . ~~~~ ; ‘ ‘r~~ m t ’ t e  o r •‘x~ - r , ’o s i . -’” ~S T)7 in .’ ~ n ’ on ’ ’ , ’
‘c, ‘ v: ’ , . Th” ’ ’’e  1 - ’~ - r m r n ~ ‘ ‘ - e  ~\ ‘SS~~ “ ; ‘ ‘ I t i e s  s ’bj t
‘H - s e  e”  ‘ r f l e;: n . m ;  .isS:in.- . t u r i n . i  r ’ r - . l r ’ r ’  ~‘x’ -r- .’t

v r ;‘ ‘ ‘ a ‘ r cx pt ’ 0 ‘° r in  ~ ,i7 f ’ . • v . ’ s 1 - ‘

i r , - S u ’ ,i ! i t 4 5 , . 5

The  ;‘pe s . ,n  7 - o  • ‘ e r - ”  ‘‘ed r ‘n t h e  p r ’ ’  t m ” rex * w ’ t o o

~‘ x e, ’ . ! j n - y I ’ .

“ .1. St  i ; 1 . ’ ’ d  ‘

‘H’ p r ’ ’t ~ ’ f i n e t  !;d’*’s i r e  ‘ m I l e . 4 c t  m n ) ~~r d  ‘;‘pes. A s .m r i ) o r d
‘~‘pe .t ~ ore! int’ S m 7 n 1! , o r de r e se t o  s I r . p ’ r ;‘ a l  ucs .

~ . l . I .  I n ’ ” y . ’ r s

1 7 ;  - :t m ;; d o r  v i ’ ’ n t i ~~ 
j S ~~~~~~ e,t  by  ho S ‘ o “. .~ r d nor ’ e

fl ’ 0.1,’ . ~h ”  I~~ ’ .‘ .~ 
,‘ t V O l  0* 5 .i 1 4’ .1 I fl  : 0 0 0 ’  o f  S L i O  ‘t’SS I y e

w h ’ I o  n . ; r n h e r~~ i n t h e  r,ino e — l ~~~~~~. .~~~’~~~ ’• N . ’n — n e O , m t j v , ’
:n ’ e i~ ’r v a l u e s  i r e  t e n , ’’ ,’. 4 b y d e ’ i m a l  or  o o t .m l  n ; i r p~~,m l ~~ ( s ee

I • N e c t 3 t  i v e  i n ’  t’i 0! V o ’ u ,  5 m t  ~ ‘ .) e n ”  t e d  by  o c t . i ’ n urn e r a l  s
o r m y , ’ c, ’ m p : ’ e ,l 7’;’ m p p I v r n . ~ t h e  s i ;n  i n v e r s r - ’n o p e r a t o r  —

‘~‘e’ .i7’H S ‘~~~
‘. ‘ 7’. pos:  : v”  I” .~ ~‘i or v i ” ,;es S e c  I

H 1. ’ . b ’o ’, ,‘. m n s

Tb , ’ 7; ’ . 1 ; ;  d a y  1 ;‘:‘,‘ 7’ ,’. ’ I ,‘ . m; ’  j 
~~ 

I ,‘;~ ~ ,~ 1 0 ‘ he st o n  i .ir d n . m m e
h o ,’ l e  i n .  Tb. c b oo I c in  V o l  i c c  i r e  be  7 n t  ~ ~ ‘ o 1 t i e s  ~‘n.’ e by
I h e  s’ .m n n .m s t o  I e a n - I  r u e  ( w 5 ; “ r e I .m I s o  < r up ’

‘h .m r o c ’ e r s
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H I .  Type d e c l a r a t i o n s  A

~ -~~ ~~~~~~~~~~~~~~~~~~~
* Type list: Type declaration I Type decl ar ation I

‘ ~~~ c1~~~T a r a t i o n :  Record type * Array t ype

A t y p e  d e c l a r a t i o n  d e f i n e s  a new s t ru i c t u r e d  type w h i c h  i s
e ither a record type ( see  5 . 4 1  or an a r r a y  t ype ( see 5 . 5 ) .

5 . 4 .  R e c o r d  ~yp,es

* Record t e :  Type name r e c o rd  Field list end

~ ~T~Td l i s t :  Field declaratTon I ; Field de claration 1*

* ~T~t l d  declaration: Field name : F i e ld  t ype
* T~’pe name: Name

* F’ield name: Name
* F 0: Type n am e

A r e c o r d  t ype I n t r o d u c e s  a n a m e , c a l l e d  a type n a m e , to
denote a set of structured values, called record values.
Each record value consists of a finite sequence of subvalues
known as fields. Each field is of some (previously defined )
type .

The record t ype includes a field list - cons lstlnq of a
sequence of field declarations. Each field decl arat ion
introduces a nari e to denote the field. The fiel d type is
g iven  by a type nam e.

A r e c o r d  v a l u e  c o n t a i n s  one  f i e l d  f o r  each  f i e l d  name  of
t h e  r e c o r d  type . The set o f  r e c o r d  v a l u e s  c o ns i s ts  o f  a l l
the possible combinations of the possible field values.

Record values are computed by means of assignments to
record variab les or field vari ab les (see 8.4).

A record type cannot be used as a field type of Itself.

Ex a m p l e s :  Id a te  r eco r d
da~~

’ i n t e g e r ;  m o n t h :  i n t e g e r ;  y e a r :  i n t e g e r
end

attributes = record
protect-ed : hoolean;
address: inteq er

end

da ra ffle = r e c o r d  id: identifier; a tt r: attributes end

~~~~~~~~~~~ =
-;~

_ 14. 
~~~~~~~~~~~~~~~~~~~ -~~~~~~ “ S.”
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5.H Array t ype s 9

5 . 5 .  Array types

* A r r a y  t y p e : Ty pe n a m e  = a r r a y  R a n g e  of E l e m e n t  t ype *

* Element type : Type name

An array type introduces a type nam e to denote a Set of
s t r u c t u r e d  v a l u e s , called array values. Each array val ue
c o ns i s t s  o f  a f i n i t e  s equence  of subvalues known as
e l e m e n t s .  The e l e m e n t s  a r e  of  t h e  same  ( p r e v i o u s l y  d e f i n e d )
type .

An element is given by its position in the array value .
The positions are denoted by the successive values in a
r a n g e  ( s e e  7 ) .  The position of in element is called its
index value . The element - type is given by another type name.

An a r r a y  v a lue contains one element for each “alue in the 1’
index range. The set of array values consists of all the •
possible combinations of of the possible element val ues. 

S

Array value s are computed by means of assignments to array
variables or indexed variables (see 8.5).

An array type cannot he used as an elemen t 4-ype of itself.

Ex amp l  es:
r o w  = a r r a y  I . .  i c ~i’ of i n t e g e r
matrix = array 1.. 100 of  r o w
catalog ~~~~7ray ‘ a ’ .. IjT of d a t a f i l e

5 . 5 . 1 .  S t r i n g  type s

An a r r a y  t ype w i t h  n el e m e n t s  o f  t ype c h a r a c t e r  I s  cal l ed
a s t r i n g  type o f  l e n g t h  r .  The l ength must he even .

The strinq values are denoted by string constants (see
F . 3 ) .

Ex a m p l e :
identifier = a r r a y  1. .12 of char.

~~~ CONSTAN T S

* C o ns t a n t ~ N u m e r a l  * Char.m ’-te r constant *
Str~~nq constant * Cons ta n t - name

A constant denotes a fixed value of a fixed type . It is
ei t h e r a num er ol (see ~~. 1) , a character constant (see ~.2)
a string constant (see ~.3), or t he  name of a (previousl y

J defined ) constant (see ~~~~~

—5--’- 
- ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~  
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~~ 
1. Nu me r .a lo 1 ~‘

0 . 1.

I Num eral: flccim ,m l n u m e r a l  I n ) o t ~a 1  num .’i 11
I ~ ecTma1 num er al : Pt ~ I t  I m~ t il t 7

* (1ct a l  n u i m p r 5al : N u m b e r  sI’i ri (0~ 1 a l  ~1 lq I I tic ( a l  , ! I~i I t 1 *
$ ~t t ’ t a T  d [~1 t t :  ~

‘ * 1 * 2 0 1 0 4 * c * o

A numera l Is eith er de cim a l or o c t a l  • A d e c i m a l  n u m e r a l
denotes a non-n egativ e iec I r r i a l  vo l tie . An o ” t a l  n um e :  al
‘I en t es ~i n o c t  i i  v a l  ue . Nirm er i i  r ; a r e  ~‘ I ype I n e*i 07  ( set’
r
~• • 1 1 and hav~ t he I r convent I ~m na 1 mean I r r ~ . The o ’  t i i

ri timer a 1 s I ri t h e  r ari ~ e 0 I’ . . I ~~ “ ‘ cc! r e spo n*i I o I he
dec im al value ,s l~ to l 7~~(, ’ • The o c t a l  n u m e r a l  c In t h e  rariie

* 1~~~~1’~i . . I )  ~‘ ‘  ‘ ‘°  co r r e sp o nd t o  the 41e~’ 1m~a l  v o l  tier ; — 1 7” v R
to -1.

Cs:

0 ) 4
I i  ‘ ‘ 1 4 2

( ‘h a t  ,act  e r  ct ’n s t  5ant s

* Ch,i y .a,- t ot t’onst a n :  ‘ Ch ara cter s~i~ h4 ’1
* t ’’h a r a c t  o r  s yr rii ’o 1 : Cn •a ph I c  0 0 N u m  r ’r al

A c h a r .a c t e r  c o n s t a n t  ~1 c r t o t e c a v  m i t r e  o f  t ype c h a r  o c t e t
( see  “ . 1 .  11 . A c h a r a c t e r  c o n s t  a l i t  ‘ c ’ d e n o t e s  t h e  c h a r a * ’t  ci
with the ‘irm p h l c sy m b o l  c ( rice ~~. 1 1 . A c h a r a c t e r  c o n s t a n t
• On ’ denotes the char acter w i t h  t h e  or d  t r i al ~- a1 tic ii
0 . 2 ) .

Fx am p1 es:

• I

, 0 1 ~1 ‘

~~ . ~~. S t rlnt j con st ant s

• S t  r I n~ i ’,,rst ant : ‘ C h i t  a ct r ’ r r ;t r m i

* ~h a r , a c t c ’r s t r l n q :  Character symbol I Character symbol 1 *

A t r I nq con st a n t  w I t h ni c t i a r a ’  t ci  sym h~ 1 ri erie t en -i vol ire
of a rit t I rig t yp. of 1 crag t ii n ( set’ . 1 . I . if the I erig t h o f  a
c h a r , a t ’ t er  ct t I rig c I s odd the st r I nq Is epl ac ~ti by sO Ii I rice
1~. 7 )

C :
• syn t ax “r t o t  011’ ’

L - L. - ~~~~ —~~ ‘
~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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L ~~~~~ S - — “ ‘  ‘~~~ ‘“ ~~ S - ~~~~~~ ~~~~ ~~~~~~~ - - 
S ~~~~~~~~~~



8 . .1 . t i , ’ 1 1  ‘- - a t  i S i t ’  1 c’ 1 i

~‘~~1 ~
i i’

n i t  t,

- I t 0 ’  I s ’ i V

8 . 4 . F i c l i t  ~- m n  ; m t ’ 1 , ’ t ;

* F’ Ic I ’  va t t a t’~ 0 : I~e • ’ 1 1 is ’ - i n I at’ 1 . - . ~
‘ • )  1 

~~~~~~~ 
p

I ~~~~~~~ ~ ~ ~~s i  t I a t ’)  o V i  t I .it’ 1 o

~ i is’ - i n I a hI ‘ I -m n t ’ ’ ’ i  1 I ‘i l ’ ’ ’ ; ; S i ’e S ,~ I I 5 - ‘ 1  1 i l ,i ‘-~~s ’i ~
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I s  sel , ‘ct ed t~ i t I i i  n t h e  .ar r a y v a r  l a h l  e .

The se’) it - I  I - m n ii I an i nil ex ed i s - - ’ r  I ,i im I p e ns 1 s I f t he se 1 e~ t i on
of he at i~ ~i is’ 5ur it’ ) C l i i i tine Index expr ,‘ssi “n both en tm wi t -h
a n I n i cx is ’ ul tie w I I h I n t hi’ I n t  ex r a nq e . Tb p se l Ci ’ t I on f.a 1 1 s
j t t ~n e  I nd ex is’ a I inc I s m int stile the Index r anile .

Fx am l’l e’s:
n .ame’~ i 4- i i

dat a ’ 1 I i )
- i i r e c t o r y 1 5 ’i . i l l  m l

~~.n • Ty}” n ’ t r a n s f e r s

I Typt’ t’r ansfcr : : Type ui.am e S

Pt vat I mh l o V of a t y p e  Tl can he made n’cump atlhl e with in
I n;t’e ‘1) of a n o t h e r  type T2 by us l r - i c - t  the n o t u t  Ion

is’: T.’, wh ore T2 Is Si t ype nam e .

The typo s TI and T2 must h~ r e p r e s e n t e d  by t h e  same  n u m b e r
o f  store loc u t i o n s .

A t ype t r a n s f e r  a l w a ys e n d s .

Fx ampi C:
C :  t f l t e s l i’t

S • -‘ . V i i  i a b l  , ‘ u e t r -  I e v i l

I V i n i a b l e vil u e: V ,a r l,ahlc

The ins,’ S’f Si v a r i a b l e  w i t h i n  an expr ession (see Q I denotes
t h e ’ is’i)ue if the v a rI able.

riurinq tb,’ i’v ,aluati on of t h e  e x p r e s s i o n  t h e  v a r i a b l e  i s
first selected and then a copy of its value is obt a Ined .
Th i s  p r o c e ss  i s  ‘alle ’ ii v a r i a b l e  ret rieva l .

The r e t r i e v a l  end s i f  t h e  s e l e c t I o n  e n d s .

Cl EXPRESSIONS

• F x p n e s s i o n :  S i m p l e Fx i’i t’s s t o n
~ ~e1at lon al opi ’raf-or Simp l e expr es sli-’rr 1

I S l m ~~~~ exJ’resslon: Urnary operat or Term *
Simple  e xp r e s~ Ton P t d d I n q  op e r a t o r  Term

* Term: I Term M u l t l p l yinq operator I Factor
* Factor : Simpl e facto r r Type transfer 1
* S in i }~l e  t a c t - o r :  Simp l e operand * I Expression I

An expression denotes i rule for com prtt l nq a value of a
fixed t ype . An expr - esslhn consist s of suhex presslons known
.15 sip itua n il s and operat Ions denoted by o p er a t o r s . Parentheses
m ay he used to expl i c it l y de fine the order in w hl- h the

-~~ - ~~~~~ ii~~~ _~~~~ ,
_ 
~~~~~~~~~~~~~~ ~~~~~~ ~~i’—’~-’i-- ~~~~~
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range ~1 . . 127 .
The type  t r a n s f e r  of  a v a l u e  x f r o m  one s t a n d a rd  t ype TI

to another s t a n d a r d  type  T2 s a t i s f i e s  t h e  r e l a t i o n  x : T 2  =

x :inlneqer :T2.
The t ype t r a n s f e r  of  a v a l u e  x f r o m  a non— standard type TI

to another type T2 yields a value of type T2 with the same
storag e representation as the v a l u e  x .

10, OPERATORS

Each operat or applies to operands of a fixed type and
del i v e r s  a r e s u l t of  a f i x e d  type . The t ype of  an o p e r a t o r
i s  t h e  type  of its resul t .

When t h e  same o p e r a t o r  sym bo l a p p l i e s  to o p e r a n d s of
d i f f e r e n t  type s t h e  sym bol s t a n d s f o r  s e ver a l  d i f f e r e n t
operations determ ined by the operand types.

10.1. Relational op erators
/

The r e l a t i o n a l  o p e r a t o r s  d e n o t e  the  f o l l o w i n g  r e l a t i o n s

= equal
<~ no t equa l
< less
< not g r e a t e r
> greater
)= not l e s s

These operators generally appl y to operands of any t ype as
d e f i n e d  in  t he  f o l l o w i n g . They y i e l d  a resu] . t of  type
b o o l e ar u  ( see  5 . 1 .2 ) .

10.1.1. S t a n d a r d  o p e r a n d s

The rela tional operators appl y to operands of the same
standard type (see 5.1). These operators have their
conven tional meaning for operand s of type in teger (see
5 . 1 . 1) :  they  y ield the value true if the operand values
satisfy the relations , and the value false if they do not.
If x and y are operand s of another standard type T then x
y means x :integer = y :integer , and similarly for the other
rela tions (see 9.2).

10.1.2. Process operand s

The opera tors = , <~ appl y to operand s x ar i d y o f  t h e  same
process type P (see 5.2). The relation x = y is true if x
and y are references to the same process , and f a l s e
otherwise. The relation x <) y means not (x = y) - 

~~i~~~ J
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lc’ .2. In’ut eger operators IP

1~’.1 .3 “ecor-i operands

The o p e r a t o r s  = , <~~ a p p l y  to  v a r i a b l e s  x an d  y o f  t h e  same
t y p e  P = record E l :  T I ;  f 2 :  T2; • . . ; In: Tur ari d . The
r e l a t i o n  x = ~~ i~~ an s  ( x , f l  = y . f ] )  a nd ( x . f 7  = y • f 2 t  • • .  an d
(x•fn = y.fri ) , w h e r e  E l , f 7 , • . . , f~~~den ot - e t h e  f i e l d s  o~
t h e  record t ype . The r e l a t i o n  x < y means not (x =

1 0 . 1 . 4 .  A r r a y  o p e r a n d s

The op e r d t o r s  = , < >  appl y to  o p e r a n d s x and  y o f  t h e  s a u n a
a r r a y  t ype T = a r r a y  i i . .in of Te. The rel a tion x = y m e a n s
( x r i l l  = y l i l l )  and ( x F i 2 l  y ! i 2 l )  . . .  an d  c’ x r i n u  = y t i r a l )
w h e r e  i i , i 2 , ...~~ “Tn d e n o t e  t h e  s u c c e s s i v e  i n d e x  va 1 ues o f
the array type . The relation x 

~~ 
y m eans not (x = y) .

10.2. Integer operators

The ~nte qer operators a ppl y to operand s of  t ype i n t e g e r
and  y ield a result of type inte ger (see 5.1.1):

+ a d d i t i o n
— subtraction (or sign inv ersionI
* multipl ication
/ d i v i s i o n
mod m o d u l us

These o p e r a t o r s  h a v e  their conventional me aning . When the
symbo l — is used as a u n a r y  o p e r a t o r  i t  d e n o t e s  si g n
inversion.

If the result of one of these operators is outside t he
range of in tegers the execution fails.

The o p e r a t o r s

not neg at ion

~! 
conjunction

and disjunc tion

a l s o  appl y to i n t e g e r  o p e r a n d s .  The o p e r a t i o n s  a r e  pe r f o r m e d
on all bits in the storage representation of the integer
v a l u e s (see  10.~~) ,  The r e s u l t i n g  b i t s  a r e  t h e n  c o n s i d e r e d  to
be an integer result.

The u n a r y  o p e r a t o r  v a l  a p p l i e s  to  an i n t eg e r  o p e r a n d  x and
yields the i n t e g e r  va of the device location wi th the
address x. The value of x must be even In the range ~1~~0 000

j17777 ~~, otherwi se the execution fails.

________________________ - - 
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l 0 .~~ . B o n  I e a n~~~~~e L~~2i~
The b o o l e a r i  o p e r a t o r s  a ppl y to  operand s x and y of t ype

b oolean and yield a resul t of type hoolean (see 5 . 1 .7 ) :

not negation
or  conjunction
and  d i s j u n c t i o n

The results are defined as follows :

n ot  f a l s e  = true not true = false
x o r f a l s e = x  x o r t r i ~e = t r u e
x and false = false x and true = x

11. STATEMENTS

# Sta tement: Simpl e statement * Structured statement

* ~T~~ Te statement: Skip statement * Ass i g n m e n t  *
P r o c e d u r e  c a l l  * Create statement * S t a r t  s t a t e m e n t

I S t r u c t u r e d  s t a t e m e n t :  If  s t a t e m e n t  I W h i l e  s t a t em e n t  0
W h e n  s t a t e m e n t I C y c l e  s t a t e m e n t

A s t a t e m e n t  d e n o t e s  one  or  m o r e  o p e r a t i o n s  and  is  either
s i m p l e or structured . A simpl e statement d enotes an
elementary operation and is either a skip (see 11. 1 ), an
a s s i g n m e n t  ( see  1 1 . 2 ) ,  a p r o c e d u r e  c a l l  ( see  11. 3) , a c r e a t e
statement (See 11.4), or a s t a r t  statement (see 11.5).

A structured statement consists of other statements ,
called substaten’ients. It  d e t e r m i n e s  ( a t  l e a s t  p a r t i a l l y)  th e
ord er in which the substatements are to he executed . The
struc tured sta temen ts ar e calle d i f  s t a t e m e n t s  ( see  11. 7 ) ,
while statements (see 11.8), when statements (see 11.9), and
cycle statements (see 11.10).

11.) . .  S k i p s ta t e m e n t s

* Skip statement: sk ip

The symbol  s k i p  d e n o t e s  t h e  empt y o p e r a t i o n .  The e x e c u t i o n
of  a sk i p sta temen t has no effect and alwa ys ends.

11. 2. Assi gnments

I Assignment: Variable := Expression

An a ss i gnmen t deno tes ass i g n m e n t of  a v a l u e  g iven by an
expressi on (see 9) to a variable (see 0.2 ). The variable and
the expression must be compatible (see 9.1).

- - 
- - 
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A n  assi qnm en~ is execut ed in three stops :

( 1 )  T h e  v a r i a b l e  i s  s e l e ct e d .
(2) T h e  expression is evalua t ed ‘o oh ~~ -~~i n  a v alue .
(1) The value is assi lned I n  thp ’,ri ri a hle.

An assi - i nme nt ~o a struc tur ed v a r i a b l e  assi qns a v a l u e  tn

all of i~~s subv ar iah l es. An assi gnm ent t o  a su h v a r i a h l e  of a
st ru n- $ ’u r in~-l v a r i able ass 4 qns a v a l u e  ~o t h e  given subv ar iah 1 e
without - ‘hang ing t h e  rest of the suhv ariab les .

Ex am p les:
x := X — y

n o w . m o r t h : =  i i
ciire ctor y l cl .id:= ‘spascal text

11 . 1 . Procedure r ’ a l l s

* Procedure call: Local call I Process ca l l
* Process ~ i1T~~~Process variable . L o c a l  c a l l
I P r o c e s s  ~~~~ f a h 1 e :  V a r i a b l e
I Local call : Procedure name r ( Argument 1 i st
* Procedure name: Name
I A r g u m e n t  l i s t:  A r g u m e n t r , A r g u m e n t  1 *
* A r g u m e n t :  Va l ue a r g u m e n t  I V a r i a b l e  a r g u m e n t
* V a l u e  a r g u m e n t :  E x p r e s s i o n
O Variable argument: Variable

A procedure cal l denotes execution of the bl ock g iven by a
p r o c e d u r e  nam e ( s ee  12 ) .  I t  i s  e i t h e r  a l o c a l  c a l l  or  a
process call.

A l o c a l  c a l l  is  used by a process  (see  13 )  to e x e c u t e  a
procedure that operates on the variables of the process. The
procedure must he declared within the innermost process
module that contains the call.

A p roce s s  c a l l  is  used by a process to execute a p r o c e d u r e
that operates on t h e  v a r i a b l e s  o f  a n o t h e r  p r o c e s s .  The other
process  i s  g i v e n  by t h e  v a l u e  of a p rocess  v a r i a b l e o f  some
t ype P (see 5 , 2 ) .  The procedure must he declared within t-he
proc ess modu ) e P.

The argum ent lis t de no tes va l ues and varia bles tha t ma y be
operated upon by the procedure block. The argument list must
contain one argument for each parameter nam e in the
parameter list of the procedure (see 12.1 ). The order in
which the arguments and the parameter names are written in
the argument list and the parameter list defines a one to
one correspondence between the arguments and the parameters.

Each  a r g u m e n t  i s  e i t h e r  a value argument or a var i ab l e
argumen t.

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ 
- - ~~~~~~~~~~~~~~~~~~~~~~~ 
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A ‘.‘ t m l u s ’  a r l u n e n t  :~ r- r r e s p o n d s t o a value p arameter. It must
be an expression (see 9 )  t h a t  i s  com p a t i b l e  w i t h  t h e

o r re s p ) n I i n 1  param , t er. An a r l u m e n t  c o r r e s p o n d i n g  to  a
v a l u e  p ar a m e t e r  of a st rin g t ype (see 5.~~.1 ) may, h o w e v e r ,
be a st r i n g  c’o n s n  a n t  o f  a n y  l e n g t h .

P~ v a r i a b l e  argument correspond 5s ‘o a v a r i a b l e  p a r a m e t e r .
I~ m u s t  h i-- a v a r i a b l e  (see Q , 2 )  of t h e  s ame  t y p e  as  t h e
correspond ing par am e ter.

The par a m , - t n - r  t ype s a r e  g i v e n  by t h e  pa r a m e t e r  l i s t  o f  t h e
oroc e ~ u r e .

Th e e x e c u t i o n  o f  a l o c a l  c a l l  takes p1 ace i n  two steps :

( 1 )  T he  a r q u m e rt~~s a r e  e v a l u a t e d  one  a t  a t i m e  i n  t h e  o r d e r
wri’ter. . A v a l u e  aroumen t is e v a l u a t e d  by e v a l u a t i n g  t h e
‘ i v e n  e x p r e s s io n  to  o b t a i n  a v a l u e  w h i c h  i s  t h e n  as s i gne d  to
‘h e  c o r r e s p o n d i n g  pa r a m e t e r .  A v a r i a b l e  a r g u m e n t  i s
e v a l u a t e d  by s e l e c t i n g  t h e  g i v e n  v a r i a b l e  an d  b i n d i ng ( s ee
12 , 1 )  t h e  c or r e s p on d i n q  p a r a m e t e r  to  i t .

(2) The pr --ced,ure block is executed .

The e x e — ~u t i o n  o f  a process cal l is dela yed until i t  c an  he
perf ormed as an  i n d i v i s i b l e  o p e ra t i o n  (see 13). It then
proceeds as a loca l c al l.

The exe-— u t i -a n o~ a procedure c a l l  e n d s  when  t h e  e x e c u t i o n
of  ‘h e  p r o c e d u r e  b l oc k e n d s .

The e x e c u t i o n  o f  a p r o c e s s  c al l f a i l s  i f  the g iven process
has not been created (see 11 . 4) .

Ex am p . e s:
finish
r e a d ( x ,  y ’

t i m e r .wa ) t  ( 1  ç)
cha in - 1 1  . p u t  ( A  i i i

1 1 .4. Cre ate stat emt -n t s

O C r e a t e  s t a t e m e n t :

~~rp o’~~~~~rocess variable I , Pr ocess Variable )*

A create statement denotes the creation of one or more
processes (see 13) and t h e  a s s i g n m e n t  o f  r e f e r e n c e s  to these
p r o c e s s e s  to  a list of process variables.

The execution of a create statement creates the processes
i n  t h e  o r d e r  in whL’h the variables are written. If a
variabl e v is of a process t ype P then the operation
cr eate v will create a process of t ype P and assign a
reference to that process to the variable v.

The operation create v, v , . . .v (where v occurs n times )
-reates n processes of t ype P and assigns a reference t o  the
n ’t h  p rocess  to  v .

~ - .~~~~ -5d -3~ ~~~~~~~~~~ ~~~~~ g ~~~~~~
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Fx. impl on: :
‘i e i t o  consumer • pr ouiu ri ’r

( ‘ t i ’ l t i ’ m i n q l i )

1 1. 5. t Or I u t  i t ernoru t

* ) t  a r t  st it emi ’nt
s t i r  I P r  u c i ’u ; ~; SI  - i t  I I , Pr nci’SS s t a r t  *

* Pr ~~ci ’~,s S t a r t :  Process v a r  l i h i  i ( A r q r r m o n t  1 - : r  I

A sI a r t  ;t at emo rit dorn,n t en ; I I i i ’  s t a r t  I ra q o f  o~-n~’ or m or e
0 C I - i ’ q r ~~o m u 1 ~ t tue v a I u ui 5 - o f i I 1 st -~ I p r o ~~i -

var I ibi
F a  c h n r~ m oont I 1 st l i - t r o t , ’ 1; v n  I iron ; t In a t  in a y hi ’ opo r a t - ed

upon  by a s l r u i 1 e p r o ’o on ; . Tb • ‘  r iii r~~ o f I hi ’ a r q  t i m en  t 1 i ;t a r
h i’ s.am i ’ i n ;  I ho Si ’ ( 1 of i ni’ i or pm o ’ i ’ i  u r r  o c a l  I s ( S i ’ i ’ I I . 1

Tb t’ ox ou ’ Ut I urn o I a s t a t  t st a I emn i -r i t st a r t  I tie p r o - i’ Sn; i’ s i ri
t h e  o r  t i ’ r i r a  wh i - In  t ho proc e no; v~a r l a b  1 t ’ n ; a r o  wr I t ten . I - i  c~~t i
p ro c  i’ n o ;  i n ; st it t ed i n t we st 0

I The 5 n r q  uime nt S I r e  ev5i l t i a t o i l  Ofl a t ~a t i n ’  I n  t h e  o . d c r
wr r t t on and I hi ’  i r v a I ties are i n n s  I q nod to  t h e  c or  r e sp on d  I r a q

oci ’Sn ;  p t  r a m n ot  or s .
~
‘ ) T h e  0X i-c it t I ora of i pi oci’’;;; 1 ivera b y I ho v o l  r u ’  of a

p r o - i ’ n ;. v or 1 tb  1 o h i -u  I ra  in

W h o m  Si p r o ’i ’ s n ;  h i s  been s t a r t i ’ i b y another p ro cess  t h e  Iwo
0 ~i ’s u o n ;  c o rn  I i n ire I n  0 p er  - i t  0 n ; I miii t i  Ti  0 0 ( 1 5 1  y
A p r o c  i ’ ni; to ti n ; I be u n — a t  oil ( si ’’ I 1 . 4) ho fa t  i ’ i t I s s t i r - 1 oi l  ,

a r id corn or ;  1 y h~’ nt a rt eu once . Of Iii’ r w i  no’ I ho st nm I a pot a I 1 on
I S i  l i  S

F x a m p l  on ; :
n t  a r t  u ’ o r i s u rm e r  , p r a d u u c i ’ r  ( con suin i i ’r I
: ; t i r t r i n q r i l ( r i n q r i  l l , r i n q r I m l l l

1 1 . ~~. 
( ‘oj ~~t it jonal nt a t  t’m emn t s

I C o n u j i t i o t u i l  un t i t e r n e n t  l i s t :
Concl i t r e n a l  st~~t ern on t  r i ’1s~ Coma d I t  l an a i  stat omont 1 *

* (‘o rid i t I o n i l  st i t e rn  en t : I-x pro uns Iota ii o ~ t at em en I 1 1 st

A co nul i t  I oma n I gI a tomont I I St d e t n e t  es t hi ’ ox c c i t t  I on o f  On e
i f n ;ov i ’r,al ‘u ’ n u I l t  ion .a I st .atemn t’nt ( o r  n o n e  o f  t hom I

I’la cli 1~ofld it I o no 1 n; t a t  o m e n  I cons I st s o I a n  ex p r e s s  i ian ( See
1) of t ypi’ boo I earn ami d n ut it omen I 1 1st ( see 4 . 7 )

Phi’ ex ecui t io ta o f  a cond it lora n I statement 1 1st o va l  t a t  on ;
I he ox pr e nn ; Ion n; om a~- it a t irni ’ In t ho  o r  1 er  wr I I t o n  min t 1 1 one
i I I horn  y i i ’  I di; t hi’ v al ut’ t n i p  or  u n t  I I  a l  1 o I t h e m  y 1 ol  d t he
vol ui’ fi I n o . If t he v-i liii ’ tr ui’ i n n  o h t , n  I n eil  I rout  in
i’xpn .’snn j o i n  I l i e n  t h e  st  i t em .’nt 1 1s t t h a t  fun 1 l ows I lii’

- ~~~~~~~~~~~~~~
-
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e x p r e s s i o n  i s  i ’ x o c m 5 r f o l ; o t h e r w I s e , n o n e  of  t h e  s t a t e m e n t
l i s t s  -a r e  O X i ’ ’ l l t O u l . In r h o  f o r m e r  case , one  o f  t h e
co n d i t i o n a l  s t a t e m e n t s  i s  s a i d  t o  he e x e c u t e d , w h i l e  I n  t h e
l i t t e r  c a s e  a l l  of them are ~~i i d  to  he s k i p pe d . T h i s  e n d s
t h e  ex e c u t  i o n  o f  t h e  c o n d i t i o n i l  s t a t e m e n t  l i s t .

Fx am p1 es:
c ~~“ em do r u ’i;l(c)

fret do free:=fa lsr - ; r:= I else
~l do r : =  n + I

o p = 1 do c r e a t e  c i s c
o p  = 2 do d o l  et o  e l s e
op ~ do r e n a m e  

- -

11 . -. . I f statem ent s

I If statement: If Conditiona l statement li s t  end

A n i f  s t a t e m e n t  d e n o t e ; ;  a s i n g l e  e x e c u t i o n  of a
c o n d i t i o n a l  s t a t e m e n t  l i s t  ( s i - i ’ l l .~~) .

Tho e x i ’~~n j t i n n  c f  an i f  statement executes the con d it ion a l
st item o r a t l i s t  once .

Examp i es:
if euf do formfeod ; eof:=f ,ilse end

I f  op  = 1 do create
else op = 7 do d e le t e
p l~~ t’ op = 1 do rename end

l 1 . 8 . W h i i e ~~~ t - a t o m p n t s

~ W h i l e  statement: w h i l e  Condition al statemen t list end

A while statem ent ~loraotes one or more executions of a
‘end It ton a l stat ement I i st ( su’e i i .  f l

The P x i ’ c , t t -  i - in of a ns-h 1 1 0  s t a t e m e n t  e x e c u t e s  t h e
- -u n d i t l o n a l  statement l i s t  repe atedly un t i l  all the
u rid i 1 1 o n i l  st 1 tom t i n t  n; an c s k i  pI ne -

)

TI I he t’onul it i cm i i  s t a t  omen  I s  on t  I n u n ’ t a  he ex e ’u t  ed
I e r p v e m  t h e  i’ xe cui t Ion c y ’ lt ’s .

E x am p l e s :
w h l l e ’ c ~~“ em d -  r e n d  ( c I  en d

w h i l e  x “ y do x := x — y
i- i ,’ y - ‘  x l~~ y : = y - x ‘nd

~~~~ ItIir~ ~~~~:::. -  
- --  A -- ‘- ‘t r ~-’i~~~~i ‘~~
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1 1 •~~ . W h i ’ i n m ; ‘ ~-t t  m ’ m n n I ’ r n  t

* Wh o mi n t at  m ’r n c m n t : w h e n  5
i-i n i t  i t I ’  ra. t 1 n; I a t  I’m i’n 1 1 1 n t  e

A win i -in n t  a t I’m i-na t 1 i -rn i-i , ‘ n ;  n r n i ’  a I nil ’t I - OX i - i ‘ i n  I I , ‘ r n n ;  a I i

- ‘ ‘ n I  i t  I urn - i l st a t  ‘iii i ’ l l  t 1 i st ( ‘o’c I I . u.n

TIn e i ’ i - n i t  i - i r a  i~s I a win t’ ra nit 0 t (~ni en I e ~~ ‘c u t  i ’~~~ I tn. ’ ‘ a  n 1 1 i - i  t a o 1
n t  - i  t om en  1 1 i ;; t n i ’ pt ’ a t  oil I y u r n  I i I o t ao a 1 1 I s ‘ an d  i I m a  n o  1
n t  i t  i-rn ton t in h a  s la ct ’nn ox t’ i t t  oi l

1 ‘t;~ i n  t hi’ i ’oni j it j otn ail st at i -mora l ; a r t ’  ,nk j 1—1— 1 5 1  t tic w h e n
;; I i t  i - m o n t  i s  so i i  t i - i  h o  h i  a ’ k o d ;  cu t  f i o r w i  so i t  i n ;  so (1  t a  hi -

,‘~is it- i l
W h e n  a pt  a ’ i ’ ; ;n -; ( s e t ’ 1 a t  I i ’m pt in t a  cxi ’’ i l l  0 .i i-i l c u ’  ki s i

n ;  I - i t I’m i-na t i I ‘ira ‘ni 
~

‘ 1-i ‘c innin i ’  ( ‘ i n ;  i h i e I f a rn ’ liii ’ r I-it a ’ i ’ n ;5 0

i pi’ r i pin i’ n i  ti -v i ’ i ’ i ’ i n n rail m’s t tim’ v a r  I ah l  es -i I t l ie  -i  I ~~‘ i-rn
- -i i ’;;;; l a y  a pt  ‘c i s Sn; c- ’l I ‘n lay  a in 1 n pur l ./ ‘ut p u r l  a p e  r a t  i - i n

S i ’ i ’  I I  .

If t inc win o in n ; I a torn en I ‘i-inn I i n n  u n ’ ; ;  I a ho 1- il iac ko~l t ho
cx ,‘ - t n t l n n  5 y _ l  I ’S

Fx in -r np l
+ w - 2 t - i  w :  = I end

w i n e r n  I r cc d a  f r , ’t’ : = I , n I Si’; F : =
n ;i r “ t~ d i ’ r : = t u I end

1 1 . I 0 . C y i  1 m ’  n ; 1 ~n t i-m en t

I Cyc It’ I of m ’morn t : cyc li ~ ( ‘ a n i l  I t I urn. ’ 1 n ;I ,i I em omn t 1 i st  i ’nad

A c yc I i ’ s t a t  I’m oral il •‘ni ’ 1 en ;  I h e r e peat Oi l i ’x t ’ ’ m i t  1 ’ - i  nn I - , r i ’v i ’m

~ 1 -a c a  n i  I t I i-i no I -; t at em Ofl I 1 1 n;t ( ~o’e 11 . t s ~~

The c x  cc r i I i o n  a f a ‘ y ’  I e n; t 0 I em ora l ox Pc m i t  os  I i i i ’
c i  n-a d it l e n a  I st~~i t  em on - n t 1 1 st f - i t  e’v i’m

As 1 -u nnq  an; I he  c o n d l t l o n n a l  s t ’ t m ’ m o r n t ‘; a r e  s h i  I’pi ’ l  t i n ’
cy’ 1 e s I .a t I’m on t is S a Id t~-i h.’ i- il a c k  ~~t ; ‘u t  iii’ r w no’ it I - ;  n .i iii

l i i  he  f e a s i b l e  ( o , ’i’ I i  •~~~l .

t’xarn pl c n n :
cyc  ! i ’  I m l  d a  c e n i n u i m  i ’ ( t hi o 1 ; fut I I : — I ol Si’ (‘fl 1
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17 . 1 .  Pa r a m e t e r s  2~

A pr ocedure introduces a name , ra i led a procedure name , to
d e n - n o t e  a p a r a m e t e r  l i s t -  (see 1 7 . 1 )  and a b l o c k  (see  4 )  w h i c h
i s  k n o w n  as a p r o c e d u r e  b l o c k .

The ex e c u t  i o n  o f  a p r o c e d u r e  i s  c a u s e d  by a p r o c e d u r e  c a l l
( see  i i .  ) . TI- c r e a t e s  t h e  e n t it l e s  d e f i n e d  by t h e  p a r a m e t e r
l i s t and executes the block .

A p r o c e d u r e  m a y  c a l l  I t s e l  f r e c u r s i v e l y .

Example:
procedure wai t (rnlnute s : integer i
const~~~T~ ni qht = 1440 “m inu tes
var due : integer
beq~in due := (time + minutes ) mod midni g ht;

w h en -a  t i m e  = due do skip end
en~~ 

—

12.1. Parame ters

* Parameter l i s t :
P~ r~~~~~~~~ T~ clara tion ; Parameter declaration 1 *

• Parameter declaration:
V~Tue pa r ameter J V ~ riahl e parameter

• i / a lu e Ea t o i me t e r :  Variable decl aration

* Va rT~~h l e_ p a r a m e t e r :  van Varia b le d ec lara t ion

A parameter declaration introduces a vari able ( see 8 . 1)
which is called a value pa r ameter or a variable parameter.

A v a l u e  p a r a m e t e r  i s  a v a r i a b l e  t h a t  i s  a s s i g n e d  the  v a l u e
of  an  a r q u m e n t  ( see  11. 1) be f o r e  the  p r o c e d u r e  b l o c k  i s
executed .

A vari able pa rameter denotes a variable argument (see
11.3 ) which is selected before the procedure block Is
executed . During the execution of the procedure block al l
operations performed on the variable stand for the same
opera tions pe r fo rmed on the variable argument. The vari able
param eter Is said to be bound to the variable argument
during the given execution of the procedure block.

Ex ampl es:
m i n u t e s :  i n t e g e r
var value : cha r
pr ed : node; succ : node

12.2._ Local variables

The scope of the names declared within a procedure extend s
from their declarations to the end of the procedure block.
The names ar e ther efore said to be local to the proced ure
(see 4 . 1 ) .
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1 2 .  1. ~ t an d  i rd pr a ’ t’i ur  es 7”

Fa ch e x e c u t i o n  of a procedure hlou ’k creates a fresh
instance of the paramet ers ,nct Ioc 1i l v an iahl es . Thi5 is
known as a proced inr e i n s t ance. When the exec’ut ion c-if the
p r o c e d u r e  block beg ins the v a lu e s of the pa r am eters art’
d e t e r m i n e d  by t h e  a r g u m e n t s  o f  -~ p r o c e d u r e  c a l l .  The i n i t i a l
value s of the loc al v a r i a b l e s  are undefined and must he
defin ed by assignments (see 11 .7) before they are used
within the procedure block.

When the execu t ion of the procedure block ends the
procedure instance disappears and the ex eci ntion of the
c a l l i n g  process (see I ll continue S with the Statement that
follows t h e  procedure c a l l  in tIn e p r o g r a m  t e x t .

12. 1 . Standard procedures

The f o l l o w i n g  proce d in r e  i s  c o r n s i d t ’r e d to  he pr eil e c l a r e d  at
t h e  beg i n n i n g  of e a c h  p r o c e s s  m o d u l e :

~~~oc e d u r e  w n i t e ( a d d r e s s :  i n t e g e r ;  v a l u e : i n f e q e r l

When t h i s  p r o c e d u r e  i s  c a l l e d  it a s s i gns an integer value
I a d e v i c e  l o c a t i o n  w i t h  a given address. The address must
be an even integer in the octal range *l ~~~0(i (~~ . .
o t h e r w i s e , t he e x e c u t i o n  f a i l s .

11 . PROCESSES

* !~~oce~~s module:
~~~~ic~~~ess n a m e  r P a r a m e t e r  l i s t  1 1

S p a c e  reservation Process b l o c k

* Pro cess nam e: Nam e
* Process block: Block
* Sp are reservat ion: ~~~ace  Constant

A process module intr oduces a name , called a process name ,
to denote a p a r a m e t e r  l i s t  (seC 17 .1 ) and a b l o c k  ( see  4 1
which is known ~as a process block .

The parameter list niust only contain value pa r am eters of
simpl e type s (See ~, l .

The local variables and procedur es declared within a

process  m o d u l e  o r e  c a l l e d  c o m m u n i c a t i o n  v a r i a h ’n e s  and
commun i cat ion p r o c e d u r e s .

The body of the process block is ca lled the i n i t i a l
s t a t e m e n t  of  the process  block . The in i t i a l  statement and
the bodies c-if the comm unication procedures are known as t h e
m a i n  s t a t e m e n t s  of the process block.

A process bloc k can he executed simultaneously by several
processor s as lonq -is (-hey operate on differe nt instan ce s of
the communication v ariables.
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13. Processes

Each e x e c u t i o n  of a process  b l o c k  i s  c a l l e d  a process  and
the variable instances on which the process operates are
call ed its context.

The execution of a create statement (see 11.4) creates a
process wi th a empt y context.

The exec ution of a start statement (see 11.5) adds a fresh
instance of the communication variables to the context and
ini tializes the parameter values. It then begins the
execution of a process block.

A process can oper at e on i ts own commun i ca t i on variab le s
by m e a n s  of  l oca l  c a l l s  of  p r o c e d u r e s  de c l a r e d  w i t h i n  t h e
process module. When a process begins the execution of a
local call a fresh Instance of the procedure variables is
added to its context , an d when the execution of the
procedure end s these variables are removed from its context.

A pro cess can operate on the communication variables of
ano ther process by means of process calls on communication
procedures declared within the process modul e of the other
process. When a process begins the execution of a process
c a l l  t he  ( a l r e a d y  e x i s t i n g ) in s t a n c e s  o f  t h e  g i v e n
commun ication variables are added to the context of the
process. The execution of the proced ur e then proceed s as a
local call. When the execution of the procedure end s (and
I t s  l oca l  v a r i a b l e s  h a v e  been removed f rom the  c o n t e x t)  t he
c o m m u n i c a t i o n  v a r i a b l e s  a r e  a l so  remov ed f r o m  the c o n t e x t .

The abov e defines the dynamic change of the context of a
process . When a process refers to a whole var iable by its
nam e , this selects the most recent instance of that variable
in the current context of the process .

All opera tions on the variables of a process are
indivi sible in the sense that they are per formed one at a
t i m e  as explained below :

An Ind ivi sible operation beg ins when a process begins the
execution of a main statement (or a feasible when or cycle
statement)

An indivisible operation end s when a process end s the
execution of a main statemen t (or reaches a blocked when or
cycle statemen t) .

If several processes attem pt to operate on the same
variable ins tances during the same interval of time the
i n d i v i s i b l e  o p e r a t i o n s  on t hese  v a r i a b l e s  w i l l  he pe r fo rmed
one at a time In unspecified order.

The firs t Indiv isible operation on the variables of a
process beg ins when the process is started .
When this Initial operation end s the ori g inal process may

per form another indivisible operation (if it is now
feasible ) , or another process may either beg in a process
call or con tinue one by per form ing an indivisible operation
that has become feasible wi thin a communication procedure.
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1 ~~. Pr t a ces st ’ s ‘9

l’in I i nt ‘‘ t I c - n v  i raq o f  I nd i v i sib I e pt - r a t  i ,-i rn a ta t h e
v a t  i ab  1 es -t t i pr ace- ; S con -n t I nut’ S I -i n e~’ en - . I f  I he p roc . ’  ss

eac h.’ I he ’ .‘ rn 4 a f t (no pr - i c e ’ so h i  ~ c k o I In or proc.’ t ’ cOn
st i 1 1 con t in ut-’ a ope n - a t o en I he c emmn -lrn r O t  I - i n  ‘c~it I -a In I ~ h y
m e , ar a s o f  p r a - e s s  c a l  Is .

~ t p r o c e s s  m o d u l e  rn -t y c i , ’ a t e  a nd  s t a r t  ira n - c t traces of i t s e l f
r e c u r  s i v e ’I y .

A p rocess  m o d u l e  t h a t  i s  c o t n t n  i ned w i t h i n  a n o t h e r  p r o c e s s
m o d u l e  c a n n o t  refe r to t h e  v a r i a b l e s  -and pr -i c e-li tre s t h a t  a r e
d o d  ar e t i  on the o u te r  modt,l p see 4. 1)

The compil e r det e rmin e s the stor.a -~t’ space n- equi red for
eac h p roc e s s  un - nd  er t h e  a ssr i m pt  I o n - n  ( - h a t  a l  1 pr oc el ur CS at e
no n - -  recur sive . The n u m b e r  a f add i t - i  - i n - n a n- b y t e s  -i f s t o r a g e
1 -ic at i a tn s r e q n -n i t el f o r  the var i - a tn 1 e -i f r ecursive pro” en-i m r  CS
m u s t  he de fine d by an Integ er cc-inst ant fo l l owing the sym bo l
5 p .a cc ’ .

Fx am p1 t ’:

p r o c e ss  s i n k
v.a I tn s : r lao t ; f ul I : boo I e’an

f’roced&nre put  (c: c h a r )
beg n

when not f n - n l I do this: ~ c; full : = t r ii.’ end

hc’9in full : fa l so
It’ 1 u l  1 n - I - i ‘ n--n -n t in m e  ( tin i s) ; f n - n i I : t a l Sc’ en d

c n - n i

Fxam p) e :

~
!oce;s •;n-a(I rce (smn ’n- ’ : sink )

v ar n e x t :  char
heqin

wh I e t r U.’ n- -I c’ p r - i l  uce ( nex t 1 ; a ucc . p in t ( nex (-I end
t’ n -n d

Ex ample:
p n - t n - ’ rs ’ ;  ‘;.‘mnpho re
v a t  s: I n t . ’ge r

c t c e d m n r , ’ wa It
(‘en-n- in - n w h e n - n  s ‘ ii n - b S : — 1 end e r-n d

pr ocedure sig n - i l
h o - n -  i n s : = 4 1 en d

1-t eq i n  5:~~ i~ end

I
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14. Prog rams 29

14. PROGRAMS

* Pro gram: Block

A program is a block (see 4) that is not contained in any
other block.

The exec ution of a prog r am causes t he  bl ock to be e x e c u t e d
as a process (see 1 3) calle d the i n i t ial process.
The execution of a program never ends. It e i t h e r  c y c l e s  o r

fails.

Exam pl e:
process s i n k  ... beg in . . .  end

~~~~~~ source (succ: s i n k ) . . .  beg i n  . . .  end

var consum er: sink; producer: source
beg i n  cr eat e con s u m e r , producer;

st a r t consumer , producer (consu n -rner )
end .

Exampl e :
process node(pred : node; succ: node)
beg in ... end

~~~ 
nodes a r r a y  0. .9 of node

var ring : nodes ; 1: integer
S~~~i n  i: 0;

whil e i <=  9 do create ring r il ; I := I + 1 end;
I :=0;
while i <=  9 do

start r i n g r l T ( r i ng r ( i  + 91 m od 1911,
ri rl gr(i + 1) mod 101 );

i: I + 1
end

Ex am pl e:
process tree (level : integer; maxievel : integer)
v ar  l e f t : t r e e ;  r i g h t :  tree

~~~~in
If level < maxievel do

c r e a t e  l e f t , r i g h t ;
s t a r t  l e f t ( l e v e l  + 1 , max level )

righ t(level + 1 , max i evel )
end

end ;

var root: tree
beg in create root; start roo t(1 , 4) end .

4
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In  t h i s  i m p l e m e n t a t i o n ,  n - - h e processor executes one
indivisible operation at a time , and then switches to
another process . The swi tching among processes is  cyclic ,
bu t  t h e  p r e c i s e  o r d e r  of  e x e c u t i o n  of  p rocesses  i s  g e n e r a l l y
u n p r e d i c t a b l e .  The t i m e  to s w i t c h  f r o m  one process  to
ano the r (120 m i c r o s eco nds ) is u s u a l l y sm al l comp a red wi th
t h e  t i m e  r equ i red to e x e c u t e  an i n d i v i s i bl e  o p e r a t i o n .
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I N D E X

The names of syntacti c en titie s are shown in i t a l i c s  w h i l e
semant ic terms are shown in roman t ype . The e n t r  i o s  r e f e r  to
section numbers of the report.
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tor q
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rj n-~~T ta ~~~n ~~~~~~~And

Ar gument 11 .-i
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~~~~~~~men t 
- 1 1 . 2
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~T h d T~~ 12.1
B l o c k  4
Blocked statement 11.9
B o d y  4
~~~ Tean operator
B o o l e n -an  t ype
( ‘har~~n - - t e r  1 .1
CE~ racter constant 6.2
Ch a r a t er st~-jj~~
Char acter symbol 6.2

~~~~~~~~~~~ t ype 5.1 . 3
Comn,en l

~~~~ri~i~ Tcat ion procedure
Comm unication v ar i able 1 3
Com p a t i b l e  t ype s .1
Conditional statement 11. 6
C o n d i t i o n a l  s t a t en i ~~~ F_ l f r . ~ 11 . 6

-

~~~~ Fant d e c la r a t I o n  6.4
C o n s t a n t  l i s t  6 . 4
Corn ~~t~~r at T h a m e 6.4
Contex t Ti
Correspo nding values 0.2
Create sta tement 1 1 . 4
C y c l e  s t a t e m e n t  11 .  l t m ’
C y c l i n g  4
Decim al numeral 6.1
Declaratfon 4 . 1
Di g i t 3.1
DIvision 10.2
Elem en t 5.5
E l emen t t~~tae S.5
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Execution 4 
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EXo - n-~ i o n  i m e ” 1~~
Exp r .-ssio n 0
Fa ct ot 9
F a i l  u n - p  4
False 5.1 .2
Feasih ’ e statemen t 1 1 . 9
F i e l n --i . 4
Fie ld declara t ion 5.4

~T~ F4 Tisf ~~ c . 4
5 . 4

~~T~~T~f varTah]. n--i 8.4
C l ob cCf H~n-~e 

- - - 
4 . 1

G r a p h i c  1. 1
If statemen t 11 . 7
tndexed~~~~~ fahle R. c 

aIndex expression
I n d e x  v a l u e
t T ~ f~ ib 1e operation i i
I n i t i a l  s n - - a t e m e n r  13
I n i t i a l  value 1 . 2
Inner block 4
Integer opera tor
Integer type ~~~ . 1 . 1
Le f t  b r a c k e t  2
L e t t e r  1. 1
LoT~~T ca l i 11 . 1
L o c a l  n ame 4 . 1
Local v a r i a b l e  1 ? . ?
Lowe r h o u n d

statemen t 1~Mod u l e  1 0 . 2
M u l t i p l ication IC ’ .?
Mu I t ~~~ y i  ng o p e r a t o r  0
N a m e  . 3
Nested blocks 4
Mew line

Number si gn C’
Numer al 6.1
________  

6 . 1
O c t a l  numeral 6.1

9~~~~~~d 9

~~p~~~~ t o r
Or 1 0. 1
O r d i n a l  v a l u e  0 7
OrI gin 4.1
P a r a m e t e r - d e c la r a t I o n  1 2 . 1
param eteF iT~~ 17 .1
Procedur e I ?
P r o ce d u r e  block 12
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P r o c e d ur e  call 11. 3
Pr ocedure instance 12.2
P r oc e d ur e  name 11. 3
Process Fl
Process block 13
Pro cess call 11.3
Process c r e a t i o n  11. 4
Process module 13
P r o c e s s  name 13
Processo r 4
Process reference 5.2
P r o c e s s  start 1 1 . 5  —
Process t ype 5.2
Pro cess variable 11 .3
P r o g r a m  14
Range 7
R e c o r d  type 5.4
Record valu e 5.4
R ecord variable 8.4 

‘-Recu r s l o rn 12 , 13
Relati onal operator 9

~~g~ t bracket 2
Scope 4.1
Sentence 2
Simple expression 9
S i m p l e f ac tor 9
~Tmp ie  ope rand  9
Simpl e statement 11
Simpl e type 5
S i m p l e v a l u e  5
S i m p l e v a r i a b l e 8
SI a n - i inversIon 10.2
S k i p statement 11.1

~ pace 3.1

~ pace reservation 13
~peclal charac ter 3.1

~ peclal symbo l 3.2
Speed 16
Standard name 3~~i
Standard procedure 12.3

L 
Sta n d a r d  type 5
Start statement 11.5
Statement 11
Statement lIs t 4.2
Storag e requIrement 16
Store 8
String constant 6.3
S t r i n g  type~~~~~ 5 .5 . 1
S t r u c t u r e d  s t a t e m e n t  11
Structur ed type 5
Structured value 5
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