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ABSTRACT

ADLIB (A Design Language f o r  I n d i c a t i n g  B e h a v i o r >  i s  a  n e w  c o m p u t e r

des ign l a n g u a g e  r e c e n t l y  d e v e l o p e d  a t  S t a n f o r d . A D L I B  i s  a  superset o f

PASCAL b)i t h s p e c i a l facilites f o r concurrency and int erprocess

communication. I t  i s  n o r m a l l y  u s e d  u n d e r  t h e  S A B L E  s i m u l a t i o n  s y s t e m .

INDEX TERMS : s i m u l a t i o n , PASCAL, hardware d e s c r i p t i o n l a n g u a g e s ,

SABLE, SDL
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Int roduct ion

S A B L E  i s  a  d e s i g n  a u t o m a t i o n  s y s t e m  c u r r e n t l y b e i n g d e v e l o p e d at

S t a n f o r d  U n i v e r s i t y  t o s u p p o r t  s t r u c t u r e d ,  m u l t i -  l e v e l  s i m u l a t i o n  o f

computer  des igns . SABLE stands f o r S t r u c t u r e A n d  B e h a v i o r Linking

Env i ronment , b e c a u s e  i t  j o i n s i n f o r m a t i o n  a b o u t  t h e  i n t e r c o n n e c t i v i t y  o f

c o m p o n e n t s  w i t h  a l g o r i t h m e t i c  s p e c i f i c a t i o n s  o f t h e i r b e h a v i o r . The

u s e r expresses i n t e r c o n n e c t i v i t y  v i a  S D L  ( S t r u c t u r a l  D e s i g n  L a n g u a g e  1

LVCW77  I, w h i c h  h a s  f a c i l i t i e s  f o r  d e f i n i n g  m u l t i p l e  l e v e l s  o f phys i cal

h ie rar chy . C o m p o n e n t  b e h a v i o r  i s  s p e c i f i e d  i n  A D L I B  (A D e s i g n  L a n g u a g e

f o r  I n d i c a t i n g  B e h a v i o r ) ,  w h i c h  i s  a  superset o f t he language PASCAL

[ JK741 . A D L I B  bias d e s i g n e d  t o  s i m p l i f y  t h e  d e s c r i p t i o n  o f  c o m m o n l y  u s e d

computer components and to  be compatible  with SDL and SABLE. ADLIB was

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

T h i s  m a n u a l  i s  d i v i d e d  i n t o  t h r e e  p a r t s : an  in t roduc t  i on  t o ADLLB

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

d i s c u s s i o n  o f  t h e  s t r u c t u r e  o f  a n  A D L I B  p r o g r a m ,  i n c l u d i n g  s c o p i n g r u l e

and c o n t o u r m o d e l s ; and a  summary  o f  the  keywords  and  syntax  o f  the

language. B e c a u s e  d o c u m e n t a t i o n  i s  w i d e l y  a v a i l a b l e ,  t h i s manual w i l l

not repea t  the  de ta i l ed  f ea tures  o f  PASCAL. HoLdever, t h e  b a s i c  a s p e c t s

o f  P A S C A L  rdill  b e  d e s c r i b e d  b r i e f l y , s o  t h a t  r e a d e r s  f a m i l i a r  w i t h  o t h e r

h i g h  l e v e l  l a n g u a g e s  s h o u l d  b e  a b l e  t o  f o l l o w  t h e  d i s c u s s i o n  w i t h o u t  t o o

m u c h  d i f f i c u l t y .
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CHAPTER 1

BASICS OF ADLIB

1.1 PURPOSE OF ADLIB

T h e  p u r p o s e  o f  a n  A D L I B  d e s c r i p t i o n  i s  t o  d e f i n e t he b e h a v i o r  o f

o n e  o r more t y p e s  o f computer component 5. T he SABLE system then

c o m b i n e s  t h e s e  rdith  i n f o r m a t i o n  t h a t  s p e c i f i e s  t h e  n u m b e r  o f component 5

used, and t h e  w a y  t h e y  a r e  c o n n e c t e d . T h i s  t o p o l o g i c a l  informat  i o n  i s

expressed in SDL. For conven  i ence the u s e r may g e n e r a t e t h e  S D L

a u t o m a t i c a l l y  v i a  a n i n t e r a c t i v e  g r a p h i c a l  s t r u c t u r e  e d i t o r  c a l l e d  S U D S 2

[US791.

In ADLIB, the code that d e f i n e s the b e h a v i o r  o f one t y p e  o f

component i s c a l l e d  a comet  i/De. T h e r e  i s  n o  w a y  o f  t e l l i n g  f r o m  a n

A D L I B  s o u r c e  h o w  m a n y  c o m p o n e n t s  o f  e a c h  c o m p t y p e ,  i f  a n y ,  w i l l  b e used

in a d e s i g n . E a c h  c o m p t y p e  w r i t t e n  in.ADLIB  i s  a  s p e c i f i c a t i o n  o f  t h e

i n p u t  t o  o u t p u t  f u n c t i o n  o f  o n e t y p e  o f component. Essent ial ly a l l

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

I/O i n t e r f a c e s  c a l l e d  “n e t s . ” SABLE later  connects t h e s e n e t s  t o t he

n e t s  o f  o t h e r  c o m p o n e n t s  a s  d i r e c t e d  b y  t h e  u s e r  v i a  S D L .

B e f o r e  w e  e n t e r  i n t o  a n y  e x p l a n a t i o n s  o f  A D L I B  a n d  S A B L E ,  i t might

be h e l p f u l  t o g i v e  a s m a l l , u s e l e s s  b u t  c o m p l e t e  e x a m p l e . We will

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

sends random i n t e g e r s  t o  t h e  p l a y e r , w h o  j u s t  r e c e i v e s  t h e m  a n d  w r i t e s

t h e  r e s u l t s  o n  t h e  t e r m i n a l . T h e  A D L I B  c o d e  f o r  t h i s  l o o k s  l i k e :
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FROGR',Atl  exr;;pl;

HETTYPE
i n t n e t =iniegeri

?include rpaks.de1 ?'include  a  f i l e  o f  r o u t i n e  d e c l a r a t i o n s

COEPTYPE  dealer;
OUT!c'ARD
cardout : inine:;
VA!?
i : i n t e g e r ;
BEGIN
lJHILE  t r u e DO BEGIN

ASSIGN rndint(l,l3)  TO cardout;
12AITFOR  t r u e  D E L A Y  1 . 0 ;
EHD;

END;

COt!PTYPE  p l a y e r ;
IHXARD
cardin  : i n t n e t ;
BEGIN
G!HILE  t r u e  D O  BEGIN

WAITFOP,  true CHECK cardin;
writeln(tty,cardin);
END;

END;

BEGIN
END,

T h e  s t r u c t u r e  o f  t h i s sys tem i s  shown  belcw:
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T h e  S D L  c o d e  t o  u s e d  dpscribe  t h e  i n t e r c o n n e c t i v i t y  o f  t h i s  s y s t e m  i s :

NAME: TEST;
TYFES :dealer,player;
d e a l e r  :  j o e ;
p l a y e r  :  r a l p h ;
END;
NETSEGPIENT;
net 1 = joe.cardout,ralph.cardin;
ENDNETS;
ENDC ;
CEND;

When  th i s  c ode  i s  c ompi l ed  and  executed , t he r e s u l t i s a n e v e r

ending s t ream o f  r a n d o m  i n t e g e r s  b e t w e e n 1  a n d  1 3  ( i n c l u s i v e )  d i r e c t e d

t o  t h e  t e r m i n a l . I f  t h e  e x a m p l e  m a k e s s e n s e , f i n e . I f  n o t , don ’ t

worry . The remander o f t h i s wi 11 e x p l a i n and e l a b o r a t e

e v e r y t h i n g .

1.2 INTRODUCTION TO THE NEW ADLIB CONSTRUCTS

B e c a u s e  A D L I B  i s  a  superset o f PASCAL, i t i n c l u d e s all of the

PASCAL cant  ro 1 s ta tements . For readers not f a m i l i a r w i t h t h e s e

stat evqcnt  s t hey are summar  i zed here.

1 1-2. Review Of PASCAL Constructs

1 . IF <boolean expr> THEN <stmtl> ELSE <stmtZ>

w h i c h  c h o o s e s  b e t w e e n  t w o  a l t e r n a t i v e  s t a t e m e n t s ;

2 . CASE <expr> OF <valuel>:<stmtl>
<value2>:<stmt2>

iii

w h i c h  s e l e c t s  o n e o f  a n a r b i t r a r y  n umber of
but more powerful t han a ” SW i t ch” 0 r “compu t:

tatemen ts, ( s i m i l a r
d goto” 1;

3 . WHILE <boolean expr> DO <stmt>

w h i c h  i t e r a t e s  a  s t a t e m e n t  z e r o  o r  m o r e  t i m e s ;

4 . REPEAT <stmt> UNTIL <boolean expr

to,

w h i c h  i t e r a t e s  a  s t a t e m e n t  o n e  o r  m o r e  t i m e s ;
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5. FOR <variable>:= <expr  1> TO<exprZ>  DO <stmt  >

w h i c h  r e p e t i t i v e l y  e x e c u t e s  a  s t a t e m e n t  a s < v a r i a b l e > ranges from
<exprl> t o  <exprZ>. (Similar  to  a  FORTRAN DO loop. )

6 . GOT0 <label>

rdhich t r a n s f e r s  c o n t r o l  t o  < l a b e l >  u n c o n d i t i o n a l l y % .

1 . 2 . 2  A d d i t i o n a l  A D L I B  C o n s t r u c t s

T h e  a b o v e  s i x  c o n s t r u c t s  a r e u s e f u l f o r d e f i n i n g t fie a l g o r i t h m

incorpora ted wit hi n a component , b u t  a r e  n o t  a d e q u a t e  f o r  d e s c r i b i n g

i n t e r - c o m p o n e n t  c o n t r o l  a n d  d a t a  f l o w . T h e r e f o r e , t h e f o l l o w i n g new

cons t ruc t s  have  been  added  t o  ADLIB :

1 . 2 . 2 . 1 ASSIGN <expr> TO <net name> <timing clause>

A s s i g n  e v a l u a t e s  < e x p r >  a n d  s t o r e s  t h e r e s u l t away in a hidden

a r e a . At a l a t e r t i m e , t h i s  v a l u e  i s  r e t r i e v e d  a n d  a s s i g n e d  t o  t h e

s p e c i f i e d  n e t . T i m e  d e l a y s  m a y  b e  s p e c i f i e d  i n  s e v e r a l ways depending

on t h e  n a t u r e  o f t h e  c i r c u i t ( synchronous  o r  a synchronous )  and  the

o b j e c t i v e s  o f  i t s  d e s i g n e r . T h e  s i m p l e s t way is to d e f i n e  a d e l a y

d i r e c t l y , a s  f o r  e x a m p l e :

ASSIGN true TO out DELAY 15.3;

F i f t e e n  a n d  t h r e e  t e n t h s  s i m u l a t e d  t i m e  u n i t s  a f t e r t h i s s t a t e m e n t  i s

executed , t h e  n e t ” 0 u t ” w i l l b e  u p d a t e d  t o  t h e  v a l u e  “t r u e ”. Time

d e l a y s  n e e d  n o t  b e  c o n s t a n t s ,  a n y  r e a l e x p r e s s i o n m a y  b e used . For

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

e i t h e r  o n e i s s u f f i c i e n t  t o d r i v e i t , t h e n  w e c o u l d d e f i n e the

component * s behav i or as:

++This c o n s t r u c t  i s  c u r r e n t l y  o u t  o f  f a s h i o n .
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ASSIGN result TO out DELAY mincdelay-l,delay-2)

(“Min” i s  a  f u n c t i o n  t h a t  r e t u r n s  t h e  m i n i m u m  o f  i t s  a r g u m e n t s . )

T h e  e x p r e s s i o n in an ASSIGN statement may contain f u n c t i o n c a l l s .

For example, i n  o r d e r  t o  d e s c r i b e  a  s i g n a l  g e n e r a t o r ,  i t  i s  c o n v e n i e n t

t o  Idrite:

ASSIGN sin(timesfrequency)  TO signalout

T h i s  s t a t e m e n t  i l l u s t r a t e s  t w o  o t h e r  p o i n t s  a s  w e l l . In ADLIB, the

v a r i a b l e “t ime’* always c o n t a i n s the c u r r e n t  v a l u e  o f  t h e  s i m u l a t i o n

t i m e . W h e n  t h e  s i m u l a t i o n  b e g i n s ,  i t  i s  e q u a l  t o  0 . 0 . User assignment

t o “t i me” r e s u l t s  i n  a  c o m p i l a t i o n  e r r o r  m e s s a g e . A l s o , t h i s  s t a t e m e n t

d o e s  n o t  c o n t a i n  a n  e x p l i c i t  D E L A Y  c l a u s e . T h e  A D L I B  c o m p i l e r  t h e r e f o r e

treats it as i f D E L A Y  0 . 0  w e r e s p e c i f i e d . A t  f i r s t  g l a n c e ,  z e r o

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

hazardous. However, b e c a u s e  o f  t h e  runtime o r g a n i z a t i o n  o f  S A B L E ,  t h i s

o p e r a t i o n  i s  u n a m b i g u o u s  a n d  u s e f u l . During s i m u l a t i o n , S A B L E  c y c l e s

bet tdeen the e x e c u t i o n  o f component’s b e h a v i o r d e s c r i p t i o n s  a n d  t h e

u p d a t i n g  o f  t h e  n e t s  c o n n e c t i n g  t h e m ; F i r s t , a l l  c o m p o n e n t s  a r e  allorded

t o e x e c u t e , t h e n  a l l  n e t s  a r e  u p d a t e d , t h e n  a l l  c o m p o n e n t s  a r e  a l  1oLded

t o  e x e c u t e  a g a i n ,  e t c . O n e  i t e r a t i o n  o f t h i s c y c l e c o n s t i t u t e s one

e v e n t . I t  m a y  h a p p e n  t h a t  s e v e r a l  e v e n t s  o c c u r  s e q u e n t i a l l y ,  b u t  a t  t h e

save s i m u l a t e d  t i m e . I f  o n e  o r  m o r e  c o m p o n e n t s  a s s i g n  t o  a  s e t  o f net 5

Ldith a D E L A Y  o f  0 . 0 , then a l l t h e s e u p d a t e s  w i l l  a p p e a r  t o  o c c u r

s i m u l t a n e o u s l y .

N o  h a z a r d s  o r  r a c e s  a r e  i n t r o d u c e d  b y a l l o w i n g zero propagat ion

d e l a y , a n d  t h e r e  a r e  s e v e r a l  a p p l  icat i o n s  adhere  i t i s  i n  f a c t ,  n e c e s s a r y

and a p p r o p r i a t e . For e x a m p l e ,  a d e s i g n e r  m a y p r e f e r  t o t r e a t

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

w i t h  t h e  s e q u e n t  ial c i r c u i t r y . A s  a n  e x t r e m e  e x a m p l e  o f  t h i s , c o n s i d e r
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a system imp 1 eT3n t ed w i t h  r e l a y s . Ide tdish  t o  e x p r e s s  t h e  i d e a  t h a t  a

v o l t a g e  p r o p a g a t e s  t h r o u g h  t h e  c o n t a c t s  o f  a  r e l a y immeasurably f a s t e r

(measured i n n a n o - s e c o n d s ) t h a n  t h e  s p e e d  a t  w h i c h  t h e  a r m a t u r e  m o v e s

( m e a s u r e d  i n  milli-seconds). T o  d e s c r i b e  a  r e l a y  w h i c h o p e r a t e s  a s  a

s i n g l e p o l e , d d u b l e  throtd  s w i t c h  ( l i k e  a  o n e  b i t  multiplexor),  w e  c o u l d

w r i t e :

I F  a r m a t u r e - p o s i t i c n  = UP  THEN ASSIGN input1 TO out
ELSE ASSIGN input2 TO out

In the above example , the e x a c t speed o f propagat ion i s

i n c a l c u l a b l e i r r e l e v a n t ( i n f a c t , i t w o u l d  p r o b a b l y  b e  l o s t  t o

r o u n d - o f f  e r r o r > . On  the  oppos i t e  ex t reme a r e c i r c u i t s whose output

v a l u e s a v a i l a b l e at prec i  r e ly c o n t r o l l e d i n s t a n t s , i . e .

synchronous c i rcu i t 5. For  example, m o s t  m i c r o - c o n t r o l l e r s  o p e r a t e  a t a

p r e c i s e l y c o n s t a n t  s p e e d  i n d e p e n d e n t  o f  t h e  m i c r o - i n s t r u c t i o n  m i x  ( t h i s

i s  n o t  g e n e r a l l y  t r u e  o f  m a c r o - i n s t r u c t i o n s ) , S u c h  c o n t r o l l e r s  a n d any

c i r c u i t r y d i r e c t l y  c o n n e c t e d  w i t h  t h e m  a r e  m o s t  c o n v e n i e n t l y  d e f i n e d  i n

.4DLIB tdith t h e  u s e  o f  a  C L O C K  a n d  t h e  S Y N C  p r i m i t i v e . An A D L I B  c l o c k

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

i n t e g e r s . A t  t i m e  0  a l l c l o c k s have v a l u e  0 . A S s i m u l a t i o n time

p r o g r e s s e s , t he c l o c k s run t h r o u g h  t h e i r phases r e p e t i t i v e l y :

0,1,2,3,0,1,2,3,0,1,2,3... e t c . f o r  a  f o u r  p h a s e  c l o c k . T h e  p e r i o d  o f

r e p e t i t i o n i s the parameter v a l u e  s p e c i f i e d  b y  t h e  u s e r  i n  t h e  c l o c k

d e f i n i t i o n  s t a t e m e n t . T h e  v a l u e  o f  c l o c k  **elk,** d e f i n e d  a s :

CLOCK clk(4.0,4>;

i s  s h o w n  i n  f i g u r e  1 .

By  use  o f  the  SYNC opera tor , t h e  u s e r  c a n  s y n c h r o n i z e  a n o p e r a t i o n

with a p a r t i c u l a r l e a d i n g edge of a c l o c k . For e x a m p l e ,  a

m i c r o - c o n t r o l l e r  migf7t h a v e  t o have s e v e r a l c o n t r o l 1 ines r e a d y  a t

p r e c i s e l y  t h e  l e a d i n g  e d g e  o f  t h e  n u m b e r  o n e  p h a s e  o f  c l o c k  “micro-elk”.

T h i s  c o u l d  b e  w r i t t e n  a s :
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1 P ?L----- .

0,0 I 2 3 4 5 6 7 s 9 >

TIrlE  ->
FIGURE 1: UALL’E  OF CLK(4.0,4)

r -:= microstorefmicro-ipl;
m i c r o - i p  := m i c r o - i p  f 1 ;
ASSIGN r.carry TO line1 SYNC micro-elk PHASE 1;
ASSIGN r.shifiO TO l ine2 SYFIC micro-elk PHASE 1;
ASSIG:I  r . s h i f t l  T O  l i n e 3  S Y N C  m i c r o - e l k  P H A S E  1;
ASSIGH r.shift2 TO l ine4 SYNC micro-elk PHASE 1;
ASSIGN r.clear TO l ine5 SYI‘(C micro-elk PHASE 1;

.

A l l  o f  t h e  a b o v e  A S S I G N  s t a t e m e n t s  w i l l  b e e f f e c t e d  a t p r e c i s e l y t h e

same  s i m u l a t e d  t i m e .

T h e  u s e r  m a y  s p e c i f y  a n y  n u m b e r  o f  i n d e p e n d e n t CLOCKS, e a c h 1~ i t h

t h e i r own per i ods  and  numbers  o f  phases . U n l i k e  s o m e  o t h e r  s i m u l a t i o n

environments, c l o c k s  d o  n o t consume any computat i on r e s o u r c e s

t h e m s e l v e s : o n l y Ldfien and if a component a c c e s s e s t fjem i s any

c a l c u l a t i o n  p e r f o r m e d . The user m a y  m a r k  o n e  o f  tha c l o c k s  a s  b e i n g  ths

d e f a u l t . This s a v e s  h i m  o r  h e r  f r o m  w r i t i n g  t h e  c l o c k ’s  name i n  e v e r y

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

p h a s e  0 i s i n t e n d e d . It i s t h e r e f o r e  q u i t e  c o n v e n i e n t  t o  d e s c r i b e

s y s t e m s  t h a t  m a i n t a i n  3  s i n g l e  u n i v e r s a l c l o c k , such as a pipe1 ined

m u l t i p l i e r  t h a t  k e e p s  e a c h  s t a g e  i n  l o c k  s t e p  rdith t h e  o t h e r s .
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1 . 2 . 2 . 2  WAITFOR  < b o o l e a n  e x p r >  < c o n t r o l  c l a u s e >

WAITFOR  c a u s e s  e x e c u t i o n  o f  a  c o m p o n e n t ’s  c o d e  t o s t o p , and d o e s

not a l l o w  i t t o  c o n t i n u e  u n t i l  < b o o l e a n  expr> e v a l u a t e s  t o  t r u e . T he

<cont ro l  c l ause>  may  come  in  one  o f  two  f o rms . F i r s t , a  < t i m i n g  c l a u s e >

m a y  b e  u s e d , j u s t  l i k e  t h e  t i m i n g  c l a u s e  i n  a n  A S S I G N  s t a t e m e n t . If a

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

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

WAITFOR  current?O.  00 1 DELAY sample-period;

T h i s  s t a t e m e n t  w o u l d  c h e c k  t h e  v a l u e  o f  “c u r r e n t ” e v e r y “s a m p l e - p e r i o d ”

t i m e  u n i t s , u n t i l  i t  e x c e e d e d  o n e  m i l l i a m p .

I f  S Y N C  i s  s p e c i f i e d , t h e  < b o o l e a n  expr> i s  r e e v a l u a t e d each t i me

t h e  s p e c i f i e d  c l o c k  g o e s  t h r o u g h  t h e  s p e c i f i e d  p h a s e . For  example:

WAITFOR  acknowledge=1  SYNC bus-clock PHASE 4;

T h i s  s t a t e m e n t  w o u l d  n o t  a l l o w execut  ion to cant inue unt i 1 t he net

“a c k n o w l e d g e ” w a s  e q u a l  t o  1 o n  t h e  l e a d i n g  e d g e  o f  t h e  f o u r t h  p h a s e  o f

c l o c k “b u s - c l o c k ”.

A l t e r n a t i v e l y , a  c o n t r o l  c l a u s e  m a y  t a k e  t h e  f o r m  o f  a  l i s t  o f  n e t s

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

“check 1 i St”, b e c a u s e  w h e n e v e r  o n e  o f t h e  n e t s m e n t i o n e d  i n i t i s

updated, t h e  b o o l e a n  e x p r e s s i o n  i s  r e c h e c k e d . B y  t h i s  means? i t  i s  e a s y

a n d  e f f i c i e n t  t o  d e s c r i b e  a s y n c h r o n o u s  m a c h i n e s  d r i v e n  b y  t h e t he n e t s

t o  w h i c h  t h e y  a r e  c o n n e c t e d . For  example:

WAITFOR  data - rdy  = 1  CHECK data - rdy

T h i s  s t a t e m e n t  w o u l d  p u t  t h e  c o m p o n e n t i n t o  a  p a s s i v e s t a t e unt i 1 the
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net “da-t  a-rdy” ~~-3s  u p d a t e d  t o  t h e  v a l u e  1. N o  s i m u l a t i o n  r e s o u r c e s  a r e

c o n s u m e d  rdhi  l e  t h e  c o m p o n e n t  i s  i d l e  ( t h e r e  i s  n o  “b u s y wait ing”). In

p a r t i c u l a r ,  i f o ther  components  ASSIGN to  da ta - rdy  r.Jhatever  v a l u e  t h a t

i t  a l r e a d y  c o n t a i n s , t h e  e x p r e s s i o n  “d a t a - r d y  = 1” i s not r e e v a l u a t e d .

T h i s  i s  b e c a u s e  S A B L E  a u t o m a t i c a l l y  d e l e t e s  a l l  s u c h  n u l l  u p d a t e s .

1 . 2 . 2 . 3  S e n s i t i z e ,  D e s e n s i t i z e ,  a n d  D e t a c h

T a k e n  c o l l e c t i v e l y , t h e s e  p r o v i d e  a  f a c i l i t y  f o r  d i r e c t  c o n t r o l  o f

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

WAITFOR, b u t  a t  a  lolder  l e v e l  a n d  s o m e w h a t  m o r e  e f f i c i e n t l y . S e n s i t i z e

and desensi  t i z e  a re  p rede f  ined  procedures  make  a  c omponent  recept  i v e  o r

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

in conjunct ion w i t h the DETACH operator, w h i c h  c a u s e s  e x e c u t i o n  o f  a

c o m p o n e n t  t o  s t o p  u n t i l  o n e  o r  m o r e  o f  t h e  n e t s  t o  w h i c h  i t  i s  s e n s i t i v e

i s updated. When a n  u p d a t e  o n  =3 qonsitized  n e t  o c c u r s , the component

w i l l  b e  a w a k e n e d .

B e c a u s e  o f the f l e x i b i l i t y  o f t h e  WAITFOR  c o n s t r u c t  , it is

d i f f i c u l t  t o think of an a p p l i c a t i o n where DETACH i s  r e a l l y  m o r e

c o n v e n i e n t , a n d  n o t  m e r e l y  m o r e  e f f i c i e n t . However ,  t o i l l u s t r a t e i t s

u s e , \de s h a l l  u s e  i t  t o  d e s c r i b e  a  f i n i t e  s t a t e  m a c h i n e  t h a t  r e c o g n i z e s

t h e  b i t  s t r i n g s  c o n s i s t i n g  o f  l ’s  a n d  0’s. T he s t r i n g s must m a t c h  a

r e g u l a r e x p r e s s i o n  t h a t  b e g i n s  a n d  e n d s  w i t h  1 , and where any 0 must be

preceeded a n d  f o l l o w e d  b y  a t  l e a s t  o n e  1 ( e x a m p l e taken from [KZ701 1.

This m a c h i n e  i s  s t i m u l a t e d  b y  a  n e t  c a l l e d  “i n p u t - l i n e ”,  w h i c h  c o n t a i n s

a data e lement “d” a n d  a  s t r o b e  f i e l d  “s”. ( I n o r d e r  t o d r i v e t h i s

machine, i t  i s  n e c e s s a r y  t o  p u t  t h e  d a t a  v a l u e  i n  t h e  “d” f i e l d ,  a n d  t o

u p d a t e  t h e  “s” f i e l d . )  I n  A D L I B , o n e  w a y  t o  d e f i n e  t h e  a u t o m a t o n  i s :
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sensitize(input-line);

1 :  d e t a c h ; (sinit ial state++)
i f  i n p u t - 1 i n e . d  = 0  t h e n  goto 3 ;

2 : (saccept  i n g  state%)
writeln(output,‘accept’);
detach ;
i f  i n p u t - 1 i n e . d  = 0  t h e n  goto 1 ;
got0 2 ;

3 :  d e t a c h ; (* t e r m i n a l  states>
got0 3 ;

W h e n  c o m b i n e d  w i t h  t h e  f a c i l i t i e s  a v a i l a b l e  i n PASCAL, t h e  a b o v e

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

a  c o m p o n e n t ’s  ne t s . However, b e f o r e  a  d e s i g n  l a n g u a g e  w i l l  b e  u s e d , i t

must  be  more than adequate, i t  m u s t  b e  c o n v e n i e n t . Therefore ADLIB also

i n c o r p o r a t e s  t h e  c o n c e p t  o f  “s u b p r o c e s s e s ” t o f a c i l i t a t e e n c o d i n g t he

b e h a v i o r  o f  m a n y  c o m m o n  c o m p u t e r  a c t i v i t i e s . Each  subprocess  per f o rms  a

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

T h e r e  a r e  t w o  t y p e s  o f  s u b p r o c e s s e s ,  u p o n  a n d  t r a n s m i t .

1 . 2 . 2 . 4  U P O N  < b o o l e a n  expr> < c h e c k  l i s t >  D O  <stmt>

Upon is  used

independently o f

to d e f i n e o f a c t i v i t i e s to

t h e  m a i n  a c t i v i t i e s  o f  t h e  c o m p o n e n t .

be per fo rmed

Whenever a net

i n  < c h e c k  l i s t >  i s  u p d a t e d ,  < b o o l e a n  e x p r >  i s r e e v a l u a t e d . I f it is

t r u e , t h e n  <stmt> i s  e x e c u t e d . For  example:

interrupt :  UPON (interrupt.priority > c u r r e n t )
CHECK interrupt DO

BEGIN
push(machine-state);
s e r v i c e  i n t e r r u p t ;
pop(macKine-state>;
EHD;

T h i s  c o d e  w o u l d  c h e c k  t h e  p r i o r i t y  l e v e l  w h e n e v e r  t h e  i n t e r r u p t  n e t

was u p d a t e d , a n d  s e r v i c e  t h e  i n t e r r u p t  w h e n  n e c e s s a r y .
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1 .2 .2 .5  TRANSMIT  <expr>  TO <net>  < t iming  c lause?

TRANSMIT is  more special ized than UPON. A transmi t subprocess

reeval  uat es <expr> whenever one o r  m o r e  o f  t h e  n e t s  i n  < n e t  l i s t >  i s

changed. T h e  r e s u l t i s then a s s i g n e d  t o <net n a m e >  a t t he t ime

s p e c i f i e d  b y <timing c l a u s e > . T r a n s m i t  i s very c o n v e n i e n t f o r
.

d e s c r i b i n g  c o m b i n a t i o n a l  c i r c u i t r y . For  example, a simple NAND gate can

b e  d e s c r i b e d  w i ‘th :

nand:TRANSMIT NOT(a AND b> TO c CHECK a,b DELAY 15.0;

1 .2.2.6 I n h i b i t  A n d  P e r m i t

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

o f t h e  p r o c e d u r e s “p e r m i t ” a n d  “i n h i b i t ”. A l l subprocesses a r e

init ially  i n h i b i t e d , rdhich m e a n s  t h a t  n o  e x t e r n a l  s t i m u l u s  c a n act i vat e

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

s u b p r o c e s s e s  t o  r u n ,  a t which p o i n t t hey a r e r e a d y  t o r e s p o n d  t o

s t i m u l i . S u b p r o c e s s e s  m a y  b e  i n h i b i t e d  a t  a n y  t i m e ,  rdhich r e t u r n s  t h e m

t o  t h e i r  i n i t i a l ,  i n a c t i v e  s t a t e . For  example, a  computer  may  pro tec t  a

c r i t i c a l  r e g i o n  Idith:

inhibitcinterrupt);
write-tocshared-data);
permit(interrupt>;

1.3 DESIGNING AN ADLIB PROGRAM

T o  i l l u s t r a t e  h o w  A D L I B  i s  u s e d ,  w e  s h a l l  “d e s i g n ” a small system

that plays Black jack w i t h i t s e l f . T h i s  w a s  i n s p i r e d  b y  a  D D L  d e s i g n

f o u n d  i n  [DDL751, b u t  i s  s o m e w h a t  m o r e  c o m p l e x  a n d  c o m p l e t e . The ADLIB

system c o n s i s t s  o f o n e  o r  m o r e  d e a l e r s  a n d  o n e  o r  m o r e  p l a y e r s . Nets

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

p l a y e r s , and to c o o r d i n a t e t h e i r a c t i v i t i e s . To b e g i n  o u r  d e s i g n
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p r o c e s s , w e  f i r s t  c o n s i d e r  w h a t  d a t a  m u s t  b e  transm

and

itted ( s u i t  a n d  r a n k >

what c o n t r o l informat  ion i s n e e d e d  ( p l a y e r i s  w a i t i n g  f o r  c a r d ,

d e a l e r  i s  w a i t i n g  f o r  p l a y e r ,  e t c . ) We d e v e l o p t h r e e t y p e s  o f net 5

(nettvpe’s> that d e f i n e t he s t r u c t u r e  o f the n e t s which c a r r y

informat ion between components ,  and a s s o c i a t e  a n in terpre ta t  i on w i t h

them. T h e  d e s i g n  a t  t h i s  p o i n t  m i g h t  b e  e n c o d e d  a s  s h o w n  i n  f i g u r e  2 .

T h e  nettypes  shordn f a l l  i n t o  t w o  c a t e g o r i e s : s t r u c t u r e d  n e t t y p e s , such

as “card-bus” and s imple o n e s , s u c h  a s “d i splay-l i ght s” and

“cant ro 1-l i net’. S t r u c t u r e d  nettypes  a r e  m o s t  u s e f u l  w h e n  s e v e r a l  p i e c e s

o f informat  ion a r e l o g i c a l l y a f f i l i a t e d but n e e d  t o  b e  u p d a t e d  a n d

examined independently .

PROGRAM cardgame;
TYPE
s u i t - t y p e  = (clubs,hearts,diamonds,spades);
rank- type = (ace,two,three,four,five,six,seven,

eight,nine,ten,jack,queen,king);
NETTYPE
card  bus = RECORD

s’;;it :  s u i t - t y p e ;
rank :  r a n k - t y p e ;
END;

d i s p l a y - 1  ights = (h i t , stand ,broke);
cant rol-line  = (ca rd-r d y , c a rd-accep t e d ) ;

COMPTYPE dealer; (X d e a l s  o u t  cards*)
BEGIN
(f n o t  y e t  designed%)
END;

COMPTYPE player;  (xaccepts  cards, s t a n d s  o r  g o e s  b r o k e * )
BEGIN
(3 n o t  y e t  designed%>
END;

BEGIN
EHD.

F i g u r e  2  - O u t l i n e  o f  B l a c k j a c k  S y s t e m

T h e  c o d e  i n  f i g u r e 2 s p e c i f i e s t h r e e net types but no c o n t r o l

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

d e a l e r  t h a t  s e r v e s  i t , a n d  t o  a l t e r n a t e  t h e  v a l u e  o f t h i s bet ween

“card-rdy” and “c a r d - a c c e p t e d ”. The synchron  i zat ion mechan i sm can then

b e  e x p r e s s e d  b y  t h e  c o d e  f r a g m e n t s  s h o w n  i n  f i g u r e  3 . T h e  f i r s t  waitfor

statement shown c a u s e s  t h e  p l a y e r  t o  w a i t  u n t i l  t h e  c a r d  i s  r e a d y ,  a n d
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t h e  s e c o n d  c a u s e s  t h e  d e a l e r  t o  w a i t  u n t i l  t h e  p l a y e r  h a s d e c i d e d  w h a t

t o  d o .

(* p l a y e r ’s  c o d e  x1
EAITFOR c n t r l = cardrdy  CHECK cntr l ;
(+i a c c e p t  cards)
ASSIGN card -accepted  TO cntr l ;
(3 p r o c e s s  c a r d ,  g o  b r o k e ,  h i t  o r  stands)

(X d e a l e r ’s  c o d e  SC>
(* g e n e r a t e  n e x t  c a r d  s)
(* a s s i g n  nextcard  t o  cardbus  *)
ASSIGN card-rdy TO;
WAITFOR  c n t r l  = cardaccepted CHECK cntrl ;

F i g u r e  3 Code  f ragments  f o r  Coord ina t i on

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

d e a l e r s , For t h e  p u r p o s e  o f  t h i s  d i s c u s s i o n , t h e  p l a y e r  j u s t  a c c e p t s

c a r d s  u n t i l  i t  r e a c h e s  i t s  l i m i t ,  t r e a t i n g  a c e s  a s  1 o r  11 p o i n t s  a s

needed. T h e  A D L I B  c o d e  f o r  t h e  p l a y e r  i s  shown i n  f i g u r e  4 ,  a n d  w i l l  b e

r e f e r r e d  t o  l a t e r .
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COf’?PTYPE  p l a y e r ;

(3 d e c l a r e  t h e  “t e r m i n a l s ” o f  t h i s  c o m p o n e n t * )
I N !<I A R D
c a r d  : c a r d - b u s ;
OUTLJARD
l i g h t s  : d i s p l a y - l i g h t s ;
EXTERNAL
c n t r l :  c o n t r o l - l i n e ;

(sdeclare the  s t o rage  needed  by  th i s  c omponent++ )
VAR
s c o r e  : O-.27;
h o l d i n g - a c e  : b o o l e a n ;
BESIN
krHILE  true DO BEGIN
holdin?-ace  := f a l s e ;
s c o r e := 0;
REPEAT

REPEAT
ASSIGN hit  TO l ights ;
ASSIGN card -accepted  TO cntr l ;
WAITFOR  cntrlzcard-rdy  CHECK cn f r l ;
I F  c a r d . r a n k  < j a c k  T H E N  s c o r e  :=

s c o r e  +  ord(card.rank) + 1
( f o r d  r e t u r n s  a n  i n t e g e r  i n  0..13%
ELSE score := s c o r e  + 10;

IF (card.rank=ace>  AND
( N O T  h o l d i n g - a c e )

THEN BEGIN
s c o r e := s c o r e  + 1 0 ;
holding-ace:=true  END;

U N T I L  s c o r e  >= u p p e r - l i m i t ;
IF (score > 21) AND holding-ace THEN BEGIN

s c o r e := s c o r e  - 1 0 ;
h o l d i n g - a c e := f a l s e  E N D ;

U N T I L  s c o r e  >= u p p e r  l i m i t ;
I F  s c o r e  <= 21 THEN ASSIGN stand TO lights

ELSE ASSIGN broke TO 1 ights;
END;
END;

F i g u r e  4 : D e f i n i t i o n  o f  C o m p t y p e  “P l a y e r ”

I n  o r d e r

necessary t  0 d e v e l o p  a  “d e a l e r ” c o m p t y p e  t o  d r i v e  i t .

to s e e i f comptype “player” works p r o p e r l y , i t i s

T h e r e  a r e  s e v e r a l

p o s s i b l e  w a y s  t o  d o  t h i s , j u s t  a s  t h e r e  a r e  s e v e r a l  w a y s  t o  t e s t

p i e c e o f  hardware . In ADLIB, i t  i s  e a s y  t o  w r i t e  a  c o m p t y p e  t h a t  t a l k s

ldith t h e  t e r m i n a l  f o r  i n t e r a c t i v e  t e s t i n g .

pseudo-random number generat  or

Anot  her p o s s i b i l i t y i s to

t h a t  w i l l  c h o o s e  c a r d s  f r o m  a n

i n f i n i t e  d e c k . A  p a c k a g e  o f  s u c h  g e n e r a t o r  r o u t i n e s c a l l e d RNDPAK i s

a v a i l a b l e  t o A D L I B  u s e r s . F i n a l l y , t h e  d e s i g n e r  c a n  w r i t e  a  c o m p t y p e

t h a t  r e a d s  t h e  t e s t  d a t a  f r o m  a  f i l e . Each o f approaches
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their own ::: 3 r i t s zt d i f f e r e n t  p h a s e s  i n  the d e s i g n  p r o c e s s . Horrr;al  ly,

i n t e r a c t i v e  t e s t i n g idould  b e  u s e d  f o r  i n i t i a l  d e b u g g i n g , l a r g e numbers

o f randsin i naut s f o r ext ens ive t e s t i n g , a n d  p r e r e c o r d e d ,  s p e c i a l l y

s e l e c t e d  v a l u e s  for p r o d u c t  i o n .

H a v i n g  s p e c i f i e d  t h e  b e h a v i o r  o f  c o m p t y p e  “p l a y e r ” a n d  “d e a l e r ”,  tde

a r e  f r e e  t o  u s e  a s  m a n y  o f e a c h  a s  ~42 wish i n  o u r  d e s i g n . T h e  s t r u c t u r e

o f  o n e  p o s s i b l e  cardgane  i s  shordn i n  f i g u r e  5 .

FIGURE 5 : STRUCTURE OF A SIf?PLE  CARDGAI1E





CHAPTER 2

TYPES, NETTYPES  AND TYPE CHECKING

2.1 WHAT DOES “STRONGLY TYPED” MEAN?

Like i ts  base language PASCAL,  ADLIB is s a i d  t o be a “s t r o n g l y

typed” 1 anguage [OEI781. This means t h a t e a c h  p i e c e  o f  d a t a ,  e a c h

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

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

i t s  d e c l a r a t i o n . I n  a  well-tdritten  program? the type of a v a r i a b l e

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

W h i l e  b e g i n n i n g  p r o g r a m m e r s  m a y  t h i n k  t h a t  t y p e  c h e c k i n g  i s  a n  a r b i t r a r y

r e s t r i c t  i o n  o n the i r  p rogramming  s ty l e , more  exper i enced  des igners  can

u s u a l l y  p u t  i t  t o  v e r y  g o o d  u s e . T y p i n g  i s  e s s e n t i a l l y  a way f o r t he

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

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

those intent ions a r e v i o l a t e d , which u s u a l l y i m p l i e s  a n  e r r o r .  I n

l a n g u a g e s  t h a t  a r e  n o t  t y p e f u l ,  i t  i s o f t e n e a s y  t o t r e a t c h a r a c t e r

s t r i n g s  a s r e a l s ,  o r i n t e g e r s  a s p o i n t e r s . E v e n  w h e n  t h i s  i s  d o n e

intent  ionally, i t  i s  v e r y  d i f f i c u l t  t o  r e a d ,  u n d e r s t a n d  a n d  m a i n t a i n  t h e

r e s u l t i n g program. And when it is d o n e  u n i n t e n t i o n a l l y ,  c h a o s  c a n

r e s u l t . For  a  d i s cuss i on  o f  PASCAL typ ing  and  program r e l i a b i l i t y the

r e a d e r  i s  r e f e r r e d  t o  [WN751.

2.2 TYPE CHECKING OF NETS

T h e  p r i m a r y  t y p e  c h e c k i n g  m e c h a n i s m  i n  A D L I B  i s  t h e  u s e  o f  nettypes

f o r d e f i n i n g  t h e  i n t e n d e d  i n t e r c o n n e c t i o n  m e c h a n i s m  b e t w e e n  c o m p o n e n t s .
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In SABLE, the n e t s t h a t c o n n e c t component s m u s t  b e d e c l a r e d  w i t h

ident ical nettypes  a t  e a c h  e n d . I f  t h i s  i s  n o t  so1 a n  e r r o r  m e s s a g e  i s

printed++. T h i s  nettype  c h e c k i n g  i s c o n s i d e r a b l y more t h o r o u g h than

checks found i n  m o s t  r e g i s t e r  t r a n s f e r  l a n g u a g e ’s  (RTL’s>, w h e r e  i t  i s

o n l y  n e c e s s a r y  t h a t  t h e  n u m b e r  o f  b i t s  m u s t  m a t c h .  T o i l l u s t r a t e t h i s

d i f f e r e n c e , c o n s i d e r  a component t h a t  p r o d u c e s  trdo B C D  ( b i n a r y  c o d e d

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

Most RTL ’ s w o u l d  a l l o w  t h e m  t o  b e  d i r e c t l y  c o n n e c t e d ,  s i n c e  8  b i t s  = 8

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

not h a p p e n  t o  i n c l u d e  a n y  v a l u e s  g r e a t e r  t h a n  9 . But the ADLIB - SABLE

environment would d e t e c t t h e  m i s m a t c h , s i n c e “BCD” i s not type

c o m p a t i b l e  w i t h  “b i n a r y ”. F u r t h e r  e x a m p l e s  o f  t y p e  c h e c k s  w i l l  b e  g i v e n

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

B u t  t y p e s  s h o u l d  n o t  b e  v i e w e d  j u s t  a s  a r e s t r i c t  i o n . Compared

wi th o t h e r  l a n g u a g e s , A D L I B  ( l i k e  P A S C A L )  o f f e r s  a  w e a l t h  o f  u s e f u l  n e w

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

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

r e a d a b i l i t y .

2.3 DATA TYPES AVAILABLE IN ADLIB

B e c a u s e  A D L I B  i s  a  superset  o f P A S C A L ,  i t i n h e r i t s all of t he

PASCAL type cons t ruc t  i on mechanisms. F o r  t h e  b e n e f i t  o f  r e a d e r s  n o t

famil iar  with PASCAL, t h e s e  a r e  l i s t e d  h e r e :

SUnless  a  special  TRANSLATOR has been provided. TRANSLATORS provide the
ability to do m u l t i - l e v e l s i m u l a t i o n  a t the e x p e n s e  o f some
t y p e - c h e c k i n g s e c u r i t y and some l o s s  o f data p r e c i s i o n . For a
d i s c u s s i o n  o f  t h e i r  user s e e  [HDD79-11.
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2 . 3 . 1 Boolean

B o o l e a n  v a r i a b l e s  c a n  a t t a i n  t h e  v a l u e s t r u e  o r f a l s e . ( S i m i l a r  t o

FORTRAN’s L O G I C A L .  1 F o r  e x a m p l e  i f  “s t robe” w e r e  d e c l a r e d  t o  b e  o f  t y p e

b o o l e a n  w e  c o u l d  w r i t e :

s t r o b e := d a t a - r d y  AttD ( b u s - c l o c k  = 3)

2 . 3 . 2  I n t e g e r

I . e . -15, o r  1 0 2 4 .

2 . 3 . 3  R e a l

I . e . 3 . 1 4 1 5 9  o r  6.023e24

2 . 3 . 4  E n u m e r a t e d  T y p e s

T h e s e  a l l o w  a  u s e r  t o  e n u m e r a t e  ( l i s t  o u t )  a l l  t h e  p o s s i b l e v a l u e s

o f  a  p i e c e  o f  d a t a . For  example:

l o g i c - l e v e l  = ( l o w ,  h i g h ,  u n k n o w n ,  h i g h - i m p e d a n c e ),

W e  h a v e  a l r e a d y  s e e n  s e v e r a l  e x a m p l e s  o f  e n u m e r a t e d types in the

cardgame program. E n u m e r a t e d  t y p e s  a r e  a l s o  u s e f u l  f o r  d e s c r i b i n g  t h e

ins t ruc t  i on  se t s  o f  mach ines , s u c h  a s  t h e  I N T E L  8 0 0 8  [1731:

TYPE
i n s t r u c t - k i n d = (lrr,lrm,lmr,lri,lmi,

inr,dcr,adr,adm, (fete*>  1;

In ADLIB, o n e  c a n  u s e  a  C A S E  s t a t e m e n t  t o  d e s c r i b e  t h e  e x e c u t i o n  o f

a machine instruct ion in a f o r m a t  v e r y  s i m i l a r  t o  I S P  tBCG711. For

exampl e:
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FUNCTION decode :  instruct  kind; ’
(* c o d e o m i t t e d  f o r  brevity%)

B E G I N  (xmain b o d y  o f  programf)
CASE decode OF

lrr : (* l o a d  r e g  t o  regs)
BEGIN (* code omitted *c> END;

re t :  (s re turn  f r om subrout ine++>
B E G I N  (* code  omitted%)  END;

(*etc*>
END;

2 . 3 . 5  S u b r a n g e s

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

f o r  e x a m p l e :

r e g i s t e r - n u m b e r  = 0..7

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

but al so that t h e y  m u s t  l i e  b e t w e e n  0 a n d  7  ( i n c l u s i v e ) . A s s i g n i n g  a

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

d e t e c t e d . For e x a m p l e ,  i n the A D L I B  b l a c k j a c k  m a c h i n e  t h e  v a r i a b l e

“s c o r e ” was d e c l a r e d  t o  r a n g e  o v e r  t h e  v a l u e s  0  t o  2 7 , the high v a l u e

b e i n g equal to 16 ( t he h i g h e s t  p o s s i b l e  s c o r e  b e f o r e  s t a n d i n g )  + 1 1

( v a l u e  o f  a n  a c e ) . By  cont ras t ,  the  DDL v e r s i o n m e r e l y d e c l a r e d the

s c o r e  t o  b e  a  f i v e  b i t  r e g i s t e r . The ADLIB approach has two advantages.

F i r s t , i t al lows the d e s i g n e r  t o d e f e r any d e c i s i o n  o n t he

representat ion o f  d a t a  i n  t h e  e a r l y  s t a g e s  o f  d e s i g n . Second, and more

impor tant ly , i t  e n c o d e s  m o r e  i n f o r m a t i o n :  e . g . t h e  f a c t  t h a t  t h e  s c o r e

c a n  n e v e r  e x c e e d  2 7 . A l t h o u g h  t h i s  i s  n o t  t o o  c r i t i c a l  h e r e ,  i t  i s  e a s y

t o  v i s u a l i z e  a p p l i c a t i o n s  w h e r e  t h e  r a n g e  o f  d a t a  t h a t  a  r e g i s t e r  h o l d s ,

i f knoldn, can b e  u s e d  t o  i m p r o v e  t h e  d e s i g n . For example,  nine ACLIB

b l a c k j a c k  s c o r e s  c o u l d  s a f e l y  b e  a d d e d  i n  a n  8 - b i t  a l u , s i n c e  w e knord

the t o t a l cannot e x c e e d 243. O n  a  m o r e  p r a c t i c a l  l e v e l ,  i t  m i g h t  b e

u s e f u l  t o  k n o w  n o t  o n l y  t h a t  m e m o r y  a d d r e s s e s  i n  a  D E C  1 0 a r e 1 8  b i t s
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l o n g , but a l s o t h a t  t h e y  r a n g e  f r o m  1 6  t o  2 6 2 1 4 4 ,  ( s i n c e  t h e  f i r s t  1 6

a d d r e s s e s  r e f e r  t o  r e g i s t e r s ) .

2 . 3 . 6  A r r a y s  I

ARRAY is similar to DIMENSION in FORTRAN. For example:

memory = ARRAYtO.. 10231 OF integer

2 . 3 . 7  R e c o r d s

R e c o r d s  a r e  u s e f u l  f o r  g r o u p i n g  r e l a t e d  d a t a ,  a s  f o r  e x a m p l e :

complex = RECORD
real-part,imagLpart  :  r e a l ;
END;

M o s t  r e g i s t e r  t r a n s f e r  l a n g u a g e s ,  i n c l u d i n g  D D L ,  p r o v i d e  m e c h a n i s m s

f o r making s e v e r a l names e q u i v a l e n t r e f e r e n c e s  t o  t h e  s a m e  p i e c e  o f

da ta . T h e  u s u a l  e x a m p l e  o f  t h i s  i s  a n  i n s t r u c t i o n  r e g i s t e r , tdhere one

o f the bits is g i v e n  a m n e m o n i c  n a m e  s u c h  a s  “I” ( f o r  I n d i r e c t )  i n

a d d i t i o n  t o  b e i n g IRtOI. This can make parts of a program more

r e a d a b l e , but c a n  a l s o  l e a d  t o  c o n f u s i o n  w h e n  a  m n e m o n i c  i s  r e f e r e n c e d

f o r  t h e  f i r s t time s e v e r a l pages away from i t s d e c l a r a t i o n . The

s t r a t e g y a d o p t e d  b y  A D L I B  i s  t o  u s e  “v a r i a n t ” r e c o r d s  f o r  t h i s  p u r p o s e .

A  v a r i a n t  r e c o r d  i s  e s s e n t i a l l y  a  s i n g l e  d a t a  a r e a  t h a t  m a y  h a v e  s e v e r a l

d i f f e r e n t data s t r u c t u r e “t e m p l a t e s ” a p p l i e d  t o  i t . As  an example  of

t h i s , c o n s i d e r  t h e f o u r ways t h a t one can look at an HP 21 16

i n s t r u c t  i o n ,  a s d i s c u s s e d  i n  t h e  m a c h i n e  m a n u a l  [HP]. In ADLIB, these

a l t e r n a t i v e  v i e w s  w o u l d  b e  e n c o d e d  a s :
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TYPE
i n s t r - v a r i a n t  =
VAR

(whole,memory-ref,register_ref,i_o);

ir : RECORD CASE i n s t r - v a r i a n t  O F
w h o l e  : (ARRAYIO.. 1 5 1  O F  b i t ) ;
m e m o r y - r e f  :  ( i n d i r e c t  :  b i t ;

mem-instr  :  ARRAY[0..41 O F  b i t ;
z e r o  : b i t ;
mem-addr  : ARRAY[0..91 O F  b i t ) ;

rea r e f- - :  ( g r o u p  : ARRAY[0..31 O F  b i t ;
m i c r o  : ARRAY[O., 111 OF bit>;

i-0 : (io-group  :  ARRAY[0..31 O F  b i t ;
io-instr  :  ARRAY[0..51 O F  b i t ;
s e l e c t :  ARRAYI0..51  O F  b i t ;

END;

This r e c o r d informs r e a d e r (and t he compi l e r>

.
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t h a t t he

instruct ion r e g i s t e r tt i rtt m a y  b e  v i e w e d  i n  f o u r  d i f f e r e n t  w a y s ,  b u t  i s

s t i l l  i n  f a c t  j u s t  o n e  r e g i s t e r  1 6  b i t s Iong. (Note t h a t t h e  t o t a l

n u m b e r  o f b i t s in e a c h v a r i a n t  i s 16.1 Access t o  i r  c a n  t h e n  b e

p e r f o r m e d  u s i n g  t h e  m n e m o n i c  f i e l d s ,  a3 f o r  e x a m p l e :

it--whole := d a t a - b u s ;

o r

I F  i r . i n d i r e c t  = 1  T H E N  c y c l e  := f e t c h :

N o w  t h e  f i e l d s  a r e  c l o s e l y  a s s o c i a t e d  w i t h  t h e  r e g i s t e r ,  a n d  t h e r e a d e r

i s  ( h o p e f u l l y >  l e s s  l i k e l y  t o  m i s i n t e r p r e t  t h e m .

2 . 3 . 8  S e t s

A  S E T  i s  a n  a r e a  o f  s t o r a g e  t h a t  m a y  c o n t a i n  f r o m  0  t o  a l l  o f i t s

members i . e, a  powerse t .

a n d  facilties a r e  p r o v i d e d

T e x t u a l l y , s e t s  a r e  d e l i m i t e d  b y  O[tt a n d  “It’,

f o r s e t in te rsec t  i on (AND>, union (OR),

d i f f e r e n c e  (-1 m e m b e r s h i p  (IN>, e q u a l i t y  O*=‘O~ s i z e  c o m p a r i s o n  (“<” a n d

” > ‘* 1 , S ince set 5 a r e n o r m a l l y packed in to machine rdords, t h e s e

o p e r a t i o n s u s u a l l y r u n  v e r y  q u i c k l y . S e t s  a r e  c o n v e n i e n t  f o r  g r o u p i n g

r e l a t e d symbo 1 s , b o t h  v i s u a l l y f o r the r e a d e r and l o g i c a l l y f o r

s i m u l a t i o n . For exampl e, i n  t h e  8 0 0 8  w e  c a n  e x p r e s s  c e r t a n  f a c t s  i n

m a c h i n e  r e a d a b l e  f o r m  t h a t  a r e  n o r m a l l y  o n l y  s h o w n  o n  t h e s h e e t s ,
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such  as :

i n d e x - i n s t r u c t s : = [lrr,lrm,lmr,lri,lmi,inr,dcrl;
one-cycle-alu:= [adr9acr,surrsbr,ndr,xrr,orr,cprl;

A s  a n  e x a m p l e  o f  t h e  u s e 0 f s e t

d e s c r i b e s  t h e  t i m i n g  o f par t of t he  ex

raters, c o n s i d e r the

e c u t i o n  c y c l e . I t  might con

that

t a i n :

IF  ins t ruc t  i on  IN  one - cyc l e -a lu  THEN
WAITFOR  SYNC PHASE 1;

2.3.9 F i l e s

T h e  A D L I B  u s e r  m a y  d e c l a r e  v a r i o u s  t y p e s  o f  F I L E S  t o  match  the  da ta

to be s t o r e d in them. S t o r i n g  a n d  r e t r i e v i n g  t h a t  d a t a  c a n  t h e n  b e

a c c o m p l i s h e d  v e r y  e f f i c i e n t l y . F o r  e x a m p l e ,  i t  i s  e a s y  t o d e s c r i b e  a

c o r e  i m a g e  a s :

c o r e - i m a g e  : FILE OF integer ;

F o r  c o n v e n i e n c e , s p e c i a l  facilties  a r e  p r o v i d e d  f o r  r e a d i n g  a n d w r i t i n g

f i l e s  o f  t e x t .

2.3.10 P o i n t e r s

PASCAL, (and  there f o re  ADLIB)  prov ides  two independent a r e a s f o r

s t o r i n g data , t h e  o r d i n a r y  s t a c k  a n d  a  h e a p . T h e  h e a p  i s  a c c e s s e d  o n l y

v i a  s p e c i a l p o i n t e r v a r i a b l e s , which may in turn p o i n t  t o o t h e r

p o i n t e r s , e t c . This m a k e s  i t c o n v e n i e n t and e f f i c i e n t  t o  d e v e l o p

c o m p l e x  d a t a  s t r u c t u r e s . P o i n t e r s  a r e  d e n o t e d  b y  t h e  u p  a r r o w  ‘*‘?“. For

example, the data s t r u c t u r e s f o r desc r ib ing  a  v i r tua l  memory  sys tem

m i g h t  l o o k  l i k e :
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TYPE

Page = ARRAY10 ..5111  O F  i n t e g e r ;

p a g e - p t r  = Tpage; (* “T*’ m e a n s  “p o i n t e r  to”~>

page-table = ARRAY [0..2551  OF RECORD

l o g i c a l - a d d r e s s  :  O-.64255;

is-incore :  b o o l e a n ;

m e m o r y - r e f  :  p a g e - p t r ;

END;

N e w  e l e m e n t s  a r e  a d d e d  t o  t h e  h e a p  b y means o f t h e *‘new’*

Page 2-8

p r o c e d u r e .

Using t h i s , p a r t  o f t h e  c o d e  t o  d e s c r i b e  m e m o r y  m a n a g e m e n t  m i g h t  b e

w r i t t e n :

VAR pm : pagemap;

IF NOT pmlhigh-bits?.  is-incore  THEN new(pm.memory-ref);

.
This  would a l l o c a t e  a new p a g e  o f memory from the heap i f t he

“i s-incore” f l a g  o f  p a g e - m a p  “pm” w e r e  f a l s e .

W h e r e a s  t h e  a b o v e  t y p e s  a r e  p a r t  o f both PASCAL and ADLIB, t h e

f o l l o w i n g  t w o  a r e  a v a i l a b l e  o n l y  i n  A D L I B .

2.3.11 Bit

T h i s  i s  a  p r e d e c l a r e d  subrange  o f  i n t e g e r . It  may range o v e r the

v a l u e s  O.-l.
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2 . 3 . 1 2  R e g i s t e r

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

Many s p e c i a l rout i nes a r e  p r o v i d e d  f o r  m a n i p u l a t i n g  v a r i a b l e s  o f  t y p e

r e g i s t e r , s u c h  a s e x c l u s i v e  o r , r o t a t e , e t c . Ar i thmet i c m a y  b e

p e r f o r m e d  o n r e g i s t e r s in o n e ’s complement , two’s  complement ,  s i gn

magnitude, and  uns igned  f o rmats .

2 . 3 . 1 3  A n o t h e r  E x a m p l e :  R S 2 3 2  I n t e r f a c e

One can combine enumerated types with r e c o r d s  t o c r e a t e  a very

st rang, s p e c i f i c  d e f i n i t i o n  o f  a n  i n t e r f a c e . For  example, c o n s i d e r  t h e

R S 2 3 2  c o n n e c t i o n  standard. M o s t  RTL’s w o u l d  m e r e l y  s p e c i f y  i t  a s  a  2 5

b i t  c o n n e c t  i o n , w h i c h  c o u l d  b e  w r i t t e n  i n  A D L I B  a s :

RS232 = ARRAY 11.. 2 5 1  O F  b i t ;

However, t h i s  w o u l d  n o t  m a k e  b e s t  u s e  o f  t h e  f a c i l i t i e s a v a i l a b l e . In

ADLIB, i t  w o u l d  b e  b e t t e r  t o  rdrite:

TYPE
wi d e r a n g e  = (neg-12V,pos_lZVJ’;
g r o u n d e d  = ( z e r o ) ;
NETTYPE
RS232 = RECORD

fg : grounded; (Ef rame grounds)
td : widerange; ( * t r a n s m i t  data%)
rd :  w i d e r a n g e ; ( “r e c e i v e d  data%)
rts : w i d e r a n g e ; (3 r e q u e s t  t o  sends>
(* etc.*)
END;

I f  t h e  n e t “ttyl-1 ine” w e r e  d e c l a r e d  t o  b e  o f  nettype RS232, t hen t he

compi l e r  wou ld  a c cep t

ASSIGN neg-12V  TO ttyl-line.td;

b u t  w o u l d  f l a g  a s  a n  e r r o r :

ASSIGN 0 TO ttyl-line.terminal-rdy;
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CHAPTER 3

A CONTOUR MODEL FOR ADLIB

T h e  c h a p t e r  i s intended to be an informal but unambiguous

d e f i n i t i o n  o f t h e  b e h a v i o r  o f  s y s t e m s ‘s p e c i f i e d  i n  A D L I B  a n d  SDL,  a n d

simulated under SABLE. The d e f i n i t i o n c o n s i s t s  o f three parts: a

s t a t i c cant our model f o r ADLIB programs, a  d y n a m i c  c o n t o u r  m o d e l  f o r

t h e i r  e x e c u t i o n  u n d e r  S A B L E ,  a n d  a  s i m u l a t i o n  s t r u c t u r e  t h a t  d e f i n e s  t h e

the v a r i o u s A D L I B  p r i m i t i v e s . For readers u n f a m i l i a r  w i t h  c o n t o u r

models , a n  i n t r o d u c t o r y  t u t o r i a l  i s a v a i l a b l e  i n 1JBJ711. A l s o  o f

i n t e r e s t  i s  SIKULA  B e g i n  1BGM731  w h i c h  i s  t u n e d  t o  SIflULA67, a n d  O R E G A N O

IBD7  1 I. HoLyever, t h e  b a s i c  p r i n c i p l e s  o f cant  our models a r e f a i r l y

s i m p l e , a n d  t h i s  d e s c r i p t i o n  tdill a v o i d  t h e  m o r e  c o m p l e x  i s s u e s .

3.1 CONTOUR MODELS

A  c o n t o u r  m o d e l  u s e s  r e c t a n g l e s  t o represent s c o p e s  o f program

ident i f  i e r s  a s d e f i n e d  b y  t h e  u s e r . A  s t a t i c  c o n t o u r  m o d e l  r e p r e s e n t s

t h e  w a y  i n  w h i c h  t h e s e  s c o p e s  a r e  n e s t e d  i n the source p r o g r a m ,  e.g.

procedures w i t h i n p r o c e d u r e s , g l o b a l  a n d  l o c a l  v a r i a b l e s  e t c . Such a

dratding  c a n  b e  u s e d  t o  a n s w e r quest ions about i d e n t i f i e r v i s i b i l i t y ,

naming c o n f l i c t s , and d a t a  h i d i n g , T h e  s e t  o f  i d e n t i f i e r s  v i s i b l e  a t

any point i n  t h e  m o d e l  i s  d e t e r m i n e d  b y  e x a m i n i n g  e a c h  e n c l o s i n g  c o n t o u r

in  turn . I d e n t i f i e r s  i n s i d e  o f  n o n - n e s t e d  c o n t o u r s  c a n  b e  a c c e s s e d  o n l y

through “a c c e s s  p o i n t e r s ” (ap’s) that l i n k 0 n e s cope w i t h a n o t h e r .

Access p o i n t e r s a r e  u s e d  e x t e n s i v e l y  i n  S I M U L A  6 7  t o  p e r f o r m  a  “remote
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A CONTOUR MODEL FOR ADLIB
CONTOUR PlODELS

P a g e  3-Z

a c c e s s , ? ’ w h i c h  i s rdhere one p r o c e s s r e a c h e s in to anot her and may

d i r e c t l y a l t e r i n t e r n a l a t t r i b u t e s  o f  i t . This f a c i l i t y  i s not

a v a i l a b l e  t o  t h e  A D L I B  u s e r  d i r e c t l y  b e c a u s e  i t i n v i t e s h a r d - t o - d e t e c t

s i d e  e f f e c t s  a n d  b a d  c o d e  s t r u c t u r i n g .

3.2 STRUCTURE OF AN ADLIB PROGRAM

The  s ta t i c  c on tour  mode l  f o r  an  ADLIB program

f i g u r e  1 .

i s i l l u s t r a t e d  i n

3.2.1 G l o b a l  I d e n t i f i e r s

T h e  m o d e l  s h o w n  i n  f i g u r e  1~ i s  n o t  m u c h  d i f f e r e n t  f r o m  t h e c o n t o u r

model of a P A S C A L  p r o g r a m .  I n t h e  u p p e r  l e f t  h a n d  c o r n e r  o f  e a c h

r e c t a n g l e  a p p e a r  t h e  u s e r  d e f i n e d  l a b e l s ,  c o n s t a n t s ,  a n d  t y p e s  a n d al so

t h e  u s e r d e c l a r e d  variables%. I n  a d d i t i o n , m o r e  r e c t a n g l e s  m a y  a p p e a r

w i t h i n  a  r e c t a n g l e  r e p r e s e n t  i n ’g  nes ted  s copes .

I n  t h e  o u t e r m o s t  c o n t o u r  i s  t h e  p r e d e c l a r e d  v a r i a b l e @‘t ime” which

represents t he s i m u l a t i o n t i m e . U s e r  a s s i g n m e n t  t o  t h i s  v a r i a b l e  i s

i l l e g a l  a n d  i s  d e t e c t e d  a t  d u r i n g  c o m p i l a t i o n . C o n t o u r  2  i n  f i g u r e  1 i s

the g l o b a l l e v e l f o r t h e  u s e r . I n i t  a r e  f o u n d  t h e  u s e r ’s  g l o b a l

l a b e l s , c o n s t a n t s ,  t y p e s ,  nettypes c l o c k s , v a r i a b l e s , r o u t  inesss a n d

comptypes. T h e  m e a n i n g s  o f  l a b e l s , c o n s t a n t  a n d  t y p e  d e f i n i t i o n s ,  a r e

unchanged from PASCAL. T h e r e  i s  a l s o  a n  a l g o r i t h m  a s s o c i a t e d  w i t h t h i s

*In t h i s r e p o r t , i t e m s  t h a t  d o  n o t  c o n s u m e  s t o r a g e  a t  runtime  a r e  s a i d
t o  b e “def i ned”, a n d  i t e m s  t h a t  d o a r e said to be “d e c l a r e d ”.  I n
p a r t i c u l a r , items t h a t  a r e  d e f i n e d  d o  n o t  a p p e a r  i n s i d e  o f  c o n t o u r s  i n
the  dynamic  models.
SfThroughout  t h i s  p a p e r ,  t h e  w o r d  “r o u t i n e ” i s  t a k e n  t o mean procedure
o r  f u n c t i o n .
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c o n t o u r  t h a t  c o u l d  b e  c a l l e d  t h e  “m a i n  b o d y ” o f  the  p rogram whi ch  can  be

used f o r i n i t i a l i z a t i o n  o f t h e  g l o b a l  v a r i a b l e s ,  r e s e t t i n g  f i l e s  a n d

such. This  main body may not  contain any ADLIB control  primitives such

as detach o r  waitfor, a n d  m a y  n o t  a c c e s s  a n y  c o m p o n e n t  o r  n e t . During

t h e  e x e c u t i o n  o f  t h e  p r o g r a m ’s main b o d y , time and a l l ciocks a r e

i d e n t i c a l l y zero. This c o d e  b l o c k  m a y  c a l l  g l o b a l  r o u t i n e s  t h a t  c a l l

f u r t h e r  r o u t i n e s  r e c u r s i v e l y ,  j u s t  l i k e  t h e  m a i n body of an o r d i n a r y

PASCAL program.

T h e  i n c l u s i o n  o f  g l o b a l  v a r i a b l e s  i n t o  A D L I B is a c o n c e s s i o n  t o

p r a c t i c a l i t y and u s e r c o n v e n i e n c e . I d e a l l y , a  d e s i g n  s h o u l d  n o t  h a v e

any, s i n c e  t h e y  m i g h t  r e p r e s e n t  i n t e r -  c o m p o n e n t  c o n n e c t i o n s t h a t have

no p h y s i c a l co r respondence . However, t h e r e  a r e  a l s o  m a n y  a p p l i c a t i o n s

f o r  g l o b a l  v a r i a b l e s  t h a t  d o not v i o l a t e t he intended s t r u c t u r e  o f

SABLE. For example? data c o l l e c t  i o n and interpre ta t  i on can be

s i m p l i f i e d  i f  e a c h  c o m p o n e n t  c a l l s  a  r o u t i n e  t h a t a c c e p t s in te rmed ia te

r e s u l t s and s t o r e s t h e m  a w a y  i n  a  g l o b a l  a r e a  f o r  l a t e r  a n a l y s i s .  O n

t h e  o t h e r  h a n d , g l o b a l  v a r i a b l e s  s h o u l d  n o t  b e  u s e d f o r i nt ercomponent

communication. This i s  w h a t  n e t s  a r e  i n t e n d e d  f o r , just as parameters

a r e  i n t e n d e d  f o r  c o m m u n i c a t i n g  w i t h  r o u t i n e s . It may be p o s s i b l e  t o

d e t e c t such c l a n d e s t i n e component i n t e r a c t i o n  d u r i n g  c o m p i l a t i o n  a n d

p r o h i b i t  i t , j u s t  a s  t h e r e  h a v e  b e e n  p r o p o s a l s  t o  e n s u r e t h a t r o u t i n e s

h a v e  n o s i d e e f f e c t s . However, such mechan i sms can g e n e r a l l y  b e

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

h o w  t o  u s e  g l o b a l  v a r i a b l e s  i s  t h e r e f o r e  l e f t  t o  t h e  u s e r .

3 . 2 . 2  N e t s  A n d  Nettjlpes

Nettype d e f i n i t i o n s  a r e  s i m i l i a r  t o  t y p e  d e f i n i t i o n s , excep t t h a t

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

t y p e . N e t s  a r e  a  c o n c e p t  t h a t  i s  u n i q u e  t o  A D L I B ,  s i m i l i a r  t o but not

the s a m e  a s o r d i n a r y program v a r i a b l e s . Nets a r e a l l o c a t e d  i n  a
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diff2rent w a y from v a r i a b l e s , a r e i n t e r c o n n e c t e d

ccmponents  a n d  w i t h  t h e  s i m u l a t i o n  s u p p o r t  s y s t e m .

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

w i t h o t h e r

Th2 v a r i o u s  nettypes

to i n t e r a c t . The

importance o f  t h i s  f o r  e r r o r  d e t e c t i o n  a n d  v e r i f i c a t i o n  i s  d i s c u s s e d  i n

IHDD79-11. D u r i n g  s i m u l a t i o n ,  t h e  s u p p o r t system generat  es new data

items o f  t h e  v a r i o u s  n e t t y p e s ,  c o m p a r e s  t h e m , d o e s  a s s i g n m e n t s  t o  t h e m ,

a n d  d y n a m i c a l l y  r e g e n e r a t e s  t h e  s t o r a g e  allcted  t o  t h e m . Net t ypes ( a s

oppos2d to ord inary t y p e s ) u s e d  w h e n e v e r  n e t s  a r e  dEclared

i n s i d e  c o m p t y p e s  o r  a r e  u s e d  a s  p a r a m e t e r s  t o  r o u t i n e s . Funct  ions may

not r e t u r n  n e t s , a n d  n e t s  m a y  n o t  a p p e a r  o n  t h e  l e f t  s i d e  o f  a s s i g n m e n t

( 0 :=*‘> s t a t e m e n t s . T o  u p d a t e  a n e t , the ASSIGN statement and t he

TRANSMIT subprocess f a c i l i t i e s a r e p r o v i d e d . (This is  somewhat 1 ike

SIMULA 67,  where updating a pointer r e q u i r e s  a s p e c i a l syntax.  1 Any

express i on a s s i g n e d  t o o r  c ompared  w i th  a  ne t  must  be  t ype  c ompat ib l e

with t h e  nettype  o f  t h e  n e t . W i t h i n  a  comptype,  t w o  t y p e s  o r net types

a r e  c o m p a t i b l e  i f  t h e y  a r e  s u b r a n g e s  o f  t h e  s a m e  b a s e  types*s*.

W h e n e v e r  a  n2t a p p e a r s  w h e r e  a n e x p r e s s i o n i s c a l l e d f o r , t he

current v a l u e  o f the net i s used , in the same way that  a  program

v a r i a b l e  n o r m a l l y  refects i t s  v a l u e . When a net i s used as the s u b j e c t

o f  a n  a s s i g n  o r  t r a n s m i t  s t a t e m e n t , i t s  r e f e r e n c e  v a l u e  i s  u s e d . When a

n e t  i s  d e c l a r e d  a s  a  var p a r a m e t e r  t o  a  r o u t i n e  (i.e. the keyword vat-

i s  u s e d  i n  t h e  p a r a m e t e r  d e c l a r a t i o n ) , t h e  r o u t i n e  m a y  assiqn  t o  i t .  I f

t h e  n e t  i s  n o t  m a r k e d  a s  w,

u p d a t e  t h e  v a l u e  o f  t h e  n e t .

r o u t i n e access  P but not

fffH%  T h i s  i s  n o t  t r u e  i n  c o n n e c t i o n s  betwaen  c o m p o n e n t s , because SABLE
c o n s i d e r s  e a c h  nettype  t o  b e  i n c o m p a t i b l e  w i t h  a l l  t h e  o t h e r  n e t t y p e s .
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3 . 2 . 3  C l o c k s

F o l l o w i n g  t h e  nettype  d e f i n i t i o n s ,  a n  A D L I B  p r o g r a m  m a y  c o n t a i n  o n e

o r more c l o c k d e f i n i t i o n s . These treat e f u n c t i o n s t h a t map t h e

s i m u l a t i o n  t i m e  t o  a n  u n s i g n e d  i n t e g e r . T h e i r  s y n t a x  i s :

CLOCK <clockname> ( <period> ,  <numphases> > 1 DEFAULT1 ;

Symbol ical ly, t h e  f u n c t i o n  i s :

< c l  kname> ==

(time/(<period>/<numphases>>  > M O D  <numphases>

A  c l o c k  f u n c t i o n  m a y  b e  i n v o k e d  a n y w h e r e  t h a t  a v a r i a b l e i n t e g e r

e x p r e s s i o n  i s  allor\red. C l o c k s  m a y  a l s o  b e  u s e d  i n  t i m i n g  c l a u s e s ,  w h i c h

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

3 . 2 . 4  T i m i n g  C l a u s e s

Timing c l a u s e s m a y  b e used in a s s i g n , t ransmi t and waitfor

statements throughout an ADLIB program. A  t i m i n g  c l a u s e  y i e l d s  a  t i m e

v a l u e  a t  e a c h  e v a l u a t i o n . T h i s  t i m e  v a l u e  i s  u s e d  i n v a r i o u s w a y s  a s

d e s c r i b e d  l a t e r . T h e r e  a r e  t w o  f o r m s  o f  t i m i n g  c l a u s e : s y n c  a n d  d e l a y .

3 . 2 . 4 . 1 SYNC

T h e  s y n t a x  f o r  a  s y n c  t i m i n g  c l a u s e  i s :

SYNC 1 <clock name> [PHASE <integer phase number>11

I f  < c l o c k  n a m e >  i s  o m i t t e d  t h e  c l o c k  m a r k e d  “d e f a u l t ” i s  u s e d . I f  p h a s e

i s omi t ted , p h a s e  0  i s  a s s u m e d . T h e  v a l u e  r e t u r n e d  b y  t h i s  s y n c  t i m i n g

c l a u s e  i s  t h e  n e x t  t i m e  w h e n  t h e  s p e c i f i e d  c l o c k w i l l  g o through the
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s p e c i f i e d  p h a s e . S y m b o l i c a l l y ,  t h i s  c a n  b e  w r i t t e n  a s :

SYNC <clock name> PHASE <integer phase number> ==

min ( It’ : real 1 (t’ > time) AND
<clockname>  = <integer phase number>)

3 . 2 . 4 . 2  D E L A Y

T h e  o t h e r  t i m i n g  e x p r e s s i o n  u s e d  i n  A D L I B  i s  t h e  d e l a y

has the syntax:

DELAY <real  delay t ime>

T h i s  e v a l u a t e s  a s :

t i m e  + < r e a l  d e l a y  t i m e >

3 . 2 . 5  R o u t i n e s

C l a u s e  w h i c h

Page 3-6

G l o b a l  r o u t i n e s  a r e  r e p r e s e n t e d  a s  i n  P A S C A L  a n d  m a y i n c l u d e more

rout i nes nestfd  w i t h i n  t h e m s e l v e s . T h e s e  r o u t i n e s  m a y  b e  f r e e l y  c a l l e d

f rom ins ide  any  comptype ,  and may c o n t a i n a s s i g n s t a t e m e n t s  td net

parameters. However, r o u t i n e s may not c o n t a i n waitfor o r de tach

s ta tements . T h i s  r e s t r i c t  i o n a l l o w s  a n enormous s i m p l i f i c a t i o n and

a c c e l e r a t i o n  o f  t h e  runtime  s u p p o r t , b e c a u s e  i t  s h a r p l y  r e d u c e s  t h e  n e e d

for dynamic storage reclamation (“garbage c o l l e c t  ion”> found in some

s i m u l a t i o n languages , ( f o r example SIMULA 67). Since ADLIB provides

o t h e r f a c i l i t i e s s u c h  a s subprocesses and b e t t e r i nt erprocess

communication, i t i s hoped t h i s r e s t r i c t  i o n w i l l not be o v e r l y

c o n s t r a i n i n g .

3 . 2 . 6  C o m p t y p e  D e f i n i t i o n s

Follotding  t h e  g l o b a l  r o u t i n e d e f i n i t i o n sect ion i s t h e “rai son

d’etre” f o r t h e  Ldhole A D L I B  proqramt t h e  c o m p o n e n t  t y p e  d e f i n i t i o n s

(comptypes). T h e s e  a r e  t h e  o n l y  p a r t  o f  a n ADLIB program v i s i b l e  t o

SABLE. Compt ypes are s i m i l i a r  t o r o u t i n e  d e f i n i t i o n s  i n  t h a t  t h e y
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d e f i n e  a l g o r i t h m s  f o r data m a n i p u l a t i o n . In fact, 50me f u n c t i o n a l

s i m u l a t i o n  s y s t e m s s u c h  a s  B U I L D  [LT791 u s e  o r d i n a r y  r o u t i n e  d e f i n i t i o n s

t o  d e s c r i b e  t h e  b e h a v i o r  o f  c o m p o n e n t s . However, i t  w a s  f e l t  t h a t t h i s

was t o o i nconv i enent f o r the u s e r , a n d  i n  m a n y  casesr  t h e  r e s u l t i n g

r o u t  i n e  w a s  n o t  e a s i l y r e a d a b l e . T h e r e f o r e , A D L I B  p r o v i d e s s e v e r a l

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

d e f i n i t i o n i s o u t l i n e d  i n f i g u r e  3 , and i t i n c l u d e s parameters ,

d e f a u l t s , net

r o u t i n e s ,

d e c l a r a t i o n s , l a b e l s , constant 5, t y p e s ,

subprocesses  and  the  “m a i n  b o d y ” o f  the  comptype .

v a r i a b l e s ,

3 -2.6.1 The Heading Of A Comptype

A  c o m p t y p e ’s  p a r a m e t e r s  a r e  s i m i l i a r  t o  t h o s e  o f  a  r o u t i n e , excep t

t h a t they may be s e t  o n l y  i n  t h e  s t r u c t u r e  d e f i n i t i o n  l a n g u a g e . For

example, a comptype “nandgat e” m i g h t  h a v e  a  p a r a m e t e r  “riset  ime”. This

would ennb 1 e many i n s t a n c e s  o f  t h e  n a n d g a t e  t o  b e  a l l o c a t e d  b y  S A B L E ,

w i t h  e a c h  o n e  p o t e n t  ially  hav ing -  a  d i f f e rent  riset ime. T h i s  i s s i m p l e r

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

,sect ion, w h i c h  f o l l o w s  i m m e d i a t e l y  a f t e r  t h e  p a r a m e t e r  l i s t ,  m a y  b e  u s e d

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

p a r a m e t e r s  l i s t e d  i n  t h e  d e f a u l t  s e c t i o n  d o  n o t  h a v e  t o  b e  i n t he same

order as in t h e  p a r a m e t e r l i s t . A l l paramet err to  comptypes  are

c o n s i d e r e d  c a l l  b y  v a l u e ,  a n d  p o i n t e r ,  f i l e ,  a n d  s t r u c t u r e d data types

a r e  p r o h i b i t e d .

3 . 2 . 6 . 2  N e t  D e c l a r a t i o n s  I n  A  C o m p t y p e

F o l l o w i n g  t h e  p a r a m e t e r  d e f a u l t  s e c t i o n  i s  t h e  d e c l a r a t i o n  o f t he

n e t s u s e d  b y the comptype. These a c t  a s  t h e  i n t e r f a c e  b e t w e e n  t h e

component and its env i ronment . Nets must b e  m a r k e d  a s one of the

f o l l o w i n g : INWARD ( re ce ive d a t a  only), OUTWARD (transmit data only),
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EXTERNAL (both receive and transmit)  or  INTERNAL (receive and t ransm i t

but o n l y  rdithin  t h e  c o m p o n e n t ) . I t  i s  i l l e g a l  t o  a s s i g n  o r  t r a n s m i t  t o

an inward net , o r  t o  a c c e s s  t h e  v a l u e  o f  a n  o u t w a r d  n e t . I n  a d d i t i o n  i t

i s i l l e g a l  t o  s e n s i t i z e  a n  o u t w a r d  n e t , o r  t o  p l a c e  a n  o u t w a r d  n e t in a

check 1 i st . T h e  i n t e n t i o n  h e r e  i s  t o ensure t h a t informat  ion n e v e r

f l o w s f r o m  a net marked o u t w a r d  o r  t o  a  n e t  m a r k e d  inr\rard. I f  b o t h

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

3 . 2 . 6 . 3  I n t e r n a l  N e t s

INTERNAL nets may be examined and manipulated by a component j u s t

1 ike e x t e r n a l o n e s . However, i n t e r n a l  n e t s  a r e  p a r t  o f  t h e  b e h a v i o r

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

They u s e f u l to s p e c i f y

in any s t r u c t u r a l

b e h a v i o r

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

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

o f  a  c o m p o n e n t  w i t h

For example ,

c o n s i d e r a  c o m b i n a t i o n a l  c i r c u i t  t h a t  i m p l e m e n t s  t h e  f u n c t i o n  “(a~b>+c”

b y  m e a n s  o f  a  2 - i n p u t  A N D  g a t e  a n d  a  2 - i n p u t

i n p u t  t o  o u t p u t  t i m i n g  r e l a t i o n  w e r e  i m p o r t a n t , a n  i n t e r n a l  n e t  m i g h t  b e

u s e d  t o  h e l p  c o d e  t h i s  c i r c u i t ’s  b e h a v i o r . In ADLIB, t h i s  c o u l d  b e  d o n e

a s  i n  F i g u r e  4 .

COMPTYPE  combin;
I Nl:IARD
a,b,c : b o o l n e t ;
OUTlJARD
d : b o o l n e t ;
INTERNAL
x : b o o l n e t ;

SUBPROCESS
andgate : TRANSMIT (a AND b) TO x DELAY 15.0;
orgate  : TRANSMIT (x OR c) TO d DELAY 14.0;

BEGIN
permitcandgate);
permit(orgate);
END;

F i g u r e  4
C o m b i n a t i o n a l  L o g i c :  D=(A*B)+C
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T h e  i n t e r n a l  n e t  x  r e p r e s e n t s  t h e  i n t e r m e d i a t e v a l u e (aFb>. T he

transmit subprocess “andgat  e” c a u s e s  t h e  v a l u e  o f  ash t o  b e  t r a n s f e r e d

t o  n e t  x  w i t h  a  d e l a y  o f  1 5  t i m e  u n i t s . The express ion “a AND b” is

r e e v a l u a t e d whenever n e t  a  o r  n e t  b  i s  u p d a t e d ,  a n d  i f  a  n e w  r e s u l t  i s

o b t a i n e d  a  n e t  u p d a t e  t a k e s  p l a c e . The “orgat et1 subprocess o p e r a t e s

a s y n c h r o n o u s l y  s o  t h a t  w h e n e v e r  x  o r  c  i s  u p d a t e d ,  a n  a s s i g n m e n t is made

t o  n e t  d . T h e  o v e r a l l  r e s u l t  i s  t h a t  a change in nets a or b i s

r e f l e c t e d  a t net d  a f t e r 2 9  t i m e  u n i t s , w h i l e  a  c h a n g e  i n  n e t  c  i s

r e f l e c t e d  a f t e r  o n l y  1 4  t i m e  u n i t s .

L a b e l s , c o n s t a n t s ,  t y p e s , v a r i a b l e s  a n d  r o u t i n e s  i n comptypes a r e

unchanged from PASCAL, and again t h e s e r o u t i n e s m a y  b e n e s t e d

a r b i t r a r i l y . Follol.iing  t h e  nor’mal  s c o p i n g  r u l e s ,  r o u t i n e s have a c c e s s

t o a l l  t h e  i d e n t i f i e r s  i n s i d e  t h e  c o m p t y p e ,  a n d  t o  a l l  t h o s e  d e f i n e d  a t

t h e  g l o b a l  l e v e l .

3 . 2 . 6 . 4 Subprocesses

The next part of a compt ype d e f i n i t i o n i s the subprocess

d e c l a r a t i o n  s e c t i o n . Subprocesses  a re  I i k e  “1 i  tt l e  c o m p o n e n t s ” that  run

a u t o n o m o u s l y  f r o m  t h e  m a i n  c o m p o n e n t  b o d y ,  b u t  u n d e r  i t s  c o n t r o l . They

m i g h t  b e used , f o r e x a m p l e ,  t o d e s c r i b e t h e  d i r e c t  m e m o r y  a c c e s s

c h a n n e l s  i n  a n  IBM 3 7 0 . T h e i r  p u r p o s e  i s  t o  s i m p l i f y  t h e c o d e  i n the

main b o d y  o f t h e  c o m p t y p e  b y t a k i n g c a r e o f  s e c o n d a r y  f u n c t i o n s .

B e c a u s e  t h e  s u b p r o c e s s e s  a r e  w a t c h i n g  f o r i n t e r r u p t s  a n d  o t h e r  1014  l e v e l

a c t i v i t i e s , t h e  t h e  m a i n  b o d y  o f  a  c o m p t y p e  c a n  concent r a t e  o n  t h e  h i g h

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

and e a s i e r t o  r e a d  p i e c e  o f  c o d e . S u b p r o c e s s e s  a r e  l e s s  polderful t h a n

the  ma in  body  o f  the  c omptype  f o r  two  reasons : t h e y e x e c u t e  a f i x e d

a l g o r i t h m t o  c o m p l e t i o n  e a c h  t i m e  t h e y  a r e  a c t i v a t e d ,  a n d  t h e  c r i t e r i o n

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

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

p r e d e f i n e d  p r o c e d u r e s

inhibitc (subprocess  n a m e >  >

and

permit( <subprocess  name>)

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

t o run. These procedure c a l l s  m a y  a p p e a r  a n y w h e r e  i n s i d e  a  c o m p t y p e

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

them.

3 . 2 . 6 . 5  T h e  M a i n  B o d y  O f  A  C o m p t y p e

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

o f  t h a t  t y p e  o f  c o m p o n e n t . I n  a d d i t i o n  t o  a s s i g n i n g  n e w  v a l u e s  t o  n e t s ,

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

i t s e l f  i n t o  a  w a i t  s t a t e , w h e r e  i t  s t a y s  u n t i l  s o m e  s t i m u l u s  i s  r e c e i v e d

o r  s o m e  c o n d i t i o n  i s  m e t .

A complete  and unambiguous d e f i n i t i o n  o f t h e s e  a n d  a l l ADLIB

p r i m i t i v e s in t e r m s  o f denotat  ional semant i cs w i l l  b e  a v a i l a b l e  i n

tHDD79-21.



CHAPTER 4

ADLIB SYNTAX

This  summary  o f  ADLIB  syntax  i s  de r i ved  f r om the  append i ces  o f t he

PASCAL U s e r ’s Planua  1 and Report [ JK721, w i t h t h e  a d d i t i o n a l  A D L I B

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

4.1 LON LEVEL SYHTAX

T h e  b a s i c  f o r m a t  o f ADLIB programs pat te rned c l o s e l y

PASCAL. H o w e v e r  a  f e w  p o i n t s  o f  c l a r i f i c a t i o n  a n d  d i f f e r e n c e  e x i s t .

1. I d e n t i f i e r s  m a y i n c l u d e  t h e  u n d e r s c o r e  ff~O, a n d  t h e  u s e  o f  u p p e r o r

l o w e r  c a s e  c h a r a c t e r s  i s  i n s i g n i f i c a n t .

2. In o r d e r  t o shor ten t he c o d e , reduce programmer e f f o r t , and

e l i m i n a t e t ranscr ip t  i on e r r o r s , a  u s e r  m a y  ffincludef’ f i l e s  i n t o  h i s

or  her ADLIB source. T h e  s y n t a x  i s  ( s t a r t i n g  i n  c o l u m n  1):

# i n c l u d e  f i l e n a m e

“F i l e n a m e ” m u s t  b e  a  v a l i d ,  u n a m b i g u o u s  f i l e name. It syntax may

d e p e n d  o n  t h e  o p e r a t i n g  s y s t e m  e m p l o y e d .

3 . Comments are del imited by f*(*ff  and ff~)ff and may b e  n e s t e d  t o any

depth. In addit ion, a  s e cond  comment  c onvent i on  i s  suppor ted . Any

t e x t  b e t w e e n  a n  e x c l a m a t i o n  p o i n t ,  fr!ff, a n d  t h e  e n d  o f  a  s o u r c e I ine

i s i g n o r e d . The e x c l a m a t i o n  p o i n t  i s  i g n o r e d  i n s i d e  a  (* 51 p a i r ,

a n d  t h e  s y m b o l s  (X a n d  *c) a r e  i g n o r e d  b e t w e e n  a n e x c l a m a t i o n p o i n t

and the end of a 1 ine . T h e  f o l l o w i n g  i s  t h e r e f o r e  syntatically
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c o r r e c t :

(sthis c o m m e n t  i s
garbage!
here ! X1

n o t i c e  e x c l a m a t i o n  i s  i g n o r e d

X := ! but not here, s o  (9 i s  i n e f f e c t i v e
1 7 . 2  (* m o r e  c o m m e n t s )  ;! a g a i n  i s  e f f e c t i v e

i s  s y n t a c t i c a l l y  e q u i v a l e n t  t o :

X : =  1 7 . 2 ;

4 . I n  o r d e r  t o  p a s s  t h o u g h  t h e  p a r s e r ,  c o m p t y p e names and net names

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

s i n c e  d e s i g n e r s  u s u a l l y  p r e f e r  t o use names m e a n i n g f u l  t o t he i r

a p p l i c a t i o n . For example , one c o u l d n o t  d e f i n e  a  c o m p t y p e  n a m e d

“a n d ” o r  a  n e t  n a m e d  “infr b e c a u s e  t h e s e  c o n f l i c t  w i t h  r e s e r v e d  w o r d s .

To remedy t h i s s i t u a t i o n , A D L I B  a l l o w s  a  p r o g r a m m e r  t o  s p e c i f y  a

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

n a m e  i s s p e c i f i e d immediately a f t e r the val id  ADLIB name and is

e n c l o s e d  b y  d o u b l e  q u o t e s . S A B L E  w i l l  s e e  o n l y  t h e  n a m e  e n c l o s e d  i n

q u o t e s . For  example:

c o m p t y p e  andgate  “and”~propde1ay  “delay” :
r e a l ) ;

i nward
innet  ffinff :  b o o l n e t ;
(s etcs)
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4.2 SUr-1flARY  OF OFERATORS

A n  a s t e r i s k  i n d i c a t e s  t h o s e  t h a t  a r e  i n  A D L I B ,  b u t  n o t  P A S C A L .

o p e r a t o r- - - - - - - -

ASSIGNS

:=

a r i t h m e t i c :
+(unary)

-(unary)

t

s
$i&

&
/

r e l a t i o n a l  :

7>

<
>

<=

>=

in-

l o g i c a l :

not
Ot-
and

s e t :
t

operat ion- - - - - - - - -

net  assignment

assignment

ident i ty

s i gn i n v e r s i o n

addit ion
subtract ion
m u l t i p l i c a t i o n
i n t e g e r
d i v i s i o n
modulus
r e a l  d i v i s i o n

e q u a l i t y
i n e q u a l i t y

l e s s  t h a n
g r e a t e r  t h a n

l e s s  o r  e q u a l
- o r -
s e t  i n c l u s i o n
g r e a t e r  o r
e q u a l  - o r -
s e t  i n c l u s i o n

set  membership

n e g a t i o n
disjunct ion
conjunct ion

union
s e t  d i f f e r e n c e
in tersec t  i on

operand r e s u l t
- - - - - - - ---w-e

expression,net,
t i m i n g  c l a u s e

any  type
e x c e p t  f i l e

i n t e g e r
o r  r e a l

same as
operand

i n t e g e r

i n t e g e r
i n t e g e r
o r  r e a l

i n t e g e r

r e a l

scalar,string, b o o l e a n
s e t  o r  p o i n t e r

s c a l a r  o r  s t r i n g

s c a l a r  o r  s t r i n g

s e t
s c a l a r  o r  s t r i n g

s e t

s c a l a r , a n d  s e t

b o o l e a n b o o l e a n

any set type T T
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4.3 STANDARD IDENTIFIERS

T h e  follo!\ling  a r e  t h e  s t a n d a r d , p r e d e f i n e d  i d e n t i f i e r s  i n  A D L I B .  A

u s e r i s f r e e  t o use r e d e f i n e any o f  them, a n d  i m p l e m e n t o r s  a r e  a t

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

a n d  r o u t i n e s  w h e r e v e r  t h e y  m i g h t  b e  u s e f u l . A n  a s t e r i s k  i n d i c a t e s  t h o s e

that  are in ADLIB,  but  not  PASCAL.

1 . Cons tants :

f a l s e ,  t r u e ,  m a x i n t

2 . Types:

bits, b o o l e a n ,  c h a r ,  i n t e g e r ,  r e a l ,  register*,  t e x t

F i l e s :

input , output

F u n c t i o n s :

a b s , arctan,  c h r ,  cos, eof, eoln, exp, In, odd, ord, pred,

r o u n d ,  s i n ,  sqr, sqrt, succ, times,  trunc

d. Procedures :

d e s e n s i t i z e * ,  detach%, g e t ,  i n h i b i t * ,  n e w ,  p a c k ,  page,  permit%,

p u t , r ead , r e a d l n , r e s e t , r e w r i t e , sens i t i zes, stopsim+?,

u n p a c k ,  w r i t e ,  writeln
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4 . 4 RESERVED WORDS

A n  a s t e r i s k  i n d i c a t e s  t h o s e  t h a t  a r e  i n  ADLIB, b u t  n o t
P A S C A L .  A

p l u s  s i g n  i n d i c a t e s  DECIO Pascal  e x t e n s i o n .

PndA
array
assign*
beain
case
c h e c k s  ’- -
clock%
compt voe*
const
d e f a u l t *
de-5
&
do
d c I-J n t o- -
e l s e- - -
end
ext ern
e x t e r n a l *
f o r
f i l e
fortrant
f orrd!ard
f u n c t i o nVP
a o t o
i f
I
in
inward++
i n t e r n a l s

label_

nil
_not
o f
xhers+
out r,Jarrds
o r
packed
phaa
procedure
proqra-
r e c o r d
r e p e a t
&
&Drocess*
4\fncs
TiG
t o
tranrlator~
t r a n s m i t s
VP0t
unt i 1
uuon
var
waitfor
w h i l e
w i t h
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4.5  SYNTAX CHARTS

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

u s i n g  a BNF- 1 ike notat  ion f o r input . D o c u m e n t a t i o n  o n  S y n d i a  i s

a v a i l a b l e  i n  [ClJE79-21.

F i e l d ident, net ident, type ident, s u b p r o c e s s  ident, c l o c k

ident, nettype  ident, c o n s t a n t  ident, a n d  v a r i a b l e  ident a r e  a l l

s y n t a c t i c a l l y  e q u i v a l e n t  t o  ident.
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UNSIGNED CONSTWT

CONSTGNT

LABEL DEFINITIONS

NETTYPE DEFXNSTIONS

IDENT ~-+TYPE  f

CONSTANT DEFINITIONS

DEFAULTS

IDEN- 0 jf C O N S T A N T  f



i

FIELD LIST

SIMPLE TYPE

TYPE

TYPE DEFINITIONS

IDENT } -a 4TYPfl e

VARIABLE DECLPWTIONS



VARIABLE

FACTOR

i-ef~U~~~101-i  IDENT ) , a

SIMPLE EXPRESSION



CLOCK DEFIUITIGNS

EXPRESSION

---+ SIIYPLE EXPRESSION } 4 SIUPLE EXPRESS!%-/--

TliSIPIG  CLAUSE

DELjj+l+EXPRESSXON  }

PHASE>----+XPRESSIOti  )

s

CHECK LIST

*HECK >

STATEF?ENT

U N S I G N E D  INTEGER\ e

COrtPOUND STATEllENT



UNLAFXLED S T A T E M E N T

+j PROCEDlJ~~

q FUNCTION IDENT +

LSE>---d-lSTATEMENT c

a.@&-+ EXPRESSION---jw

C H E C K  LIST



SIJZF’ROCESS  D E C L A R A T I O N S

, -----+-A IDEHT  }------

TRANSilIT  SUBPROCESS

woti SUBPROCESS

E(.ET REFERENCES



NETTYPE IDEiJT

<PR~CEDC~RE j---j f)ARPilETER  LIST

R O U T I N E  DEFINITXONS

J

/



COfiPTYPE  DEFINXTICNS

O~PTYPE)-------9J ID PARAiIETER LIST j--,

LABEL-I-1 CONSTANT DEFINITIONS-j

7 I

--+ UARIfULE  D E C L A R A T I O N S  1
-I I

COFtPOUND  STATEMENT )

PROCRAfl

I
r
i -+j ROUTINE DfFINITIONS COl+TYPE DEFINSTIGNS~--- ‘I

 L ----s---+----J





APPENDIX A

ROUTINE PACKAGES

A  m a j o r  g o a l  o f  A D L I B  w a s  t h a t  t h e  l a n g u a g e i t s e l f s h o u l d remain

s m a l l  b u t  b e  e a s i l y  e x t e n s i b l e  b y  t h e  u s e r  o r  i m p l e m e n t o r . T h i s  i s  d o n e

b y  a d d i n g  nerd d a t a  t y p e s  a n d  n e w  r o u t  i n e s . Note that t h i s does not

i m p l y  a n y  s y n t a x  c h a n g e s  o r  e x t e n s i o n s , a n d  d o e s  n o t  r e q u i r e  t h e  u s e r  t o

l e a r n  a b o u t  f e a t u r e s  n o t  r e l e v a n t  t o  h i s  o r  h e r  o w n  a r e a  o f work (i.e.

a u s e r can not “t r i p  o v e r ” a n  e x t e n s i o n  t h a t  h e  o r  s h e  w a s  n o t  a w a r e

o f . )

I n  p a r t i c u l a r , t w o  f a i r l y  l a r g e  p a c k a g e s  o f  r o u t i n e s  a r e a v a i l a b l e

t o t h e  A D L I B programmer: Rgpack, which p r o v i d e s b i t  m a n i p u l a t i o n

f a c i l i t i e s  n o t  d i r e c t l y  a v a i l a b l e  i n  P A S C A L  o r  A D L I B ; a n d  Rndpak,  w h i c h

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

I f  t h e  i m p l e m e n t o r  d i d  n o t  predeclare  t h e m ,  t h e n  t h e  u s e r must d e c l a r e

i n  o r d e r  t o  a c c e s s  t h e m . The ear i e s tt hem i n  h i s  o r  h e r  s o u r c e  p r o g r a m

w a y  t o  d o  t h i s  i f  w i t h  a n  “i n c l u d e ” s ta tement , i . e . :

# i n c l u d e  r p a k s . d c l

T h e  f i l e “rpaks. dcl” i s  a s s u m e d  t o  c o n t a i n  t h e  r o u t i n e h e a d e r s  o f

t he procedures f u n c t i o n s l i s t e d b e l o w .

al 1

al 1 rgpack

r o u t i n e s  s t a r t  w i t h  t h e  l e t t e r s  “rg” a n d  a l l  r n d p a k  r o u t i n e s  s t a r t

t h e  l e t t e r s  t*rnd’T. T h i s  s h o u l d  h e l p  a v o i d  n a m i n g  c o n f l i c t s .
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A. 1 RGPACK

T h i s  s e t  o f  r o u t i n e s  i s  i n t e n d e d  t o  b e  u s e d  w i t h  P A S C A L and ADLIB

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

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

not o r d i n a r i l y a v a i l a b l e i n  h i g h e r  l e v e l  l a n g u a g e s ,  s u c h  a s  e x c l u s i v e

o r , r o t a t e ,  e t c . T h e y  m a k e  u s e  o f  t h e  t y p e  “r e g i s t e r ” a n d “b i t ” , b o t h

o f  w h i c h  a r e  t y p e  c o m p a t i b l e  t o  “i n t e g e r ”. i
R e g i s t e r  = i n t e g e r

b i t  = O..l

T h e r e  i s  n o  d i f f e r e n c e  b e t w e e n  r e g i s t e r v a l u e s and i n t e g e r s f o r

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

f o r  t h e  n e g a t i v e  e n c o d i n g  s e l e c t e d ,  i . e . o n e  o r  t w o ’s  c omplement , s i g n

magn i t ude, o r  u n s i g n e d . R e g i s t e r s  a r e  s t o r e d  i n  o n e  m a c h i n e  w o r d  ( l i k e

i n t e g e r s )  a n d  b i t s  t o  t h e  l e f t  o f  t h e  m o s t  s i g n i f i c a n t  b i t  a r e  a l w a y s  0 .

T h e  r o u t i n e s  a r e  l i s t e d  b e l o w  b y  c l a s s . .

A-l.1 I n i t i a l i z a t i o n

1. PROCEDURE rgsetup(leastsig,  mostsig,  format : i n t e g e r ) ;

R g s e t u p  m u s t  b e  c a l l e d  p r i o r  t o  c a l l i n g  a n y o t h e r rgpack rout i ne

( e x c e p t the i/o r o u t i n e s ) . The f i r s t  t w o  a r g u m e n t s  s p e c i f y  t h e  b i t

n u m b e r  o f  t h e  l e a s t  a n d most s i g n i f i c a n t b i t s . The t h i r d argument

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

two’s  c omplement  - 0

o n e ’s  c omplement  - 1
,

s i g n  m a g n i t u d e  - 2

unsigned - 3

For e x a m p l e ,  t o d e s c r i b e  a n HP2 1MX computer one would c a l l

rgsetup(0,15,0>. Unfor tunate ly , the  current  imp lementa t i on  suppor t s  no
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m o r e  t h a n  3 4  b i t s ,  s i n c e  i t  use3 ordinary DECSYSTEM-10 PASCAL arithmetic

o p e r a t o r s , a n d  m u s t  a v o i d  m a c h i n e  i n t e r r u p t s  o n  a d d i t i o n .

A-1.2 C o n v e r s i o n

2 . FUNCTION rgtoregci : i n t e g e r ) : r e g i s t e r ;

Rgtoreg  ac cepts  an i n t e g e r  a n d  c o n v e r t s i t  t o  r e g i s t e r  f o r m a t . An

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

3 . FUNCTION rgtointcr : r e g i s t e r ) : i n t e g e r

R g t o i n t  c o n v e r t s  a  r e g i s t e r  t o  i n t e g e r  f o r m a t .

A-1.3 Ar i thmet i c

The f o l l o w i n g rout ines perform m o s t  o f t he common computer

a r i t h e m a t i c  o p e r a t i o n s  i n  t h e  v a r i o u s  f o r m a t s  s p e c i f i e d  i n  r g s e t u p . Two

o f  t h e  r o u t i n e s , r g a d d  a n d  r g s u b  a l s o  e f f e c t b i t s i n t e r n a l  t o rgpack

i t s e l f ,  s o t h a t t h e  u s e r  c a n  e a s i l y  d e t e r m i n e  i f  t h e  l a s t  a d d i t i o n  o r

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

4 . FUNCTION rgaddtargl,  arg2 : r e g i s t e r )  : r e g i s t e r ;

Rgadds  adds  i t  two  arguments  and  re turns  the  resu l t , t r u n c a t e d  t o

t h e  n u m b e r  o f  b i t s  i n  r e g i s t e r s . I t  s e t s  t h e  o v e r f l o w  i f  t h e  r e s u l t  i s

t o o  b i g  f o r  t h e  n u m b e r  o f  b i t s , a n d  t h e  c a r r y  f l a g  i f  t h e r e  cdas a c a r r y

out of the h i g h e s t p o s i t  i o n . Note t h a t s u c h  a c a r r y does not

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

s i z e .

5 . FUNCTION rgsubcargl,  arg2 : r e g i s t e r 1  : r e g i s t e r ;
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Rgsub  re turns  a rg l - arg2  a n d  s e t s  t h e  o v e r f l o w  a n d  c a r r y  f l a g s .

6 . FUNCTION rgovrf low: b i t ;

Rgovr f  l ow  re turns  a  one  i f  the o v e r f l o w f l a g  i s s e t , o t h e r w i s e

z e r o .

7 . FUNCTION rgcarry: b i t ;

Rgcarry  r e t u r n s  a  o n e  i f  t h e  c a r r y  f l a g  i s  s e t ,  o t h e r w i s e  z e r o .

A . 1 . 4  S h i f t s

8 . FUNCTION rgshift(source : r e g i s t e r ; amount : i n t e g e r ) : r e g i s t e r ;

R g s h i f t  r e t u r n s  i t s  a r g u m e n t  s h i f t e d  t h e  s p e c i f i e d number o f b i t

p o s i t  i o n s . ( P o s i t i v e i s  t o w a r d  m o s t  s i g n i f i c a n t  b i t . )  P a d d i n g  i s  w i t h

z e r o s .

9. F U N C T I O N  rgrotate(source  : r e g i s t e r ; a m o u n t  : i n t e g e r ) :

r e g i s t e r ;

R g r o t a t e  r e t u r n s i t s  a r g u m e n t  r o t a t e d  t h e  s p e c i f i e d  n u m b e r  o f b i t

p o s i t  i o n s . ( P o s i t i v e  i s  t o w a r d  m o s t  s i g n i f i c a n t  bit.>

10. FUNCTION rgrotlong(source:register;

carry:bit):register;

R g r o t l o n g  i s s i m i l i a r to r g r o t a t e

a m o u n t : i n t e g e r ;

t h a t

VAR

b i t ,

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

11. FUNCTION rgarshi ft  (source : r e g i s t e r ; amount : i n t e g e r ) :

r e g i s t e r ;

R g a r s h i f t  r e t u r n s  i t s  a r g u m e n t  s h i f t e d  t h e  s p e c i f i e d  n u m b e r  o f b i t

p o s i t  i o n s . ( P o s i t i v e i s t o w a r d  m o s t  s i g n i f i c a n t  b i t . )  T h e  a r i t h m e t i c

s i g n  o f  n e g a t i v e  n u m b e r s i s  e x t e n d e d  i n  r i g h t  s h i f t s .
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12. FUNCTION revtranslatecres  : i n t e g e r )  : i n t e g e r ;

b e g i n  i f res<msbpos then := m s b p o s  - i f r e s

b a s e w o r d m i n u s l  t h e n  r e s  := b a s e w o r d s i z e ;

A. 1.5 B i t  A c c e s s i n g

13. FUNCTION rgbit(r:register; p o s  : i n t e g e r )  : b i t ;

R g b i t  r e t u r n s  t h e  b i t  l o c a t e d  a t  p o s i t i o n  “pas”, r e l a t i v e  t o the

l e a s t and most s i g n i f i c a n t b i t s  s p e c i f i e d  i n  s e t u p . F o r  e x a m p l e ,  i f

msbnum = 16 and lsbnum = 1  t h e n  rgbit(6,3) w i l l re turn t h e  t h i r d  b i t

from t he r i g h t (lsb) s i d e , which is 1, s i n c e  6  i s  r e p r e s e n t e d  a s

0000000000000110 in  b inary .

14. FUNCTION rgbitset(r:register; p o s  : i n t e g e r ; n e w v a l  : bit) :

r e g i s t e r ;

R g b i t  s e t s  t h e  b i t  l o c a t e d  a t  p o s i t i o n  “post’, r e l a t i v e  t o  t h e  l e a s t

a n d  m o s t  s i g n i f i c a n t  b i t s  s p e c i f i e d  i n  s e t u p  t o  “n e w v a l ” a n d  r e t u r n s  t h e

r e s u l t .

15. FUNCTION rgfield(r:register; l e f t  ‘r i g h t  : i n t e g e r )  : r e g i s t e r ;

R g f i e l d  r e t u r n s the b i t s l o c a t e d between p o s i t i o n “ 1 e f t ‘* and

“r i ght “, r e l a t i v e  t o t h e  l e a s t  a n d  m o s t  s i g n i f i c a n t  b i t s  s p e c i f i e d  i n

se tup . F o r  e x a m p l e ,  i f  m s b n u m  = 1 6  a n d  l s b n u m  = 1 then rgfield(6,4,2)

w i l l  r e t u r n  3  (011 i n  b i n a r y . >

16. FUNCTION rgfldset(r:register; l e f t  ‘r i g h t

register):register;

R g f l d s e t  s e t s  t h e  b i t s l o c a t e d between

‘*left” a n d  “r i g h t ”, to “newval”,  a n d r e t u r n s  t h e  r e s u l t s .

i n t e g e r ;

i n c l u d i n g

newval :

posit  ions
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17. FUNCTION rgfdrlcrg : r e g i s t e r )  : i n t e g e r ;

R g f d r l  f i n d s  t h e  r i g h t m o s t  1  i n  a  r e g i s t e r , and re turns i t s b i t

p o s i t i o n  i n  t h e  c o o r d i n a t e s  u s e d  a t  s e t u p  t i m e . I f  n o  o n e  i s  f o u n d ,  t h e

b i t  n u m b e r  o f  t h e  b i t  t o the l e f t  o f the most s i g n i f i c a n t bit is

re turned .

18. FUNCTION rgfdrO(rg : r e g i s t e r )  : i n t e g e r ;

RgfdrO  f i n d s  t h e  r i g h m o s t  0  i n  a r e g i s t e r , and re turns i t s b i t

p o s i t i o n  i n  t h e  c o o r d i n a t e s  u s e d  a t  s e t u p  t i m e . I f  n o  o n e  i s  f o u n d ,  t h e

b i t  n u m b e r  o f  t h e  b i t  t o t h e l e f t  o f t h e  m o s t s i gn i f i cant bit is

re turned .

19. FUNCTION rgfdllcrg : r e g i s t e r )  : i n t e g e r ;

R g f d l l  f i n d s  t h e  l e f t m o s t  1  i n  a r e g i s t e r , and re turns i t s b i t

p o s i t i o n  i n  t h e  c o o r d i n a t e s  u s e d  a t  s e t u p  t i m e . I f  n o  o n e  i s  f o u n d ,  t h e

b i t  n u m b e r  o f  t h e  b i t  t o  t h e  r i g h t  o f t h e l e a s t s i g n i f i c a n t bit is

re turned .

20 . FUNCTION rgfdlO(rg : r e g i s t e r )  : i n t e g e r ;

RgfdlO f i n d s  t h e  l e f t m o s t  0  i n  a r e g i s t e r , and re turns i t s b i t

posit ion in the c o o r d i n a t e s  u s e d  a t  s e t u p  t i m e . I f  n o  z e r o  i s  f o u n d ,

t h e  b i t  n u m b e r  o f  t h e  b i t  t o  t h e  r i g h t  o f  t h e  l e a s t  s i g n i f i c a n t bit is

re turned .

A-1.6, L o g i c a l

21 . FUNCTION rgand(argl,arg2  : r e g i s t e r )  : r e g i s t e r ;

Rgand  re turns  the  bitwise  AND o f  i t s  a rguments -
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22. FUNCTION rgnnnd(arg1  ,arg2 : r e g i s t e r )  : r e g i s t e r ;

Rgnand  re turns  the  bitwise  NAND o f  i t s  a rguments .

23 .I FUNCTION rginv(argl: r e g i s t e r )  : r e g i s t e r ;

Rg inv  r e turns  the  bitwise  INVERSION o f  i t s  a rgument .

24 . FUNCTION rgor(argl,arg2  : r e g i s t e r >  : r e g i s t e r ;

R g o r  r e t u r n s  t h e  bitwise  O R  o f it 5 argument 5.

25 . FUNCTION rgnor(argl,arg2 : r e g i s t e r )  : r e g i s t e r ;

Rgnor  r e turns  the  bitwise  NOR o f  i t s  a rguments .

26. FUNCTION rgxor(argl,arg2  : r e g i s t e r >  : r e g i s t e r ;

Rgxor returns the bitwise  EXCLUSIVE OR of  i ts  arguments.

27 . FUNCTION rgnxor(arg1  ,arg2 : r e g i s t e r >  : r e g i s t e r ;

R g n x o r  r e t u r n s  t h e  bitwire  i n v e r s i o n  o f  t h e EXCLUSIVE OR of i t s

arguments, ( w h i c h  i s  a l s o  c a l l e d  t h e  e q u i v a l e n c e  r e l a t i o n . )

A. 1.7 Format ted  I/O

28. FUNCTION rgrdoct(VAR  f : t e x t )  : i n t e g e r ;

R g r d o c t  r e a d s  a  [signed] o c t a l  n u m b e r  f r o m  t h e  s p e c i f i e d f i l e and

re turns it as a n  i n t e g e r . T h i s  c a n  b e  a s s i g n e d  d i r e c t l y  t o  a  v a r i a b l e

o f  t y p e  r e g i s t e r , i f  d e s i r e d .

29 . FUNCTION rgrdhex(VAR  f : text) : i n t e g e r ;

I Rgrdoc t  r eads  an  [ s i gned ]  hexadec ima l number from t he s p e c i f i e d

f i l e and r e t u r n s  i t  a s  a n  i n t e g e r . T h i s  c a n  b e  a s s i g n e d  d i r e c t l y  t o  a

v a r i a b l e  o f  t y p e  r e g i s t e r , i f  d e s i r e d .
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30. FUNCTION rgrdbinlV&R  f : t e x t )  : i n t e g e r ;

R g r d o c t  r e a d s  a n  [ s i g n e d !  b i n a r y  n u m b e r  f r o m  t h e  s p e c i f i e d  f i l e  a n d

re turns i t a s  a n  i n t e g e r . T h i s  c a n  b e  a s s i g n e d  d i r e c t l y  t o  a  v a r i a b l e

o f  t y p e  r e g i s t e r , i f  d e s i r e d .

31. PROCEDURE rgwtoct(VAR  f:text; i,width  : i n t e g e r ) ;

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

w i t h  b l a n k s  s o  t h a t  “w i d t h ” c h a r a c t e r s  a r e  p r i n t e d . Max width=‘iO.

32. PROCEDURE rgwtbin(VAR  f:text; i , w i d t h  : i n t e g e r ) ;

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

w i t h  b l a n k s  s o  t h a t  “wid th’* c h a r a c t e r s  a r e  p r i n t e d . Max width=ciO.

33. PROCEDURE rg\,rt  hex(VAR  f : t ext ; i , w i d t h  : i n t e g e r > ;

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

l e f t  w i t h  b l a n k s  s o  t h a t  “w i d t h ” c h a r a c t e r s  a r e  p r i n t e d . Max widthz40.

A.2 RNDPACK

sto Chart  i c  s i m u l a t i o n s .

Rndpack  i s  a  s e t  o f  f a i r l y random

They are 1 i sted b e l o w .

number g e n e r a t o r s

A.2.1 Set t ing  A  New **Seed**

1 . PROCEDURE rndsetcnewseed  : i n t e g e r ) ;

u s e f u l f o r

Rndset r e s e t s the i n t e r n a l random number generat  or mechan i sm

a c c o r d i n g u s i n g “newseed**. It i s o n l y n e c e s s a r y  t o  c a l l  r n d r e t  i f

m u l t i p l e  s i m u l a t i o n  r u n s  a r e  t o  b e  p e r f o r m e d u s i n g d i f f e r e n t “random”

inputs .
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A . 2 . 2  R a n d o m  Dralding  F u n c t i o n s

2 . FUNCTION rndO1  : real  ;

RndOl  p r o d u c e s  a  r a n d o m  n u m b e r  b e t w e e n  0  . O  a n d  1  . O  b y u s i n g one

random number generat  or to scramble t h e  r e s u l t s  o f  a n o t h e r ,  t h e r e b y

l o w e r i n g  t h e a u t o c o r r e l a t i o n .

3 . FUNCTION rndnexpclambda  : r e a l >  : real ;

Rndnexp returns number from negat i ve exponent ial

d i s t r i b u t i o n w i t h  m e a n  a n d  s t a n d a r d  d e v i a t i o n  l.O/lambda (lamba  m u s t  b e

p o s i t i v e > .

4 . FUNCTION rnderlangclambda  : real; k : i n t e g e r >  : real ;

Rndelrang returns a number drawn f r o m  t h e  E r l a n g  d i s t r i b u t i o n

m e a n  (l/lambs)  a n d  s t a n d a r d  d e v i a t i o n  l/(sqrt(k)~lambda). (Minimum k=l,

h i g h e r  k  m a k e s  f o r  a  t i g h t e r  d i s t r i b u t i o n . )

5 . FUNCTION rndnormalcmean,  variance : r e a l )  : real ;

Rndnormal  r e turns  a  number  drawn  f r om the  Normal  d i s t r ibut i on w i t h

t h e  m e a n and v a r i a n c e  s p e c i f i e d . T h e  d i s t r i b u t i o n  i s  a p p r o x i m a t e d  b y

s u m m i n g  3 6  u n i f o r m l y  d i s t r i b u t e d  r a n d o m  v a l u e s .

6 . FUNCTION rndintclow,  high : i n t e g e r )  : i n t e g e r ;

R n d i n t  p r o d u c e s  a n  i n t e g e r  e v e n l y d i s t r i b u t e d

f r o m  l o w  t o  a n d  i n c l u d i n g  h i g h .

7 . FUNCTION rnddrawcp  : real1 : b o o l e a n ;

numbers

R n d d r a w  r e t u r n s  t r u e  w i t h  p r o b a b i l i t y  p .
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A-2.3 D a t a  A n a l y s i s  F a c i l i t y

8 . FUNCTION rnduniform(low,  high : r e a l )  : real  ;

Rnduniform produces a random r e a l number u n i f o r m l y d i s t r i b u t e d

bet ween 1 ow and high. ( N o t e  t h a t  t h e  p r o b a b i l i t y  o f  r e t u r n i n g  a  v a l u e

e x a c t l y  e q u a l  t o  l o w  o r  h i g h  i s  v a n i s h i n g l y  s m a l l . )

9 . PROCEgURE  rndhistocdata  : real ; command : i n t e g e r ) ;

R n d h i s t o  c o l l e c t s ,

produces a hi st ogram

a n a l y z e s and

automat i cal ly

Maximum number of bins= 200.

plots a random v a r i a b l e . It

s c a l e d  t o  t h e  bJidth o f  t h e  p a p e r .

Its “commands” a r e  a s  f o l l o w s :

0  r e s e t  a l l  t a l l i e s ,  a n d  d a t a  v a l u e s
1 s e t h i g h  l i m i t  t o “data”(default  = 1 0 . 0 )
2 set low Iimit t o  “data”(default  = -10.0)

;
s e t  n u m b e r  o f  b i n s  t o  **data’*(default  = 20)
a c c e p t  *‘data** a s  a  p o i n t  t o  b e  p l o t t e d

5  p l o t  r e s u l t s  i n  f i l e  * * o u t p u t * *
6 p l o t  r e s u l t s  a t  t t y

ii
s e t  p a p e r  w i d t h  t o  **data”(default  = 7 9  c o l u m n s )
r e s e t  a l l  p a r a m e t e r s  t o  d e f a u l t  v a l u e s

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

and 1 owest p o i n t s , t h e  n u m b e r  o f  p o i n t s  o u t  o f  r a n g e  h i g h  a n d  l o w  ( i f

any), t h e  m e a n ,  v a r i a n c e ,  s u m ,  s t a n d a r d  d e v i a t i o n ,  s u m  o f

the auto c o v a r i a n c e and a u t o c o r r e l a t i o n

follo\ding  t r i v i a l  p r o g r a m  s h o w s  a n  e x a m p l e  o f i t s  u s e :

o f a d j a c e n t

s q u a r e s ’

terms .

prograln  x ;
var i : i n t e g e r ;
f u n c t i o n  rnderlangclambda  :  r e a l ;  k  :  i n t e g e r >  :  r e a l ;  e x f e r n ;
p r o c e d u r e  rndhistocdata  :  r e a l ;  c o m m a n d  :  integer);extern;
begin
for i := 1  t o  1 0 0 0  d o  rndhisto(rnderlang(3.0,4)4;
rndhisto(0.0,5);
end.

and

The

This  p roduces  the  ou tput  shown :
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- 9 . 5 0 0 0 0
- 8 . 5 0 0 0 0 2
- 7 . 5 0 0 0 0 o>
- 6 . 5 0 0 0 0 o>
- 5 . 5 0 0 0 0 o>
- 4 . 5 0 0 0 0 o>
- 3 . 5 0 0 0 0 o>
- 2 . 5 0 0 0 0 o>
- 1 . 5 0 0 0 0 o>
-5.OOOOOE-01

5.00000E-01 13~~xxxxxXxxxXxXxx
1.50000
2.50000

297>XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

3.50000
262>XXXXXXXXXXXXXXXXXXXXXXXXXXXXX
154>XXXXXX xxxxxxxxxxx

4.50000 82>XXXXXXXXX
5.50000 32>XXX
6.50000 17>x
7.50000 8>
8.50000 6>
9.50000 0,
NUM POINTS= 1000 LOWVAL=
HIGHVALUE=

1.826466932E-01
l.l78417652E+Ol

1 POINT(S) WERE TOO HIGH
MEAN= 2.976368099

0 POINT(S)  WEaE TOO LOW
VARIANCE= 2.365632474

SUM=  2.976368099Ei03
SUMSQ= l.l22203394E+04  SUM PROD= 8.854801416E+O3
STD DEV= 1.538061276
AUTO COVARIANCE=-6.792426109E-03
AUTOCORRELATION=-2.871293902E-03

The code f o r  t h i s  r o u t i n e  i s  n o t  v e r y  c o m p l i c a t e d ,  s o  t h e  u s e r  m a y w i s h

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