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M a r c i a ,  

( 1 )  I  r e e i e v e d  y o u r  m e s s a g e  t o d a y  r e q u e s t i n g  a n  e a r l y  r e s p o n s e  «  
h o w e v e r ,  y o u  n e v e r  s a i d  r e s p o n s e  t o  w h a t  »  d i d  p a r t  o f  t h e  m e s s a g e  
g e t  l o s t ?  

( 2 )  C o u l d  y o u  a l s o  p l e a s e  d e l e t e  t h e  I d e n t s  J E A N  a n d  N f W s  f r o m  t h e e  
l d e n t  s y s t e m  a s  t h e y  a r e  n o  l o n g e r  a c t i v e  n o r  d o  t h e y  n a v e  a n y  
f u n c t i o n a l  u t i l i t y  a t  t h i s  t i m e ,  

T h a n K s , f , , , f , J e a n  1  
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More  on  0n*L, ine  Hostnames!  a  Response  to  RFC 625  

NIC #  nnnnn Mark Kri lanovich  
RFC #  rrr  UCSB 
references!  RFC #624 ,  625  May 15#  1974  1  

More  on  On«t ine  Hostnames!  a  Response  to  RFC 625  

One of  the  reasons  why I  f ee l  FTP inappropriate  f©r the  
hostnames  serv ice  i s  that  the  appl icat ion  at  hand i s  mere  of  a  data  
transfer  than a  f i l e  transfer  Cadmitedly  part ia l ly  personal  opinion) ,  
and there  current ly  ex is ts  no  data  transfer  protocol ,  I  would  l ike  
to  point  out  that  there  i s  a  precedent  for  creat ing  a  new server  
process  for  th is  type  of  appl icat ion ,  namely  the  host  s tatus  protocol  
( socket  17) ,  I t  seems to  me that  the  hostnames  serv ice  i s  very  
s imi lar  to  the  host  s tatus  serv ice ,  and that  a  separate  socket  for  I t  
i s  Just  as  appropriate ,  

RFC 625  defends  the  use  of  FTP for  the  on*l ine  hostnames  serv ice  
by  advancing  the  opinion that  FTp has  been se t  up wi th  the  intent  of  
providing  a  "f i le  transfer  mechanism that  everyone  can use  for  a  
var ie ty  of  needs  wi thout  further  programming required,"  This  indeed 
was  the  goal ,  but  whether  FTP be  good or  bad,  i t  c iear iy  cannot  so lve  
EVERY need,  The  point  was  a l so  made that  I f  one  fe l t  FTP f e l l  short  
of  i t s  goals*  one  should  work to  improve  i t*  rather  than "making end 
runs  around i t ,"  with  th is  I  heart i ly  agree i  there  are  few th ings  
worse  than someone who gr ipes  about  the  current  s tate  of  a f fa irs  but  
makes  no  suggest ions  to  bet ter  i t ,  I  am a t  present  doing' the  best  I  
can to  correct  what  I  be l ieve  to  be  the  inadequacies  of  FTP!  wi tness  
RFC 624 ,  

The c la im was  made that  i t  i s  eas ier  to  check out  data  or  data  
transfer  problems i f  the  data  i s  in  ASCII  than i f  i t .  w e re  in  b inary ,  
This  i s  undeniably  true*  but  ease  of  checkout#  i t  seems to  me* should  
near ly  a lways  take  a  back seat  to  e f f ic iency  of  operat ion  once  
checked out ,  The  c la im that  characters  are  eas ier  than b inary  data  
for  humans  to  look at  could  be  appl ied  equal ly  wel l  to  the  
host - to»host  protocol ,  but  I  doubt  that  anyone ,  even wnen NCP's  were  
be ing  checked out#  would  have  proposed use  of  ASCII  or  EBCDIC for  
host - to*host  protocol ,  

1 



M C K  l 5 » M A Y « 7 4  1 3 5 2 8  3 0 7 4 7  
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U S I N G  a n d  t h e  p e w  N I C  

W e  m a y  h a v e  j u s t  e n o u g h  t i n e  t o  a r r a n g e  t h e  n e x t  m e e t i n g  b e f o r e  t h e y  
s w e e p  t h e  r u g  o u t  f r o m  u n d e r  u s ,  



U S I N G  a n d  t h e  n e w  NIC 
N v J N  3  f e » M A Y » 7  4  0 7  I  2  3  

D a v e - -
B y  n o w  y o u  h a v e  s e e n  w h a t  I s  h a p p e n i n g  t o  t h e  N I C  s e r v i c e s  c o m e  J u l y *  
C R A S H J J M  w e  m a y  b o t h  b e  o u t  o f  n e t w o r k  w o r k  v e r y  s o o n ,  W i t h  n o  N I C  
n l s  s e r v i c e s *  j o u r n a l  s e r v i c e s *  e t c ,  i t  w i l l  b e  w e i l * n j g h  i m p o s s i b l e  
t o  d o  a n y  U S I N G  w o r k *  a n d  I  g e t  t h e  s t r o n g  f e e l i n g  t h a t  A R P A * 1 P T  n o t  
o n l y  d o e s  n o t  w a n t  t o  s u p p o r t  t h e  i n d i v i d u a l s  i n n  t h e  g r o u p *  b u t  w i n  
p r o b a b l y  b e  r e l u c t a n t ,  t o  e v e n  s u p p o r t  a  U S I N G  a c c o u n t  p n  O F F I C E * ! ,  
C h r i s t ,  t h e y  a r e  n o t  e v e n  g o i n g  t o  p u b l i s h  R F C ' s  a n y m o r e .  T h i s  a l l  
m a k e s  m e  v e r y  n e r v o u s ,  b u t  w e  c a n  t a l k  m o r e  a b o u t  i t  w r e n  I  s e e  y o u ,  
- « N ,  

I 



N J N  1 6 * M A ¥ * 7 4  0 7 5 2 3  3 0 7 4 8  
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DiDt*-
I found out about the NIC minutes before reading your note, I knew 
they had lost their funding and then# as now# I was very upset, I 
really like using NLS, is there any chance it could b# made 
available at BBN? I intend to ask people here about that. 
I looked at statement 0 of your message and saw all the new features 
the joyrnal system has, I wish I could use it, 
Dreams! senoi»wise ? 
Closings! I am sure it is not true for Craig, 
Since this is the old NLS,«« no closing, N, X 
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message  

ISI  Confess ions  have  been  changed  to  the  22  May# 

1 



AAC 16.MAY.74 07|35 30750 
message 

(J30750) 16»MA¥*74 07:35? Titlej Authorcsjj Anna A. Cafareili/AACi 
Distribution! /RADCj Sub.Coljections! PADC HADC > CierK| AAC j 
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i n f o  

M e s s a g e  f o r  y o u r  I n f o r m a t i o n j  T h e  a n n u a l  f i l i n g  o f  s u p p l e m e n t a r y  D D  
f o r m s  1 5 5 5  m u s t  b e  a c c o m p l i s h e d  b y  3 1  O u l  7 4 #  w i t h  I n f o r m a t i o n  
c u r r e n t  a s  o f  3 0  d u n  7 4 ,  D u e  t o  t h e  3 0 t h  f a l l i n g  o n  S u n d a y  t h i s  
y e a r #  t i m e  i s  e x t e n d e d  t o  1  d u l  7 4 ,  T h i s  r e q u i r e m e n t  p e r t a i n s  
b a s i c a l l y  t o  c i v i l i a n  p e r s o n n e l  c l a s s i f i e d  a t  G S » 1 3  o r  a b o v e ,  i  



AAC i6»MAY»7 4 07 f 45 30751 
Info 

(J3Q751) 16-MAY-74 07«45 > TItiej Author(S)| Anna A' CafarellI/AACf 
Distributionj /RADCj Sub-Collections: PADC RADC; Cierkt AAC| 



AAC J6*MAY«74  08 |09  30752  
message  

Message  fo r  your  in fo r rna t ion i  On Form 2 *  Charge  1 hr  Training  to  
j ob  o rde r  No ,  9994TPNG to  a l l  those  who  a t t ended  the  Movies  
OPSEC/COMSFR,  1  
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m e s s a g e  

( J 3 0 7 5 2 )  1 6 - M A Y - 7 4  0 8 { 0 9 >  T i t l e !  A u t h o r C s ) !  A n n a  A ,  C a f a r e l l i / A A C I  
D i s t r i b u t i o n !  / H A D C )  S u b » C o l l e c t i o n s I  P A D C  R A D C I  C i e r K f  A A C !  



JPC 16-MAY-74 11143 30753 

This is a sample message for you to see how they look when you 
recleve it in your initial, 

1 
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(J30753) H-MAY-74 Us43» Title: Author(s)i joe P, Cavano/jPCf 

Distribution: /AAC» Sub-Collectionsi RADCj ClerXj JPCf 
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Though t s  on  the  PSO 

These  a re  some  qu ie*  impress ions  on  wha t  p rob lems  we  have  wi th  the  
PSO and  even  some  ideas  fo r  so lv ing  them (How abou t  t ha t? ) .  
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T h o u g h t s  o n  t h e  p s o  

w i t h  t h e  c r e a t i o n  o f  t h e  pso,  w e  n a v e ,  i n  e f f e c t ,  c r e a t e d  a  
s e c r e t a r i a l  p o o l .  A f t e r  m y  f i r s t  o f f i c i a l  e n c o u n t e r  w i t h  t h i s  n e w  
o r g a n i z a t i o n *  a s  w e l t  a s  m a n y  u n o f f i c i a l  d i s c u s s i o n s  w < t h  a l l  t h e  
m e m b e r s  o f  t h e  P S O ,  a  f e w  t h i n g s  a r e  s h a p i n g  u p  i n  m y  m i n d ,  T h e  m o s t  
a p p a r e n t  i s  t h a t  w e  h a v e  a  s e c r e t a r y  p o o l  w i t h  a  n o t l c a b l e  l a c k  o f  
s e c r e t a r i e s ,  L e t ' s  r u n - d o w n  t h e  m e m b e r s h i p ?  i  

B o b b i e  - -  t h e  o n l y  t r u e  s e c r e t a r y  b y  t r a i n i n g  ( a n d  m a y b e  b y  
i n c l i n a t i o n  a s  w e l l ) ,  l a  

A n n e  « -  a  t e m p o r a r y  h i r e  a n d  I  c o n f e s s  t h a t  I  d o  n o t  k n o w  u n d e r  
w h i c h  j o p  c l a s s i f i c a t i o n  s h e  f a l l s ,  l b  

D o n n a  - -  a  D C  s t u d e n t  h i r e d  f o r  d a t a b a s e  w o r k  a n d  n e w  p u t  i n t o  t h e  
P S O ,  1 c  

S h a r o n  •  -  a n o t h e r  D C  s t u d e n t  a n d  i t  i s  m y  u n d e r s t a n d i n g  t h a t  s h e  
w o r k s  o n  W W V C C S  a l o n e  a n d  i f  s o *  i s  n o t  a  t r u e  P S O  m e m b e r ,  i d  

D u a y n a  m m  w i l l  s o o n  b e  i n  a  f u l l - t i m e  c a p a c i t y  b u t  I ' m  n o t  s u r e  
u n d e r  w h a t  c l a s s i f i c a t i o n ,  I  k n o w  s h e  h a s  t a k e n  t y p i n g  i n  s c h o o l  
b u t  I  d o n ' t  k n o w  w h a t  o t h e r  s e c r e t a r i a l  t r a i n i n g  s h e  h a s  h a d ,  | e  

T h e  b e n e f i t s  t o  b e  o b t a i n e d  f r o m  t h i s  P u b l i c  S u p p o r t  O r g a n i z a t i o n  ( a s  
f o u n d  i n  K e n n e d y ' s  p a p e r )  a r e  i n c r e a s e d  p r o d u c t i v i t y ,  i m p r o v e d  
r e s p o n s e  t i m e  a n d  a  h i g h e r  q u a l i t y  p r o d u c t ,  N o w  I  r e a l i z e  t h a t  t h i s  
i s  j u s t  g e t t i n g  s t a r t e d  a s  a n  e x p e r i m e n t  b u t  r e f l e c t i n g  o n  t h e  s k i l l  
l e v e l s  o f  t h e  p e o p l e  i n v o l v e d *  I  t h i n k  w e  a r e  a s k i n g  a n  a w f u l  l o t  
f r o m  t h i s  g r o u p *  T h i s  g r o u p  i s  n o t  a  t r a i n e d  c o l l e c t i o n  o f  
s e c r e t a r i e s *  y e t  w e  a s k i n g  t h e m  t o  p e r f o r m  a s  s u c h ,  i n  a d d i t i o n *  t h e y  
a r e  i n s t r u c t e d  t o  u s e  a n  O n - L i n e  c o m p u t e r  S y s t e m  ( N L S )  t h a t  r e q u i r e s  
e v e n  m o r e  t r a i n i n g  a n d  m o r e  e x a c t  p r o c e d u r e s  a n d  m o r e  p r o b l e m s  ( w h a t  
d o  y o u  d o  w h e n  t h e  m a c h i n e  i s  d o w n  o r  y o u  e a n ' T  l o g  o n ? ) ,  2  

B o b b i e  h a s  s h o w n  m e  t h e  c u r r e n t  i s s u e  o f  " M o d e r n  O f f i c e  P r o c e d u r e s "  
i n  w h i c h  t h e  e x e e e t i v e  e d i t o r #  J o h n  D y k e m a n * l i s t s  a  k e y  e l e m e n t  o f  
s u c c e s s f u l  s y s t e m  i m p l e m e n t a t i o n !  3  

" S u c c e s s f u l  s y s t e m s  o w e  t h e i r  s u c c e s s  i n  g r e a t  p a r t  t o  T R A I N E D  
p e o p l e  w h o  k n o w  h o w  d o  t h e i r  j o b s *  k n o w  h o w  t h e i r  j o b s  r e l a t e  t o  
o t h e r s *  a n d  w h a t  t h e i r  j o b s  c o n t r i b u t e  t o  t h e  s u c c e $ s  o f  t h e  
s y s t e m ,  M a n y  n e w  s y s t e m s  c h a n g e  m o r e  t h a n  p r o c e d u r e s ?  t h e y  o f t e n  
t r a n s f o r m  t h e  v e r y  s t r u c t u r e  o f  t h e  o f f i c e  o r g a n i z a t i o n ,  T h e s e  
d r a m a t i c  c h a n g e s  r e q u i r e  m o r e  e d u c a t i o n  a n d  r e t r a i n i n g  t h a n  e v e r  
t o  e n a b l e  w o r k e r s  t o  u n d e r s t a n d  o b j e c t i v e s ,  p r o c e d u r e s ,  m a c h i n e s  
a n d  t h e  r o l e s  o f  o t h e r s " ,  3 a  

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

1 
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n o w ,  o t h e r s  w a y  n o t  v i e w  t h i s  s i t u a t i o n  a s  m u c h  o f  a  p r o b l e m  b u t  I  
t h i n k  t r a i n i n g  i s  n e e d e d  i n  s e c r e t a r i a l  s k i l l s  a n d  i n  N t S ,  H o w  t h e  
f u n c t i o n  o f  t h e  P S O  r e l a t e s  t o  I 5 I M  s h o u l d  a l s o  b e  s t r e s s e d ,  I  d o  n o t  
k n o w  w h a t  t r a i n i n g  i s  a v a i l a b l e  f o r  s e c r e t a r i e s  h e r e  o n  b a s e  b u t  
m a y b e  s o m e o n e  l i k e  M i t z i  c a n  b e  o f  h e l p ,  B r a n c h  a n d  S e c t i o n  l e a d e r s  
s h o u l d  b e  a b l e  t o  h e l p  e x p l a i n  t h e  r o l e  o f  t h e  P S O  i n  r e l a t i n g  t o  t h e  
j o b s  o f  o t h e r  p e o p l e  i n  t h e  b r a n c h  ( i f  t h i s  h a s  b e e n  a t t e s t e d  
b e f o r e #  I  w o u l d  g u e s s  t h a t  i t  h a s n ' t  b e e n  t o o  e f f e c t i v e ) *  4  

A d d i t i o n a l  t r a i n i n g  i s  n e e d e d  f o r  t h i s  g r o u p  i n  N L s ,  I  h a v e  t h r e e  
i d e a s  t h a t  m a y  b e  o f  s o m e  u s e  i n  h e l p i n g  u s  d e a l  w i t h  t h i s  a s p e c t  o f  
t h e  p r o b l e m ,  5  

( U  F o r m u l a t i o n  o f  a  t e s t  t o  s h o w  w h a t  a r e a s  o f  N L S  a r e  l a c k i n g  i n  
t h e  P S O ,  T h e r e  i s  a l w a y s  a n  e v i l  c o n n o t a t i o n  t o  a n y  k i n d  o f  t e s t  
b u t  t h i s  o n e  w i n  b e  a t t e m p t e d  i n  t h e  c l a s s i c a l  s e n s e  o f  h e l p i n g  
t h e  p e r s o n  l e a r n  b y  p i n p o i n t i n g  a r e a s  o f  w e a k n e s s ,  a  t e s t  l i k e  
t h i s  w 0 u i d  b e  d i f f i c u l t  t o  c o n s t r u c t  a n d  i t  w o n ' t  b e  f o o l p r o o f  b u t  
c o u p l e d  w i t h  s o m e  i n s i g h t  o n  w h a t  t y p e s  o f  N L S  c a p a b i l i t i e s  a p p l y  
t o  a  P S O  g r o u p  a n d  w e  m i g h t  h a v e  a  b e t t e r  i d e a  o f  w h e r e  t o  
c o n c e n t r a t e  o u r  t r a i n i n g  e f f o r t s ,  5 a  

( 2 )  O n e  a v e n u e  f o r  g e t t i n g  t h e  t r a i n i n g  a c c o m p l i s h e d  i s  b y  s o m e  
s r i  t r o o p s ,  a s s u m i n g  w e  s t i ' f i  h a v e  p r o v i s i o n s  f o r  t r a i n i n g  f r o m  
t h e m ,  I  t a l k e d  w i t h  J i m  B a i r  a b o u t  t h i s ,  a n d  p e  s a i d  t r a i n i n g  w i l l  
h a v e  t o  b e  r e q u e s t e d  f r o m  h i m  r a t h e r  t h a n  f r o m  h i s  o w n  i n i t i a t i v e ,  
M o s t  o f  h i s  t r a i n i n g  s e e m s  t o  b e  a t  a  p r e t t y  b a s i c  j e v e l  t h a t  i s  
m o r e  a p p r o p r i a t e  f o r  n e w c o m e r s ,  W e  n e e d  a d v a n c e d  t r a i n i n g  f o r  
p e o p l e  w h o  h a v e  b e e n  o n  t h e  s y s t e m  f o r  a  w h i l e  a n d  p a y e  g o t t e n  
i n t o  b a d  h a b i t s  o r  n a r r o w  g r o o v e s  o f  d o i n g  t h i n g s ,  A  p o s s i b l e  
i m p a c t  o n  t r a i n i n g  w i l l  b e  t h e  c o n v e r s i o n  t o  t h e  n e w  c o m m a n d  
l a n g u a g e  i f  t h i s  c h a n q e » o v e r  i s  s c h e d u l e d  s o o n ,  I f  j t  i s #  w e  m i g h t  
b e  a b l e  t o  d i s g u i s e  o u r  t r a i n i n g  u n d e r  t h e  c o v e r  o f  t h a t *  I f  t h e  
d a t e  f o r  t h a t  i s  t o o  f a r  a w a y #  w e  m u s t  t a k e  s t e p s  s o o n e r *  5 b  

( 3 )  O f  c o u r s e #  a n o t h e r  w a y  t o  p r o v i d e  t r a i n i n g  f o r  t h e  P S O  i s  f o r  
g u y s  I n  t h e  s e c t i o n  t o  d o  i t  u n d e r  a  f o r m a l  p l a n .  A l t h o u g h  
q u e s t i o n s  c a n  a l w a y s  b e  a n s w e r e d  a n d  h e l p  p r o v i d e d  w h e n  n e e d e d #  
m o r e  f o r m a l i t y  i s  n e c e s s a r y  t o  e n s u r e  t h a t  e v e r y o n e  i s  k e p t  
i n f o r m e d  o f  a l l  t h e  i n s t r u c t i o n s ,  O t h e r w i s e ,  w e  w o n ' t  b e  a b l e  t o  
k e e p  t r a c k  o f  w h o  c o v e r e d  w h a t  a n d  w h o  a t t e n d e d ,  e t c ,  T h i s  i s  o n l y  
o n e  s t e p  u p  f r o m  w h a t  S t e n e y  h a s  b e e n  t r y i n g  t o  d o  © n  h i s  T h u r s d a y  
a f t e r n o o n  s e s s i o n s ,  5 c  
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C h a p t e r  1  l a  

I N T R O D U C T I O N  l a l  

i » l  P u r p o s e  o f  t h e  M a n u a l  t a l a  

T h e  p u r p o s e  o f  t h i s  m a n u a l  i s  t o  d e s c r i b e  t h e  1 9 7 3  
v e r s i o n  o f  t h e  J O V I A L  C o m p u t e r  P r o g r a m m i n g  L a n g u a g e ,  a n d  
t o  e s t a b l i s h  s t a n d a r d  l a n g u a g e  s p e c i f i c a t i o n s  u p o n  w h i c h  
t h e  a c q u i s i t i o n  o f  c o m p i l e r s  t o r  t h e  l a n g u a g e  c a n  b e  
b a s e d .  T h e  J O V I A L  7 3  ( a b b r e v i a t e d  J 7 3 )  l a n g u a g e  i s  t o  b e  
c o n s i d e r e d  a  r e p l a c e m e n t  f o r  t h e  p r e v i o u s  s t a n d a r d ,  
J O V I A L  ( J 3 ) ,  d e f i n e d  b y  A I R  F O R C E  M A N U A L  A r M  1 0 0 * 2 4 ,  
d a t e d  1 9 6 7  J u n e  1 5 ,  w i t h  a m e n d m e n t s  t h e r e t o ,  l a l a l  

1 . 2  s c o p e  a n d  C h a n g e s  l a * b  

T h i s  m a n u a l  c o n t a i n s  t h e  c o m p l e t e  s e t  o f  J O V I A L  ( J 7 3 )  
l a n g u a g e  f e a t u r e s .  T h e  s c o p e  o f  t h e s e  l a n g u a g e  f e a t u r e s  
i s  d e s i g n e d  t o  p r o v i d e  b o t h  e f f e c t i v e  s u p p o r t  o f  t o d a y ' s  
p r o c e s s i n g  r e q u i r e m e n t s  a n d  e v o l u t i o n a r y  g r o w t h  a s  f u t u r e  
s y s t e m  r e q u i r e m e n t s  d i c t a t e ,  i m p l e m e n t a t i o n  o f  t h e  f u l l  
J 7 3  l a n g u a g e  i s  n o t  i n t e n d e d  a t  t h i s  t i m e ,  A  b a s i c  s e t  
o f  J 7 3  l a n g u a g e  f e a t u r e s  i s  b e i n g  i d e n t i f i e d  f o r  s t a n d a r d  
i m p l e m e n t a t i o n  b y  a l l  c o m p i l e r  s y s t e m s .  M e t h o d s  o f  
e x t e n d i n g  t h e  b a s i c  s e t  o f  l a n g u a g e  f e a t u r e s  h a v e  n o t  y e t  
b e e n  d e t e r m i n e d ,  E x i s t i n g  J 3  p r o g r a m s  m a y  n o t  b e  
c o m p l e t e l y  c o n v e r t e d  t o  t h e  J 7 3  l a n g u a g e  b e c a u s e  o f  
m a c h i n e  d e p e n d e n c i e s  a n d  r e s u l t a n t  c h a n g e s  i n  l a n g u a g e  
f e a t u r e s ,  C o n v e r s i o n  r e q u i r e m e n t s  a n d  a i d s  s h o u l d  b e  
c o n s i d e r e d  i n  c o n j u n c t i o n  w i t h  c o m p i l e r  a c q u i s i t i o n  f o r  
e a c h  r e p l a c e m e n t  s y s t e m ,  U s i n g  a c t i v i t i e s  a r e  r e q u e s t e d  
t o  s u b m i t  r e c o m m e n d e d  c h a n g e s ,  a d d i t i o n s ,  a n d  d e l e t i o n s  
t o  t h e  m a n u a l  i n  s u f f i c i e n t  d e t a i l  t o  p e r m i t  b o t h  a  
t e c h n i c a l  a n d  e c o n o m i c  e v a l u a t i o n ,  A F R  3 0 o * 1 0  p r e s c r i b e s  
b o t h  p o l i c y  a n d  p r o c e d u r e s  f o r  u s i n g  s t a n d a r d  c o m p u t e r  
p r o g r a m m i n g  l a n g u a g e s  ( l , e , ,  C O B O L ,  F O R T R A N #  J O V I A L )  a n d  
f o r  s p e c i f y i n g  c o m p u t e r  p r o g r a m m i n g  l a n g u a q e  c o m p i l e r s ,  l a i b l  

1 . 3  O v e r v i e w  a n d  O b j e c t i v e s  o f  t h e  L a n g u a g e  l a i c  

J O V I A L  7 3  h a s  d e v e l o p e d  o u t  o f  n i n e t e e n  y e a r s  o f  s t u d y  
a n d  e x p e r i e n c e  w i t h  r e g a r d  t o  a p p r o p r i a t e  p r o g r a m m i n g  
l a n g u a g e s  f o r  c o m m a n d  a n d  c o n t r o l  a p p l i c a t i o n s ,  J O V I A L  
h a s  a l s o  b e e n  f o u n d  t o  b e  w e l l  s u i t e d  t o  t h e  p r o g r a m m i n g  
o f  m a n y  o t h e r  a p p l i c a t i o n s  i n c l u d i n g  g e n e r a l  s c i e n t i f i c  
a n d  e n g i n e e r i n g  p r o b l e m s  i n v o l v i n g  n u m e r i c  c o m p u t a t i o n  
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a n d  l o g i c a l l y  c o m p l e x  p r o b l e m s  i n v o l v i n g  S y m b o l i c  d a t a ,  
B e c a u s e  o t  i t s  w i d e  a p p l i c a b i l i t y  a n d  t h e  o p t i o n a l  
c o n t r o l  i t  p r o v i d e s  o v e r  t h e  d e t a i l s  o f  s t o r a g e  
a l l o c a t i o n ,  J O V I A L  i s  e s p e c i a l l y  s u i t a b l e  f o r  p r o b l e m s  
r e q u i r i n g  a n  o p t i m u m  b a l a n c e  b e t w e e n  d a t a  s t o r a g e  a n d  
p r o g r a m  e x e c u t i o n  t i m e ,  T h e  e a r l i e s t  v e r s i o n s  o f  J O V I A L  
b o r r o w e d  h e a v i l y  f r o m  A L G O L  5 8 ,  T h i s  l a t e s t  v e r s i o n  
i n c o r p o r a t e s  f e a t u r e s  p e r m i t t i n g  t h e  d e s i g n  a n d  
u t i l i z a t i o n  o f  t h e  m o s t  s o p h i s t i c a t e d  d a t a  s t r u c t u r e s #  
a n d  a t  t h e  s a m e  t i m e  s i m p l i f i e s  t h e  m a n i p u l a t i o n  o f  
e l e m e n t a r y  f o r m s * * t h e  s o r t  o f  m a n i p u l a t i o n  t h a t  t y p i c a l l y  
i n v o l v e s  o v e r  9 5 %  o f  c o m p u t a t i o n  t i m e  ( K n u t h #  D , E , #  
" S o f t w a r e ,  P r a c t i c e  a n d  E x p e r i e n c e " ,  V o l ,  j #  p p ,  1 0 5 * 1 3 3 ,  
1 9 7 1 ,  J o h n  f c l l e y  &  S o n s ,  L t d . ) ,  l a i d  

, 1  T h e  p r i m e  m o t i v a t i o n  f o r  t h e  d e v e l o p m e n t  o f  J O V I A L  
i s  t h e  d e s i r e  t o  h a v e  a  c o m m o n ,  p o w e r f u l ,  e a s i l y  
u n d e r s t a n d a b l e ,  a n d  m e c h a n i c a l l y  t r a n s l a t a b l e  
p r o g r a m m i n g  l a n g u a g e ,  s u i t a b l e  f o r  w i d e , r a n g e  
a p p l i c a t i o n s ,  S u c h  a  l a n g u a g e  m u s t  b e  r e l a t i v e l y  
m a c h i n e  i n d e p e n d e n t ,  w i t h  t h e  p o w e r  t o  e x p r e s s  l o g i c a l  
o p e r a t i o n s  a n d  s y m b o l  m a n i p u l a t i o n  a s  w e l l  a s  
n u m e r i c a l  c o m p u t a t i o n ,  A  J O V I A L  * p r o g r a m i d e c i a r a t i o n  
d e s c r i b e s  a  p a r t i c u l a r  s o l u t i o n  t o  a  d a t a  p r o c e s s i n g  
p r o b l e m ,  m e a n t  t o  b e  i n c o r p o r a t e d  b y  t r a n s l a t i o n  i n t o  
a  m a c h i n e  l a n g u a g e  p r o g r a m ,  T h e  t w o  m a i n  e l e m e n t s  o f  
t h i s  d e s c r i p t i o n  a r e »  l a l c i a  

a ,  A  s e t  o f  " d a t a i d e c l a r a t i o n s #  d e s c r i b i n g  t h e  
d a t a  t o  b e  p r o c e s s e d ,  l a l c l a i  

b ,  A  s e t  o f  " s t a t e m e n t s ,  d e s c r i b i n g  t h e  a l g o r i t h m s  
o r  p r o c e s s i n g  r u l e s ,  T h e s e  t w o  d e s c r i p t i v e  s e t s  
a r e ,  t o  a  g r e a t  e x t e n t ,  m u t u a l l y  i n d e p e n d e n t ,  s o  
t h a t  c h a n g e s  i n  o n e  d o  n o t  n e c e s s a r i l y  e n t a i l  
c h a n g e s  i n  t h e  o t h e r ,  F u r t h e r ,  t h e  p e r t i n e n t  
c h a r a c t e r i s t i c s  o f  a n  e l e m e n t  o f  d a t a  n e e d  b e  
d e c l a r e d  o n l y  o n c e  a n d  d o  n o t  h a v e  t g  b e  r e p e a t e d  
w i t h  e a c h  r e f e r e n c e  t o  t h e  d a t a ,  l a l c i a 2  

, 2  O n e  o f  t h e  f u r t h e r  r e q u i s i t e s  o f  a  p r o g r a m m i n g  
l a n g u a g e  i n t e n d e d  f o r  i a r g e * s c a i e  d a t a  p r o c e s s i n g  
s y s t e m s  i s  t h a t  i t  i n c l u d e  t h e  c a p a b i l i t y  o f  
d e s i g n a t i n g  a n d  m a n i p u l a t i n g  s y s t e m  d a t a #  a s  c o n t a i n e d  
i n  a  c o m m u n i c a t i o n  p o o l  ( c o m p o o l ) ,  A  c o m p o o l  s e r v e s  
a s  a  c e n t r a l  s o u r c e  o f  d a t a  d e s c r i p t i o n ,  c o m m u n i c a t i n g  
c h a n g e s  i n  d a t a  d e s i g n  b y  s u p p l y i n g  t h e  c o m p i l e r  ( o r  
a s s e m b l e r )  w i t h  t h e  c u r r e n t  d a t a  d e s c r i p t i o n  
p a r a m e t e r s #  t h u s  a l l o w i n g  a u t o m a t i c  m o d i f i c a t i o n  o f  
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r e f e r e n c e s  t o  c h a n g e d  d a t a  i n  t h e  m a c h i n e  l a n g u a g e  
p r o g r a m s ,  T h o u g h  h i g h l y  d e s i r a b l e  f o r  a n y  d a t a  
p r o c e s s i n g  s y s t e m ,  a  c o m p o o l  i s  a  v i t a l  n e c e s s i t y  f o r  
l a r g e - s c a l e  s y s t e m s  w h e r e  p r o b l e m s  o f  d a t a  d e s i g n  
c o o r d i n a t i o n  b e t w e e n  p r o g r a m m e r s  a r e  a p t  t o  b e  
o t h e r w i s e  u n s o i v a b l e ,  i a l c l b  

, 3  J O V I A L  i s  a  r e a d a b l e  a n d  c o n c i s e  p r o g r a m m i n g  
l a n g u a g e #  u s i n g  s e l f - e x p l a n a t o r y  E n g l i s h  w o r d s  a n d  t h e  
f a m i l i a r  n o t a t i o n s  o f  a l g e b r a  a n d  l o g i c ,  I n  a d d i t i o n #  
J O V I A L  h a s  n o  f o r m a t  r e s t r i c t i o n s  a n d  h « s  t h e  a b i l i t y  
t o  i n t e r m i x  " c o m m e n t s  a m o n g  t h e  " s y m b o l s  o f  a  p r o g r a m  
a n d  t o  d e f i n e  n o t a t i o n a l  a d d i t i o n s  t o  t h e  l a n g u a g e #  
t h e  o n l y  l i m i t  t o  e x p r e s s i v e n e s s  i s  t h e  i n g e n u i t y  o f  
t h e  p r o g r a m m e r ,  A  J O V I A L  p r o g r a m  m a y  t h u s  s e r v e  
l a r g e l y  a s  i t s  o w n  d o c u m e n t a t i o n #  f a c i l i t a t i n g  e a s y  
m a i n t e n a n c e  a n d  r e v i s i o n  b y  p r o g r a m m e r s  o t h e r  t h a n  t h e  
o r i g i n a l  a u t h o r ,  i a i c i c  

, 4  T h e  c o n v e n i e n t  s u b o r d i n a t i o n  o f  d e t a i l  w i t h o u t  
l o s s  a f f o r d e d  b y  J Q V I A L  a l s o  c o n t r i b u t e s  t o  
r e a d a b i l i t y  a n d  e x p e d i t e s  t h e  t a s k  o f  U n i t i n g  
p r o g r a m s ,  o n e  s i m p l e  J O V I A L  " s t a t e m e n t  c a n  r e s u l t  i n  
t h e  g e n e r a t i o n  o f  s c o r e s  o f  m a c h i n e  i n s t r u c t i o n s  w h i c h  
m i g h t  n o r m a l l y  t a k e  h o u r s  t o  c o d e  i n  a  
m a c h i n e - o r i e n t e d  l a n g u a g e ,  T h i s  r e d u c t i o n  i n  s o u r c e  
p r o g r a m  s i z e  p r o p o r t i o n a l l y  r e d u c e s  t h e  o p p o r t u n i t y  
f o r  p u r e l y  t y p o g r a p h i c a l  e r r o r s ,  S u c h  e r r o r s  a r e  m u c h  
m o r e  o b v i o u s  w h e n  t h e y  d o  o c c u r #  d u e  t o  J Q V I A L ' s  
r e a d a b i l i t y ,  s i n c e  m a n y  c o d i n g  e r r o r s  b a s e d  o n  t h e  
i d i o s y n c r a s i e s  o f  c o m p u t e r  o p e r a t i o n s  a ? e  e l i m i n a t e d #  
e x p e r i e n c e  h a s  s h o w n  t h a t  J O V I A L  p r o g r a m s  m a y  b e  
w r i t t e n  a n d  t e s t e d #  e v e n  b y  n e o p h y t e  p r o g r a m m e r s #  i n  
l e s s  t i m e  t h a n  p r e v i o u s l y  r e q u i r e d  w i t h  
m a c h i n e - o r i e n t e d  p r o g r a m m i n g  l a n g u a g e s ,  i a i c l d  

, 5  C o m p u t e r  u s e r s  a r e  o f t e n  f a c e d  w i t h  t h e  n e c e s s i t y  
o f  p r o d u c i n g  l a r g e  n u m b e r s  o f  c o m p u t e r  p r o g r a m s  i n  
s h o r t  p e r i o d s  o f  t i m e ,  a  r e a d a b l e  l a n g u a g e  s u c h  a s  
J O V I A L  a l l e v i a t e s  t h e  h e a v y  b u r d e n  t h i s  p l a c e s  o n  t h e  
e x i s t i n g  p r o g r a m m i n g  s t a f f ,  b y  p e r m i t t i n g  a u g m e n t a t i o n  
w i t h  r e l a t i v e l y  i n e x p e r i e n c e d  p r o g r a m m e r s ,  i a l c l e  

, 6  J O V I A L  s i m p l i f i e s  a n d  e x p e d i t e s  t h e  r e l a t e d  
p r o b l e m s  o f  t r a i n i n g  p e r s o n n e l  i n  t h e  d e s i g n  o f  d a t a  
p r o c e s s i n g  s y s t e m s  a n d  t h e  d e v e l o p m e n t  o f  c o m p u t e r  
p r o g r a m s  f o r  s u c h  s y s t e m s ,  A l t h o u g h  j O y l A L  w a s  
d e s i g n e d  p r i m a r i l y  a s  a  t o o l  f o r  p r o f e s s i o n a l  
p r o g r a m m e r s #  i t s  r e a d a b i l i t y  m a k e s  i t  e « s y  f o r  
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nonprogrammers to learn and use, it also helps to 
broaden the base of JOVIAL users beyond those engaged 
in actual programming, lalclf 

,7 The objectives of standardizing JOVtAL are as 
follows! ialclg 

a, To attain a greater degree of inter-system 
compatibility, ialclgl 

b, To provide clear guidance to the computer 
manufacturing community in the production of 
computer-based systems, laiclg2 

c, To use existing Programs and ease the 
transition when upgrading to new computers, ialclg3 

d, To improve the productivity of programmers, ialcig4 

e, To establish a base for language improvement, lalclgs 

f, To reduce the cost of retraining Programmers 
when transferred between facilities, ialcigft 

g, To establish a training requirement on which to 
base a comprehensive sicill resource development 
program, Ialclg? 

1,4 The Descriptive Metalanguage for JOVIAL laid 

One purpose of this manual is to specify a language, The 
purpose of the language is to specify algorithmic 
processes for the solution of computational problems, We 
must carefully distinguish between the elements of the 
JOVIAL language and other objects, including the objects 
a JOVIAL *programldeelaration discusses, .A, _B, mt§ 
..B+C, and «.ASB+C are five structures in THF JOVIAL 
language, There are, however, an infinite number of 
structures in the JOVIAL language, In order to speak 
about them all we need to classify them, we give names 
to the classes of JOVIAL structures and we distinguish 
them from all other objects by writing tne^ in italics, 
The classification schema and the names of classes used 
in this manual are arbitrary, JOVIAL 73 can be validly 
described using other classification schemata and/or 
class names, laldl 

,1 Every class of structures in the JQvIAL language 
that we discuss in this document is namtd by a word in 

4 



R J C  1 7 - M A Y * 7 4  0 6 1 5 4  3 0 7 5 5  
j o v i a l  c r a p  

I t a l i c s  o r  b y  a  p h r a s e  i n  i t a l i c s  w i t h  c o l o n s  ( i n  
i t a l i c s )  b e t w e e n  t h e  w o r d s  o f  t h e  p h r a s e f  W e  d o  n o t  
d i s t i n g u i s h  b e t w e e n  a  c l a s s  a n d  a  g e n e r a l  e l e m e n t  o f  
t h e  c l a s s ,  w e  u s e  p l u r a l s  i n  i t a l i c s  w p . e n  w e  m e a n  
s e v e r a l  e l e m e n t s  o f  t h e  c l a s s ,  I t a l i c s  a r e  o n l y  u s e d  
i n  t h i s  m a n u a l  f o r  c l a s s  n a m e s  a n d  t o  n u m b e r  t h e  
s y n t a x  e q u a t i o n s  i n  A p p e n d i x  A ,  T h u s ,  * l e t t e r  i s  a  
c l a s s  ( h a v i n g  2 6  m e m b e r s )  o f  e l e m e n t s  O f  J O V I A L ,  A  
• l e t t e r  i s  a l s o  a  m e m b e r  o f  t h a t  c l a s s ,  • N a m e  i s  a  
c l a s s  ( h a v i n g  i n f i n i t e l y  m a n y  m e m b e r s )  o f  e l e m e n t s  o f  
J O V I A L ,  A  ' n a m e  i s  a l s o  a  m e m b e r  o f  t h a t  c l a s s ,  w e  
u s e  t h e  p h r a s e  " m e t a l i n g u i s t i c  t e r m "  t o  m e a n  o n e  o f  
t h e s e  i t a l i c i z e d  w o r d s  o r  p h r a s e s ,  E v e r y  
m e t a l i n g u i s t i c  t e r m  ( e x c e p t  
• s y s t e m i d e p e n d e n t » c h a r a c t e r )  i s  d e f i n e d  i n  t e r m s  o f  
o t h e r  m e t a l i n g u i s t i c  t e r m s  a n d  t h e  5 9  e l e m e n t s  o f  t h e  
J O V I A L  a l p h a b e t ,  B y  s u b s t i t u t i o n #  e v e r y  
m e t a l i n g u i s t i c  t e r m  i s  u l t i m a t e l y  d e f i n e d  i n  t e r m s  o f  
t h e  5 9  e l e m e n t s  o f  t h e  J O V I A L  a l p h a b e t  f a n d  
• s y s t e r n  I  d e p e n d e n t  I  c h a r a c t e r ) ,  l a i d ! a  

, 2  T h e  d e f i n i t i o n  o f  a  m e t a l i n g u i s t i c  t e r m  i s  c a l l e d  
a  " s y n t a x  e q u a t i o n "  o r  a  " m e t a l i n g u i s t i c  e q u a t i o n " ,  
S e v e r a l  n o t a t i o n s !  d e v i c e s  a r e  n e e d e d  i n  c o n s t r u c t i n g  
s y n t a x  e q u a t i o n s ,  T h e  s y n t a x  e q u a t i o n s  o c c u r  
t h r o u g h o u t  t h e  d o c u m e n t  a n d  a r e  a i l  g a t h e r e d  t o g e t h e r  
i n  A p p e n d i x  A  i n  a l p h a b e t i c a l  o r d e r ,  I n  f a c t #  
A p p e n d i x  A  m a y  b e  c o n s i d e r e d  t h e  s y n t a c t i c  
s p e c i f i c a t i o n  o f  J O V I A L  7 3 ,  i n  A p p e n d i x  A #  e a c h  
h e a v i l y  b l a c K * b o r d e r e d  b o x  ( e x c e p t  o n e )  c o n t a i n s  t h e  
d e f i n i t i o n  o f  a  s i n g l e  m e t a l i n g u i s t i c  t e r m .  E a c h  
s y n t a x  e q u a t i o n  i s  p r e c e d e d #  i n  i t s  b o x ,  w i t h  a  
s e q u e n t i a l  n u m b e r  i n  I t a l i c s #  f o l l o w e d  p y  a  c o l o n #  
f o l l o w e d  b y  a  l i s t  o f  t h e  n u m b e r s  o f  t h e  s y n t a x  
e q u a t i o n s  i n  w h i c h  t h i s  m e t a l i n g u i s t i c  t e r m  i s  p a r t  o f  
t h e  d e f i n i t i o n ,  i a i d l b  

, 3  F o l l o w i n g  t h e  m e t a l i n g u i s t i c  t e r m  b e i n g  d e f i n e d  i s  
t h e  d e f i n i t i o n a l  o p e r a t o r !  l a l d l c  

l  ; =  H l d l d  

F o l l o w i n g  t h e  d e f i n i t i o n a l  o p e r a t o r  i s  t h e  d e f i n i t i o n ,  
c o n s i s t i n g  o f  e l e m e n t s  o f  t h e  J O V I A L  a l p h a b e t  ( t h e  
• s i g n s  o f  J O V I A L ) #  m e t a l i n g u i s t i c  t e r m s ,  a n d  
m e t a l i n g u i s t i c  s y m b o l s  i n d i c a t i n g  c h o i c e ,  r e p e t i t i o n ,  
a n d  c o n t i n u a t i o n ,  M a n y  d e f i n i t i o n s  c o n t a i n  o p t i o n a l  
e l e m e n t s  o r  m a n d a t o r y  c h o i c e s ,  B r a c e s  o r d i n a r i l y  
d e n o t e  a  c h o i c e ,  O n e  l i n e  m u s t  b e  s e l e c t e d  f r o m  a m o n g  
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t h e  l i n e s  w i t h i n  t h e  b r a c e s  i n  o r d e r  t o  s a t i s f y  t h e  
d e f i n i t i o n ,  I f  t h e r e  i s  o n l y  o n e  l i n e  » i t h i n  t h e  
b r a c e s .  I t  m u s t  b e  c h o s e n » - t h e  b r a c e s  t h e n  o n l y  
i n d i c a t e  t h e  e x t e n t  o f  a p p l i c a t i o n  o f  a  r e p e t i t i o n  
o p e r a t o r ,  l a l d i e  

B r a c k e t s  d e n o t e  a n  o p t i o n  o r  a n  o p t i o n  a n d  a  
c h o i c e ,  T n e  l i n e  w i t h i n  t h e  b r a c k e t s  m a y  b e  i n c l u d e d  
o r  o m i t t e d ,  i f  t h e r e  i s  m o r e  t h a n  o n e  l i n e  w i t h i n  
b r a c k e t s ,  z e r o  o r  o n e  o f  t h e  l i n e s  w i t h i n  m a y  b e  u s e d  
t o  s a t i s f y  t h e  d e f i n i t i o n ,  " B r a c k e t s  a r e  e l e m e n t s  o f  
t h e  J O V I A L  a l p h a b e t ,  a l l  o f  t h e  s a m e  s l ? e ,  B r a c k e t s  
a r e  d i s t i n g u i s h e d  f r o m  " b r a c k e t s  b y  b e i n g  c o n s i d e r a b l y  
l a r g e r  ( a n d  o f  v a r i o u s  s i z e s ) ,  A r r o w s  a r e  u s e d  t o  
i n d i c a t e  c o n t i n u a t i o n  o f  a  l i n e ,  I f  a  l i n e  i s  t o o  
l o n g  f o r  t h e  p a g e  ( o r  t h e  s p a c e  a v a i l a b l e  w i t h i n  
b r a c e s  o r  b r a c k e t s )  a n  a r r o w  i s  p l a c e d  a t  t h e  r i g h t  o f  
t h e  f i r s t  p a r t  o f  t h e  l i n e  a n d  i s  r e p e a t e d  a t  t h e  l e f t  
o f  t h e  c o n t i n u a t i o n  l i n e ,  I n  o n e  o r  t w o  p l a c e s  
v e r t i c a l  a r r o w s  a r e  u s e d  f o r  s i m i l a r  p u r p o s e s  
w h e r e  a  c o l u m n  ( a  s t a c k  o f  l i n e s  w i t h i n  b r a c e s )  i s  t o o  
l o n g  f o r  t h e  p a g e ,  T h e r e  a r e  t w o  r e p e t i t i o n  s y m b o l s ,  
m e a n s  t h a t  t h e  p r e c e d i n g  e l e m e n t  o f  t h e  d e f i n i t i o n  m a y  
b e  r e p e a t e d  a n  a r b i t r a r y  n u m b e r  o f  t i m e S f  m e a n s  
a l s o  t h a t  t h e  p r e c e d i n g  e l e m e n t  m a y  b e  r e p e a t e d ,  b u t  
t h a t  " c o m m a s  m u s t  b e  i n s e r t e d  b e t w e e n  o c c u r r e n c e s  o f  
t h e  r e p e a t e d  e l e m e n t ,  I f  t h e  r e p e t i t i o n  s y m b o l  
f o l l o w s  a  m e t a l i n g u i s t i c  t e r m ,  i t  i s  t h a t  o n e  
m e t a l i n g u i s t i c  t e r m  t h a t  m a y  b e  r e p e a t e d ,  i f  t h e  
r e p e t i t i o n  s y m b o l  f o l l o w s  a  r i g h t  b r a c k e t  o r  a  r i g h t  
b r a c e ,  i t  i s  t h e  e n t i r e  s t r u c t u r e  w i t h i n  t h e  b r a c k e t s  
o r  b r a c e s  t h a t  m a y  b e  r e p e a t e d ,  A  b r a c k e t e d  s t r u c t u r e  
f o l l o w e d  b y  a  r e p e t i t i o n  s y m b o l  m e a n s  " y s e  t h i s  
s t r u c t u r e  z e r o  o r  m o r e  t i m e s ,  c h o o s i n g  « n y  o n e  o f  t h e  
l i n e s  h e r e i n ,  i n d e p e n d e n t l y ,  f o r  e a c h  o c c u r r e n c e , "  A  
b r a c e d  s t r u c t u r e  f o l l o w e d  b y  a  r e p e t i t i o n  s y m b o l  m e a n s  
t h e  s a m e  e x c e p t  t h a t  " z e r o  o r  m o r e  t l m e s «  b e c o m e s  " o n e  
o r  m o r e  t i m e s , "  l a l d l f  

, 4  T h e r e  i s  n o  t e r m i n a t o r  s y m b o l  f o r  a  s y n t a c t i c  
e q u a t i o n ,  O n e  e n d s  w h e r e  a n o t h e r  b e g i n s  o r  w h e r e  
t h e r e  i s  n o t h i n g  l e f t  i n  t h e  b o x .  I n  a  f e w  o f  t h e  
b o x e s  t h e r e  a r e  s o m e  a n o m a l i e s ,  s y n t a c t i c  e q u a t i o n  
1 4 4  d e f i n e s  " m a r k .  O p p o s i t e  e a c h  " m a r k  i s  a  
m e t a l i n g u i s t i c  t e r m ,  T h i s  a s s o c i a t i o n  s e r v e s  t o  
d e f i n e  e a c h  o f  t h e s e  m e t a l i n g u i s t i c  t e r m s ,  a s  t h e  
" m a r k  t o  i t s  l e f t ,  O p p o s i t e  " s p a c e  i s  © n l y  s p a c e ,  
T h a t ' s  t h e  d e f i n i t i o n  o f  " s p a c e ,  t h e  " m a r k  i n d i c a t e d  
b y  n o t  m a r k i n g  t h e  p a p e r ,  S y n t a c t i c  e q u a t i o n  1 7 2  
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d e f i n e s  " p a t t e r n f d i g i t ,  I t  a l s o  g i v e s  t a b u l a r  
i n f o r m a t i o n  i n v o l v e d  w i t h  t h e  s i g n i f i c a n c e  o f  
" p a t t e r n s d i g i t s ,  s y n t a c t i c  e q u a t i o n  1 9 o  d e f i n e s  
" r e l a t i o n a l s o p e r a t o r  a n d  g i v e s  a  p h r a s e  t o r  e a c h  
" r e i a t i o n a l i o p e r a t o r  i n d i c a t i n g  i t s  m e a n i n g .  B o x  2 3 4  
d e f i n e s  " s y s t e m i d e p e n d e n t i c h a r a c t e r  b y  m e a n s  o f  a  
p r o s e  d i s c u s s i o n ,  S y n t a c t i c  e q u a t i o n s  2 4 7  a n d  2 4 8  a r e  
i n  o n e  b o x ,  E a c h  i s  a  d e f i n i t i o n  o f  " v a r i a b l e  i n  
t e r m s  o f  d i f f e r e n t  c o l l e c t i o n s  o f  c o v e r i n g  s e t s ,  A n d  
e q u a t i o n s  9 4  a n d  9 5 ,  f o r  " f o r m a t t l i s t ,  a r e  i n  o n e  b o x ,  l a l d l g  

, 5  L e a d i n g  a n d  t r a i l i n g  s p a c e s  i n  t h e  d e f i n i t i o n  o f  a  
m e t a l i n g u i s t i c  t e r m  a r e  o f  n o  s i g n i f i c a n c e ,  s p a c e s  
b e t w e e n  t h e  " s y m b o l s  o f  a  d e f i n i t i o n  m a v  o r  n a y  n o t  b e  
s i g n i f i c a n t !  t h e  b o d y  o f  t h i s  m a n u a l  c l a r i f i e s  t h e  
i s s u e s ,  c e r t a i n l y ,  i f  t h e r e  i s  n o  s p a c e  b e t w e e n  
e l e m e n t s  o f  t h e  d e f i n i t i o n ,  t h e n  n o  " s p a c e  i s  
p e r m i t t e d  i n  t h e  c o r r e s p o n d i n g  p o s i t i o n ®  i n  a  
* p r o g r a m ! d e c l a r a t i o n ,  F o r  e x a m p l e ,  . B E G I N  m u s t  n o t  b e  
r e n d e r e d  a s  - B  . E  » G  . 1  . N  o r  a s  . B E  . G i n ,  l a l d l h  

, 6  T h e  s y n t a x  e q u a t i o n s  a r e  n o t  c o m p l e t e l y  c o r r e c t ,  
T h e r e  a r e  a c t u a l l y  l i m i t a t i o n s  o n  t h e  s e e m i n g  
g e n e r a l i t y  o f  t h e  s y n t a x  e q u a t i o n s ,  T h e  l i m i t a t i o n s  
t h a t  m u s t  b e  o b s e r v e d  t o  m a i n t a i n  s y n t a c t i c  i n t e g r i t y  
a r e  s t a t e d  i n  t h e  t e x t ,  i n  a d d i t i o n ,  t h e  t e x t  t e l l s  
w h a t  t h e  p r o g r a m m e r  c a n  d o  w i t h  t h e  s y n t a x  a n d  
e x p l a i n s  t h e  m e a n i n g s  o f  a l l  J O V I A L  c o n s t r u c t s ,  l a l d l i  

1 , 5  J O V I A L  " C h a r a c t e r s ,  E x a m p l e s  l a l e  

A n y t h i n g  i n  a  s y n t a x  e q u a t i o n  t h a t  i s  n o t  | n  i t a l i c s  i s  
c o m p o s e d  o f  J O V I A L  " s i g n s ,  t h e  a c t u a l  a l p h a b e t  u s e d  t o  
w r i t e  a  " p r o g r a m ! d e c l a r a t i o n ,  T h e s e  " " s i g n s  ( a n d  
" s y s t e m j d e p e n d e n t i e h a r a c t e r s  )  a r e  u s e d  a l s o  i n  e x a m p l e s  
i l l u s t r a t i n g  w h a t  m a y  b e  w r i t t e n  i n  s u b s t i t u t i o n  f o r  a  
m e t a l i n g u i s t i c  t e r m .  E x a m p l e s  a n d  m e t a l i n q u i s t i c  t e r m s  
a r e  n e v e r  h y p h e n a t e d  f o r  t h e  s a k e  o f  c o m p o s i n g  t h e  t y p e  
i n  t h i s  d o c u m e n t ,  A  m e t a l i n g u i s t i c  t e r m  n § v e r  c o n t i n u e s  
f r o m  o n e  l i n e  t o  t h e  n e x t  i n  a  s y n t a x  e q u a t i o n ,  I n  t e x t ,  
h o w e v e r ,  a  m u l t i w o r d  m e t a l i n g u i s t i c  t e r m  m « y  s t a r t  o n  o n e  
l i n e  a n d  c o n t i n u e  o n  t h e  n e x t ,  I n  t h i s  s i t u a t i o n ,  t h e  
i t a l i c i z e d  c o l o n  a t  t h e  e n d  o f  o n e  l i n e  i s  r e p e a t e d  a t  
t h e  b e g i n n i n g  o f  t h e  n e x t  l i n e ,  " C o l o n  h a p p e n s  t o  b e  o n e  
o f  t h e  J O V I A L  " s i g n s .  T h e  J O V I A L  " c o l o n  i s  n o t  i n  
i t a l i c s  a n d  i s  a l w a y s  s e p a r a t e d  b y  a t  l e a s t  o n e  s p a c e  
f r o m  a n y  i t a l i c i z e d  w o r d ,  T h e  m e t a l i n g u i s t i c  c o l o n  i s  
c l o s e l y  p r e s s e d  o n  b o t h  s i d e s  b y  w o r d s  i n  i t a l i c s ,  l a i e i  
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,1 Metalinguistic terms (the words and phrases in 
italics) represent, structures that can pe understood 
and translated by a JOVIAL compiler* or at least they 
represent elements of such structures, A 
"programldeclaration can be understood py a compiler 
and translated into computer instructions, 
•Simpiejstatements and "tablejdeciaratigns are 
elements of "programideelarations, The translated 
version of a "program:declaration and tpe structures 
it manipulates, however, are an entirely different 
class of objects. The collection of computer 
instructions is Known as a "program," The word is not 
in italics because the thing it represents does not 
exist in JOVIAL, JOVIAL can contain 
"programideelarations: it cannot contain programs, in 
a similar manner* a "tableideclaration* upon being 
processed by a compiler* gives rise to a structure* 
Known as a "table"* to be manipulated by a program, lalela 

,2 "Programtdeclaration and "tabieideciaration are 
distinguished from program and table both by the use 
of different type fonts and the use of the word 
""declaration," With many terms* the distinction is 
only made by means of type fonts because the use of 
extra words wpuid make the explanations awKward, For 
example, a "variable is part of a 
"programideclaration, whereas a variable is a value 
that can be set, used, and changed by a program at 
different times, ialelb 

i,6 Notational Symbols, SystemnDependent Values laif 

In various parts of this manual, various numeric values 
that may change from time to time* or that are system 
dependent are represented by letters or character 
combinations after the manner of algebraic notation, The 
meanings of these notational symbols are given where they 
are used, They have no pervasive meaning ftnd are to be 
considered valid only in the local context where they are 
used, lalfl 

,1 Knowledge of many of the system*dependent values 
is vital to a sufficient understanding ©£ the 
environment to enable the programmer to construct 
valid and useful "programideelarations. Such 
information is not available at this writing and is 
not appropriate to this manual, This information must 
be made available in other documentation, ialfla 

8 
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1,7 cne*Pimenslonal Nature of a Program lalg 

Regardless of the forms used tor coding# the input 
medium# or the arrangement of the coding on that medium# 
the language definition considers a JOVIAL 
•programideciaration to be a continuous stream of JOVIAL 
•signs, 

1,8 Syntax and Semantics»*Iliegal# Undefined, Ungrammatlcal 

This manual gives complete specifications for writing 
legitimate JOVIAL *programjdeclarations# except for the 
necessary system«*dependent values and compiler 
capacities, explains in detail how the particular 
compiler deviates from these specifications# and lists 
and explains all error messages that the compiler may 
generate, 

,i For a •programjdeclaratlon to be legitimate# it 
must be meaningfully structured in accordance with the 
specifications in this manual# If the 
•programideclaration or any part of it fails to meet 
these requirements# it is of small concern whether it 
is called illegal# undefined# or ungramfatical, 

,2 It often happens that compilers do got reject 
certain illegal or undefined structures, but compile 
them instead# giving results that the programmer 
considers appropriate, it is recommended that 
programmers avoid exploiting these quirks, since there 
is no guarantee that a new version of tpe compiler 
will exhibit the same eccentricities, using such 
discovered idiosyncrasies leads to extra work in 
reprogramming when transferring the work to another 
computer or when an updated compiler replaces the old 
one, 

lalgi 

laih 

lalhl 

lalhia 

ialhib 

,3 As part of the structure of a JOVIAL 
•programideclaration# nothing is permitted by unstated 
implication, if it is not prescribed bv this manual 
(or other documentation in the case of 
system»dependent features)# it is not legitimate 
JOVIAL code, In the matter of exceptions to 
prescribed forms# nothing is prohibited by innuendo, 
All exceptions are explicitly stated, 

,4 The document is to be taken as a unit, All 
sections# all figures, the list of syntax equations, 
and the lndext-giossary are interrelated. 

ialhic 

laihid 
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Conta ins  edi ted  correc t ions ,  Al i  yours j  Let  we know when I  can 
de le te ,  For  t ime being I  wi l l  keep,  
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<CARRlER>JOVIALCHAP2EDIT,NlS, i ,  17 .MAY.74 06*14 RJC > 1  

Chapter  2  la  

ELEMENTS la l  

2 ,1  in t roduct ion la la  

A "programideclara t ion wri t ten  in  JOVIAL consis ts#  
bas ica l ly# of  "s ta tements  and "declara t ions .  The 
"s ta tements  speci fy  the  computat ions  to  be  performed wi th  
a rbi t rar i ly  named da ta ,  "Simple!s ta tements  can be  
grouped together  in to  "compoundis ta tements  in  order  to  
help  in  speci fy ing the  order  of  computa t ions ,  Among the  
"declara t ions  are  "data  I  dec lara t ions  and 
"proeess ingideclara t lons .  The "data!declara t ions  name 
and descr ibe  the  data  on which the  program i s  to  opera te ,  
inc luding inputs ,  in termedia te  resul ts ,  and f ina l  
resul ts ,  The "proeess ingideclara t lons  genera l ly  conta in  
"s ta tements  and o ther  "declara t ions ,  They speci fy  
computa t ions ,  but  they d i f fer  f rom "s ta tements  in  tha t  
the  computa t ions  must  be  performed only  when the  
par t icular  "process lngideciara t lon i s  speci f ica l ly  
invoked by "name,  In  addi t ion  to  "s ta tements  and 
"declara t ions ,  there  are  "di rec t ives  which serve  var ious  
purposes ,  They des ignate  external ly  def ined "names the  
compi ler  i s  expected to  recognize ,  they control  se lec t ive  
compi la t ion of  var ious  "s ta tements  and "declara t ions ,  and 
they provide  informat ion the  compi ler  needs  in  order  to  
opt imize  the  object  code,  The "s ta tements ,  
"declara t ions# and "di rec t ives  are  composed of  "symbols#  
which are  the  words  of  the  JOVIAL language,  These  
•symbols  a re ,  in  turn# composed of  the  "s igns  tha t  
const i tu te  the  JOVIAL a lphabet ,  la la i  

,1  The genera l  order  in  which the  e lements  of  a  
"programideclara t ion are  in t roduced in  the  preceding 
paragraph represents  the  genera l  order  in  which one 
Igoks  up def in i t ions  when t ry ing to  c iear  up a  
ques t ion,  The def in i t ions  in  th is  manual  a re  
in t roduced# however ,  in  the  opposi te  order .  Such 
ar rangements  lead to  complaints  tha t  one must  " read 
the  book backwards ,"  This  comment  a r i ses  from the  
process  of  looking up a  form in  the  table  of  contents ,  
then turning to  the  las t  chapter  where  i t  i s  def ined 
in  terms of  ear l ier  def ined forms,  These  more  
e lementary  forms are  then found v ia  the  table  of  
contents  in  an  ear l ier  chapter ,  And so  for th ,  The 
document  i s  pr imar i ly  ar ranged for  the  use  of  a  reader  

i 
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ra ther  than for  reference ,  Dif f icul t  as  th is  may be  
for  reference  use# the  opposi te  ar rangement  i s  much 
more  d i f f icul t  for  a  reader ,  

,2  An index-glossary  i s  included which fac i l i ta tes  
reference ,  The index-glossary  answers  many ques t ions  
d i rec t ly ,  In  o ther  cases# i t  references  syntax 
equat ions  and sec t ions  by number ,  

2 ,2  Spaces  and "Spaces  

I t  i s  impor tant  to  d is t inguish  between a  ""space# an  
e lement  of  JOVIAL# and a  space# an  e lement  of  our  
descr ip t ive  language,  JOVIAL i s  wri t ten  us ing "symbols#  
the  words  of  the  language,  The "symbols  a re  composed of  
"s igns ,  the  e lements  of  the  JOVIAL a lphapet ,  in  genera l ,  
"symbols  do not  conta in  "spaces .  The except ions  are  
pointed  out  in  Sect ion 2 ,5 ,2 ,  wi th  respect  to  "comment# 
and in  Sect ion 2 ,8 ,2# wi th  respect  to  
"character iconstants ,  in  genera l#  "symbols  a re  separa ted  
by "spaces ,  Except ions  to  th is  are  noted in  Sect ion 2 ,10 
but  these  except ions  are  permiss ive!  l ,e t # i t  i s  a lways  
correc t  to  put  "spaces  between "symbols .  

la la la  

la ia l fo  

la ib  

,1  The fo l lowing example  i s  wrong!  

-PLXMPY (  1  ,  375 e » ,  75# 5  
IMAG )  I  

# 7 ,3  I  REAL# 

,2  The fo l lowing examples  a re  r ight !  

a ,  -BEGIN 1# 3# +5# -  7 END 

b ,  -SLiPLXMPY£i l 375#- ,75#5,#7 l 3!REAL,IKAG)|  

C,  -SL !  PLXMPY (  1 ,375 ,  -  ,75 # 5 ,  ,  
7 ,3  I  REAL # IMAG )  J  

,3  in  def in ing and expla in ing "s igns  and "symbols#  
any spaces  inc luded in  the  meta language formulas  are  
f ®sl!nat ,0sO|  meant  to  be  inc luded in  the  def in i t ion ,  
The phrase  "s t r ing  of"  impl ies  tha t  there  are  to  be  
,B=lfno„BsQt  "spaces  between the  e lements  s t rung 
together ,  Simi lar ly# phrases  such as  "fol lowed by" ,  
"enclosed in"# and "separa ted  by" ,  imply  tha t  there  
are  to  be  no "spaces  between the  e lements  concerned,  
This  i s  the  s i tua t ion (except  where  expl ic i t ly  s ta ted  
to  be  d i f ferent )  in  th is  chapter#  Chapter  2 ,  In  

la lb l  

la lb la  

ia lb la l  

la ib lb  

la ib lb l  

la lb!b2 

ia lb lb3 
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Chapter  3  and beyond,  the  opposi te  view i s  mainta ined 
wi th  respect  to  these  phrases ,  la lb lc  

2 ,3  "Signs ,  Elements  of  the  JOVIAL Alphabet  la ic  

(equ)  la le i  

,1  "Sign means  a  " le t ter ,  a  "numeral  or  a  "mark,  
• te t ter  means  one  of  the  26 le t ters  of  the  Engl ish  
a lphabet ,  wr i t ten  in  the  form of  a  roman capi ta l ,  
•Numeral  means  one  of  the  ten  arable  numerals!  
w 0,^ .1 ,^ .2 , - .3 ,^4 , -5 ,«6, -7 ,^8  or  -9 ,  (The s lash  through 
the  zero  i s  only  for  the  purpose  of  d is t inguishing i t  
f rom the  " le t ter  «Q in  def in i t ions  ana  examples  of  
JOVIAL,)  "Sign,  " le t ter ,  and "numeral  are  def ined 
more formal ly  by means  of  the  syntax equat ions  in  the  
boxes  a t  the  head of  th is  sect ion ,  "Mark i s  most  
eas i ly  def ined by the  formal  means  of  the  syntax 
equat ion  in  the  box above .  The  box  above a lso  
conta ins  a  meta l inguis t ic  term associa ted  wi th  each 
•mark)  th is  serves  to  def ine  these  terms,  la lc ia  

2 .4  "symbols ,  The Words  of  JOVIAL la id  

(equ)  la id i  

,1  The "symbols  or  words  of  the  JOVIAL language are  
composed of  s t r ings  of  "s igns ,  in  some cases  a  s ingle  
•s ign,  Most  "symbols  do not  conta in  "spaces ,  In  
fac t*  "spaces  serve  to  separa te  "symbols  f rom one 
another ,  la ld la  

2 .5  "Pr imi t ive ,  *Ideogram,  "Direct iveiKey,  "Comment  la le  

(eou)  la le i  

,1  "Pr imi t ives  may be  considered the  key words  of  the  
JOVIAL language.  They are  genera l ly  used to  g ive  the  
pr imary meaning of  a  "s ta tement  or  "declara t ion,  
a l though some are  used for  secondary  purposes ,  
" Ideograms are  genera l ly  used as  
"ar l thmet ic iopera tors ,  as  " re la t ional iopera tors ,  and 
for  purposes  such as  grouping,  separa t ing,  and 
terminat ing,  "Direct iveikeys  are  used to  s ta te  the  
pr imary meanings  of  "d i rec t ives ,  "Comments  can be  
used to  annota te  a  "progran, ideciara t lon--expia in ing to  
readers  (and of ten  the  or ig inal  programmer)  what  i s  
going on,  la le ia  

3 
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,3  Not ice  tha t  a  "comment  I s  del imi ted  by 
"quota t lonimarks ,  Therefore* "spaces  are  permit ted  
wi th in  a  "comment ,  but  a  "quota t ionimarK i s  not  
permit ted  wi th in  a  "comment ,  Also ,  a  "semicolon i s  
not  permit ted  wi th in  a  "comment ,  The reason for  th is  
i s  to  permit  some recovery  in  case  a  del imi t ing 
"quota t ionsmar* i s  le f t  off  a  "comment ,  I f  the  
"comment  were  not  then terminated by the  next  
•semieolon,  the  ent i re  remainder  of  the  
"programideclara t ion would  be  turned ins ide  out»*the  
"comments  be ing in terchanged wi th  the  "s ta tements  and 
"declara t ions ,  Even wi th  th is  ru le ,  fa i lure  to  
terminate  a  "comment  can lead to  d isas ter ,  i f  an  -END 
i s  swal lowed up,  the  ent i re  program s t ructure  can be  
d isar rayed,  la le lb  

,3  The "sys temidependent icharacters  tha t  can be  
inc luded in  "comments  (and o the r  s t ructures)  are  
s imply  those  "characters ,  o ther  than JOVIAL "s igns ,  
tha t  the  par t icular  sys tem and compi ler  can read and 
wr i te ,  ia ie ic  

,4  Not ice  tha t  "pr imi t ives ,  " ideograms,  and 
"di rgct iveikeys  dp not  conta in  "spaces ,  "Spaces  are  
s igni f icant  in  a  "programideclara t ionj  usual ly  in  tha t  
they separa te  "symbols ,  "Comments ,  on  the  o ther  hand,  
may conta in  "spaces ,  This  permits  eas ier  reading and 
wri t ing  of  the  commentary ,  The "quota t ionsmarKs 
del imi t ing the  "comment  provide  the  necessary  grouping 
so  tha t  the  "spaces  do not  cause  t rouble ,  ia ie id  

2 ,6  "Abbrevia t ion# "Let ter iControl iVar iable ,  "Name ia l f  

(equ)  ia l f i  

,1  "Abbrevia t ions  are  speci f ic  " le t ters  having 
speci f ic  meanings  in  speci f ic  contexts ,  usual ly  
"data*declara t ions ,  The speci f ic  uses  are  documented 
la ter  on,  usual ly  wi thout  ca l l ing  the  " le t ter  an 
"abbrevia t ion,  la l f ia  

,2  The " ie t ter icent rol ivar iable  i s  a  specia l  
"var iable  having meaning only  wi th in  a  " loopss ta tement  
and pass ing out  of  exis tence  when the  " loopis ta tement  
i s  not  being executed,  I t  i s  expla ined more  fu l ly  in  
connect ion wi th  the  explanat ion of  the  
" loopis ta tement ,  ia i f io  

,3  Hegardless  of  the  syntax in  the  box above,  a  "name 
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must not be the same as any 'primitive, Notice that a 
'name must include at least two 'signs, The use of 
the "dollarjsign is system dependent, That Is, it 
provides a means whereby a 'name can be designated to 
have some special meaning in relation to the system in 
which the compiler is embedded, such special meanings 
are outside the scope of this manual, however, and 
•names containing 'dollarisigns are considered the 
same as other 'names herein, 'Names do not contain 
•spaces. An embedded 'space would change a 'name into 
two 'names or other 'symbols, laific 

2,7 "Number, 'Constant, 'Status ialg 

(equ) ialgi 

,1 The above definitions are obviously not complete, 
in that several Kinds of 'constants mentioned in the 
box are not yet defined, This discussion is mainly 
concerned with the use of 'spaces together with 
•numbers, 'constants, and 'statuses as 'symbols, iaigla 

,2 A 'number is a string of 'numerals, without 
'spaces, In some places, a 'number can stand alone as 
a 'constant, In other places, particularly 
'dataideclarations, it stands alone as a 'symbol but 
is not considered a 'constant, In other places, a 
•number is part of another 'symbol, A case in point 
is the 'charactericenstant, defined above, The 
optional 'count in a "charactericonstant is a 'number, 
(in several piaees, "numbers or other constructs are 
given new names reminiscent of their uses in those 
Places,) ielglb 

,3 A "charactericonstant is a 'symbol, if it begins 
with a 'count, there must be no 'spaces between the 
•count and the first "prime, Between the "primes, the 
string of 'characters may include "spaces, but these 
'spaces are significant, They represent part of the 
value represented by the "charactericonstant, (There 
are restrictions on the "characters permitted in a 
•charactericonstant, discussed in Section 2,8,2), In 
a "statusiconstant and a "qualifiedistatusJconstant, 
the 'leftiparenthesis, the 'name, the 'colon, the 
"status, and the "rlghttparenthesis are all "symbols, 
"Spaces are permitted between these elements, but not 
within the "name or the "status, "Space is not 
pemitted between „V and the "leftiparenthesis, All 
other 'constants are "symbols, not containing 'spaces, iaiglc 
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2 ,8  "Constants  and Values  

(equ)  ia ih l  

,1  "Character tconstants  are  the  weans  o t  represent ing 
character  values  to  be  manipula ted  by a  proqram,  
("Character :var iables  and "character : formulas  are  
indi rec t  weans , )  The "characters  acceptable  as  
character  values  are  whatever  the  sys tem wi l l  accept  
f rom among those  g iven in  the  body o t  Figure  2*1,  At  
leas t  the  59 JOVIAL "s igns  must  be  accepted,  
Compar ison of  F igure  2*1 wi th  Sect ion 2 of  USAS 
X3,  4*1968,  "USA Standard  Code for  Informat ion 
In terchange" ,  shows the  graphic  characters  in  
ident ica l  pos i t ions  in  the  two tables ,  Figure  2*1 
inc ludes  e ight  addi t ional  columns present ly  under  
considera t ion by s tandardiza t ion bodies ,  The 
pos i t ions  of  the  "characters  in  the  table  are  the  only  
correspondence,  This  manual  does  not  require  tha t  
in ternal  representa t ion be  in  accordance  wi th  USAS 
X3,4*1968,  I f ,  however ,  JOVIAL "program:declara t ions  
genera te  messages  for  t ransmiss ion to  o ther  sys tems or  
process  messages  received from other  sys tems,  these  
messages  a re  required  by o ther  d i rec t ives  to  conform 
to  USAS X3,4*1968 in  the i r  external  representa t ion,  la lh la  

,2  Al l  of  the  character  values  indicated  in  the  body 
of  F igure  2*1 can be  represented in  
®charact«r iconstants  (except  for  sys tem*dependent  
l imi ta t ions) ,  Ar t i f ices  are  required ,  however# to  
represent  some of  the  values ,  Any "spaces  wi th in  the  
del imi t ing "pr imes ,  except  wi th in  a  tnree*"character  
code,  represent  characters  of  va lue  "space" ,  "Pr imes* 
"semicolons ,  and "dol lar  I  s igns  have specia l  meanings ,  
Therefore ,  in  order  to  represent  a  s ingle  occurrence  
of  one  of  these  "s igns# two of  them are  used in  
success ion,  I f  a  success ion of  these  "s igns  i s  
des i red  as  par t  of  the  value  represented by a  
"character jconstant ,  the  ent i re  s t r ing  i s  doubled,  
summary:  

« .2n "pr imes  are  used to  represent  «n "pr imes ,  

„2n "semicolons  are  used t© represent  .n  
"semicolons ,  

„2n "dol lar :s igns  are  used to  represent  „n  
"dol lar is igns ,  

In  
ia lh ib  

la lh lb l  

la lh lb2 

la lh lb3 
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,3  The reason for  doubl ing the  -pr imes  ins ide  a  
-character iconstant  i s  tha t  a  s ingle  -pr ime terminates  
the  -constant .  The reason for  doubl ing "semicolons  
ins ide  a  -character iconstant  i s  the  same,  Al though i t  
i s  i l legal#  a  s ingle  "semicolon terminates  a  
•character iconstant#  and for  the  same reason# i t  
terminates  a  "comment  to  avoid  turning the  whole  
•programideclara t ion ins ide  out  i f  the  correc t  
terminator  i s  omit ted ,  The reason for  doubl ing 
•dol lar is igns  i s  that  a  s ingle  -dol iar is ign Int roduces  
the  codes  descr ibed in  the  next  two Paragraphs# la lh lc  

,4  Any "character  represented in  the  body of  F igure  
2*1# i f  i t  i s  acceptable  a t  a l l  by the  sys tem as  a  
character  value# may be  represented by a  three  
•character  code beginning wi th  a  -dol iar is ign,  The 
second -character  i s  a  column code f rom the  f igure?  
i»e ,#  any -numeral  ©r  one  of  the  - le t ters  from «A 
through »F ,  The th i rd  -character  i s  any -character  
f rom the  body of  the  f igure  tha t  can b« recognized by 
the  compi ler ,  The character  speci f ied  by such a  code 
i s  the  one a t  the  in tersect ion of  the  column 
des ignated by the  column code and the  row in  which the  
th i rd  -character  i s  found.  For  example ,  the  percent  
mark can be  represented by any of  severa l  three  
•character  codes# inc luding these  twos  

..$25 

„$2U 

,5  Within  a  -character tconstant#  there  i s  a  
recogni t ion  mode for  - le t ters ,  In i t ia l ly#  the  mode 
"genera l"#  in  which a l l  -characters ,  inc luding 
uppercase  and lowercase  - le t ters#  and the  
three»*eharacter  codes  are  recognized as  descr ibed 
above,  The mode can be  changed to  " lowercase*,  
however #  by inc luding the  two- p character  mode code 
consis t ing  of  -dol iar is ign fol lowed by uppercase  or  
lowercase  wL ,  Al l  - le t ters  fol lowing such a  mode code 
in  a  -character iconstant#  regardless  of  the  ease  used,  
a re  considered to  be  in  lowercase ,  The two--character  
mode consis t ing  of  -dol iar is ign fol lowed by uppercase  
or  lowercase  „U se ts  the  "uppercase"  mode,  in  which 
a l l  - le t ters  are  considered uppercase ,  The 
three«*character  codes  pevai l ,  wi thout  changing the  
mode# regardless  of  the  mode,  Hence# the  appropr ia te  
ease  can be  speci f ied  for  one " le t ter  in  a  s t ream of  

la lh ld  

la lh ld i  

la lh ld2 
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"letters, For example# here are four 
"charactericonstants with the value "De Gaulle"! lalhie 

-'De Gaulle* ialhiei 

««DS6E GS6A$7U$6tS6L$6E* laihie2 

-*D$LE S4GAULLE' lalhie3 

*,'Sud$le$u g$lauile' (none of these are ones) lalhle4 

,6 If the "count is present in a "charactericonstant# 
there must be no "spaces between the "count and the 
first "prime# and the "count gives the number of 
concatenated repetitions of the character values 
represented within the "primes, Examples! lalhif 

,*2'T0M' is equivalent to -'TOMTOM' laihifi 

,*10'#' is equivalent to _'###*#####*' lalhlf2 

—3' ' is equivalent to -* ' laihlf3 

,7 Notice that it is indeed the values that are 
repeated# net the "characters making up the "constant 
before evaluation, Th^s# -2'T$LQM* is equivalent to 
-'TomToro'j it is not equivalent to -'Tomtom', laihig 

,8 The system may impose a limit on the number of 
characters in strings representable by 
"charactericonstants# "characterjvariables# or 
"character!formulas, the size of a 
"charactericonstant is the number of characters 
represented in the value# not the number of 
"characters between the "primes, taihlh 

,9 "Patterniconstants directly represent values 
consisting of strings of bits, (Various "variables 
and "formulas ajso represent bit values,) The 
•numeral to the left of the -B in the 
*pattern!constant is the "order" of the "constant and 
controls the possible "pattern!digits and affects 
their meanings, These relationships are displayed in 
the box above wherein "pattern!digit is defined, The 
right column contains the possible orders. The 
"patternidigits are displayed in the center in braces, 
The permissible "pattern!digits are only those on the 
line with or above the selected order, For example# 
if the pattern is of order -4# only «F and the 15 

8 
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" p a t t e r n i d i g i t s  a b o v e  - F  a r e  p e r m i t t e d  a s  p a r t  o f  t h i s  
p a r t i c u l a r  " p a t t e r n i c o n s t a n t ,  T h e  m e a n i n g  o f  e a c h  
" p a t t e r n i d i q i t  i s  g i v e n  i n  t h e  c o l u m n  o n  t h e  l e f t ,  b u t  
t h e s e  a r e  a l s o  a f f e c t e d  b y  t h e  o r d e r .  I f  t h e  o r d e r  i s  

t h e n  t h e  „ n  r i g h t m o s t  b i t s  o f  e a c h  p a t t e r n  
r e p r e s e n t  t h e  m e a n i n g s  o f  t h e  c o r r e s p o n d i n g  
" p a t t e r n i d i g i t s ,  T h e  o p t i o n a l  - c o u n t  g i v e s  t h e  n u m b e r  
o f  c o n c a t e n a t e d  r e p e t i t i o n s  o f  t h e  " p a t t e r n i d i g i t s  
e n c l o s e d  i n  " p r i m e s ,  N o  " s p a c e s  a r e  p e r m i t t e d  
a n y w h e r e  w i t h i n  t h i s  s t r u c t u r e ,  i a l h l i  

, 1 0  T h e  m e a n i n g  o f  a  " p a t t e r n ! c o n s t a n t  i s  t h e  s t r i n g  
o f  b i t s  r e s u l t i n g  f r o m  t h e  c o n c a t e n a t i o n  o f  t h e  
s t r i n g s  o f  b i t s  ( a s  m o d i f i e d  b y  t h e  o r d e r )  r e p r e s e n t e d  
b y  e a c h  " p a t t e r n » d i g i t ,  T h e  s i z e  o f  t h e  
" p a t t e m i e o n s t a n t  i s  t h e  n u m b e r  o f  b i t s  i n  t h e  s t r i n g  
a n d  m a y  b e  o b t a i n e d  b y  m u l t i p l y i n g  t h e  o r d e r  t i m e s  t h e  
" c o u n t  ( a s s u m e d  t o  b e  i f  n o t  s p e c i f i e d )  t i m e s  t h e  
n u m b e r  o f  " c h a r a c t e r s  i n s i d e  t h e  " p r i m e s ,  I n  t h e  
f o l l o w i n g  e x a m p l e s ,  a  " p a t t e r n i e o n s t a n t .  o n  t h e  l e f t  i s  
s h o w n  w i t h  t h e  b i t  s t r i n g  i t  r e p r e s e n t s  o n  t h e  r i g h t !  i a l h l j  

, 4 B  ' 7 C F 0 3  *  O l i l l l O O U i i O O O O O O l i  i a l h i j l  

, 3 B  *  3 1 2 0 '  0 1 1 Q 0 1 0 1 0 0 0 0  l a l h l j 2  

, 1 B 6 '  1 0 '  l O i O l O l O i O l O  l a l h i j 3  

, 5 B 2 * F '  1 1 0 1 1 1 1 0 1 1  l a l h l j 4  

, 1 1  " N u m e r i c i c o n s t a n t s  r e p r e s e n t  n u m e r i c  v a l u e s ,  
( T h e r e  a r e  a l s o  " p u m e r i c i v a r l a b i e s  a n d  
" n u m e r i c ! f o r m u l a s , )  " N u m e r i c i c o n s t a n t s ,  a s  w e l l  a s  
" n u m e r i c i v a r i a b l e s  a n d  " n u m e r i c * f o r m u l a s ,  a r e  
d e s c r i b e d  i n  t e r m s  o f  t h e i r  t h r e e  p o s s i b l e  m o d e s  o f  
r e p r e s e n t a t i o n j  a s  i n t e g e r  v a l u e s ,  f i x e d  v a l u e s ,  a n d  
f l o a t i n g  v a l u e s ,  T h e  c o m p i l e r  m a y  r e p r e s e n t  
" c o n s t a n t s  i n  m o d e s  o t h e r  t h a n  t h o s e  i n d i c a t e d  b y  t h e  
" p r o g r a m i d e c l a r a t i o n ;  a s  l o n g  a s  t h e  o v e r a l l  e f f e c t  o f  
t h e  " p r o g r a m ! d e c l a r a t i o n  i s  n o t  c o m p r o m i s e d ,  ( T h i s  
p r i n c i p l e  a p p l i e s  i n  g e n e r a l !  i , e , ,  t h e  c o m p i l e r  c a n  
d o  t h i n g s  d i f f e r e n t l y  a s  l o n g  a s  t h e  r e s u l t  i s  t h e  
s a m e , )  S u p p o s e ,  f o r  e x a m p l e ,  a n  " i n t e g e r i c o n s t a n t  i s  
u s e d  i n  a  c o n t e x t  t h a t  r e q u i r e s  i t  t o  b e  c o n v e r t e d  t o  
a  f l o a t i n g  v a l u e ,  i t  i s  f a r  m o r e  e f f i c i e n t  f o r  t h a t  
c o n v e r s i o n  t o  b e  d o n e  o n c e ,  a t  c o m p i l e  t i m e ,  i n s t e a d  
o f  e a c h  t i m e  t h e  c o d e  i s  e x e c u t e d ,  l a l h l k  

, 1 2  A n  i n t e g e r  v a l u e  i s  a  n u m e r i c  v a l u e  r e p r e s e n t e d  

9 
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a s  a  w h o l e  n u m b e r  w i t h o u t  a  f r a c t i o n a l  p a r t ,  b u t  
t r e a t e d  a s  i f  i t  h a d  a  f r a c t i o n a l  p a r t  w i t h  v a l u e  z e r o  
t o  i n f i n i t e  p r e c i s i o n ,  I n  t h i s  m a n u a l ,  p r e c i s i o n  
m e a n s  t h e  n u m b e r  o f  b i t s  t o  t h e  r i g h t  o f  t h e  p o i n t  i n  
b i n a r y  r e p r e s e n t a t i o n s  o f  n u m e r i c  v a l u e s ,  A  " n u m b e r  
u s e d  a s  a n  " I n t e g e r i c o n s t a n t  r e p r e s e n t s  a n  u n s i g n e d  
i n t e g e r  v a l u e ,  T h e  s i z e  o f  a n  " i n t e g e r { c o n s t a n t  i s  
t h e  n u m b e r  o f  b i t s  n e e d e d  t o  r e p r e s e n t  t h e  v a l u e j  f r o m  
t h e  l e a d i n g  o n e  b i t  t o  t h e  u n i t s  p o s i t i o n ,  i n c l u s i v e  
( v a l u e  z e r o  h a s  s i z e  1 ) ,  N o  " s p a c e s  a r e  p e r m i t t e d  i n  
a n  " i n t e g e r i c o n s t a n t ,  T h e  s y s t e m  m a y  i m p o s e  a  l i m i t  
o n  s i z e s  o f  i n t e g e r  v a l u e s ,  t a l h i i  

, 1 3  F l o a t i n g  v a l u e s  ( « v )  a r e  r e p r e s e n t e d  w i t h i n  t h e  
c o m p u t e r  b y  t h r e e  p a r t s ,  t h e  s i g n i f i c a n d  ( « s ) ,  t h e  
r a d i x  L r ) ,  a n d  t h e  e x r a d  ( _ e ) ,  h a v i n g  t h e  f o l l o w i n g  
r e l a t i o n s h i p s  ( w i t h  r e g a r d  t o  t h e  a b s o l u t e  v a l u e ) !  l a l h l m  

w v  «  s  x  r  l a l h i m l  

«»s a 0 or 1m < s < m x r iathlm2 

, 1 4  T h e  r a d i x  C m r )  a n d  t h e  m i n i m u m  v a l u e  ( _ m )  a r e  
f i x e d  i n  a n y  s y s t e m .  T h e r e f o r e ,  o n l y  t h e  s i g n i f i c a n d  
a n d  t h e  e x r a d  a r e  s a v e d  a s  r e p r e s e n t a t i o n s  o f  a  
f l o a t i n g  v a l u e ,  F o r  a  n e g a t i v e  v a l u e  ( n o t  a  
" c o n s t a n t ) ,  a  m i n u s  s i g n  i s  a l s o  s a v e d  w i t h  t h e  
s i g n i f i c a n d .  R e g a r d l e s s  o f  t h e  s y s t e m  v a l u e s  o f  „ r  
a n d  . . m ,  w e  a s s u m e  t h a t  - r  =  2  a n d  - m  i s  o n e - h a l f ,  T h e  
l a n g u a g e  p e r m i t s  i n q u i r y  i n t o  t h e  v a l u e s  o f  
s i g n i f i c a n d s  a n d  e x r a d s  b a s e d  o n  t h e  r a d i x  a n d  m i n i m u m  
o f  t h e s e  v a l u e s .  T h e r e f o r e ,  w i t h  r e s p e c t  t o  v a l u e ,  
i n t e r n a l  r e p r e s e n t a t i o n  o f  f l o a t i n g  v a l u e s  e x h i b i t s  
( s o  f a r  a s  t h e  p r o g r a m m e r  c a n  s e e  f r o m  r e s u l t s )  t h e  
r e l a t i o n s h i p s !  l a l h i n  

„ v  a  s  x  2  l a l h l n l  

„ s  a  0  o r  , l l / 2  <  s  <  1  i a ! h i n 2  

, 1 5  " F l o a t i n g i c o n s t a n t s  a r e  w r i t t e n  w i t h  t h e  
a s s u m p t i o n  t h a t ,  e x t e r n a l l y ,  ^ . r  «  1 0 ,  a n d  t h e r e  i s  n o  
^ m .  T h u s ,  t h e  v a l u e  o f  a  " f l o a t i n g i c o n s t a n t  i s  g i v e n  
a s i  i a i h l o  

, v  :  s  x  l o  l a i h i o i  

, 1 6  A  * t l o a t i n g i c o n s t a n t  m u s t  n o t  c o n t a i n  a n y  
" s p a c e s ,  i n  t h e  s y n t a c t i c  e q u a t i o n  f o r  a  

1 0  
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*f loat ingiconstant ,  the  "number (or  "numbers)  and the  
"decimaltpoint  ( i f  present)  g ive  the  value of  the  
external  s ignif icand,  The "scale  (with or  without  i t s  
•plusts ign or "minusis ign)  fo l lowing JE g ives  an exrad 
(exponent  of  the  radix)  to  be used as  a  power of  ten 
mult ipl ier ,  I f  the  exrad i s  zero,  i t  and the  -E can 
be omitted,  To be  a  "f loat ingiconstant ,  the  "symbol  
must  contain a  "decimal ipoint ,  or  a  "scale  as  exrad,  
or  both,  I t  must  not  contain an -A;  that  would make 
i t  a  "f ixedjconstant ,  la ihlp 

,17 A "f loat indiconstant  can contain information 
re lat ing to  the  precis ion of  i t s  internal  
representat ion,  The "scale  fo l lowing -M gives  the  
minimum number of  magnitude b i ts  in  the  s ignif icand of  
the  Internal  representat ion,  In most  systems,  there  
are  one or  two modes  of  representat ion of  f loat ing 
values ,  i f  the  "scale  fo l lowing i s  greater  than 
the  maximum number of  magnitude bi ts  in  any of  the  
systemwdependent  modes  of  represent ing f loat ing 
values ,  the  *f leat ing:constant  i s  in  error,  
Otherwise ,  the  compiler  chooses  the  mode with the  
smal lest  number of  magnitude b i ts  in  the  s ignif icand 
at  least  as  large as  the  "scale  fo l lowing «.M, i f  
there  i s  a  choice  of  exrad s ize  a lso ,  the  compiler  
chooses  one that  can encompass  the  value of  the  
"f ioat lngiconstant ,  These  s izes  are  based on the  
numbers  Of b i ts  in  the actual  representat ions,  not  on 
what  may be  a  f ic t ional  assumption that  the  radix  i s  
2 ,  I f  the  and i t s  fo l lowing "scale  are  omitted,  
the  compiler  chooses  i t s  normal  mode of  f loat ing 
representat ion or  one that  ean contain the  value,  ia ihiq 

,18 A f ixed value i s  an approximate  numeric  value ,  
Within the computer ,  i t  is  represented as  a  s t r ing of  
bits  with an assummed binary point  within or  to  the  
le f t  or  r ight  of  the  s tr ing,  The number of  b i ts  in  
the  s tr ing,  not  counting a  s ign bi t  i f  there  i s  one,  
i s  the  s ize  of  the  f ixed value,  The number of  b i ts  
after  the  point  (posi t ive  or  negat ive ,  larger  or  
smal ler  than the  s ize)  i s  the  precis ion of  the  f ixed 
value,  la ihlr  

,19  A "f ixedjconstant  i s  seen,  in  the  syntact ic  
equat ion above,  to  be an "integericonstant  or  a  
»f loat in9iconstant  (without  an „M and i t s  "scale)  
fo l lowed by th« "let ter  „A and a  "scale ,  The „A and 
i t s  "scale  are  essent ia l  to  make the  form a  
*f ixedieonstant ,  "Spaces  are  not  a l lowed anywhere 

i i  
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within a "fixediconstant, All that Precedes the «A 
determines the value of the "fixed{constant (which may 
then be truncated on the right), The "scaxe after the 
_A tells how many bits there are after the point, (If 
the "scale is negative# the bits don't even come as 
far to the right as the point), The size of the 
"constant is the number of bits from the leftmost 
one-»bit to the number after the point as specified by 
the "scale after «A, inclusive, Here are some 
*fixedieenstants, their values, their sizes, and their 
precisions! lalhls 

,20 NO "spaces are permitted within a 
*fixediconstant, The system may impose a size 
limitation on fixed values, lalhit 

,21 "Integericonstants, "floatingiconstants, and 
"fixedteonstants cannot have embedded "spaces and 
cannot have negative values, Both of these 
Characteristics are changed for "status{constants and 
"qualifiedistatusjiconstants, In "statustconstants and 
"gualifiedtstatus{constants, there must be no "spaces 
within the "status, within the qualifying "name, or 
between the and the "left{parenthesis, There may 
be "spaces elsewhere within such "constants, ialhiu 

,22 "Status{constants and "quaiifiedistatus{constants 
represent constant integer Values, Ho* theY become 
associated with these values and how they may be used 
are explained elsewhere, in distinction to 
•integericonstants, which can only stand for zero and 
positive integer values, "status{constants and 
"gualifieaistatusiconstants can also stand for 
unvarying negative integer values, lalhlv 

2,9 computer Representation of "Constants and "variables lali 

JOVIAl is designed to be compatible with binary 
computers, machines in which numeric and other values are 
represented as strings of binary digits (ones and zeros), 
The bits (binary digits) of a computer are organized in a 
hierarchical structure, A compiler may impose a 
different structure en the computer, but tor reasons of 
efficiency it usually adopts a structure identical to or 
at least compatible with the structure of the machine. 
The structure discussed in this section is the system 
structurei i.e., the structure presented to the 
programmer by the combination of a particular computer 
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and a  par t icular  JOVIAL compi ler  tha t  produces  object  
code for  tha t  computer ,  l a i i i  

,1  JOVIAL "programjdeelara t ions  are  not  complete ly  
independent  of  the  sys tem,  The extent  of  dependence* 
however ,  i s  re la ted  to  the  use  of  cer ta in  language 
fea tures ,  Dependence i s  increased by the  use  of  
fea tures ,  such as  "pat terniconstants  and . .BIT,  tha t  
re la te  to  b i t  representa t ion or  those ,  such as  «,L0C,  
tha t  re la te  to  sys tem s t ructure ,  The value  of  a  
•pat terniconstant  i s  complete ly  independent  of  the  
sys tem,  but  i t s  use  impl ies  knowledge of  the  
representa t ion of  o ther  da ta ,  I t  i s  tha t  knowledge,  
bui l t  in to  the  "program?declara t ion,  tha t  i s  sys tem 
dependent ,  i a i i la  

,2  £ven I f  such del ibera te  sys tem dependence i s  
avoided,  the  programmer  must  s t i l l  have knowledge of  
s t ructure  and representa t ion in  h is  sys tem so  tha t  he  
may know the  l imi ta t ions  on precis ion,  how h is  tables  
must  be  s t ructured,  and how to  avoid  gross  
ineff ic iencies ,  For  example ,  in  process ing long 
s t r ings  of  character  da ta ,  i t  i s  of ten  much fas ter  to  
examine and manipula te  them in  word«size ,  ins tead of  
byte»s ize ,  se ts ,  la i l ib  

,3  A "byte"  i s  a  group of  b i t s  of ten  used to  
represent  one character  of  da ta .  The number  of  b i t s  
in  a byte  i s  sys tem dependent ,  Al though JOVIAL 
permits  some leeway in  pos i t ioning bytes ,  there  are  
usual ly  preferred  posi t ions ,  When refer r ing to  these  
preferred  posi t ions ,  we genera l ly  use  the  term "byte  
boundary" ,  l a l i lc  

,4  A "word"  i s  a  sys temwdependent  grouping of  b i t s  
convenient  for  descr ib ing data  a l locat ion,  Entr ies  
and tables  are  a l located  in  terms of  words ,  Data  a re  
over la id  in  terms of  words ,  The maximum s izes  of  
numeric  values  may,  but  need not ,  be  re la ted  to  words ,  
Word boundar ies  usual ly  correspond to  some of  the  byte  
boundar ies ,  la i i ld  

,5  The "bas ic  addressable  uni t"  i s  the  group of  b i t s  
corresponding to  each maenine  locat ion,  In  many 
machines ,  the  bas ic  addressable  uni t  i s  the  word,  In  
o thers ,  i t  i s  the  byte ,  i f  i t  i s  the  word,  each value  
of  the  locat ion counter  refers  to  a  unique word,  I f  
the  bas ic  addressable  uni t  i s  the  byte ,  each locat ion 
value  refers  to  a  unique byte ,  In  these  la t ter  

1 3  
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c i r c u m s t a n c e s »  I t  o f t e n  h a p p e n s  t h a t  a d r e s s e s  a r e  
s o m e w h a t  r e s t r i c t e d ,  F o r  i n s t a n c e *  i t  m a y  b e  
p e r m i t t e d  t o  r e f e r  t o  a  s t r i n g  o f  c h a r a c t e r s  s t a r t i n g  
i n  a n y  b y t e #  o r  t o  d o u b l e - p r e c i s i o n  f l o a t i n g  v a l u e s  
s t a r t i n g  o n l y  i n  b y t e s  w i t h  l o c a t i o n s  d i v i s i b l e  b y  8 ,  l a l i l e  

, 6  I n t e g e r  a n d  f i x e d  v a l u e s  a r e  r e p r e s e n t e d  i n  b i n a r y  
a s  s t r i n g s  o f  b i t s ,  T h e  n u m b e r  o f  b i t s  u s e d  t o  
r e p r e s e n t  t h e  m a g n i t u d e  o f  a  v a l u e  i s  k n o w n  a s  i t s  
s i z e  a n d  i s  ( i n  m o s t  c a s e s )  u n d e r  t h e  c o n t r o l  o f  t h e  
p r o g r a m m e r .  T h e  p o s i t i o n  o f  t h e  b i n a r y  p o i n t  i s  
u n d e r s t o o d  a n d  t a k e s  u p  n o  s p a c e ,  F o r  s i g n e d  v a l u e s #  
t h e  s i g n  b i t  i s  a n  a d d i t i o n a l  b i t  n o t  c o u n t e d  i n  t h e  
s i z e  o f  t h e  v a l u e .  F o r  p u r p o s e s  o f  t h e  u s e  o f  „ B J T #  
t h e  s i g n  b i t  i s  c o n s i d e r e d  t o  l i e  j u s t  t o  b 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 c c o u n t e d  f o r  b y  t h e  s i z e  o f  
t h e  v a l u e ,  T h e  m a x i m u m  p e r m i s s i b l e  s i z e  o f  a n  i n t e g e r  
o r  f i x e d  v a l u e  i s  s y s t e m  d e p e n d e n t .  T h e  m a x i m u m  s i z e  
o f  a  s i g n e d  i n t e g e r  o r  f i x e d  v a l u e  i s  o n e  l e s s  t h a n  
t h i s  s y s t e m - d e p e n d e n t  s i z e  a n d  t h e  p l a c e s  w h e r e  
u n s i g n e d  v a l u e s  o f  m a x i m u m  s i z e  m a y  b e  u s e d  a r e  
r e s t r i c t e d !  i . e . #  t h e y  m u s t  n o t  b e  u s e d  i n  c o n j u n c t i o n  
w i t h  a n y  " a r i t h m e t i e i o p e r a t o r s *  n o r  w i t h  t h e  t o u r  
n o n s y m m e t r i c  " r e l a t i o n a l j o p e r a t o r s  ( - < *  - > *  - < = *  - > = ) #  
a n d  w h e n  u s e d  w i t h  t h e  s y m m e t r i c  " r e l a t i o n a l i o p e r a t o r s  
U *  a n d  - < > )  t h e  o t h e r  o p e r a n d  m u s t  n o t  b e  s i g n e d ,  i a l i l f  

, 7  T h e  c o m p i l e r  d e t e r m i n e s  t h e  s i z e s  o f  " c o n s t a n t s ,  
T h e  p r o g r a m m e r  u s u a l l y  s u p p l i e s  t h e  s i z e s  o f  
" v a r i a b l e s ,  T h e  s i z e  d o e s  n o t  i n c l u d e  t h e  s i g n  b i t  
f o r  s i g n e d  d a t a .  F o r  u n p a c k e d  o r  m e d i u m  p a c k e d  d a t a #  
t h e r e  m a y  b e  m o r e  b i t s  i n  t h e  s p a c e  a l l o c a t e d  f o r  a n  
i t e m  t h a n  a r e  s p e c i f i e d  b y  t h e  p r o g r a m m e r ,  W h e t h e r  o r  
h o w  t h e s e  e x t r a  b i t s  a r e  u s e d  i s  s y s t e m  d e p e n d e n t #  b u t  
i n  a n y  c a s e  t h e y  a r e  k n o w n  a s  " f i l l e r  b i t s " ,  T h e  s i g n  
b i t #  i f  t h e r e  i s  o n e #  a n d  a n y  f i l l e r  b i t s  a r e  t o  t h e  
l e f t  o f  t h e  m a g n i t u d e  b i t s ,  I t  d e p e n d s  o n  t h e  s y s t e m  
w h e t h e r  t h e  s i g n  b i t  i s  t o  t h e  l e f t  o r  r i g h t  o f  t h e  
f i l l e r  b i t s ,  l a i i l g  

, 8  T h e  m e a n i n g s  o f  b i t  v a l u e s  „ 0  a n d  . 1  a r e  n o t  
s t i p u l a t e d #  b u t  i n  m o s t  i m p l e m e n t a t i o n s  _ o  s t a n d s  f o r  
„ 0  a n d  t o r  m l  i n  P o s i t i v e  v a l u e s .  F o r  n e g a t i v e  
v a l u e s #  t h e r e  i s  c o n s i d e r a b l e  v a r i a t i o n ,  A l l  t h e  
f o l l o w i n g  a r e  k n o w n  a n d  a c c e p t a b l e  r e p r e s e n t a t i o n s  o f  
« * 1 2  i n  a n  u n p a c k e d ,  s i g n e d #  i n t e g e r  i t e m  d e c l a r e d  t o  
b e  f o u r  b i t s  l o n g t  l a l l i h  

u m u m i m i i i m u u m m i H m i m m u o o u  l a i n m  

1 4  
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,9  Float ing values  are  represented by two numbers#  
both  s igned.  The s igni f icand conta ins  the  s igni f icant  
d ig i ts  of  the  value  and the  exrad i s  the  exponent  of  
the  unders tood radix ,  Each sys tem has  a  s tandard  mode 
of  represent ing f loat ing values ,  known as  "s ingle  
precis ion" ,  wi th  a  speci f ied  number  of  b i t s  in  the  
s igni f icand and a  speci f ied  number  in  the  exrad,  Many 
sys tems have one or  a  few addi t ional  modes  in  which 
there  are  more  b i t s  in  the  s igni f icand,  the  exrad,  or  
both ,  i f  there  i s  more  than one mode,  the  programmer  
can usual ly  choose  the  mode for  each f loa t ing value ,  
in  the  absence  of  an  indicat ion of  such choice ,  the  
compi ler  wi l l  usual ly  choose  s ingle  precis ion,  The 
radix  i s  an impl ic i t  constant  having a  
sys tem«dependent  va lue ,  i a l i l i  

,10  Character  va lues  are  represented by s t r ings  of  
bytes#  each byte  consis t ing  of  a  s t r ing  of  b i t s ,  The 
number  of  b i t s  in  a  byte  i s  sys tem dependent ,  The 
number  of  bytes  used to  represent  a  character  value  i s  
under  control  of  the  programmer ,  but  there  i s  a  
sys tem«dependent  maximum, 

,11  A character  i tem that  f i t s  in  one word i s  a lways  
s tored in  one word# by the  compi ler .  By use  of  a  
•speci t iedi table jdeclara t ion# the  programmer  may 
overr ide  th is  ru le ,  I f  i t  i s  not  densely  packed# a  
character  i tem always  s tar ts  a t  a  byte  boundary ,  I f  
i t  crosses  a  word boundary# a  character  i tem always  
s tar ts  a t  a  byte  boundary ,  The programmer  must  not  
a t tempt  to  overr ide  th is  ru le ,  

,12  An ent ry  var iable  whose  re ievent  
• table ideclara t ion does  not  descr ibe  i t  as  being of  
some o ther  type  i s  a  b i t  var iable ,  I t  i s  merely  the  
s t r ing  of  b i t s#  of  a  s ize  corresponding to  the  number  
of  words  in  an ent ry# represent ing the  ent ry ,  

2 ,10 "Spaces# "Comments  

The syntact ic  s t ructures  of  a l l  "symbols  have now been 
expla ined,  as  wel l  as  the  p laces  where  "spaces  are  
permit ted  or  prohibi ted  wi th in  them,  Ai l  fur ther  
s t ructures  tha t  go to  make up a  "programtdeclara t ion are  
composed of  s t r ings  of  "symbols ,  I t  i s  a lways  permit ted  

la l i i j  

la l l lk  

la i i l l  

la l  j  

1 5  
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to  place  one or  more  "spaces  between "symbols ,  I t  i s  
somet imes  required  to  put  a t  leas t  one "space  between 
"symbols ,  The c r i ter ion i s  to  avoid  ambigui ty ,  
"Comments  can of ten  replace  required  "spaces ,  l a i j i  

,1  "Spaces  are  required  in  many s i tua t ions  to  enable  
the  compi ler  to  detec t  the  end of  one  "symbol  and the  
beginning of  the  next ,  Genera l ly ,  a t  leas t  one space  
i s  required  between two "symbols  of  any c lass  except  
" ideograms,  but  inc luding the  "quota t ionjmarK,  The 
ru le  i s  exhibi ted  in  deta i l  in  the  fo l lowing table ,  
The rows are  label led  wi th  the  ending "s igns  of  the  
le f t  "symbol  of  a  pai r  of  "symbols ,  The columns are  
label led  wi th  the  beginning "s igns  of  the  r ight  
"symbol  of  a  pa i r ,  "SR« a t  the  in tersect ion of  row 
and column indicates  tha t  a t  leas t  one "space  i s  
required  between the  pai r  of  "symbols}  la l j la  

,2  A "comment  may occur  between "symbols ,  However# 
i t  must  not  occur  wi th in  a  "def in i t ion  nor  wi th in  any 
"constant ,  such as  a  "s ta tussconstant  or  a  
"characterJconstant ,  A "comment  may be  used ins tead 
of  the  required  "space  between "symbols  unless  use  of  
the  "comment  would  cause  the  occurrence  of  two 
"guota t ionimarks  in  success ion,  In  fac t ,  only  the  use  
of  a  "comment  can br ing about  the  s i tua t ion indicated  
by the  lower  r idht  corner  of  the  table  above,  
In t roduct ion of  a  "comment  between "symbols  where  a  
"space  i s  permit ted  but  not  required  may then require  
a  "space  to  prevent  the  "comment  f rom in ter fer ing wi th  
another  "symbol ,  l a i j ib  

,3  A "comment  must  not  be  used where  the  next  
s t ructure  required  or  permit ted  by the  syntax i s  a  
"def in i t ion ,  That  i s ,  a  "comment  must  not  fo l low the  
"def inejname or  a  " r ight iparenthes is  in  a  
"def ine}declara t ion.  And a  "comment  must  not  fo l low a  
" lef t tparenthes is  or  a  "comma in  a  
"def in i t ioni invocat ion,  A "comment ,  as  def ined above,  
must  not  occur  in  a  "def in i t ion  del imi ted  by 
"quota t ionimarKs,  la i j lc  
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oConta ins  edi ted  correc t ions ,  Al l  yours l  Let  me Know when I  can 
de le te .  For  t ime being I  win  Keep,  
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Chapter  3  la  

"VARIABLES la l  

3 .1  concept  of  "Var iables  la la  

A JOVIAL "program)declara t ion consis ts  of  a  s t r ing  of  
"s ta tements  and "declara t ions  tha t  speci fy  ru les  for  
performing computa t ions  wi th  se ts  of  da ta ,  The bas ic  
e lements  of  da ta  are  i tems,  i tems are  named to  
d is t inguish  one f rom another ,  Somet imes ,  a  "name appl ies  
to  a  group of  i tems,  requir ing indexing to  te l l  one 
member  of  the  group f rom another ,  Severa l  named groups  
may be  subsumed under  another  group,  which i s  Known as  a  
table  and which i s  i t se l f  named,  Tables  and i tems may in  
turn  be  col lec ted  in  another  group ca l led  a  data  b lock 
which,  again ,  i s  named,  Space  may be  a l located  these  
data  s t ructures  e i ther  s ta t ica l ly  a t  compi le  t ime or  
dynamical ly  a t  execut ion t ime,  la ia l  

,1  The va lue  of  i tems and o ther  data  can be  changed 
in  var ious  ways ,  A da ta  e lement  whose  va lue  can be  
changed by means  of  an  "ass ignment  J s ta tement  i s  known 
as  a  var iable ,  I tems,  then,  are  var iables .  Table  
ent r ies  can funct ion as  var iables ,  as  can par ts  of  
i tems under  the  inf luence  of  the  "pr imi t ives  .BIT and 
.BYTE,  la ia la  

,2  A "var iable  i s  the  des ignat ion,  wi th in  a  
"programideclara t ion# of  a  var iable  to  be  manipula ted  
wi th in  the  computer ,  The two syntax equat ions  for  
"var iable  (above)  indica te ,  f i r s t ,  the  type  of  da ta  
involved,  and second,  the  grammat ica l  form of  the  
"var iable  re la ted  to  the  kind of  da ta  s t ructure  in  
which the  var iable  exis ts ,  la ia lb  

3 .2  "NamediVar iable  la lb  

A "namedtvar iable  i s  a  reference  to  a  var iable  by means  
of  a  "name associa ted  wi th  the  var iable  through a  
"data ideciara t ion,  A "s imple tvar iable  i s  a  reference  
( for  the  purpose  of  us ing or  changing i t s  value)  to  a  
var iable  declared to  be  a  s imple  var iable)  one not  
declared as  a  const i tuent  of  a  table ,  No " index i s  
Involved in  a  "s imple tvar iable  because  the  reference  i s  
to  a  var iable  tha t  i s  one of  a  k ind,  not  par t  of  a  

i 
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matched set, Use of the "pointer 8 formula is explained in 
Section 7,8 lalbl 

,1 A "tableivariable is a reference to a variable 
declared to be part of a table, A table consists of a 
collection of entries and there is an occurrence of 
each table item in each entry, An "entryivariable Is 
a reference to the entire entry as a single variable, 
An "indexedjvariable (a "table:variable or 
"entryJvariable) generally includes an "index to 
select the particular occurrence of the variable being 
referenced, lalbla 

,2 An "index is correlated with a "dimension!list, 
Every "tableideclaration contains a "dimensionI list 
which prescribes the number of dimensions of the table 
and the extent of the table in each of these 
dimensions in terms of its "loweribound and its 
"uppersboynd, (Some of the detailed specifications 
can be omitted! the defaults are explained elsewhere,) 
Each "indextcomponent must evaluate to an integer 
value ("numeric!formulas are explained in Sec 4,5) not 
less than the "loweribound and not greater than the 
"upperibound in the corresponding position of the 
relevant "dimension!list, The relevant 
"dimension!list is# of course# the one in the 
"tableideclaration bearing the "tableiname beginning 
the "entry!variable or in the "table!declaration 
containing the "itemideclaration bearing the 
"itemmame starting the "tableivariable, The 
rightmost "indexicomponent selects the element# of the 
row selected by the "indextcomponent second from the 
right, from the plane selected by the "indexicomponent 
third from the right# etc, ialblb 

,3 If the "index is omitted from an 
"indexed!variable, whether or not the empty "brackets 
remain, the meaning is the same as if the complete 
"index were present and each "indexicomponent were 
equal to its corresponding "loweribound, In fact, a 
legitimate form of "indexed!variable is to omit one or 
more "indexicomponents, marking their positions if 
necessary with "commas, The meaning of such a form is 
the same as if each missing "indexicomponent were 
present with a value equal to its corresponding 
"loweribound, The following example shows an 
"ordinaryitable!declaration and three 
"entryivariables# all with exactly the same meaning! lalblc 
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.TABLE ALPHA t3{7,  9 ,  100{i57,  0 :503 f NULLf l a lb lc l  

.ALPHA [3 ,  3 ,  100,03 la lb lc2  

.ALPHA (  ,  3 , ,  0]  la lb ic3  

.ALPHA ( ,3]  la lb lc4  

3 ,3  "Let ter{Controi{Var iable ,  "Funct ional{Var iable  la le  

A * ie t ter»controi ivar iable  i s  a  reference  to  a  var iable  
des ignated wi th in  a  " loop{sta tement  to  a id  in  control  of  
execut ion of  the  "control led!s ta tement  and to  have 
meaning only  wi th in  the  " loopjs ta tement ,  I t  i s  expla ined 
in  Sect ion 5 ,B in  conjunct ion wi th  " loopis ta tements ,  ia lc l  

,1  "Format jvar iable  i s  a  specia l  form that  enables  a  
l i s t  of  va lues  to  be  conver ted  to  character  type  and 
assembled in to  a  character  value ,  The de ta i l s  are  
given in  sec t ion 6 ,1 ,7  la lc ia  

,2  The above const ruct  se lec ts  a  s t r ing ,  of  the  
characters  denoted by the  "namedjcharacter{var iable ,  
to  be  considered as  the  var iable  to  be  g iven a  new 
value ,  The "named!character{var iable  can be  any 
"s imple ivar iable  or  Mndexedivar iable  of  character  
type ,  The bytes  of  the  "named!character{var iable  are  
considered to  be  numbered,  s tar t ing  wi th  zero  a t  the  
le f t ,  The "numeric! formula  fo l lowing the  f i rs t  "comma 
i s  evaluated  as  an  in teger  and used to  se lec t  the  byte  
of  the  "namedjcharacter{var iable  to  be  considered the  
lef tmost  byte  of  the  " funct ional ivar iable ,  i f  there  
i s  no second "comma and no second "numeric! formula ,  
the  lef tmost  byte  of  the  "funct ional{var iable  i s  i t s  
only  byte ,  Otherwise ,  the  second "numeric! formula  i s  
evaluated  and te l l s  how many bytes  there  are ,  
inc luding the  lef tmost  byte ,  in  the  
"funct ional{var iable ,  la lc lb  

,3  The "named!var iable  in  the  above meta l inguis t ic  
formula  can be  of  any type ,  The const ruct  se lec ts  a  
s t r ing  of  b i t s ,  f rom the  b i t s  denoted by the  
"named!var iable ,  and t rea ts  tha t  s t r ing  of  b i t s  as  a  
b i t  var iable ,  The b i t s  of  the  "namedivar iable  are  
considered to  be  numbered,  s tar t ing  wi th  zero  a t  the  
le f t ,  The "numeric! formula  fo l lowing the  f i rs t  "comma 
se lec ts  the  b i t  to  be  considered the  f i rs t  b i t  of  the  
der ived var iable ,  The "numeric{formula  fo l lowing the  
second "comma ( i f  there  i s  one)  determines  the  number  

3 
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o f  b i t s  i n  t h e  d e r i v e d  s t r i n g  ( o n e  b i t  i f  t h e r e  i s  n o  
s u c h  " n u m e r i c i f o r m u l a ) ,  i n  s i g n e d  v a r i a b l e s #  t h e  s i g n  
b i t  i s  b i t  z e r o  a n d  t h e  l e f t m o s t  m a g n i t u d e  b i t  i s  b i t  
o n e ,  i n  u n s i g n e d  n u m e r i c  v a r i a b l e s #  t h e  l e f t m o s t  
m a g n i t u d e  b i t  i s  b i t  z e r o ,  i n  e n t r i e s #  t h e  l e f t m o s t  
b i t  o f  t h e  f i r s t  w o r d  i s  b i t  z e r o ,  I n  c h a r a c t e r  
v a r i a b l e s ,  t h e  n u m b e r  o f  b i t s  P e r  b y t e  i s  s y s t e m  
d e p e n d e n t ,  I n  f l o a t i n g  v a r i a b l e s #  t h e  s i g n  b i t s  o f  
t h e  s i g n i f i c a n d  a n d  e x r a d  a r e  i n c l u d e d  i n  t h e  b i t  
c o u n t #  b u t  t h e  a r r a n g e m e n t  o f  b i t s  i s  s y s t e m  
d e p e n d e n t ,  i a i c i c  

3 . 4  " F o r m a t l V a r i a b l e #  " B i u V a r i a b l e #  " C h a r a c t e r i V a r i a b l e  l a i d  

" F o r m a t  v a r i a b l e  i s  e x p l a i n e d  I n  S e c t i o n  6 , 1 , 7 ,  i a i d l  

, 1  T h e  c o n s t r u c t  u s i n g  - B I T  i s  e x p l a i n e d  i n  S e c t i o n  
3 , 3 , 3 ,  A  " b i t  I  v a r i a b l e  d e n o t e s  a  s t r i n g  o f  b i t s  
w i t h o u t  c o n s i d e r a t i o n  o f  a n y  n u m e r i c  o r  o t h e r  m e a n i n g  
a s s o c i a t e d  w i t h  t h o s e  b i t s ,  A l m o s t  a i l  
" n a m e d ! v a r i a b l e s  c a r r y  a n  i m p l i c a t i o n  o f  s o m e  d a t a  
t y p e  o t h e r  t h a n  " b i t " .  H o w e v e r #  a n  " e n t r y ! v a r i a b l e  
d e n o t e s  o n l y  t h e  s t r i n g  o f  b i t s  c o n s t i t u t i n g  t h e  e n t r y  
i f  t h e  " t a b l e i n a m e  i s  n o t  d e c l a r e d  t o  i m p l y  s o m e  
s p e c i f i c  d a t a  t y p e ,  i a l d i a  

, 2  T h e  c o n s t r u c t  u s i n g  - B Y T E  i s  e x p l a i n e d  i n  S e c t i o n  
3 , 3 , 2 ,  T h e  " n a m e d j c h a r a c t e r i v a r i a b i e  i s  a  
" n a m e d ! v a r i a b l e  u s i n g  a  " n a m e  d e c l a r e d  t o  d e n o t e  a  
v a r i a b l e  ( a n  i t e m  o r  a n  e n t r y )  o f  c h a r a c t e r  t y p e ,  i a i d i b  

3 , 5  N u m e r i c i V a r i a b l e  l a t e  

A n y  " n u m e r i c i v a r i a b l e  c a n  b e  u s e d  a s  a  " p o i n t e r i v a r i a b l e ,  
T h e  d e t a i l s  o f  t h e  u s e  o f  " p o i n t e r ! v a r i a b l e s  a r e  g i v e n  i n  
C h a p t e r  7  i n  c o n j u n c t i o n  w i t h  t h e  d i s c u s s i o n  o f  
c o n t r o l l e d  a l l o c a t i o n ,  " L e t t e r ! c o n t r o i i v a r i a b i e  i s  
e x p l a i n e d  f u l l y  i n  c o n n e c t i o n  w i t h  " l o o p t s t a t e m e n t s ,  
W i t h o u t  b e i n g  e x p l i c i t l y  d e c l a r e d ,  i t  b e c o m e s  a n  
" i n t e g e r ! V a r i a b l e  t h r o u g h  i t s  u s a g e ,  A l l  " n a m e s  t h a t  c a n  
b e  u s e d  a s  " n a m e d ! v a r i a b l e s  a r e  d e c l a r e d  a s  e x p l a i n e d  i n  
C h a p t e r  7 ,  ' S o m e  " e n t r y ! v a r i a b l e s  m a y  u s e  " n a m e s  n o t  
a s s o c i a t e d  w i t h  a n y  d a t a  t y p e ,  A l l  o t h e r  
• n a m e d ! v a r i a b l e s  u s e  " n a m e s  t h a t  a r e  a s s o c i a t e d  w i t h  
" i t e m j d e s c r i p t i o n s ,  T h e s e  " i t e m i d e s c r i P t i o n s  g i v e  t h e  
d a t a  t y p e  a m o n g  o t h e r  t h i n g s  ( s e e  s e c t i o n  7 , 1 6  f o r  
d e t a i l s ) ,  O n e  d a t a  t y p e  i s  " c h a r a c t e r "  a s  m e n t i o n e d  
a b o v e  i n  S e c t i o n  3 , 4 , 2 ,  A n o t h e r  d a t a  t y p e  i s  " f l o a t i n g " ,  
• F l o a t i n g ! v a r i a b l e s  u s e  " n a m e s  d e c l a r e d  t o  b e  o f  f l o a t i n g  

4 
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type .  The o ther  descr ip t ive  terms in  " i tem:descr ip t ions  
denote  "s igned"  and "unsigned" ,  but  we a re  in teres ted  
here  in  o ther  a t t r ibutes ,  Signed and unsigned data  are  
a lso  associa ted  wi th  one or  two "numbers ,  The f i r s t  
"number  declares  the  s ize  of  the  datum,  the  number  of  
b i t s  in  i t s  magni tude ,  I f  th is  i s  the  only  "number  in  
i t s  " i tem:descr ip t ion,  the  datum i s  an in teger  value  and 
the  "named;var iabie  denot ing i t  i s  an " in teger ivar iable ,  
The second "number  in  the  " i tem:descr ip t ion for  a  s igned 
or  unsigned yalue  declares  the  precis ion of  the  value ,  
the  number  of  b i t s  in  i t s  magni tude  a f ter  the  point ,  I f  
th is  second "number  i s  present#  even i f  i t s  value  i s  
zero ,  the  datum i s  a  f ixed value  and the  "named!var iable  
denot ing i t  i s  a  " f ixed?var iable ,  la ie i  

5 
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VGC i7»MAY«74 021 15 30763 
Continued NIC asccount query 

Jim# is there any chance that QFFICE*1 will stay on the network? If 
so# how much will be charged for an account with 100 pages of disk 
space, I might be able to continue support separately, Respnse to 
CERF at ISI, Thanmks, Vint 1 

1 
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EJK 17*MAY*74 03 J 40 30764 
Message to activate toe 'System*, 

This message is being sent in order to try to have the system 
recognize that there is a Directory named Nelson RN2, and that 
Journal mail is supposed to get there, so far we have been 
unsuccessful, 1 hope that this one gets there without the 
intervention of FEEDBACK, BUT# if necessary,,, i 

This is a new Directory which has never been exercised enough to get 
out the bugs, Quite a bit of journal Mail has been sent to RN2 but 
NONE has been received, There are two journaled items in the Journal 
Branch but they were copied into this position by Duane stone, 
Messages have been received. When logging in, and after going into 
NiS# you are told that there are messages and journal Mail, BUT, 
nothing ever gets into the File from the Journal system, 2 

Any attempt to teach the system to Dick Nelson is being held UP until 
the directory is functioning properly, This makes us* and the 
system, look unwell, to say the least, 3 
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Message to activate the 'System', 
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The rugged programming environment is directed at by having the 
programmer insert assertions into his program that the computer can 
aid in checking out hie voerali logic ,lt is planned to be 
interactive so the programmer can do his thing where appropiated and 
the compter its 

NEW CAPABILITIES & OPTIONS 

COMPILER GENERATION TECHNOLOGY 

JOCIT 

CHART & WORDS 

Next chart depicts how a language could be effectively 
supported utilizing META-Compiler Technigueg, 

» Capt Ives • 

ON LINE PGRAMMIN AIDS AND DOCUMENTATION PRODUCTION 

m ARPA * sponsored on Line Textual Manipulation 

By-product - very sophisticated 

Out put processing commands as well as a powerful on line 
deguggin system and 

« As a result High eruaiity documentation can be produced by 
going from a NLS FILE to a Computer output Microfilm Capacity 

in addition* this software was developed to support on-line 
programming & it is anticipated that its inherent structure, 
, With its sophisticated documentation capabilities lend it to 
Structured Programming as well, 

We will get some words from stoney /sri and dick 

• The defense mapping Agency 

This is a question we have to consider how to handle they 
are taliKng like we will handle efforts in structured 
programming ,on line text/grahichs,ana large file handling 
arid will have 75 money 

LANGUAGE SPECIFICATION LANGUAG 

LS Get chart from Robbie - Take to arts & drafting. 

1 
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in addition# as indicated# the 
computer language, Itself crea 

0IP#s 

Language Control 

Compiler optimization studies 

AVS 

Software/Modeling 

GCOS Investigation 

GCOs simseript 

DMS Modeling 

use of English to specify a 
es numerous ambiguity 

15X 

82k 

55fc 

BOX 

6Qk 

software Design and TEST 

Ext of Harvards ECL 50k 

Rugged porgramming enviornment 72* 

Software Modeling studies 136k 

New starts 

The only thing of any matter I guess is interfacing jovial to 
NL5.lt can be said I guess that by so doing we asithe like of 
afsds can then begin to see what it is like to be able to build 
source file in a system which allows for extensive 
editing#documentation and interaction with the program though this 
will be limited since the jovial compiler is etili on some other 
machine, 

The software medei bit is a reasearch effort aimed at attemptlnmg to 
build software models for predicting software reliability figures, 

OBJECTIVE 

As a result of studies like the ccip.85#wwMccs acguistion and a 
general maturing of the data processing field #it is becoming 
evident that the major problem facing all large users of computers 
and ceratainly the Air Force Is software production,Programmer 
productivity and more importanly the reliability of their 
reslultant product the program are erleial problems to af current 
and future systemsThough it was known intuitively by both the R§D 

2 
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communi ty  and the  opera t ional  commands»the  CCIP s tudy surface  in  a  
very  rea l  sense  how untenable  large  sof tware  sys tems rea l ly  
are , In  a  aniays is  of  four  la rge  sof tware  sys tems done for  the  
s tudy team of  which two were  la rge  command and control  sys tems i t  
was  found tha t  on the  average  there  exis i ted  one er ror  for  every  
100 l ines  of  code, In  addi t ion  th is  i s  coupled wi th  the  downward 
t rend of  hardware  o  a t  leas t  processor  cos t  wi th  the  resul tant  use  
use  of  computers  for  more  and more  tas lc  prewiousiy  handled by 
s taf fs  of  people  and the  magintude of  the  problgins  to  emerge,  

in  terms of  schedul ing*:  we a re  a l l  too famial r  wi th  the  
inabi l i ty  of  anyone to  predic t  or  mange the  ent i re  process  of  a  
la rge  sof tware  produet in ,  

As a  resul t  #5581 i s  being redi rec ted  to  focus  speci f ica l ly  on 
the  sof tware  product ion program .Current  programs in  data  
management  and management  in tonat ion sys tems are  being phased 
down or  d iscont inued,  

wi th in  the  pas t  year  though many of  the  problems are  jus t  
beginning to  be  addressed we do fe l l  in  the  area  of  compi ler  
wr i t ing  we have made s ig lnf icant  improvements ,  

ACCQMPUSHMENTS/MIL£STONES 

WWMCCS JOVIAL COMPILER 

Using the  joc l t  commplier  tool  we have dev and produced a  
jovia l  compi ler  which has  been apted  as  a  opera t ional  compi ler  
for  the  wwMCS commini ty  

I t  i s  consider  by many to  be  the  bes t  jovia l  compi ler  ever  
produced by any technique 

Using the  joc i t  tool  a  new vers ion a  or  a  new compi ler  for  a  
d i f ferent  machine  can be  produced a t  30% of  the  cos t  

«  Language spec  

As a  resul t  of  a  three  year  e f for t  a  new speci f ica t ion for  
jovia l  j73  has  beedn comleted  

Though not  opera t ional  there  i s  a  d&f i tem in  on i t  now the  
DAIS program has  adopted I t  and SAC has  agrees  to  conduct ,  a  
fu l l  sca le  opera t inal  tes t  when the  compi ler  i s  imlpemented 

»  In  House  us ing NLS and the  computer  output  
microf i lm 

3 
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A h igh camera ready copy for  irge  sca le  product ion  of  the  
j73  spec i f icat ion  was  prepared us ing  rhe  out  put  process ing  
commands  on  NLS,The current  es t imate  of  cost  saving  i s  2$  
per  page  versous  40$  per  page ,  

Even more  important ly  Poss ib ly  i s  that  the  ent ire  spec  i s  
now in  such a  form that  i t  wi l l  be  a  very  s imple  process  to  
create  subsets  of  the  language  as  wel l  as  mainta in  the  
changes  to  the  bas ic  document  

The  5EMANQ to l l  has  been used to  spe i fy  the  j3  language  and wi l l  
be  used to  spec i fy  the  j73  spec  

The navy are  us ing  i t  to  spec i fy  the ir  CMS 1 language  spec  

WWMCC#s  support  

Working agreement  wi th  AFSDC who has  been tasked 

*  Based on our  past  in»house  exper ience  

*  WWDMS t es t ing  

Des igned,  coded and wi l l  run the  tes t  at  PESTON next  week 

-  2108 PLAN 

Have  prepared 

•  JOVIAL Language  Spec i f icat ion  •  words  from Dick 

The next  chart  depicts  major  problem areas  we be i iv ie  ex is t  

Sof tware  Val idat ion  re l iabi l i ty  

Lack of  Sof tware  d isc ip l ine  probably ,  the  bas ic  problem in  Data  
Process ing  i s  that  i t  i s  an art ,  As  has  been of ten  sa id ,  i f  
you cannot  measure  & Predict  i t s  performance ,  you do  not  know 
what  i t  i s  »  could  certa in ly  be  appl ied  to  sof tware ,  I t  i s  an 
art#  not  a  sc ience ,  

Bas ic  lacks  such as  a  Metr ic#  Error  Data ,  

The  lack  of  error  data  hampers  any s ient i f lc  approach to  
sof tware  des ign  e tc ,ata  sof tware  conferneee  he ld  in  
septemeber  at  the  Naval  post  graduate  school  i t  was  c i ted  as  
the  s ingle  most  g lar ing  lack within  the  f i e ld ,  

Test ing  

4 
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w e  t e s t  f o r  t h e  a b s e n c e  o f  e r r o r s  n o t  t h e  p r e s e n c e  

•  T e s t  u n t i l  o n e  r u n s  o u t  o f  m o n e y  

,  R e l i a b i l i t y  

I t  i s  a  I r o n i c  q u i r k  t h a t  s o f t w a r e  w n e  f i x e d  d o e s  
n o t n e e e s s a r y l l y  g e t  b e t t e r  b u t  o f t e n  g e t s  w o r s e  t h e  n e x t  
c h a r t  s h o w  t h e  d i f f e r e n c e  b e t w e e n  s o f t w a r e  r e l i a b i l i t y  a n d  
h a r d w a r e ,  

A i r  F o r c e  S t a n d a r d  L a n g  D e v  

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

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

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

, n o  w a y  t ©  i n t r o d u c e  c o r r e c t i o n s / c h a n g e s  o r d e r l y  

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

,  I s  w r i t t e n  i n  E n g l i s h ,  i n i t s e l f  a  v e r y  a m b i g u o u s  
l a n g u a g e ,  

S o f t w a r e  C o n f i g u r a t i o n  M d t  

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

,  M g t  u n d e r s t a n d i n g  ( U s e  c h a r t  o n  v i s i b l e  c o d e )  

,  P r o g r a m m e r  v i e w s  h i m s e l f  a s  a n  a r t i s t  

,  D o c u m e n t a t i o n  &  L i b r a r y  f u n c t i o n s  v e r y  d e m a n d i n g  

„  T e c h n o l o g y  T r a n s f e r  

,  N e t  

,  G u i d e s  t o  R  &  D  p r o g r e s s  

•  P u t  m o r e  s t r u c t u r e  i n t o  S o f t w a r e  D e s i g n  

5 
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(Pitch by RCA report • a clean room Kind of environment) 

Though oyr current work in this area is covered in the 
6,3 program it is beiived that considerable more research 
will be required.The strueted programming approach can be 
likened to a clean room environment where many of the 
programming nuances are being remobed so a better 
understanding of what programming really is can take 
Place 

System Dev/vodeiing 

• As a result of our WWMCCS's role, it is quite clear, 3rd 
generation systems do not support on-»line, real time processing 

The hardwareSsoftware eonfigyration is aimed at the resource 
allocation problem not at programmer productivity or 
reliability 

in addition* 

Though there is no exploratory work in being »the conviction is 
growing that hardware architecture studie are required to 
attempt to indentlfy hardware configurations which better 
support programming and reliability of the reulting programs 

Program 

Since their is very little money available for new starts this 
year the money is being used to clean up a few loose ends and put 
us in a postion where we can explore in house the appicability of 
the SRI software to software production we intend to interface the 
jovial compiler to NL5 so we can build source code in NlSand ship 
it to a JOVIAL compiler and based on a extensive review of the J73 
specification by professor Hore there are some revisions mainly in 
the logic control part of the languages. 

We then anticipate that this win then put us in the postion that 
we can experiment more extensively with NLS as both a 
documentation tool as well as a programming tool aiming at the 
establishment of a software analysis faccility where all of the 
tools can be brought to bear on the overall problem of software 
productivity and reliability«The chart also show our tie in the 
ARPA net where again we can explore or epose AF operatonal users 
to various programmer aids and documentation toll, 

0IR#s 

Language control 

6 
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Compiler  opt imizat ion s tudies  15k 

AVS 82k 

The compi ler  opt  e f for t  i s  d i rec ted  a t  evauia t lng the  30 odd 
opt imizat ion rout ine  to  produce a  se t  of  guide  l ines  as  to  
what  aspects  of  the  compler  can bes t  use  i t  and for  waht  
k inds  of  e f f iency,  

The AVS e f for t  Is  a  a t temept  to  make tes t ing  more  v is ib le  

one approach i s  to  segment  thecode and then the  avs  can 
le t  you know automat ica l ly  which segments  have been 
exerc ised as  a  resul t  of  any tes t  programs and data  as  
wel l  as  suggest  what  k ind of  da ta  i s  required  to  exerc ise  
the  segements  her  to  for  not  exerc ised,  

Sof tware/Model ing 

GCOS inves t igat ion 55k 

GCOS Slmscr ip t  8QK 

CMS Model ing 60k 

The gcost  inves t igat ion i s  a  a t tempt  to  make the  tpe  a  
genera l  se t  of  sof tware  so  any one des i r ing message handl ing 
for  th ings  l ike  query  e tc  would  be  able  to  achieve  a  
in ter face  in  a  s t ra ight  forward manner  # ln  addi t ion  i t  a los  
wi l l  enable  jobs  in  t ime shar ing to  ta lk  to  to  the  batch  
world  of  gcos  in  a  much more  s ta ight  forward manner ,  

The Simsr ip t  e f for t  i s  a  a t tempt  to  take  advantage  of  work 
funded by the  in te i inge  people  to  bul id  a  model  of  some 
par ts  of  gcos  us ing s imsr ip t  to  so  tha t  i  working in  suppor t  
of  the  data  sys tem des ign center  weand they could  use  the  
model  to  observe  the  ef fec t  of  proposed mods of  GCOS to  
var ious  par ts  of  the  WWMCCS sof tware ,  

we a re  contuing a t  a  low level  to  inves t igate  the  area  of  
model ing as  i t  could  apple  to  GDMS da ta  base  des ign , s ince  
as  i t  now i s  a l l  most  a i l  of  the  des ign decis isons  are  based 
om a  sea t  Of the  pants  k ind of  decis ion,  

Sof tware  Design and TEST 

Ext  of  Harvards  ECL 50k 

Rugged porgramming enviornment  72k.  

7 
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Software Modeling studies i36K 

The ECh work is aimed 

COMMENTS 

Lete me see,firs FT suggest we have a omening vue graph which sums 
Up the fact that I am briefing a program for only two small 
efforand their context win follow as well as some lnidication of 
accopmiishments during the past year, 

is 

They suggest a bullet supporting slide on the jovial 
accomplishmentiincluding the 60Qk,plus the others. 

The y want a supporting chart on wwmccs accgmplshiments ,maybe one 
showing the extensive moneus involved or a chart showing how one 
of them itens to modify geos to fit their Problem, 

Thev implied they would like to see a chart on NLs#FT says no I 
tend to think yes as I give the talk I feek I do not say enough 
about it when in fact it is one of the two new items we are asking 
money for, 

They want me to explanin away the facility money in vue of the 
heat I win eonstrust a sentence which says this covers the 
computer facility which bthe this project as wel as the rest of 
the center 

They rleaily would like if we briefed a couple of over eieling 
items which are real strong n« ha 

ealnidates are large file modeling 

secure ggos in a multies kind of egviornment 

maybe the effort to tie NLS to structed programming but I doubt 
it as we are not reaaly ready 

the mini effort but i dom»t really kmow 

the high class terminal effort but againg it might be more 
dangerous than it is worth though with DMA the requirement is 
neat 

Line graphics in to text pay somebody isn#t a bad idea 

Nelson any from him? 

8 
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Shift the uc contract UP to oirs 

I think your opening read staement felt too lone see if you 
canlt cut it off earyier 

The closing could stand some help ft made a comment but right 
now I can#t r®mener 

Might grab coordination chart from sam or robbie 

9 
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Tr ip  Repor t  1  

We he ld  d iscuss ions  wi th  the  DMA people  in  three  main  areas?  
Automated Aids  for  Documenta t ion# Computer  Archi tec ture# Data  
Management  and computer  Graphics ,  l a  

The personnel  we ta lked wi th  are  rea l ly  the  o ld  ACIC# which i s  
responsible  for  a l l  Air  Force  char ts  and maps ,  DOD c rea ted  a  new 
agency ca l led  DMA# which consis ts  of  the  Army organizat ion# which 
produces  a l l  te r ra in  Kind of  maps# ACIC Air  Force  maps  and char ts ,  
and the  Navy which does  a i l  undersea  char ts .  There  are  two labs  
who they look for  to  do the i r  R&D, e t  a l ,  which Is  an  Army lab  and 
RADC, Up to  now,  the i r  involvement  wi th  us  has  been through the  
IR d iv is ion but  as  they move in to  more  and more  d ig i ta l  da ta ,  they 
are  in teres ted  in  working wi th  e i ther  us  or  the  Army,  I  th ink 
preferably  both  in  th is  area ,  They work a lmost  exclus ively  wi th  
Joe  Die l lo  as  of  now,  They do seem to  have a  s izable  amount  of  
R&D dol lars  which they must  fund lab  kind of  research as  they can 
only  have a  R&D s taf f  by reg ,  ih  

The main  focal  point  for  the  meet ing was  A,  Kr iegel  who v is i ted  
here  about  a  month  ago,  She works  on the  R&D s taf f  for  ACIC,  i s  
re la t ive ly  new to  the  job and very  In teres ted  in  funding research 
in  many a reas ,  She be l ieves  i t  wi l l  be  impacted in  the  next  few 
years .  We were  br iefed  on some of  the i r  current  R&D programs wi th  
Joe  Die l lo ,  in  essence ,  they are  bui ld ing a l l  kinds  of  
capabi l i t ies  for  d ig i t iz ing char ts ,  maps ,  e tc .  Her  ques t ions  and 
concern  i s  how wi l l  they handle  them both  f rom a  sof tware  
s tandpoint  and hardware ,  She s t ressed that  for  the  most  par t ,  we 
were  too  la te  for  the  FY*75 program as  most  of  the i r  budget  was  
p lanned for  and tha t  our  meets  would  hopeful ly  resul t  in  FY*76 
k ind of  funding,  There  are  a  couple  of  except ions?  one i s  an 
ef for t  which Joe  Die l lo  has  in«house  now where  they want  him to  
fund a  look a t  the i r  cardiogr«phie  database  and the  sota  and ma*e 
some k ind of  P lans  as  to  how i t  can be  bandied and what  k inds  of  
R&D a re  needed to  insure  i t  i s  being handled,  This  e f for t  has  75 
money on i t  and IR wants  us  to  handle  i t ,  I t  sounds  l ike  a  n ice  
oppor tuni ty  for  us  to  begin  to  get  in to  the  large  f i le  problem,  I  
ment ioned tha t  I  suspected  i t  was  more  of  a  sof tware  problem than 
a  hardware  problem and she  quickly  agreed,  ic  

Data  Management  2  

I  was  ac tual ly  surpr ised  tha t  they were  in teres ted  in  th is  area  so  
much,  I  gave our  s tandard  GDMS p i tch  and they apparent ly  re la ted  
c losely  to  the  kinds  of  problems we ta lk  about ,  in  more  de ta i led  
discuss ions ,  i t  became c learer  why,  when they updated f rom the  
7094 to  an 1108,  they were  supposed to  go oyer  a l l  of  the  f i les ,  
which were  under  FFs  on the  7094,  They debated apout  us ing the  

1 



JLM 20*MAY»74 06J50 30766 

GDMs on the 1108# but the facility people Objected as they were 
afraid of the core hog appearance of the system, As a result# 
they are still on the 7094 and are now trying to bring the file 
across, Worse yet# they are not using any Kind of GDMS but are 
writing special programs for each file, The man in charge# B, 
Brown, seemed quite aware of the drawbacks but said as of now# he 
was stuck with a bad decision, He said the worst part was that 
the users were used to Playing with their own database and now 
they would not be able to since they would be so programmer 
oriented, 2a 

They were very interested in DM»1# and I agreed to send them 
documentation# and if they desired# some foilow»up discussion with 
them, Quite honestly though# I do not see it as being too 
promising as they have not even used what they have in GDMS# so it 
is doubtful if they will see the potential power of DM«i, it is 
certainly worth a try as they do have money, 2b 

Automated Aids to oocumenation 3 

They were very interested in the potential of using NLS as a tool 
for speeding up their process for producing things like a manual# 
which contains all information on all of the Air Fields in the 
U,S, This is actually updated once a month, The paper shortage 
is very real to them as well, They are currently examining the 
whole process for potential help# and we discussed various kinds 
of text processing systems which might be of potential use to 
them, I feel follow*yp here is a must because I believe that they 
win be willing to fund an application of this system to their 
operation as well as any longer range kind of stuff we can 
identify# like a mini for instance, A, Kriegel indicated she 
would like to Know when stoney was talking at WRlght^Patterson AFB 
and also at some point in time to arrange a visit by her to SRI, 3a 

Action 4 

Push Yale Smith on the effort which is in*house right now, I 
think we could handle it with some admin type help and it would 
get our foot in the door early, 4a 

Find out when you could send her a rough draft of the sota done 
for SADPR as it might be of use, 4b 

I brought back a set of their documentation, would be neat if we 
could prepare a little using the system, 4c 

2 
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Miss incr  news  

there ' s  no  money ,  P lease  as*  APPAfor  fu r ther  de ta i l s ,  
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Missing news 

CJ30772) 20-MAY-74 i6;5b; Title; AutborCs); Special Jhb 
FeecibacK/FEED; Distribution; /ADO; Sub-Collections; SRI-ARC; Clerk; 
FEED; 



Interaction of substitute ana viewspecs, 
FEED 20*MAY*74 17 J10 30773 

Ed# The substitute command is designed to be controlled by the 
current viewspecs# This gives the user a powerful way to control its 
effect# If you want to have it work on all of the entity specified 
merely ensure that viewspec w is in force, See Section 5# page 15 
of the TNL5 User's Guide, statement 10c, Copy to all RADC because 
this is probably notcommon Knowledge, 1 

1 
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Items for NIC attention 
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(NIC) Items directly concerning the NIC function, i 

ADO 30*APR«74 18118 30593 
missing news 
Message! There's no news online, 

la 

6»MAY»74 2107*EDT Vint Cerf at AMESiTIPi Net mall from site 
BBN*TENEX 

Distribution! FEEDBACK 
Received at! 6«MAY»74 19j06|23 lb 

Jim i 
haven't tried guest because officeM was not responding on 
Monday May 6 at 18o0 hours, will try again later this week and 
will gripe if I have trouble, Thanks for checking again, 
Vint Ibl 

15I.MAYI.74 1610»PDT FEEDBACK! Library services at the NIC 
Distribution! FEEDBACK, hughes at MIT»MutTlCS, norton, 

hhughes,mac at MIT-MULTICS 
Received at! 15»MAY»74 16|10802 1c 

Herb, 
There have been major changes in the NIC recently by ARPA, 
These changes 
win virtually eliminate service as it is now known, This will 
be formally 
announced this week through the System, with copies sent 
through the mail to 
key people at each site, 
Thus, the answers to your questions are very different than 
they would have 
been a few weeks ago, Yes, we would like to have any documents 
for our 
hardcopy collection that you would like to share with us, They 
would of 
course be indexed in our Journal indexes, but that will be 
available only to 
people that are en line, 
since there win be no service via the NIC after 1 July, it 
would not be 
useful tc establish any kind of abstract library (there is none 
now), 
However, if you wish to purchase part of the Utility service 
from us, we 
would be glad to discuss any possibilities, The service 
currently sells for 
a minimum of $10 to 40 thousand per year which includes user 

1 
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Items for NIC attention 

support as well 
as computer service/time, If you are interested or Dave any 
further 
ouestions# please feel free to contact Jim Norton or myself at 
SRI (415) 
326*6200 ext. 36i4„ Thanks for your inquiry, Jim Bair (Head, 
user 
Development) lcl 

05/15/74 0949*edt HHughes.MAC at MIT-Multiesi Net mail from site 
MIT*MULTICS 

Distribution! FEEDBACK 
Received atl i5»MAY*74 06i48i07 Id 

i have several questions, 
we have here at project mac several documents that we think of 
interest, Do you have a hardcopy library and if so could we 
send 
you copies to he numbered and placed in the library, we noticed 
for example that the tenex documentation has nic numbers Idl 

second related question 
we have prepared abstracts of MAC technical memos for 
journal entry into the NIC 
is there already a library of abstracts, If so what kind of 
stuff 
is in it and would it be appropriate for us to put ours into 
It? 
or would it be better to simply create a mit*multics file of 
documents and abstracts available to everyone id2 

thanks Herb Huqhes ltJ3 

2 
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J 7 " ?  -  C h a p t e r  4  »  E d i t  V e r s i o n  
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o s t o n e y *  C h a p t e r  4  i s  f i n i s h e ( a s  f a r  a s  I ' m  c o n c e r n e d ) . . . R e m e m b e r t  
t i s  c o n t a i n s  t h e  b o l d  f a c e  d i r e c t i v e s  a n d  t h e  m o n o s p a c e  d i r e c t i v e s  
( m o n o s p a c e  -  c i r c l e d  i t e m s ) , , . e x c e p t  f o r  t h e  i  c h a r a c t e r  c r a p , . . y o u  
k n o w  w h a t  I  m e a n , , , g o o d  l u c k , , t B o b b i e  
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J 7 3  -  C h a p t e r  4  »  E d i t  V e r s i o n  

< C A R R I E F > J 0 V I A L C H A P 4 E D I T , N L S | 1 ,  2 1 » M A Y * 7 4  1 1 * 0 6  R J C  f  1  

C h a p t e r  4  1 ®  

" F O R M U L A S  l a i  

4 , 1  C o n c e p t  o f  " F o r m u l a s  1 * 1 ®  

C h a p t e r  3  d i s c u s s e s  " v a r i a b l e s #  t h e  c o n s t r u c t s  s t a n d i n g  
f o r  e l e m e n t s  o f  d a t a  w h o s e  v a l u e s  m a y  be  c h a n g e d ,  
" F o r m u l a s  a r e  t h e  m e a n s  f o r  s p e c i f y i n g  t h e  n e w  v a l u e s  f o r  
• v a r i a b l e s ,  " F o r m u l a s  a l s o  g e n e r a l l y  s u p p l y  v a l u e s  f o r  
a n y  p u r p o s e « - s u c h  a s  c o m p a r i s o n s  a n d  o t h e r  s e l e c t i o n s  o f  
c o u r s e s  o f  a c t i o n ,  s i n c e  " c o n s t a n t s  a n d  " v a r i a b l e s  
d e n o t e  v a l u e s  t h e y  a r e  a l s o  " f o r m u l a s ,  l a l a l  

, 1  A n y  " n u m e r i c * f o r m u l a  c a n  b e  u s e d  a s  a  
" p o i n t e r i f o r m u l a ,  T h e  d e t a i l s  o f  t h e  u s e  o f  
" p o i n t e r i f o r m u i a s  a r e  g i v e n  I n  s e c t i o n  7 , 8 ,  
" V a i u e j f o r m u l a s  a n d  " n u m e r i c t v a i u e j f o r m u l a s  c a n  o c c u r  
o n l y  i n  " l o o p  *  c o n t r o l s ,  T h e  d e t a i l s  o f  t h e i r  u s e  a r e  
e x p l a i n e d  i n  s e c t i o n  5 , 8 ,  l a l a l a  

4 . 2  " C o n s t a n t i F o r m u l a  l a i b  

A  " c o n s t a n t  I  f o r m u l a  i s  a  " f o r m u l a  w h o s e  v a l u e  c a n  b e  
d e t e r m i n e d  a t  c o m p i l e  t i m e #  o n c e  a n d  f o r  a l l ,  T h a t  
p a r t i c u l a r  c r i t e r i o n  i s  s o m e w h a t  s y s t e m  d e p e n d e n t ,  I n  
p l a c e s  i n  t h i s  l a n g u a g e  s p e c i f i c a t i o n  w h e r e  a  " f o r m u l a  i s  
c a l l e d  f o r #  i t  i s  o n l y  a  m a t t e r  o f  e f f i c i e n c y  w h e t h e r  a  
" c o n s t a n t ; f o r m u l a  i s  e v a l u a t e d  a t  c o m p i l e  t i m e  o r  
e x e c u t i o n  t i m e ,  A  " c o n s t a n t i f o r m u l a #  h o w e v e r #  c a n  b e  
u s e d  i n  p l a c e s  w h e r e  t h i s  m a n u a l  c a l l s  e x p l i c i t l y  f o r  a  
" c o n s t a n t ,  T h e  " c o n s t a n t s f o r m u l a  m u s t  t h e n  b e  e v a l u a t e d  
a t  t h e  t i m e  i t  i s  e n c o u n t e r e d  i n  o r d e r  p r o p e r l y  t o  
c o m p i l e  t h e  " p r o g r a m j d e c l a r a t i o n ,  T h e  s a m e  c o n s i d e r a t i o n  
a p p l i e s  t o  a  p l a c e  w h e r e  a  " n u m b e r  i s  r e q u i r e d #  b u t  n o t  
a s  p a r t  o f  a n o t h e r  " s y m b o l  s u c h  a s  a  " f l o a t i n g j c o n s t a n t ,  
W h e n  a  " c o n s t a n t i f o r m u l a  i s  u s e d  t o  r e p r e s e n t  a  n u m b e r #  
i t  m u s t  e v a l u a t e  t o  a n  a p p r o p r i a t e  i n t e g e r  v a l u e ,  I n  
g e n e r a l #  p a r t s  o f  t h i s  d o c u m e n t  w h i c h  r e q u i r e  " c o n s t a n t s  
o r  " n u m b e r s  d o  n o t  r e i t e r a t e  t h i s  p e r m i s s i o n  t o  u s e  
" c c n s t a n t s f o r m u l a s ,  A  " c o n s t a n t I  f o r m u l a  i s  n o t  p e r m i t t e d  
a s  p a r t  o f  a  " f o r m a t i l i s t #  w h i c h  i s #  a f t e r  a l l #  a  s e c o n d  
l e v e l  s y n t a x  e q u a t i o n  a p p l i e d  t o  t h a t  w h i c h  i s  f i r s t  t h e  
v a l u e  o f  a  " c h a r a c t e r * f o r m u l a ,  l a l b l  

4 . 3  " C o n d i t i o n a l t ^ o r m u i a  l a i c  

1 
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J 7 3  -  c h a p t e r  4  *  E d i t  V e r s i o n  

A  " c o n d i t i o n a l i f e r m u l a  i s  t h e  " f o r m u l a  f o l l o w i n g  a n y  o f  
t h e  t h r e e  " p r i m i t i v e s  . I F ,  . W H I L E ,  . U N T I L  ( s e e  s e c t i o n s  
5 , 7  a n d  5 , 8  o n  " c o n d i t i o n a l ; s t a t e m e n t s  a n d  
" l o o p i s t a t e m e n t s )  o r  t h e  " d i r e c t i v e i K e y  . J T R A C E ,  A  
" f o r m u l a  o f  a n y  t y p e  c a n  f o e  u s e d  i n  t h e s e  p o s i t i o n s ,  
A f t e r  a l l  o p e r a t i o n s  a r e  p e r f o r m e d  a s  c a l l e d  f o r t h  i n  t h e  
" f o r m u l a  - - b i t  o r  
b y t e  e x t r a c t i o n ,  s h i f t i n g ,  c o n c a t e n a t i o n ,  f u n c t i o n  
e v a l u a t i o n ,  c o m p a r i s o n s ,  a r i t h m e t i c *  l o g i c a l  c o m b i n a t i o n ,  
a t t r i b u t e  g u i d a n c e ,  e t c , - - t h e  r i g h t m o s t  b i t  o f  t h e  r e s u l t  
i s  e x a m i n e d  w i t h o u t  f u r t h e r  c o n v e r s i o n ,  i f  t h a t  
r i g h t m o s t  b i t  i s  . 0  t h e  " c o n d i t i o n a l t f o r m u l a  r e p r e s e n t s  
the  logical  predicate  "false",  I f  the  r ightmost  b i t  i s  
. 1  t h e  " c o n d i t i o n a l s f o r m u l a  r e p r e s e n t s  t h e  l o g i c a l  
p r e d i c a t e  " t r u e " .  T h i s  c a n ,  o f  c o u r s e ,  l e a d  t o  m a c h i n e  
d e p e n d e n c i e s  i f  " c o n d i t i o n a i i f o r m u i a s  c o n t a i n  a n y  
o p e r a n d s  o t h e r  t h a n  u n s i g n e d  i n t e g e r s  e x c e p t  i n  
"comparisons .  For example ,  a  negat ive  integer  as  a  
" c o n d i t i o n a l i f o r m u l a  w i l l  l e a d  t o  a  r e s u l t  o n  a  o n e ' s  
c o m p l e m e n t  m a c h i n e  o p p o s i t e  t o  t h e  r e s u l t  o n  a  t w o ' s  
c o m p l e m e n t  o r  s i g n - m a g n i t u d e  m a c h i n e .  T h e  f o l l o w i n g  
t a b l e  i n d i c a t e s  t h e  a c t i o n  t o  t a k e ,  d e p e n d i n g  o n  t h e  
v a l u e  o f  t h e  " c o n d i t i o n a l ? f o r m u l a  l a i d  

4 , 4  " C h a r a c t e r i F o r m u l a  l a i d  

" C h a r a c t e r j c o n s t a n t  i s  e x p l a i n e d  I n  S e c t i o n  2 , 8 , 1 ,  
" C h a r a c t e r i v a r i a b l e  i s  e x p l a i n e d  i n  s e c t i o n  3 , 4 , 2 ,  
" C h a r a c t e r i f o r m  i s  o n e  o f  t h e  t w o  t y p e s  o f  f o r m ,  
e x p l a i n e d  i n  s e c t i o n  4 , 1 7 , 2 ,  A  " f u n c t i o n l c a l l  i s  t h e  
i n v o c a t i o n  o f  a  c e r t a i n  K i n d  o f  " p r o c e d u r d d e c l a r a t i o n  a s  
e x p l a i n e d  i n  s e c t i o n  4 , 1 8 ,  A  " c h a r a c t e r j f u n c t i o n l c a l l  i s  
t h e  i n v o c a t i o n  o f  o n e  o f  t h e s e  s p e c i a l  
" p r o c e d u r e ; d e c l a r a t i o n s  h a v i n g  i t s  e f f e c t i v e  o u t p u t  
p a r a m e t e r  o f  c h a r a c t e r  t y p e ,  o n e  o f  t h e  
" i n t r i n s i c ? f u n c t i o n i e a i l s  C s e e  S e c t i o n  4 , 1 9 ) ,  t h e  
" b y t e i s t r i n g i f u n c t i o n i c a l l ,  i s  a  
" c h a r a e t e r i f u n c t i o n i c a n ,  l a i d i  

, 1  A n y  " c h a r a c t e r ? f o r m u l a  r e p r e s e n t s  a  v a l u e  h a v i n g  a  
s i z e  m e a s u r e d  i n  b y t e s ,  F o r  i t s  u s e  i n  t h e  
" b y t e i s t r i n g i f u n c t i o n i c a l l ,  t h e  b y t e s  o f  t h e  
" c h a r a c t e r  I  f o r m u l a  ( a n y  " c h a r a c t e r  I  f o r m u l a  c a n  b e  u s e d  
w h e r e  i n d i c a t e d  a $  t h e  f i r s t  " a c t u a l i i n p u t i p a r a m e t e r  
i n  t h e  m e t a l i n g u i s t i c  e q u a t i o n )  a r e  n u m b e r e d  s t a r t i n g  
w i t h  z e r o  o n  t h e  l e f t ,  W i t h  r e s p e c t  t o  t h i s  
n u m b e r i n g ,  t h e  f i r s t  " n u m e r i c t f o r m u l a  ( t h e  s e c o n d  
" a c t u a l i i n p u t i p a r a m e t e r )  t e l l s  w h i c h  b y t e  o f  t h e  
s t a t e d  " c h a r a c t e r i f o r m u l a  i s  t o  b e c o m e  t h e  f i r s t  

2 
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(leftmost) byte of the derived "characterjformula. 
The second "numericsformula, if present, tells how 
many bytes (following consecutively to the right) are 
to be included in the derived "charactersformula, If 
the second "numericsformula is missing, Just one byte 
is used, The "numericsformulas must yield 
non«negatlve values, Only the integer parts of these 
values are used-^the fractions are truncated. The sum 
of the two values must not exceed the size of the 
first "actualsinputsparameter, If the second 
"numericsformula (the third "actualsinputsparameter) 
has a value of zero, then the 
"bytesstringsfunctionscall represents a character 
value of zero size, Such a value as an operand in 
concatenation leaves the other operand unchanged, it 
can be appropriately padded in any context in which it 
might occur, For instance, as a "conditionalsformula 
it would be padded on the left with a single bit of 
value zero, which would thus become the rightmost bit 
of the "conditionalsformula, leading to the logical 
predicate "false", As an operand of ..AND, OR, etc,, 
it would become a string of bits of value zero to be 
combined with the bits of the other operand, Examples laidla 

ALPHA s '0A2C4E6G81 *f 

BETA = BYTE (ALPHA,3,5)) 

laldlb 

laldlc 

GAMMA = BETA <> 'C4E6G*) laldld 

,2 in the above sequence of code, -GAMMA becomes zero 
because ..BETA does indeed contain the value ..C4E6G, laldie 

,3 The "ampersand is the only operator that can apply 
to "charactersformulas, It means concatenation, laidif 

'charactersformula "charactersformula laldlg 

is a "charactersformula, its value is the 
concatenation of the bytes (all the bytes) of its left 
operand on the left with the bytes of its right 
operand on the right, Its size is the sum of the 
sizes of its operands. Examples laldih 

,4 A "characteriformula can consist of concatenations, 
The ordinary left-»to*right rule applies--the two 

3 
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l e f t m o s t  o p e r a n d s  a r e  c o n c a t e n a t e d  f i r s t ,  T h e n  t h e  
r e s u l t  i s  c o n c a t e n a t e d  w i t h  t h e  n e x t  
" " c h a r a c t e r i f o r m u l a  t o  t h e  r i g h t , e t c ,  o r d i n a r i l y  i t  
r e a l l y  m a k e s  n o  d i f f e r e n c e  i f  c o n c a t e n a t i o n  i s  d o n e  
l e f t " t o « r i g h t  o r  r i g h t * t o - l e f t ,  b u t  i n  c a s e s  w h e r e  t h e  
r e s u l t a n t  s i z e  m i g h t  e x c e e d  s y s t e m w d e p e n d e n t  l i m i t s  
s o m e  s y s t e m » d e p e n d e n t  d i f f e r e n c e s  m i g h t  a r i s e ,  
E x a m p l e ;  l a l d l i  

( A L P H A  &  B E T A )  &  ( G A M M A  &  D E L T A )  l a l d t )  

, 5  N o t i c e  t h e  " p a r e n t h e s e s  i n  t h e  a b o v e  e x a m p l e ,  A  
p a r e n t h e s i z e d  " c h a r a c t e r  J  f o r m u l a  i s  a l s o  a  
• c h a r a c t e r i f o r m u l a ,  T h e  u t i l i t y  o f  t n e  " p a r e n t h e s e s  
i s  t o  c h a n g e  t h e  o r d e r  o f  c o n c a t e n a t i o n - - o p e r a t i o n s  
w i t h i n  " p a r e n t h e s e s  a r e  p e r f o r m e d  b e f o r e  t h e  v a l u e  o f  
t h e  p a r e n t h e s i z e d  " f o r m u l a  i s  u s e d  i n  f u r t h e r  
o p e r a t i o n s .  I n  t h e  a b o v e  e x a m p l e  . A L p H A  i s  
c o n c a t e n a t e d  w i t h  . B E T A ,  . G A M M A  i s  c o n c a t e n a t e d  w i t h  

. D E L T A  a n d  t h e n  t h e s e  t w o  r e s u l t s  a r e  c o n c a t e n a t e d  
t o g e t h e r ,  A  " f o r m u l a  o f  a n y  t y p e  c a n  b e  u s e d  a s  a  
" f o r m u l a  o f  a n y  o t h e r  t y p e - - i t s  v a l u e  i s  a p p r o p r i a t e l y  
t r a n s f o r m e d ,  " p a r e n t h e s e s  m a y ,  a t  t i m e s ,  b e  
s i g n i f i c a n t  i n  d e t e r m i n i n g  t h e  t y p e  o f  a  " f o r m u l a ,  l a t d l k  

, 6  A  " b i t i f o r m u l a  m a y  b e  u s e d  i n  a  c o n t e x t  r e q u i r i n g  a  
" c h a r a c t e r { f o r m u l a ,  T h e  m o s t  o b v i o u s  s u c h  c o n t e x t  i s  
a s  t h e  f i r s t  " a c t u a l i i n p u t { p a r a m e t e r  t o  t h e  
" b y t e { s t r i n g i f u n c t l o n { c a i l ,  A s s i g n m e n t  t o  a  
" c h a r a c t e r { v a r i a b l e  d o e s  n o t  m a k e  a  " b l t i f o r m u l a  i n t o  
a  " c h a r a c t e r J f o r m u l a ,  F o r  t h e  y s e  o f  a  " b i t i f o r m y i a  
i n  a s s i g n i n g  a  v a l u e  t o  a  " c h a r a c t e r { v a r i a b l e  s e e  
S e c t i o n  5 , 5 , 1 ,  I n  c o n c a t e n a t i o n  o f  a  " b i t i f o r m u l a  a n d  
a  " c h a r a c t e r  I  f o r m u l a  t h e  " b i t i f o r m u l a  I s  s t r o n g e r - - t h e  
" c h a r a c t e r { f o r m u l a  i s  t r e a t e d  a s  a  " b i t { f o r m u l a ,  I n  
t h e  " b y t e i s t r i n g i f u n c t i o n i c a l l ,  a  " b i t { f o r m u l a  a s  t h e  
f i r s t  " a c t u a l i i n p u t { p a r a m e t e r  i s  p a d d e d  o n  t h e  l e f t  
w i t h  a s  m a n y  b i t s  o f  z e r o  v a l u e  a s  a r e  n e e d e d  t o  y i e l d  
a n  i n t e g r a l  n u m b e r  o f  b y t e s  i n  t h e  v a i u e ,  T h e  
r e s u l t i n g  b i t  s t r i n g  i s  t h e n  c o n s i d e r e d  a  b y t e  s t r i n g  
a n d  t h e  " n u m e r i c ; f o r m u l a s  a r e  u s e d  t o  s e l e c t  t h e  
d e s i r e d  b y t e  s t r i n g ,  F o r  e x a m p l e ,  s u p p o s e  t h a t  i n  a  
s y s t e m  i n  w h i c h  b y t e s  c o n s i s t  o f  e i g h t  b i t s  e a c h #  
t h e r e  i s  a  " b y t e { s t r i n g ; f u n c t l o n { c a l l  r e q u i r i n g  - 3  
b y t e s  s t a r t i n g  w i t h  b y t e  . 1  ( t h e  2 n d  b y t e )  o f  a  
" b i t i f o r m u l a  o f  - 3 5  b i t s ,  T h e  f o l l o w i n g  t a b l e  

4 
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i l l u s t r a t e s  t h e  e x a m p l e  a n d  s h o w s  t h e  r e s u l t a n t  v a l u e  
o f  t h e  " b y t e t s t r i n g i f u n c t l o n i c a i l  l a i d l l  

4 , 5  " N u m e r i c t F o r m u i a  

" N u m e r i c i c o n s t a n t  i s  e x p l a i n e d  i n  s e c t i o n  2 , 8 , 1 1 ,  
" N u m e r i c t v a r i a b l e  i s  e x p l a i n e d  i n  s e c t i o n  3 , 5 ,  A  
* n u m e r i c { £ u n c t i o n s c a i l  i s  t h e  i n v o c a t i o n  o f  a  
" p r o e e d u r e j d e c l a r a t i o n  ( s e e  S e c t i o n  8 , 4 , 2 )  h a v i n g  a n  
i m p l i c i t  o u t p u t  p a r a m e t e r  o f  n u m e r i c  t y p e ,  s e v e r a l  o f  
t h e  * i n t r i n s i c 5 f u n c t i o n i c a l l s  a r e  " n u m e r i c 5 f o r m u l a s  ( s e e  
S e c t i o n  4 , 1 9 ) ,  

, 1  A  " b i t i f o r m u l a  i n  a  c o n t e x t  r e q u i r i n g  a  
" n u m e r i c ! f o r m u l a  i s  t r e a t e d  a s  a n  u n s i g n e d  i n t e g e r  
v a l u e ,  T h e  s t r i n g  o f  b i t s  c o m p r i s i n g  t h e  v a l u e  o f  t h e  
" b i t j f o r m u i a  i s  c o n s i d e r e d ,  w i t h o u t  a n y  c h a n g e ,  
c o n v e r s i o n  o r  a l t e r a t i o n ,  a s  t h e  m a g n i t u d e  o f  a  
n o n ^ n e g a t i v e  i n t e g e r  v a l u e ,  I f  i t s  s i z e  i s  t o o  g r e a t  
f o r  t h e  u s e  t o  w h i c h  i t  i s  b e i n g  p u t ,  l e a d i n g  b i t s  a r e  
t r u n c a t e d  t o  r e d u c e  i t s  s i z e  t o  t h e  m a x i m u m  t h a t  c a n  
b e  u s e d  f o r  t h e  a r i t h m e t i c ,  c o n v e r s i o n ,  i n d e x i n g ,  
p o i n t i n g  o r  f o r m a t t i n g ,  i f  i t s  s i z e  i s  u n k n o w n  a t  
c o m p i l e  t i m e  i t  I s  g i v e n  a  s y s t e m » d e p e n d e n t  d e f a u l t  
s i z e  ( i f  t h e r e  i s  a n y  p o s s i b i l i t y  i t  c o u l d  b e  l a r g e r )  
i n  w h i c h  t h e  r i g h t m o s t  b i t s  a r e  r i g h t  j u s t i f i e d  a n d  
a n y  e x t r a  l e a d i n g  b i t s  a t  e x e c u t i o n  t i m e  a r e  z e r o s ,  
T h i s  d e f a u l t  s i z e  i s  m o s t  l i k e l y  t o  b e  t h e  l a r g e s t  
s i z e  o f  u n s i g n e d  i n t e g e r  w i t h  w h i c h  i n t e g e r  a r i t h m e t i c  
m a y  b e  d o n e  c o n v e n i e n t l y ,  I f  i t s  d e f a u l t  s i z e  i s  
u n k n o w n ,  b u t  i t s  m a x i m u m  p o s s i b l e  s i z e  i s  k n o w n  t o  b e  
l e s s  t h a n  t h e  d e f a u l t  s i z e ,  t h e  m a x i m u m  p o s s i b l e  s i z e  
i s  t a k e n  a s  t h e  s i z e  o f  t h e  u n s i g n e d  i n t e g e r  i n  t h e  
n u m e r i c  c o n t e x t ,  l a i e i a  

, 2  B e i n g  i n  a  p o s i t i o n  t o  b e  a s s i g n e d  t o  a  
" n u m e r l c i v a r i a b i e ,  b e i n g  a n  " a c t u a l t i n p u t { p a r a m e t e r  
c o r r e s p o n d i n g  t o  a  n u m e r i c  " f o r m a l ! l n p u t j p a r a m e t e r ,  o r  
b e i n g  c o m p a r e d  w i t h  a  " n u m e r i c ! f o r m u l a ,  d o e s  
, B s i j n o t , B = 0 j  i m p o s e  n u m e r i c  a s s u m p t i o n s  o n  a  
" b i t i f o r m u l a ,  T h e  c o n t e x t s  r e q u i r i n g  a n y  " f o r m u l a  t o  
b e  t r e a t e d  a s  a  " n u m e r i c : f o r m u l a  a r e  a s  f o l i o w s i  l a l e l b  

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

5 
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b ,  A s  a n  o p e r a n d  t o  b e  c o n v e r t e d  t o  a  n u m e r i c  i n  
a c c o r d a n c e  w i t h  a t t r i b u t e  g u i d a n c e ,  l a l e l b ?  

c ,  A s  a n  " i n d e x i c o m p o n e n t ,  

d ,  A s  a  " p o i n t e r i f o r m u l a ,  

l a l e i b 3  

l a l e i b 4  

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

4 , 6  A r i t h m e t i c  l a l f  

" A r i t h m e t i c i o p e r a t o r s  a r e  u s e d  t o  s p e c i f y  a r i t h m e t i c  
c a l c u l a t i o n  i n  d e t e r m i n i n g  n u m e r i c  v a l u e s ,  T h e  m e a n i n g s  
o f  t h e  " a r i t h m e t i c i o p e r a t o r s  a r e  a s  f o l l o w s !  l a l f  i  

- +  A d d ,  

S u b t r a c t ,  ( o r  n e g a t e )  

M u l t i p l y ,  

D i v i d e ,  

D e t e r m i n e  t h e  r e s i d u e  ( m o d u l o ) ,  

„** Raise to the power of (exponentiation), 

l a l f l a  

l a l f l b  

l a l f l c  

l a l f i d  

l a l f l e  

l a l f I f  

, 1  T h e  s y n t a x  e q u a t i o n s  p e r m i t  l o n g  s e q u e n c e s  o f  
" P l u s i s i g n s  a n d  " m i n u s t s i g n s  b e f o r e  a n  o p e r a n d ,  T h e  
e f f e c t  o f  s u c h  a  s e q u e n c e  c a n  e a s i l y  b e  d e t e r m i n e d  b y  
c o u n t i n g  t h e  " m i n u s i s i g n s  a n d  i g n o r i n g  t h e  
" p l u s i s i g n s ,  I f  t h e r e  i s  a n  e v e n  n u m b e r  o f  
" m i n u s i s i g n s #  t h e  e n t i r e  s e q u e n c e  i s  e q u i v a l e n t  t o  o n e  
" p l u s i s i g n ,  I f  t h e r e  i s  a n  o d d  n u m b e r  o f  
" m i n u s i s i g n s #  t h e  e n t i r e  s e q u e n c e  i s  e q u i v a l e n t  t o  o n e  
" m i n u s i s i q n ,  i a l f i g  

fe 
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s a m p l e  p r o g r a m t , „ i t  r e f o r m a t s  s t a t e m e n t s  c r e a t e d  b y  t h e  I N M E S  
p r o g r a m #  m a k i n g  t h e m  l o o k  l i k e  j o u r n a l  d o c u m e n t s  ( l e t  s e n d e r s  I D E N T  
I n  p a r e n ' s #  t h e n  t h e  d a t e #  t h e n  t h e  t i t l e  o f  t h e  m e s s a g e #  a l l  
f o l l o w e d  b y  t h e  m e s s a g e )  

t h o g h t  y o u  m i g h t  l i g h t  t o  t a k e  a  l o o k  a t  t h i s j  t h e r e ' s  n o t h i n g  
r e a l l y  n e w  i n  i t #  b u t  i t ' s  a p p a r e n t l y  u s e f u l #  



MIKE 21-MAY*74 11:35 30776 
sample program#lit reformats statements created by the INMES 
program, making them look like journal documents (ie, senders IDENT 
In parents, then the date, then the title of the message, all 
followed by the message) 

PROGRAM reform 
DECLARE TEXT POINTER sf, ptl, Pt2, pt 3, pt4, 
(reform) PROCEDURE: 

IF FIND # 5 f  $NP $D SL $D $NP SPT "*Pt3 CH $NP "ptl £SP/':J 
•pt4 < CH *Pt2 > THEN 

ST Sf „ '(, Ptl Pt 2, '), • »* SF(Sf) pt 3, » », pt4 
SECsf)f 

RETURN(FAL5E) END, 
FINISH 1 

1 



MIKE 21-MAY-74 H « 35 30776 
sample program,#f,,,it reformats statements created by the INMES 
program# making them look like journal documents Cie, senders 1DENT 
in paren's# then the date# then the title of the message, all 
followed by the message) 
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EJK 2 1 "MAY>74 1 3 I 25 307 
job Assignments, short term, 

PREPARE A PACKAGE FOR SOME TERMINALS TO BE BOUGHT BY SRI FOR US, 
CHECK INTO THEIR CHEEPIE DHLS, CELF with assist from DLS,) 

THE MINI CONFESS WILL BE NEXT TUESDAY AT 1030, THE TOPIC WILL BE THE 
BRIEFING TO HEILMEIER GIVEN BY JLM, THIS WILL BE PRECEDED BY A 
RUNDOWN ON THE NLS TASKS, CALL) 

START THE EFFORT WRITE UpS ON EACH OF THE TASKS, WE HAVE A LIST OF 
TASKS THAT WE WORKED Up, (MCNAMARA,ISIM,i) ALL THE 1634*S ARE 
ALREADY IN THE SYSTEM, (ALL) 

HELP IN FIGURING OUT HOW TO PREPARE A FORMAT WHICH IS USEFUL FOR US, 
THE MANNING FOP INSTANCE, WHERE IT IS IMPORTANT TO KNOW THE RATE OF 
MANPOWER EXPENDITURE AND THE PROJECTION, (RBP with assist from DLS, 
EJK) 

THE TPO JAZZ IS ABOUT TO START, WE NEED ED LAFORGE TO MANAGE THE TPO 
DOWN TO THE LAST DETAIL, SO THAT WE DO NOT HAVE THE SAME FORMAT 
PROBLEM WE HAD LAST YEAR, LAST YEAR'S, IN ITS VARIOUS 
MANIFESTATIONS, IS ALREADY IN THE SYSTEM, GET THE INSTRUCTIONS ETC,? 
GET SOME OF LAST YEARS COPIES DISTRIBUTED TO THE PEOPLE WHO WILL BE 
REDOING IT, GET A HEAD START, (ELF with assist from RBP DLS EJK RJC) 

WE KEEP GETTING INFO OR REQUESTS ON THE ESP FOR DSC/O PROJECT, WE 
SHOULD CANCEL THIS THING OUT, C DLS) 

EXPLORE THE USE OF THE FSO AS A LIBRARY KIND OF OPERATION USING THE 
JOURNAL SYSTEM, A FAIRLY EXTENSIVE INDEX CROSS-REFERENCES ETC, C RBP 
with assist from DLS RJC) 

WE HAVE A LETTER IN HERE FROM DR MAYER ON THE BBN WORK, WE NEED 
THINK ABOUT OUR POSITION ON THIS WORK SINCE IF WE DON'T PUSH IT IN 
558i IT WON'T BE FUNDED, C EJK with assist from DLS) 

PREPARE TO BRIEF THE SRI CONTRACT, THE ARPA PART, NOT OURS, THOUGH I 
GUESS WE WILL HAVE TO MENTION WE ARE USING OFFICE 1, THE OLD PAR 
BRIEFING RESURRECTED AND NOW CALLED MARS, C EJK with assist from 
DLS) 

PREPARE A BRIEF PLAN FOP TRAINING STINSON, SEMftRARO, BECKY, MARCELLE, 
NELSON AND CARM, C EJK with assist from DLS) 
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W h a t s  u p  r e v i s i t e d  

H i  B o b ,  e v e r y t h i n g  h e r e  i s  g o i n g  a s  u s u a l ,  A  t e w  o f  u s  a r e  l o o k i n g  
a r o u n d  f o r  n e w  p o s i t i o n s ,  I  w o n t  n a i v e  n a m e s  b u t  
M e l , B a r r y , G e o r g e , R o g e r ,  a n d  H i k e  w o u l d  a g r r e e  w i t h  t h e  a b o v e  
s t a t e m e n t ,  A s  f o r  t h e  c u t b a c k  i n  N I C  s e r v i c e s ,  I  a g r e e  t h a t  i t  c o u l d  
h a v e  b e e n  w o r s e  b u t  n o t  b y  m u c h ,  A s  I  s e e  i t ,  t h e  N i c  w i n  n o  l o n g e r  
s e r v e  a s  a  m e t h o d  o f  i n t e r a c t i o n  f o r  t h e  A R P A N E T W Q R K i N G  c o m m u n i t y  
( e , g , ,  w o r k i n g  g r o u p s )  a n d  t h i s  w a s  o n e  o f  t h e  n e t w o r k s  s t r o n g  
p o i n t s .  I t  l o o k s  v e r y  m u c h  l i k e  A R P A  i s  o u t  o f  t h e  n e t w o r k i n g  b i z ,  O h  
w e l l , , ,  I ' l l  t r y  t o  l i n k  t o  y o u  t h e  n e x t  t i m e  t h a t  y o u r  o n ,  S e e  y o u  
s o o n ,  F r a n k ,  
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H I K E  2 2 « » M A  Y « 7 4  0 5  ?  3 4  3 0 7 8 0  
c o m m e n t  o n  t h e  s a m p l e  p r o g r a m  I N M E S ,  a n d  o n  t h e  L - 1 0  m a n u a l  
g e n e r a l l y ,  

T h e  e x a m p l e  p r o g r a m  t h a t  y o u  s e n t  m e  w a s  t o o  c o m p l i c a t e d  t o r  m e  t o  
m a k e  m u c h  s e n s e  o f ,  T a k e  t h e  f i r s t  o c c u r r e n c e  o f  t h e  t h e  C A S E  
c o n s t r u c t i o n ,  f o r  e x a m p l e ?  
C A S E  l o o k c C  )  C F  

s CM input ( ) I 
*  £  £  C T  

T h o s e  p a r e n ' s  a r e  t h r o w i n g  m e ,  A l s o ,  g e n e r a l l y  s p e a k i n g ,  t h e  
p r o g r a m  i s  t o o  l o n g  f o r  m e  t o  g e t  a  g r a s p  o f  i t s  l o g i c a l  s t r u c t u r e ,  
e v e n  t h o u g h  I  k n o w  w h a t  i t ' s  i n t e n d e d  t o  d o ,  

A s  a  f u r t h e r  g e n e r a l  c o m m e n t  o n  t h e  u s e r s ' s  m a n u a l ,  b o t h  p e n n y  a n d  
I  h a v e  f o u n d  t h a t  i t  i s  s h o r t  o f  e x a m p l e s  o f  t h e  t y p e  t h a t  w o u l d  b e  
u s e f u l  t o  s o m e o n e  l e a r n i n g  L - i O  f o r  t h e  f i r s t  t i m e ,  w e  h a v e n ' t  
l o o k e d  a t  t h i s  i n  d e t a i l ,  b u t  I  t h i n k  t h a t  m o s t  o f  t h e  e x a m p l e s  a r e  
g e a r e d  t o w a r d s  s o m e o n e  w h o  k n o w s  L - 1 0  a n d  w a n t s  t o  t a k e  a  l o o k  a t  a  
p e r t i u c i a r  o p e r a t i n g  c o n s t r u c t .  I n  o t h e r  w o r d s ,  t h e  e x a m p l e s  a r e  
g e a r e d  t o w a r d  a  u s e r  w h o  w a n t s  t o  s e e  h o w  t o  f i t  a n  o p e r a t i o n  i n t o  
h i s  e x i s t i n g  b a g  o f  t r i c k s ,  r a t h e r  t h a n  t o w a r d s  s o m e o n e  w h o  h a s  n o  
b a g  o f  t r i c k s  a n d  w o u l d  l i k e  t o  d e v e l o p  s o m e ,  

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

O t h e r  t h a n  t h e s e  f e w  d i f f i c u l t i e s ,  I  t h i n k  w e ' r e  g e t t i n g  a l o n g  
q u i t e  w e l l ,  W e ' r e  l o o k i n g  f o r w a r d  t o  a  c h a n c e  t o  w o ? k  w i t h  y o u  i n  
p e r s o n  o n  s o m e  o f  t h e s e  p r o b l e m s  ( e i t h e r  h e r e ,  o r  w h e r e v e r  y o u  h a p p e n  
t o  w o r k i n g  o u t  o f ) ,  
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PJC 22-MAY-74 07 1 16 30781 
Tickler 

(maym5) 27 May » Monday - HOLIDAY I 

(maytS) 28 May • Tuesday 2 

Due Date • ISIM/ISIS • Nominations for specialized Short-Term 
Courses for 1st naif FY-75* 2a 

1300 hrst Branch Chief's Meeting 2b 

28 May * Due Date * ISIM - Unsol, Prop, 164-74 "Modeling of Data 
Management system" COMPLETED 2c 

28 May * Unsol Prop 165-74 "A Security Model of Operating Systems" 
COMPLETED 2d 

(maywS) 29 May • Wednesday 3 

Due Date • ISIS/ISM » memo - Authorization to Sign *or and peceive 
Classified Material - Request each Division submit a listing of 
authorized personnel who will have occasion to sign for 
reproduction work to 416 CSG/DAPR through RADC/DAP by 3 June 74, 
The following format is requested! Name Grade social security No, 
Office Symbol Extension Sample signature, 3a 

(maythsj 30 May - Thursday 4 

Commander's Supervisors' call * 30 nay - 1000 hrs, - i06 -
Auditorium, 4a 

Due Date » ISI/FJT, IsiM/p, luorno, ISC/M, Kesselman - Subject! 
WWMCCS - Ltr from AFSC/DLC - Support for System Dmt Notification 
(SDN) » AF-025«ynder Project 2108) Prepare document or cancel 
mini computer ffortj and finally » 1634 for the Study - i Atch RDP 
ltr, dtd, 3 apr 74 w/ateh. 4b 

0830 brs, Branch Chief's Meeting 4c 

I5JM/IS1S - university of Michigan brochures » Nominations CAF 
Form 1152) for FY 75 courses should be submitted to this office 
(7SI) by 30 May 74, School application forms should be submitted 
also, Catalog on file in ISX, 4d 

Laboratory Activity Reports due today! Bucciero must have them by 
1000, ISM must have them by 1100, and DOT must have them by 
1600,(JJOURNAL,30511,1JW) 4e 

(mayfS) 31 May - Friday 5 

CONCESSIONAL VISIT • Donald J, Mitchell, 31st. District, N,Y, -

1 



RJC 22«MAV>»74 07 5 16 30781 
Tickler 

Mitchell will visit Bldg 3> with concentration on the "proposed" 
new laboratory area, The commander and Joseph G* Vincent, Special 
Asst to the Commander, RADC will accompany him on RADC portion of 
the visit, Approximate time of visit# 1300 - 1330 - 31 May 1974 
» FB/IS advised to clean area and make it as presentable as 
possible, 5a 

Due Date « ISIS • Final Invention * £30602""73-e«i0i6l, 5b 

Due Date • ISIMCR, Iuorno) Final Report, Contract 
F30602»73«-C-0223 for technical review, DM5 Test Methods for 
Security & Restart/Recovery, 5c 

Form 2's (employee time expenditures) are due today, 5d 

Form f > * s  (projected manpower) are due today, 5e 

Bobbiej Travel figures due by noon, 5f 
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RJC 22"MAY*74 07 J 24 30782 
FAREWELL PARTY - 5 JUNE 74 

SAY FAREWELL • 1800 * 2000 hrs, GAFB Officers Club $3,00 per 
person stand»up Buffet Pay as you go Happy hour prices first hour 
Tickets nay be obtained by contacting M, Xobos by 31 May 74, 

1 
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FJC 22«MAY*74 08 S 46 30783 
MINIMIZE 

Due to MINIMIZE# before making Autovon or long distance calls# 
permission must be obtained from Branch Chieft Report to Becky tor 
logging the call# after permission is granted, PLEASE COMPLY 

i 
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C h a p t e r  5  1  

S T A T E M E N T S  l a  

5 . 1  c o n c e p t  o f  • S t a t e m e n t s  l a l  

• S t a t e m e n t s  a r e  t h e  o p e r a t i o n a l  u n i t s  o f  J O V I A L ,  T h e y  
d e s c r i b e  s e l f - c o n t a i n e d  r u l e s  o f  c o m p u t a t i o n  s p e c i f y i n g  
m a n i p u l a t i o n s  o f  d a t a ,  a n d  t h e y  d e s c r i b e  t h e  s e q u e n c i n g ,  
c o n d i t i o n a l  o r  u n c o n d i t i o n a l ,  o f  t h e  e x e c u t i o n  o f  
• s t a t e m e n t s ,  i a l a  

t i  W h e r e v e r  t h e  s y n t a x  s a y s  t h a t  a  ' s t a t e m e n t  c a n  b e  
u s e d *  a n y  o f  t h e  a b o y e  K i n d s  o f  " s t a t e m e n t  c a n  b e  u s e d ,  
T h e  t e r m  • c o n t r o l l e d ! s t a t e m e n t  i s  s o m e t i m e s  u s e d  i n  
d e s c r i b i n g  o t h e r  • s t a t e m e n t s ,  A  " c o n t r o i l e d t s t a t e m e n t  i s  
n o t  a n y  s p e c i a l  K i n d  o f  " s t a t e m e n t  b u t  i s  a  r e q u i r e d  p a r t  
o f  a  " c o n d i t l o n a l i s t a t e m e n t  o r  " l o o p t s t a t e m e n t ,  i a l a i  

, 2  A n y  " s t a t e m e n t  m a y  b e  u s e d  w h e r e  a  
* c o n t r o l l e d ! s t a t e m e n t  i s  s p e c i f i e d - » e x c e p t  f o r  t h e  
p a r t i c u l a r  f o r m s  p r o h i b i t e d  i n  t h e  d e s c r i p t i o n  o f  t h e  
" c o n d i t i o n a l i s t a t e m e n t ,  i a l a 2  

, 3  T h e  K i n d s  o f  " s i m p l e i s t a t e m e n t s  l i s t e d  b e l o w  a r e  
d i s c u s s e d  i n  s e c t i o n s  5 , 5  t h r o u g h  5 , 1 4 f  i a i a 3  

, 4  S o m e  ' s i m p l e ! s t a t e m e n t s  s u c h  a s  t h e  " l o o p j s t a t e m e n t ,  
" s w i t c h i s t a t e m e n t ,  a n d  " c o n d i t i o n a l i s t a t e m e n t  m a y  c o n t a i n  
• c o m p o u n d : s t a t e m e n t s ,  l a l a 4  

5 . 2  " N u l l ! S t a t e m e n t  l a 2  

i n  s o m e  l a n g u a g e  f o r m s  d e f i n e d  i n  t h i s  m a n u a l ,  s o m e  
p r e l i m i n a r y  s t r u c t u r e  i s  f o l l o w e d  b y  a  s i n g l e  " s t a t e m e n t ,  A  
" s i m p l e i s t a t e m e n t  o r  " c o m p o u n d ! s t a t e m e n t  u s u a l l y  c o m p l e t e s  
t h e  f o r m ,  i f  t h e r e  i s  n o  s i g n i f i c a n t  " s t a t e m e n t  d e s i r e d  i n  
s u c h  a  c a s e *  a  " n u l l I s t a t e m e n t  c a n  b e  u s e d  t o  c o m p l e t e  t h e  
f o r m ,  l a 2 a  

, 1  T h e  s e c o n d  f o r m  g i v e n  a b o v e  f o r  " n u l l ' s t a t e m e n t  i s  a  
s i n g l e  " n u l l i s t a t e m e n t  r e g a r d l e s s  o f  w h e t h e r  t h e  o p t i o n a l  
" s e m i c o l o n  i s  i n c l u d e d ,  A  s i n g l e  o p t i o n a l  " s e m i c o l o n  i s  
p e r m i t t e d  a s  a  t e r m i n a t o r  f o r  a  " d i r e c t : s t a t e m e n t ,  a  
" s w i t c h ! s t a t e m e n t ,  a  " c o m p o u n d i d e c i a r a t i o n ,  o r  a  
" c o m p o u n d i s t a t e m e n t ,  i f  u s e d ,  t h i s  " s e m i c o l o n  m e r e l y  
t e r m i n a t e s  t h e  " s t a t e m e n t  o r  " d e c l a r a t i o n  a n d  i s  n o t  a  
" n u l l { s t a t e m e n t ,  A n o t h e r  u s e  f o r  t h e  " n u l l s t a t e m e n t  i s  
g i v e n  i n  t h e  d i s c u s s i o n  o f  " s w i t c h ! s t a t e m e n t ,  l a 2 a l  

1 
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5,3 "CompoundtStatement 

A "compound!statement is 
character is bound up in 

a "statement whose essential 
containing on® or more other 

"statements as a part of itself, A "compound;statement 
(like a "loop*, "conditionalj, or "switchjstatement) is 
grouping of other "statements, 

la3 

ia3a 

,t in the syntax equation above, there must be at least 
one "statement other than a "nyiltstatement between 
.BEGIN and .END for it to be considered a 
"compoynajstatement, "Directives may be Included in a 
"compoundsstatement (see Chapter 115* The optional 
"semicolon, if given, does not constitute a 
*null!statementf It merely terminates the 
"compound!statement, An example of a "compoundistatement 
that contains a "compoundistatement isi ia3ai 

GOTO OUT j 

BEGIN IF J > 9 | 

BEGIN J = J • 1 > 

m END 

• END 

5,4 "Namedistatement 

Any "statement can be named, 

,1 A "statementjname is defined by attaching the "name 
followed by a "colon to any "statement. The "statement 
to which the "name is attached becomes thereby a 
"named?statement, The "named!statement retains its 
character as a "nulUstatementi "simpleistatement# or 
"compoundistatement when the "name is attached, and so 
another "name can be attached, Example! 

CEASE! DESIST! HALT! STOP! 

Ia3ala 

ia3aib 

ia3aic 

la3aid 

ia4 

la4a 

ia4ai 

la4ala 

,2 The above example is a "stopistatement that has three 
"names, .CEASE, .DESIST, and .HALT. The "stop I statement 
is also a "namedistatement and a "simpiejstatement. More 
examples of naming various kinds of "statements follows ia4a2 

EPSILON| ZETA S ETA F 

THETAI IF , • , (uncompleted) 

Ia4a2a 

Ia4a2b 

2 
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I O T A ?  F O R  ,  #  ,  ( u n c o m p l e t e d  I a 4 a 2 c  

K A P P A ?  B E G I N  ,  ,  ,  ( u n c o m p l e t e d )  I a 4 a 2 d  

L A M B D A ?  T E S T ?  I a 4 a 2 e  

M U ?  E X I T  K A P P A ?  I a 4 a 2 f  

, 3  A  " s t a t . e m e n t ? n a m e  m a y  b e  a t t a c h e d  t o  t w o  s t r u c t u r e s  
t h a t  a r e  n o t  " s t a t e m e n t s ,  S p e c i f i c a l l y ,  a  
• s t a t e m e n t ? n a m e  m a y  p r e c e d e  . E L S E ,  a n d  a  " s t a t e m e n t ? n a m e  
m a y  p r e c e d e  t h e  f i r s t  . B E G I N  f o l l o w i n g  - S W I T C H ,  a s  I n  
t h e s e  e x a m p l e s ?  i a 4 a 3  

N U ?  E L S E  M ,  ( u n c o m p l e t e d )  I a 4 a 3 a  

S W I T C H  X I - 3 ?  O M I C R O N ?  B E G I N  f , f  ( u n c o m p l e t e d )  I a 4 a 3 h  

, 4  T h e  e f f e c t  o f  r e f e r e n c e s  t o  . N u  i s  e x a c t l y  t h e  s a m e  
a s  i f  - N U  w e r e  a t t a c h e d  t o  t h e  ' s t a t e m e n t  f o l l o w i n g  
. E L S E ,  T h e  e f f e c t  o f  a  * g o ? t o ? s t a t e m e n t  r e f e r e n c i n g  
. O M I C R O N  i s  e x p l a i n e d  i n  s e c t i o n  5 . 1 2 , 1 ,  T h e  e f f e c t  o f  
a n  " e x i t ? s t a t e m e n t  r e f e r e n c i n g  . O M I C R O N  i s  t h e  s a m e  a s  i f  
. O M I C R O N  w e r e  a t t a c h e d  t o  t h e  » s w i t c h ? s t a t e m e n t ,  I a 4 a 4  

5 , 5  * A s s i g n m e n t ? S t a t e m e n t s ,  ' E x c h a n g e ? S t a t e m e n t  l a 5  

A  " s i m p i e j a s s i g n m e n t ? s t a t e m e n t  s p e c i f i e s  t h a t  t h e  ' f o r m u l a  
t o  t h e  r i g h t  o f  t h e  " e q u a l s ? s i g n  b e  e v a l u a t e d  a n d  t h a t  t h i s  
v a l u e  b e c o m e  t h e  n e w  v a l u e  o f  t h e  ' v a r i a b l e  t o  t h e  l e f t  o f  
t h e  * e g u a l s ? s i g n ,  i t  i s  p e r m i s s i b l e  f o r  t h e  " v a r i a b l e  o n  
t h e  l e f t  t o  o c c u r  a l s o  i n  t h e  " f o r m u l a  o n  t h e  r i g h t ,  I n  
t h i s  c a s e ,  t h e  o l d  v a l u e  o f  t h e  " v a r i a b l e  i s  u s e d  I n  t h e  
c a l c u l a t i o n s  n e e d e d  t o  e v a l u a t e  t h e  " f o r m u l a ,  T h e  " f o r m y l a  
i s  e v a l u a t e d  a s  d e s c r i b e d  i n  C h a p t e r  4  ( s e e  p a r t i c u l a r l y  
s e c t i o n s  4 , 1 5  a n d  4 , 1 6 ) ,  t h e n  a n y  " i n d e x  o r  " p o i n t e r  I  f o r m u l a  
a s s o c i a t e d  w i t h  t h e  " v a r i a b l e  o n  t h e  l e f t  i s  e v a l u a t e d ,  a n d  
t h e  v a l u e  o f  t h e  " f o r m u l a  i s  a s s i g n e d  t o  t h e  " v a r i a b l e ,  A n y  
r e o r d e r i n g  o f  t h e  c o m p u t a t i o n s  f o r  o p t i m i z a t i o n  i s  p r e v e n t e d  
i t  a p  ' o r d e r [ d i r e c t i v e  p r e c e d e s  t h e  " a s s i g n m e n t ? s t a t e m e n t  0 r  
t h e  " d e c l a r a t i o n  o f  a  f u n c t i o n  f o r  w h i c h  a  " f u n c t i o n ? c a l l  
o c c u r s  i n  t h e  " f o r m u l a ,  i n  t h e  f o r m s ?  I a 5 a  

B I T  . ( " f o r m u l a . ,  " n u m e r i c j f o r m u l a  
" n u m e r i c ? f o r m u l a  - )  l a 5 a l  

B Y T E  I a 5 a 2  

t h e  l e f t m o s t  " f o r m u l a ,  i n c l u d i n g  a n y  " i n d i c e s  o r  p o i n t e r s ,  
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i s  e v a l u a t e d  f i r s t ,  t h e n  t h e  s e c o n d  a n d  t h e n  t h e  t h i r d ,  i f  
i t  e x i s t s ,  t o  d e t e r m i n e  t h e  p a r t s  o f  t h e  f i r s t  " ' f o r m u l a  t o  
u s e ,  

, 1  A s s i g n m e n t  o f  a  " f o r m u l a  o f  a n y  t y p e  i s  p e r m i t t e d  t o  
a  " v a r i a b l e  o f  a n y  t y p e ,  C o n v e r s i o n s  a n d  s c a l i n g  a r e  
p e r f o r m e d  a s  n e e d e d  w h e n  t h e  o p e r a n d s  a r e  o f  d i f f e r e n t  
n u m e r i c  t y p e s ,  I f  t h e  t y p e s  s e e m  i n c o m p a t i b l e ,  t h e  
" f o r m u l a  o n  t h e  r i g h t  b e c o m e s  a  " b i t ? f o r m u l a *  t h e n  t h e  
b i t s  o f  t h i s  " b i t u f o r m u l a  r e p l a c e  t h e  b i t s  o f  t h e  
" v a r i a b l e  o n  t h e  l e f t ,  I f  t h e  " b i t t f o r m u l a  h a s  m o r e  b i t s  
t h a n  t h e  " v a r i a b l e  t o  w h i c h  i t  i s  b e i n g  a s s i g n e d ,  l e a d i n g  
b i t s  a r e  t r u n c a t e d *  i f  t h e r e  a r e  t o o  f e w  b i t s ,  l e a d i n g  
z e r o s  a r e  s u p p l i e d  b e f o r e  a s s i g n m e n t .  I n  a s s i g n i n g  t o  
t h e  " f u n c t i o n a l s v a r i a b l e  b e g i n n i n g  w i t h  . B I T ,  t h e  b i t s  o f  
t h e  " f o r m u l a  o n  t h e  r i g h t ,  w h a t e v e r  i t s  t y p e ,  a r e  
a s s i g n e d  t o  t h e  s p e c i f i e d  b i t s  o f  t h e  " v a r i a b l e ,  r i g h t  
j u s t i f i e d ,  

, 2  A f t e r  a  v a l u e  h a s  b e e n  o b t a i n e d  f r o m  t h e  " f o r m u l a  o n  
t h e  r i g h t ,  a n y  " i n d e x  a n d  " p o i n t e r i f o r m u l a  f o r  t h e  
" v a r i a b l e  t o  b e  a s s i g n e d  a r e  e v a l u a t e d ,  I f  t h e  f o r m  o n  
t h e  l e f t  i s i  

- B I T  - ( " n a m e d * v a r i a b l e - ,  
^ , " n u m e r i c i f o r m u l a  ~ )  

- B Y T E  

' n u m e r i c : f o r m u l a  

l a 5 b  

a n y  " i n d e x  a n d  " p o i n t e r  I  f o r m u l a  t h e  " n a m e d ? v a r i a b l e  b e a r s  
a r e  e v a l u a t e d  f i r s t ,  t h e n  t h e  s e c o n d  a n d  t h i r d  ( I f  a n y )  
f o r m u l a s ,  b e f o r e  a s s i g n m e n t  t a x e s  p l a c e ,  

, 3  W h e n  a s s i g n i n g  a  " c h a r a c t e r ; f o r m u l a  t o  a n y  " v a r i a b l e  
, B s l * n o t , 8 a 0 j  a  " c h a r a c t e r : v a r l a b i e ,  i t  f i r s t  b e c o m e s  a  
" b i t ? f o r m u l a  a n d  i s  a s s i g n e d  a s  a  b i t  s t r i n g ,  r i g h t  
j u s t i f i e d ,  a n d  t r u n c a t e d  o n  t h e  l e f t  o r  p a d d e d  o n  t h e  
l e f t  w i t h  z e r o s  i f  n e c e s s a r y ,  I n  a s s i g n i n g  a  
* c h a r a c t e r : f o r m u i a  t o  a  " c h a r a c t e r i v a r i a b l e ,  i f  t h e  
" f o r m u l a  i s  t o o  l o n g ,  e x c e s s  b y t e s  o n  t h e  , B = 1 j r i g h t , B = 0 f  
a r e  t r u n c a t e d  b e f o r e  t h e  a s s i g n m e n t ,  I f  t h e  " f o r m u l a  i s  
t o o  s h o r t ,  b l a n k  c h a r a c t e r s  a r e  a d d e d  a t  t h e  
, B = 1 ? r i g h t , B « 0 :  t o  m a t c h  t h e  s i z e  o f  t h e  " v a r i a b l e  b e f o r e  
t h e  a s s i g n m e n t ,  

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

l a 5 b l  

I a 5 b 2  

I a 5 b 2 a  

I a 5 b 2 b  

I a 5 b 3  

I a 5 b 4  
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" i n d e x e d f v a r i a b l e t r a n g e  ( s e e  S e c t i o n  1 0 , 4 , 4 ) ,  o r  s o m e  
c o m b i n a t i o n  o f  t h e s e  " v a r i a b l e  f o r m s  m a y  b e  u s e d ,  T h e  
f o r m s  o f  t h e  " a s s i g n m e n t t s t a t e m e n t  t h a t  u s e  
" f o r m a t i v a r i a b l e  a n d  " f o r m a t i f u n c t i o n s c a i l  a r e  d i s c u s s e d  
i n  C h a p t e r  6  o n  f o r m a t t i n g ,  o m i t t i n g  t h e  f o r m s  r e l a t e d  
t o  f o r m a t t i n g  g i v e s  a n  " a s s i g n m e n t ? s t a t e m e n t  

v a r i a b l e  m  . =  f o r m u l a  

i n d e x e d ? v a r i a b l e i r a n g e  
i n d e x e d ? v « r i a b l e : r a n g e  

, 5  W h e n  t h e  " i n d e x e d f v a r i a b i e t r a n g e s  a r e  e x p a n d e d  t o  t h e  
s e a u e n c e s  t h e y  r e p r e s e n t ,  t h e  a b o v e  f o r m  i s  e q u i v a l e n t  
t o i  

I a 5 b 5  

U 5 b 5 a  

I a 5 b 5 b  

i a b b b  

v a r i a b l e  —  s  f o r m u l a  . 1  i a 5 b 6 a  

w h i c h  c l o s e l y  r e s e m b l e s  t h e  " s l m p l e : a s s i g n m e n t i s t a t e m e n t ,  
i n  t h i s  " a s s i g n m e n t ? s t a t e m e n t  a l l  o f  t h e  " f o r m u l a s  a r e  
e v a l u a t e d  b e f o r e  a n y  a s s i g n m e n t s  a r e  m a d e ,  T h e n  t h e  
v a l u e  o f  t h e  l e f t m o s t  " f o r m u l a  i s  a s s i g n e d  t o  t h e  
l e f t m o s t  " v a r i a b l e  a n a  t h e  v a l u e  o f  e a c h  " f o r m u l a  i s  
a s s i g n e d  t o  i t s  c o r r e s p o n d i n g  " v a r i a b l e s - c o r r e s p o n d i n g  b y  
p o s i t i o n  i n  t h e  l i s t ,  T h e r e  m u s t  b e  a t  l e a s t  a s  m a n y  
" v a r i a b l e s  t o  t h e  l e f t  o f  t h e  " a s s i g n m e n t ? o p e r a t o r  a s  
t h e r e  a r e  " f o r m u l a s  t o  t h e  r i g h t ,  I f  t h e r e  a r e  f e w e r  
" f o r m u l a s  t h a n  " v a r i a b l e s ,  t h e  v a l u e  o f  t h e  r i g h t m o s t  
" f o r m u l a  i s  a s s i g n e d  t o  a l l  t h e  e x t r a  " v a r i a b l e s  a t  t h e  
r i g h t  © f  t h e  l i s t  o f  " v a r i a b l e s ,  T h e  l e f t m o s t  " f o r m u l a  
i s  e v a l u a t e d  f i r s t ,  t h e n  t h e  n e x t  " f o r m u l a ,  a n d  s o  f o r t h ,  
A f t e r  a l l  " f o r m u l a s  a r e  e v a l u a t e d ,  a n y  " i n d e x  o r  
" p o i n t e r ? f o r m u l a  f o r  t h e  l e f t m o s t  " v a r i a b l e  i s  e v a l u a t e d  
a n d  t h e  " v a r i a b l e  i s  a s s i g n e d ,  T h e n  a n y  " i n d e x  o r  
" p o i n t e r j f o r m u l a  f o r  t h e  n e x t  " v a r i a b l e  i s  e v a l u a t e d  a n d  
t h a t  " v a r i a b l e  i s  a s s i g n e d  a  v a l u e ,  a n d  s o  f o r t h ,  

, 6  T h e  h a n d l i n g  o f  . B I T  o r  . B Y T E ,  c o n v e r s i o n s ,  a n d  t y p e  
c o n s i d e r a t i o n s  a r e  t h e  s a m e  a s  f o r  a  
" s i m p l e ? a s s i g n m e n t ? s t a t e m e n t .  F o r  a  " f o r m u l a  t o  b e  
a s s i g n e d  t o  s e v e r a l  " v a r i a b l e s ,  t h e s e  c o n s i d e r a t i o n s  
a p p l y  i n d e p e n d e n t l y  t o  e a c h  a s s i g n m e n t .  T h e  f o l l o w i n g  
e x a m p l e  i l l u s t r a t e s  a n  " a s s i g n m e n t ? s t a t e m e n t  

A A  [ 8  ? 1 0 ]  ,  B B  =  A A [ 2  ?  4 ] T  

, 7  T h i s  i s  e q u i v a l e n t  t o  f o u r  
" s i m p l e j a s s i g n m e n t i s t a t e m e n t s ?  

I a 5 b 7  

I a 5 b 8  

I a 5 b 8 a  

I a 5 b 9  
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A A  1 8 3  =  A  A  1 2  3 ;  A A J 9 ]  =  A A [ 3 ] ?  I a 5 b 9 a  

A A  1 1 0 ]  a A A t 4 3  J B B  s  A A  C  4  3  J 

, 8  T h e  " a s s i g n m e n t J s t a t e m e n t  b e l o w  u s e s  a  s p e c i a l  f o r m  
f o r  a n  " l n d e x e d i v a r i a b l e i r a n g e  

I a 5 b 9 b  

l a S b l O  

A L L ( T A B )  a  0 ?  l a S b t O a  

, 9  T M S  " s t a t e m e n t  c a u s e s  e v e r y  e n t r y  o f  t a b l e  . T A B  t o  
b e  c l e a r e d  t o  z e r o ,  I t  s h o u l d  n o t  b e  u s e d  u n l e s s  t h e  
p r o g r a m m e r  k n o w s  t h a t  t h e  e n t i r e  t a b l e  I s  c o r e  r e s i d e n t  
a t  t h i s  t i m e  e v e n  t h o u g h  i t  m a y  b e  a l l o c a t e d  i n  
i n c r e m e n t s ,  I f  s o m e  o c c u r r e n c e s  o f  t h e  " p o i n t e r i v a r i a b l e  
p o i n t  t o  t h e  s a m e  s u b m a n i f o l d #  i t  w a s t e s  t i m e ,  i f  t h e y  
p o i n t  t o  o t h e r  d a t a #  s o m e  u n w a n t e d  c l e a r i n g  m a y  o c c u r ,  i a b b l l  

, 1 0  T h e  " e x c h a n o e j s t a t e m e n t  s p e c i f i e s  t h a t  t h e  o l d  v a l u e  
o f  e a c h  o f  t h e  t w o  " v a r i a b l e s  i s  t o  b e c o m e  t h e  n e w  v a l u e  
o f  t h e  o t h e r  " v a r i a b l e ,  A n y  i n d e x  o r  p o i n t e r  f o r  t h e  
• v a r i a b l e  o n  t h e  l e f t  I s  e v a l u a t e d ,  t h e n  a n y  " i n d e x  o r  
p o i n t e r  f o r  t h e  " v a r i a b l e  o n  t h e  r i g h t  i s  e v a l u a t e d #  a n d  
f i n a l l y  t h e  v a l u e s  o f  t h e  " v a r i a b l e s  a r e  i n t e r c h a n g e d ,  
T h e  r e m a r k s  m a d e  f o r  " s i m p l e i a s s i g n m e n t J s t a t e m e n t  
c o n c e r n i n g  c o n v e r s i o n #  " v a r i a b l e  t y p e #  a n d  h a n d l i n g  o f  
. B I T  o r  . B Y T E  a p p l y  a l s o  t o  t h e  " e x c h a n g e i s t a t e m e n t ,  T h e  
f o l l o w i n g  e x a m p l e  o f  a n  " e x c h a n g e i s t a t e m e n t *  I a 5 b l 2  

A A C I J  = =  A A t l a J ] J  l a 5 b l 2 a  

i s  e q u i v a l e n t  t o  t h e  t h r e e  " s i m p i e i a s s i g n m e n t s s t a t e m e n t s  i a 5 b i 3  

T E M P  s  A A  f 1 3  J  l a 5 b l 3 a  

A A c 1 3  a  A A t l a j ] I  l a 5 b l 3 b  

A A [ I + J J  s  T E M P ?  I a 5 b l 3 c  

5 , 6  " Z a p j S t a t e m e n t  l a b  

E x e c u t i o n  o f  a  " z a p j s t a t e m e n t  c a u s e s  a l l  i t e m s  o t  a l l  
e n t r i e s  o f  t h e  d e s i g n a t e d  t a b l e #  o r  ( i n  t h e  s e c o n d  f o r m ]  a l l  
i t e m s  o f  t h e  d e s i g n a t e d  " e n t r y  *  v a r i a b l e #  t o  b e  s e t  t o  n u l l  
v a l u e s ,  C h a r a c t e r  i t e m s  a r e  s e t  t o  b l a n k s ;  n u m e r i c  i t e m s  
a r e  s e t  t o  z e r o s  o f  t h e  a p p r o p r i a t e  t y p e ,  I f  i t e m s  a r e  
o v e r l a i d  ( o r  s h a r e  b i t s  b e c a u s e  o f  
" s p e c l f i e d i t a b l e j i t e m i d e c i a r a t i o n s )  a n d  s u c h  s h a r i n g  r e s u l t s  
i n  c o n f l i c t i n g  v a l u e s  f o r  s o m e  b i t s #  t h e  e f f e c t  o f  . Z A P  o n  
s u c h  b i t s  i s  u n d e f i n e d ,  I f  t h e r e  a r e  b i t s  i n  a n  e n t r y  n o t  
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a f f e c t e d  b y  a n y  " i t e m j d e s e r i p t i o n ,  t h e  e f f e c t  o f  . . Z A P  o n  
s u c h  b i t s  i s  u n d e f i n e d .  L i k e  — A L L .  - Z A P  m u s t  n e v e r  b e  u s e d  
o n  a  " t a b l e { n a m e  u n l e s s  t h e  e n t i r e  t a b l e  i s  c o r e  r e s i d e n t  a t  
t h e  t i m e  e v e n  t h o u g h  i t  m a y  b e  a l l o c a t e d  i n  i n c r e m e n t s ,  l a b a  

5 , 7  " C o n d i t i o n a l { S t a t e m e n t  

T h e  " c o n d i t i o n a l j s t a t e m e n t  p r o v i d e s  f o r  t h e  c o n d i t i o n a l  
o p e r a t i o n  o f  a  " s t a t e m e n t  o r  " s t a t e m e n t s  b a s e d  o n  t h e  v a l u e  
o f  a  " c o n d i t i o n a l i f o r m u i a ,  l a 7 a  

, 1  i n  e i t h e r  p o s i t i o n  i n  t h e  d e f i n i t i o n  o f  
" c o n d i t i o n a l i s t a t e m e n t .  " c o n t r o l l e d ! s t a t e m e n t  i s  a n y  o n e  
" s t a t e m e n t ,  i n c l u d i n g  a  " c o n d i t i o n a l  I  s t a t e m e n t ,  
" s w i t c h i s t a t e m e n t ,  " c o m p o u n d i s t a t e m e n t ,  o r  
• l o o p l s t a t e m e n t ,  - B E G I N  a n d  - E N D  b r a c k e t s  a r e  n o t  
r e q u i r e d  u n l e s s  i t  i s  d e s i r e d  t h a t  a  g r o u p  o f  t w o  o r  m o r e  
" s t a t e m e n t s  c o n s t i t u t e  a  " c o n t r o l l e d ! s t a t e m e n t  ( o r  i n  t h e  
s i t u a t i o n  d e s c r i b e d  i n  s e c t i o n  5 , 7 , 8 ) ,  T h e  o p t i o n a l  
" s t a t e m e n t m a m e s  p r e c e d i n g  - E L S E  h a v e  t h e  s a m e  e f f e c t  a s  
i f  t h e y  f o l l o w e d  . E L S E ,  l a 7 a l  

, 2  T h e  v a l u e  o f  a  " c o n d i t i o n a l t f o r m u l a  i s  t h e  v a l u e  o f  
i t s  r i g h t m o s t  b i t  a f t e r  a l l  o p e r a t i o n s  c a l l e d  f o r  i n  t h e  
" f o r m u l a  h a v e  b e e n  p e r f o r m e d ,  T h e  e f f e c t  o f  a  
" c o n d i t i o n a l { S t a t e m e n t  d e p e n d s  u p o n  w h e t h e r  t h e r e  a r e  o n e  
o r  t w o  " c o n t r o i l e d i s t a t e m e n t s ,  I f  t h e r e  i s  b u t  o n e ,  t h a t  
" s t a t e m e n t  i s  e x e c u t e d  i f  t h e  v a l u e  o f  t h e  
" c o n d i t i o n a l { f o r m u l a  i s  - 1  a n d  i s  o t h e r w i s e  s k i p p e d ,  I f  
t h e r e  a r e  t w o  " c o n t r o i l e d i s t a t e m e n t s ,  t h e  f i r s t  o n e  i s  
skipped when the  "condi t ional ! formula  hag the  value  -0  
a n d  t h e  s e c o n d  o n e  i s  s k i p p e d  w h e n  t h e  v a l u e  i s  - 1 ,  
W h e n e v e r  t h e r e  a r e  t w o  " c o n t r o l l e d ! s t a t e m e n t s  i n  a  
" c o n d i t i o n a l ! s t a t e m e n t ,  o n l y  o n e  i s  e x e c u t e d ,  F o l l o w i n g  
t h e  e x e c u t i o n  o f  t h e  a p p r o p r i a t e  " c o n t r o i i e d ; s t a t e m e n t ,  
p r o g r a m  e x e c u t i o n  n o r m a l l y  c o n t i n u e s  f r o m  t h e  p o i n t  
i m m e d i a t e l y  f o l l o w i n g  t h e  " c o n d i t i o n a l ! s t a t e m e n t ,  T h e r e  
a r e  e x c e p t i o n s  d i s c u s s e d  i n  s e c t i o n  5 , 7 , 7  a n d  s h o w n  i n  
t h e  e x a m p l e s  o f  S e c t i o n  5 , 7 , 8 ,  I a 7 a 2  

, 3  F o l l o w i n g  a r e  t w o  e x a m p l e s  o f  " c o n d i t i o n a l j s t a t e m e n t s  i a 7 a 3  

a ,  I F  A L P H A  -  B E T A  <  2  {  I a 7 a 3 a  

G O T O  N E A R  ;  U 7 a 3 b  

b ,  I F  B O O L  j  I a 7 a 3 c  

L B L (  B E G I N  I a 7 a 3 d  
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• • R A N D O M ( | B A S I C )  ?  I a 7 a 3 e  

B A S I C  =  B A S I C # * 2 »  I a 7 a 3 £  

. E N D  I a 7 a 3 g  

-  E L S E  I a 7 a 3 h  

L 2 s  B A S I C  =  o  »  l a ? a 3 i  

, 4  A  l i s t  O f  a l t e r n a t i v e s  w a y  b e  e n c o d e d  b y  n e s t i n g  
" c c n d i t i o n a l j s t a t e w e n t s .  T h i s  c a n  b e s t  b e  s h o w n  b y  
e x a m p l e *  I a 7 a 4  

I F  A L P H A  <  B E T A  *  I a 7 a 4 a  

A L P H A  s  B E T A  J  I a 7 a 4 b  

- E L S E  I a 7 a 4 c  

L i t  I F  A L P H A  +  B E T A  >  1 0  *  I a 7 a 4 d  

B E G I N  I a 7 a 4 e  

G A M M A  S  ( A L P H A  +  B E T A J / 2  »  i a 7 a 4 f  

L 2 *  A L P H A  =  G A M M A + 1  ?  I a 7 a 4 g  

B E T A  s  G A M M A - 1  ?  I a 7 a 4 h  

E N D  I a 7 a 4 i  

E L S E  G O T O  K E E P  ?  U 7 a 4 j  

- 1 3 *  l a 7 a 4 K  

, 5  T h e  a b o v e  e x a m p l e  p r o v i d e s  f o r  t h e  e x e c u t i o n  o t  o n e  
• a s s i g n m e n t J s t a t e m e n t  i f  t h e  f i r s t  " ^ c o n d i t i o n a l  *  f o r m u l a  
i s  s a t i s f i e d .  I t  m a k e s  n o  d i f f e r e n c e  t h e n  i f  t h e  o t h e r  
• c o n d i t i o n a l t f o r m u l a  i s  s a t i s f i e d ,  A f t e r  e x e c u t i o n  o f  
t n e  s i n g l e  • a s s i g n m e n t * s t a t e m e n t  t h e  e x e c u t i o n  s e q u e n c e  
c o n t i n u e s  w i t h  t h e  s t a t e m e n t  a t  - L 3 ,  I f  t h e  f i r s t  
• c o n d i t i o n a l t f o r m u l a  i s  n o t  s a t i s f i e d *  t h e  s e c o n d  
• c o n d i t i o n a l  *  f o r m u l a  i s  e x a m i n e d *  ( a n d  s o  f o r t h ) ,  A  J u m p  
t o  - L I  f r o m  e l s e w h e r e  i n  t h e  p r o g r a m  c a u s e s  t h e  s e a r c h  
f o r  a l t e r n a t i v e s  t o  f e e q i n  a t  t h e  p o i n t ?  i t  i s  a s  i f  
e x e c u t i o n  o f  t h e  • c o n d i t i o n a l  I  s t a t e m e n t  b e g a n  a t  t h e  t o p *  
w h e r e  a l l  t h e  • c o n d i t i o n a l  *  f o r m u l a s  b e f o r e  t h e  r e f e r e n c e d  
• n a m e  w e r e  f a l s e ,  A  J u m p  t o  - L 2  c a u s e s  e x e c u t i o n  o f  t h e  
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•statement at that point regardless of the satisfaction 
of the earlier "conditionaliformulas, In this case only 
two of the three "simplejstatements that constitute the 
•centrolledJstatement are executed, Following execution 
of BETA « GAMMA * 1 j control passes to the statement at 
—L3, Ia7a5 

,6 In constructing a nested ""conditional J statement, it 
must be remembered that each -ELSE is matched with the 
nearest preceding unmatched ..IF at the same level of 
BEGIN END nesting, For example, in la7afe 

if* #*»! »»#! 7* »•»! »»»! ELSE ,»,! ld7afca 

the -ELSE matches with the second .IF, and in Ia7a7 

IF ,,,? BEGIN IF t,.| ,,,» END ELSE , ,,f Ia7a7a 

the «ELSE matches the first -IF because the second -IF is 
not at the same level of -BEGIN END nesting as the -ELSE, Ia7a8 

,7 in analyzing the flow of control through a 
complicated "conditional:statement, start with the 
innermost "conditionalistatement matching -ELSE'S with 
— IF *s « Remember that an -ELSE is always immediately 
preceded and immediately followed by a 
"controlledistatement, one and only one of which will be 
executed depending upon the value of the 
"conditional»formula of the "statement to which the „ELSE 
belongs, jumps must be generated around the 
"controlledistatement following a "conditionaliformula if 
the value of the "formula is zero# and around the 
"eontroliedtstatement following any -ELSE if the 
"controlled!statement preceding the -ELSE is executed 
even in part, This may require a series of Jumps and it 
is hoped that a compiler will optimize a chain of 
unconditional jumps by using the final destination with 
the original jump, Ia7a9 

,8 Some nestings of "conditional!statements are not 
permitted, An emoedded "conditional»statement without 
-ELSE cannot be the -controlled!statement preceding -ELSE 
within an encompassing "conditlonaisstatement since this 
would permit an -ELSE to match with an -IF for which it 
is not intended, in nested "conditionaljstatements, a 
"condltionalistatement without -ELsE cannot be the 
"controlledistatement between two occurrences of the word 
-ELSE, Of course# the effect can be achieved by 
appending ELSE NuLLj (or ELSE f) or by enclosing the 
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s h o r t  s t a t e m e n t  i n  - B E G I N  a n d  - E N D  b r a c k e t s ,  T h e  
f o l l o w i n g  t w o  " c o n d i t i o n a l : s t a t e m e n t s  a r e  l e g a l  a n d  h a v e  
t h e  s a m e  e f f e c t :  l a 7 a l 0  

I F  A j  I F  B t  I F  C j  E x l ,  E L S E  |  E L S E  I F  D j  E s 2 j  E L S E  t 
E L S E  E = 3 j  l a 7 a l 0 a  

C I  C 2  

— B 1  

» A l  

D 1  D 2  l a 7 a l O b  

- B 2  I a 7 a l 0 c  

— A 2  I a 7 a l 0 d  

I F  A )  I F  B |  B E G I N  I F  C |  E « l :  E N n  E L S E  B E G I N  I F  D f  E  =  2 |  
E N D  E L S E  E = 3 f  I a 7 a l 0 e  

t D  1  

- A 2  

- C I  

, B 1  - B 2  

— A  1  

i a 7 a l 0 f  

I a 7 a l 0 g  

I a 7 a t 0 h  

, 9  I n  t h e  e x a m p l e s  a b o v e  - A 1  a n d  - A 2  s h o w  t h e  f i r s t  a n d  
s e c o n d  " c o n t r o l l e d : s t a t e m e n t s  o f  t h e  
" c o n d i t i o n a l i s t a t e m e n t  s t a r t i n g  - I F  A #  - B l  a n d  - B 2  s h o w  
t h e  f i r s t  a n d  s e c o n d  " c o n t r o l l e d : s t a t e m e n t s  a s s o c i a t e d  
w i t h  - I f  8 #  e t C i  T h e  f l o w  d i a g r a m  b e l o w  a p p l i e s  t o  
e i t h e r  o f  t h e  a b o v e  " , c e n d i t i o n a i : s t a t e m e n t s  a n d  s h o w s  t h e  
r e q u i r e d  s k i p p i n g  o f  * c o n t r o l i e d : s t a t e m e n t s ,  l a 7 a l l  

5 , 8  " L o e p : 5 t a t e m e n t . #  " T e s t : S t a t e m e n t  l a 8  

T h e  * l o o p : s t a t e m e n t  p r o v i d e s  f o r  t h e  i t e r a t i o n  o f  a  
" c o n t r o l l e d : s t a t e m e n t ,  l a B a  

, 1  " F o r : c l a u s e  i s  d e f i n e d  b e l o w ,  " C o n t r o l l e d : s t a t e m e n t  
m e a n s  t h e  f u l l  g e n e r a l i t y  o f  " s t a t e m e n t  u n d e r  t h e  c o n t r o l  
o f  i t e r a t i o n  m a n a g e m e n t  m e c h a n i s m s .  A n y  " s t a t e m e n t  t h e n  
c a n  b e  i t e r a t i v e i y  o p e r a t e d  i n  a  " i o o p : s t a t e m e n t ,  I f  t h e  
* c o n t r o l l e d : s t a t e m e n t  s t a r t s  w i t h  — F O R  o r  B E G I N  F O R #  t h i s  
i s  a  n e s t e d  " l o o p j s t a t e m e n t ,  M u l t i p l e  ( p a r a l l e l )  c o n t r o l  
i s  p r o v i d e d  w i t h  o n l y  o n e  " f o r j c i a q s e ,  i a e a l  

, 2  T h e  i t e r a t i o n s  o r  r e p e t i t i o n s  o f  t h e  
" c o n t r o l l e d i s t a t e m e n t  a r e  m a n a g e d  b y  m e a n s  o f  o n e  o r  m o r e  
" c o n t r o l : v a r i a b l e s  w h i c h  a r e  e s t a b l i s h e d  a n d  m a i n t a i n e d  
w i t h i n  t h e  " l o o p i s t a t e m e n t ,  T h e  " l o o p : s t a t e m e n t  
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c o n s i s t s ,  t h e n ,  o f  a  m e a n s  o f  s p e c i f y i n g  a n d  c o n t r o l l i n g  
• c o n t r o l t v a r i a b l e s  a n d  a  " c o n t r o l l e d i s t a t e m e n t  t h a t  i s  t o  
b e  i t e r a t l v e i y  o p e r a t e d ,  I a 8 a 2  

, 3  A  " l e t t e r i c o n t r o i i v a r i a b i e ,  r e p r e s e n t e d  b y  a  s i n g l e  
" l e t t e r ,  i s  i n t r o d u c e d  w i t h i n  t h e  " l o o p i s t a t e m e n t  f o r  t h e  
p u r p o s e s  o f  i t e r a t i o n  c o n t r o l ,  a n d  i s  d e f i n e d  o r  a c t i v e  
o n l y  w i t h i n  t h e  i m m e d i a t e  " l o o p ^ s t a t e m e n t *  S e e  S e c t i o n  
5 , 1 0  f o r  a  m o r e  c o m p l e t e  d i s c u s s i o n  o f  t h e  s c o p e  o f  a  
" l e t t e r l c o n t r o i s v a r i a b i e ,  i a 8 a 3  

, 4  T h e  d e f i n i t i o n s  a b o v e  s h o w  t h a t  a  " f o r i c l a u s e  m a y  
h a v e  a  l i s t  o f  " l o o p i c o n t r o l s  ( f o r  p a r a l l e l  c o n t r o l )  
w h e r e  e a c h  " l o o p i c o n t r o l  c o n s i s t s  o *  a  " c o n t r o l  J  v a r i a b l e  
f o l l o w e d  b y  a  l i s t  o f  " c o n t r o l i c l a u s e s  e n c l o s e d  i n  
" p a r e n t h e s e s ,  T h e  " c o n t r o l i c l a u s e s  a s s o c i a t e d  w i t h  e a c h  
" c o n t r o l i v a r i a b l e  p r o v i d e  t h e  s u c c e s s i v e  v a l u e s  t o  b e  
a s s i g n e d  t o  t h a t  a s s o c i a t e d  " c o n t r o l  I  v a r i a b l e  f o r  
s u c c e s s i v e  e x e c u t i o n s  o f  t h e  " c o n t r o l l e d * s t a t e m e n t ,  E a c h  
" c o n t r o l i v a r i a b l e  i s  g i v e n  a  s u c c e s s o r  v a l u e  f o r  e a c h  
e x e c u t i o n  o f  t h e  " c o n t r o l l e d ! s t a t e m e n t ,  E x e c u t i o n  o f  t h e  
" l o o p t s t a t e m e n t  i s  t e r m i n a t e d  w h e n  t h e  
" c o n t r o l l e d i s t a t e m e n t  c a u s e s  a  n o n - r e t u r n  j u m p  o u t  o f  t h e  
" l o o p t s t a t e m e n t  o r  w h e n *  f o r  a n y  o n e  o f  t h e  
" l o o p l c o n t r o l s ,  t h e r e  i s  n o  s u c c e s s o r  a v a i l a b l e ,  T h e  
l e f t m o s t  " c o n t r o l s c l a u s e  I n  e a c h  p a r e n t h e s i z e d  l i s t  i s  
u s e d  f i r s t  t o  a s s i g n  v a l u e s  t o  t h e  " c o n t r o l I  v a r i a b l e ,  
W h e n  i t  h a s  b e e n  f u l l y  u t i l i z e d ,  t h e  n e x t  " c o n t r o l i c l a u s e  
i n  t h e  l i s t  p r o v i d e s  v a l u e s ,  U t i l i z a t i o n  o f  t h e  
" c o n t r o l t c ' f a u s e s  p r o c e e d s  I n  t h i s  m a n n e r  u n t i l  t h e  l i s t  
i s  e x h a u s t e d ,  I a 8 a 4  

, 5  E a c h  " c o n t r o i i c l a u s e  a s  d e f i n e d  a b o v e  c o n s i s t s  o f  u p  
t o  t h r e e  p a r t s  © r  p h r a s e s  t 0  s p e c i f y  t h e  r a n g e  t 0 r  
i t e r a t i v e  o p e r a t i o n  o f  t h e  " c o n t r o l l e d i s t a t e m e n t ,  i a 8 a 5  

a ,  T h e  " i n i t i a l i p h r a s e #  i f  p r e s e n t ,  m u s t  c o m e  f i r s t  
i n  t h e  " c o n t r o l t c i a u s e  a n d  s e r v e s  t o  p r o v i d e  a n  
i n i t i a l  v a l u e  f o r  t h e  " c o n t r o l i v a r i a b i e ,  I a 8 a 5 a  

b ,  T h e r e  m a y  b e  e i t h e r  a  " r e p l a c e m e n t i p h r a s e  
( i n t r o d u c e d  b y  . T H E N  t o  s p e c i f y  t h e  n e x t  v a l u e  f o r  t h e  
" c o n t r o l i v a r i a b i e  o r  a n  " i n c r e m e n t i p h r a s e  ( i n t r o d u c e d  
b y  . B Y  t o  s p e c i f y  t h e  a m o u n t  b y  w h i c h  t h e  
" c o n t r o l t v a r i a b l e  i s  t o  b e  m o d i f i e d  o n  e a c h  i t e r a t i o n ,  I a 8 a 5 b  

c ,  A  " t e r m i n a t o r i p h r a s e  ( i n t r o d u c e d  b y  - U N T I L  o r  
- W H I L E  m a y  c o n t a i n  t h e  t e s t  b y  w h i c h  t h e  e n d  o f  t h e  
i t e r a t i o n  p r o c e s s  i s  d e t e r m i n e d ,  I a 8 a 5 c  
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,6  Daring  repeated cyc l ing  within  a  "control (c lause#  
"formulas  are  normal ly  reevaluated during  each cyc le ,  
However#  i f  the  syntax  permits  and the  "formula  i s  
enclosed in  "brackets  ( indicat ing  a  "value( formula)#  the  
"value i formula  i s  evaluated once  upon enter ing  the  
"control (c lause  and that  va lue  i s  used repeatedly  without  
change  unt i l  the  "contronclause  i s  ex i ted ,  
"Valuej formulas  in  the  "replacement(phrase ,  
" incrementtphrase  and "terminator(phrase  are  evaluated 
af ter  the  "control (var iable  has  been once  g iven the  value  
from the  " in i t ia l (phrase#  i f  there  i s  one ,  The  va lue  (or  
even ex is tence)  of  a  " le t ter icontrolavariabie  and of  
"value: formulas  are  undef ined i f  the  
"control led}statement  i s  entered v ia  a  iump to  an 
internal  "statement(name,  Ia8a6 

,7  In  the  general  scheme# I terat ion  begins  a t  some 
In i t ia l  va lue  and cont inues  in  increments  of  a  certa in  
amount  unt i l  (or  whi le )  a  spec i f ied  condi t ion  i s  
detected ,  However#  a l l  of  the  parts  of  a  "control (c lause  
are  opt ional  except  that  a  " le t ter( loopicontrol  must  have  
an "Ini t ia l (phrase  in  i t s  f irs t  "control (Clause  unless  
th is  same " le t ter  i s  used as  the  "control (var iable  of  a  
" loop:s tatement  conta in ing  th is  one  (nested) ,  The  
e f fects  of  omit t ing  var ious  parts  of  the  "control (c lause  
are  deta i led  in  the  table  be low,  Ia8a7 

,8  in  ut i l i z ing  the  "control (c lauses  in  accordance  wi th  
the  above  table#  every  "formula  i s  normal ly  evaluated 
each t ime i t  i s  used,  However#  a  "value}formula  Is  
evaluated only  the  f i rs t  t ime i t  i s  encountered in  
execut ing  the  " loon?statement  and the  value  i s  saved for  
subsequent  use ,  When a  va lue  i s  added as  s tated  in  the  
table#  i t s  a lgebraic  s ign  i s#  of  course#  taken into  
cons iderat ion ,  The presence  of  a  "terminator(phrase  
causes  tes t ing  af ter  the  "control (var iable  gets  i t s  new 
vaiue  ( i f  i t  does  get  a  new one)  a n d before  the  
"control led:s tatement  i s  executed-- indeed# before  the  
next  * loop(control  i s  at tended to ,  The terminat ion  
ment ioned in  the  table  appl ies  reany to  ut i l i zat ion  of  
the  "controlsc iauses ,  i f  the  "primit ive  i s  - .WHILE and 
the  "condi t ional ( formula  i s  „Q ( fa l se )  or  i f  the  
"primit ive  i s  -UNTIL and the  "condi t ional : formula  i s  -1  
( true)#  instead of  go ing  on to  the  next  " loop:control  or  
execut ing  the  "control led!s tatement  immediate ly#  the  next  
"control (c lause  i s  ut i l i zed««or  the  " loop a s tatement  i s  
terminated i f  there  are  no  more  "control (c lauses  to  be  
ut i l i zed  with  th is  " loop(control*  In  cases  IA# IB,  3A# 
3B ,  4A ,  and 4B above ,  the  previous  va lue  i s  whatever  i s  
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l e f t  b y  p r e v i o u s  o p e r a t i o n s  i n c l u d i n g #  i f  i t  h a p p e n s #  t h e  
v a l u e  l e f t  b y  t h e  p r e v i o u s  " c o n t r o l i c l a u s e  b u t  n o t  u s e d  
i n  a n  e x e c u t i o n  o f  t h e  " c o n t r o l l e d : s t a t e m e n t  b e c a u s e  o f  
t h e  c o n d i t i o n  o f  t h e  t e r m i n a t o r ,  I a 8 a 8  

, 9  I t  b e a r s  r e p e a t i n g - - ^ o r  e v e r y  e x e c u t i o n  o f  t h e  
" c o n t r o l l e d i s t a t e m e n t  a  v a l u e  i s  s p e c i f i e d  f o r  e a c h  
" c o n t r o l : v a r i a b l e  b y  i t s  r e s p e c t i v e  a s s o c i a t e d  l i s t  o f  
" c o n t r o l i c i a u s e s ,  W h e n e v e r  a n y  o n e  o f  t h e  s e v e r a l  l i s t s  
o f  " c o n t r o l : c l a u s e s  h a s  b e e n  f u l l y  u t i l i z e d  a n d  t h e r e  i s  
n o  v a l u e  a v a i l a b l e  f o r  i t s  r e s p e c t i v e  " c o n t r o l : v a r i a b l e #  
e x e c u t i o n  o f  t h e  " l o o p : s t a t e m e n t  i s  t e r m i n a t e d ,  l a 8 a 9  

, 1 0  C o n s i d e r  a n  " i n d e x e d : v a r i a b l e  a s  a  
" c o n t r o l : v a r i a b l e ,  I n  t h i s  c a s e #  a  p a r t i c u l a r  i n s t a n c e  
o f  t h e  r e f e r e n c e d  " i n d e x e d : v a r i a b l e  m u s t  b e  c o n s i d e r e d  a s  
w e l l  a $  t h e  i t e r a t i o n  o f  t h e  " c o n t r o l l e d i s t a t e m e n t ,  I t  
i s  p o s s i b l e  f o r  o n e  i t e r a t i o n  o f  a  " c o n t r o l l e d i s t a t e m e n t  
t o  b e  p e r f o r m e d  b a s e d  o n  a  c e r t a i n  i n s t a n c e  o f  a  
" n a m e d : v a r i a b l e  a s  t h e  " c o n t r o l i v a r i a b l e  w h i l e  t h e  n e x t  
i t e r a t i o n  e m p l o y s  a  d i f f e r e n t  i n s t a n c e  o f  t h a t  
" i n d e x e d i v a r i a b l e ,  E a c h  t i m e  a n  " i n d e x e d * v a r i a b l e  a s  a  
" c o n t r o l i v a r i a b l e  i s  t o  r e c e i v e  a  n e w  v a l u e  f r o m  i t s  
a s s o c i a t e d  l i s t  o f  " c o n t r o l l e l a u s e s #  i t s  " i n d e x  i s  
e v a l u a t e d * " t o  o r o v i d e  t h e  p a r t i c u l a r  I n s t a n c e  o f  t h e  
" c o n t r o l i v a r i a b l e  t o  b e  u s e d ,  i f  i n c r e m e n t a t i o n  i s  
i n d i c a t e d #  i t  i s  t h e  p r e s e n t l y  i n d i c a t e d  i n s t a n c e  o f  t h e  
" c o n t r o l i v a r i a b l e  t h a t  i s  i n c r e m e n t e d ,  T h e  
i n c r e m e n t a t i o n  i s  p e r f o r m e d  a s  i f  b y  a n  
" a s s i g n m e n t i s t a t e m e n t  i n  w h i c h  t h e  o l d  v a l u e  i s  
i n c r e m e n t e d  a n d  r e t u r n e d  t o  t h e  " i n d e x e d : v a r i a b l e ,  T h e  
r u l e s  a f f e c t i n g  t h e  o r d e r  o f  e v a l u a t i o n  o f  e l e m e n t s  a r e  
i n  e f f e c t  a n d  t h e  p r o g r a m m e r  i s  r e s p o n s i b l e  f o r  a v o i d i n g  
u n d e s i r a b l e  s i d e  e f f e c t s ,  I f  t h e  n e w  v a l u e  i s  m e r e l y  t h e  
o l d  v a l u e #  w i t h o u t  r e p l a c e m e n t  o r  i n c r e m e n t a t i o n  ( f i r s t  
u s e  i n  c a s e s  l # 3 # a n d  4 ) #  a l l  v a l u e s  a r e  l e f t  u n d i s t u r b e d ,  
I n  t h i s  l a s t  s i t u a t i o n #  t h e r e  m a y  n o t  e v e n  b e  a  n e e d  t o  
e v a l u a t e  t h e  " I n d e x  a t  t h i s  p o i n t ,  l a S a l O  

, 1 1  T h e  " t e s t i s t a t e m e n t  i s  p e r m i t t e d  o n l y  w i t h i n  a  
" l o o p l s t a t e m e n t ,  I f  a  " c o n t r o l i v a r i a b l e  i s  r e f e r e n c e d #  
i t  m u s t  b e  a  " c o n t r o l i v a r i a b l e  f o r  a  " l o o p l s t a t e m e n t  
( p o s s i b l y  n e s t e d )  w i t h i n  w h i c h  t h e  " t e s t i s t a t e m e n t  
a p p e a r s ,  S i n c e  a l l  i n c r e m e n t i n g #  r e p l a c i n g #  a n d  t e s t i n g  
o c c u r s  b e f o r e  e x e c u t i o n  o f  t h e  " c o n t r o l l e d i s t a t e m e n t #  t h e  
" t e s t i s t a t e m e n t  w i l l  i n v o i c e  t h e  " l o o p i c o n t r o i s  f o r  t h e  
d e s i g n a t e d  " c o n t r o l i v a r i a b l e  a n d  a n  t h o s e  w h i c h  
, B s i j f o l l o w , B * 0 f  i t  r a t h e r  t h a n  t h o s e  w h i c h  p r e c e d e  i t  i n  
t h e  " f o r i c i a u s e ,  l a 8 a l l  
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, 1 2  E x e c u t i o n  o f  t h e  " t e s t i s t a t e m e n t  t r a n s f e r s  e x e c u t i o n  
t o  t h e  " l o o p i c o n t r o l s  i n  t h e  " f o r i e l a u s e  a t  t h e  t o p  o f  
t h e  " l o o p s s t a t e m e n t » * * w h i c h e v e r  " c o n t r o l ! c l a u s e s  a r e  
a c t i v e  a t  t h e  m o m e n t ,  I f  n o  " c o n t r o l ! v a r i a b l e  i s  
r e f e r e n c e d ,  t r a n s f e r  i s  t o  t h e  f i r s t  " l o o p s c o n t r o l »  a n d  
( i n  c a s e  t h e  loops  a r e  n e s t e d )  "looPJControls  for  t h e  
I n n e r m o s t  l o o p  o f  t h e  n e s t  i n  w n i c p  t h e  " t e s t  ;  s t a t e m e n t  
a p p e a r s  a r e  i n v o k e d  i n  t h e  o r d e r  i n  w h i c h  t h e y  o c c u r  i n  
t h e  " f o r s c i a u s e ,  l a s a l 2  

, 1 3  I f  a  " c o n t r o l { v a r i a b l e  i s  r e f e r e n c e d  i n  a  
" t e s t s s t a t e m e n t *  t r a n s f e r  i s  t o  t h e  " l o o p { c o n t r o l  
a s s o c i a t e d  w i t h  t h e  r e f e r e n c e d  
" c o n t r o l i v a r i a b l e * « s k : i p p i n g  e a r l i e r  p a r a l l e l  
" l o o p s c o n t r o l s  i n  t h e  s a m e  " f o r i c l a u s e ,  a n d  ( i n  c a s e  t h e  
s a m e  " v a r i a b l e  i s  a  " c o n t r o l i v a r i a b l e  i n  m o r e  t h a n  o n e  
" f o r s c i a u s e  f o r  n e s t e d  " l o o p s s t a t e m e n t s )  t o  t h e  i n n e r m o s t  
a c t i v e  " l o o p s c o n t r o l  a s s o c i a t e d  w i t h  r e f e r e n c e d  
" c o n t r o l ! v a r i a b l e ,  I a 8 a l 3  

5 , 9  " L o o p s S t a t e m e n t  E x e c u t i o n  l a 9  

T h e  " c o n t r o l { c l a u s e s  a s s o c i a t e d  w i t h  e a c h  " c o n t  
m a y  b e  c o n s i d e r e d  t o  f o r m  a  l i s t  w i t h  a  p o i n t e r  
w h i c h  c l a u s e  t o  u t i l i z e .  T h e  p o i n t e r  m a y  e v e n  
h e a d s ,  t h e  f i r s t  p o i n t i n g  t o  t h e  i n i t i a l  v a l u e  
r e s e r v e d  f o r  t h e  i n i t i a l  v a l u e )  a n d  t h e n  t o  t h e  
o r  t h e  i n c r e m e n t  a n d  t h e  s e c o n d  p o i n t i n g  t o  t h e  
T h e  d e s c r i p t i o n s  o f  w h a t  h a p p e n s  w i t h  r e g a r d  t o  
k i n d s  o f  " c o n t r o l { c l a u s e s  i n d i c a t e  w h a t  h a p p e n s  
p o i n t e r s ,  T h e y  r e m a i n  w i t h  t h e  c l a u s e  j u s t  u t i  
g o  o n  t o  t h e  n e x t - * t h e  f i r s t  p o i n t e r  h e a d  m o v e s  
i n i t i a l  v a l u e  t o  t h e  r e p l a c e m e n t  o r  i n c r e m e n t *  
w i t h  t h e  r e p l a c e m e n t  v a l u e  o r  t h e  i n c r e m e n t ,  l a 9 a  

r o i { v a r i a b l e  
i n d i c a t i n g  

n a v e  t w o  
( o r  t h e  p l a c e  

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

l i z e d  o r  t h e y  
f r o m  t h e  

o r  i t  r e m a i n s  

, 1  T h e  p o s i t i o n  o f  e a c h  p o i n t e r  i s  u n d e f i n e d  u n t i l  t h e  
" l o o p ! s t a t e m e n t  b e g i n s  e x e c u t i o n  t h e  f i r s t  t i m e ,  A t  t h a t  
m o m e n t  a l l  p o i n t e r s  f o r  t h e  " l o o p i c o n t r o i s  i n  t h a t  
" l o o p i s t a t e m e n t  a r «  s e t  t o  p o i n t  t o  t h e i r  r e s p e c t i v e  
f i r s t  " c o n t r o l { C l a u s e s ,  T h i s  h a p p e n s  e v e r y  t i m e  u p o n  
n o r m a l  e n t r y  t o  t h e  " l o o p ( s t a t e m e n t  t h r o u g h  t h e  t o p ,  i a 9 a l  

, 2  F r o m  t h a t  t i m e  o n ,  a s  l o n g  a s  t h e  s c o p e  c o n t a i n i n g  
t h e  " l o o p s s t a t e m e n t  r e m a i n s  a c t i v e ,  t h e  p o s i t i o n s  o f  t h e  
p o i n t e r s  a r e  d e f i n e d ,  I f  c o n t r o l  l e a v e s  t h e  l o o p  t h r o u g h  
e x e c u t i o n  o f  a  * p r o c e d u r e i c a i l ! s t a t e m e n t  o r  a  
" g o { t o { s t a t e m e n t ,  t h e  p o s i t i o n s  o f  t h e  " c o n t r o K c l a u s e  
p o i n t e r s  a r e  u n d i s t u r b e d ,  I f  e x e c u t i o n o f  t h e  l o o p  i s  
r e s u m e d  ( s u c h  a s  b y  m e a n s  o f  a  " g o { t o : s t a t e m e n t  
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r e f e r e n c i n g  a  " s t a t e m e n t m a m e  w i t h i n  t h e  
" c o n t r o l i e d i s t a t e m e n t ) ,  u t i l i z a t i o n  o f  t n e  
" c o n t r o l i c i a u s e s  p r o c e e d s  a s  i f  t h e  " l o o p i s t a t e m e n t  h a d  
n o t  b e e n  I n t e r r u p t e d ,  I a 9 a 2  

, 3  E a c h  " l o o p j c o n t r o l  m a y  b e  c o n s i d e r e d  t o  h a v e  a n  
a d d i t i o n a l  c l a u s e  t h a t  s a y s ,  i n  e f f e c t ,  " t e r m i n a t e  n o w " ,  
I f  t h e  p o i n t e r  i s  m o v e d  t o  t h i s  i m p l i c i t  c l a u s e  a n d  t h e  
c l a u s e  i s  t h e n  e x a m i n e d ,  e x e c u t i o n  o f  t h e  " l o o p s s t a t e m e n t  
t e r m i n a t e s  i m m e d i a t e l y *  n o  a c t i o n  i s  t a < e n  w i t h  r e g a r d  t o  
s u b s e q u e n t  " l o o p  I  c o n t r o l s  i n  c a s e  t h e r e  a r e  m o r e  t h a n  
o n e ,  T h e  p o i n t e r  w i l l  c o n t i n u e  t o  p o i n t  t o  t h e  
" t e r m i n a t e  n o w "  c l a u s e  a n d  w i l l  n o t  b e  m o v e d  a g a i n  u n t i l  
i t  i s  i n i t i a l i z e d  t h r o u g h  a  s u b s e q u e n t  n o r m a l  e x e c u t i o n  
o f  t h e  " l o o p s s t a t e m e n t ,  I f  n o w ,  t h e  l o o p  i s  e n t e r e d  
" t h r o u g h  a  s i d e  d o o r "  i t  w i l l  s u r e l y  t e r m i n a t e  w h e n  t h e  
i t e r a t i o n  m e c h a n i s m  i s  i n v o i c e d ,  r e g a r d l e s s  o f  w h a t  v a l u e s  
t h e  " c o n t r o l * v a r i a b l e s  m a y  h a v e  ( h a v i n g  b e e n  s e t  p e r h a p s  
o u t s l a e  t h e  l o o p )  b e c a u s e  o n e  p o i n t e r  i s  p o i n t i n g  t o  
" t e r m i n a t e  n o w " ,  B e f o r e  t e r m i n a t i o n ,  h o w e v e r ,  
" c o n t r o l i v a r i a b l e s  w h i c h  o c c u r  e a r l i e r  i n  t h e  
" l o o p ( s t a t e m e n t  t h a n  t h e  o n e  w h i c h  c a u s e d  t h e  p r e v i o u s  
t e r m i n a t i o n  w i l l  o e  i n c r e m e n t e d ,  i n  f a c t *  o n e  o f  t h e s e  
e a r l i e r  " c o n t r o l { v a r i a b l e s  m a y  n o w  c a u s e  t h e  t e r m i n a t i o n  
a n d  t h e r e  w i l l  t h e n  b e  t w o  p o i n t e r s  p o i n t i n g  t o  t h e i r  
r e s p e c t i v e  " t e r m i n a t e  n o w "  c l a u s e s ,  O f  c o u r s e ,  i f  t h e  
i t e r a t i o n  m e c h a n i s m  I s  i n v o i c e d  b y  m e a n s  o f  a  
" t e s t { s t a t e m e n t  t h a t  b y p a s s e s  a l l  " l o o p i c o n t r o l s  p o i n t i n g  
t o  " t e r m i n a t e  n o w " ,  t h e  " c o n t r o i l e d i s t a t e m e n t  m a y  b e  
e x e c u t e d  a g a i n ,  I a 9 a 3  

, 4  A n  e x a m p l e  o f  a  p a r a l l e l  " l o o p  *  s t a t e m e n t  i s ?  i a 9 a 4  

A 1  =  0 *  I a 9 a 4 a  

F O R  A i d  T H E N  U A 1  U N T I L  0 )  ! a 9 a 4 b  

B 2 ( l  B Y  1  U N T I L  C3  S  8 )  I a 9 a 4 e  

„ C 3 ( 1 , 1 , 2 , 3 , 5 ) *  l a g a 4 d  

S 4  S  D 5 [ B 2 J  =  A 1  *  C 3 *  U 9 a 4 e  

C 3  =  C 3  •  3 *  U 9 a 4 f  

I F  C 3  <  1 2 *  S 4 >  S T O P *  I a 9 a 4 g  

, 5  I n  o r d e r  t o  i l l u s t r a t e  t h e  f l o w  o f  e x e c u t i o n  f o r  t h e  
e x a m p l e  a b o v e ,  t h e  d i a g r a m  b e l o w  i l l u s t r a t e s  t h e  c h a n g i n g  
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o f  v a l u e s  f o r  t h e  " v a r i a b l e s  i n  t h e  e x a m p l e ,  i f  t h e r e  i s  
a  n u m b e r  a t  t h e  i n t e r s e c t i o n  o f  a n  a r r o w  a n d  a  c o l u m n ,  
t h e  " v a r i a b l e  a t  t h e  l e f t  o f  t h e  r o w  r e c e i v e s  t h a t  v a l u e ,  
T h e  s e t t i n g  o f  v a l u e s  p r o c e e d s  d o w n  t h e  l e f t m o s t  c o l u m n ,  
t h e n  d o w n  t h e  c o l u m n  t o  i t s  r i g h t ,  e t c ,  

A  1  

B 2  

C  3  

D 5 U 3  

D 5 C 2 3  

0 5  C 3 3  

D 5 C 4 J  

D 5 C 5 ]  

D 5 C 6 3  

D 5  C  7  3  

a b c d e f g h j  

0  1 0  1 0  1 0  1  

1 2  3  4  5  6  7  

1  1  2  3  5  8  

1  

K  L  

0  

11  

11 

I a 9 a 5  

M  I a 9 a 5 a  

l a 9 a 5 b  

I a 9 a 5 c  

1 4  I a 9 a 5 d  

I a 9 a 5 e  

I a 9 a 5 t  

I a 9 a 5 g  

I a 9 a 5 h  

I a 9 a 5 i  

I a 9 a 5 j  

I a 9 a 5 k  

, 6  C o l u m n  m , b  a b o v e  r e p r e s e n t s  t h e  s e t t i n g  o f  - A 1  b y  t h e  
f i r s t  ' s t a t e m e n t  i n  t h e  e x a m p l e ,  c o l u m n  „ B  r e p r e s e n t s  
t h e  i n i t i a l i z a t i o n  o f  t h e  " c o n t r o l j v a r i a b l e s  a n d  t h e  
f i r s t  e x e c u t i o n  o f  t h e  ' c o n t r o l l e d : s t a t e m e n t .  C o l u m n s  
„ C ,  , . , 0 *  _ £ #  a n d  „ F  r e p r e s e n t  i t e r a t i o n s  o f  t h e  l o o p ,  I n  
c o l u m n  - G ,  w e  h a v e  a n o t h e r  i n  t h e  s e r i e s  o f  r e p l a c e m e n t s  
f o r  - A l ,  a n o t h e r  i n c r e m e n t a t i o n  o f  - B 2 ,  a n d  t e r m i n a t i o n  
b e c a u s e  t h e  n e x t  c l a u s e  f o r  « . C 3  i s  " t e r m i n a t e  n o w " .  
C o l u m n  « . H  s h o w s  t h e  s e t t i n g  o f  „ C 3  o u t s i d e  t h e  l o o p  a n d  
t h e  s e t t i n g  o f  S  C 6 3  b e c a u s e  o f  t h e  j u m p  i n t o  t h e  l o o p ,  
C o l u m n  - J  s h o w s  a n o t h e r  r e p l a c e m e n t  f o r  „ A 1 ,  
i n c r e m e n t a t i o n  o f  . 8 2 ,  a n d  t e r m i n a t i o n - - t h i s  t i m e  b e c a u s e  
t h e  t e s t  o n  „ C 3  ( i n  t h e  - B 2  c o n t r o l )  t u r n s  o u t  " t r u e " .  
C o l u m n  » K  s h o w s  a  n e w  s e t t i n g  f o r  « . C 3  o u t s i d e  t h e  l o o p  
a n d  t h e  s e t t i n g  o f  — D 5 1 7 3  b e c a u s e  o f  t h e  j u m p  b a c k  i n  a t  
. , 5 4 ,  C o l u m n  m l  s h o w s  t h e  r e p l a c e m e n t  f o r  - A 1  a n d  
t e r m i n a t i o n » « n o w  b e c a u s e  t h e  - B 2  c o n t r o l  p o i n t s  t o  
" t e r m i n a t e  n o w " ,  c o l u m n  _ m  s h o w s  t h e  s e t t i n g  o f  _ C 3  
o u t s i d e  t h e  l o o p .  T h e  p r o g r a m  n o w  s t o p s  b e c a u s e  t h e  t e s t  
o n  m C 3  f a i l s .  i a 9 a f e  
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5 « 1 0  S c o p e  o f  " L e t t e r i c o n t . r o ! i v a r i a b l e s  l a i o  

T h e  s c o p e  o f  a  " l e t t e r i c o n t r o l { v a r i a b l e  i s  j u s t  t h e  
" l o o p j s t a t e m e n t  i n  w h i c h  i t  i s  d e f i n e d  a n d  a c t i v a t e d ,  A  
• l e t t e r * l o o p i c e n t r e l  d e f i n e s  t h e  " l e t t e r J c o n t r o l l v a r i a b l e  
a n d  i t  i s  a s s i g n e d  t h e  v a l u e  o f  t h e  " i n i t i a l j p h r a s e  o f  i t s  
f i r s t  " c o n t r o l J c l a u s e ,  T h e  ' l e t t e r i c o n t r o l j v a r i a b l e  i s  t h e n  
a c t i v e  a n d  m a y  b e  u s e d  a s  a n  " i n t e g e r j v a r i a b l e  u n t i l  t h e  e n d  
o f  t h e  " c o n t r o l l e d i s t a t e m e n t  o f  t h e  " l o o p  *  s t a t e m e n t ,  T h e  
" l e t t e r i c o n t r o l t v a r i a b i e  m a y  a i s o  b e  u s e d  i n  t h e  
' i n c r e m e n t j p h r a s e ,  " r e p l a c e m e n t j p h r a s e ,  o r  
" t e r m i n a t o r j p h r a s e  o f  t h e  f i r s t  " c o n t r o l J c l a u s e  o f  t h e  
" l e t t e r j i o o p j c o n t r o i  t h a t  a c t i v a t e s  i t  a n d  i n  a n y  " f o r m u l a  
o f  o t h e r  " c o n t r o l j c i a u s e s  o f  t h e  ' l e t t e r  I  l o o p i c o n t r o l ,  l a i O a  

, 1  I n  a  n e s t e d  ' l o o p j s t a t e m e n t ,  i f  a n  i n n e r  
" l e t t e r  J  l o o p i c o n t r o l  u s e s  a s  a  " c o n t r o l J v a r i a b l e  a  
" l e t t e r  t h a t  i s  a l r e a d y  a c t i v e  a s  a  
" l e t t e r I c o n t r o l J v a r i a b l e ,  i t  i s  t r e a t e d  a s  a  
" n a m e d j v a r i a b l e  i n  t h e  i n n e r  " l o o p j s t a t e m e n t ,  I t s  f i r s t  
" c o n t r o l J c l a u s e  n e e d  n o t  h a v e  a n  " i n i t i a l J p h r a s e ,  T h e  
" l e t t e r I c o n t r o l J v a r i a b l e  i s  t h e  s a m e  " v a r i a b l e  a s  t h e  o n e  
d e f i n e d  i n  t h e  o u t e r  " I O O P J s t a t e m e n t ,  a n d  i t s  f i n a l  v a i u e  
i n  t h e  i n n e r  " l o o p j s t a t e m e n t  i s  c a r r i e d  i n t o  t h e  o u t e r  
" l o o p j s t a t e m e n t ,  i a i O a i  

, 2  T h e  s a m e  " l e t t e r  m a y  b e  u s e d  a s  t h e  
" l e t t e r  i c o n t r o l  J v a r i a b l e  f o r  n o n » n e s t e d  " l o o p  j  s t a t e m e n t s ,  
b u t  t h e s e  " c o n t r o l i v a r i a b l e s  a r e  t h e n  c o n s i d e r e d  a s  
d i f f e r e n t  " v a r i a b l e s ,  I a l 0 a 2  

, 3  A  " l e t t e r i c o n t r o l j v a r i a b l e  r e m a i n s  a c t i v e  o n l y  s o  
l o n g  a s  e x e c u t i o n  r e m a i n s  w i t h i n  t h e  " l o o p t s t a t e m e n t ,  I n  
g e n e r a l ,  " l e t t e r i c o n t r o l ' v a r i a b l e s  a r e  d e a c t i v a t e d  
w h e n e v e r  c o n t r o l  i s  t r a n s f e r r e d  o u t s i d e  t h e  
" l o o p j s t a t e m e n t  b y  m e a n s  o f  a  " g o i t o i s t a t e m e n t  o r  b y  
c o m i n g  o u t  t h e  b o t t o m  b e c a u s e  o f  c o m p l e t i o n  o f  t h e  
" l o o p j s t a t e m e n t ,  " L e t t e r i c o n t r o l j v a r i a b l e s  a r e  n o t  
d e a c t i v a t e d  w h e n  a  p r o c e d u r e  o r  f u n c t i o n  i s  c a l l e d  a n d  
t h a t  p r o c e d u r e  o r  f u n c t i o n  r e t u r n s  c o n t r o l  t o  t h i s  
" l o o p j s t a t e m e n t ,  i a ! 0 a 3  

, 4  " P r o c e d u r e i d e c l a r a t i o n s  a n d  " s w i t c h i s t a t e m e n t s  m a y  
o c c u r  i n s i d e  a  " l o o p j s t a t e m e n t  w i t h  " l e t t e r j l o o p j c o n t r o l  
a n d  t h e y  m a y  r e f e r e n c e  t h e  " l e t t e r j c o n t r o l j v a r i a b l e .  
H o w e v e r #  t h e  v a l u e  o r  e v e n  t h e  e x i s t e n c e  o f  a  
" l e t t e r i c o n t r o l j v a r i a b l e  i s  u n d e f i n e d  i f  t h e  
" c o n t r o l l e d l s t a t e m e n t  i s  e n t e r e d  v i a  a  j y ^ P  f r o m  a n  o u t e r  
s c o p e  t o  a  ' s t a t e m e n t m a m e  i n  t h e  " l o o p j s t a t e m e n t #  o r  i f  
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the internal procedure or function is called from outside 
the "loop{statement, Iai0a4 

5eli "Procedure{Call:Statement tail 

A "procedureicallsstatement is used to invoke a procedure 
that is not a function, lalla 

,i For a discussion of "remguojprocedureicallistatement, 
see Section 5,li,i7, lallai 

,2 "Actual J input{parameters must match the 
"formal{input{parameters associated with the named 
procedure (or alternate entrance) in number, kind, and 
position in the list, and "actual{output{parameters must 
match the "formai{output{parameters in number and 
position in the list, Matching to kind proceeds thusi 
if the "formaliinputiparameter is a "statement{name, the 
corresponding "actual{input{parameter must be a 
"statement{name or one of the forms beginning with -STOP, 
-RETURN, -TEST, or -EXIT, If the "format{input{parameter 
is an "item{name, the corresponding 
"actuaiiinputiparameter must be a "formula, if the 
"formal{input{Parameter is a "tableiname or a 
"datatblockiname, the corresponding 
"actual{input{parameter must be a "dataiblockiname, a 
"table{name (with or without an "index), a "variable, or 
-« followed by a "pointer J formula, If the 
"formaliinputiparameter is a "procedureiname, the 
"actual Iinputiparameter must be the "name of a procedure 
with the same number, kind, and position of 
"£ormai{input{parameters and "formal{output{parameters as 
the procedure used as a "formal{inputiparameter, lalla2 

,3 Whep a procedure makes a call on a procedure which is 
one of its "formaiiinputiparameters, the conversions 
between "actual!input{parameters and 
"formaiiinputiparameters are made in accordance with the 
descriptions of the "formaiiinputiparameters of the 
procedure as a "formaliinput{parameter, NO cognizance is 
taken of the descriptions of the "formaiiinputiparameters 
of the procedure which is given as an 
"actuaiiinputiparameter, Consider this example! Ialla3 

PROC AA (BB,CC)> ialla3a 

BEGIN PROC BB (DO)f lalle3b 

18 



RJC 22*MAY»7 4 11S16 3Q784 
J73Chap5EDIT 

procedure —AA BEGIN ITEM dd F? END procedure 
—BB (formal "parameter) 

ITEM CC U 26? 

BB (CC)? 

-END 

ITEM COUNT S 15? 

PROC EE (FF)? 

BEGIN ITEM FF U 30? 

count S COUNT + FF? procedure -EE (actual 
"parameter) 

-END 

AA (EE,5)? the executed "statement 

,4 in the example above, the value -5 is assigned to 
-CC, using whatever conversion is called for by the 
assignment rules, during invocation of -AA, Then the 
formal invocation of -BB causes -CC to be converted as if 
for assignment to -DD (there need be no actual space 
allocated for -BB or -DD, There is ,B®1?no,&s0? further 
conversion from -DD to -FF»-lt is the programmer's 
responsibility to see that -FF matches -dd Cor to accept 
the consequences if It dees not), lalla4 

,5 The order of evaluation of parameter data is left to 
right, The values of "actual?input{parameters are 
assigned to "formallinputiParameterivariables from left 
to right as if by an "assignment?statement (Section 5,5), 
Upon exit, "formal?outputiparameters are assigned to 
"actuaiioutputjparameters from left to right as if by an 
"assignmentsstatement, This order of assignment is 
certainly of significance if some 
"fcrmaiiinputiparameters are pointers to other 
"formal?inputiparameters or if some 
"actualioutputiparameters are pointers to other 
"actual!output I parameters, iailaS 

,6 If a procedure is to refer to an external table or 
data bloeK, the location of the table or data block may 
be passed to the "formal?inputiparameter which will be 
used by the procedure as the pointer in its references to 

ialia3c 

1 a 11 a 3 d 

iaile3e 

ialia3f 

iaiia3g 

ialia3h 

1 a i i a 3 i 

iaila3j 

laila3K 

lalla3l 
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i t s  l o c a l  t a b l e  o r  d a t a  b l o c k ,  T h e  l o c a t i o n  o f  t h e  
e x t e r n a l  s t r u c t u r e  c a n  b e  i n d i c a t e d  b y  u s i n g  a  
• l o c a t i o n » f u n c t i o n i c a l l  o r  a  " p o i n t e r  *  f o r m u l a  e v a l u a t i n g  
t o  t h e  c o r r e c t  l o c a t i o n ,  T h e  p r o c e d u r e  w i l l  t h e n  u t i l i z e  
t h e  p o i n t e d - t o  s p a c e  i n  a c c o r d a n c e  w i t h  t h e  d e c l a r e d  
s t r u c t u r e  o t  i t s  l o c a l  p o i n t e d - t o  t a b l e  o r  d a t a  b l o c k ,  
A l t e r n a t i v e l y *  a  l o c a l  " t a b l e s n a m e  o r  " d a t a i b l o c k i n a m e  
c a n  b e  a  " f o r m a l I i n p u t { p a r a m e t e r ,  I n  t h a t  c a s e #  t h e  
• a c t u a l { i n p u t { p a r a m e t e r  r e p r e s e n t s  a  l o c a t i o n  t h a t  w i l l  
b e c o m e  t h e  v a l u e  o f  t h e  p o i n t e r  ( e i t h e r  p r o g r a m m e r  
d e s i g n a t e d  o r  c o m p i l e r  s u p p l i e d )  t o  t h e  l o c a l  s t r u c t u r e ,  
I t  d o e s n U  m a t t e r  i f  t h e  " f o r m a l  I  i n p u t { p a r a m e t e r  i s  a  
t a b l e  o r  a  d a t a  b l o c k ,  i f  t h e  c o r r e s p o n d i n g  
" a c t u a l : i n p u t { p a r a m e t e r  i s  a  " v a r i a b l e #  a  " t a b i e i n a m e ,  o r  
a  " d a t a { b l o c k { n a m e #  t h e  l o c a t i o n  o f  t h e  v a r i a b l e ,  t a b l e  ,  
o r  d a t a b i o c k  ( a s  i f  c a n e d  f o r t h  b y  t h e  u s e  o f  - L O C )  
b e c o m e s  t h e  v a l u e  o f  t h e  i n t e r n a l  p o i n t e r ,  T h i s  l o c a t i o n  
i s  t h e  a d d r e s s  o f  t h e  w o r d  i n  w h i c h  t h e  v a r i a b l e  o r  o t h e r  
d a t a  s t r u c t u r e  b e g i n s ,  N o  b i t  o r  b y t e  l o c a t i n g  
i n f o r m a t i o n  w i t h i n  t h e  w o r d  i s  i n v o l v e d ,  I f  i t  i s  
d e s i r e d  t o  p r o v i d e  a  " f o r m u l a  ( p e r h a p s  J u s t  a  " c o n s t a n t  
o r  " v a r i a b l e )  a s  a  l o c a t i o n  v a l u e  t o  b e  p r o v i d e d  t o  t h e  
i n t e r n a l  p o i n t e r  t o  t a b l e  o r  d a t a  b l o c k  u s e d  a s  a  
" f o r m a l { i n p u t { p a r a m e t e r #  t h e  " f o r m u l a  m u s t  b e  p r e c e d e d  
w i t h  a n  . 9 ,  l a i l a b  

, 7  N o t e  t h a t  " t a b i e i n a m e  o r  " v a r i a b l e  h a s  a  d i f f e r e n t  
m e a n i n g  a s  a n  " a c t u a l { i n p u t { p a r a m e t e r  d e p e n d i n g  o n  t h e  
c o r r e s p o n d i n g  " f o r m a l j i n p u t { p a r a m e t e r ,  i f  t h e  
• f o r m a l ! i n p u U p a r a m e t e r  i s  a  " t a b l e { n a m e  o r  
* d a t a { b l o c k { n a m e ,  a  " t a b i e { n a m e  o r  " v a r i a b l e  a s  a n  
" a c t u a n i n p u t { p a r a m e t e r  m e a n s  t h e  l o c a t i o n  ( o f  t h e  
v a r i a b l e  o r  t a b l e ) ,  I f  t h e  " f o r m a l { i n p u t { p a r a m e t e r  i s  a  
" v a r i a b l e #  a  " t a b l e { n a m e  a s  a n  " a c t u a l { i n p u t { p a r a m e t e r  
m e a n s  t h e  v a l u e  o f  t h e  f i r s t  " e n t r y { v a r i a b l e #  a n d  a n y  
o t h e r  " v a r i a b l e  a p p e a r i n g  a s  a n  " a c t u a l { i n p u t { p a r a m e t e r  
i s  s i m p l y  i n t e r p r e t e d  a s  i t s  v a l u e ,  i a i i a 7  

, 8  C o n s i d e r #  f o r  e x a m p l e #  a  p r o c e d u r e  t h a t  p r o c e s s e s  
m e s s a g e s  i n  t h e  f o r m  o f  l o n g  * c h a r a c t e r { v a r i a b l e s ,  
w i t h i n  t h e  " p r o c e d u r e : d e c i a r a t i o n  a  t a b l e  C - T l )  i s  
d e c l a r e d  w i t h  o n e  e n t r y  c o n s i s t i n g  o f  a  v e r y  l o n g  
" c h a r a c t e r { v a r i a b l e  ( - C 1 ) ,  . T i  i s  a l s o  a  
" f o r m a l !  i n p u u p a r a m e t e r ,  T h e r e f o r e #  n o  s p a c e  i s  
a l l o c a t e d  f o r  t h e  t a b l e  o r  i t s  i t e m .  N o w  t h e  
* p r o c e d u r e { C a l l { s t a t e m e n t  u s e s  t h e  " n a m e  o f  a  
" c h a r a c t e r { v a r i a b l e  ( - M S G )  a s  t h e  c o r r e s p o n d i n g  
" a c t u a n i n p u t i p a r a m e t e r ,  T h e  l o c a t i o n  o f  - M S G  i s  p a s s e d  
i n  t o " t h e  p r o c e d u r e  a n d  b e c o m e s  t h e  v a l u e  o f  t h e  p o i n t e r  
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(named or unamed) to -Tl, If the procedure looks at one 
message and creates another, perhaps two such 
•"formal?inputmarameters and "actual?input?parameters are 
needed, lallafi 

,9 If the procedure exits by means of a "goitoistatement 
referencing a "formal?inputiparameter, tpe first effect 
is to set the "actualjoutputiparameters from the values 
of the "formalioutputtparameters, The next effect 
depends on the nature of the "actual?input?parameter 
corresponding to that "formaliinputiparameter« If the 
"actualiinputiparameter is a "statementtname, it is as if 
a "goitoistatement referencing that "statementiname were 
executed at a point immediately following the 
•procedure?calltstatement, If the 
"actual?inputiparameter is one of the forms beginning 
with -STOP, —RETURN, -TEST, or -EXIT, it is as if a 
corresponding "stopistatement, "returnistatement, 
"testistatement, or "exit?statement were executed at a 
point immediately following the 
"procedurejcall?statement, lalla9 

,10 A "goitoistatement referencing an outer 
"statementmame causes a Jump to the poipt named and it 
also deactivates all procedures called from the scope of 
that outer "statementiname, and procedures called by 
these procedures, etc, It bypasses the setting of 
"actuaiioutputiparameters of the procedure in which the 
"goitoistatement is executed and all other procedures 
deactivated by the Jump, If, however, the outer 
"statementiname is a "formalI inputiparameter in Its own 
scope, the "actualloutputiparameteps of that procedure 
are set before control is transferred in accordance with 
the "actual I inputiparameter corresponding to that 
"statementiname used as a "formaljinputiparameter, lallalO 

,11 The deactivation through execution of a 
"goitoistatement can occur recursively, Suppose that 
-ALPHA is a recursive procedure in which the procedure 
-BETA is nested and the procedure -GAMMA is nested in 
-BETA, Suppose also that -ALPHA had been invoked, which 
then called -BETA, which called -GAMMA which called 
-ALPHA (creating a second copy of -ALPHA, including -BETA 
and -GAMMA, Now, once again -ALPHA calls -BETA and -BETA 
calls -GAMMA, if the second copy of -GAMMA Jumps 
directly to a "named?statement in -ALPHA, it is a jump to 
that "statement in the second copy (or perhaps second use 
in case -ALPHA is reentrant). It deactivates the second 
activations of -BETA and -GAMMA but not the first, lallall 
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, 1 2  T h e r e  a r e  s e v e r a l  a t t r i b u t e s  o f  p r o c e d u r e s  t h a t  c a n  
l e a d  t o  c o m p l i c a t i o n s  i n  i m p l e m e n t a t i o n  a n d  e x e c u t i o n ,  
T h e  l e a s t  t r a u m a t i c  a t t r i b u t e  i s  a  p o l n t e d - t o  d a t a  s p a c e ,  
T h i s  c a n  b e  i m p l e m e n t e d  b y  t h e  c a l l i n g  p r o g r a m  p l a c i n g  
t h e  v a l u e  o f  t h e  p o i n t e r  i n  a  b a s e  r e g i s t e r  w h i c h  I s  t h e n  
u s e d  b y  t h e  p r o c e d u r e  i n  a l l  i t s  r e f e r e n c e s  t o  I t s  
p r i v a t e  d a t a ,  i a l l a l 2  

, 1 3  C o m p l i c a t i o n s  d u e  t o  t h e  u s e  o f  e x t e r n a l  p r o c e d u r e s  
d e p e n d  o n  t h e  a m o u n t  o f  w o r k  d o n e  b y  t h e  l o a d e r ,  I f  t h e  
l o a d e r  r e s o l v e s  t h e  l o c a t i o n s  o f  a i l  
" f o r m a l i i n p u t  1  p a r a m e t e r s  a n d  " f o r m a l s o u t p u t s p a r a m e t e r s  a s  
w e n  a s  o f  t h e  p r o c e d u r e ,  n o  f u r t h e r  c o m p l i c a t i o n  a r i s e s .  
I f  t h e  l o a d e r  d o e s  n o t  r e s o l v e  t h e s e  l o c a t i o n s ,  t h e n  i t  
I s  n e c e s s a r y  f o r  t h e  c a l l i n g  p r o g r a m  t o  c o n v e r t  
" a c t u a l ! i n p u t i p a r a m e t e r s ,  i f  n e c e s s a r y ,  a n d  s t o r e  t h e m  o r  
t h e i r  l o c a t i o n s  i n  a  s t a n d a r d  c o m m u n i c a t i o n s  a r e a  f r o m  
w h e n c e  t h e y  a r e  r e t r i e v e d  b y  t h e  c a l l e d  p r o g r a m ,  T h e  
p r o c e s s  i s  r e v e r s e d  f o r  " a c t u a l i o u t p u t i p a r a m e t e r s ,  l a i l a l 3  

, 1 4  F o r  r e c u r s i v e  p r o c e d u r e s #  i t  b e c o m e s  n e c e s s a r y  t o  
s a v e  s o m e  e x t r a  p o i n t e r  v a l u e s  I n  t h e  d a t a  s p a c e  a s s i g n e d  
f o r  e a c h  " p r o c e d u r e ! c a l l ! s t a t e m e n t  i n  o r d e r  t o  b e  a b l e  t o  
u n w i n d ,  T h e  " r e c u r s i v e i d i r e c t i v e  ( s e c t i o n  1 1 , 7 , 5 )  m a y  b e  
i m p o r t a n t  i n  t h i s  r e g a r d ,  i f  p r o c e d u r e  „ P 1  c a l l s  
p r o c e d u r e  . F t ,  t h e  " r e c u r s i v e j d i r e c t i v e  i s  
u n n e c e s s a r y » - i t  i s  o b v i o u s  t o  t h e  c o m p i l e r  t h a t  . P i  i s  a  
r e c u r s i v e  p r o c e d u r e ,  o n  t h e  o t h e r  h a n d ,  i f  „ P 2  c a l l s  _ P 3  
a n d  „ P 3  c a l l s  . P 2 ,  r e c u r s i v e n e s s  d e p e n d s  o n  i n f o r m a t i o n  
n o t  a v a i l a b l e  t o  t h e  c o m p i l e r ,  I t  m a y  h a p p e n  t h a t  
e x e c u t i o n  i s  s u c h  t h a t  t h e r e  i s  n e v e r  m o r e  t h a n  o n e  
a c t i v e  c a l l  e a c h  o f  . P 2  a n d  . P 3 ,  B u t  i f  « P 3  d o e s  
a c t u a l l y  c a l l  « P 2  a f t e r  i t  h a s  b e e n  c a l l e d  b y  „ P 2 ,  t h e n  
t h e  p r o g r a m m e r  u s e s  t h e  " r e c u r s i v e j d i r e c t i v e  t o  i n d i c a t e  
t h a t  r P 2  i s  r e c u r s i v e ,  l a i l a l 4  

, 1 5  W h e t h e r  a n d  w h e r e  t h e  " r e c u r s i v e j d i r e c t i v e  i s  n e e d e d  
i s  s y s t e m  d e p e n d e n t ,  R e c u r s i v e  p r o c e d u r e s  w i l l  p r o b a b l y  
b e  a b l e  t o  u n w i n d  p r o p e r l y  i f  a l l  p r o c e d u r e s  w i t h  
p o i n t e < i « t o  d a t a  s p a c e  i m p l e m e n t  c a l l s  o n  o t h e r  s u c h  
p r o c e d u r e s  i n  a  m a n n e r  s i m i l a r  t o  t h e  f o l l o w i n g !  l a t l a l S  

a ,  C a l l  o n  p r o c e d u r e  w i t h  p o i n t e d * t o  d a t a  s p a c e  f r o m  
w i t h i n  p r o c e d u r e  w i t h  p o i n t e d * t o  d a t a  s p a c e  t . r l  a n d  
„ r 2  a r e  r e g i s t e r s  s e t  a s i d e  f o r  s u c h  c a l l s ) !  

C o n d i t i o n s !  . r l  p o i n t s  t o  c u r r e n t  d a t a  s p a c e ,  
„ r 2  p o i n t s  t o  d a t a  s p a c e  o f  

p r o c e d u r e  t h a t  c a l l e d  t h i s  o n e ,  l a i l a l S a  

2 2  
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b# This procedure calls a procedures 

_r2 .SAVE P rl 

-r1 »r2 

•"pointert formual (elements P r2 evaluated 

•actualiinputtparameters P r2 
-tormauinputiparameters p rl 

return jump (called procedure saves return P rl and 
Jumps bacK) 

"formaljoutputjparameters P rl 
""actualsoutputsparameters § r2 

lalla 15b 

lallalSbl 

Iallai5b2 

.rl 
Iallal5b3 

Iallal5b4 

nd 
laliaisbs 

Jallal5b6 

.r2 .rl Ialtal5b? 

SAVE E rl .r2 lallalSbR 

,16 The following example is a simple 
procedure that calculates the factorial 
is certainly not the recommended way to 
factorial, but it illustrates recursion 

recursive 
of a number, 
calculate a 
! 

It 

tallaib 

PROC FCTRL t ( 61 | G2) | lallal6a 

BEGIN ITEM Gl, G2, Ql U f lailalfeb 

G2 = 1 j iaijai6c 

IF Gl <= 1 | RETURN 1 lallalBd 

Qi = SPACE (DSIZE (FCTRtO ) > lallalee 

FCTRL 9 Gi (Gl p 1 | G2 ) J latial6f 

GARBAGE (Ql) f lallaisg 

G2 « G2 * Gl t taiiaieh 

.END tallal6t 

,17 The "remquosprocedureicallsstatement is used to 
obtain the quotient and remainder that result from 
dividing the first "actualIinput^parameter by the second 
"actuaisinputtparameter, laliat7 
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#18 The compiler may implement the 
"remguoiprocedureicalitstatement by efficient inline code 
(preferably) rather than a call to a procedure* The 
effect of this code is as if the following procedure were 
calledi lallalB 

PROC REMQUO CNUM, DEN i QUO, REM) J 

BEGIN ITEM HUM, DEN, REM# QUO S n? 

lallal8a 

1alia18b 

QUO = NUM/DEN | laliaiSbl 

REM = NUM » QUO * DEN > iailal8b2 

END iallal8c 

,19 The "itemideciaration above contains the letter mnf 
which stands for a systemwdependent size for these 
integer items, It win undoubtedly be the maximum size 
for convenient arithmetic with integers rather than the 
size used for pointers and addresses. The letter size is 
likely to be the system default size, iailai9 

5,12 "GoiToiStatement, "StopiStatement, "ReturntStatement, 
"Exitistatement iai2 

Normally# the "statements of a "processingideclaration are 
executed in the order in which they are written. The four 
•simpleistatements beiow are used in modifying this normal 
execution order of the •statements, The "testsstatement 
(Section 9,8,12) discussed in connection with the 
"loopistatement of which it may be a part, the 
•procedureieailjstatement (Section 5,11), and the 
•switchistatement (section 5,13) are aiso used to control 
the execution order of ''statements, ial2a 

*i The "goitotstatement effects a transfer of control to 
the "statement bearing the referenced 'statementmame, A 
singie»component "index is permitted only in transferring 
control to a named "switchistatement, In such a 
reference# the value of "Index Is used instead of the 
value of the "numericJ formula beginning the 
"switchistatement in selecting the constituent "statement 
to be executed. If a "goitoistatement- referencing a 
"switchistatement has empty "index "brackets, it is as if 
there were an "index with the lowest meaningful value 
with respect to the "switchistatement, A 
"goitoistatement with an "index (or empty "index 
"brackets) may reference a "statementiname tnat precedes 
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t h e  . B E G I N  o f  a  " s w i t c h ? s t a t e m e n t ,  i n  f a c t #  a  
" g o J t o j s t a t e m e n t ,  w i t h o u t  " i n d e x  o r  " b r a c k e t s #  
r e f e r e n c i n g  s u c h  a  " s t a t e m e n t : n a m e  h a s  t h e  e f f e c t  o f  a  
" g o i t o ? s t a t e m e n t  w i t h  e m p t y  " b r a c k e t s ,  T h e  v a l u e  o f  t h e  
" i n d e x  ( o r  i t s  l o w e s t  m e a n i n g f u l  v a l u e  i n  c a s e  i t  i s  
o m i t t e d )  i s  u s e d  t o  s e l e c t  t h e  c o n s t i t u e n t  " s t a t e m e n t  t o  
b e  e x e c u t e d ,  l a i 2 a i  

, 2  T h e  " s t o p j s t a t e m e n t  i s  t h e  l o g i c a l  t e r m i n a t i o n  o f  
e x e c u t i o n  o f  a  p r o g r a m .  D e p e n d i n g  o n  t h e  s y s t e m #  . . S T O P  
m a y  c a u s e  a  m a c h i n e  h a l t  o r  a  n o r m a l  r e t u r n  t o  t h e  
e x e c u t i v e ,  i a ! 2 a 2  

, 3  T h e  " r e t u m i s t a t e m e n t  i s  p e r m i t t e d  o n l y  w i t h i n  a  
" p r o c e d u r e i b o d y ,  I t s  e f f e c t  i s  t o  t e r m i n a t e  e x e c u t i o n  o f  
t h e  p r o c e d u r e #  s e t  t h e  " a c t u a l » o u t p u t { p a r a m e t e r s  f r o m  t h e  
" f o r m a l J o u t p u t i p a r a m e t e r s #  a n d  r e t u r n  c o n t r o l  t o  t h e  
" s t a t e m e n t  f o l l o w i n g  t h e  c a l l  i n  w h a t e v e r  p r o g r a m  i n v o k e d  
t h e  p r o c e d u r e ,  T h e  c a l l  m i g h t  h a v e  b e e n  i n  a n y  s c o p e  
s u c h  a s  a n o t h e r  p r o c e d u r e #  t h e  m a i n  p r o g r a m #  o r  e v e n  t h e  
s y s t e m  e x e c u t i v e ,  I a l 2 a 3  

, 4  i t  i s  i m m a t e r i a l  w h e t h e r  t h e  " r e t u r n ? s t a t e m e n t  
r e f e r e n c e s  a  " p r 0 c e d u r e m a m e  o r  a n  
• a l t e r n a t e i e n t r a n c e s n a m e ?  t h e  r e t u r n  w i l l  b e  t h a t  
a s s o c i a t e d  w i t h  t h e  a c t i v e  e n t r a n c e  i n  a n y  c a s e ,  i f  n o  
" n a m e  i s  r e f e r e n c e d #  t h e  " s t a t e m e n t  m e a n s  t o  r e t u r n  f r o m  
t h e  m o s t  l o c a l  p r o c e d u r e ,  A f t e r  t h e  l a s t  " s t a t e m e n t  i n  a  
" p r o c e d u r e j b o d y  i s  e x e c u t e d #  i f  i t  d o e s  n o t  t r a n s f e r  
c o n t r o l #  r e t u r n  f r o m  t h e  p r o c e d u r e  i s  e f f e c t e d  a s  i f  t h e  
" s t a t e m e n t  . R E T U R N ?  h a d  b e e n  e x e c u t e d ,  i a ! 2 a 4  

, 5  W i t h i n  n e s t e d  p r o c e d u r e s #  t h e  r e f e r e n c e d  " n a m e  i n  a  
" r e t u r n i s t a t e m e n t  m e a n s  t o  r e t u r n  f r o m  t h e  p r o c e d u r e  
h a v i n g  t h e  r e f e r e n c e d  " n a m e  a s  i t s  n o r m a l  o r  a l t e r n a t e  
e n t r a n c e ,  ( i f  n e s t e d  p r o c e d u r e s  u s e  t h e  s a m e  " n a m e #  i t  
m e a n s  r e t u r n  f r o m  t h e  m o s t  l o c a l  p r o c e d u r e ,  h a v i n g  t h e  
r e f e r e n c e d  " n a m e ,  w i t h i n  w h i c h  t h e  " s t a t e m e n t  a p p e a r s ,  
I f  r e t u r n  i s  m a d e  t o  a n  o u t e r  p r o c e d u r e  f r o m  w i t h i n  a n  
i n n e r  p r o c e d u r e ,  t h e  " a c t u a l ? o u t p u t ? p a r a m e t e r s  a r e  n o t  
s e t  f o r  t h e  i n n e r  p r o c e d u r e ,  I a i 2 a 5  

, 6  R e t u r n  t o  a  p r o c e d u r e  t h a t  i s  n o t  a c t i v e  i s  
u n d e f i n e d ,  " A c t i v e "  m e a n s  t h e  p r o c e d u r e  h a s  b e e n  c a l l e d  
b u t  a n  e x p l i c i t  o r  i m p l i c i t  r e t u r n  f r o m  t h e  p r o c e d u r e  h a s  
n o t  y e t  b e e n  e x e c u t e d ,  S u c h  a  r e t u r n  c o u l d  o n l y  b e  
a t t e m p t e d  f r o m  a  p r o c e d u r e  d e c l a r e d  w i t h  a n  e x t e r n a l  
d e f i n i t i o n  w i t h i n  a n o t h e r  p r o c e d u r e ,  i a l 2 a b  
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1 7  T h e r e  e x i s t s  a  s c h o o l  o f  p r o g r a m m i n g  p h i l o s o p h y  t h a t  
h o l d s  t h a t  t h e  u s e  o f  " g o t t o : s t a t e m e n t s  l e a d s  t o  p o o r  
c o d i n g  p r a c t i c e s  a n d  r e n d e r s  c e r t a i n  o p t i m i z a t i o n  
t e c h n i q u e s  i m p o s s i b l e ,  p r o g r a m m i n g  d o n e  i n  a c c o r d a n c e  
w i t h  t h e  p r e c e p t s  o f  t h i s  s c h o o l  i s  k n o w n  a s  s t r u c t u r e d  
p r o g r a m m i n g ,  i n c l u s i o n  o f  t h e  " e x i t : s t a t e m e n t  ( a n d  t h e  
• s w i t c h i s t a t e m e n t )  m a k e s  s t r u c t u r e d  p r o g r a m m i n g  p o s s i b l e  
i n  J O V I A L ,  i t  I s  n o t  s u g g e s t e d  t h a t  a n y  c o m p i l e r  o u q h t  
t o ,  b u t  i t  w o u l d  c e r t a i n l y  h e  p o s s i b l e  t o  b u i l d  a  
c o m p i l e r  t o  e n f o r c e  s t r u c t u r e d  p r o g r a m m i n g  o r  t o  I s s u e  a  
w a r n i n g  w h e n  t h e  p r e c e p t s  o f  s t r u c t u r e d  p r o g r a m m i n g  a r e  
v i o l a t e d ,  I a i 2 a 7  

, 8  H e r e t o f o r e ,  a  " s t a t e m e n t j n a m e  w a s  c o n s i d e r e d  o n l y  t o  
d e s i g n a t e  a  p o i n t ,  a n  e n t r a n c e  p o i n t ,  i n  a  p r o g r a m ,  T o  
g i v e  m e a n i n g  t o  t h e  " e x i t t s t a t e m e n t ,  a  " s t a t e m e n t  J  n a m e  
m u s t  b e  u n d e r s t o o d  t o  h a v e  r e f e r e n c e  t o  a n  e n t i r e  p r o g r a m  
s t r u c t u r e « « t h e  " s t a t e m e n t  t o  w h i c h  I t  i s  a p p l i e d ,  i t s  
e n t r a n c e  p o i n t ,  a n d  i t s  e x i t  p o i n t .  A n  " e x i t ? s t a t e m e n t  
m a y  o n l y  a p p e a r  b e t w e e n  t h e  e n t r a n c e  p o i n t  a n d  t h e  e x i t  
p o i n t  o f  t h e  p r o g r a m  s t r u c t u r e  w h o s e  " n a m e  i t  r e f e r e n c e s .  
T h e  e f f e c t  o f  e x e c u t i n g  t h e  " e x i t : s t a t e m e n t  i s  t o  
t r a n s f e r  c o n t r o l  t o  t h e  e x i t  p o i n t  o f  t h e  p r o g r a m  
s t r u c t u r e ,  T h e  i n t e r s t i c e s  b e t w e e n  p r o g r a m  s t r u c t u r e s  
s o m e t i m e s  h a v e  a  f i n e  s t r u c t u r e  s o  t h a t ,  f o r  e x a m p l e ,  t h e  
e x i t  p o i n t  o f  a  " l o o p : s t a t e m e n t  i s  n o t  t h e  s a m e  a s  t h e  
e x i t  p o i n t  o f  i t s  " c o n t r o l l e d * s t a t e m e n t ,  l a ! 2 a B  

, 9  T h e  e f f e c t  o f  a n  " e x i t  I  s t a t e m e n t  r e f e r e n c i n g  a  " n a m e  
a t t a c h e d  t o  a  " p r o c e d u r e t b o d y  i s  t h e  s a m e  a s  a  
" r e t u r n ? s t a t e m e n t  f o r  t h a t  p r o c e d u r e .  T h e  e f f e c t  o f  a n  
" e x i t  I  s t a t e m e n t  r e f e r e n c i n g  a  " n a m e  a t t a c h e d  t o  t h e  
" c o n t r o l l e d i s t a t e m e n t  o f  a  " l o o p  I  s t a t e m e n t  i s  t h e  s a m e  a s  
a  " t e s t i s t a t e m e n t ,  w i t h o u t  r e f e r e n c e  t o  a  
" c o n t r o l t v a r i a b l e ,  I n  t h e  " n a m e d ! s t a t e m e n t  b u t  n o t  i n  a n y  
l o o p  n e s t e d  w i t h i n  t h a t  " n a m e d : s t a t e m e n t  ( e v e n  i f  t h e  
" e x i t : s t a t e m e n t  i s  i n  t h e  n e s t e d  l o o p ) ,  T h e  e f f e c t  o f  a n  
" e x i t : s t a t e m e n t  r e f e r e n c i n g  a  " n a m e  a t t a c h e d  t o  a  
" l o o p : s t a t e m e n t  t e r m i n a t e s  e x e c u t i o n  o f  t h e  l o o p ,  T h e  
e f f e c t  o f  a n  " e x i t : s t a t e m e n t  r e f e r e n c i n g  a  
" s t a t e m e n t : n a m e  t h a t  p r e c e d e s  t h e  . B E G I N  o f  a  
" s w i t c h : s t a t e m e n t  i s  t h e  s a m e  a s  i f  t h a t  " s t a t e m e n t i n a m e  
w e r e  a t t a c h e d  t o  t h e  " s w i t c h : s t a t e m e n t ,  i a l 2 a 9  

, 1 0  T h e  f o l l o w i n g  e x a m p l e  i l l u s t r a t e s  t h e  d e t a i l s  o f  t h e  
e f f e c t  o f  e x e c u t i n g  v a r i o u s  " e x i t ; s t a t e m e n t s ,  T h e  
r e l e v a n t  p r o g r a m  d e t a i l s  a n d  t h e  " e x i t : s t a t e m e n t s  a r e  o n  
t h e  l e f t ,  T h e  n o t a t i o n  ,  ,  ,  i n d i c a t e s  a  s e q u e n c e  o f  

26  



J73Chap5EDXT 
RJC 22«MAY»74 11|16 30784 

•statements, To the right of each ""exitjstatement is 
equivalent "statement and an explanation, 

LOj BEGIN 

i • * 

EXIT L0 GOTO Ml (Exit 
from "compound!statement) 

i t *  

END 

Lll FOR I (1 BY I UNTIL I a 9), 

L2I BEGIN 

« * •  

EXIT LIf GOTO 13; (Exit 
from the "loopistatement) 

t t * 

EXIT L2i TEST, (Exit 
from the "controlled!statement) 

* * t  

END 

L3! IF ALPHA > O f  

L4I BEGIN 

t i t  

EXIT L3, GOTO L6, (Exit 
from the "conditional I statement) 

EXIT L4, GOTO L6 f (Exit 
from "controliedistatement 

* i i  * 5  

effectively the same) 

END 

Ial2at0 

Ial2ai0a 

ial2al0b 

Ial2al0c 

Ial2al0d 

ial2aloe 

ial2ai0£ 

lal2ai0q 

Iai2al0h 

Ial2al0i 

Ial2al0j 

lai2alOK 

lal2ai01 

iai2aiom 

Ial2al0n 

Ial2al0o 

lal2al0p 

Iai2al0q 

Iai2al0r 

Ial2a.l0s 

Iai2al0t 
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L5{ ELSE 

BEGIN 

i * * 

EXIT L5f GOTO L6| 
from "controlled?statement) 

t * « 

END 

L6! SWITCH ALPHA + If 

L7i BEGIN 

L8? BEGIN 

t » * 

EXIT L6» GOTO 111) 
from "switchjstatement) 

EXIT L7 t GOTO LI 11 
from "switchJstatement) 

• • » 

EXIT L8» GOTO Lll? 
because Of the 

» » t 
before _L9 

END 

L9 ? BEGIN 

» * • 

EXIT L9? GOTO LlOf 
from "compoundistatement--

I f f  
""comma follows) 

END 

Ial2al0u 

Ial2al0v 

Ial2al0w 

(Exit 
Ial2al0x 

lal2al0y 

ial2a!0Z 

Iai2al0a§ 

ial2at0aa 

Ial2al0ab 

Ial2ai0ac 

(Exit 
ial2aioad 

(Exit 
Ial2ai0ae 

la 12a1 Oaf 

(Not -L9, 
Ial2al0ag 

"comma 
Ial2al0ah 

Ial2al0ai 

Ial2al0aj 

Ial2al0afc 

(Exit 
ial2aioai 

no 
Ial2al0am 

Ial2al0an 
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k 1 ® 5 • t • 

END 

L111 • • * 

PRCJC PI j 

L12} BEGIN 

PROC P2 J 

L13} BEGIN 

EXIT L12J 
trow "proceduretbody) 

• i • 

END 

f t *  

END 

RETURN PI) (Exit 

Ial2al0ao 

Ial2ai0ap 

Ial2ai0aq 

Ial2ai0ar 

Ial2al0as 

Ial2al0at 

Ial2ai0au 

Ial2ai0av 

Ial2al0aw 

Ial2al0ax 

Ial2ai0ay 

Ial2al0az 

Ial2al0b8 

lal2al0ba 

5,13 *5v)itchiStatement 

A "switch)statement provides a myitipath branch to other 
"statements contained within it, 

,1 Each "statement between -BEGIN and -END in the above 
form is associated with an integer, In the absence of 
explicit bracketed "numbers ahead of or between 
"statements, the first "statement is associated with 
zero, and successive "statements (including 
"null)statements) are associated with successive 
integers, (A "compoundistatement, "switch)statement, 
"loop)statement, or "conditional)statement counts as a 
single "statement,) Each bracketed "number, where 
present, interrupts the succession of associated integers 
and states a positive or negative integer value to be 
associated with the next "statement, The succession then 
resumes following the stated value, There must, be no 
repetition in values*-each "statement must be associated 
with a unique integer value, The "statements and their 

lal 3 

lal 3a 
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associated integer values are then effectively reordered 
so that the Integer values are in monotonically 
increasing order, with no duplications but possible gaps, 
Some of the "statements waY he followed by "'commas, lal3al 

,2 in executing the "switch*statement# the 
*numerle*formula following .SWITCH is evaluated as an 
integer (truncated if necessary), Then the "statement 
enclosed in the BEGIN END brackets and corresponding (as 
described above) with the values of the "formula is 
executed, If the "numeric*formula does not yield a value 
corresponding to a "statement in the list (including 
"nulHstatements)# the result is undefined, Values 
skipped due to explicit "numbers in the list do not 
correspond to "statements, A "statement in the list can 
be executed, if it bears a "statementiname, by execution 
of a "gojtoistatement somewhere that references that 
"name, Ial3a2 

,3 After execution of any "statement in the list* if it 
does not permanently transfer execution elsewhere# the 
next "statement# effectively, in the list is executed, 
This occurs unless the statements are separated by a 
"comma or a gap in the sequence of integer values# in 
which case the execution sequence is transferred to the 
"statement following the .END, Iaj3a3 

,4 Execution control can arrive at a "switch*statement 
in three ways* by "falling through" from the "statement 
preceding the "switchistatement, through execution of a 
"gestoistatement referencing the "name of the 
"switchistatement and without an "index or "index 
"brackets# or through execution of a "go*to*statement 
that does have a one»component "index ana references the 
"name of the "switch*statement, The first two of these 
ways resuit in the execution of the "switch*statement as 
described in section 5,13,2, iai3a4 

,5 The us® of the "index in a "go* to*statement 
referencing a "name before the "switch*statement (or a 
"name before the .BEGIN of the "switch*statement even if 
there are no "Index and "brackets) means that the 
"numeric*formula of the "switch*statement is not 
evaluated, Instead the value of the "index with the 
"getto*statement is used to select the "statement in the 
list to be executed, Evaluation of the -numeric * formula 
is omitted even if an "order * directive precedes the 
"switch*statement, If the "go*to*statement has empty 
"brackets for the "index# it is as if there were an 
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• i n d e x  p r e s e n t  h a v i n g  t h e  s m a l l e s t  v a l u e  a s s o c i a t e d  w i t h  
a  " s t a t e m e n t  i n  t h e  l i s t ,  l a i 3 a b  

, 6  T h e  f o l l o w i n g  e x a m p l e  a n d  f l o w  d i a g r a m  i l l u s t r a t e  t h e  
u s e  o f  a  " s w i t c h * s t a t e m e n t :  I a l 3 a 6  

s w ;  S W I T C H  A L P H A *  I a l 3 a 6 a  

BEGIN [11  BETA S  3 ;  *  I a l 3 a 6 b  

G A M M A  a  B E T A  *  t  l a l 3 a 6 c  

I F  G A M M A  =  2  *  B E T A  =  2 *  I a l 3 a 6 d  

[ 6 ]  B E T A  s  G A M M A *  I a l 3 a 6 e  

E N D  A L P H A  =  7 *  l a l 3 a 6 £  

, 7  I n  t h e  e x a m p l e  a b o v e *  v a l u e s  o f  . 2  a n d  » 3  f o r  „ A L P H A  
c a u s e  t h e  s a m e  p a t h  t o  b e  t a k e n  b e c a u s e  t h e  • s t a t e m e n t  
c o r r e s p o n d i n g  t o  t h e  v a l u e  . 2  I s  a  • n u l l t s t a t e m e n t ,  T h e  
• s t a t e m e n t  l a l 3 # 7  

G A M M A  s  B E T A *  I a l 3 a 7 a  

e x i t s  t o  t h e  e n d  o f  t h e  " s w i t c h : s t a t e m e n t  b e c a u s e  i t  i s  
f o l l o w e d  b y  a  • c o m m a ,  T h e  • c o n d i t i o n a i : s t a t e m e n t  I a l 3 a 8  

I F  G A M M A  =  2 *  B E T A  a  2 *  i a i 3 a 8 a  

e x i t s  t o  t h e  e n d  o f  t h e  s w i t c h  b e c a u s e  i t  i s  " s t a t e m e n t  
n u m b e r  - 4  a n a  t h e r e  i s  n o  " s t a t e m e n t  n u m b e r  - 5  I a l 3 a 9  

, 8  u s i n g  t h e  s a m e  e x a m p l e  i n  S e c t i o n  5 » 1 3 , 6 *  t h e  
• g o l t o : s t a t e m e n t  i a i 3 a l 0  

G O T O  S W  [ B E T A ] ;  I a l 3 a l 0 a  

w o u l d  c a u s e  t h e  v a l u e  o f  - B E T A  t o  b e  u s e d  r a t h e r  t h a n  t h e  
v a l u e  0 f  • A L P H A  i n  e x e c u t i n g  t h e  " s w i t c h j s t a t e m e n t ,  T h e  
• g o l t o i s t a t e m e n t  l a l 3 a i l  

S W  [  J *  l a l 3 a i l a  

w o u l d  c a u s e  t h e  p a t h  f o r  ^ . A L P H A  e q u a l  t o  „ 1  t o  b e  t a k e n ,  I a l 3 a l 2  

, 9  I f  t h e  o p t i o n a l  " s t a t e m e n t i n a m e  a f t e r  t h e  
• n u m e r i c : f o r m u l a  o f  a  • s w i t c h t s t a t e m e n t  d o e s  i n d e e d  o c c u r  
a n d  i s  r e f e r e n c e d  i n  a n  " e x l t : s t a t e m e n t #  i t  i s  a s  i f  t h e  
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" s t a t e m e n t j n a m e  w e r e  a t t a c h e d  t o  t h e  " s w i t c h * s t a t e m e n t  
a n d  I t  c a u s e s  a n  e x i t  f r o m  t h e  " s w i t c h * s t a t e m e n t ,  I a l 3 a l 3  

5 , 1 4  " D i r e c t i S t a t e m e n t  l a l 4  

The "direct i s tatement  i s  a "s imple:s tatement ,  I t  i s  used a s  
a  m e a n s  f o r  b r e a k i n g  o u t  o f  t h e  j o v i a l  l a n g u a g e  w i t h i n  a  
p r o g r a m  a n d  w r i t i n g  s o m e  i n s t r u c t i o n s  i n  a n o t h e r  l a n g u a g e  
m o r e  d i r e c t l y  r e l a t e d  t o  t h e  o r g a n i z a t i o n  o f  t h e  c o m p u t e r  
f o r  w h i c h  t h e  p r o g r a m  i s  b e i n g  c o m p i l e d ,  l a i 4 a  

, 1  W h a t  i s  l e g a l  a n d  m e a n i n g f u l  i n  a  " d i r e c t  *  s t a t e m e n t  
d e p e n d s  o n  t h e  s y s t e m ,  A  " d i r e c t i s t a t e m e n t  m a y  r e f e r e n c e  
a  J O V I A L  " n a m e  i n  t h e  s a m e  s c o p e ,  T h e  " n a m e  t r a n s l a t e s  
t o  a  l o c a t i o n *  b u t  t h e  e x a c t  m e a n i n g  o f  " l o c a t i o n "  i s  
s y s t e m  d e p e n d e n t ,  A  " s e t s  *  d i r e c t i v e  a n d  a  
" u s e s { d i r e c t i v e  m a y  a p p e a r  i m m e d i a t e l y  a f t e r  t h e  
" p r i m i t i v e  . . D I R E C T  t p  i n f o r m  t h e  c o m p i l e r  o f  d a t a  
e l e m e n t s  r e f e r e n c e d  i n  t h e  " d i r e c t  *  s t a t e m e n t ,  l a l 4 a l  

, 2  I f  t h e  o p t i o n a l  " s e m i c o l o n  o c c u r s  a f t e r  t h e  
" p r i m i t i v e  . J O V I A L ,  I t  s e r v e s  o n l y  a s  a  t e r m i n a t o r  f o r  
t h e  " d i r e c t  *  s t a t e m e n t  a n d  i s  n o t  a  " n u l l  *  s t a t e m e n t ,  I a l 4 a 2  

, 3  W h i l e  m a e h i n e * l a n g u a g e  c o d e  m i g h t  i n  s o m e  c a s e s  b e  
d e s i r a b l e  f o r  o b j e c t  p r o g r a m  e f f i c i e n c y ,  t h e r e  a r e  
o b v i o u s  d i s a d v a n t  a g e s  t o  u s i n g  " d i r e c t  *  s t a t e m e n t s ,  
E r r o r s  t h a t  m i g h t  b e  d e t e c t e d  b y  t h e  c o m p i l e r  i f  J O V I A L  
w e r e  u s e d  a r e  m o r e  l i k e l y  t o  g o  u n d e t e c t e d ,  
" P r o g r a m t d e c i a r a t i o n s  c o n t a i n i n g  " d i r e c t  *  s t a t e m e n t s  a r e  
m o r e  d i f f i c u l t  t o  t r a n s f e r  t o  a n o t h e r  m a c h i n e ,  I a l 4 a 3  
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