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C h a p t e r  f i  1  

F O R M A T T I N G  l a  

6 , 1  i n t r o d u c t i o n  i a l  

J O V I A L  formatt ing  provides  the  capabi l i ty  Of  trans lat ing  
between a  character  buffer  and data  e lements*  The character  
b u f f e r  i s  a  " c h a r a c t e r s f o r m u l a  o r  " c h a r a c t e r jv a r i a b l e  a n d  
c o n t a i n s  a  s t r i n g  o f  a n y  l e g a l  A S C I I  c h a r a c t e r s  i n c l u d i n g  
t h e  c o n t r o l  c h a r a c t e r s ,  A  d a t a  e l e m e n t ,  i s  a  " v a r i a b l e  o r  
" f o r m u l a  d e p e n d i n g  u p o n  t h e  d i r e c t i o n  o f  t r a n s l a t i o n  o r  i t  
m a y  b e  a n  " i n d e x e d i v a r i a b l e i r a n g e  ( see  s e c t i o n  1 0 , 4 , 4 ) ,  l a i a  

, 1  F o r m a t t i n g  c a n  b e  e i t h e r  l i s t e d ! r e c t e d  o r  
f o r m a t - d i r e c t e d .  W h e n  l i s t - d i r e c t e d ,  t h e  d a t a  e l e m e n t s  
d e t e r m i n e  t h e  m a n n e r  i n  w h i c h  t h e  c h a r a c t e r  s t r i n g  i s  
g e n e r a t e d  o r  s c a n n e d ,  W h e n  f o r m a t - d i r e c t e d ,  a n  e x p l i c i t  
" f o r m a t » l i s t  c o n t r o l s  s c a n n i n g  o r  g e n e r a t i o n  o f  t h e  
c h a r a c t e r  s t r i n g .  L i s t - d i r e c t e d  f o r m a t t i n g  p r o v i d e s  a  
f r e e - f i e l d  " i n p u t "  c a p a b i l i t y ,  l a l a l  

, 2  T r a n s l a t i o n  i s  a c c o m p l i s h e d  b y  a n  
"ass ignment is tatement  and formatt ing  rout ines ,  The  
d irect ion  of  trans lat ion  i s  determined by  the  r ight  and 
l e f t  s i d e  o f  t h e  " a s s i g n m e n t  J  s t a t e m e n t ,  l a l a 2  

, 3  T r a n s l a t i o n  f r o m  t h e  c h a r a c t e r  b u f f e r  i n t o  t h e  d a t a  
e l e m e n t s  i s  a c c o m p l i s h e d  b y  a n  " a s s i g n m e n t ! s t a t e m e n t  
(Sect ion  5 ,5)  o f  the  f o r m !  l a l a 3  

" v a r i a b l e  l a l a 3 a  

" i n d e x e d i v a r i a b l e j r a n g e  . =  
" f o r m a t : f u n c t i o n i c a i l  . )  I a l a 3 b  

,4  . F O R M A T  s ignals  an " intr ins ic ! funct ion!cal l  to  a  
formatt ing  rout ine  des igned to  trans late  between 
character  buffers  and data  e lements ,  t t$  f irs t  
"parameter ,  "character  1 formula#  provides  the  character  
b u f f e r  f r o m  w h i c h  v a l u e s  a r e  o b t a i n e d ,  t r a n s l a t e d  a s  
necessary*  and ass igned to  the  data  e lements  on the  l e f t  
o f  t h e  " a s s i g n m e n t J s t a t e m e n t ,  l a l a 4  

,5  I t  the  opt ional  seeond "parameter  to  . .FORMAT,  
" format i l i s t ,  i s  present ,  i t  impl ies  "format-directed  
formatt ing!  but  i t s  p lace  in  the  "parameter  l i s t  Is  
marked by  a  "comma for  l i s t -d irected  formatt ing  i f  the  
th ird  "parameter  i s  g iven,  "Format i l i s t ,  def ined in  
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S e c t i o n  6 , 5 . 4 ,  c o n t r o l s  t h e  s c a n n i n g  o f .  t h e  c h a r a c t e r  
b u f f e r ,  i a l a s  

, 6  T h e  o p t i o n a l  t h i r d  — F O R M A T  " p a r a m e t e r #  
" p r o c e d u r e j n a m e #  n a m e s  a  c o n t i n g e n c y  p r o c e s s i n g  p r o c e d u r e  
t o  b e  c a l l e d  b y  t h e  f o r m a t t i n g  r o u t i n e ,  T h e  d e t a i l s  o f  
t h e  i n t e r f a c e  b e t w e e n  t h e  c o n t i n g e n c y  p r o c e d u r e  s p e c i f i e d  
a n d  t h e  f o r m a t t i n g  r o u t i n e s  a r e  l e f t  t o  t h e  i m p l e m e n t e r ,  
T h e  i n t e n t  o f  t h e  p r o c e d u r e  i s  t o  p r o c e s s  e r r o r s #  
e n d " O f « » l i n e  c o n d i t i o n s #  e t c , #  w i t h o u t  t h e  n e c e s s i t y  o f  
r e t u r n i n g  f r o m  t h e  f o r m a t t i n g  r o u t i n e ,  F o r  c o n t i n g e n c y  
a c t i o n ,  t h e  f o r m a t t i n g  r o u t i n e  w i l l  c a l l  t h e  n a m e d  
p r o c e d u r e  w h i c h  m i g h t #  f o r  e x a m p l e ,  c a u s e  a  l i n e  t o  b e  
w r i t t e n  o r  r e a d  a n d  t h e n  r e t u r n  t o  t h e  f o r m a t t i n g  r o u t i n e  
t o  c o n t i n u e  t r a n s l a t i o n ,  i a l a b  

, 7  T r a n s l a t i o n  f r o m  d a t a  e l e m e n t s  i n t o  a  c h a r a c t e r  
b u f f e r  i s  a c c o m p l i s h e d  b y  m e a n s  o f  a n  
• a s s i g n m e n t l s t a t e m e n t  o f  t h e  f o r m s  i a i a 7  

• f o r m a t s v a r i a b l e  m w  " f o r m u l a  l a l a 7 a  

, 8  H e r e  - F O R M A T  s i g n a l s  a  c a l l  t o  a n  i n t r i n s i c  
f o r m a t t i n g  r o u t i n e  d e s i g n e d  t o  t r a n s l a t e  b e t w e e n  d a t a  
e l e m e n t s  a n d  c h a r a c t e r  b u f f e r s .  I t s  f i r s t  • p a r a m e t e r #  
• c h a r a c t e r ! v a r i a b l e ,  n a m e s  t h e  c h a r a c t e r  b u f f e r  i n t o  
w h i c h  t h e  t r a n s l a t e d  v a l u e s  o f  t h e  d a t a  e l e m e n t s  g i v e n  o n  
t h e  r i g h t  o f  t h e  " a s s i g n m e n t ! s t a t e m e n t  a r e  P u t ,  l a l a B  

, 9  T h e  s e c o n d  - F O R M A T  • p a r a m e t e r  i s  a s  d e s c r i b e d  i n  
S e c t i o n  6 , l t s  a b o v e  e x c e p t  t h a t  t h e  " f o r m a t s i i s t #  i f  
p r e s e n t #  c o n t r o l s  t h e  g e n e r a t i o n  o f  t h e  c h a r a c t e r  s t r i n g  
i n  t h e  b u f f e r ,  T h e  t h i r d  - F O R M A T  " p a r a m e t e r  i s  a s  

L i s t * d i r e c t e d  f o r m a t t i n g  p r o v i d e s  f o r  t r a n s l a t i o n  f r o m  a  
i n p u t  s t r i n g  t o  d a t a  e l e m e n t s  o r  f r o m  d a t a  e l e m e n t s  t o  a n  
o u t p u t  s t r i n g  a c c o r d i n g  t o  t h e  s y n t a x  r u l e s  d e s c r i b e d  b e l o w ,  
F i e l d s  i n  t h e  c h a r a c t e r  b u f f e r  a r e  s e p a r a t e d  b y  s p a c e s ,  
( " i n p u t "  a n d  " o u t p u t "  r e f e r  t o  t h e  u s u a l  u s e s  o f  t h e s e  
c h a r a c t e r  s t r i n g s #  b u t  t h i s  i s  n o t  a  r e q u i r e m e n t #  s i n c e  a  
c o r e * t o » C o r e  t r a n s f e r  m a y  b e  a l l  t h a t  i s  a c t u a l l y  i n v o l v e d , )  l a 2 a  

, 1  w h e n  t h e  t r a n s l a t i o n  i s  f r o m  a  c h a r a c t e r  b u f f e r  
( i n p u t ) ,  t h e  f o r m a t t i n g  r o u t i n e  s c a n s  t h e  c h a r a c t e r  

• i n d e x e d ? v a r i a b l e s  r a n g e  l a l a 7 h  

d e s c r i b e d  i n  s e c t i o n  6 , 1 , 6  

6 , 2  L i s t « * D i r e c t e d  F o r m a t t i n g  

l a l a 9  

l a 2  
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b u f f e r #  s e p a r a t i n g  t h e  f i e l d s  a n d  t r a n s l a t i n g  e a c h  f i e l d  
a c c o r d i n g  t o  t h e  t y p e  o f  t h e  c o r r e s p o n d i n g  " v a r i a b l e  t o  
b e  a s s i g n e d  a  v a l u e  f r o m  t h e  f i e l d .  T h e  f o r m a t t i n g  
r o u t i n e  m u s t  r e c o g n i z e  t h a t  t h e r e  m a y  b e  m o r e  d a t a  
e l e m e n t s  t h a n  t h e r e  a r e  f i e l d s #  a n d  p o s s i b l y  p r o v i d e  f o r  
n e w  I n p u t  u s i n g  t h e  c o n t i n g e n c y  p r o c e d u r e ,  l a 2 a l  

, 2  F o r  a  " c h a r a c t e r » v a r i a b l e #  t h e  f i e l d  i s  d e l i m i t e d  b y  
s p a c e s  j u s t  a s  f o r  o t h e r  " v a r i a b l e s  i f  t h e r e  a r e  n o  
s p a c e s  w h i c h  a r e  a  p a r t  o f  t h e  f i e l d ,  I f  t h e  c h a r a c t e r  
f i e l d  c o n t a i n s  s p a c e s ,  i t  m u s t  b e  , B = 1 [ a d d i t i o n a l l y , B = Q f  
d e l i m i t e d  b y  a  p r i m e  i m m e d i a t e l y  p r e c e d i n g  t h e  f i r s t  a n d  
a  p r i m e  i m m e d i a t e l y  f o l l o w i n g  t h e  l a s t  o f  t h e  c h a r a c t e r s  
w h i c h  c o n s t i t u t e  t h e  f i e l d ,  T h e  p r i m e s  m e r e l y  d e l i m i t  
t h e  s i z e  o f  t h e  f i e l d  a n d  a r e  n o t  c o n s i d e r e d  a  p a r t  o f  
t h e  f i e l d  t o  b e  p a s s e d  o n  t o  t h e  " c h a r a c t e r j v a r i a b l e f  
T w o  c o n s e c u t i v e  c r i m e s  w o u l d  d e n o t e  a  f i e l d  o f  z e r o  
c h a r a c t e r s ,  O b v i o u s l y #  i t  i s  i m p o s s i b l e  t o  i n c l u d e  a  
p r i m e  i n  a n  i n p u t  f i e l d  d e l i m i t e d  b y  p r i m e s ,  A  l e a d i n g  
p r i m e  w i t h  n o  t r a i l i n g  p r i m e  i s  i l l e g a l ,  F o r  a  f i e l d  
w h e r e  t h e  f i r s t  n o n b l a n k  c h a r a c t e r  i s  n o t  a  p r i m e #  t h e  
f i e l d  s t a r t s  w i t h  t h a t  c h a r a c t e r  a n d  i n c l u d e s  a l l  
c h a r a c t e r s  f o l l o w i n g  i t  u p  t o  t h e  n e x t  s p a c e  o r  b l a n k #  
a n d  s o  m a y  i n c l u d e  p r i m e s ,  P r i m e s  m a y  d e l i m i t  f i e l d s  
t h a t  d o  n o t  c o n t a i n  e i t h e r  s p a c e s  o r  p r i m e s ,  A  
l i s t - d i r e c t e d  i n p u t  f i e l d  c a n n o t  c o n t a i n  b o t h  s p a c e s  a n d  
p r i m e s ,  I a 2 a 2  

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

, 4  F o r  " n u m e r i c s v a r i a b l e s #  t h e  c h a r a c t e r s  i n  t h e  i n p u t  
f i e l d  a r e  s y n t a c t i c a l l y  a n a l y z e d  t o  d e t e r m i n e  t h e i r  f o r m  
( i n t e g e r ,  f i x e d #  o r  f l o a t i n g  t y p e ) ,  c o n v e r t e d  
a p p r o p r i a t e l y  a s  i f  t h e y  w e r e  J O V I A L  " c o n s t a n t s  t o  t h e  
t y p e  o f  t h e  " n u m e r i c t v a r i a b l e #  a n d  t h e n  t r a n s f e r r e d  
a c c o r d i n g  t o  t h e  r u l e s  o f  a s s i g n m e n t ,  T h e  f o r m s  t h a t  m a y  
o c c u r  i n  t h e  i n p u t  s t r i n g  d o  n o t  p e r m i t  a l l  f o r m s  f o r  
J O V I A L  " n u m e r i c { c o n s t a n t s ,  i n  p a r t i c u l a r ,  t h e y  m u s t  f i t  
t h e  f o l l o w i n g  s y n t a c t i c  f o r m  a n d #  a s  s a i d  b e f o r e #  n o  
s p a c e s  a r e  p e r m i t t e d i  I a 2 a 4  

•m* d i g i t  d i g i t  — E  d i g i t  I a 2 a 4 a  
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d i g i t  "  1 a 2 a 4 b  

, 5  L i s t - d i r e c t e d  I n p u t  t o  a  " b i t  J  v a r i a b l e  I s  u n d e f i n e d ,  U 2 a 5  

, 6  F o r  l i s t - d i r e c t e d  o u t p u t  t o  a  c h a r a c t e r  b u t t e r ,  t h e  
• f o r m u l a s  t h a t  c o m p r i s e  t h e  d a t a  e l e m e n t s  a r e  e v a l u a t e d  
a n d  t h e n  t r a n s l a t e d  t o  t h e  a p p r o p r i a t e  c h a r a c t e r  
r e p r e s e n t a t i o n  a n d  p l a c e d  i n  t h e  c h a r a c t e r  b u f f e r ,  A n y  
p a i r  o f  f i e l d s  i s  s e p a r a t e d  b y  a  s p a c e ,  i f  t h e  v a l u e  o f  
a  " f o r m u l a  i s  z e r o ,  o n e  z e r o  i s  o u t p u t ,  T h e  f o r m a t t i n g  
r o u t i n e  m u s t  r e c o g n i z e  w h e n  t h e  c h a r a c t e r  b u f f e r  w i l l  n o t  
h o l d  a n o t h e r  f i e l d ,  a n d  p o s s i b l y  P r o v i d e  f o r  o u t p u t  a n d  
c l e a r i n g  o f  t h e  b u f f e r  u s i n g  t h e  c o n t i n g e n c y  p r o c e d u r e ,  I a 2 a 6  

, 7  C o n v e r s o n  f o r  l i s t - d i r e c t e d  o u t p u t  t a k e s  p l a c e  
a c c o r d i n g  t o  t h e  " f o r m u l a  t y p e s  a s  f o l l o w s *  I a 2 a 7  

a ,  " C h a r a c t e r  I f o r m u l a ,  S p a c e s  t o  t h e  r i g h t  o f  t h e  
l a s t  n o n b l a n k  c h a r a c t e r  a r e  n o t  i n c l u d e d  i n  t h e  
o u t p u t ,  b u t  w o u l d  b e  r e s t o r e d  i f  s u b s e q u e n t l y  i n p u t  t o  
t h e  s a m e  " v a r i a b l e ,  I f  t h e  " f o r m u l a  c o n t a i n s  s p a c e s  
o t h e r  t h a n  o n  t b e  r i 9 h t ,  i t  i s  s u r r o u n d e d  b y  p r i m e s  a s  
w e l l  a s  f o l l o w e d  b y  a  s p a c e  o n  t r a n s f e r  t o  t h e  
c h a r a c t e r  b u f f e r ,  I f  t h e  " f o r m u l a  c o n t a i n s  p r i m e s ,  
a n d  t h e  v a l u e  i s  t o  b e  s u r r o u n d e d  b y  p r i m e s ,  i t  s h o u l d  
b e  n o t e d  t h a t  t h e  r e s u l t  w i l l  n o t  o e  l e g a l  i n p u t  t o  
t h e  l i s t - d i r e c t e d  f o r m a t t i n g  r o u t i n e s ,  I a 2 a 7 a  

b ,  " N u m e r i c * f o r m u l a  o f  f l o a t i n g  t y p e ,  T h e  c h a r a c t e r  
r e p r e s e n t a t i o n  o f  t h e  f l o a t i n g  n u m b e r  i s  a  n o r m a l i z e d ,  
s i g n e d ,  f r a c t i o n a l  s i g n i f i c a n d  w i t h  a  b a s e  1 0  e x r a d ,  
T r a i l i n g  z e r o s  a r e  s u p p r e s s e d  a n d  t h e  n u m b e r  o f  
f r a c t i o n a l  p o s i t i o n s  i s  e q u a l  t o  ( s i g n i f i c a n t  f r a c t i o n  
b i t s / 3 , 3 2 ) ^ 1 ,  T h e  b a s e  1 0  e x r a d  i s  P r e c e d e d  b y  i t s  
s i g n  a n d  t h e  l e t t e r  - E ,  T h e  s y n t a c t i c  f o r m  f o r  
l i s t - d i r e c t e d  f l o a t i n g  o u t p u t  i s *  I a 2 a 7 b  

„  +  d i g i t  *  „ E  - •  d i g i t  "  
I a 2 a 7 b l  

c ,  " N u m e r i c  *  f o r m u l a  o f  f i x e d  o r  i n t e g e r  t y p e ,  F i x e d  
v a l u e s  w i t h  n e g a t i v e  f r a c t i o n  b i t s  o r  t r a c t i o n  b i t s  
g r e a t e r  t h a n  t h e  n u m b e r  o f  s i g n i f i c a n t  b i t s  a r e  
f o r m a t t e d  a s  i f  t h e y  w e r e  " n u m e r i c  *  f o r m u l a s  o f  
f l o a t i n g  t y p e  ( s e e  b ,  a b o v e ) ,  F o r  o t h e r  f i x e d  v a l u e s  
a n d  i n t e g e r  v a l u e s ,  s i g n e d  v a l u e s  a r e  p r e c e d e d  w i t h  a  
p l u s  o r  m i n u s  s i g n ,  T h e  n u m b e r  o f  c h a r a c t e r s  i n  t h e  
i n t e g e r  p o r t i o n  o f  t h e  r e p r e s e n t a t i o n  i s  e q u a l  t o  
( i n t e g e r  b i t s  / 3 , 3 2 3 + 1 ,  T h e  n u m b e r  o f  f r a c t i o n a l  
d i g i t s  i s  s i m i l a r l y  c o m p u t e d ,  i n t e g e r  a n d  f r a c t i o n a l  
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p o s i t i o n s  a r e  s e p a r a t e d  b y  a  d e c i m a l  p o i n t .  T h e  
s y n t a c t i c  f o r m  o f  t h e  l i s t - d i r e c t e d  o u t p u t  1 s s  

d i g i t  d i g i t  "  

- «  d i g i t  

d „  " P l t j f o r m u l a ,  L i s t - d i r e c t e d  o u t p u t  f r o m  
" b i t i f o r m u l a s  i s  u n d e f i n e d ,  

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

, 9  G i v e n  b e l o w  a r e  e x a m p l e s  o f  a  " c h a r a c t e r : V a r i a b l e  o f  
f i v e  b y t e s  o u t p u t  b y  l i s t - d i r e c t e d  f o r m a t t i n g  a n d  t h e n  
i n p u t  f r o m  t h e  o u t o u t  b u f f e r ,  T h e  i n p u t  a n d  o u t p u t  
v a l u e s  a r e  s h o w n  a s  J O V I A L  " c h a r a c t e r  J  c o n s t a n t s  a n d  a r e  
c o n s e q u e n t l y  d e l i m i t e d  b y  " p r i m e s ,  T h e  i n t e r n a l  " p r i m e s  
a r e  i n d i c a t e d  b y  t h e  t h r e e - " c h a r a c t e r  c o d e  „ $ 2 7 ,  N o t e  
t h a t  t h e  l a s t  i n p u t  v a l u e  i s  u n d e f i n e d  B e c a u s e  t h e  o u t p u t  
v a i u e  c o n t a i n e d  a  ' i e a d l n g  ( e m b e d d e d )  b i a n k  a n d  a  p r i m e ,  
_ b  r e p r e s e n t s  a  b l a n k  o r  s p a c e ,  T h e  l e a d i n g  
f i e l d - s e p a r a t i n g  b l a n k  i s  n o t  s h o w n ?  t h e  t r a i l i n g  o n e  i s ?  

I a 2 a 7 c  

I a 2 a 7 c l  

I a 2 a 7 c 2  

i a 2 a 7 d  

O u t p u t  v a l u e  
i n p u t  v a i u e  

• A B C b b '  
* A B C h b  *  

' b A P C D '  
' b A B C D  *  

* A $ 2 7 B b b *  
' A $ 2 7 B b b f  

'  A b B b b  *  
'  A b B b b  *  

' b A s 2 7 B b '  
u n d e f i n e d  

6 , 3  F o r m a t - D i r e c t e d  F o r m a t t i n g  

O u t p u t  B u f f e r  

A B C b  

' b A B C D  ' b  

A ' B b  

' A b B ' b  

' b A ' B ' b  

I a 2 a 8  

I a 2 a 9  

I a 2 a 9 a  

I a 2 a 9 b  

1 a 2 a g c  

I a 2 a 9 d  

i a 2 a g e  

I a 2 a 9 f  

l a 3  

5 
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w i t h  f o r m a t - d i r e c t e d  f o r m a t t i n g ,  t h e  p i c t u r e  o f  e a c h  
c h a r a c t e r  i n  t h e  b u f f e r  i s  d e t e r m i n e d  b y  i t s  o w n  " f o r m a t ,  
E x c e p t  w h e n  " n u l l s f o r m a t  i s  s p e c i f i e d ,  e a c h  s p a c e  a n d  
c h a r a c t e r  i s  m e n t i o n e d  i n  t h e  " f o r m a t j l i s t ,  l a 3 a  

, 1  B a s i c a l l y ,  a  " f o r m a t  t e l l s  h o w  t o  i n t e r p r e t  o r  
g e n e r a t e  a  s t r i n g  o f  c h a r a c t e r s ,  A  " f o r m a t  d e s c r i b e s  t h e  
d a t a  i n  a  b u f f e r ,  w h i c h  m a y  c o m e  f r o m  o r  g o  t o  a n  
e x t e r n a l  m e d i u m ?  i t  i s  m u c h  l i k e  a n  " i t e m i d e s c r i p t i o n  a s  
i f  a p p l i e d  t o  a  " c o n s t a n t ,  T h e  c h a r a c t e r  s t r i n g s  a r e  
r a t h e r  e v a n e s c e n t  f r o m  t h e  s t a n d p o i n t  o f  t h e  p r o g r a m ,  
h o w e v e r ?  s o  t h e  " f o r m a t s  m u s t  b e  a p p l i e d  t o  t h e m  
d y n a m i c a l l y - d t i r i n g  a c t u a l  e x e c u t i o n  o f  t h e  p r o g r a m ,  l a 3 a i  

, 2  u s u a l l y  a  s t r i n g  o f  c h a r a c t e r s  i s  m a t c h e d ,  t h r o u g h  a  
" f o r m a t *  t o  a  d a t a  e l e m e n t ,  H o w e v e r ,  t h e r e  a r e  s o m e  
s p e c i a l  " f o r m a t s i  t h e  " i n s e r t  I  f o r m a t  d e s c r i b e s  c h a r a c t e r  
s t r i n g s  w i t h o u t  r e f e r e n c e  t o  a  d a t a  e l e m e n t ,  a n d  t h e  
" s k i p S f o r m a t  c a u s e s  a  d a t a  e l e m e n t  t o  b e  p a s s e d  w i t h o u t  
m a t c h i n g  i t  t o  a  c h a r t e r  s t r i n g ,  I a 3 a 2  

6 , 4  " I n s e r t i F o r m a t  l a 4  

" I n s e r t ? f o r m a t s  d o  n o t  c o r r e s p o n d  t o  a n y  d a t a  e l e m e n t .  T h e y  
m a y  a t  t i m e s  s t a n d  a l o n e ,  p a r t i c u l a r l y  t h e  f o r m  s t a r t i n g  
w i t h  _ / ,  a n d  s o  b e  s e p a r a t e d  f r o m  o t h e r  " f o r m a t s  b y  " c o m m a s ,  
H o w e v e r ,  t h e y  a r e  m o s t  l i k e l y  t o  b e  u s e d  a s  a  p a r t  o f  
a n o t h e r  " f o r m a t  a n d  i n  t h e s e  c a s e s  a r e  n o t  s e p a r a t e d  b y  
" c o m m a s ,  ( " I n s e r t s f o r m a t s  a r e  n o t  p e r m i t t e d  a s  p a r t  o f  a  
" n u l l ? f o r m a t  o r  " s k i p ! f o r m a t , )  l a 4 a  

, 1  I n  g e n e r a l ,  a  " f o r m a t  s p e c i f i e s  a  n u m b e r  o f  c h a r a c t e r  
p o s i t i o n s  f i l l e d  i n  w a y s  d e p e n d e n t  o n  t h e  v a l u e  o f  t h e  
c o r r e s p o n d i n g  d a t a  e l e m e n t ,  L e t  u s  c a l l  t h e s e  t h e  
" e f f e c t i v e "  c h a r a c t e r  p o s i t i o n s ,  A n  " i n s e r t s f o r m a t  
s p e c i f i e s  t h e  c o n t e n t  o f  o t h e r  c h a r a c t e r  p o s i t i o n s  
i n s e r t e d  p r e c e d i n g ,  a m o n g ,  o r  f o l l o w i n g  t h e  e f f e c t i v e  
c h a r a c t e r  p o s i t i o n s  f o r  a  d a t a  e l e m e n t ,  T h e  p o s i t i o n s ,  
b u t  n o t  t h e  c o n t e n t s ,  o f  e f f e c t i v e  c h a r a c t e r  p o s i t i o n s  
a r e  a f f e c t e d  b y  " i n s e r t  J  f o r m a t s ,  T b e  c o n t e n t s  o f  
e f f e c t i v e  c h a r a c t e r  p o s i t i o n s  a r e  t h e  s a m e  r e g a r d l e s s  o f  
t h e  p r e s e n c e  o r  a b s e n c e  o f  " i n s e r t ! f o r m a t s ,  O b v i o u s  u s e s  
o f  s u c h  " i n s e r t ! f o r m a t s  a r e  f o r  s p a c i n g  o n  a  p r i n t e d  p a g e  
b e t w e e n  v a l u e s  c o r r e s p o n d i n g  t o  d a t a  e l e m e n t s ,  t o r  
i n s e r t i n g  c o m m a s  b e t w e e n  c e r t a i n  d i g i t s  i n  a  l o n g  n u m b e r ,  
o r  f o r  t i t u l a r  i n f o r m a t i o n ,  T h e r e  i s  n o  o u t p u t  o f  s p a c e s  
n o t  a c t u a l l y  c e d e d  u s i n g  a n  " i n s e r t : f o r m a t ,  o r  a s  p a r t  o f  
a  c h a r a c t e r  o u t p u t  v a l u e ,  o r  a s  a  s e p a r a t o r  f o r  
" n u n  i  f o r m a t s .  i a 4 a i  
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,2 The effect of ""count is as if the following _s, -/ 
code, or "character string in "quotationimarks had 
occurred that many times, A "count of -1 is assumed if 
no "count is given, Ia4a2 

,3 The use of „S is a shorthand way of indicating 
spaces, most often between data elements but oossibly 
separating effective character positions, „s is 
equivalent to " ", The following five examples of 
•insert:formats are ail equivalent and each would cause 
seven spaces to he placed in the output buffer or seven 
character positions to be ignored in the input buffer: Ia4a3 

..SSSSSSS Ia4a3a 

SS5 5SSS Ia4a3b 

-4S2SS Ia4a3c 

5S 2S Ia4a3d 

-7S 

,4 with "slash there is a difference, AS an 
"insertsformat, "siash followed by a "letter or "numeral 
is a system*dependent indicator of line# page# or other 
device control function, These may cause different 
results upon input and outout, For example, the same 
code that causes the current record to be written upon 
output probably causes the next record tp be read upon 
input, 

,5 The "insert»format of a "character string in 
*quotation:marlcs is intended to permit any string of 
ASCII characters to be inserted as desired among 
effective character positions, It would seem preferable 
to use a "character{constant for the purpose, but 
"quotation:marlcs are used for delimiters instead of 
"primes because an "insert:format is a part of a 
"format:list which is itself a "character:formula and 
consequently could be a "character:constant delimited by 
"primes, so the use of the "qyotationimarKs as 
delimiters avoids the problem of havihg a 
"character:constant occur within a "character{constant, 
Before "format analysis taKes place, any three»"character 
—'— i~* " ~ — — - .ing in a 

the 
»—*»*•*«« »-..»„+»* 'characters 

they represent., Additional analysis of -insert J formats 

ia4a3e 

Ia4a4 

7 
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using "quotationjmarks as delimiters is necessary in the 
formatting routines to permit the occurrence of a 
"quotation jrrark as an insert "character, A single 
"quotat iommark as an insert "character is represented by 
two "quotation!marks in succession, in general, internal 
strings of "quotatlonsnarks within the delimiting 
"quotation!marks must be halved to get the effective 
insert "characters, The "insertiformat would 
therefore cause one quotation mark to be inserted (or one 
character position to be ignored on input), 

,6 For innut* "insertjformats delimited by 
"quotationimarks indicate positions in the character 
buffer to ignore, (There are no positions corresponding 
to the delimiting "quotationimarks or to half of the 
internal strings of two "quotationimarks,) 

,7 For output, "insert * formats delimited by 
"quotationimarks indicate positions in the character 
buffer where the delimited character values are to be 
placed (the delimiting "quotationimarks and half of any 
internal strings of "quotationimarks are removed), 

,8 The following three examples of 
equivalent to each other: 

„»/#/*/#/*« 

V#" »«/#" »/#" H/«" 

-4"/*" 

'insertjformats are 

Ia4a5 

Ia4a6 

Ia4a7 

Ia4a8 

Ia4a8a 

Ia4a8b 

Ia4a8c 

,9 The examples below are equivalent to each other but 
different from those just above! Ia4a9 

«/* /# /* /* « Ia4a9a 

4"/* " la4a9b 

,10 Examples of the use of "insert I formats in connection 
with other "formats are given in the following sections, la4alQ 

6.5 "SkipiFormat lab 

A "skipjformat causes the data element corresponding to this 
"format to be skipped on input or output, There is no 
corresponding field in the character buffer, la5a 

6.6 "CharacteriFormat lab 

8 
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I N S E R T  B O X  l a 6 a  

, 1  T h e  " c h a r a c t e r t f o r m a t  i s ,  i n  e s s e n c e ,  a  s t r i n g  o f  
- C ' s ,  A  " c o u n t  o f  - 1  I s  a s s u m e d  i f  n o  " c o u n t  i s  g i v e n ,  
T h e  t o t a l  " c o u n t s  o f  - . C ' s  i s  t h e  n u m b e r  o f  e f f e c t i v e  
c h a r a c t e r  p o s i t i o n s  i n  t h e  b u f f e r ,  ( E f f e c t i v e  c h a r a c t e r  
p o s i t i o n s  a r e  t h o s e  s p e c i f i e d  b y  " f o r m a t s  o u t  n o t  
i n c l u d i n g  " i n s e r t t f o r m a t  c h a r a c t e r s , )  l a 6 a l  

, 2  F o r  o u t p u t ,  t h e  c h a r a c t e r  v a l u e  o f  t h e  o u t p u t  d a t a  
e l e m e n t  i s  p l a c e d  i n  t h e  e f f e c t i v e  c h a r a c t e r  p o s i t i o n s  o f  
t h e  b u f f e r ,  I f  t h e  d a t a  e l e m e n t  h a s  m o r e  b y t . e s  t h a n  
t h e r e  a r e  - C ' s ,  e x c e s s  b y t e s  o n  t h e  r i g h t  o f  t h e  d a t a  
e l e m e n t  a r e  t r u n c a t e d .  I f  t h e  d a t a  e l e m e n t  h a s  t o o  f e w  
b y t e s ,  t h e  f i e l d  i s  p a d d e d  w i t h  e x t r a  b l a n k s  o n  t h e  
r i g h t ,  F o r  i n p u t ,  e x c e s s  b y t e s  f r o m  t h e  f i e l d  a r e  
t r u n c a t e d  o n  t h e  r i g h t  o r ,  i f  t h e  f i e l d  i s  s o r t ,  b l a n k s  
a r e  a d d e d  o n  t h e  r i g h t  t o  m a t c h  t h e  s i z e  o f  t h e  d a t a  
e l e m e n t  b e f o r e  a s s i g n m e n t ,  I a 6 a 2  

, 3  A n  e x a m p l e  o f  u s e  o f  a  " c h a r a c t e r : f o r m a t  i s  g i v e n  i n  
S e c t i o n  6 , 7 , 3 ,  l a b a d  

6 , 7  " N u l l J F o r m a t  

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

, 1  T h e  " n q l l i f o r m e t  i n d i c a t e s  t h a t ,  c o n v e r s i o n  i s  t h e  
s a m e  a s  f o r  l i s t » » d l r e e t e d  f o r m a t t i n g ,  F o r  c o n v e r s i o n  
p u r p o s e s  t h e  i n p u t  f i e l d  s t a r t s  w i t h  t h e  f i r s t  n o n b l a n k  
c h a r a c t e r  a t  o r  a f t e r  t h e  c u r r e n t  c h a r a c t e r  o f  t h e  b u f f e r  
a n d  e n d s  w i t h  t h e  f i r s t  s p a c e  a f t e r  a  n o n b l a n k  c h a r a c t e r  
u n l e s s  t h e  f i r s t  n o n b l a n k  c h a r a c t e r  i s  a  p r i m e *  i n  t h i s  
c a s e  t h e  f i e l d  s t a r t s  w i t h  t h e  c h a r a c t e r  f o l l o w i n g  t h e  
p r i m e  a n d  t e r m i n a t e s  w i t h  t h e  c h a r a c t e r  t h a t  p r e c e d e s  t h e  
n e x t  p r i m e ,  T h e  c u r r e n t  c h a r a c t e r  f o r  t h e  n e x t  f i e l d  
w i l l  b e  t h e  c h a r a c t e r  f o l l o w i n g  t h e  s p a c e  f o l l o w i n g  t h e  
t e r m i n a t i n g  p r i m e ,  

, 2  o u t p u t  i n v o l v i n g  a  " n u n i f o r m a t  i s  d o n e  i n  a c c o r d a n c e  
w i t n  S e c t i o n  6 , 2 , 6 ,  

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

t a 7  

l a 7 a  

l a 7 a l  

I a 7 a 2  
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S i n c e  t h e  d e s c r i p t i o n  o f  t h e  c o r r e s p o n d i n g  d a t a  e l e m e n t  
a f f e c t s  t h e  m e a n i n g  o f  t h e  f i e l d *  t h e  " v a r i a b l e  
c o r r e s p o n d i n g  t o  e a c h  - n u l l : f o r m a t  i s  a s s u m e d  t o  b e  o f  
c h a r a c t e r  t y o e  a n d  s i x  b y t e s  l o n g ,  T h e  " v a r i a b l e  
c o r r e s p o n d i n g  t o  t h e  " c h a r a c t e r : f o r m a t s  i s  t e n  b y t e s  
l o n g ,  T h e  t a b l e  s h o w s  t h e  v a l u e  o f  e a c h  f i e l d ,  a s  a  
J O V I A L  " c o n s t a n t ,  d e t e r m i n e d  f r o m  t h e  " f o r m a t s  a b o v e  a n d  
t h e  I n p u t  b u f f e r  s t r i n g s  o n  t h e  l e f t ,  ( v o t e j  „ b  
r e p r e s e n t s  a  b l a n k :  a n d  „ $ 2 7  i s  t h e  t h r e e - " c h a r a e t e r  c o d e  
f o r  a  " p r i m e  w i t h i n  a  J Q V I A L  " c o n s t a n t , !  B l a n k s  h a v e  
b e e n  a d d e d  o r  c h a r a c t e r s  t r u n c a t e d  t o  g i v e  " c o n s t a n t s  o f  
t h e  l e n g t h  c o r r e s p o n d i n g  t o  t h e  " v a r i a b l e ,  i a 7 a 3  

6 , 8  " P a t t e r n s F o r m a t  

I N S E R T  B O X  l a 8 a  

, 1  T h e  " n u m e r a l  p r e c e d i n g  _ B  a p p l i e s  t o  t h e  w h o l e  
" p a t t e r n : f o r m a t  a n d  i n d i c a t e s  t h e  " o r d e r " ,  t h e  n u m b e r  o f  
b i t s  o f  t h e  d a t a  e l e m e n t  t o  b e  a s s o c i a t e d  w i t h  e a c h  
e f f e c t i v e  c h a r a c t e r  p o s i t i o n ,  T h e  o p t i o n a l  " c o u n t  
p r e c e d i n g  s i m p l y  i s  s h o r t h a n d  f o r  i n d i c a t i n g  s o  m a n y  
- P ' s ,  A  " c o u n t  o f  - 1  i s  a s s u m e d  i f  n o  " c o u n t  i s  g i v e n ,  
T h e  t o t a l  n u m b e r  o f  „ p * s  g i v e s  t h e  n u m b e r  o f  e f f e c t i v e  
c h a r a c t e r  p o s i t i o n s  i n  t h e  b u f f e r .  T h e  b i t  g r o u p s  a r e  
a s s o c i a t e d  w i t h  c h a r a c t e r s  i n  a c c o r d a n c e  w i t h  t h e  t a b l e  
o f  " p a t t e r n l d i g i t s  ( s e c t i o n  2 , 8 , 8 )  ,  F o r  e a c h  b i t  g r o u p  
i n  t h e  t a b l e  u n d e r  " p a t t e r n "  ( a s  m o d i f i e d  b y  " o r d e r " )  t h e  
l e t t e r  o r  n u m e r a l  u n d e r  " p a t t e r n : d i g i t  i s  i n d i c a t e d  f o r  
t h e  c o r r e s p o n d i n g  e f f e c t i v e  c h a r a c t e r  p o s i t i o n  I n  t h e  
b u f f e r ,  l a 8 a i  

, 2  E f f e c t i v e  c h a r a c t e r  p o s i t i o n s  a r e  m a t c h e d  w i t h  b i t  
g r o u p s  s t a r t i n g  a t  t h e  r i g h t ,  O n  o u t p u t ,  e x c e s s i v e  b i t s  
a t  t h e  l e f t  o f  t h e  d a t a  e l e m e n t  a r e  d i s c a r d e d ,  I f  t h e r e  
a r e  t o o  f e w  b i t s  i n  t h e  d a t a  e l e m e n t ,  z e r o s  a r e  a d d e d  a t  
t h e  l e f t  b e f o r e  c o n v e r s i o n  t o  " p a t t e r n i d i g i t s ,  O n  i n p u t ,  
t h e  e f f e c t i v e  c h a r a c t e r  p o s i t i o n s  o f  t h e  f i e l d  a r e  
t r e a t e d  a s  " p a t t e r n : d i g i t s ,  t r a n s l a t e d  t o  b i t s ,  t h e n  
a s s i g n e d  t o  t h e  d a t a  e l e m e n t ,  L e a d i n g  a n d  t r a i l i n g  
b l a n k s  a r e  a l l  t r e a t e d  a s  l e a d i n g  z e r o s  a n d  c o n s e q u e n t l y  
d o  n o t  a f f e c t  t h e  a s s i g n e d  v a l u e ,  E m b e d d e d  b l a n k s  i n  t h e  
i n p u t  f i e l d  c o r r e s p o n d i n g  t o  t h e  " p a t t e r n : f o r m a t  a n d  a n y  
o t h e r  c h a r a c t e r s  n o t  i n d i c a t e d  a s  " p a t t e r n : d i g i t s  f o r  t h e  
i n d i c a t e d  o r d e r  a r e  u n d e f i n e d ,  B l a n k s  a n d  o t h e r  
c h a r a c t e r s  c o r r e s p o n d i n g  t o  " i n s e r t  *  f o r m a t s  a r e ,  o f  
c o u r s e ,  i g n o r e d  o n  i n p u t ,  I a 8 a 2  

, 3  I n  t h e  f o l l o w i n g  t a b l e ,  t h e  h e a d s  o f  t h e  r o w s  a r e  

10  



RJC 23-MAY-74 Ob J 45 30786 
J73CHAP6EDIT 

examples of character data element values whose Pit 
patterns are shown in Section 6#8t4 below and the heads 
of the columns are "pattern*formats, -S*s occurring In 
the "formats are "insert*formats. It is assumed that 
character values are stored in eldht-bit bytes in which 
the first four bits correspond to the head of the column 
and the last four bits correspond to the head of the row 
in the table of characters (Figure 2-1), The body of the 
table below shows the contents of the output field 
corresponding to the character values and the 
"pattern * formats t Ia8a3 

4B3PS3PS3PS3P 585PS5P 1 a8a3a 

Bah j 000 042 616 821 QOQtl 62011 Ia8a3b 

Humpug 487 56D 627 567 28ELM M4TB7 

,4 The above table is based on the following bit 
confIguratlonSf from the table of ASCII characters, 
tickecs off in 4 bit groups &v primes and 5 bit groups 
commas * 

by 

Ia8a3c 

Ia8a4 

Bah! 01,00*001,0*0110,'0001*0,110*10,00*001,0*0001 U8a4a 

Humbug 
010,0*1000,*Qlll*0,iOi«Oi,lQ*liO,l*Ql|0,*0010*0,ill'01 
,01*011,0*0111 Ia8a4b 

,5 The table beiow gives examples of the values of 
JOVIAL "pattern*constants associated with fields of two 
input character strings In accordance with the list of 
"pattern* formats oiven at the top, These "constants 
could be assigned to "variables of any type, The m$ 
after the first comma is an "insertsformat and causes one 
character of the input buffer to be skipped, laHaS 

Input Buffer 

PbAAbbl762 

Field _4B5F,S1BP,3BPPP 

4B *AA' 
IB* 1 * 
30*762 

Ia8a5a 

Ia8a5b 

4A 3CEb217b 1 4BMA3CE* 
undefined because 

the "patternidigit _2 does not occur for order 
3 3B'17 ' 

6,9 "NumerlcjFormats 

Ia8a5c 

lag 
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' M u m e r  t c  j  f  o r t f a t s  p r o v i d e  t h e  s p e c i f i c a t i o n s  n e e d e d  t o  
c o n v e r t  f r o m  I n t e r n a l  n u m e r i c  v a l u e  r e p r e s e n t a t i o n s  t o  
e x t e r n a l  c h a r a c t e r  s t r i n g s  a n d  v i c e  v e r s a ,  l a 9 a  

t !  I t  i s  n o t  r e q u i r e d  t h a t  a  d a t a  e l e m e n t  a n d  I t s  
c o r r e s p o n d i n g  ' f o r m a t  h a v e  t h e  s a m e  t y p e ,  l a 9 a i  

, 2  o n  o u t p u t *  t h e  v a l u e  o f  t h e  d a t a  e l e m e n t  i s  f i r s t  
c o n v e r t e d  t o  a  d e c i m a l  s t r i n g  o f  t h e  s a m e  t y p e  ( i n t e g e r  
t o  i n t e g e r *  f i x e d  t o  f i x e d *  f l o a t i n g  t o  f l o a t i n g ) ,  A  
d e c i m a l  f i x e d  v a l u e  l o o k s  l i k e  a  f l o a t i n g  J O V I A L  
' c o n s t a n t  w i t h o u t  s c a l e  f a c t o r s .  C o n s i d e r a t i o n  o f  t h e  
" f o r m a t  c a n  a v o i d  g e n e r a t i n g  u n n e c e s s a r y  d i g i t s ,  I f  t h e  
' f o r m a t  c a l l s  f o r  a  d i f f e r e n t  n u m e r i c  t y p e *  t h e  d e c i m a l  
s t r i n g  i s  t h e n  c o n v e r t e d  a c c o r d i n g l y ,  A  
' g e n e r a l i z e d m u m e r i c t f o r m a t  d o e s  n o t  c a u s e  
d e c i m a l * t o * d e c i m a l  c o n v e r s i o n ,  I f  t h e  " f o r m a t  c a l l s  f o r  
r o u n d i n g *  i t  i s  d e c i m a l  r o u n d i n g  p e r f o r m e d  o n  t h e  f i n a l  
c o n v e r t e d  d e c i m a l  s t r i n g ,  I a 9 a 2  

, 3  O n  i n p u t *  t h e  i n p u t  f i e l d  i s  c o n v e r t e d  f i r s t  t o  i t s  
i n t e r n a l  r e p r e s e n t a t i o n *  t h e n  t o  t h e  t y p e  o f  t h e  d a t a  
e l e m e n t .  I f  a n  i n p u t  s t r i n g  d o e s  n o t  m a t c h  t h e  " f o r m a t ,  
t h e  t r a n s l a t i o n  i s  u n d e f i n e d ,  T h e  i n p u t  s t r i n g  w h i c h  i s  
l e f t  a f t e r  a i l  c h a r a c t e r  p o s i t i o n s  c o r r e s o n d i n g  t o  
" i n s e r t i f o r m a t s  a r e  d e l e t e d  m u s t  r e p r e s e n t  a  l e g a l  J O V I A L  
* n « m e r i c i c o n s t a n t ?  t h e r e  c a n  b e  n o  e m b e d d e d  b l a n k s  i n  i t ,  
i f  t h e  " f o r m a t  i s  a  " g e n e r a l i z e d s n u m e r i c j f o r m a t *  t h e  
i n p u t  c h a r a c t e r s  m a y  b e  i n t e g e r *  f l o a t i n g  w i t h o u t  a n  — E  
( " f i x e d : f o r m a t ) *  o r  f l o a t i n g  w i t h  a n  - K *  a n d  a n  d e c i m a l  
p o i n t s  m u s t  b e  e x p l i c i t ,  I n  g e n e r a l *  v a l u e s  a n d  " f o r m a t s  
m u s t  b e  s u c h  a s  t o  p r e v e n t  t h e  l o s s  o f  s i g n i f i c a n t  s i g n s  
a n d  m o s t * s i g n l f i c a n t  d i g i t s ,  o r  r e s u l t s  w i l l  b e  e r r o n e o u s  
a n d  g e n e r a l l y  u n p r e d i c t a b l e ,  I a 9 a 3  

, 4  F o l l o w i n g  i s  t h e  l i s t  o f  " f o r m a t  " s i g n s  t h a t  m a y  
a p p e a r  i n  " n u m e r i c  8  f o r m a t s  *  w i t h  a n  e x p l a n a t i o n  o f  t h e i r  
m e a n i n g s :  i a 9 a 4  

A  c h a r a c t e r  p o s i t i o n  t h a t  m a y  c o n t a i n  a n y  c h a r a c t e r  
t h a t  i s  p a r t  o f  a  l e g a l  n u m e r i c  f i e l d ,  i a 9 a 4 a  

„ D  A n  e f f e c t i v e  c h a r a c t e r  p o s i t i o n  t h a t  w i l l  a l w a y s  
c o n t a i n  a  d i g i t  o n  o u t p u t ,  o n  i n p u t  i t  m a y  c o n t a i n  a  
d i g i t ,  a  s p a c e ,  o r  a  s i g n  ( „ *  o r  „ • » ) ,  i a 9 a 4 b  

A n  e f f e c t i v e  c h a r a c t e r  p o s i t i o n  t h a t  m a y  c o n t a i n  a  
d i g i t  o r  a  s p a c e  o n  o u t p u t ,  O n  i n p u t ,  i t  m a y  c o n t a i n  
a  d i g i t ,  a  s p a c e  o r  a  s i g n  ( - >  o r  « - ) ,  l a g a 4 e  
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T h e  e f f e c t i v e  c h a r a c t e r  p o s i t i o n  f o r  t h e  „ E  i n  
• f l o a t i n g : f o r m a t #  o r  a  s p a c e f  

» R  I n d i c a t e s  t h a t  t h e  d i g i t  s t r i n g  ( s i g n i f i c a n d  i n  
" f l o a t i n g : f o r m a t )  i s  t o  b e  r o u n d e d .  O n  o u t p u t #  a  
d e c i m a l  r o u n d i n g  i s  p e r f o r m e d  o n  t h e  f i n a l  c o n v e r t e d  
d e c i m a l  s t r i n g ,  o n  i n p u t ,  a  b i n a r y  r o u n d i n g  i s  
p e r f o r m e d  b e f o r e  t h e  a s s i g n m e n t  t o  t h e  v a r i a b l e ,  i f  

i s  a b s e n t  t h e  d i g i t  s t r i n g  i s  t r u n c a t e d  t o  t h e  
r e q u i r e d  l e n g t h  w i t h o u t  r o u n d i n g ,  N O  s p a c e  i s  
a l l o c a t e d  t o r  i n  t h e  b u f f e r ,  

I a 9 a 4 d  

i a 9 a 4 e  

A n  e f f e c t i v e  c h a r a c t e r  p o s i t i o n  f o r  o r  
s p a c e ,  

o r  
I a 9 a 4 f  

«,»» An effective character position for -• or space, Ia9a4g 

•», An effective character position for the decimal 
p o i n t ,  o r  a  s p a c e ,  i a 9 a 4 h  

- *  T h e  p o s i t i o n  o f  t h e  u n d e r s t o o d  d e c i m a l  p o i n t #  N o  
s p a c e  i s  a l l o c a t e d  f o r  - *  i n  t h e  b u f f e r ,  i a g a 4 i  

, 5  N O  p l u s  o r  m i n u s  s i g n  i s  p r i n t e d  ( u n l e s s  s p e c i f i e d  b y  
a n  " i n s e r t : f o r m a t )  i n  a n y  n u m e r i c  f i e l d  c o n t a i n i n g  a  z e r o  
v a l u e ,  i a 9 a 5  

, 6  " N u m e r i c : f o r m a t s  p r o v i d e  f o r  p r i n t  s u p p r e s s i o n  
( r e p l a c e m e n t  w i t h  b l a n k s )  u n d e r  c e r t a i n  c o n d i t i o n s ,  
C h a r a c t e r  s u p p r e s s i o n  e x c e p t  f o r  - +  o r  - -  i s  t i e d  t o  „ Z ,  
N o t h i n g ,  o t h e r  t h a n  „ » +  o r  _ » ,  i s  s u p p r e s s e d  i n  " f o r m a t s  
n o t  c o n t a i n i n g  j z t  A n y  o r  a l l  n o n b l a n k  c h a r a c t e r s  i n  
" f o r m a t s  c o n t a i n i n g  „ Z ' s  i n c l u d i n g  i n s e r t  c h a r a c t e r s  m a y  
b e  s u p p r e s s e d  d e p e n d i n g  o n  t h e  a c t u a l  s u p p r e s s i o n  
o c c u r r i n g  i n  t h e  e f f e c t i v e  c h a r a c t e r  p o s i t i o n s  
c o r r e s p o n d i n g  t o  ^ Z ' s ,  i a 9 a 6  

, 7  I f  a n  " i n s e r t : f o r m a t  i m m e d i a t e l y  f o l l o w s  a  w h i c h  
i s  a c t u a l l y  s u p p r e s s e d ,  t h e  i n s e r t e d  c h a r a c t e r s  a r e  a l s o  
s u p p r e s s e d ,  j f  a n  " i n s e r t : f o r m a t  f o l l o w s  a  d e c i m a l  p o i n t  
a n d  i m m e d i a t e l y  p r e c e d e s  a  w n i c h  i s  a c t u a l l y  
s u p p r e s s e d ,  t h e  i n s e r t e d  c h a r a c t e r s  a r e  a l s o  s u p p r e s s e d ,  I a 9 a 7  

, 8  T h e  d e c i m a l  p o i n t  c o r r e s p o n d i n g  t o  i n  a  " f o r m a t  i s  
s u p p r e s s e d  i f  t h e  n e a r e s t  e f f e c t i v e  c h a r a c t e r  p o s i t i o n  o n  
t h e  r i g h t  ( i n  t h e  s a m e  f i e l d )  c o r r e s p o n d s  t o  a  a n d  i s  
a c t u a l l y  s u p p r e s s e d ,  I a 9 a 8  

, 9  P l u s  a n d  m i n u s  s i g n s  a r e  m o v a b l e  i n  a  s u p p r e s s  
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c o n t e x t ,  I t  l e a d i n g  z e r o s  c o r r e s p o n d i n g  t o  „ Z ' s  i n  t h e  
" n u m e r i c s f o r m a t  a r e  s u p p r e s s e d  o n  o u t p u t ,  t h e n  t h e  p l u s  
o r  m i n u s  c o r r e s p o n d i n g  t o  „  +  o r  - *  t o  t h e  l e f t  o f  „ . Z ' s  i n  
t h e  " f o r m a t #  a n d  a n y  " i n s e r t s f o r m a t  b e t w e e n  t h e  „ +  o r  « , »  
a n d  t h e  . Z * s ,  a r e  m o v e d  t o  t h e  r i g h t  t h e  n u m b e r  o f  s p a c e s  
c o r r e s p o n d i n g  t o  t h e  n u m b e r  o f  l e a d i n g  z e r o s  s u p p r e s s e d .  
I n  t h e  e x a m p l e  b e l o w  w e  h a v e  a  t a b l e  s h o w i n g  a n  
" i n t e g e r ! f o r m a t  t w l t h  f o u r  " i n s e r t j f o r m a t s  a s  p a r t  o f  i t )  
a t  t h e  t o p ,  a n d  s e v e r a l  o u t p u t  v a l u e s  o h  t h e  l e f t ,  T h e  
o u t p u t  f i e l d s  c o r r e s p o n d i n g  t o  t h e  " f o r m a t  a n d  t h e  v a l u e s  
a r e  g i v e n  o n  t h e  r i g h t ,  ( S u b s e q u e n t  i n p u t  o f  t h e s e  
o u t p u t  f i e l d s  u s i n g  t h e  s a m e  " f o r m a t  w o u l d  c a u s e  t h e  
i n s e r t e d  c h a r a c t e r s  t o  b e  i g n o r e d  a n d  g i v e  b a c k  t h e  
o r i g i n a l  v a l u e s  o n  t h e  l e f t , )  

I a 9 a 9  

h  k  s « +  S 3 Z "  # • '  3 Z H # " 3 D 5 H W P H H  I a 9 a 9 a  

+ 5 2 3 9 8 8 6 1 2  „ K  =  +  5 2 3  #  9 8 5  #  6 i 2  M p H  I a 9 a 9 b  

* 5 0 0 0 0 5 6 1 0  =  -  5 0 0 # 0 0 5 # 6 1 0  M P H  I a 9 a 9 c  

+ 0 0 0 4 2 0 0 0 0  „ K  =  +  4 2 0  #  0 0 0  M P H  I a 9 a 9 d  

0 0 0 0 0 0 0 0 0  a  0 0 0  M P H  I a 9 a 9 e  

6 , 1 0  " G e n e r a l i z e d ! N u m e r i c ! F o r m a t  l a l O  

( b o x )  l a l O a  

, 1  T h e  o p t i o n a l  " c o u n t  i s  a  w a y  o f  i n d i c a t i n g  t h e  n u m b e r  
o f  . N ' s ,  A  " c o u n t  o f  i s  a s s u m e d  i f  n o  " c o u n t  i s  
g i v e n ,  o n  i n p u t ,  i f  t h e  e f f e c t i v e  c h a r a c t e r  p o s i t i o n s  
c o r r e s p o n d i n g  t o  a l l  t h e  j N ' s  c o n t a i n  a n y  l e g a l  i n t e g e r  
o r  f l o a t i n g  J O V I A L  " c o n s t a n t  ( c o r r e s p o n d i n g  t o  " i n t e g e r ! ,  
" f l o a t i n g ! ,  o r  " f i x e d ! f o r m a t s )  i t  w i l l  b e  a c c e p t e d ,  
c o n v e r t e d  i n  a c c o r d a n c e  w i t h  i t s  s e l f - e v i d e n t  t y p e ,  
r o u n d e d  i n  b i n a r y  i f  t h e  „ R  i s  p r e s e n t ,  a n d  a s s i g n e d  t o  
t h e  " v a r i a b l e ,  l a l Q a i  

, 2  T h e  f o l l o w i n g  t a b l e  s h o w s  t h e  v a l u e s  o f  j Q y i A L  
" n u m e r i c i c o n s t a n t s  a s s o c i a t e d  w i t h  f i e l d s  o f  t w o  i n p u t  
c h a r a c t e r  s t r i n g s  i n  a c c o r d a n c e  w i t h  t h e  l i s t  o f  
" g e n e r a l i z e d i n u m e r i c i f o r m a t s  g i v e n  a t  t h e  t o p .  T h e  
" m i n u s i s i g n  i s  n o t  a  p a r t  o f  t h e  " c o n s t a n t  b u t  m u s t  b e  
u s e d  i n  a s s s l g n i n g  a  v a l u e  t o  t h e  c o r r e s p o n d i n g  
" v a r i a b l e ,  I a i 0 a 2  

, 3  o n  o u t p u t #  c o n v e r s i o n  t a k e s  P l a c e  a s  i n t e g e r  t o  
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"integerjformat, fixed to "fixediformat, and floating to 
"floating!format, Minus signs are output? Plus signs are 
not, Slanificands and fraction digits are limited by the 
field size, if there is not enough room for ail integer 
digits on output, the field is illegal, Excess fraction 
digits are truncated or rounded depending upon the 
absence or presence of the „R, Zeros are suplled between 
the point ana the significand digits for fixed values 
with less than zero fraction bits or more fraction bits 
than the size, laiOaJ 

6,11 "IntegeriFormat lall 

INSERT BOX lalla 

,1 As before# a "count followed by a or -Z has the 
same meaning as that number of -Dfs or -Z's, 
respectively, A "count of -.1 is assumed if the optional 
"count is missing, "Insert 5 formats are permitted as 
described above, The "integer!format specifies an 
integer field of specific size in the buffer, for any 
numeric data element. For output, if the data element is 
not an integer, it win first be converted to a decimal 
representation, then to a decimal integer (rounding off 
any fraction if _R is in the "format, truncating the 
fraction otherwise), on input, the field is converted to 
internal integer form and then "assigned" to the data 
element (there can be no decimal point or fraction 
digits), if _R is in the "format, binary rounding occurs 
on assignment to "variables with missing low»order 
integer bits, lallai 

,2 The maximum nymper of decimal digits in the field is 
the total of the number of „o*s and „Z*s in the "format, 
If they are all -.D's, all digits, even leading zeros, are 
printed on output or expected on input, If there are any 
.Z's in the "format# leading zeros are suppressed# but no 
more are blanKed than there are „Z's, If the rightmost 
.D or Z is a «Z, the non*blanked digits are left 
justified in the field defined by the „D*s and „Z*s, If 
the rightmost »D or JL is a .D, th* non»blanKed digits 
are right justified and the sign# if there is one# is 
moved to the right by the number suppressed# leading 
zeros, lalla2 

,3 in tbe "format means Print „+ if the value is 
positive, if the value is negative, and space if the 
value is zero, in the "format means print if the 
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v a l u e  i s  n e g a t i v e  a n a  s p a c e  I f  t h e  v a l u e  i s  z e r o  o r  
p o s i t i v e ,  l a l l a 3  

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

t S  T h e  f o l l o w i n g  t a b l e  i l l u s t r a t e s  t h e  u s e  o f  
" i n s e r t  J  f o r m a t s  w i t h  " i n t e g e r  I  f o r m a t s  o n  i n p u t ,  T h e  
c h a r a c t e r  s t r i n g s  i n  t h e  i n p u t  b u f f e r  a r e  s e p a r a t e d  i n t o  
f i e l d s  i n  a c c o r d a n c e  w i t h  t w o  " f o r m a t i l i s t s ,  T h e  f i r s t  
h a s  a n  " i n s e r t ! f o r m a t  f o l l o w e d  b y  a n  " i n t e g e r  I  f o r m a t  a n d  
t h e n  a n o t h e r  "insert  I  format ,  The  "commas separat ing  the  
" i n s e r t ; f o r m a t s  f r o m  t h e  " i n t e g e r  I  f o r m a t  a r e  n o t  
n e c e s s a r y #  a n d  o n l y  o n e  f i e l d  c o r r e s p o n d i n g  t o  a  d a t a  
e l e m e n t  i s  d e s c r i b e d ,  T h e  s e c o n d  " f o r m a t - 1  l i s t  c o n s i s t s  
o f  a  " n u l l s f o r m a t  f o l l o w e d  p y  a n  " i n t e g e r j f o r m a t  t h a t  h a s  
a n  " i n s e r t i f o r m a t  a s  p a r t  o f  i t ,  A s s u m i n g  t h a t  t h e  
" v a r i a b l e  c o r r e s p o n d i n g  t o  t h e  " n u i l i f o r m a t  i s  o f  
c h a r a c t e r  t y p e ,  t h e  t a b l e  s h o w s  t h e  v a l u e s  o f  t h e  i n p u t  
f i e l d s  a s  J O V I A L  " c o n s t a n t s ,  l a l l a S  

6 , 1 2  " F i x e d t F o r m a t  l a i 2  

I N S E R T  B O X  l a l 2 a  

, 1  A  " c o u n t  f o l l o w e d  b y  — D ,  « Z #  o r  h a s  t h e  s a m e  
m e a n i n g  a s  t h a t  n u m b e r  o f  « . D f s ,  Z ' s  o r  - , # ' s  r e s p e c t i v e l y ,  
A  " c o u n t  o f  i s  a s s u m e d  i f  t h e  o p t i o n a l  " c o u n t  i s  
m i s s i n g ,  I n  t h e  " f i x e d I f o r m a t ,  t h e  " d e c i m a l i p o i n t  i s  t h e  
p o s i t i o n  o f  t h e  a c t u a l  p r i n t e d  d e c i m a l  p o i n t  a n d  i t  
o c c u p i e s  a n  e f f e c t i v e  c h a r a c t e r  p o s i t i o n  i n  t h e  f i e l d ,  A  
s i n g l e  " a s t e r i s k ,  h o w e v e r #  i s  t h e  p o s i t i o n  o f  a n  i m p l i e d  
d e c i m a l  p o i n t ?  t h e  d e c i m a l  p o i n t  i s  n o t  p r e s e n t  i n  t h e  
c h a r a c t e r  b u f f e r ,  b u t  t h e  n u m b e r  i s  t r e a t e d  a s  i f  i t  
w e r e ,  I f  t h e r e  i s  a  s e q u e n c e  o f  « . n  " a s t e r i s k s #  w h e r e  „ n  
I s  „ 2  o r  m o r e #  i t  i s  u n d e r s t o o d  t h a t  _ n - l  t r a i l i n g  d i g i t s  
o f  t h e  i n t e g e r  p a r t  o f  t h e  b u f f e r  ( b e y o n d  t h o s e  s p e c i f i e d  
b y  t h e  " i n t e g e r ! p a r t  o f  t h e  " f o r m a t )  a r e  m l s s i n g - w o r  t h a t  
„ n » i  l e a d i n g  d i g i t s  o f  t h e  f r a c t i o n  p a r t  o f  t h e  b u f f e r  
a r e  m i s s i n a .  Z e r o  s u p p r e s s i o n  i s  n o t  p e r m i t t e d  t o  t h e  
r i g h t  o f  t h e  i m p l i e d  d e c i m a l  P o i n t #  i n  a  
" f i x e d } f o r m a t ,  l a l 2 a l  

, 2  O n e  e f f e c t i v e  c h a r a c t e r  p o s i t i o n  c o r r e s p o n d s  t o  e a c h  
„ Z #  e a c h  „ d #  a  " p i u s i s i g n  o r  " m i n u s i s i q n ,  a n d  a  
" d e c i m a l j p o i n t #  b u t  n o t  t o  a n y  " a s t e r i s k s ,  T h e  p o s i t i o n  
o f  t h e  d e c i m a l  p o i n t #  a c t u a l  o r  i m p l i e d #  i s  f i x e d  i n  ( o r  
o u t s i d e )  a  f i e l d  s p e c i f i e d  b y  a  " f i x e d j f o r m a t ,  I t  d o e s  
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n o t  c h a n g e  p o s i t i o n  ( a l t h o u g h  i t  m a y  b e  s u p p r e s s e d  i f  t h e  
v a l u e  i s  e n t i r e l y  z e r o )  w i t h  c h a n g e s  i n  v a l u e  o r  
s u p p r e s s i o n  o f  l e a d i n g  o r  t r a i l i n g  z e r o s ,  I a l 2 a 2  

, 3  o n  o u t p u t ,  t h e  s u p p r e s s i o n  o f  l e a d i n g  z e r o s  a n d  
c l o s e l y  a s s o c i a t e d  " i n s e r t ? f o r m a t s  a n d  t p e  m o v i n g  o f  p l u s  
a n d  m i n u s  s i g n s  i s  t h e  s a m e  a s  t o r  a  r i g h t - . j u s t i f i e d  
" i n t e g e r  i  f o r m a t ,  T r a i l i n g  z e r o s  c o r r e s p o n d i n g  t o  , , 2 ' s  
f o l l o w i n g  t h e  e x p l i c i t  d e c i m a l  p o i n t  a r e  s u p p r e s s e d ,  I f  
t h e  z e r o  f r a c t i o n  d i g i t  i m m e d i a t e l y  t o  t h e  r i g h t  o f  t h e  
e x p l i c i t  d e c i m a l  p o i n t  o r  i m m e d i a t e l y  t o  t h e  r i g h t  o f  a n  
" i n s e r t ? f o r m a t  i s  s u p p r e s s e d ,  t h e n  t h e  d e c i m a l  p o i n t  o r  
" i n s e r t ? f o r m a t  i s  a l s o  s u p p r e s s e d ,  i a l 2 a 3  

, 4  C o n s i d e r i n g  o n l y  t h e  e f f e c t i v e  c h a r a c t e r  p o s i t i o n s ,  
a n y t h i n g  c a n  b e  i n p u t  u s i n g  a  " f i x e d  I  f o r m a t  t h a t  c o u l d  b e  
o u t p u t  u s i n g  t h a t  s a m e  " f i x e d ? f o r m a t  o r  a n y  l e g a l  
* f i x e d ? f o r m a t  d e r i v e d  f r o m  t h a t  o n e  b y  r e p l a c i n g  s o m e  o f  
t h e  w i t h  „ D * s ,  I a l 2 a 4  

, 5  T h e  p r e s e n c e  o f  « R  m e a n s  t h e  f i x e d  d e c i m a l  s t r i n g  i s  
t o  o e  r o u n d e d  o n  o u t p u t  t o  t h e  d e c i m a l  p r e c i s i o n  
s p e c i f i e d  b y  t h e  " f o r m a t ,  o r  t h a t  t h e  b i n a r y  v a l u e  i s  t o  
b e  r o u n d e d  o n  I n p u t  b e f o r e  a s s i g n m e n t  t o  t h e  " v a r i a b l e ,  
«.+ or means the same as in "integer?format, Ial2a5 

, 6  o u t p u t  e x a m p l e s  s h o w i n g  t h e  u s e  o f  e a c h  o f  t h e  
" £ i x e d | f o r m a t s  a t  t h e  t o p  w i t h  e a c h  e f  t h e  v a l u e s  o n  t h e  
l e f t  a r e  g i v e n  i n  t h e  b o d y  o f  t h e  t a b l e  b e l o w ?  i a l 2 a f e  

, 7  S u b s e q u e n t  i n p u t  o f  t h e  v a l u e s  s h o w n  i n  t h e  a b o v e  
t a b l e  i n  a c c 0 r d a p c e  w i t h  t h e  " f o r m a t s  a t  t h e  t o p  w o u l d  
g i v e  t h e  v a l u e s  s h o w n  b e l o w  ( n o t e  t h a t  p r e c i s i o n  m a y  b e  
l o s t  d u e  t o  r o u n d i n g  o r  t r u n c a t i o n  o n  i n p u t ) ?  I a i 2 a 7  

6 , 1 3  " F i o a t i n g ? F o r m a t  l a ! 3  

I N S E R T  B O X  l a l 3 a  

, 1  T h e  " s l g n i f i c a n d  o f  a  " f l o a t i n g ? f o r m a t  i s  m u c h  l i k e  a  
" f i x e d ? f o r m a t ,  b u t  i t  i s  m o r e  r e s t r i c t e d ,  T h e  o n l y  z e r o s  
t h a t  m a y  b e  s u p p r e s s e d  a r e  t r a i l i n g  z e r o s  t o  t h e  r i g h t  o f  
a n  e x p l i c i t  d e c i m a l  p o i n t .  T h e  - +  o r  h a v e  t h e  s a m e  
s i g n i f i c a n c e  a s  i n  o t h e r  " f o r m a t s - * t h e y  i n d i c a t e  w h a t  t o  
d o  w i t h  t h e  s i g n  o f  t h e  p r i n t e d  ( o u t p u t )  " s i g n i f l c a n d ,  
" C o u n t  h a s  t h e  s a m e  m e a n i n g  a s  i n  " f i x e d ? f o r m a t ,  l a ! 3 a l  

, 2  T h e  " e x r a d  o f  a  " f l o a t i n g ? f o r m a t  i s  l i k e  a n  
" i n t e g e r ? f o r m a t  w i t h  t h e  a d d e d  c a p a b i l i t y  o f  t h e  k i n d  o f  
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" f i x e d j f o r m a t  t h a t  p r o d u c e s  i n t e q e r  o u t p u t ,  A n  e x r a d  I s  
a l w a y s  a n  i n t e g e r  a n d  t h i s  " f o r m a t  a l l o w s  i t  t o  b e  o u t p u t  
w i t h o u t  z e r o  s u p p r e s s i o n  o r  w i t h  z e r o  s u p p r e s s i o n  a n d  
l u s t  i f  l e d  e i t h e r  l e f t  o r  r i g h t ,  I a l 3 a 2  

, 3  I f  t h e  « R  i s  P r e s e n t ,  t h e  s i g n i f i c a n d  o f  t h e  v a l u e  i s  
r o u n d e d  b e f o r e  i n p u t  o r  o u t p u t »  T h e  . E  i s  o u t p u t  o r  
e x p e c t e d  i n  t h e  p o s i t i o n  i n d i c a t e d  i n  t h e  " f o r m a t  a n d  
s e r v e s  t o  i d e n t i f y  t h e  f i e l d  a s  a  f l o a t i n g  v a l u e ,  T h e  
s i g n i f i c a n d  o f  t h e  v a l u e  p r e c e d e s  t h e  . E  a s  s p e c i f i e d  b y  
t h e  " s i g n i f i c a n d  o f  t h e  " f o r m a t .  T h e  e x r a d  o f  t h e  v a l u e  
f o l l o w s  t h e  « . E ,  a g a i n ,  a s  s p e c i f i e d  b y  t h e  " e x r a d  o f  t h e  
" f o r m a t ,  I a l 3 a 3  

, 4  I f  a n  o u t p u t  s i g n i f i c a n d  i s  z e r o ,  t h e  c o r r e s p o n d i n g  
e x r a d  i s  a l s o  z e r o ,  I f  a  z e r o  s i g n i f i c a n d  i s  c o m p l e t e l y  
s u p p r e s s e d ,  s o  i s  a n  e x p l i c i t  d e c i m a l  p o i n t ,  I f  a  z e r o  
e x r a d  i s  c o m p l e t e l y  s u p p r e s s e d ,  s o  i s  t h e  „ E ,  I f  b o t h  
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  c o m p l e t e l y  s u p p r e s s e d ,  
s o  a r e  a l l  t h e  n o n b l a n k  c h a r a c t e r s  i n  t h e  f i e l d ,  I a l 3 a 4  

, 5  L e t  _ v  b p  t h e  v a l u e  o f  a  n u m b e r  o u t p u t  i n  a c c o r d a n c e  
w i t h  a  " f i o a t i n g i f o r m a t .  T h e n  I a l 3 a 5  

v  a  »  x  1 0  I a l 3 a 5 a  

w h e r e  „ . m  i s  t h e  v a l u e  o f  t h e  o u t p u t  s i g n i f i c a n d  a n d  « c  i s  
t h e  v a l u e  o f  t h e  o u t p u t  e x r a d  ( i n c l u d i n g  t h e  m a t h e m a t i c a l  
s i g n  i n  b o t h  c a s e s } ,  I f  t h e  s i g n i f i c a n d  i s  n o t  
c o m p l e t e l y  z e r o ,  t h e  l e f t m o s t  d i g i t  i n  t h e  f i e l d  a n d  i s  
n o t  z e r o ,  W i t h  a  g i v e n  " f o r m a t ,  e v e r y  n o n - z e r o  
s i g n i f i c a n d  h a s  a h  a b s o l u t e  v a l u e  s u c h  t h a t  i a ! 3 a 6  

i 0  <  M  <  i d  l a l 3 a 6 a  

w h e r e  _ n  i s  a n  i n t e g e r  d e t e r m i n e d  e n t i r e l y  f r o m  
c o n s i d e r a t i o n  o f  t h e  " f o r m a t .  T h e  v a l u e  o f  _ n  i s  z e r o  o r  
a  p o s i t i v e  i n t e g e r  e q u a l  t o  t h e  n u m b e r  o f  » D * s  a n d  
" a s t e r i s k s  t o  t h e  l e f t  o f  t h e  " d e c i m a l i p o i n t  o r  t h e  
r i g h t m o s t  " a s t e r i s k  i n  t h e  e x p a n d e d  " s i g n i f i c a n d  o f  t h e  
" f l o a t i n g !  f o r m a t - s u n l e s s  t h e r e  a r e  n o  « , D * s  t o  t h e  l e f t  o f  
t h e  " a s t e r i s k  o r  " a s t e r i s k s ,  I f  a i l  t h e  . D ' s  a r e  t o  t h e  
r i g h t  o f  o n e  o r  m o r e  " a s t e r i s k s  i n  t h e  e x p a n d e d  
" s i g n i f i c a n d ,  t h e n  - n  i s  n e g a t i v e  ( o r  z e r o )  a n d  i t s  v a l u e  
i s  n o n e  m i n u s  t h e  n u m b e r  o f  " a s t e r i s k s ,  T h u s ,  n o n - z e r o  

c a n n o t  b e  l e s s  t h a n  o n e  t e n t h  u n l e s s  t h e  " s i q n i f i c a n d  
h a s  a n  i m p l i e d  d e c i m a l  p o i n t  s u c h  t h a t  t h e r e  a r e  o n e  o r  
m o r e  m i s s i n g  d i g i t s  o n  t h e  l e f t  o f  t h e  o u t p u t  
s i g n i f i c a n d ,  I a l 3 a 7  
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,6 in the following example# two values are shown as 
they would be output in accordance with several 
"floating!formats, lai3a8 

6,14 "FormatIList tal 4 

INSERT BOX lal4a 

, 1  Note that two definitions are given for a 
"formatilist, First, a "formatilist is a 
"characteriformuia with a value that is a string of 
"characters, This string of "characters must be analyzed 
by the formatting routines and recognized as a 
"formatilist fitting the second definition, If the 
"characteriformula is a "characterjconstant# it would be 
hiohly desirable to have the analysis done at compile 
time* it the "character i formula is not a 
"character {constant., the analysis must be done at 
execution time and increases the program's run time, ia!4al 

,2 The "formatilist in "parentheses and preceded by a 
"count has the same significance as the indicated number 
of iterations of the enclosed list, separated by "commas, 
The number of "commas is highly significant with regard 
to indications of "nulliformats, The expanded 
"fcrmat'llst has "commas inserted between iterations# but 
not at either end, Examples Ial4a2 

2C2C2S3Z 3D), loC ) Iai4a2a 

,3 The above "formatslist means the same as the expanded 
•formatilist} U14«3 

2C2S3Z »#« 3D), IOC# 2C2S3Z "#H 3D), 10C Ial4a3a 

which means the same as the completely expanded 
"formatilist of six "formatsi iai4a4 

2S3Z «,» 3D, 2S3Z 3D, 10C, 2S3Z H," 3D, 2S3Z M,» 
3D, IOC Ial4a4a 

,4 After expansion of parenthesized "formatjlists, a 
"formatilist is a list of "formats separated by "commas, 
An "insertiformat may, without "commas, be included in 
other "formats except "null{formats and "sKipiformats, 
"Spaces in a "formatilist, if not part of an 
"insertiformat, are ignored, since "nulliformats are 
permitted, a legal "formatilist may begin or end with a 
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•comma or have "commas together with no explicit "format 
between them. For examples 

„,3S,,xl5C,4Biop,, 

is a "format?list of eight "formats of the following 
respective types? 

"nulls format 

"insert:format of three spaces 

"null? format 

"skip»format 

"charactersformat of IS characters 

"pattern?format of ten hexadecimal characters 

"null? format 

"nulllformat 

,5 The "format?listi 

,38,,X,15C, 4BP «,» 3P %" 3P %" 3P,, 

is the same as the above with the "Insert ?format 
added to the "pattern?format for separating the digits 
with commas. These eight "formats correspond to seven 
data elements, The "Insert?format _3S serves only to 
indicate three additional spaces between the first two 
data elements which had "nun?formats, 

,6 The rules do not permit omitting "commas between 
parenthesized parts of a "format I list, 

-2(70)3(60) 

-2C7D3 
"formats), 

-2C7D,) 
"formats), 

is not a "format»list, 

means the same as „7D,7D (two 

means the same as „7D,,7D, (four 

ial4a5 

lai4a5a 

Ial4a6 

Ial4a6a 

Iai4a6b 

Ial4a6c 

Ial4a6d 

lal4a6e 

Ial4a6f 

Ial4a6g 

Iai4a6h 

Ial4a7 

lai4a7a 

Ial4a8 

Ial4a9 

Ial4a9a 

Ial4a9b 

Ial4a9c 

,7 Upon execution of a call to the .FORMAT routine, the 
individual "formats of the expanded "formatnist 
(including "null?formats and "skip?formats, but not stand 
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alene "insertjformats) are matched one by one, starting 
from the left, with the individual data elements, If 
there are more "formats than are needed, the extra 
"formats at the right of the expanded "format 8 list are 
not used, Even stand alone "Insert8formats immediately 
following the "format matched with the last data element 
are left unused. If there are not enough "formats to 
match axl the data elements* the entire "format8]1st is 
repeated as many times as necessary-^it is as if the 
entire *format8list were enclosed in "parentheses and a 
sufficiently high "count prefixed to the oarenthesized 
list, Ial4al0 

,8 It data elements are output using an appropriate 
"formatsiist and then the same data elements are input 
using the same "formatjlist, the input Values should be 
identical to the original output values except where 
precision might be lost due to the truncation or rounding 
of values, lal4ail 

6,15 input and Output lalb 

input and output "primitives are not a part of the JOVIAL 
language, Aspects of input/output are quite system 
dependent and, therefore, including input/output in JOVIAL 
would mean picking some particular input/output scheme or 
designing one especially for JOVIAL, Instead, JOVIAL is 
designed so that perhaps with the use of system routines, 
JOVIAL programs (or systems) can be made to interface with 
many input/output schemes, JOVIAL even provides the 
capability to program input/outout systems, lal5a 

,1 The following is a list of JOVIAL capabilities as 
they might be used f0r input/output purposes} laibai 

a, Reference external procedures for -.OPEN, .Close, 
-READ, -INSERT, etc, lal5ala 

b, Make system calls for performing actual read/write 
operations, 

c, Pass "parameters by address (tables and data 
blocks) for transmitting and receiving records, 

la!5alb 

lalSaic 

d, Core to core conversion (-FORMAT), ialSaid 

e, Pass "charactertformulas; «,g,» file name, lalSaie 
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f ,  S y m b o l  g e n e r a t i o n  ( p a r a m e t e r i z e d  d e f i n e )  f o r  
g e n e r a t i n g  p a r a m e t e r  t a b l e s ,  f i l e  c o n t r o l  b l o c k s ,  e t c ,  

l a i s a i f  
, 2  C o r e - t o - e o r e  c o n v e r s i o n  u s i n g  . F O R M A T  ( s e e  S e c t i o n  
6 . 1 , 3  a n d  6 , 1 , 7 }  i s  d e f i n e d  h e r e i n  f o r  d a t a  t y p e s  o f  a i l  
k i n d s  t o  a n d  f r o m  c h a r a c t e r  s t r i n g s ,  T h i s  i s  u s e f u l  f o r  
i n p u t / o u t p u t  i n v o l v i n g  c h a r a c t e r  f i l e s  b u t  n o t  b i n a r y  
f i l e s .  S i n c e  c o r e « t o * c o r e  m o v i n g  o f  b i t  s t r i n g s  i s  
i n t r i n s i c  t o  J O V I A L *  n o t h i n g  c o r r e s p o n d i n g  t o  . F O R M A T  i s  
n e e d e d  f o r  b i n a r y  r e c o r d s  ( u s e  d a t a  b l o c k s  o r  t a b l e s ) ,  I a i 5 a 2  

, 3  C o r e « * t o * c o r e  c o n v e r s i o n  o f  n u m e r i c  v a l u e s  b e t w e e n  
b i n a r y  a n d  d e c i m a l  i s  c a r r i e d  o u t  u s i n g  s t a n d a r d  
a l g o r i t h m s .  C o n v e r s i o n  o f  i n t e g e r  v a l u e s  i s  e x a c t  i f  t h e  
c a p a c i t i e s  d i s c u s s e d  b e l o w  a r e  n o t  e x c e e d e d ,  B i n a r y  t o  
d e c i m a l  c o n v e r s i o n  a p p l i e s  o n l y  t o  f o r m a t t i n g ,  T h e  l i m i t  
o n  a c c u r a c y  i s  d e t e r m i n e d  s o l e l y  b y  t h e  d e s c r i p t i o n  o f  
t h e  o u t p u t  f i e l d ,  E n o u g h  e x t r a  d i g i t s  a r e  p r o d u c e d  b y  
t h e  c o n v e r s o n  m e t h o d  t o  i n s u r e  t h e  a c c u r a c y  i m p l i e d  b y  
t h e  f i e l d  w i d t h  a n d  t h e  r o u n d i n g  o r  t r u n c a t i n g  e x p e c t e d ,  
A  c o r r e c t i o n  i n c r e m e n t  i s  a d d e d  t o  t h e  a p p r o p r i a t e  
f r a c t i o n  d i g i t  b e f o r e  r o u n d i n g  o r  t r u n c a t i n g  t o  
c o m p e n s a t e  f o r  i n h e r e n t  l o s s e s ,  I a l 5 a 3  

, 4  D e c i m a l  t o  b i n a r y  c o n v e r s i o n  a p p l i e s  b o t h  t o  
f o r m a t t i n g  a n d  t o  t h e  d e r i v a t i o n  o f  i n t e r n a l  
r e p r e s e n t a t i o n  f o r  # n u p e r i c i c o n s t a n t s ,  E n o u g h  e x t r a  b i t s  
a r e  d e v e l o p e d  t o  i n s u r e  t h e  a c c u r a c y  i m p l i e d  b y  t h e  s i z e  
o f  t h e  r e c e i v i n g  r e g i s t e r s ,  w i t h  t h e  f o l l o w i n g  
l i m i t a t i o n .  N o  i m p l e m e n t e r  i s  r e q u i r e d  t o  u s e  m o r e  
m a g n i t u d e  b i t s  t h a n  1 5 0 %  o f  t h e  m a x i m u m  s i z e  f o r  t h e  
r e p r e s e n t a t i o n  o f  n u m e r i c  v a l u e s .  T h e  1 5 0 %  f i g u r e  i s  t h e  
m o s t  r e q u i r e d  o f  t h e  t o t a l  o f  i n t e g e r  a n d  t r a c t i o n  b i t s ,  
T h e  b i n a r y  p o i n t  m a y  b e  a n y w h e r e  w i t h i n  o r  t o  t h e  l e f t  o r  
r i g h t  o f  t h e s e  b i t s ,  I a l 5 a 4  
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The Journal may not have been the appropriate vehicle tor 
disseminating iry thoughts on the IBM effort, However, feel free to 
use anyway you see fit, I was trying to get the attention of some of 
the management around here, so some of the comments may seem caustic, 
They do represent my impressions,f.when I find out more about the 
effort, they may Change, I would appreciate any thoughts that Pick 
(or anone else) has on the use of NLS (from tool through philosophy) 
to support the programming process, Do you have anything handy that 
talks about superdocuments? The exchange of briefings that I 
mentioned earlier with IBM, is scheduled for the 5&6th of June, We 
may visit Carlson while there and possibly Crocker if local 
management thinks its adviseable, Who again, should I contact about 
using the line processor? We may want to give a demo if its not too 
difficult to arrange, if we can make the connectons, I would go down 
a day earlv to practice with LP, will keep you posted on progress, 1 
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Lynns 
The following is tor Chris Beaty, 

First let me give you the names of a few people who might be 
interested in your ideast 
Doug Englebart/ Augmentation Research Center/ Stanford Research 
Institute/ Menlo Par*, California 94025, 
Mil dernigan/ same address, 
Dave Crocker/ 3804 Boelter Hall/ Computer Science Department/ UClA, 
Clayton Greer/ Computer Systems Laboratory/ UCSB/ Santa Barbara# 
California 93106, 
Jean iseli/ The MITRE corporation/ westgate Research par*/ McLean 
Virginia 22101, 

There are a few comments on the collected papers that 1 hope i can 
make coherentlvt First there seem to be contradictory uses of the 
memory mm the idea that only public information would be in the 
memory (thus avoiding the privacy problem) but that indlvidules could 
use the memory to produce Income, These are random thoughts —» the 
idea of human gatekeepers gives me two Images! first of a priesthood 
that controls access to the memory (much as priest control access to 
god)# and second as telephone switchboard operators ( the telephone 
company wants to reduce the dependence on human operators because 
they are expensive, your gatekeepers would be highly trained and have 
to think about each transaction thus verv expensive), Your examples 
are typlcail want ad stuff, what is the advantage of electronic want 
ads? Newspapers are still cheap, There is a confusion about actors mm 
messages dont act people and (maybe) programs act, aiso some of the 
things you talk about suggest that there is a computer involved in 
more than insertinq and reteriving data, Perhaps you are really 
suggesting a computer utility service for the public? About how to 
make this happen i would suggest a foundation qrant to get it 
started, 
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B i l l !  
I  w a s  t a l k i n g  w i t h  s o m e  p e o p l e  h e r e  ( T r e h a n  -  h e  v i s i t e d  y o u  g u y s )  
a b o u t  t h e  t r a f f i c  p a t t e r n s  i n  t h e  n e t w o r k  a n d  m e n t i o n e d  t h e  m a t r i x  
d i s p l a y s  y o u  c r e a t e d  u s i n g  o v e r p r i n t i n g  t o  i n d i c a t e  t h e  s e n d i n g  
r e c e i v i n g  p a i r s ,  W e l l  t h e y  g o t  r e a l  i n t e r e s t e d  a n d  w e  w o u l d  l i k e  t o  
s e e  a  f e w  s a m p l e s ,  c o u l d  y o u  s e n d  u s  a  f e w ?  
- « j o n ,  
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( N O R T O N )  1 0 - M A Y . . 7 4  U 0 3 « P D T  L 1 0  *  O u t p u t  t o  R E L  f i l e s  
D i s t r i b u t i o n !  B E D F O R D ,  n o r t o n  
R e c e i v e d  a t )  1 0 » M A Y w 7 4  H t 0 3 i 4 5  1  

F i K e t  OK I * v e  f o u n d  o u t  a b o u t  t h e  o u t p u t  c o m p i l e r  t o  L» 10  c o m f n d ,  
F i r s t ,  a s  i n  t h e  f o l l o w i n g  e x a m p l e  p r o g r a m ,  y o u  n e e d  t o  r e p l a c e  
t h e  w o r d  " P R O G R A M "  a t  t h e  s t a r t  w i t h  t h e  w o r d  " F I L E ' S  T h e n  y o u  
n e e d  t o  b e  p e s i t i n e d  a t  t h e  s t a t e m e n t  w i t h  t h e  w o r d  F I L E  ( s o  t h e  
s y s t e m  k n o w s  t h e  e x a c t  s t a r t i n g  p l a c e )  a n d  y o u  n e e d  v i e w s p e c s  
a l l w a l l  ( w )  a n d  n o  s t a t e m e n t  n u m b e r s  ( n )  s e t ,  T h e n  y o u  t y p e  0  
l u t p u t )  C  C o m p i l e r  F ! J  U 0  t F 1 3  n a m e  w h e r e  n a m e  i s  t h e  n a m e  
o f  t h e  f i r s t  p r o c e d u r e  i n  t h e  p r o g r a m  a s  1  
t h e  f o l l o w i n g  e x a m p l e ,  t h e  s y s t e m  w i l l  d o  i t s  t h i n g  w i t h  s o m e  
s t a t s  c o m i n g  b a c k  a n d  y o u  s h o u l d  b e  l e f t  w i t h  a  r e l  f i l e ,  T h e n  
y o u  c a n  u s e  i t  b y  t h e  g o  t o  p r o g r a m s  l o a d  ( r e l f i l e )  n a m e  c o m m a n d ,  
L e t  m e  k n o w  i f  y o u  h a v e  t r o u b l e s , , o k ?  o r  l i n k  a n d  w e l l  g o  t h r u  
i t ,  I I I  l e a v e  m o s t  o f  t h e s e  t o  d e a n  i n  t h e  f u t u r e ,  b u t  w a n t  t o  
s e t t l e  t h i s  o n e  r i g h t  n o w  s e e  y o u  J i m  

h e r e s  t h e  e x a m p i e j  
F I L E  n a m e  

DECLARE TEXTPOINTEP p t l , p t 2 J  
DECLARE STRING t x t l [ 2 0 ] »  
( n a m e )  P R O C E D U R E )  

I F  F I N D  ' (  " p t l  1 $ L D  * P t 2  ' )  T H E N  
B E G I N  
* t X t l #  «  p t l  P t 2 )  
I F  F I N D  t * t X t l » ]  T H E N  R E T U R N  ( T R U E ) )  
E N D )  

R E T U R N  ( F A L S E ) )  
E N D ,  

F I N I S H  
( t h i s )  i s  t h i s  a  t e s t  ?  

( N O )  t h i s  i s  n o t  a  t e s t  
( t e s t )  I t  c o u l d  h a v e  b e e n  a  t e s t ,  l a  
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E x a m p l e  o f  B i b l i o g r a p h i c  c i t a t i o n s :  f o r  B e l l  C a n a d a  

E X A M P L E  O F  B I B L I O G R A P H I C  C I T A T I O N S  1  

T h e  f o r m a t  f o r  c i t a t i o n  m i g h t  l o o k  a s  f o l l o w s :  2  

( B E L l n )  * a i  a u t h o r  n a m e  # 2  a u t h o r ' s  o r g a n i z a t i o n  # 3  
s u b - o r g a n i z a t i o n  # 4  s t r e e t  a d d r e s s  # 5  c i t y #  s t a t e  z i p  * b 2  
p u b l i s h i n g  o r g a n i z a t i o n  # 3  s u b o r g a n i z a t i o n  # c l  t i t l e  # 1  s u b t i t l e  
# 6  p a g e s  # d l  d a t e  * f l  t y p e  # f 2  m e d i a  # p l  p r o j e c t  t i t l e  * s l  
c o n t r a c t i n g  o r g  # 1  c o n t r a c t i n g  a g e n t  # 7  p r o j e c t  n u m b e r  * w 4  s o u r c e  
* y l  a b s t r a c t  * y 4  k e y :  w o r d :  l i s t :  K e y  w o r d  l i s t :  # z 3  n e w  *  2 a  

R u l e s :  3  

T h e  " n «  i n  " ( C B i n ) "  l s  a  s e a u e n t a i l  n u m b e r  w h i c h  w i l l  g i v e  u s  a  
h a n d l e  o n  t h e  c i t a t i o n ,  i n c r e m e n t  i t  b y  o n e  f o r  e a c h  c i t a t i o n ,  3 a  

F i e l d s  b e g i n  w i t h  a  s p a c e ,  t h e n  a  s t a r  * »  S u b t i e l d s  b e q i n  w i t h  a  
s p a c e ,  t h e n  a  p o u n d « * s i g n  # ,  T h e  c i t a t i o n  m u s t  e n d  w i t h  a  s p a c e ,  
t h e n  " * Z 3  n e w  3 b  

S u b - f i e l d s  m a y  b e  l e f t  o u t  i f  d e s i r e d ,  3 c  

" o r g "  s h o u l d  b e  p u t  i n  * a t * 2  w h e n  t h e  a u t h o r ' s  o r g a n i z a t i o n  i s  t h e  
s a m e  a s  t h e  p u b l i s h e r  ( * b 2 ) ,  U s e  t h e  c o d e  M * b 4 "  i n s t e a d  o f  " * b 2 "  
i f  t h e  p u b l i s h e r  i s  a  c o m m e r c i a l  f i r m  ( a n d  l e a v e  o u t  t h e  
s u b o r g a n i z a t i o n ,  o f  c o u r s e ) ,  3 d  

I n f o r m a t i o n  w h i c h  i s  k n o w n  a n d  Q £  i m p o r t a n c e  b u t  p o t  a c t u a l l y  p a r t  
o f  t h e  r e p o r t  s h o u l d  b e  p u t  i n  s q u a r e  b r a c k e t s  [ J ,  L e s s  i m p o r t a n t  
o r  s u r e  i n f o r m a t i o n  s h o u l d  n o t  b e  i n c l u d e d ,  3 e  

N a m e s  a r e  e n t e r e d  i n  t h e i r  p r o p e r  o r d e r  ( f i r s t  n a m e  f i r s t ) ,  
T i t l e s  ( D r ,  P h  , D , )  s h o u l d  b e  o m i t t e d .  F o l l o w  i n i t i a l s  w i t h  t h e  
u s u a l  p e r i o d  a n d  s p a c e ,  3 t  

Y o u  m a y  n s t  a n y  n u m b e r  o f  a u t h o r s #  i n  s i m i l a r  f i e l d s  w i t h  s i m i l a r  
s u b f i e l d s #  a s  # a 2 ,  # a 3 ,  e t c ,  3 g  

T h e  d a t e  f i e l d  s h o u l d  n e v e r  b e  l e f t  b l a n k ,  i f  t h e  d a t e  i s n ' t  
k n o w n ,  a p p r o x i m a t e  i n  s g u a r e  b r a c k e t s ,  e . g ,  " ( F a l l  1 9 7 3 3 " ,  A  d a t e  
s h o u l d  b e  o f  t h e  f o r m :  2 4  A p r i l  1 9 7 4 ,  3 h  

U s e  t h e  « w 4  f i e l d  i f  t h e  s o u r c e  i s  d i f f e r e n t  f r o m  t h e  a u t h o r  ( a l )  
o r  f r o m  t h e  p u b l i s h e r  ( b 2 / » 4 ) ,  3 1  

E x a m p l e  ( t h i s  i s n ' t  a  r e a l  e n t r y ,  I  m a d e  i t  u p ) :  4  

( C B I 7 3 )  # a l  R i c h a r d  W ,  W a t s o n  # 2  S t a n f o r d  R e s e a r c h  I n s t i t u t e  # 3  
A u g m e n t a t i o n  R e s e a r c n  C e n t e r  # 4  3 3 3  R a v e n s w 0 o d  A v e ,  # 5  M e n l o  P a r k ,  

1 



NDM 21*MA¥">7 4  14  I  09  
Example  of  Bib l iographic  Ci ta t lons j  for  Se l l  Canada  

30802 
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PROGRAM NAME t CONTR 1 

The.program enters the IDS Data Base through the Enter^Contract 
record, it then retrieves all related data from the contract and 
purchase request funding records and prints all of it in report form, 2 

The program can be called from the GECOS Time^sharing System under 
user ID ABIHIDS1, When the system asxs "Old or Mew" tyoe OLD 
ABIHIDSi/lDSPPOGSlDS/IDSSRC/CONTP, <cr>> when the "ready" Is given 
followed by a system <cr> and asterisk herald then type RUN <cr>, 3 

The program listing is as follows} 4 

0020 $ IDENT ABIHIDS 1#OLD/CONTR»55500415RADC#CONTRACTS 5 

0030 S USERID ABIHIDS1SANAA 6 

0040 $ SELECT ABIHIDS1/C0NTR0BJ 7 

0050 S EXECUTE DEBUG 8 

0060 S LIMITS 01,17K,,9K 9 

0070 $ ppMFL PC#R*RfABIHIDSi/lDSDATA$lDS/BACKFILE«IDSB/BACK3 10 

0080 $ PRMFL PD,R,P,ABIHIDS1/IDS0ATA$IDS/BACKFILE$IP5B/BACK4 11 

0090 $ SYSQUT 0U 12 

0100 $ ENDJQB 13 

1 
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DLD2 24«»MAY"»74 07 j 14 

PROGRAM NAME PF3 

The program enters the IDS Data ease through the Enter-PR record, It 
then retrieves all related data from the purchase request# purchase 
request step# work unit# applied-man-hours# contract, and purchase 
request funding records and prints all of it in a report form, The 
applied man-hours are added together giving total applied man-hours, 

The program can be called under the GECOS Time-sharing system under 
useriD ABlHlDSi, When tpe system asks "old or new" type OLD 
ABIHIDS1/IDSPRC0SIDS/IDSSRC/PR3 <cr>? when the ready is given, 
followed by a system <cr> and an asterisk herald then type RUN <cr>, 

The program listing is as follows: 

0020 $ IPENT ABIHIDS!#OLD/PR3 #55500415RADC,PRS TO MANHOURS 

0030 $ USERID ABIHIDS1SANAA 

0040 $ SELECT ASIHIDSi/IDSPROG$IDS/IDSORJ/PR30BJ 

0045 $ EXECUTE DEBUG 

0050 s LIMITS 30#19K#,i5K 

0060 $ PPMFL PC#R#P#ABlHIDSi/lDSDATA$lDS/BACKFILE$IDSB/BACK3 

0070 $ ppMFL PD#P,R#ABIHIDSI/IDSDATA$IDS/BACKFILE$IDSB/BACK4 

0080 $ SYSQUT ou 

0090 $ ENDJ0B 

i 
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P r o d u c i n g  S a m p l e  C a t a l o g s  f o r  E T S  
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B e a u }  I  s e n t  y o u  t h e  f i r s t  h a l f  a  d o z e n  e n t r i e s  t h a t  E T S  h a s  m a d e  
f o r  t h i e r  b i b l i o  d a t a b a s e , ,  w e  w o u l d  l i k e  t o  s h o w  t h e s e  p e o p l e  s o m e  
e x a m p l e s  o f  t h e  t y p e s  o f  c a t a l o g s  w o u l d  c o u l d  p r o d u c e  f o r  t h e m ,  C a n  
y o u  p l e a s e  m a k e  w h a t e v e r  w e  c a n  o f  t h i s ?  W e  m a y  h a v e  t o  m o d i f y  t h e  
p r o g r a m s  a  b i t .  T h e  s t a t e m e n t  n a m e s  a r e  d i f f e r e n t ,  t h e  # p l  f i e l d  h a s  
s u b f i e i d s ,  a n d  t h e r e  i s  a  » y 4  f i e l d  w i t h  f o u r  s u b f i e i d s  r e p r e s e n t i n g  
f o u r  s e t s  o f  k e y w o r d s ,  F o r  n o w  w e  c a n  i g n o r e  t h e  h a r d  s t u f f  a n d  J u s t  
k u d g e  a r o u n d  m i n o r  d i f f e r e n c e s  f r o m  s t a n d a r d ,  i f  y o u  a d j u s t  t h e  
s t a n d a r d  p r o g r a m s ,  s a v e  t h e m  f o r  f u t u r e  u s e ,  L e t  m e  k n o w  w h e n  a n d  I  
c a n  p r i n t  t h e  f i l e s  y o u  p r o d u c e  h e r e  i n  D C ,  T h a n k s ,  - " D e a n  
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Chapter 7 1 

"DECLARATIONS la 

7.1 introduction lal 

In this chapter, it will be seen how "names are associated 
with structures in JOVIAL and how definitions are provided 
for those structures via the various "declarations, But 
before getting to the declared "names, it is well to 
consider some "names which require different treatment, lala, 

7.2 undefined and Predefined "Names la2 

Not all "names depend upon "declarations for their 
definition, "Names can be defined by their appearance in a 
"programideclaration and "names can be predefined, la2a 

,i A "statement:name is defined by its appearance 
(followed by a "colon) at the beginning of a "statement 
(and one or two other places as described in section 
5,4,3), It is# thereby, defined as the "name of the next 
"statement, in a "procedurejdeelarafclon, a 
"formal:inputSparameter can be a "statement*name, HOW 
this comes about is explained in Section 8,5, la2al 

,2 "Names may be predefined for a "programideclaration, 
A reference to such a "name causes the compiler to see* 
its definition from a source external to the 
"programideclaration, "I terninames, "table{names, other 
"programsnames, "proeeduretnames# "define!names, in fact# 
"names of any kind of jOVjAu entity can be predefined by 
means of a compool# a library# or both, The distinction 
between a compooi and a library is arbitrary and beyond 
the scope of this language manual. However# while it may 
be enough for purposes of language specification to state 
that two arbitrary structures have been named to satisfy 
the regulrements of external predefinition and leave the 
details of implementation to the implementers# It may 
enhance understanding to expand the concept by means of a 
possible implementation, in this traditional scheme, a 
compool is a table or dictionary of definitions for use 
by a system of related programs, If a Program is to be 
integrated into the system, the descriptions and 
locations of common data, procedures, and programs are 
found in the compool, A library, on the other hand, does 
not contain descriptions, but rather complete procedures 
or "procedureideclarations. If a *program:deciaration 
calls one of these procedures or "procedurejdeclarations# 

i 
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i t  i s  c o p i e d  f r o m  t h e  l i b r a r y  a n d  e f f e c t i v e l y  m a d e  a  p a r t  
o f  t h e  p r o g r a m ,  D e f i n i t i o n s  t o  b e  a s s o c i a t e d  w i t h  " n a m e s  
a s  i f  t h r o u g h  t h e  u s e  o f  . . D E F I N E  m a y  o c c u r  i n  e i t h e r  t h e  
c o m p o o l #  t h e  l i b r a r y #  o r  b o t h ,  

, 3  T o g e t h e r #  t h e  c o m p o o l  a n d  l i b r a r y  s e r v e  a s  a  
d e s c r i p t i o n  o f  t h e  e x t e r n a l  e n v i r o n m e n t  t h a t  m a y  b e  o f  
i n t e r e s t  t o  a  " p r o d r a m i d e c l a r a t i o n  b e i n g  c o m p i l e d ,  T h i s  
c o n c e p t  d o e s  n o t  r e q u i r e  t h a t  t h e i r  c o n t e n t  b e  i n  a n y  
p a r t i c u l a r  t o r m a t - - o n l y  t h a t  t h e  f o r m a t  b e  " k n o w n "  t o  t h e  
c o m p i l e r *  T h e r e  i s  n o  r e q u i r e m e n t  t h a t  t h e y  b e  u n i t a r y  
o r  t h a t  a l l  i n f o r m a t i o n  b e  i n  t h e  s a m e  f o r m a t ,  S o m e  
p a r t s  m a y  b e  p u b l i c  i n f o r m a t i o n ,  o t h e r  p a r t s  m a y  b e  
p r i v a t e  a n d  m a i n t a i n e d  b y  i n d i v i d u a l  p r o g r a m m e r s ,  T h e r e  
m a y  e x i s t  s e p a r a t e  f i l e s  c o n t a i n i n g  " i t e m s d e c l a r a t i o n s #  
" t a b l e s d e c i a r a t i o n s #  " d e f i n e j d e c l a r a t i o n s #  s y m b o l i c  
" p r o c e d u r e s d e c \ a r a t i o n s  t o  b e  c o m p i l e d  a $  p a r t  o f  t h e  
n r o g r a m ,  b i n a r y  p r o c e d u r e s  t o  b e  i n c l u d e d  i n  t h e  p r o g r a m ,  
i n - l i n e  s u b r o u t i n e s  i n  s y m b o l i c  o r  b i n a r y ,  l i n k  
i n f o r m a t i o n  f o r  s y s t e m  s u b r o u t i n e s ,  e t c ,  T h i s  c o n c e p t  
n e i t h e r  r e q u i r e s  n o r  p r e c l u d e s  a  s y s t e m  d a t a  b a s e  t o  b e  
p r e s e n t  d u r i n g  e x e c u t i o n ,  

, 4  I f  a  " p r o g r a m i d e c l a r a t i o n  w r i t t e n  i n  J O V I A L  m a k e s  
r e f e r e n c e  t o  a  " n a m e  d e f i n e d  i n  t n e  c o m p o o l  o r  l i b r a r y  
a n d  i f  t h i s  r e f e r e n c e  I s  c o m p a t i b l e  w i t h  t h e  c o m p o o l  o r  
l i b r a r y  d e f i n i t i o n ,  t h e n  t h e  r e f e r e n c e  1 $  t a k e n  t o  b e  a  
r e f e r e n c e  t o  t h e  c o m p o o l  o r  l i b r a r y - d e f i n e d  " n a m e ,  A n y  
s u c h  r e f e r e n c e d  " n a m e  m u s t  b e  l i s t e d  ( e i t h e r  e x p l i c i t l y  
o r  b v  c o n s t r u c t i o n )  i n  a  " c o m p o o l s d i r e c t i v e  a t  t h e  
b e g i n n i n g  o f  t h e  " p r o g r a m t d e c l a r a t i o n  ( s e e  s e c t i o n  1 . 1 , 2 ) ,  
I f ,  h o w e v e r #  t h e  " o r o g r a m i d e c l a r a t i o n  p r o p e r l y  d e f i n e s  
s u c h  a  " n a m e  e x p l i c i t l y #  t h e n #  i f  t h e r e  i s  a  c o n f l i c t #  
t h i s  d e f i n i t i o n  t a k e s  p r e c e d e n c e  a n d  t h e  c o m p o o l  o r  
l i b r a r y  d e f i n i t i o n  i s  d i s r e g a r d e d ,  " P r o p e r "  d e f i n i t i o n  
h a s  r e f e r e n c e  t o  t h e  n e c e s s i t y  o f  p l a c i n g  
" d a t a t d e c l a r a t i o n s  a h e a d  o f  a n y  r e f e r e n c e s  t o  t h e m ,  i n  
n o r m a l  u s a g e ,  p r o c e d u r e s  a n d  f u n c t i o n s  c a n  b e  r e f e r e n c e d  
b e f o r e  t h e y  a r e  d e c l a r e d ,  H o w e v e r ,  w h e n  a  l o c a l  
* p r o c e d u r e ; d e c l a r a t i o n  i s  i n t e n d e d  t o  o v e r r i d e  a  c o m p o o l  
o r  l i b r a r y  " p r o c e d u r e t d e c l a r a t i o n ,  p r o p e r  d e f i n i t i o n  m a y  
r e q u i r e  t h e  j o c a i  " d e c l a r a t i o n  t o  p r e c e d e  a n y  r e f e r e n c e  
t o  t h e  p r o c e d u r e  o r  f u n c t i o n ,  

7 , 3  S c o p e  o f  D e f i n i t i o n  o f  " N a m e s  

B e f o r e  c o n s i d e r i n g  t h e  v a r i o u s  " d e c l a r a t i o n s #  i t  i s  
i m p o r t a n t  t o  u n d e r s t a n d  t h e  c o n c e p t  o f  s c o p e  b e c a u s e  i t  i s  
t h i s  c o n c e p t  t h a t  d e t e r m i n e s  t h e  p o r t i o n  o f  t h e  

3 0 8 0 8  

I a 2 a 2  

t  a  2  a  3  

i a 2 a 4  

1  a 3  
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"programideeiaration or system of "program:declarations in 
which the declared "name is active, The scope of a "name 
then Is defined as that segment of code over which a "name 
has meaning, la3a 

,1 The scope of a "name is determined by the area of the 
"programjdeclaration or system in which the "name is 
defined, in JOVIAL there exists a hierarchy of scopes, 
Starting with the broadest, the scopes are named compool, 
external, main and procedure, la3ai 

,2 "Names declared in compools ana libraries are of 
compool scope, (Local "names in library procedures 
remain local, of course,) They are available to all 
"programsdeclaratlons compiled under the influence of the 
compool or library* References in these 
"programjdeclarations to such "names are taken to be 
references to the associated structures provided the 
"names have been properly identified in the 
"compool{directive and are net masked by "declarations of 
identically spelled "names within the 
"programtdeciaration, All "compooljdirectives begin the 
"programtdeclaration and serve to establish a compool 
scope outside the "programideeiaration in which the 
"names indicated in the "directive are assumed declared, 
This provides for overriding any "name declared in a 
compool at any level of source program scope? a 
"declaration is in effect for the ioeai scope at which 
the "declaration occurs as well as any inner scopes not 
containing a declaration for the same "name, 
"Tableinames, "itemjnames, "datatblockmames, 
"statement:names, "procedureinames, "statusilistmames» 
*form:names» and "definesnames may all be declared in a 
compool, Ia3a2 

,3 External scope covers those entities (items, tables, 
data blocks, procedures, "statement:name$) which while 
declared in a program are flagged in the "declaration as 
being common to more than one program by the presence 0f 
one of the "primitives ,»DEF or «,REF (see Chapter 9), 
External scope assumes the presence of some linking 
loader which will resolve all such external references, Ia3a3 

,4 within a "programtdeclaration, scopes are defined by 
the "programideciaration ltseif and aiso by an 
•procedurejdeclarations within the "programsdeclaration, 
Data declared In the "programideclarattons but not within 
any "procedure:declaration is of main scope, Data 

3 
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d e c l a r e d  w i t h i n  a  " p r o e e d u r e j d e c l a r a t i o n  I s  o f  p r o c e d u r e  
s c o p e ,  

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

, 6  T h e  a b o v e  s c o p e  n o m e n c l a t u r e  i s  a b s o l u t e .  T h e r e  i s  
o f t e n  a  n e e d  f o r  r e l a t i v e  s c o p e  t e r m i n o l o g y ,  T h e  
r e l a t i v e  t e r m s  l o c a l ,  o u t e r ,  a n d  i n n e r  a l l o w  s c o p e  t o  b e  
d i s c u s s e d  i n  r e l a t i o n  t o  a n y  p a r t i c u l a r  p o i n t  i n  a  
" p r o g r a m : d e c l a r a t i o n  o r  s y s t e m ,  L o c a l  s c o p e  r e f e r s  t o  
" n a m e s  d e c l a r e d  i n  t h e  s a m e  s c o p e  a s  t h e  r e f e r e n c e  p o i n t ,  
F o r  e x a m p l e ,  t h e  " f o r m a l : i n p u t ( p a r a m e t e r s  o f  a  p r o c e d u r e  
a r e  l o c a l  t o  t h e  " p r o c e d u r e : d e c l a r a t i o n ,  O u t e r  s c o p e  
r e f e r s  t o  " n a m e s  d e c l a r e d  i n  a  m o r e  e x t e n s i v e  s c o p e  t h a n  
t h e  s c o p e  o f  t h e  r e f e r e n c e  p o i n t ,  F o r  e x a m p l e ,  t h e  
" n a m e s  o f  c o m p o o l  d a t a  a n d  m a i n  p r o g r a m  d a t a  a r e  i n  a n  
o u t e r  s c o p e  w i t h  r e g a r d  t o  a  " p r o c e d u r e : d e c l a r a t i o n  
w i t h i n  t h e  " p r o g r a m i d e c l a r a t i o n ,  A  " p r o e e d u r e : n a m e  i s  
c o n s i d e r e d  t o  b e  o u t e r  w i t h  r e s p e c t  t o  t h e  
" p r o c e d u r e i d e c l a r a t i o n  t h a t  b e a r s  i t ,  I n n e r  s c o p e  r e f e r s  
t o  " n a m e s  d e c l a r e d  w i t h i n  a  m o r e  r e s t r i c t e d  s c o p e  w i t h i n  
t h e  s c o p e  o f  t h e  r e f e r e n c e  p o i n t ,  F o r  e x a m p l e ,  d a t a  
d e c l a r e d  i n  a  n e s t e d  " p r o c e d u r e : d e c l a r a t i o n  i s  i n n e r  w i t h  
r e s p e c t  t o  t h e  " p r o g r a m : d e c l a r a t i o n ,  

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

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

3 0 8 0 8  

I a 3 a 4  

l a 3 a h  

I a 3 a 6  

I a 3 a 7  
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w i l l  b e  i n  c o n f l i c t  w i t h  a n y  i d e n t i c a l l y  s p e l l e d  e x i s t i n g  
• n a m e s ,  I a 3 a 8  

, 9  T h e  s c o p e  o f  a  • n a m e  l o c a l  t o  a  
• p r o c e d u r e  s  d e c l a r a t  i o n  i s  t h e  • p r o c e d u r e j  d e c l a r a t  i o n  i n  
w h i c h  i t  i s  d e f i n e d  a n d  a l l  c o n t a i n e d  
" p r o c e d u r e * d e c l a r a t i o n s  t h a t  d o  n o t  h a v e  t h e i r  o w n  
d e f i n i t i o n s  o f  t h e  • n a m e ,  A m a i n  s c o p e  * n a m e  i s  d e f i n e d  
a t  a n y  p l a c e  i n  t h e  • p r o g r a m s d e c l a r a t i o n  w h e r e  i n n e r  
" p r o c e d u r e } d e c l a r a t i o n s  d o  n o t  h a v e  l o c a l  d e f i n i t i o n s  o f  
t h e  s a m e  • n a m e ,  I a 3 a 9  

, 1 0  " N a m e s  e x p l i c i t l y  d e f i n e d  w i t h i n  a  
• p r o c e d u r e t d e c l a r a t i o n  a r e  l o c a l  t o  t h a t  p a r t i c u l a r  
• p r o c e d u r e  j  d e c l a r a t i o n .  T h i s  I n c l u d e s  a n  
• f o r m a l j i n p u t s 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 { p a r a m e t e r s  
( s e e  C h a p t e r  8 ) ,  C o n f l i c t i n g  l o c a l  d e f i n i t i o n s  w i t h i n  a  
particular •procedureideelaration are not allowed, A 
• p r o c e d u r e t n a m e  ( a n d  a n  • a l t e r n a t e ! e n t r a n c e : n a m e )  i s  o f  
o u t e r  s c o p e  t o  t h e  • p r o c e d u r e { d e c i a r a t i o n  t h a t  i t  n a m e s ,  l a 3 a i o  

, 1 1  i n  g e n e r a l #  ' n a m e s  o f  l o c a l  s c o p e  a r e  not  a v a i l a b l e  
i n  o u t e r  s c o p e s ,  " N a m e s  o f  o u t e r  s c o p e #  h o w e v e r #  a r e  
a v a i l a b l e  i n  l o c a l  o r  i n n e r  s c o p e s  p r o v i d e d  t h e  " n a m e s  
h a v e  n o t  b e e n  r e d e f i n e d  l o c a l l y ,  A n y  s u c h  l o c a l  
• d e c l a r a t i o n  w o u l d  m a s *  t h e  o u t e r  s c o p e  d e f i n i t i o n  f o r  
t h e  l o c a l  s c o p e  a n d  a n y  i n n e r  s c o p e s ,  L o c a l  d e f i n i t i o n s  
a l s o  s e r v e  a s  o u t e r  s c o p e  d e f i n i t i o n s  f o r  a n y  n e s t e d  
s c o p e s  t h a t #  o n c e  a g a i n #  d o  n o t  h a v e  t h e i r  o w n  l o c a l  
d e f i n i t i o n s ,  l a 3 a l l  

, 1 2  R e s o l u t i o n  o f  a  " n a m e  o f  o u t e r  s c o p e  u s e d  i n  a  
n e s t e d  b o d y  o f  c o d e  b e g i n s  f r o m  t h e  c u r r e n t  o r  l o c a l  
s c o p e  a n d  w o r k s  o u t w a r d  a c c e p t i n g  t h e  f i r s t  " d e c l a r a t i o n  
e n c o u n t e r e d ,  F o r  e x a m p l e #  i n  F i g u r e  7 - 1 ,  • t a b l e { n a m e  - . X X  
1 5  o f  m a i n  s c o p e  a n d  l o c a l  t o  t h e  • p r o g r a m { d e c j a r a t i o n ,  
I t  i s  o f  o u t e r  s c o p e  t o  " p r o c e d u r e ! d e c l a r a t i o n  - E E ,  - . X X  
a s  a n  " l t e m { n a m e  i s  l o c a l  t o  " p r o c e d u r e ! a e c l a r a t i o n  - B B  
a n d  o u t e r  t o  b o t h  " p r o c e d u r e { d e c l a r a t i o n s  - C C  a n d  - D D ,  
W i t h i n  - D D  t h e  p r e v a i l i n g  " d e c l a r a t i o n  i s  t h e  o n e  c l o s e s t  
t o  — D O  i n  a n  o u t e r  d i r e c t i o n ,  I a 3 a l 2  

, 1 3  " P r o g r a m i n a m e s #  " d e f i n e { n a m e s #  " f o r m i n a m e s #  
" s t a t u s l l i s t i n a m e s #  " d a t a « b l o c k ! n a m e $ #  " i t e m { n a m e s #  a n d  
" t a b l e { n a m e s ,  b u t  n o t  n e c e s s a r i l y  " s t a t e m e n t { n a m e s  o r  
• p r o c e d u r e ( n a m e s ,  t r t a t  a r e  t o  b e  d e f i n e d  b y  " d e c l a r a t i o n  
m u s t  b e  d e c l a r e d  b e f o r e  t h e y  a r e  u s e d  i n  t h e i r  r e s p e c t i v e  
s c o p e s ,  I a 3 a l 3  
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la4al 

las 

1 a5a 

7.4 "Declarations la4 

"Declarations are the principal means of naming and defining 
the various parts of a program, la4a 

,1 "Proeessingjdeelaratlons declare programs and 
procedures and# together with "formideclarations# are the 
subject of Chapter 8, "External!declarations cut across 
"data!declarations# the "name!declaration# and 
"processing!declarations and are discussed separately in 
Chapter 9, The others are discussed in this chapter. 

7.5 "NulliDeciaration 

The "null!declaration is a means for satisfying a language 
requirement for the appearance of a "declaration even when 
no significant "declaration is desired, 

,1 The "nulijdeclaration can# for example# be used as a 
"specifieditableibody to satisfy the requirement that the 
"specifiedftabiejheading be followed by a 
"specifiedttablejbody, m this case, the table would not 
have any items! the utility of the table would have to 
derive from the entry structure specified in the 
"specifieditablejheading, la5al 

,2 Note the optional use of the "primitive .NULL* 
Although the "semicolon alone is a "nullsdeclaratlon# 
some users may not choose to have a "mark so smaii take 
on so much significance. Those who feel that using the 
"primitive .NULL will make the "programtdeclaration more 
readable and less error prone are encouraged to do so, Ia5a2 

7.6 "Data!Declarations ia6 

"Data!deciarations serve to declare and describe the data on 
which a program is to operate--the inputs# the initial 
elements of information# the intermediate results# the final 
results, and the outputs, The "names given to the data 
follow the "primitives that begin the "declarations, They 
are chosen at the arbitrary discretion of the programmer (or 
programming supervisor) and have no necessary connection 
with names used in the outside worid--on input manuscripts 
or printed output, for instance, laea 

,1 Much of the remainder of this chapter is concerned 
with the specification of the various kinds of 
"datasdeclarations, First, some concepts common to all 

6 
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d a t a  s t r u c t u r e s  a r e  d e v e l o p e d ,  T h e n  t h e  i n d i v i d u a l  
• d e c l a r a t i o n s  a r e  c o n s i d e r e d ,  l a 6 a l  

7 , 7  F i x e d  a n d  C o n t r o l l e d  A l l o c a t i o n  i a 7  

T h e  d a t a  s t r u c t u r e s  a b o u t  t o  b e  ( d e s c r i b e d  i n  t h e  v a r i o u s  
• d a t a ! d e c l a r a t i o n s  a r e  m a t e r i a l i z e d  i n  d a t a  s p a c e ,  T h e r e  
a r e  t w o  a s p e c t s  o f  t h i s  p r o c e s s ,  F i r s t ,  s p a c e  m u s t  b e  
p r o v i d e d  t o  t h e  p r o q r a m  a n d  s e c o n d ,  t h e  d a t a  s t r u c t u r e  m u s t  
b e  a s s o c i a t e d  w i t h  t h a t  s p a c e ,  D e p e n d i n g  u p o n  t h e  n a t u r e  o f  
a  d a t a  s t r u c t u r e  t h e s e  t w o  a s p e c t s  m a y  e i t h e r  m e r g e  a n d  t e n d  
t o  a p p e a r  a s  a  s i n g l e  p r o c e s s  p e r f o r m e d  b y  t h e  c o m p i l e r  o r  
t h e y  m a y  r e m a i n  d i s t i n c t  f r o m  e a c h  o t h e r  a n d  r e q u i r e  t h e  
i n v o l v e m e n t  o f  t h e  p r o g r a m  e m p l o y i n g  t h e  d a t a  s t r u c t u r e ,  l a 7 a  

, 1  T h e r e  a r e  q e n e r a l l y  t h r e e  w a y s  t o  g e t  d a t a  s p a c e  f o r  
a  p r o g r a m ,  O n e  w a y  i s  t o  c o m p i l e  i t  i n t o  t h e  p r o g r a m ,  A  
s e c o n d  w a y  i s  t o  p r o v i d e  s p a c e  d u r i n g  t h e  p r o g r a m  l o a d i n g  
p r o c e s s ,  T h e  t h i r d  w a y  i s  t o  r e q u e s t  i t  d y n a m i c a l l y  f r o m  
t h e  s y s t e m  a t .  e x e c u t i o n  t i m e ,  i n  a d d i t i o n  t o  t h e  w a y s  o f  
o b t a i n i n g  s p a c e ,  t h e r e  a r e  t w o  b a s i c  w a y s  o f  a s s o c i a t i n g  
a  d a t a  s t r u c t u r e  t o  t h a t  s p a c e ,  F i r s t ,  t h e  a s s o c i a t i o n  
c a n  b e  m a d e  b y  t h e  s y s t e m ,  T h i s  i s  K n o w n  a s  f i x e d  
a l l o c a t i o n ,  s e c o n d ,  t h e  a s s o c i a t i o n  c a n  b e  m a d e  
d y n a m i c a l l y  b y  t h e  p r o g r a m  d u r i n g  f h e  o p e r a t i o n  o f  t h e  
o b j e c t  p r o g r a m ,  T h i s  i s  K n o w n  a s  c o n t r o l l e d  a l l o c a t i o n ,  i a 7 a l  

, 2  F i x e d  a l l o c a t i o n  i s  a c h i e v e d  b y  d e c l a r i n g  t h e  
s t r u c t u r e  ( e i t h e r  i n  t h e  c c m p 0 o l  o r  t h e  p r o g r a m )  w i t h o u t  
i n d i c a t i n g  t h a t  c o n t r o l l e d  a l l o c a t i o n  I s  t o  b e  a p p l i e d  t o  
t h e  s t r u c t u r e ,  T h e  a s s o c i a t i o n  b e t w e e n  t h e  s p a c e  a n d  
s t r u c t u r e  i s  d e t e r m i n e d  b y  t h e  s y s t e m ,  g e n e r a l l y  f i x e d  a t  
c o m p i l e  t i m e  w i t h  t h e  s p a c e  p r o v i d e d  d u r i n g  t h e  l o a d  
p r o c e s s ,  ( W h e t h e r  t h e  s p a c e  i s  o b t a i n e d  a t  c o m p i l e  t i m e  
o r  l o a d  t i m e  i s  o n l y  d e p e n d e n t  u p o n  w h e t h e r  t h e  s p a c e  i s  
p a r t  o f  t h e  p r o g r a m ' s  o w n  e n v i r o n m e n t  o r  p a r t  o f  a n o t h e r  
o b j e c t  m o d u l e ' s  e n v i r o n m e n t ,  A c t u a l l y ,  i n  e i t h e r  c a s e ,  
t h e  l o a d e r  p r o v i d e s  t h e  s p a c e , )  I a 7 a 2  

, 3  C o n t r o l l e d  a l l o c a t i o n  o f  d a t a  s p a c e  m e a n s  t h a t  s p a c e  
a s s i g n m e n t  f o r  a  p a r t i c u l a r  d a t a  s t r u c t u r e  I s  e s t a b l i s h e d  
b y  t h e  p r o g r a m  d y n a m i c a l l y  a t  r u n  t i m e  a s  o p p o s e d  t o  
b e i n g  f i x e d  d u r i n g  c o m p i l a t i o n  o r  d u r i n g  l i n k i n g  a n d  
l o a d i n g  o f  t h e  p r o g r a m ,  o r  b y  t h e  s y s t e m  d u r i n g  
a c t i v a t i o n  o f  a  s c o p e ,  D a t a  s t r u c t u r e s  a r e  i d e n t i f i e d  a s  
c o n t r o l l e d  a l l o c a t i o n  s t r u c t u r e s  b y  t h e  i n c l u s i o n  o f  a n  
• a l l o c a t i o n i s p e c i f i e r  w i t h i n  t h e  • d a t a : d e c l a r a t i o n ,  
P o i n t e r s  a r e  t h e r e b y  e s t a b l i s h e d  w h i c h  l o c a t e t h e  d a t a  
s t r u c t u r e ,  I a 7 a 3  
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, 4  c o n t r o l l i n g  t h e  l o c a t i o n  o f  d a t a  s t r u c t u r e s  w i t h i n  
d y n a m i c  s p a c e  i s  l e f t  t o  t h e  j o v i a l  p r o g r a m m e r  w h o ,  b y  
a s s i g n i n g  v a l u e s  t o  p o i n t e r s ,  e s t a b l i s h e s  a t  l e a s t  
t e m p o r a r y  a l l o c a t i o n  o f  a  p o i n t e d » t o  s t r u c t u r e ,  E a c h  
r e f e r e n c e  t o  a .  v a r i a b l e  d e c l a r e d  t o  h a v e  c o n t r o l l e d  
a l l o c a t i o n  m u s t  e m p l o y ,  e i t h e r  e x p l i c i t l y  o r  i m p l i c i t l y ,  
a n  a s s o c i a t e d  p o i n t e r ,  T h e  v a l u e  o f  t h e  p o i n t e r  w i l l  b e  
u s e d  i n  t h e  c a l c u l a t i o n  o f  t h e  e f f e c t i v e  a d d r e s s  o f  t h e  
s t r u c t u r e ,  I a 7 a 4  

, 5  D y n a m i c  a s s o c i a t i o n  i s  i n d e p e n d e n t  o f  w h e n  s p a c e  i s  
o b t a i n e d ,  W i t h  d y n a m i c  a s s o c i a t i o n ,  ( i , e , ,  c o n t r o l l e d  
a l l o c a t i o n ?  t h e  a s s o c i a t i o n  o f  s t r u c t u r e  t o  s p a c e  
a c t u a l l y  o c c u r s  w h e n  t h e  v a l u e  o f  t h e  p o i n t e r  t o  t h e  
s p a c e  I s  a p p r o p r i a t e l y  e s t a b l i s h e d ,  s p a c e  c a n  b e  
r e c e i v e d  f r o m  t h e  s y s t e m  o r  f r o m  s o m e  l a r g e  b l o c k  i n  t h e  
p r o g r a m ' s  o w n  e n v i r o n m e n t ,  b u t  a t t a c h i n g  a  s t r u c t u r a l  
d e f i n i t i o n  ( t a b l e ,  i t e m ,  d a t a  b l o c k )  t o  t h e  s p a c e  i s  
p e r f o r m e d  d u r i n g  t h e  p r o g r a m ' s  e x e c u t i o n  b y  s e t t i n g  t n e  
v a l u e  o f  t h e  p o i n t e r  t o  t h e  s t r u c t u r e  t o  b e  e q u a l  t o  s o m e  
a d d r e s s  i n  t h e  s p a c e ,  l a 7 a b  

, 6  C o n s i d e r a b l e  s y s t e m  s u p p o r t  i s  r e q u i r e d  t o  p r o v i d e  
t h e  c a p a b i l i t y  t o  < ? e t  s p a c e  a t  p r o g r a m  e x e c u t i o n  t i m e  b u t  
t h e  m e t h o d  o f  a s s o c i a t i n g  a  s t r u c t u r e  t o  t h e  s p a c e  i s  t h e  
s a m e  w h e t h e r  s p a c e  i s  l o a d e d  w i t h  t h e  p r o g r a m ' s  
e n v i r o n m e n t  o r  w h e t h e r  o b t a i n e d  d y n a m i c a l l y ,  J O V I A L  d o e s  
n o t  p r o v i d e  a  s p e c i a l  " p r i m i t i v e  f o r  g e t t i n g  s p a c e  
d y n a m i c a l l y ,  i f  a  g i v e n  s y s t e m  h a s  t h e  c a p a b i l i t y  t o  
p r o v i d e  s p a c e  d y n a m i c a l l y ,  t h e r e  p r e s u m a b l y  w o u l d  b e  a  
s y s t e m  p r o c e d u r e  t h a t  c o u l d  b e  c a l l e d  t o  s u p p l y  t h e  
s p a c e ,  I t s  i n p u t  " p a r a m e t e r  m i g h t ,  b e  t h e  s i z e  o f  t h e  
s p a c e  r e q u e s t e d ,  a n d  i t s  o u t p u t  " p a r a m e t e r  m i g h t  b e  t h e  
p o i n t e r  w h i c h  i s  t o  r e c e i v e  t h e  a d d r e s s  o f  t h e  s p a c e ,  
F o r  e x a m p l e ,  I a 7 a 6  

G E T S P A C E  ( 1 0  s  P O I N T E R ! )  I  l a 7 a f e a  

m i g h t  c a l l  a  p r o c e d u r e  n a m e d  - G E T S P A C E  t o  p r o v i d e  t e n  
w o r d s  o f  s t o r a g e  f o r  t h e  c a l l e r ,  T h e  a d d r e s s  o f  t h e  
s t o r a g e  w o u l d  b e  r e t u r n e d  i n  - P O I N T E P l ,  I a 7 a 7  

, 7  I n  s y s t e m s  w i t h  t h e  d y n a m i c  s t o r a g e  a b i l i t y  t h e r e  
n i g h t ,  b e  a  w i d e  r a n g e  o f  p r o c e d u r e s  f o r  m a n a g e m e n t  o f  t h e  
s p a c e ,  P r o c e d u r e s  a r e  r e q u i r e d  f o r  r e l e a s i n g  s p a c e  a s  
w e l l  a s  r e s e r v i n g  i t ,  a n d  f o r  " g a r b a g e  c o l l e c t i o n "  a n d  
r e a s s i g n i n g  o w n e r s h i p  o f  s p a c e  f r o m  o n e  p r o g r a m  t o  
a n o t h e r ,  I a 7 a 8  

8 
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,8 Data space which is compiled into the program or 
which is reserved at load time can have controlled 
allocation structures dynamically associated with it just 
as can space which is reserved at execution time, If a 
program were required to operate on several different 
data structures but could arrange its procession sequence 
to finish processing some of the structures before 
starting to process others# data space in the program 
could ne Kept to a minimum if the program were to use 
controlled allocation to overlay different structures on 
the same space, Such space can be reserved at compile 
time by declaring a table or data biocK large enough for 
the requirement, The structures to be processed would be 
declared tor controlled allocation and at appropriate 
points in the execution of the program the values of the 
pointers to the controlled allocation "variables would be 
set to equal addresses within the large table, Ia7a9 

,9 The differences between fixed allocation and 
controlled allocation structures must be taken into 
account by the JOVIAL programmer, Consideration must be 
qiven, for example, to the relative costs of indirect 
addressing, allocating, associating, and releasing space 
under programmer control or (if available) under system 
control, and the alternate costs of increased static 
storage, Ia7al0 

,10 Lists, stacks, queues, and other linked data 
structures can be created and manipulated using 
controlled allocation, The basic requirement in such 
structures is that part of the elementary structure of a 
hierarchy contain control Information, JQVTAL 73 
provides data structures and manipulative "statements 
that permit any required degree of forward, backward, 
sideways, and cross linking, Although such activities 
can be accomplished using JOVIAL procedures, it is often 
more efficient if system procedures are provided that 
have been coded in machine language to mesh well with the 
local operating system, ia?ali 

7,8 Pointers and Their Association with structures laB 

Controlled allocation structures are also called pointed-to 
structures, This name expresses the requirement that there 
be a pointer that locates these structures as space is 
dynamically allocated them, The pointer is expressed as a 
•pointersformula, lasa 

,1 "Pointeriformulas describe the address of polnted^to 

9 
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s t r u c t u r e s .  T h e  " " p o i n t e r  J  f o r m u l a  m a y  c o n t a i n  
" p o i n t e r { v a r i a b l e s  a s  w e l l  a s  o t h e r  " n u m e r i c s v a r i a b l e s  
a n d  " c o n s t a n t s ,  T h e  r e s u l t  o f  t h e  e v a l u a t i o n  o f  t h e  
" f o r m u l a  ( t r u n c a t e d  t o  a n  i n t e o e r )  i s  t h e  p o i n t e r  v a l u e  
u s e d  i n  r e f e r e n c i n g  t h e  s t r u c t u r e ,  ( " p o i n t e r s f o r m u l a  i s  
s i m p l y  a  s p e c i a l  c a s e  o f  t h e  " n u m e r i c { f o r m u l a - t o n e  w h i c h  
e v a l u a t e s  t o  a  l o c a t i o n , )  i a 8 a l  

, 2  I t  t h e  " p o i n t e r { f o r m u l a  i s  n o t  a  " c o n s t a n t ,  i t  i s  
e v a l u a t e d  a t  e a c h  r e f e r e n c e  t o  t h e  p o l n t e d - t o  s t r u c t u r e ,  
E v e n  u n t o  t h e  n t h  g e n e r a t i o n * - i f  t h e  p o i n t e r  i s  p o i n t e d  
t o ,  , B s i f i t s . B a O f  p o i n t e r  i s  e v a l u a t e d  a t  t h i s  t i m e ,  e t c ,  
T f  t h e  " p o l n t e r s f o r m u l a  i s  a n y t h i n g  m o r e  t h a n  a  " c o n s t a n t  
o r  a  " n a m e ,  i t  m u s t  b e  e n c l o s e d  i n  " p a r e n t h e s e s ,  

, 3  A  " p o i n t e r { v a r i a b l e  i s  a  s p e c i a l  c a s e  o f  t h e  m o r e  
g e n e r a l  " p o i n t e r t f o r m u l a ,  

, 4  A  " p o i n t e r i v a r i a b l e  i s  a  s t o r a g e  e l e m e n t  w h i c h  
c o n t a i n s  a n  a d d r e s s  o f  s o m e  p r o g r a m  e l e m e n t ,  I t s  
" d e c l a r a t i o n  a n d  u s a g e  i s  a s  a n  u n s i g n e d  i n t e g e r  i t e m ,  
a n d  a l l  t h e  r u l e s  w h i c h  a p p l y  t o  u n s i g n e d  i n t e g e r s  a l s o  
a p p l y  t o  " p o i n t e r { v a r i a b l e s ,  A  p o s s i b l e  s y n t a x  f o r  
e x p l i c i t l y  d e c l a r i n g  a  " p o i n t e r { v a r i a b l e  i s {  I a 8 a 4  

I a 8 a 2  

I a 8 a 3  

- . I T E M  " n a m e  
U  ?  

' p o i n t e r { f o r m u l a  

T h e  " n a m e  b e c o m e s  a n  " i t e m i n a m e ,  T y p e  s i z e  f o r  t h e  
" p o i n t e r { v a r i a b l e  n e e d  n o t  b e  d e c l a r e d j  t h e  c o m p i l e r  w i l l  
s u p p l y  t h e  a p p r o p r i a t e  s i z e  f o r  a  p o i n t e r  o n  a  g i v e n  
s y s t e m ,  " p o i n t e r { v a r i a b l e s  c a n  b e  i n d e x e d ,  I n  o t h e r  
w o r d s *  t h e y  c a n  a p p e a r  i n  * t a b i e { d e c l a r a t i 6 n s ,  I n  s o m e  
c a s e s *  a n  i n d e x e d  " p o i n t e r { v a r t a b l e  i s  r e q u i r e d .  A l s o *  
a s  i m p l i e d  b y  t h e  a b o v e  s y n t a x *  " p o i n t e r i v a r i a b l e s  c a n  
t h e m s e l v e s  b e  n o i n t e d - t o ,  

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

I a 8 a 4 a  

i a 8 a s >  

i a 8 a b  

, 6  T h e r e  a r e  t w o  w a y s  i n  w h i c h  a s s o c i a t i o n s  o f  p o i n t e r  
a n d  c o n t r o l l e d  a l l o c a t i o n  d a t a  s t r u c t u r e s  c a p  b e  f o r m e d ,  
T h e y  c a n  b e  f o r m e d  e i t h e r  i n  t h e  " d e c l a r a t i o n  o f  t h e  
s t r u c t u r e  o r  b y  e x p l i c i t  s c r i p t i n g  a t  p o i n t  o f  r e f e r e n c e ,  i a 8 a 7  

10  
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, 7  A n  a s s o c i a t i o n  e s t a b l i s h e d  i n  a  " d a t a i d e c l a r a t l o n  i s  
i n  e f f e c t  u n l e s s  a n  o v e r r i d e  ( e x p l i c i t  a s s o c i a t i o n  a t  
r e f e r e n c e )  i s  e n c o u n t e r e d ,  A t  e v e r y  r e f e r e n c e ,  t h e  
e s t a b l i s h e d  " p o i n t e r i f o r m u l a  i s  s u p p l i e d  a u t o m a t i c a l l y  b y  
t h e  c o m p i l e r ,  X n e  p r o g r a m m e r  n e e d  o n l y  s c r i p t  t h e  
" v a r i a b l e  a n d  t h e  c o m p i l e r  w i l l  s u p p l y  t h e  a s s o c i a t e d  
p o i n t e r ,  I a 8 a 8  

, 8  I f  n o  p o i n t e r  i s  e s t a b l i s h e d  i n  t h e  " d e c l a r a t i o n  o f  a  
p o i n t e d - t o  s t r u c t u r e ,  t h e n  o n e  m u s t  b e  s u p p l i e d  w i t h  e a c h  
r e f e r e n c e  t o  t h e  s t r u c t u r e ,  S u c h  e x p l i c i t  s c r i p t i n g  o f  a  
p o i n t e r  a l s o  s e r v e s  t o  o v e r r i d e  a  d e c l a r e d  p o i n t e r  f o r  
t h e  c u r r e n t  r e f e r e n c e ,  A s s o c i a t i o n  a t  r e f e r e n c e  
( e x p l i c i t  a s s o c i a t i o n )  i s  a c h i e v e d  b y  t h e  f o l l o w i n g  
s y n t a x s  I a 8 a 9  

' n a m e  „ t  
' p o i n t e r f  f o r m u l a  

' i n d e x  - 1  . 9  
I a 8 a 9 a  

I n  t h i s  f o r m ,  " n a m e  i s  t h e  " n a m e  o f  a  c o n t r o l l e d  
a l l o c a t i o n  i t e m  o r  t a b l e ,  I f  t h e  n a m e d  e n t i t y  i s  i n  a  
d a t a  b l o c k  o r  a  t a b l e ,  t h e  " p o i n t e r { f o r m u l a  i s  a s s u m e d  t o  
p o i n t  t o  t h e  f i r s t  w o r d  o f  t h e  d a t a  b l o c k  o r  t a b l e ,  T h e  
v a l u e  o f  t h e  " p o i n t e r  1  f o r m u l a  i s  u s e d  i n s t e a d  o f  t h e  
v a l u e  o f  a n y  i m p l i c i t  p o i n t e r  f r o m  a n  a s s o c i a t i o n  w i t h i n  
t h e  " d e c l a r a t i o n ,  l a f i a l O  

7 , 9  " A l i o c a t i o n i S p e c i f l e r  

T h e  " a l l o c a t i o n j s p e c i f i e r  i s  a n  o p t i o n a l  p a r t  o f  
" s i m p l e » i t e m } ,  ® t a b i e j #  a n d  " d a t a i b l o c k i d e c i a r a t i o n s #  
a p p e a r a n c e  i n  a  " d e c l a r a t i o n  m a r k s  t h e  c o n c e r n e d  d a t a  
s t r u c t u r e  a s  a  c o n t r o l l e d  a l l o c a t i o n  e n t i t y ,  

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

I t s  

T h i s  

l a 9  

i a 9 a  

l a 9 a l  

, 2  T h e  " p o i n t e r  I  f o r m u l a #  i f  p r e s e n t  i n  a  
" d a t a i d e c l a r a t i o n #  p r o v i d e s  t h e  l o c a t i o n  o f  t h e  
s t r u c t u r e ,  I t s  p r e s e n c e  i n  a  " d e c l a r a t i o n  e s t a b l i s h e s  a n  
a s s o c i a t i o n  b e t w e e n  t h e  d a t a  s t r u c t u r e  a g d  t h e  p o i n t e r  
s u c h  t h a t  t h e  p o i n t e r  i s  e m p l o y e d  a u t o m a t i c a l l y  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  s t r u c t u r e  u n l e s s  a n  e x p l i c i t  
o v e r r i d e  o c c u r s  a t  s o m e  s u b s e q u e n t  p o i n t ,  I a 9 a 2  

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

l i  
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' d e c l a r a t i o n .  T h e  r e q u i r e d  a s s o c i a t i o n  m u s t  b e  m a d e  
e x p l i c i t l y  a t  s o m e  s u b s e q u e n t  p o i n t  d u r i n g  r e f e r e n c e ,  I a 9 a 3  

, 4  A l l  " v a r i a b l e s  i n  a  " p o i n t e r i  f o r m u l a  m u s t  b e  d e c l a r e d  
p r i o r  t o  b e i n g  r e f e r e n c e d  w i t h i n  a  " d a t a j d e c i a r a t i o n ,  I a 9 a 4  

, S  T h e  " v a r i a b l e s  i n  a  " p o i n t e r t f o r m u l a  a s s o c i a t e d  w i t h  
s o m e  s t r u c t u r e  a t  i t s  " d e c l a r a t i o n  m a y #  b u t  n e e d  n o t ,  
h a v e  w i d e r  s c o p e  t h a n  t h e  s t r u c t u r e  " n a m e  b e i n g  d e c l a r e d .  
T h e y  m u s t ,  o f  c o u r s e ,  b e  k n o w n  a t  t h e  p o i n t  o f  t h e  
' d e c l a r a t i o n ,  a n d  t h u s  h a v e  s c o p e  a t  l e a s t  a s  w i d e  a s  t h e  
s t r u c t u r e  " n a m e ,  I f  t h e  s t r u c t u r e  " n a m e  i s  r e d e e l a r e d  i n  
s o m e  i n n e r  s c o p e ,  t h e n ,  o f  c o u r s e ,  t h e  o r i g i n a l  s t r u c t u r e  
c a n n o t  b e  r e f e r e n c e d  i n  t h a t  i n n e r  s c o p e ,  i f ,  h o w e v e r ,  
t h e  s t r u c t u r e  i s  r e f e r e n c e d  i n  s o m e  i n n e r  s c o p e  i n  w h i c h  
o n e  o r  m o r e  o f  t h e  ' v a r i a b l e s  i n  t h e  a s s o c i a t e d  
• p o i n t e r i f o r m u l a  a r e  r e d e e l a r e d ,  t h e  i n n e r  s c o p e  m e a n i n g  
o f  s u c h  " v a r i a b l e s  i s  i g n o r e d ,  M o r e  s p e c i f i c a l l y ,  
w h e r e v e r  a n  i m p l i c i t l y  p o i n t e d - t o  s t r u c t u r e  i s  r e f e r e n c e d  
w i t h o u t  a  e x p l i c i t  ' p o i n t e r i f o r m u l a ,  t h e  m e a n i n g s  o f  a l l  
t h e  " n a m e s  i n  i t s  a s s o c i a t e d  " p o i n t e r t f o r m u l a  a r e  t h o s e  
i n  e f f e c t  a t  t h e  " d e c l a r a t i o n  o f  t h e  s t r u c t u r e ,  O n  t h e  
o t h e r  h a n d ,  i f  t h e r e  i s  a n  e x p l i c i t  " 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  s t r u c t u r e  " n a m e  a t  t h e  p o i n t  o f  
r e f e r e n c e ,  t h e  c u r r e n t  s c o p e s  o f  a i l  t h e  " n a m e s  
e x p l i c i t l y  s t a t e d  a r e  i n  e f f e c t ,  l a 9 a f >  

7 , 1 0  D a t a  P e r m a n e n c e  l a l O  

D a t a  t h a t  i s  a l l o c a t e d  i n  a  f i x e d  m a n n e r  C a s  o p p o s e d  t o  
c o n t r o l l e d  a l l o c a t i o n  d a t a )  m a y  b e  c o n s i d e r e d  t o  b e  e i t h e r  
p r i v a t e  o r  e n v i r o n m e n t a l  t o  a  g i v e n  s c o p e ,  D a t a  t h a t  i s  
p r i v a t e  t o  a  s c o p e  i s  a v a i l a b l e  o n l y  w h i t e  t h a t  s c o p e  i s  
a c t i v e ,  D a t a  t h a t  i s  e n v i r o n m e n t a l  t o  a  s c o p e  i s  p r o t e c t e d  
e v e n  w n i l e  t h a t  s c o p e  i s  n o t  a c t i v e ,  i a l O a  

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

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

1 2  
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a l l o c a t e d  w h e n  a  p r o g r a m  I s  l o a d e d  a n d  r e m a i n  u n t i l  t h e  
p r o g r a m  i s  u n l o a d e d  e v e n  t h o u g h  t h e  p r o g r a m  i s  n o t  a c t i v e  
( e x e c u t i n g ) ,  A  p r o g r a m  c a n  b e  e n t e r e d  a n d  e x i t e d  m a n y  
t i m e s  a n d  a t  e a c h  e n t r y  i t  c a n  r e l y  o n  t h e  v a l i d i t y  o f  
r e s e r v e d  d a t a  a s  l o n g  a s  t h e  p r o g r a m  h a s  n o t  b e e n  
u n l o a d e d ,  T h e  l o a d i n g  a n d  u n l o a d i n g  i s  a  f u n c t i o n  o f  a  
p r o g r a m ' s  u s e  a s  p a r t  o f  l i n t o e d i t e d  s e g m e n t s  a n d  o f  t h e  
l o a d e r  e m p l o y e d  b y  t h e  o p e r a t i n g  s y s t e m ?  i n  s h o r t #  
l o a d i n g  a n d  u n l o a d i n g  i s  s y s t e m w d e p e n d e n t  a n d  o u t s i d e  t h e  
s c o p e  o f  t h e  l a n g u a g e ,  I a l 0 a 2  

, 3  D a t a  o f  c o m p o o l  s c o p e  t h a t  i s  n o t  p o i n t e d  t o  e x i s t s  
i n d e p e n d e n t  o f  a n y  p r o g r a m  a n d  i s  c o n s i d e r e d  t o  b e  
e n v i r o n m e n t a l  t o  a l l  p r o g r a m s  a n d  t h e r e f o r e  i n  r e s e r v e ,  
S i m i l a r l y ,  e x t e r n a l  d a t a  i s  e n v i r o n m e n t a l  t o  a l l  r e f e r e n c i n g  
p r o g r a m s  a s  w e l l  a s  t h e  p r o g r a m  i n  w h i c h  i t  i s  d e c l a r e d  s o  
i t  t o o  i s  i n  r e s e r v e ,  l a l O b  

, 4  D a t a  w h i c h  e x i s t  a n d  m u s t  b e  p r o t e c t e d  o n l y  w h e n  a  
p r o c e d u r e  o r  p r o g r a m  i s  a c t i v e  a r e  k n o w n  a s  p r i v a t e  
d a t a » - p r i v a t e  t o  t h e  p r o c e d u r e  o r  p r o g r a m ,  T h e  c o m p i l e r ,  o r  
s y s t e m ,  o f  c o u r s e ,  i s  n o t  r e q u i r e d  t o  d e s t r o y  p r i v a t e  d a t a  
w h e n  i t s  p r o c e d u r e  o r  p r o g r a m  i s  n o t  a c t i v e ,  b u t  i t  m a y  d o  
s o ,  p r i v a t e  d a t a  c o m e s  i n t o  e x i s t e n c e  w h e n  a  s c o p e  i s  
a c t i v a t e d  a n d  d i s a p p e a r s  w h e n  t h e  s c Q o e  i s  l e f t  ( l e a v i n g  m a y  
b e  e f f e c t e d  b y  . . R E T U R N ,  - S T O P ,  o r  a  b r a n c h  t o  a  
p a r a m e t e r i z e d  " s t a t e m e n t m a m e ,  e x t e r n a l  " s t a t e m e n t  i n a n t e  o r  
a n  o u t e r  s c o p e  " s t a t e m e n t i n a m e ) ,  p e e n t r a n c e  t o  t h e  s c o p e  
a g a i n  a c t i v a t e s  t h e  p r i v a t e  d a t a  s p a c e ?  h o w e v e r ,  v a l u e s  l e f t  
i n  t h e  p r i v a t e  d a t a  a t  t h e  p r e v i o u s  e x i t  c a n n o t  b e  a s s u m e d  
v a l i d .  A n  i m p l e m e n t a t i o n  m a y  c h o o s e  t o  d y n a m i c a l l y  a l l o c a t e  
p r i v a t e  d a t a  a t  e a c h  e n t r a n c e  t o  t h e  s c o p e ,  N o t i c e  t h a t  
e n t r a n c e  m a y  b e  e f f e c t e d  b y  I n v o k i n g  t h e  s c o p e  ( p r o g r a m  o r  
p r o c e d u r e )  b y  i t s  " n a m e  o r  b y  c a l l i n g  a n  a l t e r n a t e  e n t r a n c e  
t o  t h e  s c o p e ,  ( B r a n c h i n g  t o  a  " s t a t e m e n t j n a m e  d e f i n e d  f o r  
e x t e r n a l  r e f e r e n c e  w i t h i n  a  s c o p e  d o e s  n o t  a c t i v a t e  t h e  
s c o p e ,  T h e  s c o p e  m u s t  a l r e a d y  b e  a c t i v e - « p e r h a p s  i t  h a d  
i n v o k e d  a  r e c i p r o c a l l y  d e c l a r e d  e x t e r n a l  p r o c e d u r e , )  l a i O c  

, 5  D a t a  g e n e r a t e d  b y  t h e  c o m p i l e r  i n c i d e n t a l  t o  t h e  
p r o c e s s i n g  o f  f o r m s  o t h e r  t h a n  " d a t a ? d e c l a r a t i o n s  b e c o m e  
p a r t  o f  t h e  u n n a m e d  d a t a  s p a c e  o f  t h e  p r o c e d u r e ,  T h i s  m a y  
i n c l u d e  t h i n g s  s u c h  a s  t e m p o r a r y  p r o c e d u r e  s p a c e ,  r e g i s t e r  
s a v e  a r e a s ,  r e t u r n  a d d r e s s ,  p e r h a p s  s o m e  p a r a m e t e r  s p a c e ,  
a n d  o t h e r  l i n k a g e  c o n v e n t i o n  s p a c e ,  A s  a  p a r t  o f  t h e  
p r o c e d u r e ' s  d a t a  s p a c e  t h e y  w i l l  b e  i n  r e s e r v e  u n l e s s  t h e  
e n t i r e  d a t a  s p a c e  i s  r e s t r i c t e d  b y  b e i n g  m a d e  p r i v a t e  t o  
s o m e  l e s s e r  s c o n e  ( s e e  s e c t i o n  8 , 6 ) ,  i a i O d  
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7 , 1 1  ' ' E n v i r o n m e n t a l  j S p e c l f i p r  l a l l  

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

, 1  T h e  • p r o g r a m m a b l e  a n d  " p r o c e d u r e { n a m ©  s e r v e  t o  n a m e  
t h e  s c o p e  t o  W h i c h  d a t a  i s  t o  b e  p r i v a t e ,  T h i s  s c o p e  
m u s t  e i t h e r  b e  t h e  s c o p e  o f  • d e c l a r a t i o n  o r  s o m e  o u t e r #  
c o n t a i n i n g  s c o p e ?  i t  c a n n o t  b e  a n  i n n e r  o r  d i s j o i n t  
s c o p e ,  I f  n e i t h e r  . . R E S E R V E  n o r  a  - p r o g r a m { n a m e  o r  
" p r o c e d u r e i n a m e  i s  i n c l u d e d ,  t h e  d a t a  i s  m a d e  p r i v a t e  t o  
t h e  l o c a l  s c o p e ,  i a l l a l  

, 2  T h e  e n t i r e  e n v i r o n m e n t  o f  a  p r o c e d u r e  c a n  b e  m a d e  
p r i v a t e  ( s e e  C h a p t e r  8 )  b y  s o  s t i p u l a t i n g  t h e  
• p r o c e d u r e ; d e c l a r a t i o n ,  A n  • e n v i r o n m e n t a l { s p e c i f i e r  i n  a  
• d a t a i d e c l a r a t i o n  - ^ e i t h e r  a  " d a t a i b i o c K j d e c l a r a t i o n ,  
• t a o l e i d e c i a r a t i o n ,  o r  • s i m p l e i i t e m i d e c l a r a t i o n  - « » a t f e c t s  
o n l y  t h e  a s s o c i a t e d  d a t a  s t r u c t u r e ,  i f  a  p r o c e d u r e ' s  
d a t a  s p a c e  I s  m a d e  p r i v a t e  t o  s o m e  s c o p e ,  p a r t i c u l a r  d a t a  
c a n  n e v e r t h e l e s s  b e  p l a c e d  i n  r e s e r v e  b y  t h e  u s e  o f  o n e  
o f  t h e  f o r m s  o f  t h e  • e n v i r o n m e n t a l s s p e c i f i e r  t h a t  
i n c o r p o r a t e s  t h e  • p r i m i t i v e  - R E S E R V E ,  l a l l a 2  

, 3  N o t e  t h a t  " l o c a l "  a n d  " o u t e r "  d o  n o t  m e a n  t h e  s a m e  a s  
" p r i v a t e "  a n d  " e n v i r o n m e n t a l , "  L o c a l  d a t a  m a y  b e  e i t h e r  
e n v i r o n m e n t a l  d e p e n d i n g  o n  i t s  a l l o c a t i o n  a s  c o n t r o l l e d  
b y  t h e  • e n v i r o n m e n t a U s p e c i f i e r ,  O u t e r  r e f e r s  t o  a  s c o p e  
a n d  t h e r e f o r e  d e t e r m i n e s  t h e  l e g a l  r a n g e  f o r  d a t a  
r e f e r e n c e s  w h i l e  e n v i r o n m e n t a l  r e f e r s  t o  t h e  a l l o c a t i o n  
a n d  p e r m a n e n c e  o f  t h e  d a t a ,  l a l i a 3  

, 4  F o r  r e c u r s i v e  a n d  r e e n t r a n t  p r o c e d u r e s  o r  p r o g r a m s ,  a  
s e p a r a t e  c o p y  o f  p r i v a t e  d a t a  i s  m a d e  f o r  e a c h  
a c t i v a t i o n ,  E x t r a  c o p i e s  o f  e n v i r o n m e n t a l  d a t a  a r e  n o t  
m a d e - « u n l e s s ,  o f  c o u r s e ,  t h a t  e n v i r o n m e n t  i s  i t s e l f  
c a l l e d  r e c u r s i v e l y  o r  r e e n t r a n t l y ,  l a i i a 4  

, 5  " F o r m a l I  i n p u t { P a r a m e t e r s ,  • f o r m a i i o u t P U t { p a r a m e t e r s ,  
a n d  o t h e r  l o c a l  d a t a  m u s t  b e  e n v i r o n m e n t a l  o r  r e s e r v e d  i f  
t h e y  a r e  t o  b e  u s e d  a s  c o m m u n i c a t i o n  t o  s u b s e q u e n t  
a c t i v a t i o n s  o f  a  p r o c e d u r e ,  ( A n  e n v i r o n m e n t a l  
• f o r m a l H n p u t { p a r a m e t e r  c a n  b e  u s e d  f o r  i n t e r * i n v o c a t i o n  
c o m m u n i c a t i o n  o n l y  i f  i t  i s  , B « 1 { n o t , B = 0 ?  a  • p a r a m e t e r  
f o r  a t  l e a s t  o n e  e n t r a n c e , )  l a l l a b  
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,6 A peculiar situation arises it an inner scope 
•proceduresname* *alternatesentrantesname or 
•statementiname has been made external and then invoked 
externally. The reserve data associated with this called 
pro9ram comes into existence when the called program is 
loaded, Private data is allocated when a scope is 
activated, Environmental (but not reserved) data is not 
allocated unless and until the scope to which it is 
private is activated, even though the inner scope is 
active. Branch to a "statement:name (external or not) 
never activates any scope, although it can deactivate the 
scope of the "gojtotstatement» Referencing of outer 
scope data is permitted* of course, with the usual caveat 
that the result of referencing data which is not active, 
was not present* or has not been assigned a value since 
the program was loaded (or data wa$ activated) is 
undefined, Although branching to an outer scope 
•statement:name is legal in all cases* the return address 
and other linkage data will not be valid if the outer 
scope has been exited since the last entrance, lallafe 

,7 "Statementinames may be external, A branch to an 
external "statementln«m« does not activate a scope, The 
scope must already be active through other action, A 
branch to an external "statementiname is considered an 
exit from the program and all private data is 
deactivated, similarly a branch to an outer scope 
•statement:name deactivates all data private to scopes 
inner with respect to the target scope, ialla7 

,8 The •environmentalsspecifier and the 
•allocationtspecifier must not appear in the same 
•declaraton, Controlled data are neither private nor 
reserved* although every pointed^to datum must be 
ultimately tied to a private or reserved pointer* perhaps 
through a long chain of pointed»to pointers, The 
permanence of controlled data depends on poth the 
permanence of their pointers and the execution of 
relevant "statements. Certainly if a program or 
procedure obtains space from the system and allocates 
controlled data to that space, the controlled data exist 
so long as the program or procedure is active* the space 
is not relinquished* and all elements of the pointer 
exist, It is entirely the programmer's responsibility if 
he allocates other data to that same space. If the 
pointer ceases to exist* then so does what it points to 
(unless another pointer has taken UP the burden). It is 
dependent on the system whether space is automatically 
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r e l i n q u i s h e d  w h e n  t h e  p r o g r a m  o r  p r o c e d u r e  t h a t  h a s  
o b t a i n e d  i t  g o e s  i n a c t i v e ,  l a l l a 8  

7 , 1 2  - P a c k i n g s  S p e c i f i e t  i a i 2  

T h e  - p a c k i n g s s p e c i f i e r  d i r e c t s  t h e  c o m p i l e r  i n  t h e  
p o s i t i o n i n g  o f  i t e m s  o r  e n t r i e s  i n  a  w o r d ,  T h e  i n f o r m a t i o n  
i t  p r o v i d e s  i s  a l s o  u s e d  i n  t h e  g e n e r a t i o n  o f  c o d e  t o  a c c e s s  
t h e  i t e m s  o r  e n t r i e s  i n  t h e  m o s t  e f f i c i e n t  m a n n e r ,  l a l 2 a  

, i  i n d i c a t e s  n o  p a c k i n g ,  i , e , »  i t e m s  d o  n o t  s h a r e  
w o r d s ,  I t e m  a c c e s s i b i l i t y  i s  e n h a n c e d  a t  t h e  c o s t  o f  
s t o r a g e  r e q u i r e m e n t s ,  i a l 2 a t  

, 2  ~ D  m e a n s  d e n s e  p a c k i n g  s u c h  t h a t  i t e m s  a r e  
i m m e d i a t e l y  a d l a c e n t  t o  e a c h  o t h e r  b u t  n o t  o v e r l a p p i n g ,  
o n l y  c h a r a c t e r  i t e m s  o r  i t e m s  w h o s e  s i z e  i s  l o n g e r  t h a n  a  
w o r d  m a y  c r o s s  w o r d  b o u n d a r i e s ,  A  b y t e  o f  a  c h a r a c t e r  
i t e m  m u s t  n o t  c r o s s  a  w o r d  b o u n d a r y ,  T h e  i n t e n t i o n  o f  
d e n s e  p a c k i n g  i s  t o  p a c k  i t e m s  i n  s u c h  a  w a y  a s  t o  
u t i l i z e  t h e  m i n i m u m  n u m b e r  o f  w o r d s  t o  c o n t a i n  t h e m *  
h o w e v e r ,  i t  i s  r e c o g n i z e d  t h a t  o p t i m u m  p a c k i n g  i s  a  
c o m b i n a t o r i a l  p r o c e s s  a n d  m a y  n o t  b e  f e a s i b l e  f o r  a l l  
i m p l e m e n t a t i o n s ,  I a l 2 a 2  

, 3  - M  s p e c i f i e s  m e d i u m  p a c k i n g ,  A l t h o u g h  t h i s  d e g r e e  o f  
p a c k i h q  i s  m a c h i n e  d e p e n d e n t ,  t h e  i n t e n t i o n  i s  t o  p r o v i d e  

/  a n  e f f e c t i v e  c o m p r o m i s e  b e t w e e n  i t e m  a c c e s s i b i l i t y  a n d  
s p a c e  u t i l i z a t i o n .  A n  a d d i t i o n a l  d e g r e e  o f  s p e c i f i c a t i o n  
i s  p r o v i d e d  f o r  m e d i u m  p a c k i n g  b y  f o l l o w i n g  t h e  - M  w i t h  a  
- n u m b e r ,  T h i s  " n u m b e r  r e p r e s e n t s  a  m a c h i n e ^ d e p e n d e n t  
f i e l d  s i z e  o r  p a t t e r n  t o  b e  u s e d  I n  a r r a n g i n g  s p a c e  f o r  
t h e  i t e m ,  F o r  i n s t a n c e ,  M  2  m i q h t  i n d i c a t e  o n  a  
p a r t i c u l a r  c o m p i l e r  t h a t  t h e  i t e m  i s  t o  b e  a l l o c a t e d  t o  a  
h a l f  w o r d ,  I a l 2 a 3  

, 4  U s e  o f  t h e  " p a c k i n g i s p e c i f l e r  i n  a  
- s i m p l e ! i t e m j d e c l a r a t i o n  a f f e c t s  t h e  p o s i t i o n i n g  o f  t h e  
i t e m  i n  a  w o r d .  I n  a n  " o r d i n a r y j t a b l e j i t e m j d e c l a r a t i o n ,  
t h e  p o s i t i o n  o f  t h e  i t e m  i n  a n  e n t r y  i s  a f f e c t e d .  I n  t h e  
h e a d i n g  o f  a n  " o r d i n a r y ! t a b l e s d e c l a r a t i o n ,  t h e  
" p a c k i n g i s p e c i f i e r  s e r v e s  a s  d e f a u l t  f o r  
" i t e m i d e c l a r a t i o n s  t h a t  d o  n o t  c o n t a i n  t h e i r  o w n  p a c k i n g  
s p e c i f i c a t i o n !  i t  a l s o  d e t e r m i n e s  t h e  p a c k i n g  f o r  e n t r i e s  
o f  a  t i g h t  s t r u c t u r e  t a b l e ,  I a i 2 a 4  

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

7 . 1 3  • C o n s t a n t ; L i s t  

I a l 2 a 5  

l a  1  3  

A  " c o n s t a n t J l i s t  p r o v i d e s  i n i t i a l  v a l u e s  f o r  t h e  i t e m s  a n d  
e n t r i e s  o f  t a b l e s ,  S u c h  p r o v i s i o n  o f  i n i t i a l  v a l u e s  i s  
p o s s i b l e  o n l y  i f  t h e  t a b l e  i s  d e c l a r e d  t o  b e  i n  r e s e r v e  a n d  
t h e  e x t e n t  o f  t h e  t a b l e  i s  k n o w n  a t  c o m p i l e  t i m e  w i t h  t h e  
l e n o t h  o f  e v e r y  d i m e n s i o n  g i v e n  i n  t e r m s  o f  " c o n s t a n t s ,  l a l  3 a  

, 1  E a c h  " c o n s t a n t ! l i s t  c o n s i s t s  o f  a  l i s t  o f  s i g n e d  o r  
u n s i g n e d  " c o n s t a n t s  s e p a r a t e d  b y  " c o m m a s ,  T h e r e  m a y  b e  
e x t r a  " c o m m a s ,  p a r t s  o f  t h e  l i s t  m a y  b e  e n c l o s e d  i n  
" p a r e n t h e s e s ,  w i t h  a  " c o u n t  o r  " n u m b e r  p r e c e d i n g  t h e  
" i e f t { p a r e n t h e s i s ,  T h e r e  m a y  b e  " i n d i c e s  e n c l o s e d  i n  
" b r a c k e t s )  a m o n g  t h e  e l e m e n t s  o f  t h e  l i s t - " - b u t  n o t  w i t h i n  
a n y  o f  t h e  " p a r e n t h e s e s  i n  t h e  l i s t #  i a i 3 a i  

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

3  (  +  5 , 1  )  s  +  5 , 1  ,  •  5 , 1  #  +  5 , 1  

2  (  " 4 , 0 5  ,  )  s  « 4 , 0 5  #  #  " 4 , 0 5  #  

^  (  »  )  " # # # # # # # # #  

l a l 3 a  l a  

l a U a l a l  

i a i 3 a j a 2  

l a l 3 a i a 3  

2  C  ' N O '  ,  3  (  ' Y E S  '  ) )  =  ' N O '  #  ' Y E S '  ,  ' Y E S '  ,  
• Y E S '  ,  I a i 3 a i a 4  

' N O '  #  ' Y E S '  #  ' Y E S '  ,  ' Y E S '  l a l i a l a 5  

F o r  e v e r y  . c o n s t a n t t l i s t  w r i t t e n  i n  t e r m s  o f  t h i s  
r e p e t i t i o n  n o t a t i o n ,  t h e r e  e x i s t s ,  t h e r e f o r e ,  a n  
e q u i v a l e n t #  " p a r e n t h e s i s  f r e e #  f u l l y  e x p a n d e d  
" c o n s t a n t  t l i s t ,  T h e  r e p e t i t i o n  n o t a t i o n  i s  a v a i l a b l e  
a s  a  s h o r t h a n d  f o r  t h e  u s e r ,  T h e  c o m p i l e r  a l g o r i t h m s  
w h i c h  a s s o c i a t e  t h e  " c o n s t a n t  I  l i s t  w i t h  t h e  t a b l e  t o  
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b e  I n i t i a l i z e d  a r e  d e s c r i b e d  i n  t e r m s  o f  t h e  
e q u i v a l e n t  f u l l y  e x p a n d e d  " c o n s t a n t ? l i s t ,  i a l 3 a l b  

, 3  T h e  m e c h a n i s m  w h i c h  a s s i g n s  " c o n s t a n t s  o f  t h e  
" C o n s t a n t i l i s t  t o  e n t r i e s  o f  t h e  t a b l e  c a n  b e  
c o n s i d e r e d  t o  c o m p r i s e  t h e  f o l l o w i n g  s t e p s ?  I a l 3 a l b l  

a t  A  p s e u d o - e n t r y  c o u n t e r  i s  s e t  t o  t h e  f i r s t  
e n t r y #  o f  t h e  f i r s t  r o w #  o f  t h e  f i r s t  p l a n e ,  
e t c ,  l a l 3 a l b l a  

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

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

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

e ,  O t h e r w i s e #  t h e  p o i n t e r  p o i n t s  t o  a n  " i n d e x ,  
T h e  c o u n t e r  i s  r e s e t  t o  i n d i c a t e  t h e  e n t r y  
c o r r e s p o n d i n g  t o  t h e  " i n d e x ,  T h i s  p r o c e s s  
p r o c e e d s  t o  s t e p  g ,  l a l 3 a l b l e  

f ,  T h e  c o u n t e r  i s  a d v a n c e d  t o  i n d i c a t e  t h e  n e x t ,  
e n t r y ,  T h e  n e x t  e n t r y  i s  t h e  n e x t  e l e m e n t  i n  
t h e  s a m e  r o w  u n l e s s  t h e  r o w  i s  c o m p l e t e d #  I n  
w h i c h  c a s e  i t  i s  t h e  f i r s t  e l e m e n t  o f  t h e  n e x t  
r o w  u n l e s s  t h e  p l a n e  i s  c o m p l e t e d #  i n  w h i c h  c a s e  
I t  i s  t h e  f i r s t  e l e m e n t  o f  t h e  r o w  o f  t h e  n e x t  
p l a n e  u n l e s s  t h e  v o l u m e  i s  c o m p l e t e d #  e t c ,  l a ! 3 a l b l f  

g ,  T h e  f u l l y  e x p a n d e d  " c o n s t a n t ? l i s t  m a y  b e  
t h o u g h t  o f  a s  c o n s i s t i n g  o f  " c o n s t a n t s  a n d  n u l l s  
s e p a r a t e d  b y  " c o m m a s  a n d  " i n d i c e s ,  B e t w e e n  a n y  
t w o  " c o m m a s  t h e r e  i s  e i t h e r  a  " c o n s t a n t  o r  a  
n u l l ,  B e t w e e n  a  " c o m m a  a n d  a  f o l l o w i n g  " i n d e x  
t h e r e  i s  e i t h e r  a  " c o n s t a n t  o r  a  n u l l ,  A f t e r  
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e a c h  " i n d e x  t h e r e  i s  e i t h e r  a  " c o n s t a n t  o r  a  
n u l l ,  B e f o r e  a  " c o m m a  b e g i n n i n g  t h e  l i s t  o r  
a f t e r  a  " c o m m a  e n d i n g  t h e  l i s t  t h e r e  i s  a  n u l l ,  
T h e  p o i n t e r  i s  n o w  m o v e d  f r o m  t h e  n u l l ,  
" c o n s t a n t #  o r  " i n d e x  i t  p o i n t s  t o  s o  t h a t  i t  
t h e n  p o i n t s  t o  t h e  n e x t  n y l l ,  " c o n s t a n t #  o r  
" i n d e x #  u n l e s s  t h e r e  a r e  n o  m o r e  n u l l s #  
" c o n s t a n t s #  o r  " i n d i c e s  i n  t h e  l i s t #  i n  w h i c h  
c a s e  t h i s  p r e s e t t i n g  p r o c e s s  i s  c o m p l e t e d ,  
O t h e r w i s e #  r e t u r n  t o  s t e p  c .  i a l l a l b l g  

, 4  A n  " i n d e x  f i x e s  t h e  l o c a t i o n  w i t h i n  t h e  t a b l e  
f r o m  w h i c h  i n i t i a l i z a t i o n  i s  t o  p r o c e e d ,  I f  t h e  
" c o n s t a n t t l i s t  d o e s  n o t  b e g i n  w i t h  a n  " i n d e x ,  
i n i t i a l i z a t i o n  w i l l  p r o c e e d  f r o m  t h e  f i r s t  e l e m e n t  
o f  t h e  f i r s t  r o w  o f  t h e  f i r s t  p l a n e #  e t c ,  T h e  
" i n d e x  i s  e n c l o s e d  I n  " b r a c k e t s  a n d  a l l  c o m p o n e n t s  
o f  t h e  " i n d e x  m u s t  b e  " c o n s t a n t s ,  A l s o ,  t h e  " i n d e x  
m u s t  b e  c o m p a t i b l e  w i t h  t h e  d i m e n s i o n a l i t y  o f  t h e  
t a b l e ,  L e a d i n g  a n d  e m b e d d e d  n u l l  " i n d e x i c o m p o n e n t s  
m u s t  h a v e  t h e i r  p l a c e  m a r k e d  b y  " c o m m a s ,  T r a i l i n g  
n u l l  c o m p o n e n t s  w i l l  b e  a s s u m e d  b y  t h e  c o m p i l e r ,  
T h e  v a l u e  o f  n u l l  " i n d e x 8 c o m p o n e n t s  w i l l  b e  t h e  
" l o w e r s b o u n d  O f  t h e  c o r r e s p o n d i n g  d i m e n s i o n  o f  t h e  
t a b l e ,  l a i  3 a i b 2  

, 5  T h e  o r d e r  o f  v a l u e s  i n  a  " c o n s t a n t 8 l i s t  i s  
e l e m e n t s  o f  a  r o w #  r o w s  o f  a  p l a n e ,  p l a n e s  o f  a  
v o l u m e ,  e t c ,  T h i s  i s  r e f l e c t e d  i n  t h e  c o m p o n e n t s  
o f  a n  " i n d e x  s t a r t i n g  f r o m  t h e  l e f t !  i a ! 3 a l b 3  

T h e  - n * l  d i m e n s i o n a l  m a n i f o l d  w i t h i n  t h e  - n  
d i m e n s i o n a l  t a b l e ,  I a l 3 a l b 3 a  

t h e  « n » 2  d i m e n s i o n a l  m a n i f o l d  w i t h i n  t h a t  » n - l  
d i m e n s i o n a l  m a n i f o l d ,  I a l 3 a l b 3 b  

i a l 3 a l b 3 c  

I a l 3 a i b 3 d  

I a i 3 a l b 3 e  

,  l a l 3 a i b 3 t  

T h e  p l a n e  w i t h i n  t h a t  v o l u m e ,  I a l 3 a l b 3 g  

T h e  r o w  w i t h i n  t h a t  p l a n e ,  I a l 3 a l b 3 h  
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T h e  p a r t i c u l a r  e n t r y  w i t h i n  t h a t  r o w ,  I a l 3 a l b 3 i  

, 6  T h e  a b i l i t y  t o  i n c l u d e  " i n d i c e s  w i t h i n  t h e  
" c o n s t a n t 5 l i s t  a l l o w s  t h e  u s e r  t o  s p e c i f y  t h a t  
d i f f e r e n t  p a r t s  o f  t h e  " c o n s t a n t ; l i s t  a r e  t o  b e  
a p p l i e d  t o  d i f f e r e n t  p a r t s  o f  t h e  t a b l e ,  I n  t e r r a s  
o f  t h e  p r o c e s s i n g  a l g o r i t h m s ,  t h e  " i n d i c e s  s u p p l y  
n e w  v a l u e s  f o r  t h e  p s e u d o - e n t r y  c o u n t e r ,  T h e  
c o u n t e r  c a n  b e  i n c r e a s e d  o r  d e c r e a s e d ,  T h e r e  i s  a  
r i s k ,  h o w e v e r ,  t h a t  t h e  " c o n s t a n t s l i s t  m a y  b e  
r e a p p l i e d  t o  e n t r i e s  a l r e a d y  i n i t i a l i z e d ,  W h e n e v e r  
r a u l t i p i e  i n i t i a l i z a t i o n  o f  t h e  s a m e  b i t s  i s  
a t t e m p t e d  t h e  r e s u l t  i s  u n d e f i n e d ,  I a l 3 a i b 4  

, 7  T h e  f o l l o w i n g  i s  a n  e x a m p l e  o f  a  " c o n s t a n t  I  l i s t  
t h a t  a t t e m p t s  s u c h  a n  u n d e f i n e d  I n i t i a l i z a t i o n  I  i a l 3 a i b 5  

£ 2 3  1 ,  2  t S ]  3  ,  4  ,  5  [ 7 ]  6  I a l 3 a i b 5 a  

T h e  p s e u d o - e n t r y  c o u n t e r  i s  i n i t i a l l y  s e t  t o  „ 2  a n d  
a d v a n c e d  a s  t h e  " c o n s t a n t s  « 1  a n d  „ 2  p r o v i d e  v a l u e s  
f o r  e n t r i e s  „ 2  a n d  - . 3 ,  T h e  s e c o n d  " i n d e x  t h e n  
a d v a n c e s  t h e  c o u n t e r  t o  e n t r y  „ 5 ,  E n t r y  - 4  i s  
s k i p p e d  a n d  r e c e i v e s  n o  i n i t i a l  v a l u e ,  " C o n s t a n t s  
- 3 ,  _ 4 ,  a n d  „ 5  p r o v i d e  v a l u e s  f o r  e n t r i e s  . . 6 ,  
a n d  - 7 ,  T h e  l a s t  " i n d e x  s e t s  t h e  c o u n t e r  t o  e n t r y  
„ 7  b u t  e n t r y  - 7  i s  a l r e a d y  s e t ,  T h e  r e s u l t  i s  
t h e r e f o r e  u n d e f i n e d ,  i a ! 3 a l b 6  

, 8  D i f f e r e n t  i t e m s  o c c u r r i n g  i n  t h e  s a m e  w o r d  o f  a  
t a b l e  m a y  b e  p r e s e t ,  d e p e n d i n d  o n  t h e  p a r t i c u l a r  
• i n d i c e s  a n d  " c o n s t a n t s  a p p e a r i n g  i n  t h e i r  
r e s p e c t i v e  " c o n s t a n t ! l i s t s ,  I f  t h e  b i t s  o f  t h e  
i t e m s  i n  t h e  s p e c i f i c  e n t r i e s  g i v e n  p r e s e t  v a l u e s  
d o  n o t  o v e r l a p ,  t h e r e  i s  n o  c o n f l i c t ,  I n  t h a t  
c a s e ,  t h e  p r e s e t  v a l u e  f o r  a  g i v e n  w o r d  i s  t h e  
u n i o n  o f  t h e  p r e s e t  v a l u e s  g i v e n  f o r  i t s  v a r i o u s  
b i t s ,  T h e  i n i t i a l  v a l u e s  o f  a n y  b i t s  n o t  s p e c i f i e d  
w i t h i n  t h e  w o r d  a r e  u n d e f i n e d ,  I f  t h e r e  i s  a  
c o n f l i c t  i n  t h a t  t w o  " c o n s t a n t ,  s  l i s t s  e a c h  s p e c i f y  
v a l u e s  f o r  t h e  s a m e  b i t s  i n  a  w o r d ,  t h e  i n i t i a l  
v a l u e s  o f  t h o s e  b i t s  a r e  u n d e f i n e d ,  i f  w o r d s  o r  
e n t r i e s  a r e  c o m p l e t e l y  s k i p p e d  o v e r  i n  p r e s e t t i n g  
e n t r i e s  o f  a  t a b l e ,  t h e  i n i t i a l  v a l u e s  o f  t h o s e  
b i t s  a r e  u n d e f i n e d ,  W o r d s  p a r t i a l l y  p r e s e t  b y  t w o  
o r  m o r e  o v e r l a i d  i t e m s  , B = l 5 n o t , B s 0 |  i n  t h e  s a m e  
t a b l e ,  e v e n  t h o u g h  n o t  i n t e r f e r i n g  i n  t e r m s  o f  b i t s  
w i t h i n  t h e  w o r d *  a r e  u n d e f i n e d ,  I a l 3 a l b 7  
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7 , 1 4  D a t a  S t r u c t u r e s  l a i 4  

I t  i s  o f t e n  n e c e s s a r y  t o  s p e c i f y  m o r e  c o m p l e x  d a t a  
s t r u c t u r e s  t h a n  s i m p l e  i t e m s ,  i n  J O V I A L ,  i t  i s  p o s s i b l e  t o  
f o r m  c o m p l e x  s t r u c t u r e s  f r o m  m o r e  s i m p l e  o n e s ,  l a l 4 a  

, 1  T h e  s i m p l e s t  d a t a  " s t r u c t u r e "  i s  t h e  P i t  s t r i n g :  a l l  
o t h e r  s t r u c t u r e s  a r e  b a s e d  o n  c e r t a i n  c o m b i n a t i o n s  o f  a n d  
i n t e r p r e t a t i o n s  o f  b i t  s t r i n g s ,  T h e  b a s i c  J O V I A L  d a t a  
s t r u c t u r e  i s  t h e  i t e m ,  A n  i t e m  i s  a  b i t  s t r i n g  o f  
s p e c i f i e d  l e n g t h ,  w i t h  a  s p e c i f i e d  i n t e r p r e t a t i o n  ( e , g , ,  
a  p o r t i o n  o f  t h e  p i t  s t r i n g  m i g h t  b e  i n t e r p r e t e d  a s  
s i g n i f i c a n d ,  e t c , ) ,  N o r m a l l y ,  t h e  i n t e r n a l  s t r u c t u r e  o f  
a n  i t e m  i s  i g n o r e d  a n d  t h e  i t e m  i s  t r e a t e d  a s  a  s i n g l e  
e n t i t y ,  ( " I n t r l n s i c : f u n c t i o n s  s u c h  a s  - B I T ,  - B Y T E ,  „ I N T  
a n d  „ F R A C  a r e  u s e d  t o  a c c e s s  s u b p a r t s  o f  a n  i t e m  w h e n  
n e c e s s a r y , )  i a l 4 a l  

, 2  T h e  l a r g e r  J O V I A L  d a t a  s t r u c t u r e s  a r e  c r e a t e d  f r o m  
i t e m s ,  T h e y  a r e  t h e  e n t r y #  t a b l e ,  a n d  d a t a  b l o c k ,  A n  
e n t r y  c o n s i s t s  o f  o n e  o r  m o r e  ( p o s s i b l y  o v e r l a i d )  i t e m s ,  
E a c h  i t e m  ( k n o w n  a s  a  t a b l e  i t e m )  i s  s e p a r a t e l y  n a m e d  a n d  
s e p a r a t e l y  a c c e s s e d )  t h e  e n t r y  m a y  a l s o  b e  a c c e s s e d  a s  a  
u n i t ,  E n t r i e s  a r e  n o t  d e c l a r e d  a s  s e p a r a t e  e n t i t i e s #  b u t  
a r e  a s s o c i a t e d  w i t h  t a b l e s ,  A  t a b l e  i s  a  ( m u l t i p l y * )  
i n d e x e d  l i s t  o r  a r r a y  o f  e n t r i e s #  a l l  h a v i n g  t h e  s a m e  
s t r u c t u r e ,  E a c h  t a b l e  i s  s e p a r a t e l y  d e c l a r e d  a n d  n a m e d ;  
t h e  " d e c l a r a t i o n  a l s o  n a m e s  t h e  i t e m s  i n  t h e  e n t r y  a n d  
m a y  s p e c i f y  t h e i r  l o c a t i o n ,  p o s s i b l y  o v e r l a i d ,  w i t h i n  t h e  
e n t r y ,  A  t a b l e  i s  r e f e r e n c e d  b y  i t s  " n a m e ;  n o r m a l l y  a  
t a b l e  e n t r y  i s  r e f e r e n c e d  b y  t h e  " t a b l e ; n a m e  a n d  t h e  
" i n d e x  o f  t h e  e n t r y ;  a n  i t e m  w i t h i n  a n  e n t r y  i s  
r e f e r e n c e d  b v  t h e  " i t e m m a m e  a n d  t h e  " i n d e x  o f  t h e  e n t r y #  I a l 4 a 2  

, 3  A  s i m p l e  i t e m  i s  s i m p l y  a n  i t e m  t h a t  i s  n o t  p a r t  o f  
a n  e n t r y ,  I a l 4 a 3  

, 4  A  d a t a  b l o c *  i s  l i k e  a n  e n t r y  i n  t h a t  i t  c o n s i s t s  o f  
o n e  o r  m o r e  ( P o s s i b l y  o v e r l a i d )  d a t a  s t r u c t u r e s ,  
H o w e v e r #  t h e s e  d a t a  s t r u c t u r e s  m a y  o e  s i m p l e  i t e m s #  
t a b l e s ,  o r  o t h e r  d a t a  b l o c k s ,  T h e  d a t a  b l o c k  c a n n o t  b e  
i n d e x e d  ( p l a c e d  i n  a  t a b l e ) ,  a n d  h a s  i t s  o w n  " n a m e ,  D a t a  
b l a c k s  m a y  b e  a c c e s s e d  a s  a  w h o l e ,  b u t  a r e  p e r m i t t e d  i n  

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

7 , i 5  " I t e m i D e c l a r a t l o p S  1*15 
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" I t e m j d e c l a r a t i o n s  n a m e  a n d  d e s c r i b e  b o t h  s i m p l e  i t e m s  a n d  
t a b l e  i t e m s ,  l a l h a  

, 1  i n  t h e  p a r a g r a p h s  t o  f o l l o w ,  f i r s t  t h e  
" i t e m  I d e s c r i p t I o n  i s  d i s c u s s e d  a s  a n  e l e m e n t  c o m m o n  t o  
a i l  " i t e m s d e c l a r a t i o n s .  T h e n  c o m e s  t h e  
" s t a t u s t l i s t l d e c l a r a t i o n  w h i c h  i s  r e f e r e n c e d  w i t h i n  
" i t e m l d e s c r i p t i o n s ,  N e x t *  t h e  " s i m p l e i i t e m i d e c l a r a t i o n  
i s  s p e c i f i e d ,  " o r d i n a r y t t a b l e s i t e m i d e c l a r a t i o n s  a n d  
" s p e c i f i e d ! t a b l e j i t e m i d e c i a r a t i o n s  a r e  t h e n  d i s c u s s e d  
t o g e t h e r ,  E a c h  w i j ' i  a i s o  b e  i n d i v i d u a l l y  d i s c u s s e d  i n  
b r i e f  w i t h  t h e i r  c o r r e s p o n d i n g  " t a b l e ! d e c l a r a t l o n s ,  l a l S a l  

7 , 1 6  " I t  e m i D e s c r i p t i o n  

T h e  " i t e m i d e s c r i p t i o n  i s  u s e d  i n  a n  " i t e m ; d e c l a r a t i o n  t o  
g i v e  t h e  t y p e ,  s i z e ,  a n d  c e r t a i n  o t h e r  i n f o r m a t i o n  a b o u t  t h e  
d e c l a r e d  i t e m s ,  r t  m a y  a l s o  b e  u s e d  i n  t h e  h e a d i n g  o f  
" t a b l e i d e c l a r a t i o n s  f o r  s i m i l a r  p u r p o s e s ,  i a i 6 a  

, 1  " A b b r e v i a t i o n s  i n  t h e  " i t e m j d e s c r i p t i o n  g i v e  t h e  
b a s i c  t y p e  o f  t h e  i t e m  ( o r  i t e m s )  a s  f o l l o w s !  l a l b a l  

„ C  c h a r a c t e r  i a l b a l a  

_ F  f l o a t i n g  l a l 6 a l b  

« S  s i g n e d  ( i n t e g e r  o r  f i x e d )  i a l 6 a i c  

„ U  u n s i g n e d  ( i n t e g e r  o r  f i x e d )  l a l f e a l d  

, 2  F o r  c h a r a c t e r  i t e m s  t h e  " s l z e i s p e c i f i e r  t e l l s  h o w  
m a n y  b y t e s  i n  t h e  i t e m ,  I f  t h e  " n u m b e r  i s  o m i t t e d ,  t h e  
d e f a u l t  s i z e  i s  o n e  b y t e ,  I a l 6 a 2  

, 3  F o r  f l o a t i n g  i t e m s  a n  „ R  s a y s  t o  r o u n d  u p o n  s e t t i n g  
t h e  v a l u e  o f  t h e  i t e m  i f  t h e  " f o r m u l a  p r o v i d i n g  t h e  v a l u e  
h a s  e x t r a  b i t s  i n  t h e  s i g n i f i c a n d - . a b s e n c e  o f  t h e  „ R  s a y s  
d o  n o t  r o u n d .  T h e  " s i g n i f i c a n d i s p e c i f i e r ,  i f  p r e s e n t ,  
g i v e s  a  m i n i m u m  s i z e  o f  t h e  s i g n i f i c a n d  i n  
b i t s < " * e x c l u d i n g  t h e  s i g n ,  T h e  " e x r a d !  s p e c i f  i e r  f o l l o w i n g  
t h e  " c o m m a ,  i f  p r e s e n t ,  g i v e s  a  m i n i m u m  s i z e  o f  e x r a d  i n  
b i t s - - e x c l u d i n g  t h e  s i g n ,  T h e  s i z e  o f  t h e  e x r a d  i s  b a s e d  
o n  t h e  a s s u m p t i o n  t h a t  t h e  r a d i x  i s  2  r e g a r d l e s s  o f  t h e  
a c t u 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  n u m b e r s ,  I f  b o t h  o f  
t h e s e  " n u m b e r s  a r e  o m i t t e d ,  t h e  d e f a u l t  i s  t h e  
s y s t e r a - d e p e n d e n t  s i n g l e  p r e c i s i o n ,  i f  t h e  s y s t e m  c a n  
p r o v i d e  a l t e r n a t i v e  f o r m s  f o r  f l o a t i n g  v a l u e s ,  i t  c h o o s e s  
o n e  t o  a c c o m m o d a t e  t h e  s t a t e d  s i z e s  o f  t h e  s i g n i f i c a n d  
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a n d  e x r a d ,  I f  i t  c a n n o t  d o  t h i s #  t h e  " d e c l a r a t i o n  i s  i n  
e r r o r *  I a l 6 a 3  

, 4  S i g n e d  a n d  U n s i g n e d  i t e m s  c a n  b e  i n t e g e r  o r  f i x e d .  
T h e  „ R #  i f  p r e s e n t ,  s a y s  t o  r o u n d  u p o n  s e t t i n g  t h e  v a l u e .  
I f  t h e  _ r  i s  a b s e n t #  d o  n o t  r o u n d ,  T h e  * s i z e : s p e c i f i e r #  
i f  p r e s e n t #  g i v e s  t h e  s i z e  o f  t h e  i t e m  i n  b i t s - - e x e l u d i n g  
t h e  s i g n  f o r  s i g n e d  i t e m s ,  i f  t h i s  " n u m b e r  i s  o m i t t e d #  
t h e  s i z e  i s  s y s t e m - d e p e n d e n t - - t h e  s i z e  n o r m a l l y  u s e d  b y  
t h e  c o m p i l e r  f o r  a d d r e s s e s  ( a t  l e a s t  f o r  u n s i g n e d  i t e m s ) ,  
I f  t h e  " p r e c i s  i o n s  s p e c i f i e r  i s  o m i t t e d ,  t h e  i t e m  i s  a n  
i n t e g e r ,  I f  t h e  " p r e c i s i o n ? s p e c i f i e r  i s  p r e s e n t  ( e v e n  i f  
i t s  v a l u e  i s  z e r o ) #  t h e  i t e m  i s  f i x e d  a n d  t h e  " n u m b e r  
( t o g e t h e r  w i t h  i t s  s i g n #  i f  p r e s e n t )  t e l l s  h o w  m a n y  
f r a c t i o n  b i t s  t h e r e  a r e ,  T h i s  " n u m b e r  m a y  b e  o f  a n y  
v a l u e ,  I t  m a y  b e  p o s i t i v e  a n d  l a r g e r  t h a n  t h e  " n u m b e r  
( o r  d e f a u l t )  g i v i n g  t h e  s i z e - - i n  w h i c h  c a s e  t h e r e  a r e  
a s s u m e d  o r  u n d e r s t o o d  l e a d i n g  z e r o s  b e t w e e n  t h e  b i n a r y  
p o i n t  a n d  t h e  s i g n i f i c a n t  f r a c t i o n  b i t s ,  I t  m a y  b e  
n e g a t i v e - t i n  w h i c h  c a s e  t h e r e  a r e  t r a i l i n g  b i t s  o f  
u n k n o w n  v a l u e  b e t w e e n  t h e  s i g n i f i c a n t  i n t e g e r  b i t s  a n d  
t h e  b i n a r y  p o i n t ,  l a l f e a 4  

, 5  i n t e g e r  i t e m s  ( e i t h e r  s i g n e d  o r  u n s i g n e d )  m a y  h a v e  
" s t a t u s i c o n s t a n t s  a s s o c i a t e d  w i t h  s o m e  o f  t h e i r  p o s s i b l e  
v a l u e s  b y  i n c l u d i n g  e i t h e r  a  " s t a t u s t l i s t  o r  a  
" s t a t u s  5  l i s t  j n a m e  i n  t h e  " • i t e m i d e s c r i p t i o n ,  T h e  v a l u e s  
g i v e n  t o  e a c h  " s t a t u s { c o n s t a n t  m u s t  b e  c o m p a t i b l e  w i t h  
t h e  o t h e r  s p e c i f i c a t i o n s  i n  t h e  " i t e m i d e s c r l o t i o n ,  I a l 6 a 5  

7 , 1 7  " S t a t u s s i i s t  a n d  " S t a t u s i L i s t l D e c l a r a t l o n  l a l 7  

A  " s t a t u s  i  l i s t  l i s t s  " s t a t u s  5 c o n s t a n t s  i n  s u c h  a  w a y  t h a t  
e a c h  i s  a s s i g n e d  a  u n i q u e  v a l u e ,  T h e  " s t a t u s s l i s t  c a n  
a p p e a r  d i r e c t l y  i n  a n  " i t e m j d e s e r i p t i o n  o r  i t  c a n  b e  
d e c l a r e d  i n  a  " s t a t u s : l i s t  5  d e c l a r a t i o n  f o r  s u b s e q u e n t  
r e f e r e n c e  b y  " n a m e  i n  " i t e m ; d e s c r i p t i o n s  o c c u r r i n g  w i t h i n  
t h e  s c o p e  o f  t h e  " s t a t u s S l i s t  5 d e c l a r a t i o n ,  l a l 7 a  

, 1  w i t h i n  a  " s t a t u s i l i s t #  e a c h  " n u m b e r  ( a n d  t h e  s i g n  i f  
p r e s e n t )  p r o v i d e s  a  v a l u e  t o  b e  t h e  m e a n i n g  o f  t h e  f i r s t  
" s t a t u s { c o n s t a n t  f o l l o w i n g  i t ,  s e q u e n t i a l  
" s t a t u s { c o n s t a n t s  t h e n  t a k e  o n  s e q u e n t i a l  v a l u e s #  u n l e s s  
a  n e w  " n u m b e r  ( a n d  o p t i o n a l  s i g n )  s e t s  a  n e w  v a l u e  t o r  
t h e  n e x t  " c o n s t a n t s ,  T h e r e  m a y  b e  g a p s  i n  t h e  s e q u e n c e  
o f  v a l u e s #  b u t  t h e  s e q u e n c e  m u s t  b e  a b s o l u t e l y  
i n c r e a s i n g ,  T h e  " n u m b e r  i m m e d i a t e l y  f o l l o w i n g  t h e  " n a m e  
m a y  b e  o m i t t e d - - q i v i n g  a  s t a r t i n g  v a l u e  o f  z e r o ,  l a l 7 a l  
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, 2  T h e  " s t a t u s j 1 1 s t | d e c l a r a t i o n  a s s o c i a t e s  a  
" s t a t u s ! l i s t { n a m e  w i t h  t h e  " s t a t u s i l i s t ,  T h e  
" s t a t u s i l i s t  c a n  n o w  b e  r e m o v e d  f r o m  t h e  
" i t e m s d e c l a r a t i o n  a n d  o n l y  r e f e r e n c e d  t h e r e i n  b y  " n a m e ,  
T h i s  a l l o w s  s e v e r a l  i t e m s  t o  b e  d e f i n e d  i n  t e r m s  o f  t h e  
s a m e  " s t a t u s t l i s t ,  I n  f a c t #  a l l  s t a t u s  v a l u e s  o v e r  a n  
e n t i r e  p r o g r a m  c a n  b e  c o l l e c t e d  w i t h i n  a  s i n g l e  i  
" s t a t u s i l i s t  u n l e s s  c o n f l i c t i n g  u s e s  o f  t h e  v a l u e s  o f  t h e  
" s t a t u s { c o n s t a n t  o c c u r ,  I a l 7 a 2  

, 3  T h e  f o l l o w i n g  I s  a n  e x a m p l e  o f  a  
" s t a t u s i H s t j d e c l a r a t i o n  i n c o r p o r a t i n g  a  " s t a t u s i l i s t  
w i t h  a  g a p  i n  t h e  s e q u e n c e  o f  v a l u e s ,  I a l 7 a 3  

S T A T U S  Q V  [ - # 2 ]  V ( G ) , V ( R ) , V ( S ) , V ( T )  1 4 J  V ( U ) , V ( V ) |  I a l 7 a 3 a  

F r o m  t h e  a b o v e  e x a m p l e ,  t h e  v a l u e s  a s s o c i a t e d  w i t h  t h e  
" s t a t u s i c a n s t a n t s  a r e !  I a l 7 a 4  

V  ( Q )  V C R )  V ( S )  V C T )  V ( U )  V ( V )  i a l 7 a 4 a  

* 2  m l  0  1  4 5  i a l g a 4 b  

, 4  A  p a r t i c u l a r  " s t a t u s { c o n s t a n t  m a y  t e e  i n  m o r e  t n a n  
o n e  l i s t - - a n d  m a y  t h e r e f o r e  h a v e  m o r e  t h a n  o n e  v a ^ u e ,  
b u t  i t  m u s t  n o t  o c c u r  m o r e  t h a n  o n c e  i n  a  g i v e n  
" s t a t u s i l i s t ,  M o r e  e x a m p l e s :  I a l 7 a 4 c  

S T A T U S  L I S T  V ( A ) ,  V ( B ) ,  V ( C ) ,  V C D ) ,  V C E ) |  I a l 7 a 4 c l  

S T A T U S  B O O L  V ( O N ) ,  V ( O F F ) {  I a l 7 a 4 c 2  

S T A T U S  R A N G E  [ * 6 ]  V C P O O R ) ,  V ( F A I R ) {  U 1 7 a 4 c 3  

[ 3 7 ]  V C G O O D )  C 9 1 ]  V ( E X C E L L E N T )  {  I a l 7 a 4 c 4  

S T A T U S  S I Z E  V ( S M A L L ) #  V ( M E D ) ,  V ( L A p G E ) j  J a l 7 a 4 c 5  

S T A T U S  T E M P  U ]  V ( H I ) ,  V ( M E D ) ,  V ( L Q } j  I a l 7 a 4 c b  

N o t e  t h a t  i n  t h e  " s t a t u s i l i s t s  f o r  b o t h  „ S I Z E  a n d  . T E M P  
t h e  " s t a t u s { c o n s t a n t  „ v ( M E D )  i s  d e c l a r e d ,  i n  o n e  c a s e ,  
i t  h a s  t h e  v a l u e  « 1 ,  a n d  i n  t h e  o t h e r #  i t  h a s  t h e  v a l u e  
« 2 ,  T h e  c o m p i l e r  w i l l  b e  a b l e  t o  r e s o l v e  r e f e r e n c e s  
e i t h e r  f r o m  c o n t e x t  o r  b y  g u a l i f i c a t i o n ,  i a l 7 a 5  

7 1 1 8  " S i m p l e ! i t e m i D e c i a r a t i o n s  i a ! 8  
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• S i m p l e i i t e r o j d e c l a r a t i o n s  n a m e  a n d  d e s c r i b e  t h o s e  i t e m s  n o t  

, 1  E a c h  • s i m p i e j i t e m t d e c l a r a t i o n  n a m e s  o n ®  o r  m o r e  
i t e m s .  T h e  " n a m e  o r  • n a m e s  f o l l o w  t h e  • p r i m i t i v e  „ I T E M »  
I f  m o r e  t h a n  o n e  " n a m e  i s  p r e s e n t  t h e y  a r e  s e p a r a t e d  f r o m  
e a c h  o t h e r  b y  " c o m m a s ,  A  • s i m p l e j i t e m j d e c l a r a t i o n  
d e c l a r i n g  m o r e  t h a n  o n e  " n a m e  i s  a  s h o r t h a n d  m e t h o d  o f  
d e c l a r i n g  s e v e r a l  i t e m s  t o  h a v e  a l l  s t a t e d  a t t r i b u t e s  
e x a c t l y  t h e  s a m e .  I t s  m e a n i n g  i s  t h e  s a m e  a s  s e v e r a l  
• s i m p i e i i t e m s  d e c l a r a t i o n s  a l l  e x a c t l y  a l i k e  e x c e p t  t h a t  
e a c h  d e c l a r e s  o n e  d i f f e r e n t  " n a m e ,  l a i 8 a l  

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

, 3  T h e  ' d e c l a r a t i o n  m a y  o p t i o n a l l y  c o n t a i n  i n d i c a t i o n s  
t h a t  c o n t r o l l e d  o r  e n v i r o n m e n t a l  a l l o c a t i o n  i s  t o  o c c u r ,  
U s e  o f  a n  " e n v i r o n m e n t a l 1  s p e c i f i e r  n a m i n q  a n  o u t e r  s c o p e  
o r  t h e  s c o p e  o f  t h e  " d e c l a r a t i o n  p r o v i d e s  t h a t  s t o r a g e  
f o r  t h e  i t e m  o r  i t e m s  d e c l a r e d  h e r e b y  s h a l l  b e  
e n v l o r n m e n t a l  o r  p r i v a t e ,  b u t  n o t  r e s e r v e d  ( s e e  s e c t i o n  
7 , 1 1 , 1 ) ,  U s e  o f  a n  " a l l o c a t i o n i s p e c i f i e r  c a u s e s  
c o n t r o l l e d  a l l o c a t i o n  f o r  t h e  " n a m e d j v a r i a b l e s ,  I f  a  
• n u m e r i c ! v a r i a b l e  o r  " n u m e r i c : f o r m u l a  f o l l o w s  t h e  i t  
i s  t a k e n  a s  t h e  i m p l i c i t  p o i n t e r  t o  e a c h  i t e m  d e c l a r e d  
h e r e b y - » t h e  s a m e  * p o i n t e r ; f o r m u l a  i s  u s e d  f o r  e a c h  i t e m  
d e c l a r e d ,  I f  t h e r e  i s  n o  * p o i n t e r s f o r m u l a ,  e v e r y  
r e f e r e n c e  t o  e a c h  i t e m  r e q u i r e s  a n  e x p l i c i t  
• p o i n t e r t  f o r m u l a ,  I a l 8 a 3  

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

a s s o c i a t e d  w i t h  t a b l e s  l a l  8 a  

e a c h  i t e m  d e c l a r e d  h e r e b y ,  I a l 8 a 4  

, 5  F o l l o w i n g  t h e  " i t e m t d e s c r i p t i o n ,  t h e r e  m a y  b e  a  
• p a c k i n g ! s p e c i f i e r ,  T h e  m e a n i n g s  o f  t h e  
" p a c k i n g ! s p e c i f i e r  a r e  a s  f o l l o w s !  I a i 8 a 5  

N  N o  p a c k i n g  I a l 8 a 5 a  

D e n s e  p a c k i n g  I a i 8 a 5 b  

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

, 6  I f  t h e  " s i m p l e t i t e m j d e c l a r a t i o n  c o n t a i n s  n o  
p o s i t i o n i n g  i n f o r m a t i o n  ( " ' b i t  m u m b e r  )  #  t h e  
" p a c k i n g : s p e c ! f i e r  t e l l s  t h e  c o m p i l e r  i f  a n d  h o w  i t  m a y  
p a c k  t h e  i t e m  o r  i t e m s  w i t h  o t h e r  s i m p l e  i t e m s ,  I t  
d e f a u l t s  t o  n o  p a c k i n g ,  i f  p o s i t i o n i n g  i n f o r m a t i o n  i s  
p r e s e n t #  t h e  " p a c k i n g  s p e c i f i e r  t e l l s  t h e  c o m p i l e r  h o w  i t  
m u s t  a c c e s s  t h i s  i t e m ,  I n  t h i s  c a s e ,  t h e  d e f a u l t  i s  t o  
d e n s e  p a c k i n g ,  

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

, 8  A  s i n g l e  " c o n s t a n t  m a y  b e  i n c l u d e d  i n  t h e  
" d e c l a r a t i o n  o f  s i m p l e  i t e m s  t h a t  a r e  i n  r e s e r v e ,  i f  
m o r e  t h a n  o n e  i t e m  i s  d e c l a r e d  a l l  w i l l  i n i t i a l l y  r e c e i v e  
t h e  a p p r o p r i a t e  i n i t i a l  v a l u e ,  I f  t h e  s i z e  o f  t h e  i t e m  
i s  d e f a u l t e d  i n  t h e  " i t e m i d e s c r i p t i o n  a n d  t h e  
I n i t i a l i z i n g  " c o n s t a n t  r e q u i r e s  a  s i z e  l a r g e r  t h a n  t h e  
d e f a u l t  s i z e ,  t h e  s i z e  i m p l i e d  b y  t h e  " c o n s t a n t  b e c o m e s  
t h e  s i z e  o f  t h e  i t e m ,  i f  t h e  s i z e  o f  t h e  " c o n s t a n t  i s  
l a r g e r  t h a n  t h e  s t a t e d  s i z e  o f  t h e  i t e m ,  t h e  " c o n s t a n t  i s  
t r u n c a t e d  o r  r o u n d e d  a s  i f  f o r  a s s i g n m e n t  t o  t h e  i t e m ,  

, 9  T h e  " s i m p l e ! i t e m j d e c l a r a t i o n  t e r m i n a t e s  w i t h  a  
" s e m i c o l o n ,  

7 , 1 9  " o r d i n a r y !  a n d  " S p e c i f i e d i T a b l e i l t e m i D e c i a r a t i o n s  

i a l f i a S c  

t a i 8 a 6  

I a l 8 a 7  

l a l 8 a 8  

l a i 8 a 9  

l a ! 9  

" O r d i n a r y i t a b l e i i t e m i d e c l a r a t i o n s  a n d  
" s p e c i f l e d i t a b l e ! i t e m ! d e c l a r a t i o n s  n a m e  a n d  d e s c r i b e  a n  i t e m  
( o r  i t e m s }  o f  o r d i n a r y  a n d  s p e c i f i e d  t a b l e s ,  T h e  
" d e c l a r a t i o n s  o f  t h e  I t e m s  o c c u r  w i t h i n  t h e  b o d i e s  o f  t h e  
c o r r e s p o n d i n g  " t a b i e i d e c l a r a t i o n s ,  i a ! 9 a  

, 1  T h e s e  " d e c l a r a t i o n s  n a m e  o n e  o r  m o r e  i t e m s  o f  t h e  
t a b l e  c o r r e s p o n d i n g  t o  t h e  c o n t a i n i n g  " t a b l e i d e c l a r a t i o n ,  
E a c h  " d e c l a r a t i o n  m a y  i n c l u d e  m o r e  t h a n  o n e  " n a m e  a s  a  
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shorthand notation tor declaring several items all of 
wnich have all stated attributes exactly the same, The 
meaning is exactly the same as several "declarations all 
alike except that each declares a different "name, This 
capability is likely to be more useful for 
"ordinaryitableiitemideclarations than for 
"specifiedstablejitemideciarations, For the ordinary 
table# the items are individually declared hereby. They 
are then arranged within a table entry by the compiler, 
However# the "specifiedjtableiitemjdeciaration must 
include positioning information as an attribute and 
therefore multiple "names in a single "declaration serve 
only to give different "names to a single location (with 
but a single definition) within an entry, ia!9al 

,2 Space Is allocated to the items as a part of the 
containing table. There is no provision within either 
the "ordinaryftable?itemideclaration or the 
"specifiedttablesItemJdeclaration to affect the 
allocation method or permanence of the containing 
structure, if controlled allocation or unusual 
permanence is desired it must be accomplished within the 
"tablesdeclaration or# if the table is contained in a 
data block# the specification occurs in the 
"dataiblockldeclaration, Ial9a2 

,3 The "itemsdescription serves the same purpose as in 
the "simple!itemsdeciaration, It gives the type, size# 
and certain other information about the declared items, 
The same "ltemidescription applies to each item declared 
hereby, ia!9a3 

,4 The "packingjspecifier functions differently in the 
two "declarations being considered, in the 
"ordinaryJtablesitemtdeclaration# the "PacKingsspecifier 
directs the compiler as to how it should pack the item in 
an entryi either no packing# some degree of medium 
packing# or dense packing can be requested, If no 
"packing!specifier is included# the value found in the 
heading of the "ordinary!tableideciaration (or the 
default for the table) win be used, In a 
"specified!tablejitem:declaration, the "packingtspecifier 
teils the compiler how it must access this item, The 
default value is «.D# dense packing, Ial9a4 

,5 The "specifieditabietitemideclaration must include 
Information to position the item within an entry, It the 
table is serial or parallel structured# the "bit!humber 
gives the position of the first bit of the item in a word 
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of an entry, Numbering of bits starts with zero on the 
left and counts to the right, The "wordsnumber tells the 
word of the entry (starting with zero) in which the item 
resides or begins, For tight structured tables only the 
"bitmumber» the position of an item within an entry# is 
specified, The position information is enclosed in 
"brackets, Iai9a5 

,6 initial values may be provided for items by means of 
the *GonstantJlist, There must be no attempt to preset 
(i,e»# no "constantsiist) items that are not in reserve, 
The "Constant:list provides initial vaiues for the item 
in certain entries depending on the number Of "constants 
and on the "indices in the "constant!list, If the size 
of the item is defaulted in the "itemsdescription and any 
"constant in the "constant I list requires a size greater 
than the default size# the largest size implied by the 
"constantilist becomes the size of the item, if the size 
of any "constant in the "constant!list exceeds the size 
stated in the "ltemidescription# the "constant is 
truncated or rounded as if for assignment to the item, lal9afe 

,7 The "itemsdeclaration terminates with a "semicolon, ialRa7 

7,20 "Table{Declarations ia20 

Tables are collections of entries and the entries are 
themselves collections (possibly empty) of items, Tables 
have size and dimensionality? they are packed and they are 
structured. They may be statically allocated at compile 
time or they may be dynamically allocated at run time, The 
"tablejdeclaration provides the means to describe these 
various traits of a table. 

,1 The paragraphs that follow first specify some 
elements and concepts common to both types of 
"declaration, Then each type of "tablesdeclaration is 
discussed in turn, 

7,21 "Allocationtlncrement 

An "allocation?increment is an optional part of 
"table?declarations, It specifies the unit of allocation 
for controlled allocation tables and the unit of usage for 
fixed allocation tables, It also affects the meaning of 
parallel structure, 

,1 For controlled allocation tables the 
"allocations increment indicates the units in which space 

la20a 

la20al 

la2i 

la21a 
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is to be allocated to the table, The units can be either 
an entry, an entire table, or some submanifoid, (A 
manifold Is? a row, a plane, a volume, and so on, A 
submanifold is a manifold that, is something less than the 
entire table,) la2lai 

,2 The values for the "allocation}increment have the 
following meaning? 

,B=l jValue,B=0? 

1 entry 

! row 

,B=1?Unit of increment,B=o? 

Ia2ia2 

Ia21a2a 

Ia2ia2b 

Ia2ia2c 

i plane Ia2ia2d 

i volume Ia2ia2e 

1 hyper volume Ia21a2£ 

Ia21a2g 

ia2ia2h 

ia21a2i 

,3 It not present, the default "allocation?increment 
means the entire table, A value of the 
•allocationJincrement equal to the dimensionality of the 
table (e,g, „2 for a two dimension table) also means the 
entire table and can, therefore, be omitted, A value 
greater than the dimensionality of the table is 
undefined, Ia21a3 

,4 if "allocation?Increment is given tor a table not 
pointed to, it gives the compiler information that may be 
useful (perhaps if storage is organized as pages) with 
regard to the programmer's intended usage, It also 
affects the meaning of parallel structure, Ia21a4 

7,22 "DlmensiontList ia22 

The 'dimension?list of a "tableideclaration provides both 
the dimensionality of the table and the extent (size or 
number of entries) of tbe table in each dimension, la22a 

,1 The bounds are enclosed in "brackets, Absence 0f a 
•lower?bound (and a "colon) before an "upper?bound means 
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t h e  " l o w e r s b o u n d  h a s  t h e  i m p l i e d  v a l u e  z e r o ,  E a c h  
" l o w e r s b o u n d  p r e s e n t  a n d  e a c h  " u p p e r s n o u n d  m u s t  b e  a  
" n u m b e r  o r  a  " s i m p l e s i n t e g e r  I  v a r i a b l e ,  I t  t h e  t a b l e  i s  
t o  b e  s t a t i c a l l y  a l l o c a t e d  o r  i s  t o  b e  i n  a n  a l l o c a t e d  
d a t a  b l o c k #  e a c h  " l o w e r l b o u n d  p r e s e n t  a n d  e a c h  
" u c p e r s b o u n d  c a n  o n l y  b e  a  " n u m b e r  ( a n d  n o  
" a l l o c a t i o n s s p e c i f i e r  c a n  b e  p r e s e n t ) ,  l a 2 2 a i  

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

•  3  U n d e r  s o m e  c i r c u m s t a n c e s #  r e f e r e n c e  t °  
" t a b l e * v a r i a b l e s  c a n  e m p l o y  s u p p r e s s e d  " i n d e x : c o m p o n e n t s ,  
T h e  v a l u e  a s s u m e d  f o r  s u c h  m i s s i n g  " i n d e x S c o m p o n e n t s  i s  
t h e  " l o w e r s b o u n d  o f  t h e  c o r r e s p o n d i n g  d i m e n s i o n  o f  t h e  
t a b l e ,  i a 2 2 a 3  

, 4  T h e  e x t e n t  ° f  t h e  t a b l e  i n  a  P a r t i c u l a r  d i m e n s i o n  i s  
" u p p e r s b o u n d  +  1  « •  " l o w e r s b o u n d ,  T h e  e x t e n t  o f  t h e  
e n t i r e  t a b l e  i s  t h e  p r o d u c t  o f  t h e  e x t e n t  o f  e a c h  
d i m e n s i o n  o f  t h e  t a b l e ,  A  3  x  3  x  3  v o l u m e  h a s  a  s i z e  o f  
- 2 7  e n t r i e s ,  

, 5  I f  t h e  " a l l o c a t i o n s i n c r e m e n t  o f  a  c o n t r o l l e d  
a l l o c a t i o n  t a b l e  i s  l e s s  t h a n  t h e  w h o l e  t a b l e ,  t h e  
p o i n t e r  f o r  t h e  t a b l e  i s  n o t  a  s i m p l e  p o i n t e r  b u t  a  
p o i n t e r  s t r u c t u r e ,  T h e  p o i n t e r  s t r u c t u r e  m u s t  h a v e  
d i m e n s i o n a l i t y  c o m m e n s u r a t e  w i t h  t h e  d i f f e r e n c e  b e t w e e n  
t h e  d i m e n s i o n a l i t y  o f  t h e  t a b l e  a n d .  i t s  
" a l l o c a t i o n s i n c r e m e n t ,  ( A  t h r e e  d i m e n s i o n a l  t a b l e  
a l l o c a t e d  b y  r o w s  r e q u i r e s  a  t w o  d i m e n s i o n a l  p o i n t e r  
s t r u c t u r e , )  i n  t h e  " d i m e n s i o n s l i s t ,  f o r  t h e  t a b l e #  t h e  
v a l u e s  f o r  t h e  l e f t m o s t  b o u n d s  a r e  d e r i v e d  f r o m  t h e  
" d i m e n f i o n i l i s t  o f  t h e  p o i n t e r  s t r u c t u r e .  T h e  
c o r r e s p o n d i n g  p o s i t i o n s  I n  t h e  " d i m e n s i o n s l i s t  m u s t  b e  
l e f t  b l a n k  a n d  t h e i r  p o s i t i o n s  m u s t  b e  h e l d  o y  " c o m m a s ,  
( T h e  " d i m e n s i o n s l i s t  o f  t h e  t h r e e  d i m e n s i o n a l  t a b l e  f r o m  
t h e  e x a m p l e  a b o v e  m i g h t  b e  £  »  #  l s l h ] , )  

7 , 2 3  H a r m o n y  o f  " A l l o c a t i o n i l n c r e m e n t #  " D i m e n s i o n s L i s t t  a n d  
" A l l o c a t i o n s  S p e c ! t i e r  

I a 2 2 a 4  

l a 2 2 a b  

l a 2 3  
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in controlled allocation tables, the "allocations specifier 
allocs for a "pointertformula which will point to each unit 
of allocation as specified by the "aliocatlonsincrement, 
The dimensionality of a table is determined by the 
•dimensions list, It is essential that these elements of 
•declaration be in harmony. 1 a 2 3a 

,1 The "allocatloniincrement must not indicate a 
manifold of greater dimensionality than that of the table 
as expressed in the "dlmenslonjlist, la23al 

,2 The dimensionality of the "pointer I formula within the 
"allocationjspecifier must be complementary with those of 
the "allocation J increment and the table itself, If 
"allocations increment indicates allocation of less than 
the entire table, "pointeriformula must be a 
"pointerivariable of dimension C-d) equal to the number 
of dimensions in the table (_t) minus the 
"allocationsincrement (.a), or it must be a pointer 
function with „d input "parameters, For example, if a 
table had «.t=4 dimensions, and the "allocat ions increment 
(ma) were „2, a "pointersvariable of „d=2 dimensions 
would nave elements each of which would point to a plane 
of the table, or a pointer function with two input 
"parameters would yield a value that points to a plane of 
the table, when referencing the table, the first two 
components of the "index would actually be indexing the 
•pointersvariabie or be input to the pointer function and 
the last two would be Indexing within the plane pointed 
to by the element of the "pointer J variable or the value 
returned by the pointer function, Ia23a2 

,3 The dimensionality of the pointer structure as 
determined by the "aliocationsspecifier must be in 
balance with the dimensionality of the table as expressed 
in the "dimension!list. The "upper! and "lower'bounds of 
the "pointerivariable may be "constants or Clf the 
pointer is itself pointed to) "variables, They become 
the "uPPeri and "loweribounds for the entire set of 
allocated manifolds, The corresponding positions in the 
"dimension!list of the "tableideclaration (the ones to 
the left within the "brackets) must be blank, their 
positions being held by the appropriate number of 
"commas, Ia23a3 

,4 If the "allocation!increment indicates allocation of 
the entire table, a single pointer is associated with the 
table, The pointer is of „ds0 dimensions which is 
consistent with the requirements, Ia23a4 
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7 , 2 4  " S t r u c t u r e { S p e c i f i e r  l a 2 4  

" T a b l e J d e c l a r a t i o n s ,  w h e t h e r  o r d i n a r y  o r  s p e c i f i e d ,  e m p l o y  
t h e  " s t r u c t u r e i s p e c i f i e r  t o  d e t e r m i n e  t h e  b a s i c  s t r u c t u r e  o f .  
t h e  t a b l e ,  T h e  b a s i c  s t r u c t u r e  o f  a  t a b l e  r e f e r s  t o  t h e  
a r r a n g e m e n t  o f  t a b l e  e n t r i e s  i n  t h e  w o r d s  o f  a  c o m p u t e r ,  
T a b l e s  m a y  h a v e  e i t h e r  a  s e r i a l ,  p a r a l l e l ,  o r  t i g h t  
s t r u c t u r e ,  l a 2 4 a  

, 1  T n  t h e  a b s e n c e  o f  e i t h e r  t h e  ~ P  o r  - T  t h e  t a b l e  
s t r u c t u r e  i s  s e r i a l ,  o t h e r w i s e ,  a  i n d i c a t e s  p a r a l l e l  
s t r u c t u r e  a n d  a  J t  i n d i c a t e s  t i g h t  s t r u c t u r e ,  l a 2 4 a l  

, 2  F o r  s e r i a l  a n d  p a r a l l e l  t a b l e s  t h e r e  a r e  o n e  o r  m o r e  
c o m p u t e r  w o r d s  f o r  e a c h  e n t r y .  I n  a  s e r i a l  t a b l e ,  a n  
t h e  w o r d s  f o r  a n  e n t r y  a r e  a l l o c a t e d  c o n t i g u o u s l y  i n  
s t o r a g e  o r  m e m o r y ,  i n  a  p a r a l l e l  t a b l e ,  t h e  f i r s t  w o r d s  
o f  a l l  t h e  e n t r i e s  i n  a n  " a l l o c a t i o n i i n c r e m e n t  a r e  s t o r e d  
c o n t i g u o u s l y ,  f o l l o w e d  b y  t h e  s e c o n d  w o r d s  o f  a l l  t h e  
e n t r i e s  o f  a n  * a l l o c a t i o n s i n c r e m e n t ,  e t c ,  F i g u r e  7 - 2  
d e p i c t s  a  s i n g l e  o n e - d i m e n s i o n a l  t a b l e ,  „ . M N ,  w i t h  b o t h  a  
s e r i a l  a n d  p a r a l l e l  s t r u c t u r e ,  I a 2 4 a 2  

, 3  F o r  a  t a b l e  w i t h  a  t i g h t  s t r u c t u r e ,  t h e r e  a r e  o n e  o r  
m o r e  t a b l e  e n t r i e s  p e r  c o m p u t e r  w o r d .  T h e r e f o r e ,  i n  a  
t i g h t  t a b l e  a n  e n t r y  c a n  b e  n o  l o n g e r  t h a n  o n e  w G r d ,  I f  
t h e  s i z e  o f  t h e  e n t r y  p e r m i t s ,  t h e r e  m a y  b e  m o r e  t h a n  o n e  
e n t r y  p e r  w o r d ,  F i g u r e  7 - 3  d e p i c t s  a  t a b l e  w i t h  a  t i g h t  
s t r u c t u r e ,  i a 2 4 a 3  

, 4  I n  a n  o r d i n a r y  t a b l e ,  t h e  c o m p i l e r  i s  g u i d e d  b y  t h e  
" p a c k i n g s s p t c i f i e r  i n  t h e  t a b l e  h e a d i n g  a s  i t  p a c k s  
e n t r i e s  i n t o  a  w o r d  o f  a  t i g h t  s t r u c t u r e  t a b l e ,  F o r  a  
t i g h t l y  s t r u c t u r e d  o r d i n a r y  t a b l e ,  a b s e n c e  o f  a  
" p a c k i n g s s o e c i f i e r  i n  t h e  h e a d i n g  c a u s e s  t h e  c o m p i l e r  t o  
a s s u m e  d e n s e  p a c k i n g  f o r  t h e  t a b l e ,  I f  " n o  p a c k i n g "  i s  
s p e c i f i e d ,  t h e  t a b l e  i s  n o t  r e a l l y  t i g h t ,  i n  a  s p e c i f i e d  
t a b l e  a n  a u x i l i a r y  s e t  o f  " n u m b e r s  i s  a v a i l a b l e  t o  i n f o r m  
t h e  c o m p i l e r  o f  t h e  d e s i r e d  e n t r y  p l a c e m e n t ,  I a 2 4 a 4  

, 5  T h e  b a s i c  r e a s o n  f o r  h a v i n g  b o t h  p a r a l l e l  a n d  s e r i a l  
s t r u c t u r e d  t a b l e s  i s  e f f i c i e n c y .  S e r i a l  t a b l e s  l e n d  
t h e m s e l v e s  t o  m o r e  e f f i c i e n t  s e q u e n t i a l  o p e r a t i o n s ,  w h i l e  
p a r a l l e l  t a b l e s  t e n d  t o  a l l o w  m o r e  e f f i c i e n t  i n d e x e d  
o p e r a t i o n s .  I t  m a y  b e  n e c e s s a r y ,  i n  s o m e  
i m p l e m e n t a t i o n s ,  t o  e s t a b l i s h  p r o h i b i t i o n s  a g a i n s t  
s i t u a t i o n s  w h i c h  w o u l d  r u n  c o u n t e r  t o  t h e  g o a l s  o f  
e f f i c i e n c y ,  F o r  e x a m p l e ,  i m p l e m e n t a t i o n - s p e c i f i c  
r e q u i r e m e n t s  m a y  f o r c e  r e s t r i c t i o n s  o n  t h e  u s e  o f  
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m u l t i P X e « » w o r d  n u m e r i c  I t e m s  i n  p a r a l l e l  t a b l e s ,  I t  t h e  
s y s t e m  I n c l u d e s  m a c h i n e  i n s t r u c t i o n s  w h i c h  d e p e n d  u p o n  
s e q u e n t i a l  s t o r a g e  l o c a t i o n s  f o r  m u l t i p l e - w o r d  o p e r a n d s ,  
t h e n ,  i n  t h e  i n t e r e s t  o f  e f f i c i e n t  o b j e c t  c o d e ,  I t  m a y  b e  
n e c e s s a r y  t o  r e l o c a t e  t h e s e  I t e m s  m  s e r i a l l y  s t r u c t u r e d  
t a b l e s ,  I a 2 4 a 5  

, 6  F o r  a n y  t a b l e #  a  p a r a l l e l  s t r u c t u r e  a p p l i e s  o n l y  t o  
t h e  " a l l o c a t i o n s i n c r e m e n t ,  I f  t h e  ' a l l o c a t i o n ? i n c r e m e n t  
i s  a n  e n t r y #  t h e r e  i s  n o  d i f f e r e n c e  b e t w e e n  p a r a l l e l  a n d  
s e r i a l  s t r u c t u r e ,  l a 2 4 a f e  

, 7  F o r  a  c o n t r o l l e d  a l l o c a t i o n  t a b l e  o f  t i g h t  s t r u c t u r e  
i t  m u s t  b e  r e a l i z e d  t h a t  a n  ' a l l o c a t i o n ? i n c r e m e n t  o f  a n  
e n t r y  h a s  m e a n i n g  o n l y  w h e n  t h e r e  i s  a  s i n g l e  e n t r y  i n  
e a c h  w o r d ,  W i t h  m o r e  t h a n  o n e  e n t r y  p e r  w o r d ,  r e q u e s t s  
f o r  s p a c e  o n  t h e  b a s i s  o f  t h e  e n t r y  a r e  m e a n i n g l e s s ,  I a 2 4 a 7  

7 , 2 5  " o r d i n a r y j T a b l e j D e c l a r a t i o n  l a 2 5  

A n  " o r d i n a r y t t a b l e j d e c i a r a t i o n  c o n s i s t s  o f  a n  
' o r d i n a r y s t a b l e j h e a d i n g  u s u a l l y  f o l l o w e d  b y  a n  
• o r d i n a r y  s t a b l e j b o d y ,  l a 2 5 a  

, 1  A n  o r d i n a r y  t a b l e  i s  o n e  f o r  w h i c h  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  a n d  c o m p o s i t i o n  o f  a n  e n t r y  b a s e d  
u p o n  t h e  i n f o r m a t i o n  i n  i t s  " d e c l a r a t i o n ,  i t  i s  
d i s t i n g u i s h e d  f r o m  t h e  s p e c i f i e d  t a b l e  i n  w h i c h  t h e  e n t r y  
i s  c o m p l e t e l y  d e s c r i b e d  i n  t h e  ' d e c l a r a t i o n ,  l a 2 5 a i  

7 , 2 6  " O r d i n a r y s T a b l e s H e a d i n g  ! a 2 6  

T h e  ' o r d i n a r y s t a b l e j h e a d i n g  c o n t a i n s  i n f o r m a t i o n  n e c e s s a r y  
t o  d e s c r i b e  a n d  n a m e  a n  o r d i n a r y  t a b l e ,  l a 2 6 a  

, 1  E v e r y  t a b l e  m u s t  b e  n a m e d ,  T h e  ' n a m e  b e c o m e s  a  
' t a b l e j n a m e ,  l a 2 6 a l  

, 2  I f  t h e  t a b l e  i s  t o  b e  i n d e p e n d e n t l y ,  d y n a m i c a l l y  
a l l o c a t e d ,  t h e  ' a l i o c a t i o n s s p e c i f i e r  m u s t  b e  p r e s e n t ,  i f  
t h e  p e r m a n e n c e  o f  t h e  t a b l e  i s  t o  b e  r e s t r i c t e d  t o  
s o m e t h i n g  l e s s  t h a n  i n  r e s e r v e ,  t h e  
• e n v i r o n m e n t a l i s p e c i f i e r  m u s t  b e  p r e s e n t ,  i f  n e i t h e r  a n  
' a l l o c a t i o n s s p e c i f i e r  n o r  a n  ' e n v i r o n m e n t a l J s p e c i f i e r  i s  
p r e s e n t ,  t h e  t a b l e  h a s  f i x e d  a l l o c a t i o n  a n d  i s  i n  
r e s e r v e ,  i t  t h e  t a b l e  i s  t o  b e  c o l l e c t e d  w i t h i n  a  d a t a  
b l o c k ,  t h e r e  m u s t  b e  n o  " a l l o c a t l o n j s p e c i f i e r  o r  
' e n v i r o n m e n t a l s s p e c i f i e r  i n  t h e  
' o r d i n a r y i t a b i e j d e c l a r a t i o n ,  T h e  d e s i r e d  e f f e c t  m u s t  b e  
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a c h i e v e d  a t  t h e  d a t a  b l o c k  l e v e l  v i a  t h e  
" d a t a : b l o c k : d e c l a r a t i o n ,  I a 2 6 a 2  

, 3  F o r  c o n t r o l l e d  a l l o c a t i o n  t a b l e s ,  t h e  
" a l l o c a t i o n : i n c r e m e n t  i s  a  " n u m b e r  t h a t  g i v e s  t h e  
d i m e n s i o n a l i t y  o f  t h e  s u b s e t  o f  t h e  t a b l e  t o  b e  a l l o c a t e d  
d y n a m i c a l l y ,  o m i t t i n g  t h e  " a l l o c a t i o n s i n c r e m e n t  m e a n s  
t h e  e n t i r e  t a b l e  i s  a l l o c a t e d  a t  o n e  t i m e ,  I f  a n  
" a l l o c a t i o n : i n c r e m e n t  i s  g i v e n  f o r  a  f i x e d  a l l o c a t i o n  
t a b l e  i t  g i v e s  t h e  c o m p i l e r  i n f o r m a t i o n  t h a t  m a y  b e  
u s e f u l  ( p e r h a p s  i f  s t o r a g e  i s  o r g a n i z e d  a s  p a g e s )  w i t h  
r e g a r d  t o  t h e  p r o g r a m m e r ' s  i n t e n d e d  u s a g e  a n a  I t  a f f e c t s  
t h e  m e a n i n g  o f  p a r a l l e l  s t o r a g e ,  I a 2 6 a 3  

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

, 5  T h e  " s t r u c t u r e s s p e c i f i e r  m a r k s  t h e  t a b l e  a s  b e i n g  o f  
s e r i a l ,  p a r a l l e l ,  o r  t i g h t  s t r u c t u r e ,  S e r i a l  i s  t h e  
d e f a u l t  s t r u c t u r e ?  p a r a l l e l  i s  o b t a i n e d  b y  s c r i p t i n g  „ P j  
a n d  t i g h t  b y  _ T »  

, 6  T h e  " p a c k i n g s s p e c l f i e r  a l l o w s  t h e  t a b l e  t o  b e  
d e s i g n a t e d  f o r  d e n s e ,  m e d i u m ,  o r  n o  p a c k i n q ,  T h i s  
o c c u r r e n c e  o f  t h e  " p a c k i n g s s p e c i f l e r  s e r v e s  a s  a  d e f a u l t  
v a l u e  f o r  " i t e m s d e c l a r a t i o n s  o f  t h i s  t a b l e  t h a t  d o  n o t  
c o n t a i n  t h e i r  o w n  a n d  i t  a l s o  d i r e c t s  t h e  p a c k i n g  o f  
e n t r i e s  o f  a  t i g h t  s t r u c t u r e  t a b l e .  T h e  o v e r a l l  d e f a u l t  
p a c k i n g  s p e c i f i c a t i o n  i s  " n o  p a c k i n g "  t o r  a n  o r d i n a r y  
t a b l e  o f  s e r i a l  o r  p a r a l l e l  s t r u c t u r e ,  i f  t h e  s t r u c t u r e  
i s  t i g h t ,  t h e  d e f a u l t  p a c k i n g  i s  d e n s e ,  A  t a b l e  r e a l l y  
i s  n o t  t i g h t  u n l e s s  i t s  e n t r i e s  a r e  m e d i u m  o r  d e n s e l y  
p a c k e d ,  i t  i s #  o f  c o u r s e #  m e a n i n g l e s s  t o  t r y  t o  p a c k  t h e  
i t e m s  o f  a n  e n t r y  m o r e  l o o s e l y  t h a n  t h e  e n t r i e s  
t h e m s e l v e s  a r e  a c t u a l l y  p a c k e d ,  

, 7  A h  " i t e m s d e s c r i p t i o n  c a n  b e  g i v e n  t o  a p p l y  t o  t h e  
" t a b i e j n a m e ,  I t s  e f f e c t  u p o n  t h e  s i z e  o f  t h e  e n t r y  a n d  
i t s  p o s i t i o n  w i t h i n  t h e  e n t r y  a r e  t h e  s a m e  a s  i f  i t  w e r e  
t h e  d e s c r i p t i o n  o f  a  s i n g l e  i t e m  c o n t a i n e d  i n  t h e  t a b l e .  
I f  t h e  " i t e m ; d e s c r i p t i o n  o c c u r s  i n  t h e  
• o r d t n a r y : t a b l e i h e a d i n g #  t h e  " o r d i n a r y : t a b l e j h e a d i n g  i s  
t h e n  t h e  e n t i r e  " o r d i n a r y : t a b l e : d e c l a r a t i o n  a n d  t h e r e  i s  
n o  " o r d i n a r y t t a b i e i b o d y ,  I f  t h i s  " i t e m : d e s c r i p t i o n  i s  
p r e s e n t #  t h e  " t a b l e m a m e  m a y  b e  u s e d  a s  a  
" t a b l e j v a r i a b l e ,  I f  t h i s  " i t e m t d e s c r i p t i o n  i s  m i s s i n g ,  
s u c h  a  r e f e r e n c e  m e a n s  a  r e f e r e n c e  t o  a n  " e n t r y : v a r i a b l e  
o f  t y p e  " b i t " ,  

I a 2 6 a 4  

I a 2 6 a 5  

l a 2 6 a f e  

i a 2 6 a 7  

3 4  



R J C  2 8 - M A Y * 7 4  0 7  J  1 2  3 0 8 0 8  
J 7 3  C h a p t e r 7  E d i t  

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

, 9  T h e  " o r d i n a r y s t a b l e i h e a d i n g  t e r m i n a t e s  w i t h  a  
" s e m i c o l o n „  

7 , 2 7  " o r d i n a r y i T a b l e t R o d y  

l a 2 6 a S  

I a 2 6 a 9  

i a 2 7  

T h e  " o r d i n a r y i t a b l e s p o d y  f o l l o w s  t h e  - o r d i n a r y : t a b l e : h e a d l n g  
i f  t h a t  h e a d i n g  d i d  n o t  i n c l u d e  a n  " i t e m s d e s c r i p t i o n ,  T h e  
" o r d i n a r y J t a b l e s b o d y  l i s t s  t h o s e  " i t e m s d e c l a r a t i o n s  a n d  
" s u b o r d i n a t e s o v e r l a y j d e c l a r a t i o n s  w h i c h  m a k e  u P  a n  e n t r y  o f  
t h e  t a b l e ,  l a 2 7 a  

, 1  T h e  " o r d i n a r y J t a b l e s b o d y  m a y  c o n s i s t  o f  o n l y  a  
" n u l l l d e c l a r a t i o n ,  T h e  " n u l l { d e c l a r a t i o n  i n d i c a t e s  t h a t  
n o  n a m e d  i t e m s  e x i s t  f o r  t h e  t a b l e ,  A n  e n t r y  s i z e  o f  o n e  
w o r d  i s  a s s i g n e d  t h e  t a b l e ,  l a 2 7 a l  

, 2  T h e  " o r d i n a r y : t a b l e i b o d y  c a n  b e  a  s i n g l e  
" o r d i n a r y i t a b i e j i t e m : d e c l a r a t i o n ,  A  c o m p l e t e  d i s c u s s i o n  
w a s  p r e s e n t e d  i n  s e c t i o n  7 , 1 9 *  t h e  
- o r d i n a r y : t a b l e i i t e m : d e c l a r a t i o n  a s  p r e s e n t e d  h e r e  i s  
d e r i v e d  f r o m  t h a t  e a r l i e r #  m o r e  c o m p l e t e  d i s c u s s i o n ,  I a 2 7 a 2  

, 3  M o r e  t h a n  o n e  i t e m  c a n  b e  n a m e d  a n d  d e c l a r e d  b y  a  
s i n g l e  " d e c l a r a t i o n ,  T h e  " i t e m : d e s c r i p t i o n  g i v e s  t h e  
t y p e ,  s i z e ,  a n d  p r e c i s i o n  o f  t h e  i t e m s ,  T h e  
* p a c k i n g : s p e c i f i e r  g i v e s  t h e  p a c k i n g  o f  t h e  i t e m  i n  a n  
e n t r y  a n d  i f  a b s e n t  t h e  d e f a u l t  i s  t o  t h a t  s p e c i f i e d  m  
t h e  * o r d i n a r y : t a b i e : h e a d i n g ,  T h e  " c o n s t a n t : l i s t  c a n  
p r o v i d e  i n i t i a l  v a l u e s  f o r  t h e  i t e m  i f  t h e  t a b l e  i s  i n  
r e s e r v e ,  I a 2 7 a 3  

, 4  T h e  " o r d i n a r y : t a b l e : b o d y  c a n  a l t e r n a t i v e l y  b e  a  
c o m p o u n d  " d e c l a r a t i o n  c o m p r i s i n g  
" o r d i n a r y : t a b l e j i t e m : d e c l a r a t i o n s  a n d  
" s u b o r d i n a t e i o v e r l a y i d e c l a r a t i o n s  e n c l o s e d  i n  t h e  
b r a c k e t s  . B E G I N  a n d  . E N D  a n d  o p t i o n a l l y  t e r m i n a t e d  b y  a  
" s e m i c o l o n ,  T h e  i t e m s  h e r e b y  d e c l a r e d  a r e  a r r a n q e d  b y  
t h e  c o m p i l e r  i n  s o m e  m a n n e r  t h a t  i t  c o n s i d e r s  e f f i c i e n t ,  
i n  p a c k i n g  t h e  i t e m s  t o  f o r m  a n  e n t r y  t h e  c o m p i l e r  i s  
c o n s t r a i n e d  b y  t h e  a p p r o p r i a t e  * p a c k i n g : s p e c i f i e r s  a n d  
" s u b o r d i n a t e { o v e r l a y : d e c l a r a t i o n s ,  I a 2 7 a 4  
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7 , 2 8  " S u b o r d i n a t e  I O v e r  l a y  J  D e c l a r a t i o n  i a 2 8  

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

, i  A  " s u b o r d i n a t e s o v e r l a y s d e c l a r a t i o n  m a y  a p p e a r  o n l y  
b e t w e e n  t h e  . B E G I N  a n d  „ E N D  " p r i m i t i v e s  t h a t  d e l i m i t  a n  
" o r d i n a r y s t a b l e s b o d y .  O n l y  t h e  " n a m e s  o f  i t e m s  d e c l a r e d  
i n  t h a t  s a m e  " " o r d i n a r y j t a b l e j b o d y  m a y  a p p e a r  i n  t h e  
" s u b o r d i n a t e s o v e r l a y s d e c l a r a t i o n  a n d  t h e  
" o r d i n a r y s t a b l e s i t e m s d e c l a r a t i o n s  m u s t  P r e c e d e  t h e  
" s u b o r d i n a t e  s  o v e r l a y i d e c l a r a t i o n ,  i a 2 B a l  

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

, 3  W h i l e  n o n o v e r l a p p i n g  s p a c e  i s  a s s i g n e d  t h e  i t e m s  
r e f e r e n c e d  I n  a  " s u b o r d i n a t e j o v e r  l a y j s t r i n g #  t h e  s p a c e  
c o n t r o l l e d  b y  t h e  v a r i o u s  " s u b o r d i n a t e i o v e r i a y j s t r i n g s  o f  
a  " s u h o r d l n a t e t o v e r l a y i e x p r e s s i o n  d o e s  o v e r l a p ,  T h e  
a m o u n t  o f  s p a c e  c o n t r o l l e d  b y  t h e  
" s u b o r d i n a t e j o v e r l a y t e x p r e s s l o n  i s  d e t e r m i n e d  s o  a s  t o  
c o n t a i n  t h e  m o s t  d e m a n d i n g  " s u b o r d i n a t e j o v e r l a y s s t r i n g ,  
T h e  i t e m s  r e f e r e n c e d  i n  t h e  r e m a i n i n g  
" s u b o r d i n a t e j o v e r  l a y i s t r i n g s  s h a r e  t h e  d e t e r m i n e d  s p a c e ,  
S i n c e  " s u b o r d i n a t e j o v e r l a y i e x p r e s s i o n s  m a y  b e  e n c l o s e d  i n  
" p a r e n t h e s e s  a n d  t r e a t e d  a s  
" s u b o r d i n a t e j o v e r l a y j e i e m e n t s #  i t e m  a r r a n g e m e n t s  o f  
v a r y i n g  c o m p l e x i t y  c a n  b e  b u i l t  u p ,  i a 2 8 a 3  

, 4  T h e  f o l l o w i n g  e x a m p l e  d e p i c t s  a  p o s s i b l e  a r r a n g e m e n t  
o f  i t e m s  i n  r e s p o n s e  t o  a  
" s u b o r d i n a t e i o v e r l a y j d e c l a r a t i o n  w i t h  t w o  
" s u b o r d i n a t e j o v e r l a y j s t r l n g s #  o n e  o f  w h i c h  h a s  a n  
e m b e d d e d  " s u b o r d i n a t e i o v e r l a y j e x p r e s s i o n ,  I a 2 8 a 4  

I t e m s  . B Y  a n d  . B E  a r e  a s s i g n e d  n o n o v e r l a p p i n g  s p a c e  y e t  
t h e  s p a c e  t h e y  o c c u p y  i s  s h a r e d  w i t h  i t e m  J B X j  t h e  s i z e  
o f  . B X  i s  l a r g e r  t h a n  t h e  c o m b i n e d  s i z e s  o f  . B Y  a n d  . B E #  
s o  i t #  t h e r e f o r e ,  d e t e r m i n e s  t h e  a m o u n t  o f  s p a c e  
c o n t r o l l e d  b v  t h e  e m b e d d e d  
" s u b o r d i n a t e j o v e r l a y i e x p r e s s i o n ,  i t e m s  . B C  a n d  . B A  a r e  
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each assigned space that does not overlap either that of 
the other or the common space assigned -,BX, -By and -BZ, 
Items „AA, „A6, and .AC are, in the same way, assigned 
nonoverlapping space. Finally, the space assigned the .A 
•items does overlap the space assigned the _B -items, 
The size of the space controlled by the 
"subordinate:overlaysstring referencing the „B -items is 
the larger of the two so it determines the space 
controlled by the "subordinates over lays declaration, la28aS 

,S An "iteminame must not appear in more than one 
"subordinatejoveriayistring, If 
*subordlnate?overlay?declarations contradict one another, 
the meaning is undefined, Ia28a6 

7,29 "SpecifiediTable^Declaration ia29 

A "specltiedstablesdeclaration consists of a 
"specifiedltablesheading usually followed by a 
•specifledjtablesbody, 

*1 As distinguished from the ordinary table for which 
the compiler determines the size and composition of an 
entry, a specified tab^e is one for which the entry is 
completely described by the user, Entry specification is 
performed by the contents of both the 
"specifiedstablesheading and the "speci: 

la29a 

specifiedJ table:body, la29al 

7,30 "SpecifledtTabletHeading 

The "specifiedttabielheading contains information necessary 
to name a specified table and describe its entry makeup. 

Ia30 

la30a 

, 1  Every table must be namedt The "name becomes a 
"tabiejname, ia30ai 

,2 The "environmental{specifier# "allocationsspecifler, 
"allocations increment, "dimensions list, 
"structurejspecifier, and "constantslist ail function in 
the same way they did in the "ordinarystabiesheading, 
•They determine the unit of allocation, Permanence# 
dimensionality, extent in each dimension, structure, and 
initialization values of the tablep They were reviewed 
in the discussion of the "ordinaryitableiheading 
subsequent to being individually introduced and need no 
further explanation at this point, ia3Qa2 

,3 The size of an entry of a specified table and perhaps 
its disposition within a computer word is described by a 
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" n u m b e r  o r  s e r i e s  o t  " n u m b e r s ,  I f  t h e  t a b l e  i s  o f  
p a r a l l e l  o r  s e r i a l  s t r u c t u r e ,  t h e  " w o r d s ? p e r ? e n t r y  m u s t  
b e  s c r i p t e d  a s  a  " n u m b e r  t o  t e l l  h o w  m a n y  c o m p u t e r  w o r d s  
a r e  o c c u p i e d  b y  e a c h  e n t r y .  F o r  a  t i g n t i y  s t r u c t u r e d  
t a b l e  t h e  e n t r i e s  a r e  l o c a t e d  w i t h i n  a  c o m p u t e r  w o r d  b y  
o n e ,  t w o ,  o r  t h r e e  " n u m b e r s ,  " B i t s { p e r : e n t r y  g i v e s  t h e  
s i z e  o f  a n  e n t r y  i n  b i t s ,  T h e  s i z e  m u s t  b e  n o  g r e a t e r  
t h a n  t h e  s i z e  o f  a  c o m p u t e r  w o r d ,  " B i t  ? n u m b e r  g i v e s  t h e  
p o s i t i o n  w i t h i n  t h e  w o r d  o f  t h e  f i r s t  b i t  o f  t h e  f i r s t  
e n t r y  ( i n  e a c h  w o r d ) ,  I t  d e f a u l t s  t o  z e r o ,  
" E n t r i e s ? p e r t w o r d  t e l l s  h o w  m a n y  e n t r i e s  g o  i n  e a c h  w o r d ,  
T h i s  m y s t  b e  c o m p a t i b l e  w i t h  t h e  p a c k i n g ? s p e c i f i e r  ( w h i c h  
d e f a u l t s  t o  " d e n s e " ) ,  I f  t h e  t h i r d  " n u m b e r  i s  a b s e n t *  i t  
d e f a u l t s  t o  t h e  m a x i m u m  p o s s i b l e  i n  l i g h t  o f  t h e  o t h e r  
t w o  " n u m b e r s  a n d  t h e  " p a c k i n g ? s p e c i f i e r ,  I a 3 0 a 3  

, 4  T h e  " p a c k i n g ? s p e c i f i e r  m a y  o c c u r  i n  t w o  p l a c e s  w i t h i n  
t h e  " s p e c i f i e d ? t a b l e ? h e a d i n g ,  T h e  f i r s t  o c c u r r e n c e  i s  
c o n n e c t e d  w i t h  t h e  d i s p o s i t i o n  o f  a n  e n t r y  o f  a  t i g h t l y  
s t r u c t u r e d  t a b l e .  T h e  s e c o n d  i s  c o n c e r n e d  w i t h  t h e  
" i t e m i d e s c r i p t i o n  w h i c h  m a y  o p t i o n a l l y  o c c u r  w i t h i n  t h e  
" s p e c i f i e d ? t a b l e ? h e a d i n g ,  T h e  " p a c k i n g ? s p e c l f i e r  d o e s  
n o t  s e r v e  a s  a  d e f a u l t  v a l u e  f o r  i t e m s  o f  t h e  t a b l e ,  T h e  
a c t u a l  p a c k i n g  o f  t h e  t i g h t l y  s t r u c t u r e d  e n t r y  i s  
a c c o m p l i s h e d  b y  t h e  " b i t s i p e r ? e n t r y ,  " b i t ? n u m b e r ,  a n d  
" e n t r i e s ? p e r ? w o r d  v a l u e s  a n d  i s  o n l y  d e s c r i b e d  b y  t h e  
" p a c k i n g ? s p e c i f i e r .  T h e  " p a c k i n g ? s p e c i f i e r  m u s t  b e  a n  
a c c u r a t e  d e s c r i p t i o n  o f  t h e  l o c a t i o n  o f  t h e  e n t r y  i n  a  
c o m p u t e r  w o r d  j u d g e d  i n  t e r m s  o f  a n y  c o n v e n i e n c e  t h e  
c o m p u t e r  p r o v i d e s  t o  a c c e s s  p a r t s  o f  a  w o r d ?  o t h e r w i s e  
u n a u t h o r i z e d  u s e  o f  s u r r o u n d i n g  b i t s  m a y  o c c u r .  T h e  
d e f a u l t  v a l u e  f o r  t h e  p a c k i n g  o f  t i g h t l y  s t r u c t u r e d  
e n t r i e s  i s  d e n s e ,  I a 3 0 a 4  

, 5  A n  i t e m  o f  t h e  s a m e  " n a m e  a s  t h e  t a b l e  c a n  b e  
d e c l a r e d  w i t h i n  t h e  " s p e c i f l e d ? t a b i e ? h e a d i n g ,  A n  
* l t e m ? d e s c r i p t i o n ,  o p t i o n a l  " p a c k i n g ? s p e c i f i e r ,  a n d  
l o c a t i o n  i n f o r m a t i o n  s e r v e  t o  d e c l a r e  t h e  i t e m ,  T h e  
v a r i o u s  c o m p o n e n t s  d e c l a r i n g  t h e  i t e m  f u n c t i o n  I n  t h e  
s a m e  w a y  a s  i n  t h e  " s p e c i f i e d ? t a b l e ? i t e m ? d e c l a r a t i o n  ( s e e  
S e c t i o n  7 , 3 1 , 3 ) ,  I f  a n  i t e m  i s  d e c l a r e d  b y  t h e  
" s p e c i f l e d ? t a b i e j h e a d i n g  t h e n  t h e  " t a b l e ; d e c i a r a t i o n  i s  
j u d g e d  c o m p l e t e  a n d  t h e r e  c a n  b e  n o  a c c o m p a n y i n g  
" s p e c i f i e d ? t a b i e i b o d y ,  I f  t h e  i t e m  i s  d e c l a r e d ,  t h e n  t h e  
" t a b l e j n a m e  c a n  b e  u s e d  a s  a  " t a b l e ? v a r i a b l e ?  o t h e r w i s e ,  
s u c h  a  r e f e r e n c e  m e a n s  a  r e f e r e n c e  t o  a n  " e n t r y j v a r l a b l e ,  i a 3 0 a s  

, 6  T h e  " s p e c i f i e d ? t a b l e ? h e a d i n g  t e r m i n a t e s  w i t h  a  
" s e m i c o l o n ,  l a 3 0 a f c  
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7 . 3 1  " S p e c i f i e d j T a b l e i B o d y  l a 3 l  

T h e  " s p e c i f  l e d  I  t a b l e ' b o d y  f o l l o w s  " s p e c i t i e d J t a b l e i h e a d i n g s  
t h a t  d o  n o t  d e c l a r e  I t e m s ,  I t  d e c l a r e s  t h o s e  i t e m s  w h i c h  
m a k e  u p  a n  e n t r y  o f  t h e  n a m e d  s p e c i f i e d  t a b l e ,  l a 3 i a  

, 1  T h e  ^ s p e c i f i e d ! t a b l e j b o d y  r e s e m b l e s  t h e  
" o r d i n a r y i t a b i e i b o d y ,  i t  c a n  c o n s i s t  o f  a  s i n g l e  
" n u l U d e c l a r a t i o n ,  A l s o ,  t h e  " s p e c i f l e d j t a b i e i b o d y  m a y  
e i t h e r  b e  a  s i n g l e  " s p e c i f i e d s t a b l e i l t e m j d e c i a r a t l o n  o r  
s e v e r a l  o f  t h e m  c o l l e c t e d  a s  a  c o m p o u n d  " d e c l a r a t i o n  b y  
t h e  " p r i m i t i v e s  „ 8 E G T N  a n d  „ E N 0 ,  
" S p e c i f i e d i t a b l e i i t e m i d e c l a r a t l o n s  i n c l u d e  i n f o r m a t i o n  t o  
p o s i t i o n  t h e  i t e m s  w i t h i n  a n  e n t r y i  n o  
" s u b o r d l n a t e { O v e r l a y { d e c l a r a t i o n s  a r e  a l l o w e d ,  
R e g a r d l e s s  o f  p o s i t i o n i n g  i n f o r m a t i o n  i n  t h e  
" s p e c i f l e d j t a b l e t b o d y ,  t h e  e n t r y  s i z e  i s  t a k e n  f r o m  t h e  
d e c l a r e d  s i z e  a s  s p e c i f i e d  i n  t h e  
" s r e c i f l e d { t a b l e j h e a d i n g ,  l a 3 1 a l  

, 2  T h e  " s p e c i f i e d i t a b l e i i t e m : d e c l a r a t i o n  I s  d i s c u s s e d  i n  
b r i e f  b e l o w ,  T h e  d i s c u s s i o n  i s  d e r i v e d  f r o m  a n  e a r l i e r  
m o r e  c o m p l e t e  d i s c u s s i o n  o f  " i t e m ? d e c l a r a t i o n s  ( s e e  
S e c t i o n  7 , 1 9 ) ,  I a 3 i a 2  

, 3  M o r e  t h a n  o n e  " i t e m i n a m e  c a n  b e  i n c l u d e d  y e t  a l l  
i t e m s  n a m e d  h a v e  e x a c t l y  t h e  s a m e  a t t r i b u t e s  a n d  o c c u p y  
t h e  s a m e  p o s i t i o n  i n  a n  e n t r y ,  T h e  " i t e m i d e s e r i p t i o n  
g i v e s  t h e  t y p e ,  s i z e  a n d  p r e c i s i o n  o f  t h e  i t e m ,  T h e  
" p a c k i n g { s p e c i f i e r  t e l l s  h o w  t h e  i t e m  i s  t o  b e  a c c e s s e d  
a n d  d e f a u l t s  t o  d e n s e ,  T h e  " b i t { n i j m . b e r  a n d  " w o r d t n u m b e r  
l o c a t e  t h e  i t e m  w i t h i n  a n  e n t r y  o f  t h e  t a b i e j  f o r  t i g h t  
s t r u c t u r e d  t a b l e s  t h e  * w o r d { n u m b e r  m u s t  b e  s u p p r e s s e d ,  
The "constant{ l i s t  can provide  i n i t i a l  v a l u e s  for  the  
i t e m  i f  t h e  t a b l e  i s  i n  r e s e r v e ,  i a 3 1 a 3  

, 4  T h e  P o s i t i o n i n g  i n f o r m a t i o n  f o r  a n  i t e m  c a n  b e  
i n c o m p a t i b l e  w i t h  t h e  e n t r y  s i z e  a s  s p e c i f i e d  i n  t h e  
" s p e c i f i e d i t a b i e i h e a d l n g ,  T o  w h a t  e x t e n t  t h i s  c a n  h a v e  
a n y  m e a n i n g  i s  s y s t e m  d e p e n d e n t ,  I t  i s  p o s s i b l e  t h a t  f o r  
e n t r i e s  w i t h i n  o n e  r o w  o f  a  s e r i a l  t a b l e  a n d  w i t h i n  o n e  
a l l o c a t i o n  s u b m a n i f o l d  ( a n d  n o t  t o o  n e a r  t h e  e n d  o f  t h e  
r o w )  r e f e r e n c e  t o  a n  i t e m  d e c l a r e d  t o  b e  b e y o n d  t h e  s i z e  
o f  a n  e n t r y  m a y  - j u s t  u t i l i z e  s p a c e  i n  t h e  f o l l o w i n g  e n t r y  
o r  e n t r i e s  i n  a  s t r a i g h t f o r w a r d  m a n n e r ,  I a 3 1 a 4  

7 . 3 2  " D a t a { B l o c k { D e c l a r a t i o n  l a 3 2  
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A  d a t a  b l o c k  i s  a  c o n v e n i e n t  s t r u c t u r e  t o r  g r o u p i n g  a n d  
a l l o c a t i n g  s i m p l e  I t e m s ,  t a b l e s  a n d  o t h e r  d a t a  b l o c k s ,  l a 3 2 a  

, 1  T h e  " e n v i r o n m e n t a l f s p e e i f i e r  a n d  
" a l l o c a t i o n s s p e c i f i e r  f u n c t i o n  t h e  s a m e  a s  i n  o t h e r  
" d a t a : d e c l a r a t i o n s ,  I f  n e i t h e r  i s  p r e s e n t ,  t h e  d a t a  
b l o c k  i s  e n v i r o n m e n t a l  t o  t h e  p r o g r a m  a n a  i n  r e s e r v e ,  
T h e  " e n v i r o n m e n t a l : s p e c i f i e r  c a n  m a k e  t h e  d a t a  b l o c k  l e s s  
p e r m a n e n t  b y  d e c l a r i n g  i t  t o  b e  p r i v a t e  t o  s o m e  
e n c o m p a s s i n g  p r o c e d u r e  o r  p r o g r a m ,  T h e  
" a l l o c a t i o n : s p e c i f i e r  c a n  p r o v i d e  c o n t r o l l e d  a l l o c a t i o n  
f o r  t h e  d a t a  b l o c k .  I n  t h i s  c a s e ,  s p a c e  i s  o n l y  
a l l o c a t e d  t o  t h e  d a t a  b l o c k  d y n a m i c a l l y  i n  r e s p o n s e  t o  
i n s t r u c t i o n s  w i t h i n  t h e  o b j e c t  p r o g r a m  a n d  e v e r y  
r e f e r e n c e  t o  t h e  d a t a  b l o c k  o r  t o  t h e  d a t a  d e c l a r e d  
w i t h i n  i t  r e q u i r e s  r e s o l u t i o n  I n  t e r m s  o f  e i t h e r  a n  
i m p l i c i t  o r  e x p l i c i t  p o i n t e r ,  l a 3 2 a l  

, 2  C o n t r o l l e d  a l l o c a t i o n  a n d  r e s t r i c t e d  p e r m a n e n c e  
c a n n o t  b e  a t t e m p t e d  i n d i v i d u a l l y  b y  e l e m e n t s  o f  t h e  d a t a  
b l o c k ,  T h e s e  s p e c i f i c a t i o n s  m u s t  b e  m a d e  c o l l e c t i v e l y  
f O f  t h e  d a t a  b l o c k  a s  a  w h o l e ,  A d d i t i o n a l l y ,  f o r  t a b l e s  
d e c l a r e d  w i t h i n  a  d a t a  b l o c k ,  t h e  " l o w e r : b o u n d s  a n d  
" u p p e r : b o u n d s  f o r  a l l  i t s  d i m e n s i o n s  m u s t  b e  c o n s t a n t ,  i a 3 2 a 2  

, 3  T h e  i t e m s ,  t a b l e s  a n d  d a t a  b l o c k s  d e c l a r e d  w i t h i n  
t h i s  " d a t a : b l o c k j d e c l a r a t i o n  m a k e  u p  t h e  a s s o c i a t e d  d a t a  
b l o c k ,  T h e  o r d e r  o f  o c c u r r e n c e  o f  t h e  " d a t a i d e c l a r a t i o n s  
d o e s  n o t  i m p l y  t h e  o r d e r  o f  a l l o c a t i o n  f o r  t h e  a s s o c i a t e d  
s t r u c t u r e s ,  U n l e s s  o t h e r w i s e  d i r e c t e d  b y  a n  
" i n d e p e n d e n t : o v e r l a y i d e c l a r a t i o n ,  t h e  c o m p i l e r  i s  f r e e  t o  
a l l o c a t e  s p a c e  i n  a  m a n n e r  i t  c o n s i d e r s  c o n v e n i e n t  a n d  
e f f i c i e n t ,  I n  a l l  c a s e s ,  a l l o c a t i o n  o f  a l l  e l e m e n t s  o f  a  
d a t a  b l o c k  i s  f i x e d  a n d  c o n t i g u o u s .  R e f e r e n c e  t o  a n  
e l e m e n t  w i t h i n  t h e  d a t a  b l o c k  a l w a y s  c a u s e s  i t s  r e l a t i v e  
p o s i t i o n  w i t h i n  t h e  d a t a  b l o c k  t o  b e  a d d e d  t o  e i t h e r  t h e  
f i x e d  l o c a t i o n  o f  t h e  d a t a  b l o c k  o r  t o  t h e  v a l u e  o f  t h e  
d a t a  b l o c k  p o i n t e r ,  i n  t h e  c a s e  o f  a  c o n t r o l l e d  
a l l o c a t i o n  d a t a  b l o c k ,  e f f e c t i v e  a t  t h e  p o i n t  o f  
r e f e r e n c e ,  I a 3 2 a 3  

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

7 , 3 3  " i n d e p e n d e n t j Q v e r l a y  J  D e c l a r a t i o n  

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

, 1  J u s t  a s  t h e r e  a r e  d a t a  s t r u c t u r e s - « d a t a  b l o c k s ,  
t a b l e s ,  a n d  i t e m s - - * a s s o c i a t e d  w i t h  
" d a t a  5  b l o c k » d e c l a r a t i o n s ,  " t a b  l e i  d e c l a r a t i o n s ,  a n d  
" i t e m i d e c l a r a t i o n s #  s o  c a n  t h e r e  b e  t h o u g n t  t o  b e  o v e r l a y  
s t r u c t u r e s  a s s o c i a t e d  w i t h  t h e  v a r i o u s  c o m p o n e n t s  o f  
" i n d e p e n d e n t i o v e r  l a y i d e c l a r a t i o n s ,  w h e n  t h e  d a t a  
s t r u c t u r e s  r e f e r e n c e d  b y  t h e  
" i n d e p e n d e n t i o v e r l a y i d e c l a r a t i o n  a r e  m a t e r i a l i z e d  i n  
s t o r a g e  t h e y  g i v e  r i s e  t o  o v e r l a y  s t r u c t u r e s  k n o w n  b y  
s i m i l a r  w o r d s  i n  E n g l i s h  r a t h e r  t h e n  i n  t h e  i t a l i c i z e d  
m e t a l a n g u a g e ,  T h u s ,  w e  h a v e  o v e r l a y  e l e m e n t  f o r  
" i n d e p e n d e n t i o v e r l a y i e i e m e n t ,  o v e r l a y  s t r i n g  f o r  
" i n d e p e n d e n t i o v e r l a y t s t r i n g ,  a n d  o v e r l a y  e x p r e s s i o n  f o r  
" i n d e p e n d e n t t o v e r l a y i e x p r e s s i o n ,  A s  w i l l  b e  s e e n ,  s o m e  
o v e r l a y  s t r u c t u r e s  a r e  a l s o  d a t a  s t r u c t u r e s  a n d  s o m e  h a v e  
n o  c o u n t e r p a r t  d a t a  s t r u c t u r e ,  O t h e r  o v e r l a y  s t r u c t u r e s  
e x p r e s s  a  n e c e s s a r y  r e l a t i o n s h i p  o f  d a t a  s t r u c t u r e s ,  

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

, 3  A n  ^ i n d e p e n d e n t t o v e r i a y j s t r i n g  e x p r e s s e s  a  r e d u i r e d  
r e l a t i o n s h i p  o f  t h e  s p a c e  a l l o c a t e d  t o  t h e  s t r u c t u r e s  

I a 3 2 a 4  

l a 3 3  

i a 3 3 a  

l a 3 3 a i  

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

, 4  A n  " i n d e p e n d e n t j o v e r l a y j e x p r e s s i o n  u s u a l l y  e x p r e s s e s  
t h e  r e q u i r e m e n t  t h a t  d i f f e r e n t  d a t a  s h a r e  s t o r a g e  s p a c e ,  
T h e  o v e r l a y  s t r u c t u r e s  a s s o c i a t e d  w i t h  t w o  o r  m o r e  
" i n d e p e n d e n t j o v e r l a y s s t r i n g s  c o n n e c t e d  w i t h  " c o l o n s  a r e  
a l l o c a t e d  s t o r a g e  s p a c e  s o  t h a t  t h e y  b e g i n  w i t h  t h e  s a m e  
w o r d ,  T h u s #  t h e  l e n g t h  o f  a n  o v e r l a y  e x p r e s s i o n  i s  t h e  
l e n g t h  o f  t h e  l o n g e s t  o v e r l a y  s t r i n g  i t  c o n t a i n s ,  I a 3 3 a 4  

, 5  N o t e  t h a t  t h e  r e l a t i o n s h i p s  i n  a  c o m p l e x  
" i n d e p e n d e n t s o v e r i a y j e x p r e s s i o n  d o  n o t  r e q u i r e ,  i n  t h i s  
p a r t i a l  e x a m p l e ;  I a 3 3 a 5  

#  T 5  ) ,  T 1 5  ,  I a 3 3 a 5 a  

t h a t  - . T 1 5  i m m e d i a t e l y  f o l l o w s  „ T 5 ,  I t  m a y  b e  t h a t  t h e  
o v e r l a y  s t r i n g  a s s o c i a t e d  w i t h  s o m e  
" i n d e p e n d e n t i o v e r l a y t s t r i n q  i n  t h e  
" i n d e p e n d e n t i o v e r l a y ; e x p r e s s l o n  i n  " p a r e n t h e s e s  i s  l o n q e r  
t h a n  t h e  o n e  e n d i n g  w i t h  „ T 5 ,  - T l 5  i m m e d i a t e l y  f o l l o w s  
t h e  l o n g e s t  o v e r l a y  s t r i n g  a s s o c i a t e d  w i t h  t h e  
" i n d e p e n d e n t l o v e r l a y t e x p r e s s i o n  i n  " p a r e n t h e s e s ,  I a 3 i a 6  

, 6  T h e  a b s o l u t e  l o c a t i o n  o f  d a t a  r e f e r e n c e d  i n  
" i n d e p e n d e n t ; o v e r i a y ; d e c i a r a t i o n s  c a n  b e  d e t e r m i n e d  i n  
s e v e r a l  w a y s ,  C o m p o o l  d a t a  o c c u p y  l o c a t i o n s  a s s i g n e d  
o u t s i d e  t h e  w r i t i n g  a n d  c o m p i l a t i o n  o f  t h e  p r o g r a m ,  i f  a  
c o m p o o l  d a t u m  i s  m e n t i o n e d  i n  a n  
" i n d e p e n d e n t ; o v e r l a y i d e c l a r a t i o n #  i t  t h u s  f i x e s  t h e  
l o c a t i o n s  o f  a l l  d a t a  m e n t i o n e d  i n  t h e  s a m e  
* i n d e p e n d e n t ; o v e r i a y ; d e c l a r a t i o n f  I f  t h e  o p t i o n a l  
" n u m b e r  o r  ^ p a t t e r n ! c o n s t a n t  i n  " b r a c k e t s  i s  i n c l u d e d  i n  
a n  * , l n d e p e n d e n t ; o v e r l a y ; d e c l a r a t i o n »  i t  t h u s  f i x e s  ( b y  
w h a t e v e r  m e a n i n g  t h e  s y s t e m  a s c r i b e s  t o  s u c h  a  " n u m b e r )  
t h e  l o c a t i o n  o f  t h e  f i r s t  o v e r l a y  e l e m e n t #  a n d  t h e r e f o r e  
o f  a i l  o v e r l a y  e l e m e n t s #  o f  t h e  
" i n d e p e n d e n t ; o v e r i a y ; e x p r e s s i o n ,  I f  a n y  d a t u m  m e n t i o n e d  
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i n  a n  " i n d e p e n d e n t j o v e r l a y j d e c i a r a t i o n  i s  a l s o  m e n t i o n e d  
i n  a n  e a r l i e r  " i n d e p e n d e n t t o v e r l a y j d e c l a r a t i o n #  t h e  
p r e v i o u s l y  a l l o c a t e d  l o c a t i o n  f i x e s  t h e  l o c a t i o n  o f  a l l  
o v e r l a y  e l e m e n t s  o f  t h e  c u r r e n t  
" i n d e p e n d e n t i o v e r l a y s e x p r e s s i o n ,  I f  n o n e  o f  t h e s e  
c o n s t r a i n t s  a r e  p l a c e d  o n  t h e  l o c a t i o n s  o f  t h e  d a t a #  t h e  
c o m p i l e r  p l a c e s  t h e  e n t i r e  s t r u c t u r e  d e t e r m i n e d  b y  t h e  
r e l a t i o n s h i p s  o f  t h e  " i n d e p e n d e n t J o v e r l a y i d e c i a r a t i o n  i n  
c o n t i g u o u s  l o c a t i o n s  i t  c o n s i d e r s  e f f i c i e n t  a n d  
c o n v e n i e n t .  I t  d o e s  n o t  c o n s i d e r #  i n  a s s i g n i n g  t h e s e  
l o c a t i o n s #  a n y  d a t a  o v e r l a i d  o n t o  a b s o l u t e  l o c a t i o n s ,  

, 7  w h e n  t h e  " i n d e p e n d e n t ; o v e r l a y : d e c l a r a t i o n  c o n t a i n s  
t h e  o p t i o n a l  " n u m b e r  o r  " p a t t e r n J C o n s t a n t  i n  " b r a c k e t s  o r  
w h e n  t h e  l e f t m o s t  " i n d e p e n d e n t s o v e r l a y j e j e m e n t  i s  a  
r e f e r e n c e  t o  a  c o m p o o l  d a t u m  o r  a  d a t u m  m e n t i o n e d  i n  a  
p r e v i o u s  " i n d e p e n d e n t s o v e r l a y j d e c l a r a t l o n #  t h e n  
a l l o c a t i o n  p r o c e e d s  i n  t h e  m o s t  o b v i o u s  w a y ,  w i t h  t h e  
l o c a t i o n  o f  t h e  f i r s t  o v e r l a y  e l e m e n t  f i x e d #  t h e r e  
f o l l o w s  s e q u e n t i a l  a l l o c a t i o n  f o r  o v e r l a y  e l e m e n t s  o f  
e a c h  " i n d e p e n d e n t j o v e r l a v s  s t r i n g  w h i l e  o v e r l a y  s t r i n g s  
t h e m s e l v e s  s h a r e  a  c o m m o n  o r i g i n ,  H o w e v e r #  t h e  r e f e r e n c e  
p o i n t  n e e d  n o t  a p p e a r  a s  t h e  l e f t m o s t  
" I n d e p e n d e n t j o v e r l a y j e l e m e n t ?  t h e  " n a m e  o f  a  c o m p o o l  
d a t u m  o r  a  d a t u m  r e f e r e n c e d  i n  a n o t h e r  
" i n d e p e n d e n t t o v e r l a y ! d e c l a r a t i o n  m a y  a p p e a r  a s  a n  
i n t e r n a l  o p  e v e n  t e r m i n a l  " i n d e p e n d e n t s o v e r l a y j e i e m e n t #  
i n  t h e s e  c a s e s #  t h e  b a s i c  a l l o c a t i o n  r e l a t i o n  s t i l l  h o l d s  
b u t  I t  m a y  n o w  b e  c o n c e i v e d  o f  a s  a l l o c a t i n g  s p a c e  f o r  
t h e  o v e r l a y  e l e m e n t  o n  t h e  l e f t  o f  t h e  " c o m m a  t o  
i m m e d i a t e l y  n r e c e d e  t h a t  a l l o c a t e d  t o  t h e  o v e r l a y  e l e m e n t  
o n  t h e  r i g h t  o f  t h e  " c o m m a ,  

, 8  A H  " i n d e p e n d e n t ? o v e r l a y ! d e c l a r a t i o n s  t h a t  h a v e  I n  
c o m m o n  t h e  m e n t i o n  o f  a n y  p a r t i c u l a r  d a t a #  t o g e t h e r  
d e f i n e  a  s t r u c t u r e  o f  i n t e r r e l a t e d  d a t a  a s  i f  t h e y  h a d  
a l l  b e e n  m e n t i o n e d  i n  o n e  
" i n d e p e n d e n t { o v e r l a y i d e c l a r a t i o n ,  C o n s i d e r #  f o r  e x a m p l e ,  
t h e  t h r e e  " i n d e p e n d e n t s o v e r l a y j d e c i a r a t i o n s J  

I a 3 3 a 7  

I a 3 3 a 8  

O V E R L A Y  A A , 1 0 0 , ( B B  J  E E ) ?  

O V E R L A Y  C C # E E # D D ?  

O V E R L A Y  2 Q 0 # F f , G G  ?  D D ?  

I a 3 3 a 9  

I a 3 3 a 9 a  

I a 3 3 a 9 b  

I a 3 3 a 9 c  

A l t h o u g h  t h e i r  e n t i r e  s t r u c t u r a l  r e l a t i o n s h i p  c a n n o t  b e  
d e s c r i b e d  i n  a  s i n g l e  " i n d e p e n d e n t j o v e r l a y i d e c i a r a t i o n #  
t h e y  f o r m  a n  i n t e r r e l a t e d  a n d  c o n t i g u o u s  b l o c k  o f  
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s t o r a g e » - w h l c h  i s  a l l o c a t e d  a c c o r d i n g l y ,  F i g u r e  7 * 4  
d e p i c t s  t h e  a l l o c a t i o n  o f  s p a c e  t o  t h e  r e l a t e d  s t r u c t u r e ,  
i n  t h i s  d i a g r a m  t h e  o r i g i n  f o r  e a c h  o f  t h e  
• i n d e p e n d e n t j o v e r l a y j e x p r e s s i o n s  i s  r e p r e s e n t e d  b y  a n  
a s t e r i s k ,  I a 3 3 a l 0  

, 9  I t  i s  t h e  r e s p o n s i b i l i t y  o f  t h e  p r o g r a m m e r  t o  a v o i d  
c o n t r a d i c t i o n s  d u e  t o  t h e s e  a l l o c a t i o n  r u l e s ,  A  p r e q r a m  
i s  i l l e g a l  i f  i t  r e q u i r e s  t h e  a r r a n g e m e n t  o f  d a t a  
m e n t i o n e d  i n  a n  " i n d e p e n d e n t j o v e r l a y j d e c l a r a t i o n  t o  b e  
a l l o c a t e d  d i f f e r e n t  l o c a t i o n s *  p e r h a p s  d u e  t o  m e n t i o n  o f  
t w o  " n a m e s  f r o m  a  e o m p o o l  i n  a  s i m p l e  
" o v e r l a y J d e c l a r a t l o n  o r  t h e  s a m e  " n a m e  i n  t w o  
" o v e r l a y i d e c l a r a t i o n s  w i t h  a b s o l u t e  l o c a t i o n s ,  I t  i s  
i l l e g a l  t o  a t t e m p t  t o  r e l a t e  a n y  d a t a  d e c l a r e d  t o  b e  
i n d e p e n d e n t l y  p o i n t e d  t o ,  v i a  " o v e r l a y { d e c l a r a t i o n s ,  t o  
o t h e r  p o i n t e d * » t o  d a t a #  t o  f i x e d  a l l o c a t i o n  d a t a #  o r  t o  
a b s o l u t e  l o c a t i o n s ,  l a 3 3 a l i  

, 1 0  " I n d e p e n d e n t j o v e r l a y j d e c l a r a t i o n s  m a y  b e  u s e d  t o  
r e l a t e  d a t a  b l o c k s ,  t a b l e s  a n d  s i m p l e  i t e m s  t o  o n e  
a n o t h e r ,  T h e  e n t i r e  s e t  o f  r e l a t e d  s t r u c t u r e s  ( i n c l u d i n g  
a n y  d a t a  b l o c k s  c o n t a i n i n g  t h e m ) ,  i n  e f f e c t ,  f o r m s  a  d a t a  
b l o c k ,  N o n e  o f  t h e  r e l a t e d  d a t a  s t r u c t u r e s  c a n  b e  
d e c l a r e d  t o  b e  p o i n t e d  t o ,  w i t h i n  a  p o l n t e d - t o  d a t a  
b l o c k ,  h o w e v e r ,  " i n d e p e n d e n t ? o v e r l a y s d e c i a r a t i o n s  a r e  
p e r m i t t e d  t o  i n f l u e n c e  t h e  a r r a n g e m e n t  o f  t h e  d a t a  
d e c l a r e d  t h e r e i n ,  A n y  t a b l e  m e n t i o n e d  i n  a n  
" i n d e p e n d e n t j o v e r l a y s d e c l a r a t l o n  m u s t  h a v e  c o n s t a n t  
d i m e n s i o n  b o u n d s ,  I a 3 3 a l 2  

, 1 1  A n  e f f e c t i v e  d a t a  b l o c k ,  3 u s t  l i k e  a  d e c l a r e d  d a t a  
b l o c k #  h a s  a  c e r t a i n  d e g r e e  o f  p e r m a n e n c e ,  T h e  
p e r m a n e n c e  o f  a  d e c l a r e d  d a t a  b l o c k  i s  e x p r e s s e d  i n  t h e  
o p t i o n a l  " e n v i r o n m e n t a l » s p e c i f i e r  w i t h  a  d e f a u l t  t o  
r e s e r v e d ,  F o r  a n  e f f e c t i v e  d a t a  b l o c k  t h e  p e r m a n e n c e  
d e r i v e s  f r o m  t h e  p e r m a n e n c e  o f  t h e  c o n t a i n e d  d a t a  
s t r u c t u r e s ,  A l l  t h e  s t r u c t u r e s  o f  a n  e f f e c t i v e  d a t a  
b l o c k  m u s t  b e  a t  t h e  s a m e  l e v e l  o f  p e r m a n e n c e ?  i » e , #  t h e y  
m u s t  a l l  b e  i n  r e s e r v e  o r  a l l  a t  t h e  p r i v a c y  l e v e l  o f  a  
s i n g l e  p r o c e d u r e  o r  p r o g r a m ,  I f  t h e  e f f e c t i v e  d a t a  b l o c k  
c r e a t e d  b y  o n e  o r  m o r e  " i n d e p e n d e n t t o v e r l a y ? d e c l a r a t i o n s  
i s  t o  b e  p r i v a t e  t o  s o m e  s c o p e #  a t  l e a s t  o n e  o f  t h e  
o v e r l a y  e l e m e n t s  m u s t  b e  d e c l a r e d  ( b y  a n  a p p r o p r i a t e  
" e n v i r o n m e n t a l  ?  s p e c i f i e r )  t o  b e  p r i v a t e  t o  t h e  s e l e c t e d  
s c o p e ,  O t h e r  d a t a  e l e m e n t s  m a y #  b u t  n e e d  n o t ,  b e  
d e c l a r e d  p r i v a t e  t o  t h a t  s a m e  s c o p e ,  H o n ®  m a y  b e  
d e c l a r e d  t o  b e  p o i n t e d  t o ,  N o n e  m a y  h a v e  a  c o n t r a d i c t o r y  
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•environmental:specifier, "Contradictory" can best be 
explained by means of an example: 

PROC P4: 

..BEGIN 

*»F 

PROC P3 IN P4f 

•BEGIN 

ITEM 031, 032 FF 

OVERLAY 031 1 Q.32» 

» • • 

PROC P2 IN P2F 

•BEGIN 

ITEM 921 IN P3 Ff 

* *, 

PROC PI: 

•BEGIN 

ITEM QLL F: 

OVERLAY QU, Q2T» 031: 

«• * 

END 

, 11 

END 

I • I 

END 

la33al3 

la33al3a 

1 a.3 3a13b 

Ia33al3bl 

Ia33al3b2 

Ia33al3b3 

Ia33al3b3a 

U33al3b3b 

la33al3b3c 

U33al3b3d 

la33al3b3e 

Ia33al3b3el 

la33al3b3e2 

ia33al3b3e3 

Ia33al3b3e4 

la33al3b3e4a 

Ia33al3b3e4b 

Ia33al3b3e4c 

la33ai3b3e5 

Ia33al3b3eb 

Ia33al3b3t 

Ia33al3b3g 

la33al3b4 

la33al3b5 
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E N D  i a 3 3 a l 3 c  

, 1 2  P r o c e d u r e  - . P I  c o n t a i n s  a n  
" i n d e p e n d e n t j o v e r l a y { d e c l a r a t i o n  m e n t i o n i n g  d a t a  l o c a l  t o  
. P I #  . P 2 #  a n d  . P 3 #  r e s p e c t i v e l y ,  T h i s  s e r v e s  t o  m a k e  
- G i l  p r i v a t e  t o  „ P 3 #  d u e  t o  i t s  r e l a t i o n s h i p  t o  . . 0 3 1 ,  I t  
w o u l d  s e r v e  t o  m a k e  . Q 2 1  a l s o  p r i v a t e  t o  . P 3  e x c e p t  t h a t  
t h e  " p r o c e d u r e s h e a d i n Q  f o r  - P 2  m a k e s  a i l  t h e  o t h e r w i s e  
d e f a u l t e d  d a t a  o f  . P 2  p r i v a t e  t o  . P 2 ,  T o  a v o i d  t h e  
c o n t r a d i c t i o n #  . Q 2 1  m u s t  b e  d e c l a r e d  p r i v a t e  t o  . P 3 ,  i n  
. P 3  t h e r e  i s  a n o t h e r  " i n d e p e n d e n t i o v e r l a y t d e c l a r a t i o n  
r e l a t i n g  - Q 3 2  t o  . 0 3 1 ,  T h i s  a d d s  . 0 3 2  t 0  t h e  e f f e c t i v e  
d a t a  b l o c k  c o n t a i n i n g  . Q 3 1 #  . 0 2 1 ,  a n d  . Q l l ,  N o w  t h e  
" e n v i r o n m e n t a l s s p e c i f i e r  i n  t h e  " p r o c e d u r e s h e a d i n g  f o r  
_ P 3  m a K e s  t h i s  e f f e c t i v e  d a t a  b l o c k  p r i v a t e  t o  . P 4 #  a l o n g  
w i t h  a l l  t h e  o t h e r w i s e  d e f a u l t e d  l o c a l  d a t a  o f  - P 3 ,  T h i s  
e f f e c t i v e  d a t a  b l o c k  c a n  o n l y  b e  a t  t h e  p r i v a c y  l e v e l  o f  
t h e  u n n a m e d  d a t a  s p a c e  o f  . P 3  —  i t  c a n n o t  b e  a f f e c t e d  b y  
a n  " e n v i r o n m e n t a U s p e c i f i e r  i n  a  " d a t a j d e c l a r a t i o n  w i t h i n  
. P 3  — b e c a u s e  t h e  d e c l a r a t i o n  f o r  * , 0 2 1  s p e c i f i c a l l y  
m e n t i o n s  . P 3  i n  i t s  " e n v i r o n m e n t a l { s p e c i f i e r ,  I a 3 3 a i 4  

, 1 3  E a c h  " i n d e p e n d e n t i o v e r l a y i d e c l a r a t i o n  m u s t  o c c u r  
w i t h i n  a  " p r o g r a m i d e c l a r a t i o n  o r  " p r o c e d u r e J d e c l a r a t i o n  
s u c h  t h a t  a l l  t h e  d a t a  e l e m e n t s  i t  m e n t i o n s  a r e  l o c a l  o r  
o u t e r #  b u t  n e v e r  o f  a n  i n n e r  o r  d i s j o i n t  s c o p e ,  A n  
" i n d e p e n d e n t t o v e r l a y i d e c l a r a t i o n  o c c u r r i n g  i n  a  
" d a t a S b l o c k J d e c l a r a t i o n  i s  r e s t r i c t e d  t o  a r r a n g i n g  d a t a  
e l e m e n t s  d e c l a r e d  t h e r e i n *  i t  i s  p r o h i b i t e d  f r o m  
a t t e m p t i n g  t o  r e l a t e  t h e  d a t a  b l o c *  t o  o t h e r  d a t a  
s t r u c t u r e s  t h r o u g h  t h e  m e n t i o n  o f  d a t a  s t r u c t u r e s  n o t  i n  
t h e  d a t a  b l o c k ,  C o n v e r s e l y #  a n  
" i n d e p e n d e n t s o v e r l a y j d e c i a r a t i o n  c a n n o t  a t t e m p t  t o  
a r r a n g e  t h e  d a t a  s t r u c t u r e s  c o l l e c t e d  i n  a  
" d a t a s b l o c k i d e c l a r a t i o n  u n l e s s  I t  t o o  i s  c o n t a i n e d  
t h e r e i n ,  I t  c a n #  h o w e v e r #  r e f e r e n c e  a  d a t a  b l o c k  o r  a n  
e l e m e n t  o f  a  d a t a  b l o c k  a s  a  m e a n s  o f  c o n t r o l l i n g  t h e  
p o s i t i o n  o f  t h e  d a t a  b l o c k  r e l a t i v e  t o  o t h e r  s t r u c t u r e s  
o f  t h e  e n v i r o n m e n t ,  I a 3 3 a i 5  

, 1 4  A n y  o p t i m i z a t i o n  d o n e  b y  t h e  c o m p i l e r  w i l l  t a k e  
c o g n i z a n c e  o f  t h e  r e i a t i o n s h i p s  a m o n g  t h e  e l e m e n t s  o f  
p r o g r a m  d a t a  e s t a b l i s h e d  b y  " o v e r l a y » d e c l a r a t i o n s ,  T h e  
r e l a t e d n e s s  o f  a l l  d a t a  c o n n e c t e d  t h r o u g h  r e l a t i o n s h i p s  
t o  " d a t a i n a m e s  m e n t i o n e d  i n  m o r e  t h a n  o n e  
" o v e r l a y i d e c l a r a t i o n  i s  r e c o g n i z e d ,  b u t  n o  c o g n i z a n c e  i s  
t a k e n  o f  r e l a t e d n e s s  d u e  t o  t h e  f o l l o w i n g  c i r c u m s t a n c e s ,  l a 3 3 a l f e  

a ,  I n t e r f e r e n c e  i s  , B w i j n o t , B s g j  r e c o b n i z e d  i f  i t  
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arises out of two data structures being independently 
overlaid on absolute locations, Ia33al6a 

b, interference of program data overlaid on absolute 
locations with system data* with data belonging to 
independent* concurrently operating programs* or with 
data the compiler allocates is ,031,n©t,BsOi 
recognized, Ia33ai6b 

Similarly* it is the programmer's responsibility* with 
regard to pointed-to data, to mafce sure that the pointer 
values do not cause interference, The compiler, of 
course, recognizes interference among overlaid data in a 
pointed»to data block or table, Example: Ia33al7 

OVERLAY [ 0 3 ALPHA i 100, BETA, Ia33al7a 

OVERLAY t 100 ) GAMMA I DELTA* EPSILON, Ia33al7b 

OVERLAY ZETA, CETA : EPSILON), Ia33al7c 

interference of -ZFTA with -DELTA and -GAMMA is 
recognized* but not so the interference with -BETA, 
Interference 0f -ALPHA with system data at zero is 
,BS1|not,0^0, recognized, Ia33al8 

7,34 *DefineiDeclaration ia*4 

The "definejdeclaration provides the means to manipulate the 
source program at compile time, la34a 

,1 The "define:name must not occur within the 
"definition* in such a manner as to cause recursive 
*definition!invocation (see Section 7,34,10), The 
following example shows the use of an unusual 
"define!declaration containing its own "name but not 
leading to recursive invocation! ta34ai 

ITEM FLIP U , la34aia 

PRUC TRIP i ta34atb 

BEGIN DEFINE FLIP H END FLIP « , la34alc 

ALPHA = BETA »* GAMMA , la34aid 

FLIP = DELTA / EPSILON , Ia34aie 

Subsequent references to the "deflnetname beyond the 
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t e r m i n a t i n g  ' s e m i c o l o n ,  w i t h i n  t h e  s c o p e  o f  t h e  
" d e f i n e : d e c l a r a t i o n ,  a r e  t r e a t e d  a s  i n v o c a t i o n s  o f  t h e  
a s s o c i a t e d  ' d e f i n i t i o n ,  I n v o k i n g  a  - d e f i n i t i o n  c a u s e s  
t h e  c o m p i l e r  t o  s u b s t i t u t e  t h e  " d e f i n i t i o n  f o r  t h e  
" d e f i n e j n a m e  i n  t h e  s o u r c e  p r o g r a m ,  L o g i c a l l y ,  
" d e f i n e i d e c l a r a t i o n s  a r e  o f  t w o  k i n d s :  t h o s e  w i t h  a n d  
t h o s e  w i t h o u t  - f o r m a l : d e f i n e i p a r a m e t e r s ,  A f t e r  
d e v e l o p i n g  a  f e w  n o t i o n s  c e n t r a l  t o  t h e  c o n c e p t  o f  
- d e f i n e : d e c l a r a t i o n ,  t h e  f o l l o w i n g  s e c t i o n s  s p e c i f y  f i r s t  
o n e  a n d  t h e n  t h e  o t h e r ,  I a 3 4 a 2  

, 2  A  - c o m m e n t  i s  n o t  p e r m i t t e d  b e t w e e n  t h e  " d e f i n e : n a m e  
a n d  t h e  - d e f i n i t i o n ,  s i n c e  t h e  s a m e  - i d e o g r a m  i s  u s e d  t o  
d e l i m i t  b o t h  a  - c o m m e n t  a n d  a  - d e f i n i t i o n ,  t h e  c o m p i l e r  
w i l l  c o n f u s e  o n e  f o r  t h e  o t h e r  a n d  b e  u n a b l e  t o  d e t e c t  
t h e  e r r o r ,  I a 3 4 a 3  

, 3  " D e f i n i t i o n  m e a n s  a n y  s t r i n g  o f  J O V I A L  " s y m b o l s ,  T w o  
e x c e p t i o n s  a r e  n e c e s s a r y  t o  m a k e  t h i s  r u j . e  c o m p l e t e ,  U s e  
o f  t h e  - q u o t a t i o n : m a r k  a n d  u s e  o f  t h e  " e x c l a m a t i o n : p o i n t  
a r e  r e s t r i c t e d  w i t h i n  a  - d e f i n i t i o n ,  R e s t r i c t i o n s  a r e  
n e c e s s a r y  b e c a u s e  t h e s e  - i d e o g r a m s  a r e  a  p a r t  o f  t h e  
s y n t a x  o f  t h e  - d e f i n i t i o n ,  I a 3 4 a 4  

, 4  A s i n g l e  - q u o t a t i o n : m a r k  i s  n o t  p e r m i t t e d  w i t h i n  a  
- d e f i n i t i o n ,  T h i s  i s  a n  - i d e o g r a m  s i g n a l i n g  t h e  e n d  o f  
t h e  - d e f i n i t i o n  s o  i t s  o c c u r r e n c e  w i t h i n  t h e  - d e f i n i t i o n  
i s  i l l e g a l ,  T h e r e f o r e ,  a  c o n v e n t i o n  i s  n e c e s s a r y  w h i c h  
a l l o w s  t h e  i n c l u s i o n  o f  - q u o t a t i o n j m a r k s  i n  a  
- d e f i n i t i o n ,  T h e  c o n v e n t i o n  i s  t h i s :  e a c h  
" q u o t a t l o r u m a r k  d e s i r e d  i n  t h e  - d e f i n i t i o n  s h o u l d  b e  
s c r i p t e d  a s  t w o  - q u o t a t i o n t m a r k s ,  U p o n  
- d e f i n i t i o n : i n v o c a t i o n ,  t h e  p r o c e s s i n g  a l g o r i t h m s  r e d u c e  
a l l  s e q u e n c e s  o f  " o u o t a t i o n : m a r k s ,  i f ,  i n  a  s e q u e n c e  o f  
„ n  - g u o t a t i o n : m a r k s ,  i s  a n  e v e n  n u m b e r *  t h e n  _ n / 2  
- q u o t a t i o n : m a r k s  a r e  c o p i e d  f r o m  t h e  " d e f i n i t i o n ,  I f  - n  
i s  a n  o d d  n u m b e r ,  « ( n » l ) / 2  " q u o t a t t o n i m a r k s  a r e  c o p i e d  
f r o m  t h e  - d e f i n i t i o n  a n d  t h e  o d d  o n e  i s  i n t e r p r e t e d  a s  
t h e  e n d  o f  t h e  " d e f i n i t i o n ,  A n  i m p o r t a n t  a p p l i c a t i o n  o f  
t h e  u s e  o f  * n u o t a t i o n : m a r k s  a r i s e s  i n  t h o s e  c a s e s  w h e r e  a  
- d e f i n i t i o n  w h i c h  m u s t  b e  b r a c k e t e d  b y  " g u o t a t i o n : m a r k s  
( u s u a l l y  a n  i n s t a n c e  o f  a n  " a c t u a l : d e f i n e : p a r a m e t e r )  
o c c u r s  i n  a  - d e f i n i t i o n ,  T h e  a d d i t i o n a l  " q u o t a t i o n : m a r k s  
a t  e a c h  s u c c e s s i v e  l e v e l  o f  n e s t i n g  p e r m i t  t h e  p r o p e r  
m a t c h i n g  o f  - q u o t a t l o n : m a r k S  a s  d e l i m i t e r s ,  i a 3 4 a b  

, 5  T h e  u s e  o f  a  s i n g l e  - e x c l a m a t i o n : p o i n t  w i t h i n  a  
" d e f i n i t i o n  i s  r e s t r i c t e d  t o  t h e  I d e n t i f i c a t i o n  o f  
- f o r m a l i d e f i n e i p a r a m e t e r s  ( s e e  s e c t i o n  7 , 3 4 , 1 6 ) ,  
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H o w e v e r *  I n  a  w a y  s i m i l a r  t o  t h a t  t o r  " q u o t a t i o n i m a r k s *  a  
c o n v e n t i o n  h a s  b e e n  e s t a b l i s h e d  t o  a l l o w  t h e  u s e  o f  
• e x c l a m a t i o n j p o i n t s  i n  a  • d e f i n i t i o n ,  E a c h  d e s i r e d  
• e x c l a m a t i o n j p o i n t  t h a t  d o e s  n o t  i d e n t i f y  a  
• f o r m a l i d e f i n e j p a r a m e t e r  s h o u l d  b e  s c r i p t e d  a s  t w o ,  A t  
i n v o c a t i o n ,  s t r i n g s  o f  " e x e i a m a t i o n i p o i n t s  a r e  h a l v e d  a s  
t h e y  a r e  c o p i e d ,  I a 3 4 a 6  

, 6  " D e f  i n e  m a m e s  h a v e  s c o p e ,  T h e  r u l e s  a r e ,  a s  m u c h  a s  
p o s s i b l e ,  t h e  s a m e  a s  f o r  a l l  o t h e r  d e c l a r e d  • n a m e s ,  A  
" d e f i n e i d e c l a r a t i o n  l o c a l  t o  a n y  s c o p e  i s  n o t  e f f e c t i v e  
I n  a n y  o u t e r  s c o p e ,  A n  o u t e r  s c o p e  • d e t i n e i n a m e  I s  
e f f e c t i v e  w i t h i n  a n  i n n e r  s c o p e  u n l e s s  t h e r e  i s  s o m e  
e x p l i c i t  ' d e c l a r a t i o n  u s i n g  t h a t  " n a m e  i n  t h e  i n n e r  
s c o p e .  F o r  e x a m p l e ,  i f  « A A  i s  a  " d e f i n e j n a m e  i n  a n  o u t e r  
s c o p e ,  t h e n  d e c l a r i n g  „ A A  a s  a  • n a m e  i n  a n  
" i t e m : d e c l a r a t i o n  o r  a  " n a m e : d e c l a r a t i o n  i n  a n  i n n e r  
s c o p e  o v e r r i d e s  t h e  u s e  o f  - A A  a s  a  " d e f i n e : n a m e  i n  t h e  
i n n e r  s c o p e :  d e c j a r i n d  ~ A A  i n  a  " d e f i n e i d e c i a r a t i o n  i n  
t h e  i n n e r  s c o p e  i s  a  " d e f i n i t i o n  o f  . . A A  e f f e c t i v e  f o r  t h e  
i n n e r  s c o p e  o n l y  a n d  h a v i n g  n o  e f f e c t  o n  t h e  " d e f i n i t i o n  
o f  „ A A  f o r  t h e  o u t e r  s c o p e ,  I a 3 4 a 7  

, 7  T h e r e  i s  n o  r e d e f i n i t i o n  a n d  r e m o v a l  o f  d e f i n i t i o n s ,  
I n  n o  i n s t a n c e  i s  a  " n a m e  p e r m i t t e d  t o  h a v e  m o r e  t h a r >  o n e  
m e a n i n g  w i t h i n  a  p a r t i c u l a r  s c o p e ,  N e i t h e r  c a n  a  
f i r s t - l e v e l  " p r o c e d u r e i n a m e  b e  t h e  s a m e  a s  a  m a i n  s c o p e  
• d e f i n e i n a m e ,  s i n c e  t h e  " p r o c e d u r e j n a m e  h a s  m a i n  s c o p e ,  
A  m a i n  s c o p e  " l t e m j n a m e  c a n n o t  b e  t h e  s a m e  a s  a  m a i n  
s c o p e  " d e f i n e i n a m e ,  T h e  r e c o g n i t i o n  o f  a  d e c l a r a t i v e  
• p r i m i t i v e  r e n d e r s  a n  i m m e d i a t e l y  f o l l o w i n g  " n a p e  a n  
e r r o r  I f  t h a t  " n a m e  i s  t h e  " n a m e  a s s o c i a t e d  w i t h  a n y  
" d e c l a r a t i o n  ( i n c l u d i n g  a  " d e f i n e i d e c i a r a t i o n )  i n  t h e  
s a m e  s c o p e ,  T h i s  d o e s  , B = i m o t , B s 0 l  p r e v e n t  t h e  
• d e f i n i t i o n ! i n v o c a t i o n  o f  a  • d e f i n e i n a m e  w h i c h  c a u s e s  t h e  
i n t r o d u c t i o n  o f  a n y  d e c l a r a t i v e  " p r i m i t i v e ,  I a 3 4 a 8  

, 8  A  m a i n  s c o p e  " s t a t e m e n t : n a m e  c a n n o t  b e  t h e  s a m e  a s  a  
m a i n  s c o p e  ' d e f i n e i n a m e ,  b u t  t h e  a t t e m p t  t o  n a m e  a  
• s t a t e m e n t  f o l l o w i n g  t h e  " d e f i n e i d e c i a r a t i o n  i s  n o t  
t r e a t e d  a s  a n  e r r o r ,  J t  i s  t r e a t e d  a s  a n  i n v o c a t i o n  o f  
t h e  " d e f i n i t i o n ,  T h e  " n a m e j d e c l a r a t i o n  ( s e e  s e c t i o n  
7 , 3 5 )  i s  p r o v i d e d  t o  a l l o w  a n  i n n e r  s c o p e  " s t a t e m e n t m a m e  
t o  d u p l i c a t e  t h e  s p e l l i n g  o f  a n  o u t e r  s c o p e  " d e f i n e i n a m e  
a n d  s t i l l  b e  t r e a t e d  a s  a  " d e c l a r a t i o n  o f  a  n e w  l o c a l  
" s t a t e m e n t i n a m e  r a t h e r  t h a n  a s  a  " d e f l n i t i o n i i n v o c a t i o n  
o f  a n  o u t e r  s c o p e  " d e f i n i t i o n ,  I a 3 4 a 9  

, 9  N o  " d e f i n e i n a m e s  a r e  p e r m i t t e d  i n  a  

49  



J73 Chapter? Edit 
RJC 28-MAY*74 07{12 30808 

''proceduresdeclaration between the "primitive _PROC and 
the first terminating "semicolon, It is not always 
possible to differentiate between intended 
"definitions invocations and the "names of 
"formal;inputsparameters and "formalsoutputsparameters of 
the "proceduresdeclarations, Therefore, to avoid such 
ambiguities it is necessary to maxe "definesnames illegal 
in that range, Ia34al0 

,10 The occurrence of a "definitionsinvocation causes 
the "definition to be substituted for the 
"definjtionjinvocation in the source code of the 
"programj declaration, la34aii 

,11 "Definition means the same here as it does in a 
"csefineJdeclaration, In most cases, the bracketing 
"quotationsmarks are optional, but if the "definition 
contains one or more "commas or "rightjparentheses they 
are mandatory, while it is generally permitted for 
"definitions invocations to supply punctuation for source 
"statements and "declarations, that, freedom is not 
allowed within "definitionlinvocations themselves or in 
"actualsdefines parameters, The "parentheses which 
delimit the "actualJdefinesparameters and the "commas 
which separate the "actualsdefinesparameters must not 
derive from "definitions invocations, For example, 
-DFNAM(ZZ,BB) may be a legal "definitionsinvocation but 
DEFINE COMMA DFNAM(AA COMMA BR) is an illeqal 
sequence, This does not, of course, restrict a 
"definition from containing imbedded "definesnames but 
they are not recognized as "definitionsinvocations until 
the "definition is processed as source code, ia34ai2 

,12 A "definitionsinVocation may refer to "definitions 
existing external to the current program, Either a 
compool, a library, or both may include "definitions that 
are to be associated with "names as if through the use of 
..DEFINE, Ail such external "definesnameg must be 
introduced to the program by the "compoolsdirective, Ia34al3 

,13 A "definetname is not considered to be a 
"definitionsinvocation where it occurs as part of another 
"symbol such as a "comment, "charactersconstant, 
"statussconstant or "name, A "definitions invocation may 
occur m another "definition even before its own 
"definesdeclarationj however, it is not recognized as a 
"definitionsinvocation except when the encompassing 
"definition is invoiced and the substituted string of 
"symbols is examined as source code. Then the embedded 
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" d e f i n i t i o m i n v o c a t i o n  i n v o i c e s  i t s  o w n  " d e f i n i t i o n ,  O f  
c o u r s e ,  c i r c u l a r  o r  r e c u r s i v e  " d e f i n i t i o n s  a r e  n o t  
p e r m i t t e d ,  

, 1 4  W h e n  a  " d e f i n i t i o n s  i n v o c a t i o n  o c c u r s  o t h e r  t h a n  i n  a  
" d e f i n i t i o n #  t h e  a s s o c i a t e d  " d e f i n i t i o n s  a r e  s u b s t i t u t e d ,  
F o r  a  " d e f i n e s n a m e  w i t h o u t  " f o r m a l s d e f l n e s p a r a m e t e r s ,  
t h e r e  i s  o n l y  o n e  " d e f i n i t i o n  a n d  i t  i s  s i m p l y  
s u b s t i t u t e d  f o r  t h e  " n a m e ,  I f  t h e  " d e f i n i t i o n  c o n t a i n s  
s e q u e n c e s  o f  t w o  o r  m o r e  " q u o t a t i o n i m a r k s  o r  t w o  o r  m o r e  
" e x c l a m a t i o n j p o i n t s  i n  j u x t a p o s i t i o n ,  o n e  " m a r k  i s  
d e l e t e d  f r o m  e a c h  p a i r  o f  s u c h  " m a r k s  d u r i n g  
s u b s t i t u t i o n ,  T h e  r e s u l t i n g  s t r i n g  o f  " s y m b o l s  m a y  
i n c l u d e  " d e l i n i t i o n ! i n v o c a t i o n s  f o r  w h i c h  s u b s t i t u t i o n s  
a r e  m a d e  a s  t h i s  " d e f i n i t i o n  i s  p r o c e s s e d  a s  s o u r c e  c o d e ,  

, 1 5  A n  e x a m p l e  o f  " d e f i n e i d e c l a r a t i o n s  w i t h o u t  
" f o r m a l s d e f i n e s p a r a m e t e r s  a n d  t h e i r  u s e  i s ?  

I a 3 4 a l 4  

I a 3 4 a l 5  

I a 3 4 a i 6  

D E F I N E  A L P H A  «  B E T A  •  2  »  J  i a 3 4 a l 6 a  

D E F I N E  B E T A  h  G A M M A  +  3  »  )  I a 3 4 a l 6 b  

D E L T A  =  A L P H A  •  B E T A  f  i a 1 4 a l 6 c  

T h e  a b o v e  s e q u e n c e  o f  c o d e  h a s  t h e  s a m e  e f f e c t  a s :  I a 3 4 a l 7  

D E L T A  s  G A M M A  +  3  +  2  +  G A M M A  +  3  j  I a 3 4 a l 7 a  

, 1 6  W i t h i n  a  l i s t  o f  " f o r m a U d e f i n e j p a r a m e t e r s  a  " l e t t e r  
m a y  o c c u r  © m y  o n c e ,  C o n s e q u e n t l y ,  a  " d e f i n e j d e c i a r a t i o n  
c a n n o t  h a v e  m o r e  t h a n  2 6  " p a r a m e t e r s ,  A  c o r r e s p o n d e n c e  
i s  e s t a b l i s h e d  b e t w e e n  t h e  " a c t u a l j d e f i n e j p a r a m e t e r s  o f  a  
" d e f i n i t i o n j i n v o c a t i o n  a n d  t h e s e  
" f o r m a U d e f i n e { p a r a m e t e r s ,  O c c u r r e n c e  o f  t h e  " l e t t e r s  a s  
• p a r a m e t e r s  i n  t h e  " d e f i n i t i o n  m u s t  b e  P r e c e d e d  b y  a n  
" e x c l a m a t i o n j p o i n t ,  T h e y  t h e n  i n d i c a t e  w h e r e  t h e  
c o r r e s p o n d i n g  " a c t u a i i d e f i n e j p a r a m e t e r s  a r e  t o  b e  
i n s e r t e d  i n  t h e  " d e f i n i t i o n ,  E x a m p l e s !  I a 3 4 a l 8  

D E F I N E  I N C  ( X )  " I X  =  I X  +  1  ) " )  U 3 4 a l 8 a  

I N C  ( A B C )  I a 3 4 a l 8 b  

i s  n o w  e q u i v a l e n t  t o t  I a 3 4 a i 9  

A B C  s  A B C  +  1  j  l a 3 4 a i 9 a  

T h e  " s e m i c o l o n  w i t h i n  t h e  " d e f i n i t i o n  i s  n o t  r e q u i r e d )  

5 1  
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h o w e v e r *  I t  a f f e c t s  t h e  p r o p e r  w a y  t o  i n v o k e  t h e  
" d e f i n e i n a m e  I a 3 4 a 2 0  

I N C  C P D Q )  :  I a 3 4 a 2 0 a  

y i e l d s :  I a 3 4 a 2 i  

P D G  =  P D G  +  1  f  |  I a 3 4 a 2 1 a  

w i t h  a n  e x t r a  " s e m i c o l o n *  i n  t h i s  c a s e  s t a n d i n g  f o r  a  
" n u l l : s t a t e m e n t »  I a 3 4 a 2 2  

D E F I N E  G O I N G  ( F , G , K )  »  F O R  K ( J F  B Y  U N T I L  K >  J  K ) y  "  ;  
i a 3 4 a 2 2 a  

S u b s t i t u t i o n  w o u l d  n o t  b e  m a d e  f o r  t n e  - F  i n  - F O R  o r  f o r  
t h e  f i r s t  a n d  s e c o n d  « , K * s  b e c a u s e  t h e y  a y e  n o t  p r e c e d e d  
b y  " e x e l a m a t i o n t p o i n t s ,  I a 3 4 a 2 3  

, 1 7  S u b s t i t u t i o n  o f  t h e  " a c t u a i i d e f i n e i p a r a m e t e r  f o r  t h e  
" f o r m a l : d e f i n e { p a r a m e t e r  n e i t h e r  r e m o v e s  n o r  a d d s  
s i g n i f i c a n t  " s p a c e s  t h a t  m a y  l e a d  o r  t r a i l  t h e  
• f o r m a l i d e f i n e i p a r a m e t e r  s o  t h a t  j u x t a p o s i t i o n  o f  o t h e r  
" s i g n s  i n  t h e  " d e f i n i t i o n  w i t h  t h e  s u b s t i t u t e d  
" a c t u a l : d e f i n e { p a r a m e t e r  c a n  c r e a t e  " s y m b o l s  f r o m  t h e  
c o m b i n a t i o n ,  E x a m p l e :  i a 3 4 a 2 4  

D E F I N E  T D E C  C A * B * C * D )  i a 3 4 a 2 4 a  

" T A B L E  1 A  C 1 8 » 1 C  *  1 D ]  P  N |  I a 3 4 a 2 4 b  

B E G I N  } A F 1  F  I  F 2 { A  F  f  E N D  "  I  I a 3 4 a 2 4 c  

T h e  " d e f i n i t i o n ? i n v o c a t i o n  I a 3 4 a 2 5  

T D E C  C R X  *  5  *  A L P H A  *  « 4 , B E T A » )  ?  I a 3 4 a 2 5 a  

w o u l d  c a u s e  t h e  r e s u l t i n g  s t r i n g  I a 3 4 a 2 6  

T A B L E  R X  C 5 , A L P H A , 4 , B E T A J  P  N  {  I a 3 4 a 2 6 a  

B E G I N  P X F |  F  |  F 2 R X  F  |  E N D  I a 3 4 a 2 6 b  

L e a d i n g  o r  t r a i l i n g  " s p a c e s  w i t h  t h e  
" a c t u a l { d e f i n e { p a r a m e t e r  a r e  o m i t t e d  u n l e s s  t h e  
" a c t u a i i d e f i n e { p a r a m e t e r  i s  d e l i m i t e d  b y  
" q u o t a t i o n i m a r x s ,  I n  t n a t  c a s e *  a n  " s i g n s  w i t h i n  t h e  
d e l i m i t i n g  " m a r k s *  i n c l u d i n g  l e a d i n g  a n d  t r a i l i n g  
" s p a c e s *  f o r m  t h e  s t r i n g  t o  b e  s u b s t i t u t e d  f o r  t h e  
" f o r m a l { d e f i n e { p a r a m e t e r ,  1 a 3 4 a 2 7  
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,18 A "definition!invocation must not be used to create 
"symbols by juxtaposing the •definition with the "symbols 
preceding or following the invoicing "definejname, For 
example! Ia34a28 

DEFINE STAR «*" f Ia34a28a 

A = B STAR# C j 1a34a28b 

cannot be used to generate ia34a29 

A = B *# C } Ia34a29a 

Note the distinction between this and the previous case, 
"Symbols can be created by proper positioning of 
"fcrmalJdefinejparameters within a "definition but 
"symbols cannot be created by juxtaposition of a string 
of "characters substituted for a "definitioniinvocation 
within the immediate environment of the 
"definitionjinvocation, la34a3Q 

,19 when a "def ine J declaration contains a list, of 
"fermaijdefinejparameters it is invoked by using a 
"definitionjinvocation which includes 
"actualJdefine^parameters • The "defineiname is* of 
course, the matching key. The "definitions in the list 
of "actualidefineiparameters are matched with the 
"letters in the list of "formaljdefinejparameters, There 
must not be more "actualjdefinejparameters than there are 
"formaljdefinejparameters, "commas must be used as 
needed to indicate missing "actualjdefine!parameters 
where the temporary "definition of the corresponding 
"formaljdefinejparameter Isto be a null string* In any 
case, it the "defineideclaration is parameterized, any 
corresponding "definitionjinvocations must include the 
"parentheses, For example# in each of the 
"definltionJ invocations -DEFIO and „DEF3(#AA,BB) a null 
string is to be substituted for the first 
"formaljdefinejparameter, and in the invocation 
„DEF3(XX,¥Y#) a null string is to be substituted for the 
third "formaljdefinejparameter. Note that DEFlC" ") is 
necessary to cause a "space to be substituted for the 
"tormalldefinejpararneter, The mechanism at 
"definitionjinvocation when there are "parameters can be 
considered as the following steps! i«34a31 

a, A copy is made of the "definition corresponding to 
the "definejname, Sequences of two or more 
"guotationjmarfcs or two or more "exclamationlpoints 
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a r e  h a l v e d  d u r i n g  t h e  c o p y i n g ,  T h e  p r o c e s s i n g  o £  
o t h e r  " d e f i n i t i o n : i n v o c a t i o n s  i s  p o s t p o n e d  u n t i l  s t e p  

I a 3 4 a 3 1 a  

b ,  T h e  " f o r m a i : d e £ l n e : p a r a m e t e r s  b e c o m e  t e m p o r a r y  
" d e f i n e : n a m e s  w i t h  t e m p o r a r y  " d e f i n i t i o n s ,  
c o r r e s p o n d i n g  b y  p o s i t i o n ,  f r o m  t h e  l i s t  o f  
" a c t u a l : d e f i n e : p a r a m e t e r s ,  I a 3 4 a 3 i b  

c ,  T h e  t e m p o r a r y  " d e f i n i t i o n s  c o r r e s p o n d i n g  t o  t h e  
w f o r m a l : d e f i n e i p a r a m e t e r s  r e p l a c e  t h e  o c c u r r e n c e s  o f  
t h o s e  m t o r m a l : d e f i n e f p a r a m e t e r s  i n  t h e  c o p y ,  
S e q u e n c e s  of  t w o  or  more  "quQtat ion:marks  or  t w o  or  
more  "exc lamat ionIPoints  in  the  temporary  "def in i t ions  
a r e  h a l v e d  d u r i n g  t h e  r e p l a c e m e n t ,  l a 3 4 a 3 1 c  

d ,  T h e  m o d i f i e d  c o p y  r e p l a c e s  t h e  
" d e f i n i t i o n : i n v o c a t i o n ,  i a 3 4 a 3 i d  

e ,  T h e  r e s u l t i n g  s t r i n g  o f  " s y m b o l s  i s  p r o c e s s e d  a s  
s o u r c e  c o d e ,  i f  i t  c o n t a i n s  " d e f i n i t i o n : i n v o c a t i o n s ,  
t h e  s u b s t i t u t i o n s  a r e  m a d e  a t  t h i s  t i m e .  T h e  
o c c u r r e n c e  o f  " d e f i n i t i o n : i n v o c a t i o n s  w i t h  " p a r a m e t e r s  
l e a d s  b a c k  t o  s t e p  a ,  i a 3 4 a 3 1 e  

, 2 0  T h e  f o l l o w i n g  e x a m p l e  s h o w i n g  t h e  u s e  o f  a  
" d e f i n e t d e c l a r a t i o n  w i t h  " f o r m a l : d e f i . n e : p a r a m e t e r s  m a k e s  
u s e  o f  p r e v i o u s  e x a m p l e s  g i v e n  i n  S e c t i o n  7 , 3 4 , 1 5 ,  
C o n s i d e r  t h e  f o l l o w i n g  a d d i t i o n a l  " d e f i n e : d e c l a r a t i o n s :  l a 3 4 a : 3 2  

D E F I N E  A S S I G N  " a "  ?  U 3 4 a 3 2 a  

D E F I N E  M A X  £ A ,  B #  C )  I a 3 4 a 3 2 b  

" J C  A S S I G N  } A  J  I F  1 C  <  J B  J  J C  A S S I G N  i B  J  «  :  I a 3 4 a 3 2 c  

a n d  a  " d e f i n i t i o n : i n v o c a t i o n :  I a 3 4 a 3 3  

M A X  (  A L P H A  ,  " A R C T A N C A A , 8 B ) »  ,  F l  )  f  l a 3 4 a 3 3 a  

R e c o g n i t i o n  o f  t h e  " d e f i n i t i o n : i n v o c a t i o n  o f  M A X  r e s u l t s  
i n  t h e  f o l l o w i n g  p r o c e s s i n g ,  F i r s t ,  a c c o r d i n g  t o  s t e p  

t h e  " d e f i n i t i o n  i s  m a d e ,  I a 3 4 a 3 4  

I a 3 4 a 3 4 a  

I a 3 4 a 3 4 b  

I a 3 4 a 3 4 e  

3 4 ,  i 9 a ,  a  c o p y  

J C  A S S I G N  J A  

I F  J C  <  i  B  |  

J C  A S S I G N  J B  
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B y  s t e p  b #  t h e  f o l l o w i n g  a s s o c i a t i o n s  a r e  m a d e ?  I a 3 4 a 3 5  

„ A  i s  a s s o c i a t e d  w i t h  . . A L P H A  i a 3 4 a 3 5 a  

i s  a s s o c i a t e d  w i t h  « A R C T A N ( A A # B B )  U 3 4 a 3 5 b  

„ C  i s  a s s o c i a t e d  w i t h  J F 1  I a 3 4 a 3 s c  

B y  s t e p  c #  r e p l a c e m e n t  i s  w a d e  i n  t h e  c o p y  a n d  b y  d ,  t h e  
c o p y  r e p l a c e s  t h e  " d e f i n i t i o n ! i n v o c a t i o n  i n  t h e  s o u r c e  
s t r e a m ,  I a 3 4 a 3 6  

F i  A S S I G N  A L P H A  >  I a 3 4 a 3 6 a  

I F  F l  <  A R C T A N ( A A , B B )  J  I a 3 4 a 3 6 b  

F l  A S S I G N  A R C T A N ( A A # B B )  j  i a 3 4 a 3 6 C  

F o l l o w i n g  t h e  s u b s t i t u t i o n #  t h e  ' d e f i n i t i o n  i s  p r o c e s s e d  
a s  s o u r c e #  b y  s t e p  e ,  w i t h  t h e  r e m a i n i n g  
" d e f i n i t i o n ! i n v o c a t i o n s  r e c o g n i z e d  a n d  r e s o l v e d  a s  
f o l l o w s !  I a 3 4 a 3 7  

F i  s  G A M M A  +  3  +  2 1  I a 3 4 a 3 7 a  

I F  F i  <  A R C T A N C A A , B B )  |  I a 3 4 a 3 7 b  

F l  s  A R C T A N ( A A # B B )  f  1  a . 3 4 a 3 7 c  

, 2 1  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  u s e  o f  
s e q u e n c e s  o f  t w o  o r  m o r e  " q u o t a t i o n i m a r k s  a s  d e l i m i t e r s  
o f  " d e f i n i t i o n s !  I a 3 4 a 3 8  

D E F I N E  F U N C C A #  B )  M ( 1 A  +  J B ) / 2 "  j  I a 3 4 a 3 8 a  

D E F I N E  A B C F U N C  " F U N C  ( A l ,  «  «  A R C T A N  ( A 2  #  A 3  )  »  «  )  »  }  i a 3 4 a 3 8 b  

X X = A R C F U N C  f  I a 3 4 a 3 8 c  

T h i s  m u s t  b e  d o n e  i n  t w o  s t a g e s  a n a  y i e l d s  f i r s t !  I a 3 4 a 3 9  

X X S F L N C ( A l  #  » A R C T A N ( A 2 # A 3 ) , ) )  !  i a 3 4 a 3 9 a  

a n d  f i n a l l y !  i a 3 4 a 4 0  

X X = ( A i  +  A R C T A N ( A 2 # A 3 ) ) / 2  !  I a 3 4 a 4 0 a  

, 2 2  M u l t i p l e #  b r a c k e t i n g  " q u o t a t i o n ! m a r k s  a r e  a l s o  
r e q u i r e d  i f  a  " d e f i n e ! d e c l a r a t i o n  o c c u r s  i n  t h e  
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• d e f i n i t i o n  o f  a n o t h e r  " d e f i n e t d e c i a r a t i o n ,  I n  s u c h  a  
c a s e ,  t h e  i n c l u d i n g  " d e f i n e s d e c l a r a t i o n  m a y  b e  i n v o k e d  
o n l y  o n c e  i n  a n y  s c o p e  ( u n l e s s  t h e  I n c l u d e d  " d e f i n e i n a m e  
i s  m o d i f i e d  b y  a n  " a c t u a l j d e f i n e i P a r a m e t e r ) ,  M o r e  t h a n  
o n e  s u c h  u s e  w o u l d  b e  a n  a t t e m p t  t o  r e d e c l a r e  t h e  
i n c l u d e d  " d e f i n e j n a m e ,  l a J 4 a 4 1  

7 , 3 5  " N a m e S D e c l a r a t i o n  l a 3 5  

T h e  " n a m e i d e c i a r a t i o n  i s  a  s c o p i n g  m e c h a n i s m ,  I t  p r o v i d e s  
t h e  m e a n s  o f  c l a r i f y i n g  t h e  i n t e n d e d  s c o p e  f o r  
• p r o c e d u r e : n a m e s  a n d  " s t a t e m e n t s n a m e s ,  l a 3 5 a  

, 1  T h e  " n a m e i d e c l a r a t i o n  c a n  o c c u r  i n  a n y  s c o p e ,  I n  t h e  
m a i n  s c o p e  i t  o c c u r s  a s  a  p a r t  o f  a n  
" e x t e r n a l i d e c l a r a t i o n  ( s e e  C h a p t e r  9 ) ,  i n  t h i s  u s a g e ,  i t  
d e s i g n a t e s  " s t a t e m e n t i n a m e s  t h a t  a r e  e i t h e r  r e f e r e n c e d  o r  
d e c l a r e d  i n  t h e  c u r r e n t  p r o g r a m  a s  b e i n g  o f  e x t e r n a l  
s c o p e ,  A s  a  p a r t  o f  t h e  " e x t e r n a l i d e c l a r a t i o n  t h i s  
" d e c l a r a t i o n  i s  p r e c e d e d  b y  e i t h e r  o f  t h e  " p r i m i t i v e s  
„ R E F  o r  . D E F ,  l a 3 5 a l  

, 2  I n  a n  i n n e r  s c o p e ,  t h e  " n a m e i d e c i a r a t i o n  r e s o l v e s  a n y  
p o s s i b l e  c o n f l i c t s  b e t w e e n  l o c a l  " s t a t e m e n t !  a n d  
" p r o c e d u r e j n a m e s  a n d  o u t e r  s c o p e  " d e f i n e i n a m e s ,  S i n c e  
t h e  " d e c l a r a t i o n  o f  l o c a l  " s t a t e m e n t i n a m e s  a n d  t h e  
i n v o c a t i o n  o f  l o c a l  p r o c e d u r e s  a r e  n o t  i n t r o d u c e d  b y  
d e f i n i n g  " p r i m i t i v e s ,  i t  i s  n e c e s s a r y  t o  b e  a b l e  t o  m a k e  
a  d i s t i n c t i o n  b e t w e e n  t h i s  u s e  o f  a  " n a m e  a n d  t h e  
i n v o c a t i o n  o f  a n  o u t e r * s e o p e  " d e f i n i t i o n  w i t h  a  
s i m i l a r i t y  s p e l l e d  " d e f i n e i n a m e .  T o  a v o i d  s u c h  
c o n f l i c t s ,  " p r o c e d u r e i n a m e s  f o r  p r o c e d u r e s  t h a t  a r e  
r e f e r e n c e d  b e f o r e  t h e y  a r e  d e c l a r e d  a n d  " s t a t e m e n t i n a m e s  
c a n  b e  l i s t e d  i n  a  " n a m e i d e c i a r a t i o n ,  I a 3 5 a 2  
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A  V o t e  f o r  t h e  F i l t e r  R e s t r u c t u r l n q  e l e c t i o n  

I  d o n ' t  K n o w  i f  m y  v o t e  c o u n t s  s i n c e  m y  o p p o r t u n i t i e s  t o  u s e  N l S  w i l l  
b e  s e v e r e l y  r e s t r i c t e d  i n n  t h e  f u t u r e ,  b u t  I  v o t e  f o r  m e t h o d  2  i n  t h e  
F i l t e r  R e s t r u c t u r e  e l e c t i o n ,  I  a m  s e n d i n g  t h i s  t o  y o u  b e c a u s e  l  
s u s p e c t  t h a t  i t  m a y  n o t  g e t  t h r o u g h  t h e  O F F I C E - I  f e e d b a c k  m e c h a n i s m ,  

1 
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S i g n i f i c a n t  c o n t r i b u t i o n s  t o  U S A F  o p e r a t i o n  s y s t e m s  o r  c a p a b i l i t i e s .  

I n f o r m a t i o n  P r o c e s s i n g  

R A D C / I S #  o v e r  t h e  p a s t  t e n  y e a r s #  h a s  b e e n  c o n d u c t i n g  a n  

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

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

r e d u c i n g  t h e  c o s t  o f  t h e  d a t a  p r o c e s s i n g  p o r t i o n  o f  A i r  F o r c e  

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

s i g n i f i c a n t  c o n t r i b u t i o n s  t h a t  h a v e  b e e n  g e n e r a t e d  b y  R A D C / I S ,  

i 
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b r i d g e  

D M * 1  

T h e  d e s i g n  a n d  i m p l e m e n t a t i o n  o f  t h e  D A T A  M a n a g e m e n t  S y s t e m  

D M * " !  ( D a t a  M a n a g e r )  w a s  c o m p l e t e d ,  T h e  D M *  1  s y s t e m  i s  

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

l a n g u a g e  ( J O V I A L )  a n d  I t s  o v e r a l l  d e s i g n  c o n t a i n s  t h e  b e s t  

f e a t u r e s  o f  m a n y  o t h e r  s y s t e m s ,  F r o m  D M - 1  w i l l  c o m e  m a n y  o f  

t h e  i t e m s  t h a t  w i l l  a i d  i n  t h e  f u t u r e  D a t a  M a n a g e m e n t  S y s t e m  

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

p h y s i c a l  f i l e s  a n d  a  l i b r a r y  s e r v i c e  w h i c h  w i l l  a l l o w  

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

T h e  R e l i a b i l i t y  A n a l y s i s  I n f o r m a t i o n  s y s t e m  ( R A C I S )  i s  t h e  

p r i n c i p l e  D O D  a c t i v i t y  t o r  o n e  c o l l e c t i o n #  s t o r a g e ,  a n a l y s i s  

a n d  d i s s e m i n a t i o n  o f  i n f o r m a t i o n  a n d  e x p e r i e n c e  d a t a  b e a r i n g  o n  

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

o n  t h e  H o n e y w e l l  6 0 0 / 6 0 0 0  c o m p u t e r s  h a s  b e e n  I m p l e m e n t e d  f o r  

t h e  R e l i a b i l i t y  A n a l y s i s  I n f o r m a t i o n  S y s t e m  ( R A C I S ) ,  A  s u b s e t  

o f  R A C I S  a p p l i c a t i o n s  a r e  c u r r e n t l y  b e i n g  p r o c e s s e d  t h r o u g h  t h e  

D M - 1  s o f t w a r e ,  

2 
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M U L T I C S  

R A D C  w a s  t h e  f i r s t  m i l i t a r y  e n v i r o n m e n t  t o  i m p l e m e n t  t h e  A R P A  

s p o n s o r e d  M U l t i c s  o p e r a t i n g  s y s t e m ,  T h i s  

b e y o n d „ t h e - s t a t  e . o f - t h e - A r t  s o f t w a r e #  w h i c h  r e p r e s e n t s  a  

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

t e s t e d  a n d  e v a l u a t e d  i n  t h e  R A D C  c o m p u t e r  f a c i l i t y ,  T h e  

r e s u l t s  o f  t h i s  i n  h o u s e  e v a l u a t i o n  a r e  r e c o r d e d  i n  R A D C  

T R - 7 1 - 1 2 1 #  " R A D C / M U L T I C S  E V A L U A T I O N , "  T h e  w o r k  e m p h a s i z e d  t h e  

a d v a n t a g e s  M U L T I C S  p r o v i d e s  o v e r  c o n v e n t i o n a l  o p e r a t i n g  s y s t e m s  

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

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

o f  3 0  m i l l i o n  w o r d s ,  T h i s  R A D C  s t u d y  h a d  a  m a j o r  i m p a c t  i n  

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

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

S e c r e t a r y  o f  D e f e n s e  ( S y s t e m  A n a l y s i s ) ,  R A D C  p e r s o n n e l  g a v e  

t e c h n i c a l  a s s i s t a n c e  t o  t h e  A i r  F o r c e  D a t a  S e r v i c e s  C e n t e r  w h o  

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

s o l u t i o n  w a s  p r o v i d e d  b y  t h e  i n s t a l l a t i o n  o f  a  c o m p l e t e  M U L T I C S  

s y s t e m  a t  t h e  A i r  F o r c e  D a t a  s e r v i c e  c e n t e r #  P e n t a g o n ,  R A D C #  

i n  i t s  c o n t i n u i n g  s t u d y  o f  M U L T I C S  c o m p l e t e d  t h e  d e s i g n  a n d  

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

m a n a g e m e n t  f u n c t i o n s  i n  t h e  M U L T I C S  e n v i r o n m e n t ,  T h e  t o o l s  

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

3 
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s t o r a g e  m a n a g e m e n t ,  p r o c e s s  c o n t r o l ,  a c c e s s  c o n t r o l  a n d  r e l a t e d  

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

t h e  G C O S / M U L T I C S  F i l e  T r a n s f e r  F a c i l i t y  t o  b e  u s e d  a t  t h e  A i r  

F o r c e  D a t a  S e r v i c e s  C e n t e r  t o  c o n v e r t  t h e i r  G C O S  c o m p u t i n g  l o a d  

t o  t h e  n e w l y  i m p l e m e n t e d  M U L T I C S  s y s t e m ,  T h e  t o o l s  a r e  

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

w i t h i n  a  M U L T I C S  e n v i r o n m e n t ,  

4 
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WWMCCS TESTING 

The Joint Tecnical Support Activity requested RADC to pursue 

research studies to determine adequate testing procedures for 

testing future releases of WWMCCS and associated software 

packages. Three studies were completed and methodologies were 

provided for; imbedding software monitors for data collection, 

stating user requirements consistent with DMS technology, 

testing security and restart/recovery features of a DMS, These 

efforts are impacting the community of WWMCCS users by allowing 

users to collect data down to the level of the operating 

system, t® analyze the DMS functional attributes against their 

operational requirements and to assist in evaluating the 

security of their operational environment, The experience 

gained by RADC personnel through these and other efforts had a 

major impact on the HQ AF directive that RADC be designated the 

technical laboratory for providing technical support to AF 

WWMCCS sites, 

5 
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T R A N S A C T I O N  P R O C E S S O R  

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

p r o c e s s o r  ( a  n e w l y  p r o v i d e d  e x e c u t i v e  s e r v i c e  o f  G C O S 5  t o  t h e  

D M » i  d a t a  m a n a g e m e n t  s y s t e m  t o  p r o v i d e  a  m u l t i - u s e r ,  p r i o r i t y  

d r i v e n  c a p a b i l i t y  f o r  a c c e s s  t o  t h e  D M - i ,  T h e  s i g n i f i c a n c e  o f  

t h i s  e x p e r i m e n t  i s  t h a t  i t  e s t a b l i s h e d  t h e  f a c t  t h a t  a  l a r g e  

c o m p u t e r  p r o g r a m  e x e c u t i n g  i n  a  G C o S  e n v i r o n m e n t  c o u l d  b e  m a d e  

a d a p t a b l e  t o  v a r y i n g  u $ e r  r e q u i r e m e n t s ,  I t  a l s o  p r o v i d e d  a  

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

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

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

p a r t  o f  t h e  t e c h n i c a l  s t r a t e g y  b e i n g  e m p l o y e d  b y  R A D C  f o r  t h e  

A i r  F o r c e  D a t a  D e s i g n  C e n t e r  i n  t h e i r  r e s p o n s i b i l i t y  f o r  

p r o v i d i n g  s t a n d a r d  c o m p u t e r  p a c k a g e s  f o r  t h e  A i r  F o r c e  W W M C C S  

s i t e s ,  

6 
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FEMJS 

Tbe RADC developed FEMIS system was implemented to provide an 

on-line capability for the Air Force communication Services 

(AFCS) management information system called EIMS (Engineering 

installation Management System), The EIM system was previously 

operated in a computer batch environment which could only 

provide bi*weeKly standard formatted printouts. Basically* 

while the data was available in the computer system, management 

was unable to extract it on an as-required basis, Information 

necessary to answer a specific question had to be weeded out of 

an array of from one to some 85 formatted products depending on 

the Particular data desired, The RADC on»line system accepted 

ail of the EIMS data and provided the capability to extract 

specific information as needed, The system was service tested 

with NCA's engineering and installation/maintenance program 

(which includes the Northern united states, European, and 

Alaskan Engineering) to assure the systems capability, 

flexibility and responsiveness to satisfy management 

requirements, The system worked so well that the entire AFCS 

EMIS master file was ted into the computer, All AFCS 

subcommands have a direct or indirect access to the EIMS 

Retrieval system. Commands in the continental United states 

have directed lines to the computer, Pacific and European 

7 
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C o m m u n i c a t i o n  A r e a s  m u s t  g o  t h r o u g h  A F C S  t o  o b t a i n  r e t r i e v a l  

i n f o r m a t i o n ,  

8 
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E X T E N D E D  I N S T R U C T I O N  S E T  

A n  i n . h o u s e  s t u d y  d i r e c t e d  b y  H Q  U S A F  ( A C D )  w a s  c o m p l e t e d  t o  

d e t e r m i n e  t h e  c a p a b i l i t i e s  o f  H o n e y w e l l ' s  E x t e n d e d  I n s t r u c t i o n  

S e t  ( E I 5 ?  w h i c h  w a s  b e i n g  p r o p o s e d  a s  a n  a d d i t i o n  t o  t h e  W W M C C S  

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

H a r d w a r e  C o m p a t a b l l i t y  S t u d y " #  a n d  " E f f e c t i v e n e s s  o f  W W M C C S  

O p e r a t i n g  s y s t e m  o n  H / 6 0 0 "  h a d  a  m a j o r  i m p a c t  o n  t h e  f i n a l  

d e c i s i o n  b y  t h e  H Q  U S A F  a n d  t h e  J o i n t  T e c h n i c a l  S u p p o r t  

A c t i v i t y  t o  u p g r a d e  a l l  A i r  F o r c e  w w M C C S  c o m p u t e r s  a n d  a l l  

o t h e r  w ^ n C C S  c o m p u t e r s  t o  p r o c e s s o r s  c o n t a i n i n g  t h e  E x t e n d e d  

I n s t r u c t i o n  S e t ,  T h e  r e s u l t s  p r o v i d e d  b y  R A D C  i n d i c a t e d  t h a t ?  

C i )  b o t h  e x e c u t i o n  t i m e  a n d  n u m b e r  o f  r e q u i r e d  i n s t r u c t i o n s  

f o r  C o b o i  p r o g r a m s  d e c r e a s e d  a p p r o x i m a t e l y  2 0 %  u s i n g  E I S #  ( 2 )  

E j S  w o u l d  h a v e  p o t e n t i a l  b e n e f i t  f o r  o t h e r  h i g h  l e v e l  l a n g u a g e s  

p r o g r a m s  ( F O R T R A N  a n d  J O V I A L ) #  a n d  ( 3 )  t h e  b a t c h  v e r s i o n  o f  

t h e  W W M C C 5  o p e r a t i n g  s y s t e m  w h i c h  n o r m a l l y  e x e c u t e s  o n  t h e  

H / 6 0 0 0  c o m p u t e r  c o u l d  a l s o  b e  e x e c u t e d  o n  t h e  h / 6 0 0  c o m p u t e r ,  

9 
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T I P I  

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

( T I P I )  i s  a i m e d  a t  p r o v i d i n g  a  m o b i l e  e n v i r o n m e n t  f o r  t h e  

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

i n t e l l i g e n c e ,  T h e  e f f o r t  i s  j o i n t l y  s p o n s o r e d  b y  t h e  U S A F  a n d  

t h e  U S  M a r i n e  C o r p s ,  P e r s o n n e l  f r o m  t h e  I n f o r m a t i o n  P r o c e s s i n g  

B r a n c h  ( R A D C )  p r o v i d e d  s u p p o r t  t o  a l l  m a j o r  c o m p o n e n t s  o f  t h e  

T I P I  s y s t e m ,  T h e s e  i n c l u d e d  t h e  O p e r a t i n g  S y s t e m ,  J O V I A L  

L a n g u a g e  C o m p i l e r #  a n d  D a t a  M a n a g e m e n t  S y s t e m ,  T h e  e x t e n t  o f  

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

f r o m  t h e  e v a l u a t i o n  o f  b i d d e r ' s  p r o p o s a l s  t h r o u g h  t h e  d e s i g n  

a n d  i m p l e m e n t a t i o n  o f  s y s t e m  s o f t w a r e ,  
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SEMANOL 

The SEMANOL (SEMANtics Oriented Language) System and a SEMANOL 

description oi the JOVIAL/J3 programming language was delivered 

to PADC under Contract F30602-72-C..0047, The SEMANOL System 

consists of a metalanguage called SEMANOL* which is capable of 

describing both the complete syntax and semantics of a 

programming language* and an interpreter which is capable of 

processing that description to produce a processor for the 

language described, Heretofore* no metalanguage existed which 

could unambiguously and completely soecify the total syntax and 

semantics o* a programming language and yet be readable by 

laymen with minimal instruction, In the past# language 

specifications were written in natural languages, which are 

very ambiguous, and the specifications were open to personal 

interpretation, This ied to drastic differences in any one 

language's compilers. The language processor produced by the 

SEMANOL system, although too inefficient for production use, 

can be used to test the SEMANQL description of the language, 

serve as an interpretation standard which compilers must match, 

and check out the impact of proposed changes to the language, 

SEMANOL was used to described JQVIAL/J3 as literally specified 

in AFM 100*24, and proved its worth by easily pointing out 

several ambiguities and incompletely specified portions, some 

11 
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o f  w h i c h  w e r e  K n o w n  a n d  s o m e  n o t  p r e v i o u s l y  b r o u g h t  o u t ,  I t  i s  

h o p e d  t h a t  S E M A N O L  w i n  b e c o m e  w i d e l y  u s e d  i n  t h e  s p e c i f i c a t i o n  

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

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

1 2  
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CMS-2 

The USN ^leet Combat Direction systems Support Activity 

(FCDSSA) San Diego, California, is pursuing a definition and 

test of CMS-2, a JOVIAL derivative language, via the SEMANOL 

metalanguage developed for RADC by TRW systems Group, Redondo 

Beach, California, The definition of CMG-2 is being handled 

un^er a separate Naval procurement from the current RADC 

SEmANOL/J73 effort, From RADC's viewpoint, the Naval work is 

an excellent testbed tor SEMANOLJ It can help flag potential 

problem areas in the SEMANOL language or the H-635 hosted 

interpreter not currently recognized as lacking in universality 

among computer programs, 

1 3  
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J O V I A L - J - 7 3  

A F M  1 0 0 - 2 4 ,  t h e  A i r  F o r c e  l a n g u a g e  s p e c i f i c a t i o n  f o r  J Q V I A L / J 3 ,  

w a s  P u b l i s h e d  i n  1 9 6 7  a n d  d e s c r i b e d  a  d i a l e c t  o f  J O V I A L #  c a l l e d  

J 3 #  w n i c h  f i r s t  a p p e a r e d  i n  e a r l y  1 9 6 3 ,  B y  m i d  1 9 6 9 ,  i t  w a s  

o f f i c i a l l y  r e c o g n i z e d  t h a t  J 3 #  w h i c h  w a s  d e s i g n e d  f o r  " s e c o n d  

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

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

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

h a r d w a r e ,  I n  a d d i t i o n ,  J 3  l a c k e d  c e r t a i n  c a p a b i l i t i e s  r e q u i r e d  

b y  t h e  A i r  F o r c e  C o m m a n d  a n d  C o n t r o l  c o m m u n i t y ,  i n  J u l y  1 9 6 9 ,  

R A D C  w a s  g i v e n  t h e  j o b  o f  c o r r e c t i n g  t h e s e  d e f i c i e n c i e s  f o r  

J O V I A L  a s  s p e c i f i e d  i n  A F M  1 0 0 - 2 4 ,  A  n u m b e r  o f  m e e t i n g s  w e r e  

h e l d  a n d  a t t e n d e d  b y  J O V I A L  u s e r s  a n d  l a n g u a g e  e x p e r t s  i n  t h e  

h o p e  t h a t  A F M  1 0 0 - 2 4  c o u l d  b e  u p d a t e d  t o  d e s c r i b e  a  v e r s i o n  o f  

J O V I A L  s i m i l a r  t o  J 3  w h i c h  w o u l d  c o r r e c t  t h e  d e f i c i e n c i e s  o f  

J 3 ,  H o w e v e r ,  w h e n  a n  a t t e m p t  t o  i n c o r p o r a t e  t h e  d e s i r e d  

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

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

r e s u l t  i n  a  l a n g u a g e  t h a t  h a d  a  g r o t e s q u e  s t r u c t u r e  a n d  w o u l d  

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

r a t h e r  t h a n  p r o d u c e  s u c h  a  p r o d u c t  ( a  " h o d g e - p o d g e "  o f  o l d  

J O V I A L  a n d  n e w  c o n c e p t s ) #  i t  w o u l d  b e  b e t t e r  t o  m a k e  s o m e  b a s i c  

c h a n g e s  t o  J O V I A L  t o  a c c o m m o d a t e  t h e  n e w  l a n g u a g e  s t r u c t u r e s ,  

1 4  
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T h i s  w a s  a c c o m p l i s h e d  w i t h  t h e  n e w  J O V I A L  J 7 3  l a n g u a g e ,  

J O V I A L « * J 7  3  h a s  s e v e r a l  f e a t u r e s  w h i c h  a r e  n e t  i n  J 3  a s  d e f i n e d  

i n  A F M  i 0 0 « 2 4 ,  T h e s e  f e a t u r e s ,  o r  t h e  c a p a b i l i t i e s  w h i c h  t h e y  

a d d  t o  t h e  l a n g u a g e ,  w e r e  r e q u e s t e d  b y  p e r s o n n e l  o n  G o v e r n m e n t  

p r o j e c t s ,  b o t h  p r e s e n t l y  u s i n g  J O V I A L  o r  p l a n n i n g  t o  u s e  

J O V I A L ,  T h e  f o l l o w i n g  a r e  t h e  m a j o r  c a p a b i l i t i e s  w h i c h  

J Q V I A L / J 7 3  h a s  o v e r  J O V I A L / J 3 I  C a )  C o n d i t i o n a l  a n d  l o o p  

s t a t e m e n t s  W h i c h  a l l o w  b e t t e r  " s t r u c t u r e d "  p r o g r a m s ,  C b )  

R e e n t r a n c y  a n d  r e c u r s i o n ,  ( c )  A t t r i b u t e  g u i d a n c e  C d 3  

F o r m a t t i n g  c e )  P o i n t e r s  a n d  p r o g r a m m e r  c o r e  a l l o c a t i o n  

c o n t r o l *  C £ )  A l t e r n a t e  e n t r a n c e s  t o  p r o c e d u r e s ,  ( g )  N e s t e d  

p r o c e d u r e s ,  ( h )  M a c r o - l l k e  D E F I N E  s t a t e m e n t s ,  ( i )  E x t e r n a l  

d a t a ,  p r o g r a m s ,  a n d  p r o c e d u r e s ,  ( j j  C o m P l l e r  d i r e c t i v e s ,  ( K )  

M u l t i d i m e n s i o n a l  t a b l e s ,  S i n c e  i t  i s  i n t u i t i v e l y  f e l t  b y  

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

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

b a c k e d ,  u p  w i t h  e m p i r i c a l  r e s u l t s ,  t h e  l o o p  a n < *  c o n d i t i o n a l  

s t a t e m e n t s  o f  J Q V I A L / J 3  w e r e  m o d i f i e d  t o  p e r m i t  s t r u c t u r e d  

p r o g r a m m i n g ,  R e e n t r a n c y  a n d  r e c u r s i o n  w e r e  a d d e d  t o  m a k e  

J O V I A L  b e t t e r  s u i t e d  t o  b u i l d i n g  o p e r a t i n g  s y s t e m s ,  c o m p i l e r s ,  

a n d  d a t a  m a n a g e m e n t  s y s t e m s ,  a n d  t a k i n g  a d v a n t a g e  o f  

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

p r o g r a m m e r  t o  " o v e r r i d e "  t h e  s t a n d a r d  a r i t h m e t i c  s c a l i n g  r u l e s  
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of the compiler without having to resort to a machine oriented 

language, The lack of this capability was a popular complaint 

against JQVIAL/J3, Formatting enables the programmer to 

automatically convert from character data to numeric 

representations which can be arithmetically operated on or 

vice-versa, In addition# it allows the programmer to write or 

read an i/o buffer in any format, 

pointers and programmer core allocation control allow tne 

programmer himself to "create" additional space in the computer 

only when he needs it# and "return" it for other use when he 

does not, so that optimal use may be made of core resources of 

the computer system. Alternate entrances to procedures permit 

the programmer to design procedures which have multiple 

entrance points so that the same piece of code can accomplish 

distinct yet related tasks, Nested procedures allow each 

subprogram or subroutine to be treated the same as a main 

program and thus be developed independently of their 

subprograms much more easily, Macro-like DEFINE statements 

give the programmer the convenience of assembly language macros 

in a higher order language and make programs more readable, 

External data# programs# and procedures enable the programmer 

to build, compile# debug# and maintain his programs in 

smanerpieces which are easier to comprehend, Compiler 

16 
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d i r e c t i v e s  p r o v i d e  s u p p l e m e n t a l  i n f o r m a t i o n  t o  a  c o m p i l e r  a b o u t  

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

c o m p i l e r  t o  p r o d u c e  b e t t e r  o b j e c t  c o d e ,  s i m p l i f y  i t s  j o b ,  

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

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

s i m p l i f i e d  t h e  l a n g u a g e  b y  a l l o w i n g  t h e  d a t a  t y p e  A R R A Y  t o  b e  

e l i m i n a t e d  a t  n o  l o s s  i n  c a p a b i l i t y ,  J O V I A L / J 7 3  t i l l s  i n  s o m e  

o f  t h e  p r o g r a m m i n g  a p p l i c a t i o n  g a p s  o f  t h e  o l d  s t a n d a r d  U S A F  

p r o g r a m m i n g  l a n g u a g e s ;  n a m e l y  J o V I A L / 0 3 ,  F O R T R A N ,  a n d  C O B O L ,  

I t  i s  g e n e r a l l y  f e l t  t h a t  J 7 3  w i l l  b e  a d o p t e d  b y  s e v e r a l  

n o h w C o m m a n d  a n d  C o n t r o l  r e l a t e d  a g e n c i e s ,  F o r  i n s t a n c e ,  t h e  

F A A  b a s  e x p r e s s e d  a  s e r i o u s  i n t e r e s t  i n  d e v e l o p i n g  p r o g r a m s  

w r i t t e n  I n  J 7 3  t o  a u t o m a t e  t h e  f u n c t i o n s  o f  a i r  t r a f f i c  

c o n t r o l „  
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V A L I D A T I O N  O F  T H E  W W M C C S  J O V I A L  C O M P I L E R  

i n  M a r c n  1 9 7 2  R A D C  ( I S I S )  r e c e i v e d  a  r e q u e s t  f r o m  C S A F  t o  

c o n d u c t  t h e  W W M C C S  J O V I A L  A c c e p t a n c e  T e s t s  f o r  t h e  J o i n t  

T e c h n i c a l  s u p p o r t  A c t i v i t y  ( J T S A )  a t  H o n e y w e l l  i n f o r m a t i o n  

S y s t e m s  ( H I S ) ,  P h o e n i x ,  A r i z o n a ,  T o  a c c o m p l i s h  t h i s  t a s t e ,  t h e  

f o l l o w i n g  s t e p s  w e r e  t a t e e n  b y  R A D C 1  ( a )  A  j o i n t  A c c e p t a n c e  

T e s t  T e a m  w a s  o r g a n i z e d  c o n s i s t i n g  o f  r e p r e s e n t a t i v e s  f r o m  

R A D C ,  S A C #  N O R A D ,  &  A D C )  ( b )  A  t e s t  p l a n / p r o c e d u r e s  w e r e  

w r i t t e n  a n d  d i s t r i b u t e d  t o  J T S A  a n d  a l l  t e s t  t e a m  

r e p r e s e n t a t i v e s ;  ( c )  T h e  J O V I A L  A c c e p t a n c e  T e s t s  w e r e  

c o n d u c t e d  b y  R A D C ,  w i t h  t h e  a s s i s t a n c e  o f  t e a m  r e p r e s e n t a t i v e s  

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

d i s t r i b u t e d !  C d )  A  f i n a l  T e s t  R e p o r t  w a s  t h e n  p r e p a r e d  a n d  

d i s t r i b u t e d  w h i c h  s u m m a r i z e d  a l l  t e s t  r e s u l t s  a n d  i n c l u d e d  

r e c o m m e n d a t i o n s  o n  a c c e p t a n c e  o r  r e j e c t i o n  o f  t h e  H i s  J O V I A L  

c o m p i l e r ,  

A l l  t e s t  m a t e r i a l s - d o c u m e n t a t i o n  w e r e  f u r n i s h e d  t o  t h e  J T S A  a n d  

p l a n s  w e r e  m a d e  t o  a s s i s t  J T S A  p e r s o n n e l  i n  c o n d u c t i n g  t h e i r  

o w n  A c c e p t a n c e  T e s t s ,  T o  i n s u r e  t h a t  t h e  W W M C C S  J O V I A L  J 3  

c o m p i l e r  ( v e r s i o n  5 0 W W )  m e t  t h e  r e q u i r e m e n t s ,  a s  a m e n d e d  b y  t h e  

W W M C C S  c o n t r a c t ,  s e v e r a l  c l a s s e s  o f  t e s t s  w e r e  d e v e l o p e d  w h i c h  

i n c l u d e }  ( 1 )  l a n g u a g e  f e a t u r e s  ( J C V S ) !  ( 2 )  e r r o r  d e t e c t i o n  

a n d  r e p o r t i n g ;  ( 3 )  c a p a c i t y )  ( 4 )  e f f i c i e n c y ;  ( 5 )  
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m a c h i n e / i m p l e m e n t a t i o n  d e p e n d e n t  f e a t u r e s !  a n d ,  ( 6 )  

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

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

S y s t e m  ( J C V S )  a s  d e b u g g e d  a n d  m a i n t a i n e d  b y  R A D C ,  J C V S  

o b j e c t i v e s  w e r e j  ( l )  t o  e s t a b l i s h  t h a t  e a c h  l a n g u a g e  f e a t u r e  j n  

A F M  3 0 0 * 2 4  i s  a c c e p t e d  b y  t h e  c o m p i l e r j  a n d  C 2 )  t o  e s t a b l i s h  

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

c o r r e c t  r e s u l t ( s ) ,  P r o o f  o f  t h e s e  o b j e c t i v e s  w e r e  i n d e e d  

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

c o m p i l e r s  o n  v i r t u a l l y  a l l  m a j o r  c o m p u t e r  s y s t e m s #  I n c l u d i n g  

e a r l i e r  v e r s i o n s  o f  t h e  H i s  6 0 0  s e r i e s  c o m p i l e r ,  T e s t s  i n  

c l a s s e s  2 #  3  w e r e  p r o c u r e d  p r i m a r i l y  f r o m  n o R A D  w i t h  t e s t  

v a r i a t i o n s / a l t e r n a t i v e s  f r o m  R A D C ,  T e s t s  i n  c l a s s  4  w e r e  

r e p r e s e n t a t i v e  S A C  p r o g r a m s  u s e d  f o r  d e t e r m i n i n g  e f f i c i e n c y  o r  

c o d e  e x p a n s i o n  r a t i o ,  C l a s s  5  t e s t s  w e r e  w r i t t e n  b y  R A D C  a n d  

c l a s s  6  b y  A D C ,  T h e  c o m p l e t e  p a c k a g e  o f  t e s t s  h a s  b e e n  

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

u s e  o n  o t h e r  c o m p u t e r  s y s t e m s ,  T h e  g r o w t h  o f  c a p a b i l i y  a t  R A D C  

i n  J O V I A L  c o m p i l e r  v a l i d a t i o n  i s  p a r t i c u l a r l y  s i g n i f i c a n t  s i n c e  

J O V I A L  I s  p l a y i n g  a n  e v e r  i n c r e a s i n g  r o l e  i n  c o m p u t e r  

l a n g u a g e s ,  T h e  W W M C C S  t e s t s  a r e  a  m i l e s t o n e  i n  t h a t  t h e s e  

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

c o n d u c t e d  o n  a  c o m p i l e r  p r o c u r e d  b y  a  G o v e r n m e n t  a g e n c y ,  S u c h  
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documentation and test materials should serve as a valuable 

compiler validation tool in future procurements, 
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ISIM (E, J, Kennedy/X3857) 

Requested Engineering support From RADC For AFBJTS 

RADC (ISI) 

(IS) 

(DCLP) 

IN TURN 

1, The REQUESTED ENGINEERING SUPPORT FROM RADC FOR AFBITS and the 
PROPOSED ISI TASKS have been compared at your request and the 
following comments are provided for your information* 

a, There appears to be a very close correspondence between the 
Task on information system science and the proposed isi TasK 
USER ACCEPTANCE OF ON-LINE TERMINALS#, However, Sub-Task 2 does 
not appear to be particularly suitable to our area of expertise, 
For example, to make a definitive assessment of the relative 
prevalence of forms, to determine if more than one set of text 
preparation facility is needed and then to detail two or more 
sets, and finally to correlate these desired capabilities with 
existing equipment is a very labor intensive effort, We do not 
have the manpower to pursue labor intensive efforts that are not 
directly relevant to our own interests, The alternatives are 
these* we can collect such data on a small group of users at 
RADC in the course of our normal activities, or we can make more 
efficient use of our manpower and manage a contract to meet the 
larger objectives of this subtask, it is expected that if the 
second choice is made that funds for a contractual effort would 
be made available to IS, A good estimate is that $50K would be 
required, 

(i) Task • Information System science 

(a) The purpose of this task is to determine the 
preferred classes of equipment for typical 
administrative applications and to develop concepts, 
guidelines and criteria for indoctrinating all levels 
of Air Force personnel in the use of that equipment. 
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Emphasis must be placed on applications used by 
nontechnical personnel, 

Cb) Sub Task l! Determine the effects of forced use 
of video terminal eauipment by non-typists for 
preparation of letters, messages and forms, 
investigate use of formatting aids and protected 
fields on such preparation, The product of Sub Task i 
should be a report detailing problems, solutions, 
learning curves, levels of performance attained and, 
if possible, personality correlations with performance 
capabilities. The basic guestion to be answered iss 
Can typical Air Force personnel perform these tasks 
adequately to conduct daily business using equipment? 

(c) Sub Task 21 Determine the optimum mix of text 
preparation capabilities needed tor day-to-day Air 
Force operations, This should include a definitive 
assessment of the relative prevalence of forms, 
letters, messages and documents exceeding ten pages, 
If more than one set of text preparation capabilities 
is required, detail both sets, If possible, correlate 
these desired capabilities with existing standalone, 
shared logic, and computer aided equipment and 
software, F.ADC role is formal RT&E support, 

(2) USER ACCEPTANCE OF ONLINE TERMINALS* 

(a) Study and evaluation o f  the degree Of user 
acceptance of the use of on-line interactive terminals 
In the performance of daily work, The degree of user 
acceptance is to be measured in terms of the ability 
to do the work using an on-line terminal, the time 
spent in doing it compared to more conventional 
methods, and the amount of computer time used during 
predetermined and regular intervals. In this 
evaluation, consideration will be paid to the type of 
personnel, their level, ages and other variables that 
might be of interest to various efforts on-aoing in 
the Air Force such as the BCM, AFBITS, SADPR-85 and 
project ADMIN, 

Cb) Estimated cost » ,2 MY $10K 

b. The Automation of Administrative Procedures and 
Correspondence Transmission task is directly in line with two of 
the efforts that have already beep proposed by ISI and a third 
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t a s k  w h i c h  h a s  n o t  v e t  b e e n  s p e c i f i c a l l y  p r o p o s e d ,  T h e  t w o  
p r o p o s e d  e f f o r t s  a r e }  1 ,  F O R M S  S Y S T E M *  2 ,  
C O S T / E F F E C T I V E N E S S * ,  T h e  t h i r d  e f f o r t ,  P E R S O N N E L  S U P P O R T  
O R G A N I Z A T I O N  ( P S O ) ,  w h i c h  h a s  n o t  b e e n  p r e v i o u s l y  d i s c u s s e d ,  
c o v e r s  w o r k  t h a t  i s  b e i n g  d o n e  i n  I S I  a n d  i t  t o o  i s  d i r e c t l y  i n  
l i n e  w i t h  t h e  t a s k  p r o p o s e d  b y  E S D ,  w e  f e e l  t h a t  t h e s e  e f f o r t s  
w i l l  s a t i s f y  t h e  n e e d s  o f  t h e  A F B I T S  a n d  r e l a t e d  p r o g r a m s ,  

( 1 )  T a s k  »  A u t o m a t i o n  o f  A d m i n i s t r a t i v e  P r o c e d u r e s  a n d  
C o r r e s p o n d e n c e  T r a n s m i s s i o n  

( a )  T h i s  t a s k  s h o u l d  d e m o n s t r a t e  t h e  f e a s i b i l i t y  o f  
a u t o m a t i n g  t y p i c a l  a d m i n i s t r a t i v e  p r o c e d u r e s  o r  p a r t s  
o f  p r o c e d u r e s ,  P r o d u c t s  s h o u l d  i n c l u d e }  ( l )  b e n e f i t s  
a c h i e v e d  i n  t e r m s  o f  m a n h o u r  s a v i n g s *  ( 2 )  a n  
a s s e s s m e n t  o f  w h i c h  p r o c e d u r a l  s t e p s  a r e  a m e n a b l e  t o  
a u t o m a t i o n  a n d  w h i c h  a r e  n o t *  a n d  w h y ,  ( 3 )  a n  
e x p o s i t i o n  o f  r e g u l a t o r y  b a r r i e r s  a n d  h i e r a r c h i c a l  
i m p e d i m e n t s ,  ( 4 )  a  d e m o n s t r a t i o n  t h a t  a d e q u a t e  
a d m i n i s t r a t i v e  c o n t r o l s  a n d  a u d i t  t r a i l s  c a n  e x i s t  i n  
s u c h  a  s y s t e m ,  a n d  ( b )  a n  a s s e s s m e n t  o f  o p e r a t o r  a n d  
u s e r  r e s p o n s e  t o  a u t o m a t e d  p r o c e d u r e s f  R A D C  r o l e  i s  
f o r m a l  R T & E  s u p p o r t ,  

( 2 )  C O S T / E F F E C T I V E N E S S *  

( a )  D e v e l o p m e n t  a n d  m e a s u r e m e n t  o f  m e t h o d o l o g i e s  a n d  
p r o c e d u r e s  f o r  d o i n g  m e a n i n g f u l  w o r k  i n  t h e  A i r  F o r c e  
e n v i r o n m e n t  u s i n g  o n » l i n e  i n t e r a c t i v e  t e r m i n a l s  a n d  
t e x t « * p r o c e s s i n g  s y s t e m s ,  s p e c i a l  e m p h a s i s  w i l l  b e  
p l a c e d  o n  t h e  u s e  o f  t h i s  t e c h n o l o g y  i n  t h e  c o n t e x t  o f  
t h e  p r o b l e m s  u n e a r t h e d  i n  t h e  B C M ,  t h e  S A D P R « » 8 5 ,  a n d  
t h e  A F B I T S  s y s t e m s ,  a n d  i n  a n t i c i p a t i n g  t h e  p r o b l e m s  
t h a t  w i l l  b e  e n c o u n t e r e d .  T h i s  w i l l  b e  d o n e  i n  t h e  
l a b o r a t o r y  u s i n g  e x i s t i n g  c a p a b i l i t y *  r a t h e r  t h a n  b y  
t h e  e x p e n d i t u r e  o f  c a p i t a l  f u n d s  f o r  e q u i p m e n t  a n a  t h e  
u s e  o f  s c a r c e  p e r s o n n e l  a n d  t r a i n i n g  r e s o u r c e s  a t  a  
l a t e r  t i m e ,  

( b )  E s t i m a t e d  c o s t  •  , 3  M Y  S 2 Q K  

( 3 )  F O R M S  S Y S T E M *  

( a )  D e v e l o p m e n t  o f  a  s y s t e m  t o  t a k e  c a r e  o f  t h e  g r e a t  
b u l k  o f  t h e  r o u t i n e ,  b u t  i m p o r t a n t  w o r k  p e r f o r m e d  I n  
t h e  A i r  F o r c e ,  T h e  w o r k  t h a t  i s ,  a n d  h a s  b e e n ,  
p e r f o r m e d  o v e r  t h e  y e a r s  b y  t h e  u s e  o f  f o r m s ,  s p e c i a l  
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e m p h a s i s  w i l l  o e  p l a c e d  o n  c a p t u r i n g  t o e  d a t a  a t  t h e  
k e y s t r o k e ,  a n d  h a v i n g  d o n e  t h i s ,  t o  d e v i s e  t h e  p r o p e r  
w a y s  o t  u s i n g  i t  t o  a v o i d  h a v i n g  t o  c o p y *  e x t r a c t ,  
m e r g e ,  d i s t r i b u t e ,  s o r t ,  f i l e ,  f i n d  ( u n f i l e ) ,  m o d i f y  
b y  r e d o i n g ,  a n d  a l l  t h e  o t h e r  o n e r o u s  t h i n g s  t h a t  
s h o u l d  b e  d o n e  b y  t e x t  p r o c e s s i n g  s y s t e m s  r a t h e r  t h a n  
b y  h a n d .  T h e s e  v i t a l  f u n c t i o n s  d e p e n d  o n  m a k i n g  t h e  
t o o l s ,  t h e  t e r m i n a l  a n d  t h e  c o m p u t e r ,  a v a i l a b l e  a t  a l l  
l e v e l s  a n d  p a r t i c u l a r l y  t o  w o r k e r s ,  T h e  d a t a  b a s e  
d e v e l o p m e n t  d e p e n d s  p r i m a r i l y  o n  t h e  w o r k e r ,  n o t  t h e  
s u p e r v i s o r ,  

C b )  E s t i m a t e d  c o s t  *  , 3  M Y  S 7 0 K  

( 4 )  P E R S O N N E L  S E R V I C E  O R G A N I Z A T I O N  ( P S O )  

( a )  D e v e l o p  a  P e r s o n n e l  S e r v i c e  O r g a n i z a t i o n  ( P S O )  
t h a t  w i l l  m e e t  t n e  u n i q u e  n e e d s  o f  t h e  R A D C ,  a s  a  
p r o t o t y p e  o f  A F  P s o ^ s ,  T h e  o r g a n i z a t i o n  w i l l  p r o v i d e  
t h e  s e r v i c e s  n o r m a l l y  p r o v i d e d  b v  s e c r e t a r i a l ,  a n d  
a d m i n i s t r a t i v e  p e r s o n n e l ,  a n d  w i l l  a l s o  p r o v i d e  u n i q u e  
s e r v i c e s  s u c h  a s  i n p u t t i n g  t e x t u a l  m a t e r i a l  t o  a  
t e x t » p r o c e s s l n g  s y s t e m ,  e d i t i n g ,  a n d  o u t p u t t i n g  
t e x t u a l  m a t e r i a l ,  A d d i t i o n a l l y ,  i t  w i n  c a p t u r e  d a t a  
t o  f i l l  i n  a n d  p r i n t  f o r m s ,  s t r i p  d a t a  f r o m  f o r m s  a n d  
r o u t i n e  r e p o r t s  i n  o r d e r  t o  p r o v i d e  i n p u t s  f o r  a  d a t a  
b a s e  f o r  l a t e r  u s e ,  I n  a d d i t i o n ,  r o u t i n e  r e p o r t s  w i l l  
b e  p r e p a r e d ,  u s i n g  t e x t u a l  m a t e r i a l  a l r e a d y  c o l l e c t e d  
a n d  a v a i l a b l e ,  w i t h o u t  t h e  n e e d  f o r  k e y  p e o p l e  t o  d o  
m o r e  t h a n  s u g g e s t  c h a n g e s  a n d  a p p r o v e  t h e  f i n a l  
r e s u l t ,  T h i s  w i l l  f r e e  t h e  c r e a t i v e  p e o p l e  f r o m  t h e  
m o r e  b u r d e n s o m e  a s p e c t s  o f  t h e i r  r o u t i n e  a c t i v i t i e s  b y  
t r an s f e r r i ng  much  o f  t h e  r e s pons i b i l i t y  t o  t he  pso,  

( b )  E s t i m a t e d  c o s t  »  5 , 0  M Y  $ 1 0 0 K  

N O T E J  M u c h  o f  t h i s  t i m e  a n d  S y s t e m  c o s t  i s  
c h a r g e a b l e  t o  s p e c i f i c  p r o g r a m s ,  

c ,  T h e  t a s k  o n  I n f o r m a t i o n  S y s t e m  s e c u r i t y  i s  w i t h i n  t h e  
c h a r t e r  o f  E S D / M C I ,  w e  d o  n o t  i n t e n d  t o  s u p p o r t  t h i s  t a s k ,  

( 1 )  T a s k  m  i n f o r m a t i o n  S y s t e m  S e c u r i t y  

( a )  P r e p a r e  a p p r o p r i a t e  s p e c i f i c a t i o n s  t o r  s e c u r i t y  
d e v i c e s  a n d  e g u i p m e n t  n e e d e d  t o  h a n d l e  u n c l a s s i f i e d  
a n d  c l a s s i f i e d  d a t a  o f  a l l  l e v e l s  w i t h i n  t h e  s a m e  
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information system, This specification should address 
both data base security and communications security, 
Emphasis should be on low cost components, RADC role 
is formal RT&E support, 

d, The task: on Archival Storage Tradeoff Comparison is an 
interesting study that should be performed using the most 
up»to»date information available on Microfiche systems and 
computer memories, RADC with very recent experience in both 
these areas is well qualified to contract for such a study, We 
would certainly be willing to do so if the funds were made 
available, 

CI) Task « Archival storage Tradeoff comparison 

(a) A need exists to store and maintain a body of 
data that changes rarely, if ever, but which may be 
needed on short notice for reference or other 
purposes, Air Force regulations, manuals and 
technical orders are examples of this category, 
Because of their bulk, and because the data is not 
dynamic- in the base environment, there is question as 
to the desirability of computer storage for such data. 
This trade»off study should assess what data are 
appropriate for this class of storage and determine 
the costs and risks associated with each form of 
storage, consideration must be given to legal 
requirements for records and documentation, to 
accessibility requirements, and to update techniques, 
RADC role is formal RT&E support, 

(2) STUDY OF MICROFORM SYSTEMS VS TEXT-PRoCESSlNG SYSTEMS 

(a) perform a study based on the current 
state*of-the»art of both data processing and 
microfiche systems that can lay to rest once and for 
all the controversy over the candidacy and the 
relative merits of the video/microfiche approach to 
processing textual information as compared to modern 
text-»processing technology, where archival 
requirements are not of paramount importance, 

Cb) Estimated cost • ,2 MY S50K 

e, The Task Mobile subscriber Communications task has no 
apparent intersection with the interests and capabilities of is,  
we Plan to do nothing in this area, 
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C D  T a s k  M o b i l e  S u b s c r i b e r  C o m m u n i c a t i o n s  

( a )  T h i s  t a s k  a d d r e s s e s  t h e  d e v e l o p m e n t  a n d  t e s t  o f  a  
n u m b e r  o f  a l t e r n a t i v e  a p p r o a c h e s  t o  p r o v i d i n g  t h e  
m o b i l e  s u b s c r i b e r  s e r v i c e s  d e s c r i b e d  i n  t h e  B a s e  
C o m m u n i c a t i o n s  M i s s i o n  A n a l y s i s ,  E a c h  a l t e r n a t i v e  
m u s t  b e  c a p a b l e  o f  b e i n g  i n t e g r a t e d  i n t o  t h e  A F B I T S  
c o m m u n i c a t i o n  s y s t e m  s o  t h a t  f r e q u e n t  c o n s u l t a t i o n  
w i t h  K S D / M I T R E  w i l l  b e  r e q u i r e d .  V a r i o u s  s i g n a l  
s t r u c t u r e s *  f r e q u e n c y  s p e c t r a *  a n d  m u l t i p l e x i n g  
t e c h n i q u e s  s h o u l d  b e  e x a m i n e d ,  a n d  a t  l e a s t  t w o  
a l t e r n a t i v e  a p p r o a c h e s  c a r r i e d  t h r o u g h  b r e a d b o a r d  
t e s t s ,  G e n e r a l  o b j e c t i v e s  i n c l u d e  f r e q u e n c y  
c o n s e r v a t i o n *  l o w  c o s t *  l i g h t  w e i g h t  a n d  s m a l l  s i z e ,  
P r o d u c t  w i l l  b e  a  p e r f o r m a n c e  s p e c i f i c a t i o n  f o r  t h e  
u n i t  s h o w i n g  t h e  m o s t  p r o m i s e ,  R A D C  r o l e  w i l l  b e  
t e c h n i c a l  d i r e c t i o n  o n  t h i s  p r o j e c t ,  T h i s  a c t i v i t y  i s  
u n l i k e l y  t o  b e  c o m p l e t e d  i n  F Y - 7 5  a n d  i n t e r m e d i a t e  
s c h e d u l e s  a n d  o b j e c t i v e s  a r e  o p e n  t o  n e g o t i a t i o n ,  

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

a ,  F O R M S  S Y S T E M *  

E s t i m a t e d  c o s t  -  , 3  M Y  S 7 0 K  

b ,  C O S T / E F F E C T I V E N E S S *  

E s t i m a t e d  c o s t  •  , 3  M Y  $ 2 0 K  

C ,  U S E R  A C C E P T A N C E  O F  O N - L I N E  T E R M I N A L S *  

E s t i m a t e d  c o s t  •  , 2  M Y  $ 1 0 K  

d ,  S T U D Y  O F  M I C R O F O R M  S Y S T E M S  V S  T E X T - P R O C E S S I N G  S Y S T E M S  

E s t i m a t e d  c o s t  »  , 2  M Y  S 5 0 K  

e ,  P E R S O N N E L  S E R V I C E  O R G A N I Z A T I O N  f P S Q )  

E s t i m a t e d  c o s t  •  5 , 0  M Y  S 1 0 0 K  

N O T E !  M u c h  o f  t h i s  t i m e  a n d  s y s t e m  c o s t  i s  c h a r g e a b l e  
t o  s p e c i f i c  p r o g r a m s  i n c l u d i n g  W W M C C S  s u p p o r t ,  

T O T A L  C O S T  -  6 , 0  M Y  S 2 5 0 K  
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3 ,  T h e  c o s t s  o f  m a n p o w e r  a n d  t h e  c o s t  o f  t h e  s y s t e m  m  p e r f o r m i n g  
t h e  t a s k s  m a r K e d  w i t h  t h e  w i l l  b e  b o r n e  b y  I S  i n  t h e i r  e n t i r e t y ,  
H o w e v e r ,  t h e  c o n t r a c t u a l  c o s t s  o f  $ 5 Q K  f o r  t h e  F O R M S  S Y S T E M  a n d  t h e  
S 5 0 K  f o r  t h e  S T U D Y  O F  M I C R O F O R M  S Y S T E M S  V S  T E X T * P R Q C £ 5 5 I N G  S Y S T E M S  
c a n n o t  b e  b o r n e  b y  I S ,  a n d  w e  r e q u e s t  t h a t  m o n e y  b e  p r o v i d e d  f o r  
t h e s e  t w o  V a l u a b l e  s t u d i e s ,  

J O H N  L ,  M C  N A M A R A ,  C h i e f  
I n f o r m a t i o n  M a n a g e m e n t  S c i e n c e s  S e c t i o n  
I n f o r m a t i o n  P r o c e s s i n g  B r a n c h  
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NDM 29*MAY*74 091Q6 30829 
The SUBSTITUTE TEXT command 

The Substitute command allows you to very easily edit the text within 
an Nj.s statement* NLS has a rich assortment of commands which allow 
you to freely manipulate the information in your files. This command 
is presented early in the training because it is simple but very 
powerful# though sometimes awkward, (The full NLS vocabulary comes 
with the next phase of training,} 1 

The Substitute command replaces one string of text in a statement 
with another, 2 

You begin by telling the system to Substitute Text in a Statement# 
and then tell it which statement to operate on, 
If you typei 

StS , 1<CR> 
it should look likei 

•Substitute Text in statement Ai ,i 
<New Text> Ti 2a 

You may then type in the new string of text* followed by a 
Carriage Return; 

this is what I want<CR> 
and it should look like! 

cwew iext> Ti this is what I want 
<for Old Text> T! 2b 

Then type the string which you would like replaced! 
this is what I had<CR> 

and it should look like; 
<for Old !ext> Ti this is what I had 
Finished? 2c 

A final Carriage Return win begin the process, 2d 

Actually# the Substitute command replaces EVERy occurance of a given 
string of text by another (in that statement), Therefore you must be 
very careful to define a string uniquely, 3 

For example* if statement one looked like! 
that man is over thare 

and you wished to correct the misspelled "there"! 3a 

It is easy to make the mistake of: 3al 

•Substitute Text in Statement A! ,1 
<New Text> Ti the 
<for Old Text> Ti tha 
Finished? 
Substitutions made s 2 
* 3aia 

1 
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y o u r  s t a t e m e n t  w o u l d  t h e n  l o o k  l i k e *  
t h e t  m a n  i s  o v e r  t h e r e  

n o t e  t h a t  i t  r e p l a c e d  b o t h  o c c u r a n c e s  o f  " t h a "  3 a 2  

W h a t  y o u  s h o u l d  h a v e  d o n e  i s  m a d e  s u r e  t h e  s t r i n g s  a r e  u n i q u e l y  
d e f i n e d ?  3 a 3  

• S u b s t i t u t e  T e x t  i n  S t a t e m e n t  A ;  t i  
< N e w  T e x t >  T ?  t h e r e  
< f o r  C I d  T e x t >  T ?  t h a r e  
F i n i s h e d ?  
S u b s t i t u t i o n s  m a d e  =  i  
#  3 a 3 a  

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

2 
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F E E D  2 9 « M A Y * 7 4  1 6 J Q 8  3 0 8 3 0  
R e s p o n s e  t o  I M M  a b o u t  A r c h i v e #  P r i v a c y  a r i d  a n  I d e n t  

I n e z #  

T h e  q u e s t i o n  a b o u t  a r c h i v e  i s  a  g o o d  o n e ,  T h e  r e a s o n  t h e y  s t a y  
t h e r e  f o r e v e r  i s  b e c a u s e  t h e  t a p e s  a r e  w r i t t e n  s e q u e n t i a l l y #  w i t h  
e a c h  f i l e  t h a t  i s  a r c h i v e d  a d d e d  t o  t h e  r e e l  o f  t a p e  I n  
c h r o n o l o g i c a l  o r d e r .  O n c e  a  t a p e  i s  u s e d  u p #  t h e  r e c o r d  r i n g  I s  
r e m o v e d  t o  e n s u r e  t h a t  t h e  f i l e s  a r e  n o t  e r r a s e d ,  T h e  o n l y  p e o p l e  
w h o  c a n  r e s t o r e  a  f i l e  f r o m  a r c h i v e  a r e  t h e  p e o p l e  w h o  h a v e  t h e  
p a s s w o r d  t o  t h e  d i r e c t o r y  f r o m  w h i c h  t h e  f i l e  c a m e ,  B u t  w e  h a v e  
n o  w a y  o f  g o i n g  b a c k  t o  a  p a r t i c u l a r  p l a c e  o n  t h e  t a p e  t o  e r r a s e  a  
f i l e  w i t h o u t  e n d a n g e r i n g  t h e  r e s t  o f  t h e  t a p e ,  l a  

1  a m  i n  t h e  P r o c e s s  o f  P r e p a r i n g  a  d e t a i l e d  d e s c r i p t i o n  o f  t h e  
p r o t e c t i o n  m e c h a n i s m  t h a t  h a s  r e c e n t l y  b e e n  b u i l t ,  S o r r y  i t ' s  
t a k i n g  a w h i l e  t o  g e t  i t  t o g e t h e r ,  I n  t h e  J o u r n a l  w h e n  y o u  s e t  a  
J o u r n a l  i t e m  t o  p r i v a t e  b y  t y p i n g  t h e  " P R l v a t e "  c o m m a n d ,  o n l y  
t h o s e  p e r s o n s  o n  t h e  d i s t r i b u t i o n  l i s t  c a n  l o a d  o r  r e a d  t h e  f i l e ,  
T h e  m e c h a n i s m  t o r  t h i s  i n t e r a c t s  w i t h  T e n e x  t o  u s e  t h e  f i l e  
p r o t e c t i o n  c o d e s  - -  i t ' s  p r e t t y  s a f e ,  l b  

W e ' l l  b e  g l a d  t g  s e t  u p  t h e  i d e n t  f o r  y o u #  b u t  w i l l  n e e d  m o r e  
i n f o r m a t i o n !  l c  

F u l l  n a m e  
A d d r e s s  
P h o n e  n u m b e r  
H e  w i l l  r e c e i v e  j o u r n a l  m a i l  i n  h a r d c o p y  u n l e s s  y o u  r e q u e s t  a  
d i r e c t o r y  f o r  h i m , , , i t  w i l l  b e  m a i l e d  t o  t h e  a d d r e s s  s p e c i f i e d  
f o r  t h e  i d e n t  s y s t e m ,  l e i  

1 
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MIKE 30-MAY-74 10827 30831 
copy of a norton message to bedford re the SEND construct for L»10: 
Includes sample programs 

(NORTON) 13-MAY-74 0819-PDT 110 and the send construct 
Distribution: BEDFORD, norton 
Received at: 13TMA¥*74 08:19131 1 

Mike: I have made a file that has two versions of a program that 
reformats sndmsgs that have already been brought into NLS via 
inmes pprogram, These programs are different from each other in 
that the first one actually reformats each statement that passes 
the search test,,like those we were doing when X was there. The 
second one has the "send" construct we were looking tor, It only 
"pretends" to reformat statements, sending the special reformatted 
view to your terminal, but not changing the $t 
ement, When viewspec 3 is returned, the statement is as it was in 
the first place, BUT when you use the assimilate command and have 
the second program compiled and loaded and use vie'wspec i, the new 
statemennts that you assimilate ARE reformated permanently, but 
leaving the original statements (the ones you are copying in the 
assimilate) untouched, I hope this is clear enough, If not, let 
me know, Note that you have to declare a string,,like #out* and 
have to place the (sw) after PROCEDUR 

and have to use the EXACT wording in sendsfetc) and then 
set *out* - NULLj,,, I tthink these re the onlyy difference,, Good 
lucicf,and if troubles,,see me, here's are the programs: ia 

FILE reform 
DECLARE TEXT POINTER Sf, ptl, pt2, pt3, pt4; 
(reform) PROCEDURE: 

IF FIND *sf $NF $D •« $L '« so $NP SPT "pt3 CH $NP *pti 
CSP/'U 

*Pt4 < CH "pt2 > THEN 
ST sf „ «(, ptl pt2, » ", 5F(Sf) pt 3, " «, pt4 

SE(s£) > 
RETURN(FALSE) END, 

FINISH 
FILE reform2 

DECLARE TEXT POINTER Sf, pti, pt2, Pt3, pt4f 
DECLARE STRING out[2000): 
(reform2) PROCEDURE fsw)| 

IF FIND "sf $NP $D *m $L $D SNP $PT *Pt3 CH $NP *ptl 
tsp/'u 

"Pt4 < CH *pt2 > THEN 
«OUt# - '(, pti pt2, '), » ", SF(sf) pt3, « ", pt4 

SE(sf)} 
send (sw,$out)j 
#OUt* - NULL: 

RETURN(FALSE) END, 
FINISH lb 

1 
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C h a p t e r  1 0  1  

I N D E X I N G  l a  

10 , 1  i n t r o d u c t i o n  l a l  

" I n d i c e s #  i n  J O V I A L #  h a v e  t w o  p u r o o s e s ,  A  * 0 0 : t o ; s t a t e m e n t  
t h a t  r e f e r e n c e s  a  " s w i t c h } s t a t e m e n t  w a y  h a v e  a n  " i n d e x ,  I n  
t h i s  c a s e #  t h e  " i n d e x  i s  a  d e t e r m i n i n g  f a c t o r  i n  t h e  
s e l e c t i v e  o p e r a t i o n  o f  " s t a t e m e n t s  w i t h i n  t h e  
" s w i t e h t s t a t e m e n t ,  T h i s  u s e  o f  a n  " i n d e x  i s  c o m p l e t e l y  
s p e c i f i e d  i n  s e c t i o n  5 , 1 3 , 5 ,  B u t  t h e  m o s t  p r e d o m i n a n t  u s e  
o f  a n  " i n d e x  i s  s e l e c t i n g  a  p a r t i c u l a r  o c c u r r e n c e  o f  a n  i t e m  
o r  e n t r y  f r o m  a  t a b l e ,  T h e  r e s t  o f  t h i s  c h a p t e r  d i s c u s s e s  
v a r i o u s  a s p e c t s  o f  t h i s  i n d e x i n g  p r o c e s s ,  l a l a  

1 0 , 2  D a t a  R e f e r e n c e s  1 * 2  

A n  " i n d e x  i s  u s e d  t o  s e l e c t  a  p a r t i c u l a r  e n t r y  f r o m  a  t a b l e  
c o m p o s e d  o f  m a n y  s i m i l a r l y  c o n s t r u c t e d  e n t r i e s ,  i n  u s a q e #  
a n  " i n d e x  i s  e n c l o s e d  i n  " b r a c k e t s ,  T t  i s  c o m p o s e d  o f  
" i n d e x { c o m p o n e n t s  w h i c h ,  i f  t h e r e  a r e  m o r e  t h a n  o n e ,  a r e  
s e p a r a t e d  b y  " c o m m a s ,  R e f e r e n c e  t o  a n  i t e m  o r  a n  e n t r y  i n  a  
m u l t i d i m e n s i o n a l  t a b l e  r e q u i r e s  a  m u l t i c o m p o n e n t  " i n d e x ,  
" I n d e x i c o m p o n e n t s #  h O w e v e r »  d o  n o t  h a v e  t o  b e  e x p l i c i t l y  
s t a t e d  i n  s o m e  c i r c u m s t a n c e s  ( s e e  s e c t i o n  1 0 , 3 ) ,  i a 2 a  

, 1  E v e r y  " t a b l e i d e c l a r a t i o n  h a s  a  " d i m e n s i o n } 1 i s t  g i v i n g  
t h e  n u m b e r  o f  d i m e n s i o n s  a n d #  f o r  e a c h  d i m e n s i o n #  t h e  
" l o w e r !  a n d  " u p p e r { b o u n d s  t h a t  g i v e  t h e  e x t e n t  o r  s i z e  o f  
t h e  t a b l e  i n  e a c h  d i m e n s i o n  ( s e e  S e c t i o n  7 , 2 2 ) ,  T h e s e  
s a m e  " n u m b e r s  d i v e  t h e  r a n g e  o f  v a l u e s  p e r m i s s i b l e  f o r  
" i n d e x i c o m p o n e n t s  f o r  e a c h  d i m e n s i o n ,  E v e r y  
" i n d e x j c o m p o n e n t  m u s t  r e d u c e  t o  a n  i n t e g e r  v a l u e  s u c h  
t h a t  t o r  i t s  c o r r e s p o n d i n g  d i m e n s i o n  i t  o b e y s  t h e  
f o l l o w i n g  r e l a t i o n !  I a 2 a l  

" l o w e r  1  b o u n d  - <  " i n d e x  { c o m p o n e n t  « . <  " u p p e r  { b o u n d  l a 2 a l a  

, 2  S i n c e  " l o w e r { b o u n d s  m a y  b e  o t h e r  t h a n  z e r o #  t h e  
m e a n i n g  o f  a  " l i n e a r i z e d "  " i n d e x  i s  d i f f i c u l t  t o  
d e t e r m i n e ,  T h e r e f o r e #  i f  a n y  " i n d e x ! C o m p o n e n t  i s  o u t s i d e  
t h e  r a n g e  o f  i t s  " l o w e r { b o u n d  a n d  " u p p e r  } b o u n < i ,  I t s  
m e a n i n g  i s  u n d e f i n e d ,  i t  i s  a l s o  u n d e f i n e d  t o  h a v e  m o r e  
" i n d e x { c o m p o n e n t s  t h a n  t h e r e  a r e  d i m e n s i o n s  i n  t h e  
c o r r e s p o n d i n g  t a b l e ,  I a 2 a 2  

, 3  E a c h  " I n d e x { c o m p o n e n t  i s  c o n c e r n e d  w i t h  o n e  d i m e n s i o n  
o f  t h e  t a b l e  t o  w h i c h  i t  i s  a p p l i e d ,  i t  e a c h  

1 
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" i n d e x i c o m p o n e n t  i s  c o n s i d e r e d  i n  t u r n #  i t  i s  s e e n  t h a t #  
s t a r t i n g  f r o m  t h e  l e f t *  t h e y  s e l e c t !  I a 2 a 3  

T h e  r n » l  d i m e n s i o n a l  m a n i f o l d  w i t h i n  t h e  „ n  
d i m e n s i o n a l  t a b l e ,  I a 2 a 3 a  

T h e  „ n " 2  d i m e n s i o n a l  m a n i f o l d  w i t h i n  t h a t  _ n - i  
d i m e n s i o n a l  m a n i f o l d ,  I a 2 a 3 b  

,  I a 2 a 3 c  

,  i a 2 a 3 d  

,  I a 2 a 3 e  

T h e  p l a n e  w i t h i n  t h a t  v o l u m e ,  I a 2 a 3 f  

T h e  r o w  w i t h i n  t h a t  p l a n e ,  I a 2 a 3 g  

T h e  p a r t i c u l a r  e n t r y  w i t h i n  t h a t ,  r o w ,  I a 2 a 3 h  

, 4  T h e  a b o v e  o r d e r  c o r r e s p o n d s  t o  t h e  o r d e r  i n  w h i c h  
d i m e n s i o n  b o u n d s  o c c u r  i n  a  " d i m e n s i o n s 1 \ s t ,  A  t a b l e  „ M N  
w i t h  t h e  " d i m e n s i o n ! 1 1 s t  1 2 ,  3 #  1 3  h a s  t h r e e  p l a n e s *  t o u r  
r o w s  w i t h i n  e a c h  p l a n e  a n d  2  e n t r i e s  i n  e a c h  r o w ,  M o t e  
t h a t  s i n c e  t h e  " l o w e r { b o u n d s  f o r  e a c h  d i m e n s i o n  d e f a u l t  
t o  t h e  v a l u e  z e r o *  t h e r e  i s  o n e  m o r e  v o l u m e *  p l a n e *  a n d  
r o *  t h a n  t h e  v a l u e  t h a t  e x p r e s s e s  t h e  " u p p e r { b o u n d ,  T h e  
f o l l o w i n g  e x a m p l e  i s  a  r e f e r e n c e  t o  a  p a r t i c u l a r  e n t r y  
w i t h i n  t h a t  t a b l e ?  i t  s o  h a p p e n s  t h a t  t h e  r e f e r e n c e  i s  t o  
t h e  l a s t  e n t r y ,  I a 2 a 4  

T h e  n u m b e r  „ 2  ( o r  t h i r d )  p l a n e  i a 2 a 4 a  

T h e  n u m b e r  „ 3  ( o r  f o u r t h )  r o w  I a 2 a 4 p  

T h e  n u m b e r  ( o r  s e c o n d )  e n t r y  I a 2 a 4 c  

M N ( 2 ,  3 ,  1 3  I a 2 a 4 d  

, 5  i n  a n y  r e f e r e n c e  t o  a  t a b l e  o r  i t e m  i n  a  p o i n t e d - t o  
s t r u c t u r e *  t h e  p o i n t e r *  w h e t h e r  i m p l i c i t  o r  e x p l i c i t *  
p o i n t s  t o  t h e  b e a i n n i n g  o f  t h e  s t r u c t u r e ,  i n d e x i n g  
w i t h i n  a  p o i n t e d - t o  s t r u c t u r e  p r o c e e d s  a s  a  d i s p l a c e m e n t  
f r o m  t h e  b e g i n n i n g  o f  t h e  s t r u c t u r e  a s  d e t e r m i n e d  f r o m  
t h e  v a l u e  o f  t h e  p o i n t e r  p l u s  t h e  d i s p l a c e m e n t #  i f  a n y #  
f r o m  t h e  b e g i n n i n g  o f  t h e  p o i n t e d - t o  s t r u c t u r e  t o  t h e  
b e g i n n i n g  o f  t h e  r e f e r e n c e d  s t r u c t u r e  p l u s #  f i n a l l y #  t h e  
d i s p l a c e m e n t  d u e  t o  t h e  i n d e x i n g .  N o t i c e  t h a t  g e n e r a l l y  
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the value of the pointer is not the value of the 
"locationsfunctionrcall, The value of the 
"locationsfunctionscall incorporates all the relevant 
displacements * If such a value is used as an explicit 
pointer to an "indexed!variable within a data structure# 
the relevant displacements are counted again in 
completing the reference, Ia2a5 

10,3 Missing "indexIComponents la3 

"Index{components or even the complete "index may be 
sometimes omitted, The meaning depends upon the situation, 
If initial or embedded "indexicomponents are missing, their 
places must be marked by a "comma. Trailing 
"indexicomponents can merely be omitted, ia3a 

,1 The primary meaning of an omitted "indexicomponent in 
a data reference is to use the corresponong "lowerjbound 
instead, If an "indexicomponents are omitted, the 
"brackets and the "commas that hold the positions of 
"indexicomponents may also be omitted. Examples laial 

TABLE $1 [9,9,11103 P F | 

TABLE $A [9,9 J S| 

$1 # SA 1,931 S A C ,Qj =  $11 

,2 in the above example, neither table has any 
Infrastructure, 1 is a three-dimensional, parallel 
table of floating entries, The first two dimensions run 
from -0 through _,9 apd the third dimension runs from -1 
through „10, „$a is a two-dimensional, serial (default) 
table of signed integer entries, The first 
"assignment:statement puts the »[0,9]th value of „$A into 
the „[5,6,1]th entry of -SI, Then the second 
"assignmentistatement puts the first value of _$1 (entry 
-$1[0#0#1] ) into tne -.[0,93th entry of _$A, 

,3 The second meaning of the omitted "index in a data 
reference is involved with a pointed*to table having a 
submanifold "aliocationjincrement, jn a reference to 
such a table in which the pointer is implicit# omitting 
an "indexscomponent usually has the primary meaning of 
"lowerIbound, In the "declaration of the pointed»to 
table# "dimensionHist components relating to the pointer 
must- be omitted, BXamplei 

ia3ala 

1 a 3 a 1 b 

ia3aic 

Ia3a2 

la3< 

TABLE PTR [5U0#i7l23] U 1 la3a3a 

3 



K J C  3 - J U N - 7 4  U t l 4  3 0 8 3 5  
J 7  3  -  C h a p t e r  1 0  -  C o m p l e t e l y  E d i t e d  

T A B L E  T A B  g  P T R f l  E  ,  ,  1 1  1 0 0 ] ;  l a 3 a i b  

I T E M  A A ,  B B  8  4 7 ,  1 5 ;  I a 3 a 3 c  

A  A  ( 7  ,  »  4 7 ]  a  B B ( 8 , 2 Q ] j  I a 3 f 3 d  

, 4  I n  t h i s  e x a m p l e ,  - P T R  i s  a  t w o - d i m e n s i o n a l  t a b l e  o f  
u n s i g n e d  i n t e g e r s #  w i t h  u n u s u a l  " l o w e r { b o u n d s  T a b l e  - . T A B  
i s  t h r e e  d i m e n s i o n a l ,  a l l o c a t e d  b y  r o w s ,  a n d  p o i n t e d  t o  
b y  — P T R (  I n  i t s  " d e c l a r a t i o n ,  t h e  f i r s t  t w o  
" d i m e n s i o m l i s t  c o m p o n e n t s ,  a c t u a l l y  r e l a t i n g  t o  - . P T R ,  
m u s t  b e  e m p t y ,  - . T A B  c o n t a i n s  t w o  f i x e d ,  s i g n e d  i t e m s ,  
« . A A  a n d  - B B ,  I n  t h e  " a s s i g n m e n t  s s t a t e m e n t  t h e  f i r s t  t w o  
• i n d e x i c o m p o n e n t s  o f  t h e  " i n d i c e s  f o r  - A A  a n d  f o r  - B B  
r e f e r  a c t u a l l y  t o  - P T R ,  T h e  v a l u e  o f  t h e  f i r s t  e l e m e n t  
o f  - B B  ( d e f a u l t e d  " l o w e r i b o u n d  f o r  t h e  t h i r d  
" i n d e x i c o m p o n e n t )  i n  t h e  r o w  p o i n t e d  t o  b y  P T R  [ 8 , 2 0 ]  i s  
g i v e n  t o  t h e  i n s t a n c e  o f  - A A  d e s i g n a t e d  b y  a n  
" i n d e x i c o m p o n e n t  o f  - 4 7  I n  t h e  r o w  p o i n t e d  t o  b y  
—  P T R ( 7 , 1 7 ]  ( d e f a u l t e d  *  l o w e r  I  b o u n d  f o r  t h e  s e c o n d  
" i n d e x i c o m p o n e n t ) ,  I a 3 a 4  

, 5  i f  t h e r e  i s  a n  e x p l i c i t  p o i n t e r  i n  t h e  r e f e r e n c e  t o  a  
p o m t e d w t o  e n t i t y  a l l o c a t e d  b y  s u b m a n i f o l d s ,  a l l  
" i n d e x i c o m p o n e n t s  m u s t  b e  o m i t t e d  e x c e p t  t h o s e  i n d e x i n g  
i n t o  t h e  s u b m a n i f o l d ,  i f  a n y  o f  t h o s e  i n d e x i n g  i n t o  t h e  
s u b m a n i f o l d  a r e  m i s s i n g ,  t h e y  d e f a u l t  t o  t h e i r  r e s p e c t i v e  
" l o w e r i b o u n d s ,  E x a m p l e !  I a 3 a 5  

A A  9  9 8 5  =  A A ( 3 9 8 5  + A A  t ,  , K ]  § 9 8 5  J  I a 3 a 5 a  

, 6  I n  t h e  f i r s t  t w o  o c c u r r e n c e s  o f  - A A  i n  t h e  a b o v e  
e x a m p l e ,  t h e  e n t i r e  " i n d e x ,  i n c l u d i n g  t h e  " b r a c k e t s ,  i s  
o m i t t e d ,  T h e  f i r s t  t w o  " i n d e x i c o m p o n e n t s  m u s t  b e  o m i t t e d  
b e c a u s e  t h e  e x p l i c i t  p o i n t e r ,  - 9 8 5 ,  i s  u s e d ,  o m i t t i n g  
t h e  t h i r d  " i n d e x j c o m p o n e n t  d e f a u l t s  t o  i t s  " l o w e r { b o u n d ,  
- 1  i n  t h i s  c a s e ,  i n  t h e  t h i r d  o c c u r r e n c e  o f  - A A ,  t h e  
f i r s t  t w o  " i n d e x i c o m p o n e n t s  m u s t  b e  o m i t t e d  a n d  t h e  t h i r d  
o n e ,  - K ,  s e l e c t s  t h e  e l e m e n t  o f  t h e  r o w  s t a r t i n g  a t  
l o c a t i o n  - 9 8 5 ,  l a 3 a e >  

, 7  A  m i s s i n g  " i n d e x i c o m p o n e n t  i n  c o n n e c t i o n  w i t h  a  
" n u m b e r i o f t e n t r i e s i f u n c t i o n j c a l l  c a u s e s  t h a t  
" i n d e x i c o m p o n e n t  t o  b e  i g n o r e d  i n  c o m p u t i n g  t h e  n u m b e r  o f  
e n t r i e s  ( s e e  s e c t i o n  1 0 , 4 , 1 0 ) ,  I a 3 a 7  

1 0 , 4  " I n d e x t R a n g e s  l a 4  

i n  a  l i s t  o f  d a t a  e l e m e n t s  o c c u r r i n g  i n  a n  
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" a s s i g n m e n t | s t a t e m e n t ,  w h e t h e r  b e i n g  a s s i g n e d  v a l u e s ,  o r  
u s e d  m  a s s i g n i n g  v a l u e s ,  o r  i n v o l v e d  i n  f o r m a t t i n g  
t r a n s l a t i o n s ,  i t  i s  o f t e n  d e s i r a b l e  t o  h a v e  a n  
" i n d e x { c o m p o n e n t  t a k e  o n  a  s e q u e n c e  O f  v a l u e s  f r o m  s o m e  
" l o w { p o i n t  t o  a  " h i g h J P Q i n t ,  T h i s  c a n  b e  d o n e  b y  u s i n g  a n  
" i n d e x { c o m p o n e n t i r a n g e  o r #  m o r e  g e n e r a l l y ,  a n  " i n d e x ! r a n g e ,  

, 1  "Lowjpoint  and  "Mghjpo int  must  reduce  to  in teger  
va lues  such  that  for  the  corresponding  d imens ion!  

' l o w e r J b o u n d  - <  
' u p p e r { b o u n d  

' l o w s p o i n t  ' h i g h !Po int  - ,<  

i a4a  

la4a l  

la4a la  

, 2  I f  " l o w i p o i n t  i s  m i s s i n g *  i t  d e f a u l t s  t o  
" l o w e r { b o u n d ?  i f  " h i g h t p o i n t  i s  m i s s i n g *  i t  d e f a u l t s  t o  
" u p p e r { b o u n d ,  I f  o n l y  t h e  " c o l o n  i s  g i v e n  f o r  a n  
" i n d e x : c o m p o n e n t : r a n g e ,  t h e  m e a n i n g  i s  f r o m  " l o w e n b o u n d  
t h r o u g h  " u p p e r { b o u n d *  i n c l u s i v e ,  T h e  g e n e r a l  m e a n i n g  o f  
" i n d e x { c o m p o n e n t ! r a n g e  i s  f r o m  " l o w ; p o l n t  t h r o u g h  
" h i g h { p o i n t *  i n c l u s i v e ,  T h u s {  

. I t  m e a n s  f r o m  „ I  t h r o u g h  " u p p e r { p o u n d *  a n d  

i a4a2  

1a4a2a  

„{vJ  +  2  mea n s  f r o m  " l o w e r  t b o U n < *  t h r o u g h  -J+2#  a n d  i a 4 a 2 b  

- {  means  from " lower{bound through  "upper  I  bound,  ia4a2c  

, 3  A h  " i n d e x : r a n g e  f r o m  t h e  d e f i n i t i o n  g i v e n  a b o v e  i s  
s e e n  t o  b e  a n  " i n d e x  i n  w h i c h  o n e  o r  m o r e  
" i n d e x i c o m p o n e n t s  m a y  b e  r e p l a c e d  b y  
" i n d e x : c o m p o n e n t t r a n g e s  *  A n  " i n d e x i r a n g e  u s e d  w i t h  a n  
" i n d e x e d : v a r i a b l e  t o  r e p r e s e n t  a  l i s t  o f  d a t a  e l e m e n t s  i n  
a n  " a s s i g n m e n t : s t a t e m e n t  r e s u l t s  i n  a n  
"indexed:var iab le :range*  ia4a3  

,4  The  meaning  o f  the  f i r s t  form o f  
" i n d e x e d ; v a r i a b l e : r a n g e  g i v e n  a b o v e  i s  t h e  s a m e  a s  a  l i s t  
o f  s e v e r a l  o c c u r r e n c e s  o f  t h e  " i t e m m a m e  o r  * t a b i e : n a m e  
i n  w h i c h  e a c h  " i n . d e x j c g m p o n e n t i r a n g e  i s  r e p l a c e d  w i t h  t h e  
s u c c e s s i v e  v a l u e s  o f  t h e  " i n d e x : c o m p o n e n t  i t  r e p l a c e s ,  
I f  " I n d e x { c o m p o n e n t l r a n g e s  r e p l a c e  m e r e  t h a n  o n e  
" i n d e x i c o m p o n e n t ,  t h e  m e a n i n g  i s  a s  i f  s u c h  e x p a n s i o n  o f  
o c c u r r e n c e s  o f  t h e  " i t e m i n a m e  ( " t a b l e : n a m e )  h a p p e n e d  
f i r s t  w i t h  r e s p e c t  t o  t h e  l e f t m o s t  " i n d e X { C O m P o n e n t : r a n g e  
a n d  t h e n  p r o g r e s s e d  t h r o u g h  " i n d e x j c o m p o n e n t i r a n g e s  t o  
t h e  r i g h t ,  F o r  e x a m p l e ,  c o n s i d e r  t h e  
" i n d e x e d i v a r i a b l e : r a n g e  I a 4 a 4  

BBl*  :19»  99M I a 4 a 4 a  

5 
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J 7 3  -  C h a p t e r  1 0  -  C o m p l e t e l y  E d i t e d  

w h i c h  r e f e r e n c e s  t h e  d a t a  s t r u c t u r e  o f  S e c t i o n  1 0 , 3 , 3 ,  
T h i s  c a n  b e  s e e n  t o  b e  e q u i v a l e n t  t o  t h e  p a r t i a l  
e x p a n s i o n  I a 4 a 5  

B B  [  , 1 7 , 9 9 1 1 ,  B B C  , 1 8 , 9 9 } ] ,  B B £  , 1 9 , 9 9 1 3  I a 4 a 5 a  

w h i c h  i n  t u r n  i s  e q u i v a l e n t  t o  t h e  f u n  e x p a n s i o n  l a 4 a b  

B B t  , 1 7 , 9 9 ] ,  B B (  , 1 7 , 1 0 0 ] ,  B B [  , 1 8 , 9 9 ] ,  b B  E  , 1 8 , 1 0 0 ] ,  I a 4 a 6 a  

B B £  ,  1 9 , 9 9 ] ,  B B C  , 1 9 , 1 0 0 ]  l a 4 a t > b  

, 5  N o t i c e ,  i n  t h e  e x a m p l e  a b o v e ,  t h a t  t h e  m i s s i n g  f i r s t  
• l n d e x j c o m p o n e n t  f o r  - B B  m e a n s  " l o w e r { b o u n d ,  
, B = 1 j n o t , 8 = 0 i  " l o w e r t b o u n d  t h r o u g h  " u p p e r { b o u n d ,  I a 4 a 7  

- B B  i s  s h o r t h a n d  f o r  B B C  ,  ,  ]  I a 4 a 7 a  

i t  i s  , B * 1 » n o t , B = 0 ;  s h o r t h a n d  f o r  - B B t t , } , ! ]  I a 4 a 7 b  

, 6  T h e r e  i s  a  s p e c i a l  " p r i m i t i v e ,  - A L L ,  t h a t  m a y  b e  u s e d  
a s  a  s h o r t h a n d  f o r  a  r e f e r e n c e  t o  a n  
• i r d e x e d i v a r i a b l e s r a n g e  i n  w h i c h  a l l  " i n d e x { c o m p o n e n t s  
a r e  r e p l a c e d  w i t h  " c o l o n s ;  I a 4 a 8  

A L L  ( B B )  , B * 1 j i s , B » 0 ;  s h o r t h a n d  f o r  - B B [ ; , ; , s ]  i a 4 a 8 a  

, 7  N o t e  t h a t  — A L L  m a y  o c c u r  o n l y  i n  a n  
" a s s i g n m e n t { s t a t e m e n t  t o  r e p r e s e n t  a  l i s t  o f  d a t a  
e l e m e n t s ,  i n  t h i s  c a s e  I a 4 a 9  

- A L L  - ( " n a m e - )  m e a n s  " n a m e  - C ;  - )  I a 4 a 9 a  

w h e r e  t h e r e  a r e  a s  m a n y  " c o l o n s  a s  t h e  d i m e n s i o n a l i t y  o f  
t h e  n a m e d  e n t i t y ,  - A L L  m u s t  n o t  b e  u s e d  u n l e s s  t h e  
e n t i r e  t a b l e  i s  a l l o c a t e d  s p a c e  a t  t h i s  t i m e ,  I a 4 a l 0  

, 8  A n  " i n d e x ; r a n g e  m a y  b e  u s e d  i n  o n e  p l a c e  o t h e r  t h a n  
a n  " i n d e x e d ; v a t a b l e ; r a n g e ,  T h i s  i s  w i t h  t h e  
" n u m b e r ; o f ; e n t r i e s ; f u n c t i o n ; c a l l ,  l a 4 a l 1  

, 9  " l n d e x ; c o m p o n e n t ; r a n g e  h a s  a  d i f f e r e n t  m e a n i n g  w h e n  
u s e d  i n  t h e  c o n t e x t  o f  - W E N T ,  w h e n  u s e d  w i t h  a n  
* i n d e x e d ; v a r i a b l e ; r a n g e ,  t h e  m e a n i n g  i s  " l o w t p o i n t  
t h r o u g h  " h i g h ; p o i n t  i n d i c a t i n g  a  s e q u e n c e  o f  v a l u e s  t o  b e  
u s e d  a s  " i n d i c e s .  W i t h  - N E N T ,  " i n d e x ; c o m p o n e n t ; r a n g e  
m e a n s  a  s i n g l e  v a i u e  t o  b e  u s e d  a s  a  m u l t i p l i e r  i n  
d e t e r m i n i n g  t h e  n u m b e r  o f  e n t r i e s ,  T h a t  v a l u e  i s ;  I a 4 a l 2  

6 
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J 7 3  -  C h a p t e r  1 0  -  C o m p l e t e l y  E d i t e d  

' h l g h f p o i n t  +  1  ' l a w ( p o i n t  l a 4 a l 2 a  

, 1 0  I n  t h e  ' " n u m b e r s o f i e n t r i e s ( f u n c t i o n : c a i l ,  t h e r e  i s  n o  
c o n c e r n  a b o u t  s p e c i f i c  " i n d e x ( c o m p o n e n t s ,  I n  f a c t #  t h e  
v a l u e  o f  t h e  " n u m b e r t o f ! e n t r i e s ( f u n c t i o n : c a l l  i s  j u s t  t h e  
p r o d u c t  o f  m u l t i p l y i n g  t o g e t h e r  t h e  e x t e n t  o f  t h e  
r e f e r e n c e d  t a b l e  i n  a l l  t h e  d i m e n s i o n s  i n d i c a t e d  b y  
" i n d e x ( c o m p o n e n t  I  r a n g e s ,  T h e  " i n d e x ( c a m p o n e n t s  n o t  
r e p r e s e n t e d  b V  " i n d e x ( c o m p o n e n t ( r a n g e s  c a n  b e  c o n s i d e r e d  
a s  m u l t i p l i e r s  o f  v a l u e  _ l  w h e t h e r  t h e y  a r e  m i s s i n g  o r  
n o t ,  " w i t h  r e f e r e n c e  t o  t h e  e x a m p l e s  i n  s e c t i o n  1 0 , 3 , 3 ,  
t h e  v a l u e  o f  

N E N T  ( T A B  [  I ]  )  

i s  " u p p e r ( b o u n d  +  1  -  " l o w e r i b o u n d  ( u s i n g  d e f a u l t  v a l u e s  
f o r  " l o w i p o l n t  a n d  " h i g h ( p o i n t )  f o r  t h e  t h i r d  d i m e n s i o n  
w h i c h  g i v e s  1 0 0  +  i  «  i  =  t o o #  t h e  l e n g t h  o f  a  r o w ,  T h e  
v a l u e  o f  

n E N T  ( P T R C i J )  i s  t h e  s a m e  a s  t h e  v a l u e  o f  

NENt  ( P T R t ( # 3 )  a n d  t h e  s a m e  a s  t h e  v a l u e  O f  

N E N T  ( P I R [ ( #  2 0 3  )  

w h i c h  i s  10  +  1  -  5  a  6  

, H  S i n c e ,  i n  t h e  c o n t e x t  o f  „ N E N T »  t h e r e  i s  n o  u t i l i t y  
i n  o m i t t i n g  a l l  " i n d e x ( c o m p o n e n t s #  t h e r e  i s  a n  
e x c e p t i o n a l  m e a n i n g  t o  a  " t a b i e i n a m e  w i t h o u t  a n y  " i n d e x  
o r  " i n d e x  " b r a c k e t s ,  O n l y  i n  c o n t e x t  w i t h  „ N E N T #  

« N b N T ( " t a b l e ( n a m e „ )  

m e a n s  t h e  s a m e  a s  

„ N E N T  » . (  " t a b i e ( n a m e  „ t (  m )  . )  

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

1 0 , 5  i n d e x i n g  T a b l e s  w i t h  V a r i a b l e  B o u n d s  

P Q i n t e d " » t o  t a b l e s  c a n  h a v e  " u p p e r (  a n a  " l o w e r ( b o u n d s  t h a t  
a r e  " s i m p l e ( i n t e g e r ( v a r i a b i e s ,  O r d i n a r i l y #  t h e  
" p r o g r a m ! d e c l a r a t i o n  w O y l d  s e t  t h e  b o u n d s  b e f o r e  b e g i n n i n g  a  
p r o c e s s  i n v o l v i n g  t h e  t a b l e #  a l l o c a t e  s p a c e  f o r  t h e  t a b l e  
( p e r h a p s  u s i n g  t h e  " n u m b e r ( o f ( e n t r i e s  I f u n c t i o n J c a l l  a n d  t h e  

i a 4 a i 3  

l a 4 a l 3 a  

I a 4 a l 4  

l a 4 a i 4 a  

i a 4 a i 4 h  

I a 4 a l 4 c  

I a 4 a l 4 d  

I a 4 a l 5  

I a 4 a i 5 a  

l a 4 a i b  

I a 4 a l 6 a  

I a 4 a l 7  

l a 5  
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• w o r d s j p e r i e n t r y j f u n c t l o n j c a l l ) ,  s t a r t  a n d  c o m p l e t e  t h e  
p r o c e s s ,  a n d  t h e n  r e l e a s e  t h e  s p a c e ,  T o  c h a n g e  t h e  b o u n d s  
d u r i n g  p r o c e s s i n g  O f  t h e  t a b l e  c o u l d  h a v e  u n d e s i r e d  e f f e c t s  
o n  t h e  i n d e x i n g  o f  o t h e r  e n t r i e s ,  b u t  t h i s  i s  n o t  
l l l e g a l ' " , i n  c a s e  t h e  p r o g r a m m e r  n e e d s  t o  m a k e  s u c h  c h a n g e s  
a n d  u n d e r s t a n d s  t h e  r a m i f i c a t i o n s ,  l a 5 a  

, 1  S u c h  t a b l e s  c a n  i n v o l v e  t h e  • p a r a m e t e r s  o f  a  
p r o c e d u r e ,  T h e  • l o w e r s  a n d  " u p p e r { b o u n d s  o f  a  l o c a l  
t a b l e  m i g h t  b e  " f o r m a l * i n p u t s p a r a m e t e r s s  t h e  t a b l e  i t s e l f  
m i g h t  b e  a  " f o r m a l s  i n p u t { p a r a m e t e r s  o r  b o t h  t h e  t a b l e  a n d  
I t s  b o u n d s  m i g h t  b e  " f o r m a l  *  I n p u t { p a r a m e t e r s ,  H e r e  t h e  
o r d i n a r y  s e q u e n c e  o f  e v e n t s  1 s t  s e t  t h e  " l o w e r *  a n d  
" u p p e r { b o u n d s  f r o m  t h e  c o r r e s p o n d i n g  
• a c t u a l j i n p u t { p a r a m e t e r s ,  a l l o c a t e  s p a c e ,  p r o c e s s ,  
r e l e a s e  s p a c e ,  l a b a l  

, 2  I t  t h e  t a b l e  i t s e l f  i s  a  " f o r m a l i i n P u t { p a r a m e t e r ,  t h e  
a l l o c a t i o n  a n d  r e l e a s i n g  o f  s p a c e  i s  a c c o m p l i s h e d  b y  t h e  
c a l l i n g  p r o g r a m ,  T h e  l o c a t i o n  p r o v i d e d  a s  t h e  
" a c t u a l i i n p u t { p a r a m e t e r  I s  t h e  l o c a t i o n  t o  b e  u s e d  b y  t h e  
p r o c e d u r e  a s  t h e  b e g i n n i n g  o f  t h e  t a b l e ,  T h e  e n t r y  w h o s e  
" i n d e x  i s  a l l  t h e  " l o w e r { b o u n d s  o f  t h i s  t a b l e  b e g i n s  a t  
t h i s  l o c a t i o n ,  ! a 5 a 2  

, 3  T b i s  i s  t h e  s i t u a t i o n  w h e t h e r  t h e  " l o w e r { b o u n d s  a r e  
s e t  b y  " p a r a m e t e r s #  o u t e r  d a t a #  l o c a l  d a t a #  o r  
" c o n s t a n t s ,  E v e n  I f  t h e  b o u n d s  o f  t h e  t a b l e  a r e  c h a n g e d  
d u r i n g  e x e c u t i o n  o f  t h e  p r o c e d u r e ,  t h e  e n t r y  w h o s e  " i n d e x  
i s  a l l  t h e  " l o w e r { h o u n d s  a l w a y s  b e g i n s  a t  t h e  l o c a t i o n  
s p e c i f i e d  b y  t h e  p o l n t e r - - i m p l i c i t  i f  n o t  m e n t i o n e d  a t  
t h e  r e f e r e n c e ,  e x p l i c i t  o t h e r w i s e ,  I a 5 a 3  

1 0 , 6  I n d e x i n g  a s  R e l a t e d  t o  S t o r a g e  A l l o c a t i o n  l a 6  

T h e  o r d e r  t o r  s t o r a o e  a l l o c a t i o n  f o r  a  m u l t i d i m e n s i o n a l  
t a b l e  i s  e l e m e n t s  o f  a  r o w ,  r o w s  o f  a  p l a n e ,  p l a n e s  o f  a  
v o l u m e ,  e t c ,  T h i s  o r d e r  i s  t h e  s a m e  a s  t h a t  o f  t h e  v a l u e s  
i n  a  " c o n s t a n t { l i s t  u s e d  i n  p r e s e t t i n g  a  m u l t i d i m e n s i o n a l  
t a b l e  ( s e e  S e c t i o n  7 , 1 3 ) ,  i a 6 a  

, 1  E n t r i e s  a r e  a l l o c a t e d  s t o r a g e  s o  t h a t  t h e  f i r s t  
" i n d e x s c o m p o n e n t  v a r i e s  m o s t  s l o w l y ,  t h e  s e c o n d  
" i n d e x t c o m p o n e n t  t h e  n e x t  m o s t  s l o w l y #  a n d  s o  f o r t h ,  T h e  
a l l o c a t i o n  f o r  a  t a b l e  w i t h  a  " d i m e n s i o n s  l i s t  „ [ 2 , 3 , 1 J  i s  
g i v e n  i n  F i g u r e  i 0 » l ,  E a c h  e n t r y  o f  t h e  t a p l e  h a s  a  
t w c « w o r d  i t e m  _ a b  ( , . 1  „ A R  m e a n s  t h e  f i r s t  h a l f  o f  ^ A B ?  2  
A B  m e a n s  t h e  s e c o n d  h a l f  o f  „ A B )  f o l l o w e d  b y  a  o n e i w o r d  
i t e m  „ X Y ,  T h e  f i g u r e  r e l a t e s  t h e  " i n d e x ,  " i t e m s n a m e  a n d  

8 
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relative position within the table for both parallel and 
serial structures, lafcal 

,2 A table with tight structure might be allocated 
storage in different ways, Figure 10-2 depicts two 
possible allocations on a machine that has 32 bits per 
word tor the table whose "declaration iss lafea2 

TABLE BB C5#71 T D U 10 J Ia6a2a 

The allocation on the left requires more words of storage 
than the one on the right# but might result In more 
efficient usage since the storage structure for each row 
is the same, laba3 

,3 The examples show effective allocation structures, 
There is no requirement that storage actually be 
allocated in the manner shown, laba4 
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MIKE i«»JUN-7 4 1 1 :20 3083b 
Summary ot Execute Edit Commands,, fnot important unless you're 
thinking of using E E in a trial basis, 

Execute Edit Commands 1 

Copying la 

copy l character lal 

copies to tend of statement ia2 

UP to and INCLUDING ia3 

<"O> UP to but NOT INCLUDING ia4 

Skipping lb 

<*S> skip t character Ibl 

<*G> up to and INCLUDING lb2 

UP to but NOT INCLUDING lb3 

Insertion 1c 

LIT 1C1 

l 
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t h i n k i n g  o f  u s i n g  E E  i n  a  t r i a l  b a s i s ,  
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J o u r n a l  m e s s a g e  r e c o v e r y  
N j N  3 » J U N * 7 4  1 4 : 1 6  

J 1 W  V " 
I f  i t  i s  n o t  t o o  m u c h  t r o u b l e ,  I  g u e s s  I  w o u l d  a p p r e c i a t e  y o u r  m a k i n g  
a  p a s s  t h r o u g h  t h e  j o u r n a l  t o  p i c k  o u t  s t u f f  a u t h o r e d  b y  m e  o r  s e n t  
t o  U S I N G  o r  I N F Q R M A N  g r o u p s ,  T h e  p e r s o n a l  m e s a g e s  c o u l d  n o t  h a v e  
b e e n  t h a t  i m p o r t a n t  a n y w a y ,  
T h a n k s  v e r y  m u c h ,  h a n e y  

1 



N J N  W U N - 7 4  1 4 :  1 6  3 0 8 3 7  
J o u r n a l  m e s s a g e  r e c o v e r y  

( J  3 0 8  3 7 )  3 - j l i f  - 7 4  1 4 : 1 6 ?  T i t l e :  A U t h o r ( s ) :  N a n c y  J *  N e i g u s / N J N ;  
D i s t r i b u t i o n :  / J E W ?  S u n - C o l l e c t i o n s :  N l C j  C i e r x :  N J N j  



R M S  i - J U N - 7 4  1  b  I  3 4  3 0 8 3 8  
F T P  i n q u i r y  -  A t t n ?  j o n n  P o s t e l  

•  •  »  •  1  

J o h n ,  2  

T h e  F T P  p r e s e n t l y  a v a i l a b l e  a t  s o c K e t  3  s u p p o r t s  a  v e r y  s m a l l  s u b s e t  
o t  3  

t h e  o l d  P r o t o c o l ,  A  f u l l  I m p l e m e n t a t i o n  o f  t h e  n e w  p r o t o c o l  i s  b e i n g  4  

d e v e l o p e d #  b u t  w o n ' t  b e  a v a i l a b l e  u n t i l  A u g u s t ,  - - - R o n  s t o u g h t o n  5  

•  • • * • « «  f j  

7  

1 



RMS 3-JUN*74 1 5 34 30*38 
FTP Inquiry - Attn: John Postei 

CJ3083R) 3«JUN^74 15:34, Title: Author(s): Ronald M, Stoughton/RMS, 
Distribution: /JBp, Sub-Collections: NIC, Ciertc: RMS, 



undel ivered mil  
JRP 4-JUN-74 11125 30839 

-  -  -  -  1  

Ron* 2  

3  

Did you not ice  tha t  your  msg to  1bp d idnt  get  de l ivered?  4 

5  

J ,  Pickens  6  

7  

1 



J R P  4 - J U N - 7 4  1 1 1 2 5  J 0 8 3 9  
u n d e l i v e r e d  m i l  

C J 3 0 8 3 9 )  4 - J U N - 7 4  1 1 { 2 5 »  T i t l e s  A u t h o r ( s ) s  J o h n  R .  P i c x e n s / j R P j  
D i s t r i b u t i o n j  / R m S j  S u b - C o l l e c t ,  i o n s  s  H l C j  C l e r x j  J R P  i  



B u g  a t  Q ^ f i c e - t #  t e r t i a r y  d i s t r i b u t i o n  
F E E D  4 - J U N - 7 4  1 B  :  3 7  3 0 8 4 0  

J i m #  I f  y o u  h a v e n ' t  a l r e a d y  w o u l d  y o u  p l e a s e  l o o k  a t  t h i s ?  ( D e a n #  
t h e  l d e n t  f o r  o f f i c e , i  i s  F E E D ,  d i r  i s  F e e d b a c k  i s  o f f i c e , i  f o r  
s n d r n s g ,  T h a n k s . )  



FEED 4-JUN-74 IBs 37 30840 
Bug at Of flee-1» tertiary distribution 

4->dUN-74 0548-PDT MEYER at OFFICE*!* Load Rem<te doesn't wor* this 
morning, 

DistributionJ FEEDBACK, white at SRI-ARC 
Received ats 4-JUN-74 05!50?49 1 

I'm at o£fice-l, tried Load Remote, Got error message (two 
times) 431 User name not valid, la 

i 



B u g  a t  o f f i c e - ! ,  t e r t i a r y  d i s t r i b u t i o n  
F E E D  4 - J U N - 7 4  1 8 : 3 7  3 0 8 4 0  

C J 3 0 8 4 0 )  4 » J U N * 7 4  1 8 :  3  7 :  T i t l e s  A u t h o r ( s ) }  S p e c i a l  J h b  
F e e d b a c k / F E E D j  S u b « C o i i e c t i o n » }  S K T > A R C *  C l e r k }  P E E D j  
O r i g i n }  < M J O U F N A L > 2 3 2 2 9 , N L S J  1 ,  4 - J U N - 7 4  1 U 3 1  X X X  ;  T i t l e s  
A u t h o r ( s i s  S u s a n  B ,  L e e / S R L i  D i s t r i b u t i o n }  / N D M  J E W }  S u b - C o l l e c t  i o n s i  
S R I - A B C ?  C l e r k :  S R L }  



'> 

M I K E  5 » J U N » 7 4  1 3 : 5 0  3 0 H 4 1  
p r o p o s e  a g e n d a  ( a b b r e v i a t e d )  f o r  B P S C  I n  D e w l t t v i l i e  

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



/> 

M I K E  5 W J U N » 7 4  1 3 1 5 0  3 0 8 4 1  
p r o p o s e  a g e n d a  ( a b b r e v i a t e d )  f o r  B P S C  i n  D e w l t t v l l l e  

( b p s c )  N o t e s  f o r  B P S C ,  D e w i t t v i l i e  B r a n c h  1  

r e v i e w  d i f f e r e n t  l e v e l s  o f  i n v o l v e m e n t / e x p e r t i s e  l a  

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

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

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

1 



. -

M I K E  5 - J U N - 7 4  1  3  S  b O  3 0 8 4 1  
p r o p o s e  a g e n d a  ( a b b r e v i a t e d )  f o r  B P S C  i n  D e w i t t v l U e  

( J 3 0 8 4 1  )  5 - J U N - 7 4  1 3  s  5 0  >  T i t l e !  A u t b o r ( s ) !  M i c b a e l  T ,  8 e d f o r d / M I K E J  
D i s t r i b u t i o n !  / I M M j  S u b - C o l l e c t i o n s !  N I C  ?  C l e r K !  M I K E ;  



J o u r n a l  R e c o v e r y  
N J N  5 - J U N - 7 4  I S  I  2 8  

T h a n k s  v e r y  m u c h  t o r  y o u r  e f f o r t s #  J i m ,  A t  t i m e s  l i k e  t h i s  o n e  c a n  
r e a l l y  a p p p r e c i a t e  a l l  t h e  n i c e  p a c k r a t  q u a l i t i e s  o f  t h e  j o u r n a l ,  I t  
m a y  t a k e  s o m e  e f f o r t  o u t  a t  l e a s t  t h i n g s  a r e  r e c o v e r a b l e .  T h a n k s  
a g a i n #  N a n c y  

i 
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j o u r n a l  R e c o v e r y  
N j N  5 * . J U N » 7 4  1 5 : 2 8  3 0 8 4 2  

( J 3 0 8 4 2 )  5 - J U f v - 7 4  1 5 : 2 8 ?  T i t l e ?  A u t h o r ( s ) ?  N a n C y  J ,  N e i g u s / N J N ?  
D i s t r i b u t i o n ?  / J E W ?  S u b » C o l l e c t i o n s ?  N I C ?  C l e r x ?  N J N ?  
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Chapter 11 1 

•DIRECTIVES la 

11.1 introduction lal 

•Directives provide supplemental information to a compiler 
about the program being compiled, One •directive supplies 
descriptions of definitions external to the program, Others 
control the compilation process or request debugging 
facilities, some permit a compiler to do a better job of 
code generation by specifying referenced data, frequency of 
reference, etc, iaia 

,1 The •directives listed above are part of standard 
JOVIAL, Other •directives may be added to the language 
at the impiementer*s option, Any -directives added must 
fit the form described in the next paragraph, lalal 

,2 A •directive is indicated by the use of an 
•exciamationjpoint followed immediately by a unique Key 
word, Optional parameters (depending upon the 
•directive-) and a "semicolon complete a -directive, The 
Key word may be the same as a JOVIAL "primitive or a 
"name in the program since the "exclamationjpoint flags 
it as a "directivesKey, The following definition gives 
the •directiveiKeys in standard JOVIALJ lala2 

,3 •Directives may appear before a •prOgramjdeclaration 
and before or after a -statement or "declaration, 
-Directives are not considered as -statements or 
-declarations, some -directives are restricted more as 
to whe re they may appear. These restrictions are noted 
for the individual "directives, A -directive following 
the single "statement that forms the body of a 
-program!declaration is lost? the compiler does not looK 
beyond the final .END for further direction, iala3 

11.2 "CompooljDirective ia2 

Ail "names to be used in a JQVIAL program must be declared 
except those Known intrinsi caily to the compiler, -Names 
whose attributes exist in a compool or library are 
"declared" using the "compool!directive, la2a 

,1 If multiple compools exist for an implementation, 
"compooljname identifies the compool to which the 
•directive applies, -Compool!name may be omitted for 
single-compool implementations or it a default system 

1 



R j C  6 - J U N - 7 4  Q 6 ; 5 9  3 0 8 4 4  
J 7 3  -  C h a p t e r  I t  -  C o m p l e t e l y  E d i t e d  

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

_ J C O M P O O L f  

, 2  T h e  " n a m e s  I n  t h e  " c o m p o o l j d i r e c t i v e  d i r e c t  t h e  
a c c e s s i n g  o f  t h o s e  " n a m e s '  a t t r i b u t e s  f r o m  t h e  i n d i c a t e d  
c o m p o o l ,  " T a b l e  j  n a m e  s ,  " i t e m ;  n a m e s  t  " d a t a ;  b l o c k s  n a m e s »  
" f o r m s n a m e s ,  " d e f i n e j n a m e s »  " s t a t u s ; l i s t j n a m e s ,  
" s t a t e m e n t i n a m e s ,  " p r o g r a m s n a m e s *  " p r o c e d u r e s n a m . e s #  a n d  
" a l t e r n a t e : e n t r a n c e S n a m e s  m a v  a l l  b e  i n c l u d e d  i n  a  
c o m p o o l ,  T h e  s i g n i f i c a n t  a t t r i b u t e s  a s s o c i a t e d  w i t h  
" p r o q r a m t n a m e s  a n d  " a l t e r n a t e l e n t r a n c e j n a m e s  w o u l d  b e  
i d e n t i c a l  t o  t h o s e  o f  " p r o c e d u r e i n a m e s ,  

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

a ,  A  " d a t a J b i o c k j n a m e  i n  " p a r e n t h e s e s  d e c l a r e s  t h e  
d a t a  b i o C y  a n d  a n  d a t a  d e c j a r e d  w i t h i n  i t ,  

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

c ,  A  " c o m p o o i j n a m e  i n  " p a r e n t h e s e s  d e c l a r e s  a i l  
" n a m e s  w i t h i n  i t #  

l a 2 a l  

l a 2 a l a  

I a 2 a 2  

I a 2 a 3  

I a 2 a 3 a  

I a 2 a 3 b  

l a 2 a 3 c  

, 4  A H  " c o m p o o l ; d i r e c t i v e s  p r e c e d e  t h e  
" p r o g r a m i d e c l a r a t i o n  a n d  s e r v e  t o  e s t a b l i s h  a  c o m p o o l  
s c o p e  o u t s i d e  t h e  s o u r c e  p r o g r a m  i n  w h i c h  t h e  " n a m e s  
i n d i c a t e d  i n  t h e  " d i r e c t i v e  a r e  a s s u m e d  d e c l a r e d ,  T h i s  
p r o v i d e s  f o r  o v e r r i d i n g  a n y  " n a m e  d e c l a r e d  i n  a  c o m p o o l  
a t  a n y  l e v e l  o f  s o u r c e  p r o g r a m  s c o p e ;  a  " d e c l a r a t i o n  
w o u l d  b e  i n  e f f e c t  f o r  t h e  l o c a l  s c o p e  a t  w h i c h  t h e  
" d e c l a r a t i o n  o c c u r r e d  a s  w e l l  a s  a n y  i n n e r  s c o p e s  n o t  
c o n t a i n i n g  a  " d e c l a r a t i o n  f o r  t h e  s a m e  " n a m e .  
O r d i n a r i l y ,  c o m p o o l  d a t a  a r e  i n  r e s e r v e ,  b u t  t h e r e  i s  n o  
r e a s o n  w h y  p o i n t e d w t o  s t r u c t u r e s  c a n n o t  b e  d e f i n e d  i n  t h e  
c o m p o o l - « p e r h a n s  w i t h  o t h e r  c o m p o o l  d a t a  a s  i m p l i c i t  
p o i n t e r s ,  I a 2 a 4  

1 1 , 3  C o n d i t i o n a l  S o u r c e  " D i r e c t i v e s  

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

, 1  T h e  " b e g i n ;  a n d  " e n d s d i r e c t i v e s  b r a c k e t  t h e  
" s t a t e m e n t s  a n d  " d e c l a r a t i o n s  w h i c h  a r e  t o  b e  

l a i  

l a 3 a  

2 
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conditionally compiled, A "heqin?directlve must always 
be followed by a corresponding -endfdirective and 
corresponding pairs of these -directives must not be 
overlapped or nested, la3al 

,2 The "skip}directtve directs that "statements within 
the rejated "begin? and "endsdirectives (as indicated by 
"reference) are to be skipped and not compiled, if the 
"reference is absent from the "skip?directive, tne 
"statements within ail "begin? and "end!directlves are 
skipped* If "reference is omitted from the 
"beginjdlrectlve, the "statements following, until the 
next "end:directivei are affected only by a 
"skipsdirective with "reference omitted, Ia3a2 

,3 in the program example below# the calls on .PRINT are 
suppressed by the "directive JSKIP lj, J Skip 3 J causes 
the "statement printer -ERR to be suppressed, The 
"statement bracketed py lBEGIN 2s and its corresponding 
.1END? are not suppressed because there is no -JSKIP? or 
JSKIP 2; "directive, 

PROGRAM PROG ? JSKIP 3} 

-BEGIN 

JSKIP 1? 

TABLE AA [100] S 10? NULL I 

{BEGIN 1? PRINT('LAB')? JEND? 

ItO BY 1 UNTIL I > 100) JC0 THEN 

LAB? 

J) ? 
FOR 

.BEGIN 

LOOP? 

JBEGIN 2 }  

IF 1 > 50? OUT t M ' # AA 11J)J 

.1 END? 

_} BEGIN 1? PRINT(fLOOP*); {END? 

IF AAtI] = 0? 

.BEGIN 

la 3a 3 

Ia3a3a 

Ia3a3p 

Ia3a3c 

Ia3a3d 

Ia3a3e 

I a 3a3f 

Ia3a3g 

Ia3a3h 

1 a 3 a 31 

Ia3a3j 

Ia3a3k 

Ia3a31 

la3aim 

3 
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{END! 

A A [ 13 s A A t J 3} J«J + 1| 

IF J > 100 p 

-BEGIN 

IBEGIN 3; OUT( 'ERR ' * I)J 

GOTO EX'ITj 

—End 

.END 

-END 

EX'IT» 

_AA[I3=AAtI3+l! 

I BEGIN 1 j PRINT( 'EXIT ' ); {END? 

—STOP j 

11,4 

-END 

'TracesDirectlve 

The "traceidirective provides tor dynamic tracing of control 
flow and the recording of data at the point of modification, 

Ia3a3n 

I a 3 a 3 o 

Ia3a3p 

Ia3a3q 

1 a 3 a 3 r 

la3a3s 

Ia3a3t 

Ia3a3u 

la3a3v 

Ia3a3w 

la3a3x 

Ia3a3y 

la4 

l«34a 

,1 It a "statement{name* "procedurejname* or 
"alternateientranceiname appears in the list of "names* 
execution at the named point in a program is noted 
symbolically at run time; execution in this context is 
meant to describe either a oranch or fail through to a 
"statement:name or invocation of a procedure or alternate 
entrance, la4al 

,2 If the "name in the list is a "data!name, 
modification of the datum is noted along with the 
"data«name and its new valuej modification may occur by 
assignment* exchange, or by usage as a "parameter, If 
the "aata*name is a "tabletname* tracing is performed for 
the table and its table items; for a "datasblocksname* 
tracing is for the data bloc* and an items, tables, and 
data blocks within it, la4a2 

,3 The optional "conditionaljformuia* if present* is 
tested at any trace point and tracing is not performed if 

4 



R J C  6 - J U N - 7 4  0 6 J 5 9  3 0 8 4 4  
J 7 3  -  C h a p t e r  1 1  -  C o m p l e t e l y  E d i t e d  

t h e  " f o r m u l a  i s  z e r o  ( f a l s e ) .  I 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  ( t r u e )  o r  n o t  p r e s e n t ,  t h e  
t r a c e  i s  p e r f o r m e d ,  I a 4 a 3  

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

1 1 . 5  " C o p y s D i r e c t i v e  l a 5  

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

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

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

1 1 . 6  C o m p i l e r  o p t i m i z a t i o n  P h i l o s o p h y  a n d  A s s u m p t i o n s  l a b  

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

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

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

5 
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H o w e v e r *  i f  a n y  ' d i r e c t i v e  i n f o r m a t i o n  i s  s u p p l i e d #  t h e  
c o m p i l e r  m a y  a s s u m e  n o  i m p a c t  e x i s t s  o t h e r  t h a n  t h a t ,  
s u p p l i e d #  f o r  t h e  i n d i c a t e d  ' d i r e c t i v e  s u b j e c t ,  f o r  
i n s t a n c e ,  w h e n  a  r e f  ( s e e  s e c t i o n  9 , 1 , 3 }  p r o c e d u r e  i s  
i n v o k e d #  t h e  c o m p i l e r  m u s t  a s s u m e  a l l  r e f  a n d  c o m p o o l  
d a t a  a r e  s e t  a n d  u s e d  b y  t h e  " p r o c e d u r e J c a l 1 I s t a t e m e n t ,  
H o w e v e r #  i f  t h e  p r o g r a m m e r  i n c l u d e s  - s e t s :  a n d  
- u s e s j d i r e c t  I v e s  t o r  t h e  - p r o c e d u r e : d e c i a r a t i o n #  t h e  
c o m p i l e r  m a y  a s s u m e  o n l y  t h o s e  d a t a  e l e m e n t s  n a m e d  i n  t h e  
- d i r e c t i v e s  a r e  s e t  o r  u s e d ,  

, 3  T a k i n g  t h e  s a f e  a p p r o a c h  
p r o t e c t i n g  t h e  n o v i c e  o r  u n s  
c o n t r a r y #  a s s u m i n g  t h e  w o r s t  
p r e c l u d e s  m a n y  o p t i m i z a t i o n s  
s i n c e  t h e  e v e n t s  w h i c h  c o u l d  
t h e s e  o p t i m i z a t i o n s  a r e  v e r y  
C o n s e q u e n t l y #  t h e  c o m p i l e r  c  
p o s s i b l y  u n s a f e  a s s u m p t i o n s  
m e n t i o n e d  b e l o w  ( S e c t i o n  1 1 ,  
u n l e s s  t h e  p r o g r a m m e r  p r o v i d  
o t h e r w i s e ,  

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

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

o m p r o m i s e s  s a f e t y  b y  m a k i n g  
i n  t h e  c r i t i c a l  a r e a s  
6 , 4  t h r o u g h  s e c t i o n  1 1 , 6 , i n  
e s  ' d i r e c t i v e s  t o  d o  

, 4  T h e  c o m p i l e r  a s s u m e s  t h a t  d a t a  a r e  n o r m a l #  l , e ,  d a t a  
a r e  n o t  m o d i f i e d  b y  i n t e r r u p t  p r o c e s s i n g  o r  c o n c u r r e n t  
t a s k s  ( p a r a l l e l  p r o c e s s i n g ) ,  T h i s  i s  n o t  g e n e r a l l y  a  b a d  
a s s u m p t i o n  s i n c e  m a n y  s y s t e m s  d o  n o t  h a v e  a  c a p a b i l i t y  
f o r  p a r a l l e l  p r o c e s s i n g  a n d  t h e  c o m p i l e r  m a y  k n o w  t h a t  
i n t e r r u p t  p r o c e s s i n g  d o e s  n o t  m o d i f y  p r o g r a m  d a t a ,  T h e  
p r o g r a m m e r  m a y  u s e  t h e  " a b n o r n a l : d i r e c t i v e  ( S e c t i o n  
1 1 , 7 , 1 )  t o  o v e r r i d e  t h i s  a s s u m p t i o n ,  

, 5  F r o m  t h e  v i e w p o i n t  o f  t h e  - p r o c e d u r e j c a l l : s t a t e m e n t #  
t h e  c o m p i l e r  a s s u m e s  t h a t  a  p r o c e d u r e  r e f e r e n c e s  o n l y  
e n t i t i e s  w i t h i n  i t s  s c o p e #  ' a c t u a l : i n p u t :  a n d  
' a c t u a l : o u t P u t : p a r a m e t e r s #  a n d  d e f  ( s e e  s e c t i o n  9 , 1 , 3 )  
e n t i t i e s ,  I t  f u r t h e r  a s s m e s  t h a t  t h e  r e s u l t s  o f  
f u n c t i o n s  h a v i n g  n o  " p a r a m e t e r s  o t h e r  t h a n  " s i m p l e i i t e m s #  
n o  r e f e r e n c e  t o  o u t e r  e n t i t i e s #  a n d  n o  o o i n t e d - t o »  
e n v i r o n m e n t a l #  o r  r e s e r v e d  d a t a  a r e  r e p r o d u c i b l e  f o r  
i d e n t i c a l  - p a r a m e t e r s ,  T h e  " s e t s s d i r e c t i v e  a n d  
" u s e s : d i r e c t i v e  ( s e c t i o n  1 1 , 7 , 2 )  m a y  b e  u s e d  t o  o v e r r i d e  
t h e s e  a s s u m p t i o n s ,  

, 6  T h e  c o m p i l e r  a s s u m e s  t h a t  o v e r l a y  o r  i n t e r f e r e n c e  
d o e s  n o t  r e s u l t  f r o m  t h e  u s e  o f  p o i n t e r s ,  T h e  
- p o i n t e r j d i r e c t i v e  ( S e c t i o n  1 1 , 7 , 3 )  c a n  i n f o r m  t h e  
c o m p i l e r  t h a t  i n t e r f e r e n c e  m a y  r e s u l t  f r o m  t h e  u s e  o f  
p o i n t e r s ,  

I a 6 a 2  

I a 6 a 3  

I a 6 a 4  

l a b a b  

1  a 6 a 6  

6 
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, 7  T h e  c o m p i l e r  a s s u m e s  t h a t  c o m p u t a t i o n s  m a y  b e  
r e o r d e r e d  ( e v e n  a r o u n d  ' p r o c e d u r e i c a l l : s t a t e m e n t s  
p r o v i d i n g  i t  c a n  d e t e r m i n e  o v  s c a n n i n g  t h e  p r o c e d u r e  t h a t  
p e r t i n e n t  d a t a  a r e  n o t  r e f e r e n c e d ) .  T h e  p r o g r a m m e r  m a y  
u s e  t h e  " o r d e r i d i r e c t i v e  ( S e c t i o n  1 1 , 7 , 4 )  t o  p r e v e n t  t h i s  
a s s u m p t i o n ,  I a 6 a 7  

, 8  T h e  c o m p i l e r  a s s u m e s  t h a t  p r o c e d u r e s  a r e  n o t  
r e c u r s i v e  u n l e s s  t h e r e  i s  d i r e c t  s e l f - i n v o c a t i o n ,  T h e  
" r e c u r s i v e { d i r e c t i v e  ( S e c t i o n  1 1 , 7 , 5 )  c a n  b e  u s e d  t o  
i n d i c a t e  t h a t  a  p r o c e d u r e  c a n  b e  c a l l e d " r e c u r s i v e l y  o r  
r e e n t r a n t l y ,  

, 9  T h e  c o m p i l e r  a s s u m e s  t h a t  i n t e  
i t e m  o v e r l a y s  w i t h i n  a n  e n t r y  w o r d  
o v e r l a p  ( b y  " s p e c i f i e d s t a b l e : i t e m :  
" s u b o r d i n a t e i o v e r l a y  J  d e c l a r a t i o n s )  
a l s o  r e s u l t s  f r o m  o v e r l a y s  a s  d e s c  
" i n d e p e n d e n t  l o v e r  l a y I  d e c l a r a t i o n s ,  
i n t e r f e r e n c e  d o e s  n o t  r e s u l t  f r o m  
b y  v a r i a b l e - e n t r y - l e n g t h  t a b l e s  o r  
o v e r l a y  c a u s e d  b y  t h e  u s e  o f  a b s o l  
" i n t e r f e r e n c e : d i r e c t i v e  ( s e c t i o n  1  
p o i n t  o u t  w h e r e  s u c h  i n t e r f e r e n c e  
n o t  b e  a s s u m e d  b y  t h e  c o m p i l e r .  

r f e r e n c e  r e s u l t s  f r o m  
o n l y  I f  t h e i r  b i t s  

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

r i b e d  b y  
I t  a s s u m e s  t h a t  

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

u t e  a d d r e s s e s ,  T h e  
1 , 7 , 6 )  c a n  b e  u s e d  t o  
d o e s  o c c u r #  b u t  w o u l d  

, 1 0  A  v a r i a b i e - e n t r y - i e n g t h  t a b l e  i s  a  t a b l e  d e c l a r e d  b y  
a  " s p e c i f i e d f t a b i e i d e c l a r a t i o n  c o n t a i n i n g  
" s p e c i f i e d i t a b i e j i t e m : d e c i a r a t i o n s  p l a c i n g  i t e m s  i n  t h e  
e n t r y  b e y o n d  t h e  s i z e  o f  t h e  e n t r y  s p e c i f i e d  i n  t h e  
" s p e c i f i e d j t a b l e  s h e a d i n g ,  W h e t h e r  a n y  s i g n i f i c a n t  u s e  
c a n  b e  m a d e  o f  s u c h  a  s t r u c t u r e  i s  s y s t e m  d e p e n d e n t #  b u t  
i t  s e e m s  h i g h l y  u n l i k e l y  u n l e s s  t h e  a c t i v i t y  i s  c o n f i n e d  
t o  a n  a l l o c a t i o n  s u b m a n i f o i d  o f  a  s e r i a l  t a b l e ,  T h e  
c h a n c e s  f o r  s u c c e s s f u l  u s a g e  d e c r e a s e  a s  t h e  a t t e m p t  
t r i e s  t o  e n c o m p a s s  s u b m a n i f o l o s  ( e v e n  w i t h i n  a n  
a l l o c a t i o n  s u b m a n i f o i d )  o f  g r e a t e r  d i m e n s i o n a l i t y ,  T h e  
g r e a t e s t  p r o b a b i l i t y  f o r  s u c c e s s  l i e s  w i t h i n  a  r o w ,  

I a 6 a 8  

l a & a 9  

I a 6 a i 0  

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

1 1 , 7  " D i r e c t i v e s  f o r  C o d e  O p t i m i z a t i o n  

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

l a ?  
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o v e r r i d e  a s s u m p t i o n s  t h a t  m i g h t  n o r m a l l y  b e  m a d e  b y  t h e  
c o m p i l e r  ( s e e  S e c t i o n  i i , 6 ) ,  O t h e r s  a r e  i n d e p e n d e n t ,  o f  
c o m p i l e r  a s s u m p t i o n s  a n d  c o u l d  b e  i g n o r e d  b y  t h e  c o m p i l e r  
w i t h o u t  a f f e c t i n g  t h e  v a l i d i t y  o f  t h e  o b j e c t  p r o g r a m ,  l a 7 a  

, 1  " D a t a J n a m e  i n  t h e  " a b n a m a l : d i r e c t i v e  i s  t h a t  o f  a n y  
p r e v i o u l y  d e c l a r e d  d a t a  e l e m e n t  a n d  i n d i c a t e s  t h a t  
m o d i f i c a t i o n  o f  t h e  d a t a  e l e m e n t  m a y  o c c u r  b y  i n t e r r u p t  
p r o c e s s i n g  o r  c o n c u r r e n t  t a s K s ,  T h i s  " d i r e c t i v e  m u s t  
a p p e a r  b e f o r e  t h e  f i r s t  r e f e r e n c e  t o  t h e  " d a t a s n a m e s  i n  
t h e  l i s t ,  l a 7 a l  

, 2  T h e  " s e t s { d i r e c t i v e  a n d  " u s e s { d i r e c t i v e  a p p l y  t o  
• d i r e c t i s t a t e m e n t s  a n d  c e r t a i n  p r o c e d u r e s ,  i n  
" d i r e c t i s t a t e m e n t s  o n e  o r  b o t h  " d i r e c t i v e s  i m m e d i a t e l y  
f o l l o w  . PIPECT a n d  a r e  u s e d  t o  i n f o r m  t h e  c o m p i l e r  o f  
d a t a  r e f e r e n c e d  i n  t h e  " d i r e c t s s t a t e m e n t .  I f  e i t h e r  
" d i r e c t i v e  o c c u r s  i n  a  " d i r e c t { s t a t e m e n t ,  t h e  c o m p i l e r  
m a y  a s s u m e  t h e  l i s t  o r  l i s t s  o f  " d a t a { n a m e s  a r e  a l l  
i n c l u s i v e *  i n  a  r e f  " p r o c e d u r e t d e c l a r a t i o n  ( s e e  S e c t i o n  
9 , 4 ) *  t h e s e  " d i r e c t i v e s  i n f o r m  t h e  c o m p i l e r  o f  d a t a  
r e f e r e n c e d  i n  t h e  e x t e r n a l  p r o c e d u r e ,  T h e  c o m p i l e r  m a y  
a s s u m e  t h e  l i s t  o r  l i s t s  i n c l u d e  a l l  " d a t a i n a m e s  t h e  
c o m p i l e r  n e e d  b e  c o n c e r n e d  w i t h  f o r  o p t i m i z a t i o n  
p u r p o s e s ,  I n  t h e  " d e c l a r a t i o n  o f  a  p r o c e d u r e  t h a t  i 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 s e  " d i r e c t i v e s  i n f o r m  t h e  
c o m p i l e r  o f  d a t a  r e f e r e n c e d  i n  t h e  p r o c e d u r e s  t h a t  w i l l  
b e  " a c t u a l  5  i n p u t { p a r a m e t e r s  c o r r e s p o n d i n g  t o  t h i s  
" f o r m a l { i n p u t { p a r a m e t e r  p r o c e d u r e ,  T h e  c o m p i l e r  m a y  
a s s u m e ,  i f  e i t h e r  " d i r e c t i v e  i s  u s e d  w i t h  a  p a r t i c u l a r  
p r o c e d u r e ,  t h e  s e t s  a n d  u s e s  i n f o r m a t i o n  i s  a l l  
i n c l u s i v e ,  T h e  " s e t s { d i r e c t i v e  a n d  t h e  - u s e s i d i r e c t i v e  
f o r  a  p r o c e d u r e  a r e  p l a c e d  b e t w e e n  t h e  " p r o c e d u r e i h e a d i n g  
a n d  t h e  " p r o c e d u r e j b o d y ,  I a 7 a 2  

, 3  T h e  " P o i n t e r { d i r e c t i v e  i n d i c a t e s  t h a t  r e f e r e n c e  t o  
d a t a  v i a  t h e  " p o i n t e r { f o r m u l a  s h o u l d  b e  c o n s i d e r e d  a  
r e f e r e n c e  t o  t h e  " d a t a { n a m e s  i n  t h e  l i s t  f o l l o w i n g  t h e  
" c o l o n ,  S e v e r a l  " p o i n t e r : f o r m u l a s  m a y  b e  d e s c r i b e d  w i t h  
a  s i n g l e  " d i r e c t i v e ,  T h e  " p o i n t e r { d i r e c t i v e  i s  p l a c e d  
a n y w h e r e  a f t e r  t h e  " d e c l a r a t i o n  o f  t h e  " d a t a i n a m e s  
r e f e r e n c e d  i n  t h e  " d i r e c t i v e  b u t  P r i o r  t o  a n y  u s e s  o f  t h e  
" p o i n t e r { f o r m u l a ,  I a 7 a 3  

, 4  T h e  " o r d e r { d i r e c t i v e  d i c t a t e s  t h a t  " f o r m u l a  
c o m p u t a t i o n  o r d e r  h e  f r o m  l e f t  t o  r i g h t  a n d  i n  a c c o r d a n c e  
w i t h  p r e c e d e n c e  r u l e s  ( S e c t i o n  4 , 1 5 )  a n d  t h a t  a n y  
" f u n c t l o n i c a i l  w i t h i n  t r i e  " f o r m u l a  m u s t  b e  e v a l u a t e d  e v e n  
t h o u g h  t h e  e v e n t u a l  r e s u l t  i s  K n o w n ,  T h i s  " d i r e c t i v e  i s  

8 
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e f f e c t i v e  f o r  t h e  " s t a t e m e n t  i m m e d i a t e l y  f o l l o w i n g  i t  a n d  
p r e v e n t s  t h e  c o m p i l e r  f r o m  r e o r d e r i n g  f o p  c o d e  
o p t i m i z a t i o n  i n  o r  w i t h  r e s p e c t  t o  t h a t  " s t a t e m e n t *  I n  
a d d i t i o n ,  i f  t h i s  " d i r e c t i v e  i s  p l a c e d  b e t w e e n  a  
" p r o c e d u r e : h e a d i n g  a n d  i t s  " p r o c e d u r e J b o d y *  a n y  
" s t a t e m e n t  r e f e r e n c i n g  t h i s  p r o c e d u r e  o r  f u n c t i o n  i s  
e f f e c t e d  a s  i f  t h e  " d i r e c t i v e  h a d  p r e c e d e d  t h e  
r e f e r e n c i n g  " s t a t e m e n t ,  i a 7 a 4  

, 5  T h e  " r e c u r s i v e { d i r e c t i v e  i s  p l a c e d  b e t w e e n  a  
~ p r a c e d u r e j h e a d i n g  a n d  i t s  " p r 0 c e d u r e : b o d y  i f  t h e  c u r r e n t  
p r o c e d u r e  m a y  b e  c a l l e d  r e c u r s i v e l y  o r  r e e n t r a n t l y ,  T h i s  
" d i r e c t i v e  r e s t r i c t s  c e r t a i n  o p t i m i z a t i o n s  p e r f o r m e d  
a c r o s s  a  " p r o c e d u r e s c a i l s s t a t e m e n t  w h i c h  m i g h t  b e  u n s a f e  
i f  a  r e c u r s i v e  e n t r a n c e  o c c u r s ,  T h e  " r e c u r s i v e j d i r e c t i v e  
i s  a s s u m e d  f o r  p r o c e d u r e s  t h a t  c a l l  t h e m s e l v e s  d i r e c t l y ,  
T h e  r e c u r s i v e  a t t r i b u t e  d o e s  n o t  c a s c a d e  t o  c a l l e d  
p r o c e d u r e s i  i f  c a l l e d  p r o c e d u r e s  a r e  a l s o  r e c u r s i v e ,  i t  
m u s t  b e  i n d i c a t e d  b y  u s e  o f  a  d i r e c t  s e l f ^ i n v o c a t i o n  o r  
t h e  " r e c u r s i v e : d i r e c t i v e ,  " D i r e c t  s e l f " i n v o c a t i o n "  o r  
" c a l l i n g  i t s e l f  d i r e c t l y "  m e a n s  t h a t  t h e  p r o c e d u r e  u s e s  
i t s  o w n  " n a m e  o r  o n e  o f  i t s  o w n  " a l t e r n a t e  I  e n t r a n c e i n a m e s  
a s  a  " p r o c e d u r e J c a l i S s t a t e m e n t  o r  a  " f u n c t i o n J c a l l ,  
D i r e c t  s e l f " i n v o c a t i o n  i n c l u d e s *  o f  c o u r s e *  b e i n g  c a l l e d  
b y  a n  I n t e r n a l  n e s t e d  p r o c e d u r e  ( t h i s  d o e s  n o t  
n e c e s s a r i l y  m a k e  t h e  n e s t e d  p r o c e d u r e  r e c u r s i v e ) ,  A n  
e x a m p l e  o f  t h e  n e e d  f o r  t h e  " r e c u r s i v e : d i r e c t i v e  i s  
e x e m p l i f i e d  b y  p r o c e d u r e  „ J \ B C  w h i c h  c a l l s  p r o c e d u r e  „ , X ¥ Z  
w h i c h  c a l l s  W A B C ,  I f ,  i n  f a c t ,  t h e s e  c a n s  w i l l  n e v e r  b e  
e x e c u t e d  t o  t h e  e x t e n t  t h a t  e i t h e r  . . A B C  o r  „ X Y Z  i s  d o u b l y  
a c t i v e ,  t h e n  t h e r e  i s  n o  n e e d  f o r  t h e  
" r e c u r s i v e i d i r e c t i v e ,  O n  t h e  o t h e r  h a n d ,  i f  o n e  o f  t h e s e  
p r o c e d u r e s  c a n  b e  d o u b l y  a c t i v e *  t h e n *  o f  c o u r s e *  i t  m u s t  
b e  p r o g r a m m e d  s o  i t s  d a t a  s p a c e  w i l l  b e  p r o p e r l y  m a n a g e d  
a n d  i t .  m u s t  c o n t a i n  t n e  " r e c u r s i v e j d i r e c t i v e  t o r  p r o p e r  
o p t i m i z a t i o n ,  I a 7 a 5  

, 6  T h e  " i p t e r f e r e n c e i d i r e c t i v e  i s  u s e d  t o  s p e c i f y  d a t a  
e l e m e n t s  t h a t  i n t e r f e r e  w i t h  e a c h  o t h e r ,  T h e  
i n t e r f e r e n c e  i s  s p e c i f i e d  b y  s e t s }  t h e  d a t a  e l e m e n t  n a m e d  
t o  t h e  l e f t  o f  t h e  " c o l o n  i n t e r f e r e r e s  w i t h  t h e  d a t a  
e l e m e n t s  n a m e d  i n  t n e  l i s t  t o  t h e  r i g h t  o f  t h e  " c o l o n  a n d  
v i c e  v e r s a .  T h e  d a t a  e l e m e n t s  n a m e d  i n  t h e  l i s t  d o  n o t  
i n t e r f e r e  w i t h  e a c h  o t h e r ,  M o r e  t h a n  o n e  s e t  m a y  b e  
s p e c i f i e d :  t h e  s e t s  a r e  n o t  r e l a t e d ,  T h e  
" i r t e r f e r e n o e s d i r e c t j v e  i s  p l a c e d  a f t e r  t h e  " d e c l a r a t i o n s  
f o r  a n d  b e f o r e  t h e  f i r s t  r e f e r e n c e  t o  a n y  " d a t a s n a m e  
s p e c i f i e d  i n  t h e  " d i r e c t i v e ,  i n  t h e  e x a m p l e ?  I a 7 a b  
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TINTERFERENCE 
G G l  

A A  i  8 B  # C C  0 0  S  E E  #  F F  #  G G  F F  i 
l a 7 a b a  

m u t u a l  i n t e r f e r e n c e  i s  i n d i c a t e d  f o r  - A A  a n d  - B B #  f o r  - A A  
a n d  - C C #  f o r  — D D  a n d  - E E #  f o r  - D D  a n d  - F F #  f o r  - D D  a n d  
- G G ,  a n d  f o r  - F F  a n d  — G G ;  n o  o t h e r  i n t e r f e r e n c e  e x i s t s  
f o r  t h e s e  d a t a  e l e m e n t s ,  T h e  c o m p i l e r  m a y  a s s u m e  t h e r e  
i s  n o  i n t e r f e r e n c e  ( e x c e p t  t h a t  a l r e a d y  k n o w n  t o  t h e  
c o m p i l e r )  f o r  d a t a  e l e m e n t s  n o t  n a m e d  i n  
" I n t e r f e r e n c e » d i r e c t i v e s ,  

, 7  T h e  " s p a c e j d i r e c t i v e  o r  - t i m e i d i r e c t i v e  i s  i n t e n d e d  
t o  p r o v i d e  g e n e r a l i z e d  d i r e c t i o n  t h a t  e x e c u t i o n  s p a c e  o r  
e x e c u t i o n  t i m e ,  r e s p e c t i v e l y ,  s h o u l d  b e  f a v o r e d  w h e r e  t h e  
c o m p i l e r  h a s  a  c h o i c e .  T h e  e x t e n t  t o  w h i c h  s p a c e  o r  t i m e  
I s  c o m p r o m i s e d  i n  f a v o r  o f  t h e  o t h e r  m a y  b e  l i m i t e d  b y  a n  
i m p l e m e n t a t i o n - d e p e n d e n t  p a r a m e t e r  g i v e n  i n  t h e  o p t i o n a l  
- c h a r a c t e r  s t r i n g ,  F o r  i n s t a n c e #  t h e  f o l l o w i n g  
- d i r e c t i v e  m i g h t  d i r e c t  t h e  c o m p i l e r  t o  f a v o r  t i m e  v e r s u s  
s p a c e  i n  i t s  o p t i m i z a t i o n  b u t  n o t  t o  t h e  e x t e n t  t h a t  
e x e c u t i o n  s p a c e  i n c r e a s e s  b y  1 0 % :  

{ T I M E  1 0 f  

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

, 8  T h e  - l i n k a g e j d i r e c t i v e  i s  p l a c e d  b e t w e e n  a  
- p r p c e d u r e j h e a d i n g  a n d  t h e  - p r o c e d u r e » b o d y  a n d  i s  u s e d  t g  
d e s c r i b e  a  n o n - s t a n d a r d  l i n k a g e  f o r  t h e  p r o c e d u r e ,  T h e  
p a r a m e t e r s  g i v e n  i n  t h e  o p t i o n a l  - c h a r a c t e r  s t r i n g  a r e  
i m p l e m e n t a t i o n  d e p e n d e n t ,  F o r  a  s y s t e m  t h a t  h a s  o n l y  o n e  
f o r m  o f  n o n - s t a n d a r d  l i n k a g e ,  

- 1  L I N K A G E ;  

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

i a 7 a 7  

I a 7 a 8  

I a 7 a 8 a  

I a 7 a 9  

I a 7 a l 0  

I a 7 a i 0 a  

l a 7 a  1 1  

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

W h e n  

1 0  
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""controlled! statement* this "directive allows the 
compiler to favor the most frequent direction of 
evaluation, when placed between a "forielause and Its 
"controlled J statement* the "frequencySdirective can 
provide the compiler with an expected repetition count 
(or perhaps a minimum count and a maximum count.) to aid 
the compiler in determining whether certain optimizations 
that have set-up cost will pay off, In both cases the 
parameters given in the "character string are 
implementation def-ined, Ignoring a "frequencyidirective 
has no effect on the validity of the object program, Ia7al2 
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The Future of USING 
NJN DHC 6-JUN-74 OS5S4 3084S 

To USING members: 1 

The recent charges in network funding have had some implications for 
USING's work, we are interested in hearing your opinions on "USING 
and the network", and in clarifying our role, in addition we would 
like to clarity the group's membership and activities, at least for 
the Immediate future, 2 

The network cutbacks affect us ih two ways, First, the reduction in 
NIC services will make it more difficult to generate reports. While 
network mail is still available for communication, "group" writing 
and editing will be impacted: the more primitive methods of telephone 
and U,s, Mail will often have to be used. In addition, any online 
resources we use will have to come out of local contracts. Which 
brings us to the second point, Local budgets are tightening up and 
the funds for "community work" such as USING ape becoming scarce, 
Many people feel they should spend their time tending their home 
fires first, 3 

We sent a note to Craig recently asking his opinion on the role and 
responsibilities of USING, He replied, in parti 4 

I HAVE ALWAYS CONSIDERED THE USING COMMITTEE TO BE A TECHNICAL 
ADVISORY GROUP FOR ARPA/IPTO, THIS MEANS THAT YOU WOULD GIVE US 
TECHNICAL ADVICE ON HOW TO MAKE THE ARPANET BETTER FOR USERS, AND 
SO YOUR "OUTPUT" SHOULD BE REPORTS, 4A 

C,«, ) 4 b 

1, I WOULD LIKE THE USING COMMITTEE TO PRODUCE THE TWO 
RECOMMENDATION REPORTS THAT WERE PROMISED, AND TO SUGGEST OTHER 
TECHNICAL AREAS IN WHICH WE CARPA) MIGHT SOLICIT USLNG'S ADVICE, 4C 

2, SUGGESTIONS IN THE FUTURE WILL BE USED AS I HAVE USED 
SUGGESTIONS IN THE PAST - SELECT THE BEST PARTS AND INCORPORPORATE 
INTO OUR ARPANET PLANNING, 4d 

Craig is expecting the other reports promised for the end of June 
and also hopes to attend the July meeting to discuss future plans, 
ARPA/IPTO is unable to provide any financial support for USING or 
its members, but will offer any "conversational" assistance 
required, 4e 

An alternate role for USING is that of direct consumer lobby, 
collecting complaints and suggestions of real c$$) users and then 
talking with servers to lobby for specific changes, To some project 
administrators, report writing may seem rather esoteric, whereas 
lobbying for specific change may be easier tor them to justify, USING 

1 
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m e m b e r s  m a y  t h e r e f o r e  f i n d  i t  e a s i e r  t o  q a i n  a u t h o r i z a t i o n  t o  
p a r t i c i p a t e  i n  U S I N G  w i t h  t h i s  r o l e ,  5  

A l l  o f  t h i s  l e a v e s  u s  u n s u r e  o f  w h a t  s t e p s  t o  t a K e ,  W e  w O y i d  
a p p r e c i a t e  a  r e s p o n s e  f r o m  a l l  o f  y o u  i n d i c a t i n g  t h e  n a t u r e  o f  y o u r  
i n t e r e s t  i n  U S I N G ,  w h a t  f u n c t i o n  y o u  w o u l d  l i K e  t o  s e e  i t  s e r v e ,  h o w  
( a n d  t o  w h a t  e x t e n t !  y o u  w o u l d  b e  a b l e  t o  p a r t i c i p a t e ,  a n d ,  m o r e  
i m m e d i a t e l y ,  w h e t h e r  y o u  e x p e c t  t o  a t t e n d  t n e  j u i y  m e e t i n g  ( s e e  
j o u r n a l  i t e m  - -  L J O U R N A L ,  3 0 7 3 8 ,  i | W ) ,  &  

I n  v i e w  o f  t h e  c u r r e n t  s i t u a t i o n ,  p e r h a p s  w e  s h o u l d  p o s t p o n e  t h e  
m e e t i n d  u n t i l  A u g u s t  o r  S e p t e m b e r  ( i n  t h e  h o p e  t h a t  a t  l e a s t  s o m e  
o f  t h e  d u s t  w i l l  h a v e  s e t t l e d  b y  t h e n , )  6 a  

P l e a s e  r e p l y  p r o m p t l y .  T h e  s t r e n g t h  a n d  e x i s t e n c e  o f  U S I N G  d e p e n d  o n  
y o u ,  7  

N a n c y  a n d  D a v e  8  
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