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T h e  t e l e t y p e  T A B  t a b l e  f o r  t l l e s e  L a t - r g u a g e  f i e L d s  i s  a s  f o L L o \ ' ' s :

T u b  ;  |  2  3  4  5

L a n g u a g e  f  i e l d

A L l +  1 1 0  1 3  L 6

I , \ l H 4 1 5 2 0 2 4 4 0

S Y  4  t a b s  a f t e r  t h e  f i r s t  a r e  t a k e n  a s  c h a r a c t e r s  a n d  s c a n n e d '

C O  n o  t a b s  -  t : l b s  a r e  t a k e n  a s  c h a r a c t e r s .

T i l b s  t a k e n  a s  c h a r a c L e r s  a r e  p r i n t e d  6 5  r " t o n  t h e  L P - 1 2 '

A  b L a n k  l a n g u a g e  f i e L d  ( c o l u m n s  l  a n d  2 )  i s  i n t e r P r e t e d  a s  A L  o r

W I l ,  a s  d e t e r m i n e d  b y  t h e  n o s t  r e c e n t  a p p e a r a n c e  o f  A L  o r  W H  i n  t h e

L a n g u a g e  l i e I d .  A  b L a n k  I a n g u a g e  I i e l d  o n  t h e  f i r s t  c a r d  i s  i n t e r P r e t e d

a s  A L .

S y s t e m  c a r d s  g i v e  s p e c i a l  i n s t r L l c t i o n s  t o  t h e  A L G O L  t r a n s l a t o r  '

T h e  s y s t e m  i n s t r u c t i o n s  a r e  d e s c r i b e d  i n  C h a p t e r  4 '

C o  L n e n t  c a r d s  a l : e  p r i n t e d  a s  p a r t  o f  t h e  t r a n s L a t i o n  l i s t i n g  b u t

a r e  o t h e r \ , / i s e  l g n o r e d .  T h e y  r n a y  b e  f r e e l y  i n s e r c e d  f o r  p r ' r r p o s e s  o f

d o c u m e n t a t i o n .

N o r m a L l y ,  t h e  p r o g r a r n m e r  m a y  u s e  c o L u m n s  4 - 1 2  f o r  h i s  A L G O L  P r o g r a n ;

h o \ " / e v e r ,  t h e r e  i s  i l  s y s t e m  s t a t e r n e n t  v i t h  \ i l l i c h  h e  m a y  c h a n g e  t h e  r i g h t -

l L a n d  r n a r g i L t  f t o n  7 2  t o  a n y  c o L u m n  b e t \ ' 7 e e n  4 0  a n d  8 0 ,  a s  d e s c r i b e d  i n

C l r a p t e r  4 .  T h e  c o L u m n s  b e y o n d  t h e  r i g h t  m a r g i n  m a y  b e  u s e d  f o r  c o n m r e n t s ,



A L , 6 a , 2

T h e  L r a n s l a t o r  r . r i I I  i g n o r e  a l l  c o L , - r r n n s  t o  t h e  r i g h t  o f  a  d o u b L e

v e r L i c a l  b a r  (  l ) ,  I h i s  a l l o i v s  t l r c  p r o g r a m m e r  t o  L L s e  L h e  r e s t  o I  t t l e

c a r d  f o r  c o m n r e n L s .  ( D o u b I e  v e r t i c a l  b : l r s  i n  s t r . i n g s  i v i L l  n o t  i n v o L r e

t h i s  c  o n v e n  L  i o n  .  )

I n  A L G O L - 2 0 ,  c e r L i r i r  c o r ) s t r u c t i o D s  m a y  D o t  b e  s P L i t  b e L \ t e e r r  L I r e

e n d  o i  o n e  A L G O L  t e x t  c i r r d  a n d  t l r e  b e g i r t r t i t t g  o i  t l r e  n c x t ,  s i D c e  L l l e

t r a n s l a t o r  a h " ' a y s  s u p p L i e s  a n  i n a g i r r r r y  b L a n k  c o l u m n  b e t r ' , e e n  t h e  r i l l l r L -

h a n d  n i r r g i n  o f  o r l e  c : r r d  a n d  c o l u m n  4  o i  t l i e  o e x t :

( l )  A n  i d e n t i f i e r  m a y  n o t  b e  c o o t i n u e d  f r o n r  o n e  c i l r d  t o

t i l e  D e x t .  T h e

I i e r  v h i c h  e n d s

(2)  The c  o rnb  in  a  t io r r

i m p L i e d  b l  a n k  w i I I  t e r m i n a t e  a n  i d e l r t i -

a t  t h e  r i g h t  m ; r r g i D  o - [  t h e  c . r d .

c l l a r a c c e 1 . S

' 1 > - r { E L ER

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

c J r o .

I n  a d d i t i o n ,  a L p h a n u m e r i c  s L r i n g s  m a y  n o t  b e  s p l i t  b e t v e e n  t r ^ 7 o  c a r d s .

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

q u o t e  i s  a c c i d e n t a L l y  o m i t t e d .  A  l o n g  a l p h a n t r n e r i c  s t r i n g  i n s t r . u c t i o n  i n

a  R E A D ,  P R I N T ,  o r  P U N C H  s t . r t e m e n t  n a y  s i m p L ) '  b e  c L o s e d  b y  "  
t ,  

"

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

a n d  r e o p e n e d  \ r i t l r  a n o t h e r  q u o t e  o n  t h e  n e x t  c a r d .

T l i e  A L G O L  p r o g r a n  m a y  b e  p u n c h e d  i n  a n y  f o r m a t  t h e  P r o g r a m m e r  d e s i r e s ,

s u b j c c t  o n L y  t o  t l r e  . r b o v e  r e s t r i c t i o n s .  T h e r e  m a y  b e  o n e  s t a t e m e n t  p e r

c , , r d  o r  . r  s i n g l .  5 L J L c r r c r  t  e x t e n d v d  o v L r  n c n y  c d r d s  o r  m d l i y  s t - t c r ! n t s  o n

a  s i n g l e  c a r . d .  T h u s ,  a  c o n s i s t e n t  i n d e n t a t i o n  r u l e  w l r i c h  a L i g n s  e a c l r  e n d

\ . ' i t h  i t s  ! g ! 3  c a n  b e  u s e d  t o  a d v a n t a g e  t o  s h o \ t  c L e a r L y  t h e  s L r u c t t r r : e  o f

t h e  p r o g r a m .  ( S e e  a l s o  C t i . a p t e r  6 c , )

6 F
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A L C O L - 2 0  E  r .  r o r  M e s s a g e s

T r i l D s l ! t i o r  E r r o r s

T l r e  A L G O L - 2 1 )  t r a n s L i r L o r  p r i r t s  r l L r n e r i c . l L  e r r o r  c o d e s  L o  i r l d  j c a t c

s ! n t i r r  e r : r o r s  i D  t l l c  s o L l r c e  p r o g r a n .  T h c  t l : a r l s L i l t o r  P r i r l t s  t l r e  e r r o r

c o t l c  j u s L  b e L o r , ,  t i r e  1 . ] s t  c a r d  i m i : g e  i t  l r a s  s c a n l e d ,  r , ' j t l n r l  l l r r o r "  t T t

p o i L r t i n g  t o  L ! 1 e  L i t s t  c l r : t r J c t e r  s c a n l l e d  o 1 r  t l l i s  i t t t i l g e  '  S i n c e  e a c l r  c a r d

i s  s c a n n c c i  o n c c  I r o m  l c l t  t o  r i g l L t ,  t h € r  t l  t  p o i n t e r  r v i 1 1  g e r r e r a l L y  b e

; r l r e . : d  ( i . c . ,  t o  t h e  r i l a l r t )  o f  L l r e  a c t L L i l l  e r r o r .

E r r o r s  a r e  b r o a d L l '  c . t t e g o r i z e d  a s  P h a s c  I  e r r o r s  ( 0  t l r r o L r g h  o 9 ) ,

P h a s e r  I l  e r r o r s  ( 7 0  t l r r o L r g h  9 5 ) ,  r l i s c e L L a n e o L l s  e r r o r s  ( 9 6  t h r o u g h  9 9 )  '

S L r b s c a o  e r r o r s  ( 1 0 0  t l r r o t r g h  1 0 9 ) ,  a n d  S y s L e u  e r r o r s  ( L l t )  t l r r o L r g h  1 2 r ) .

S y s t e f i  e r r o r s  a r e  t h o s e  o c c u r r i n g  o n  S Y  c a r d s .  S u b s c a n  a n d  P l i a s e  f

e r r o r s  . ] r e  p L l r e L y  s y n t a c t i c  a n d  a r e  d i s c o v e r e d  i n  t h c  P r o c e s s  o i  s c a r l n i n g

t h e  s o L l r c e  p r o g r a m  c a r d s .  P h a s e  I 1  e r r o r s  a r e  d i s c o v e r e d  . l t  J  l a t e r

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

o b j e c t  p r o g r a m  1 s  g e n e r a t e d .  T h e  m i s c e L l a n e o u s  e r r o r s  a r e  t h o s e  w f r i c h

i n d i c i r t e  a  p o s s i b l e  p r o b l e m  \ t i t h i n  t h e  t r a n s l z l t o r .  A r - r y  L i s t i n g  c o n t a i n -

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

C o n s u L t i r n t  o r  a  m e m b e r  o f  t h e  C o n p u t a L i o n  C e n t e r  s t a f f  i m m e d i a t e l y '

T h e  t r a n s L a t o r  a t t e n p t s  t o  " r e c o v e t "  f r o m  e a c h  e r r o r  i f  p o s s i b L e ,

so  L I ra t  i rany  i r - rdependenL er ro rs  L ray  be  found in  one P: lss  th roug l l  the

c o t r l p u L e r .  l i o w e v e r ,  a n y  P h a s e  f  e r r o r  a s  \ t e L L  a s  e r r o r s  m a r k e d  \ t i t l  - i '  i n

t h e  e r r o r  I i s t  r v i 1 1  c a L r s e  a L 1  s u c c e e d i n g  P h a s e  l l  e r r o r s  t o  b e  i g n o r e d .

T o  c a l L  t l i e  p r o g r a n r n c r r s  a t t e n t i o n  t o  t h e  f a c t  t h a t  s u b s e q u e n t  P h . l s e  l I

e r r o r s  a r e  b e i n g  i g n o r e d ,  t h e  L r a r ) s l i l t o r  w i l L  p r i n t  r r i ' O T E  6 r r  ( s e e  t l r e

s e c t i o n  o n  n o t e s  b c L o w )  a s  P h a s e  l I  i s  t r . r r n e d  o f f '

A n y  e r r o r  p r e v e n t s  e x e c u L i o n  o f  t h e  c o m p i l e d  p r o g r a n .

N o t c s

T h e  A l g o I - 2 { J  t r a n s  L i r t o r  p r i n t s  n o t e s  o n  t l r e  p r . o g r a m  I i s t i n g  t o  c a L L

t l r e  p r o g r i r r r n n e r r s  . r t t e n t i o n  t o  s y n t : l c L i c  c o n s t r u c t i o n s  w l t i c f r  a r e  a c c e P t -

a b l e  b L r t  q u e s t i o n a b L e ,  o r  c o n s t r L r c t i o n s  r . r h i c l t  a r e  p o s s i b i y  c a u s e d  b y  i l n

e r r o r .  N o t e s  d o  n o t  p r e v e n t  e x e c L l t i o n  o f  t h e  c o r n P i l e d  p r o g r a n .
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Tr44s1at_ion Errors

P h a s e  I  I l r r o r s  ( E a c h  o I  t h e s e  e r r o r s  t e r m i n a t e s  P h a s e  I I . )

Thc  program docs  no t  s ta r t  \ , / i th  LgE!1 .
A  s t a t e n l e n t  s t a r t s  \ r i t h  a n  i 1 1 e g a 1  c h a r a c t e r  o r  a n  i l l e g a L  r e s e r v e d  w o t d

A  s t a t e m e n t  s t a r t s  \ " / i t l l  a n  i d e n t i f i e r  f o l l o w e d  b y  a n  i l l e g a l  c h a r a c t e r .

I n  a n  e x p t c s s i o n  a n  o p c r a n d  w a s  e x p e c t e d  a n d  w a s  n o t  f o u n d .
I n  a n  e x p r r : s s i o n  a  b i n a r y  o p e r a t o r  w a s  e x p e c t e d  a n d  w a s  n o t  f o u n d .

( P - c . ' s s i b l y  e a u s t . l  1 , y  a  s e m i c o l . o n - m i s s i n g  a f t e r  t h e  p r e c e d i n g  s t a t e m e n t . )
e  " l  "  , l o r - .  n n l  i r a \ r  1  n a l ( l r i n g  " L " .
A , n  a r ' r a y  e l e m e n t  h a s  b e e n  u s e c l  i I L e g a l L y ,
A  " : "  h a s  a p p c a r e c l  i n c o r . r e c t l y .
A  " J ' o r  " : - "  h a s  a p p e a r e d  i n c o r r e c t l y .

e n d ,

9_$9, or i

f o r  i s  n o t  f o l L o w e d  b y  a n  i d e n t i f i e r .

T t i e  f o r  v a r i a b l e  i s  n o t  f o L l o w e d  b y  a  " i ' o r  " : = " -
s t e p  [ r a s  a p p e a r e d  w i t h o u t  f o r .
un t iL  has  appeared \ t i t l i ou t  iqSL.
w h i l e  h a s  a p p e a r e d  i r i t h o u t  f c r .
do  has  appeared w i thor . r t  fo r .
g o  t o  i "  n o t  f o l l o w e d  b y  a n  i d e n t i f i e r  o r  " ( "  o r  i f .

A o  t o  i f . . . t l t c n . . . i s  n o t  f o l L o w e d  b y  e I s e .

A l  o b s c u r e  e r r o r  i n  a  g o  t o  s t a t e m e n t .
An imposs ib le  e r ro r  a f te r  !S&8.  ( " f  "  i s  no t  the  second eLement  in  the

s L a c k .  5 e e  L r r o I  Y o , , l

0 :
I :
2 |
3 |
4 :

5 i
6 :
7 . .
8 :

l 0 :
L I :
L 2 :
L 3 :
14..
L 5 :
L 6 :
l 7 :
L 8 :
1 9 :
20:,
2L: .
2 2 |
2 3 :
2 4 :
2 5 :

A  " ) "  d o e s  n o t  h a v e  a  m a t c l . r i n g  " ( " .
A  " , "  h a s  a p p e a r e d  i n c o r r e c t l y .
t h e n  h a s  a p p c a r e d  w i t h o u t  i f .
c l s e  h a s  a p p e a r e d  \ t i t l l o u L  t ' l l e n ,
C h a r a c t e r s  a r e  s t i 1 l  i n  t h e  s t a c k  a f t e L  a  " ; t t o r  a n

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

2 6 :  o w n  i s  f o l l o w e d  b y  s o m e t h i n g  o t h e r  t h a n  < t y P e > -

2 7 :  A n  a r r a y  d e c r l a r a t i o n  d o e s  n o t  s p e c i f y  s u b s c r i p t  b o u n d s .

2 8 :  T h e  i d e n t i f i e r  l i s t  o f  a  d e c L a r a t i o n  i s  n o t  f o l l o w e d  b y  a  " ; " .
2 9 l  s w i t c h  i s  n o t  f o L l o w e d  b y  a n  i d e n t i f i e r .

3 0 :  T h e  i c l e n t i f i e r  o f  a  s w i t c h  d e c l a r a t i o n  i s  n o t  f o l l o w e d  b y  a  " J t
3 l :
3 2 .  p r o c e d u r e  i s  n o t  f o l 1 o \ t e d  b y  a n  i d e n t i f i e r .

3 3 :  I - F t o . . * t . r t "  i d e n t i f i e r  i s  n o t  f o l L o \ t e d  b y  " ( "  o r  " ; " .
3 4 :  A  f o r m a l  p a r a m c t e r  l i s t  i s  n o t  f o l L o \ ' 7 e d  b y  ' t ; " .

3 5 :  T h e  ' ' ) r r  f o l l o w i r . r g  a  P a r a m e t € r r  l i s t  i s  n o t  f o l l o w e d  b y .  " ; " '

3 6 :  T h e  i d e n t i f i e r  L i s t  i n  a  s p e c i f i c a t i o n  i s  n o t  f o l L o w e d  b y  
"  

" i "

3 1  :  A n  i d e n t i f i e r  d i d  n o t  f o 1 l o w  t h e  " , "  i n  a n  i d e n t i f i e r  l i s t .

3 8 :  T h e  i l 1 . e g a 1  c o n s t r u c t i o n  " ! t S "  i f "  h a s  o c c r r r r e d .

3 9 :  A  s w i t c t r  ' ! " / i t h  m o r e  t h a n  o n e  s u b s c r i P t  p o s i t i o n  h a s  b e e n  u s e d .

4 0 :  T h e  v a l u e  p a r . t  o f  a  P r o c e d u r e  d e c l a r a t i o n  \ t a s  n o t  f o l l o w e d  b y  a



4L: -  The name o f
4 2 :  T l r c r e  i s  a ' r
4 3 :  M o r e  b e  g i n l
4 1 + :  I n p o s s i b i  e
45: ltql or ltt
46 : .  In  an  ar  ray
47 :  Ar - ray  spec  i
4 8 :  1  i b r a r y  i s
1+9 '.

A l - .  oo .  J

a permanent  subrout ine  (such as  t 'S INr r )  i s  no t  fo lLowed by  " ( "
e x t r a  " , "  o r  c l s c  a  m i s s i n g  " : t t i n  a n  a r r a y  d e c l a r a t i o n .

s  t h a n  e n d r s  h a v e  o c c u r t e d  w h e n  t h e  e n d - o f - f i l e  i s  r e a c h e d .
-  s e c  ] l r r o r  9 8 .
i s  n o t  f o l 1 o \ . ' e d  U y  " 1 " .

c l e c  I a r a t i o n  t ] r e  i d e n t i f j e r :  L i s t  i s  n o t  f o l l o w e d  U V  " [ " .
f j c r  h a s  s r i b s c r i p t  b o u n d s ,  w l t i c h  i t  s h o u l d  n o t .

not f oL Iowcd by (type) or -pMS4Ig.

P h a s e  I  E r r o r s  ( f o i : n a t  a n d  n a m e  s t a t e m e n t s )  ( J i a c h  o f  t h e s e  e r r o r s  t e r m i n a t e s
1 '1 i  as  e  I1  .  )

5 0 :  A  r e r s e r v e d  i n p u t / o u t p r r t  v o r d  i s  n o t  f o t L o w e d  b y  r r ( r l

5 L :  A  f o r m a t  l i s t  e l c n e n t  s t a r t s  v i t h  a n  i l l e g a l  c h a r a c t e r .  ( S h o u L d  b e  " ( "
o r  "  ; "  o r  " $ "  o r  i c l e n t i f i e r ) .

5 2 :
5 3 :

5 5 :
) o :

' l + ' r  i s  m i s s i n g :  i . e . ,  a  r e p l i c a t o r  w a s  e x p e c t e d  b u t  n o t  f o u n d .

f o r  i s  m i s s i n g  a f t e r  " $ " .
" - J '  i s  n o t  f o l l o w e d  b y  " $ "  o r  a n  i d e n t i f i e r .
' ' )  

"  o r  ' r > "  i s  n o t  f o L l o \ . ' e d  b y  " )  "  o r  " ,  " .
A  name s ta tement  o r  fo rmat  s ta tement  i s  no t  fo lLowed by  end,  9&9 o t  " ; "
A  r e p l i c a t o r  i s  n o t  f o L L o w e d  U y  r t 1 ' t  o r  " ( " .
r k ,  o r  r r , r r  i s  f o l L o w e d  b y  a n  i 1 . 1 . e g a 1  c h a r a c t e r '
A r  i n t e g e r  i s  f o l L o i v e d  b y  a n  i l l e g a l  c h a r a c t e r '

A  f o r m a t  i n s t r u c t i o n  i s  n o t  f o L l o w e d  b y  ' r 1 | |  o r  " , " .
An  i l lega l  p r . r f i x  Lo  a  numer ic  p r imary  has  been used.

A n  i l l c g a l  n u m e r i c  p r r m a r ) r  h a s  b e e n  u s e d .
t t . "  a p p e a r s  i n  a  n u m e r i c  p r i m a r y  i n  a  r e a d  s t a t e m e n t .
In  a  numer ic  p r imary ,  E ,  F  o r  S  is  no t  fo l lowed by  an  in teger .

5 7
5 B
5 9
6 0
6 L :
6 2 :
6 3 |
l ] 4 :

b 5 :
6 6 :
61 :
6 8 :
6 9 :

P h a s e  I I  E r r o r s  ( O n L y  t h o s e  e r r o r s  m a r k e d  " ' k "  t u r n  o f f  P h a s e  I I . )

' ! / 0 :  A  r e s e r r v e d  w o r d  w h i c h  i s  n o t  y e t  a v a i l a b l e  h a s  b e e n  u s e d .

7 L :  A  L a b e l  h a s  b e e n  u s e d  b u t  n o t  d e f i n e d .  ( T h e  n a r n e  o f  t h c  L a b e l  i s

p r i n t e d  p r i o r  t o  t h i s  e r r o r  m e s s a g e )
7 2 :  A n  i d e n t i f i e r  h a s  b e e n  u s e d  b u t  n o t  d e c l a r e d .

7 3  A n  i d e n t i f i e r  h a s  b e e n  c l e c l a r e d  t w i c e  i n  t h i s  b L o c k .

7 4 :  A n  i d c n t i f i e r  i n  t h e  v a l u e  L i s t  i s  n o t  a  P a r a m e t e r '
7 5  A n  j d c n t i f i e r  r v h i c h  h a s  b e e n  u s c d  a s  a  p r o c e d u r e  h a s  n o t  b e e n  d e c l a r e d  t o

b e  o n e , .
A  s u b s c r j i r t c c l  i d e n t i f i e r  l r a s  n o t  b e c n  d c c l a r e d  t o  b e  a n  a r r a y  o r  s w i t c h

The program is  too  lon ! ] .
A  procedure  ic lcn t  j  f  ie : r  r . rh  i ch  i s  no t  a  func t ion  des ignator  has  been used

i n  a n  e x p r e s s t o n ,

7 6: .
1 l  I

/ 8 :

' ' (  Turns  o f f  Phasc  I I ,
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7 9 :  A n  i d e n t i f i e r  w h i c h  h a s  b e e n  u s e d  a s  a  s w i t c h  h a s  n o t  b e e n  d e c l a r e d  t o

b e  o n c ,
A n  a r r a y  i d e n t i f i e r  t r a s  b e e n  u s e d  w i t h o u t  s u b s c r i P t s '

T o o  m a n y  i n d c x  v a r i a b l e s  h a v e  b e e n  d e c l a r e d '

A  l a b e l  o r  a r r a y  o r  s r n i t c i r  [ r a s  b e e D  c a l l e d  b y  v a 1 u e .

A n  i d e n t i f i e r  i n  a  s p c c i f i c a t i o n  l i s t  i s  n o t  a  P a r a m e t e r '
I n  a  p r o c e t J u r e  d e c l a l : a t i o n  a  P a r a m e t e r  i s  n o t  s p e c i  f i e d '

l n  a  l r r o c e d u r e  d e c l a r a t i o n  a  p a r a m e t e r  i s  s p e c i f i e d  L w i c e '

A  p r o c e c l u r e ,  s w i t c h  o r  l a b e L  a p p e a r s  o n  t h e  l e f t  o f  a r r : = r r o r  " J ' '

The I , ,12  s tack  is  too  f t t lL .
More  than I00  rcLocatab le  l ib ra rv  p rocedures  have been dec la re- .d '

A  c o n s t a n t  h a s  b e e n  u s e d  i n  p L a c e  o f  a n  i d e n t i f i e r '  e ' 9 . '  J J L k J  '

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

AT,GOL- 20) .
The nex t -com'oanc l  po in te r  i s  less  than the  base o f  the  Program'

8 0 :
8 L ;
8 2 :
8 3 :
8 4 :
8 5 :
8 6 :

' k 8 7 :

8 8 :
8 9 :

, r 9 0 :

* 9  L :
9 2 :
9 3 :
94: .
9 5 :

M i s c e l  l a n e o u s  E r  r o r  s

9 6 :
9 1  ' .  A  p o s s i b l e  t r a n s l a t o r  e r r o r  -  b r i n g

Computa t ion  Cent  e r .

9 8 :  l m p o s s i b l e :  b r i n g  y o u r  l i s t i n g  t o

9 9 :  S a m e  a s  9 8 .

S u b s c a n  E r  r o r  s

Janet  F ie rs t  a t  the

the  Computa t ion  Center .

t o

A card  co lumn conta ins  an  i l l ega l  combina t ion  o f  punches '

Too many abcons or  adcons  have.  been used (numer ica l  cons tan ts  and

a lphanumer ic  s t r ing  cons  t  an t  s ,  .

T o o  m a n y  d e c i m a l  P o i n t s  a P p e a r  i n  a  n u m b e r '

Too many " ,o t ts  appear  in  a  number '

An . r ro r  has  appeare< l  in  a  Parameter  de l im i te r  conment :  " )<anv  s t r ing

n o t  c o n t  a i n i n g :  > :  ( " .

A n  i l l e g a L  b a r  (  " l r r  )  v a r i a b l e  h a s  b e e n  u s e d '

A  c o n s t a n t  h a s  b e e n  u s e d  w h i c h  i s  t o o  l a r g e  t o  f i t  i n t o  a  r e a l  v a r i a b l e '

A  " ,o "  i s  foL lowed by  someth ing  o ther  than r r+r r '  r r - r r '  o r  (d ig i t ) '

A  s t r i n g  g o e s  o v e r  t h e  e n d  o f  a  c a r d .

The symbol  tab le  has  been exceeded.

A.  Evans at

1 0 0 :
L O  L :

1 0 2 :
1 0 3 :
1 0 4 :

1 0 5 :
1 0 6
I07
1 0 8

* 1 0 9
1 I 0 :
1 1 1  :
Ll2:.
1 1 3  :
ll4i

, k  Turns  o f f  Phase I I .
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System Sta tement  Er ro r  s

L l5 :  An abcon sys tem s ta te rnent  has

I 1 6  :
l L 7 :  A n  a b c o n  s y s t e m  s t a t e m e n t  h a s

user  nemory .

Ar . r  i  L legaL
a f t e r  t h e

The I  ib ra ry

WHAT has  been ca lLed a f te r  i t  has

An i lLega l  segment  s ta tement  has

An SY LIBR-ARY card has asked for

A  l  i b r a r v  p r o c e d u r e  d e c l a r a t i o n

I  ib r  a ry  .

code has  been cornP i  ledoccurred af  ter

requested more

1 1 8  :
I I 9 :

r20 :
12L2
t 2 2 |
L 2 3 :
124:
I25 i

space than there  is  ln

SY card  has  occur red .  (Th is  may be  caused by  a  L IBRARY card

s y m b o l i c  L i b r a r y  h a s  b e e n  r e l e a s e d , )

p r o c e d u r e  n e s t i n g  e x c e e d s  5 .

b e e n  r e l e a s e d .
b e e n  u s e d .
a  rou t ine  no t  in  the  synbo l ic  l ib ra ry '

has  named a  rou t ine  no t  in  the  re loca tab le

N o t e s

N o t e  4 :

Not  e

N o t e
N o t e

Not  e

N o t e
Not  e

Not  e
N o t e

L : end comroent  convent ion  was used on  preced ing  card '  That  i s '  every -

T h i t r g  
" u "  

i g n o r e d  u p  t o  r r ; " ,  e n d ,  o r  e l s e '

A  func t ion  des ignator  has  been used as  a  p rocedure  s ta tement '

In  an  ar i thmet ic  o r  boo lean exPress ion ,  the  cons t ruc t ion  i f "  ' theq

h a s  o c c u r r e d .  T h i s  i s  s y n t a c t i c a L l y  i l 1 e g a l  b u t  u n a m b i g u o u s '  a n d

t h c r e f o r e  a c c c p t e d  b y  t h c  t r a n s l a L o r '

An ar i thmet ic  ( ioo f .a t t )  (des ignat iona l )  express ion  has  been used

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

2 i
3 :

i f
1 S

5 :
shou ld  have been used.

In  a  des ignat iona l  express ion '  the

o c c u r r c d .  T h i s  i s  s Y n t a c t i c a l l Y

P h a s e  I I  h a s  b e e n  t u r n e d  o f f .

T h e  c o n s t r u c t i o n  i f . . . t h e n  f o r .

AI,GOL b0 but i l1egal in AI,GOL

TAB appears  as  a  charac ter .

F i f t y  e r ro rs  have been found on  a

t e r m i n a t e d .

c o n s t r u c t  i o n  i f . . . t h e n  i f  h a s

i l lega l  bu t  unambiguous.

. . d o . . . e 1 s e . . .  w h i c h  i s  l e g a l  i n

6 2  h a s  b e e n  u s e d .

6 :
7 i

8 :
q . s ing le  card ;  comPi la t ion  has  been
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RUN ERRORS

D u r i n g  i t s  € : x c c L l t i o n ,  a n  A L C O L - 2 0  p r o g r a m  r . r i L l  c a L L  L r p o n  v i . r r i o u s

r u n - t l N e  s u b l - o u L  i n c s ,  S i l ] c e  t h c r . c  a r e  u s u a l L y  r e s t r i c L i o n s  p l a c e d

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

t h e  i r s e r  r ^ / h e n  t h e  r e s t r i c t i o n s  l r a v e  b e e n  v i o L a t e d .  I t  i s  t h e  v i o l a t -

i o n  o l  t h e s e  r : e s t r i c t i o n s  w l r i c l r  i s  r e f e r r e d  t o  a s  " r u n  e r r o r r r .

T h e  u s e r  m a y  r e c e i v e  l r i s  r u a r n i n g  i n  e i t h e r  o I  t \ ^ / o  \ " / a y s :  I f  h e

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

o f  h i s  o u t p u t  l i s L i n g  i r l r i c l r  i " r i I L  i d e n L i l y  t h e  e r r o r  a n d  t h e  p a r t  o f

t h e  p r o g r a m  i n  r v l r i c h  L l ) e e r r o r  L o o k  p L a c e .  T l i e  r u n  \ ^ / i l L  t h e n  b e

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

a  r r recovery  p rocedr . r re f i  by  cuLL ing  on  : r  subro l rL -Lre  narned RUN,ERROR.  l f

h e  d o e s  t h i s ,  a n  o c c L L r r e n c e  o f  t l r e  e r r o r  r v i L I  c : r u s e  i ]  t r a r l s f e r :  t o  i l

s t J t e m e n t  i n  h i s  p r - o g r J m  r u ' f i  i  c f r  h e  h a s  d e s i g n . r t e d ,  T h e  p r o g r a m m e r  m a y

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

h a s  p r o v i d e d  f o r  e r r o r  r c ! L i \ ' c r )  f r o m  . r  g i v e n  e r r o r  t y p e ,  l i e  h a s  t h e

o p t i o n  o r  e i t l r e r  e . t t  i n q  o r  r ) o t  g ( L L i n E ,  f l r e  ' l o r - l  l  J i r r ' r r o s t  i c  p r  j l l t o , , t .

S e e  C h a p t e r  5 , R U N E R R O R  f o r  r  , l c s e r i p t i o n  o f  t l r t  r e c o v e r y  p r o c e c l u r e .

T l i e  n o r m a l  e r r o r  p r i n t o u t  c o n s i s t s  o f  t h e  t \ ^ J o  I i n c s

RUN ERROR - ee ee

COI'II ' \ND IN !]RRoR - ccccc

f o l L o r , r e d  b y  f o u r t e e n  L i n e s  o f  d i . r g n o s t i c  o u t p u t ,  H e r e  c c c c c  i s  t h e  ( o c t a L )

loca t ion  o f  the  connna nd  wt r i ch  caused the  er ro r  (o r  the  conunand wLr ich

c a 1 1 e d  t l r e  s u b r o u t i n e  i n  w h i c l i  t t r e  e r r . o r  \ t a s  d e t e c t e d )  a n d  e e e e  i s  a

m n e n o n i c  e r - r o r  c o d e .  B y  c o m p a r i n g  c c c c c  r v i t h  t h e  o c t a l  J d d r e s s e s  p r i n t e d

o n  t h e  L e f t  s i d e  o f  t h c  c o m p i l a t i o n  I i s t i n g ,  t h e  p r o E i r a m m e r  m J y  L l c t e r m i n e

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

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

p r o c e d u r e  d e s c r i p L i o n  i n  C h a p t e r  5 .  A 1 1  o t l r e r  e r r o r  c o d e s  a r e  l i s t e d  o n

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

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

c o m m a n d s  f o L l o w i n g .  O n  e a c h  1 i n e ,  t h e r e  a r e  f o L r r  f i c l d s :  t h e  l o c a t i o n ,

t l ie  connnand in  oc ta I ,  the  command in  semi -mnemonic  fo rm,  and t t re  conten ts

o f  t h e  w o r d  w h o s e  a d d r e s s  i s  i n  t h e  c o m m a n d ,  T h i s  i n f o r m a t i o n  i s  u s e f u L

t o  a n y o n e  f a m i l i a r  w i t h  G - 2 0  m a c t r i n e  c o d i n g  i n  a n r l y z i n g  t h e  c r r o r .  I t  i s

o f  i n t e r e s t  t o  t h e  a v e r a g e  u s e r  o n L y  i n  t h a t  i t  m a y  b e  s h o w n  t o  t h e  U s e r

Consu I  ta  n t  .



W l i e n  u  e r r o r  i s  d e t e c t e L l  b y  t h e  r e a d  s u b r o u t i n e ,  t l r e  r r R U N  E R R O R - R I A D I

m e s s a g e  r v i l l  b e  p r e c e d e d  b y ; r  p r : i n t o u t  o f  t h e  d a t a  c a r d  c o n t a i L r i n g  t h e

e r r o r ,  J n  r r r o i r  ( i )  p o i n t i n g  t o  t h e  e r r o n e o u s  c o L u n n ,  t h e  c o L u m n  n L L m b e r ,

: r n d  o n e  o f  L l  e  i o l l o "  i n 3  a u x i l i d r y  m c s s d g u s :

E r r o r  C o d e

ADRP

CFLG

EXP

EXPO

LN

RAD T

RAD2

It!r\D

S I N

SQRT

T IMTI

X l A L

X 1 A  2

X 1 A 3

1) 9$ - CARD READ

2) NO CARD READ

A L . 6 b  . 7

M e a n i n g

a d d r e s s  - - o p c o d e  f  a u L t

c o m m a n d  f l a g  e r r o r

E X P  ( X )  c : r L I e d  r " i t h  X  >  r 6 0 . 1 1 6 9 9 8

e x p o n e n t  o v e r f l o w

LN (X)  ca  I  Led \ , r i th  X  <  0

' r , l L r  I o w .  I  i r  : r  b o u n J  1 r - r  i r r  r n

a r r a y  d e c L a r a L i o r r

d e c L a r e d  a r r a y s  e x c e e d  a v a i l a b L e  s p a c e

A n  e r r o r  I r a s  o c c u r r e d  i n  r e a d i n g  a

d a  t a  c a r d .  ( s e e  b e l o w )

T h e  a r g u n e n t  t o  S I N  o r  C O S  e x c e e d s

B i 2 l

SQRT (X)  ca ILed \ .7 i th  X<O.

r 1 o ! r i t o r  d e  t e c  t e d  c r r o r s

X =  O and A: .O in  X IA

A ' k  L N  ( x )  >  1 6 0 . 1 1 6 9 9 8  i n  X l A

X  <  0  a n d  A  n o t  i n t e g e r  v a l u e d  i n  X l A

A n  E n d - o f - F i l e  m a r k  h a s  b e e n  r e a c h e d :  i . e  ,  ,

t h e  p r o g r a m  h a s  a t t e m p t e d  t o  r e a d  m o r e  d a t a

c a r d s  t t r a n  a r e  i n  t h e  I ' d e c k " .

A  r e a d  s t a t e m e n t  h a s  a t t e r n p t e d  t o  s c a n

c h a r a c t e r s  f r o n  a  c a r d  i m a g e  b e f o r e  a n  " E "  o r

" W t t  p r i m a r y  h a s  b e e n  e x e c L l t e d  t o  r e a d  a  c a r d .

A n  i 1 I - f o r m e d  n L r r l b e r  h a s  b e e n  s c a n n e d ;  e . g . ,

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

, " r s  h a v e  b e e n  f o u o d .

A  c h a r a c t e r  v h l c h  c a n n o t  b e  p a r t  o l  a  n u m b e r

( i . e . ,  n o t  a  d i g i t ,  ' r . r r ,  r r + r r ,  
" - " ,  o .  " , 0 " )

h a s  b c e n  s c a n n e d  b y  a  r u u r e r i c  i n s t r l r c L - i o n .

T h i s  e r r o l  m e s s a g e  i s  s u p p r t s s e d  b y  t h e  s u f f i x  " N "

J) IMPROPER NUMBER

4) ILLECAL SYMBOL
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CI1APTER 6c

P r i n t i n g  o f  t h e  C o m p i l e d  P r o g r a n t

C o n s i s t e n t  i n d e n t a t i o n  o f  e a c h  L e v e I  o f  r l e s t i n g  o f  s l r b o r d i n a t e  a n d

c o i r p o u n d  A L G O L  c o n s t r u c t i o n s  i s  u s e f u l  i n  \ " / r i t i n g  a  c L e a n '  r e i l d i l b L e

p r o g r a n .  T h e  n a x i n t u L l  p o s s i b l e  i n d e r ) t a t i o n  o f  L I r e  p r o g r a m  a s  P u n c h e d  o n t o

c a r d s  i s  L i n i t e d  b y  t h e  \ " / i d t h  o f  L l r e  c a r d .  H o w e v e r ,  t h e  p r i n t e d  i r n a  g e

i s  2 L  c o L t L m n s  u i d e r  t l r a n  t h e  c a r d ,  s o  t h e  s y s t e m  s t a t e m e n t  I N D E N T  h a s

b e e n  p r o v i d e d  t o  L e t  t l r e  p r o g r ; l m m e r  t a k e  a d v a n t a g e  o f  t h e  e x t r a  p r i n t e r

i v i d t l r  t o  g e L  r u o r e  i n d e r - r t a t i o n  o f  t h e  p r i n t e d  s o u r c e  P r o g r a m .  N o r m a 1 1 y ,

the  compi led  ALGOL code is  p r in ted  in  the  fo rna t

PRINT co lunttts

C o n t e D L s

CARD coLrLn ins

PRIl. lI coLumns

C o n t e n t s

CARD co lumns

123

123

r2314567 |
b L a n k l

123

n t e

r o s .  .  . 1 2 0 1
comme nt s l

7 3 . . . . . 8 8  I

l+ :  oz  I
I I Lant< i

l

8 .  .  .  . 1 2 1 1 3 ,  1 4 ] 1 5 .  .  . 8 3  i 8 4 .  .  . 1 0 4

address  l bLank l  t ex t  I  bLank

1 4 . . . . 1 2 1

8 . . . .  r . 2  I  L : . . .  t ++ r l  r 5+K . . . r r +K+RMl
address  I  b lank  I  t ex t  I

l + . . . .  ' . . . .  '  . n l t l

L2+K+RM. . .32+RIll 33+RM. . . 120

blank I corrunen t s

l r u u + r . . . . . 4 s

Using  the  sys tem s ta tements  INDENT and RIGHT I " IARGIN (see ChaPter  4 ) ,  the

progra f lmer  may c l tange t l le  nomber  o f  card  co lumns scanned as  tex t  and

a L s o  t l r a y  c h a n g e  t h e  p r i r l t  c o l u n n s  i n  w h i c f t  t h i s  t e x t  a p p e a r s .  I n  g e n e r a L ,

t h e  c o d p i l e d  c o d e  i s  p r i n t e d  a s  f o L l o w s ,  w l i e r e  K  s t a n d s  f o r  t h e  i n d e n t

c o n s t a n t  a n d  R M  s t a n d s  f o r  t h e  r i g l r t  m a r . g i n :

p1:

I
I
I
o

I

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

ALGOL tex t .



AL,.6c"2



A L . 6 d . L

CIIr\PTER 6d

P r i v i  I  e o e r l  T . l a n f  i  f i a / c

1 n  a d d i t i o n  t o  t h e  r e s e r v e d  i d e n t i f i e r s ,  A L G O L - 2 0  i n c L u d e s  a  s e t

o f  " .p l i l i ] :gs9 ' r  iden t i l ie rs  wh ich  have bu iL t - in  mean ings .  These

i d e n t i f i e r s  c i r n  b e  u s e d  w i t h  t L r e i r  b L r i l t - i n  m e a n i n g s  \ ' , i t h o u t  b e i n g

d e c l a r e d ;  t l r e y  a r e ,  i n  e f f e c t ,  d e c l ; t r e d  b y  t h e  t r a n s l a t o r  i n  a  b L o c k

l r e a d  o r r t s i d e  t h e  o u t e r : - r n o s t  b l o c k  o f  t h e  p r o g r a u r .  T h e r e f o r e ,  i f  t h e

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

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

I e g e d  a n d  d e c l a r e  a n d  u s e  i t  a s  l i e  v o u l d  a n y  n o n - r e s e r v e d  i d e n t i f i e r .

I I  a  p r i v i l e g e d  i d e n t i f i e r  i s  r e d e c l a r e d  \ r i t h i n  a n  l n n e r  b l o c k ,  i t

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

i s  p a s s e d .

T h e  c u r r e n t l y  a v a i L a b l e  p r i v i L e g e d  i d e n t i f i e r s  i n  A L G O L - 2 0  a r e

d e s c r i b e d  b e l o w .  A s  . r d d i t i o u . , . l  , ' r i v i l e g e d  j d e n L i r i e r s  b e c o m e  . r v a i l a b l e ,

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

ACC

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

L e f t  s i d e  o f  a n  a s s i g n m e n t  s t a t e m e n t .  T h u s

A c c :  =  e [ i ,  j ,  t + J ] ;

w i I I  I e t c l r  a n  a r r a y  e l e m e n t  t o  t h e  a e c u m u l d t o r .  A C C  i s  o r  p a r L i c u l d r  u s e

i n  s e t t i n g  t h e  a c c u m u l a t o r  b e f o r e  e x e c u t i n g  a  p i e c e  o f  W I ] A T  c o d e .  T h i s

mechan ism shouLd g lygp be  used vhen access ing  ar ray  eLements  o r  fo rmal

p a r a m e t e r s  c a l l e d  b y  n a m e  f o r  u s e  i n  W I I A T  c o d e .  N o  e r r o r  w i L l  b e  d e t e c t e d

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

s u c h  L r s e s  w i L l  u s u a L l y  c a u s e  s p u r i o u s  r e s u l t s .

CLOCK

C L O C K  i s  a n  i n t e g e r - v a l u e d  f u n c t i o n  d e s i g n a t o r  v h i c h  i s  c a L l e d  w i t h

a  s i n g l e  p a r r n e t e r .  T h e  v a l u e  o f  T T C L O C K ( O ) r r  i s  t h e  e L a p s e d  t i r n e  i n

s e c o n d s  s i n c e  t h e  N a m e - T i m e  c a r d  w a s  r e a d .  I ' C L O C K ( V ) r r  i s  t h e  e l a p s e d  E i m e

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

c locK(v)  =  c r .ocK(o)  -v
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E x a  n p  l c :

A : STARII TME . CLOCK(O) ;

E  L \  P S ;  c L O c K ( s , A { r  I  l } t t )B :

l r i s  " i l  : l r i .  i  L L I P S L

I  a b e L  A  r n d  p e s s i n g  l a b e  L

DAY

IIONTH

YI]AR

' J A Y ,  l l o l \  i h ,  . r r  J  l t A R

s c t  b y  L i r e  t r . r r l s  l i l L o r  t o

L , c , r . o .  t ' -  .  r r ! . r t  J  ,

b c s L  d c r i n e d  b y  e l i a L r p  l c :

L l r e  e l a p s e d  t i m e  i 1 r  s e c o n d s  b e t \ t e e r r  p i l s s i r l g

B .

a r e  b L r i L t - i D  v a r . i a b L e s  o l  t y P e

l .  \ .  L o L a - L t  - . r c ,  i r  ,  L , l  J  |  . l \  r i c

: . J r L  r  l l J , .  r r .  r . . 1 . c L i v c l ) .

O n  L I r e  9 t h  o f  A p r i L ,  1 9 6 2 ,  w e

f!E!g uh ic lr are

s  L r  i n l l  r e p r e s e n t . l -

T l i e  f o r n a t  i s

h i r  ve

DAY L09.-rl

MONTH - IAPRLII

YEAR = r62r - r r

T l i e  s t a t e n ) e n t s :

NAIIE ( DAY , l lONTll, YEAR ) ; PRINT (<12A, D) ;

i g '  r J  p r - i .  r  '  I  j n .  c o r r L J i n i n g :

09  APR 62

DEBUGPRINT

D E B U G P R I N T  i s  a  p r o c e d u r e  v i t h  a n  i t r b i t r a r y  n L r n b e r  o f  p a r a m e t e r s  w h i c l t

p r i n t s  t l l e  v a l u e s  o f  i t s  p a r a m e t e l : s  i n  a  s i m p l e  r . i g i d  f o r r n a t .  l t s  p a r a -

m e t e r s  I n i t y  b e  a r l y  a r i t t r r o e t i c  o r  B o o l e a n  e x p r e s s i o n s .  A r i t l i m e t i c  v a l u e s  a I e

p r i n t e d  i n  t h e  f o r n . l t  < . + . 1 1 2 1 ; >  ;  i . e . ,  i n  s c i e n t i f i c  f L o a t i n g  P o i n t  n o t a -

t i o n  w i t h  I l  s i g n i f i c a n t  f i g u r e s .  B o o l e a n  v a L u e s  a r e  P r i n t e d  a s :

TRUE fo r

+ . 0 0 0 0 0 0 0 0 0 0 0 . " a 0 0  f  o r

t r  ue

V a l u e s  a r e  p r i n t e d  f o u r  P e r  L i n e ;

D E B U G P R I N T  s t a r t s  o n  a  n e \ t  I L n e .

t h e  l i r s t  v a L u e  p r i n t e d  b y  e a c h  c . r I l  o I



EPS ILON

EPSILON is

pos  i t  i ve  n l tn lber

EPSILON =

A L . 6 d . l

a  b u i l t - i n  r e a l  c o n s t i t n t ,  r d l l o s e  v a l L l e  i s  t l l e  s m . l l l e s t

w l r i c i r  c a D  b e  r c p r e s e n t e d  i n  t l r e  G - 2 1 .
- 6 J

8

L . 2 1 4 4 1  3 5 2 6 9 4  3 , " - 5 1

II,\LT

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

t e r n i n : r t c s  t h e  r : u D - t i n l e  e x e c L l t i o n  o f  t l L e  p r o g r a m  a n d  r e L u r n s  c o l l t L o L  L o

t l r e  n o n i t o r .  T h u s ,  e x e c u t i n g  a  I I A L T  s t : l t e m e n t  i s  e q u i v a L e n t  t o  l e t t i n g

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

E X A M P L E :  i f  X > , " 8  t h e n  I l A L T  ;

INFIN lTY

INFINITY is

pos  i t i ve  n l lmber

INFINITY =

a  b u i l t - i n  r e a l  c o n s t a n t ,  \ t h o s e  v a l u e  i s  t h e  l a r g e s t

v h i c h  c a n  b e  r e p r c s e n t e d  i n  t h e  G - 2 1 .
r /  6 l

( 8 - - - l ) r ' 6 - '

3 . 4 5 0 8 7 3 1 7 3 _ 1 E 9 , " 6 9

PAGES

P A G E S  i s  a n  i n t e g e r  p r o c e d u r e  v i t h  n o  p a l a m e t e r s .  I t s  v a L u e  i s  t h e

t o t a l  n L r m b e r  o f  p a g e s  w h i c l r  h a v e  b e e n  c o m p l e t e L y  P r i n t e d  s l n c e  t h e  j o b

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

t h e  j o b  c a r d  i n f o r m a t i o n ,  t h e  v a l u e  o f  P A G E S  i s  z e r o .

PAUSE

E x e c u t i n g  t h i s  p a r a m e t e r l e s s  p r o c e d u r e  i n v o k e s  t t r e  m o n i t o r  P A U S E

d r e c h a n l s m ,  l Z t ,  i n  t h e  u s u a L  \ " I a y .  W h e n  t h e  p r . o g r a m  i s  s L r b s e q u e n t l y

r e s t a r t e d ,  P A U S E  w i l l  r e t u r n  t o  i t s  c a L l i n g  p o i n t .  F o r  f u r t h e r  d e t a i l s ,

s e e  t 1 ) e  d e s c r i p t i o n  o f  2 7  i n  t h e  M o n i t q r  D e s c r i p t i o n :  T H E M  T H I N G S '
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PRlN1

P R L N T  i s  r  p r o c € r d L l r e  \ u ' i L l r  o r ) e  p i l r a n e t e r  ! t l r i c h  c o n t r o l s  t l r e  o u t P L r t

o f  p r i n t e d  i r ) l o r m i t L i ( ) r ' r  o n  . t  L e L e t y p c .  ( t l - o t e  t l L e  s p e  l l i r r g :  L l r e  t h i r d

c l r . r : r c t r r  i s  a  o D e . )  T I r e  c o n p i l a t i o t l  l i s t i r l g  a l r d  e x e c L L t i o r ) - t i n e  o u t P u t

a r c  l l l l n a y s  p r i n L e d  o I I  t l r e  o n - L i n e  p r i n t e r '  i I  . r  p o s i L i v L '  r l r r m b c r  o f  p a g e s

i s  r e q u e s t c d  o r 1  t i i e  J o b  c i t r d ,  P R l N T  s e t s  e  m o n i f o r  s r , r i t c h  r " 1 r i c i r  d e L e r -

n : i n e s  v l r e t i r e r  r l i e c u t i o t t - t i n ) c  o L l t P L l L  i " i L 1  a l s o  b e  L y p e d  o r l  L l r e  t e L e L y P c

r , ' l r i c l r  o r i g - L r r a t e d  t l r e r  P r o g r a n '  I f  t l r e  p r o g r a m  c L i c l  r l o t  o r i g i l l i l L e  a t  i l

L c L e t y p e ,  L I r c n  P l l l N T  r " ' i I L  s i n r p l y  b e r  i g r t o r e d .

P I f  I N T  (  L )  :  S e L s  s \ t i t c h  s o  o r l t p u L  r , i i L L  b e  o n  t i r e

P R f N T  ( D )  :  S c L s  s u i t c l l  s o  o L I L P L T L  \ , ' i L l  n o t  b . '  o t l

L  L  P r r  r t  r .

T h e  s t a t L r s  o f  t i r c  s \ . / i t c i r  c a D  b e  c l r l n g e d  ; l s  o l t e r l

p r o g r a n  b e g i n s  e x e c l r t i o n ,  i t  i s  s c t  t o  P R l N T  ( 0 )

b e e n  r e q r . r c s t e d  o n  t h e  J o b  C a r d ,  i n  \ ^ / l r i c h  c a s e ,  i t

L e  l c  L y l ) e  i : n d  p l i n t e r ,

L l r e  t . , 1 L r t ) p e ,  o D  l ; '  o n

: r s  d e s i r e d l  w h e n  a u  A L G O L

L r n l e s s  z e r o  P : l g e s  I l : r v e

i s  s c t  t o  P R I N T  ( 1 ) .

T II,IE

TIME is  a  rea

o f  d a y  i n  s e c o n d s ,

I  p r o c . d u r  c  ! . i t l  l l o  P a r J n e L e r s

s  t a r t i n g  a t  m i d n i g h t .

,  " t r o s e  v .  l , . e  i s  t l c  L i  L
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CIIAPTER 6e

M a c h i n e - D e p e n d e n t  F e a t u r e s

L ,  O c t a L  C o n s t a n t s

A n  o c t a l  ( b a s e  8 )  c o n s t a n t  m a y  b e  u s e d  i n  a n y  c o n t e x t  i n  A L G 0 L - 2 0

w h e r e  a  d e c i m a l  n u m b e r  i s  a l l o w e d ;  i . e . ,  a s  a  P r i m a r y  i n  a n y  a r i t h m e t i c

o r  I o g i c  e x p r e s s i o n .  O c t a l  c o n s t a n t s  h a v e  t h e  f o L I o \ ' r i n g  s y n t a x :

< o c r a 1  d i s i r >  : :  =  0  I  I  |  2  |  3  I  +  I  :  6  |  1

< o c t a L i a n >  : :  =  < o c t a 1  d i g i >  |  < o c t a l i : ' D  < o c t a l  d i g i t >

. i s i g n e d  o c t a L i a r >  : :  =  < o c t a l i a n >  ]  +  < o c t a l i a n >  |  
-  ( o c t a l i a n )

( L e f t - j u s t i f i e d  o c t a L  c o n s t a n t >  : :  =  8 L  < o c t a L i a r >

< r i g h t - j u s c i f i e d  o c t a L  c o n s t a n t >  : :  =  8 R  { o c t a L i a d '

< f l o c t a L i a n >  : :  =  < o c t a L i a r >  I  
( o c t a l i a n ) . ( o c t a L i a n >  |  < o t t u f  i " > '  I

.<oc  ta  I  ian>

( p o w e r  o f  8 )  : :  =  , o ( s i g n e d  o c t a l i a r >

( f L o a t i n g  o c t a L  c o n s t a n t )  : :  =  8 F  < f L o c t a l i a r >  I  8 F  ( p o w e r  o f  8 )

8F < fLoc ta l ian)  (pover  o f  8 )

. l L o g i c a L  o c t a l  c o n s t a n t )  : :  =  ( L e f t - j u s t i f i e d  o c t a l  c o n s t a n e >  |

< r i g h t - j  u s t  i f i e d  o c t a l  c o n s t a n t >

<octaL  cons tan t>  : :  =  < f loa t ing  oc ta l  cons tan t>  |  < log ic  oc ta l  cons tan t>

D e s p i t e  t h i s  s y n t a x ,  t h e  t r a n s l a t o r  d o e s  n o t  t r e a t  t h e  d i g i t s  8  a n d  9  i n

o c t a L  c o n s t a n t s  a s  e r r o n e o u s  b u t  r ^ ' i 1 1  i n t e r p r e t  t h e m  a s  1 O ) ,  a n d  1 1 ) U ,

r e s p e c t i v e l y ,  T h u s  8 R 4 9 5  =  8 R 5 1 5 .

L o c a l  o c t a l  c o n s t a n t s  ( 8 L  a n d  8 R )  a r e  c o n s i d e r e d  t o  b e  o f  t y P e  l o g i c

a n d  s o  a r e  a l w a y s  a c c e s s e d  i n  L o g i c  m o d e .  F l o a t i n g  o c t a l  c o n s t a n t s  ( 8 F )

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

ar i th rne t ic  mode.

T h e  c h a r a c t e r - p a i r s  8 L ,  8 R  a n d  8 F  a r e  t r e a E e d  b y  t h e  t r a n s L a t o r  a s

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

\ , r  i  thou t  in te rven ing  bLanks .
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T h e  v a L u e  o f  a  f L o a t i n g  o c t a l  c o D s t a n t  i s  d e t e r m i n e d  b y  c o n c a t e n a -

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

p r i a L e  p o l r e r  o f  8 ,  t r e r t i n g  t h e  n u m b e r  w h i c l r  f o L l o w s  t h e , o  a s  a n  o c t a L

i n t c g e ! ,  F o r  e x a m p L e ;

8 F l o  1 0  =  8 1 8

8F L  1 , "  -5  =  9 ' !  81  -5

T h e  v a l u e  o f  a  l e f t  ( r i g h t )  j L r s t i f i e d  o c t a l  c o n s t a n t  i s  d e t e r m i n e d

b y  p r e f i x i n g  ( s u t l i x i n g )  t o  t h e  o c t a l i a n  e n o u g h  z e r o s  t o  g i v e  e l e v e n

o c t a L  d i g i t s .  T h i s  n u m b e r  i s  t h e n  c o n c a t e n a t e d  a n d  s t o r e d  a s  a  3 2 - b i t

l o g i c  w o r d .  S i n c e  e l e v e n  o c t a l  d i g i t s  r e q u i r e  t h i r t y - t h n e e  b i t s  f o r

r e p r e s e n t r t i o n ,  t h e  L e f t m o s t  b i t  o f  t h e  l e f t r n o s t  o c t a l  d i g i t  i s  1 o s c .

T h u s ,  8 L 4  =  0  a n d  8 L 7  -  8 L 3 ,  a  r ' 3 - f l a g " .

2 .  S t r l n g  C o n s t a n t s

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

a s  c o n s t a n t s  i n  a n  A L G O L - 2 0  p r o g r a m .  S u c h  a  s t r i n g ,  c o n v e r t e d  t o  a  s e t

o f  G - 2 0  i n t e r n a l  c h a r a c t e r s  a n d  s t o r e d  r i g h t - j u s c i f i e d  i n  a  3 2 - b i t  L o g i c

w o r d  i n  t h e  a b c o n  r : e g i o n ,  i s  t r e a t e d  a s  a  L o g i c  o c t a L  c o n s t a n t .  S i n c e  t h e

G - 2 0  i n t e r n a l  c h a r a c t e r  f o r  a  b L a n k  ( t . : t )  i s  z e r o ,  t h e  f o L l o w i n g  s t r i n g

c o n s t a n t s  a L l  h a v e  c h e  s a m e  v a L u e :

l ^  I  t  ^  I  |  ^  |  |  ^  |
A = LrA Lr ul-,tr

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

a 1 l o w e d .

E x a r n p l e s :

|  - L - -  - ! - : - ^ - . - r  l . l
L L L c T L  b L r r L r B v d r  -  ,

( T h e  v a L u e  o f  t h e  e x p r e s s i o n  i n  e x a r n p l e  2  i s  t A - . u t )

3 .  i f  (xA 8R377)  =  'A '  
! .Lg

L .  i f  n e x t c h a r  =  t :

2 .  I A B C D '  A  8 L 3 7 7

( T h i s  t e s L s  k h e t l r e r  L I  e  r i g l , t - m o s L  c n a r a c t e r  o f  x  i s

E h a t  t h e  p a r e n t h e s e s  a r e  n e e d e d ,  s j n c e  w i t h o u L  L h e m ,

t A t .  N o  t e

the  mean ing

i s  i f  x A  ( 8 R 3 7 7  -  r A r )  t h e n  w h i c h  i s  a L w a y s  f a l s e . )
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3 .  B i t - M a n i p u l a t i o n  0 P  e r a  t  i o n s

l n  a d d i t i o n  t o  a r i t h m e t i c ,  B o o L e a n ,  a n d  d e s i g n a t i o n a l  e x p r e s s i o n s ,

A L G O L - 2 0  s n y t a x  i n c l u d e s  r r l o g i c  e x p r e s s i o n s "  w h i c h  p e r f o r m  b i t - b y - b i t

L o g i c  o p e r a t i o n s  o n  3 2 - b i t  G - 2 0  L o g i c  w o r d s .  A  L o g i c  e x p r e s s l o n  m a y

i n c L u d e  a r . r y  o f  t h e  f o l l o v i n g  o p e r : a n d s :

I .  L o g i c  c o n s t a n t :  o c t a l  c o n s t a n t  o r  s t r i n g  c o n s t a n t

2 .  V a r i a b l e ,  s i m p l e  o r  s L r b s c r i P t e d ,  o f  t y p e  L o g i c

3 .  F u n c t i o n  d e s i g n a t o r  o I  t y P e  L o g i c

4 ,  B o o l e a n  p r i r n a r y  ( a n d ,  t h e r e f o r e '  a n y  B o o l e a n  e x p r e s s -

i o n  i n  p a r e n t h e s e s )

5 .  A r i t h n e t i c  p r i m a r y  ( a n d ,  t h e r e f o r e ,  a n y  a r i t h m e t i c

e x p r e s s  i o n  i n  p a r e n t h e s e s )

A  B o o L e a n  p r i m a r y  u s e d  a s  a  L o g i c  o p e r a n d  i s  i n t e r p r e t e d  a s  o n e  o f

t h e  t w o  3 2 - b i t  l o g i c  w o r d s :

8R

6R

3 1 1 1 7  7 7  7  7 1 7

0

3 2  o n e  b i t s  f o r  t r u e ,  o r

f 2  z e r o  b i t s  f o r  f a 1 s e .

E a c h  k i n d  o f  l o g i c a l  o p e r a n d  ( e x c e P t  n u m b e r  5  a b o v e ,  a r i t h m e ! i c

p r i m a r y )  w i L l  a L w a y s  b e  f e c c h e d  f r o m  m e m o r y  w i t h  a  r r L o g i c  a c c e s s r r ,  r a t h e r

than a  r rnumer ic  access l r ;  fo r  exarnpLe,  a  CAL corur land w iL l  be  used to  fe tch

a  L o g i c  v a r i a b l e  i n t o  t h e  a c c u m u l a t o r .  W h e n  a  l o g i c  v a r i a b l e  o r  f u n c t i o n

d e s l g n a t o r  f o r n s  t h e  l e f t - p a r t  o f  a n  a s s i g n m e n t  s t a t e m e n t '  t h e n  a n  S T L

command w iL l  per fo r rn  the  ass ignment .  There fore ,  an  ass ignment  s ta tement

o f  the  fo rn

(Loy : ic  var iab le>  <  <ar i thmet ic  express io r>

! . ' i 1 1  t r u n c a t e  t h e  a b s o L u t e  v a l u e  o f  t h e

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

( c x c e p i  a n  a r i t h n e t i c  p r i m a r y )  \ , / i t h i n  a

A n y  o f  t l r e  f o L l o w i n g  t l r r e e  l o g l c a l

e x P r e s s l o n :

1 c o  r n  l n r  r . n r  l o g i . :  ' .  r l r Y )

A  ( e l i t r a c  t  l o g i c :  b i n a r Y )

V  ( u n i t e  l o g i c :  b i n a r Y )

*odulo 232,  An sr ] ,

l o g i c a L  s u b e x p r e  s  s  i o n

c o m p L e t e  L o g i c a  I  e x p r e s s i o n '

o p e r a t o r s  m a y  a p p e a r  i n  a  L o g i c

e x p r e s s l o n

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

a n d  i n d e p e n d e n t l y  i n  c a c h  o f  t h e  3 2 - b i t  p o s i c i o n s  o f  i t s  o p e r a n d ( s ) .  1 f

a  b i t  =  I  r e p r e s e n t s  t h e  B o o l e a n  v ; r 1 u e  t r u e  r v l r i l e  a  b i t  =  0  r e p r e s e n t s

1 3 ! 9 9 ,  t h e n  t h e  l o g i c  o p e r a t o r : s  ,  r \ ,  a n d  V  c a n  b e  c o L l s i d e r e d  t o  p e r f o r r r

t L r e  B o o l e d n  o p e r a t i o n s  - - r ,  A ,  a n d  V ,  r c s p c c t i v e L y ,  i n  e a c h  b i t  p o s i t i o n .

T h e  o p e r a t o r s  * ,  - , ' k ,  a n d , r  m a y  a 1 s o  i : p p e a r  i  r - r  a  l o g i c  e x p r e s s i o n .

E d c ' r  o I  L l l c s e  o p e r d t e s  i r  t l , e  r s u r l  r ' , 1  ,  c o r s i d t r i r A  j t s  l o e i c r l  o p e r - n d :

( e x c e p t  t o r  a r i t i l L n e t i L  p r i m a r i e s )  a s  3 2 - b i t  i n t e g e r s .

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

< L o g i c  c o n s t a n t ) '  : :  =  < s t r i n g  c o D S L a n L >  < L o g i c  o c t a l  c o n s t a n t >

< L o g i c  p r i m a r . ) >  : :  =  < L o g i c  c o n s t a n >  I  < 1 o g i c  v a r i a b l e >  |  < I o g i c  I L r n c  t  i o r ' - \

{ B o o l e i : n  p r i r r u r } >  I  ( < f o g i .  e x p r e s s i o , . ) )  |

<a r i thme t ic pr irnar jv>

f a c t o r >  . '  =  < l o g i c  p r i m a r y )  I  r . < 1 o g i c  p r i r n a r y )

t e r r >  : :  -  { l o g i c  f a c t o r >  ]  < 1 o g i c  t e r l r >  A  < l o g i c  f a c t o r >

l o g i c  e x p r e s s i o n >  : :  =  < L o g i c  t e r n r )  ]  < s i m p l e  L o g i c  e x p r e s s i o r D  V

<Logic tern>

l o g i c  c x p r e s s i o D  I  < i f  c L a u s e )

l o g i c  e x p r e s s i o n )  e l s e  < l o g i c  e x p r e s s i o n >

( L o g i c

< l o g i c

( s  i m p L e

{ l o g i c e x p r e s s  i o n )  : :  =  { s i m p l e

( s i n p l c

4 l 1 a  L f  V a r i a b L e s

A  v a r i a b l e  o f  t y p e  h a l f  b e h a v e s  e x a c l L y  a s  o n e  o f t \ 7 n p  r o ) l  p Y . a n r  i l ' a i

i t  c o n t i . r  i n s  f e w e r  d i g i t s  ( a b o u t  b  i n s t e a d  o f  a b o u t  L 2 ) .  S i n c e  h a l f

v a r : i a b l e s  L a k e  o n l y  o n e  l o c a t i o n  i n  t h e  m 3 c h i n e  a n d  g g {  v a r i a b l e s  t a k e  t \ d o ,

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

t y p e  i r a I I  i n s t e a d  o f  r e a 1 ,  i f  t h e  l o s s  o f  s i g n i f i c a n c e  c a n  b e  t o L e r a t e d

5 .  I n d e x  V : r i c b l e s

S i m p l e  v a r i a b L e s  o f  t y p e  i n d e x  a r e  s t o r e d  i n  G - 2 0  i n L l e x  r e g i s t e r s ,

E v e n c u a L L y ,  e f f i c i e n t  c o d e  w i l l  b e  c o m p i l e d  f o r  i n < 1 e x  v a r i a b L e s ,  u s i n g  t l i e

G - 2 0  i n r . l e x  r e g i s E e r  c o m m a n d s .  F o r  t h e  p r e s e n t ,  h o w e v e r ,  i n d e x  i s  o f

i n t e r e s t  o n L y  i r r  c o n n e c t i o n  w i t h  m a c h i n e  l a n g u a g e  a s s e m b L y  c o d e  ( " W I j A T " )

w i t l r i n  a n  A L C O L - 2 0  p r o g r d n .  I r r d i x  v d r i  r b l c s  b . l  r v e  e x J c L I y  J s  J o  l g l 3 € S l

var  iab  le  s  .



A L . 6 f . r

CHAPTER 6 f

S e g n e n t s

A L G O L  p r o g r i r n s  ! ' , l l i c l r  a r e  t o o  l o n g  L o  f i t  i u t o  c o r e  n e n o r y  m a y  b e

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

o n  L J p e  i r t L e r  i t  i s  c o m p i l c d  a n d  m a y  t l r e r r  b e  c a l l e d  i r - r t o  c o r e  m e | . ] o r y

a s  i t  i s  n e e d e d .

E i r c l r  s e g u r c n t  a r e a  o n  t e p c  h o L d s  1 0 2 4 0 , o  r . r o r d s .  I f

n o r c  t h a n  L l r i s ,  i t  w i L L  b e  s t o r e d  o n  s L L c c e s s i v c  s e g L r l e n L

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

s L a t e r n e n t . )

A  segneot  i s  .  r - r  ALG0L-20 progr i tm i ^ r l r i c l i  inc ludes  a  SEGIENT sys  te r r r

s L i ] t e r n e n t .  E a c l r  s e g n e n t  n u s t  b e  a  c o n p L e t e  A L G O L - 2 0  p r o g r a m ;  t l r a t  i s '

i t  u l u s t  h a v e  ,  s e t  o f  m a t c h i n g  ! S g i " ' s  a n d  e n d ' s  a n d  d e c l a r a t i o n s  o f  a l 1

i d e r ) t i f i e r : s  r . r l r i c h  a r e  u s e d  i n  t t l e  s e g n e n t .

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

a r c a s .  ( T h e

t h e  S Y  S e g m e n t

t h e  e n d  w h i c h  m a t c h e s

cornp i  Led and any

t h e  s  p e c  i  f i e d  s e g m e n t .

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

t i r e  f i r s t  b e g i n  i s  f o u n d ) ,  t h e  c o d e  w h i c h  h a s  b e e n

r e l o c : r t e d  s u b r o o t i n e s  v i 1 1  b e  \ , / r . i t t e D  o n t o  t a p e  a s

A L G O L  r v i I I  t h e D  c o n t i n L r e  r e a d i r . r g  c a r d s ,  e x p e c t i n g t o  f i n d  J n o t h e r  p r o t s r a m ;

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

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

' |  , ' f  r l . i q  n r n o r r l

1 f  i n  a  p r o g r i r m  ( o r  s e g m e o t )  t h e  s t a t e m e n t  L I N K ( i )  a p P e a r s '  s e g n e n t  i

v i I L  b e  L o a d e d  a n d  c o n t r o l  w i l L  b e  t r a n s f e r r e d  t o  i t s  o u t e r m o s t  ! S E ! I .

I t  i s  c o n v e n i e n L  L o  b e  a b L e  t o  c o m m r r l l i c a t e  d a t a  i n  c o r e  n l e m o r y  b e L ! ' / e e n

d i f i e r e r n t  s e g f i r c n t s .  H o v e v e r ,  l i n k i n g  f t o m  o n c  s e g m e n t  t o  a n o t h e r  i n v o l v e s

e x i t i n g  f r o n  t h e  o l l t e r m o s t  b l o c k  o f  t h e  c L r r r e n t  s e g m e n L ,  t h u s  m a k i n g  a L 1

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

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

s c ; , : l a r s .  T l r L r s ,  i f  i d e n t i c ; ] I  d e c L a r a t i o n s  o f  o r u n  a l r a y s  a n d  o w n  s c a l a r s

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

o r l e  s e g n l e n t  t o  a n o t l l a r r .  A L I  o t h c r  s c . , r L a r s  a n d  a r r a y s  a r e  u n d e f i n e d  w l i e t l  a

n c l r  s e g m e n t  i s  l o a d c d ;  t l i e s e  m a y  b e  c o m n L r l ) i c ! t e d  b y  n e a n s  o f  t h e  P r o c e d u L e s

D I S C . I " J R T  r  L  - r t l  D I S C . R E A D .
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ERRATA

Two minor features of the HOI-LER. OUT and HoLLER' O\ER routines do

n o c  y e t  f u n c t i o n  a s  d e s c r i b e d  i n  C h a p t e r  6 9 .  T h e s e  f e a t u r e s  a r e  a s

fo  1 lows .

( l )  HOLI ,ER.OUT (and - -  'O \ER)  do  no t  ye t  use  the  comple te  AND

ser ia l  number ing  sys tem fo r  ser iaL  numbers  >  9999;  ins tead '

t h e s e  r o u t i n e s  n o w , s u p p l y  p u r e l y  n u m e r i c  4 - d i g i t  s e r i a L

n u n b e r s ,  m o d u l o  I 0 - '  S e e  S e c t i o n  I  o f  C h a p t e r  6 9 .

(2 )  Page head ings ,  run  er ro r  messages,  and DEBUG.PRINT outPut

w i l l  appear  in  an  open secondary  ou tpu t  f i l e  as  we l l  as  in

the  pr i rnary  ou tpu t  f i l e .  See Sect ion  V B o f  Chapter  69 .

Both  these fea tures  w i l l  soon be  cor rec ted  to  cor respond to  Chapter  69 .
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CHAPTER 69
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I. INTRODUCTION - FILES A,\D IiECOR]]S.

A L G O L - 2 0  i n c l u d e s  . 1  s e t  o f  r e l o c a t a b L e  l i b r a r y  s u b r o u t i n e s  f o r

s L o r i n t s  b i  n a 1 1 ,  , n J  J l o i l ,  r i t h  J a L a  i n  t l ' e  G - 2 1 ' s  d i s c  m e m o r y  o r  o n

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

r e l a t i o n s h i p  t o  t h e  r \ , \ D  s ) ' s t e m  a n d  t o  c e r t a i n  p a r t s  o f  t h e  M o n i t o r .

, \  kno iv ledge o f  AND is  assumed,  a l though no  knowledge o f  the  Mon i to r

i :  r e q u i r e d  r o  u n d e r s L r n J  L \  i s  c h r p L c r ,

D i s c  a n d  t a p e  s p a c e  i s  d i v i d e d  i n t o  s e g m e n t s  o f  c o n s e c u t i v e

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

a  number  o f  sec t ions  \ , r ' i th  s in i la r  (o r  iden t icaL)  fo rmat ,  ca l led

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

in  any  way he  p leases ;  fo r  example ,  the  log ica l  records  cou ld  be  o f

v a r y i n g  l e n g t h s ,  o r  t h e y  c o u l d  a l l  h a v e  a  f i x e d  l e n g t h  ( c . g . ,  2 3 7  w o r d s

e a c h ) .  F i l e s  a r e  r e c o r d e d  o n  d i s c  a n d  L c p e  i n  u n i t s  o f  1 2 0  w o r d s ,

- " r  1 - . r  ^ h . ' c i n r l  r o n n r r l c  o r  b l o c k s .  I f  t h e  l e n g t h  o f  t h e  l o g i c a l
:i-::i::

r o n n r , l c  ; <  n ^ l .  m , , l t i n l  ' - r '  / + L  - L "  i e : l  r e c n r d  q i - p lL s L v r u  J r z c l t

then  t ransmiss ion  o f  log ica l  records  to  and f rom d isc  and tape f i les

requ i res  the  use  o f  bu f fe r  a reas  in  core  memory  to  pack  and unpack

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

The G-21 } lon i to r  and lhe  AND Sys tem use a  s tandard  fo rmat  fo r

f i les  o f  80-charac ter  "card  images"  o f  Ho l le r i th  in fo rmat ion .  A  f i le

\ r i th  th is  s tandard  fo rmat  i s  ca l led  a  r rHo l le r i th  F i le r r .  and aL \ tavs

. ^ r c i  s t  s  n f  ? 1 - r . r o r d  l o q i c a l  r e c o r . r s  F r . h  l o s i c a l  r e c o r d  c o n t 3 i n s  8 4

c h a r a c t e r s ,  p a c k e d  f o u r - c h a r a c t e r s - p e r - r ^ 7 o r d ;  t h e  l a s t  f o u r  c h a r a c t e r s

f o r - r  !  l r o l L e r i r h  s e r i a l  n u m b e r ,  c h e  k L h  i m a g e  i n  t h e  f i l c  h a v i n g  s e r j r l

n u m b e r  k  ( e x c e p t  s e e  t h e  A N D  S y s t e m  d e s c r i p t i o n ,  p a g e  4 . 4 0 7  o f  t h e  U s e r ' s

Manua l ,  fo r  the  nunber ing  sys tem beyond card  9999) .

T h e  G - 2 1  M o n i t o r  i n c l u d e s  a  " c a r d  r e a d  r o u t i n e " ,  1 6 ,  w h i c h  c a n

u n p a c k  2 1 - w o r d  l o g i c a l  r e c o r d s  o f  a  H o l l e r i t h  i n p u t  f i l e  f r o m  a  3 2 O - w o r d

i n t e r n J l  b u f f e r  . r r e l  i n  c o r c  m e m o r y .  T h c  r e l a t i o n  o f  l l 6  L o  A I C O L  p r o -

grams is  exp la ined more  fu l l y  in  Sec t ion  VB.
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E a c h  f i L e  i s  a s s i g n e d  s p a c e  o n  d l s c  o r  t a p e  i n  u n i t s  o f  c o m P l e t e

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

h a s  a  f i x e d  L e n g t h  a n d  t h e r e f o r e  a n  e n d ,  c a l l e d  i t s  p h y s i c a l  ( o r  b i n a r y )

E n d - o f - F i 1 e .  ( " E n d - o f - F i l e r r  w i l L  b e  a b b r e v i a t e d  i n  t h i s  c h a p -

t e r . )  D i s c / T a p e  r o u t i n e s  \ " / i 1 1  d e t e c t  a n  a t t e m p t  t o  r e a d  o r  w r i t e  b e y o n d

t l - ,  p n y s i c . r l  e n d  n l  -  f  i  I c ,  " n d  \ . r i l l  n o t i f y  L h e  p r o g r c J r m e r  o f  t l r e  E n d - o I -

f i l c  c o n o i t i o n ,  f o r  ( x J m p I e ,  b y  r c t u r n i n g  L h r o u g h  . r  s p e c i J l  c x i t ,  T h u s ,

. r  p r o g r . i m  w h i c h  p r o c e s s e s  a  f i l e  m a y  u s e  t h e  E O F  c o n d i t i o n  a s  i L  s i g n a l  t o

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

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

i n t o  t n o  s e t s :  t h e  b i n a r y  f i l e  r o u t i n e s ,  a n d  t h e  H o l l e r i t h  f i l e  r o u t i n e s

' l )  
B i n a r y  F i l e  R o u t i n e s :  D I S C , R E A D ,  a n d  D I S C . I \ R I T E .

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

da ta  be t \ reen AI -GOL ar rays  in  core  memory  and bu lk  s to rage ( i .e , ,  d isc  o r

r " - ^  f i l - c \  T h 6 \ /  . . c ' m a  n n  l n o i r r l  r a . n r / l  c f r r . ' f r r r e  f o r  r h e  f i l n  h r f

r e a d  a n d  w r i t e  i n  u n i t s  o f  c o m p l e t e  3 2 O - w o r d  p h y s i c a l  r e c o r d s .  F i l e s

r e a d  w i t h  D I S C . R E A D  a n d  w r i t t e n  v i t h  D I S C . h E I T E  w i l l  b e  r e f e r r e d  t o  a s

" b i n a r y  f l  I e s " ,  s i n c .  n o  l o g . i c c i  r e c o r o  s L r u c t u r c  i s  a s s u m e d  b y  t h e s e

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

numbers  and Ho l le r i th  s t r ings  .a r ranged by  Lhe programmer  (see the  examples

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

Lo  prov ide  bu f fe r ing  in  h is  ALGOL program to  pack  and unpack  log ica l

r e c o r d s  w h i c h  a r e  n o t  a  m u l t i p l e  o f  3 2 0  r , / o r d s  i n  l e n g t h ;  s e e  S e c t i o n  I I I

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

2)  Ho l le r i th  F i le  Rout ines :  HO' -LER. IN,  l lOL l -ER.OUT,  and HoLLER.0 \ER.

These rou t ines  a11ow ALGOL fo rmat  READ,  PRINT,  and NAME s ta tements  to

b e  u s e d  t o  r e a d  a n d  c r e a t e  H o l l e r i t h  f i 1 e s .  F o r  e x a m p l e ,  t h e  H o L L E R . I N

( " H O L L E R i t h  I N p u t " )  r o u t i n e  s e t s  s w i t c h e s  i n  t h e  M o n i t o r  t o  c a u s e  r r E r r  a n d

" W "  i n s t r u c t i o n s  i n  R E A D  s t a t e m e n t s  t o  t a k e  s u c c e s s i v e  i m a g e s  f r o m  a

s e l e c t e d  l t o l l e r i t h  F i l e  o n  d i s c  o r  t a p e .  T h e n  t h e  f u 1 1  m a c h i n e r y  o f  N A M E

. n d  R E A D  s L c L c m e n t s  m l y  b e  u s e d  L o  s c a n  t l r e  i m c g e s  c h a r a c t e r - b y - c h J r a c t e r
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fo r  Ho l le r i th  s t r ings  and numbers ,  to  conver t  them to  b inary ,  and to

s to re  rhem in ro  ALGOL var iab les .  The HoLLER.  OUT ( "H0LLERi th  oUTput " )

and I IOLLER.  OVER ( "HOLLERi th  OVERwr i te " )  rou t ines  prov ide  the  cor respond-

i n g  a b i l i t y  f o r  c r e a l i n g  H o l l e r i t t r  f i 1 e s ,  i m a g e - b y - i m a g e ,  u s i n g  N A M E

and PRINT s ta tements .  HOLLER.  OUT appends images to  the  end o f  a  f i le ,

wh i le  I IOLLER.  O\ER is  used to  a l te r  images o f  an  ex is t ing  Ho l le r i th  f i le '

S i n c e  a L L  H o l l e r i t h  f i l e s  h a v e  i d e n t i c a l  f o r m a t ,  a  f i l e  c r e a t e d  b y

HOLLER.  OUT (or  - ,O\GR)  may subsequentLy  be  ed i ted  by  the  AND Sys tem'

S e e  S e c t i o n  V  f o r  a  c o m P l e t e  e x P l a n a t i o n  o f  t h e s e  r o u t i n e s .

S i n c e  a  H o L L e r i t h  f i L e  i s  c o m p o s e d  o f  2 1 - w o r d  l o g i c a l  r e c o r d s '

3 ? 9  f  f s  . 2 4  c a r d  i m a g e s  f i t  i n t o  e a c h  p h y s i c a l  r e c o r d ;  a  f i l e  w i t h  b i n a r y

L l i g a r ,  o ,  B  b l o c k s  c a n  c o n t a i n  a t  m o s t  I  ( - P )  -  I  c a r d  i m a g e s  '  H o w e v e r ,

a  Ho l le r i th  f i le  may conta in  fe \ te r  than t t i s  ^ t "  i * . ' t  number  o f  images '

The end o f  Ho l le r i th  in fo rmat ion  is  ind ica ted  by  a  Ho l le r i th  End-o f -F i le

image wh ich  normal ly  appears  inmed ia teLy  a f te r  the  las t  image cur ren t ly

i n  t h e  f i l e .

A  H o l l e r i t h  E n d - o f - F i l e  i m a g e  i s  d i s t i n g u i s h e d  b y  t h e  P r e s e n c e  i n

c o l u m n s  l  a n d  2  o f  t w o  " l o w e r - c a s e  d o l 1 a r  s i g n s r r ,  G - 2 0  c h a r a c t e r  c o d e  9 1 6 5 ,

T h i s  c o d e  i s  t h e  G - 2 0  i n t e r n a l  r e P r e s e n t a t i o n  o f  t h e  ( + ,  - ,  8 '  9 )  p u n c h

combinat ion  wh ich  a lways  appears  in  co lumns I  and 2  o f  a  job  card ;  thus ,

eac f r  job  card  serves  as  an  EOF card  fo r  the  preced ing  job  in  the  card

reader .  The res t  o f  the  EOF image conta ins  a  message ind ica t ing  wh ich

rou t ine  wro te  i t  there ;  fo r  example ,  the  EOF image:  r r$$  AIC 'OL END OF

FILE'! is \, ir itten by HOLI-ER. OUT ' Ar EOF image from the card reader is

b l a n k  e x c e p t  t h e  t w o  l o w e r - c a s e  d o l L a r  s i g n s .

I t  i s  usuaL ly  impor tan t  to  have an  EOF i rnage in  a  Ho lLer i th  f i le

s i n c e ,  f o r  e x a m p L e ,  t h e  M o n i t o r  c a r d  r e a d  r o u t i n e  1 1 6  c h e c k s  f o r  t h e

Hol le r i th  EOF image bu t  no t  fo r  the  phys ica l  EOF.  Hence,  i f  the  program-

mer  i s  us ing  the  EOf '  cond i t ion  to  te rmina te  h is  p rogram when i t  reaches

the  end o f  read ing  a  Ho l le r i th  f i le '  he  must  have an  EOF image in  the

f i le .  Ho l le r i th  f i les  c rea ted  by  AND a lways  conta in  EoF imageS;  those
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crea ted  by  HOT-LER.  OUT wi l l  have an  EOF image i f  the  programmer  proper ly

" c 1 o s e s "  t h e  f i l e  -  s e e  S e c t i o n  V .

The d isc , , / tape rou t ines  DISC. i "RITE '  HoT-LER.  OUI ,  and HoLLER.  OVER

a 1 l o w  a n  A L G O L  u s e r  t o  \ t r i t e  d i r e c t L y  o n t o  a n Y  o f  h i s  A N D  f i l e s  - -  i ' e "

any  f iLes  wh ich  are  l i s ted  under  h is  man number  in  the  AND Di rec tory .

Ho\ {evcr ,  these rou t ines  never  change the  dump count  o f  the  f i le  be ing

\u , r i t ten .  There fore ,  a  user  I tho  wr i tes  f i les  us ing  these A] -GoL subrout ines

and saves  the  f iLe  fo r  la te r  runs  must  be  aware  o f  the  poss ib i l i t y  (aga ins t

i , rh  i ch  the  dump count  p ro tec ts  AND users )  tha t  a1L AND f i les  may be  se t

back  one or  more  days  as  a  resu l t  o f  hard \ {a re  fa i lu re .  To  pro tec t  h imse l f

aga ins t  th is  poss ib i l i t y ,  the  programmer  may \^ /an t  to  keep h is  own dump

count  somewhere  in  the  f i1e ,  inc rement  the  count  when he  \ t r i tes  on  the

f i le ,  and check  fo r  the  va lue  he  expec ts  be fore  read ing  or  \ ' i r i t i ng '  T f

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

on ly  as  a  temporary  ( r rsc ra tch ' r )  f iLe  dur ing  a  run ,  then there  is  no  need

for  a  dump count .

The user  shou ld  a lso  no te  tha t  the  AND f i les  a re  s to red  no t  onLy  on

the  d isc  bu t  a lso  on  two p  ermanent  l y -mount  e  d  magnet ic  tapes .  I t  requ i res

approx imate ly  th ree  minu tes  o f  comPuter  t ime to  t raverse  one o f  these

tapes  end- to -end.  An A j -GOL user  who a t tempts  to  access  more  than one

f i le  on  the  same taPe can eas i l y  \ tas te  huge amounts  o f  comPuter  t ime

mov ing  ( "sLewing ' r )  the  tape back  and fo r th  be tween f i les .  On the  o ther

h a n d ,  a n y  n u m b e r  o f  f i l e s  o n  d i s c  c a n  b e  a c c e s s e d  ' r r a n d o m l y " ,  i . e . ,

w i t h o u t  ! . / a s t i n g  t i m e  s l e w i n g .  N o t e :  a  f i l e  i s  o n  d i s c  i f  i t s  F i r s t

B l o c k  N u m b e r  i n  t h e  D i r e c t o r y  i s  l e s s  t h a n  2 1 0 0 0 .  A  n e w  A N D  i n s t r u c t i o n

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

the  d isc  ra ther  than on to  one o f  the  AND taPes;  the  prograrnmer  w i l l

there fore  have a  conven ien t  way  o f  avo id ing  severe  tape s lews due to

c h e  A T C O L  d  i s c  / t a p e  r o u L i n e s .
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I I .  LOGICAI  F ILE TYPES.

PREASSIGNED LOGICAL FILE TYPES.

T h e  A L G O L  d i s c / ' t a p e  r o u t i n e s  r e f e r  t o  p a r t i c u l a r  f i L e s  b y  a n  i n t e g e r

v a l u e  b e t w e e n  1  a n d  1 9  c a L l e d  t h e  L o g i c a L  F i L e  T y p e  ( " L F  T y p e " ) .  S o m e

o f  t h e  L o g i c a L  F i l e  T y p e s  h a v e  b e e n  p r e - a s s i g n e d  t o  c e r t a i n  f i x e d  f i l e s

in  the  CIT  sys tem:  e .g . ,  the  AND Scra tch  Area.  Ho\ , /ever ,  any  o f  the  19

L o g i c a l  F i l e  T y p e s  m a y  b e  a s s i g n c J  t o  a n y  p e r m a n e n t  A N D  f i L e  f o r  t h e

dura t ion  o f  Lhc  run ,  e i ther  by  the  AND Sys tem or  by  the  ALGOI-  l ib ra ry

pro(c -dLLre  AND.FI I -E ,  Norma1 ly ,  a  uscr  shou ld  use  AND to  se t  up  a l l  LF

f  . , ' l - , c  s  fo r  a I1  f i les  he  l , r i11  neeo,  be fore  the  AI -GOL t rans la to r  i s  caL led

to  e  r , r , rp i le  and c , ,ecu te  h is  p rogram.  L ]  some cases ,  the  user  w i l l  need to

ass ign  AND f i l c : :  i :o  LF Types  dur ing  h is  ALGOL run ;  the  l ib ra ry  p rocedr r re

A N u . f l L E  i s  p r o v i d e d  f o r  t h i s  p u r p o s e  ( s e e  S e c t i o n  T V ) .

T h e  L F  T y p c s  c u r r e n t l y  p r e - a s s i g n e d  a r e  a s  f o l l o w s :

1.I' T yp e Length
(b  Locks)

amage s., l

(  see be 1ow)

4 6 8 1 1

4 6 8 1  1

23405

>  1 5 2 3 8 1

M e a n i n g

Cur ren t  e f fec t i ve  beg in -
n ing  o f  AND Scra tch
Are  a .

P h r T c  i . , 1  h o o i  n n  i  n o  n F

AND Scra tch  Are  a

Retap l  Record  s
(same as  AND Scra tch
Area) .

Retap  2  Records
( t h e  s e c o n d  h a L f  o f
AND S cr atch) .

Retap  3  Record  s
(on  a  permanent  l y
mounted sys tem t  ape)

a ^ m n  a - a n l  - r  P - n n r l  c

(NOT ava i lab  Le  to
r r n l p c c  < n p e  i  f i -

^ - 1 1 . .  ^ 1  l ^ ^ - + ^ . 1  L . ,  a a! 4 ! r l /  d I v ! d L s u  u l  u v

(  see be low)

301 2

307 2

1 5 3 6

=  1 0 0  0 0

s t a f  f  : )  .  I
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I n  s o m e  c i r c u m s t a n c e s  ( s p e c i f i c a l l y ,  t h e  e x e c u t i o n  o f  a  " R U N ,

A N D ,  . . . ' t  i n s t r u c t i o n )  t h e  A N D  S y s t e m  m o v e s  t h e  e f f e c t i v e  b e g i n n i n g

of  the  AND Scra tch  Area pas t  th 'e  end o f  in fomat ion  a l ready  in  Scra tch .

A N D  d e f i n e s  L o g i c a l  F i l e  T y p e  1  t o  b e  t h e  e f f e c t i v e  b e g i n n i n g  o f  t h e

Scra tch  Area r , rhen AND loads  and executes  the  ALGOL sys tem.  I ,og ica1 F i le

T y p c  2 ,  h o w c v .  r ,  i s  a l ! , / a y s  d e f i n c d  a s  t h e  f i x e d  p h y s i c a l  b e g i n r i n g  o f

the  Scra tch  Area.  I t  i s  recommended tha t  LF Type 1  ra ther  than LF TyPe

2 be used to  re fe r  to  AND Scra tch  so  tha t  " recurs ive"  AND runs  can be

per fo rmcd \ " i thou t  chang ing  the  opera t ion  o f  the  ALGOL Program.

R ADDR-ESSING DISC/TAPE FILES VlA THE LOGICAL FI],E AND RELATI\'E ADDRESSER
TA3i,ES.

The cor respondence be tween a  par t i cu la r  LF Type and ac tua l  bLock

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

t a b L e s  i n  t h e  M o n i t o r :  t h e  L o g i c a L  F i l e  t a b l e ,  a n d  t h e  R e l a t i v e  A d d r e s s e r

tab le .  The ALGOL programmer  is  thereby  removed by  two 1eve1s o f  generaL-

i z e d  ( o r  " s y m b o l i c " )  a d d r e s s i n g  f r o m  t h e  p h y s i c a l  i n P u t  o u t p u t  d e v i c e s .

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

by  the  fo lLowing  p  i c  tu re :

R e  1 a t  i v e  A d d r e s s e r  T a b l e

UNIT

L.F, TYPE

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

w h i c h  s p e c i f i e s :  ( 1 )  a  R e l a t i v e  A d d r e s s e r  T y p e  ( ' r R A  T y p e " )  a n d  ( 2 )

t h e  f i r s t  b l o c k  o f  t h e  f i l e ,  r e L a t i v e  t o  t h e  f i r s t  b L o c k  o f  t h e  r e g i o n

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

e n t r y  i n  t h e  R e l a t i v e  A d d r e s s e r  T a b 1 e ,  r , ' h i c h  s p c c i f i e s :  ( 1 )  t h e  ( L o g i c a l )

number  o f  an  ac tua l  I , , /O un i t  and (2 )  the  f i rs t  phys ica l  b lock  number  o f

t h a L  R A  T y p e  r e r g i o n  o n  t h a t  u n i t .  T h i s  a d d r e s s i n g  P r o c e s s  c a n  b e  s u m -

m a r i z c d  b y  t h e  f o l i o r v i n g  A L G O L  s t a t e r n e n t s :  t o  f i n d  b L o c k  n u m b e r  B  o f

t h e  f i L e  u i t h  L o g i c a L  F i l e  T y p e  L F . T Y P E ,  t h e  l l o n i t o r  u s e s :

u e ro.uNrr [r .a.rveE [rr.rvel] ]  ;

P - PHYSTCAL.FIRST.BLOCK [ne.rv lE [r-r .TvPl]  ]

+ REIATTVE.FIRST. BI-OCK [r-r. rven] + r

w h e r e  U  i s  t h e  L o g i c a l  I / 0  U n i t  n u m b e r ,  a n d  P  i s  t h e  p h y s i c a l  b l o c k

number  on  tha t  un i t .  The Log icaL un i t  number  U ls  conver ted  to  a  phys ica l

I ; iO  un i t  number  th rough another  Mon i to r  TabLe to  ach ieve  f lex ib iL i ty  in

t h e  u s e  o f  t h e  p h y s i c a l  t a p e  d r i v e s ;  t h i s  l a s t  l o g i c a l - p h y s i c a L  c o r r e s -

pondence is  i r re levant  to  the  programmer ,  however .

T h e  R e l a t i v e  A d d r e s s e r  T a b l e  ( d i s c u s s e d  o n  p a g e  1 4  o f  t h e  M o n i t o r

" l r o u t i n e "  \ r r : i t e - u p  " T H E M  T H I N G S " )  p r o v i d e s  a  g 1 o b a 1  a l l o c a t i o n  o f  s p a c e

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

A d d r e s s e r  T a b l e  1 s  c h a n g e d  i n  t w o  c i r c u m s t a n c e s :  ( 1 )  T h e  C o m p u t e r

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

d i s c ,  o r  m a y  c o n v c r t  t h e  e n t i r e  o P e L a t i o n  t o  t a p e s  w h e n  t h e  d i s c  i s

" d o w n " ;  a n d  ( 2 )  a  u s e r  m a y  s p e c i f y  a  " U s e r  T a p e "  o n  h i s  j o b  c a r d ,  r e p l a c i n g

o n e  ( o r  r n o r e )  o f  t h e  s t a n d a r d  s y s t e m  R e l a t i v e  A d d r e s s e r  e n t r i e s  b y

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

r u n .  I f  a  U s e r  T a p e  r e p l a c e s  a  R e l a t i v e  A d d r e s s e r  T y p e  t o  w h i c h  a

L o g i c a l  F i l e  T y p c  i s  a s s i g n e d ,  t h e n  t h e  n e a n i n g  o f  t h e  L o g i c a l  F i I e  T y p e

and the  length  o f  the  f i le  change cor respond ingLy ,  bu t  on ly  fo r  the

dura t  ion  o f  the  run .
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III. THE BINARY FILE ROUTINES: DISC.READ AND DISC.I^RITE.

A. PARA},IETERS AND CA],L.

DISC.READ wi  11  read in fo rmat ion

in  core  memory ;  DISC.WRITE wi l l  wr i te

memory  ou t  on to  d isc  o r  tape.  These

b inary  and Ho l le r i th  in fo rmat ion  in  bu lk  be tween core  memory  and

d i s c / t a p e  f i I e s .  T h e i r  p a r a m e t e r s  a r e  a s  f o l l o w s :

DISC,  R.EAD (NWDS,  F IRST.LOC,  LF.TYPE,  BLK.NO,  EOF.EXIT) ;

DISC. hRITE (N]I^JDS, FIRST. LOC, LF. TYPE, BIK. NO, EOF. EXIT) ;

H e r e :

NWDS = Nunber  o f  mach ine  words  to  read or  wr i te .

F IRST. IOC = An ar ray  e lement  wh ich  is the ALGOL name of the

f i rs t  word  in  core  memory  to  read or  wr i te .

LF.TYPE = Log ica l  F i le  Type (exp la ined in  Sec t ion  I I )  '

BLK.NO = Number  o f  the  f i rs t  320-word  b lock  to  be  read or

\4 t r i t ten  ( the  f i rs t  b lock  o f  the  f i le  has  b lock

number  0 )  .

EOF.EXIT =  Labe l  th rough \ th ich  the  rou t ine  w i l l  ex i t  i f  the

Phys ica l  End-o f -F i le  i s  reached dur ing  the  opera t ion '

S tar t ing  a t  the  b lock  number  BLK.NO o f  the  tape/d isc  f i le  \ t i th  Log ica l

F i le  Type LF.TYPE,  the  rou t ines  w i l l  read or  \ t r i te  as  many b locks  as

are  needed fo r  the  number  o f  words  NWDS '  D ISC.READ reads  in to  core

memory  exac tLy  NWDS words ,  where  NWDS is  no t  necessar i l y  a  mu l t ip le  o f

32O.  DISC.WRITE rv i11  \ , r r i te  enough ex t ra  \ to rds  (genera l l y  ' rgarbage" )  to

co l l lp le te  the  Las t  320-word  phys ica l  record .  These rou t ines  in i t ia te

d i rec t  inpu t /ou tpu t  t ransmiss ion  be tween core  memory  and the  tape or

d i s c  r r n i t ;  t h e r e  i s  n o  b u f f e r i n S .

At tempt ing  to  read or  wr i le  beyond the  phys icaL End-o f -F i le  w i l l

cause the  rou t ine  to  comple te  the  opera t ion  uP to  the  End-o f -F i le ,  and

f ro ,m d isc  o r  tape in to  an  ar ray

t h e  c o n L e n t s  o I  a n  a r r a Y  i n  c o r e

rou t ines  a l low the  user  to  move
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t h e n  e x i t  t h r o u g h  t h e  E O F . E X I T  1 a b e L .

I f  " r n  A N D  f i l e  a s s i g n e d  t o  a  L o g i c a l  F i l e  T y p e  ( b y  A N D , F I L E ,  o r

by  the  AND sys tem)  bc longs  to  a  p rograrnmer  d i f fe ren t  l rom the  man mak ing

t h e  r u n ,  t h e n  t h i s  L F  T y p e  w i l l  b e  m a r k e d  r r r e a d  o n L y ' r .  C a l L i n g

DISC. I^ IRITE (o I  HOLLER.OUT,  o r  HOLLER.OVER)  to  wr i te  on  rh is  f i le  w i l l

c a u s e  a : u r r  e r r o r ;  t h u s ,  a  L l s e r  c a n  r " i r i t e  o n L y  o n  h i s  o w n  f i L e s .  B o t h

D I S C , R E A D  a n d  D I S C . h R I T E  p r i n t  t h e  s a m e  r u n - e r r o r  m e s s a g e s ,  a s  f o l l o w s :

RUN ERROR -  RWR] :  The spec i f ied  Log ica l  F i le  Type has  no t  been

p r e - a s s i g n e d  o r  a s s i g n e d  b y  A N D  o r  b y  A N D . E I L E .

RLIN ERRoR -  RhR2;  A  negat ive  nurnber  o f  words  has  been caL led  fo r .

R U N  E R R O R  -  R W R 3 :  T h e  F I R S T , L O C  a d d r . e s s  l i e s  o u t s i d e  u s e r r s

RUN ERRoR - RwR4: ff l i ; l ;  is our or ranse: t = LFrypE = le.
RUN ERR.R - RwR5: 

iii!;"ll'1"i.:.':::.:::::,:: 
""" on a file

B.  EXAMPLES OF USE.

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

r - , l  . r ' - j y  x  [ r , ; 7 6 .  l : 1 0 0 ' ;

i n t e g ( , r -  a r : r a y  r [ r . r :  f O O O ]  ;  L o g i c  a r r a y  L [ t : 3 O O ]  ;

l l . r  t l r  - r b r o ' t L r .  r l I ;

D r s c . R E A D  ( 4 2 0 0 ,  x [ 0 , 1 ]  ,  1 ,  2 3 ,  E O F ) ;

reads  4200 r " l ' o r .ds  in to  the  X ar ray  in  core  memory  f rom the  f iLe  w i th  Log ica l

F i l e  T y p c  1  ( t h e  A N D  S c r a t c h  A r e a ) ,  s t a r t i n g  f r o m  b l o c k  2 3  o f  t h i s  f i 1 e .

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

X [ 0 ,  f ]  l "  t h e  f i r . s t  e l e m e n t  o f  X ;  r h e r e f o r e ,  r h i s  c a l l  w i l L  e x a c t l y  f i l l

the  X ar ray .  There  is  no  check  in  DTSC.READ (or  DISC.WRITE)  fo r  over -

f l o w i n g  a n  a r r a y ;  i f  t h i s  c a l l  r v e r e  c h a n g e d  t o  r e a d  m o r e  t h a n  4 2 0 0  w o r d s ,

t h e  e x t r a  w o r d s  w o u l d  b e  s t o r e d  i n t o  L o c a t i o n s  b e y o n d  t h e  e n d  o f  t h e  X

^  . ^  - , , -  - L  l  . .  . l ^ A A  r  i n o  , n ^ f h a r  . r r . wa r ! o j l !  y ,  ) , r u u u r !
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S i m i L a r l y ,  t h e  e n t i r e  I  a r r a y  m a y  b e  w r i t t e n  o n  r e c o r d s  4 0  t h r o u g h

4 3  o f  A N D  S c r a t c h  b y  t h e  p r o c e d u r e  c a l L

D r s c . l , , r R T r E  ( 1 0 0 1 ,  r [ o ] ,  1 ,  4 0 ,  E O F ) ;

S i n c c  e a c h  i n t e g e r .  v a r i a b l e  i s  s t o r e d  i n  o n e  G - 2 1  m e m o r y  l o c a t i o n ,  1 0 0 1

L , o r d s  a r e  n e e c l e d  f o r  t h e  1 0 0 1  e l e m e n t s  o f  t h e  a r r a y .  A  l i t t L e  m o r e  t h a n

t h r e e  b l o c k s  a r e  n e e d e d  f o r  t h i s  [ R I T E  o p c r a t i o n ;  t h e  f o u r t h  b l o c k  \ t i 1 1

be f iL lec l  up  \ " ' i th  whatever  happens to  be  in  memory  in  the  Locat ions

f o  L  l o w i n g  r [ r o o o ] .

T h e s e  r o u t i n e s  m a y  b e  u s e d  t o  r e a d  o r  w r i t e  a 1 p l r a n u m e r i c  s t r i n g s ;

s u c h  s t r i n g s  s h o u l d  b e  s t o r . e d  i n  c o r e  i n  a r r a y s  o f  t y P e  L o g i c .  E a c h

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

D T s c . L R I T E  ( 3 0 0 ,  L [ 1 ] ,  1 ,  0 ,  E o F ) ;

w i L l  w r i t e  a  s t r i n g  o f  4  x  3 0 0  =  1 2 0 0  c h a r a c t e r s  f r o m  t h e  a r r a y  L '

C . AN ALGORITIM FOR BUFFERED RNAD]NG,

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

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

r e c o r d s  c o n t a i n  s i g n i f i c a n t l y  f  e \ n ' e  l :  t h a n  3 2 0  w o r d s ,  h o w e v e r ,  t h i s  s i m p l e

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

s p a c e  o n  t a p e  o r  d i s c .  l f  d i s c T ' t a p e  s P a c e  i s  i n p o l t a n t  a n d  i f  t h e

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

h i s  A L G O L  p r o g r a m  t o  p a c k  a n d  u n p a c k  l o g i c a l  r e c o r d s  f r o m  e a c h  p h y s i c a l

r e c o r d .  T h e  b u f f e r  a r e a  w o u L d  b e  a n  A L C O L  a r r a y  l r h o s e  l e n g t h  w a s  a

s u i ( a b l .  m u l t  i p l (  o f  t 2 0 .

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

f o r  b u f f e r e d  r e a d i n g  f r o m  a  b i n a r y  f i 1 e .  T h e  a l g o r i t h n  r e a d s  B U F F ' S I Z E

b L o c k s  a t  a  t i n e  l n t o  a  b u f f e r  a r r a y :

BUFF [1  :320 ' ! -BUFF.  s lzE]  .

Note  tha t  BUFF is  a  "dynamic  own ar ray"  (see page AL '2 .14  o f  ALGOL-20

ManuaL) ;  i f  th is  a lgor i thm is  used in  an  ALGoI - -  20  progran,  a  numer ica l
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v a l u e  m u s t  b e  s u b s t i t u t e d  f o r  B U F F . S I Z E  b e f o r e  t h e  P r o g r a r n  i s  c o m p i l e d ,

o r  e L s e  B U F F  n u s t  b e  d e c L a r e d  g l o b a L L y  t o  t h e  P r o c e d u r e .  A l t h o u g h  t h e

formal  parameter  A  in  BUFFERED.READ is  a  Log ic  a r ray ,  an  ar ray  o f  any

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

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

b e  d o r . r b l e d .
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p r o c e d u r e  B U F F E R E D , R E A D  ( N ,  A ,  L F . T Y P E ,  E O F , E X I T ) ;

v a L u e  N ,  L F .  T Y P E  ;

r \ r  l r '  r T v D L .  l ^ - i. , , L r r - r !  u 6 l , !  u r r d r  ^ . l abe l  EOF.  EXIT ;

comment  Each ca l l  o f  BUFFERED.  READ moves the  nex t  log ica l  record  o f  N

I o s i c  w o r c t s  i n t o  v a r i a b L e s  A [ 1 ]  ,  . . . ,  e  [ r ' l ]  o f  a  ] 9 g ! q  a r r a y  A .  I f  t h i s

p r o c e s s  e m p t i c s  t h c  i n t c r n a l  b u f f e r  a r r a y  B U F F ,  D I S C . R E A D  i s  c a l l e d  t o

r e f i 1 1  t h e  b u f f e r  f r o r n  t h e  f i l e  \ ^ / i t h  L o g i c a l  F i l e  T y p e  L F , T Y P E .  I f  t h e

p h y s i c a l  E 0 F  i s  e n c o u n t e r e d  b e f o r e  t h e  L o g i c a l  r e c o r d  i s  o b t a i n e d ,

B U F F E R E D .  R I A I  c x i t s  t o  t h e  L a b e l  E o F . I X I T .

C a L l i n g  B U F F E R E D .  R E A D  w i t h  L F . T Y P E  {  0  i n i t i a l i z e s  t h e  r e c o r d

n u m b e r  a n d  b u f f e r  p o i n t e r  t o  t h e  b e g i n n i n g  o f  b l o c k  0  o f  t h e  L o g i c a L  F i l e

T y p e  - L F . T Y P E ,  a n d  n o v e s  t h e  f i r s t  n - w o r d  l o g i c a l  r e c o r d  o f  t h e  f i l e ;

b e g i n

own Log ic  a r ray  BUFF [ t  ' : zo , " " ruFf  .s fzn ]  ;

own in teger  PT,  BLK.NO;  in teger  1 ,  U l lM;

i f  LF .TYPE < 0  then

MORE :

beg in  BLK.N0 < ,  0  ;  PT <-  320 'kBUFF.SIZE end in i t ia l i za t ion ;

r  < -  l ;

ULIM <  min  (N,  32O*BUFF.SIZE -  PT) ;

fo r  I  r  I  s tep  I  un t  i1  ULIM do

l[r] . nurr[er + r] ;
comment  move words  un t i l  N  words  moved or  bu f fe r  empty ;

ULIM <  N theni r

beg in  comrnent  BUFF is  empty  and more

Drsc .READ (32O' ' .BUFF.  SrZE,  BUFF [1 ]  ,

BLK.NO <-  BLK.  NO + BUFF.SIZE;

PT <-  PT -  320*BUFF,  S IZE ;

.p to MORE

e n d  o f  r e f  i 1 L ;

P T  <  P T  +  m a x  ( N ,  O ) ;

end BUFFERED.  READ (  ) ;

w o r d s  a r e  n e e d e d ;

. l . .  l I F  T V P F \  R I  K  N N  f O F  f Y ] T \a u r  \ u  r r r l
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IV. THE AND. FILE ROUTINE

T h e  r e l o c a t a b l e  L i b r a r y  p r o c e d u r e  A N D . F I L E  a l L o w s  a n  A L G O L  p r o g r a m

t o  d e f i n e  a  l - o g i c a L  F i L e  T y p e  a s  a  p a r t i c u l a r  A N D  f i l e .  A N D . F I L E  i s

c a 1 1 e d  i r i t h  t h e  f o l l o w i n g  p a r a m e t e r s :

A N D . F l L E ( U S E R ,  P R O G ,  L F . T Y P E ,  B U F F . I O C ,  E R R . E X I T )  ;

w h e r e :

U S E R  =  T h e  A N D  " U s e r "  n u m b e r  f o r  t h e  f i 1 e ,  a n  e i g h t  c h a r a c t e r

a l p h a n u m e r i c  s t r i n g ;  i h i s  s t r i n g  r n a y  a p p e a r  e i t h e r  a s

a n  8  c h a r a c t e r  s t r i n g  c o n s t a n t  ( e . g . ,  r P H 3 3 w w 0 1 ! )  o r  a s

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

]gE!g  ar ray  wh ich  conta ins  the  s t r ing  as  va lue  (see

example  be  low)  .

PROC The AND r rProgram' r  number  o f  the  f i le  (no t  incLud ing  the

d u m p - c o u n t ) .

L F . T Y P E  -  T h e  L o g i c a l  F i L e  T y p e  t o  b c  a s s o c i a t e d  w i t h  t h i s  A N D

f i l e ;  L F . T Y P E  m u s t  1 i e  i n  t h e  r a n g e :  I  =  L F . T Y P E  =  1 9 .

BUFF,LoC -  An ar ray  e lement  wh ich  is  the  f i rs t  e lement  o f  a

v e c t o r  o f  a t  l e a s t  3 2 0  w o r d s .

E R R . E X I T  =  A  l a b e 1  t o  w h i c h  A N D . F I L E  w i l l  e x i t  i f  a n y  o f  t h e

p a r a m e t e r s  a r e  i m p r o p e r  o r  i f  t h e  d e s i g n a t e d  A N D  f i l e

d o e s  n o L  t - x  i s l -  i n  L h e  A N D  D  i  r e c t o r y .

T h c  e f f e c t  o f  c a L l i n g  A N D . F I L E  i s  t o  l o o k  u p  t h e  A N D  f i L e  u n d e r

( U S E R ,  P R O G )  i n  t h e  A N D  D i r e c L o r y ,  a n d  a s s i g n  i t  t o  L o g i c a l  F i l e  T y p e

L F . T Y P E .  T h e  3 2 0  l o c a t i o n s  s t a r t i n g  a t  B U F F . L O C  a r e  u s e d  a s  a  b u f f e r

t o  r e a d  t h e  A N D  D l r e c t o r y ;  a f t e r  t h e  c a L l  o f  A N D . F I L E ,  t h i s  s p a c e  i s

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

I t  i s  i m p o r t a n t  t o  o b s e r v e  t h a t  A N D . F I L E  r e a d s  b u t  n e v e r  \ t r i t e s

^ n  ,  h a  A N T n  D i 1 6 . t ^ r r i .  t  h ' , .  r  L ^  \ N n  n i  r ^ ^ i - ^ r ' ,  ' .  i  I  I  n a \ / p r  h .  . h r n o e . l  , q
) ,  r , ' u r ,

a  r e s u l t  o f  e x e c u t i o n  o f  A N D . F I L E .  T h i s  i m p l i e s  t h a t ;

( 1 )  t h e  f i l e  b e i n g  l o o k e d  u p  m u s t  a L r e a d y  e x i s t ;  i t  r , r i L 1  n o t  b e

c r e a t e d  b y  A N D . F I L E  i f  i t  d o e s  n o t  e x i s t ;
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( 2 )  o p e r a t i o n  o f  A N D . F I L E  w i l l  n e v e r  c h a n g e  e i t h e r  t h e  p h y s i c a L

( i . e - ,  b i n a r y )  l e n g t h  o f  t h e  A N D  f i 1 e ,  o r  t h e  m o s t - r e c e n t -

a c c e s s  d a t e  i n  t h e  D i r e c t o r y ,  o r  t h e  D u m p  C o u n t  o f  t h e  f i 1 e .

T n  g s n c r a l .  r  r u r  u s i n g  t h e  A N D  s ) s L c n  w i l l  b c  r .  q u i r e d  I o  c r e . l e  J n

A N D  f i l e  o r  t o  i n c r e a s e  i t s  l e n g t h .  T h e r e  i s  a n  A N D  i n s t r u c t l o n

l l a p  E  A T F r r  f , \ .  F h  i  c

T h e  u s e r  i s  w a r n e d  t h a t  i f  h e  a c c e s s e s  a n  A N D  f i l e  o n l y  i n  h i s

AI -GOL program v ia  the  AND.FILE procedure ,  never  in  AND i tse l f ,  then

t h e  l a t e s t - a c c e s s - d a t e  f o r  t h e  f i l e  v i 1 1  n e v e r  b e  u p d a t e d ,  A s  a  r e -

s u l t ,  t h e  f i l e  w i L l  e v e n t u a l  y  b e  " f r . , z c n " ,  i . c . ,  m o v c c l  t o  r  h i s t o r y

r a p e  c n d  r l e l o t e d  f r o m  L h c  c u r r c n t  A N D  r e c o r d s ,  O n  t h e  o t h e r  h a n d ,

s e L L i n g  u p  a  L o g i c a l  F i l e  T ) p c  , J u r i n g  a n  A N D  r L o d o e s  u p d a t e  t h e  a c -

c e s s  d a t e  o f  t h e  f i l e  i n  t h e  A N D  D i r e c t o r y ;  h e n c e  i t  i s  g e n e r a l l y

p r e f e r a b l e  t o  s e t  u p  L . F .  T y p e s  d u r i n g  t h e  A N D  r u n  r a t h e r  t h a n  t o  u s e

AND. FILE .

An exampLe o f  a  ca l l  o f  AND,FILE wou ld  be :

i n t e g e r  a r r a y  B U F F  [ 1 : 3 2 0 ]  ;

1 a b e 1  c L U c ;

l o g i c  a r r a y  U S E R [ 1 : 2 ]  ;  i n t e g e r  I ,  P R O G . N O ;

:

n a m e  \ I  r  z  \ u s t  K L l -  1 . ,

r ^ t d  ( < t ;  R A  R n > \

,  P R O G . N 0 .  )  ;

comment  read user  number and program number

f r o m  a  d a t a  c a r d ;

:

AND,Fr l ,E (usER| L PRoc.N0,  12,  BUFFI ] .GLUG) ;

:

C L U C :  P R I N T  ( . ' N O  S U C H  F I L E  E X I S T S I ,  2 E > )  ;  H A T T  i

T h i s  p r o g r a m  w i l l  r e a d  a n  8  c h a r a c t e r  u s e r  n u m b e r  s t r i n g  ( e . 9 . ,

'S236JP0 l r )  and an  in teger  p rograr r  number  f rom a  da td  card ,  and look
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u p  E h c  c o r r e s p o n d i n g  f j l e  i ^  L I r ,  A N D  D i r c c L o r ) .  i i  L h c  I i l c  e x i s L s ,

i t  w i l l  b e c o m e  L o g i c a l  F i l e  T y p e  l 2 ;  i f  n o t ,  t h e  s t a t e m e n t  l a b e l e d

" G L U G "  w i l l  b e  e x e c u t e d .  T h e  3 2 0  w o r d s  B U F F [ i  ] . . . B U F F I 3 2 0 ]  i ' r i L 1  b e

u s e d  t o  r e a d  t h e  A N D  D i r e c t o r y .

I f  AND.FILE is  ca l1ed to  look  up  an  AND f i le  unc le r  a  man number

d i l f . r i n g  f r o n  I h -  m . . r  n u m b .  r  p p e J r i r g  o n  L l r e  J o b  C J r J ,  t h ,  n  t h c  c o r -

f - c n ^ - . r j n a  T ^ o i - r r  n i r -  T y p e  e n t r y  v i I l  b e  m a r k e c l  , ' r e a d - o n 1 y ' , .  c a l l -

ing  DISC.WRI IX,  HOLLER.OUT,  o r  HOLIER.OVER to  \ f f i te  on  a  read-on1y

A N D  f i l e  i v i L l  c a u s e  a  r u n  e r r o r ;  t h u s ,  a  u s e r  c a n  u s e  t h e  A I - G O L  d i s c /

t a p -  r o u t i n c s  t J  w r i L e  o n  h i s  o w n  A - l t i D  i i l e s  o n l y .

, \ N D . F I L E  c h e c k s  c a r e f u l l y  t h e  v a l i d i t y  o f  i t s  p a r a m e t e r s .  A n y

o f  r h o  f o l L . w i n g  c r r o r s  r " , i l l  c r u s e  i t  t o  p r i n L  J r )  J p p r o D r i a L e  m e s s r g e

a n d  e x i t  t o  t h e  1 a b e 1  E R R . E X I T  w i t h o u t  d e f i n i n g  t h e  L o g i c a l  F i l e  T y p e .

A  s u b s .  q u . , . r  J t t e m p L  I o  o p e r d l - e  o n  t h i s  L o g i c a l  F i l c  T y p c  w i I h  o n e  o I

t h e  o t h e r  d i s c / t a p e  r o u t i n e s  w i l l  c a u s e  a  r u n  e r r o r .  T h e  e r r o r  c o n -

d i f i . n .  , 1 ,  i , ,  f , , l  h v  A \ D  F I L I  a r e :

1  l l q ; o p  n r m h e r  i <  i m n r o n a r l w  F n r m p r l  n r  n o r  i n  A N D . I  i r ^ . r n r v

2  P r o " r : m  n r r m h p r  i  <  o  F  ^ t  o o t  i n  ,  h a  . r . . ' o  . t i r  . - F ^ r '. a ! v  v , ,  s L r v '  J  r

3 .  D e s i g n a t e d  f i l e  i s  e m p t y  ( c o n t a i n s  0  w o r d s )  a n d  c a n  t h e r e -

fo re  be  ne i ther  read nor  \4 r r i t ten .

L o g i c a l  F i l e  l y p e  d o e s  n o t  s a t i s f y  I =  L . F .  T y p e  5  
' l 9 .

S e l e c t e d  A N D  f i l e  i s  o n  a  r . n d  r - r h i ^ h  i c  F - n n ^ r r r j l y  u n a v a i l -

a b l e .

6 .  AND ins t ruc t ion  DONT has  no t  been executed ,  so  the  AND

Di rec tory  cannot  now be read by  th is  CP.  See Ar \D Sys tem

W r i t e - u p .

7 .  A L t e m p t  h a s  b e e n  m a d e  t o  a c c e s s  a n o t h e r  m a n r s  f i l e  w h i c h  i s

m a r k e d  ' r s e c r e t r r .  S e e  A N D  S y s t e n  W r i t e - u p .

4 .

5 .



A L . 6 9 . l 7

V. TIIE HOLLERITH FI]-E ROUTINES

A. INTRODUCTION

The DISC.READ and DISC.WRITE rou t ines  move b inary  and Ho l le r i th

in lo rmat ion  in  bu lk  be tween core  memory  an t i  d isc / tape f i les '  The

"HOLLER-"  rou t ines ,  HOLLER. lN,  HOLI -ER.OUT,  and HOLLER.OVER'  on  the

o t h e r  h a n d ,  p r o v i c l e  b u f f e r e d  i n p u c  a n d  o u t p u t  o f  H o l l e r i t l t  f i L e s  u s i n g

AI-GOL format REAI, PRTNT, and NAME statements'

c a l l i n g  H O L I - E R . I N  s e l e c t s  a  H o l l e r i t h  f i l e  a s  t h e  s o u r c e  o f  c a r d

images fo r  REAI  s ta tements ;  each subsequent  execut ion  o f  an  "E"  o r  "W"

ins t ruc t ion  w i l l  read the  nexc  image f rom the  se lec ted  f i le  in to  the

format  read bu f fe r ,  where  i t  can  be  scanned charac ter -by-charac ter '

S imi la r ly ,  HOI ,LER.  OUT (or  HOLLER.OVER)  w i l l  cause each r rEr r  o r  r r \ , J r r

fo rmat  ins t ruc t ion  in  a  PRINT s ta tement  to  ou tpu t  co lumns 
' l  

th rough

80 o f  the  
' l20-co lumn 

pr in t  bu f fe r  p lus  a  sequence number  in  co lumns

8 1  t o  8 4 ,  a s  t h e  n e x t  i m a g e  o f  a  s e l e c t e d  H o l l e r i t h  o u t p u t  f i l e '

HOLIER.OUT (and -  .OVER)  supp ly  consecut ive  in teger  ser ia l  numbers ,

equa l  to  the  ord ina l  numbers  o f  the  images in  the  f i1e .  HOLIER.  OUT

appends images to  a  f i1e ,  wh i le  HOLLER.oVER may be  used to  a l te r

i m a g e s  i n  t h e  m i d d l e  o f  a n  e x i s t i n g  { o 1 l e r i t h  f i 1 e .

B. PRIM-\RY VS. SECONDARY FILES

ldhen an  AI ,GOL program beg ins  execut ion  under  the  G-21 Mon i to r ,

there  is  a lways  one l lo l le r i th  input  f i l e  and one HoL ler i th  ou tpu t

f i L e ;  t h c s e  a r e  r e f e r r e d  t o  a s  t h e  " p r i m a r y "  i n p u t  a n d  o u t p u t  f i l e s '

r e s p e c t i v e l y .  T h e  p r i m a r y  i n p u t  f i l e  m a y  b e  a  t e l e t y p e  i n p u t  f i 1 e ,

an , \ND f i1e ,  the  AND Scra tch  Area '  o r  a  phys ica l  deck  in  the  card

re  ac le r ,  fo r  example ,  The pr imary  ou tPut  f i le  may be  the  l -P l2  p r in te r '

a  t e l e t y p e  o u t p u t  f i L e ,  o r  b o t h .  T h e  H O L T - E R -  r o u t i n e s  d e s i g n a t e

aux i l ia ry  input  and ou lpu t  f i1es ,  re fe r red  to  as  r r ;9g9g!33a f i les ' r .

When an r rE ' r  o r  r tWrr  fo rmat  ins t ruc t ion  is  executed  in  a  READ

sta tement ,  the  AI -GOL fo rmat  rou t ine  ca l1s  the  Mon i to r  card  read
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r o u t i n e  ( "  1 6 " )  t o  s r r p p L y  a  H o l I e r i t h  c a r d  i m a g e .  1 1 6  h a s  i n p L i c i t

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

p h y s i c a L  c a r d  i n  L h € r  c a r . d  r e a d e t ,  o r  f r o m  t h e  n e x t  2 1 - r ^ r o r d  l o g i c a L

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

c a s e ,  1 6  t r a n s n i t s  t o  t h e  ( 8 4 - c h a r a c t e r )  A L G O L  R E A I I  b u f f c r . ' ' '  t h e  c i l r d

i m a g e  w h i c h  i s  t h c  n e x t  2 1 - i . r o r d  l o g i c a L  r e c o r d  i n  a  3 2 0 - r , r o r d  i n p u t  b u f f c r

a r e a  i n  c o r e  n e n o r y .  1 f  t h i s  i m a g e  v i a s  t h e  l a s t  c o m p L e t e  i m a g e l  i n  t h e

3 2 0 - w o r d  b u f f e r ,  t h e n  i 1 6  a u t o m a t i c a l L y  r e a d s  t h e  n e x t  3 2 0 - r r o r d  b l o c k

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

t h e  n e x t  i m a g e ,  ( N o t e :  t h i s  d e s c r i p t i o n  h a s  o n r i t t e d  s o m e  d e t a i l s  r , r h i c h

a r e  u n n e c e s s a r y  t o  a n  u n d e r s t : l n d i n g  o f  t h e  H O L L E R -  r o u t i n e s ;  f u r t h e r

i n f o r m a t i o n  o n  M o n i t o r  r o u t i n e s  m a y  b e  f o u n d  i n  S e c t i o n  2 . 3  o f  t h e  C I T

User t  s  l lanuaL .  )

T h e  f u n c t i o n  o f  H O L L E R .  I N  i s  t o  s e t  t h e  s o u r c e  P a r a m e t e r s  o f  l l 6

t o  t a k e  H o L l e r i t h  i m a g e s  f r o m  a  p a r t i c u L a r  f i 1 e .  C a l L i n g  1 1 6  e i t h e r

i m p l i c l t L y  \ . r i t h  " E "  o r  " W "  f o r m a t  R E A D  i n s t r u c t i o n s J  o r  e x p L i c i t l y  i n

mach ine  language w i th  WI IAT code u i IL  read success ive  images f rom the

f i L e  s e L e c t e d  b y  H O L L E R , I N .  I t  s h o u l d  b e  r e m e m b c r c d  t h a t  3 l y  r o u t i n e

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

c a L l  l i 6 ,  a n d  w i l L  t h e r e f o r c  g e t  i m a g e s  f r o n  a  s e c o n d a r y  f i L e  i f

H O L L E R .  I N  h a s  b e e n  c a l 1 e d ,

S imiLar ly ,  \ , ' hen  thc  ALCOL fo rmat  rou t ine  executes  an  r rEr r  o r  r rwr l

i n s t r u c t i o n  i n  a  P R I N T  s t a t e m e n t ,  o r  a  " l { "  i n s t r u c t i o n  i n  a  R E  A l )

s t a t e m e n t ,  i t  c a 1 l s  L h e  l l o n i t o r  t l o l l e r i t h  o u t p u t  r o u t i n e  ( "  I l " )  t o

t r a n s m i t  t h e  p r . i n t  1 i n . :  t o  t h e  p r i m a r y  a n d , ' o r  a  s c c o n d a r y  o u t P u t  f i 1 e .

T h e  f t l n c t i o n  o f  I I O L L E R .  O U T  ( a n d  - . O V E R )  i s  t o  s e t  L h e  s e c o n d a r y  d e s -

t i n . r t i o n  D . l r a m e t c r r  i n  1 1 1  t o  a  p a r t i c u L a r  s e c o n d a r y  o u t p u t  f i 1 e .  T h c

:i-Note: th.' "4!99!_3E41_ !$Ig.", part of the f ormat READ mechani sm

o f  A L G O L ,  c o n t a i n s  e x a c t L y  o n e  8 4 - c h a r a c t e r  c a r d  j . m a g e  t o  b e  s c a n n c d

b v  f o r m a t  l n s t r u c t i o n s :  i t  s h o u L d  n o t  b e  c o n f u s e d  w i t h  t h e  3 2 0 - r . ' o r d

i n p u t  b u f f e r  a , r e a  u s e d  b y  l i 6  t o  u n p a c k  2 l - w o r d  l o g i c a L  r e e o r d s  f r o m

3 2 0 - w o r d  d  i s c  t a p c  b L o c k s



A I . 6 9 . 1 9

i m a g e s  s e n t  t o  a  s e c o n d a r y  f i l e  a r e  c o l l e c t e d  i n  a  3 2 0 - w o r d  b u f f e r  i n

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

\ r r j t L  n  o r L o  t h  c x t  p l r ) s i c . l  b l o , . k  ,  n  L r p . / d i . c .  t v  n  i r  t l - .  p r o -

g r a r m r . . r  c a l l s  I I 1  d i r c c t l y  i n  W T 1 A T  c o d e ,  1 l  w i l l  t r d n s m i t  t h e  p r l n t

/
l inc  to  thL  pr imJry  an l l , /  o r  secon( l i l r y  ou tpu t  f i l es  as  de termined by

I IOLLER,OUT (or  - ,OVl lR) .  On thc  o ther  hand,  A I -GOL run-er ro r  mersshgrs ,

pagc  hcad ings ,  and ou tpu t  f ron  DEBL-G,PRINT are  t r i tnsmi t ted  on \  to  thc :

, , , ' - ,  , r i , ^  -  , - . ' t i l . .
y l . ' ' ' o l J l - L l ' ' | U a l f U u L P U L

C. OPENING AND CLOSINC HOLT-ERITH FI]-ES

T h e  p r o c e s s  o f  s e l e c t i n g  a  H o L l e r i t h  f i l e  w i t h  H O I - L E R . I N ,  H o L L E R . O U T ,

o r  H o L L E R . O V E R  w i l l  b e  r e f e r r e d  t o  a s  r r o p e n i n g "  t h e  f i l e ;  t h e  " d e -

s e l e c t i o n "  o f  a  f i l e  w i l L  b e  r e f e r r e d  t o  a s  " g ! 9 g ! 1 9 "  t h a t  f i l e .  C l o s -

i n g  a  s c c o n d a r y  o u t p u t  f i l e  \ " - r i t e s  t h e  L a s t  3 2 0 - w o r d  b l o c k  f r o m  t h e

c o r e  b u f f c r  o n t o  t h e  f i l e  o n  d i s c  o r  t a p e ,  T h e  u s e r  o f  H O L L E R . O U T  o r

H O L L E R . o V E R  i s  c a u t i o n e d  t h J t  t h e  s y s t e m  d o e s  n o t  a u t o m a t i c a l l y  c l o s e

a secondary  ou tpu t  f i l e  when the  . \ IGOI-  p rogram te rmina tes ,  The user

m u s t  c a l l  H O I - L I i R , O U T ( 0 )  o r  H O L L E R , O V E R ( 0 ) ,  a s  a p p r o p r i a t e ,  t o  c l o s e

t h e  f i l e  a n d  \ " T i t e  o u t  t h e  l a s t  b 1 o c k ,  o r  h e  w i l l  I o s e  u p  t o  l 6  c a r d

lmage s .

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

c a r r  b F  o n r y  o n e  o p e n  i n p u t  f i l ,  d t  o n c e :  ,  j L h e r  t h e  p r i m a r ,  i n p L L

f i l e ,  o r  a  s e c o n d a r y  f i L e  s e l e c t e d  b y  H O L L E R . I N .  O n  t h e  o t h e r  h a n d ,

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

o n .  o u l p u L  f i l  .  s , r  o n .  s c c o n d a r ; ,  o u L l J t  I i l ,  ( s - l . . t . d  b v  H O L L L R . O t  T

or  HOLlEt t .OVER)  may be  op€,n  s imu l tancous ly  w i t l t  the  pr imary  ou tpu t

f i 1 c ,  i f  t h e  u s e r  s o  c h o o s e s ,

D. CARD IMAGE POINTER

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

p o i , r c c r  w h i , h  c o n t a i n s  t h r  . . r j a L  r u m b p r  n f  L h c  -  x L  c d r J  i m a g o  t o  b .

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

d c c k ,  i n  w h i c h  c a s '  L h e  c a r , . J  i r n a g o  p o i n t c r  i s  u n d . f i n c d ) ;  , a c h  c a I l
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o f  l 1 o  i n c r e m e n t s  t h i s  p o i n t e r  a u t o m a t i c a l l y .  T h e  H o l l e r i t h  p r i n t

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

ta ins  the  ser ia l  number  o f  the  nex t  card  image to  be  ou tpu t  to  a

s e c o n d a r y  o u t p u t  f i 1 e ,  b u t  i s  u n d e f i n e d  i f  n o  s e c o n d a r y  o u t p u t  f i l e

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

w i t h  a  s e c o n d a r y  f i 1 e ,  a n d  h a s  n o  n e c e s s a r y  c o n n e c t i o n  w i t h  t h e  s e r i a l

number  o f  the  pr imary  ou tpu t  f i1e .  i f  a  secondary  ou tpu t  f i l e  i s

o p e n ,  t h e n  e a c h  c a l l  o f  1 1 1  c o n v e r t s  t h e  v a l u e  o f  t h e  i m a g e  P o i n t e r

to  4  Ho l le r i th  charac ters  and s to rcs  i t  as  the  ser ia l  number  in  co l -

u m n s  8 l - 8 4  o f  t h e  i m a g e  ( n o t e :  t h i s  s e r i a l  n u m b e r  i s  a l s o  s t o r e d  i n t o

c o l u m n s  I l - 8 4  o f  t h e  p r i n t  l i n e  s e n t  t o  t h e  P r i m a r y  f i l e ) ;  t h e n  t h e

i m a g e  p o  i n t e r  i s  i n c r c r n c n t e d  b )  I  .

HOI -LER. IN se ts  the  input  card  image po in te r  when i t  se lec ts  a

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

c losed,  and the  prev ious  va lue  o f  the  card  imJge Po in te r  i s  saved in

a  p o i n L e r  t c m p o r a r y  d s s o (  i c t e d  r ' r ' i t h  t h c  p r e v j o u s  L F  I y p e .  S i m i l a r l y '

when l lOL l -ER.  OLrT or  HOI -LER.  OVER se lec ts  a  ne \ {  secondary  ou tpu t  f i1e ,

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

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

w i t h  t h e  l - F  T y p e  o f  t h e  p r e v i o u s l y  s e l e c t e d  s e c o n d a r y  f i 1 e ,  b e f o r e

F r -  ̂  ^ , , r ^ , ' F  - . - . 1 i m J g c  p o i n t  (  r  L o  a  n e w  v a  l u r  .  T h .  p r o g r a r n e r

c a n  r e . s e l e c t  ( " r e o p e n " )  a n y  s e c o n d a r y  f i l e  w h i c h  w a s  s e l e c t e d  e a r l i e r

i n  t h e  r u n ,  e i t h c r  f o r  r e a d i n g  o r  n r i t i n g '  i n  s u c h  a  w a y  a s  t o  r e s t o r e

the  card  image po in te r  to  the  va lue  saved in  t l le  po in te r  temporary  fo r

t h a t  L F  T y p e ,  I t  i s  i m p o r t 3 n t  t o  n o t c '  h o v t v e r ,  t h a t  t h e r e  i s  o n l y

o n c  p u i n t ,  r  t c m p o r J r v  r o r  F a c h  L F  T y p c ,  u s e d  I o r  s a v i n g  b o t h  i n P u t

, n d  ^ [ r n | t  r . a r r ]  i m . r o p  n o i n t e r s .  T h i s  m a k e s  i t  c o n v e n i e n t  t o  r e a d

through a  f i le  un t i l  a  cer ta in  image is  found and then s ta r t  re \ f f i t ing

the  f iLe  f rom tha t  image on .

In  add i t ion  to  the  in te rna l  Po in te r  temporary  mechan ism jus t

d p e c r i h o r l  r h e r p  i s  n r o w i s i o n  i n  t h e  c a l l  o f  t h e  H o L L E R -  r o u t i n e s  f o r
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s to r ing  and se t t ing  the  input  and ou tpu t  card  image po in te rs  us ing

AI ,GOL var iabLes  des ignated  by  the  prograruner  '

When an AI -GOL program beg ins  execut ion ,  the  po in te r  temPorarLes

for  aL1 LF Types  (excePt  perhaps  0  anc l  1 )  a rc  in i t ia l i zed  to  I  '

Ca l l ing  ANl l ,  F ILE to  ass ign  a  par t i cu la r  LF Type to  an  AND f i le

in i t ia l i zes  the  Po in te r  temporary  o f  tha t  I -F  Type to  I  '

I t  i s  poss ib le  to  have the  same f i1e ,  \ t i th  the  same LF Type '  open

f o r  b o t h  H o l l e r i t h  i n p u t  a n d  H o l l e r i t h  o u t p u t ,  s i m u l t a n e o u s l y '  F u r -

ther rnore ,  the  same f i le  can be  ass igned (by  the  AND sys tem or  by  AND' -

F I I -E)  to  more  than one Log ica l  F i le  Type '  Th is  g ives  the  user  g rea t

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

once.  However ,  the  user  shou ld  avo id  do ing  such an  opera t ion  on  a

f i le  wh ich  is  on  a  tape ra ther  than on  the  d isc ,  o r  mach ine  t ime may

b e  w a s t e d  o n  L o n g  t a P e  s l e w s '

f t  i s  conven len t  to  th ink  o f  the  pr imary  input  f i l e  as  Log ica l

F i le  Type =  0 .  For  example ,  when the  pr imary  input  f i l e  i s  c losed by

HOLI -ER. IN and a  secondary  input  f i l e  becomes the  card  image source '  the

input  image po in te r  fo r  the  pr imary  f iLe  is  saved in  the  ln te rna l

po in te r  temPorary  assoc ia ted  r , i i th  L f '  Type =  0 '  Ca l l ing  HOLI -ER'  IN  to

o p e n  L F  T y p e  -  0  w i l l  r e s e l e c t  t h e  p r i m a r y  i n p u t  f i l e ,  a f t e r  c l o s i n g

the  prev ious ly  se lec ted  secondary  input  f i l e '  I - I  Type =  0  has  no

re la t ion  to  the  pr imary  ou tPut  f i1e ,  wh ich  cannot  be  opened or  c losed

by the  HOT,LER-  rou t ines .

E. PARAMETERS AND CA]-L OF HOILER- ROUTINES

The HOLT-ER-  rou t ines  may have one or  two paraneters '  as  fo l lows:

HOI,I-ER.IN (lFT) ;

HOLLER. OUT (T,F T) ;

IIOLLER. O\ER (lFT) ;

Tn each case,  the  fo rmal  Parameters

v a l u e  L F T ;  i n t c g e r

or  HOLLER. IN( i ,FT '  POINTER)  ;

OT IIOI,LER. OUT(IFT, POINTER) ;

or HOL]-ER. OVER (LFT, ?OINTER)

c o u l d  b e  s p e c i f i e d  b Y :

]-I 'T, POINTER ;
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L F T  i s  g e n e r a l l y  t h e  l - o g i c a l  F i l e  l y p e  o f  t h e  f i l c  t o  b c  o l e n c J  f o r  i n -

pu t  (HOLIER. lN)  o r  ou tpu t  (no l l lR .OUT or  1 IOLLER.OVER) ;  see  the  de ta i led

d e s c r i p t i o n  o f  .  a c h  r o u t  i r e  b ' l o w .  A n y  r r i L h m ^ t i c  c x p r - s s i o n  m a y  b (

s u b s t i t u t e d  f o r  t h e  l - F T  p a r a m e t e r .

The mean ing  o f  the  paramctc r  POINTER c lcpcnds  upon the  va lue  o f

]-F T:

I  =  LFT =  19 :  Po in te r  -  the  scr ia l  number  to  wh ich  the  card  image

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

L F  T y p L  L f T .  f n  l h i s  c a s  ,  a i r )  a r i t h n .  t i c  c x p r ^ s s -

i ^ r  - .  h -  ^ '  h - i - i r , , i - . ,  f o .  " h -  r F r , T - r a r  p n l N T R ,  T f

the  PoINTER parameter  i s  o rn i t ted ,  then the  card  image

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

i n i o . n r l  n ^ i n r a .  l a m n ^ r r r \ /  f , c c ^ - i  r F - . 1  L , i r h  I F T

P O T N T E R  i s  a  v a r i a b l e  w h i c h  w i l l  b e  s e t  e q u a l ' t o  t h e

n r a r / i ^ r r e  i n ^ r , i  ^ r  ^ , , f D , , t  . r r d  i m r o 6  n ^ i  n r - 6 F  i

t h e  p o i n t c r  i n  t h c  f i l e  w h i c h  i s  b e i n g  c l o s e r J ;  t h i s

- a m p  n o i  n t F r  ' a l  I l  i  "  F l  s o  s t o r e d  i n  t h e  i n E e r n c  i

po in te r  temporary  assoc ia ted  n iLh  the  LF Type be ing

c l o s c d .  t n  t h i s  c a s e ,  o n l v  a  v a r i a b l c ,  o i L h e r  s i r n p i e

o i  s U b c c r i n f p d  r n A v  b e  c u b s t i t u t e d  f o r  P o I N T E R .  1 f

POINTER is  omi t ted ,  then the  card  image po in te r  w i l l  be

< r ^ r a . l  ^ n l \ r  i n  f h .  i n f ,  r n r l  n ^ i . f 6 r  f ^ m n ^ r r ' \ l

L F T  =  0 :

The programmer  may w ish  to  f ind  ou t  the  ser ia l  number  o f  the  nex t

i m : c a  f ^  h ^  ^ ,  f n r . f  r - ^  n r  r .  r d  f r n m  c ^ ^ ^ n . l . r \ /  f ' 1 6 .  n ^ r i - 6

" ^ t - 1 .  r o n n o n i . o  f h ^  c a m .  I ^ o i . , l  r i l o  r \ ' n -  r . r i l lr ' r b  d  u  J v 6 ! ! q -  r ' i  ' r t , \  w r  '  !

h a v .  n o  e f f e c L  o t l ) e r  t h a n  s a v i n g  t h L  c u r r e n I  i m a g (  p o i n r c r  i n  P O I \ T t R ,

i f  r h p  n e r e m , . r p r  i c  D r A q e n t  i n  t h e  s t a t e m e n t  \ a r h i c h  c l o s e s  t h e  f i l e .

The user  may a lso  w ish  to  sk ip  about  in  one f i1c ,  wh ich  means tha t  the

i r r a r n , r l  i m a o p  r r n i n r n r  f r n m  a  r r n r - p d i n o  F i l p  c l l ] " r , r (  w i l l  b e  l o s L  o n

a  f o l l o w i n g  c l o s u r e ;  i I  t h e  u s e r  s a v e s  h i s  U v n  c o p )  o I  t h c  p o i n t c r  i n

P o I N T E R  w h e n  h e  c l o s e s  t h e  f i 1 e ,  h e  m a y  r e o p e n  t h c  f i l e  L a t e r  a t  t h i s

ser ia l  number  by  us ing  PoINTER as  parameter ,
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F. T1IE OPERATION OF HOLI,ER.IN

A  c d l l  o f  L h .  f o l l o w i n g  f o r m :

H O L L E R .  I N ( L F T ) ;  O T  H O L L E R . I N ( L F T ,  P O I N T ] : R ) ;

i n r  i n n r r r  r h ,  r - i l .  r r l ' ; r h  r r r c  n r ,  \ ' i n , , e l w  n n n n  T h n  F n l l ^ t J i n .  < f .  . e  . , r ^

( 1 )  T h e  p r e v i o u s  v a l u e  o f  t h e  i n p u t  c a r d  i m d g e  p o i n t e r  i s

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

LI  Typc  o f  the  f i le  p rev ioL .Ls ly  open fo r  inpu t .

( . 2 )  I f  L F T .  0 ,  ( i . c . ,  t h c  p r i m r r y  i n p u t  f i l e  i s  b e i n g

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

ass igncd to  t l ie  var iab le  POINTER ( i f  the  POTNTER para-

n e t e r  i s  p r e  s e n t  )  .

(3 )  Thc  card  image source  is  se t  to  the  f i le  w i th  lF  Typc  '  LFT:

I  -  L F T  =  l 9 :  o p e n s  a  s e c o n d a r y  i n p u t  f i L e ,  a n d

L F T  =  0  :  r e o p e n s  t h c  p r i r n a r y  f i  I c ,

( 4 )  T ' h e  i n p u t  c a r d  i m a g e  p o i n t e r  ( i . e . ,  t h e  s c r i a l  n u m b e r  o I

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

s c ' L  e q u a l  t o  t h . r  v a l u e  o f  t h e  p o i n t c r  t c m p o r a r y  f o r  f i L e

L F T ,  u n L e s s  L F T  i s  ) ' 0  ( i . e . ,  a  s e c o n d a r y  l i l e  i s  b e i n g

sc l t : c tcd)  and the  paramcter  1 '0 INTER is  p rcsent ;  in  the

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

va lu .  o f  POTNTER.

Th l rs ,  thc r  A IGOL prograrTm€rr  can a lways  "ge t  ho lc l  o f "  o f  thc  input  carc l

i m a g i '  p o i n t c r  o I  a  s i c o n d a r , . v  f i l r :  b y  L . x c c u t i n g :  H O L L E R . I N ( 0 ,  1 { I S . P O I N T I I R )

to  cLos , '  t i r c  scconc la r l .  inpu t  f l1c  and s to re  the  po inLer  in  the  . \LGOL

v a r i a b l c  l l l S . P O I N T I R .  T h c  u r ; r : r  c a n n o t  t r g e t  h o l d  o f  ' r  t h e  c a r d  i m a g e

p .  i r ) r .  r  f ^ r  t r r .  p r . n a r -  [ i l  ,  * i r c .  t l r i s  I  j  l e  n . r ,  b e  . i  p h 1 : -  i .  a i  c r r J

c l c c k  f o r  v h i c h  t h e  p . r i n t e r  i s  u n d e f i n e d ,  O n  t i r e  o t h e r  h a n d ,  i f  t h c

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

f i l e  o r  o n e  o f  t h e  f i l e s  r . r h  j - h  h r - ' -  - - - . r . . i  c n a ,  l F  T y p e s ,  t h e n  t h e  u s e r
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c a n  a s s i g n  t h e  s a m e  f i l e  a  L F  T y p e  a n d  s e l e c t  i t  a s  a  s e c o n d a r y  f i L e

w i t h  H 0 L L E R .  I N ;  h e  c a n  t h e n  e f f e c t i v e l y  " b a c k s p a c e t r  a n d  r e r e a d  s u c h

a  p r i m a r y  i n p u t  f  i l e .

L t r e n e v e r  t h e  M o n i t o r  c a r d  r e a d  r o u t i n e  1 1 6  t r a n s m i t s  a  H o l l e r i t h

EOF image to  the  ALCOL READ rou t ine  or  d i rec tLy  to  the  user '  a  sw i tch

i s  s e t  i n  t h e  M o n i t o r  I  i f  l 6  i s  c a l 1 e d  t o  P r o v i d e  a n o t h e r  c a r d  i m a g e

a f t e r  t h i s  E O F  s v i t c h  i s  s e t ,  t h e  l l o n l t o r  w i l l  t e r m i n a t e  t h e  p r o g r a m .

H o w e v e r ,  c a l L i n g  H o L L E R , I N  w i t h  L . F .  T y p e  =  0  n o t  o n l y  c L o s e s  t h e

s e c o n d a r y  f i 1 e ,  b u t  a L s o  c l e a r s  t h i s  ] 1 6  E 0 F  s i ' r i t c h .  T h e r e f o r e ,  t h e

u s e r  c a n  r e a d  a n d  d e t e c t  t h e  t l o l L e r i t h  E O F  i m a g e  i n  a  s e c o n d a r y  f i l e

( b y  t e s t i n g  f o r  t h e  f i r s t  t w o  c h a r a c t e r s  b e i n g  8 R 1 6 5 ) ,  c l o s e  t h e  f i 1 e ,

and cont inue read ing  images f rom the  pr inary  f iLe  or  oPen another

s e c o n d a r y  f  i L e  .

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

L F T < 0 o r L F T ) 1 9

At tempt  to  c lose  a  secondary  inPut  f iLe  \ then

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

A t tempt  to  read f rom a  f i le  wh ich  \ , /as  no t

predef ined or  de f ined by  AND or  AND.FILE.

At tempt  to  se t  the  image po in te r  to  a  negat lve

c a r d  n u m b e r  o r  b e y o n d  t h e  p h y s i c a L  E n d - o f - F i L e .

G. THE OPERATION OF HOLLER. OUT AND HOLLER. O\TR

A  c a l L  o f  t h e  f o r m :

HOLLER.OUT(LFT)  ;  o r  HOLLER,OUT(LFT,  POINTER)  ;

w i L l  c l o s e  t h e  s e c o n d a r y  f i l e  ( i f  a n y )  w h i c l . r  w a s  p r e v i o u s l y  o p e n  f o r

H o L l e r i t h  o u t p u t ;  i f  L F T  >  O ,  i t  \ d i l 1  t h e n  o p e n  t h e  s e c o n d a r y  f i l e

number  LFT fo r  t lo l le r i th  input .

I f  1 =  ] - F T  =  1 9 ,  t h e n  t h e  f o L l o w i n g  s t e P s  a r e  p e r f o r m e d :

( 1 )  I f  t h e r e  w a s  P r e v i o u s l y  a  s e c o n d a r y  o u t p u t  f i l e

o p e n  f o r  H o l L e r i t h  o u t P u t ,  t h e n  i t  i s  c L o s e d  i n

the  foL lov ing  manner :

HoLIER. IN may

RUN ERROR - HIN]

RUN ERROR - HIN2

RUN E RROR - HIN3

RUN ERROR - H1N4
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(a)  The ou tpu t  card  image po in te r  i s  ass igned

to  the  in te rna l  po in te r  temporary  o f  the

LF Type prev ious  lY  oPen.

(b )  A  Ho l le r i th  EOF image is  p laced a f te r  the

las t  image appended to  the  f i le  (bu t  the  card

image po in te r  i s  no t  inc remented,  so  i f  the

f i le  i s  la te r  reopened a t  th is  po in t  then the

EOF image \ t i l1  au tomat ica l l y  be  overk / r i t ten  by

the next image) .

( . )  T h e  l a s t  3 2 0 - w o r d  b l o c k

secondary  ou tPut  bu f  fe  r

t a p e  f i l e .

(2 )  The secondary  ou tpu t  des t ina t ion  is  se t  to  the  f i le

w i th  LF TyPe =  IFT '

( 3 ) The outpu t  card  image po in te r  i s  se t  equaL to  the

ser ia l  number  in  the  po in te r  temporary  assoc ia ted

wi th  LFT,  un less  the  pararne ter  POIMER is  Present '

in  ruh ich  case,  the  po in te r  i s  se t  equa l  to  the  va l r re

o f  POINTER.  The Phys ica l  bLock  conta in ing  th is

image is  read in to  the  secondary  ou tpu t  bu f fe r .

I f  LFT =  O,  then the  fo l low ing  s teps  are  per fo rmed ins tead:

(1 )  The secondary  ou tPut  f i le  wh ich  was prev ious ly  open ls

( 2 )

c l o s e d ,  a s  d e s c r i b e d  a b o v e  f o r  t h e  c a s e :  1 =  L F T  =  1 9 ;

i f  none was prev ious ly  open,  a  run  er ro r  -  HOT2 wi l l  occur '

I f  the  parameter  POIMER is  Present ,  then the  sarne  Po in te r

va lue  wh ich  has  been s to red  in  the  in te rna l  po in te r

temporary  fo r  the  prev ious ly  open f i le  r ' r i1L  a lso  be

ass igned to  P0INTER.

I f  HOI - I -ER.  OUT is  used,  the  user  must  dec la re  the  Boo lean var iab le

P R I N T . O R . N O T  i n  h i s  o u t e r m o s t  b L o c k .  I f  P R I M . O R . N O T  =  t r u e  w h e n  l 1 l

i s  wr i t ten  f rom the

i n  c o r e  o n t o  t h e  d i s c /
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is  ca lLed by  an  "E ' r  o r  "W"  in  a  PRINT s ta tenent ,  a  ' rw"  in  a  READ

s t a t e m e n t ,  o r  d i r e c t L y  i n  i ^ I t { A T  c o d e ,  t h e n  t h e  p r i n t  L i n e  w i L l  b e

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

o u t p u t  f i 1 e .  I f  n o  s e c o n d a r y  o u t P u t  f i l e  i s  o p e n ,  P R I N T . O R ' N O T  h a s

n o  e f f e c t .  N o t e  t h a t  t h e  B o o l e a n  v a l u e  o f  P R I N T . O R , N O T  m a y  b e  s e t  a t

any  t ime \ , / i thou t  ca lL ing  HOLLER,OUT aga in .  Lhen a  secondary  ou tPut

f i l e  i s  c L o s e d  b )  H O L L E R . o U T ,  a  H o l l e r i t h  E o F  i m a g e  i s  a p p e n d e d  t o

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

is  the  po in te r  to  the  r rnex t r r  image wh ich  is  saved in  the  po in te r

temporary  and perhaps  passed to  the  user  v ia  the  POIMER parameter .

I f  t h e  f i l e  i s  s u b s e q u c n t  l y  r e o p e n e d  I o r  o u L p u t  r , ] i L h  L h i s  P o i n t e r

r e s t o r e d ,  t h e  E n d - o f - F i l e  i m a g e  w i I L  b e  \ , / r i t t e n  o v e r .

Each t ime a  f i le  i s  opened by  HOLLER.OUT,  the  d isc  (o r  tape)  b lock

conta in ing  the  card  image a t  wh ich  the  f iLe  is  opened is  read in to

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

\ , ' r i te .  Thus ,  HOLLER.OUT may be  used to  append images to  the  end o f

a  H o L l e r i t h  f i L e  b u t  n o t  t o  a L t e r  i m a g e s  i n  t h e  m i d d l e  o f  a n  e x i s t i n g

f i l e ;  t h e  r o u t l n e  H O L L E R . O V E R  s h o u l d  b e  u s e d  f o r  t h e  l a t t e r  P u r p o s e '

I ^ /ARNING:  I f  an  ALGOL program te rmina tes  be fore  the  secondary  ou tpu t

f i L e  i s  c l o s e d  b y  a  c a l l :  H O L L E R , O U T ( 0 ) ,  a s  m a n y  a s  t h e  l a s t  1 6  c a r d

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

I f  an  a t tempt  i s  made to  'THOLLER.  OUTt t  (o r  r ' - .OVERrr )  the  Las t

c a r d  i m a g e  o f  t h e  e n t i r e  P h y s i c a l  f i L e ,  a n  E n d - o f - F i l e  i m a g e  w i l L  b e

\ , J r l t t e n  i n s t e a d  b u t  n o  e r r o r  i n d i c a t i o n  w i l L  b c  g i v e n ;  a n  a t t e m P t  t o

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

su l t  in  an  er ro r  r tHOT3r r .  There  shou ld  aLways  be  an  EOF image as  the

l a s L  c a r d  L m a g e  o f  L h e  p h y s i c a l  f i l e ;  h o w e v e r ,  c l o s i n g  I  f i l p  w i L h

HOLLER.OUT(0)  may wr i te  another  EOF image earL ie r .
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A page hcad ing  or  page number  r^ ih  i ch  i s  ou tpu t  to  the  pr imary  f i le

, , ^ r . .  ^ n ,  r n  n f  , h -  " 1 i  a n d  ' 2 1 ' ]  s v . ' i t c h { . s  ( s e e  C h a p t e r  3 d )  v i l l  n o t

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

p r o d u c . , J  b i  t h  I L C O L  ,  r r o r  d i l g n o s t  i (  r o u L  i n e  a s  w e l I  a s  o u t p u t  f r o m

D E B U G . P R I N T  w i L l  a p p e a r  o n l y  i n  t h e  p r i m a r y  o u t p u t  f i l e ,  T h u s ,

D E B I I G , P R I N T  s t a t e n e n t s  c a n  h e  i n s e r . t e d  i R t o  a  p r o g r a m  \ r i t h o u t  c h a i l g i n g

t h ,  n r r n h '  r  o f  i n  : g .  s  s c n l  t o  L h c  s c c o n d . l r y  f i l L .

T i . rc  opcra t ion  o f  HOLLER.OVER is  s imi la r  to  HOLLER.  OUT wi th  t \ ' ro

d i f f e r e n c e s :

( 1 )  H O L L E R . O V E R  d o c s  n o t  o u t p u t  a n  E n d - o f - F i l e  i m a g e

w h r  n  i t  c l o s c s  a  s c c o n d . r r y  f i l r  ;

( 2 )  H O L L E R . O V E R  r e a d s  e a c h  b L o c k  i n t o  c o r e  b e f o r e  i t

i s  a l t e r e d  a n d  v r i t t e n  o u t .  T h u s ,  H O L L E R . O V E R  m a y

b ,  u s c d  L o  a l L e r  i m a g . s  i n  r h ,  r i d d L e  o f  a n  e I r e a d y

e x i s t i n g  H o l l e r i t h  f i  l e .

I f  an  er ro r  i s  de tec ted  in  the  HOT-LER.  OUT or  HOLLER.  OVER rou t ine ,

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

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

m a y  b e  l o s t ,

Both  HOLLER.OUT and I IoLLER.OVER produce the  fo l low ing  run  er ro r

m e s s a g e s :

RUN ERROR - HOT 1

RUN ERROR . HOT2

RUN EIiROR - HOT3

RUN ERROR . HOT4

RUN ERROR - HOT5

L F T < 0 o r L F T ) 1 9

. \ r  r n m ^ l -  r ^ . 1 ^ < a  r  < p c n n d r r v  f i l e  u r h e n

t h c r e  w J S  n o  s F ( o n d a r y  o u L p u t  I  i  l e  o p e n .

A r t ,  m n l  I n  n n . n  F  l F  ' l v n n  w h i c h  u a s  n o l

: , r c r t o t i o c d ,  n r  , 1 ,  c :  n , . e  h v  A N D . F I L I  o r  A N D .

t h e  b o u n d  s  o fr \ L L c u , y L

t h e  p h y s  i c  a  I  f i  L e .

A t  l ,  m p t  t o  w r i t c  o n  f i  l c  n a r k e d  r e a d - o n I y

l i  ^  r n ^ t h F r  
" c ^ . r <  

t i l a \
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CTIAPTER 6h

S t o r a g e  A l  L o c a t i o n

A L g o l  p r o g r a m s  g o  t h r o u g h  3  p h a s e s :  c o m p i l a t i o n  o f  t h e  p r o g r a m ,

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

the  program.  The same area  o f  memory  may be  used fo r  d i f fe ren t  pur -

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

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

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

s p a c e  c a n  b e  e x p a n d e d ,  0 n  p a g e  A L . 6 h . 2  i s  a  m e m o r y  m a p  s h o w i n g  s t o r a g e

a l l o c a t i o n  a t  t h e  t h r e e  t i m e s .  A  v e r t i c a l  a r r o w  ( t  o r  I )  i n d i c a t e s  a n

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

v e r t i c a L  a r r o w s  ( ] )  i n d i c a t e s  a r e a s  o f  s t o r a g e  w h i c h  m a y  e x p a n d  u n t i l
I

t h e y  m e e t .  A  v e r t i c a l  a r r o w  t e r t n i n a t e d  b y  a  h o r i z o n t a L  l i n e  i n d i c a t e s

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

p I o  g r a m .

At  the  end o f  each A lgoL program the  r rwotds l  p r in ted  is  the  to ta l

number  o f  words  vh ich  wou ld  be  dumped i f  the  program were  dumped as  a

s c o m p r r T  -  T h p  s F , r c e  f r o n '  A  t o  B  o n  t h e  m e m o r y  m a p .  C a l I  t h i s  n u m b e r  N I r ] R D S

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

c  -  A  =  / 5 6 1 2 0  =  2 4 0 1 6 , 0  L o c a t i o n s

t h e  t o t a l  s p a c e  a v a i l a b l e  f o r  d a t a  ( s c a l a r s ,  a r r a y s '  o w n  s c a l a r s ,  o w n

ar rays)  i s  2401610 -  NVJR-DS.  LeE the  space requ i red  fo r  WHAT Labe ls  be

Nl , iHAT.  Then the  space or ig inaL ly  ava i lab le  fo r  a  p rogram and fo r  WHAT

1 a b e 1 s  i s

E -  D = /z lo lo = 12384,0 locat ions

The to ta l  space per rn i t ted  the  prograrn  is  thus

I 'ReLease WI iATI  and t 'Re lease SymboL ic  l ib ra ry r l

t o

F  - D =  l 3 2 O 3 O  =  1 3 3 3 6 , 0  l o c a t i o n s

Chang ing  the  number  o f  abcons  and adcons changes

and so  changes the  amount  o f  space ava i labLe fo r  the

s t a t e m e n t  " n  A B C O N S " ,  w h i c h  i s  d e s c r i b e d  i n  d e t a i l  i n

D  t o  b e  s e t  t o  G  +  2 n .  S i n c e  n  i s  i n i t i a l l y  2 0 0 , 0 ,  D

12384,"  -  NWHAT. Doing

increases the program space

the  loca t  ion  o f  D

p r o g r a m ,  T h e  s y s  t e m

C h a p t e r  4 ,  c a u s e s

i s  G  +  4 0 0 , o .
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