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Ac k  now I  e  d  geme n  t  s

The cons t ruc t ion  o f  the  progrannn ing  sys tem descr ibed here  is

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

w e r e  i n v o l v e d  w i t h  c o d i n g  t h e  t r a n s L a t o r :  D a v i d  M .  B l o c h e r ,

A r l h u r  E v a n s ,  J r . ,  J a n e t  W .  F i e r s t ,  R i c h a r d  B .  G r o v e  a n d  C a r o L  H .

T h o m p s o n .  R o n a l d  R ,  B u s h y a g e r ,  I I I ,  w r o t e  W H A T ,  t h e  a s s e m b l y  l a n g u a g e

p r o c e s s o r  i n c L u d e d  i n  t h e  t r a n s L a t o r .  C h a r l e s  L .  T h o r n t o n  \ . / r o E e  a

t a b l e  L o a d e r  ( t h e  " M e t a - c o m p i L e r " )  ! , / h i c h  i s  a n  e s s e n t i a L  p a r t  o f  t h e

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

t h e  L i b r a r i a n .  S p e c i a L  t h a n k s  a r e  o w e d  t o  R o b e r t  T .  B r a d e n  f o r  a c t i n g

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

e s t h e t i c s r ' .  T h e  e n t i r e  t a s k  w a s  d i r e c t e d  b y  E v a n s .

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

u r i t i n g .  T h e  r o l l o w i n g  p e o p l e ,  i n  J d d i L i o n ,  c o n t r i b u t e d  t o  L h e  \ ^ i r i t i n g

a n d  e d i t i n g  o f  t h e  d o c u m e n t :  B L o c h e r ,  B r a d e n ,  E v a n s  a n d  G r o v e '  R o n a l d

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

a p p e a r i n g  i n  C h a p t e r  5 .  T h e  t y p i n g  h a s  b e e n  d o n e  b y  E d y t h e  S i m m o n s ,  a n d

R o b e r t  D .  S m i t h  c o n t r i b u t e d  m a t e r i a l l y  \ . / i t h  h i s  e d i t o r i a L  a s s i s t a n c e .
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PREFACE

ALG0L-20 is  a  rea l i za t ion  o f  the  in te rna t iona l  language

A L G O L - 6 0 .  T h e  i n t e r n a t i o n a l  l a n g u a g e '  a l t h o u g h  a  v a L u a b l e  v e l . t i c l e

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

un t iL  i t  i s  impLemented on  computers .  Ho\ tever '  each imp lemenLer

has  found i t  necessary  in  some cases  and des i rab le  in  o thers  to  make

changes in  the  Language.  Fur ther ,  add i t ions  to  the  Language such

a s  i n p u t / o u t p u t  a r e  n e c e s s a r y .  T h i s  A L G O L - 2 0  M a n u a l  i s  a  d e s c r i p t i o n

of  the  rea l i za t ion  o f  A I ,GOI ,  as  imp lemented a t  Carneg ie  Ins t i tuEe o f

Techno Logy  .

Tvo  add i t iona l  documents  a re  needed to  compLete  the  descr ip t ion

of  Carneg ie  Tech ALGOL.  One is  a  descr iP t ion  o f  ALIBN -  the  L ib rar ian

used in  connect ion  \ t i fh  the  t \ , /o  L ib rar ies .  The o ther  document  descr ibes

the  assembly  Language -  WHAT -  wh ich  is  bu i l t  in to  the  ALgo l  t rans la to r .

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

in  the  WI IAT manuaL.  These manua ls  a re  cur ren t ly  in  p repara t ion .

The in te rnaL opera t ion  o f  the  t ransLator  has  no t  been adequateLy

descr ibed.  However ,  An ALGOL 60 Compi le r ,  by  A .  Evans ,  wh ich  was

pr in ted  in  AnnuaI  Rev ie \ ,J  o f  Automat ic  Programming,  Vo lume 4 ,  Pergamon

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

format  Language used was descr ibed in  A  Forma!  Language,  by  A lan  J .

? e r L i s ,  i n  C o m f l .  A C M ,  7 ( F e b .  1 9 6 4 ) ,  p p .  8 9 - 9 6 .

January ,  L9  65
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l n t roduc t ion

T h e  m a n u a L  i s  o r g a n i z e d  a s  f o L l o w s :  C h a p t e l :  0  i s  a  r e a d y

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

p r o g r a m m e r  w i I L  n e e d .  I t  i s  n o t  s u i t a b L e  f o r  r e a d i n g  b y  i t s e L f ,

b u t  i s  u s e I u L  f o t  r e f e r e n c e  t o  p a r t i c u l a r  p o i n t s .  C h a p t e r  L  i s  a n

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

i n L r o J u c L o r y  L e x L s  o n  A L G o L ,  f o r  L h e  p r o g r d n n n e r  w l t o  d o e s  o o t  y e c

k n o w  t h e  l a n g u a g e .  C h a p t e r  2  d e s c r i b e s  i n  c o n s i d e r a b l e  d e t a i l  h o w

c h e  L o c a L  s y s t e m  d i f f e r s  f r o m  t h e  i n t e r n a t i o n a L  I a n g u a g e .  C h a p t e r  3

c o n L a i r ) s  n  d e t . a i t . d  d e s c r i p t i o n  o t  L h c  i n p u r / o u t p u t  s y s L e m  p r o v i d e d

a t  C a r n e g i e  T e c h .  A  f o r m a t  L a n g u a g e  o f  s o m e  s o p h i s t i c a t i o n  i s  d e f i n e d .

C h a p t e r  4  c o n t a i n s  a  d e s c r i p t i o n  o f  s y s t e m  s t a t e m e n t s  -  t h o s e  s t a t e -

ments  used to  conqrun ica te  to  the  t rans laEor  in fo rmat ion  vh ich  is  no t

par t  o f  the  ALGoL Language.  Chapter  5  conta ins  a  descr ip t ion  o f  the

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

t h e  r o u t i n e s  c u r r e n t L y  i n  t h e  l i b r a r i e s .  C h a p t e r  6  i s  a  c o l l e c t i o n  o f

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

C h a p t e r  7  i n c L u d e s  t h e  A L G O L - 6 0  r e p o r t  a s  r e v i s e d  i n  1 9 6 2  a n d  a

sununar ized  L is t  o f  d i f fe renqes be tween ALG0L-60 and Loca l  ALGoL.

P . r 3 e  n r r m b e r s  a r e  o l  L h e  l o r m  A L . m . n ,  w l r e r e  m  i n d j c a L e s  r h e  c h . r p t e r

number  and n  is  the  page in  the  chapter .  Two c t rap ters  - -  th ree  and

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

L e t t e r s ,  e . g . ,  C h a p t e r  3 b .  T h e  s u b - c h a p t e r s  a r e  a l s o  p a g e d  i n d i v i d u a L l y

s o  t h a t  t h e  f i r s t  p a g e  o f  C h a p t e r  3 b  i s  A L . 3 b . 1 ,  i m m e d i a t e L y  f o L l o w i n g

A L . 3 a . 2 .
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A]-GOL READY REFERENCE

A L G O L  N o t e s  a n d  E r r o r  M e s s a c e s (Chapter  6b)

Cornp i  1e  Er rors

P h a s e  I  E r r o r s  ( E 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  P h a s e  I I . )

T h e  p r o g r a m  d o e s  n o t  s t a r t  \ e i t h  b e g i n .
A  s t a t e m e n t  s t a r t s  \ r i t h  a n  i l l e g a L  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 r d

A  s t a t e m e n t  s t a r t s  w i t h  a n  i d e n t l 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 .

l n  a n  e x p r e s s i o n  a n  o p e 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 .
l n  a n  e x p r e 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 - o s s i h l y  c a u s r . J  b 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 j n g  s t a t e m e n L . )
A  ' !  "  , l o c s  n o r  h a v e  a  m a t  c h 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 d  i l l e g a l l y .
A  " : "  h a s  a p p e a r e d  i n c o r r e c t l y .
A  " t l '  o r  r r '  r r  h a s  a p p e a r e d  i n c o r r e c t L y .
A  " ) "  d o e s  n o t  h a v e  a  m a t c h 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 .

! \91  has  appeared \ r i thou t  i f .
e L s e  h a s  a p p e a r e d  w i t h o u t  t l t e n .
C h a r a c t e r s  a r e  s t i 1 1  i n  t h e  s t a c k  a f L e 1 ,  a
A  p r o c e d u r e  s t a t e r n e n t  i s  f o L l o v e d  b y  o t h e r

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 h e  f o r  v a r i a b l e  i s  n o t  f o l l o \ t e d  b y  a  " ! '
s t e p  h a s  a p p e a r e d  r v i t h o u t  f o r .
u n t i L  h a s  a p p e a r e d  w i t h o u t  s t e P  .
r v h i l e  h a s  a p p e a r e d  r " i t h o u t  f o r .

Ar , .0 .2

0
1
2
3
4

5
6
7
8
9

L O
L I
L 2
I 3
L 4
I 5
l 6
1 7
L 8
L 9
2 0
2 l
2 2
2 3
2 4
2 5

2 6 :
2 7
2 8
2 9
3 0
3 I
3 2
3 3

than  end,
end ,.-:

e l s e ,  o r  t

34:.
3 5 :
36:.
3 7 l .
3 8 :
3 9 :
40:

< 1 o  h a s  a p p e a r e d  w i t h o u t  f o 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 .
g o  t o  i f . . . t t r e n . . , i s  n o t  f o L L o w e d  b y  e l s e '

An obscure  er ro r  in  a  g9  to  s ta tement .
An imposs ibLe er ro r  a  f i -13g4.  ( "  F"  i s  no t  the  second e lement  in  the

s t  a L k .  S e e  E r r o r  9 8 . )

own is  fo l lowed by  someth ing  o ther  than < type>.

A n  a r r a y  d e c 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 .

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 c  f o l l o w e d  b y  a  " ; " .

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 .
T h e  i d e n t i f i e r  o t  a  s w r - 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 ' o r t t : = " '

p r o c e d u r e  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 - . - . - -

I l l i i iZ i .  
"  

iden t i f ie r  i s  no t  fo lLo \ded by  " ( "  o r  " ; " .
A  f o r m a l  p a r a n e t e r  l i s t  i s  n o t  f o l L o w e d  b y  " ) " .
T h e  " ) "  f o L L o v i n g  a  p a r a m e l e r  L i s t  i s  n o t  f o l l o w e d  b y  

"  " ; " .
I h e  i d e n t i f i e r  l i s t  i n ; ,  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  t  " ; " .

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

T h e  i I l e g a l  c o n s t r u c t i o n  " t h e n  i f "  h a s  o c c u r r e d '

A  s w i t c h  v 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 o .

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  w a s  n o t  f o l l o w e d  b y  a  " ; "



A r . 0 . 3

ALGO], IIEA'Y REFERENCE

4 L :  T h e  n a m e  o f  a  p e r m a n e n t  s u b r o u t i n e  ( s u c h  a s  " S I N " )  i s  n o t  t o l l o w e d  b y  " ( "

4 2 :  T h e r e  i . s  a n  c x t r a  " , "  o r  e L s e  a  m i s s i n g  " : "  i n  a n  a r r a y  d e c l a r a t i o n .

4 3  .  M o r c  b e g i n t s  t h a n  e n d r s  l r a v e  o c c u r r 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 '

4 1 + :  I m p o s s i b l e  -  s e r e  E r r o r  9 8 .

45 :  Ig I  o r  I l l I  i s  no t  fo l lowed bv  " ( " .
46  T .  .n  . *y  c lec  la ra t  i  ou  the  ident  i  f  ie r  I  i s t  i s  no t  f  o l lowed by  ' |  

L "  .

4 1  :  A r r a y  s p e c i f i e r  h a s  s u b s c r i p t  b o u n d s ,  v h i c h  i t  s h o u l d  n o t .

4 8 :  l i b r a r y  i s  n o t  f o L l o w e d  b y  ( t y p c )  o r  p r o c e d u r e .

4 9 |

Phase I  I l r ro rs  ( fo rmat  anc l  name s ta tenents )  (Each o f  these er r :o rs  !e rmina tes

P i r a s e  I 1 .  )

5 0 :  A  r e s e r v e d  i n p u t / o u t P t l l  v o r d  i s  n o t  f o l 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 m 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 r l e n t i f i e r ) .

5 2  "  J '  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 r r t  n o t  f o u n d .

5 3 :  f o r  i s  m i s s i n g  a f t e r  " $ " .
5 4  " + ' r  i s  n o t  f o L l o r v e d  b y  " $ "  o r  a n  i d e n t i f i e r .

5 5 :  " ) t '  o r  ' > "  i s  n o t  f o I L o v c d  b y

5 6 :  A  n a m e  s t a t e m e n t  o r  f o r m a t  s L a t e m e n t  i s  n o t  f o l l o w e d  b y  e n d ,  e L s e

5 7 :  A  r e p l i c a t o r  i s  n o t  f o L L o i v e d  U y  " 1 "  o r  " ( " .
5 8 :  r r < t r  o r  r t , r r  i s  f o l L o i . r c d  b y  a n  i l l e g a L  c h a r a c t e r .

5 9 :  A n  i n t e g e r  i s  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 .

6 0 :  A  f o r m a t  i n s t r u c t j o n  i s  n o t  f o L l o v e d  b t  r 5 t '  o r  " , " .
6 1 ;  A n  i L l e g a l  P r . : f i x  t o  a  n u m e r i c  p r i m a r y  h a s  b e e n  u s e d '

6 2 :  A n  i L l e g a l  n u m e r i c  p r i . r n a r y  h a s  b e e n  u s e d .

6 3 :  " . "  a p p e a r s  i n  a  n u r n e r 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 .

6 4  I n  a  n u m e r i c  p r i m a r y ,  E ,  F  o r  S  i s  n o t  f o l l o w e d  b y  a n  i n t e g e r .

6 5 :
6 6 :
6 7 :
6 B  r
b 9 :

P h a s e  I l  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  r r ) ' ' r r  t u r n  o f f  P h a s e  I I . )

- r . 7 0 :  A  r e s e r v e , l  r v o r < l  v 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 .

71 . -  A  Labe l  has  be<:n  uscc l  bu t  no t  de f inec l .  (The name o f  the  labe l  i s

p r i n t e d  p r i o r  t o  t ' t r i s  e ! . r - o L  m e s s a g e )

7 2 :  A n  i d e n t i f i c r  l t 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 c c n  c l e c l a r e c l  t w i c e  i n  t i r i s  b l o c k .

7 4 ' .  A n  i d e n t i f i e r  i n  t h c  v a L u e  I i s t  i s  n o t  a  P a r a m e t e r .
7 5 :  A n  i d e n t j f i c r  \ " , h i c h  1 r a s  b e e r n  r r s e 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 r :  o n e .
7 6  A  s u b s c r i p t e d  i . l . r n t  j f i . ' r  h a s  n o t  b e c n  d e c L a l e d  t o  b e  a n  a r r a y  o I  s w i t c h .

, 1 7 :  T h e  p r o l l r a m  i s  t o o  L o n ! ! .

7 8 :  A  p r o c e c l u r e  i d c n t i f i e , r  w l i i c h  i s  n o t  a  f u n c t i o n  d e s i g n a t o r  h a s  b e e n  r r s e d

i n  a n  e x p r e s s r o n .

o r  " ; "

) t  Turns  o f f  Phase l l .
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79:  An ident i f ie r  wh i .ch  has  been used as  a  swi tch  has  no t  been dec la red  to

b e  o n e .
8 0 :  A n  a r r a y  i d e n t i f i e r  h 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 .

8 L :  T o o  m a n y  i n d e 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 .

8 2 : .  A  l a b e L  o r  a r r a y  o r  s w i t c h  h a s  b e e n  c a L l e d  b y  v a l u e .
8 3 :  A n  i d e n t i f i e r  l n  a  s p e 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 .

8 4 :  l n  a  p 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  n o t  s p e c i f i e d .

8 5 :  I n  a  p t 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  t w i c e - '

8 6 :  A  p r o c e d 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  r r d r '

' k 8 7 :  T h e  W 2  s t a c k  i s  t o o  f u l 1 .
8 8 :  M o r e  t h a n  1 0 0  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 s  h a v e  b e e n  d e c l a r e d '

8 9 :  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 . g "  3 3 l k J  '
' k 9 0 :  A  s u 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

ALGOL- 20 ) .
*9L :  The ncx t -comnand po in te r  i s  less  than the  base o f  the  program'

9 2 :
9 3 :
94:.

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

9 6 :
9 7 :  A  p o s s i b l e  L r a n s L a t o r  e r r o r  -  b r i n g

C o m p u t a t i o n  C e n t 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 .

1 0 5 ;
1 0 6 :

Janet  F ie rs t  a t  the

the  Computa t lon  Center .

l i s t i n g

A.  Evans

E O

at

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

100:  A  card  co lumn conta ins  an  i l l ega l  combinaEion  o f  punches '

L0 l :  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 )  .

!O2:  Too many dec i rna l  po in ts  apPear  in  a  number .

103:  Too many " 'o t ts  appear  in  a  number .

L04:  An er ro r  has  appeared in  a  parameter  de l im i te r  conunent : r r )  (any  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  (  ' r l "  
)  v a r i a b l e  h a s  b e e n  u s e d .

A cons tan t  has  been used wh ich  is  too  la rge  to  f i t  ln to  a  rea l  var iab le

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

A  s t r ing  goes  over  the  end o f  a  card .

The s l rmboL tab le  has  been exceeded.

107
1 0 8

*109
1 1 0
1 1 1  :
Ll?i
1 I 3  :
1 1 4 :

x  r r r r n s  o t I  r n a s e  r r .



l L 5 :
I  L 6 :
1 1 7

System Sta tement  Er r  o r  s

An abcon sysLem s ta tement  has  occur red  a f te r  code has  been compi led

An abcon sys tem s ta tement  has  reques ted  more  space than there  is  in

user  memory .

An i l lega l  SY card  has  occur red .  (Th is  may be  caused by  a  L IBMRY card

a f t e r  t h e  s y n 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 . )

T h e  l i b r a r y  p r o c e d u r e  n e s t i n g  e x c e e d s  5 .

W H A T  h a s  b e e n  c a L l e d  a f t e r  i t  h a s  b e e n  r e l e a s e d .
A n  i l l e g a l  s e g m e n t  s t a t e m e n t  h a s  b e e n  u s e d .
An SY L I tsRARY card  has  asked fo r  a  rou t ine  no t  in  the  s ) ' rnbo l i c  l ib ra ry .

A  l ib ra ry  p rocedure  decLara t ion  has  named a  rou t ine  no t  in  the  re loca tab le

l  ib ra rv .

A L  , 0  . 5
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l :  end  comment  convent ion  raas  used on  preced ing  card

t h i n g  \ , r a s  i g n o r e d  u p  t o  " ; " ,  e n d ,  o r  e l s e .
A func t ion  des ignato t :  has  been used as  a  p rocedure  s ta tement .

I n  a n  a r i t i r m e t i c  o r  b o o L e a n  e x p r e s s i o n ,  t h e  c o n s t r u c t i o t t  i ! . . .
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 l e g a l  b u t  u n a m b i g u o u s ,

t l r e r e f o r e  a c c e p t e d  b v  t h e  t r a n s l a t o r .
An ar i t t rmet ic  (boo lean)  (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

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

Phasc  I I  has  been tu rned 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 . . . d o . . . e l s e . . .  w h i c h  i s  l e g a l  i n

AIGOL 60 bu t  i lLegaL in  A IGOI ,  62  has  been used '

T A B  a p p e a r s  a s  a  c h a r a c t e r .
F i fLy  e r ro rs  have been found on  a  s ing le  card l  compi la t ion  has  been

t e r m i n a t e d .

L L8
I  1 9

I 2 0
L 2 L
1 2 2
r23
r24
L25

N o t e s

Not  e

Not  e
N o t e

Not  e

N o t e
Not  e

Not  e
N o t e

That  i s ,  every -

then
2 . .
3 :

6 :
l :

8 :
92

and
i f

N o t e  4 :

5 :

Run Error  s

Al) RP
CFLG
EXP
EXPO
LN
RAD L
RAD 2
READ

a d d r e s s - - o p c o d e  f a u L t
cornmand f  lag  er ro r
I X P  ( x )  c a l l e d  w i t h  X  >  1 6 0 . 1 1 6 9 9 8
exponent  over f low
LN (x )  ca1 led  ro i th  X  <  0

upper  <  lower  in  a  bound pa i r  in  an  ar ray  dec la ra t ion

d e c L a r c 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  h a s  o c c u r r e d  i n  ! ' a d i n g  a  d a t a  c a r d
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s t N
S QRT
T IMR
XT AL
XtA2
xt A3

Kevpunch ing

co Lumn

WHAT

A],GOL

sys r  em

comment

AI,GOL READY REFERXNCE

t h e  a r g u m e n t  t o  S I N  o r  C O S  i s  g r e a l e r  t h a n  8 1 2 1 .
SQRT (X)  ca l1ed wi th X < 0
t  ime l imi t  exc eeded
X = 0 a n d A < 0
A  ' r  L N  ( X )  >  1 6 0 . 1 1 6 9 9 8
X < 0 and A not  in teger  va lued

(Chapter  6a)

l L t -  L  I  1 1 1  1 1  2 t  2 2 2  2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 .  ' . R

3 45678 9012 3 4 567 89 0 L23 4567 8901234567 89 M

.LOC. F OP. M Addr,  Index;  conunent  ' .

ALGOL tex t .

' . . . .  ' s y s t e m  t e x t .  '  '

. . . . .  ' . c o n m e n t

It may be changed byi s  t h e  r i g h t  m a r g i n .  ( I n i t i a l l y  R M  =  7 2 '

RIGHT MARGIN -  see  Chapter  4 . )

( p e r f o r m e d  f i r s t )

L 2

WH

SY

CO

RM

SY

(Chapter  2)

I

MOD

t

* - (unary)

*  -  (b  inary)

< > - - < - . > = l

(per fo rmed l  as t )

Precedence ru1es . . . lo r  opera tors  and re la t ions



Format  Ins t ruc t  ions (Chapter  3)

S e t s  C

Move s

Move s

ALGOL READY REFERENCE

A 1 . 0  , 7

n ) .

r igh t  (CP <-  CP *  n )

l e f t  ( C P  < - C P  -  n ) .

column n (CP <--

co lumns to the

coLumns to the

Contro l  Ins t  ruct  ions

Cont  ro1  and

nE

(

r+ (L- )

Ins t ruc t ions  fo r  PRINT and PUNCH

Numeric In st ruc t i ons

1 .  P r e  f i x

nW

P  t o

C P n

C P n

nC

nR

nL

nB

nQ

N A

Al phanume r ic s

r (s t r ing) t

Pr in ts  o r  punches the  conten ts  o f  the  apProPr ia te

h r L f f e r ,  c l e a r s  t h e  b u f f e r  c o  b l a n k s '  p r i n t s  o r

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

Pr . in ts  o r  punches the  conten ts  o f  the  approPr ia te

buf fe r  n  t imes.  CP and the  bu f fe r  a re  no t  changed.

Upspaces  the  paper  to  a  new page and pr in ts  a  Page

header  on  the  f i rs t  1 ine .  CP and the  bu f fe r  a re

not  changed.  Th is  ins t ruc t ion  is  ignored in  PUNCH.

Stores  the  charac ters  o f  the  s t r ing  in to  the  appro-

p r i a t e  b u f f e r .

S tores  n  b  lanks  ,

S t o r e s  n  q u o t e s  ( , r ) .

S tores  n  charac ters  wh ich  are  taken f rom I  ( (n+3) /a )

names .

nT Stores  min  (5 ,  n )  charac ters  r^ rh i  ch  are  taken f rom

one o f  the  in te rna l  s t r ings  I  TRUE t ,  TFA.LSE'  o r

TUNDEFT,  accord ing  to  the  boo lean va lue  o f  the

cor resPond ing  name.

S t o r e s  a  d o l L a r  s i g n  l e f t - j u s t i f i e d .

Stores  a  do1 la r  s ign  i rmned ia te ly  be fore  the  f i rs t

d i g i t .

S t o r e s  t h e  s i g n  ( s i g n  i f  m i n u s )  l e { L - j u s t i f i e d  o r

i m m e d i a ! e 1 y  a f t e r  a  t $ r  s t o r e d  b y  " L $ " .
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Numer ic  Pr  imary

nD

n Z

S u f f i x

L

+ ( - )

E (F)  +n

S+n

ALGOL REAIY REFERENCE

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

t h .  t i  r s L  d i  g i  L  o r  a  r $ r  s L o r c d  b y  r r $ ' r .  I t  L h c

n u m b c r  i s  n c t a t  i v e ,  a  m i n u s  s i g n  i s  s t o r e d ;  i f

t l r e  n u m b c r  j s  r o n - n c g , a t  i v e .  a  f  l u s  s i g n  ( b l a n k )  i s

s t o r e d .

S L o r e s  n  d i g i t s  o r  b l a n k s .  L e a d i n g  ( o r  t r a i l i n g )

r p n  l  a r n d  h v  h  I  a n k s .

S t o r c s  n  d i g i t s .

l ^ . : - - l  , . ^ : - lu t  U i , , d r  i i u ,  r r L  ,

S h i f t s  t h e  n u m b e r  u n t i L  t h e  L e f t - r n o s t  d i g i t  i s  n o n -

- F r n  ( i t  n n c q i h l p )  a n d  s t o r e s  L h e  r c s u l t a n t

e x P o n e n t .

S h i l  t s  t h e  n r r m b e r  r r n L i l  i L s  e x p o n e n t  e q u a l s  *  n .

T h e  r e s u l t a n t  e x p o n e n t  i s  ( i s  n o t )  p r i n t e d .

S h i f l s  t h e  n u r n b e r  u n t i L  t h e  L e f t - m o s t  d i g i t  i s

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

i n s e r t e d  i n  t h e  p o s i t i o n  t o  f l i v ( :  a n  e x p o n e n t  c q u a l

t o  + n  a n d  t t r e  e x p o n e n t  i s  s t o r e d .  T h e  n u m e r i c  p r i -

m a r y  m u s t  b e  o f  t h e  f o r 6  1 1 6 1 .  
"  o t  " r n Z , t ' .

C o n v e r t s  a n d  s t o r e s  t h e  n u m b e r  i n  o c t a l  ( b a s e  8 )

i n s t e a d  c f  d e c  i m a  I  .

I n v o l  c s  s l . c i a l  s t a ,  i n g .  T f  t l r '  p r c f i x  c o n t a i n s

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

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

" L . S "  n o r  " $ "  a p p * a r s ,  t l r e  d  i g . i t s  a r e  s ( o r e d  i n

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

S u p p r c 5 s r - 5  n r r o r  p r i n t  i n g  w h . i  c l r  m a y  o c c u r  w h e n

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

f  i  - / l  h v  t h a  n , r m o r  i ,  r r r i m.  -  a r Y '

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

NormaL ly ,  numbers  are  rounded by  add ing  f i ve  to  the

F i  r c r  d  i  o i  r  n ^ f  d r i  n i p r l

t1

K



l ns t ruc t ions  fo r  READ

Cont ro l  and

nE
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A l p h a n u m e r i c  T n s t r u c t i o n s

Reads n  card  images in to  the  READ buf fe r  and se ts

CP to  le f t  mar€ t in .  On ly  the  las t  card  image reac

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

Func t ions  as  "nE"  except  tha t  the  card  images are

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

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

s tored ,  four  per  word ,  in to  the  nex t  l ( (n+3) /4 )

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

in  the  Las t  name are  s to red  r  i  gh  t  -  j  u  s  t  i  f  i  e  d  .  The

CP and bu f fe r  a re  no t  chanBed.

Scans the  charac ters  in  the  nex t  n  Pos i t ions  o f  the

buf fe r  and s to res  them as  in  the  r (s t r ing) r  ins t ruc-

t  i o n .

Scans the  charac ters  in  the  nex t  n  pos i t ions  o f  the

buf fe r .  I f  the  f i rs t  non-b lank  charac ter  i s  the

r r T r I -  t h e  v a l u e  t r u e  i s  s t o r e d  i n  L h e  n e x t

o therw ise ,  the  va lue  o f  the  name is  se t  to

The cor respond ing  name must  be  o f  type

boolean or ]99!9.

Scans the  number  represenEed in  the  nex t  n  pos i t ions

of  the  bu f fe r .  B lanks  are  ignored.  Numbers  are  in

f ree  f ie ld  fo rmat  and may conta in  s igns ,  dec ima l

po in ts ,  and exponents .  Numbers  preceded by  ^  " / "

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

Scans as  ' rnD"  except  tha t  b lanks  are  t rea ted  as

z e l o s .

Assumes the  number  read to  be  oc ta l  (base 8)

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

nW

r ( s t r i n p l

Numer ic  Ins t ruc t  ions

1.  Numer ic  ? r  imary

nA

nT

l e t t e r

name ;

f  a l s e .

nD

n Z

S u f f i x

H

2 .
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E+n

t  r ee  Keac l

NF

AJ-GOL READY REFERENCE

M u L t i p l i e s  t h e  n u m b e r  r e a d  b y  t e n  ( e i g h t )  r a i s e d

to  the  power  +n .

C a u s e s  i l L e g a L  c h a r a c t e r s  ( s u c h  a s  l e t t e r s )  t o  b e

i  gnored .

Scans  and concatenates  n  oc ta l  o r  dec ima l  numbers

in  f ie lds  separa ted  by  conrnas .  B lanks  are  ignored

w i t h  t h e  e x c e P t i o n  t h a t  l f  a n  e n t i r e  f i e l d  i s  b l a n k '

the  cor respond ing  name is  unchanged.  Numbers  pre-

cedec l  by  a  " f "  a te  t rea ted  as  oc ta l .  A  number  f ie ld

may be  cont inued over  the  end o f  a  card  image '  The

las t  number  in  the  da ta  g roup must  be  fo l lowed by

e i t h e r  a  t r '  r t  o t  a  r r l k r r .
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AICOL READY REFE RENCE

" t b r . t y  
R . , r t  t " . .  ( C h a P t e r

R e l o c a t a b l e  R o u t i n e s  ( i . e . ,  l i b r a r y  p r o c e d u r e s )

AND. C ALL

AND . F ILE

DISC,  READ

DISC. I^ .RITE

GOOF. STAR

G O .  S E G

L INK

RUN. ERROR

SLEW

SYSTEM.DUMP

Svmbo1 ic  Rout  ine  s

AND. PUNCH

BANSOLV

CO},ID IV

CURVEFIT

C URI'IT

EL lPS

F RNQ

GAME

GJR

HNRMJA

JACOBI

MULLE R

) )

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

a s s i g n s  a  l o g i c a l  f i l e  t y p e

r e a d s  f r o m  d i s c  o r  t a p e

\ r r i t e s  o n  d i s c  o r  t a p e

p r r n L  s  a  r u n - e r r o r  m e s s a g e

s lews to  a  s  egment

I  inks  to  a  segment

s e t s  u p  r u n - c r r o r  r e c o v e r y

s lews to  a  re  c  o rd

dumps an AJ-GOL program as a system

punches an  AND record  on to  cards

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

m a t r i x  i s  a  b a n d  m a t r i x

computes  the  quot ien t  o f  t \ ^ ro  comPlex  numbers

determines  the  bes t  leas t  squares  po lynomia l  approx i -

mat ion  to  a  g iven curve ,  w i th  o r  w i thout  cons t ra in ts

determines  the  bes t  leas t  squares  po lynon ia l  aPprox i -

mat ion  to  a  g iven curve ,  w i th  cons t ra in ts

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

o f  the  f i rs t  and second k inds

determines  the  f requency  d is t r ibu t ion  o f  a  g iven se t

o f  d a t a

s o l v e s  a  f i n i t e ,  z e r o - s u m ,  f w o - p e r s o n  g a m e

computes  the  inverse  o f  a  g iven mat r ix

f inds  a1 l  the  e igenvec tors  and e igenva lues  o f  a  g iven

Her.mit ian mat r ix

f inds  a l l  e igenvec tors  and e igenva lues  o f  a  g iven

symmet r ic  mat r  i x

f inds  the  rea l  and complex  roo ts  o f  a  genera l  equat ion

of  the  fo r rn  f (z )  =  0

enters  AND

to  an  AND f  i le
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NEVILLE

NORMRAN

PLOT

RAND OM

SIM

SORT I

St  and ard Func t  ions

A]-GOL READY RNFERENCE

computes  approx imate  va lues  o f  a  tabu la ted  func t ion

by  in t  e  rpo  I  a t  ion

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

random number s

produces  the  graP i r  o f  one to  ten  func t ions

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

random numbers

per fo rms numer ica l  in tegra t ion  by  S impsonrs  method

sor ts  a  l i s t  o f  numbers  in to  ascend ing  order

abso lu te  va lue

arc tangent

redef ines  the  input /ou tpu t  bu f fe rs

t ime s ince  the  Las t  job-card  mi .nus  parameter

c o s  t n e

ABS

ARCTAN

BUFFERSET

CLOCK

COS

DEBUGPRINT

ENTIER

( in  second s )

a  f i xed  to rmat  Pr ln t  rou t ine

the  la rges t  in teger  wh ich  is  no t  g rea ter  than the

p ar amet er

e x p o n e n t l a L  ( e  , ,

h a L t

na turaL  1( ]  gar  i  thm

max i rnuml  (see paqe AL.2 .LO in  the  ALGoL manua l )
I

manlmum J

number  o f  pages  s ince  the  jobcard

saves  the  program fo r  res ta r t

con t  ro ls  Pr  in t  ing

- L  i f  p a r a m e t e r  n e g a t i v e '  + L  i f  P o s i t i v e ,  0  i f  z e r o

s  ine

square  roo  L

t i m e  s i n c e  m i d n i g h t  ( i n  s e c o n d s )

opera tor  such tha t  fo r  in teger  m and n  the  quant i t y  m MOD n is  the

o n  d i v i d i n g  m  b Y  n .

EXP

HAIT

MAX

MlN

PAGES

PAUSE

PRLNT

S IGN

S I N

S QRT

TJME

MOD is an

remainder
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A.LGOL READY REFERENCE

l , i b r a r v  R o u t i n e s  a n d  S t a n d a r d  F u n c t i o n s  ( C h a p t e r

R e l o c a t a b l e  R o u t i n e s  ( i . e , ,  l i b r a r y  p r o c e d u r e s )

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

a s s i g n s  a  l o g i c a L  f i l e  t y p e

r e a d s  f r o m  d i s c  o r  t a p e

\ r r i t e s  o n  d i s c  o r  t a p e

p r  i n t  s  a  r u n - e r r o r  m e s s a g e

sLews to  a  s  e  gment

l  inks  to  a  segmcnt

s e t s  u p  r u n - e r r o r  r e c o v e r Y

s l e w s  t o  a  r  e c  o r d

dumps an AI-GOL program as a sys t  em

COMDIV

CURVEFIT

CUR!'17

ELIPS

FRXQ

GAME

GJR

HNRMJA

JACOBI

MULLER

punches an  AND record  on to  cards

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

mat r ix  i s  a  band mat r ix

computes  the  quot ien t  o f  t r . /o  complex  numbers

determines  the  bes t  leas t  squares  po lynomia l  approx i -

mat ion  to  a  g iven curve ,  \n ' i th  o r  w i thout  cons t ra in ts

determines  the  bes t  leas t  squares  po lynorn ia l  aPprox i -

m a t i o n  t o  a  g i v e n  c u r v e ,  w i t h  c o n s t r a i n t s

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

o f  the  f i rs t  and second k inds

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

o f  d a t a

so lves  a  f in i te ,  zero-sum,  two-person game

computes  the  inverse  o f  a  g iven mat r ix

f inds  a l l  the  e igenvec tors  and e igenva lues  o f  a  g iven

Hermi t  ian  mat  r  i x

f i n d s  a l L  e i g e n v e c t o r s  a n d  e i g e n v a l u e s  o f  a  g i v e n

synmet r ic  mat r  i x

f inds  the  rea l  and complex  roo ts  o f  a  genera l  equat ion

o f  t h e  f o r m  f ( z )  =  0

5 )

AND . C ALL

AND. FILE

DIS C.  READ

DISC.hRITE

GOOF. STAR

GO.  SEG

LINK

RUN. ERROR

SLEW

SYSTEM. DIIMP

Synbo l ic  Rout  ine  s

AND. PUNCH

BANSOLV

enters  AND

to  an  AND f  i le
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NEVILLE

NORMRAN

PLOT

RANDOM

slM

SORT I

Standard Func t  ions

AIGOL READY REFERENCE

computes  approx imate  va lues  o f  a  tabu la ted  func t ion

by  in t  e rpo  I  a t  ion

computes  a  sequence o f  normal ly  d is t r ibu ted  pseudo-

random numb er s

produces  the  graph o f  one to  ten  func t ions

computes  a  sequence o f  un i fo rmly  d is t r ibu ted  pse t rdo-

random numbers

per fo rms numer ica l  in tegra t ion  by  S impsonrs  method

sor ts  a  l i s t  o f  numbers  in to  ascend ing  order

(i,.., !g-ilEi!-l! 9!!
a b s o l u t e  v a l u e

ar  c  t  angent

re t le  f  ine  s  the  input /ou tpu t  bu f fe rs

t ime s ince  the  Las t  job-card  minus  parameter  ( in  seconds)

cos  ine

a  f i x e d  f o r m a L  P r  L n t  r o u t  i n e

the  la rges t  in teger  wh ich  is  no t  g rea ter  than the

P a lamet  e r
, X r

c x p o n e n t L a l  \ e  , ,

h a l t

na tura l  Logar  i thm

max imuml  (see page AL.2 .10  in  the  A l ,GoL manua l )
I

ml n rmum J

number  o f  paSes s ince  the  jobcard

saves  the  Program fo r  res ta r t

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

- l  i f  p a r a m e t e r  n e g a t i v e ,  + l  i f  p o s i L i v e ,  0  i f  z e r o

s  ine

square  roo t

t i m e  s i n c e  m i d n i g h t  ( i n  s e c o n d s )

MOD is  an  opera tor  such tha t  fo r  in teger  m and n  the  quant i t y  m MOD n is  the

remainder  on  d iv id ing  m bY n .

ABS

ARCTAN

BUFFERSET

CLOCK

cos
DEBUCPRINT

ENTIER

EXI

HAI-T

LN

MAX

MIN

PACES

PAUSE

PRLNT

S IGN

S I N

SQRT

TIME
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ALGOL READY REFERENCE

( C h a p t e r  2 )R e s e r v e d  I d e n t  i f i e r s

A B S  ( 2 )  G o  r o  ( 1 )  P R I N r  ( 3 - r . 1 f f )

ARCTAN (2)  HALF (3-2.5)  PROCEDURE (L)

ARMY (r )  rF (1)  PUNCH (3-3.  Lf f )
B E G I N  ( I )  I N D E X  ( 3 ' 2 . 5 )  R E A D  ( 3 - 3 .  L f f )

BOOLEAN ( L) rNPUT ( 3 -NA) REAI- ( 1)

coMMENr ( l )  TNTECER (1)  SrGN (2)

c o s  ( 2 )  L A B E L  ( r ,  3 - 2 . 1 0 )  s r N  ( 2 )

D O  ( I )  L I B R A R Y  ( 3 . 5 . I f f )  S Q R T  ( 2 )

E L S D  ( 1 )  L N  ( 2 )  s r E P  ( L )

D N D  ( I )  L o c l c  ( 3 - 2 . 5 )  S T R T N G  ( l )

ENTTER (2)  MAX (3-2.9)  s l4r ITcH ( I )

E X P  ( 2 )  M I N  ( 3 - 2 . e )  r H E N  ( r )

FALSE (L)  MOD (3-2.9)  TRUE (L)

FoR (L)  MoNrroR (3-NA) UNTrL (L)

!-oRWARD (3-NA) NAI{tr (3-3. rff) VALUE (L)

co (L)  OUTPUT (3-NA) wHrLE ( I )

coTO ( I) ol4'li ( I)

(L)  ALGOL 60 "bui1t  in"  word.

( 2 )  A L G O L  6 0  r e s e r v e d  f u n c t i o n  i d e n t i f i e r .

( 3 )  A L G O L  2 0  r e s e r v e d  w o r d - - s e e  p a g e  r e f e r e n c e .  ( N A  m e a n s  n o t  n o w  a v a i l a b l e , )

3lr1_1se9g__Id"$_ili9l-9. (chapter 6d)

ACC

CLOCK

DAY

DEBUGPRINT

EPS ILON

HA]-T

INFINITY

MONTH

PAGES

PAUSE

PRLNT

Tl}fi

YEAR

r e a L

in teger  p rc rc  edure

l o g i c

p  rocedur  e

r e a l

p rocedure

r e a l

l o g i c

in teger  p roc  edure

p r o c e d u r e

procedure

in teger  p roc  edure

l o g i c

Accumula tor

( t ime in  seconds s ince  job-card)  minus  Parameter

r. dd.-r.r dd = day of month

f ixed  fo rmat  Pr  in t  rou t ine

smal les t  pos i t i ve  number  =  81  -63

h a  1 t

l a r g e s t  p o s i t i v e  n u m b e r  =  ( 8 1  1 4 - 1 ) * 8 1 6 3

I tmrunur mmr = name of month

number  o f  Pages s ince  job-card

s a v e  f o r  r e s t a r t

c o n t r o l s  p r  i n t  i n g  o n  t e l e t Y P e

t ime in  seconds s ince  midn igh t

t y y ' - t  y y  =  L a s t  t w o  d i g i t s  o f  Y e a r
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-  Labels  in  l i l l {T and ALIBN
r 0

l L
- 2
_ J

- 4
- 5

6
' = 1

--.l 10
-  I L
-= 12

_  1 /

--  L l
. l  L 6

: r7
r  1 8
r  L 9
:  2 l )

'=  2L
- 2 2
:  2 3

_  r /

- 2 6
'= 2 l
= 2 8

2 9
- 3l)

-, 32

-  J 4

r  3 6

-  3 8
-  3 9

.l 40+l
_1 40+2
- ' : 4 1

"- 42

'= 45

C o m p l e m e n t  0  i u ' h e n  a c c e s s e d  a r i t h m e t i c a l l y
L  I I a g
2  f l a g
3  f L a g
F u n c t i o n  v a r i . r b l e  f o r  r e l o c a t a b l e  L i b r a r y  p r o c e d L r r e s
I N F I N I T Y  =  ( 8 1  t 4 - 1 )  "  8 1 I 3  ( C h a p t c r  6 d )
E P S I L o N  =  E 1 ( - 6 3 )  ( C h a p t e r  6 d )
D y n a m i c  b L o c k  I e v e I  -  p o i n t e r  t o  a r r a y  s t a c k  ( a n  i n t J e x  r e g i s t e r )

Exit fr.onl FORIIAT and }iAME
CLlrrent NAl,lE List
Cur ren t  FoRI '1AT l i sL
NAME r.o u t ine
P R I N T  r o u t i n e
PUNCH ro ut ine
READ rou t ir.rc
FoRMAT ro rlL ine
P ; " p -  ' r d - n r i  , r  - , A o - - l  o  r d . r  r o u L i n e

gg_!g  < IabeL> rou t ine
R A D  -  r . L r n - t i n e  a r r a y  d e c L a r a t i o n  r o u t i n e
b e g i  r  r d m i r j s l  r J t  i o r  r L r  r L  i ' ' ] e
e n d  a d n i n i s  t r a  t  i o n  r o u t i n e
procedure  !gg !g  adrn in is  t ra  t ion  rou t ine
p r o c e d u r e  e n d  a d m i n i s t r a t i o n  r o u t i n e
GOoFr .  ;  Run Er ror  rou t ine
ADDR-OP rou  t  ine
L I N K  ! o u t i n e

L a s t  l o c a t i o n  o f  r r s e r  r n e n o r y  +  L
C o n t a i n s  b a s e  o f  c o m p i l e d  c o d e
C o n t a i n s  e D d  o I  r e l o c a t e d  s L l b r o u t i n e s
C o n t a i n s  m a x i n u n  l o c a t i o n  u s e d  b y  s c a l : r r s
B a  s e  o f  a r r a y  s  t a c k
C o n t a i n s  c o  r p i l e - t i n i e  b L o c k  L e v e I  o I  c u r r e n t  p r o c e d L l r e
C o n t a i n s  r u n - t i n e  b l o c k  I e v e L  o f  c u r r e n t  p r o c e d u r . e
R r e e  n F  f l i i - t i . r a  n r n ,  p d r ' ,- .  - .  _  . r e  r r e s L l n g  s L a c K
R u n - e r r o r  r e c o v e r y  c e I L

J  <  t s , L L L E  L L L  L L U I L L U <  I

C o r t . j n s  p h y s i e : 1  r i B l r t  m a r e j n  f o r  R E A D
C o n L d  i n s  p h v s  i e r l  r  i b l r t  m r r t s i n  t L - , r  P R I N T
C o n t a i n s  p h y s i c a l  r i g h t  n a r g i n  f o r  P U N C H
Rt lN.ERRoR swi tcb  fo r  end
R L i - t j m e  c r r o r  p r i n t i n g  m o d e  s w i t c l r  ( C l r a p t - e r  T . R U N E R R O R )
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I  V i I i I A D T E S  T N  A L G U L

l 2 o o

l 2 o i

l 2 o 2

l 2 o 3

1204

l z o s
l 2 0 6

l z o t
lzou
l 2 0 e

l z  t o

l 2 l 1

l z t z
l z  i :

l2r4
l r r s

l ? s o
t " -

l r s r
t - "

|  ) a )
t - ' -

'  -  r  ) r  s L r n d J r d  b u f f e rP U r L ' L c r  r \

R E A D  r i g h t  m a r g i n  f o r  s t a n d a r d  b L r f f e r

READ Ie f t  rnarg in  fo r  s tandard  bLr f fe r

PRINT

PRlNT

PRINT

Fornra  t  sw i tch

NAME s\,/ i tc h

P a g e  c o u n t e r

P . a a  h 6 . d  a r  c n r i  f . h

U p ' s  p a c e  c o u n t e r

Le  f t - j  us  t i f y  s r .T i tc t r

Cur ren t  READ bu f  fe r

Cur ren t  PRINT buf fe r

Cur ren t  PUNCH buf te r

a n d

and

i. lnd

P U N C H  c h a r a c t e r  p o i n t e r  f o r  s t a n d a r d  b u f f e r

P U N C H  r i g h t  m a r g i n  [ o r  s t i r n d a r d  b L r f f e r

P U N C H  I e f t  m a r g i n  f o r  s t a n d a r d  b L r f f e r



a

A L . 0 . 1 6

fu:!9If-!:!-el-9lfrg{-:. (cha pter 4)
p . i  . F  a r ^ , F r ^  T ^ -  n ^ - - i  I  , F i ^ n  I  i < r ' j n .

PAGE

LINE n

;I SINGLE

'K DOUBLE

-r. INDENT n or INDENT * n

$  PRINT <pa rame te r :  s t r in&>

F  i a ,  t  n r i  n t a r

S k i p  n  l i n e s .

S i n g l  e  s p a c e

D o u b L e  s p a c e

S e t  t h e  L e f t

or Kjn.

11.  l  a  r ) r  r l  L ln

t h e  l i s t i n g

p a p e r  t o  t o p  o f  n e x t  p a g e
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