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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
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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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INTRODUCTlON TO ALCOL

A L G O L  i s  a n  i i r t e r n a t i o n . r I  a L g o r j  t h m i c  f r o g r a r n n i n g  J a n g u a g e .  d e s i g n e d

f o r  p r - - , r b l e m s  w h o s e  s o l L r t  j o n  c a n  b e  e x p r e s s e c l  i n  a l g e b r a i c  n o t a t i o n  l t  i s

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

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

w o r l d ,  I t  i s  a l g o r i t l i i l i c  i n  t i r a t  i t  i s  ! ' l c s i g n e . l  f o r  t h e  n a t u r a l  r e r ) r e s e n t a -

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

\ . r a y  t h a t  i t  i s  h i g h l y  r e a d a b l c  n j L h  a n  o b v i o L r s  [ ] o i u  o I '  c o n L f c i  I i r t  e r i s t -

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

o f  t h e  l a n g u a g e  t o  t h e  u s e r .

T h e  A L C O L  l a n g u a g e  a s  i t  c x i s t r j  a t  C a r n e g i c  T e c l i  c o n t a i n s  e s s e n t i a l L y

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

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

A L G O L  a t  C a r n e g i e  T e c h  i s  u s i n g  a  l a n g u a g e  w i t h  w o r l d i i i d e  a c c e p t ; r n c e  a n d

u n d e r s t a n d i n g .  0 r r r  1 o c a 1  v e r s l c D  h a s  b e e n  a u g m e n t e d  b y  c e r t a i n  f e a t u r e s

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

i s  a n  e x t e n s i v e  i n p u t / ' o r l t p L r t  f a c i L i t y .

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

u n f a m i l i a r  w i t h  A L G O L  n i t h  a n  i n t r o d u c t i o n  t o  t h a t  l a n g u a g e ,  s i n c e  t h e  L i t -

e r a t u r e  n o l r  i n c l u d e s  s e v e r a l  v e r y  f l n e  r d o r k s  w 1 ) i c l r  p e r f o r m  t h i s  f u n c : t i o n

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

he  is  learn ing  ALGOL,  McCrao<en 's  Gg igg_ t  o_4 lc9 !_ l fgg f ruS: lg  i s  an  c : rsy

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

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

m i n g  c o , . r r s e  a t  C a r n e g i e  T e c h .  C h a p t e r  i 1  o f  t h e  p r e s e n t  v o r l (  c o n t ; r i n s  i 1

c i e t a  j  l e d  L i s t i n g  o f  t h e  r v a y s  i n  n h i c h  t h e  A L G O l ,  s y s t e i o  a t  C a r n e . g i e  T e c l r

. l i f f e r s  f r o m  A L G O L  a s  c l e s c r i b e d  b v  M c C r a l - - k e n ,  i n c l u d i t . r g  r e f c r e n c e s  t r )

s i : c t i o n  n u r n b e r s  i n  M c C : : a c k e n ' s  t e x t .  U n f o r t u n a t e L y ,  M c C r a c k e n  d o ( r s  n o t

g i v e  a n  a d e q u a t c  d i s c u s s i o n  o f  A I , G C l -  p r o c e d u r e s  o r  o f  L h e  s t r u c t u r e  a n c l

s i ' n t a x  o f  c o n d i t i o n a l  s t a L e n c n t s  a n d  e x p r e s s i o n s



B o t t e n b r u c h r s  t u t o r i a l  a r t i c l € r  i n  t h e  A C M  J o u r n a l  i s  a  c o m F l e t e  i n L r o -

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

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

F o r  t h e  m o r e  e x p c r i e n c e c l  p r o g r a m r n e r  w h o  w i s h e ' s  t o  l e a r n  A L G O L ,  C h r i s t i a n

A n d e r s o n ' s  t e x t  v i 1 1  b e r  t ' , o r L h w h i l e -  A n d e r s o n  p r o v i d e s  a  r e a d a b l e  i n t r o d u c t i o n

t o  \ r h a t  i s  i m p o r t a n t  j r r  A I - C O L - 6 0 .

A n o t h e r :  i n t r o d u c t i o n  r ' r h i c l r  r r i g h t  b e  c o n s i d e r e d  i s  t h a t  o f  E .  W .  D i j k s t r a

T h i s  i s  a  v e r y  c c u r p l e t e  b o o l . -  c L r : s c r i b i n g  a L 1  o f  A L C O L -  I t  c o n t a i n s  s o m e  c o m -

n e n t a f - /  w h i c l i  i s  n o t  . l s c r v l L c r c  a v a i l a b L c  o n  L h e  e f f e c t s  o l  t h e  l i n i t e d  r a n g c

o f  r ) u n l b c r  r e p r c s c o t a t l o n  i n  c : o n r i ) L r t e r s .  I t  a l s o  c o n t a i n s  a  g o o d  d i s c u s s i o t l

o f  A L ( l O l ,  e s o t e r i c a  i n c  L r r c l i  n g  - { u r a k . r  P r o c e d u t e s .

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

R e p o r t  o n  L l r e  A l g o r i t h r n i c  L a l g l a g . r  A L C 9 L - 6 0  c d j t e d  b y  P e t e r

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

r e a d i n g  a n d  i t  i s  n o L  r c c o n m e , n d e ' d  t o  t h e  b e g i n n e r  i n  A l , G O l , .

a s  C l l a p t c r  7  o f  t h i s  r e l r o r t .

N a u r .  T 1 l  i s  r e p o r t

l to in 'ever ,  noL easy

I t  i s  repo:odu c  ed

A n d c r s o n ,  C - ,
R e a d  i n g ,

B o t  t e n b r u c h ,  l l .  ,
( 1 9 6 2 ) ,  r 6 1

D i j  k s  t r a ,  E .  W ,  ,
[ n g l a n d .

B i b L i c , g r a p h y

An Int roduct ioS_!9_! . lC0L 6! ,
M a s  s .

A d d i  s o n  W c s l e y  P u b l i s h i n g  C o

I -oudon

l n c ,  ,

. 2S t r u c t u r ( .  a n d  U s c  o f  A L C O L  6 0 ,  J o u r n a l  o f  t h e  A C M ,  9 ,  N o
- 2 2 L .

A  P r i n e r  o l  A L G O L  6 0  P r o g r a r r i n g ,  A t a , l . m i .  P r L  s s

McCracken,  D.  D. ,  A_Cuide t  o_4! !9!_! I9g ls !1111!g,  John WiLcy and Sons,  Inc
Ner,.r York.

Natrr, P., editor. 3ey:CC 4_lglgl!_9!_!lt9_41Sor.r!bmic _!e!Stlgg" 4!q9!_9q,
C o m m u n i c a t i o n s  o f  t h e  A C M ,  6 ,  N o .  1  ( 1 9 6 3 ) ,  L - 1 1  .



A L . 2 . L

C I iAPTER 2

N o t e s  o n  A L G O L  a t  C a r n e g i e  T e c i r

INTRODUCTION

A L C 0 L - 6 ( l  h a s  b e c n  d e s i g n e d  t o  b e  b o t h  a  u n i v e r s a l  l a n g u a g e  f o r -  d e s c r i b i n g

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

a l g o r i t h m s  o n  c o u r p u t i n ! l  m a c h i n e s ,  T h e  " r e f e r e n c c  l a n g u a g e "  A L G O L - 6 0  l t a s  b e e n

p r e c i s c l y  a n d  e l e g a n t l y  d e i i n e d  i n  t h e  R e r v i s c d  A I , G O L - 6 0  R e p o r t  ( C o m r n u n i c a L i o n s

o f  t h c  A C l 1 ,  6 ,  I  ( J a n .  1 9 6 - J ) ) .  l i h e n  A L G O L  i s  a c t u a l l y  i m p l e r n e n t e d  o n  a  p a r -

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

u s u a l l y  a d d e d  t o  t h i s  d e f i n i t j o n .

T h e  A L G O I -  t r a n s l a t o r  r ' r h i c h  h a s  b € r e n  w r i t t e n  a L  C a r n e g i e  T c c h  f o r  l h e

C D C  G - 2 0  c o n r p u t e r  a c c e p t s  a  l a n g u a g e  r ^ r h i c h  v e  c a l l  A L G O L - 2 0  t o  d i s t i n g u i s h  i t

f r o m  A L G O L - 6 0  w h e n  w c  n e e d  t o  b c  p u r i s t s .  A s  a  m a t t e r  o f  f a c t ,  n i o s t  o f  t h e

d i f f e r e n c e s  b e t \ " / e e n  A L G O L - 2 0  a n d  t h e  r e f c r e n c e  I a n g u a g e  A L G O L - 6 0  a r e  m i n o r ;

h o w e v e r ,  a  k n o w l e d g e  o f  t h e m  i s  n e c d e d  t o  u s e  t h e  C I T  A L G O L  s y s t e m  s u c c e s s f u L l y

I n  t h i s  d o c u m e n t ,  a  r e f e r e n c e  L o  s i o r p L y  w i I L  a l w a y s  m e a n  A L G O L - 6 0 ,  t h e

r e  f e r e n c e  l a n g u a g e .

T h i s  c h a p t e r  d e s c r i b e s  t h o s e  a s p e c t s  o f  A I - G O L - 2 0  w h i c h  d i f f e r  f r o m

A L G O L - 6 0 ,  A s  s u c h ,  i t  i s  t h e  p r i m a r y  d o c u m e n t a t i o n  o f  o u r  A L G O L  s y s t e l n .  I t

i s  k e y e d  t o  b o t h  t h e  R e v i s e d  A L G O L - 6 0  r e p o r t  a n d  t o  t h e  t e x t r  A  G u i d e  t o  A 1 g o 1 ,

b y  D .  D .  l { c C r : a c k e n .  R e f e r e n c e s  t o  t h e  f o r m e r  a r e  b y  s e c t i o n  n u n b e r s  g i v c n  i n

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

T h u s  t h e  p a r a g r a p h  a t  t h e  t o p  o f  L h e  n e x t  p a g e  r e l a t e s  l o  s e c t i o l r  2 . J  o f  t h e

R e v i s e d  A L g o l  R e p o r t  a n d  t o  s e c t i o n  1 . 4  o f  M c C r a c k e n .
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SYMBOLS

T h e  G -  2 0

sho\nrn  in  thc

ALGOL.6 I )

(  1  . 4 )  [ 2  . 3 ]

a c c e p t s  a t l  o f  t h e  s p e c i a l  s y n b o l s  o f  A L G O L - 6 0  c x c e p t  f o r  t h o s e

f o  1 1 o $ ,  i  n g  t a b l e :

ALGOL- 2O

( "  i m p l  i e s N o t  a v a i l a b l e ,  b r t t  " - "  m a y  b e  u s e c l  w l t h  " ' "  t o

o b t a i n  t h c  s a m e  e  f f e c t  .  S e e  p a g e  2 , 8 ,

( " i s  c q u  i v a l  e r . r t " ) S e e  p a g c  2 . 8

( n u  l t  i p  l  i c a t  i o n  )

U s e

U s e

N o t
rvi th

a v a i  I  a b l e
the  s  ane

b u t  " r "  m a y  b e  u s e d  w i t h  " / "
c f f e c t .  S c e  p a g e  2 . 7  .

=

U s e

U s e

( s t r i n g  q u o t c s ) B o t h  r c p r e s e n t c d  b y  ' ,  S e e  p a g e  2 . 3

l n  f o u r  c a s c s ,  A L G O L - 2 0  u s e s  a  p a i r  o f  a d j a c e n t  s y m b o l s  t o  s t a n d  f o r  a

s i n g l e  s y m b o L  o f  A L G O L - 6 0 .  F o r  e x a m p l c ,  t h e  A L G O L - 6 0  a s s i g n m e n t  o p e r a t o r  " : - "

i s  s t r i c t L y  a  s i n g l e  s y m b o l ,  b u t  i t  n u s t  b c  p u n c h e d  i n t o  a n  A L G o L - 2 0  P r o g r a m

c a r d  a s  a  c o l o n  a n d  a n  e q u a L  s i g n  i n  a d j a c e n t  c o l u m n s ,  T h e r e  m u s t  b e  n o  b l a n k s

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

N o t e :  p r - r n c h i n g  t h c m  i n t o  t h e  s a m e  c o l u m r ]  w l l l  g i v c  a  " h a s h "  o f  h o l e s  w h i c h  t h e

G - 2 0  w i l l  i n t e r : p r e t  a s  s o m e  o t h e r  ( e r r o n e o u s )  c h a r a c L c r .  T h e  f o u r  d o u b l e -

s y m b o l  c h a r a c t e r s  a r e

ILGOL- 60_c ha r99!9I-----+ ALGOL- 20-e har ac L c r
I

p a l  r

8R
8L
8F

i s  a l s o  a I l o \ " / e d )

=

=

7-

n o  n - e x  l s  c  a n  !

n o n - e x i s t a n t
n o n - e x i s t a n t



NUMBERS

( a )  A  n u m b e r ,  N ,  i n  a n  A L G O L - 2 0  P r o g r a m  m u s t  e l t h e r  b e

p u 4 c h e d  w i t h  o r  w l t h o u t  a  d e c i m a l  p o i n t )  o r  e l s e  i t s  a b s o l u t e

s a t i s f y :

( . )  I n  A L G O L - 2 0 ,  t h e  l a s t  c h a r a c t e r  o f  a  r c a l  n u m b e r  m a y  b e

t o i n l . :  t h u s ,  t h e  n u m b e r  " 6 . "  i s  I e g a 1 .

( d )  O c t a l  n u m b e r s  m a y  b e  w r i t t e n  i n  A L G O L - 2 O ,  S e e  C h a p t e r

STR INGS

|  . 2 1  5  , a -  5 7 < 3 .  450,"+69

( b )  B e c a u s e  o f  t h c  n a t u r e  o f  t h e  G - 2 0  c o m p u t e r ,  t h c  d i s t i n c t i o n  b e t \ t e e n

r , a l  a n d  i n L c g , r  r u m b L r i  i S  u n i r l p o r C d n L .  
- l ' h t  

p r u g r a m m e r  n r a y  w r i t e  a n  i n t ( g c r -

v a l u e d  c o n s t a n t  w i t h  o r  w i t h o u t  a  d e c i m a l  p o i n t  ( e . g . ,  " 3 4 " ,  " 3 4 . " ,  o r  " 3 4 . 0 " )

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

N L n b {  r s  a r u  r L l r ( s ( n t e d  i n  t h ,  U - l r r  i n  " l l o a r j n g  p o i n l . "  f o r m  w i t } r  a  m a x j -

m u m  o f  4 2  b i n a r y  d i g i t s  o f  m a n t i s s a ,  c o r r c s p o n d i n g  t o  a l ) p r o x i m a t e l y  1 2  d e c i m a l

d i g i t s  o f  p r c e i s i o n .  l f  m o r e  t h a n  1 2  d i g i t s  a r e  w r i t t e n ,  t h e  e x t r a  ( l e a s t

s i g n i t i c a n t )  d i g i t s  w i l i  b e  i g n o r e d .  ( T h e  t . t u m b e r  i s  r o r t n d e d  a t  t h e  l 4 t l r  o c t a l

d i g i t . )

A L . 2 . 3

( 2 , 1 ) [ 2 . 5 ]

zero  (wh ich  may be

v a l u e  N  m u s  t

a  d e c i m a l

6 e .

t r .6 l
( a )  A  s t r : i n g  c a n n o t  c o n t a i n  a  s t r i n g  s i n c e  A L G O L - 2 0  t r a s  n o  v a y  o f  d i s -

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

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

a n d  e c , i o n * , 1  r ^  l ^ o i .  1 / r r i a b l e s  l f  n o r e  t h a n  f o u r  l e L L c r s  a p p e a r  i n  s u t l r  a

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

, r n  c t  n r ,  d  r i o h r -  i ' r s l  i ' i c d .

IDENT IF IERS AND VARIABLES e . r 1 2 . 3 , 3 . r l

( a )  O n l y  u p p e r  c a s e  ( c a p i  t a l )  l e t t e L S  a r e  a v a i l a b L e  i n  A L G O I - 2 0 .

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

f , h e r c f o r e  r e s e r v e d ,  T t t e  p r o g r a m m e r  m a y  n e v e r  u s e  t h e s e  r e s e t v e d  A L G O I .  i d e n t . i -

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

i . g s .  T h e s e  r e s e r v e d  i d e n t i f i e r s  m u s t  b e  s e p a r a t e d  f r o t n  a d j a c e n t  i d e n t t f i . e r s
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b y  a t  l e a s t  o n e  b l a n k ,  F o r  e x a m p l c ,  i f  t h e  b l a n k  b e t w e e n  E h e  r e s e r v e d

i d e n t i f i c r  I I  a n d  t h e  j d e n t i f i € r L  ' r X "  w e r e  o m i t t e d  i I l  " l F  X  )  0 r t ,  t h e n  t h e

A L G O L  ! r a n s l a t o r  r v o u l d  i n t e r p r e t  " l F X "  a s  a  s l n g l e  v a r i a b l e  i d e n t i f i e r ;  a s

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

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

ABS
ARCTAN
ARRAY
B E G I N
BOOLEAN
COMMENT
c0s
DO
E L S E
END
ENT IER
EXP
FALSE
FOR
FORWARD
GO
GOTO

S o m e  o f  t h e s e  r e s e r v e d
' t  - , .

FORWARD and MONITOR

\ , / h e n  t h e y  a r e  a v a i l a b l c ,

A l l  o f  t h e  A L G 0 L - 6 0

t h e i r  n a m e s  a r e  r e s e r v e d

PRINT
PROCEDURE
PUNCH
READ
REAL
S ICN
S  I N
SQRT
STEP
STRING
SWITCII
THEN
TRUE
UNTIL
VALUE
W H I L E

n o  A L G O L - 6 0  e q u i v a l e n t i  i n  p a r t i c u -

GO TO
HALF
I F
INDEX
INPUT
INTEGER
LABOL
LIBRARY
I ,N
LOG IC
MAX
M I N
MOD
MON ITOR
NAME
OUTPUT
0i4'N

i d e n t  i  f i e r s  h a v e

H A L | ,  I N D E X ,  L O C T C  ( s !  t -  p a g c  2 . 5  b e l o w )

! l A X ,  M l N ,  M O D  ( s e e  p a g e  2 . 9  b e l o w )

NAME,  INPUT,  OUTPUT,  PRINT,  PUNCH,  READ
( s e e  C h a p t e r  3  -  I n p u L l r o u t p L r t )

L I B M R Y  (  s e e  0 h a p t e r  5 )

FORINARD

MONITOR

h a v c  n o t  y ,  t  b . c n  i n p l c m e n t c d .  b u t

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

i d . . n t  i  f i e r ! s :

w i  1 1  b e  d e s c r i b e d

ALGOL-20,  and

( 2  . 4 )

[ r . r . + ]
ABS

ARCTAN

c0s

ENT IER

EXP

LN"

S IGN

S  I N

SQRT

S e e  C h a p t e r  5  f o r  f u r t h e r  i n f o r : m a t i o n  o n  t h e s e  i u n c t i o n s .

" T O ' r  j e  r e s e r v e d  o n l y  r v h e n  i t  f o l l o w s  i m m e d i a t e l y  a f t c r  t h e  r e s g r v e d

ident i f ie r  GO.  In  any  o ther  cc ,n tex t '  t tTO"  may be  used as  an  ord inary
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i d e n t i f i e r :  b y  t h e  p , : o g r a r n u c r ,  S e e  p ; r g c '  2 . 1 0  o f  t h c s c  n o t c s .

1 n  a c l c l i t j o n  t o  t l i .  r f s c r v c c l  w o r c l s  l i s t e d  a b o v e ,  A L G O I , - 2 0  i n c  I L r d e s  a  s e t

o f  " p r i v i l e g e d "  i . l e n t i I i e r s  w ] r i c h  h e v L :  b u i l L - i i r  n r t ' a n l n g s  ! r i t l r o u t  b e i n g

d c c l a r e d ;  t h c y  a r c ,  i n  c i f e c t ,  d c e l a r c d  1 ) y  t h r  t r a n s l a t o r  i n  a  b l o c r l <  l r e  a . t

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

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

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

i r o u L c i  a l y  r t o n - s p c c i a l  i d e n t i f  i , - : r .  [ : L r r t ] r e r .  i f  a  u r i v i l c g e r l  i d e n t i f i c r  1 s

d e c l a r c d  i n  a n  i n n e r  b l o c k ,  i t  r e s n m c s  i t s  I r r i v i l e g e d  m r : a n i n g  a s  s l ) o n  a s  ( : l l e

€ n d  o f  t h e  i n L r e r  b L o c k  i s  p a s s e c l  .  f h c s c  i ( 1 c , n t i I i e r s  a r e  l i s t e d  a D d  t h e i r

r ' a n i r . r g s  a r e  c x p l a i n c d  i n  C h e p L r : r  6 d .  l d c i r t i f i e r s  m a y  b e  a r l r l e c l  L o  t l r i s  l i s t
' . v  t l r r  C o m p u t a t i o n  C e n t e r  a t  s o n r e  f u t u r e  t i m e .  S i n c e  t h e y  a r e  n o t  r e s e r v e d ,

a d c l r : i o n a 1  p r i v i l e E j e d  i d e n t i f i c r s  c i - . n n o t  a ( - c i d e n t a l  l y  i n t e r f e r e  w i t h  i d c n t i -

f  i e r s  ! , , r r ,  i t e n  i n t o  i t  c , r r r e n t  A L ( i O l -  i r  r , . q r  n n ,

( c )  S p - . ' e s  m a y  n o t  o r ) . . e  a r  w i t h i n  i r  r . r  i c i . ' n t i f i e r  i n  A [ , G O L - 2 0 ,  T h c  p r o -

g r a n m e r  m a y ,  h o r " . ' e r ,  f r c e l y  5 t , , - i n k L c  p < , r i o d s  . . )  w i t h i n  i d e n t i f i e r s  t o

s e p a r a t e  t l r e m  i n t o  r ' . - - d s  a n d  i n p r o v !  c l t e  r e a d a b i l r i : v  o f  t h e  I ) r o [ i r a n .  T h e s e

p e r i o d s  a r c  i g n o r c d  b y  L I .  A L G o L - 2 0  t r . , : r r I . t t o r :  L l t e r c f . ) f  e ,  L h e  f o l  L o w i n g  a r e

a L l  i n s t a n c e s  o f  t h e  s a n c  i d r . ! i f i e r : :

READACARD

R E A D .  A .  C A R D

R , E . A . D . A . C A R D ,

( d )  A L G O t - - 2 0  a l 1 o w s  b o t h  s i n r p l e  a n d  s u b s c r i p i . c d  v a r i a b l e s  c ,  ' v 1 ; t ,  h a l 1 ,

a n d  l o g i c ,  l s  \ , . r c l  I  a s  l ! l l ! ,  _ I l ! ! g g , ! ,  a n d  1 l , . r o l e a n ,  A l r , . , r ,  s i i l p L e  v a r i a L r . r s  r T , a v

b e  o f  L y p e  i n d e x .

R c a I  v a r i a b l c s  a f e  s f o r e d  i 1 1  t h e  ( . ; - 2 0  r . r i t l i  a  p r e . c i s i c r n  o f  4 2  b i n a r y '  d l g i  , ; .

r e q u i r i n g  t ! , r o  s u c c e s s i v (  n t . r n l o J - y  c c l l s  p c r  v a r i a b l e .  H a i l .  v a r i a b l t , s  a t r - { '  s t o r ( , . 1

! " ' i t h  a  p r c c i s l o n  o f  o n 1 _ r ,  2 l  b i n a r y  c l i g l t s  ( a b , . r r r t  6  s i g n i f  j c a n t  d c c  j m a l  c l  i g i l  r ; )

a n d  o c c u f v  o n l y  a  s i n B l r ' l o ( a t j o n ,  b r r t  o t f r e r r . , ' i  s . ,  a ( t  a s  r e a l  v a r j a b l e s .  I l t c i ' e  -

l : o r e .  t h c  p r o t r a m n i e r  r n a _ !  L r s c  l r a l  f  v a r j a l ) L ( '  s  t o  q a i n  n r c r r o r y  s p a ( c  a L  l - l l r l

c x p e n s e  o f  p r e c i s i o n .

L o g i c  v a r i a b L e s  a r e  r r n s i g n c c L  i 2  b i t  G - 2 0  l o g i c  w o r c l s ,  i . i l r i c i r  n r a 1 ,  t r c  r r s c r l

f o r  b i t  a n d  c l l a r a c t i , r  i n a n i p L r l . . t t  l : o n  p r ( ) ( . c r s s c r j .  l l t e y  m a y  b e  r r s e c i  i n  e i t l r e r

a r i t h m e t i c  o r  B o o l e a n  c  : i  p  r  ( ,  s  s  i  (  )  r 1 s  .  S i L r r l , l r  v a l i a l ) l e , s  o I  t y | c  i n d c x  w i  l l  b , ,

n s s i g n c d  t o  G - 2 ( )  i n d € x  r ( , ! , i s t . r s  I ' u t  a . f  ( , l l r L J ! r i s ( ,  a s  V . l r  j i t l r l r . s  l r l -  t  _ ; 1 , r '
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o b v i o u s  t o

I  angLrage

\ c.,

1 i e  r " r i ! l i i n

i n t ( 8 r  I  a r l d

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

t i rose  r \LGOI-  l ) rogra i rNr rc rs  ! . r l ro  a rc  a l  so  kno l " r ledgeab lc  in  G-20 mach ine

F o r  m o r e  i n l o r n l a t i o n  s c i :  C l t a l l t c r '  6 i : ,

T h c  v a L u e  o f  a  r r d l  o r  h a i l  v a r i a b l c  i i l u s t  c ' i t h c r  b c '  z e r o  o r  e l s e

thc  rangc  g iven bc lo \ . / i

|  ) 1  . t  <

; ; "  r . 2 7 5 . " - 5 7  =

i n d c x  v a r i  a b l i : s  r . ' i l  I  a l \ ' , r a y s

- 2 0 9 t 1 5 )

a b s  ( R )  =  3  . 4 5 0  
" + 6 9

a b s ( H )  = =  1 . 6 4 5 , 0 + 6 3

t a k e  o  L ' r  i n t e g e r  v a l u e s  i n  . l i e  r a n g c

r  <  2 t ) 9 7  1 5 2  ( -  l ? l )

l g g i c  v a r i a b l c s  a r e  a l r . J a y s  l ) o s i t i v e ,  L f  t r s e c l  a s  s L r i n g s ,  t l i c y  a r e  f o u r  o r

I e S S  ( ] h a r a c t e r S  i n  l e n g t h ,  a n d  i f  u s e d  a S  n u m r : I i c  q u a l l t i t i . : S  t h e y  a r c  r e s t I . i c t e d

E O

L <  4 t e \  s o l l g b  (  | 2 )

T h c  v a l  u c s  o I  B o o l c r . r n  v a r i a b L I s  r l l u s t  b e  e i t h e r  t r u e  o r  l a l s e .

T h e  G - 2 0  I e p l a c e s  b 1 '  z e r o  a n y  n o n - z e r o  a r i t h  r C t  j c  r e s u l t  i ^ r h i c l r  i s  s m a l l e r

t h a n  1 . 1 7 5 . - 5 1  i n  n a g n i t u . l e ;  t i t i s  s i t u a t j o n  i s  c a l l c ' c l  a n  u r L d e r f  1 o w .  A n  i n t e r -

m c d i a t e  a r i L h m e t i c  r e s r . r l t  i v l t i c l t  i s  g r c a L c r  t l r a n  3 , 4 i 0 , 0 a 6 9 .  t h e  l a r g e s t  n r m b e r

r e p r e r s e r l t a b L c  i n  t h c  G - 2 0 ,  i s  c a l  t c d  a n  o v c r f l o w .  A n  o v e r f L o r v  d u r i L i g  c x g c t r L l o r r

o f  t h c  c b j c c t  p r o g r a n  w 1 1 1  r : a u s e r  t h e  r u n - t i r n e  e r r o r  n c s s a g e  I ' l t U N  E R R O R - E X P 0 "  t o

b c  p r i n t e d ,  a n d  t e r m i n a t r :  e x c c l r t i o n  o f  t h e  P r o g r a  ( u n l e s s  e r r o r  r e c o v e r y  i 5  i n

u s e ) .  S e e  C h a p t c r  6 b  f , o r  f u r t l r c ' r  d c t a i l s  o D  r L i r l - t i m e  e r r c ' | r s .

A n  c x p o i r ( - l r t  o v i : r f  l o r t  c a n n o t  o c c t L r  t l u r i r l g  t r a n s l . r t i o n  o f  t l l e l  A I , C O l '  s o L L r c t :

D f o g r . . a n i  v i o L a t i o n  o i  L h (  r c s t r j . L i ( i n s  I l l  , \ L d ( i L - 2 0  r l r r t t t b e r s  g i v c n  a b o v c  r ' i i  L I

c a u s c  a  n o r m a l  s y r ) t a c t  i c  c : r r o r  n e s s a g i '  r ' ' l t i c l t  r . r i l  I  n o L ,  l t o r l e v e r r  l e r n r i r l a t e

t f a n s l a t i o ' J ,
' I h e  

r . t u r n b e ' r  1 , 4 5 0 , , + 6 9  i s  f  L i c  r r p p e : r  L i  i t  f o r  t l i e  r c s u l L  o i  e a c h  i n d i v i d u a l

a r i t h r n c L i c  o p e l - a t r o n  i n  t h c  c , v : r L u a t i o n  o f  a n y  a I  l L l l r l 1 ( l t i (  e x p r c s s i o n ,  1 ' c l l a r c i l . s s

o f  t l r c  t - v p c s  L r f  l h c  v a r i : r b l .  s  j o  t h c  e x l ) r c s s i o l l  .  l l o ' , ' r e  ! c r - ,  i f  t l i e  r e  s L r l t  c ' f

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

1 . 6 4 5  + 6 3  v i l  1  r c s u l t  i n  a n  c r l ) o L l c t l t  o v t l - [ ] o l J  f i l c s s a g c  a s  e x P ] a i n c ' l  a b o v e '  A

v a l u e  a s s i g n c d  t o  a n  _ ! ! ! g E S l  , , , a r i a b l e ,  o n  t h c  o t h c r  h a n d ,  v r i l l  b e  t r u n c a t t : c l
2 1

m c . d r r i o  2 "  .  2 A 9 i  I 5 2 :  i " i h i  l c  a  v a l u c  a s : i i g n e d  t o  a  l o g i c  v a r i a b l e  i " r i i 1  b c  t r u t t -
' \ )

c a t c c l  m o d u l o  2 "  ( a n d  g i v c n  a  p o s i t i v e  s i g n ) ;  i n  e i t l i c r  c a s e ,  n o  o v e r f  l o r ' /

n e  s  s a g e  w j .  l 1  o c c u r .
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AR ITH} IET IC EXPRESS IONS

( a )  I n  A I - G 0 1 . - 2 0 .  t l r e .  a s t e r i s k  ( " ' ! " )

c a t i o n  s i g n  ( " , a " )  o t  A L C I I L - 6 0 .

( b )  A t - C O L - 2 0  a r r t l ! [ r e t i c  r x p r c s s i o n s

t o r  " ; "  d e r f  i n e d  n r a t h e m a t j c a l 1 y  b y

( 2 . 3 )  [ 3 t
i s  L r s e d  i n  p L a c e

n a y  c o n t a i n  t h e

o f  L h e  n u l t i p l i -

t  l :unc  a t  ! ( ]n  oP€t r  a -

I X s i g n  ( X )  ' !  e r t i e r  ( a b s ( X ) )

T h a t  i s ,  i X  i s  s i m p l y  t l r e  i r ) t e g e r  i ) a r t  o f  X  i f  X  =

p a r t  ( - X ) )  f o r  X  <  0 .  T h u s ,  i  ( I . 7 )  .  1 ,  I  ( - 1 . 7 )  . .  - 1 '

f o r m e d  m o d u l o  2 ] 2  =  4 ? g + g 6 t 2 9 6 ;  t o r  e x a m p l e ,  1 4 2 9 4 9 6 7  2 9 8

T l l e  t r u n c a t i o n  o p e r a t o r  i "  : U 3 ! I ,  h a v l n g  c x a c t l y  o n e  o P e r a n d  t t h i c h  j s

t i l e  c o m p l e L e  e x i ) r e s s i o n  i r n n e d i a t e L y  t o  t h e  r i g h t  L r l  L h e  " i  s y l n b o 1 ,

p r e c e d e n c e  o f  " . "  i s  v e r y  h i g h ,  s o  t h a t  " l "  w i 1 1  b e  e x c c u t e d

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

f e r e n c e  o r : d e r ) .  F o r  e x a m } , I . ,  " l X  Y "  r r t  a n s  ( , X ) , ' Y  a n c l  " X 1  i Y "

( T r u n c a t i o n  i s  d o n e  b y  a n  a d d - l o g i c a l  i n  n o d e  z c r o  o f  z e l o , )

( c )  T h e  t r u n c a t l o n  o p e r : a t o r ,  " . 1  " ,  c a n  b e  r r s e d  l o  g e t  t h e  e f f e c t  o f  t h e

i n t e g e r  d i v i d e  o p e r a t i o n ,  " - " ,  r v h i c h  i s  n o t  a v a i l a b l e  i n  A L G O L - 2 0 .  I f  I  a n d

J  a r . e  i n t e g e r  v a r i a b l e s ,  t h e n

I  :  J  -  i  ( I / J )

N o t i c e  t h a t  t h e  t ' i t '  o p e r a t o r  c a n  o p e r a t e  o n  a n y  i n t e g e r  o r  r e a l  e x p r e s s i o n , .

a n d  i s  t h e r e f o r e  m o r e  g e n e r a l  t h a n  " : ' r ,

( d )  l , , l h e n  a  v a r i a b l e  o f  t y p e  ! 3 1 f  a p p e a r s  i n  a n  a r i t h m e t i c  e x p r e s s i o n ,

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

" a r i a b l e  h a d  b e e n  o f  t y p e  r e a l  .  I n  f a c t ,  J g l ]  p f g q f g f g !  ( 4 2  b i t )  f L S g l i . l g

-P-91! !  a l l ! l l g19 ! lg  f !  e ]gCI !  le l lg rmgq on a l l  var iab les  o ther .  than Boo leran  and

l o g i c  i n  , r e  G - 2 0 .

( e )  T h e  " + r r  a n d  " - "  c a n  b e  r r s e d  e i t h e r  a s  b i n a r y  o p e r a t o r s  o r  e l s e  a s

u n a r : y  o p € ' r a t o r s ,  , e n  r r + "  a n d  " - ' ,  a r e t  u s e d  a s  u n a r l l  o p e r a t o r s  \ , ' i t h  " T "  i n

t h e  c o m b i n a t i o n  " t + "  "  " f - ' r ,  p a r e . n t t r c s e s  a r o u n d  t h e  e x p o n e n t  r n a y  b e  o m i t t e d .

0 ,  a n d  l s  -  ( i n t e g L ' r

T r L r n c a t i o n  i s  p e r -

2 .

b e f o r e

t o  f o r c e

I  11C

" 1 "  o r

a  d i  f  -

n e a n s  X t  ( l Y )
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T h e  f o l L o r v i n g  t a b l e  s h o \ n s  s o  r e  e x a m P l e s  o f  t h i s  n r l e :

. r1 .^  ^ r . . \T  -?n  r ' - - r ^ . .  j ^ns  
___ I  Ieans :  (bo th  in ,ALGOL-20 a ld  A I ,GOL-  60L

- - l l - . l I - j lg : : : : : j - -  ' ' - " l l -  

,  w^ 1,  v\1 ( + Y )xr (+YXI +Y

X 1  - Y

X f  i - Y

( f )  T h e  p r e c e d e n c e  o f

x l  ( -Y)

x l  ( r  ( - Y ) )

in  ALGOL-20 iso p L r I a t o r s  a n d  r e l a L i o n S

( d o n e  f  i r s t )t

@d

T

- + ( u s e d  a s  u n a r y  o p e r a t o r s )

( u s e d

-  >  1 <

A S b i n a r y  o p e r a t o r s )

( d o n e  l a s t )

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

t h e n  m o d ,  t h e n  1 ,  a n d  s o  o n .  T b e  u n a r y  o P e r a t o r s  +  a n d  -  a r e

U n a r y  +  i s  i g n o r e d .  U n a r )  -  i s  l e r l o r r n e d  o |  L h c  e x ; r t e s s i c n  o n

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

L S

q m o d  -  a ' t  b m o d c ' v d

q  m o d ( ( - ( a  1  ( b  m o d  c ) ) )  ' r - , 1 ;

per  fp rmed r

s p e c i a l  c a s e s ,

i t s  r i g h t  w h o s e

BOOLEAN EXPRESS IONS ( 3 . 6 ) [ 3 . 4 ]

( a )  T h e  B o o l e a n  o p e r : a t o r  " r "  ( " I m p 1 i e s " )  i s  n o t  a v a i l a b l e  l n  A L 0 0 L - 2 0

H o w e v e r ,  f o r  a n y  B o o l e a n  e x p r e s s i o n s  B ,  a n d  B '  t h e  A L G O L - 6 0  e x p r e s s i o n

B l  -  8 2  m a y  b e  r e p l a c e d  b y  e i t h c r  o f  t h e  e q u i v a l e n t  f o r m s :

- t s l  , ,  8 2

-  ( B i  ^  -  8 2 )

( b )  A L G O L - 2 0  s u b s t i t u r e s  t h e  e q u a l i t y  s y m b o l  " = "  f o r  t h e  B o o l e q n

e o u l v a l e n c e  c r o e r a t o r  " = " ,  N o t c  t h a t  t h e  A L G O L  6 C  r e p o r t  g i v e s  =  v e r y



t l  ?  q

t o ' n r  P r c c e 0 c n c ( , .

t h u s  g i v e s  t h e . r r

A  ^ .  ( B  .  c )  . ,  D ,

i n t e [ d e d .

At ,GOL-2 t i  . : rL . r l1 ( ] t  d is t

L h c  s a m e  p r ( ] c c d e n c e .

anc l  paren thes€rs  in1 ls  I

i  ngu ish bet ! " reeIr

T h u s  A ^ 8 =

b c  u s e d  i f  a n y

-  and -  and

C  -  D  i s  t a k e n  a s

o t h e r  m e a n i n g  i s

t h c  l a r g e s t  a l g e b r a i . c  v a L u e  o f  t h e  N

e x p r e s s i o r s ;

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

e x p r e s s i o n 6 ;

E t  ! , 1 . ,  ! .  E i  E 2 ' ?  t  ( E 1 / [ 2 )

M A X  a n d  M I N  n a y  h a r , .  a n v  u u m b c r  o f  e x p r e s s i o n s  a s  a r g u m e n t s .

N o t e  t h a t  M O D  i s  w r i t t e n  a F  a n . , . r a t o r  b e t l t e e n  i t s  t w o  a r g u n e n t s .  T h e  a b o v e

d c f i n i t i o n  f o r  M O D  h o l c l s  f o r  a 1  1 v a r . ' ' s  o f  N ,  a n c t  E '  b u t  i n  t h c  c a s c  l t h e r e

b o L l r  a r g u r n e n L s  a r e  p o s i t i v e  i n t e g e r - v a l u !  I  c : x P r c s s i o n s ,  t h e n  l i t  i 1 0 D  I l ,  1 s

L h e  r e m a i n d e r  f o r  E ,  d i v i d e d  b y  E ,  ( a n d  i ( E L ' " . )  i s  t t l e  i n t e g € r r  q u o t i e n l ) ,

A l t h o u g h  E 1  a n . l  E 2  e a c h  a p p e a r  L \ t i c e  i n  t h e  d e f r ' j t i o n ,  t h e y  a r c  a c t u a l l y

e v a l  L r a t e d  o n l y  o n c e .

( ? . t ) 1 4 . 2 )

STANDARD FUNCT IONS

A L C O L - 2 0  l ' r a s  L h r e e  b u i l t - i n  o P e r a l o r s ,  M A X ,

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

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

Y A X  ( E l , 8 2 ,  . . .  E N )  -

M I N  ( r ,  E 2 '  , . ,  r N )

e . $ b . 2 . 4 )

I1 IN and MOD,  wh ich  are

a s  l o l l o v s ,  \ , r h e r e  E t ,  E 2 , . E

a r )  j  n L e g e r  w i  t h q q !

ASSIGNMENT STATEMENTS

( a )  [ n  a d d j - t i o n  L o  t h c r r :  r r  o p e r a l o r  o f  L i r c  r e f e r e n c e  l a n g u a g c ,

A L G O L - 2 0  a l  l o r . r s  t l r r . :  L e f  t  a r r o w  ( r ' <  ! r )  a s  a n  a s s i g r l m e n t  o p e r a t c r r .  f  i r c  l e l r

a r r o r , ;  l r a s  t h e  s a m e  n e a n i n g  a s  " :  " ,  ( : x c e P t  w h e r n  a  n o n _ i n t e g e r  c x p f e s s i o n

i s  a s s i g n e : r 1  t o  a n  i i l t e g e r  v a r i - a b I e r .  T h e  a s s i g u r n e r t t  s t a t e m c n L

< i  n t  e g B  r  v a r i a b l  e ) .  < n o n -  i n t  e g e r  e x p r e r s s i o n >

r e s u L t  i n  L r u n c . l t i n g  t l r e  v a l l r c :  o f  t h e  e \ P r e s s i o n  t o

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

i n  c o n f  o r n r i t - " -  i " ' i t h  t h c  r e f  e r e : n c e  l a n g t r a g e ;  l t r - r w e v e  r ,  t l t e  t ' r  I '  o p e r a t o r  p r o -

d u c e s  r . r o t e  e f f i c i e n t  r ) b j c c t  c o ( l c .

( b )  I n  a  n i u l t i p l c  a s s j g n n r e n t  s t a t c F r e n t . ,  t h e  " l e f t  p a r t "  v a r i a b L e s

n e e c l  n o t  a l 1  b e  o f  t h e  s a r n e  t y 1 , c . .  F o r  e x a n p J e ,  t h e  s e q u e n c e
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RI,JAL X ;

I  r  X i

I N T E G I r R  I ,  J  ;

J  : -  3 . 7 i l - X :

ALGOL- 2O

ALG0L-20 must  rnake the

1 s  a l l o w e d  1 n  A L G O L - 2 0 .  T h c  r L r l e  g i v e n  i n  ( a )  a b o v e  d e t e r m i n e s  l o r  e a c h

i n t e g c r  L c f t  p a r t  v a r i a b L e  w h ! ' t h t r  o r  n i r L  r o u n d i n g  r . t i l  L  o c c u r ,

LABBLS AND GO TO STATEI1ENTS ( 3 . 2 )  [ 4 . 3 ]

( a )  O n I y  i d e n t i f i c r s  r n a y  b e  r r s e d  a s  l a b e l s  i n  A L G O L - 2 0 ;  i n t c g e r

I  a b n  I  s  a r e  n o l .  p F  r ' r n i  l  t  c J  .

( b )  I n  A L G O L - 2 0 ,  G O T O  a n d  G O  a r e  b o t h  r e s e r v e d  i d c n t i . f i e r s ,  a n d  T O

i s  i g n o ,  c . l  i , r l r . n  i t  f o l l o ! ^ i s  a l t c r  L 0 .  l l . n . ,

CO TO Labe I
GOTO Labe 1
GO Labe l

a r e  a 1  1  e q u l v a l e n t  a n d  p e r m i s s i b l e .

CONDITIONAL STATEMENTS ( 3 . 3 ) t 4 . 5 1

( a )  B e c a u s e  o f  c h a r a c t c r  s e t  r e s t r l c t i o n s ,

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

__ALGOL- 60 __
- <

t h e n  { u n c o n d i t i o n a l  s t a t e n e n t >

I n  a d d i t i o n ,  b o r h  " r "  a n d  ' ! . "  a r e  a l  l o w e d  i n  A L G O L - 2 0 .

( b )  T h e r e  a r e  s o m e  c o r n p L e x  s y n t a c t i c  c o n s t r u c l i o n  w h i c h  w e r e  a L l o \ t e d

b y  t h e  o r i g i n a l  A L G O L - 6 0  r e p o r t  b u t  w e r e  s u b s e q u e n l l y  f o u n d  t o  b c  a m b i g u o u s

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

l i l ' h i n  r h ,  s ,  o , e  . , 1  a n  i L  c  l a . r s '  ,.  . ' '  . : -

( 1 )  C o n s i d c r  t l r e  f o l l o w i n g  c o n s t r u c t i o n i

lI . !be!
fol . !9

!sH]!
i f  .  .

end  i

g lgg  <s ta l  ement>



1 f  t h e  ' ' b e g i n  ,  S ! 9 "

a m b  i g u o u s  s i n c c  t l r e  P l l r a s u

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

r c v i s i c ' r t  c f  A i . G O l - - 6 0 ,  a 1  L o r , , s

c o n s i d e l s  " e I s e  <  s t  a L  c . n e n t r ' "

t h e  c o n l l l r u c t i o n  i s  L r t r a t c d

p r r . s e n t .

( 2 )  T h c  f o I  I o u i n g  c o n s t l u c t i o n :

-11 " !!9s
I g t  "  9 9  ' r r n c o n d i t i o n a l  s t a t e n l e n t >

S ] : g  < s L a L e m c n t - '

1 s  n o t  a c t t l a l l y  a m b i g u o u s ,  l l o r v e v e r ,  t h e  r e v i s i - o n  o f  A L G O L - 6 0  s y n t a x  w h i c h

t o o k  c a r e  o f  c a s c  ( l )  a l s o  h a d  t h c  u n d e s i r a b l e  e f f e c t  o f  o u t l a w l n € i  c o n -

s t r u c t i o n  ( 2 )  w h i c h  i s  p e r f e c t  i y  r e s P e c t a b l e .  T h e r e f o t e ,  A I " G O L -  2 0  w i l l

a l 1 o w  ( 2 )  b r , r t  w i l l  p r i n t  a  " N o t e  7 "  ( s e e  C h a p t e r  6 b )  t o  p o i n t  o u t  t h a t  i t

1 s  i n c o n s i - s L e n L  \ " ' i t h  r e v i s e d  A L G O L - 6 0  s y n t a x .

CONDITIONAL EXPRESSIONS ( 3 , 5 )

( a )  A L G O L - 2 0  a l 1 o w s  c e r t a i n  c o n s t r u c t i o n s  w i t h  c o n d i t i o n a l  e x p r e s -

s i o n s  w l r i c h  a r e  u n a m b i g u o u s  b u t  i l l e g a l  i n  r e v i s e d  A L G O L - 6 0 .  T h e  A L G O L - ? 0

t r a n s l a t o i  r v i l l  f l a g  a n y  o f  t h e s e  c o n s t r u c t i o n s  w i - t h  a  " N o t e  4 "  m e s s a g e

( s e e  C h a p t e r  6 b )  t o  c a l l  t h c  l r o g r a m m e r ' s  a E t e n t i o n  t o  E h e  v i o l a t i o n  o f

ALGOL syntax .

A L . 2 , 1 r

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

" e l s e  i s t a t e n r e n t > "  c o L r l d  b e l o n g  t o  e i t h e r  t h e

,  A L G O L - 2 1 1 ,  i n  a g r e e m e n t  w i t h  L h e  1 9 6 2

t h e  " b e g i n  . .  S ! 9 "  P a i r  t o  b e  o m i t t e d ,  a n d

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

a s  i  f  t h e  " ! S S : l  .  .  .  - g 4 "  p a i r  w e r e  a c t u a l  l y

o p e r a t o J  m a y  b e  a

t h e  s e c o n d  s e t  o f

I n  A L G O I , - 2 0  t h e  r i € i h t - h a n d  o p e r a n d  o f  a  b i n a r y

c o n d i t i o n a l  e x p r e s s i o n  w i t h o u t  p a r e n t h e s e s ;  e . 9 . ,

p a r e n t h e s e s  m a y  b e  o m i t t e d  i n :

( i f  X > 0  t h e n  X  e L s e  Y ) 1 ( i f  Y  >  o t h e n e l s e x)

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

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

o p e r a t o r  r ' + " ,  n o u l c l  c h a n g e  t h e  n r e a n i n g  t o  t h e  f o L l o \ t i n g :

i f  X - 0  t h e n e l  se r ( Y + i f  Y > 0  t h e n

S i m i l a r l y ,  t h e  f o l l o r , v i n g  c o n s t r u c t j  o n  i s  l e g a l in  ALGOL-  20  :

v + zX  r ,  i t  A  B  t h c n  I  e i s c

e l s e  X )
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b u t  w i l L  c a u s e  a  " N s l q

X  . ; .  ( j f

( i f

i f

A )  B

I t  L ' i L l  b e

t h e n

i n  t  e r p  r e t  e d  a s ;

e l s e  ( Y  +  Z ) )

A L G O I , - 2 0  a l l o l t s  t h e  a n a l o g o u s  c o n s t r i r c t i o n s  v i t t r  b i n a r y  B o o l e a n

o p e r a t o r s  a n d  c o n d i t i o n a l  D o o l e a n  c x L , r c s s i o r ' l s ,  a n d  ! ' / i t h  r . l C ! ! g ! 3 f

o p e r a t o r s  a n d  c o n d i t i o r l a l  a r l t h r n e t i c  e x p r e s s i o n s ,  A n  c : a m P L e  o f  t h e

l a s r  i s  t l ) ^  B u o l e a r  ( \ l ' r '  \ s i . , 1

T h e  e x p r e r s s i o n  \ i i t h  t h e  f i r s !  s e t  o f  P a r e n t h . ' s e s  o m i t t c d  w o u l d  b e  i n t e r -

p r e  t e d  a s

B o O L  t h e n X  e l s e ( Y  <  ( i l  B 0 0 L  t h e n z ) )

B O O L  t h e n  X  e l s e  Y ) i f B O O L  I h e n C:  i  SC

i  s  t r e r m i t t e c l  i n  A L , G O l , - 2 1 - l :

W I I T I - E  B  D O  S ;

B  i s  a  B o o l e a n  e x p r e s s i c n ,  a n d

FOR STATEMENTS ( 4 . 1 ) [ 4 . 6 ]

( a )  A  l e f t  a r r o i v  m a y  b e  u s e d  i n s t e a d  o f  " : - - ' '  i n  a n  A L G O L - 2 0  f o r

c l a u s e ;  " e "  w i l l  t r u n c a t e  a n d  " : " "  r u ' i l 1  r o u n d  e a c h  i m p l i c i t  a s s l g n r n e n t  t o

a  fo r  var iab le  o f  type  f$g€gI  .

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

m a 1  c x i t  f r o m  a n  A L G O L - 2 0  f o r  s t a t e n l e n t .  T h e  v a l u c  o f  t h e  f o r  v a r i a b l e

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

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

( s c e  s e c t i o n  4 . 1  o f  M c C r a c k e n  o r  s e c t i o n  4 . 6 , 4  o f  t h e  r e p o r t )  r ' l e r e  s u b -

s t i tu ted  fo r  !he  fo r  s ta tement .  Thr . ts ,  uPon ex i t  f  ro rn  a | i  u !U] -  o r  y ! l - i . lq

f o r n  o f  f o r  I i s t  e l e r r c n t ,  t l r e  f o r  v a r i a b l e  h a s  t h e  i i r s t  v a l u e  f o r  \ " r h i " l 1

t h e  f i n a l  t e s t  f a i l e d ,  F o r  e x a n P l e :

F O R  7 .  l  S T E P  1  U N T I L  I O  D O  S '

L c a v e s  I .  1 I  r u ' h e n  t h e  t o r  l i s t  i s  e x h a u s t e d  a n d  c o n t r o l  r ' d s s c s  t o  t h e

n e x t  s t a t e m e n t .

( c )  A  f o u r t h  f o r n  o f  f o r  l i s t  c l e m e n t

F o R  V  . -  E l  S T E P  ' z

w h e r e  E ,  a n d  E ,  a r e  a r i t h n e t i c  e x p r e s s i r n s '
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S  i s  a n y  s t a t c m e n t .  T l i i s  i s  e q u i v a l e n t

V  e  E I  ;

LOOPI  IF  B  THEN

BEC IN

S ;

t o  t h e  s i m p l e  p r o g r a m :

N o t i c e  L h a L  i f

t h -  n , . 1 , ,  c  t - , ^

. l - - , r  , r n t i  1
:::E ' ' ::_':::

o x n r e c  s  i  o n  F '

I ^ m i  i i i  n o  f h F

a n d  t i m e ,

ARRAYS

FOR

m a y  n o t  w o r k  c o r r e c t  L y

h a  a v : .  t  l \ ?  r a n r ^ c - n r 6 / l

a l t e r n a t i v e  w i l l  r v o r k :

FOR

v ,  v + E 2 ;

END ;

GO TO LOOP

t h e  B o o l e a n  e x p r e s s i o n  B  i s :  ( V  -  E 3 )  ' r  ( E 2 )

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

f o r m .  l l o w e v e r ,  w h e n  ( a s  i s  t i s u a l . )  t h e  s i g n  o f

i s  k n o r v n  t o  t h e  p r o g r a m m e r ,  t h e  ! ! C l  . . .  t l i l s

m u l t i p l i c a t i o n  b y  E r )  w i  ! 1  b e  m o r e  e f f i c i e n t  i n

=

t o

0 t l ten

E n e

t h e  s t e p

f o r m

( 5  . 2 ,  5 . 3 )  [ 5  . 2  ,  3  .  1 . 4 ]

(a )  ALGOL-20 ar rays  may be  o f  type  : " !gggr ,  .Sg ] , B o o  L  e a n , h a l  f  ,  o r

] g g f f .  T n d e x  a r r a y s  a r e  n o l  p e r - r i t t ( ! l  .

( b )  A  n o n - l n t e g e r  v a l u e  o f  a  s u b s c r i p t  e x p r e s s i o n  i n  A L G O L - 2 0  i s

r o t  r o u n d e , l .  o n l y  t r u n c a t e d .  T h i s  m a y  l e a d  t o  h a r d - t o - d e C e c t  e r r o r s .  F o r

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

3 . 9 9 9 9 , . .  l n s t e a d  o f  1 +  b e c a u s e  o f  r o u n d - o f f  e r r o r ;  t h i s  v a l u e  v i 1 1  b e  t r u n -

c a t e d  t o  3 ,  r e f e r r i n g  t o  t h e  r . ' r o n g  e l e r n e n t  o f  t h e  a r r a y .  
' I ' h u s ,  t h e  p L a u s -

i b l e  p r  o  g r  a m :

S T E P  0  , 2  U N T I L  I .  O

x ]  < - - x ;

DOx < - 0

e  [ r ' :

1

A

b e c a u s e  o f  t h e  r o u n d - o f f

i n  a  l i n a r y  c o r r p u l  e r  l i k -

e r r o r  i n  0 . 2  w h i c h  c a n n o t

t h e  G - 2 0 .  T h e  f o l l o w i n g

DO

T . t
L 1 l

STEP

r t 5  ;

UNT IL

( c )  T h e

upon the  lo lver

the  d  imen s  ion  s

or  upper

,  o r  upon

e x e c u t i  o n  o f

b o u n d s  o f  a n

t h e  t y p e s  o f

a n  A L G O L - 2 0  p r o g r a n  d o e s  n o t  d e p e n d

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

v a r  i  a b  1 e ' s  a p p q a r i n g  i n  s u b s c r i p t
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6 v n r 6 c c i ^ n c  I  ^ , . , a v n r  r l  -

d o e s  d e p e n d  u p o n  t h e  o r d e r

i s  r n n  r i r c . l  i f  l l o  l o n o . r

OWN VARIABLES

n u m b c r  o f  m e m o r y  c e l l s  r . q ' r i r e , l  b y  a 1  a r r a y

n f  t l e  / i r e r q i n r q '  t  l - ,  l c a s L  n u m b e r  o f  c e l l s

d  i m e n s  i o n  i s  I  i s L e d  I r s L .

( 6 " b )  [ 5 . r ) ]

own ar rays  rnay  be  Lrsed in  ALG0L-20,  bu t  t l rey  mLrs t  have f i xed  sub-

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

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

O w n  s i m p l e  v a r i a b l e s  r n d  o t , n  a r r r y s  o r e  i n i t i a L i z e d  t o  z e r o  ( o r

f a l s e ,  i n  t h e  c a s e  o f  B o o ! C ! ! l  q u a n t i t i e s  o r  I  I  i n  t l r e  c a s e  o f  ] g g $

q u r n t i t i . s )  b e  ! o r L  c x F c u t i o n  b e g i n s .

PROCEDURES

e . q 1 4 . t )
i n  a  b l o c k  i s  a s  a n  a c t u a l

p a r a m e t e r  i n  a  p r o c e d u r e  c a l I ,  L h e n  L h e  A L C O L - 2 0  p r o c e s s o r  n u s L  b e  f o r e -

w a r n e d  t h a t  t h i s  i d e n t i f i e r  i s  a  L a b e I .  T h i s  r e q u i r e s  t h a t  t h e  1 a b e 1

i d e n t i f i e r  a p p e a r  i n  a  L a b e L  d e c l a r a t i o n  i n  t h e  b l o c k  h e a d .  F o r  e x a m p L e :

BEGIN

INTEGER I ,  J ;  LABEL L;

PROC (X, L) ;

L :  I <  I + 1 ;

E N D ;

( a )  P a r a m e t e r s

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

/ h l  S ^ a n i  f i n e r i n n c

A 1 L  f o r m a l  p a r a m e t e r s  i n  a n  A I - G O L - 2 0  p r o c e d u r e

' -  - -  n  I  t h r -  n r o c e d r r r e  h e . r d  i n qr t r  L ' r r  J P r L r r  P d r  L  .  -  - . . -

( n )  R p c , , r c  i  v p  P r n c p d u r e s

T h i s  i s  t n e  o n l y  c i r c u m s t d n c e  i n  w l r i c l r  a  l a b e l  d e c l a r a L j o n  i s  r c q u i r e d  i n

A L G O L - 2 0 .

( 7 . s )  [ s
d e c l a r a t i o n  r n u s  t

\ 1  . 7 )

, . 1
. + . ) )

R e c u r s i v e  p r o c e d u r e s  a r e  n o t  n o w  a v a i l a b l e  i n  A L G O L - 2 O .

( d )  A r r a y s ,  s l i i t c h e s ,  a n d  l a b e 1 s  c a n n o t  b e  c a L l e d  b y  v a l u e
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CHAPTER 3

lnput /Outpu t  S ta tements

3 a .  l n t  r o d u c  t  i o n

The o f f i c ia l  ALGOL-60 language does  no t  incLude input /ou tpu t

s t a t e m e n t s .  T h u s ,  A L G O L - 6 0  c a n  b e  u s e d  t o  d e s c r i b e  c o m P u t a t i o n a L

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

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

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

t a p e  o r  d i s c .  E a c h  A L G O L  t r a n s l a E o r ,  t h e r e f o r e ,  m u s t  c o n t a i n  i t s  o w n

scheme fo r  p rograntn ing  input  and ou tpu t  opera t ions .

ALGOL-20 incLudes an  input /ou tpu t  ( t r l /o t ' )  sys tem der ived  f rom
l

t h e  s y s t e m  u s e d  p r e v i o u s L y  i n  t h e  G A T E  L a n g u a g e  a t  C a r n e g i e  T e c h ' -

The fo l low ing  pages conta in  bo th  an  in t roduc tory  expLanat ion  and a

c o m p L e t e  t e c h n i c a l  d e s c r i p t i o n  o f  A L G O L - 2 0  s t a t e m e n t s  f o r  r e a d i n g  d a t a

cards  and fo r  p r in t ing  and punch ing  ans \ te rs .

chapter  3b  is  a  p r imer  on  ALGOL-2O t /O wf r  i c i r  takes  a  par t i cuLar

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

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

s i m p l e  e x t e n s i o n s  o f  t h e  c o n c e p t s  u s e d  i n  p r i n t i n g .  C h a p t e r  3 c  i s  a

pr imer  on  READ which  inc ludes  a  comple teLy  worked-out  exanp le .  Chapter  3d

conta ins  a  compLete  sumrary  o f  a l l  inpu t /ou tpu t  ins t ruc t ions .

A L G O L - 2 O  a L s o  c o n t a i n s  p r o v i s i o n  f o r  r e a d i n g  a n d  u p d a t i n g  f i L e s  o f

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

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

a d d i t i o n a l  c o r n p L e x i t y .  f t  i s  d e s , r r i b e d  s e p a r a t e l y  i n  C h a p t e r  6 9 .

t  T h e  G A T E  i n p u t / o u t p u t  s y s t e m  i s  d e s c r i b e d  i n  t h e  m a n u a l :  " 2 0 - G A T E :

A l g e b r ' . i c  C o m p i l e r  I o r  t l r e  B . n d i : '  G - 2 0 " ,  C r r n e g i -  T e c h  C o m p u t a L i o n  C e n L c r ,

S e p t e m b e r  1 9 6 2 .  T h e  g e n e r a L  p r i n c i p l e s  o f  t h e  A L G O L - 2 0  i n p u t / o u t p u t

s y s t e m  w e r e  t h e  s u b j e c t  o f  a  p a p e r  p r e s e n t e d  b y  A .  J .  P e r L i s  a t  t h e  W o r k -

i n g  C o n f e r e n c e  o n  M e c h a n i c a L  L ; r n g u a g e  S t r u c t u r . e s ,  A u g u s t ,  1 9 6 3 ,  p u b l i s h e d

i n  C o n m .  A . ! . " I . ,  7  ( F e b .  1 9 6 4 )  p .  8 9 .
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T o

o f

CHAPTER 3b

Pr imer  on  ALGOL-20 InPut /OutPut

Cons ider  the  task  o f  p rogranming a  computer

cont ro l  p r in t ing ,  such a  program rnus t  sPec i fy

in fo rmat  ion  :

t o  p r i n t  a n s w e r s .

Ewo d is t inc t  k inds

the  fo l low ing  fo rm:  The reserved

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

l i s E  i s  a  L i s t  o f  v a l u e s  t o  b e

of  a r i thmet ic  exPress ions  (  s  epara ted

( r )
t2)

W h i c h  v a L u e s  a r e  t o  b e  P r i n t e d ,  a n d

The fo rmat  in  wh ich  the  vaLues are  to  appear  on  the  Page '

To supp ly  these two k inds  o f  in fo rmat ion ,  ALG0L-20 conEa ins  t l ' ro  EyPes

of  s ta tements :  MME sEatements ,  vh ich  se lec t  the  va lues  to  be  Pr in led ,

and PRINT s ta tements '  wh ich  spec i fy  lhe  pr in ted  fo rmat  fo r  Ehese

va lues .  r rMMErr  and t 'PRINTt '  a re  reserved ident i f ie rs  in  ALGoL-20 '  In

genera l ,  each I \ IAME s ta tement  i s  Pa i red  L t i th  a  PRINT s taEement  and Ehe

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

the  NAME sEatemenr  must  be  matched w i th  a  fo rmat  spec i f i ca t ion  f rom the

PRINT s tatement .

The remainder  o f  Chapter  3b  is  d iv ided in to  sec t ions ,  as  fo l lows:

A.  The MME Sta tement :  In t roduc t ion

B.  The Format  Program:  In t roduc t ion

C .  T h e  P r i n t  B u f  f e r

D.  An Exarnp le  o f  Pr in t  Format

E .  R e p L i c a t o r s  :  I n t r o d u c t i o n

The MME Sta tement :  In t  roduc  t  ion

A NAME s ta tement  in  ALG0L-20 has

i d e n t i f i e r  N A i u l E  f o l l o w e d  b y  a  p a i r  o f

F o r  p r i n t i n g  ( o r  p u n c h i n g ) ,  t h e  n a m e

outpuL and there fore  is  s imp ly  a  l i s t

by conrqas) :

l l A I ' E  (  <  A r i t h  E x p r  ) , . . . ,  (  A r i t h  E x p r  ) )
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When a  va lue  is  needed by  a  PRINT s ta tement '  the  va lue  o f  the  nex t

e x p r e s s i o n  i n  t h e  M M E  l i s t  i s  c o m p u t e d  a n d  s u p p L i e d  t o  t h e  a p p r o P r i a t e

PRINT insEruc t ion .  Express ions  in  the  MME l i s f  a re  eva lua ted  in  Le f t

to  r igh t  o rder ,  and the  cor respond ing  va lues  are  pr in ted  in  the  fo rmats

s p e c i f i e d  b y  t h e  P R I N T  i n s t r u c t i o n s .

For  exampLe,  to  p r in t  the  va lues  o f  the  ALGOL var iabLes  A,  B  and C

the prograrurer  may usea n d  a l s o  t h e  v a l u e  o f  t h e  e x p r e s s i o n

the NAME s tatement :

NAME (A,B,C,sQRr(B I  2  -  4 'xA*C) )

aLong w i th  an  appropr ia te  PRINT s ta tement .

MME s ta tements  may be  more  compl ica ted .  For  example ,  they  may

conta in  fo r  c lauses  and o ther  fo rms o f  repL ica tors  I , , /h ich  repeat  the

se lec t ion  o f  vaLues in  a  manner  ana logous to  the  repeated  execut ion  o f

an  ALGOL s ta tement  by  an  AI ,GOL fo r  c lause.  RepL ica tors  a re  d iscussed in

S e c t i o n  E .

B.  The Format  Program:  In t roducc ion

S u p p o s e  t h a t  t h e  v a L u e  L . 7  h a s  b e e n  c o m p u t e d  a n d  i s  t o  b e  p r i n t e d

by  an  ALGOL program.  Th is  number  cou ld  be  p l : in ted  in  any  one o f  many

d i f fe ren t  fo rmats l  fo r  example ,  one o f  the  foL lowing  fo rms might  be

a p p r o p r i a t e  i n  a  s p e c i f i c  c a s e :

t . ]  + 1 . 7 +0000 L .7 00 17 0 ,o+01 1.7 0 ,o+00 17000 , "  -04

l l owever ,  there  is  more  to  fo rmat  cont ro l  than spec i f i ca t ion  o f  the  fo rms

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

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

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

must  g ive  the  programmer  cont roL  over  the  pos i t ion  o f  each number  and

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

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

a s  t h e  f o r m  o f  n u m b e r s .
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To cont ro l  aL l  these aspec ts  o f  fo rmat '  ALG0L-20 conta ins  a

s p e c i a L  r r f o r m a t  L a n g u a g e " ,  w h i c h  i s  u s e d  w i t h i n  P R I N T  s t a t e m e n t s .  A

ser ies  o f  ins t ruc t ions  in  th is  fo rmat  Language fo rms a  @q .P1gg.

The ind iv iduaL ins t ruc t ions  w i th in  a  fo rmat  p rogram a le  separa ted  by

comnas.

The fo rmat  language uses  some o f  the  same charac ters  tha t  ALGoL

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

be  pLaced around each fo rmat  p rogram to  se t  iE  apar t  f rom the  ALGOL

program in  \ , /h ich  i t  i s  embedded.  Unfor tunate ly ,  there  are  no  unused

s y n b o l s  a v a i l a b l e  i n  t h e  G - 2 0  a l p h a b e t  f o r  t h e s e  f o r m a E  b r a c k e t s '  s o

\ , /e  use  r r< r r  (Less  than)  and r r ) r '  (g rea ter  than)  fo r  th is  Purpose.  The

syntax  o f  a  PRINT s ta tement  i s  such tha t  r r { r  and r } r '  symbo ls  sur round-

ing  fo rmat  p rograms cannot  be  confused w i th  the  same symbols  in  Boo lean

exp res  s  ions  .

The s imp les t  fo rm wh ich  a  PRINT s ta tement  may have is  the  reserved

word  PRINT foL lowed by  a  pa i r  o f  paren theses  \4 'h ich  enc lose  a  s ing le

fo rmat  p rogram,  o r  enc lose  a  ser ies  o f  fo rmat  Programs separaEed by

comnas.  Each fo rmat  p rogram is  i t se t f  encLosed in  " ( "  and r r ) r r  b rackets .

The fo lLowing  PRINT s ta tement ,  fo r  exampLe,  conta ins  a  s ing le  fo rmaE

program wh ich  cons is ts  o f  f i ve  fo rmat  ins t ruc t ions :

P R I N T  (  <  P ,  3 7 C ,  r A = r ,  +  2 D . 3 2 ,  2 E  > )

The rnean ings  o f  these ins t ruc t ions  w i lL  be  exp la ined be1ov.  The e f fec t

o f  th is  PRINT s ta tement  \ tou ld  no t  be  changed i f  each fo rmat  ins t ruc t ion

were  encLosed in  fo rmat  b rackets ,  so  tha t  the  PRINT s ta tement  conta ined

f ive  fo rmat  p rograns  each cons is t ing  o f  a  s ing le  fo rmat  ins t ruc t ion :

PRINT (< P >, < 37C >, < 'A='  >,  < +2D.32 >, < 2E >)
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C . The Pr in t  Bu f f  e r

A s s o c i a t e d  w i t h  t h e  G - 2 0  p r i n t e r  i s  a  b l o c k  o f  L 2 0  c o n s e c u t i v e

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

1 , 2 , 3 , . . . , 7 2 O ,  c o r r e s p o n d  E o  E h e  1 2 0  p h y s i c a l  p r i n t  p o s i t i o n s  o r

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

T h e  p r o c e s s  o f  p r i n t i n g  t a k e s  p l a c e  i n  t w o  s t e p s :  F i r s t ,  a

f o r m r L  p r o g r a -  i n  a  P R I N T  s L a L e m e n L  p l a c e s  E l r e  c l r r r - c t e r s  t o  b c  p r i n t c d

'  r c l  . l , a  r : . i - F , r  h p i  n c  n l  a c e d  i n l o  t h L  c c l  lP r L r r L  u u r  !  u !  r r r r r  y l q L c

c o r r e s p o n d i n g  t o  t h e  c o L u n n  i n  w h i c h  i t  i s  ! o  b e  p r i n t e d .  I n  t h i s

maLrner ,  t l re  fo rmat  p rogram bu iLds  up  an  r r image"  o f  the  l ine  to  be

pr in ted .  Second,  when the  en t i re  L ine  has  been fo r rned,  a  fo r rna t  con t ro l

i n s t r u c t i o n  m u s t  b e  e x e c u t e d  t o  s e n d  a l 1  L 2 0  c h a r a c t e r s  f r o m  t h e  p r i n t

b u f f e r  t o  t h e  p r i n t e r  a n d  a c t u a l L y  p r i n t  t h e  l i n e  o n  E h e  p a p e r .  T h e

format  ins t ruc t ion  wh ich  is  genera l l y  used fo r  the  La t te r  purpose is

rEr ,  wh ich  is  mnemonic  fo r  Execute .  The E ins t ruc t ion  pr in ts  the  image

in  tJ re  p r in t  bu f fe r  and a f te r i ra rds  au tomaEica l l y  r re rasesr r  the  pr in t  bu f fe r

( i . e . ,  c l e a r s  i t  t o  1 2 0  b l a n k  c h a r a c t e r s )  i n  D r e p a r a t i o n  f o r  E h e  n e x t

l i n e .

The pr in t  bu f fe r  behaves  l i ke  o ther  memory  ce l1s :  S tor ing  a  new

charac ter  in to  a  bu f fe r  ce l1  rep laces  the  charac ter  wh ich  vas  there

p r e v i o u s  l y ,  w h i l e  s e n J i n g  a  c h a r a c E e r  t o  t h e  p r i n t e r  t o  b e  P r i n t e d  d o e s

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

c o n t r o l  i n s t r u c t i o n  t W t  e x e c u t e s  t h e  s a n e  p r i n E i n g  o p e r a t i o n  a s  t E t  b u t

does  no t  e rase  the  bu f fe r  a f te f l , , /a rds .  Thus ,  the  programner  may,  i f  he

w i s h e s ,  s J V e  p r r L  ( o r  a l 1 )  o L  t h e  p r i n t  i r n a g e  f o r  p r i n t i n g  o n  s u c c e s s i v e

l  ines  .

A s s o c i a E e d  w i t h  t h e  b u f f e r  i s  a  p o i n t e r  c a L L e d  t h e  r r c h a r a c t e r  p o i n t e r r l

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

in to  i rh ich  the  nex t  charac ter  v iL l  be  s to t :ed  by  a  fo rmat  ins t ruc t ion .  As

e a c h  c h a r a c t e r  i s  s t o r e d ,  C P  i s  a u t o n a t i c a l l y  s t e p p e d  a h e a d  ( t o  t h e  r i g h t )

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

i n t o  s u c c e s s i v e  c e 1 l s .  T h e r e f o r e ,  e x e c u t i o n  o f  a  f o r m a t  i n s t r u c t i o n  \ t h  i c h

s t o r e s  c h a r a c t e r s  i n t o  t h e  p r i n t  b u f f e r  a u L o m a t i c a l l y  l e a v e s  C P  s e t  t o

t h e  f i r s t  c o l u m n  a f t e r  t h e  l a s t  c h a r a c t e r  s t o r e d .  F o r  e x a m p l e ,  i f  C P  i s
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47 and a  fo rma!  ins t ruc t ion  s to res  a  number  requ i r ing  5  coLumns,  CP

w i l L  b e  I e f t  a t  c o L u m n  5 2 .

Another  po in te r  con ta ins  the  ' r le f t  marg in"  o r  r rT .Mrr .  The vaLue

of  L l4  i s  the  number  o f  the  le l t - rnos t  co lumn inEo \ " /h ich  charac ters  may

b e  s t o r e d .  E x e c u t i o n  o f  t h e  i n s t r u c t i o n  " E "  l e a v e s  C P  r e s e t  t o  t h e

va lue  o f  LM.  (Execut ion  o f  "W"  Ieaves  CP unchanged. )  There  is  aLso

a po in te r  wh ich  conta ins  the  r r r igh t  marg in r r  o r  "RM"  - -  the  number  o f

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

L M  a n d  R M  h a v e  t h e  v a l u e s  L  a n d  1 2 0  r e s p e c t i v e l y .  B e f o r e  e a c h  c h a r a c -

t e r  i s  s t o r e d  i n t o  L t r e  p r i n t  b u f f e r ,  a  c h e c k  i s  m a d e  t o  i n s u r e  t h a t :

L M < C P < R M

l f  t h i s  r e l a t i o n  d o e s  n o t  h o 1 d ,  a n  " E "  i s  a u t o m a t i c a l l y  e x e c u c e d :  t h e

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

a n d  C P  i s  r e s e t  t o  t h e  v a l u e  o f  L M ,  T h e  c h a r a c t e r  i s  t h e n  s t o r e d  i n t o

the  bu f fe r .  The mechan ism fo r  chang ing  LM or  RM is  exP la ined in

S e c t i o n  E  o f  C h a D t e r  3 d ,

An ExampLe o f  Pr in t  Format

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

that  an  ALGOL progran computes  aL l  the  va lues  in  a  40  x  L0  ar ray

(40  rows x  L0  co lumns)  COEF;  these 400 va lues  are  to  be  pr in ted  a long

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

i n g  i s  s h o \ ^ 7 n  o n  p a g e  A L . 3 b , 7 .

ThC PTiNEiNg bEg iNS \ . ' i Ih  A  T iTLC,  I IADJUSTED COEFFICIENT MATRIX ' ' ,

w h i c h  s t 3 r t s  i n  p r i n L  p o s i t i o n  3 7  o f  t h e  f i r s t  l i n e  o n  t h e  p a g e .  T h e  I ' L I

i n  t h e  n e x t  p r i n t e d  l i n e  i s  i n  c o l u r n n  L 7 ,  t h e  " 2 "  i n  c o L u m n  2 8 ,  e t c

' l l r e  r o v  n u m b e r s ,  J o w n  I l ' c  l e l L - h d n d  c o L u n r r ,  J r e  i n  p r i n t  p o s i L j o n s

E a c h  m a t r i x  e L e m e n t  o c c u p i e s  n i n e  p o s i t i o n s  i n  t h e  p r i n t e d  I i n e  a n d

s a r ) 1 r : r F , r  l r o . n  i l s  n r . i , ' h f  ' -  T h e  n u m b e r s  t o  b cu y  L w u  u  r  r N  J P d r c r .

.  t t  |  . -  t s L - -  l o . l l \  i -  - . - - i F , , l -  . , . , 1  f ^ r r r  d i o i r e  r r .  t ^  h ,

D .

6  a n d

i s

7 .

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

v a l u e  o f  D E L T A  i s  t o  b e  p r i n E e d  \ . , i t l  t w o  s i g n i f i c a n t  d i g i t s  i n

r r s c i e n t i f i c  n o t a t i o n " ,  v i E h  a  p o \ , r e r  o f  t e n ,  a s  s h o w n .  N o  s i g n  i s

t o  b e  p r i n t e d  f o r  D E L T A ,  T h e  s t e p  b y  s t e p  c o n s t r u c t i o n  o f  t t r e

n e c e s s a r y  M l . { E  a n t l  P R I I ' , ] l  s t a L c m e n t s  f o r  p r i n t i r l g .  L l r i i  c x a m p i .  f o l L o w s

f j r s t ,  c o | r s i d e r  p r i n t i n g  L h c  L - i L L e .  T h r . .  t l i f f e r e n L  t y p e s  o f

L U r I r d L ' r ) -  o P c r d l ! u , ' >  P U L P w T Y .

(  l )  A n  i n s t r u c t i o n  i s

t o p  o f  a  p a g e .

\ 2 )  A n  i n s t r u c t i o n  i s

in fo r f t l t ion  is  Eo

( 3 )  l n s t r u c t i o n s  a r e

t o  b e  p r i n t e d .

n - c d c d  t n  h p o i n  n r i n l  i n -  r L  L h e

n e e d e d  c o  i n d i c a t e  t h a t  t l r e

h p  r r i  n i p , l  s  I  i  r r  i  n .  i n  c o l u m n  J l  .

. p a , r p , r  t ^  c r , e .  i  f v  r h p  i n f o r m a L j o n

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

conven ien t  to  inc lude i t  en t i re ly  in  the  PRINT s ta tement ,  rd i th  no

r -  N A I I E  s L a l - e r n e o l .  l n  l a c r -  i f  o n l v  F i x c d  i n f o r -r  u !  r  c 5  P U L ' u  r L , B

m a t i o n  $ u c h  a s  a  t i t l e  \ " / e r e  t o  b e  p r i n t e d ,  n o  M M E  s t a t e m e n t  w o u l d  b e

n e c d c J  r . i L h  L h .  P R I N f  s t a t e n r e n t ;  L h j s  i s  J n  i r n p o r t J n L  c x c e p L i o n  t o  l l . e

genera l  ruLe tha t  MME and PRINT s ta tenents  come in  pa i rs .

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

te rs  to  be  pr in ted ,  l re  use  a  fo rmat  ins t ruc t ion  ca1 led  an  3 ] ! ! ryLg
T L r q  i s  s i m n l v  l h c  s T r i n ^  o l  c h a r a c t c r s  t o  b e

6 r - i n r F d  p n c l o s e d  i n  n r r o t e  m a r k s .  S u c h  a n  i n s t r u c l i o n  c a n  t h u s  b e  u s e d

E o  p r i n t  a n y  c h r r a c L . r  e x c e p t  t h e  q u o L e  m d r k ,  s i n c e  3  q u o L e  w i L h i n  t h e

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

i - l  r ^ - - - +  i . -  : -  ^ - ^ , , i , 1 ^ . r  a ^ r  - r ; h i i n .  .  n , ' ^ r -  m r r L ,  - -
\ ^  s P ( L  ' u L  r J  P l w v r u c u  r w r  P r I r L " r s  a

s e e  p a g e  A L . 3 d . 6 )  T h e  a L p h a n u m e r i c  s t r i n g  i n s t r u c t i o n  u s e d  t o  s p e c i f y

t h e  t i t l e  i s :

'ADJUSTED COEFFICIENT }fATRIXr.r -- .IL.DELTA' = L.JI

(Here  and in  the  seque l  we use the  syrnbo l  r r j r  to  represent  a  bLank

c o l u m n ,  w h e r e  i L  i s  n e c e s s a r y  t o  e m p h a s i z e  t h a t  a  c o  l u m n  i s  t o  b e  b l a n k . )

B l a n k  i s  a  L e g i t i n a c e  a L p h a b e t i c  c h a r a c t e r ,  s o  a 1 L  b l a n k s  a p p e a r i n g  i n  t h e

aLphanumer ic  s t r ing  ins t ruc t ion  w iL l  appear  as  b lank  co lumns in  the  t i t le

a s  p r i n t e d .
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T h i s  s t r i n g  i s  t o  b e  s t o r e d  i n  t h e  P r i n t  b u f f e r  s t a r t i n g  a t

c o L u m l  3 7 ,  s o  C P  m u s t  b e  s e t  t o  - 1 7  b e f o r e  t h e  a l P h a n u m e r i c  s t r i n g

i n s t r u c t i o n  i s  e x e c u t e d .  T i r e  f o r m a t  i n s t r u c t i o n  t o  d o  t h i s  i s  r r 3 T C r r ;

here  f iC |  i s  mnemonic  fo r  "Co lumnt ' .  GeneraL ly ,  execut ing  an  ins t ruc t ion

o f  t h e  f o r m  r r n C " ,  v h e r e  n  m a y  b e  a n y  i n t e g e r  i n  I  <  n  <  1 2 0 ,  w i l l  h a v e

r h a  F f f a ,  t  ^ f  c p f F i n o  C P  t o  C O L u m n  n :  C P  <  n .  T h e  f o r m a t  p l o g r a m

<LC,  37R> might  a lso  l rave  been used.  lC  se ts  CP to  coLum one,  and

37R moves CP 37 coLumns to  the  R igh t .  S imi la r ly ,  nL  moves CP n  co lumns

t o  t h e  L e f t .  T o  s u m m a r i z e :

nC has  the  e f fec t  CP

n R  h a s  t h e  e f f e c t  C P

nL has  the  e f fec t  CP

< n

(- CP

+ c P

+ n

- n

T h e r e f o r e ,  l h e  f o l l o w i n g  f o r m a t  p r o g r a m  w i l l  s e r  C P  t o  3 7 ,  p l a c e

t h e  4 0  c h a r a c t e r s  o f  t h e  s t r i n g  i n t o  p r i n t  p o s i t i o n s  3 7  t o  7 6  o f  t h e

q r i n r  h , r . f e r  : n r l  t h e n  . r i n t  L h e  b u I f e r :

<37C, 'ADJUSTED COEFFICIENT TIATRIX - DELTA = 

" 

D

Th is  cou ld  jus t  as  we l l  have been l i r i t len  as  th ree  success ive  fo rna t

programs by  puEt ing  brackets  a tound each ins t ruc t ion :

<37c>, <'ADJUSTED coEFFrcrENT IlATRrx - DELTA = '), G

but  the  f i rs t  fo rm is  eas ie r  Eo punch.  The ins t ruc t ion  necessary  to

s t o r e  t h e  v a L u e  o f  D E L T A  i n t o  t h e  p r i n t  b u f f e r  i s  s t i l l  m i s s i n g .  F o r

reasons  wh ich  w i I l  be  d iscussed La ter ,  the  aPpropr ia te  numer ic  ins t ruc t ion

i s  L D . L Z L .  F u r t h e r ,  t h e  t i t l e  i s  t o  b e  p n i n t e d  a t  t h e  t o P  o f  t h e  p a g e '

T h e  f o r m a t  i n s t r u c t i o n  u s e d  t o  u p s P a c e  t h e  P a p e r  t o  t h e  t o p  o f  t h e  n e x t

p a g e  i s  r r P r t .  T h u s ,  a  c o m p l e t e  A L G O L - 2 0  p r o g r a n  t o  p r i n t  t h e  f i r s t  L i n e

^ f  I - h 6  a v . n n l  o  m i o h t  h p

MME(DELTA);  PRINT(<P,  37C, IADJUSTED COEFFICIENT MATRIX -  DELTA = ' '

l D .  L Z L ,  E > )  ;

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

pRu'n (<P, 37C, 'ADJUSTED COEFFICIEM' l' lATRlX - DELTA = ')) 
;

I{AME (DELTA) ; PRINT (<LD . LZL, t>) )
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Next  cons ider  the  fo rmat  fo r  p r in t ing  the  nunber  DELTA and the

n u m b e t s  o f  t h e  m a t r i x  i t s e L f .  N u m e r i c  i n s t r u c t i o n s  a r e  t h o s e  i n s t r u c -

t ions  \dh ich  p lace  numbers  in to  the  pr in t  bu l fe r ;  these numbers  are

v a l u e s  w h i c h  a r e  o b t a i n e d  f r o m  t h e  e v a l u a t i o n  r " ' i t h i n  t h e  p a r a 1 l e 1  N A M E

s ta  C emen!  .

A  numer ic  ins t ruc t ion  may be  regarded as  g iv ing  a  r rp ic tu re"  o f  the

number  to  be  pr in ted .  Genera l l y ,  the  foL lowing  i te rns  must  be  spec i f ied

t o  d e l . i n e  a  n u m b e r  [ o r m a L :

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

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

dec imaL po inE,  and \ " rhe ther  lead ing  zeroes  are  to

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

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

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

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

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

( 5 )  T h e  " e x p o n e n t  p a r t "  ( p o w e r  o f  t e n ) ,  i f  a n y .

I tems (2 )  ,  (3 )  and (4 )  ,  de f in ing  the  fo rmat  o f  the  numer ic  parL  o f

the  number  \ t i thou t  s ign  or  exponent '  a re  spec i f ied  by  the  number  fo rm

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

the  s ign  par t ,  vh ich  is  par t  o f  the  ELg,  wh iLe  i tenL (5 )  i s  spec i f ied

h v  r h e  q r f f i x  o f  r h e  n r L m e r i c  l n s t r u c t i o n .  T h e  f o r m  o f  a  n u m e r i c  i n s t r u c -
" ,  

. . . "  
: : j : :

t i o n  t h e n  i s  g i v e n  b y :

(numer ic  ins t ruc t io r>  : :=  (p re f i x )  {nurnber  fo rn t r  (su f f i x )

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

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

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

the  macr ix  vaLues in  the  example  may be  Pr in ted  \a i th  the  number  fo rm:

3 D  . 4 2

H e r e  r ' 3 D "  i n d l c a t e s  c h r e e  D i g i t s  t o  t h e  I e f t  o f  t h e  d e c i m a l  p o i n t ,  \ t i t h

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

po in t  \ rh  i ch  i s  to  be  pr in ted ;  aod t t4Zr  means four  d ig i ts  to  the  r igh t  o f

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

3 . 7 4  w i l L  b e  p r i n t e d :

( l )

( 2 )

( 3 )

(4)
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b y  3 D  . 4 D

by 3D.42

b y  3 2  , 4 2

b y  3 2 . 4 D

b y  3 Z

b y  3 D

i n  the  fo rn

in the fo rnt

in  the  fo rm

in  the  fo rm

in  the  fo rm

in  the  fo rm

; g 3 . 7 4 1 - 1

. lu3 .7 400

0 0 3 . 7 4 0 0

0 0 3  . 7 4 l J  !

0 0 4 ,

. .4

A 1 1  b l a n k s  s t o r e d  a r e  s h o w n  e x p L i c i t L y  b y u - , .  N o t i c e  i n  t h e  L a s t  t w o

exampLes tha t  the  number  vas  rounded by  add ing  f i ve  to  the  f i rs t  d ig i t

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

is  as  fo  L lows :

(nunber  fo rnD : : -  < in teger :  par t>  j  < in teger  par t ) .  I

< i n t e g e r  p r r t > . < f r a c t i o n a l  p a r t )  ]  . < f r a c t i o n a L  p a r t >

< in teger  par t>  : ;=  {uns igned in teger )  D |  <uns igned LnLeger>  Z

( f rac t iona l  par t )  : ;=  (uns igned in teger )  D |  
(uns igned LnLeget>  Z

l f  t h e  i n t e g e r  p a r t  ( f r a c t i o n a l  p a r t )  a p p e a r s ,  a t  L e a s t  o n e  d i g i t  v i l 1  b e

p r i n t e d  b e f o r e  ( a f t e r )  t h e  d e c i m a L  p o i n t .  F o r  e x a m p l e ,  t h e  n u m b e r  z e r o

p r i n t e d  n i t h  t h e  n u m e r i c  p r i r n a r y  3 D . 2 D  a p p e a r s  a s  i  0 . 0  r .  T h e  t o t a l

n u m b e r  o f  d i g i t s  s p e c i f i e d  m u s t  b e  l e s s  t h a n  1 5 .

In  our  exampLe,  DELTA is  to  be  pr in ted  \ .v i th  one d ig i t  p reced ing  and

one d ig i t  foL lov ing  the  dec ima l  Po in t ,  so  i t  may be  Pr in ted  w i th  any  one

of  the  fo l low ing  number  fo rms:

I D . L Z L Z . L D 7 Z  . I Z1 D .  L D

The program wh ich  ac tua l l y  p r in ted  the  samPLe inc luded LD.LZ to  p r in t

DELTA .

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

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

as  is  the  case fo r  DELTA.  The ar ray  eLements  a re  to  be  pr in ted  v i th  a

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

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

p l u s  s i g n s  \ r e r e  t o  b e  p r i n E e d  b e l o r e  e a c h  n o n - n e g a t i v e  n u m b e r '  t h e  p r e f i x

r r + "  w o u l d  b e  u s e d  i n s t e a d .

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

mentary  in fo rmat ion ,  such as  scaL ing  the  number '  p r in t ing  an  exPonent  o r

spec iaL  spac ing .  T t re  fo rmat  fo r  the  ar ray  e lements  i s  conPLete ly  spec i f ied

by  the  pre f ix  and the  numer ic  p r imary  por t ions ,  so  the  proPer  numer ic
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ins t ruc t ion  is  - ' iD .4Z.  DELTA is  to  be  pr : in ted  in  sc ien t i f i c  no ta t ion :

s h i f t e . l  s o  t h a t  t h e  I 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 )  a n d  t h e

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

the  numer ic  ins t ruc t ion  lD . lZL  is  to  be  used to  Pr in t  DELTA.

E .  R e p l i c a t o r s :  I n t  r o d u c  t  i o n

In  p r inc ip le ,  every th ing  wh ich  is  necessary  to  p r in t  the  example

has  nor , /  been d iscussed.  However ,  wr i t ing  or  punch ing  the  NAME and

PRINT s ta tements  fo r  the  exampLe us ing  onLy  the  NAME and PRINT mach inery

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

as i f  t l . )  e  NAME s ta tement  wou ld  have to  be  a  s i rnp le  L is t  o f  a l l  o f

t h e  4 0 1  v a r i a b l e  n a r n e s  D E L T A ,  c o E F [ 1 , 1 ] ,  . . . ,  c o E F [ 4 0 , 1 0 ] ,  w h i l e  t h e

PRINT s ta te rnent  wou ld  have to  conta in  40L d is t inc t  numer ic  ins t ruc t ions

in  add i t ion  to  a lphanumer ic  s t r ing  ins t ruc t ions  and cont ro l  ins t ruc t ions .

What  i s  needed is  a  " loop l  mechan ism anaLogous to  the  ALGOL fo r  s ta te -

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

An ALGOL program wh ich  wou ld  oPera te  in  some way upon each e lemenE

of  each row o f  the  mat r ix  COEF wouLd presumably  have the  fo rm o f  two

n e s  t e d  f o r  s t a t e m e n t s :

FOR I e STEP L UNTIL 40 DO

F O R J <  L  S T E P  l  U N I I L  1 0  D O

someth ing  \ t i th  coEF h ,J ]  ;

Th is  i s  essent ia l l y  the  fo rm wh ich  is  used in  the  NAlm s ta tement ;  t t re

l a c t i o n t  t o  b e  p e r f o r m e d  o n  C O E F [ I , J ]  i s  s i m p l y  I ' n a m i n g r r  i t s  v a l u e

under  t l ie  con t ro l  o f  these FOR cLauses .  The fo l low ing  NAME s ta te rnent

v i l l  s u p p l y  a l l  4 0 0  v a l u e s  f r o m  t h e  a r r a y  C O E F  f o r  p r i n t i n g ;

NAME ($ FOR I <- 1 STEP 1 IJNTIL 40 D0 $

($ FOR J < 1 STEP I LINTIL 10 DO $

( coEFh ,J l ) ) ) ;
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The t r$ r '  s igns  are  necessary  a round a  FoR c lause when i t  i s  used as  a

repL ica tor  in  a  MME (or  PRINT)  s ta tement .  ALso '  the  phrase be ing

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

e x p r e s s i o n  f i k e  ( C O E F [ I , J ] )  o t  
"  

c o m p l e x  e x p r e s s i o n  w h i c h  i t s e l f  c o n -

t a  i n s  a  r e p L i c a L f o r ,  I i k e :

( $  F O R  J  <  . . . . D o  $  ( c o E r [ r , J ] ) )

This  accounts  fo r  the  th ree  se ts  o f  Parentheses  in  the  example  above '

The fo l low ing  is  the  syn tax  o f  a  NAME s fa tement :

<name s ta tement>  : :=  NAME (  (name L is t )  )

(name L is t )  : :=  <name L is t  e lenent>  ]  <name l i s t ) ,  (name L is t  eLement>

<name l i s t  e lement )  : :=  <Da lne  express ion> |  
( repL ica tor )  (  {name l i s t>  )

< n a m e  e x p r e s s i o n >  : : =  < a r i t h m e t i c  e x p r e s s l o n )  I  < B o o l e a n  e x p r e s s i o r D  ]

{ L o g i c  e x p r e s s i o n )

Th is  syn tax  shows tha t  any  s i rnpLe or  compLex l i s t  o f  "names"  may be

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

h e  a  s i n q l e  e l e m e n t  i n  a n o t h e r  L i s t ,  T h e  f o l l o w i n g  L e g a L  n a m e  s t a t e m e n t

i l l u s t r a t e s  L i s t s  a n d  r e p L i c a t e d  l i s t s :

MrrE ( Ah], S FoR J . L srEP 2 i,\1r lL 3 Do $

( J ,  Ak l  ,  coEF [ r , r ] ) ,  a [ z ] l

This  exampLe is  equ iva len t  to  the  fo l low ing  more  s imPle  s ta tement :

N A M E  ( A [ L ] ,  I ,  A [ L ] ,  c o E F h , L l ,  3 ,  A [ 3 ] ,  c o E F h , 3 l ,  e [ z ] l

As another  i l l us t t :a t ion ,  re fe r  aga in  to  the  example ,  where  the  row

nunber  i s  to  be  pr in ted  on  every  L ine  o f  the  mat r ix .  The s imPles t  way

to  p r in t  chese numbers  is  to  g ive  the i r  va lues  in  the  NAME s ta tement  and

use nr rmer ic  ins t ruc t ions  to  p lace  them in to  the  pr in t  bu f fe r .  Thus ,  the

fo l lov ing  NAI IE  s ta tement  w i l l  supp ly  ( in  add i t ion  to  the  ar ray  vaLue) ,

the  row number  I  jus t  be fore  the  f i rs t  eLement  in  each row:

NAME ($ FOR I < L STEP 1 L,T{T IL 40 DO $

(I, $ FOR J < T STEP L IJNTIL 10 DO $

( c o E F [ r , r ] ) ) ) ;
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S i n c e  f o r  c l a u s e  r e p l i c a t o r s  u s e d  i n

s t a r t  a t  o n e  a n d  i n c r e a s e  i n  s t e P s  o f  o n e ,

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

(var iab le )  ,  $  <ar  i thmet  i c

format p rograrns

an abb rev ia  t  ed

rep  L  i c  a to r

expr es s ior> $

very f requent  1Y

notat ion has

h a s  t h e  s a m e  m e a n i n g  a s :

$FoR <var iab le>  (  1  STEP 1  UNTIL  <ar i thnet ic  express ion)$

There fore ,  the  NAME s ta tement  g iven  above fo r  the  mat r ix  \ ' r i th  ro \ t  nLrmbers

may be  \ r r i t ten  more  comPact lY  as :

NAIE  ( r  +  g4ug( r , J  r  $ ro$ (coEFh ,J ] ) ) )  ;

O n e  m o r e  s i m p L i f i c a t i o n  i s  p o s s i b l e  i n  t h i s  f o r m ;  i n  t l l e  s p e c i a l  c a s e  t h a t

the  <ar i thmet ic  express ion)  g iv ing  the  upPer  l im i t  o f  rep l i ca t ion  is  a

cons tan t  (1 ike  "40" ) ,  o r  a  l igg lg .  var iabLe ( l i ke  "N" )  '  i t  need no t  be

s u r r o u n d e d  b y  " $ t '  s i g n s .  T h u s ,  f o r  e x a m p l e ,  I ' I  > N "  i s  a  c o r r e c t  r e P l i c a -

to r .  ' t I  -+  N-L t t  i s  incor rec t  s ince  do1 lar  s igns  are  requ i red  around the

a r i t h m e t i c  e x p r e s s i o n ;  t h e  c o r r e c t  r e p l i c a t o r  w o u l d  b e  " f  - +  $ N - l $ " .

T o  p r i n t  t h e  c o l u m n  h e a d i n g s  i n  t h e  e x a m p l e ,  t h e  v a L u e s  1 , 2 ,  " ' ,

L0  must  be  suppL ied  in  a  NAME s ta tement .  The s imp les t  NAME s la tement  fo r

t h e  q o l u m n  h e a d i n g s  i s :

NAME( I  +  r0 ( I )  )  ;

T h a t  i s ,  I  r u n s  f r o m  1 t o  1 0 ,  a n d  i t  i s  c h e  v a l u e  o f  I  i t s e l f  w h i c h  i s

t o  b e  p r  i n t e d .

The same fo rms o f  rep l i ca to rs  wh ich  are  used in  NAl lE  sca tements  may

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

programs in  PRINT s ta t .ements .  Thus ,  ins tead o f  wr i t ing  t '<zD,  2D,  2D,  2D>" ,

we may wr i te  "J  -+4  <2D>" .  ln  Ehe case o f  a  repL ica tor  in  a  PRINT s ta te -

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

n o t  r e f e r r e d  t o ;  t h a t  i s ,  t h e  r e p l i c a t o r  i s  u s e d  s i m p L y  a s  a  c o u n t e r '  I n

s u c h  a  c a s e ,  t h e  v a r i a b L e  i n  a  r r  +  r '  r e p L i c a t o r  m a y  b e  o m i t t e d ;  t h u s '

"  ->  4  <2D>"  may be  used to  ge t  four  repet i t ions  o f  the  fo rmat  ins t ruc t ion

l|2D" .
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F o l l o v i n g  i s  t h e  s y n c a x  o f  r e p l i c a t o r s :

< r e p l i c a t o r >  ; ; =  $  ( f o r  c L a u s e )  $  |  < s i m p l e  v a r i a b l e >  - < l i n i >  |

-+ {l imit)

( l i rn i t )  : :=  $  <ar i thnet ic  express ion)  $  |  <s impLe var iabLe> |

<uns igned in t  eger>

Some exampLes o f  these

$  F O R  J  <  2 ,

forms fo L low:

3 , K + 2 S T E P 3

J  _ . $  ( A L I J

J  _ > N

J  J J

- $ (ALI.J /

- : 3

WHILE A [K] < K DO $

/ z ) + t $

2 )  +  3  $

<2D, 9R>, 4)) ;

1 f  t h e  u p p e r  l i n i t  o f  r e p l i c a t i o n  h a s  a  v a l u e  s u c h  t h a t  z e r o  o r

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

r e p l i c a L e J  w i l t  b e  s k i p p e d  e n c i r e l y .

As  an  i l l us t ra t ion ,  the  MME and the  PRINT s ta temen!  fo r  Pr in t ing

the  coLumn head ing  o f  the  example  are :

NAME (l + 10 (I) )
DD TN'r i/./1 6a\ -

;

LO

N o t i c e  t h a t  t h e  e n t i r e  f o r m a t  p r o g r a m  < 2 D ,  9 R >  i s  r e P l i c a t e d  t e n  t i m e s .

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

a D D e a r  o u t s i d e  t h e  f o r r n a t  b r a c k e t s .

T h e  v a r i a b l e  I  c a n n o t  b e  o m i t t e d  f r o m  t h e  r e p l i c a t o r  " I  )  1 0 "  i n

t h e  l i A l l E  s t a c e m e n t ,  s i n c e  I  i s  r e f e r r e d  t o ,  a n d  i s ,  i n  f a c t ,  t h e  v a L u e

t o  b e  " n a n e d r ' .  I t  w o u l d  d e f i n i r e l y  h : r v e  b e e n  i n c o r r e c t  t o  h a v e  u s e d  t h e

ident icaL  no ta t ion  r r l  - ,  l0 r r  in  our  PRINT s ta tement ,  s ince  the  sane

v a r i a b l e  I  i s  a l r e a d y  b e i n g  u s e d  f o r  a  d i f f e r e n t  r e p l i c a t o r  i n  t h e  N A M E

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

as  a  repL ica tor  a t  the  same t ime in  bo th  a  NAME s ta ten ien t  and i t s  para l le l

PRINT s ta tement .

A f te r  the  ins t ruc t ions  t '<L6c>,  +  L0(2D,  9R>r r  have been executed ,  CP

w i L l  b e  s e t  t o  p r i n t  p o s i t i o n  1 2 6 ,  p a s t  t h e  R M  o f  1 2 0 .  H o v e v e r ,  t h i s

d o e s  n o t  c a u s e  e r r o r  p r i n t i n g  b e c a u s e  t h e  c r ^ 7 o  d i g i t s  s t o r e d  o n  t h e  t e n t h
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r e p l i c a t i o n  w i l l  b e  p u t  i n t o  P o s i t i o n s  1 1 5  a n d  1 1 6 ,  a n d  n o  a t t e m p t

be made to  s to re  charac ters  in  pos i t ions  grea ter  than RM.

F inaL ly ,  ve  se t  up  a  PRINT s ta te rnent  fo r  the  mat r ix  i t se l f .

the  ex t ra  b lank  l ine  every  f i ve  L ines .  To  ge t  th is  b lank  l ine ,  we

onLy execute  an  E ins t ruc t ion  wh i le  the  pr in t  bu f fe r  con ta ins  on ly

Thus,  our  PRINT s ta tement  w i l l  have the  fo rm:

v i 1 1

N o t i c e

need

b I anks

PRINT (  >  8  (@,  - t  5  ( fo rmat  p rogram f  o r  one l ine)  )  )

The format  program for  one l ine could be:

< 6 C ,  2 D ,  5 R ) ,  ; 1 0  < - 3 D . 4 2 '  2 P >

The ent i re  program for  the pr in t .ed output  of  the example has now been

d eve loped :

PRII{I (<P, 37C, 'ADJUSTED COEFFICIENT }IATRIX - DELTA = I));

MME (DELTA) ; PRINI (<1D . lZL, 4D) ;

MME ( I  ;  10( I ) ) ;  PRI I ' I I  (<16G, > 10 <2D, 9D'  <6> ;  '

MME (r  J  40 ( l  ,J  + 1o (coEF [ r , ; ]  )  )  )  ;

P R I N T  (  +  8 ( 4 > ,  +  5  ( < 6 C ,  2 D ,  5 R > ,  +  1 0  ( - 3 D . 4 2 ,  2 R ) '  < > ) ) ) ;
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CMPTER 3c

ln t roduc t ion  to  READ

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

i n f o r m a t i o n  f t o m  c a r d s  i s  t o  c o n s i d e r  R E A D  t o  b e  t h e  r e v e r s e  p r o c e s s

of  PRINT.  RecaL l  tha t  in  p r in t ing ,  an  i rnage was fo rmed in  a  bu f fe r

and then sent  to  the  pr in te r  to  be  pr in ted .  ln  READ,  horvever ,  the

image or ig ina tes  a t  the  input  hardware  and is  then sent  to  an  inPut

bu f fe r  wh ich  is  used by  the  READ s ta tement  in  scann ing  s t r ing  or

numer ic  va lues ;  these are  then loaded in to  var iab les  named by  a  NAME

s t a t e m e n t .  T h i s  b u f f e r  h a s  a  I ' c P " ,  t t 1 1 1 t t ,  a n d  r r R M r .

The NAME s ta tement  used w i th  R-EAD has  the  same fo rm as  w i th  PRI I ' {T

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

of  the  var iabLes  named.  There fore ,  the  NAME s ta tement  used \ ,J i th  READ

i o r m s  a  l i s L  o f  A L G O L  v a r i a b l e s  ( e j L h e r  s i r n p L e  o r  s u b s c r j p t e d ) ,  n o t

g e n e r a L  a r i t h m e t i c  e x p r e s s i o n s ,  a s  a r e  a l L o w e d  v i t h  P R I N T .  E a c h  n u m e r i c

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

supp l ied  by  the  NAME s ta tement .  RepL ica tors  may be  used in  the  READ

sta tement  w i th  the  same mean ing  as  in  a  PRINT s ta tement .

The fo l low ing  sequence is  incor rec t :

N A M E  ( A + B R I A D ( < 3 D > )

s ince  the  MME s ta tement  names an  express ion  wh ich  is  no t  a  s impLe or

5  u u r L  r  r P L E U

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

s i m i L a r  t o  t h o s e  i n  P R I N T ,  w h i c h  c o n t r o l  t h e  r e a d i n g  o f  n e w  c a t d s  a n d

which  spec i fy  the  loca t ion  and type o f  in fo rmat ion  expec ted  to  be  found

in  the  READ buf fe r .  Thus ,  the  programmer ,  by  us ing  su i tab le  READ format

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

T h e  r e m a i n d e r  o f  t h i s  c h a p t e r  i s  d i v i d e d  i n t o  s e c t i o n s :

A .  C o n t r o  I  l n s t r u c t i o n s

B.  A lphanumer ic  fns  t ruc  t  ions

C . Numer ic Ins t ruc t ions

D.  Card  Over  f  1ow

E.  An ExampLe Us ing  RIAD

I t  i s  a s s u m e d  t h a t  t h e  r e a d e r  h a s  r e a d  C h a p t e r  3 b .
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Cont ro l  lns  E  ruc  t  ions

Jus t  as  the  user  uses  E or  I t  in  a  p r in t  fo rmat  to  cont ro l  p r in t ing ,

so  does  he  use E or  W in  read fo r rna t  to  cont ro l  read ing .

nE Read n  card  images in to  the  cur ren t  READ buf fe r

and se t  CP to  LM,  0n1y  the  las t  card  i rnage read

is  ava i lab le  a f te r  execut ing  th is  ins t ruc t ion ;

hence,  r r lEr r  o r  r rEr r  i s  the  most  common use o f  the

ins t ruc t ion .

nW The ac t ion  is  the  same as  in  "nEf i  except  tha t  the

card  images are  aLso pr in ted  on  the  program l i s l ing .

In  a  READ format  p rogram,  as  opposed to  a  PRINT program,  the  E or  W is

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

the  fo rmat  p rogram then cont ro ls  the  scann ing  o f  the  charac ters  read

in t .o  Ehe read bu f fe r .  As  in  PRINT,  the  user  has  the  ab i l i t y  to  rnove CP:

nC

nR

nL

nB

Set  CP to  co lumn n .  CP <-  n

Move CP to the right n colunns. CP <- CP * n

Move CP to  the  le f t  n  co lunns .  CP <-  CP -  n

Equivalent to nR.

B. Alphanumeric Ins truc t ions

As in  p r in t ing ,  the  user  has  the  ab i l i t y  to  input  any  s t r ing  in fo r -

na t ion  l i i th  an  nA ins t ruc t ion :

nA Scan the  nex t  n  charac ter  pos i t ions  o f  the  read

buf fe r  and s to re  the  in fo rmaEion there  in to
. .  . - \  t , \. l ( (n+ l ) /4 )  words  f rom a  MME s ta tement .  The

in fo rmat ion  is  s to red  four  charac ters  per  word ,

L ' i th  the  poss ib le  except ion  o f  the  las t  word .

I f  the  las t  word  does  no t  ge t  four  charac ters ,

t h o s e  c h a r a c t e r s  i t  d o e s  g e t  a r e  s t o r e d  r i g h t -

j u s t i f i e d .
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As an  exampLe,  assume tha t  the  charac ters  TABCDELTt  appear  on  a  card ,

v i t h  t h e  r A ' i n  c o l u m n  1 5 .  T h e  e f f e c t  o f  e x e c u E i n g  t h e  s t a t e m e n t s

NAi'E (L , M) ; RIAD (<15c , 64>)

w i L l  b e  t o  s t o r e  t A B c D t  i . t t o  L  a n d  r : , . , E u r  i n t o  M .  c P  w i l l  b e  l e f t  a t

2 L .

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

f rom the  READ s ta tement ,  racher  than f rom the  card  image.  Th is  ab i l i t y

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

conta in  a lphanumer ic  s t r ing  in fo rn ia t ion .  We have

The n  charac ters  be tween the  quote  marks

a r e  s t o r e d  i n E o  { ( ( n + 3 ) / 4 )  v o r d s  f r o m  a

NAME s ta tement ,  jus t  as  fo r  nA.  CP is

le f t  unchanged.

r n a y  b e  u s e f u l .  E x e c u l i n g  t h e  s L a t e m e n E s

'5  (  A[r ]  ) ) ;  RnAD (< r ' ' r1s15,.r  s, ,A'srRrNG* '>)

is equivalent to execut ing

a [ t ]  - ' * : r u t ' ;  a [ z ]  , - ' s , - r s ' ;  a [ r ]  - ' , ,A , . s r ;  a [+ ]  - ' rR rN ' ;

A [s] * ',-,,6,t '

Again ,  an  examp le

NAME ( I

The number  o f  charac ters  be tween the  quotes  is

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

f i f th  named var iab le .

The las t  a lphanumer ic  ins t ruc t ion  prov ides

BooLean va lues  f ro rn  a  c .a rd .

non-bLank co lumn is  examined.

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

L h e  c o r r e s p o n d i n g  n a m e  i s  s c L

cor respond ing  name is  no t  o f

the  er ro r  s  i tua t  ion  I ' ILLEGAL

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

3 d .

1 8 ,  n o t  a  m u l t i p l e  o f

r igh t - jus  t  i  f ied  in  the

i h -  . h i  l  i  r . '  t ' ^  r o r . ' l

The nex t  n  co lumns are  scanned,  bu t  on ly  the  f i rs t

T f  i r  ^ ^ n f l i n c  l T l

n r h  -  r t . , i  c a

t o  f a l s e .  I f  t h e

t y p e  B o o  L e a n  o r  L o g i c ,

BOOLEAN' |  ex is  ts  and w i l l

i n  S e c t i o n  D  o f  C h a p t e r
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Numeric lns truc t ions

Two essent ia l l y  d i f fe ren t  1 l re thods  are  prov ided fo r  read ing  numbers

f r o m  c a r d s :  f i x e d  f i e L d  a n d  f r e e  f i e l d .  I n  t h e  f o r r n e r ,  t h e  P r o g r a m . n e r

nus t  spec i fy  (and there for :e  he  must  know)  when he  \^ / r iLes  the  Progran

the  coLumns on  da ta  cards  in  i vh ich  the  numbers  i r iL l  be  punched.  Th is

fo rne t  in fo rna t ion  is  then par t  o f  t t re  compi led  program.  Wi th  f ree

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

o f  quant i t ies  to  be  read.  The numbers  may then be  punched in  any  fo rmat

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

s e L e c t e d ,  h o t ' e v e r ,  t h e  s a m e  r u l e s  g o v e t n  t h e  a c t u a l  f o r m  o f  t h e  n u m b e r s

r e a d .  ( T h e  d i s t i n c t i o n  b e t w e e n  f i x e d  f i e l d  a n d  f r e e  f i e L d  o n L y  h a s  t o  d o

wi th  t t re  co lumns used. )  Numbers  on  da ta  cards  obey  the  same syn tax  as

dec i rna l  numbers  in  p rogram,  u i th  one add iE ion :  l f  a  t t / t t  i s  punched

before  the  number ,  e i ther .  be fore  or  a f te r  the  s ign ,  the  number  w iL l  be

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

t rea ted  as  an  oc ta l  po \der  o f  e igh t .  ( In  summary ;  /  on  da ta  cards  is

equ iva len t  Eo 8F in  p rogram,  bu t  the  la t te r  no ta t ion  is  no t  a l lo ! r 'ed  on

d a t a  c a r d s .  8 L  a n d  8 R  a r e  a l s o  n o t  a L l o w e d  o n  d a t a  c a r d s . )

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

progranmer  may sPec i fy  the  fo l low ing  in fo rmat ion :

1 .  Number  o f  coLumns to  be  read.

2 .  Trea tment  o f  bLank  co lumns.  B lanks  rnay  e i ther  be  ignored

or  may be  t rea ted  as  i f  they  vere  punched \ ,n i th  a  zero .

3 .  Dec imal  o r  oc ta l  convers ion .  The progranurer  may ind ica te

Ehat  the  number  i s  to  be  read as  an  oc ta l  ra ther  lhan a  dec ima l  quant i t y .

4 .  Sca l ing .  The prograrmler  may ind ica te  tha t  the  va lue  read is  to

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

5 .  A L a r m  s u p p r e s s i o n .  N o r n a 1 1 y ,  l r e a d i n g  a  c h a r a c t e r  o t h e r  t h a n  a

d i g i t ,  + ,  - ,  d e c i m a l  p o i n t ,  /  o r , o  w i l l  c a u s e  . i n  a l a r m .  H o w e v e r ,  t h e

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

b e  i g n o r e d .

The svn tax  fo t  a  read numer  i c  ins t ruc t ion  is  as  fo l lows:
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. i read numer ic  ins t ruc t ion> : :=  <uns igned in teger>  D ( read su f  f i : ' )

<uns igned in teger>  Z  l tead su f f i x )  |  < in>  f

< read su f f i x>  : :=  <empty> ]  < read su f f i x )  { read su f f i x  par t )

( r e a d  s u f f i x  p a r t >  : : =  l l  I  N  I  E  < i n t e g e r >

. i in t )  : :=  <empty> |  <uns igned in tege>

The uns igned in teger  g ives  the  number  o f  co lumns to  be  scanned '  and

m a y  b e  a s  l a r g e  a s  1 2 7 .  l f  D  i s  u s e d ,  b l a n k  c o L u m n s  a r e  i g n o r e d ,  w h i l e

us ing  Z  causes  such co lumns to  be  t rea ted  as  though they  rvere  punched

r , / iEh  a  zero ,  The su f f i x  t l  causes  the  number  to  be  t rea ted  as  an  oc taL

quant i t y ,  regarc lLess  o f  \ , rhe ther  o r  no t  a  /  i s  punched.  A  su f f i x  o f  the

forn  E+n causes  the  number  read to  be  nuLt ipL ied  by  ten  (o r  e igh t )

ra ised  to  the  +n  power .  The su f f i x  N causes  i l l ega l  s1 ' rnboLs  !o  be  ignored '

Tvo er ro r  cond i t ions  may be  de tec ted  in  read ing  numbers :  ILLEGAL

SYI IBOL and IWROPER NUMBER.  (A  de ta iLed descr ip t ion  o f  e r ro r  messages

in  READ is  g iven  in  Sec t ion  D o f  Chapter  3d . )  The f i rs t  ind ica tes  tha t  a

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

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

nessage ind ica tes  tha t  the  number  i s  improper ly  fo rmed.  For  examPle ,  i t

may have more  than one dec ima l  po in t ,  more  than one 'o '  a  dec ima l  po in t

a  f L e r  a , o , e t c .

In  t t re  numer ic  insEruc t ions  jus t  descr ibed,  the  f ie ld  w id th  o r

number  o f  co lumns co  be  scanned is  spec i f ied  by  "nD[  o r  "nZ"  and is  f i xed '

A  m o r e  f l e x i b L e  t y P e  o f  n u m e r i c  i n s t r u c t i o n  e x i s t s  i n  t h e  f o r m  o f  I ' n F "  o r

f r e e  f i e l d  r e a d .  " n F t '  s p e c i f i e s  t h a t  n  n u r n b e r s  a r e  t o  b e  r e a d  a n d  s t o r e d

in to  the  nex t  n  names.  Eac t t  nunber  f ie ld  i s  te rmina ted  by  a  comma '  thus

a l low ing  the  da ta  to  be  Punched r , / i thou t  re fe rence to  ParE icu la r  card

co lumns.  Numbers  may be  punched in  the  same fo rms as  fo r  the  f i xed- f ie ld

READ and may cont inue f rom one card  to  the  nex t '  B lanks  are  ignored except

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

n o t  a l t e r e d  i n s l e a d  o f  b e i n g  s e t  t o  z e r o .

An " - " ' r '  may be  used in  p lace  o f  a  comma to  te rmina te  a  number  f le ld '  Th is

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

the  renra in ing  narnes  i r i11  be  le f t  unaLtered  as  though the  cor resPond ing  nr rmber

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

M i I E ( A ,  B ,  C ,  D ,  E ,  F ) ;  R E A D ( < G  '  6 D )
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the  da ta  card

12.6, f  r4,"+5, ,  o ),

equ iva len t  to  execut ing  the  s ta tementsL S

A <  1 2 . 6 i  B  < -  8 F 1 4 , " * 5 ;  D <  O ;

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

D.  Card  Over  f  Low

I f  a  READ s ta tement  a t tempts  to  scan Past  the  r igh t  marg in ,  a  card

o v e r f l o w  s i t u a t i o n  i s  s a i d  t o  e x i s t .  T h i s  s i t u a t i o n  i s  n o t  t r e a t e d  a s  a n

er ror ,  bu t  i s  taken care  o f  au tomat ica l l y  by  the  sys tem'  As  soon as  an

at tempt  i s  made to  read pas t  the  r igh t  nErg in ,  another  card  is  read in to

the  bu f fe r  us ing  e i ther  an  E or  a  W,  depend ing  wh ich  o f  these the  user

used las t  to  read a  card .  CP is  then se t  to  L I l  (as  usua l ) ,  and the

charac ter  i s  read f rom tha t  co lumn,

E. An Exarnple using READ

To i l lus t ra le  many o f  the  concePts  wh ich  have been d iscussed,  a  com-

p le te  exampLe fo l lows,  p rogranmed in  severa l  ways .  Assume an ar ray  A has

been dec  Lared

real  arrav a [r :  ao]

and Ehat  va lues  fo r  a l l  80  e lements  a re  to  be  read f rom cards .  From lhe

progranuner ts  po in t  o f  v iew,  the  s imp les t  way  to  do  th is  i s  the  sequence

MME(I  -+  SO (  A [ r ]  ) ) ;  READ(4,  80F>)

Thus the  numbers  may be  punched,  as  des i red ,  on  as  many cards  as  needed,

w i th  success ive  numbers  separa ted  by  conrnas .  Assume ins tead thaE the  da ta

cards  are  a l ready  punched,  w i thout  comnas.  Each card  conta ins  e igh t

numbers, and each number is punched in nine columns with a column between
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numbers  whose conten ts  a re  to  be  ignored.  ln  Eh is  case '  the  READ

sta tement  g iven  above might  be  rep laced by

READ ( -; 10 ( <3>, + 8 <9D' LR> ))

A  m o r e  i n t e r e s t i n g  p o s s i b i l i t y  i s  t h e  f o l l o w i n g :

numbers  are  punched on to  80  cards  and tha !  each

co lumns 9  and 10  a  subscr ip t  and be tween coLuru ls

That  i s ,  the  80  cards  may be  p laced in  any  order

coLumns 9  and 10  ind ica tes  in to  \ th  i ch  e lement  o f

i s  to  be  s to red .  One way to  p rogram th is  i s  the

Suppose tha t  Ehe

card  has  punched in

L 2  a n d  3 0  a  v a l u e .

and Ehe nurnber in

r h a  r r r e r r  r h a  1 . r l , r a

fo  l  low ing :

f o r  i <  l  s t e p  1 u n t i l 80 do

b e g i n  M M E  ( j ,  A L j J ) ;  R E A D ( € ,  9 c ,  2 D ,  l R ,  1 9 D ) )  e n d

This  sor t  o f  cons t ruc t ion  w iL l  work  s ince  the  code fo r  naming AL jJ  i s

read in to

w i  1 1  a l s o

M M E (  - +  S o ( j ,  A [ j ]  ) ;  R E A D  (  +  8 0  4 ,  9 c ,  2 D ,  l R ,  1 9 D > )

not  executed  un t i l  a f te r  a  va lue

s h o u l d  s a t i s f y  h i m s e l f  t h a t  t h e

has  been

fo l lowing

j .  T h e  r e a d e r

w o r k :
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CHAPTER 3d

A Complete Descr ip t ion of  ALGOL-20 Input /Output

In t  roduc  t  ion

C h a p t e r  3 d  i s  a  c o m p L e t e ,  d e t a i l e d  d e s c r i P t i o n  o f  i n p u t / o u t p u t

s t a t e m e n t s  i n  A L G o L - 2 0 .  T h i s  n r a t e r i a l  i s  o r g a n i z e d  t o  b e  u s e d  f o r

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

c o n c e p t s  i n v o l v e d  s h o u l d  r e a d  { i r s t  C h a P t e r s  l b  a n d  l c  w h i c h  a r e  p r i m e r s

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

C h a p t e r  3 d  i s  d i v i d e d  i n t o  s e c t i o n s ,  a s  f o l l o w s :

A.  In t  roduc  t  ion

B.  NAME Sta tements  and Rep l ica tors

C.  PRIM and PUNCH Sta tements

D. RIAD S t at ement s

E .  B u F f e r  M a n i p u L a t  i o n s  a n d  " 1 "  -  v a r i a b l e s

F.  Cont ro l  and Execut ion  o f  I /O Sta tements

T n  r h r .  f o l  l o r ^ r i n o  t h e  t l . r m  ' r f o r m a t  s t a t e m e n t r r  w i l l  b e  u s e d  t o  r e f e r  t o

e i ther  a  READ s ta tement ,  a  PRIM s ta tement  o r  a  PUNCH s ta tement ,  s ince

the  la t te r  th ree  types  o f  s ta tement  a re  used to  ind ica te  the  fo rmat  o f

da ta .  The te r rn  t tou tpu t  s ta tement r r r , r i lL  be  used to  re fe r  to  a  PRINT s taLe-

ment  o r  a  PUNCH s ta tement .

B .  NAME Sta tements  and Rep l ica tors

NAME s ta tements  a re  used to  spec i fy  va lues  to  be  ou tpu t  in  a  Pr in t

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

i n  a  r e a d  o p e r . a t i o n .  T h e  N A M n  s t a t e m e n t  i s  n o t  e x e c u t e d  d i r e c t l y :  i n s t e a d

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

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

cons  ider  the  program segment :

A .
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r  <  7 ;  N A M E  (  A [ I ]  ) ;  7  < " - 1 2 ;  P R I N r ( < 3 D ,  E > )

T h e  v a l u c  o E  , \ [ l 2 l  w i l l  o .  p r i n t c J - -  n o t  t h a t  o r  A [ Z ]  .

Only  one NAME s ta tement  may be  ac t ive  a t  any  g iven t ime.  I f  severa l

NAME s ta tements  appear  be fore  a  fo rmat  s ta tement ,  on ly  the  las t  executed

NA. }4E s ta tenent  w iL l  be  ava i lab le  to  the  fo rmat  s ta tement .  Hence in  the

program segment :

NAME ( Ahl ) ;  NAI€ (  A[2]  ) ;

PRIM (  { fo rmat  l i s t )  )

t h e  o n e  e l e m e n t ,  e [ Z ] ,  i s  a v a i L a b L e  t o  t h e  P R I M  s t a t e m e n t .  T h i s

i s  d i s c u s s e d  i n  d e t a i l  i n  S e c t i o n  F ,  b e l o w '

A rep l i ca to r  i s  used in  a  NAME s ta tement  to

l i s t  o f  express ions  in  a  manner  ana lagous to  a  fo r  s ta tement  ac t ing  on  a

s ta tement  in  ALG01.  A  rep l i ca to r  aPPears  in  one o f  th ree  fo rms,  the  f i rs t

o f  w h i c h  i s :

o r  l i s t  o f  e x p r e s s i o n s  i s  t o  b e  u s e d  r e p e a t e d L y .

$ (for c laus e) $

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

the  fo r  l i s t  i s  exhausted .  An example  is :

u n t i l  3 a o $ ( a [ r ]

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

T h e  r e p l i c a L o r  a c t s  o n  t h e

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

, s [r] I$ f o r I < - l s t e p l

which is  equiva lent  to

e [ r J  ,  n [ r ]  ,  A [2 ] , r[z] , a[:] , s[3]

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

(s imp le  var iab le )  -+  $  (a r i thmet ic  express io rD $

Th is  fo rm is  equ iva l  en t

$  jg1  (s imp le  var iab le )  < -  1  s teP l u n t  i  I  ( a r  i L h m e t  i c  e x p r e s s i o n )  { o  $

wi th  one impor tan t  excePt ion :  The <ar i thmet ic  express ion> is  eva lua ted  on ly

once,  when the  f i rs t  name is  ac tua l l y  ca l led  fo r .  I f  the  ar i thmet ic  expres-

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

s igns  may be  omi t ted .  For  example :

t o
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r  - - N  ( r  - . $  2 ' r t  $  ( A h ,  i ] ) )

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

)  $  (a r i thmet ic  express io rD $

Th is  fo rn i  func t ions  in  a  n lanner  s imi la r

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

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

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

o m i t t L ' d  i r  L h e  a r i t l r m e t i c  e x p r e s s i o n

i n L e g e r .  F o r  e x a n p L e ,  L l r e  c o n s E r u c t  i o n

r  - N  (  - 1  (  
" : ' ) ,  

e [ r ]  I

i s  equ iva len t  to

to the one i!n,'ned ia te 1y

c o u n t e r  t o  u s e  i n  p l a c e

whenever  the  c  on t  ro  L  1ed

above fo rm,  the  do  11ar

i s  a  s i m p l e  v a r i a b l e  o r

above,  except

o f  t h e

v a r i a b l e  i s

s igns  may be

an uns igned

r ; .  r ,  e [ 1 ]  ,  
, n ,  

,  
t * t ,  a [ z ]  ,  

r - ; <  r ,  r *  r ,  t ' k  r ,  A [ 3 ]  ,  . . . ,  a [ n ]

Syntax  fo r  NAME Sta tements  and Rep l ica tors

<name statement> ::= IIAME ( <name List) )

(name L is t )  : :=  <name L is t  e lement )  |  < t ta*e  l i s t )  ,  (name l i s t  e lemenL)

(name L is t  eLement )  : :=  <name express ion> ]  
( rep l i ca to r )  (  <n  ame l i s t>  )

<name express ion)  :  :=  <ar i thmet ic  express ion)  |  <Boo lean express io rD ]

{1og ic  express  ion)

<rep l i caror>  : :=  $  ( fo r  c lause)  $  |  <s imp le  var iab le>  t  < l im i t>  |  
-+  < l im i t )

( l im i t )  : :=  $  (a r i thmet ic  express ioD $  |  <s imp le  var iabLe)  |  <uns igned in teger>

C.  PRINT Sta tements  and PUNCH Sta tenents

Most  o f  the  ins t ruc t ions  in  an  ou tpuc  s ta tement  serve  to  cont ro l  the  fo rm

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

i t  i s  na tura l  to  d iscuss  PRINT and PLt {Ct l  sEatements  t .ose ther .  Because the
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s taEements  a re  so  s iml la r  in  func t ion  and in  o rder  to  conserve  memory

l o c a t i o n s .  P R I N T  a n d  P U N C H  i n i t i a l l y  s h a r e  a  c o m n o n  c u t p u t  b u f f e r .  T h i s

n r e a n s  L l r . r t  s t o r i n g  c h a r a c t e r s  k i t l t  a  P R I N T  s E a t c m c n t  a l L e r s  a n l  i n l o r m a E  i o n

which  may have been s to red  by  PUNCH s ta tements ,  and v ice-versa .  In  add i t ion ,

PRINI  and PLTNCH sh: r re  the  same CP,  LM,  and RM,  so  tha t  chang ing  CP in  PRINT

changes i t  fo r  PUNCH a lso .  ln i t iaL ly  CP and l , l1  a re  se t  to  1 '  and RI I  i s  se t

t o  1 2 0 .  C h a r a c t e r s  s t o r e d  t o  t h e  r i g h t  o f  p o s i t i o n  8 0  a r e  i g n o r e d  v h e n

execut ing  an  r rEr r  o r  t r l ^ l r r  ins t ruc t ion  in  PUNCH.  Users  may have independent

bu f fe rs  fo r  PRINT and PUNCH by  us ing  fhe  methods  descr ibed in  Sec t ion  F  o f

t h  i s  c h a p t e r .

Ins  t ruc  t  ions

c L a s s e s :  C o n t r o l

the  ou tpu t  bu f fe r ,

and a I pha -nurner ic

\rh ich numbers are

appear ing  in  ou tpu t  s ta tements  Ia11 in to  one o f  lh ree

ins t ruc t ions  to  spec i fy  the  pos i t ion  o f  in fo rmat ion  in

aLpha-numer ic  ins t ruc t ions  to  s to re  cons tan t  in fo rmat ion

s t r ings ,  and ry  ins t rucE ions  to  spec i fy  the  fo r -Tn  in

to  be  s  to red  .

Cont ro l  Ins  t ruc t  ions

Assoc ia t .ed  w i th  the  ou tpu t  bu f fe r  a re  th ree  var iab les :  CP,  LM and RM,

the  charac ter  po in te r ,  the  le fE  marg in  and the  r igh t  marg in '  respec t ive ly .

CP po in ts  to  the  t rnex t r r  pos i t ion  in  the  bu f fe r  in to  wh ich  in fo rmat ion  may

be s to red ,  L l4  and RM re fer  to  the  le f t -most  and r igh t -most  pos i t ions  in

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

nay  be  used to  se t  o r  change CP or  to  ou tPut  in fo rmat ion :

n C  S e t  C P  t o  p o s i t i o n  n  ( c o l u m n  g ) .  T h a t  i s ,  C P  +  n .

n R  M o v e  C P  n  p o s i t i o n s  t o  t h e  r i g l r t .  ' L h a E  i s ,  C P  + ' C P  *  n .

n L  M o v e  C P  n  p o s i t i o n s  t o  t h e  l e f t .  T h a t  i s ,  C P  <  C P  -  n .

Mov ing  CP to  the  Le f t  o r  r igh t  l i i th  L lL  o r  nR does  no t  e f fec t  che

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

nE Pr in t  (punch)  gg  copy  o f  the  conten ts  o f  the  ou tPuL bu f fe r ,  ou tpu t

n  -  I  b l a n k  l i n e s  ( c a r d s ) ,  c l e a r  t h e  o u t p u t  b u f f e r  t o  b l a n k s  a n d  s e t
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a ' P  r ^  t h o  l o F f  n r r o i n  I - M

P r i n t  ( p u n c h )  n  i d e n t i c a l  c o p i e s  o f  t h e  o u t p u t  b u f f e r  o n  n

s u c c e s s i v e  l i n e s  ( c a r d s ) .  T h e  o u t p u t  i s  n o t  c l e a r e d  a n d  C P  i s  n o t

moved.

U p s p a c e  t h e  p a p e r  L o  E h e  t o p  o I  E h e  n e x L  p a g e .  ( P  i s  i g n o r e d  i n

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

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

T h e  d a t e  i s  p r i n t e d  s t a r t i n g  a t  t h e  L e f t  r n a r g i n  i n  t h e  f o r m

t  04  JUL 64r ,  and the  page number  i s  p r in ted  in  the  las t  ten

coLumns be fore  the  r igh t  marg in  in  Ehe fo rm TPAGE . tnnn r ,  vhere

nnnn represents  the  number  o f  pages  pr in ted  s ince  the  end o f  com-

p iLac ion ,  in  (4D)  fo rmat .  Pr in t ing  o f  the  page header  i s  under  the

cont ro l  o f  the  prograrmner .  He may res tar t  the  page number ing  or

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

Execut ing  "P"  does  no t  d is tu rb  the  ou tpu t  bu f fe r  o r  CP.  nP is

t r e a t e d  a s  l P  o r  P ,  f o r  a n y  n .

In  the  above cont ro l  ins t ruc t ions ,  and in  the  fo l lov ing  a lphanumer ic  ins l ruc-

E i o n s ,  n  i s  a s s u m e d  t o  b e  a  p o s i L i v e ,  u n s i g n e d  i n E e g e r  l e s s  r h a n  5 1 2 .  I f  n

i F  - - "  r - .  ^  . n i r  t p d -  F o r  p x a n n l e .  r r E t r  i s  t r e a t e d  a s  t ' l E t t .
n E  j /  u c  v ' r r r L  L t u

ALphanumer ic  lns  t ruc  t ions

Alphanumer ic  ins t ruc t ions  are  used fo r  a l l  s to rage inEo the  ou tpu t  bu f fe r ,

e x c e p t  f o r  s E o r i n g  o f  n u m b e r s .  T h e r e  i s  p r o v i s  i o n  f o r  s t o r i n g  s L r i n g s  l ' l l i c h

a p p e a r  i n  L h e  o u E p u t  s t a t e m e n L ,  L o r  s E o r i n q  q u o L e  m a r k s ,  f o r  s L o r i n g  a l P h a -

n u m c r i c  i n l o r m a t i o n  l r o m  a  l ' l A l ' { E  s L a t e m e n t ,  f o r  s L o r i n g  b l a n k s ,  
" n d  

I o r  s t o r i n g

B o o l e a n  q u a n t i L i e s .  W h e n e v e r  a  c h a r a c t e r  i s  s t o r e J  i n t o  c h e  o u t p u t  b u f f e r ,

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

o n e .  l l o v e v e r ,  b e f o r e  t h e  s t o r i n g  i s  d o n e ,  a  c L r e c k  i s  m a d e  t h a t  L M  a  C P  <  R M .

l f  th is  cond i t ion  is  no t  met ,  an  t 'E"  i s  executed  and the  charac ter  i s  Ehen

s t o r e d  a t  t h e  L M  o f  t h e  n e x t  L i n e .

nW
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r ( s t r i n g ) r  T h e  c h a r a c t e r s  o f  c h e  s t r i n g  a p p e a r i n g  b e t w e e n  t h e  q u o t e

marks  are  s to red .  Any  G-20 charac ter  except  quote  may be  s to red

by th is ins Eruc t ion .

g  q u o t e  m a r k s  a r e  s t o r e d .

n  aLphanumer ic  charac ters  a re  s to red .  These char :ac te rs  come f rom

I ( (n+3) /a )  names f rom a  NAME s ta te rnent .  Each name,  w i th  the  Poss i -

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

The charac ters  f rom the  las t  name are  taken f rom the  r igh t  end o f

t h e  w o r d .

An example  o f  an  A pr imary  may heLp '  Assume tha t  n [ t ]  ana

e[z ]  nave been named,  conta in ing  tSTRI '  and r : ! ' !NG t  respec t iveLy .

E x e c u t i n g  < 6 4 )  w i L l  c a u s e  ' S T R I N G '  t o  b e  s t o r e d  i n E o  t h e  o u t p u t

bu f fe r .  Had <7A)  been executed  ins tead,  TSTRI 'kNG'  ! r 'ouLd have been

s to  red  .

n B  n  b L a n k s  a r e  s t o r e d .  n B  h a s  t h e  s a n e  e f f e c t  a s  a  s E r i n g  i n s c r u c t i o r

w i t h  n  b l a n k s  b e t w e e n  t h e  q u o t e s .

nT A Boo lean va lue  is  s to red ,  The number  o f  charac ters  s to red  in to  the

o u t p u t  b u f f e r  i s  m i n ( 5 ,  n ) .  T h e  c h a r a c t e r s  s t o r e d  a r e  t a k e n  f r o m

one o f  th ree  s t r ings ,  depend ing  on  the  va lue ,  I '  o f  the  nex t  MME.

I f  v  i s  ! . I Jg ,  the  s t r ing  used is  rTRl lE- ' ;  i f  v  i s  fa lse  the  s t r ing

i s  r F A L s E t ;  a n d  i n  a l L  o E h e r  c a s e s  t h e  s t r i n g  i s  t U N D E F t .  ( T h e

Ia t te r  may occur  i f  the  NAME is  no t  a  Boo lean quant i t y . )  The t \ ro

m o s t  u s e f u l  f o r m s  o f  t h i s  i n s t r u c t i o n  a r e  1 T ,  w h i c h  s t o r e s  t T t ,  t F t

o r  t U t ,  a n d  5 T ,  \ r h i c h  s t o r e s  r T R I r ' E L r r ,  t F A L S E t  o r  t U N D E F t .

Numeric Ins truc t ions

Numer ic  ins t ruc t ions  are  those ins t ruc t ions  used to  s to re  numbers  in to

Ehe ou tpu t  bu f fe r .  Such an  inscruc t ion  may be  regarded as  g iv ing  a  "p ic tu re l

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

w h i c h  m a y  b e  o m i t t e d  i f  n o t  n e e d e d :

nQ

( l )  S i g n  q o n t r o L :  T h e  s i g n  m a y  b e  o m i t t e d  o r  i t  m a y  b e  s t o r e d "  I f  t h e
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l a t t e r ,  t w o  m o r e  c h o i c e s  a r e  a v a i l a b l e :  P o s i t i v e  n u m b e r s  m a y  o r  m a y  n o t

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

t h e  f i e l d  o r  i t  m a y  a p p e a r  j u s E  b e f o r e  t h e  l e f t - m o s t  d i g i t .

(2 )  Do l la r  con t ro l :  Numbers  may be  s to red  as  doL lar  amounts '  w i th

L n c  d o I L a r  s i g n  e i t h e r  l c T E - j u s L i f i e d  o r  j u s t  b e t o r e  t h e  l e r L - m o s t  P r i n L c d

d i g i t .

( 3 )  D i g i t s  t o  t h e  l e f t  o f  t h e  d e c i m a l  p o i n t :  T h e  n u m b e r  o f  s u c h  d i g i f s '

i f  a n y ,  i s  s p e c i f i e d ,  L e a d i n g  z e r o s  m a y  b e  r e p l a c e d  b y  b l a n k s .

(4 )  Dec  i rna  1  po in t :  The dec ima l  po in t  may or  may noE aPpear '  a l though i f

( 5 )  i s  u s e d  i t  m u s t  a p p e a r .

(5 )  D ig i ts  to  the  r igh t  o f  the  dec ima l  po in t :  The number  o f  such d ig i rs ,

i f  a n y ,  i s  s p e c i f i e d .  T r a i l i n g  z e r o s  m a y  b e  r e p l a c e d  b y  b l a n k s .

(6 )  Exponent  par t :  Severa l  fo rms o f  r r f loa t ing  po inEr r  no ta t ion  are  ava i l -

a b  l e .

(7 )  Misce l laneous -  the  user  may spec i fy  four  more  op t ions :  The number

may be  s to red  dec ima l  o r  oc taL ;  spec ia l  spac ings  may be  used;  a la rm outpu t  rnay

be suppressed;  and the  number  may be  t runcated  ra ther  than rounded.

The syn tax  o f  a  numer ic  ins t . ruc t ion  is  as  foL lows:

<numer ic  ins t . ruc t io r>  ; ;=  (p re f i r )  (number  fo rnD (su f f i x )

The pre f ix  con ta ins  the  spec i f i ca t ion  o f  i tems (1 )  and (2 ) ;  the  number  fo rm

c o n t a i n s  r h e  s p e c i f i c a L i o n  o f  i t e m s  ( J ) ,  ( 4 )  a n d  ( 5 ) ;  a n d  t h e  s u f f i x  c o n r a i n s

t h e  s p e c i f i c a t i o n  o f  i t e m s  ( 6 )  a n d  ( 7 ) .

Cons ider  f i rs t  the  number  fo rm,  ! , / i th  the  foL lowing  syn tax :

(number  fo rn> : : -  < in teger  par>  I  < in teger  par>  I

< in teger  par t )  .  < f rac t iona l  par t )  |  .  < f rac t iona l  par t>

< in teger  par t>  : :=  (uns igned in teger>  D |  
(uns igned in teger )  Z

<f rac t ionaL par t>  : ;=  (uns igned in teger>  D |  
(uns igned in teger>  Z

L e t  t h e  i n t e g e r  p a r E  b e  o f  t h e  f o r m  v D  o r  v Z ,  a n d  t l l e  f r a c t i o n a l  P a r t  b e  o f

t h e  f o r r  l D  o r  ( p .  I f  t h e  i n L e g e r  ( f r a c L i o n a l )  p a r r  . i s  m i s s i n g ,  L e t  v  ( 1 .

b e  z e r o .  T h e n  t h e  n u m b e r  w i L l  b e  s E o r e d  w i t h  v  d i g i t s  t o  t h e  l e f t  o f  t h e

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

c o n t a i n s  a  D ,  l e a d i n g  ( t r a i L i n g )  z e r o s  w i l l  b e  r e p l a c e d  b y  b l a n k s ,  w h i L e  t h e

Z  f o r m  c a u s e s  s u c h  z e r o s  t o  b e  s t o r e d .  f f  v  ( T l )  i s  z e r o ,  t h e n  n o  d i g i t s  w i l l
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b e  s t o r e d  t o  t h e  l e f t  ( r i g h t )  o f  t h e  d e c i m a l  p o i n t .  l f  v  ( T l )  i s  n o n - z e r c ,

a t  L e a s t  o n e  n o n - b 1 a n k  c h a r a c t e r  w i l l  b e  s t o r e d  t o  t h e  l e f t  ( r i g h t )  o f  t h e

dec imaL po in t ,  even though a  zero  must  be  s to red  vhere  D fo rmat  \ ' /ou ld  o ther -

w ise  ind ica te  a  b1ank.  The dec i rna l  po in t  i s  s to red  whenever  i t  i s  p resent

in  the  number  fo rm,  The number  i s  normaL ly  rounded by  add ing  f i ve  Eo the

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

b e  l e s  s  t h a n  1 5 .

T h H  p r c r i x  . i s  t h e  s p e c i f i c a t  i o n  o f  s i g n  a n d  d o I L a r  s i g n .  T h e  s y n t a x

o f  t h e  p r e f i x  i s  a s  f o l l o w s :

< p r e f i x >  : : =

( $  p a r t )  : : =

<si8n par t>

T -  h ^ F h  f h a  c i o n  ^ r . t

j u s f i f i e d .  A  s  i g n  o r

s  lo red  in to  the  ou tpu t

l n l l r r  e i o n  < n o c  i  f i  p r l

non-bLank d ig i t  s  to red

<$ par> <sign part> |  <sign part)  {$ part)

< e m p t y > l L $ l $

: :=  <empty>  |  r ,+  |  t -  |  +  |  -

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

d o 1 l a r  s i g n  s p e c i f i e d  b y  " L + r t ,  
r r L - r t  o r  I t L $ r r  v i 1 1  b e

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

b y  t t * ' t ,  r r - r r  o r  r r $ r r  v i l l  b e  s t o r e d  j u s t  b e f o r e  t h e  f i r s t

h v  r h a  n ' , r h p r  F ^ r r  T h e  n r l o r  n f  s l - . l r i  n o  i s  a s  I o I l o w s :u l  L , ' (  
" u u v !

1 .

2 .

J .

4 .

5 .

b .

$  s p e c i f i e d  b y  r r I $ r r

s  ign  spec i f ied  by  r rJ .+r r  o r  "L - "

bLanks  f rom suppressed Lead ing  zeros  in  D- type in teger  par t

i  ,  ;  ^ , r  t ' , ,  l l f l l  ^ ,  l l  l l
-  1 6 , ,  r  P E L r r  r c u  u J

$ s  pec  i f  ied  by  "$ ' l

f i r sE non-b lank  charac ter  f rom number  fo rm

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

s i g n  o r  L l r e  n u m b e r .  1 I  i L  i s  e r p t y ,  n o  s i g n  i s  s L o r e d ,  e v e n  t h o u g h  t h e  n u m b e r

m a y  b e  n e g a t i v e ,  I f  i t  i s  " + "  o r  " L + r r ,  a  s i g n ,  e i t h e r  r + r  o r  t - t ,  w i l l  b e

s t o r e d ,  t a k i n g  o n e  s p a c e .  l f  i t  i s  r r - r r  o r  r r L - r r ,  a r - ' v i 1 l  b e  s t o r e d  i f  t h e

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

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

i n f o r m a t i o n :  s c a l i n g  o f  t h e  n u m b e r ,  s t o r i n g  t h e  e x p o n e n t ,  s p e c i a L  s P a c i n g

a n d  o t h e r  o p t i o n s .  T h e  s y n t a x  i s  a s  f o l l o w s :
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<suf f i>> : := <enpty> I  <suf f iD (suf f ix  e lement)

(suf f ix  e lement)  : :=  t  I  s  < integer> |  r  < integer> I  E < integer>

H l K l N l r

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

i t  t a k e s  s i x  p o s i t i o n s  i n  t h e  o u t p u t  b u f f e r ,  i n

more  Ehan one o f  the  su f f i x  e lements  S ,  L ,  F  o r

s u f f i x .

I f  an  exponent  i s

t h e  f o r m : ' , - . , , # d d l - t '

E  shou ld  be  used on

No

a g iven

L  T h e  n u m b e r  i s  l e f t - j u s t i f i e d  i n  t h e  f i e l d  s p e c i f i e d

form,  and the  r :esu l tan t  exponent  i s  s to red .  Th is  i s

n o t a t i o n l r .

E+n The number  i s  sh i f ted  so  tha t  i t s  exponent  equa ls  *n  and the

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

F+n The number  i s  sh i f ted  so  tha t  i t s  exponent  equaLs +n,  bu t  the

exponent  i s  no t  s  to red  .

S*n  The number  fo rm por t ion  o f  a  numer ic  ins t ruc t ion  conta in ing  th is

su f f i x  must  be  o f  the  fo rm r ' { in teger  par t )  .  " .  (The dec ima l  po in t

must  appear . )  The number  i s  sh i f ted  so  tha t  i t s  exponent  equa ls

+ n .  T h e  r e s u l t a n t  m a n t i s s a  i s  t h e n  l e f t - j u s t i f i e d  i n  t h e  s P e c i f i e d

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

dec imal  po in t ,  \ , Jh ich  is  then inser ted  where  needed.  The resu l t ing
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The number  i s  s to red  oc ta l  ra ther  than dec ima l .  l f  an  exponent  i s

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

One o f  two spec ia l  spac ings  is  used in  s to r ing  the  number .  I f  a  $

par t  appears  in  the  pre f ix ,  the  d ig i ts  o f  the  mrmber  a re  s to red  in

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 n m a s .  I f  a  $  p a r t  d o e s  n o t  a P p e a r ,

t h e  d i g i t s  a r e  s t 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  s p a c e s .  I n

e i ther  case,  the  groups  are  counted  le f t  and r igh t  f rom the  dec imaL

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

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

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

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

rounded as  usua 1 .

by  the  number

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

the  number  i s  such tha t  chere  are  more  d ig i ts  to  the  le f t  o f  the  dec ima l

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

(prov id ing  tha t  the  su f f i x  "N"  \ , /as  no t  used)  ,  aLarm outpu t  w i l l  take  p lace

wi th  lhe  use  o f  r r ] , t r  fo rmat ,  I f  E  o r  S  fo rmat  was ca l led  fo r ,  no  ex t ra

spaces  rv i11  be  taken.  Otherw ise  the  number  \ " / i11  take  s ix  more  sPaces

L h r n  e x p e c t e d .  F o r  e x a m p l e ,  E h e  n u m b c r  l 2 l  w i l l  b e  s t o r e o  . r s  l 2  , " + 0 1  b 1

2 D ,  b u t  a s  2 3  b y  2 D N .

Examples  o f  Numer ic  Ins  t ruc t ions

The vaLue o f  the  nurnber  to  be  s to red  is  4673900.  The numer  i c  ins t ruc-

t i o n s  l i s t e d  o n  t h e  l e f t  s i d e  o f  t h e  p a g e  v i 1 l  c a u s e  t h e  s E o r i n g ;  o f  t h e

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

the  numbers  o f  bu f fe r  pos i t ions  used.

7 D
8D
9 Z
7 D . 4 D
7 D " 4 2
8DL
3 D .  l  D L
tz .2zE+7
1 Z  . 2 Z F + 1
3D .3ZF+1

.3ZF+1
+1D
-1D

L$+8D
L$ -8D

$+8D
8 2  . K

L $  8 D  . 2 z K
3D . l  DF#r
3 D . I  D F { 4 7
82 . s+3
8Z . SiJl

4DN
4 D
8DH
4D .zz l tL
3ZIINTF+3

4 6 7  4
4 6 7 . 3
4 6 1 3 . 9
4 6 1 . 3 9
3 9 0 0

0 0 0 ' - " " * 0 3 : r
0 0 0 . - . , o * 0 4 . - r

4 6 7  3 9 0 0
u 4  6 1  3  9  o  o
0 0 4 6 7 3 9 0 0
4 6 1 3  9 o o  o , - . ,  -  -
4 6 7 3  9 0 0  0 0 0 0
4  6 1  3  9  0  0  0  r - , , o  -  0  I  r - r
4 6 1 . 4 , - - . l , o * 0 4 1 - . 1
O  4 7  r - , o + 0 7 1
o  4 1
u  - 0  .  4  6  7
. 4 6 7
+ 4  6 t  3  9  0  0
- 4  6  7  3  9  0  0
$ ' - + + 6 7 3 9 0 0
$  -  : . 4  6  7  3  9  0  0
, - +  $  4  6  7  3  9  o  o
0  4  6 t t  7  3  9  0  0
$ u 4 , 6 7 3 , 9 0 0  0 0

7
8
9

t 2
l 2
1 4
u
1 0

4
7
4
8
I

1 0
1 0
l 0
1 0
1 4

5
5

l 5
l 5

4
1 0  ' r

8
l 3

J

4  6 1  4  l i  , o  +  0  3  - r
2 1 6 5 0 5 5 4
2 7 6 5 . 0 6 . , r , " * 0 4 . -
6 5 0

: ' r  A la rm outpu t  us  ed  .
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Syntax  fo r  Pr in t  and Punch

F o r  t h e  p u r p o s e  o f  t h i s  s y n t a x ,  t h e  G - 2 0  c h a r a c t e r s  r r < r r  a n d  t r > r t  \ d i 1 L

b e  r e p L a c e d  b y  r ' ( r r  a n d  " ) "  ,  r e s p e c r i v e L y .  r ' < "  a n d  t r > r r  w i l L  b e  r e s e r v e d

f o r  m e t a - L i n g u i s t i c  b r a c k e t s  i n  t h e  B a c k u s  N a u r  F o r m  s y n t a x .

<pr in t  s ta tement )  : ;=  PRI I f f  (  ( fo rmat  L is t )  )

<punch s ta tenent )  : ;=  PUNCH (  ( fo rura t  L is t )  )

< t o r m a t  L i s D  : : =  < f o r m a t  L i s t  e l e m e n t >  I  < f o r m a t  L i s t >

\ r o r m a L  l j s L  e l e m e n t >  : ; .  <  < l o r m a t  p r o g r a m >  |

<rep l i ca to r>  <  < format  p rogram> )  |  < rep l i ca to r>  (  < fo rmat  l i s t>  )

-  f o r m d L  p r o B r a n >  : :  .  \ f o r m a L  i n s t r u c t i o n )  |

< fo rmat  p rogram> ,  < fo rmat  ins t ruc t ion>

<formaf  ins t ruc t ion> : :=  <cont roL  ins t ruc t io r>  |  <a lphanumer ic  ins t ruc t io r>  I

(numeric ins truc t ior>

<cont roL  ins t ruc t io r>  : :=  < in t>  C |  < inD n  |  < in>  f ,  |  < in>  E I  < inD t^ I  I

(int) P

(a lphanumer ic  ins t ruc t ion> : :=  <s t r ing> |  a i . t>  n  |  < in>  Q |  < in>  A ;

{int) T

<numer  ic  ins t ruc t io r>  ; ;=  . ip re f i x )  (number  fo rnD (su f f i x )

(p re f i x )  : :=  <$  par t>  <s ign  par t>  |  <s ign  par t )  ($  par t )

<sign part> : := <ernpty> I  t -+ |  l -  I  *  |  -

($ part)  : := <enpty> |  L$ I  $
(numer i c  p r imary>  : :=  < in tege r  pa r>  |  < in tege r  pa r>  ]

< i n t e g e r  p a r >  ( f r a c t i o n a L  p a r >  |  
( f r a c t i o n a l  p a r t )

< in teger  parL- :  : :=  (uns igned in teger>  D |  
(uns igned inLeget>  Z

<f rac t iona l  par t>  : :=  (uns igned in tegeD D . iuns igned in teger>  Z

(su f f i v ' )  : :=  <empty> |  <su f f i>  (su f f i x  e lement )

( su f f i x  e lemen t>  : :=  I  I  n  I  t l  I  r  I  f  ]  s  < in tege>  |  n  < i " t ege r>  ]
F <integer>

( u n s i g n e d  i n t e g e D  ; ; -  { d i g i t }  |  
( u n s i g n e d  i n t e g e r >  < d i g i t )

< i n t e g e D  : : =  ( u n s i g n e d  i n t e g e r >  |  +  < u n s i g n e d  i n t e g e D  |  
-  { u n s i g n e d  i n t e g e r >

.1 in t )  : :=  <empty> |  
(uns igned in teger>

< s i r i n g >  : : -  |  < p r o p e r  s t r i n g )  t

< p r o p e r  s t r i n g >  : ; =  ( e m p t y )  ]

<proper  s t ing> <any  G-20 charac ter  o ther  than quote>

<format  1 is  t  e  I  emen t>
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From the

the  fo rms o f

Execut ion  o f  Pr in t  and Punch Sta tements

def in i t ions  o f  PRINT and PUNCH s ta tements ,  i t  i s  ev ident  tha t

t h e s e  s t a t e m e n t s  a I e :

P R I N T  (  f l e ,  f 1 e ,  . . . ,  f L e  )

P U N C H  (  f 1 e ,  f 1 e ,  .  .  . ,  f l e  )

w h e r e  " f l e "  d e n o t e s  a  f o r m a t  L i s t  e l e m e n t .  T h e  f l e r s  a r e  e x e c u t e d  i n  o r d e r

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

s ta tement  i s  te rmina ted .  Each f le  i s  e i ther  a  fo rn la t  p rogram bracketed  by

r ' <  > r r  a n d  p o s s i b l y  r e p L i c a t e d ,  o r  a  r e p L i c a t e d  l i s t  o f  f L e ' s ,  s e p a r a t e d  b y

c o m m a s .  I n  L u r o  e a c h  f o r r n a l  p r o g r a m  n a y  b e  a  L i s L  o f  f o r n a L  i n s L r u c L j o n s

(  E g . ,  r ' 3 C ,  2 Q ,  E t ' ) .  T h e s e  i n s t r u c t i o n s  a r e  a l s o  e x e c u t e d  i n  L e f t  t o

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

the  r r ( r r  r ) r r  b rackets .  I f  a  fo rna t  ins t ruc t ion  requ i res  a  va lue ,  i t  \ ^ ' i1L

cause a  ca l l  on  the  cor respond ing  MME s ta tement  and eva lua te  the  nex t  expres-

s i o n  t o  o b t a i n  a  v a l u e .

D, READ Stat ement s

Most  ins t ruc t ions  in  a  READ s ta tements  a re  used to  scan da ta  r ,Jh ich

has  been read in to  an  input  bu f fe r  and to  s to re  da ta  vaLues in to  var iab les

which  have been named in  a  MME s ta tement .  As  in  PRINT and PLr l iCH,  the

i n s t r u c t i o n s  f a 1 1  i n t o  t h r e e  c l a s s e s :  c o n t r o l  i n s t r u c t i o n s  t o  c o n t r o l  t h e

read ing  o f  da ta  card  images in to  the  bu f fe r  and the  pos i t ion ing  o f  CP,

a lphanumer ic  ins t ruc t ions  co  spec i fy  the  manner  in  wh ich  a lphanumer ic  da ta

is  to  be  scanned and s to red  ln to  var iab les ,  and numer ic  ins t ruc t ions  to

spec l fy  the  manner  in  wh ich  numbers  are  to  be  scanned,  in te rpre ted  and s to red

in to  var  iab  Les  .



A s s o c i a t e d  w i t h

RM - -  the  Ch arac t  e r

^ ^ j  - f c  ] - ^  r h a  r l n 6 v f l l

and RM re fer  to  the

may be  scanned.  The

nC

nL

nR

nB
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Cont ro  I I n s t r u c t i o n s

t h e  i n p u t  b u f f e r  a r e  t h r e e  v a r i a b l e s :  C P ,  L M ,  a n d

Po in te r ,  the  Le f t  } la rg in ,  and the  R igh t  Marg in .  CP

n n e i r ' i n n  i n  f h e  h r f f e r  w h i c h  i S  E o  b e  s c a n n e d .  L M

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

foL lov ing  ins t ruc t ions  may be  used to  se t  o r  change CP:

S e t  c P  t o  p o s i t i o n  !  ( C o f u m n  g ) .  T h a t  i s ,  C P  < -  n .

Move CP !  pos i t ions  to  the  Le f t .  That  i s ,  CP <-  CP -

Move CP g  pos i t ions  to  the  R ighE.  That  i s ,  cP <  cP +

Equ ivaLent  to  "nRr ' .

The

the

fo l low ing  two ins t ruc t ions  may be  used to  read da ta  card  images

input  bu f fe r :in t  o

nW

In the above

i n s t r u c t i o n s ,  n  i s

Read n  card  images

SEt  CP tO LM.  A t

on ly  the  las  !  card

The ac t ion  is  as  in

are  a lso  pr in ted  on

into the current READ buffer, and

the  comple t ion  o f  th is  insEruc t ion ,

image read is  ava i lab le  to  be  scanned.

r rn -Er r ,  except  tha t  the  card  i rnages

the  program l i s t ing .

cont ro l  ins t ruc t ions ,  and in  the  fo l low ing  a lphanumer ic

a s s u m e d  t o  b e  a  p o s i t i v e ,  u n s i g n e d  i n t e g e r  l e s s  t h a n  5 1 2 ,

I f  n  i s  one,  i t  nay  be  omi t ted .  For  example ,  ' \7 r '  i s  t rea ted  ad  r r lwr r .

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

Alphanumer ic  ins t ruc t ions  are  used to  scan a lphanumer ic  charac ters  and

s tore  s t r ins  o r  Boo lean va lues  in to  var iab les  named in  a  NAI4E s ta tement :

nA The nex t  n  charac ter  pos i t ions  o f  the  input  bu f fe r  a re

s c a n n e d ,  a n d  t h e  s t r i n g  o f  n  c h a r a c t e r s  E h e r e  i s  s t o r e d ,

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

named var iabLes .  I f  n  i s  no t  a  nu l t ip le  o f  four ,  the
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r (s  t r ing)  t

nT

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

j u s t i f i e d .

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

CP is  no t  changed.

The nex t  n  charac ter  Pos i t ions  are  scanned and a  Boo lean

va lue  is  s to red  in  the  nex t  var iab le  named.  I f  the

f i rs t  non-b lank  charac ter  scanned is  the  le t te r  "T" ,  the

va lue  o f  the  var iab le  i s  se t  to  TRUE;  o therv ise '  i t  i s

se t  to  FALSE.  CP is  inc remented bv  n . I f  the  var  iab  le

the  er ro r  cond i -

t r e a t e d  a s  d e s c r i b e d

Numeric Ins truc t ions

READ numer ic  ins t ruc t ions  are  e i ther  f i xed- f ie ld  o f  f ree- f ie1d.  F ixed-

f ie ld  ins t ruc t ions  cons is t  o f  a  p r inary  spec i fy ing  f ie ld  w id th  (Ehe number  o f

charac ters  to  be  scanned)  and poss ibLy  a  su f f i x  sPec i fy ing  add i t iona l  in fo r -

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

nD (nZ) The ins t ruc t ions  r rnDl r  and r rnZ[  a re  used Eo fo rm READ

pr imar ies .  t 'nD"  scans  the  nex t  n  charac ter  pos i t ions

of  the  bu f fe r  fo r  a  reaL or  in teger  number  and s to res

i t  in  the  cor respond ing  name.  $a  b lanks  scanned are

i g n o r e d ,  w i t h  t h e  e x c e p t i o n  t h a t  i f  t h e  e n t i r e  f i e l d  o f

n  c h a r a c t e r  p o s i t i o n s  i s  b 1 a n k ,  t h e  v a L u e  z e r o  i s  s t o r e d .

A number  p receded by  ^  " / "  i s  t rea ted  as  an  oc ta l  (base

e i g h t )  n r . m b e r .  n  m u s t  b e  a  p o s i t i v e  i n t e g e r  l e s s  t h a n

128.  T t le  ins t ruc t ion  r rnZr r  func t ions  as  r rnDr t  except  tha t

b L a n k s  a r e  t r e a t e d  a s  z e r o s .  T h e  f o r n s  r r n D . r t ,  t t n D . n D r t

named is  no t  o f  t ype  Boo lean or  1og ic ,

tion 'IILLEGAL BOOLEAN" is detected and

b e l o v .

t t . n D t r  a n d  t h e  c o r r e s p o n d i n g  Z  p r i m a r i e s  a r e  n o t

ln READ.

c o r r e c t
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T h e  s u f f i x  o f  t h e  f i x e d - f i e L d  i n s t r u c t i o n  m a y  b e  e m p t y  o r  m a y  c o n s i s t

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

E+n

The number  i s  conver ted  in  oc ta l  (base e igh t )  regard less

^ f  , . , h - f h - r  ^ r  n ^ F  i F  i c  ,-  . -  p r e c e o e o  D y  3  /  .  I l  L n e  n u m -

ber  has  an  exponent ,  the  exponent  i s  t rea ted  as  a  pover

o f  e i g h E .

The number  read is  muLt ipL ied  by  ten  (o r  e igh t )  to  the

Power  +n .

A n y  c h a r a c t e r  o t h e r  t h a n  a  d i g i t ,  + ,  - ,  d e c i m a L  p o i n t ,

/ ,  o t  .  i s  ignored i f  i t  i s  scanned.  CP is  inc remented

by  one,  and the  nex t  charac ter  i s  scanned.  NormaL ly ,

scann ing  any  charac ter  o ther  Ehan those L is ted  above w i l l

resu l t  in  the  de tec t ion  o f  the  er ro r  cond i t ion  TTILLEGAL

SYMBOLI"

In  the  numer  i c  ins t ruc t ions  jus t  descr ibed,  Ehe f ie ld  w id th  o r  number

o f  co lumns to  be  scanned is  spec i f ied  by  I 'nDr r  o r  t tnZ t t  and is  f i xed .  A  more

f lex ib le  Eype o f  numer ic  ins t ruc t ion  ex is ls  in  the  fo rm o f  I 'nF t  o r  f ree

r e a d :

n  numbers  are  t .o  be  scanned and s to red  in to  the  nex t

n  var iab les  named.  Numbers  may be  punched in  the  same

forms as  fo r  f i xed- f ie1d read,  and each number  f ie ld  i s

t e r m i n a t e d  b y  u  t ' , t '  o r  a  r t t r r t .  B l a n k s  a r e  i g n o r e d ,

e x e e p l  L h a t  i f  a n  e n t i r e  t i e l d  i s  b l a n k ,  t h e  v a L u e  o I

the  cor respond ing  var iab le  i s  le f t  una l te red  ins tead

n f  h a i  n o  c 6 f  f ^  7 o r ^

A r r : ' : r r  te rminaEes the  scann ing  o f  the  "nF"  ins t ruc-

t ion .  I f  fewer  than n  numbers  have been scanned,  the

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

, r q  t l , n , , c h  r h e  r - n r r e q ^ n n d  i n o  n l m h e r  f i r ' l r l q  r . . ' e r c  l e L E  b l a n k ,

A f t e r  e x e c u t i o n  o f  " n F " ,  C P  p o i n t s  t o  t h e  c h a r a c t e r  p o s i -

t i o n  o n e  p o s i t i o n  t o  t h e  r i g h t  o f  t h e  l a s t  r r r r r  o r  r r - r r r l

s c a n n e d .

nF
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Card  Ove r  f  Iow

I f  a  R E A D  i n s t r u c t i o n  a t t e m p t s  t o  s c a n  c h a r a c t e r  p o s i t i o n s  p a s t  E h e

r igh t  marg in ,  a  new card  image is  read us ing  a  pseudo cont roL  ins t ruc t ion .

Th is  ins t ruc t ion  func t ions  as  an  "E"  o r  r rWrr  ins t ruc t ion ,  \ , /h ichever  has  been

e x e c u t e L l  m o s L  r c c c n L l y .  S c a n n i n g  c o n t i n u e s  r , i t l r  C P  s e t  E o  L f t .  I n j t i a l l y ,

C P = l , L M = 1 , a n d R M = 8 4 .

Er ror  Mes s  ages

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

a r r n r  h r r  t l , a  
" c o r  

a i r - h a,  - . - . . - r  i n  h i s  A I c O L  I / O  c a l l  o r  i n  h i s  d r t a  c a r d s .  A

s tandard  er ro r  p r in tou t  i s  p rov ided,  conta in ing  the  fo l low ing  in fo rmat ion :

l .  T h e  L a s t  c a r d  r e a d  i s  p r i n t e d .  ( I f  i t  w a s  r e a d  b y  a  W ,  i t  w i l l

f h r r s  h e  n r i n f p d  r w i r - n  \  T h e  n e x t  I i n e  w i l l  c o n t r i n  a n  i n i - p c p r  o i v i n o  r h p

p r e s e n t  v a l u e  o f  C P  a n d  w i l l  a L s o  h a v e  a  v e r t i c a l  a r r o \ . /  ( l )  p o i n t i n g  t o

E h e  c o l u m n  i n d i c a t - e d  b y  C P .  U s u a l l y ,  t h i s  w i l l  b e  E h e  c o l u m n  j u s t  p a s t  t h e

e r r o r .

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

3 .  The s tandard  ALCOL run  er ro r  mechan is rn  i s  invoked w i th  RUN ERROR -

READ.  The fo l low ing  er ro r  nessages ( i te rn  2 ,  . rbove)  a re  de tec ted :

ILLEGAL BOOLEAN An a t tempt  has  been made to  read w i t t r  a  T  ins t ruc t ion

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

$$ - CARD READ An

mark .  Read ing  more  ca  rd

i n  r e a J  i n g  r n  e n J - o [ - f i l .

/ ; - , -  - ^ . - 1
\ t ' r L c !  r L d !  !  c  P  r  E r  c  r r  L  4  L  r u  L '

L d !  u  r u , d  6  c

d e t e c t e d .

N0 CARD READ An a t tempt  has  been

E  o r  I ^ l  i n s t r u c L i o n  h a s  l o a d o d  L l r c  i n p u L

a t t e m p t  h a s  b . . n  m a d e  L . r  r e J d  p a s t  d n  c n d - o l - r j  l c

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

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

I 6 5 . )  i n  c o l u m n s  o n c  J n d  t w u .  A L L e m p L i n g  L o  r e a d

causes  the  er ro r  cond i t ion  r r$$  CARI  MADrr  to  be

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

b u f f e r .



IMPROPER NUMBER ln scanning a number with

an iL legaL sequence such as  more  than one dec ima l

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

ILLEGAL SI'MBOL In scanning a number \ ' i i th a

c h a r a c t e r  o t h e r  t h a n  a  d i g i t ,  + '  - ,  d e c i m a L  P o i n t '

T h i s  r n e s s a g e  i s  s u p p r e s s e d  b y  t h e  s u f f i x  N .
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a  numer ic  ins  t  ruc  t  io  n ,

p o i n t ,  m o r e  t h a n  o n e  1 0 ,

numer ic  ins t ruc . t  ion ,  a

/  o r  , o  h a s  b e e n  r e a d .

Buf fe r  Man ipuLat ion  and |  
-  var iab les

As has  been ment ioned,  an  input  bu f fe r  and an  ou tpu t  bu f fe r  ex is t  in

t h e  I / O  s y s t e m .  A s s o c i a t e d  w i t h  e a c h  b u f f e r  a r e  t h r e e  P o i n t e r s :  C P '  L M

and RM.  IL  i s  f requent ly  conven ien t  fo r  the  progranmer  to  be  abLe to  make

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

format  ins t ruc t ions  Eo re fe r  to  them.  For  example ,  in  a l l  tha t  has  been

sa id  up  to  th is  po in t  no  ment ion  has  been made o f  any  \ tay  the  programmer

can change LM or  RM.  To per rn i t  re fe rence to  the  var ious  po in te rs  o f  the

I /O sys tem,  ALGOL-20 inc ludes  a  spec ia l  c lass  o f  reserved words :  Ehe bar -

v a r i a b l e s .  T h e s e  v a r i a b l e s  c o n s i s t  o f  a  v e r t i c a l  b a r  ( t ' l t t )  f o l l o w e d  b y

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

coLumns o f  the  same card ,  w i th  no  in te rven ing  b lanks .

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

f o r  d e f i n i t e n e s s .  T h e  b u f f e r  i t s e L f  c o n s i s t s  o f  1 2 0  c o n s e c u t i v e  L o c a t i o n s

i n  m e m o r y ,  c o r r e s p o n d i n g  t o  t h e  1 2 0  c o L u m n s  o f  t h e  P r i n t e r .  C h a r a c t e r s  a r e

s t o r e d  i n t o  t h e  b u f f e r  b y  p L a c i n g  E h e  G - 2 0  r e P r e s e n t a t i o n  o f  e a c h  c h a r a c t e r

i n  t h e  c o r r e s p o n d i n g  w o r d ,  r i g h t - j u s t i f i e d .  T h e  t h r e e  P o i n t e r s  a s s o c i a t e d

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

c o n t a i n i n g  c o l u m n  o n e .  " C o L u m n  z e r o r r  c o n t a i n s  C P ,  r r c o L u m n  - l r r  c o n t a i n s  R M

and "coLunn -2"  conta ins  LM.  Each o f  these t t r ree  po in te rs  has  a  name wh ich

i s  a v a i L a b l e  t o  t h e  u s e r ,  l h e  n a r n e  b e i n g  a  b a r - v a r i a b L e '  F o r  l h e  p r i n t

b u f f e r ,  c P  i s  i n  1 2 0 5 ,  R M  i s  i n  1 2 0 6  a n d  L M  i s  i n  1 2 0 7 .  T h u s  t h e  a s s i g n m e n t

s  ta  t  ement

l zos  .  s
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i c  e n r r i r r p l p n f  t n  l l c  I  n r m J t  S t 3 t e m e n L

PRrNr (<5 D)

S i n i l a r l y ,  L l r e  p r o g r a r n r n c r  m a y  c n a n g e  t l , e  r i t s h t  r n a r g i n  b y  s t o r i n t s  i n t o  l 2 u b

\ , /  i  th  an  ass ignment  s ta tement .

A  s i m i l a r  s i t u a t i o n  e x i s t s  f o r  t h e  i n p u c  b u f f e r .  8 4  c o n s e c u t i v e

I o c a t i o n s  a r e  p r o v i d e d  f o r  t h e  a c l u a L  r e a d  b u f f e r .  C o L u m n  z e r o ,  c a 1 l e d

1 2 0 0 ,  c o n t a i n s  C P  f o r  r e a d i n g ;  c o L u m n  - l  ,  ] 2 0 1  ,  c o n t a i n s  t l . r  e  r e a d  R M l  a n c

c o L u m n  - 2 ,  
1 2 0 2 ,  c o n t a i n s  t h e  r e a d  L M .

S i n c e  P R I N T  e n d  P I J N C H  s h d r c  r  c o m m o n  b u f J e r ,  i r  I o I l o r ^ r s  L l r a L  t h e y

share  a  conmon CP,  RM and LM.

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

Meaning

L M I
IRM 
! nnen

C P I
I

t h e  b u f f e r  
J

L M I
RM 

) rnrt" and PUNCH
c P l
t h e  b u f f e r  J

L o c a t i o n I n i t i a L  C o n t e n t s

l z o z
l 2 o l
l 2oo

next  84  words

l 2 o l
l 2 0 6
l205

n e x t  1 2 0  w o r d s

1

84

1

I

120

I

This  g ives  the  progrannner  conven ien t  access  to  the  th ree  po in te rs ,  bu t

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

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

n r o r r i d e r i  f o r  r l r e  r r s e l  r o  c a u s e  a  b u f f e r  t o  b e  i n  h i s  o \ " J n  d a t a  a r e a  i n s t e a d

of  in  the  1 /O sys tem.  Aga in  cons ider ing  PRINT,  the  user  may d i l :ec t  tha t  a

p a r t i c u L a r  1 2 3  e l e m e n t  a r r a y  i s  t o  b e  u s e d  a s  t h e  b u f f e r .  T h e  s y s t e n  r , / i l l

t h e n  u s e  t h e  f i r s t  t t r r e e  L o c a t i o n s  o f  t h i s  a r r a y  a s  t h e  t h r e e  p o i n t e r s  3 n d

t h e  o t h e r  1 2 0  L o c a t i o n s  a s  t h e  p r i n t  b u f f e r .  S i n c e  t h e  a r r a y  i s  i n  t h e

user 's  memory ,  he  may re fe r  to  any  co lumn or  to  any  po in te r  by  the  ALGOL

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

L o g i c  a r r a y  B U F F I  - 2  :  1 2 0  ]
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h a s  b e e n  u s e d  a n d  t h a t  t h e  p r o c e d u r e  c a l l

B U F F E R . S E T  ( ' P R I N T I ,  U U F F  [ O ]  )

h a s  b e e n  e x e c u t e d .  ( B U F F E R . S E T  i s  a  p r i v i l e g e d  i d e n t i f i e r . )  T h e n  f o r  a n y

k  b e t w e e n  o n e  a n d  1 2 0 ,  c o l u m n  k  w i L l  b e  i n  B U F F I k ] .  C P  v i l l  b e  i n  l u r r [ o ] ,

R I I  n i11  bc  in  ru rE[ - l ]  and  LM r , r iL1  be  in  ru rF [ -2 ]  "  l t  i s  impor tan t  to

n o t e  t h a t  1 2 0 5 ,  1 2 0 6  a n d  1 2 0 7  a r e  s p e c i f i c  m a c h i n e  l o c a t i o n s  a n d  t h a t  a f t e r

e x e c u t i n g  t l L e  a b o v e  B U F F E R . S E T  c a L L  t h e y  w i l l  n o  L o n S e r  c o n t a i n  t h c  P o i n t e r s .

BUFFER.SET may aLso be  used to  c l iange the  READ or  PUNCH buf fe r ,  us ing

t h c  s t r i n g  t R - E A D r  o r  t P U N C H t  a s  t h e  f i r s t  p a r a m e t e r  t o  t h e  p r o c e d u r e .  A s

for  PRINT,  the  second parameter  shou ld  be  an  ar ray  e lement  i vh ich  w i l l  be

c ,  f  1  n  c n r r ^ s n n n d  I  o  r r c o l u m n  z e r o "  o l  t h e  b u f l e r .

Before  ca lL ing  BUFFER.SET,  the  progrannner  shouLd be  sure  tha t  the  th ree

p o i n t e r s  t r e  i s  a b o u t  t o  p u t  i n t o  e f f e c t  c o n t a i n  r e a s o n a b L e  v a l u e s .  B U F F E R . S E T

o n L y  m a k e s  o n e  c h e c k :  i t  i n s i s t s  t h a t  t h e  r e l a t i o n s h i P

O < L M < R M

b e  s a t i s f i e d .  I f  i t  i s  n o t ,  L M  w i L l  b e  s e t  t o  o n e  a n d  R M  w i L l  b e  s e t  t o  8 4 ,

120 or  80  lo r  READ,  PRINT or  PUNCH,  respec t ive ly .

BUFFER.SET detec ts  t \ to  e r ro r  cond i t ions  w l . t  i ch  a re  t rea ted  as  run  er ro rs :

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

second parameter  \ rh ich  is  no t  in  the  user rs  memory .

The l re  a re  cer ta in  o ther  bar  var iab les  assoc ia ted  w i th  the  input /oucput

s y s t e m  v h i c h  a r e  a v a i l a b l e  t o  t h e  u s e r .  1 2 1 0  a n d  l Z l l  a r e  s w i t c h e s  f o r

fo rmat  and MIG,  respec t ive ly .  A t  any  g iven t ime dr . r r ing  the  runn ing  o f  a

program when the  user  has  MMEd var iab les  vh ich  have no t  ye t  been pr in ted ,

l Z t l  " i f t  
b e  n o n - z e r o .  ( I t s  v a l u e  i s  t h e  l o c a t i o n  o f  a  r o u t i n e  w t r i c l t  w i l l

supp ly  t l re  names to  succeed ing  s ta tements . )  l f  the  programmer  w ishes  to

cance l  the  e l fec t  o f  the  ex t ra  names wh iqh  h i : . ve  been suppL ied ,  he  may do  so

b y  s e t t i n g  l 2 1 1  t o  z e r o .  S i m i l a r l y ,  e x t r a  t o m a t  e L e m e n t s  w h i c h  h a v e  b e e n

s u p p l i e d  m a y  b e  c a n c e l l e d  b y  s e t t i n g  2 l 0  t o  z e r o .  T h e  p r o g r a n m e r  s h o u L d

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

c h a o s  v i I I  r e s u l t .

] 2 1 2  a n d  2 l J  a r e  a s s o c i a t e d  w i t h  t h e  m e s s a g e  p r i n t e d  a t  t h c  t o p  o f  e a c h
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page.  Whenever  the  pr in le r  i s  moved to  the  top  o f  a  new page by  the

execut ion  o f  a  P ,  the  user  may have a  message and page number  p r in ted  i f  he  so

chooses .  The sys tem has  been se t  so  tha t  the  page numbers  w i l l  s ta r t  r ^7 i th

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

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

page w i l l  con ta in  on  the  le f t  the  da te  on  wh ich  the  program was run '  and

on the  r ig t l t  the  page number .  The page number  i s  ca lcu la ted  by  f ind ing

out  f rom the  mon i to r  the  to taL  number  o f  pages  wh ich  have been pr in ted

s i n c e  t l r e  r u n  b e g a n  a n d  s u b t r a c t i n g  f r o m  t h i s  n u m b e r  t h e  c o n t e n t s  o f  l n 2 .

T h e  c o n t e n t s  o f  1 2 ! 2  i s  s e t  o n  e n t r y  L o  E h e  p r o g r a m  L o  L l r e  n u m b e r  o l  P a g e s

u s e d  b y  E l r e  c o m p i l e r  i n  c o m p i  I i n g  t h e  p r o g r i l m .  T h e  u s c r  m a y  c l r . r n g e  i t  3 t

any  t ime i f  he  w ishes  to  a l te r  t l te  page number ing  sequence.

1 2 1 3  c o n t r o l s  t h e  m e s s a g e  t o  b e  p r i n t e d  a s  p a r t  o f  t h e  p a g e  h e a d e r .  I f

i t  i s  n e g a r t i v e ,  n o  p a g e  h e a d i n g  a t  a l l  w i l l  b e  p r i n t e d .  I f  i t  i s  z e r o '  L h e

date  and page number  w i l l  be  pr in ted ,  as  expLa ined above.  Pos i t i ve  va lues

s h o u l d  n o t  b e  u s e d  i n  t h i s  l o c a t i o n .  I n  t h e  p r e s e n t  v e r s i o n  l Z t :  >  O  
" l f t

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

a d i f fe ren t  mean ing .

l 2 l 4  i s  t h .  u p - s p a c e  c o u n t e r .  A f t e r  e a c h  l i n e  i s  p r i n L e d ,  E h e  P r i n L e r

i b  u p - s p a c e d  t h e  n u m b e r  o I  l i n e s  i n d i c a t e d  b y  1 2 1 4 .  T h i s  I o c a t i o n  i s  s c L

on en t ry  to  the  program to  one,  fo r  s ing le  spac ing .  Th€ user  may se t  i t  Lo

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

. -  A . . F  - - 1 ,  ^  i t s  L - - l  |  ^  . a ^ A  F h a  ^ r ' | - n r r lb e L L r r L E  5 4 v c -  P d P c L

l Z t S  i "  t h e  l e f t - j u s t i f y  s \ " / i E c h .  I n  p r o c e s s i n g  n u m b e r  f o r m s  t h e r e  a r e

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

\ , /he ther  the  progranmer  has  used D or  Z  in  h is  fo rmat .  I f  a  b lank  wou ld  have

b e e n  s t o r e d  a n d  i I ,  I u r L h e r ,  l 2 l 5  i s  z c r " ,  L r ) c n  n o  s p a c e  w i [ 1  b c  L a k L  i n

L h c  p r i n E  I i n c  i n s t e : r d  o f  l e a v i n g  a  b l " r n k ,  T l r u s  s . t L i n d  ] 2 1 5  t . )  z e r o  p c r r i L s

E h e  u s e r  t o  g e t  l e f t - j u s t i f i e d  n u m b e r s .  l f l 5  i s  i n i t i a L i z e d  t o  b e  n o n - z e r o .

T h e s e  l a s t  f e w  b a r - v a r i a b l e s  m a y  b e  s u m m a r i z e d  a s  f o L l o w s :

NAME s\^/itch. I 0 +

page count

p a g e  h e a d e r  s v i E c h .

2 1 0

2 1 1

2 1 2

213

t h c r p  a r ,  . i r , . e c  T , )  h n  r r o c c s s c d

= e  t h e r e  a r e  f o r n a t s  t o  b e  p r o c e s s e d

(  0  =  5 r r o o t . " s l  =  0  +  p r i n t ;  >  0  ( d o  n o t  u s e )
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l ? 1 1
t - '

l z t )

. ^ l r n f F r

r c r L - J u 5 L r ! )  r w r L u , =  0  +  l e f t - j u s t i f y '  f  0 + d o n r t

F.  Cont ro l  and Execut ion  o f  I /o  SEatements

The re la t ionsh ip  be tveen MME and fo rmat  s ta t .ements  i s  g iven  in  the

fo l lov ing  descr ip t ion  o f  the  execut ion  o f  an  input /ou tpu t  oPera t ion .

( l )  A n  e x e c u t i o n  o f  a  N A M E  s t a t e r n e n t  s e t s  t h e  n a m e  s w i t c h '  l Z t 1 ,  t o

. . n q i f i v p  i n t - p c e r  e n d  s c L s  a n  i n t e r n a l  v a r i a b l e  6  t o  p o i n L  t o  E l r e  f i r s t

name express ion .  Whenever  l2 l l  i s  pos i t i ve  the  NAME s ta tement  wh ich  seE

i t  so  is  sa id  to  be  ac t ive .  A  NAME s ta tement  becomes ac t ive  as  encountered '

cance l l ing  any  prev iousLy  ac t ive  name s ta tement .

When a  MME s ta t .ement  becomes ac t ive ,  a  tes t  i s  made to  de tern ine  i t

a  fo rmat  s ta tement  i s  a l ready  ac t ive  (  lZ tO >  O ; .  I f  no  fo rmat  s ta tement

i s  a c t i v e  (  l Z t O  =  O  ) ,  c o n t r o l  p a s s e s  t ' o  t h e  s u c c e s s o r  o f  t h e  M M E  s t a t e -

ment .  I f  a  fo rmat  s ta tement  i s  ac t i ve ,  the  f i rs t  name express ion  is  evaLu-

a t e d  a n d  s e n E  t o  t h e  f o r r n a t  i n s E r u c t i o n  p o i n t e d  t o  b y  y .  ( S e e  ( 2 ) . )  6  i s

changed to  po in t  to  the  nex t  name express ion ,  and cont ro l  passes  to  the

ac t ive  fo rn laE s ta tement .

(2 )  An execut ion  o f  a  fo rmat  s ta tement  se ts  the  fo rna t  sw i tch '  1210,

to  a  pos i t i ve  in teger .  The fo rmat  s ta tement  i s  then sa id  to  be  ac t ive .

Because PRINI ,  PUNCH,  and READ s ta tements  share  the  s \ , , / i t ch  '  aE most  one

for rna t  s ta tement  may be  ac t ive  a t  any  g iven t ime.  A  fo rmat  s ta temen!  becomes

act ive  vhen encountered ,  canceL l ing  any  prev iousLy  ac t ive  fo rmat  s ta tement .

The va lue  (address)  o f  a  name express ion  rnay  be  needed dur ing  the  exe-

c u t i o n  o f  a  f o r m a t  s t a t e m e n t .  I f  s o ,  a n  i n t e r n a l  v a r i a b L e ,  Y '  i s  s e t  t o

po in t  to  the  fo rmat  ins t ruc t ion  reques t ing  the  va lue  (address) ,  and a  Ees t

l s  m a c l e  t o  d e t e r m l n e  i f  a  M M E  s t a t e m e n t  i s  a c t i v e  (  l 2 l l  >  0  ) .  I f  n o t

(  l Z t t  =  0  ) ,  c o n t r o l  p a s s e s  t o  t h e  s u c c e s s o r  o f  t h e  f o r m a t  s t a t e m e n t .  I f

a  NAME s ta tement  i s  ac t i ve ,  con t ro l  passes  to  the  express ion  po inEed to  by  6 .

(3 )  ln  a t fenpt ing  to  eva lua te  a  name exPress ion ,  a  check  is  made to

determine whether  6  po in ts  to  an  express ion  or  to  the  end o f  the  MME
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i '  r ^  r v a l u a L e d  a n d  6  i s  s e t  t or r  u  P U r " L 5  L U  d ' r  c ^ P L c r J

po ln t  to  the  nex t  name express ion  (o r  to  the  end o f  the  MME s ta tement )  '

a n d  L h e  v a l u e  ( a d d r e s s )  o f  t h e  e x p r e s s i o n  j s  s e n t  b a c k  L o  t h e  r e q u e s t i n g

forna t '  ins t ruc t ion .  When a l l  name express ions  have been eva lua ted ,  6  po in ts

to  the  end o f  the  MME s ta tement .  In  Eh is  case,  no  express ion  can be  evaLu-

a L e d ,  a n d  J 2 l l  j s  s e t  E o  z e r o  i n d i c a L i n g  L h a L  n o  N A - N I E  s t a t e m e n t  i s  a c E i v e .

+^  +L^  corunon successor  o f  the  now inac t ive  NAIE s ta tement

a n d  t h e  a c t i v e  f o r m a t  s t a E e m e n ! .  ( S e e  ( 5 ) . )

(4 )  A f te r  the  Las t  fo rmat  ins t ruc t ion  in  a  fo rmat  s ta tement  i s  executed '

l 2 l 0  i s  s e t  t o  z e r o ,  a n d  c o n t r o l  i s  p a s s e d  t o  t h e  c o m n l o n  s u c c e s s o r .  ( S e e  ( 5 ) . )

(5 )  The common successor  o f  an  ac t ive  s ta tement  and a  s ta tement  wh ich

has  jus t  become inac t ive  is  the  successor  o f  tha t  s taLement  wh ich  was most

recent ly  encountered  dur ing  che execut ion  o f  the  ALGoL program,

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

. l
i npu t /ou tpu t  opera t ions .  In  the  fo l low ing ,  N(P)  denotes  a  NAME s ta tement  n i th

?  name express ions ,  F(P)  denotes  a  fo rmat  s ta tement  (PRINT,  P IJNCH or  READ)

which  requ i res  P va lues  or  addresses ,  S  denotes  an  arb iL rary  ALGOL s ta tement ,

and Sr  denotes  any  ALGOL s taEement  wh ich  is  no t  an  input /ou tpu t  s taEement .

A :  N ( 6 ) ;  S ' ;  F ( 6 ) ;  s ;

E x e c u t i n g  N ( 6 )  s e t s  l Z t t  >  O  a n d  s e t s  6  t o  p o i n t  t o  t h e  f i r s t  n a m e

e x p r e s s i o n .  S r  i s  e x e c u t e d  a n d  e v e n t u a l l y  F ( 6 )  i s  e n t e r e d .  B e c a u s e  N ( 6 )  i s

e l r p 2 d v  a c t i l , c  p . r c h  r p n u e s t  f o r  a  v a l u e  o r  a d d r e s s  w i I l  b e  f i l l e d  b y  N ( 6 ) .

When the  execut ion  o f  the  las t  fo rmat  ins t ruc t ion  is  comple te ,  F(6)  becomes

i n a c t i v e ,  a n d  S  i s  e x e c u t e d .  N ( 6 )  i s  s t i l l  a c t i v e ,  b u t  6  p o i n t s  t o  t h e  e n d

o f  s t a t e m e n t .  I n  t h i s  s t a t e ,  a n y  r e q u e s t  f o r  a  n a m e  e x P r e s s i o n  w i l l  r e n d e r

N(6)  imred ia teLy  inac t ive .  A  NAME s ta tement  fo l lowed by  a  fo rmat  s ta tement

is  the  s imp les t  and most  f requent ly  used sequence.

B :  F ( 5 ) ;  S r ;  N ( 5 ) ;  s ;

t s  i L L u s t r a L c s  . r n  a l t e r n a L e  s e q u e n c e ,  i n  w l l i c h  E h e  f o r m a t  s t a L e n e n E  p r e -

c e d e s  t h e  N A M E  s t a t e m e n t .  E x e c u t i n g  F ( 5 )  s e t s  1 2 1 0  >  0 ,  b u t  n o  r e q u e s t s  f o r

name express ions  can be  f i l l ed  because there  is  no  ac t ive  NAME s ta tement .

y  i s  s e t  L o  p o j n E  E o  t l r e  f i r s L  r e q u e s t i n g  f o r m a t  i n s t r u c t i o n '  a n d  S ' i s  e x e -

c u E e d .  W h e n  N ( 5 )  b e c o m e s  a c L i v e ,  i t  J e L e r m i n e s  E h a E  F ( 5 )  i s  a l r e a d y  a c t i v e .
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The f i rs t  name express ion  is  eva lua ted  and sent  to  the  fo rmat  ins t ruc t ion

i n d i c a E e d  b y  y .  E v e n l u a l l y ,  E h e  l a s L  € o r m a L  i n s E r u c E i o n  i n  F ( 5 )  i s  e x e -

cu ted  and F(5)  becomes inac t ive .  As  in  example  A,  N(5)  i s  s t i1 l  acE ive

but  any  reques t  fo r  a  name express ion  w i l l  render  i t  inac t ive .  Cont ro l

l h e n  p a s s e s  t o  S .

c i  t l ( 4 ) ;  t l ( 2 ) ;  F ( 3 ) ;  S r ;  N ( 1 ) ;  s ;

C i l lus t ra tes  a  more  complex  s i tua t ion  wh ich  is  p robab ly  a  p rogramming

er ror .  N(4)  becomes ac t iver  bu t  i s  cance l l -ed  by  N(2) .  N(2)  and F(3)  func t ion

as  in  example  A,  except  tha t  when F(3)  reques ts  a  th i rd  name express ion ,  N(2)

becomes inac . t i ve .  Sr  i s  executed  and N( l )  encountered .  N( l )  now supp l ies

the  reques ted  name express ion  to  F(3)  and F(3)  becomes inac t ive ,  pass ing

cont ro l  to  S .  Users  shou ld  be  wary  about  us ing  sequences  such as  descr ibed

in  C as  i t  i s  very  easy  to  p roduce an  er ro r  wh ich  has  repercuss ions  on  nurny

other  input /ou tpu t  opera t ions  in  the  program.  As  a  sa feguard ,  the  name and

format  sv iEches  may be  zeroed as  descr ibed in  Sec t ion  E o f  Chapter  3d .
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CHAPTER 4

SYSTEM STATEMENTS

S y s t e m  s t a t e m e n t s  a r e  i n s t r L l c t i o n s  t o  t h e  A L G o L - 2 0  t r a n s l : l t o r  \ n r l i i c h  m i l y

b e  u s c d  t o  r n o d i f y  c e r L i t i n  : t s p e c t s  o f  t l l e  t r a n s l a t i o n  P r o c e s s .  T l ) a t  i s ,  a

s y s t . m  s t a t e n e n t  i s  e x c c L r t e d  b y  t l r e  t r a n s l a t o r  a t  c o m P i L e  t i m e  r a t l l e r  t l l a n

b ) ,  t h c  o b j e c L  p r o g r a m  a t  e x e c t l t i o n  t i m e .  S y s t e n  s t a t e n e l - ] t s  a r e  e x e c ( r L e d  a s

t l r c ) ,  a r c  e n c o u n L e r e d  b y  t h e  t r a n s L a t o r :  a s  i t  s c a r l s  o n c e  t t r r o u g h  t l t e  A L G O L

s o L r r c e  p r o g r i r m  a n d  t a k e  e I I e c t  i m m e d l a t e l y  t h e r e a l t e r '  A L I  s y s t e m  s t a t e m e n t s

e x c e p t  t l r o s e  m a r k e d  w i t l r  ! r + r r  n a y  b e  u s e d  a n y w h e r e  i D  t l r e  s o u r c e  P r o g r a n '

E a c l r  s y s t e m  s t a t e m e n t  i s  p r L n c h e d  o n  a  s e p a r a t c  c a r d  w l t i c i l  c o n t a i n s  " S Y t '

i n  c o l i r m n s  L  a n d  2 .  T t r e  s y s t e m  s t . l t e m e n t  i t s e l f  m a y  b e  p u n c l r e d  o n  t h e  c a r d

a n y u h e r e  b e t \ r c e n  c o l u m n  4  a n d  t h e  c u r r e n L  r i g l , t  m a r g i n  ( s e e  R I G H T  M R G I N

be Iow)  .

A  s ) s t c n  s t J t ( m c n L  g e n e r r l l y  r r a s  L h e  f o r m :

<  s t a t e m e n t  n a m e  >  <  p a r a m e l e r s  2

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

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

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

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

a  c a r d .  S y s t e m  s t a t e m e n t s  w l r i c l i  m a y  n o t  c o n t a i n  a  c o n u n e n t  o n  t l r e  s a m e  c a L d

a r c  n a r k e d  w i t l r  a  d o l l a r  s i g n  ( $ ) .

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

f o l l o w i n g ,  t ' n t '  i r i I L  a l \ t a y s  s t a n d  f o r  a n  u n s i g n e d  i n t e g e r  '  T l i e  s y s t e m  s t a t e n l e n t s

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

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

s y s t e m  s t a L e m e l l t :  T T P R I N T  N O  S Y S T E M " .

B L a n k s  i r r c  n o t  i E i n o r e d  i r l r e n  s c a n n i n g  s y s t e m  s t a t e m € : n t s  -  T h e r e  m u s t  b e a !

Leas t  one  bLank  be tween  \no rds  J r rL l  o r  L l umburs  ; t l . l  none  i n  ! " / oLds  o r  nu rnbe rs
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PRINT CONTROL

(  L )  P A G E  ( N o  p a r a n i e t e r s )

l L h e  e  f f e c  t  i s  t o  s k i p  t l r e

t L r e  n e x t  p n g e .  T h e  P A G E

t l , e  f i r s t  I i D e  o f  t l r e  n e \ " '

c o m p i l a  L i o n  L i s t i n g

s  t a  t e m e n t  i t s e l f  v i L l

P J g E .

t o  t l , e  t o p  o f

b e  p r . i n t e d  o n

: t ( 2 )  L r N E  n

t h e  e f f e c t  i s  t o

t o  u p s  p a c e  b e y o n d

t l l e  p a p e r  i l t  L l , e

u p s p a c e  t l , e  p r i n t e r  b y  n  l i n e s .  A n  a t t e m P t

t l r e  b o t t o n  o f  t i , e  c u r . r e n t  p a ! l e  v i L L  l e a v e

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

; ,  q  . 1 . )  S I I \ C L E  ( N o  p - r . . m . r . r s )

J , ( 4 ,  D O U t s L E  ( N o  p r r u r . t c r s )

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

t o  b e  p r i n t e d  \ t i t l r  s i n g l e  o r  d o L r b l e  L i n e  s p a c i n g ,  r e s P e c t i v e L y '

l f  n e i t l r e r  s t a t e m e n t  i s  g i v e n ,  t h e  t r . a n s l a t o r  a s s L l m e s  S I N G L E .

'! ( j) INIIENT n

INDENT an

INDENT -i l

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

t i o n s  t o  t l r e  r i g i r t  o f  t i , e  t e x t  I e f t  [ r a r g i n  t l r a L  t h e  c o r n p i l a t i o t t

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

" I D E N T  o r r .  A n  I D E N T  c a r d  m o d i f i e s  K  a s  g i v e n  a b o v e '  I f  t h i s

r L r L e  l e a v e s  K  o u t s i d c  o f  t l r e  r a n g e  O  =  K  =  2 1 ,  t h e n

K  r  L r i a x ( o ,  u r i n  ( K , 2 1 ) )  .  N o t e  t l r e  d i f f e r e n c e  b e t w e e n  " I D E N T  2 "

a n d  " I D E N T  + 2 " :  T l r e  f o r m e r  s e L s  K  t o  2  a n d  t l r e  L a t t e r  i n c r e m e n t s

K  b y  2 .  S e e  C l r a p t e r  6 c  f o r  a  d i s c t t s s i o D  o f  t l r e  f o r I I I J t  o l  t l r e

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

$ (6) PRrNr

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

a s p e c t s  o l  h i s  s o L r r c e  p r o g r i l n .  I n  g e n e r r : 1 ,  i f  l r e r  d o e s  n o t  s P e c -

i I y  o t l r e f l v i s e ,  l l i s  s o u r c e  P r o g r J I l  a L o n g  r u . i t l r  o c t a l  a d d r c s s e s ,

n o t e s  f r o n  t l , e  t r a n s l a t o r '  a n d  s y s t e m  s L a L e m e n t s  v i 1 1  b e  p r i n t e d ,

\ r l r i L e  r o u L i n e s  a c c e s s c d  f r o n  t l l e  s y n b o l i c  1  i b r a r y  \ t i l l  n o t .  T h c

*  N o t  p r i n t e d

$  C o m m e n t  n o t  a l L o w e d

K - n

K <  K * n

K  - K  -  n
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pr in t ing  o f  each o f  ADDRESSES,  NOTES,  SYSTEM s ta t ! 'mcnts  and L IBRARY

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

a b l e  P R I N T  s t a t e m e n t s .  W e  h a v e  t h e  f o L L o w i n g  s y n t a x :

< P R I N T  s t a t e n e n t >  i i .  P R I M  < p a r a n e t e r  s t r i n S >

< p a r a m e t e r  s L r i n g >  : : =  < p i t r i l f i I e t e r ) ,  |  { p a r a m e t e r  s t r . i n g >  < p a r a m e t e r > ,

<par . rmete !>  : :=  <conLro I  word> l  NO <cont ro l  wor t>  |  t ' l o  EACH

<conrrol  \norD : , := PRocMM I el lnnssns I  norns I  SYSTEM ] LIBRARY

A  P R I N T  s t . , r t € r n l c n t  i s  i n t e r p r e t e d  b y  t r e a t i n g  e a c h  o f  t h e  p a r a n e t e r : s

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

T h e  c o n t r o L  v o r d  A D D R E S S E S  r e f e r s  t o  t h e  o c t a l  a d d r e s s e s  p r i n t e d

d o \ ^ / n  t h e  l e f t  s i d e  o f  t l r e  p a g e .  N O T E S  r e f e r s  t o  P o s s i b l e  e r r o r

n o t e s  p r i n t e d  b y  t h e  t r a n s L a t o r .  ( S e e  C h a p t e r  6 b . )  S Y S T E M  r e f e r s

to  sys tem s ta tements  (except  those wh ich  !9 -Yg j -  Pr in t ) .  L IBRARY

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

b e L o w .  P R o G R A M  r e f e r s  t o  t h e  L i s t i n g  o f  t h e  s o u r c e  s t a t e m e n t s ,

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

A  p a r a n e t e r  c o n s i s t i n g  s o l e 1 y  o f  a  c o n t r o L  \ t o r d  h a s  t h e  e f f e c c  o f

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

L i s t i n g  a s  d e s c r i b e d  a b o v e ,  \ i h i 1 e  a  p a r a m e t e r  o f  N O  f o L l o w e d  b y  a

c o n t r o l  \ d o r d  t u r n s  o f f  t h a t  p a r t .

T l ie  parameter  EACI I  i s  eqLr iva len t  to  the  par  ameter  s t r ing  r rPRoGMM,

ADDRESSES,  NOTES,  SYSTEM,  L IBMRYT' ,  and the  Parameter  NO is  equ iva-

Leor  ro  ' 'N0  PROGI{AM,  NO LrBMRYrr .

T l r e  p a r a n e t e r  N O  P R o G M M  s u p p r e s s e s  P r i n t i n g  o f  t l r e  s o u r c e  p r o g r a m

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

o v e r r i d l n g  a n y  p r e v i o t t s  p i r r a r  e t e r  o f  A D D R E S S E S ,  N O T E S  o r  S  Y S T E I I .

I I  P I i INT PROGRAM is  in  e f fec t ,  however ,  then NO NOTES,  N0 ADDRESSES

o r  N O  S Y S T E M  r " r i I L  s L r p p r e s s  p r i n t i n g  o f  t h e s e  i n d i v i d u a l  f e a t u r e s  '

I L  i s  D o t  p o s s i b l e  t o  p r i n t  n o t e s ,  : l d d r e s s e s  o r  s ) s t e m  s t a t e m e r r L s

\ r i L i r o L r t  p r i n t i n g  t l r e  c o r : r c s p o n d i n g  s o u r c e  p r o g r : l m  i n l a g e s .  I f

PRINT N0 PRoGMI1 is  in  e f fec t ,  PAGE Jnd L INE have r1o  mean ing  and

t l r r r s  a r e  i g n o r e d  b y  t i l e  t r a n s l . t t o r .

lhe  paran le te r  L IBMRY i tas  a  IL rnc t ion  ana LogorLs  to  PROGMM, except

t h a t  L I B M R Y  t a k e s  e f  f  e c  L  o r r l y  r u ' h e n  a  s u b s e q u e n t  S Y  L I B M R Y  s y s t e m
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s t a t e m e n t  s L a r t s  i n s e r t i n g  l i b r a r y  i r n a g e s ;  t h e n ,  l L a v i D g

PRl r r "T  L IBMRY (PRINT N0 L IBRARY)  in  t l re  I 'ma in "  p rograrn  tex t

i ras  the  same e f fec t  as  hav ing  PRINT PRoGMl l  (PRINT NO PROGMM)

r s  t l l e  f i r s t  l i b r a r y  i m r g e .  T h e s e  l  i b r a r y  i m a g e s  m a y  t l r e n -

s e L v e s  c o n t a i n  P R I N T  s y s t e n  s t a t e m e n t s ;  t l r e s e  i v i 1 1  c o n t r o l

p r i r ) t i n g  o n l y  w i t h i n  t t . e  L i b r a r y  s e g n e n t ,  s o  t l i a t  t l r e  ? R I N T

s t a t u s  i n  e f f e c t  r v i r e n  t h e  S Y  L I B M R Y  s t i t t e n e n t  \ t a s  e n c o u n t e r e c l

w i l l  b e  r e s t o r c d  a t  t l  e  e n d  o f  t L c  L I B R A R Y  s e g m e r l t .  l f  S Y

L I B R A R Y  o c c u r s  r , ' i t l r i r r  a  s e t  o f  L i b r a r y  i m a g e s ,  p r i n t  c o D L r o L

! r o r l ( s ,  a s  d c s c r i b e d  a b o v e ,  c a l L i n g  t h e  o L l t e r  s e t  o f  L i b r a r y

i n a g e s  t l r e  n a i D  p r o ! j r a m  a n d  L l r e  l I r n e r  s e t  t h e  L i b r - ; r y  i f r . l E e s '

T h e  P R I N T  p a r a m e t e r s  a r e  ! I \ t a y s  r r p u s l r e d  d o r n ' t t "  w l r e n  a n  S Y  L I B M R Y

s y s t e n  s t a t . r r e l r t  i s  e n c o u n t e r e d ,  a n d  t l , e  " L I B M R Y I '  s r " ' i t c h  o n  o n e

IeveI  becomes "PRoGRAM" s l r i t ch  on  t l re  nex t  Leve l ,

l n  t h e  a b s e n c e  o f  a n y  P R I N T  s y s t e n  s t a t e m e n t s ,  t h e  A L G o L - 2 0

t r a n s L a t o r  a s s u n e s  P R I N T  E A C H ,  N 0  L 1 B R A R Y .

MlSCELLANEOUS

(7 ) RIGHT IIARGIN n

S t a r t i n g  o n  t h e  n e x t  c a r d ,  t h e  t l : a n s l a t o r  w i L l  s c a n  c o l t r n n  4

t h r o u g l )  n  f o r :  t h e  t e x t  o f  A L G O L ,  L I H A T ,  a n d  s y s t e m  s t a t e m e n t s ,

i , h e r e  4 0  I  n  1 8 0 .  I f  n  i s  n o t  i n  t l ) e  p r o p e r  r a n g e ,  : r n  e r r o r

n e s s a g e  i s  g i v e n  a o d  t h e  r i g h t  n a r g i n  i s  n o L  c h a n g e d .  T h e  t r a n s -

l a t o r  i n i t i a l l y  a s s u m e s  R I G H T  M A R G I N  7 2 .

( d )  L I B R A R Y  i d c n t i f i c t

T l l e  t r a n s l a L o r  i n s e r t s  i n t o  t l L e  p r o g n a m  i l t  t l l i s  P o i n t  t l r e  s e g m e n t

o f  A L G O L  s o L r r c e  p r o g r a n  t e x t  ( g e r r e r a L L y  a  p r o c c d L r r c )  w h i c l r  i s

f i L e d  i n  t l r e  s y r n b o l i c  l i b r a r y  u n d e r  t l t e  n a r n e  ( i d e n t i f i e r ) .

1 ( 9 )  n  A B C o N S

T h e  t r a n s l a t o r  w i l L  r e s e r v e  n  G - 2 0  I o c a t i o n s  f o r  s t o r i n g  " a b c o n s t t

a n d  n  l o c a t i o n s  f o r  s t o r i n g  t ' a d c o n s t t  d u r i n g  b o t l l  t r a n s l a t i o n  a n d

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

n o t  a p p e a r  i n  f o r m a t  p r i m a r i e s  '  A d c o n s  a r e  c o r l s t a n t s  a n d  t e m p s

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

a c t L r a l  p a 1 6 m e t e r s  t o  p r o c e d u r e s .

I f  n o  A B C O N  s t a t e n e n t  i s  g i v e n ,  t h e  L r a D s l a t o r  a s s u m e s

, '2J0  ABCONS" .

An ABCON s ta t€ :mei r t m a v  o n l o c c  r 1 !  a t  t l r e  v e r b e c i n n i n o  f  t h e

p r o E r J r L r  b e f o r e  L l  e f i r s t b e 8 , i n .

(  10)  SEGI IENT n I ,  n2

T h e  i n L e g e r  n 1  s p e c i f i e s  t l l c -  s e g n e n t  n u m b e r ,  a t l d  m L r s t  u s u a l l y

s a t i s f y  L  5  n 1  i  N .  S e g n e n t s  1  t l l r o u g h  N  a r e  t e n P o r a r y  s e g m e n t

a n d  L t l L l s  a r e  n o f  s a v e d  a f t e r  t l l e  e l l d  o f  t t r e  u s e r t s  r u n ;  p e r n t a n -

e n t  s e g n l e o t s  r " i t 1 1  n u m b e r s  g r e a t e r  t h i l n  N ,  a r e  a v a i L : r b l e  u p o n

r e q u e s t  t o  t l r e  C o m p u t i l t i o n  C e n t e r .  S i n c e  t h e  n L r m b e r  o f  t e n l P o r a r y

s e g m e r l t s  m a y  c l r . n g e  i n  t l r e  f u t L L r e ,  n o  v a l r . r e  f o r  N  i s  g i v e n  h e r e '

I t s  v a L L l e  c a n  b e  f o u n d  i n  t l r e  U s e l : s  M a n r r a I ,  S e c t i o n  1 . 5 .  T l r e

l n L e g e r  n 2  s p e c i f i e s  t l L e  n u m b e r  o f  f i l e s  w h i c h  w i l l  b e  r e q u i r e d

f o r  t l r e  s e g m e n t ;  e a c h  f i l e  c o n t a i n s  1 0 2 4 0 , "  w o r d s .  I f  s e g m e n t  L

r e q u i r e s  2  f i L e s ,  t l r e  n e x t  a v a i L a b l e  s e g m e n t  1 s  s e g m e n t  3 .

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

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

a  s  e  gment  .

end

t n e

o f  a n  A l g o I  p r o g r a n

p r o g r a m  i s  d u m p e d  a s

S e e  O h a p t e r  6 f  f o r  a  c o m p l e t e  d i s c t r s s i o n  o f  s e g m e n t s .

( 1T) RELEASE WTLAT

(T2)  RELEASE SYMBOLIC L IBMRY

t h e  u s e r  \ . J i l o  d o e s  n o t  n e e d  W I I A T  o r  L h e  s y m b o l i c  l i b r a r y  m a y  r e c L a i m

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

L o n g e r  p r o g r a m s  t o  b e  c o m p i L c d .  S l n c e  W H A T  i s  b e L o w  t l r e  L i b r a r y

p r o c e s s o r  i n  m e r n o r y ,  D o  s P a c e  c a n  b e  r e c l a i n e d  u n t i L  W H A T  i s

r e l c a s c c l  .  T h e  R E L E A S E T s  r n a y  b e  d o n e ,  l l o w e l v e r ,  i n  e i t h e r  o r d e r  a n d

a t  r n y  t i n e  d u r i n g  t l i e  e o m p i  l a t i o n .  R e l e a s i n g  t d I l A T  r e c l a i m s  / 1 4 0 0

( 7 6 E . " )  r , , o r d s ;  r e l e a s i n g  t l r e  L i b r r r r y  r , ; i I l  r : e c l a i m  a n  a d d i t i o n a l

6 0 0  ( 3 U 4 , " )  r u o r d s .  A t t e n p t i n g  t o  u s e  l i l l A T  o r  t h e  s y n b o l i c  l i b r a r y

a f t e r  i t  i s  r e  I e a s e d  r . r i 1 1  c a L r s c  a  c o f i \ ) i L e  c r r o r .
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( l3) DEtsUCl n

T l r i s  s y s t c u l  s t a t e n e r ) t  i s  d e s i g D e d  f o r  t l r e  u s e r  \ . r i t l l  s o n r e

hLror , ' le rdgc  o f  G-2 l l  n i i rc l r i r ie  code i l r rd  a  ger l€ r ra l  h r lo ru ledgc  o l

t l i e  A l g o l - 2 0  L r a n s l a t o r  r " r l l o  w i s l t e s  n o r e  s p e c i f i c  i n j ' o r r t u -

L i o n  o n  t l r e  t r a n s l . i t t i o n  o f  . l  P J r t i c u L n r  s t r t e n e n t .  T l t i s

s L i l L e n l e n t  c o r - r t r o l s  L I r e  P r i n t i n g  o f  L r P  L o  f  o L r r  c o l  r r n t | r s  o f

i D f o r  r d t i o r l  a f t c r  e a c l r  A L G O L  t e x t  c a r d ;

c i t a r a c L e r  s c a  L n c c l

pos  L i i x  p r  o ,1LLc  e ,1

c o d e  p r o d L l c e d

j  r l .  r . . . 1  v r r i  r L l c  ( . 1  i \ r i r .  , r  j

T l r i s  i n f o r r : r t i o n  1 s  p r i t t t e d  o n e  i t e n  P e r  L i n e  a s  i t  i s

g € r n e r - a t e d .  A n  i n t e r r - r a l  v a r i a b l e  e q u i v r l e n t  i s  P r i  I r t e d  o L r t

f o r  e a c l r  i d e n t i f i e r  d e c l a r e d .  n  >  0  t u r n s  o n  t h e  P r j n t i n g ,

n  =  O  t u r n s  i t  o f f .
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CHAPTER 5

THE ALGOL LIBRARY

T l r e  p r i r n i t i v e  o P e r a t o r s  a v a i L i . l b I e  t o  t h e  A L G O L  p r o ! j r a m m e r  i n c L u d e

a r i L l r r  e t i c  o p e r a L o r s  s u c h  a s  + , ' ! )  a n d  T  ( e x p o u e l ) t i a t i o n ) ,  a n d  e L e m e n -

t a r y  r ; r t h e n a t j c a L  f u n c t i o u s  s u c h  a s  S l N ,  E X P  a n d  A R C T A N '  l l o v e v e r ,  t t l e

p r o g r a n m e r  r , r i r  y  n c e d  n a t r i x  i l l v e r s i o n ,  n u m e r i c a L  i n t ! ' g r a t i o n ,  l e i l s t -

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

i r s  b a s i c  o p c r a t i o n s  i n  t l i e  s o l L L t i o n  o l  i l  p a r t i c L r l a r  p r o g r a m m i n g  p r o b l e n r '

S i n c e  t l r e  l . r s t  r r e  s o m e w l r a t  l e s s  f l : e q u e n t L y  u s e d  o p e r r ; l L i o I i s ,  t l l c y  i r a v e

n o t  b e e n  p r o v i d e d  , s  a  p i l r t  o f  t l r e  A L G O L  L a n g u a g e  i t s e l f .  l n s t e i . r d ,  t l r e s e

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

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

p . ] r t i c u l ; r r  p r o g r a u l .  S i n c e  t l r e  I i b r a r y  i s  i n  n o  s e n s e  c o m p l e t e ,  e x i s t i n g

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

b r o L r g l r t  t o  t l t e  a L L c n t i o n  o f  t h e  C o m P L l t : l t i o t l  C e n t e r  s t a f f '

T h e r c  a r e  t w o  L i b r a r i e s  i n  t h e  A L G O L - 2 0  s y s t e m :  t h e  r e l o c a t a b L e

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

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

s u c h  a s  D I S C , R E A D  a n d  D I S C . W R I T E .  T l i e  r o u t i n e s  i n  t h i s  L i b r a r y  a r e

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

a b l e  b i n a r y  m a c l i i n e  i n s t r L r c t i o n s .  F r o m  t h e r e  t f r e y  m a y  b e  a c c e s s e d  b y  t h e

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

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

P r o g r i r m .

T h e  s y l r b o L i c  L i b r e r y  c o n t a i n s  p i e c e s  o f  A L G O L  t e x t .  T h i s  t e x t  \ t i L l

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

p r o c e d L r r e s ,  a  b I o c h ,  o r  a n  J r b i t r a r y  s c q u e n c e  o f  A L G O L  i n s t r u c t i o n s  m a y

b e  I i l e r d  a s  a  s i n g l e  e n t r y  i n  L h e  s y L r i b o L i c  s o u r c e  l a n g u a g e  l l b r a r y '  P r o -

c e d L r r e s  1 n  t h i s  L i b r a r y  a r e  L r s u a l l y  t h o s e  r v h i c l t  c a D  b e  v r i t t e n  m o r e

c o r r v e D i e n t L y  i L r  A L G O L  t h a n  i u  n a c h i n e  l a n g u a g e ;  f o r  e x a m p l e ,  S I M ,  t l t e

S i n p s o n r s  R u l e  i o t e g r a L i o n  p r o c e d u r e .  h ' h i l e  : l  m o r e  e t f i c i e n t  p r o c e d u r e

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

a d v i r n L i r g , e s  t o  \ ' r i t i n g  L l r e  p r o c e d L r r e  i n  A L G O L ;  F i r s t ,  t h e  r o u t i n e  c a n  b e

w r i t t e n  a r d  d e b u g g e d  i n  l e s s  t i n i e  a n d  i r i t l r  l e s s  e I f o r L  b y  u s i n g  A L G O L ,

a n d  s c c o o d ,  A L G O L  t e x t  i s  m o r e  e a s i l y  r e a d .  A n y o n e :  w h o  i s  i D t e r e s t e d  r n
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t l i e  d e t a i l e d  o p e r a t i o n  o f  t h e  p r o c e d L r r e  m a y  g e t  a n  A L G O L  L i s t i n g  o f  t h e

p r o c c d u r e  a s  i L  i s  c o m p i  l c d  i n t o  f r i s  P r o g r a m .  ( S e e  t h e  d - i s c U s s i o n  o f

p r  i n  L  - c o 1 r  t r . o  I  s L a t e n e r l t s  i n  C h a  p t e r  4 ' )

S i n c e  a L L  L l i e  o b j e c t s  i n  t l r e  l i b r i l r i e s  a r e  n o t  p r o c e d L r r e s  '  t l l e  t c r l l

" r o r r t i i e "  i s  a p p l i e d  t o  a n  e n t i t y  i n  e i t h e r  l i b r a r y .  T l i u s ,  i l  r o L l t i r r e  m : l  ) '

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

s € r q u c r - r c e  o f  A L G O L  i n s t r L r c t i o n s .  T h e  d e s c r i p t i o n s  o f  a L L  r o L r t i n e s  i n  t L l i s

c h a p t e r  s t a t e  ! n l r e t l r e r  t h e  P i l r t i c u L a r  r o u t i n e  i s  i n  t h e  s y n b o l i c  o r  r e l o c ' l t -

. r b 1 e  L  i b r a  r y  .

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

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

m e c l r a n i s n s  f o r  e c c e s s i n g  s y  r b o l i c  a r - r d  r e l o c a L a b L e  r o L r t i n e s .  S y r n b o L i c

l i b r a r )  r o L r t i n e s  J r e  a c c e s s c d  b y  L l e l n s  o I  a  S Y S T E M  s t a L e n e l r t '  ( S e e  C l - r a p t e r  4

f o r  . r  c o n p L e t e  d i s c r L s s i o n  o f  S Y S T E M  s t a t e m € ! n L s . )  T h e  c a r d  i m i l g e

LIBRARYS Y . - i d e n t i f i e r >

r , , i L 1  c u r L s e  t l r e  t c x t  f o r  L h e  r o L ! t i n e  { i d e n t i f i e r )  t o  b e  c o m p i L e d  i n t o  t l r e

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

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

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

t i r . ry  mL ls t  b "  I  -  
" - Ig !S  

d  as  - l !q : j i J .  p rocedures  in  the  i read o f  t l re  bLoc l i  i r r

r " ' h i c f r  t i r e )  r r : e  L r s c d .  T h e  s y n t a x  o L  d e c l a r a t i o l i s  i s  e x t e r l d e d  t o  i n c l u d e  i

I  i b r a r y  p r o c e d u r  e  d e c L a r i l t l o t l i

. : l  i b r e r y  p t o c e d u r e  d e c L a r a t i o r D '  : : - ,  L i b r a r y  p r o c e d u r e  { i d e n t i f i e r  L i s t }

I I  ib .u ry  < typd-  p IgSSlg-  { iden t i i ie r r  L is t l '

T I r u s  t l r e  f o l l o w i r r g  a r e  e x a m p l e s  o L  L i b r a r y  p L o c e d L r r e  d e r c l a r a t i o r r s :

I  i b r r  r y  p . r o c e d u r e  D I S C . R E A D ,  D I S C . W R I T E , S L E W ;

L i b r a r y  r e . r l  p r i o c e d l l r e  Z I L C H '  S I N l l ,  G O S H ;

T i r e s e  d e c L a r a t i o l r s  l r a v c  t l t e  s a n e  s c o p e  a s  . t n ) ,  o t h e r  A L C O L  d e c l a r a t i o r l s ;  t l r r l s

t l t e  D a m e  o f  I  I i b r a r y  p r o c e d u r e  n a y  b e  r e d e c l i t r e d  i n  o t l r e r .  b L o c k s  t o  b e  a n y

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

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

p r o c e d L r L e  i s  d e c l . r r e d  o n l y  o n e  c o P y  o f  t h e  r o L l t i r r e  i " l i 1 1  b e  n d d e d  L o  t l l e

p r o S r a n .
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A s  \ , , i t h  a n y  o t h e r  I i b r a r y ,  t l r e  A L G O L  l i b r a r y  a L s o  h a s  a  L i b r a r i a n ,

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

u s e r  n i r y  a d d  h i s  o \ r n  r o u L i n e s  t o  t h e  l i b r r r y  o n  a  t e m p o r . l r y  b a s i s .  ! - o r

a  d e s c r i p t i o n  o l  t h e  L i b r a r i : r D J  s e e  t h e  A L I B N  M a n u a l .

T h e  r e n a j n d e r  o f  t h i s  c l t a p L e r  i s  a  s e t  o f  d e s c r i p t i o n s  o f  t l l e

r o u t i n e s  c u r r e r l t i y  a v a i L a b l e  i n  t i r e  r e l o c a t a b l e  a n d  s y m b o L i c  l i b r a r i e s ;

L l r e s e  i r r e  r r r a o g e d  \ . r i  t l ) i r  c a c i r  l i b r a r y  i l l p l l r b e t i c a l l y  i l c c o L d i n g  t o  t l l e

p r o c e d l l r e  n J n r e .  A 1 s o ,  f o r  c o n p L e t e o c s s  J  w r i t e L r p s  a r e  i n c l u d e d  f o r  " s t a n d a r d

l o u t i n e s r '  -  t h o s e  r o L l t i r l e s  v l r i c h  a r c  b r L i l L  i n t o  t h e  s y s L e n  a r r d  r " ' h o s e  n ! m e s

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

a n y  p r o g r i r n i  l . ; l r , i c h  c a 1 1 s  o n  t [ r e n ,  t l ] c y  d o  n o t  l r a v e  t o  b e  d e c L a r e d .  l n  f a c t '

rny  a t tempt  to  fe tc l r  then \ t i th  : rn  SY L IBMRY card  or  \ t i th  a  lLq IS i I

p r o c e d u r e  d e c L i r r . r t i o n  r , v i 1 1  b e  d e t e c t e d  a s  J n  e r r o r .

T l r e  r c f e r e n c e  f o r  n l r m e r i c a L  m e t h o d  E ! i v c n  f o r  m a n y  o f  t l r e s e  r o u t i n e s  i s

" 1 6 0 4  R o r r t i n c s " .  T h i s  r e f e r s  t o  t h e  b o o k ,  S o m e  B a s i c  1 6 0 4  M i ] t h e m a t i c a l  S L r b -

r o u L j n e s ,  P u b l i c a t i o n  0 6 1  o f  C o r - r t r o l  D a t a  C o r P o r a t i o n ,  M i t - r n e a p o l i s ,  M i n n e s o t i l  .

A  c o p y  o f  t h i s  b o o k  i s  a v a i l a b l e  a t  t h e  C o m p u t a t i o n  C e n t e r  f o r  r e f e r e n c e .
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S t a n d a r d  F u n c  t  i o n

PROCEDURE SPEC]FICATlON

rea I  p r :ocedure  ARCTAN(X) ; yglgg X; r e a  I  X ;

PURPOSE

A R C T A N  I i n d s  t h e  i n v e r s e  t a n g e n t  o f  X

f r o m  -  n , ' 2  t o  +  f i f  2 .  I t  o p e r a t e s  c o r r e c t l y

r n p u L .

METHOD

D e s c r i b e d  o n  p a g e  G - L  o f  r r 1 6 0 4  R o u t i n e s "

i n  r a d i a n s  i n  t h e  r a n g e

o n  a n y  n u m b e r  g i v e n  a s

T l  l l ' lG  rnJ  ACCUMCY

T h e  r e s  u L t  i s

T h e  e r r o r  i s

i n  1 . 2 5  m i l L i s e c o n d s

I  - 1 1

p r o d u c e d

l e s s  t h a n
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Sta  nde r  rd  Func  t i o l l

PI{OCEDUR.E SPDC IF ICAT ION

r e a l p r o c e d r r r e  C O S  ( X ) ;  I g ! 9 9  X ;  r e a l  X ;

A L . 5 . C O S . l

i :  nd  nay  be  e i ther

PURPOSE

AI"\R}IS

RUN ERRoR - S lNr---r lxl -> z

F o r  v a L u e s  b e Y o n d  t h i s  P o i n t  t h e

TIME and ACCURACY

T h e  r e s u L t  i s

i s  a b o u t  5 , 0 - 1 1 .

C O S  f i n d s  t L i e  c o s i n e  o f  X ,  v l r e r e  X  i s  i n  r a d i a n s

p o s  i t  i v c  o r  n e g a t i v e .

l8Tll0ll

C O S  L r s e s  t l r c s  i n e  r o L r t i n e ,  t L s  i  t - r g  L l L e  i d e n t i  t y

cos (x) -  sIN (x + r t l2) .

, 0 9 7 , 1 5 2 = 2 1 2 1

a  l g o r i t h m  b r e a k s  d o v n

p r o d u c e d  i n  L  . 0 8  r n i l l i s e c o n d s T h e  r e l a  t i v e  e r r o r
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PROCEDURE SPECIFICATION

PROCEDURE

VALUE K,
ARMY A,
R.EAL X0 ,

REFER.ENCES

PURPOS E

CURFIT f  inds

c e [ L J  ,  s [ t j  I  , .  . . ,
t h e  L e a s t  s q u a r e s
1 =  1 , . . . , M .  T h e

C U R F I T  ( K ,  A ,  B ,  M ,  X ,  Y '  W '  N '  A L P H A '
R,  ORTH, POW' ERROR);

M, N,  XO, GAMI{A,  R;  INTEGER K,  M,  N'  R;

B ,  X ,  Y ,  I ' ,  A L P } I A ,  B E T A ,  S ,  S G M S Q '  C ,  Z ;

cAMI'lA; BOOLEAN oRTH ' Pot^l ; LABEL ERRoR;

1 .  A L g o r i t h n  7 4 '  C o m m .  A C M '  J a n u a r y  1 9 6 2

2 ,  r e J t ,  ; . n . 1 .  P o l y n o m i a i  C u r v e  F i t t i n g  w i t h  C o n s t r a i n t s ,  S I A M  R e v i e w '  A p r i I

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

ALGOL Syrnbo l  i c  L ib rary

A L  . 5  . C U R F I T . 1

B E T A ,  S ,  S G M S Q ,  X O ,  G A M M A ,  C ,  Z ,

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

w h i c h  i t  f i n d s  i n  t h e  a r r a y  Z '  T h e

L l r e  D o l y n o m i a l  o t  d e g r e c  N  w h i c h  p a s s e s  L h r o u g h  L h e  K . P o i n t

a [ r < l  s l x l  )  , n d  t i L S  t h c  M  D o i n L s  ( x l l ] ,  Y  L I J  )  '  .  .  .  ,  ( x  L M J  , .  Y
L l r e  p o l y n . - r m i a l  o t  d e g r e c  N  w h i c h  p a s s e s  L h r o u g h  L h e  K . P g r n L ?  r .

, e [ r ' l  .  e l x l  )  and  t . i r s  t hc  M po inLs  ( xL l J  '  Y  L I J  )  '  .  .  .  ,  ( x  LMJ  ;  JL r ! ] i 1
" : - " -  , j r . ^ " .  w f  r l  i s  r h e  L / e i e h t  a t t a c h e d  c o  t h c  p o i n t  ( X L I J  '  - Y U J )
5 l N l .  D l N l ,  d r r q

s e n s e ,  w h e r e  w [ f J  l s  t h e  w e i S h t  a t t a c h e d  c o  t h e  p o i n t  ( x L r J  '  r Y l r j , )
c o e r f i c j e n c s  r f  t h i s  p o l y n o m i a l  a r e  s t o r e d  i n  t h e  a r r a y  C ;  C L J J  1 s

X J  t o r  J  =  u . . . . , N ,  T h e  s u m  o f  t h e  s q u a r e s  o f  t h e  d e v i a r i o n s  i s
t h e  c o e f f i c i e n t  o f =  0 - . . . . N ,  T h e  s u m  o f  t h e  s q u a r e s  o f  t h e  d e v i a f i o n s  i s

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

j - s  s t o r e d  i n  t h e  a r r a y  S G M S Q ,  i . e . ,  i t  r ' ,  ( X )  i s  t h e  l e a s t  s q u a r e s  p o l ' y n o m i a L  o f  d e -

g r e e  L ,  t h e n M _

scr' lsolLl = ) (Y
lJ

l -  L

,  L  =  K , .  . . , N

C U R F I T  w i l l  a L s o  e v a L u a t e  t h e  p o L y n o r n i a l  \ t h i c h  i t

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

o p t i o n s  a v a i L a b L e  a r e  e x p l a i n e d  u n d e r  U S A G E  '

RESTRlCTIONS

( N o t e :  I n  a L L  t h a t  f o l L o w s ,  u P P e r  c a s e  l e t t e r s  r e f e r  t o  f o r n a L  p a r a m e t e r s '  w h i l e

l o w e r  c a s e  l e t t e r s  d e n o t e  t h e  c o r r e s p o n d i n g  a c t u a l  P a r a m e t e r s ' )
l . l n t h e c a L L i n g P r o g r a m ' t h e a l r a y s u s e d b y C U R F I T m u s t b e d e c l a r e d t o i n c l u d e

t h e  s u b s c r i p t  b o u n d s  a s  s h o v n  b e L o w '

u [ r : r < ] ,  , . ,  y ,  
" [ r , . ] ,  " [ i t . ] ;

r e a l  a r r a y  a 1 p h a , u e t a  [ o : n - t ] ,  " ,  
. [ 0 t . , ]  

" g , n . q [ t , t t ] ;

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

< n ( m * k

[r] - r.1x[r] I ;2

( a )  I n p u t  A r r a y s ;
real  gal3a a,

( b )  0 u t p u t  A r r a Y S :

2 .  T h e  v a L u e s  o f  t h e
( " )  I  <  k
( b )  m  )  1
(c, garuna
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3 .

4 .

C U R F I T  u s e s  t h e  m e t h o d  o f  c ' r L l - ' o g o n a L  p o l y n o m i a L s ,  w h i c h  c a n  b e  d e f i n e d  r e c u r s i v e l y

T l i e  u s e r  i s  r e r n i n c l e d  o f  t l r c .  A L L I O L - 2 0  r . e s t r i c t i o n  r e g a r d i n g  I a b e l s  u s e d  a s  a c t u a l
p a r a m e t e r s  i n  p r c c , r ' d L r r r :  r a l l s ,  S e e  p a g c  A L . 2 . l r +  o l  t h c  A L G O L - 2 0  I I a n L r a L

f  r r r  d c t . r i L s .  T l r e  c o n d i t i o i r s  r v h r c h  i . r i l L  c a r r s c  L l r L  p r o c e d u r e  t o  t r a n s f e r  c o n -
t r o l  L o  t h e  s t a t e m e n t  ! . , i r i c i r  l r a s  L h e  l a b e L  e r r o r  a r . r ' l

( a )  O r \ :  o r  n { J r c  o i  r , r s t r i c L i o n s  2  ( a ) ,  ( b )  } i a s  b e e n  v i o l a t e d .
( b )  D i v i s i . o n  b )  z r : r o  w a s  a b o u t  t o  b e  a L t € : m p L c d  d L r r i n g  a  c a l c u l a t i o n .  T h e

r - , s u a L  c a r r s e  o f  t i r i s  i s  i n p r o p e r .  o r  i n c o n s i s t e n t  d a t a  i n  t h e  i n p u t
a I  ra ] ' -c  x ar lc i  'J /  '

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

C U R F I T  d e s t r o y s  t h e  . o n t e n t s  o l  t h e  a r r a y s  a ,  x ,  y  a n d  w .  C o n s e q l r e n t l y ,  p r o v l s i o n

n L r ! i t  b e  m a d e  t o  s a v e  t h c s e  d a t a  ( i f  d e s i r e d )  b e f o r e  C U R F I T  i s  c a 1 1 e d .

}ETHOD

b y

T h e  c o e f f i c  i e n t s  o , ,

- i  n i  n i  ? a c  f h !  n , r ' r l  i  l \ /

Pr 1- l

p  .  ( t )  . .
- T

( r ) - ( t - a , ) p I

,  i l 1  a n d  s r  a r e  d e t e r m i n e d  s u c h

F "  ( t )  -  s o P o  ( t )  +

t1l

\-

r

'  P o ( t ) - I  '

( r )  -  o i P r - r  ( r )  ,  i  -  0 , . . . , n - L

r ' r r ,  t h c  i r  L l F o r F { -  n o l v r r o m i a l

( l )

s l P r  ( L )  + +  s n p , ( t l

w , L ) . -  F n ( t .  ) J '
t -  

-

L o r f  r L (  t l  (  .  o .  1 - f  i .  i e n L s  J f  t l r .  s L a n d a r d  p o l y n o -I h u  .  o L  f i i . l r | l i  s !  - J n  i , r w b e  u s e d  t c r

m a i L  r e p r e s e n t c t r o n  o f  F r ,

T h e n  f r o m  e q u a  t  i  o n  ( L ) ,

we l l  ave

f o r  0  r  i  n  . r n C

( 2 )

6 :

S u p p o s e  , h " ,  O r , ,  i s  t h e  c o e t t i e i e n t  o f  t r  i n  p . ( t ) ,  i , e . ,

p 1 ( t )  =  v r , o  + V r , i L + +  v ,  , r '

r . i i tL r  \ , ^  ^  -  u  v ,  - ,  0 n  f ^ r  r  >  i
,  d L r u  v t , T

V r *  , r v r , r - : o r P  i , r

0  : , .  r  ' -  n .  l l e n c e  b y  e q u a t i o n  ( 2 ) ,

c  1 - sr i r

and  we  hav  e

l '" ( t) cc . r - 4  r  L - l ' c n t n
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L

L-z,z)
c e d u t e

USAGE

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

( s e e  R e f e r e r r c e  2 ) .  C o n s e q u e u t l y ,  a  c h a n g e  o f  s c a l e  i s  i n t r o d u c e d  b y  t h e  P r o -
.  u s  i n g  t h e  t r a D s f o r m a t i a D

x'[r] . txlr j  - xo) / cA]DIA ,

w h e r e  X O  a n d  G A I ' O L \  m u s t  b e  s u p p l i e d  b y  t h e  u s e r  i n  a c c o r d a n c e  \ t i t h  t h e  s i z e  o f  t h e

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

\o .  ! '  z  [ . " "  (*  [ r ]  ,  "  [ r . ]  )  + . i " ( " [ rJ,a[rJ)J

s . , , rda  : :  f+  [ *a"1* [ rJ , " [ r ] l  -  ' n i " (x [ r - ]  , " [ r ] l ] .

2 .  T h e  c o e f f i c i e n t s  a i , p 1  , €  I  '  a n d  c  i ,  a s  \ d e L 1  a s  t h e  s u m s  o f  t h e  s q u a r e d  d e v i -

a t i o n s ,  a r e  a c c e s s i b l e  t o  t t l e  u s e r  a s  t h e  c o n t e n t s  o f  t h e  a r r a y s  a 1 p h a ,  b e t a r  c r  s ,

a n d  s g n s q ,  r e s p e c t i v e L y

3 .  I n  a d d i t i o n ,  t h e r e  a r e  t r v o  b u i l t - i n  p r i n t  o p t i o n s :

( a )  l f  o r t h  i s  t r u e  L h e n  t h e  v a l u e  o f  t h e  L e a s t  s q u a r e s  P o l y n o m i a l
F -  ( t )  i s  c o n P u t e d  u s i n g  e q u a t i o n  ( 2 )  f o t  e a c h  e l e m e n t  o f  t h e

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

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

o f  t h e  a r r a y  e L e m e n L ,  t h e  v a l u e  z l J J  o f  t h e  a r r a y  e l e m e n t ,  a n d

t h e  v a L L l e  r "  ( z L . l l )  o f  t h e  p o L y n o m i a L .

( b )  l f  p o w  i s  t r u e ,  t h e n  t h e  v a L u e  o f  t h e  l e a s t  s q u a r e s  p o L y n o n i a l

F .  ( t )  i s  c o m p u t e d  u s i n g  e q u a t i o n  ( 3 ) .  T h e  f o r m a t  o f  t h e  o u t p u t

i s  t h e  s a n i e  a s  p a r t  ( a )  .

I n  s o r n e  c a s e s  n e t h o d  ( a )  w i l l  y i e l d  m o r e  a c c u r a c y  t h e n  m e t h o d  ( b ) .

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

f  i v e  s  i g n i f i c a n t  f i g u r e s "

TIME AND ACCUMCY

l , l i r h  d l l  i n t c r n r L  p r i n t r n g  t u r  ) i d  o t r  ( o r t l r

d e t e r m i n e d  a n  e i g h t h  d e g r e e  p o L y n o n i a L ,  p a s s i n g

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

between the  max imum and min imum ord ina tes  o f  the

a n d  p o w  b o t h  f a l s e ) ,  C U R F I T
through tvo  po in ts  and approx i rna t rng

T h e  q  r m  n '  r h p  c n ' r : r e s  o f  t h e

a p p r o x i m a t e l y  I 0 %  o f  t h e  d i f f e r e n c e
c u r v e ,
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PROCEDURE SPEC IF ICAT ION

PROCEDURE ELIPS (Ml  ,  K ,

VALUE Ml  .  TOL;  REAL Ml '

REFERENCES

L  A  l g o r  i  t h m  1 6 5 ,  C o m m .
2 .  M ,  A b r a m v o l i z  a n d  I '

B u r e a u  o t  S  t  a n d a  r d s  ,

PURPOSE

A L . 5 . E L I P S . I

ALGOL Symbo L  ic  L ib rary

E ,  T O L ,  A L A R M ) ;
K,  E ,  TOL;  I ,ABEL AI ,ARM;

A C ! 1 ,  A p r i l  1 9 6 3
A .  S  t e g u n  ,  t l a n d b o o k o f  M 3 t h e m a r i c a L  F u  r c  L  i o n s  ,  N a  E  i o n a  I

1 9  6 4 ,  p . 5 9 8 .

G i v e n  a  v a l u c  o f  t h e
n u r n e r i c a I  v a l u e s  o f  K  a n d
k i n d s ,  w h i c h  a r e  d e f i n e d

( c o m p l e m e n t a r y )

E ,  t h e  c o m p l e t e
by

p a r a m e t e r  M l  ,  t h i s
a l  I  i  n r i .  i  n r a o r r  l  <

procedure  computes  the
of  the  f  i - rs t  and second

F i r s t  k i n d :  K ( M 1 )  -

S e c o n d  k i n d :  E  ( M l )  -

,1.

r r T
Y  I  -  ( 1 - M l )  s i n ' x

I
\ \ ,  l  -  t t  -  M r  r  c i n 2 . .
l {  !  -  \ !  - . , r . /  5 ! ! i  ^

. - l  o

(

\ "

dx

ox

RESTRICTIONS

1 ,  T h e  u s e r
a c  t u a  1  p a r a m e t e r s

f  o r  d e t a i L s .
2 .  r f  M l -  . :

L S

i n

U

r e m i n d e d  o f  t h e  A L G O L - 2 0  r e s t r i c t i o n  r e g a r d i n g  L a b e L s  u s e d  a s
p r o c e d u r e  c a 1 1 s .  S e e  p e g e  A L . 2 , 1 4  o f  t l r e  A L G O L - 2 0  M a n u a l

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

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

p a r a n e t e r  c o r r e s p o n d i n g  t o  T O L  d e t e r m i n e s  t h e  a c c u r a c y  ( a n d  a L s o

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

l h e  b u i l t - i n  A L G o L  s q u a r e  r o o t  r o u t i n e ,  a n d  m u s t  n o t  b e  l e s s  t h a n

t r a n s  f e r s  c o n t r o L  t o
to ALARM.

3 ,  T b e  a c t u a L
the  execut ion  t  i rne)
r e l a  t i v e  a c c u r a c y  o f

- 1 f
1 0  

- -
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METIlOD

Ihe  a  r  j  th rnc  t  i  c  -  gc  one I  r  j  c
t h e  t r i p l e  ( a o  ,  $  ,  c a )  ( 1 ,

s c h e m e

rllsjj]_p
\'1 n1

r o c e s  s  t s  u s e q

,  1  -  m l ) ,  n e w v a  1 u e  s  a r e  c o m p u t e d
S t a r t i n g  v i r h
u s  i n g  t h e  i t e r a t i v e

d ,  = '  , .  ( r r -  *  b r - ,

D l r r i l r g  t h e  c a l c r r l e t i o n ,  t l l e b y

i s  a c c  u m u  I a  t e d .  T h e  p r o c e s s t w o  c o n d i t i o n s

l . '  i < TOL
2 ' . t ,

A- t  " i  - l

J  , -2

)  b ,  . \ . , ' a ,

q u a r l l i L y  S i  j  d

\ r
st  = L-

j = J

s t o p s  \ , / h e n  t h e

c 1  = - , ' ?  a t _ t -  b t  - r  )

< TOLa n d

a i

T h e  d e s  i r e d  e l l i p t i c

q
" 1 - I

i r , r , , r  r l <  r r p  t l r , , ,  i a r r , r , l  r c i n o  t h e  r e l r l  i ^ n ca r e  b o t h  m e t

TIME AND ACCURACY

K -  
T T

E  =  K ( l  - - , :  S , )
2 o ,

o f  I O L  -  I 0 - 4  ,  n i n e  t o  t e n  s i g n i f l c a n L  d e c i m a l  d i g i t s  \ r e r e  o b C a i n e d
i n t e ! ! r a l s  : i n  . r p p r o x i m a t e l y  t e n  m i l l i s e c o n d s  o f  c o n p u t a t i o n  t i m e .

Us ing  a  va  Lu ! '
f n r  h n r h  a l  l i ' , r i , .
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PROCEDURE SPECIFICATION

pr:oc ed L1r e EXP (X)  ;  va  lue  X; r e a  1  X ;

PURPOSE

E X P  c o m p u t e s  t h e  e x p o n e n t i a l  f u n c t i o r t

E I X  w h e r e  E  =  2 . 7 1 8 2 8 1 8 2 8 4 5 . . .

METHOD

S t a n d a r d  F u n c  t  i o  n

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

d e t a i L s  s e e  p a g e  A A - 4 2  o f  I ' 1 6 0 4  r o u t i n e s [

i f  x  >  1 6 0 . 1 1 6 9 9 3

A co  n t  inue  d

F o r  I L l r t h e r

RANGE

F o r  X  <  - 1 6 1 ,  t l r e  r e s u L t  i s  g i v e n  a s  z e r o .

I t  i s  a n  e r r o r  i f  X  > i 6 0 . 1 1 6 9 9 8 ,  s i n c e  i n  t h a t  c a s e  E X P ( X )  w i l l

e x c e e d  t h e  L a r E j e s t  n u m b e r  r e p r e s e n t a b l e  i n  t h e  6 - 2 0 .

AI,ARMS

RUN ERRoR - EXP !

T llltNG and ACCURACY

T h e  r e s u L t  i s  p r o d u c e d

T h e  e r r o r  i s  L e s s  t h a n

l n  a b o u t  L  c o  2  m i l l i s e c o n d s

1 , " - 1 0 .
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ALGOL Symbo L  ic  L ib r . l ry

PROCEDURE SPECIFICATION

PROCEDURN FREQ (N,  A ,  B ,  ]U ] - ,  K ,  X ,  KA)

IMECEI{ N , IUL ; INIEGER ARMY KA ;

REAL A,  B ,  K ;  REAL ARMY X;

R.EFERENCE

A L E j o r i t h n  2 1 2 ,  C o m n .  A C M ,  O c t o b e r  1 9 5 3

PURPOSE

F R E Q  d e t e r o r i n e s  t l r e  f r e q u c n c y  d i s t r i b u t i o n  o f  N  r e a l

v e c t o r  X ,  o v e r  t l r e  . r , t " r u u L  [ e ,  n ] .  E a c l r  e L e n e n t  o f  X  i s

h a l f - o p e n  s L r b i r t e r v a L s  o f  [ e ,  e J ,  a n d  t h e  f ] . e q u e n c ) '  o f  X

i" xa [.r] .

4 .  U p o n  e n t r y ,  t h e  a r r a y  K A  i s

t h e  a r r a y  d e c L i l r t t i o n  f o r  t l i e  a c t u a l

K A  s t r o u l c 1  b e :  i n t e g e r  a r r o y  k u  f l  :

t o  K .

METIIOD

AL .5 . FREQ . r.

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

a s s i g n e d  t o  o n e  o f  K  e q r r a L ,

i n  t h e  J t h  s u b i n L e r v a l  i s  s t o r e d

RESTRICTIONS

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

t h a n  B .

2 .  T h e  e l e n i e n t s  o t  r h e  v e c t o r  X  n u s t  s a t i s f y  t t r e  i n e q u a l i t i e s  A . . i n  ( X  [ f ] ;  
' :

. u "  ( x [ r ] ) . , s  f o r  r  =  1 , . . . ,  N .

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

o r d e r  o I  t h e  a r r a y  X .

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

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

k J ;  w h e r e  k  i s  t h e  a c t u a L  P a r a n e t e r  c o r r e s p o n d l n g

T h e  i n t e r v a L  h ,  n ]  l "  t r a n s f o r m e d  i n t o  t h e

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

i n t e  r v a  I  [ 0 ,

b y

f o r  I  =  1 , .

! , '  i  t h  u n i t  s u b i n t e r v a l s

o r

i s

i s

f i r s t

Kl

v  [ r ]  =  ( x  [ r ]  - A )  / ( ( B  - A )  /  K ) , N .

USAGE

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

I o w e r  e n d ,  a n d  m u s t  s p e c i f y  h i s  c h o i c e  a c c o r d i n g  t o  t l r e  f o 1 1 o t ^ / i n g  s c h e m e :  I f  F R E Q

c a l L e d  v i t h  l u l  =  0 ,  t h e D  t h e  L o i v e r  e n d - p o i n t  i s  i n c L u d e d  a n d  t h e  u p p e r  e n d - p o l n t

o n i t t e d  f r o m  e a c h  s u b i n t e r v a l  ( e x c e p t ,  o f  c o u r s e ,  t h e  K t h ) .  I f  I U L  f  0 ,  t h e n  t h e

u o o e r  e n d - p o i n t  i s  i n c l u d e d  a n d  t h e  l o w e r  o r n i t t e d ,  i n  e a c h  s u b i n t e r v a l  e x c e P t  t h e
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T IME

F R E Q  c l a s s i f i e s  a p p r . o x l n a t e l y  o n e  L l r o u s a n d  n r r m b e r s  p e r  s e c o n d .



PROCEDURE SPECIFICATION

PROCEDURE GJR(A,  N,

VALUE N, EPS ; ARXAY

RE!'ERENCES

l .  C e r t i f i c a t i o D

2 .  H . R .  S c h v a r z ,

S e e

f o r

ALGOL Synbo I  i c  L ib rary

E P S  )  ;

A ;  ]NTEGER N;  REAL EPS;

A L . 5 . G J R . I

.  L 9 6 l

A C M ,  F e b r L t a r y  1 9 6 2 ,  p

o f

Ar-r

A l g o r i t h r n  1 2 0 ,

I n t  r o d  u c  t i o n  t o

Comm. ACM,  Ja  r - r

ALGOL. C ornn. a /

PURPOSE

G J R  c o n p u t e s  t h e  i n v e r s e  o f  t l i e  N  b y  N  m a t r i x  A  a n d  s t o r . e s  t h e  r e s r l l t i o g  i n v e r s e

i n  A .

R.ESTRICTIONS

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

i n  t h e  c a l L i n g  p r . o g r a m  a s :  R E A L  A R R A Y  
"  

[ t  ,  , t ,  f  :  n ] ,  r d h e r e  n  i s  t h e  a c t u a L  P a r a -

n l e  t e r  c o r r e s p o n d i n g  t o  N .

2 .  A n  e x i t ,  l a b e l e d  S I N G U L A & I  m u s  t  b e  s u p p L i e d  i n  t l r e  m a i n  p r o g r a m .  1 f  a n y  p i v o t

e l e n e n t  o I  t h e  g i v e n  m a t t : i x  i s  L e s s  t l i a n  E P S  i n  a b s o l u t e  v a I u e ,  c o t t t r o l  \ t i L L  b e  t r a n s -

f e r r e d  t o  t l r e  s t a t e m e D t  r v i t i c h  h a s  L h e  l a b e l  S I N G U L A R .

3 .  T h e  p a r a m e t e r  E P S  i s  i m p o s s i b l e  t o  d e s c r i b e  i n  a b s o l u t e  t e r m s ;  t h e  c o r r e c t

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

c o m p u t e r ,  I f  E P S  i s  t o o  L a r g e ,  G J R  v i l I  n o t  b e  a b l e  t o  i n v e r t  t h e  m a t r i x  : n d  w i l L

e x i t  t o  t l r e  L a b e l  S I N G U I - A R ,  i n  w h i c l r  c a s e  t h e  c o n t e n t s  o f  t h e  a r r a y  c o r r e s p o n d i n g  t o  A

w i l L  b e  n r e a n i n g l e s s .  l f  E P S  i s  t o o  s m a I l  a n d  t h e  g i v e n  m a t r i x  i s  i l l - c o n d i t i o n e d

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

e r r o r s  i n  d i v i s  i o n .

T h e  f o L l o w i r - r g  s c h e L n e  i s  s L r g g e s t e d :  U s e  a n  E P S  i u  t l r e  r a r r g e  L 0 - 5  t o  1 0 - 7 .  I f

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

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

m a t r i x  t o  d e t e r n i r e  t l l e  a c c u r a c y  o f  t h e  i n v e r s e .  1 f  G J R  d o e s  n o t  i n v e r t  t h e  m J t r i x '

d e c r c a s e  E P S  ( e , g . ,  d i v i d e  b y  1 0 )  a n d  r . e p e a t  u n t i l  a n  i n v e r s e  i s  o b t a i n e d ;  c h e c k

t h i s  i n v e r s e  b y  t h e  a b o v e  m e t h o d .

4 ,  T h e  o r d e r  o f  L l r e  n a t r i x  t o  b e  i n v e r : t e d  m L I s t  n o L  e x c e e d  s e v e n t y .

METiiOD

T h e  G a u s s - J o r d a n  d i r e c t  e l i m i n a t i o r t  m e t l r o d ,  p r e c e d e d

K . S .  K u n z ,  N u m e r i c a l  A n a l y s i s ,  M c G r a w - H i L 1 ,  l 9 ) 7 ,  p P .

d e t a i l s .

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

2 2 O - 2 2 ,  2 - 1 4  a n d  r e f e r e n c e  2
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USAGE

T i r c  u s e r  i s  v a r t r e d  i l g a i r r  t l l i l L  C J l l  r e p l a c e s  t h e  g i v e n  n i l t l r i x  b y  i t s  i n v e r s e '

C o n s L - q r l c n t I v ,  i f  e  . g . ,  t l l c  m : l t r i x  t o  b c  i n v c r t ( d  a r - i s c r s  r l s  e  r c s r L l L  o L  a  c o m p L L L i l t i o n

a D d  i s  t o  b e  s ; t v e c l  ,  p r o v i s i o l r  n r L S L  b e  m a d c  i n  t l t e  u a i l r  P l o r l r n t n  t o  s t o r e  t l l l s  a r r a y

c l s e i ' l r c : r e  o r  e l s e  P r i n t  i t  o u t  b e t - o r e  G J R  i s  c a l l e d '

'-L lllE -r nd ACCUIL\CY

GJR

o r d e r  o f

d i g i t s .

r ,  1 r i r . s  ' p p r ,  x  i  - 1  1 .  o .

L l r e  n a t r i x  b e i r t g  i n v e r t e d

) N J , . L 0 - +  s e c o n d s  o f  c x e c r r t i o n  t i L l c ,  i , ' l t e r e  N  1 s  t l l e

,  T y p i c J L  a c c t r r i t c ) /  i s  e i g [ r t  s i g n i f i c i ] r l t  d u c i n a l
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ALGOL Re loc  a tab  1e  L ib rarY

PROCEDURE SPEC IFICATION

procedure  GooF,STAR (  PROCEDUR-E .  NAME '  ERRoR.CODE) ;

va  lue  ERROR.  CoDE ;

p  r o e c J J  r e  P R O C E D . R E . N A M E i  s L r i n g  E R R O R . C O D E ;

PURPOSE

G O O F . S T A R  c a l l s  t h e  A L G O L  r L r n - e r r o r  r o u t i n e  r " h i c l r  p r i n t s  t h e  d i a g -

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

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

L i b r a r y  r u t r o  w i s t r e s  t o  u s e  t h e  A L G o L  r u n - e r r o r  m a c h i n e r y '

RESTRlCTIONS

Tt re  ac tua l  parameter  PROCEDURE.NAME

t h a t  i s ,  i t  m u s t  h a v e  b e e n  d e c l a r e d  a s  a

BooLean !lE99ll lg, et..

METHOD

A  c a L L  o f  G O O F . S T A R  c a u s e s  t h e  A L G O L  e r r o r  r o u t i n e  t o  p r i n t  t h e  d i a g -

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

RUN ERROR - eeee

v h e r e  t e e e e t  i s  t h e  a c t u a L  p a r a m e t e r  c o r r e s p o n d i n g  t o  E R R O R ' C O D E '  T f t e  n a m e  o f

the  procedure  n l rs t  be  g iven as  PROCEDURE.NAME so tha t  the  er : ro r  rou t ine  can

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

p r o g r a m  v h i c h  ( p r e s u m a b L y )  c a u s e d  t h e  e r r o r .  T h e  e r r o r  r o u t i n e  v i L L  e x e c L t t e

a  t lALT,  unLess  an  er ro r - recovery  swi tch  has  bee i r  se t  by  RUN'ERROR'

USAGE

S u p p o s e  a  p r o c e d u r e  P I P  i s  u s e d ,  o n e  o f  w h o s e  P a r - a r n e t e r s  i s  a  n o n - n e g a t r v e

nuurber ,  DELTA.  The s ta tement  w i th in  P IP

i f  D E L T A  <  O  ! ! g  m O F . S T A R  ( P I P ,  | P I P L ' ) ;

' w i l l c h e c k t h e v a L i d i t y o f t h e g i v e n D E L T A a n d , i f t h e l e i s a n e l l o r , \ , / i 1 l c a L l

GOoF.STAR to  p r  in t

must  no t

p r o c e d u r e ,

be  a  func  t  ion

n o t  a s  a  r e a  1

d e s  i  g n a  t o r  ;

RUN ERROR - PIP L
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a n d  t l r e

s e c  L  i o n

D e c : l u s e

r e c o v e  r

ALARTlS

u s r r : r L  d i a g n o s t i c  i n f o r n i r t i o n .  T l i e  u s e r  m a y  L l r e n  I o o k  i n  t h e  A L A R M S

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

DELTA r , i Js  n . .ga t ive .  Th<:  r rser  rn ry  L rsc  the  procedLr re  RUN.ERROR to

I r o u L  e r r o r  c o n d i t i o r r s  r " ' l r i c l i  i r t v o l < e d  c a L L s  o f  G O O F . S T A R .

A  r u n - e r r o r  G O O F  r v - i L I  r e s L r L t  i f  t l l e  p l r a m c L c r  p r o c e d u r e . n i r n e  i s  L l r e

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



PROCEDURE SPEC IF ICAT ION

p r o c e d u r e  G O . S E G  ( I ) ;

y.r]ue l; f."t. g.g! I;

PURPOSE

G 0 . S E G  p o s i t i o n s  t h e  s c g n e n t  t i r p e  t o  s e l i n e n L  i .  T l r e  u s c  o f  t l r l s  r o L r t i n e  c a n

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

ImTlr0D

AL .5  .  GOSEG .  L

A L d O L  r t e l o e . r r a b l .  L  i b r  r r y

T n  t h e  u s L r a I  c a s e ,  s o n e  c o m p u t i l t i o n  r " , i 1 1  b e  c a r r i c d  o u t  b e f o r e  a  n e w  L A U m p i r t '

i s  t o  b e  I o a d e d .  T h e  s t r t e m e n t

co .sEG ( i )  ;

! , ' i l L  i n i t i a t e  a  s L e w  t o  s e g m e n t  i .  C o n p u t a t i o o  w i l l  r e s u n i e  L r n t i l  t l r e  n e x t  c a l L  f o r

L I N K .  A t  L I r a t  t i r r c ,  c o n i p u t a t i o n  i . r i L 1  c e ; r s e  L r n L i L  L h e  t i r p e  i s  p o s i t i o n e d  a n d  t h e

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

r . , i t h  u s c f u L  c o n p u t a t i o n .  S i n c e  i t  t a k e s  a b o L r t

(600 + 500-r .  N-M- l  ] )  rns

t o  s l e r , /  a  t a p e  f r o f l i  s e g n i e n t  M  t o  s e g n e n t  N ,  i t  i s  \ . / o r t l l r t ] i i l e  t o  o v e r l a p  a s  n l r c h

s  L e v  t i n e  a s  p o s s l b L e .
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A L G O L  R c I o c J L d b [ c  L  i b r r r Y

PROCEDURE S PEC IF ICAT ION

p r o c e d u r e  L I N K  ( I )  ;

v a l u e  l 1  i n t e g e r  l ;

PURPOSE

L I N K  l o r d s  s e g n e r r t  i  i n t o  c o r e  a n d  e n t e r s  i t  a t  t h e  f i r s t  ! g ! 3 .

METHOD

L I N K  l o ; l d s  s e g m e n t  i  f r o L i r  b u l k  s t o r a g e ,  r e a d i n g  o n l y  a s  n a n y  w o r d s

J S  t i r e r e  a r e  i n  t h e  c o r n p i l e d  s e g n e n t .  l f  t h e  c a l l i n g  P r o g r a n  a n d  t t r c

c a 1 l e d  s e g m e n L  t r a v e  i d c n t i c a L  d e c l a r . l t i o n s  o f  o w n  s c a L a r s  a n c i  o i { n  : l r r a y s

n o n e  o i  t h e s e  o \ u ' n  v a r i a b l e s  v i l L  b e  d i s t u r b e d .

E x e c L l t i n g  L I N K  c i t u s e s  a l l  n o n - o w r t  v a r i a b l e s  t o  b e  n . l d e  r r n d e f i n e d .

I n  a d d i t i o n ,  c e r t a i n  i n t e r n a L  v a r i a b l e s  a r e  r e s e L l

( i )  T l re  READ,  PUNCl l ,  and PRIM buf le rs ,  i rh ich  rnay  have been

s € r t  b y  B U F F E R . S E T ,  a r e  r e s e t  l o  t h e  s t a n d r r d  b u f f e r s

s L r p p  I  i e d  b y  A L G O L ,

( 2 )  A I L  e r r . o r - r e c o v e r y  s v i t c h e s  c r e a t e d  b y  R U N - E R R O R  a r e

c L e a r e d .

F i n a L l y ,  c o n t r o l  i s  t r a n s f e r r e d  t o  t l r e  o u t e r m o s t  ! ! & ! I  o f  t h e  n e w l y  L o a d e d

s e g m e n t ;  t h a L  i s J  t h e  f i r s t  s t a t e n e n L  e x e c u t e d  i s  a l w a y s  t h e  f i r s t  s t a t e -

m e n t  o f  t h e  s e g m e n t .

A],ARMS

A  r u n  e r r o t  L I N K  w i l L  o c c u r  i f

( f )  i  {  1 ,  o r  i f

(2 )  segment  i  was  no t  p rev ious ly  dumped as  an  ALGoL segment

T IM]NG

E a e t  c  r l l  o . r  L I N K  L - k e s  s p p r o x i n r t e l )

( 6 0 0  +  5 0 0  t k  
I  N - M - l -  l ) n s

w h e r e  M  i s  t h e  s e g n e n t  a t  w h i c h  t l r e  t a p e  i s

N  i s  t h e  s e g m e n t  t o  b e  L o a d e d .  R u n n i n g  t i L n e

a l l y  r e d u c e d  b y  u s e  o f  t h e  p r o c e d u r e  G O . S E G .

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

c a n  f r e q u e n t l y  b e  s u b s t a n t i -
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S t . ]  nd . r  r d  l ' unc  l  i oL l

PROCEDURE SPEC]FICATION

r e . r L  L , r o c c d u r e  L N (X)  ;  va  I  L rer  X ; r : t . ,  L  X ;

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

d e t a i l s  s e e  p a g e  A A - 1 7  o f  " 1 6 0 4  R o u t i n e s "

PURPOSE

L N  c o n p u t e s  t i l e  r l a t L l r a L  l o g a r i t l l n  o l  X

METHOD

A C hebyc  hev

For  fu r  L lLer

ATI\RMS

RUN ERROR - LN -.,

TIMING and ACCURACY

i f  x< o

I .  / 5  m a L r L s e c o n o s

- t  I

T h e  r e s u l t  i s  p r o d L r c e d

T h e  e r r o r  i s  L e s  s  t h a n

l n

5,"





PROCEDURE SPEC t ! '  ICATION

AL .5 . MULLER . T

A T - U O L  S y r r b o  l  i c  L i b r a r y

( P L ,  P l  ,  P 3 ,  M X M ,  i i R T S .  ! l P L ,  E P 2 ,  S l ' l I ,  S l ^ r 2 .  S i ^ J 3 ,  S W R ,  R R T ,  i R T ,PROC E DI]RE III-]LI-ER

V A L L E  P 1  ,  P 2 ,  P 3 ,
B00I -EAN SW1 ,  S i \J2 ,

FU) iCT l0 \ . ' ) ;
M X M ,  N R t S ,  C P I  ,  E P 2 ,  S w l  ,  S t \ i 2 .  S W J ,  S l l l R ;  I N T E G E R  M X M '  N R T S ;

SW3 ,  : j \ rR ;  REAL P l  .  P2  ,  P- ]  ,  EPI  ,  i jP2  ;  ARRAY RRT,  lR . f  ;
iPROCEDUR!] F UNCT ION

REFERENCE S

A l g o r i t l r L l  l 9 { i
M r r l  l e r r ,  D . E , .

F r a n k ,  l { . L . ,

,  C  omrn A[ i l { ,  Au  gus  t  19  6  3
A  i ' l e t l i c r d  i o r  S o l v i n g  A l g e b r a i c  E q L r a L i o n s  U s i n g

C o n r p ' r L e r ,  I 1 T A C ,  v o i .  1 0  ( f 9 5 6 ) ,  P p  2 0 8 - 2 1 5 .

F i n d i n g  Z e r o s  o f  A r b i t r a r y  F u n c t i o n s ,  J A C M ,  V o 1
p p .  1 5 4 - r 6 0 .

r r t ,  i r t h : n r t s J

i n  t h e  p r o g r a r n  b e t e r e
p a r t s  o f  t h e  v a L u e  o f

t h i s  p r o c e d L r ] . e  m u s t  b e

( R E . 2 ,  I r , l . Z ,  R E . F ,  r M . F ) ;
r r . r l  R E . Z ,  l M . / ,  R E . l ,  t M

a n  A u t o n a  t  i c

5 ,  N o .  2  (  1 9 5 8 )

M U L L E R  i s  c a l l e d
f ( z )  f o r  a n y
a s  f o l l o l r s ;

F ;

3 .

PURPOSE

M U L L E R  s o l v e s  a  g e n e r a l  e q u a t i o n  o f  t h e  f o r m  f ( z )  =  0 ,  w t r e r e  f ( z )  i s  a n a l y t i c  i n

a  n e i g h b o r h o o d  o f  t h e  r o o t s .  T h e  v a l u e  o f  p a r a r n e t e r  N R T S  i s  t h e  n u m b e r  o f  s o l u l i o n s  t o  b e

d e t e r m i n e d .  B o t h  r e a l  a n d  c o m p l e x  r o o t s  a r e  f o u n d ;  t h e  I t h  r o o t . d e t e r m i n e d  i s  s t o r e d

b y  p l a c i n g  t h e  r e a l  p a r t  i n  R R T L i J  a n d  t h e  i n a g i n a r y  P a r t  i n  I R T I I J  f o r  1 =  l , . . . , N R T S '

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

S f n L ,  S I { 2 ,  S l d 3 ,  a n d  S w R ,  a s  e x p l a i n e d  b e L o w .  N o  P r i o r  k n o w l e d g e  o f  t h e  l o c a t i o n  o f  L h e

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

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

RESTR ICT IONS

( L o w e r  c a s e  I e t t e r s  d c n o t e  a c t u a L  p a i : a m e t e r s

f  o r r n a  I  p a r a m e t e r s . )
1 .  T h e  a r r a y s  r r t  : r n d  i r L  n m s t  b e  d e c l a r e d

s u b s c  r  i p  t  b o u n d s  s l - t o w n  b e l o w :

,  w h i l e  u p p e r  c a s e  l e t t e r s  r c f c r  t o

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

a r r a y

2 .  T b e  p r o c e d u r e  f u n c t i o . r  m u s t  b e  d e c l a r e d
I t  r n u s t  b e  a b l e  t o  s u p p l y  t h e  r e a l  a n d  i n a g i n a r y
d e s i r e d  v a l u e  o . [  z  -  x  +  i y .  T h e  d e c l a r t i o n  o f

p r  oc  ed  Lr r  e  func  t io
v a  l u e  R E  . Z ,  l M . Z ' ,

r e a  I

(  p r  oc  e rdur  e  body)

I n  t h e  a b o v e  d e c
^ - - . 1 - - r  , , r r i  r l '  1 , ,

P F

,  w h i l e  R E  F

e n d ;

Z  a n d  l l 4 , Z  a r e  t h e  r e a r l  a r d  i m a g i n a r y  P a r t s  o f  t b e  i n d e -

a n d  t M .  F  . r r e r  t h e  r e a  L  a n d  l L n a g i n a r - v  p . r r t s  o f  t h e  f u n c t i o n
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e v a l u a t e d  a t  L [ i t ]  | \ ) l n t  ( 1 { ! 1 . 2 ,  t I I , z )  '

O b s c r v e  t i r a r  s i i r c c  F I J N C f I O N  i s  . t  f r a r a f r e t c r  i r f  r ' - l U l , L E L t ,  s e v t l r i l l  e q u a t l . ) n s  m a y  b e

S O I V e d  i n  I h e  s . l n ] r  L r r o g r d u r  1 r 1  r l e c l a r i l ) q  t i t t r  a p p r i ) p r  i i t l t '  f r l r t r  L  i O l l  g e n e r a t o r  f o l  e a c h

€ t q u a L i o n  ! , ' i L l L  a  d i t l e r e D t  i d c n t j i i c r .  I f  t t r i s  t r \ ' l r r r i ( l L r i :  i s  < , r r p L o y e ' d ,  t l l e  l r s e r  n u s t

e i L h r r :  ( a )  p r j - u t  o u t  t h c  c o r ) L e n L s  ( ) f  r r t .  a | d  i r L  a f L e r  r a c h  c a [ ]  o l  M L I L L E R ;  o r  ( b )

s u p p l y  a  d i f t c r e n t  p a i r  o i  " 1 r 1 - 3 y s  L o r  r e s l ) o n d i r l g  t o  R R f  l r . 1  I R T  i n  e a c h  c a l  L  o f  l l t i L L E R ,

J .  l f  t l r e  c q u a t i o n  t o  b c  ! j u L v e d  i s  l i n o N n  t ( i  t r a v e  r n l y  r e a i  r o o t s ,  s n r  m ! s t  h a v e

l l r e  v a  L u c  t r t i c  w l t e n  M U L I , E R  i  s  c  a  L  I  c d  .

4 .  p t ,  p l ,  a r r t l  p l )  i r r e :  t l l l  i - t : r l  L  P l r L s  o f  t  l l r . l ( '  r - r r b i t l  a r y  s t a r t i n B  p o i  r r t  s  1 f  t l r e

e q L r i t t i o n  L o  b e  s o l v r : d  i s  s t l s I e c t . , d  f  O  i t a v i  m u l t  i p l e  T r - . . , t : j ,  t f i e  c h o i c e  o f  p I ,  p 2 ,  a n d  p J

s h o L r l , : l  b c  s r r r  l r  L i r a L  n o  o t t e  L r f  t t r c l l i  i s  e x a ( ' t l !  c r l L r a l  t . ;  a  n l t l l t i P l e  r o o L  I I  t h i s  r € ] -

s t r i c t i o r - r  i s  l t o L  i r L t t ,  l l l r L L U L i  r . . r i  I  L  n o t  d  j s ( o v e r  f  l t . t t  t i t r  i ! l l c t i o n  h a s  m u l t i p l r :  z c r o s  a t

t h i s  p a r L i c u l a r  r o Q t ,

5 .  1 i  t h L r  c i i r l d L i o n  t !  L r .  , L v e t l  i s  a  p o l y r o r n i a l ,  s r . r )  s h o u l c l  b e  s e L  L I u e .  T h i s

c a u s e s  c n e  p r o c e o u r e  L o  ! c c L p L  l i c  L  o L t  j L r g a l c ,  u i  t  r . : i  ,  a L ) L  i ! ) r - l l I J  a s  J  I o o t ,  w h e n  a p p l i '

c a b l e  ( i . c . ,  w h e n  t h e  r o o t  i s  n o t  r e a l )

6 .  I f  t h e r  t u o c t j o D  h a s  s  i  n  g  L  r  l  a  r  i  t  i  t r  s  ,  p L ,  p 2 ,  a n c i  p )  s l r o u L d  b e  c l L o s e n  s r ' r c h  t h a t

i r o n e  o f  L l l c n  i s  a  s i D g u l a r  P o r l - r t .
L  e p L  a o i l  e p 2  . l r e  p a r a m e t c r s  t , h i c l r  s p c '  i I - y  c l r r l v ! r r ! , c l r c e  c r  i t ( r r i r ,  r ' r l I i I e  t t l e

v a l u e  o f  n - x n  d i c L a L c s  L h c  t n a x i r n u r n  n i r m b c r  o f  i t . r r a L i ( ) u s  t o  b c  n a d o  i n  L o c a t i D ! i  a r ) y  o n e

r o o t .  I f  n e i t h e r  o f  t h e  c o n v c r g e L l c c  c r i t e f i a  l t a s  b e  e r n  s a l  j s f  i ( r d  i l I t c r  m : { m  i t e r a t i c r t l s '

t h e  m o s t  r e c e r l t  i t e r a n t  i s  a c c c p t e d  i t s  a  r o o t  ! n d  M L l i , l - E R  r . r i 1 1  p r o c e e d  t o  f i n d  t h e  n e x t

r o o E  ( o r  t e r m i n a L e  i f  D r t S  r o o L S  h a v e  b e e n  f o u n d ) .  T h e  u s e r  \ " i L l  r e c e i v e  L l o  w a r n i n g

t h a t  t h i s  e v e n t  h a o -  o c c u r r e d  u n l e s s  s w 2  l t a s  t h e  v a l u e  L l 1 t e .  l { h e n  s w 2  i s  t r u e ,  e a c t r

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

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

f u n c  t  i o n  a t  t I a t  p o 1 n t .

METHOD

T h e  a l g o r i t h m  u s e d  b y  M U L L E R  i s  a s  f o l l o u s :  g i v e n  a n  a r b i t r a r y  f u n c t i o n  f ( z )  =  0

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

r o o t s ,  s e l e c t  t h r e e  a r b i t r a r y  s t a r t i n g  v a l u e s  2 1  ,  z T  z . \  '  ! ' i n d  t h e  s c c o n d  d e g r : e e
r o o L s ,  s e r e c L  )  - L d r L r L r 6  ,  ' ) t  ' \  ' _ _ -  

.  
- . - -

( L a g r a n g c )  p o l y n o m i a l  w h i c h  p a s s e s  t h r o u g l )  t h e  t h r e 6  p o i n t s  ( z r ,  f ( 2 1  )  ) ,  ( z r '  t ( z r )  )
r : / -  \  \  . ! , , - , - - ^  ?  r -  h -  r h -  r ^ ^ r  r r f  t l r i q  n o l , , , n o m i a l  w h i c h  l i e s  ( 1 6 5 e r  t oa n d " ( 2 " ,  f  ( 2 . , )  ) .  C h o o s e  z / .  L o  b e  t h e  r o o t  o L  t h i s  p o l y n o m i a l  w h i c h  l i e s  c l

2 . .  T d e n  d r d p  z 1  a n d  r e p e a i  t h e  p r o c e s s  w i t h  z ,  '  z . \ '  a n d  z L '  e t c '
'  

T h "  p r o c e s s  s t o p s  \ t h e n  a n y  e r f  t h e  f o l 1 r - r w j n [  t h i e e  c o n d i t i o n s  i s  n r e t :
. ' ; i ; " ' ; ; J

- 4  
:

a  t  t n e a n d

( t )

w h e t e  z ,  i s  t h e  i - t h  i t e r a n t

z  r + ,  -  z I
i  c p L

z t l  L

|  -  e p 2  a n d  f  ( 2 ,  )  |  ' -  e P 2  v h e ; e  f ( z t )  i s  t h e  v a l u e

]  u n a ' t r t r , )  i s  E t ' e ' v a I , , e  o f  t h e  t ' m o d i f i e d  f u n c t l o n

( 3 )  T h e  n u m b e r  o f  i t e r a t i o n s  i s  e q u a L  t o  n t x m .

( 2 )
o f  t h e  f u n c t i o n  a t  t h e
e v a l u a  t e d  a t  z t .

I t ( 2 , )
p o i n t  z t

T h e  " m o d i f i e d  f u n c t i o n "  i s  d e f i n e d  a s



|  ( z )  -
I

t ( z ) f o r  r 2 , 3 , ( i )

r  - 1- l f  ( z  -  z , )
l = I

l d h e r e  z j  i s  t h e  j - t h  r o o t  f o u n d ,  I f  I ( z )  i s  t t o t  a  p o l y n o m i a l ,  i L  i s  1 1 o t  P o s s i b l e  t o

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

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

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

z ,  w h i c h  a r e  i l e n e r a t e d  d u r i n g  e a c l r  i t a r r a l i o n .  T l r u s ,  h a v i n g  f o u n c l  r - 1  r o o t s ,  t h e  r - t l r

r . o o t  i s  d e t e r n i n e r d  b y  a p p l y i n g  t h e  M I J L , l . L R  a i g o r i t h m  t o  t l e  c q u d t i o n  l . ( z )  =  0 ,  r " h e r e

f - ( z )  i s  d e l i n e d  b y  e q r , r a t i r - . r . .  ( L ) ,  T h i s  t e c h n i q u L  s l r o  l L l  s L r c . i e d  u r r l y - f u r  f { l n c r i o n s

f ( z )  w h i c h  l r a v e  n o  m u l t i p l t  r u r , L s ,  s i n t c  [ . ( z )  a s  d e f j n o d  a b o v e  i s  i n d e t e r m i n a t e  w h e n

z  ,  z ) .  ,  w h e r e  z *  i s  a  r o u t  p r e v i , - r u s 1 1 .  f 6 ' L n t l  ,  l l o r t e v e r ,  d u e  t o  L h e  l o w e r  a c c u r a c y

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

a n d  h e n c e  L h e  d e v j c e  h a s  n o t  y e t  f a i l e d '

USAGE

T h e  r e g i o n  n e a r  t h e  s t a r t i n g  p o i n t s  ( p r , 0 ) ,  ( . p r , 0 ) ,  ( p . r , 0 )  i s  e x a m l n e d  f i r s t  f o r

r o o c s ;  s u c c e s s i v e  r o o t s  a r e  t h e n  f o u n d  ( u s u a l l y )  i n ' o r d e r  o f  l n c r e a s i n g  m a g n i t u d e .  T h r t s

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

i s  k n o w n  t h a t  t h e  c q u a t i o n  h a s  n o  r o o t s  i n  t h a t  v i c i n i t y ,  l n  t h e  a b s e n c e  o f  a n y  k n o w -

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

O  
s t a r t i n g  v a l u e  p I  -  - 1  ,  p 2  =  0 ,  p 3  '  I  L e a d  t o  g o o J  p r , ! : f o r r n a n c e  c f  L l r e  a l g o r i t h n .

T h e  r o l e  o f  t h e  B o o l e a n  p a r a m e t e r s  w i l 1  b e  r c v i e w e d  h e r e  b r i c f L y .

( 1 )  I f  s w l  i s  E l l 9 ,  t h e n  e a c h  i t e r a n t  o f  e a c h  r o o t  i s  p r i n t e d ,  a l o L t g  w i t l r

t h e  c o r r e s p o n d i n g  v a l u e s  o f  t h e  t u n c t l o n  a n d  m o d i f i e d  f u n c t i o n ,
( 2 )  I f  s w 2  i s  ! : ] 1 1 1 ,  t h e n  e a c h  r o o t  i s  p r i n t e d  a s  i t  i s  f o u n d ,  a L o n g  w i t h

t t i e  c o ! r e s p o n d i n g  v a l u e s  o f  t h e  f u n c t i o n  a n d  m o d i f i e d  f u n c t i o n .
( 3 )  I f  s w 3  i s  t r L r e ,  t h e n  t h e  c u m p l e x  c o n j u g a t e  o f  t h e  r o o t  j u s t  f o u n d  i s ,

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

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

t i v e  p r o c e s s  f o r  i t s  d e t e r m i n a t i o n .
( 4 )  I f  s w r  i s  E ! g ,  t h c r ' t  t h e  i m a g i n a r y  P a r t  o f  e a c h  i t e r a n t  l s  f o r c e d  t o  b e

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

TIME AND ACCURACY

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

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

i t s  p e r f o r m a n c q .  A l 1  r e s u l L s  \ d e r e  c o r r e c t  t o  t e n  s i g n i f i c a n t  d , e c i n a l  d i g i t s .
( f )  U s i n g  t h e  c a l  l

M U L L E R  ( 1 ,  - 1 ,
f a 1 s e ,

. , ^  ^ - . . - - . . -  . . 1 , 'i 1 r  L  L u n  L O U L S  r J l  L n c  u q u a f l O n  Z  -

( 2 )  T h e  f i v e  r o o t s  c I o s e s t  t o  t h e
a x i s )  o f  t h e  e q u a t i o n

s l n  x  -  x  +  I

AL .5 . MULLER . 3

. 5 , 5 0 ,  1 0 , , " - i 0 , , "  - 1 0 ,  f a L s e ,  f a l s e ,  ! r u , e ,
X ,  Y ,  F U N C T I O N ) ;

L  .  0  w e r e  f o u n d  i r - t  s i x  s e c o n d s .

o r i g i n ( w h i c h a l L  i i e  o n  t [ ] e  n e g a t i v e  r e a l



A L . 5 . } I U L L E R . 4

w e r e  d e L . l r n i n e d  i n  + 4  s e c o n d s  ! r r L h  L l r c  c a l  I

I l t l_t.ER

( 3 )  T h e  s i n g l e  r e a l

x
x e

\ - . 4 ,  - , -  ,  - ) . 8 ,  -  ,  i
x  ,  \ '  ,  f 'LrNc f  lONi)  I

r o o t  ( - , 1  L n e  e q l r a l  r u r l

2

, , ,  -  I 0 ,  . . - 1 0 ,  r 4 q ,

, o - 1 0 ,  u - I 0 ,  t r u e , E r u e , t r -ue , f a  l s e ,  X ,  Y ,

\ r a s  1 c ) c a t e d  i n  s e v e n  s e c c r n d s  n i t h  t h e  c a l l

M T J L L E R  ( - 1 , 0 ,  1 ,  1 0 ,  1 ,  . , - 1 0 ,  , , - 1 0 ,  L r u g ,  t r u e ,  f a I s e ,  t r u e ,
X ,  Y ,  F U N C T  t O N )  ;

( 4 )  F i f t y - r h r  i . ( '  s e ( . , n d s  w e r a r  r (  L t . ! i r . , r l  r o  d e t e r ' ' r , r n e  t i r e  e i g h t  r o \ , t s  o f  t h e  e q u a t i o n

" 8  
*  . j  +  3 2 6  r  ) )  +  \ ' '  -  . \  

" . 2  
-  r "  +  |

r L s  l  n g  t h e  c a I  I

M U L L E R  ( - 1  ,  1 ,  o ,  2 0 ,  8 ,
F U N C T I O N ) ;
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I{I]I 'E]{ENCES

t h e  t a b L e  h a v i n g  s u b s c r i P t s  0

d e c l a r e d  i n  t h e  c a l l i n g  P r o -
t h e  d e c l a r a t i o n

AL .5 .NEVII,LE . ]

3 9 - 4 2

1 , . . . n  -  L ,

i .
! .

IURPOS!]

C i v e n  N  a b s c i s s a s  X [ r r l  , . . . , X l f f - L J  - a n ( l  N  c ( ' r r - e s p o n d i n g  f u n c L i o n a l  v a l u ' : s

v [ o ] , . . . , v [ s - L ]  r ^ r h i c h  a r e  r u L a t e c i  b y  v l r J  =  r ( x L ! ) '  I  =  0 , . . . , N - L  ,  t h i s  p r o c e c l u r c  p e r -

f , - , t . ,  a  P - p o i n t  j n t e r p o l a t l o u  t o  I i n d  L h e  a p p l o x i m a L e  i u n c t i o n a l  v a L u e  c o l - : ' i : r L , \ ' r : d i n q  t o

t h € r  i n p u L  a b s c i s s a  W ,  a n d  s t o r e s  L h e  r e s u L t - i n  - N E V I L L E  '  1 f  t h e  v a l u e  o f  W  i s  r ) r r r r i  ' 1 r r  l h c

. r ' ,g "  o f  r l ie  rab le  ( i .e , ,  W <  X[O]  o r  W >  X[U-L ]  )  ,  ra , ;  r l , t l  MPCLATE hr rs  beer '  : ; c i  - i r r -1 -1 , ' .

L h c n  L h e  p r o c e c l u r c  f r a n s f e r s  c o n t r o l  t O  t h e  S t a t e m e n t  r ' l l o s ,  l , l l ' :  I  i S  l h e  a c L t r i - r l  l )  1 r " : L  ( ' '  r

c o r r e s p o n c l i n g  t o  A L A l t l ' l ;  i f  E X T R A P O L A T E  i s  ! f . . l l l i ,  t h e  P  p o  r L  ' ;  ' - "  " -  t o  l h '  r - L ' r  ; i  '

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

RESTRICTIONS

( N o t e :  F o r m a l  p a r a n t e L € l r s  a r e  < . l e n o t e d  b y  u p p e r  c a s e  l e t t e r s ,  a n d  a c t u a l  p a r a m e t e r s

a  l a ! .  l .  S e c  r , - ; <  A L . 2 . l 4  o l

i r ,  E .  I l i I n e ,  N u t r t t ' r i c a l  C a L c r - r 1 u s ,  p . 7 3

J .  
' f o L l c L ,  $ 6 1  r , , i : r '  l r f  N u t l e ' t i r r a l  A n a l v s i s ,  l l c G r a v - H i L l ,  I 9 6 2 '  p p

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

L l r  e  A L G O L - 2 C  } l a n u a  L .
2 ,  1 ' h e  p r o c e d , . r r e  a s s r l m e s  t L r a L  t h e r e  a r e  n  P o i n L s  i n

th rough n  -  L .  consequ ' 'n t  l y ,  ' "vhe  u  the  ar ' rays  x  and y  a re

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

r e a l array x,  yfo:  
"-  

r ]  ;

3 .  T l r e  a b s c i s s a s  n u s t  b e  m o n o t o n e  l n c r e a s i n g ,  l . e .

b u t  t h e y  n e c ' c l  n o t  b c  e v e n L y  s P a c e d .

4 ,  ' I l i e  u tml ,e r  o f  po in ts  r . t sed  in  th€r  in te rPo la t ion

e n t r i e s  i n  t h e  t a b L e ,  i . e . ,  n  2  P  '

METIIOD

,  "h]  
> " [ r - r ]  ro '  r  =

cannot  exceed the  number  o f

A  v a r i a L i o n  d t r e  t o  N e v i L L e
T h i s  t e c h n i q u e  i s  e q u i v a l e n t  t o
degree Lagrange poLynomi  a l  wh ic l l

o f  A i t i , c n r s  i t (  r a t  i v r  i n L e r p o l a t  i o n

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

p a $ s e s  t h r o u g l t  t h e  p  p o i n t s  c L o s e s t

s c h e m e  i s  u s e d .
w )  o f  t h e  ( p - 1 ) - s t

to \,/.
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USACE

L f  r i t h . , r '  r ) t  l c s t r i c L i L r n . s  3  o r  
r +  

a r :  v r . . l a L c d  L l i e  .  i i i : , : t  i , f  l l ) i r  t r t - : . i l r r l :  r s  r r t r d r l

f  i n e d .  T n  L l r e  ( , v e  L t L  t l r a L  i l I J  x l l J  t ,  r  r  
. -  l ,  a  d i v i s i c r r t  b ' 7  z t ' r , . r  w i l L  r ' ' c c u r  a n r i  l h r :

e x e c i r L i o n  o l  t i r i ,  p r i t g l a m  l . r  i  l 1  b e  t e r r l i r i t t .  d  ' , n l f  h  a D  E X P O , T " E N T  O V I I R ! ' l O W  n r . r s s ! g - . '  0 r , \ c ' r '

w i s e  l \ - E V I L I - E  ! " t L L  a L t e r n p L  t ( )  e  i ] r r y  r . ,  I  t l r r :  r  a l ,  L r l a L j o n s ,  b u t  i r i L l  g i \ / r  N t - : l I 1 i n g I c s s

r - c s r r L l s ,  C c , l t s e q L r u n t l y ,  t l r c  L r s c r  s i r r )  L ( 1  t , r l ( . i  : p ' : r i a l  ( a r ( '  L ( )  r , r r s r r r r '  l l t . r L  ! . 1 1 . ,  r - s t r i c L l , J I l s

a re  I I t e  L  .

I IIA AND ACC L]RAC Y

T l r e  a p J ) L o x i n r a l e  ( ' x e c t r L i o l r  L l t l t ' '  i \

o . 6 p i '  '  P

m i l l i s i - c . r u d s ,  u l r e r e  p  a n d  ! r  . t r c  L l r , .  ! , ' - t r - t l

a c c r l r i l c !  d e p e n d s  t r P o l l  t l l L r  L t  l L ; r v  r o t  t r l  |  1 t , ,

u s e d  i n  t l l e  i n t e r p o l a L i o n .  S e v t n  t t )  r i ! l i l L

a n d  p  . .  5  l o r  t f r e  f r i r c t i t . , t t s  S r N ( X ) ,  C O S ( X )

t p  +  0 . 0 5 n  +  0 . 6

p a r a m c t c r s  w h i c  h  ! t a r . , t '  b , : r ; n  . l :  f  i n r : , 1  a b . , v r ' .  T t r c
t r b u l a t e d  f  u n c t  i r . : r t  a n c l  f  l r e  n u m b c r -  , , f  p c i r r t s

s i g n i f i c a n t  f l g r r r e s  ! " i e r c  o b t a i n L ' , 1  l t i t h  n  2 A
a n d  E X t ( X )  L , v r i ) .  t  l r r :  l n l - ! : r v a l  [ 0 . 1 ]  .



ALGOL SYmbo1 ic  L ib rary

PROCEDURE SPECIFICATION

PROCEDURI  NORMRAN (MU,  S IGSQR,  NR,  M,  SV) ;

REAL ARMY NR; INTEGER M; REAL MU, SIGSQR' SV;

REFERENCE

AL .5 .NORMMN . T

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

and var iance SIGSQR'  and s to res  the  sequence

c e n t r a l  l i m i t  t h e o r e m  o f  P r o b a -

a  un i fo r rnLy  d is t r  lbu ted  random

of  numbers

, F f , r = 1 , . . . , M .

R.  W.  Harun ing ,  Num.  Meth  '  fo r  Sc ience and Eng ineerang '

l l c c r a l t - H  i  L I ,  1 9 b 2 ,  P .  . i 8 9

PURPOSE

NORI"IRAN generates a

d i s t r i b u t e d  w i t h  m e a n  M U

i n  c h e  v e c t o r  N R .

RESTRICTIONS

( 1 )  T h e  s t a r t i n g  v a L u e  S V  m u s t  b e  a n  o d d  p o s i t i v e  e L e v e n  d i g i t

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

s u b p r o c e d u r e  M N D O M  w h i c h  g e n e r a t e s  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 -

r a n d o m  n u m D e r s .

(2 )  The ac tua l  Parameter  wh ich  is  subs t i tu ted  fo r  S IGSQR in  the

ca l l  o f  NORMRAN must  have a  pos i t i ve  va lue '

(3 )  The des i red  amount  o f  numbers  M must  be  less  than or  equa l  to

t h e  o r d e r  o f  t h e  a r r a y  w h i c h  i s  t h e  a c t u a l  P a l a m e t e r  c o r r e s p o n d i n g  t o  N R '

(4) RANDOM is a procedure iocal !o NORMRAN '

METHOD

NORMRAN makes use of RANDOI4 and the

b iL i ty  in  the  foL lowing  way:  r f  X  [ . f ]  i s

n u m b e r  w i t h  v a r i a n c e  V ,  t h e n  t h e  s e q u e n c e
N

N R h J  -  + J 7 ( L  x [ r ] l
J = l

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

wl th  nean !  and var iance d  be ing  good fo r  N >  10 '  Procedure  NORI4RAN adds

t f re  x [ r ]  in  bLocks  o f  tweLve.  S ince  -L  t  Xb ]  t  L  fo r  aL l  J ,  the  above

f o r m u L a  r e d u c e s  t o  
I z

n n [ r ] = r  +  < , , 8  1 2 1  r  x b ] , r = 1 , " ' , M '
J =  I

T IME

NORMRAN senera tes  and s to res  one hundred numbers  in  aPProx imateLy  J  seconds
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REAL PROCEIIURE RA,r'DOll

VALUE I \ ,  B ,  XO;  REAL

ITE!'ERENCES

PROCEDURE S PEC I! 'ICAT ION

L .  . \ L l q o r i t l n r  L 3 J ,

2 .  R ,  L ' .  l i i L r i l r j r g ,

P t i {POSE

ALGOL S y l rbo  1 i  c  L ib r r r ry

t s ,

' X o

) ;XO

;

(  A ,

A ,  B

Comn,  i \C l l .  ,

NrLn , l le L ir  .

N o v .  I 9  6 2

f o l  S c i c n .  i l n d  E n g r ,  l l c G r a r ' , - 1 l i I 1 ,  1 9 6 2 ,  p .  3 t l 4

o f  r r  s e q r r e n c e r  o i  p s e L L d o - r J l r d o r t t  t t r r m b c r s  f r o n

o 1 r  t h c  - L n L e r v a l  ( A ,  B ) .

I {ANDol l  ge l le raLes  t l ]e  r tex t  i r i :n rber

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

RESTRlCT]ONS

t ,  T l r e  I i r s t  t i m e  R A N D O M  i s  c a I L e d ,  t l r e  s t a r t i r g  v a L L r e  X 0  s h o L r L d  b e  . r r r  o ( i d ,

p o s i L i v e ,  e r 1 e , , , e n  d i g i t  i r r t c B e u ;  o n  s L r b s e q u e n t  c a L l s  i n  t l i e  s a n e  P r o g r a i 1 l r  L r s c  X O = O '

T l r e  p r o c e t l u r e  d e c l a r e s  a n  o l v n  v a r i a b l c  r u ' h i c h  s a v e r s  t h e  c ! r I r e n t  v : ] 1 L r c  o f  R A N D O I I  f o r

L l s e  , s  : r  s t i r r t i n ! l  v a L L L e  o l l  s L l c c c s s i v e  c i l L L s .

2 ,  A  i s  : r s s u n e d  t o  b e  t l r e  L e f t  e n d  p o i n t  o f  t i ) e  i n t e r : v a L  o I  t h e  d i s t r i b r L t i u r r ,

s o  t L i a t  i n  m o s t  : r p p l i c a t i o n s  A  s l r o u l d  b e  l e s s  t h r n  B .

11[ T I tOt)

T h e  l i e t i r o d  o f  c o n ! j r L r e u c e s

R-r\N DOll
r a L

r r s e d  f o r  L l r e  g e n e r . i l t i o n :

' k  RANDo l t .  ( . oa  235 ) .

l a r e  I L : s L r 0 o ] ;

( o ,  l  ,  1 3 5 4 3 2 8 8 r 7 9 )  ;

I  L r u t i L  5 0 0 U  d o

1 S

l f  R - \ N D O I I  i s  c r l l e . l  r e p c r L e c l L y ,  t h i s  r c s L r L t s  i r l  a  s e q l r e n c e  v i t h , ,  l , e r i o d  o f  2 J J

I, 'SAGE

A s  a n  e x a n p L c  o f  t h e  L L S e  o i  I L A . N D O M ,  L h e  f o L L o i " i  g  s h o r L  A L C O L  p r o ! ! r a  r  g c n . - r a t c s

r 0 0 , J  p s e u d o - r r p d o r , r  n u t n b e r s  r . r n i L o r L r l y  d j s t r . i b L l t e d  o L l  t h e  i n l e r v a f  ( O , 1 )  ; l n d  s t o r c s

t l re  r lL r i i l bers  in  t l re  vec tor  DATA:

SY

b e g i D  r e a l  a r r J y

r r L L c t s , E r  !  .

LIBR\I{Y R^{NDO!I

DArA IL] . R-{NDo}l

l o r  I  .  2  s t e p

e o d

Dl\ rA [ r ]  .  RANDo]I  (0 ,  L ,  u . r ;
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T IME

A p p r o x i m a t e l y  2 , 2  s e c o u d s  a r e  r e q i r l r e d

r  r . r J o . .  r r I h L . .  , s i .  t . i i  l r r i r L t r - .

i o r  t l i e r  g e n e r ! t i o r r  o f  o n e p s e r l d o -
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PROCEDURE SPECIFICATION

ERROR.TYPE, EIII{OR. PRINT ING)

ERROR.PRINTING;

E R R O R . T Y P E ) ;

- ,  -  i  ^ ,  F p J n r l  T v p F .

p r o c e d L r r e  R U N . E R R O R ( I l ,

v . lue  ERROR.  TYPE '

p r o c e d u r e  R U N . E R R O R ( L L ,

va  lue  ERROR.TYPE ;

I a b e L  L l ;  s t r i n g  E R R O R . T Y P E ;  B o o L e a n  E R R O R . P R I N T I N G ;

PURPOSE

T h e r e  a r e  c e r t a i n  p r o g r i : m m i n g  p r o b l e n t s  i n  i " r l r i c h  t l r e  P r o g r i l n r n e r  i s

a b L e  t o  p r e d i c t  t l r a t  e r r o r  c o n d i t i o n s ,  a s  d e t e c t e d  b y  A L G O I '  a t  r u r ) t i n e ,

l l r a y  w e l l  o c c u r  i n  s o n e  d a t a  s e t s .  I t  i s ,  f ] o \ t e v e r ,  I r e q u e n t l y  a s  m r ' r c h

t r . o u b l e  t o  c l i e c k  a  d i l t a  s e t  f o r  e r r o r s  a s  t o  p r o c e s s  t l i e  d i l t a  s e t '

T h u s  b a d  o r  n l s s i n g  d a t a  m a y  I e a d  t o  s u b r o u t i n e  e r r o r s ,  e x p o r l e n t  o v e r -

f l o v s ,  o r  a d d r e s s - o p c o d e  f a u l t s .  T h e  u s e  o f  R U N . E R R o R  a 1 l o w s  t h e  P r o -

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

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

METIIOD

E r r o r  c o n d i t i o n s  d e t e c t e d  b y  t h e  G - 2 1  h a r d r v a r e  o r  b y  a  s L l b r o u t i n e

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

RUN ERROR - eee e

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

e r r o r  d e t e c C e d .  I n  t h e  c a s e  o f  e r r o r s  d e t e c t e d  b y  L i b r a r y  p r o c e d L r r e s ,

t e e e e t  i "  s p e c i l i e d  i n  t h e  A L A R I 4 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 t i o D ;

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

n r e s s a g e s ,  s e e  C h a p L e r  b b

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

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

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

c o n d i L i o n s .  T i r e  f i r s t  t w o  p u r a n e t e r s  i n  t l L e  c : t 1 l  o f  R U N . E R R O R  g i v e  t h i s

i n f o r m a L i o i r :  T h e  v a l u e  o f  E R R O R . T Y P E  s h o u l d  b e  t h e  s t r i n g  ' e e e e '  t o

s p e c i f y  r : e c o v e r y  f r o m  e t r o r  c o r ) d i t i o n  e e e e .  l f  e r r o r  c o n d i t i c ' n  e e e c

a r i s e s ,  c o n t r o l  1 s  t r J n s f e r r € r d  t o  t h e r  l a b e l  L 1 ,  s L l b j e c t  t o  t h e  r r . r L e s
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d i s c u s s c d  b e l o r u .  T h e  P a r i l L l l e t e r  L L  u s L r a I I y  s l l o L r L d  b e  a  s i m p l e  l a b e l  a o d

n o t  t l r e  n r o r c  g e r ) c r . r 1  f o r u  o f  d t r s i g r t : l L i o n a L  e x f r e s s i o l l ;  I o r  e  d i s c u s s i o n

o I  t l r i s  s c e  r e s L r  i c t i o n  2 .

T l r e  p r r t e r ' r c r t e r  E R R o R .  P l { l N T  I N ( ]  ,  i f  i n c l r r d c d  i L r  L l r e  c r l L '  c o r l L r o l s

t l r c  p r i n L i 1 r l 4  o l  L l r e  L r s t L r  L  d i . l g L l o s L i c  n e s s i l g e  i o r  ; r l 1  e r r - r o r  c o n d i t i o n s

( S c e r  C L r . r p L c r  6 b  i o r  I  d e s c r i p L i o n  o 1 -  t l i i s  d i u g r t o s t i c  L l e s s a g e  ' )  l f

E I { R O R . P R I N T I N G  . .  l a l s e ,  t l r e  d i l ! , n o s t i c s  v i 1 1  r r o t  b e  p r i n t c d ;  i f

E l t R O t L .  P R I N T I N G  t r u t ,  < l i a g n o s L i c s  r " i 1 1  b t  P r i n L e ( 1  -  E R R O I T ' P R I N T I N G  i s

r r s c c l  t o  s e L  L l r e  r r L r l - t i r : l c  e r r o r  P l : i ! r L i n g  m o d e  s r " i t c l r  ( -  4 2 )  r " l r i c h  i s

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

E R R O R . P R I \ ' T I N G  .  f r L s e ,  n o  d i . r g n o s t i c s  r " i 1 1  b e  p r i n t e d  I o r  l l l l  r o u t i n e

f o r  v i r i c l r  e r r o r  r c c o v e r y  i s  s e t  u P .  T h i s  s ! " i t c 1 r  i s  o n l y  c h a n L ! e c l  v h e l l  a

c a L l  o f  R U N . E R R O R  i s  e x e c u L e d  l r i r i c l r  i r a s  t l r l : e e  p a r i ] m e t e r s .  T h L r s  i f  t h e

p r o g r a l 1 n n e r  w i s h e s  t o  g e t  o n l y  l i i s  o v | t  d i i ] ! i ) l o s t i c  p r i n t i n g ,  h e  n a y  L l s e  L I r e

f i r s t  l o r . n  o f  c a l l  f o r  R U N . E R R O R ,  w i t l r  E R R 0 R . ? R I ^ * T I N G  =  f a L s e '  I f  a n

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

n e s s a g e  v i l L  b e  p r i n t e d .  A L G O I -  i n i t i . r l t y  a s s u m e s  E R R o R . P R I N T I N G  =  t r L r e '

( S e e  a L s o  r e s t r i c L i o l i  4 . )

S c o p e  o f  E r r o r  R e c o v e r Y

F o r  e a c h  c a l l ,  R U N . E R R O R  c r e a t e s a  t r i p L e  o f  t h e  f o r n

L e v e  I )  ,( L L ,  E R R O R . T Y P E ,  b  l o c  k ,

i r e r e a f L e r  c a l  L e c l  a n  e r r o r - r e c o v e r y  s u i t c L l  .  T l l e  s c o p e  o I  t h e s e  s v i t c l l e s  i s

d e t e r : m i r l e d  b y  t h e  b l o c k  s t r u c t u r e  o f  A L G O L  '

T h e  u s e  o f  a n y  e r r o r - r e c o v e r y  s v i t c l r  w i L l  c l e a r  t h e  s v i t c h  '  T h u s  i f

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

f r o m  a n  e r r o r ,  l r e  m u s L  r e s e t  t h e  s w i t c h  b y  a g a i n  c a L L i n g  R U N ' E R R O R '  T l r e

L i s e  o f  o n e  e r r o r - r e c o v e r y  s v i L c h  r v i I L  o o t  . f f e c t  t l r e  s t a t L r s  o f  i l n y  o t h e r s

r . ; h i c l r  h a v e  b e e n  s e t .

B l o c k s ,  p r o c e d u r e  d e c l a r i ] t i o n s ,  i : r r d  p r o c e d u r e  c a L l s  n i i l y  b e  n e s t e d

a r b i t r a r i l y  i n  A L G O L .  S i n c e  i t  m a y  b e  c o n v c r l i e n L  t o  i l a v e  d i f f e r e l r t  r e c o v e r y

p r o c e c l L l r e S  f o r  t l t e  s ! m e  e r r o r  c o D d i L i o n  N h e n  i t  o c c L r r s  i r l  d i f f e r e n t  b l o c k S ,

R U N . E R R O R  k e e p s  t h e  e r r o r - r e c o v e r y  s \ ! ' i t c l l e S  i n  i l  s L a c l t .  T l l L r s  e r I . o r - r e c o v e I . y

s \ n ' i t c h e s  c r e a t e d  i n  a  g i v e n  b l o c k  r v i l I  n o t  d e s t r o y  L l r o s e  s e t  i n  a n  o u t e r

b L o c k ,  b u t  l v i L L  m e r e L y  " p u s h  t h e m  d o w n "  i n  t h e  s t a c k .  A  n e v l y  c r e a t e d
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s l r i t c l ,  \ t i 1 L  b e  e f f e c L i v e  f o r  t h e  b L o c k  i n  v h l c h  i t  i s  c r e a t e d  : r n d  f o r

a I L  b l o c k s  i : n d  p r o c e d u r e  c a L l s  n e s t e d  i n  t h a t  b L o c k '

L e a v i r t g  a  b l o c k  a L  d y n r m i c  l e v e l  N  w i l l  p o p  u P  t h e  s t i l c k '  d e L e t i n g

a L L  e r r o r - r e c o v e r y  s v a ! c t l e s  \ t i t h  b L o c k .  L e v e L  '  N '  C a l l i n g  R U N *  ' E R R O R

t \ ! r i c e  i n  t l r e  s a m e  b l o c k  f o r  t h e  s a m e  E R R o R . T Y P E  w i t h  a c t u a l  p a r a m e t e r s

L 1  a n d  L 2  v i l L  r e p l a c e  t h e  t r i p l e  ( L I ,  E R R O R ' T Y P E ,  b l o c k '  l e v e l )  b y  t h e

t r i p l e  ( L 2 ,  E R R O R . T Y P E ,  b L o c k . l e v e L )  '

M o n i L o r - D e t e c  t e d  E r  r o r  s

RUN.ERROR ca l led  w i th  ERROR.  TYPE = tT lMRt  \ " i  i t1  Permi t  recovery

fron TIME LIMIT EXCEEDED' PAGE LIMIT EXCEEDED' OPERAToR TEMIMTED, and

I I A C H I N E  E R R O R .  T h e  u s e r r s  p r o g r a m  w i L l  r e g a i n  c o n t r o L  a n d  w i L L  b e

a L L o w e d  a n  c x t r a  3 0  s e c o n d s  o f  r u n n i n g  t i m e '  R e p e a t e d  c a 1 l s  w i t h  t l r e

p a r a  i e t e r  r T l M R r  w i L l  1 9 !  g i v e  a d d i t i o n a L  i n t e r v i r l s  o f  3 0  s e c o n d s  '

O n e  P r o c e d u r e  w i t h  S e v e r a l  E r r o r  E x i t s

i l h i L e  s o m e  c o m p l e x  p r o c e d u r e s  h a v e  s e v e r a L  e r r o r  e x i t s '  t h e  p r o -

gra lnmer  may \ t rsn  co  Lrse  t l le  same recovery  tec l rn ique in  nore  than one

c a s e .  E r r o r  c o d e s  t o r  s u c l t  p r o c e d u r e s  a r e  t y P i c a L l y  o f  t h e  f o r m  t A B C n t  
'

w h e r e  n  i s  a  n o n - z e r o  d r g i t .  I f  a n  e r r o r  t A B C n t  o c c u r s ,  R U N  ' E R R o R

c t r e c k s  f o r  a n  e r r o r - r e c o v e r y  s \ ' / i t c h  o f  t h e  f o r m  ( t A B C n t ,  ,  ) ;  i f  t h e r e

i s  n o n e ,  R U N . E R R O R  v i l l  t h e n  L o o k  f o r  a  s w i t c h  o f  t h e  f o r m  ( | A B C 0 '  ,  '  )

( N o t e  t h a t  t h e  I o u r t h  c h a r a c t e r  i s  z e r o ,  n o t  E h e  L e t t e r  r r O r r ' )  T h u s  t h e

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

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

:  The er ro r .  codes  fo r  DISC. I4RITE are  TRWRL'  
,

f o l L o w i n g  c a L l s  o f  R U N . E R R O R  a r e  e x e c u t e d :

RUN.ERROR (LI ,  'RWR5 '  )  ;

RUN .ERROR (L3 , 
IRI,JRO') ;

Examp L  e

S u p p o s e  t t i e

I f  a n  e r r o r  R W R 5  o c c u r s  i n  t h e  b l o c k ,  c o n t r o l  \ ' r i L l

Any  o ther  DISC!^ ]RITE er ro r  w i l l  cause cont ro l  to  be

USAGE

'RWR5 '

b e  t r a n s  f e r r e d  t o  L L

t r a n s  f e r r e d  t o  L 3 .

A L G O L  c o d e  c o u L d  b e  u s e d  t o  e v a L u a t e  l h e  f u n c t i o r -

x + l

T I r e  f o  l  L o w i n g  b L o c k  o f
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E o r  v a r i o u s  v e l r r c s  o f  x ,  p r i n l i n g  o u t  r y  I S  I N F I N I T E  A T

. r n  c x p o D e n t  o v a r r f  l o \ r  o c c L l r r c c L :

b e g i n  L : r b c l  L L ;  r € r a l  x r  ) ' ;  l i b r a r y  p r o c e d u ! _ g  R U N . E I I R O R ;

c o m r e n t :  N o L e  t l r a t  s i r ) c c  t l ) e  f i r s t  o c c L r r r e r r c e  o l  L l  i s

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

l i . l b e i . q .  , ,  a )  l - , , i , ; i c  r , , , o ' I

RUN

for'

.ERROR(LI ,  
'nXlo'  ,  ! !gg) ;

x : , .  - 4  i ! 9 !  L  un t i l  4  do

1 , . F , .  r l r  ( x  t  T  l )  x :

NAIIE (x , y) ; PRINT (<- ID . LZ , 10B , -4D .42 , D) ;

gg_. .1!9 end.  oI .  Loop;

L L :  N A I I E  ( x ) ;  P R I N T ( < I y  T S  I N F I N I T E  A T  r ,  - l D . l Z ,  L > ) ;

D  T  T I \ I  F D D N P I / T  I  I F 1 . P N I \

e n d .  o f . I o o p :  e r y l

I  wh  eneve  r

ro G00F LiJ ,
' l - l r o  ' r r ^ u r . r m m p r

d e  l a y e d  e v a  L u  -

o f  t h e  f o r n :

end

RESTRICT IONS

L .  N o t  n o r . e  t h a n  2 0  d i s t i D c t  e r r o r - r e c o v e r y  s n i t c l i e s  a r e  a L l o w e d  a t

a n y  o n e  t i m e .

2 .  l r t h i l e  E R R O R . T Y P E  a n d  E R R O R . P R I N T I N G  a r e  c a L l e d  b y  v a L u e  a n d  t h u s

a r e  e v a l u . r t e d  w l r e n  R U N . E R R o R  i s  c a 1 1 e d ,  t l r c  L a b e l  L i  i s  t l o t  e v a L u a t e d

u n t i L  t h e  e r r o r  c o n d i t i o n  E R R O R . T Y P E  , c t u a L l y  o c c u r s  '  I f  L 1  i s  a c t L r a l l y

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

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

v i L l  b e  t r a n s f e r r e d  t o  t h e  r e s u l t a n t  1 a b e 1 .  S i n c e  t h i s  d e l a y e d  e v a L u a t - L o n

i s  u s e d ,  t f r e  f o L l o w i n g  s i m p l e  c o d e  w i l l  n o t  v o r k :

f o r  i -  I  s t e p  I  u n t i L  5  d o

R U N . E R R O R  ( C O O n [ i ] ,  ' R W R O '  +  i ) ;

A t  t h e  t i n r e  o f  a n y  R W R n  e r r o r ,  c o n t r o L  v i l l  b e  t r a n s f e r r e d

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

n a y  u s e  d e s i g r ) a t i o n e l  c x p r e s s i o n s  t o  t a k e  J d v a n t a g e  o f  t h i s

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

e r r o r s  i n  R U N E R R O R  : r r e  f a t a l ;  t h : r t  i s ,  a  c . l I l

R U N E R R O R ( L 1 ,  ' R U N N . ) ;

w i l L  n o t  p e r m i t  r e c o v e r y  f r o n  e r r o r s  i n  R U N E R R O R

3 .  R u n



i  r r

4 .  T l r e  s r ' , i t c l r  s e t  b y  s t r P p L y r n g

r  s i n g l e  c r L L  (  4 2 ) ;  i t  d o e s  n o t

t l r  e  € r r r o r - r L - c o v c r v  s \ r r i  t c L i e s .

AL .5 . RUNERROR . 5

L l r e  p a r a r n e t L ' r  E R R O R . P R I N T I N G  i s  l i e p t

i n v o  L i e  t h e  s L r c l i i n g  m i l c l l i r l e r y  : t p p l i e d

Ari\RIlS

' I h r  ncssaqe  RUN.  ERROL{  -  RUN-R  ! " ' i l 1  r es !L t  i f

l .  A r r  i r t t e n p t  i s  t t t r d e  L o  l t a v e l  n o r e  t l l i l l l  2 ' J  e r r o l : - r e c o v e r ]  s \ u ' i t c l l c s

s r L  i l t  i r n ) '  L i n c ,  o r  i f

2 ,  T l r e  d c s i E ! n a t i o n a l  e x p r e s s i o n  L l  i s  L t r l d e r t i r t e d  i l t  t l r e  t i m e  o L  t l l e

c r r o r ;  L i r i s  i , i L L  o c c r . r r  i f  t i l e  a c t u r l  p a r : l n e  t e r  i s ; l  s \ r i t c l l  e L e m e l l L  a o d  t l r e

s L L b s c r i p t  i s  o u t  o f  b o u n d s  a L  t l r e  t i n l e  t [ ] e  e r r o r  o c c L l r s  '
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A L G O L  S y n b o I  i c  L i b r a r y

PROCEDUITE S PEC ] F ICAT ION

REAL PI{OCEIIURE S 1r1 (N,

VALUE N,  A ,  B ;  P .EAL A,

RE FEL{IiNCE

B ;

B

J

,  Y ) ;

lNTEGER AI1MY Y;

A l g o r i L l r n  i l 4 ,  C o m n .  A C M ,  A p r i l .  I 9 b 2

PURPOSE

S f l l  d e t c r m i n e s  L I r c  a p p r o x i m i l t e  n u r n e r i c t l

c o n L  i n u o L l s  I u n c t i o n :

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

SIM =

RES TRICTlON S

I .  T h e  n u m b e r  N  o f  s u b d i v i s i o n s  m l r s t  b e  e v e D .

2 .  T h e  v a l r r e s  V [ f ]  u f  t l r e  f r r n c t i o n  n \ r s t  b e  g i v e n  f o r  e q u a L l y  s p a c e d  v : r L u e s

o i  t L r e  i n d e p e r l d e n t  v a r r a b L e  o n  t l r e  i n t e r v " L  [ e , n ]  o f  i n t e g r : a t i o n .

i .  v [o ]  =  r (e )  o "a  v [N ]  =  t (e )

4 ,  I n  t h e  p r o g r a r l  w h i c l i  c : r L l s  S I M ,  t h e  i l c t u i l l  p a r a n e t e r  y  c o r r e s p o n J i o g  t o

L [ r e  a r r a y  Y  m u s t  b c  d e c l a r e d  a s  A R I I A Y  y [ 0 , " ] ,  w h e r e  n  i s  t h e  a c t L r a l  P a r a m e L e r

c o r r e s  p o o d  l n g  t o  N .

METHOD

w e l l - k n o r . ; n  f o r m r - i 1 a  f o l  n u m e r l c a l  i i r t e g r a t i o n  1 s  r L s e d .  l I

, . . . , x [ n - f ] ,  x  [ N ]  =  B  a r e  e q u a l l y  s p a c e d  p o i n t s  o f  s L r b d i v i s i o n  o f  t h e

o , r a  v [ f ]  i s  t l i e  v a l u e  o f  t h e  f u n c t i o n  f  a t  t h e  p o i t t t  x [ f ] ,  I = 0 , . . . , N

B

A

f ( x ) d x  B - A 1v[u]  +  +v[ r ]  +  zv[z ]  + .+  4Y [N-  1]  + Y[N])

T lI lE a nd ACCUMCY

T l r e  a p p r o x i r n a t e  e x e c L L t i o n  t i m e  r e q u i r e d  b y  S I M  i s

T 2N,t LU 
.4

r " r l re re  T  t i rne  in  secor tds

N r r r r [ rbeL o f  subd iv is  io t ts  .

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

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

J  L m p s o n  s

e  =  x [o ] ,  x [ r ]
i , r t e . v o  L  [ A , n ]

t i r e n

] N
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S  t a n d c r d  F u n c  t i o n

PROCEDURE SPECIFICAT]ON

I C A  I procedure  SIN (X)  ; va lue X;  :Sg I  X;

PURPOSE

S I N  c o m p u t e s  t l r e  s i n e

pos  i  t i ve  o r  r - reg i . l t i ve .

}TETHOD

T l r e  n e t h o d  i s  d e s c t i b e d  o n  P a g e  A - L  o f  I ' L 6 0 4  r o u t i n e r t

ALARMS

E R R O R  -  s l N -  x 1  >  2 , 0 9 1  , l 5 l

va lues beyond th is  point  the aLgor i t t i rn  breaks down

TIMING and ACCURACY

T h e  r e s u L t  i s  p r o d u c e d  i n  I . 0 8  m i L l i s e c o n d s  '  T h e  r e l a t i v e

l e s s  t h a n  5 , o - I L .

o f  X ,  w l i e r e  X  i s  i n  r a d l a n s  a n d

RUN

F o r

e  i t h e r
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A L C O L  R e l o c a t a b L e  L i b r a r Y

PROCEDURE S PEC IF ICAT lON

procedLr re  SLEU(LFT,  RECoRD.NUMBER,EOF)  ;

v a L u e  L F T ,  M C O R D ' N U M B E R ;

i n t e g c r  L F T ,  R E C O I { D . N U I t s E R ;  I a b e L  E O F ;

PURPOSE

R c a d i n g  o r  r . ; r i t i n g  a  t i l P e  r e c o r d  i s  d e l a y e c l  b y  t h e  a r n o u n t  o l  t i n c

r e q i r i r e c l  t o  p o s i t i o r l  t L l e  t a P e  t o  t h e  s P e c i f i e d  r e c o r d '  S L E I {  e n a b L e s

t l l e  P r o g r a m n e I  t o  P o s i t i o n  a  t ' i p e  i " r l r i L e  c a r r y i n g  o n  o t h c r  c o r l i p L l t a L i o n '

T h e  u s c  o I  S L E L '  c a n  t l r r r s  s L t b s L a n t i a l l y  d e c r e a s e  t h e  r u l l n i n g  L i r n e  o f  : r

p r o g r a n  \ " r l l i c l r  u s e s  n : l g n e t l c  L a P e .

METHOD

A  c a L L  f o r  S 1 E U  \ t i l l  i n i t i i l t e  a  t . l P e  n o t i o n  t o  r e c o r d  r e c o r d ' n u m b e r

o I  l o g i c a L  f i l e  L f t  a n < l  w i l L  r e t u r n  c o n t r o L  t o  t h e  u s e r t s  p r o g r a n t '

C o n p u t a t i o n  o r  o t h e r  i n p i r t l / o u t p u t  o p e r a t i o n s  m a y  t l t e n  c o n t i n L l e  u n t i l  t l l e

e x e c u t i o n  o I  a  c a L L  f o r  D I S C . R E A D  o r  D I S C . W R I T E  \ t i t h  t h e  p a r a n c t e r s  I f t

a n d  r e c o r d , r ) u n b e r .  A t  t h a t  t i m e '  c o m p u t a t i o n  w i L l  c e a s e  u n t i l -  t h e

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

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

o n  t l r e  d i s c ,  n o  i r c t i o n  i " i l 1  b e  t a k e n  a n d  t h e  u s e t r s  P l : o g r a m  \ t i l 1  c o n t i n u e

USAGE

T h e  s t a t e m e n t

w i i l  s L e r . r  t o  r e c o r d

ALARI'IS

S L E W  ( 3 ,  4 0 ,  e o f ) ;

4 0  o f  t h e  T y p e  I  R E T A P  r e c o r d s

SLEW i"' i L I

na  x  imur l l  record

SLh'L

SLW2

e x i t  t o  t h e  I a b e l  E O F  i f

a s  s o c  i a t e d  r v  1 t  l r  I o g i c a L

R  r n - e r r o r  m c s  s  J t c S  J r c :

L F T  i s  n o t  l n  t h e  r a n g e  2 l  L F T  <  2 U

l o g i c a l  f i L e  L F T  i s  u n d e l i n e d

MCOI{D,  NUMBER is  g rea ter  t f ran  the

f i l e  L F T  .
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TIMING

T l r e  t i m e  t o  p o s i t i o n  i l  t a l ) e  t o  r e c o r d

r e c o r d  N ,  i s  a b o L l t

( i J + l M - N - L l ' ,

T h e  a c t L r a L  t i n e  r e q L r i r e d  t o  i n s t r L r c t  L i r e

s p e n L  i r r  S L E I {  i t s c t f ,  1 s  r b o u L  2  m s .

! i:r p€r L r n i t , u h i . l r t i m e



A L . 5 . S Q R T . l

PROCI]JL]RE S P!,O IF ICAT ]O N

rcr r  I  p rocedLLrc  SQRT (X)  ;  ]g \ t  X ;  lg . , - !

PURPOSE

S t r n d . r r d  F u  n c  t  i o t l

SQRT conLpL r t cs t l L e  s q  r r L r u  I o o t  u f  X .

X ;

o f  "  I 6 0 4  r o t L t  i n e  s "

NEr l lo ] l

! ' o r  d e t a i L s  s e e  p a g e  M - I

ATARMS

RUN ERROR SQRT

TIMING and ACCUMCY

i f  x  <  o .

T h e  r : e s u L t  i s

The re  La  t i vc r

pr .  oduc  ed  in

c r r o r  i s  L e s s

I . 7  m i L l i s e c o n d s

t h a n  I . o - 1 2 .
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ALGOL Re loca tab  le  L ib rary

PROCEDURE SPEC IF ICATION

procedure  AND,FILE (USER,  PROG,

va lue  PROG,  T-F .  TYPE ;

LF.TYPE, BUFF.LOC, ERR. EXIT)  ;

s t r . ing  USER;  in teger  PRoG,  LF.TYPE,  BUFF. I ,OC;  Labe l  ERR'EXIT;

PURPOSE

AND.FILE assoc ia tes  l -og icaL F i le  Type number  LF.TYPE wi th  the  AND

program ( " f iLe" )  spec i f ied  by  USER and PRoG.  Thus  an  ALGOL user  may

,Je f ine  (o r  redef ine)  en t r ies  in  the  Mon iEor  Log ica l  F i le  Tab le  dur ing  the

ALGOL run  as  we l l  as  dur ing  execut ion  o f  the  AND sys tem.  See Chapter  6g

for  more  in fo rmat  ion .

PARAMETERS

USER = The AND ' rUser "  number  fo r  the  f i le ,  an  e igh t  charac ter

a lphanumer ic  s t r ing ;  th is  s t r ing  may apPear  e i ther  as  an

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 h ' I t 0 1 r )  o r  a s  t h e

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

ar ray  wh ich  conta in  the  s t r ing  as  vaLue (see examPle  in

Chapter  69)  .

PROG -  The AND "Programrr  number  o f  the  f i le '

LF .TYPE = The Log ica l  F i le  Type to  be  assoc ia ted  w i th  th is  AND

f i l e ;  L F . T Y P E  m u s t  L i e  i n  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 ;  t h i s  a r r a y  w i l L  b e  c h a n g e d

by AND. F ILE .

ERR.EXIT =  A labeL to  \ th ich  AND.FILE w i l l  ex l t  i f  any  o f  i t s

parameters  a re  improPer  o r  i f  the  des ignated  AND f i le

d o e s  n o t  e x i s t  i n  t h e  A N D  D i r e c t o r y .

METHOD

"USER,  PROC" is  looked up  in  the  AND Di rec tory  and

L F . T Y P E  i s  a s s o c i a t e d  w i t h  i t .  T h e  3 2 0  l o c a t i o n s

The AND f i1e

T,og ica l  F i le  T lpe
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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 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 e c  C h r p t c r  6 9  f o r  a n  e x a m p l c .

ALARMS

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

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 f  AND.FILE is  ca l led  to  look  up  an  AND f iLe  under  a  man number

d i f f e r i n g  f r o m  t h e  m a n  n u n b e r  a p p e a r i n g  o n  t h e  J o b  C a r d ,  t h e n  t h e  c o r -

r e s p o n d i n g  l o g i c . r L  F i I e  T y p e  w i L L  b e  m a r k e d  a s  ' r r e a d - o n I y " .

A n y  o f  t h e  f o l L o w i n g  e r r o r s  v i 1 l  c a u s e  A N D . F I L E  t o  p r i n t  a n  a p -

p r o p r . i a t e  e r r o r  m e s s a g e  a n d  e x i t  t o  t h e  L a b e l  E R R , E X I T  \ t i t h o u t  a s s i g n i n g

t h e  L o g i c a l  F i L e  T y p e .

1 .  Usage number  i s  improper ly  fo r -Tned or  no t  in  AND Di rec tory .

2 .  Program number  i s  ou t  o f  range or  no t  in  AND Di rec tory .

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 f o r e

be ne i ther  read nor  rv r i t ten .

4 .  L o g i c a l  F i I e  T y p e  i s  <  I  o r  )  1 9 .

5 .  S e l e c t e d  A N D  f i l e  i s  o n  a  t a p e  w h i c h  i s  t e m p o r a r i l y  u n a v a i l a b l e .

6 .  The AND ins t ruc t ion  DONI  has  no t  been executed ,  so  the  AND

D i r e c L o r y  c a n n o l  b e  r e a d  b y  t h i s  C P .

7 .  A n  a t 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

has  been marked r rsecre t r r  by  the  AND ins t ruc t ion  SECRET.

( S e e  t h e  A N D  w r i t e u p . )
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PROCEDURE SPEClF TCATTON

procedure  AND.  CAI -L  ( IMACES. lN.  SCRATCH)

va lue  IMAGES.  IN.  SCRATCH;

i n r  p o ^ r  ' l M A C F q  
l N  q C R A T C H '

PURPOSE

r \ND.  CALL nay  be  used to  en te  r .

n .  h i n : r v  i n . ^ r - r i i n n  ' . . r i t L e n  i n ( o

METHOD

the AND sys tem to  opera te  on  card  images

t i re  AND Scra tch  Area by  an  ALGOL program.

T h e  A N D  s y s t e m  i s  l o a d e d  a n d  c n L c r c d  b y  a  s p e c L a l  e n t r y ,  \ " h  i c h  s e L s  L h e

A N D  S c r a r c h  p o i n t e r ,  o ,  t o  ( I M A G E S . I N ,  S C R A T C H )  +  1 .  l f  S c r a t c h  c o n t a i n s

b inary  in fo rmat ion ,  IMAGES.  IN.  SCRATCH shou ld  be  se t  to  . l  ( l ' l umber  o f  words  o f

b i n a r y  i n f o r r n a t i o n  +  2 0 )  2 1  .  O n c e  l o a d e d ,  e l U  w i i f  o p e r a t e  a s  u s u a l ,

read ing  and execu! ing  AND ins t ruc t ion  cards  f rom the  Ho lLer i th  f i le  wh ich

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

B e f o r e  e x e c u l  i n g  L h e  A N D , C A L L  p r o c e d u r e ,  t h e  A I G O L  p r o g r a m  m u s L  h a v e

loaded the  AND Scra tch  Area (Log ica l  F i le  Type =  1  o r  2 )  w i th  card  images

us ing  HOLLER.OUT or  DISC. IaEITE,  o r  b inary  in fo rmat ion  us ing  DISC,hRITE.

I t  i s  no t  poss ib le  to  re tu rn  to  the  or ig ina l  ALGOL program a f te r  the

execut ion  o f  AND.CALL,  s ince  the  AND sys tem overLays  aL l  o f  core l  however ,

A I -GOL may be  ca lLed f rom AND to  per fo rm a  new t rans la t ion .

EXAMPLE:  An ALGOL program has  genera ted  20  card  images in  AND Scra tch ,  a t

wh ich  po in t  i t  executes  an  AND.CALL (20) .  The AND sys tem is  then loaded

a n d  e n t e r e d  w i t h  o  2 1  ,  a n d  A N D  b e g i n s  r e a d i n g  c a r d s .  I f  t h e  I i r s t  c a r c

conta ins  the  AND ins t ruc t ions :

AN FIIE 6/0 ; DUMP; DONE;

images genera ted  by  the  AI -GOL program wi l l  be  dumped as  the

AND f i le  6 .

then the

2 0  c a r d s

2 0

o f
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PROCEDURE SPECIFICATION

procedure  HOLLER.

va lue  LF.  TYPE

IN (L?. TYPE) ;

;  in teger  LF.  TYPE;

p r o c e d u r e

va lue

I {OLLER. IN ( I ,F.TYPE, POINTER);

LF.TYPE; in teger  LF.TYPE, POIMER;

PURPOSE

H O L L E R . I N  s e t s  t h e  M o n l t o r r s  c a r d  s o u r c e  p o i n t e r s  f o r  H o l l e r i t h

c a r d  r e a d l n g  t o  a n  i m a g e  i n  t h e  d i s c / t a p e  f i l e  w i t h  L o g i c a l  F i l e  T y p e  =

LF.TYPE.  A f te r  a  ca l l  o f  HOI ,LER. IN has  se lec ted  a  f i le  in  th is  way,

execut ions  o f  r rE ' r  o r  r rW' r  p r imar ies  in  A I ,GOL read s ta tements  (o r  an

e x p l i c i t  c a l l  f o r  l 1 6  i n  m a c h i n e  l a n g u a g e )  w i l l  b r i n g  i n  a u c c e s s i v e

card  images f ronr  th is  f i le .  See Chapter  69  fo r  rnore  in fo rmat ion '

PARAI"IETE RS

LF.TYPE = The Log ica l  F i le  Type to  be  se lec ted  as  Ho l le r i th  input

source ,  rep lac ing  the  Prev ious  source .  LF.TYPE in  the

range:  1  5  L ! ' .  TYPE 5  19  represents  one o f  the  pre-

ass igned f i les  o r  an  AND f i le ;  LF.TYPE = 0  a lways

represents  the  r rp r imary ' r  Ho l le r i th  card  source ,  the

one in  e f fec t  when the  AJ-GOL program began execut ion '

r f  1  5  L F . f i P E  =  1 9 ,  r h e n :

POINTER = An ar i thmet ic  express lon  whose va lue  is  the  ser ia l

number  o f  the  f i rs t  image to  be  read f rom f i le  LF 'TYPE'

I f  POIMER is  omi t ted ,  then the  f i rs t  image to  be  read

wi l l  be  the  one a f te r  the  las t  image read dur ing  the

Las t  p rev ious  se lec t ion  o f  th is  LF.TYPE by  HOLT'ER' IN;

however, if HOLLE R. OUT or HOLI'ER. OVER have also selected

the  same LF.TYPE,  then the  ru le  i s  more  comPl ica ted ;

s e e  C h a p t e r  6 g .  1 f  f i L e  L F . T Y P E  h a s  n o t  b e e n  P r e v i o u s l y
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I f  LF.TYPE . .

POINTER

0

s e l e c t e d  d u r i n g  t h i s  r u n ,  P O I N T E R

i f  POINTER is  o rn i t ted .

t h e n :

A n  a r i t h m e t i c  v a r i a b l e  w h i c h  \ " i 1 1

ser ia l  number  o f  the  nex t  card  to

v i o u s  L y  s e l e c t e d  f i 1 e .

-  l  w i L l  b e  a s s u m e d

be

be

s e t  e q u a l  t o  t h e

- ^ e n  f r n -  i h F  n r a -

METHOD

S e e  C h a p t e r  6 g  f o r  c o m p l e t e  d i s c u s s i o n '

A]-ARMS

RUN ERROR - HINI:

RUN E RROR - HIN2:

RUN ERROR - HIN3:

RUN ERROR - HIN4;

L F T < 0  o r L F T >  1 9 .

An a t tempt  has  been made to  se lec t  the  pr imary

source  ( I ,FT =  0)  when i t  i s  a l ready  se lec ted .

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

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

POINTER (  1 ,  o r  beyond the  phys ica l  End-o f -F i le .
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ALGOL Re locatabLe L  ib  ra rY

PROCEDURN SPECIFICATlON

DISC.  R lA l  ( l r l ^ rDS,  F IRST.LOC,  I ,F  .TYPE,

DISC.hRITE (N\dDS,  F IRS1 .LOC,  LF.TYPE,

AJIZ  r \1 r \  FNF I iVTT\

D T V  I T r \  F A . F  F Y T T I - \ .

vaLue N\'DS, l-F . TYPE , BLK.NO;

Labe l  EOF.EXIT;  in teger  NI4DS,  LF.TYPE'  BLK.NO;

PURPOSE

DISC.REAI  reads  in fo rmat ion  f rom d isc  o r  tape in to  an  ar ray  in

core  memory ;  DISC.WRITE \ " / r i tes  the  conten ts  o f  an  ar ray  in  core  memory

out  on to  d isc  o r  tape.  These rou t ines  a1 low the  user  to  Inove b inary  and

Hol le r l th  in to rmat ion  rn  bu lk  be tween core  memory  and d isc / tape f i les .

S e e  C h a p t e r  6 9  f o r  a  c o m P L e t e  d i s c u s s i o n '

PARAMETERS

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

F IRST.LOC = An ar rav  e lement  wh ich  is  the  ALGOL

word  in  core  memory  to  read or  wr i te .

LF.TYPE = Log icaL F i le  Type (exp la ined in  Chapter  69)  '

BLK.NO = Number  o f  the  f i rs t  320-word  b lock  to  be  read or  wr 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 wh ich  the  rou t lne  w i l l  ex i t  i f  the

p h y s i c a l  E n d - o f - F i l e  i s  r e a c h e d  d u r i n g  t h e  o P e r a t i o n .

MNTHOD

DISC.READ reads  in to  core  memory  exac t ly  NI ' JDS words ,  where  NWDS is

n o t  n e c e s s a r i l y  a  m u l t i p l e  o f  3 2 O .  D I S C . W R I T E  w i l l  w r i t e  e n o u g h  e x t r a

w o r d s  ( g e n e r a l l y  " g a r b a g e " )  t o  c o m p l e t e  t h e  L a s t  3 2 0 - w o r d  p h y s i c a l

r e c o r d "  T h e s e  r o u t i n e s  i n i t i a t e  d i r e c t  i n p u t / o u f p u t  t r a n s m i s s i o n  b e t w e e n

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

A t t e n p t i n g  t o  r e a d  o r  \ , I r i t e  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  w i l l

c a u s e  t h e  r o u t i n e  t o  c o m p l e t e  t h e  o P e r a t i o n  u p  t o  t h e  E n d - o f - F i l e ,  a n d

name o f  the  f  i r s t
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then  ex i t  th rough the  EOF.EXIT labe l .

ALARMS

RUN ERROR -

DISC.READ AND DISC.WRITE g ive  Lhe same er ro r  messages,  ag  fo l low

RUN ERROR

RUN ERROR

RUN ERROR

RUN ERROR

R W R 1 :  T h e  s p e c i f i e d  L o g i c a l  F i l e  T y p e  h a s  n o t  b e e n

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  l N D . F l L E .

RWR2:  A  negat ive  number  o f  words  has  been ca l led  fo r .

R L 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

memory .

R1,JR4:  LF.TYPE is  ou t  o f  range:  1  =  LFTYPE = 19 ,

RWR5:  DISC.WRITE has  been asked to  wr i te  on  a  f i le

wh ich  is  marked r r read-on ly " .
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PROCEDURN SPECTFICATION

p roc  e  dur .e  HOLLER.OUT (LF.TYPE) ;

v a L u e  f F . T Y P E  i  i n t e g e r  L F . T Y P E ;

OR

p r o c e d u r e

va lue

HOLLER.  OUT (LF.  TYPE,  POINTER) ;

LF.TYPE;  in t  e  ge  r .  LF ,TYPE,  POINTER;

t h e  s e c o n d a r y  o u t P u t  f i 1 e .

PURPOSE

HOLLER.OUT se ts  sv i tches  inh ich  cause subsequent  HoL ler i th  p r in t  images

t o  b e  a p p e n d e d  t o  t h e  d i s c / t a p e  f i l e  w i t h  L o g i c a L  F i l e  T y p e  =  L F ' T Y P E '

The ou tpu t  f iLe  seLec ted  by  HOLLER.  OUT is  re fe r red  to  as  the  "secondary

o u t p u t "  f i 1 e .  w h e n  a  s e c o n d a r y  o u t p u t  f i l e  h a s  b e e n  s e l e c t e d  b y  H o L L E R . o u T ,

each execut ion  o f  an  "E ' r  o r  ' 'wr r  ins t ruc t ion  in  an  ALGOL pr in t  s ta tement

(or  a  "W"  ins t ruc t ion  in  an  AI ,GOL read s ta tement )  cop ies  the  f i rs t  80

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

in to  the  secondary  ou tpu t  f i l e  as  the  nex t  84-charac ter  image '

A  BooLean var iab le  PRINT.OR.NOT,  g loba1 to  HoLLER'oUT'  de termines

whether  o r  no t  the  pr in t  image w iL l  be  t ransmi t ted  to  the  r rp r imary"  ou tpu t

d e s t i n a t i o n ( s )  ( t h e  L P 1 2  p r i n t e r  a n d l / o r  t e L e t y p e  o u t p u t  f i l e )  i n  a d d i t i o n

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

PARAI"IETERS

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 e  s e l e c t e d  a s  t h e  s e c o n d a r y

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

s e L e c t e d ,  t h e n  a  H o l l e r i t h  E n d - o f - F i l e  i m a g e  \ t i 1 1  a u t o -

mat ica lLy  be  r , r r i t ten  as  the  nex t  image in  th is  la t te r

f i le ,  and i t s  image po in te r  r^ r i1 l  be  saved w i th  the

L o g i c a l  F i l e  T Y P e .  T h e n :

I f  IF .TYPE ' f  ies  in  the  range i  <  LF.TYPE < 19 '

t h e  f i l e  a s s o c i a t e d  w i t h  L F ' T Y P E  w i l l  b e  s e l e c t e d  a s
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I f  L F . T Y P E  =  0 ,  n o  s e c o n d a r y  f i L e  w i l L  b e

s e L e c t e d i  a L I  s u b s e q u e n t  p r . i n t  i m a g e s  w i l l  b e

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

r e g a r d l e s s  o f  t h e  t r u t h  v a l r r e  o f  P R I N T . O R . N O T .

l f l = L F . T Y P E = 1 9 t h e n :

P O I N T E R  -  A n  a r i t h m e t i c  e x p r e s s i o n  w h o s e  v a L u e  i s  t h e  s e r i a l

number  o f  the  f i rs t  image to  be  appended to  the

s e c o n d a r y  f i 1 e .  l f  P O I N T E R  i s  o m i t t e d ,  t h e n  t h e

f i rs t  image \ , ' r i t ten  r . l i11  be  the  nex t  a f te r .  the

l a s t  i m a g e  \ " r r i t t e n  d u r i n g  t h e  m o s t  r e c e n t  s e l e c t i (

o f  th is  LF,TYPE by  HOLLER.OUT;  ho \ , /ever ,  i f  HOLLER.

or  HOLLER.  OVER have a lso  se lec ted  the  same LF.TYPI

t h e n  t h e  r u L e  i s  m o r e  c o m p L e x  ( s e e  C h a p t e r  6 9 ) .

L F . T Y P E  h a s  n o t  b e e n  p r e v i o u s L y  s e L e c t e d  d u r i n g  t l

run ,  POINTER -  1  w iL l  be  assumed i f  POINTER is

o m i t t e d .

I f I F . T Y P E = 0 t h e n :

PoINTER = An ar i thmet ic  var iab le  wh ich  w i l l  be  se t  equa l  to

the  ser ia l  number  o f  the  EOF image r ' r r i t ten  in to

t h e  P r e v i o u s l y  s e l e c t e d  f i l e .

PRIMI .0R.NOT = A Boo lean var iab le  gLoba l  to  HOLLER.OUT.

u s e r  m u s t  d e c l a r e  t h e  v a r i a b l e  P R I N T . 0 R , N O T  i n

outer -most  bLock ,  I t s  va lue  can be  changed by

main  program to  tu rn  p r imary  ou tPut  p r in t ing  on

( t rue)  o r  o f f  ( fa lse)  w i thout  caL l ing  HOLIER.  OUT

aga in .  PRINT,OR,NOT is  ignored when no  secondary

o u t p u t  f i  L e  i s  s e l e c t e d .

S e e  C h a p t e r  6 9  f o r  c o m p l e t e  d i s c u s s i o n .

Th

h i

th

},IETHOD



ALARMS

AI, .5 .HOILEROUT.3

L F . T Y P E  <  0  o r  L F . T Y P E  >  1 9 .

LF.TYPE = 0 ,  and there  is  no  secondary  f i le  cur ren t ly

s e l e c t e d .

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

P O I N T E R  (  1 ,  o r  b e y o n d  t h e  p h y s l c a l  E n d - o f - F i l e .

d , - r - 6 m n r -  i ^  r ^ , r i  f  ^  a n  f  i  l a  - . r L 6 , l  r ^ . , 1  ^ n  l , '  ( i  ^
d r  L (  ' u /  L  n L d r N q u  l s a u - w ' t l J  \ r , c . r

. h ^ f h o r  ' ,  c a r r  c  f i  l o \

RUN ERROR

RI]N ERROR

RUN ERROR

RI-]N ERROR

RT]N ERROR

-  H O T I :

-  HOT 2:

HOT3 :

HOT4 :

HOT5 :

USE

Before an ALGOL program using HOLLER. OUT terminates execut ion '  i t

must  ca l l  HOLLER.OUT(0)  to  ! , / r i te  out  the last  physica l  record of  the last -

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

o n L o  L h e  f i l e  a t  t h i s  t i n e .  I f  t h e  p r o g r a n u n e r  f a i l s  t o  d o  L h i s '  h e  w i l l

l o s e  u p  L o  E h e  l a s t  i 6  c a r d  i m a g e s .





OR

AL.5  .HOLLEROVER.  1

PROCEDURE SPECIF]CATlON

PIOCCdUTC HOLLEIT.  OVER (LF.  TYPE)

va lue  LF,  TYPE ;

in teger  LF.  TYPE ;

p r o L e d u r \  H O L J , E R . O V t R  ( L F , T Y P E ,  P O I N T I R )  ;

va Lue LF . TYPE ;

in teger  LF ,  TYPE,  POIMER;

HOLLER. OVER

appends 11o11er  i  th

t h e  u s e r  t o  a l t e r

is  bas ica l l y  the  same as  HOLLER.OUT.  L r t r i le  HOILER.OUT

output  images to  a  f iLe ,  however ,  HoLLER.  O\ER a lLo \ "s

( "overv r i te " )  any  ind iv idua l  card  images in  the  middLe

PURPOSE

of  an ex is t ing AND f iLe (which may have been created or ig inaLly  by AND

or by HOLLER. OUT) ,

METHOD

HOLLER.OVER d i f fe rs  f ram HOLLER.  OUT in  two ways :

( 1 )  H O L L E R . O V E R  d o e s  n o t  w r i t 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  o n t o

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  r e c o r d .  H O L L E R .  O V E R  w r i t e s

a n  E n d - o f - F i l e  i m a g e  o n l y  i f  a n  a t t e m p t  i s  m a d e  t o  \ t r i t e  o n

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

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

in to  the  ou tpu t  bu f fe r  be fore  new images are  en tered .

PARA}4ETERS

See AL,5 .HOLLER, OUT.

A],ARMS

See AL.  5  .HOLLER.  OUT.
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12 J 45 'o18

s h o u l  d

1 1 1  L
9 0  1 2  3

L  1 1 1  T L  2
4  5 6 7  8 9  0CoLumn ->

L J n g u a g e

I{HAT

ALGOL

s y s t c n l

c  omne n t

AI,GOL p ro gr ans be  punc l i e  d i n  t h e  f o  L  L o w  l n g  f o r m :

? 2 2  2 2 2 2 2 2  J J r J r  J l l l J . . . R

L 2 :  4  L o  t  6 9 u  1 2  ) 4  , o 7 6 9  M

WH

AL

SY

co

. LOC F  O P ,  M Add r  ,  lndex  lCoLnment

.ALGOL tex t .

. . . : v 5 L r L

. .  ' . . C o m m c ' r L

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



A L  . 6 b  .  L

CHAPTEI{ ob

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 .



AL.6b .2

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 .
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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  .
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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

ALGOL DISC/TAPE ROUTINES

CONTENTS

I .  I n t r o d u c t i o n  -  I i l e s  a n d  R e c o r d s .

I L .  L o g i c a l  F j 1 .  i y p e s '

A .  P r e a s s i g n e d  L o g i c a l  F i l e  T y P e s .

B ,  A d d r e s s i r g  D i s c / T a p e  I i l e s  v i a  L o g i c a l  F i l e  a n d  R e l a t i v e

A d d r e s s e r  T a b l e s .

I I I .  The B inary  F iLe  Rout ines  -  D ISC.READ and DISC.h tR lTE.

A.  Para , 'ne  te  r  s  and Ca l1 .

B .  E x a m p l e s  o f  U s e ,

C.  An A lgor i thm fo r  Buf fe red  Read ing .

IV .  The AND.FI IE  Rout ine .

V .  T h e  H o l l e r i t h  F i l e  R o u t i n e s .

A.  ln t roduc t ion .

B .  P r i m a r y  v s .  S e c o n d a r y  F i 1 e s .

C .  o p e n i n g  a n d  C l o s i n g  H o l l e r i t h  F i l e s .

D.  Card  Image Po in te  r .

E .  Parameters  and Ca11 o f  HOLLER-  Rout ines .

F .  The Opera t ion  o f  ] IOLLER. IN.

c .  The Opera t ion  o f  HOLLER.OUT and HOLLER.OVER,
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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 .
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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
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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 .



A L ,  6 9 , 2 7

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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. 1 .  \ \ .  I i r l r r .
l .  1 . .  I J \ r  r l l
. 1 .  { i u r : f \

I ' r : r ' r ; r r  \  r t  l r  i / r  l ' , r l
t . l r . r . z  l l .  I l t , t  t . t . t
, 1 .  \ l r ' ( ' r r l r r r r  i i .  S r r r t : t . so r
- \ .  , 1 .  I ' r . r u . r .  l i .  \ ' r t  t r t  r t t s

, l .  l l .  \ \ ' r . . r  r : ' r ' t . r  r
- \ .  \  \ \  \ \  I  I \ ( i  \  \  l t r ) r r \

l r t l ia l t \ l  t t r  L l r  . l l r  t t , , t  t t  t ) . l  l l ' fu . t i .1. ,  
' l  

t  I  t r .^ l

\ t  \ l  \ l  \  I t \ (  1 ) \ ' t  l l \ l  s

' I  
h ( ' f ( ' t ) o r t  g i r l s r L  i ' r t r r r p l c t c  t L ' l i r r i r r g  d l s l l i p t i o r r  o l  t h c  l : 1 t . r " ( a l r \

i r L r ( ' r . r L I r r i , I r r I r I  r L l g o r ' i t l r r n i r  l L r r r g r r l l g c  . \ 1 , ( i o l .  ( i ( ] .  ' t ' h i s  
i s  |  : ' f j t ' r l r r r r  I I  l r  l ' \ \ r i r  \ r ' f '

: r l e r r g r r l l g t ' . r r i t l r l r l l ' i r l r ' r ' r p r r ' s s i r r g 1 l x | g | ( , ] l " s o f l l L l

r r , r i r l L l  p r . r , ' r ' . s r ' .  i r l  l L  l ( ) r r r r  s l l l l i ( i ( l 1 1 h  ( ! ) r r . i s ( ' I r ) f  ( i i f f ( 1  I l l r r (  ( , , \ t r r 1 \ .

I i r l I r ) | r r u r i r '  l  r r 5 L r l i o r  i r r l o  t h c  l l r r r g r r a g |  o i  p | o g | r L r r r r r l t ' d  ?  I  L f l l r f .

x l r l ( ) l l i l r l r '  ( ' r ) f i  l l l l l l ( ' I s .
' l  

l x ,  i r l r o ( l r r (  1 i r ) r  ( o r r l , t i t r s  l I l r  x r r ' ( ) L l r r l  o l  t h (  l t r ' p x r r l t o f )
r r o l k  l  r r l i r L g  r r I  t o  t h c  l i r r r l  r r r r r t l l l r r l r ' .  r l h t ' r t  t h l  l l r r g r r r r g c

s a :  , L  1 j r r | r l .  I r L  r r r i r l i t i o r ,  t l r 0  r r o t i o r r s .  r ' c l I r ' r ' r ( , {  L L r r t { r r r r ! l ( .

I ) r l I ) I i (  r i 1  i o r  I  L t r r g r r r r g r ' r r r r r l  h r r l r l l r L l r ' r ' r ' l r r l s r ' r l t l L l i r , r r s  r t l l

l r p l L i r u ' r l .

I r  1 | (  l j r s r  r h r L l r t | r ' ,  r r  s l r r \ { ' \ ' , n  1 l r ( ' I ) l s l (  ( ( ) r r s t l t t r ( ' r r l s

r r r l  l r r r l u t ( s  o l  t l r r  l l r r g r t r g l  i .  g i r l r r ,  r L r r l l  l l r l  l o r r r r e l

r o t i r r i o r .  l , \ '  * L i r  h  t l r r '  : r ' r l L r  t i r  : l l r r 1 ' l r r r ' (  i s  r L  l i r r l r l ,  i s

l r p L L i r r r r l .

I  l r r ,  s r r  o r r r l  I l r l r p t I r '  l i . t .  r L l l  r l r I  l , I . i r  . r  r r r l r o l s ,  r t r r r l  l l r c

s \  r l r r  l i i  r r  i t '  k r r o r r  r r  l "  i r [ ' r r t i J i I I . ,  r r L r r r ) l x ' r i  r r r r r l  s l f r r r A .

r L | r ,  r [ 1 i r r r , l .  l t t t t l r I t ,  . o r r I  i t t r l ) i ) r t r L r r l  r r o l l i ) l ) .  s l l r t r  r l r

r l r r r r r r t i t r  r r r u l  r  r r l u ,  r t r ' , ' r l c l r t r l t l .
' l  

l r l  l I i l r l  r ' 1 r L 1 r 1 t  l  l r 1 r l r r i r .  t h r '  f r r | .  l o f  l , , r r l i r r g  1 \

l l r , . ' i o r i  l r r r l  r l r l  r r r r r L r r i r l . t , ' t  l l r t s l  l r p l c s ' i o r r . .  l l r r c r '

( l i l l (  r ( ' r l  r \ ' l x s , ) l  (  \ l ) r (  s . i i ) r . ,  \ i . i  I  r r f i l h r | ,  1 i , ,  l i ) o l ( r r r l

t  l , , g i r  r L l  r r r l  ( l (  s i g r r i l r , n r L l .

l h r .  l , , r i r l L  r l r r r p l l l  r l r r r i l , r ' .  t l r l  o I r l l l I i o l r r r I  r r r r i t s  o l

t l r r  l r r r r g r r L g r ' .  l i r , ) \ \ r L  r  L  .  :  l  r  r  l  r  r  r  L  r  r  r  t  .  .  l ' l r .  I ' r r s i (  s 1 r L l (  r r r ( ' r t 1 '

1 l ( . :  : 1 . : i l - ( r | l L 1  r L l  , l i L l i . r r  r t -  (  \ r r I I I I i I i , r r r  r ) l  l l  , ( ) f r r r r l l r t r .

* , ,  1 , )  : l i r l d r r ' r 1 :  ,  r l r l r ' i t  l r t r ' r L k  , ) l  r h (  s r ! t r l (  r r r r  o 1  { ' \

(  ( ' L L l i r ) r | , l  : l r r r c r r r (  r r l :  r l t t r r r r r r r '  . t l t l c r r r r ' r r l s .  r r r , l  l r | r r
r ' ( 1 1 ] l r i  . r r 1 ( , r t ( r L r .  r ' r r ] l  1 , , r ' r r r ' , t t t t o t ,  ( ) l  r r  ( l l ) s ( ( l  l n l r ( . s .
r L l l l i l  l , r  , r  l , r i , , r r l L r r ' , '  r L r i r r l r r t i o r r '  

' l l L l  
I o I r r l t t i o r I  r n

r r r r , r ' r .  i r , r  , I L  r  : l I l L 1  l l l l i : .  l l r r \  r r l {  . l r L l ( ' r r L ( ' l r l  r ' i l l l r l L {  1 f f .  l .

c r I l r r i r r r r l .  I l u - r '  i r ,  l r r r l ,  r , ' r r r I i I i o r r I r I  ' l r t l (  r r r { ' i r l s .  I i ) r

: 1 r 1 1 r . r , r  r  r s .  r  o r r r l r o r L r  r l  : I . I I  | | I I ' I L I : .  r L r r r l  l r I r t ' k . .

l r  r l r ' l l r ] !  ( l r , l ) r r f .  l l r ' r L r i l s  k r r r ) r \ ! r  i l .  r l r ' (  l r t f i l l r , ) r r s .

n  r \ i r  g  L , r  , 1 ,  l i r , i r L {  1 r ' r ' r r I , | r ' I l  1 I r ' , r 1 r | I t i r ' .  o l  t l r |  r r r r i t .

(  r ! r ( , f i r L s  i J , l o  r r  p r , ' , ,  *  r L r  t i l , t ' t t  i r r  t | r '  l , t t L g r t , L g r ' .  t L r t

r I  J i r r l r  l
' l  

l r ' r l , p , , r 1  r ' r r r l .  l i t l r  t r r , ,  r L l e i l r r l  l r r t r r r l r | ' r r l  t l x  t t . r '

o l  t l r c  L L r r g r r u g |  t L r  ( l  r r  r  L  I  I  )  I  I  r  I  I  r  ,  '  1  i  t  '  i r r r l | r  r n  r t I l l r r i t i o t r s

? . ?  I ) i c i l . .  l , , , s i . , i L  ! i ,  L , r c :

:  1  I l l {  1 1 i 1 i $ .

' . 1 . ; .  ( ) L r , L L l  i l  i f s .  h i t r , l . , t t t , l  r ' , , 1 r ' '

I  \ .  \ ' i L h r f .  , d ,  I  l \  1 r ' s

:i I I l L r . r i , r r , l r . i g n , r t , , r .

r l : i  \ ,  i 1  l r  I  i , . 1  i c  r ' \ t , r ' s s i  , J , J

i l  L  I l l )  , l i , ! ,  ,  \ t ) , 1 : r i  , ! ' :

; J  ; .  l ) r ' r r t  r i ! 1  , , J r r L  1  \ t , n  . : r ,  r r .

I  I  (  , r J , L r r f r t , , l  ' L 1 I 1 , , , ,  L I -  ,  , i , l  l , l , { 1 .

I  l  . \ L r i r . , , n , , , i 1  s l i L r f r i , ,  r ' 1 .

I i j  ( , , ,  L ,  : 1 , L I  (  J i L .  | I I :

1 1  |  )  (  L  r  i  r  |  ,  r  \  :  I  r  I  I  .  i  r  L  I  r  i  1  i

l . - '  (  , ' r , i i 1 i  , , L i , l  . I r r I , , , i t  ' i ' -

I  r i  f , , r  . l r i t  r  ,  r i 1 .

1 ;  l ' r ,  r l r l L  r t  : 1 r i ! r ' r r i ,  r r 1 .

i  I  I \ l r ' , l t . l , 1 i i L r  1 , i -

;  . 1 .  . \ f i , L \  , 1 , 1 1 : , , , 1 i , ' r L .

;  r i  : \ i 1 , 1 ,  , l , , f L , f : L r L ,  ' , .

, l  I  I ' r . ( ! l L  r ,  , | , !  ! r i L I i , ' r  .

l , \  1 ! r , . L r :  , r  l ' ) . , 1 r r , r  t r t  l ) r , r  , \ t \ f r ' , \ !
\ r . r ' r \ r r . r r ,  l \ r r r \  , , r  l ) r . r r \ r f r i ) \ "  , , r  ( , , \ ,  r , r r -  \ \ r '

T h i s  r e p o r t  v a s  p r r b l i s h e d  s i m u l -
' d r  ' o r r s l ]  i 1  L l ^  C o n m r r n i ,  a t i o n s
o f  t l ) e  A C M ,  6 ,  N o .  1  < 1 9 6 3 ) ,  l - I 7 ,
t he  Numcr i sche  l l a thema t i k ,  and  t he
Compu te r  Jou rna l .
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t \ '  t o l ) L c l l ( ) \

l l a l k g r o r r  l r l

. \ 1 1 ( , r  r l , ,  t  ,  L  L  I  ,  I  i  ,  r  I  i  i  1  ,  r  ,  , , 1  r r  | ) r . l i r r L i r r r r t  r  r i  l ) l ) f l  , , r L  r l r ( '

r r l g , , r i t i L r r i  l r r r L g r r l g ,  \ r . ,  r , r . , r  r r . l ) r ' r ' t r r t t r r l  r r l  1 r  1 t , r r l { ' r i ' r r r .

i r  Z L r i ,  I '  i  r  l l r . - r : . .  r i L i r  l r  i r t r r r ' . t  i r r  1 h ,  \ r r i r )  | L r L g r r r r g (

,  l ' , r  r  l , , p l i

\ .  ,  r  : L L l t  . 1  r L r  i l  . r  r r L l  |  , ! ' r i r  g  l r ,  l , l  r l r  \ l , t i r r r  i r

\ , r r r  r r  i , r  r '  l t r . - , r .  I l , , , r i t  j , , r l 1 '  i | 1 ,  r , * 1 i l l  1 ) (  r i l r .  l f i ) r L

: r r r r l  l .  L r ' , r 1 r r r r  ' , L r  t l i , -  l r i  I l  r r r  \ , , ' , r .  I I i  I ) I ( I I i ( ' I I 1 t |
1 i , , 1  , , , r L r r ' r ' l . r , , i  i r  {  , 1 r  r r l r r r g r  r L  i r  l i l r r r i L r \  l 1 r ' ) 1 r '  \

l , r L r , l r r L r ,  l t l r ) r r l )  n i r -  l r , r  r L ' , 1  l r  I  i , , f l i r r r l - l  r ' 1 , ( , 1 ) (  1 r l 1 r \ t  l Y

r i s l r r  t l , ' \ 1 r  l , '  r i r t  l , , 1 1 , , t  r l r , '  1 r l 1 r r  r r , p ,  , , r ' l t . ' l  I i '

, r ,  t , r . r i '  r L l i ,  ! , t l  r 1 )  l l r  t , u l , l i l r l i , , r L  l , r  l i i  q r , r r r t l r r l ,  r , .

{  r r 1 , ' . r r l r r r g i  r L  , t '  L t  . l l . r , t ) 1 .  / i ' , 1 r r r r .  , ! L i r t , l  l , \  l l ' r c r

\ , L L L r .  r l L i , ' 1 ,  - , r r l r l  r L ' , ,  l , , r , L r r r  l , ) !  i r r r r l L r r  r l i ' , L . . i t t r ,

I ) r r r i r !  t l r r .  . l r i r t .  l l r ; 1 r  I (  l l '  (  r , r  t I r r r " r  i r  I ' r L r i '  - r r , r r r l

r r  l . t i  r s ' .  l , r t h  l , r r r , r r l  r r r L , l  i r  l , , r ' r r L l  1 ) r  r . .  r l l r '  l r r ' 1 1
' l  

i r r . r .  r r L , '  r i r r r -  r (  \ r ' r l L l I  - , , r ) L i  r r  r . i r r r ( 1 ,  r . l r t  r t i l r g s  i r s

1 , '  l l r L , i f r ,  f r  i ' 1  r l r "  g n , u l )  r r h i r ' l r  r [ F  t ) r i 1 ] t r r r i l \  | ( ' t I ) , I I i . i L L I

l o I  r l r r .  I  ,  ,  r  r  r  ,  r  r  I  r  r  I  i  ,  r  r  ,  r ) r  r h L , h r L { r r i t g ( ' .  i ' r l 1  r L r  r l r , ' - r i r , r 1  l r r r L ( '

r L r , i l  i t  , . l l L r  1 l , r r r  r l , ,  r , t  \ i . r '  r 1  \ \ i { |  , r l ) t ) f i ' ,  i r r r i , , r  ( , 1  r l r ,

r . l t , , r ' r  i r r r . l r ' , i .  \ " , r  r . i r l r  o l  r l r r ' ' l i s ' r r . . i , r r , .  i r  " r r . , L '
,  i ' 1 , " 1  r , ,  ] l , r l r l  r L r  i I r I I r r r l I i ( ) r | r i i  r r L r ' , ' t i r q  i r r  ' J r r r  r i t l r l  l l ' r , r l

l , , r  i r ' 1 r r ' , , r i r L t  l l L (  \ r . 1 , , r r .  | L r L g r r r r g r  r r r L , l  J ) r i l ) i r r i r !  r r  l l r r r L l

r ( l ) , , f r  \ r  I  l . r r r r , 1 l r r r ,  . \ 1 . , , , r .  (  l , i L l t f l ' r L r ,  i r r  l ' r r r l '  i r r

\ o r | r , l ' r . r '  l l r ; l r \ h i r  h  ( r r .  r r r l r  r r r I  r l  l , \ ' r r l , , , r , r  l i l r  \  l ) { ! i l ) l l  ,

. r ' r ,  r  L r r r , , l r | r r r r  I r ' l ) r , ' : ( r r l t r r i \ 1 :  l \ r ' r ' r ' ' r | l ' t , r l  t r ,  r r t l I r r  I

1 l r ,  . l r L r L r x r \ '  l l l r i 0  ( , ) r L l { ' f ( r L | , .  r L r r r l  t l r | r '  r l p f r { r r l  r l r I

l o l I r l i r q  r , r ' g r L r i z r r t i o r r .  \ . s r r  i e t i o r  I  l r r r r , - r L i r ' , 1 '  (  r L l r  t t l .

I ! r i l i . l r  ( , r r t ) u r (  f  S , i (  i (  1 \ .  (  i ,  i ,  l l i  l r r r l r  l L r f  \ r r s " \ \ r r r r ( l l l

l l , r r l r r  r r r r r i L  , r r r r l  \ l l r  h r r r r i l i .  , r l r l  \ r ' l r ' r l r r r r r l .  I l ,  k l r r

r r r r ,  L i r i  {  i l r r , r , r < ' l r l 1 r .  l } r l  s , ' r r ' ; r  f ( l ) r ( s r ' r L t r I l i r ( :  l r ( ' l ( i  r L

l i r r r l  l r r r ' 1 r r r r r l , , r ' r  r r r ( ! ' l i r r g  r r r  \ l r r i r , z  i r L  I ) r ' r r  r , , l r l l  L 1 ) - , 1 1

l l o r r L r r h i l , .  i r r  l l r l  t  r r i r u l  S 1 , r t , ' r .  r r r r . \ ' , ) r x ' r r l r o  r i . l r t . l  t , ,

: u g g r ' s l  ( ' l l r r L g (  :  o f  ( !  ) r l  (  ! ' l  i r  i  r r :  1 , ,  - \  1 . (  r i , l ,  \  r t s  r (  r l l l (  s 1 (  ( l  l  ( )
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l l l i .  1 l 1 i  1 1 1 .  l ; . i i  1 ; i l .  i ; i l l  l ; ; l i  l ; i i :  l ; l i :
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I  r , , . . . . r  . .  . , , i  r . l , . . ,
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I 1 u .  r L L r t l r | r .  , , 1  l l r ( .  \ r , . r , r  l i O  l i ,  l n ) f 1  l ) f | s 1  r L l  r L 1  r l r |

l i o r r r ' ( , , r L l r r r r I r . l r r i r L g  r r r r r r t  r ) J  l l r t  l r ) r r r L i , l r o r r  o l  r r
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c l . r  s i h t l ) l c  i r i l l r r i ,  l i c  . \ p r ' s s i o u )

i s  r r l r r i | l r l r ' r r 1  l ( ,  1 l x  I r ) r l s t r l l ( ' 1 i ( ) r r :
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l i r r r r r r l  r r c l t r r i r r g  i l ( l ( l i l i o r r .  s u l ) l r x l  l i o r ,  r t r r ( l  I r r t r l l i l ) l j ( x l i o D ) .
' l l r t  

t r l r ' r n  l l r l  l r l r r t s s i o r r  r r i l l  l x  i r r t c g l r  i i  l r o t h  o l  t h c

( ) l ) (  r i n r ( l s  u r ,  ( , 1  i n l ( ' i r c r  1 \ ' l x .  0 1 l r ( { \ \ i " (  r ' c u l .

: i . : t . 1 . 2 . ' l ' l l (  o l r ( l ' l L 1 i { ) r s  i l { r t r I  i } i t t l o l .  t r r ( l  \ 1 r ' r ' l r I  I

l l t r i i i r r  l ) i n h  ( l (  r r ) 1 (  r l i r  i s i o r r .  t o  l r |  r r r r r L ' r ' . i o r r l  r L s  I  r r l l r l t i -

l ) l i ( 1 r 1 i o r  o l  l h ( ' 1 { ' H r  l ) \ ' 1 l x ' f f I i t ) r i x r r l  o l  t h I  f a c t o r  r r i l h

r l r r c  l c g l l r l  1 o  l l r c  l r r l l s  o l  l r l c l l r I r r r r ' l l l .  s { ' r t i o r r  j j l l ; l
' l ' l r u s  

I r r l  r ' r l r r r r p l r ,

t  h / . i  l r  t t t / . '  .

t i r t i l t l )  \ t  l l  X i  / )  !  ,  X r i X L s ' l

' l ' h c  
o p l l a l o r  i '  r l r ' l i r r l r l  I o l  l l l  l o r r r  r ' , r r r r l r i r r t l i o r r s  o f

1 \ ' l x s  l r a l  j ! r ( l  i n l ( ' g c r  a r r r l  t i l l  l i l l l l  l t ' L r l l r  o f  r t . r l  1 1 p c

i r r  l r r l  c r s r ' .  
' l l n  

o l n , n i t o r  -  i "  r l l l i r r r i  o r r l v  i ( n  t \ ' o

r4r0r ' r r r r ls  l r rnh {) l  1\ 'pf  int ( 'g( ' r  r r ( l  \ \ i l l  r ' i {  l r l  1 rcsrr l t  of

1 r 'p( '  in t ( .g( . r ,  nurth{ ,n] . | l i . r l l l '  ( lc l i r ( \ l  rL:  lo l l i , \Ys:

a + l F  t i u  I  i ' h \ / . . t t t i t t a t ) s \ n  t ) ) )

( t l .  s c I t i o r . : i . ! . I  r r ( l  l i . J . ; 1 .

: 1 . : i . 1 . : 1 .  
' l ' L ( '  

r ) l x ' r  t i l ) r  ( l x ( 1 ( t r T l l ) f i r  [ f ]  r  ( l ( ' r x ) t ( ' s  ( \

l x ) r  r ( , l l l  i [ 1 i o  ,  \ ' h f r f  t h { '  I [ (  l o f  i s  1 ] x ' l ) r l s o  l l l l r i  t i n ' p r i n r l l r v

i "  1 l l ( ' c \ l n ) r ( ' r ) 1 .  l h r r s ,  i r t  r ' x n r r r p l t ' ,

2 ' r i t

* h i I

' ) ' ' t ' . n t  :

\ \ ' r ' i t i r r g  i  I o r  r L  r r r l n l ) ( ' r  ( ) l  ; n t c g c l .  t ! p ( ' .  I  l o f  l r  r r l l l [ l x ' r  o f

rca l  t r l r r ' ,  r r r r r l  /?  1 ( r r  r  run l l ) ( ' r  o l  c i lhc l  i l r t t ' gc r  o r  rca l

r v l ) { .  l l r {  r ' ( s u l t  i s  g i r l r r  l r l  t } r r '  l i r l I r r l i r r g  l r r L ' s :

r _ r  I f  i > 0  t t / . u l  .  . .  / . r  i  i i r t r . t r ,  , i j  l h c : J n ' .  l r l ) c  r r  4

l f  i : i ) .  i l  a l l l ,  1 . , , f  l l ! ' : , n , ! c  l \ l ! ' i L ' i .

i l  r  l ) .  i r r , h l i n ,  i l

I l  i < ( 1 .  i f  { + i ) .  I ' i { X d X  .  .  X 4 l  L l l r f , l r ' ' r r ! r i r r r l o r  l l r ' .

r  f , t f r , ) r " r . , ' l  i r t f  r c r l

i f , : 0 .  u r i , l ,  l i , r ! l

f ' f  l i  n > { ) .  t . t t t  i l l , r  r ) \ . , i i  1 ! t t  r . n l

I  a - i )  i l  f > 1 1 .  i )  l l  ,  I  l \ ' l f  r r x l

i l  /  ! 0 .  L L r ( l r , J i n , , l .

l f  , . l l .  i i l \ ' ! \ '  , L , L i l {  1 ! ' , ' r l

j i . i t . 5 .  I ' r ' r t I r t I r r c r '  { ) l  r ) l ) ( f r t l o r .

| . t , .  - . . . , ,  ,  , ,  , t " f i  , , ,  -  
" i r l , i  

, , . ,  . r 1 , r - - i  ' r r  i -



A L . 7 a . 8

RIVJSED ATGOL 60

gerx'nl l1'  Irorn l . f t  to r iglrt ,  l i th thr '  fol Ir l i rrg adcl i t iorr:r l
l l a s :
: t . i t .5. |  .  . \r ' rrrrr l i rrs

t h r '  f o l l r r r v i r r g  r r r I  s  o1
io th| svlt lui  gix D in scrt ioD i i . i l .1
prcrtr icrx.r '  hold:

l  L i l l l :  -

3.3.5.2. l  l r I  r ' rprr.ssiorr l)( ' t \r \ .rr  l  l ( l t  }Lr( 'r) lh.sis ur( l
t hc  u t l l ( , h i r g  I i g l r t  pe l l u thcs i s  i .  r , r l l r r r r t c r l  l *  i t s c l l  r r L r l
t h i s  r  uL ru .  i s  r r *  r i  i r L  sL r l , " r r l r r cn l  (  r l ( , u l r l i , ) r s .  (  r ) ns ( \ l u l n t l t
t l r r ,  t l c s i l l r l  o r ' , L l  o f  l r l c r r t i o r r  o t  r ) p ( f l l i ( , r .  \ i l l L i r  xn
,  \ t , r .  - . i  r ,
t x ) r i r g  o f  p tL r (  n t i r { ' s1 , s

3.3.6. -\r i t Irrrct ir ,s o1 r 'cal r lrr lrLri t i t 's
- \ r r r r r l x  r ' .  l r r L l  r  a l i e l ' | .  o f  l l p { ,  r c r l  r ) r r i r  l r  i r r t c r ' 1 r l t ' l l r l

i r r  t hc  <  r , ' r '  r ' r  r r L r r r r c | i | i L I  r r l h ' s i s .  i . ( , .  r Ls  i , r r t i l i | s  r i I l i r u r l
i r l x , f ( ' r L i h  r i t h  o r rh  r  l i r i t r  l l l umr ' \ ' .  S i r l i h r l r ' ,  r l r c
p rxs i l r i l i l l  o l  t i r l  r r t r r l r l r r r t  o f  a  l i r r i t l  r [ , r  i l t i o r r  i l on r  t ho
t r )a th f r l t l l l i ( r l l \ ' ( l ( ' l j r r r r l  | c sL r l t  i r r  u l \  l L r i l h r r ( , t i r  f \ l ) f c ss io
i s  e rp l i r i t l r -  r r r r r l ,  r ' . t r x r l .  \ o  l x l l t  r r l i t l L r r r c t i c  l i l l  l x '
spcr' i f ier l ,  holcrr,r.  l rxl  i t  is i l ( l (rr l  l ln( lr I : ' loo(l  thtt
dj l fen'rLt hrrr l*art lepr 'cstrrtat iuns r l lv c\r lLlrtr  ar- i th
nn,l i{  f \plcssior. di lh|ert lr ' . ' fhe corrtrol ol th. possible
fons.{Llr( ' l ( \ 's ( i l  sn(h dif f frclr,cs nusl lx (ard(\ l  out l) \ '
t h l  nu t l r o r l .  o f  r r r r r r r c r i c l l  a l ahs i s .  l ' h i s  l on t ro l  r r l r s t  l r t '
lorrsir lclcr l  a l) lL11 oI th( pr 'rxtss to lx,dlscl i lx 'r l ,  arxl * i l l
thr 'rr ' for 'r ' lx '( ' \prcssc(l  i rL lcrnrs of thc lengrragc i tsclf .

i 1 . 1 .  I i x l - r : . r  r  I \ r ' r r r : ss r r , ss
:1.1.I.  S\rrt l rr

R l r r i o r r r l , ' t r ' f r i , ) r  : :  < .  =  -  Z  > ,
r , h l i r n  : :  . ; , i , t , 1 .  , , r i 1 | n r f l i c  f \ | r \ s r , r  i

n l , , r i i , r r r l , , t ! , r x 1 , ' f  s i r , p l c  r r i t h r n c L L c  
" r 1 ' r , * ' ' , , ' ,

I l , ) , ' 1 l l ! r  t ) f i h ! r \  : :  , L o s i c , , l  r : r l t t c  v r r i r l , l c

f L L r c r i , , t r  , l , . i a r : , r 1 , J  r . l i , r i , n  r  I J | , ) l . , r r  c x l ) h s i , r r  l

I r r n c r r  s . c l , r , h r \ '  :  =  , 1 J , , , 1 1 x , ,  t ) r i n r i r \ '  -  I l r n r r r r r  p r i n , r r r

l i o , , 1 . r n  | r . r o r  : . -  l J , , o l . r n  \ . c 1 n ' , l x f \

l l , n ' l f , t r L  f r c r , , f  I J l , , ' l f , , r  !  c ( t ' 1 l r r \
, l l , ' ) l c , i r  t . r i , L  : :  l J , , , , i f , d i  l i . r , t r ,  1 i , i . 1 . , d i  l r I r l

V , l J t , , r l . r r  f u c 1 , i
l i r i t ) l i c ! 1 ! i ' ,  :  1 l , r , l t x r r . , J i L  i r r l r l i c r r i I r r  - , l l , r , l f i , r r . n !
1 s i ' , r p l .  l n i , l . i r n  : : :  r i n , p l i c r r i  i ,  r r

s i , , , r , l .  I l , ) , ' l . r r  :  i , t l , l i c , , 1 i , , r r

i t , , ' , r  '  t ,  i r  ' i ' . t  l l "  ' ,
, i l  . l i ' r r i  " i r r l , l , ,  I l , , ' , l . i r  . l \ e  ' 1 J , i , , 1 . r "  c \ t i n s . r ' , '

: 1 .  t . 2 .  I l \ r n r p l (  s

t -  2
)  >  l  /  r < i /
t \ b >  a ' z  t l  >  t t ' 2

|  \ t t  \  t  / , l

! =  a ' h '  -  ( \ ' , /  / . 1 - . t
i f l i < l  t h r n  s >  r ' . 1 s .  / , : .

i f  i f  i f 4  t l ' c n  I  c l s . .  t l ' c , '  I  t l s . . f  t h . n  a  ( l s t  , . 1

l l . 1 . 3 .  S c t r r r r r t i l s

- \  I loolcen r \pfcssior l  is  e nrL for  (or l ) ln l t i r r ! I  l t  logi ( r l

vahu' .  
' lhc 

pr i r r r ' i1rL,s rn cr l t l tu! t iorr  l t r f  crr t ix  l l  t t r . r log{nls

1o lhosc giv l r r  Io l  a r l r r r r t t i r '  ( ' \prossiors in s( ! ' i i r ) r I  : i . ; j . ; i .

3.tr.1, ' I ' .rp..

Varie|lcr and l\trrclirrrr r| 'sigrrrtors ('ntfffd rs l l(x)l(1rI

priDrarics rrnrst lre dechrcrl  I loolean (ci.  slrct ion ;.1.
' l1pc 

[)cr ' lerr l iorLs luxl scrt irnl a..1.1. \-elLrcs of l \rrrr l ion
I X'sjgrratorsl.

3.1.5. 1'hl opl leiors
l i( 'hl iol .  l lLkl ()u tLf lulLlc truc \rhene\'er tho corrc

sporxi ing r '(  l l l i (nr is satisl i rr l  ior '  the expressions ir [ 'ol |r ' r l .
othrfNisc Ialsc.

' l 'hc 
rru,.rrr irrg (n th( lrrgir lr l  otx'rators- ( l l {n ),  , ' \  i rLr( lr .

' , , '  ( o r r ,  I  ( i n rp l i . s t .  l r r r l  =  | {  r I r r i \ r I I ( ' I r I  ) ,  i s  g i r ' t  I r  l r v  t h I
I r , l l o \ r  i ' r g  l l r r ( t i ou  r r t l ) l r ' .

l , l  l a l s r  l { 1 s , .  r n , r  t r 0 e
l ) l  f : r i {  l  r l r  f l l s .  I  n , .

- 1 r l  f r l s .  I l l s e
l ) l , r l ) : l  l a l s .  l l l . r  f r l s r  r r r r c

l , l \ r l , ?  t a l s .  t . u c  t r ! t  l r , , .
l , l l l ) i l  l r u .  l r ' r c  I r l s .  t r u o

l , l - l ) :  r r t r ,  f n l n .  f r l s .  t r u e

: 1 .1 .6 .  l l  t r  c rL  r r r r '  o i ,D ( r ' r 11ns
l r '  - ' ' 1 r '  r '  " r  ' ' t {  r : r t i ' r , -  \ \ r l h i r ,  , ' r , .  '  r p r ' , - . i "  i .

gc re r r r l h  l r r l l  k . l l  1o  r i gh1 ,  \ ' i l i r  t hc  f o l l ou ing  l r ( l ( l i t i o r ra l

l i . l . 6 . l .  . \ r ' r r r r d i r r g  t o  t h f  s : ' n l r \  g i r f u  i u  scc t j on  i J . l . l

r l '  r , , l l , r r r g r ' . , - , , t  p r "  " l ,  r r ' '  h ' , 1 ' l :

l i rs1 xri l In,et ic . \r( s. i ,r$ , , .o,rdirg to scction : l  l l5.
s . c o D r l :  < = : , > > +
t  h i r l :

l i f l h :  /
s r x l l r :  l

l ] ,1.6.2,  l l rc  usf  o l  p i l r f r ) lh{ 'sos $- i l l  i ) ( '  i r l tc fprctr 'd i r )

l l u  s c r L " c  g i l l r r  i r  . ( \ ' t i { n r  : J . i i . ; . : .

3.5.  I  )  r . i r ( i f , .  , \ ' r ' r ( ) \ . \ r ,  I  i r r ' t * :ssrors

: 1 . 5 . 1 .  S Y n t r \

l x l ! l  :  :  ' i ( 1 . r l i f i { f  , , r n \ i s n r { l  i n l f g e r
s $ i 1 c h  i , l f n l i f i , r  :  :  i , l . r L 1 i l i . .

, . w i 1 | L  l l ( . i s ' , x 1 , ) r  : ,  :  
" { i i c L  i r l {  ! l i f i c r  ; ' s u l ) s ( . i t , '  . x l t . j s i ,  j 1 r  I

s i D ) l , l f  , 1 $ i g l r l i ' , r , , 1 . x p r c ! s i o , r  : :  1 l t l , . 1  l . w i t c h d c * i s n : r r , , r
I  d.s isr i r i i , r i ! l  rx t ) r .ss i ,n i  l

l i l . . i A r r r l i , , r r r l  r r t ) r . s s i , , r  :  :  s i N l ) l c , l . s i r a J , r I l i , ) n r L  r \ l , r s s ' , r l
. i l  ( l i r r s c  . i , i , t n t  , l t . i g D n i o u , l  { r \ t ) r e s ' i , D  r l ' t
, t l ( s i g r ! 1 i , , r r l  . \ l ) r ' " r . ' l

3 . 5 . 2 .  I i r a r r r l r l l s

t 7

I  i / , , r i ln  l  l
' l ' ) u t  i f  r t < - t )  t l , . n  \ '  c l \ r  . \  - l
; f  1 r <  /  l l , . n  l ;  r l s .  r l i f  ! : ( r  t l t . n  : l  t l s .  , l

:1.5. :1.  S( uurr t r ( 's

. \  r lcs igr tLt iorrL l  lxpl t  s" iorr  is  t  r r r lc  Ior  o l r t r i r r i t rg a h l l  l

r ) i  u  s t l r l c r n ( u l  ( ( i .  s ( ' f l i ( ) | l  l .  - { t : l 1 . n n I r l s t .  - \ g r r i r r  t h c

p f i I l (  i p l (  r ) f  t h c  c r r r l | | r r t i o r l  i s  l  r l i n  h - r n a l ) g o L r s  1 o  1 l ) r 1  o l

r r i l h r ) r ( 1 i (  c x 1 r | r ' s ' i o r r s  I  .  r  '  r  '  t  i  r  r  r  r  :  j  .  i  i  .  i  i  )  .  I r r  t h ( '  g . l l (  r l r l  c r L S f

t l r t  IJoo1l ' t r r  (  \ l ) r1 'ss iors o l  thc i l  l lerrscs l i l l  s l l ' r '1  r t

s i r r rpL,  dcsigrrr r ior t l  txpl r ' .s ior .  I l  th is is  l r  lx lx ' l  1 lx '

( l {s iJcd rcsul t  is  rh|er l l  l i r r r ru l .  ' \  s \ \ ' i t rh ( l ( 's igrLr l ( t  rc lc fs

to thf  corf fspor( l ing swi t r ,h ( lc(hrr t ior l  | r1.  sc l t iorr  i . i t .



S \ \ i 1 r  l r  I ) ( , r ' I r r x t i o r . r  r r ( l  l ) l  t h c  { ( ' l u r L i  I r L r r r ( ' f i r ' r l  l r h r {

r ) l  i ts  s l l l ) . (  r i l r l  (  \ l ) r { ' :s i ( , r  s f l ( ' ( ' ls  ( , rx ( , f  l l t l '  ( l (  s igtLr l ior I l rL
( . \ l ) r \ 'ss i r ) rLr  l i . t l r l  i r  l l r r '  . \ \  i1( 'h (11' (  l t l rL l i r )n l l '  r 'oLrLt i rLg

1  h (  s (  l  r , r ) r  l  i  t  t o  l i g h r .  > i r r r r '  l l r c  r L ' . i g r r r t t  i , , r r l l  l r p l t ' s . i o n

r  h u .  ' r ' [ , r  t l r l  r r r n  r L g r L i r r  l r  r L  : l  i t l L  r l c . i g r r r r l o l  l h i s  l l e l r r r

t i I r r  i .  o l r r i o | , l r  x  r , ! . L L r - t \ 1  1 ) r o ( r ' i .
j ] . 5 . l ,  l  l |  : r r l , . , . r ' i p t  r . r l r | r . " . i o I
' I  

I r l  r  .  r  I  r  I  r  L r  r  t  i  ,  ,  r  L o i  lhr '  .u l ) . r  f i t ) r  l rprr ' .s ior  i '  Lrr r l | rgorr .

l o  l L r r l  , , l  r  L l , . r  l i p t r r l  l r r l i r L l r [ .  i , 1 .  s r ' r  l i r ] r  j i  I  l . l )  l ' h l

\ l h r (  r ) l  r r . n i l , l r  r l s j s r L r r r , , r  i . r l { l r r r r l  , r r r l r  i t  t h l , l u l ) n . r ' i l t

r  r l r r r . . i r , r r  r r ' " L r r r , , ' -  r , r , , , J  t l L c  p , , ' i t i r  l  r  l l r r ( .  1 .  1 .  : 1 ,  .  . .  .  r r .

r u  I u  l l  r r  i '  t i r l  r r L r r  L l , r  r  , , l  (  r  r r i (  .  i r  l  l r l  s \ \  i 1 r ' h  l i ' 1 .

1 1 . 5 . 5 .  {  r ' i g r , ,  r l  i r t ,  g i  r .  r L .  L L l r ' l '

{  r L r i g r r r " l  i r L r r . g r . r "  u s , r l  r r s  l r L l , r ' l s  h r L l r ' l l r r ' p l o p c l l r  l l n i

l , r L r l i r L g  z l r ' , ^  ( 1 1 )  r l l  r l l l  (  l  t l r l i l  I r r ,  r r r i r r g .  r '  g  l ) { ) 2 1 7

r I  r , o t r , .  t l r r , : , r r r r '  l : r l r i  r r .  l l i .

l . 5 l a t c n r c r t .

l l u ,  L r r i r .  , , 1  , 1 r | n L t i | r L  u i t h i f  l l r .  l u r r g L r r g |  e r c  I t 1 l I r l

: l r L l ( , | l 1 1  r L l : .  l  l r | r  u  i l l  r , r r r r r L l | \  ] r '  r ' v ' r ' r r l r  r l  r 1 ) r r s f r  r r t i \  ( ' 1 . \ '

r r .  \ \ r i 1 l ( L .  I I o r r I r r r ' .  t L i -  ! r i L r ( r r r r ' o i  o l ) ( ' f r l l i o r r :  r r l l )  l ) c

l r l . k r r  l l  g , )  I o : l r t i r r  l r r t . ,  r r L i r h  r L l i r r c  t h l i r ' . r r i t c s r o r

r . r 1 r l i ,  i r h .  r L r L , l  J r r r l I r r . r l  l ) r  r  r r r u I i t i r r r u r I  s t r L t c l l r ( ' r L l s .

l  l r i , ' l r  r r r r r  l  r r r - r ,  r ' l  f l r L i r  . l x l r ' r r t ' r  l s  t o  l r  s k i p p l r l .

l r  o f i l ( r  1 i ) r r x k (  i l  1 ) r F : i l , L  l , , ( i { l i r x  r I  s l x ' ( i l i f  ( l \ r r r r r r r i (

s r r , r r ' . . i | r r ,  L I r r I i r r r , , r r I :  r r r : r r  1 , {  p r . r i r l I r l  \ i t h  L r l r | l s .

i r r l r '  : L ! t L l r  r '  r .  r , 1  s l i r l r ' r l l r ' r l l 5  r r r r l  l ) (  g r r , L l | ( 1 1  l ( , 9 (  1 l x ' f

i r r t , ,  r  o r r r l r o r r r r r l  ' r N 1 r , r r  r r :  r r r r l  l r k r r  h -  l l r c  r I  l i r r i t r r r  o f

s t r l (  r j , (  r l  n r L r : 1  r t r t s - r r i h  l r l  l t l r u s i l r ' .  . \ l r r  s i r r r t  r l c t l u

l r L t i o r s .  r L * . r i i r r l  i  r  r  .  r  i  t  i  ,  r  r  r  . ' r  .  r ' r  l ( , r  I l r r ) r L r r J x  r n r t l l v  i r l r )

r l r (  . \  r L r x (  1 i i  s 1  l { ' T l | r . .  r } r  s \  l r l r L r  l i r  ( l ( ' l l r r i l i ( ) r r  i ) l  s l r l t (

r i r {  u 1 s  r r u s l  ' L r 1 r p , x  , L , r ' i r L l r r t i o r .  r o  l , r '  r L l l r r r h  r L  l i r r r r l .

l . l .  (  o r r L ' o r  \ j )  S r  \ ' f r . \ r r . . \ ' r i  \ \ r )  l ' i L r ) (  I i :

l .  |  . 1 .  S \ ' r r t , r \

r r l , , l i . l l . t L  l , i r . L l  . 1 , , r ,  r , ,  r r  : . :  , , : : r s r , L i ,  ' L i  s l r l f ! ! , , , r  .

{  1  ,  1  !  ,  s  |  !  1  r  .  r  i  L  I  r  r  r  , I L r r !  L  r r  r \  . r  r t r  r ' I r !  r I I  t r r , c .  L L L  r c  ' l r ( t i n r l l  ,

l , , L . i f  ' r , , r , , , !  D l  :  , L i ' l r l r ' 1 , , t  l : L ' i (  , , r r ' r f , , , t  t i  r l i l !  l  :
L I r ( | . . I r t 1 . r L r . r i 1

! , , . 1 , r , 1 , r i ,  , i  r l  l ' , t . i .  s r r l f r n , , , 1
, i . , ' , i i t ) , r r , L l  : r , i 1 r ! i t  r l  l ) 1 , {  k

: r , 1 , , j i . r r  : -  r  r  c  ,  ,  i  ,  t  r  r  i  ,  r  i  i  L  . 1 i r r . , i , ( " r
r , , i r h l i ,  r i ! l  . r ! 1 r , ! r 1 r i 1  I  L  ,  |  .  I  !  I  I  J  I  r  .  I  r  t

r  , r  I ,  r L r l l  r r L l  r :  r r r r l r r , r f r l  . ' r l  s l r l | r !  r i 1

r , ' , i , r h  L r , l  r  i i l
' r , (  l  l , r i L  I  : :  1 , . ! i .  , l . f l r ' ! r i ' , n  l i l ' , . 1 i  l ! ' i , 1  ;

'  L r L l , , l , r  l L  i  r  '  ,  ,  r  r  ,  1  ,  ,  ,  ,  ,  r  r  ,  I  :  l x . a i , '  , , { , , 1 ) l , L L r , l  l r i L

I  l , i l , , . l l , ! t  l ) 1 , {  l  :  :  l ,  r ' L  l L r , , 1  c , , r r L 1 , , , t t r , l  t , L i l
' ' ' '

l l l ! . 1  ,  ,  , ,  t ) , i , i , 1 1  : r ,  r f r i r . ,  I
I  1 , , 1 .  -  , : r l ,  1 , .  1 , , , 1  i  ' i ' 1 ,  r l r ,  :  l , l , , r  l .

, 1 , , , , ! , , L  : :  i , l , {  l  .  ,  i  ,  r  i  ,  ,  ,  r  '  i  l  l  -  r  r  r  t  ,  f  .  '  i  r

' l  
l r i .  . r  n t r L r  r r r r r l  l r l  i l l r r r t n r t l r l  r '  l r , l l o r r s :  1 ) r ' r r o t i r r g  e t l r i "

1 f t t r . \  : l r L l f r r r ( ' r r r " .  r l r , '  l r r | r r t i o r ' ,  r r r r , t  L l [ l s .  1 ) r '  t hc  l ( ' t t c r s
S ,  l ) .  r r r r r l  L .  r . 1 ) l  , ( i i ( l \ ,  r h ,  l i r s i (  s \ - r l u l t i ,  L u r i t s  t  k .

(  r ) n r l x ) u r r l  i l r l (  n r (  r l :
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I l I r l k :

l . :  i , :  I , . ! : i n  I )  i  l )  ;  l )  ;  S  ;  S  I  . . S  ;

I l  : l r o r r l l  l r l '  k r ' p t  i r r  r l r i r r r l  t L r l  f e ( h  o l  l l ) ( ' s l x l { ' r L ( r I t - (  S

u r : r l  l g u i r L  l r r ,  l r  I o r r r p I  t r '  ( ! ) r r ) l ) o l l r x l  s l l L t f r r r I r r l  i ) r  l ) l o (  k .

1 . 1 . 2 ,  l . r r t t r r p l ' s

l  l lL5i (  s lu1( uI l 'L ts:

u : .  t ) r i
g o  r o . \ r / r r l !

. \ i  7  1 / i I :  a I ) \ 7 / \ {  1 l :  l I  : = . ; 1 r l  l

(  | r r r l ) r , r r r r r l  s t  l r l  (  r r ( ' n l :

b . g i n . .  =  1 r  ;  f o | i  : :  I  r l r p  I  
" r ' t i l

r  : =  : . 1  r : , r  I
i f  J > ,  t h e ' r  s i ,  r "  l T T r l '  . l \ r  i l

g o r o I  i
- l r , :  f / :  l l  : :  . + r , i ,  . n d

I i l , r ' k :

( . ) ,  h .s i , ,  i ' , t . ! rc r  i .  I  j  rea l  r '  r
r i , r  - l r ' t '  I  ' r " l i l  ' 1 ,

f , ) r  I  : :  r  r l  s t . r ,  I  u ' , l i l  r /  ( r 0

l ! g i r  r  . =  - t ' i ,  A  :

- r  i .  I  : 1 l r . i l  i

- 1 [ .  t  : -  r ' . n ( l  i , , r  r  i r ] ( l  r

c , , , 1  l , l l r k  Q

I .  I  . i ] .  S |n rLu t i (  s
l . v l l r '  l , I r r  k  r u l r ) r n l i c r l l v  i r r l l o r l L r l r ' .  r  r i  t \  | ' \ ( ' l  ( , i

r r t r r , r r ' l : r r u , .  l I i r  i .  r ' r , r t l i z l r i  r L "  f o l l i , \ s :  . \ r r l  i r l cn i i l l ' r '
o( '(  uITir i l l  \ \ i thir th| l r l r |k trLI thr0Lrgh rr sLl i lelrL r l |r ' l . rrr
1 i r , r r  ( r ' 1 .  s (  r r i r l r r  r .  I ) r ' r ' l u | r t i o r r s  l r r ,  . p t ' r ' i l i r r l  l o  1x '  l x ' { l

t o  t i r l  l r l o l k  i u  ( t ucs l i o r .  ' l h i s  
I r l l r s  l 1 l l  t h r r  t h (  (  r r t i l t

l r , 1 rn ' s l r r l r ' r L  l r l  t l r i .  i r L r r t i l i l r  i r r . i r l t  t l r l  l , l r , k  has  r r r r

r , \ i s1 {  n ( (  1 )L l r s i r l ( ,  i t ,  e l u l  l l r . r  l hN l  r ! r r l  { ' r r l i l l  J ( J t ( se r r t ( ' ( l
hy  rh i .  i r l o r r t i l i l l  oL r r . i r l t ,  t l r c  l ) l ( x  k  i s  r o r ) rp l (  t ch  i na f f cs
s i l r 1 r '  i r r s i r l c  t  hc  l r l o l k .

lrk 'rrt i l ic ls i lxrtpr lLost l lpl lscrt irrg lalrclsl  rxtrrrdrrg
rr i thirr a lr lolk lrrr l  rol l )( , i rg r lel l .rr .( l  to this lr lolk tr i l l  h
rrorr lrx ' l l  to j t ,  i .c. \ \ i l l  r i 'pr( 's.r)1 thf srrrru'  t ' l t i lv insidt '
t hc  l r l ock  r i r r d  i r r  t hc  l c l c l  i r r r r r r c r l i r l r ' l l  t n r l : i ( h  j t .  , \  hbc l

$plral( ' ( l  l ) l  r  rrrkrD irrrrrr N strtrnn'n1. i .r ' .  lulxl l i rrg thrt
stxl(rni,r t ,  hJrtr ls ls though rLcchrcd in thc h(lL. l  {) f  the
srrul l( ,st ( ' rnlt .rr ing bLlk. i .c. thc snnl lcsl Ll(x'k \ \hos.
lr | l |krts lx gin or( l  cn(l  cl l t  los( '  ihot st lr tr '1rx'rt .  In this
r.()rr1(\1 l l  pfr)r{\hlr( ' l i rxh mrrst lr I  rrrrLsir l t ' r |r l  rs i f  i t  wera
crrr ' lo.r,r l  l l  lxgin erLrl  cn(l  tnd lrclk '( l  es r l)L(x'k.

Sir(1'  x . l l r1. 'nf l i  r , t  a lr l rx k rrrrrr '  rgein i tscl i  |r '  a hlolk
th ( , { 1 r r (11 )1s  l o l u l  l r r r l  r i , r r I x r l  1o  r  b l ( xk  n r l s t  b .  r r r r de i
s i o ( x l  l r , ( u f s i \ 1h . ' l ' hu .  e r r  i LL ' n t i h t r .  \ \ h i ( ' h  i s  r r ( n r l ( xa l
to t  l r Irr 'k -\ ,  rr) l)  (n nlr l  rx)t lxr notr lo(al tr ,  t l rc lr lxk l l
i r r  r r h i r , h . \  i s  r r r x  s ta t c r ) r ( ' n t .

t . 2 ,  . \ s s r { i \ \ 1 ! i \ r '  S l  \  f r r \ r ! r \Ts
1 .2 . l .  S \1 l t l r \

i l e f t  I ) i11  ,  :  r , r r i : r l , l r  -  t ) ! , c f , | r i1  i , l ( \ i l i l i o  : :

l l c i i  l i i L , l  l i : l  :  =  , l f t l  t ) x . 1  l r ' l r  t ) r r 1  l i s l  r l c l l  p i r r r

, , s . i g r , , {  r i 1 ' ( r l e n !  ! t  : : :  1 . f t  l ' ! t 1  l i d , x r i l h r l f r i c  e \ t ) r r . s i L n '

l1 , l l  p i , f t  l i s t  l ] , ) , , l . l ]D  f \ t ) r$ . i In
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{ . 2 . : I .  J . r r r r r r l ' l ' ' -

| ,  , . 1

|  -  l i  |  , r ! f
\ , 1 , j  : . \  t )  t r , , : , . a . 1 t t r i

|  ( ) - , )  z

l . : l . i | .  S l r L r r r t i r ' '

. \ . . i g r , r r u  r L t  '  I  r  L  I  (  .  r  r  .  r  .  r  r  T  :  r  l r l  i o l  r r s . i g r r i r g  l l r l ,  \  r i l r r (  ( ) l

r r r  | r 1 r | r ' s s i , , r L  1 o  r ) r  i  , , r  ! ' ! r , r i r l  \ : r r i r l l , I f  r t  | f , 1 1 r h r (
i , L  r r t i l i l r .  . \ s . i g r , r r r l i L l  l 1 )  r  l ) f r i 1 1 ! l u f r  i r L ' r r t i l i o  r r r r L l  o r r h

r r , r r l  r r i r l r i r  t l r l  l r r h  o l  r r  l r r r r r ' r l L r l r , r l r ' l i r r i r r j {  I I u  \ r L | | | r ' , , i

r r  l L r r r  t  i o r r  r [ . i g r r r t , , r '  i (  1  . ( !  r i , ) r  i .  { .  1  .  
- I  

l r r '  1 r t r r r ' ' .  l i l l

i r  t l r , . g , r ' r L l  r r r . r .  1 r r .  r t l r i l (  f . l r ) r x L  t o  l r r l i r ,  l r l i r r r  i r  t l r | r I

: l l ' l ) :  l l .  l i ) l l ( r r \ . :

1 . 2 . ; 1 . 1 .  \ r r ' . , r 1 , . , . r ' i 1 r t  l r l r r r ' . . i , , r r .  r ' r l r r l i r g  i r r  t l r l  l l . t t

l r . t r r  \  r i f i r r l , l {  :  r i f ,  r ' \  r , l r r r t r r l l  i r L  : r '  l r r r ' f ' r  I r r r r r L  l r ' l t  l r )  f j g l r r .

l . l . ; 1 . 1 .  l  l r r '  ( , \ t , f l , . - i , , r , ) t  l l r '  . r , , r (  i , r  r r  i '  r ' \ r I I I L r r L  ( L

l . l . : t . i ] .  1 1 r r , \ i r l 1 t ,  , l  r | ,  r , r p r r . . i , , r ,  i :  r . : i g r r r r L  t i ,  r L l l

1 h (  ] l . 1 1  i ) r r f t  r r r r i r L l ' L - .  L r i t l r  r r L \ '  . r l , : r ' f i l r l  I r p | r ' . . i 0 r -

l r r r r i r  3 - r r i l L L r  - ' ,  , L r l  r r r , . l i r r  r 1 ( ' t )  l l : i  I

1 . 2 . 1 .  1  r ' 1 "  .
' I  

I r l  t r 1 r r  r , . ' ,  i t r l t , l  \ r i i l r  r r l l  r r r r r l , L .  r ' , L  1 r , , , r r l L r r ' , '
i ( l (  r l i {  r  r :  r ) l  I  l ,  l r  t ) r L r  l i . r  r  r L r . l  l ,  r l L ,  - r 1 r , ,  .  l L  i l r i .  l \  l ) r '
i s  l n r r l , , r , r ,  t i L r '  , . 1 r r , . . i o r r  J r L r r r  l i l i ( s r !  l r  l l { n ) l ( r , , .

I I  t l r l  r r l r i '  r .  r ' c a l  i , r  i r r t r g c r ' ,  1 h ,  ,  \ t ) r l ' . ' i o r  r L t t : 1  l !

, , r ' r 1 I i I r , I , 1 i L  I t  t l , ,  t r 1 u  , , )  r l L l  , L r j r l r  r l i I  r r l r | r ' . . i , , r ,  r l i r  , r .

l r l r r r  r L r u  r r - . , , , ' i r t , , l  l i t l r  t l r r '  \ r r i r L i , l i  .  i r , , i  l r l r , , r r l L r r ' ,
i r l l , r r r i l i r . r s ,  a l ) l r f ( ) l ) f i u l i  l r i ! r s i ,  r '  l l l r L r l r , , f :  r 1 1 ,  r  r  |  |  r  I  i  ,  |  :  I  ,  ,  ,  r  I  I
1 l ,  l ) r ,  u f l 1 , , r  r l i i ' l l l l \  i r \  o k r r l  L ) f  l f r r s l l  r  1 r ' , ' r r r  l c t l  1 , ,

i r t c g ( . r  l \ t x , .  l l l l ,  , f ; , f ' l i f  r L r r r ,  l i i , r r  i .  r r r r r k ' r ' . t r u r l  t l |

v i l I l  r r  r r . r l r  ,  L r \  r ; , . J r r  1 o

l . j l , 5 .  ( i o  1 o  r r  u r ( l c l i r { \ l  s r r i i l h  r l l s r g r u r t o r '

- \  g o  1 o  s l | 1 { , r I l ( , | l l  i s  c r l r r i v u l I r r l  1 o  l t  ( h l r l l l l t Y  s ] i l 1 { , n l (  | | 1

i l  t l r l  r l t  s i g r r u t  i o r r i l  c r p l r , . s i o r r  i .  r r  s \ \  i i ( . h  ( l ( ' s i g r r L t ( , f  \ \  h o s f

\  r t l L l ( ,  i s  u u ( l r ' l i I i r L

I  t t  l l t  l L t t  t |  t t -

1 . L l .  S l r r r r L r

, l r ! , , r ,  \  s ' : r i , , , ' , , , r i r  : :

l . 1 . 2 .  I i r ; r r r p l r  -

l .  t . : , .  S ( , | l r r r 1 i 1 s

. \  l l f l r I l r r \  s l r l ( , r L ( ' | 1
- d  \  ( '  l 1 )  P I r l ' (  i r  I L l !  1 .

1 . ; .  ( , , \ r J r r t i ) \ \ 1 .  S  f . \  I  r t \ t r : \  t -

i r  r l L , . ,  r r  r , , r , l , r i , , r  . r l
f , , i L l i r i , , ,  i L l  J  i l  . r , r l , , r ' L l  , I

- r  r l , . r  '  i  r l i  . ,  ! , ,  . ' , i , , , r ' r i I

l ,  l l  :  ' ,  r , l i r i '  r , , 1  . :  r , , , L , . f r

l . i . ? .  l , r r r ' r p i , .

l l  r r l r

I t l

I  ' 1  , r1  , r  . l . r  g , )  l ( '  / l

I  l t r . g i r  i l  , / . - '  r  l , '  n

r l , r , ,  - l  , l - i  r ,  r l

s l  . l : r  i l  l l i J  r l x , '  S i J  ;  : ' !

,  t - ,  i f

l h l r  l .  i -  1 . ,  . ,

i i r L l r r l  \ \ i i l r r L 1 ,  r , I r r '  r i

l h i l l r  r L p 1 , , , r r -  i r :  l l r  : i r -

I r r o r  l r l r r r '  r l , r l r r r r r l i , , r  , l

1 . 3 .  ( ; , )  1 , ,  : r \ L r . \ r . \ r :
l . j | . 1 . : ' \ r L i r L \

' g '  1 ' ) s l  1 r l , i , r 1  f l  :  ! t '  l , '  , 1 1 : r g l i L l L ' r r r L r  ( \ l r t \ . r t ' l

1 .13 .2 .  L ru r rLp l r .

g o  t r )  /  , , /  r - l

s u t o  l " t ,  i l  , i i l ) r l ' . ' ,  \  c l . r  \  l l

g r ,  l U  i l  l r < f  t l ' . ' ,  I t  r l . .  / /  i l  r ' : 1 1  l l r r r '  I  c l r l  r

l , i l , i | .  S t ' t r r L r r l i t s

. \  ! : { t )  1 r ,  s l r l l (  l l , (  n l  l l r l (  r r r r l ) l s  l l l I  r r t 1 ) r L l  f { ' r l r r (  l l ( 1  ( , 1

o p ( r r t i o r s ,  r | . l r r r r r l  l r r '  l l r ( ,  \ \ r i l (  I l )  r ) l  s l 1 r l i l r | n l s ,  l ) r '

r l o l i r r i r r g  i r s  s r r l l r , " ' o l  l r l r l i l i t h  l r r - t l r l  r r l r r l  o l  : r  r l r , . i g r r r

t i o r l L l  ( ' \ l x ( s s i o | | . ' l h r r .  t l r I  r r I r l  s 1 ; r 1 ( ' r r (  r l  1 i )  l r |  r ' r ( ' r ' L r 1 r ' r l

\  i l l  l r |  t L |  o r | c  L r r r  i r L g  l  h i s  \  r I r |  u s  i ] :  h l , (  1 .

I . : 1 .  ,  .  I I r ' . I | i ,  1 i l , | r

S i r u ' r ,  h l x  l '  l t | r '  i r r 1 u , r ' r ' r r t l 1  l l r | r L l ,  r r o  g o  l 0  s l i r l (  r r i  l r l  ( ' i l r l

l c r d  l l r r r r r  o r r t s i r | '  i r r t o  r L  I ' I r ' k .  \  9 , ,  l o  s l r l (  n l (  r ) 1  r l l r \ ' .

h o r r ( ' r I r ' .  L r r l  i r o l l r  r ) | | f  i ( I (  i r r t o  r r  I r ' r r r I r o L L r r r I  s l r r l ( r r | l l 1 .

t  L  r , , i i r i r  r L l  : r i r r ,  r  I  l '  . , u : r .  r  f r l u i n  s i u t | r r ) ( ' r ) i s  1 ,1
r  ,  r r r , l  o r '  : L i 1 , 1 r  I  , I  r  , r  t t i r  s  o r  l | (  r ' r r r r r i r L g  r r L h r r , .

- 1 ,  ,  i 1 , , , 1  i r , , , , 1 , , , r  '  \ i ,  r . r ( , r .
l . ; . : 1 .1 .  I l  n r  ' ,  r  I  t  l l r |  LL r1 ' o r (  l i l i r ) nx l  s t r L t { , r r ( , r 1  o l '

r r  i l  . t r i (  r r (  r  t  , i  i l l  t r c r r r ' , . r r 1 r r l  i l  t l r c  l i r oL ,e r r  l r p l r ' " s i o r r
rn  rh ( ,  i r  I l i r  Ln . i s  r n r ' .  O rh . r \ \ i n  i 1  \ i l l  l x ' s k i p l x \ l  r i n , l
l l i (  o l x f r t j { , r  r r i l l  l r |  r r r r r t i r LLo r l  \ r i t } r  t h ( ' r x , \ t  s t r r l { , r r { | l 1 .

l . ; . 3 .2 .  (  , ,  l l r i o r r r l  s t r r t l r r r l r t .  . \ r ' r  r r r r l i r r g  t o  rh l  s l r r
l r r  t \ \ o  r l i l l i r  i r l  J i ) f n r s  r t  r r r r r r I i t i o r r r r I  \ 1 : t I {  r r r { , I L I :  u r f
pos . i l , l  .  

' l l r r , '  r  r L . ,  1 , ,  i l l L r . l r ' r L l r r l  s  r { , 11 , ) \ \ s :

l l , ,  r r  r , '  , r .

i l  l l l  t l , . ' ,  : i  c l r r  i l  l i l

l r  ( L

i t  l J l  l l , r , '  S l  . l { . i l  l l l

I I I r ' r ' 1 l l  t o  l 3 ; i  r L f (  l J , r ) i c r L [  ,  r ] r | r  s ' i o r r s .  \ \ ' h i l (  S l  1 o  S i l

l l l r r r r r o r r r I i t i o r r r L I  . l r i t 1  r r l , i r l :  S I i s l l r l s t r r t c r r L c r r t i o l l o r r i r r g

l h (  r ' o r r ) l ) l l , i ( ,  r o r , l i t i o r r r r l  s I r r I I , I r r (  r | 1 .
' I  

l u ,  r ' r r r L r l i o r r  o t  u  r ' o r u I i t i o r r u I  s l i l 1 1 , l n r ) l  l J r i r v  l x ,  i l (

s l r i l r c r l  r L s  n , l I r r r s  
' l l r r ,  

l n , o L ' r r r r  r  r p l l s s i o r r  o l  t l r (  i l  r . L L u ' c s

i L r (  r ' \ ' l i h l r l l { r l  o | l I  r L I i r , r  l l x , i ) l h ( r ' i l r  s ( , { l t l r , t l r ' r ' l r r ) r r  l ( ' l l  l r )

l i u l r t  r r r r t i l  o r r l l i r , L l i r *  1 h (  r r h r (  t l r r t . i s  l o r r r u l .  l h l r r  t l l ,

r r r r r ' , , r r r i i 1 i o r r r L I  s l j r t , , r r , r r  l o l l o r r i r g  t L i "  I J o o L l a r r  i .  r ' r c
i ' u 1 ( t l .  l  r l (  i s  l h i r  s l r l (  r r ( ' f t  r l r . l i r r | s  i t s  s r r | r . r , . s o I  c r p l i I i 1 h

1 l r (  r r \ r  s t r 1 r , r , (  r L r  1 i )  l ) ( . (  \ { , ,  u r ( 1 1  \ i l l  l x  S l .  i ( , .  l l r ( ' . 1 r r 1 .



r r r t  l i ) l l ( ^ \ i r g  l l u  c o r r r p l { ' t l  c o m l i t i o r r e l  s l e l c r r x ' r I t .  
' l ' h r r s

ih( '  ( l i i r '1  (n 1hc ( l ( ' l i r r r i t r f  t ' lsc I r r l l  l r t '  r lcsIr ' i l r r ' ,1 l , r  se\ ' i r rg

t h r t  i t  { l { , l i u ( , .  l h I  r r r I r t s . o r ' o l  l l n ' s i r t t l ' | l r (  r l  i 1  I o l l r ) \ \ s  1 o

l ) r '  l L { ,  . 1 r r { r i ( r l  f o L I r r r i r r g  t h I  r ' o r r r p l t I  t ' o r r r l i t i o r r { l

' l  
l r l  l r r . r l r r l t i o r r

c l . .  i r r . , ,  r r  l  l i  l  i L ,  r ,  i  l  . l , t l ,  r r ! r , i  r

i .  r  r t r r i l r L l ' r L t  t o

. l . e  i f  t r t r .  l h . n  I  I  I  i  c  1  '  I  L  I  i  I  i  ,  ,  I  I  i  I  J  1 i t  1 ' r i L r ' r L r  '

I l  r r ( n r  o l  l l x  l l o o [ ' t r r  c r p l l s s i o r r .  o f  t l r t  i 1  r ' l r r r r s l s  i s

i r r ( , .  t h (  ( , 1 l i r ' 1  r r l  t h |  \ h o l ' r ' o r r r l i l i o n r l  s i r l r c r r L ( , r t  l \ i l L  l r ( '

r r l r r i v r L l r ' r r t  t r )  t h l l  r ) l  l r  d L l r r r r r r )  s t l l t c l r r | 1 r 1 .

l o r '  1 \ r l t h t ' r '  { \ p l l l r l l r t i o r r  t l t r '  t r r l I r r v i l l g  p i ( t r L f f  I r r l l l  h e

i f  l l l  r h c l  S l  . 1 . .  i l  l l l l  t h ( r  : l  . l s c  S : J  i  s l

'  r l  1
l l l  i , . , r  ' t l  r ,  I

1 . 5 . 1 .  ( i r r  t o  i r r t o  l  ( o r x l i t i o n e l  s t r L t I r r L I r r r
' l  

Ic  r , l1r , r ' t  01 e go to str t fnn ' I l t  ] { 'Ndir rg i l r l  o l l  corx l i t ionr l

i t N t f r r { , | l t  f r ) l l ( ) N "  d i | r ' r ' t h ' I r o r r t  t h .  r l x ) v { '  ( x p h r r l l t i o l I  o i

thc ( ' f f r .1 o l  e lse.

1.6.  l  or t  Sr. r ' r l r t r : r rs

t . ( r .1.  Sl l t rx

t . , r  . : . r , , . . , . r , ,  . . r  L , , r i . , \ t  ,  . r , . 1

( x r i l l i r r . r i c . \ f r { : s s i o n  s t e p  i ! r i i l , , i , ( t i c  . r l f f i s i I n  u ' r L i l
l , r r i t L n r c l i c  { r x t ) r f " s i , , n  r ! i t h r i r f i i c  . \ l i r s - i , r  } } r ; 1 .
, I lo, , l . rn t i r l ) r tss ' ,n '

l l o r  l i \ t .  ,  =  , l o r  l i  ,  ,  , r  , , 1  f , i r  l r . L  .  1 , , .  l i s l  . ] ( r i , . r r r
i l , ) r  f h u s f  : : :  l i . r  v . , f L i  l , l .  . -  f ( , f  l i ' r  d o

l , r  ,  : , 1 , , r  r l r L r " r i  : r

1 . 6 . 2 .  1 . r , , r . , 1 , i ,  '

f , , r  !  r -  l  s t . D '  r r I t i l  r  r l o  f  i , '  l j i l l
f o r  t  : -  1 ,  I  l ) i :  $ l , i l r  l ' 1 ' : \ ' ( 1 , ,

f $  j  : =  l + C . l  .  I  s r . p  ]  ' , , t i l  . \ - ,  { l  l - / )  d o
- 1 U ' , r l  : :  / i  [ t , i ]

l .6. i l .  St  r t tut t t tcs

. \  fo |  r ' | r r rs '  (  lLrLscs th( 's la lcrrrcrr t  , {  $}r i |h i t  p l . r t r lcs to

l x r  r . p ( ' N t ( , { l l . r  ( r c ( ' r l 1 { \ l  z c r o  ( x  l r r ( t r ' 1 i l l . s .  L l  u d r l i l i o l r  i t ,

1, r ' l i r l r r r .  e :cr l t t r , t t r t  of  i rss igtn l f l l ts  to i ts  corr t ro l l r r l

ra l i rL l r l , .  Ih l  p io({ 'ss luu) '  l t  r i 'Lrr l iz td b1'  mcats of  the

i r l l o w i r g  p i | t r r r ' :
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l i r r r r ( ' s  * i l L  t h e  - t t c r ' t ' . s o r  ( ) f  t h o  f ( n  s t . l t I n r r ' l r l .  I l  r r o 1 ,  t h e

slo lcr)x r t  f r ) l l r ) \ \ ' i r lg  thr '  l i r l  t  l lLusc is  r ' rccrr l t  r l .

1.6. l .  fhc I in l is l  c l ( ' rJ I ( ' rLts
' l ' h l  

i o l  l i s t  g i v l s  u  I L L L ' 1 o l  o l t t r i r r i r r g  l l r t  r r t l t t l s  r | i l h

l l r ' .  r , )nsc(ul i \1, IJ '  as i igrr | r l  1o lhc r r r r r t r 'o lL ' rL l l | i l l , l r " l  h is

s c r l l l f r ( 1 , r t  \ ' a h u s  i s  o l r l e i r L r ' r l  1 r ' o r r r  t l r r ' I r r I  l i s l  f l ( ' r r ( ' r I l s

l r l  t r rL i r rg thcsl  orrc l r1 '  ont '  i r r  th l  o l r l t  l  i r r  r r  h i r :h tho r t l l

\ \ r i 1 1 f l r .  l h c  s r ( L l t c r I l 1  ( ) l  v r t h l { n  g r ' l r ' r r t l ( ' 1 1  l r I  | | r ' h  o l  t I c

l h l c r ,  . 1 x ' r ' i c s  o f  i o r '  l i ' 1  r ' l c r r t u L t r  l r r r l  l l r r '  r ' o r l r ' . p r r t l r l i t t g

f \ f r ' 1 l t i r ) 1 1  r ) 1  1 h 1 , s l r I 1 . l r x r L t  S  r r | o  g i \ ' r ' r r  l r v  t l r r ' 1 o l I r N i t r g

l u l a s :

1 . 6 . 1 . 1 .  - \ r i t h u r ( ' i i { '  c r p l l r s i o r r .  l  h i .  t L ' r l l r L r  g i r r ' -  r i ' e

l o  o r u  l i r I r r r ' ,  l r r r r c l v  t h r '  \ l r I l ( '  o f  t l l l  g i ! ( ' r L  r r l i l h l ) ( ' l i c

c \ l r r ( , 5 s i o n  l :  r ' l L r r l l r l r ' r I  i r r u r L t ' r l i r L i f h '  l ) r ' l ( ) r ( '  l l l l  t r ) r r ( '

s p o r r r L i r r g  I r r r r r t i o r r  o f  l h ( '  s t l l l f r r x ' r n  S .

1 . 6 . 1 . : 1 .  S t ( p r r r L l i l  { l c r r ( r r 1 .  . \ r r  r ' | ' r r L l r r r  o f  t h l  i o t t t t

- \  s l c t )  l J  u n t i l  ( 1 .  l l r l l r '  . \ .  I | ,  r r r r t l  ( ' .  r L l c  r r l i l h r r L (  l i 1 ' (  \ -

l r r { ' s s i o I r { ,  g i \ ( ' s  I i s e  t o  r r r  { \ { ' ( r t l i o r r  \ h i | h  I r r r r r '  l r c  d t '

s ( r i l r ( , r l  r r o r l  l o r r r i s r ' 1 r '  i u  1 { ' r r r r s  o f  l ( l ( i i l i o r r r l  - \ r , ( ' i ) L

s i x l ( ' l r r (  1 r 1 "  r i  I i , l l o l r ' . :

1 , I :  i 1  i \ '  ( ' l X  s ; , r r  l l r > 0  t l , e n  * n  r o . l r r l r r l  I r h n t . r c t l ,
s l r r l d r r . r r t  S  i
\ -  : =  \ ' + l r  j

r r ' h c r ' \ ' i s  t h e r  c r r r L t r - o l l r : r l  r a r i e L l t  o l  t h r ' f o l  r ' h u s c  t r r d

cl t lnt : ] t l  . . t l t .eu. ' fu |  poin l .  to thc f \ i r l l l l l l io l l  11(cor( l i l lg  1o

the n{  \ t  c l ( ' rnf l l t  in  thc fo|  l is l ,  ( t  i f  thc st fp nrr l i l  e lernl r r r t

is  ihc I r . t  0r  1 l l .  l is t ,  to lhr  nc\ t  s tatenn'r r t  in  thc progl . ln l .

1.6.1. : ] .  \ \ -h i l t  l l t rnonl-  
' l  

h( '  c \ . r r t t i ( rn go\ ' ( 'nrc( l  l ) l '  a

I o r  l i s l  r ' l ( r ) I ( ' r t  o i  t h r ' f < , r r r r  I l  l h i t e  l ' .  r l h ( ' r !  l l  i i  t r r

l r r i l l l l ln , t i r '  r i | l ( l  i  t  IJu) l (  l t r r  r 'xprcssiorr .  is  l l1o"1 r 'orLI is ,  l ] '

< L r s l r i l r r l  i r L  t f f r r s  o l  e ( l ( l i t i ( ' n r I l  - \ L ( i ( r L  s t t t f r r r { r r i r  r r

f o l I r l . :

, l l :  \  , :  i .  ;
i r '  r l  t l l rn s(  to ( l . "unl  t rhntst . t )  ;
S l r l | D r D l  S  ;

\ rh( , r ' (  1hr r lo l t t iorL is  tho str t rc l r - .  in  '1. ( i .+. . , ]  l r l )o l t

1.( r .5.  lhc r rhr .  of  thc corr t ro l lcr l  \ ' t r io i r lc  upon cr i t

l - p r r r r  c r i t  0 L r l  r ) f  t h c  s t r t ( ' n r ( ' n i  S  ( s u p p o s c r l  t o  l x ' c o r r r

p(nLu( l r  t lnr ' r rs l r  11 j l ( )  t1)  s l .1tcrr l ( ' r r t  thc 1 ' l l lLrc i ) l  th( ' rorr-

t l r , l l r ' r l  l r l i ,L l  l "  l i l l  l r t  the srm(r  a:  i t  * ls  i rnnrt r l i l r tc l r_

p r c ( ( \ l i r g  l l l , '  \ ( ( r l l i o r r  o l  l l x '  g o  t o  s t 1 I t . ' l r L . ' l r l .

l l  t h ( , c \ i l  i .  ( 1 r , ,  l , r  f \ L 1 1 L r s t i o n  o f  t h e  f o r  l i s t ,  o 1 1  t h ( l

o lhcr  harr l .  th i '  r ' r rhu'  o l  lh l  lorr t ro l l t ' t l  vrr iahlc is  urrr le-

f incd ai t t r  t  l r l  r ' r i l .

1 . 6 . 6 .  (  l r ,  t , ,  [ , r r r l i r r g  i r r t o  a  I o l  s t r t c r ) n ] r t
' I  

hf  { ,J l i \ ' l  , ) f  1g(r  1o st l r tcnlcDt,  or l ts i ( l ( 'a  fo]  st i r tcr l l ( ' l I t ,

$ h i ( h  | r ' l I r s  l o  t  l u b c l  r r i l h i n  i h f  f o f  s t r l c n x ' n t ,  i s  L l r n l t

' f  . i .  l ' r t t t t  t r t r t : r l r :  Srr ' r r ; r r r . r ' r 's

l . ; . 1 .  S v r r t { \

T
: l ! T c n ! r i l S  i  t , l r : n r r c  i  s L t c t r s . o r

I
f i , .  l is  t  r \ l , i rustccL

l  t l r is  p i r ' t r r r |  thc \o| r l  i r r i t i l l iz |  n lL|L l ls :  pf l  iorn l  thc l i fs t

e.s igrrnrr ' r r t  o l  lhc f ln rhLlsf .  . \ th r l t t ' t :  I Ix ' l t t rs :  IX ' r l r ) r r ) I  thr

n( ' \ t  xssigrnn'nt  of  thc foI  r ' l . ruse.  
' l i 's t  

r lc ' tcrr r r i r res i i  thI

L ls l  l rss igrrncr i t  h lLs l , r ' r ' r r  r l , r r rc.  i1 *r ,  thc cr t lLLt iorr  lorr

l r c l L r ! l  l ) r r N n n t r r  : :  , r l r i r r s I  i c x l ) r c s . i o , '  , ,  r r

$ i , . l ,  I . r " . , r  r  ,  '  .  .  ,  .  .  .  r  "  .  .  l  F  n  r  i  l i

l l c l r ,  r  s i r i , , r r '  r : =  
' k t t c r  / l f t t e r  s l r i n g  r l c l i e . '
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t ) a n n f t f r  ( t ( l i ! , i 1 f r  :  , I  l , l t r f  r l r i n A  I

i r c t u r l  | ! r ! i j r . l , , f  i . r  , : :  ! c r  i r l  r , l 1 r :  J , L ,  r . r
' ' ' ' . l i . t . , i . i , -

i , (  r  r  i , 1 l  l ) x f : 1 r ) 1 , , ( . 1
( r c r ! ! l  I ' , r u r i , 1 ,  f  l , r f i  : : :  i ' r , l , l )

.  , r r t r r x l  l ' ! i i L , , , 1 . r  l i - r  l
( | , , , ( , , , 1 r f .  s ' , , r , . J , , . r r  " = ' 1 ) r  { L : h r n ,  i , l f r l i 1 i t .

, r . 1 r r r l  t ) r t r $ r f  1 i , r  l i x f  l

1 .7 .2 .  L r r r r r l r l r ' .

, \ l , , f  i  1 ( ) r l f f r  ; , l l r r ,  r l ( , r  l r

i  r , , , . i , "s  l l  , r  ,  I

l / , . , 4  |  1 ,  \ ' , l / . l  ' r , 1 , / i

I r r t  I  t ' t  , ' !  |  i , l ' , ,  , l ]  l '  , \ \ i , l ' , 1

1 1 t i  l  r r r r r r r p l , '  r o l r r ' . t r , r r r ' l  r ( )  ( \ r r , l , l ( :  g i i ( ' r r  i n : ( ( ' l i o t

i .  1 . 1 .

1 , 7 . ] i .  l r r r n r r t i r .

- \  1 r r ' o r r , r l r r r ' , .  r l i r l (  f r l . r r r  . ( t \ ( -  t r i  i r r \ 1 ) k ( . i , r L l l  I , r f l  l h f

f \ f  r l i ( r r  { ) l  x  l r r r l \ l r L f r  l , i r [ _  i t ' 1 .  s ! l i o r  ; . 1  I ' r ' o r ' r ' r h r | r '

1 ) r ' , . L r l r r t i , r r r s  .  \ \  l r l l l  t h r ,  1 r l i , r ' r r l L r l l  l r , r l r  i .  r  . t u i l r r L t  t L l

\ r i r l ( , l l  i r  - \ r . , , t , r .  l l r (  r , l l | r i  r n  t | i s  (  \ ( ' r ' L l t l r ) r ,  \ \ i l l  l , r '

r r t L r i \  r r [ ' r r l  1 , )  1 ] , (  . l l | ,  i  r t  p r . r ' l o r  r r i r g  t h c  i o l L r r i  i r r g  o p ,  r ' e

t i o r , .  o r  t h r  l ) f ( , g r r L r d  r i l  r l L |  l i r r r ' o f  ( ' \ { ( l t l i o l r  o l  l l l , '  l ) 1 1 l
( ( , i l l L r 1  : i l r i (  r i r (  r L 1  :

f . i . l | . t .  \ , r l r r  r r s . i g r r r r r ' , r r t  i l , L l l  I ' r  r . r l r r c r

, \ l l  f r , r ' r r r l  I ) x n L r r r , l ( r ' -  r l r L o l i r l  i r r  t l u  \ u L u i  l ) l r f l  ( ) f  t h c

l ) 1 1 ) ( ' r . r l L r r ' r '  d 1 ( L u l r i r r r L  l r t l L r l i r g  r r | r ,  l r s ' i g r u r l  l l r r ,  r ' r L l L t r , .

f r ' f .  ' c r t i r r r r  I |  \ r l r r r , -  r r r , l  I r 1 r ' s r o i  t h c  l o l l r , - p o r r r i i r r g

l u ( 1 L l r l  p r r f r l r r { , t (  r s -  l | ( * ( '  u s - i l t i r  x  l r l .  l r r ' i r r g  r ' r r r L s i r l ( ' r ' r r l  r r :

L l i r r g  p t , r ' l r r l r  r r r l  r r l r l i l i t l v  l ) (  r o f (  ( ' r l r  f i r r g  1 l x ,  l ) r ) ( { i h r ( '
l r o r i - r .  l  l r c  L ' 1 l l r  t  i s  r r .  t L r , r L g l r . i r r  r r I l i t i o r r e l  l , I r l k  l r r r l r r ' . L r

i r g  t h r ,  p r o l c r i r r r r ,  l r u r h  l r . r ,  r  l r . u t r r L  i r r  \ \ L i (  L  1 l r ' . ( ,  r L . s i g r I

r l r ( . r 1 s  r  \  r  .  r  '  (  ,  r  )  r  r  L  (  I  (  1 r )  \  r l r i r L l , l ( ' .  I r | r L I  t o  t L i ;  l i I t  i r  i  L r s  l , I x ' k

l i t L  t r p , , s  r r .  g i r l r r  i r r  t l u  l o r l r r l r o r r r l i r , g  s p l r i l i l a r i r r r L s

i r l  : , , r l i o r r  . ' ) . 1 . . ' ) r .  - \ '  l l  ( , , r : r  r t l l r ' | | r (  ,  \ r I i l I l ) l s  r r r l l o d  l i l

v i r h l .  u r ' (  1 , )  l , r ' r r , r L ' i r l r r r r l  u .  r r o r r l o i r L l  t o  l l r r '  l r ) ( h  o l  l l l r '

p l o i ' t L l r r r r ' ,  I ' r r t  l o l r r l  l , r  t l r r '  l i l t i l i , r r .  I ' 1 , ) r ' k  i (  i -  \ l r i i o n

; .  L j j t .

l . i . l i . 2 .  \ r r ) ( ,  f r p l l r ( , r r f r r  1 r ' r l l  l ' \ '  n x i r r , l

. \ r r r  i o l r r r r l  f i t l r l l r x l r ' r  r l r ) 1  r L r r ) l l r l  i n  l h c  r r r i r r c  l i s t  i s

l { , p h r , ! i ,  i h r ' , n l g h o L l l  t l r c  l ) f ( x 1 , ( l L l r . ( '  l r o r l r _ ,  l r I  t h r '  r ' o I r ' r '

s l r ) r x l i l r g  l L r t l l r r l  p r L  i r L ( , t 1 , r ,  r r l l r  r  I r r I i o s i r r g  r l l i i  l l l l f r  i l l

p l r r r n T l r f : f s  \ t h ( ' r ' r r I r '  s Y r r l r t I t i r r r l l r -  1 ; o s . i l r l l ' .  I ' o . s i l r l c

c o r r l l i r ' 1 '  l r ' 1 r r | r ' r r  r t l (  r 1 i J i (  f .  i r L : (  f l r ' ( l  r l r f r n L g h  t l r i s  p f ( ! ' ( , . s

r r L t l  o t I r t . r ' i i L r r t i i , r , r ' .  r L l l r : r r h  l r r r ' r , r r t  r i t h i r r  t h r  p l o r r r l L L l r '

l r r r h  * i l l  l , r ' l r o i r l r r l  l r ) ' . r r i t u l r l (  . l s t c r r i . t i r  l l r r r r g l s  o f  t l r c

f o l r r i e l  o r '  l o l r l  i r l c r t i l i l r , .  i r L r , r i r  r  r l .

f . i . : t . ; 1 ,  I i o r l l  r (  l ) h ( r , r x ' n l  r r L r l  c r l l r r l i o r r

I  i rL l l l l  t l r r ,  pr ' (n1,( .hrr ' r '  l ) rn l \ ' .  r r ror l i l i t r l  r -s a l r r r r , .  is

i n s I r 1 r ' r L  i I l  p l r 1 c r ' o f  t ] r c  p r l r t r l L L | r ' s t r r t c r r r c r i  r I r ( l  ( ' \ . , (  l l t c ( 1 .

I f  t l r t  p r o r  t ' d L L r c  i s  r a L L r l  l i r r u  r L  p h ( ' ( , r ) u 1 - i i l (  l l r c  s c o p c

o f  t l l 1 '  r L r ) r l o ( . 1 1  ( l  l L l i l i t l _  ( , f  l h r ' l r r r r r r r l r r | r ' l r o d r _  t h c  c o | l '

f l i r ts  l r t ' t \ccn ihc ic l . rLt i l :c |s i f - . r : r ' tcr l  thrrr r rgh th is p lo|css

o i  L o ( l v  r c l ) l l r ' ( , r x , n l  r L r r r l  t l u '  i r L  r r t i l i l r s  l h o s f  L l f ( : h r l r l i o D r

r | r '  r ' r r i i r l  r r t  thr '  p1err ,  r , l  1 iu,  I r ' r r ( , r1rur '  r t l l l f  r I r ( ' r t  or  lL lnc-

l ion rk s igrutol  l  i l l  l l r  r r  o i r l t ' t i  th lough sui i r l )b s l  s l .nr t l  ic

c l lx lLgcs ol  rhc lat t f f  i (kr l l i | (  f : -

1 - ? , 1 .  - \ ( t l l r l  f o r r l l e l  c o r r t . s p o r L r l c r L r ,
' lhc 

ro l resporrr lcur t  l ) { ' t \ r { , i ' r  lh f  l f tur l  p l r r rn. lcrs of

thc iu ix( , ( lurc s let(  ur(  r i1 l r r r ( l  thc forrnel  parrr lc tcrs of  t l r r :
p l o r t r l r r l r ,  l r l r r r l i r g  i s  r , . t r L l r l i . h c r l  t s  i t l l l o l s :  

' 1 h c  
o c t L r r l

l ) rnrnr( . r (  r  I i . t  of  t1rr ,  I r 'orr , r l r r r r ,  s l r t (  ] l r (  r l  n lLrs l  h l l \1 tho

si t r rLr '  r r r r r r r l l ( , r '  o l  I r r1r ' i r 's  u.  t l r |  l , r ' r  e l  l )J I ' l r rL(  t (  r  l i : t  r ) l  th( j
p r ' r r ' r , r l r r r ,  r I r , r ' I l L l r r r i , , r L  l u r L r l i r r g .  l h (  1 o r f . . l n ) r r ( l f u r { ,  r : i

o l r l e i r r l r l  l , r  t , r L i r r g  r l l  l r r t l i r ' :  o l  1 ] r r , . t  t r r o  l i . t - .  i r r  t h

l  o r  r r  1  r  r  ,  r  r  ,  ,  r  I  r  r  r  r  '  '  i  i  ,  I  ,  r  r  i  1  .  r  r  T  r , )  l r c  r I  l i r r l r i  i i  i r  ( . \  i , l '  r r  h '

r x , ( 1 , : : i r r l  l l l r l l  l l ) r ' , r ) ( . f r L 1 i ( ) r .  o r r  l ) u ,  1 r l r , , r ' i l r r | r ,  I r r l r ' r l r

1 ! r L f ( l  i r i { l i o r . l ; ; i  l r r r l  I  i . l l  L , r L r L l o  r  r , , r ' r ' { . ,  1  \ r . , r , L

l l r i s  i r  l ) r ) . , , .  1 | 1 , r . r r i (  1 i , ) D  r , r L r L i r I  l ) l i ) 1 ! \ l r L f 1 , s l | 1 r  r r (  r 1

t l r r l  l l l |  k i r l l  r r | r l  r r  1 , r '  r l  | r r | l l l r I t r l r ]  t ) r r f , L r L ( ' r (  f  l ) ( '  , ' o r I

p r r l i l ' l ,  t i t I  t l r r  L i r r r i  r t r r l  r \ l ) (  o l  1 L (  ( ' o f f 1  ' t n ) n ( l i r g  i , , f r r L l

l ) i r l l l r r , ] ,  r ' .  F , , n r ( ,  i r r l i I r r r L | | l  l ) r L I l i I l t I L r  I r : 1 , 5  o l  l t r r -  g r , r r

r I r , l  l r L L  r L I ,  1 l ) r ,  ) , )  l , ) \ \ r , { :

1 . 7 . i . 1 .  i i  r r  s t r i r x  i .  s L r I l r l i r r l i r L  r L | |  r r i  l I r l  l ) r 1 1 r r ) r (  t { ' r  i r l

a  1 r r o r ' r , r i r r r , .  : l l 1 1 ,  r ) L l  r i  o r  i r r r r r ' t i o r L  r ] (  ' i g r r r t o r ' .  r r l r o . r '

r L  l i r i r r g  | r o ,  r r l r r r r  l , , r h  i '  r r r r  \ L r , r ) r .  1 i 0  . 1 r l ( ' r r r r ' n l  i r i s

o l r l r r r r r l  t , r  r r o r r  - \ t . , , o t .  r ' r r l ( ' .  r ' 1  s l r ' l i o r r  L i . S  ,  t l r l r  t L i .

r l f i r g  t ' r u U r r h  l r |  u . r r l  \ i l l 1 i r L  1 h l , p r o ' r r l L r | r ,  l r r r l l  r -  t n

r I r ' l f i r l  p i L l l L r r , (  l I r  i r r  r r r I t h I r  l r r ' o r r . r L r r | r ' r l l l - .  l  l l i r r r r r t r ' l v  i i

r r L r r  o r r h _  l r t  u s r r l  l r l  e  p r r r r r r l r u r ,  l r l h  r ' r p r r s . r ' r l  i r r  r r o t r

l . i . i . J .  . \  I i r r r L r L l  1 r r L r ; r r r r l ' r I r ' i r h i r ' I I x ' i  L u 5  i t :  r  l ,  l r  l ) x r ' 1
l l L f i r L i r l (  i u  r L r L  r : . i g r r r , L | , r 1  ' r : r l L r l ( n 1  \ \ i 1 ] r i | l  l l r r ' 1 r r ' o r ' r ' r h r r r '

l , ( ! l l , L r , l  \ \ l r i , l r  i "  r , r , t  , ' r r l l , r l  I ' r ' r r l r r r , r , r r r , ) r ) l l  i ' , t l i  s l ) , , r ( l

t o  l i l r  r L ,  l L r L l  l ) r I r u r ,  ( '  |  \ \ l r j '  l r  i .  r L  r r r r i r L l ) l ( '  l s p r ! i r r l  I r L . r ' o l
( , i ' ' l ) f ( , . s i r r i t r .

f . i . 5 . ; | . . \  l o l r L r r r l  1 r r L r r r r r , , i l l  l I r i r I t  i "  r r . r ' , 1  l i r l r i r  l h c

p l r ,  r r l r r r r '  l r l r l .  r L -  i r r  r L r r l  i r l l r r l i l L t  l  r L r r  o r h  r t l t l

s l r ' r r r l  r o  r L r L  r r ' l u t r l  I r f :  r r ( l ( !  \ h i ( l r  i s  r r r  r r I r L I  i , l c r t i l i I r

o ,  r , r  i r f r r . \  o l  r l r r , - r , r L , , r l i r r , r . r r . i o r r s .  I r L  r r , l r l i t i o r r  i l  t h r '

L t  r ) , r I l  l ) r r L r r r i  l {  f  i - ,  r r l l t " l  l r r ' ,  r r l r u  l  l r r '  l , r ' r r l  r r l l r L r  l l c l l t r L
( L r f i r r g  1 h (  r ' r L l l  l i l i  l r L l r '  l l r f  s r u J r  i  r l r s . r ' i 1 r l  l r o r r r r r l .  r L s

1 l t  r r ' 1 L L l r I r L f n r ] .

1 . i . 5 . 1 .  . \  l o l r r r r L  t ) x r f , r ) r (  l ( r '  r h i l h  i s  l r t l l c r l  l r r  r r L l r r l

i r L r n o l  i u  r { f r r . r r l  ' r , r ' r ' r . | o r r r l  1 o  l  s \ \ i l ( l I  i  r  I  t  r  r  t  i  I  i  r  '  r '  r  ,  r  '  r  r

l r r r r r r ' r i L L | r '  i r L  r  r  I  i  1  r  r  '  r  '  r  ,  r  '  r  I  s l r i r g ,  l x \ ' r l l t r (  t l l r s l r  l j L 1 1 1 ' r  r l o  r r (  ) 1

p o . . r  . s  u r l r r l s  , r 1 r ( ,  r , \ , r l r l i i ) n  i '  t l r r ,  p l r x ' r , r l r r l c  i r I  r i i l i l l  o f

r  p r , r t r , , h r r r .  r | .  l r r l r , r i r , r r  l h i r ' ] r  h r r s  r ' r  ( ' r r l ) 1 \ '  t r ) r r ) ) r l

t ] l t r r r r ( . 1 ( r  l , r L f l  i ( ' j .  - ( ( l i ( j r )  j . l . l r r L r u L  \ h i r l r  t l r i r r r | s  t h t '

\ r L l l | { '  o i  r L  i u r i ( 1 i o r  ( L ' . i g r r t l t o l  i r ' f .  - { ' ( ' t i o | l  i  I  1  t  t ' l I i .  l ) r ( ,
c r r h L l l  i r I  r t i l i l l  i s  i r  i t . c l f  r  ( r ) r r p l (  t (  ( \ p r ' ( ' : : i o r ' .

l , ? . i . i .  \ r r r  1 , r t ' r r r L l  l r L l a r o c l c t  r ) r i l \ '  l r r r \ 1 i  r r ' s t r i {  l i , ) r r r

o r l  l h  l J p (  o I  t h c  r ' r t r ( ' : l r o l l ( l i r l i . i  i r ( ' t L r r I l  I ) r i r l r r x  l (  r  r L i : t )

r i r l r , r l  r | i t l r  i t  1 l l r i ' s i ,  f | s t r i I l i o r s  r r x J .  ( n  I r L r l  r i , ) t .  l , r i

g i v l n  l L l o r r g h  s p r t i l i l r r l i o r r s  i r r  t l r r '  p r r r r r r i L r l r '  l r r r r r l i r r g r .

L r  l l l ,  p | o r r , L l r r r r '  s l u l ( r ) r ( r l  : r r l r  l c s t r i r ' 1 i o n :  I r l l - 1  r ' r i

( L  1 1 h '  I , ( ' , ) l r . ( ' r \ ( \ 1 .

[ , ? , 6 .  ] ) r , l c t l r l .

1 . 7 . 7 .  l ' r L l l r r r l t l l  r L  l i r r  r  i t  r . r ' s

- \11 pcr. r r rutcr '  r l r , l i r r r i t r ' r ' .  a l r  ur(hfs l rx) i l  1o l r r '  r ' r l r r i lu

lcrr t .  \o r r r l lc .polrL,r r l l  l l , l l r r ' rL thf  I ) r r f rLrr{ , i  ( r '  r l ( l i rn i lcr- !

u s ( ' ( l  i I l  x  p r o f { , ( h r r .  s r r L l r , r x , r r  r r r l  t h r r : r , L L s c r l  i r r  t h c  p | o

cet lLrr ' r 'hc l r l i r rg is  lx l r ' ( ,1( ' ( l  lx '11)r) ( l  th l i l  rLrr l l rc l  l rc i r rg thc



srrrx' .  
' l  

hLls lhe irr ioIrIr Ir I i r Irr  (  ol lr( 'J]\ l  i ) l '  l ls i l rg tho chl)o

f l i t{  {rr( ' r  is f l l t i f ( '1,\ '  optl(nrr l .
1.7.1]. I ' rorrr lr trc l lx l l  erplcs.crl  i rr  rrxl
' l  

hc r( 'sl l i ( ' l iorLt i l t rpo:crl  r- ' rr  l |  ])r(x'( \ lLLrc si l | t frrx'r l1

r.rr l l i rrg r l rrrrr 'ct lLrrc hatirrg i ts irrxlv t  rpl ls.cr l  i r l  r lott

, \ r . r r o r .  r ' r x l  c v i r i r , n th ' ca r r  o r r l . r ' l r r ' r l t  l i v c r l  l l o r l  t hc  cha re t '

r ( 1 i " r i ( s  r r l  t h (  ( r x1 f  us f ( l  r r r r l  t hc  i r r t I r r 1  o f  t l r c  r r s | r ' a rL r l

thLr'  Irr l l  orr l . i r lc t l r I  sfopc r) l  th{ r( l ( ' r i  r I |c l trrgrrr l l {c

5. l)u lar l t  ions

I ) r , r . LL lL r t i o r r s  s ( r \ (  t r )  ( l ( ' l i t r { ' r ( ' r i l i r r  p ro l x f l i ( ' s  o f  1hc
( l l l r t r L l i l i | s  | l s ( ' ( l  i l I  l l u r  p l og l l l r r r .  r r r r r L  l o  r l s so ( i o t ( '  t 11 (  r ] l  N i t h

ick'rt i l ic ls. - \  t l l lLuetiorr ol rrr i rL rrt i l icr is vrLi( l  lor orI{ i

Lr lolk. Orrrsir lc thi" Ir lolk rhc prlr l i (  tr l .r l  i r l ( 'nt i l i r f  rrrr l  lx '

r r s t r l  i r I  o l l u r '  p r r r pos r ' .  ( ' f .  s f (  t i o r r  1 .1 . ; j ) .
I  )r ' rrrrrrt l r l l r-  this irrr lr l ics thr '  folkrt i rrg: l t  t  hr '  l i rrr l  oi  au

fr l fr  intr) r  l rLrk (thlorrgh thc lx 'giIr .  sirrrt  tho lalx' ls

i n . i r l l  r t l r '  L ru l  t r ( l  { h ( f f l o r r '  i r r . l l l s . i l r l c  I I l r l  o r r r s i ( l r l

r r l l  i , L  r r t i l u  l i  r L , r ' l u r c r l  l o r '  l l u  l r l r r l k  r ss r r r r r c  t hc  s i gu i l i

|err 'r '  i rrrpl i |r l  l rr_ th| rr l l l rut ol tho t l( 'c l l rr l t l iorrs gi |on

If thlse ir lcrrt i l i l rs harl  r t l l t ' l r lv bccrt r l : l inct l  l l -  olhcr

dlr ' lerrt iorrs ()1rlsi( lc th( ' . \ '  err '  i r l  tht t inrt h' i rrg girctr e

rurr '  . igr i1i lerr, ' r ' .  Idcrr l i l i t ' rs lhi lh erc rrot dc( hred for lhc

l)Lrn k, on th( oth( 'r 'hrr lr l ,  r | tr i rr  th| ir  old meanirLg.

-\ l  1]rf  t i rx '  of rrr cr i t  I lonr I  l r lolk i thlotrgh end, or hl '

r  g() 1o st l l l f l [ . l l t )  l l l l  i t l t  l l t i l iers rthir 'h arc r l tr ' ]ercrl  ioI

thc l i lor k losc thcir loct l  sigrr i l i t ' rrxr ' .
. \  ( l c r I r r x l i o r l  r l n l ' l ) .  r r l r l f k c ( l  l i t h  t hc  l d r l i t i o t r e l

( l f r l Ln lo r  o$n .  
' l ' h i s  

h t s  l h r '  I r l h l i l g  t l l i ' c l :  upc t r t  t  I c

c r r t r v  i r r l o  t hc  l r l r x ' k ,  t hc  \ x l l l c s  o f  o \ \ l l  ( l l r an t i t i f s  w iL l  l ) c

r r r r r , h rL r rgc r l  I l on r  t hc i r  v l h r ( t  l t t  t h r  1e . t  I ' r i t ,  l h i Lc  i hc

\ahus ol rLr ' la|cr l  |rLriel) lr ' , .  $hir 'h r lc rrr)t  rrr lrkcd 1ls o\\ '11

r r r ' r r r r L l i l c t l .  . \ pe r t  i t r r r r r  h l x l s  a r r r l  l o r l i Le l  p l L r&n l c t c r s

oi plolcr lrr lc rLl l :rr t t iorrs errt l  rr j th lht possibL' orccptiol

o f  t l r r x r '  I o l  s l l t r r { l l l r ' 11  f L l l l t i ( ) r 1s  l ( ' f .  su t i o lF  j i 2  l  and

:i .1.;r,  :Ll1 i(k,rt i l i { ,r 's r ' l  t |  p|ogrerl l  rrrust l)c dffhf.d. \ .)

i , r ,  r r i t . ,  r  r r ' . r r  l  , t , '  L r r ' ' . r  r . r , , r ' '  r h : '  r  ,  t r "  i r r  ; , t r r  , , t r n

l , 1ock  hce r l .
i . . \ ' l r lo : i .

n l f c l x t ! 1 i t ) r r  : : :  r t v l ) e  r L . t l r r i t i o l r \ ' x r f i | \ '  r l e ' l t r a t i o n

/s \ r i i ch  ( l cc l r r r t i , t r i ,  i t ) r , , ccdr f t .  rhc l l | | l 1 t io r ,

5 .1 .  f r t , r :  l ) r : <  r . r t t .  r t o r s

5 . l . l .  S v r r l a r

r l r l !  l i s l  : : :  i s i n r l ) l c  r x r i a l ) l e
. i r ) l )1 .  \ ' , t r i ! l ) le  '  ,  / lYPt i  l i s l

' t I I ) .  : : :  r e i l  i n t . s c r  I k x , l e r t r

r l ' r c ! l  , r  , ^ \ n  r \ l r "  : r -  i \ ' | c  o $ ' n  r l f c

, r \ l x  ( i , , c l r r r t i , ) n  : : :  l r t r l  o r  o r n  l ! l ) c  l l r p e  i i s i  I

5 .1 .2 .  I i t L r r rP I  s

i n t e g . r . r , r i , s

, ' v r '  l t o , ' l . r I '  -  l . r  r / , ,

5 .1 . : ] .  S (  r ) u r r t i (  s
'111x' rL'r ' l . r let io s sIr-r ' r '  io r lcclt le rcrt11in i( lcl l t i l i ( ' ts to

r (p r ( sc r l  s i r np l c  v t r i l b l s  o i  11  g i \ . l l  t Jp r '  l l { e l  c l t ' t l t r e t l

r l i r i r l ) l ( 's nrlLl orr l l  essrrrrx'  posit i \1'  ( t  l lcglr lrvc l lLucs
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irr r 'hrr l ing zcro.  I r I l rgr f  ( l ( ' ( ' l luc( l  Yt f i l l l )11 's I r r l I . \ 'o l I lv  l tss l lnrc

l rosi t ivc r ru l  u( 'get i rc i r l tcgfc l  v | | lL l fs  i l l l  lL ld i r rg zf l ( ) .

l lool 'urL r lcc larcr l  vur i lb l t 's  t r ru l '  orrL l  l ls"r lnrc i l I ( '  l l l r r ( 's

t rue rrd l : r lse.

l r r  e l i thnu, t ic  crpl r ' "s iorLs urr- r  lxr . i t iorr  lh ich t r r r  l , t '

or ' f r rp i r r l  I rv  , r  r f t l  d(  (  lur fd \ ' l l f i rb lc r l l r lY l ) ( '  { ) (  (  l l l ) l ( ! l  l , \ '

r l l  i r r icgc,  { l ( \ ' l . l r f (L \11f i l t l )h.

l i ) r  t h ( ' s f r l l r r l t i ( s  o i  o r r n ,  s c c  t h r ' f o r r l t h  l ) l r r l l g f r l p L  o l

s c r l i o l r ;  a l ) o v ( ' .

i ,2.  . \ r r r r . r l  I ) r : r  r , , r  r r . r ' t  ror-

; . 2 . l .  S \  n 1 c \

i l , , $ 1 . ,  l ,  n r r ! l  : : :  , , t r i 1 L n t l i c  f \ t , r F s i 1 ) n

i r l i l !  r  l ) . , 1 r ( l  : : =  i , f i r l r n , l i (  t  \ t ) R : s i { ) n ,
, l , , f r , , l  l , r i r  :  -  , l l r ,  r  l , r r r r r r l  :  l r r t ) t ) r f  l ) . u r r 1 l
i l r o , L r r l  1 , r i r  l i " 1  :  :  / l ' , i I r r l  l ) i ' i r  l ) , ! r n i l  ] , , , i f  l i s t ' , , l , , l r r r , t  I , r i f
, ! , f ! \ '  : c s r i ! r , r ,  : :  , , 1 | a \  i , | ' n r ; l i . r  l , l ) ( , , r I r i L  r , r i i r  l i s l  i

' , , r f , r !  i ( 1 . ! t i l i d  ,  r x r r x r  s . r r L , . r r l
r , r n r \  l i r (  : : '  i f r x \  : . A r i , f r r l  , ! r r r !  l i : r  , r r r r x \ '  n s . t r ' r f  '

( x ,  f r \  , k ( l i , f r t j l , n '
a r r r r  r r r r r r  l i . t

5. :1.2.  I  i r rut tp l ts

. r r r ]  a ,  / ) ,  . L ; : , . 1 : , / 1 .  s  ? i l ( r l
o s  n  i r r r c g . .  ! r r a r  . l  l i l  r  < 0  t t , . D  l  c l s t  1 : ) l 0 l
.cnl  r r r r r  t i  7 l

5 . 2 . 3 .  S c r r t r t r (  s

- \n arruv (L( \ ' lerr t iorr  ( lc(  hrcs () r r ( '  of  "crcral  i . lc l l l i l i ( ' ls

1o r fpr( 's(  Dl  r r r r r l t i r l inrc l rs iorre l  err l r ls  of  s l t l r ic l  ip t ( ' .1

var i . rb l ,s  arrr l  g i lcs th l  r l i r r r l r rs iorrs of  thc r rmls,  thc

l rorrr r r ls  o l  thr '  , { r i rs | r ' ip1:  rL l l ( l  thc t ) 'pc:  of  tht  ver iebl t 's

5 . 2 . i l . 1 .  S u l r s l r i p l  l r r u r r r l s .  l h c  s r r l ) s (  r i p l  l n n r r r ( l s  I o r

auJ' r r ra] '  l rc  g i lcu i r r  tho l i r t  srrbsl r ip l  l ) r l l (k f t  lo l l  r i r rg

thc i r l r ' r r t i f ic ' r  oI  th is r rn l l l  i r l  thf  i r r rn <r f  I  lxr t tud pai l  l is t .

I , l (h i t l rn of  th is l is l  g iYcs thc l l^rcr  rurd Llppcr horrrr . l  of  a

sLr l rsrTipt  i I  thc loI r r r  of  1\ 'o ur i th ln. t i ( ,  crprcssi(xrs scp. l '

ratcd l r l  thc dt ' l i r r r i i l r  :  lhr :  l rot r rx l  pr i r  l is t  g i \er  t lx)

lnurrr ls  of  r l l  sul )s(r jpts l lken i r r  orr ler  f lonr L ' l t  to dght .

l - r .2.1| .2.  l ) i r lcrrs iorrs.  
' l  l rc  r l i r r rensiors l r f ( '  g i le l l  . rs  the

ntrrn l r l r  of  lnt r i r :s  i rL thc lxrr t t r l  pai l  l is ts.

5.2, i t . i t .  T1'pcs.  ' \ l i  a l ra ls d l l lared i r l  orrc r let  lar l t ic-rn

lurc o i  thc str ru (L l lotcd t Ipf .  I i  r ro t lpc dc( lat&tor  is

givcn t ln ' t ! 'p(r  rc: r l  is  r t r ldolst<xxl .

i . 2 . 1 .  L u " '  1  r 1 p 1 '  -  l " ' r r r I l  " r p n  
- - i , ' r ' -

5.2.d. I ' l 'hr :  ( ' rprossi( r rLs * i lL l r t '  I ' ru l t ta lcd i l I  the srnn)

\vrr l  xs suhscr ip l  crpr |ss io ls ic f .  scr t iorr  i l  l  l2 l .

5.2. , t .2.  
' fhc 

cxpressiot ts can ol r l l 'dcpcrrd ol l  \ '&r i l r l )hs

and procedlLres \ rh i ( 'h l r tu l l r ) l l l (x ' t l  to Ihc l rbck lor  r t ] r ich

the rrnr l  declarat io l r  is  le l id.  ( 'o lNc(1l l { ) l l t l ) '  i r I  thc o(r tcr-

nn)st  t ) l (xk ( l f  a progrt  r  orr l l  l r la l  dc| lar t t ions Ni th

constrr l l  lx) r l l ( ls  r r lat  lxr  dcr l t t r fd.

5.2.d.3.  , \n ural  is  rLcl i ru l  orr lv  lhcrr  the vthr t 's  of  a l l

upp( ' f  sr l l )scr ipt  lxrr rnt ls  l r | t  r ro1 s l r la l l ( ' r  lh t l l  thosc of  th{r

( l rucsPon( l ing l  \1 ' I  l ) { )1 l r ( ls .

5.2.1.1.  
' l 'hc 

c\prcs. i ( r ls  r r i l l  bc c la lLta i r l  orx ' l ' l l t  . l fh

c l l t ru| l ( .  i l r to the l r l (x 'k .

5.2.5.  
' l 'he i t lcnt i t l  o i  srr l r .c I iprcr l  \ ' r r l i t l r les

l 'hc idcnl i iv  of  r  .u l rsc l ipt l r l  v l r iublc i :  I Iot  r rLr lc l l  to

thc sul)sc pt  l r l r l r r i , .  g i r l l l  i l I  thc ufr ty  ( l { i r ' l l rat io l l .  l lo \ \ '
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i f  e r r  r u r u f  i s  r L c l a l r r l  o r . n  t l r r ' r ' r r l r u s  o l  t h t

c o l r e s l x r r r r l i r r g  s r r l r * r i p t l r l  r r r i l l r l s  r i i l l ,  r r l  r n ) '  l i n r ' .  l x )

r l c l i r L r r l  o r r I  l o r  t h ( , s r ' ( t  t h c s t  r r t l i r L l r l r , .  l h i l h  h t v l  s u l ' .

s ( J i l r t .  \ \ i r h i l l  r ] r f  I u ) s 1  r ' r . c (  l h  r l r L r ' L l L L t u l  s L l l ) i ( ' r i p t

; - ; ] ,  S \ r ' l r  l l  I ) r i (  r . \ r t . \ ' l r ! ) \ s

5 . 1 | . l .  S I r L t r r r

: $ i , (  l ,  l L . t  . : :  r 1 r , . i s r r r r i , , r , r l  r r 1 , r r , . i , r r
( \ i , . 1  l i s r  ,  1 1 , ! i j l r 1 i , , r , , l  . \ t ) f c ' . i , r , l

, : \ 1 ; i c l ,  l , ! l , r , r i  r !  :  : $ i r , l ,  r r i r . l ' i l l f r i l r J i , r f  =  : \ r i l c l l i \ r .

5 . : t . 2 .  I i ' . 1 r r  1 r l , :

. u i r t l r  . r  :  , \ l . , s i l  / . ,  1 ' r ,  i l  , ; .  i  r l ' r ' !  s J  . l ' c  l l

. r {  i l  t . l '  1 , ,  : j i l  f

; . ] J , : 1 .  S { , r L i n r r l , .

- \  s r i i t r  h  r i r  r  L L l r r l i o r r  r i l l l r , r ' s  1 | r '  : 1 . 1  r i l  v L h r , .  r ) i '  l l r l

, 1 ) f r ( : p r , r L r l i r g ' l i t l h  r | ' s i g r r r r t o r s . ' l  l r r ' r '  r r r l r n s  r r r l  g i v l r r

o r r ,  l l  o r r l  r L :  t h (  \ r l r { , :  o f  t } r l  t L . i g r r L t l o r r L l  1 , \ l ) f l s s i { ) n s

I r 1 r , l . l r L  i r  r h  s \ \ i 1 , . h  l i . r .  \ \ i t l r  , , , r ( l r  , , t  r h ( * r ' { l i s i l l : , l r i r i u r r l

c r p r r ' . . i l r r .  t h , , r ' c  i s  r . * x ' i l t r r l  u  l ) , ) s i l i \ ( . i r L 1 ( g { r ' .  l .  j .  . . .  ,
o | t . r i r r r r L  I ' r  . ( n L I r l i r L g  l h c  i l | r r r .  i r  l l r { '  l i s l  I | o r r  l ,  l l  1 o

r i g l L t .  l h f  ! r L l L l l  o 1  1 h o  ' \ \  i l r l r  r l ( ' : i g r L r t o r  ( ' o f f t s | 1 )  r l l i r L q  l o

e  g i v r , r r  l l l L r  o l  t h r ' . r r l r s l l i p t  {  \ p r ' { - - i , "  i ' i .  s t i  l i o r  ; 1 . ; .

l ) r ' s i g r r a t i o r r a l  l - r p l r ' ' s i o r r " r  i s  l h L  v r r l r r r  r r l  t l u ' r l r s i g r r r

l i o D e l  t  : r p r t  s s i o r r  i r r  t h (  . \ \  i 1 ( . l r  l i ' t  h r L r  i r r g  t h i i  g i r  L ' r r  r  e h r c

as i ts  asso| iLr t | r l  i r r l |ger.

; . i l . l .  l l \ . I h u r l i o r r  o l  c r p [ , s s i o r r s  i | l  t L r '  . \ i t ( h  l i i r

. \ r r  c r p 1 1 , s s i o r r  i n  t h (  s \ \ i 1 ( L  l i s t  u i l l  l x  { , r r h r L 1 ( 1 1  (  r ( r ' v

t i l l r ( ' t h ( '  i t ( , I r  o l  t h (  l i s l  i r  \ h i | h  t h { ' f \ p f c s s r o | l  1 ) r \ L r l s  ] s

r(  I . r ' r ' ( , (L 1o.  usi r rg th(  r l l r f ( 'u t  | r r lLr | r  of  l ] l  | r | ie l , l {  : ;

invol lcd.

5,3.5,  I r f l r rorrco of  srr4 l 's

I f  l  s l i t , h  r L s i g r r l l r n  , r r l L r r ' - , , r r t s i , l e  l l l  s r t l r t  u i  a

. t u r r ) t i l r '  (  r r , r  r i J r g  i n l r )  u  r l , . . i g r  r t i  , r  r i l  r \ p f r s s i o r l  i ) l  t h c
- r r i r r , l r  l i s t .  r n ( L  l l l r  c l t h r a t i o r r  o l  t h i s  s \ i t ( h  ( l f s i g t l | l l o r

s{  l ( .1s th i :  r l ls igrrr t iorra l  o\ l ) r ' . .s ior ,  thcn 1l I ( '  ( t r l r f l ic ts

l ) i ' i r r c ( ' r  i h {  i r l t  r r t i f i c r s  i o r  t h ( '  ( l u x r t i t i f s  i r r  l h i s  l r p r c s -

s i 1 ) r  x r i l  l l r c  i ( l c n t i l i ( ' r ' s  s h o s c  r L  l l u n L t i o r r s  l l l  v r i i r l  a l  l h c

p l r l c  o l  t l r e  s \ \ i l ( h  r l ( s i g u r L l ( r '  t i l l  l l .  l l r r i d c d  t h r o r r g h

sui t11l) le s. rstarr l l r l  i ( '  l  iLrr r rgcs oi  the Ll l t r ' f  id( ' l r t i l ie I l . .

5.  t r .  l l ( ) (  r r t ) r ' r t r . i  J)r . , t  r , . r t r . r ' r ' tors

5 . . 1 .  | .  S \ ' r l a \

( f o r  n x l  r . r r L n r { r l o  :  , i , l . n r i { l e f '

1 l , , f , n r l  r , , r f a r ! t . r  l i s i  , : :  , f , , n t 1 1 l  l i r f r n r c l l r f
, l o n ! r 1  l ) x . , 1 n n 1 { i  l i s 1 .  , t ) i , r i r d . l c f  ( i f l i n r i l e r  ,
i lor . I l r r l  t ) r r ! " ( ' tcr '

( l 1 i f , , , r l  t i x f , m . t L r f  I ) ! r r  :  :  c , ,  l ) r l l o f r r , L l  I r a r r r t . t ,  f  l i s r  l
( i d . ! t i i n , f  l i s t  : : :  i , l . r r i l i l  f  , i 1 t , ' r l i l n r  I i s t  . , i  l e n t i l i f u
l v a l u e  l ) r r t  : : :  r a l , , .  i , l , r , r i l l ,  f  l i . 1  :  , , r r 1 r \

i s I e c i l n ' r ,  : : :  s t r i n ! :  l r t !  i r r r \  1 \ 1 , 1 ' r r r ! 1  I n l ) c l  r $ i t ( l l
pro.rdur.  r l l t ' f  prc. . { l " re

l s f c . i f i . r l i o r  I r x . t  , : -  . r t l , 1 r  ' . t ! t i 1 i ,  r  i ( i f t n i l i { r r  l i . i
i . r rc i f icar i ,n)  t ) r f1 s l !  cr l i f r  i ,LInr i l lcr  l i . t

( r ) r . c c , h r c  h . ! r l i n s  : : : ' 1 , r , , . r ! l [ ' f  i , l f  r 1 ; l i . l
, l ( rnrr l  I )ar ! r r t  t )ar t  i  1! i l r (  I ) r r t  ,s tx 'c i i i ( ' r i i , ,n l )  1 '

i r ) r o c e ( l u r e  l r r l \ ' ,  : : =  t s i x t f r ) , . r 1  t  r l f
(procfdLrfe ! l ( ic larr t i , t r ,  : : :

1to.e i l , , rc  r t )L, ,ccdutc hcr , l i rs  i t ) r ,nr( !hrr i  1, . ,h
t t t ! '  p .oced, , ro t t r r ( ' ( turu l , . ,L ' l i r ia  / t t1,ccdLrr .  l ) r ,d) ' )

5 .1 .2 .  I i r a r r rp | s  i . r I  a l r o  t l u '  c r i n rp l f s  l r t  t hc . l l r i  o f
lhc rf lxrrt  )

p r o r r r l r r n .  S | , i r  r r ( h 1 L f : t r r l l r . r r l l : , . .  i  r a l ' t  ,  i
r r r x l r  r  i l l . t l r r  i  r c a l  s  j

| . s i "  i " t r g . . l  i

l i ) . 1  : :  1  
" r . r  

1  ' , n r i l  ,  d o  s  :  r + d  / f . r , l

p r o , ! { l ' , r .  1 ' , , r . . / ) " r ,  r , r , ( r , , 1 . ,  , ,  I  } r l , n .  D  i
a r r n \  ' r  :  i l l . g . r  r  I
l x  s i r r  r r a l  t  i  i , , r . x . r  , .  I  i
l ' , . /  : :  I  r t . t r  I  ! ' r l i l ,  i l .

l " r  r l  :  I  1 i  " 1 ,  r ,  L ' r ! r i l  ,  { l o

l x c i r r  t r  :  a  r , /  ,
a t i t : = t | | . 1  ;

r r ' t , :  r  1 , r , , ' , . ! l u r ,  .  ,  f , n l  :

, \ l , / )  i l  | : - .  '  r , : l  t l , l i '  1  e l - r  ( l

p r o c " d r r r e  . i l . " r r . r , ,  - i / r ' : , r , ,  l l f . i t l r , , t l s r r l , s f r i t , l . : r t l r :
( o ' , , n ' r n l  i i ! ,  ! 1 , . ' , 1  r l {  * i . , r . ' 1  f l . r ' r . n l  , n  l l L r  n r r L l r i \  t ,

,  i  . i 1 .  ,  l j \  , , '  j .  1  r - l ( , r n , , i  1 r ,  i u j d l l j . " j i l ' : f r i t , t . , , l  1 l , i :

t . l r r L n r i l  1 , i i n 1 L  r ,  i
r r r r l  ' r  i  i l t . g t r  r .  , ' ,  / .  i  i  r . . l  y  ,
l x  s i ' ,  i " l r g l r  / ,  / /  :

f i , r  r t  :  I  ' l r p  L  u i ' l i l  , i . l ( ,  1 i ' r ,  . -  I  s l . p  I  u t ' i i l  , r  d o

i f , , 1 ' s  ! L f , , i  r > "  r l , t n  l x s i , '  t  :  a l ^ : a i ! ) r t l . ,  t  i  . :  p  t

. n d  o r i l  . 1 / ' r , . , r . f

p r , , c e , l r [ r '  1 " , , , ' 2  d , 1 i . i  4 . / , ] o ,  1 , r  ' / . i ' r l t f s r r l i r i , / )  i  r r l ' t . / r  i

i r r t r g ( r  1 . 2  :  r c i l  , . , , l )  ;

f o r  i ,  : -  i  r t . o  L r . t i l l  d o  s  -  ! + , X ,  ;

cn \ l  In t i t  rn r l r  I

5 .1 . : ] .  S( r l l l Ln tn  s

- \  p r , r l r l L r r ' r ' ( L ( ' ( h r x l i o r )  : ( f \ 1 ' r  1 1 )  { l ( l i l r (  1 h f  l ) r o ( ( \ h l r e

r issrx, i r l t ( ' r l  r l  j lh  l  p l rx l \hrr-c i r lerr t i l icr .  
' l lu '  

I ) r inr  ipr t l  (  on
- r i  r ,  r .  , , r  : ,  1 , r " ' 1 1 1 1 '  , 1 ,  l : ' r ' : , t i " r r  i -  : r  -  i , r ,  r r "  '  ,  r  : l

p i ( , ( ( ' o l  ( ' o ( l f .  t h (  p r ' o ( 1 ( l l l r c  I o d r ' ,  l l t i t ' h  l h r o r l g l r  t h r  r l i c

o f  p r ' ( n  ( \ l l l r ' (  s l r l (  r x ' r L l s  r t l r d  ( t  f r r r l ( 1 i ( ) r r  ( l ( ' s i g ' r r t o f s  D r t l ) '

l ) .  r r l i v r t c ( l  l i r r n r  o l h c l  l ) l r ' 1 s  { ) l  t l r ( ' l r l l k  i r r  l l r l  l r l t r l  o l

\ \ h i ( , h  l L f  p l o ( 1 ' ( h l r r  ( l (  (  l r t r l l i ( ) r r  : l p l x ' r l h .  - \ s s o t ' i r l r f ( l  \ i t l t

t h c  l x r r l r -  i s  : r  l r l r L r l i r r g ,  r r h i l L  s p t t i l i t s  ( 1 ' f t x i r  i ( l . r l i l i f r s

o I r  r r r I i r g  r i t i r i r  t h (  1 ) o i h  1 o  r ( l r r ( ' : ( ' r r 1  l r n r r l r l  l ) i l  l 1 t  r r  r ( ' 1 ( ' r s .

l i r l r r , r l  p r L l u r r i l t c r ' .  i r r  l l r L  p l r r r r h r l t  l r r x h  l  i i l .  l  h l r r l t  l I

l l r { '  l ) f o ( l r l L r f (  i -  r (  t i r r r l ( ! l  i r ' l  s ( ' r ' l i o r r  i l . l .  l  l l r r ( ' 1 i , , r )

I ) r ' : i g r  r r t o r ' .  r r r r l  . r , r  t i o r  I  i  I ' r ' r r r r l r r r '  l \ l N l r  L r  l l 1 i l

l , r  r r ' r i g r u . r l  t h ' ,  r ' r l r u , .  o 1  r , r ' r ' ,  t r I L ( 1 \ l  l ) \ ' r { ' t u r i l  l ) i r r r i n r t ' l i ' r s .
I L I  r r l i i i l | s  i r r  t h c  I ) f o r ' ( \ L r l f  l r r I  r i L i ,  h  r L I t '  r ] ' t  l , r l r r r r r l

r r i i l  l , r ' r ' i t h c l  I r l r L l  o l  r u , r r I o c L I  r o  l l (  l , o 1 l l  r I  p l r r r l i r r g  o r r

n l u l h l r  1 l l ' r -  n I r '  ( l r l  l r r r ' ( l  \ \ i l h i r  1 h c  l r r r h  o l  r r o l . ' l I i r s c

o f  l h (  r ) r  \ ' l r i ( h  u f l , r r o r r ! r l a l  t o  t h c  l r o r l v  n r r r l  l l l l  l l '  l o l u l

to t lu,  l r | r lk  i rL thc hcet l  o i  tvhi th lhe pr{x\ \hrr ' (  ( l ( { ' l r i r r

t ion appcrrs.  1 'hc plocerhrr t '  lxr l l  a luavs a. ts l ik( '  l r



b l o r k ,  r r h c t h I r ' i t  l I l L s  1 1 1 ( ' l ( ) r r r  { ) l  r ) r c  o r  r l o t .  ( ' o u s e ( t L l c D t l y

t i1 | ' . r , rDc ol  l r r . r 'Lr1r , l  h l r r . l l i r rg i1 s i r l t { ' l l r ( ' r r t  $ i lh i r l  t l re

l r r r l l  o r  1 ] u '  l r r r r l v  i t s l l f  l u r r  r r c v , r ' r ' r l c t u l  l r l v o r r r l  t f r  p l o '

l t r l r r l l  l r o r h .  l r L  r t I l i 1 i , , r r ,  i f  t h c  i r L t ' r r t i l i t ' r '  r , l  t  f o l r l t l

l ) r r L r n  l t , r '  i s  r L , ,  l l l r r l  r r r r r l  l i t h i r L  t l r t  p l o c r ' r l L r l c  l r o r l l

l i r r r  l r r r l i r r g  l ] ] ,  r ' r L ' r ' o f  i l .  r r . r '  u s  r r  l l t l r t ' l  l s  i r r  s L ' r ' l i o l l  +  l . : l ) ,

i t  i .  1 h ( , f . l r l  g i r i . r r  l t  l o l r l  . i g r i l i ( l n ( f  l n ( l  e ( t r u l  p r r i t n r

t ' t r  r .  l l r i r ' ] r  lor l ls l rorrr l  t , r  i t  r l t  i rL l t lcs. i l r [ '  thfor tg l r ( rLt t

t L i  s i o l n  r i l  l l r i .  i r n r , f  l i ) i r L l  r t L r l u t i t \ ' .

5 . l . l ,  \ ' u h r r , . , r i  l L r r r I t i , , r r  ( l { , - i g r r L l ( x '

l i r l  r L  1 r ' r r t r l L r l '  r I r ' l L l r r t i i r r r  t o  r L ' l i r u '  t l u  l l h x '  1 ) l  l !

t u  r ' l i , , n  r l r , - i g r l r r ) l  1 | r , f 1 ,  r I l L r s t ,  \ 1 i l h i r L  t l I '  p | o r t ' r l t t t t r

l , ( x h .  , ) '  r . L r f  | r p l i | i t  : r s s i g r r r r r c r r t  s l i r l (  r l l c ] I t s

\ i t h  t l r i  1 r r ' , r r r r l r r r ' r ' i , L , r r t i J i c I  i n  r r  l ( ' l t  p r L r l i  r l  L 1 ' u s i  o r r c  o l

t h ( , . ( ,  r L | | - r  l r r  ( ' r I r ' L r t I r l -  l L r , l  t h ( ,  l \ p .  l L s \ ) r ' i x t ( ' d  \ \ i t h  t h e

l r l o r r " l r r l l  i r L  r t i l i , , r  r L r . l  l , i '  ( l f ( h f { \ l  i h r r r g h  l h {  r L p p (  [ r

l l  ( r '  , ) l  r r  T l l n ,  r l 1  , l r r f r r l . f  r -  r h r '  \ ' r ' f \  l j r s i  : \ ' l ) l l ) o l  o l  t h c

I n 1 x , \ l l l {  1 1 ( r L L f , L l r o r .  l l , ,  | , ' t  r r r L r r ' ' r r  r r ' . i g r r c r l  i .  i t . r ' 1 1

1 o  ( 1 r  r j n L l ( , r l x  ( \ ' r L l l L r l i , , r ,  r , l  t 1 u , r ' r 1 ; r r , . . i o r r  i r L  \ | i r ' h  t h r :

l r r r r r ' t i o r  r L  s i g r r r r l o l  o { ' i  r r f .  . \ l r \ '  ( ) ,  n L r r f r r ( ' ( '  ( ) l  t h { '  p l o -

r r r l r u c  i r l r ' r r t i l r o  l i t l i r r  t l r c  l ! ! l r '  ( , 1  r l i f  l r l r r t r i r r l r ' r t t h t ' r
1 l I r r  i r L  l r  l i . l l  1 ) r L r J  i r  j ] | r  r . s i g r L r L (  r l  . l r L 1 " r r  r l t  ( 1 1 ' r r o t e s

r ( r  i \  r r i o r  o l  r h 1 , j ) f o ( 1 1 l | l r ( .

5 .  1 . 5 .  S l r r ' ' i 1 i r  r t t n t r .

I r r  t l r r ,  l u , r L r l i r r g  r  . 1 r r , ,  i I i r r r 1 i , , r r  1 r : u 1 ,  g i r i r g  i , r l ,  I r , , r r r i , ) l

e l r o r r t  t l r |  k i r r r l s  r r , l  l \ l n s  ( , 1  1 l r {  l ( ' f r r  I  i . , r  L i  L l  r ( r :  l ) \ '

r l r c i l r r :  r ' l  l r r  " 1 , , r , , r , -  
,  r  r , , . L r  l ,  r  i l  , 1 .  l r  t l r i s

t ' ' l  .  : ,  t '

S p i ' , i  , i L o o i . ,  t ' ,  r f  . .  i  L l - r ' ' r , l I L i  l , r ' r ' r L l L r t ' ( t f .

- < ' r  t i o r  I  i ; l  I  I  r r L r r s t  I ' r  . r r p | l i l r l  t r L r L  s p c l i l i l t t i o l s  o f

: r ) r  r ) r r i r r r (  t d s  r r r l | r l  l r l  r r | r r r r '  ( ' t .  . r ' r ' t i o r r  { . 7 . : 1 . 2 )

r r r r r l  l r ' o n r i t 1 r , r l .
j i . 1 . 6 .  (  r x [ '  , r .  p r o l r r L r r r l  l r l l r '

l 1  i .  l l r ( l { , r r 1 ( n x l  t h l l  l h c  p | o r : r t l L r l c  l r o t l v  r t  I  I x :  c x

prt ' - r , ' l  i r r  rurrr  . \ r . r ;ot ,  l r t r rgrregr.  Sir r r 'c  i t  is  i r r t f rLdul  thr t

t h ( '  r s ( '  o l  l i r i s  l i ' l t L r f { , ' } r r l r l l  l r t  l r r t i l r ' l r  I  r l r r l s l i o l  o i

h a r ' , 1 \ \ r l r '  r c p l r . s r , r r l i r l i ( ) r .  r )  I l l r t l l (  f  ] l l | ' :  ( t ) r l ( r l r L i t l g

th is cork l r r r rgrrr rge l rLrr  l t  g i r l r r  wi1]r i r I  thc re l i ! ' r r t r { l

hrgl t l l t l

I i ranrplcs of  I ' rour l r r re I ) ic l . r ru l ions:

l . \  \ r r f r , r ,  L

p r o c e r l r r r e  r r l ' i  l . t t l , : r r t , . t ) . ' )  / i r r l  ;  \ r l u r  r r t ) ! .  l . , r  ;
i , , r .c . r  l i r r  i  real  l rocer l r r rc . i r1 i  real  saa' ,  '  r rs  .
. o ' , , n , . , r 1  ,  r l , f  ( , f r l ) L r ( r .  1 l L . : L  r i ,  , , 1  . 1 , 1  i )  f , n  i  l r , , r t r  r r r , ,  r L I  r o
i r i i r i l \  1 , t  r , , ,  ! J , .  , , i  ' L  ' L L i r r l , l '  \  r f J i t r { , 1  , r r j . f l r r r r i l , ) r n r ' r j , , r ,  l h .
. , r i , , r i r , , ' i , , I r i . . r , 1 , t r , l , . . r , 1 . 1 , r ' l r r , r l ' - t , L " i , r , 1 s . i l ) [ l l ] , , i 1 , . ' ,
j r r r l ,  f , , l L r L . , l l l L L  l ' r i L L - ' r 1 1 , ,  n ! ' , . n ' , i , ' , t  r ' ' i , .  r r , ' l , , r r ' , L l  L l '
i r . - .  t l L , r f  , 1 , .  l l t  J , , ! .  1 , .  . 1 , , L L l , l  l : ,  L i '  L  i L r r t l i , ' r  . i , i  \ , ; r l , , ) r ,
i j r ' , !  L  i , r { r r ' , , , r . , ,  r t " r  l , , , , r l , l  , / ^ , r ,  1 , 1 , ,  i , , r , ! , ' r  r , '  l 1 i , '
,  .  t , , . 1  i -  r i , ,  , , , . 1  ! i , ,  I  I  t , , ! r i  ,  .  , l l i , i . r r r  i r  r l l  ( r -

r f r - r  i , ]  f , r ' . , ' r
l !  A i .  i r t r  ! '  r
r  ' r  - r : : L !  i , , i l  . ,  t l  , ! ' .  1 r :
i t . t t t , t , , :  :  l l  :  , , , ,  . r , l . i  i

l i ' r  / ,  -  , r  s t . t ,  L , r ' t i l  r  d o

lx  g i r r  r '7 ,  :  , , t r  l i r f l .  
' )  

;  , ,  L l  :  , i '

, r !  :  , ,  t  .n ' t  ' r !  iu r  ;
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i f  i a r s  i I r ) < r t  r i t n  L a ] ) r . ' .  i r  <  l ; )  t  l I t I ,

b . s i n  l s  : -  t r f ;  2  |  |  : :  , - l  ;  , r  ,  : -

, ,D  er  rcccp i

+ | s .  d s  : =  , ' n  i
s d , : :  s , i l r  I  r l s  ;
i l  ( r r ( l $ r < , / , s  t l , . t ,  1  r :  /  I  I  . l s e  I  : =  ( )  ;
i f  l < 1 i , ,  t h e n  F .  i o  , r r / l r r i

l  \  r l t , r - t :  l . '

p r o c r r f r r r e  / i / i . 1  , t . , , 1 l i 1 , t , s t t , r . . t l ) . r l ' - . / i r  :  . r 1 , , .  . r  '  :

i r r t r ' ! r . .  ,  :  l i , ' , j . r ' r  . / r  ;  r c i l  r , / ' s , l ' r . r l  i  ! r r . r

1 , ' r l i  ;  p r , x t d r r r r 1 A 7  :

. . ' t r ' ! , . n t :  / i l i  i '  r , j l r r l s  i h , i  : \ : 1 t r , L  r . ' = . r  I ' r L . r  r '

t l =  1 2 .  . . . ,  , , 1  , 1  i : , i r r l i , L l { ( l r r x 1 i , , ! : \ ; r l L l l j c r L L l t l , ! l  , l l l  , r , c t _

l i r t 1 i r  $ i r l ,  r i r r i { ) r : ' I i r  ' t , , r i h  f , ' r  ! | l i r , , l r i , t l f  l ( , i { 1 1 , , I  r r r i t  r r , j r l i n

i 1 . t )  l ' i , , r , n ,  1 r r s , r r ' :  l  l , , r  i r i t i r l  r , , l , r c r . r  r t , r l  r /  t l , r ,  r  r ,  l  1 l  1  r f

L r , r \ r  I L L r . l i t f s  r . : r .  l i L r  r , r , l . r  r , ' l  t l , r ' ' r . t r , , ,  l l , , ;  c t  L : "

I  I \ ' 1  . t , t . \ . :  \ l i i r l i  J , t , i ' i f ! r s  r l , { r  " \ s r r , n  
1 , ,  l I  i i , i ,  ! .  ]  ,  L  l

1 l | c  n r  , ' l  i r ! , l i ' f i  i i  l l r f  1 , , l . f r r r ( ' ! : i l r ! s . t '  x r L l  t r  ! ' r ,

a t  \ i . , r L  i l i (  , L r . r r , ( \  , ' f  1 1 i .  r r r J , L f r i . , 1 l  i n r , s , r r i , r ' l l ! ' t r . i , '

i r r c g r , r , " r , r r , r r , l r / i  
' l h c  

t r r l l ^ r r  t r ! r x l n . r . r  t l -  ' j l L r t  ,

s r n l :  l h ^  s , l  t i i  , f  , r r  . . , - x l l .  f l , f  l l , , . , l . r D  y d i , L 1 , l ,  . "  \ r r ,  '

: , 1 \ N \ :  l ! .  A i r ,  r i  l l L f  \ i r l u c  l n , e  i , , r , i r '  i . , l i L l f ' l  , , ,  I i r . :  1 ' ,  \  r r , r ' ,

/ i / i  l l  l , , \ ,  \ ,  r  1 l , ,  r r J i ( l i o r ' J / r , r i r l [ , , , r i l  r l , l r , , t  '  L  i  I  '  ,  i  L  L  I  i  ]  (  '  I  '

I , , , i r 1 . . ,  , r  r  .  1 1 , . f  1 l ,  t ' , , (  , l , r i '  r ,  r  - r  j i  ( r l l , ! 1  r , l r  i r l

r , , l l r  r i r l ' , - , . r l l  r .  . 1 , ) r  / : o .  1 . . , r  l )  r r r l l  l l , f n  ' 1 , '

l , r 1 , . r  {  , l l .  r  , 1 ,  r ,  , r  r l r l ,  t i . - f a l s e  ! t I i c J i  ! r v . s . . n ' t ) ! t r " s  t ' , . r '
' l h , , r  

1 , ,  : i  r , . : , ,  /  A 1  r L , r ' t  l t r  r ' . r . r , t l l c  o t r 1 t ) L r r ] r ! r : ' r n e l l l

:  ,  ,  r  ,  ,  ,  .  ,  ,  ,  >  ,  1  r  .  ,  ,  r , 1 , , i r , , 1 i \ c s ; l : l = , f r ( r , r r t t l , ' r t r ] . . . . . r L r l l

|  , i  '  : , r r ,1  r  l !  1 r r :L  /  .  - \  l , r  l r c f l l i r r .  .o r iP  en tc ls

anar  : , r l  ' r2 , i r l l L1 :n l  i  r t ! l  r l . J : . . .3 , i1  I  In ro l .n I r  r r l  ;

in teg . l r  l  i  i  own rea l  s . I I s  ;
p ro . .durc  / lA1S7 ' f r .? / , / i , r . . t ' r l  ;  r ( ! l  1 , r ,2 .  i  a r ru1

t | , ! r  I
c o N n c r r t :  l i A l S ?  l n l e g n r c s  i n r  s i , ! s l e  l a l ' \ ( ; l i  l i L ' I L \

$ i r l ,  i r i t i r l  \ x l r f . . . r i i l  $ | ' c h  I i . l d s  1 i r f . r ' t p ' r t

t , u ! r ! 1 . r s  r . = r + [  i L t d  r r l t ] ,  t h f  l r t l e r  r ! r r r s  t l i c

s r h r l i ( D  r l  r , .  I r r p o f l N l r l :  t h u  p x r m r c l ! f s  r .  I A 7 -  :

c r l c r  l?1 i lS7  rs  r l jD l t )cx l  cn i i l i es  i

i r . a r '  t r l l , r l ,  i l L i 5 l  ;  i , , t . s e r  { . j

d l r l  -  a  ? l  =  u l i  : :  h t 2  ;  a l : l l  : :  4 . 1  : :  i i  i

i , r  I  : =  I s r c p | ' r n t i l r d o r . [ ] : : r ' l t l : = , t i l l  ,
f o r i : =  I s r . r ,  I  u l l i l  1 , l o

/  l i7 'L r . r ' . r ,  :  I
! ,  : -  ' .  I l i  ;
f , ' r A  : =  I  s l r p  I  u n t i l  n  d o

|  :1 .  : .  , | ) .  I  r , t  f  . l ]  1

i ' i  : , , 1 1  . I  a r l l > : l r , i l

" l l , i -  l t l ,  t ) r , , i r  L ! i 1 r ! i i , , , , ,  ' , ( {  i , 1 { i s $ h i c l i  ! f 1  h l r l f ( l

t ,  i , i , i . , , i  ' .  \ , , r . r .  \  r , , , , ( - .  j '  i  r l L L ,  s r r l )  l , v s ( ( p  i n t c { h r i , , i  o i

. h l r r  r ,  r  r I  I  . i l , r  r r  , .  c r ) f r t ) r r t r r g  l i r r r | l i i . c ,

l 1 ' : , r  r , , , , t .  / ' l , i  . i , !  ; i  l r r i l r ,  l r r  i i , , ( l  l l  I  r , , t s r . R t r .  O n  t h f

, ' , l r 1 i  , , L , l  r , , ,  r  , I i ; : ,  r ,  r  r i  L I  c i r r r r r i i , r L .  $ i r l ,  ( l i s i l i r l  . , , r r t j , i l t n g

, , , r f t i , , . .  /  . . , '  / " r ' . . r , , i i s /  l N t , ' t . [ . , r ] ! 1 .  ] / , .  1 1  l l l r , l ( ) ' .  l n l  l ; : .

|  ,  \ r ' ' . r . |

: , r , , 1  , , ' L L ' r . 1  t  r i , ,  i t  .  \  ' , , "  l i ,  , l ) r : i i : , , 1  r t ' ,  l , r ;  i i  r c i ' r l l l r "

r ( , 1  L r  r i  i r ! 1  l r r )  x  c !  r r t r  r l !  f
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cnd / i { l l i ' l  ;
t J , :n ; ,  4  pn)a td t t :

i f . / i r h ( n l ) . g i i  1 l  : = . t l i  . r  ;  s  - 0 e n ( l c l s c l l : =  l . l s

. r 1  . -  1 : , 1 : e  ;

. l  I  i f  l " l  1 /  , / -  u  / l  ( l  t l r , r

l )p i . i ' ,  / / s  : -  l I  I  D l t t  :=  t ru t  :  . I1  : :  l J l l  r l  I

/ l /L l , \7  r . r .?X l . { . r1 . , ,1  i

I l l J :  / r 'A l , ( /  1 . r / . /1 . . . : . i r - l r  i  / i l i l r l  l r l1 r?  l1 , r l l . t l l r  j

l i ' r l  -  i  s i e p  l , , t , t i l  I  ( l o

i f  r , D t . r , 1 t i  . r : j . L l . , r l  > , / , '  r l , t t '  g o  l o  (  (  ;

c o n , n n i r L r  i . D / , i 4 , 1 , . . 1  i J  t  j L r l c t i ( t i  ( l $ i g r r , , l o r .  i L o  v x l L L e

o l  w l , i th  i s  th f  ! l ) . , ,1 , r i .  \ ' ,L l r t  , , f  l l n r  ( l i lT f rencc  o l  rhc

. , . l l 1 . i ss i r f  t , l  d  xnd r ,  l l l t r  l l , f . \ l ) t t r ' l r l s  o f  ther r  { l r r rLn

t i t i { r - "  h rvc  1 , . .n  LL i ,dc  t ( l r r i l  to  1 l (  la fs . i t  o l  t  hc  r \ l ) r i r f r ' l s

o l  tho  1) r iA in ! l l !  g i ! f , i  t , ! . r t !  l f r s  a ,1 ) , .  :

r  ' -  r i l  i  i l  r r /  t l x i r  go  t ' ,  / r1 )  :

f , ) r  l  : :  I  s t . p  I  u , ' t i 1  ,  d o , / l ^  : :  r / : J  I  :

i f  s : 5  t l x ' ,  l ) r g i ' ,  s  :  0  i  I /  , :  : l x l 1  . n , l  i i  ;

s  : =  r + 1  :  g o  t o  . 1 . 1  i
C( : :  l I  -  0 . i>< l l  i  ' , , /  :=  f t r l s .  ;  r ' l  r :  12  :

l i ' r t  :  I  s r . r ,  L , ' , t i l  , , l o , / l L A  : :  r l A l  ;

l ) l J :  t i r  l t  :  I  
" r c r ,  

]  , n t i l  ' t  , l t  , t l i : l l  : :  : t L l l l

\ t . P  \ l l l . .  l ' l ( ,  1 \ l l l . l \  o l ,  l ) l , t  I \ l l ' l ( ) \ s  ( ) l ,  ( i ( ) \ ( I L P f s  \ \ l )  s \  \ 1  \ ( : l l ( i  t  \ l  l ' s

. \ l l  i f f , , 1 n r t . i  r r . { r \ i ,  r i L r , r r A l  ' c r r , , r  r r i , l r ' f s .  l l !  r c l . f . r r . , ' s  r r ' r i r , r ,  i I  r l n !  ! n , r r l ^

r L f  1 , ' l l , , r i r L x t l r ' r l ' l ' r , \  ! , i , ' r L  i l 1  l  . r ,  l , r ( r n l  r r l l , f : r D l , t f l i f ( 1 , ' l i r t i r i l t r  r f , r r r r , r r { r \ 1 ' , i

c r r c r . , ,  r r . , : , l r  , t l , ' 1 . ( l  i n  l l i { r  d c f  s r , r " l )  ,  r '  r , n  r ( t n , ' 1 ( r l .

r , . r r  I . , l l ( , n i , , (  1 l ! . \  ) r l l  r f r l  .  1 1 , (  n  r t  n ' r ( ' c s  1 .  ( L  l i r i r i , , r s  A i \ , ' r ,  i r ,  r l ) .  r , ' r 1  !  * l \ ,  I

l , i t r i .  l r r , , ,  ( , , l l f f 1 f r i , r l  1 1 1 , ,  l , , , i . L r r ) 1 r s .
' l  

l  r  r : r , , : r r 1 , l  .  l , r \  |  l r  . r i  i s n , , f f t l  i , ,  f , i r r f i l i r i q  I  l ! '  i ! ( l f \ '

' 1 ,  
! !  :  . \ t ) ( , u c n t i . 1 ; , r r

< ,  : .  : ,  : .  > .  , : ,  " , ' .  n h i i , ) x : , 1  , r l ! r x r , , f

- . .  - j ) ,  V ,  r .  r fe :  , lL , j l i c , t l  o l ) f f !1 , ! '

. ,  s f c :  ( l ,  c i h i r l  t ) o i " r

: = ,  s r r : :  c o l , r r  r , t L t r L l

I  i ,  s i c r  l ) x r i  n 1 L . : r r

I  l .  scc :  su l )sc f i r r l  l ,uck f t j
'  - )  s c c : s , , r r n g  r i L l o l c s
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CHAPTER 7b

Fea tu r  es  o f  ALGOL-60

vh ic t r  a re  changed in  ALGOL-20

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

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

n u m b e r s  r e f e r  t o  t l i i s  m a n u a l .

2 . 1 O n l y  u p p e r  c a s e  L e t t e r s  a r e  a v a i l a b l e .

2 . 2 . 2 , 2 . l  T h e  b a s i c  s ) ' m b o 1 s  i n d i c a t e d  b y  u n d e r L i n e d  i d e n t i f i e r s  i n  t h e

r e f e r e n c e  L a n g u a g e  ( b o L d f a c e  i n  t h e  r e p o r t )  a r e  r e p l a c e d  i n  A 1 g o 1 - 2 0

b y  i d e n t i f i e r s  \ t i t h  t h e  s a m e  s p e L l i n g '  T h e s e  i d e n t i f i e r s ,  w h i c h  m a y

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

f i e r s " ,  I n  a d d i t i o r l ,  c e r t a i n  o t t i e r  r e s e r v e d  i d e n t i f i e r s  h a v e  b e e n

a d d e d

2 . 3

o  A 1 g o 1 - 2 0 .  S e e  C h a p t e r  2 ,  p a g e  3 f f .

A  change to  a  new l ine  o f  inpu t  tex t

a s  i :  b  r a n k  s p a c L  ( e x c e f t  t l r a L  . j t r i . g s  m a y  ) o l

a  l i n e ) .  S c e  C l , a p t e r  6 a .

h a s  t h e  s a m e  s i g n i f i c a n c e

cont inue beyond the  end o f

T h e  c t i a r a c t e r s  ?  a n d  -  a r e  n o t  a v a i l a b l e .  T h e  c h a r a c t e r s

a n d  z  a r e  a v a i l a b l e  i n  d i f f e r e n t  f o r m s ,  S e e  C h a p t e r  2 ,  p a g , e  2

I d e n t i f i e r s  m a y  n o t  c o n t a i n  s p a c e s .  H o w e v e r ,  s e e  C h a p t e r  2 ,

f o r  a  l t e r n a  t  i v e  p u n c t u a t i o n .

S e e  C h a p t e r  2 ,  p a g e  6  f o r  t h e  r a n g e  o f  v a l u e s  o f  m e a n i n g f u l

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

s t r i n g  q u o L L ,  s t r i n g s  r l a y  n o t  c o n L a  i n  s t r i n g s .

3 , 1 . 4 . 2  A r r a y  s u b s c r i p t s  a r e  t r u n c a t e d ,  n o t  r o u n d e d ,  \ , / h e n  t h e y  a r e

e v a L u a t e d ,

2 . 3

2 . 4

p a g e  5 ,

2 . 5

numb er s .

2 . 6 . 1

3 , 3 . 4 . 2  ;  i s  n o t  a v a i l a b l e .  S e e  C h a P t e r  2 ,  p a g e

3 . 3 , 4 . 3  1  p r o d u c e s  a  v a L u e  o f  t y p e  r e a l  w t r e n  i t

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

?  i s  n o t  a v a i l a b l e .  S e e  C h a p t e r  2 ,  p a g e

3 . 4 . 6 , i  =  h a s  t h e  s a m e  p r e c e d e n c e  a s  = '

3 . 5  A  l a b e l  m a y  n o t  b e  a n  u n s i g n e d  i n t e g e r .

4 . 1  A L G O L - 2 0 d e f i n e s < p r o g r a m > : : . { u n l a b e l e d

cornpound-  .  Thus  the  f i rs t  charac ter  o f  a  p rogran-

2

I S a p p  l i e d  t o  a n y  c o m -

8 .

b lock)  l (un labe Led

must be a -!.9..
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/ 1 \ I t  t h e  f i r s L  o c c u r r e n c e  o f  a

i s  - t ,  i i  r n J  i s  , .  : L  L . c L  . 1 1  I a r a n i . c e r ,

a s  a  I a b c L  i n  L h : l t  b L o c k  h e a d .

Labe l  in  the  b lock  in  ! ^ /h  i cLr  i t

i  t  i s  n e c e s s a r y  t o  c L e c  l a r e  i t

4 . 6 T h e  c o n l r o l l e d  v a r i a b L e  i n  a  f o r  s t a t c m e n t  I n i l y  o n l y  b e  a

s  i m p  l e  v a r - i a b l c .

+ . / . J . 1

5 . 2

5 . 4

5  . 4 .  - >

A r r a y s  c a n n o L  b e '  c a l l e c l  b y  v a 1 u e .

Dyr - ranr ic  o ldn  ar r i : l ys  a re  no t  a l lo rved.

R e c r r r s i v c  p r o c c d u r e s  a r e  n o t  a v a j l a b l c .

A l 1  f o r r n a L  p a r a m c t e r s  n u s t  b e  s p e c i f j c r d
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CITAPTER 7c

Res t r i c  t ions  on  ALGOL-20

t o  t r a n s f o r m  i t  i n t o  a  s u b s e t  o f  A L G O L - 6 0

T[ re  user  o f  ALG0L-20 may use many ab iL i t ies  wh ich  are

A L G O L - 6 0 ,  s i n c e  t t i e  t r a n s l a t o r  a t  C a r n e g i e  T e c h  i m p L e m e n t s

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

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

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

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

n ^ t  n r r l _  o f

an ex tens  ion

o u t s  i d e  o f

h i m s e L f  t o

l a n g u a g e .  T o

Anyth ing  wh ich  g ives  a  no te  (except  fo r  no tes  L  and 2)  ind ica tes  a

dev ia t ion  o f  ALG0L-20 f rom ALGOL-60 and so  shouLd no t  be  used.

A 1 1  L e f t  p a r L s  i n  a  s t a t e m e n t  m u s t  b e  o f  t h e  s a r n e  t y p e .

B o o l e a n  v a r i a b L e s  m u s t  n o t  o c c u r  . l s  p r i m a r i e s  i n  a r i t h m e t i c  e x p r e s s -

i o n s ,

A r i t h r n e t i c  v a r i a b L e s  m u s t  n o t  o c c u r  a s  P r i m a r i e s  i n  B o o l e a n  e x p r e s s -

l o n s .

Go must  be  fo l lo \ " red  bY to .

Noth ing  may be  assumed about  the  in i t iaL

i n g  9 9  v a r i a b l e s .

r ' . "  i s  n o t  a  L e g a l  c h a r a c t e r  i n  i d e n E i f i e r s .

C o n s L a n t s  m a y  n o t  e o d  \ . r i L h  a  d e c i m a l  p o i n L .

Var iab les  may on ly  be  o f  type  gg ,  in teger  o r

The va lue  o f  a  fo r  var iab le  i s  undef ined a f te r  the  fo r  s ta tement  has

T , , n  r ^  . ^ m n l  a f i ^ n

I f  a  unary  opera tor  foL lows another  oPera tor ,  i t  and  i t s  operand must

u s u a l l y  b e  s u r r o u n d e d  b y  p a r e n t h e s e s .

v a l u e  o f  a  v a r i a b l e  -  i n c l u d -

Boo 1e  an
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N o n e  o f  t h e  f o l L o w i n g  e x i s t  i n  A L G 0 L - 6 0  a n d  m u s t  n o t  b e  u s e d :

o c t a  L  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  c o n s t a n t s

s t e p , ,  . \ t l . r i I e  f o r : - L i s t  e l e m e n t s

p r i v i l e g e d  i d e n t i f i e r s  ( w i t h  t h e i r  p r i v i l e g e d  r r r e a n i n g s )

l a b e L  d e c L a r a t i o n s

n e s  t  e d  s r b s t i I L r L i o n s

t h e  o p e r a t o r s  J  a n d  -

the reserved \dords BqS ! qifr, and npr!

L  i b r a r y  p r  o c e d u r  e  s

S Y  s t a t e m e n t s

C O  s t a t e m e n t s

WHAT

t h e  o p e r a t o r  -  u s e d  t o  m e a n  =

i n p u t / o u t p u t

l l  comment  c  onvent  ion
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