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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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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 .



A L . 3 d , 2

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

6 v n ^ h 6 n | .  i c  e  f  ^ . 4 . 1

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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