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Remarks on the t r ans put  s ec t ion o f  the  r ev is ed r epor t  on ALGOL 68

by

D. Grune, L.G .L.T .  Meertens , J .C .  v an Va le t  & R. v an V l i e t

ABSTRACT

This  document i s  t he  depos it  o f  a  thorough s tudy  o f  t he  t r ans put  s ec t ion  o f
the Revised Report on the Algor ithmic  Language ALGOL 68. I t  i s  es pec ia l ly
concerned w i t h  the top ic s  ' p o s i t i o n in g ' ,  ' l a y - o u t  r ou t ines '  and 'mending' .
This  r epor t  c onta ins ,  amongst o ther s ,  a  complete s e t  o f  r out ines  on for mat-
less  t r ans put .  The document i s  intended t o  be discussed a t  t he  meeting o f
the WG 2 .1 .  Standing Subcommittee on ALGOL 68 Suppor t, A p r i l  7- 10,  1974 a t
Cambridge (England) .





During the pas t  months, t he  ALGOL 68 group a t  t he  Mathematical
Centre have devoted the la r g e r  par t  o f  t h e i r  t ime t o  s tudy ing
the t r ans put  s ec t ion o f  the Repor t T h i s  has r es u l t ed  i n  the
unear thing o f  var ious  phenomena, r ang ing from r i l d l y  s u r p r is ing
to  severely  shock ing. Many o f  these were concerned w i t h
in s u f fi c ie n t  c hec k ing a f t e r  a  C811 o f  an event r ou t ine .  Sinc e
then, a  s er ies  o f  changes t o  the  t r ans put  r out ines  have been made
or proposed, in tended t o  remove the wors t  o f  these phenomena.
I n  our  op in ion ,  t h i s  ob jec t iv e  has on ly  p a r t i a l l y  been reached;
although the  check ing i s  per formed much more thoroughly  now
( to some ex tent  a t  the  c os t  o f  the r e a d a b i l i t y  o f  the  r out ines
concerned), t h e  r eac t ion  i f  these checks f a i l  i s  o f t e n  s t i l l
suTpr is ing. I n  par t  A o f  the present document, t h i s  p o in t  i s
elaborated upon. O ther  remarks ar e  g iv en i n  par ts  .13, C and D.

Since i t  was no t  c lea r  t o  us how some o f  the ob jec t ionable
s ituat ions  c ou ld  be pr oper ly  mended w i t h i n
-
t h e  p r e s e n t  
f r a m e w o r k

of  r ou t ines ,  (whic h are complicated enough as  they  s tand,)
we have worked out  our  suggestions by  des igning ourselves  a  new
set o f  r out ines  f o r  check ing, p o s i t io n in g  and r ending,  whose use
is  i l l u s t r a t e d  i n  pu t ,  g e t ,  p u t  b i n  and get  b in .  The t ime  has
f a i le d  us t o  t r y  and b r ing  t h i s  s e t  aga in  i n  l i n e  w i t h  the
present s e t  o f  r out ines ,  a lthough ther e seers  t o  be some
func t iona l s im i l a r i t y  between, e , g . ,  o u r  ensure l o g i c a l  fi l e  and
the newly  proposed check l o g i c a l  pos , o r  our  ensure page and the
newly proposed get  good fi l e .  ( We have n o t  s tud ied i n  d e t a i l  the
formatted t r ans put r out ines  e i t h e r . )

Parts  E,  F  and G c onta in,  r es pec t iv e ly ,  a  summary o f  some
proper t ies  i n  which our  r out ines  d i f f e r  f r om the pres ent o r
proposed system, t h e  t e x t  o f  the r ou t ines ,  and a  l i s t  o f
pre-  and pos tc ondit ions  as s oc iated w i t h  t he  r out ines  t h a t  may
help i n  as c er ta in ing t h e i r  cor rec tness . We hope t h a t  ou r  e f f o r t
may c ont r ibu te  t o  b r ing ing  the t r ans put  s ec t ion  i n t o  good shape.
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A. T o  loop ,  o r  no t  t o  loop?

In  t h i s  s ec t ion i t  i s  argued t h a t ,  i n  order  t o  a l lo w  the us er
to s upply  a  reasonable system o f  event r ou t ines ,  t h e  f o l lo w in g
requirement s hould be met:

I f  the us er ,  thr ough h is  mending, commits a  c r ime
d i f f e r en t  f r om the one t h a t  caused the ev ent r ou t ine
to  be c a l led ,  t hen  t h i s  new c r ime w i l l  be s igna l led
also by  the  c a l l i n g  o f  an event r ou t ine .

Examples ar e  g iv en where the  pres ent system o f  t r ans put
routines  f a i l s  i n  t h is  res pec t.

Consider the  f o l low ing  s i t u a t io n :
• a  t r ans put r ou t ine  i s  c a l le d ;
• i n  the  sequence o f  tes ts  preceding the  t r ans put  ac t ion ,

an "ev ent"  i s  detec ted;
• t h e  corresponding event r ou t ine  i s  c a l le d  and r etur ns  t r u e ;
• aga in  an event ( pos s ib ly  t he  same one) i s  detec ted.

The ques t ion i s ,  what r eac t ion  t o  choose i n  t h i s  s i t u a t io n :
a) t o  c a l l  again an event r ou t ine ,  and so on,  w i t h  the  r i s k
of  a  pos s ib ly  i n fi n i t e  l o o p ,  o r
b) t o  c a l l  undefined, ev en though the us er 's  mending was perhaps
quite  reasonable and would not  have caused a  loop.

I t  appears t h a t  we have c o n fl ic t in g  des ir es ,  on  the one hand the
des ire t o  prevent loops ,  o n  the o ther  hand the des ir e  t o  a l low  any
reasonable way o f  mending. The AB v er s ion o f  the  t r ans put  r ou t ines
contains some compromise between these two des ir es .  F o r  example,
the f o l lo w in g  cases may cause loops  ( c f ,  t h e  thes is  by  R. G . F is k er ) :

• pr oc  mend char  e r r o r  = ( r e f  fi l e  f ,  r e f  char  sugg) h o o l :
(sugg:= some unc onv er t ib le c harac ter ;  t r u e )
-when c a l le d  from put  c har ;

• pr oc  mend page = ( r e f  fi l e  f )  b o o l :
( s e t ( f ,  1 ,  1 ,  81)  T l i n e  ended A - 1
p a g e  e n d e d  ;  
t r u e ) ,
proc mend l i n e  = ( r e f  fi l e  f )  b o o l :
( s e t ( f ,  1 ,  61 ,  1 )  $  page ended ( t; t r u e )
when c a l led  from get  good l ine /page;

• pr oc  mend l i n e  = ( r e f  fi l e  f )  b o o l :
(backspace(f); t r u e )
when c a l led  from s k ip spaces i n  ge t .

In  many o ther  cases, loops  ar e  prevented. The philos ophy  used i s :
"loops may on ly  a r is e  i f  t he  us er ,  thr ough h is  ev ent r ou t ine ,
commits a  d i f f e r e n t  c r ime and r etur ns  t r u e " .  Although i t  i s  a
matter  o f  tas te  whether i n  a l l  th r ee above cases t he  c r imes
committed are indeed d i f f e r e n t ,  t h i s  seems a  s ens ible requirement.
Nevertheless, t h e  wis h t o  a l low  any reasonable way o f  mending
s t i l l  remains . I n  a  l e t t e r  t o  the  ed i t o r s ,  t h e  ALGOL 68 group
of  the  Mathematical Centre have c r i t i c i z e d  the AB v er s ion o f  the
transput r out ines  i n  t h i s  res pec t.  A  p a r t ic u la r ly  unpleasant
consequence was the  f a i l u r e  t o  accept as  us er  mending f o r  l i n e
end a  c a l l  o f  newline ( no ta  bene, t h e  d e f a u l t  mending) , when
l in e  end was detec ted i n  get  and another  empty l i n e  happened
to f o l l o w  i n  the fi l e .  A s  a  r eac t ion t o  t h i s  c r i t i c i s m ,
other  vers ions  o f  the r out ines  ge t  good l i n e  and ge t  good page
have been proposed, i n  a  document la b e l le d  RGF/CHL 74-03-22.



I t  appea rs t o  u s ,  h o we ve r,  t h a t  t h e  s o l u t i o n  suggested  t h e re
i s  r a t h e r  a d  h o c:  f u r t h e r  c a l l s  o f  e ve n t  ro u t i n e s  a re  a l lo we d
o n ly  i f  e i t h e r  a  d i f f e r e n t  fi l e  h a s  been  a ssig n e d  t o  t h e  fi l e
v a r i a b le  p a ra me te r,  o r  i f  t h e  c u r re n t  p o s i t i o n  has been
advanced t o  a t  l e a s t  t h e  n e x t  l i n e  (p a g e ).  Suppose now t h a t
a u s e r  wan ts t o  use  t h e  fi r s t  1 5  l i n e s  o f  h i s  fi l e  a s  a
c i r c u l a r  b u f f e r ,  a n d  t h a t  h e  s u p p l ie s

p ro c mend l i n e  =  ( r e f  fi l e  f )  b o o l :
( i f  l i n e  n u mb e r(f ) =  1 5  t h e n  re s e t  e l s e  new l i n e  fi ( f ) ;  t r u e ) ,

o r  c o n s id e r  a n o th e r u s e r  who, f o r  re a so n s c l e a r  t o  h im i f  n o t
t o  u s ,  wish e s  t o  p ro ce ss h i s  fi l e  ( o f  one page) l i n e  b y  l i n e
backwards, a n d  t h e re f o re  s u p p l ie s

= 9 _  mend l i n e  =  ( r e f  fi l e  f )  b o o l :
( s e t ( f ,  1 ,  l i n e  n u mb e r(f ) -  1 ,
-
1 ) T t r u e ) .

I n  e i t h e r  ca se ,  t h e  p roposed  changes t o  g e t  good  l i n e  d o  n o t
s u f fi c e  t o  h e lp  t h e  u s e r .  Eve n  i n  t h e  ca se  whe re  t h e  e ve n t
ro u t in e  c l o s e l y  mimics  t h e  d e f a u l t  mend ing ,  a s  i n

PrOC mend l i n e  =  ( r e f  fi l e  f )  b o o l :
( i f  ch a r n u mb e r(f ) >  0  t h e n  new l i n e ( f )  e l s e
se t  c h a r  n u mb e r(f ,  .1 ) fi ;  t r u e ) ,

a c a l l  o f  g e t  may s t i l l  r e s u l t  i n  u n d e fin e d  b e in g  c a l l e d .

I n  t h e  sys te m o f  ro u t i n e s  d e sc r ib e d  i n  t h e  p re se n t  document,
a p r i o r  v e rs io n  o f  wh ich  has been  c i r c u l a t e d  among t h e
e d i t o rs ,  l o o p s  ca n  a lwa ys a r i s e  when t h e  e ve n t  ro u t i n e s
re t u rn  t r u e ,  e ve n  i f  no  a t t e n p t  wh a tso e ve r has been  made t o
mend, t h e  r a t i o n a l e  b e h in d  t h i s  l i b e r a l  ( o r  u n p a t e rn a l i s t i c )
a t t i t u d e  b e in g ,  t h a t  t h i s  i s  t h e  s a f e s t  way t o  g u a ra n te e
t h a t  n o  re a so n a b le  way o f  mending i s  e xc lu d e d ,  t h a t  lo o p s
cannot b e  p re ve n te d  i n  g e n e ra l  anyway, a n d  t h a t  t h e  u s e r
who w r i t e s  a n  e ve n t  r o u t i n e  re t u rn i n g  t r u e  b e t t e r  sh o u ld
know wh a t  h e  i s  d o in g .  T f ,  h o we ve r,  a  syste m i s  p re f e r re d
where t h e  u s e r  i s  p ro t e c t e d  a g a in s t  h i m s e l f ,  t h e n  t h i s
shou ld  u n d e r t h e  l e a s t  p o s s ib le  number o f  c ircu msta n ce s
h in d e r t h e  u s e r  who S u p p l ie s  a  s o p h is t i c a t e d  s e t  o f  e ve n t
ro u t in e s  t h a t  wo u ld  n o t  lo o p  i n  t h e  fi r s t  p l a c e .  Su ch  a
system sh o u ld  be  ce n t re d  o n  t h e  n o t i o n  o f  d i f f e r e n t  c r ime .
I n  o rd e r  t o  ske t ch  how t h i s  may be  d e sc r ib e d ,  we  show t h e
a p p l i c a t i o n  t o  o u r  ro u t i n e  e n su re  l i n e .

? / /  ( b o o l  o k ,  r e f  b o o l  was o k )  b o o l :
(ok 1 t r u e  1 7
—
T i a s  o k
-
T w a s  
o k :
=  
f a l
s e  
u n d
e fi n
e d ;  
s
k
i
p
) ,

p r i o  / /  =  2 ;

p ro c ?  e n su re  l i n e  =  ( . . . )  b o o l :
b e g in  b o o l  r e s u l t ,  w o k l ,  wo k2 ,  r e f  pos o cp o s:=  n i l ,

i n t  op:= 0 ,  o l : =  0 ;
wh i le

i f  r e s u l t : =  ensure page( f ,  s ,  t e s t ,  0 )
then

i f  r e f  Elc2f
.
_ c p o s  
=  
c u r
r e n
t  
p o
s
( f )
;

i n t  p  = p  o f  epos, 1  = 1  o f  epos:
((epos : f :  o cp o s) v  p  f  op  v  1  4 o l
1 w o k l : =  wok2 := t r u e ;  o cp o s : =  cp o s;  o p : =  p ;  o l : =  1 ) ;
(1  -  lma rg  <  1  / 7 7 a 1 )  A  ( 1  <  l i n e  b o u n d (f ) / /  wok2)

then

3
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Th is  a p p ro a ch  i s ,  o f  co u rse ,  mo re  co mp l ica t e d  t h a n  e i t h e r
o f  t h e  s o l u t i o n s  t o  lo o p  a lwa ys  an d  n o t  t o  lo o p  e v e r ,  b u t  i t
seems t h e  o n l y  re a so n a b le  way t o  p re ve n t  t h e  mo st  s t r i k i n g
k in d  o f  lo o p s .  Th e  u s e r  does,  i n  g e n e ra l ,  n o t  know u n d e r
what e x a c t  c ircu msta n ce s h i s  e ve n t  ro u t i n e s  w i l l  be  c a l l e d ,
n o r ca n  he  fi n d  o u t  i n s i d e  t h e  e ve n t  ro u t i n e s .  He  ca n  o n l y
do h i s  b e s t  t o  mend t h e  s i t u a t i o n  and  t r u s t  t h a t  i f ,  i n
do ing s o ,  h e  co mmits a  d i f f e r e n t ,  t h o u g h  p o s s ib l y  s i m i l a r
crime ,  t h i s  w i l l  be  s i g n a l l e d  t o  h im i n  due t i me .

Under t h e  p re se n t  sys te m,  t h e  u s e r  who ch e r ish e s  su ch  t r u s t
i s  i n  f o r  a  f e w d isa p p o in tme n ts,  a p a r t  f r o m  th o se  men t ioned  above.
Co n sid e r,  e . g . ,

p ro c mend p h y s i c a l  fi l e  =  ( r e f  fi l e  b o o l :
( c l o s e ( f ) :  o p e n ( f ,  c h a in : =  n e x t  o f  ch a in ,  c h a n n e l ( f ) ) :  t r u e ) .

I f  t h e  n e w l y  opened fi l e  h a p p e n s,  b y  a c c id e n t ,  t o  b e  e mp ty,  t h e n
undefined  i s  c a l l e d ,  i n s t e a d  o f  a g a in  p h y s i c a l  fi l e  mended.
The u s e r  who t r i e s  t o  mend h i s  l o g i c a l  fi l e  e n d  b y

p ro c mend l o g i c a l  fi l e  =  ( r e f  fi l e  f )  b o o l :
( i n t  p  =  page n u mb e r( f ) ,  1  =  l i n e  n u m b
-
&
-
( f ) ,  c  =  c h a r  
n u m b e r ( f ) :

compute (next b u n ch );  p u t ( f ,  n e x t  b u n ch );
s e t ( f ,  p ,  1 ,  c ) )

may e xp e ct  t h a t  t h i s  w i l l  wo rk  fi n e ,  b u t  t h e n  he  may b e  mis t a ke n
a lso .  I f ,  e . g . ,  p u t ( f ,  n e x t  bunch ) s t a r t s  w i t h  n e wl in e  o r  newpage,
and f  i s  co mp re ss ib le ,  t h e n  t h e  c o n t in u a t io n  i n ,  e . g . ,  g e t  c h a r ,
w i l l  d e t e c t  l i n e  end  and c a l l  u n d e fin e d .  O r  l o g i c a l  fi l e  e n d  was
de tected  f ro m n e wlin e  o n  a n  empty l i n e  and  t h e  n e x t  bunch
s t a r t s  w i t h  newpage s o  t h a t  t h e  c u r re n t  p o s i t i o n  i s  l e f t
d a n g lin g  t wo  l i n e s  b e lo w t h e  page end  and  t h e  u s e r  w i l l
p resumably go  o n  re a d in g  t h e  v e ry  l i n e  t h a t  h e  in t e n d e d  t o
sk ip  -  i n  a n y  ca se ,  t h a t  h e  wo u ld  have  sk ip p e d ,  h a d
p u t ( f ,  n e x t  bunch ) p re ce d e d  t h e  c a l l  o f  l o g i c a l  fi l e  mended.



B. B r o w  movers

I n  t h i s  p a r t ,  some examples ar e g iv en t h a t  may shock
or  s ur pr is e the  us er .

1. r e :  newpage/newline i n  EGF/CHL 74-03-22.
a0 Suppose 1  o f  book bounds =  6 0
1  l p o s  =  
( 1 ,  6 1
2  1 ) ,

epos =  ( 1 ,  61 ,  0 ) .
A c a l l  o f  g e t ( f ,  new page) causes lpos  t o  be moved t o  ( 2 ,  1 ,

b) Suppose 1  o f  book bounds =  6 0
2  l p o s  =  
( 1 ,  6 1
2  1 ) ,

epos = ( 1
0  3 0
2  
1 0 )
1  
f  
i
s  
a  
c o
m p
r e
s s
i b l
e  
fi
l
e
.

A c a l l  o f  p u t ( f ,  new l i n e )  o r  p u t ( f ,  new page) causes
transgress ion o f  bounds i n  t e x t [ 1 ] [ 6 1 ] .

•c) Suppose lpos  i s  in s id e  the  c ur r ent  Page o f  a  compress ible
fi l e ,  a t  ( 1 ,  30 ,  4 0 )
0  s a y .A c a l l  o f  p u t ( f ,  new page) causes l o g i c a l  fi l e  mended
to  be c a l led ,  w i t h  an i n fi n i t e  l o o p  i f  the y i e l d  o f  t h a t
c a l l in g  i s  t r u e ,  and a  c a l l  o f  undefined otherwis e.

2. complementar ity  o f  inpu t /ou tpu t

a) Suppose 1  o f  book bounds =  3 .

begin s t r in g  r 1 := "ab"
Rake t e m ( f ,  q ) ;
r es e t ( f ) ;  p u t ( f ,
newline, / 5
0r es e t ( f ) ;  g e t ( f ,
newline, T 3,  q ,

end

, r 2 : =  " c " ,  r 3 : =  " " ,  r 4 : =  " d e f " ,

( newline
2 r l ,  
q ,  
n o
g l i
n e ,  
T
2
,  
q
,

newline
l r 4
„  q
) ) ;

(newline, r l ,  q ,  new line ,  r 2  q ,
newline, r 4 ,  q ) )

This  may w e l l  cause a  c a l l  o f  l o g i c a l  fi l e  mended. The
values ass igned t o  t he  r ' s  a r e :
r 1:= " ab" ,  r 2 : =  " c "
2  r 3 : =  
" d e f " ,  
r 4 : =  
s k i p
.

Explanation: When T3 i s  w r i t t e n ,  t h e  page i s  ended. Sinc e
r3 y ie lds  an empty s t r in g ,  t h e  ne t  e f f e c t  i s  n i h i l .
When T3 i s  t o  be r ead,  however, t h e  page end c ond it ion
is  mended by d e f a u l t ,  s o t h a t  r 3  receives  t h e  s t r i n g
w r i t t en  as r 4 .  A t  t he  end o f  the phy s ic a l fi l e ,  i t  i s
s im i la r ly  pos s ible t o  w r i t e  an  empty s t r in g ,  b u t  an
attempt t o  read i t  back w i l l  cause a  c a l l  o f  phy s ic al fi l e
mended. I n  our  r out ines ,  t h i s  problem has been s olv ed
p a r t i a l l y  by  r equ i r ing  t ha t  even an empty s t r i n g  i s  pu t
on a  v a l i d  l i n e .  T h is  s o lu t io n  i s  on ly  p a r t i a l ,  s inc e
on a  compressible fi l e  a  c a l l  o f  new page may cause a
prev ious ly  v a l i d  l i n e  t o  cease i t s  ex is tenc e. A  f u l l
s o lu t ion  i s  on ly  pos s ib le by  in t r oduc ing a  fl a g  l i n e
empty, whic h,  i f  t r u e ,  ind ic a tes  t h a t  t he  l i n e
c ontaining lpos  may disappear  i f  c  o f  Va s  = 1 .
A s ide e f f e c t  o f  r equ ir ing  t h a t  t he  l a s t  l i n e  i s  v a l i d
would be t o  s e t  l i n e  empty t o  f a ls e ,  and new page may on ly
cut o f f  the l a s t  l i n e  i f  l i n e  empty A c  o f  lpos  =  1 .

-  fi r p t ;



b) Suppose we have a  fl e x [ l  :  n ]  c har  t a p e l ,  c on ta in ing ,
among other s ,  s pec ia l  charac ters  new l i n e  c har  and
new page char . We w r i t e  t h i s  tape t o  a  compress ible fi l e ,
as f o l low s :

f o r  i  t o  n
do p u t ( f ,

(char c  = t a p e l [ i ] ;  c  =  new page c har  I  new page
1: c  = new l i n e  c har  j  new l i n e
1 • ) )

od.
I n  or der  t o  get  an image o f  the r e s u l t  ( pos s ib ly  intended
f o r  paper  tape) ,  we tak e i n t o  account t he  e f f e c t  o f  l i n e  and
page end, and the f a c t  t h a t  a  c a l l  o f  new page may imp ly  a
c a l l  o f  new l i n e :

[1 :  la r g e ]  c har  tape2; i n t  m:= 0 ;  c har  la s t : =  new page c har ;
proc s tor e = 7 E a r  c ) 'Vo id :
begin i f  c  = new page c har  A l a s t  f  new page c har  A

las t  *  new l i n e  c har  then
store(new l i n e  c h a r )
. —fi ;

tape2[m +:= 1 ] : =  l a s t : =  c
end;
on l i n e  end( f ,  ( r e f  fi l e  f )  v o id :  ( s tore(new l i n e  c har ) ;  f a l s e ) ;
on page end( f ,  ( r e f  fi le
,  f )  V o i d :  
( s t o r e
( n e w  
p a g
e  
c h a r
) ;  
f a l
s e )
;

•
f
o
r  
i  
t
o  
n

do p u t ( f ,
(char c  = t a p e l [ i ] ;  s t o r e ( c ) ;  c  = new page c har  1 new page
1: c  = new l i n e  c har  1 new l i n e
1 •c))

od.
This  process i s  idempotent i n  the sense t h a t  i f  we repeat
the process a f t e r  t ape l : = tape2[1 :  ' l i ] ,  t he  r e s u l t  i n  tape2
is  s t i l l  the same.
We now expect t o  get  back the same image a ls o  by

m:= 0 ;  l a s t : =  new page c har ;
on l o g i c a l  fi l e  e n d ( f ,  ( r e f  fi l e  f )  v o id :  fi n i s h ) ,
r es e t ( f ) ;
do c har  cc ;

g e t ( f ,  c c ) ;  s tor e( c c )
od; fi n i s h :  s k i p

I f ,  however, t h e  l a s t  c harac ter  output  was on the l a s t
pos i t ion  o f  a  l i n e ,  t hen  the new image tape2 w i l l  c ontain
one new l i n e  c har  more, even though on output  t h i s  new l i n e
has nev er , e x p l i c i t l y  o r  i m p l i c i t l y ,  been giv en o r  detec ted.
The reason i s  t h a t  l i n e  end i s  detec ted before l o g i c a l  fi l e
end, even i f  the logic P1 fi l e  e n d  i s  s t i l l  on the  same l i n e .
To use a  p ic tu r e ,  where n1 s tands f o r  new l i n e  and a  stands
f o r  any c harac ter :

11111DMIIIIEME111!IIIIIFIa n l

the " l o g i c a l "
fi l e  end



The d o t t e d  squa re  sh o u ld ,  i n  re a d  mood, e f f e c t i v e l y  n o t  e x i s t ,
b e in g  beyond t h e  l o g i c a l  fi l e  e n d .  Un d e r t h e  p re se n t  sys t e m,
t h i s  s i t u a t i o n  i s  v i r t u a l l y  u n d is t in g p is h a b le  f r o m  t h e  one w i t h

1 a I n
1  
l a
t a
l
a
l a  
l
a
l
a  
l
a
m
u
l

I t  appea rs t o  us t h a t ,  i n  o rd e r  t o  wa rra n t  comp lementa ry
b e h a vio u r on  i n p u t ,  t h e  l o g i c a l  fi l e  e n d  d e t e c t io n  sh o u ld
take  p la ce  b e f o re  p h y s i c a l  fi l e / p a g e / l i n e  e n d  d e t e c t io n .
Th is  has b e i
7
1
-
1 7 1
-
T i e m e n t e
d  
i n  
o u
r  
s y
s t
e m  
o
f  
r o
u t
i n
e s
.

Suppose t h a t  t h e  fl i p  a n d  fl o p  c h a ra c t e r  a re  " 1 "  a n d
re s p e c t i v e ly .
I f  we have

i n t  i : =  1 3 ;  b i t s  b : =  b i n  1 3 ,
then  p u t  ( f ,  ( 1 ,  b ) )  r e s u l t s  i n  so me th in g  l i k e

" . . . + 1 3 0 0 0 0 0
0 1 1 0 1 "

l f e

H o n
,

7

so t h a t  g e t ( f ,  ( i ,  b ) )  w i l l  n o t  wo rk .
Now t h i s  i s  c l e a r l y  a  shame. A p a r t  f r o m t h e  r e f  s t r i n g -c a s e ,
wh ich  i s  a n  odd  man o u t ,  t h e r e  i s  n o  re a so n  why i n p u t  and
ou tpu t  sh o u ld  n o t  b e  comp lemen ta ry i n  g e t  and  p u t .  A t  p re se n t ,
an a d d i t i o n a l  " . "  i s  i n s e r t e d  b e f o re  a  n u me ric  va lu e  when
no t  a t  t h e  b e n n i n g  o f  a  l i n e .  T h i s  sh o u ld  b e :  a n
a d d i t io n a l  H i t  '
a f t e r  a  
n u m e r i
c  
v a l
u e  
w h
e n  
n
o
t  
a
t  
t
h
e  
e
n
d

o f  a  l i n e .  A s  l o n g  a s o n l y  n u me ric  va lu e s  a r e  t ra n s p u t ,
the  d i f f e re n c e  i s  n o t  v i s i b l e ,  b u t  a s  so o n  a s  n u me ric  and
o t h e r va lu e s a re  i n t e r l e a v e d ,  t h e  d i f f e re n c e  becomes
apparent -  t o  t h e  b e n e fi t  o f  t h e  u s e r .  O f  co u rse ,  t h i s
imp l ie s  t h a t  i n  g e t ,  a f t e r  a  n u me ric  va lu e  h a s been re a d ,
an a d d i t i o n a l  ? " 2  h a s t o  be  p e rfo rme d  once .
Th is  change i s  b o t h  so  min o r  and  s imp le  t o  make a n d  o f  su ch
g re a t  p r a c t i c a l  v a lu e ,  t h a t  we  s t r o n g l y  advoca te  t h a t  i t  b e
taken  i n t o  co n s id e ra t io n .
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3. Premature dec is ion i n  read s ign.

Suppose we have a  c i r c u la r  bu f f e r  c onta in ing s igned in teger s .
The event r ou t ine  corresponding t o  on l o g i c a l  fi l e  end  i s
r es e t ( f ) ;  t r u e .  Ev entua lly ,  t h e  l o g i c a l  fi l e  end  i s  reached and
an attempt i s  made t o  read the nex t  in t ege r .  The course o f
events i s  as  f o l low s :

• t h e  r ou t ine  s k ip  spaces i s  c a l le d  and detec ts  t h a t  no
spaces ar e  pres ent;

• t h e  r ou t ine  read s ign i s  c a l le d ,  whic h detec ts  t h a t  no
s ign i s  pres ent,  s o  a  de fau l t  " +"  i s  de l iv er ed;

• t h e  r ou t ine  r ead d ig  i s  c a l le d ,  r e s u l t in g  i n  a  c a l l  o f
get c har ( v ia  1)  t o  read the fi r s t  d i g i t ;

• l o g i c a l  fi l e  mended w i l l  be c a l le d ,  whereupon the  fi l e
is  r es e t ,  and get  c har  might w e l l  y i e l d  a  " +" ,  " - "  o r

• c har  e r r o r  mended i s  c a l le d  w ith  a
-
" 0 "  a s  a  
s u g g e s t i o n

to  replac e t he  erroneous c harac ter ,  whic h i s  a  s trange
r es u l t .

I n  our  system, t he  above i s  prevented i n  a  na tu r a l way.

4. Opening and c los ing fi l e s .

.a) How t o  w r i t e  t o  a  book whose fi e l d  p u t t i n g  i s  f a l s e .

Suppose we have two channels , A  and B,  v i a  which the  sage
book may be link ed( pr es ent  tw ic e i n  t he  c ha inbfi le ) .
(put o f  A)(book) =  t r ue  and ( pu t  o f  113)(book) =  f a ls e .—
Consider the f o l low ing :

fi l e  fl ,  f 2 ;
open( fl ,  " ,  D ) ;  $  p u t t in g  = f a ls e  $
open( f2, " ,  A) ;  $  p u t t in g  = t r u e ,  bu t  s t i l l ,  r ead ing

v ia  fl  i s  pos s ib le  $
c los e( f1) ;  $  p u t t in g  = f a ls e ,  b u t  w r i t i n g  i s

s t i l l  pos s ible v i a  f 2  $
We t h in k  i t  appropr iate no t  t o  a l low  a  book t o  be open f o r
reading and w r i t in g  s imultaneous ly  i n  a  defi ned way. T o
accomodate t h i s ,  we propose t o  intr oduc e an in t e g r a l  fi e l d
users whic h counts  t he  number o f  t imes  t he  book i s  opened.
This fi e l d  may then be ins pec ted i n  the  r ou t ine  open(10.3.1.4.d
10.3.1.1.bb -  1  f o r  w r i t i n g  ??? s imultaneous ly .  - >

i f  i t  has been opened f o r  w r i t in g .
Moreover, a  book c ontains  an in t eg r a l  fi e l d
users whic h counts  t h e  number o f  t imes
the book i s  opened. A  book cannot be
opened f o r  w r i t i n g  as lo n g  as i t  i s
opened on some o ther  fi l e .  )1c;

10.3.1.1,a 3  i t ;  )  - >  ,  i n t  users  $  t he  number o f  t imes
the book i s  opened $)

Fur ther  consequences ar e t o  be found i n  the proposed vers ions
o f  open, c los e ,  e t c .



b) Relinquis hed books.
{And Tom Thumb s pr ink led  crumbs1

At range e x i t ,  fi l e s  dec la r ed  w i t h in  the  range be ing l e f t ,  a r e
s imply  l o s t .  I f  they  were open, pos s ib ly  no way o f  r efer enc ing
t h e i r  books remains . What happens w i t h  those books s pr ink led
on the  heap? Obv ious ly , t h e  Repor t cannot s p e d *  t h i s .  A
s im i la r  s i t u a t io n  ar is es  when one o f  the r out ines  open, es t ab l is h
and c reate i s  c a l le d  w i t h  an open fi l e  a s  parameter . Again ,  a
reference t o  a  book i s  i n  i m i n e n t  danger  o f  being l o s t .  I n  t h i s
case, however, t he  Repor t suggests t h a t  the  fi l e  fi r s t  b e  c los ed
(thus c los ing  a l l  copies  o f  the fi l e  a s  w e l l ) .  Would not  i t  be
be t t e r  t o  leav e t h i s  s i t u a t io n  uns pec ifi ed as  w e l l?

o)  Po in t les s  pr o tec t ion .

Upon c los ing,  loc k ing  o r  s c ratc hing a * fi l e ,  t h e  book and the
tex t  o f  the book are s e t  t o  n i l  pres umably  i n  or der  t o  pr o tec t
the book agains t  i l l e g a l  access. However:

a. t h i s  p r o tec t ion  i s  s uperfl uous , s inc e  none o f  the
transput r out ines  ac ts  on  a  fi l e  whose fi e l d  opened
returns  f a ls e ;

b. t h i s  p r o tec t ion  i s  inc omplete,  s inc e pos s ib le copies  o f
the fi l e  b e in g  c los ed, loc k ed o r  sc ratched s t i l l  have t h e i r
fi e lds  r e f e r r i n g  t o  t h i s  book  and t h is  t e x t .

Consequently, we omit ted t h is  at tempt f r om our  vers ions  o f
c lose, lo c k  and sc ratch.

d) Standout and standback.

For s tandout and s tandback, we have t he  f o l lo w in g  two
des iderata:

a. t h e  corresponding books s hould be empty a t  t he  s t a r t  o f
the program; -

b, t hey  ought t o  be i n  w r i t e  mood by  d e f a u l t .
Therefore, bo th  s tandout and standback s hould be c reated,
ins tead o f  opened.

e) D e f au l t  r ead mood f o r  newly  opened fi l e s .

Inmos t  s i t ua t ions ,  a  fi l e  i s  e i t h e r  i n  w r i t e  mood, o r  i n
read mood. I f  both y i e l d  f a ls e ,  t h e  lay out  r out ines  ac t  as
i f  the fi l e  i s  i n  w r i t e  mood. O bv ious ly ,  t h e  normal t h in g
a f t e r  opening a  fi l e  f o r  which get  pos s ib le i s  t r u e ,  i s  t o
read what has been w r i t t e n  t o  the  book o f  t h a t  fi l e  p r ev ious ly .
Now, a  user  may fi n d  o u t  t o  h is  s ur pr is e  t h a t  he i s  w r i t i n g
on such a  fi l e ,  ev en though he has nev er  e x p l i c i t l y  ind ic a ted
so. A  de fau l t  s e t  r ead mood i n  the  r ou t ine  open i s  ther efor e
suggested, and has been implemented i n  our  sys tem.(Nota bene,
problems a r is e  i f  our  remarks on  a l t e r na t ing  r eading and
w r i t in g  i n  b inar y  t r ans put ,  and c r eat ing s tandout and standback,
are r e jec ted;  e . g . ,  b inar y  output  on  standback would become
i l l e g a l . )

9
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f)  How t o  r es et  a  fi l e  i f  r e s e t  pos s ib le.

Conside r t h e  f o l l o w i n g :
fi l e  f ;  o p e n ( f ,  " " ,  d h ) ;

Th is  may b e  h a rd  t o  imp le me n t .  A  p o ss ib le  s o l u t i o n  i s  t o  c a l l
lo c k  i f  c lo se  i s  c a l l e d  and re s e t  p o s s ib le  re t u rn s  f a l s e .

,20 Unwanted scope e r r o r .

; c l o s e ( f ) ;  o p e n ( f ,  " " ,  c h ) ;
t.—

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

I f  a n  a sso c ia t e d  fi l e  i s  c lo s e d  o r  lo cke d ,  a  scope e r r o r
re s u l t s  i n  t h e  p re se n t  syste m,  t h u s  p re v e n t in g  a sso c ia t e d
fi l e s  f r o m  b e in g  ch a in e d  i n  a  ch a in  o f  b fi l e s .  We  p r e f e r
e i t h e r  t o  a c t  a s  i f  t h e  ro u t i n e  s c ra t c h  was c a l l e d
(imp lemented  i n  o u r  syste m) o r  t o  c a l l  u n d e fin e d  d i r e c t l y .



C. Binar y  t r ans put .

1. A l t e r n a t io n  o f  char  and b in  mood.

At pr es ent ,  a l t e r n a t io n  o f  c har  and b in  mood i s  a llowed only
f o r  random access fi l e s .  A t  fi r s t  g lanc e ,  t h i s  r e s t r i c t i o n
seems s ens ib le enough, s inc e t he  oper at ing system might have
d i f fi c u l t y  i n  per forming binar y  t r ans put  o the r  than i n
chuncks o f  "words ", cor responding t o  s ev er al c - pos it ions ,
s ta r t ing  and ending on word boundar ies . On second thought ,
the oper at ing system should be ab le  t o  cope w i t h  such
s itua t ions ,  because the  c  o f  cpos may be s h i f t e d  by an
ar b it r a r y  amount by  means o f  space, backspace and s et  c har
number. T her efor e,  we suggest t h a t  one o f  two courses
be tak en:
Eithe r  make a l t e r n a t io n  o f  char  and b in  mood on s equent ia l
access fi l e s  defi ned ,  o r
make c a l l i n g  space, backspace o r  s et  c har  number, and
poss ibly  new l i n e  and new page, on  s equent ia l access fi l e s
i n  b in  mood cause undefined t o  be c a l led .

2. A l t e r n a t io n  o f  read and w r i t e  mood.

Dur ing c harac ter  t r ans put ,  r ead ing and w r i t i n g  may be
alter nated a r b i t r a r i l y  on random access fi l e s  a s  w e l l  as
on s equent ia l access fi l e s .  D u r ing  binar y  t r ans put ,  however,
t h is  a l t e r n a t io n  i s  no t  per mit ted on s equent ial access fi l e s .
Since we c ould  not  fi n d  a  reason f o r  t h i s  r e s t r i c t i o n ,  we l e f t
i t  ou t  i n  our  vers ions  o f  put  b i n  and get  b i n  ( o r ,  more
prec is e, s e t  w r i t e  mood and s et  r ead mood).

11
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D. Mis c ellaneous .

1. A t  pres ent,  g e t ,  when reading a  numeric  v a lue,  w i l l  s k ip
spaces i n  the f o l lo w in g  cases:
i )  b e f o r e  t he  fi r s t  c har ac ter ;
i i )  a f t e r  a  s ign;
i i i )  a f t e r  "
1 0
"  o r
iv )  b e f o r e  " i "  o r  " 1 " ;

a f t e r  " i "  o r  " 1
7
.I n  a l l  o f  these cases, t r a n s i t io n s  t o  a  new l i n e  o r  page may

occur, ex c ept i n  case i i  T h i s  seems unnecessar ily  d i f fi c u l t
to  teac h. Ther efor e,  we changed the r ou t ine  r ead s ign  t o
allow such t r ans i t ions  i n  case i i  a ls o .

2. Should  not  a  pseudo-comment i n  c los e and r es et  tak e i n t o
account t h a t  i n  some systems the  c los ing  o r  r es e t t ing  o f  a
fi l e  m igh t  imply  something l i k e  w r i t i n g  a  new l i n e  o r  new
page, e . g . ,  because an end o f  record marker i s  w r i t t e n
before the  end o f  fi l e  mark er ,  whic h might be t he  way f o r
a compress ible fi l e  t o  ind ic a te  new l i n e  als o?

3. T o  inc rease c l a r i t y ,  one c ould add t o  10.3.1.3.aa:

The r ou t ines ,  des c r ibed i n  s ec t ion 10.3 o f  t h i s  Repor t,
are never  c a l led  w i t h  a  fi l e  a s  parameter , b u t  on ly  w i t h
a v alue o f  the  mode s pec ifi ed by  r e f  fi l e .  T o  some o f  the
subnames o f  such a  v alue,  new values  may be ass igned by
means o f  the r out ines  prov ided (such as make cony , whic h
is  used t o  as s ign a  new cony fi e l d  ( 10 .3 .1 .3 .dd ) ) .  The
other  subnames (s uc h as  the  one s elec ted by  epos) a r e  on ly
assigned t o  by  r out ines  f o r  opening and c los ing  fi l e s
( 10.3.1.4) ;  a l l  o f  these subnames (ex c ept t h e  one s elec ted
by chan) r e f e r  t o  fi e ld s  whic h ar e names. As  a  consequence,
when a copy i s  made o f  an open fi l e ,  t h e  fi e ld s  r e f e r r e d  t o
by cor responding subnames o f  t h is  group w i l l  be t he  same
name. An assignment t o  such a  fi e l d  ( t o  the  fi e l d  i t s e l f ,
not t o  the  subname r e f e r r in g  t o  the  fi e l d ) ,  w i l l  thus
a f fec t  a l l  copies  o f  a  giv en fi l e  i n  a  l i k e  way.

4. F o r  reasons o f  c la r i t y :

10.3.1.3.bb +  l o x  .
In  general,  r ead mood, w r i t e  mood, c har
mood and b in  mood c harac ter iz e t he  l a s t
transput ac t ion  performed on the fi l e .
However, a f t e r  " es tab l is h ing"  ( 10 .3 .1 .4 .c e ) ,
opening and " r es e t t ing"  ( 1 0 . 3 . 1 . 6 . j )  a  fi l e ,
defau lt  values  ar e  r etur ned.  K .

5. 10 .3 .1 .1 .aa  + 21K
10.3.1.1.aa + 4
10.3.1.1.aa + 41(
10.3.1.2.aa + 4pc
10.3.1.2.bb -  4 I K
10„3.1.2.bb +  2 ) c

may c onta in  - > r e fer s  t o  a  " t e x t "  i . e . ,  X;
pages - >  "pages" X;
l ines  - >  " l in e s "  W4
whose fi e ld s  a r e  - >  compr is ing fi e ld s  whic h a r e x ;
y ie lds  - >  r eturns  Ai;
i n  a  book - > i n  the  t e x t  o f  abook lg ;



6. As  s ec t ion 10.3.1.3.c c  i s  in tended t o  c l a r i f y  the  way i n
which event r out ines  may be used, do  not  emphasize t he  problem
o f  range s t r uc tur e  t h a t  much, on ly  l i g h t l y  touc h upon i t .
We propose:

10.3.1.3.c o + 1 9 : 3 3 *  I f  he wr ites  ??? end. - >  Be has t o  w r i t e :
, b e g i n  i n t  n : = 0 ;  fi l e  a u x in  := in tape ;  $  t h i s

is  necessary, s inc e t he  scope o f  the
rout ine ( r e f  fi l e  fi l e )  1 = 1 :  g p t o  f
is  s malle r  than the scope o f  in tape
on l o g i c a l  fi l e  end( aux in,  ( r e f  fi l e  fi l e )
bool: go t o  f ) ;
do get ( aux in,  l o c  i n t ) ;  n  +:= 1  od;
f :  p r in t ( n )

end. A4

7. I n  the example a f t e r  10.3.1.3.hh,  some er r or s  have been made:

i .  The v a r iab le  n  i s  not  i n i t i a l i z e d ,  s o :
10.3.1.3.hh + 5 A  i n t  n  - >  i n t  n := 0  Xr;

n s hould be inc reased only  a f t e r  a  number has been r ead
s uc c es fully ;

i i i .  The program w i l l  c a l l  undefined s inc e t h e  event r ou t ine
returns  t r u e  w ithout  mending the l o g i c a l  fi l e  end.
The s imples t  remedy seems t o  be:

10.3.1.3.hh + 1 4 A  bool ???; - >X ' ;
10.3.1.3.hh + 16 A• ( ?W) )  - >  goto end)11e;
10.3.1.3.hh + 17 at f o r  ??? od - >  f o r  i  do g e t ( fl ,  x [ i ] ) ;  n - = i  od pc;
10.3.1.3.hh + 1 9 X  res et - >  end: r e s e t ;

8. The c hain o f  bac k fi les  may a ls o  be reorganiz ed a f t e r  -a c a l l
o f  loc k ,  s o :

10.4.2 +  10 A  c losed c l o s e d  o r  loc k ed pr;
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1
1
4
E. Some pr oper t ies  o f  the r out ines

1. Checks on events

I f  the " requirement"  f o r  the s a t is fac to r y  ex ec ut ion o f  a  t r ans put
ac t ion i s  o f  the for m t e s t i  A t es t2  A A  t e s t n ,  t hen  t h i s  i s
implemented as :

(See a ls o  pa r t  A. )
The tes t s  ar e  performed i n  a  fi x ed  or der  i n  each case, determined by

. opened ( no mending pos s ib le) ;

. s t a t e  OK ( no mending pos s ib le) ;

. l o g i c a l  fi l e  OK (see 13.2.b);

. p  o f  epos OK;

. 1  o f  epos OK;

. o f  cpos OK.
Of course, o n ly  those tes ts  ar e  performed t h a t  occur  i n  the
requirement a t  hand. ( F o r  s et  and s et  c har  number, no  r e p e t i t io n
o f  tes ts  i s  made i f  the new cpos would be beyond lpos .  They  c ould
eas ily  be brought i n  the  same framework as  t he  o the r  r ou t ines ,
but we have no t  attempted t o  do s o.)
A l l  checks a r e  per formed e x p l i c i t l y ,  s o t h a t  i m p l i c i t  t es t s  ( as  i n
the present book bounds, where t he  t e s t  catches some nas ty  cases ,)
are no longer  needed.

2. D e f a u l t  mending

In  a l l  cases, t h e  de f au l t  r eac t ion  t o  be tak en i f  the  ev ent r ou t ine
returns  f a ls e  i s  determined before t he  event r ou t ine  i s  c a l le d .
Consider a  book w i t h  bloc k  shaped t e x t .  We can " l in e a r iz e "  t he  t e x t
by the  f unc t ion
L(o, 1 ,  c )  =  ( ( p  -  1 )  x  l i n e  bound + ( 1  -  1 )  x  c har  bound + c  -  1 ,
so t h a t  we g e t ,  e . g . ,



3. Th e  moods

0
1
2
3

13 14

4 I I I 6 1 1 /
10 1 18 9

12 13 14 15

16 17 18 19

20 21 22 23

12 13

16 17
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24 25
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7

11

15

19

-4

12

8

24

4. Th e  l a y o u t  ro u t i n e s

4 5

8 9

Now, i f  t h e  c u r re n t  p o s i t i o n  i s  ( p ,  1 ,  c ) ,  a n d  a  d e f a u l t  r e a c t i o n
i s  chosen  wh ich  wo u ld  b r i n g  epos t o  (p a ,  l a ,  e a ) ,  t h e n
L (p ,  1 ,  c )  =  L (p a ,  l a ,  e a ) .  I f  no  su ch  ch o ice  i s  p o s s i b l e ,  t h e n
undefined  i s  chosen  (se e  4 ) .  Th e re  i s  a n  e xce p t io n  t o  t h i s  i f
1 =  page bound +  1  a n d  c  f  1 ;  s u c h  a  p o s i t i o n  may, h o we ve r,
o n ly  be  re a ch e d  b y means o f  s e t .

I f  t h e  t ra n s f o rma t io n  o f  epos b y  sp a ce ,  backspace ,  n e wl in e  o r
newpage i s  deno ted  b y ( p ,  1 ,  c )  -
>  ( p ' ,  1 ' ,  
0 ) ,  
t h e n  
t h e

re q u ire me n t  (s e e  I )  co rre sp o n d in g  t o  t h i s  amounts t o :  ( p ,  1 ,  c )  o r
(pa , l a ,  c a )  i s  i n s i d e  t h e  t e x t  o f  t h e  book.  T h i s ,  t o g e t h e r  w i t h  2 ,
i mp l i e s ,  e . g . ,  t h a t  i f  t h e  e la b o ra t i o n  o f  g e t ( f ,  l o c  c h a r)  i s

15

Fo r a n  open fi l e ,  r e a d  mood *  w r i t e  mood. F o r  a  fi l e  w h i c h  i s
opened o n  a  ch a n n e l su ch  t h a t  g e t  p o s s ib le ,  t h e  d e f a u l t  i s
read mood (see B .
)
4 . e ) .  
A l t e r n a t
i o n  
o f  
r e a d
/
w r i t
e  
m o
o d  
i
n  
b
i
n  
m
o
o
d

is  pos s ible on s equent ial T i l e s  a ls o  (see 0..2) . The s ta te  when a
t ra n s p u t . a c t io n  i s  p e rfo rme d  o r  an  e ve n t  ro u t i n e  i s  c a l l e d ,  i s  t h e
same a s  a t  o r  s p e c i fi e d  b y  t h e  c a l l .  F o r  examp le ,  p u t ( f ,  ( a ,  b ,  b ) )
has t h e  same meaning a s p u t ( f ,  a ) ;  p u t ( f ,  b ) ;  p u t ( f , b ) ;
S i m i l a r l y ,  g e t ( f ,  n e wl in e ) ca n n o t  cause  spaces t o  be  w r i t t e n  b y
n e wlin e ,  n o r  ca n  p u t ( f ,  n e wl in e )  f a i l  because t h e  l o g i c a l  fi l e  e n d
was encountered by newline,  o r  leave p a r t  o f  the t e x t  undefi ned s inc e a
swi t ch  t o  b i n  mood o ccu rre d .  Ho we ve r,  i f  w r i t e  mood and
'  b i n  mood A -1 ch a r mood, a n d  space ( o r ,  o n  a n  i n c o m p
r e
s s i b l e
fi l e ,  n e w l i n e  o r  newpage) e n co u n t e r t h e  l o g i c a l  fi l e  e n d ,  t h e n  space
ch a ra cte rs  a re  w r i t t e n  and  c h a r  mo d  i s  s e t  t o  t r u e .
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defined and does n o t  evoke us er  mending, t hen  g e t ( f ,  space) trans forms
cpos i n  the  same way. The r ou t ine  s e t  c har  number -
r e q u i r e s  v a l i d i t yo f  the c ur r ent  l i n e  ( 1  <  1  < l i n e  bound) , s o  t h a t
set c har  number( f, c har  number(f)  -  1)  behaves s im i l a r  t o  backspace( f) .

5. Pu t  and get

I f  upb numer ic  t o  s tr ing(numer ic )  >  c har  bound, then  p u t ( f ,  numer ic )
c a lls  undefi ned w ithout  fi r s t  : e y in g  a  newline. A  v a l i d  pos i t ion
(1 <  1  < l i n e  bound, 1  < c  < c har  bound + 1)  i s  r equir ed by  put(1', " " )
(see 13.2.a) . I n  ge t ,  nex t  pos r equir es  -1 l o g i c a l  fi l e  ended (see 13.3).



F. The t e x t  o f  the  r out ines

Opening and c los ing.

$ t he  r out ines  undefi ned, fi l e  a v a i l a b le ,  i d f  ok ,  match and
fals e ar e  omit ted  here $

proc es tab l is h  = ( r e f  fi l e  fi l e ,
s t r ing  i d f ,  c hannel chan, i n t  p ,  1
,  c )  i n  :begin down bfi lep r o tec t ;

PRIM book book:=
(PRIM fl e x  [ 1  :  p ]  fl e x  [ 1  :  1 ]  fl e x  [ 1  :  c ]  c har ,
(1, 1 ,  1 ) ,  i d f ,  t r u e ,  1 ) ;

i f  fi l e  av ailable( c han)  A  ( pu t  o f  chan)(book) A—
estab o f  chan A -1 (p0S(p, 1 ,  c )  beyond max pos o f  chan) A

( 2
1
9
2
g
L  
1
3  
1
)  
b
e
y
o
n
d  
E
S
E
(
P
,  
1
,  
.
c
)
)  
A  
i
d
f  
o
k
(
i
d
f
)

then (opened o f  fi l e  1 1121
. g r e m l i n s  
1  
i l L b fi l e p r o
t e c t ) ;

fi l e : =  c le a n  fi l e ;  book  o f  fi l e : =  book ;
tex t  o f  fi l e : =  t e x t  o f  book; c han o f  fi l e : =  Chan;
cony o f  fi l e : =  (s tandconv  o f  chan)CEO0k);
( -1 b in  pos s ib le ( fi le )  1  s e t  c har  mood( fi le) ) ;
set w r i t e  mood( fi le) ;
0

else a L b fi le p r o t e c t ;  undefi ned
fi

end;

b) pr oc  c r eate = ( r e f  fi l e  fi l e ,  c hanne l chan) i n t :
begin pos max pos = max pos o f  chan;

e s t a b l is h ( fi le ,  s k i p ,  chan, p  o f  max pos , 1  o f  max pos ,
c o f  max pos)

end;

c) pr oc  open = ( r e f  fi l e  fi l e ,  s t r i n g  i d f ,  c hannel chan) i n  :
begin down bfi lep r o tec t ;

i f  fi l e  av ailab le( c han)
then r e f  r e f  b fi l e  b f : =  c ha inbfi le ;  b o o l  found:= f a ls e ;

while  ( r e f  b fi l e  ( b f )  4 :  n i l )  A  f o u n d
do

i f  matc h( idf ,  chan, book  o f  b f )
then found:= t r ue
else b f : =  nex t o f  b f
fi

od;
i f  - I found
then 1 1 2
.
b fi l e p r
o t e c t ;  
u n d
e fi n
e d

else r e f  book book:= book o f  b f ;
i f  p u t t in g  o f  book v  ( pu t  o f  chan)(book) A

users o f  book > 0
then a_ bfi lepr o tec t ;  undefi ned

$ i n  t h is  case the  hook was a lr eady  open f o r  p u t t in g
or  someone was r eading and p u t t in g  i s  reques ted
the system may e i t h e r  w a i t ,  o r  y i e l d  nonzero
( ind ic a t ing  unsuccess ful opening)  immediately

else ( ( p u t  o f  chan)(book) 1 p u t t i n g  o f  book := t r u e ) ;
users o f  book +:= 1 ;  r e f  r e f  b fi l e  ( b f ) : =  nex t  o f  b f ;—

$ remove b fi l e  f r o m  c hain $

1
7
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(opened o f  fi l e  1  LIELgremlins I 1 . 1
.
2
.
b fi l e p r o t e c t ) ;

fi l e : =  c le a n  fi l e ;  book  o f  fi l e :  = book ;
tex t  o f  fi l e : =  t e x t  o f  book; c han o f  fi l e : =  c han;
cony o f  fi l e :  = (s tandconv  o f  chan)TEbok);—
set d e f a u l t s ( fi le ) ;
0

fi
fi

else F ILbfi lepr o tec t ;  undefi ned
fi

end;

d p r o c  as s oc iate = ( r e f  fi l e  fi l e ,  r e f  N [ ] [ ]  c har  sss) v o id :
begin proc  t  =  ( r e f  book a)  b o o l :  t r u e ;

proc f  = ( r e f  book a)  boo l :  f a l s e ;
channel chan = ( t ,  t ,  t ,  t ,  f ,  f ,  f ,  b o o l :  f a l s e ,

pos: (max  i n t ,  max i n t ,  max i n t ) ,   k i p
,  s k i p ) ;(opened o f  fi l e  1  down bfi lep r o t ec t ; 122

. g r e m l i n s ) ;fi l e : =  c le a n  fi l e ;
book o f  fi l e : =  heap book := ( s k ip ,  ( upb sss  +  1 ,  1 ,  1
) , s k ip, t r u e ,  1 ) ;
tex t  o f  fi l e : =  s s s ;  chan o f  fi l e : =  c han

end;

€0 pr oc  ? s e t  c har  mood = ( r e f  fi l e  . f )  v o id :
i f  -1 char mood o f  f
then i f  ' b i n  flood o f  f  v  s e t  pos s ib le ( f )

then r e f  boo l ( c har  mood o f  f ) : =  t r ue ;
r e f  boo l ( b i n  mood o f  CT = f a ls e

else undefi ned
fl

fi ;

f )  pr oc  ? s e t  b i n  mood = ( r e f  fi l e  , f )  v o id :
i f  '  b in  mood o f  f
-
t
h
e
n  
i
f  
b
i
n  
p
o
s
s
i
b
l
e
(
f
)  
A 
(  
-
-
I  
c
h
a
r  
m
o
o
d  
o
f  
f  
v  
s
e
t  
p
o
s
s
i
b
l
e
(
f
)
)

then r e f  boo l ( c har  mood o f  T ) := f a ls e ;
r e f  boo l  ( b i n  mood o f  f 7
-
=  t r u e

else undefi ned
fi

fi -

proc ? s e t  r ead mood = ( r e f  fi l e  f )  v o id :
IC "  read mood o f  f
then i f  ge t  pos s ib le ( f )

then r e f  boo l ( r ead mood o f  f ) : =  t r u e ;
r e f  bo o l  ( w r i t e  mood o f  . f ) := f a ls e

else undefined
fi

fi ;



h) pr oc  ? s e t  w r i t e  mood = ( r e f  fi l e  f )  v o id :
i f  '  w r i t e  mood o f  f
then i f  pu t  pos s ib le ( f )

then r e f  boo l ( r ead mood o f  f ) : =  f a ls e ;
r e f  boo l ( w r i t e  mood o f  f ) : =  t r u e

else undefi ned
fi

fi .- 2 -

1) pr oc  c lean fi l e  =  fi l e :
( s k ip, s k ip
)  
s k i p ,  
s k i
p ,  
s k
i p
,

heap boo l:= f a ls e ,  heap boo l:= f a ls e ,  heap boo l:= f a ls e ,
heap boo l:= f a ls e ,  heap boo l:= t r u e ,
heap pos := ( 1 ,  1 ,  1 ) ,  " " ,  s k ip ,
fa ls e,  f a l s e ,  f a l s e ,  f a l s e ,  f a l s e ,  f a l s e ,
( r e f  fi l e  f ,  r e f  char  a)  b o o l :  f a l s e 4

j )  pr oc  s e t  de fau lt s  = ( r e f  fi l e  f )  v o id :
begin

i f  ge t  pos s ib le ( f )  t hen  s et  r ead mood(f)
e l i f  put  pos s ib le ( f )  t hen  s et  w r i t e  mood(f)
else undefined
fi ;
r e f  boo l ( b i n  mood o f  f ) : =  f a ls e ;
r e f  boo l ( c har  mood o f  f ) : =  b i n  pos s ib le ( f ) ;
current pos ( .f) := ( 1 ,  1 ,  1 )

end;

k) pr oc  c los e = ( r e f  fi l e  f )  v o id :  d is c onnec t ( f ,  c h a in b fi le ) ;

1) proc  lo c k  = ( r e f  fi l e  f )  v o id :  d is c onnec t ( f ,  loc k edbfi le ) ;

prOC s c ratc h = ( r e f  fi l e  f )  v o id :  d is c onnec t ( f ,  l o c  r e f  b fi l e : =  n i l ) ;

n) pr oc  ?  disconnec t =  ( r e f  fi l e  f ,  r e f  r e f  b fi l e  b f )  v o id :
begin ensure open( f ) ;  r e f  bool (opened o f  f ) : =  f a ls e ;

pu t t ing  o f  book o f  f : =  f a ls e ;  us ers  o f  book o f  f  - : =  1 ;
c lpos  may be s e t  t o  a  s u i t ab le  v a lue,  e . g . ,  t h e  beginning

of  the  nex t  l i n e ,  page o r  a t  t h e  end o f  the phy s ic a l
fi l e ,  i n s e r t i n g  blanks  o r  spaces i f  r equir ed c ;

case t e x t  o f  f  i n
( fl ex tex t ) :

down bfi lep r o tec t ;  b f : =  PRIM b fi l e : =  ( book ,  b f ) ;
a
.  
g
r
e
m
l
i
n
s

esac
end;

19
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Pos it ion enquir ies .

a) pr oc  c har  number = ( r e f  fi l e  f )  i n t :
(ensure open( f ) ;  c  o f  c ur r ent  p o s M ) ;

b) pr oe l i n e  number = ( r e f  fi l e  f )  i n t :
(ensure open( f ) ;  1  o f  c ur rent  Pos ( f ) ) ;

c) pr oe page number = ( r e f  fi l e  f )  i n t :
(ensure open( f ) ;  p  o f  c ur r ent  pos ( f ) ) ;

d) pr oc  ? c ur r ent  pos = ( r e f  fi l e  f )  r e f pc2g) cpos  o f  f ;

e) pr oc  ?  l o g i c a l  pos = ( r e f  fi l e  f )  r e f  pos : lpos  o f  book o f  f ;

f )  mode ? s t a t e  = s t r uc t ( boo l c har  mood, b i n  mood, r ead  mood);

proc ? s t a t e  = ( r e f  fi l e  f )  s t a t e :
(char mood o f  f ,  b i n  mood o f  f ,  r ead  mood o f  f ) ;

h) pr oc  ?  page bound = ( r e f  fi l e  f )  i n t :
upb [ ] [ ] [ ]  c har  ( t e x t  o f  f  I  ( t e x t  t i ) :  t l ,  ( fl e x t e x t  t 2 ) :  t 2 ) ;

i )  pr oc  ?  l i n e  bound = ( r e f  fi l e  f )  i n t :
$ w i l l  on ly  be c a l le d  w i t h in  a  page s pec ifi ed by  a  v a l i d

page number $
upb H E M  c har  ( t e x t  o f  f  I  ( t e x t  t l ) :  t l
'  ( fl e x t e x t  t 2 ) :  
t 2 )

[pi o f  c ur r ent  pos ( f)TT

j )  pr oc  ?  c har  bound = ( r e f  fi l e  f )  i n t :
$ w i l l  on ly  be c a l led  w i t h in  a  l i n e  s pec ifi ed by  a  v a l i d

l i n e  number w i t h in  a  page s pec ifi ed by  a  v a l i d  page number $
upb [ ] [ ] [ ]  c har  ( t e x t  o f  f  I  ( t e x t  t l ) :  t l ,  ( fl e x t e x t  t 2 ) :  t 2 )

[ic o f  c ur r ent  p o s ( f ) 7
.
1  o f  
c u r r e n t  
p o s
( f ) ] ;

k) pr oc  ?  check l o g i c a l  pos = ( r e f  fi l e  f )  v o id :
i f  r e f  22_s_ epos = c ur r ent  p o s ( f ) 7
-
p o s  l p o s  =  
l o g i c a l  
p o s ( f ) ;

cpos beyond lpos
then cpos:= lpos ;

( ( l o g i c a l  fi l e  mended o f  f ) ( f )  I  undefi ned)
fi ;

1) pr oc  ?  l o g i c a l  fi l e  ended = ( r e f  fi l e  f )  b o o l :
$ w i l l  on ly  be c a l le d  w i t h  - '  (cpos beyond lpos )  $
b e g i n p 2 f
L
e p o s  
=  
c u r r
e n t  
p o
s
( f )
,  
l
p
o
s  
=  
l o
g i
c
a l  
p
o
s
(
f
)
;

p o f  epos = p  o f  lpos  A 1  o f  cpos =  1  o f  lpos  A
c o f  cpos = c  o f  lpos

end;

proc ? page ended = ( r e f  fi l e  i ' )  b o o l :
1 o f  c ur r ent  pos ( f )  =  l i n e  bound( f)  +  1 ;

n) pr oc  ? l i n e  ended = ( r e f  fi l e - f )  b o o l :
c o f  c ur r ent  pos ( f )  =  c har  bound( f)  +  1 ;



Ensure r ou t ines ,

a) pr oc  ? ensure open = ( r e f  fi l e  f )  v o id :
i f  o p e n e d  o f  f  then undefi ned 'fi ;

b) p r oc  ?  ensure s ta te  = ( r e f  fi l e  f p  s t a t e  s )  v o id :
t  a f t e r  a  c a l l  o f  ensure s t a t e ,  t h e  s ta te  i s  as  s pec ifi ed

by s
begin ensure open( f ) ;

(char mood o f  s  1 s e t  c har  mood(f) 1 :
b in  mood o f  s  I  s e t  b in  mood( f) ) ;
(read mood o f  s  I  s e t  r ead mood 1 s e t  w r i t e  mood)( f )

end;

) pr oc  ?  ensure l o g i c a l  fi l e  =
( r e f  fi l e  f ,  s t a t e  S 1)001 -
t e s t )  b o o l :i f  necessary, a  t es t  f o r  the  l o g i c a l  fi l e  b e in g  ended i s

made; t h e  r ou t ine  r etur ns  the  v alue f a ls e  i f f
tes t  A l o g
i
c a l  
fi l e  
e n d
e d

begin ensure s t a t e ( f ,  s ) ;
tes t  I  l o g i c a l  fi l e  ended( f )  1  t r u e )

end;

d) pr oc  ? ensure page =
( r e f  fi l e  f ,  s t a t e  s ,  b o o l  t e s t ,  i n t  lmarg)  b o o l :

$ i f  the  r ou t ine  ensure l o g i c a l  fi l e  r e t u r ns  f a l s e ,
ensure page performs no check and s imply  r etur ns  f a ls e ;
otherwise, t he  page number i s  checked f o r  being v a l i d
and the  r ou t ine  r etur ns  t r u e  $

begin boo l r es u l t ;
while

i f  r es u l t : =  ensure l o g i c a l  fi l e ( f ,  s ,  t e s t )
then

i f  i n t  p  = p  o f  c ur r ent  pos ( f ) ;
-  Imarg < ID A p  < page bound( f)

then f a ls e
else
- -
T
-
h  
(
p
h
y
s
i
c
a
l  
f
i
l
e  
m
e
n
d
e
d  
o
f  
f
)
(
f
)

1 undefi ned; s k i p
1 t r u e )

fi
else f a ls e
fi

do s k ip  od;
r es u lt

end;
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proc ? ensure l i n e  =
( r e f  fi l e  f ,  s t a t e  s ,  b o o l  t e s t ,  i n t  lmarg)  b o o l :

$ i f  t he  r ou t ine  ensure page r etur ns  f a ls e ,  ensure l i n e
performs no check and s imply  r etur ns  f a ls e ;  other w is e,
the l i n e  number i s  checked f o r  being v a l i d  and the
r out ine r etur ns  t r ue .  I n  t h i s  case, a  new page i s  g iv en
i f  necessary $

begin boo l r e s u l t ;
while

i f  r e s u l t :  = ensure page( f ,  s ,  t e s t ,  0 )
then

i f  i n t  1  = 1  o f  c ur rent pos ( f ) ;
< 1  A 1  < l i n e  bound( f)—

then f a ls e
else boo l  le g a l  = page ended( f ) ;

i f  -1 (page mended o f  f ) ( f )
then

i f  le g a l
then

(ensure page( f ,  s ,  t e s t ,
1 n e x t  page( f ,  s ) ) ;
t r ue

else undefined; s k i p
fi

else t r u e
fi

fi
else f a ls e
fi

do s k ip  od;
r es u lt

end;

f )  pr oc  ?  ensure c har  =
( r e f  fi l e  f ,  s t a t e  s ,  b o o l  t e s t ,  i n t  lmarg)  b o o l :

$ i f  t he  r ou t ine  ensure l i n e  r etur ns  f a ls e ,  ensure c har
performs no check and s imply  r etur ns  f a ls e ;  other w is e,
the c harac ter  number i s  checked f o r  being v a l id ,  where
i n  any case a  r ig h t  margin o f  1 i s  a llowed,  and the
r out ine r etur ns  t r u e  $

begin boo l r e s u l t ;
while

i f  r e s u l t : =  ensure l i n e ( f ,  s ,  t e s t ,
then

i f  i n t  c  = c  o f  c ur rent pos ( f ) ;
1 -  lmarg < C A C <  c har  bound( f)  +  1--

then f a ls e
else (  ( l i n e  mended o f  f ) ( f )  1 undefi ned; s k i p  1 t r u e )
fi

else f a ls e
fi

do s k ip  od;
( r e s u l t

end;



g
)

p ro c ?  ch e ck  pos =  ( r e f  fi l e  f ,  s t a t e  s )  b o o l :
$ r e t u rn s  t r u e  i f  t h e  c u r re n t  p o s i t i o n  i s  a v a i l a b l e  f o r

t ra n sp u t ,  a n d  f a l s e  o t h e rwise  $
b e g in  b o o l  ended:= t r u e ;

wh i le
i f  e n s u r e  c h a r ( f ,  s ,  re a d  mood o f  s ,  0 )
the n  ( l o g i c a l  fi l e  mended o f  f ) (
1
7
e l i f  l i n e  e n d e d (f )
the n  ( l i n e  mended o f  f ) ( f )
e lse  ended:= f a l s e
fi

, d o  s k i p  o d ;
ended

end;

p ro c ?  n e x t  p o s =  ( r e f  fi l e  f ,  s t a t e  s )  v o i d :
$ e n su re s t h a t  t h e  c u r re n t  p o s i t i o n  i s  a v a i l a b l e  f o r

t ra n sp u t  $
wh i le

i f  -1 ensu re  c h a r ( f ,  s ,  re a d  mood o f  s ,  0 )
then  ( ( l o g i c a l  fi l e  mended o f  f ) ( 1 7  1 t r u e  I  u n d e fin e d ;  s k i p )
e l i f  l i n e  e n d e d (f )
then

( ( l i n e  mended o f  f ) ( f )
1 t r u e
1 (e n s u re  l i n e ( f ,  s ,  re a d  mood o f  s  0 )  1  n e x t l i n e ( f ,  s ) ) ;

t ru e )
e lse  f a l s e
fi

do s k i p  o d ;

23
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Layout r ou t ines .

proc new page = ( r e f  fi l e . f )  v o i d :
begin s ta te  s  = s tate( . f ) ;

ensure page( f ,  s ,  r ead mood o f  s ,  1 ) ;  nex t  page( f ,  s )
end;

b) p r oc  new l i n e  = ( r e f  fi l e . f )  v o i d :
begin s ta te  s  = s t a t e ( f ) ;

ensure l i n e ( f ,  s ,  r ead mood o f  s ,  1 ) ;  nex t  l i n e ( f ,  s )
end;

c) pr oc  space = ( r e f  fi l e  f )  v o id :
begin s ta te  s  = s t a t e ( f ) ;

while •
i f  -1 ensure c har ( f ,  s ,  r ead mood o f  s ,
then ( ( l o g i c a l  fi l e  mended o f  f ) (
1
7  1  t r u e  I  
u n d e fi n e d ;  
s k i p )

e l i f  l i n e  ended( f)
then

( ( l in e  mended o f  f ) ( f )
1 t r u e
1 ( ens ur e l i n e ( f ,  s ,  r ead mood o f  s ,  )  n e x t  l i n e ( f ,  s ) ) ;

t r ue)
else f a ls e
fi

do s k ip  od;
( log ic a l  fi l e  ended( f )  1 ou tc h  1 s k ipc h) ( f )

end;

proc backspace = ( r e f  fi l e  f )  v o id :
begin s ta te  s  = s t a t e ( f ) ;

ensure c ha r ( f ,  s ,  f a l s e ,  10); c  o f  c ur rent  pos ( f )  - : =  1—
end;

e) pr oc  ? nex t  page = ( r e f  fi l e  f ,  s t a t e  s )  v o id :
the c ur r ent  p o s i t io n  i s  advanced t o  t he  nex t  page $

i f  r e f  pos cpos =  c ur r ent  pos ( f ) ,  lp o s  = l o g i c a l  pos ( f ) ;
p o f  cpos = p  o f  lpos

then cpos := lpos ;
i f  r ead mood o f  s
then (  ( l o g i c a l  fi l e  mended o f  f ) ( f )  1 undefi ned) ;

ensure page( f ,  s ,  t r u e ,  1 ) ;  nex t  page( f ,  s )
else

i f  c omiz es s ible( f)
then ( c  o f  epos f 1  1 n e x t  l i n e ( f ) ) ;

case t e x t  o f  f  i n
( tex t  t 1
.
)
.
7  
s k i
p  
$  
w
i l
l  
n
e
v
e
r  
b
e  
r
e
a
c
h
e
d  
$
,

( fl ex tex t  t 2 ) :  ( i n t  p l  = p  o f  lpos ;
T2[P1]:= t 2 7 1 ] [ :  1  o f  1pos -  1 ] )

esac
else w h i le  -1 page ended( f)  do  nex t  l i n e ( f ,  s )  o d—
fi ;
cpos:= lpos := ( p  o f  cpos +  1 ,  1 ,  1 )

fi
else c pos : :  ( p  o f  cpos + 1 ,  1  1 )
fi ;



2
5

f )  pr oc  ? nex t  l i n e  = ( r e f  fi l e  f ,  s t a t e  s )  v o id :
i f  r e f  p2L cpos = c ur r ent  pos ( f ) ,  lp o s  = l o g i c a l  pos ( f ) ;

p o f  epos = p  o f  lpos  A 1  o f  epos = 1  o f  lpos
then c  o f  cpos:= e  o f  lpos ;

i f  r ead mood o f  s
then (  ( l o g i c a l  fi l e  mended o f  f ) ( f )  1 undefi ned) ;

ensure l i n e ( f ,  s ,  t r u e ,  1 ) ;  nex t  l i n e ( f ,  s )
else

i f  compress ible( f)
then

case t e x t  o f  f  i n
( tex t  t l
.
T T  
s k i
p  
$  
w
i l
l  
n
e
v
e
r  
b
e  
r
e
a
c
h
e
d  
C

( fl ex tex t  t 2 ) :  ( i n t  p l  = p  o f  lpos ,  11  = 1  o f  lpos ;
E f r p l ] [ 1 1 ] : : :
- .
t 2 [ p l ] [ 1 1 ] [ :  
c  
o f  
l p o
s  
-  
1 ]
)

esac
else w h i le  ' l i n e  ended( f)  do  outc h( f )  o d
Xi ;
cpos:= lpos := ( p  o f  epos, 1  o f  epos +  1 ,  1 )

fi
else opos := ( p  o f  cpos , 1  o f  cpos +  1 ,  1 )
fi ;

g) pr oc  ? outc h = ( r e f  fi l e . f )  v o i d :
i f  b i n  mood o f  f
then r e f  ELLs cpos = c ur r ent  pos ( f ) ;

c o f  cpos +: = 1 ;  l o g i c a l  pos ( f ) := cpos
else pu t  c ha r ( f ,  " 2 )
fi ;

h) pr oc  ?  s k ipc h = ( r e f  fi l e  f )  v o id :  c  o f  c ur rent pos ( f )  + : =  1 ;

i )  pr oc  s e t  = ( r e f  fi l e  f ,  i n t  p ,  1 ,  )  v o id :
begin ensure open( f ) ;

i f  s e t  pos s ib le ( f )
then c ur rent p o s ( f ) : ( p ,  1 ,  c ) ;  check  l o g i c a l  pos ( f )
else undefined
fi

end;

j )  w o o  s e t  c har  number = ( r e f  fi l e  f ,  i n t  c )  v o id :
begin ensure l i n e ( f ,  s t a t e ( f ) ,  f a l s e ,  0 ) ;

c o f  c ur r ent  pos ( f ) : =  c ;  check  l o g i c a l  pos ( f )
end;

k) pr oc  r es et  = ( r e f  fi l e  f )  v o id :
( reset pos s ib le ( f )  7  s et de f au l t s ( f )  1 undefi ned) ;
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Format less o u t p u t .

) Proc  pu t  = ( r e f  fi l e  f ,
union(outtype, p r oc ( r e f  fi l e )  v o i d )  x )  v o id :

begin s ta te  ps  = ( t r u e ,  f a l s e ,  f a l s e ) ,  ensures t a t e ( f  P s ) ;
f o r  i  t o  uph )e
do case x [ i ]  i n

(proc ( ref fi l e )  v o i d  p f ) :
(ensure s t a t e ( f ,  pc ) ;  p f ( f ) ) ,

(outtype o t ) :
begin s i m P l o u t  y  = s t r a igh tou t  o t ;

proc L  r e a l  cony = ( L  r ea l r )  s t r i n g :
fl o a t ( r ,  L  r e a l  w id th  + L  exp w id th  + 4 ,

L r e a l  w id th  -  1 ,  L  exp w id th  + 1)  4-;
f o r  j  t o  uph y
do case Y [ j ]  i n

(unionTEUmber, L  compl) nc ) :
begin s t r in g  s  =

case nc  i n
(L i n t  k ) :  whole ( k ,  L  n i t  w id th  + 1 ) ,
( I;r e a l  r ) :  L  r e a l  cony ( r ) ,
a :  compl z ) :  L  r e a l  cony ( r e  z )  +  T
.
, J u t  +

L r e a l  cony ( i n  z )
esac;
while ensure c ha r ( f ,  Ps ,  f a l s e ,  0 ) ;

n i t  c  = c  o f  c ur r ent  pos ( f ) ,  n  = upb s ;
i f  n  > char  bound( f)
then undefined; s k i p
e l i f c +  ( c  = 1 1 n 1 n +  1)

char bound( f)  +  1
then

( -1 ( l i n e  mended o f  f ) ( f )  1
p u t ( f ,  new l inT T ) ;

t r ue
else f a ls e
fi

do s k ip  od;
(c o f  c ur r ent  pos ( f )  4 1  1 p u t  c ha r ( f ,  " . " ) ) ;
f o r  k  t o  uPb s
do (check  pos ( f ,  pc )  1 p u t  c ha r ( f ,  s [ k ] )  1

undefined)
od

end
-
4 .  
$  
n
u
m
e
r
i
c  
e
,

(bool b ) :
(next pos ( f ,  ps ) ;  p u t  c ha r ( f ,  ( b  1 fl i p  1  fl o p ) ) ) ,
(L b i t s  l b ) :

f o r  k  t o  L  b i t s  w id th
do nex t pos ( f ,  p s ) ;
- -
P
u
t  
c
h
a
r
(
f
,  
(
(
F  
o
f  
1
b
)
[
k
]  
1  
f
l
i
p  
1  
f
l
o
p
)
)

od +,



esac
od

end;

od
end

(char k ) :
(next pos ( f ,  pa ) ;  p u t  c har ( f ,  k ) ) ,

( [ ]  c har  s s ) :
i f  lwb as  >  upb s s
then ensure c har ( f ,  ps ,  f a l s e ,  0 )
else f o r  k  fr om lwb s s  t o  upb s s

do nex t  pos ( f ,  ps ) ;  p u t  c ha r ( f ,  s s [ k ] )  od
fi

esac

b) p r oc  pu t  c har  = ( r e f  fi l e  f ,  c har  char )  v o id :
begin r e f  pos epos = c ur r ent  pos ( f ) ,  lp o s  = l o g i c a l  pos ( f ) ;

i n t  p  = p  o f  epos, 1  = 1  o f  epos, r e f  i n t  c  = c  o f  epos ,
char k ,  b o o l  found: = f a ls e ;
case t e x t  o f  f  i n
- -
( t
e
x
t )
:  
T
.
E
:
=  
c
h
a
r
;  
f
o
u
n
d
:
=  
t
r
u
e
)
,

( fl ex tex t ) :
f o r  i  t o  upb F  o f  cony o f  f  w h i le  -1 found
do s t r uc t ( c har  in t e r n a l ,  ex te r na l)  k ey  =

(F o f  cony o f  f ) [ i ] ;
( in te r na l o f  key = c har  1

k := ex ternal o f  key ; found:  = t r ue )
od

esac;
i f  found
then ( t e x t  o f  f  I  ( t e x t  t l ) :  t l [ p ] [ 1 ] [ c ] ,

( fl ex tex t  t 2 ) :  t 2 [ p ] [ 1 ] [ c ] ) : =  k ;  c  +: = 1 ;
i f  epos beyond lpos
then lpos := epos
e l i f  '  s et  p o s s ib le
-
( f )  A  
p _ 9 1 ( p  
o f  
l p o s ,  
1  
o f  
l p o
s ,

beyond epos
then lpos := epos;

(compress ible( f)  I  c  c )
fi

else
i f  -1 ( c har  e r r o r  mended o f  . f ) ( f5 k : =  " 2 )
then undefined; k : =
CI;
(check pos ( f ,  ( t r u e ,  f a l s e ,  f a ls e ) )  I

put c har ( f „  k )  1 undefi ned)
fi

end;
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Formatless in p u t .

proc ge t  = ( r e f  fi l e  f ,
[ ]  un ion( in ty pe,  p r oc ( r e f  fi l e )  v o id )  x )  v o id :

begin s ta te  g s
-
1 7 7 T r u e ,  
f a l s e
,  
t r r i g
3
-
;  
e n s
u r e  
s t a
t e
( f ,  
g
s
)
;

f o r  i  t o  1.4pb x
do case x [ i ]  i n

(proc ( ref  fi l e )  v o i d  p f ) :
(ensure s t a t e ( f ,  gs ) ;  p f ( f ) ) ,

( inty pe i t ) :
begin [ ]  s im p l in  y  = s t r a ig h t in  i t ;  c har  k ;

bool k  empty;
? = ( s t r i n g  s )  b a d :

i f  '  k  empty
then k  empty:= c har  i n  s t r ing ( k ,  l a c  i n t ,  s )
e l i f  e n s u r e  c ha r ( f ,  s ,  t r u e ,  0 )
then fa ls e
e l i f  l i n e  ended( f)
then f a ls e
else ge t  c har ( f ,  k ) ;

k elipty := c har  i n  s t r ing ( k ,  l o c  i n t  s )
fi ;

22
. 
?  
(
c
h
a
r  
c
)  
b
o
o
l
:  
?  
s
t
r
i
n
g  
(
c
)
;

P E LO  1  = 7 8
7
-
EELI =  ( s t r in g  s ,  c har  c )  c har :

i f  ( k  empty 1 n e x t  pos ( f ,  gs ) ;  g e t  c har ( f ,  k ) ) ;
- -
k  
e
m
p
t
y
:  
=  
t
r
u
e
;  
c
h
a
r  
i
n  
s
t
r
i
n
g
(
k
,  
l
o
c  
i
n
t
,  
s
)

then k
else c har  sugg:= c ;

i f  ( c har  e r r o r  mended o f  f ) ( f ,  sugg)
then ( c har  i n  s t r ing( s ugg,  l a c  i n t ,  s )  1 s ugg 1

undefined; c )
else undefined; c
fl

fi ;
2 2
-
1
-  
=  
(
c
h
a
r  
s
,  
c
)  
c
h
a
r
:  
s
t
r
i
n
g  
(
s
)  
1  
c
;

proc s k ip  spaces = v o id :
while ( k  empty 1 n e x t  pos ( f ,  g s ) ) ;  ?  " . "  do s k ip  od;

proc read d ig  = s t r in g :
( s t r ing  t : =  "0123)456789" 1  " 0 " ;
while ? "0123456789" do t  plus ab k  ad; t ) ;

proc read s ign = c har :
(sk ip spaces; c har  t =  (  ?  " + - "  1 k  1
sk ip spaces; t ) ;

proc read num = s t r in g :
(char t  = read s ign ;  t  +  r ead d ig ) ;

proc read r e a l  = s t r in g :
( s t r ing  t : =  read s ign ;

?Iʻ "  1 k  empty:= f a ls e  1 t  plusab r ead d ig ) ;n

( ?  " . "  1 t  plusab " . "  +  r ead d ig ) ;
( ?  "
m
e "  
1  
t  
p
l
u
s
a
b  
"
m
"  
+  
r
e
a
d  
n
u
m
)
;  
.
0
;



esac
ad

end;
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f o r  j  t o  upb y
do boo l incomp:= f a ls e ;  k  empty:= t r u e ;
- -
C
a
s
e  
A
n  
i
n

- -
1
–
( r
e
f  
L
i
n
t  
i
i
)
:

incomp:= " s t r i n g  t o  L  in t ( r ead  num, 10 ,  i i )  + ,
( r e f  L  r e a l  r r ) :

incomp:= -1 s t r in g  t o  L  r ea l( r ead r e a l ,  r r )
( r e f  L  compl z z ) :
—
T
I
n
c
o
m
p
:
=  
-
1  
s
t
r
i
n
g  
t
o  
L  
r
e
a
l
(
r
e
a
d  
r
e
8
1
,  
r
e  
o
f  
z
z
)
;

sk ip spaces; n i l " 1 " 1 " ;
incomp:= incomp v

'  s t r in g  t o  L  r ea l( r ead r e a l ,  i m  o f  z z ) )
( r e f  boo l bb) :  —

(sk ip spaces; bb : = ( fl i p  fl o p )  i  fl o p  =  fl i p )
4: ( r e f  L  b i t s  l b ) :

f o r  i  t o  L  b i t s  w id th
do s k ip  spaces; •
- - -
( F  
o
f  
l
b
)
[
i
]
:
=  
(
f
l
i
p  
f
l
o
p
)  
i  
f
l
o
p  
=  
f
l
i
p

od
( r e f  char  c c ) :

(next pos ( f ,  gs ) ;  g e t  c har ( f ,  c c ) ) ,
( r e f  c h a r  s s ) :

i f  lwb s s  >  upb s s
then ensure c ha r ( f ,  gs ,  t r u e ,  0 )
else

fo r  i  f r om lwb s s  t o  upb s s
do nex t  pos r fT  gs ) ;  g e t  c har ( f ,  s s [ i ] )  ad

( r e f  s t r in g  s s ) :
begin s t r in g  t : =  " " ;

while
i f  check pas ( f ,  gs )
then char  k ;  g e t  c ha r ( f ,  10 ;

i f  char  i n  s t r ing ( k ,  l o c  i n t ,  te r m o f  f )—
then k  empty := f a ls e
else t r u e
fi

els e f a ls e
fi

do t  k  ad;—
ss:= t

end
esac;
( k  empty 1 bac k s pac e( f) ) ;
i f  incomp
then (  ( v a l u e  e r r o r  mended o f  f ) ( f )  1 undefi ned)
fl

ad
end
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proc ? g e t  c har  = ( r e f  fi l e  f ,  r e f  char  char )  v o id :
begin r e f  EsLs epos = c ur r ent  pos ( f ) ;

i n t  p  = p  o f  epos, 1  = 1  o f  epos, c  = c  o f  epos;
c o f  epos -4-:= 1 ;
char:= case t e x t  o f  f  i n

( tex t  —
T I ) :  
t l
[ p r i
]
[ F T
,

( fl ex tex t  t 2 ) :
begin char  k := t 2 [ P ] [ 1 ] [ c ] ;  b o o l  found:= f a ls e ;

f o r  i  t o  upb F  o f  cony o f  f  w h i le  f o u n d
do s t r uc t ( c har  in t e r n a l ,  ex te r na l)  k ey  =

(F o f  cony o f  f ) [ i ] ;
( ex ternal o f  key = k  1
k := in t e r n a l  o f  key ; found:  = t r ue)

esac
end;

od;
i f  found
then k
else

i f  ( c har  e r r o r  mended o f  . f ) ( f ,  k : =  "  .")
then k
else undefined; " . "
fi

fi
end



Binary  t r ans put .

a) pr oc  pu t  b i n  = ( r e f  fi l e  f ,  o u t t y p e  a t )  v o id :
begin s ta te  pbs = ( f a ls e ,  t r u e ,  f a l s e ) ;  ensure s t a t e ( f ,  pbs ) ;

f o r  k  t o  upb a t
do [ ]  s implout  y  = s t r a igh tou t  o t [ k ] ;

f o r  j  t o  upb y
do [ ]  c har  b in  = t o  b i n ( f ,  y [ j ] ) ;

f o r  i  t o  upb b i n
do nex tpos ( f ,  pbs ) ;
- -
r
e
f  
p
o
s  
e
p
o
s  
=  
c
p
o
s  
o
f  
f
,  
l
p
o
s  
=  
l
p
o
s  
o
f  
b
o
o
k  
o
f  
f
;

case t e x t  o f  f  i n
( fl ex tex t  t 2 )
-
T
–

t2 [p  o f  cpos][ 1  o f  cpos][ c  o f  c pos ]:= b i n [ i ]
esac;
c o f  epos 1 ;
i f  epos beyond lpos  then lpas := epos

e l i f  '  s et  pos s ib le ( f ) A p2L(p of lpos, 1 o f  lpos ,  1 )  beyond cpos
then lpos := cpos;
- -
(
c
o
m
p
r
e
s
s i
b l
e
( f
)  
c  
c
)

fi
a d
—a d

—a d
- -end;

b) pr oc  ge t  b i n  = ( r e f  fi l e  f ,  [ ]  in t y pe  i t )  v o id :
begin s ta te  gbs = ( f a ls e ,  t r u e ,  t r u e ) ;  ensure s t a t e ( f ,  gbs ) ;

f o r  k  t o  upb i t
do [ ]  s im p l in  y  = s t r a ig h t in  i t [ k ] ;
- -
f
o
r  
j  
t
o  
u
p
b  
y

do
s i m p
l o u t  
y j  
=  
c
a
s
e  
y
[
j
]  
i
n

( r e f  L  i n t  i ) :
.1: (ref Treal r ) : r

( r e f  L  compl z ) :  z
( r e f  bool b ) :  b ,

( r e f  L  b i t s  l b ) :  l b  4-,
( r e f  char  c ) :  c ,
( r e f  EJ c har  s ) :  s ,
( r e f  s t r in g  s s ) :  s s

esac;
1 7
-
7
-
u p
b
( t
o  
b
i
n
(
f
,  
y
j
)
)
]  
c
h
a
r  
b
i
n
;

f o r  i  t o  upb b i n
do nex t  pos ( f ,  gbs ) ;  b i n [ i ] : =
- -
c
a
s
e  
t
e
x
t  
o
f  
f  
i
n

( fl ex tex t  t 2 ) T
– t2[p o f  c pos ][1 o f  c pos ][c  o f  epos]

esac;
c o f  epos -1-:= 1

od;
case e s a c

ad
ad

end-
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G. Pr e -  and pos tc ondit ions

In  the  s equel,  " ( f ) " ,  " o f  f "  and " o f  bock o f  f "  have been omit ted—
for  b r ev i t y ' s  sake.

A pr ec ondit ion o f  a  r out ine  i s  a  c ond it ion  t h a t  must ho ld  when t h a t
r out ine i s  c a l le d  i n  or der  t o  war rant s a t is fac to r y  e labor at ion .  O nly
such r out ines  ar e t r ea ted  here as  may be c a l le d  from w i t h in  the
transput r ou t ines .  The o the r  r out ines  a r e  no t  protec ted by  ? ,  and
are ther efor e  av a i lab le  t o  the us er ;  t hey  have as  pr ec ondit ion the
t r i v i a l l y  s a t is fi e d  c ond i t ion ,  t r u e .  However, when any o f  the r out ines
get pos s ib le ,  e t c . ,  i s  c a l le d  from w i t h in  the  t r ans put  r ou t ines ,  t h e
c ondit ion opened i s  always s a t is fi e d ,  s o  t h a t  implementat ion by
dir ec t  ins pec t ion  o f  the fi e l d  concerned i s  pos s ib le .

A pos t condition o f  a  r out ine  i s  a  c ond it ion  t h a t  holds  when the
c a l l in g  o f  t h a t  r ou t ine  i s  completed, where i t  i s  assumed t h a t  a
c a l l  o f  undefined imp l ies  non-completion. I f  a  r ou t ine  "per forms
no ac t ion " ,  then  any c ond it ion  s a t is fi ed  a t  t he  c a l l i n g  s t i l l  holds
at t he  c omplet ion.

A gener al in v a r ian t ,  t h a t  should be unders tood t o  be pa r t  o f  any
pre-  and pos tc ondit ion,  i s  g iv en by :

opened => :  ( e p o s  be yond lpos )
: w r i t e  mood *  read mood
Ei t he r

. 1  < p  o f  lpos  <  page bound

. 1  < 1  o f  lpos  < l i n e  bound

. 1  < c  o f  lpos  < c har  bound + 1
or

• 1  < p  o f  lpos  < page bound
• 1  o f  lpos  = l i n e  bound + 1
• c  o f  lpos  =  1

or
-•  p  o f  lpos  -page bound + 1

• 1  o f  lpos  =  1
• c  o f  lpos  = 1

w ith  one ex c eption: a t  t he  c a l l i n g  o f  check l o g i c a l  pos , i t  i s
pos s ible t h a t  cpos beyond lpos .



P o s i t i o n  e n q u i r ie s

ro u t in e

•d) c u r r e n t  pos

.e) l o g i c a l  pos

•8) s t a t e

TO p a g e  bound

d ) l i n e  bound

j )  c h a r  bound

k )  ch e ck  l o g i c a l  pos .  opened

1) l o g i c a l  fi l e  e n d e d  .  opened

-111) p a g e  ended

) l i n e  ended

p re co n d i t io n

• opened

• opened

. opened

opened
l p  o f  cp o sp a g e  bound

opened
l f
.
p  
o
f  
c
p
o
s
p
a
g
e  
b
o
u
n
d

1<1 o f  cpos<ldne  bound

. opened
•1
.
.
p  
o
f  
c
p
o
s
s
o
a
g
e

• opened
•l f p  o f  cpossoage bound
• 1 < 1  o f  cp o s< l in e  bound

p o s t co n d i t io n

p e rfo rms

p e rfo rms

p e rfo rms

p e rfo rms

p e rfo rms

no a c t i o n

no a c t i o n

no a c t i o n

no a c t i o n

no a c t i o n

pe rfo rms n o  a c t i o n

p e rfo rms n o  a c t i o n ,
y i e l d s  t r u e  i f f  cpos
co in c id e s w i t h  l p o s

p e rfo rms n o  a c t i o n ,
bound y i e l d s  t r u e  i f f

1 o f  cpos=ldne  bound+1

p e rfo rms n o  a c t i o n ,
y i e l d s  t r u e  i f f
c o f  cpos=cha r bound+1
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Ensure r out ines

A l l  r out ines  o f  t h i s  s ec t ion have a  t r i v i a l l y  s a t is fi e d  pr ec ond it ion ,
t h e i r  on ly  f unc t ion  being t o  guarantee a  c e r t a in  pos tc ondit ion,

r out ine

a)  ensure open

b) ensure s t a t e ( f ,  .$)

.c) ensure lo g ic a l  fi l e ( f ,  s ,  t e s t )
( In  t h i s  and the f o l lo w in g  thr ee
r out ines ,  Case B o f  the
post condition can apply  on ly
i f  t e s t  i s  t r u e ,  i . e . ,  i f
read mood o f  s  (ex c ept when
c a lled  from backspace) .)

d.) ensure page( f ,  s ,  t e s t ,  lmarg)

) ensure l i n e ( f ,  s ,  t e s t ,  lmarg)

f )  ensure c ha r ( f ,  s ,  t e s t ,  ' m a r e

pos tc ondit ion

. opened

• opened
• s t a t e  = s

. opened

. s t a t e  = s
Case A:  t h e  y ie ld  i s  t r u e :

. t e s t  => -1 lo g ic a l  fi l e  ended
Case B:  t h e  y i e l d  i s  f a ls e :

. l o g i c a l  fi l e  ended

• opened
. s t a t e  = s
Case A:  t h e  y i e l d  i s  t r u e :

. t e s t  => -1 lo g ic a l  fi l e  ended
• 1- 1mar go o f  cposfpage bound

Case B:  t h e  y i e l d  i s  f a l s e :
. l o g i c a l  fi l e  ended

• opened
. s t a t e  = s
Case A:  t h e  y i e l d  i s  t r u e :

tes t  => -1 l o g i c a l  fi l e  ended
. 1  < p  o f  epos <  page bound
. 1-1marg<1 o f  c pos <line bound

Case B:  t h e  y i e l d  i s  f a ls e :
. l o g i c a l  fi l e  ended

. opened

. s t a t e  = s
Case A:  t h e  y i e l d  i s  t r u e :

• t e s t  => -1 lo g ic a l  fi l e  ended
• 1  < p  o f  epos <  page bound
• 1  < 1  o f  epos <  l i n e  bound
• 1-1marg<c o f  cpos<char bound-El

Case B:  t h e  y i e l d  i s  f a l s e :
• l o g i c a l  fi l e  ended



g) check  pos ( f ,

h) n e x t  pos ( f ,  s )

• opened
• s t a t e  s
Case A:  t h e  y i e l d  i s  t r u e :

• r ead  mood = > "
-
I l o g i   
c a l  
fi l e  
e n d
e d

• 1  < p  o f  epos <  page bound
• 1  < 1  o f  epos <  l i n e  bound
• 1  < e  o f  epos <  c har  bound

Case B:  t h e  y i e l d  i s  f a ls e :
Ei t he r

• r ead  mood A l o g i c a l  fi l e  ended
or

• 1
-
, a
, d  
m
o
o
d  
=
>
-
I
l
o
g
i
c
a
l  
f
i
l
e  
e
n
d
e
d

• 1  < p  o f  epos <  page bound
• 1  < 1  o f  epos <  l i n e  bound
• l i n e

• opened
• s t a t e  s
• r ead  mood = >
- 1
1 o g i c a l  
fi l e  
e n d
e d

• 1  < p  o f  epos <  page bound
• 1  < 1  o f  epos <  l i n e  bound
• 1  < c  o f  epos <  c har  bound_  _
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Layout r out ines

r out ine

.d) backspace

e)  nex t  page( f,_s )

.f) nex t  l i n e ( f ,

.g) outc h
( I t  i s  assumed
tha t  " . "  i s
c onv er t ib le. )

h) s k ipc h

prec ondit ion

• opened
• s t a t e  = s
Either

O
•  
f
p  
o
f  
c
p
o
s
f
p
a
g
e  
b
o
u
n
d

or  .
. r ead  mood
. p  o f  cpos=p o f  lpos

or  both

• opened
. s t a t e  = s
Either

•I f p  o f  cposfpage bound
• 01<1 o f  cpos<line bound

or
• r ead mood
• p  o f  cpos=p o f  lpos
• 1  o f  cpos=1 o f  lpos

or  both

. opened

. w r i t e  mood

. l o g i c a l  fi l e  ended
•l f p  o f  cposfpage bound
• 1<1 o f  cpos<line bound
• 1
-
<
-
6  
o
f  
c
p
o
s
<
c
h
a
r  
b
o
u
n
d

, opened
. -1 lo g ic a l  fi l e  ended
•l f p  o f  cposfpage bound
. 1<1 o f  c pos <line bound
•0
7
Z
6  
o
f  
c
p
o
s
<
c
h
a
r  
b
o
u
n
d

pos tc ondit ion

• opened
. 1ogicR1 fi l e  ended
. l f p  o f  cpOsfpage bound
• 1<1' o f  c pos <line bound
• 0
7
<
-
6 '
o f  
c
p
o
s
<
c
h
a
r  
b
o
u
n
d

. opened

. s t a t e  = s
l
•  
f
p 
o
f  
c
p
o
s
f
p
a
g
e 
b
o
u
n
d
+
1

. 1  o f  cpos =  1

. c  o f  epos =  1

. opened
• s t a t e  = s
ol f p o f  cposfpage bound
• 1<1 o f  c pos <line bound+1
. c
—
O
f  
c
p
o
s  
=
7
1

. opened
. w r i t e  mood
. l o g i c a l  fi l e  ended
•l f p  o f  cposfpage bound
• 1<1 o f  c pos <line bound
•2
7
Z
c  
o
f  
c
p
o
s
<
c
h
a
r  
b
o
u
n
d
4
.
1

• opened
•l f p  o f  cposfpage bound
• 1<1 o f  c pos <line bound
• 1<c  o f  cpos7char bound+1



Formatless output

r out ine

b)  p u t  c ha r ( f ,  .$)

(Moreover, i f  c  i s
lo g ic a l  fi l e  ended

d) g e t  c har

prec ondit ion

. opened
• w r i t e  mood
. c har  mood

130 o f  cpos3page bound
1<1 o f  c p o s j in e  bound
17c El lc pos phar  bound
c onv er t ible,  t hen  l o g i c a l
afterwards .)

• opened
• r ead mood
. c har  mood
. l o g i c a l  fi l e  ended
. 1  o f  epos Lpage  bound
. 1  1  o f  cpos L l i n e  bound
• 1  < c  o f  cpos <  c har  bound

pos tc ondit ion

• opened
• w r i t e  mood
• c har  mood
• 1
. .
p  
o
f  
c
p
o
s
p
a
g
e  
b
o
u
n
d

• 1<1 E l l e p o s
.
l i n e  
b o u n d

• 2717,H2L cpos<char boundi-1
fi l e  ended b e
-
f o r e  
i m p l i e
s
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