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A b s t ra c t

ALEPH (a cro n ym f o r  " A  Language Encou rag ing  Prog ram H ie ra rc h y " )  i s
a h i g h - l e v e l  la n g u a g e  d e sig n e d  t o  p ro v id e  t h e  p rogrammer w i t h  a
t o o l  t h a t  w i l l  e f f e c t i v e l y  a i d  h im i n  s t r u c t u r i n g  h i s  p ro g ra m i n
a h i e r a r c h i c a l  f a s h i o n .  T h e  s y n t a x  o f  ALEPH e n a b le s t h e  c o mp i le r
t o  u t i l i z e  t h e  we l l -s t ru c t u re d n e s s  o f  t h e  p ro g ra m f o r  o p t i m i z a t i o n
purposes. T h u s  t h e  l o s s  o f  e f fi c i e n c y  u s u a l l y  i n c u r r e d  i n
s t ru c t u re d  p ro g ra mmin g  i s  a v o i d e d .  A L E P H  i s  s u i t a b l e  f o r
any p ro b le m t h a t  s u g g e s t s  t o p -d o w n  a n a l y s i s  ( p a r s e r s ,  s e a r c h
a lg o r i t h ms ,  c o m b i n a t o r i a l  p r o b l e m s ,  a r t i fi c i a l  i n t e l l i g e n c e
p rob lems,  e t c . ) .
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O. P r e f a c e .

ALEPH (a cro n ym f o r  " A  Language Encou rag ing  Prog ram H ie ra rc h y " )  i s
a h i g h - l e v e l  la n g u a g e  d e sig n e d  t o  p ro v id e  t h e  p rog rammer w i t h  a
t o o l  t h a t  w i l l  e f f e c t i v e l y  a i d  h im i n  s t r u c t u r i n g  h i s  p ro g ra m i n
a h i e r a r c h i c a l  f a s h i o n .  T h e  syn t a x  o f  ALEPH e n a b le s t h e  c o mp i l e r
t o  u t i l i z e  t h e  we l l -s t ru c t u re d n e s s  o f  t h e  p ro g ra m f o r  o p t i m i z a t i o n
purposes. T h u s  t h e  l o s s  o f  e f fi c i e n c y  u s u a l l y  i n c u r r e d  i n
s t ru c t u re d  p ro g ra mmin g  i s  a v o i d e d .  A L E P H  i s  s u i t a b l e  f o r
any p ro b le m t h a t  s u g g e s t s  t o p -d o w n  a n a l y s i s  ( p a r s e r s ,  s e a r c h
a lg o r i t h ms ,  c o m b i n a t o r i a l  p r o b l e m s ,  a r t i fi c i a l  i n t e l l i g e n c e
p rob lems,  e t c . ) .

Chapter o n e  o f  t h i s  Manua l g i v e s  a  t u t o r i a l  i n t r o d u c t i o n  i n t o
the way o f  t h i n k i n g  t h a t  i s  u se d  i n  ALEPH. I t  a d d re sse s i t s e l f
t o  co mp u te r u s e r s  t h a t  h a v e  s o me  e xp e rie n ce  w i t h  a lg o r i t h ms  and
grammars, t h o u g h  n o t  n e c e s s a r i l y  w i t h  h i g h - l e v e l  languages.  I t  mu st
not b e  co n clu d e d  f ro m th e se  p re re q u i s i t e s  t h a t  ALEPH sh o u ld  n o t  b e
taught t o  t h e  n o v ice  p rog rammer.  O n  t h e  c o n t ra ry ,  ALEPH in t ro d u ce s
h im t o  a  d i s c i p l i n e  o f  th o u g h t  t h a t  i s  l a c k i n g  i n  many o t h e r
languages. E x p e r i me n t s  i n  t e a ch in g  ALEPH and i t s  p a re n t  CDL have
proved t o  b e  s u c c e s s f u l  ( c f .  C . H . A .  K o s t e r ,  P o r t a b l e  c o mp i le rs
and t h e  UNCOL concep t  i n  P ro c .  o f  i F I P  Wo rk in g  C o n f .  o n  Mach ine
Orie n te d  Hig h  L e ve l  Languages, Tro n d h e im,  1 9 7 3 ).

Chapter t h re e  t h ro u g h  s i x  c o n t a in  a  co mp le te  d e s c r i p t i o n  o f  ALEPH.
Chapter t h re e  t r e a t s  t h e  fl o w - o f - c o n t r o l .  C h a p t e r  f o u r  t r e a t s  t h e
d a ta -t yp e s.  E x t e rn a l s ,  i . e . ,  s t a n d a rd -o p e ra t io n s  a n d  commun ica t ion
wi t h  t h e  o u t s id e  wo r l d ,  a r e  t re a t e d  i n  ch a p t e r fi v e .  C h a p t e r  s i x
d e scrib e s t h e  p ra g ma ts.

The re p re s e n t a t io n  o f  symb o ls,  e x a m p l e s  a n d  a  summary o f  t h e
grammar a re  g iv e n  i n  ch a p t e r se ve n ,  e i g h t  and  n in e ,  r e s p e c t i v e l y .

The d i s c i p l i n e  o f  th o u g h t  n e e d e d  i n  ALEPH i s  d i f f e r e n t  f ro m t h a t
needed i n  most  o t h e r  p rogramming  languages.  W e  a re  v e r y  i n t e re s t e d
i n  a cco u n ts o f  e xp e rie n ce  w i t h  ALEPH a n d  w e  wo u ld  b e  g l a d  t o
re ce ive  comments, su g g e st io n s and  wish e s .

Th is r e p o r t  i s  t o  b e  f o l l o we d  b y  a  re p o r t  o n  t h e  imp le me n t a t io n  o f
ALEPH. A  wo rk in g  ALEPH c o mp i le r  e x i s t s  f o r  t h e  CYBER 7 3 .

The t e x t  o f  t h i s  manua l was j u s t i fi e d  b y  a  t e x t  j u s t i fi e r  w r i t t e n
i n  ALEPH; i t  i s  a v a i l a b l e  o n  p a p e r t a p e .
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1. I n f o r m a l  i n t ro d u c t i o n .

I n  t h i s  ch a p t e r  w e  s h a l l  g ra d u a l l y  d e v e l o p  a  s m a l l  ALEPH p ro g ra m
and in t e rs p e rs e  i t  l i b e r a l l y  w i t h  a n n o t a t io n s  a n d  a rgumen ts.  T h i s
in t ro d u c t i o n  i s  in t e n d e d  t o  g i v e  s o me  i n s i g h t  i n t o  t h e  u se  o f  t h e
language ALEPH a n d  t o  d i s p l a y  i t s  ma in  f e a t u re s  i n  a  v e ry  i n f o r m a l
way.

1 .1 .  T h e  p ro b le m w e  a re  g o in g  t o  t a c k l e  i s  t h e  f o l l o w i n g .  W e  w a n t
t o  w r i t e  a  p rog ram t h a t  re a d s a  s e r i e s  o f  a r i t h me t i c  e xp re ss io n s
separa ted  b y  commas, c a l c u l a t e  t h e  v a lu e  o f  each  e xp re ss io n  w h i l e
re a d in g  i t ,  a n d  su b se q u e n t ly p r i n t  t h e  va lu e .  Th e  e xp re ss io n s  w i l l
con ta in  o n l y  i n t e g e rs ,  p l u s  symb o ls ,  t i me s  symb o ls a n d  p a re n th e se s:
an example  mig h t  b e  15  x  (1 2  +  3  x  9 ) .

F i r s t  w e  p u t  t h e  re q u ire me n t s  f o r  t h e  i n p u t  t o  o u r  p ro g ra m i n  t h e
more t ra n s p a re n t  and  c l e a r  f o r m  o f  a  grammar. T h i s  grammar shows
e xa c t ly  wh ich  symb o l we w i l l  a cce p t  i n  wh ich  p o s i t i o n .

in p u t :  e x p re s s io n ,  i n p u t  t a i l .
in p u t  t a i l :  comma symb o l,  i n p u t ;  e mp t y .
e xp re ssio n :  t e r m ,  p l u s  symb o l,  e xp re ss io n ;  t e r m .
te rm:  p r i m a r y ,  t ime s  symb o l,  t e rm;  p r i m a r y .
p r ima ry :  l e f t  p a re n t h e s is ,  e x p re s s io n ,  r i g h t  p a re n t h e s is ;  i n t e g e r .
in t e g e r:  d i g i t ,  i n t e g e r ;  d i g i t .

The r u l e  f o r  " i n p u t "  ca n  be  re a d  a s :
" in p u t "  i s

an e xp re ss io n  f o l lo we d  b y  a n  i n p u t  t a i l ,
whereas t h e  r u l e  f o r  " p r ima ry "  ca n  b e  re a d  a s :
a " p r ima ry "  i s  e i t h e r

a l e f t  p a re n t h e s is  f o l l o w e d  b y  a n  e xp re ss io n  f o l lo we d  b y  a
r i g h t  p a re n t h e s is

Th is  g rammar ma k e s  i t  c l e a r  t h a t  f o r  in s t a n ce  1 5  x  +  3  w i l l  n o t  b e
accepted a s a n  e xp re ss io n .  T h e  x  ca n  o n ly  b e  f o l l o we d  b y  a  " t e rm" ,
wh ich  a lwa ys s t a r t s  w i t h  a  " p r ima ry " ,  w h i c h  i n  t u r n  e i t h e r  s t a r t s
w i t h  an  " i n t e g e r "  o r  a  " l e f t  p a re n t h e s is " ,  b u t  n e ve r w i t h  a  + .

1 .2 .  W e  s h a l l  now w r i t e  a  s e r i e s  o f  r u l e s  i n  ALEPH, o n e  f o r  each  r u l e
i n  t h e  g rammar.  F o r  t h e  grammar r u l e  f o r  " e xp re ss io n "  w e  s h a l l
w r i t e  a n  ALEPH r u l e  t h a t ,  w h e n  e xe cu te d ,  r e a d s  a n d  p ro ce sse s a n
e xp re ssio n  and y i e l d s  i t s  r e s u l t .  T h i s  ALEPH r u l e  l o o k s  a s  f o l l o w s :

' a c t i o n '  e x p re s s io n  +  re s >  -  r :
t e rm +  r e s ,

( i s  symb o l +  / + / ,  e xp re ss io n  +  r ,  p l u s  +  r e s  +  r  +  re s ;  + ) .
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Th is ca n  be  re a d  a s :  a n  e xp re ss io n ,  w h i c h  mu st  y i e l d  a  r e s u l t  i n
re s a n d  uses a  v a r i a b le  r  i s  (we  a re  now a t  t h e  c o lo n )  a  t e rm wh ich
w i l l  y i e l d  a  r e s u l t  i n  re s ,  f o l l o w e d  e i t h e r  (we  a re  now a t  t h e  l e f t
p a re n t h e s is ) b y  a  +  symb o l f o l l o we d  b y  a n  e xp re ss io n  wh ich  w i l l
y i e l d  i t s  r e s u l t  i n  r  a f t e r  wh ich  t h e  r e s u l t  i n  re s  a n d  t h e  r e s u l t
i n  r  w i l l  b e  added t o  f o rm a  new r e s u l t  i n  r e s ,  o r  ( w e  a r e
a t  t h e  se mico lo n  n o w )  b y  n o t h in g .  W e  se e  t h a t  t h i s  i s  t h e  o l d
meaning o f  t h e  grammar r u l e  f o r  " e xp re ss io n " ,  s p r i n k l e d  w i t h  some
d a ta -h a n d lin g .  T h i s  d a t a -h a n d l in g  t e l l s  w h a t  i s  t o  b e  done t o
ge t t h e  c o r r e c t  r e s u l t :  w e  c o u ld  c a l l  i t  t h e  se ma n t ics  o f  a n
" e xp re ss io n " .  I f  we remove t h e se  p a ra p h e rn a l ia  f ro m t h e  ALEPH r u l e
we o b t a i n  some th ing  v e ry  s i m i l a r  t o  t h e  o r i g i n a l  g rammar r u l e :

' a c t i o n '  e x p re s s io n l :  $  t o  a vo id  co n f u s io n  w i t h  " e xp re ss io n "  $
te rm,  ( i s  symb o l +  / + / ,  e x p re s s io n l ;  + ) .

Th is r u l e ,  w h i l e  i t  i s  s t i l l  c o r r e c t  ALEPH, d o e s  n o  d a t a  h a n d l in g
and, co n se q u e n t ly ,  w i l l  n o t  y i e l d  a  r e s u l t ;  i t  c o u ld  f o r  example  b e
used t o  s k i p  a n  " e xp re ss io n "  i n  t h e  i n p u t .  N o t e  t h a t  comments may
be added between $  and  $ .

We now d i r e c t  o u r  a t t e n t i o n  b a ck t o  t h e  ALEPH r u l e  " e xp re ss io n "  a n d
co n sid e r wh a t  happens when i t  i s  e xe cu te d  ( c a l l e d ) .  F i r s t ,  " t e r m "
i s  e xe cu te d  and w i l l  y i e l d  a  r e s u l t  i n  re s :  i t  does s o  because we
s h a l l  d e fi n e  " t e r m "  s o  t h a t  i t  w i l l .  T h e n  we mee t  a  s e r i e s  o f  two
a l t e rn a t i v e s  se p e ra te d  b y  a  se mico lo n  ( e i t h e r  a  t h i s  o r  a  t h a t ) .
F i r s t  a n  a t t e mp t  i s  made t o  e xe cu te  t h e  fi r s t  a l t e r n a t i v e  b y  a s k in g
" i s  symb o l +  / + / " .  T h i s  i s  a  q u e s t io n  (because  we s h a l l  d e fi n e  i t
so) wh i c h  i s  answered p o s i t i v e l y  i f  in d e e d  t h e  n e x t  symb o l i s  a  +
( i n  wh ich  ca se  t h e  +  w i l l  b e  d isca rd e d  a f t e r  re a d in g )  o r  n e g a t i v e l y
i f  t h e  n e x t  symb o l i s  so me th in g  e l s e .  A g a i n  i t  does s o  because we
s h a l l  d e fi n e  i t  t h a t  way.

I f  " i s  s y m b o l  +  / + / "  s u c c e e d s  ( i s  a n s we re d  p o s i t i v e l y )  t h e
re ma in d e r o f  t h e  fi r s t  a l t e r n a t i v e  i s  e xe cu te d ,  " e x p r e s s i o n  +  r "
i s  c a l l e d  ( r e c u r s i v e l y ) ,  y i e l d i n g  i t s  r e s u l t  i n  r  and  su b se q u e n t ly
" p lu s +  r e s  +  r  +  re s "  i s  c a l l e d ,  p u t t i n g  t h e  s u m  o f  re s  and  r
i n  r e s .  T h e  c a l l  o f  " e xp re ss io n  +  r "  wo rks  because we  j u s t  d e fin e d
what i t  sh o u ld  d o .  " p l u s "  i s  a  name known t o  t h e  c o mp i le r  and has
a p re d e fin e d  mean ing .  H o w e v e r ,  i f  w e  a re  d i s s a t i s fi e d  w i t h  i t s
wo rkin g s we  c o u ld  d e fin e  o u r  own r u l e  f o r  i t .  N o w  t h i s  a l t e r n a t i v e
i s  fi n i s h e d ,  s o  t h e  p a re n th e s ize d  p a r t  i s  fi n i s h e d ,  w h i c h  b r in g s  u s
to  t h e  end  o f  t h e  e xe cu t io n  o f  t h e  r u l e  " e x p re s s io n " .

I f  " i s  symb o l +  / + / "  f a i l s  ( i s  answered  n e g a t i v e l y )  t h e  s e c o n d
a l t e rn a t i v e  i s  t r i e d :  t h e  p a r t  a f t e r  t h e  s e m i c o l o n .  T h i s
a l t e rn a t i v e  c o n s is t s  o f  a  +  wh ich  i s  a  dummy s t a t e me n t  t h a t  a lwa ys
succeeds. W i t h o u t  f u r t h e r  a c t i o n  w e  re a ch  t h e  end  o f  t h e  r u l e
"
e
x
p
r
e
s
s
i
o
n
"
.
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The above i n d i c a t e s  t h e  d i v i s i o n  o f  r e s p o n s i b i l i t y  b e t we e n  t h e
language a n d  t h e  u s e r .  T h e  language  p r o v i d e s  a  f ra me wo rk t h a t
co n t ro ls  w h i c h  r u l e s  w i l l  b e  c a l l e d  depend ing  o n  t h e  a n s w e rs
ob ta ined  f ro m o t h e r r u l e s .  Th e  u s e r  mu st  fi l l  i n  t h i s  f ra me wo rk ,  b y
d e fi n in g  wh a t  a c t io n s  mu st  b e  p e rfo rme d  b y  a  s p e c i fi c  r u l e  and  wh a t
q u e st io n s mu st  b e  asked .  Th e se  d e fi n i t i o n s  a g a i n  w i l l  have  t h e  f o rm
o f  r u l e s  t h a t  d o  so me th in g  ( t o  be  d e fin e d  b y  t h e  u s e r )  embedded i n
a f ra me wo rk t h a t  c o n t ro l s  t h e i r  o rd e r  (s u p p l i e d  b y  t h e  la n g u a g e ).
I t  i s  c l e a r  t h a t  t h i s  p ro ce ss mu st  e n d  somewhere. I t  ca n  end i n  one
o f  two  ways.
I t  may a p p e a r t h a t  t h e  a c t i o n  n e e d e d  i s  s u p p l ie d  b y  ALEPH: t h e r e
are  t wo  v e ry  b a s i c  p r i m i t i v e s  i n  t h e  la n g u a g e ,  t h e  co p y in g  o f  a
va lu e ,  a n d  t h e  t e s t  f o r  e q u a l i t y  o f  two  v a lu e s .  O f t e n ,  h o w e v e r ,
these t w o  p r i m i t i v e s  a r e  n o t  s u f fi c i e n t  t o  e xp re ss t h e  a c t i o n  .
needed. N o r m a l l y  t h e  r u l e  i s  t h e n  decomposed i n t o  o t h e r  r u l e s ;
however, t h e r e  a r e  cases w h e r e  t h i s  i s  n o t  d e s i ra b l e  ( o r  n o t
p o s s ib le ) .  I n  su ch  cases t h e  r u l e  i s  d e c la re d  a s  ' e x t e r n a l '  a n d
i t s  a c t i o n s  mu st  b e  s p e c i fi e d  i n  a  d i f f e r e n t  w a y ,  g e n e r a l l y  i n
the a sse mb ly language o f  th e -ma ch in e  u se d .  B y  s p e c i f y i n g  a  r u l e  a s
' e x t e rn a l '  we  le a ve  t h e  re a lm o f  mach ine -independen t  s e m a n t i c s .  A
number o f  e x t e rn a l  r u l e s  a re  p re d e fin e d  b y  t h e  c o mp i l e r ,  i n c l u d i n g
the  r u l e  " p l u s "  used  above. T h i s  s e t  o f  r u l e s  w i l l  s u f fi c e  f o r  mo st
a p p l ic a t io n s .

Now we s h a l l  pay some a t t e n t i o n  t o  t h e  e x a c t  n o t a t i o n  ( s y n t a x )  o f
the  r u l e  " e xp re ss io n " .  T h e  wo rd  ' a c t i o n '  i n d i c a t e s  t h a t  t h i s  r u l e
s p e c ifi e s  a n  a c t i o n  t o  b e  p e rfo rme d ,  n o t  a  q u e s t io n  t o  b e  a ske d .
"
e
x
p
r
e
s
s
i
o
n
"  
i
s  
t
h
e  
n
a
m
e  
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f  
t
h
e  
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e
,  
"
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s
"  
i
s  
i
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s  
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n
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y  
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a
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a f fi x  (p a ra me t e r ) .  T h e  +  se rve s  a s  a  se p a ra t o r ( i t  " a f fi x e s "  t h e
a f fi x  t o  t h e  r u l e ) .  T h e  r i g h t  a rro w-h e a d  ( > )  i n d i c a t e s  t h a t  t h e
re s u l t i n g  va lu e  o f  " r e s "  w i l l  b e  u se d  b y  t h e  c a l l i n g  r u l e .  T h i s
means t h a t  " e xp re ss io n "  h a s t h e  o b l i g a t i o n  t o  a s s ig n  a  va lu e  t o
" re s "  u n d e r  a l l  c i rcu mst a n ce s:  " r e s "  i s  a n  o u t p u t  p a r a m e t e r ,
guaranteed t o  re c e iv e  a  va lu e .  I f  t h e  t e x t  o f  t h e  r u l e  d o e s  n o t
support  t h i s  c l a i m ,  t h e  c o mp i le r  w i l l  d i s c o v e r  s o  and  i s s u e  a
message. T h e  + -s i g n  and t h e  t e rm ' a f fi x '  s t e m  f ro m t h e  t h e o ry  o f
a f fi x  g rammars o n  wh ich  ALEPH i s  based  [ 2 ] .
The " - r "  s p e c i fi e s  " r "  a s  a  l o c a l  a f fi x  ( l o c a l  v a r i a b l e )  o f  t h i s
ru l e  a n d  t h e  c o lo n  c lo se s  t h e  l e f t  hand  s id e .  T h e  +  i n  " t e rm +
re s "  appends t h e  a c t u a l  a f fi x  " r e s "  t o  t h e  r u l e  " t e rm" ,  t h e  comma
separa tes subsequent c a l l s  o f  r u l e s .  T h e  p a re n th e se s g r o u p  b o t h
a l t e rn a t i v e s  v i r t u a l l y  i n t o  o n e  a c t i o n .  T h e  +  be tween s l a s h e s
( i n d i c a t i n g  a b so lu t e  v a l u e )  re p re se n t s  t h e  i n t e g e r  v a l u e  o f  t h e
p lu s symb o l i n  t h e  code u se d .  T h e  se mico lo n  s e p a r a t e s  ( m u t u a l l y
e x c lu s iv e )  a l t e r n a t i v e s .  A s  s a i d  b e f o re ,  t h e  s t a n d -a lo n e  +  deno tes
the  dummy a c t i o n  t h a t  a lwa ys  succeeds.  Th e  p e r io d  ends t h e  r u l e .

Fo r t h e  re a d e r  w h o  i s  f a m i l i a r  w i t h  A L G O L - l i k e  la n g u a g e s  t h e
f o l l o w in g  a p p ro xima te  t r a n s l a t i o n  t o  ALGOL 6 t i mig h t  b e  h e l p f u l :
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p roc e xp re ss io n =  ( r e f  i n t
b e g in  i n t  r ;  t e r m ( r e s ) ;

i f  i s  s y mb o l (" + " )

end
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re s )  v o i d :

then  :
x
e
.
s l i o
n
( r ) ;  
p l
u s
( r
e s
, r
, r
e s
)

fi

An a p p ro xima te  P L / I  v e rs i o n  ru n s  a s  f o l l o w s :

EXPRESSION:
PROCEDURE(RES) RECURSIVE;

DECLARE(RES,R) FIXED BINARY;
CALL TERM(RES);
I F  IS_SYMBOL('+') THEN
DO; CALL EXPRESSION(R);

CALL PLUS(RES,R,RES);
END; ELSE;

END;

1 .3 .  I n  v ie w  o f  t h e  above t h e  ALEPH r u l e  f o r  " t e rm"  sh o u ld  n o t  s u r p r i s e
the  re a d e r :

' a c t i o n '  t e r m  +  re s >  -  r :
p r ima ry  +  r e s ,

( i s  symb o l +  / x / ,  t e r m  +  r ,  t i me s  +  re s  +  r  +  r e s ;  4 ) .

Now we a re  te mp te d  t o  re n d e r t h e  ALEPH r u l e  f o r  p r i m a r y "  a s :

' a c t i o n '  p r i m a r y  +  re s > :
i s  symb o l +  / ( / ,  e xp re ss io n  +  r e s  i s  symb o l +  / ) / ;
in t e g e r +  re s .

bu t h e re  t h e  c o mp i le r  w o u l d  d i s c o v e r  t h a t  we d i d  n o t  s p e c i f y  wh a t
shou ld  b e  done i f  t h e  second c a l l  o f  " i s  s y m b o l "  f a i l s .  I f
t h a t  happens, w e  wo u ld  h a v e  re co g n ize d ,  p r o c e s s e d  a n d  sk ip p e d
a l e f t  p a re n t h e s is  a n d  a  co mp le te  e xp re ss io n ,  t o  fi n d  t h a t  t h e
co rrespond ing  r i g h t  p a re n t h e s is  i s  mis s in g .  T h i s  means t h a t  t h e
in p u t  i s  i n c o r r e c t ;  w e  now d e c id e  t h a t  w e  s h a l l  n o t  d o  a n y e r r o r
re co ve ry ,  s o  we g i v e  a n  e r r o r  message a n d  s t o p  t h e  p ro g ra m.  T h e
c o rre c t  v e rs i o n  o f  t h e  ALEPH r u l e  " p r i ma ry "  i s  t h e n :

' a c t i o n '  p r i m a r y  +  r e s › ;
i s  symb o l +  / ( / ,  e xp re ss io n  +  r e s ,

( i s  symb o l +  / ) / ;
e r ro r  +  n o  p a re n );

in t e g e r +  re s .

1-4
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Here t h e  t w o  a l t e rn a t i v e s  be tween pa ren theses behave a s  one  a c t i o n
t h a t  w i l l  a lwa ys succeed :  e i t h e r  t h e  r i g h t  p a re n t h e s is  i s  p re se n t
i n  t h e  i n p u t ,  o r  a n  e r r o r  w i l l  b e  s i g n a l l e d .  " n o  p a re n "  i s  a
constan t  t h a t  w i l l  be  s p e c i fi e d  l a t e r  o n  i n  t h i s  e xa mp le .

Wr i t i n g  t h e  r u l e  f o r  " i n t e g e r "  i s  a  t r i c k i e r  p ro b le m t h a n  i t  seems
t o  b e .  F o r  a  comprehensive  a cco u n t  o n  how t o  o b t a i n  c o r re c t  and
in c o r re c t  v e rs io n s  o f  i t  t h e  re a d e r i s  r e f e r r e d  t o  [ 1 ] .  W e  s h a l l
co n fin e  o u rs e lv e s  t o  g i v i n g  one c o r r e c t  v e rs i o n .  I t  c o n s i s t s  o f  t wo
ru le s  a n d  i s  a b o u t  a s  co mp l ica t e d  a s  n e ce ssa ry .

' a c t i o n '  i n t e g e r  +  re s > :
d i g i t  +  r e s ,  i n t e g e r '  +  r e s ;
e r r o r  +  n o  i n t ,  0  - >  re s .

' a c t i o n '  i n t e g e r l  +  > re s>  -  d :
d i g i t  +  d ,  t ime s  +  r e s  +  1 0  +  r e s ,

p lu s  +  re s  +  d  +  r e s ,  i n t e g e r '  +  r e s ;  + .

The r u l e  " i n t e g e r "  a sks  f o r  a  d i g i t .  I f  p re se n t ,  i t s  v a lu e  w i l l
se rve  a s  t h e  i n i t i a l  va lu e  o f  " r e s " .  T h e  v a lu e  o f  " r e s "  i s  t h e n
passed t o  " i n t e g e r l " .  I f  no  d i g i t  i s  p re se n t  a n  e r r o r  message w i l l
r e s u l t  a n d  " r e s "  w i l l  g e t  t h e  dummy v a lu e  O .  T h i s  i s  n e ce ssa ry
to  e n su re  t h a t  " i n t e g e r "  w i l l  a s s ig n  a  va lu e  t o  " r e s "  u n d e r a l l
c ircumstances ( n e c e s s a r y  b e c a u s e  o f  t h e  r i g h t  a r ro w -h e a d  a f t e r
" re s " ) .  T h e  r i g h t  a r ro w i n  " 0  - >  re s "  i n d i c a t e s  t h e  a s s ig n a t io n
o f  t h e  v a lu e  o n  t h e  l e f t  t o  t h e  v a r i a b l e  o n  t h e  r i g h t ,  o n e  o f  t h e
p r i m i t i v e  a c t io n s  i n  ALEPH.
The r u l e  " i n t e g e r l "  p ro ce sse s t h e  t a i l  o f  t h e  i n t e g e r .  I f  t h e re  i s
such a  t a i l  i t  s t a r t s  w i t h  a  d i g i t ,  s o  t h e  fi r s t  a l t e r n a t i v e  a s k s
" d i g i t  +  d " ,  I f  so ,  a  new r e s u l t  i s  c a l c u la t e d  f ro m t h e  p re v io u s
one and  t h e  d i g i t  " d "  b y  ma kin g  " r e s "  e q u a l  t o  " r e s  x  10 + d "  and
" i n t e g e r l "  i s  c a l l e d  a g a i n  ( t o  se e  i f  t h e re  a r e  more  d i g i t s  t o
come). I f  t h e re  was n o  d i g i t ,  w e  have  p ro ce sse d  t h e  wh o le  i n t e g e r
and " r e s "  co n t a in s  i t s  v a lu e .
The r u l e  " i n t e g e r l "  i s  re c u rs i v e ;  t h i s  sh o u ld  n o t  w o r ry  t h e  re a d e r
sin ce  t h e  c o mp i le r  w i l l  d i s c o v e r  t h a t  t h i s  i s  a  ca se  o f  t r i v i a l
r i g h t - r e c u rs i o n  and w i l l  o p t imiz e  i t  i n t o  a  s imp le  ju mp .
The r i g h t  a r ro w -h e a d  i n  f r o n t  o f  " r e s "  me a n s  t h a t  t h e  c a l l i n g
ru le  w i l l  h a v e  a ssig n e d  a  va lu e  t o  t h i s  a f fi x  j u s t  b e f o re  c a l l i n g
" i n t e g e r l " ,  i . e .  " r e s "  i s  i n i t i a l i z e d .  Th e  r i g h t  a rro w-h e a d  a f t e r
" re s "  a g a in  i n d i c a t e s  t h a t  t h e  r e s u l t i n g  va lu e  w i l l  b e  passed  b a c k
t o  t h e  c a l l i n g  r u l e .

A more co n ve n ie n t  w a y  o f  re a d in g  a n  i n t e g e r  i s  p ro v id e d  b y  t h e
(sta n d a rd ) e x t e rn a l  r u l e  " g e t  i t " .
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1 .4 .  T h e  above f o r m s  t h e  h e a r t  o f  o u r  p ro g ra m.  W e  s h a l l  n o w  su p p ly
i t  w i t h  some i n p u t  a n d  o u t p u t  d e fi n i t i o n s .  F o r  t h e  i n p u t  we  need
a fi l e  t o  o b t a in  t h e  i n p u t  symb o ls f r o m ,  w h i c h  w e  s h a l l  c a l l
" re a d e r" ;  l e t  u s  suppose t h a t  t h i s  fi l e  i s  c a l l e d  "SYSIN"  somewhere
i n  t h e  su rro u n d in g  o p e r a t i n g  s y s t e m  ( e . g .  o n  a  c o n t r o l  c a r d ) .
Fu rthe rmo re  w e  s h a l l  u s e  a  g lo b a l  v a r i a b l e  " b u f f "  w h i c h  w i l l
co n t a in  t h e  fi r s t  s y mb o l  n o t  y e t  re co g n ize d .

$ i n p u t  $
' c h a r fi l e '  r e a d e r  =  >"SYSIN" .
' v a r i a b l e '  b u f f  =  /  / .

The v a r i a b l e  " b u f f "  i s  i n i t i a l i z e d  w i t h  t h e  code  f o r  t h e  space
symbol ( t h e re  b e in g  n o  u n i n i t i a l i z e d  v a r i a b le s  i n  ALEPH). W e  a re
now i n  a  p o s i t i o n  t o  g i v e  t w o  r u l e  d e fi n i t i o n s  t h a t  w e r e  s t i l l
miss in g .

' p re d ic a t e '  i s  symb o l +  >n :  b u f f  =  n ,  g e t  n e x t  symb o l.

' p re d ic a t e '  d i g i t  +  d >:
=bu f f=
[ 7 0 / :  / 9 / ] ,  min u s +  b u f f  +  / 0 /  +  d ,  g e t  n e x t  symb o l;
[ :  3 ,  -

These r e q u i r e  s o me  m o r e  e x p l a n a t i o n ,  m a i n l y  c o n c e r n i n g  t h e
n o t a t io n .  Th e  wo rd  ' p re d i c a t e '  i n d i c a t e s  t h a t  " i s  symb o l"  i s  n o t  a n
a c t io n  b u t  a  q u e s t io n ,  o r  more  p r e c i s e l y  a  " co mmi t t in g "  q u e s t io n
as opposed t o  a  " n o n -co mmit t a l "  q u e s t io n .  A  n o n -co mmit t a l  q u e s t io n
i s  a  q u e s t io n  t h a t ,  r e g a r d l e s s  o f  t h e  answer i t  y i e l d s ,  m a k e s  n o
g lo b a l  changes,  d o e s  n o t  d o  a n y t h in g  i r r e v e r s i b l e .  A  co mmit t in g
q u e st io n  i s  a  q u e s t io n  t h a t ,  w h e n  answered p o s i t i v e l y ,  d o e s  make
g lo b a l  (a n d  o f t e n  i r r e v e r s i b l e )  c h a n g e s ,  a c c o r d i n g  t o  p rogrammer
s p e c i fi c a t i o n .  T o  g i v e  a n  examp le ,  " A re  t h e re  p la n e  t i c k e t s  f o r  New
York f o r  l e s s  t h a n  $  100?"  i s  a  n o n -co mmit t a l  q u e s t i o n ,  w h e re a s
"Are  t h e re  p la n e  t i c k e t s  f o r  New Y o rk  f o r  l e s s  t h a n  $  100? I f  s o ,  I
want o n e "  i s  a  co mmit t in g  q u e s t io n .
I n  t h e  ca se  o f  " i s  symb o l"  t h e  (c o mmi t t i n g )  q u e s t i o n  i s :  " I s  t h e
symbol i n  " b u f f "  e q u a l  t o  t h e  one I  wan t?  I f  s o ,  t h r o w  i t  away and
pu t  t h e  n e x t  symb o l i n  " b u f f " . "  T h e  f o rm " b u f f = n "  i s  a  t e s t  f o r
e q u a l i t y  and  i s  one  o f  t h e  p r i m i t i v e  o p e ra t io n s  i n  ALEPH. " g e t  n e x t
symbol"  w i l l  be  d e fin e d  b e lo w.

Again t h e  r i g h t  a r ro w -h e a d  i n  f r o n t  o f  t h e  f o r m a l  a f fi x  " n "
in d ica t e s  t h a t  t h e  c a l l i n g  r u l e  w i l l  have  a ss ig n e d  a  va lu e  t o  i t ;
the  absence o f  a  r i g h t  a rro w-h e a d  t o  t h e  r i g h t  o f  " n "  i n d i c a t e s
t h a t  t h e  c a l l i n g  r u l e  w i l l  n o t  u se  t h e  va lu e  o f  " n " .
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The r u l e  f o r  " d i g i t "  (a g a in  a  ' p r e d i c a t e ' )  shows a n o t h e r f e a t u re  o f
ALEPH, t h e  c l a s s i fi c a t i o n .  F o r  c e r t a i n  c la sse s  o f  va lu e s  o f  ' b u f f "
one a l t e r n a t i v e  w i l l  b e  chosen ,  f o r  o t h e r  c la sse s  a  d i f f e r e n t
a l t e rn a t i v e  w i l l  b e  chosen .  T h e  c la s s e s  a r e  p re se n te d  i n s i d e  t h e
square b ra c k e t s .  T h u s ,  f o r  va lu e s  o f  " b u f f "  t h a t  l i e  be tween t h e
code f o r  " 0 "  and  t h e  code  f o r  " 9 "  t h e  fi r s t  a l t e r n a t i v e  w i l l  b e
chosen. F o r  a l l  o t h e r  va lu e s  t h e  dummy q u e s t io n  t h a t  a lwa ys f a i l s
(min u s-s ig n ) w i l l  be  e xe cu te d .  Th e  r u l e  " d i g i t "  i s  e q u iv a le n t  t o

' p re d ic a t e '  d i g i t l  +  d  > :
between +  / 0 /  +  b u f f  +  / 9 / ,  min u s +  b u f f  +  / 0 /  +  d

ge t n e x t  symb o l;

assuming t h a t  "be tween  +  / 0 /  +  b u f f  +  / 9 / "  succeeds i f  and  o n l y  i f
/ 0 /  <  b u f f  <  / 9 / .  I n  co mp lica te d  ca se s a  " c l a s s i fi c a t i o n "  i s  e a s i e r
t o  w r i t e  a n d  w i l l  i n  g e n e ra l  p ro d u c e  more  e f fi c i e n t  o b j e c t  co d e .
The co n ce p t  o f  " c l a s s i fi c a t i o n "  i s  ana logous t o  " ca se "  s ta te me n ts
i n  ALGOL 68  and  o t h e r  p rogramming languages.

A l l  t h e  a r i t h m e t i c  used  h e re  o n  symbo ls i s  based  o n  t h e  (h o p e f u l l y
mach ine-independent) a ssu mp t io n  t h a t  t h e  n u me r ica l  codes a sso c ia t e d
w i t h  t h e  symb o ls " 0 "  t h ro u g h  " 9 "  a re  a  s e t  o f  co n se cu t ive  i n t e g e rs
i n  a sce n d in g  o r d e r .  T h e  n u me r ic a l  v a l u e  o f  a  d i g i t  symb o l c a n
then in d e e d  b e  o b t a in e d  b y  s u b t ra c t i n g  t h e  co d e  f o r  " 0 "  f r o m i t s
n u me rica l code .

One more  i n p u t  r u l e  mu st  b e  s u p p l ie d :

' a c t i o n '  g e t  n e x t  symb o l:
ge t  c h a r  +  re a d e r +  b u f f ,

( ( b u f f  =  /  / ;  b u f f  =  n e w l in e ) ,
ge t  n e x t  symb o l;
+ ) ;

stop  - >  b u f f .

' co n s t a n t '  s t o p  =  - 1 .
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"ge t  c h a r "  i s  a (n  e x t e rn a l )  r u l e  known t o  t h e  c o mp i le r .  I t  t r i e s
t o  re a d  t h e  n e x t  symb o l f ro m t h e  fi l e  i n d i c a t e d  b y  i t s  fi r s t  a f fi x
(he re  " re a d e r " ) ;  i f  t h e re  i s  a  symb o l i t  p u t s  i t  i n  i t s  second
a f fi x  ( h e r e  " b u f f " ) ,  i f  t h e re  i s  n o  symb o l i t  f a i l s .  I n  t h e  l a t t e r
case " b u f f "  i s  g iv e n  t h e  v a lu e  " s t o p " ,  w h i c h  i s  d e fi n e d  i n  a
co n s t a n t -d e c la ra t io n  t o  be  - 1 .
I f  " g e t  c h a r "  d o e s  y i e l d  a  symb o l a n d  i f  t h i s  i s  a  space o r  a
n e w-l in e ,  " g e t  c h a r"  i s  c a l l e d  a g a in .  We u se  n e ste d  p a re n t h e s iz in g
he re .
Th is d e fi n i t i o n  o f  " g e t  c h a r "  i m p l i e s  w e  have  d e c id e d  t h a t  spaces
and n e w- l in e s  a re  a l lo we d  i n  t h e  i n p u t  i n  a l l  p o s i t i o n s  ( a  d e c i s io n
t h a t  was n o t  y e t  p re se n t  i n  t h e  i n i t i a l  g ra mma r).



The o u t p u t  i s  a s  f o l l o w s :

ALEPH Manual

.$ o u t p u t  $
' c h a r fi l e '  p r i n t e r  =  H
S Y S O U T " >
' a c t i o n '  p r i n t  i n t e g e r  > i n t :

out i n t e g e r  +  i n t ,  p u t  c h a r  +  p r i n t e r  +  n e wl in e .

1
-
8

' a c t i o n '  o u t  i n t e g e r  +  > i n t  -  re m:
d iv re m + i n t  +  10  +  i n t  +  re m,  p l u s  +  re m + / 0 /  +  re m,
( i n t =  0 ;  o u t  i n t e g e r  +  i n t ) ,  p u t  c h a r  +  p r i n t e r  +  re m.

The r u l e  " p u t  c h a r"  i s  known t o  t h e  c o l l p i l e r ,  a s  i s  " d i v ra m" .  T h e
c a l l  o f  t h e  l a t t e r  has t h e  e f f e c t  t h a t  " i n t "  i s  d i v i d e d  b y  t e n ,  t h e
q u o t ie n t  i s  p la ce d  b a ck i n  " i n t "  and  t h e  re ma in d e r i n  " re m" .  T h i s
s p l i t s  t h e  number i n t o  i t s  l a s t  d i g i t  and  i t s  head ;  i f  t h i s  h e a d
(now i n  " a n t " )  i s  n o t  z e ro  i t  mu st  b e  p r i n t e d  fi r s t ,  w h i c h  i s
e f f e c t e d  b y t h e  re c u rs i v e  c a l l  o f  " o u t  i n t e g e r " .  S u b s e q u e n t l y ,  t h e
l a s t  d i g i t  i s  p r i n t e d  t h r o u g h  a  c a l l  o f  " p u t  c h a r " .  T h i s  i s
a co n ve n ie n t  t h o u g h  i n e f fi c i e n t  w a y  o f  p r i n t i n g  a  number: h e r e
the  re c u rs i o n  i s  e s s e n t i a l  a n d  w i l l  n o t  b e  o p t imiz e d  o u t  b y  t h e
co mp i le r.

A more  co n ve n ie n t  way o f  p r i n t i n g  a n  i n t e g e r  i s  p ro v id e d  b y  t h e
(sta n d a rd ) e x t e rn a l  r u l e  " p u t  i n t " .

Fo r t h e  p r i n t i n g  o f  e rro rme ssa g e s  w e  s h a l l  n e e d  s o me  s t r i n g
h a n d lin g .  S t r i n g s  d o  n o t  c o n s t i t u t e  a  s p e c ia l  d a t a  t y p e  i n  ALEPH:
they a re  h a n d le d ,  l i k e  a l l  o t h e r  co mp l ica t e d  d a t a  t y p e s ,  b y  p u t t i n g
them i n  ' s t a c k ' s  and  ' t a b l e ' s  a n d  a r e  o p e ra te d  u p o n  b y s u i t a b l y
d e fin e d  r u l e s  (g e n e ra l l y  d e fin e d  b y  t h e  p rog rammer b u t  somet imes
p re d e fin e d  i n  t h e  sys t e m).

The e r r o r  h a n d le r t a ke s  t h e  f o l l o w i n g  f o rm:

$ e rro rme ssa g e  p r i n t i n g  $
' a c t i o n '  e r r o r  +  > e r :

pu t  c h a r  +  p r i n t e r  +  n e wl in e ,
pu t  s t r i n g  +  p r i n t e r  +  s t r i n g s  +  e r ,  ' e x i t '  1 .

' t a b l e '  s t r i n g s =  ( " r i g h t  p a re n t h e s is  mis s in g " :  n o  p a re n ,
" in t e g e r  mis s in g " :  n o  i n t ) .

The t a b l e  " s t r i n g s "  c o n t a i n s  t w o  s t r i n g s ,  s t o r e d  and  packed i n  a
way s u i t a b l e  t o  o u r  mach ine ;  t h e y  c a n  b e  re a ch e d  u n d e r t h e  names
"
n
o  
p
a
r
e
n
"  
a
n
d  
"
n
o  
i
n
t
"
.  
T
h
e  
c
a
l
l  
o
f  
"
p
u
t  
s
t
r
i
n
g
"  
t
a
k
e
s  
t
h
e  
a
f
f
i
x

" e r " ,  l o o k s  i n  t h e  t a b l e  " s t r i n g s "  u n d e r t h e  e n t r y  co rre sp o n d in g  t o
" e r"  a n d  t ra n s f e rs  t h e  s t r i n g  t h u s  f o u n d  t o  t h e  fi l e  i n d i c a t e d  a s
" p r i n t e r " .
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When t h e  c o n s t ru c t i o n  " ' e x i t '  1 "  i s  e xe cu te d  t h e  p ro g ra m w i l l  b e
te rmin a te d  a n d  t h e  1  w i l l  b e  passed  t o  t h e  o p e ra t in g  s y s t e m  a s
an i n d i c a t i o n  o f  what w e n t  wro n g .  T h i s  i s  b y  n o  means t h e  n o rma l
program t e rmin a t io n :  n o r m a l  p ro g ra m t e rmin a t i o n  e n s u e s  w h e n  a l l
work i s  done .

1 .6 .  T h e  r u l e  f o r  re a d in g  a n  e xp re ss io n  ( " e x p re s s io n " )  a n d  t h e  one f o r
p r i n t i n g  a n  i n t e g e r  ( " p r i n t  i n t e g e r " )  c a n  now be  combined i n t o  t h e
ru le  " i n p u t "  (s e e  t h e  grammar a t  t h e  b e g in n in g  o f  t h i s  c h a p t e r ) .

' a c t i o n '  i n p u t  -  i n t :
e xp re ssio n  +  i n t ,  p r i n t  i n t e g e r  +  i n t ,

( i s  symb o l +  / , / ,  i n p u t ;  + ) .

Th is  r u l e  combines t h e  grammar r u l e s  f o r  " i n p u t "  a n d  " i n p u t  t a i l " .
In stead  o f  t r a n s l a t i n g  " e mp ty"  b y  " + " ,  w e  c o u ld  make a  t e s t  t o  se e
whether we have  in d e e d  re a ch e d  t h e  e n d  o f  t h e  fi l e :

(b u f f  =  s t o p ;  e r r o r  +  n o  e n d )

We now remember o u r  co n ve n t io n  t h a t  " b u f f "  c o n t a in  t h e  fi r s t  s y mb o l
no t y e t  re co g n ize d ,  a n d  r e a l i z e  t h a t  " b u f f "  m u s t  b e  i n i t i a l i z e d
w i t h  t h e  fi r s t  n o n -sp a ce  symb o l o f  t h e  i n p u t :

' a c t i o n '  i n i t i a l i z e :  g e t  n e x t  symb o l.

' a c t i o n '  r e a d  e xp re ss io n s a n d  p r i n t  r e s u l t s :  i n i t i a l i z e ,  i n p u t .

The re a d e r  w i l l  have n o t i c e d  t h a t  u p  u n t i l  now we h a ve  o n l y  d e fin e d
ru le s  t h a t  w i l l  d o  so me th in g  i f  t h e y  a re  e xe cu te d  ( c a l l e d )  a n d
which  w i l l  t h e n  c a l l  o t h e r  r u l e s .  H e  may have  wondered w h e t h e r
ALEPH co n t a in s  a n y  d i r e c t l y  e xe cu ta b le  s t a t e me n t s  a t  a l l .  T h e
answer i s  y e s ,  b u t  o n l y  one ( p e r  p ro g ra m).  I n  o u r  example  i t  h a s
the f o l l o w i n g  f o rm:

' r o o t '  r e a d  e xp re ss io n s and  p r i n t  r e s u l t s .

We now i n d i c a t e  t h e  end  o f  o u r  p ro g ra m:

'end '

When t h e  p ro g ra m i s  r u n  t h e  r u l e  " re a d  e x p re s s i o n s  a n d  p r i n t
r e s u l t s "  i s  e xe cu te d .  T h i s  r u l e  c a l l s  " i n i t i a l i z e " ,  w h i c h  t h ro u g h
a c a l l  o f  " g e t  n e x t  symb o l"  p u t s  t h e  fi r s t  n o n -sp a ce  s y m b o l  i n
" b u f f " ;  w h e n  " i n i t i a l i z e "  i s  done ,  " i n p u t "  i s  c a l l e d  wh ich  c a l l s
"
e
x
p
r
e
s
s
i
o
n
"  
w
h
i
c
h  
i
n  
t
u
r
n  
e
x
e
c
u
t
e
s  
"
t
e
r
m
"
,  
e
t
c
.
.  
A
f
t
e
r  
a  
w
h
i
l
e

" in p u t " ,  w h i c h  i s  c a l l e d  re p e a t e d ly ,  w i l l  fi n d  " i s  symb o l +  / , / "
t o  f a i l ,  i t  i s  done and s o  i s  " re a d  e xp re ss io n s  and  p r i n t  r e s u l t " .
The c a l l  s p e c i fi e d  i n  t h e  ' r o o t '  i n s t r u c t i o n  i s  fi n i s h e d :  t h i s
co n s t i t u t e s  t h e  n o rma l p ro g ra m t e rmin a t io n .
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We c o u ld  h a v e  g iv e n  t h e  ru l e -d e c l a ra t i o n s  a nd  d a t a -d e c la ra t io n  i n
any o t h e r  o rd e r  and t h e  e f f e c t  wo u ld  s t i l l  have  been  t h e  same. T h e
' e n d ' ,  h o we ve r,  mu st  b e  t h e  l a s t  i t e m  o f  t h e  p ro g ra m.

Th is  b r i n g s  u s  t o  t h e  end  o f  o u r  samp le  p ro g ra m.

1 .7 .  A l t h o u g h  t h e  r u l e  " p u t  s t r i n g "  u se d  above i s  known t o  t h e  c o mp i l e r ,
i t  i s  u s e f u l  t o  se e ,  a s  a n  a d d i t i o n a l  examp le ,  h o w  i t  l o o k s  when
expressed i n  ALEPH. W e  fi r s t  p ro p o se  t h e  p r e l i m i n a r y  v e rs i o n  " p u t
s t r i n g  1 " .

' a c t i o n '  p u t  s t r i n g  1  " fi l e  +  t a b l e [ ]  +  > s t r i n g  -  co u n t :
0 - >  co u n t ,  n e x t '  +  fi l e  +  t a b l e  +  s t r i n g  +  co u n t .

' a c t i o n '  n e x t l  +  " o u t  +  t b l [ ]  +  > s t r  +  > cn t  -  symb :
s t r i n g  e la m +  t b l  +  s t r  +  c n t  +  symb, p u t  c h a r  +  o u t  +  symb ,

i n c r  +  c n t ,  n e x t l  +  o u t  +  t b l  +  s t r  +  c n t ;  +

The d o u b l e  s e t  o f  q u o t a t i o n  m a r k s  ( " )  i n d i c a t e s  t h a t  t h e
co rrespond ing  a c t u a l  a f fi x  w i l l  b e  a  fi l e ,  t h e  sq u a re  b ra cke t s
in d ic a t e  t h a t  t h e  co rre sp o n d in g  a c t u a l  a f fi x  w i l l  be  a  t a b l e .
We se e  t h a t  t h e  o n l y  t h i n g  " p u t  s t r i n g  1 "  does i s  c re a t i n g  a n
environment f o r  " n e x t l "  t o  ru n  i n .  " n e x t l "  s t a r t s  b y  c a l l i n g
" s t r i n g  e le m" .  T h i s  (s t a n d a rd )  r u l e  co n s id e rs  t h e  s t r i n g  i n  " t b l "
designa ted  b y  " s t r "  a n d  d e te rmin e s w h e t h e r  t h i s  s t r i n g  h a s  a
" c n t " - t h  symb o l.  I f  so ,  i t  p u t s  i t  i n  " symb " ;  i f  n o t ,  i t  f a i l s .  I f
the  c a l l  f a i l s ,  we  know we reached  t h e  e n d  o f  t h e  s t r i n g  and we a re
done. O t h e r w i s e  t h e  symb o l i s  t r a n s f e r r e d  t o  t h e  fi l e  i n d i c a t e d  b y
" o u t " ,  t h e  co u n t e r " c n t "  i s  in c re a se d  b y  1  ( t h ro u g h  t h e  e x t e rn a l
ru l e  " i n c r " )  a n d  " n e x t l "  i s  c a l l e d  a g a i n  w i t h  t h e  same a f fi x e s .
L ike  a t  t h e  fi r s t  c a l l  o f  " n e x t l " ,  t h e  v a lu e  o f  " c n t "  i s  t h e
p o s i t i o n  i n  t h e  s t r i n g  o f  t h e  symb o l t o  be  p ro ce sse d .
The r e c u r s i v e  c a l l  o f  " n e x t l "  i s  a g a i n  a  c a s e  o f  t r i v i a l
r i g h t - re c u rs i o n ;  m o r e o v e r  a l l  a c t u a l  a f fi x e s  a r e  t h e  same a s  t h e
f o rma l a f fi x e s  ( w h i c h  a r e  l e f t  o f  t h e  c o l o n ) .  I n  t h i s  c a s e  t h e
re c u rs iv e  c a l l  i s  e q u iv a le n t  t o  a  s t ra i g h t f o rw a rd  j u m p :  i t  does
not e ve n  n e ce ss i t a t e  p a ra me te r t r a n s f e r s .  F o r  t h i s  ca se  t h e re  i s  a
shorthand n o t a t io n :  a  name o f  a  r u l e  p receded  b y  a  c o lo n  deno tes
the re -e x e c u t io n  o f  t h a t  r u l e  w i t h  t h e  a f fi x e s  i t  had  upon i t s
i n i t i a l  c a l l  ( o f  co u rse  t h i s  i s  o n l y  a l lo we d  i n s i d e  t h a t  same r u l e
and o n l y  i f  t h e  re c u rs i o n  i s  t r i v i a l  r i g h t - r e c u r s i o n ) .  N o w  we ca n
w r i t e  a  s i m p l i fi e d  v e r s i o n :

' a c t io n  p u t  s t r i n g  2  +  " fi l e  +  t a b l e [ ]  +  > s t r i n g  -  co u n t :
0 - >  co u n t ,  n e x t 2  +  fi l e  +  t a b l e  +  s t r i n g  +  co u n t .

' a c t io n '  n e x t 2  +  " o u t  +  t b l r j  +  > s t r  +  > cn t  -  symb:
s t r i n g  e le m + t b l  +  s t r  +  c n t  +  symb,

pu t  c h a r  +  o u t  +  symb,  i n c r  +  c n t ,  :  n e x t 2 ;  +
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The g a in  i s  t wo f o ld .  F i r s t l y  we n o  lo n g e r  have t o  w r i t e  t h a t  t a i l
o f  a f fi x e s  w h i c h  o n l y  convey t h e  i n f o rma t i o n  " s a m e  a s  b e f o re " .
Second ly,  w h a t  i s  more  imp o r t a n t ,  t h e  r u l e  " n e x t 2 "  i s  now c a l l e d
o n ly  i n  one p la ce  ( i n  " p u t  s t r i n g  2 " ) ,  w h i c h  me a n s  t h a t  we c o u ld
as w e l l  h a v e  w r i t t e n  i t  t h e re  e x p l i c i t l y .  W e  n o w  r e p l a c e  t h e
c a l l  o f  " n e x t 2 "  i n  " p u t  t e x t 2 "  b y  t h e  d e fi n i t i o n  o f  " n e x t 2 " :
we p a re n t h e s ize  t h e  r u l e ,  s u b s t i t u t e  f o r  e a ch  f o rma l  a f fi x  i t s
co rrespond ing  a c t u a l  a f fi x  a n d  t h e n  remove t h e  f o rma l  a f fi x e s .

The fi n a l  v e r s i o n  i s  t h e n :

' a c t i o n '  p u t  s t r i n g  +  " fi l e  +  t a b l e [ ]  +  > s t r i n g  -  co u n t :
0 - >  co u n t ,

(n e xt  -  symb:
s t r i n g  e le m +  t a b l e  +  s t r i n g  +  co u n t  +  s y n t ,
pu t  c h a r  +  fi l e  +  symb,  i n c r  +  co u n t ,  : n e x t ;
+ ) .

Note t h a t  t h i s  mechanism o f  re p la c in g  a  c a l l  o f  a  r u l e  b y  i t s
( s l i g h t l y  m o d i fi e d )  d e fi n i t i o n  i s  n o t  a p p l ie d  h e r e  f o r  t h e  fi r s t
t ime .  We have  been u s in g  i t  t a c i t l y  f r o m  t h e  v e r y  fi r s t  sa mp le  r u l e
i n  1 . 2 . .  Th e re  t h e  r u l e  " e xp re ss io n "  i s  a  c o n t ra c t i o n  o f :

' a c t io n '  e x p re s s i o n l  +  re s > :
t e rm +  r e s ,  e xp re ss io n  t a i l l  r e s .

and

and
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' a c t i o n '  e x p re s s io n  t a i l l  +  > re s>  -  r :
i s  symb o l +  / + / ,  e x p re s s io n l  +  r ,  p l u s  +  re s  r  +  re s ;  + .

wh ich ,  a c c o rd in g  t o  t h e  above re c i p e ,  wo u ld  y i e l d :

' a c t i o n '  e xp re ss io n 2  +  re s >
te rm +  r e s ,

(e xp re ss io n  t a i l 2  -  r :
i s  symb o l +  / + / ,  e xp re ss io n 2  +  r ,  p l u s  +  r e s  +  r  +  r e s ;

I n  a  sense  t h i s  i s  a  more  a p p ro p r ia t e  f o r m  th a n  t h e  one  g iv e n  i n
2 . 2 . :  n o w t h e  " r "  o ccu rs  whe re  i t  b e lo n g s ,  t h a t  i s ,  i n  t h e  p o s i t i o n
o f  a  l o c a l  a f fi x  o f  t h e  p a re n t h e s ize d  p a r t  o n l y .  T o  o b t a in  t h e
ve rs io n  o f  2 . 2 .  e x a c t l y  one mu st  s t a r t  f ro m:

' a c t i o n '  e xp re ss io n 3  +  re s >  -  r :
t e rm +  r e s ,  e xp re ss io n  t a i l 3  +  r e s  +  r ,

' a c t i o n '  e x p re s s io n  t a i l 3  +  > re s>  +  r  > :
i s  symb o l +  / + / ,  e xp re ss io n 3  +  r ,  p l u s  +  re s  +  r  +  r e s ;  + .
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Example:

ta g :  l e t t e r ,  t a g  t a i l .
ta g  t a i l :  ( l e t t e r  o r  d i g i t ,  t a g  t a i l ) .
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2. T h e  s y n t a c t i c a l  d e s c r i p t i o n .

Chapter 9  co n t a in s  t h e  co mp le te  s y n t a x  o f  ALEPH; e x c e rp t s  o f  i t  a re
used i n  t h i s  manua l a s  a  b a s is  f o r  t h e  e xp la n a t io n s .  T h e  n o t a t i o n
i n  t h e  grammar f o l l o w s  a  u su a l  scheme: t h e  p a r t  o n  t h e  r i g h t
hand s i d e  d e fin e s  t h e  p o s s i b l e  p r o d u c t i o n s  o f  t h e  n o t i o n  o n
the  l e f t  h a n d  s i d e .  T h e  r i g h t  h a n d  s i d e  c o n s i s t s  o f  o n e  o r
more a l t e r n a t i v e s ,  s e p a r a t e d  b y  se mico lo n s ,  o f  wh ich  o n l y  o n e
a l t e rn a t i v e  a p p l ie s  i n  a  g ive n  ca se .  S o me t ime s  one  o r  more  n o t io n s
i n  a n  a l t e r n a t i v e  a re  p a re n th e s ize d :  t h i s  i n d i c a t e s  t h a t  t h e  g i v e n
Po t ions may o r  may n o t  b e  p re se n t ,  i . e . ,  t h e y  a re  o p t i o n a l .

A n o t io n  t h a t  ends i n  " symb o l"  i s  a  t e rm i n a l  symb o l a s  l i s t e d  i n
7 . 2 . .  A  n o t io n  t h a t  ends i n  " t a g "  p roduces ' t a g ' .  S u c h  a  n o t io n
then co n t a in s  a  h i n t  a s  t o  e x a c t l y  wh ich  ' t a g ' s  a re  a l lo we d  b y  t h e
co n te xt  c o n d i t i o n s .  T h i s  makes t h e  s y n t a x  ambiguous, a n  a mb ig u i t y
t h a t  i s  a g a in  re so lve d  b y  t h e  co n t e x t  c o n d i t i o n s .

The s o l u t i o n  o f  a  p ro b le m b y  means o f  a  compu te r i m p l i e s  t h a t  a
sequence o f  a c t io n s  b e  s p e c i fi e d  t h a t ,  w h e n  e xe cu te d ,  l e a d s  t o
the d e s i re d  r e s u l t .  I n  ALEPH t h e  a c t i o n s  i n  t h i s  sequence may b e
ob ta ined  f ro m f o u r  so u rce s:

a. t h e  f ra me wo rk o f  t h e  language (s u p p l i e d  b y  t h e  c o m p i l e r ) ,
b. t h e  p ro g ra m (s u p p l ie d  b y  t h e  p ro g ra mme r),
c,  t h e  s t a n d a rd  e x t e rn a ls  ( s t a n d a r d  d e fi n i t i o n s  o f  a c t i o n s ,  t o  b e

su p p lie d  b y  t h e  c o mp i le r  i f  t h e  need a r i s e s ) ,
d .  t h e  p ro g ra mme r-d e fin e d  e x t e r n a l s  ( d e fi n i t i o n s  o f  a c t i o n s  s u p p l ie d

by t h e  p rogrammer b u t  n o t  b e lo n g in g  t o  t h e  p ro g ra m,  f o r  examp le ,
p re co mp ile d  code o r  machine co d e ).

The f ra me wo rk o f  ALEPH i s  t re a t e d  i n  ch a p t e r 3 . ,  t h e  p ro g ra m i s
t re a t e d  i n  s e c t i o n  3 . 1 .  a n d  t h e  e x t e rn a l s  a re  t re a t e d  i n  ch a p t e r 5 .

The d a t a  needed i n  s o l v i n g  t h e  p ro b le m a t  hand c o me  f r o m  f o u r
sources:

a. t h e  d a t a  d e s c r ip t io n s  i n  t h e  p ro g ra m,
b .  t h e  i n p u t  fi l e ( s ) ,
c,  t h e  p re d e fin e d  co n s t a n t s  i n  t h e  c o mp i l e r  ( e . g . ,  t h e  maximum va lu e

an i n t e g e r  ca n  h a ve ),
d, t h e  p ro g ra mme r-d e fin e d  e x t e r n a l  v a l u e s  ( f o r  t h e  r a r e  ca se  t h a t

these va lu e s  c a n n o t  b e  n o rma l l y  d e fi n e d  i n  t h e  p ro g ra m,  a s  f o r
example compu te r-gene ra ted  b in a ry  t a b l e s  o f  co n s id e ra b le  s i z e ) .

The d a t a  d e s c r ip t i o n s  a n d  t h e  i n p u t  fi l e s  a r e  e xp la in e d  i n  ch a p t e r
4 . ,  a n d  t h e  e x t e rn a ls  a g a in  i n  ch a p t e r 5 . .
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The r e s u l t s  ca n  be passed  b a ck t o  t h e  o u t e r  wo r l d  a lo n g  t wo  p a t h s :
a. a s  o u t p u t  fi l e s ,
b .  a s  a  s i n g l e  i n t e g e r  ( t h e  t e rm i n a t i o n  s t a t e  o f  t h e  p ro g ra m) t h a t

i s  passed  t o  t h e  o p e ra t in g  syste m upon t e rmin a t i o n  o f  t h e  p ro g ra m,
i n d i c a t i n g  i n  some way t h e  outcome o f  t h e  p rog ram.

The o u t p u t  fi l e s  a r e  d e sc rib e d  i n  s e c t i o n  4 . 2 . .  T h e  t e rm i n a t i o n
s t a t e  i s  d e sc r ib e d  i n  3 . 1 .  a n d  i n  3 . 6 . .  I n  some o p e ra t in g  syste ms
i t  ca n  b e  used  t o  c o n t r o l  t h e  f u r t h e r  c o u r s e  o f  e v e n t s ,  i n
o t h e r o p e ra t in g  s y s t e ms  i t  may o n l y  i n d i c a t e  w h e t h e r  t h e  p ro g ra m
proceeded s a t i s f a c t o r i l y  o r  b ro ke  o f f  because o f  some i r re c o v e ra b le
e r ro r .

The s y n t a x  p re se n te d  i n  ch a p t e rs  3  t h ro u g h  6  d i f f e r s  f r o m  t h e  o n e
i n  ch a p t e r 9 .  I t  g i v e s  a  phenomeno log ica l d e s c r i p t i o n ,  r e g a r d l e s s
f o r  in s t a n ce  o f  wh e th e r a  g iv e n  t a g  may be  u se d  i n  a  g iv e n  way; t h e
syn ta x i n  ch a p t e r 9  i s  mo re  e la b o ra t e  a n d  i m p l i e s  r e s t r i c t i o n s  o n
the  p ro p e r u se  o f  t a g s ,  a l t h o u g h  w i t h o u t  e n f o rc in g  th e m.
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3. P r o g r a m  l o g i c ,

3 .1 .  G e n e r a l .

3 . 1 . 1 .  T h e  p ro g ra m.

Syntax:
program: ( i n f o r m a t i o n  sequence ),

ro o t ,  ( i n f o r m a t i o n  sequence ),  e n d  symb o l.
in f o rma t io n  sequence: i n f o rma t i o n ,  ( i n f o r m a t i o n  sequence ).
in f o rma t io n :  d e c l a ra t i o n ;  p ra g ma t .
ro o t :  r o o t  symb o l,  a f fi x  f o r m ,  p o i n t  symb o l.
d e c la ra t io n :

ru l e  d e c la ra t i o n ;  d a t a  d e c la ra t i o n ;  e x t e r n a l  d e c la ra t i o n .

The syn t a x  o f  ' p ro g ra m'  c a n  b e  v e rb a l i z e d  a s :  " A  ' p ro g ra m'  i s  a
sequence o f  ' d e c l a r a t i o n ' s  a n d  ' p ra g ma t ' s ,  f o l l o w e d  b y  a n  ' e n d
symb o l' ;  i n  t h i s  sequence e x a c t l y  one  ' r o o t '  mu s t  o c c u r . "  The  o rd e r
i n  wh ich  t h e  ' d e c l a r a t i o n ' s  a n d  t h e  ' r o o t '  a p p e a r i s  i mma t e r i a l .
The p o s i t i o n  o f  some ' p ra g ma t ' s  i s  s i g n i fi c a n t .

Example o f  a  p rog ram:

' fi l e '  o u t p u t  =  "PRINTER">.
' r o o t '  p u t  c h a r  +  o u t p u t  +  / 3 / .
'end '

where t h e  fi r s t  l i n e  i s  a  ' d a t a  d e c l a ra t i o n ' ,  t h e  second i s  t h e
' r o o t '  a n d  t h e  t h i r d  co n t a in s  t h e  ' e n d  s y mb o l ' .  F o r  o t h e r  examples
see ch a p t e r  8 .

The e xe cu t io n  o f  a  ' p ro g ra m'  s t a r t s  w i t h  t h e  p ro ce ss in g  o f  a l l  o f
i t s  ' d a t a  d e c l a ra t i o n ' s ,  i n  su ch  a n  o rd e r  t h a t  n e ve r a  d a t a  i t e m  i s
used b e f o re  i t s  va lu e  h a s been  c a lc u la t e d .  I f  no  su ch  o rd e r  e x i s t s
an e rro r-me ssa g e  i s  g iv e n .

Example: t h e  ' d a t a  d e c l a ra t i o n ' s
' co n s t a n t '  p  =  q .
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' co n s t a n t '  q  =  3 .
are  p ro ce sse d  i n  re ve rse  o rd e r ,  wh e re a s t h e  ' d a t a  d e c l a ra t i o n ' s
' co n s t a n t '  p  =  q .
' co n sta n t  q  =  2  -  p .
w i l l  r e s u l t  i n  a n  e rro r-me ssa g e .

A l a rg e  p a r t  o f  t h e  p ro ce ss in g  o f  t h e  ' d a t a  d e c l a ra t i o n ' s  w i l l
n o rma l ly  be  p e rfo rme d  d u r in g  c o mp i la t io n .
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3 . 1 . 2 .  T h e  u se  o f  ' t a g ' s .
A ' t a g '  i s  a  sequence o f  l e t t e r s  a n d  d i g i t s ,  t h e  fi r s t  o f  wh ich
i s  a  l e t t e r .  A l l  ' t a g ' s  d e fi n e d  i n  ' r u l e  d e c l a r a t i o n ' s ,  ' p o i n t e r
i n i t i a l i z a t i o n ' s ,  ' c o n s t a n t  d e s c r i p t i o n ' s ,  ' v a r i a b l e  d e s c r i p t i o n ' s ,
' t a b le  d e s c r i p t i o n ' s  (e x c e p t  t h o se  i n  ' fi e l d  l i s t  p a c k ' s ) ,  ' s t a c k

d e s c r i p t i o n ' s  ( e x c e p t  t h o s e  i n  ' fi e l d  l i s t  p a c k ' s ) ,  ' fi l e
d e s c r i p t i o n ' s ,  ' e x t e r n a l  r u l e  d e s c r i p t i o n ' s ,  ' e x t e r n a l  t a b l e
d e s c r i p t i o n ' s  and ' e x t e r n a l  co n s t a n t  d e s c r i p t i o n ' s  mu st  d i f f e r  f r o m
each o t h e r .

3 .2 .  R u l e s .
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A f t e r  a l l  co n s t a n t s ,  v a r i a b l e s ,  s t a c k s ,  t a b l e s  a n d  fi l e s  h a ve  t h u s
been e s t a b l i s h e d ,  t h e  ' a f fi x  f o r m '  i n  t h e  ' r o o t '  i s  e xe cu te d  a s  t h e
o n ly  d i r e c t l y  e xe cu ta b le  i n s t r u c t i o n  i n  t h e  p ro g ra m.  I f  t h i s  ' a f fi x
f o rm'  re a ch e s  i t s  n o rma l co mp le t io n ,  t h e  p ro g ra m fi n i s h e s  w i t h  a
t e rmin a t io n  s t a t e  o f  O. I f  t h e  e xe cu t io n  o f  t h e  ' a f fi x  f o r m '  s t o p s
p re ma t u re ly ,  t h e  p ro g ra m fi n i s h e s ,  b u t  n o w  w i t h  a  t e rm in a t i o n
s t a t e  p o s s i b l y  d i f f e r e n t  f r o m  O .  I f  t h e  s t o p  i s  d u e  t o  a n
' e x i t '  i n s t r u c t i o n ,  t h e  t e rm i n a t i o n  s t a t e  i s  s p e c i fi e d  b y  t h i s
i n s t ru c t i o n .  I f  t h e  s t o p  i s  due  t o  a  ru n - t ime  e r r o r  t h e  t e rmin a t i o n
s t a t e  i s  - 1 .

The d e c l a r a t i o n s  a n d  a p p l i c a t i o n s  o f  t r u l e ' s  c o n s t i t u t e  t h e
mechanism f o r  c o n t r o l l i n g  t h e  l o g i c a l  fl o w  o f  t h e  p ro g ra m.  T h e
' r u l e  d e c l a ra t i o n '  d e fi n e s  w h a t  i s  t o  b e  done i f  t h e  ' r u l e '  i s
c a l le d  whereas t h e  a p p l i c a t i o n  ( i n  a n  ' a f fi x  f o r m ' )  i n d i c a t e s  t h a t-
the  ' r u l e '  i s  t o  be  c a l l e d .

A r u l e ,  w h e n  c a l l e d ,  w i l l  e i t h e r  succeed  o r  f a i l ,  a c c o r d i n g  t o
c r i t e r i a  t o  be  e xp la in e d  l a t e r .

3 .2 ,1 .  R u l e  d e c la ra t i o n s .
Each r u l e  i n  t h e  p ro g ra m m u s t  b e  d e c la re d  e x a c t l y  o n ce ,  e i t h e r  i n
a ' r u l e  d e c la ra t i o n '  o r  i n  a n  ' e x t e r n a l  r u l e  d e s c r i p t i o n '  ( f o r  t h e
l a t t e r  se e  5 . ) .

Syntax:
r u l e  d e c la ra t i o n :

t y p e r ,  r u l e  t a g ,  ( f o r m a l  a f fi x  se q u e n ce ),
a c t u a l  r u l e ,  p o i n t  symb o l.

t y p e r :  a c t i o n  symb o l;
f u n c t io n  symb o l;
p re d ica t e  symb o l;
q u e st io n  symb o l.
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Example o f  a  ' r u l e  d e c l a ra t i o n ' :

' a c t i o n '  p u t  s t r i n g  +  " " fi l e  +  t a b l e { ]  +  > s t r i n g  -  co u n t :
0 - >  co u n t ,
(n e xt  -  symb:

s t r i n g  e le m +  t a b l e  +  s t r i n g  +  co u n t  +  symb,
put c h a r  +  fi l e  +  symb, i n c r  +  c o u n t ,  : n e x t ;
+ ) .

Here t h e  ' t y p e r '  i s  " a c t i o n " ,  t h e  ' r u l e  t a g '  i s  " p u t  s t r i n g " ,  t h e
' f o rma l  a f fi x  sequence '  i s  " +  " fi l e  +  t a b l e p  +  > s t r i n g "  a n d  t h e
' a c t u a l  r u l e '  i s  t h e  r e s t ,  e x c l u d i n g  t h e  p o i n t  b u t  i n c l u d i n g  t h e
-c o u n t : " .

A ' r u l e  d e c l a ra t i o n '  d e fi n e s  t h e  ' a c t u a l  r u l e '  t o  b e  o f  t h e  t y p e
in d ica t e d  b y  ' t y p e r ' ,  t o  b e  known u n d e r t h e  name ' r u l e  t a g '  a n d  t o
have t h e  f o rma l  a f fi x e s  g i v e n  b y  i t s  ' f o r m a l  a f fi x  se q u e n ce ' .

There a r e  f o u r  t yp e s  o f  r u l e s :  p r e d i c a t e s ,  q u e s t i o n s ,  a c t i o n s
and f u n c t i o n s ,  e a c h  in d ic a t e d  b y  t h e  co rre sp o n d in g  ' t y p e r '  symb o l .
These f o u r  t yp e s  a r i s e  f ro m t h e  f a c t  t h a t  r u l e s  a re  d i f f e r e n t i a t e d
on t h e  b a s i s  o f  two  mu t u a l l y  independen t  c r i t e r i a :

a. a  r u l e  w i l l  e i t h e r  a l w a y s  succeed  o r  b e  c a p a b l e  o f  f a i l i n g ,
depending o n  t h e  l o g i c a l  c o n s t ru c t i o n  o f  t h e  ' a c t u a l  r u l e ' ,

b, a  r u l e ,  w h e n  succeed ing ,  m a y  o r  may n o t  have  s i d e  e f f e c t s ,  a g a i n
depending on  t h e  l o g i c a l  c o n s t ru c t i o n  o f  t h e  ' a c t u a l  r u l e ' .

These c r i t e r i a  a re  e la b o ra t e d  upon i n  3 . 9 . .

A r u l e  i s  a  p re d ica t e  i f  i t  ca n  f a i l  a n d  h a s  s i d e  e f f e c t s  ( t h e
r e s t r i c t i o n s  o n  t h e  c o n s t ru c t i o n  o f  r u l e s  p r e v e n t  t h e s e  s i d e
e f f e c t s  f r o m  becoming e f f e c t i v e  i f  t h e  r u l e  f a i l s ) .

A r u l e  i s  a  q u e s t io n  i f  i t  ca n  f a i l  and  h a s n o  s i d e  e f f e c t s .

A r u l e  i s  a n  a c t i o n  i f  i t  w i l l  a lwa ys succeed  and  h a s s i d e  e f f e c t s .

A r u l e  i s  a  f u n c t i o n  i f  i t  w i l l  a lwa ys succeed  a n d  h a s  n o  s i d e
e f f e c t s .

The t y p e  o f  a  r u l e  i s  checked  a g a in s t  t h e  l o g i c a l  c o n s t ru c t i o n  o f
the  a c t u a l  r u l e ;  i f  a n  a c t i o n  o r  f u n c t i o n  i s  f o u n d  t o  b e  a b le
t o  f a i l ,  a n  e r r o r  message i s  g iv e n ;  i n  a l l  o t h e r  ca se s ,  i f  a
d iscre p a n cy i s  f o u n d  a  wa rn in g  i s  g i v e n .

Examples.
I n  each  o f  t h e  f o l l o w i n g  examples t h e  b e g in n in g  o f  a  r u l e  i s  g i v e n ,
t o g e th e r w i t h  a  comment i n d i c a t i n g  w h a t  t h e  ' a c t u a l  r u l e '  d o e s .
From t h i s  e xp la n a t io n  i t  f o l l o w s  why t h e  r u l e  was d e c la re d  w i t h  t h e
g ive n  t y p e .
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' p re d ic a t e '  d i g i t  +  d > :
i f  t h e  n e x t  symb o l i n  t h e  i n p u t  fi l e  i s  a  d i g i t ,  i t  i s  d e l i v e re d
i n  ' d ' ,  t h e  i n p u t  fi l e  i s  advanced b y  one symb o l ( s i d e  e f f e c t )  a n d
' d i g i t '  su cce e d s;  o t h e rw is e  i t  f a i l s .

' q u e s t io n '  i s  d i g i t  +  >d :
i f  i s  a  d i g i t  t h e  r u l e  succeeds,  o t h e rw is e  i t  f a i l s .

' a c t i o n '  s k i p  u p  t o  p o i n t :
the  i n p u t  fi l e  i s  advanced u n t i l  t h e  n e x t  symb o l i s  a  p o i n t .

' f u n c t i o n '  p l u s  +  > x  +  > y  +  sum>t
the sum o f  ' x '  a n d  ' y '  i s  d e l i v e re d  i n  ' s u m' .

3 . 2 . 2 .  A c t u a l  r u l e s .

Example o f  a n  ' a c t u a l  r u l e ' :

ALEPH Manua l 3
-

An a c t u a l  r u l e  me n t io n s t h e  v a r i a b l e s  l o c a l  t o  i t  a n d  s p e c i fi e s  o n e
o r more  a l t e rn a t i v e s .

Syntax:
a c t u a l  r u l e :  ( l o c a l  a f fi x  se q u e n ce ),  c o l o n  symb o l,  r u l e  body.
r u l e  b o d y:  a l t e r n a t i v e  s e r i e s ;  c l a s s i fi c a t i o n .
a l t e rn a t i v e  s e r i e s :

a l t e rn a t i v e ,  (s e mic o lo n  symb o l,  a l t e r n a t i v e  s e r i e s ) ,
a l t e rn a t i v e :

l a s t  member; member, comma symb o l,  a l t e r n a t i v e .

-  d :
d i g i t  +  d ,  t i me s  +  re s  +  1 0  +  r e s ,

p lu s +  r e s  +  d  +  r e s ,  i n t e g e r l  +  r e s ;  + .

Here t h e  ' l o c a l  a f fi x  se q u e n ce '  i s  " -  d " ,  o n e  ' a l t e r n a t i v e '  i s
" d i g i t  +  d ,  t i m e s  +  r e s  +  1 0  +  r e s ,  p l u s  +  r e s  +  d  +  r e s ,  i n t e g e r l
+ r e s "  and  " + "  i s  a n o t h e r.  ' M e m b e r ' s  a re  f o r  example  " p l u s  +  r e s  +
d +  r e s "  a nd  " + " .

When a n  ' a c t u a l  r u l e '  i s  e xe cu te d  ( t h ro u g h  a  c a l l  ( 3 . 5 . 1 . )  o f  t h e
' r u l e '  o f  wh ich  i t  i s  t h e  ' a c t u a l  r u l e ' ) ,  t h e  f o l l o w i n g  t a k e s
p la ce .
F i r s t  s p a c e  i s  made a v a i l a b l e  o n  t h e  r u n - t i m e  s t a c k  f o r  t h e
' l o c a l  a f fi x ' e s ,  o n e  l o c a t i o n  f o r  each  ' l o c a l  a f fi x '  ( s e e  3 . 3 . 3 . ) .
Subsequently i t s  ' r u l e  b o d y '  i s  e xe cu te d .

The e xe cu t io n  o f  a  ' r u l e  b o d y '  i m p l i e s  t h e  e x e c u t i o n  o f  i t s
' a l t e rn a t i v e  s e r i e s '  o r  o f  i t s  ' c l a s s i fi c a t i o n ' .
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The e xe cu t io n  o f  a n  ' a l t e r n a t i v e  s e r i e s ' ,  S t a r t s  w i t h  a, se a rch  t o
de te rmine  wh ich  o f  i t s  ' a l t e r n a t i v e ' s  a p p l i e s  i n  t h e  p re se n t  ca se .
The a p p l i c a b le  ' a l t e r n a t i v e '  i s  t h e  ( t e x t u a l l y )  fi r s t  ' a l t e r n a t i v e '
t h a t  h a s  a  fi r s t  'me mb e r'  t h a t  succeeds.  T h e r e f o r e ,  t h e  fi r s t
'member' o f  t h e  fi r s t  ' a l t e r n a t i v e '  i s  e xe cu te d :  i f  i t  succe eds,

the  fi r s t  ' a l t e r n a t i v e '  a p p l i e s .  O t h e r w i s e  t h e  fi r s t  ' m e m b e r '
o f  t h e  second  ' a l t e r n a t i v e '  i s  e x e c u t e d :  i f  i t  succeeds,  t h e
second ' a l t e r n a t i v e '  a p p l i e s ,  e t c .  I f  none o f  t h e  fi r s t  ' me mb e r ' s
succeeds, t h e  ' a l t e r n a t i v e  s e r i e s '  f a i l s .
I f  t h e  fi r s t  'me mb e r'  i s  a  ' t e r m i n a t o r '  ( a n d  t h e n  i t  i s  t h e  o n l y
member), t h e  ' a l t e r n a t i v e '  a t  hand  a p p l ie s ;  i f  t h e  ' t e r m i n a t o r '
succeeds, t h e  ' a l t e r n a t i v e  s e r i e s '  su cce e d s;  i f  i t  f a i l s  t h e
' a l t e rn a t i v e  s e r i e s '  f a i l s  and  i f  i t  does n e i t h e r ,  t h e  q u e s t io n
whether t h e  ' a l t e r n a t i v e  s e r i e s '  su cce e d s o r  f a i l s  w i l l  n o t  a r i s e .
The ' a l t e r n a t i v e '  f o u n d  a p p l i c a b le  i s  t h e n  e la b o ra t e d  f u r t h e r .  I t s
fi r s t  'me mb e r'  h a s  a l re a d y  b e e n  e xe cu te d .  N o w  t h e  r e s t  o f  i t s
members a r e  execu ted  i n  t e x t u a l  o rd e r  u n t i l  o n e  o f  t wo  s i t u a t i o n s
i s  re a ch e d :
E i t h e r  a l l  'me mb e r's  have  succeeded,
s e r ie s '  su cce e d s a s  w e l l ,
o r a  member f a i l s :  t h e  ( t e x t u a l l y )
' a l t e r n a t i v e '  w i l l  n o t  b e  e xe cu te d
f a i l s .

i n  wh ich  ca se  t h e  ' a l t e r n a t i v e

f o l l o w in g  ' ime mb e r ' s  i n  t h i s
and t h e  ' a l t e r n a t i v e  s e r i e s '

I f  t h e  ' a l t e r n a t i v e  s e r i e s '  succeeded ,  t h e  ' a c t u a l  r u l e '  su cce e d s;
i f  i t  f a i l e d ,  t h e  ' a c t u a l  r u l e '  f a i l s .

A f t e r  t h e  r e s u l t  o f  t h e  ' a l t e r n a t i v e  s e r i e s '  h a s  t h u s  b e e n
assessed, t h e  space f o r  t h e  ' l o c a l  a f fi x ' e s  i s  removed f ro m t h e
sta ck.

Re s t r i c t i o n s .
An ' a l t e r n a t i v e  s e r i e s '  mu s t  s a t i s f y  t h e  f o l l o w i n g  r e s t r i c t i o n s :

a. I f  t h e  fi r s t  'me mb e r'  o f  a n  ' a l t e r n a t i v e '  c a n n o t  f a i l  ( 3 . 9 . 2 . ) ,
t h i s  ' a l t e r n a t i v e '  mu s t  b e  t h e  l a s t  o n e .  T h i s  r e s t r i c t i o n  e n s u re s
t h a t  a l l  ' a l t e r n a t i v e ' s  ca n ,  i n  p r i n c i p l e ,  b e  re a ch e d .  V i o l a t i o n  o f
t h i s  r e s t r i c t i o n  causes a n  e r r o r  message.

b. I f  a n  ' a l t e r n a t i v e '  c o n t a in s  a  'me mb e r'  t h a t  i s  b a c k t r a c k - l i a b l e
(see 3 . 9 3 . )  t h i s  'me mb e r'  ma y n o t ,  i n  t h e  same ' a l t e r n a t i v e ' ,  b e
f o l lo we d  b y  a  'member'  t h a t  ca n  f a i l  (s e e  3 . 9 . 2 . ) .
Th is  r e s t r i c t i o n  e n su re s t h a t  t h e  s i d e  e f f e c t s  o f  a  'member'  ca n n o t
ma t e r i a l i z e  i f  t h e  'member'  f a i l s ;  t h i s  i n  t u r n  e n su re s t h a t  t h e
t e s t s  n e ce ssa ry t o  d e te rmin e  t h e  a p p l i c a b le  ' a l t e r n a t i v e '  i n  a n
' a l t e rn a t i v e  s e r i e s '  d o  n o t  i n t e r f e r e  w i t h  each  o t h e r .

V i o l a t i o n  o f  t h i s  r e s t r i c t i o n  causes a  wa rn in g .  T h e  u s e r  i s  u rg e d
to  e i t h e r  re co n s id e r t h e  f o rmu la t i o n  o f  h i s  p ro b le m o r  co n v in ce
h ims e l f  t h a t  t h e  s i d e  e f f e c t s  caused have  n o  i l l  consequences.



IW17/74

3.2.3.  Members .

3.3, A f fi x e s .

Example o f  a  'member ':

3.3.1.  F o r m a l  a f fi x es .

Example o f  a  ' f o r ma l  a f fi x  sequence':

+ " fi l e  +  t a b le " '  +  >s t r ing
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Members a r e  t h e  u n i t s  o f  ac t ion  i n  ALEPH. T h i s  a c t i o n  i s  a
p r im i t iv e  oper at ion,  a  c a l l  o f  a  r u le ,  o r  i s  aga in  composed o f
other  ac t ions .

Syntax:
member: a f fi x  fo r m;  oper at ion;  compound member.
las t  member: member; t e r mina to r .

( dec lar at ion sequence op t ion  -  ty pe -  i d f :
dec lar at ion + ty pe + i d f ,  e n t e r  + ty pe + i d f ,

: dec la r a t ion  sequence op t ion ;  ÷ )

This 'member' i s  a  'compound member ' ,  " d e c l a r a t i o n  + ty pe + i d f "
is  a n  ' a f fi x  f o r m ' ,  " :  d e c l a r a t i o n  sequence op t ion "  i s  a  ' l a s t
member', as  i s  " + " .

The no t ion  ' l a s t  member' h a s  been in t r o d u c e d  i n  t h e  syntax  t o
ensure t h a t  a  ' t e r m ina to r '  w i l l  occur  on ly  as  t h e  l a s t  'member' i n
an ' a l t e r n a t i v e ' .

Formal and ac tua l a ffi x es  c o n s t i t u t e  t h e  communication between the
c a l le r  o f  a  ' r u l e '  and the  ' r u l e '  c a l l e d .  Loc a l a f fi x es  a r e  a  mans
for  c r ea t ing  v ar iables  t h a t  ar e l o c a l  t o  a  g iv en ' r u l e  body ' .

Syntax:
formal a f fi x  sequence:

formal a f fi x ,  ( f o r m a l  a f fi x  sequence),
formal a f fi x :  f o r m a l  a f fi x  symbol, f o r ma l,
formal: f o r ma l v ar iab le ;  f o r ma l  s tac k ; f o r ma l t a b le ;  f o r ma l  fi l e .
formal v ar iab le :  ( r i g h t  symbol) , v a r ia b le  t ag ,  ( r i g h t  symbol) .
formal t a b le :  ( fi e l d  l i s t  pac k ) , tab le t ag ,  s ub bus ,
formal s tac k : sub bus , ( fi e l d  l i s t  pac k ) , s tac k  t ag ,  s ub bus .
sub bus : s ub symbol, bus  symbol.
formal fi l e :  q u o t e  symbol, quote symbol, fi l e  t a g .

The ' f o r m a l  a f fi x  sequence' d e fi n e s  t h e  number a n d  types  o f  the
' formal a f fi x ' e s  o f  the ' r u l e '  i t  belongs  t o .
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the ' f o r m a l  v a r i a b l e '  s t a r t s  w i t h  a  ' r i g h t  symb o l '  t h e  v a r i a b l e
has o b t a in e d  a  va lu e  f r o m  t h e  c a l l i n g  r u l e ;  i t  i s  " i n i t i a l i z e d " .
Othe rwise  i t  h a s t h e  a t t r i b u t e  " u n i n i t i a l i z e d "  a t  t h e  b e g in n in g  o f
each a l t e r n a t i v e  i n  t h e  ' a c t u a l  r u l e ' .
I f  t h e  ' f o r m a l  v a r i a b l e '  e n d s  i n  a  ' r i g h t  symb o l '  i t s  v a lu e  w i l l  b e
used b y  t h e  c a l l i n g  r u l e :  i t  mu st  b e  " i n i t i a l i z e d "  a t  t h e  end  o f
the ' a c t u a l  r u l e ' .

A ' f o r m a l  s t a c k '  i s  co n s id e re d  a s  d a t a  o f  t yp e  ' s t a c k ' .  I f  t h e
' fi e l d  l i s t  p a ck '  i s  a b se n t ,  t h e  ' f o r m a l  s t a c k '  i s  supposed t o
have o n e  ' s e l e c t o r ' :  t h e  t a g  o f  t h i s  ' s e l e c t o r '  i s  t h e  same a s  t h e
tag  o f  t h e  ' f o r m a l  s t a c k '  i t s e l f .  F o r  examp le ,  t h e  ' f o r m a l  a f fi x '
" [ ] l i s t [ ] "  h a s t h e  same meaning a s " [ ] ( l i s t ) l i s t [ ] " .

A ' f o r m a l  t a b l e '  i s  co n s id e re d  a s  d a t a  o f  t yp e  ' t a b l e ' .  I f  t h e
' fi e l d  l i s t  p a ck '  i s  a b se n t ,  t h e  ' f o r m a l  t a b l e '  i s  supposed t o  have
one ' s e l e c t o r ' :  t h e  t a g  o f  t h i s  ' s e l e c t o r '  i s  t h e  same a s t h e  t a g
o f  t h e  ' f o r m a l  t a b l e '  i t s e l f .

A ' f o r m a l  fi l e '  i s  co n s id e re d  a s  d a t a  o f  t yp e  ' fi l e ' .

A l l  ' t a g ' s  i n  a  ' f o r m a l  a f fi x  se q u e n ce '  mu s t  b e  d i f f e r e n t .  T h e y
must a l s o  b e  d i f f e r e n t  f r o m  t h e  ' r u l e  t a g '  t h a t  p re ce d e s t h e
' f o rma l  a f fi x  se q u e n ce ' .

3 . 3 .2 .  A c t u a l  a f fi x e s .

' A c t u a l  a f fi x ' e s  o c c u r  i n  ' a f fi x  f o r m ' s  wh ich  cause  t h e  c a l l  o f  a
' r u l e ' .  Ea ch  ' a c t u a l  a f fi x '  co rre sp o n d s  t o  a  ' f o r m a l  a f fi x '  o f  t h a t
' r u l e ' .

Syntax:
a c t u a l  a f fi x  sequence :  a c t u a l  a f fi x ,  ( a c t u a l  a f fi x  se q u e n ce ).
a c t u a l  a f fi x :  a c t u a l  a f fi x  symb o l ,  a c t u a l .
a c t u a l :  s o u rc e .

Example o f  a n  ' a c t u a l  a f fi x  se q u e n ce ' :

+ 511 +  +  a lp h a  +  betaxgamma[p] +  < > l i s t

I n  t h i s  examp le  " 5 1 1 "  i s  a n  ' i n t e g r a l  d e n o t a t i o n ' ,  " / ? / "  i s  a
' ch a ra c t e r  d e n o t a t io n ' ,  " a l p h a "  i s  a  ' t a g ' ,  " b e t a xg a mma [ p ] '  i s  a n
'e le me n t '  a n d  " ‹ > l i s t "  i s  a  ' c a l i b r e ' .

'A c t u a l  a f fi x ' e s  d e r i v e  t h e i r  e xa c t  meanings f r o m  t h e  co rre sp o n d in g
' f o rma l  a f fi x ' e s .  T h e  i n t e r r e l a t i o n s  a re  d iscu sse d  i n  3 . 5 .  ( a f fi x
fo rms) a n d  i n  3 . 4 .  ( t r a n s p o r t s ) .
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3 . 3 . 3 .  L o c a l  a f fi x e s .

Example o f  a  ' l o c a l  a f fi x  se q u e n ce ' :

-  co u n t

3 .4 .  O p e r a t i o n s .

Syntax:
o p e ra t io n :  t r a n s p o r t ;  i d e n t i t y ;  e x t e n s io n .
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Syntax:
l o c a l  a f fi x  sequence :  l o c a l  a f fi x ,  ( l o c a l  a f fi x  se q u e n ce ).
l o c a l  a f fi x :  l o c a l  a f fi x  symb o l ,  l o c a l  v a r i a b l e .
l o c a l  v a r i a b l e :  v a r i a b l e  t a g .

A ' l o c a l  v a r i a b l e '  i s  co n s id e re d  a s d a t a  o f  t yp e  ' v a r i a b l e ' .  S p a c e
f o r  t h i s  ' v a r i a b l e '  i s  re se rve d  o n  t h e  ru n - t i me  s t a c k  upon e n t r y
o f  t h e  ' a c t u a l  r u l e '  o r  'compound me mb e r '  o f  wh ich  i t  i s  p a r t .
Th is  sp a ce  i s  removed o n  e x i t  f r o m t h a t  ' a c t u a l  r u l e '  o r  'compound
member'.
A ' l o c a l  v a r i a b l e '  h a s  t h e  a t t r i b u t e  " u n i n i t i a l i z e d "  a t  t h e
b e g in n in g  o f  each  ' a l t e r n a t i v e '  o f  t h e  ' a c t u a l  r u l e '  o r  'compound
member'. I t s  a t t r i b u t e  mu st  b e  " i n i t i a l i z e d "  a t  t h e  e n d  o f  a t  l e a s t
one ' a l t e r n a t i v e '  t h a t  does n o t  e nd  i n  a  ' j u m p ' .

A l l  ' t a g ' s  i n  a  ' l o c a l  a f fi x  s e q u e n c e '  m u s t  b e  d i f f e r e n t .
Fu rth e rmo re ,  a l l  ' t a g ' s  i n  a  ' l o c a l  a f fi x  se q u e n ce '  L  must  b e
d i f f e r e n t  f ro m:

a. a l l  t h e  ' l a b e l ' s ,  i f  a n y,  a n d  a l l  t t a g ' s  i n  t h e  ' l o c a l  a f fi x
sequence 's,  i f  a n y,  o f  a l l  t h e  'compound member's,  i f  a n y,  i n  wh ich
L i s  co n t a in e d ,

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

any, o f  t h e  ' r u l e  d e c l a ra t i o n '  i n  wh ich  L  o ccu rs .

t ra n s p o r t :  s o u rc e ,  d e s t i n a t i o n  sequence.
sou rce :  i n t e g r a l  d e n o t a t io n ;  c h a ra c t e r  d e n o t a t io n ;  t a g ;

e lement; l i m i t .
i n t e g r a l  d e n o t a t io n :  ( i n t e g r a l  d e n o t a t io n ) ,  d i g i t .
ch a ra c t e r d e n o t a t io n :  a b s o lu t e  symb o l,  c h a ra c t e r ,  a b s o lu t e  symb o l.
e lement:  ( t a g ,  o f  symb o l),  t a g ,  su b  symb o l,  s o u rc e ,  b u s  symb o l.
d e s t in a t io n  sequence: d e s t i n a t i o n ,  ( d e s t i n a t i o n  sequence ).
d e s t in a t io n :  t o  t o ke n ,  t a g ;  t o  t o ke n ,  e le me n t .
t o  t o ke n :  min u s symb o l,  r i g h t  symb o l.

i d e n t i t y :  s o u rc e ,  e q u a ls  symb o l,  s o u rc e .

e xte n sio n :  o f  symb o l,  fi e l d  t r a n s p o r t  l i s t ,  o f  symb o l,  t a g .
fi e l d  t r a n s p o r t  l i s t :  fi e l d  t r a n s p o r t ,

(comma symb o l,  fi e l d  t r a n s p o r t  l i s t ) ,
fi e l d  t r a n s p o r t :  s o u rc e ,  s e l e c t o r  d e s t i n a t i o n  sequence.
s e le c t o r  d e s t in a t io n  sequence: s e l e c t o r  d e s t i n a t i o n ,

(s e le c t o r  d e s t i n a t i o n  sequence).
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s e le c t o r  d e s t in a t io n :  t o  t o ke n ,  s e l e c t o r .

Example o f  a  ' t r a n s p o r t ' :

pn t  - >  s e l x l i s t [ q j  - >  o f f s e t  - >  o r s x l i s t [ o f f s e t ]

Example o f  a n  ' i d e n t i t y ' :

e c t x l i s t L p n t ]  =  n i l

Example o f  an  ' e x t e n s i o n ' :

x p n t  - >  s e l ,  n i l  - >  e c t  - >  o rs  x  l i s t

3 .4 .1 .  T r a n s p o r t s .
A ' t r a n s p o r t '  c a n  be co n s id e re d  a s  a  ' f u n c t i o n ' ,  i . e . ,  i t  h a s n o
( in h e re n t )  s i d e  e f f e c t s  and  w i l l  a lwa ys su cce e d .

I t s  e xe cu t io n  s t a r t s  w i t h  t h e  e v a lu a t io n  o f  i t s  t e x t u a l l y  fi r s t
' s o u rc e ' .

A ' s o u rc e '  i s  e va lu a t e d  a s f o l l o w s .
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I f  t h e  ' s o u r c e '  i s  a n  ' i n t e g r a l  d e n o t a t i o n ' ,  i t s  v a lu e  i s  t h e
n u me rica l va lu e  o f  t h e  sequence o f  ' d i g i t ' s ,  co n s id e re d  a s  a  number
i n  d e c ima l  n o t a t io n .

I f  t h e  ' s o u rc e '  i s  a  ' c h a ra c t e r  d e n o t a t io n ' ,  i t s  v a lu e  i s  t h e
n u me rica l va lu e  o f  t h e  ' c h a ra c t e r '  i n  t h e  code  u se d .

I f  t h e  ' s o u rc e '  i s  a  ' t a g ' ,  i t  mu st  b e  t h e  ' t a g '  o f  a  g l o b a l
constan t  o r  o f  a  (g l o b a l ,  f o r m a l  o r  l o c a l )  v a r i a b l e .  I n  each ca se
the v a lu e  o f  t h e  ' s o u rc e '  i s  t h e  v a lu e  o f  t h e  co n s t a n t  o r  v a r i a b l e .
Moreover,  i n  case  o f  a  f o rma l  o r  l o c a l  v a r i a b l e  i t  mu st  have  t h e
a t t r i b u t e  " i n i t i a l i z e d " .

I f  t h e  ' s o u rc e '  i s  a n  ' e l e me n t ' ,  i t s  v a lu e  i s  d e te rmin e d  a s  f o l l o w s
(see a l s o  )4 .1 .5 .  a n d  4 . 1 . 6 . . ) .  Th e  ' s o u rc e '  be tween  t h e  ' s u b  symb o l '
and t h e  ' b u s  symb o l '  i s  e va lu a te d  a n d  i t s  v a lu e  i s  c a l l e d  P .  T h e
' t a g '  i n  f r o n t  o f  t h e  ' s u b  symb o l '  mu s t  b e  t h e  t a g  o f  a  ( g l o b a l
o r f o rma l )  s t a c k  o r  t a b l e .  W e  now co n s id e r t h e  b l o c k  i n  t h i s  s t a c k
o r t a b l e  t h a t  h a s a n  add ress e q u a l  t o  P  ( i f  no  su ch  b lo c k  e x i s t s ,
th e re  i s  a n  e r r o r ) ;  i t  i s  c a l l e d  B .  S u b s e q u e n t l y  a  s e l e c t o r  i s
de te rmined :  i f  t h e  ' o f  symb o l'  i s  p re se n t ,  t h e  s e l e c t o r  i s  t h e
' t a g '  i n  f r o n t  o f  i t ;  i f  t h e  ' o f  symb o l '  i s  a b se n t ,  t h e  s e l e c t o r
i s  t h e  ' t a g '  i n  f r o n t  o f  t h e  ' s u b  symb o l '  ( i n  o t h e r  wo rd s:  i t  i s
the  t e x t u a l l y  fi r s t  ' t a g '  i n  t h e  ' e l e m e n t ' ) .  N o w ,  t h e  v a lu e  o f  t h e
'e le me n t '  i s  t h e  va lu e  i n  t h e  b l o c k  B  in d i c a t e d  b y  t h e  s e l e c t o r .
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I f  t he  's our c e '  i s  a  ' l i m i t '  t h e  t a g  o f  the  ' l i m i t '  m u s t  be t he
' tag '  o f  a  ( g loba l  o r  for mal)  s tac k  o r  t ab le .  The v alue o f  the  ' m in
l i m i t '  ( ' m a x  l i m i t ' ,  ' c a l i b r e ' )  i s  t h e  v alue o f  the  "min l i m i t "
("max l i m i t " ,  " c a l i b r e " )  o f  the  corresponding a c t u a l  s t a c k  o r
tab le .  F o r  these values  see 4 . 1 . 7 . .

The v alue o f  the  t e x t u a l ly  fi r s t  ' s o u r c e '  i s  c a l le d  V .  N o w  t h e
fi r s t  ' d e s t i n a t i o n '  o f  the  ' t r a n s p o r t '  i s  de te r mined  a n d  V  i s
put i n  the  loc a t ion  ind ic a ted.  N e x t  i t s  second ' d e s t in a t io n ' ,  i f
present, i s  determined and V i s  pu t  i n  the  lo c a t io n  ind ic a ted ,  a n d
so f o r t h .

A ' d e s t in a t io n '  i s  determined as  f o l low s .
I f  t he  ' d e s t in a t io n '  i s  a  ' t a g ' ,  t h i s  ' t a g '  mus t i d e n t i f y  a  g loba l ,
formal o r  lo c a l  v a r iab le .  I n  t h i s  c a s e  t h e  v a l u e  i s  p u t  i n
the lo c a t io n  o f  the  v ar iab le .  I f  t he  ' d e s t in a t io n '  i s  t he  ' t a g '
o f  a  for mal o r  lo c a l  v a r iab le ,  t h i s  v a r iab le  h a s  t h e  a t t r i b u t e
" i n i t i a l i z e d "  i n  the r es t  o f  the  'member's  i n  the  ' a l t e r n a t i v e '  i n
which the  ' t r ans po r t '  appears .

I f  the  ' d e s t in a t io n '  i s  an ' e lemen t ' ,  t h e  's our c e '  between the  ' s ub
symbol' and 'bus  symbol' i s  ev aluated a n d  i t s  v alue i s  c a l le d  P.
The ' t a g '  i n  f r o n t  o f  he 's ub symbol' mus t be t he  t a g  o f  a  g loba l
or  for mal s tac k . W e  now cons ider  the  b loc k  i n  t h i s  s tac k  t h a t  has
an address equal t o  P ( i f  no such bloc k  ex is t s ,  t he r e  i s  an  e r r o r ) ;
i t  i s  c a l le d  B .  Subs equent ly  a  s e lec tor  i s  determined: i f  t he
' o f  symbol' i s  pres ent,  t h e  s e lec to r  i s  t he  ' t a g '  i n  f r o n t  o f  i t .
Otherwise i t  i s  t he  ' t a g '  i n  f r o n t  o f  the ' s ub  s y mbol' .  ( A s  a n
example, l i s t [ p ]  i s  equiv alent  t o  l i s t  x  l i s t [ p ] . )  The v alue i s  now
put i n  the  lo c a t io n  i n  bloc k  B t h a t  i s  i d e n t i fi e d  by  t he  s e lec tor .

Examples:

0 - >  c nt  - >  res

p - >  l i s t [ q ]  - >  q

$ now " c n t "  and " r es "  a r e  both  zero

$ the v alue o f  " p "  i s  p u t  i n  the  lo c a t io n
$ ind ic a ted  by  " l i s t x l i s t [ d "  and i n
$ ( t h e  lo c a t io n  o f )  q

p - ›  q  - ›  l i s t [ q ]  $  the  v alue o f  " p "  i s  p u t  i n  ( t he  lo c a t io n
$ o f )  " q "  and i n  the  lo c a t io n  ind ic a ted
$ by  " l i s t x l i s t [ d "  whic h i s  now the same
$ as  " l i s t x l i s t [ P ] "

l i s t [ p ]  - ›  p - ›  l i s t [ p ]  $  t he  v alue o f  " l i s t x l i s t [ p ] "  i s  pu t  i n
$ " p "  and then put  i n  " l i s t x l i s t [ p l "  us ing
$ the  new v alue o f  " p " ,  w i t h  t he  r e s u l t
$ t h a t  now " l i s t x l i s t [ p ] "  c ontains  a
$ po in te r  t o  i t s e l f
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3 .4 .2 .  I d e n t i t i e s .
An ' i d e n t i t y '  c a n  be  co n s id e re d  a s  a  ' q u e s t i o n ' ,  i . e . ,  i t  h a s n o
side  e f f e c t s  and  may e i t h e r  succeed  o r  f a i l .
Both i t s  ' s o u r c e ' s  a r e  e va lu a te d  a s  d e sc r ib e d  above .  I f  t h e  t wo
va lues a re  n u me r i c a l l y  e q u a l t h e  ' i d e n t i t y '  su cce e d s,  o t h e r w i s e  i t
f a i l s .
I f  t h e  v a l u e s  re p re se n t  n u m e r i c a l  r e s u l t s  t h e  ' i d e n t i t y '  t e s t s
e q u a l i t y .  I f  t h e  va lu e s  re p re s e n t  p o i n t e rs  t o  b lo c k s  i n  l i s t s  o r
t a b le s ,  t h e  ' i d e n t i t y '  t e s t s  wh e th e r t h e  t w o  b lo c k s  p o in t e d  a t
a re  t h e  same, n o t  wh e th e r t h e y  a r e  e q u a l  ( a s  t h i s  mig h t  i m p l y
co mp lica te d  co mp a riso n  c r i t e r i a ) .

3 . 4 .3 .  E x t e n s i o n s .
An ' e x t e n s io n '  c a n  be  co n s id e re d  a s  a n  ' a c t i o n ' ,  i . e . ,  i t  h a s s i d e
e f f e c t s  and  w i l l  a lwa ys succeed .
The ' t a g '  a f t e r  t h e  second ' o f  symb o l '  mu s t  b e  t h a t  o f  a  ( g l o b a l  o r
f o rma l )  s t a c k ,  a n d  t h e  t t a g ' s  t h a t  a p p e a r a s ' s e l e c t o r  d e s t i n a t i o n '
i n  t h e  ' fi e l d  t r a n s p o r t  l i s t '  mu s t  b e  s e l e c t o rs  o f  t h a t  s t a c k .
F i r s t  t h e  s t a c k  i s  extended  t o  t h e  r i g h t  w i t h  o n e  b l o c k  o f  empty
lo ca t io n s  (whence  t h e  name " e x t e n s io n " ) ;  t h e  n u t b e r  o f  l o c a t i o n s  i n
t h i s  b l o c k  i s  e q u a l  t o  t h e  c a l i b r e  o f  t h e  s t a c k .
Subsequently t h e  fi r s t  ' s o u r c e '  i n  t h e  ' fi e l d  t r a n s p o r t  l i s t '  i s
eva lua ted  a s  d e scrib e d  i n  3 . 4 . 1 . .  I t s  v a lu e  i s  p u t  i n  t h e  l o c a t i o n
i n  t h e  b l o c k  j u s t  added t h a t  i s  i d e n t i fi e d  b y  t h e  fi r s t  s e l e c t o r  i n
the  ' s e l e c t o r  d e s t i n a t i o n  se q u e n ce ' ,  t h e n  t h a t  v a lu e  i s  p u t  i n  t h e
lo c a t io n  i d e n t i fi e d  b y  t h e  second s e l e c t o r  ( i f  p re s e n t ) ,  a n d  s o
on. N e x t ,  t h e  second ' s o u rc e '  i s  e va lu a t e d  ( i f  p re se n t )  a n d  i t s
va lue  p u t  i n  t h e  l o c a t i o n ( s )  i n d i c a t e d  b y  i t s  ' s e l e c t o r  d e s t i n a t i o n
sequence ',  a n d  so  o n .
No more  t h a n  o n e  va lu e  may b e  p u t  i n  a  g ive n  l o c a t i o n ;  a t  t h e  end
o f  t h e  ' e x t e n s i o n '  a l l  l o c a t i o n s  i n  t h e  added b l o c k  mu st  have  been
g iven  a  va lu e ;  i f  t h e  s t a c k  i s  f o rma l ,  t h e  c a l i b r e  o f  t h e  a c t u a l
s ta ck mu st  b e  e q u a l  t o  t h a t  o f  t h e  f o rma l  s t a c k .

Example: g i v e n  a  s t a c k  " 1 s t "  d e c la re d  a s  f E s e l , e c t , o r s ) l s t :
then t h e  ' e x t e n s io n '

x 3  - >  e c t ,  5  - >  s e l  - >  o rs  x  1 s t

would add  t h e  b lo c k  ( 5 ,  3 ,  5 )  t o  " 1 s t "  a n d  " l s t "  w o u l d  b e  3
h ig h e r t h a n  i t  was b e f o re .

3 .5 .  A f fi x  f o r m s .

Syntax:
a f fi x  f o r m :  r u l e  t a g ,  ( a c t u a l  a f fi x  se q u e n ce ).  $  se e  3 . 3 . 2 .

Example:

s t r i n g  e le m +  t b l  +  s t r  +  c n t  +  symb

When a n  ' a f fi x  f o r m '  i s  e xe cu te d ,  t h e  r u l e  i d e n t i fi e d  b y  t h e  ' r u l e
ta g '  i n  t h e  ' a f fi x  f o r m '  i s  c a l l e d ,  a s  f o l l o w s .
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Re la t io n sh ip s  a r e  s e t  u p  be tween t h e  ' a c t u a l  a f fi x ' e s  a s  s u p p l ie d
by t h e  ' a f fi x  f o r m '  a n d  t h e  ' f o r m a l  a f fi x ' e s  a s  s u p p l ie d  b y  t h e
' r u l e  d e c l a ra t i o n ' .  T h e  co rrespondence  b e t we e n  a c t u a l  a n d  f o rma l
a f fi x e s  i s  d e c id e d  f r o m  t h e i r  o rd e r :  t h e  fi r s t  a c t u a l  co rre sp o n d s
t o  t h e  fi r s t  f o r m a l ,  t h e  second  a c t u a l  t o  t h e  second  f o rma l ,  a n d  so
on. Th e  number o f  a c t u a ls  mu st  b e  e q u a l  t o  t h e  number o f  f o rma ls .

The ' a c t u a l '  co rre sp o n d in g  t o  a  ' f o r m a l  t a b l e '  m u s t  b e  a  ' t a g '
wh ich  i s  a  ( g l o b a l  o r  f o rma l )  s t a c k  o r  a  ( g l o b a l  o r  f o rma l )  t a b l e .
A l l  a c t i o n s  p e rfo rme d  o n  t h e  ' f o r m a l '  a r e  e xe cu te d  d i r e c t l y  a n  t h e
' a c t u a l ' .  I f  t h e  ' f o r m a l '  h a s  a  c a l i b r e  l a r g e r  t h a n  1  t h e  c a l i b r e
o f  t h e  ' f o r m a l '  a n d  ' a c t u a l '  m u s t  b e  e q u a l ;  t h e  names o f  t h e
s e le c t o rs  may d i f f e r .  I f  t h e  c a l i b r e  o f  t h e  ' f o r m a l '  i s  1 ,  n o  ma tch
i s  re q u i re d .  R e g a rd l e s s  o f  misma tches,  t h e  v a lu e  d e l i v e re d  b y  t h e
' c a l i b r e '  ( " < > t a g " )  i s  t h e  c a l i b r e  o f  t h e  g l o b a l  s t a c k  o r  t a b l e  t o
wh ich  t h e  ' f o r m a l  t a b l e '  co rre sp o n d s ,  d i r e c t l y  o r  i n d i r e c t l y .

The ' a c t u a l '  co rre sp o n d in g  t o  a  ' f o r m a l  s t a c k '  m u s t  b e  a  ' t a g '
t h a t  i s  a  ( g l o b a l  o r  f o rma l )  s t a c k .  A l l  a c t i o n s  p e rfo rme d  o n  t h e
' f o rma l '  a r e  e xe cu te d  d i r e c t l y  o n  t h e  ' a c t u a l ' .  I f  t h e  ' f o r m a l '  h a s
a c a l i b r e  l a r g e r  t h a n  1  t h e  c a l i b r e  o f  t h e  ' f o r m a l '  a n d  ' a c t u a l '
must b e  e q u a l ;  t h e  names o f  t h e  s e l e c t o rs  m a y  d i f f e r .  I f  t h e
c a l i b re  o f  t h e  ' f o r m a l '  i s  1 ,  n o  ma tch  i s  re q u i re d .  R e g a r d l e s s
o f  misma tches,  t h e  va lu e  d e l i v e re d  b y  t h e  ' c a l i b r e '  ( " < > t a g " )
i s  t h e  c a l i b r e  o f  t h e  g l o b a l  s t a c k  t o  wh ich  t h e  ' f o r m a l  s t a c k '
co rresponds,  d i r e c t l y  o r  i n d i r e c t l y .

The ' a c t u a l '  co rre sp o n d in g  t o  a  ' f o r m a l  fi l e '  m u s t  b e  a  ' t a g '  t h a t
i s  a  ( g l o b a l  o r  f o rma l )  fi l e .  A l l  a c t i o n s  p e rfo rme d  o n  t h e  ' f o r m a l '
a re  e xe cu te d  d i r e c t l y  o n  t h e  ' a c t u a l ' .

F i r s t  t h e  c o p y i n g  p a r t  o f  t h e  a f fi x  me c h a n i s m i s  p u t  i n t o
o p e ra t io n :  f o r  each  ' f o r m a l '  t h a t  i s  a  ' f o r m a l  v a r i a b l e '  s t a r t i n g
w i t h  a  ' r i g h t  s y mb o l ' ,  a  ' t r a n s p o r t '  i s  e xe cu te d  w i t h  t h e  ' a c t u a l '
as a  ' s o u rc e '  a n d  t h e  ' f o r m a l '  a s  a  ' d e s t i n a t i o n ' .

Subsequently,  t h e  ' a c t u a l  r u l e '  i n  t h e  r u l e  i d e n t i fi e d  a b o v e  i s
executed (s e e  3 . 2 . 2 . ) .  I f  t h i s  ' a c t u a l  r u l e '  su cce e d s,  t h e  ' a f fi x
fo rm'  su cce e d s;  i f  i t  f a i l s ,  t h e  ' a f fi x  f o r m '  T a i l s .

I f  t h e  ' a f fi x  f o r m '  s u c c e e d s  t h e  r e s t o r i n g  p a r t  o f  t h e  a f fi x
mechanism w i l l  b e  e x e c u t e d :  f o r  e a c h  ' f o r m a l '  t h a t  i s  a
' f o rma l  v a r i a b l e '  e n d i n g  i n  a  ' r i g h t  s y mb o l ' ,  a  ' t r a n s p o r t '  i s
executed w i t h  t h e  ' f o r m a l '  a s  a  ' s o u rc e '  a n d  t h e  ' a c t u a l '  a s  a
' d e s t i n a t i o n ' ,  i n  t h e  o rd e r  i n  wh ich  t h e  a f fi x e s  a p p e a r.
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Suppose t h e  f o l l o w i n g  ' r u l e ' s  a re  d e fin e d :
' q u e s t io n '  i f  a :  $  some q u e s t io n  $ .
' q u e s t io n '  i f  b :  $  a n o th e r q u e s t io n  $ .
' f u n c t i o n '  g i v e  va lu e  1  +  n > :  1  - >  n .
' f u n c t i o n '  g i v e  va lu e  2  +  n > :  2  - ›  n .
' a c t i o n '  u se  va lu e  +  >n :  p r i n t  +  rt .
' a c t i o n '  p r i n t  +  >n :

$ some a c t u a l  r u l e  t h a t  p r i n t s  t h e  v a lu e  o f  n  $ .

I n  t h e  ' a c t u a l  r u l e '

-  l o c :  i f  a ,  g i v e  va lu e  1  +  l o c ,  u se  v a lu e  +  l o c ,  p r i n t  +  l o c ;
i f  b ,  g i v e  va lu e  2  +  l o c ,  u se  v a lu e  +  l o c .

" l c "  i s  " u n i n i t i a l i z e d "  a t  t h e  c o lo n  a n d  l i k e w i s e  a t  t h e  fi r s t
comma, " i n i t i a l i z e d "  a t  t h e  second  comma because o f  t h e  r e s t o r i n g
done b y  t h e  c a l l  o f  " g i v e  v a l u e l " ,  a n d  re ma in s " i n i t i a l i z e d "  u n t i l
the  end  o f  t h e  ' a l t e r n a t i v e ' .  I t s  v a lu e  c a n  b e  co p ie d  o v e r  t o
'use v a l u e '  a n d  ' p r i n t ' .  A t  t h e  b e g i n n i n g  o f  t h e  s e c o n d
a l t e rn a t i v e  i t  i s  s t i l l  " u n i n i t i a l i z e d "  ( s t i l l  " u n i n i t i a l i z e d " ,
no t a g a i n  " u n i n i t i a l i z e d " ,  s i n c e ,  i f  t h e  b e g i n n i n g  o f  t h e
second ' a l t e r n a t i v e '  i s  r e a c h e d ,  t h e  i n i t i a l i z a t i o n  i n  t h e
p re v io u s ' a l t e r n a t i v e '  w i l l  n o t  h a ve  t a ke n  p l a c e ) .  I t  r e m a i n s
" u n i n i t i a l i z e d "  u n t i l  t h e  c a l l  o f  " g i v e  v a l u e  2 "  a f t e r  ( a n d  b y )
wh ich  i t  i s  " i n i t i a l i z e d " .  I t s  subsequent a p p l i c a t i o n  i n  " u s e
va lu e "  i s  c o r r e c t .

The ' a c t u a l  r u l e '

-  l o c :  i f  a ,  u se  v a lu e  +  l o c ,  g i v e  v a lu e  1  +  l o c ,  p r i n t  +  l o c ,

i s  i n c o r r e c t .  " l c "  i s  s t i l l  " u n i n i t i a l i z e d "  a t  t h e  fi r s t  comma and
i s  t h e n  u s e d  a s a  so u rce  i n  t h e  co p y in g  done b y  t h e  c a l l  o f  " u se
va lu e " .

3 .6 .  T e r m i n a t o r s .

Syntax:
t e rmin a t o r :  ju mp ;  e x i t ;  su cce ss  symb o l;  f a i l u r e  symb o l.
jump: re p e a t  symb o l,  r u l e  t a g .
e x i t :  e x i t  symb o l,  e xp re ss io n .

Examples o f  ' t e r m i n a t o r ' s :

: o r d e r
' e x i t '  1 6
+



1
1
4
1
7
/
7
4

Jumps.
The ' t a g '  a f t e r  t h e  ' re p e a t  symb o l '  ma y b e  t h e  ' t a g '  o f  t h e  ' a c t u a l
r u l e '  i n  wh ich  t h i s  ' j u m p '  o c c u r s  o r  t h e  ' t a g '  o f  (o n e  o f )  t h e
'compound me mb e r' (s) i n  wh ich  t h i s  ' j u m p '  o c c u rs .

A ' j u mp '  t o  t h e  ' t a g '  o f  a n  ' a c t u a l  r u l e '  i s  a n  a b b re v i a t e d
n o t a t io n  o f  a  c a l l  t o  t h a t  r u l e ,  w i t h  a c t u a l  a f fi x e s  t h a t
co rrespond  t o  t h e  o r i g i n a l  a c t u a l  a f fi x e s .  T h e  a b b re v ia t i o n  i s  o n l y
a llo we d  i f ,  a f t e r  t h e  e xe cu t io n  o f  t h e  c a l l ,  n o  mo re  members i n  t h e
ru l e  ca n  be  execu te d .  T h i s  c o n d i t i o n  ensu res t h a t  t h e re  w i l l  b e  n o
need f o r  t h e  " re c u rs i v e  c a l l "  mechanism t o  be  in vo ke d .

Example:

The r u l e :

' a c t i o n '  b a d l :  a ,  ( b ;  : b a d l ) ,  c ;  A-.

i s  i n c o r r e c t :  a f t e r  re t u rn i n g  f ro m " : b a d l "  " c "  w i l l  b e  e xe cu te d .  I f
the  " , c "  i s  removed, t h e  r u l e  i s  c o r r e c t .  L i k e w is e  t h e  r u l e :

' q u e s t io n '  b a d 2 :  ( a ,  b ,  : b a d 2 ) ;  c .

i s  i n c o r r e c t :  a f t e r  u n su cce ssfu l r e t u rn i n g  f ro m " : b a d 2 "  " c "  w i l l  b e
executed. I f  t h e  pa ren theses a re  removed ,  t h e  r u l e  i s  c o r r e c t .

A ' j u mp '  t o  t h e  ' t a g '  o f  a  ' co mp o u n d  me mb e r '  C  c a u s e s  t h i s
'compound member' t o  b e  re -e xe cu t e d .  T h e  p re c i s e  me a n in g  c a n  be
assessed b y  decomposing (se e  3 . 7 . )  t h e  ' a c t u a l  r u l e '  u n t i l  C t u r n s
i n t o  a n  ' a c t u a l  r u l e ' .  Th e n  t h e  above a p p l i e s .

E x i t s .
The e xe cu t io n  o f  a n  ' e x i t '  c a u s e s  t h e  e n t i r e  p r o g r a m  t o  b e
te rmin a te d .  T h e  t e rmin a t i o n  s t a t e  i s  e q u a l  t o  t h e  v a lu e  o f  t h e
'e xp re ss io n '  i n  t h e  ' e x i t ' .  A n  ' e x i t '  i s  a  ' f u n c t i o n ' .

Success a n d  f a i l u r e  symb o ls.
The e xe cu t io n  o f  a  ' su cce ss  symb o l '  a lwa y s  su cce e d s,  t h e  e xe cu t io n
o f  a  ' f a i l u r e  s y m b o l '  a l w a y s  f a i l s .  T h e y  h a v e  n o  a d d i t i o n a l
e f f e c t s .

3 .7 .  C o m p o u n d  members.
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'Compound member's s e rv e  t o  g ro u p  a  s e r i e s  o f  ' a l t e r n a t i v e ' s  i n t o  a
s in g le  'me mb e r' .



IW17/74

Example:

ALEPH Manual 3
-
1 5

Syntax:
compound member:

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

l o c a l  p a r t :  r u l e  t a g ,  ( l o c a l  a f fi x  se q u e n ce );  l o c a l  a f fi x  sequence ,

(o rd e r -  n :  l e s s  +  y  x ,  x  - >  n ,  y  - >  x ,  n  - >  y ;
x =  y ,  g e t  n e x t  i n t  x ,  :  o r d e r ;  q . )

A 'compound me mb e r'  i s  a n  a b b re v ia t e d  n o t a t i o n  f o r  t h e  c a l l  o f
a r u l e .  L o o s e l y  sp e a kin g ,  t h e  r u l e  t h a t  i s  c a l l e d  h a s t h e  same
meaning a s  t h e  ' r u l e  b o d y '  o f  t h e  'compound me mb e r '  a n d  has a l l
i t s  n o n -g lo b a ls  a s  f o rma l  a f fi x e s .  T h e  c a l l  t h e n  c a l l s  t h a t  r u l e
w i t h  t h e se  n o n -g lo b a ls  a s  a c t u a l  a f fi x e s .  T h e  f o l l o w i n g  sta te me n t
expresses t h i s  mo re  p re c i s e l y .

A ' r u l e  d e c l a ra t i o n '  f o r  t h e  r u l e  t h a t  i s  c a l l e d  c a n  be  d e r i v e d
f ro m t h e  'compound member' i n  t h e  f o l l o w i n g  way.

a. t h e  ' o p e n  symb o l '  a n d  ' c l o s e  symb o l '  a r e  removed,
b. a  ' p o i n t  symb o l '  i s  p la ce d  a f t e r  t h e  ' r u l e  b o d y ' ,
c ,  i f  t h e  ' l o c a l  p a r t ,  c o l o n  symb o l '  i s  a b se n t ,  a  ' c o l o n  symb o l '  i s

p laced  i n  f r o n t  o f  t h e  ' r u l e  b o d y ' ,
d. i f  t h e  ' r u l e  t a g '  i s  mis s in g ,  a  ' r u l e  t a g '  i s  p la ce d  i n  f r o n t

t h a t  p ro d u ce s a  ' t a g '  t h a t  i s  d i f f e r e n t  f r o m a n y o t h e r  t a g  i n  t h e
prognam

e. a  ' f o r m a l  a f fi x  se q u e n ce ' ,  i f  n e ce ssa ry,  i s  c o n s t ru c t e d  (se e  b e lo w)
and i n s e r t e d  a f t e r  t h e  ' r u l e  t a g ' ,

f .  t h e  " t y p e "  o f  t h e  ' r u l e  b o d y '  i s  d e te rmin e d  ( s e e  3 . 9 . )  a n d  t h e
co rre sp o n d in g  I t y p e r '  ( s e e  3 . 2 . 1 . )  i s  p la ce d  i n  f r o n t  o f  t h e  ' r u l e
t a g ' .

The ' f o r m a l  a f fi x  se q u e n ce '  me n t io n e d  i n  e .  a b o ve  i s  c o n s t ru c t e d  a s
f e l l o ws :

a. a  l i s t  i s  made o f  a l l  t a g s  i n  t h e  ' r u l e  b o d y '  t h a t  d o  n o t  r e f e r
t o  g l o b a l  i t e ms  a n d  do  n o t  o c c u r  i n  t h e  ' l o c a l  a f fi x  se q u e n ce ' ,  i f
p re se n t ,

b. i f  t h e  l i s t  i s  emp ty t h e  ' f o r m a l  a f fi x  se q u e n ce '  i s  n o t  n e ce ssa ry ,
c.  f o r  e a ch  t a g  i n  t h e  l i s t ,  i f  t h e  co rre sp o n d in g  i t e m

1. i s  u se d  a s a  " so u rce "  ( e i t h e r  d i r e c t l y  o r  t h ro u g h  a  c a l l )  a n d  i s
used a s  a  " d e s t in a t io n "  ( e i t h e r  d i r e c t l y  o r  t h ro u g h  a  c a l l ) ,  i t  i s
en te red  i n t o  t h e  ' f o r m a l  a f fi x  se q u e n ce '  p re ce d e d  and  f o l l o we d  b y  a
' r i g h t  s y mb o l ' ,
2, i s  u se d  a s a  " so u rce "  ( e i t h e r  d i r e c t l y  o r  t h ro u g h  a  c a l l ) ,  i t
i s  e n t e re d  i n t o  t h e  ' f o r m a l  a f fi x  se q u e n ce '  p re ce d e d  b y a  ' r i g h t
symb o l ' ,
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Example:

Fo r t h e  'compound member'

(a [ p ]  =  0  0  - >  a [ q ] ;  p l u s  +  m +  p  q )

where " m"  i s  g l o b a l ,  t h e  ' r u l e  d e c la ra t i o n '  r u n s :

' a c t i o n '  z z g r z l  +  [ ] ( a ) a [ ]  +  >p  +  >q>:
a lp ]  =  0 ,  0  - >  a [ q ] ;  p l u s  +  m +  p

and t h e  c a l l  i s :

z z g rz l  + a + p +  q

3. i s  u se d  a s  a  " d e s t i n a t i o n "  ( e i t h e r  d i r e c t l y  o r  t h ro u g h  a  c a l l ) ,
i t  i s  e n t e re d  i n t o  t h e  ' f o r m a l  a f fi x  se q u e n ce '  f o l l o w e d  b y  a  ' r i g h t
symb o l ' ,
4. i s  u se d  a s  a  ' s t a c k  t a g '  ( o r  ' t a b l e  t a g ' ) ,  i t  i s  e n t e re d  i n t o
the  ' f o r m a l  s t a c k '  ( o r  ' f o r m a l  t a b l e ' )  w i t h  t h e  same ' fi e l d  l i s t
pack'  a s  t h a t  o f  t h e  co rre sp o n d in g  ( f o r m a l  o r  a c t u a l )  s t a c k  ( o r
t a b l e ) ,
5. i s  u se d  a s  a n  ' a c t u a l  a f fi x '  w h e r e  a  fi l e  i s  re q u i re d ,  i t  i s
en te red  i n t o  t h e  ' f o r m a l  a f fi x  se q u e n ce '  a s  a  ' f o r m a l  fi l e ' ,

d. t h e  i t e ms  i n  t h e  ' f o r m a l  a f fi x  se q u e n ce '  a r e  p re ce d e d  b y  ' f o r m a l
a f fi x  s y mb o l ' s .

w i t h

where

0 - >  n ,  ( ( 1  - >  n ,  - ) ;
n ,  0 ,  d o  so me th in g )

0 - >  n ,  ( s p o i l  and  f a i l  +  n ;
n =  0 ,  d o  so me th in g )
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Th is a l s o  i mp l i e s  t h a t ,  i f  a  'compound member' f a i l s ,  t h e  changes
i t  made t o  f o rma l  a n d  l o c a l  v a r i a b l e s  d o  n o t  become e f f e c t i v e .
Compare

'q u e s t io n '  s p o i l  and  f a i l  +  n > :  1  - >  n ,

Both ca se s behave i n  e x a c t l y  t h e  same wa y:  t h e  r u l e  " d o  so me th in g "
w i l l  b e  c a l l e d .

The ' t a g '  i n  t h e  ' l a b e l '  i n  a  compound  member' C  mu st  b e  d i f f e r e n t
f rom:

a. t h e  ' r u l e  t a g ' s ,  i f  a n y,  a n d  a l l  t h e  ' t a g ' s  i n  t h e  ' l o c a l  a f fi x
sequence 's,  i f  a n y,  o f  a l l  t h e  'compound member's,  i f  a n y,  i n  wh ich
C o c c u rs ,

b. t h e  ' r u l e  t a g '  a n d  a l l  t h e  i t a g ' s  i n  t h e  ' f o r m a l  a f fi x  se q u e n ce ' ,
' i f  a n y,  o f  t h e  ' r u l e  d e c la ra t i o n '  i n  wh ich  C o c c u rs .
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3 .8 .  C l a s s i fi c a t i o n s .

A ' c l a s s i fi c a t i o n '  i s  s i m i l a r  t o  a n  ' a l t e r n a t i v e  s e r i e s '  i n  t h a t
bo th  s p e c i f y  a  s e r i e s  o f  ' a l t e r n a t i v e ' s  o n l y  one  o f  wh ich  w i l l
e ve n t u a l ly  a p p ly .  T h e  d i f f e re n c e  i s  t wo f o l d :  i n  a  ' c l a s s i fi c a t i o n '
e x a c t l y  1  ' a l t e r n a t i v e '  a p p l i e s  ( a s  o p p o se d  t o  1  o r  0  i n
an ' a l t e r n a t i v e  s e r i e s ' ) ,  a n d  t h e  c h o i c e  o f  t h e  p e r t i n e n t
' a l t e r n a t i v e '  i s  based o n  a  s i n g l e  ru n t ime  v a l u e  ( a s  opposed t o
the su cce ss ive  e xe cu t io n  o f  fi r s t  me mb e rs).  ' C l a s s i fi c a t i o n ' s  a l l o w
f a s t  s e l e c t i o n  o f  ' a l t e r n a t i v e ' s  a t  t h e  c o s t  o f  a  l e s s  v e r s a t i l e
s e le c t io n  mechanism.

Syntax:
c l a s s i fi c a t i o n :  c l a s s i fi e r  b o x ,  c l a s s  c h a in .
c l a s s i fi e r  b o x :  b o x  symb o l,  so u rce ,  b o x  symb o l.
c la ss  c h a in :  c l a s s ,  se mico lo n  symb o l,  c l a s s  c h a in ;  l a s t  c l a s s .
c la ss :  a re a ,  comma symb o l,  a l t e r n a t i v e ,
area: s u b  symb o l,  zo n e  s e r i e s ,  b u s  symb o l.
zone s e r i e s :  zo n e ,  (s e mic o lo n  symb o l,  zo n e  s e r i e s ) .
zone: (e x p re s s i o n ) ,  u p  t o  symb o l,  (e x p re s s io n ) ;  e x p re s s io n ;  t a g .
l a s t  c l a s s :  c l a s s ;  a l t e r n a t i v e .

Example 1 :

(n :  g e t  +  c h a r ,
(= c h a r  =

[ / 0 /  :  / 9 / ] ,  d g t  - >  t yp e ;
[ / a /  :  / z / ;  / a /  +  ca p  :  / z /  +  c a p ] ,  l t r  - >  t yp e ;
[ /1 -/ ;  / - / ;  / x / ;  / / / ] ,  o p  - >  t yp e ;
[0 ;  1 2 7 ] ,  :  n ;
[ 0  :  1 2 7  ] ,  e r r  - >  t y p e ) )

Example 2 :

= t a g  =
[ v a r  d e c l ] ,  h a n d l e  v a r i a b l e  +  t a g ;
[macro d e c l ] ,  h a n d le  macro  c a l l  +  t a g ;
[ ro u t  d e c l ] ,  h a n d le  ro u t i n e  c a l l  +  t a g ;

handle  bad t a g  +  t a g

The e xe cu t io n  o f  a  ' c l a s s i fi c a t i o n '  s t a r t s  w i t h  t h e  e v a lu a t io n  o f
the  ' s o u rc e '  i n  i t s  ' c l a s s i fi e r  b o x ' .  Th e  r e s u l t i n g  va lu e  i s  c a l l e d
V. N o w  t h e  ' a r e a ' s  i n  t h e  ' c l a s s i fi c a t i o n '  a r e  se a rch e d  i n  t e x t u a l
o rd e r f o r  a n  ' a re a '  i n  wh ich  V  b e lo n g s.  I f  su ch  a n  ' a r e a '  i s
found, t h e  ' a l t e r n a t i v e '  f o l l o w i n g  i t  a p p l i e s  a n d  i s  e xe cu te d  (s e e
3 . 2 . 2 . ) .  I f  t h e re  i s  n o  su ch  ' a r e a ' ,  t h e  ' l a s t  c l a s s '  m u s t  b e  a n
' a l t e r n a t i v e ' ,  w h i c h  t h e n  a p p l ie s  and  i s  e xe cu te d .  O t h e rwise  t h e re
i s  a n  e r r o r .

V be longs i n  a  g ive n  ' a re a '  i f  i t  b e lo n g s i n  a n y o f  i t s  c o n s t i t u e n t
e
. 
'
z
o
n
e
'
s
.  
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f o l lo ws .
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I f  t h e  ' z o n e '  i s  a n  ' e x p re s s io n '  E  t h e n  V b e lo n g s i n  t h a t  ' z o n e '  i f
i t  i s  e q u a l  t o  t h e  va lu e  o f  E .
I f  t h e  ' z o n e '  c o n t a in s  a n  ' u p  t o  symb o l '  i t  i s  d e s ig n a te d  b y  t wo
bounda ries.  Th e  l e f t  bounda ry L  i s  t h e  va lu e  o f  t h e  ' e x p re s s io n '  i n
f ro n t  o f  t h e  ' u p  t o  symb o l '  o r ,  i f  i t  i s  m is s in g ,  t h e  v a lu e  o f  " min
i t " .  T h e  r i g h t  boundary R  i s  t h e  va lu e  o f  t h e  ' e x p re s s io n '  a f t e r
the ' u p  t o  symb o l '  o r ,  i f  i t  i s  mis s in g ,  t h e  v a lu e  o f  "max i t " .  V
be longs t o  t h e  g iv e n  ' z o n e '  i f  L  <  V  <  R.

I f  t h e  ' z o n e '  i s  a  ' t a g ' ,  t h i s  ' t a g '  mu s t  co rre sp o n d  t o  a  g l o b a l
(n o t  f o r m a l )  s t a c k  o r  t a b l e .  V  b e lo n g s i n  t h i s  ' z o n e '  i f  i t  i s  a n
address i n  t h e  i n d i c a t e d  s t a c k  o r  t a b l e .

'A re a ' s  m a y  co in c id e  p a r t i a l l y  o r  t o t a l l y ;  t h e  t e x t u a l l y  fi r s t
' a re a '  t a k e s  p recedence .  A  wa rn in g  i s  i s s u e d  i f  t h e  t o t a l  o f  t h e
' a re a ' s  d o  n o t  c o v e r  t h e  co mp le te  r a n g e  f r o m  " m i n  i n t "  t o  " ma x
i n t" .

When a l l  ' z o n e ' s  c o n s i s t  o f  ' e x p re s s io n ' s  t h e  e x a c t  s i z e  a n d
lo c a t io n  o f  a l l  ' z o n e ' s  i s  known a t  co mp i le  t i me ;  t h i s  i n f o rma t i o n
w i l l  b e  u t i l i z e d  b y  t h e  c o mp i le r .  Wh e n  a l l  ' z o n e ' s  c o n s i s t  o f
' t a g ' s  ( i d e n t i f y i n g  ' l i s t ' s  and  ' t a b l e ' s )  t h e  r e l a t i v e  p o s i t i o n s  o f
a l l  ' z o n e ' s  a r e  known a t  co mp i le  t i me  (a l t h o u g h  t h e i r  e xa c t  s i z e s
a re  n o t ) ;  a g a i n  t h i s  i n f o rma t i o n  i s  u t i l i z e d  b y  t h e  c o mp i le r .  I n
mixed ca se s s l i g h t l y  l e s s  e f fi c i e n t  c o d e  may r e s u l t .

Example:
I f  i t  i s  known t h a t  " i d "  t a k e s  o n l y  va lu e s  be tween 0  and  4 ,  v e r y
e f fi c i e n t  co d e  ca n  be  o b t a in e d  b y :

= i n d  =
[ 0 ] ,  z e ro ;  [ 1 ] ,  o n e ;  [ 2 ] ,  t w o ;  [ 3 ] ,  t h re e ;  [ 4 ] ,  f o u r

as t h e  a p p l i c a b le  ' a l t e r n a t i v e '  i s  s e le c t e d  d i r e c t l y ;  s l i g h t l y  l e s s
e f fi c i e n t  co d e  wo u ld  be  g e n e ra te d  f o r :

= i n d  =
[ 0 ] ,  z e ro ;  [ 1 ] ,  o n e ;  [ 2 ] ,  t wo ;  [ 3 ] ,  t h re e ;  f o u r

as t h i s  n e c e s s i t a t e s  t w o  c o mp a r is o n s  t o  c h e c k  f o r  t h e  l a s t
' a l t e r n a t i v e ' .  O n  t h e  o t h e r  hand ,  t h e  l a t t e r  i s  d e fin e d  f o r  a l l
va lues o f  " i d "  whereas t h e  f o rme r  i s  o n l y  d e fi n e d  f o r  0  i n d  <  4 .
Aga in ,  l e s s  e f fi c i e n t  co d e  i s  o b t a in e d  b y :

in d  =  0 ,  Ze ro ;
in d  =  1 ,  o n e ;
in d  =  2 ,  t wo ;
in d  =  3 ,  t h re e ;
in d  =  4 ,  f o u r



IW17/74 ALEPH Manual 3 - 1 9

as t h i s  i m p l i e s  a  sequence o f  co mp a riso n s.  I n  c o n t ra s t  t o  t h e  fi r s t
example t h e  above ' r u l e  b o d y '  i s  d e fi n e d  f o r  a l l  va lu e s  o f  " i d "
and a s  opposed t o  t h e  second example  i t  f a i l s  when " i d "  does n o t
have a  va lu e  i n  t h e  ra n g e  0  t h ro u g h  4 .

A ' c l a s s i fi c a t i o n '  c a n  f a i l  i f  a t  l e a s t  one  o f  i t s  ' a l t e r n a t i v e ' s
can f a i l ,  i t  h a s s i d e -e f f e c t s  i f  a t  l e a s t  one o f  i t s  ' a l t e r n a t i v e ' s
has s i d e - e f f e c t s .

3 .9 .  C r i t e r i a  f o r  s id e  e f f e c t s ,  f a i l i n g  and b a ck t ra ck .

Where a  l i s t  o f  c o n d i t io n s  i s  g i v e n  i n  t h i s  p a ra g ra p h ,  t h e
re q u ire me n ts f o r  t h i s  l i s t  a r e  f u l fi l l e d  i f  a t  l e a s t  one  o f  t h e
co n d it io n s  i s  f u l fi l l e d .

3 . 9 . 1 .  C r i t e r i a  f o r  s id e  e f f e c t s .
I n  essence a  ' r u l e '  " h a s  s i d e  e f f e c t s "  i f  i t  c h a n g e s  g l o b a l
in f o rma t io n .

A ' r u l e '  h a s  s i d e  e f f e c t s  i f  i t s  ' r u l e  b o d y '  h a s  s i d e  e f f e c t s .

A ' r u l e  b o d y '  ( i . e . ,  a n  ' a l t e r n a t i v e  s e r i e s '  o r  a  ' c l a s s i fi c a t i o n ' )
has s i d e  e f f e c t s  i f  i t  co n t a in s  a t  l e a s t  one 'me mb e r'  t h a t  h a s s i d e
e f f e c t s .

A 'member'  h a s  s i d e  e f f e c t s  i f
1. i t  i s  a n  ' a f fi x  f o r m '  t h a t  h a s s i d e  e f f e c t s ,
2. i t  i s  a  ' t r a n s p o r t '  t h a t  h a s s i d e  e f f e c t s ,
3. i t  i s  a n  ' e x t e n s i o n ' ,
4. i t  i s  a  'compound me mb e r'  t h e  ' r u l e  b o d y '  o f  wh ich  h a s  s i d e

e f f e c t s .

An ' a f fi x  f o r m '  h a s  s i d e  e f f e c t s  i f
1. t h e  ' r u l e '  c a l l e d  i s  o f  t yp e  ' a c t i o n '  o r  ' p r e d i c a t e ' ,
2. t h e  r e s t o r i n g  p a r t  o f  t h e  a f fi x  mechan ism ( s e e  3 . 5 . )  ca u se s a

' t ra n s p o r t '  t h a t  h a s s i d e  e f f e c t s .

A ' t r a n s p o r t '  h a s  s i d e  e f f e c t s  i f  (o n e  o f )  i t s  d e s t i n a t i o n ( s )  i s  a
g lo b a l  v a r i a b l e  o r  a  ( s t a c k )  e le me n t .

3 .9 .2 .  C r i t e r i a  t o  d e te rmin e  wh e th e r a  'member'  o r  ' r u l e  b o d y '  c a n  f a i l .

A 'member'  c a n  f a i l  i f
1, i t  i s  a n  ' a f fi x  f o r m '  t h e  ' r u l e '  o f  wh ich  i s  o f  t y p e  ' p r e d i c a t e '  o r

' q u e s t io n ' ,
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2. i t  i s  an  ' i d e n t i t y ' ,
3. i t  i s  a  'coupound member' t h e  ' r u l e  body ' o f  which can f a i l ,
4. i t  i s  a  ' f a i l u r e  symbol' ( - ) .

A ' r u l e  b o d y '  c a n  f a i l  i f  i t s  ' a l t e r n a t i v e  s e r i e s '  o r
' c las s ifi c a t ion '  c a n  f a i l .

An ' a l t e r n a t i v e  s er ies '  c an f a i l  i f
1. t h e  fi r s t  'member ' o f  i t s  l a s t  ' a l t e r n a t i v e '  c an f a i l ,
2. i t  c ontains  a n  ' a l t e r n a t i v e '  c ons is t ing  o f  more than one 'member ',

i n  which a  'member' o t h e r  than the fi r s t  c an  f a i l .

A ' c la s s ifi c a t io n '  c a n  f a i l  i f  i t  c ontains  a  'member' t h a t  c a n
f a i l .

3.9.3.  C r i t e r i a  f o r  b a c k t r a c k - l ia b i l i t y .

A 'member' i s  bac k t r ac k - l iab le  i f  i t  has  s ide e f f ec t s .
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4. D a t a .

The b a s i c  w a y  o f  r e p r e s e n t i n g  i n f o r m a t i o n  i n  ALEPH i s  t h ro u g h
in t e g e rs .  Th e re  a re  f o u r  in t e g e r-b a se d  d a t a  t yp e s :
in t e g e rs  (c o n s t a n t s ) ,
lo ca t io n s  t h a t  c o n t a in  in t e g e rs  ( v a r i a b l e s ) ,
o rde red  l i s t s  o f  in t e g e rs  ( t a b l e s ) ,  a n d
o rde red  l i s t s  o f  l o c a t i o n s  t h a t  c o n t a in  i n t e g e rs  ( s t a c k s ) .
I n t e g e rs  used  i n  d a t a  d e c la ra t io n s  c a n  b e  g i v e n  i n  t h e  f o rm o f
e xp re ssio n s.  •
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The b a s i c  way o f  ro u t i n g  i n f o rma t i o n  i n t o  and o u t  o f  t h e  p ro g ra m i s
th rough  fi l e s .  T h e re  a re  t wo  t yp e s  o f  fi l e s :
c h a r fi l e s ,  fi l e s  c o n t a i n i n g  o n l y  i n t e g e rs  t h a t  c o r re s p o n d  t o
ch a ra c t e rs ,  a n d
d a t a fi l e s ,  fi l e s  c o n t a i n i n g  p o i n t e r s  t o  p re s c r ib e d  s t a c k s  a n d
t a b le s  a n d / o r  in t e g e rs  i n  a  p re s c r ib e d  ra n g e .

There a r e  t h r e e  p r i m i t i v e  a c t i o n s  o n  i n t e g e r - b a s e d  d a t a :
t ra n s p o r t s ,  i d e n t i t i e s  and  e x t e n s io n s .  A d d i t i o n a l  i n t e g e r  h a n d l in g
can be  done t h ro u g h  e x t e rn a ls .

There a re  n o  p r i m i t i v e  a c t i o n s  o n  fi l e s :  a l l  fi l e  h a n d l i n g  i s  done
th rough  e x t e rn a l s .

Syntax o f  d a t a  d e c l a ra t i o n ' :

da ta  d e c la ra t i o n :
constan t  d e c la ra t i o n ;  v a r i a b l e  d e c la ra t i o n ;
s t a ck  d e c la ra t io n ;  t a b l e  d e c la ra t i o n ;
fi l e  d e c l a r a t i o n .

4 .1 .  I n t e g e r - b a s e d  d a t a .

Since a l l  i n t e g e r -b a s e d  d a t a  c a n  b e  i n i t i a l i z e d  t h r o u g h
e xp re ssio n s,  t h e s e  w i l l  be  t re a t e d  fi r s t .

4 . 1 . 1 .  E x p r e s s i o n s .

Syntax:
e xp re ssio n :

(p lu s  min u s ),  t e rm;  e x p re s s io n ,  p l u s  min u s ,  t e rm.
te rm:  ( t e r m ,  t ime s  b y ) ,  b a se .
base: p l a i n  va lu e ;  e x p re s s io n  p a ck.
p l a i n  va lu e :

in t e g ra l  d e n o t a t io n ;  c h a ra c t e r  d e n o t a t io n ;  t a g ;  l i m i t .
i n t e g r a l  d e n o t a t io n :  ( i n t e g r a l  d e n o t a t io n ) ,  d i g i t .
ch a ra c t e r deno ta t ion . :

a b so lu te  symb o l,  c h a ra c t e r ,  a b s o lu t e  symb o l.
e xp re ssio n  p a ck:  o p e n  symb o l,  e xp re ss io n ,  c l o s e  symb o l.
p lu s  min u s:  p l u s  symb o l;  min u s  symb o l.
t ime s b y :  t i me s  symb o l;  b y  symb o l.
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'co n s t a n t '  p  =  q  q  =  2  -  p .
i s  n o t  a l lo we d .
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Examples:
-3  +  5  x  b y t e  s i z e
l i n e  w id t h / 2
( ( / e /  +  I )  x  ch a r s i z e  +  / n /  +  I )  x  ch a r s i z e  +  / d /  +  1

The v a lu e  o f  a n  ' e x p re s s io n '  i s  t h e  i n t e g r a l  v a l u e  t h a t  r e s u l t s
f ro m e v a lu a t in g  t h e  ' e x p re s s io n '  a c c o rd in g  t o  t h e  s t a n d a rd  r u l e s  o f
a lg e b ra .  T h e  r e s u l t  o f  a n  i n t e g e r  d i v i s i o n  n  =  p / q  ( g  *  0 )  i s  a
va lue  n s u c h  t h a t p > n x q a n d p - n x q  i s  a s  s m a l l  a s  p o s s ib le
(so ,  7 / 3 = 2 ,  7 / ( - 3 ) = - 2 ,  ( - 7 ) / 3 = - 3  and  ( - 7 ) / ( - 3 ) = 3 ) .  T h e  v a lu e  o f
an ' i n t e g r a l  d e n o t a t io n '  i s  t h e  n u me r ica l  va lu e  o f  t h e  sequence o f
' d i g i t ' s ,  co n s id e re d  a s  a  number i n  d e c ima l  n o t a t io n .  T h e  va lu e  o f
a ' c h a ra c t e r  d e n o t a t io n '  i s  t h e  n u me r ic a l  va lu e  o f  t h e  ' c h a r a c t e r '
i n  t h e  code used .  I f  a  ' p l a i n  v a l u e '  i s  a  ' t a g ' ,  i t  mu st  b e
a ' c o n s t a n t  t a g ' ,  d e fi n e d  i n  a  ' c o n s t a n t  d e c l a r a t i o n '  o r  i n
a ' p o i n t e r  i n i t i a l i z a t i o n '  ( a  ' t a g '  d e fi n e d  i n  a  u s e r - d e fi n e d
' e x t e rn a l  co n s t a n t  d e c l a ra t i o n '  ca n n o t  b e  used  a s  a  ' p l a i n  v a l u e ' ) .
I t s  v a lu e  may n o t  depend o n  t h e  ' e x p re s s io n '  i n  wh ich  t h e  ' c o n s t a n t
t a g '  o c c u rs .  Th a t  i s ,

The ' t a g '  o f  a  ' l i m i t '  ( s e e  4 . 1 . 7 . )  i n  a n  ' e x p re s s io n '  mu s t  b e  t h e
' t a g '  o f  a  ( g l o b a l )  t a b l e ,  i . e . ,  l i m i t s  o f  s t a cks  ca n n o t  b e  used  i n
e xp re ssio n s.

4 .1 .2 .  C o n s t a n t s

A co n s t a n t  c o n s i s t s  o f  a  ' t a g '  a n d  a n  i n t e g r a l  v a lu e .  T h e  r e l a t i o n
between t a g  a n d  va lu e  i s  s e t  u p  t h ro u g h  a  ' c o n s t a n t  d e c l a ra t i o n '
and ca n n o t  b e  changed a f t e rwa rd s .

Syntax:
constan t  d e c la ra t i o n :

constan t  symb o l,  co n s t a n t  d e s c r i p t i o n  l i s t ,
p o in t  symb o l.

constan t  d e s c r i p t i o n  l i s t :
constan t  d e s c r i p t i o n ,
(comma symb o l,  co n s t a n t  d e s c r i p t i o n  l i s t ) .

constan t  d e s c r i p t i o n :  t a g ,  e q u a ls  symb o l,  e xp re ss io n .

Example:
' co n s t a n t '  m i d  page =  l i n e  w id t h / 2 ,  l i n e  w id t h  =  144 .

Constants ca n  be  used  i n  ' e x p re s s io n ' s  and  i n  ' s o u r c e ' s .

4 .1 .3 .  V a r i a b l e s .

A v a r i a b l e  c o n s i s t s  o f  a  ' t a g '  a n d  a  l o c a t i o n ,  t h e  l o c a t i o n  may
o r may n o t  c o n t a in  a  va lu e .  I f  i t  co n t a in s  a  va lu e  t h e  v a r i a b l e
'h a s '  t h a t  va lu e .  Th e  co n t e n t s  o f  a  l o c a t i o n  may b e  changed. Once a
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4 . 1 . 4 .  T h e  a d d re ss space .
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lo c a t i o n  has o b ta in e d  a  va lu e  i t  ca n  n e ve r become e mp ty a g a in .

A g l o b a l  v a r i a b l e  i s  d e c la re d  i n  a  v a r i a b l e  d e c l a r a t i o n ' .

A f o rma l  v a r i a b l e  o r i g i n a t e s  f ro m a  ' f o r m a l  a f fi x  se q u e n ce ' .

A l o c a l  v a r i a b l e  o r i g i n a t e s  f ro m a  ' l o c a l  a f fi x  se q u e n ce ' .

Syntax o f  ' v a r i a b l e  d e c l a r a t i o n ' :
v a r ia b le  d e c la ra t i o n :

v a r ia b le  symb o l,  v a r i a b l e  d e s c r i p t i o n  l i s t ,  p o i n t  symb o l.
v a r i a b le  d e s c r i p t i o n  l i s t :

v a r ia b le  d e s c r i p t i o n ,
(comma symb o l,  v a r i a b l e  d e s c r i p t i o n  l i s t ) .

v a r ia b le  d e s c r i p t i o n :  t a g ,  e q u a ls  symb o l,  e xp re ss io n .

Examples:
' v a r i a b l e '  t a g  p n t  =  n i l ,  me d ia n  code =  ( « c o d e  +  › › c o d e ) / 2 .
' v a r i a b l e '  l i n e  c n t  =  0 ,  page  c n t  =  O.

Fo r each  ' v a r i a b l e  d e s c r i p t i o n '  a  l o c a t i o n  i s  ma d e  a v a i l a b l e ,
tagged w i t h  t h e  ' t a g '  a n d  fi l l e d  w i t h  t h e  v a l u e  o f  t h e
' e xp re ss io n ' .

V a ria b le s  ca n  b e  used  i n  ' s o u rc e ' s  a n d  i n  ' d e s t i n a t i o n ' s .  T h e y
cannot b e  used  i n  ' e x p re s s io n ' s .

In  a d d i t i o n  t o  co n sta n t s  a n d  v a r i a b l e s  t h e r e  e x i s t  l i s t s  o f
constan ts ( " t a b l e s " )  a n d  l i s t s  o f  v a r i a b l e s  ( " s t a c k s " ) .  S t a c k s  a n d
t a b le s  t o g e t h e r  a r e  c a l l e d  " l i s t s " .  T h e  i t e ms  i n  t h e se  l i s t s  a re
i d e n t i fi e d  b y  u n iq u e  add resses w h i c h  a r e  re p re se n te d  b y  i n t e g r a l
va lu e s.  T h e s e  va lu e s  ra n g e  f r o m  a  v e ry  l a rg e  n e g a t ive  n u mb e r  t o
a v e ry  l a rg e  p o s i t i v e  n u mb e r :  t h i s  ra n g e  i s  c a l l e d  t h e  " a d d re ss
space" .

The " l i s t s "  a re  d e scrib e d  a s  ru n n in g  f ro m l e f t  t o  r i g h t .

Example:
On a  1 6 - b i t  machine t h e  a d d re ss space  c o u ld  b e  t h o u g h t  o f  a s a  l i s t
o f  2T16 (6 5 5 3 6 ) l o c a t i o n s ,  t h e  add resses o f  wh ich  r u n  f ro m -2115
(-32768) a t  t h e  l e f t  t o  2115-1  (3 2 7 6 7 ) a t  t h e  r i g h t .  T h e  q u e s t io n
whether a l l  t h e se  l o c a t i o n s  a c t u a l l y  e x i s t  i n  memory i s  a t  t h i s
p o in t  i mma t e r i a l :  i t  i s  o n l y  t h e  a d d re s s a b i l i t y  o f  a  l o c a t i o n  t h a t
i s  se cu re d  h e re .
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' t a b l e '  p o we rs =  ( 1 ,  1 0 ,  1 0 0 ,  1 0 0 0 ).
' s t a c k '  [ =  5  = I  d i g i t s  =  ( 0 ) ,

[ 3 0  ]  s t a c k ,
[ 5
0  
]  
(
n
u
m
,  
d
e
n
o
m
)  
r
a
t
i
o
n
a
l
s  
=

((3 5 5 ,  1 1 3 ) : P i ,  (1 9 1 ,  7 1 ) : e ) .
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Fo r a  g iv e n  p rog ram t h e  a d d re ss space  i s  d i v i d e d  i n t o  ch u n ks,  o n e
f o r  each  l i s t .  C o n s e q u e n t l y ,  a n  a d d re ss u n iq u e ly  i d e n t i fi e s  n o t
o n ly  a  l o c a t i o n  b u t  a l s o  t h e  l i s t  i t  b e lo n g s t o .  A  chunk o f  add ress
space b e lo n g in g  t o  a  l i s t  i s  c a l l e d  i t s  " v i r t u a l  a d d re ss sp a ce " .
G e n e ra l ly  o n l y  a  p a r t  o f  t h e  v i r t u a l  a d d r e s s  s p a c e  i s  i n  u se
t h i s  p a r t  i s  c a l l e d  t h e  " a c t u a l  a d d re ss sp a ce " .  F r o m  t h e  language
s p e c i fi c a t i o n s  i t  f o l l o w s  t h a t  a n  a c t u a l  a d d re ss s p a c e  i s  a lwa ys  a
con t iguous l i s t  o f  l o c a t i o n s  o r  va lu e s .

The u s e r  h a s  n o  d i r e c t  c o n t r o l  o v e r  t h e  way i n  wh ich  t h e  a d d re ss
space i s  d i v i d e d  a n d  add resses a r e  a ss ig n e d .  T h i s  i s  done a s
f o l l o ws :

a. O n e  a d d re ss i s  s e t  a s id e  and  t h e  ' e x t e r n a l  c o n s t a n t '  " n i l "  i s  g i v e n
i t s  v a lu e .  Co n se q u e n t ly " n i l "  w i l l  n e ve r a d d re ss a n y  u s e r  i t e m.

b .  F o r  e a ch  t a b l e  T  t h e  s i z e  o f  i t s  a c t u a l  a d d re ss sp a ce  i s  c a l c u la t e d
f rom i t s  ' fi l l i n g  l i s t '  a n d  T  i s  g i v e n  a  v i r t u a l  a d d re ss space  o f
e x a c t ly  t h e  same s i z e .  T h e  r i g h t -mo s t  a d d r e s s  i s  c a l l e d  t h e  "max
l i m i t "  o f  T ,  t h e  l e f t - m o s t  a d d re ss min u s one  p l u s  t h e  " c a l i b r e "  o f
T i s  c a l l e d  t h e  " min  l i m i t "  o f  T .

c.  F o r  e a ch  s t a c k  w i t h  a n  ' a b s o lu t e  s i z e '  a  v i r t u a l  a d d re ss sp a ce  o f
t h a t  s i z e  i s  re se rve d .

d .  T h e  re ma in d e r o f  t h e  v i r t u a l  a d d re ss  space  i s  d i s t r i b u t e d  o v e r  t h e
re s t  o f  t h e  s t a c k s ,  p r o p o r t i o n a l l y  t o  t h e i r  ' r e l a t i v e  s i z e ' s .

e. F o r  each  s t a c k  S  t h e  r i g h t -mo s t  a d d r e s s  i n  i t s  v i r t u a l  a d d r e s s
space i s  c a l l e d  " v i r t u a l  m a x  l i m i t " ,  t h e  l e f t - m o s t  a d d re ss i n  i t s
v i r t u a l  a d d re ss  s p a c e  min u s o n e  p l u s  t h e  " c a l i b r e "  o f  S i s  c a l l e d
" v i r t u a l  m i n  l i m i t " ;  t h e  s i z e  o f  i t s  a c t u a l  a d d r e s s  s p a c e  i s
ca lcu la t e d  f ro m i t s  ' fi l l i n g  l i s t '  a n d  t h e  a c t u a l  a d d re ss space  i s
p o s i t io n e d  a t  t h e  l e f t  end  i n  t h e  v i r t u a l  a d d r e s s  sp a ce .  T h e  " ma x
l i m i t "  o f  S  i s  made e q u a l  t o  t h e  r i g h t -mo s t  a d d re ss i n  t h e  a c t u a l
address s p a c e ;  t h e  " min  l i m i t "  o f  S  i s  made e q u a l  t o  t h e  " v i r t u a l
min  l i m i t " .
I f  t h e  a c t u a l  add ress sp a ce  has l e n g t h  z e ro ,  t h e  " ma x l i m i t "  o f  S
i s  e q u a l  t o  t h e  " min  l i m i t "  min u s t h e  " c a l i b r e "  o f  S .

example:
Suppose a  v i r t u a l  a d d re ss s p a c e  o f  5  b i t s ,  i . e .  t h e  add resses
range f ro m -1 6  t o  1 5 .  I f  t h e  f o l l o w i n g  d e c la ra t io n s  (s e e  4 . 1 . 5 .  a n d
)1 .1 .6 . ) o c c u r  i n  t h e  p ro g ra m:
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address con ten ts belongs t o s e le c t o r p o in t e r

-16 n o t  a c t u a l -  - -  - n i l
-15 1 powers powers Powers
-14 10 ft It

-13 100 T1 ft

-12 1000 IT tt ››p o we rs
-11 0 d i g i t s d i g i t s « d i g i t s ,  » d i g i t s
-10 no t  a c t u a l tt It

_9 It f t II II

-8 II I t It It

-7 II T T IT II s t a ck
-6 It I ? s ta ck s ta ck « s t a c k
-5 IT I I If II

-4 IT I T II II

-3 II I I II IT

-2 It I I II IT

- 1 TI I f II If

0 tt I t tt It

1 II I I ft It

2 355 rationale num
3 113 tt denan ra t i o n a l s  p i
4 191 t, num
5 71 II denom » r a t i o n a l s ,  e
6 no t  a c t u a l n nun
7 It I f It denom
8 If I T II num
9 II I T /I denom

10 it  I t It num
11 II I I ft denam
12 II I t IT num
13 ft t t II denom
14 IT I t It nun
15 TT I I IT denom

ALEPH Manual 4 - 5

the  v i r t u a l  a d d re ss space  c o u ld  have  t h e  f o l l o w i n g  l a y o u t :

(Fo r t h e  n o t a t i o n  used see  4 . 1 . 5 .  t h ro u g h  4 . 1 . 7 ) .

ALEPH a l l o ws  t h e  u s e r  t o  e xte n d  a  s t a c k  t o wa rd s t h e  r i g h t  ( r a i s i n g
Itmax l i m i t " )  t h ro u g h  a n  ' e x t e n s io n '  ( 3 . 4 . 3 . ) ;  t o  remove  i t e ms  f ro m
the  r i g h t  o f  a  s t a c k  t h ro u g h  a  c a l l  o f  " u n s t a ck " ,  " u n s t a c k  n " ,
"
s
c
r
a
t
c
h
"  
o
r  
"
d
e
l
e
t
e
"  
(
5
.
2
.
4
.
)  
a
f
t
e
r  
w
h
i
c
h  
t
h
e  
d
i
s
c
a
r
d
e
d  
a
d
d
r
e
s
s

space c a n  b e  re c la ime d  ( b u t  n o t  t h e  va lu e s  i n  i t )  t h ro u g h  a n
' e x t e n s io n ' ;  a n d  t o  remove i t e ms  f ro m t h e  l e f t  o f  a  s t a c k  t h ro u g h  a
c a l l  o f  "unqueue" o r  "unqueue n "  ( 5 . 2 . 4 . )  a f t e r  wh ich  t h e  d isca rd e d
address sp a ce  i s  i r r e v o c a b l y  l o s t .
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Through t h e  u s e  o f  t h e se  f e a t u re s  a  s t a c k  ca n  be  o p e ra te d  i n  s t a c k
f a sh io n  (a d d  t o  " t o p " / re mo ve  f r o m  " t o p " )  o r  i n  queue f a s h io n  (a d d
t o  " t o p " / re mo ve  f r o m  " b o t t o m" ).  Q u e u e -o p e ra t io n  consumes v i r t u a l
address s p a c e  b u t  i n  most  imp le me n t a t io n s  v i r t u a l  a d d re ss s p a c e
w i l l  be  v i r t u a l l y  u n l im i t e d .

The v i r t u a l  a n d  a c t u a l  a d d re ss s p a c e  o f  a  t a b l e  a r e  fi x e d  ( a n d
equa l) f o r  t h e  d u ra t i o n  o f  t h e  p ro g ra m.

Usu a l ly  a n  a c t u a l  a d d re ss s p a c e  co rre sp o n d s t o  a  p h y s i c a l  s p a c e
t h a t  i s  i n  t h e  p h y s i c a l  me mo ry  o f  t h e  compu te r u se d .  T h e  p h y s i c a l
space i s  co mp le t e ly  i n v i s i b l e  t o  t h e  u s e r  e x c e p t  p e rh a p s  i n
e f fi c i e n c y  c o n s id e ra t io n s .  P a r t s  o f  i t  may b e  i n  ma in  memory,
managed b y  some re -a l l o t me n t  s c h e me ,  p a r t s  o f  i t  m a y  b e  o n
background memory.

I f  t h e  ' t a g '  o f  a  t a b l e  i s  n o t  u s e d  i n  o t h e r  c o n s t ru c t s  t h a n
' l i m i t '  a n d  ' z o n e ' ,  t h e  va lu e s  i n  t h e  t a b l e  w i l l  n e ve r be  accesse d ,
and n o  p h y s i c a l  space needs t o  b e  a ss ig n e d  t o  t h i s  t a b l e .

Example:
The ' t a b l e  d e c l a ra t i o n ' :

' t a b l e '  dummy =  ( 0 : n i l l ,  0 : n i 1 2 ,  0 : n i 1 3 ) ,

where t h e  t a g  "dummy" does n o t  o c c u r  anywhere e l s e  i n  t h e  p ro g ra m,
d e c la re s  3  more  n i l - l i k e  co n s t a n t s  a n d  n o  p h y s i c a l  space  needs t o
be re se rve d .

4 . 1 . 5 .  T a b l e s .
Tab les o r i g i n a t e  f ro m ' t a b l e  d e c l a ra t i o n ' s .

Syn tax:
t a b le  d e c la ra t i o n :

t a b le  symb o l,  t a b l e  d e s c r i p t i o n  l i s t ,  p o i n t  symb o l,
t a b le  d e s c r i p t i o n  l i s t :

t a b le  d e s c r i p t i o n ,  (comma symb o l,  t a b l e  d e s c r i p t i o n  l i s t ) .
t a b le  d e s c r i p t i o n :  t a b l e  head ,  e q u a ls  symb o l,  fi l l i n g  l i s t  p a ck .
t a b le  head :  ( fi e l d  l i s t  p a c k ) ,  t a g .
fi e l d  l i s t  p a ck :  o p e n  symb o l,  fi e l d  l i s t ,  c l o s e  symb o l.
fi e l d  l i s t :  fi e l d ,  (co mma  symb o l,  fi e l d  l i s t ) ,
fi e l d :  s e l e c t o r  ch a in ,
s e le c t o r  ch a in :  s e l e c t o r ,  (e q u a l s  symb o l,  s e l e c t o r  c h a in ) ,
s e le c t o r :  t a g .

fi l l i n g  l i s t  p a ck:  o p e n  symb o l,  fi l l i n g  l i s t ,  c l o s e  symb o l,
fi l l i n g  l i s t :  fi l l i n g ,  (co mma  symb o l,  fi l l i n g  l i s t ) .
fi l l i n g :  s i n g l e  b lo c k ;  compound b lo c k ;  s t r i n g  fi l l i n g .

, s i n g l e  b l o c k :  e xp re ss io n ,  ( p o i n t e r  i n i t i a l i z a t i o n ) .
compound b lo c k :

e xp re ssio n  l i s t  p ro p e r  p a ck,  ( p o i n t e r  i n i t i a l i z a t i o n ) .
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4 . 1 . 5 . 1 .

4 . 1 . 5 . 2 .

Examples:
' t a b le '  messages =

(" t a g  u n d e fin e d " :  b a d  t a g ,
"wrong number o f  p a ra me te rs" :  w r  p a r ,
"quote "  whe re  n o t  a l lo we d " : b a d  q u ) .

' t a b l e '  hexadec =

/ 8 / , / 9 / , / a / , / b / , / c / , / d / , / e / , / f / ) .
' t a b l e '  ( w i n d ,  n e x t )  f o u r  win d s =

( (n o r t h  win d ,  e a s t ) :  n o r t h ,
(east  w in d ,  s o u t h ) :  e a s t ,
(sou th  win d ,  w e s t ) :  s o u t h ,
(west  w in d ,  n o r t h ) :  w e s t ) .
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p o in t e r  i n i t i a l i z a t i o n :  c o l o n  symb o l,  t a g .
e xp re ssio n  l i s t  p ro p e r  p a ck:

open symb o l,  e xp re ss io n  l i s t  p ro p e r ,  c l o s e  symb o l.
e xp re ssio n  l i s t  p ro p e r:

e xp re ssio n ,  comma symb o l,  e x p re s s io n  l i s t .
e xp re ssio n  l i s t :  e xp re ss io n ,  (comma symb o l,  e x p re s s io n  l i s t ) .
s t r i n g  fi l l i n g :  s t r i n g  d e n o t a t io n ,  ( p o i n t e r  i n i t i a l i z a t i o n ) .
s t r i n g  d e n o t a t io n :

quote symb o l,  ( s t r i n g  i t e m sequence),  q u o t e  symb o l.
s t r i n g  i t e m  sequence: s t r i n g  i t e m,  ( s t r i n g  i t e m sequence ).
s t r i n g  i t e m:  n o n  quo te  i t e m;  q u o t e  ima g e .
quote ima g e :  q u o t e  symb o l,  q u o t e  symb o l.

A " t a b l e "  i s  a  se q u e n t ia l  l i s t  o f  i n t e g r a l  v a lu e s .  F o r  re f e re n c in g
purposes t h e se  va lu e s  a re  numbered s e q u e n t i a l l y .  T h e  numbers wh ich
can b e  used  a s  add resses a re  chosen  b y  t h e  c o mp i l e r  a n d  a re  u n iq u e
f o r  t h e  g i v e n  t a b l e ,  i . e . ,  n o  t wo  i n t e g r a l  va lu e s  i n  t a b le s  h a v e
the same a d d re ss.  T h e  r i g h t -mo s t  i t e m  i n  t h e  t a b l e  h a s t h e  l a r g e s t
address,  w h i c h  i s  known a s  t h e  " ma x l i m i t "  o f  t h e  t a b l e .  T h e
le f t -mo s t  i t e m  has t h e  s ma l l e s t  a d d re ss ,  t h e  s ma l l e s t  a d d re ss min u s
one p l u s  t h e  c a l i b r e  i s  known a s  t h e  " m i n  l i m i t "  o f  t h e  t a b l e .
Consequently t h e  number o f  va lu e s i n  t h e  t a b l e  i s  "max l i m i t "  -
"min  l i m i t "  +  " c a l i b r e " .

I f  t h e  ' fi e l d  l i s t  p a ck '  i s  mis s in g ,  a  ' fi e l d  l i s t  p a ck '  o f  t h e
f o im:

open symb o l,  t a b l e  t a g ,  c l o s e  symb o l

where ' t a b l e  t a g '  i s  t h e  ' t a g '  o f  t h e  t a b l e ,  i s  supposed t o  b e
p re se n t .  F o r  examp le :

" t a b l e '  messages"  me a n s  " t a b l e '  (me ssa g e s) messages" .

The ' fi e l d  l i s t  p a ck '  a n d  t h e  ' fi l l i n g  l i s t ' .
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The f o l l o w i n g  a p p l ie s  t o  t a b le s  and  s t a c k s  a l i k e .

A l l  ' t a g ' s  i n  a  ' fi e l d  l i s t  p a ck '  mu s t  d i f f e r  one  f r o m  a n o th e r.

The c a l i b r e "  C  o f  a  l i s t  i s  t h e  number o f  ' fi e l d ' s  i n  t h e  ' fi e l d
l i s t  p a c k ' .  T h e  l i s t  i s  co n s id e re d  t o  b e  su b d iv id e d  i n t o  b lo c k s
o f  l e n g t h  C ;  t h i s  i m p l i e s  t h a t  " m a x  l i m i t "  -  " m in  l i m i t "  i s  a n
i n t e g r a l  m u l t i p l e  o f  C.  T h e  a d d re ss o f  t h e  r i g h t -mo s t  i t e m  i n  a
b lo ck  i s  co n s id e re d  t h e  a d d re ss o f  t h a t  b l o c k .  E a c h  va lu e  i n  a
b lo c k  ca n  be  re f e re n ce d  t h r o u g h  a  ' s e l e c t o r ' :  t h e  ' fi e l d ' s  i n  t h e
' fi e l d  l i s t  p a ck '  co rre sp o n d ,  i n  t h a t  o rd e r ,  t o  t h e  va lu e s  i n  t h e

b lo ck .  A  ' fi e l d '  i s  i n d i c a t e d  b y  one  o f  i t s  ' s e l e c t o r s ' .

The va lu e s  i n  t h e  l i s t  a re  s p e c i fi e d  i n  t h e  ' fi l l i n g  l i s t  p a c k ' .
Each ' fi l l i n g '  i n  t h e  ' fi l l i n g  l i s t  p a ck '  co rre sp o n d s  t o  one o r
more b l o c k s  i n  t h e  l i s t :  t h e  fi r s t  b l o c k  p roduced b y  t h e  ' fi l l i n g
l i s t  p a ck '  co rre sp o n d s t o  t h e  l e f t - m o s t  b l o c k  i n  t h e  l i s t  ( t h e  mo st
p r i m i t i v e  b l o c k  i f  t h e  l i s t  i s  a  s t a c k ) ,  a n d  so  o n .

I f  t h e  ' fi l l i n g '  i s  a  ' s i n g l e  b l o c k ' ,  t h e  c a l i b r e  o f  t h e  l i s t  mu st
be 1 .  I t  g i v e s  r i s e  t o  one  b lo c k ;  t h e  va lu e  i n  t h e  b l o c k  i s  t h e
va lu e  o f  t h e  e xp re ss io n .  I f  a  ' p o i n t e r  i n i t i a l i z a t i o n '  i s  p re se n t
the  ' c o n s t a n t  t a g '  h e r e i n  i s  d e fi n e d  a s  h a v in g  t h e  va lu e  o f  t h e
address o f  t h e  b lo c k .

I f  t h e  ' fi l l i n g '  i s  a  'compound b l o c k ' ,  t h e  number o f  ' e x p re s s io n ' s
i n  i t  mu st  b e  e q u a l t o  t h e  c a l i b r e  o f  t h e  l i s t .  T h e  v a l u e s
i n  t h e  b l o c k  a r e  t h e  va lu e s  o f  t h e  e xp re ss io n s .  I f  a  ' p o i n t e r
i n i t i a l i z a t i o n '  i s  p re se n t  t h e  ' c o n s t a n t  t a g '  h e r e i n  i s  d e fin e d  a s
h a vin g  t h e  va lu e  o f  t h e  a d d re ss o f  t h e  b lo c k .

I f  t h e  ' fi l l i n g '  i s  a  ' s t r i n g  d e n o t a t io n ' ,  t h e  c a l i b r e  o f  t h e  l i s t
must b e  1 .  I t  g i v e s  r i s e  t o  one o r  more  b lo c k s  o f  one v a lu e  e a c h
t h a t  d e s c r ib e  t h e  g iv e n  s t r i n g  i n  a  machine-dependent w a y .  I f  a
' p o in t e r  i n i t i a l i z a t i o n '  i s  p re se n t  t h e  ' c o n s t a n t  t a g '  h e r e i n  i s
d e fin e d  a s  h a v in g  t h e  v a lu e  o f  t h e  l a r g e s t  a d d re ss i n  t h e  g e n e ra te d
l i s t  o f  b lo c k s .

The s t r i n g  denoted b y  a  ' s t r i n g  d e n o t a t io n '  i s  t h e  ' s t r i n g  i t e m
sequence' i n  wh ich  e a c h  ' q u o t e  i m a g e '  i s  re p la ce d  b y  a  ' q u o t e
symb o l ' .  A  ' n o n  quo te  i t e m '  i s  a n y symb o l w i t h  t h e  e xce p t io n  o f
'quo te  symb o l ' .  S p a c e s  a re  co n s id e re d  s y m b o l s ,  n e w - l i n e  c o n t ro l s
are n o t ,  s i n c e  t h e  d i v i d i n g  i n t o  l i n e s  i s  d o n e  t h r o u g h  t h e
c h a rfi le -h a n d l i n g  e x t e rn a l s  (s e e  5 . 2 . 5 . ) .

Example 1 :
The ' t a b l e  d e c la ra t i o n '  f o r  " f o u r  win d s"  (e xa mp le  3  above) g i v e s
r i s e  t o  t h e  f o l l o w i n g  l i s t :
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4.1.6.  S t a c k s .

address s e l e c t o r  v a l u e
wind n o r t h  wind

nor th n e x t  e a s t
wind e a s t  wind

east n e x t  s o u t h
wind s o u t h  wind

south n e x t  w e s t
wind w e s t  w ind

west n e x t  n o r t h

Example 2 :
The ' t a b l e  dec lar a t ion '
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and "w ind x  f ou r  winds [ n e x t  x  f o u r  winds [ w e s t ] j "  has  t he  v alue
nor th w ind" .

' t a b le '  s t r in g s  = ( "abc defg" :  l e t t e r s ,  "01234": d i g i t s )

could i n  some v er s ion on some computer generate:

address

le t t e r s

d ig i t s

s elec tor
s tr ings

It

It

value
13 1 4  1 5  1 6
17 2 0  2 1  0 0
00 0 7  0 0  0 2
01 0 2  0 3  0 4
05 0 0  0 0  0 0
00 0 5  0 0  0 2

A ' t a b l e  t a g '  c a n  b e  used i n  a  ' t a b l e  element '  o r  a  ' l i m i t ' ,  o r
as an ' a c t u a l '  i n  a n  ' a f fi x  f o r m ' ,  o r  t o  in d ic a t e  a  'z one'  i n  a
' c la s s ifi c a t io n ' .

Stacks o r ig ina t e  f r om 's tac k  dec la r a t ion 's .

Syntax:
stack dec lar a t ion:

stack symbol, s tac k  des c r ip t ion  l i s t ,  p o in t  symbol.
stack des c r ip t ion l i s t :

stack des c r ipt ion,  (comma symbol, s tac k  des c r ip t ion  l i s t ) ,
stack des c r ip t ion:  s tac k  head, ( equals  symbol, fi l l i n g  l i s t  pac k ) .
stack head: s iz e  es t imate,  ( fi e l d  l i s t  pack ) , t a g .
s ize es t imate:  r e l a t i v e  s iz e ;  abs o lu te  s iz e .
r e la t iv e  s iz e :  sub symbol, ex pres s ion, bus  symbol.
absolute s iz e :

sub symbol, box  symbol, ex pres s ion, box  symbol, bus  symbol.
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4 . 1 . 7 ,  L i m i t s ,
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Examples:

' s t a c k '  [ =  l i n e  w id t h  = ]  ( c h a r )  p r i n t  l i n e .

' s t a c k '  [ 4 0 ]  ( t a g  p n t  l e f t  r i g h t )  i d f  l i s t  =

$ t h e  f o l l o w i n g  ' fi l l i n g  l i s t  p a ck '  d e s c r ib e s  a  b i n a ry  t r e e
$ c o n t a i n i n g  t h e  s ta n d a rd  i d e n t i fi e r s  o f  ALGOL 6 0 .

((e xp  s t ,  c o s ,  s i g n  ) :  e x p ,
(ohs s t ,  n i l ,  a r c t a n ) :  a b s ,
(a rc t a n  s t ,  n i l ,  n i l  ) :  a r c t a n ,
(cos s t ,  a b s ,  e n t i e r ) :  c o s ,
(e n t i e r  s t ,  n i l ,  n i l  ) :  e n t i e r ,
( i n  s t ,  n i l ,  n i l  ) :  i n ,
(s ig n  s t ,  i n  ,  s i n  ) :  s i g n ,
( s i n  s t ,  n i l ,  s q r t  ) :  s i n ,
(s q r t  s t ,  n i l ,  n i l  ) :  s q r t ) .

A " s t a c k "  i s  a  ( p o s s i b l y  e m p t y )  s e q u e n t i a l  l i s t  o f  l o c a t i o n s
t h a t  c o n t a in  i n t e g ra l  v a l u e s .  T h e  s t r u c t u r e  o f  t h i s  l i s t  and  i t s
add ressing  sch e me  i s  p a r a l l e l  t o  t h a t  o f  a  t a b l e .  T h e  i n i t i a l
va lues i n  t h e  l o c a t i o n s  a r e  d e te rmin e d  b y  t h e  ' fi l l i n g  l i s t  p a ck '
i n  a  way ana logous t o  t h a t  u s e d  f o r  t a b l e s .  T h e  " ma x l i m i t "  i s
equa l t o  t h e  a d d re ss o f  t h e  r i g h t -mo s t  l o c a t i o n ,  t h e  " m in  l i m i t "
i s  e q u a l  t o  t h e  a d d re ss o f  t h e  l e f t - m o s t  l o c a t i o n  m i n u s  one  p lu s
the  " c a l i b r e "  o f  t h e  s t a c k .  A g a i n  t h e s e  va lu e s  a re  chosen  b y  t h e
co mp i le r and  a re  u n iq u e  t o  t h e  g i v e n  s t a c k .

The v a l u e s  i n  t h e  l o c a t i o n s  i n  a  s t a c k  c a n  b e  a l t e r e d  b y
t ra n s p o r t in g  ( 3 . 4 . )  a  va lu e  i n t o  a n  ' e le me n t '  o f  t h a t  s t a c k .  F o r
ways o f  ch a n g in g  t h e  s i z e  o f  a  s t a c k ,  se e  4 . 1 . 4 . .

A ' s t a c k  t a g '  c a n  b e  used  i n  a  ' s t a c k  e le me n t ' ,  a  ' l i m i t '  o r  a n
' e x t e n s io n ' ,  o r  a s a n  ' a c t u a l '  i n  a n  ' a f fi x  f o r m ' ,  o r  t o  i n d i c a t e  a
'zone '  i n  a  ' c l a s s i fi c a t i o n ' .

Syn tax:
l i m i t :  m i n  l i m i t ;  max l i m i t ;  c a l i b r e .
min  l i m i t :  m i n  t o ke n ,  t a g .
max l i m i t :  max t o ke n ,  t a g .
c a l i b re :  c a l i b r e  t o ke n ,  t a g .
min  t o ke n :  l e f t  symb o l,  l e f t  symb o l
max t o ke n :  r i g h t  symb o l,  r i g h t  symb o l.
c a l i b re  t o ke n :  l e f t  symb o l,  r i g h t  symb o l.
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A ' m i n  l i m i t '  ( ' m a x  l i m i t ' ,  ' c a l i b r e ' )  h a s  t h e  v a lu e  o f  t h e  " m in
l i m i t "  ( " m a x  l i m i t " ,  " c a l i b r e " )  o f  t h e  l i s t  i d e n t i fi e d  b y  t h e
' t a g ' .
The v a lu e  o f  a  ' l i m i t '  i s  a  co n s t a n t  i n  t h a t  i t  ca n n o t  b e  changed
by a n  a ssig n me n t .  H o w e v e r ,  t h e  ' m i n  l i m i t '  a n d  ' ma x  l i m i t '  o f  a
sta ck may change a s  a  consequence o f  a c t io n s  t h a t  change t h e  s i z e
o f  t h a t  s t a c k .  T h e  ' m i n  l i m i t '  a n d  'ma x  l i m i t '  o f  t a b le s  a n d  t h e
' c a l i b r e ' s  o f  a l l  l i s t s  a re  i n v a r i a b l e .

F i l e s  o r i g i n a t e  f r o m  ' fi l e  d e c l a r a t i o n ' s .  T h e y  c a n  b e  p r e fi l l e d
by t h e  o p e ra t in g  s y s t e m  ( i n p u t  fi l e s )  o r  p o stp ro ce sse d  b y  t h e
o p e ra t in g  s y s t e m  (o u t p u t  fi l e s )  o r  b o t h  ( I / O  fi l e s )  o r  n e i t h e r
(sc ra t ch  fi l e s ) .

Syntax:
fi l e  d e c l a r a t i o n :

fi l e  t y p e r ,  fi l e  d e s c r i p t i o n  l i s t ,  p o i n t  symb o l.
fi l e  t y p e r :  c h a r fi l e  symb o l ;  d a t a fi l e  symb o l ,
fi l e  d e s c r i p t i o n  l i s t :

fi l e  d e s c r i p t i o n ,  (comma symb o l,  fi l e  d e s c r i p t i o n  l i s t
fi l e  d e s c r i p t i o n :

ta g ,  ( a r e a ) ,  e q u a ls  symb o l,
( r i g h t  symb o l ) ,  s t r i n g  d e n o t a t io n ,  ( r i g h t  s ymb o l ) .

Examples:

' c h a r fi l e '  p r i n t e r  =  " o u t p u t " > ,  b a ckwa rd  ca rd s  =  " q e l e t  i n v e r t " .

' d a t a fi l e '  t a g fi l e [ t a g ;  l i n k ;  0 : ]  =  > " s y s t a g s
u
› ,

b i n  ca rd s[0 :4 0 9 5 ]  =  " 1 2 ro w, b in " > ,  o v e r fl o w [ : ]  =  " *? ? q xz" .

A ' fi l e  d e s c r i p t i o n '  d e c la re s  a  " fi l e "  o f  t h e  t y p e  i n d i c a t e d  b y  t h e
' fi l e  t y p e r ' .  I f  t h e  fi r s t  ' r i g h t  symb o l '  i s  p re s e n t ,  t h e  fi l e
i s  p r e fi l l e d  b y  t h e  o p e ra t in g  syste m (b u t  i t  may s t i l l  b e  e mp t y );
i f  t h e  s e c o n d  ' r i g h t  s y m b o l '  i s  p r e s e n t ,  t h e  fi l e  w i l l  b e
postp rocessed  b y  t h e  o p e ra t in g  syste m (b u t  i t  may b e  e mp t y ).
The ( imp le me n t a t io n -d e p e n d e n t ) ' s t r i n g  d e n o t a t io n '  m u s t  c o n t a i n
enough in f o rma t io n  t o  e n a b le  t h e  o p e ra t in g  syste m t o  ma n ip u la te  t h e
fi l e  i n  t h e  d e s i re d  way.  I t  mig h t  f o r  example  c o n t a in :  t h e  name o f
a fi l e  c o n t r o l  c a rd ,  a l l o c a t i o n  i n f o rma t io n ,  t h e  names o f  ro u t in e s
t o  do  t h e  p r e fi l l i n g  a n d  p o s t p ro ce ss in g ,  e t c . .
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ALEPH co n t a in s  n o  e x p l i c i t  fi l e  h a n d l i n g  s t a t e me n t s :  a l l  fi l e
h a n d lin g  i s  done t h ro u g h  (s t a n d a rd )  e x t e rn a l s  ( s e e  5 . 2 . 5 . ) .  Wh e n
a fi l e  i s  u se d  f o r  w r i t i n g ,  e a c h  i t e m  o f f e re d  mu st  b e lo n g  i n  t h e
'a re a '  g i v e n  i n  t h e  ' fi l e  d e s c r i p t i o n ' ;  w h e n  a  fi l e  i s  u se d  f o r
re a d in g ,  e a ch  i t e m d e l i v e re d  w i l l  b e lo n g  i n  t h e  g i v e n  ' a r e a ' .  I f  n o
'a re a '  i s  s u p p l ie d ,  t h e  ' a r e a '  " [ 0 : ma x  c h a r ] "  i s  assumed.
F i l e s  a re  re a d  and w r i t t e n  s e q u e n t i a l l y .  T h e y  ca n  b e  re s e t  t o  t h e
b e g in n in g  o f  t h e  fi l e  a n d  b e  re re a d  o r  r e w r i t t e n .  S o me  fi l e s  a l l o w
" b a ck-sp a cin g " ,  " b a c k - l i n i n g "  o r  " b a c k -d a t a - in g " .  T h e  fi l e  e n d s
a f t e r  t h e  l a s t  i t e m  w r i t t e n  o r  e l s e  a f t e r  t h e  l a s t  i t e m  produced b y  -
the  p re p ro ce ss in g .

4 .2 .1 .  C h a r fi l e s .
A " c h a r fi l e "  i s  a  l i s t  o f  " l i n e
n
s .  A  l i n e  
c o n s i s t s  
o f  
a  
c o n t r o
l

i n t e g e r  and  a  (p o s s i b l y  e m p t y )  sequence o f  c h a ra c t e rs .  C h a r a c t e r s
are  va lu e s  i n  t h e  ' a r e a '  " [ 0 : ma x  c h a r ] " ,  c o n t r o l  i n t e g e rs  a r e
va lues o u t s id e  t h a t  ' a r e a ' .  F o u r  c o n t r o l  i n t e g e rs  a r e  p re d e fin e d
i n  t h e  c o mp i l e r  (se e  5 . 2 . 5 . ) :  " n e w l i n e " ,  " sa me  l i n e " ,  " r e s t  l i n e "
and "new page" .  T h e s e  c o n t r o l  i n t e g e rs  ca n  be  u se d  b y  t h e  p r e -  and
p o st -p ro ce ss in g  t o  re c o n c i l e  t h e  sys t e m re q u ire me n ts  w i t h  t h e  ALEPH
re q u ire me n ts.  I f  t h e  fi l e  i s  e v e n t u a l l y  p o stp ro ce sse d  t o w a r d s  a
p r i n t e r ,  l i n e s  o f  t h e  t y p e  "new l i n e "  w i l l  be  p r i n t e d  o n  new l i n e s ,
those  o f  t h e  t y p e  "same l i n e "  w i l l  b e  p r i n t e d  o v e r  t h e  p re v io u s
l i n e  a n d  th o se  o f  t yp e  " n e w page" w i l l  be  p r i n t e d  o n  t h e  fi r s t  l i n e
o f  t h e  n e x t  page; " r e s t  l i n e "  s e rv e s  a d mi n i s t ra t i o n  pu rposes o n l y .
Analogous e f f e c t s  sh o u ld  b e  d e fin e d  f o r  o t h e r  d e v ice s ,  a s  f a r  a s
the  a n a lo g y w i l l  s t r e t c h .

Example:
A fi l e  c o n t a i n i n g  " a
-
b = b
-
a "  w o u l d  
c o n s i s
t  
o f  
t w
o  
l i n
e s :

new l i n e ,  / a / , /
-
/ , / b / , / = / , /
b / , /
^
/ , /
a /
.

same l i n e ,  /  / , /  / , /

The s t a n d a rd  e x t e rn a ls  a l l o w  two  ways o f  p ro ce ss in g  a  c h a r fi l e .
a. l i n e w i s e :  e . g . ,  e a c h  c a l l  o f  " g e t  l i n e  +  c h a r  fi l e  +  s t a c k  +  c i n t "

pu ts t h e  n e x t  l i n e  o n  " s t a c k "  ( t h e  l a s t  i t e m  i n  t h e  l i n e  i s  t h e
l a s t  i t e m  i n  t h e  s t a c k )  a n d  y i e l d s  t h e  c o n t r o l  i n t e g e r  i n  " c i n t " .
I t  w i l l  f a i l  i f  t h e re  i s  n o  n e x t  l i n e .

b. c h a ra c t e rw is e :  e . g . ,  e a c h  c a l l  o f  " g e t  c h a r  +  c h a r fi l e  +  c h a r "
y i e l d s  t h e  n e x t  i t e m  f r o m  t h e  " c h a r fi l e "  ( c o n t r o l  i n t e g e r s  a n d
ch a ra cte rs  e q u a l l y ) .  I t  w i l l  f a i l  i f  t h e re  i s  n o  n e x t  i t e m.

The ' a r e a '  i n  t h e  ' fi l e  d e s c r i p t i o n '  o f  a  c h a r fi l e  p e r t a i n s  t o  t h e
va lues o f  t h e  ch a ra c t e rs  o n l y .  I f  p re se n t ,  t h e  ' a r e a '  m u s t  o n l y
sp e c i f y  va lu e s  t h a t  b e lo n g  i n  " [ 0 : ma x  c h a r ] " ,  e . g .  [ 0 : 1 ] .
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4 .2 .2 .  D a t a fi l e s .
A " d a t a fi l e "  i s  a  l i s t  o f  " d a t a - i t e m" s .  A  d a t a - i t e m c o n s is t s  o f  a n
in t e g e r  va lu e  and  an  i n d i c a t i o n  abou t  i t s  mean ing .  T h i s  i n d i c a t i o n
i s  e i t h e r  " n u me rica l "  i n  wh ich  ca se  t h e  i n t e g e r  va lu e  s ta n d s f o r
i t s e l f ,  o r  i s  t h e  name o f  a  l i s t  i n  wh ich  case  t h e  i n t e g e r  va lu e  i s
an o f f s e t  f r o m  t h e  l e f t  end  o f  t h a t  l i s t .
A d a t a - i t e m i s  w r i t t e n  o n  a  d a t a fi l e  b y  a  c a l l  o f  " a c t i o n '  p u t
da ta  +  " fi l e  +  > i t e m +  > t yp e " .  T h e  d a t a - i t e m i s  c o n s t ru c t e d  f ro m
the  i t e m -  a n d  t yp e -p a ra me te rs  a n d  f ro m t h e  ' a r e a '  i n  t h e  ' fi l e
d e s c r i p t i o n '  i n  t h e  f o l l o w i n g  way.
I f  t h e  t y p e  i s  " n u me r ic a l " ,  t h e r e  m u s t  b e  a  ' z o n e '  i n  t h e  a re a
wh ich  i s  n o t  t h e  name o f  a  l i s t ,  s u c h  t h a t  t h e  v a lu e  b e lo n g s i n
t h a t  ' z o n e ' .  Th e  d a t a - i t e m t h e n  c o n s is t s  o f  t h e  v a lu e  o f  " i t e m"  a n d
the i n d i c a t i o n  " n u me r ic a l " .
I f  t h e  t y p e  i s  " p o i n t e r " ,  t h e  v a lu e  o f  " i t e m"  m u s t  p o i n t  i n t o  a
l i s t  t h a t  i s  a  ' z o n e '  i n  t h e  a re a .  T h e  d a t a - i t e m t h e n  c o n s is t s  o f
the o f f s e t  f ro m t h e  l e f t  end  o f  t h a t  l i s t  and  t h e  name o f  t h e  l i s t .

A d a t a - i t e m i s  re a d  f r o m  a  d a t a fi l e  b y  a  c a l l  o f  " p r e d i c a t e '  g e t
da ta  +  " fi l e  +  i t e m>  +  t yp e > " .  I f  t h e re  i s  s t i l l  a  d a t a - i t e m
on t h e  d a t a fi l e ,  i t  i s  r e a d  a n d  t h e  " i t e m "  a n d  " t y p e "  a r e
re co n s t ru c t e d  f ro m i t  (s e e  a b o ve ).  I f  t h e re  a re  n o  more  d a t a - i t e ms
on t h e  d a t a fi l e ,  t h e  p re d ic a t e  f a i l s .

Da t a fi le s  c a n  b e  u s e d  t o  t r a n s f e r  i n f o r m a t i o n  f r o m  o n e
ALEPH-program t o  a n o th e r.  P o i n t e r s  t o  l i s t s  t h a t  a r e  i n  d i f f e r e n t
p o s i t i o n s  i n  b o t h  p rograms a r e  a d ju s t e d  a u t o ma t i c a l l y  d u r i n g  t h e
t ra n s f e r .

Note : i n  p ra c t i c e  i t  i s  n o t  n e ce ssa ry t o  re c o rd  t h e  l i s t  n a me
wi t h  e v e ry  i t e m.  I t  i s  enough t o  have  o n e  b i t  p e r  i t e m  and one
t ra n s l a t i o n  t a b l e  f o r  t h e  wh o le  fi l e .

Example:
Suppose t h e  ' fi l e  d e c l a r a t i o n ' :

' I d a t a fi le '  t a g  fi l e [ t a g ;  l i s t ;  0 : ]  =  > " sys t a g s " > .
Then " p u t  d a t a "  f o r  t h i s  fi l e  c a n  be  v i s u a l i z e d  a s :

' a c t i o n '  p u t  d a t a  +  " fi l e  +  > i t e m +  > t yp e :
$ f o r  fi l e  =  t a g fi l e  o n l y  $
type =  p o i n t e r ,

(= i t e m  =
[ t a g ] ,  m i n u s  +  i t e m  +  « t a g  +  i t e m ,

w r i t e  d a t a  i t e m  +  i t e m  +  t a g  name;
[ l i s t ] ,  min u s  +  i t e m  + « l i s t  +  i t e m ,

w r i t e  d a t a  i t e m  +  i t e m  + l i s t  name;
e r ro r  +  bad i t e m ) ;

type  =  n u me r ic a l ,
(= i t e m  =
[ 0 : ] ,  w r i t e  d a t a  i t e m  +  i t e m  +  n u me rica l ;

e r ro r  +  bad  i t e m ) ;
e r r o r  +  bad t y p e .
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Here t h e  ( ima g in a ry )  " w r i t e  d a t a  i t e m  > v a l  +  > in d "  w o u l d  w r i t e  a
d a t a - i t e m c o n s is t i n g  o f  " v a l "  and  " i d "  o n  t h e  fi l e  " t a g fi l e " .
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E x t e rn a l  r u l e s ,  t a b l e s  a n d  co n sta n t s  ca n  be  u se d  i n  t h e  same wa y a s
i n t e r n a l l y  d e c la re d  r u l e s ,  t a b l e s  and  co n s t a n t s .  A n  e x t e rn a l  r u l e
d i f f e r s  f r o m a n  " i n t e r n a l "  r u l e  i n  t h a t  i t s  b o d y i s  n o t  g i v e n  i n
the  p ro g ra m b u t  i s  i n s t e a d  o b ta in e d  f ro m e x t e rn a l  so u rce s .  I n  t h e
same way t h e  va lu e s  o f  e x t e rn a l  t a b le s  and  co n s t a n t s  a re  o b t a in e d
f ro m e x t e rn a l  s o u rc e s .  Th e  n e ce ssa ry i n f o rma t i o n  ca n  be  s u p p l ie d  b y
the u s e r  t h ro u g h  e x t e rn a l  me a n s  ( " u s e r "  e x t e rn a l s ,  s e c t i o n  5 . 1 . )
i n  wh ich  c a s e  t h e  name o f  t h e  i t e m  and some o f  i t s  p ro p e r t i e s  mu st
be d e c la re d  i n  t h e  p ro g ra m,  o r  i t  i s  s u p p l ie d  a u t o ma t i c a l l y  b y  t h e
co mp i le r ( " s t a n d a rd "  e x t e rn a l s ,  s e c t i o n  5 . 2 . )  i n  wh ich  case  t h e re
i s  n o  e x p l i c i t  d e c la ra t i o n  a t  a l l .

5 .1 .  U s e r  e x t e rn a l s .

Syntax:
e xte rn a l d e c l a ra t i o n :

e xte rn a l r u l e  d e c la ra t i o n ;
e x t e rn a l  t a b l e  d e c la ra t i o n ;
e x t e rn a l  co n s t a n t  d e c la ra t i o n .

e x t e rn a l  r u l e  d e c la ra t i o n :
e x t e rn a l  symb o l,  t y p e r ,

e x t e rn a l  r u l e  d e s c r i p t i o n  l i s t ,  p o i n t  symb o l.
e x t e rn a l  r u l e  d e s c r i p t i o n  l i s t :

e x t e rn a l  r u l e  d e s c r i p t i o n ,
(comma symb o l,  e x t e r n a l  r u l e  d e s c r i p t i o n  l i s t ) .

e xte rn a l r u l e  d e s c r i p t i o n :
ta g ,  ( f o r m a l  a f fi x  se q u e n ce ),

equals symb o l,  s t r i n g  d e n o t a t io n .
e x t e rn a l  t a b l e  d e c la ra t i o n :

e x t e rn a l  symb o l,  t a b l e  symb o l,
e x t e rn a l  t a b l e  d e s c r i p t i o n  l i s t ,  p o i n t  symb o l.

e x t e rn a l  t a b l e  d e s c r i p t i o n  l i s t :
e x t e rn a l  t a b l e  d e s c r i p t i o n ,

(comma symb o l,  e x t e rn a l  t a b l e  d e s c r i p t i o n  l i s t )
e x t e rn a l  t a b l e  d e s c r i p t i o n :

( fi e l d  l i s t  p a c k ) ,  t a g ,  e q u a ls  symb o l ,  s t r i n g  d e n o t a t io n .
e xte rn a l c o n s t a n t  d e c la ra t i o n :

e x t e rn a l  symb o l,  co n s t a n t  symb o l,
e x t e rn a l  co n s t a n t  d e s c r i p t i o n  l i s t ,  p o i n t  symb o l.

e x t e rn a l  co n s t a n t  d e s c r i p t i o n  l i s t :
e x t e rn a l  co n s t a n t  d e s c r i p t i o n ,

(comma symb o l,  e x t e rn a l  co n s t a n t  d e s c r i p t i o n  l i s t ) .
e x t e rn a l  co n s t a n t  d e s c r i p t i o n :

t a g ,  e q u a ls  symb o l,  s t r i n g  d e n o t a t io n .
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Example:
' e x t e rn a l '  ' f u n c t i o n '  c o n v e r t  t o  h a sh  +  t [ ]  +  >p  +  h >  =

su b r,  c o n v e r t t " .
' e x t e rn a l '  ' t a b l e '  c o n y  2  e b cd ic  =  " a d d r ,  co n v2 e b c" .
' e x t e rn a l '  ' c o n s t a n t '  ma x e b cd ic  =  " co n s ,  ma xe b cd l" .

An ' e x t e r n a l  r u l e  d e s c r i p t i o n '  d e fi n e s  a  r u l e  t o  b e  o f  t h e  t y p e
g ive n  b y  t h e  p re ce d in g  ' t y p e r ' ,  t o  b e  known i n t e r n a l l y  u n d e r t h e
name g iv e n  b y  t h e  ' t a g '  a n d  e x t e r n a l l y  b y  t h e  ' s t r i n g  d e n o t a t io n ' ,
and t o  have  a f fi x e s  a s  shown b y  t h e  ' f o r m a l  a f fi x  se q u e n ce ' .  A  c a l l
t o  su ch  a  r u l e  w i l l  r e s u l t  i n  imp le me n ta t io n -d e p e n d e n t  a c t i o n s  (s e e
"ALEPH I mp le me n t a t io n " ,  t o  b e  p u b l ish e d  b y  t h e  Ma th e ma t ica l Ce n t re ,
Amsterdam).

An ' e x t e r n a l  t a b l e  d e s c r i p t i o n '  d e fi n e s  a  t a b l e  t o  b e  k n o w n
i n t e r n a l l y  u n d e r  t h e  name g iv e n  b y  t h e  ' t a g '  a n d  e x t e r n a l l y  b y
the  ' s t r i n g  d e n o t a t io n ' ,  a n d  t o  have  t h e  s e l e c t o rs  g i v e n  b y  t h e
' fi e l d  l i s t  p a c k ' .  A n  a p p l i c a t i o n  o f  t h i s  t a b l e  w i l l  r e s u l t  i n
imp lementa t ion -dependen t  a c t i o n s .

An ' e x t e r n a l  c o n s t a n t  d e s c r i p t i o n '  d e fi n e s  a  co n s t a n t  t o  b e  known
i n t e r n a l l y  u n d e r t h e  name g iv e n  b y  t h e  ' t a g '  a n d  e x t e r n a l l y  b y  t h e
' s t r i n g  d e n o t a t io n ' .  A n  a p p l i c a t i o n  o f  t h i s  co n s t a n t  w i l l  r e s u l t  i n
imp lementa t ion -dependen t  a c t i o n s .

5 .2 .  S t a n d a r d  e x t e rn a ls .

Standard e x t e rn a ls  c a n  b e  used  i n  a l l  p rog rams w i t h o u t  f u r t h e r
n o t ice .  T h e i r  names ca n  be  re d e c la re d  b y  t h e  u s e r .
The wo rk in g s  o f  r u l e s  marked  w i t h  a  P  a re  a f f e c t e d  b y  p ragma ts (s e e
ch a p te r 6 . ) ,  Whereas r u l e s  marked  w i t h  a  •  a r e  n o t .

5 . 2 .1 .  I n t e g e r s .

Fo r t h o se  d a t a  t h a t  a r e  co n s id e re d  t o  be  i n t e g e rs ,  t h e  f o l l o w i n g
standard  e x t e rn a ls  a re  a v a i l a b l e .

. ' c o n s t a n t '  z e r o ,  o n e ,  max i n t ,  m i n  i n t ,  i n t  s i z e ,
"
z
e
r
o
"  
h
a
s  
t
h
e  
v
a
l
u
e  
0
,  
"
o
n
e
"  
h
a
s  
t
h
e  
v
a
l
u
e  
1
.  
"
m
a
x  
i
n
t
"  
h
a
s  
t
h
e

va lue  o f  t h e  l a r g e s t  i n t e g e r  i n  t h e  g i v e n  imp le me n t a t io n ,  a n d  " min
i n t "  h a s t h e  va lu e  o f  t h e  s ma l l e s t  (mo s t  n e g a t iv e )  i n t e g e r  i n  t h e
g ive n  imp le me n ta t io n .  " i n t  s i z e "  i s  t h e  number o f  d e c ima l d i g i t s
necessa ry t o  re p re se n t  " ma x i t " .

. ' f u n c t i o n '  a d d  +  >a  +  >b  +  head> +  t a i l > .
The d o u b le - le n g t h  sum o f  " a "  and  " b "  i s  g i v e n  i n  " head "  a n d  " t a i l " :
a +  b  =  head x  (max i n t  +  1 )  +  t a i l ,  su ch  t h a t  I h e a d l  i s  min ima l .
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. ' f u n c t i o n '  s u b t r  +  >a  +  >b  +  head> +  t a i l > .
The d o u b le - le n g t h  d i f f e r e n c e  o f  " a "  a n d  " b "  i s  g i v e n  i n  "head"  a n d
" t a i l " :  a  -  b  =  head x  (ma x i n t  +  I )  +  t a i l ,  s u c h  t h a t  ! h e a d  i s
min ima l.

• ' f u n c t i o n '  m u l t  +  >a  +  >b  +  head> +  t a i l > .
The d o u b le - le n g t h  p r o d u c t  o f  " a "  and  " b "  i s  g i v e n  i n  "head"  a n d
" t a i l " :  a  x  b  =  head x  (ma x i n t  +  1 )  +  t a i l ,  s u c h  t h a t  ! h e a d '  i s
min ima l .

. ' f u n c t i o n '  d i v r e m  + >a  +  >b  +  q u o t>  +  rem>.
The q u o t ie n t  and  re ma in d e r o f  t h e  i n t e g e r  d i v i s i o n  o f  " a "  b y  " b "  i s
g ive n  i n  " q u o t "  and  " re m" :  a  =  b  x  q u o t  +  re m,  s u c h  t h a t  " re m"  i s
non -nega t ive  an d  min ima l .  " b "  mu st  n o t  b e  z e ro .

P ' f u n c t i o n '  p l u s  +  >a  +  >b  +  c > .
The sum o f  " a "  and  " b "  i s  g i v e n  i n  "  " .

P ' f u n c t i o n '  min u s  +  >a  +  >b  +  c > ,
The d i f f e re n c e  o f  " a "  a nd  " b "  ( i . e . ,  a  -  b )  i s  g i v e n  i n  " c " .

P ' f u n c t i o n '  t i m e s  +  >a  +  >b  +  c > .
The p ro d u c t  o f  " a "  and  " b "  i s  g i v e n  i n  " c " .

P ' f u n c t i o n '  i n c r  +  > x › .
The v a lu e  o f  " x "  i s  in c re a se d  b y  1 .

P ' f u n c t i o n '  d e c r  +  >x>.
The v a lu e  o f  " x "  i s  decreased  b y  I .
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'q u e s t io n '  l e s s  +  >p  +  >q .
Succeeds i f  " p "  i s  l e s s  t h a n  " q " ,  f a i l s  o t h e rwis e .

q u e st io n '  l s e q  +  >p  +  >q ,
Succeeds i f  " p "  i s  l e s s  t h a n  o r  e q u a l t o  " q " ,  f a i l s  o t h e rw is e .

' q u e s t io n '  mo re  +  >p  +  >q .
Succeeds i f  " ID" i s  more  t h a n  " q "  f a i l s  o t h e rwis e .

. ' q u e s t i o n '  mre q  +  >p  +  >q .
Succeeds i f  " p "  i s  more  t h a n  o r  equa l t o  " q "  f a i l s  o t h e rwis e .

. ' q u e s t i o n '  e q u a l  +  >p  +  >q .
Succees i f  " p "  i s  e q u a l  t o  " q " ,  f a i l s  o t h e rwis e .  I t  i s  i d e n t i c a l  t o

=  ( 4 t 1
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• ' q u e s t i o n '  n o t e q  +  >p  +  >q .
Succeeds i f  " p "  i s  n o t  e q u a l t o  " q " ,  f a i l s  o t h e rw is e .

• ' a c t i o n '  random +  >p  +  >q  r › .
A pseudo-random number between " p "  a n d  " q "  i s  g i v e n  i n  " r " :  p ‹ r ‹ q .
The v a lu e  o f  " r "  i s  d e r i v e d  f ro m a n  e lemen t  i n  a  c i r c u l a r  sequence
o f  random numbers. Th e  n e x t  c a l l  o f  " random"  w i l l  d e r i v e  i t s  o u t p u t
va lu e  f ro m t h e  n e x t  number i n  t h a t  sequence, e t c . .

. ' a c t i o n '  s e t  random + >n .
"n"  d e t e rmin e s  i n  some w a y  t h e  p o s i t i o n  i n  t h e  c i r c u l a r  sequence
o f  random numbers men t ioned  a b o v e ,  f r o m  wh ich  t h e  n e x t  c a l l  o f
"random" w i l l  o b t a in  i t s  ou t ,pu t  v a lu e .

. ' a c t i o n '  s e t  r e a l  random.
The p o s i t i o n  i n  t h e  c i r c u l a r  se q u e n ce  o f  random numbers u s e d  b y
"random" i s  d e te rmin e d  i n  a n  u n p re d ic t a b le  wa y.

• ' q u e s t i o n '  s q r t  +  >a  +  ro o t >  +  rem>.
I f  " a "  i s  n o n -n e g a t ive ,  " s q r t "  succeeds;  t h e  sq u a re  r o o t  a n d
re ma in d e r o f  " a "  a re  y i e l d e d  s u c h  t h a t  a  =  r o o t  x  r o o t  +  re m,  a n d
" rem"  i s  n o n -n e g a t ive  and min ima l .  O t h e rwise  i t  f a i l s .

. ' f u n c t i o n '  p a c k  i n t  +  f r o m [ ]  +  > n  +  i n t > .
The r i g h t -mo s t  " n "  e le me n ts i n  t h e  l i s t  " f ro m"  m u s t  b e  i n t e g e r
va lu e s co rre sp o n d in g  t o  c h a r a c t e r s  t h a t  i n d i c a t e  d i g i t s .  T h e
d i g i t s  t h u s  i n d i c a t e d  a re  co n s id e re d  a s  t h e  d e c ima l  n o t a t i o n  o f  a n
in t e g e r ,  a n d  t h e  va lu e  o f  t h i s  i n t e g e r  i s  y i e l d e d  i n  " i n t " .
A ch e ck o n  i n t e g e r  o v e rfl o w i s  p e rf o rme d .
Example: i f  t h e  4  r i g h t -mo s t  e le me n ts o f  " s t "  a re :
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then a  c a l l  o f  " p a ck i n t  +  a t  +  4  +  r e s "  w i l l  a s s ig n  t h e  va lu e  2 7 3
t o  " r e s " .

. ' a c t i o n '  u n p a ck i n t  +  > i n t  +  H s t i ] .
The a b so lu t e  v a l u e  o f  " i n t "  i s  w r i t t e n  i n  d e c ima l  n o t a t i o n  i n  " i n t
s ize "  d i g i t s ,  a n d  " s t "  i s  extended  w i t h  t h e  i n t e g e r  va lu e s  o f  t h e
d i g i t s  t h u s  o b t a in e d ,  i n  l e f t - t o - r i g h t  o rd e r .

The f o l l o w i n g  e x t e rn a ls  a re  recommended.

. ' f u n c t i o n '  d a t e  +  ye a r>  +  month> +  d a y>.
The y e a r ,  mon th  and d a y a re  y i e l d e d  i n  " y e a r " ,  " mo n t h "  a n d  " d a y " .

• ' f u n c t i o n '  t i m e  +  amount>.
I f  t wo  c a l l s  o f  " t ime "  y i e l d
.
" a m o u n t l "  a n d  
" a m o u n t 2 "  
r e s p e c t i v
e l y ,

(t h e n  amount2 -  a mo u n t '  i s  i n  some way i n d i c a t i v e  f o r  t h e  t i me  sp e n t
by t h e  p ro g ra m between th e se  t wo  c a l l s .
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5 .2 .2 .  W o r d s .
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Fo r t h o se  d a t a  t h a t  a r e  co n s id e re d  t o  b e  a r ra y s  o f  b i t s  (wo rd s ) ,
the  f o l l o w i n g  sta n d a rd  e x t e rn a ls  a re  a v a i l a b l e .

• ' c o n s t a n t '  wo rd  s i z e .
The b i t s  i n  a  wo rd  a re  nuMbered ( f r o m  l e f t  t o  r i g h t )  f r o m  " wo rd
s ize "  -  1  t o  O.

• ' c o n s t a n t '  f a l s e ,  t r u e .
The v a lu e  o f  " f a l s e "  i s  0 ,  t h a t  o f  " t r u e "  i s  1 .

• ' f u n c t i o n '  b o o ?  i n v e r t  +  >a  +  b > .
A wo rd  i s  y i e l d e d  i n  " b "  t h a t  co n t a in s  a  1  i n  t h o se  p o s i t i o n s  wh e re
"a"  c o n t a in s  a  0 ,  a n d  a  0  o t h e rwise .

. ' f u n c t i o n '  boo?  and  +  >a  +  >b  +  c > .
A wo rd  i s  y i e l d e d  i n  " c "  t h a t  c o n t a in s  a  1  i n  t h o se  p o s i t i o n s  whe re
bo th  " a "  a n d  " b "  c o n t a in  a  1 ,  a n d  a  0  o t h e rwise .

. ' f u n c t i o n '  b o o ?  o r  +  > a  +  >b  +  c > .
A wo rd  i s  y i e l d e d  i n  " c "  t h a t  co n t a in s  a  1  i n  t h o se  p o s i t i o n s  whe re
e i t h e r  " a "  o r  " b "  o r  b o t h  c o n t a in  a  1 ,  a n d  a  0  o t h e rw is e .

' f u n c t i o n '  boo?  x o r  +  >a  +  >b  +  c> .
A wo rd  i s  y i e l d e d  i n  " c "  t h a t  c o n t a in s  a  1  i n  t h o se  p o s i t i o n s  wh e re
"a"  a n d  " b "  d i f f e r ,  a n d  a  0  o t h e rwis e .

P ' f u n c t i o n  l e f t  c i r c  +  >x>  +  >n .
The b i t - a r r a y  i n  " x "  i s  s h i f t e d  " n "  p o s i t i o n s  t o  t h e  l e f t ;  b i t s
le a v in g  t h e  wo rd  o n  t h e  l e f t  a re  re - i n t ro d u c e d  o n  t h e  r i g h t .  I t  i s
re q u i re d  t h a t  0  < n  <  wo rd  s i z e .— —

P ' f u n c t i o n '  l e f t  c l e a r  +  >x>  +  >n .
The b i t - a r r a y  i n  " x "  i s  s h i f t e d  " n "  p o s i t i o n s  t o  t h e  l e f t ;  b i t s
le a v in g  t h e  wo rd  o n  t h e  l e f t  a r e  d isca rd e d  a n d  0 - s  a re  in t ro d u ce d
on t h e  r i g h t .  I t  i s  re q u i re d  t h a t  0  <  n  <  wo rd  s i z e .

P ' f u n c t i o n '  r i g h t  c i r c  +  > x ›  +  >n .
The b i t - a r r a y  i n  " x "  i s  s h i f t e d  " n "  p o s i t i o n s  t o  t h e  r i g h t ;  b i t s
le a v in g  t h e  wo rd  o n  t h e  r i g h t  a re  re - in t ro d u c e d  o n  t h e  l e f t .  I t  i s
re q u i re d  t h a t  0  < n  <  wo rd  s i z e .— —

P ' f u n c t i o n '  r i g h t  c l e a r  +  > x>  +  >n .
The b i t - a r r a y  i n  " x "  i s  s h i f t e d  " n "  p o s i t i o n s  t o  t h e  r i g h t ;  b i t s
le a v in g  t h e  wo rd  o n  t h e  r i g h t  a re  d isca rd e d  and  0 - s  a re  in t ro d u ce d
on t h e  l e f t .  I t  i s  re q u i re d  t h a t  0  < n  <  wo rd  s i z e .— —
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P ' q u e s t i o n '  i s  e l a n  +  > x  +  >n .
Succeeds i f  t h e  " n " - t h  b i t  i n  " x "  i s  a  1 ,  f a i l s  o t h e rw is e .  I t  i s
re q u i re d  t h a t  0  <  n  <  wo rd  s i z e .

• ' q u e s t i o n '  i s  t r u e  +  > x .
Succeeds i f  " x "  co n t a in s  a t  l e a s t  one  1 ,  f a i l s  o t h e rw is e .

• ' q u e s t i o n '  i s  f a l s e  +  > x .
Succeeds i f  " x "  co n t a in s  o n l y  0 - s ,  f a i l s  o t h e rw is e .

P ' f u n c t i o n '  s e t  e le m + >x>  +  >n .
The " n " - t h  b i t  i n  " x "  i s  made e q u a l  t o  1 .  I t  i s  re q u i re d  t h a t  0  <  n
< wo rd  s i z e .

P ' f u n c t i o n '  c l e a r  e le m +  >x>  +  >n .
The " n " - t h  b i t  i n  " x "  i s  made e q u a l t o  O.  I t  i s  re q u i re d  t h a t  0  <  n
< wo rd  s i z e .

P ' f u n c t i o n '  e x t r a c t  b i t s  +  › x  +  >n  +  y > .
A wo rd  i s  y i e l d e d  i n  " y "  t h a t  co n t a in s  c o p i e s  o f  t h e  r i g h t -mo s t
"n"  b i t s  i n  " x "  i n  t h e  co rre sp o n d in g  p o s i t i o n s ,  a n d  0 -s  i n  t h e
re ma in in g  p o s i t i o n s ,  i f  a n y.  I t  i s  re q u i re d  t h a t  0  <  n  <  wo rd  s i z e .

. ' q u e s t i o n '  fi r s t  t r u e  +  > x  +  n > .
I f  " x "  co n t a in s  a t  l e a s t  o n e  1 ,  " fi r s t  t r u e "  succeeds and  y i e l d s
the  p o s i t i o n  o f  t h e  l e f t
-
m o s t  1  
i n  
" n " .  
O t h e r w i
s e  
i t  
f a i l
s .

. ' f u n c t i o n '  p a c k  b o o l  +  f r o m [ ]  +  > n  +  wo rd >.
The r i g h t -mo s t  " n "  b i t s  o f  N o r d "  a r e  fi l l e d  a s  f o l l o w s .  I f  t h e
element i n  " f ro m"  w i t h  add ress " » f r a n  -  i "  c o n t a in s  a t  l e a s t  one
1, b i t  " i "  o f  " wo rd "  i s  s e t  t o  1 ,  a n d  o t h e rwise  t o  0 ,  f o r  0  <  i  <
n. Th e  re ma in in g  b i t s  i n  " wo rd " ,  i f  a n y ,  a r e  O. I t  i s  re q u i re d  t h a t
0 <  n  <  wo rd  s i z e ,  re g a rd le s s  o f  p ra g ma ts.

. ' a c t i o n '  u n p a ck b o o l  +  >word  +  M s t [ ] .
The s t a c k  " s t "  i s  extended  w i t h  N o r d  s i z e "  b lo c k s  o f  one l o c a t i o n
each, t h e  l o c a t i o n  w i t h  add ress " » s t  -  i "  c o n t a in in g  a  copy o f  t h e
" i " - t h  b i t  i n  " wo rd " ,  f o r  0  i  <  wo rd s ize .

5 .2 .3 .  S t r i n g s .

Fo r t h o se  d a t a  i n  s t a cks  a n d  t a b le s  t h a t  a r e  co n s id e re d  t o  b e
s t r i n g s ,  t h e  f o l l o w i n g  e x t e rn a ls  a re  a v a i l a b l e .

• ' c o n s t a n t '  ma x ch a r.
"
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"  
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s  
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o  
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ch a ra c t e r.
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• ' f u n c t i o n '  t o  a s c i i  +  >c  +  d > ,
"d "  i s  g i v e n  t h e  i n t e g e r  v a lu e  t h a t  co rre sp o n d s i n  ASCII -code  t o
the  c h a ra c t e r  t h a t  co rre sp o n d s t o  " c "  i n  t h e  code  u se d .  I t  i s
re q u i re d  t h a t  0  c  <  max c h a r .

' f u n c t i o n '  f r o m  a s c i i  +  > c  +  d > .
"d"  i s  g i v e n  t h e  i n t e g e r  v a lu e  t h a t  co rre sp o n d s i n  t h e  code  used  t o
the c h a ra c t e r  t h a t  co rre sp o n d s t o  " c "  i n  ASCI I .  I t  i s  re q u i re d  t h a t
0 <  c  <  1 2 7 .

• ' a c t i o n '  p a c k  s t r i n g  +  f r o m [ ]  +  > n  +  [ ] t o [ ] .
The r i g h t
-
m o s t  
" n "  
e l e
m e n
t s  
o
f  
" f
r
o
m
"  
m
u
s
t  
b
e  
v
a
l
u
e
s  
t
h
a
t

co rrespond  t o  ch a ra c t e rs .  These  c h a ra c t e rs  a re  packed ,  i n  some wa y,
i n t o  s o me  number nm" o f  va lu e s ,  a n d  t h e  s t a c k  " t o "  i s  extended
w i t h  b l o c k s  o f  one l o c a t i o n  e a ch ,  c o n t a i n i n g  t h e se  va lu e s .  Th e
packed f o rma t  t h u s  o b t a in e d  i s  t h e  same a s  t h a t  u se d  f o r  s t o r i n g
i s t r i n g ' s  i n  l i s t s  ( s e e  4 . 1 . 5 ) .  T h e  " p o i n t e r "  t o  t h e  s t r i n g  i s
the  a d d re ss o f  t h e  r i g h t -mo s t  e l e m e n t .  S o ,  a f t e r  a  c a l l  o f  " p a ck
s t r i n g " ,  t h e  ' l i m i t '  » t o  i s  t h e  p o i n t e r  t o  t h e  r e s u l t i n g  p a c k e d
s t r i n g .

P ' a c t i o n '  u n p a ck s t r i n g  +  f r o m [ ]  +  >p
The p o i n t e r  " p "  mu st  p o i n t  i n t o  t h e
o f  a  packed s t r i n g .  T h i s  s t r i n g  i s
o f  " m"  c h a ra c t e r  v a l u e s ,  a n d  t h e
H
e  
b
l
o
c
k
s  
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n
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n  
e
a
c
h
,

l e f t - t o - r i g h t  o rd e r .
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{ ] to { ] .
l i s t  " f ro m"  a n d  b e  t h e  a d d re ss
unpacked y i e l d i n g  a  sequence
s t a ck  " t o "  i s  extended  w i t h

co n t a in in g  t h e s e  v a l u e s  i n

P ' q u e s t i o n '  s t r i n g  e le m +  t e x t [ ]  +  >p  +  > n  +  c > ,
The p o i n t e r  " p "  mu st  p o i n t  i n t o  " t e x t "  and  b e  t h e  a d d re ss o f  a
packed s t r i n g .  I f  t h i s  s t r i n g  h a s  a n  " n " - t h  c h a ra c t e r  ( c o u n t i n g
f ro m 0 ) ,  i t s  va lu e  i s  y i e l d e d  i n  " c "  and  " s t r i n g  e le m"  succeeds;
o th e rwise  i t  f a i l s .

P ' f u n c t i o n '  s t r i n g  le n g t h  +  t e x t [ ]  +  >p  +  n > .
The p o i n t e r  " p "  mu st  p o i n t  i n t o  " t e x t "  and  b e  t h e  a d d re ss o f  a
packed s t r i n g .  T h e  number o f  ch a ra c t e rs  i n  t h i s  s t r i n g  i s  y i e l d e d
i n  " n " ,

P ' f u n c t i o n '  compare  s t r i n g  +  +  > p l  +  t 2 N  +  >p2  +  t r i t > .
The p o i n t e r  " p l "  m u s t  p o i n t  i n t o  " t i
n  a n d  b e  
t h e  
a d d r e s s  
o f  
a

packed s t r i n g ,  s l .  T h e  p o i n t e r  " p 2 "  m u s t  p o i n t  i n t o  " t 2 "  and  b e
the  a d d re ss o f  a  packed s t r i n g ,  s 2 .  These  t wo  s t r i n g s  a re  compared
i n  some wa y:  i f  s l  i s  s m a l l e r  t h a n  ( l e x i c o g r a fi c a l l y  b e f o re )  s 2 ,
" t r i t "  i s  s e t  t o  - 1 ;  i f  t h e y  a r e  e q u a l ,  " t r i t "  i s  s e t  t o  0 ;
o th e rwise  " t r i t "  i s  s e t  t o  1 .

P ' a c t i o n '  u n s t a ck  s t r i n g  +  H s t [ ] .
The "max l i m i t "  o f  " s t "  mu st  p o i n t  i n t o  " s t "  a n d  b e  t h e  a d d re ss o f
a packed s t r i n g .  Th e  b lo c k s  c o n t a in in g  t h i s  s t r i n g  a re  removed f ro m
" s t " .
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• ' q u e s t i o n '  may be  s t r i n g  p o i n t e r  +  t e x t [ ]  +  >p .
Succeeds i f  " p "  p o in t s  i n t o  " t e x t "  a n d  ca n  b e  i n t e rp re t e d  a s  t h e
address o f  a  packed s t r i n g .  O t h e rwise  i t  f a i l s .

5 .2 .4 .  L i s t s .

Fo r l i s t s  t h e  f o l l o w i n g  e x t e rn a ls  a re  a v n i lA b le .

• ' c o n s t a n t '  n i l .
" n i l "  i s  a  va lu e  t h a t  does n o t  p o i n t  i n t o  a n y l i s t .

• ' q u e s t i o n '  wa s +  a [ ]  +  › p .
Succeeds i f  " p "  p o in t s  i n t o  " a " ,  f a i l s  o t h e rw is e .

• ' f u n c t i o n '  n e x t  +  a [ ]  +  >p >.
The c a l i b r e  o f  " a "  i s  added t o  " p " .

' f u n c t i o n '  p re v io u s  +  +  >p>.
The c a l i b r e  o f  " a "  i s  s u b t ra c t e d  f ro m I

• ' f u n c t i o n '  l i s t  l e n g t h  +  a r ]  +  l > .
The number o f  e lemen ts i n  " a "  i s  y i e l d e d  i n  " 1 " .

. ' a c t i o n '  u n s t a c k  +  N s t [ ] .
The s t a c k  " s t "  m u s t  c o n t a in  a t  l e a s t  o n e  b l o c k .  T h e  r i g h t -mo s t
b lo ck  o f  " s t "  i s  removed. I t s  l o c a t i o n s  ca n  b e  re c la ime d  b y  a n
' e x t e n s io n ' ,  i t s  co n t e n t s  a re  l o s t .

. ' a c t i o n '  u n s t a c k  t o  +  N s t [ ]  +  > p n t .
Zero o r  more  b lo cks  a r e  removed f ro m t h e  r i g h t  hand  s i d e  o f  " s t " ,
so t h a t  t h e  "max l i m i t "  o f  " s t "  becomes e q u a l  t o  " p n t " .  I f  t h i s
cannot b e  done ,  a n  e r r o r  message f o l l o w s .

. ' a c t i o n '  unqueue +  N s t [ ] .
The s t a c k  " s t "  mu st  c o n t a in  a t  l e a s t  one  b l o c k .  Th e  l e f t - m o s t  b l o c k
o f  " s t "  i s  removed. I t s  ( v i r t u a l )  l o c a t i o n s  and  i t s  co n t e n t s  a re
l o s t .

. ' a c t i o n '  unqueue t o  +  N s t n  +  > p n t .
Zero o r  more  b lo c k s  a re  removed f ro m t h e  l e f t  hand s i d e  o f  " s t " ,  s o
t h a t  t h e  " min  l i m i t "  o f  " s t "  becomes e q u a l  t o  " p n t " .  I f  t h i s  ca n n o t
be done ,  a n  e r r o r  message f o l l o w s .

• ' a c t i o n '  s c r a t c h  +  H s t [ ] .
A l l  b lo c k s  i n  " s t "  a r e  removed. T h e i r  l o c a t i o n s  ca n  be  re c la ime d
th rough  ' e x t e n s i o n ' s ,  t h e i r  co n t e n t s  a re  l o s t .
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• ' a c t i o n '  d e l e t e  +  [ ] s t [ ] .
A l l  b lo c k s  i n  " s t "  a r e  removed, a s  i n  a  c a l l  o f  " s c r a t c h " .
Moreover,  t h e  ru n - t ime  sys t e m w i l l  d is re g a rd  " s t "  u n t i l  a  p o s s ib le
subsequent ' e x t e n s io n '  o n  " s t " .  Co n s e q u e n t l y ,  t h e  re ma in in g  s t a cks
w i l l  g e t  b e t t e r  s e rv i c e ,  b u t  r e a c t i v a t i n g  " s t "  w i l l  b e  e xp e n sive .

5 .2 .5 .  F i l e s .

The f o l l o w i n g  sta n d a rd  e x t e rn a ls  o n  fi l e s  a r e  a v a i l a b l e .

• ' c o n s t a n t '  n e w l i n e ,  same l i n e ,  new page.
These c o n s t a n t s  a r e  p re d e fin e d  v a l u e s  t o  b e  u s e d  a s  c o n t r o l
in t e g e rs  f o r  " c h a r fi l e s " .  T h e i r  in t e n d e d  meanings a re  " p r i n t  o n  new
l i n e " ,  " p r i n t  a g a in  on  same l i n e "  a n d  " p r i n t  o n  fi r s t  l i n e  o f  n e x t
page" r e s p e c t i v e l y ,  a s  f a r  a s  me a n in g f u l  f o r  t h e  t c h a r fi l e l  a n d  a s
f a r  a s  imp le me n ta b le  i n  t h e  syste m.

. ' c o n s t a n t '  r e s t  l i n e .
" re s t  l i n e "  a c t s  a s  a  dummy c o n t r o l  i n t e g e r  a n d  i s  used  b y  " g e t
l i n e " ,  " p u t  l i n e "  and  " p u t  c h a r " .

' p re d ic a t e '  g e t  l i n e  +  " fi l e  +  [ ] s t [ ]  +  c i n t > .
The fi l e  " fi l e "  mu s t  b e  a  c h a r fi l e .  I f  t h e  fi l e  i s  e xh a u ste d ,  " g e t
l i n e "  f a i l s .  O t h e r w i s e  t h e  n e x t  i t e m  i n  " fi l e "  i s  re a d ;  i f  i t  i s  a
c o n t ro l  i n t e g e r ,  i t  i s  a ss ig n e d  t o  " c i n t " ,  o t h e rw is e  " c i n t "  i s  s e t
t o  " r e s t  l i n e " .  T h e n  z e r o  o r  more c h a ra c t e rs  a re  re a d  f ro m " fi l e "
u n t i l  t h e  a n d  o f  t h e  l i n e .  T h e  s t a c k  " s t "  i s  extended  w i t h  t h e se
ch a ra cte rs  i n  l e f t - t o - r i g h t  o rd e r .

. ' a c t i o n '  p u t  l i n e  +  " fi l e  +  a [ ]  +  > c i n t .
The fi l e  " fi l e "  mu s t  b e  a  c h a r fi l e ;  " a "  mu st  o n l y  c o n t a in  va lu e s
th a t  co rre sp o n d  t o  c h a ra c t e rs .  I f  " c i n t "  i s  n o t  " r e s t  l i n e " ,  a  l i n e
w i t h  c o n t r o l  i n t e g e r  " c i n t "  i s  w r i t t e n  o n  fi l e  " fi l e " ,  c o n t a i n i n g
the  c h a r a c t e r s  i n  " a "  i n  l e f t - t o - r i g h t  o r d e r .  O t h e r w i s e  t h e
ch a ra cte rs  i n  " a "  a re  appended t o  t h e  l a s t  l i n e  w r i t t e n  o n  " fi l e " .

' p re d ic a t e '  g e t  c h a r  +  " fi l e  +  ch a r> .
The fi l e  " fi l e "  mu s t  b e  a  c h a r fi l e .  I f  t h e  fi l e  i s  n o t  exhausted ,
the n e x t  c h a ra c t e r  o r  c o n t r o l  i n t e g e r  i s  re a d  a n d  d e l i v e re d  i n
" ch a r" .  O t h e rwise  " g e t  c h a r "  f a i l s .

• ' a c t i o n '  p u t  c h a r  +  " fi l e  +  >ch a r.
The fi l e  " fi l e "  mu s t  b e  a  c h a r fi l e .  T h e  va lu e  o f  " c h a r "  mu st  e i t h e r
correspond t o  a  ch a ra c t e r  o r  b e  a  c o n t r o l  i n t e g e r .  T h i s  c h a ra c t e r
o r c o n t r o l  i n t e g e r  i s  w r i t t e n  on  fi l e  " fi l e " ,  e x c e p t  t h e  c o n t r o l
in t e g e r  " r e s t  l i n e " ,  wh ic h  i s  ig n o re d .
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P ' a c t i o n '  p u t  s t r i n g  +  " fi l e  +  t e x t [ ]  +  >p .
The fi l e  " fi l e "  m u s t  b e  a  c h a r fi l e ;  t h e  p o i n t e r  " p "  mu st  p o i n t
i n t o  " t e x t "  an d  be  t h e  a d d re ss o f  a  packed s t r i n g .  T h i s  s t r i n g  i s
w r i t t e n  o n  t h e  fi l e  " fi l e " .

. ' p r e d i c a t e '  g e t  i n t  +  " fi l e  +  i n t > .
The fi l e  " fi l e "  mu s t  b e  a  c h a r fi l e .  A  c a l l  o f  " g e t  i n t "  w i l l  r e a d
and s k i p  a n y  number o f  spaces and  c o n t r o l  i n t e g e rs  o n  " fi l e "  u n t i l
i t  e i t h e r  reaches t h e  e n d  o f  t h e  fi l e ,  i n  wh ich  c a s e  i t  f a i l s ,
o r fi n d s  a  d i g i t ,  p l u s - s i g n  o r  min u s -s ig n .  I t  w i l l  t h e n  r e a d
and c o l l e c t  o n e  o r  m o r e  d i g i t s  u n t i l  a  n o n - d i g i t  i s  f o u n d :
t h i s  n o n - d i g i t  i s  n o t  re a d .  T h e  v a lu e  o f  t h i s  s t re a m o f  d i g i t s
conside red  a s  a  s ig n e d  d e c ima l  number i s  g i v e n  i n  " i n t " .
A subsequent c a l l  o f  " g e t  c h a r"  w i l l  y i e l d  t h e  n o n - d i g i t  men t ioned .
I f  t h e  above ca n n o t  be  p e rfo rme d ,  a n  e r r o r  message i s  g iv e n .
Th is  r u l e  i n v o l v e s  b a ck t ra ck .  I t  i s  n o t  i n t e n d e d  f o r  u s e  i n
programs t h a t  h a n d le  i n p u t  v e ry  c a r e f u l l y ;  i t  i s  meant t o  p ro v id e
an easy means f o r  re a d in g  numbers.

. ' a c t i o n '  p u t  i n t  +  " " fi l e  +  > i n t .
" i n t s i z e "  +  1  ch a ra c t e rs  a r e  appended t o  t h e  l a s t  l i n e  o n  " fi l e " ,
wh ich  m u s t  b e  a  c h a r fi l e .  T h e s e  c h a ra c t e rs  a r e :  z e r o  o r  more
spaces, t h e  s i g n  o f  " i n t "  a n d  t h e  c h a r a c t e r s  o f  t h e  d e c ima l
re p re se n t a t io n  o f  t h e  a b so lu t e  v a l u e  o f  " i n t "  w i t h o u t  l e a d i n g
ze roes.

. ' c o n s t a n t '  n u me r i c a l ,  p o i n t e r .
These co n s t a n t s  a r e  p re d e fin e d  v a l u e s  t h a t  c a n  b e  used  a s  t y p e
in d i c a t i o n s  i n  d a t a fi l e s .  F o r  t h e i r  meanings se e  4 . 2 . 2 . .

. ' p r e d i c a t e '  g e t  d a t a  +  " " fi l e  +  d a t a >  +  t yp e > .
The fi l e  " fi l e "  mu s t  b e  a  d a t a fi l e .  I f  t h e  fi l e  i s  n o t  e xh a u ste d ,
the  n e x t  d a t a - i t e m i s  re a d ,  i t s  v a lu e  d e l i v e re d  i n  " d a t a "  a n d  i t s
type  i n  " t y p e " .  O t h e rwise  i t  f a i l s .  F o r  a  more d e t a i l e d  d e s c r i p t i o n
see 4 . 2 . 2 . .

' a c t i o n '  p u t  d a t a  +  " fi l e  +  >d a ta  +  > t yp e .
The fi l e  " fi l e "  mu s t  b e  a  d a t a fi l e .  A  d a t a - i t e m i s  w r i t t e n  o n  t h e
fi l e ,  c o n s i s t i n g  o f  t h e  v a lu e  " d a t a "  a n d  t h e  t y p e  " t y p e " .  F o r  a
more d e t a i l e d  d e s c r i p t i o n  se e  4 . 2 . 2 . .

The f o l l o w i n g  f o u r  e x t e rn a ls  a re  recommended.

. ' p r e d i c a t e '  b a c k  ch a r +  " fi l e .
The fi l e  " fi l e "  m u s t  b e  a  c h a r fi l e .  I f  t h e  l a s t  i t e m  re a d  was a
c o n t ro l  i n t e g e r ,  o r  i f  t h e re  i s  n o  l a s t  i t e m  re a d ,  " b a c k  c h a r "
f a i l s .  O t h e r w i s e  i t  succeeds a n d  t h e  fi l e  i s  backspaced o v e r  one
ch a ra c t e r,  i . e . ,  a  subsequent c a l l  o f  " g e t  c h a r "  w i l l  y i e l d  t h e
l a s t  i t e m  re a d .
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. ' p r e d i c a t e '  b a c k  d a ta  +  " fi l e .
The fi l e  " fi l e "  m u s t  b e  a  d a t a fi l e .  I f  t h e re  i s  n o t  y e t  a  l a s t
i t e m re a d ,  " b a c k  d a t a "  f a i l s .  O t h e r w i s e  i t  succeeds a n d  t h e  fi l e
i s  backspaced o ve r one d a t a - i t e m,  i . e . ,  a  subsequent c a l l  o f  " g e t
da ta "  w i l l  y i e l d  t h e  l a s t  i t e m  re a d .

. ' p r e d i c a t e '  b a c k  l i n e  +  " fi l e .
The fi l e  " fi l e "  m u s t  b e  a  c h a r fi l e .  I f  t h e re  i s  n o t  y e t  a  l a s t
i t e m re a d ,  " b a c k  l i n e "  f a i l s .  O t h e r w i s e  i t  succeeds a n d  t h e  fi l e
i s  backspaced u n t i l  a  subsequent c a l l  o f  " g e t  c h a r "  wo u ld  re a d  t h e
l a s t  c o n t r o l  i n t e g e r  re a d .

• ' p r e d i c a t e '  b a c k  fi l e  +  " fi l e .
I f  t h e re  i s  n o t  y e t  a  l a s t  i t e m  re a d ,  " b a c k  fi l e "  f a i l s .  O t h e rwise
i t  succeeds a n d  t h e  fi l e  i s  backspaced o r  " b a ck -d a t a -e d "  u n t i l  t h e
beg inn ing  o f  t h e  fi l e .
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Pragmats a re  used  f o r  t h re e  p u rp o se s:
a, t o  c o n t r o l  c e r t a i n  a sp e cts o f  t h e  c o mp i la t i o n ,
b. t o  c o n t r o l  t h e  f u n c t i o n in g  o f  c e r t a i n  s ta n d a rd  e x t e rn a l s ,  a n d
c.  t o  s u p p l y  imp le me n t a t io n -d e p e n d e n t  i n f o r m a t i o n  t o  t h e

machine-dependent p a r t  o f  t h e  c o mp i le r .
The e x a c t  p o s i t i o n  o f  t h e  p ra g ma t  i n  t h e  p r o g r a m  m a y  b e
s i g n i fi c a n t .

Syntax:

pragmat: p ra g ma t  symb o l,  p ra g ma t  i t e m  l i s t ,  p o i n t  symb o l,
pragmat i t e m  l i s t :  p ra g ma t  i t e m ,  (comma symb o l,  p ra g ma t  i t e m  l i s t ) .
pragmat i t e m :

ta g ,  e q u a ls  symb o l,  i n t e g r a l  d e n o t a t io n ;
t a g ,  e q u a ls  symb o l,  s t r i n g  d e n o t a t io n ;
ta g ,  e q u a ls  symb o l,  p ra g ma t  i t e m ;
pragmat i t e m  l i s t  p a ck.

pragmat i t e m  l i s t  p a ck:
open symb o l,  p ra g ma t  i t e m  l i s t ,  c l o s e  symb o l.

Example:
'p ragma t '  t i t l e  =  " a le p h  c o mp i le r "

bounds =  ( t a g l i s t  =  o f f ,  numb adm =  o n ) ,
macro =  (c o n v e r t  1  t o  2  co mp l,  s e t  a l l  b i t s ) .

Be fo re  t h e  me a n in g  o f  a  ' p r a g m a t I  i s  d e t e rm i n e d ,  i t  i s
p reprocessed :  a l l  I p ra g ma t  i t e m  l i s t  p a c k ' s  a r e  removed i n  t h e
f o l l o w in g  way.
Fo r e v e ry  Ip ra g ma t  i t e m  l i s t  p a ck '  t h a t  i s  p re ce d e d  b y  a n  ' e q u a ls
symbo l'  p re ce d e d  b y  a  ' t a g ' ,  t h e  ' e q u a ls  s y m b o l '  a n d  ' t a g '  a r e
removed a n d  i n s e r t e d  i n  f r o n t  o f  e a c h  ' p r a g m a t  i t e m '  i n  t h e
Ipragmat i t e m  l i s t  p a c k ' .
Subsequently a l l  ' o p e n  symb o l ' s  and  ' c l o s e  s y mb o l ' s  a re  removed.

Thus t h e  I p ra g ma t  i t e m ' :

a lg o l  =  ( a p l  =  ( l i s p ,  2 ,  p l  =  1 ) ,  s n o b o l )

has t h e  same meaning a s :

a lg o l  =  a p l  =  l i s p ,  a l g o l  =  a p l  =  2 ,
a lg o l  =  a p l  =  p l  =  1 ,  a l g o l  =  sn o b o l.

A l l  ' p ra g ma t  i t e m ' s  a r e  n o w  o f  t h e  f o rm ' t a g ,  e q u a l s  s y m b o l ,
pragmat i t e m  o r  i n t  o r  s t r i n g ' .  T h e y  a r e  d i v i d e d  i n t o  t h r e e
groups a cco rd in g  t o  t h e  ' t a g ' :  c o mp i l e r -p ra g ma t s ,  a f f e c t i n g  t h e
t o mp i le r ;  e x t e rn a l -p ra g ma t s ,  a f f e c t i n g  t h e  s t a n d a rd  e x t e rn a l s ;  a n d
u se r-p ra g ma ts.
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6 .1 .  C o m p i l e r  -pragmats.

The ' t a g ' s  " b a ckg ro u n d " ,  " b o u n d s " ,  " c l a s s " ,  " c o m p i l e " ,  " c o u n t " ,
"dump", " fi r s t  c o l " ,  " l a s t  c o l " ,  " m a c r o "  a n d  " t i t l e "  i d e n t i f y
co mp ile r-p ra g ma ts.

• backg round  =  ' t a g '
The ' t a g '  mu s t  i d e n t i f y  a  l i s t .  Th e  i d e n t i fi e d  l i s t  w i l l  b e  k e p t  o n
background memory i f  p o s s ib le  and  n e ce ssa ry.
The p o s i t i o n  o f  t h i s  ' p ra g ma t l  i s  imma t e r i a l .

• bounds =  ' t a g l '  =  i t a g 2 '
The ' t a g l '  mu s t  i d e n t i f y  a  l i s t .  Th e  I t a g 2 '  c a n  b e :
"
o
n
"
:

subsequent ' e l e me n t ' s  o f  ' t a g l '  w i l l  b e  co mp i le d  w i t h  a  dynamic
bound ch e ck ( i f  n e ce ssa ry).
" o f f " :
no su ch  ch e ck i s  made.
The s t a n d a rd  o p t io n  i s  " o n " .
An ' e le me n t '  o f  a  f o rma l  t a b l e  o r  s t a c k  w i l l  b e  co mp i le d  w i t h  a
bound ch e ck ,  u n l e s s  a t  t h a t  p o i n t  i n  t h e  p ro g ra m no bound ch e cks
wou ld  be  co mp i le d  f o r  a n y ' e l e me n t ' .

. c l a s s  =  ' t a g '
The ' t a g '  c a n  be :
"
o
n
"
:

subsequent ' c l a s s i fi c a t i o n ' s  a r e  co mp i le d  w i t h  a  dynamic ch e ck t h a t
de te rmines i f  t h e  v a lu e  o f  i t s  ' c l a s s i fi e r '  b e lo n g s  i n  any a re a  ( i f
n e ce ssa ry).
" o f f " :
no su ch  ch e ck i s  co mp i le d .
The s t a n d a rd  o p t io n  i s  " o n " .

• c o mp i le  =  ' t a g '
The ' t a g '  c a n  b e :
" o f f " :
subsequent p ro g ra m t e x t  w i l l  be  i n t e rp re t e d  i n  t h e  f o l l o w i n g  se n se :
a. t h e  ' r u l e  b o d y '  o f  a  ' r u l e  d e c l a r a t i o n ' ,  t h e  ' r u l e  t a g '  o f

wh ich  i s  u se d  i n  n o rma l ly  co mp i le d  t e x t  w i l l  b e  i n t e rp re t e d  a s
dummy,

b. a  ' r u l e  d e c la ra t i o n '  t h e  ' r u l e  t a g '  o f  wh ich  i s  n o t  u se d  i n
n o rma l ly  co mp ile d  t e x t  w i l l  b e  ig n o re d ,

c. a  ' d a t a  d e c la ra t i o n '  w i l l  be  ig n o re d ,
d. a  ' p ra g ma t  i t e m '  o t h e r  t h a n  " co mp i le  =  o n "  w i l l  b e  ig n o re d ;
i n j u d i c i o u s  a p p l i c a t i o n  o f  t h i s  p ra g ma t  c a n  r e n d e r  a  c o r r e c t
program i n c o r r e c t .
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"
o
n
"
:

norma l c o mp i la t i o n  i s  resumed.
" a l l " :
subsequent ' p ra g ma t  i t e m s  o f  t h e  f o rm " co mp i le  =  o f f "  w i l l  have n o
e f f e c t .
The s t a n d a rd  o p t io n  i s  " o n " .

• co u n t  =  ' t a g '
The ' t a g '  c a n  b e :

r u l e " :
a co u n t e r i s  k e p t  f o r  each  subsequent " r u l e "  a n d  "compound member" .
The i n i t i a l  va lu e  o f  t h e  co u n t e r  i s  0 ;  i t  i s  in cre me n t e d  b y  1  f o r
eve ry e n t ra n ce  t o  i t s  " r u l e "  o r  "compound member" . Th e  co u n t e rs  a re
p r in t e d  a t  p ro g ra m t e rmin a t io n .
"member":
same a s  f o r  " r u l e " ,  e xce p t  t h a t  a  co u n t e r i s  k e p t  f o r  e ve ry  member.
" o f f " :
no co u n t e rs  a re  ke p t  f o r  subsequent p ro g ra m t e x t .
The s t a n d a rd  o p t io n  i s  " o f f " .

• dump =  ' t a g '
The ' t a g '  c a n  b e :
" g lo b a l " :
upon e r r o r  t e rmin a t i o n  a  symb o l ic  dump o f  a l l  g l o b a l  v a r i a b le s  a n d
sta cks w i l l  be  p r i n t e d .
" ru l e " :
upon e r r o r  t e rmin a t i o n  a  symb o l ic  dump o f  t h e  r u n - t i n e  s t a c k  w i l l
be p r i n t e d .
"member":
upon e r r o r  t e r m i n a t i o n  t h e  number o f  t h e  c u r r e n t  me mb e r ( a s
de te rmined  b y  t h e  c o mp i le r )  w i l l  be  p r i n t e d .
The p o s i t i o n  o f  t h i s  p ragma t  i n  t h e  p ro g ra m i s  i mma t e r i a l .

. fi r s t  c o l  =  ' i n t e g r a l  d e n o t a t io n '
Ca l l  t h e  v a lu e  o f  t h e  ' i n t e g r a l  d e n o t a t i o n '  i .  T h e  fi r s t  i - 1
ch a ra cte rs  o n  subsequent p ro g ra m l i n e s  a r e  ig n o re d .  T h i s  a l ig n me n t
can b e  re vo ke d  i n  a n o th e r " fi r s t  c o l "  p ra g ma t
*  A n  i n i t i a l  
p r a g m a t
" fi r s t  c o l  =  1 "  i s  assumed.

. l a s t  c o l  =  ' i n t e g r a l  d e n o t a t io n '
Ca l l  t h e  va lu e  o f  t h e  ' i n t e g r a l  d e n o t a t io n '  i .  A l l  c h a r a c t e r s
beyond t h e  i - t h  p o s i t i o n  o n  subsequent p r o g r a m  l i n e s  a re  ig n o re d .
Th is a l ig n me n t  c a n  be re vo ke d  i n  a n o t h e r " l a s t  c o l "  p ra g ma t .  A n
i n i t i a l  p ragma t  " l a s t  c o l  =  7 2 "  i s  assumed.

• ma cro  =  ' t a g '
The ' t a g '  mu s t  i d e n t i f y  a  n o n -re cu rs ive  r u l e .  C a l l s  o f  t h i s  r u l e
w i l l  b e  imp lemen ted  th ro u g h  t e x t u a l  s u b s t i t u t i o n  r a t h e r  t h a n  b y
su b ro u t in e  c a l l .
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• t i t l e  =  ' s t r i n g  d e n o t a t io n '
The ' s t r i n g  d e n o t a t io n '  i s  t h e  t i t l e  o f  t h e  p ro g ra m.
The s t a n d a rd  t i t l e  i s  e mp ty.

6 .2 .  E x t e r n a l - p r a g m a t s .
The ' t a g ' s  " o v e rfl o w " ,  " w r o n g  b i t "  a n d  " wro n g  s t r i n g "  i d e n t i f y
e xte rn a l-p ra g ma ts .  T h e y  ca n  be  u se d  t o  c o n t r o l  t h o se  t e s t s  i n  t h e
standa rd  e x t e rn a ls  t h a t ,  i n  t h e  ave rage  imp le me n t a t io n ,  w i l l  need
co n sid e ra b le  t i me .

. o v e r fl o w  =  ' t a g '
The ' t a g '  c a n  b e :
"
o
n
"
:

a ru n - t ime  t e s t  i s  made t o  ch e ck t h a t  a  r e s u l t i n g  i n t e g r a l  v a lu e
l i e s  be tween " min  i n t "  a n d  "max i n t " .
" o f f " :
no su ch  t e s t  i s  made.
The s t a n d a rd  o p t io n  i s  " o n " .

A

Th is p ra g ma t  a f f e c t s  t h e  s t a n d a r d  e x t e r n a l s  " p l u s " ,  " m i n u s " ,
" t ime s " ,  " i n c r "  a n d

• wro n g  b i t  =  ' t a g '
The ' t a g '  c a n  b e :
"on" :.
a ru n - t ime  t e s t  i s  made t o  ch e ck t h a t  n o  n o n -e x i s t i n g  b i t s  i n  a
word a re  add ressed .
" o f f " :
no su ch  t e s t  i s  made.
The s t a n d a rd  o p t io n  i s  " o n " .

Th is p ra g ma t  a f f e c t s  t h e  s t a n d a rd  e x t e rn a ls  " l e f t  c i r c " ,  " l e f t
c l e a r " ,  " r i g h t  c i r c " ,  " r i g h t  c l e a r " ,  " i s  e le m" ,  " s e t  e le m" ,  " c l e a r
e lem" a n d  " e x t r a c t  b i t s " .

. wro n g  s t r i n g  =  ' t a g '
The ' t a g '  c a n  b e :
"on " :
a ru n - t ime  t e s t  i s  made t o  ch e ck t h a t  a  p o i n t e r ,  p u rp o r t e d  t o  p o i n t
t o  a  s t r i n g  i n  a  g ive n  l i s t ,  in d e e d  does s o .
" o f f " :
no su ch  t e s t  i s  made.
The s t a n d a rd  o p t io n  i s  " o n " .

Th is p ra g ma t  a f f e c t s  t h e  s t a n d a r d  e x t e r n a l s  " u n p a c k  s t r i n g " ,
" s t r i n g  e le m" ,  " s t r i n g  le n g t h " ,  " co mp a re  s t r i n g " ,  " u n s t a c k  s t r i n g "
and " p u t  s t r i n g " .
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6 .3 .  U s e r  -pragmats.

Pragmats n o t  i d e n t i fi e d  i n  6 . 1  o r  6 . 2  a re  co n s id e re d  u s e r  -pragmats
and a re  t ra n s f e r re d  t o  t h e  machine-dependent p a r t  o f  t h e  c o mp i le r .
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7. T h e  re p re s e n t a t io n  o f  p rog rams.

7 .1 .  T h e  p ro g ra m.
The p ro g ra m produced b y  t h e  n o t i o n  ' p ro g ra m'  c o n s i s t s  o f  a  s e r i e s
o f  symb o ls.  I n t o  t h i s  p ro g ra m comments m a y  b e  i n s e r t e d  i n  t h e
f o l l o w in g  way.
The p ro g ra m i s  co n s id e re d  a s  a  sequence o f  t h e  f o l l o w i n g  u n i t s :

' t a g ' s „
' i n t e g r a l  d e n o t a t io n ' s ,
' ch a ra c t e r d e n o t a t io n ' s ,
' s t r i n g  d e n o t a t io n ' s  and
'symb o l ' s  n o t  o c c u r r i n g  i n  one o f  t h e  above .

Spaces may b e  added i n  f r o n t  o f  a l l  t h e se  u n i t s  a n d  i n s i d e  i t a g ' s
and ' i n t e g r a l  d e n o t a t io n ' s .
Long comments m a y  b e  added i n  f r o n t  o f  a l l  t h e se  u n i t s .  A  l o n g
comment c o n s i s t s  o f  a  d o l l a r - s i g n  ( $ ) ,  f o l l o w e d  b y  z e ro  o r  more
ch a ra cte rs  wh ich  a re  n o t  d o l l a r - s i g n s ,  f o l l o w e d  b y  a  d o l l a r - s i g n .
Short  comments may be  added i n  f r o n t  o f  a l l  u n i t s  e xce p t  ' t a g ' s  and
' i n t e g r a l  d e n o t a t io n ' s .  A  s h o r t  comment c o n s i s t s  o f  a  s h a rp -s ig n
(# ) f o l l o w e d  b y  z e ro  o r  more l e t t e r s ,  d i g i t s  a n d  sp a ce s.

I n  t h e  p r o g r a m  t h u s  o b t a i n e d  a l l  s y m b o l s  a r e  e xp a n d e d  i n t o
ch a ra cte rs  ( e . g . ,  ' v a r i a b l e  symb o l '  t u r n s  i n t o  " v a r " ) .
The p ro g ra m t e x t  i s  t h e n  d iv id e d  i n t o  l i n e s  i n  su ch  a  way t h a t  n o
comment i s  sp re a d  o v e r  t w o  o r  more l i n e s .  I f  a  l i n e  e n d s  w i t h  a
d o l l a r - s i g n  f ro m a  lo n g  comment, t h i s  d o l l a r - s i g n  may b e  o mi t t e d .
I n  o t h e r  wo rd s:  l o n g  comments s t a r t  w i t h  a  d o l l a r - s i g n  and end a t  a
d o l l a r - s i g n  o r  a t  t h e  e nd  o f  t h e  l i n e ;  s h o r t  comments s t a r t  w i t h  a
sh a rp -s ig n  and end a t  t h e  fi r s t  c h a r a c t e r  t h a t  i s  n o t  a  l e t t e r ,  a
d i g i t  o r  a  space ,  o r  a t  t h e  end  o f  t h e  l i n e .

Depending o n  t h e  p ragmats " fi r s t  c o l "  and  " l a s t  c o l "  (s e e  6 . 1 . )  a
number o f  ch a ra c t e rs  mu st  b e  added b e f o re  e a ch  l i n e  o r  may be  added
behind e a ch  l i n e .

7 .2 .  T h e  c h a ra c t e rs .

symbol r e p r e s e n t a t i o n
a b so lu te  symb o l /
a c t io n  symb o l ' a c t i o n '  o r  ' a c t '
a c t u a l  a f fi x  symb o l  +

box symb o l
bus symb o l ]  o r  )
by symb o l

c h a r fi l e  symb o l  ' c h a r fi l e '
c lo se  symb o l
co lo n  symbo l
comma symb o l 5
constan t  symb o l ' c o n s t a n t '  o r  ' e s t '
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4 d a t a fi l e  symb o l

end symb o l
equals symb o l
e x i t  symb o l
e x t e rn a l  symb o l

f a i l u r e  symb o l
f o rma l  a f fi x  s y mb o l
f u n c t io n  symbo l

l e f t  symb o l
l o c a l  a f fi x  symb o l

minus symb o l

o f  symb o l
open symb o l

p lu s  symb o l
p o in t  symb o l
pragmat symb o l
p re d ica t e  symb o l

q u e st io n  symbo l
quote symb o l

repea t  symb o l
r i g h t  symb o l
ro o t  symb o l

semico lon  symbo l
s t a ck  symbo l
sub symb o l
success symb o l

t a b le  symb o l
t ime s symb o l

up t o  symb o l

v a r ia b le  symb o l

ALEPH Manual

'end '

' e x i t '
' e x t e rn a l '

+
' f u n c t i o n '  o r  I f c t '

Td a t a fi le t

I
p
r
a
g
m
a
t
t

' p re d ica t e  o r  I
p r e d
l' q u e s t io n '  o r  I q u '

' r o o t '

;
' s t a c k '
[ o r  (
+

' t a b l e '

' v a r i a b l e '  o r  l v a r "

7-2
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8. E x a m p l e s .

Example 1 :

$ t o w e r s  o f  h a n o i $
i c h a r fi l e '  p r i n t  =  " o u t p u t " > .

' a c t i o n '  move t o we r  +  > le n g t h  +
le n g th  =  0 ;
d e cr +  le n g t h ,  move t o we r  +
move d i s c  +  f ro m +  t o ,  move

' a c t i o n '  move d i s c  +  > s l  +  >s2 :
pu t  c h a r  +  p r i n t  +  6 1 ,  p u t  c h a r  +  p r i n t  +  5 2 ,
p u t  c h a r  +  p r i n t  +  /  / .

' a c t i o n '  r o o t :  move t o we r +  6  +  / a /  +  / b /  +

' r o o t '  r o o t .

'end '

Example 2 :

>f rom +  > v i a  +  > t o :

$ t o we rs  o f  h a n o i
l  f u l l  
p r i n t i n
g  
o f  
t h
e  
t o w
e r s  
$

' c h a r fi l e '  p r i n t  =  " o u t p u t " > .

' s t a c k '  [ 1 ]  a ,  [ 1 ]  b ,  [ 1 ]  c .

' co n s t a n t '  s i z e  =  5 .

le n g t h  +  f ro m +  t o  +  v i a ,
to we r +  l e n g t h  +  v i a  +  f ro m +  t o .

' a c t i o n '  move  t o we r +  > le n g t h  +  [ ] f r o m [ ]  +  [ ] v i a { ]  +  E t o n :
le n g th  =  0 ;
dee r +  l e n g t h ,  move t o we r  +  l e n g t h  +  f ro m +  t o  +  v i a ,
move d i s c  f r o m  +  t o ,  p r i n t  t o we rs ,
move t o we r  +  le n g t h  +  v i a  +  f ro m +  t o .

' a c t i o n '  move d i s c  +  +  N s t 2 M :
x s t i [ » s t i ]  - >  s t 2  x  s t 2 ,  u n s t a ck  +  s t l .

' a c t i o n '  p r i n t  t o we rs  -  i n :
s ize  - >  i n ,

( l i n e s :
i n  =  0 ;
p r i n t  d i s c  +  a  +  l n ,  p r i n t  d i s c  +  b  +  i n ,
p r i n t  d i s c  +  c  +  l n ,  p u t  c h a r  +  p r i n t  +  new l i n e ,
deer +  i n ,  : l i n e s ) .

' a c t i o n '  p r i n t  d i s c  +  H s t [ ]  +  > l i n e  -  in d e x :
minus +  l i n e  +  1  +  in d e x ,  p l u s  +  i n d e x  +  - * ‹s t  +  in d e x ,

8-1
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(was +  s t  +  in d e x ,  p r i n t  a c t u a l  d i s c  +  s t [ i n d e x ] ;
p r i n t  b la n k  d i s c ) .

' a c t i o n '  p r i n t  a c t u a l  d i s c  +  >nmb -  sp c :
minus +  s i z e  +  nmb +  sp c ,
re p e a t  +  sp c  +  /  / ,  re p e a t  +  nmb +  / x / ,  re p e a t  +  1  +  / x / ,
re p e a t  +  nmb +  / x / ,  re p e a t  +  sp c  +  /  I .

' a c t i o n '  p r i n t  b la n k  d i s c :
re p e a t  +  s i z e  +  /  / ,  re p e a t  +  1  +  /  / ,  re p e a t  +  s i z e  +  /  I .

' a c t i o n '  re p e a t  +  > cn t  +  >sb :
cn t  =  0 ;  p u t  c h a r  +  p r i n t  +  s b ,  d e c r  +  c n t ,  : r e p e a t .

' a c t i o n '  p l a y  t o we rs  -  n :
s iz e  - >  n ,

( fi l l  a :  n  =  0 ;  d e c r  +  n ,  x  n -> a  x  a ,  : fi l l  a ) ,
p r i n t  t o we rs ,  move t o we r  +  s i z e  +  a  +  b  +  c .

' r o o t '  p l a y  t o we rs .

'end '

Example 3 :
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$ symb o l ic  d i f f e r e n t i a t i o n ,  p ro b le m i i i  i n  "mach ine  o r ie n t e d
$ languages b u l l e t i n " ,  mo lb  3 . 1 . 2 . ,  (1 9 7 3 ) .  $
' c h a r fi l e '  o u t  =  " o u t p u t " > .

' s t a c k '  [ 1 0 0 ]  ( o p ,  l e f t ,  r i g h t )  e x p r .

' t a b l e '  o p e ra t o r  =  ( " + " : p l u s  o p ,  " - " : m i n  o p , " x " :  t i m  o p ,  " / " : d i v  o p ,
" i n " :  i n  op  $  i n ( f )  i s  re p re se n te d  a s  0  " l n "  f  $ ,
"pow": p o w op  $  p o w(f ,  g )  i s  re p re se n t e d  a s  f  " p o w"  g  $ ) .

' s t a c k '  [ 1 0 ]  c o n s t  =  ( 0 :  c  z e ro ,  1 :  c  o n e ,  2 :  c  t w o ) .

' s t a c k '  [ 1 ]  v a r  =  ( " x " :  x  v a r ) .

' a c t i o n '  d e r i v a t i v e  +  >e  +  de> -  f  -  d f  -  g  -  d g  -  n 1  -  n2  -  n 3 :
was +  co n s t  +  e ,  c  z e ro  - >  d e ;
was +  v a r  +  e ,  c  one - >  de ;
le f t xe xp rL e ]  - >  f ,  r i g h t x e x p r [ e ]  g ,
d e r i v a t i v e  +  f  +  d f ,  d e r i v a t i v e  +  g  +  d g ,

( =  o p xe xp r[ e ]  =
[ p lu s  o p ] ,  g e n  node +  p lu s  o p  +  d f  +  d g  +  d e ;
[min  o p j ,  g e n  node +  min  o p  +  d f  +  d g  +  d e ;
[ t i m  o p ] ,

gen node +  t i m  op  +  f  +  d g  +  n l ,
gen node +  t i m  op +  d f  +  g  +  n 2 ,
gen node +  p lu s  o p  +  n 1  +  n2  +  d e ;

[ d i v  o p ] ,



1
-
1
4
1
7
/
7
1
4

'ac t ion '  p r i n t  ex pr  + >e -  z z :
was +  cons t +  e ,  p u t  i n t  + ou t  +  c ons t [e ] ;
was +  v ar  + e ,  p u t  s t r i n g  + ou t  + v ar  + e ;
opxexpr[ej - >  z z ,

( =  z z  =
[plus  op;  m in  op; t i m  op; d i v  op ] ,

put c har  + ou t  +  / ( / ,  p r i n t  ex pr  + l e f t  x ex pr [e ] ,
put c har  + ou t  +  / ) / ,  p u t  s t r i n g  + ou t  +  oper ator  + z z ,
put c har  + ou t  +  / ( / ,  p r i n t  ex pr  + r igh tx ex pr [e ] ,
put c har  + ou t  +  / ) / ;

put s t r i n g  + ou t  +  operator  + z z ,  p u t  c har  + ou t  +  / ( / ,
(equal + z z  + pow op, p r i n t  ex pr  + le f t x e x p r [ e ] ,
put c har  + out  +  / , / ;  + ) ,  p r i n t  ex pr  + r igh t x ex pr [e ] ,
put c har  + ou t  + / ) /

)
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gen node + t i m  op + d f  + g  + n l ,
gen node + t i m  op + f  + dg + n2,
gen node + min op + n l  +  n2 +  n l ,
gen node + pow op + g  + c  two + n2,
gen node + d i v  op + n1 +  n2 +  de;

[ i n  o p ] ,  gen node + d i v  op + dg + g  + de;
[pow o p ] ,

gen node + min op + g  + c  one + n l ,
gen node + pow op + f  + n l  +  n l ,
gen node + t i m  op + d f  + g  + n2,
gen node + t i m  op + n2 +  n i  +  n l ,
gen node + I n  op + c  z ero + f  + n2,
gen node + t i m  op + n2 +  dg + n2,
gen node + pow op + f  + g  + n3,
gen node + t i n  op + n2 + n3 + n2,
gen node + p lus  op + n1 + n2 + de;

+) .

'ac t ion '  t e s t  -  e l  -  e2 -  e3:
gen node + pow op + )e v ar  + x  v ar  + e l ,  $  pow(x , x )  $

p r in t  ex pr  + e l ,
put c har  + ou t  + new l i n e ,

der iv at iv e + e l  + e2,  p r i n t  ex pr  + e2,
put c har  + ou t  + new l i n e ,

derivative + e2 + e3, p r i n t  expr + e3,
put c har  + out  +  new l i n e ,

gen node + d i v  op + x  v ar  + x  v ar  + e l ,  $  x / x  $
p r in t  ex pr  + e l ,
put c har  + ou t  + new l i n e ,

der iv at iv e + e l  + e2,  p r i n t  ex pr  + e2,
put c har  + ou t  + new l i n e ,

der iv at iv e + e2 + e3,  p r i n t  ex pr  + e3,
put c har  + ou t  +  new l i n e .

J ac t ion '  gen node + >op + > l e f t  +  > r ig h t  + res >:
x op - >  op, l e f t  - >  l e f t ,  r i g h t  - >  r ig h t x  ex pr ,

expr - >  r es .
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' r o o t '  t e s t .

'end '

Example 4 :

' a c t i o n '  q u i c k s o r t  +  > f ro m +  > t o  +  a l l
-  l e f t  -  mid d le  -  r i g h t  -  a mid d le :

$ t h i s  r u l e  s o r t s  t h e  e le me n ts i n  t h e  s t a c k  " a "  f r o m  " f ro m"  t o
$ " t o "  i n  ascend ing  o rd e r ,  t h e  a l g o r i t h m used i s  a  v a r i a t i o n  o f
$ " q u i c k s o r t " ,  co mp u te r j .  5  ( 1 ) ,  1 0 -1 5  (1 9 6 2 )

mreq +  f ro m + t o ;
$ t h e  a re a  t o  b e  s o r t e d  i s  n o t  e mp ty:
$ i t  i s  s p l i t  i n t o  t h re e  p a r t s ,  l e f t ,  m id d le  a nd  r i g h t .
$ t h e  mid d le  co n t a in s  one o r  more  e q u a l  e le me n ts
f ro m - >  l e f t ,  random + f ro m +  t o  +  mid d le ,  t o  - >  r i g h t ,

a [ mid d le ]  - >  a  mid d le ,
( s p l i t :

(push r i g h t :
more +  l e f t  +  t o ;
more +  a [ l e f t ]  +  a  mid d le ;
i n c r  +  l e f t ,  :  p u sh  r i g h t ) ,

(push l e f t :
more +  f ro m + r i g h t ;
more +  a  mid d le  +  a l r i g h t ] ;
d e cr +  r i g h t ,  p u s h  l e f t ) ,

( le ss  +  l e f t  +  r i g h t
( -  e le m:
a l l e f t ]  - >  e le m,  a [ r i g h t ]  - >  a [ l e f t ] ,  e l e m - >  a l r i g h t ] ) ,
i n c r  +  l e f t ,  d e e r  +  r i g h t ,  :  s p l i t ;

le ss  +  mid d le  +  r i g h t ,
a [ r i g h t ]  - >  a lm id d le ] ,  a  mid d le  - >  a l r i g h t j ,
d e cr +  r i g h t ;

more +  mid d le  +  l e f t ,
a [ l e f t ]  - >  a [ mid d le ] ,  a  mid d le  - >  a [ l e f t ] ,  i n c r  +  l e f t ;

) ,
q u ic k s o r t  +  f ro m +  r i g h t  +  a ,  q u i c k s o r t  +  l e f t  +  t o  +  a .

Example 5 :

$ " n e x t  p e rm"  co n s id e rs  t h e  r i g h t -mo s t  " n "  e le me n ts o f  " s t "
$ a s  a  p e rmu t a t io n  and re p la ce s  th e m b y t h e  e le me n ts o f  t h e  n e x t
$ p e r m u t a t i o n  i n  l e x i c o g ra p h i c a l  o rd e r .  I f  t h e re  i s  n o  n e x t
$ p e rmu t a t i o n ,  " n e x t  p e rm"  f a i l s .

' q u e s t io n '  n e x t  p e rm +  > n  +  H s t [ ]  -  b r  -  i t e m  -  p  -  q :
$ fi n d  b re a k  p o i n t  o r  f a i l !
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min i n t  - >  item,  s t  - >  b r ,  minus  +  » s t  + n  p
(breakpoint:

lseq + b r  + p ,  - ;
less  +  s t [ b r ]  +  item;  s t [ b r ]  - >  i t em,  deer  + b r ,  : b r eak po in t ) ,

$ in v e r t  pa r t  a f t e r  break  po in t :
plus  +  b r  » s t  - >  q ,

( inv er t :
lseq + q  + p ;
s t [p ]  - >  item,  s t [ q ]  - >  s t [ p ] ,  i t e m  - > s t [ q ] ,

iner  + p ,  deer  + q ,  : i n v e r t ) ,
$ fi n d  t h e  v alue o f  the  fi r s t  element which i s
$ l a r g e r  than t h a t  a t  t he  break point :
s tLbr i - >  item,  b r  p ,

( fi r s t :  i n e r  + p ,  (more + s t [ p ]  +  i t em;  : fi r s t ) ) ,
$ and swap them:
s t [p ]  - >  s t [ b r ] ,  i t e m  - >  s t [ p ] .





I W
1 7
/
7 4

( ] ;
[ )  ] ;
[ /  ] ;
[ + ];
[ -  ];
[ x

[
[
[
[

[

3 .7 ., 4 .1 .1 . ,  4 .1 .5 . ,  6 ]
3.7., 4 .1 .1 . ,  4 .1 .5 . ,  6  ]
4.1.1• ]
4.1.1. ]
4.1.1. ]
4 . 1 .1 .

[ /  ] ; [ 4.1.1. ]

[ ' v a r i a b l e ' ,

[ < ] ; [ 4.1.7. ]
[ > ]; [ 3 .1 .1., 4 .1 .7 . ,  4 .2 . ]
I = ]; [ 3 .4., 4 .1 .5 . ,  e .a .

[ 4 . 1 . 5 . ,

[•  ] ;

[ l c h a r fi l e l  j ;

[ :  ] ; [ 3 . 2 . 2 . ,  4 . 1 . 5 .

[ I
d
a t
a f
i l
e '  
j
;

[ ;  ] ; [ 3 . 2 . 2 . ,  3 . 8 .
[ ,  ] ; [ 3 . 2 . 2 . ,  3 . 8 . ,  e . a .

j

[ [  ] ; [ 3 .2 .1., 3 .5 . ,  3 .8 . , 4.1.6. ]
[ ]  ; [ 3.5., 3 .8 . , 4.1.6. ]
[ "  ] ; [ 4.1.5. ]

[ ' f u n c t i o n ' ,

[ + 1; [ 3.2.1. ]
[ -  ] ; [ 3.2.2. ]
[ :  ] ; I. 3.6. ]

[ 6 .  ]

[ + ] ; [ 3.6. ]

[ 3 . 6 .  ]

I -  ] ; [ 3.6. ]

[ 3 .1 . ]

[ = ] ; [ 3 .8., 4 .1 .6 . ]

[ 3 .1 . ]

[ :  ] ; [ 3.8. ]
[ + 1;
[ x

[
[

3.5. ]
3 .2 .3 ., 3 .5 . ]

[ ' c o n s t a n t ' , l c s t i  j ; [ 4 . 1 . 2 . , 5 .1 .
[ ' v a r i a b l e ' , ' v a r '  ] ; I  4 . 1 . 3 . j
[ ' s t a c k '  j ; [ 4 .1 .6 . ]
[  ' t a b l e '  ] ; [ 4 . 1 . 5 . , 5 .1 .  j
[ l c h a r fi l e l  j ; [ 4 . 2 .  j
[ I
d
a t
a f
i l
e '  
j
;

[ 4 . 2 .  ]
[ ' p r e d i c a t e ' , ' p re d '  j ; [ 3 . 2 . 1 . j
[  ' q u e s t i o n ' , Tqu' j ; I  3 . 2 . 1 . j
[ ' a c t i o n ' , ' a c t '  ] ; [ 3 . 2 . 1 . j
[ ' f u n c t i o n ' , ' f c t

l  
] ;

I  3 . 2 . 1 . j
[ ' e x t e r n a l '  j ; [ 5 . 1 .  ]
[ ' p ra g ma t '  j ; [ 6 .  ]
[ ' e x i t '  j ; [ 3 . 6 .  ]
[ ' r o o t '  j ; [ 3 .1 . ]
[ ' e n d '  L . [ 3 .1 . ]

9. T h e  grammar.

[ s y n t a x  o f  a le p h ,  2 8
-
0 5
-
1 9 7 4

[ 7 . 2 .  symb o ls  ]

open symb o l
c lo se  symb o l
a b so lu te  symb o l
p lu s  symb o l
minus symb o l
t ime s symb o l
by symb o l
l e f t  symb o l
r i g h t  symb o l
equa ls symb o l
p o in t  symb o l
co lo n  symbo l
semico lon  symb o l
comma symbo l
sub symb o l
bus symb o l
quote symb o l
f o rma l  a f fi x  symb o l
l o c a l  a f fi x  s y mb o l
repea t  symb o l
success symb o l
f a i l u r e  symb o l
box symb o l
up t o  symb o l
a c t u a l  a f fi x  s y mb o l
o f  symb o l

b o ld  f a ce  symb o ls j
constan t  symb o l
v a r i a b le  symb o l
s t a ck  symb o l
t a b le  symb o l
c h a r fi l e  symb o l
d a t a fi l e  symb o l
p re d ica t e  symb o l
q u e st io n  symbo l
a c t io n  symbo l
f u n c t io n  symbo l
e x t e rn a l  symb o l
pragmat symb o l
e x i t  symb o l
ro o t  symb o l
end symb o l

[ o t h e r  p r i m i t i v e s  ]
ta g ;
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[ 4 .1 .5 . ,  6 . ,  e .a .
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d i g i t ;
ch a ra c t e r;
non q u o te  i t e m.

ALEPH Manual 9
-
2

[ 4 .1 .1 . ]
r 4 .1 .1 . ]
[ 4 .1 .5 . ]

r 3 . 1 .  t h e  p ro g ra m ]
program:

( in f o rma t io n  sequence ),  r o o t ,  ( i n f o r m a t i o n  sequence ),  e n d  symb o l.
in f o rma t io n  sequence:

in f o rma t io n ,  ( i n f o r m a t i o n  sequence).
in f o rma t io n :

d e c la ra t io n ;  p ra g ma t .
ro o t :

ro o t  symb o l,  a f fi x  f o r m ,  p o i n t  symb o l.
d e c la ra t io n :

ru l e  d e c l a r a t i o n ;
da ta  d e c l a r a t i o n ;
e x t e rn a l  d e c la ra t i o n .

I 3 . 2 . 1 ,  r u l e  d e c la ra t io n s  ]
ru l e  d e c la ra t i o n :

t yp e r,  r u l e  t a g ,  ( f o r m a l  a f fi x  se q u e n ce ),  a c t u a l  r u l e ,  p o i n t  symb o l.
t y p e r :

a c t io n  symb o l;  f u n c t i o n  symb o l;  p re d i c a t e  symb o l;  q u e s t i o n  symb o l.
ru l e  t a g :

ta g .
f o rma l a f fi x  sequence :

f o rma l  a f fi x ,  ( f o r m a l  a f fi x  se q u e n ce ),
f o rma l  a f fi x :

f o rma l a f fi x  s y mb o l ,  f o rma l .
f o rma l :

f o rma l v a r i a b l e ;  f o r m a l  s t a c k ;  f o r m a l  t a b l e ;  f o r m a l  fi l e .
f o rma l  v a r i a b l e :

( r i g h t  s y mb o l )
)  
v a r i a b l
e  
t a g
,  
( r i
g h t  
s y m
b o l
) .

f o rma l  t a b l e :
( fi e l d  l i s t  p a c k ) ,  t a b l e  t a g ,  su b  b u s .

f o rma l  s t a c k :
sub b u s ,  ( fi e l d  l i s t  p a c k ) ,  s t a c k  t a g ,  su b  b u s,

sub b u s :
sub symb o l,  b u s  symb o l.

f o rma l  fi l e :
quote ima g e ,  fi l e  t a g .

[ 3 . 2 . 2 .  a c t u a l  r u l e s  ]
a c t u a l  r u l e :

( l o c a l  a f fi x  se q u e n ce ),  c o l o n  symb o l,  r u l e  b o d y.
l o c a l  a f fi x  sequence :

l o c a l  a f fi x ,  ( l o c a l  a f fi x  se q u e n ce ).
l o c a l  a f fi x :

l o c a l  a f fi x  s y mb o l ,  l o c a l  v a r i a b l e .
l o c a l  v a r i a b l e :

v a r ia b le  t a g .
r u l e  b o d y:
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a l t e rn a t i v e  s e r i e s ;  c l a s s i fi c a t i o n .
a l t e rn a t i v e  s e r i e s :

a l t e rn a t i v e ,  (s e mic o lo n  symb o l,  a l t e r n a t i v e  s e r i e s ) .
a l t e rn a t i v e :

l a s t  member; member, comma symb o l,  a l t e r n a t i v e .

[ 3 . 2 . 3 .  members ]
l a s t  member:

member; t e r m i n a t o r .
mo the r:

a f fi x  f o r m ;  o p e ra t io n ;  compound member.

[ 3 . 4 .  o p e ra t io n s  ]
o p e ra t io n :

t ra n s p o r t ;  i d e n t i t y ;  e x t e n s io n .
t ra n s p o r t :

sou rce ,  d e s t i n a t i o n  sequence.
d e s t in a t io n  sequence:

d e s t in a t io n ,  ( d e s t i n a t i o n  sequence).
d e s t in a t io n :

t o  t o k e n ,  v a r i a b l e ,
t o  t o ke n :

minus symb o l,  r i g h t  symb o l.
i d e n t i t y :

sou rce ,  e q u a ls  symb o l,  so u rce .
e xte n sio n :

o f  symb o l,  fi e l d  t r a n s p o r t  l i s t ,  o f  symb o l,  s t a c k  t a g .
fi e l d  t r a n s p o r t  l i s t :

fi e l d  t r a n s p o r t ,  (comma symb o l,  fi e l d  t r a n s p o r t  l i s t ) .
fi e l d  t r a n s p o r t :

sou rce ,  s e l e c t o r  d e s t in a t io n  sequence.
s e le c t o r  d e s t i n a t i o n  sequence:

s e le c t o r  d e s t i n a t i o n ,  ( s e l e c t o r  d e s t i n a t i o n  sequence ).
s e le c t o r  d e s t in a t io n :

t o  t o ke n ,  s e l e c t o r .

[ 3 . 5 ,  a f fi x  f o r m s  ]
a f fi x  f o r m :

ru l e  t a g ,  ( a c t u a l  a f fi x  se q u e n ce ).
a c t u a l  a f fi x  sequence :

a c t u a l  a f fi x ,  ( a c t u a l  a f fi x  se q u e n ce ).
a c t u a l  a f fi x :

a c t u a l  a f fi x  s y mb o l ,  a c t u a l ,
a c t u a l :

source ;  l i s t  t a g ;  fi l e  t a g .
source :

co n sta n t ;  v a r i a b l e ,
co n sta n t :

p l a i n  va lu e ;  t a b l e  e le me n t ,
v a r ia b le :

v a r ia b le  t a g ;  s t a c k  e le me n t .
t a b le  e le me n t :

(s e le c t o r ,  o f  symb o l ) ,  t a b l e  t a g ,  su b  symb o l,  s o u rc e ,  b u s  symb o l.
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s t a ck  e le me n t :
(s e le c t o r ,  o f  symb o l),  s t a c k  t a g ,  su b  symb o l,  s o u rc e ,  b u s  symb o l.

[ 3 . 6 .  t e rm i n a t o rs  ]
t e rn i n a t o r :

jump; e x i t ;  su cce ss  symb o l;  f a i l u r e  symb o l.
ju n p :

repea t  symb o l ,  r u l e  t a g .
e x i t :

e x i t  symb o l ,  e xp re ss io n .

[ 3 . 7 .  compound members ]
compound member:

open symb o l,  ( l o c a l  p a r t ,  c o l o n  symb o l) ,  r u l e  b o d y,  c l o s e  symb o l.
l o c a l  p a r t :

ru l e  t a g ,  ( l o c a l  a f fi x  se q u e n ce );  l o c a l  a f fi x  se q u e n ce .

[ 3 . 8 .  c l a s s i fi c a t i o n s  ]
c l a s s i fi c a t i o n :

c l a s s i fi e r  b o x ,  c l a s s  ch a in .
c l a s s i fi e r  b o x :

box symb o l,  c l a s s i fi e r ,  b o x  symb o l.
c l a s s i fi e r :

source .
c la ss  c h a in :

c la ss ,  se mico lo n  symb o l,  c l a s s  c h a in ;  l a s t  c l a s s .
c la ss :

a rea ,  comma symb o l,  a l t e r n a t i v e .
a rea :

sub symb o l,  zo n e  s e r i e s ,  b u s symb o l.
zone s e r i e s :

zone, (s e mic o lo n  symb o l,  zo n e  s e r i e s ) .
zone:

(e xp re ss io n ),  u p  t o  symb o l,  (e x p re s s io n ) ;  e x p re s s io n ;  l i s t  t a g .
l a s t  c l a s s :

c la ss ;  a l t e r n a t i v e .

[ 4 ,  d a t a  d e c la ra t io n s  ]
da ta  d e c la ra t i o n :

constan t  d e c la ra t i o n ;
v a r ia b le  d e c la ra t i o n ;
sta ck d e c l a r a t i o n ;
t a b le  d e c l a r a t i o n ;
fi l e  d e c l a r a t i o n .

[ 4 . 1 . 1 .  e xp re ss io n s  ]
e xp re ssio n :

(p lu s  min u s ) ,  t e rm;  e xp re ss io n ,  p l u s  min u s ,  t e rm.
te rm:

(t e rm,  t i me s  b y ) ,  b a se .
base: A

p l a i n  va lu e ;  e x p re s s io n  p a ck.
p l a i n  va lu e :
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i n t e g ra l  d e n o t a t io n ;  c h a ra c t e r  d e n o t a t io n ;  c o n s t a n t  t a g ;  l i m i t .
i n t e g r a l  d e n o t a t io n :

( i n t e g r a l  d e n o t a t io n ) ,  d i g i t .
ch a ra c t e r d e n o t a t io n :

a b so lu te  symb o l,  c h a ra c t e r ,  a b s o lu t e  symb o l.
e xp re ss io n  p a ck:

open symb o l,  e xp re ss io n ,  c l o s e  symb o l.
p lu s  min u s :

p lu s  symb o l;  min u s  symb o l.
t ime s b y :

t ime s symb o l;  b y  symb o l.

[ 4 . 1 . 2 .  c o n s t a n t  d e c la ra t io n s  ]
constan t  d e c la ra t i o n :

constan t  symb o l ,  co n s t a n t  d e s c r i p t i o n  l i s t ,  p o i n t  symb o l.
constan t  d e s c r i p t i o n  l i s t :

constan t  d e s c r i p t i o n ,  (comma symb o l,  c o n s t a n t  d e s c r i p t i o n  l i s t ) ,
constan t  d e s c r i p t i o n :

constan t  t a g ,  e q u a ls  symb o l,  e xp re ss io n .
co n sta n t  t a g :

ta g .

[ 4 . 1 . 3 .  v a r i a b l e  d e c la ra t io n s  ]
v a r ia b le  d e c la ra t i o n :

v a r ia b le  symb o l,  v a r i a b l e  d e s c r i p t i o n  l i s t ,  p o i n t  symb o l.
v a r ia b le  d e s c r i p t i o n  l i s t :

v a r ia b le  d e s c r i p t i o n ,  (comma symb o l,  v a r i a b l e  d e s c r i p t i o n  l i s t ) .
v a r ia b le  d e s c r i p t i o n :

v a r ia b le  t a g ,  e q u a ls  symb o l,  e xp re ss io n .
v a r ia b le  t a g :

ta g .

[ 4 . 1 . 5 •  t a b l e  d e c la ra t io n s  ]
t a b le  d e c la ra t i o n :

t a b le  symb o l,  t a b l e  d e s c r i p t i o n  l i s t ,  p o i n t  symb o l,
t a b le  d e s c r i p t i o n  l i s t :

t a b le  d e s c r i p t i o n ,  (comma symb o l,  t a b l e  d e s c r i p t i o n  l i s t ) .
t a b le  d e s c r i p t i o n :

t a b le  head ,  e q u a ls  symb o l,  fi l l i n g  l i s t  p a ck.
t a b le  head :

( fi e l d  l i s t  p a c k ) ,  t a b l e  t a g .
t a b le  t a g :

ta g .
fi e l d  l i s t  p a ck :

open symb o l,  fi e l d  l i s t ,  c l o s e  symb o l.
fi e l d  l i s t :

fi e l d ,  (co mma  symb o l,  fi e l d  l i s t ) ,
fi e l d :

s e le c t o r  ch a in .
s e le c t o r  ch a in .

s e le c t o r ,  (e q u a l s  symb o l,  s e l e c t o r  c h a in ) .
s e le c t o r :

t a g .
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fi l l i n g  l i s t  p a ck :
open symb o l,  fi l l i n g  l i s t ,  c l o s e  symb o l.

fi l l i n g  l i s t :
fi l l i n g ,  (co mma  symb o l,  fi l l i n g  l i s t ) .

fi l l i n g :
s in g le  b lo c k ;  compound b lo c k ;  s t r i n g  fi l l i n g .

s in g le  b lo c k :
e xp re ss io n ,  ( p o i n t e r  i n i t i a l i z a t i o n ) .

compound b lo c k :
e xp re ssio n  l i s t  p ro p e r  p a ck,  --(p o in te r i n i t i a l i z a t i o n ) .

p o in t e r  i n i t i a l i z a t i o n :
co lon  symb o l,  co n s t a n t  t a g .

e xp re ssio n  l i s t  p ro p e r  p a ck:
open symb o l,  e xp re ss io n  l i s t  p ro p e r ,  c l o s e  symb o l.

e xp re ssio n  l i s t  p ro p e r :
e xp re ssio n ,  comma symb o l,  e xp re ss io n  l i s t .

e xp re ssio n  l i s t :
e xp re ss io n ,  (comma symb o l,  e x p re s s io n  l i s t ) .

s t r i n g  fi l l i n g :
s t r i n g  d e n o t a t io n ,  ( p o i n t e r  i n i t i a l i z a t i o n ) .

s t r i n g  d e n o t a t io n :
quote symb o l,  ( s t r i n g  i t e m sequence ),  q u o t e  symb o l.

s t r i n g  i t e m sequence:
s t r i n g  i t e m,  ( s t r i n g  i t e m sequence).

s t r i n g  i t e m:
non q u o te  i t e m;  q u o t e  ima g e .

quote image :
quote symb o l,  q u o t e  symb o l.

[ L L 1 . 6  s t a c k  d e c la ra t io n s  ]
s t a ck  d e c la ra t i o n :

s t a ck  symb o l,  s t a c k  d e s c r i p t i o n  l i s t ,  p o i n t  symb o l,
s t a ck  d e s c r i p t i o n  l i s t :

s t a ck d e s c r i p t i o n ,  (comma symb o l,  s t a c k  d e s c r i p t i o n  l i t ) .
s t a ck  d e s c r i p t i o n :

s t a ck  head, (e q u a l s  symb o l,  fi l l i n g  l i s t  p a c k ) .
s t a ck  head:

s ize  e s t ima t e ,  ( fi e l d  l i s t  p a c k ) ,  s t a c k  t a g .
s ize  e s t ima t e :

r e l a t i v e  s i z e ;  a b s o lu t e  s i z e .
r e l a t i v e  s i z e :

sub symb o l,  e xp re ss io n ,  b u s symb o l.
a b so lu te  s i z e :

sub symb o l,  b o x  symb o l,  e xp re ss io n ,  b o x  symb o l,  b u s  symb o l.
s t a ck  t a g :

ta g .

[  4 . 1 . 7 .  l i m i t s  ]
l i m i t :

min  l i m i t ;  ma x l i m i t ;  c a l i b r e ,
min  l i m i t :

min  t o ke n ,  l i s t  t a g .
max l i m i t :
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max t o ke n ,  l i s t  t a g .
c a l i b re :

c a l i b re  t o ke n ,  l i s t  t a g .
l i s t  t a g :

sta ck t a g ;  t a b l e  t a g .
mdn t o ke n :

l e f t  symb o l,  l e f t  s y t b o l ,
max t o ke n :

r i g h t  symb o l,  r i g h t  symb o l.
c a l i b re  t o ke n :

l e f t  symb o l,  r i g h t  symb o l.

[ 4 . 2 .  fi l e  d e c l a r a t i o n s  ]
fi l e  d e c l a r a t i o n :

fi l e  t y p e r ,  fi l e  d e s c r i p t i o n  l i s t ,  p o i n t  symb o l.
fi l e  t y p e r :

c h a r fi l e  symb o l ;  d a t a fi l e  symb o l .
fi l e  d e s c r i p t i o n  l i s t :

fi l e  d e s c r i p t i o n ,  (comma symb o l,  fi l e  d e s c r i p t i o n  l i s t ) .
fi l e  d e s c r i p t i o n :

fi l e  t a g ,  ( a r e a ) ,
equa ls symb o l,  ( r i g h t  symb o l) s t r i n g  d e n o t a t io n ,  ( r i g h t  symb o l

fi l e  t a g :
ta g .

[ 5 . 1 .  e x t e r n a l  d e c la ra t io n s  ]
e x t e rn a l  d e c la ra t i o n :

e x t e rn a l  r u l e  d e c la ra t io n ;
e x t e rn a l  t a b l e  d e c la ra t io n ;
e x t e rn a l  co n s t a n t  d e c la ra t i o n ,

e x t e rn a l  r u l e  d e c la ra t i o n :
e x t e rn a l  symb o l,  t y p e r ,  e x t e rn a l  r u l e  d e s c r i p t i o n  l i s t ,  p o i n t  symb o l.

e x t e rn a l  r u l e  d e s c r i p t i o n  l i s t :
e x t e rn a l  r u l e  d e s c r i p t i o n ,

(comma symb o l,  e x t e rn a l  r u l e  d e s c r i p t i o n  l i s t ) .
e x t e rn a l  r u l e  d e s c r i p t i o n :

ru l e  t a g ,  ( f o r m a l  a f fi x  se q u e n ce ),  e q u a ls  symb o l,  s t r i n g  d e n o t a t io n ,
e x t e rn a l  t a b l e  d e c la ra t i o n :

e x t e rn a l  symb o l,  t a b l e  symb o l,
e x t e rn a l  t a b l e  d e s c r i p t i o n  l i s t ,  p o i n t  symb o l.

e x t e rn a l  t a b l e  d e s c r i p t i o n  l i s t :
e x t e rn a l  t a b l e  d e s c r i p t i o n ,

(comma symb o l,  e x t e rn a l  t a b l e  d e s c r i p t i o n  l i s t ) .
e x t e rn a l  t a b l e  d e s c r i p t i o n :

( fi e l d  l i s t  p a c k ) ,  t a b l e  t a g ,  e clu p ls symb o l,  s t r i n g  d e n o t a t io n .
e x t e rn a l  co n s t a n t  d e c la ra t i o n :

e x t e rn a l  symb o l,  co n s t a n t  symb o l,
e x t e rn a l  co n s t a n t  d e s c r i p t i o n  l i s t ,  p o i n t  symb o l.

e x t e rn a l  co n s t a n t  d e s c r i p t i o n  l i s t :
e x t e rn a l  co n s t a n t  d e s c r i p t i o n ,

(comma symb o l,  e x t e rn a l  co n s t a n t  d e s c r i p t i o n  l i s t ) .
e x t e rn a l  co n s t a n t  d e s c r i p t i o n :

constan t  t a g ,  e q u a ls  symb o l,  s t r i n g  d e n o t a t io n .
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[ 6 .  p ra g ma t s  ]
pragmat:

pragmat symb o l ,  p ra g ma t  i t e m  l i s t ,  p o i n t  symb o l.
pragmat i t e m  l i s t :

pragmat i t e m ,  (comma symb o l,  p ra g ma t  i t e m  l i s t ) .
pragmat i t e m :

ta g ,  e q u a ls  symb o l,  i n t e g r a l  d e n o t a t io n ;
ta g ,  e q u a ls  symb o l,  s t r i n g  d e n o t a t i o n ;
ta g ,  e q u a ls  symb o l,  p ragma t  i t e m ;
pragmat i t e m  l i s t  p a ck.

pragmat i t e m  l i s t  p a ck :
open symb o l,  p ra g ma t  i t e m  l i s t ,  c l o s e  symb o l.
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element: 3 . 4 .  3 . 4 . 1 .  4 . 1 . 4 ,
4.1.5.  4 . 1 . 6 .

equal: 5 . 2 . 1 .
equality :  3 . 4 . 2 .
er r or :  2 .  3 . 1 . 1 , 3.2.1.

3.2.2, 3.4.1. 3.8.
4.2.2. 5.2.5. 6.1.

execution: 3 . 2 . 2 . 3.5.

10. I n d e x .

absolute s iz e :  4 . 1 . 4 .  4 . 1 . 6 .
ac t ion:  3 . 2 . 1 .  3 . 4 . 3 .
ac tual a f fi x :  3 . 3 . 2 .  3 . 5 .
ac tual r u le :  3 . 2 . 1 .  3 . 2 . 2 .
add: 5 . 2 . 1 ,
address space: 4 . 1 . 4 .
a f fi x  fo r m:  3 . 2 . 3 .  3 . 5 .
a f fi x  grammars: 1 . 2 .
ALEPH: O .
ALGOL 68: 1 . 2 .
alignment: 6 . 1 .
a lte r na t iv e :  3 . 2 . 2 .
area: 3 . 8 .  4 . 2 .  4 . 2 . 1 .

4.2.2.
a t t r ibu t e :  3 . 7 .
back c har :  5 . 2 . 5 ,
back data:  5 . 2 . 5 ,
back fi l e :  5 . 2 . 5 .
background: 6 . 1 .
back l i n e :  5 . 2 . 5 .
bac k tr ac k - liable:  3 . 2 . 2 .

3.9.3.
b i t s :  5 . 2 . 2 .
block : 3 . 4 . 1 .  3 . 4 . 3 .

4.1.5.2.
bool and: 5 . 2 . 2 .
bool in v e r t :  5 . 2 . 2 .
bool o r :  5 . 2 . 2 ,
bool x or :  5 . 2 . 2 .
bounds: 6 . 1 .
c a l ib r e :  3 . 4 . 3 .  4 . 1 . 4 ,

4.1.5.2,  4 . 1 . 6 .
4.1.7.

c a l l :  3 . 2 . 2 .  3 . 5 .
CIDL: O .
character denotat ion:  3 . 4 .

3.401. 4 . 1 . 1 .
c har fi le :  4 . 2 . 1 .
c lass : 3 . 8 .  6 . 1 .
c las s ifi c a t ion :  3 . 8 .  6 . 1 .
c lear  elem: 5 . 2 . 2 .  6 . 2 .
comment: 7 . 1 .
compare s t r in g :  5 . 2 . 3 .  6 . 2 .
compile: 6 . 1 .
c o m p i l e r
-
p r a g m a t
:  
6 . 1
.

compound bloc k :  4 . 1 . 5 .
compound member: 3 . 7 .  6 . 1 .
cons tant: 3 . 4 . 1 .  4 . 1 . 2 .

4.1.7.
'c ontrol in t ege r :  4 . 2 . 1 .
count: 6 . 1 .
data: 2 .  3 . 3 . 1 .
data dec lar a t ion:  4 .

1
0
-
1da t afi le :  4 . 2 . 2 .

data- item: 4 . 2 . 2 .
data ty pes : 4 .
date: 5 . 2 . 1 .
dec lar at ion:  3 . 1 . 1 .
decr: 5 . 2 . 1 .  6 . 2 .
delete:  4 . 1 . 4 .  5 . 2 . 4 .
des t inat ion:  3 . 4 .  3 . 4 . 1 .
d i r ec t ly  executable ins t r uc t ion :

3.1.1.
divrem: 5 . 2 . 1 .
do l la r - s ign :  7 . 1 .
dump: 6 . 1 .
dynamic bound check: 6 . 1 .

' e x i t ' :  3 . 1 . 1 .  3 . 6 .
express ion: 3 . 6 .  4 . 1 . 1 .

4.1.2.  4 . 1 . 3 .
4.1.6.

ex tens ion: 3 . 4 .  3 . 4 . 3 .
4.1.4.

ex ternal c ons tant:  5 . 1 .
ex ternal-pragmat: 6 . 2 .
ex ternal r u le :  5 . 1 .
ex ternal t a b le :  5 . 1 .
ex trac t b i t s :  5 . 2 . 2 .  6 . 2 .
f a i l :  3 . 2 . 1 .  3 . 9 . 2 .
f a i lu r e  symbol: 3 . 6 .
fa ls e:  5 . 2 . 2 .
fi e ld :  3 . 3 . 1 .  3 . 4 ,  3 . 4 . 3 .

4.1.5,
fi e ld  t r ans po r t :  3 . 4 .
fi l e :  4 . 2 .  5 . 2 . 5 .
fi l l i n g :  4 . 1 . 4 .  4 . 1 . 5 .
fi r s t  c o l :  6 . 1 .  7 . 1 .
fi r s t  t r u e :  5 . 2 . 2 ,
formal a f fi x :  3 . 3 . 1 .  3 . 5 .

3.6.
from a s c i i :  5 . 2 . 3 .
func t ion:  3 . 2 . 1 .  3 . 4 . 1 .
get c har :  4 . 2 . 1 .  5 . 2 . 5 .
get data :  4 . 2 . 2 .  5 . 2 . 5 .
get i n t :  5 . 2 . 5 .
get l i n e :  4 . 2 . 1 .  5 . 2 . 5 .
grammar: 1 . 1 .  2 .
id e n t i t y :  3 . 4 .  3 . 4 . 2 .
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inc r :  5 . 2 . 1 .  6 . 2 .
ind ic a t ion :  4 . 2 . 2 .
infor mat ion:  3 . 1 . 1 .
i n i t i a l i zed : 3 . 3 . 1 .  3 . 3 . 3 .

3.4.1, 3 . 5 .  3 . 7 .
input  fi l e :  2 .  4 . 2 .
in teger :  4 .  5 . 2 . 1 .
in teger  d iv is ion :  4 . 1 . 1 .

5.2.1.
in teger  ov erfl ow: 6 . 2 .
in teger  v alue:  4 . 2 . 2 .
in t eg r a l  denotat ion:  3 . 4 .

3.4.1. 4 . 1 . 1 .
i n t  s iz e :  5 . 2 . 1 .
is  elem: 5 . 2 . 2 .  6 . 2 .
is  t r u e :  5 . 2 . 2 .
I/O fi l e :  4 . 2 .
jump: 3 . 6 ,
las t  c o l :  6 . 1 .  7 , 1 .
l e f t  c i r c :  5 . 2 . 2 .  6 . 2 .
l e f t  c lea r :  5 . 2 . 2 .  6 . 2 .
less : 5 . 2 . 1 .
l i m i t :  4 . 1 . 4 .  4 . 1 . 7 .
l i n e :  4 . 2 . 1 .
l i s t :  4 . 1 . 4 .  5 . 2 . 4 .
l i s t  leng th :  5 . 2 . 4 .
loc a l a f fi x :  3 . 2 . 2 .  3 . 3 . 3 .
loc at ion:  3 . 2 . 2 .  3 . 4 . 1 .

3.4.3, 4 .  4 . 1 . 3 ,
4.1.4. 4 . 1 . 6 .
5.2.4,

long comment: 7 . 1 ,
iseq: 5 . 2 . 1 .
macro: 6 . 1 ,
max c har :  5 . 2 . 3 .
max i n t :  5 . 2 . 1 .  6 . 2 .
max l i m i t :  4 . 1 . 4 .  4 . 1 . 5 . 1 ,

4 . 1 . 5 . 2 .  4 . 1 . 6 .
4.1.7-

may be s t r i n g  po in te r :  5 . 2 . 3 .
member: 3 . 2 . 2 .  3 . 2 . 3 .
min i n t :  5 . 2 . 1 .  6 . 2 .
min l i m i t :  4 . 1 . 4 .  4 . 1 . 5 . 2 .

4.1.6. 4 . 1 . 7 .
minus: 5 . 2 . 1 ,  6 . 2 .
more: 5 . 2 . 1 .
mreq: 5 . 2 . 1 .
mult :  5 . 2 . 1 ,
new l i n e :  4 . 2 . 1 .  5 . 2 . 5 .
new page: 4 . 2 . 1 .  5 . 2 . 5 .

, nex t :  5 . 2 . 4 .
n i l :  4 . 1 . 4 .  5 . 2 . 4 .
non quote i tem:  4 . 1 . 5 .

10-2

noteq: 5 . 2 . 1 .
numerical: 4 . 2 . 2 .  5 . 2 . 5 .
one: 5 . 2 . 1 .
operating system: 2 .  4 . 2 .
operation: 3 . 2 . 3 .  3 . 4 ,
output fi l e :  2 .  4 . 2 .
overflow: 6 . 2 .
P: 5 . 2 .
pack boo l:  5 . 2 . 2 ,
pack i n t :  5 . 2 . 1 .
pack s t r in g :  5 . 2 . 3 .
parameter: 1 . 2 .
plus : 5 . 2 . 1 .  6 . 2 .
PL/I :  1 . 2 .
po in ter :  4 . 2 . 2 .  5 . 2 . 5 .
po in ter  i n i t i a l i z a t i o n :

4.1.5.
pragmat: 6 .
predic ate: 3 . 2 . 1 .
prev ious : 5 . 2 . 4 .
p r in t e r :  4 . 2 . 1 .
program: 2 .  3 . 1 . 1 .  7 . 1 .
put c har : 5 . 2 . 5 .
put data :  4 . 2 . 2 .  5 . 2 . 5 .
put i n t :  5 . 2 . 5 .
put l i n e :  5 . 2 . 5 .
put s t r in g :  5 . 2 . 5 .  6 . 2 .
ques tion: 3 . 2 . 1 .  3 . 4 . 2 .
ques tion, c ommit t ing:  1 . 4 .
ques tion, non-c ommittal:  1 . 4 .
queue: 4 . 1 . 4 .
quote image: 4 . 1 . 5 .
random: 5 . 2 . 1 .
recurs ion: 1 . 5 .
r e la t iv e  s iz e :  4 . 1 . 4 .  4 . 1 . 6 ,
res t  l i n e :  4 . 2 , 1 .  5 . 2 . 5 .
r es ults :  2 .
r ig h t  c i r c :  5 . 2 . 2 .  6 . 2 .
r ig h t  c le a r :  5 . 2 . 2 .  6 . 2 .
r ight - r ec ur s ion:  1 . 3 .
r oot :  3 . 1 . 1 .
r u le :  3 . 2 .  6 . 1 k
rule body: 3 . 2 . 2 .  3 . 7 .
r u le  dec la r a t ion :  3 . 2 . 1 .
same l i n e :  4 . 2 . 1 .  5 . 2 . 5 .
scratch: 4 . 1 . 4 .  5 . 2 . 4 .
scratch fi l e :  4 . 2 .
s elec tor :  3 . 4 .  3 . 4 . 1 .

3.4.3. 4 . 1 . 5 ,
s elec tor  des t ina t ion :  3 . 4 .
semantics: 1 . 2 .
set elem: 5 . 2 . 2 .  6 . 2 .
set random: 5 . 2 . 1 .
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set r e a l  random: 5 . 2 . 1 .
sharp-s ign: 7 . 1 .
short comment: 7 . 1 .
s ide e f f ec t s :  3 . 2 . 1 .  3 . 2 . 2 ,

3.4.1. 3 . 9 . 1 .
s ingle b loc k :  4 . 1 . 5 .
s ize es t imate:  4 . 1 . 6 .
source: 3 . 3 . 2 .  3 . 4 .  3 . 4 . 1 .
s qr t :  5 . 2 . 1 .
stack: 3 . 4 . 3 .  4 . 1 . 4 .  4 . 1 . 6 .
standard ex ter nals :  2 .
s t r ing :  5 . 2 . 3 .  6 . 2 .
s t r ing  denotat ion:  4 . 1 . 5 .

4.2.
s t r ing  elem: 5 . 2 . 3 .  6 . 2 .
s t r ing  fi l l i n g :  4 . 1 . 5 .
s t r ing  i tem:  4 . 1 . 5 .
s t r ing  length :  5 . 2 . 3 .  6 . 2 .
s truc tured programming: O .
sub bus : 3 . 3 . 1 .
subtr : 5 . 2 . 1 .
succeed: 3 . 2 . 1 .
success symbol: 3 . 6 .
syntax: 2 .
table:  4 . 1 . 4 .  4 . 1 . 5 .
table head: 4 . 1 . 5 .
' t a g ' :  2 .  3 . 1 . 2 .  3 . 3 . 1 .

3.3.3. 3 . 4 . 1 .  3 . 7 .
4.1.1. 5 . 1 .  7 . 1 .

ter minat ion s ta te :  2 .  3 . 1 . 1 .
3.6.

terminator :  3 . 2 . 3 .  3 . 6 .
t ime: 5 . 2 . 1 .  6 . 2 .
times : 5 . 2 . 1 .
t i t l e :  6 . 1 .
to a sc i i :  5 . 2 . 3 ,
to tok en: 3 . 4 .
t r ans por t :  3 . 4 .  3 . 4 . 1 .  3 . 5 .

4.1.6.
t r ue:  5 . 2 . 2 .
typer : 3 . 2 . 1 .
unpack boo l:  5 . 2 . 2 ,
unpack i n t :  5 . 2 . 1 .
unpack s t r in g :  5 . 2 . 3 .  6 . 2 .
unqueue: 4 . 1 . 4 .  5 . 2 . 4 .
unqueue n : 4 . 1 . 4 ,
unqueue t o :  5 . 2 . 4 .
unstack: 4 . 1 . 4 .  5 . 2 . 4 .
unstack n :  4 . 1 . 4 .
unstack s t r in g :  5 . 2 . 3 .  6 . 2 .
unstack t o :  5 . 2 . 4 .
user-pragmat: 6 . 3 .
variable: 3 . 3 .  3 . 3 . 3 .

3.4.1.  4 . 1 . 3 .
v i r t u a l  max l i m i t :  4 . 1 . 4 ,
v i r t u a l  min l i m i t :  4 . 1 . 4 .
was: 5 . 2 . 4 .
word: 5 . 2 . 2 .
word s iz e :  5 . 2 . 2 .
wrong b i t :  6 . 2 .
wrong s t r in g :  6 . 2 .
zero: 5 . 2 . 1 .
zone: 3 . 8 .
.: 5 . 2 .




