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ABSTRACT

The g e n e r a l i t y  o f  ALGOL 68  makes i t  d i f fi c u l t  t o  o b t a i n  good e r r o r  r e -

cove ry when t h e  t r a d i t i o n a l  to p -d o wn  e r ro r - re c o v e ry  method i s  a p p l i e d .  A n

e r ro r - re c o v e ry  t e ch n iq u e  i s  d e sc r ib e d  f o r  o p e ra to r-p re ce d e n ce  la n g u a g e s,

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

ske le to n s.  T h i s  t e ch n iq u e  was u se d  t o  c o n s t ru c t  a n  L L ( I )  g rammar f o r  p a rs in g

the p r e fi x  f o r m  o f  a n y  so u rce  t e x t  w i t h  re p a i re d  p a re n t h e s is  s k e le t o n .  Th e

number o f  p la ce s  i n  t h e  so u rce  t e x t  whe re  " re s y n c h ro n iz a t io n "  t a k e s  p la c e

i s  c o n s id e ra b ly  e n la rg e d .  I n  f a c t ,  re s y n c h ro n i z a t i o n  t a ke s  p la c e  f o r  each
t e rmin a l  symb o l i n v o l v e d  i n  t h e  p ro d u c t io n  r u l e  c u r r e n t l y  a p p l ie d .

I n  o rd e r  t o  a p p ly  t h e  t e ch n iq u e  t o  ALGOL-68 p ro g ra ms,  t h e  l e x i c a l  sca n

has t o  i n s e r t  a d d i t i o n a l  o p e ra t o rs  i n  t h e  so u rce  t e x t ,  s u c h  a s a  c a l l / s l i c e

o p e ra to r be tween a  p r ima ry  and a  f o l l o w i n g  p a ck o r  b ra c k e t .

KEY WORDS & PHRASES: ALGOL 68, s y ntax - dir ec ted e r r o r  recovery , oper a to r
precedence, LL( 1)  grammar, p r e fi x  t r ans duc t ion,





1. INTRODUCTION
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The p r ima ry  p u rp o se  o f  e r r o r  re c o v e ry  i n  t h e  p a rs in g  o f  p ro g ra ms i s

to  min imiz e  t h e  number o f  ru n s  re q u i re d  t o  o b t a i n  a  s y n t a c t i c a l l y  c o r r e c t

program. T h i s  g o a l  i s  a ch ie ve d  b y  c o n t in u in g  t h e  p a rs in g  i n  a  " me a n in g f u l "
way a f t e r  a  s y n t a c t i c  e r r o r  h a s been  d e t e c t e d ,  s o  t h a t  p e r t i n e n t  i n f o rma t i o n

may b e  g i v e n  o n  e r r o r s  o c c u r r i n g  f u r t h e r  o n  i n  t h e  so u rce  t e x t .

The g e n e r a l i t y  o f  ALGOL 6 8  [ l ]  makes good  e r r o r  re c o v e ry  c o n s id e ra b ly

more d i f fi c u l t  t h a n  i t  i s ,  f o r  i n s t a n c e ,  i n  ALGOL 6 0 .  I n v e s t i g a t i n g  t h i s

p rob lem, we  co n clu d e d  t h a t  t h e  b o t t le n e c k  f o r  good re s y n c h ro n iz a t io n  o f  t h e

p a rse r was f o rme d  b y  t h e  p ro b le m o f  unba lanced  p a re n th e se s.  T h e re f o re ,  i t

was d e c id e d  t h a t  i n  t h e  mach ine -independen t  ALGOL-68 c o mp i le r  wh ich  i s

c u r re n t l y  b e in g  deve loped  a t  t h e  Ma th e ma t ica l Ce n t re ,  i n c o r r e c t  p a re n t h e s is

ske le to n s w i l l  b e  re p a i re d  b e f o re  t h e  so u rce  t e x t  i s  p a rse d .  T h i s  i s  t re a t e d

i n  d e t a i l  i n  [ 2 ]  a n d  [ 3 ] .  T h i s  d e c i s i o n  now appears t o  p a y  o f f  i n  a  t wo f o ld

way:

( i )  A t  a n  e a r l y  s t a g e  i t  was d e c id e d  t o  p a rse  to p -d o wn .  A s  a  t o o l  f o r  w r i t -

in g  o u r  c o mp i l e r  we have  a t  o u r  d i s p o s a l  t h e  language  ALEPH [ 4 , 5 ] ,

wh ich  i s  p a r t i c u l a r l y  s u i t e d  f o r  to p -d o wn  p a rs in g  a cco rd in g  t o  a  g ra m-

mar o f  t y p e  L L (1 ) [ 6 ] .  Th e  c o n t e x t - f re e  grammar u n d e r l y in g  171 t h e  ALGOL-68

syn tax i s  n o t  o f  t y p e  L L (1 ) ,  b u t  i t  seems p o s s ib l e  t o  c o n s t ru c t  a n

LL (1 ) g rammar f o r  " c o n t e x t - f re e  ALGOL 6 8 " .  Ho we ve r,  i n  d o in g  t h i s ,  t h e

o r i g i n a l  s y n t a c t i c  s t r u c t u r e  i s  l o s t .  A n o t h e r p o s s i b i l i t y  i s  t o  a p p ly

beforehand a  s imp le  t ra n s d u c t io n  scheme [ 8 ] ,  o p e ra t i n g  f r o m  r i g h t  t o

l e f t ,  wh ic h  b r i n g s  t h e  so u rce  t e x t  i n  p r e fi x  f o r m .  I n  o rd e r  t o  a p p ly

t h i s  me thod ,  t h e  p a re n t h e s is  s k e le t o n  sh o u ld  b e  c o r r e c t ,  f o r ,  i f  t h i s

t ra n sd u c t io n  scheme i s  a p p l ie d  b l u n t l y  t o  a  so u rce  t e x t  w i t h  a n  i n c o r -

r e c t  p a re n t h e s is  s k e le t o n ,  t h e  r e s u l t  i s  i n  g e n e ra l  u n a cce p ta b le .

) Th e  p re su mp t io n  t h a t  knowledge a b o u t  e r r o r s  i n  t h e  p a re n t h e s is  s k e le t o n

would  a l l e v i a t e  t h e  p ro b le ms o f  e r r o r  re c o v e ry  was co n fi rme d  i n  a

s t ro n g e r way t h a n  we e xp e cte d :  Th e  t ra n s d u c t io n  scheme men t ioned  above

can b e  amended i n  su ch  a  way t h a t  a l l  p o s s i b l e  e r r o r s  i n  t h e  so u rce

t e x t  a re  d e sc rib e d  s y n t a c t i c a l l y .  E r r o r  re c o v e ry  t h e n  s i mp l y  becomes a

s id e  e f f e c t  o f  s y n t a x -d i re c t e d  p a rs in g .
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I t  i s  n o t  s u r p r i s i n g  t h a t  t h e  a p p l i c a t i o n  o f  a  r i g h t - t o - l e f t  t ra n s d u c t i o n

scheme opens p o s s i b i l i t i e s  f o r  e r r o r  re c o v e ry :  i t  ca n  b e  v ie we d  a s  a n  u n -

bounded lookahead  f ro m l e f t  t o  r i g h t .

The pu rpose  o f  t h i s  p a p e r i s  t o  s k e t c h  t h i s  e r r o r - r e c o v e r y  t e ch n iq u e .

Th is  i s  done b y  d e s c r ib in g  t h e  t e ch n iq u e  i n  a n  i n f o rma l  wa y.  S u b se q u e n t ly ,
i t  i s  demonst ra ted  o n  a  s ma l l  examp le .  We co n clu d e  w i t h  a  s e c t i o n  o n  t h e

s p e c i fi c  d i f fi c u l t i e s  i n v o l v e d  i n  a p p ly in g  t h e  t e ch n iq u e  t o  ALGOL 6 8 .

2. CONVENTIONS, TERMINOLOGY

We s h a l l  r e f r a i n  f ro m g i v i n g  a  f o rma l  d e fi n i t i o n  o f  w e l l - e s t a b l i s h e d

concep ts,  su ch  a s  " c o n t e x t - f r e e  g rammar" ,  t h e  " la n g u a g e  d e sc r ib e d  b y "  a
grammar, " p a rs e  t r e e " ,  " p ro d u c t i o n s " ,  e t c .  I n s t e a d ,  we  s h a l l  i n t ro d u c e  o u r

conven t ions i n  a n  i n f o rma l  wa y.  F o l l o w i n g  t h e  ALGOL-68 t e rmin o lo g y ,  n o n -

t e rmin a l  symb o ls w i l l  b e  c a l l e d  n o t io n s ,  a n d  t e rm i n a l  symb o ls w i l l  b e  c a l l e d

symbols.

2.1. LL(k)-grammars and top-down par s ing

In  t h i s  p a p e r,  t h e  co n ce p t  o f  " L L ( k )  g rammar"  i s  u se d .  F o r  a  d e fi n i t i o n

we r e f e r  t o  E61 .  We s h a l l  o n l y  me n t io n  h e re  t h o se  p ro p e r t i e s  t h a t  a re  r e l e -

va n t  t o  t h e  e x p o s i t i o n .

I f  a  grammar i s  o f  t y p e  L L ( k ) ,  t h i s  means t h a t  i t  i s  p o s s i b l e  t o  c o n -

s t r u c t  a  p a rse  t r e e  f o r  a  t e x t  d e sc r ib e d  b y  t h a t  g rammar i n  t h e  f o l l o w i n g

way: S t a r t  w i t h  ( i )  a  p a r t i a l  p a rse  t r e e  c o n s i s t i n g  o f  o n l y  one  ( t o p )  n o d e ,

la b e le d  w i t h  t h e  s t a r t  n o t i o n ,  a n d  ( i i )  t h a t  t e x t .  Th e  t o p  node i s  s a i d  t o

be " u n t re a t e d " .  I n  a  number o f  su cce ss ive  s t e p s ,  t h e  p a rse  t r e e  w i l l  b e

developed b y  a t t a c h in g  t o  some b o t t o m node wh ich  i s  l a b e le d  w i t h  a  n o t i o n  a

number o f  (u n t re a t e d )  d e sce n d a n ts,  o n e  f o r  e a ch  symb o l o r  n o t i o n  o f  one  o f

i t s  p ro d u c t io n s .  A t  t h e  same t i me ,  t h e  t e x t  w i l l  b e  a cce p te d  b y  d e le t i n g

f ro m l e f t  t o  r i g h t  su cce ss ive  symb o ls .  Ea ch  s t e p  h a s t h e  f o l l o w i n g  f o rm:

Take t h e  l e f t mo s t  u n t re a t e d  node i n  t h e  p a r t i a l  p a rse  t r e e  ( t h i s  i s  a lwa ys

a b o t t o m n o d e ).  T h a t  node i s  t h e n  " t re a t e d "  a s  f o l l o w s :  I f  t h a t  node i s

la b e le d  w i t h  a  n o t i o n ,  s e l e c t ,  o n  t h e  b a s is  o f  t h a t  n o t i o n  and t h e  fi r s t  k

symbols o f  t h e  t e x t ,  a  p ro d u c t io n  f o r  t h a t  n o t i o n  and d e ve lo p  t h e  p a rse  t r e e



a cco rd in g ly .  (T h e  s e l e c t i o n  i s  u n iq u e ly  d e te rmin e d  f o r  a n  L L (k )  g ra mma r. )
I f  t h a t  node i s  l a b e le d  w i t h  a  symb o l,  i t  i s  e q u a l  t o  t h e  fi r s t  s y mb o l  o f

the re ma in in g  t e x t  ( t h i s  i s  a  p ro p e r t y  o f  t h e  s e l e c t i o n  p ro ce d u re  f o r  L L (k )

grammars),  a n d  t h a t  fi r s t  s y mb o l  i s  d e le t e d .
I f  t h e  t e x t  was in d e e d  p roduced  b y  t h e  g i v e n  g rammar,  t h i s  p a rs in g

process w i l l  t e rmin a t e  w i t h  a  co mp le te  p a rse  t r e e  ( a l l  nodes t re a t e d )  a n d  a n

empty re ma in in g  t e x t .  O t h e rwise ,  t h e  p ro ce ss t e rmin a t e s  w i t h  a  nonempty r e -
ma in in g  t e x t  o r  a t  some s t a g e  i n  t h e  p ro ce ss n o  s e l e c t i o n  i s  p o s s ib l e .

A p a rs in g  method a s  ske tch e d  above i s  known a s a  t o p
-
d o w n  m e t h o d ;  t h e

f a c t  t h a t  t h e  s e l e c t i o n  i s  u n iq u e ly  d e te rmin e d ,  s o  t h a t  n o  d e c is io n s  h a ve

ever t o  b e  undone, l a b e l s  t h i s  method a s  d e t e r m i n i s t i c .  I t  may b e  e a s i l y

implemented b y  a  sys te m o f  mu t u a l l y  r e c u rs i v e  ro u t i n e s ,  o n e  f o r  e a ch  n o t i o n .

Du rin g  t h e  p a rs in g  p ro ce ss ,  t h e  u n t re a t e d  p a r t  o f  t h e  t r e e  i s  r e fl e c t e d  i n
the s t a t u s  o f  t h e  l i n k  s t a c k .

2.2. T rans duc tion schemes

The we l l -kn o wn  concep ts o f  t r a n s l a t o r  ( t r a n s l a t i o n ,  t r a n s l a t i o n  scheme)

and t ra n sd u ce r ( t ra n s d u c t i o n ,  t ra n s d u c t i o n  scheme) a r e  c l o s e l y  connected .
The e s s e n t i a l  d i f f e re n c e  between a  t ra n sd u ce r and  a  t r a n s l a t o r  i s  t h a t  a

t ra n s l a t o r  i s  gua ran te ed  t o  wo rk  o n l y  o n  p ro p e r t e x t s ,  d e s c r ib e d  b y  a  g i v e n

grammar, whe reas a  t ra n sd u ce r wo rks  o n  a  w id e r  c l a s s  o f  i n p u t  t e x t s :  i n

g e n e ra l,  o n  t h e  language  E
*
,  w h e r e  I  
i s  
t h e  
s e t  
o f  
i n p u
t  
s y m b
o l s .  
F o
r  
a

comprehensive d e s c r i p t i o n  o f  t h e se  co n ce p ts and  t h e i r  a p p l i c a b i l i t y ,  we
re f e r  t o  [ 8 ] .  I n  o u r  ca se ,  we  a re  i n t e re s t e d  o n l y  i n  p ro p e r f u n c t i o n i n g  o f
the t ra n sd u ce r o n  t h e  su b se t  o f  I
*  c o n s i s t i n g  
o f  
t e x t s  
w i t h  
a  
c o r r e c
t

p a re n th e sis  s k e le t o n .  Su ch  t ra n sd u ce rs  ca n  e a s i l y  b e  co n s t ru c t e d  f o r  a  p a r -

t i c u l a r  c l a s s  o f  o p e ra to r-p re ce d e n ce  g rammars,  wh ic h  we h a ve  c a l l e d  " o p e ra -

t o r-p a re n t h e s is  g ra mma rs" .

3. TOP-DOWN ERROR RECOVERY AND ALGOL 6 8

One advantage o f  to p -d o wn  p a rs in g  i s  men t ioned  b y  KNUTH: " wh e n  we a re

f o rt u n a t e  enough t o  have  a n  L L (1 ) g rammar,  we  have  more  fl e x i b i l i t y  i n

a p p ly in g  se ma n t ic  r u l e s ,  s i n c e  we know wha t  p ro d u c t io n  i s  b e in g  used  b e f o re
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we a c t u a l l y  p ro ce ss i t s  components. T h i s  fo re kn o wle d g e  ca n  be  e x t re me ly  i m -

p o rt a n t  i n  p r a c t i s e . "  [ 6 ]  ( A l t h o u g h  t h i s  re ma rk  s p e c i fi c a l l y  r e f e r s  t o  L L (
1
)
grammars, i t  seems t o  h o ld  f o r  L L (k )  g rammars i n  g e n e ra l ,  p ro v id e d  t h a t  t h e

k-symb o l lookahead  i s  n o t  co n s id e re d  " p ro c e s s in g " . )

I t  i s  n o t  t h e  pu rpose  o f  t h i s  p a p e r t o  j u s t i f y  o u r  c h o ic e  f o r  a  p a r t i c -

u l a r  p a rs in g  method, b u t  i t  sh o u ld  b e  c l e a r  t h a t  t h i s  c h o ic e  has p ro fo u n d
bea rings o n  t h e  e r ro r - re c o v e ry  t e ch n iq u e s p o s s ib l e .  CRIES: " Th e  n i c e  p a r t

about to p -d o wn  e r r o r  re c o v e ry  i s  t h a t  t h e  p a r t i a l l y  co n s t ru c t e d  t r e e  conveys

much u sa b le  i n f o rma t i o n  abou t  wh a t  sh o u ld  appea r n e x t  i n  t h e  so u rce  p ro g ra m.

Th is  i n f o rma t i o n  i s  n o t  a s  r e a d i l y  a v a i l a b l e  i n  t h e  b o t to m-u p  me th o d . "  [ 9 ]

A top -down  e r ro r - re c o v e ry  t e ch n iq u e  i s  ske t ch e d  i n  E91: I f ,  i n  t h e

p a r t i a l  p a rse  t r e e  a t  some s t a g e  n o  s t e p  i s  p o s s i b l e  ( f o r  a  node la b e le d

w i t h  a  n o t io n :  n o  s e l e c t i o n  i s  p o s s ib le ;  f o r  a  node la b e le d  w i t h  a  symb o l:

i t  i s  n o t  e q u a l t o  t h e  fi r s t  symb o l  o f  t h e  re ma in in g  s t r i n g ) ,  p ro ce e d  t h e n

upwards i n  t h e  t r e e  u n t i l  a  node i s  e n co u n te re d ,  l a b e l e d  w i t h  a n  " imp o r t a n t "

n o t io n ,  a f t e r  wh ich  t h e  wh o le  t r e e  descend ing  f r o m t h a t  node ,  i n c l u d i n g  t h e

node i t s e l f ,  i s  co n s id e re d  t re a t e d .  D e l e t e ,  t h e n ,  su cce ss ive  symb o ls f r o m

the re ma in in g  s t r i n g  u n t i l  a  n e x t  s t e p  i s  p o s s ib l e .  Th e  p a rs in g  p ro ce ss may

now be  resumed. F o r  ALGOL 6 0 ,  a n  imp o r t a n t  n o t i o n  wo u ld  b e ,  e . g . ,  " s t a t e -

ment" .  I f  t h e  p a rs in g  p ro ce ss g e t s  s t u c k  i n  a  s t a t e me n t ,  t h e  e f f e c t  o f  t h i s

techn ique  wo u ld  b e  t h a t  t h e  so u rce  t e x t  i s  sk ip p e d  u p  t o  a  se mico lo n ,  e n d  o r

e lse ,  whereupon t h e  p a rs in g  co n t in u e s .  Due  t o  t h e  g e n e r a l i t y  o f  ALGOL 6 8 ,

t h i s  t e ch n iq u e  i s  n o t  s t r a i g h t f o r w a r d l y  a p p l i c a b le .  Th e  ALGOL-60 co n ce p ts

o f  s t a t e me n t  and  e xp re ss io n  a re  u n i fi e d  i n  ALGOL 6 8  i n t o  t h e  " u n i t " .  A  t y p i -

ca l  examp le  i s  g i v e n  b y

p r in t ( c : =  begin r e a l  a  =  ex p(x ) ;  a  +  1 A )  * . 5  end) ,

wh ich  i n  ALGOL 6 0  c o u ld  b e

begin r e a l  a ;  a : =  exP(x ) ; c : =  ( a  +  1 A )  * . 5  end; p r i n t ( c ) .

The v e r y  l e a s t  t h i n g  t o  d o  i s  n o t  t o  s k i p  t o  some re s y n c h ro n iz in g  symb o l

such a s  a  se mico lo n ,  e n d  o r  e l s e ,  b u t  t o  make a n  e f f o r t  t o  p a rse  p a re n t h e -

size d  c o n s t ru c t s  encoun te red  meanwh ile .  B u t  e ve n  t h e n ,  i t  may b e  expected



t h a t  t h e  f re e d o m o f  e xp re ss io n  i n  ALGOL 6 8  w i l l  g i v e  r i s e  t o  a  s t y l e  o f

programming compared t o  wh ich  t h e  ALGOL-60 way o f  c u t t i n g  i n t o  s t a te me n ts
w i l l  seem sh o rt -b re a t h e d .  I t  i s  t h e re f o re  d e s i ra b le  t o  in c re a s e  t h e  number

o f  p o i n t s  wh e re  re s y n c h ro n iz a t io n  may t a k e  p la c e .  B u t  i f  t h i s  i s  done a t  a l l ,
i t  sh o u ld  b e  done i n  a  sys t e ma t ic  f a s h io n ;  p e rh a p s n o  e r r o r  re c o v e ry  wh a t so -

ever i s  b e t t e r  t h a n  a n  u n su rve ya b le  c o l l e c t i o n  o f  a d -h o c me thods,  t h e  co m-

b ined  e f f e c t  o f  wh ich  may e a s i l y  go  beyond o u r  l i m i t e d  a b i l i t y  t o  g ra sp  c o m
-p l i c a t e d  p ro ce sse s.

RESYNCHRONIZAT ION AND PREFIX FORM

The essence  o f  re s y n c h ro n iz a t io n  i s :  i f  t h e  p a rs in g  p ro ce ss g e t s  s t u c k ,

sk ip  t h e  so u rce  t e x t  i n  some way up  t o  a  symb o l wh e re  p a rs in g  may b e  r e -
sumed. F o r  t h i s  t o  b e  f u l l y  e f f e c t i v e ,  t w o  t h i n g s  a re  re q u i re d :  knowledge

about wh ich  symb o ls a l l o w  re su mp t io n  o f  t h e  p a rs in g  p ro ce ss ,  a n d  a  g u a ra n te e

t h a t  su ch  a  symb o l i s  in d e e d  p re se n t .  F o r ,  i f  t h e  cause  o f  t h e  d e ra i lme n t  o f

the p a rs e r  was t h e  o miss io n  o r  m u t i l a t i o n  o f  some symb o l f r o m  t h e  so u rce

t e x t ,  t h e  remedy o f  t r y i n g  t o  re syn ch ro n ize  o n  t h a t  symb o l i s ,  i n  g e n e ra l ,
worse t h a n  t h e  d ise a se .

Conside r a  f o rmu la  a  +  O. (H e re ,  a n d  i n  t h e  se q u e l ,  we  l o o s e l y  a p p ly

such t e rms  a s  " f o rmu l a "  t o  p ie ce s  o f  so u rce  t e x t  wh ich  s u p e r fi c i a l l y  re se mb le

a p ro p e r f o rmu la ,  b u t  wh ich ,  o n  c l o s e r  i n s p e c t i o n ,  may t u r n  o u t  t o  b e  i n -

c o r re c t . )  I f  p a rs in g  g e t s  s t u c k  i n  t h e  operand  a ,  we  wa n t  i t  t o  resume a t

the o p e ra t o r  + .  F o r  a  to p -d o wn  p a rs e r ,  t h e  knowledge t h a t  a  i s  a n  operand

and, t h e r e f o r e ,  ma y b e  f o l lo we d  b y  a n  o p e ra t o r ,  i m p l i e s  t h e  knowledge t h a t

i t  i s  t o  p a rse  a  f o rmu la  a t  t h e  s t a r t  o f  a  +  a .  T h i s  i n f o rma t i o n  ca n  b e

su p p lie d  b y  b r i n g i n g  t h e  so u rce  t e x t  i n  p r e fi x  f o r m ,  s o  t h a t  t h e  f o rmu la

reads +  a  B u t  now t h e  symb o l a t  wh ich  t o  re syn ch ro n ize  h a s d isa p p e a re d

f ro m t h e  p o i n t  o f  re s y n c h ro n iz a t io n !  F o r t u n a t e l y ,  t h e  r i g h t - t o - l e f t  t r a n s -

duce r,  wh ic h  p i c k s  u p  t h e  o p e ra t o r t o  d ro p  i t  a g a in  somewhere t o  t h e  l e f t ,

can le a v e  b e h in d ,  a t  t h e  p o i n t  whe re  i t  p ic ke d  i t  u p ,  a  t o ke n  t h a t  t h i s  i s

the p o i n t  a t  wh ich  t o  re syn ch ro n ize .  F o r  t h i s  p u rp o se  we in t ro d u c e  a  new

" syn ch ro n iza t io n  symb o l" ,  o r ,  f o r  s h o r t ,  " s y n c h ro " ,  wh ic h  we deno te  b y  1 .

Using  t h i s ,  t h e  p r e fi x  f o r m  o f  a  +  a  becomes +  a  I  a ,  a n d  we may o b se rve
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t h a t  t h e  o ccu rre n ce  o f  a n  o p e ra t o r,  s a y  i n  t h e  so u rce  t e x t  i m p l i e s  t h a t

i t  h a s been  d ropped t h e re  b y  t h e  t ra n sd u ce r,  s o  i t  h a s been  p icke d  u p  some-

where t o  t h e  r i g h t .  Th e re f o re ,  t h e  p a rs e r  ca n  b e  s u re  o f  t h e  f u t u r e  p re se n ce

o f  a  syn ch ro .  L i k e w i s e ,  a  syn ch ro  ca n  o n l y  b e  p re se n t  i f  a n  o p e ra t o r h a s

been p icke d  u p  a t  t h a t  p la c e ,  a n d  t h a t  o p e ra t o r  mu st  have  been  dropped
somewhere t o  t h e  l e f t .  S in c e  t h e  t ra n sd u ce r p i c k s  u p  and  d ro p s  o p e ra t o rs  o n

a " l a s t  i n  -  fi r s t  o u t "  b a s i s ,  t h e  o p e ra t o rs  a n d  t h e  co rre sp o n d in g  syn ch ro s

can be  v ie we d  a s  p ro p e r l y  ba lanced  and  n e ste d  p a re n th e se s.

We wan t  t o  h a ve  a  g ra mma t ica l t re a t me n t  o f  t h e  p r e fi x - f o r m  o u t p u t  t e x t s ;

to  t h i s  p u rp o se ,  t h e  t ra n s d u c t io n  may, a s  i t  we re ,  b e  p e rfo rme d  o n  t h e

p ro d u ct io n s o f  t h e  o r i g i n a l  g rammar.

4.1. O p e r a t o r
-
p a r e n t h e s i s  
a n d  
s y n c h
r o n i z
e d  
p r e
fi x  
g r a
m m
a r s

Le t  G be  a n  o p e ra to r-p re ce d e n ce  grammar ( f o r  a  d e fi n i t i o n ,  s e e  D O D .

Th is  i m p l i e s  t h a t  e a ch  p ro d u c t io n  i s  o f  t h e  f o rm a
o  T
1  a
l  . . .  a  T  
a n ,

n - I  n  n
w h e r e e a c h o f t h e a . i s  e i t h e r  c  o r  a  n o t i o n  and wh e re  each  o f  t h e  T .  i s  a1
symbol. F o r  a  p ro d u c t io n  w i t h  n  =  1 ,  T
i  w i l l  b e  
c a l l e d  
a n  
o p e r a t o r ;  
i f

n 2 ,  T
i  
w i l l  
b e  
c a
l l
e d  
a
n  
o
p
e
n
e
r ,  
T
i  
w
i
l
l  
b
e  
c
a
l
l
e
d  
a  
m
i
d
d
l
e
r  
f
o
r

2 5  i  5  n -1 ,  a n d  T
n  w i l l  
b e  
c a l l e d  
a  
c l o s
e r .  
T o g
e t h e
r ,  
o p e
n e r
s ,  
m i
d d
l e
r s  
a
n
d

c lo se rs  f o rm  t h e  p a re n th e se s.

Between some p a i r s  o f  symb o ls a  and  T ,  a  p recedence  r e l a t i o n  (<-,  *  o r

4
)  
i
s  
d
e
f
i
n
e
d
.  
W
e  
h
a
v
e  
a  
*  
T
i  
f
o
r  
a
l
l  
s
y
m
b
o
l
s  
a  
s
u
c
h  
t
h
a
t  
a
i
_
i  
B
o
a
'
,

T i  ‹ -  a  f o r  a l l  symb o ls a  su ch  t h a t  a .  a ' a a ,  a n d  T .  a  T  ( w h e r e  a '  i s
aga in  e i t h e r  e  o r  a  n o t i o n ) .

An o p e r a t o r
-
p a r e n t h e s i
s  
g r a m
m a r  
i s  
a
n  
o p e r
a t o r -
p r e c
e d e n
c e  
g r
a
m
m
a r  
G

such t h a t  t h e  o p e ra t o rs ,  o p e n e rs ,  m id d le rs  and  c l o s e rs  o f  G  f o rm mu t u a l l y

d i s j o i n t  s e t s .  F o r  su ch  a  grammar i t  i s  p o s s i b l e  t o  c o n s t ru c t  a  t r a n s l a t o r

wh ich  b r in g s  so u rce  t e x t s  i n  p r e fi x  f o r m ,  o n l y  kn o win g  t h e  p recedence  r e -

l a t i o n s  be tween  t h e  symb o ls .  T h i s  i s  i n  f a c t  t h e  t e ch n iq u e  used  i n  t h e  fi r s t

ALCOL-60 t r a n s l a t o r  b y  DIJKSTRA and  ZONNEVELD t o  t r a n s l a t e  ALGOL-60 p ro g ra ms

to  re v e rs e  P o l i s h  n o t a t i o n  (=  p o s t fi x  f o r m )  [ l l ] .

Usu a l ly ,  t h e  r e s t r i c t i o n  i s  made t h a t  no  n o t i o n  p roduces c .  S in c e  t h i s

p la ys a  r o l e  o n l y  f o r  p a rse rs  based  o n  o p e ra t o r  p recedence ,  a n d  n o t  f o r
t ra n s la t o rs  o r  t ra n sd u ce rs ,  t h i s  r e s t r i c t i o n  i s  d ropped  h e re .



4.2. Resynehronization

7

I n  o rd e r  t o  c o n s t ru c t  a  t ra n sd u ce r f o r  so u rce  t e x t s  w i t h  a  c o r r e c t

p a re n th e sis s k e le t o n ,  i t  i s  s u f fi c i e n t  t o  e xte n d  t h e  p recedence  r e l a t i o n s

to  a l l  p a i r s  o f  symb o ls a ,  T  be tween wh ich  no  p recedence  r e l a t i o n  i s  d e fi n e d ,

w i t h  t h e  e xce p t io n  o f  t h o se  p a i r s  wh e re  a  i s  a n  opener o r  a  mid d le r  and  T  i s

a mid d le r  o r  a  c l o s e r .  ( A  c o n f ro n t a t io n  between su ch  symb o ls w i t h  u n d e fin e d

precedence r e l a t i o n  ca n  o ccu r o n l y  i n  i n c o r r e c t l y  p a re n th e s ize d  t e x t s . )  T h i s
must b e  done b y  t a k i n g  .G i f  a  i s  a n  opener o r  a  m id d le r ,  a n d  •  i f  I  i s  a

mid d le r  o r  c l o s e r .  I n  t h e  o t h e r  ca se s ( a  i s  a  c l o s e r  o r  o p e ra t o r  and  T i s

an opener o r  o p e ra t o r ) ,  we  have  a  f r e e  ch o ice  be tween .G and 0.. F o r  c o r r e c t

in p u t  t e x t s ,  t h i s  t ra n sd u ce r i s  e q u iv a le n t  t o  t h e  t r a n s l a t o r :  o n l y  t h e

o r i g i n a l  p recedence  r e l a t i o n s  a re  u se d .  Th e  o u t p u t  t e x t s  a r e  d e sc rib e d  b y

the syn ch ro n ize d  p r e fi x  g rammar G o b t a i n e d  f ro m G b y  re p la c i n g  each  p ro d u c -

t i o n  a
o  T
1  
a
l  
a
n
-
1  
I
n  
n  
a  
o
f  
G  
w
i
t
h  
n  
1  
b
y  
a  
a
,  
1  
a  
a
n
-
1  
I  
a
n
,

T
i
.
.
.
T  
n

where a
T
T  
i
s  
a  
s y
m
b
o l  
u
n
i
q
u
e
l
y  
d
e
t
e
r
m
i
n
e
d  
b
y  
.
.
T

I n. .  I
.  
n

.
With  some l u c k ,  t h i s  grammar G i s  o f  t y p e  L W )  s t ra ig h t a wa y .  O t h e r -

wise ,  i t  may b e  n e ce ssa ry t o  " i d e n t i f y "  some n o t io n s  b y  re p la c i n g  th e m b y

one and  t h e  same n o t i o n  and b y  u n i f y i n g  t h e  co rre sp o n d in g  p ro d u c t io n s  ( w i t h

the same i n i t i a l  (5 ).  Th e  b e s t  way t o  d o  t h i s  i s  t o  mo d i f y  t h e  o r i g i n a l

grammar G.

The grammar G'  i n  t h i s  f o rm,  may b e  used  t o  imp le me n t  t h e  e r r o r -P
re co ve ry  method d e sc rib e d  b e f o re .  Ho we ve r,  i n s t e a d  o f  s i m p l y  s k ip p in g  i n

o rd e r t o  re syn ch ro n ize  a t  a  syn ch ro ,  we  p r e f e r  a n  a t t e mp t  t o  p a rse  t h e  p ie c e

o f  so u rce  t e x t  conce rned .  T h i s  ca n  b e  d e sc rib e d  b y  t h e  a d d i t i o n  o f  e r r o r -

p ro d u ct io n  r u l e s  t o  G .  I t  i s ,  h o we ve r,  mo re  e a s i l y  d e sc rib e d  i n  a n  i n
-f o rma l wa y:  Th e  fi r s t  s i t u a t i o n  i n  wh ich  t h e  p a rs e r  ca n  g e t  s t u c k  i s  t h a t

the n e x t  i n p u t  symb o l i s  a  syn ch ro  b u t  i s  n o t  y e t  e xp e cte d .  I n  t h i s  ca se ,

a d i r e c t  p ro d u c t io n  " mis s in g "  i s  added t o  t h e  node b e in g  t re a t e d ,  t h e  node

i s  co n s id e re d  t re a t e d  and  p a rs in g  may co n t in u e .  (N o t e  t h a t ,  i n  t h i s  ca se ,

the node ca n n o t  b e  la b e le d  w i t h  a  symb o l!  F o r  a l l  symb o ls o t h e r  t h a n  a

synchro  o c c u r  o n l y  a t  t h e  v e ry  s t a r t  o f  a  p ro d u c t io n ,  a n d  i f  t h a t  symb o l

were n o t  p re se n t  o n  t h e  i n p u t  t e x t ,  t h e n  t h a t  p ro d u c t io n  wo u ld  n o t  have  been

se le c t e d . )  I n  a l l  o t h e r  s i t u a t i o n s ,  some n o t i o n  i s  ch o se n  su ch  t h a t  a  s e l e c -



t i o n  o f  a  p ro d u c t io n  wou ld  b e  p o s s ib le  ( t h e r e  i s  a lwa ys  a t  l e a s t  one  su ch  a

n o t io n ) ,  a n d  a n  e x t r a  e r r o r  node ,  l a b e l e d  w i t h  t h a t  n o t i o n ,  i s  i n s e r t e d  i n

the t r e e  j u s t  i n  f r o n t  o f  t h e  node where  f a i l u r e  o ccu rre d .  P a rs in g  i s  now

resumed, s t a r t i n g  a t  t h a t  e r r o r  node .

5. A N EXAMPLE

Before  d is c u s s in g  t h e  s p e c i fi c  d i f fi c u l t i e s  e n co u n te re d  when t h i s  t e c h -

n ique  i s  a p p l i e d  t o  ALGOL 6 8 ,  i t  w i l l  b e  demonst ra ted  o n  a  s imp le  examp le

wh ich  c o n t a in s ,  i n  a  n u t s h e l l ,  t h e  e s s e n t i a l  p ro b le ms.  Two  re ma rks ,  h o we ve r,

must fi r s t  b e  made:

( i )  A t  t h o se  p la ce s  whe re  G i s  a l re a d y  " l o c a l l y "  L W ) ,  t h e r e  i s  n o  need

to  b r i n g  t h e  p ro d u c t io n s  i n  p r e fi x  f o r m .  Th e  t ra n sd u ce r may b e  i n -

s t ru c t e d  t h e n  t o  le a v e  t h e  co rre sp o n d in g  symb o ls wh e re  t h e y  a re .  I n

t h a t  ca se ,  t h e  mid d le rs  and  c l o s e rs  o f  t h e se  p ro d u c t io n s  mu st  b e

e x p l i c i t l y  used  a s  s y n c h ro n iz a t io n  p o in t s .

( i i )  T h e  f re e d o m o f  c h o ic e ,  l e f t  b y  t h e  u n d e fin e d  p re ce d e n ce  r e l a t i o n s ,
should b e  used  t o  o b t a in  a  co mp le t io n  wh ich  i s  a s  c o n s i s t e n t  a s

p o ss ib le  w i t h  t h e  r e l a t i o n s  a l re a d y  d e fin e d .  I f  t h e  o p e ra t o rs  ca n  b e

ordered a cco rd in g  t o  p r i o r i t y ,  t h i s  g i v e s  a  n a t u ra l  wa y t o  d e fi n e  t h e
co mp le t io n .

Conside r t h e  f o l l o w i n g  g rammar,  i n  wh ich  a l l  symb o ls e nd  w i t h  t o ke n

(" b a s ic  t o ke n "  s t a n d s  f o r  some re co g n iza b le  b a s i c  i t e m ,  e . g . ,  a n  i d e n t i fi e r

o r a  d e n o t a t io n ,  c o n t ra c t e d  b y  t h e  l e x i c a l  sca n  t o  one  symb o l ) :

u n i t :  t e r t i a r y ,  becomes t o ke n ,  u n i t ;  t e r t i a r y .

t e r t i a r y :  t e r t i a r y ,  p l u s  t o ke n ,  t e r m ;  t e r m .

te rm: t e r m ,  t i me s  t o ke n ,  f a c t o r ;  f a c t o r .

f a c t o r :  p l u s  t o ke n ,  f a c t o r ;  p r i ma ry ,

p r ima ry :  p r i m a r y ,  a c t u a l  p a ra me te r p a ck ;

open t o ke n ,  u n i t ,  c l o s e  t o ke n ;  b a s i c  t o ke n .

a c t u a l  p a ra me te r p a ck:  o p e n  t o ke n ,  u n i t ,  c l o s e  t o ke n .



Note t h a t  t h e  n o t i o n  " a c t u a l  p a ra me te r p a ck"  may n o t  b e  re p la ce d  b y  i t s

The language  d e sc rib e d  b y  t h i s  g rammar c o n t a in s ,  i n  a sce n d in g  o rd e r  o f

p r i o r i t y ,  c o n s t ru c t i o n s  re se mb l in g  a s s ig n a t io n s ,  f o rmu la s  ( w i t h  d ya d ic
o p e ra to rs +  and  x  and  a  monad ic o p e ra t o r  + ) ,  c a l l s ,  c l o s e d  c la u se s  and  some
b a s ic  i t e m.

On in s p e c t io n ,  i t  t u rn s  o u t  t h a t  t h i s  g rammar i s  n o t  o p e ra t o r  p re c e -

dence: t h e r e  a re  c la sh e s  o f  p recedence  caused b y  t h e  monad ic and  t h e  d ya d ic  + .

Th e re fo re  t h e  l e x i c a l  sca n  has t o  d i s t i n g u i s h  be tween t h e se ,  a n d  t o  re p la c e

a monad ic +  b y  a  new symbo l e  (" mo n a d ic  p l u s  t o k e n " ) .  T h i s  i s  p o s s i b l e ,

s in ce  a  monad ic +  i s  e i t h e r  t h e  fi r s t  s y mb o l  o f  t h e  so u rce  t e x t  o r  i s  p r e -
ceded b y  a  x ,  + ,  : =  o r  ( ,  whe reas a  d ya d ic  +  i s  p receded  b y  a  )  o r  some
b a s ic  i t e m.

A lso ,  a  p ro d u c t io n  " p r ima ry ,  a c t u a l  p a ra me te r p a ck"  may n o t  o c c u r  i n

an o p e ra to r-p re ce d e n ce  grammar: t w o  n o t io n s  h a ve  t o  b e  se p a ra te d  b y  a t  l e a s t

one symb o l.  T h e r e f o r e ,  t h e  l e x i c a l  sca n  has t o  i n s e r t  a  c a l l  o p e ra t o r  ©

( " c a l l  i n s e r t " )  b e twe e n  t h e  p r ima ry  and  t h e  a c t u a l -p a ra me t e r-p a ck  o f  a  c a l l .

Th is  s i t u a t i o n  ca n  be  re co g n ize d  b y  t h e  o ccu rre n ce  o f  a  )  o r  b a s i c  i t e m

f o l lo we d  b y  a  ( .

We now have  t h e  f o l l o w i n g  g rammar:

u n i t :  t e r t i a r y ,  becomes t o ke n ,  u n i t ;  t e r t i a r y .

t e r t i a r y :  t e r t i a r y ,  p l u s  t o ke n ,  t e r m ;  t e r m .

te rm: t e r m ,  t i me s  t o ke n ,  f a c t o r ;  f a c t o r .

f a c t o r :  mo n a d ic p l u s  t o ke n ,  f a c t o r ;  p r i m a r y .

p r ima ry :  p r i m a r y ,  c a l l  i n s e r t ,  a c t u a l  p a ra me te r p a ck ;

open t o ke n ,  u n i t ,  c l o s e  t o ke n ;  b a s i c  t o ke n .

a c t u a l  p a ra me te r p a ck:  o p e n  t o ke n ,  u n i t ,  c l o s e  t o ke n .

9

p ro d u ct io n :  t h e  p r e fi x  g rammar t h u s  o b t a in e d  mo u ld  n o t  b e  o f  t y p e  L L (1 ) .

Of co u rse ,  t h e  d i f fi c u l t y  c a n  b e  c ircu mve n te d  b y  w r i t i n g  t h e  fi r s t  a l t e r -

n a t ive  o f  " p r i ma ry "  a s  " b a s i c  t o ke n ,  a c t u a l  p a ra me te r p a ck sequence" .  B u t

then t h e  s t r u c t u r e ,  wh ic h  mig h t  b e  needed f o r  se ma n t ic  p u rp o se s,  i s  f u l l y
l o s t .



10

Th is  i s  a n  o p e ra t o r-p a re n t h e s is  g rammar.  Th e  p recedence  r e l a t i o n s  a re  g i v e n

i n  t h e  f o l l o w i n g  t a b l e :

: =  1 9  0  I

*  4  4  4  •  *

4  4  4  < -  <

• *  *  <

<  •  4 .

*

*

( I  s t a n d s f o r  " b a s i c  t o k e n " )

The o p e ra t o rs  i n  t h i s  t a b l e  a re  a rra n g e d  i n  su ch  a  way a s  t o  show c l e a r l y

the f a c t  t h a t  t h e y  ca n  be  o rd e re d  a cco rd in g  t o  t h e i r  p r i o r i t y :  t h e  l o we r

l e f t  t r i a n g l e  o f  t h e  o p e ra t o r p a r t  o f  t h e  t a b l e  co n t a in s  o n l y  r e l a t i o n s

and t h e  u p p e r r i g h t  o n l y  * .

The p r e fi x  g rammar co rre sp o n d in g  t o  t h e  above grammar (wh e re  o n l y  t h o se

p ro d u ct io n s a r e  b ro u g h t  i n  p r e fi x  f o r m  wh ich  a re  n o t  a l re a d y  l o c a l l y  L L ( I ) )

i s  g i v e n  b y

u n i t :  becomes t o ke n ,  t e r t i a r y ,  s y n c h ro ,  u n i t ;  t e r t i a r y .

t e r t i a r y :  p l u s  t o ke n ,  t e r t i a r y ,  s y n c h ro ,  t e r m ;  t e r m .

te rm:  t i m e s  t o ke n ,  t e r m ,  s y n c h ro ,  f a c t o r ;  f a c t o r .

f a c t o r :  mo n a d ic p l u s  t o ke n ,  f a c t o r ;  p r i m a r y .

p r ima ry :  c a l l  i n s e r t ,  p r i m a r y ,  s y n c h ro ,  a c t u a l  p a ra me te r p a ck;

open t o ke n ,  u n i t ,  c l o s e  t o ke n ;  b a s i c  t o ke n .

a c t u a l  p a ra me te r p a ck:  o p e n  t o ke n ,  u n i t ,  c l o s e  t o ke n .



6. APPLICATION TO ALGOL 6 8

6.1 Mak ing ALGOL 68 oper ator  precedence

Our fi r s t  s t e p  was t h e  c o n s t ru c t i o n  o f  a  c o n t e x t - f re e  grammar f o r

ALGOL 6 8 .  Su ch  a  grammar mu st ,  o f  n e c e s s i t y ,  d e s c r i b e  more  t e x t s  t h a n  a re

p rope r ALGOL 6 8 .  F o r  examp le ,  t h e  r u l e

MODE NEST so u rce :  s t r o n g  MODE NEST u n i t .

was s i m p l i fi e d  t o

source :  u n i t .

A p a rt  f r o m t h i s  t y p e  o f  d e p a rt u re  f r o m ALGOL 6 8 ,  t h e  ma in  d i f f e re n c e s  a re :
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-  i n  a  s e r i e s ,  d e c la ra t i o n s  a re  a l lo we d  e ve n  i f  l a b e l - d e fi n i t i o n s  h a ve  a l -

ready o ccu rre d ;

-  a f t e r  e x i t ,  n o  l a b e l - d e fi n i t i o n  i s  re q u i re d ;

-  a n  e n q u i ry -c la u s e  i s  t re a t e d  a s  a  s e r i e s ;

-  i n  ch o ice -c la u se s ,  t h e  CHOICE i s  d is re g a rd e d ;

-  i n  ca se -c la u se s ,  u n i t s  and  u n i t e d -c a s e -p a r t s  may be  mixe d ;

_ i d e n t i t y -  and  v a r i a b l e - d e fi n i t i o n s  a r e  u n i fi e d ,  s o  t h a t  i n t  a  =  1 ,  b : =  2

i s  a cce p te d ;

-  i n  r o u t i n e -  an d  o p e ra t io n -d e c la ra t io n s  w i t h o u t  p ro ce d u re -p la n ,  t h e  so u rce

need n o t  b e  a  r o u t i n e - t e x t ;

-  i n  o p e ra t io n -d e c la ra t io n s ,  a n  a r b i t r a r y  number o f  p a ra me te rs i n  t h e  p l a n

o r t h e  r o u t i n e - t e x t  i s  a cce p te d ;

-  VICTAL i s  d is re g a rd e d ;

-  s k i p s ,  n i h i l s  and  ju mp s a re  t re a t e d  a s  p r i m a r i e s ;
-  s l i c e s  and  c a l l s  a re  u n i fi e d .

s Co n se q u e n t ly ,  e r r o r s  l i n k e d  u p  w i t h  t h e se  d e p a rt u re s  h a ve  t o  b e  d e te cte d

se p a ra t e ly .  W i t h  t h e  e xce p t io n  o f  t h e  l a s t  ca se ,  a n d  o f  t h e  u se  o f  a  g o t o -

l e s s  ju mp  i n  a  p o s i t i o n  where  a  TERTIARY i s  re q u i re d ,  t h i s  ca n  be  done

mode-independen t ly.
These d i f f e re n c e s  t e n d  t o  s i m p l i f y  t h e  c o n t e x t - f re e  g rammar.  A n  i mp o r -

t a n t  c o n s id e ra t io n  f o r  i n c o rp o ra t i n g  th e m,  h o we ve r,  wa s a  p s y c h o lo g ic a l  o n e :
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we a n t i c i p a t e  t h a t  c e r t a i n  e r ro r s  w i l l  b e  p e rce ive d  a s  b e lo n g in g  t o  t h e
re a lm o f  " s t a t i c  se ma n t ics " ,  r a t h e r  t h a n  t o  t h a t  o f  s y n t a x .  I n  su ch  ca se s,

sp e c ia l ize d  e r r o r  messages seem i n  o rd e r .

Other d e p a rt u re s  s t e m f ro m t h e  f a c t  t h a t  t h e  so u rce  t e x t  h a s a l re a d y
been su b mit t e d  t o  a  l e x i c a l  sca n  ( s o  t h a t  comments a re  no  l o n g e r  p re se n t  and

deno te rs a re  co n s id e re d  one  symb o l) a n d  t h a t ,  i f  n e ce ssa ry ,  t h e  p a re n t h e s is

ske le to n  has b e e n  re p a i re d  ( s o  t h a t  i t  i s  n o  l o n g e r  n e ce ssa ry t o  r e q u i r e

t h a t  co rre sp o n d in g  pa ren theses h a ve  ma tch in g  STYLES). Th e  l e x i c a l  sca n  a l s o
in s e r t s  a  symb o l l o o p - i n s e r t  t o  ma rk  t h e  s t a r t  o f  a  lo o p -c la u s e .

The grammar t h u s  o b t a in e d  i s  n o t  o p e ra t o r  p recedence .  B y  s u b mi t t i n g  i t

to  a  me ch a n ica l o p e ra to r-p re ce d e n ce  ch e cke r,  t h e  t r o u b l e  sp o t s  ca n  be  f o u n d .
The measures t a k e n  t o  make t h e  grammar o p e ra t o r  p recedence  ca n  be  d i s t i n -

gu ished i n  t h re e  c a t e g o r ie s :

a. T r i v i a l  re a rra n g e me n ts o f  t h e  s y n t a x .  T h i s  h a s ma i n l y  been done b y  c o n -

s id e r in g  some n o t io n s  a s  ma cro s,  t o  b e  re p la ce d  (c o n c e p t u a l l y )  i n  t h e

p ro d u ct io n s i n  wh ich  t h e y  o ccu r b y  t h e i r  d i r e c t  p ro d u c t io n s .  O b v io u s ly ,
t h i s  t r i c k  ca n  o n l y  b e  used f o r  n o n re cu rs ive  n o t io n s .  I n  t h e  grammar

(see Append ix A ) ,  t h e s e  n o t io n s  a re  i n d i c a t e d  b y  p r e fi x i n g  t h e i r  p r o -
d u ct io n  r u l e s  w i t h  a n  a s t e r i s k .

b. D i s t i n g u i s h i n g  symb o ls re p re se n t e d  b y  t h e  same ma rk .  I t  was n e ce ssa ry

to  d i s t i n g u i s h  between t h e  e q u a ls -t o ke n  and t h e  i s -d e fi n e d -a s - t o k e n ,

between t h e  u p
-
t o
-
/ l a b e l
-
t o k e n ,  
t h
e  
s p e c i
fi c a t i
o n -
t o k e n  
a
n
d  
t
h
e  
r o
u t
i n
e
-

token , a n d  be tween t h e  u se  o f  t h e  a n d -a lso -t o ke n  t o  se p a ra t e  COMMON-

d e c la ra t io n s  o r  FIE L DS -p o rt ra ye rs  o r  PARAMETERS-jo ined-decla rers ( t h e

" se p a ra t e -a n d -a lso -t o ke n " ) a n d  o t h e r  u se s .

c. I n s e r t i n g  symb o ls be tween n o t io n s .  Th e se  i n s e r t s  a re :

-  d e c t a g - i n s e r t ,  be tween  a  d e c la re r  and  t h e  f o l l o w i n g  TAG-token  i n  a n

i d e n t i fi e r - d e c l a r a t i o n ;

-  o p d e c - i n s e r t ,  be tween  t h e  o p e ra t io n -h e a d in g  and t h e  f o l l o w i n g  o p e r -

a t o r i n  a n  o p e ra t io n -d e c la ra t io n ;

c a s t - i n s e r t ,  be tween  t h e  d e c la re r  and  t h e  ENCLOSED-clause o f  a  c a s t ;

-  c l i c e - i n s e r t ,  be tween  t h e  p r ima ry  and t h e  a c t u a l-p a ra me t e rs -p a ck  o r
in d e xe r-b ra cke t  o f  a  c a l l  o r  s l i c e ;

ro w- i n s e r t ,  be tween  t h e  ROWS-rower-b racke t  and  t h e  f o l l o w i n g  d e -

x l a r e r  o f  a  ROWS-of-MODE-declara tor;
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f o rma l s - i n s e r t ,  be tween  a  PARAMETERS-jo in e d -d e cla re r-b rie f -p a ck o r

d e c l a r a t i v e - b r i e f
-
p a c k  a n d  
t h e  
f o l l o w
i n g  
d e c l
a r e r  
o
f  
a  
p r o
c e d
u r e
-

p la n  o r  r o u t i n e - t e x t .

(The f u n c t i o n  o f  t h e  changes i n  ca t e g o r ie s  a  and  c  i s  t o  se p a ra t e  a n y t wo

n o t io n s i n  a  p ro d u c t io n  b y  a t  l e a s t  one  symb o l,  wh e re a s c a t e g o ry  b  se rve s  t o

re so lve  c la sh e s  i n  t h e  precedence r e l a t i o n s . )  Th e  grammar o b t a in e d  i n  t h i s

way i s  o p e ra t o r  p recedence .  I t  i s  g i v e n  i n  Append ix A .  F ro m t h e  t a b l e  o f

precedence r e l a t i o n s  (A p p e n d ix  B ) ,  i t  may b e  se e n  t h a t  t h e  o p e ra t o rs  ca n  b e

ordered  a cco rd in g  t o  p r i o r i t y .  T h i s  means t h a t  t h e  p r e fi x  t ra n s d u c e r  need

no t  know t h e  f u l l  t a b l e ,  b u t  o n l y  t h e  p r i o r i t i e s  o f  t h e  o p e ra t o rs  and  t h e i r

l e f t  o r  r i g h t  a s s o c i a t i v i t y  (a s  i n d i c a t e d  b y  t h e  d ia g o n a l ) .  A  s h o r t  s u rv e y

o f  t h i s  i s  g i v e n  i n  Append ix C.

The c o n s t ru c t i o n  o f  t h e  p r e fi x  v e r s i o n  o f  t h e  grammar was p e rfo rme d

me ch a n ica l ly .  F o r  t h i s ,  n o  knowledge o f  p r i o r i t i e s  i s  needed, b u t  o n l y  kn o w-

ledge o f  wh ich  o p e ra t o rs  a re  moved l e f t  and  wh ich  a re  l e f t  unmoved, wh ic h

i s  i n d i c a t e d  i n  Append ix A  b y  ma rk in g  t h e  o p e ra t o rs  t o  b e  moved w i t h  a  ‹ .

The r e s u l t  i s  g i v e n  i n  Append ix D.  A  p ro g ra m [ 1 2 ]  was u se d  t o  ch e ck  t h i s

grammar f o r  L L ( I ) -n e s s .  A f t e r  t h e  fi r s t  a t t e mp t ,  o n l y  t h re e  changes had  t o

be made -  t wo  r a t h e r  t r i v i a l ,  a n d  one  n o n t r i v i a l  o n e :  t h e  u n i fi c a t i o n  o f

i d e n t i t y -  and  v a r i a b l e -d e c la ra t i o n s .

The t a s k  o f  making  t h e  d i s t i n c t i o n s  o f  c a t e g o ry  b  o r  o f  p l a c i n g  t h e  i n
-se rt s  o f  ca t e g o ry  c  i s  p a r t  o f  t h e  d u t i e s  o f  t h e  l e x i c a l  sca n .  We w i l l  n o t

th re sh  o u t  a l l  p ro b le ms i n v o l v e d ,  b u t  o n l y  t o u ch  upon some g e n e ra l  o n e s.

Since t h e  l e x i c a l  sca n  i s  n o t  y e t  a b le  t o  p a rse  t h e  so u rce  t e x t  and  has t o

be a b le  t o  cope  w i t h  garbage a s w e l l ,  t h e  d e c is io n s  a re  made o n  t h e  b a s is  o f

as l o c a l  a s  p o s s i b l e  i n f o rma t io n ,  s i m i l a r  t o  t h e  way monad ic and  d ya d ic  +

were d i s t i n g u is h e d  and  c a l l - i n s e r t s  we re  p la ce d  i n  t h e  s imp le  example  o f

Se ct io n  5 .  I t  i s  o f  t h e  u tmo st  imp o rt a n ce  t h a t  me ch a n ica l a n a l y s i s  o f  t h e

grammar (a s  i n  E131) l i e s  a t  t h e  r o o t  o f  t h e se  d e c is io n s ,  s i n c e ,  o t h e rw is e ,

some b i z a r r e  b u t  p e r f e c t l y  l e g a l  ca se  mig h t  e a s i l y  b e  o ve rlo o ke d .  I n  some

cases i n f o rma t i o n  has t o  b e  t a ke n  i n t o  a cco u n t  wh ich  i s  n o t  o f  a  p u re l y

lo c a l  n a t u re .  T o  t h i s  p u rp o se ,  t h e  l e x i c a l  sca n  f u n c t io n s  a s  a  s t a c k  a u t o -



14

maton, wh e re  t h e  d e p th  o f  t h e  s t a c k  co rre sp o n d s t o  t h e  d e p th  o f  n e s t i n g  o f

pa ren thesized  c o n s t ru c t s  W i t h i n  each  l e v e l ,  t h i s  au toma ton  i s  a  fi n i t e -
*s t a t e  one .

A c o mp l i c a t io n  i s  g i v e n  b y  t h e  f a c t  t h a t  many d e c is io n s  depend o n  t h e
d i s t i n c t i o n  between t h e  TAB-tokens wh ich  a re  mo d e -in d ica t io n s  a n d  t h o se

wh ich  a re  o p e ra t o rs .  T h i s  d i s t i n c t i o n  ca n  o n l y  b e  made a f t e r  t h e  co mp le t io n
o f  t h e  l e x i c a l  sca n ,  wh ic h  c o l l e c t s  t h e  re l e v a n t  i n f o rma t i o n  f ro m t h e

d e c la ra t io n s .  Th e  s o l u t i o n  t o  t h i s  p ro b le m i s  t h a t  t h e  l e x i c a l  s c a n ,  i n  su ch

cases, p la c e s  p r o v i s i o n a l  i n s e r t s  i n  t h e  o u t p u t  t e x t ,  wh i c h  c o n t a in  a  p o i n -

t e r  t o  t h e  TAB-token  wh ich  d e te rmin e s t h e  a c t u a l  i n s e r t .  A t  t h e  i n p u t  s i d e

o f  t h e  " backwa rd  sca n " ,  wh ic h  p e r f o r m  t h e  p r e fi x  t ra n s d u c t i o n ,  a  p re p ro ce s -

so r re p la ce s  t h e  p ro v i s i o n a l  i n s e r t s  b y  a c t u a l  ones o r  d is c a rd s  t h e n ,  a s  t h e

case re q u i re s .  T h i s  p ro b le m i s  t h e  mo st  co mp l ica t e d  when a  number o f  " p a cks "

(p a re n th e size d  c o n s t ru c t io n s )  f o l l o w  each  o t h e r  imme d ia t e ly .  Co n s id e r ,  e . g . ,
the f o l l o w i n g  t e x t :

; ( p  a ) (b )  ( c )  q—
a 1 3  y

Here, a ,  a  and  y  s t a n d  f o r  i n s e r t s  t o  b e  p la ce d .  Depend ing  o n  wh e th e r p  and
q a re  mo d e -in d ica t io n s  o r  o p e ra t o rs ,  we  have t h e  f o l l o w i n g  p o s s i b i l i t i e s :

-  p  and  q  a re  mo d e -in d ica t io n s :  a  =  f o r m a l s - i n s e r t ,
0 =  y  =  r o w - i n s e r t ;

-  p  i s  a  mo d e -in d ica t io n  and q  a n  o p e ra t o r :  t h i s  s i t u a t i o n  i s  e rro n e o u s;

-  p  i s  a n  o p e ra t o r  and  q  a  mo d e -in d ica t io n :  a  =  a  =  y  =  r o w - i n s e r t ;

-  p  and  q  a re  o p e ra t o rs :  a  =  a  =  c l i c e - i n s e r t ,  y  =  e .

I t  sh o u ld  be  o b v io u s  f ro m t h e  above t h a t  a r b i t r a r i l y  d i f fi c u l t  s i t u a t i o n s

may b e  co n s t ru c t e d .

As may b e  se e n  f ro m t h e  grammar i n  Append ix A ,  we  t r e a t  a  f o rma t - t e x t
as a  symb o l.  A c t u a l l y ,  t h e  grammar o f  f o rma t - t e x t s  h a s been  su b mit t e d  t o
a s i m i l a r  p ro ce ss (we  had ,  h o we ve r,  t o  v i o l a t e  t h e  s t r u c t u r e  o f  f o rma t -
t e x t s  more  s e r i o u s l y  i n  o rd e r  t o  make i t  mee t  t h e  re q u i re me n t s ) .  Upon  e n -
co u n te rin g  a  f o rma t t e r-s y mb o l ,  we  s i mp l y  a c t i v a t e  a  fi n i t e - s t a t e  a u t o -
maton wh ich  i s  d i f f e r e n t  f ro m t h e  " n o rma l"  o n e .
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I n  su ch  ca se s,  t h e  ( a c t u a l )  i n s e r t s  a f t e r  subsequent p a cks depend o n

the i n s e r t s  a f t e r  p re v io u s  p a cks ,  a s  d e te rmin e d  b y  some fi n i t e - s t a t e  a l -

g o ri t h m.  S in c e  t h e  l e x i c a l  sca n  does n o t  y e t  know t h e  a c t u a l  i n s e r t s ,  b u t

o n ly  p r o v i s i o n a l  o n e s,  i t  ca n n o t  p e r f o rm t h i s  a l g o r i t h m,  a n d  h a s t o  le a v e

t h i s  t a s k  t o  t h e  p re p ro ce sso r o f  t h e  backward  sca n  t o o .  B u t  t h i s  sca n  wo u ld

encounter t h e  p r o v i s i o n a l  i n s e r t s  i n  t h e  wrong  o rd e r .  Th e re f o re ,  i n  t h e

case o f  a  sequence o f  p a cks ,  t h e  p ro v i s i o n a l  i n s e r t s  a re  p la ce d ,  i n  re ve rse

o rd e r,  a f t e r  t h e  l a s t  p a ck.  Th e  p re p ro ce sso r,  i n  p e rf o rmin g  t h e  fi n i t e - s t a t e

a lg o r i t h m,  p u t s  t h e  a c t u a l  i n s e r t s  o n  a  s t a c k  t o  d ro p  th e m between t h e  p a cks

as a n d  when re q u i re d .

There i s  y e t  a n o t h e r i n s e r t  wh ich  may b e  p la ce d  b y  t h e  l e x i c a l  sca n  o r

by t h e  p re p ro ce sso r o f  t h e  backward  sca n .  T h i s  i n s e r t  se rve s  t o  s o l v e  a

p sych o lo g ica l  p ro b le m wh ich  wo u ld  o t h e rwis e  a r i s e  w i t h  t h e  e r ro r - re c o v e ry

techn ique  d e sc rib e d  h e re .  Co n s id e r a  so u rce  t e x t  w i t h  a  p ie c e  o f  g a rb a g e ,

co n ta in in g  ( a c c i d e n t a l l y )  o n l y  h i g h - p r i o r i t y  o p e ra t o rs ,  f o l l o w e d  b y  a  l o w -

p r i o r i t y  o p e ra t o r .  Th e  p r e fi x  t ra n s d u c e r  w i l l  t h e n  p u t  t h a t  l o w - p r i o r i t y

o p e ra to r i n  f r o n t  o f  t h e  p ie c e  o f  ga rbage .  S o  t h e  to p -d o wn  p a rs e r  w i l l  t a k e

a ro a d ,  b a se d  o n  t h a t  o p e ra t o r ,  a n d  g i v e  e r r o r  messages a c c o rd in g l y .  Th e se

e r ro r  messages may p u zz le  a  human i n t e r p r e t e r ,  wh o  does n o t  know why t h e

p a rse r chose  t h a t  ro a d .  Th e re f o re ,  a  g a p - i n s e r t  w i t h  r e l a t i v e l y  l o w  p r i o r i t y

i s  p la ce d  i n  g e n e ra l  be tween someth ing  wh ich  l o o k s ,  ro u g h l y  sp e a k in g ,  l i k e
the end o f  a  co h e re n t  ch u n k and so me th in g  wh ich  lo o k s  l i k e  t h e  s t a r t  o f  o n e ,

un less a n o t h e r i n s e r t  h a s a l re a d y  been  p la ce d  t h e re  ( i n  f a c t ,  be tween  any

two symb o ls  f o r  wh ich  o r i g i n a l l y  n o  p recedence  r e l a t i o n  was d e fi n e d ) .  A f t e r

these g a p - in s e r t s  h a ve  p la ye d  t h e i r  r o l e  o f  b l o c k i n g  t h e  l e f t w a r d  mo t io n  o f

o p e ra t o rs ,  t h e y  a re  d isca rd e d  b y  t h e  backward  sca n .

6.3. Ac tua l  par s ing

As s t a t e d  i n  t h e  i n t ro d u c t i o n ,  we  u se  ALEPH a s o u r  imp le me n t a t io n

language. Two  imp o r t a n t  k in d s  o f  " p ro ce d u re s"  ( c a l l e d  " r u l e s " )  i n  ALEPH a re :

" p re d ica t e s "  and  " a c t i o n s " .  Th e  d i f f e re n c e  be tween t h e se  i s  t h a t  a  p re d ic a t e

can " f a i l " ,  w h i l e  a n  a c t i o n  ca n n o t .  B o t h  su cce e d in g  p re d ic a t e s  and  a c t io n s

have " s i d e - e f f e c t s " .  ( I n  o u r  ca se :  t h e y  b o t h  re a d  so me th in g  f ro m t h e  i n p u t

t e x t  a n d ,  p o s s i b l y ,  p e r f o rm some se ma n t ic  a c t i o n . )  Now, t h e r e  i s  a  t r i v i a l

way o f  t ra n s f o rmin g  a n  L L ( I )  g rammar (s u c h  a s  t h e  one g i v e n  i n  Append ix D)
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in t o  a n  ALEPH p rog ram a cce p t in g  t h e  language  d e sc r ib e d  b y  t h a t  g rammar:

-  w r i t e ,  f o r  e a ch  symb o l,  a  p re d ic a t e  la b e le d  w i t h  t h a t  symb o l t h a t  s u c -

ceeds i f  t h e  n e x t  i n p u t  symb o l i s  e q u a l  t o  t h a t  symb o l (a n d  t h e n  advances

the  i n p u t  o v e r  one  symb o l ) ,  a n d  f a i l s  o t h e rw is e ;

-  w r i t e ,  f o r  e a ch  n o t io n ,  a  p re d ic a t e  la b e le d  w i t h  t h a t  n o t i o n  and whose

rig h t -h a n d  s i d e  c o n s i s t s  o f  t h e  d i r e c t  p ro d u c t io n s  o f  t h a t  n o t i o n .  E . g . ,

the  fi r s t  r u l e  f ro m o u r  example  s i mp l y  becomes:

' p re d ic a t e '  u n i t :  becomes t o ke n ,  t e r t i a r y ,  s y n c h ro ,  u n i t ;

t e r t i a r y .

The ALEPH p ro g ra m t h u s  o b t a in e d  may b e  used  t o  d e t e rmin e  a l l  p la ce s

where e r r o r  p ro d u c t io n s  mu st  b e  added, s i n c e  t h e  ALEPH c o mp i le r  h a s t h e

n ice  p ro p e r t y  t h a t  i t  t e s t s  f o r  " b a c k t ra c k " .  I f ,  i n  some r i g h t -h a n d  s i d e  o f

a r u l e ,  t w o  p re d ic a t e s  f o l l o w  each o t h e r ,  t h e  fi r s t  o n e  may succeed  w h i l e

the second one  f a i l s ;  i n  such  a  ca se  t h e  s i d e - e f f e c t s  o f  t h e  fi r s t  ( s u c c e e d -

in g ) p re d i c a t e  wo u ld  have  t o  b e  undone. A s  t h i s  i s  l i k e l y  t o  b e  imp o s s ib le ,

a wa rn in g  i s  g i v e n .  I n  su ch  a  ca se ,  h o we ve r,  we  wa n t  t o  add  a n  e r r o r  p ro d u c -

t i o n  ( f o r ,  t h e  grammar b e in g  L W )  a n d  t h u s  b a c k t ra c k - f re e ,  t h e  wa rn in g

in d ica t e s  t h a t  we  may somehow g e t  s t u c k  i n  t h i s  r u l e ) .  I n  t h e  above examp le :

i f  a  becomes t o k e n  i s  re a d  and t h e  r u l e  f o r  t e r t i a r y  may somehow f a i l ,  we

want some e r r o r  p ro d u c t io n  t o  s k i p  t h e  ga rbage  u n t i l  t h e  syn ch ro  i s  me t ,

upon wh ich  we a re  b a ck o n  t h e  t r a c k  a g a in .  I n  t h i s  wa y,  becomes t o k e n  w i l l

be f o l l o we d  b y  a n  a c t i o n :  e i t h e r  a  t e r t i a r y  i s  re a d ,  o r  a n  e r r o r  p ro d u c t io n

takes c a re  o f  t h e  ga rbage .  Th u s ,  we  a re  su p p l ie d  w i t h  a  c le a n  me ch a n ica l

a id  i n  add ing  a  (m in ima l )  number o f  e r r o r  p ro d u c t io n s  s o  a s  t o  co mp le te  o u r

grammar. A s  a  s i d e - e f f e c t  o f  t h i s ,  t h e  f ra me wo rk o f  t h e  mode-independent
scan r e s u l t s .

As h a s been  s t a t e d  b e f o re ,  we  p r e f e r  a n  a t t e mp t  t o  p a rse  t h e  p ie c e  o f

source t e x t  wh ich  o t h e rwise  wo u ld  b e  sk ip p e d  t o  fi n d  t h e  e xp e cte d  syn ch ro .

Oth e rwise ,  v e r y  l a r g e  p ie ce s  o f  so u rce  t e x t ,  i f  n o t  v i r t u a l l y  t h e  wh o le

program, m ig h t  j u s t  b e  sk ip p e d .  Wo rse  y e t ,  s k i p p i n g  a  mo d e -d e c la ra t io n  mig h t

g ive  r i s e  t o  many u n d e s i ra b le  e r r o r  messages.

I f  t h e  i n p u t  symb o l o n  wh ich  t h e  p a rs e r  g e t s  s t u c k  i s  a  symb o l wh ich



may b e  t h e  s t a r t  o f  a  u n i t ,  a  d e c l a re r ,  o r  a  d e c l a ra t i o n  ( t h e s e  t h re e

n o t io n s h a ve  d i s j o i n t  s e t s  o f  p o s s ib l e  s t a r t i n g  symb o ls ) ,  t h a t  n o t i o n  i s

chosen t o  l a b e l  t h e  i n s e r t e d  e r r o r  node .  O t h e r  symb o ls ,  e x c e p t ,  o f  co u rse ,

synch ros,  a r e  sk ip p e d  (a n d  a n  e r r o r  message i s  g i v e n ) .
*  I f  t h e  u n e x p e c t e dsymbol i s  E ,  i t  may n o t  b e  sk ip p e d ,  s i n c e  t h i s  wo u ld  u p se t  t h e  b a la n ce  o f

parentheses ( t h i s  b e in g  t h e  o n l y  p o s s ib le  ca se  o f  a n  unexpected  p a re n t h e s i s ) .

Fo r t h i s  s p e c i a l  ca se ,  a  s p e c ia l  e r r o r  p ro d u c t io n  has b e e n  added f o r  u n i t ,
and t h e  e r r o r  message " p r ima ry  o f  s l i c e  mis s in g "  i s  g i v e n .
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In  Append ix A ,  t h e  o p e ra to r-p re ce d e n ce  granuitar o f  ALGOL 6 8  i s  g i v e n .

D. Gru n e  h a s done  in v a lu a b le  wo rk  i n  b r i n g in g  t h e  grammar i n t o  i t s  p re se n t

fo rm.  F i r s t ,  a  l i s t  o f  a l l  symb o ls i s  g i v e n ,  se p a ra t e d  b y  se mico lo n s ,  t h e

l a s t  o ne  f o l l o we d  b y  a  p e r io d .  I f  a  symb o l i n  t h i s  l i s t  i s  p receded  b y  a  < ,

t h i s  means t h a t  i t  has t o  b e  moved t o  t h e  l e f t  b y  t h e  p r e fi x  t ra n s d u c e r .
Then, f o r  each  n o t i o n ,  a  p ro d u c t io n  r u l e  i s  g i v e n  b y  w r i t i n g ,  i n  o rd e r ,  t h a t

n o t io n ,  f o l l o w e d  b y  a  co lo n ,  f o l l o w e d  b y  t h e  v a r io u s  d i r e c t  p ro d u c t io n s  o f

t h a t  n o t i o n ,  se p a ra t e d  b y  se mico lo n s,  f o l l o w e d  b y  a  p e r io d .  Th e  members o f

a d i r e c t  p ro d u c t io n  a re  se p a ra te d  b y  commas. O p t i o n a l  p a r t s  a r e  e n clo se d

between (  and  ) .  I f  t h e  r u l e  f o r  a  n o t i o n  i s  p receded  b y  a  * ,  i t  h a s t o  b e

t re a t e d  a s  a  ma cro ,  t o  b e  re p la ce d  ( v i r t u a l l y )  i n  t h e  p ro d u c t io n s  i n  wh ich

i t  o ccu rs  b y  i t s  d i r e c t  p ro d u c t io n s .  Th e  grammar i s  i n t e rs p e rs e d  w i t h  co m-

ments, w r i t t e n  between t h e  symb o ls [  a n d  ] .

Appendix B  l i s t s  t h e  p recedence r e l a t i o n s  o f  t h e  o p e ra to r-p re ce d e n ce

grammar.

Appendix C g i v e s  a  s h o r t  a cco u n t  o f  t h e  p ro p e r o p e ra t o rs  and  t h e i r

l e f t / r i g h t  a s s o c i a t i v i t y .

Appendix D c o n t a in s  t h e  syn ch ro n ize d  p r e fi x  g rammar o b t a in e d  f ro m t h e

grammar i n  Append ix A .
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, APPENDIX A

[ 0Pgram, 1 8
-
1 1
-
7 5

[9. tok ens  and symbols .]

[ enc los ure tokens  ]

open mark;
bold begin tok en;
b ig  begin tok en;
choice s t a r t ;
b r i e f  sub tok en;
loop in s e r t ;

choice i n ;
choice again;
choice ou t ;
for  tok en;
from tok en;
by tok en;
to tok en;
while  tok en;
do tok en;

c lose mark;
bold end tok en;
b ig  end tok en;
choice fi n i s h ;
b r i e f  bus tok en;
od tok en;

[ p r i o r i t y  a  tokens  ]
completion tok en;

[ p r i o r i t y  b  tokens  ]
< g o  on tok en;

[ p r i o r i t y  c  tokens  ]
separate and a ls o  tok en;

[ p r i o r i t y  d tokens  ]
p r i o r i t y  tok en;
mode tok en;

[ p r i o r i t y  e tokens  ]
< d e c t a g  in s e r t ;
< o p d e c  in s e r t ;

[ p r i o r i t y  f  tokens  ]
< a n d  a ls o  tok en;

[ r epr es entat ion.  a l t e r n a t iv e s  ar e
[ separated by  spaces. in s e r t s  s t a r t  ]
[ w i t h  an apos trophe. t h r ee  dots
[ in d ic a t e  t h a t  on ly  examples ar e  g iv en. ]

[ (  ]
[ . b e g in  ]
[ ' b e g in  ]
[ . i f  .c as e (  ]
I [  I
[ ' l o o p  ]

[ . t h e n  . i n  1 ]
[ . o u s e  1 :  ]
[ . e l s e  . o u t  I ]
[ . f o r  ]
[ . f r om
[ . b y  ]
[ . t o  ]
[ . w h i l e  ]
[ . d o  ]

[ I
[ . end  ]
[ s
e
n
d  
]

I . fi  . e s a c  )
I ]
[ °led

[ . p r i o  ]
[ .mode I

[ s
d
e
c t
a
g  
]

[ s
o
p
d
e
c  
]



[ p r i o r i t y  g tokens  ]
< i s  defi ned as  tok en;
< a t  tok en;

[ p r i o r i t y  h  tokens  ]
< c o l o n  mark;
< s p e c i fi c a t i o n  tok en ;

[ p r i o r i t y  i  tokens
< bec omes  tok en;
< i d e n t i t y  r e la t o r ;
< r o u t i n e  tok en;

[ p r i o r i t y  j  tok ens
< d y a d i c  oper ator ;

[ p r i o r i t y  k  tokens
monadic oper ator ;

[ p r i o r i t y  L  tokens
< o f  tok en;

[ p r i o r i t y  m tokens  ]
< c a s t  in s e r t ;
< c l i c e  in s e r t ;

[ p r i o r i t y  n  tokens
reference t o  tok en;
leap tok en;
s truc ture tok en;
fl e x ib le  tok en;
procedure tok en;
union o f  tok en;
operator  tok en;
go t o  tok en;

< r o w  in s e r t ;
< f o r m a l s  i n s e r t ;

[ operands ]
d i g i t  tok en;
tag tok en;
p a r a l le l  tok en;
format t e x t ;
s t r ing  denoter ;
other  denoter ;
defi ning oper ator ;
mode in d ic a t io n ;
sk ip tok en;
n i l  tok en.

[9.4.1. ' r epr es entat ions  o f  symbols .]

[ ' i d a t
[ @ . a t  ]

[ :
[ ' s pec  ]

[ :=  I
[ :=:  . i s  :+: : /= :  . i s nt
[ ' r o u t  ]

:= o v e r  .x y z

[ +  . n o t  .x y z

[ . o f  ]

[ ' c a s t
[ ' d i c e  ]

[ ° r e f  ]
[ . l o c  .heap
[ . s t r u c t
[ . fl e x
[ . p r oc  ]
[ . u n io n
[ 0DP ]
[ . g o t o  . g o . t o  I

[ ' r o w
[ ' f o r ma ls  ]

[ 1  2  3  4  5  6  7  8  9
[ I  ]
[ . p a r  ]
[ $3zd$ ]
[ " s t r i n g "  . . .  ]
[ 3 .14  . t r u e  .empty  ]
[ + : =  .ov er  .x y z
[ t i n t  ]
f . s k i p  # t i l d e
[ . n i l  # c i r c le  ]
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* b r i e f  begin tok en:
open mark.

* b r i e f  end tok en:
c lose mark.

* s t y le  i  sub tok en:
open mark.

* s t y le  i  bus  tok en:
c lose mark.

* l a b e l  tok en:
colon mark.

* up t o  tok en:
colon mark.

[10.1.1.  program t e x t . ]

pa r t ic u la r  program:
b ig  begin tok en,  lenc los ed c laus e, b i g  end tok en.

lenc losed c laus e:
labe l  d e fi n i t i o n ,  lenc los ed c laus e; enc losed c laus e.

[3, c laus es . ]

enclosed c laus e:
c losed or  c o l l a t e r a l  c laus e; c hoic e c laus e; l o o p  c laus e.

[3.1. c los ed c laus es .]

c losed o r  c o l l a t e r a l  c laus e:
( Par a lle l tok en) ,  beg in ,  inne r  c laus e,  end.

* begin :
bold begin tok en; b r i e f  begin tok en.

* end:
bold end tok en; b r i e f  end tok en.

inner  c laus e:
s e r ia l  c laus e;
( joined p o r t r a i t ) .

[3.2, s e r i a l  c laus es . ]

s e r ia l  c laus e:
s er ies .

s er ies :
t r a in ,  ( c omplet ion tok en, s e r ies ) .

t r a in :
dec lun, go on token t r a i n ;  l u n i t .

dec lun:
dec lar at ion;  l u n i t .

l u n i t :



labe l  d e fi n i t i o n ,  l u n i t ;  u n i t .
* l a b e l  d e fi n i t i o n :

i d e n t i fi e r ,  l a b e l  tok en.

[3.3. c o l l a t e r a l  c laus es . ]  [ s e e  a ls o  3 . 1 . ]

jo ined p o r t r a i t :
u n i t  o r  jo in e d  p o r t r a i t ,  and a ls o  tok en,  u n i t ,

u n i t  o r  jo in e d  p o r t r a i t :
u n i t ;  j o in e d  p o r t r a i t .

[3 .4
,  
c
h
o i
c
e  
c
l
a
u
s
e
s
.
]

choice c laus e:
choice s t a r t ,  chooser c hoic e c laus e,  c hoic e fi n i s h .

* chooser c hoic e c laus e:
enquiry  c laus e, a l t e r n a t e  choice c laus e.

enquiry  c laus e:
s er ies .

* a l t e r n a t e  c hoic e c laus e:
in  choice c laus e,  ( o u t  choice c laus e) .

* i n  choice c laus e:
choice i n ,  i n  pa r t  o f  c hoic e.

* i n  p a r t  o f  c hoic e:
s e r ia l  c laus e;  case p a r t  l i s t  proper ;  u n i t e d  case p a r t .

case p a r t  l i s t  proper :
case p a r t  l i s t ,  and a ls o  tok en, case p a r t .

case p a r t  l i s t :
(case p a r t  l i s t ,  and a ls o  tok en) ,  case p e r t .

case p a r t :
u n i t ;  u n i t e d  case p a r t .

united case p e r t :
s pec ifi c at ion,  u n i t .

* s pec ifi c a t ion :
s ing le dec lar a t ion  b r i e f  pack , s pec ifi c a t ion  tok en.

s ingle dec la r a t ion  b r i e f  pack:
b r ie f  begin tok en, s in g le  dec la r a t ion ,  b r i e f  end tok en.

s ingle dec lar a t ion :
dec larer ,  ( dec tag in s e r t ,  i d e n t i fi e r ) .

* o u t  choice c laus e:
choice o u t ,  s e r i a l  c laus e;
choice again,  chooser c hoic e c laus e.

[3.5. l o o p  c laus es .]

loop c laus e:
loop in s e r t ,
for  p a r t ,  ( f r om p a r t ) ,  ( by  p a r t ) ,  ( t o  p a r t ) ,  r epeat ing p e r t .

* f o r  p a t t :
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( for  tok en,  i d e n t i fi e r ) .
* f r om par t :

from tok en, u n i t .
* b y  pe r t :

by tok en,  u n i t .
* t o  p e r t :

to tok en,  u n i t .
* r epeat ing  p a r t :

(while p a r t ) ,  do  p a r t .
* w h i le  pa r t :

while tok en,  enquir y  c laus e.
* do  p e r t :

do tok en,  s e r i a l  c laus e,  o i l  tok en.

[4. dec la r a t ions . ]

dec lar at ion:
common dec la r a t ion ,  ( s eparate and a ls o  tok en,  dec la r a t ion ) ,

common dec lar a t ion :
mode dec la r a t ion ;  p r i o r i t y  dec lar a t ion ;
id e n t i fi e r  dec la r a t ion ;  oper a t ion  dec la r a t ion .

[4.2. mode dec lar a t ions . ]

mode dec lar a t ion :
mode tok en,  mode jo ined  d e fi n i t i o n ,

mode jo ined  d e fi n i t i o n :
(mode jo ined  d e fi n i t i o n ,  and  a ls o  tok en) ,  mode d e fi n i t i o n .

mode d e fi n i t i o n :
defined mode in d ic a t io n ,  i s  defi ned as  tok en,  dec la r e r .

defined mode in d ic a t io n :
mode in d ic a t io n .

[4.3. p r i o r i t y  dec lar at ions . ]

p r i o r i t y  dec lar a t ion :
p r i o r i t y  tok en, p r i o r i t y  jo ined  d e fi n i t i o n .

p r i o r i t y  jo ined  d e fi n i t i o n :
( p r io r i t y  jo ined  d e fi n i t i o n ,  and  a ls o  tok en) ,  p r i o r i t y  d e fi n i t i o n .

p r i o r i t y  d e fi n i t i o n :
operator , i s  defi ned as  tok en, p r i o r i t y  u n i t .

p r i o r i t y  u n i t :
d i g i t  tok en.

[4.4. i d e n t i fi e r  dec la r a t ions . ]

i d e n t i fi e r  dec la r a t ion :
leapety  dec lar er ,  dec tag in s e r t ,  i d e n t i fi e r  j o i n e d  d e fi n i t i o n ,

leapety  dec lar er :
( leap tok en) ,  modine dec lar er .

modine dec lar er :



nonproc dec lar er ;  modine procedure dec lar a tor ,
modine procedure dec lar ator :

procedure tok en,  ( fo r ma l procedure p lan ) .
id e n t i fi e r  j o i n e d  d e fi n i t i o n :

( id e n t ifi e r  j o i n e d  d e fi n i t i o n ,  and  a ls o  tok en) ,
id e n t i fi e r  d e fi n i t i o n .

id e n t i fi e r  d e fi n i t i o n :
id e n t i t y  d e fi n i t i o n ;  v a r ia b le  d e fi n i t i o n .

id e n t i t y  d e fi n i t i o n :
i d e n t i fi e r ,  i s  defi ned as  tok en,  u n i t ,

v ar iab le  d e fi n i t i o n :
i d e n t i fi e r ,  (becomes tok en, u n i t ) .

[4.5.  oper a t ion  dec lar at ions . ]

operat ion dec lar a t ion :
operat ion heading, opdec in s e r t ,

operation jo ined  d e fi n i t i o n .
operat ion heading:

operator  tok en,  ( fo r ma l procedure p lan ) .
operat ion jo ined  d e fi n i t i o n :

(operation jo ined  d e fi n i t i o n ,  and  a ls o  tok en) ,
operat ion d e fi n i t i o n .

operat ion d e fi n i t i o n :
operator , i s  defi ned as  tok en, u n i t .

operator :
defi ning oper a tor .

[4.6. dec lar er s . ]

dec larer :
nonproc dec lar er ;  procedure dec lar a tor .

nonproc dec lar er :
reference t o  dec lar ator ;  s t r uc tur ed w i t h  dec lar a tor ;
fl e x ib le  rows  o f  dec lar ator ;  rows  o f  dec lar a tor ;
union o f  dec lar a tor ;  mode in d ic a t io n .

reference t o  dec lar ator :
reference t o  tok en, dec lar er .

s truc tured w i t h  dec lar ator :
s truc ture tok en,  por t r ay er  pack .

por trayer  pack :
b r ie f  begin tok en, por t r ay er ,  b r i e f  end tok en.

por tray er :
common por t r ay er ,  ( s eparate and a ls o  tok en,  po r t r ay er ) .

common por t r ay er :
dec larer ,  dec tag in s e r t ,  jo in e d  d e fi n i t i o n  o f  fi e ld s .

jo ined d e fi n i t i o n  o f  fi e ld s :
( joined d e fi n i t i o n  o f  fi e ld s ,  and  a ls o  tok en) ,  fi e l d  s e le c t o r .

fl e x ib le  rows  o f  dec lar ator :
fl e k ib le  tok en ,  dec lar er .
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rows o f  dec lar ator :
rower br ac k et  ,  r ow in s e r t ,  dec la r er .

rower brac k et :
b r i e f  sub tok en,  r ower ,  b r i e f  bus  tok en;
s ty le i  sub tok en, r ower ,  s t y le  i  bus  tok en.

rower:
(rower, and a ls o  tok en) ,  r ow rower .

row rower :
(lower p a r t ) ,  ( u n i t ) .

* lower  p a r t :
( un i t ) ,  u p  t o  tok en.

procedure dec lar ator :
procedure tok en,  fo r mal procedure p lan .

formal procedure p lan:
( joined dec lar er  pack , for mals  i n s e r t ) ,  dec la r e r .

jo ined dec larer  pack :
b r ie f  begin tok en, jo in e d  dec lar er ,  b r i e f  end tok en.

jo ined dec lar er :
( joined dec lar er ,  and a ls o  tok en) ,  dec la r e r .

union o f  dec lar ator :
union o f  tok en,  jo in e d  dec larer  pack .

[4.8. in d ic a t o r s  and fi e l d  s e lec to r s . ]

i d e n t i fi e r :
tag tok en.

fi e ld  s e lec to r :
tag tok en.

[5. u n i t s . ]

un i t :
as s ignation; i d e n t i t y  r e la t io n ;  r o u t in e  t e x t ;  t e r t i a r y .

t e r t ia r y :
formula; secondary .

secondary:
leap generator ; s e lec t ion ;  pr imar y .

pr imary :
pr imary  one; o ther  denoter ;  fo r mat  t e x t ;  s k ip  tok en; n i l  tok en.

pr imary  one:
s l ic e  c a l l ;  c as t ;  s t r i n g  denoter ;  i d e n t i fi e r ;  [ g o  t o ]  jump;
enclosed c laus e.

[5.2.1.  as s ignat ions . ]

as s ignation:
t e r t ia r y ,  becomes tok en, u n i t .

[5.2.2. '  i d e n t i t y  r e la t ions . ]



i d e n t i t y  r e la t io n :
t e r t ia r y ,  i d e n t i t y  r e la t o r ,  t e r t i a r y .

[5.2.3.  gener ator s . ]

leap generator :
leap tok en, dec la r e r .

[5.3.1,  s e lec t ions . ]

s elec t ion:
fi e ld  s e le c t o r ,  o f  tok en, secondary .

[5.3.2.  s l i c e s . ]

s l ic e  c a l l :
pr imary  one, o n c e  in s e r t ,  index er  br ac k et .

indexer brac k et :
b r ie f  sub tok en, index er ,  b r i e f  bus  tok en;
s ty le  i  sub tok en, index er ,  s t y l e  i  bus  tok en.

indexer :
( indexer , and a ls o  tok en) ,  t r im s c r ip t .

t r ims c r ip t :
unit ; ,
(bound p a i r ) ,  ( r ev is ed lower  bound) .

bound p a i r :
( un i t ) ,  up  t o  tok en, ( u n i t ) .

* r ev is ed lower  bound:
a t  tok en, u n i t .

[5 .4.1.  r o u t in e  t e x t s . ]

r out ine t e x t :
r out ine heading, r o u t in e  tok en, u n i t .

r out ine heading:
(dec larat iv e pack , for mals  in s e r t ) ,  dec la r e r .

dec lar at iv e pack :
b r ie f  begin tok en, dec la r a t iv e ,  b r i e f  end tok en.

dec lar at iv e:
common dec lar a t iv e ,  ( s eparate and a ls o  tok en,  dec la r a t iv e ) .

common dec lar a t iv e :
dec larer ,  dec tag in s e r t ,  parameter jo in e d  d e fi n i t i o n .

parameter jo in e d  d e fi n i t i o n :
(parameter jo in e d  d e fi n i t i o n ,  and  a ls o  tok en) ,  i d e n t i fi e r .

[5.4.2.  for mulas . ]

formula:
dyadic  for mula;  monadic  for mula.

dyadic  for mula:
operand, dy adic  oper ator ,  monadic  operand.

monadic for mula:
monadic oper ator ,  monadic operand.
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operand:
formula; secondary .

monadic operand:
monadic for mula;  secondary .

[5.4.3.  c a l l s . ]  [ s e e  5 . 3 . 2 . ]

[5.4.4.  jumps .]

iumP:
[( ]go t o  t o k e n D i f  i d e n t i fi e r .

[5.5.1.  c as ts . ]

cas t:
dec larer ,  c as t  in s e r t ,  enc losed c laus e.
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1 open mark
2 bo ld  begin t oken
3 b i g  begin token
4 c hoic e s t a r t
5 b r i e f  sub token
6 l oop  i n s e r t
7 c hoic e i n
8 c hoic e again
9 c hoic e out

10 f o r  t ok en
11 f rom token
12 by  token
13 t o  t ok en
14 wh i l e  t oken
15 do token
16 c los e mark
17 bo ld  end t ok en
18 b i g  end t oken
19 c hoic e fi n i s h
20 b r i e f  bus  t oken
21 od t ok en
22 c omplet ion t ok en
23 go on token
24 separate and a ls o  t oken
25 p r i o r i t y  t oken
26 mode token
27 dec tag i n s e r t
28 opdec i n s e r t
29 and a ls o  t oken
30 i s  defi ned as  t oken
31 a t  t oken
32 c olon mark
33 s pec ifi c a t ion  t ok en
34 becomes t ok en
35 i d e n t i t y  r e l a t o r
36 rou t i ne  t oken
37 dy adic  operat or
38 monadic operat or
39 o f  t ok en
40 c as t  i n s e r t
41 d i c e  i n s e r t
42 ref erenc e t o  t oken
43 leap  token
44 s t ruc t ure  t ok en
45 fl e x i b l e  t ok en
46 procedure t ok en
47 union o f  t ok en
48 operat or t ok en
49 go t o  t oken
50 row i ns e r t
51 f ormals  i n s e r t
52 d i g i t  t oken
53 t ag  token
54 p a r a l l e l  t ok en
55 f ormat  t ex t
56 s t r i n g  denoter
57 ot her  denot er
58 defi n ing  opera t or
59 mode i n d i c a t i o n
60 s k i p  token
61 n i l  t oken
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APPENDIX C

Proper operators

Type: M  = monadic , L  = l e f t  as s oc iat iv e,  P . =  r i g h t  as s oc iat iv e.
* in d ic a t e s  " no  p r e fi x  t r ans duc t ion" .

Type p r i o  o p e r a t o r

140 r o w  ins e r t ;  f o r ma ls  in s e r t .

130 r e f e r e n c e  t o  tok en; l e a p  tok en; s t r uc tu r e  tok en;
fl e x ib le  tok en;  procedure tok en; un ion  o f  tok en;
operator  tok en; g o  t o  tok en.

120 c A s t  ins e r t ;  d a c e  in s e r t .
110 o f  tok en.

100 m o n a d i c  operator .
091:099 d y a d i c  oper ator .
080 b e c o m e s  tok en; i d e n t i t y  r e la t o r ;  r o u t in e  tok en.
070 c o l o n  mark; s p e c ifi c a t io n  tok en.
060 i s  defi ned as  tok en; a t  tok en.
050 a n d  a ls o  tok en.

040 d e c t a g  ins e r t ;  opdec  in s e r t .
030 p r i o r i t y  token; mode tok en.

R* 0 2 0  s e p a r a t e  and a ls o  tok en.
010 g o  on token.

R* 0 0 0  c c m p l e t i o n  tok en.



APPENDIX D

[Lad-grammar, 18-11-75]

open mark;
bold begin tok en;
big begin tok en;
choice s t a r t ;
b r ie f  sub tok en;
loop in s e r t ;
choice i n ;
choice again;
choice ou t ;
for  tok en;
from tok en;
by tok en;
to tok en;
while tok en;
do tok en;
c lose mark;
bold end tok en;
big end tok en;
choice fi n i s h ;
b r ie f  bus  tok en;
od tok en;
completion tok en;
go on tok en;
separate and a ls o  tok en;
p r i o r i t y  tok en;
mode tok en;
dectag in s e r t ;
opdec in s e r t ;
and a ls o  tok en;
is  defi ned as  tok en;
at  tok en;
colon mark;
s pec ifi c at ion tok en;
becomes tok en;
id e n t i t y  r e la t o r ;
r out ine tok en;
dyadic  oper ator ;
monadic oper ator ;
o f  tok en;
cast in s e r t ;
onc e  in s e r t ;
reference t o  tok en;
leap tok en;
s truc ture tok en;
fl e x ib le  tok en;
procedure tok en;
union o f  tok en;
operator  tok en;
go t o  tok en;
row in s e r t ;
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formals  in s e r t ;
d i g i t  tok en;
tag tok en;
p a r a l le l  tok en;
format t e x t ;
s t r ing  denoter ;
other  denoter ;
defi n ing oper ator ;
mode in d ic a t io n ;
sk ip tok en;
n i l  tok en;
synchro.

b r ie f  begin tok en:
open mark.

b r ie f  end tok en:
c lose mark.

s ty le  i  sub tok en:
open mark.

s ty le  i  bus  tok en:
c lose mark,

pa r t ic u la r  program:
big begin tok en,  'enc los ed c laus e,  b i g  end tok en.

'enc losed c laus e:
colon mark, i d e n t i fi e r ,  s y nc hro,  'enc los ed c laus e;
enclosed c laus e,

enclosed c laus e:
c losed or  c o l l a t e r a l  c laus e;
choice c laus e;
loop c laus e.

c losed o r  c o l l a t e r a l  c laus e:
( pa r a l le l  tok en) ,  beg in ,  inne r  c laus e,  end.

begin:
bold begin tok en;
b r ie f  begin tok en,

end:
bold end tok en;
b r ie f  end tok en.

inner  c laus e:
s er ia l  c laus e;
( joined p o r t r a i t ) .

s e r ia l  c laus e:
ser ies ,

s er ies :
t r a in ,  ( c omplet ion tok en, s e r ies ) .

t r a in :
go on tok en,  dec lun,  synchro, t r a i n ;
l u n i t .

dec lun:
dec lar at ion;
l u n i t .

l u n i t :



colon mark, i d e n t i fi e r ,  s y nc hro,  l u n i t ;
u n i t .

jo ined p o r t r a i t :
and a ls o  tok en,  u n i t  o r  jo ined  p o r t r a i t ,  s ynchro, u n i t .

un i t  o r  jo in e d  p o r t r a i t :
u n i t ;
jo ined p o r t r a i t .

choice c laus e:
choice s t a r t ,  chooser c hoic e c laus e, c hoic e fi n i s h ,

chooser c hoic e c laus e:
enquiry  c laus e, a l t e r na t e  c hoic e c laus e.

enquiry  c lause:
s er ies .

a lte r nate  choice c laus e:
in  choice c laus e,  ( o u t  choice c laus e) .

in  c hoic e c laus e:
choice i n ,  i n  p a r t  o f  c hoic e,

in  p a r t  o f  c hoic e:
s e r ia l  c laus e;
case p a r t  l i s t  proper ;
united case p a r t .

case p a r t  l i s t  proper :
and a ls o  tok en,  case pa r t  l i s t ,  synchro, case p a r t .

case p a r t  l i s t :
and a ls o  tok en,  case pa r t  l i s t ,  synchro, case p a r t ;
case pa r t .

case p a r t :
u n i t ;
united case p a r t .

united case p a r t :
s pec ifi c at ion tok en,  s in g le  dec lar a t ion  b r i e f  pack ,

synchro, u n i t .
s ingle dec lar a t ion  b r i e f  pack:

b r ie f  begin tok en, s in g le  dec la r a t ion ,  b r i e f  end tokene
s ingle dec lar a t ion :

dectag in s e r t ,  dec lar er ,  synchro, i d e n t i fi e r ;
dec larer .

out c hoic e c laus e:
choice ou t ,  s e r i a l  c laus e;
choice aga in ,  chooser c hoic e c laus e,

loop c laus e:
loop in s e r t ,  f o r  p a r t ,  ( f r om p a r t ) ,  ( by  p a r t ) ,  ( t o  p a r t ) ,

repeating p a r t .
for  p a r t :

( for  tok en,  i d e n t i fi e r ) ,
from pa r t :

from tok en, u n i t .
by p a r t :

by tok en, u n i t ,
to p a r t :

to tok en, u n i t .
repeating p a r t :
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(while p a r t ) ,  do p a r t .
while p a r t :

while tok en,  enquir y  c laus e.
do p a r t :

do tok en,  s e r i a l  c laus e,  ad tok en.
dec lar at ion:

common dec lar a t ion ,  ( s eparate and a ls o  tok en,  dec la r a t ion ) .
common dec lar a t ion :

mode dec lar a t ion ;
p r i o r i t y  dec lar a t ion;
id e n t ifi e r  dec la r a t ion ;
operation dec lar a t ion .

mode dec lar a t ion :
mode tok en,  mode jo ined  d e fi n i t i o n .

mode jo ined  d e fi n i t i o n :
and a ls o  tok en,  mode jo ined  d e fi n i t i o n ,  s y nc hro,

mode d e fi n i t i o n ;
mode d e fi n i t i o n .

mode d e fi n i t i o n :
is  defi ned as  tok en d e fi n e d  mode in d ic a t io n ,  synchro,

dec larer .
defined mode in d ic a t io n :

mode in d ic a t io n .
p r i o r i t y  dec lar a t ion:

p r i o r i t y  tok en, p r i o r i t y  jo ined  d e fi n i t i o n .
p r i o r i t y  jo ined  d e fi n i t i o n :

and a ls o  tok en,  p r i o r i t y  jo ined  d e fi n i t i o n ,  s y nc hro,
p r i o r i t y  d e fi n i t i o n ;

p r i o r i t y  d e fi n i t i o n .
p r i o r i t y  d e fi n i t io n :

is  defi ned as  tok en, oper ator ,  synchro, p r i o r i t y  u n i t .
p r i o r i t y  u n i t :

d i g i t  tok en.
id e n t i fi e r  dec la r a t ion :

dectag in s e r t ,  leapety  dec lar er ,  synchro,
id e n t i fi e r  j o i n e d  d e fi n i t i o n .

leapety  dec lar er :
( leap tok en) ,  modine dec lar er .

modine dec lar er :
nonproc dec lar er ;
modine procedure dec lar ator .

modine procedure dec lar ator :
procedure tok en,  ( fo r ma l procedure p lan ) .

id e n t i fi e r  j o i n e d  d e fi n i t i o n :
and a ls o tok en,  i d e n t i fi e r  j o i n e d  d e fi n i t i o n ,  s y nc hro,

id e n t i fi e r  d e fi n i t i o n ;
id e n t ifi e r  d e fi n i t i o n .

id e n t i fi e r  d e fi n i t i o n :
id e n t i t y  d e fi n i t i o n ;
v ar iable d e fi n i t i o n .

id e n t i t y  d e fi n i t i o n :
is  defi ned as  tok en, i d e n t i fi e r ,  s y nc hro,  u n i t .



variable definit ion:
becomes token, i d en t i fi er ,  synchro, u n i t ;
id en t ifi er.

operation declarat ion:
opdec in sert ,  operation heading, synchro,

operation joined defin it ion .
operation heading:

operator token, ( formal procedure p lan) .
operation joined definit ion:

and also token, operation joined defin it ion ,  synchro,
operation definit ion;

operation defin it ion .
operation definit ion:

is defined as token, operator, synchro, u n i t .
operator:

defining operator.
declarer:

nonproc declarer;
procedure declarator.

nonproc declarer:
reference t o  declarator;
structured with declarator;
flexib le rows o f  declarator;
rows o f  declarator;
union o f  declarator;
mode indicat ion.

reference t o  declarator:
reference t o  token, declarer.

structured with declarator:
structure t o km ,  portrayer pack.

portrayer pack:
brief  begin token, port rayer, b r i e f  end token.

portrayer:
common portra:mr, (separate and also token, port rayer) .

common portrayer:
dectag in sert ,  declarer,  synchro, jo ined defin it ion  o f  fi e ld s .

joined defin it ion  o f  fi eld s:
and also token, jo ined definit ion  o f  fi e l d s ,  synchro,

fi eld  selector;
fi eld  select o r.

flexib le rows o f  declarator:
flexib le token, declarer.

rows o f  declarator:
row in sert ,  rower bracket , synchro, d eclarer.

rower bracket:
b rief  sub token, rower, b r i e f  bus token;
style i  sub token, rower, s t y le  i  bus token.

rower:
and also token, rower, synchro, row rower;
row rower.

row rower:
co],on mark, ( u n i t ) ,  synchro, ( u n i t ) ;
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(unit ) .
procedure declarator:

procedure token, formal procedure p lan.
formal procedure plan:

formals in sert ,  jo ined declarer pack, synchro, declarer;
declarer.

joined declarer pack:
b rief  begin token j o i n e d  declarer,  b r i e f  end token.

joined declarer:
and also token, jo ined declarer,  synchro, declarer;
declarer.

union o f  declarator:
union o f  token, jo ined declarer pack.

iden t ifier:
tag token.

fi eld  selector:
tag token.

unit:
assignation;
ident ity relat ion ;
routine t ext ;
t ert iary .

t ert iary:
formula;
secondary.

secndary:
leap generator;
selection;
primary.

primary:
primary one;
other denoter;
format t ext ;
skip token;
n i l  token.

primary one:
slice ca l l ;
cast;
string denoter;
iden t ifier;
jump;
enclosed clause.

assignation:
becomes token, t e r t i a ry ,  synchro, u n i t .

ident ity relat ion:
ident ity re la t o r,  t e r t i a ry ,  synchro, t e r t i a ry .

leap generator:
leap token, d eclarer.

selection:
of token, fi e l d  select o r,  synchro, secondary.

slice c a l l :
cl ice in sert ,  primary one, synchro, indexer bracket .



indexer brac k et :
b r i e f  sub tok en,  index er ,  b r i e f  bus  tok en;
s ty le  i  sub tok en,  index er ,  s t y l e  i  bus  tok en.

indexer :
and a ls o  tok en,  index er ,  synchro, t r im s c r ip t ;
t r ims c r ip t .

t r ims c r ip t :
u n i t ;
a t  tok en, (bound p a i r ) ,  synchro, u n i t ;
(bound p a i r ) .

bound p a i r :
colon mark, ( u n i t ) ,  synchro, ( u n i t ) ,

r out ine t e x t :
r out ine tok en,  r o u t in e  heading, synchro, u n i t .

r out ine heading:
formals  in s e r t ,  dec la r a t iv e  pack , synchro, dec la r er ;
dec larer .

dec lar at iv e pack :
b r ie f  begin tok en, dec la r a t iv e ,  b r i e f  end tok en.

dec lar at iv e:
common dec la r a t iv e ,  ( s eparate and a ls o  tok en,  dec la r a t iv e ) .

common dec lar a t iv e :
dectag in s e r t ,  dec la r er ,  synchro, parameter  jo in e d  d e fi n i t i o n ,

parameter jo in e d  d e fi n i t i o n :
and a ls o  tok en,  parameter jo in e d  d e fi n i t i o n ,  s y nc hro,

id e n t i fi e r ;
iden t ifi e r s

formula:
dyadic for mula;
monadic for mula,

dyadic  for mula:
dyadic  oper ator ,  operand, synchro, monadic operand.

monadic for mula:
monadic oper ator ,  monadic operand.

operand:
formula;
secondary.

monadic operand:
monadic for mula;
secondary.

jump:
go t o  tok en, i d e n t i fi e r .

cas t:
cas t in s e r t ,  dec la r er ,  synchro, enc losed c laus e.
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