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ABSTRACT

LLgen p r ov i d e s  a t oo l  f o r  g e n e  r  a t i ng  a n e f fic i e n t  r e c u r  -

s i ve  d e s c e n  t p a  r s e  r wi  t h no b a c k t  r a c k f r om a n Ex t  e nd  e  d

Co n t ex t  F r e e s yn  t a x  . Th e LLgen u s  e r s p e  c i fie s  t h e  s yn  t a x  ,

t og e  t h e  r wi  t h c od  e d e  s  c r i b i ng a c t  i on  s a s  s o c  i  a  t  e d wi  t h t h e

p a  r s i ng  p r o c e  s s . LLgen t u r n s t h i  s s p e c  i fic  a t i on  i n t o  a  num -

b e  r o f  s ub  r  ou t i n e  s t h a t  h a nd l  e t h e p a r  s i ng p r o c e  s s .

Th e g r  amma r  ma y  b e amb i guou s . LLgen c on t  a  i n s bo t h

s t a t  i c a nd dyn ami c f a c i  l  i  t  i e s t o r e s o l ve t h e  s  e amb i gu i  -

t i e s  .

Th e s p e c  i fic  a t i on  c a n  b e s p  l i t  i n t o  s ev  e r a  l fi l  e s ,  f o r

e a c h o f wh i  c h LLgen g e n e  r  a t e s a n ou t pu t  fi l e  c on  t a i n i ng t h e

c o  r r e s pond i  ng p a  r t o f t h e  p a r s e r  . Fu r t h e rmo r e ,  on l y  ou t pu t

fi l  e s t h a  t d i  f f e r  f r om t h e  i r p r ev i ou s  ve r  s i on a r e  upd  a t e d .

Ot  h e r  ou t pu t  fi l e s a r e  no t  a f f e c  t  e d i n a ny wa y  . Th i s a l l ow s

t h e u s e  r t o  r e c omp i  l e on l y  t ho s  e ou  t  pu  t fi l  e s t h a  t h ave

c h a ng e d  .

Th e s ub r ou t  i n e p r odu  c e d  by LLgen c a  l l s  a u s  e r s upp  l i e d

r ou t  i n e t h a  t mu s t r e t u r n  t h e  n ex t  t ok e  n . Th i  s wa y , t h e

i npu  t t o  t h e p a r  s e r  c a n  b e s p  l i t  i n t o  s i ng l  e c h a  r  a c t e r s  o r

h i gh e  r l eve  l t ok e  n s .

An e r r o r  r e c ov e r y  me c h a n  i sm i s g e n e  r  a t e d a lmo s  t c om-

p l  e  t  e  l y a u  t  oma t i c a l  l y .  I t i s b a s e d on s o c a l  l e d default

choices , wh i  c h a r e  imp l i c i  t  l y o r exp  l i c i  t  l y s p e  c i fie d  by t h e

u s  e r .

LLgen h a  s s u c c e  s f u  l l y  b e e n u s e d t o c r e a t e  r e c ogn  i z e  r s

f o r  Pa s c a l  , C ,  a nd  Modu l a - 2 .

1. Introduction

LLgen p r ov i d e s  a t oo l  f o r  g e n e  r  a t i ng  a n e f fic i e n t  r e c u r  s i ve d e s c e n  t

p a  r s e  r wi  t h no b a c k t  r a c k f r om a n Ex t  e nd  e  d Co n t ex t  F r e e s yn  t a x  . A

p a  r s e  r g e n e  r  a t e d by LLgen wi l  l b e  c a l  l e d LLparse f o r  t h e  r e s  t o f  t h i  s

do  c  ume n t .  I t i s a s s ume d  t h a  t t h e r e a d e  r h a  s s ome knowl  e dg  e o f  LL (  1  )

g r  amma r  s a nd r e c u r  s i ve d e s c e n  t p a  r s e  r s .  Fo r  a s u  r  vey  on t h e  s ub  j e c  t ,

s e e r e f e r e n c  e ( 2 )  .

Ex t e nd e d  LL (  1  ) p a  r s e  r s a r e  a n ex t  e n s  i on  o f LL (  1  ) p a  r s e  r s .  Th ey a r e

d e  r i ve d  f r om a n Ex t  e nd  e  d Co n t ex t  - F r  e e ( EC F ) s yn  t a x  i n s  t e a d o f a Co n -

t ex t  - F r  e e (CF ) s yn t  a x .  ECF s yn  t a x  i s d e s c  r i b e d  i n s e c  t i on 2 . Se c  t i on

3 p r ov i d e s  a n ou t  l  i n e o f a s p e c  i fic  a t i on  a s a c c e p t  e d by LLgen a nd a l s o
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d i  s c u  s s e s  t h e  l ex  i c a  l c onv e n t  i on s  o f g r amma r  s p e  c i fic a  t i on fi l e s .  Se c  -

t i on  4  p r ov i d e s  a d e  s  c r i p t  i on o f t h e  wa y  t h e LLgen u s  e r c a n  a s s o c  i  a  t  e

a c  t i on s  wi t h t h e  s yn  t a x  . Th e s e  a c t  i on  s mu s t b e wr i  t  t e n  i n t h e  p r og r  am-

mi ng l a ngu  a  g  e C , 4 wh i c h  a l s o i s t h e  t a r g e  t l a ngu  a  g  e o f LLgen . Th e

e r  r o r  r e c ov e r y  t e c hn  i  qu e i s d i s c u  s s e d i n s e c  t i on 5 . Th i  s s e c t  i on  a l s o

d i  s c u  s s e s  wh a  t t h e u s e  r c a n do a bou t i t  . Se  c t i on  6  d i s c u  s s e s  t h e

f a c i  l  i  t  i e s LLgen o f  f e r  s t o  r e s o l ve amb i gu i  t  i e s  a nd  c onfl i  c  t s . LLgen

o f  f e r  s f a c i  l  i  t  i e s t o r e s o l ve t h em bo t h  a t p a r  s e r  g e n e  r  a t i on  t ime a nd

du r i ng t h e  exe  c u t  i on o f LLparse . Se c  t i on 7 d i s c u  s s e s  t h e LLgen wo r k i ng

e nv i  r onme n t .  I t a l s o d i s c u  s s e s  t h e  l ex  i c a  l a n a  l y z  e r t h a  t mu s t b e s up  -

p l  i e d  by t h e  u s e  r . Th i  s l ex i  c a l  a n a  l y z  e r mu s  t r e a d  t h e  i npu  t s t  r e am

a nd b r e a k  i t up i n t o  b a s  i c i npu  t i t em s , c a l  l e d tokens f o r  t h e  r e s  t o f

t h i  s do  c  ume n t .  App e  nd i x  A g i ve  s a s umma r y o f t h e LLgen i npu  t s yn t  a x .

Ap p e nd i x  B g i ve  s a n  ex amp l e .  I t i s ve r y i n s  t r u c t  i ve  t o c omp a  r  e t h i  s

ex  amp l e wi t h t h e  on e  g i ve n  i n r e f e r e n c  e ( 3 )  . I t  d emon s t r a t e s t h e

s t  r ugg  l e LLparse a nd o t h e r  LL (  1  ) p a  r s e  r s h av  e wi  t h exp  r e s  s i on s  .

Ap p e nd i x  C g i ve  s a n  ex amp l e o f t h e LLgen f e a t u r  e s a l  l ow i ng  t h e  u s e  r t o

r e c omp i l e  on l y  t ho s  e ou  t  pu  t fi l  e s t h a  t h ave  c h a ng e d  , u s  i ng  t h e make p r o -

g r  am. 1

2. The Extended Context-Free Syntax

Th e ex  t e n  s i on s  o f a n ECF s yn  t a x  wi t h r e s p e  c t t o a n o r d  i  n a r y CF

s yn t  a x a r e  :

1 .  An ECF s yn  t a x  c on t  a  i n s t h e  r e p e  t i t i on  op e r a  t o r  : "N" (N r e p  r e -

s e n t  s a po s  i t i ve  i n t  eg e  r ) .

2 .  An ECF s yn  t a x  c on t  a  i n s t h e  c l o s u  r e s e t  op e  r  a t o r wi t hou  t a nd

wi  t h upp  e r bound : " * "  a nd  " *N " .

3 .  An ECF s yn  t a x  c on t  a  i n s t h e  po s  i t i ve  c l o s u  r e s e t  op e  r  a t o r wi t h -

ou  t a nd wi t h upp e r bound : " + "  a nd  " +N " .

4 .  An ECF s yn  t a x  c on t  a  i n s t h e  op t  i on a  l op  e r a  t o r  : " ? "  , wh i c h  i s a

s ho r  t h a nd f o r  " *1  " .

5 .  An ECF s yn  t a x  c on t  a  i n s p a r e n t h e s e s  " [ "  a nd  " ] "  wh i  c h c a n  b e

u s  e d f o r  g r oup  i  ng .

We c a n  d e s c  r i b e t h e  s yn  t a x  o f a n ECF s yn  t a x  wi t h a n ECF s yn  t a x  :

grammar : rule +

;

Th i s g r amma r  r u l  e s t a t e s t h a  t a g r amma r  c on  s i s t s  o f on e  o r mo r  e r u  l e s  .

rule : nonterminal ’:’ productionrule ’;’

;

A r u l  e c on s  i  s  t  s o f  a l e f t  h a nd s i d e ,  t h e  non  t e rmi n a l  , f o  l l owe d by  " : "  ,

t h e produce symbol , f o l  l owe d by  a  p r odu  c t i on  r u l  e , f o l  l owe d by  a " ; "  , i n -

d i  c a t  i ng  t h e  e nd o f t h e  r u l  e .

productionrule : production [ ’|’ production ]*

;

A p r odu c t i on  r u l  e c on s  i  s  t  s o f  on e  o r mo r  e a l  t e r n a t  i ve  p r odu  c t i on  s s e p -

a r a  t  e d by " | " . Th i  s s ymb o l i s c a l  l e d t h e alternation symbol .

production : term *

;
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A p r odu c t i on  c on  s i s t s  o f a po  s s i b l y  emp t y l i s t  o f t e rms . So , emp t y

p r odu  c t i on  s a r e  a l l ow e d .

term : element repeats

;

A t e rm i s a n e l eme n t ,  po s  s i b l y  wi t h a  r e p e  a t s p e  c i fic a  t i on .

element : LITERAL

| IDENTIFIER

| ’[’ productionrule ’]’

;

An e l eme n t c a n  b e a L I TERAL , wh i c h  b a s i c a  l l y  i s a s i ng l  e c h a  r  a c t e r

b e  twe e n a po  s t r oph  e s ,  i t c a n  b e a n  IDE NT I F I ER , wh i c h  i s e i t h e  r a non  -

t e rm i n a  l o r  a t ok e  n , a nd  i t c a n  b e a p r odu  c t i on  r u l  e b e  twe e n s qu  a r e

p a  r  e n t h e s e s  .

repeats : ’?’

| [ ’*’ | ’+’ ] NUMBER ?

| NUMBER ?

;

Th e s e  a r e  t h e  r e p e  a t s p e  c i fic a  t i on s  d i s c u  s s e d a bove  . No t i c e t h a  t t h i  s

s p e c  i fic  a t i on  ma y  b e emp t y .

Th e c l a s s  o f ECF l a ngu  a  g  e s i s i d e n  t i c a l  wi t h t h e  c l a s s  o f CF l a n  -

gu  a  g  e s .  How eve  r , i n ma ny c a s e s  r e c u r  s i ve d efin i  t  i on s  o f l a ngu  a  g  e f e a -

t u r e s c a n  now b e r e p  l a c e d by i t e r a  t i ve on e  s . Th i  s t e nd  s t o  r e du c  e t h e

numb e r o f non  t e rmi n a l  s a nd g i ve s  r i s e t o ve r y e f fic i e n t  r e c u r  s i ve

d e  s  c e n  t p a  r s e  r s .

3. Grammar Specifications

Th e ma j o r  p a r  t o f  a LLgen g r  amma r  s p e  c i fic a  t i on c on  s i s t s  o f a n ECF

s yn t  a x s p e  c i fic a  t i on .  Name s  i n t h i  s s yn t  a x s p e  c i fic a  t i on r e f e r  t o

e i  t h e  r t ok e  n s o r non  t e rmi n a l  s ymbo l s . LLgen r e qu  i r e s t ok  e n n ame s  t o b e

d e  c l a r e d a s s u c h  . Th i s wa y  i t c a n  b e avo i d e d  t h a  t a t yp  i  ng e r  r o r  i n a

non  t e rmi n a l  n ame c a u  s e s  i t t o b e a c c e p t  e d a s a  t ok  e n n ame .  Th e  t ok  e n

d e  c l a r a  t i on s  wi l l  b e d i s c u  s s e d l a t e r .  A n ame wi l l  b e r eg  a r d e d  a s a

non  t e rmi n a l  s ymbo l , un l  e s s  i t i s d e c  l  a r e d a s a  t ok  e n n ame .  I f t h e  r  e

i s  no p r odu  c t i on  r u l  e f o r  a non  t e rmi n a l  s ymbo l , LLgen wi l  l c omp l a i n .

A g r amma r  s p e  c i fic a  t i on ma y  a l s o i n c  l ud  e s ome C r ou t  i n e s  , f o r

i n s t a n c  e t h e l ex  i c a  l a n a  l y z  e r a nd  a n e r r o r  r e po r  t i ng r ou  t i n e .  Thu  s , a

g r  amma r  s p e  c i fic a  t i on fi l e  c a n  c on t  a  i n d e  c l a r a  t i on s  , g r  amma r  r u l  e s a nd

C-  c od  e .

B l  a nk  s , t a b  s a nd n ew l i n e s  a r e  i gno  r e d  , bu t ma y no  t a pp e  a r i n n ame s

o r  k eywo r d s .  Comme n t s  ma y  a pp e  a r wh e  r  eve  r a n ame i s l eg  a l (wh i c h  i s

a lmo s t eve  r ywh e  r  e  ) . Th ey a r e  e n c  l o s  e d i n / * . . .  * / ,  a s i n C . Comme n t s

do  no t n e s  t .

Name s ma y b e  o f a r b  i t r a r y l e ng t h  , a nd c a n  b e ma d e up  o f l e t  t e r s  ,

und  e r s c o  r e " " a nd  non - i n i  t  i a l  d i g i  t s .  Upp e r a nd  l ow e r c a s e  l e t  t e r s

a r e  d i s t  i n c  t . On l y  t h e fi r s  t 50  c h a  r  a c t e r s  a r e  s i gn i fic  a n t  . No t i c e

howe ve r  , t h a t  t h e  n ame s f o r  t h e  t ok  e n s  wi l l  b e u s e d by t h e  C- p r  e p r o -

c e  s s o  r . Th e  numb e  r o f  s i gn i fic  a n t  c h a  r  a c t e r s  t h e  r  e  f o r  e d e p e nd s  on t h e

und e r l y i ng C- imp l eme n  t a t  i on  . A s a f e  r u l  e i s  t o ma k e t h e  i d e n  t i fie r  s

d i  s  t i n c t  i n t h e  fi r s  t s i x c h a  r  a c t e r s  , c a  s  e i gno  r e d  .
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Th e r e  a r e two k i nd s  o f t ok  e n s  : t ho s  e t h a t  a r e  d e c  l  a r e d a nd  a r e

d e no t  e d by a n ame ,  a nd  l i t e r a  l s .

A l i t e r a  l c on s  i  s  t  s o f  a c h a  r  a c t e r e n c  l o s  e d i n a po  s t r oph  e s " ’ "  .

Th e " \ "  i s a n e s c a p e  c h a r a c t e r wi t h i n  l i t e r a  l s .  Th e  f o l  l owi  ng e s c a p e  s

a r e  r e c ogn  i z e d :

’ \ n ’  n ew l i n e

’ \ r ’ r e t u r n

’ \ ’ ’ a po  s t r oph  e " ’ "

’ \  \ ’ b a  c k s l a s h " \ "

’ \  t ’ t a b

’ \ b ’  b a c k s p a c e

’ \ f  ’ f o rm f e e d

’ \ xxx  ’ " xxx  " i n  o c t a l

Name s r e p r  e s e n t  i ng t ok  e n s  mu s  t b e  d e c l a r e d b e f o r  e t h ey  a r e  u s e d .

Th i s c a n  b e don e u s  i ng  t h e  "%token" k eywo r d , by wr i  t  i ng

%token name1, name2, . . . ;

LLparse i s  d e s  i gn  e  d t o  r e c ogn  i z e  s p e  c i a l  non  t e rmi n a l  s ymbo l s c a l  l e d

start symbols . LLgen a l  l ow s f o r  mo r  e t h a n  on e  s t a r t  s ymbo l . Thu  s , g r am-

ma r s wi t h mo r  e t h a n  on e  e n t r y po i n t  a r e  a c c e p t  e d .  Th e  s t a r t  s ymbo l s

mu s t b e d e c  l  a r e d exp  l i c i  t  l y u s i ng  t h e  "%start" k eywo r d . I t c a n  b e u s  e d

wh e n eve  r a d e c  l  a r a  t i on i s l eg  a l ,  f . i . :

%start LLparse, specification ;

d e  c l a r e s " s p e c  i fic  a t i on  " a s  a  s t a r t  s ymbo l a nd a s s o c  i  a  t  e s t h e  i d e n  t i fie r

"LLp a r s e "  wi t h i t .  "LL p a r  s e "  wi l l  now b e t h e  n ame o f t h e  C- f un  c t i on

t h a t  mu s  t b e  c a l  l e d t o r e c ogn i z e  " s p e c  i fic  a t i on  " .

4. Actions

LLgen a l  l ow s a r b i  t r a r y i n s  e r t  i on  s o f  a c t  i on  s wi  t h i n  t h e r i gh t  h a nd

s i d e  o f a p r odu  c t i on  r u l  e i n  t h e ECF s yn  t a x  . An a c t  i on  c on  s i s t s  o f a

numb e r o f C s t a t eme n t s  , e n c  l o s  e d i n t h e  b r a c k e t  s " { "  a nd  " } "  .

LLgen g e n e  r  a t e s a p a  r s i ng  r ou  t i n e f o r  e a c h r u l  e i n  t h e g r amma r  . Th e

a c  t i on s  s upp  l i e d by t h e  u s e  r a r e  j u s  t i n s e  r t e d i n t h e  p r op e  r p l  a c e  .

Th e r e  ma y  a l s o b e d e c  l  a r a  t i on s  b e f o r  e t h e s t a t eme n t s  i n t h e  a c t  i on  , a s

t h e " { "  a nd  " } "  a r e  c op  i e d  i n t o  t h e t a r g e  t c od e  a l ong  wi t h t h e  a c t  i on  .

Th e s c op  e o f  t h e  s  e d e  c l a r a  t i on s  t e rmi n a t e s wi t h t h e  c l o s i ng  b r a c k e t

" } "  o f t h e  a c t  i on  .

I n  a dd  i t i on  t o a c t  i on  s , i t i s a l s o po s  s i b l  e t o  d e c  l  a r e  l o c  a l va r  i  -

a b  l e s  i n t h e  p a r s  i ng  r ou  t i n e ,  wh i  c h c a n  t h e n  b e u s  e d i n t h e  a c t  i on  s .

Su c h a d e c  l  a r a  t i on c on  s i s t s  o f a numb e r o f C va  r i a b l  e d e  c l a r a  t i on s  ,

e n c  l o s  e d i n t h e  b r a c k e t  s " { "  a nd  " } "  . I t  mu s  t b e  p l a c e d r i gh t  i n f r on  t

o f  t h e  " : "  i n t h e  g r amma r  r u l  e . Th e  s c op e  o f t h e  s  e l o c a  l va  r i a b l  e s

c on s  i  s  t  s o f  t h e  c omp l e t e  g r amma r  r u l  e .

I n  o r d e r  t o f a c  i l i t a t e  c ommu n i c a t  i on  b e twe e n t h e  a c t  i on  s a nd

LLparse , t h e  p a r s  i ng  r ou  t i n e s  c a n  b e g i ve  n C-  l i k e p a r ame t e r s  . Ea c h

p a  r  ame t e r mu s  t b e  d e c l a r e d s e p a  r  a t e l y ,  a nd  e a c h o f t h e  s  e d e  c l a r a  t i on s

mu s t e nd  wi t h a  s em i c o  l  on .  Fo r  t h e  l a s  t p a  r  ame t e r ,  t h e  s em i c o  l  on i s

op  t i on a  l .
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So , f o r  ex amp l e

expr(int *pval;) { int fact; } :

/*

* Rule with one parameter, a pointer to an int.

* Parameter specifications are ordinary C declarations.

* One local variable, of type int.

*/

factor (&fact) { *pval = fact; }

/*

* factor is another nonterminal symbol.

* One actual parameter is supplied.

* Notice that the parameter passing mechanism is that

* of C.

*/

[ ’+’ factor (&fact) { *pval += fact; } ]*

/*

* remember the ’*’ means zero or more times

*/

;

i s  a r u  l e t o r e c ogn i z e  a numb e r o f f a c  t o r  s , s e p a  r  a t e d by " + "  , a nd t o

c omp u t e  t h e  i r s um .

LLgen g e n e  r  a t e s C c od e  , s o  t h e  p a r ame t e r p a s  s i ng me c h a n  i sm i s t h a  t

o f  C , a s i s s hown i n t h e  ex amp l e a bove  .

Ac t i on s  o f t e n  ma n  i  pu l  a  t  e a t  t r i bu t e s  o f t h e t ok  e n j u s  t r e a d  . Fo r

i n s t a n c  e , wh e n  a n i d e n  t i fie r  i s r e a d ,  i t s  n ame mu s  t b e  l ook  e d up i n a

s ymb o l t a b  l e .  Th e  r  e  f o r  e , LLgen g e n e  r  a t e s c od  e s u c h  t h a  t a t  a numb e r o f

p l  a c e  s i n  t h e g r amma r  r u l  e i t  i s d efin e d  wh i  c h t ok  e n h a s  l a s  t b e  e n

r e a d  . Af t e r  a t ok e  n , t h e  l a s  t t ok e  n r e a d  i s t h i  s t ok e  n . Af t e r  a " [ "

o r  a " | " , t h e  l a s  t t ok e  n r e a d  i s t h e  n ex t  t ok e  n t o  b e a c c e p t  e d by

LLparse . At a l l  o t h e r  p l a c e  s , i t i s und  efin e d  wh i  c h t ok  e n h a s  l a s  t b e  e n

r e a d  . Th e l a s t  t ok  e n r e a d i s ava  i l a b l  e i n  t h e g l ob a  l i n t  eg e  r va  r i a b l  e

LLsymb .

Th e u s  e r ma y  a l s o s p e  c i f y C- c od  e wh e r eve  r a LLgen - d e c  l  a r a  t i on i s

l eg a  l . Ag a  i n ,  t h i  s c od e  mu s  t b e  e n c l o s e d i n t h e  b r a c k e t  s " { "  a nd  " } "  .

Th i s wa y  , t h e u s e  r c a n d efin e  g l ob a  l d e  c l a r a  t i on s  a nd  C- f un  c t i on  s . To

avo i d  n ame - c onfl i  c  t s wi t h i d e n  t i fie r  s g e n e  r  a t e d by LLgen , LLparse on l  y u s  e  s

n ame s b eg i nn i ng wi t h "LL " ; t h e  u s e  r s hou  l  d avo i d  s u c h  n ame s .

5. Error Recovery

Th e e r  r o r  r e c ov e r y  t e c hn  i  qu e u s e d by LLgen i s  a mo d i fic a  t i on o f t h e

on  e p r  e s e n t  e d i n r e f e r e n c  e ( 7 )  . I t  i s b a s e d on default choices , wh i  c h j u s  t

a r e  wh a  t t h e wo r d  s a y s  , d e  f a u  l t c ho  i c e  s a t  eve  r y po i n t  i n t h e g r amma r

wh e r e  t h e  r  e i s  a c ho i  c e .  Thu  s , i n a n a l t e r n a  t i on ,  on e  o f t h e  p r odu  c -

t i on  s i s  ma r k e  d a s  a d e  f a u  l t c ho  i c e  , a nd i n a  t e rm wi t h a non - fix e d

r e p e  t i t i on  s p e  c i fic a  t i on t h e  r  e wi  l  l a l  s o b e a d e  f a u  l t c ho  i c e  ( b e  twe e n

do  i  ng t h e t e rm ( on  c e mo r  e  ) a nd c on  t i nu i ng wi t h t h e  r e s  t o f  t h e  p r odu  c -

t i on  i n wh i  c h t h e  t e rm a pp e a r  s  ) .

Wh e n LLparse d e  t  e c t  s a n  e r r o r  a f t e r  h av  i  ng p a r  s e d  t h e  s t r i ng s , t h e

d e  f a u  l t c ho  i c e  s e n a b  l e i t t o c ompu t e on e  s yn  t a c  t i c a l  l y c o r  r e c  t c on t  i n -

u a  t i on ,  c on  s i s t  i ng  o f t h e  t ok  e n s t1
. . . tn , s u c h  t h a  t s t1

. . . tn i s  a

s t  r  i ng  o f t ok  e n s  t h a  t i s  a me mb e  r o f  t h e  l a ngu  a  g  e d efin e d by  t h e
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g r  amma r  . No t i c e ,  t h a  t t h e c ompu t a t  i on  o f t h i  s c on t  i nu a  t i on mu s  t t e r -

mi n a t e  , wh i c h  imp l i e s t h a  t t h e d e f a u  l t c ho  i c e  s ma y no  t i nvo k e r e c u r  -

s i ve  r u l  e s .

At  e a c h po i n t  i n t h i  s c on t  i nu a  t i on ,  a c e  r t a i n numb e  r o f  o t h e r

t ok e  n s c ou  l  d a l  s o b e s yn  t a c  t i c a l  l y c o r  r e c  t , f . i .  t h e  t ok  e n t i s  s yn  t a c  -

t i c a  l l y  c o r  r e c  t a t  po i n t ti i n  t h i s c on  t i nu a  t i on ,  i f t h e  s t r i ng

s t1
. . . ti t s1 i s  a  s t r i ng  o f t h e  l a ngu  a  g  e d efin e d by  t h e  g r amma r  f o r  s ome

s t  r  i ng s1 a nd i >= 0 .

Th e s e  t T c on t  a  i n i ng a l l  t h e  s  e t ok e  n s ( i n c l ud  i  ng t1 , . . .  , tn ) i s

c omp u t e d .  Nex  t , LLparse d i  s c a  r d s  z e r o o r mo r  e t ok e  n s f r om i t s  i npu  t ,

un  t i l  a  t ok  e n t ∈ T i s  f ound  . Th e e r  r o r  i s t h e n  c o r r e c  t  e d by i n s  e r t  i ng

i ( i >= 0 ) t ok  e n s t1
. . . ti , s u c h  t h a  t t h e s t r i ng s t1

. . . ti t s1 i s  a  s t r i ng

o f  t h e  l a ngu  a  g  e d efin e d by  t h e  g r amma r  , f o r  s ome s1 . Th e n  , no  rma l p a  r s -

i ng i s r e s ume d  .

Th e a bov e i s  d i f fic  u l t  t o imp l eme n  t i n  a r e c u  r s i ve  d e c e n t  p a r  s e r  ,

a nd i s no t  t h e wa y LLparse do e s i t ,  bu t  t h e e f f e c  t i s  t h e  s ame .  I n f a c  t ,

LLparse ma i n t  a  i n s a  l i s t  o f t ok  e n s  t h a  t ma y no  t b e  d i s c a  r d e d  , wh i c h  i s

a d  j  u s t e d  a s LLparse p r o c e e d s  . Th i s l i s t  i s j u s t  a r e p r  e s e n t  a  t i on o f t h e

s e  t T me n t i on  e  d a bov e . Wh e n  a n  e r r o r  o c c u r  s , LLparse d i  s c a  r d s  t ok  e n s

un  t i l  a  t ok  e n t t h a t  i s a me mb e  r o f  t h i  s l i s t  i s f ound  . Th e n , i t c on  -

t i nu  e s p a r  s i ng ,  f o l  l owi  ng t h e  d e f a u l  t c ho i  c e s  , i n s e  r t i ng  t ok  e n s  a l ong

t h e wa y  , un  t i l  t h i  s t ok e  n t i s  l eg  a l .  Th e  s e l e c t  i on  o f t h e  d e f a u l  t

c ho i  c e s  mu s  t gu  a r a n t  e e t h a  t t h i  s wi  l  l a lwa y s h a pp e n  .

Th e d e  f a u  l t c ho  i c e  s a r e  exp  l i c i  t  l y o r imp l i c i  t  l y s p e  c i fie d  by t h e

u s  e r .  By d e f a u  l t ,  t h e  d e f a u l  t c ho i  c e i n a n a l t e r n a  t i on i s t h e  a l t e r  -

n a  t i ve wi t h t h e  s ho  r t e s t  po s  s i b l  e t e rm i n a  l p r odu  c t i on  . Th e u s  e r c a n

s e  l  e c t  on e  o f t h e  o t h e r  p r odu  c t i on  s i n  t h e a l t e r n a  t i on a s t h e  d e f a u l  t

c ho i  c e by pu t  t  i ng t h e  k eywo r d "%default" i n f r on t  o f i t .

By d e f a u  l t ,  f o r  t e rms wi t h a  r e p e  t i t i on  c oun  t c on t  a  i n i ng " * "  o r

" ? "  t h e  d e f a u l  t c ho i  c e i s t o c on  t i nu e  wi t h t h e  r e s  t o f  t h e  r u l  e i n

wh i c h  t h e  t e rm a pp e a r  s , a nd

term+

i s  t r e a t e d a s

term term* .

I t  i s a l s o c l e a r  , t h a t  i t c a n  n eve  r b e  t h e  d e f a u l  t c ho i  c e t o do

t h e t e rm ( on  c e mo r  e  ) , b e c a u s  e t h i  s c ou l d  c a u  s e t h e  p a r s e r  t o l oop  ,

i n s e  r t i ng  t ok  e n s  f o r  eve  r . How eve  r , wh e n  t h e  u s e  r do  e s no t  wa n  t t h e

p a  r s e  r t o  s k i p  t ok e  n s t h a  t wo u l d  no t  h av  e b e  e n s k  i  pp e d  i f t h e  t e rm

wo u l d  h av  e b e  e n t h e d e f a u  l t c ho  i c e  , t h e s k i pp i ng o f s u c h  a t e rm c a n  b e

p r  eve  n t e d by u s i ng  t h e  k eywo r d "%persistent" .  Fo r  i n s  t a n c  e , t h e  r u l  e

commandlist : command* ;

c ou l d  b e c h a ng e d  t o

commandlist : [ %persistent command ]* ;

Th e e f  f e c t  s o f  t h i  s i n  c a s e  o f a s yn  t a x  e r r o r  a r e  two f o l d :  Th e  s e t T

me n t i on  e  d a bov e wi  l  l b e  ex t  e nd  e  d a s  i f " c omma nd "  we r e  i n t h e  d e f a u l  t

p r odu  c t i on  , s o  t h a  t f ewe r t ok e  n s wi l l  b e s k i pp e d  . Al  s o ,  i f t h e  fi r s  t



- 7 -

t ok e  n t h a t  i s no t  s k i pp e d  i s a me mb e  r o f  t h e  s ub  s e t  o f T a r  i s i ng  f r om

t h e g r amma r  r u l  e f o r  " c omma nd "  , LLparse wi l  l e n  t e r  t h a  t r u  l e .  So ,  i n

f a c t  t h e  d e f a u l  t c ho i  c e i s d e t e rm i n e d  dyn  ami c a l  l y ( by LLparse ) .  Ag a  i n ,

LLgen c h e  c k s ( s t a t  i c a l  l y )  t h a  t LLparse wi l  l a lwa y s t e rmi n a t e  , a nd i f no t  ,

LLgen wi l  l c omp l a i n .

An imp o r t a n  t p r op e  r t y  o f t h i  s e r  r o r  r e c ov e r y  me t hod  i s t h a  t , on c  e

a r u l  e i s  s t a r  t e d  , i t  wi l l  b e fin i  s h e d  . Th i s me a n s  t h a  t a l  l a c  t i on s  i n

t h e r u l  e wi  l  l b e  exe  c u t  e d no rma l l y , s o t h a  t t h e u s e  r c a n b e s u r  e t h a t

t h e r e  wi l l  b e no i n c on s  i  s  t e n c  i  e s i n h i s  d a t a  s t r u c  t u r  e s b e  c  a u s e  o f

s yn t  a x e r r o r  s . Al s o ,  a s t h e  me t hod  i s i n f a c  t e r  r o r  c o r  r e c  t i ng ,  t h e

a c  t i on s  i n a  r u l  e on  l  y h ave  t o d e a  l wi  t h s yn  t a c  t i c a l  l y c o r  r e c  t i npu  t .

6. Ambiguities and conflicts

As LLgen g e n e  r  a t e s a  r e c u r  s i ve d e s c e n  t p a  r s e  r wi  t h no b a c k t  r a c k ,  i t

mu s t a t a l l  t ime s b e  a b l e  t o d e t e rm i n e  wh a  t t o  do ,  b a s e d on t h e  c u r -

r e n t  i npu  t s ymb o l .  Un f o r  t un  a t e l y ,  t h i  s c a nno  t b e  don  e f o r  a l l  g r am-

ma r s .  Two k i nd s  o f c onfl i  c  t s c a n  a r i s e  :

1 )  t h e  g r amma r  r u l  e i s  o f t h e  f o rm " p r odu  c t i on1  |  p r odu  c t i on2  " ,

a nd LLparse c a nno t d e  c i d e wh i  c h p r odu  c t i on  t o c ho  s e .  Th i  s we

c a  l l a n alternation conflict .

2 )  t h e  g r amma r  r u l  e i s  o f t h e  f o rm " [ p r odu  c t i on  r  u l e  ] . . . " ,  wh e  r  e

. . .  s p e  c i fie s  a non  - fix e d r e p e  t i t i on  c oun  t , a nd LLparse c a nno t

d e  c i d e wh e  t h e  r t o  c hoo  s e " p r odu  c t i on  r  u l e " on c  e mo r e ,  o r t o

c on t  i nu e  . Th i s we c a l  l a repetition conflict .

Th e r e  c a n  b e s eve  r  a l c a u  s e s  f o r c onfl i c t  s  : t h e g r amma r  ma y  b e

amb i guou s , o r t h e  g r amma r  ma y  r e qu i  r e a mo r e c omp l  ex p a r  s e r  t h a n LLgen

c a n c on  s t r u c  t . Th e  c onfl i c t  s c a n b e ex ami n e d  by i n s p e c  t i ng t h e  ve r bo  s e

( - v ) op t  i on ou t pu t  fi l e  . Th e c onfl i c t  s c a n b e r e s o l ve d  by r ew r i t i ng  t h e

g r  amma r  o r by u s i ng conflict resolvers . Th e  me c h a n  i sm d e s c  r i b e d  h e r e  i s

b a  s  e d on  t h e  a t t r i bu t e d  p a r s  i ng  o f r e f e r e n c  e ( 6 )  .

An a l t e r n a  t i on c onfl i  c  t c a n b e r e s o l ve d  by pu t  t  i ng a n if condition i n

f r on  t o f  t h e  fi r s  t c onfl i c t  i ng  p r odu  c t i on  . I t  c on  s i s t s  o f a "%if" f o l  -

l owe d by  a C-  exp  r e s  s i on b e twe e n p a r e n t h e s e s  . LLparse wi l  l t h e n  eva  l u a  t  e

t h i  s exp r  e s s i on  wh e n eve  r a t ok  e n i s me t  a t t h i  s po  i  n  t on  wh i  c h t h e  r  e

i s  a c onfl i c t  , s o  t h e  c onfl i c t  wi l l  b e r e s o l ve d  dyn  ami c a l  l y .  I f t h e

exp r  e s s i on  eva  l u a  t  e s t o non  - z e  r o ,  t h e  fi r s  t c onfl i c t  i ng  p r odu  c t i on  i s

c ho s  e n ,  o t h e rwi  s e on e  o f t h e  r ema i n i ng on e  s i s  c ho  s e n  .

An a l t e r n a  t i on c onfl i  c  t c a n a l s o b e r e s o l ve d  u s i ng  t h e  k eywo r d s

"%prefer" o r "%avoid" .  "%prefer" i s e qu  i va  l  e n t  i n b e h av i ou r  t o "%if ( 1 )  " .

"%avoid" i s e qu  i va  l  e n t  t o "%if ( 0 )  " . I n t h e  s  e c a  s  e  s howe ve r  , "%prefer"

a nd "%avoid" s hou  l  d b e  u s e d ,  a s t h ey r e s o l ve t h e  c onfl i c t  s t a t  i c a l  l y a nd

t hu s  g i ve r i s e t o b e t  t e r C- c od  e .

A r e p e  t i t i on  c onfl i  c  t c a n b e r e s o l ve d  by pu t  t  i ng a while condition

r i gh  t a f  t e r  t h e  op e n  i  ng p a r e n t h e s e s  . Th i s wh i  l e c ond  i t i on  c on  s i s t s  o f

a "%while" f o l  l owe d by  a C-  exp  r e s  s i on b e twe e n p a r e n t h e s e s  . Ag a i n  ,

LLparse wi l  l t h e n  eva  l u a  t  e t h i  s exp r  e s s i on  wh e n eve  r a t ok  e n i s me t  a t

t h i  s po  i  n  t on  wh i  c h t h e  r  e i s  a c onfl i c t  . I f  t h e  exp  r e s  s i on eva  l u a  t  e s

t o  non  - z e  r o ,  t h e  r e p e  a t i ng  p a r  t i s  c ho  s e n  , o t h e rwi  s e t h e  p a r s e r  c on  -

t i nu  e s wi t h t h e  r e s  t o f  t h e  r u l  e . App e  nd i x  B wi  l  l g i ve  a n ex amp l e o f

t h e s e  f e a  t u r  e s .

A u s e  f u l a i d  i n wr i t i ng  c onfl i  c  t r e s o  l  ve r  s i s  t h e  "%first" k eywo r d .

I t  i s u s e d t o d e c  l  a r e  a C-ma c r o  t h a  t f o rms a n exp  r e s  s i on r e t u r n  i  ng 1
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i f  t h e  p a r ame t e r s upp  l i e d c a n  s t a r t  a s p e c  i fie  d non  t e rmi n a l  , f .  i  .  :

%first fmac, nonterm ;

d e  c l a r e s " fma c  " a s  a ma c r o  wi t h on e  p a r ame t e r ,  who s e va l u e  i s a  t ok  e n

numb e r .  I f t h e  p a r ame t e r X c a n s t a r t  t h e  non  t e rmi n a l  " non  t e rm" ,

" fma c (X) "  i s t r u e ,  o t h e rwi  s e i t i s f a l  s e .

7. The LLgen working environment

LLgen g e n e  r  a t e s a numb e r o f fi l e s :  on e  f o r  e a c h i npu  t fi l  e , a nd  two

o t h e r  fi l e s : Lpars.c a nd Lpars.h . Lpars.h c on t  a  i n s " # - d efin e  " s f o r  t h e  t ok  e n -

n ame s . Lpars.c c on t  a  i n s t h e  e r r o r  r e c ov e r y  r ou t  i n e s  a nd  t a b  l e s  . On l y

t ho s  e ou  t  pu  t fi l  e s t h a  t d i  f f e r  f r om t h e  i r p r ev i ou s  ve r  s i on a r e  upd  a t e d .

Se  e a pp e nd i x  C f o r  a po  s s i b l  e a pp l  i c a  t i on o f t h i  s f e a t u r  e .

Th e n ame s o f  t h e  ou t pu t  fi l e s a r e  c on  s t r u c  t  e d a s  f o l l ow s : i n t h e

i npu  t fi l  e n ame , t h e s u f fix a f t e r  t h e  l a s  t po  i  n  t i s  r e p  l a c e d by a  " c "  .

I f  no po i n t  i s p r e s e n t  i n t h e i npu  t fi l  e n ame , " . c "  i s a pp  e  nd  e  d t o  i t .

LLgen c h e  c k s t h a  t t h e fi l e n ame c on  s t r u c  t  e d t h i  s wa y i n  f a c  t r e p r  e s e n t  s a

p r  ev i ou s  ve r  s i on ,  o r do e  s no  t ex  i s t  a l r e a dy  .

Th e u s  e r mu s  t p r ov i d e s ome e nv i r onme n  t t o  ob t  a  i n a c omp l  e  t  e p r o -

g r  am. Rou t i n e s  c a l  l e d main a nd LLmessage mu s t b e d efin e d  . Al  s o ,  a l ex i  -

c a  l a n a  l y z  e r mu s  t b e  p r ov i d e d  .

Th e r ou t  i n e main mu s t b e d efin e d  , a s  i t mu s  t b e  i n eve  r y C- p r og r  am.

I t  s hou  l  d ev  e n t u a l  l y c a l  l on  e o f  t h e  s t a r t s ymb o l r ou  t i n e s  .

Th e r ou t  i n e LLmessage mu s t a c c e p t  on e  p a r ame t e r ,  who s e va l u e  i s a

t ok e  n numb e r ,  z e r o o r - 1 .

A z e r o p a r ame t e r i nd  i c a  t  e s t h a  t t h e c u r  r e n  t t ok e  n ( t h e  on e  i n t h e

ex  t e r n a  l va  r i a b l  e LLsymb ) i s d e l e t e d .

A - 1 p a r ame t e r i nd  i c a  t  e s t h a  t t h e p a r  s e r  exp  e c t e d e nd  o f fi l e  , bu t

d i dn ’  t g e  t i t  . Th e p a  r s e  r wi  l  l t h e n  s k i p  t ok e  n s un t  i  l e nd o f fi l e  i s

d e  t  e c t e d .

A p a r ame t e r t h a  t i s  a t ok e  n numb e r ( a po s  i t i ve  p a r ame t e r )  i nd  i c a  t  e s

t h a t  t h i  s t ok e  n i s  t o b e i n s  e r t e d  i n f r on t  o f t h e  t ok  e n c u r  r e n  t l y  i n

LLsymb . Th e  u s e  r c a n g i ve t h e  t ok  e n t h e  p r op e  r a t  t r i bu t e s  . Al  s o ,  t h e

u s  e r mu s  t t a k e  c a r e  , t h a t  t h e  t ok  e n c u r  r e n  t l y  i n LLsymb i s  a g a  i n

r e  t u r n e d  by t h e next c a  l l t o t h e  l ex  i c a  l a n a  l y z  e r ,  wi t h t h e  p r op e  r

a t  t r i bu t e s  . So , t h e l ex  i c a  l a n a  l y z  e r mu s  t h ave  a f a c i  l  i  t y t o pu s h

b a  c k on  e t ok e  n .

Th e u s  e r ma y  a l s o s upp  l  y h i  s own e r r o r  r e c ov e r y  r ou t  i n e s  , o r  h a n  -

d l  e e r  r o r  s d i  f f e r e n t  l y . Fo r  t h i  s pu  r  po s e  , t h e n ame o f a  r ou  t i n e t o b e

c a  l l e d wh e n  a n  e r r o r  o c c u r  s ma y b e  d e c l a r e d u s i ng  t h e  k eywo r d %onerror .

Th i s r ou  t i n e t a k e s  two p a r ame t e r s  . Th e fi r  s t on e  i s e i t h e  r t h e t ok  e n

numb e r o f t h e  t ok  e n exp  e c t e d ,  o r 0 . I n t h e  l a s  t c a  s  e , t h e  e r r o r

o c  c u r r e d  a t a c ho i  c e .  I n bo t h  c a s e s  , t h e r ou  t i n e mu s  t e n  s  u r e  t h a  t t h e

n ex t  c a l  l t o  t h e l ex  i c a  l a n a  l y s  e r r e t u r n s t h e  t ok  e n t h a  t r e p l  a c e  s t h e

c u  r r e n t  on e  . Of c ou  r s e  , t h a t  c ou  l  d we l l b e t h e  c u r r e n  t on  e , i n wh i  c h

c a  s  e LLparse r e c ove  r s f r om t h e  e r r o r  . Th e s e c ond p a r ame t e r c on  t a i n s  a

l i s t  o f t ok  e n s  t h a  t a r e  no t  s k i pp e d  a t t h e  e r r o r  po i n t  . Th e l i s t  i s i n

t h e f o rm o f a nu  l l - t e rmi n a t e d a r r a y  o f i n t  eg e  r s ,  who s e a dd  r e s  s i s

p a  s s e d .

Th e u s  e r mu s  t s upp  l  y a l ex  i c a  l a n a  l y z  e r t o r e a d t h e  i npu  t s t  r e am

a nd b r e a k  i t up i n t o  t ok e  n s ,  wh i  c h a r e  p a s  s e d t o LLparse. I t  s hou  l  d b e
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a n  i n t  eg e  r va  l u e d  f un  c t i on  , r e  t u r n  i  ng t h e  t ok  e n numb e  r . Th e  n ame o f

t h i  s f un c  t i on c a n  b e d e  c l a r e d u s i ng  t h e  "%lexical" k eywo r d . Th i  s

k eywo r d  c a n  b e u s  e d wh e  r  eve  r a d e c  l  a r a  t i on i s l eg  a l a nd  ma y  a pp e  a r

on  l  y on  c e i n t h e  g r amma r  s p e  c i fic a  t i on ,  f . i . :

%lexical scanner ;

d e  c l a r e s " s c a nn e  r " a s t h e  n ame o f t h e  l ex  i c a  l a n a  l y z  e r .  Th e  d e f a u l  t

n ame f o r  t h e  l ex  i c a  l a n a  l y z  e r i s " yy  l ex  " . Th e  r e a  s on  f o r  t h i  s f unny

n ame i s t h a  t a u s e  f u l t oo  l f o r  c on  s t r u c  t i ng l ex  i c a  l a n a  l y z  e r s  i s t h e

Lex p r og r  am, 5 wh i c h  g e n e r a  t  e s a  r ou  t i n e o f t h a  t n ame .

Th e t ok e  n numb e r s  a r e  c ho  s e n  by LLgen . Th e  t ok  e n numb e  r f o r  a l i t -

e r a  l i s  t h e  nume r  i c a  l va  l u e  o f t h e  c h a r a c t e r i n t h e  l o c  a l c h a  r  a c t e r

s e  t . I f t h e  t ok  e n s  h av  e a n ame ,  t h e  " # d efin e  " me c h a n  i sm o f C  i s u s e d

t o  g i ve  t h em a  va l u e  a nd t o a l l ow t h e  l ex  i c a  l a n a  l y z  e r t o r e t u r n  t h e  i r

t ok e  n numb e r s  s ymbo l i c a l  l y .  Th e  s  e " #  d efin e  " s a r e  c o l  l e c  t  e d i n t h e  fi l e

Lpars.h wh i c h  c a n  b e " #  i n c  l ud  e " d  i n a ny fi l e  t h a  t n e  e d s t h e  t ok  e n - n ame s  .

Th e ma x imum t ok  e n numb e  r c ho s  e n i s d efin e d  i n t h e  ma c  r o LL_MAXTOKNO .

Th e l ex i  c a l  a n a  l y z  e r mu s  t s i gn  a l t h e  e nd o f i npu  t t o LLparse by

r e  t u r n  i  ng a numb e  r l e s s  t h a n  o r e qu  a l t o z e r o .

8. Programs with more than one parser

LLgen o f  f e r  s a s imp l  e f a c i  l  i  t y f o r  h av  i  ng mo r  e t h a n  on e  p a r s e r  i n a

p r og r  am: i n t h i  s c a  s  e , t h e  u s e  r c a n c h a ng e  t h e  n ame s o f  g l ob a  l p r o c e  -

du  r e s  , va  r i a b l  e s ,  e t c  , by  g i v  i  ng a d i f f e r e n t  p r efix , l i k e  t h i  s  :

%prefix XX ;

Th e e f  f e c t  o f t h i  s i s  t h a  t a l  l g l ob a  l n ame s s t a r  t wi  t h XX i n s  t e a d o f

LL , f o r  t h e  p a r s e r  t h a  t h a  s t h i  s p r  efix . Th i s ho l d s f o r  t h e  va r  i a b  l e s

LLsymb , wh i  c h now i s c a l  l e d XXsymb , f o r  t h e  r ou  t i n e LLmessage , wh i  c h mu s  t

now b e c a l  l e d XXmessage , a nd  f o r  t h e  ma c  r o LL_MAXTOKNO , wh i  c h i s now

c a  l l e d XX_MAXTOKNO . LL.output i s  now XX.output , a nd Lpars.c a nd Lpars.h a r e

now c a l  l e d XXpars.c a nd XXpars.h .
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Appendix A : LLgen Input Syntax

Th i s a pp  e  nd i x  h a s  a d e  s  c r i p t  i on o f t h e LLgen i npu  t s yn t  a x ,  a s a

LLgen s p e c  i fic  a t i on  . As a ma t t e r o f f a c  t , t h e  c u r r e n  t ve  r s i on  o f LLgen i s

wr i t t e n  wi t h LLgen .

/*

* First the declarations of the terminals

* The order is not important

*/

%token IDENTIFIER; /* terminal or nonterminal name */

%token NUMBER;

%token LITERAL;

/*

* Reserved words

*/

%token TOKEN; /* %token */

%token START; /* %start */

%token PERSISTENT; /* %persistent */

%token IF; /* %if */

%token WHILE; /* %while */

%token AVOID; /* %avoid */

%token PREFER; /* %prefer */

%token DEFAULT; /* %default */

%token LEXICAL; /* %lexical */

%token PREFIX; /* %prefix */

%token ONERROR; /* %onerror */

%token FIRST; /* %first */

/*

* Declare LLparse to be a C-routine that recognizes "specification"

*/

%start LLparse, specification;

specification

: declaration*

;

declaration

: START

IDENTIFIER ’,’ IDENTIFIER

’;’

| ’{’

/* Read C-declaration here */

’}’

| TOKEN

IDENTIFIER

[ ’,’ IDENTIFIER ]*

’;’

| FIRST
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IDENTIFIER ’,’ IDENTIFIER

’;’

| LEXICAL

IDENTIFIER

’;’

| PREFIX

IDENTIFIER

’;’

| ONERROR

IDENTIFIER

’;’

| rule

;

rule : IDENTIFIER parameters? ldecl?

’:’ productions

’;’

;

ldecl : ’{’

/* Read C-declaration here */

’}’

;

productions

: simpleproduction

[ ’|’ simpleproduction ]*

;

simpleproduction

: DEFAULT?

[ IF ’(’ /* Read C-expression here */ ’)’

| PREFER

| AVOID

]?

[ element repeats ]*

;

element : ’{’

/* Read action here */

’}’

| ’[’ [ WHILE ’(’ /* Read C-expression here */ ’)’ ]?

PERSISTENT?

productions

’]’

| LITERAL

| IDENTIFIER parameters?

;

parameters

: ’(’ /* Read C-parameters here */ ’)’

;

repeats : /* empty */
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| [ ’*’ | ’+’ ] NUMBER?

| NUMBER

| ’?’

;
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Appendix B : An example

Th i s ex amp l e g i ve s  t h e  c omp l e t e LLgen s p e c  i fic  a t i on  o f a s imp l e d e s k

c a  l  c u l  a  t o r .  I t h a s  26 r eg  i s t e r  s , l a b e  l  e d " a "  t h r ough " z "  , a nd a c c e p t  s

a r  i t hme t i c  exp  r e s  s i on s  ma d e  up o f t h e  C op e r a  t o r  s + ,  - , * , / , %, &,

a nd | , wi t h t h e  i r u s u a l  p r i o r  i t i e s  . Th e va  l u e  o f t h e  exp  r e s  s i on i s

p r  i n t  e d .  As i n C , a n i n t  eg e  r t h a t  b eg  i  n s wi t h 0  i s a s s ume d  t o b e

o c  t  a  l ; o t h e rwi  s e i t i s a s s ume d  t o b e d e c  ima l .

Al  t hough t h e  ex amp l e i s s ho  r t a nd  no t ve r y c omp l  i c a  t  e d ,  i t d emon -

s t  r a t e s t h e  u s e  o f i f  a nd  wh i  l e c ond  i t i on  s . I n t h e  ex amp l e t h ey a r e  i n

f a c t  u s e d t o r e du c  e t h e numb e  r o f  non  t e rmi n a l  s , a nd  t o r e du c  e t h e

ov e r h e a d du e  t o t h e  r e c u r  s i on t h a  t wo u l d  b e i nv o l ve d  i n p a r  s i ng a n

exp r  e s s i on  wi t h a n o r d  i  n a r y r e c u r  s i ve d e s c e n  t p a  r s e  r . I n a n o r d  i  n a r y

LL ( 1 )  g r amma r t h e r e  wou l  d b e  on e  non  t e rmi n a l  f o r  e a c h op e  r  a t o r p r i o r  -

i t y .  Th e  ex amp l e s hows how we c a n  do i t a l l  wi t h on e  non  t e rmi n a l  , no

ma t t e r how ma ny p r i o r  i t y  l ev  e l s  t h e  r  e a r e  .

{

#include <stdio.h>

#include <ctype.h>

#define MAXPRIO 5

#define prio(op) (ptab[op])

struct token {

int t_tokno; /* token number */

int t_tval; /* Its attribute */

} stok = { 0,0 }, tok;

int nerrors = 0;

int regs[26]; /* Space for the registers */

int ptab[128]; /* Attribute table */

struct token

nexttok() { /* Read next token and return it */

register c;

struct token new;

while ((c = getchar()) == ’ ’ || c == ’\t’) { /* nothing */ }

if (isdigit(c)) new.t_tokno = DIGIT;

else if (islower(c)) new.t_tokno = IDENT;

else new.t_tokno = c;

if (c >= 0) new.t_tval = ptab[c];

return new;

} }

%token DIGIT, IDENT;

%start parse, list;

list : stat* ;

stat { int ident, val; } :

%if (stok = nexttok(),

stok.t_tokno == ’=’)

/* The conflict is resolved by looking one further

* token ahead. The grammar is LL(2)
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*/

IDENT

{ ident = tok.t_tval; }

’=’ expr(1,&val) ’\n’

{ if (!nerrors) regs[ident] = val; }

| expr(1,&val) ’\n’

{ if (!nerrors) printf("%d\n",val); }

| ’\n’

;

expr(int level; int *val;) { int expr; } :

factor(val)

[ %while (prio(tok.t_tokno) >= level)

/* Swallow operators as long as their priority is

* larger than or equal to the level of this invocation

*/

’+’ expr(prio(’+’)+1,&expr)

{ *val += expr; }

/* This states that ’+’ groups left to right. If it

* should group right to left, the rule should read:

* ’+’ expr(prio(’+’),&expr)

*/

| ’-’ expr(prio(’-’)+1,&expr)

{ *val -= expr; }

| ’*’ expr(prio(’*’)+1,&expr)

{ *val *= expr; }

| ’/’ expr(prio(’/’)+1,&expr)

{ *val /= expr; }

| ’%’ expr(prio(’%’)+1,&expr)

{ *val %= expr; }

| ’&’ expr(prio(’&’)+1,&expr)

{ *val &= expr; }

| ’|’ expr(prio(’|’)+1,&expr)

{ *val |= expr; }

]*

/* Notice the "*" here. It is important.

*/

;

factor(int *val;):

’(’ expr(1,val) ’)’

| ’-’ expr(MAXPRIO+1,val)

{ *val = -*val; }

| number(val)

| IDENT

{ *val = regs[tok.t_tval]; }

;

number(int *val;) { int base; }

: DIGIT

{ base = (*val=tok.t_tval)==0?8:10; }

[ DIGIT

{ *val = base * *val + tok.t_tval; }

]* ;
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%lexical scanner ;

{

scanner() {

if (stok.t_tokno) { /* a token has been inserted or read ahead */

tok = stok;

stok.t_tokno = 0;

return tok.t_tokno;

}

if (nerrors && tok.t_tokno == ’\n’) {

printf("ERROR\n");

nerrors = 0;

}

tok = nexttok();

return tok.t_tokno;

}

LLmessage(insertedtok) {

nerrors++;

if (insertedtok) { /* token inserted, save old token */

stok = tok;

tok.t_tval = 0;

if (insertedtok < 128) tok.t_tval = ptab[insertedtok];

}

}

main() {

register *p;

for (p = ptab; p < &ptab[128]; p++) *p = 0;

/* for letters, their attribute is their index in the regs array */

for (p = &ptab[’a’]; p <= &ptab[’z’]; p++) *p = p - &ptab[’a’];

/* for digits, their attribute is their value */

for (p = &ptab[’0’]; p <= &ptab[’9’]; p++) *p = p - &ptab[’0’];

/* for operators, their attribute is their priority */

ptab[’*’] = 4;

ptab[’/’] = 4;

ptab[’%’] = 4;

ptab[’+’] = 3;

ptab[’-’] = 3;

ptab[’&’] = 2;

ptab[’|’] = 1;

parse();

exit(nerrors);

} }
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Appendix C. How to use LLgen .

Th i s a pp  e  nd i x  d emon s t r a t e s how LLgen c a n b e u s e d i n c omb i n a t  i on

wi  t h t h e make p r og r  am, t o ma k e e f f e c  t i ve u s e  o f t h e LLgen - f e a  t u r  e t h a t

i t  on l y  c h a ng e  s ou  t  pu  t fi l  e s wh e n  n e c c e  s s a  r y . Make u s  e  s a "ma k efi l e "  ,

wh i c h  i s a fi l  e c on t  a  i n i ng d e p e nd e n c  i  e s a nd  a s s o c  i  a  t  e d c omma nd s  . A

d e p e nd e n cy u s u a l  l y i nd  i c a  t  e s t h a  t s ome fi l e s d e p e nd on o t h e r  fi l e s .  Wh e n

a fi l e  d e p e nd s  on a no  t  h e r  fi l e  a nd  i s o l d e r  t h a n  t h a  t o t h e r  fi l e  , t h e

c omma nd s  a s s o c  i  a  t  e d wi  t h t h e  d e p e nd e n cy a r e  exe  c u t  e d .

So , make s e em s j u s t  t h e  p r og r  am t h a  t we a lwa y  s wa n t e d .  How eve  r , i t

i s  no t  ve r y good i n h a nd l  i ng p r og r  ams t h a  t g e n e  r  a t e  mo r  e t h a n  on e  fi l e  .

As u s u a l  , t h e r e  i s a wa y a r ound t h i  s p r ob l  em. A s amp l e ma k efi l e f o l  -

l ows :

# The grammar exists of the files decl.g, stat.g and expr.g.

# The ".o"-files are the result of a C-compilation.

GFILES = decl.g stat.g expr.g

OFILES = decl.o stat.o expr.o Lpars.o

LLOPT =

# As make does’nt handle programs that generate more than one

# file well, we just don’t tell make about it.

# We just create a dummy file, and touch it whenever LLgen is

# executed. This way, the dummy in fact depends on the grammar

# files.

# Then, we execute make again, to do the C-compilations and

# such.

all: dummy

make parser

dummy: $(GFILES)

LLgen $(LLOPT) $(GFILES)

touch dummy

parser: $(OFILES)

$(CC) -o parser $(LDFLAGS) $(OFILES)

# Some dependencies without actions :

# make already knows what to do about them

Lpars.o: Lpars.h

stat.o: Lpars.h

decl.o: Lpars.h

expr.o: Lpars.h


