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Abstract
This paper describes a parsing system  used in a fram ework for the developm ent o f Natural 

Language grammars. It is an interactive environment suitable for writing robust NL applications 
generally. Its heart is the SAIL parsing algorithm that uses a Phrase-Structure Grammar with 
extensive augmentations. Furthermore, some particular parsing tools are em bedded in the system , 
and provide a powerful environment for developing grammars, even o f large coverage A

1. Introduction
Every parsing system should embed a set of tools or mechanisms which should provide an aid 

In treating a minimum set of linguistic phenomena. Designing SAIL we have mainly taken into 
account the generality of the parsing system in order to give a wide freedom to the grammar designer, 
so as to investigate many possible solutions in grammar design in order to adopt the best of them. 
SAIL (System for the Analysis and Interpretation of Language) Is the parsing algorithm of the SAIL 
Interfacing System (SIS) (/Marino 1988a/. /Marino 1988b/, /Marino 1989/), and Just because of Its 
features of generality the design has been driven by some general aspects which derive from various 
theoretical as well as computational accounts.

1. Whatever representation is adopted for the structure of the parsed sentences, it is agreed that 
complex sets of syntactic and/or semantic features must describe the linguistic units. Therefore, it Is 
necessary to provide feature handling mechanisms. This point has suggested to us a way of providing 
a very rich language for handling feature structures (FS in the following). FSs are represented as 
trees where each arc is labelled by an attribute, and nodes can be pointers to the following 
alternative paths or a pointer to a leaf node where the value for the path spanned so far Is found. 
They can store many kinds of information thanks to their efficient processing provided by a core set 
of functions.

2. Some linguistic phenomena encountered In parsing NL, such as long-distance dependency or 
the ability of treating some context-sensitive cases, led us to see the SAIL grammar rules as processes 
executed by a processor, a role covered by the parser. The rules of a grammar have associated some 
information related to their status of processes which are scheduled In a priority queue, according to 
some their priority of execution (/Knuth 1973/, /Aho et al. 1983/). This also allows, for Instance, 
that the execution of some rule can be requested to perform context-sensitive recognition, or some 
rules can exchange between each other some information under the form of m essages to perform the 
treatment of long-distance dependency.

3. The parser is structured as a bottom-up (shift reduce) all-paths algorithm, and a formalism  
for the grammar rules was defined to allow syntactic processing in parallel with sem antic 
processing. The grammar of SAIL is a Phrase-Structure Grammar (PSG) with extensive  
augm entations, so that we also take advantage from the com positlonallty principle naturally

^This work has been carried out within the framework of the ESPRIT Project P527 CFID 
(Communication Failure in Dialogue: Techniques for Detection and Repair).
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em bedded In bottom -up  parsers. As m entioned  above, the parser is seen  as a processor, th u s one of its 
m ain  ta sk s is to sch ed u le  the p r o c e sse s /r u le s  to run in a priority q ueue. This queue is not com pletely  

u n d er control o f the parser s in ce  the gram m ar ru les and the d ictionary can  a lso  is su e  som e specific  
op eration s or req u ests ab out the m an agem ent o f the sch ed u lin g  task.

4. The need  o f  a flexible front-end  for the u ser  is o f prim ary im portan ce to provide a powerful 
an d  co m p lete  d ev e lo p m en t en v iro n m en t. The u se r  in terface  b u ilt  over SAIL, the SIS. is the  

fram ew ork w here a u ser  can  in teract w ith  the und erly in g  p arsing sy stem  in d evelop in g  gram m ars. 
T his interface provides a se t o f com m and s, defined  by m ean s o f a sem an tic  gram m ar, that are cau gh t  

and p rocessed  by SAIL and can  handle m any p ossib le requ ests of the user.

In th e follow ing sectio n  w e give a brief d escrip tion  o f the gram m ar and d iction ary  form at and  

how  a gram m ar is d efined  in SAIL. S ection  3 g ives an  overview  o f the SAIL p arsin g  system , parser  

organ iza tion , an d  d a ta  stru c tu r es  It u se s . S ection  4 d escr ib es  the p arsin g  to o ls  ava ilab le  in the 

sy stem  and their p u rp oses. F inally, section  5 sh o w s Just on e exam p le o f a gram m ar fragm ent w here  
som e p arsin g  tools d escribed  in the previous sectio n s are used.

2. The SAIL Grammar
The Grammar Format

T he form alism  w e ad op t to e x p re ss  gram m ar ru les , ca lled  C om p lex  G ram m ar U nit (CGU), 
d efin e s  a  sy n ta c tic  and  a se m a n tic  sid e  called  sy n ta c tic  ru le an d  se m a n tic  ru le, resp ective ly . T he  

sy n ta c tic  ru le co n ta in s  the production , the tests , the actio n s an d  the recovery action s. The sem a n tic  

ru le c o n ta in s  th e se m a n tic  co u n terp a rt o f  th e sy n ta c tic  te s t s  an d  a c t io n s . T he p resen ce  o f  the  

s y n ta c t ic /s e m a n t ic  recovery  a c t io n s  is a very p ow erfu l m ea n  to u n d er ta k e  a ltern a tiv e  a c t io n s  

w h e th er  the ru le fa ils  e ith er  m a tc h in g  the r ig h t-h a n d  s id e  o f  th e p ro d u ctio n  or ch e c k in g  the  

sy n ta c t ic /s e m a n tic  te s ts . In th is  w ay the ru les n eed  not to be crud ely  rejected  w h en  th ey  fall but. for 

in sta n ce , th ey  can  activate other ru les that could  be applied  su ccessfu lly .

A ru le in SAIL is w ritten  d efin in g  all the p rev iou s CGU's item s. In ad dition , it Is a lso  n ece ssa r y  to 

provide the s ta tu s  o f the ru le /p r o ce ss , so  that It can  be properly taken into accou n t by the parser. The 

s ta tu s  sa y s  w h eth er  a  ru le can  be sch ed u led  for ap plication  or not by the parser. It ca n  be active or 

in a c tiv e . A ctive ru le s  a lw ays are sc h e d u led  by the parser, w h erea s in active ru le s  are n o t (inactive 

ru les can  be se en  a s  s leep in g  rules). The s ta tu s  p lays a central role in the organ ization  o f  a gram m ar. 
As an  exam p le, if  a rule d e tec ts  so m e right or w rong con d ition s in the p arsin g  stru ctu re  it can  either  
se t  active  or activate an  in active rule.

Su m m arizin g , a  gram m ar ru le is  com p osed  o f three m ain  item s: 1) the sta tu s: active or inactive); 2) 
the p rod u ction  in con text-free (CF) form at, in the follow ing d en oted  b y  A <— w^ ... w n . n  >1. w here the  

le ft-arrow  m eans th a t  th e  le ft-h a n d  s id e  is  red u ced  from  th e r ig h t-h a n d  s id e  a cco rd in g  to the  

b ottom -u p  strategy o f  parsing; 3) the au gm en ta tion s.

T he p rod u ction  is  au gm en ted  w ith  an  ad d ition al item , called  the son -flag  list. T h is list sa y s  for every  

ca tegory  in  th e  righ t-h an d  sid e  w h eth er  the corresp on d in g  n ode m a tch ed  in th e p a rsin g  stru ctu re  

m u st be con sid ered  a s  a so n  o f the le ft-h an d  sid e or not. If a son -flag  is se t  to +■ for a  r igh t-h an d  sid e  

category  the corresp on d in g  m atch ed  n ode is a  so n  o f th e left-h an d  sid e  node, o th erw ise  it is  n ot a son  

n od e if  th e  flag is -. We h ave two ty p es o f  p rod u ction  d ep en d in g  on  its  stru ctu re: CF an d  con text-  

sen sitiv e  (CS) p rod uction s. CF productions, represented  by A <— w  j ... w n , are defined  like:

(A (W! ... w n)

(+ ... ♦))
w h ere a ll n o d e s  m a tc h e d  b y  th e  r ig h t-h a n d  sid e  m u st  b e s o n s  o f  th e  le ft-h a n d  s id e  n od e . CS  

p rod u ction s represen ted  by: c j  ... Cp A Cp+ i ... Cq *- c j  ... Cp w j ... w n Cp+j ... Cq, 1 £ p £ q, n  > 1, are
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(A (ci ...CpWj ...w n Cp+i ... Cq)
(- ... - ... -))

w here on ly  the n o d es w ith  a p lu s flag in sid e a con text o f m in u s-flagged  n od es are so n s  o f the left- 

hand  side node. ̂

The a u g m en ta tio n s  cover the syn tactic  and sem a n tic  te sts  and actio n s of the CGU m odel. T hey are 

the body o f a rule and are p ieces of Lisp code execu ted  by the parser during the application o f the rule. 
S ta tu s , prod uction  and au g m en ta tio n s is the inform ation  provided by th e gram m ar w riter for every  

rule o f a gram m ar. A rule is a n am ed in sta n ce  of a com p lex  d ata  stru ctu re defined  accord ing to the 

follow ing defrule format:
(defrule

■:gname gnome
:mame m am e
■.production <production> [<son-flag-list>]

[ status <status>
:syn-tests <code>
:sem-tests <oode>
:syn-actlons <code>
:sem-actions <oode>
:syn-recovery-actions <code>
:sem-recovery-actions <code>] )

gname is th e gram m ar nam e w here the rule m am e  is defined. T h ese two n a m es m u st  be provided in

every rule defin ition  s in ce  in the SIS w e can  have m ore th an  one gram m ar availab le w h ich  m u st  be
referred to by a nam e. A gram m ar u su a lly  is defined by a defgramm d eclaration  o f the form:

(defgramm gname [root] ) 
w h ere root is the root category  o f gnam e. T h is d ec la ra tio n  s e ts  up  all d a ta  s tr u c tu r e s  for the  

gram m ar b eing defined  and m u st be issu ed  before an y  rule definition.

The Dictionary Format
A ny d iction ary  o f a gram m ar co n ta in s  a se t  o f form s that are a sso c ia ted  w ith  a se t  o f syn tactic  

an d  se m a n tic  in form ation . A  form is w hatever seq u en ce  o f w ords w^ w 2 ... w n . W hen n= 1 w e have a  

single form, oth erw ise  a m ultiple form (n> 1). For an y  form, be it s in g le  or m ultip le, the first word w j  

is ca lled  the key form. T he k ey  form  is th e m ean  for storin g  an d  retrieving a ll in form ation  o f the  

w hole form  in the d a ta  s tru ctu res  b u ilt  by the defgramm d eclaration . A ny form  h a s a sso c ia ted  three  

k in d s o f  in fo rm a tio n , form ing an  in terp re ta tio n : sy n ta c tic  category; se m a n tic  va lu e: a  s e t  o f  

fea tu res. A form  ca n  h ave m ore th an  on e interpretation . In th is  ca se , a  s e t  o f in terp retation s m u st be 

d efin ed  su p p ly in g  a s  th e first item  the key form; afterw ards, for every se q u e n c e  o f  w ord s follow ing  

th e k ey  form , th e  s e t  o f  in terp re ta tio n s . An en try  o f  th e d ic tio n a ry  is  d efin ed  a cco rd in g  to the

2 T h is  d e fin itio n  le a v es  free the u se r  o f  d efin in g  ru le s  w ith  d isc o n t in u o u s  c o n s t itu e n ts  in  th e  

sy n ta c tic  rep resen ta tio n . C urrently  th e parser d o es n ot em b ed  an y  stra teg y  for a  full trea tm en t o f  

th e se  c a s e s  s in c e  th e c la ss ic a l d efin ition  o f ad jacen cy  is  im p lem en ted . T h is s tru ctu re  w a s  in itia lly  

m otivated  in  order to d efine C S ru les by on ly  on e rule, and  n ot b y  two (see S ectio n  4.). Furtherm ore, 

s u c h  a  s tru ctu r e  a llo w s a  faster  sea rch  in the p arsin g  stru ctu re , perform ed b y  th e  m a tch er  o f the  

p rod u ction , w h en , for in sta n c e , far c o n st itu e n ts  m u st  b e id en tified  for lo n g -d ista n c e  ta sk s . A nyw ay, 
s ta te d  th e  im p ortan t role th a t ca n  be covered  b y  the rep resen ta tion  o f  d isc o n tin u o u s  co n s t itu e n ts  

(see /B u n t  at al. 1 9 8 7 /) , ex ten sion  o f the parser about th is topic can  be on e o f our future tasks.

defined like:
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(defentry keyform gnome 
(defform form

(aet-int :category <caienory>
(.•semual <semcal> 
features <features>\ )+ )+ ) 

w here keyform  m u st be a strin g  o f ju s t  one word, e .g ., "dog", "train", etc.; the form  m u st  be either the 

n u ll str in g  "" for the sin g le  form keyform, or a strin g  o f  on e or m ore w ords. Every form  defin ition  of 

th is  k ind  is sa id  to be in defentry form at. <category> Is the sy n ta ctic  category and  <semval>  is the 

sem a n tic  va lu e. The fea tu res m u st be provided in the follow ing format:

<features> ::= ( {[< attribute s>) (<value>))+ )
<attributes>  ::= a seq u en ce o f feature attributes
<ualue> ::= a valu e for the feature attribu tes

As an exam ple:
( ((GENDER) (MASC))

((NUMBER) (SING))
((KIND-OF ARG1) (THING)) )

Here are som e exam p les o f d iction ary  en tries. The m ost trivial o f them  is:
(defentry "train" m y_gram m ar  

(defform ""
(aet-int :category Noun))) 

w here the sin g le  form  train is  defined  by on e in terp retation  o f category N oun. An exam p le o f a  sin g le  

form  w ith  two in terp reta tion s is  the following:
(defentry "tree" m y_gram m ar  

(defform ””
(aet-int : category  N oun

.•features ( ((KIND-OF OBJ) (PLANT)) ))

(aet-int : category  N oun
:featu res ( ((KIND-OF OBJ) (DATA-STRUCTURE)) )))) 

w here tree is defined as a p lant an d  a s  a d ata  stru cture. An exam p le of m ultip le form Is:
(defentry "in" m y_gram m ar  

(deffonn ""
(aet-int : ca tegory  Prep))

(defform "the"
(aet-int :category  Com pPrep)))

w here in  is  d efined  a s  a  preposition  an d  ln  the a s  a  com p oun d  preposition.

The Feature Structures
In the cu rren t sy ste m  w e have ad opted  a d a ta  stru ctu re  th at ca n  be at the sa m e tim e efficien t to 

be p ro cessed , h o m o g e n e o u s and reu sa b le  in variou s p la ces  o f the sy stem . T h is is w hy the sa m e d ata  

s tru c tu r es  are p ro cessed  at d ifferent t im es in d ifferent p laces o f the sy stem . For in sta n ce , th e  lex ica l 
In form ation  lo o k ed -u p  from  th e  d ictio n a ry  Is stored  at p a rsin g  tim e ln  th e term in a l n o d e s  o f the  

p a rsin g  stru c tu r e  the p arser b u ild s. T h u s, it is  o b v io u s to give th e  sa m e  form at to th e  d a ta  in  the  

d iction ary  an d  in th e n o d es o f  the p arsin g  stru ctu re . F eature stru c tu r es , in  th eir c la ss ic a l defin ition  

a s  s e t s  o f  a ttr ib u te-v a lu e  pairs, are a sso c ia te d  w ith  ea c h  in terp retation  o f  a n y  form  in  the d iction ary  

an d  o f  a n y  n od e ln  th e  p a rsin g  stru c tu r e . F S s  are treated  a s  trees , an d  it is  p o ss ib le  to m an age  

str u c tu r e s  from  th e b o ttom  o f the p a rsin g  stru c tu r e  by m ea n s  o f  a  sp ec ific  p ack age  o f  fu n ctio n s,

following form at:
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ca lled  F ea tu re  S tr u c tu re  H an d ler  (FSH). a llow in g  th e m ain  o p era tio n s  on  F Ss a s  crea tion , 
m odification , d eletion . C urrently, th is  package con ta in s 12 m ain op eration s that can be applied  on  
F Ss. O ver th is  s e t  o f  low  level op eraU on s on  F Ss we have d evelop ed  a se t  o f graph fu n ctio n s  
a ccessib le  by the user, w hich act on the FSs assoc ia ted  with the nodes of the parsing structure.

Rules with Non-Operative Productions [NOP Rules)
W hen n on-operative p rod uction s are defined in som e rule they do not build  a n ew  node, b ut can  

perform  variou s a c tio n s, su c h  a s  activatin g  other ru les, or a lterin g  se m a n tic  stru ctu res. There are 

three types o f non-operative p roductions d epending on the NOP category u sed  in the left-hand  side:
{ <NOP> I <NOP-ASE> I <NOP-SE> } <- w L ... wn 

If <NOP> is u sed  th en  on ly  the syn tactic  rule is applied  and the sem a n tic  rule is never considered . 
O nly th e sem a n tic  rule can  be applied  and  the syn tactic  one is ignored by u s in g  the category <NOP- 
SE>. Finally, b oth  the ru les are applied  by u sin g  the category <NOP-ASE>. As w e sh a ll see  in Section
4. th is  kind o f  p rod uction  can  be u sefu l in CS recogn ition , providing an  a lternative w ay for defining  

CS ru les. M oreover, NOP ru les are a lso  u se fu l w h en  it is n ece ssa r y  to control the activation  o f real 
ru les, w ith  the objective o f lim iting the in d eterm in ism  of the parser.

3. Overview of the SAIL Parsing System
In th is section  w e d escribe briefly the parser, the d ata  stru ctu res it h an d les, and how  it works. 

S tartin g  from the FSH core p ackage, we have adopted  th is  d a ta  stru ctu re  w herever p o ssib le  Inside, 
the parsin g  sy stem  as the figure below  sh ow s. The parser b u ild s a parsing stru ctu re u nd er the form o f  

a graph, w here each  n ode co n ta in s two k in d s o f inform ation: an  in tern a l stru ctu re  o f d a ta  u sed  by  

th e p a rsin g  a lgorith m  on ly , an d  the lin g u istic  (sy n ta ctic  an d  sem a n tic ) in form ation  s e t  b y  th e  

gram m ar ru les. B oth  th ese  stru ctu res are represented  in a u n iq u e FS m anaged  by the parser and the  

ru n n in g  gram m ar by u s in g  the u nd erly in g  FSH fu n ction s. A ny sou rce  gram m ar m u st  have a se t  o f 

ru les  an d  a se t  o f d iction ary  form s w ritten  in the form ats d escrib ed  previously . G ram m ar ru les can  

m ake u se  o f two s e ts  o f fu n ction s: the graph fu n ctio n s, w h ich  u se  the FSH p ack age to u p d ate the  

lin g u is t ic  s tr u c tu r e s  o f  the graph , an d  th e p arser m a n a g e m e n t fu n c tio n s  to h a n d le  the variou s  

p arsin g  too ls and  m ec h a n ism s (see S ection  4.).

The p arser is  a C F -b ased  on e, orig inally  derived from the ICA (Im m ediate C o n stitu e n t A nalysis) 

algorith m  d escr ib ed  in /G r ish m a n  1 9 7 6 / .  It is  a  b o tto m -u p  sh ift-re d u ce  a c tio n -b a se d  a lgorithm , 

perform in g le ft-to -r ig h t s c a n n in g  a n d  red u ction  in  a n  im m ed ia te  c o n s t itu e n t  a n a ly s is . T he d a ta  

stru ctu re it w ork s on  is  a  graph w here all p ossib le  p arse-trees are con n ected . T he graph is com p osed
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o f n o d es that can  be term inal or n on -term in al. T erm inal n od es are b u ilt in corresp on d en ce  to a 

sc a n n ed  form, w h ereas n on-term in als are built w henever a rule (other than  a NOP rule) is  applied .
T he p arsin g  sy stem  w as d esign ed  to view  the gram m ar ru les a s  p ro cesses  to be execu ted , and  the 

parser a s  the p rocessor. At an y  m om ent, the parser, following a priority sch em a, h an d les a q u eu e of 
p ro ce sse s  aw aitin g  execu tion . In fact w e can  have different types of ru les w ith  different priorities of 

ex ecu tio n . So it is p ossib le  that a rule, w h en  applied , se n d s  a requ est for execu tion  o f a n o th er rule 

in sertin g  the called  rule in the appropriate p osition  in the q ueue. After a sc a n n in g  or a reduction , the 

parser gets a se t o f active ru les w hich  are the applicab le ru les at that m om ent. W hen the parser takes  

su c h  a se t  - called  a p acket - for every rule in the p ack et3 it b u ild s a p rocess d escrip tor and in serts  

it in the q u eu e. We call su c h  a p rocess d escrip tor an  ap plication  sp ecification  (AS), w hile the q u eu e is 

ca lled  the ap p lica tion  sp ec ifica tion  lis t  (ASL). A Ss are com p osed  o f  all the n e c e ssa r y  in form ation  

u sefu l to execu te  the p rocess  on  the proper context. A Ss in a given ASL are ordered d ep en d in g  upon  

the ru le involved  in an  AS. In general, if stan d ard  active ru les have to be execu ted . ASL is h and led  

w ith  a LIFO policy . T he p arser  perform s all p o ss ib le  red u ctio n s  b u ild in g  m ore th a n  on e n ode if 

n ecessa ry , ex tractin g  one AS at a tim e before an a lyzin g  the n ext on e. After an  AS is ex tracted  from  

ASL the p arser se a rc h e s  a m atch  for the right-h an d  sid e on  th e graph. The m atch in g , if su cc ess fu l, 
retu rn s on e or m ore s e ts  o f n od es, ca lled  redu ction  se ts . For every redu ction  se t. the ap p lica tion  of 

the ru le is tried. In th is  w ay w e can  co n n ect together all p o ssib le  p arses for a se n te n c e  in  a u n iq ue  

stru ctu re . The com p lete algorithm  o f the parser is therefore:
Until the end o f the sentence is reached:

Scan a form:
build a new terminal node for the scanned form;
For everu interpretation o f the node:

get the packet o f rules corresponding to its category and for every rule tn 
the packet insert in ASL the AS;

For everu AS in ASL:
get the first AS from the top o f ASL;
get the rule specified in the AS, it is the current rule, and access the node 
specified in the AS. it is the current node:
starting from  the current node perform the match on the graph using the
production o f the current rule:
if at least one reduction set is found then:

For everu reduction set:
if the tests  o f  the current rule hold then: 

execute the actions o f the current rule: 
if a new non-termtncd node is built then: 

get the packet o f rules corresponding to its category and 
for every rule in the p a ck et insert in ASL the AS;

else:
apply the recovery actions o f the current rule;

else:
apply the . recovery actions o f the current rule;

3A packet Is a set of active rules. Any grammar Is partitioned as a set of packets such that, for 
every category cat of the grammar, the packet P(cat) is the set of those rules that have cat as the right­
most category in their right-hand side. This partitioning is useful for getting the rules applicable at a 
given moment and it Is used by the matcher of the productions.
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4. Parsing Tools
Rule Disabling/ Enabling Operations

A s sta ted  previously, ru les can  a ssu m e two different s ta te s , active or inactive. The rule's sta te  is 
d eterm in ed  at the m om ent o f rule definition. In addition, it is p ossib le  to ch an ge the sta te  during ‘.he 
p arse by u sin g  two sp ecific  fun ction s. In the application  o f a rule, o th ers m ay be ch an ged  from active 

to in active , perform ing a d isab lin g  op eration , or ch an ged  from  in active  to active, perform ing an  

en ab lin g  operation . It is  p ossib le  to ch an ge the sta te  of one or m ore ru les at a tim e and the ru les can  

a lso  perform  se lf-en ab lin g  and se lf-d isab lin g  operation s. C h an ges o f s ta te  effected  during a parsing  

are n ot p erm an en t. At the en d  o f each  p arsin g  the ru les are recon figured  as in d icated  in their  
orig in a l d efin itio n .

Dictionary-Driven and Rule-Driven Activation
The m ech a n ism  o f activation  o f ru les can  be u sed  in  our parsing sy stem  in  order to im prove the 

d eterm in ism  o f the parser. We rem ark that the parsing algorithm  is b asica lly  a b ottom -u p  parallel 
n on -determ in istic  parser, so  that partition ing a gram m ar as a se t  o f active an d  Inactive ru les, and  

driving their ap p lica tion  by an  activation  m ech an ism , w e can  ach ieve a great control on the parser  

d irectly  from  th e gram m ar, w ith o u t em b ed d in g  sp ec ific  con tro l s tr a te g ie s  w ith in  th e  p arsin g  

a lg o r ith m .
A ctivation  o f ru les  ca n  be effected  d uring the two m ain  p h a se s  of the parser activity: sc a n n in g  an d  

red u ction . D iction ary-d riven  activa tion  ca n  be perform ed w h en  the p arser s c a n s  a form  d efin ed  

w ith  an  in terp reta tion  like the following:
(set-int

category <category>
isemval <semval>
features (((queue) (rule-name+))))

The sp ec ia l feature queue a d v ises  the parser o f a preference for sp ec ific  ru les to apply  w h en  the form  

is sc a n n ed . T h is preference is  In depend en t o f the sta te  o f the ru les sp ecified  an d  the A Ss are q u eu ed  

in ASL w ith ou t con sid er in g  the p acket corresp ond ing  to category being sca n n ed . A s a co n seq u en ce  of 

th is  m e c h a n ism  o f activa tion , the fifth an d  s ix th  line o f  the p arser a lgorithm  m u st  be ch an ged  a s  

follow s: Q£± the packet o f rules corresponding to Us category and for every rule in the packet insert 
in ASL the AS unless the interpretation requires rule activation by the special feature queue. In this 
case insert in ASL the AS o f  the rules supplied as values o f the special feature queue.
R ule-driven  activation , at level o f  red u ction  task , ca n  be accom p lish ed  b y  u s in g  a devoted  fun ction , 
ca lled  ru le-actiya tion . w h o se  a rg u m en ts  are the n a m e s o f th e ru les  to activate, an d  p rovid es for 

q u e u in g  A S s in  ASL for every n am e sp ecified . In b oth  the typ es o f activation , the activated  ru les are 

ap p lied  Ju st o n ce  im m ed ia te ly  after the sc a n n in g  or the term in ation  o f  the activatin g  rule. T he sta te  

o f  th e activa ted  ru le is  n o t m odified  an d  activation  o f m ore th an  on e ru le a t a  tim e is  p o ss ib le , a s  

w ell a s  n ested  activa tion s.

Context-Sensitive Rules
CS  ru les  w ere n ot d irectly  Im plem ented  in  ou r p arsin g  sy stem , b u t th ey  w ere availab le b y  n atu re  

(in ad d ition  to th e w ay cu rren tly  defined  in S ection  2.) th a n k s to th e  ru le-activa tion  m ec h a n ism  an d  

NOP ru les . T h e com p lete  ap p lica tion  for a  CS p rod uction  aAJ3<— cqffi is  m ade in  two ste p s . T he first 

on e co n cern s a  con tex t d eterm in ation , th e con tex t b eing rep resen ted  by the right-h an d  sid e o f  the CS  

p rod u ction . (r $ . T he se co n d  on e is  ju s t  an ap p lica tion  o f the CF p rod u ction  A<- y, if and  on ly  if the  

first s te p  h a s  d eterm in ed  th e co n tex t w h ere th e CF p rod u ction  is  a p p lica b le . T h is  ca n  b e ea s ily
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a cco m p lish ed  by d efin ing a NOP rule for the con tex t d eterm in ation  as first step . A fterw ards, th is  

NOP rule m u st activate the CF rule a s secon d  step , building the node A in the proper context.

Message Passing
T he m e ssa g e  p a ss in g  m e c h a n ism  is a p a rs in g  too l th a t m a k e s  p o ss ib le  a sy n c h r o n o u s  

o p era tio n s on  lin g u istic  data . T h is w ay o f p ro cess in g  im p lies the co -op eration  b etw een  two ru les  

w h ich  in teract w ith  each  other exch an g in g  som e inform ation  by m ean s o f a sen d in g  an d  a receiving  

ta sk  perform ed at the two in d ep en d en t tim es o f ru le ap p lication . The sen d in g  ta sk  is perform ed by  

the se n d in g  ru le at a Ume T^, sen d in g  a m essa g e  for an oth er  rule. This latter rule m u st perform  the 

receiving ta sk  to receive the m essa g e  at its ex ecu tio n  tim e T2 . (T2 >T i). S in ce the relevant lin gu istic  

d a ta  the p arser  w ork s on  are stored  a s  F S s, the m e ssa g e s  are F Ss. We have im p lem en ted  two 

a p p ro a ch es o f m essa g e  p a ssin g . The first on e m a k es u se  o f a g lobal FS w here a n y  rule can  store  

global fea tu res. A ny rule during a p arse can  a c c e s s  th is  global FS and w h atever feature va lu e. This 

type o f FS is the global cou n terp art o f the FS stored  in every node o f  the graph stru cture: the FS o f a 

n ode is  local and  can  on ly  be a c c e sse d  b y th e n o d es linked  to its n ode by a d irect con n ecU on  link. 
Therefore,- there b eing no right o f privacy on  featu res in the global FS, th is  particu lar stru ctu re m u st  

be a cc essed  w ith  care by the ru les s in ce it can  be a  p lace o f conflicts am ong them .
The se co n d  ap proach  provides a  stru ctu re  that p reserves the right o f privacy o f the m essa g es . A lso in 

th is  c a se  the m e ssa g e s  are FSs, and are stored  in  a sort o f m ailbox, called  m essage-b ox . A ny rule can  

refer to the m essa g e -b o x  to store a m essa g e , sp ec ify in g  the d estin a tio n  rule. O n the o ther sid e, an y  

ru le ca n  refer to the m e ssa g e -b o x  to get m e ssa g e s , an d  on ly  th e m e ssa g e s  a d d ressed  to it w ill be 

availab le. Let u s  con sid er the two c a s e s  sh ow n  in the follow ing partial p arse-trees.

We su p p o se  som e inform ation , created  or ra ised  in the node SN from the term inal sid e b y  the rule Rs. 
m u st  b e  u sed  in  th e n od e RN b u ilt  b y  th e ru le Rr. (1) sh o w s th a t th e m e ssa g e -b o x  cou ld  be u sed  

b y p a ssin g  the n o d es N 1.N 2. T h is is  u se fu l w h en  (som e) d a ta  from  SN  are n ot relevant for p rocessin g  

in  N I an d  N 2. g a in in g  th e  ad v a n ta g e  th a t n o  m em ory sp a c e  is  w a sted  u s in g  th e n o d e s  N 1.N 2 for 

ra isin g  th e d a ta  from  SN  to RN. On the o th er sid e , (2) sh o w s a  ca se  w here n o  p ath  e x is ts  b etw een  SN  

an d  RN. T herefore, th e on ly  co n n ectio n  b etw een  the n o d es can  be a  com m on  stru ctu re  a c c e s se d  b y  

th em . T he u s e  o f  th e  m e ssa g e -b o x  is very  e a sy  s in c e  all th e w ork  is d o n e b y  two fu n ctio n s . T he  

fu n ctio n  •en d m *g  m a k es a  cop y  o f  a s u b s e t  o f  th e F S s o f  the n o d es it can  a c c e s s  (i.e ., th e  n o d es  

co rresp o n d in g  to the left- an d  righ t-h an d  s id e  o f th e production) an d  sto re s  it in th e m essa g e -b o x . 

The fu n ction  recelvem sg gets a  m essa g e  u n d er the form  o f F S an d  stores it in the n od e corresponding  

to the le ft-h an d  sid e  o f  th e p rod uction .

All th e fu n ction s: sendm sg, receivem *g, and  th o se  for h an d lin g  the global FS  are im plem en ted  u sin g  

the FSH p ackage.
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The exam p le sh o w s a fragm ent o f a gram m ar w h ose  aim  is to drive the parser accord ing to a 
sp ecific  stra tegy  o f recogn ition  ach iev ing  as resu lt an  optim ized parsing stru cture, i.e.. the m inim um  
n u m b er o f n od es strictly  n ecessa ry  is built.
The recogn ition  o f in defin itely  long c la u se s  o f the form X and X  and ... X could  be ach ieved  by u sing  

the p roductions: AND <— NP "and NP. AND <— AND *and NP. w here, for in stan ce. X  can  be an  NP and  
•and  is the category o f and. T h ese p rod uction s produce a parsing stru ctu re of the kind sh ow n  below. 
B eing k the n um ber o f con ju n ction s, the num ber of the n od es N(k) b uilt by th ese  two p rod uction s is 

given by: N(k) = TN(k) + NTN(k), TN(k) = 2k  + 1. NTN(k) = ( l/2 )k (k  + 1).

AND

5. An Example: SAILing X and X and ... X

NP "and NP *and NP *and NP *and NP

TN(k) d eter m in es  th e n u m b er o f  the term in al n od es, and  NTN(k) the n u m b er o f  th e n on -term in a l 
n od es. For the graph above N(4) = 19, s in ce  TN(4) = 9  and  NTN(4) = 10. T h is kind o f p arsing stru ctu re  

is n ot op tim ized , b e s id e s  N(k) is  a q u ad ratic  fu n ction  o f k. In the figure above w e have draw n  in  

boldface lin es  the p arsin g  stru ctu re w ith  the m in im u m  n u m b er o f  n o d es w e w ant. For th is  optim ized  

stru ctu re  NTN(k) is  a  lin ear fu n ction  o f k: NTN(k) = k. Therefore, th e form ula for the optim ized  case  

N0 (k) is: N0 (k) = 3 k +  1.
O ur gram m ar fragm en t is b a sed  on  a w atch -ru le , ca lled  C h eck -an d -ru le , th a t c h e c k s  w h eth er  the  

p arser h a s  a lread y b u ilt a node o f category AND follow ed b y ’an d  NP. T h is ru le h a s  th e production: 

<NOP> <- AND 'a n d  NP. an d  if its  right-h an d  sid e h a s no m atch  it m ea n s th a t the first n ode AND  

h a s to be b uilt. C h eck -an d -ru le  h a s  the follow ing defin ition .

(defrule
:gnam e m y j r a m m a r
:m a m e  C h eck -an d -ru le

:p rod u ction  (<NOP> (AND "and NP))

:sta tu s a c tiv e
:sy n -a c t lo n s  (rule-activation '(M ak e-and -ru le NP))
:sy n -re co v e ry -a c tio n s  (rule-activation '(M ak e-flrst-and -ru le NP)))

T h e s y n -a c t io n s  are ap p lied  if th e r igh t-h an d  s id e  h a s  a  m a tch  an d  th e  ru le M ak e-an d -ru le  is  

a ctivated  to b u ild  a n on -term in a l n od e AND. The sy n -reco v ery -a ctio n s are ap plied  w h en  th e parser  

h a s  to b u ild  for th e  first tim e a n ode AND. an d  the rule M ak e-first-an d -ru le is  activated . T h ese  two  

activated  ru les  m u st be in active s in ce  the w atch -ru le  h a s  the w ork o f activatin g  them .

(defrule
:gnam e m y _ g ra m m a r
:m a m e  M a k e-flr s t-a n d -r u le

p r o d u c tio n  (AND (NP *and NP))

:sta tu s in active )
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(defrule
:gnam e m y .g r a m m a r
:m a m e M ak e-an d -ru le
:produ ction  (AND (AND ’ and NP)) 
:statu s in active )

6. Final Remark*
S om e rem arks ab ou t the p arsin g  sy stem  an d  the parsin g  too ls d escrib ed  so  far are Ln order. A 

first p o in t co n cern s the priority a ssig n ed  to ru les. It is clear th at w e can  have three m ain  k in d s o f  

rules: activated  ru les, NOP ru les and stan d ard  ru les. T h is Is a lso  their d ecrea sin g  priority order of 

ex ecu tio n : a c tiv a ted  ru les  h ave th e h ig h e s t  priority  s in c e  th ey  are a n a tu ra l co m p letio n  an d  

ex te n sio n  o f the activatin g  rule: NOP ru les can  aflect stru ctu res u sed  by stan d ard  (non-NOP) ru les in 

their p ack et, therefore th ey  n eed  to be properly sc h e d u led  w ith  a h igher priority th an  the o th ers. 
Furtherm ore, th is  c la ssifica tion  sh o w s how  CGUs are n ot a m ere p lace o f a declarative d escrip tion  of 

a gram m ar, b u t th ey  are a lso  a p lace w here a p rocedu ral d escr ip tion  o f  a c tio n s  co n cern in g  the  

p arsin g  p ro cess  can  be given. T h is Is a pow erful w ay, w h en  co n d itio n s are d etec ted , o f  a lterin g  the 

n a tu ra l b eh a v io u r  o f  the p arser th a t fo llow s a p ara lle l b o tto m -u p , n o n -d e te r m in is t ic  stra tegy . 
A ction s taken  follow  th e d etection  o f som e s itu a tio n  in th e p arsing stru ctu res, e .g ., th e  activation  o f  

a ru le in stea d  o f a n oth er  w h en  a  m issp e llin g  Is found  ln  the in p u t, and  a p arsin g  p ro ce ss  ca n  be 

driven  by a gram m ar w here on ly  the n ece ssa r y  ru les  for co n tex t d etec tion  are s e t  active an d  th o se  

d evoted  to b u ild  s tr u c tu r e s  in active . T h is w ay o f  se tt in g  con tro l o f  th e p arser p la ces  th is  p arsin g  

sy stem  ln the category o f  s itu a tlo n -a ctio n  p arsers (/W lnograd 1 9 8 3 /) .
U n fortu n ately  th is  paper ca n n o t be a p lace for a  w ide d escrip tion  o f exam p les o f gram m ars u s in g  the  

p arsin g  to o ls  o f  SAIL. S om e ru n n in g  ex a m p les, a s  w ell a s  th a t d escr ib ed  above, ca n  b e foun d  ln  

/M a rin o  1 9 8 8 a / .  M oreover, som e Ill-form ed Input c a s e s  h ave b een  faced, e .g ., le x ic a l/sy n ta c tic  111- 
fo rm ed n ess, co n stra in t v io la tion , co n st itu e n t  sh u fflin g , m iss in g  c o n st itu e n ts , in  /F errari 1 9 8 9 / .  A  

w id e report o f th e  w ork  d evelop ed  in  th e fram ew ork  o f  th e E u rop ean  ESPRIT Project P 5 2 7  CFID 

u sin g  th e SAIL Interfacing S y stem  is In /D eliv era b le  9 /  w here, am ong o th er th in gs, the d escrip tion  

o f an  E n glish  gram m ar an d  se m a n tic s  Is sh ow n  (/M ac A ogain e t  al. 1 9 8 9 /) .

The a u th o r  Is th an k fu l to G iacom o Ferrari w h o  m ade p ossib le  th is  w o rk
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