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Abstract

oo oo conn oo eaus e cove some

A descrirtion is diven of the main ideas used in the desisgn
of SPIRAL: 2 kernel for 3 natursl landusde interfsce zimed st
generalite in linguistic ability amd domain rortabilits.

Thoudgh Frolodg is used to imrlement the interfazcer suntactic
analusis is not rerformed via metamorrnosisy defimite-clauses
or extrarosition drammar formalismsy but rather by means of a
J-level bottom-ur extensible rarser making use of rewrite
rules, The arrlication of each of these rules is controled by
a8 module carable of emboduing non-suntactic knowledde.

Suntactic and semantic anasluyses are serarstely dornes but
semantic tests are embedded in the rarser resulting in &
substantial decrease of ambiguitz., The arrlication derendent
rarts of the semantic znaluser constitute 3 serarate module.
To make it easw to sdart the interface to mew arrlicationss a
set of rredicates is rrovided to helr in the defimitiorn of
that module.
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Introduction

“eve re3lity maw avoid the obligstion to be
interestings but (444 Nurotnesis ma=zg not.*

th

Deaf and the Comrasss J. L. Borsges

Results from research on natural langusge understanding

sustems made during the last 15 uveasrsy either dimrlicitlys (by
failing to meet certasin requirements)y or exrlicitluws roint
out the mneed for world krnowledsgesr inferernces context analysis
and the 1like when +truing to analwse 3 natursl langusse
sentence (this need is more scute when rhenomens such as
anarhora (reference rroblem) is deslt with [G. Hirst 811).

Onme of the main rroblems with the lodic gremmar formalisms
#rorosed so far (metamorrhosis drammars [A., Colmerauer 755781y
definite-clause grammars [F. Pereiray I+ Warren 801y and
extrarosition drammars [F. Fereira 811)y 35 well as with their
concrete arrlications (from [R., Fasero 731 +to ([F. Fereirs
831)s is that mo rrovision is made to check each susntactic
analysis ster for consistency with resrect to meaning., In this
senser suntactic analysis is carried out blindle. Imtroduction
of tests in the drammar rules» turification L[V, Dahl 771 and
slot-filler based arrroaches [M. McCord 80,811, LF+. Fereirs
831, are incirient sters toward the use of non-suntactic
krnowledsge to sguide rarsing. But in rresent dag sustemss
whenever such knowledsge is used it must be intersrersed within
the drammar rules and there is no nmeat seraration a8t this
level between the suntactic and the non-sgntactic modules -
even if semantic snalysis is rerformed after suntactic
analusis.

In what follows I rresenmt the masin ideas underlsing SPIRAL>»
an oren kernel for 3 dgenersal natural lansuasge interface that
dives an answer to the sbove criticism and simultaneousls
tries to keer 3 high dedree of rortability tetween
arrlications.,

In SFIRAL 3 3-level rarser is used to rerform sentactic
snalysis., The second and third levels are executed in an
interleaved fasnion so that the third 1level checks second
level results on the flw. The rnon-suwntasctic knowledsge the
third level has can easily be extended to include criteris
ssed on knowladsgse from discoursze conteaxts world lkrnowledges
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inferencer and so forth,. This way it is rossible to have 3
desirable interaction between two hisghls modular devicess one
workindg on the suntsctic festures and being controlled by  the
other which uses more comrlex forms of krnowledsge.

SBuntactic znd semantic analuses are serarately dormes Bt
semantic tests are embedded inm the sarser resulting in &
substantizl decrease of smbiguite. The srrlication derendent
rarts of the semantic ansluser constitute 3 serarate module,
To make it essy to adart the interface to new arrlicationss a
set of rredicstes is rrovided to helr in the definition of
that module.

Suntactic Anslusis

*I state ¥ wous if uwou wishs refute.®

The Aristos Js Fowles

A first roint of divergence from the metamorrhosiss
definite-clause and extrarosition grammar formzlisms (referred
to 8s ‘lodgic drammars’ in what follows) is the rarsing
strategy, The SPIRAL rarser makes use of 3 bottom-ur techniaue
better suited to accert external duidance and to analuse
ellirtic sentences and 3ll forms of extrarosition (I thave no
intention of entering the o0ld &and tired tor-down versus
bottom-ur controversy - rlease cof. the auotstion above - 3
though many reorle tend to admit that the former 1is more
gfficient thaen the latters +this is false a3t 1lesst for
(unbiased) context-free drammars [M. Kaw 801)., The stress rut
on  the two linguistic henomens above {ellirsis and
extrarosition) follows from the surrose of not restricting ‘ab
oveo’ the interface carabilitiess and a3lso from the relativelw
nigh frecuency of such forms i FPortudguesesy the lansuadge
actuslly analused bw SPIRAL.

Wnile rules of 8 lodic grammar comstitute am indivisible
#rodram working on normallsy 3 tures of data (surface
rerresentationsy non-terminsls and sentactic structures):s
SFPIRAL is stratified into levels asccording +to the functions
rerformed and the kinds of dats deslt with.

Rewrite rules in SPIRAL are in some extent similar to the
rules in lodgic drammars., Obviously thew occur in inverted
formss in accordance with the bottom-ur wrarsindg strategy -
while in & logic grammar we nhaver for instances

3 - bl D2 s BN
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in SFIRAL the same rule will arrear ss

ply D2 ¢ses DM - 3
There is no distinction cetween terminals anid
non—-terminals., A senternce is rerresented by the list of thne
lexicsal rerresentations for its words: and the lexicsal

rerresentations can nave Frolog variasbles to nold information
for future use. Lists of lexical rerresentstions a3re whst
sctuslly srrears on both sides of the rewrite rules. Hence
there are no restrictiomns onm & rule’s right-naend sides ir
contradistinction with logic grasmmars’ left-hend sides.

Besides the lexical ones two other rerresentaztion forms are
used { one for what I c3ll meaning-cells (m—celly for shortly
and snother for rhrase structures built from them.

A m—-cell tries to rerresent any contiguous words drour that
iz meaningful on its own when isolsted from the rest of the
sentence, m~cells may contsin other m—-cells and be condoined
to dgive 8 m—-cell. Some of the m-cell tures SPIRAL currentls
works with are @

- nown s#hrase
- verp

- comrlement (3n addective droury
a8 rrerositional rhraser or an sdverbdb)

- subrhrase (relative clause)
- wh—-ruestion
For instancery in the sentence

‘The sustem uses techniacues to encode z more
deneral model that are very efficient’

there are the m-cells

- the sustem - uses

technigues - to encode 3 more general model

- that are veryg efficient

the last two of them containing
- encode - 3 more dgeneral model

- are - verw efficient
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Fhrase structures are rerresented by 3 3I-rlace furnctor
whose three arsuments in 3 given instant describe of 2 rhrase

- its main m-cells (either 3 werbs or roun-shrases — varbs
are envissdged as mhrase ‘functors’)ys

- comrlements that aswait sttachement to rourms or wverhs
(this simrlifies the treatment of extrarosition)s

- subrhrases found so far.

We can now examine how the SFIRAL rarser works, On a first
level of rrocessing words sre conflated whernever rossible 3
information from deleted words instantiste wvarisbles that
osccur on the lexicasl rerresentations of the remasining words.
This is 3 deterministic rass and results from srrluing rewrite
rules like the following (im Edimbursh suntaxs with =-»7  as

infix oreratords

L determiner{QuantsAgr)s noun(N,QuantsAgr) | R 3]
- L rioun(NsQuantsadr) I R 1 .

This rule states thsast a3 determiner followed by 2 noun is
deleted if ©Doth have +the same zdreement. Moreovers the
auantification exrressed by the determiner is saved in the
lexical noun rerresentation. This sarticuler rule is 3 Frolod
unit clause but some other rules have a3 clause bode to test
their arrlicabilitys, After the first levelsy & second level
analuses word dgrours to obtsin m-cells. This is domne by

*

arrleing recursive rewrite rules with the following format

*,

List.of.lex_ rerrs.l =-=3>

+

List_of.lex_rerrs_.2 - M_cell HE N

where ‘-=>’ and ‘-’ are infix orersators. Such a3 rule means
that M.cell is the result of analusing the first 1list of
lexical rerresentationsy the second one being what is remnant.
Like for the first level rulesy clause bodies may imrose
conditions on rule arrlication,

Each m-cell extracted by the second level is embedded into
the current rfhrsse structure by 3 third level of rrocessing to
#roduce 3 new rhrase structure. Each clasuse head in the third
level has the format

M_.cell + Phrase.str.l —-——— FPhrase_.str.2

where ‘4’ and f are infix orerators - its meanindg is
gbvious, A mconitor i1s uwsed to cormtrol the second  zrmd  thirg
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levels forcing their interlesved execution. This mormitor 1is
defined by the following two clauses

mon( LOy FOs LNy Pn ) i- LO --% LiI - M
' M + PO ~-—=> P11 »
mon( Lis P1ly LRy P ).

mon{ Ly Fy» Ly P ).

S0y whenever the third level fails by finding out thast =

m—cell is extrameous to the current hrase structure:
nacktracking to the second level takes =lace. In this
situationy either an s3sltermative analusis “istss or the

monitor stors Froducing the rhrase structure pbuilt so far and
the rest of the senterce that remsins to be anaslysed. A second
level clause body maw include a3 cz3ll to the monitor forcing &
recursive zsnalysis to be rerformed.

The first and second levels zare rurelw suntacticy ‘thoudgh
the latter uses semantic tests to ensure correct sttaschment of
comrlements to noums. Both work by arrlueing rewrite rules from
two distinct sets comerrisings resrectivelws sbout 10 znd 25
rules, The thirg level must decide on whether 2 m-cell cam or
cannot bpe added to the current shrase structure. This
imrortant functions that imroses 3 check on esach szntactic
analysis stery is based: for the time being, on criteris
concerning the rhrase structure and some knowleddge sbout
comrlements and verb arguments (nouns are tured and for verbs
8 slot-filler arrroach is useds 35 in [V. Dahl 771y [H. McCord
80,811y Those criteria canm easilw be “tended to more
sornisticated ones based on knowledde from discourse contexts
world krnowleddey inferencer and sa forth.

This way it is rossible to have 2 desirable interaction
between two highly modular devicess one working on  the
syntactic features and dealimg with lexical rerresentstionss
the other using more comrlex forms of krowledde to build
hrase structures.

In summarys the characteristics of these 3 levels in SFPIRAL

+

are as follows

ist level - has some 10 rewrite rules transforminsg =
list of lexical entries imto arother such list.

2nd level - has some 25 recursive rewrite rules that
from 3 list of lexical entries sroduce one m-cell and

remaining list each m—-cell is rassed to +the 3rd
level (a3s soon as Froduced) and if not accerted:
slternative rules (if any) are gserlied i otherwisey

the rrocessor stors diving a8s  result the ehrase
¥

structure built sc for (17 snd the remnant list.

= Y
QIS s
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3rd level - builds the rhrase structure from the
m-cells extracted by the 2nd level controlling it bw
aecerting or redecting m-cells the 3rd level is

also resronsible for the treatment of extrarositions
rassivizations and comrosite rouns (like ‘the dodgs the
cat and the mouse’).

When the end of the senternce is reacheds another SPIRAL
module is launched to check the #hrase structure built for the
senternice and to carry on with ellirsis anslusis if reeded. At
rresent onlw 3 few incirient anarhoric forms are asnalused bw
SFIRAL and by methods not comrletelz adequate., Fersonzl and
rFOossessive Fronouns are solved by searching 2 roun list (built
during the lexical analusis) and selecting 3 moun from it
some kinds of ellirsis are solved be the introduction and
dereferencing of a8 sronouny and some others zre trested by
comeraring rhrase structures. The deneral Fhilosorhy erescribed
in [G. Hirst 811 will soconer or later be asdorted in SPIRAL.
Nevertheless: the semantic tests used in the second arnd third
levelss together with the slot-filler arrrozchs rrovide 3 lot
of information extremels useful in solving ambiguities., This
fact 8llows for rresent methods to work well in many
instances, A similar situstion 1is encountered in the
case-grammar arproacns aualified inm [G. Hirst 811 35 ®.vs 3
firm base for anarhoras resolution® +thoudh onle information
from cases is used,

To helr fix ideasr two (simrlified) ewxwamrles of sentence
analuysis follow - the +two sentences asre from L[F. Fereirs
81,831, The functor ps(_s_r.) is used fFfor rhrase structures
{see above for 3 descrirtion of its sasrduments)s and X  and
\New./ Bre used to marks resrectivelys a3 failure at the third
levels 3nd the words activating a3 second level rewrite rule.
Imrortant informastion bound to wvariasbles on the leuxicsl
rerresentations of nmoums or verbs is shown informally
following them and within rarentheses (e.g.» mouse(the)
rerresents the noun ‘mouse’ containing the informationm from
the determiner ‘the’) 3 in wverbsy subdect 3lwaus rrecedes
direct obdect. Numbers within braces denote comments to be
found after each fidgure,

The second examrle shows that a3 senternce violasting the Ross
comrlex—NF constraint will rnot be zccerted by SPIRAL -  far
ease of exrosition the determiners are drorred,
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InFut sentence ! the mouse that the cat chased scueahks
After 1st level mouse(the? that cat(the) chased saueashks
2nds 3rd levels ¢ N e e e / {1%

/

recursive anaslusis on ¢

re(that{mouse{thelds_s»_)
|

cat(the) chased saueaks

!

!

| M S N/ N

| | , i

PP ¢ | |
| |

]

rs{that(mouse(the) ltcat{thnedr_»_) |

| |

R b et e e o e e e o |
|

rs{chased(cat{the) symouse(the))r_s.)

end of recursive anaslusis {3%

resl{_.r.ril=chased{(cat(the) rmouse(therthat(xl)))

mousefl{thesthat(x1)) sauesh
[ S N

rs{saueasks(mouse(thesthat (1)) s>
wl=chased(cat(the)smousel{therthat (1))

Result ¢ saueaks(mouse(thestnat{xl))) &
ul=chased(cat{(the) rmousel{therthat (1))

)

s
/
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{1 - the relastive will be analused througsh 2 recursive
analusis.

{2} - ‘seuesks’ cannot be added to ‘chased(the catsthe
mouse)’ because 2 rhrase cannot have two main verbss
resulting in 3 failure st the 3rd level arnd the end of
the recursive analusis.

€3> - from +the recursive analusis results a rhrase

structure that is rassed as 3 subrhrase to the 3rd
level by the rule launching the recursive analusis
this rule is slso resronsible for the binding of
‘that(xl1)’ to the mourn ‘mouse’ znd for the ante-
rosition of this noun to the remnant sentence.

Inrut sentence !
the mouse that the cst that chased likes fish squesks

After 1st level ! mouse tnat cat that chassed likes fish
saueaks

>
-
i
]
i
|
1
i
i
i
~

2ndy 3rd levels

recursive analusis on ¢

rs(that(mousel)sy_s_)
!

cat that chased likes..’.

recursive analysis on §

rs{that(cat)r.r.)
1

| chased likes ...
N/ N/

| ] |
e e |
i

rs{chased(catsr)r_s_)

¥ {12

o — — —— - p— — ——n_o—— o m— o— ——_o— oot o wiats oo o s

end of recursive snalusis {22
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rs{that(mousels_ril=chased(cat(that(xl)s»_))
| cat(that(xl)) likes fish

! N / N/ N_L/
| | | |

|
|
|
|
! |

!

#s(likes(cat(that(xl))rmousedr_sxl=,.s)

|
|
|
!
l
e b e e 1 1
|
|
!
|

{3

end of recursive analusis <{4%

re{_r_rxl=chnased(cat(that{xll)y_) &

x2=likes(cat(that{xl))smouse(that(:2)))

mouse(tnat(x2)) fish seuesks

{1y - 3 rhrase cannot have two ma3in verbssy then ‘likes’ can
not be added to ‘chased(caty something)’.

{2 - the subrhrase Just found 1s added +to the rhrase
structure that slready existed, Note that ‘chased’ is
treated a3s transitive thousgh with a3 direct obdect nrot
stated - 3 common situationm with certain verbs.

£3> - ‘fPish’ cannot be added to ‘likes(catsmouse)’ by the
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reason in {1} sbove.
{4 - the two subrhrases found so far are condoined.

{9 - the anaslusis fails s3s ‘s@uesaks’ is intransitive.

If ‘fishes’ occurred instead of ‘fish’ and if 3 mouse could
in ang way fish sauesks (and in roetry - 23t least - this is
obviously rossible)s the following snslusis would be arrived
at

fishes(the mouse (that (¢
likes(the cat(that chased something).,
the mouse))s
saueaks)

To illustrate other carabilities of the suntactic analuser
in SPIRAL some sentences that it sccerts are listed belows the
last of which because 2 direct tramslation from Fortudguese is
not correct in Ensglish - words within earentheses do not
arrear in the Fortudguese version.

the author wrote a book in 1910,

in 1875 the author decided to write 3 book.

the works that the author wrote are for the riano.
the suthor that wrote in Venice a book.

the work that in 1920 was written bw the author.

the suthor that was born in London and whose work was
written in Paris.

the author whose work was written in the 18th century.

the rizno is the instrument for which the work uwsas
written.

the suthors in whose centuries works have been written.
the work A is older than the work B.

who wrote books 7

who wrote the oldest book 7

which are the works that were written in the 20th
century 7
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which are the works from the 19th century ?
in which century was born the suthor 7
the suthor wrote a3ll his works in London.

the author that was born in the rlace where (he) wrote
his works.

Lexical Anaslusis

In order to use dictiomaries similar in content to current
dictionary books (and this should be 8 d0s3l for any naturasl
landguade interface) some kind of suffix znalusis must be
rerformed 3t the lexical recodgnition stage. This meed is still
more urgent when analysing landuzdes like Fortusuese or French
that make sustematic use of inflections and condudgationss for
substantial savings in dictionary srace can then be dgleaned.

To this endy I built (todgether with Antonio Fortos and much
in the vein of [F. Sabstiery J.F. Figue 821) a8 lexicsal
analyser using 3 set of inflection/condudation rules 3slondg
with a3 dictionary contsining word rootss words that constitute
excertions to the diven set of rules or that are not described
by them» and words that have no suffixes. For each inrut word
(rerresented by the list of its characters in reverse order)
the anasluser tries a3 direct dictionary entre and subsequentls
(either by 8 failure in this attemrts or by 3 failure st the
suntactic or semantic levels) rerforms suffix analysis. The
current set of rules for Fortudguese (some 80 Frolog clasuses)
covers 4 verbal condudstions in the 1st and 3Ird rersonsy
singular and rlurals 4 tenses and eronominal condudgastion for
a8ll this» 35 well &8s 38lmost a8ll inflections according to
dgender and number - gsome 17 different forms of slural.
Turically 38 clause srecifuing 3 verdb root imrlicitly defines
some 68 different forms for it !

The counterrarts to the dictionary comractness attsined by
this method are 3

- some eproblems of rerresentation durlication if word
surface rerresentation is to be kert for future use

- the dilemma of either z2llowing strande words +to bDe

accerted 3s valid by the inflection/condudgation ruless
or burdenning the lexical analuser with tests

- an unfelt loss of efficiency
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Concerning the dilemma sboves if one accerts that the wuser
should be resronsible for the use ofsr e.d.y ‘writed’ instead
of ‘wrote’s there should be no damage if the natural languadge
interface understands it according to the dermneral rules. This
is a3ll the more so if the natural langusse interfazce rrovides
8 rararhrase of what has been understood after azralusinsg s
sentence - 3 research directionm that will be taken soon.
Obviouslys, for those not sharing this roint of view there
remains the rossibility of providing tests to filter erroneous
words,

Lexical ambiguits is treasted bw backtracking from the
suntactic analyser., Some exreriments on co-routining +the
lexical and suntactic anaslusers were made with some success by
Antonio Forto using his idess on control [A. FPorto 8231y and
will be rpursued in due course.

Semantic Analusis

For sake of modularity and deneralitysr the semantic
analuser uses an intermediate semantic rerresentation  (ISR)
form to build 3 PFProlog dozsl exrression from 3 suntactic
structure. An ISR form consists of Prolog dozlssy obdect (in
deneral, entity) descrirtions and suxiliar rseudo-dgozls (used
to rass information while building the ISR form). Obdect
descrirtions are used the same waw a3s in [A. Walker» A, Forto
831 % im SPIRAL thew occur under the form of 3 3-rlace functor

o(TuyreiVary Quants Cond)

containing the obdect turer the Frolog varisble associated
with ity its euantification» and 3 defininmg condition in ISR
that may contasin other ob.Jdect definitions.

For instances to the sentence

‘the works from the authors of each century’

corresronds the following ISR exrression and Prolbg go0al

o(workiWs eachy
o(authoriAs eachs
g{centuyrgiCsy eachy _.) &
author(A»D) & centuruw(D,C) ) &
work(WsA) )
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set(work/author/century) ! Swac <-

311(Sua/Cy
gen.cent(C) &
811(Sw/A>y
author(AsD) & centurg(D,C) &
23l1(Wy work(WsA)s Suw)s
Swa)y
Swac)
where ‘8117 is the rredicate defimed in L[L. HMoniz Fereirays

A+ Forto 811 and ‘den_cent’ is a3 denerator of suitable century
values.,

ISR exrressions are puilt from the suntactic structure by
some deneral rredicatesy rlus 3 serarate set of arrlication
derendent onesy that definme the semantics for wverb and its
comrlementss verb and i1its arsumentsy asnd noun  and its
comrlements., Writing such rredicates for 3 rarticular
arrlication is made easwy bw the use of rseudo-gosls and some
rre-defined rredicates corind with them (3ddind 3 Prolog dosl
to 8 conditiony substituting a3 rseudo-dgosl by 2 Frolog doasly
choosing and inserting Frolog dHosls from & 1list: and so
forth).

When translating an ISR exrression to 3 Prolod oney» scoring
rroblems concerning distributive equantifiers (such as ‘each’)

and sddredations (such a3s ‘averadge’) [F. Fereira 831 are dealt
with.

Efficiency and Future UWork

SPIRAL has been imrplemented using the RT-11 Frolod

interrreter by Clocskiny Mellishs Buyrd and Fisher CW.
Clocksinsy Cy+ Mellishs R. Fisher 801 and sdarted bw A, Forto
and I to run under an RT-11 Extended Memory environment on &
POP-11/23 machine with florrpu-disks., The rrodgram currentle
occuries some 15K (16-bit) words (inm terms of nicely rresented
Frolog text about 23 rades 3s follows ¢ 5 for the lexical
analuser (including a common dictionarw)s 9 for the suntactic
analusery 3 for the semantic ones and & for the current
arrlication derendent rarts - the arrlication dictionary
inciuded), The remzining 5K left free are what is needed as
workseace, Future extensions under these conditions maw force
the use of a3 two-Job rartition a3s in ([L. Moniz FPereirar» F.
Sabatiery E. Oliveira 821 or L[L.M. Fereiras» A. Forto 821 - it
is mo novelty that a3 PDP-11/23 is a3 somewhat restricted

mschinme !
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Resronse timess thoudgh no exact benchmarks have beern mades
are comearable to those described inm L[L.M. Pereirasy F.
Sabatier» E+ Oliveira 821 or L[L.M. Pereiras A, Forto 8231 and
vary from less than 1 second for most sentencess to 10 or more
seconds for very comrlex ones - these times are better than
those obtzined bw 3 Lisr rrogram that attemerts to understand
noun comroundsy running on 3 PDP 2060 (it takes some 5 seconds
to anslyse ‘dlass wine dlass’) CD.B. MclDonald 821,

These results are quite satisfsctorw ta3king into account
the machine used - whenever the Sth denerastion machines I[T.
Motooks (ed.) 821y I[I, Warren 821 become 3 reality this
section will stand as an examrle of concern with anachronistic
values.

As aslready stateds SPIRAL is thousht of 35 an oren (3s anu
spiral!l) kernel for 3 natursl langusadge interface and +this
means that many research directions are oren to further extend
its sbilities. Among thems those concerned with the followings

to be exrlored soon ¢

~ setions to be rerformed when 3 sentence cannot be
- understood or is ambiguous (dislosgues with the wuser
angd rararhrasing will be sought)

- means to helr configurate the interface to 3 new

domain (wherever rossible those used inm [M. Filgueirass
L. Moniz Fereirs 821)
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