| ICOT Te::hnicgl_ Memorandum; TM-1282

TH-1282

QUIXOTE as a Tool for Natural Language

Processing

by
S. Tojo (MRT), H. Tsuds,
H. Yasukawa (Matsushita), K. Yokola
& Y. Morita (Oka)

© Copyright 1993-08-30 ICOT, JAPAN ALL RIGHTS RESERVED

Mite Kokusa Bldg. 21F (D3p3450-319]1 ~5

I G DT 4-28 Mitu 1-Chome

Minawo-ko Tokyo 1048 Japan

Institute for New Generation Computer Technology



QUIXOTE as a Tool for Natural Language Processing

Satoshi Tojo, Hiroshi Tsuda
Hideki Yasukawa, Kazumasa Yokota, and Yukihiro Morita
Institute for New Generation Computer Technology (ICOT)

4-28 Mita 1, Minate-ku,

Abstract

W developed a language QurroTe as a tool to deal
with varions information of natural language process-
ing (NLP). Quzvors is a hyhrid language of deduc-
tive object-oriented database {DOOD) and constraint
logie programming {CLP) language. The new mech-
apism of Qurvore s a combination of an object-
otientation concepl snell as object wdentity aud the
concept of module that eclussifies a large knowledge
base. In addition. its logical inference system s ex-
terded to e alile to make restricted abduction. We
first apply CuryoTe to the sorted feature stracture of
eonstraint-based grammar formalisms. Next, we show
that QuIroTe can eonteibute o the description of
situation-based semanties. We implemented o system
to make abductive reasoning to clarify hidden infoe
mation. Also we resnlve the problew of noun phrase
referenone,

1 Basic Structure of Qurxore

This section outlines Qurrore[13. 14] as a tool for
NLP. QuzxoTs is classified as both a DOOD and CLP
lenguage. It has the following features that are also
nseful in NLP:

s 00 features, such as object identity,

¢ allribmic-valne data stracture with sihanmption
constraints,

o ctficient inforwation description with wmodules
andl inberitanes hievarehy, sl

¢ question and answer with assnmptions.

Qurxore system is implemented with the KL lao-
gnage, a parallel logic programming language for the
parallel inference machine, PIM, in [COT.

Generally, QuzyoTs programs consist of subsunp-
tion relations among basie object terms (1.1}, submad-
ule relations ajmong modules {1.3), and rules,
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Qurrore rules have the following syntas,

head  head_constramnt vl iy body_conatraing
,—A? e e s, ——
g i | HC =y By, I BC

Here, H and B, are obpect/altribute terms. IO and
O are constrammts. wey, called & module tdenfifier,
specifies the module in which terms or rules resides,
The body, constraint. and module identifier can be
ouitted.

The above rule resides in module my. It implies
that. if every I holds in a module oy under con-
straivuls B, then H and constraints HC hold in ma.

1.1 Ohject Term

Let Oby Boby Cobj, and Var be a collection of o
gert terms, basie objeet ferma, compler object terms,
awd wvariables, vespectively.  Then, Obj = Bobj U
Cobj U Var,

Dazic object terms are atomic sywbols sueh as eat
and apple.

Subsumption relation C, is a partial order rela-
tion between basic object terms. a £ b means that
a is ware specific than b, or a ISA b, for example,
cat C animal or animal C creature. Special ba-
sic ohject terms L and 7 satisfy Wr € Hobj, L C
oz O T, QuryoTe comprises a complete lattice fiom
< Buolij, L,

A compler olject term is a tent having the form
olly = wm.ly = va.-.-|. where o € Hobj and ¥i.[; €
Hoby. v, & (. Each label [ s ealled s fretvinsie
attribuie. The order of labels is not significant, so
o[1=a,m=b) and o[m=b,1=al, for example, are identi-
cal.

The subsumption relation is extended to treat com-
plex object terms. For example, when cat C animail,

cat[age = 2, sex =male| C catfage = 2]
cat[color = white| C animal.



1.2  Attribute Term, Constraints, and

Property Inheritance

An attribute term is an object term with property
specifications represented as:

head/[lopiwn, Lopaes ...

where head € Obj and Vi l; € Bolj,op; € {=, —,—
Lowe € O, Each label I, is called an extrinsic af-
trifute.

An attribute term can be transformed into an ob-
ject termy with a set of constraints.

a/[lL=X <« o | {ol=x)
of/lm—U = o fomC U}
ofme—Vvl & o] {VCon)}

] 7 mieans an object terin () with constraint ¢
0.1 is called a dotted term and specifics the value of
the 1 attribute of an object term o. Constraints is a
set of formulas having the form < lerm >< op >«
terne = where < term > 8 an object fdotted term.
ane < op e [E :}

By defanlt, the attributes of an object are inherited
by its relaled objects in terms of T, as follows. This
is called the property imherifanee.

eCp=¥lollpl

For exawple. when macintesh L apple amd
apple.color 2 red. then macintosh.color C red
holels,

For complex object terms, however, the valuea of
intrinsic attributes override those of extrinsic ones.
For example, even if apple.color = red holds,
appie[color=green] .color remains green and is
not subsuwnwsl by red,

1.3 Module and Object Identity

A Qurxore program can be divided inlo several
wodiles. Each mordide is identified by an object term
called a module idestifier and consists of a set of rules,

Like many programming languapes, Quivors las
an inheritance mechanism between miodules called e
mmfieritance, Submodule relation Jg between module
identifiers specifies the rule inheritance. For exan-
ple. when john g common knowledge, all rules in
the module common knowledge are inherited by the
module john. Here, john is called a submodule, while
common knowledge 18 a supermodule,

To realize rule inheritance exceptions. cach rule can
have an inheritance mode 0,1, or ol. A rule with o

L =]

everrides inherited rules which have the same head. A
rule with 1 is a local rule, hence is not inherited by the
submodules, Inheritance mode ol is a combination of
o and 1.

The following example describes the knowledge “In
Europe, cars usually drive on the right. But cars dnve
on the left in England.”

england Jg europe, france 3g europe
europe :;: car/[drive — right]:;
england :: (o)car/[drive = left]:;

Two object terms are didentical if they currently
bind to a literally equal object term except for the or-
der of labels. For example, if ¥ binds to a, o [1=X,n=b]
and ofm=b,1=al] are identical. Tn this scnse, ground
object terms work as object identifiers,

Within a module, the values of the identical at-
tributes of identical objects must be equal. In differ-
ent modules that are not in the submodule relations,
however, identical objects can have distinet values,

For example, the following program becomes ineou-
sistent because john has a different age value in the
modnle sit_1993,

git_1893 ::
81t_1993 ::

jobn/ [age=201;;
Jobn/ [age=30] ;;
However. the following is not inconsistent, when the

submodule relation does not hold between =it 1983
and sit_1993.

ait_1983 ::
3it_1993 ::

john/ [age=201;;
john/ [age=30] ; ;

1.4 Answer with Assumptions

A query sentences have the following forms.

ey i G- || O
ey Gre- || O PG

Fere, wey is oowodule identifier. G, an object /attribute
terin, O a conatraint, and PG a program. In response
o o query. QUIroTE retnrus answer substitutions
with a set of constraints among dotted terms called
assumptions.

Except for  constraints among  dotted
ez ors works like a conventional CLP language [4].
However, dotted term constraints in the body con-
straints arc accumulated as assumptions if they are
not satisfied by the head copstraints, Assumptions
can be seen as lacking information in the DB, Deriv-
ing assumptions is a kind of abduction.

The second type of query, whick is often used in hy-
pothetical reasoning applications, adds the additional

torms,



programs hefore the inference. For details of the pro-
cedural semantics of QuryoTe, see [8].

Consider the following example. It indicates that
there is a book, and that the shipping fee is 500 yen
if it is hard-cover, or 300 yen if soft-cover.

git::book;;

git::ship[fee=600] <= boolk/[cover->hard]::
ait::ship[fee=300] <= book/[cover-»saft]:;

The first clause tells us ouly of the existence
of an object, book, and nothing about its proper-
ties. The second clanse means that if book exists in
sit and the cover property is subsumed by hard,
ship[fee=500] holds in sit. How about asking a
query 7-sit:ehip[fee=Yen], which asks the shipping
fee of the book, to this program? Quixore returns
the following two independent answers, !

Yen=800 if
Yen=300 if

g3it:book. cover=<hard
ait:book.cover=<soft

Each answer makes an assumption about the cover
property of book which comes from the body of the
secomd or third clauses. Neither coustraints are sat-
isfied by the head constraint. which is empty in this
example, so they are accumulated as assumptions.

2 NLP in Qurxore

2.1 Hepresentation of Feature Structure

Consider the sorted (typed) feature structure|d],
upoen which the latest framework of HPPSG(9] is con-
strmcted, It is the feature structure whose nodes are
labeled with sort symbols. The inheritance mechayism
hetween supersorts and subsorts enables the officient
representation of lexicon or grammar.

For exwmple (1) is a simple HPSG-like sorted foa-
ture structure representing the word “run.”  word,
vp. run, phrase, or np specifics the sort of each
structare,

word

CAT : |vp|

PH : [run] (1}
. | phrase

SUBCAT : [ CAT : [np] J

Attribute terms in QuryoTe are capable of par-
tially describing information. The hasic object term
and subsumption relation < Bobj, C= in Qurryore

a the syntax of QUIACOTE syatmn, C is =<,

v

naturally comprises types and their inheritance hi-
erarchies. To treat the inheritance and information
partiality. it is natural to describe a sorted feature
structure with an attribute term whose head is a ba-
sic object term representing the sort. The property
inheritance mechanism (1.2) corresponds to the inher-
itance between sorted feature structures. (1} is rep-
rescnted by the following subsumption relations and
two attribute terms,

¥=<word, Z=<phrase
Y/ [cat->vp,ph->run, subcat=Z]
2/ [cat->np]

In comparison with related KR languages, PST
(Fartially Specified Term) in CIL[6] and -terms in
LOGIN(1] are closely related to the feature structures.
However. attribute terms in QurxoTe are more pow-
erful berause CIL does not have an inheritance mech-
anism and LOGIN cannot handle constraints.

2.2 QuIXoTE and Situated Inference

We first define a situated inference rule as follows:
(2)

This sample rule can be interpreted as follows: if s
supports @y, 83 supports oy, and so on. thus we can
infer that sy supports oy, under constraint . In
Quzxore, situated inference rules are rephrased as
follows|11]:

sn b= og = A Eoy s Eo, 8, Eo,C.

situation theory Qurxyors
gituation =  module

infon «  object term
rirle e lahel
supparting (=) & membership {:)

The most important correspondence between then is
the description of a rule, viz. (2}, and & QuzroTes
rule {3).

Mg =y Tytng t Ty Ty TRllCL (3)

2.3 Abductive Reasoning in QUIXOTE

Let us consider the following famons sentences ([10]
p. 15; also in [2] p. 105), that are utterances made
by two people, 4 and D, as an example of conditional
reAsoning

A: “If Bizet and Verdi are compatriots, .
(4)

they are [talian,”
B: “If Bizet and Verdi are compatriots,
they are French.” (5]



The interesting point of sentences (4) and (5) is that
the conclusions are different despite application of the
same conditional clauses, This is because there is hid-
den partial knowledge in the two peaple and this is not
mentioned explicitly. The objective of the program
introduced below is to determine the nationalities of
Bizet and Verdi when they are asked, with inferences
o implicitly mentioned information.

The natural langnage expressions that correspond
tu (4) and (3) are directly translated into Quivors
as follows:

hypothesis_a ::
bizet/[nationality = italy] <=
compatriots[perl=bizet,per2=verdi] ;:;
hypothesia_b ::
verdi/[naticnality = france] <=
compatriots [perisbizet,per2=verdi] :;

The first rule says that being compatriots of two per-
sons named Bizel and Verdi tmplies that Bizet's na-
tronality being ltakan in a hypothesis of persen A. The
second rule can be interpreted in a similar way. We
need other rules to terminate inference chaining, vie.
the definition of compatriots. bizet. and verdi.

wvorld :: compatriots[peri=¥, per2sY] <=
L/(nationality=N1], Y/[nationality=N2]
Il {N1=<nation,N2=<nation, Nl==N2} ;.

world :: bizet::

world :: werdi;:

These definitions are valid in every wodule, viz. in the
tost general module world,. We can write the mmodule
hierarchy as follows; 2

hypothesis_a >= world ::
hypothesis_b >- world ::

We need to define the subsnmption relation before-
hand as follows:

nation »= italy ;;
nation *= france ;;

The above are all of the rules. Please note that what
peraon A kuows aud what poson B knows is not men-
tioned anvwhere.

Now, we would like to introduce how Qurrore
works, First, let us ask the nationality of Bizet:

?-hypothesis_a:bizet/[nationalit y=N].

The result of inference is as follows:

TIn QUTXOTE syntax, Jg is >-.

ws Anawer 1 &%

IF hypothesis_a:verdi.nationality
== bizet.nationality
hypothesis_a:verdi.nationality
=< pation

THEN
N == italy

** Anaver 2 s
== Unbound

The system returned two answers. The latter is easy,
for it is similar to conventional Prolog: we can infer
nothing of the nationality of Bizet hecause there is
no direct reference to it in the chaining of inference
rules, The feature of QuryoTe is the ability to find
the former answer. In the subsmmption mapping of
objects, the system can find a minimal model to ast-
isfy the query, and the system returns the model with
conditions. that is from if to then.

2.4 'TIreatment of Noun Phrase Reference

I this section. we would like to foens upon the
problem of nown phrase reference. This problem ap-
pears in various forms; opagqueness (de re and de
iicta). anaphora scope, metaphor and inetonymy. con-
fusion of roles and attributes-values, and so on. Here,
we will analyze the following sentences,

Hitcheock saw himself in that movic {G)
Hitehcock saw a unicorn in that movie, {7)

(6) has several possible inlcrpretations: one is that
a person naned Hitcheock saw a movie and he was
playing the role of someone. The other is that Hitcl-
cock saw someone was playing the role of Hitcheoek
{in & biographical movie, for example).d (7) refers to
an ohject that does not exist in this world,

Let us consider the following program:

real::aeefagt=hitchcock,obj=x] <=
mevie:cast[name=hitcheock,
titleshitchcock_life,act=X];;
real::hitchcock;;
movie: :cast [name=X ytitle=H,act=X] <= M:X;;
movie: :cast [name=X,title=M,act=Y]
<= M:Y/[acter=X],real:X;;
hitchcock_life::
man[place=bus_stopl/[actor=hitchcock] ;
hitchcock_life::
hitchecock/ [actor=orson_welles];;

¥There is & possibility that Hitchoock is playing the role of
Hitcheock himself



The first three lines of the program above say that
some agent called hitcheock is watching some actor
X, in the movie called hitchcock life (life of Hitch-
cock]. The fourth line represents that, in the real
world, there is a person called hitcheock. The fifth
to seventh lines claim that in the situation of some
movie called M. it is probable that:

s the name X can refer to the very role in the movie,
or

¢ the name X can refor to the role ¥ that is played
by X in the movie.

Finally in the eighth to eleventh lines, two roles, that
of & man at a bus stop and that of hitchcock. are
required in the movic hbiteheock life,

Here, et us ask what Hitcheock saw in his real life.
We acquire the following answers.

?-real:see[obj=)i,agt=hitcheack] .
=% Answer 1 #+
== man[place=bus_stop]
=% Angwer 2 =¥
X == hitchcock

In the ease of (7). there is uo object that corre-
spouds to the unicorn in the real world, so ouly one
interpretation can be derived by a similar program.
Tlis means that the unicorm necessarily exists only in
a hiypothetical world.

3 Conclusion

We intrednced the Quryors langnage as a tool
to deal with complicated natural language phenow-
et Compared with related works sueh as F-logic [5]
las a DOOD language). CLP languages [4. 12]. KR
lauguages such as LOGIN(1] and CILJ6], situated in-
ference system PROSIT [7]. the new mechanism of
QurxoTs s smnmarized as follows, First, an ohject-
orientation concepl. such as object ddentity is intro-
ihieed into the logie programming as the fandamental
philosophy. Seeandly. the concept of madile cnables
us local definition in a large knowledge-base, Thirdly,
its logical inference system is extonded to be able to
restricted abduction,

We first applied the sorted feature structure of
QUIXOTE to constraint-based grammar formalisms,
and then we showed that object identity and mod-
wle in Qurxore could contribute to the description
of situation-based semantics.
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