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Short abstract

Lecalized Unification Grammar (LUG) deseribed here is a unification-hased linguistic framework. This
grammar formalsn contains facilities fur expressing stenetural ambiguity cansed by a unifieation-oriented
manner. Referring information about coutext. these uninterpreted linguistic constraints associated with
topic-focus articulation, connectives, seopes with quantifier, and 8o on can be recunified later Thus, we
have one way of expressing the ambiguity caused by compaositional strueture. With this formalisim, the

Japanese grammar has already heen written independently of the task of the application domain.
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Abstract

This paper describes a unification-based grammar formalism called Localized Unification Grammar (LUG),
which uses a modular treatment of syntax and semantics. The form produced by LUG can be described
as a complex constituent that is the result of composition and functional application. We deseribe the
formalism of the grammar of using funetional application to limit compositional ambiguities caused by
unification-oriented structural deseription. This grammar formalism used in LUG contains facilities for
expressing structural ambiguity. Referring information about context such as knowledge base about the
world and pragmatic knowledge about words, these functional structures can be re-unified later. Thus,
complete resolution of constituent structures depends on semantic-based and pragmatic-based accounts
of subsequent information.

With this formalism, the Japanese grammar is written independently of the task of the application

domain. In addition, parsing with the unification grammar assumes inversion of the analysis process,



By its bidirectional nature, the parser based on LUG can parse and generale natural language uging the
SAIMC ELAIMITIAL

LUG, currently implemented in LINGUIST!, has been doing well as a development aned verificalion
tool in the research of Japanese grammar with respect to computational linguistics, An experimental

LUG grammar for current Japanese is operational

1 Introduction

ln E.R'IIE‘TEI-]. unification-based granmamar s calJ_P:I an r1.1|:__:|'|11=|1l|‘1|-phra5|' SECWCENTs Erapimr berause (18
core 15 context-free grammar 8], In this grammar, grammatical category expression is not limited to
atomic symbols. The basic grammar structures of this framework are partial deseriptions of constituent
structures formalized with feature steuctures. Diflerent kinds of information are represented using this
structure. Due to its uniformity, unification can he a powerful tool not only for constructing constituent
structures but also for specifving semnantic interpreiation of natural language, Unification s a sorl of
constraint on the relations between structures, This fact leads 10 awkwardness when the syolactic form
does not give encugh information on s meaning. The reason for this is thal the structures procduced by
urification-hased grammar have to be described more or less Jirectly.

TFl. L..* " fur CXAMP I-!‘,

i Hitopgomi de  Jon to Lucy  wa mitsuketa,
i A crowded place  in Jon  and  Luey  (ACCusative) spottd, ]

There are at least two wavs to read this sentence,
(1-11 Jon and (1) H|m!.1+':l Luery m & crowded place.
(1 2) (1) spotted Jon and Lucy in a crowded place

Ambiguity in the attachment of pestpositional phrase is a problem that has existed for a long time in
the area of natural language processing. Structural ambiguity in postpositional phrases may modify, at
least, nouns (1-1) and verb phrases (1-2). In (1-2), subject-conjunction relation supports the event of
spotting. As compared with this reading, (1-2) says that the collective reading of the object holds the

event. This structural ambiguity is a cause of ineflicieney in processing, that is contexi-freencss.

Functional Structure

In the formalisms we propose, functional application taken in compositional structures is used to produce

functional structures that can be re-unified later and not produsce all possible compositional structures,

!Logic-Based Integrated Natural Language Processing Systemn (LINGUIST) is & system being developed in the Sixth
Hesearch Laboratory st 100T in Tokyo.



This integrated framework of grammar formalisms assumes that context and knowledge hased information
are avatlable no matter when they are needed for deciding a complete interpretation. The functional
structyres are marked by compositional relations associated with the grammatical relations that cause
structural a.lthE,u'lL_v.

L'sing the functional facility, a complex constifuent structnre of the above type can be illustrated

conceptually as follows:

4 3 1
[*-,mm,m,_,,.{ S :,L( mrﬂu;d’ls:];ihn“] )( sﬂrf{fzdf_ F"l'.”---a ),,-,mr[g.,wt{s, sspotted” ), arg( S, [A, L])

This functional structure allows a structural ambiguity of the form inmanner(5,1) to be resolved, permit-
ting access to information that keeps track of context. In the example above when “John” introduced into
the context hefore sentence (1] is uttered, it 15 not necessary to introduce a new parameter or semantic
object corresponding to *Jobin’. Due to the information given by the context, only the subject-conjunction
relation can hold the event of spotting as follows:

ind( L)

sort{ L, “Lucy™) ) And(S) sort(s Uspotted” ), arg(S, [4, L])

I:uutf{A.JU]]Iﬂ. (

2 LUG as a integrated framework

2.1 Integration

Localized Unification Grammar [LUG) combines the configurational aspect of phrase siructure base
with a functicnally oriented framework that assumes functions to be universal primdtives of language.
The addition of anification-based grammar to functional structnre leads to redoction of combinatorial
explosion ininterpreting a sentence, Lingoistic phenomena havine a functionally oriented nature which do
not fit into given confignrations of seatence are represented in tenis of 2 way of a functional application,
The [unctional application consisls in a mapping of phrase struetures onlo functional relations. The
adoption of the LUG enables us to develap an integrated svstem of semantic and pragmatic interpretation

that depends on contest.

2.2 The LUG form

In a umfication-based grammar, different kinds of information ave represented using the same represen-
tation as feature-value pairs. These feature-value pairs are conunonly specified using sets of equations.
In LG form, each equation 15 of the form fﬁatnm{ vnlue:l and bundles of Equaﬁnns uae the form of list

structure. The LUG form has a uniform structure called basic triple as follows.



AT
SY'N :lst of attribute — value poirs
[ RHEL : list of attribute — valuc paire j[
F o subcategorizalion liat

Figure I: LUG form

CAT is the rule identifier that is treated as a ponterminal symbol in gramimar rules, and the structure
an a whobe i declared o be of CAT CAT is specified for SYN, REL and F features. Fach SYN and REL
ig a list of attribute-value pairs. REL contains a quasi-variable that can be referred through sharing, but
SYN does not. A characteriziie of LUG formalism 15 the use of a quasi-variable. By letting the REL part
comtain a quasi-variable that stands for a category expression, the LUG fonn takes advaniage of having
a functional representation that can be reconfigured or re-unified later.

The canstituent structure produced by the grammar of LUG supplies a quasi-logieal form in which some
of the syntactic and semantic ambignity is partially resolved and not campletely compositional parsing
of a gentence. In fact. the constituent structure produced by syntactic rule application in LUG rontains
& part of the semantic information and can be used in building logical forms as semantic interpretalion
of sentences  Even this structure could be ulilized in processing pragmatic treatment. 1t should be
emplasized that representations of lexicon also employ the LUG notation for entries in the dictionary
anet that morphological derivation rules used to synthesize new entries are written in the form of LUG.

Fis a hst of complements that are directly subeategorized by the category CAT and ean be a help
in dealing with free word order and omission of complements. F eonsisis of twe lists, each containing

clements corcesponding to syntactic restriction posed on complements that the verh dominates,

2.3 Interpretation

‘The constituent structure expression corresponding to uneertain functional application can he described in
terms of a tagged form which consists of a tag-feature basic triple pair. The tag-feature, being equivalent

to other features, s as [ollows:

tag-attnibute{ X,Y)
Figure 2: Tag-feature

Where, each X and Y is a quasi-variable, the former stands for a head phrase, a phirase whose depen-
deney to be resolved is supported by the lalter. Syntactic-semantic interactions generalize tag-features
relating a basic triple with positioning of them over inguistic phenomena. Thus, the tag form can describe

a constituent structure to which a reduction process must be applied.



Given enough information about context, for example, the reference of an entity should be resolved with
the mformation and the way in which the interpretation rules work. Constraints imposed on a functional
structure are checked i the process of mlerpretation of a sentence with ks constitucnt structure. I ois
possible to attach the interpretation rules to the nodes associated with syntactic rules so as to reduee
some of the most common types of ayntactic ambiguity on parsing such attachments ag spacic-temporal

modifiers.
2.4 Syntactic/Semantic description of Japanese

LU may produce structures that are i.l]dl:"-[ld'l.ldi‘ﬂl of the utterance situation o certam respecks. Allthough
the nonn phivases marked with case markers are filled in from the syatactie point of view, postpositional
phrases and othee attachment are held ambiguous. Take for example, the of-type feature being one of
tag-features 15 organized around relative phrases. Since lapanese has no relatives, the dependence of a
bead noun on some verh complements to s right s ambiguouns. 1t depends on the semantic nature of the
head noun, so constituene structure 18 so constructed that it has nothing to do with syntactic structure
base. Quantifiers represented by inmanner feature as a tag-features are left floating. We have four types

of tag-feature that influence configurational ambiguities and are as follows:

Table 1: tag-lealures

J T.‘ii:!, features " of-type  inmanner attach Np—mﬁ:&rf

Apart from being a very useful featurs(Of-type, Inmanner and Co-refer) for standing for compaositional
ambiguity, they reflect phrase slate being determined under the control of sentence bevel such as &
Structure, introdinced to explain how syntactic dependencies contribute to semantic interpretations

Table 2 helow presents a few exarmples:

Table 2: Phrasal dependence

inmanner postpositional phrase {located in X}

attach spacic-temporal adverk  (located in X1}

co-refer topicalized phrase {Tncatad in X
conditional phrase 1

For example, topicalized phrases are searched first for possible discourse entities. The phrase marked
with ‘Co-refer’ should be preferred over the phrase marked with ‘lnmanner”. The phrase marked with
*Attach’ takes the middle position. These features are set to reflect a close relationship between the syntax

and semantics of linguistic expressions. For the space, the basis underlying relation between linguistic



description of Japanese and the formalism we offer does ol appear in preliminary version.

3 Applicability

Lvcalized Unification Grammar, whose syntactic notation s the same as TG, s a Lind of context-
free structure grammar. The left-hand side of each role consists of a non-terminal only excepl role
corresponding to the lexical entry. Any of the granmmar rules have cortain argnments specified by the
LUC framework. Even rules for entries have the same arguments. The grammar rules are translated
mto Horn elauses using two kinds of translator, by adding extra arguments io nonterminals representing
difference lists of tokens. Thus the grammar rules are written as Prolog assertions. The parser for analysis

works bottom-up, the parser for generation works iop-down
3.1 Implementation

LU s eurrently implemented in LINGUIST, an experimental natural language processing systen: being
develaped in the framework of logic programming. Grammar rales for Japanese fragments i LINGUIST
arc written in the form of LUG and parser is on a PSE-IT { Personal Sequential Inference machine developed
at JOOT) with about 600 grammar rules containing those for morphological analvsis. About 1100 words
of verbal lexicon and about 200 words of adverl are accumulated around the grammar, The property of
LU formalism is under evaluation with several copula.

As we have mentioned, the LUG form separates the contexi-dependent aspect from the contexi-
dependent aspeet by using a tag-feature in s uniform expression. Finding the appropriate relation as
functional relation is diffieult problem. HResolution technique and processing strategy requiring a lot of
semantic and pragmatic knowledge are an integral part of artificial intelligence. We are now developing

a strategy to remove ambiguity from the LUG form.

4 Summary

We have deseribed the integrated framework of our proposed LUG. The LUG form shares unification-
Lased phrose structure grammar with funetional application associated with combinatorial properties
of phrascs. It differ from phrase structure grammar in restricting compositional natures to minimal
structures,  "Thus, we have one way of expressing the ambiguity cavsed by compositional atructure.
Notiee that we use the term in this paper in the wide sense of a grammar systemn that associates not only
svntactic analysis but also semantic interpretation and pragmatic processing. These functional structures
can be re-unified later using both contextual and knowledge-based information.

To take advantage of the generally compositional nature of the unification mechanism, functional appl-

cation is assigned to the constituent structure associated with phrases. The formalisms we have presented



here for the grammar can avoid structural explosion and serve as an integrated framework for semantic

interpretation of sentences based on a knowledge-based approach for natural language processing. The

complex structures produced by LUG provide enough information to compose semantic interpretations,

and are regarded as of greal value in the efficiency processing of natural langnage.
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