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Abstrﬁct

In the Fifth Generation Computer Svstems project. the
goal of natural language processing (NLP) is to build an
intelligent wser interface for the proto-type machine of
the Fifth Generation.

Im the initial and intermediate stage of our project.
mathematical and linguistic theories of discourse under-
standing was investigated and we built some experimen-
tal systems for the theories. In the final stage, we have
built a system of general tools for NLP and, using them.
developed experimental systems for discourse processing.
based on the result and experience of the software devel-
opment in the past two stages,

[n the final stage, we have four themes of NLP research
and development.

The first theme, Language Knowledge-base, is a col-
lection of basic knowledge for NLP including Japanese
grammar and Japanese dictionary. In the second theme,
Language Tool Box, we have developed several basie
tools especially for Japanese processing. Tools are: mor-
phological and syntax analyzers, sentence generator. con-
cordance system, and ete. These two themes form the
infrastructure of our NLP svstems,

Experimenl with discourse processing is the third and
main theme of our research. We have developed several
systems in this field including texl generation. discourse
structure construction, and dialog systems.

The last theme is parallel processing. We have de-
veloped an experimental system for cooperative paral-
lel natural langnage processing in which morphological
analysis, syntax analysis, and semantic analysis are in-
tegrated in a uniform process in a type inference frame-
work.

1 Introduction

To establish an intelligent interface between machine and
human, it is necessary to research discourse processing.
In diseourse processing we include not only discourse un-
derstanding where compter uniderstands the contents of
ufterances of human and infers the human's intention.

Parallel Natural Language Processing

Morphological, Syntactic, Semantic Analysis
based on Type Inference

Natural Language Interface

e o o v e

Discourse Processing Systems

Linguistic
Knowledge-base

Language
Tool Box

i G 5 o

Figure I: Overview of NLP Software

but also text generation by which more than one sen-
tences expressing speaker’s consistent assertion are pro-
duced. We put this discourse processing research at the
center of our research and development activitv. and also
develop some supporting tools and data as the infrastruc-
ture,

Language Knowledge-base is a collection of hasic
knowledge for natural language processing including
Japanese grammar and Japanese dictionary. We have
build a Japanese grammar in phrase structure grammar
based on unification grammar formalism. Until now,
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there were no Japanese grammar with sufficient size for
practical use and usable by every researcher and devel-
oper. The purposes of development of this grammar
are these two points. It is written in DCG (Definite
Clause Grammar) based on the exhanstive investigation
of Japanese language phenoimena.

Also we have developed a Japanese grammar based ou
dependency grammar formalism. To reduce ambiguity
anzen during analvsis. we introduced structural and lin-
guistic constraints on dependency structure based on a
new concept ‘rank’ for each word and word pair.

Adding to the Japanese grammar. we have developed
& large-scale Japanese dictionary for morphological anal-
yais, It has about 150,000 entries including more than
40.000 proper nouns so that it can be used for morpho-
logical analysis of newspaper articles. These grammar
and dictionary are described in section 2.

Language Tool Box is a collection of basic NLP tools
especially for Japanese processing. Input and output
maodules for some experimental NLP svstems we made so
far. mainly Japanese morphological analyzer. syntax an-
alyzer and sentence generator. were useful for other NLP
applications, We have refined their uwser-interface. made
programs robust to unexpected inputs. and increased ef-
ficleney to make them easier to apply Lo vavious applica-
tions.

Currently, not only input and output tools are in-
cluded in this collection. but also supporting 1ecls for
lexicographers and grammar writers such as concordance
svstem and grammar editer. The deseription of these
tools and their publication will be appeared in section 3.

Development of discourse processing svstems is the
main theme of our research. We have collected rules
for language phnomena concerning discourse. and devel-
oped several experimental svstems in this field including
text generation, discourse structure construction. and di-
alog systems. The text generation system produces one
or more paragraphs of text concerning to a given theme
based on its belief and judgement. The discourse struc-
ture construction system uses discourse rules as a gram-
mar to construct & tree-like discourse structure of a given
text. The experimental dialog svstems handle user’s in-
tention. situation, and position to remove user’s mis-
understanding and to produce user friendly responces.
These system are described in section 4.

As parallel NLP experiment. we have developed a
small system for cooperative processing m which mor-
phological analysis. syntax analvsis. and semantic anal-
vsis are amalgamated into & uniform process in a tvpe
inference framework. This system. running on multi-P51
machine. achieves about 12 speed up rate using 32 PEs.
Precise description of the svstem and the experiment will
be appeared in section 3.

The overview of the whole activity for these four
themes is shown in Figure 1.

2 Linguistic Knowledge-base

Language Knowledge-base is a collection of basic knowl-
edge for natural language processing including Japanese
grammar and Japanese dictionary. We have build a
Japanese grammar in phrase structure granunar based
on unification grammar formalism. There has been no
set of standard Japanese grammar rules which people get
and handle easily and quickly. This is an obstacle for
researchers in Japanese language processing who trv te
make experimental systems to prove some ideas or who
try to build application systems in various field. Our
Japaness grammar has been developed Lo overcome such
obstcles and designed as a standard in a sense that it
covers most of the general language phenomena and it is
written in a commen form to varicus environment. DC'G
(Definite Clause Grammar). Also we have developed a
Japanese grammar based on dependency grammar for-
malism. Historically, there have been several Japanese
dependency grammar because it is recognized easier to
build a dependency grammar rules for Japanese because
of loose constraints on word order of Japanese language.
We introduced structural and limguistic constrainis on
dependency structure in order to avoid structural am-
biguity. These constraints are based on & new concept
rank’ for each word and word pair.

Adding 1o the Japanese grammar. we have developed
a large-scale Japanese dictionary for morphological anal-
vais, 1t has about 150,000 entries including more than
A0.000 proper nouns so that it can be used for morphe-
logical analysis of newspaper articles.

The precise description of Lanpguage Knowledge-base
will be presented in [Sano and Fukumoto 92] submitted
to ICOT session of this conference.

2.1 Japanese Grammar
2.1.1 Localized Unification Grammar

Conventional Japanese grammar for computers are not
satisfactory to practical application because they lacked
formality. uniformity of precision and exhaustiveness
[Kuno and Shibatani 89] [Masuoka 89] [Nitta and Ma-
suoka 39],

Having made an exhaustive investigation. we collected
language phenomena and rules to explain those phenom-
ena objectively expressed in a DCG style formal de-
scription [Pereira 80). This description is based on the
Unification Grammar formalism [Calder 89] |Carlson 89)
[Moens 89]. They covers mast of the phenomena ap-
pearing in contemporary written text [Sanc 89] [Sano et
al. 90] [Sano and Fukumoto 90). We classified these
phenomiens according to the complexity of correspond-
ing surface expressions [Sano 91). Grammar rules are
classified also according to their corresponding phoom-
ena, The classification of phenomena (rules) is shown in
Table 1.



Table 1: Classification of Grammar Rules

level pheromena
1~2 | single predicate
d~4 | negation [ aspect [ honosification
5 subject +complement+predicate |
topicalization
6 pasgive [ causative
Tof | modification (to nouns / to verbs)
9 particles (1) [ coordination (2}
10~11 | compound sentence / condition
19 pm?icles_{?] f coordination (2] /
conjunction

The syntactic-semantic structure of sentence is shown
in Figure 2. In this figure, State-of-affairs {$34) is the
minimum sub-structure of the whole structure, A S04
has a predicate with some cases and optional comple-
ments. Composition of one or more 50ds form a descrip-
tion. The semantic contents of a sentence iz a description
preceded by a Topic. And furthermore the semantics
of & sentence contains speaker’s intention expressed by
Modal

According to this structure, rules of each level {Tablel)
are divided into several groups. Rules of outermost group
analyze speaker’s intention through the expression at the
end of sentences. Rules of the second group analyze
topic-comment strueture, that is a dependency relation
between a topicalized noun phrase marked by a particle
“wa” and the main predicate. And rules for analyvzing
description, voice, efe. follow.

Sentence

Contenis

Deseription

F0A Relation
FProd

Nom
Temp
Loc
Comipy

Topic + + Modal

Comp,

Figure 2: Syntactic-Semantic Structure of a Sentence

An Example of the rules for topic-comment structure
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will be shown in Figure 3.

S¥YN,.

REL,. ]‘Rsh Fa(X.Z)) =
Fi
Caty(S¥YNy Xy REL,. F1.(X. Y1),

Catz( S¥N3. Xy, RELy. Fo. (Y. Z)).

Figure 3: An Example of LUG Grammar Rules

Catg{ S¥YN 2, Xs. | topic] X2,

2.1.2 Restricted Dependency Gramar

For Japanese language. there has been many researches
on dependency grammar because there are no strong con-
straints of word order in Japaness [Kodama 27]. ln these
researches, in order to determine whether a word depends
on other. no global mformation are used but that of only
these two words. However. this kind of local information
is not sufficient to recognize the structure of whole sen-
tence including topic and ellipsis,. Consequently. wrong
interpretation of a sentence are produced as a result of
dependency analvsis [Sugimura and Fukumote 89].
We intreduced structural and linguistic constraints on
. dependency structure in order to avoid this kind of struc-
tural ambiguity. These constraints are described in terms
of rank for each word and word pair. Rank represents
strength of dependency between words which reflects
global information in a whole sentence [Fukumoto and
Sano 90). Definition of ranks and their constraints are
described in [Sano and Fukumoto 82] in detail.

Figure 4 shows a structural ambiguity and its res-
olution. For the sentence *Kare-ga yobu-to dete-kita.
(When he called ¢y, @ appeared.)”. only the interpre-
tation {a) is adopted because an arc of rank a cannot
stretch over that of rank d.

] d d J

x

yobu-1o "dn‘enkih.l | Kare-ga ||yaﬁ-u-to||dcfr-l:i!a.|

| Kare-ga

{b) Wrong

{a) Correct

Figure 4: Ambiguity Resclution in RDG Analysis

2.2 Japanese Dictionary

We have developed a concordance system as a tool in
Language Tool Box (LTB). To serve a huge amount of
text data for the concordance system., automatic mor-
phological analysis is necessarv. Our large-scale mor-
phological Japanese dictionary has been designed to that
purpose,

This Japanese dictionary has about 150.000 entries in-
cluding mere than 40.000 proper nouns so that it can he
used for morphological analvsis of newspaper articles,
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2.3 Software Publication

Japanese grammar and Japanese dictionary stated above
will be distributed from IC'OT. Japanese granumar iu
DCG form can be easily installed in any Prolog envi-
ronment. Japanese dictionary will be distributed with
its access method and indexing program which produces
TRIE index file for the dictionarv entries. Those dictic-
nary programs are written in C,

3 Language Tool Box

Language Tool Box is a collection of basic. general-
purpose NLP tools especially for Japanese processing.
In the initial and intermediate stage of this project. we
developed several experimental svstems for discourse un-
derstanding so far. As the result of the experiments.
the input and output modoales for those svstems. mainly
Japanese morphological analvzer. syntax analyzer and
sentence generator. were proved to be useful for other
NLP svstems. Since then. we have refined their aser-
interface. made programs robust 1o unexpected inputs.
and increased efficiency to make them easier to apply tw
various applications.

Currently. not euly input and output tools are in-
cluded in this collection. but alse supperting teols for
grammar writers and lexicographers such as concordance
system with complex kev input. browsing [ editing [ ex-
periment Lools for Japanese grammar, and so on.

These software were not applicable for general ma-
chines though they were designed general-purpose. be-
cause they had been written in ESP. the user language
for Personal Sequential Inference Machine PSI. To solve
this problem, we transplanted some of these software to
CESP (Commen ESF) language which was designed as a
similar programiming language to ESP running on many
U'NIX workstations.

3.1 Morphological Analysis Tools

Meorphological analyzer LAX. located in the front end of
LTE. analyzes an unsegmented string of Japaness sen-
tence into a sequence of words and composes seman-
tics of each word from those of morphemes [Kubo ef al
38] [Kubo 89] [Sugimura ef al. 88] [Okumura and Mat-
sumoto 87a) [Okumura and Matsumoto 87b]. It makes
use of connectivity matrix which originated from kana-
kanji conversion [Aizawa and Ehara 73]. The morpheme
dictionary has a TRIE index [Nakajima and Sugimura
#9] to improve search speed.

Since there will be, generally, more than one solution
for a input sentence in morphological analysis, the most
plausible solution is selected by the words mininizing
method [Yoshimura ef al. 82]. The morphology grammar
used in this svstem follows [Morioka 87) and [Sano ef al.
88).

This system can be also used for developing and ex-
tending morphology gramunar and dictionary. User in-
terface for that purpose has been deeply considered [Shi-
raishi ¢f al, 3] [Yoneda et al. 89].

Configuration of the LAX system is shown in Figure 5
in detail. Total svstem of this figure is implemented on
PSI machine in ESP {Extended Self-contained Prolog).
We are now transplanting the systemn part by part in
CESP {Common ESP) to UNIX workstations.

Diie tionary

|E\lalua.tiun| H Translator I

P P ——

Intermediate Dictionaries i i

l‘I [} Il
’I Analyzer
Engine

Engine

Figure 3 System Configuration of LAX

3.2 Syntax Analysis Tools

Basic algorithm of the syntax analyzer SAX, called AX
{Analyzer for syntaX), was first developed in a parallel
logic programming language Parlog as a parallel ana-
lyzer, then transplanted in GHC [Ueda and Chikayama
90] into parallel analyzer PAX, and in Prolog and ESP
into sequencial analyzer SAX [Matsumoto and Sugimura
87) [Okumura and Matsumoto 87a). _

The PAX system has been rewritten in KL1 and serves
a practical syntax analyzer on Multi-PSI machines [Oku-
mura and Matsumoto 87b] [Satoh 90} On the other
hand. SAX system runs on PSI machine (ESP version)
and UNIX workstations [Sicstus-Prolog version: devel-
oped at Kyoto University).

3.3 Grammar Writer’s Workbench

We have developed a tool for grammar writers. The tool,
named LINGUIST, has a simple all-in-one structure de-
acribed in Fingure §.

The purpose of this system is to help a grammar writer
in evaluation. tracing, and correction of his grammar
very easily.

The svatern has three tools: Generator, Accessor and
Debugger. The Generator is a BUP translator [Mat-
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Figure 6: Configuration of LINGUIST System

sumoto ef al. 83a) [Matsumoto ef al. 83b] itself which
reads a set of grammar rules written in DCG (Definite
Clause Grammar) [Pereira #0] and generates a syntax
parser. The resulting parser is a core of the system.

The Accessor is a tool for managing linguistic data
sech as sentences for evaluation, result of analysis (in-
ternal representation). One can inspect analysis result
with complicatedly nested structure (see section 2.1.1)
as a frame or as a graph using structural inspector of the
Accessor,

The Debugger contains screen tracer and source level
debugger, the former of which displays (partial) syntax
tree dynamically with a grammar rule used at that point,
and the latter provides correcting funetion to the souree
grammear rules at run time. '

The LINGUIST system is also transplanted in CESP
and, in this case, total system runs on UNIX machines.

3.4 Coencordance Tool

When one begin to build a grammar or a dictionary, it is
indispensable to collect actual linguistic data from living
materials like literature, newspaper and documents.

Concordance or KWIC (Keyword in Context) system
is designed for this purpose. It stores large amount of
text data and provides searching function on it. When a
word or a combination of words is put to the system, it
searches text database to retrieve sentences that contain
input word(s).

In our concordance system. not only word but also
variety of keyword specification are available as input.
One can specify compound keyword as

by fika-- fai kn

where k; denotes i-th keyword and f; filler. Fillers. he-
ing either definite length (0 or more) or wild card, spec-
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ify number of words to be discarded between keywords,
Keyword can be one of the following or combination of
them:
- Surface form (kanji, inflected)
- Root form (kanji. uninflected)
= Rn‘ading l{ka-naj
- Part of speech
- Inflection type
- Inflected form

One can thus specify a kevword like

{ POS/ verb.
Inflected form rentad-kei },

This system was implemented in ESP on PSI machine
at first. ther transplanted 1o CESP.

3.5 Other Tools

There are some more tools in LTB.

CIL is & variation of Prolog. It has frame-like data
types (PST: Partially Specified Term) and freeze contral
structure. In the program segment

print (X7},

{name/ tanaka, age/ 25} = {age/ X},

when two PST's are unified. variable X is instantiated.
then the freezed term print{ X'7) is melted to print 25.

The sentence division teol is a one to divide long sen-
tences into the combination of shorter ones to reduce
structural ambiguity. It is applied on LAX output.

The sentence generation tool [Tkeda «f al. 88] gener-
ates a Japanese sentence from a internal representation
of PST form:

{relation/
{word/ tayo-ru}
role/
{goal/
{eompf
{ modificand
{word/ megumi},

modal/
{mood/ [inevitable]}}.

CIL is writtén in ESP, while other two tools were trans-
planted to CESP.

3.6 Software Publication

Software tools introduced above will be distributed in
source codes from ICOT. Programs written in CESP can
be executed on several UNIX workstations. Access AIR
(Al Language Research Institute, Ltd.} for detail infor-
mation of CESP language and how to obtain it.
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Figure 7: Configuration of the Argument Text Genera-
tion Svstem

4 Discourse Processing Systems

In the experiments of discourse processing systems. we
have collected rules for language phonomena concerning
discourse, and developed several experimental systems in
this field incleding text generation, discourse structure
construction, and dialog systems.

The text generation system has a system's belief as a
knowledge-base, and produces one or more paragraphs
of text concerning to a given theme based on its belief
and judgement using rhetorical heuristics.

The discourse structure construction system uses rules
for classification of sentemce types and of relationship
between sentences in a discourse to construct a tree-like
discourse structure of a given text.

4.1 Argument Text Generation

As described in the previous section. we have developed
sentence generation tool as one of the LTH tools. This
program generates single sentence from an internal rep-
resentation which specifies many sernantic and surface
attributes of the sentence precisely [Tkeda et ol 88]. As
a tool. it is not so convenient because the vser must be
aware of internal representation and grammatical rules.

Moreover, main topic of sentence generation has;

shifted to paragraph or full text generation. And the
quality of generated sentences has raised higher so that
speaker's intention and position can be expressed [Toku-
naga and Inui 91). In order to realize such functions in
generation. planning text structure, semantic contents.
hearer’s intention is important [Appelt 88] [Hovy 85]

[Hovy G0a),

Against this background. we developed a generation
system for argument text. This svstem generates a text
by which the system tries to pursuade the hearer in
a given argument. The configuration of the svstem is
shown in Figure 7. Detailed deseription of this svstem is
given in the paper [lkeda ef al. 92] in ICOT session of
this conference. ’

The system has his belief as a knowledge-base. It con-
tains facts. rules and his judgement about world events.
If this judgement is substituted by another. remaining
facts and rules left unchanged, then the system draw a
different conclusion for the same object.

r 4

opposilion

exlention

supplement

Figure 8: An Example of a Text Structure

4.2 Discourse Structure Extraction

First step of discourse structure extraction is to classify
sentences in a context into several sentence types, such as
assertive, deseriptive, interrogative, and efe. Then, using
these sentence types and relation between adjacent sen-
tences, sentences will be gathered together into sentence
groups. At the same time, relation betwesn groups will
be analyzed, Intergroup relationship contains: example,
extention, supplement, opposition, background, presup-
position, and efr. [Ichikawa 78] [Kinoshita et al. 88)
These groups can be regarded as paragraphs and para-
graph segments [Fukumoto 90) [Shibata et al. 90] [Fuku-
mote and Yasuhara 91] [Saitoh et al 91} [Tanaka ef al,
#1] [Sakuma 88) [Tsujii 89] [Yamanashi 89].

Rulés for classifying sentence types and those of ana-
lyzing intergroup relationship are described in a formal
language, and will be published as a “context grammar.”

Figure 8 is an example of a text structure of an edito-
rial of Japanese newspaper with 16 sentences.



The experimental sysiem on the Multi-PS] machine
will be demonstrated in this conference.

5 Parallel NLP Experiment

Asz parallel NLP experiment, we have developed a small
system for cooperative processing in which morphologi-
cal analysis, syntax analvsis. and semantic analysis are
amalgamated into a uniform process in a type inference
framework.

Most of the conventional NLP systems have been
designed a collection of independently acting modules,
Processing in each module is hidden from the outer
world, and we use these modules as black-boxes. But
since parallel cooperative processing needs internal in-
formation being exchanged between modules. we must
adopt other framework for parallel NLP.

One answer to this problem is to abstract processing
mechanism to merge all such processing as morphology,
syntax, semantics, and efe. Constraint transformation
proposed by Hasida [Hashida 91] is one of the candi-
dates of this framework. We proposed a type inference
method [Martin-Lif 84] as another candidates, This type
inference mechanism is based on a typed record structure
[Sells 85] or & record structure of types similar to y-term
[Ait-Kaei and Nasr 86), sorted feature structure [Smolka
88], QUIXOTE [Yasukawa and Yokota 90], order-sorted
logic [Schmidt-Schauss 89].

Morphological analysis and syvntax analysis is per-
formed by layered stream method [Matsumoto 86]. Roles
of process and communication are exchanged in compar-
ison with the method uwsed in PAX [Satoh 90),

This system, running on multi-PS] machine. using a
Japanese dictionary with 10,000 nouns, 1000 verbs. 700
concepts, and & Japanese grammar LUG [Sano 91] [Sazeo
and Fukumoto 92|, achieves about 12 speed-up rate nsing
32 processing elements.

Figure 9 shows the relation between number of proces-
sors (1 ~ 32) and processing time in milli second for a
25-word long sentence,

Figure 10 shows the relation between reductions and
speed-up ratio for various evaluation sentences,

The detail of this system will be presented in the paper
[Yamasaki 92] submitted to this conference.
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