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1 Introduction

In aur research on natural language processing {NLP), we have [ucused on dis-
course understanding, because our goal is Lo realige a verbal interface between
humans and computers.

The research in the three-vear initial stage attempted to recast in terms of
logic paradigm Lie current methods for NLP. to work out the possibilities of
further progress, and problems contingenl on such an approach.

Along these lines, we started the development of an experinental discourse
understanding system called DUALS-1[1], using Frolog running on a DECI0G0
computer, which was demonatrated at the TS84 conference, held in Novemn-
her 1984, DUALS-I was able to read 18 and a vocabulary of 200 words, and
answer prepared questions. However, ibs parser, graminar, dictionary, and prob-
lemn solver were all quite immature and had almost no expansibility.

Nevertheless, throush the development of DUALS, we widerstood the al-
vantages of inplementing an NLI system in terms of a logic paradign, in that
it provides good prospects for strucluring the system,

The initial task of the four-year intermediate slage was a total reconsider-
ation of DUALS-T. The patser, grammar, dictionary, and problem solver were
all to be revised to be more general versions. In parallel with this task, some
functions of semantic and discourse processing [13] were studied. The results of
these Lwo activities were expected to be integrated into DUALS-IL

In the second year of the intermediate stage, we completed DUALS.IE on
some prototype software tools developed for DUALS:

« CIL[2], extended Prolag with a record-like strocture



» SAX[3], performing high-speed parsing.

These two software tools had generality to some extent, so we decided, start-
ing from these prototype softwares, to build 2 collection of WL softwares {called
Language Tosl Box or LTB)[18], which would be useful not only for the devel-
opment of successive versions of DUALS, but also for other applications such as
the natural language interface for expert systems and data hase systems. With
these taols, we started developing of DUALS-ILI with 200 sentences neluding
many variely of Japanese sentence Lypes, and a basic vocabulary of 2000 words,
which was expected to answer questions that had not been prepaced.

In the development of DUALS-11L, with a large number of sentences, an
ad hoc software design was obvicusly impossible. This meant that DUALS-TIL
should be a systern with generality to some extent.

Needless to say, there has besn no attempt to perform discourse understand-
ing of a large scale subject text, Therefore, we first had to decide the basic policy
for software design.

I the design of DUALS-TIT, we had to take account of the fact that the higher
the process level (morphological, syntactic, to discourse), the more complex
handling it needs.

From this point of view, the higher-level processors must be more general
and have a more expressive description framework.

Far this reason, we decided on the description for each (3 pe of processing as
follewrs:

Morphological analysis part: regular grajnmar, with little expressive power,
but can be processed efficiently

Syntactic analysis part: context free grammar, with mere exprossive power
than the morphelogical apalysis part

Problem solver and diseourse processor: constraint propagation, with lugher
generality and freedom than the other parts

We developed the processors necessary {or these descriptions with some de-
velopment facilities, such as debugger, whicl would constitute LB

Next, in designing of the knowledge base (mainly about Yapanese), we made
ou the policy that the knowledge which should be handled by a lew-level pro-
cessor should be processed low-level| process, whenever possible.

According to this policy, we classified inguistic knowlkedge, For the mar-
phological knowledge, we constructed knowledge suilable for deeper semantic
processing thau previous research, depending on morphological information,
For syntaclic knowledge, based on dependency gravmmar (for which it 5 casy
Lo develep a prototype), we acquired syntactic and semantic knowledge.  For
diseourse processing and problem solving, we deseribed knowledge, based on
STASS [5], which describes all discourse knowledge m the form of constraints,



2 Configuration of DUALS-III

DUALS-ITI consists of LTB, which performs lower-level processing, and some
madules for high-level processing, such as the problem solver, as shown in Figure
1. Each module of DUALS is controlled and supplied with channels to com-
municate with other modules, by a process called a shell [21]. These channels
are represented by a thin arrow in Figure 1. DUALS reads a sentence, and the
following processes are performed on the inpul sentence, through the channel.

s morphological analysis (LAX);

& syntactic analysis (5AX);

» problem solving (if a question was read);
s sentence generabion planning,

= surface sentence generalion.

The time and intermediate results for each type of processing are shown in
the left center window,

3 Linguistic Knowledge Basc

3.1 Overview of The Language Knowledge Base
Pl dictionary [22] for DUALS-1L contaimns:

» knowledge referred to by some aspects in both analysis and generation
{master dictionary and thesaurus);

+ semantic knowledge referred by problem solver.

The dictionary forms a linguistic knowledge base together with our Japanese
ErAmmar,

The master dictionary comprises semantic structures representing the mean-
ing and semantic construction rules Lo comnect w word bo anather word as lol-
lowing exapimic.

{
1d _number/verbi00080,
part, of speech/verh,
inflectional type/regular,
surface/ " ATAERL",
prenunciation/ataeru”,
semrantics_index/ [verbGO00B04]
}.
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The semantic structures and rules have been developed through some verifica-
tional experiments. This knowledge is used in morphological analysis, syntactic
analysis, and surface senlence generation, compiled beforehand.

The knowledge vsed in problem solving may be extracted from input sen-
tences, or may be given in advance. The latter is an independent component of
the linguistic knowledge base.

Information contained both in the master dictionary and prepared for prob-
lem solving is described in a unified way, to maintain the standardised notation
and comsistent knowledge of the system,

3.2 Master Dictionary

The LTB master dictionary consists of:
« an entry file;
=« a word meaning file.

The entry file iz a collection of entey records which correspond to word
surfaces, and the word meaning file is a collection of word meaning records for
each meaning of a word. Generally, one word entry record may correspond to
more than one word meaning record

3.3 Future Research for The Linguistic Knowledge Base
In the development of DUALS.TI, our approach was:

o first, te catablish morphological and syntactic processing as soltware mod-
ules;

e then, on the basis of the softwares, to implement contextual Processing
step by step,

llowever, for the the low-level processing te provide high-level processing with
enough information, the following reconsideration was required m our language
daln base,

First, although our master dictionary was expected to be nsed in both the
analysis and the gencration parts, and has the minimum infermation such as
lexical categories and voice informations for both, there are sonwe discrepancies
between the analysis and the generation parls Irreanse of the increasing power
of discourse processing of DUALS,

We need to improve Lhe master dictionary so Lhal il will reflect Lhe syptactic
and semantic mfoemation independently acquired in analysis and generation
o les

Secondly, as for the description of knowledge, we have not yet reached the
satisfactory one in quantity vet. in the [uture experiment of DUALS, we need
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to acquire sufficient knowledge both in quality and quantity. We also want to
try to acquire knowledge through learning to enrich the knowledge. Maintaining
reservation of consistency of the knowledge base will be the crucial problem.

4 Semantic Description Language

4.1 Overview of CIL

In DUALS, CIL performs:
s Deseription of Linguistic information [2] [13];
=« Semantic processing;
+ System description. .

In describing of linguistic information, the Partially specified term (called
P5T), which is used by every module except the problem solver, is known to
be very useful. In semantic processing, CIL provides many funclions to operate
P5Ts.

In system deseription, CIL provides a part of programming environment for
managing of PST language information.

4.2 Partially Specified Term and Tts Operation

A PST is a record-like structure able to represent a net-work structure, which
was introduced in Prolog, to make descriptions of analysis and semantic pro-
cessing declarative and easy. It can be extended infinitely a5 long as structural
consistency is maintained. In CIL, a PST is written as a set of pairs of attribute
and value as lallows.

{name/DUALS, version/3, address/ICOT}

CIL provides a variety of predicales [or the attribute and value. In the
semantic analysis process, the meaning of each word is combined with Lhe others,
forming o larger semantic structure. For this purpose, unification is a basic
function and is provided by CIL ag [oliows

[execution af unification]

INPUT > X = {name/DUALS, version/3},

¥ {demo/{conterence /FECSEE, place/Tokyol,

r =Y.

(result of unificatien)

OQUTPUT > X = {name/DUATLS, version/3,
dema/{canf erence/FGCSEE, place/Tokyoll

¥ = {name/DVALS, wversion/3,



demo/{coenference/FGCSA8, place/Tokyoll
yes

The predicate that obtains the contents of PST incrementally is given as
follows.

[execution of PST predicate]
INPUT » getRole({name/DUALS, versien/3}, A, B).

QUTPUT > A = name, B = DUALS;
A = wversion, B= 3
yes

Some syntactic sugar is given for the PST-operating predicate, which is used
very often as follows.

[Z is a wvalue of attribute Y in P3T ¥ :role(X,¥,Z]]
INPUT > {name/DUALS,version/Z}iversicn = 2.

DUTRUT > Z = 3

yes

4.3 Future Research for The Semantic Description Lan-
guage

As has been stated, PST provides useful representation and many predicates
for operating it. Furthermore, the PTT domain {which ig a modei of PST) is
compact and satisfaction complete relative to partial equality theory, Based
on'this, the completensss and soundness of the CIL SLD derivation has been
proven [14]. In other words, it has been theoretically proven that CIL is an
extension of Prolog,

At present, we are investigating a type Ltheory aund type system, which will
enable us to define ST representation and operation in a wnified way, for an
integrated framework for the three processes perfonned by CIL. Soine of these
tvpe svatoms are currently provided as lools i C1L. We intend to extend CIL
aiming at a conslraint language, i Lhe fabure.



5 Morphological and Semantic: Analysis

5.1 Overview of the Morphological Analyzing System (LAX)

The morphological analysing program lranslates a Japanese sentence, which
consists of kanji (Chinese characters) and kana (Japanese phonetic characters)
and is nol separated by blanks, into a sequence of words while looking up &
morphological dictionary quickly. This dictionary is converted from the master
dictionary in advance.

The morphological analyser, which is based on the layered stream Lechnique,
which is suitable for both sequential and paralle]l processing, is developed by the
LAX system [18}. The LAX system provides the debugging environment for a
morphological analyser and the converter of the dictionary converter.

5.2 Description Format of the morphological and semantic
knowledge

As shown n Figure 4, each morpheme has a surface strimg and information
called right- and lefi-hand feature. The left-hand feature indicates the category
which classifies morphemes. The right-hand features of a morpheme stand for
the set of caterories that can follow it

T'wo neighboring morphemes can be concatenated if and only if the left-
hand feature of the following morpheme is exactly in the right-hand feature of
the preceding morpheme.

In the previous example, two morphemes 'ka' (word stem of the verh write)
and "k’ (infAectional affix) can be concatenated resulting a verh. The end of the
word is recognized by a special feature 'end’ | namely, the fact that a morpheme
is connected by the feature 'end’ with the following morpheme indicates that the
morpheme is the last one of the word to which it belongs. After connecting all
the morphemes as shown in Figure 4, the LAX analyser constructs the meaning
corresponding Lo each word in the input sentence,

5.3 Special Features of Morphological and Seinantic Knowl-
edge

The meorphological grammar [4] as the morphological and semantic knowledge,
which can be regarded us a regular grammar, is based on Morioka's grammar [6].
Figure 5 shows a sample result of morphological and semantic analysis. In this
sxample, the configuration and the meaning for several derivational words such
as adjectivie ‘taka-i’ (high) , noun “taka-sa’ (height), transitive verh taka-me-ru’
{raise), and intransitive verl “taka-ma-ru’ (rise o1 increasa) are constructed [rom
the word stem “taka’, which has a conminon surface string and meaning to these
words,
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Surface:'taka-i' (adjective) Surface:'taka-sa’ (noun)
Meaning: Meaning:
Something(X)isin a Degree of 'HIGH' of something (X)
state of 'HIGH'.Compared object | Description:0=
(Y)and Degree of 'HIGH’ is unknown. {Degree/Y,
Description:0 = Situation/{relation/HIGH agent/X,
{relation/HIGH’ agent/X, degree/Y,
H degree/Y comparedObject/Z} comparedObject/Z}}
-
__,____,_,___,j.. .......
. g o3 : Surfacertaka’ 0= {degreemdegree i
(Word stem of adjective) | _ situation/l}
I to adjective _ I | Meaning: S Lo noun _-l
Something (X) is in the
to 1 state of "HIGH'.Compared object to
r transitive - 7(Y) and Degree of 'HIGH' is i~ I — intransitive
pomee _.-E'?'f.tl._.-._._._.-.._ unknown, verb T
'O ={relation/Make, | Description:l= o s -
Ir agent/A, : {relation/HIGH agent/X, | 'O ={relation/make, '
i objeclTlagent, degree/Y comparedObject/Z) ! agent/lIlagent, :
: situation/T} ! i situation/T} i
l||-.-*-u-.-.-.-.-n-.-.-.-.\.: ] l
Surface:taka-meru’ (transitive verb) Surface’taka-maru’ (intransitive verb)
Meaning: Meaning:
Something (A) makes something (X) Something(A) is made be in a state of
be in a state of "HIGH' by something(X).
"HIGH'. Desecription:0 =
Description:0 = {relation/make,agent/X,
{relation/make,agent/A, object/A,
object/X, situation/{relation/HIGH",
situation/{relationHIGH’, agent/X agent/A,
II degree/Y comparedObject/Z}} degree/Y ,comparedObject/Z}}

Figure 5: Sample of word stem based morpliclogieal analysis
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In this method, where the meaning of the word stem ‘taka’ is written, the
semantics for each derivational word can be constructed by applying the deriva-
tional rules surrounded by dotted lines shown in Figure 5. This method therefore
provides efficient development of the semantic construction rules. 1t also makes
the cutline of the rules used by a problem solver clear because there is no need
to write rules for a problem solver that indicates "If something rises then it is
in a high state™.

As the central meanings of the derivational words are written in anly one
morpheme, this method reduces the redundancy that is shown in the traditional
methods, in which each derivational word has its own meaning.

Using this method, the morphological analyscr analyses an input senfence
and may output several inlerpretations that are to be reduced to the best one
by applying heuristics called the " Mininmnem phrase method” to those interpre-
tations. When ambiguities exist in spite of the heuristies, the structure corre-
gponding to ambiguities such as Lhose shown n Frgure 6 is sent to the syntactic
and semantic analyser SAX without data conversion.

Traditionally, a conversion mechanism is needed to propagate the ambiguous
result of the morphological anslysis Lo the syntactic anatyser.  llowever, in
DUALS-1IT, the morphological analyser is connected with the syntactic analyser
naturally because both of them are based on the same mechanism, called the
layered streamn mechanisn [7]

5.4 Future Research on Morphological Analysis

The current morphological analysis program is practical enough even though
the result of analysis is ambiguous. [t can analyse most senlences thal consist
of about 30 characters in less than 0.1 seconds. However, the disambiguation
mechanism is nor vary powsrful or flaxible, so powerful and tlexible mechanism
needs to be developed. The grammar rules the merphological knowledge should
also be extended from the type 3 grammar to the type 2 grammar so as to make
the grammar rules Hexible.

Classification of morplienies in terms of granunar rules or the description of
morphological dietionary iz 20 good that we are planning to merease the entries
af the dictionary up te 60,000 marphemes and refine the grammar.

Although the semantic constroction mechanisi used in DA LS-TI has been
effective to a cerfain extend, it is nob yeb enough powerlul for processing mor-
phemes that have many meaniogs., We need to rescarch bow to reline this
mechanism so that it allows us Lo construcl semanbics fexibly.

6 Syntactic and Semantic Analysis

6.1 Syntactic Analysis System (SAX)

— 14 —
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Syntactic analysis program reeeives Lhe output of morphological analysis {which
is a sequence of words) as input, then determines the dependency-relation among
the words, constructing a semantic structure.

This program is developed using the SAX system, and works based on the
layered stream algonthm like LAX.

6.2 Description of Syntactic and Semantic Knowledge

The grammar of SAX is described in extended DCG[S]. DCG is suitable for
representing the tree structures as shown in Figure 7. A DCG rule has, a head
written on the left-hand side of the rule, and a body, written on the right hand
side. The head has one grammatical symbol, while the body 15 a sequence of
grammalical symbols which constitute the head.

While the DOG rule has only one symbol in the left haod part (it making
type-2 grammar), SAX was extended to type ( grammar in that more than one
symhol can be contained in the head as shown in Figure 8(1), in order to handle
the Japanese dependency grammar which includes a type-0 rule, a type-1 rule,
and 13 type-2 rules,

This extension is necessary for the description of dependency grammar,
which will be explained laler. ‘

In many cases, since syntactic analysis produces more than ong terpreta-
tion, it i necessary to choose the best one. SAX provides the function for the
preference calculation; it allows preference rule [12] in {pref_rule}. Tn prelrule,
scmantic and syntactic informations can be accessed and from these mforma-
tions, some preference points in decimal number can be caleulated. Moreover,
default calewlation iz executed when no preference rule is specified.

In addition, the SAX system supports two types of exira conditions, one s
executed in the parsing process, written as {extra}, the same as DCG's extra
condition, and the other 15 execuled afier succesaful termination of parsing,
written in & {delayved extra}{12].

6.3 Special Features of Syntactic and Semantic Analysis

In the development of DUALS-TIL, we uzed dependeney grammar, which is based
on_a simple mechanism and matehes the grammar writer’s intuition, since we
needed to build protetype of grammar for subject texts quickly, Dependancy
grammar produces a graph as the analysed result, 5ot is not described in type
¢ grammar litke DCG, which represents only trec struclures, ot that reason,
wee exlemled the SAN grammar desceiption, belore developing of Lhe grammar,
se that it can descnibe dependency grammar [20][15].

word (Args.) ,modify_mark, word(Args2) {1}
R

_lﬁ_



head),heads, ... ,headm
.-> body {extrai} ::{pref__rulej},
bodyn,{extran} ::{pref__rulen},
&{delayed__extrap,

&&{pref rule}.
(1) (1} (1}

head; heads headm

(8) {5)

{pref _rule} {delayed__extra}
| (2) | 3) | (4)
body1 bodysg bodyy
{extra} {extras} {extran}
{pref_rule} {pref__ruleg} {pref__ruley}

Fizure &: Description of SAX gramimar

- 17 —
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word (Argst), (modify_mark:[]),word_modify_sequence;[]),  (2)
word (Args2), {medify (Argsl Args2)}. (3

This rule responds te both adjacent modification and separated modification,
as shown in Figure 9. When the word in line (2) can modify the word in line
(3), they are rewritten into line (1). Note that the validity of dependency of
words is described enly in the predicate modify, so that the grammar writer
must describe only this part as syntactic and semantic knowledge. Because of
this feature, syntactic and semantic knowledge ean be stored together, making
grammar development efficient. Coordination, which is thought to be difficult in
dependency grammar, can be handled using a rule based on the tree structure.

6.4 Handling Ambiguity

T'he syntactic and semantic analysis parts, determines the dependencies of the
input word sequence given by the morphelogical apalysis part, using the pred-
icate modify. When more than one parse is produced, employing preferenee-
caleulation function, the best one is selected. If there is no difference among
parses in preference, focusing on the relation of ambiguous meanings (like T'igure
11), refsrring to discourse information, and using constraint logic programming
method, the solution is limited [20]. Tor example, if it is known [rom discourse
information that ‘Hanake' (a girl’s name) was promised something by somebody,
(4) and {5} are selected, which include the information that B= "Hanake’, and
they are sent to the problem solver [17][9]. The problen: solver which normalizes
these constraints and preserves the canonical informations for them, can resolve
ambiguity incrementally.

In the existing methed, ambiguities have been resolved in parsing with some
procedural heuristies. With constraint propagation, the analysis part does not
need to limil interpretation unnaturally, a3 is usual.

6.5 TFuture Research of Syntactic and Semantic Analysis

The SAX system was extended to allow description of type 0 grammar, How-
ever, the development facilities lor bype-0 grammar ate atill not salisfactory,

We plan to add vselul facilities to our system slep by step. For koowledgze
for analysis, wa must make our grammar more general, looking at a variety of
subject texts, examining whether the text analysis produces necessary semantic
structure for the probiem solver or discourse understancding

The parallel version of SAX (called PAX) is running on the Multi-PSI, par-
aliel inference machine. We plan ta shift our system 1o a parallel machine step
by step



predicate modify(Argsl, Args2) checks

modifying relation
wlnr& l word _! word 1 l word
Argsl Args
(2) * modify=true  (3)

(1) wurd_] Iﬁnrd (w ord _] |1«_rr::urcl

Args2

Argsl

Figure 90 Checking of the modifying relation



Tarou:  'Hanako: i ’houkoku i:'yakusoku’: i ’suru: |
' boy'sname gir'sname :: -suru” i promise i door ;
pa” $i'ni' report [ 'wo’ i make
. casemarker :I  case marker ::case marker :
(1) '
| —— ¥ | }
Tarou ga ’ Hanakoni ||houkoku- suru J yakusoku wo | [suru
Someone X promises someone Y that Tarou will report
something to Hanako.
(2)
— v W
Tarou ga Hanakoni ||houkoku-suru || yakusoku wo suru
Tarou promises someone X that Tarou will report
something to Hanako.
(3)
l y | ty
Eamu ga | Hanako ni I houkeoku- suru | | yakusoku wo suru
Taron prontises someone X that someone ¥ will report
something to Hanako.
(4)
F—— — y | oy
Tarou ga Hanakoni ||houkoku-suru | [yakusokuwo | |suru
Tarcu promises Hanako that someone X will report
something to Hanako.
(5)
! | ¥ ¥ -
Tarou ga Hanako ni ] houkoku- suru | | vakusoku weo suru

Tarou promises Hanako that someone X will report

samething to someone Y.

Frgure 100 Multiple madification




7 Problem Solving

7.1 Summary of Problem Seolving

The problem solver aims at total processing, including anaphora processing,
which icdentifies the object indicated by a pronoun, and problem salving, using
ihe dependency propagation programming technigue [11],devised 1n research on
JPSG [9]. Constraint is information about the structure which can be held
by some object. We think of discourse processing as consteaint processing of
a discourse structure. Many constraints related to semantics and pragmatics
about disconrse are described in a unified notation. No special programs for
resolving anaphora or solving problems are necessary [10].

7.2 Description of Knowledge for Problem Solver

This section cxplains the problem solver, using the honorific relation as example.
(Please refer to [11} for technical details.) Assume that she following sentence
was nttered in a certain situation [15].

Situationl:Speaker= Tarou', Listener= "Hanako'
(a boy’s name)  (a giel’s name)
Titterance:Jirou-sama ga korareta 1o Tomoko ga itteimashita
(& boy's name + respecl-marker)
Tomeko satd Jirow camefhad cone.

Japanese has the constraint that the relation Letween speaker and listener
should be reflected by the form of the predicate of a sentence. So, from the
ahove sentence, we know that 'Manake’ is "Tarow's superior.

This inforimation is acquired through the lollowing processes. Morpliclogical
analysis shows that the morpheme ‘mashila’ has the honorific relation. Next,
receiving this resull, the syntaclic and semantic analysis module judges that the
phirase 'imashita’ is the predicate of the sentence.

Furthermore, Jopanese has another comatraint that ihe relation between
speaker and the person mentioned in a conversation is reflected in the expres
sions which indicate the peesen, Therelore, the expression Tomoko' (& girl's
name) uttered by "Tarou' | which has no respect marker, shows that "Tomoke'
i5 a social squal ar inferior of "Tarou’. This information can he acquired through
the previous processing. Whether the phrase 'Jirou-sama ga korarela' s direct
speeeh or indirect speech aflects Lhe interpretation of the phrase with respect
to the houurific relation, The syntactic analysis park judges that the phrase ean
be read in two dilferent ways, sending the two interpretation to the problem
salver,

Asswming that il is direcl speech, we know that '3 iron’ iz "lomeoko’s superior,
bt do not know Lhe relation between "Tarow’ and "Nirou’. O the other hand,



Figure 11: Structure of ambignily
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assuming indirect speech, we Lnow that “Jirow® is Tarou's superior, but do not
know the relation between "Tomoko' and “Jirou'. Therefore, the processing of
the next sentence starts, leaving this amhiguity unsolved.

Situationl:Speaker= "Tarou', Listener= "Hanako’
Utterance:Jirou no vatsu kita no desune

Jirou has come, hasn't he 7

¥rom this sentence and the previous cne, we know both that Jirou' is
“Tarou's inferior and that ‘Jiron' is "Tomoke's superior.

As shown in the example, the discourse situations with partial informations
are fundamental elements in discourse processing and we believe such elements
can be applied to many olher cases.

Dependency propagation is, like this example, a mechanism which deter-
mines & certain structure (in this case the honorific relation), using a constraint
rolated to the structure. One of the most 1mporland areas of research in cou
gtraint proceasing s what structure shoulid be used for representing constraints.
Hecently, many interesting resulls have been obtained, concerning Boolean al-
gehra, for example. Lo many cases, one Senlence has more than one possible
interpretation, some of which may be copsistent with an interpretation of an-
other sentence, while some of themn may be net. {as shown in Figure 11). o
ohtain the true meaning of a sentence, we need to handle these interpretolions
correctly, as Lheir relations are complex. Constraint propagalion provides a
good techuique, and is now essentinl for DUALS-ITI, which aims al discourse
understanding, For example, if a system happends to know some agenl of the
verb should be person A or B in a discourse, and in anather tiwing a system
knows the agent should be B or O, constraint propagalion easily conclude that
the agent should be B. There may be two or more constraints which should he
handled al one Linw. If we assign weight to each of them, and coutrol the order
‘0 which the constraints arc applied, it is easy to handle them. The DUALS
problem solver provide such a function.

7.3 Special Features of Knowledge for Problem Solver

The DUALS-11T problem solver deseribes discourse structures assurning that the
meaning of a sentence is a consiraint. In other words, il determines discourse
structure, storing the meaning of each senlence as a constraint ou the disconrse
steueture [1T][8].

This discourse structure involves the utteronee itsell [13] and a model of
participants of the conversation. The problem solver treats ullerancss as a
human ach. and treats a speech act as a constraint on Lhe discourse structnre
in Lhe same way as synlaclic or semantie consiraints. An alfirmative seolence
produces the constramt that its meaning holds in the real siluntion (indicated

e e A e



Top Level Situation
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1
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mashita:  polite marker
yatsu: slighting expression
sama: respect marker
rare:  respect marker

Figure 12: Constrainb-hased decision of bonorilie relation
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as Situation1), which is a collection of events. Cluestion produces the constramt
that listener should answer the gquestion. In ather words, when the system is
given a question, the problem solver handies the constraint in which it must
answer the guestion, therefore answers the guestion.

Lel us provide an example, For the sentence "Iuman beings need nature to
continue to live on the earth,”, the structure shown in Figure 13 is produced.

Next, when the gquestion "Where do human beings live 7M1 given to the
system, it searches Situationl, for the fact that hmman beings live. Using the
general constraint that in a situation where something X continues to do some-
thing Y presupposes a situation in which X is doing Y, the system produces the
fact that human beings live on the earth in Situationl, sending the structure
{put in the upper past of the top box) to the sentence generation module.

As shown in this example, constraint propagation allows unified description
even for such a complicated discourse processing as constraint processing. In
addition, situation theory is a powerful framework which theoretically includes
\hese constraints. Therefore, using constraint propagation and sitwation Eheory,
the prospect of discourse processing is much better than belore, both theoret-
cally and technically.

7.4 JFuture Research on Problem Solving

Az already staled, constraint propagation program makes it possible to de
terthines the structure of a discourse, storing constraints in it incrementally.
Currently, these constraints are limited Lo Horn clauses as Prolog. We plan 1o
extend this to first order logic clauses, which involves Horn clauses. In achdi
tion, the procedure for reading rules will also be extended so that rules can be
read in not enly top down but also other ways, to make the system more flex-
ible. At present, we are considering using two approaches at the same time to
acquire constraints on discourse structure, One is to store knowledge incremen-
tally, using the current framework of DUALS. The other is to convert once all
the current knowledge for both analysis and generation into the problem salver
format, and to realize the Lotal discourse understanding mechanism in terms
of a constraint logic programming paradigm. Since the latter approach, which
provides a good prospect and powerful framework for knowledge description, is
suitable for acquiring difTerent types of knowledge related to discourse, we will
bake this approach, then verify the quality of the knowledge through experi-
ments. Next, the acquired knowledge will be iransferrad to DUALS wnsing the
former approach. In this way, total svaluation, including the processing speed,
will be performed. Tinally, the knowledge will be transfereed Lo the general
Japanese processors, L1
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Figure 13: Problem solving sample




8 Conclusion

DUALS-11] was demonstrated at the FGCS'88 conference, held in November
1088, as one of the products of the intermediate stage. The research o NLP
in ICOT is likely revolve around DUALS-TIT in the final stage.

Through the development of DUALS-IIL it was conflirmed that constraint
programming and situation theory efficiently elucidate complicated disconrse
understanding and acquire the required knowledge. Therafore, we need to ac-
guire more tonstraints for discourse understanding in parallel with establishing
a dependency propagation technique. After that, constraints will be trapsferred
to LTE so that it will be more powerful and useful.

The shortage of computational power is likely to happen in the future. So
we intend to transplant our system to the parallel inference machine [PIM] to
increasze the total processing power for natural language.

in the final stage, we will try to realize a DUALS fm flexible converzation
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