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ABSTRACT

This paper describes & model of discourse understanding
called ADAM (Actual Discourse Assistant Model), & prac-
tical extension of Situation Semantics, ADAM gives a more
intuitive framework for understanding discourse than situ-
atlon zemantics by using the concept of object orientation.
In ATIAM, objects are regarded as the conveyers of informa-
tion. Information is extracted from objects themselves ::md
the relations between objects, Furthermore, the behawior
of a knowledge system depends on the information. ADAM
has the following features:

e A world in ADAM is composed of a set of siluation
ofjects, which are characterized by the three primitive
objects: temporal location, spatial location, and indi-
viduals,

= A discourse situation object 13 a possible world,
Anaphoric references and focuses of discourse are in-
terpreted in a discourse situation.

Because of.the above features, ADAM gives us a factual
framework for handling the diffeulties of discourse under-
gtanding., Additionally, its framework simplifies constroe-
tion of a user interface for knowledge systems using natural
language.

1 INTRODUCTION

Natural languages give more friendly and flexible man-
machine Interfaces than existing command languages. How-
ever, natural languages simultaneously yield ambiguity
in communication. In order to reduce ambiguity, dis--
cotirse understanding is indispensable. Situation semanties
[Barwise and Perry 1083] [Barwise 1985) [Barwise 1986) is &
very attractive theory to explain some of the problems in
discourse understanding by use of situation and set theories.
One of the features of situation semantics iz that described
gitnations are interpreted within the relationship of real sit-
uations and abstract situation types. Owing to this featurs,

situation semantics can explain why a difference of situation
causes & difference of interpretation.

Actually, many studies in discourse understanding are
being carried out using this feature of situation semantics.
DUALS [Yasukawa et al. 1985) and SCORE [Nagase 1936)
are examples of discourse understanding systems which use
situation semantics and utilize logic programming. The ait-
uated language research program in CSLI [CSLI 1987) is an
integrated study based on situation semantics. In this pro-
gram, many fundamental and applied studies for situation
semantics are being carried out.

‘This present paper takes a pragmatic approach to repre-
senting the famework for discourse understanding. That is
to say, we propose 4 method which can be practically used
for the framework of situation semantics to be applied to &
natural language user interface for a knowledge system.

As a model for bullding knowledge systems, we pro-
posed DEOM (Distributed Knowledge Object Modeling)
[Tokero and Ishikawa 1984] in FGCS'84. In this model, ev-
ery object contains a loeal knowledge base and Is called
a knowledge object. This knowledge object has powerful
mechanisms to construct a knowledge system in a well-
formed representation. )

ADAM {Actual Discourse Assistant Model), which we
propose in this paper, is an extended modsl of situation se-
mantics which can yield & natural language interface system
based on the idea of DKOM. Extensions to situation seman-
tics are made in representing chjects in discourse by using
knowledge objects, and extracting information from the re-
lation between objects and from within objects themselves.
In order to understand a discourse, we construct a model of
a gpeaker's mind within an individual discourse situation.

In this paper, section 2 explains an overview of the dis-
course understanding model ADAM. In Section 3, we present
the repregentation of siteation: and events in terms of ob-
jecta. SBectlon 4 gives an example of discourse understanding
using ADAM. In Section 5, we discuss featurss of ADAM
from the viewpoint of the discourse understanding model.
Finally, related works are deseribed.
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2 THE MODEL

2.1 World Répresentation using Object

In DEKOM, two additional features to object oriented pro:
gramming were described: the concurrent execution of ob-
jects and the local knowledge base for each object. This
object in DKOM fe called the knowledge object. These two
additional features are very important for knowledge sys-
tems. A knowledge system has to deal with two types of
object. One is the object a8 a component of the knowl-
wdge system, and the other is the knowledge itself, In many
knowledge systems, the latter is taken as simply & symbel
or frame. However, as for the knowledge whose structure
can change, a knowledge objeet is mare useful than a sym-
bol or frame, Thia is because a knowledge object has a loeal
knowledpe base. Thus we propose & discourse understanding
mede]l based on the notion of knowledge objects.

Since a knowledge in ADAM is reprezented as a set of
objects, the definition of an object is shown first. An object
in ADAM is defined az follows:

(Definition 1-1) An object Iz composed of the fal-
~ lowlng resources: individual, temporal-location,
spatial-location, and situation !

(Definition 1-2) For some object 4, if

i domff)
Y

i€ dom(flnic dom{fIANf— [
then

ohject { exists,
where

both fand f7are discourse gituations.
Note: dom(f) denotes the domain of discourse ait-
uation £ And f — ' denotes that fcan refer to
it
{Definition 13} In some discourse situstions, if an
object { exists, then it can be referred to. The
converse s also true.

(Definition 1-4) In some discourse situations, if two
different objects o and b exist,
a#Fb
is always true, On the contrary, if
a=b
iz true, object a and b are one and the same.
(Definition 1-5) Any object has its internal states.
Thus, all objects which are able to refer to object

e has the capability to know the internal states of
object a.

"In general, this term has bwo meanings. Owe is for states of afairs,
and the cther is for courses of evants. Our use of the term i Lmited
to the first meaning. That is, a situation represents a static relation
betwenn ohjects,

lezatlon

Bliwatlan

= ragividual

Trdiwigdusl

Sliwetion

Figure 1: The Representation of a Situation in ADAM

2.2 Situation
In ADAM, the situation object is defined as follows:

{Definition 2-1} A situation object is a special frame
object, which is composed of a relation, primi-
tives; and & truth valos.

(Definition 2-2) Relation is described s an n-arity
predicate, such as
relation( Xy, Xa, ..., X5).

{Definition 2-3) A situation object is a kind of do-
main.

The situation object is deseribed in the following form for
gimplicity:

sttuation(relation, X1, Xa, .o, Xa; TV,
where TV means truth value.

2.3 Primitive Objects

In ADAM, an utterance situation is composed of primi-
tive objects. There are three kinds of primitive objects:
temporal-location, spatial-location, and individual, By us-
ing these primitive objects, the situations for the semience
“Bob is plaping with John " are represented as shown in
Figure 1. '

Here, owing to the division of the spatioc-temporal loca-
tlon in situstion semantics into the temporal-location and
the apatial-location, each location comes to be related with
actual computational resources.

2.8.1 Temporal-Location (TL)

In this lﬁndel, two types of representation of time are given.
One is the absolute temporal-location, and the other is the
relative temporal-location.



¢ Absolute temporal-location: a time Is absolete if it is
specified in a sentence. Current (computer-)gystem
time is also an abaolute temporal-location. Therefore,
the time when the utterances are made is of this type.

+ Relative temporal-location: a time is relative if it is not
specified in a sentence,

The tempaoral-location, which we have defined here, is differ-
ent from that of interval temporal logic [Moszkowski 1983,
In ADAM, time iz not regarded as divided flelds but as a
point on a continuous axis.

4.3.2 Spatial-Location (SL)

There are alao two types of location in spatial-location. One
is absolute spatial-location, the other is relative spatial-
location.

* Absolute spatial-location: a point in a 3-dimensional
space is absolule if it is specified in a sentence,

+ Relative spatial-location: a peint in & 3-dimensional
space is reladive If it is not specified in a sentence. In
this case, if some place has already been mentioned be
fore, that place is used for this situation. Otherwise,
&n adequate spatial-location will be assigned to the sit-
uation.

2.3.3 Individual (Ind)

An individual is either a physical or a conceptual entity.
Each individual in a discourse situation is o particular ex-
istemce in the real world, In addition, in this maodel, &n
individoal has its related knowledge. Thus, if we can ac-
ceaz an object, then we can obtain the object's apecific
knowledge. An individual cbject is also a unit of inference
[Numaolka 1988]. :

2.4 Discourse Situation

In situation semantics, a discourse situation Is explained as
a special situation which includes three specific roles: the
speaker, the addressee, and the described situations. We
agree with situation semantics at this point. Situation se-
mantics, however, does not give more details about the dis-
course sitwation. Our defined discourse situation object is
regarded as a personal knowledge base. That fs, by dis-
course with some person, the knowledge about the person
is created in the discourse situation object for the person’s
exclualve use. This kind of function is useful in the sitvation
that some person wants to inform another person something
by using a knowledge system as the medium, In ADAM, a
discourse situation iz defined as follows:

(Definition 3-1) A discourse situation is an event.
That is, the situation is a transitional cne. The
transitional altuation causes a series of sentences
in the discourse situation to be descrdbed in the
frame of the situation.
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Figure 2: The Hierarchical Relation in a Discourse Situation

(Definition 3-2) If & discourse situation exists in an-
other discourse situation as a deseribed situation,
the former is called the doughter discourse sil-
uwation and the latter s called the mother dis-
course situation. Hence, a mother discourse situa-
tion can refer to the danghter discourse situations
while a daughter discourse situation cannot refer
to the mother situations,

These definitions allow us to express the parallel-world in
discourse as shown in [Nakashima 1986].

In ADAM, the hierarchical relation of discourse is shown
in the following example:

John said to Bob, “Mary says that she loves
you, "

In this case, the discourse sltuation between Mary and John
ig included in the discourse situation between John and Bob
as shown in Figure 2.

2.5 Event
Event in ADAM is classified as follows:

+ Event from the point of vlew of the speaker
« Event from the point of view of the addresses
As for the latter, more specific classification s assumed:

* An event which s necessarily made in the course of &
process to understand a situation

* An event which is a set of the speaker’s utterance sit-
uations

As for the former, we will show an example in Section 4. As
for the latter, we give the following definition:
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Figure 3: Event as a Sequence of Situations

({Definition 4-1) If a zet of Individual object(s) is re-
stricted according to any rules, the chain of situ-
ation objects, which is related with this zet of in-
dividual object{s) and have a causal relation with
each other, is & course of evends.

Agzume the following example:

1 had promized to meet my friend Mariko yester-
day. So, [ went to the park near my house and
waited for her. Fifteen minutes later, she come
there. And then, we went shopping in Roppong:.

In thiz case, three points of view are availahle for the course
of events.

{Case 1) Assume that I and Mariko are included in
the restricted zet of individual objects.
See Figure 3.

{Case 2) Assome that I am incloded in the set. In
this case, the event corresponds to the sequence
that lacks situation (4) and (7) in Case 1.

(Case §) Assume that Mariko Is included in the set.
In this case, the event corresponds to the sequence

{4) = (5) — (T) in Case 1.

Here, both Case 2 and Case 3 are obviously subsets of Case
1. That is, for Case 2 and Case 3, two types of event can be
defined.

Creating & course of events is effective for the decision of
the tople of a discourse because it can restrict the scope of
the knowledge system’s interest.

2.6 Assumptive Situation

In dizcourse, a sentence may give an attitude repect, This
type of sentence does not deseribe a real situation. For ex-
ample,

I belizve that he will poss the examination.

In this sentence, the fact that the speaker believes that some-
one will pass the examination is described. However, the
sitnation in which the spesker believes may not be realized.
It iz only an assumption. Accordingly, this type of situation
should be expressed as a situation ohject because a situation
object is made as the resuls of & situation being realized. In
the utterance,

Theugh T wanted to go to the States, I did not go
there affer all.

The description *I wanted fo go fo the Sfates * includes the
description “1 go fo the Stafes ", This embedded deseription
iz expressed as follows:

situationfgo, I, the States; 1). {1}

Here, though it is assumed that this situation oceurs at some
temporal-location TL in the past, TL is not fixed yet, The
remainder of the above utterance includes the description
“I did not go ®. This is expressed as follows:

sidnationfyo, L, tki Biates; 0). (2

Here, though it Is also assumed that the situation occurs
at zome temporal-location TL? in the past, TL' is not Bred
yet, sither, If we assume that the situation objects (1) and
(2) are referring to the same real situation, & contradiction
occurs.  Accordingly, situation objects (1) and {2) are not
the same (Le., multiple situation ohjects, which are refer-
ring to the same real situation, cannot exist), However, if
the sitwation object (1) and (2) are different objects, the
rexl situations which correspond to these objects are also
different. This indicates that the two different situations
oceur simultaneously, These two situstion objects have the
same individuals, the same temporal-location, and the same
spatial-location. The difference between these objects is only
their truth-value. This is impossible in the real world, if we
do not asswme multiple worlds., Thus, this is again a con-
tradiction.

In order to avold the contradiction, we introduced the
idea of the assumptive situation im ADAM. This type of
gituation object represents a situation whose occurrence has
not been realized yet. The assumptive situation is described
as follows:

{Definition 5-1) An assumptive situation object de-
scribes & situation other than that which has al-
ready occurred or s ocourring now (Le., an inter-
rogative sentence).

(Definition 5-2) A situation object has priority over
an assumptive situation object. That is, if an
assumptive situation object A and a situation ob-
ject 8§ encist, which is unifiable with the assumptive
gituation except for the truth-value, then we can
agsume that they describe the same real situation.
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Figure 4: Assumptive Situation and Situation: In this case,

the situation object, “Fred believed that ...,™ is not a sue-

cessful situation, because its embedded assumptive situa-
on, “ Molly is a Border terrier,™ was not realized.

(Definition 5-3) In addition to Definition 5-2, if the
truth-values are the same, then the situation ob-
Ject in which the assumptive situation object is
inchided is called a mmuﬁ:i situotion.

(Deﬁnitlun 5-4) An assumpiive situation object is a
psendo object. Definition 1-4 is inapplicable for
this type of object,

Assume the following utterances:

Fred believed that Molly wes o Border ferrier.
But the dog is nof a Border terrier,

Here, the first utterance includes an assumptive situation
object, Border-terrier{Molly; 1), and the second one ineludes
a situation object, Border-tervier(Molly; 0). This is shown
in Figure 4.

3 OBJECT ORIENTED REPRESENTATION
OF DISCOURSE

In this section, we show the representation of a discourse
situation object and the event management, We can repre-
sent an object in ADAM using & Knowledge Object (KO) in
DEOM. The features of KO are as follows:

* Frocedural description is given in {ts behavior part.
The behaviar of an object in 2 knowledge system should
be defined by a well-defined control sequence. For ex-
ample, in the description of an eveat manager, this part
is & great help.

= Declarative description is described in its knowledge-
based part. This part has an efficient framework for the
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inference using meta knowledge for the ohject. For ex-
ample, constraints between objects should be described
in this part. All the knowledge about the object is reg-
istered in this part as a predicate.

s Communication contral and the predicate demon is de-
seribed in its menitor part. This mechanism is useful
for describing constraints.

# Each KO runs in parallel. By utilizing this function, a
knowledge system can make inference concurrently as
described in [Numaoka 1988,

Thus, we use Orientfd/K [Ishikawa 1987], which is a pro-
gramming language based on DEOM.

3.1 Discourse Situation Object

A discourse situation object is represented as an instance
of class ADAMDiscourseSituation. The most bagic feature
of this object is that it creates a situation object. For this
purpose, & method makeSituation: iz defined in this class,
One of the important roles of this ADAM object is object
identification. Assume the following sentence:

Do you remember the pirl whom we sow in Central
Park yesterday?

It is necessary to understand what the phrase “the girl whem
we sow yesterdey ¥ indicates. After syntactic analysis, the
followling strueture is created:

[tapic=/situation, object],
situation=/relation=see,
agent=uyre,
object=[attribute=specific,
semantics=girl],
temporal-location=gesterday,
spatinl-location=Central park/,
tense=past]

Here, item fopic indicates that item object, which is in-
cluded In item situation, is the focus of the utterance. An
ADAMDiscourseSituation object has a method anaphoric-
Operatich: to resolve an anaphoric reference. In this cass,
by executing this method, the ADAMSituation object, "we
see g girl, ¥ that cccwrred in the past, is taken out from the
current ADAMDiscourseSituation object. If this ADAMSi-
ftuation object is Mnd034, the given sentence can be simply
represented as followrs:

Do you remember Ind08y?

The management of focuses in a discourse is also an im-
portant Issue to be treated in an ADAMDiscourseSituation
ohject. This object has four local memories in order to man-
age focuses in a discourse. These are for individual, tempo-
ral location, spatial location, and situation as can be seen
in Figure 3. The management mechanism of foeuses in dis-
course is as follows:
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» (REGISTRATION) After syntactic analysis, if ibem
topic exists, it is registered in a corresponding local
memory. If it does not exist,-item subject Is registerad
in the individual local memory.

« (SEARCH) After syntactic analysis, if any indeter-
minate terms exist, each of them is the last registered
object in a corvesponding local memory. As for the
temporal location and the spatial location, the descrip-
tion of these location objects being included in the
last registered location object is registered in the class
ADAMTemporalLocation object.

3.2 Functions of the Event Management

The functions for managing events are realized by class
ADAMEventManager. The role of ADAMEventManager is
the identification of object, creation of events, and so on.
These operations are based on the definitions of events in
gection 2,

There are two important roles for the ADAMEventMan-
ager. One is to produce the chain of ADAMSituation objects
which is reatricted by individuals in an utterance. The other
is to evaluate an ADAMSituation objects and to make an
event on a computer.

As for the former, assume the following sentence:

Do you remember what I folked about with you
yestenday ¥

In this case, it ia necessary to identify the event “what the
speaker tolked about with the sddresses yesterday”. The
ADAMEventManager, first, creates a list of sitwations,
which is sorted for temporal location in ascending order (see
Figure 6). Second, the ADAMEventManager pushes the list
on the stack for events. By these operations, the event,
“what the speaker talked abou? with the addressee yester

apADARDIcesureeSilua il on

Samzk far

Kenagemant
of Events

rTi:;Shn'm T
Ll —a—{y 911 1A

-, . &} {:5 \:}wllhn

SAADANE! imallion

amabARTvaat

Figure 6: Mechanism for Event Management

day, ¥ is produced. For these operations, ADAMEventMan-
ager supports method makeSituationSequenceFor:.
In order to realize the latter role, ADAMEventManager

" bhas method evalueteSiluation:

evaluateSituation: oSitustion
| aReletion anEvent |
aRelation «— aSitustion relation.
© “take & relafion owd from the situation.”
JoeachUnify (event{aRelation, fanBuent))
do: ["If an event which is related with
the reletion 48 defined,
then evaluafe the cvent.”
(ADAMEventManager
perform: anBvent
with: aSituation argument}
ifTrue: []truefl.
*If the operation i8 success,
then return from this method,”
Tfalse

Additionally, predieate event Is described as follows:

event{#add, FaddNumber:).
*If relation is Fadd,
then call the method add Number:. "

4 DISCOURSE UNDERSTANDING USING
ADAM

In the previcus sections, we have shown an overview of our
model, ADAM. In this section, we explain with two exam-
ples how ADAM is utilized in discourse understanding. The
first example will show how discourse situations are used for
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comprehending anaphoric reference. In the second, we will
explain how a course of events occurs along with the tem-
poral location. where

Ind(?55: the States

assumplive-situationga, Ind056,
Ind085, TLO5S; 1). (b}

4.1 Topic of Discourse

User:  When I was falking with Mariko yesterday, o The uitertnce “sie soid that sle wonld go fo study

{here " is represented as follows:

she said something. (1)
System: What did she sag? (8] situation{say, Ind056,
User:  She said that she was poing to go to the assumptive-situation{go, Ind056, Ind035,
States. {9) goal{assumptive-situation(study,
And she seid that she would go {6 sfudy Ind056, #81; 1)), #0; 1),
there, A4) fil; 1).

where a symbol prefized by *?' indicates
mdeleriminale term.

but I think thet she will go sightseeing. (5)

In this case, we assume that a discourse situation object
between the user and the system has already been created.
For sentence (1}, the following operations are executed:

Here, discourse understanding starts by searching for
a situation object which is unifiable with the situation,
“ Mariko says something af somefime. " In this case,

] L 1 1 =
= By the utterance ® When I was talking with Maorike yes the object (a) is an answer. Thus, 7 = TLO3, and,

terday, ¥ two discourse situation objects between the
user and Mariko are created. One g for the situation in
which the speaker is the user, and in the other, Mariko.

pesumptive-situationgo, Ind0S6; IndDS5,
goal(assumpiive-siluationstudy, fnd056,
e1; 1)), flo; 1)
=DSit012 (")

The unification between a(n) (assumptive) situation
object and a discourse situation object succeeds if the
{assumptive) situation ohject i& included in the dis-
course siteation object. Then, the existence of follow-
ing two assumptive situations is guaranteed:

* By the utterance “She said something, * the current
discourse situation moves to the daughter discourse sit-
uation object whose speaker is Marlko. Sentence (2)
represents the movement of interest which is caused by
the movement of the discourse sitnation cbject. The
utterance “something " 12 a cataphora. As this cat-
aphora correspends to the daughter discourse situation
cbject, the situation “She seid something " is repre-

gented as follows: assumplive-situation|go, Ind056, Tnd035,

situation(say, Ind056, DSit012, TL0S; 1).(a) fuo; 1). (e}
where assumptive-situation/study, Ind05E,
DSit012: daughter discourse situation L 1) (d)
object As the result, the situation object (b) unifies with (c).
TLo%:  pesterday Thus, 70 = TLO53. Here, the assumptive situation
Ind056: Mariko object (d) is created because it does not exist in the
. DSit0i#: danghter discourse situation discourse situation object. And the unification (*) is
object BICCESS.

In addition, this situation is placed in the mother dis-
course situation object a3 a described situation.

For sentences (3), the following operations are executed:

* A situation “she is going fo go to the Stafes " is reg-
istered in the current discourse situation object as a
described situation. In this case, *is going fo " indi-
cates an instant in the future. Thiz s described as
follows:

whollyPrecedes(now, TLOS).

Furthermore, as this situation has a future temporal
location, it is created s an assumptive discourse aitu-
ation object.

o By the utterance, 1 think that she will go sightsecing, "

the foens move back to the mother current discourse
situation (i.e., the mother discourse situation) again.

~ As the siteation, “she goes sighiseeing, " is composed
with the following two assumptive situation:

assumptive-situation(go, Ind056, Pplace,
' #l0; 1). (e

assumptive-situation(sightseeing, Ind056,
ity 1) (d')

These assumptive situations must be found in the refer-
able domain. Here, (¢} and (c*) are unifisble, but (d)
and (d°) are not unifiable. Thus, a new assumptive
situation is created (see Figure 7).
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Figure 7: Using Discourse Situation in Recognizing Tepic

4.2 Ewvent in Arithmetic Caleulation
Assume that the following text is given:

There ere two variables, 1 and j. {1)
The initinl value of variable i is 1,

and that of f is 2. {2)
Asgsign the resuft of § plus § lo §. {3)
Show me the value af 5. {4)

These utterances are understood in a discourse sibuation ob-
ject between the user and the system. First, by utberance
(1), the following situation is created:

situation(exist, GROMS, TLO21; 1).
uthers
GLODS: a group object whick
includes two individual objects
corresponding to i and j.
Here, i and j are stored in the local memory as a focus.
Second, by utterance (2}, the following two sitnation objects
are produced:

situation(is, indtial-value{Tnd034),1,

TLOSZ; 1). {a)
situation(is, initial-value{Tnd035), 2,
TLORE; 1). (b

where
Ind085: the variable
Ind$6: the variable §

Because the situation objects {a) and (b} have a relation
is, the second argument, 1 and 2, is assigned to the slot
indtial-value of Ind034 and Ind035, respectively. Utterance
() creates the following situation object:

1 Indiwidus!
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Fipure 8: Course of Events

S§it110 = situation(add, Ind035, Ind036,
' TLOSS; 1). - (e
sttuation{assign, result{SH110),
TLO2Y; 1) {d}

Additionally, the following relations for temporal location
are made:

whollyPrecedes{ TLO22, TLO2S).
whollyPrecedes(TLO2S, TLO{).

Here, as utterance (3) is & command, the situation cbjecta
(c) and (d) are evaluated as an event (3és Figure 8). Finally,
the following situation object for utterance (4) Is created:

situation{show, mdd01, Ind01g,
value{Tnd035); 1).

And this situation objeet is evaluated because it is also a
command. As a result, the value “¥% " is given.

5 DISCUSSION
In this section, we will discuss certain features of ADAM.

Discourse Understanding Model for Practical Use
Our primary objective in building ADAM is to proposs a
maodel of discourse understanding which can directly be used
for application. This i3 because situation semantics, which
gives an appropriate model for discourse understapding, is
an explanatory theory and thus it cannot directly be applied
for practical use, In order to realize this abjective, we intro-
duced an object oriented approach to situation semantics,

First, ADAM Iz such an ohject oriented model. The
advantages of ADAM are as follows: '

# Owing to representing an object in discourse by using
object oriented computation, we can realize an object



in diseourse as & frame, wheose slots are changeable.
For example, an individual object can form a specific
image within that object.

» We can take Information which relates with an object
out from ibzelf directly.

» Inheritance enables us to represent a thesaurus,

* Procedures can be deacribed within an object in order
to utilize many kinds of computational resources.

Second, in ADAM, the spatio-temporal location Is di-
vided into the spatial location and the temporal location.
This is helpful for a computer system to understand the
speaker’s requirernent for computer resources. Because com-
puter resources is composed of the temporal resources [e.g.
CPU time) and the spatial resources (e.g. memory).

Third, ADAM has an extended interpretation for events
as we have already deseribed in section 2. That Is, ADAM
can deal with the course of events. Therefore, we can take
the chain of situations which is restricted by individuals, and
we can produce an event by calling an existent application
program on a computer. '

Management of Issues for Discourse Understanding

Anaphoric Reference Any object as knowledge (e.g.,
individual, location, situation) in ADAM is represented as
an instance object, and it is managed in the corresponding
class ebject. In addition, an object referred to in a discourse
is included In & specific discourae situation object. In par-
ticuiar, a recently referred object is in the local memory of
the discourse situation object. Cataphora, in many cases, s
resolved by referring to these local memories. If it cannot be
found in the local memories, then the proper discoursze situa-
tion is referred to. If it cannot still be found, then the proper
class object is refecred to. By using this three step reference
mechanism, anaphoric reference is treated efficiently,

Aequisition of Implicit Information In the current
framework of ADAM, no methed for acquisition of implieit
information is given. However, as explicit informaticn taken
from an utterance is represented as an object in & computer
system, it is possible to treat an acquisition of implicit in-
formation by using the relation between the objects in a
knowledge system.

Recognition of the Focus of Discourse A discourse
situation object has a local memory which contains recently
referred objects. In ADAM, those objects are the objects
which are the focus of utterances. Furthermore, the dis-
couras manager in ADAM manages discourse situatlon ob-
jects. These two mechanisms enable us to comprehend the
focus of discourse.
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6 RELATED WOREK

Logie programming certainly plays an impertant role for
natural language processing, especially for parsing and in-
ference. In addition, theories for natural language under-
standing are formalized based on logic. Situation seman-
tica is one such & theory. Therefore, several discourse
understanding systems based on situation semantics have
been implemented in the logie programming style. DUALS
[Yasukawa et al. 1985] is a famous discourse understanding
system which has been developed in ICOT. This system has
the following features:

» It utilizes situation semantics in the framewark of se-
mantics and pragmatics.

» It efficiently solves partial problems from the viewpoint
of logic programming.

» It uses the Kameyama's model [Kameyama 1984] for
anaphoric reference in Japanese, which is one of the

most important issues in discourse undesstanding.

SCORE [Nagase 1986] provides a knowledge representation
form. ‘This representation form is based on situation seman-
tics, and & world s represented as a set of situations. The
features of this form are as follows:

» It manages the acquisition of implicit information by
using classified constraints,

# It represents nominal concepts hierarchically.

The system using SCORE resembles DUALS in their repre-
sentation forms. Theee systems cannot utilize information
for spatio-temporal location. In contrast, ADAM supports
an efficient framework for operating a spatio-temporal loca-
tiom.

CDDS [Ohsawa 1985] is a system which utilizes the ob-
ject oriented programming style. This system has the fol-
lowing features:

s It forms a semantic structure using a case frame.
= It grasps the focus of discourse using a situation ohject.

The ODDS system reserobles ADAM in their object oriented
programming styles and situation objects. In the ODDS sys-
tem, the situation itself forms a domain for understanding
the focus of discourse. In contrast, ADAM utilizes & dis-
course situation object. In discourse, as the speaker’s con-
nection ig important, we believe our model is superior to the
model of ODDS,

7 CONCLUSION

In thiz paper, we have described an extended model of situ-
ation semantics for discourse understanding, called ADAM
{Actual Discourse Assistant Model), and have shewn some
examples of discourse understanding using it. :
Our efforts were based on the belief that the object ori-
ented programming paradigm supports a highly effective
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framework for utilizing the applications uwsing natural lan-
guage interface system. Thus, ADAM gives us a model of
situation semauntics for practical uge using DKOM, which is
an object oriented programming methodaology.

In ADAM, an object is & unit of knowledge and an infor-
mation medium. An object which is represented in the com-
puter is connected with the speaker's knowledge about the
object. By utilizing this user specific nowledge, a kmowl-
edge system can reduce some of ambiguitics of discourse.
Thus, if speaker want to operate some computational re-
gources which are managed by a discourss understanding
system, the system understands the intention of the speaker
and can operate the resources. Objects in ADAM are basi-
eally compoesed of the situations and the primitive objects
which compose situations. Primitive objects are composed
of the individual, temporal location, and spatial location.
These are basic elements of the real world. A real situation
is related to these real elements. Thus, we can represent
sltuations in & world by using these primitives.

A discourse situation object is used for expressing the
uger specific world and for confirming the topic in a dis-
course. As this object Is a kind of domain, we can utilize this
object in order to restrict the objects which can be referred
in a situation. Purthermore, the extended interpretation of
events enables the natural language interface to be applied
to the exizting application program.

The prototype disecurse understanding system based on
ADAM has been implemented in Orent84 /K. In this paper,
the full specification of this system have not been given,
but the specification of the discourse situation object and
avent management mechanism bave been described, since
these play the most important roles in ADAM. The functions
of knowledge object of Orient84/K, a local knowledge base
and concurrency, has been useful for the implementation of
ADAM.

Finally, we have discussed the significance of ADAM for

the study of discouwrse understanding and the advantages of

object criented representation for situation semantics. We
have already developed a prototype discourse understandlng
system and implemented a stery understanding system and a
question-answering system. Based on these experiences, we
have started to develop the discourse understanding system
ASUKA [Numaoka 1987] on which we are going to develop
a natural language interface system.
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