

















- the receiver could not know that KEE is running on a SUN 3/60, since this machine is in a remote

office, or has been recently purchased.

The system is able to detect these inconsistencies and, for example: v
- advise the sender that the receiver is not an expert of KEE, allowing him to send his message to

.another addressee fulfilling this skill;
- help the receiver to identify the system referred by the sender;

- help the receiver to find the location of the SUN 3/60.
Furthermore, if the message is understood by the receiver and he state his agreement, the system

must record this commitment and the involved entities (i.e. the KB implemented in KEE on the
SUN 3/60) in order to be able to exploit this knowledge afterwards.
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Figure 2: CHAQOS structure.

Before entering in more detail about the techniques CHAOS uses to implement these functionalities,
it is worthwhile to provide an outline of the system structure (Fig.2). CHAOS is divided into four
main modules that have been described in [2], [5]; for our purposes, it is sufficient to note that the
CHAOS knowledge base is ideally divided into four parts in accordance with the information they

contain:
- the Group Agenda Expert KB contains the current state of the committments taken by some group

member;
- the Group Structure Expert KB contains a representation of the group structure in terms of roles and

levels of experience of its members;
- the Conversation Handler KB keeps track of the conversations presently open among the group
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members;
- the GLE KB contains the entities referred to by people in their conversations. For the purposes of

the paper we don't need to enter into the details of this KB structure, even if in what follows we will

often refer to it.

4. User Models and Consensual Domains

In the introduction we stressed the fact that group members have individual histories which give rise
to different sets of 'references’ among them. In order to be adaptive with respect to the evolution of
this kind of information, GLE has to be able to represent both the individual knowledge and the
knowledge shared among group members, constituting its users different consensual domains.

GLE implements the notion of individual knowledge by means of the concept of user model (UM)
which has been developed in the field of Natural Language Processing to represent knowledge about
system users. UMs have been used in various contexts, and their definition is not unique. Usually
UMs are characterized by the knowledge they include: user goals, plans and attitudes, or user
knowledge or belief [12]. '

Some implemented UMs contain:

- system beliefs on how the user thinks about the domain objects [14]

- system beliefs on the user level of experience [16];

- system beliefs on what the user is trying to do [7].

We are interested in constructing UMs which represent what the system knows about the knowledge
and beliefs of its users, relative both to the application domain and to what the other users know
about it (meta-knowledge). Modelling the meta-knowledge is basic to the success of the interpretation
process. When individuals communicate, the speaker uses a lot of references and anaphoras referring
to a knowledge he thinks he shares with the hearer. It is just by making a comparison between what
the speaker and the hearer mutually know and the message propositional content that the GLE can
detect and solve ambiguities and support the interlocutors in the way we claimed in the previous
section. v

In this section we describe how GLE organizes both the knowledge and the meta-knowledge of its
users, while in the next ones we describe how the UMs evolve to adapt to the linguistic

perturbations.

The knowledge on the domain is divided into a general knowledge (prototypes) concerning the
abstract structure of the objects and actions and the relations between them, and into a gpecific
knowledge (instances) consisting of the real objects of the domain.

As an example, let us consider the object "module”: as a prototype it is a software object (relation IS-
A) to be implemented in some programming language, which can be made up of (relation HAS-
PART) a number of procedures etc... ; as an instance, it is the module called XX, implemented in

Pascal and composed by procedures A, B and C.
GLE assumes that all users share the same general knowledge while it keeps track of what they learn
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by conversing about the actual entities of the domain. That implies that each UM contains the user

Personal Knowledge about the domain.

In order to take into account users meta-knowledge, GLE defines the notion of Consciously Shared
Knowledge (CSK) between pairs of users. Given an entity X, and two users i and j» then X
belongs to CSK(i,j) if and only if iknows X; j knows X; i know that j knows X and j knows that i
knows X. In other words, the CSK(,j) repyrcs‘ents the meta-knowledge of i about the user j, and
viceversa: this meta-knowledge is contained in the UMs of both i and j. This happens for any pair

of users. :
Given the above definition, we can consider the Personal Knowledge of each user (PK) as the sum

of all the knowledge he shares with some other user.

degree of specialization >
models for - ' models for
individual users classes of users
modifiability >
static ' dynamicC
temporal extent ‘
< short term . long term &
method of acquisition >
mmplicit explicit

Figure 3: The UM dimensions.

The GLE UMs can be qualified by means of the dimensions proposed in [12]} and depicted in Figure

2, as follows:

a) individual: the GLE maintains an individual model of each user ;
b) dynamic: the acquisition mechanism allows each model to incorporate new 1nformat10n as it

becomes available during the course of message exchanges (see section 6).
c) long term: UMs are created when new users start using CHAOS, and are maintaned until when
the users leave the group. The same dynamic UM is used in all the messages interpretation regarding

the related user.
d) implicit: UMs maintenance is performed by the system in an user-transparent way, almost without

asking the user about explicit information.

5. The semantic circularity: the interpretation process

As Figure 1 shows, the semantic circularity is based on the interpretation and knowledge acquisition
processes: the interpretation uses the same knowledge base that is dynamically brought up to date by
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exploiting the information drawn by the interpretation process.

The problem the interpretation process has to face is to establish what entity is denoted by the Verb
Phrase and the Noun Phrases! within a sentence: this problem is generally called 'reference
problem'. One of its special instances is the 'anaphora problem'. According to [11], an anaphora is
an abbreviated reference (i.e. "containing fewer bits of disambiguating information") in discourse to
some entity in the expectation that the addressee will be able to disabbreviate the reference and
thereby determine the identity of the entity. o

The most recent works on the semantic ambiguities resolution in Natural Language’Processing have
indicated that the references cannot be resolved at the sentence level. Rather, the context in which
they are inserted must be accounted for. This can be done using the notion of "discourse model"

[9].

((1) A->B : " Can you implement the module GSE of CHAOS?" )
(2) B->A:"Canldoitin KEE?"
(3) A->B: "In that cascb you must use the EXPLORER
(4) B->A: " For resource management problems, I can implement it only
beginning from next month "
(5) A->B: " It's too late. Then it's better you test DEMO "
(6) B->A : " OK, first I test its main module"
\(7) A->B:"OK" ' W,

Example 2: A conversation.

Looking at Example 2, we notice that the conversation consists of two segments concerning two
different possible commitments: 1, 2, 3 and 4 concern the implementation of the GSE module of
CHAOS, using KEE on a Explorer workstation, while 5 and 6 concern the testing of the main
module of another package called DEMO. This segmentation can be modelled using the coﬁcept of
topic [11]. By 'topic’ we mean the main entity that the discourse is about; in CHAOS conversations it
represents the committment under discussion at a specific time.

Furthermore, in each sentence of Example 2 many objects and properties are mentioned; they
constitute the attentional focus [8] of the conversation. More precisely we can distinguish two types
of focus: the explicit focus contains those entities explicitly mentioned in the discourse, while the
implicit focus contains those entities that are not explicitly mentioned but are in the interlocutor's
consciousness because they are related in some way to the objects in the explicit focus.

1 The Noun Phrase and Verb Phrase definitions we adopt are the following [1]:
VP:= verb [NP]

NP:=[article] [adjective] noun [PP]

PP:= preposition NP where the '[,]' denotes optionality.
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In GLE for each sentence there is a corresponding focus; each focus and each topic are connected to
the previous one created during the conversation, producing a focus list and a topic list; furthermore,

each focus is related to the corresponding topic.
Figure 4 shows the topic and the focus lists related to the conversation in Example 2. Specifically, the

implicit focus related to sentence 5 contains the entities Forward-CHAINER' and 'SELECT related
to DEMO by a HAS-PART relation. '

Focus list

Topic list

LAl 1
to implement the module |
GSE of CHAOS

4

Explicit focus
action is; TEST
object is: package DEMO

nhiant nrr\nnrhnc .
Cojell PIrepe PPN

Implicit focus
other objects:
module FO“WaId-rHAINER

to test DEMO with properties:
has 2320 lines;
is part of DEMO;

other properties.

module SELECT
\ with properties:

o mamt ~FTS
is pbar t Of UELYlO,

has 650 lines;
other properties.
A

!

Explicit focus
action is: TEST
object is: module Forward-CHAINER,

object properties:
has 2320 lines;
is part of DEMO;
other properties.

Figure 4: The topic and focus lists.

143



How can we use these structures in the interpretation process? We have considered both the generic
references and the main types of anaphora, i.e. personal pronouns, demonstrative pronouns and
ellipsis. For each reference type we have [2] a disambiguation strategy which involves both the
focus and topic lists. These strategies use a number of heuristics based on the assumption that the
entities in the focus are the most probably referred to in the subsequent utterance; so:

- the personal and demonstative pronouns are likely to refer only to the entities contained in the
explicit foci related to the current topic; ,

- the references including genitive Noun Phrases possessive adjectives and possessive pronouns
involve also the implicit focus. In sentence 6 of Exemple 2, we resolve the reference "its main
module" as "Forward-CHAINER", by using the fact that it is contained in the implicit focus related to
the previous sentence and that it is the longest module within the implicit focus.

The Noun Phrase references are resolved using the available structures in the following order:

- the system looks for the referent in the focus list ;

- a failure means that the entity is introduced in the conversation for the first time; in this case, the
system checks if the entity is in the CSK of the two interlocutors;

- if the system fails, then it looks for the entity in the speaker's PK;

- finally, if also the above search fails, the system looks for the entity within the GLE KB.

For example, if the entity DEMO is introduced in the conversation for the first time, the system
checks to see if it is in the CSK of the two interlocutos. If this is not the case, and DEMO is known
only by the speaker, the system can lead the hearer in disambiguating it by using the knowledge
contained in the speaker's UM. If it's not the case too, some acquisition mechanism must be applyed
(see next section).

6. The semantic circularity: the knowledge acquisition process

The khowledge acquisition process is performed by the system in order to bring up to date both the
UMs of the interlocutors and the KBs of the GLE, GAE, and GSE, by using the information
provided by the interpretation process (Figure5).

In this context the problem the GLE has to face with is to establish when the acquisition process

rmust be activated.

With respect to the GLE KB, not all the new entities mentioned in the conversation have to be
immediately inserted in it, because they could be never actually used. So, all the new entities are
mantained in the focus list during the conversation, because they can be referenced to in its evolution.
Among them, only those on which some committment is actually taken are inserted in the knowledge
base; the others expire when the focus list is discarded at the end of the conversation.

In regard to the entities already known by some group member, i.e., already present in the GLE
knowledge base, the system must activate the acquisition process in order to update the interlocutor’s
UMs. In fact, entities whose knowledge is shared among different group members are likely to be
referenced to in future conversations.

In this context there is another important problem that the system must face with, i.e., the
communication asynchrony. On one hand, if we can assume that the UM of the speaker can be
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brought up to date exactly when he utters a sentence (because by naming an entity he proves that he
knows it), on the other we cannot bring up to date the hearer's UM at the same time. In fact, nothing
assures us that the message is immediatly received and read by the hearer, and so an improper
updating can negatively influence future interpretation processes. GLE brings up to date the hearer's
UM only when he sends back his answer: in doing that, he implicitly proves that he has read the

message and that he knows the entities mentioned in it.

"I finished the

p’f'CH’AOS"

information to be acquired by the GLE's KB

information to be acquired by the GAE's KB

---------- information to be acquired by the GSE's KB

Figure 5 : The acquisition process.

In regard to the KBs of GAE and GSE, the acquisition mechanisms apply when the pragmatic

meaning of the message induces some modification of the committment network or of the group

3 AICRE YR T :
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declaration that the job has been accomplished: this modifies both the agenda and the degree of

experience of the declarer.
7. CHAOS in the semantic démain: future frends

Let us come back to some points we menticned in the provious sections.

First of all, it should be clear now to what extent CHAGS is an adaptive system, at least in regard the
group's linguistic domain and the knowledge the interpretation process is able to provide to the
acquisition process in order to update the GAE ans GSE KBs. In this respect, we have to stress that
constraints on the users: even if we claim that the unstructured part of the

ny case this language has to0 have some restrictions.2 The

GLE imposes some ¢
message can be in natural language, in a

tive in this sense. It is not difficult to imagine

2 The present implementation is quite restric
to enrich the sentences structure [1].

how to relax some syntactic constraints in order
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user has to carefully consider the trade-off between constraints and revenues.

As in many other systems, e.g., COORDINATOR, CHAOS messages contain a field called
‘comment’ which the user can fill with the information he does not want to have in the preformatted
fields. In the extreme, he could fill only the comment and the addressee fields: in this case, the
system will be not adaptive at all, and will behave as a traditional e-mail system. The other extreme
could be that the user pretends the system is able to understand highly elliptical and ambiguous
sentences. The system will try to do its best, eventually asking the user for help: if he does not want
to become explicit, the system gives up and, again, will behave as an e-mail system.

On the contrary, if we suppose that the user accepts some constraints in order to have some revenues,
system functionalities can evolve in a way to provide an encreasingly more helpful support to its
users. In fact, the amount of knowledge the system maintains and processes in order to understand
the message contents and to update the various KBs is an enormous source of information that can be
given back to the users when necessary or requested. Let us explain this point through a couple of
examples. |

In section 1 we described the difficulties a group member encounters when he has to reconstruct the
semantic and pragmatic environment in which a message can be correctly understood. To help this
reconstruction, some systems keep track of te sequence of messages (history) the interlocutors have
exchanged. The knowledge contained in the topic and focus lists associated to a conversation can
improve this support. In fact, on one hand, the last message can be totally meaningless (e.g, in the
case it is highly elliptical); on the other hand, all the history could be too long and difficult to read.
Few messages enriched by the related topics and foci could be much more understandable and useful.

Another possible evolution concerns the framework of the conversations for information the user
can open with the system to ask for information about the organization structure, the functions related
to some role, the activities already accomplished or under development, or about objects and
resources necessary to them. It would be very nice if the system could give answers tailored to the

user level of knowledge, without giving him redundant information. In order to obtain this, CHAOS
can-use the UMs. In fact, since GLE has made available the UM of the requirer, CHAOS can give
back to him the answer concerning the aspects which have chaged e.g., since the last query, without
overwhelming him with the infomation he already knows. Or alternatively, it can present him this

latter in a different shape.
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