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Abstract

Retrieving relevant information in Data and Knowledge Bases
containing a large number of different types of information is a non
trivial problem. That is the reason why, in areas like Decision Sup-
port Systems, or Computer Aided Design, users need the help of
Intelligent Systems.

Such Intelligent Systems must be able to provide the users with
useful information which is not explicitely requested. For this pur-
pose, we consider a method where the user’s needs are represented
in terms of their topics of interest. This kind of user representation
is integrated in an appropriate Modal logic, that allows the system
to reason about the user’s representation, the user’s query and the
DKB content, in order to determine the useful information.

The main contribution of the paper is to present a first attempt
to the formalization of the concepts of topic, interesting topic and
interesting piece of information. Several criteria are investigated for
these definitions, in particular to define a partial order on interesting
pieces of information.

*This work has been partially suported by the EEC, in the context of the Basic
Research Action, called MEDLAR.



1 Introduction.

The aim of an Intelligent System when accessing large Data and Knowledge
Bases (DKB) is to help users to retrieve useful information. In many cases,
a user’s query characterizes only part of the useful information for two
possible reasons: first, in Data and Knowledge Bases containing hundreds
of relations, there are so many different types of information that the user
may ignore the existence of some of them. Second, it is generally too boring
for users to entirely describe all the useful information. In these cases, the
system must be able to reason about the description of a given situation
defined by: 1) a query or a dialogue, 2) a user representation, and 3) a
DKB content, in order to determine the useful information.

To define such reasoning methods we have to make precise what we
mean by useful information. Roughly speaking, useful information is infor-
mation that is needed to reach a given goal, or information that helps the
user to select or make more precise a goal, or information that is logically
related to the query. We briefly sketch three kinds of reasoning methods
associated to these three definitions of useful information.

e The plans and goals method [1, 2, 7, 8]: plans are sequences of
actions representing users’ typical behaviours; they are also called
scripts or frames in the litterature [?, ?]. The achievement of a plan
enables the user to reach a given goal. Generally, the actions of
the plan have preconditions which have to be satisfied for the action
to be performed. Some preconditions are to know given pieces of
information, which are the useful information. For example, in order
to take a train, one has to buy a ticket and go to the platform.
Hence, he has to know the ticket price, the platform number and the
departure time. So, by reasoning from the plans and the user’s goal,
the system can derive information to be provided to the user.

e The topics of interest method [11, 5,9, 10]: When the system fails
to recognize what the user’s goal is, it may be the case that, in fact,
the user has no precise goal in mind. In such a situation, if the system
can determine what the user’s topics of interest are, it can provide
him with information related to these topics. This information may
help the user to refine his goal definition. For example, if a user wants
to know the price of a return ticket to New-York, then the system
can infer that expenses are one of his topics of interest, and it can
also provide the user with the possible special fares.



e The logical links method: in that case, useful information may be
the information that explains why a direct answer holds. For example
if the direct answer is “there is no flight to Milano this morning”, the
explanation may be: “because there is a strike” or “because there
is fog”. Useful information may also be the information one has to
make sure by himself, when querying an incomplete DKB, in order
to get a direct answer. An example of such conditional answer could
be: “there is a flight to Milano today if there is no fog”. In general,
useful information, in the context of a query q, is of the form: q < p
and p, for explanations, or: q < p, for conditional answers.

These three methods are complementary, and it would be very conve-
nient for an intelligent system to have a formal description of each of them
in the same formalism. There already are several proposals to formalize the
Plans and Goals method in modal logic ( Epistemic and Dynamic modal
logic), [7, 15, 13, 8]. However, as far as we know, there is no formalization
of the Topics of Interest method in the same modal framework. The ob-
jective of this paper is to contribute to define such a formalization. We do
not consider here any implementation, or efficiency aspects.

In the following, we first recall what the topics of interest approach
consists in, and we show where the problems of formalization are. Then
we show how the topics, the topics of interest, and the interesting pieces
of information are defined in this approach.

2 The Topics of Interest Method

Several works [11, 5, 9, 10] have already underlined how much it can be
useful to take into account the user’s topics of interest, when answering
cooperatively to a user’s question. The main ideas are summerized in the
following:

The user’s topics of interest are one of the components of the user’s
model, together with his beliefs, goals, and may be other information.
Roughly speaking, the topics are used to represent information about the
meaning of words and sentences used in the description of the world. Of
course, they capture only part of the meaning. In a Data and Knowledge
Base context they mainly inform about the meaning of the predicates and
formulas. For example in Figure 1. . the predicates departure-time and
arrival-time belong to the topic timetable, while frequency and validity
belong to the topic condition of validity.



Figure 1: Links between predicates and topics.

They can be used in a very simple way : if a user asks a question about
the departure-time of a given flight, then he may also be interested by the
arrival-time of the same flight. Note also that the topics can be organized
into a hierarchy. For example (see Figure 2), the topics timetable and
condition of validity belong to the more general topic time. Within
this hierarchy, the links are of type “is-a”.

Figure 2: A hierarchy of topics.

It is worth noting that the link between a sentence and a topic is inde-
pendent of the truth value of the sentence. For example, the fact that “the
predicate Departure-time is related to the topic Timetable”, is indepen-
dent of the truth value of the sentence “the Departure-time of flight AF001
is 1 pm”. The first sentence is about the meaning of the predicate; it is



linguistic information, while the second one describes the real world. The
hierarchy of topics is also independent of any truth value. This is the basic
reason why the concept of topic is not easy to formalize in standard logic.
Indeed in standard logic two formulas having the same truth value in every
world state are equivalent, and they can be substituted one each other,
even if their meanings are completely different. However, as it is said in
the introduction we want to adopt a common theoretical framework with
the Plans and Goals method, to keep the complementarity of the two ap-
proaches. For this reason we have tried to integrate the concepts of topics
and interesting topics into an Epistemic Logic.

3 Formalization of the topics

The Epistemic Logic semantics is defined in terms of possible worlds. Pos-
sible worlds represent different states of the world compatible with the
user’s beliefs, or in general with an agent’s beliefs. It is a non trivial issue
to represent topics, and topics of interest in this framework. Indeed, the
links between topics and formulas, and the topic hierarchy are not part of
the application domain description. They are linguistic information and
then they are independant of what is true in a given world. Hence, we have
to adapt standard Modal Logic to represent this information.

Another issue is to define the structure of the sets of formulas related
to a given topic. These sets of formulas are called topic extensions.

3.1 Topic Extensions

In the simplest approach, we can define no structure at all on a given topic
extension. In that case, topic extensions should be explicitely defined by
sets of formulas. That would be extremely heavy, and even impossible if
the set is infinite.

A more realistic approach is to define a structure on a topic extension.
We have defined two kinds of structures where a set of primitive proposi-
tions (not necessarily atomic formulas) is explicitely given for each topic.
In addition, general rules are defined to characterize, for each topic, how
the overall topic extension is defined from the set of primitive propositions.
We have considered two kinds of general rules:

e The first one is: a formula F belongs to topic T iff each subfor-
mula of F belongs to T, or is a primitive proposition. Topic
extensions defined by this rule have a structure similar to that of



“production fields” defined by Siegel and Bossu in [4, 3]. It has also
been adopted by Inoue in [14]. The contraints imposed by this rule
are quite strong. For example, if in a formula like A V B, formula A
belongs to T, but formula B does not belong to T, then A V B does
not belong to T. The consequence is that if we want to retrieve all
the formulas related to the topic T, we do not get A vV B.

e The second one is: a formula F belongs to topic T iff at least
one of its subformulas belongs to T. According to this definition,
the formula AV B of the previous example belongs to T. In our mind,
the justification for this rule can be found in the analogy between
topics and key-words in the area of Information Retrieval. Indeed, in
Information Retrieval, if a key-word is associated to a chapter of some
book, or to a section of a paper, then, it is associated to the overall
book, or to the overall paper. Here we consider that subformulas play
a similar role as chapters or sections in a document.

3.2 Topic Hierarchy

Topic extensions can also be structured via a structure on topics them-
selves. If a topic T1 has a more general meaning than T2, then T1 exten-
sion must contain T2 extension. This corresponds to the general idea of
structuring object types via an “is-a” relation. In the following, we adopt
the notation: T2 < T1 to represent the fact that T1 is more general than
T2.

In this section, we have presented how topics can be formally repre-
sented; in the next section, we shall see how topics of interest are integrated
in the formalism of Epistemic Logic.

4 Topics of Interest and Interesting Formu-
las.

In a given situation, a user is interested by information related to some
particular topics. These topics are called the user’s topics of interest. There
are different possible methods to determine what the interesting topics are:
for example, in [9], the interesting topics are defined as the topics related
to some predicate in a user’s query; we can also imagine that the system
directly asks the user what his topics of interest are. However it is not the
purpose of this paper to present methods for acquiring this information,



and we assume that the system knows what the current topics of interest
are.

Our idea in formalizing topics of interest and interesting formulas, was
to take inspiration from the formalization of the Logic of General Aware-
ness by Fagin and Halpern in [12]. Indeed the concepts of interest and
awareness share an important common feature which is their independence
with respect to the truth value of the sentences. The fact that one is aware
of sentence p does not depend of the truth value of p, and, in the same way,
the fact that one is interested by p does not depend on the truth value of p.
In the following, we first recall what the Logic of the General Awareness is,
and then present our formalization. We assume that the reader is familiar
with basic notions of Modal Logic (as explained for example in [6]).

4.1 The Logic of General Awareness

This logic was defined to get rid of the omniscience problem: it is not
realistic to accept that a user, or an agent in general, is able to derive
all the logical consequences of an explicit set of formulas. To avoid this
problem Halpern and Fagin introduced a distinction between explicit beliefs
(represented by the modality B), and implicit beliefs (represented by the
modality L). Explicit beliefs are the subset of implicit beliefs the agent is
aware of.
A Krikpe model for General Awareness is a tuple:

M= (S, 7, A, B)

where S is a set of states, m(s,p) is a truth assignment function for each
state s and each primitive proposition p, B is a relation on S x S. B is
serial, transitive and euclidean and represents the accessibility relation for
the agent’s beliefs. A is a function associating to each state s an arbitrary
set of formulas A(s), representing the formulas the agent is aware of at
state s. The truth relation is defined by:
M,s = true,
M,s |= p where p is a primitive proposition, iff = (s,p)= true
M,s = = iff M, s £ ¢
MsEaApiff Mss |Eaand Ms = 3
M,s E Ap iff ¢ € A (s)
M,s E Lo iff Mt |= ¢ for all t such that (s,t) belongs to B
M,s | By iff ¢ belongs to A(s) and M;s = Le.

In [12], Fagin and Halpern consider different possible structures for the
sets of formulas A(s).



4.2 Formalization of the Interesting Formulas

The formalization of the interesting formulas is based on similar ideas. A
Kripke model capturing the concept of Interest is a tuple:

M=(S,n,T,B)

where S is a set of states, m(s,p) is a truth assignment function for each
state and each primitive proposition p, B is a relation on S x S. B is serial,
transitive and euclidean. It represents the accessibility relation for the
user’s beliefs. T is a function associating to each state s, a set of topics
7T (s), representing the current topics of interest at state s. We have
considered that the set of topics a user is interested in may depend on what
he has in mind, that is, it may depend on his belief state. As for A(s), the
set of current topics of interest can be any set of topics, or a structured
one. We have adopted the very intuitive structure defined by the rule: if
a topic T is a current topic of interest, then all the topics which
are more specific than T are also current topics of interest. That
means that the interest is inherited in the hierarchy of topics.

The truth relation for the logical connectives and the the beliefs is
defined as ususal. We abandon the differentiation between explicit and
implicit belief which is no more relevant here.

M,s = true,

M,s |= p where p is a primitive proposition, iff w(s,p) = true
M,s = = iff Ms £ ¢

MsEaApiff Mss |Eaand Ms = 3

M,s E By ifft Myt |= ¢ for all t such that (s,t) belongs to 5.

We introduce the notation Iy to represent that ¢ is an interesting for-
mula. There are several possible variants in the formal definition of Iy, i.e.
to define:

M,s = 1p

All of the following definitions of [¢ at state s refer to 7 (s). We assume
that 7 (s) gives a complete description of the user’s state of mind with
regard to his topics of interest at state s.

1. First definition : “y is an interesting formula” iff at least one of the
current topics of interest contains ¢ :

M,sl=loift AT(T €T (s) and ¢ € T)

According to this definition, any formula in the extension of a topic
of interest is an interesting formula. Of course this definition may



lead to a too large set of interesting formulas. If that is the case, to
remove this drawback, we can define a partial order on the interesting
formulas, as presented in the following section, in order to select the
most interesting formulas

2. Another alternative definition is to make explicit the topic with re-
gard to which the formula is interesting. That leads to slightly change
the syntax, and incorporate the name of the topic in the operator I,
using the notation : Irp. In that case, the definition is:

M,sElIrpifftoeT and T €T (s)

Because of the structure of T (s), we can deduce the following rule,
which reflects a kind of inheritence:

M,sl=lrpifpeTand T < T and M, s | I11p.

3. A more constraining definition would be to impose that interesting
formulas belong to all the current topics of interest extensions. We
can easily see that this definition would not be sensible because in
many cases the intersection of all the current topics is an empty set.

Comments : in the above formalization, the current topics of interest in
two different possible worlds are independently defined, even if one world
is accessible from another one by the accessibility relation representing the
beliefs. In reality, it may happen that topics of interest in a mental state
depend on the topics of interest in the previous mental state. We are
perfectly aware of this over simplification, and this issue will need further
investigations.

Another simplification comes from the fact this definition of Iy intu-
itively says that ¢ is interesting if ¢ is related to an interesting topic.
However, in practice, formulas like: p A p, or: p A =p, are interesting for
no user. Hence, we will need to refine the definition of Iy by using logical
criteria, for example, removing Iy if ¢ is a tautology or a contradiction,
or if ¢ is not minimal in some sense or by using pragmatic criteria, for
example, removing formulas which are not in some normal form which is
more easy to understand for users.

4.3 Ordering Interesting Formulas

The set of interesting formulas generated by the topics of interest method
may be too large, and it can be useful to have criteria to order formulas
in function of their interest. This allows to provide the users with the
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most interesting formulas in a first step. In further steps, if the user wants
to acquire more information, he can interactively request the formulas of
lower interest.

Here we consider several criteria to order formulas.

4.3.1 Syntactic Criteria

We call syntactic criteria, criteria which are defined in function of structural
properties, independently of an application domain. The following criteria
seem to be natural.

o If formula F1 can be fully decomposed into subformulas which are
primitive propositions belonging to a topic of interest T1, and if that
property does not hold for formula F2, then F1 is said to be more
interesting than F2. The intuition is that formula F1 is preferred to
formula F2 because it is “fully” relevant to T1.

o Let T1 and T2 be two topics of interest, such that T1 < T2, i.e. T1
is more specific than T2. Let F1 be a formula in the extension of T1,
and F2 a formula in the extension of T2. If F2 does not belong to the
extension of T1, then F1 is more interesting than F2. The intuition
is that the more specific is the interesting topic to which a formula
belongs, the more interesting is this formula.

e Let F1 and F2 be two formulas. Let nl (respectively n2) be the
number of topics of interest to which F1 (resp. F2) belongs. Then
formula F1 is more interesting than formula F2 if n1 > n2. The
intuition is that the more important is the number of topics of interest
to which the formula belongs, the more interesting is this formula.

4.3.2 Semantic Criteria

Ordering criteria can also be based on the application domain. For example
in the user representation, we can define a partial order on the topics which
reflects the user’s preferences.

A simple ordering criterion can be defined as follows : formula F1 is
more interesting than formula F2, if F1 belongs to a topic T1, and F2
belongs to a topic T2, and T1 is greater than T2, according to the given
partial order. Though this definition seems to be intuitive, it is in fact
confusing because formulas can belong to several topics. For example, it
may be the case that F1 also belongs to T’1, F2 also belongs to T’2, and
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T’1 is lower than T’2. In such a case it is no longer clear which of the two
formulas should be preferred.

In fact, the partial order on the topics can be viewed as a sort of prefer-
ence, as defined by Shoham in [16]. The problem of combining preferences
has still been extensively investigated in other areas, and it is well known
that it is not a trivial issue to define intuitive composition rules between
preferences. That will also need further investigations.

5 Conclusion.

We have recalled at the begining three possible methods which can be
implemented in an intelligent system to help users to retrieve information.
Then we focused on the method based on the topics of interest. The main
contribution of this paper is to propose a first attempt to formalize the
notions of topic, topic of interest and interesting formula, in a variant
of the Epistemic logic, which takes inspiration from the logic of General
Awareness [12].

[ssues requiring more investigations have been explicitely mentioned
in the paper. Another important issue will be to define a Proof Theory
associated to the Model Theory. The Model Theory we presented, gives a
precise definition for the new concepts, but a Proof Theory is needed for
computational objectives.

We think the concept of topic can have many applications for Intel-
ligent Information Retrieval in its broad sense, because it gives a more
abstract description of stored information than predicates do, and because
terms used for topic definitions come from natural language and are easier
to understand by any user. Possible applications are, for example, ho-
mogeneous description of distributed databases which have been designed
independently. Another application is to provide a uniform description of
multimedia database contents. Indeed, topics can be used as well to de-
scribe document contents or pictures, and they can be viewed as a sofisti-
cated extension of the concepts of keywords and thesaurus, combined with
automated reasoning techniques.
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