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Introduction
The development of networks connecting a large num-
ber of distributed databases will shortly make avail-
able extremely large amounts of data. For instance
there is currently a project whose objective is the inter-
connection of one hundred existing molecular-biology
databases.

This kind of interconnection raises two issues: How
is relevant information to be retrieved ? And what
is the validity of information obtained from different
sources, assuming that some of them are reliable and
others are not ? These issues are much more important
in this context than in the context of accessing a unique
database because each database has been designed in-
dependently, and they are also updated independently.
This abstract presents some attempts to provide solu-
tions to these two problems in the uniform formalism
of Modal Logic.

The main results, at the present time, are at the the-
oretical level. Nevertheless at the end of the abstract
some guidelines are described which indicate how these
results could be used in potential implementations.

Reasoning about topics for information
retrieval

To access information stored in a large set of connected
databases we have to consider two different aspects:
(i) the syntactical heterogeneity of representation lan-
guages, for instance some sources have information rep-
resented in the Relational Model, and others in the
Entity-Relationship Model, or in the Object Oriented
Model, and (ii) the heterogeneity of database contents.
In this section we only consider the heterogeneity of
database contents.

Usually in this context there is a large number of
types of information, and users are unable to know
about all of them. So, it may happen that users ig-
nore the existence of data that are relevant for their
purposes. The proposed solution to this problem is
to have "on the top" of each information source a de-
scription of its information content in terms of topics,
comparable to the use of key words to describe the con-
tent of a document. The concept of key words has been

extensively used in the context of information retrieval
for textual documents, but it has not been applied, as
far as we know, to structured data.

If, in a first step, the problem of syntactical hetero-
geneity is ignored, we can assume that the overall infor-
mation about all the database contents is represented
by sentences of Propositional Calculus. We have de-
fined in this context a specific Modal Logic to represent
the link between a sentence p and a topic T (Cazalens,
Demolombe, &5 Jones 1992; Cazalens ~ Demolombe
1992). In this logic sentences of the form AT(p) 
be read: "the sentence p is about the topic T". The ax-
iomatisation of this modality is not trivial, and it may
be controversial. There is at least a consensus for ac-
cepting the following inference rule: (RE) from F-cpc
p ~-+ q and Var(p)=Var(q), infer F- AT(p) ~-+ 
where Var(p) represents the propositional variables 
p. The constraint on Var(p) and Var(q) prevents 
of inferring, for example, that the sentences aV-~a and
b V -~b are about the same topic whatever a and b are
about. Many people are ready to accept in addition
the axiom schema: (NEG) AT(p) ~ AT(-,p). The 
iom schema: (K) AT(p)AAT(p ---+ q) --> AT(q) 
controversial, though it is much weaker than the infer-
ence rule: from ~-cPC P --~ q infer F- AT(p) --+ AT(q),
which surely has to be rejected.

We have defined a semantics for this logic in terms
of Minimal Modal Models (see (Chellas 1988)), where
propositions may have three different truth values (we
use Bochvar’s three valued logic, see (Gabbay & Guen-
thner 1984)). The three valued interpretation of sen-
tences allows the removal of the rule of substitution of
equivalent sentences. The logic in its weakest form has
been proved to be sound and complete.

If the content of each information source is described
by a set of assumptions of the form AT(p), this logic
allows inferences to be made regarding the topics of
other sentences, and it can be used to retrieve pieces
of information that are about a given topic. In this
approach user’s requests can be expressed in terms of
topics, that is in terms of concepts that are close to
those used in natural language, and they can be easily
understood by all users. So they do not need to know
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the details of the description of each information source
content.

Reasoning about safety of retrieved
information

For different reasons - for instance because the fre-
quency of data updates can be per day, per week or
per year, depending on information sources, or because
some information sources have valid justifications for
inserting some kinds of data - some sources are quite
reliable in regard to information validity, while others
are not. In this situation it is not easy to determine the
reliability of an answer to a complex request when this
answer is obtained from several information sources.

For reasoning about reliability of agents we have for-
mally defined the notion of reliability of an agent in

Modal Logic as: RVa(p) def Kadm(EBa(p) --’* p) 
molombe & Jones 1994). The denniens can be read:
"the administrator adm knows that if p is an explicit
belief of a database which has been inserted by agent
a, then p is true of the world", and, if this is the case,
agent a is said to be reliable in regard to the valid-
ity of p (which is our reading of the definiendum on
the left hand side of the identity sign). The rationale
for this definition is that it is assumed that explicit
database beliefs are the result of the performance, by
some agent or agents, of acts of inserting information
into the database; and some insertion actions are per-
formed by reliable agents, while others are not.

The only inference rule for EBa(p) is the rule 
equivalence: from ~-cpc p ~-* q infer ~- EBb(p) *-*
EBb(q). In particular the situation where we have
EBa(p) A EBb(q) is not equivalent to the situation
where we have EB~(p A q), because EBb(p), EBb(q)
and EB~(p A q) are the results of performing three dif-
ferent insertion actions that may have three indepen-
dent justifications. The semantics of EBb(p) has been
defined in the framework of Minimal Modal Models,
and we have proved the soundness and the complete-
ness of the axiomatics. The modality Kadm is defined
as usual by Kadm(P) dee= p A B~dm(P), (this is a sim-
plification of the knowledge concept, of course, but it
is adequate for present purposes), where Sadm obeys
the axioms of a normal modal system of type KD. No-
tice that the properties of RV~(p) are extremely weak;
in particular, as a consequence of the above comment,
RV~(p A q) does not imply l~V~(p), and from RV~(p)
and RV~(q) we cannot infer RVa(p A 

To collate information obtained from different
sources we have the axiom schema: EBa(p) ~ Bp,
where Bp can be read: "the union of the set of infor-
mation sources believes p".

If the information about source reliability is repre-
sented by a set of assumptions of the form RVa(p), and
if data explicitly stored in each source is represented by
a set of assumptions of the form EBa(q), the answer
to a standard query q is "yes" if K~dm(B(q)) can 

derived from this set of assumptions, and the answer
to the query: "is this standard answer guaranteed to
be reliable?" is "yes" if K~dm(q) can be derived from
the same set of assumptions. The second answer can
be viewed as a kind of meta answer since it gives in-
formation about the status of the standard answer.

Description Logics as a framework for
possible implementations

In (Cuppens ~ Demolombe 1988) is presented an im-
plementation of topics to provide users with cooper-
ative answers in the context of standard P~elational
databases. In this implementation, instead of a modal-
ity of the form AT(p), we have a predicate of a FOL
language of the form Topic(T,p) whose intended mean-
ing is the same, and the implementation is in Prolog.

However many people think that FOL is not the
best formalism when we have to cope with the prob-
lem of syntactical heterogeneity, for instance when
we have to represent in the same formalism parts of
the information which are represented in the Rela-
tional Model, and other parts represented in an Ob-
ject Oriented Model. A better formalism for this pur-
pose seems to be a Description Logic derived from
KL1 (Blanco et al. Valencia 1992; Brachman 1977;
Illaramendi, Blanco, & Goni 1991). Even if the expres-
sive power has strong limitations Borgida has shown
in (Borgida 1995) that a substantial fragment of FOL
can be translated into a Description Logic, namely first
order sentences formed with unary and binary predi-
cates, and with no more than three distinct variables.
Moreover there exist running implementations of De-
scription Logics: see for example the systems BACK
(von Luck e~ al. 1987) or MOTEL (Hustadt et al.
1993).

We have planned to investigate the extension of De-
scription Logics with topics. The idea is to assign top-
ics to roles of concepts in a way similar to the way they
are assigned to sentences in Propositional Calculus. In
this extension it would be possible to retrieve the value
of the roles related to a given topic for all the objects
in the extension of some concept.

For queries about the reliability of standard answers,
we have already implemented in Prolog (Cholvy, De-
molombe, & Jones 1994) a simplified version of the
logic presented in (Demolombe & Jones 1994), and 
plan to investigate an extension of the definition of re-
liability of information sources in terms of topics. For
instance RVa(T) could be interpreted as "for every role
r related to the topic T, the agent a is reliable in regard
to the values of r".

Another potential extension is to define a notion of
relative reliability. That is, an agent a might be known
to be at least as reliable as an agent b in regard to a
sentence p, or in regard to a topic T. Finally another
natural extension is to define a hierarchy of topics, as
people do in the context of information retrieval with
thesaurus. This hierarchy should not be confused with
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hierachies of concepts in Description Logics. Indeed
the extension of a topic is a set of sentences, namely
all the sentences that are about this topic, while the
extension of a concept is a set of objects in the world.

Concluding summary: some preliminary theoretical
results have been established in order to clarify the se-
mantics of the notions of topic and of reliability, and
meta data about these notions can be formally repre-
sented by sentences of the form AT(p) or RVa(p). 
formalism used for this purpose employs both Normal
and Classical Modal Logics, in the sense of Chellas
(Chellas 1988). However, for an implementation in the
context of heteregoneous existing databases it will bet-
ter to adapt these results to Description Logics.
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