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Abstract. A taxonomy-based source consists of a taxonomy and a

database storing objects that are indexed in terms of the taxonomy.

For this kind of sources, we describe a flexible interaction scheme that

allows users to retrieve the objects of interest without having to be fa-

miliar with the terms of the taxonomy or with the supported query lan-

guage. Specifically we describe an interaction manager whose function-

ality unifies several well-known interaction schemes including query by

example, answer enlargement/reduction, query relaxation/restriction,

index relaxation/contraction, feedback and adaptation mechanisms.

1 Introduction

A taxonomy-based source consists of a taxonomy and a set of objects that are
indexed with respect to the taxonomy. Given a taxonomy-based source a user
can find the desired objects by either browsing or querying the source. In this
paper we propose an interaction scheme whose objective is to make the desired
objects easy to find for the user, even if the source has a query language which
is unknown to the user. The proposed scheme is actually a generalization of the
interaction schemes that are currently used. The proposed interaction manager
supports several kinds of interaction, including query by example, index relax-
ation/contraction, query relaxation/restriction, answer enlargement/reduction,
”relevance” feedback, and adaptation facilities, in a uniform manner. This in-
teraction manager is actually a specialization of the interaction manager of the
generalized interaction scheme that was proposed in [16]. According to [16], the
interaction of a user with an information source is viewed as a sequence of tran-
sitions between contexts where a context is a consistent ”interaction state”. The
user has at his/her disposal several ways to express the desired transition. The
traditional query-and-answer interaction scheme is only one kind of transition.
Then, it is the interaction manager that has to find (and drive the user to) the
new context. Methods allowing the user to specify a transition relatively to the
1 Work supported by ERCIM and the DELOS NoE in Digital Libraries, Contract No
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current context are also provided. Furthermore, methods for restricting the set
of transitions to those that can indeed lead to a context were described. That
work [16] gave the foundations of this interaction manager from a mathematical
point of view, in terms of an abstract view of an information source that gener-
alizes information retrieval bases [1], databases and knowledge bases [17]. The
current paper specializes this framework for taxonomy-based sources and shows
how the corresponding computational tasks can be performed.

The paper is organized as follows. Section 2 introduces taxonomy-based
sources and Section 3 recalls the more essential parts of the generalized in-
teraction scheme proposed in [16]. Subsequently, Section 4 describes how this
scheme can be applied on taxonomy-based sources. Finally, Section 5 concludes
the paper and identifies issues for further research.

2 Taxonomy-based Sources

Taxonomies is probably the oldest and most widely used conceptual modeling
tool still used in Web directories (e.g. in Google and Yahoo!), Content Manage-
ment (hierarchical structures are used to classify documents), Web Publishing
(many authoring tools require to organize the contents of portals according to
some hierarchical structure), Web Services (services are typically classified in a
hierarchical form), Marketplaces (goods are classified in hierarchical catalogs),
Personal File Systems, Personal Bookmarks for the Web, Libraries (e.g. The-
sauri [9]) and in very large collections of objects (e.g. see [13]). Although more
sophisticated conceptual models (including concepts, attributes, relations and
axioms) have emerged and are recently employed even for meta-tagging in the
Web, almost all of them have a backbone consisting of a subsumption hierarchy,
i.e. a taxonomy.

We view a taxonomy-based source S as a quadruple S = 〈T,¹, I, Q〉 where:

– T is terminology, i.e. a finite set of names called terms, e.g. Canaries,
Birds.

– ¹ is a reflexive and transitive binary relation over T (i.e. a pre-order) called
subsumption, e.g. Canaries ¹ Birds,

– I is a function I : T → 2Obj called interpretation where Obj is a finite set of
objects called domain. For example Obj = {1, ..., 100} and I(Canaries) =
{1, 3, 4}, and

– Q is the set of all queries defined by the grammar q ::= t | q∧q′ | q∨q′ | ¬q | (q)
where t is a term in T .

The pair (T,¹) is the taxonomy of S.
We assume that every terminology T also contains two special terms, the top

term, denoted by >, and the bottom term, denoted by ⊥. The top term subsumes
every other term t, i.e. t ¹ >. The bottom term is strictly subsumed by every
other term t different than top and bottom, i.e. ⊥ ¹ ⊥, ⊥ ¹ >, and ⊥ ≺ t,
for every t such that t 6= > and t 6= ⊥. We also assume that I(⊥) = ∅ in every
interpretation I.



Query answering in a source S is based on the notion of model. An inter-
pretation I is a model of a taxonomy (T,¹) if for all t, t′ in T , if t ¹ t′ then
I(t) ⊆ I(t′). Given an interpretation I of T, the model of (T,¹) generated by I,
denoted Ī, is given by: Ī(t) =

⋃{I(s) | s ¹ t)}.
An interpretation I can be extended to an interpretation of queries as follows:

I(q ∧ q′) = I(q) ∩ I(q′), I(q ∨ q′) = I(q) ∪ I(q′), and I(¬q) = Obj \ I(q).
Given a source S = 〈T,¹, I, Q〉 and a query q ∈ Q, the answer of q is the set

Ī(q), also denoted by S(q).
Figure 1 (below at Section 4) illustrates two taxonomy-based sources. Ob-

jects are represented by natural numbers, the membership of an object to the
interpretation of a term is indicated by a dotted arrow from the object to that
term, subsumption of terms is indicated by a continuous-line arrow from the
subsumed term to the subsuming term. We do not illustrate the top and bottom
terms and we illustrate only the transitive reduction of the subsumption relation.

3 The Generalized Interaction Scheme for Information
Access

This scheme is described in terms of an abstract view of a source. Specifically, a
source S is viewed as a function S : Q → A where Q is the set of all queries that
S can answer, and A is the set of all answers to those queries, i.e. A={ S(q) | q ∈
Q}. As we focus on retrieval queries, we assume that A is a subset of P(Obj),
the powerset of Obj, where Obj is the set of all objects stored at the source.

Let S be the set of all sources that can be derived by ”updating” the source
S (e.g. for adapting it), but for the moment let us suppose that S is the set of
all functions from Q to P(Obj).

Let U denote the set of all triples in S×Q×A, i.e. U = S×Q×A. A triple
c = (S, q, A) ∈ U is called an interaction context, or context for short, if S(q) = A.
Let C denote the set of all contexts, i.e. C= { (S, q, A) ∈ U |S(q) = A}. Given
a context c = (S, q, A), S is called the source view of c, q is called the query
of c and A is called the answer of c. The interaction between the user and the
source is carried out by a software module called Interaction Manager (IM).
The interaction of a user with the source is viewed as a sequence of transitions
between contexts. At any given time, the user is in one context, the focal context.
At the beginning of the interaction with the system the user starts from the
initial context (S, ε, ∅) where S is the stored information source, ε is the empty
query and ∅ is the empty answer2. However, any context of U could serve as
the initial context, e.g. the context (S,>, Obj). There are several methods the
user can use for moving from one context to another, i.e. for changing the focal
context. For example, in the traditional query-and-answer interaction scheme,
the user actually ”replaces” the current query q by formulating a new query q′

and the ”interaction manager” drives him to the new context (S, q′, A′) where

2 We assume that S(ε) = ∅ therefore (S, ε, ∅) is a context.



A′ = S(q′). However this is only one way of changing the focal context. Several
other ways will be presented below.

3.1 Context Transition Specifications (CTSs) through Replacements

Suppose that the user can replace one component of the focal context (i.e. either
S, q or A) by explicitly providing another component (resp. S′, q′ or A′). So
we can have three kinds of replacements: (a) query replacements, denoted by
[q → q′], (b) answer replacements, denoted by [A → A′], and (c) source view
replacements, denoted by [S → S′].

As the user should always be in a context i.e. in a triple (S, q,A) where
S(q) = A, after any of the above kinds of replacement, the IM should try to reach
a context c′ by changing one (or both) of the remaining two components of the
focal context. Instead of leaving the IM to decide, it is the user that indicates to
the IM the component(s) to be changed after a replacement. A replacement plus
an indication of the above kind, is a Context Transition Specification (CTS).
Below we list the CTSs that we consider and discuss in brief the motivation
beneath.

– [q → q′/A]. Here the answer A must be changed. This is the classical query-
and-answer interaction scheme: when the user replaces the current query q
with a new query q′, the user is given a new answer (i.e. an A′ such that
A′ = S(q′)). Thus we can write: [q → q′/A](S, q, A) = (S, q′, S(q′)).

– [S → S′/A]. This is again a classical interaction scheme: whenever the source
changes (e.g. after an update) the answers of queries change as well, i.e. here
we have A′ = S′(q).

– [A → A′/q]. Here the query must be changed. This interaction scheme may
help the user to get acquainted with the query language of the source. It can
be construed as an alternative query formulation process. The user selects
a number of objects (i.e. the set A′) and asks from the IM to formulate
the query that ”describes” these objects. Subsequently the user can change
the query q′ in a way that reflects his/her information need. Roughly this
resembles the Query By Example (QBE) process in relational databases. It
also resembles the relevance feedback mechanisms in Information Retrieval
systems. For example, the user selects a subset A′ of the current answer A
consisting of those elements of A which the user finds relevant to his/her
information need. Subsequently, the IM has to change appropriately the
query.

– [S → S′/q]. Here the query q must be changed. This resembles the way that
a relational database management system changes the query q that defines
a relational view, after an update of the database, in order to preserve the
contents (tuples) of the view.

– [A → A′/S]. Here the source view S has to be changed. Here the user wants
A′ (instead of A) to be the answer of q. The IM should try to adapt to the
desire of the user by changing the source view from S to an S′ such that
S′(q) = A′. So this is a flexible and easy-to-use method that allows users to
express their demand for source adaptation.



– [q → q′/S] Here again the source view S must be changed. This means that
the user replaces the current query q by a query q′, because the user wants
the current answer A to be the answer of q′, not of q. The IM should try to
adapt to the desire of the user by changing the source view from S to an S′

such that S′(q′) = A.

The second column of Table 1 lists each kind of CTS that can be applied
on a focal context c = (S, q,A). Given a context c and a context transition
specification R, the role of the IM is to find the desired target context R(c), if
one exists. The third column shows the target context after each kind of CTS
where boldface is used to indicate the component that the IM has to compute
in order to reach that context, assuming that only one of the remaining two
components of the focal context can be changed. The notations nS(A′) and
nS′(A) denote queries that will be explained in detail in the next section.

Table 1. Context Transitions Specifications

CTS num CTS notation R(c) evaluation of R(c)

(1) [q → q′/A] (S, q′,S(q′)) relies on query evaluation

(2) [S → S′/A] (S′, q,S′(q)) relies on query evaluation

(3) [A → A′/q] (S,nS(A′), A′) relies on naming functions

(4) [S → S′/q] (S′,nS′(A), A) relies on naming functions

(5) [A → A′/S] (S′, q, A′) relies on source adaptation

(6) [q → q′/S] (S′, q′, A) relies on source adaptation

3.2 Finding the Target Context

In CTSs (1) and (2) of Table 1, the IM has to change the answer in order to reach
to a context. These cases are relatively simple as the target context always exists
and the desired answer A′ can be derived using the query evaluation mechanism
of the source. However, the cases in which the IM has to find a new query (i.e.
in CTSs (3) and (4)) or a new source view (i.e. in CTSs (5) and (6)) are less
straightforward as the target context does not always exist.

In CTS (3) and (4) the IM has to find a q ∈ Q such that S(q) = A for
given S and A. Supporting these cases requires having a ”naming service”, i.e. a
method for computing one or more queries that describe (name) a set of objects
A ⊆ Obj. Ideally we would like a function n : P(Obj) → Q such that for each
A ⊆ Obj, S(n(A)) = A. Having such a function, we would say that the query
n(A) is an exact name for the object set A. Note that if S is an onto function
then the naming function n coincides with the inverse relation of S, i.e. with
the relation S−1 : P(Obj) → Q. However, this is not always the case, as more
often than not, S is not an onto function, i.e. A ⊂ P(Obj). Furthermore, if S
is onto and one-to-one, then S−1 is indeed a function, thus there is always a



unique q such that S(q) = A for each A ⊆ Obj 3. As S is not always an onto
function, ”approximate” naming functions are introduced, specifically a lower
naming function n− and an upper naming function n+, defined as follows:

n−(A) = lub{ q ∈ Q | S(q) ⊆ A}
n+(A) = glb{ q ∈ Q | S(q) ⊇ A}

where lub stands for least upper bound and glb for greatest lower bound. If A is a
subset of Obj for which both n−(A) and n+(A) are defined (i.e. the above lub and
glb exist), then S(n−(A)) ⊆ A ⊆ S(n+(A)) and n−(A) and n+(A) are the best
”approximations” of the exact name of A. Note that if S(n−(A)) = S(n+(A))
then both n−(A) and n+(A) are exact names of A.

Let us now return to CTS (3) and (4). If a naming function nS is available
for source S, then the target contexts exist and they are the ones shown in the
third column of Table 1. If only approximate naming functions are available,
then two ”approximate” next contexts exist:

– [A → A′/q](S, q,A) =
{

(S, n−S (A′), S(n−S (A′)))
(S, n+

S (A′), S(n+
S (A′)))

– [S → S′/q](S, q, A) =
{

(S′, n−S′(A), S′(n−S′(A)))
(S′, n+

S′(A), S′(n−S′(A)))

Notice that in the above cases, IM does not change only q, but also the answer.
In the case [A → A′/q], the new context has an answer, say A”, which is the
closest possible to the requested (by the user) answer A′. In the case [S → S′/q],
the new context has an answer A′ which is the closest possible to the current A.

In CTS (5) and (6) the IM is looking for a S ∈ S such that S(q) = A for
given q and A. Clearly, the sought source S always exists if and only if S is the
set of all functions from Q to A. The process of finding the desired S′, which we
shall hereafter call source adaptation, cannot be described within this abstract
framework. However, the restricted relative replacements and the source relax-
ation/contraction mechanisms that are introduced in the sequel, can be exploited
for finding the target context even if source adaptation is not supported.

3.3 Relative Replacements and Relative CTSs

Relative replacements allow the user to specify the desired replacement without
having to provide explicitly the new component but by defining it relatively to
the current. These methods can be very helpful for the user during the interaction
with the system. Relative replacements are based on the three partially ordered
sets (posets) that are associated with each source, namely:

– The poset of answers (P(Obj),⊆)
3 Usually, sources are not one-to-one functions. For instance, the supported query

language may allow formulating an infinite number of different queries, while the set
of all different answers A is usually finite (e.g. P(Obj)).



– The poset of queries (Q,≤). Given two queries q and q′ of Q, we write q ≤ q′

iff S(q) ⊆ S(q′) in every possible source S in S. We write q ∼ q′ if both
q ≤ q′ and q′ ≤ q hold. Let Q∼ denote the set of equivalence classes induced
by ∼ over Q.

– The poset of sources (S,v). Given two sources S and S′ in S, S v S′ iff
S(q) ⊆ S′(q) in every query q ∈ Q.

For every element x of the above lattices, let
Br(x) denote the elements that are greater than or equal to x,
Nr(x) the elements that are less than or equal to x,
x+ a component that covers x, and x− a component that is covered by x 4 in
the corresponding poset. Note that there may not always exist a unique x+ or
a unique x−. Specifically, we may have zero, one, or more x+’s and x−’s for a
given x.

These partial orders can be exploited by the IM for moving to a component
(answer, query, or source) that covers, or is covered by, the current component.
Let Up(x) denote a component among those greater than x and that the IM can
compute (ideally Up(x) = x+), and let Down(x) denote a component among
those less than x and that the IM can compute (ideally Down(x) = x−). These
relative replacements can be used within context transition specifications. A
CTS defined by a relative replacement will be called relative CTS. Table 2 lists
all possible relative CTSs.

Table 2. Relative Context Transitions Specifications

CTS num CTS notation description

(1r) [q → Up(q)/A] query relaxation resulting in answer enlargement

(1r) [q → Down(q)/A] query contraction resulting in answer reduction

(2r) [S → Up(S)/A] source relaxation resulting in answer enlargement

(2r) [S → Down(S)/A] source contraction resulting in answer reduction

(3r) [A → Up(A)/q] answer enlargement resulting in query relaxation

(3r) [A → Down(A)/q] answer reduction resulting in query contraction

(4r) [S → Up(S)/q] source relaxation resulting in query contraction

(4r) [S → Down(S)/q] source contraction resulting in query relaxation

(5r) [A → Up(A)/S] answer enlargement resulting in source relaxation

(5r) [A → Down(A)/S] answer reduction resulting in source contraction

(6r) [q → Up(q)/S] query relaxation resulting in source contraction

(6r) [q → Down(q)/S] query contraction resulting in source relaxation

Relative CTSs can enhance flexibility during information access by the user.
Also note that they can very easily been reflected at the user interface layer of the
system. Indeed, the user interface can have two buttons, ”Up” and ”Down”, for
every component of the focal context. By pressing a button, the corresponding
4 An element x is covered by y (or y covers x) if x < y and there is no z such that

x < z < y.



relative replacement is specified. An additional option control can allow the user
to indicate to the IM the component (S, q, or A) that should be changed in
order to reach the new context.

3.4 Restricting the Relative CTSs

The three partial orders mentioned earlier (and their interrelationships) can be
exploited in order to restrict the set of relative CTSs to those for which the IM
can indeed compute the target context.

In particular, we can restrict Up/Down(A) so that to support CTS (3) even
if naming functions are not available (or if they are available, but there is no
exact name for A′). This can be achieved by defining:

Up(A) = S(Up(q)) and Down(A) = S(Down(q))

We can restrict Up/Down(A) so that to support CTS (5) even if source adap-
tation is not available. This can be achieved by defining Up(A) and Down(A)
as follows:

Up(A) = Up(S)(q) and Down(A) = Down(S)(q)

We can restrict Up/Down(q) so that to support CTS (6) even if source adapta-
tion is not available, but naming functions are available. This can be achieved
by defining Up(q) and Down(q) as follows:

Up(q) = nDown(S)(A) and Down(q) = nUp(S)(A)

4 Application on Taxonomy-based Sources

For applying on taxonomy-based sources the interaction scheme just described,
we have to find a method for computing the target context after every kind of
CTS. The CTSs that require computing a new answer, can be supported using
the query evaluation method already described in Section 2. So we only have
to focus on the cases where the IM after a CTS has to find a new query or a
new source view. The first case relies on naming functions and the second on
source adaptation. Below we show that naming functions and source adaptation
are possible for taxonomy-based sources.

Naming functions
Given a source S and an answer A, we seek for a query q′ such that S(q′) = A.

Finding q′ requires defining the naming functions n− and n+ for taxonomy-based
sources. Naming functions for taxonomy-based sources were first described in [15]
where they were exploited for creating automatically inter-taxonomy mappings.
Before describing them, let us first introduce an auxiliary definition. Given an
object o ∈ Obj, we shall use DI(o) to denote the query obtained by taking the
conjunction of all terms t such that o ∈ I(t), i.e. DI(o) =

∧{t ∈ T | o ∈ I(t)}.



For keeping our notations simple, we shall also sometimes use DI(o) to denote
the set {t ∈ T | o ∈ I(t)}. It can be easily proved that if we exclude from our
consideration the queries that contain negation, then the naming functions are
defined as follows:

n−(A) ∼
∨
{ DI(o) | o ∈ A, S(DI(o)) ⊆ A}

n+(A) ∼
∨
{ DI(o) | o ∈ A}

The proofs of the above two propositions can be found in Appendix A. It is
important to note that the evaluation of the above formulas is a computa-
tionally tractable task. Indeed, the time complexity for computing n−(A) is
O(|Obj|2 ∗ |T |), while the time complexity for computing n+(A) is O(|Obj| ∗
|T |). As an example, consider the source shown in Figure 1.(a). Here we have:
n−({1, 2, 3}) = a and n+({1, 2, 3}) = a ∨ b. Now the set {1, 2, 4} has an exact
name, i.e. n−({1, 2, 4}) = n+({1, 2, 4}) = a ∨ (b ∧ c).

d
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Fig. 1. Two taxonomy-based sources

Source adaptation
Given a query q and an answer A, here we seek for a source S such that

S(q) = A. We first need to define the set of sources S that we assume and their
ordering. Let S = 〈T,¹, I,Q〉 be the original stored source. We will consider
that all sources in S have the same taxonomy, i.e. the taxonomy (T,¹), and the
same query language Q. So two sources S and S′ of S may differ only in their
interpretation, so we assume that S = 〈T,¹, I, Q〉 and S′ = 〈T,¹, I ′, Q〉. If I
denotes the set of all interpretations of T over Obj, then we can define the set
of all sources S as follows: S = { 〈T,¹, I,Q〉 | I ∈ I}. For defining the ordering
over S, let us first introduce an auxiliary definition. Given two interpretations I
and I ′ of T we write I v I ′ if and only if I(t) ⊆ I ′(t) for every t ∈ T . One can
easily see, that if S and S′ are sources of S, then S v S′ iff I v I ′.

Let us now return to the problem at hand. Specifically, let us consider CTS
(5), i.e. [A → A′/S]. Here we seek for a S′ such that S′(q) = A′. Let A+ = A′ \A
and A− = A \ A′, so A+ is the set of objects that have to added to the current
answer, and A− is the set of objects that have to deleted from the current answer
in order to reach A′, i.e. we can write A′ = (A ∪ A+) \ A−. Below we explain



how source adaptation can be achieved by considering each form that the query
q may have.

At first, suppose that q = t where t ∈ T . For reaching the desired S′ we have
to update the interpretation I of S. Note that Ī(t) must no longer contain the set
A−, but it has to contain the set A+. Recall that an object o may belong to Ī(t)
either because o ∈ I(t) or because o ∈ I(t′) where t′ ¹ t. So in order to exclude
from Ī(t) an object o of A− we have to delete it from the interpretations of all
terms that are narrower than t, specifically from the terms {t′ ∈ DI(o) | t′ ¹ t}.
So for each t′ ∈ DI(o) such that t′ ¹ t we must set I ′(t′) := I(t′) \ {o} Now in
order to add to Ī(t) an object o of A+ we can just add it to the interpretation
of t. So we must set I ′′(t) := I ′(t) ∪A+.

Now suppose that q is a conjunction q = t1∧...∧tk. One can easily see that the
set A+ must be somehow added to each Ī(ti) for i = 1, ..., k. However we don’t
necessarily have to delete the set A− from each Ī(ti), as it suffices to delete each
object of A− from only one Ī(ti). In this case, we need a criterion for selecting the
term whose interpretation we are going to reduce. Among the several possible
criteria, we select to delete an object o of A− from the interpretation of the term
to which this deletion causes the less perturbation to the interpretation I. Let us
now define formally the minimal perturbation criterion. Let Nr(t) = {t′ | t′ ¹ t}
and Br(t) = {t′ | t ¹ t′} We can now define the perturbation of deleting o from
the interpretation of a term t as follows:

pertDel(o, t) = |Nr(t) ∩DĪ(o)|
For example, consider the source shown in Figure 1.(b). In this source we have
DI(1) = {e, c} and DĪ(1) = {a, b, c, e}. Some examples follow:
pertDel(1, c) = |Nr(c) ∩DĪ(1)| = |{c, f, g} ∩ {a, b, c, e}| = |{c}| = 1
pertDel(1, b) = |Nr(b) ∩DĪ(1)| = |{b, e} ∩ {a, b, c, e}| = |{b, e}| = 2
pertDel(1, a) = |Nr(a)∩DĪ(1)| = |{a, b, c, d, e, f, g}∩{a, b, c, e}| = |{a, b, c, e}| =
4
Also note that if o 6∈ Ī(t) then pertDel(o, t) = 0.

Now suppose that q is a disjunction of terms, i.e. q = t1∨ ...∨ tk. It is evident
that here the set A− must be excluded from each Ī(ti), i = 1, ..., k. On the other
hand, we don’t have to add the objects of A+ to all Ī(ti), as it suffices to add each
object of A+ to only one term of t. We can again adopt a minimal perturbation
criterion for selecting the appropriate term of q. Specifically, we can define the
perturbation of adding an object o to the interpretation of a term t as follows:

pertAdd(o, t) = |Br(t) \DĪ(o)|
Some examples over the source of Figure 1.(b) follow:
pertAdd(1, d) = |Br(d) \DĪ(1)| = |{a, d} \ {a, b, c, e}| = |{d}| = 1
pertAdd(1, f) = |Br(f) \DĪ(1)| = |{a, c, f} \ {a, b, c, e}| = |{f}| = 1
pertAdd(1, g) = |Br(g) \DĪ(1)| = |{a, c, f, g} \ {a, b, c, e}| = |{f, g}| = 2
Also note that if o ∈ Ī(t) then pertAdd(o, t) = 0.

Now the queries that contain all boolean connectives can be handled anal-
ogously. Specifically, Table 3 sketches the needed algorithms for each kind of



queries. The table includes the case of queries in CNF (conjunctive normal form).
Note that any query with logical connectives can be converted to CNF by using
one of the existing algorithms (e.g. see [8]).

Table 3. Source Adaptation

query form algorithm

q = t (a) for each o ∈ A− do
Delete(o, t)

(b) I ′(t) := I ′(t) ∪A+

q = ¬t (a) for each o ∈ A+ do
Delete(o, t)

(b) I ′(t) := I ′(t) ∪A−

q = t1 ∨ ... ∨ tk (a) for each o ∈ A− do
for each i = 1, ..., k do

Delete(o, ti)
(b) for each o ∈ A+ do

m =argi min {pertAdd(o, ti) | i = 1, .., k} ;
I ′(tm) := I(tm) ∪ {o}

end for

q = t1 ∧ ... ∧ tk (a) for each i = 1, ..., k do
I ′(ti) := I(ti) ∪A+

(b) for each o ∈ A− do
m =argi min {pertDel(o, ti) | i = 1, .., k};
Delete(o, tm)

end for

q = d1 ∧ ... ∧ dm (a) add each object of A+ to each disjunction of q
where dj = tj1 ∨ ... ∨ tjnj (b) delete each object of A− from the disjunction

that causes the less perturbation

algorithm Delete(o, t)
for each t′ ∈ DI(o) such that t′ ¹ t do

I ′(t′) := I(t′) \ {o}
end algorithm

In order to define relative CTCs for taxonomy-based sources we have to
show how source relaxation/contraction and query relaxation/contraction can
be achieved. For relaxing and contracting a source S we shall use two operations:
one for relaxing and one for contracting the interpretation of S. Hereafter with
I, we shall denote a model of the taxonomy. For relaxing (resp. contracting) a
model I, we will use an operation ·+ (resp. ·−) defined as follows:

I+(t) =
⋂
{I(t′)|t ≺ t′}

I−(t) =
⋃
{I(t′)|t′ ≺ t}

The ·+ operation was first introduced in [11] and it is founded on abduction [6].
So, if S = 〈T,¹, I,Q〉 ∈ S, then Up(S) = 〈(T,¹), I+, Q〉 and Down(S) = 〈(T,¹
), I−, Q〉.



Another remark, is that the above operators can give us an alternative solu-
tion to the source adaptation problem in the special case where A′ is a subset or
a superset of the current answer A. Specifically, if A ⊂ A′ then our search space
is Br(S). We can apply iteratively the operator ·+ on S until reaching to a source
S′ such that S′(q) ⊇ A′ or until reaching the fixed point of ·+. If S′(q) = A′ then
we have found the solution, while if S′(q) ⊃ A′ then there is no exact solution.
In the last case we can define only ”approximate” solutions. Analogously we can
treat the case where A ⊃ A′. In particular, if A ⊃ A′ then the search space is
Nr(S) and we can search it by applying iteratively the operator ·− on S until
reaching to a source S′ such that S′(q) ⊆ A′ or until reaching the fixed point of
·−.

Concerning relative query replacements, given a query q ∈ Q we need to
define Up(q) and Down(q). Note that Up(q) and Down(q) do not necessarily
have to correspond to q+ and q− respectively. Due to reasons of space we do
not describe these functions in detail. Besides, mechanisms for query relaxation
have already been proposed for several kinds of sources, including relational [7],
semi-structured [4], Description-Logics-based [12, 3] and Web sources [10]. We
only note that the answer of the query Up(q) (resp. Down(q)) should be bigger
(resp. smaller) than the current, and that intentional query containment does
not always implies extensional subsumption, e.g. if I(a) = {1} and I(b) = {1}
then although a is intentionally contained by a∨ b, here we have I(a) = I(a∨ b).

In conclusion, we have just showed that the generalized interaction scheme
is feasible for taxonomy-based sources. Although we have not reported refined
complexity results, it is evident that all associated computational tasks have
polynomial complexity.

5 Concluding Remarks

In this paper we specialized the unified generalized framework for information
access that was proposed in [16] for the case of taxonomy-based sources. The
resulting model captures several kinds of interaction that are more complex than
those that are currently supported. We described the algorithms and showed that
these tasks are computationally tractable.

Further research includes specializing the generalized interaction scheme for
sources with conceptual models that allow representing the relationships that
may hold between the individual objects of the domain. Specifically we plan to
elaborate the case where sources employ Description Logics (DL) [5] knowledge
bases, as DL is the knowledge representation language of the Semantic Web [2].
We strongly suspect that this specialization is again feasible because we can view
a DL source as a taxonomy-based source. Indeed, there are several approaches
for constructing in polynomial time the taxonomy of concepts of a DL knowledge
base (e.g. see [14]).
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A Proofs

Prop.
W

o∈A DI(o) ∼ n+(A)
Proof:
It suffices to prove the following two:
(a) The query

W
o∈A DI(o) is a lower bound of { q | S(q) ⊇ A}.

(b)
W

o∈A DI(o) ∈ { q | S(q) ⊇ A}
(proof of (a))
Let x denote the query

W
o∈A DI(o). We will prove that x is a lower bound of the set

{ q | S(q) ⊇ A}, i.e. we will prove x ≤ y for each y ∈ { q | S(q) ⊇ A}. Since A ⊆ Ī(y),
for each o ∈ A, o ∈ Ī(y). Recall that each o ∈ A is indexed under the set of terms
DI(o). This implies that it must be y ≥ DI(o) otherwise o would not be an element of
Ī(y). Thus y ≥ Wo∈A DI(o), i.e. y ≥ x.
(proof of (b))
Each o ∈ A is an element of I(t) for each t ∈ DI(o). Thus o is an element of I(DI(o)).
This implies that A ⊆ S{I(DI(o)) | o ∈ A} = I(

W
o∈A DI(o)). Since I v Ī, we infer

that I(
W

o∈A DI(o)) ⊆ Ī(
W

o∈A DI(o)), thus
W

o∈A DI(o) ∈ { q | S(q) ⊇ A}.

Since (according to (a)) the query
W

o∈A DI(o) is a lower bound of { q | S(q) ⊇ A}
and (according to (b)) it is an element of { q | S(q) ⊇ A}, it follows that this query is
the glb of { q | S(q) ⊇ A}.
¦

Prop.
W{ DI(o) | o ∈ A, S(DI(o)) ⊆ A} ∼ n−(A)

Proof:
If suffices to prove the following two:
(a) The query

W{ DI(o) | o ∈ A, S(DI(o)) ⊆ A} is an upper bound of { q | S(q) ⊆ A}.
(b)

W{ DI(o) | o ∈ A, S(DI(o)) ⊆ A} ∈ { q | S(q) ⊆ A}
(proof of (a))
Let x denote the query

W{ DI(o) | o ∈ A, S(DI(o)) ⊆ A}. We will prove that x
is an upper bound of the set { q | S(q) ⊆ A}, i.e. we will prove x ≥ y for each
y ∈ { q | S(q) ⊆ A}. Suppose that there is an object o ∈ Ī(y) such that o 6∈ Ī(x). Since
o is indexed under the set of terms DI(o), it must be y ≥ DI(o) otherwise o would
not be an element of Ī(y). If S(DI(o)) ⊆ A then certainly o would be an element
of Ī(x) by the definition of x. So, let us suppose that S(DI(o)) 6⊆ A. In this case
y ≥ DI(o) ⇔ Ī(y) ⊇ S(DI(o)). As S(DI(o)) 6⊆ A we infer that Ī(y) 6⊆ A which is a
contradiction. Thus the hypothesis o 6∈ Ī(x) is not valid, hence x is an upper bound of
{ q | S(q) ⊆ A}.

(proof of (b))
If S(DI(o)) ⊆ A then

S{S(DI(o)) |o ∈ A, S(DI(o)) ⊆ A} ⊆ A. Thus
W{ DI(o) | o ∈

A, S(DI(o)) ⊆ A} ∈ { q | S(q) ⊆ A}.

Since (according to (a)) the query
W{ DI(o) | o ∈ A, S(DI(o)) ⊆ A} is an upper

bound of { q | S(q) ⊆ A} and (according to (b)) it is an element of { q | S(q) ⊆ A}, it
follows that this query is the lub of { q | S(q) ⊆ A}.
¦


