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1 Introduction

The idea of querying relational databases using keyword=gaed a decade ago [4]
as a way to provide an high-level access to data and free grdrasn the knowledge
of query languages and data organization. The common agiptodhis problem is as
follows: the database is viewed as a gréapim which the nodes represent tuples and the
edges represent foreign key references between them, nigueset of strings) (the
keywords), and the result is a subgraghof G whose nodes contain the keywords in
Q. Usually it is assumed that: (i) all the keywords should apjrethe result and (ii) the
result should have minimal size. In this framework, quersvegring usually relies on
rather complex, graph-based techniques.

We believe that this approach has a main drawback: it reliethe specific distri-
bution of data in relational tables, which may depend on espglat are not related to
the actual content of the database. Indeed, today the defineemalization is usually
based not only on data redundancy, but also on the databa&oad which has to
do with the type and frequency of queries and updates. ibvi@Ithat the result of a
keyword query can change by just modifying the organizaticthe database (e.g., for
optimization purposes) even if its actual content does hahge.

We then propose a new approach to keyword search in relhtlatebases that re-
lies on the weak instance model [7, 6], an old yet still fagtimg tool from relational
database theory in which a database is considered as a wégpdedless of the way in
which data are decomposed in the various relation schem#gsimodel, we present a
simple semantics for the result of a keyword query that iepahdent of the database
schema and show that, by suitably extending a basic definitte can introduce a rel-
evance criterium among different results of a query. We discuss the computational
complexity of keyword search by means of a basic method feryganswering.

2 Keyword search over weak instances

Let U be a finite set of attributes arlf = {R1(X),..., R,(Xy)} the schema of a
relational database such that the union of ¥iés is U. We say that an instanaeof
R (globally) satisfies a set of functional dependencies (HD#)there is a relationu
onU, called aweak instancéor r, that satisfied” and contains the relations ofin its
projections over the respective relation schemes, thatisw) 2 r;, for1 < i <mn.

Let T, for r betableauformed by taking the union of all the relationsiirextended
to U by means of unique variables. Thepresentative instander r, indicated with
RI,, is the tableau obtained by chasing f&]with respect taF'.

Consider for instance a database scheme with relat®n& D), Rz(DF),
R3(EP) and the functional dependenci®s— D, D — F' as constraints. Figures 1
shows a database state on this scheme and the correspogliegentative instance. It
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Fig. 1. A database state and its representative instance.

has been shown that a database state is consistent if anid tielzorresponding repre-
sentative instance can be built without encountering ealittions [3]. Also, for every
consistent state and for everyX, the set ototal tuples (i.e., without variables) iR/,
on X (called theX -total projectionof RI,. and denoted by)%(RIr)) is equal to the set
of tuples that appear in the projection &nof everyweak instance of [6]. According
to this definitionm(RI,) is the relation ove’ impliedby the current state.

We assume thatlkeyword query) is simply a finite and non-empty set of constants.
Given a tuplet over X C U, we say that: (i} coversa set of constant§' if, for each
c € C, c =t[A] for someA € X, and (i)t X-belongdo database if it belongs to the
X -total projection of the representative instance @hat is:t € m%(RI,)).

Definition 1 (Base result).A base resulfalso called1-resuly of a keyword query)
on a database is a set of complete, total tupl&such that, for every tuptec R: (i) ¢
covers@ and (ii) t X-belongs ta- for someX C U.

For instance, a base result of the keyword quefif, Nana} over the databasein
Figure 1 is composed by the tuplgsandt, of RI,.

Let us now now refine this notion by assuming that the keywordlse query can
appear in different tuples of the representative instamatere connected through com-
mon values on common attributes. We say that a tableasiconnectedf for each
t € T there is another tupl€ € T that is joinable witht (that is, they share values on
the same attributes) and that a set of total tuplesversa set of constants' if each
c € C appears in some tuptec T.

Definition 2 (K-result). A k-result of a keyword quer§ on a database is a minimal
set of total tupleR” such that: ()R" has sizek, is connected, and cover3, and
(i) every tuplet € R” x-belongs tar for someX € U.

For instance, the queryNana, EE} has one 3-resuliR® = {t4,15,ts}) and no 2 or
1-results. This shows that the paramédteaptures theelevanceof the result and then
provides an effective tool to order (and possibly limit) thples to return to the users.

3 Computing the results of a keyword query

In the framework we have defined, the first question focusdiding, possibly in an
efficient way, the topk results of a keyword query and the computational complexity
of this problem. In this section we provide a preliminaryuiéby discussing the Algo-
rithm that follows, which implements a basic, “brute for¢ethnique for solving this
problem.



Algorithm 1: Computation of the togresults of a keyword query
Input : A consistent database statea keyword queryy, a limitk > 0
Output: TheR®-results ofQ onr (for 1 < i < k)
1 Build the representative instan@eof r;
2 foreachtuplet in T do if ¢ coversQ then output ¢;
3 for (1 =2;4i < k;i++) do
4 foreachtuplet in T that covers some € @ do
L search and return thHe‘-results including with a depth-first visit ofl from ¢;

removet from T’

o o

The algorithm consists of three main steps: the constmiaifahe representative in-
stance (line 1), the search for tReé results (line 2), and the search for the subsequent
R” results, fork > 1 (lines 3-6). It is known that the first step requires polynaimi
time in the size of the database. In step 2 all the tuples afgheesentative instance are
checked to verify if they (completely) cover the query andtsequires linear time in
the size ofRI,, which is proportional tdr|. Finally, step 3 involves, for each tuple of
RI, that covers some keyword in the query, a depth-limited $eiare graph where

the nodes represent the tuples and the edge representrthbiiity relationship. In the
worst case, the cost of this task is proportional to the marimumber ok-long paths

in G, which is bounded byRI,|*. Itis then possibile to show the following result.

Theorem 1. Algorithm 1 computes, for some finite> 0, all the first k-results of a
keyword queryy) of sizeq over a database stateof sizen in timeO(n?).

Algorithm 1 can be optimized in several ways. In particulag representative instance
does not need to be built since, for significant classes afreals, its total projection on
a set of attributes can be computed efficiently by means gbleir8PJ expressions [2].
Using these results, together with a suitable use of antegéndex, we could restrict
our attention only to the relevant portion of the databases€ issues and other exten-
sions of the framework presented here will be subject ofrustudies.
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