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Abstract

Fuzzy quantification makes it possible to model quantifiers from the natural lan-
guage (most, at least half, few, around a dozen, etc). Absolute quantifiers refer
to a number while relative ones refer to a proportion. In this paper we introduce
fuzzy quantifiers in FSA-SPARQL, a fuzzy extension of the SPARQL query lan-
guage developed by our group. We focus on relative quantifiers (most, at least
half, few, etc) and propose a fuzzy operator called QUANT to model relative
fuzzy quantifiers in FSA-SPARQL. As in previous works about FSA-SPARQL,
we study a translation of FSA-SPARQL queries involving fuzzy quantifiers to
crisp SPARQL. The proposed extension has been implemented and it can be
tested from the FSA-SPARQL Web site.
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Introducing Fuzzy Quantifiers in FSA-SPARQL

In relational database query languages there exist several mechanisms of
quantification. For instance, in SQL one can use ANY, ALL, EXISTS and
NOT EXISTS in Boolean conditions in such a way that the result of a query
depends on the set of values and tuples returned by a sub-query. ANY and ALL
are used to compare values, while EXISTS and NOT EXISTS work with sets of
tuples. Boolean conditions like v >ANY(sub-query) (resp. v >ALL(sub-query))
require that the attribute v of a tuple be greater than any (resp. all) of the values
returned by the sub-query. The Boolean condition EXISTS(sub-query) is true
whenever the result of sub-query is not empty and NOT EXIST(sub-query) is
true whenever the result of sub-query is empty. They work as universal and
existential quantifiers.
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When we move to fuzzy database query languages, one expect to have some
fuzzy version of quantifiers. The idea is to have some type of quantifier Q such
that one can check Q x are P , where x are the elements to be checked and P is
a (fuzzy) predicate.

Examples of Q are “Most” and “Few”. In such a way that if P is the fuzzy
predicate Good, then the fuzzy quantifier expresses that Most x are good or
Few x are good. They are counterpart of crisp relational quantifiers, in such a
way that instead of requiring the existence or not existence of certain elements,
one can express a weaker, more relaxed condition: the existence of most or few
elements. Because concepts like most or few are fuzzy concepts, and also P can
be a fuzzy predicate, Q x are P is a fuzzy formula, whose value is a truth degree
when P , x and Q are instantiated. Assuming truth degrees in the [0,1] interval,
the truth degree returned by Most x are good could be 0.3 or 0.8, which should
take into account the truth degrees of the fuzzy predicate Good for x as well as
the truth degree assigned by “Most” and “Few” fuzzy functions.

Fuzzy quantifiers were first introduced in fuzzy logic by Zadeh [22], dis-
tinguishing absolute and relative quantifiers. Examples of absolute ones are
approximately five, several, close to ten, much larger than ten, and a large num-
ber while relative quantifiers are few, a half of, at least half, most, many, not
very many, a large fraction, often, once in a while, much of, etc. Other authors
like Yager have also studied quantifier models [19, 20, 21, 10, 14, 15, 8, 11].

Fuzzy quantifiers are typical of fuzzy relational databases [12, 5], and have
been introduced in fuzzy SQL extensions like SQLf [6], as well as in fuzzy exten-
sions of SPARQL like FURQL [18] and graph databases [7, 17, 13]. In FURQL
they adopt a generalized model in which quantifiers are expressed with Q R x
are P formulas, where R is a (fuzzy) predicate, and Q,P as before, allowing
cases as Most cheap x are good.

In this paper we introduce relative quantifiers in FSA-SPARQL (Fuzzy Sets
and Aggregators based SPARQL) (see [1, 2]), a fuzzy extension of the SPARQL
query language developed by our group. Equipped with a rich repertory of fuzzy
connectives, fuzzy linguistic modifiers, and fuzzy equality/inequality operators,
FSA-SPARQL is able to handle fuzzy RDF datasets, which can be manually or
automatically fuzzified using a tuning technique proposed by our group (see [3]
for more details). Fuzzy RDF datasets in FSA-SPARQL attach a truth degree
to RDF class memberships, sub-class and sub-property relationships as well as
object/data properties. One of the advantages of FSA-SPARQL is that fuzzy
queries can be encoded as crisp code in such a way that any SPARQL interpreter
can execute FSA-SPARQL queries. In fact, SPARQL is a sub-language of FSA-
SPARQL (i.e., all the crisp programming constructors of SPARQL are available
in FSA-SPARQL). The implementation has been developed on top of the Jena
ARQ SPARQL interpreter. The implementation of FSA-SPARQL is available
at http://minerva.ual.es:8090/fsafull/ and the examples shown in this
paper can be tested from it.

We adopt here the same quantification model as in FURQL, but with some
differences. Our aim is to express FSA-SPARQL filter conditions like Most x are
good, but in which we can express by a Boolean condition what is supposed to
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be good. This Boolean condition is actually a condition about the truth degrees
associated to the fuzzy set Good (i.e., membership degrees) in such a way that we
are able to impose a threshold to Good membership degrees. In other words, the
condition x are good consider x as good whenever the membership degrees fulfill
the threshold. Additionally, in the case of Most cheap x are good a filter can be
also imposed to Cheap membership degrees, in such a way that for instance, in
FSA-SPARQL one can require that Most very cheap x are very good by requiring
that membership degrees be high in both cases. This is a generalization of the
FURQL model because R and P fuzzy properties are restricted by a threshold.

Because our proposed QUANT operator is a relative quantifier, the QUANT
operator returns a proportion (which is in fact a truth degree in [0, 1]). For
instance, the proportion of very cheap x that are very good. The computed
proportion has to take into account that x are cheap and good in a certain
degree, and thus it is computed from the fuzzy cardinality of fuzzy sets [9].

Finally, we will propose a fuzzy to crisp transformation of queries involving
the QUANT operator in order to ensure that FSA-SPARQL quantified queries can
be executed on top of any SPARQL interpreter.

Our work is strongly connected with our previous work about aggregation
operators in FSA-SPARQL [4], in which fuzzy versions of count, sum, max, min
and avg were introduced and translated to the crisp versions. The fuzzy to crisp
transformation of queries involving the QUANT operator uses the crisp aggregators
sum and count. Obviously, our first goal as future work is to study absolute ones.
Additionally, we are nowadays also working on a pending, more theoretical task
related to the reinforced expressive resources we have been incorporated to FSA-
SPARQL during the last years. The idea is to design an algebraic semantics for
the whole framework in the line of [16] (which only considers crisp SPARQL),
but coping now with the fuzzy nature of FSA-SPARQL.
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