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Abstract

Users are often interested in answers to
vaguely defined questions that are natu-
ral for human but inconvenient for the
machine. The traditional query lan-
guages manage binary queries only. In
this paper we suggest how to construct
fuzzy queries that apply to random data.
We reach our goal by combining fuzzy
query with a suitable statistical test for
fuzzy hypotheses.
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1 Introduction

Querying databases is to extract information that
is of interest to the user. Traditionally, users can-
not express vagueness in their requests when using
a formal query language such as the Boolean one.
This fact is a serious limitation since a typical
user tends to formulate requirements in a natural
language which abounds with imprecise expres-
sions and vague terms. For this reason several ap-
proaches have been proposed to relax the rigidity
of the conventional queries and to make possible
the use of queries that allow for a more intelli-
gent and human consistent information retrieval.
Employing fuzzy logic we may construct queries
which include various kind of vague statements
expressed in a natural language. Using such fuzzy
queries we deal no longer with binary outputs
— whether a record fulfil given requirement or
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not — but we get an information about the de-
gree the record complies with requirements. The
FQUERY for Access by Kacprzyk and Zadrozny
is an example of a computer program that en-
ables to create fuzzy queries. For more details on
the theoretical and practical results we refer the
reader e.g. to [1-7].

In the present paper we consider database with
crisp data and we use fuzzy logic to handle
them. However, restriction to crisp framework
of the database do not eliminate other difficul-
ties. Quite often we cannot describe an object or
phenomenon thoroughly. Moreover, our measure-
ments are subjected to inevitable errors. Thus
the outcomes are uncertain. More precisely, their
nature is random. Statistics provide powerful
tools for dealing with such data. Therefore it
seems natural to adopt some statistical methods
in querying. In this paper we suggest how to con-
struct fuzzy queries that apply to random data.
We reach our goal by combining fuzzy query with
a suitable statistical test. The traditional theory
of hypotheses testing cannot be used there. In-
stead of classical statistical tests we propose to
apply a test for fuzzy hypothesis. This test is de-
scribed in Sec. 3. Contrary to the classical test,
it does not lead to the binary decision but to a
fuzzy one showing a grade of acceptance of given
hypothesis. In Sec. 4 we show an example of fuzzy
query and statistical test for fuzzy hypothesis that
work together efficiently in a real-life problem.

2 The concept of fuzzy query

A typical query expressed in SQL is written in
a following form: SELECT <list of attributes>



FROM <list of tables> WHERE <condition>.
Its role is to select records (rows) that satisfies
given condition. Each record from the table either
safisfies or does not satisfy the condition and as a
result we obtain a crisp set of matching database
records.

A syntax of a fuzzy query that enables to
use fuzzy terms is then SELECT <«list of
attributes> FROM «list of tables> WHERE
<fuzzy condition>, where < fuzzy condition >
may involve such linguistic terms as: numerical
fuzzy values, categorical fuzzy values, fuzzy rela-
tions and linguistic quantifiers.

As soon as we accept vague terms in queries we
also have to modify our meaning of matching be-
tween the query and a record (row) of database.
Namely, it would be unresonable to require the
answer for a fuzzy query to be completely precise,
adherenting to the classical yes-no logic. Now we
expect the system to produce a list of rows match-
ing a query to a degree higher than a specified
threshold. Thus, instead of listing the crisp set
of rows that fulfill given condition, a fuzzy query
yields a fuzzy set of such rows.

The crucial point is to determine these matching
degrees. In the case of a simply query a matching
degree S; for the i-th record is characterized by
a membership function of a fuzzy term T. Hence
the matching degree is defined as follows

Si = MuT (AZ) 3 (1)

where A; represents value of the attribute A for
the i-th record.

3 Testing fuzzy hypotheses

If a phenomenon under study is described by a
probabilistic model then methods of mathemat-
ical statistics are used. Moreover, if our goal is
to confirm or falsify given statement using ran-
dom data then we have to apply some statis-
tical tests. Assume that the investigated phe-
nomenon is described by a probability distribu-
tion Py which belongs to a family of distributions
P = {Py:0 € ©}. We consider the null hypothe-
sis H : 8§ € Oy concerning the parameter 6, with
the alternative hypothesis K : § € Ok, where Oy
and ©g are subsets of ©.

In the hypothesis testing problem we observe a
random sample X1,...,X, and this observation
can lead to one of two possible decisions: either
to reject H (and to accept K), or to not reject
H (usually identified with accepting H). Tradi-
tionally, an acceptance of H is denoted by zero
and rejection of H by one. Hence, a decision rule,
called a statistical test, can be defined as a func-
tion ¢ : X — {0,1}, where X is a sample space.

Querying can be also regarded as a hypothe-
ses testing problem, because we verify whether a
record fulfill given requirement. In soft querying
we deal with such fuzzy requirements like ”about
10”, "much more than 100”, rather less than 5%”,
"quite big”, etc. We may treat these fuzzy state-
ments as fuzzy hypotheses. Thus it seems natu-
ral to consider fuzzy hypotheses testing problem,
i.e. situation with fuzzy hypotheses but with crisp
data and crisp test parameters.

Suppose that we consider a fuzzy null hypoth-
esis H : § € Opy against fuzzy alternative hy-
pothesis K : § € O = —Op, where Oy and
Ok are fuzzy subsets of the parameter space ©,
with membership functions pg : © — [0,1] and
pr(z) =1— pg(z), respectively. We’ll transform
such fuzzily formulated problem into a family of
crisp testing problems. We distinguish three basic
situations:

e if suppuy is bounded then the problem of
testing H : 0 € Oy against K : § € O =
—Opy can be transformed to a following fam-
ily of crisp testing problems

{Hgy : 0 =6y vs. Kg,:0+# 6o, @)

where 0y € suppuny};

e if suppuy is bounded only from the right
then the problem of testing H : § € Og
against K : § € O = —-Og can be trans-
formed to a following family of crisp testing
problems

{H90 :6:90 vS. Kgo 160> 901
where 6y € suppug};

3)

e if suppuy is bounded only from the left then
the problem of testing H : § € Oy against
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K :0 € O = -Og can be transformed to a
following family of crisp testing problems

{H90:9=90 VvS. K90:9<90, (4)
where 0y € suppug} .

First situation corresponds to statements con-
taininig such fuzzy expressions like "about ...”,

” 2

"more or less ...”, "approximately ...”, "more
or less between ... and ...”, etc. Next two sit-
uations correspond to expressions of the type:
"rather greater than ...”, "rather smaller than
.7, "much more than ...", " rather
high”, "very small”, etc.

b2l ”

quite big”,

Now let {¢g, : X — {0,1}, where 6y € suppup}
denote a family of tests on significance level o for
veryfying crisp hypotheses (2), (3) or (4). Then
we get a following definition:

Definition 1 A function ¢ : & — F({0,1}) such
that

sup ug(fo) if Z# 0

#1/)(07 q;) = o= ) _ (5)
0 if Z2=g,

pp(liz) = 1—py(0;z) (6)

where = = {6y € suppupy ¢g,(z) = 0} and
¢g, 1s a crisp test on a significance level a for the
testing problem (2), (3) or (4), is called a fuzzy
test for verifying fuzzy hypothesis H : § € O
against fuzzy alternative K : § € O = —=Op on
significance level a. d

It is seen that our fuzzy test for fuzzy hypothe-
ses does not always lead to binary decisions - to
accept or to reject the null hypothesis — but to
a fuzzy decision: we may get v = 1/0 + 0/1
which indicates that we should accept H, or
¥ = 0/0 + 1/1 which means that H should be
rejected, but we may also get ¢ = £/0+(1—-¢&)/1,
where £ € (0,1), which can be interpreted as a
degree of conviction that we should accept (£) or
reject (1 — &) the hypothesis H. Therefore our
fuzzy test for fuzzy hypotheses seems to be ap-
propriate in constructing effective fuzzy querying
in databases. It should also be stressed that our
fuzzy test for fuzzy hypotheses is well defined be-
cause if the hypotheses are not fuzzy but crisp
then fuzzy test ¥ reduces to the usual statistical
test.
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4 Fuzzy query and random data

In the present section we show how to apply a
fuzzy test for fuzzy hypotheses, described above,
in a fuzzy query construction. Let A denote
the attribute under study and let A; denote its
value for the i-th record. If our database con-
tains random data, corresponding to measure-
ments Xj1,..., X;n, then A; is a function of these
measurements, i.e.

A = h{Xi,..., Xmn). (7)
In order to select records under particular fuzzy
condition T" described by fuzzy null hypothesis H
against fuzzy alternative hypothesis K, we have
to apply fuzzy test given by Definition 1. Let
us denote the output of that test for the i-th
attribute by ¥(4;) = £/0 + (1 — £)/1, where
€ = py(0; 4;). According to (1) we propose to
compute the matching degree S; in a following
way

Si = pr(A:) = fpy(0; Ai)), (8)

where f : [0,1] — [0,1]. In particular, we may use
such natural functions like identity or the comple-
ment that lead to following definitions of match-
ing degrees

Si = py(0; As) 9)

or

Si=py(134:) = 1— py(0; 4:).  (10)

Example

Let us consider a following simple query:

SELECT lake
FROM database of lakes
WHERE lake is not too deep.

Suppose that the statement “not too deep” is
modelled by a fuzzy set with a following mem-
bership function

8220 if 20<6<25
pa(f) =q 2 if 25<0<30 (11
0 otherwise.

Now, because of the fuzzy query, we have to apply
a test for fuzzy hypotheses. More precisely, we
have to consider a fuzzy null hypothesis H : 6 €
O©p, where O is a fuzzy set corresponding to



the statement "not too deep” described by the
membership function pp given by (11), against
fuzzy alternative hypothesis K : § € O = -Oy,
described by the membership function pg(8) =
1 — pg(0) for all 8. Then, according to (2) we
transform our fuzzy hypotheses testing problem
to a following family of the crisp testing problems

{Hg, : 0 =060 vs. Kg,:0# by,

where 69 € [20, 30]} . (12)

By Definition 1 and assuming our characteristic
is normally distributed one may get a following
membership function of our fuzzy test

py(0; Xy =
0 if X;<20—~
M if 20-v<X;<25—7
=<1 if 25-y<X;<25+~ (13)
g if 254+9<X; <30+~
0 if 7i>30+’)’

(13 X)) = 1 — iy (0; X5),

where X; = Z;‘zl Xij is a sarnple average, ¥ =

tlln:_]]j—h, S = \/ﬁ X;)? denotes a
sample standard deviation and t[ a] is a quantile
of order 1 — § from the t— Student distribution

with n — 1 degrees of freedom, n; = and

_ 30+9—X
2 = 5 .

_ X=20+
5

Let A denote the attribute ”lake’s depth”. Its
value A; for the i-th record (particular lake) is
given by

A =X, (14)

where X is a sample average of measurements of
the depth obtained in n places of the considered
lake. Now suppose that T denotes fuzzy state-
ment: "typical depth of the lake is not too deep”.
It seems natural to use method (9) for computing
matching degrees for of our simple query. Hence
we get

Si = pr (Ai) = py(0; X3),

where 11,,(0; X;) is given by (13).

(15)

5 Conclusions

In the present paper we have shown how to con-
struct fuzzy queries that apply to random data.
It could be done by combining fuzzy query with

a suitable statistical test for fuzzy hypotheses.
The idea was presented by the example of a sim-
ple query and normally distributed random data.
However, it can be also applied for more complex
queries and for more general requirements on the
data.
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