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Abstract. In this paper we establish equivalence between a theory of fuzzy functional dependences
and a fragment of fuzzy logic. We give a way to interpret fuzzy functional dependences as formulas
in fuzzy logic. This goal is realized in four steps. Truth assignment of attributes is defined in terms
of closeness between two tuples in a fuzzy relation. A corresponding fuzzy formula is associated to
a fuzzy functional dependence. Itis proved that if a relation satisfies a fuzzy functional dependence,
then the corresponding fuzzy formula is satisfied and vice verse. Finally, equivalence of a fuzzy
formulas and a set fuzzy functional dependence is demonstrated. Thus we are in position to apply
the rule of resolution from fuzzy logic, while calculating fuzzy functional dependences.
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1. Introduction

According to the classical relation database all the information in it, have to involve pre-
cisely defined values (atomic). So in a case that those values are not defined precisely
then the imprecise values could be involved as one value, so called NULL.

Codd (Codd, 1970) considers the NULL value in a meaning “completely unknown”,
i.e., some values of attribute domain could have this meaning.

Lipski (Lipski, 1981) extended the of Codd’s null value by considering that a value
though unknown is in a specific subset of the attribute domain.

In some other study extension, variety of null values have been introduced to model
unknow or not-applicable data values. As an alternative approach is the usage of first
order predicate calculus where Skolem functions are used to represent null values.

The other way of considering this imprecise information is the involving of fuzzy
value to the domain of attribute. These imprecise information have been focused on
Zadeh’s fuzzy set theory and fuzzy logic. The fuzzy set theory and fuzzy logic pro-
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vide mathematical framework to deal with the imprecise information in fuzzy relational
databases.

Approaches to representation of inexact information in relation database theory, in-
clude fuzzy membership values (Buckles and Petry, 1982a; Chen, 1998; Zadeh, 1975),
similarity relationships (Buckles and Petry, 1982b; Sozat and Yazici, 2001) and possibil-
ity distributions. This paper takes the similarity-based fuzzy relational database approach.

In a fuzzy set, each element of the set has an associated degree of membership. The
degree of membership is a real number between zero and one and measure the extent to
which an element is in a fuzzy set (Zadeh, 1975).

As an extension of the degree of membership concept for sets elements, we have sim-
ilarity relationship. Here the domain elements are considered as having varying degrees
of similarity, replacing the idea of exact equality/inequality.

To deal with fuzzy data constraint, Zadeh has introduced the concept of particular-
ization (restriction) of fuzzy relation due to a fuzzy proposition. The formed formulas of
first order calculus can be used to represent integrity constraints in a classical relational
databases (Codd, 1970; Ullman, 1982), fuzzy integrity constraint can be represented by
suitable fuzzy propositions. The particularization of fuzzy relational database due to a
set of fuzzy integrity constraints can be computed by combining the fuzzy propositions
associated with these integrity constraints according to the rules of fuzzy calculus.

Our primary aim in this paper is to establish a connection between theory of fuzzy
functional dependence and one fragment of fuzzy logic. So it will be shown that if relation
r satisfies fuzzy functional dependence then is truth value of the belonging fuzzy formula
is greater or is equal to 0.5 and vice verse.

If we have some set of fuzzy functional dependences it will be possible to show
whether or not some other fuzzy dependences will follow, in a way of using, the cor-
reponding axioms and inferences rules for fuzzy functional dependence. However such
deduction could be very complicited, because it is not obvious which axioms has be to
selected in its phase, and there isn't some globaly strategy for valid results. But in classic
logic as in fuzzy logic there is effective procedure, which from its starting set of formulas
as well as its logic consequence shows validity of given formula. Such a procedure is
known as the rule of resolution (Habiballa, 2000; Lee, 1972; Mukaidono, 1986).

Therefore it will be here established the equivalence of calculation of one part of
fuzzy logic and fuzzy functional dependence. After establishing this equivalence, then is
possible to apply the rules of deduction in fuzzy logic, on calculus of fuzzy functional
dependence.

2. Similirarity-Based Fuzzy Relational Database

As in an ordinary relational database, the constituent parts of a fuzzy relational database
are a set of relations comprised of tuples. Although tuples are not ordered with respect
to a relation, for convenience, l¢t represent theth tuple. Tuplet; takes the form
(di1, ..., dim), Whered;;, a domain value, is selected from a given domain $kt,
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In an ordinary relational databag;,; € D,. In the fuzzy relational databasg,; is not
constrained to be a singleton, thatlis C D; (butd;; # ).

A second feature of the fuzzy relational database (Buckles and Petry, 1982a; Buckles
and Petry, 1982b; Chen, 1998) is that for each domensgta similarity relations;, is
defined over the set of elements: D; x D; — [0,1]. This relations is a generalization
of equivalence relations in thatdf b, c € D; thens; is

1) reflexive:s;(a,a) =1,

2) symmetricis;(a,b) = s;(b,a) and

3) transitive:s; (a, ¢) > max[minvyep, s;j(a,b), s;(b, c))].

Clearly, the identity relation is a special case of the similarity relations.

In the fuzzy relational database domain values need not to be atomic. A domain value,
d;; is defined to be a subset of its domain base Bet, That is, any member of the
powerset2”:, may be a domain value except the null set.

A fuzzy relation instance;, in the fuzzy database model is defined as a subset of the
set cross product of the power sé$'! x ... x 2™) of the domains attributes (Buckles
and Petry, 1982a; Buckles and Petry, 1982b).

A fuzzy tuple, t, is any member of both fuzzy relatiorand2”' x ... x 2P™, An
arbitrary tupleg;, is of formt, = (d;1, ..., d;n ), whered;; is either a nonempty subset
of D; or an element sucl;; C D;.

3. Introduction in Fuzzy Functional Dependency

In the classical relation database functional dependency (Codd, 1970; Ullman, 1982) is a
statement that describes a semantic constraint on data.

Let » be any relation instance on schetRéA,, ..., A,), U be the universal set of
attributesA,,..., A,, and bothX andY be subset ol/. Relation instance is said
to satisfy the functional dependendy — Y if, for ever pair of tuples; andt¢s in r,
tl[X] = t2[X] impIieStl[Y} = tQ[Y].

But the definition of functional dependency is not directly applicable to fuzzy rela-
tional database because it is based on the concept of equality. Functional dependency
X — Y, in classical database states that {fX] = ¢»[X] then must be; [Y] = #,[Y].

There is no clear way of checking whether two imprecise values are equal. Therefore
the definiton of functional dependency have to be extended namely to be generalized and
this generalization version of functional dependency is said to be the fuzzy functional
dependency (FFD).

There are several way in corrected definition of fuzzy functional dependency (Wei-
Y, 1993; Raju and Majumdar, 1988; Shenoi and Melton, 1990; Sozat and Yazici, 2001;
Yazici et al,, 1993). One of the important definition for fuzzy functional dependences was
presented in paper (Sozat and Yazici, 2001). In that paper firstly was defined conformance
of two tuples in relation.
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DEFINITION 3.1. The conformance of attributé;, defined on domairD,, for any two
tuplest; andt; present in relation instaneeand denoted by (Ayxt;, t;]) is given as

o (Axltists]) = min { min { max{s(z,y)}}, min { 1;33{3(&11)}}},

whered; is the value of attributel, for tuplet;, d; is the value of attributel,, for tuple
t;, s(x,y) is a similarity relation for values andy, ands is mapping of every pair of
elements in the domaib;, onto interval [0, 1].

The definition of conformance is also extended to describe the closeness of two tuples
on set of attributes.

DEFINITION 3.2. The conformance of attribute sétfor any two tuples; andt; present
in relation instance and denote by(X|t,,t,]) is given as

e(X[tit)]) = Join {@(Ak[tiatj])}'
3.1. Properties of Conformance
PropPOSITION3.1.1. IfX DY, thenp(Y[t;,t;]) = p(X|[ti, t;]) for any¢; andt; inr.

PROPOSITION3.1.2. IfX = {A4,,..., A} andp(Ag[t;, t;]) > 0, forallk,1 <k < n,
thenyp(X|t;,t;]) > 6 for anyt, andt; inr, 6 € [0,1].

PROPOSITION3.1.3. Ifo(X|[t;, t;]) = 0, andp(X|[t;, tx]) = 0, thenp(X[t;, tx]) = 0,
for anyt;, t; andi, inr, 6 € [0,1].

3.2. Fuzzy Functional Dependencis

DEFINITION 3.2.1. Letr be any fuzzy relation instance on scheRéA,,..., A4,),
U be the universal set of attributes,, ..., A4, and bothX andY be subsets of/.

Fuzzy relation instanceis said to satisfy the fuzzy functional depedency (FED)% Y
if, for every pair of tupleg; andts in r,

¢(Yt1,t2]) > min (e,ga(X[tl,tQ])).

Hered is a real number within the range [0,1], describing the linguistic strength (Sozat
and Yazici, 2001; Yazicet al., 1993).

3.3. Inference Rules for Fuzzy Functional Dependency

IR1 Inclusiverule for fuzzy functional dependency:

If X9—F1>Y and 61 > 05, then XQ—I}Y holds
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IR2 Reflexiverule for fuzzy functional dependency:

If X2Y, then X?Y holds
IR3 Augmentation rule for fuzzy functional dependency:
(xZvy=xz3vz
F F

IR4 Transitivity rule for fuzzy functional dependency:

min(91 792)
—

X2y vy 22} =X Z.

3.4. Additional Inference Rules for Fuzzy Functional Dependency

IR5 Unionrule for fuzzy functional dependency:

YZ.

(x 2 By, x —> 7z} = x "G
F

IR6 Pseudotransitivityule for fuzzy functional dependency:

nun(Gl 02)

{(x2ywy %z} - wx Z.

IR7 Decompositiomule for fuzzy functional dependency:

If X % Y holdsandZ C Y, then X - Z holds

4. Fuzzy Logic and Resolution Principle

Fuzzy logic is based on the concepts of fuzzy sets and symbolic logic. Logic operators of
conjuction, disjunction and negation are defined as folows:

a)x1 A 2 = min(z, x2),

b) z1 V 29 = max(x1, x2),

c)z=1-—uz,
wherez; (i = 1,2,...,n) variable in [0,1] (Entemann, 2000; Habiballa, 2000; Lee,
1972; Mizumoto and Zimmermann, 1982; Mizumoto, 1983; Mukaidono, 1986).

In fuzzy logic, the truth value of a formula, can assume any value in the interval [0,1]
and is used to indicate the degree of truth represented by the formula.

4.1. Satisfiability in Fuzzy Logic

DEFINITION4.1.1. A formulaf € S, where isS set of a fuzzy formulas, is said to
satisfy in interpretation I, if truth value of a formul& f) > 0.5 under I. An interpretation
| is said to falsityS if T'(f) < 0.5.
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A formula is said to be unsatisfiable if it is falsified by every interpretation of it (Lee,
1972).

DEFINITION 4.1.2. LetD,: Ly vV D1 andDs: Ly V D5* be two disjuncts, and, and
Lo, contra pair of literals, i.e.l.,: =L, and letD;‘ and Dy do not contain any such
pair. Then, disjuncD;‘ Vv D5 is said to be resolvent disjunct; and D, with the key
word L.

Let S be a set of clauses. The resolutionfdenotedRes(S), is the set consisting
of members ofS together with all the resolvents of the pairs of members.ofhenth
resoluton ofS, denotedRes™(.S), is defined fom > 0 as follows:

Res®(S) = S and Res™ ' (S) = Res(Res™(9)).

5. Main Results: Fuzzy Functional Dependency and Fuzzy Formulas

In this section we establish a connection between fuzzy logic and the theory of fuzzy
functional dependencies. We give a way to interpret fuzzy functional dependencies as
formulas in fuzzy logic. For a set of fuzzy dependenditand single fuzzy functional
dependency, we show thaf” implies f as fuzzy functional dependencies if and only if
Fimplies f under the logic interpretation.

The correspondence between fuzzy functional dependencies and fuzzy formulas is
direct. LetX %Y be an fuzzy functional dependencies whéfe= A, A, ... A, and

Y = B1Bs ... B,,. The corresponding logical formula is
(A1 /\A2 N /\A'rn) i (Bl /\BQ VAN /\Bn)-

For determination of truth assignment attribute in relatipnwe take definition of
conformancehe two tuples on attribute.

Letr be a fuzzy relation over schenfawith exactly two tuples. Fuzzy relationcan
be used to define a truth assignment, for attributg®when they are considered as fuzzy
variables.

DEFINITION 5.1. LetR = {A1, A, ..., A, } be arelation schema and let= {¢,¢2}
be a two tuple relation oRk. The truth assignment fat, denoted,., is the function from
R to [0, 1] defined by

= [0.5,1] if p(Ag[t;,t;]) = min { grgréié} { gneagj({s(a?, y)}}

ir(Ag) xl’Iél;]l { ggix{s(l,y)}}} >0€l0,1],

< [0,0.5] if @(Ak[ti7tj]) <46,
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whered; is the value of attributed;, for tuplest;, d; is the value of attributed;, for
tuplet;, s(z,y) is a similarity relation for values andy, s is mapping of every pair of
elements in the domaif;, onto interval [0, 1] and is strenght of the dependency.

The following theorem enables equivalence between fuzzy functional dependence and
fuzzy formulas. So by that theorem will be proved the mentioned equivalence when for
the fuzzy formulas are taken the following

X —Y =max(1 - X,Y) (Kleen-Diene}
X — Y =max (min(X,Y),1 - X) (Zadeh.

Theorem 5.1. Let X % Y be a FFD over relation schem® and letr be relation onR
with two typles. A FFDX % Y is satisfied by relatiom if and only if X — Y is satisfy

under the truth assignments.

Proof. a) For Kleens—-Diens implicatioN — Y = max(1 — X,Y).
Let assume, as first, that relatiosatisfies FFDX % Y, i.e., let be hold

@(Yt1,t2]) > min (0, p(X [t1,t2])),

where isX = {41, As,..., An} andY = {By, Ba,..., By}

Let assume contra to theorem assertion that assignieritd; A AsA, ..., AA,,) —
(B1 A BaA,...,ABy,) is falsify in interpretation,...

Then follows that in interpretatiof). truth validness of,. (F') < 0.5, respectively

i (F) = ip (A1 A AN, .., ANAR) — (Bi A BaA, ..., ABy))
= Imax (1 — ir/ (Al), 1-— Z‘T-/(AQ), ey 1— 7;7,/ (Am)),
min (’Zr/(Bl), ir/(Bg), NN ,Z'T/(Bn)) < 05,
so, we have

o (F) = ir.(4;) > 0.5, Vi=1,2,...,m and,
T (B <05 3 =1,2,..n.

If is valid /. (A;) > 05 Vi = 1,2,..,m then according to Definition 5.1 is
P(Ait1, t2]) 2 0.

Based on the Definition 3.2 we hay€ X [t;,¢;]) = mina, c x{p(Ax[ti, t;]). Now,
therefore on basis of Proposition 3.1.2 is algd([¢;, t;]) > 6.

Because of theorem assumption that FFD is satisfied, we have

@(Y[tl, tg]) = min (QD(Bl [tl, tg]), ey (P(Bn[tly tz]))
min (6, (o(X[t1,t2])))
min (9, min ((p(Al[tl, ta]), .-y o(Amlts, th)) > 0.

WV
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This results thap(B,[t1,t2]) > 6 foreachj = 1,2,...,n. So followsi,.(B;) > 0.5,
what is contrary ta, (B;) < 0.5. Therefore the assertion is valid if relatiorsatisfies

FFD X % Y, then its assigment fuzzy fomula is satisfy in the interpretation

Let be proved, now, vice verse of theorem. Assume Ehaatisfy in interpretation,. .
Then

i (F) = max (1 i (A1 — i (Ag), e 1 — i (A),
min (¢(By),,(Ba), .. .,7:;(Bn))) = 0.5
what results

i) i (Ar A AN, .. AAR) <05 or
i) 4 (B1ABaA,...,ABy) = 0.5.

Let be valid i)
ir/(Al ANAsA, ..., /\Am) = min (iT/(Al), 'L.T/(AQ), ey ir/(Am)),

thens,.(A4;) < 0.5 for somej from {1,2, ..., m}, from which follow p(A;[t1,t2] < 6
for somej from {1,2,...,m}. Then

O(X[t1,t2]) = min {p(A1[t1, t2]), ..., p(Am[tr, t2]) } < 0.

From this follows that relation satisfies FI?D% Y.
Let be valid ii), i.e.,

10 (B1 A\ BaA, ..., ABy) > 0.5,
thenforeachi =1,2,...,n
min (ir/(Bl), Lyt (Bg), R 77;7,/(Bn)) = 0.5,

respectively;,  (B;) > 0.5 for eachi = 1,2,...,n, from which follow o (B;[t1, t2]) >
0, respectively,

@(By[t1.t2]) = 0 > min (0, p(X[t1,12])).

Hence it follows that satisfies the FFDX % Y.

b) For Zadeh implicatiodX — Y = max(1 — X, min(X,Y)).
Let assume, as first, that relatiosatisfies FFDX % Y,i.e., let be hold

@(Y[tl,tg]) > min (9, go(X[tl,tg])),
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where isX = {41, As,..., A} andY = {By, Ba,..., By }.

Let assume contra to theorem assertion that assignieritd; A AsA, ..., AA,,) —
(B1 A BaA, ..., ABy) is falsify in interpretation,...

Then follows

i (F) = i (A1NA, ..., ANAp) — (BIA, ..., ABy)
= max <1 — i (Ay),. .., 1 =i (An),

min (i (A1), .., ivs (Am)y irs (By), i (Ba), - . JT/(Bn))) <0.5,
so, we have

1—-14.(4;) <05, i=12,...,m, and
min (i, (A1), ... i (Ap), i (B1),, ..., i (By)) < 0.5,

so follows

i (A;) =05, i=1,2,...,m,
and
i (Bj) <05, 3j=1,2,...,n.

Then according to Definition 5.1 ig(A;[t1,t2]) > 6. Based on the Definition 3.2 we
have

o(X[ti,1;]) = min o(Alti;t;]).
Now, is also
(X[t t;]) > 6.
Because of theorem assumption that FFD is satisfied, we have
@(Y[t1,t2]) = min (@(Bl[thtz])a = -a‘P(Bn[tl,tz]))
> min (97@(X[t1,t2])))
— min (o,min (o(Asltr, ta)), .. .,@(Am[tl,tg])» > 0.
This results thatp(B;[t1,t2]) > 0 for eachj = 1,2,...,n. So follows:,.(B;) > 0.5,
what is contrary ta’.(B;) < 0.5.
Let be proved, now, vice verse of theorem. Assume Fhahtisfy in interpretation..

Then

i (F) =i (AL AN Az AL AN Ay) — (BLABy AL A By))
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= max (1 — iy (A1), 1 — i (Aa), .o 1 — i (Ap),
min (ip (A1), ir (Az), -, ip (Am)y v (B1), i (Ba), . .,ir/(Bn))>>O.5.

Then3 j = 1,2,...,m for which holdi, (A4;) < 0.5. Then according to Defini-
tion 5.1

o(Ajlt,t2]) <0, j=1,2,....,m.
Based on the Definition 3.2 we have

©(X[t1,t2]) = min ((Al[tlatQ])v@(AQ[tth])v . ~7<P(Am[t1at2])) <6.

From this follows that relation satisfies FEX)% Y.

If hold i, (A;) > 0.5theni,..(B;ABaA...AB,,) > 0.5thenforeach = 1,2,...,n,
ie.,

min (ir/(Bl), Lyt (BQ), - ,ir/(Bn)) - 05,

respectively;,. (B;) > 0.5 foreachi = 1,2, ..., n from which follow o (B;[t1, t2]) > 0,
respectively,

@(Bi[tl,tg]) 2 0 2 min (9, @(X[tl,tg]))

Hence it follows that satisfies the FFDX % Y.
By this is proved the theorem.

In the following theorem we are going to show that if relatiogatisfies a set of fuzzy
functional dependecg’ and does not satisfy dependenkfy% Y then exists two tuples
subrelation, of relatiom, which satisfies all the fuzzy functional dependece from/set
and does not satisfy dependeniéy% Y.

Theorem 5.2. Let X %Y be an FFD over schemB, and{A;, As,..., A,,} = X C
R,and{By, Bs,...,B,} C R, and letF be a set of FFDs oveR. Then hold
1)F = X%Y if and only if

QF =X % Y in the world of two tuple relations.

Proof. Obviously 1) implies 2).
Let prove the reverse of theorem 2) implies 1).

Let assumed a contra to the theorem that is not \&lig- X % Y in relationr.
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In that case some relatiansatisfied all the fuzzy functional dependencies frém
and do not satisfy dependenag% Y. This means that exists the elementsand ¢,
from r, for which hold

@(Yt1,t2]) < min (0, p(X[t1,t2])).

Let berx = {t;,t>}. It is obvioes that satisfies all the FFDs frorf, but does not
satisfty this dependency % Y. By this is shown that following

Lemma5.1. Letr be a relation, letF” be set of FFDs oriz, and letX % Y be a single
FFD on R. If relation r satisfies all the FFDs from sét and violates fuzzy dependency
X % Y, then some two tuple subrelatiom of r satisfiesF’ and violatesX % Y.

The opposite to contraposition of this claim is the claim that 2) implies 1).

Theorem 5.3. Let X % Y be an FFD over relation schenf@ and letF be a set of FFDs

over R. Then holdsF impliesX%Y in the world of two tuple relations, if and only if
F impliesX — Y when FFDs are interpreted as fuzzy formulas.

Proof. Let assume that.: R — [0, 1] be such interpretation where every formulas are
satisfied, which are generated FFDs from Betat let formula which is generated by

dependencyk % Y be falsify. Let we consider that

Z={A€R:i(A) =05}

Letr, be fuzzy relation instance with two tuplésand¢, as shown in Table 1. We
choose the sefa, b} as the domain of each attributes®) wherea = ay,...,q,, and
b=bi,....bs(p = 1,q > 1). Lets(a;,a;) = 6, (which implies thatp(A[t,, t2]) > 6,
for any attribute setl in r,), and wheres is similiraty relation.

Namelyr, = {t1,t2} wheret; = a, ..., a for each attributed from R, and letts be
defined as

b = a,...,a ReZ,
27 \b,....b R¢Z

Table 1
The fuzzy relation instance,

Attributes of Z  Other attributes

t1 a,...,a a,...,a
to ay...,a b,...,b
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Let prove that relation;, defined in such way is satisfying each fuzzy functional de-
pendencies fronk'. To be able to prove this, It % V', any fuzzy functional dependency
from F for which then holds

(,O(U[thtz]) 2 0.

Due to the definitiort;, now it have to be ané, = «a, ..., a for each attributed from
U, namelyp(A[t1,t2]) > 0. This means that.(A) > 0.5, for eachA from U. From this
holdU C Z, i.e.,

(%) ir(U) > 0.5.

If o(Vt1,t2]) = 6 would not hold, then would b& = a,...,a andt; = b,...,b for
some attributed from V', namelyp(Alt1,t2]) < 6. From this we have that does not
belong setZ, and would hold,.(4) < 0.5, and alsa,.(V) < 0.5.

Based on this and (*) we have that for Kleens—Diens implication and Zadeh implica-
tion hold

ir(U — V) =max (i,(1 - U),i(V)) < 0.5,
ir(U — V) =max (1 - U,min(U,V)) < 0.5,

and this is would be in contra to first assumption.
Let prowe that, not satisfy fuzzy functional dependenﬁy% Y,ie.,

p(V[t1,t]) < min (6, o(X[t1, 12]).

As it is by assumption that the fuzzy formula is falsify in the interpretatjgthen must
be that

(xx) i (X) >~ 0.5 and i,.(Y) < 0.5.
Let assume that

@(X[tth]) = 95

if would hold ¢(Y'[t1,t2]) > 6, then would holdy” C Z, namelyi,.(B;) > 0.5 for each
j=1,2,...,n,B; € Y. This result thai,(Y") > 0.5, what is contradiction witlfsx).

Let we prove vice verse of Theorem. Let assume contra, i.e., that does not hold that
from set of FFD&F' follows and FFDX % Y.

Then exist two tuples relation = {¢,¢'} which satisfies each FFDs froff, but
does not satisfy and FFIY %Y. By the above mentioned description it is defined the
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interpretationi,., by the relatiorr, formulasU; AUy A ... AU, = Vi AVa AL AV,
forU — V from Fand formulaX; A ... A X,, = Y1 A...AY,,.

Let prove now that hold

D)ir(UiA...ANU, =V, A...AV,) = 0.5and

i) i, (XaiNn...ANXp) — YIA...AY,)) <0.5.

When would not be i) then

ir(U;) > 0.5 and i,.(V;) < 0.5,
namely

p(P[t,t]) >0,
for eachP from U and

@(Q[tat/]) =< 97

for someQ from V.

This first would mean thap(U[t,t.]) > 6, and the second thai(V'[t,t.]) < 0.
Therefore these together is contradiction with start assumptiom gaitsfies each fuzzy
functional dependencies frof. By it is proved i).

If would not be ii ) then would be

i) .(X;) <0.50r

iv) i,(Y;) > 0.5.

If iii) hold, then p(A;[t,t/]) < 0, forsomej = 1,2,...,m, A; € X and from these
»(X[t, t]) < 6. Itis obvious that satisfies fuzzy functional dependenKy% Y, what

is contradiction with the beginning assumption.
If hold iv) theny(B;[t,t/]) > 0, for eachj = 1,2,...,n, B; € Y and from these
o(Y[t,t]) = 6. From this, we would conclusion that and in this cassatisfied fuzzy

functional dependency{ % Y, whatis also contradiction with the beginning assumption.

The right proved theorems enable the application of resolution rules in fuzzy logic as
the rule of inference on calculation of fuzzy functional dependencies.

EXAMPLE 5.1. LetR = {Name, Intelligence, Capability, Job, Success} be a relation
scheme, and let

0 0 )
r'= {A1Az ;1’ Az, Az ;% Ay, AzAy ;?3 As}
be set a FFDs over schemi where is noted by, — Name, Ay — Intelligence, Az —
Capability, Ay — Job, A5 — Success.
Prove that holds

T = A A %As,
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where isf = min(min (6, 63), 03).
Lets prove in two ways that this examples holds, using following
a) calculus of fuzzy functional dependences.
b) the resolution principle in fuzzy logic.

a) 1) A207j> Ay (hypothesis)
2) A1A29—;>A1A4 (IR3, 1))
3) A C A A
4) A1A49—;>A4 (IR2, 3))
5) A1A29—;>A4 (IR4, 2), 4)
6) A1A29—F1>A3 (hypothesis)
N A4A" B a4, (RS,5),6)
8) A3A49—;>A5 (hypothesis)
9) AlAQ%A5 (IR4, 7), 8))

where isf = min(min(6, 63), 03).

b) According to the previous theorems it is enough to prove thathekd A, A A — As.
Let’s assert, as first, to FFDs the corresponding formulas:

A, Ay 9—F1>A3 F1: (A A Ag) — A
A29—;>A4 F2: Ay — Ay
A3 Ay 9—;> As F3: (A3AAy) — As

According to the definition logical consequence and already said mentioned, it is enought
to show that

F: FINF2ANF3N-G

unsatisfiable, where i§: (41 A A2) — As.
To be able to apply a rule of resolution, it is needed, at first transfoimconjuctive
normal form so to get a sét*, as a represent df.

F* = {—\Al V A, \/A3, —A, \/1447 —\Ag V Ay \/A5’ Alv Ag, _‘A5}~

The following set of disjunct show resolvent inference.

1) —-A; VAV A; (element fromF™)
2) A3V ALV A; (element fromF™)
3) -A;v-A,v-A;VA; (Resolventl)and 2))
4) A5 (element fromF™)
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5 —A; VAV Ay (Resolvent 3) and 4) )

6) —-AyV A (element fromF™)

7) AV -As (Resolvent 5) and 6) )

8) A (element fromF™)

9) -4 (Resolvent 7) and 8) )
10) A, (element fromF™)

11) min(4;,—A4;) < 0.5 (Resolvent9)and 10))

6. Conclusion

In this paper we proved the equivalence between theory of fuzzy functional dependencies
for fuzzy database and the part theory of fuzzy logic.

To achive such an aim, we introduced the definition of truth assignment of attributes
in relationr over the relation scheme R. Based on this definition of FFD was attached to
the fuzzy formula and was proved that if relatiosatisfies FFD then this fuzzy formula
is satisfied in the given interpretation and vice verse. The equivalence between set of the
FFDS and fuzzy formulas was proved as well. This equalence makes possible an appli-
cation of the resolution principle. With this equivalence, we may substitute calculation of
fuzzy functional dependencies by calculation of fuzzy formulas, applying the resolution
principle as inference rules. The resolution principle in fuzzy logic enables a complete
automatic proving, what is significant advantage over to the classic approach.

It is a progress a further study that will prove an equivalence of implication of fuzzy
multivalued dependencies and of fuzzy logic.
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Negriezta funkcine priklausomybe ir skaidymo principas
Nedzad DUKE, Zikrija AVDAGIC

Siame straipsnyje nustatomas negrieztos furégipriklausomyes teorijos ir negrieztos
logikos fragmento ekvivalentiSkumas. Yra pristatomas negrieztos fuedkgrklausomyes inter-
pretavimo lidas naudojant negrieZlogika. Negrieztos logikos skaidymo taisgkgali buti panau-
dojamaivertinant negrieztas funkcines priklausomybes.



