WSEAS TRANSACTIONS on SYSTEMS and CONTROL Dzenan Gusic, Sanela Nesimovic

New Vague Dependencies as a Result of Automatization

DZENAN GUSIC SANELA NESIMOVIC
University of Sarajevo University of Sarajevo
Faculty of Sciences and Mathematics Faculty of Educational Sciences
Department of Mathematics Skenderija 72, 71000 Sarajevo
Zmaja od Bosne 33-35, 71000 Sarajevo BOSNIA AND HERZEGOVINA
BOSNIA AND HERZEGOVINA snesimovic @pf.unsa.ba

dzenang @pmf.unsa.ba

Abstract: Today, higher output and increased productivity are two of the biggest reasons in justifying the use of
automatization. It is involved in each aspect of life and human activity. The same is true of science. In this paper
we consider generalized functional and multivalued dependencies, that is, vague functional and vague multivalued
dependencies. We consider both types as fuzzy formulas. We provide very strict proof of the equivalence: any
two-element vague relation instance on given scheme (which satisfies some set of vague functional and vague mul-
tivalued dependencies) satisfies given vague functional or vague multivalued dependency if and only if the joined
fuzzy formula is a logical consequence of the corresponding set of fuzzy formulas. This result represents natural
continuation and a generalization of our recent study where we were particularly interested in vague functional
dependencies. The key role of such results is to encourage automatically checking if some vague dependency
(functional or multivalued) follows from some set of vague dependencies (functional and multivalued). An exam-
ple which includes both kinds of vague dependencies is also given.
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1 Introduction for all i € I, and all tuples
= (t[A1],t[A2],...,t[A,]) € r, where r is some

Let V be a vague set in U, where U is some universe fuzzy relation instance on R (A1, As, ..., Ay). More

of discourse. We have,

precisely, suppose that a, € [0, 1] for all u; € U, i
V= {(u,[ty (u),1— fy (W)]) : ue U}, € I,and all t € r, where a _is the membership value
of the element u; € U; to ' the fuzzy set t [4;]. The
where ty, fiy : U — [0,1] are some functions such value t [A;] of the attribute A; on the tuple ¢ may be
that ty (u) + fy (u) < 1forallu € U. represented as
The interval [ty (u),1 — fy (u)] C [0, 1] repre-
sents a vague value associated to u € U. t[A;] = {<Uz, [afw aZiD NS Ui} .
Obviously, if ty (u) =1 — fy (u) € (0,1), the o
vague value [ty (u),1 — fi (u)] becomes the fuzzy Hence, the fuzzy relation instance r on
value ty (u). In particular, [ty (u),1 — fy (u)] be- R (Alz Aj, ..., A,) may be represented as a vague re-
comes the crisp value 1 if ty (u) =1 — fy (u) = 1. lation instance on ? (A1, Az, ..., An).
Finally, if ty (u) = 1 — fy (u) = 0, then we assume Similarly, if
that u is not an element of the vague set V. 1 {ut}

Let R (A1, As,..., A,) be a relation scheme on
domains U1, U,..., Un, Where 4; is an attribute on for all 7+ € I, and all tuples ¢t € r, where u; is some

the universe of dlscoursg Ui, 1 6. {1.2,....n} = element in U;, and r is some relation instance on
I. Suppose that V' (U;) is the family of all vague .

. . R R (A4, Ag, ..., A,), then, we may write
sets in U;, ¢ € I. A vague relation instance r on

t

R (A, Ag, ..., A,) is a subset of the cross product t[Ag] =(ut,[1,1))U
V(U1) X V (Us) % .. X V (Uy) . {(ui,0,0]) : w; € Ui\ {ul}}.
Suppose that Therefore, the relation instance r on

R (A, Ay, ..., A;) may also be represented as a vague

t . .
t[Ai] = {(ui,am} SU € UZ} ) relation instance on R (Aj, As, ..., Ay).
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The discussion given above, shows that the vague
relational concept generalizes in a natural way both,
the classical relational concept as well as the fuzzy
relational concept.

For the basic relational concepts, we refer to [19]
(see also, [13], [4], [34]).

In [17], we applied the similarity measures de-
fined as follows (see also, [21], [8]-[18], [20], [31],
[14]).

Letz =[a,1—0] C[0,1]] and y = [¢,1 —d] C
[0, 1] be some vague values. It is not required these
values to be associated to the elements of the same
universe of discourse.

The similarity measure SE (z,y) between the
vague values x and y is given by

SE (z,y)
i Tema-e=al
2
V1-la—c)+(b-d).
It is known that SE (z,y) € [0,1], SE (z,y) =

SE (y,x), SE (z,y) = 1 if and only if x = y, and
SE (z,y) =0ifand only if x = [0,0], y = [1,1] or =
=100,1],y=[¢,q,0< g < 1.

If
A={{u,[ta(u),1=fa(u)l) : we U},
B={(u[tp(u),1 - fp(w)]) : uecU}

are two vague sets in some universe of discourse U,
then, the similarity measure SE (A, B) between the
vague sets A and B is introduced accordingly.

It is easily deduced that SE (A, B) € [0,1],
SE(A,B) = SE(B,A), SE(A,B) = 1 if and
only if A = B, and SE (A, B) = 0 if and only if
[ta (u), 1 — fa ()] = [0,0], [t5 (u),1— f5 (u)] =
[1,1] forall w € U or [ta (u),1 — fa (u)] = [0,1],
[tp(u),1— fB(uw)] = |q,q], forall u € U, where 0
<g¢g<lLl

The equality A = B means that A C B and B C
A, where A is contained in B, i.e., A C B holds true,
ifand only if t4 (u) <tp(u)and 1 — fa(u) <1 —
fB(u)forallu € U.

So, A= Bifandonly if t4 (u) =tp (u), fa (u)

, Ayp,) is a relation scheme

= fp(u) forallu € U.
Finally, if R (A, As, ...

on domains Uy, Us,..., U,,, where A; is an attribute
on the universe of discourse U;, ¢ € I, r is a vague
relation instance on R (A, Ag, ..., Ay), t1 and ty are
any two tuples in 7, and X C {A;, A, ..., A, } is a set
of attributes, then, the similarity measure SEx (1, t2)
between the tuples ¢; and {2 on the attribute set X is
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given by

SEx (t1.t2) = min {SE (11 []. t2[A])}

It is also easily deduced that SEx (t1,t2) €
[0,1], SEx (t1,t2) = SEx (t2,t1), SEx (t1,t2) =
1 if and only if ¢; [Ax] = to [Ag] for all Ay € X
if and only if tt1[Ak} (u) = ttg[Ak} (u), ft1[Ak] (u) =
fio[a,) (v) for all u € Uy, and all Ay € X, and
SEx (ti1,t2) = 0 if and only if there exists Ay

€ X such that [ty,(4,] (u), 1 — f;,14,) (u)] = [0,0],

[ttg[Ak] (uw),1— ft2[Ak] (u)} 1 1 for all w € U, or
[ty (W), 1 = fra, (w)] =
[traa,] (), 1 = frgra,) (u)] = for all u € Uy,

where 0 < ¢ < 1.

In [17], we have proved the assertions:

1) SEY (tl,tz) > SEX (tl, tQ) for tl, tg in r, if
Y CX C{A,Ag, ..., Ap},

2) SEx (t1,t2) > 0if SE (t1 [A] ,t2 [A]) > 0 for
all A e X,

3) SEx (t1,t2) > 0 and SEx (t2,t3) > 6 do not
necessarily imply that SEx (t1,t3) > 0, where t1, to
and t3 are some mutually distinct tuples in 7.

In this paper we introduce the similarity measures
in the following way.

Let R (A1, As,..., A,) be a relation scheme on
domains Uy, Us,..., Uy, where A; is an attribute on
the universe of discourse U,, i € I.

Denote by Vag (U;) the set of all vague values
associated to the elements u; € U;, 7 € I.

A similarity measure on Vag (U;) is
amapping SFE; : Vag (U;) x Vag (Us)

— [0, 1], such that SE; (z,z) = 1,
SE; (z,y) = SE; (y,x),and SE; (x, z) >

max (min (SE; (z,y),SE; (y,2))) for all z, v,
yeVag(Ui)

z € Vag (Uy).
Suppose that SFE; is a similarity measure on
Vag (U;), i€ 1.

Let

Ai ={(u, [ta, (w),1 = fa, (W)]) : we U}
= {afl U € UZ-} )

B; = {<u7 [tBi (u> ;1= fBi (U)D HEUAS UZ}
= {bZ tu € U}

be two vague sets in U,.
The similarity measure SE (A;, B;) between the
vague sets A; and B; is given by

SE (A, Bi)

Volume 14, 2019



WSEAS TRANSACTIONS on SYSTEMS and CONTROL

=min < min { max
al, €A; bt eB;

SE([ta (w1~ fa, ()],

ts, (1)1~ fz, (w)]) } }

min { max {SE,( [ts, (u),1— fg, (u)],

bh EBZ' CLa EAZ'

[tAi (u)71_fAi (U)]>}}}

Now, if r is a vague relation instance on
R (A1, Ag, ..., Ay), t1 and to are any two tuples in 7,
and X is a subset of {A1, As, ..., Ay, }, then, the simi-
larity measure S Ex (1, t2) between the tuples ¢; and
to on the attribute set X has the same form as before,
ie.,

SEX (tl,tg) = gﬂel)l} {SE (tl [A] ,tg [A])} .

Note that the assertions 1) and 2) remain valid if
we take them with respect to new similarity measures.
Namely, it is obvious that the proofs of these asser-
tions do not depend on the choice of function SE :
V (U;) x V(U;) — [0,1] (see, [17]).

The assertion 3), however, does not hold any-
more. In particular, the following assertion holds true.

Lemma 1. Let R (A1, Ag, ..., Ay) be a relation
scheme on domains Uy, Us,..., U, where A; is an at-
tribute on the universe of discourse U;, © € I. Let r
be a vague relation instance on R (A1, Aa, ..., Ap). If
SEX (ti,tj) Z 0 and SEX (tj,tk) Z 9, where ti, tj
and ty, are any three tuples in r, and X is a subset of
{Al, Ao, ..., An}, then SEx (ti, tk) > 4.

2 Vague multivalued dependencies

Let R (A1, Ag,..., A,) be a relation scheme on do-
mains Uy, Us,..., U,, where A; is an attribute on the
universe of discourse U;, 7 € I. Suppose that r is a
relation instance on R (A;, Ag, ..., A,). Furthermore,
let X and Y be subsets of { Ay, Ao, ..., A, }, and Z =
{A17A27 sy A’l’b} \ (X U Y)

Relation instance r is said to satisfy the multival-
ued dependency X —— Y, if for every pair of tuples
t1 and t9 in 7, t1 [X] = t2 [X] implies that there ex-
ists a tuple ¢3 in 7, such that t3 [X] = t; [X], t3 [Y] =
tl [Y], and t3 [Z] = tz [Z]

Note the following facts:

Multivalued dependencies are introduced by Fa-
gin [12],
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t1 [X] = t2 [X] means that ¢; [A] = to [A] for all
Ae X,

t[A;] € U;foralli € I,andallt € r,

there exists the identity relation 7; : U; x U; —
{0,1}, j € I, such that i; (¢ [4;] , ¢ [4;]) = 1 if and
only if 1 [A;] = t; [Aj], and 4; () [A;] . s [A;]) = O
if and only if ¢;, [A;] # ¢; [A;], where ty, t; € 7.

If we put ) # ¢ [A;] C U, foralli € I,and all ¢t €
r, then the relation instance r becomes a fuzzy relation
instance on R (A1, As, ..., A,). In this setting we are
able to determine how similar (or how conformant)
t1 [X] and to [X] are. More precisely, we calculate
the conformance ¢ (X [t1,t2]) of the attribute set X
on tuples t; and t5 as

o (X [t1,t2]) = Afilg)l( {o (Ax [t1,t2])},

where the conformance ¢ (Ay, [t1, t2]) of the attribute
Ay on tuples ¢ and ¢ is given by

o (A [t1,22])
swinl_, { g, e

:cergl[rfl‘k} {yemhé[lﬁk} o (@, y)}} }

Here, sy, : U x Uy — [0, 1] is a similarity relation on
Uk, kel ie., s (x,z)=1, s, (x,y) = sk (y,z),and

sk (x, z) > max (min (s (x,y), sk (y, 2))) for all z,
y€Uk

Yy, z € Ug.

For the similarity-based fuzzy relational database
approach, see, [5]-[7].

Now, it would be natural to state that some fuzzy
relation instance 7 on R (A1, Ay, ..., A,,) satisfies the
fuzzy multivalued dependency X ——p Y, if for ev-
ery pair of tuples ¢1 and ¢9 in r, there exists a tuple ¢3
in 7, such that

o (X [ts, t1]) >0 (X [t1,t2])
@ (Y [ta, t1]) > (X [t1,t2]) (1)
¢ (Z [ts, t2]) 29 (X [t1,t2]) -

However, it is not so hard to select both, a
fuzzy relation instance r on R (A1, As, ..., A,), and
a fuzzy multivalued dependency X ——r Y, X, Y
C {41, Ag, ..., Ay}, such that r satisfies X ——p
Y in reality, and X ——r Y makes perfectly sense
by itself, but there are tuples ¢; and ¢5 in r, such
that (1) fails for every ¢3 in r. In other words, the
scenario where some of the elements ¢ (X [t3,1]),
@ (Y [ts,t1]) and @ (Z [t3,to]) are slightly smaller
than ¢ (X [t1,t2]) for all t3 € r, may occur. There-
fore, the condition (1) is not adequate for determining
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if some fuzzy relation instance satisfies some fuzzy
multivalued dependency. In particular, if (1) holds
true, the instance r satisfies X ——r Y. Otherwise,
r may or may not satisfy X —-—rp Y.

Note that several authors, including Tripathy-
Saxena [33] and Nakata [26], have been taken at-
tempts in order to express the fuzzy multivalued de-
pendencies in various fuzzy relational database mod-
els.

Sozat and Yazici [30], adapted (1) in the follow-
ing way.

Let R (A1, As, ..., A,) be a relation scheme on
domains Uy, Us,..., U, where A; is an attribute on
the universe of discourse U;, ¢ € I. Suppose that 7 is
a fuzzy relation instance on R (Aj, Ao, ..., A,,). Fur-
thermore, let X and Y be subsets of { A1, Ao, ..., 4, },
Z = {Al,AQ,...,An} \ (XUY), and 6 € [0, 1].
Fuzzy relation instance r is said to satisfy the fuzzy
multivalued dependency X NN r Y, if for every pair

of tuples ¢; and 5 in r, there exists a tuple t3 in 7,
such that

@ (X [ts,t1]) Zmin (0, (X [t1,12])) ,
@ (Y [t3,t1]) Zmin (0, ¢ (X [t1,22])) ., (D)
(P(Z [t37t2]) > min (9,(,0(X [tlth])) :

Thus, if it happens that for some ¢} and t, in r,
some of the elements ¢ (X [tg, t;]), @ (Y [tg, tll])

and ¢ (Z [tg,t;D are smaller than ¢ (X [t’l,t;D,
and the elements in

e (X)) o (v i) e (2 ]2])}

that are smaller than ¢ (X [t;,t;D are larger than
@ for all t3 € r, then, the condition (2) will be ful-
filled, so the instance r will satisfy X —>i> FrY (as-
suming that (2) is fulfilled for (¢1,t2) € r x 7, (t1,t2)
£ (1))

The value 6 € [0, 1] that appears in the notation X
RN r Y is called the linguistic strength of the fuzzy
multivalued dependency. If 8 = 1, the fuzzy multival-

ued dependency X NN r Y becomes X -—p Y.
Now, reasoning as in the fuzzy case, we

first state that some vague relation instance r on

R (A, Ag, ..., A,) satisfies the vague multivalued de-

pendency X ——y Y, if for every pair of tuples ¢;

and 5 in 7, there exists a tuple ¢3 in r, such that

SEx (t3,t1) 2SEx (t1,t2),
SEy (tg,tl) >SEx (tl,tg) ,
SEz (t3,t2) >SEx (t1,t2) .

3)
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Then, we adapt (3) to the following form.

Let R (A1, As, ..., A,) be a relation scheme on
domains Uy, Us,..., U, where A; is an attribute on
the universe of discourse U;, ¢ € I. Suppose that 7 is
a vague relation instance on R (A1, Ag, ..., A,). Fur-
thermore, let X and Y be subsets of { A1, Ao, ..., A, },
Z = {Al, Ao, ..., An} \ (X U Y), and 6 € [0, 1].
Vague relation instance r is said to satisfy the vague

multivalued dependency X —>i>v Y, if for every pair
of tuples ¢; and 5 in r, there exists a tuple t3 in 7,
such that

SEx (t3,t1) >min (0, SEx (t1,t2)),
SEy (ts,t1) >min (0, SEx (t1,t2)),
SEyz (ts3,t2) >min (0, SEx (t1,t2)) .
If 6 = 1, the vague multivalued dependency X

—>i>v Y becomes X ——y Y.

For yet another definition of vague multivalued
dependency, called a-vague multivalued dependency,
see [25].

Note that by [17], r satisfies the vague functional

dependency X i>V Y, if for every pair of tuples t;
and ty in 7,

SEy (t1,t2) > min (0, SEx (t1,t2)) .

X %0 ¥ becomes X —y Y if 6 = 1.

3 Soundness of inference rules for
vague multivalued dependencies

The following rules are the inference rules for vague
multivalued dependencies (VMVDs).

VM1 Inclusive rule for VMVDs: If X —>9—1>V
Y holds, and 61 > 6, then X —-251, ¥ holds.
VM2 Complementation rule for VMVDs: If X
—>i>v Y holds, then X —>i>v @ holds, where
Q= {Al,AQ, . An} \ (X UY).

VM3 Augmentation rule for VMVDs: If X

2 Y holds,and W D Z, then W U X —55/
Y U Z also holds.

VM4 Transitivity rule for VMVDs: If X —>0—1>v

Y and Y =5, Z hold true, then X ™21f2)
Z \'Y holds true.

VMS5 Replication rule: If X 1 Y holds, then
X =% Y holds.
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VM6 Coalescence rule for VFDs and VMVDs:
If X —>9—1>v Y holds, Z C Y, and for some W

disjoint from Y, we have that W 9—2>v Z holds

min(61,02)

true, then X  — "'y Z also holds true.

In [17], we listed the inference rules for vague
functional dependencies. There, we proved that the
rules are sound, and that the set of these rules, i.e., the
set {VF1,VF2, VF3,VF4} is complete set. Ad-
ditional inference rules (labeled as V F'5, V F'6 and
V F'7) are also proved to be sound.

Since the proofs of the corresponding theorems
in [17] do not depend on the choice of similarity mea-
sures between vague values and vagues sets, these the-
orems remain valid in the present setting, i.e., for the
choice: SE;,i €1, SE,and SEx.

Theorem 2. The inference rules: VM1, VM2, VM3,
VM4, VM5 and VM6 are sound.

4 Soundness of additional inference
rules for vague multivalued depen-
dencies

The following inference rules are additional inference
rules for vague multivalued dependencies.

VM7 Union rule for VMVDs: If X —>£1—>V Y

and X —>9%2V Z hold true, then X miﬁ‘)ﬂf?)v Y
U Z holds true.

VM8 Pseudo-transitivity rule for VMVDs: If X
S50 Y and W UY -2y Z hold true, then

min (67,0
WuX 4%2)‘/ Z\ (W UY) holds also true.
VM9 Decomposition rule for VMVDs: If X
-0 Y and X %25y Z hold true, then X
w002y z x MWDy 7, and X

min(61,0
4%2)‘/ Z \'Y hold also true.

VM10 Mixed pseudo-transitivity rule: If X
-0 Yand X UY %5y Z hold true, then X
min(6q,0

@ 2)\/ Z \'Y holds true.

Theorem 3. The inference rules: VM7, VMS, VM9
and VM 10 are sound.
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5 Main result

For various definitions of similarity measures, see,
[21], [8], [9], [18] and [20].

For various definitions of vague functional and
vague multivalued dependencies, see, [21], [24], [35]
and [25].

The most important classes of fuzzy implica-
tions are: S-implications, R-implications and Q) L-
implications.

For precise definitions and description of S-, R-,
(@) L-implications, as well as for the definitions of var-
ious additional fuzzy implications, see, [29] and [3].

In this paper we use the following operators:

TM (J:?y) :min{azjy},
S]\/[ (:E?y) zmax{x,y},
IL (x,y) :mln{l_:ﬂ_{_y’l}a

where T is the minimum ¢-norm, S}, is the maxi-
mum t-co-norm, and [, is the Lukasiewicz fuzzy im-
plication.

The Lukasiewics fuzzy implication is an S-, an
R-, and a ) L-fuzzy implication at the same time (see,
(291, [3D).

Some of the works that deal with S-, R-, and () L-
implications are the following ones: [1], [2], [22],
[32], [28], [23], [27].

Let r = {1, t2} be a two-element vague relation
instance on R (A1, Ag, ..., A,), and B € [0,1] be a
number.

We say that 7, g is a valuation joined to r and 3 if
ir,ﬁ : {Al, AQ, ceny An} — [0, 1], and

i (k) > 3 i SE (1[4, 12 [AK) 2 6,

i (Ap) < % it SE (1 [As] 2 [As]) < B,

ke{l,2,..,n}.

Note that the fact that i, g (Ax) € [0,1] for k
€ {1,2,...,n} yields that the attributes Ay, k €
{1,2,...,n} are actually fuzzy formulas with respect
to Z'T’ 8-

Through the rest of the paper we shall assume that
each time some r = {¢1,t2} and some § € [0, 1] are
given, the fuzzy formula

(AaexA) = (Apey B)
resp.

(AaexA) = ((ABey B) V (AcezC))
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. S 9
with respect to i, g is joined to X —y Y resp. X

—>9—>V Y, where X i>v Y resp. X —>9—>V Y is
a vague functional resp. vague multivalued depen-
dency on {Aj, Ag, ..., Ap},and Z = {A1, Ao, ..., A}
\ (X UY).

Theorem 4. Let R (A1, As,...,A,) be a relation
scheme on domains Uy, Us,..., U,, where A; is an
attribute on the universe of discourse U;, i € 1. Let
C' be some set of vague functional and vague multi-
valued dependencies on {A1, Ao, ..., Ay} Suppose

that X ﬁ)v Y resp. X —>9—>V Y is some vague
functional resp. vague multivalued dependency on
{Ay, Ag, ..., Ay}, The following two conditions are
equivalent:

(a) Any two-element vague relation instance on
R (Aq, Ag, ..., Ay,) which satisfies all dependencies in
C, satisfies the dependency X ﬁ>v Y resp. X —>9—>v
Y.

(b) Let r be any two-element vague relation in-
stance on R (Aq, As, ..., Ay), and B € [0, 1]. Suppose
that i, (K) > 5 for all K € C', where C' is the set
of fuzzy formulas with respect to i, g, joined to the el-
ements of C. Then,

N =

irg ((AaexA) = (ABey B)) >
resp.

1
>77

irg (Naex4) = ((Apey B) V (AcezC))) > 5

where Z = {A1, Aa, ..., A} \ (X UY).

Proof. Suppose thatUy =Uy = ... =U,, = {u} =U.
Put

0 = min{0,0c},
where

{10}.

min
0 0
KLy LeC, K35y LeC

Oc =

We may assume that 6’ < 1.
Namely, if 0 = 1,thenf =1and 0o =1
This means that = 1, and 160 = 1 for all K 1—9>V

LeC’andallK—%g—n/LeC
This case, however, is not interesting.
Choose some 8" < 0.
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Put

Vi :{<u7 [tvl (u) 1= (u)]> Puc U}
:{<u’ [tVl (u) 1= (u)]>} = {<uv a>},

Va :{<u’ [tVz (u) 1= fv (’LL)]> Puc U}
={{u, [tv, (w), 1 = fup (W)} = {(u, )}

to be two vague sets in U, such that
SEy (a,b) =6"

where SEy : Vag (U) x Vag (U) — [0,1], is a sim-
ilarity measure on Vag (U) = {a, b}.
It follows that

SE (Vla‘/Q)

=min { min
(u,a)€Vy

(s5a)})

{ max
<u7b>EV2

i { max {SEu(ba) b}
— min {9 9”} —q"

Similarly, SE (Vi,V}) = SE (Va, Va) = 1.
Since Vag (U) = {a, b}, it follows that

SE (A, B)
=min{ min {550 (#:0) 1

(u,y)EB { &?& {SEU (y, 3:) }}}

min
> min {6?", 0”} =0

for any two vague sets A = {(u, x)} and B = {{u,y)}
inU.
(a) = (b) Suppose that (a) holds true.
Furthermore, suppose that (b) does not hold true.
Now, there is some two-element vague relation
instance 7 on R (41, A, ..., A,), and 5 € [0, 1], such
that

irg (AaexA) = (ApeLB)) >

)

N

in (MacicA) = (A5erB)V (heenC)) > 3
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for all

(AaexA) = (AperB) € C',

(AaexA) = (ABerB) V (AcemC)) € C',

M = {Al,AQ, ,An} \ (K U L), and

ir (AaexA) = (ApeyB)) <

N =

resp.

ir3 (AaexA) = (ABeyB) V (Acez(C))) <

| =

Put

1
W = {A S {Al,Az,...,An} : ir’g (A) > 2}.

Suppose that W = ().
Then, i, 3 (A) < § forall A € {A;, Ay, ..., An}.
Consequently,

ir,ﬁ (/\AEMA)
=min {i, 3 (4) : Ae M} <

forall M C {Ay, Ao, ..
Since

S An)

irg (AaexA) = (ApeyB)) <

resp.

ir (NaexA) = ((ABeyB) V (Acez())) <

it follows that

min {1 — ir g (AaexA) + ir 8 (ABeyB),1}

1
<=
=2
resp.
min {1~ i3 (AsexA) +
max {i 5 (Apey B) ,ir s (AcezO)}, 1}
=min {1 —irg (AaexA) +
irg (ABey B)V (AoezC)) 1}
1
<-.
=2
E-ISSN: 2224-2856 425

Dzenan Gusic, Sanela Nesimovic

If

min{l — ir,ﬁ (/\AEXA) + Z‘Tﬁ (/\BGYB) R 1} =1

resp.
min {1 —irg (AaexA)+

max {4, 3 (ABey B) ,ir3 (NcezC)}, 1} =1,

then, 1 < % This is a contradiction.
Hence,

1 . .
3 Tirs (ABeyB) <'ir g (AaexA)

resp.

1 . .
3 + max {i, g (ABey B) ,ir 8 (AcezC)}

<irg (AaexA).
Since i, g (ABey B) > 0 resp.

max {i g (ABey B) ,ir 5 (AcezC)} > 0,

it follows that i, g (Aaex A) > %
This contradicts the fact that i, g (Asex A) < %
Therefore, W # ().
Suppose that W = {A;, A, ..., A, }.
It follows that i, 5 (A) >  forall A €
{Aq, Ag, ..., An}.
Hence, i 5 (AaepmA) > & forall M C
{A1, Ag, ..., Ay}
Since

| =

ir (AaexA) = (Apey B)) <

resp.

ir3 (AaexA) = (ABeyB) V (AcezC))) <

| =

we have that

1 . .
3 +i,8 (ABey B) < irg(AacxA)

resp.

1 . .
3 + max {17«,/3 (/\BeYB) yUr,8 (/\CEZC)}

<ipg(AaexA).

Volume 14, 2019



WSEAS TRANSACTIONS on SYSTEMS and CONTROL

Now, iy g (ABey B) > % resp.

. . 1
max {i, g (ABey B) ,irs (AcezC)} > 3

yields that i, g (AsexA) > 1.
This is a contradiction.
We conclude, W # {A;, A, ..., An}.

Let r’ = {t/, t”} be the vague relation instance

on R (A, Ag, ..., A,) given by Table 1.
Table 1:
attributes of W other attributes
£ ViV, Vi VLWL W
AN AN

We shall prove that r’ satisfies K l—9>v Lresp. K
oLtk 4, L resp. K LN belongs to C,

and violates X ﬁn/ Y resp. X —>9—>V Y.
Let K 1—9>V L belongs to C.
Suppose that i, g (A acx A) < %
It follows that i, g (Ag) < % for some Ag € K.
Therefore, Ay ¢ W.

Since Ay € K, we obtain that SE (t', t”) =0".
By definition of 7’/, we have that SEj, (t/, t//> >

0" forall M C {Ay, Ay, ..., A, }.
In particular, SEL, (t', t”) >0,
Consequently,

SE; (t’, t”) >0" — min {19, 0”}

=min {10, SEx (t/,t”>} .

We conclude, r satisfies K 1—9>V L.
Suppose that i, 5 (Aacx A) > 3.
Since

)

N |

ivs (AaexA) = (AperB)) >
it follows that

1

min{l —irg (/\AeKA) + i, (/\BeLB) , 1} > —.

2
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Suppose that i, 3 (AperB) < %

‘We have,
1 —ir8(AaexA) +ir g (ABerB)
1 1
<l—-4-=1
2 + 2

Thus,

min{l — irﬁ (AAGKA) + ir,ﬁ (ABeLB) , 1}
=1—i,3(NaexA) +irp(ABeLB).

We obtain,

1 )
B +ir8 (ABerB) > irg (N ackA).

This inequality must always hold true.
Therefore, i, 3 (A ackA) < %

This is a contradiction.

Hence, i, 3 (AperB) > %

This immediately implies that SE, (t,, t”) =1.
Consequently,

SEL (t',t") — 1> min {10, SEx (tt)} .

/ . 0
We conclude, r satisfies K ~5y L.

Let K —}a—w L belongs to C.
Suppose that i, g (AaexA) < %

We obtain, SEx (t/, t”) =6".

Now, there exists t3 € r,, ty3 = t', such that

SEx (tg,t/>
SEL (t3, ¢

)
)

1> min{lﬁ,SEK (t/,t”) }
1> min{le,SEK (t/,tﬁ)} )
>" = min {10, 9//}

= min {10, SEx (t/,t//)} .

/

SEy (tg,t

This means that v satisfies K —%9—>V L.
Suppose that i, 5 (Aacx A) > 3.
Since

N |

irg (NacxA) = ((AperLB) V (AcemC))) >

we have that
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min {1 =5 (AaercA) +
max {ir,3 (AperB) ,ins (AcenC)}, 1}
1

>—.
2

Suppose that

max {i, g (AperB) ,irg (AcemC)} <

DN =

‘We obtain,

1 —irg (AaekxA) +

max {i, 3 (ABerB) ,irg (ANcemC)}

<1 1+1—1
2 2

Hence,
min {1 —irg (AaerxA) +

max {ing (AperB) irs (AcenC)}, 1}
=1—i,p (/\AeKA) +
max {’L'T,ﬁ (ABeLB) 213 (/\CGMC)} .

Thus,

1 . .
3 + max {i, g (ABerB) ,irg (AcemC)}

>ir,,3 (AAEKA) :

This inequality must always hold true. Conse-
quently,
ir,g (/\AeKA) < %

This is a contradiction.

We conclude,

. . 1
max {ZT,ﬁ (/\BeLB) 7Zr’ﬁ (/\CEMC)} > 5

This implies that i, g (AperB) > % or
irﬁ (/\CGMC) > %

Suppose that i, 3 (AperB) >

Now, SE; (t’,t”) — 1.

Thus, there is t3 € r/, ty3 = t”, such that

1
3
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This means that r’ satisfies K —}9—>V L.
Note that SEg (tg, t’) = 1 since i, 3 (N ack A)

>

N[

Suppose that i, 5 (AcenC) > 3.
In this case, SE ) (t/, t”) =1.
Thus, there is t3 € r, ty = t', such that

/ 1"
)

Therefore, 1 satisfies K —§€—>V L.
It remains to prove that 7 violates X iv Y resp.

X —>9—>V Y.
Suppose that

N | —

irg (ANaexA) = (Apey B)) <
We obtain,

1 . .
3 + i, 5 (ABey B) < irg (NaexA) .

Ifi. g (ABey B) > %, then ¢, g (AaexA) > 1.
Hence, i, g (Apey B) < %
Since

1 . .
3 Fing (ABey B) <ir 5 (AaexA)

holds always true, it follows that i, g (Asex A) = 1.
Hence, SEy (t/,t”> =0",SEx (t/,t"> =1
Now,

SEy (t’,t”) =0" <6 <0
=min{6,1}

=min {9, SEx (t/,t”)} .
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This means that r violates X ﬁ)v Y.
Suppose that

((ABeyB) V (Acez())) <

| =

irp (Aaex4) =

It follows that,

1 . )
3 + max {Zr”g (/\BeYB) yUr,8 (/\CGZC)}

<ip g (AaexA).

If

. . 1
max {ir5 (\pey B) , ir, (AcezC)} > 5,

then i, g (AaexA) >1
Therefore,

max {i, g (ABey B) ,irs (AcezC)} <

N =

Since

1 . )
5 T max {irs (ABey B) irp (AcezC)}

<ir g (AacxA)

holds always true, it follows that i, g (A4ex A) = 1.
Furthermore,

—_

max {i, 3 (ABey B) ,irg (NcezC)} < =

[\)

yields that i, g (Apey B) <
We obtain, SEx ( ,
0",
SEy <t’,t”) =",
Ifts € 'r,, ts = t/, then

3. ir,8 (AcezC) < 3.

)< st (1) -

1
!

SEx (tg, ) =1> min{e, SEx (tt)}
SEy (tg, ) —1 > min {9, SEx (tt)} :
SE, (tg,t”) =0 <6 <0

=min{6,1}

=min {0, SEx (t/, t") } .
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Ifts € 'r,, ts = t", then

SEy (tg, ) =1> min{e, SEx <t',

)}
SEy<t3, ) 0" <6 <0
=min{6,1}

= min {0, SEx (t/, t"> } ,

SE (tg,t”) =1 > min {6, SEx (tt)} .

This means that r violates X —>6—>V Y.
Hence, r’ satisfies K 1—9>V Lresp. K —}9—>v L if
K 1—9>V Lresp. K _%e_w L belongs to C, and violates

X iv Y resp. X —>9—>V Y.
This contradicts the fact that (a) holds true.
Hence, (b) holds true.
(b) = (a) Suppose that (b) holds true.
Furthermore, suppose that (a) does not hold true.
Now, there is some two-element vague relation

instance r’ = {t/,t”} on R (A1, As, ..., A,) which
satisfies all dependencies in C, and violates X iv Y

resp. X —>9—>V Y.
Define

W :{A € (A, Ag, oo Ay}
SE (t’ ]t [A]) - 1}.

Suppose that W = ().

1t follows that SE (t’ ]t [A]) = 0" forall A
€ {Ay, Ag, ..., Ay},

Consequently, S Ejs (t/, t"> = 0" forall M C
(A1, Ag, ..., An).

Suppose that 7 violates X i)v Y.
We obtain,

SEy (t',t") < min {9, SEx (tt)} ,

1"

0" < min {9, 9”} —9"

This is a contradiction. .
Suppose that 1 violates X ——sy Y.

Volume 14, 2019



WSEAS TRANSACTIONS on SYSTEMS and CONTROL Dzenan Gusic, Sanela Nesimovic

It follows that the inequalities ie.,

SEx (t/,t/) > min {9, SEx (t/,t//>} : 1 <min{6,1} = 6.

SEy (t/, t/) > min {9, SEx (t/ , t”) } , This is a contradiction.
. . ., We conclude, W # { A1, Ao, ..., Ap }.
SEyz (t it ) 2 min {9> SEx (t % )} Since ' is a two-element vague relation instance

on R(Ai, Ay, ..., Ay), and 1 € [0, 1] is a number, we

don’t hold at the same time. may define i,/ ;.

The first and the second inequality hold obviously We have,
true. Hence,

1 ’ "
[ . roon i?“/,l (Ak) > 5 lf SE (t [Ak] 7t [Ak']) 2 11
" <t ! ) ) mm{e,SEX (t ! >}’ i1 (Ak) < % it SE (t/ [A] [Ak]) <1,

i.e.,
0" <min{0,6"} 0" Re{1,2,.n)ie.
This is a contradiction. . 1 / "
Wo conclude, 1V 2 0. iy (Ag) > 5 if SE (t (At [Ak]) _1,
S thtW: A,A,...,An. 1 . ’ " "
uppose tha {/1 2// } i/l(Ak)S* if SE(t [Ag] .t [AH):G,
It follows that SE (t ]t [A]) — 1forall A o, 2

S {Al, Ao, ,An}

Consequently, SEjs (t/, t"> =1forall M C ke{l2,...n}ie,
{A1, Ag, ..., Ay}
Suppose that 7 violates X i)v Y. i 1 (Ag) > 1 if A e W,
™ 2
Then, 1
oo roon Z / A S = lf A I/I/,
SEy(t,t><min{0,SEX(t,t)}, w1 (AK) < 5 o
ie., ke{l,2,..,n}.
1 <min{f,1} = 6. Thus,
1
i (A)> - if AeW,
This is a contradiction. ’ %
Suppose that 7 violates X %9—>V Y. i, 4 (A) < 3 if A¢W.

Now, the inequalities

;o . We shall prove that
SEx (t ,t) Zmin{H,SEX (t t )}

SEy (t/’t/) 2 min {G’SEX (tl’tu)}’ i,/ ((AaexA) = (ABerB)) > %,
SE, (t', t”) > min {9, SEx (tt)}

1
i1 ((A A) = ((ABerLB) V (A C)) > =
don’t hold at the same time. b (haexd) (ABerB) V (Aoen ) 2
Since the first and the second inequality hold true,
we obtain that for all (AgexA) = (AperB) € C', (A ek A) =

rr . -y ((ABerB) V (AcenmC)) € Cl, where M =
sz (¢.¢") <min {6,585 ({.1) }, {Ay, Ao, o, ALY\ (K U L), and
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N

i, 1 (AaexA) = (Apey B)) <

resp.

N

i,/ 1 (AaexA) = (ABey B) V (AcezC))) >

Suppose that (AgcxA) = (AperB) € C” corre-

sponds to K 1—0>V LeC.
Suppose that

N | =

i, 1 (AaexA) = (AperB)) <

It follows that

1 . .
3 + i, 1 (AperB) <y (AaekA).
Now, ir',l (/\BELB) < %, ir’,l (/\AEKA) =1.
Consequently, SE, (t', t”) =6, SEx <t', t”)
Therefore,
SEp (t/,t“> 0" <6 <, 0

=min {10, 1}
=min {19, SEx <t/,tﬂ)} .

. . . 0
This contradicts the fact that r satisfies K v L.

Hence,

N

i,/ 1 ((AaexA) = (AperLB)) >

Suppose that (Agcx A) =
((ABeLB) V (AcenC)) € C' corresponds to K
—%0—>V LecC.

Suppose that

N |

i,/ 1 ((AaexA) = (ABerB) V (AerB))) <
It follows that

E-ISSN: 2224-2856
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1 . )
5 +max {%’,1 (ABeLB) i, 4 (/\CEMC)}

Si'l‘/,l (/\AGKA) .

Now,

. . 1
max {%’,1 (ABerB) 20y 1 (/\CGMC)} < >

Z'T/71 (/\AEKA> =1,1i.e., iT/71 (/\BELB) < %,
'L'r/71 (/\CEMC) < %, ir',l (/\AGKA) = 1.
Consequently, SE}, (t/, t”) =0, SEN (t', t”)
=0", SEg (t’,t”) =1.
We have,

SEy (t',t") —0" <0 <, 0
=min {10, 1}
=min {10, SEx (t/, t”> } .

Hence, the third inequality of the inequalities

! 1"

> min {19, SEg (t ,t

I ’

SEx (t,t

(£1) )
SE (t,¢') = min {16, SEx (¢t
) (1.1

)
b
)

£t

"

SEy (t', ") >min {19, SEx

is not satisfied.
Furthermore,

SE; (t’,t”) 0" <0 <, 0
=min {46, 1}
=min {19, SEx (t/,t”>} .

Therefore, the second inequality of the inequali-
ties
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is not satisfied. ,
This means that r’ violates K —>v L.

. . . 6
This contradicts the fact that r’ satisfies K =5y
L.
Hence,

i, 1 (NaexA) = (AerB) V (AcemC))) >

N

It remains to prove that

i 1 (AaexA) = (ABey B)) <

N

resp.

N =

i,/ 1 (NaexA) = (ABey B) V (Apez())) <

Suppose that

DN

i,/ 1 ((AaexA) = (Apey B)) >

Leti, (AaexA) < %
It follows that SEx (t/ , t”) ="

Since SEy (t’, t”) > 0" forall M C
{Ay, Ag, ..., Ay}, we obtain that

SEy (t’, t”) >0" = min {9, 9”}
=min {Q,SEX <t/,t”)} .

. . . 0
This contradicts the fact that  violates X —v
Y.
. 1
Let 7’1”/,1 (/\AEXA) > bR
Since

. 1
i1 (AaexA) = (Apey B)) > >

it follows that

min {1~ (AaexA) +i, ; (ApeyB), 1}
1

>—.
2
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Suppose that i,/ | (Apey B) < %
We obtain,

1 =iy (AaexA) + i,y (Apey B)
1 1

<l-—=+-=1.
273

Hence,

min {1 — ir’,l (/\AGXA) + ir’,l (/\BEYB) , 1}
=1—i,; (AaexA) +i 1 (ABeyB).

Thus,

1. .
B +i, 4 (ABeyB) > 1 (AaexA).

This inequality must hold always true.

Consequently, i,/ | (AaexA) < :.

This is a contradiction.

Therefore, ir',l (/\BeyB) > %, i.e., SEY <tl, t”>
=1

We obtain,

SEy (t’,t”) — 1> min {H,SEX <tt>} .

. . ro. 0
This contradicts the fact that r violates X —y/
Y.
We conclude,

N =

ir’,1 ((AaexA) = (ABeyB)) <

Suppose that

NN

i,/ 1 (AaexA) = (ABey B) V (AcezC))) >

Leti, | (AsexA) < 3.
It follows that SEx (t’,t”) —q'.
Since SEy (t’, t”) > 0" for all M C

{Ay, Ag, ..., Ay}, we obtain that
SEy (t’, t”) >0" = min {9, 9”}

=min {9, SEx (t/,t”)} .
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Hence,
SEx (t’,t’) > min {9, SEx <tt)} ,
SEy (t/,t/) > min {9, SEy (tt)} :
SEy (t’,t”) > min {H,SEX (tt)} .

. . . 0
This contradicts the fact that 7 violates X — =y
Y.

Leti, (AaexA) >
Since

1
5

b ((AaexA) = ((ABeyB) V

N

(AcezC))) >

it follows that

min {1 — ir/,l (AaexA)+

maX{ 1 (ABey B) i,/ 4 (/\CEZC)}al}

>1
5"

Suppose that

max {

We obtain,
1 =i, (AaexA) +

L (ABey B) ,i,/ 1 (ACGZC)}

N | —

1 (\peyB) iy (hcezC) | <

max{

-ty L
2 2
Hence,
min {1 — i, (NaexA) +
max{ | (NBey B) ;i (/\CEZC)} : 1}
=1- Z'T/ 1 (/\AGXA) +

maX{ | (NBeyB) ;i 4 (/\CEZC)} .

Thus,

1+ {
— 4+ max
> a

>i7,/71 (/\AeXA) .

(/\BGYB)v 4 g (/\CEZC)}
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Since this inequality holds always true, we obtain
; 1
that ZT,,l (/\AeXA) < bR
This is a contradiction.
Therefore,

max {

N

(/\BeyB), (2 1(AC€ZC)} >

It follows that 7,/ ; (Apey B) >
ir’,l (AcezC) > %

Thus, SEy (t’,t”) —1or SEy (t’,t”) = 1.

Since i,/ | (AaexA) >
SEx (t’,t”) =1.

Consequently, SEx (t/

20r

%, we have that

1"

— 1, SEy<t t)

)=
st (02) -

=1lorSEx (t,,t”) =1,SE; (t

Suppose that SEx (t ot >
1.
We obtain,

SEx (t”,t’) zmin{e,SEX (tt)}

SEy (t t') > min {0, SEx (t/, t)} ,
mi

SEy <tt) > n{@,SEX (tt)}

. . ro. 0
This contradicts the fact that r violates X ——y/
Y.

Suppose that SEx (t/,t//> =1,SEyz (t/,t”) =
1.
We obtain,

SEx (t/,t/) > min {G,SEX <tt>}
SEy (t’,t’) Zmin{G,SEX (t’,t )}
SE, (t’,t”) > min {G,SEX (tt)} .

"

. . . 9
This contradicts the fact that 7 violates X ——s/
Y.

We conclude,

Zr’,l ((/\AGXA) =

N |

((ABeyB) V (AcezC))) <
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Thus,

. 1
Uy g ((AaexA) = (ABerLB)) > >

N | —

i, 1 (NaexA) = (ABerB) V (AcemC))) >

for all (/\AGKA) = (/\BGLB) S C/, (/\AeKA) =
((/\BGLB) V (/\CGMC)) € Cl, where M =
{A1,A4y,.., Ay} \ (KUL), and

N |

i, 1 (AaexA) = (Apey B)) <

resp.

N =

i1 (AaexA) = (Apey B) V (AcezC))) <

This contradicts the fact that (b) holds true.
Hence, (a) holds true.
This completes the proof. O

6 Applications

Example 1. Let R (A, B, ..., K) be a relation scheme
on domains Uy, Us,... U171, where A is an attribute on
the universe of discourse U1, B is an attribute on the
universe of discourse Us,..., K is an attribute on the
universe of discourse U11. Suppose that the following

vague functional and vague multivalued dependencies
on {A, B, ..., K} hold true:

{A,B,C,D} {5 {B,D,E,F,I,]},

{A,B,C,D} %5 {C,D,F,G,H,I},
{B,C} By {B,K},
(B,D,E,J} % {G, EY.

Then, the vague multivalued dependency
{A,B,C,D} <y {E,G, K}

on {A, B, ..., K} holds also true, where 0 =
min {61,602, 03,04}

Proof. I We may apply the inference rules VF1-VF7,
VM1-VM10.
We obtain:
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1) {A,B,0,D} <%y {B,D,E,F,I,J} (in-

put)

2) {A,B,C,D} 5y {C,D,F,G, H,I} (in-
put)

3) {A, B,C,DY™™ ¥ D F T} (from 1),
2) and VM9)

4 {A,B,C,DY™ Y (k6 H, I K)
(from 3) and VM2)

5) {B,C} By {E, K} (input)

6) {4, B,C,D} " (B KY (from
4), 5), VM6, and the fact that { B, C'}

and {E,G,H,J,K} are disjoint, {E,K} C
{E,G,H,J,K})

7 {A, B,C, D} " B E ) (from
1), 2) and VM),

8) {B,D.E,J} %y {G, E} (input

9) {B,D,E,J} Y% {G,E} (from 8) and
VMS5)

10) {4, B,C, D} "% (from 7), 9),

VMS, where W = {D})

1) {4,B,0,D} "% (B KV (from
6) and VMS5)

12) {A,B,C,D} <~y {E,G, K} (from 10),
11) and VM7)

O]

Proof. II We may apply Theorem 4.
Note that the condition (a) of Theorem 4 actually
states that the dependency

{AaBach} —>0_>V {E7G7K}
follows from the set

C= {{A,B,C,D} Y (B,D,E,F,1,J},
{A,B,C,D} 5 {C,D,F,G,H,I},
{B,C} By {B,K},

(B,D,E,J} 4y (G, E}}
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of vague dependencies.

Since the conditions (a) and (b) of Theorem 4 are
equivalent, it is enough to prove that the condition (b)
is satisfied.

As it is usual, we apply the resolution principle.

Suppose that

ir (K1)
—irs((AABACAD) =

(BADAEAFAINDV@AHAKD)

1
2 b)
ir,5 (K2)

ﬂw(MABACAD%$
mADAFAGAHADvaJAK»)

>

)

N =~

ir,g (K3)
:ir’g((B /\C) =
«EAKMMAADAFAGAHAIAﬂU

1
2 b
ir5 (K4)

—ing((BADANEAT) =

«GAEMNAACAFAHAIAK»)

>1
9’

where 7 is a two-element vague relation instance on

R(A,B,...,K),and 8 € [0, 1] is a number.
Our goal is to prove that

z'ng(c,)
:Wg((A/\B/\CAD):
(E/\G/\K)\/(F/\H/\I/\J)))

>

N = o~

First, we find the conjunctive normal forms of the
formulas /Cq, Ko, K3, K4 and —c (this is in line with
the resolution principle).
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We obtain,

Ky =(-AV-BV-CV-DVEVG)A
(FAV-BV-CV-DVFVG)A
(~AV-BV-CV-DVGVI)A
(FAV-BV-CV-DVGVJ)A
(~AV-BV-CV-DVEVH)A
(~AV-BV-CV-DVFVH)A
(~FAV-BV-CV-DVHVI)A
(AV =BV -=CV-DVHVJ)A
(~AV-BV-CV-DVEVEK)A
(RAV-BV-CV-DVFVEK)A
(FAV-=BV-CV-DVIVK)A
(RAV-BV-CV-DVJVK),

Ko =(-AV-BV-CV-DVEVF)A
(~AV-BV-CV-DVEVG)A
(~AV-BV-CV-DVEVH)A

(wAV-BV-CV-DVEVI)A

(=AV =BV -CV-DVFVJ)A

(wAV-BV-CV-DVGVJ)A

(AV =BV -CV-DVHVJ)A

(AV =BV ~CV-DVIVJ)A

(wAV-BV-CV-DVFVEK)A

(wAV-BV-CV-DVGVEK)A

(wAV-BV-CV-DVHVK)A

(~rAV-BV-CV-DVIVK),

Ks =

(AV-BV-CVE)A(-BV-CVDVE)A
(-BV-CVEVF)A(-BV-CVEVG)A
(-BV-CVEVH)AN(—-BV-CVEVI)A
(«BV-CVEVJ)A(AV-BV-CVEK)A
(«BV-CVDVEK)A(~BV-CVFVEK)A
(«BV-CVGVEK)AN(-BV~-CVHVK)NA
(

~-BV-CVIVEK)A(-BV-CVJVK),

Ki=(AV-BV-DV-EVGV-J)A
(=BVCV-=DV-=EVGV-J)A
(«-BV-DV-EVFVGV-J)A
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(-BV =DV -FVGVHV-J)A
(-BV-DV-JVGVIV-J)A
(«BV-DV-EVGV-JVE),

~¢ ZAABACADA(=EV -GV —K)A
(~FV =H VIV ~J).

Let M be the of all conjunctive terms that appear
within conjunctive normal forms of the formulas Ky,
ICQ, ]C3, ]C4 and —\C/.

Applying the resolution principle to the elements
of the set M, we obtain

) ~Av-BVvV-CV-DVGYV K (input)

2) A (input)
3) B (input)
4) C (input)
5) D (input)

6) - BV~-CV-DVGYV K (resolvent from
1) and 2))

7y - CV-DV GV K (resolvent from 6) and
3))

8) = DV GV K (resolvent from 7) and 4))

9) GV K (resolvent from 8) and 5))

10) = EV -GV — K (input)

11) — FE (resolvent from 10) and 9))

12) ~Av-BVv~-CV-DVEVK (input)

13) - Bv-~-CV-~DVEV K (resolvent
from 12) and 2))

14) - CV-DV EV K (resolvent from 13)
and 3))

15) =DV EV K (resolvent from 14) and 4))
16) FE V K (resolvent from 15) and 5))
17) K (resolvent from 16) and 11))
18) ~AvVv—-BV-CV-DVEVG (input)

19) - BVv—-CV-DVEV G (resolvent from
18) and 2))

E-ISSN: 2224-2856
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200 - C'V~-DV E VG (resolvent from 19)
and 3))

21) - DV EV G (resolvent from 20) and 4))
22) FE V G (resolvent from 21) and 5))
23) — K (resolvent from 22) and 10))

Resolving 23) and 17), we obtain that the inequal-
ities: 4, g (Ky) > %, ir g (Ka) > %, ir g (K3) > %,
irﬁ (K4) > % and Z'Tﬂ (C,> < %
at the same time.

Since, 4,5 (K1) > 3. irg (K2) > 3, irp (K3) >
3 and i, g (K4) > 3, it follows that i, 5 (CI> > 1.

Thus, the condition (b) of Theorem 4 is satisfied.

Consequently, the condition (a) of Theorem 4 is
satisfied.

Therefore,

cannot be satisfied

{A,B,C,D} '~y {E,G, K}
follows. O

For analogous results in the case of fuzzy func-
tional and fuzzy multivalued dependencies, we refer
to [10], [11], [15], [16].
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