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Abstract

In a previous paper ([6]) we explored the notion of coherent fuzzy conse-
quence operator. Since we did not know of any example in the literature of
non-coherent fuzzy consequence operator, we also showed several families of
such operators. It is well-known that the operator induced by a fuzzy preorder
through Zadeh’s compositional rule is always a coherent fuzzy consequence
operator. It is also known that the relation induced by a fuzzy consequence
operator is a fuzzy preorder if such operator is coherent ([5]). The aim of
this paper is to show a parametric family of non-coherent fuzzy consequence
operators which induce a preorder and also a family of non-coherent fuzzy
consequence operators which do not induce a preorder. These families of
operators can be implemented through very simple algorithms.

1 Introduction

The use of Consequence Operators in classical logic is well-known. These operators
are introduced by A. Tarski in 1930 ([13]).

The Fuzzy Preorder concept and the Fuzzy Consequence Operator concept
(FCO for short) are essentials on fuzzy logic. These notions have been defined
as a natural generalization.

Given a non-empty universal set X which will represent a set of propositions,
a fuzzy binary relation R on X (fuzzy subset of X x X) is called a fuzzy preorder
if it verifies :

(R1) R(z,z) =1V 2z e X (reflexivity)

(R2) R(z,z) > min(R(z,y),R(y,2)) V &,y,2 € X (transitivity).

Notice that we consider the minimum as t-norm and the min-fuzzy preorders
will be called fuzzy preorder for short.

IV, T, and I" will represent the class of fuzzy relations on X, the family of fuzzy
reflexive relations and the subfamily of fuzzy preorders, respectively.

Fixed a closed lattice L which will be the range of the memberships of the fuzzy
subsets of X, J. Pavelka introduces in 1979 the concept of FCO on X in fuzzy logic
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([11]), extending the concept of consequence operator in Tarski’s sense in a natural
way. A function C : LX — L% is a FCO on X if it verifies :
(C1) u C C(p) for all fuzzy subset u € LX  (inclusion)
(C2) Si g C pg = C(u1) C C(pz) forall py, pe € LX (monotony)
(C3) C(C(p)) € C(p) for all p € LX  (idempotence)

Notice that, under the inclusion axiom, (C3) may be so written equivalently as
(C3) C(C(n) = C(u) ¥ pe L™

Under the logical point of view, the previous axioms could be interpreted in the
following way:

If X denotes a set of propositions, y is a (fuzzy) subset of axioms and C(u) the
theory generated by p then
(C1) shows that the axioms are included into the theory;
(C2) shows that if the set of axioms increase, the generated theory also increase;
(C3’) shows that the theory is stationary in the first step, this is, if the theory
is considered itself as a new set of axioms to generate a new theory, it does not
increase.

These operators, sometimes called closure operators, are studied in a general
context ([1]), ([2]), ([3]), ([15]). During the last decade, these operators have been
also studied in the context of fuzzy logic, taking the chain L = [0,1] as a special

case ([4]), ([5]), ([6]), ([7]), (18]), (19]), ([10]), ([12]), ([14]). In this paper we will
consider L = [0, 1].

Recall some notions, notations and results about fuzzy consequence operators.

If R is a fuzzy preorder on X then the operator Cr from [0,1]% into [0, 1]¥
given by the Zadeh’s compositional rule: Cr(p) = po R, is a fuzzy consequence
operator (induced by R), where

po R(x) = 31615)( {min(p(w), R(w,z))} (1)

Moreover, E. Trillas and J.L. Castro added the coherence axiom to the FCO
concept ([5]). A FCO C is called coherent if

min(u(a). C(pa)(@)) < C)@)Y pe0.1Y ¥ (@2) eXx X (2)
1 t=a . . .
where @4 (t) = (a3 (t) = {0 L 4 is the crisp membership of the singleton
a

{a}.

In fact, Cg is a coherent FCO. It is also known that if C' is a coherent FCO
then the relation Re given by Re(x,y) = Cps)(y) is a fuzzy preorder (induced
by C). Finally, for any relation R on X Rc¢,, is exactly the relation R ([5]).

Since any crisp consequence operator is coherent, the equivalence between clas-
sical consequence operators and classical preorders is held. This is not true in the
fuzzy case.

In Section 2 we will show a parametric family of non-coherent fuzzy consequence
operators which induce a preorder.
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In Section 3 we will show a parametric family of non-coherent fuzzy consequence
operators which do not induce a preorder.

The following definitions about the partial verification of the coherence axiom
will be used in Section 2 and Section 3.

Let C be an FCO on X. We will say that C is coherent for the fuzzy set p with

respect to the ordered pair (a,b) € X x X if min(u(a), C(pa) (b)) < C(u)(b).
We will say that C' is coherent for the fuzzy set p with respect to the element a
if min(u(a),C(pq)(z)) < C(p)(z) for all z € X, that is, if C is coherent for the
fuzzy set p with respect to the ordered pair (a,x) for all z € X. We will say that
C is coherent for the fuzzy set p if C' is coherent for the fuzzy set p with respect to
every element a in X. We will say that C' is coherent with respect to the ordered
pair (a,b) if C is coherent for p with respect to (a,b) for all fuzzy set p. We will
say that C' is coherent with respect to the element a if C' is coherent for p with
respect to a for all fuzzy set u. Remark that a FCO C'is coherent if and only if C
is coherent for all fuzzy set p with respect to every pair (z,y).

Finally notice that if the cardinal of the universe X is one, that is, X = {z},
then every FCO C on X is a coherent operator. In fact, it is enough to use the
inclusion axiom of the operator C' to obtain min (p(z), C(¢s)(z)) = min(u(x),1) =
p(x) < C(p)(x).

2 A Parametric Family of non-coherent Fuzzy Con
sequence Operators that induce preorder

For every universe X with card X > 2 we will show an uniparametric family of
non-coherent fuzzy consequence operators that induce a preorder.
oy b Family

For every pairwise different elements a, b in X and for every real number such

1
that 0 <y < o0 e define the operator from [0, 1]% into [0, 1]* given by C4®(u) =

roif E
# 1 e where 1/ and p., are the following fuzzy subsets:

py if p¢E

) w(zx) if x#0b

x) = 1

i) maz (pu(z), 5) if z=5

) (=) if 2#0b

o) = {maa:(u(m) ;) ifz=b

1
and E represents the family of fuzzy subsets E = {,u € [0,1)% / u(a) > 5}

Notice that the family E has the following stability property: if 4 € E and
@ C v then v € E. This property will be essential in order to prove the monotony
axiom of the following family of operators.
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In the notation of previous family, the superindexes are used to show the de-
pendence of the operator to the elements of X and the subindex are reserved to
show the dependence of the operator to the parameters. We will agree the same
for the following operators.

Remark that we put C as C’;‘b in order to abridge the following proofs.
Theorem 1. C’E:b is a mon-coherent fuzzy consequence operator.

Proof. Check that C’,‘jb verifies the axioms of fuzzy consequence operator:

(C1) Since ¢/ D pand gy D p, p C C(p) ¥V p € [0,1]%.

(C2) Given 1, 2 € [0,1]% such that u; C 2, see that C(uy) C C(p2

(i) If 41 € E. From stability property of E ps € E and C(p1) = pf
C(p2).

(ii) If puy ¢ E then C(u1) = p1., and

(iia) If po ¢ E, C(uz) = p2,. Thus py, C po, (iib) If pa € B, C(uz) = .

1
Since py C p2, pr, (b)) = maz(p(b),v) < maﬂc(ug(b),§) = p5(b). Moreover

pa, () = p1(w) < po(x) = py(x) for all x # b, hence p1, C ph.

Therefore C(u1) C C(ua) V p1, po such that py C po.

(C3) (i) If p € E, C(C(n)) = C(/). From stability property of E, p/ € E
and C(p') = p”. Since the maximum of real numbers is an idempotent operation,
i’ = p”. Hence C(C(pn)) = C(p).

(ii) If ¢ E, clearly puy ¢ E and C(C(p)) = C(py) = piy, = pyy = C(). Therefore,
C(C(w) =C(n) ¥ pe0,1%,
Now see that C,‘:b is not coherent for every p € [0,1]% with respect to (a,b) if

maz (pu(b),7) < pla) < % Under such condition p ¢ E and min(u(a),C(¢q) (b)) =
min(u(a), ¢4(5)) = min(u(a), 5) = pla) > maz(u(6),7) = o (8) = (). 0

Therefore the operator ny”’ is not coherent. However it verifies the inequality
(2) in a lot of cases. In fact the following theorem holds.

)
C oy =

1
Theorem 2. Given two pairwise different elements a, b in X and 0 < vy < 3 then
[1] C4° is coherent with respect to (x,y) for all (x,y) # (a,b).
[2] C’f‘/b is coherent for p with respect to (a,b) if and only if p ¢ F, where F
1
represents the following set: F' = {u € [0, 1% /maz (u(b),7) < pla) < 5}

Proof. If z = y, C2" is coherent with respect (z,y) as we have shown at the end
of Section 1. Thus in this proof we suppose that x # y

Prove [1]. For every pu we obtain,

(i) If ¢ # a and y # b,

min (u(z), C(2) (v)) = min(u(x), (2), (4)) =

= min(u(@), 0o (y)) = min(u(z),0) =0 < C(n)(y)
(ii) If z = a and y # b,

min(u(a),C(¢a)(y)) = min(u(a), ¢4 (y)) =
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= min(u(a), pa(y)) = min(u(a),0) =0 < C(u)(y)

(iii) If x # a and y = b,
If x = b then x =y = b and nylb is coherent for p with respect to (z,y).
Suppose that z # b. Then z # a and y = b:

min(u(z), C(¢z) (b)) = min(u(z), (¢z) (b)) = min(u(@),7) <

Now, if u € E,

1 1
C(u) (b) = ' (b) = maz (u(d), 5) = 5 >
and if p ¢ E,
C(n) (b) = py (b) = maz(u(b),) >~

Prove [2]. It is proved that if 41 € F' then C,‘jb is not coherent for p with respect
o (a,b).

Conversely, suppose that p ¢ F and see that C’,‘Ylb is coherent for p with respect
o (a,b).

Notice that if p € E,

min(p(a),C(pa) (b)) = min(u(a), ¢, (b)) = min(u(a), 5) =

< maz (p(b), %) =1/ (b) = C(u)(0)

and C%° is coherent for yu with respect to (a,b).

MM—A

1
Now, if pu ¢ F then p(a) > 5 or maz (u(b), ) = p(a).

1
(i) If p(a) > 3 then 1 € E and it is proved.

(ii) If maz (u(b),~) > p(a) and p € E, it is proved.
(iii) If max (p(b),v) > p(a) and p ¢ E :

min(p(a),C(pa) (b)) = min(u(a), ¢, (b)) = min(u(a), %) <

< (@) < maz(u(b),7) = iy (b) = C (1) 0) O
The following theorem shows that the relation RCgb induced by the operator

Cﬁjb is a fuzzy preorder on X. Consequently, the coherence axiom on a FCO C is
not a necessary condition in order that the relation induced by C to be a preorder.

1
Theorem 3. Given two different elements a, b in X, if 0 < v < 3 then the

relation RCab induced by the operator C’“b s a fuzzy preorder.
Proof. From the inclusion axiom of the operator C, it is clear that

Ro(z,2) = C(pa)(2) = pa(z) =1
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and R is reflexive relation.
Now, prove that

Rc($,2) > mm(Rc(I,y),Rc(y,Z)) v r,Y, 2 € X
that is

C(pz)(2) = min(C () (y), Cpy)(2)) (3)

If x =y or x = z or y = z the previous condition holds. Thus, suppose that z, y,
z are pairwise different elements.

Notice that if y # b then C(p4)(y) = ¢z (y). Since z # y, C(¢2)(y) = @2 (y) =
0. Therefore, the second member of the inequality (3) is equal to 0 and it is held.

Analogously, if z # b, C(py)(2) = ¢y(z) = 0 and (3) holds.

Finally, if y = b = z then z,y, z are not pairwise different elements and (3) also
holds. 0

3 A Parametric Family of non-coherent Fuzzy Con-
sequence Operators that do not induce preorder

For every universe X with card X > 3 we will show an uniparametric family of
fuzzy consequence operators that do not induce a preorder. Consequently they are
not coherent operators.

Remark that every FCO C verifies the inclusion axiom then R¢ is a reflexive
relation. Moreover, the inequality (3) holds if =, y, z are not pairwise different
elements. In particular, if card X < 2 then every FCO induces a fuzzy preorder.
Ci%,zy s Family

Let X be an universe with card X > 3, for every three pairwise different ele-
ments x, y, z consider the following families :

B = {p € (0.1 /u(z) =1}

Ey = {u € [0,1]% /uly) = 1}

Notice that both families and their union and their intersection have the same
stability property that the set E of previous family, namely if 4 € F and p C v
then v € E.

For every real numbers a, b, ¢ in [0,1], we define the following fuzzy subset of

X:
maz(p(t),a) if t=1
) maz(p(t),b) ift=y
Habe(t) = maz(u(t), c) if t==z

p(t) if ¢ ¢ {x,y,z2}
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Then we define the operator Cy 3”5 from [0, 1]% into [0,1]% given by
pas i 5 € B\ E,
aBys Hi1y if ne E,. N Ey
i if p¢ E,UE,

Theorem 4. If1 >a>p3>0,1>v>0>0and1 > 3§ > 0 then the operator
Cz%i s 15 a fuzzy consequence operator such that chjg: s s not a fuzzy preorder on
X. In particular Cojy’ s is a non-coherent operator.
Proof. Check that C' = Cg} s verifies the axioms of fuzzy consequence operator:
(C1) If p € E; U Ey it is clear that u C pper = C(p) for all p, ¢, r.
If 4 ¢ E, U E, then obviously p C p = C(p).
Hence pu C C(p) ¥V p € [0,1]%.
(C2) Given 1, 2 € [0,1]X such that u; C g, see that C(uy) C C(us).

Observe that if 11 ¢ E; U Ey, C(u1) = 1 C o C Cpa).

(i) If po ¢ E, U Ey, as E, U Ey has the stability property yu; ¢ E; U E, and it
is proved.

Thus, in the following cases we can suppose that pu; € E, UE, :

(i) If po € Ex NEy :

(ila) If n € Ex N Ey, C(u1) = pyy, C p2yy, = Clp2).

(iib) If 1 € Ey \ By, C(p1) = pi1y,, 88 o < 1y B < then C(p1) = pa,,5 C
Hyry C© 245, = C(MQ)'

(iic) If uy € By \ By, C(u1) = p1y,,, as 6 < 1 then C(u1) = pay,, C p1,,, C
pi2y,, = C(p2).

(iii) If po € E;\ Ey, as By has the stability property, p1 ¢ E, and 3 € E;UE,
then g € E; \ By and C(p1) = p1,,, C pl2,,5 = C(p2).

(iv) If py € Ey\ E,, as E, has the stability property, u; ¢ E, and py € E,UE,
then u; € E, \ E, and C(Ml) = Mgy, C H2s, = C(/Q)

Therefore C(p1) C C(ua) V p1, w2 such that py C po.

(C3) Let i € [0,1]% be a fuzzy subset:

Ifpud¢ ExUE, then C(p) =pn ¢ E, UE,

If p€ E; N E, then C(p) = p11y € E; NEy. Asa<landd <1

If pe E;\ Ey then C(u) = p1ap € Ex \ Ey

If pe Ey\ E; then C(p) = ps1y € Ey \ Ey

Now, in the previous four cases, the idempotence of our operator is obtained
from the idempotence of the maximum.

Therfore C(C(u)) = C(u) V¥ p € [0,1]%.
See that R is not a transitive fuzzy relation. Observe that

Clpe) W) = (p2) 105W) = > 8

Cley) (@) = (py) gy, (2) =7 > B
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C(‘Pz)(z) = (@x)laﬁ(z) =p

Then C(¢,)(2) < min(C(¢z)(y), C(py)(2)), that is

Rc(z,2z) < min(Re(z,y), Re(y, 2)). O

In consequence, C’i%d is a non-coherent operator. Nevertheless, show this
explicitly:

Ifu= C’(cpm) = (901)10467 that is:

1 sit=x
a sit=y
t:
uit) B sit=z
0 sitg{ry =}

Then
min(u(y) , C(py)(2)) = min(C () (y), Cley)(2))

Recall that we have proved that

min(C(p2)(y), Cpy)(2)) > C(vz)(2)

Now by the idempotence of the operator C":
min(u(y) . C(py)(2)) > C(v:)(2) =

— C(C) () = Cl) )
Therefore Ci%fy s is not coherent for the fuzzy set ;4 with respect to the ordered pair
(y,2).

Finally, we can observe that the relation induced by the operator C%” 5 verifies
the transitivity condition (3) except for the ordered elements z, y, z. However, the
coherence condition (2) does not hold a lot of cases.

4 Conclusions

In this paper we have shown that for every universe X with card X > 2 there
exists an infinite number of non-coherent fuzzy consequence operators such that
they induce a fuzzy preorder and for every universe X with card X > 3 there exists
an infinite number fuzzy consequence operators such that they do not induce a fuzzy
preorder and consequently they are not coherent operators.

In fact, we have shown the previous examples as parametric families of fuzzy
consequence operators which can be implemented through very simple algorithms.

In particular we have proved that the coherence axiom on a fuzzy consequence
operator C' is not a necessary condition in order that the relation induced by C to
be a preorder.
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