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Abstract
The determination of set-theoretic operations on genuine sets, other

than the operations C9,=99¢, A and presented in the author’s pa-
per Genuine sets (Fuzzy Sets and Systems 105 (1999), 377-384), is
proposed as an open question in his paper Some notices on genuine
sets (Fuzzy Sets and Systems 110 (2000), 275-278). The present paper
gives a desirable answer to this problem, and introduces a general tech-
nique for the construction of set-theoretic operations on genuine sets.
Furthermore, two examples are designed to demonstrate two significant
special classes of set-theoretic operations on genuine sets.

Keywords: Fuzzy sets, Fuzzy Logic, Various kinds of fuzzy set, Type-m fuzzy sets,
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1. Introduction

The notion of genuine set was introduced in [2] with the aim of establishing a general
theory of fuzzily defined objects. It was demonstrated in [4] that genuine sets can be
used to describe various notions of fuzzy set; for example, intuitionistic fuzzy sets, interval
valued fuzzy sets, type-m fuzzy sets, rough sets and fuzzy rough sets, within the same
framework.

Not only do genuine sets unify various kinds of fuzzy set within the same framework,
but they also allow us to model various kinds of uncertainties comprehensively [4]. A
special interest to the topological aspects of genuine sets is paid in [1].

The set-theoretic operations play a significant role in the development of the theory
of genuine sets. The criteria behind the selection of set-theoretic operations on genuine
sets is introduced in [3], and the construction problem of set-theoretic operations other
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than the set-theoretic operations C9,=9,9¢, A and O given in [2], is proposed in [3]. In
this paper, utilizing the results in [3], we introduce a general technique for the building
of set-theoretic operations on genuine sets, and establish two useful special classes of

. . . . g g .
set-theoretic operations on genuine sets that include C9,=79,9° N and U as special cases.

2. Preliminaries

In the present paper, the notations N, N*, X, I and IX always denote the set of all
natural numbers, the set of all positive integers, a nonempty set, the real unit interval
[0,1] and the family of all fuzzy subsets of X, respectively.

In this section, we first recall some definitions and results presented in [2, 3], which
will be needed later on. For n € NT, an n-th order genuine sets A in X is characterized
by the reality function g4 : X x I"™ — I. The family of all n-th order genuine sets in X
is denoted by GX.

A fuzzy subset of X is a 0-th order genuine set in X with the reality function as its
membership function, i.e. G§ = IX.

The set-theoretic operations of equality, inclusion, complement, intersection and union
for fuzzy subsets of X and n-th order genuine sets in X will be denoted by the symbols
=/ 7, /. n/ and U’; and by the symbols =", C", ¢ N™ and U", respectively. The
relation = of absolute equality on G is defined in the usual manner, i.e.

A=B <= ga(z,p1,902,.--,9n) = g(T, 01,02, ., ¥n),
VeeX, Vi, 02,....,on€l, VA B € Gir.

For an n-th order genuine set A in X (n € N), the (n + 1)-th order identification of A,
denoted by I7T!(A), is the (n + 1)-th order genuine set in X whose reality function is
given by
0: Pn+1 #gA(za(ph(va"w@nL
L g1 =ga(z, 1,02, ..,¢n),

Vee X, Voi,92,...,0n+1 € 1.

gI;f+1(A)(m7 ©P1, P2, .- '?(p”JFl) = {

An n-th order genuine set A in X (n € N), and its (n4 1)-th order identification T2+ (A)
can regarded as being the same thing. Under this simple assumption, Gi becomes a
subfamily of G ;.

2.1. Definition. Let @) be a class of some objects, and S a subclass of ). Suppose that
the set-theoretic operations of equality, inclusion, complement, intersection and union
for the objects of @ and for the objects of S are defined and represented by the symbols
=@ CQ Qc ﬂQ, UQ and =%, C%, 9, ﬂs and US, respectively. Then, (Q,=9, C%, @,
N%, UY) is said to be an extension of (S,=%, C9, 5, N9, U%) iff

(i) VAVBES)(A=9B < A=°B),
(i) (VA,VB€E€S)(ACYB < AC*B),

(
) (
(iti) (VA,VB € S) (A= B9 < A=5B%),
) (
) (

(iv) (VA€ S)(V{A;i:ieJ} T8 (A= N%A <= A=N%4,),
1eJ ieJ

(v) VA€ S)(V{A;:ieJ} C8)(A=2 J%4; «— A= A).
i€J i€J

If (Q,=9, C9, 2, N2 U?)is an extension of (,=%, C%, % N |J*), then =5, C¥,
Se NS, U can be replaced by =9, C?, 9¢. N9 UY, respectively.

Definition 2.1 provides a reasonable criteria for the construction of set-theoretic op-
erations =", C", “™ A" and U™ on G¥, in other words, it is reasonable to expect that
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for each m,n € N with m < n, (G, =", C", em) nn U™) should be an extension of

(G, =™, C™, elm) Am U™). The question as to whether or not it may be of interest

to consider additional conditions in this context is left open in the present paper.

For each n € N, if =", C®, (™ N™ and U™ are chosen in particular to be the set-

g g

theoretic operations =9, C9, 9°/ N and U, respectively, of [2], it is shown in [3] that this

expectation is satisfied. The determination of set-theoretic operations =", C™, (") nQ»
g g . . . .

and U" other than =9, CY, 9¢, N and U is proposed in [3] as an open question, and is

still somewhat problematic. In the forthcoming section, we are interested in the solution

of this problem, and establish some satisfactory results in this direction.

3. Results

3.1. Theorem. For each m,n € N with m < n, (GX, =", €™, <™ n* ") is an
extension of (G, =™, C™, C(m), N™, U™) iff the following conditions are satisfied:
(GG1) (VA, BeGY) (I7T(A) =" If1(B) «< A="B),

(GG2) (YA, BeGY) 1’“+1 A) CH [FYY(B) <= AC* B),

(GG3) (VA, BeGYy) (1k+1( ) =R (IFY(B)) D = A =F B,

(GG4) (VAE€GY) (V{4i:ie J} CGY),

k
k+1
(III:H _k+1 m + Ik+1 Aj) = A =F mAZ)’

i€J i€J

(GGE) (VAeGy) (V{Ai:ieJ}Y CGY),

k
k+1
(i = Uty = 2= Ja),

i€J i€J

for each k € N.
Proof. This is an immediate consequence of Theorem 2.1 and [3, Corollary 1]. O

3.2. Theorem. Forn € Nt and k = 1,...,n, let R* : Gf¥ — G_, be a function
satisfying Rk(l,’j_l(A)) = A for each A € Gi_,. Let us denote by G* the composition
function R* o R®o---o R¥ : Gi¥ — I’* for k € NT and the identity map id;x : I — I*
for k =0. For each k € N, if the set-theoretic operations C*, =F c®) nF and U* on G¥
are defined by the following equivalences:

() (VA, BeGY), (A=*B <= G*(A) =' G*¥(B)),
(i) (YA, BEGY), (ACF B < G*(4) </ G*(B)),
(i) (VA, BEGY), (A="BW® «— G*A) =" (G"(B))),

(iv) (VAeGY) (V{4 i K} CGY),
(1= "4 = @ = N'cHan),

ieK €K

(v) (VA€ GY) (V{4 :ie K} CGY),
(4= U = = Y'ctuan),

then for each m,n € N withm < n, (GX, =", C", ™ A", U") is an extension of (G,
m —m c(m) am Um)
- )y = H ) ) .
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Proof. To prove the required result, we invoke Theorem 3.1. Let us assume that the set-
theoretic operations C¥, =F e®) n* and U* on G are given by the equivalences (i-v),
respectively. It is sufficient to see that the conditions (GG1-GG5) in Theorem 3.1 are
satisfied. For each k € N and for each A, B € Gi, by considering the definition of the
map G*, the hypothesis on R*, and using (i), we observe that
LA = ETY(B) <= GMTHITH(A) =T ¢TI (B,
However,
GMU I (A) = [R' o R? o0 R o RM(I;(4))
= [R'o R?o---0 RY(RM (151 (4))
=[R'oR%0---0 R*](A)

and likewise,
G RTY(B)) = [R' o R?0--- 0 R* o R*'|(I;7(B))
=[R'oR*0---0 RF(R* (I (B))
=[R'oR%0---0 R*|(B)

Hence
I A) =T Y (B) <= GM(A) = GM(B) = A="B.

Thus (GG1) is verified. In a similar fashion, one can easily deduce from (ii), (iii), (iv)
and (v) the conditions (GG2), (GG3), (GG4) and (GG5), respectively. For this reason,
the proof of the properties (GG2-GG5) is skipped here. a

As a consequence of Theorem 3, the construction problem for set-theoretic operations
on genuine sets turns into the determination of mappings R* : Gax — Gi_, fulfilling
the condition R*(If_,(A)) = A for each A € Gj_; and for each k € NT. The following
examples are designed to demonstrate some special classes of mappings R* : G — G_,
satisfying the above condition.

3.3. Example. Let h: I — I be a bijective function with ~(0) = 0 and h(1) = 1, and let
T be a t-norm [5], i.e. T : I x I — I is a mapping for which ([0,1],T’) is a commutative
monoid with identity element 1 and T satisfies the isotonicity:

(a1 < B1) and (a2 < B2)) = T(a1,02) < T (B, B2), Vou,az, B, 82 € 1.
It is easy to see that the map Ry : G — Gi_1, A€ G — RF(A) € Gi_1, defined by
g @M N ) =07 (sup { T(h(aate 2, Do M)A} ).
el
VkeN', VAeGr Ve e X, VA, Aoy, d1 €1,
satisfies the equality IRE(E_ (A)) = 9A; ie. RE(IF_;(A)) = A for each k € N* and for
each A € Gj—;. Let

ok = EioR%o--nRﬁ gkeN* vk € N.
id;x if k=0

Theorem 3.2 gives us that for the operations C*, =¥, e®) % and U* defined by the

equivalences (i—v) in Theorem 3.2, and for each m,n € N with m < n, we have that
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(G, =", C", em) Am, U™) forms an extension of (G, =™, C™, elm) Am U™). For
the particular t-norm 7' = min = A, if h : I — [ is taken as an order isomorphism, we
observe that

Ik () (@ A A2y Aema) = BT Sup{ (9a(= /\1:/\2a-~~:/\k))/\h(/\k)}>
2 Ap€El

h™ 1( sup {h(gA .T )\1,)\2,...,)\k)/\)\k)})

g€l

Rt (sup{gAx)q,/\g,...,/\k)A/\k}))
A€l

= sup {gA(xJ\l,)\z,...,)\k) A )\k}.

g€l

Therefore we get
gGlfL(A)(Qf) = SUPA;,Aa,..., Akej{gA(.T, A1, A2, .. ‘7)\k) AXMAXMA...A )\k},
VkeNT, Ve X.

Thus, for T'= A and for an order isomorphism h : I — [ fulfilling h(0) = 0 and h(1) =1
the operations C*, =% °® n* and U* given by (i-v) in Theorem 3.2 are nothing but the
operations C9, =9 9¢ A and L?J, respectively, presented in [2].

3.4. Example. As in the previous example, let h : I — I stand for a bijection satisfying
the properties h(0) = 0 and h(1) = 1, and let S be a s-conorm [5], ie. S: I x I — 1
is a mapping for which ([0,1],5) is a commutative monoid with identity element 0,

and S satisfies the isotonicity property. Let us define the map RFf : GfX — G,
A€ Gy — RE(A) € Gi_y, by

IrE () (@A, A2y o M) = 1"h71(i;q£ {STh(l‘*9A($7A17A2w~-7kk)%
v k
p- 20 }).

VkeNT, VAEGY, Vo € X, VA1, do, ..., o1 €1
In a similar fashion to Example 3.3, it is easy to observe that IRE(1E_ (4)) = 94 ie.

RF(IF_,(A)) = A for each k € NT and for each A € Gi_;. Similarly, for the particular
s-conorm S = max = V and for an order isomorphism h, we easily obtain

gRﬁ(A)(m,M,)\z,..-,)\kq) = sup {gA(iE,)\l,)\Q,...,)\k) A )\k},

g€l

and so we have
gGﬁ(A)(x): sup {gA(x,)\l,)\z,...,)\k)/\)qAAZA...AAk},

VkeN' Ve X.

Hence, for S = V and for an order isomorphism h : I — I fulfilling h(0) =0 and k(1) =1
the operations C*, =F ¢®) AF and U* defined by (i-v) in Theorem 3.2 will also be the

g g
operations CY, =9 9¢ M and U, respectively.
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