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Abstract:

In this research, we introduce a new generalised interval-valued intuitionistic fuzzy
sets (GIVIFS), which is the generalisation of conventional intuitionistic fuzzy sets (IFS) and
interval-valued intuitionistic fuzzy sets. In other words, GIVIFS is the generalisation of
conventional IFS (IVIFS). This study presents generalised interval-valued intuitionistic fuzzy
sets with parameters by doing an analysis of the degree of reluctance (GIVIFSP). After that,
it is shown that GIVIFS, in addition to IFS and IVIFS, is a closed algebraic system. Atanasov
first introduced IFS in the year 1986. Atanassov first presented the IVIFS algorithm in 1989,
basing it on a comparison of the interval-valued fuzzy sets (IVVS) and the IFS algorithm. As
a result, a great number of academics extensively employed IFS and IVIFS to decision
analysis and pattern identification.
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Introduction:

Atanasov first introduced IFS in
the year 1986. Atanassov first presented
the IVIFS algorithm in 1989, basing it on a
comparison of the interval-valued fuzzy
sets (IVVS) and the IFS algorithm. As a
result, a great number of academics
extensively employed IFS and IVIFS to
decision analysis and pattern
identification. In the field of IVIFS
research, Yager, Yuan Xuehai, and Li
discussed the cut set

characteristics of IVIFS in [5, 6, 7], and

Hongxing

Xu Zeshui and Zhang Qianshengapplied it
to pattern recognition based on [4] in [8,
12, 13]. Both of these studies can be found
in [5, 6, 7], [8, 12, 13], and [8, 12, 13]. It
was also used to decision-making analysis
by Xu Zeshui and Li Dengfeng in [9, 10,
11], while Lei Yingjie and Zhang
Qiansheng conducted research on interval-
valued intuitionistic fuzzy reasoning in
[14, 15].

The IFS theory and the IVIFS
theory are both created, which generalises

Zadeh's fuzzy sets (FS) by incorporating
782
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the degree of membership MA(x), the
degree of non-membership NA(x), and the
degree of hesitation HA(x). These degrees
are denoted by the symbols MA(X),
NA(x), and HA(X) ([1, 2, 3]). MA(x),
NA(x), and HA(x) are all considered to be
intervals in the context of the IVIFS
definition. More specifically, MA(x) refers
to the range of support for a party, NA(X)
refers to the range of opposition for a
party, and HA(x) refers to the range of
missing support for a party. In addition to
this, the inferior of MA(x) (INF(MA(X)))
is the firm support party of event A, the
inferior of NA(X) (INF(NA(x))) is the firm
opposition party of event A, the inferior of
HA(X) (INF(HA(x))) is the firm absent
party of event A, the superior of HA(x)
(SUP(HA(x))) is the maximum absent
party of event A, and SUP Atanassov has
split the convertible absent part into two
parts: SUP (MA(X))-INF (MA(x)), which
is the absent party that can be converted
into the support party, and SUP (NA(X))-
INF (NA(X)), which is the absent party
that can be converted into the opposition
party, with SUP (MA(X))-INF (MA(X))
plus SUP (NA(X))-INF (NA(x)) equal
Since Atanassov's IVIFS is based on point
estimate, this indicates that these intervals
may be viewed as the estimation result of
an experiment. In other words, these
intervals can be thought of as a measure of
precision. However, there is a possibility
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that the proportions of the missing party
that are converted to the supporting party
and the opposing party will not remain
consistent. For instance, the difference
between SUP (MA(x)) and INF (MA(X)) is
a constant for one experiment, but it may
be a completely different constant for any
other case. Therefore, in accordance with
interval estimate, we provide a fresh
GIVIFS model in order to satisfy actual
need.

To begin, we will introduce the
idea of GIVIFS, which has been shown to
be the generalisation of IFS and IVIFS.
After that, we provide the building
technique of the generalised interval
valued intuitionistic fuzzy sets with
parameters (GIVIFSP), and then we
describe the complement operation, the
intersection operation, and the union
operation on GIVIFS. Finally, we show
that GIVIFS is a closed algebraic system
for all of these operations, including fuzzy
sets, IFS, and IVIFS, by proving that
GIVIFS can be represented as a fuzzy set.
Therefore, this article generalisesthe IVIFS
theory, and it gives some relevant results
for the area of application research of
IVIFS.  Additionally, this study is
beneficial to the generalisation of interval-

valued intuitionistic fuzzy reasoning.
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Construction of GIVIFS:

Definition 1. An IFS A in universe X is given by (Atanassov [1, 2, 3]):

A= (<5 pyf), valx) > x 0 X} (1)
where yy 0 X — [0, 1],v; : X — [0, 1] with the condition 0=u(x) + v4(x) <1 for each x [1 X. The numbers
a(x), vax) = [0, 1] denote the degree of membership and the degree of non-membership of x to A,
respectively. For each IFS in X, we call my(x) = | — py(x) — v4fx) the degree of hesitancy ([9]) of x to A,
O=m,(x) <I foreach x [ X.

Definition 2. An IVIFS A in universe X is given by (Atanassov |2, 3]):

A= {<x, My(x), Ny(x) > [x [ X} (2)
where M, (x)=[r (x), ()], Ny (X)=[f; (), £ (x)], and Hax) = [77, (x), 7 (x)] with the condition
M, (x)<[0,1]. N, (x) c[0,1]. P, (x) < [0,1]. The interval M(x), Na(x), and Hx(x) denote the degree of
membership, the degree of non-membership, and the degree of hesitancy of x to A, respectively. For each
IVIFS in X, we call 7,(x)=1-1,(x)—f,(x), 7,(x)=1—1t,(x)— f, (x) lower bound and upper
bound of hesitancy of x 10 A respectively, where 0 < 7, (x) < 7 (x) <1, foreachx [ X

Theorem!. Suppose that A is an IVIFS as mentioned above, then

t(x) =65 (x)+ [ (x) = [ (x) =7, (x) = 7, (x). 3)
Based on definition2, we have (3).
From definition 2, let all samples be divided into three parts, #,(X) being firm support party of event

A, f,(x) representing firm opposition party of event A, and 77,(x) showing all absent party. In

absent party, 7 ,(x) is firm absent party, and 7, (x)— 7, (x) is convertible absent party, in which each
sample may become one of the support party and the opposition party. Suppose that there is 1+ (x)—;(x)
of the samples supporting event A and f(x)— f, (x) of the samples opposing event A, and then
0t (x)=t (x) <7 (x)-7 (x),0< £, (x)= [, (x) S 7 (x)—7,(x).
Let @, (x) =1} (x)=t,(x), B,(x)= £, (x)= f; (x), and we will get the GIVIFS definition as follows:
Definition 3. Let X be a universe of discourse. A GIVIFS 4 in X is an object having the form:
A={<x, Ma(x), Na(x)>]x E X}

where the intervals My(x), Na(x), Ha(x) are the same as definition 2. Let ¢} (x) =1, (x)+a,(x)
and /7 (x) = f; (x)+ B,(x) then 0 <max{e,(x),B,(x)} < 7;(x) -7, (x). Obviously, if z7(x)=7;(x)=0,
then a,(x)=p,x)=0 and GIVIFS is fuzzy sets; and if a‘(x)='6_‘(x)=0,then GIVIFS is IFS; and if
@, (x)+ B(x) =15(x) = 13(x) + £ (x) = £ (x) = 7 (x) — 7;(x) , then GIVIFS is IVIFS.

Suppose that the proportion of absent party converted to the support party is A, (x) and that
converted to the opposition party is 1—A4,,(x). The model will become interval valued intuitionistic

fuzzy sets with single parameter, where

o, (x)= A, (x) (7 (x) =7 (x)), B,(x) =(1=A,(x))(7 (x) =7, (x)).
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Definition 4. Let X be a universe of discourse. A GIVIFSP 4 in X 'is an object having the form:
A={<x, Ma(x), Nao(x)>x €X}

where My(x), Na(x), and Hy(x) are the same as definition3. Let
(x0) =1,(x)+ A, (A, ()7, (x), [ (x) = [7(x)+ A, ()4, ()7 (%), 7, (x) = (1= A, ()7 (x),
where 0 < 4,,(x) <1,i=0,1,2. Ma(x), Na(x), And Hy(x) represent the degree range of membership, the
degree range of non-membership, and the degree range of hesitancy of x to A, respectively.

It is clear that we will get the following conclusions: If 77 (x) =7, (x) =0, then 4, (x)=0, and then
GIVIFS is fuzzy sets; and if 4, (x)=0,then GIVIFS is IFS; and if ,l_m(x) >0and A, (x)+A,,(x)=1,
then GIVIFS is IVIFS. Furthermore, if 4,(x)=A4,i=0,1,2,and A is constant, then GIVIFSP is an

interval valued intuitionistic fuzzy sets with fixed parameters, otherwise it is a variable model.

Algebraic Properties of GIVIFS: of containment relation, equal relation,

Following is a presentation of the intersection, union, and complement.:

fundamental GIVIFS operations consisting
Definition 5. Let X be a universe of discourse. 4 and B are two GIVIFSPs in X A={<x My(x),
Na(x)=xE X}, B={<x, Mg(x), Ng(x)=]x £.X} where M,(x), N(x), and H,(x) are the same as definition 3.
(DAcBe M (x) M (x), N, (x)S N, (x) = (x)St(x), 0 (x) S g (x), [ (x) 2 [ (x), f7(x) 2 [ (x);
(2)A=Beo AcB.BcAe M (x)=M(x),Ny(x)=N (x) = 1 (x)=1(x), 0 (x) =15(x), [ (x)= f5 (x), £ (x)= [y (x),

(3)ANB={<x,M ,(x),N ,(x) > xe X}N{<x, M (x),N,(x) > xe X}

= (< 1[G OLL (), £ (015 x€ X3N{< %1606 LU (), £ ()] xe X}
={<x[t,(xX) Atz (x),t;(xX) At (X)L, () Vv f7(x), i (x)Vv [ (x)]>] xe X}:

(D). AUB={<x,M ,(x),N (x)>xe X}U{<x,M,(x),N,(x) > xe X}

= (<X (G OLLL (), £ (0] 5] xe XU x, (650,651 (00, £ ()] 5 xe X}

=< X[ () Vi (), () v i ()L () A fr (30, f7 () A f ()] > xe X}

(5).A° ={<x, M (x),N (x)>|xe X¥ =<, N, (x),M (x)>xe X}={<x,[f; (x), f; (X)].[£,(x),£;(x)] > xe X}.

Theorem2. GIVIFS is closed for complement operation, containment operation, and union operation.
Proof: Support that 4 and B are GIVIFSs. We will prove that 4 4N B, and 4|J B are also GIVIFSs.

A ={<x,M ,(x),N (x) > xe X} ={<x, N (x),M (x) > xe X} ={< x,[f5(x), [ ())[t:(x),£;(x)] > xe X}
={<x[ [ (x), [7(x)+ B, (x)].[1(x), 65 (x) + e, (x)] > xe X},0 <max{e,(x), B,(x)} < m(x) -7, (x).
Thus, A is also GIVIFS.

According to definition 3, 7+ () 7. (x).77,,(x).7;,,(x) ¢an be defined as 77 (x), 7 (x) - Obviously,

iNe

0< i (x)—1,(x) ST (x)—75(x),0 € f7(x)— f7(x) S 75(x) =75 (x),0 S 15 (x) — 15 (x) < 75 (x) — 75 (%),

0< f,;(x)-f,;(x) S”;(X)_”;}(x)’”:ns(x) =] -’,;ns(x)_f;ns(x)s”.;r‘,e(x) 5 l_t;r‘,s(x)_f:ns(x)s

Conclusion:

We put out a definition for GIVIFS
and shown that it is a generalisation of IFS
and IVIFS. As a result, we will describe
GIVIFSP and then build a specific kind of
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GIVIFSP model. We conclude by
demonstrating that GIVIFS is a closed
algebraic system for the complement

operation, the intersection operation, and
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the union operation when applied to fuzzy
sets, IFS, and IVIFS.
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