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Abstract

The notion of interval-valued intuitionistic fuzagts was first introduced by Atanassov and Gargov a
a generalization of both interval-valued fuzzy satd intuitionistic fuzzy sets. Satyanarayanalet. a
applied the concept of interval-valued intuitioristuzzy ideals and interval-valued intuitionistic
fuzzy dual ideals to BF-algebras. In this paper, imeoduce the notion of fully invariant and
characteristic interval-valued intuitionistic fuzdyal ideals of BF-algebras and investigate somits of
properties.

1. Introduction and preliminaries

For the first time Zadeh (1965) introduced the eptof fuzzy sets and also Zadeh (1975) introduced
the concept of an interval-valued fuzzy sets, whghan extension of the concept of fuzzy set.
Atanassov and Gargov, 1989) introduced the notfanterval-valued intuitionistic fuzzy sets, which

is a generalization of both intuitionistic fuzzysand interval-valued fuzzy sets. Meng and Ju83) 9
introduced fuzzy dual ideals in BCK-algebras. Omeothand, Satyanarayana et al., (2010) and (2011)
applied the concept of interval-valued intuitioristuzzy ideals and interval-valued intuitionistic
fuzzy dual ideals to BF-algebras. In this paper meoduce the notion of fully invariant and
characteristic interval-valued intuitionistic fuzdyal ideals of BF-algebras and investigate sonits of
properties.

By a BF-algebra we mean an algebra satisfyingudems:
(1).xCx =0,

(2).xCO=x,

(3).0C(xLy)=yLCx,forall x,yOdX

Throughout this paperX is a BF-algebra. If there is an element 1 of Xsfghgx <1, for all
x O X, then the element 1 is called unit of X. A BF-&lgewith unit is called bounded. In a bounded
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BF-algebra, we denotd* X by Nx for brief. A bounded BF-algebra X called itviory if
NNx=x, for all x X..

Definition 1.1 (Satyanarayana et al., 2014 nonempty subse in a BF-algebraX is said to be a
dual ideal of X if it satisfies:

(D,)10D,

(D,) N(NxCNy)UDand yODimply xUD, forany x,yX.

Definition 1.2 Let X be a set. Afuzzy setin Xis a functidh X -[0,1}

Definition 1.3 (Meng and Jun (1993 fuzzy subset of X is said to be a fuzzy dual ideal of X if it
satisfies

(FDI 1) p(1)= p(x)

(FDI'2) w(x) = min{ u(N(NxLCNy)),u(y)} for all x, y in X.

We now review some fuzzy logic concepts. For fuzets pand Aof X and s,t[1[0,1], the set
U(u; t) = {X OX:u(x) = t} is called upper t-level cut oftand the set

L(u; t) = {X OX:Mx) < s} is called lower s-level cut of.. The fuzzy setp in Xis called a

fuzzy dual sub algebra oKX , if p(N(Nx C Ny)) = min{u(x), u(y)} ,forallx,y O X.

Intuitionigtic fuzzy sets. (Fatemi 2011 and Wang et. al., 20Kk intuitionistic fuzzy set (shortly

IFS) in a non-empty set X is an object havingftren A = {(X,HA (X),An (x)): x X}, where the
functions p, : X - [0,1]and X, : X - [0,1] denote the degree of membership (namelyx))
and the degree of non membership (namglyx)) of each elememt X to the set A
respectively such that for anx JX. 0<p, (X) +A, (X) <1. For the sake of simplicity we use
the symbol form A = (s, Aa) or A=(X, s, Xn).

By an interval number D d6,1] we mean an intervlaﬂ‘ ,a*J wherefD<a” <a’ <1. The set

of all closed subintervals of0,1] is denoted byD[0,1]. For interval numberdD; = [a{ bIJ :
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D, = [ag ,b;J. We define
* D, n D, =min(D;,D,) = min([a;, b{J ,[ag, bgj) = [min{a; ,a;},min{bf,b;}J

* D, 01D, =max(D;,D,)=max(|a, b;],|&, bj]) = |[max{a a5}, max{br b}|
D, +D, =[a; +a; —&.a,,b; +b; —b/.b;]
and put

« D;<D, - a <a, and b; <b;
« D;=D, = a =a,and b =bj,
+ D;<D, « D;sD,and D; #D,
« mD=m[a;,b;]=[ma; ,mb;], whereD<m<1.

Obviously (D[O,l], s,G [) form a complete lattice witf0, 0] as its least element anld,,1] as

its greatest element. We now use DJ[0, 1] to detf@eset of all closed subintervals of the interval
[0, 1].
Let L be a given nonempty set. An interval-valued fugety(briefly, i-v fuzzy set)B on L is

defined by B = {(x,[ug3 (X), 1 (x)]): x O L}, where pg(x) and pg(x) are fuzzy sets of

L such that iz () < pg (x) forallx OL . Let fig(x) =|uz (), us (9], then

B ={(x,lig(x)): xOL} where fig:L - D[0,1]. Amapping A = (EA,XA)

:L - D[0,1]xD[0,1] is called an interval-valued intuitionistic fuzzgtgi-v IF set, in short) in
L if OSpupa(X)+Ax(X)<1 and O<p,(X)+A,(X)<1 forall xOL (thatis,

AT =(X,ua,An) and AT =(X,p,, A, ) are intuitionistic fuzzy sets), where the mappings

o () =[ua (), 1h (0]: L — D[0,1]and 7, (X) =[A5 (x), 25 ()] : L — D[0,1] denote
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the degree of membership (namely, (X)) and degree of non-membership (namely

XA (x)) of each elemenx LIL toA respectively.

2 Main Result

In this section we introduce fully invariant andachcteristic interval—valued intuitionistic fuzzyal

ideals and prove some of its properties.

Definition 2.1 A dual ideaFof BF-algebraX is said to be a fully invariant dual ideal f{F) (] F

forall f OENd(X) where End(X)is set of all endomorphisms of BF-algebras X.

Definition 2.2 An interval-valued IFSA = (X, EA,XA) is called interval-valued intuitionistic
fuzzy dual ideal (shortly i-v IF dual ideal) of Btgebra X if satisfies the following inequality

(-vIF1) fiy (1)2fi, (x) and XA(l)s XA(x)
(-VIF2) [Tp (X) 2 min{ fi o (N(NXCNy)), it o 1)}
(i-v IF2) XA (x) < ma>{ xa (N(NXINy)), 2o (y)}, for all X,y,z0 X .

Example 2.3 Consider a BF-algebra&X :{ 0,1,2,3} with following table.

Cl10]1|2

W[IN|FL|O
WIN|FP|O
NIWIO|Fr
ROl W[N
OlRr|IN|W

Let A be an interval valued fuzzy set in X definday ﬁA(0)=ﬁA(1)=[O.6,O.7],

HA(2)=Ha(3)=[0.2,03, 1,(0)=%,(1)=[0.1,0.2] and %, (2)=1,(3)=[0.5,0.7] .
It is easy to verify that A is an interval valuediiitionistic fuzzy dual ideal of X.

Definition 2.4 An interval-valued intuitionistic fuzzy dual ideah\ = (1, ,XA)of X is called a fully

invariant it i (X) = i, (FQ)) < fix (X) and A% (X) = X, (FQ)) < Aa (X) forall xOX and
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Theorem 251f {A;\iJ1} isafamily of i-v intuitionistic fuzzy fully inveant dual ideals oX ,
then i A =(Gywa. , Lk r . )is an interval-valued intuitionistic fully invariadual
NioAi =Gioka - GioAag) y

ideal ofX , where

igl uAi (x) =inf{ uAi eO\iOlL,xOX} and iSI }LAi x) = sup{kAi )\iOLxOX}.
Theorem 2.6 Let She nonempty subsets of BF-algeifrand A = (i1, , XA) an i-v intuitionistic
fuzzy dual ideals defined by

[s,,t,] if xOS
a
[s;,t;] otherwise,

[a,,B,] if xOS
[a,,B,] otherwise,

Ha (X) :{ Jen (X) :{

Where [0,0] <[s;, t1] <[s,, t,] < [1,1],[0,0] <[a,,B,] <[o,B,] < [1,1],
[0,01<[s;, t;]1+[e;,B;]1<[1,1]for i =1,2. If S isan interval-valued intuitionistic fully
invariant dual ideal oK , then A = (1, , XA) is an interval-valued intuitionistic fully invaria

dual ideal ofX .

Proof: We can easily see thah = (EA,XA) is an i-v intuitionistic fuzzy dual ideal of . Let
xOX andf DENd(X). If xOS, thenf(x)Jf(S)OS. Thus we have

ip (9) = fia ((09) <fia (9) =[5, t,]and Aj () = Ay () < Xp () =[a5,B5]. Forif

otherwise, we have

A 0 = A (F(9) < Ha 0 =[51, 4] and 2 (x) = 20 () < A () =[otg, ]

Thus, we have verified thaf = (i1, , XA) is an interval-valued intuitionistic fully invara dual
ideal ofX .

Definition 2.7 An i-v intuitionistic fuzzy dual idealA = (i1, , XA) of X has the same type as an

i-vintuitionistic fuzzy dual ideaIB=(ﬁB,XB) of X if there exist f DEnd(X) such that
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A=Bofie fi,(X)=ig(f(X), ka (X) = kg (f(X)) forall x OX.

Theorem 2.8 Interval-valued intuitionistic fuzzy dual idealsXfhave same type if and only if they
are isomorphic.

Proof: We only need to prove the necessity part becaassufficiency part is obvious. If an i-v

intuitionistic fuzzy dual idealA = (i1, , XA) of X has the same type aB = (1g, XB) , then there
exist ¢ DENd(X) such thatfi , (X) = [ (@X)), ha (X) = Ag (@X)) forall xOX. Let

f:A(X) - B(X) be a mapping defined bf(A(x) = B(¢(x)) foralxIX,i.e,

f(l 5 (X)) = Fg (@), f(ha (X)) = A (@X)) for xOX .  Then, itis clear thaf is a
surjective homomorphism. Alsof is injective becausd(pi, (X)) =f(p, () forall  x,y OX
implies g (@AX)) = ng(@Ay)). Hence i, (X) =pg(y). Likewise, from
f(hp (X)) = (A4 (y)) we concludeX, (X) = Ag(y) forall XOX . Hence A =(fi,Aa)is
isomorphic tdB = (1 g, XB) . This completes the proof.

Definition 2.9 An ideal Cof X is said to be characteristic f{C)=C for all f 0 Aut(X)
where Aut(x) is the set of all automorphisms Xf. An i-v intuitionistic fuzzy dual ideal
A=(ty,, XA) of X is called characteristic ift, (f(X) =, (X) and XA (fx) = XA (x) for all
xOX andf OAut(X).

Lemma 2.10 Let A = (EA,XA) be an i-v intuitionistic fuzzy dual ideal ¥fand lex [JX .
Thenfiy (X)= T, A, (X) =3 if and only if X OU(,; ), XOU(,;S) and xOL(Xs;3),

XDL(XA;Y) forall§ > 1.

Proof: Straight forward
Theorem 2.11 An i-v intuitionistic fuzzy dual ideal is characigtic if and only if each its level set is

a characteristic dual ideal.
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Proof: Let an i-v intuitionistic fuzzy dual idealA = (i1, , XA) be characteristic,

tOIm@,), f OAUt(X),x DU, t). Thenis (f(X)) = fis (X) = T, which means that

f) DU, t). Thusf(U(ia; 1) O UG, ; T). Since for each x JU(HL, ; ) there exist
yOX such thatf(y) =x we havel, (Y) = fia (f(y)) = s (X) 2 T, hence we conclude
yOU(ka; 1)

Consequently,x = f(y) Of(U(i,; t). Hence f(U(ia; 1) = Ui, T).

Similarly, f(L(XA;E)) = L(XA;E). This proves thatU(ﬁA;f) and L(XA;§) are characteristic.
Conversely, if all levels ofA = (ﬁA ,XA ) are characteristic dual ideals of X, thenXdd X ,

f OAUt(X) andii,(X)=1t<S=x,(X), by lemma 2.10, we havet DU(i,; 1), X OU(ii,; 3)
and X OL(Aa;3),xOL(As;T). Thus f(x) Of(U(i,; 1)) = Ui, 1) and

f(x) Of(L(Ap:S) =L(Aa:3) . ie. fa(FX))2 T andh, (F(X)) <5. For i (f(X) =t > 1,
A (f(¥) =5 <3, We havef(X) DU, ; ) =f(U(A: L), () OL(AA:S) =H(L(XA5)).
Hencex JU(ix; ), xO L(XA ;§) thisis a contradiction. Thug, (f(X)) =, (X) and

XA (fx)) = XA (X).So, A =(lu, XA) is characteristic.

References

Atanassov, K.T. and G. Gargov, 1989. Interval vdluetuitionistic fuzzy sets, Fuzzy sets and
systems, 31: 343-349.

Fatemi A., 2011. Entropy of stochastic intuitioitigtizzy sets, Journal of Applied Sci. 11: 748-751.

Meng, J. and Y.B. Jun, 1993. Fuzzy dual ideals@iKBalgebras, Comm. Korean Math. Soc., 8:
225-231.

Satyanarayana, B., D. Ramesh, M.V. Vijayakumar BndDurga Prasad, 2010. On fuzzy ideal in
BF-algebras. Int. J. Math. Sci. Engg. Apple., 43-254.

Satyanarayana, B., D. Ramesh and R. Durga Pra@atl, @n interval-valued intuitionistic fuzzy dual
ideals of bf-algebras, annals of the constantindarai university of targu jiu. Eng. Series, 3: 11%5.
Wang, H., G. Qian and X. Feng, 2011. An intuititici$uzzy AHP based on synthesis of eigenvectors
and its application. Inf. Technol. J., 10: 1850-4.86

58



Mathematical Theory and Modeling www.iiste.org
ISSN 2224-5804 (Paper) ISSN 2225-0522 (Online) g
Vol.2, No.3, 2012 IIS'E
Zadeh, L.A., 1965. Fuzzy sets, Informatiuon Contol338-353.

Zadeh, L.A., 1975. The concept of a linguistic able and its application to aproximate reasoning,
Information Sciences, 8: 199-249.

59



This academic article was published by The International Institute for Science,
Technology and Education (IISTE). The IISTE is a pioneer in the Open Access
Publishing service based in the U.S. and Europe. The aim of the institute is
Accelerating Global Knowledge Sharing.

More information about the publisher can be found in the IISTE’s homepage:
http://www.iiste.org

The 1ISTE is currently hosting more than 30 peer-reviewed academic journals and
collaborating with academic institutions around the world. Prospective authors of
IISTE journals can find the submission instruction on the following page:
http://www.iiste.org/Journals/

The IISTE editorial team promises to the review and publish all the qualified
submissions in a fast manner. All the journals articles are available online to the
readers all over the world without financial, legal, or technical barriers other than
those inseparable from gaining access to the internet itself. Printed version of the
journals is also available upon request of readers and authors.

IISTE Knowledge Sharing Partners

EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalITOCS, PKP Open
Archives Harvester, Bielefeld Academic Search Engine, Elektronische
Zeitschriftenbibliothek EZB, Open J-Gate, OCLC WorldCat, Universe Digtial
Library , NewJour, Google Scholar

m EB O INDEX (\@‘ COPERNICUS
I N T E RN A TTITIT ON AL

INFORMATION SERVICES
ULRICHSWES,  JournalTOCs @

N A ;
. E'z B Elektronische
lBAS(E T— Q0@ Zeitschriftenbibliothek O

open
> )
OCLC v)

The world’s libraries. — U cDigitalLibrary —
Connected. WorldCat e

Ny

'- ¥
GEORGETOWN UNIVERSITY
LIBRARY



http://www.iiste.org/
http://www.iiste.org/Journals/

