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Abstract

The present paper gives direct product of finite interval-valued intuitionistic fuzzy ideals. Furthermore, we add more useful results and also

prove that, let A — (fi,,x,)be interval-valued intuitionistic fuzzy ideal of BF-algebra X. If [, (x*y)=p, (¥ and
I (x*y)<n, (9 foranyx, y e X, then A = (ji,,x,) isaninterval-valued intuitionistic fuzzy H-ideal of BF-algebra X.
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1 Introduction and Preliminaries

The notion of interval-valued fuzzy sets was first introduced by
Zadeh [17] as an extension of fuzzy sets. An interval-valued fuzzy
sets is a fuzzy set whose membership function is many-valued and
from an interval in the membership scale. This idea gives the
simplest method to capture the imprecision of the membership grade
for a fuzzy set. On the other hand, Atanassov [5] introduced the
notion of intuitionistic fuzzy sets as an extension of fuzzy set which
not only a membership degree is given, but also a non-membership
degree is involved. Atanassov and Gargov [6] introduced the notion
of interval-valued intuitionistic fuzzy sets which is a generalization
of both intuitionistic fuzzy sets and interval-valued fuzzy sets(IVIF-
sets). In [15] Satyanarayana with others applied the concept of
interval-valued intuitionistic fuzzy ideals of BF-algebras. In this
paper, direct product of finite interval-valued intuitionistic fuzzy
ideals (DPOFIVIF-ideals). Furthermore, we add more useful results

and also prove that, let A = (L, A, )be IVIF-ideal of BF-

TR Y)Z A0 an
Aa(X*Y)< A (X) forany X, y € X, then A= (1, ,)

is an interval-valued intuitionistic fuzzy H-ideal (IVIF H-ideal) of
BF-algebra X. Also, we have proved for direct product of finite
interval-valued intuitionistic fuzzy set (DPOFIVIF-set) of the above
theorem.

By a BF-algebra we mean an algebra satisfying the axioms:

(1).x*x=0,
(2).x*0=x,

algebra X. If

(3).0x(x*y)=y=x,forall x ye X
Throughout this paper, X is a BF-algebra.

Example 1.1
Let R be the set of real number and let A = (R, *, 0) be the
algebra with the operation * defined by

x ify=0
Xx*xy=< y,if x=0
0, otherwise
Definition 1.2:

The subset | of X is said to be an ideal of X , if
() Oeland(i) x*yelandyel=xel.

Definition 1.3:
A non-empty subset | of BF-algebra X is called an H-ideal of X, if

@w0el,

@ X*(y*z)elandyel=x*zel.

The following interval-valued intuitionistic fuzzy concept is taken
from [15].

Definition 1.4:

An interval-valued fuzzy subset ﬁA of a BF-algebra X is called a
interval-valued fuzzy H-ideal of X, if

ANTIN() =TI
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@ fip O 2) = min{ i, O (y %2)), L, (), foral
X Y,ZeX.

Definition 1.5:

An IVIF-subset A = ([, A, )of a BF-algebra X is called an
IVIF-H-ideal of X, if

(IFH1) i, (0) = [, (9 and X, (0) < Ap (X) .

(IFHD) [, (X*2) = min{ [T, (¢ (v *2)), i, (V)]
(IFH3) XA(x*z)s max{ XA(X*(y*z)),XA(y)},
forall X, ¥,z e X.

Definition 1.6 9

2. Generalized Product of Interval-Valued
Intuitionistic Fuzzy ldeals

Definition 2.1:
Let A, = (i, hp,) beNi-vIFS of BF- algebras X,

n

respectivelyi =1, 2, 3,...,n. Then HAi is called direct
i=1

product of finite interval-valued intuitionistic fuzzy subalgebra

n
(DPFIVIF-Subalgebra) of | | X;
i=1

n
HlﬁAl ((Xlixz"!xn) *(yl’yzv!yn))
1=

n n
Zmln{]_[ },lAI (Xl,XZ--,Xn)r MAI (ylvyzv!yn)}

s

P, (O X ) * (Y g Y ))

i=1

n- n -
< max{l'[ xAi (X X5 X ) T1 XAi (yl'y2""yn)}f0r all
' i=1

=1

n
(X Xn)s O1eYn) € [
i=1

Theorem 2.2
Let A, = (1 A be n IVIF-subalgebras of BF-
= AA ) 9

algebras Xi , respectivelyi =1,2,3,...,Nn. lﬂ[A_ is an IVIF-

i=1

n
subalgebra ofH X

i=1

Definition 2.3

Let be n IVIFS of BF- algebras X, ,

respectivelyij =1, 2,3,...,n. Then 1 is called DPFIVIF-

1A
i=1
n .
Subalgebra of H X, if

i=1

ji=1 i=1 !

n —_—

IThp (X X500 X))

i=1 "1

- n _—
= min{ I'1 N (X X5 X ) * (Y13 Y 50 Y D)
i=1

n —_—
i “’A (yllyzr"vyn)}!
i=1 "1

n _

i];[lei (xl, x2.., xn)

n _—
< maX{HlkAl ((Xl,XZ--,Xn)*(yl,yzu-,yn)),
i=

XAI (ylvyz!"iyn)}v

1=

i
n
for all (X%, ), V1Y) € Hxi '
i=1

Example 2.4
Let X,={0, 1}and X,={0, 1, 2} are BF-algebras by the
following tables:

*
]
—
I

._.
—

L ) [ B8]
[ -

20211

]

Then XX, = X,={(0,0),(0,1),(0,2),(1,0).(1,1),(1,2)}
is an BF-algebra. We define i-v IFS A, = (rtAl , XAl) on X,
as ﬁAl : X, —[0,1]

byji,, (0) =[0.5,0.6] fi,, (1) =[0.3,0.4]
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and 3, : X, —[0,1]

by %, (0) =[0.3,0.4]. X » (1) =[0.5, 0.6] Now we
definei-vIFS A, = (ﬁAz,):Az)on X, as

Ha, 0 X, —>[0,1] by

Ha, (0) =[0.5,0.6] ﬁAZ (1) =[0.2,0.35]and
Ha,(2=[02,03]2%,, : X, —>[0,1]

by A, @ =[0:3.035] Xn, (1) =[0.5,0.6],

XAZ (2) =[0.6,0.7]. By routine calculation

AxA, :<“A2><A2 ’XAZXAZ > is an IVIF-ideal of BF-

algebra.

Example 2.5
Let X, ={0, 1}, X,={0, 1, 2}and X,={0, 1, 2, 3} be
three BF-algebras by the following table:

* 1
0 1
1) 1]0
#= | 0|12
Djo)2f1
11|02
21210
101123
ojoj112|3
11032
21213 (01
31312110

Then X, XX, XX, is BF-algebra. We define IVIFS

Ay = (ip hp ) on Xy asfi, 1 X, —[0,1] by
Ha, (0)=[0.4,05], fi, (1) =[0.2,0.3] and

hay X —>[01] by, (0)=[0.3,0.4],

xAl (1) =[0.5,0.6]. Now we define IVIFS

A, =(ia, hny)on X, as L, 1 X, —[0,1] by
Ha, (0)=[0.6,0.7], fi, (1) =[0.4,0.45] and

m A, (2)=[0.3,0.4] &n, : X, >[01]

byAa, (0)=[0.2,0.25] %, (1) =[0.3,0.4],

A, (2)=[05,0.6].

Now we define ﬁA3 : X3 —10,1] by

Hag(0)=p,, (1) =[0.7,08]. fi,, (2)=[0.5,0.6] ,
fia, (3)=[0.4,0.5]and 1, : X; —[0,1]

by X Ay 0)=x Ay (1)=[0.1,0.2],

Aay(2)=[0.3,04], X, (3)=[0.45,0.5]. By routine
calculation Ay XA, xA., :<|1A2><A2><A3 , xAZXAZXAg, >is
an IVIF-ideal of BF-algebra.

Definition 2.6
Let A, = (ﬁAi , Aa; ) ben IVIFS of BF-algebras X;

respectively. Then:

o0 TA)=<] Tin I T >
i=1 i=1 i=1
i) O JA)=<[ |24 -] >
i=1 i=1 i=1

The operators “necessity” and “possibility” over IVIF-sets and they
are introduced for the first time in the first paper on these sets.

Theorem 2.7
LetA; = (ﬁAi Ap ) be n IVIF-subalgebras of BF-algebras X |,

respectively fori =1, 2,3, ..., N. Then
n n n
_ ~ ~C
TAY=<T Tin, L5,
i=1 i=1 i=1
n n ~C n -
O(1 1A)=<| | 2..| | L ,.> arefan IVIF-subalgebras of
A=<l a1,

n
BF-algebras H X,

i=1
Theorem 2.8

~ n
Let A, = (ﬁAi 1 Ap; ) ben IVIF-ideals of BF-aIgebrasl_[Xi :
i-1

n

for 1 =1, 2,3, ..., N respectively. Then fuzzy sets I I }IA_ and
. i
i=1

n n

~C . .
I I W, . are interval-valued fuzzy ideals of | I X. .
i=1 A' i=1 I



634

International Journal of Engineering & Technology

Theorem 2.9

Let A, = (uAi N
i=1

, N respectively. Then interval-valued fuzzy

fori=1,2,3,.

sets H “A and H X A; e interval-valued fuzzy anti ideals
i=1

ofl_[Xi .
i=1

Theorem 2.10
Let A, = (gAi , XAi ) be IVIF closed ideals of BF-

algebras X, X, ..., X, respectively, then interval-valued fuzzy

n n
-~ c . .
setsl | Ha, and I Ik A; are interval-valued fuzzy closed ideals

i-1 i1
n

ofH X, .
i-1

Theorem 2.11

Let A, = (ﬁAi : XAi ) be n IVIF closed ideals of BF-

algebras X, for 1=1, 2, ..., N respectively. Then interval-

valued fuzzy sets H MA and H XA are interval-valued anti
i=1

fuzzy closed ideals ofH X, .

i-1
Theorem 2.12 _
Let A=(pp,Ap
FLA(X*y)Z ﬁA(X) and XA(x*y)g XA(X) for any

X,y e X then A= (1, ) isan IVIF H-ideal of BF-
algebra X.

) be an IVIF-ideal of BF-algebra X. If

Proof: _
Let A=(pp,Ap
Ha (X #Y)>Ha (%) and Lp (X*y)< Ay (%)
forX, Y,Z € X. We have, by hypothesis
min{pa (X * (Y *2)), KA (¥)}

< mind i ((x *2) *(y *2)), KA (Y *2)}
<Haly*2)

Ha(y*2) = min{ji, (x * (Y *2)), 1A ()} and

) be an IVIF-ideal of BF-algebra X. If

max{ 1, (< * (Y *2)), 2, )}
> max{ 1, ((x+2) #(y #2)) Aa (Y *2)}

n
i ) be n IVIF-ideals of BF-aIgebrasH X,

> Aa(y*2)
Aa(y *2) < max{h, (X (Y *2)),Aa (V)]
Hence A = ([L,, A, )isan IVIF H-ideal of BF-algebra X.

Proposition 2.13
Let A = ([, Ap)be IVIF closed ideal of BF-algebra X. If

Ha(X*Y)2 [0 () and Ky (X*Y)< Ay (X) for

anyX, y € X, then A =(H,, A, )isan IVIF closed H-ideal of
BF-algebra X.

Theorem 2.14
Let A, = (ﬁAi , XAi ) be n an IVIF-ideals of BF-

n
algebrasH X, , respectively. If rj'Ai (x*xy)> ﬁAi (X) and
i-1

A, (6 S Ay (x;)wherei =1,2,3,...,n

n n
thenl_[Ai is an IVIF H-ideal ofl_[Xi .
i-1 iz

Theorem 2.15
Let A, = (ﬁAi , )‘Ai ) be nan IVIF closed ideals of BF-

n
algebras H X,
i=1
respectively. If ﬁAi (x*xy)> ﬁAi (¥) and

XAi (x*y)< XAi (X) wherei =1, 2,3,...,n, then

n n
HAi is an IVIF closed H-ideal ofl_[Xi )
i=1 i=1
Theorem 2.16
Let A, = (ﬁAi Ap ) be n an IVIF-ideals of BF-algebras X,

respectively. If the inequality (X; *Y,) < Z; holdsin X; for
i=1,2,3,..,n, then

n
|=

i=1
n-
];[A(x 2..,xn)
n
<m {H YY), Hle (21,252 )}
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Definition 2.17 _

Let A =(p,, A, )bean IVIF-set of BF-algebras X. For
any[S;,S,1],[t;, t,] € D[O,1], then the set

U(fLa; [s1, sp]) ={x € X/fia (X) = [sq, Sp]} is called
interval-valued upper level of ELA and

LA [t t,1) ={X € X/A, (%) <[t,, t, ]} is called

interval-valued lower level of A, .

Definition 2.18

Al = (ﬁAfiAl) '

A, = (ﬁAl,;\,Al) A, = (ﬁAn ’XAn ) be n IVIF-sets of
BF-algebras X, X, ..., X,
any[S;,S,1],[t;, t,] € D[O,1], the set

U Tin 1) =06 XX ) €

respectively. Then for

n n
I[1x: i];[lﬁAi (Xq: Xp X ) 2[4, 1,1}

i=1

n
is called interval-valued upper level of [ ﬁAi Xy X5, X 1) and
i=1
n —~
L(J [2a [s1:5.D) ={(x. Xy X ) €
i=1

n n-
l:l[Xi ; il;[lkAi (X X5 X ) <[51,8,]

n
is called interval-valued lower level of H kAi (X1,X2.-,Xp)-
i=1
Theorem 2.19
Let A, = (ﬁAi Ap, ) be n IVIFS of BF- algebras X ,

n
respectivelyi =1,2,3,...,N. Thenl_[Ai is called DPOIVIF-
i-1

n n
subalgebra ofH X, ifand only if U(H aAi ,[t1, to])and
i-L i1

n n
L(H Appolsts s21) are subalgebras of BF-aIgebraH X, -

i=1 i=1

Proof:
Straight forward.

Theorem 6.20
Let A, = (lTlAi ) xAi ) be n an IVIF-ideals of BF-algebras X ,

respectively. I1f X, <Y, , wherei =1,2,3,...,n, Then

n n
HuAi (Xl’XZ"’Xn) > 'HuAi (yl,y2..,yn)and

i=1 i=1

n - n -

[T a0 (X X5 X ) S TTA (Y1 Y50 Y)
=1 =1
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