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Abstract

Mathematical structures of Interim valued IF INK-ideal on INK-algebras are presented. We established that every IF- (INK)-ideal of an
INK algebra A can be executed as an level ideal (INK) of an iv IF(INK) of U. As far as the idea of homomorphism, we talked about the

cartesian result of i-v IF(INK)- ideal.
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1. Introduction

Several researchers have developed algebraic structures. Imai and
Iseki (1966) proposed two algebraic structure BCIl and BCI-
algebras. Then Hu and Li (1983) are expanding Algebra is called
BCH-algebra, which is a generalization of BCK- and BCI-
algebras. J. Neggers and H. S. Kim (1999) introduced d-algebras
and studied the relationship flanked by d-algebras and BCK-
algebras. Conceptual Fs and i-v Fs are then introduced by Zadeh
(1982). Zadeh also used his i-v Fs to construct an near reasoning
system. In addition, Attanssov [1986] introduced the concept of
Intuitive Fuzzy Sets (IFs) and Interval-valued IVIFs as a generali-
zation of ordinary FS. Atanassov and Gargov [1989] show that IFs
and IVFs are equal probability generalizations of Fs. In this paper,
we first introduce an i-v IF INK-ideal INK-algebra. Then we
prove that each intuitionistic fuzzy INK ideal of INK algebra A
can be executed as the ideal INK ideal of intuitionistic fuzzy INK-
U. In relation to the concept of homomorphism, we study the Car-
tesian product of the interval. Pay attention to intuitionistic fuzzy
INK-ideal.

2. Preliminaries

Definition 2.1: A INK-algebra (U, -, 0) is a nonvoid set U with a
non-varying value ‘0’ and a binary operation * -’ fulfilling the
additional adages

i)a-0=a

ii)(b-a)-(b-cy=a-cvabceU.

In U we can regulate a binary association <by a <b if and only if
a-b=0.

The nonvoid subset T of INK-algebra (U, -,0) is called sub-algebra
of U andifitisa-b€T, Ya,beT.

Let S be a nonvoid subset of U. Then S is called a INK-ideal of U
ifI-1)0 €Al-2)(c-a)-(a-b) eSandy €S <> x €S, Va, b, c
eu.

Definition 2.4: Let U be a universe set. % be a Fs in U is a map-
ping %: U— /0,1].

Definition 2.2: A Fs % in a INK-algebra X is called a fuzzy
subalgebra of U if, % (a - b) > min { % (a), % (b)}, Va, b € U.

Definition 2.3: A IFs y is in the nonvoid U, in the form = {(U, %,
(@), 6, (a): x e U} wherew,,: U — [0, 1] and 2 ;- U — [0,1]
means the degree of membership of each member x € U

(ie, %, (a)) and the degree of non-membership (in particular, 6 ,
(@),0<%, @ +6,() <I), ¥x €U. We use the character
x=WU,%,6,)forIFsA={U, %, (@), 6,()/aecU}.

Definition 2.4: The IFs y = (U, %, 6 ») in a INK-algebra U is
called an IF INK-ideal of U, if

1. %,(0)>%, (a) in addition6,(0) <6, (a)

2. %, (@=min{x%,(c-a) (@-b) x%, (b}
3. 6,(@<max{6,(c-a)-(a-b),6,(b)}
va, b, c eU.

3. I-v IFs -ideals (INK)

Definition 3.1: An i-v IFs in INK-algebra U is called an i-v IF
INK-ideal of U if it satisfies,

L, (0)>% ,(a),6,(00<6 ,(a),

2% , (@) >min {5, ((c ) -(c - b)), %, (D)}
3.6 ,(a)<rmax {6 ,((c-a) - (c-b)).5 , (D)}

Example 3.2.

Discuss the following table of INK-Algebra: U = {0, p, q, r}.
* 0 p q r
0 0 p q r
p p 0 r q
q q r 0 p
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Let Abeani-v IFs in U by

_ B 0 p q r
M(X)—[[O_G,o_s] [0.4,0.5] [0.3,0.4] [0.3,0.4] J

5A(x)=[ 0 P a r )
[0.3,0.4] [0.5,0.7] [0.5,0.7] [0.4,0.6]

Then routine calculations give that A is an i-v intuitionistic fuzzy
INK-ideal of U.

Theorem 3.3. Let t be i-v IF INK-ideal of U. If there exists a
sequence {x.} in T such

that lim,,_,..{xn}=[1,1], lim,,_, .. {xn}=[0,0]. Then . (0) =
[1,1] and & . (0) = [0,0].

Proof. Since % . (0)>% . (X) and6 . (0) <6 . (X) ¥x€ U, We

have % . (0)>% . (X,) and & .(0) <6 .(X,), ( n is positive integer)
Note that

[1,1]>%. (0)>lim,_,,{xn}=[1,1]
[0,01<6 . (0)<lim,_,{xn}=[0,0].
Hence % . (0) =[1,1] and 6 . (0) =[0,0].

Theorem 3.4. Ani-v IFg 1= [(%." %" ), (6.5 6.Y)]inUisan
i-v intuitionistic fuzzy ideal (INK) of U if and just if
(%5 %.")and (6., 6.7 ) are IF of U.

Proof. Since %a-(X)

%< (0) =% (%) ; % 2(0) =%, (%)
6:50)<6." (X); 6.%0) <6, (),
Therefore % . (0) >% - (X);6  (0) < 6, (X).
(%:" %" Yand (6.5 6. )are IFl of U.
Let x, y €U, then

%00 = [ (%), % U(X)]_

2[min {5 “(xy), %< ")} min{ % “(xy).2 ")}

= rmin {{x . "(xy), % “xY] [%: ), % NI}

=rmin { - (xy), % . (¥)}and

6.0 =[6:"(x),6."(x]

< [max{ 6 (x ), 6 ()} max{ 6 '(x y), 6 ()}

= rmax{[_ﬁr (x 'y)v_61 XY, 6.y, 6.}

= rmax{6 1 (X y)v 0 . (y)}

Along these lines , tis ani-v IFl of U. TUYT87T7Y89698689
Similarly, expect that A is an i-v IFI of U.

[ (%), %: (0] =% < (X)

Z rmi_n{ Z rL(X'y)v Z TU(y)} L U

= rmin {f: (), % 0], bt (), % )T}

=[min {5 "(xy), % (N} min{ % "(xy), % (NI
what's more [L6t Y(x), 6.5(0)] =6 . (X) <rmax{6 . (x'y), 6 . (Y)}
= rmax {[ 6. (<), 5, “0cy)], [6: ), 6. ")}
=[max {6 ~(xy), 6.~ (N} min {6~ (X ), 6. (Y}

It pursues that,

%TL(X) > min {% rL(X 'y)v % rL(y)}v

6. "(x)<max {6 (xy), 6. ()}

and

% “(x) > min {5 " (X y), % “(¥)},

6."(x) <max {6." (X ), 6. "(Y)}.

Hence (%." %.Y) and (6.5 6. ") are IFI of U.

Proposition 3.5. Every i-v IF INK-ideal of a INK-algebra U is an
i-v IFI.

Definition 3.6. An IF 7 in U is called an interval-valued in-
tuitionistic fuzzy INK-sub algebra of U if

i) % « (xy) > rmin { 3% (), % . ()} and

i) 6 . (x-y) <rmax{6 . (x),6 . ()}, ¥'x yeU.

Proposition 3.7. Every i-v IF INK-ideal of a INK-algebra U is i-v
IF sub algebra of U.

4. Product of i-v intuitionistic fuzzy INK-ideal

Definition 4.1. An IF; % on any set is a IF subset A with a mem-
bership function
HVHVHIVHIVHIVH QRA: UxU— [0, 1]
and non-membership function XHCHFT8698-=5654
wa: UxU— [0, 1].

Definition 4.2. Letd = [ s" %:°), (vs" vs5°)] and

& =[% 5 %:Y) (vsh v J] be two i-v IFS inaset U. The
product of o % @ is defined by 6 TTUI90L;

b xXw= {((Xr y)r (Zé x Z o})l (513 x 5 a'))); VX! nyxU}:
where v x@: UxU—D [0,1].

Theorem 4.3. Let A=[(%;% %5, (v;" vyY)] and
B=[(%:" %0 (vsh vsY)] be two i-v on the off chance that
subsets inaset U, & x ¢ is an I-v IF INK-ideal of UxU.

Proof. Let (X, y) eUxU, at that point by definition

(5 5%% ), (0,0) =r min {( ;(0), % ;(0)}

=rmin{[x, H0), % Y011 % 5 (0), % “(0)1}

= [min{%;7(0), %4 EO)},mln_{vsAU(O), %6 (0)}]

> [min {3, % 5 ()}, min £, "0, % O]

= rmin {[% ;"(x), % "L g "), % & "]}

=rmin {(% 5 (X), % » ()}

=% s) (X )

in addition

(65% 65)(0,0) = rmax{(6 ;(0),6 ;(0)}

=mmax{[6;,"(0), 6, (0], [6,,"(0), 6, (O)I}

= [max {6 ;(0), 6., (0)}, max {6 ;“(0), 6,,°(0)}]

<[max {6 ;"(x), 6 , "M} max {6, °(x), 6., "V}

= rmax {[_6 b L(X)r_6z} U(X)]l [ 61[1 L(y)l 611) U(y)]}

=rmax{(6 4(x),0 +(Y)}

=(0:%6 5)(XY)

Thusly (FIZ) holds.

(g5 %% o) (%, Xy)) =rmin {x%, (X), % « (X)}

rmin {rmin{x ; (- X) (- )% s W},

min G5 (@) @Y. Ko}

=rmin{{min{s;"((z x)-(zy)), %5 ()} min{ %, (2 ) - Y)),

%5 (NPhmin{u, (2 X)-(2 -¥)) s (y)hmin{s 4 "(((z -%).QWN
2y)). %6" ()} o

={min{min{sg; "((2X) -z y)). % "((z %) (2 y)}min{; (),

%6 L(y)},min{min{ig 5 (@ %) (2 ), % (2 %) YN},

mingsg,; “(y). %" ()33} R |

= rmin{(x 5% % 6) (%)@ Y).(Z%) (@ YN.(% 5 %% 5) (¥ Y}

furthermore, (6 3% & 4)((X, X)) =r max{ 6 ;(x), 6 & (X)}

< rmax{rmax{5 ; (z X)(z' y)) & s M}hrmax{6 , (2"x") yY),

G0 ) y

=rmax {{min {6~ (2 X)(z y)), 65 (V)}max{ 65 ~((z X) (),

65" )3 max{Gs (@) (@), 65" ()}, maxgs ()
 y). 65" (. o

= {max {max{6;"((z ) ), 6.5"((z ) (z y))}max{G;"(y),

65y} max {max {6,° ((z: X) - (z y)), 65 (2 ) - (2 Y},

max {6;°(y), 6 ;" (v)}}}

= imax {( ;% 7 2) (@ X)-@ WAEX) @Y. GsxF 5) 0y}
Henceforth total the evidence.
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Definition 4.4. Letyx ;and 6 . respectively be an i-v member-
ship and non-membership functlon of every element xe U to the set
. Then strongest i-v IFS relation on U, that is a membership

function relation , on 6 ,and% ; 6 ; whose i-v membership

and non-membership function of every element (x, y) e UxU and
defined by

)3 5, (xY) = minig (), % o (¥)}and
)55 () = maxG o 00,5 5 ()}

Definition 4.5. Let & = [( % 4" %s>) . ( 0o 0 o°) ] beani-v
subset in a set U, then the strongest i-v IF relation on U that is a i-
vAonaisd and defined by

4 L U
UC(’):[( }91305 7”1305 ) 1( Uéa,)

L1U13,U) ]
@

Theorem 4.6. Let o =[( puy s %), ( vy S0 Y) 1beani-

v subset in a set U and be the strongest i-v IF relation on U. at that
point  is an i-v IF INK-ideal of U if and just if ; is ani-v IF

INK-ideal of UxU.

Proof. Let B be an i-v IF INK-ideal of U.
% i, (0,0)=rmin {5 ,,(0), % »(0)}
>rmin{¥ ,; (X), % » (V)}
= Z v'a,) (Xv y)
and
6 5 (0,0)=rmax {6 ;(0),6 ,(0)}
< r_max{5 o (X),6 o ()}
=6 i, (%)
On the other hand,
i, (% X) =rmin {% ; (X), % o (X)}
zrmm{rmm{y;g‘w ((,Z 'X) ). %o}
rmin {5 (%) ZY)), % » (Y)}}
=rmin {rmin {x ., ((z X) - (z y)),
%o (@x) @y}t
rmin {5 (), % »(Y)}} R ,
=rmin {3 i, (ZX) - () (zx)(Zy), Zu’w v, )}
=rmin{ Z% (((z2)- (v, y) - ((z,2) - (X, X)), Zu’w v, )}
Also, ' '
65 (X, x)=rmax {6 , (X),6 »(X)}
< rmax {rmax {5 o ((ZX) - (z ), 6 5N}
rmax {6 , ((z'x) (2'Y)),6 & (Y)}} o
=rmax {rmax {6 , (' X) - (z'Y)) 6  ((z X) (YD)}
rmax {6 (), 6 »(y)}} o
=rmax {6 i, (%) (), (zx) -(z'y)),
&5 0y}
=rmax {6 i, (((z 2) (v, ¥)) (2, 2) (%, X)),
o5 (v, y)h
for all (x, X), (v, y), (z 2) in U x U.

Equally, let 5, be an i-v IF-ideal (INK) of UxU.
(%, X) eUxU.

rmin { ; (0), %  (0)} =%
EZ 0, (Xv X)

rmin {5  (0), % « (0)} =rmin{y ; (x), % » ()}

s (0,0)

furthermore, rmax {¥, , (0), % 4 (0)} =%
<% i, (%, x)

rmax{x , (0), % s (0)}=rmax{s 4 (X), % & (X)}.
(x, xY, (y, yl),'(z, 7Y in U x u.

rmin {5 5 (X, X)} = En {(X x)}

=rmin{%,; (( 2) v, y)) ((Z Z) (X X)), % i (y Y}
=rmin {5 ((2%) (Zy)), (@) @ y)) 99 i (y Y}
= Irmln{rmm{% i, ( X) @y %, (@%) @y

rmin {4, W, % s (y)}}

=rmin {rmin {5 5 ((zX) (zY), % » M}

rmin {5 (%) ZyY), % o (V)}}

If x!=y'=7'=0, then

rmin{% , (X), % 5 (0)}

= rmin {r min {x ; (zX) ‘@Y), % « M} % » ()}
% ¢ (x) =mmin {x% ; ((zx) «(2'Y)), % »(¥)}, essentially

6 o () <mmax {6 , (zX) (Zy)).0 » )}
Therefore, Bis i-v IF INK-ideal of U.

] . (O 10)

Theorem 4.8. If % ; is ai-v IF INK-ideal of INK-algebra U, then
ﬁmr is also i-v IF INK-ideal of INK-algebra U.
Proof.

%5 (0)=% 5 (X

[% 5 (0)]=[% 4 ()]

[% ¢ (O)]™ =[5 4 ()]"

%5 (0)" =% ()"

% (0) =% "(X)

% (x)=rmin{3%; ((Z %) (ZY), % s (W}

[ 6 Q1™ = [rmin{% s (%) -(z¥), % s MH"
%5 (" =rmin{g (%) -(Zy)" % ()"}
%" () =rmin{% " (%) (z V), %"}
and

65 (0)=<6,(

[0y O]=<[0sX]

[0y (01" <6, (1"

0, (0)"<65(x"

6"(0) <6 "(x)

6 () < rmin{6 ; ((zx) (), 6 s M}

[0 (0]I™ < [rmin{& ; ((zx) zV),6 s MH"
6 ()" <rmin{6 ; (zx) -(y)". 6 s ()™
64" (x) < rmin{d ;" ((zx) (z¥),6 s "M}
Hence complete the proof.

Theorem 4.10. If % ¢ is also a i-v intuitionistic fuzzy INK-ideal of
INK-algebra U, then % ¢, is also a INK-ideal of INK-algebra U.

Proof. Forallx,y,ze U

% 5(0)>% 4 (X)

min {3 5 (0), % «(0)} =min {5 ,(x), %
% 5n6(0)>% o0 (X)

% o (x) 2rmin{% ; ((z X) @ ¥), % «(}

% o (X) =rmin{ %, ((z X) (@ ¥), % « (N}

{50, % (0} ={rmin{% , (2 ) (zY)), % sV}
rmin{% ¢ ((z X) z Y)), % «(V)}}

min {5 (X), % o ()} = {rmin{% ;((z x) (z Y)), % s},

o (0}
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rmin{% ¢ ((z X) (Z' V), % «()}}
>min {rmin {3 5 ((z- X) ‘(' Y)), % o ((z %) (z Y))},
rmin {% 5 (y), % »(¥)}}
%one () =rmin{g s (2 X) (2 V)% 506 (V)}-
and
64(0) < 6a(X)
maX {6 5(0),6 4(0)} <max {5 4(x),6 o ()}

v ﬂw(0)<6 v ﬂu)(x)
5 5 () <rmax{ 6 ((z X)(Z ¥)),0 ()}

0 () <Tmax{6 ,((z x) (2 ¥),0 o ()}
{6 5(x),6 (%)} <{r max{6 ; (( X) )6 (N}
rmax{6 , ((z X) (z ¥)),0 & (¥)}} B
max {6 5 (x),6 «(x)} <{rmax{ 6 ; ((z x) (z ¥)), 0 s ()},
rmax {6 ,((z'X) “(zy)),6 - (V)}}
<max{rmax {6  ((z: x) (z y)).6 ((z- x) (z )},
r rmax {6  (¥),6 » (¥)}}

\»ﬂm (X) =rmax {6 VN ((Z X) (Z y)) 6 VN d (y)}
Complete the proof.

Theorem 4.9. If % ¢ is also a i-v IF INK-ideal of U, then % ;IS
also a INK-ideal of U.

Proof. Forall x,y,z € U.
% 5(0) =% (%)
min { (0), % (0)} =min{% ,(x), % ()}
%606 (0)=% 5,6 (X)
% 5 (x) =rmin{ % ;((zx) (z'y), % o (¥)}
% o (x) =rmin{ % ((zX) (zY), % ()}
{% 5 (%), % o ()} ={rmin{% ((zX) “ZY)), % s (V)},
rmin{x ((zX) -(zY), ¥ (V)}}
min {5 5 (X), % ()} = {rmin{2 5 (zX) ZY), % sV}
rmin{% ((zX) -z Y), % »(V)}}
= min {r min{z (- X) -z Y)), % o (- X) (Z )},
rmin{x% (), % «(¥)}}
% o.6 () =rmin {5 .6 (2 X) (2 Y), % 6.0 N}
and _
6 5(0) <0 4(x)
max {6 (0),6 ,(0)} <max {6 4(x),6 » ()}
6 aus (0) <6 aus (X)
6 5(x) <rmax{ 6 ;((z x) (z ¥)),6 s (¥)}
0 o(x) <Srmax{6 ,(( X) (Z ¥),6 » ()}
{6:(2),0 4(x)} <{r max{ 6 , ((z x) (' ¥)),6 s (N},
rmax{6 , ((z ) (z ¥)),6 «(¥)}}
max {6 (x),6 ()} <{r max{6 ; (z' x) (z- ¥)),6 « ()},
rmax {6 , (z ¥) “(z )),6 o ()}}
<max {rmax {6 ; (z ¥) (z ¥)),6 & (z X) ( )},
rmax {6 (y), 6 o (y)}}

0 5.6 () <rmax {0 .6 (ZX) (ZV)), 6 5.6 W}
Hence complete the proof.

5. Homomorphism of i-v Intuitionistic fuzzy
INK-Algebra

Definition 5.1. Let (U, -, 0) and (V, ., 0) be INK-algebras. A
function ¢: U—V is called a homomorphism if
PXY)=eX)-0O), rxy€eU B
For any interval-valued IFs y = (V, % , 6
i-voB=(U,0% , 06 ,)inU,by

0% =%, (e())andpo x=6 x (¢ (x).

,) in'V we define a new

Theorem 5.2. Let (U, -, 0) and (V, -, 0) be INK-algebras. An onto
homomorphic image of an i-v IF INK-ideal of U is also an
i-v IF INK-ideal of V.

Proof. Let ¢: U —V be an onto homomorphism of INK-algebras.
Suppose y = (V, %, 6 ) is the image of an i-v IF INK-ideal
0,=(, 0%, 06 ,) of U. We have to prove that A = (V, ?le, Elx)
is an i-v IF INK-ideal of V. Since h: U —»\/ is onto, then x, y, z€
V there exist X, y, z € U such that ¢ (x) =x and
¢ (y) = y* also we study ¢ (0) = 0.
Then ’
% ,(0) =% (¢ (0)
=¢% ,(0)
2 (PZZ(X)
=% ,(000)
% ,(0) =% ,(x)
and ’
6 ,(0) =0 ,(¢(0)
=96 ,(0)
<96 ,(X)
=G0
6 ,0) =6 ,(x).
Also
%, () =% (0 ()
=0% ,(X)
=min {o% ,((z X) - (zY)), 9% , ()}
=min{x% (¢ (z %) (z y)), % , (e )}
=min (¢ (2 %) 0 @ V), % , (0 ()}
=min {5, (0 (@ 9 () - (9 @) 0 1)), %, (0 YN}
%, (x)=min{x ,((z-x)- (-Y) %,()}
and ‘
5&() =6 , (¢ (%))
- (p6 x (X)
<max {96 ,(z X) (Z- Y)), 96 , )}
=max{ o, @ (z X) (Z ).6 , (e )}
=max {5, @ (%) - 0@ y).5 9O}
=max {5, (0 () 9 () (0@ 9 WG, (0 (N}
gz(xl) =maX{51((Z' X)' (Z : y))lgy(y)}
Hence A =(V, %, 6 ,)isani-v IF INK-ideal of U.

Theorem 5.3. Let (X, -,0) and (Y, -, 0) be INK-algebras. An onto
homomorphic inverse image of an i-v IF INK-ideal of V is also an
i-v IF INK-ideal of U.

Proof. Let y: U — V be an onto homomorphism of INK-algebras.
Suppose v , = (X, y¥% , w6 ,) is the inverse image of an i-v IF
INK-ideal y = (Y, % ,, 6 ,) of V.
v, =(X, \yi,\yg ) is an i-v INK-ideal of U.
Foranyx,y'z€ Vthere exist X, Y, Z€ u.
such that y (x) = x and y (y) = y and y (0) = 0
v ,0) =% ,(v(0)
=% ,(0)
%, (X)
=% , (v (¥)
implies that y %, (0) = y% , (x) and
\VOTI(O? = 51(“’ (0))
=6,(0)
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Implies that w6 ,(0) = 6 ,(X).

v, () =% ,(y(x)

=% , (<) o ,

v %, (X) =min {ZJ((Z "X)-(z:y)) %, ()}
=min {x ,((v(2) - v () (v () v (), %, (v (M)}
=min{y , (v (%) - v (Z ), % ,(v ()}

=min{% ,(y (Z X) - @ ¥), % (v ()}

>min{yx% ,((z X) - (z ¥), v% , M}

and

WG (=5 v (9)
=7 ,(x) .
VG, (0 =max {7, (@ %) @ Y).F, W}
=max {7, (v @) - v () - (v (2) - v O)). &, wO)}

=max {0, (v (z X) - v (zY),0 , (v )}
=max{ o ,(v((z x)(zy)0,(v¥}_
vo ,(x) =max{yo ,((zx) () vo, ¥}

1 1 o 1

Therefore, complete the proof.

6. Conclusions

In this paper, we INK-algebra between the current value of the
member and non-member functions of IF-INK classical with
introducing the concept, and to study their properties.
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