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1. INTRODUCTION

In1965, the notion of fuzzy sets was introduced by Zadeh [15]. Since then this notion has been applied to other algebraic
structures. Is"eki and authors introduced two classes of abstract algebras: BCK-algebras and BCl-algebras [7-11]. It is known
that the class of BCK-algebras is a proper subclass of the class BCl-algebras. In 1985, Bhattacharya and Mukherjee offered the
notion of fuzzy relations and fuzzy groups [2]. In 1998, Hong and Jun introduced the notion of anti fuzzy ideals in BCK-
algebras [6]. In 2000, Lee studied bipolar-valued fuzzy sets and their operations [14]. In 2001, Jun introduced interval-valued
fuzzy ideals in BCl-algebras [12].. In 2010, Jun and authors introduced the notion of cubic sets [13]. In 2015, Mustafa and
Hammed introduced the SA-algebras, SA-subalgebras , SA-ideals of SA-algebras and fuzzy SA-idesls with degree (,x) of SA-
algebra of SA-algebra [3]. In 2021, Hammed and Raheem introduced anti-fuzzy SA-idesls with degree (A,x) of SA-algebra of
SA-algebra and interval-valued fuzzy SA-ideals with degree (A,x) of SA-algebra [4,5]. In 2024, Hammed and A.S.Abed
introduce bipolar fuzzy SA-ideals of SA-algebra and bipolar valued fuzzy SA-subalgebras and fuzzy SA-ideals of SA-algebra
[1].

2. Preliminaries

Definition 2.1.[3].

Let (X; +, —,0) be an algebra with two operations (+) and (—) and constant (0). X is named an SA-algebra if it satisfies the
following identities: for any x,y,z € X

(S4;) x—x =0,

(S4;) x—0=1x,

(S43) x=y)—z=x—(z+y),

SA) (x+y)—(x+2)=y—2z

In , we can define a binary relation ( <) by : x < y if and only if
x+y=0 and x —y =0, forsome x,y €X.

Lemma 2.2.[3].
Let (X; +,—,0) be an SA-algebra. Then forany x,y € X,

Dx+y=x-(=y,
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)x—y=x+(-y),

xeX = —x€eX,
4)x +0=x,
Sx—y=-y+x,
6)x+y=y+=x.

Definition 2.3.[3].

Let (X; 4+, —,0) be an SA-algebra and let S be a nonempty set of X. S is called a SA-subalgebra of X if
x+y€Sand x —y €S, whenever x,y €S.

Definition 2.4.[3].

A nonempty subset I of an SA-algebra (X; +, —,0) is called an SA-ideal of X if it satisfies: for x,y,z € X,
1) 0€l,

2) (x+z)eland (y—z)€l imply (x+y)€el.

Proposition 2.5.[3].

Every SA-ideal of SA-algebra is a SA-subalgebra of X and the converse is not true.
Lemma 2.6.[3].
An SA-ideal I of SA-algebra (X; +, —,0) has the following property:
Forany x € X, forally € I,x < y impliesthatx € I.

Proposition 2.7.[3].

1) Let{S;|i € A} be a nonempty family of SA-subalgebras of SA-algebra (X; +, —,0), then N;c, S; is SA-subalgebras of X.
2) Let{S;|i € A} be anonempty family of SA-ideals of SA-algebra (X;+,—,0), then N,y S; is SA-ideal of X.

Definition 2.8.[3].

Let (X;+,—,0) and (Y;+',—',0") be SA-algebras, the mapping
f:(X;+,—,0) = (Y;+',=',0") is called a homomorphism if it satisfies: for all x,y € X,

D) fx+y)=f)+f»),
2) fx=y)=f)="fO.

Definition 2.9.[3].

Let f: (X;+,—,0) = (Y;+',—',0") be a mapping nonempty SA-algebras X and Y respectively. If u is a fuzzy subset of X,
then the fuzzy subset p of Y defined by:
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fW) = {gup{“(x“ €fTON U fTO)=HEXfE)=y}#0

otherwise

is said to be the image of x under f. Similarly if g is a fuzzy subset of Y , then the fuzzy subset u= (o f) of X, i.e
the fuzzy subset defined by u (X) =g (f (X)) forall x € X)iscalled the pre-image of g under f .

Definition 2.10.[12].

A fuzzy subset u of a set X has sup property if for any subset T of X, there exist t, € T such that

1(to) = sup {u(t)[t € T}.

Definition 2.11.[4].

Let (X; +,—,0) be an SA-algebra, a fuzzy subset p of X is called an anti-fuzzy SA- subalgebra of X if for all x,y € X,

Dukx+y) < max{u@),u@)}

2) p(x—y) = max{u),u)}

Proposition 2.12.[4].

Let u be an anti-fuzzy subset of an SA-algebra (X; +,—,0).
1) If u is an anti-fuzzy SA-subalgebra of , then it satisfies for any te[0, 1], L(u, t) #= @ implies L(y,t) is a SA-subalgebra of X.
2) If L(u, t) is a SA-subalgebra of X, for all te[0, 1], L(p, t) # @ , then u is an anti-fuzzy SA-subalgebra of X.
3) Let {u;: i € A} be a famliy of an anti-fuzzy SA-subalgebras of X, then N ;cp u;
is an anti-fuzzy SA-subalgebra of X, where u; € p;,4 foralli € A.
4) Let {u;: i € A} be a famliy of an anti-fuzzy SA-subalgebras of X, then U ;e s
is an anti-fuzzy SA-subalgebra of X.

Definition 2.13.[4].

Let (X; +,—,0) be an SA-algebra, a fuzzy subset u of X is called an anti-fuzzy SA-ideal of X if it satisfies the following
conditions, for all x,y € X,

1) w0 < pu),
2) plx+y) <max{u(x+2),uly —2)}

Proposition 2.14.[4].

Let 4 be an anti-fuzzy subset of an SA-algebra (X; +,—,0) .
1) If u isan anti-fuzzy SA-ideal of , then it satisfies for any t<[0, 1],

L(u,t) = @ implies L(u, t) is a SA-ideal of X.
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2) If L(u,t)isan SA-ideal of X, for all te[0, 1], L(u, t) # @ , then u is an anti-fuzzy SA-ideal of X .

3) Let {u;: i € A} be a famliy of an anti-fuzzy SA-ideals of X, then N ;c5 ; is an anti-fuzzy SA-ideal of X, where y; S w44
foralli € A.
4) Let {u;: i € A} be a famliy of an anti-fuzzy SA-ideals of X, then U ;c, y; is an anti-fuzzy SA-ideal of X.

Definition 2.15.[4].

Let f: (X; +,—,0) - (Y;+',—',0")be a mapping nonempty SA-algebras X and Y respectively. If u is anti-fuzzy subset of X,
then the anti-fuzzy subset B of Y defined by:

fW) = {ilnf (ue):x € f1ON} if FO) = EXF(X) =y} # 0

otherwise

is said to be the image of u under f. Similarly if g is anti-fuzzy subset of , then the fuzzy subset u = (B °f) of X (i.ethe
anti-fuzzy subset defined by p (x) = B (f (x)),

for all x € X) is named the pre-image of S under f.

Theorem 2.16.[4].
1) An onto homomorphic pre-image of an anti-fuzzy SA-subalgebra is also an anti-fuzzy SA-subalgebra.
2) An onto homomorphic pre-image of an anti-fuzzy SA-ideal is also an anti- fuzzy SA-ideal.
Definition 2.17,[12].
An anti- fuzzy subset u of a set X has inf property if for any subset T of X, there exist to €T such that u(t,) =

inf {u(t)| teT}.
Theorem 2.18.[4].

Let f: (X; +,—,0) - (Y;+,—,0") be a homomorphism between SA-algebras X and Y respectively.
1) For every anti-fuzzy SA-subalgebra u of X and with inf property, f(u) is anti-fuzzy SA-subalgebra of Y.
2) For every anti-fuzzy SA-ideal u of X and with inf property, f(x) is anti-fuzzy SA-ideal of Y.

Definition 2.19.[5].

An interval-valued fuzzy subset 7z,0n SA-algebra (X; +,—,0) isdefined as 7, ={<x, [, (x), 1 (X) 1>| x€ X} . Where 1
(%) Sy;; (x), for all x € X. Then the fuzzy subsets 4, and yATare called a lower fuzzy subset and an upper fuzzy subset of
i, respectively.

Letzz, (x) =[x, (X),uf ()], 7,:X— D[0, 1], then A = {<x, 71, (x) > x€ X}.

Definition 2.20.[1].

Let (X; +,—,0) be an SA-algebra, a fuzzy subset u of X is called a negative anti-fuzzy SA-subalgebra of X if
u:X = [—1,0] and for all x,y € X

1) wulx+y) <max{ux),u(y)}
2) ulx—y) <max{u(x),ul)}

Definition 2.21.[1]

Let (X; +,—,0) be an SA-algebra a fuzzy subset u of X is called a negative anti-fuzzy SA-ideal of X if u: X — [—1,0]

and for all x,y,z € X:
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1) u(0) <pu(x)
2) p(x+y) < max{u(x + z),u(y — 2)}. B
3. Cubic bipolar Fuzzy S4-subalgebras of SA-algebra with Thresholds (@, B), (@, 8) of SA-algebra.
Definition 3.1
Let (X ; +,—,0) be an SA-algebra, a cubic fuzzy subset O =< fiq (x),Aq(x) > of X where & = [ay, a,], f = [B1, B2l
such that ay, B; < [—1,0], @y, B, < [0,1] , w,9 € [0,1],
d<fBandw <. Ifforall x,yeX. Q((g'gg =< fig@P) (x),2,“® (x) > is called a cubic bipolar fuzzy SA-subalgebra
with thresholds (&, B), (w,9) of X, if forall x,y € X:
AP +y) = rmin {8 ®@P @), 8P 01},
AP x—y) > rmin {3 P @), 5 P 0},
2@ (x+y) < max{ao (0,7 )} and
2“7 @ —y) < max(e“” (), 2“7 (1))
ie.,
1) min{(@o)" Cx + ), a1} < max{ (@)™ (x), (@)" ), b1},
max{(fin)” (x + ), a;} = min{ (Fa)" (x), ()" ), B2},
min{q (x +¥), 0} < max{lq(x), Ao (y),9}.
2) min{(@o)" (x = ¥), a1} < max{(@a)" (x), (Fa)" ¥), b1},
max{(fin)"” (x = ¥), @} = min{ (i) (x), (@)’ ), B2},
min{lq (x — y), 0} < max{lq(x), Ao (y),9}.
ie.,
1) in {(u)" (x +y), a1} < max{ ()" (0, ()" ), B},
max{(1;)" (x +¥), a;} = min{ (1" (%), (45)" ¥, B2},
min{( )" (x +y), a1} < max{ ()" (), (DY), B1}
max{( 43" (x +y), @} = min{ ()" ), (45" @), B2},
min{lq (x +y), 0} < max{lq(x), Ao (y),9}.
2) min{(ug)" (x = ¥), a1} < max{ (ux)" (%), ()" @), Br}

max{(1;)" (x = y), a;} = min{ (1)’ (), (1x)? ), B2},
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min{( )" (x = y), ax} < max{ (4" (), (" ), B}
max{( )" (x = ¥), az} = min{ ()" (0, ()" ), B2},
min{dq (x —y), 0} < max{lq(x), o(y),9}.

Example 3.2.

Let X = {0, 1, 2, 3} in which the operations (4, —) be defined by the following tables:

Table 1: a cubic bipolar fuzzy SA-subalgebra with thresholds (&, ), (®,9) of X

+ [0 1 2 3 - 0 1 2 3
0 0 1 2 3 0 0 3 2 1
1 1 2 3 0 1 1 0 3 2
2 2 3 0 1 2 2 1 0 3
3 3 0 1 2 3 3 2 1 0

then(X; +, —, 0) is an SA-algebra. Define a cubic fuzzy subset
N =<y ,Ao> of X of fuzzy subset pug: X— [-1,0] and ud: X— [0,1] by:

~ _ ([[=0.7,-0.4],[0.3,09]]  ifx ={0,2} _ (01 ifx ={02}
ﬂn(x)_{ A {0.6 otherwise

[[-0.6,-0.3],[0.2,0.8]]  otherwise
@ = [[-0.5,-0.3],[0.4,0.7]] , B = [[-0.4,—0.2],[0.5,0.8]] , ®=0.4 and 9 = 0.5
Proposition 3. 3.

Let Q((Z',E% =< fig@P (x),1,?(x) > be a cubic bipolar fuzzy SA-subalgebra with thresholds (&, ), (,9) of an SA-

algebra (X ; +,—, 0), then o @ (0) = g @ (x) and A, (0) <2, (x), forall x € X .
Proof:

For all x € X , we have
min {(u;)V (0), a4} < max{ (u;)" (%), a; },
max{(1g)” (0), @z} = min{ (1p)" (), az},
min{( )" (0),a;} < max{ ()" (x), a1}
max{( 43)" (0), &y} = min{ (443)" (x), @, }and

min{lq (0), 0} < max{1y(x),9}. Hence [y (0) = fig (x) and A, (0) <A, (x), forall € X .
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Definition 3.4.

Let (X ; +,—, 0) be an SA-algebra. A cubic bipolar fuzzy subset ngg; =< {1 @P) (), 1, (x) >of X, forf =[t;, t,]
such that ¢, € [—1,0), t, € [0,1] and s € [0,1], where & = [ay, @,], B = [By, B.], such that a;, B; < [—1,0], &, B, < [0,1],
w,9 €[0,1], @ < f and w < 9.The set:

U@ @P[ty, t,]) = {x € X| fo@P (%) = [t1, t,]}

= {xe X [T ), (@ @Y (0 ] = [ty 1)

_ {max{(u;)N @B} <t and min{(45)" (), B} = b,
maX{(ﬂE)N (x), b1} < t; and min{(ﬂE)P (x), B2} = ty.

is called upper [t;, t;]-Level of .Qg‘f,)) and

L(AQ(‘”"S)|S) ={xe X|?\Q(“’"9) (x) < s} = {x € X|max{dq (x),9} <s}
is called Lower s-Level of .QEZ’?,)). And

08B (&,5) = 08P (11, t1,9) = @@, &) 0 L@?]s)

=0 (rz((‘jﬁg; £s)={x € X| G®P(x) > [ty t,] and 2, @P(x) < 53,

_ {max{(,u;l)N (x),p1} <t; and min{(,u;z)P (x), B2} = ty,
max{(up)" (x), 41} < tyand  min{(4)" (), B2} = t,.

and max{Ag (x), 9} < s}. is a level subset of X.

Theorem 3.5.

Let (X ; +, —,0) be an SA-algebra. A cubic fuzzy subset 2 =<fi, , Ao> of X. If Q((Z'gg =< [ig@P (), 2, (x) >isa
cubic bipolar fuzzy SA—subaIgebra with thresholds (&, f), (»,9) of X, then for some = [t,,t,] such that t, € [-1,0), t, € [0,1]
and s € [0, 1], the set U (ng"g)); t,s) is a SA-subalgebra of X.

Proof:

Assume that QEZ:E)) =< fia@P (x),2,“® (x) >is a cubic bipolar fuzzy
SA-subalgebra with thresholds (&, ), (w,9) of X and let £ = [t,, t,] such that
t, € [-1,0), t, € [0,1] and s € [0, 1] such that T (2; £, s)#0.

Letx,y € Xsuchthat ,y € U (Qg'_gg ; £, 5), then

_ {max{(ua)’v @B <t and min{(4g)" (), B} = ¢,
max{( ﬂ;)N (%), b1} < t;and  min{( ,UE)P (%), B2} = ¢t

and max{1q, (x),9} < s.And
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_ {max{(ua)” ), 1} < t; and min{(1)" (), B2} = t5,
max{( )" (), B1} < tyand min{( )" (), B2} = ta.

and max{1, (y),9} <s

Since Q((z'g% is a cubic bipolar fuzzy SA-subalgebra with thresholds (&, f), (w,9) of X, we get

1) in {(u)" (x +y), a1} < max{ ()" (), ()" ). B} <ty
max{(u;)" (x +¥),a,} = min{ (1)" (), (15)" (), B2} = ¢,
min{( )" (x +y), a1} < max{ ()" (x), (D" ), B} <ty
max{( #3)" (x +y), @z} =min{ (45)" ), ()7 ), B2} = ta,
min{dq (x + ), 0} < max{ly(x), 1q(), 9} <s.

2) min{ ()" (x —y), a1} < max{ (u)" (), ()" ), B} < t1
max{(1;)" (x = ¥), a,} = min{ (1)’ (%), (15)" ), B2} = ¢,
min{( 45" (x —¥), @1} < max{ ()" (), (D" @), 1} < ¢y,
max{( 43" (x = y), @} = min{ ()", (5P B), B2} = t,,
min{l, (x — ), w} < max{Aq(x), 2q(y),9} < s.Therefore,

D"+ sty )" G+ 2zt (" @+y) st (4" x+y) =t and Ag (x+y) <5s.

) WV x=y) <ty ()P (x—y) =ty (DY (x—y) <ty

()" (x—y)=t, and Ag (x —y) <s. Then, x+y,x—y€l~](.(2((z’gg;f,s).

Hence the set U (ng"gg; t,s) isa SA-subalgebra of X.

Proposition 3.6.

Let (X ; +,—,0) be an SA-algebra. A cubic fuzzy subset 2 =<fiq(x) , Aq(x)> of X. If for all £ = [t t,] suchthat ¢, €
[-1,0), t, € [0,1] and s € [0, 1], the set T (Q((z‘ﬁ%; t,s) is a SA-subalgebra of X, then 02 is a cubic bipolar fuzzy SA-subalgebra
with thresholds (&, £), (©,9) of X.

Proof:
Suppose that U (ﬂgz{;g; t,s)is a SA-subalgebra of X. Letx,y € X such that
AP (xeby)<rmin (1o @P (6,20 ()}, and

AP (x+y) > max {4 ()40 ()}. Consider
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§=1/2 (Ea@P (x+y) +min{ia@P (9, 1™ (y)}) and
0=1/2 (A" (x+y) +max{Aa“? (), 2“7 (V)}).
We have §€ D[0, 1] and o€ [0, 1], and [ig @R (x+y) <6< rmin {iig @ (x),i, @ ()} and
20°D (x4y) >0> max {16 (¥)20“ (y) }. It follows that x,y € T (Q((z"’gg ;£5),and (x+y) ¢ U (Q((Zg;; , s).
This is contradiction.
Hence fig @) (x+y) = min{ Ag®P ()3, @7 (y)} »Eand A (x+y) < max {A @ (x) A0 (1)} <ss.
similarly, fio@" (x—y) 3 rmin{ fio @ (x),ii0 @ ()} #Eand 4,©? (x—y)< max Ao @ ()27 ()} <s.
Therefore Q((Z'g% is a cubic bipolar fuzzy SA-subalgebra with thresholds (&, ), (0,9) of X.

4. Cubic Bipolar Fuzzy SA-ideals with thresholds (&, B), (w,9) of SA-algebra

Definition 4.1.

Let (X ; +,—,0) be an SA-algebra, a cubic set O =< fi, (x),Aq(x) > of X where & = [a4, @;], f = [B1, B-] such that
@ <fanday,B, € [-10], aB, € [0,1]and ,9 € [0,1]. Ifforall x,yeX. 2% =< 7@ (1)1, (x) >
is called a cubic bipolar fuzzy SA-ideal with thresholds (&, B), (»,9) of X, if forall x,y,z € X:
1- rmin{(fin)" (0), @} < rmax{(dg)" (x), B},
rmax{(fig)” (0),a} > rmin{(ia)” (x), £},
min{Aq (0), w} < max{dq(x),9}.
2- rmin{(@e)" (x + ), @ < rmax{(@)" (x + 2), (@)" (v - 2), B},
rmax{(fig)” (x +¥), & > rmin{(fa)" (x +2), @ (v —2), B8},
min{dg (x + y), w} < max{ig(x + z),Aq(y — 2),9}.
ie.,
1- min{(fa)" (0), @y} < max{ (fa)"(x), B4},
max{(fio)" (0), a;} = min{ ()" (x), B} ,
min{lq (0), w} < max{lq(x),9}.
2- min{(@o)" (x +¥), &1} < max{ ({@o)" (x + 2), ()" & — 2), b1},
max{(fio)” (x + ), a;} = min{ (fa)" (x + 2), ()" &V — 2), B2} |

min{lq (x + y), w} < max{Ag(x + 2), 1oy — 2),9}.
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ie.,

1- min{(u)" (0), &y} < max{ (up)" (x), b1},
max{(t)" (0), a2} = min{ (145)" ()2, },
min{( #5)" (0), a;} < max{ ()" (), B},
max{( £2)" (0),a;} = min{ ()" (x), B2},
min{q (0), 0} < max{ly(x),9)}.

2-min {(u)" (x +y), a1} < max{ ()" (x + 2, ()" & — 2. 1}
max{(1,)" (x +y), @} = min{ (1)" (x + 2), (1))" v — 2), B2},
min{( )" (x + ), a1} < max{ (4" (x + 2), ()" v = 2), B},
max{( )" (x +¥),ax} = min{ ()" (x +2), (4D = 2), B2},
min{Aq (x +y), 0} < max{iq(x +2), Aq(y — 2),9}.

Example 4.2.

Let X ={0,ab,c} be a set with the following tables:

Table 2: a cubic bipolar fuzzy SA-ideal with thresholds (&, §), (»,9) of X

+ 0 a b c - 0 a b C
0 0 a b c 0 0 a b Cc
a a 0 c b a a 0 Cc b
b b c 0 a b b Cc 0 a
C c b a 0 c Cc b a 0

Then (X; +,—,0) isan SA-algebra, I = {0,a} isan SA-ideal of X. We define cubic set O = {(x, fig (x),1q (x)) | x € X}

10(x) :{[[—0.6,—0.5], [0.5,0.8]] if xel Ao(x) :{0_2 if x€l,
Ha [[-0.5,—0.4],[0.4,0.7]]  otherwise ' "% 0.6  otherwise

, @ = [[-0.5,-0.3],[0.4,0.8]], # = [[—0.4,—0.2],[0.5,0.9]], w = 0.3,9 = 0.5
Then Q is cubic bipolar fuzzy SA-ideal with thresholds (&, £), (w,9) of X .

Proposition 4.3.
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The R-intersection of any set of cubic bipolar fuzzy SA-ideals with thresholds (&, £), (,9) of X is also a cubic bipolar
fuzzy SA-ideal with thresholds (&, ), (0,9) of X.

Proof:

Let ﬂiEZﬁ)) =< figi @ (x), Ay () > be family of cubic fuzzy SA-ideals of X, then for any x,y,z € X,

(1720 ) (0) =rinf iy @ (0))>> rin (e P () = (N iy ) and
(v 7\91((0"9))(0) = sup Ay “?(0) < sup A, “P(y) = (v AQi(w’ﬁ))(Y)-
(N iy P (x + y)) = rinf (fig; @P (x + y))
> rinf (rmin {1 ®P (x + 2), i, @ (v - 2)})
= rmin { rinf ( i@ (x + 2) rinf (i, @P (v - 2))}
= rmin { (N fig; @P)(x + 2).(N 1 ®P) (v - 2)}
(VA ) (x + y) = supAg; P (x + y)
< sup{max{Ae; " (x + 2), ;" (y — 2)}}
= max{sup (A (x + 2)).5up Ay (y — 2))}
= max{(V Kgi(w‘ﬂ))(x +2),(V }\Qi(w'ﬂ))(y - 2)}.
Hence, R-intersection of Qigi)) is a cubic bipolar bipolar fuzzy SA-ideal with thresholds (&, ), (w,9) of X.

Remark 2.2.4.

The P-intresection of any set of cubic bipolar fuzzy SA-ideals with thresholds (&, ), (,9) need not be a cubic bipolar fuzzy SA-

ideal with thresholds (&, ), (®,9), for example:

Example 4.5.

Let X = {0, 1, 2, 3, 4,5} be a set with the following tables:

Table 3: Q; and Q, are cubic bipolar fuzzy SA-ideals with thresholds (&, B), (w,9) of X

+ 0 1 2 3 4 5] - 0 1 2 3 4 5
0 0 1 2 3 4 5 0 0 5 4 3 2 1
1 1 2 3 4 3] 0 1 1 0 5 4 3 2
2 2 3 4 3] 0 1 2 2 1 0 5 4 3
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3 3 4 3] 0 n 2 3 B 2 1 0 5 4
4 4 3] 0 1 2 3 4 4 3 2 1 0 5
5 5 0 1 2 3 4 5 3] 4 3 2 1 0

Then (X; *,0) is an SA-algebra, [ ={0, 3} and ] ={0, 2, 4} are SA-ideals of X .We define two cubic set Q;= < {ig 1,Aq; >

[[-0.7,-0.6],[0.6,0.7]] ifx €, 01 if xelL
and Q, = <figyAgz > 0f X by © figs(x) ={ [[—0.5,—0.3],[0.1,0.2]] ifx € {1,2}, Ao (x) ={0.6 if x € {1,2},
[[—0.4,-0.3],[0.3,0.4]] otherwise. 0.2  otherwise.

[[—0.8,—0.4],[0.8,0.9]] ifx € {0,2,4},
[[—0.5,—0.4],[0.3,0.4]] otherwise.

0.1, ifx € {0,2,4},
0.4, otherwise.

Ao (x) = { )

flz (%) :{

a = [[-0.5,-0.3],[0.2,0.6]], f = [[-0.4,—0.2],[0.5,09]], » = 0.3 and ¥ = 0.5
Then Q, and Q, are cubic bipolar fuzzy SA-ideals with thresholds (&, §), (,9) of X, but P-intersection of Q;and Q,
are not cubic bipolar fuzzy SA-ideals with thresholds (&, ), (0,9) of X . Since
Letx = 2,y = 5,z = 2, we have: max{(fig;)’ N figx)")(2 + 5), a,} = max{min{(fig,)?, fq)")}1), ay}
= max{min{[0.1,0.2],[0.3,0.4]},[0.2,0.6]}
max{[0.1,0.2],[0.2,0.6]} = [0.2,0.6]
2 min{(fig:)” N fig2)") (2 + 2), (1)’ N fig)") (5 — 2), B2}
min{min{[0.3,0.4], [0.8,0.9]}, min{[0.6,0.7], [0.3,0.4]}, [0.5,0.9]}
min{[0.3,0.4],0.3,0.4],[0.5,0.9]} = [0.3,0.4].
Proposition 4.6.

Let ﬂiEZf?) =< figi @ (x), 2, @) (x) > be a family of cubic bipolar fuzzy SA-ideals with thresholds (&, £), (,9) of an SA-

algebra (X ; +,—,0), where i € A, inf{max{Ao; " (x), A; ™ (y)}} = max{inf Ao; ™ (x), inf Ao; ™ ()}, for all x,y € X, then

the P-intresection of nigi'@) is also a cubic bipolar fuzzy SA-ideal with thresholds (&, ), (w,9) of X.

Proof:

Let ﬂiEZ’E;)) =< figi®P (x), 0, (x) >wherei € A, be a set of cubic bipolar fuzzy SA-ideals with thresholds

(& B), (w,9) of ,forall x,y,z € X

(N 20 ™) (0) =rinf (g @ (0)) rinf (ig; @7 ()) = (N fiey @P)(x) and
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(A2 ?)(0) = infAg;“?”(0) < infAg; () = (Ahai ) ().
(ﬂ ﬁm(a'ﬁ)) (x +y) = rinf ﬁm(aﬁ) (x+y)
> rinf{rmin{jie; @ (x + 2), i P v - D)}
= rmin{rinf ﬁm(a’ﬁ)(x + z), rinf ﬁm(a'g)(y —2)}
= min {(N 7 ™P) @ + 2), (N ™) v - 2)}
and (A ?\Qi(“"ﬂ))(x +9) = infA; @V (x +y)
< inf{max{Aq; P (x + 2), 40,V (v — 2)}}
= max{inf A, " (x + 2), inf 2, (y — 2) }
= max{(A ;) (x + 2), (A2, ) (v — 2)}.
< min{(A ?\Qi(“"ﬁ))(x +2), (A Agi(w‘ﬁ))(y -2)}.
Hence, P-intersection of 2,@#) is a cubic bipolar fuzzy SA-ideal with thresholds (&, §), (,9) of X.

Hw9)

Remark 4.7.

The P -union of any set of cubic bipolar fuzzy SA-ideals with thresholds (&, ), (w,9) need not be a cubic bipolar fuzzy SA-ideal

with thresholds (&, ), (,9), for example:

Example 4.8.

By using example (4.5), we can see that Q, and Q, are cubic bipolar fuzzy SA-ideals with thresholds (&, £), (®,9) of X , but P—
union of Q,and Q, are not cubic bipolar fuzzy SA-ideal with thresholds (&, ), (w,9) of X . Since

max{((@n1)? VU (fa2)") (2 + 5), a2}

= max{((fio1)? U (@a2)") (1), a3}

= max{max{[0.1,0.2], [0.3,0.4}, [0.2,0.6]}

= max{[0.3,0.4],[0.2,0.6]}

= [0.3,0.6]

£ min{((fin1)? U (fia2)") (2 + 2), (1) U (fa2)?) (5 — 2), B2}
= min{max{[0.8,0.9],[0.6,0.7]}, [0.5,0.9]}
min{[0.8,0.9],[0.5,0.9]} = [0.5,0.9].

Proposition 4.9.
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Let QiEZ’E)) =< {0, @P (%), 20, (x) > be a family of cubic bipolar fuzzy SA-ideals with thresholds (&, §), (o,9) of an SA-

algebra, where i € A, rsup{rmin{fi; @ (x), fig; ©P ()3} = rmin{rsup fig; @ (x), rsup fig; P (v)} for all x,y € X, then the P-
union of ﬂigf}:@)) is also a cubic bipolar fuzzy SA-ideal with thresholds (&, f), (»,9) of X.
Proof.

Let ﬂiEZ;’?) =< figi®P (x), 2, @) (x) >wherei € A, be a set of cubic bipolar fuzzy SA-ideals with thresholds (&, 3), (®,9)

of X and let x,y,z € X, then (u ﬁm@@)(O) =rsup (fig; @7 (0))3 rsup (i@ (x)) = (U fio; @P)(x) and
(v 7\91((0'19))(0) = sup Ay ™ (0) < sup g P (x) = (v Mi(m'ﬁ))(x)-
(U ﬁm(aﬁ)) (x +y) = rsup fig; @P(x +y)
= rsup{rmin{ii; @ (x + 2), 10 @P (y - 2)}}
2 rminrsup fi; @ (x + 2), rsup iy P (y - 2}
= rmin {(U ﬁm(a'ﬁ)) (x + 2), (U ﬁm(a'ﬁ)) v - Z)}-
(VA ) (x + ) = supAg; P (x + y)
< sup{max{Ag; @ (x + 2), 00, P (y - 2)}
= max{sup Ao; " (x + 2), sup Aoi " (v — 2)}
= max{(V Aq; ) (x + 2), (VA0 @) (¥ — 2)},
Hence, P-union of Q; is a cubic bipolar fuzzy SA-ideal with thresholds (&, 8), (w,9) of X.

Remark 4.10.

The R-union of any sets of cubic bipolar fuzzy SA-ideal with thresholds (&, ), (w,9) need not be a cubic bipolar fuzzy SA-ideal
with thresholds (&, £), (0,9), see example (4.8) .

Proposition 2.2.11.

Let ﬂiEZf?) =< figi@P (x), A, (x) > be a family of cubic bipolar fuzzy SA-ideals with thresholds (&, £), (©,9) of an SA-

algebra where i € A, rsup{rmin{io; @ (), fig; @ ()3} = rmin{rsup fig; @7 (x), rsup fig; @ (y)} and
inf {max{lgi(“"ﬁ) (x), A @ (y)}} = max{inf AP (), inf Agi(“"ﬂ)(y)}. for all x,y € X, then the R-union of ﬂiEZ’?) is also
a cubic bipolar fuzzy SA-ideal with thresholds (&, £), (®,9) of X.

Proof:

Let ﬂiEZ’E;)) where i € A be a family of cubic bipolar fuzzy SA-ideals with thresholds (&, §), (,9) of , thenforx,y,z € X,

(U s ™) (0) =rsup (7™ (0)) rsup (s ™ (%)) = (U iy @P)(x) and

(A2 @) (0) = infag; P (0) < infAgy P (%) = (AR ) ().
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(U ™) G + ) = rsup iy P x + )

= rsup{rmin{ii P (x + 2), i “P (v - D)}
= rmin{rsup iy P (x + 2), rsup io “P (v - 2))
= min{(Uia®P) (x +2), (Ui ™) 0 - 2)}
and (A ?\Qi(“"ﬂ))(x +9) = infA; @V (x +y)
< inf{max{?\gi(“"ﬁ) (x + 2), A P (y — 2}
= max{inf A; P (x + z), inf A; P (y —2) }
= max{(A 2 ) (x + 2), (A A @) (v — 2)}.
Hence, R-union of Qigzg)) is a cubic bipolar fuzzy SA-ideal with thresholds (&, f), (®,9) of X.

Proposition 4.12.

Let (X ; +, —, 0) be an SA-algebra. If a cubic bipolar fuzzy subset Q((i’gg = < [ @P) (), 1, (x) > of , then ﬂ((Zig; is a
cubic bipolar fuzzy SA-ideal with thresholds (&, §), (0,9) of X, then for some = [t,, t,] such that t, € [-1,0), t, € [0,1] and s

€ [0, 1], the set T (Qg‘)’g%; t,s) isan SA-ideal of X.

Proof:

Assume that QEZ'E;% is a cubic bipolar fuzzy SA-ideal with thresholds (&, §), (w,9) of X and let £=[t,, t,] such that

t, [-1,0),t, €[1,0] ands € [0, 1], such that T (Q((z’gg; t,s)#0.
Letx,y,z € X suchthat +z,y —z € U (12;,s), then fig, (x + 2) >t fio (y — 2)=t
and Aq (x + z) <s, Ao (y — z) <s. Since QEZ@ is a cubic bipolar fuzzy SA-ideal with thresholds (&, ), (w,9) of X, we get:

fio (x +y) Zrmin{ g (x + 2),0q (y — 2)} 2t and Ag (x +y) <max {Aq (x + 2),Aq (y — 2)} <s.
dolx+y) =tand a(x +y) < s

(@p),

=x+yel (Q(wﬁ),

£, s). Hence the set U (Q((Z_g;; £, s)is an SA-ideal of X.

Proposition 4.13.

Let (X ; +,—, 0) be an SA-algebra. A cubic fuzzy subset Q((zgg = < 7@ (x),2, P (x) >of .If forall £ = [t;,t,] such

that t; € [-1,0), t, € [0,1]and s € [0, 1], the set U (Qg‘){g; t,s) is an SA-ideal of X, then nggg is a cubic bipolar fuzzy SA-
ideal with thresholds (&, f), (0,9) of X.

Proof:

www.ijeais.org/ijeais
35



International Journal of Engineering and Information Systems (IJEAIS)
ISSN: 2643-640X
Vol. 8 Issue 6 June - 2024, Pages: 21-42

Suppose that T (ngg%; £ s)is an SA-ideal of X and i, @ (0) = g @ (x) =E and A, (0) <A, @P(x) < s. Let

x,y,z € X besuch that i, @ (x+y)<rmin {in @ (x+2),ii,@P (y-2)}, and
Ao (x+y)> max Ao (x+2). 00 (y-2)}.

Consider §= 1/2 (fig@P (x+y) + rmin{iig@P (x+2), ig@P (y-2)}) and

- (w,9) (w,9) (w,9) _ g
0=1/2(2q (x+y) + max{Aq (X+2), Ao (y-2)}). We have §€ D[0, 1] and

o€ [0,1], and @R (x+y) <6< rmin {ig@P (x+2),iq@P (y-z) } and

27 (x+y) >0> max Ao @ (+2) 107 (v-2) } .

It follows that x,y € U (ngg%; £,5), and (x+y) & U (fz((zf;)); £ s).

This is contradiction. Hence i@ (x+y) = rmin{ 7, @" (x+2),i0@P (y-2)} ¢
And 2“7 (x+y) < max {Ao“P (x+2),00 P (y-2)} <.

Therefore Q((z‘gg is a cubic bipolar fuzzy SA-ideal with thresholds (&, ), (w,9) of X.
Theorem 4.14.

Every cubic bipolar fuzzy SA-ideal with thresholds (&, ), (0,9) of a SA-algebra (X; +, —, 0) is a cubic bipolar fuzzy SA-
subalgebra with thresholds (&, §), (w,9) of X.

Proof:

Let (X ; +,—, 0) be an SA-algebra and Q((Z'_g; =< fig@P (2,2, (x) >is a cubic bipolar fuzzy SA-ideal with thresholds
(@, B), (0,9) of X, then by Proposition (4.12) , for every t=[t;, t,] such thatt, € [-1,0), t, € [0,1]

ands e [0,1], U (2; £ 5) = {xe X5 @P () = £2,“0 ) < s}, is SA-ideal of X .

By Proposition (2.5), for some £=[t,, t,] such that t, € [-1,0), t, € [0,1] and s € [0,1], T (Q((Z’g%; L, s) is SA-subgalgebra of

X . Hence Qg‘,'gg =< fig@P (x),2,“® (x) > is a cubic bipolar fuzzy SA-subalgebra with thresholds (&, f), (,9) of X by
Proposition(3.6).

Remark 4.15.
The converse of Theorem (4.14) is not true as the following example:
Example 4.16.
By using example (3.2) . Define a cubic fuzzy subset
0 =< jig ,Ao> of X of fuzzy subset ug: X— [-1,0] and ud: X— [0,1] by:

[[—0.6,-0.3],[0.3,0.9]] if x = {0,2} e {0_1 ifx ={0,2)

() =
Aa(x) {[[—0.5,—0.4], [0.1,0.9]] otherwise 0.6 otherwise
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a=[[-0.5,-0.3],[0.4,0.7]] , B = [[-0.4,—0.2],[0.5,0.8]] , ©=0.4 and 9 = 0.5

Q((Z'g% =< fig@P) (x),2,“® (x) > is a cubic bipolar fuzzy SA-subalgebra with thresholds (&, 3), (®,9) of X, but it is not a

cubic bipolar fuzzy SA-ideal with thresholds (&, §), (w,9) of X. Since
Letx=1,y=2,z=3
max{(fio)? (x + y), az} = min{(fio)? (x + 2), (Aa)? (v — 2), B2}
max{(fio)? (1 + 2), az} = min{(fin)” (1 + 3), (Fe)? (2 — 3), B2}
max{[0.1,0.6],[0.2,0.8]} = min{[0.3,0.9], [0.3,0.9], [0.4,0.9]}.But [0.2,0.8] & [0.1,0.9].
5.Homomorphism of Cubic Bipolar Fuzzy SA-subalgebras (ideals) with thresholds (&, B), (®,9) on SA-algebra

In this part, we will present some results on images and preimages of cubic bipolar fuzzy SA-subalgebra with thresholds (&, ),
(o,9) and cubic bipolar fuzzy SA-ideal with thresholds (&, 8), (»,9) of SA-algebra.

Definition 5.1.
Let f: (X;4,—,0) = (Y;+',—',0") be amapping from the set X to a set Y. If QEZ’,E; =< [ig@P (x), 2, (x) > is a cubic
bipolar fuzzy subset of X, then the cubic bipolar fuzzy subset n((zg% =< ﬁﬂ(a"?) (x),}\ﬂ(“”ﬂ)(x) > with thresholds (&, ), (w,9) of
rsup fig®P) (if f1y) = e X,f(x) =y} # 0

Y defined by: f (ﬁg(a'ﬁ) ) ») = 1% () = {xef—l(y)
0 otherwise

i (@) o nir £-1 — —
00 “)0) = 1“0 :[xerf%)xg @if 1) = {x €X,f(x) =y} # 0

1 otherwise
is said to be the image of n((z',g% under f. Similarly, if n((Z:gg =< 7. @P) (), 1, (x) > is a cubic bipolar fuzzy subset of Y,

then the cubic bipolar fuzzy subset Q((Z'g% = (m °f) in X. (i.e., the cubic bipolar fuzzy subset defined by fif-1) (X) = & (f (X)),

Ap=1(my (X) = A5 (f (X)) for all x €X) is called the preimage of  under f).
Theorem 5.2.

A homomorphic preimage of cubic bipolar fuzzy SA-subalgebra with thresholds (&, §), (w,9) is also a cubic bipolar fuzzy SA-
subalgebra with thresholds (&, ), (0,9) of SA-algebra.

Proof:

Let f: (X; +,—,0) — (Y;+',—',0")be homomorphism from an SA -algebra X into an SA-algebra Y. If

n((zﬁ% =< ﬁ“(ﬁ'ﬁ) (), )L,[(“"ﬁ) (x) > is cubic bipolar fuzzy SA-subalgebra with thresholds (&, ), (w,9) of Y and

~’~ (%D 9 . ~ ~,~ - ~:~
Q((Z,g% =< i ®P (), (x) > the preimage of m under £, then ;-1 @ (x) = 1P (f (x)),

A1y  (X) = 207 (F (X)), for all x eX . Letx € X by Definition (5.1). Then

@100 @P0) = B P (f ()20 P (f () = 1)@ (%) and

www.ijeais.org/ijeais
37



International Journal of Engineering and Information Systems (IJEAIS)
ISSN: 2643-640X
Vol. 8 Issue 6 June - 2024, Pages: 21-42

A-10m)0) = 2 (F (0)) <2 (f () = Ap=1) " (9).
Now, let x,y € X, then iy @) (x+y) = i ®F) (f (x+y)) = @@ (F )+ (y))
= min {47 (f (0.8a@P (F )} = min {100 P (9, 107 ()}
ANd =16y P 0c4y) = @O (f (x) =2 O+ 1Y)
<max A" (f (0)2“” (f ()}
= max {1 “? () Ap-10” Y)} -
similarly, fiq@® p1 ) (x=y) = mind 7o P 1y 08P iy ()} and
Ap=10y " (6 Y) < Max {p=1) " (9416 “” W)}
Definition 5.3.

Let f: (X;+,—,0) - (Y;+',—',0")be a mapping from a set X into a set Y. QEZ:?;)) =< fig@P (x),2,“ (x) > is a cubic
subset of X has sup and inf properties if for any subset T of X, there exist t, s € T such that

1P () = rsuppeer 8@ (o) and 2"7(s) = rinfier 2o (s0)
Theorem 5.4.

Let f: (X;+,—,0) - (Y;+',—',0") be an epimorphism from an SA-algebra X into an SA-algebra Y. For every

Q((Z‘g% =< i, @P (x),1,““(x) >cubic bipolar fuzzy SA-subalgebra with thresholds (&, ), (,9) of X with sup

and inf properties , then f (Qg‘,'gg) is a cubic bipolar fuzzy SA-subalgebra with thresholds (&, ), (0,9) of Y.
Proof:

By Definition (5.3), f(iiq@® Y(y') = rsup i@ (x) and
x €f 1y

FAQ@N) = rinf 2@P(x) forally' €Y and
x €f7(yn)

rsup(@) = [0,0] and rinf (@) = 1.We prove that

f@™P ) (¢+'y) = min £ @®@P H¢) 7@ (v} and

FOQ?) (X +y)= max{f (")) fa™?) (v )} forall X,y €Y
and x,,y, € X such that x, = f~'(x"), yo = f*(y" )

FE“P Y +yy = rsup 1P (ko +¥0) = 5™ (x0 + y0).

Xo+Yo€f ~L(x"+1y")
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= rmin {g@P (x0) A0 @P (yo)},

=min{ rsup @GP (x0), rsup @ (30)}
xo€f1(x") Yoef~1(¥)

=min { £ (@@ )(x).f (@@ )(y) } and

FOLU) (' +'y) = inf A (% + ) = 2“7 (x0 + ¥o)
Xo+YoEf (X +1y")
< max {2 (x0), 2" (o) }

—- . ;9 . 9
=max{ inf A“P0),  inf A“PH)}
xo€f "1 (x") YoEf ()

= max { f A ) (). f A P)(y) } . Similarly,
FEL@P) Y x=y) = min{ £ (@@ )(0.f @@ ) (D} and £ @) (xy) < max {f Ao @?) (), FAa@) (1)}

Hence, f(ﬂgz:g))) is a cubic bipolar fuzzy SA-subalgebra with thresholds (&, f), (®,9) of Y.

Theorem 5.5.
A homomorphic pre-image of cubic bipolar fuzzy SA-ideal with thresholds (&, ), (w,9) is also cubic bipolar fuzzy

SA-ideal with thresholds (&, B), (®,9) of SA-algebra.

Proof:
) _o

-

Let f:(X;+,—,0) - (¥;+',—',0")be homomorphism from an SA-algebra X into an SA-algebra Y. If T[((Z’g

i@ (0,1, P (x) > isacubic  bipolar fuzzy SA-ideal with thresholds (&, §), (®,9) of ¥ and

Qéz'ﬂ’;g =< fig@P) (2,2, (x) > the pre-image of 7 under £, then

1P ()= @D (F ), 2@ (x) =2, (f (x)), forall x € X, by Definition (2.9). Let x € X,
then (7,7 )(0)= &P (£ (0) > TP (f ()= 35" (), and
M “?)(0) = 1 (£ (0)) < 4 (f (1)) = A" (x). Now,
letx,y,z € X, then ig®P (x +y) = 1, @P (f (x +))
= min {4, @0 (f (x + 2).5:"P (f(y-2))}
= mmin {i, ™) (x + 2) 1P (y - 2)} and
P (x+y) =0 (f (x +y) <max (@D (f (x + 2) AP (f (v — 2)}
= max {Ao " (x + 2). 0 (v — 2)} .

Theorem 5.6.
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Let f:(X;+,—,0) - (Y;+',—',0") be an epimorphism from an SA-algebra X into an SA-algebra Y. For every

Q((i'_g% =< [ @P) (x),1,“® (x) > cubic bipolar fuzzy SA-ideal with thresholds (&, §), (0,9) of X with sup and inf

properties, then f (Qg’gg) is a cubic bipolar fuzzy SA-ideal with thresholds (&, ), (w,9) of Y.

Proof:

Since Q((Z’g% =< fig@P) (x),2,“®(x) > is a cubic bipolar fuzzy SA-ideal with thresholds (&, §), (,9) of X, we have

@@ )(0) 278 @P (x),and (o ©@?)(0) < 2@ (x),

forall x € X . Note that, 0 € £~ (0") where 0,0' are the zero of X and Y, respectively.

Thus &P (0 = rsup @@P (0) = @™ (0)
0ef~1(0n

= rsup 1P (x) = 1, P,
x€f~1(xr)

AP = inf 2@ (0) =2, (0)

oef~1(on

< inf 2“P@) =1, "), forall x € X, by Definition (2.15). Which implies that

 xef1(xn)

7P (0 = 1, @P (') and 1,00 <1, @D (x), forall X' €Y . By Definition (5.1),

let,y,z € Xsuchthatx = f~3(x),y = f~1(y)andz = f~1(z'), then

BP @+ = fE P )@+ = rsup | 10D (i +2) &
x+z €f71(x'+'2")

AP+ = fCT) @)= inf @0+ 2) and

x+z€ef1(x'+'2")

P ¢ =) = @O =) = rsup 1P (v -2) &
y-zef~1(y'-'z")

MDY= = )0~ = inf Ty -2,
y-z€f1(y'-'z")

forall x',y',z'€Y and rsup(®) = [0, 0] and rinf (@) = 1. We have prove that
AP (¢ +y) mmin {3, @D (¢ +2) 5P (y-7)}, and
1O (x +y)< max A, @ (X +2) AP (v -z)} forall X,y , €Y.

P Gty = LYY= rswp B Dty

x+yef~H(x'+'y")

Also, @D +y) = rsup @@ ety = 0P @ +y)
x+yef~1(x'+yn)
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Fmin {Z@P (x+2) WP (-2},

= rmin{ rsup ﬂﬂ(a'ﬁ ) (x+ 2), rsup ﬁﬂ(a,ﬁ) vy — 2)}
x+zef~1(x'+'z") y—-zef~1(y'-'z")

=min { 4, @P ' + 2), 1, @P (v’ - 2') Jand

WP+ = inf @V +y),

x+y€f1(x +1zr)

9 1 1 . 9
WO +y)= inf YV +y)
(x+)Ef~1(y"

< max {A“7 (x +2) 2“7 (v - 2)},

= max{ inf AP (x+2), inf 2Py -2)}
x+zef~1(x'+'z") y—-zef~1(y'-'z")

=max {A“(x' + 2, 2@ (' —2) }.

Hence, f (Q((Z',gg) is a cubic bipolar fuzzy SA-ideal with thresholds (&, B), (©,9) of Y.

References
[1] A.S. Abed, 2024, The Bipolar Fuzzy SA-ideals with Cubic and Hyper of SA4-algebra,
PH.D.SC.Thesis, University of Kufa , Faculty of Education for Girls, Iraq.
[2] P. Bhattacharye and N. P. Mukheriee, (1985), Fuzzy Relations and
Fuzzy Group, Information Science, vol.36, PP:267-282.
[3] A.T. Hameed, 2015, Fuzzy ldeals of Some Algebras, PH.D.SC.Thesis,
Faculty of Science, Ain Shams University, Egypt.
[4] A.T. Hameed and N.J. Raheem, (2021), Anti-Fuzzy SA-ldeals With Degree
(4, K) of SA-Algebra, Journal of Physics: Conference Series(IOP Publishing), PP:1-16.
[5] A.T. Hameed N.J. Raheem and A.H.Abed, (2021), Interval —valued Fuzzy
SA-ldeals With Degree (4, K) of SA-Algebra, Journal of Physics:Conference Series
1804,012068 (IOP Publishing), PP:1-13.
[6] S.M. Hong and Y.B. Jun, (1998), Anti Fuzzy ldeals in BCK-algebras, Kyungpook Mathematics Journal,vol.38, PP:145-150.
[7] K. Iséki, (1966),An algebra Relation with propositional Calculus, Proceeding Japan Academy, vol.42, PP:26-29.
[8] K. Iséki, (1975), On Some ldeal in BCK-algebras, Mathematics Seminar Notes,vol.3, PP:559-567.
[9] K. Iséki and S.Tanaka, (1976), Ideal Theory of BCK-Algebras, Mathematics, Japan, vol.21, PP:351-366.
[10] K.Iséki and S.Tanaka, (1978), An Introducation To The Theory of BCK-Algebras, Mathematics Japan, vol.23,PP:1-26.
[11] K.Iséki, (1980), On BCl-algebras, Mathematics Seminar Notes, vol.8, no.1, PP:125-130.
[12] Y.B. Jun,(2001), Interval -Valued Fuzzy ldeals in BCl-algebras, The Journal of Fuzzy Mathematics, vol.19, PP:807-814.
[13] Y.B. Jun, C.J. Kim and K.O. Yang, (2010), Cubic Sets, Annals of Fuzzy Mathematics and Informatics, vol.4,no.1, PP:83-98.
[14] K.M. Lee, (2000), Bipolar-Valued Fuzzy Sets And Their Operations, Proceeding International Conference on
IntelligentTechnologies, Bangkok, Thailand, PP:307-312.
[15] L.A. Zadeh, (1965), Fuzzy Sets, Information And Control, vol.8, PP:338-353.

www.ijeais.org/ijeais
41



International Journal of Engineering and Information Systems (IJEAIS)

ISSN: 2643-640X
Vol. 8 Issue 6 June - 2024, Pages: 21-42

Authors

Author’s picture A_Iaa S_a“h Abed
should be in University of Kufa
Faculty of Education for Girls

grayscale.
Picture size should Department of Mathematics
ICture size snou A
be absolute Alaas.bed@uokufa.edu.ig

3.18cm in height
and absolute
2.65cm in width

Areej Tawfeeq Hameed

Author’s picture
should be in Department of Mathematics,

grayscale.
college of Education for Pure Science Ibn Al-Haitham, University of Baghdad

Picture size should
be absolute
3.18cm in height
and absolute
2.65cm in width

www.ijeais.org/ijeais

42


mailto:Alaas.bed@uokufa.edu.iq

