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GEOMETRIC INTERPRETATIONS OF THE CARTESIAN PRODUCT OVER
INTUITIONISTIC FUZZY A - IDEALS OF SUBTRACTION MS-ALGEBRA

R. AMUTHA! AND C. RAGAVAN

ABSTRACT. The view of intuitionistic fuzzy A-ideals in MS-algebras is familiarized.
Settings for an intuitionistic fuzzy ideal to be an intuitionistic fuzzy a-ideal
are provided. Using a compilation of a-ideals, intuitionistic fuzzy a-ideals are
recognized.

1. INTRODUCTION

In this paper, we apply the idea of an intuitionistic fuzzy set to A-ideals in
MS-algebras. We provide Geometric interpretations of the Cartesian product
over Intuitionistic fuzzy A-ideals of subtraction MS-Algebra between an intuitionistic
fuzzy ideal and an intuitionistic fuzzy A-ideal. Using the compilation of A-ideals,
we tend to kind intuitionistic fuzzy A-ideals.

Foe further references see [1-17].

2. PRELIMINARIES

«“

A BM-algebra is a non-empty set X with a endless 0 and a binary operation
satisfying the following axioms:

1) z2—0=uz,
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2) (z—2)—(2—y)=y—x, forany z,y, 2 € X.
Let (X, —,0) be a BM-algebra. Then

B)x—z=0,

4 0—-(0—2x)=mux,
B)0-(z—y) =y—uz,

6) (x—2)—(y—2)=2—y,

(7) x—y=0ifand onlyif y — x =0, for any z,y, 2z € X.

Example 1. Let (N, —,0) be a subtraction MS-algebra, then
3-49-3-1)=1-4

1-2=-3

3=-3

Definition 2.1. An intuitionistic fuzzy set (IFS) A in E is defined as an object
of the following form A = {(x,(a(z), Ta(x)) |z € E}, Where the functions (4 :
E — [0,1] and T4 : E — [0, 1] define the degree of membership and the degree
of non- membership of the element x € FE, respectively, and for every x € E.
0 < Ca(z) + YTa(zr) < 10bviously, each ordinary fuzzy set may be written as

{(z,Ca(z),1 = Calx)) [z € E}.

Definition 2.2. The value of ¢s(x) = 1 — Ca(x) — Y 4(x) is called the degree of
non-determinacy (or uncertainty) of the element x € E to the intuitionistic fuzzy
set A.

Definition 2.3. A nonempty subset A of a MS-algebra X is called an ideal of X if
it satisfies:

)0eA

i) Ve,ye X)(Vye A)(z —ye A=z € A).

Definition 2.4. A nonempty subset A of a MS-algebra X is called an A-ideal of X
if it satisfies (Vx,y € X)(Vz € A)((x —2) —(0—y) e A=y— z € A).

Definition 2.5. AnIFS A = (X, (4, T 4) in a MS-algebra X is called an intuitionistic
fuzzy sub algebra of X if it satisfies

D) (Va,y € X)(Calz —y = min{Ca (), Ca(y)}),

ii) (Vx,y € X)(Ta(x —y) <max{Ta(x),Taly)}).

Definition 2.6. AnIFS A = (X, (4, Y 4) in a MS-algebra X is called an intuitionistic
fuzzy ideal of X if it satisfies
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1) (Vo € X)(Ca(0) = Ca (2), Ta(0) < Ta(x)), and

i) (Vz,y € X)(Ca(z) > min{Ca (z — y),Ca(y)}),
iii) (Vz,y € X)(Ta(r) <max{Ta(x—y),Taly)}).

Definition 2.7. An intuitionistic fuzzy ideal A = (X,(a, T 4) in a MS-algebra X
is said to be closed if it satisfies (Vx € X)(Ca(0—2) > Ca(x), Ta(0—2z) < T a(x)).

3. INTUITIONISTIC FUZZY A-IDEALS

Let X denotes a MS-algebra unless otherwise specified. We first consider the
intuitionistic fuzzification of the notion of A-ideals in a MS-algebra as follows

Definition 3.1. An IFS, A = (X,(4,Y4) in X is called an intuitionistic fuzzy
A-ideal of X if it satisfies

) (Va,y,z € X)(Caly — x) = min{Ca ((z - 2) = (0 = ), Ca(2)}),

i) (Vo,y,z € X)(Taly —x) <max{Ya((z—2)— (0—1y)), Ta(z)}).

Example 2. Consider a MS-algebra X = {0,a,b,c} with the following Cayley
table.

Q[ Q||
Q|| |a|ao

O Q| Q| *
o |T|e ||

S
S HE=IERE

We define an IFS, A = (X, (4, T4)in X

A: X7 £)i7i7i )
0.8°0.8°0.3 0.3

By routine calculations, we know that A = (X,(a, Y 4) is an intuitionistic fuzzy
A-ideal of X.

4. CARTESIAN PRODUCTS OVER INTUITIONISTIC FUZZY SETS

Let £ and E, be two inverses and let A = {(z,(a(z), T4(2z)) |z € E;} and
B = {{y,(s(y),Ys(y)) |y € E2} be two Intuitionistic Fuzzy Sets ‘A’ over F; and
‘B’ over E,.
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Definition 4.1. The Cartesian products of two Intuitionistic Fuzzy Sets A and B
are defined as follows.

(1) The Cartesian product of “x”
Ay B ={{(2,y),Cala) - Caly), Yalw) - Yu(y) |2 € Erley € Ez).

(2) The Cartesian product of “x5”
AxaB ={{{(z,y),Ca(@) + Cs(y) — Calz) - CB(Y), Tal(z) - Tr(y)) |z € Erky €
Est.

3 Thi Cartesian product of “x3”
Axy B = {9}, Ca(@) - o), Tal@) + Taly) = Tal@) - Toy)) |z €
E &y € By}

(4) The Cartesian product of “x,”
Axy B = {{{z,y), min(Ca(), Co(y)), max(Ta(x), To(y)) |+ € Erkey €
Byt

(5) Thi Cartesian product of “x5”
A x5 B ={{(z,y) ,max(Ca(), (p(y)), min(Ta(z), Tp(y))) |z € Er1&

Yy < EQ}
From 0 < (a(2).Cp(y) + YTa(z). Tr(y) < Calz) + Ta(z) < 1. It follows that
A x4y B is an IFS, but it is an IFS over the inverse F; x E5, where “x” is the

classical Cartesian product on ordinary sets E; and F,. For the fourteen other
Cartesian products the Computations are analogous.

5. NECESSITY AND POSSIBILITY OPERATORS ON INTUITIONISTIC FuzZzy A-IDEAL

Theorem 5.1. If A and B are Intuitionistic fuzzy A-ideal of subtraction of MS-Algebra,
then (A x; B) is also intuitionistic fuzzy A-ideal of subtraction MS-Algebra.

Proof. If A and B are Intuitionistic fuzzy A-ideal,
). €a(0) > Ca(z) and YT 4(0) < Ty(z),Vx € X.
ii). Caly — ) = min{Ca((z —2) = (0—y)), Ca(2)} and (p(y — x) = min{Cp((z -

z) = (0—y)),¢s(2)}

iii). Ta(y—2z) < max{Ya((x—2)—(0—y)), Ta(2)} and Tp(y—2z) < max{B((z—

z) = (0—-y)), Ts(2)}.

D) €a(0) - ¢8(0) = Calx) - CB(2)Ca x, B(0) = Ca xy B(2).

i) A(y — ) - Caly — ) 2 min{Ca((z — 2) = (0 —y)),Calz
(0 =), ¢8(2)}Ca xq By — ) = min{Ca((z — 2) = (0 —y
Y)),Ca(z) - CB(2)}Ca x; By — ) 2 min{Ca x, B((x —2) —(

)} - min{(p((z —2) -
) Cel(z = 2) = (0 —
0—=y)),Ca x, B(2)}-
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i) T4(0) - T5(0) < Ta(x) - B(x)Ta «, 5(0) < Ta x, 5(x).

iv) Taly — ) Tp(y —2) <max{Ta((x—2) = (0—y)), Ta(2)} max{Tp((z —
2)—=(0-9)), T5(2)}Ta x, (y—2) < max{Ta((z—2)—(0-y)) - Tp((z—2)—(0-
), Ta(z) TB(2)}Ta x, ly—2) <max{YT4 x, s((x—2) —(0—-y)), Ta x, 5(2)}

By using Necessity Operator and Possibility Operator:

1) D(CA X1 B(O>> > D(CA X1 B(x))

1 —Coax B)(0) <1=C(gwux, ()
Toa x; B)(0) < Toa x, By(@)Vr € X.

i) o(T4 », B(0)) <o(T4 «, (7))

1 =" ax, 5(0) >1="T4 ax, B)2)
Co (4 1 BY)(0) > Co (4 x; B)()Vr € X

i) O(Ca x, By —x)) > O{min{Ca x, B((x —2) = (0—¥)), Ca x, B(2)}}

1 —Cuax,py—2) <1 —-min{l — (gux (-2 —(0-y)1-
Coea <1 By (2)}

Tou <, (Y —2) <max{Towu x, y((r—2) =(0—y)), Tou x, B)(z)}Vr €
X.

iv) o(Ta x, 5y — ) < o{maz{Ya «, p((z —2) —(0—y)), Tax, 5(2)}}

1 =Toax, pyly —2) 2 1 —max{l — Tou x, p((z —2) —(0-y)),1-
TO(A X1 B)(Z)}

Gt 3y — ) > Win{Go (a s my((F = 2) = (0= 1)), Co (4 0 3y @)}V €
X. O

Theorem 5.2. If A and B are Intuitionistic fuzzy A-ideal of subtraction of MS-Algebra,
then (A x5 B) is also intuitionistic fuzzy A-ideal of subtraction MS-Algebra.

Proof. It is trivial. O

Theorem 5.3. If A and B are Intuitionistic fuzzy A-ideal of subtraction of MS-Algebra,
then (A x5 B) is also intuitionistic fuzzy A-ideal of subtraction MS-Algebra.

Proof. If A and B are Intuitionistic fuzzy A-ideal,

1) €a(0) - ¢5(0) = Ca(x) - (p(z) and T4(0) + Tp(0) = T4(0) - Tp(0) < Ta(x) +
Tp(x)—Ta(z) Tp(x),Vre X.

i) Caly — ) - Cp(y — ) 2 min{Ca((z — 2) = (0 —y)), Ca(2)} - min{¢p((z — 2) —
(0—y)),¢a(2)}
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i) Taly —2) + Ty —2) = Taly —z) - Ty — ) < max{Ta((x — 2) —
(0=9)), Ta(z)} + max{Tp((z — 2z) — (0 —y)), Tp(2)} — max{Ta((z — z) — (0 —
Y)), Ta(z)} - max{Yp((z — z) — (0—y)), Tu(2)}.

DCA(0) - C5(0) > A) - Cp(£)Ca s 5(0) > Ca s,y ().

i0) Caly — 2) - Caly — o) = minfCa((z — 2) — (0— ), Ca(2)} - min{Cu((w — 2) —
(0—y)),¢s(2)}

Ca xs B(y—x) Zmin{Ca((z—2) = (0—y)) - C((z —2) = (0—y)), Cal2) - CB(2) }
Ca xs B(Yy — @) 2 min{Ca x, 5((z — 2) = (0—-y)), Cax, B(2)}

i) T4(0) + Y5(0) — Y4(0) - T(0) < Ya(z) + Tp(x) — YTa(z) - Tp(x)
T4 wy 8(0) < Ty «, gx).

VTaly —x) + Ty —x) — Taly — ) - Ty — ) < max{YTa((z — 2) —
(0—9)),Ta(2)} + max{Yx((z — 2) = (0 —y)), Tp(2)} — max{Ta((z —2) — (0 —
¥)), Ta(z)} - max{Yp((z — 2z) — (0 —y)), Tn(2)}

Ta sy sy—2) Smax{Ta((z—2)—(0-y)+Tp((z—2)—(0—y))— Ta((z—
z2) = (0—=y) Tp((x—2) = (0-y)), Ta(z) + TB(z) — Ta(z) - TB(2)}
Tax, 5y —2) <max{Ts, s((x—2) —(0-y)), Tax, 5(2)}
By using Necessity Operator and Possibility Operator:
1) D(CA X3 B(O>> > D(gA X3 B(x))
1 —Co@xs )(0) <1 —Couxs ()
T4 xs B)(0) < To (4 xs B)(2)V2 € X.
ii) <><TA X3 B(O)) < O(TA X3 B(x))
1 —"o 4 x5 8)(0) >1=T4 (4 x5 B)()
Go (4 x5 B)(0) > Co (4 x5 BY (@)Y € X.
111) D(CA X3 B(y - ZE)) > D{mzn{CA X3 B((I - Z) - (O - y))a CA X3 B(z)}}
1= Couax my —2) < 1—min{l — (ou <, pllz—2) —(0-y)1-
(o4 xs B)(2)}
To 4 xs ) (y—2) <max{Towu «, )((x—2) —(0—-9)), T x; B)(x)}Vr €
X.
iv) o(Ta x5 By — @) < o{maz{Ta x, s((x —2) —(0-y)), Ta x; 5(2)}}
1= Yo xs py(y —2) = 1 —max{l — Toax, p((x —2) —(0-y)),1-
TO(A X3 B)(Z)}
Co(a x5 BY(Y — ) = min{C (4 x5 B)((T — 2) — (0 —y)), G (4 xs B)(2)}V €
X. O
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Theorem 5.4. If A and B are Intuitionistic fuzzy A-ideal of subtraction of MS-Algebra,
then (A x4 B) is also intuitionistic fuzzy A-ideal of subtraction MS-Algebra.

Proof. 1t is straightforward. O

Theorem 5.5. If A and B are Intuitionistic fuzzy A-ideal of subtraction of MS-Algebra,
then (A x5 B) is also intuitionistic fuzzy A-ideal of subtraction MS-Algebra.

Proof. If A and B are Intuitionistic fuzzy A-ideal,
i) max(Ca(0),¢p(0)) = max(Ca(x), Cp(x)) and
min(Y 4(0), T5(0)) < min(Y4(z), Tp(x))Ve € X.
if) max(Ca(y—2), Ca(y—)) = min{max{Ca((r—2)—(0—y)), Ca =)}, max{Ca((a—
2) = (0— 1)), Ca(2)}-
i) min(Y 4 (y—2), Tp(y—2)) < max{min{Y4((z—2)—(0—y)), YTa(z)}, min{ Y g((x—
2) = (0-y)), Ts(2)}}.
1) max( CA(0) - €5(0)) = max(Ca(x) - Cp(2))¢a x5 B(0) = Ca xs B().
i) max(Ca(y—2), ((y—)) = min{max{Ca((z—2)—(0—y)), Ca(z)}, max{¢p((z—
z) = (0=y)),Cs(2)}}
Ca x5 B(y — ) = min{max{Ca((z - 2) = (0—y)) - (a((x —2) = (0—y)),Ca(2)-
C(2)}}
Ca xs By —2) =2 min{Ca «; 5((x —2) —(0—y)), Caxs 5(2)}-
iii) min(Y 4(0), T5(0)) < min(Ya(x), Tp(x))
T4 w5 8(0) < Ty «, glx).
iv) min(Y 4 (y—x), Y p(y—2)) < max{min{Y 4((z—2)—(0—y)), Ta(2) }, min{ L p((z—
2) = (0—-y)), Ts(2)}}.
T xo 5(y—2) < max{min{Ta((z—2)— (0-y))-Tn((z—2)— (0-y)), Ta(2):
TB(:)}}
Ta e ply — o) S max{Ta . (@ —2) — (O0—y)), Ta e 5()}.
By using Necessity Operator and Possibility Operator.
i) D(CA X5 B(O>> > D(gA X5 B(x))
1 —Coxs B)(0) <1 —Couxs ()
To 4 x; B)(0) < To (4 x; B)(2)Vr € X.
ii) <><TA X5 B(O)) < O(TA X5 B(x))
1—="saxs 5)(0) >1=T4 (4 x; B)()
Co (4 x5 B)(0) > G (a x5 B)(@)Vr € X.
iii) O(Ca x; By — ) = O{min{Ca x, 5((x —2) —(0—y)), Ca x5 B(2)}}
1= Couaxs py —2) < 1—min{l — (ou < plz—2) —(0-y)1-
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CD(A X5 B)(z)}
Yo 4 x5 B)(Y—2) <max{ o s By((r—2) —(0—)), Toa x; B)(x)}VT €
X.

iv) o(Ta x5 By — ) < o{max{Ta ; p((x —2) = (0-y)), Ta x; 5(2)}}
L= Yo s 3y —x) > 1 —max{l — Toux; p((x —2) —(0—1y)),1—
Teoa x5 B)(2)}

Co(a x5 By(Y — ) > min{C (4 x; B)((x —2) —(0—9)), Coa x; B)()}VE €
X. Ol

6. CONCLUSION

In this paper we have introduced the Cartesian product over Intuitionistic
fuzzy A-ideals of subtraction MS-Algebra and we have proved some of their
properties.
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