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ABSTRACT

In this paper, we made an attempt to study the algebraic nature of a (T, S)-intuitionistic fuzzy subnearring of a
nearring.
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INTRODUCTION

After the introduction of fuzzy sets by L.A.Zadeh[16], several researchers explored on the generalization of the concept
of fuzzy sets. The concept of intuitionistic fuzzy subset was introduced by K.T.Atanassov[4, 5], as a generalization of
the notion of fuzzy set. Azriel Rosenfeld[6] defined the fuzzy groups. Asok Kumer Ray[3] defined a product of fuzzy
subgroups. The notion of homomorphism and anti-homomorphism of fuzzy and anti-fuzzy ideal of a ring was
introduced by N.Palaniappan & K.Arjunan [13, 14]. In this paper, we introduce the some Theorems in
(T, S)-intuitionistic fuzzy subnearring of a nearring.

1.PRELIMINARIES:

1.1 Definition: A (T, S)-norm is a binary operations T: [0, 1]x[0, 1] — [0, 1] and S: [0, 1]x[0, 1] — [0, 1] satisfying
the following requirements;

(i) T(0,x)=0, T(1, x) = x (boundary condition)

(i) T(x,y) =T(y, X) (commutativity)

(i) T(x, T(y, 2))= T ( T(x,y), z)(associativity)

(iv) ifx<yand w <z, then T(x, w) < T (y, z) (monotonicity).

(v) S(0,x) =X, S (1, x) =1 (boundary condition)

(vi) S(x,y¥) =S (y, x)(commutativity)

(vii) S (X, S(Y, 2))=S ( S(x, ¥), ) (associativity)

(viii) if x<yand w <z, then S (x, w) < S (y, z) (monotonicity).

1.2 Definition: Let (R, +, . ) be a nearring. A fuzzy subset A of R is said to be a T-fuzzy subnearring (fuzzy
subnearring with respect to T-norm) of R if it satisfies the following conditions:

() pa(x=y) = T(pa(x), pa(y))

(ii) pa(xy) = T(pa(X), pa(y)) forall xand y in R.

1.3 Definition: Let (R, +, . ) be a nearring. An intuitionistic fuzzy subset A of R is said to be an (T, S)-intuitionistic
fuzzy subnearring ( intuitionistic fuzzy subnearring with respect to (T, S)-norm) of R if it satisfies the following
conditions:

() pax=y) 2T (Ha(X), Ba(Y))

(i) pa(xy) 2T (Ha(X), BA(Y) )

(i) va(x—y) =S (va(X), va(y))

(iv) va(xy) < S (va(x), va(y)) forall xand y in R.
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1.4 Definition: Let A and B be intuitionistic fuzzy subsets of sets G and H, respectively. The product of A and B,
denoted by AxB, is defined as AxB = {{(X, ¥), taa(X, ¥), vae(X, ¥)) / for all x in G and y in H}, where pa.s(X, y) =
mln{“A(X)v MB(y)} and VAXB(X! y) = maX{VA(X)v VB(y)}

1.5 Definition: Let A be an intuitionistic fuzzy subset in a set S, the strongest intuitionistic fuzzy relation on S, that is
an intuitionistic fuzzy relation on A is V given by py(X, y) = min{ua(x), pa(y)} and vy(X, y) = max{va(x), va(y)} for
allxandyinS.

1.6 Definition: Let (R, +, .) and (R', +,.) be any two nearrings. Let f : R— R' be any function and A be an (T, S)-
intuitionistic fuzzy subnearring in R, V be an (T, S)-intuitionistic fuzzy subnearring in f(R) = R', defined by py(y) =

Sup pa(X) and w(y) = |nf va(x) for all x in R and y in R'. Then A is called a preimage of V under f and is
xe fL(y) xef(y)

denoted by f (V).

1.7 Definition: Let A be an (T, S)-intuitionistic fuzzy subnearring of a nearring (R, +,-) and a in R. Then the pseudo
(T, S)-intuitionistic fuzzy coset (aA)" is defined by ((apa)”)(X) = p(a)ra(x) and ((ava)®)(X) = p(a)va(x) for every x in R
and for some p in P.

2- PROPERTIES

2.1 Theorem: Intersection of any two (T, S)-intuitionistic fuzzy subnearrings of a nearring R is a (T, S)-intuitionistic
fuzzy subnearring of a nearring R.

Proof: Let A and B be any two (T, S)-intuitionistic fuzzy subnearrings of a nearring R and x and y in R. Let A = {(x,
pa(x), va(x)) / xeR} and B = {(x, us(X), va(X)) / xeR} and also let C = AnB = {(X, pc(X), vc(X)) / xeR} where
min{pa(X), ue(¥)} = pe(x) and max {va(x), ve(X)} = ve(x). Now pe(x=y) = min {ua(x-y), pe(x-y)} = min{T(ua(X),
ra(Y)), T(pe(x), pe(¥)} = T(min{ua(x), pe()} min{pa(y), pe(y)}) = T( ne(X), ne(y)). Therefore pe(x—y) = T(uc(X),
pe(y)) for all x and y in R. And pc(xy) = min {pa(xy), pe(xy)} = min {T( pa(X), pa(¥)), T( ps(x), pe())} =
T(min{pa(x), pe(x)} Min{pa(y), ne(y)}) = T(uc(X), nc(y)). Therefore pe(xy) > T(ue(x), ne(y)) for all x and y in R.
Now vc(x-y) = max {va(x-y), ve(x-y)}< max {S( va(X), va(¥)), S( ve(X), ve(y)} < S(max {va(x), va(x)},
max {va(y), va(¥)}) = S (vc(X), ve(y)). Therefore ve(x—y) < S( ve(X), ve(y)) for all x and y in R. And v¢(Xy) = max
{va(xy), ve(xy)} < max {S( va(x), va(¥)), S(ve(x), ve(y)} < S( max {va(x), ve(x)}, max {va(y), ve(¥)}) = S(vc(x),
ve(y)). Therefore ve(xy) < S(ve(X), ve(y)) for all x and y in R. Therefore C is an (T, S)-intuitionistic fuzzy subnearring
of a nearring R.

2.2 Theorem: The intersection of a family of (T, S)-intuitionistic fuzzy subnearrings of nearring R is an (T, S)-
intuitionistic fuzzy subnearring of a nearring R.

Proof: It is trivial.

2.3 Theorem: If A and B are any two (T, S)-intuitionistic fuzzy subnearrings of the nearrings R; and R, respectively,
then AxB is an (T, S)-intuitionistic fuzzy subnearring of R;xR,.

Proof: Let A and B be two (T, S)-intuitionistic fuzzy subnearrings of the nearrings R, and R, respectively. Let x; and X,
be in Ry, y1 and y, be in R,. Then (X, y1) and (Xz, Y2) are in RyxRa. NOoW pag [(X1, Y1)—(X2, ¥2)] = pace (Xi—X2, Y1—Y2) =
min {pa(X1—X2), ua(yi—Yy2)} = min{T(na(Xe), ta(%2)), T(pa(ya), ma(y2))} = T(min{pa(Xa), ne(ys)}, min{ua(xz), na(y2)})
= T(naxe(Xw Y1), Haxe(Xz, Y2)). Therefore pas[(X1, Y1) —(X2, Y2)] 2 T(paxe (X1, Y1), Hase (X2, Y2) ). Also pacs[ (X1, Y1)
(X2 ¥2)] = pass( XXz, Y1Y2) = Min{ua(XiXz), us(y1y2)} = min {T(ua(X1), 1a(X2)), T( us(y1), Ma(y2))} = T(min {ua(xy),
us(yn}, min {pa(x2), ua(y2)}) = T(Ha(X1 Y1), Mas(Xz, Y2)). Therefore pa.sl (X1, Y1)(X2 ¥2)] = T( pas(Xw Y1),
Haxa(X2, ¥Y2)). NOW va.s[(X1, Y1) —(X2, ¥2)] = Vae(X1—X2, V1= Y2) = Max{va(Xi—Xz), ve(Y1—Y2)}< max {S (va(X1), va(X2)),
S (ve(yd), ve(y2))}s S(max{va(x1), ve(yD}, max{va(xz), ve(y2)}) = S(vae(X1, Y1), Vae(X2, Y2)). Therefore
Vaal (X1 Y1)—(X2, ¥2)] £ S( vaxs(X1, Y1), Vaxa(X2, ¥2)). Also vas[(X1, Y1)(X2, ¥2)] = vaxe(X1Xa, Y1Y2) = max {va(XiXa),
ve(Y1Y2) }< max {S(va(X1), Va(X2)), S(va(Y1), ve(Y2))}< S(max {va(X1), va(y1)}, max{va(xz), ve(Y2)}) = S(vas(X1, Y1),
VAXB(XZ! yz)) Therefore VAxB[(Xla yl)(Xz, yz)] < S(VAXB(Xl! yl), VAXB(XZY yz)) Hence AxB is an (T, S)'intuitionistic fUZZy
subnearring of nearring of RyxR.,.
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2.4 Theorem: If A is a (T, S)-intuitionistic fuzzy subnearring of a nearring (R, +,7), then  pa(x) < pa(0) and
va(X) > va(0) for x in R, the identity element 0 in R.

Proof: For x in R and 0 is the identity element of R. Now pa(0) = pa(Xx—x) = T( pa(x), ua(x)) = pa(x) for all x in R. So
pa(X) < pa(0). And va(0) = va(x—X) < S(va(X), va(X)) < va(x) for all x in R. So va(X) > va(0).

2.5 Theorem: Let A and B be (T, S)-intuitionistic fuzzy subnearring of the nearrings R; and R, respectively. Suppose
that 0 and O, are the identity element of R; and R, respectively. If AxB is an (T, S)-intuitionistic fuzzy subnearring of
R1xR,, then at least one of the following two statements must hold. (i) ug(0,)) > pa(x) and vg(0)) < va(x) for all x in Ry
(i1) pa(0) = pg(y) and va(0) < vg(y) for all y in R,.

Proof: Let AxB be an (T, S)-intuitionistic fuzzy subnearring of R;xR,. By contraposition, suppose that none of the
statements (i) and (ii) holds. Then we can find a in R; and b in R, such that pa(a) > ug(0,), va(@ < vg(0,) and
pe(b) > pa(0), ve(b) < va(0). We have pa.g(a, b) = min{ua(a), pe(0)}> min {ps(0)), na(0)} = min {pa(0), pe(0)}=
uaxe(0, 0). And va.g(a, b) = max{va(a), ve(b)}< max{vs(0,), va(0)}= max{va(0), ve(0)}= vas(0, 0,). Thus AxB is not
an (T, S)-intuitionistic fuzzy subnearring of R;xR,. Hence either ug(0,) > pa(x) and vg(0,) < va(x) for all x in Ry or
ua(0) = pg(y) and va(0) <vg(y) forall y in R.

2.6 Theorem: Let A and B be two intuitionistic fuzzy subsets of the nearrings R; and R, respectively and AxB is an
(T, S)-intuitionistic fuzzy subnearring of R;xR,. Then the following are true:

(i) if pa(x) < u(0) and va(x) = vg(0,), then Ais an (T, S)-intuitionistic fuzzy subnearring of R;.

(i) if pg(x) < pa(0) and vg(x) = va(0), then B is an (T, S)-intuitionistic fuzzy subnearring of R,.

(iii) either A'is an (T, S)-intuitionistic fuzzy subnearring of R, or B is an (T, S)-intuitionistic fuzzy subnearring of R,.

Proof: Let AxB be an (T, S)-intuitionistic fuzzy subnearring of R;xR, and x and y in Ry and 0, in R,. Then (x, 0,) and
(y, 0) are in RixR,. Now using the property that pa(x) < ug(0) and va(x) > vg(0) for all x in R;. We get
HA(X_y) = min{“A(X_y)i HB(OI_OI)} = HAXB( (X_y)1 (OI_OI)) = HAXB[ (X! OI) _(yv 0I)] 2 T(MAXB(X’ OI)! HAXB(yI OI)) =
T(min{pa(x), us(0)}, min{pa(y), ue(0)}) = T(ua(X), na(y)). Therefore ua(x—y) = T(ua(x), ua(y)) for all xand y in R;.
Also pa(xy) = min{ pa(xy), ps(00)} = pas( (xy), (00)) = paslx, 0)(y, 0)] = T(pae(x, 0), pasly, 0)) =
T(min{pa(x), ua(0)} min{ua(y). ne(0)3}) = T(ua(X), pa(y)). Therefore pa(xy) = T(pa(x), pa(y))., for all xand y in R;.
And va(x-y) = max{va(x-y), ve(0,-0)}= va.s( (x-y), (0-0)) = vasl (X, 0)—(y, 0)] < S( vae(X, 0), vas(y, 0)) =
S(max{va(x), ve(0)}, max {va(y), va(0)}) = S(va(X), va(y)). Therefore va(x—y) < S(va(X), va(y)) for all x and y in R;.
Also va(xy)= max{va(xy), ve(00)}= va ((xy), (00)) = vasl(x, 0) (v, 0)] < S(vaw(X, 0), vawly, 0)) =
S(max{va(x), vg(0)}, max{va(y), ve(0)}) = S(va(X), va(y)). Therefore va(xy) < S(va(x), va(y)), for all x and y in R;.
Hence A is an (T, S)-intuitionistic fuzzy subnearring of R;. Thus (i) is proved. Now using the property that
pa(X) < pa(0) and vg(x) = va(0), for all x in Ry, let x and y in Ry and 0 in R;. Then (0, x) and (0, y) are in RyxR,.We get
us(x-y) = min{us(x-y), na(0-0)}= min{pa(0-0), ps(X-y)}= pa-e( (0-0), (x-y)) = pa<sl(0, X) —(0, ¥)] = T( paxs(0, X),
Hax8(0, ¥)) = T(min{pa(0), ne(¥)}, min{ua(0), ps(y)) = T(ua(X), ns(y)). Therefore pg(x-y) > S(ua(x), ps(y)) for all x
and y in Ry, Also pg(xy) = min{us(xy), pa(00)}= min{ua(00), pa(xy)}= pa<e( (00), (xy)) = pasl(0, x) (0, y)] =
T(pae(0, X), pax(0, ¥)) = T(Min{pa(0), ()}, Min{ua(0), pa(y)}) = T(us(x), pa(y)). Therefore pg(xy) = T(us(x),
ps(y)) for all x and y in R,. And vg(x—y) = max{ve(x-y), va(0-0)}= max{va(0-0), ve(x-y)}= vas( (0-0), (x-y) ) =
va[(0, X) —(0, Y)] < S(vaxe(0, X), vaxe(0, ¥)) = S( max{va(0), ve(x)}, max{va(0), ve(y)}) = S(ve(X), v(y)). Therefore
ve(x=Y) < S(vg(x), ve(y) ) for all x and y in R,. Also vg(xy) = max{vg(xy), va(00)} = max{va(00), va(xy)} = va.s((00),
(xy) ) = vawsl(0, X)(0, )] < S(vae(0, X), vaxa(0, ¥)) = S(max{va(0), ve(x)}, max{va(0), ve(y)}) = S(ve(x), va(¥))-
Therefore vg(xy) < S(vs(X), ve(y)), for all x and y in R,. Hence B is an (T, S)-intuitionistic fuzzy subnearring of a
nearring R,. Thus (ii) is proved. (iii) is clear.

2.7 Theorem: Let A be an intuitionistic fuzzy subset of a nearring R and V be the strongest intuitionistic fuzzy relation
of R. Then A is an (T, S)-intuitionistic fuzzy subnearring of R if and only if V is an (T, S)-intuitionistic fuzzy
subnearring of RxR.

Proof: Suppose that A is an (T, S)-intuitionistic fuzzy subnearring of a nearring R. Then for any x = (x4, X,) and
Y = (Y1 ¥2) are in RxR. We have py(x-y) = pv[(X1, X2) =(y1, ¥2)] = mv(Xi=Y1, Xo=Y2) = min{pa(xi—y1), nalxe—y2)}>
min{T (na(X1), Ha(y1), T(pa(X2), pa(y2))}z T(min {pa(X1), paCz)}, min {pa(ys), naly2)}) = T(uv (X1, X2), by (Y1, ¥2)) =
T(pv (X), pv (¥)). Therefore py(x-y) = T(uv(X), pv(y)), for all x and y in RxR. And py(xy) =pvl(Xs, X2)(y1, Y2)l =
pv(Xays, Xay2) = min{pa(Xiy1), pa(ey2)}2 min{T(ua(X1), palyd)), T(ra(xz), pa(y2))}z T(min{pa(xi), pa(x2)},
min{pa(ys), ua(y2)}) = T(uv(Xe, X2), v (Y1, Y2) ) = T(v(X), pv(y) ). Therefore, py(xy) = T(uv(X), pv(y)), for all xand y
in RxR. We have vy(X-y) = vy [(X1, X2)— (Y1, Y2)] = vwXi—Y1, Xo— ¥2) = max {va(Xi—Y1), va(Xa—Y2)}< max {S(va(X1),
VA(Y1)), S(Va(X2), va(y2))} < S(max {va(X1), va(x2)}, max{va(y1), va(y2)}) = S( vv(X1, X2), vw(Y1, ¥2)) =S(vv(X), Vv (¥))-
Therefore vy(x—y) < S(vy (X), vv (¥)), for all x and y in RxR. And vy(Xy) = vw[(X1, X2) (Y1, Y2)] = Vi X1Y1, XoY>) =
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max {va(X1y1), va(Xzy2)}< max{S(va(Xs), va(y1)), S (va(X2), va(y2))}< S(max{va(xs), va(x2)}, max{va(y), va(y2)}) =
S(WiX1, X2), vwiY1, Y2)) = S(vv (X), vv (Y)). Therefore, vy(xy) < S(vu(X), vy(y)), for all x and y in RxR. This proves that
V is an (T, S)-intuitionistic fuzzy subnearring of RxR. Conversely assume that V is an (T, S)-intuitionistic fuzzy
subnearring of RxR, then for any x = (xg, X2) and y = (y1, y») are in RxR, we have min{pa(X:—y1), pa(X=y2)} =
wv(Xa—Y1, Xo=Y2) = pv[(Xe, X2) =(Y1, ¥2)] = v (X=y) = T(uy (X), pu(y)) = Ty (X X2), pvlYs, ¥2)) = T( min{pa(x),
ua(x2)}, min {pa(ys), pa(y2)}). If X2 = 0, yo= 0, we get, pa(xi— Y1) = T(pa(X1), pna(ys) ), for all x; and y; in R. And
min{pa(X1y1), ta(X2y2)} = pv(XaY1, XaY2) = pv[(X1, X2) (Y1, Y2)] = pv(Xy) = T(uu(X), pu(y)) = T(uv(Xe, X2), pv(Ya, ¥2)) =
T(min{pa(x1), pa(*2)}, min {pa(ys), pa(y2)})- 1f xo=0, y, =0, we get pa(X1y1) = T (ua(X1), pa(ys)), for all x;and y; in
R. We have max {va(Xi—Y1), va(x=Y2)}= vw( X1— Y1, Xo= ¥2) = vv [(X1, X2) =(Y1, Y2)] = vw(X=y) < S(vv(X), vuly) ) =
S(vv(X1, X2), vw(Y1, ¥2)) = S(max{va(Xs), va(x2)}, max {va(ys), va(y2)}). If 2= 0, y,= 0, we get va(xi—y1) < S(va(Xa),
va(yr) for all x; and y; in R. And max {va(Xiy1), va(Xzy2)} = vw(Xiy1, XaY2) = vwl(X1, X2)(Y1, Y2)] = vu(Xy) < S(vv(X),
v(y)) = S(vv(X1, X2), vw(Y1, ¥2)) = S(max {va(Xs), va(x2)}, max {va(yi), va(y2)}). If X =0, y, = 0, we get va(xiys) <
S(va(X), va(yy)), for all x;and y; in R. Therefore A is an (T, S)-intuitionistic fuzzy subnearring of R.

2.8 Theorem: If A is an (T, S)-intuitionistic fuzzy subnearring of a nearring (R, +, . ), then H = {x / xeR: pa(X) = 1,
va(X) = 0} is either empty or is a subnearring of R.

Proof: It is trivial.

2.9 Theorem: If A be an (T, S)-intuitionistic fuzzy subnearring of a nearring (R, +, .), then (i) if pa(x=y) = 0, then
either pa(x) = 0 or pa(y) =0 for all x and y in R. (ii) if pa(xy) = 0, then either pa(x) = 0 or ua(y) =0 for all x and y in
R. (iii) if va(x=y) = 1, then either va (X) = 1or va (y) =1 for all x and y in R. (iv) if va(xy) = 1, then either v (X) = lor
va(y)=1forallxandyinR.

Proof: It is trivial.

2.10 Theorem: If A is an (T, S)-intuitionistic fuzzy subnearring of a nearring (R,+, . ), then LA is an (T, S)-
intuitionistic fuzzy subnearring of R.

Proof: Let A be an (T, S)-intuitionistic fuzzy subnearring of a nearring R. Consider A = {{X, pa(X), va(x))}, for all x in
R, we take LA = B = {(X, ps(x), va(x))}, where pg(x) = pa(x), ve(x) = 1- pa(x). Clearly ug(x-y) > T( pg(X), ps(y) ) for
all x and y in R and p(xy) > T(us(X), us(y)) for all x and y in R. Since A is an (T, S)-intuitionistic fuzzy subnearring
of R, we have pa(x=y) > T(ua(X), pa(y)) for all x and y in R, which implies that 1- vg(x-y) > T((1- v&(X)), (1~ va(y))),
which implies that vg(x-y) < 1- T ((1- vg(X)), (1~ va(¥))) < S (va(X), ve(y)). Therefore vg(x-y) < S(vs(X), vs(y)), for
all x and y in R. And pa(xy) > T(ua(X), pa(y)) for all x and y in R, which implies that 1- vg(xy) > T((1-vs(X)),
(1-vg(y))) which implies that vg(xy) < 1- T((1- va(X)), (1~ va(¥))) < S(vs(X), ve(y)). Therefore vg(xy) < S( vs(X),
ve(y)) for all x and y in R. Hence B = A is an (T, S)-intuitionistic fuzzy subnearring of a nearring R.

2.11 Theorem: If A is an (T, S)-intuitionistic fuzzy subnearring of a nearring (R, +, .), then O0A is an (T, S)-
intuitionistic fuzzy subnearring of R.

Proof: Let A be an (T, S)-intuitionistic fuzzy subnearring of a nearring R.That is A = {{X, pa(X), va(x))} for all x in R.
Let OA = B = {{X, us(X), va(X))} where pg(X) =1-va(X), va(X) = va(X). Clearly vg(x—Yy) < S(vs(X), vs(y)) for all x and y
in R and vg(xy) < S(vs(X), va(y)) for all x and y in R. Since A is an (T, S)-intuitionistic fuzzy subnearring of R, we
have va(x-y) < S(va(X), va(y)) for all x and y in R, which implies that 1-pg(x—y) < S((1- pus(X)), (1~ us(y))) which
implies that pg(x-y) > 1- S((1- us(x)), (1~ us(y))) = T(ue(X), us(y)). Therefore pg(x-y) = T(us(X), pe(y)) for all x and
y in R. And va(xy) < S(va(x), va(y)) for all x and y in R, which implies that 1-pg(xy) < S((1-ps(x)), (1-us(y))) which

implies that pg(xy) > 1-S((1-ps(x)), (1-ps(y))) = T(us(X), us(y)). Therefore pg(xy) > T(us(x), us(y)) for all x and y in
R. Hence B = 0A is an (T, S)-intuitionistic fuzzy subnearring of a nearring R.

2.12 Theorem: Let A be an (T, S)-intuitionistic fuzzy subnearring of a nearing (R, +, . ), then the pseudo (T, S)-
intuitionistic fuzzy coset (aA)? is an (T, S)-intuitionistic fuzzy subnearring of a nearring R, for every a in R.

Proof: Let A be an (T, S)-intuitionistic fuzzy subnearring of a nearring R.

For every x and y in R, we have ((aua)”)(x=y) = p@ua(x=y) = p(@)T((pa(X), pa(y)) = T( p(@)ua(x), p@)ualy)) =
T(((ana)® )(¥), ((apa)®)(y)). Therefore ((apa)®)(x=y) = T(((a pa)’)(X), ((@ua)*)(Y)). Now ((apa)’)(xy) = p(@)ua(xy) =
P@T(A), HaY)) = T(P@uAX), P@LaY)) = T(((ana))(X), ((@ua))(y)). Therefore ((apa)’)(xy) = T(((a a)’)(X),
((aua))(y)). For every x and y in R, we have ((ava)’)(x-y) = p(@)va(*-y) < p(@)S((va(X), va(y)) = S(p(@)va(x),
p(@)va(y)) = S(((ava)’)(X), ((ava)®)(y)). Therefore ((ava)”)(x-y) < S(((ava))(X), ((@ava)’)(y)).
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Now ((ava)”)(xy) = p(@)va(xy) < p(a) S(va(X), va(y)) = S(p(@)va(X), p(@)va(y)) = S( ((@va)’)(), ((@va)°)(y)). Therefore
((ava)P)(xy) < S(((@ava)®)(X), ((ava)")(y)). Hence (@A) is an (T, S)-intuitionistic fuzzy subnearring of a nearring R.

In the following Theorem - is the composition operation of functions:

2.13 Theorem: Let A be an (T, S)-intuitionistic fuzzy subnearring of a nearring H and f is an isomorphism from a
nearring R onto H. Then A°f is an (T, S)-intuitionistic fuzzy subnearring of R.

Proof: Let x and y in R and A be an (T, S)-intuitionistic fuzzy subnearring of a nearring H. Then we have (uac)(x-y)
= na(f(x=y)) = pa(fCx) —f(¥)) = T(ua(f(x)), pa(f(y))) = T((a*D(X), (nasD)(y)) which implies that (uacH)(x-y) =
T((a"D(X), (HacD(Y))- And (nacD(XY) = pa(f(xy)) = pa(fFOF(Y)) = T(ua(f(X)), BAXFY))) = T((HaD(X), (na=D)(Y)) which
implies that (uasf)(xy) = T( (ua°)(X), (naD)(Y)). Then we have (vach)(x-y) = va( f(x=y)) = va(f(x) —f(y)) < S(va(f(x)),
Va(f(y))) = S((vaeDH(X), (vach)(y)) which implies that (vaef)(x=y) < S((vaD(X), (vasD)(y)). And (va-D)(xy) = va(f(xy)) =

VA(fO)F(Y)) < S(va(f(x)), va(f(¥))) = S ((vaeD(X), (vach)(y)) which implies that (vacf)(xy) < S((vaH)(X), (va-D)(Y)).
Therefore (Aef) is an (T, S)-intuitionistic fuzzy subnearring of a nearring R.

2.14 Theorem: Let A be an (T, S)-intuitionistic fuzzy subnearring of a nearring H and f is an anti-isomorphism from a
nearring R onto H. Then A°f is an (T, S)-intuitionistic fuzzy subnearring of R.

Proof: Let x and y in R and A be an (T, S)-intuitionistic fuzzy subnearring of a nearring H. Then we have (pacf)(X-Y)
= pal f(x=y)) = palf(y)-f(x) = T(ua(f(x)), pal f(¥))) = T((nacD(X), (racD(y)) which implies that (pa-f)(x-y) =
T(rachH(X), (machH(Y)). And (pach)(xy) = pa( f(xy)) = pa(f(Y)F(X)) = T( pal f(x)), pa( f(¥))) = T((ravDX), (na°D(Y))
which implies that (puacf)(xy) = T((uacD(X), (nacD)(y)). Then we have (vacf)(x-y) = va(f(x-y)) = va(f(y)-f(x)) <
S(va(f(x) ), va(f(y))) = S((vact )(x), (vac)(y)) which implies that (va-f)(x-y) < S((va°D(X), (va-D(y)).

And (vacf)(xy) = va( f(xy)) = va(f(y)f(x)) < S(va(f(x)), va(f(y))) = S((vacD)(X), (vaeD)(y)), which implies that (va°f)(xy)
< S((vach) (%), (vaol) (¥)). Therefore Aof isan (T, S)-intuitionistic fuzzy subnearring of the nearring R.

2.15 Theorem: Let (R, +, . ) and (R, +, .) be any two nearrings. The homomorphic image of an (T, S)-intuitionistic
fuzzy subnearring of R is an (T, S)-intuitionistic fuzzy subnearring of R'.

Proof: Let (R, +, .)and (R, +, .) be any two nearrings. Let f : R — R' be a homomorphism. Let V = f(A) where A is
an (T, S)-intuitionistic fuzzy subnearring of R. We have to prove that V is an (T, S)-intuitionistic fuzzy subnearring of
R'. Now for f(x), f(y) in R', p,(fF(x)—f(y)) = m(f(x=y) ) = pa(x=y) = T(ua(x), nay) ) which implies that p,(f(x)—f(y)) >
T( w(f(x)), w(f(y))). Again p(fe)f(Y)) = pulf(xy)) = pa(xy) = T(pa(X), pa(y)) which implies that p,(f(x)f(y)) >
T(r(F)), m(f(y))). And vi(fF(X)-F(y)) = vulf(x=y)) < va(x=y) < S(va(X), va(y)). Therefore v,(f(x)—f(y)) < S(vi( f(x)),

wW(f(¥))). Again vy(f)f(y))=vu(f(xy)) < va(xy) < S(va(X), va(y)) which implies that v\(f(x)f(y)) < S (vi(f(x)), vu(f(¥))).
Hence V is an (T, S)-intuitionistic fuzzy subnearring of R'.

2.16 Theorem: Let (R, +, . ) and (R, +, . ) be any two nearrings. The homomorphic preimage of an (T, S)-intuitionistic
fuzzy subnearring of R'is a (T, S)-intuitionistic fuzzy subnearring of R.

Proof: Let V = f(A), where V is an (T, S)-intuitionistic fuzzy subnearring of R'. We have to prove that A is an (T, S)-
intuitionistic fuzzy subnearring of R. Let x and y in R. Then pa(x=Yy) = p(f(x=y)) = p(fO)—F(y)) = T(uu(f(X)), pu(f(y)))
= T(na(x), pa(y)) which implies that pa(x-y) = T(ua(X), na(y)). Again pa(xy) = py(f(xy)) = p(f)f(Y)) = T(uu(f(x)),
m(f(¥))) = T(ua(x), na(y)) which implies that pa(xy) > T(na(X), pa(y)). And va(x=y) = vy(f(x=y)) = vu(f(x)-f(y)) <
S(v(f(x)), vu(f(y))) = S(va(x), va(y)) which implies that va(x-y) < S( va(x), va(¥)). Again va(xy) = vi(f(xy)) =
V(FOOT(Y)) < S(vu(f(X)), w(f(Y))) = S(va(X), valy)) which implies that va(xy) < S(va(X), va(y)). Hence A is an (T, S)-
intuitionistic fuzzy subnearring of R.

2.17 Theorem: Let (R, +, . ) and (R', +, . ) be any two nearrings. The anti-homomorphic image of an (T, S)-
intuitionistic fuzzy subnearring of R is an (T, S)-intuitionistic fuzzy subnearring of R'.

Proof: Let (R, +,.) and (R, +, . ) be any two nearrings. Let f : R — R' be an anti-homomorphism. Then f(x+y) = f(y) +
f(x) and f(xy) = f(y)f(x) for all xand y in R. Let V = f(A) where A is an (T, S)-intuitionistic fuzzy subnearring of R. We
have to prove that V is an (T, S)-intuitionistic fuzzy subnearring of R'. Now for f(x), f(y) in R', p(f(x)-f(y)) =
m(f(y=x)) = paly—x) = T(ua(y), pa(x)) = T(ua(X), pa(y)), which implies that u,(f(x)—f(y)) = T(uu(f(x)), p(f(y))).
Again py(fOF(y)) = n(f(yx)) = palyx) =T(pa(y), na(x)) = T(pa(X), paly)) which implies that p,(f(x)f(y)) =T (u(f(x)),
r(f(¥)))- And vi(f(X)=f(y)) = vi(f(y—X)) < va(y—X) < S(va(y), va(X)) = S(va(X), va(y)) which implies that v(f(x)-f(y))
< S(v(f(x)), vu(f())). Again vi(f(X)f(y)) = vu(f(yx)) < va(yx) < S(va(y), va(x)) = S(va(X), va(y)) which implies that
vu(F)F(Y)) < S(vu(f(X)), vu(f(y))). Hence V is an (T, S)-intuitionistic fuzzy subnearring of R'.
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2.18 Theorem: Let (R, +, .) and (R', +, . ) be any two nearrings. The anti-homomorphic preimage of an (T, S)-
intuitionistic fuzzy subnearring of R' is an (T, S)-intuitionistic fuzzy subnearring of R.

Proof: Let V = f(A), where V is an (T, S)-intuitionistic fuzzy subnearring of R'. We have to prove that A is an (T, S)-
intuitionistic fuzzy subnearring of R. Let x and y in R. Then pa(X—y)=u,(f(x=y)) = u(fFly)—f(x) ) = T(u,(f(y)), u(f(x)))
= T(uu(f(x)), n(f(y))) = T(pa(X), na(y)) which implies that pa(x=y) = T( pa(x), pa(y)). Again pa(xy) = p(f(xy)) =
m(FY))) = T(u(F(y)), m(f(x))) = T(u(F(x)), m(f(y)))= T(1a(X), naly)) which implies that pa(xy) > T(pa(X), na(y)).
And va(x=y) = vy(f(x=y)) = vu(f(y)-F(X)) = S(v(f(y)), vu(f(x))) = S(v(f(x)), vu(f(¥))) = S(va(X), va(y)) which implies
that va(x=y) < S(va(x), va(y)). Again va(xy) = vy(f(xy)) = vu(f(y)f(x)) < S(vu(f(y)), vu(f(x))) = S(vu(f(x)), vi(F(y))) =
S(va(X), va(y)) which implies that va(xy) < S(va(X), va(y)). Hence A is an (T, S)-intuitionistic fuzzy subnearring of R.
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