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A STUDY ON INTERSECTION OF TWO INTUITIONISTIC Q-FUZZY
SOFT SUBHEMIRING OF A HEMIRING USING HOMOMORPHISM
AND ANTI-HOMOMORPHISM

J.VENKATESAN AND N.ANITHA

ABSTRACT. We present a short diagram on intuitionistic RQ-fuzzy sets
which cuts over a few definitions. We introduce a new kind of hemiring
called soft subhemiring with homomorphism and anti - homomorphism
and obtain some related properties. Finally we describe intersection of
two intuitionistic Q-fuzzy soft subhemiring of a hemiring using homo-
morphism and anti-homomorphism.

1. INTRODUCTION

Hemirings which are regarded as a generalization of rings have been
found useful in solving problems in different areas of applied mathematics
and computer sciences. So many researchers have studied different aspects
of hemirings. The notion of a fuzzy set was introduced L.A. Zadeh [5] and
since then this has been applied to various algebraic structures. The idea
of an intuitionistic fuzzy set was introduced by K.T. Atanassov [3] as a
generalization of the notion of fuzzy set. J. S. Golan quoted some special
classes of hemirings such as idempotent hemiring, zero sum free hemiring,
and regular hemiring and so on. After the introduction of fuzzy sets by
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L.A.Zadeh, [5], several researchers explored on the generalization of the
concept of fuzzy sets. The notion of anti-fuzzy left h-ideals in hemiring was
introduced by Akram. Mand K.H.Dar [1, 2]. The notion of homomorphism
and anti-homomorphism of fuzzy and anti-fuzzy ideal of a ring was intro-
duced by N.Palaniappan and K.Arjunan [4] In this paper, we introduce the
some theorems in intersection of two intuitionistic q-fuzzy soft subhemir-
ing of a hemiring using homomorphism and anti-homomorphism.

2. PRELIMINARIES

Definition 2.1. A non-void set R together with two binary tasks represented
by + and - be addition and multiplication which fulfill the accompanying
aphorisms are known as a hemiring.

(i) (R,+) is a semigroup and commutative with zero,
(i) (R,-) is a semigroup,
(iii) (a+b)-c=a-c+b-canda-(b+c)=a-b+a-c,a,bc€ R

Definition 2.2. A non-void subset S of a hemiring (R, +,-) is known as a
subhemiring if S itself is a hemiring under the same operation as in R.

Definition 2.3. Let (R, +, ) and (R', +, ) be two hemirings. Then h: R — R’
is called a hemiring homomorphism if it satisfies the following conditions:
(@ h(m+n) = h(m) + h(n),
(i) h(mn) = h(m) - h(n), for all m and n in R.

Definition 2.4. Let (R, +,-) and (R',+, ") be two hemirings. Then the func-
tion f: R — R'is called a hemiring anti-homomorphism if it satisfies the
following conditions:

(i) A(m +n) = h(m) + h(n),

(i) h(mn) = h(m) - h(n), for all m and n in R'.

Definition 2.5. Let (R, +, -) be a hemiring. A fuzzy soft subset (F, A) of R, is
said to be a fuzzy soft subhemiring R of if it satisfies the following conditions:
@ nemay (M) + 1) = min {0 a (mea)), 1.4y (0e.4)) }

A1) ey (Mo ane,a)) = min {ne,a (M), niea (ne,a)
fOT‘ all M(F,A) and N(F,A) in R
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Definition 2.6. Let R be a hemiring. An intuitionistic fuzzy soft subset (F,A)
of R is said to be an intuitionistic fuzzy soft subhemiring (IFSSHR) of R on
the off chance that it fulfills the accompanying conditions:

) neEay) = min {nEa (meea)), nEa) (vEa)
GD) ) (Mo ane,a)) = min {ne ) (m.a), niea (nea) 1

D nra(mea
) (my

(iil) vpa) (m(F, + npay) < max {vEa) (meea)), vea (nea)
y (myr,
Il

(V) vera)(meraniea)) < maz {vga) (M a)), v (nEa)
for a m(FA ananA in R.

3. PROPERTIES OF INTUITIONISTIC Q-FUZZY SOFT SUBHEMIRING OF A
HEMIRING

Theorem 3.1. Intersection of any two intuitionistic fuzzy soft subhemirings
of a hemiring R is a intuitionistic fuzzy soft subhemiring of R.

Proof. Let {(G,V),; : i € I} be a group of intuitionistic fuzzy soft sub hemir-
ings of a hemiring R and let (F, A) = Nic.v) Let mr .y and ner 4y in R. At
that point,

Ny (Mp,a) + nEa)) = geljf neGvyi(me vy +neyy) =

> gelf min {U(G,V)i(m(G,V))a U(G,V)z‘(”(c,v))}

= min {llfelf nGvyi(mevy), yelf NG vyi(ne,vy) }
= man {nw.a) (mee.a), nEa) () }
Subsequently,

N4y (meeay + neeay) = min {nea) (meay), neea (nEa) b

for all mp 4y and ng 4 in R . Furthermore,

neE,A) (MEAYNE) = il,Ielfn(G,V)i(m(G,V)n(G,V))2

v

yelf min {nyvyi(mey)), nevyi(ney) }

= min {Hg nGvyi(me,)), inf 77<G,V)i(n<G,V>)}

= min {nEa) (M), 00 (nEa) }
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(e, (M (p.4) > min {n.a) (mee.a), neEay (nea) }

for all mp, 4y and nz 4y in R . Next, we have:

v(r,A) (M(Ea) + ()

Subsequently,

IN

sup vev)i(miG.y) + nev))
1€

s'u? max {U(G,V)z‘(m(G,V))a U(G,V)i(”(G,V))}

(S

max {su? V@G, V)i (m(G,v)), S}l? U(G,v)i(n(G,V)> }
1€ 1€

maz {vp.a) (mp.a)), Ver,a) (Nra) } -

vra) (meeay + npay) < max {vgEa(meea)), vEa ()}

for all mp 4y and np 4 in R'. In this manner:

U, 4) (MFA(F,4))

Subsequently,

SU? v vy (meyyne,vy)
1€

s‘u? max {U(G,v)i(m(G,V)L U(G,v)z‘("(G,V)>}

1€

max {S‘HP v vyi(mevy), sup vevyi(ney)) }
1S (S

maz {v(e,a) (Mea)), Ve (nEa) } -

vra) (M aynea)) < maz {veay(mE.a), v (nEa) | s

for all mr 4y and n(r 4 in R. That is, (F, A) is an intuitionistic fuzzy soft
subhemiring of a hemiring. Consequently, the intersection of a family of
intuitionistic fuzzy soft subhemiring of R is an intuitionistic fuzzy soft sub-

hemiring of R.

g
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4. PROPERTIES OF INTUITIONISTIC Q-FUZZY SOFT SUBHEMIRING OF A
HEMIRING USING HOMOMORPHISM AND ANTI-HOMOMORPHISM

Theorem 4.1. Let (R, +, .) and (R, +, .) be two hemirings. The homomor-
phic image of an intuitionistic fuzzy soft subhemiring of R is an intuitionistic
fuzzy soft subhemiring of R'.

Proof. Let (R,+,-) and (R, +,-) be two hemirings. Let R — R’ be a homo-
morphism. Then,

(@) him +n) = h(m) + h(n),

(i) h(mn) = h(m) - h(n), for all m and n in R’
Let (G,V) = h((F,A)), where (F,A) is an intuitionistic fuzzy soft sub-
hemiring of R. We have to prove that (G, V) is an intuitionistic fuzzy soft
subhemiring of R'. Now, for h(m.), h(nc1)) in R we have:

n(gy)(h(m((;y)) + h(n(qv))) n(qv)(h(m(g,v) + n(G,V))) ,as h is a homomorphism

v

nee.A) (M(F,A) + N(F,4))

> min {77(F,A) (M(F,4)): N(F.A) (n(F,A))}
which suggests that:
nevy(h(my) + h(ney)) > min {ney)(h(mey))), e (b(nen)) -
Again:

navy(h(m@vy)h(neyy)) = mev)(h(meyvynevy)) ,as b is a homomorphism

v

1(F,4) (M(F,4)1(F,A))

> min {?7(F7A)(m(F,A))7n(F,A) (n(FA))} :

which suggests that:

vy (h(mevy) h(neyy)) = min {nc(hMmen)), ey (h(ne)) }
Now, for h(m), h(n) in R’

vavy(h(meyy) + h(neyy)) = veavy(h(meyvy) + ne,v))),as h is a homomorphism

IA

v(rA) (M(F,a) + N(p,A))

IN

maz {vigay(mr.a)), VEa) () } s
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which suggests that:

vy (h(meyy) + (ney))) < maz {vew) (Mmey)), vev)(hne))} -

Again

vy (h(m@y)h(ney))) = vev)(h(mevine,y)))as h is a homomorphism
< vy (mEanr.a)
< mazx {U(RA)(m(F,A))?U(F,A) (n(FvA))} )

which suggests that:

vew)(Mmev)hne))) < maz{vew) (h(mev)), vey) (hney)) -
Hence (G, V) is an intuitionistic fuzzy soft subhemiring of R’ . 0

Theorem 4.2. Let (R, +,-) and (R',+,) be two hemirings. The homomor-
phic preimage of an intuitionistic fuzzy soft subhemiring of R’ is a intuition-
istic fuzzy soft subhemiring of R.

Proof Let (G,V) = h((F,A)), where (G, V) is an intuitionistic fuzzy soft
subhemiring of R’. We have to prove that (F, A) is an intuitionistic fuzzy
soft subhemiring of R. Let m and n be in R. Then,
N (MEa) + 1) = ey (h(meEa) +neay))
since ng,vy(h(m)) = a4 (Mr.a)y = NG,y (M(m)h(n))
as h is a homomorphism
> min {nav) (h(m)), na,v) (h(n)) }
= min {nw.a(me.a), e (nea) )
since 1., vy (h(m)) = 1) (M(r,a)) , we have that:
ey (mp.a) + nepay) = min {0 (meea), nea) () } -
Again,
Ny (mEanEas) = ey (h(meEagnea)))
since 7y (h(m)) = nee.a) (mee.a) = vy (h(m)h(n))
as h is a homomorphism
min {1nG,vy(h(m)), nGvy(h(n)) }

= min {nEa) (M), 00 (nEa) )

v
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since 7q,vy(h(m)) = nr a)(m(p.a)) , We have that:

nee,a) (M ayne,a)) = min {1 ) (mea)), e (Ea) -
Let M(F,A) and g 11‘1 R. Then, n(FA)(m(FA) + N(F,A) ) nG,v) (h(m+n))
since ”(G,V)(h(m)) = n(RA)( (r,4)) = nc,v)(h(m) + h(n)), as h is a homo-
morphism
nea) (M + ) = ey (b)) < max {ngv)(h(m)), n@vy(h(n))}
= maz {np.a)(mp,a)), e (nEa)) }

since ng,vy(h(m)) = nera)(mp.a)) , which suggests that:
A (mp.a) + npay) < maz {nga)(mee,a)), nEa (nea)) b

Again, n(r ) (mr, ) = n@,v)(himny) , since ng vy (h(m)) = neay (meay) =
n,vy(h(m)h (n)), as f is a homomorphism:

e (mEaney) = ey (o) < maz {negy)(h(m)), ney)(h(n))}
= max {ner.ay(mee.a)), nEa) () }

since n(q,vy(h(m)) = nra)(m(ra)) , which suggests that:

e, (M) < max {np.a)(me.a), neay(nEa) } -
Hence (F, A) is an intuitionistic fuzzy soft subhemiring of R. O
Theorem 4.3. Let (R, +, ) and (R, +, -) be two hemirings. The anti-homomorphic

image of an intuitionistic fuzzy soft subhemiring of R is an intuitionistic fuzzy
soft subhemiring of R

Proof. Let (G,V) = h((F,A)), where (F,A) is an intuitionistic fuzzy soft
subhemiring of R. We have to prove that (G, V) is an intuitionistic fuzzy
soft subhemiring of R’ .
NOVV', for h(TR(G’V)), h(n((;y)) in R/ ,
ne.v)(h(m@v)) + h(nev))) = nev)(h(nevy + mey)))
as h is an anti-homomorphism:
> ) (nEa) + mEa))
= min {TI(F,A) (n(FyA))ﬂ (F.A) (m(EA))}
= min {1r.a)(mp,a)), 1054 (NEA) }
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which suggests that:
nevy(h(my) + h(ney)) > min {ney)(h(mey))), ey (h(nean)) -
Again:
nev)(h(m@v)h(neyvy)) = nevy(hneyrymey))
as h is an anti-homomorphism:
> n(r4) (N(FA)T(F,4))
> min {nep,a)(n(ra)), NEa) (MEa) }
= min {nE.a(mE.a), nEa ()},
which suggests that:
ey (h(meay)h(neg,vy)) = min {nev)(h(mey)), nen) (hney)))
NOVV, for h(TfL(Gy)), h(n(g,v)) in R/ ,
v vy (hMmeyy) + Mneyvy)) = vey)(h(ney) + meay))) ,
as h is an anti-homomorphism
< v (nEa) + mra)
< mazx {v(ra)(n(ra)), VEa) (MeF2) }
= maz {vp ) (mE.a), Ve (nEa) }
which suggests that:
U(Gyv)(h(m(qv)) + h(n(gyv))) < mazx {U(G7v)(h(m(g7v))), U(va)(h(n(gﬂ/)))} )
Again,
vy (h(meyy)h(neGyvy)) = v (h(neyymeyy))
as h is an anti-homomorphism:
< U(Ea) (N4 MFA))
< max {vE.a) (nEa), v (meea) }
= maz {vra) (ma), vra(nEa)
which suggests that:
view) (Mm@ ) h(ne ) < min {vey) (h(me)), ver) (Mnen))} -

Hence (G, V) is an intuitionistic fuzzy soft subhemiring of R’ .
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Theorem 4.4. Let (R, +,-) and (R, +, -) be two hemirings. The anti-homomorphic
preimage of an intuitionistic fuzzy soft subhemiring of R' is an intuitionistic
fuzzy soft subhemiring of R.

Proof Let (R,+,-) and (R',+,-) be two hemirings. Let h : R — R’ be an
anti-homomorphism.

Let (G,V) = h((F, A)), where (G, V) is an intuitionistic fuzzy soft sub-
hemiring of R’. We have to prove that (F, A) is an intuitionistic fuzzy soft
subhemiring of R. Let mr, 4y and nz ) be in R. Then

nee.a) (Mr,a) + nea)) = vy (h(mey) +nevy))

since nia,v)(h(ma,v))) = Ny (mira)) = nev) (hney)) + hmey))) , as
h is an anti-homomorphism

> min {nev)(h(nev))), ey (hmevy)) }
= min {ney (h(m(G ) ey (M(nw))) }
= nun {n(FA)(m(FA ), N(F,A) (n(FA >}
since 1(q,v)(h(m@,v))) = Nr.a)(mr,a)) , which suggests that:
e (Meea) + 1ea) = min {nee.a) (me.a) 1ea) ()}

Then, 77(FA ( (F A) ) = 77(G’ V)(h(m(g,v)n(gy))) s since n(ij)(h(m(ij))) =
neea) (Mmp.a)) = n(G,V)(h(n(G,V))h(m(va))) , as h is an anti-homomorphism
h(ney)))s nev)(h(me)) }

h(m(G ) ey (Mnn))) }

= nmin {T](FA)<m(FA ), T(F.A) (”(FA >}

> min {n(gv (
(

= min {ney)
since vy (h(m,vy)) = Ner.a)(Mm(r,a)) , which suggests that:

e,y (Mepane.a)) = min {ne,a) (me.a), nee.a) (nee,a) }

Next, v(g a) (M (r.a)+1(r4)) = Vv (f (M@ v)trey))) , since vy (h(mey))) =
vra) (M(r,a)) = v vy (M(nevy)+h(me,v))) , as his an anti-homomorphism

)
< maz {U(G v (h(nn)), viay (Mm@en)) }
(

= max {U(G v (h(m@w))), vev) (b, ))}

= max {U(FA (Mm(r,a)), V(F,a) (N(F,) )} ;
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since v(a,v)(9(m@G,vy)) = Yk a) (M(r.a)) , which suggests that:
V() (M) +1(ma)) < max {vgea) (mee.a), Ve ()} -

Then vip ) (M, (r,4) = view) (f(mevyney)) s since vy (h(mey))) =
v(E,a) (Mmray) = vy (h(ne mc,v))) , as h is an anti-homomorphism

L
< m@I{U(GV)(h(n v))s vy (h(mean)) }
(h(m@)), vy (M) }

= maz {vp.a(mrF ) vy (nEa)}

= max{vgv) h(m

since v(q,v)(h(Mm(a,v))) = vir.a)(Mm(r,a)) , which suggests that:

v a) (M an(ea)) < max {vEa) (meEay), v (nEa) } -
Hence (F, A) is an intuitionistic fuzzy soft subhemiring of R. 0
Theorem 4.5. Let (R,+,-) and (R',+,-) be two hemirings. If h : R m
Q — R' m Q is a Q-homomorphism, then the Q-homomorphic pre-image
of a level subhemiring of a Q- fuzzy soft subhemiring of R m Q is a level
subhemiring of a Q- fuzzy soft subhemiring of R m Q.
Proof Let (R, +,-) and (R', +,-) be two hemiringsand 2 : Rm Q — R m
Q is a Q-homomorphism. That is, A(m +n,q) = h(m, q) + h(n, q), for all m
and n in R and h(mn, q) = h(m, q)h(n, q), for all m and n in R.
Let n,vy = h(nr.a)), where 1 v is a Q- fuzzy soft subhemiring of R .
Clearly nr 4) is a Q- fuzzy soft subhemiring of R.
Let m(p, ) and np 4y in R. Let h(((r,a).) be a level subhemiring of 7 v).
Suppose h(mr,a),q) and h(np.a), q) in h(??(FA o), that is:
nev) (Mm@, q)) = aand ney)(h(ney). 9) = o
nev)(hmeyy, @) +h(neyvy, 9) = anevy(Mmey), dhney),q) > a.
We have to prove that 7 ), is a level subhemiring of 7z 4).
Now, 1(r ) (m(r,a), ) = n@v)(h(mc,v), q)) > a, implies that:
nE,a) (Mray, @) = @) (nEa), q) = nevy(Mneyy), ) = a,
implies that 7 4)(n(r.4), q) > @, and we have:

Ny (Mmea) +nEay,q) = ey (h(meyy + ey, q))
= ey (h(mevy, 9 +h(ney), q))
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as h is a Q-homomorphism > « , which implies that

Ny (ME,a) + N(EA),q) > O,

for all M(F,A) and N(F,A) in R
And,

N (mEaneEa, ) = ey (hMmeyyney), )
= nev)(h(m@ vy, )h(nGv)a))

as h is a Q- homomorphism > «, which implies that

nee.A) (ME, ) (F,A), q) > O,

for all mr 4y and n¢p 4y # 0 in R . Hence n(r,4) is a level subhemiring of a
Q- fuzzy soft subhemiring ,7 s 4 of RmQ. O

Theorem 4.6. Let (R, +,-) and (R',+,-) be two hemirings. If h : R m Q
— R 'm Q is a Q-homomorphism, then the Q-homomorphic image of a level
subhemiring of a Q- fuzzy soft subhemiring of R is a level subhemiring of a
Q-fuzzy soft subhemiring of R'.

Proof. Let (R, +,-) and (R',+,-) be two hemirings and h: Rm Q — R m
Q is a Q-homomorphism. That is, h(m + n, q) = h(m, q) + h(n, q), for all m
and n in and R, and h(mn, q¢) = h(m, q)h(n,q), for all m and n in R.

Let 0,y = h(n.a)), where 4 is a Q-fuzzy soft subhemiring of R.
Clearly 7,y is a Q- fuzzy subhemiring of R’ m Q. If mr 4y and n(p
in R, then h(m(,q) and h(nyy.q) in R m Q. Let 14y, be a level
subhemiring oh A.

Suppose M(F,A) and N(F,A) in N(F,A)as then M(F,A) + N(F,A) and M(F,A)TY(F,A)
are in 1p 4y - That is, 1g ) (m(r,4), ¢) > a and g a)(nFa),q) > a,

N4 (MEA) + 1(F,4), Q) = @, NEA) (MEA)NEFA),T) > .
We have to prove that h(1r 4),) is a level subhemiring of 7 v) .

nevy(h(m@ vy, @) = as vy (h(ne vy, @) = ) (neay, q) > a

implies that:

v

nevy(Mnevy, q)) e!

nevy(h(me vy, @) + h(nevy, ) = ey (hmeyv) +nev).q)
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as h is a Q-homomorphism,

v

N, (M(E,A) + N(FA), Q)
>,

which implies that 7 v)(h(m@v)+n@v), @) > o, for all h(m,v), ¢) and
h(n@G,vy,q) in R m Q. On the other hand

nevy(h(m@ vy, Oh(neyy, @) = nevy(himeyyyney), a)

as h isa () —homomorphism

v

N, (M@ vyneG vy Q)

Vv

a,

which implies that n vy (h(m@vy, )h(n@ vy, q)) > o, for all h(me vy, q)
and h(nyy,q) #0in R
Therefore, 1 vy(h(m@cv), ¢) + h(nevy, )) a, for all h(mc,v), q) and

h(na.v), q) in R and nq,v) (h(ma,vy, 9) (h(n@vy, 4))) = o, for all h(ma,v), q)
and h(n,),q) # 0in R’ and hence h((n, A))a) is a level subhemiring of a
Q- fuzzy soft subhemiring 7,y of a hemiring R'. g
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