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Abstract:

The notions of a tripolar fuzzy soft ternary I'-Semirings, a tripolar fuzzy soft ternary
I'-Semiring homomorphism and a tripolar fuzzy soft ideal in ternary T'—Semirings are
discussed, and related properties are investigated. On the other hand, in this paper, we also
define the image and pre-image of tripolar fuzzy soft ternary I'-Semirings. Some properties

and results involving these concepts are stated and proved.

Keywords: Soft set, fuzzy Soft set, tripolar fuzzy soft set, tripolar fuzzy soft ternary
I'-Semiring, tripolar fuzzy soft ideal, tripolar fuzzy soft ternary I'-Semiring
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1. Introduction

In the year 2017 Revathi et.al [7, 8] introduced the concept of “fuzzy ideals” in “ternary gamma
semirings”. In the year 2018, they [9,10,11] studied “fuzzy regular ternary gamma semirings”,
“completely prime fuzzy ideals” and “prime fuzzy ideals in ternary gamma semirings”. In the year
2020 E. Meera Prasad et.al [6] introduced the notion of “fuzzy soft Bi-ideals” over “ternary gamma
semirings”. Satish. T et. al [14] studied about “fuzzy soft ideals in ternary gamma semirings”. G.
Srinivasa Rao et.al [ ] studies about ternary gamma semirings extensively. In this paper we introduce
the notion “tripolar fuzzy soft ternary I'-semiring homomorphism”. Throughout this paper we
indicate “ternary gamma semiring” as TGSR, “Fuzzy soft ternary gamma Semiring” as FSTGSR,
“tripolar fuzzy soft set” as TFSs, “Tripolar Fuzzy soft ternary gamma semiring” as TFSTGSR,
“Tripolar fuzzy soft gamma ideal” as TFSI and “Tripolar fuzzy soft ternary I'-semiring
homomorphism” as TFSTGSRH, unless otherwise stated.

2. Preliminaries:

Definition 2.1: A “tripolar fuzzy set” T in a universe set M is an object having the form
T = {(a, vr(a), yr(a), pr(a)) |a € M, 0 <vr(a) + yr(a) < 1}, where vi-M — [0, 1], yt: M — [0, 1]
and Br : M — [-1, 0] such that 0 < vy(a) + yr(a) < 1. Since vr characterises the extent that the

https://internationalpubls.com 444


mailto:meeraprasad.6499@gmail.com
mailto:dmrmaths@gmail.com
mailto:drgsk006@kluniversity.in
mailto:bezawadavasantha@gmail.com

Communications on Applied Nonlinear Analysis
ISSN: 1074-133X
Vol 31 No. 7s (2024)

element a satisfies the property corresponding the tripolar fuzzy set T, yr characterises the extent that
the element a satisfies the irrelevant (non property) corresponding the tripolar fuzzy set T and Bt
characterises the extent that the element a satisfies to the implicit counter property of the tripolar
fuzzy set T. We use the mnotion T = { vy, vyr, PBr} instead of
T = {(a, vr(a), yr(a), Br(a)) |a e M, 0 <vr(a) + yr(a) < 1}.

Definition 2.2: A TFSs (6, V, I') over TGSR M is nothing but TFSTGSR over TGSR M if v(a) =

{(p, vs@ (), ¥ s@(P), Bos@(P) / P € M, @ € V}, where v M — [0, 1], ¥ 5@: M — [0, 1] and B 5@): M
—[-1,0], 20 <vs@ + v5a) < 1 and V p € M satisfying the following conditions:

(1) vs@( +m)=min { vs@)j), vs@(m)}

(2)  vs@( +m) <max { ysa() vs@(m}

) Bas@( +m)<max { Bsa)), Bsa(m)}

4)  vs@(iamek) > min { vs@)(), Vs@(M), vs@(K)}

(6)  vs@lamék) <max {vs@), v s@(M), ¥s@K)}

(6) B 5@ (jamék) < max { Bs@)(), Bs@(m), Bs@K)}VimkeM,a€eV,a0€T.

Definition 2.3: A TFSs (3, V, I') over TGSR M is nothing but TFSI over TGSR M if

(1) Vs@)(J + M) > min { vsa)(j), V@) (m)}

(2)  ve@( +m)<max {ysa(), vs@ (M}

3) Bs@( +m) < max { Bsa), Bsa(m}

(4)  vs@(amék) = max { vs@(i), Va@(M), Va@(K)}

) Y s@Uamék) <min { v5@)1), ¥s@(M), v s@)(K)}

(6)  Bs@lamék) <min { Bs@(), Bs@(m), Bs@®} Vi mkeM,aeV,a 6€l.

Definition 2.4: If M; and M; are two TGSRs, a function m: M; — M3 is called a homomorphism
TGSR if n(j + m) = =(j) + m(m) and n(jemék) = n(j)arn(m)dn(k), V j, m, k € My, a, ZE€T.

Let M; and M, two sets and y : M; — M is any function. A bipolar fuzzy subset € of M1 is nothing
but a e-invariant y(p) = y(q) = &(p) = &(q).

Let w: M; — M is any function, € = (¢*, €) and = (1", ") are bipolar fuzzy subsets in My,
M, respectively. Then the image (&) of € is the bipolar fuzzy subset y(g) = ((y(g))", (y(g))) of M
defined as

(v () (p) ={Fmsssereny oy @2

(7 (£)) (P) ={T5iaa e v @22

And the pre-image y'(n) of n under vy is the bipolar fuzzy subset of M; defined by for p € My ((y’
L€)' (p) = €' (w(@)) and () *( p) = £*(w(@)). For more preliminaries refer the references and
their references.

For more preliminaries consider the references and their references.
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3: Homomorphism in tripolar fuzzy soft Ternary I'-semiring:
In this section the homomorphism concept over TFSTGSR is introduced and studied their properties.

Definition 3.1: Let (8, V, I') and (¢, W, I') TFSs over TGSR M; and M; and yi: M; — My,
vy -V — W ware two functions such that VV, W ware parameter sets for the crisp sets M; and Mo,
then (1, y2) IS nothing but tripolar fuzzy soft function from M; to M.

Definition 3.2: Let (6, V, I') and (¢, W, I') TESs over TGSR M3 and M, and (1, ) is tripolar fuzzy
soft function from M; to M. Then (yi1, y2) is called Tripolar fuzzy soft ternary I'-semiring
homomorphism if satisfying the following laws:

1) ¥, is a ternary I"-semiring homomorphism from M; onto M,.
2) ¥, is a mapping from V onto W.

3) ‘/’1(V5(x)) =&, ‘//1(75(x)) =€, and l//l(ﬁé(x)) =&,

Note 3.3: If there exist a TFSTGSRH between (3, V, I') and (g, W, I'), then we say that (5, V, I) is
soft homomorphic to (e, W, I).

Definition 3.4: If (y1, y2) is a tripolar fuzzy soft function from M; to M,. The pre image of
(e, W, I') under the tripolar fuzzy soft function (y1, y2) devoted by (y1, v2) (e, W, I) defined as (1,

v2) (e, W, T) = (. (e).y;"(W)) is a TFSs.

Theorem 3.5: If (e, W, I') is a TFSTGSR over TGSR My, y: M; — M is a monomorphism and for
each w eW, define (ye)w(M) = yw( €(m)) for all m € M. Then (ye, W, I') is a TFSTGSR over TGSR
Mo.

Proof: Suppose j, m,k e M, w € W and o, #€ I'. Then
1 (we)u(i + M) = yu(e( +m)) = vyu(e( )re(m)) Zmin{ vyu(e(j ), vyw(e(m))}
=min {(ye)w(j), (ve(m)}

2. (wew(j + m) = yu(e( + m)) = yyw(e( )te(m)) < max {yyw(( ), vyw (€(M))}
=max {(vew(i), (we)w(m)}-

3. (wew(j + m) = yu(e( + m)) = Lule(j )+e(m)) < max {Byw(e( ), Byw (e(M))}
= max {(ye)u(), (We)w(m)}-

4. (yelw(jamek) = yu(e(jamék)) = vyu(e() ) ae(m) Z&(K))

>min{ vyw(e( ), Vyu(e(M)), vyw(e(k))}

=min {(ye)u(i), (ye)w(m), (we)w(K)}.

5. (yew(jamek) = yu(e(jamek)) = yyw(e() ) ae(m) (k)

<max { Yyw(€(J ), Yyw(e(M)), Yyw(e(K))}

=max {(yew(j), (we)w(M), (ye)u(K)}-

6. (ye)w(jamek) = yu(e(jamék)) = Byw(e() ) ae(m) de(k))

<max { Byw(€(] ), Byw(e(M)), Byw(e(Kk))}

= max {(ye)w()), (we)u(m), (vew(k)}-

Therefore (ye)w(M) is a tripolar fuzzy soft I'—subsemiring of M. Thus (ye, W, T') is a tripolar fuzzy
soft ternary I'—semiring over M.
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Theorem 3.6: If (@, W, T') TFTSR over TGSR M, x is an endomorphism of M and defined
(@x)w = @ux for each w €W. Then (¢@x, W, T) isa TFSTGSR over M.

Proof: Suppose j, m,k € M, w € W and a, € I'. Then

1. (vOw( + M) = Ve[ + M))= vewy(x() + x(m))
Zmin { Vow)(X(), Vow(x(M) }

= min { ((vw()), ((viow(m))}

2. 0wl + M) =YX + M)= Yow)(x() + x(M))
<max { Yow)X(Q)> Yom)(x(M) }

=max { (yw()), ((vw(m))}

3. Bx)w( + M) = Lowy(x( + mM))= Lowy(x() + x(m))
<max{ Low)(X(1), Low)(x(M) }

= max { ((Bw()), ((Bw(m))}

4. (VO)w(i am k)= vouy(x (G am k)= vow)(x(d) ax(m) & x(k))

> min { Vow)(X()> Vowy(X(M), Vow)(x(K)}

= min {(vY)w(), (VX)w(M), (vX)w(K)}

5. (0w am &)= vow)(x(d am k)= yow)(x(J) @x(m) & x(K))

<max {Yow) (X1 Yow)X(M), You)(x(K)}

=max {(yx)w(i)> (v0w(m), (Yx)w(K)}-

6. (Bx)wiam &)= Low)(x(Jamék))= Lowy(x() ax(m) & (k)

< max {Low) (X)), Lowy(X(M), Lowy(x(K)}

= max {(5x)w(), (Lx)w(m), (LXw(K)}-

Thus (@x)w is a TFGSR of M. Then (¢@x, W, I') isa TFSTGSR over M.

Theorem 3.7: If ¢ : M;— M5 is an epimorphism of TGSR and (p, W, I') is a “tripolar fuzzy soft
right ideal” over M,. If for each w € W, ¢, =9 '(p,) then ({, W, T) is a “tripolar fuzzy soft
right ideal” over M;.

Proof: Ifw € W and a, 6 € I'. Then py is a “tripolar fuzzy soft right ideal” over M,. If j, m, k € M;
and a, 0 € I', then:

L o™ (Vi + m)) = V) (@G + M) = v 9(G) + o(m))
>min{ vow)( ¢(J) , Vaw)( (M)}
=min{o™ (v(i)), @ (vu(m))}
2. 07 (yw)(J + M) =Y (@G + M) = Yo () + o(m))
<max { You)( (1)), Yow)( @(M))}
=max{e™ (yw)(J), @ (rw)(m)}.
3.0 (Bu)(i+m) = Bow (0 + M) = By 9G) + o(m))
<max{ Bow)( 9()), Bow)( 9(M))}
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=max{o™" (Bu)(), ¢ (Bu)(M)}.

4. ¢ (vu(iamek)) = vow) (9(amék)) = vow) (9G)ap(m)é o(k))
>Vow) (0() = @ (va(i))-

5. ¢ (vw(iamék)) = v (@(iameK)) = Yo @) @p(m)8 o(K))
<Y 0() = @ (vu(i))-

6. ¢~ (Bujam&K)) = By (9(iamék)) = Bow) ( 9(G)ap(m)8 o(k))
< Bow (0G) = ¢ (Bu(i))-

Therefore £, =p*(p,) is a “tripolar fuzzy right rideal” of My. Thus (¢, W, T') is a “tripolar fuzzy
soft right ideal” over M.

Theorem 3.7 is also true for tripolar fuzzy left ideal.

Proposition 3.8. If M; and M; are TGSRs, x : M; — M; is a TGSRH and ¢ is a x—invariant
bipolar fuzzy subset of My, if w = x(u) then x(@)(w) = @(u); u € M.

Proof: Straight forward.

Theorem 3.9: If (@, W, T) is a tripolar fuzzy soft right ideal over TGSR M; and x is a
homomorphism from M; onto M,. For each w € W, ¢w is a g—invariant bipolar fuzzy right
rideal of My, if {w = x(¢ew) then (§, W, T) is a tripolar fuzzy soft right ideal over M.

Proof: Let my, my, m3 € My, w € W, a, /£ € I'. Then 3 my ms, mg € My 3 x(m4) = my, x(Ms) = my,
x(Mg) = M3z, My + My = x(Mg + Ms) & Miamysing = y(MmgamspMe). @w is a p—invariant. Thus, by
proposition 3.8, we have:

1. Vew) (M1 + M2) = X(Vew) (M1 + M) = Vw( Ms + Ms)
> min {Vew(Ma4), Vew(Ms)}
= min {X(vew)(M1), X(Vew)(M2)}
=min {vgw) (M1), vgw) (M)}
2. Yew) (M1 + M2) = X(Yeou) (M1 + M) = Yeu( Ma + Ms)
< max {Yow( M4), Yow( Ms)}
= max{X(yew)(M1), X(Yew)(M2)}
= max {ygw)(M1), Y5w)(M2)}
3. Bew) (M1 + M2) = X(Bow)(M1 -+ M2) = Bow( Ms + Ms)
< max {Bow( Ma), Bow( Ms)}
= max{X(Bew)(M1), X(Beow)(M2)}
= max{Bow)(M1), Bow)(M2)}
4. Vewy(MramyMs) = x(vew)(M1am2Ma) = veuw(H{(Maamsse))
= Vew(H(Ma) 2(Ms) £ 1(Me)) = Veuw(#(M4)
= X(Vow)(M1) = veu)( My).
5. Yew)(M1amz4M3) = X(vew)(M1am2AMs) = yew(#{Msamssme))
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= Yow(UMs) 2 (Ms) £ (M) < You(#(M4)

= X(Yow)(M1) = Yeu( M1).

6. Bwy(Mramzsms) = X (Bew)(M1amz4Msz) = Bew(#{M4amssime))
= Bow(x(M4) 2(Ms) £1(Me)) < Bow(#{(M4)

= X(Bow)(M1) = Bow)( Ma).

then {y is a tripolar fuzzy ideal of M,. Hence ({, W, I') is a tripolar fuzzy soft right ideal over M.

Theorem 3.10: If (¢@;, Wy, T) and (¢,, W,, T) are two bipolar FSTGSR over M; and M,
respectively, and (x, y) is a TFSTGSRH from (¢1, W1, T') onto (¢2, W5, T'). Then (x(¢@1), M, T)
isa TFSTGSR over M.

Proof: By definition 3.2., x is a TGSRH from M; into M, and vy is a mapping from Wy into W,. For
each w, EW, 3 w; EW; 3 \|I(W1) = Wo.

Define (z(9))., = x(9.,) - 1f My, ms, mg EM,, 2, F€T.
Then 3 m; my m3 EM; 3 (M) = Mg, x(Mz) = Ms, x(M3z) = Mg, x(Mg + My) = My + M5 &
y(Miamyéms) = myamsé&ms. Thus, we get
1 (Vi) (MaeM2) = (2 (Vi) (W) (M1 M2) = v,y (W) (Mg 4 M)
>min {v,, (W) (M), v(,, (W) (ms)}
=min { (2 (v, (W) (M), (x(v,, (W) (M2)}
=min {(Z (Vi) Dy (M) (2 (V))), () (M2)}

2. XV Dy oy (M1 m2) = (2 () (W) (M1 M2) = 7, (W) (Mg M)
< max {7,y (W) (Ma), 7,y (W) (Ms)}
= max { (2 (7, (W) (M), (¥ (¥, (W) (M2)}
= max{ (x (7)) wpy (M), (2 (7)), w) (M2)}
3. X By Ny oy (Mram2) = (2 (B, (W) (M1 mp) = B,y (W) (Mg 4 Ms)
<max { f,,(W,) (M), B,,(W) (Ms)}
=max { (x(B,,(W)) (M), (x(B,)W)) (M)}
= max{ (X (B Ny (M)s (X By, ) (M2}
4. (X Vi) (Mamaéng) = (2 (v,,) (W) (Miamaéng) = v, (W) ( Maams &)
>min {V,,(W) (Ma), v, (W) (Ms), v, (W) (Me)}
=min {(x (v, (W) (M1), (x(v,, (W) (M2), (2 (v, (W) (ms)}
=min {2V )y oy M)y (2D, (M2)y (X(V))), ) (M)}
5. XV i)y ) (Mramaéng) = (1 (7, (W) (Miamaéng) = 7,5 (W) ( Maams &)

< max {7(%)(W1) (my), 7/((,;1)(W1) (ms), 7/((/;1)(W1) (me)}

= maX{(Z(y(%)(Wl)) (my), (1(7(%)(W1)) (my), (Z(V(%)(Wl)) (m3)}
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= max{ (2 (7o) Ny o) (M) (2 1))y ) (M2)s (2 (V) )y ) (M3)F
6. (X By Dy apy (Mrama6mz) = (2 (B, (W) (Miamaémg) = B, (W) ( maamséme)
<max { f,,(W) (M4), B, (W) (ms), B,,(W) (me)}
=max { (x(B,, (W) (M), (x(B,y(W)) (M2), (x(B,,(W)) (Mme)}
= max{ (2 (B )y ) (M)y (X By Dy wy (M2), (2 (B, uyy (M)}

Then (x(¢)),, is a “tripolar fuzzy ternary I'-sub semiring” of M,. Hence (x(¢1), My, T') is a “tripolar

fuzzy soft ternary I'-semiring” over M.

Theorem 3.11: If M; and M; are TGSRs, x : M; — M3 is a TGSRH, (¢@1, W1, T') and (@2, W;, T)
are TFSTGSR over M; and (@, W1, T) is a “tripolar fuzzy soft ternary I'-sub semiring” of (¢,
Wo, T). Then (x(¢1), W1, T) and (x(¢2), W2, T) are “tripolar fuzzy soft ternary I'-sub semirings”
over M and (x(¢@1), W1, T) is a “tripolar fuzzy soft ternary I'-sub semiring” of (x(¢.), W>, ).

Proof: Since (x(¢))., = (x(@(w)) is a tripolar fuzzy ternary I'-sub semiring of M, vV w; € Wy and

(2(@)), = (2(@,(W,)) is a tripolar fuzzy ternary I'-sub semiring of M2 V w, € W,. Hence (x(¢1),

Wiy, T) and (x(¢@2), W,, T') are tripolar fuzzy soft ternary I'—semiring over M. Since (¢@1, Wy, T) is a
tripolar fuzzy soft ternary I'—sub semiring of (¢@2, W>, T). ¢ (W,)is a tripolar fuzzy ternary sub

semiring of ¢,(w,). Hence (y(¢,(W,)) is a tripolar fuzzy ternary I'—sub semiring of (y(¢,(w,)) vV w;
€ W;. Therefore (x(¢1), W1, T) is a tripolar fuzzy soft ternary I'-sub semiring of (x(¢2), W>, I).

Theorem 3.12: If (g1, Wy, T) and (¢@,, W, T') are TFSTGSRs over M; and M, respectively and
(¢, w) is @ TFSH from (¢;, Wy, T) onto (g2, Wy, T). then the pre-image of (@2, W, T) under
TFSTGSRH is a “tripolar fuzzy soft ternary I'-sub semiring” of (¢, W;, I') over M.

Proof: By definition 3.4., (x, v) (92, W2, 1) = (¥ (,), v *W,)).

Define (z7(¢,)),, (M) = Dy, Z(M)) VM EM; & Wy € yW,).
Ifmymym;eEM; & @, /€I’. Then

1. (I_l(ﬂ'(pz ))V\& (m+m,)= ﬂ“(pzz//(wl) (z(m +m,)) = )i’(pzy/(wl) (x(m)+ x(m,))
>min{ 4, ., (x(M)), 4, ,w, (x(M))}

=min{z*(1,) (M), r*(4,) (M)}

2, KON (M+m) = 7,00 M+ m) = 7, (M) + 2(m,))
<max{y,,, w, X (M), 7, w (x(M)) }

=max { y*(7,) (M), 7 (7,) (M)}

3. (Z_l(ﬂ(pz ))Wl (ml + mz) = ﬂ(/}zz//(wl) (x(m,+m,)) = ﬂ(gzu,(vvl) (x(m) + x(m,))
<max{ B, ., (x(M)), B, w,(x(M,)) }

=max { z(8,) (M), x(8,) (M)}
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4,

(A, ) (Mamm) = A, ((Mam,om)) = 4, ., (r (M) ey (m,)0x (m;))

>min{ 4, , ., (x(M)), 4, w) (2 (M), 4, @, (2(M:)) }
=min { y™(4,) (M), x*(4,) (M) z™(4,) (M)}

5.

(;(1(]/(/’2 ))Wl (mam,om,) = Y oy (wy) (x(mam,fm,))= Y opyr(u) (x(m)ax(m,)Ox(m,))

< max{ Y opw(w) (x(my)), Y oy (w) (x(m,), Y oy (w) (x(my)) }
=max { y7(y,) (M), x7(7,) (M) x7(y,,)(M3)}

6.

(Zil(ﬂ(pz ))Wl (mlamzams) = ﬁ(pzz//(wl) (x(mam,om,)) = ﬂ‘/)z‘//(Wﬂ (x(m)ay(m,)Oy (m,))

< max{ ﬂ(pzl//(wl) (x(my)), ﬂ(pz.,,(wl) (x(m,), ﬂ(pzy/(wl) (x(my)) }
=max { ¥ 7(8,) (M), x(B,) M) x(8,)(Ms)}

Thus (;[1(%))% is a “tripolar fuzzy ternary I'—sub semiring” of M; V wy € w*(W,).

o (r He,),wH(W,)) is a “tripolar fuzzy soft ternary I'—sub semiring” of (¢1, W1, T) over M.

4. Conclusion:

Here, we investigate the notion of TFSTGSRH and studied some properties of homomorphic

image and pre image of TFSTGSR. These notions are basic supporting structures for development
the structure of soft set. This work can be extended to the properties of different concepts of kernel
of TFSTGSRH, “tripolar fuzzy soft filters over ternary I'-semirings”.

Acknowledgement: The authors are very thank full to supporters to prepare this paper in this

manner.
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