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Abstract

The concept of fuzzy set has been generalized to many kinds and one among them is neutrosophic set which is
a developed from intuitionistic fuzzy set by adding a components called indeterminate function between truth
and falsity membership function. This neutrosophic set also moved a step forward and shows a variation in
indeterminate function alone as an interval valued indeterminate function and other functions remains same
and this is named as MBJ - neutrosophic set. Here, this work on the MBJ - neutrosophic set merged with
incline algbera and introduces the idea of MBJ - neutrosophic filter of an incline algebraic structure and is
engrossing with several results. Also, the level, cartesian product, projection, characteristic function and chain
conditions are also disputed.

Keywords: Incline algebra; Filter, MBJ - neutrosophic set; MBJ - neutrosophic filter; the level; projection and
product on MBJ - neutrosophic filter.
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1 Introduction

This paper work on Incline algebra which is derived from the boolean algebra was originated by a Chinese
Cybernetics expert Cao Zhigiang.” This create a path to merge algebras of ordered pair structures which indi-
cates the degree of intensity with two relations. Y is an incline of the frame with associativity under addition,
commutativity under addition, right and left distributivity under multiplication. Also, it is a semiring and a
poset structure. This theory has been demonstrated from semiring and lattice theory, these are formed from the
ideals in a ring or semigroup, as do the topologizing filters in a ring. Cao. Z. Q, Kim and Roush*" used incline
and incline matrix as a tool in different areas such as monograph , automata theory and so on. The concept of
quotient incline was investigated by Ahn et al'l' As a consequence several theories like probability, fuzzy sets,
intuitionistic fuzzy sets, have been evolved in this way.

Lotfi A. Zadeh!* proposed the idea of fuzzy set(FS) which is mathematically characterized by single compo-
nents in the universe of discourse and a value interpreting the degree of truth funciton. Ranging the values truth
grades from [0, 1]. This is a generalization of classical sets. Zadeh made the researches to focus out in this FS
and many new types of fuzzy set has been evoked from this fuzzy set. At first, K.T. Atanassov" initiated the
concept of intuitionistic fuzzy set(IFS) in this a new membership function(MF) has been brought and called
as non - membership / falsity function(NMF) and this set has been developed to the great extend. Later on
F. Smarandache® put forward an another membership function called indeterminate / neutrality function(IMF)
in between truth and falsity membership function and named it as neutrosophic set(NS). This neutrosophic
set has been sub - divided by showing a sight variation in indeterminate function interms of interval valued
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indeterminate function(IVIMF) and other two function remains the same and this set is called as MBJ - neu-
trosophic set by M. M. Talkalloo and Y. B. Jun1®

Introducing the fuzzy set(FS) in incline algebra and arises a new concept called fuzzy substructures of incline
algbera was brought out by Jun* and the substructure such as fuzzy subincline and ideal, filter and so on. Later
on, this has been extended to other FS namely (IFS)intuitionistic fuzzy set, interval valued and so on. As an
inspiration this paper work on incline algebra interlinking with MBJ - NS and defines the content of MBJ -
Neutrosophic filter(NF) with an example and discusses with an examples and interesting results like intersec-
tion and so on. Also, the level set on MBJ - neutrosophic filter is defined with an example. Further talks about
the projection, cartesian product, characterisitc function and chain conditions of MBJ - neutrosophic filter of
incline algebra.

The present paper is characterized into several section Section 1 presents the introduction and motivational of
the work. Section 2 gives the fundamental definition to move forward. Section 3 defines the layout of MBJ
- NF on incline algebra with example thereby the concept of level is also discussed here. Further, Section 4
introduces some more sub - divisions of MBJ - NF. Finally, Section § ends with the conclusion of the work.

2 Preliminaries

The basic definitions of incline algebra and fuzzy sets are investigated here in this part.

Definition 2.1. 2 ncline algebra is an non - empty set (Y, ®,®)if Vi,p € T,
(¢) Commutative and associative under @.

(i) Associative under ® and distributive (both left and right) under ®

(1) ¥o P to = o (idempotent)

(Z'U) (Io & Uo) =Ulo

(v) v (?O®Uo) = Yo-

Note:

In an incline algebra the partial order is defined as r, < 9o < Lo D Vo = .

The notation A represents min, A as rmin, Y as max and the representation of > , < in membership functions
are > and = respectively whereas in terms they are treated as the same.

Definition 2.2. 211! § is a not empty subset in incline Y which is known as subincline of Y if it is closed under
addition and multiplication.

Definition 2.3. 213 A subincline § of Y is said to be filter of §) if it is an upper set, thatisr, € $,1, € T &
o <y, thenp, € H.

Definition 2.4. * A structure A = {x,, p.a(to) : to € T} is said to be a fuzzy subincline of T if p4(xo ®Yo) A
paTo ®9o) = Calto) A pa(Do) Vo, 90 € T.

Definition 2.5. '# A function p is a mapping from &( to [0, 1] is referred as an fuzzy set(FS) in a univere 4
where p(r) is the truth value of r,, Vo € .

Definition 2.6. @ An Intuitionistic FS B in l in the structure of {t,, p5(to), v5(to) /1o € U} where pg : 4 —
[0,1] as MF and vz : 84 — [0, 1] to be as NMF satisfying 0 < pg(ro) + vB(t,) <1, Vi, € 4l

Definition 2.7. ¥ A structure R = {10, pr (to), (R (to), VR (Xo)/To € i} on the universe il is called neutro-
sophic set where pr, (g, vr : 4 — [0,1] and pr as TMF, (% represents IMF and v to be FMF.

Definition 2.8. 1% An MBJ - neutrosophic set R on {4 is defined as R = {1, pr (£o), (% (¥o), VR (¥0) /2o € U},
PRy, VR U — [0,1],{x : U — D[0, 1] such that pr is TMF, (% as IIMF and v to be FMF.
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3 MBJ - Neutrosophic Filter of Incline

This segment introduces the frame of MBJ - NF on incline algebra and related outcomes are disputed.

Definition 3.1. The collection 9 = {r,, pa (£o), ¢m (£o), v (X0 )/ro € T} be a neutrosophic subincline of a
incline algebra Y if

(i) pon (80 © 90) A pa(Fo @ 1) = pmi(5o) & pon(ne)

(“) Cim(?o 2] Uo) A CSm(Io & Uo) = CE)JT(FO) A Cim(t)o)

(4i1) von (o © Vo) Y vant(¥o ® Mo) = van(ro) Y von(9o)

Definition 3.2. The neutrosophic set 9t of incline algbera is said to be MBJ - neutrosophic subincline of T if,
(4) pjﬂ(?o ©no) A pﬁﬁ(?o ®@ o) = pa (o) A pam (o),

(“) Cim(?o D Uo) ICD;R(FO 02y Uo) = Cm(?o) A Cim(‘)o%

(ii1) van (¥o B Vo) Y v (Lo @ No) = van(¥o) Y van (o),

forall to, 0o € Y.

Definition 3.3. Let 91 be a fuzzy subincline of Y is known as fuzzy filter if pon(no) =< pan(ro) when n, <
Lo, v;OaUO € T

Definition 3.4. A neutrosophic subincline 0t = {x,, pon(2o), Com (£o), Vom (o) /to € Y} is referred as NF of
T if,

(i)pom(9o) = pan(xo)

(43)Cm (Do) = Com(¥o)

(#i1)vom (ho) = von(ro) whenever v, < to, V1o,00 € T.

Definition 3.5. A neutrosophic subincline 9t of Y is {xo, pan (¥o), Con (¥o), U (Xo)/To € YT} and is said to be
MBJ - NF of T if],

(i)Pgn(Uo) = PQ’R(FO)

(#4)Con (96) = Con(ro)

(#31)van (Do) = van (o) Whenever v, < to, V0,00 € Y.

Example 3.6. An incline algbera T = {&*, a*, b*, ¢*} with @ and ® defined by cayley’s tables.

@ e |a*|b*|¢* Q |e* | a* | b* | "

6* * Cl* b* C* 6* E* 6* E* 5*

at | e* | et |e*|e* a* [ e* | a* | b*|c*

b* | b* | a* | b* | a* b* | e* | b* | b* | &*
Table 1

Consider 9t be a MBJ - N subset on Y and the following membership functions
)07 po=¢",0a" Con = [0.61,0.62] : 1o, =¢*,a* T 0.1: 1, =c¢*a*
PE=0 040 po=b%c T T ) 051,052 po=b% ¢ T ) 03: po=b*,c

Thus, 99t is an MBJ - NF of 1.

Lemma 3.7. Let 9 be an MBJ - NF of Y if and only if pon is a fuzzy filter, U{m is a anti - fuzzy filter and
G, G5y are fuzzy filter of Y.

Proof: Considering I as an MBJ - NF of Y. Clearly, pson, Cg%, CgLﬁ are fuzzy filter of Y , then to prove
’Ugm is also a fuzzy filter of Y. Now,

= (1 —vam(no))
=1 — (v (xo)

= Ui’m(XO)'

U (90)
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Conversely, let pon, (gt, CgLﬁ and Us/m are filter of 1, then

1 — van(96) = von(9o)
= (Vg (xo))
=1- (Uim(?o)
= vm (o) = vor(Lo)-

Thus, MM is an MBJ - NF of Y.
Theorem 3.8. Let 9y, My be two MBJ - NF of T, then 0y (M is also MBJ - NF of Y.

Proof: Consider 9, and Mo be two MBJ - NF’s of Y, then

pory N, (Do) = (P, (Do) A poam, (Do)
= (po, (xo) A pom, (¥o))
= pon, O, (¥o)

Thus, pon, (o, (9o) = pon, abus (xo)
Similarly,

szl N o, (9o) = szl N o (xo)
Uonty N 02 (I‘O) = Uty N M2 (;0)

= My My is also an MBJ - NF of Y.

Theorem 3.9. An MBJ - NF M of {, then pm(Fo@Uo) = pim(Xo))kpim(Uo)Q Zim(?o@‘)o) = me(?o) ICEITZ(UO)
and USLTZ(FO 52 Uo) = Uﬂﬂ(?o) Y Uim(‘)o) V0,00 €.

Proof: Clearly, ¥V to,190 € Y.
Pm(lo ®n,) = PEU((FO) A PD’R(UO)' Note

Fo @ (fo ® o) = 9o ® (ro D Yo)
= (To ® o) B0
=10 ® (o o)
=T DYo.

such that to < to + Yo, Do < o + Yoo

Since pon is upper set, implies pon(vo) =< pon(ro)

then pon (to) A pan(9o) = pon(ro @ Vo)

Thus, pon(te © 9o) = pam(¥o) A pan(o))-

Analogously, Con(to © 9o) = Con(¥o) A Con (o), vam (¥o B Vo) = von(to) Y von(vo))-

Definition 3.10. MBJ - NS 2 in T then it’s level subset is defined as 9y 5. = {pon(ro) = p, Con(ro) =
G, van(ro) 2 t/ro € T}, where p,t € [0,1] and § € D[0, 1].

Theorem 3.11. MBJ - neutrosophic subincline M of Y is an MBJ - NF if and only if the MBJ - neutrosophic
level subset M, 5 . are filters of 1.

Proof: Letr, € M, and v, < 1o then pon(vo) = pom(to) = p. Thus, v, € My. Similarly, carried out
for the other two membership function. Conversely, assume that the MBJ - neutrosophic level sets MM, 5. of
Y, then M, 5. is MBJ - NF’s of 1.

Now assume in a contradiction that if O is not an MBJ - NF 3: r1,91 € Y s.t91 < 1 and pop(91) > pan(21)-
Letu = % {pm(r1) ® po(91))}, then pon(z1) > v > pam (1) and so r1 € pan(u).

Thus, v1 € pon(u) =< w arrives at a contradiction. Similarly, in the same manner for the other two MF’s can
be verified.

Thus, M is an MBJ - NF of Y.

Theorem 3.12. Letting $) as an filter of T and N is defined by

_ p1 if o €H = _ G if €9 - v if o €9
Pim(lfo) - { o Zf Io ¢ 53 ’ CDJT('T) - { a; Zf To ¢ f) andUzm(Fo) - { o 1f Lo ¢ ﬁ
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where p1,pa,t1,t2 € [0,1] and ¢y, 7y € D[0, 1] also p1 > pa2; Gy > Qg 5 t1 > to. Then Mis a MBJ - NF of T
and mplyaptl =9.

Proof: Consider o, < v, and ifr, € H and v, € Y theny, € 9.

Since 9 is a filter of 1, i.e., pon(¥o) = po(9o) = P1 B

Suppose if vo & 9, then pop(vo) = p2 =< pon(to). Thus pon is an MBJ - NF of Y. Hence (o, & voy are also
MBJ -NF’s of Y and also My, q, «, = 9.

Corollary 3.13. Any filter of Y can be realized as the level filter for some MBJ - NF of Y.

Theorem 3.14. §) is an non - empty subset of T and N is an characteristic function of $). Then M is an MBJ
- NF of Y if and only if $) is an filter of Y.

Theorem 3.15. Consider & to be an totally ordered set and let {9, 5. /p, G, t € £} be the family of filters of T

such thatVp,9o,9,7,, %% € § Po > P, > Tt > vifand only if Hp, §,,co C Npg.e- Then Uy 5 cce Dp,ae
and mp,a,reg $p,g,¢c are filters of $, where & is a non - empty subset of [0,1]. '

Theorem 3.16. Let {$),3,¢/p, T, v € £} be a collections of filter of T 5.t T = U, 5 vce Npg,c and p, q, v, Po, 0o, To €

Eiff Dposdyee C Dpae then M = {pox, Cop, van} in T defines pon(vo) = sup{p/to € Hp},Con(te) =
rsup{q/to € Hz};vom(to) = inf{t/to € Hc} Vo € Yisan MBJ - NF of Y.

Proof: Let us consider the following cases:

(i) po={p €&/p <po}

(11)po # {p € §/p < Po}, to prove M, 5 . is a filter of 1.

(4)°" implies that v € pon, < 9o € Hp, VP < Po

S Do € Np<p, Dpy i pom, = Npep, Dpo Which is a filter of Y.

(ii) Next to claim pay,, = Upzpo Ny and ify, € Upzpo $Hp then v, € M, forp > po, then pon (Do) =P = Po
so that v € pan, . Thus U, Hp C pon,, -

Now take o & U, Ny, then vo ¢ Hy for p > po. Since po # sup{p € x/p < po}, 3: € > 0 such that
(Po — €,p0) € = ¢

Hence v, & 9y forp > po — e that is if n, € Hy then p > po — € thus pop (Vo) = Po — € = po and vo ¢ pox,,._ -
Thus pay,, < Upro Np. pom,, = Upro 9y is an filter of Y.

In the same way, for mea and voy, and hence M is an MBJ - NF of Y.

4 Further Results on MBJ - Neutrosophic Filter

This part deals with other sub - divisions such as product, projection, charactersitic function and chain condi-
tion of an MBJ - neutrosophic filter of an incline algebra.

Definition 4.1. Let 911, Mo be two MBJ - neutrosophic sets in inclines Y1, Yo and 9, € T, Mo € Yo,

Then the cartesian product of 9t; and M1z of T1 x Yo, is defined as (Mg X M) (X0, Vo) = {(Fos Vo), P, xom, (Xos Do),
gﬁml XMy (FolUO)é U,y xam, (Fo, o) /Fos Do € T1x L2}, where pon, xom, = pan, (£o) Apan, (D6); Cony xom, (Ko, o) =
Cﬁﬁl (ro) X Cimg (no) and van, xo, (Fo, Do) = van, (Fo) Y vam, (Do) ¥ (X0, 9o) € L1 X Y.

Lemma 4.2. If 0 € Y1 and My € Yo satisfy upper set property then so is 91 X Mo € T1 x To.
Theorem 4.3. If M is a MBJ - NF’s of Ty, then M1 X My is a MBJ - NF of T1 x Ta.

Proof: By using lemma(4.2), it is concluded that when v, < ¢,

= PO xM> (UO) = Py x M, (;0)'
The proofis similar for the other functions.
SO X My is an MBJ - NF of T1 x Ys.

Definition 4.4. 91; is a MBJ - NS in incline Y1, the projection of 9%; on Y; is the MBJ - neutrosophic
subset and its represented as proj(9M;) € Y is defined by proji(pm,)(vo) = sup{pm, (to,00)/vo €
T2}ap7"0j1(C§m1)(?o) = TSUP{CEDH (¥o,90)/9o € Yo} and projy (van, ) (to) = inf{vam, (to,Vo)/vo € Yo} Vio €

T, respectively, proga(po, ) (9e) = sup{pam, (to,Do)/ko € Y1} and similarly for proja(Con, ) (90), proja(van,) (9o)
A Do € Tg.
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Theorem 4.5. Let Yo be an idempotent incline and M, in Y1 x Yo is a MBJ - NF, then the projection
proji(9My) is also an MBJ - NF of Ty, k = 1,2, .... respectively.

Proof: Fory,,vo € Y1 and My € Y1 x Yo which is upper set and v, < t, in T then

proji(po, (90)) = sup{pom, (9o, t)/v € T2}
< sup{pom, (to,t)/t € Ta}
= proji(pa, )(to)

Thus, proji(pom,)) is a MBJ - NF of Y.
Analogously, for the other functions and hence, proji(po, ) is a MBJ - NF of Yy (k = 1,2).

Definition 4.6. Let 9t be a MBJ - NF of incline algbera Y, ¢ : T — Y and define a mapping 9t : 9t — closed

;r)lttirval of zero, one by M= (xo) = {p&y(xo), Can(¥o), Vin (Xa)} = {Pm(e(xo)), Con(e(xo)), von (e(x0)) /20 €

Theorem 4.7. If 0 is a MBJ - NF of Y and € is an endomorphism of Y, then 9¢ is an MBJ - NF of 1.

Proof: Forts,v9, € Y and M = (pon, (o, Yon). Let
Do < To & Fo ® Yo = Do, (Vo) = (o D Yo) = (2o) D (o)
Thu57€(x0) 6( )
PSﬁ(Uo) pon (€ (Uo)) = pm(f(lo))
P (To)-

In the same manner for the other two components and thus, M is an MBJ - NF of Y.

IN

A

Definition 4.8. An MBJ - NF 9t = (pan, Con, vsn) of Y is called as a MBJ - N characteristic if pon (€(to0)) =
P (Lo)s Con (€(20)) = Con(Lo)s vam(e(xo)) = van(to) V1o € T and e € Aut(Y), where Aut(Y) is the set of
all automorphism of Y.

Theorem 4.9. Let M € Y be an MBJ - N characteristic filter of Y, then each level ideal of M is a character-
istic filter of Y.

Proof: 9 is an MBJ - neutrosophic characteristic filter of an incline Y, M, 5. where p,q,v € Im(IM)
is a filter of incline Y.

To show that £(pan, ) = po,,€(Con,) = Con»€(vam,) = van,, p € Im(pan), G € Im(Con), v € Im(vom).
Lete € Aut(Y) and v, € M, 5, since M is a MBJ - neutrosophic characteristic, pa(€(95)) = pom (Do) =< p.
It follows that £(1,) € pon, and hence £(pon,) C pon,. Similarly, for meﬁ, Vo, -

Conversely, let t, € pon, &y €Y s.t

€(o) = o then pon(vo) = po(e(no)) = pam(ro) 29, Yo € P,

= To = £(Vo) € e(pon, ) so that pon, C e(pon, )-

Similarly, for Coy, Uont. Thus, My, g, is a characteristic filter of Y.

Lemma 4.10. Let 9 be an MBJ - NF of Y and t, € Y then M(vo) = (pm(90)s Con (Do), von (ho))

(paavt) S S PDJTp » Do ¢ Pimpla‘?o 6293157‘)0 ¢Zﬁ)ﬂﬁl 5 Yo S UDm;Uo ¢ Uimrl vpl Zpaal Zaandtl Z
T.

Theorem 4.11. Let N be an MBJ - neutrosophic filter of T and if each level filter of 9N is characteristic, then
M is an MBJ - N characteristic filter of .

Proof: M € Y be an MBJ - neutrosophic filter and let v, € Y,e € Aut(Y) and psn(vo) = p, (on (Do) =
and von (9,) = t. By lemma 4.10, v, € pon, , Yo & pom, ¥ p1 > p. It follow £(pon, ) = pon,,-

Thus £(,) € €(pm,) = pon, and so pm(e(9o)) = p. Let pon(e(vo)) = b1 and assume that p1 > p,
then £(Wo) € pom,, = €(pm,, ). Since ¢ is one - one == v, € pa, which is a contradiction. Thus,

o ((0o)) = p = pa(0o) similarly, Con((no)) =T = Con (Vo) and van(e(9o)) =t = van(no). Thus, M is
an MBJ - neutrosophic characteristic filter of Y.

Definition 4.12. * An ascending chain condition in an incline algebra T with respect to filter if an incline
algbera T contains no infinite proper ascending chain of filters
HD1CTH CTHI C ..o Analogously, for the descending chain.
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Theorem 4.13. Presume that an incline algebra Y satisifies the descending chain condition with respect to
filter and let 9 be an MBJ - NF then there is no finite ascending sequence of elements of Im ().

Proof: Suppose |Im(xon)| = oo and {pn} is an strictly increasing sequence of elements of Im(&on) then
0<p; <pg.. <L

Now define {on, = {v € T/Em(n) < pr}, k = 2,3, ... then &y, is an filter of Y.

Let vy € &on,.s Ek(Do) =X Pr < Pr_1 implies 9, € Eom, ;.

Since pr—1 € Im (M), there exists Vop,_1 € Y such that Em(Vor_1) = Pr—1-

Hence &op,, C Eon,,_,- Thus, &om,, € Eom,,_, and so on.

Will get as, Eop, 2 Eomy 2 Eoty 2 oo of filter of Y which goes on.

This contradicts and the same manner is carried out for other two components.

Theorem 4.14. If |Im(9)| < oo for every MBJ - neutrosophic filter M of Y then Y satisfies the descending
chain condition with respect to filter.

Proof: Assume in a contradiction, that Y does not satisfies the descending chain condition with respect to
filter, then existing an strict infinite descending chain $y 2 $H1 2 $H2 2D ..... of filters of incline Y.
Now define M € T by
s . s —
_ o1 - ZfUOG@,S—O,l...
pa (Vo) ) e
: Zf UO S mszoﬁs

—_

_ S dfp. € 2 5=0,1...
Cnlve) =9 3507 0 D
1: 1f 9o € N5

s

von(e) = sa1: i ne € B 5= 0,1...
1: if 9o € NZ2pNs

where $) stands for T

And if v, € 2, to < o then to € 5. Hence Dan(no) = 11y = o (vo)

If 9o € N20Ns , Lo < 1o then pon(no) = 1 =X pon(xo), M is an MBJ - NF of Y having different values in
infinite number, arrives in a contradicts.

5 Conclusion

Correlating an incline algebra and an MBJ - neutrosophic set in this paper and the structure called MBJ -
neutrosophic filter of incline algebra is defined with an example and examines related results. Further moved
to MBJ - neutrosophic filter and various divisions such as level set, product, projection, characteristic function
and finally chain condition are also studied. One can carry this work to any other algebras.
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