a NSS Neutrosophic Sets and Systems, Vol. 51, 2022

University of New Mexico

gV
N1 =

Lie-Algebra of Single-Valued Pentapartitioned Neutrosophic Set

Suman Das!, Rakhal Das?, Bimal Shil>", and Binod Chandra Tripathy*

!Department of Mathematics, Tripura University, Agartala, 799022, Tripura, India.

'E-mail: sumandas18842@gmail.com, dr.suman1995@yahoo.com

“Department of Mathematics, Tripura University, Agartala, 799022, Tripura, India.

2E-mail: rakhaldas95@gmail.com, rakhal.mathematics@tripurauniv.in
3Department of Statistics, Tripura University, Agartala, 799022, Tripura, India.
SE-mail: bimalshil738@gmail.com
“Department of Mathematics, Tripura University, Agartala, 799022, Tripura, India.

4E-mail: tripathybc@gmail.com, tripathybc@yahoo.com

*Correspondence: bimalshil738@gmail.com

Abstract:

In this article, we procure the concept of single-valued pentapartitioned neutrosophic Lie (in
short SVPN-Lie) algebra under single-valued pentapartitioned neutrosophic set (in short SVPN-set)
environment. Besides, we study the notion of SVPN-Lie ideal of SVPN-Lie algebra, and produce

several interesting results on SVPN-Lie algebra and SVPN-Lie ideal.
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1. Introduction:

In nineteenth century, Sophus Lie grounded the concept of Lie groups. Sophus Lie also
discovered the notion of Lie algebra. Thereafter, Humphreys [30] introduced the concept of
representation theory of Lie algebra in 1972. In 2003, Coelho and Nunes [10] proposed an application
of Lie algebra to mobile robot control. Till now, the concept of Lie theory has been applied in
mathematics, physics, continuum mechanics, cosmology and life sciences. The problems of
computer vision can also be solved by using the idea of Lie algebra. In 1965, Zadeh [40] grounded
the notion of Fuzzy Set (in short FS) theory. Afterwards, Yehia [38] presented the concept of
Fuzzy-Lie ideals and Fuzzy-Lie sub-algebra of Lie algebra in 1996. Later on, Yehia [39] also studied
the adjoint representation of Fuzzy-Lie algebra. In 1998, Kim and Lee [31] further studied the
Fuzzy-Lie ideals and Fuzzy-Lie sub-algebra. The notion of anti-Fuzzy-Lie ideals of Lie algebra was
studied by Akram [1]. Later on, Akram [4] studied the concept of generalized Fuzzy-Lie sub-algebra
in 2008. The concept of Fuzzy-Lie ideals of Lie algebra with the interval-valued membership

function was studied by Akram [5]. In 1986, Atanassov [8] grounded the idea of Intuitionistic Fuzzy
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Set (in short IFS) theory by introducing the idea of non-membership of a mathematical expression.
Afterwards, Akram and Shum [7] grounded the concept of Lie algebra on IFSs. The notion of
Intuitionistic (S, T)-Fuzzy-Lie ideals was studied by Akram [2]. In 2008, Akram [3] further
established several results on Intuitionistic Fuzzy-Lie ideals of Lie algebra.

In 1998, Smarandache [36] grounded the idea of neutrosophic set (in short NS) by introducing the
indeterminacy membership function of mathematical expression. Later on, Wang et al. [37] defined
single-valued neutrosophic set (in short SVNS) as a generalization of FS and IFS. In 2020, Das et al.
[14] proposed a multi-criteria decision making algorithm via SVNS environment. Thereafter, Akram
et al. [6] introduced the concept of Lie-Algebra on SVNSs in 2019. Afterwards, Das and Hassan [15]
grounded the notion of d-ideals on NS. In 2016, Chatterjee et al. [9] presented the idea of
single-valued quadripartitioned neutrosophic set (in short SVQN-set) be extending the notion of
SVNS. Later on, Mallick and Pramanik [33] grounded the notion of SVPN-set by splitting the
indeterminacy membership function into three different membership functions namely
contradiction, ignorance and unknown membership functions. Recently, Das et al. [13] studied the
concept of Q-Ideals on SVPN-sets.

In this article, we procure the idea of SVPN-Lie ideal of SVPN-Lie algebra. Further, we produce
several interesting results on SVPN-Lie algebra and SVPN-Lie ideal.

Research gap: No investigation on SVPN-Lie algebra and SVPN-Lie ideal has been reported in
the recent literature.

Motivation: To explore the unexplored research, we introduce the notion of SVPN-Lie algebra
and SVPN-Lie ideal.

The remaining part of this article has been organized as follows:

In section-2, we recall some basic definitions and results on SVNS, Lie algebra, Lie ideal, SVN-Lie
algebra, SVN-Lie ideal and SVPN-set those are useful for the preparation of the main results of this
article. Section-3 introduces the idea of SVPN-Lie algebra and SVPN-Lie ideal. In this section, we
also formulate several interesting results on them. Section-4 represents the concluding remarks on

the work done in this article.

2. Some Relevant Results:

Definition 2.1.[30] Assume that Q be a field, and L be a vector space on Q. Consider an operation
LxL — L defined by (a, b) — [a, b], for all a, b € L. Then, L is called Lie algebra if the following
properties hold:

(i) [a, b] is a bilinear,

(ii) [a, a] =0, foralla € L,

(iii) [[a, b], c] + [[b, c], a] +[[c, a], b] =0, for all a, b, c € L.

Definition 2.2.[40] A Fuzzy Set (in short FS) W over a universe of discourse IT is defined as follows:
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W={(m, Twn)): n e I1},
where Tw(n) is the truth-membership value of each neIl such that 0 < Tw(n) < 1.
Definition 2.3.[38] A FS W = {(n, Tw(n)) : | € L} is called a Fuzzy Lie ideal (in short F-L-Ideal) of a Lie
algebra L if and only if the following three conditions hold:
(1) Tw(q + r) 2 min { Tw(q), Tw(r)};
(i) Tw(aq) > Tw(q);
(iil) Tw([q, 1]) 2 Tw(q), for all g, r€ L, and a € Q.
Definition 2.4.[8] An intuitionistic fuzzy set (in short IFS) W over a fixed set I1 is defined as follows:
W ={(n, Tw(n), Iw(n)) : n € I},
where Tw, Iw are the membership and non-membership functions from W to [0, 1], and so 0 < Tw(n) +
Iw(m) £2, for all nell.
Definition 2.5.[7] An IFS W = {(q, Tw(q), Iw(q)) : q € L} on Lie algebra L is called an Intuitionistic
Fuzzy Lie (in short IF-Lie) algebra if the following condition holds:
(1) Tw(q + 1) 2 min {Tw(q), Tw(r)} and Iw(q + r) < max {Iw(q), Iw(1r)};
(if) Tw(aq) = Tw(q) and Iw(aq) < Iw(q);
(ii) Tw([q, 1]) 2 min {Tw(q), Tw(r)} and Iw([q, r]) < max {Iw(q), Iw(r)}, for all q, r €L, and a€Q.
Definition 2.6.[37] An Single-Valued Neutrosophic Set (in short SVNS) W over II is defined as
follows:
W ={(n, Tw(n), Iw(n), Fw(n)) : n € I},
where Tw, Iw, Fw are truth, indeterminacy and falsity membership mappings from W to [0, 1], and so
0 < Tw(n) + Iw(n) + Fw(n) < 3, for all nell.
Definition 2.7.[37] Assume that Y = {(c, Tv(c), Ix(c), Fx(c)) : ¢ € I1} be an SVNS over I1. Then, the sets
W(Ty,0)={ceIL:Ty(c)za}, W(ly,a)={ceIL:Iy(c)<a}, W(Fy,a)={ceIl:Fy(c)<a} are respectively called T-level
a-cut, I-level a-cut, F-level a-cut of Y.
Definition 2.8.[6] An SVNS W={(q, Tw(q), Iw(q), Fw(q)) : q€L} over a Lie algebra L is called an
Single-Valued Neutrosophic Lie (in short SVN-Lie) algebra if the following condition holds:
(i) Tw(q + r) 2 min {Tw(q), Tw(r)}, Iw(q + r) 2 min {Iw(q), Iw(r)} and Fw(q + r) < max {Fw(q), Fw(r)};
(i1) Tw(aq) = Tw(q), Iw(aq) = Iw(q) and Fw(aq) < Fw(q);
(ifi) Tw([q 1) = min (Tw(q), Tw()}, In({q, 1) 2 min {In(q), T()} and Fu([q, r]) < max (Fw(q), Fw(x)}, for
all g, r €L, and a€Q.
Example 2.1. Suppose that F = R be the set of all real number. Suppose that L=R3>={(a,b,c):a,b,c€
R} be the set of all three-dimensional real vectors. Then, L forms a Lie algebra. We define
R3 x R? — RS
[a,b] > axDb,
where ‘%’ is the usual cross product. Now, we define an SVNS N = (T, I, Fx) : R? — [0, 1] x [0, 1] = [0,
1] by
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09 a=b=c=0
Tn(a, b, ) = {0.4, a=b=0,c=0,
0.1, a zbzcz0

09 a=b=c=0
In(a, b, ) = {0.4, a=b=0,c=0,
0.1, a=zb #c #0

01, a=b=c=0
and Fx(a, b, ¢) = {0.4, a=b=0,c=0.
0.9, a=b #c #0

Then, N = (T, In, Fx) is an SVN-Lie algebra of L.

Definition 2.9.[6] Suppose that L be a Lie algebra over a field Q. An SVNS W={(q, Tw(q), Iw(q),
Fw(q)):qeL} on L is called an SVN-Lie ideal if the following conditions hold:

(i) Tw(r+q) 2 min {Tw(r), Tw(q)}, Iw(r+q) =2 min {Iw(r), Iw(q)} and Fw(r+q) < max {Fw(r), Fw(q)};

(if) Tw(exq) = Tw(q), In(aq) > Tw(q) and Fw(axg) < F(g);

(iii) Tw([r, q]) = Tw(r), Iw([1, q]) = Iw(r) and Fw([r, q]) < Fw(r), for all r, q €L.

Example 2.2. Suppose that F = R be the set of all real number. Suppose that L=R3>={(a,b,c):a,b,c€
R} be the set of all three-dimensional real vectors which forms a Lie algebra. Now, we define an

SVNS N = (Tn, I, Fn) : R? — [0, 1] x [0, 1] x [0, 1] (‘" is the usual cross product) by

09 a=b=c=0
Tn(a, b, ¢) = {0.9, a=b=0,c=0,
0.9, a #b=c=0

09 a=b=c=0
In(a, b, ) = {0.9, a=b=0,c=0,
0.9, a=b =c =0

09 a=b=c=0
and Fn(a, b, ¢) = {0.9, a=b=0,c=0.
0.9, a#b #c #0

Then, N is an SVN-Lie ideal of L.

Remark 2.1. Every SVN-Lie algebra may not be an SVN-Lie ideal. This follows from the following
example.

Example 2.3. Let us consider an SVNS N = (T, Iy, Fx) over the field L =R as defined in Example 2.1.
Then, the SVNS N = {(Tn(x, y, z), In(x, ¥, 2), Fn(X, ¥, 2)) : (X, ¥, 2) € R3}is an SVN-Lie algebra of L, but
it is not an SVN-Lie ideal of L, because

Tn([(1, 0, 0), (0,0, 1)]) =Tn(0,-1,0) =0.1 & 0.41i.e, Tn([(1, 0, 0), (0,0, 1)]) & Tn(0, 0, 1),

In([(1, 0,0), (0,0, 1)]) =Cn(0,-1,0)=0.1 £ 0.41i.e, Cn([(1,0,0),(0,0,1)]) £ Cn(0, 0, 1),

Fn([(1,0,0), (0,0, 1)])=Fn(0,-1,0)=0.9 £ 0.41i.e, Fn([(1, 0, 0), (0,0, 1)]) £ Fn(0, 0, 1).

Remark 2.2.[6] Let W={(q, Tw(q), Iw(q), Fw(q)):q€L} be an SVN-Lie algebra on a Lie algebra L. Then,
(i) Tw(0) = Tw(q), In(0) > In(q), Fw(0) < Fu(q);

(ii) Tw(=q) = Tw(q), Iw(-q) 2 Iw(q), Fw(-q) < Fw(q), for all q €L.
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Definition 2.10.[9] Suppose that IT be a universal set. Then, an Single-Valued Quadripartitioned
Neutrosophic Set (in short SVQN-set) W over IT is defined as follows:
W = {(n, Tw(n), Cw(n), Gw(n), Fw(n)) : 0 e 1},

where Tw(n), Cw(n), Gw(n) and Fw(n) (€[0, 1]) are the truth, contradiction, ignorance and false
membership values of each neIl. So, 0 < Tw(n) + Cw(n) + Gw(n) + Fw(n) <4, for all neIl.
Definition 2.11.[9] Assume that W = {(1, Tw(n)), Cw(n), Gw(n), Fw(n)) : | € IT} and E = {(n, Te(n), Ce(n),
Ge(n), Fe(m)) : n e I} be two SVQN-sets over a fixed set I1. Then,
(i) WcE if and only if Tw(n) < Te(n), Cw(n) < Ce(n), Gw(n) = Ge(n), Fw(n) = Fe(n), vnell,
(if) WUE = {(n, max {Tw(n), Te(n)}, max {Cw(n), Ce(n)}, min {Gw(n), Ge(m)}, min {Fw(n), Fe(m)}) : nell},
(iif) WNE = {(n, min {Tw(n), Te(n)}, min {Cw(n), Ce(n)}, max {Gw(n), Ge(n)}, max {Fw(n), Fe(m)}) : nell},
(iv) We = {(n, Fw(n), Gw(n), Cw(n), Tw(n)) : nell}.
Definition 2.12.[33] Suppose that IT be a fixed set. Then, an Single-Valued Pentapartitioned
Neutrosophic Set (in short SVPN-set) W over IT is defined by:

W ={(n, Tw(n), Cw(n), Gw(n), Uw(n), Fw(n)) : n € I1},
where Tw(n), Cw(n), Gw(n), Uw(n) and Fw(n) (€[0, 1]) are the truth, contradiction, ignorance,
unknown and false membership values of each nell. So, 0 < Tw(n)+Cw(n)+Gw(n)+Uw(n)+Fw(n)< 4,
for all nell.
Definition 2.13.[33] Assume that W={(n, Tw(n), Cw(n), Gw(n), Uw(n), Fw(n)) : nell} and E={(n, Te(n),
Ce(n), Ge(n), Ue(n), Fe(n)) : nell} be two SVPN-sets over a fixed set I1. Then,
(i) WcE if and only if Tw(n)<Te(n), Cw(n)<Ce(n), Gw(n)=Ge(n), Uw(n)=Uk(n), Fw(n)=Fe(n), Vnell.
(i) WUE = {(n, max {Tw(n), Ts(n)}, max {Cw(n), Cs(n)}, min (Gw(n), Ge(n)}, min {Un(n), Us(n)}, min
{Fw(n), Fe(m)}) : nell}.
(iif) WAE = {(n, min {Tw(n), Te(n)}, min {Cw(n), Ce(n)}, max {Gw(n), Ge(n)}, max {Uw(n), Ue(n)}, max
{Fw(n), Fe(m)}) : nell}.
(iv) We = {(n, Fw(n), Uw(n), 1-Gw(n), Cw(n), Tw(n)) : nell}.

3. SVPN-Lie Ideal of SVPN-Lie Algebra:

In this section, we procure the notion of SVPN-Lie ideal of SVPN-Lie algebra. Besides, we study
different properties of SVPN-Lie ideal, and formulate several results on it.
Definition 3.1. Let L be a Lie algebra on a field Q. Then, an SVPN-set W = {(n, Tw(n), Cw(n), Gw(n),
Uw(n), Fw(n)) : m € L} over L is called an SVPN-Lie algebra if the following conditions hold:
(i) Tw(n+d) 2 min {Tw(m), Tw()}, Cwn+d) = min {Cw(n), Cw(d)}, Gw(n+d) < max {Gw(n), Gw(d)},
Uw(n+8) < max {Uw(n), Uw(8)} and Fw(n+3) < max {Fw(n), Fw(3)};
(if) Tw(am) = Tw(n), Cw(an) = Cw(n), Gw(am) < Gw(n), Uw(an) < Uw(n) and Fw(an) < Fw(n);
(i) Tw([n, 8]) 2 min {Tw(n), Tw(8)}, Cw([n, 8]) = min {Cw(n), Cw(8)}, Gw([n, 8]) < max {Gw(n), Gw(d)},
Uw([n, 8]) < max {Uw(n), Uw(8)} and Fw([n, 8]) < max {Fw(n), Fw(3)}, for all n, 8 €L, and o €Q.

Suman Das, Rakhal Das, Bimal Shil, Binod Chandra Tripathy, Lie-Algebra of Single-Valued Pentapartitioned
Neutrosophic Set.



Neutrosophic Sets and Systems, Vol. 51, 2022 162

Example 3.1. Suppose that F = R be the set of all real number. Suppose that L = R*={(a, b, ¢): a, b, c
€R} be the set of all three-dimensional real vectors. Then, L forms a Lie algebra. We define

R3xR3 — R3

[a, b] > axDb,
where ‘%’ is the usual cross product. Now, we define an SVPN-set N = (T, Cn, Gy, Un, Fn) : R® — [0,
1] % [0, 1] x [0, 1] by
09 a=b=c=0

Tn(a, b, c)= 404, a=b =0,c #0,
0.1, a zbzcz0

09 a=b=c=0
Cn(a, b, c)= 404, a=b =0,c =0,
0.1, a #b #c #0

01, a=b=c=0
Gn(a, b, )= 404, a=b =0,c =0,
0.9, a=b #c =0

01, a=b=c=0
Un(a, b, c)= 404, a=b =0,c =0,
09, a=zb=zc =0

01, a=b=c=0
and Fn(a, b, ¢)= 104, a =b =0,c =0.
0.9, a#b #c #0

Then, N = (Tn, Cn, Gn, Uy, Fx) is an SVPN-Lie algebra of L.

Definition 3.2. Let L be a Lie algebra on a field Q. Then, an SVPN-set W = {(n, Tw(n), Cw(n), Gw(n),
Uw(n), Fw(n)) : n€Il} over L is called an SVPN-Lie ideal if the following condition holds:

(i) Twn+d) = min {Tw(n), Tw(d)}, Cw(n+d) = min {Cw(n), Cw(d)}, Gw(n+d) < max {Gw(n), Gw(d)},
Uw(n+8) < max {Uw(n), Uw(d)} and Fw(n+3) < max {Fw(n), Fw(d)};

(i) Tw(an) = Tw(n), Cw(an) = Cw(n), Gw(an) < Gw(n), Uw(an) < Uw(n) and Fw(am) < Fw(n);

(iii) Tw([n, 8]) = Tw(n), Cw([n, 8]) = Cw(n), Gw([n, 8]) < Gw(n), Uw([n, 3]) < Uw(n) and Fw([n, 8]) < Fw(n),
for all n, 6€L, and a€Q.

Example 3.2. Suppose that F = R be the set of all real number. Suppose that L=R3={(a,b,c):a,b,c€
R} be the set of all three-dimensional real vectors which forms a Lie algebra. Now, we define an

SVNS N = (Tx, Cx, Gn, Un, Ex) : R? — [0, 1] x [0, 1] x [0, 1] (‘%" is the usual cross product) by

09 a=b=c=0
Tn(a, b, c)= 309, a=b =0,c #0,
0.9, a #b=c=0

09 a=b=c=0
Cn(a, b, ¢)= 409, a=b =0,c =0,
0.9, a=b =c =0
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09, a=b=c=0
Gn(a, b, ¢) = {0.9, a=b=0,c=0,
09, a=b=zc=0

09 a=b=c=0
Un(a, b, ¢) = {0.9, a=b=0,c=0
09, a=zb=c=0

09 a=b=c=0
and Fx(a, b, ¢) = {0.9, a=b=0,c=0.
0.9, a=b #c #0

Then, N = (Tn, Cn, Gn, Un, Fn) is an SVPN-Lie ideal of L.

Remark 3.1. Every SVPN-Lie algebra may not be an SVPN-Lie ideal. This follows from the following
example.

Example 3.3. Let N = (T, Cn, Gn, Un, Fn) be an SVPN-set over the field L =R as defined in Example
3.1. Then, the SVPN-set N = {(Tn(x, y, z), Cn(X, ¥, 2), Gn(x, ¥, 2), UN(X, ¥, 2), FEn(x, ¥, 2)) : (%, ¥, z) € R?}
is an SVPN-Lie algebra of L, but it is not an SVPN-Lie ideal of L, because

Tn([(1, 0, 0), (0, 0, 1)]) = Tn(0,-1, 0) =0.1 & 0.4i.e., Tn([(1, 0, 0), (0,0, 1)]) & Tn(O, 0, 1),
Cn([(1,0,0),(0,0,1)])=Cn(0,-1,0)=0.1 £ 0.41i.e, Cn([(1,0,0), (0,0, 1)]) & Cn(0,0, 1),

Gn([(1,0,0), (0,0, D)) =GnN(0,-1,0)=0.9 « 0.41i.e., Gn((1,0,0), (0,0, 1)]) £ Gn(O, 0, 1),

Un([(1,0,0), (0,0, 1)])=Un(0,-1,0)=0.9 = 0.41i.e, Un([(1, 0, 0), (0,0, 1)]) &= Un(0,0,1)

Fn([(1,0,0), (0,0, 1)]) =En(0,-1,0) = 0.9 % 0.41i.e, Fn([(1,0,0), (0,0, 1)]) £ En(0, 0, 1).

Theorem 3.1. Suppose that {W;:i € A} be the family of SVPN-Lie ideals on a Lie-Algebra L. Then,
their intersection "Wi = {(n, ATy;(n), ACx;(M), VGy; (M), VUy; (M), VFy,(n)) : neL} is also an SVPN-Lie
ideal of L.

Proof. Suppose that {W; : i € A} be the family of SVPN-Lie ideals on a Lie-Algebra L. It is known
that, "Wi={(n, ATy;(), ACy;(n), VGN;(n), VUy;(n), VFy;(M)) : neL}.

Now,

(i) ATy, (n+3) = min {Ty,(n+3) : ieA} 2 min {min {Ty,(n), Ty,(8)} : i€A} = min {ATy,(n), ATy, (8)},
ACx,(1+8) = min [Cy, (1+) : i€A} 2 min {min (Cy,(n), Cy ()} < i€A} 2 min {ACy, (1), ACx, B)),

VG, (n+3) = max {Gy;(n+0) : ieA} < max {max {Gy,(n), Gy;(8)} : ieA} <max {vGy,(n), VGy;(S)},
vUy;(n+6) = max {Uy,(n+3) : ieA} < max {max {Uy,(n), Uy, (8)} : ieA} <max {vUy,;(n), vUy; ()},
VEy;(n+8) = max {Fy,(n+3) : ieA} < max {max {Fy,(n), Fy,;(6)} : ieA} <max {vFy,(n), vFy; ()}

(ii) ATy, (an) = min {Ty,(an) : ieA} 2 min {Ty,(n) : ieA} = ATy, (n),

ACx;(am) = min {Cy,(an) : i€A)} = min [Cy, () : i€A) 2 ACy, ()

VG, (cn) = max Gy, (am) : i €A} < max [Gy,(n) : i€A] < VGy,()

VUy, () = max {Uy, () : ieA} < max {Uy(n) : icA} < Uy, ()

VFy, (am) = max {Fy,(an) : ieA} < max {Fy,(n) : ieA} < VFy, ().

(i) ATy, (I, 8]) = min {Ty, ([, 3]) < i€A} = min {Ty, () : i€A} > ATy, (1),
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ACx,([n, 8]) = min {Cy,([n, 3]) : i€A} = min (Cy,(n) : icA} > ACx,(n),
VG, ([, 81) = max (Gy(In, 8]) : icA} < max Gy, (n) : i€A} < VG, (n),
Uy, ([, 81) = max {Uy,([n, 3]) : €A} < max {Uy,(n) : i€A} € VUy, (n),
VE,([n, 8]) = max {Fy, ([n, 8]) : icA} < max {Fy,(n) : €A} € VEy, ().
Therefore, "Wi = {(n, ATy,(n), ACx;(n), VGN;(n), VUn; (M), VFy,(N)) : n€L} is an SVPN-Lie ideal of L.
Theorem 3.2. Assume that W = {(n, Tw(n), Cw(n), Gw(n), Uw(n), Fw(n)) : n€eL} be an SVPN-Lie algebra
on a Lie algebra L. Then,
(i) Tw(0) = Tw(3), Cw(0) = Cw(d), Gw(0) < Gw(d), Uw(0) < Uw(3), Fw(0) < Fw(d);
(ii) Tw(=8) = Tw(8), Cw(=3) = Cw(3), Gw(=3) < Gw(d), Uw(-8) < Uw(5), Fw(-38) < Fw(d), for all 5 € L.
Proof. The proof is so easy, so omitted.
Lemma 3.1. Every SVPN-Lie ideal is also an SVPN-Lie algebra.
Theorem 3.3. Suppose that W = {(, Tw(d), Cw(5), Gw(3), Uw(3), Fw(3)) : €L} be an SVPN-Lie ideal of
a Lie-Algebra L. Then, the following holds:
(1) Tw(0) 2 Tw(8), Cw(0) 2 Cw(8), Gw(0) < Gw(3), Uw(0) < Uw(8), Fw(0) < Fw(3);
(ii) Tw([3, n]) =2 max{Tw(3), Tw(m} Cw([3, n]) =2 max{Cw(3), Cw()}; Gw([s, n]) < min{Gw (3),
Gw(M)}; Uw([3, n]) < min{Uw(8), Uw(M)}; Fw([8, n]) < min{Fw(8), Fw(n)};
(i) Tw ([, nI) = Tw(-[3, 8]) = Tw([n, 81); Cw([8, n]) = Cw(-[3, 8]) = Cw([n, 3]); Gw([, n]) = Gw(-[5, 3])
= Gw([n, 8]); Uw([, nl) = Uw(-[8, 8]) = Uw([n, 81); Fw([&, nl) = Fw(-[3, 8]) = Fw([n, 3]), for all §, n€ L.
Proof. The proofs are straightforward, so omitted.
Definition 3.3. Assume that W = {(n, Tw(n), Cw(n), Gw(n), Uw(n), Fw(n)) : neL} be an SVPN-set over a
Lie-Algebra L. Suppose that , 8, v, 3, A € [0, 1]. Then, the sets L(Tw, a) = {n€L : Tw(n)za}, L(Cw, ) =
(el : Cu(n)2B), L(Gw, v) = neL : Gw(m)<y}, L(Uw, 8) = (el : Un(n)<d), L(Fw, 1) = neL : Fu(n)<h)
are called T-level a-cut, C-level -cut, G-level y-cut, U-level d-cut and F-level A-cut of W respectively.
Definition 3.4. Suppose that L be a Lie-Algebra. Assume that W = {(n, Tw(n), Cw(n), Gw(n), Uw(n),
Fw(n)) : neL} be an SVPN-set over L. Suppose that a, 3, v, 3, A € [0, 1]. Then, («, B, v, 6, A)-level
subset of W is defined by:

L(a, B, v, 8, %) = €L : Tw(n) = &, Cw(n) = B, Gw(n) <y, Un(n) <3, Fu(n) <3).
Remark 3.2. Suppose that L be a Lie-Algebra. If W = {(n, Tw(n), Cw(n), Gw(n), Uw(n), Fw(n)) : neL} be
an SVPN-set over L, then L(a, 3, v, §, L) = L(Tw, a) N L(Cw, ) n L(Gw, y) n L(Uw, 8) N L(Fw, X).
Proposition 3.1. Suppose that L be a Lie-Algebra. An SVPN-set W = {(n, Tw(n), Cw(n), Gw(n), Uw(n),
Fw(n)) : neL}is an SVPN-Lie ideal of L if and only if L(ct, 3, v, 3, 1) is a Lie-Ideal of L for every o, 3, v,
8, A€o, 1].
Proof. The proof is straightforward, so omitted.
Theorem 3.4. Let L be a Lie-Algebra. Assume that W = {(n, Tw(n), Cw(n), Gw(n), Uw(n), Fw(n)) : neL}
be an SVPN-Lie ideal of L. Let a1, 81, y1, 81, A1, oz, B2, Y2, 82, A2 € [0, 1]. Then, L(ct, 1, y1, 81, A1) = L(a,
B2 Y2, 82, A2) if and only if a1 = o2, B1 = B2, Y1="y2, 61= 82, A1 = A2.
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Proof. Suppose that L be a Lie-Algebra. Let W = {(1, Tw(n), Cw(n), Gw(n), Uw(n), Fw(n)) : n€L} be an
SVPN-Lie ideal of L. Let a1, P1, v1, 81, A1, az, B2, y2, 82, A2 € [0, 1] such that L(au, 1, y1, 81, A1) = L(az, P2,
V2, 82, A2). Therefore, {n€L : Tw(n) = a1, Cw(n) = B, Gw(n) < y1, Uw(n) < 81, Fw(n) < A1} = {n€L: Tw(n) 2
oz, Cw(n) 2 B2, Gw(n) < v2, Uw(n) < &2, Fw(n) < A2}. This is possible only when o= a2, 1= 2, y1="2, 1=
82, M = A2. Therefore, L(ct, 1, 1, 81, A1) = L(az, B2, 2, 82, A2) implies ou= oz, 1= B2, y1="y2, 81=032, A1 =22
Conversely, let a1= a2, 31 =2, y1="y2, &1= &, M = A2.

Now, L(au, B1, v1, 61, A1)

= nEL: Tw(n) > au, Cw(n) 2 B1, Gw(n) < 1, Un(n) < &1, Fw(n) < 11}

= nEL: Tw(n) > ae, Cw(n) 2 Pz, Gw(n) < 2, Un(n) < &, F(n) < 1)

=L(az, B2, y2, &2, A2)

Therefore, o= a, f1= B2, y1="y2, 81= 82, A1= A2 implies L(at, B1, y1, 81, A1) = L(az, P2, v2, &2, A2).
Definition 3.5. Assume that L1 and L2 be two Lie-Algebras on a common field Q. Suppose that f be a
bijective mapping from Li to Lz. If M = {(n, Tm(n), Cm(n), Gm(n), Um(n), Fm(n)) : neL} be an SVPN-set
in Ly, then f~'(M) defined by f~*(M) = {(n, £ (Tu(n), £ (Cu(), £~ (Gu(m), £~ (Un(n)),
f~1(Fm(n))) : nel} is also an SVPN-set in L.

Theorem 3.5. Assume that L1 and L2 be two Lie-Algebras on a common field Q. Suppose that f be an
onto homomorphism from Li to La. If M = {(n, Tm(n), Cm(n), Gm(n), Um(n), Fm(n)) : nel} is an
SVPN-Lie ideal of Lz, then f~*(M) = {(n, f=*(Tm(n)), £-(Cm(n)), £71(Gm(n)), £~1(Um(M)), -1 (Fm(n)))
:mel} is also an SVPN-Lie ideal of L.

Proof. The proof is so easy, so omitted.

Proposition 3.2. Suppose that L1 and L2 be two Lie-Algebras. Let f be an epimorphism from Li to Lo.
If M = {(n, Tm(n), Cm(n), Gm(n), Um(n), Fu(n)) : nel} be an SVPN-Lie ideal of L, then f~1(M¢) =
(f~1(M))¢ is also an SVPN-Lie ideal of L.

Proof. The proof is straightforward, so omitted.

Theorem 3.6. Suppose that L1 and L2 be two Lie-Algebras. Let f be an epimorphism from L to Lz. If
M = {(m, Tm(n), Cu(n), Gu(n), Um(n), Fu(n)) : neL} be an SVPN-Lie ideal of Lz, then f~*(M) = {(n,
f=1(Tm(n)), £71(Cm(n)), F7HGu(M)), £71(Um(n)), f1(Fm(n))) : neL} is also an SVPN-Lie ideal of Li.
Proof. The proof is directly holds from Definitions 3.2 and Definition 3.5.

Definition 3.6. Let us consider two Lie-Algebras L1 and L. Let f be a mapping from a L1 to L2. If W =
{(m, Tw(n), Cw(n), Gw(n), Uw(n), Fw(n)) : neL} be an SVPN-set in L1, then the image of W = {(n, Tw(n),
Cw(n), Gw(n), Uw(n), Fw(n)) : neL} under f denoted by f(W) is an SVPN-set in L, defined as follows:

ie =1
f(TW)(r)={maX uer1 ) Tw (W, if £ () :'t_ 2 , for each re L
o, otherwise
|
f(Cw) (r)={maX uer1() Cw (W, if £ (0 i_ 2 , for each re L
o, otherwise
. ~ e 1
f(Gw) (r)= {mln uer— () Gw (W), if £77(r) ¢_ Z , for each re L,
1, otherwise
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. e oee1
f(Up) ()= {mln uer~ (0 Uw (W, if £ (0 i_ @ , for each r€ L,
1, otherwise
- - _1
f(Fyw) (@)= {mln uer o Fw (W, if £ i.ﬂ , for each re L..
1, otherwise

Theorem 3.7. Let us consider two Lie-Algebras L1 and La. Suppose that f be an epimorphism from
L1 to La. If W = {(n, Tw(n), Cw(n), Gw(n), Uw(n), Fw(n)) : neL} is an SVPN-Lie ideal in Li, then the
image of W = {(n, Tw(n), Cw(n), Gw(n), Uw(n), Fw(n)) : neL}i.e,, f{(W) is also an SVPN-Lie ideal in L.

Proof. The proof is directly holds from Definition 3.2 and Definition 3.6.

Definition 3.7. Let us consider two Lie-Algebras Li and L. Suppose that f be an onto
homomorphism from L1 to L2. Let M = {(n, Tm(n), Cm(n), Gm(ny), Um(n), Fm(n)) : neL} be an SVPN-set
in L. Then, we define Lf = {(n, Ti(n),Cy(M), Gy (), Uy (M), Fy(m)) :ne L} in Li by
Ty = Tm(f(D) , Cl() = Cu(f()), Gl (D = Gu(F(D), UKD = Un(f()), Flu() =
Fum (f(n)), for all neLi. Clearly, Lf is an SVPN-set in L.

Theorem 3.8. Suppose that L1 and L2 be two Lie-Algebras on a common field Q. Assume that f be an
onto homomorphism from Li to L2. If M = {(n, Tm(n), Cm(n), Gm(n), Um(m), Fu(n)) : nelz} is an
SVPN-Lie ideal of L2, then Lf = {(n, Ti(n),CL (), GL (), UL (M), Fiy()):ne Ly} is also an
SVPN-Lie ideal of L.

Proof. Suppose that L1 and Lz be two Lie-Algebras on a common field Q. Assume that 1, 3 € L1 and
a€ Q. Then, we have

(D TN +8)

=Tx(f(n +9))

=Tn(f() + £(3))

>min{Ty (f(n)), Ty (f(3))}

=min{T{ (n), TN ()},

Ch(n +9)

=Cn(f(n +9))

=Cy(f(n) +£(3))

>min{Cy (F(n), Cn ((3))}

=min{C{(n), Cy ()},

Gh(n +8)

=G (f(n + )

=Gn(f(n) + ()

<max{Gy(f(n)), Gx (f(8))}

=max{G{ (), Gk ()},

Uk +3)

=Un(f(n +8))

=Un(f(n) + £(8))
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Smax{UN (f(n)), Uy (f(S))}

=max{Uf (n), UN(®)},

Fi(n +9)

=Fx(f(n +3))

=Fn(f() +£(3))

Smax{FN(f(n)), Fn (f(S))}

=max{Fy(n), F(8)},

(if) T(an) = Ty(f@an) = Ty(af(m) = Ty(F(M) = TH(n),

Ch@an) = Cy(fa) = Cy(af() = Cy(f(n) = Ch(),

G (an) = Gy(af(m) = Gy(af(m) < Gx(f(m) = GR (),

Un(an) = Un(af(m) = Ux(afn)) < Un () = UR(),

Fi(an) = Fy(af(n)) = Fy(af(m) < Fy(f(n)) = Fi ().

(i) TX([n,8]) = Tn(f(n, 8D)) = Ty (F), £O]) = T (F(m)) = T (),

Ch(In, 81) = Cx(£(In, 3D) = Cy (), f(B)]) = Cy(f(n)) = Ch(n),

GR ([, 8]) = Gy (£(In, 81)) = Gy (F(), F(B)]) < Gn(f()) = GR(m),

UR (I, 81) = Un(f([n, 81)) = U (Fn), ()] < Un(f(n)) = Un (),

FR([n, 81) = Fy(f(In, D) = Fx(f(n), £(8)]) < Fy(f(n)) = F(m)-

Therefore, Lf = {(n, TH; (n), C& (), GL (), UL (M), Fiy(M)) : neli} satisfies all the conditions
for being an SVPN-Lie ideal of Li. Hence, Lf is an SVPN-Lie ideal of L.

Theorem 3.9. Assume that L1 and L2 be two Lie-Algebras on a common field Q. Suppose that f be an
onto homomorphism from Li to Lz. Then, Lf={(w, T (w), Ch (w), GE (w), UL (w), Fi (w)): weLi}is
an SVPN-Lie ideal of L1 iff M={(w, Tm(w), Cm(w), Gm(w), Um(w), Fm(w)) : weL} is an SVPN-Lie ideal
of Lo.

Proof. The sufficiency of this theorem directly follows from the previous theorem.

Now, we just need to prove the necessity part of this theorem. Since, the mapping f is a onto
mapping, so for any w, q € L2 there are wi, q1 € L2such that w = f(w;),q = f(q;). Therefore,
Tyw) = Th(w1), Tn(@) = TN(q1), Cy(W) = Ch(wy), Cn(a) = CR(q1), Gny(w) = Gi(wy), Gn(q) =
GR(q1), Un(w) = UL (w,), Un(q) = UK(qy), Fy(w) = Fi(w,), Fy(q) = F&(ay).

Now,

(i) Tn(w + q)

Ty (fwa) + (a,))

Tn(f(ws + q4))

Th(W1 + 1)

min{Ty (w,), Tx (91)}

min{Ty (W), Ty (@)},

Cn(w +q)

v
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Cn(f(wy) +£(qy))

Cn(f(wy +q1))

Ch(wy + a1)

> min{C§ (w,), Ck(q,)}

= min{Cy(w), Cx(q)},

Gn(w +q)

= Gn(f(wq) +£(q1))

= Gn(f(w; + 1))

G (w1 +qp)

< max{G}(w), GL(q1)}

= max{Gy(w), Gy(qQ)},

Un(w +q)

Un(f(w,) + f(q1))

Un(f(wy + 1))

Un(ws +a1)

< max{U{(w,), Uk (q,)}

= max{Uy(w), Un(q)},

Fn(w +q)

F(f(wy) + f(a1))

FN(f(Wl + (h))

= FR(wy +a1)

< max{F(w,), Fi(a1)}

= max{Fy(w), Fx(@)}.

(i) Ty (aw)=Ty (af(wy) ) =Ty (fCaw) ) =T (f(aw) )2Tx (w1 )=Ty (),

Cn (aw)=Cy (af(wy))=Cy (f(awy))=Cf (f(aw;))=CE (w)=Cx (W),

Gy (W) =Gy (atf(w ) ) =Gy (FCorw; )) =G (F(eewy ) ) <GE (W )=Gy (W),

Un (aw)=Un (af(w) )=Un (F(ow))=UR (F(aw) )<UR (w1)=Un (W),

Fiy (cew)=Fyy(of(wy))=Fiy (Fleaws ) =Fiy (Foowy) )<Fy (i )=Fiy (w).

(iii) Ty ([w, qD=Ty ([f(W1), f(q)])=T (F([wy, 411 )=T& (W1, 41 1)>Ty (w1 )=Tyy (W),
Cn([w, aD)=Cy ([f(w1), f(q:)])=Cn (f([w1, 411))=CR ([w1, 411)=Cy (W1)=Cx (W),
G ([w, aD=Gn ([f(w1), f(q)D=Gn (f([w1, 911 ) =GR ([wy, 1 D) <Gy (w1) =Gy (W),
Un ([w, qD=U ([f(w,), f(a,)D=Ux(f([w1, 4, 1))=U ([wy, 4, D<Uy (w)=Uy (W),
Fn([w, aD=Fy ([f(w,), f(q:)D)=Fn (f([w1, a1 1) )=FR ([w1, 41])<Fy (w1)=Fy (W),
Therefore, Lf = {(w, T (w), CL;(w), Gi; (W), UL, (w), Ff;(w)) : weLi} satisfies all the conditions

for being an SVPN-Lie ideal of Lo.
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Novelty:

Conclusions:

In this article, we introduced the notion of SVPN-Lie ideal of SVPN-Lie algebra. Besides, we
formulated several interesting results on SVPN-Lie ideal and SVPN-Lie algebra. Further, we furnish
few illustrative examples.

In the future, we hope that based on the current study many new notions namely single-valued
pentapartitioned neutrosophic anti-Lie ideal, single-valued pentapartitioned neutrosophic Lie

topology can also be introduce.
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