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Abstract

Applications of algebraic theory can be found in different logical fields, including materials science, hereditary qualities,
design, as well as in hypothetical and applied math, including logarithmic calculation, cryptography, game hypothesis, and analysis
of symphonies. Generally, binary operations are utilized to characterize the algebraic structure of a nonempty set. Group is a
fundamental algebraic structure that frames the establishment of different structures in algebra. Further, the concept of a group has
produced a lot of good ideas, such as subgroups, quotient groups, and simple groups, to divide larger groups into more
understandable parts. Neutrosophic set is not only used in groups, but it is also applied in computing, network systems, processing
systems, and computer technology. Neutrosophic logic is adopted in mobile ad hoc network (MANET). A mobile ad hoc network
(MANET) is a wireless ad hoc network, and is often a self-configuring net of mobile devices with no requirement for added
infrastructure. Further, we discuss the anti-fuzzy (Af) subgroup. A Af subgroup means a fuzzy subdivision of a category if the
degree of membership of the combination of two components is larger than or equal to the minimum of their separate degrees.

Moreover, in this study, we have examined the concepts of a implication-based (j p) neutrosophic Af subgroup ever a finite group

and a Jp neutrosophic Ap normal subgroup over a finite group. Finally, we demonstrate some of its fundamental properties.

Keywords: jp fuzzy subgroup, jp- Ay subgroup, jp neutrosophic A subgroup, jp neutrosophic A normal subgroup,

neutrosophic sets in mobile ad hoc network

1. Introduction

Rosenfeld (1971) presented the many concepts
related to a fuzzy group: fuzzy subgroupoids and ideals, the
lattices of fuzzy subgroupoids and ideals, homomorphism, and
fuzzy subgroups. Mingsheng Ying (1991) discussed the
neighbourhood structure of a point and the convergence of nets
and filters in the new framework. Smarandache (1999)
introduced many ideas in Neutrosophy: Neutrosophic Logic,
Neutrosophic Set, Neutrosophic Probability, and Neutrosophic
Statistics. Yuan, Zhang, and Ren (2003) defined the concept of

jp fuzzy subgroup and also discussed the relations between
two fuzzy subgroups. Salama, EI-Ghareeb, Manie, and
Smarandache (2014) created a software for Excel that may be
used to calculate neutrosophic data. Salama, Smarandache, and
Eisa (2014) proposed a methodology to use neutrosophic theory

*Corresponding author
Email address: selvarathi.maths@gmail.com

in image processing. Salama, Haitham, Manie, and Lotfy
(2014) developed a new way to examine the data collected from
social networks during learning programmes applying the
concept of neutrosophic sets. Cetkin and Aygiin (2015)
examined the group structure of single valued neutrosophic

sets. Selvarathi and Spinneli (2015) introduced the notion of J D
fuzzy normal subgroup of a group. Jency and Arockiarani
(2016) introduced the concept of fuzzy neutrosophic
subgroupoids using fuzzy neutrosophic products. Mondal,
Pramanik, and Giri (2016) demonstrated the function of single
valued neutrosophic set logic in data mining. Selvarathi and
Spinneli (2018) described the idea of jp intuitionistic fuzzy
subgroup and jp intutitionistic Ay normal subgroup of a group.
Broumi Said et al. (2019) examined information processing in
MANET. Elhassouny, Idbrahim, and Smarandache (2019)
examined additional contributions of machine learning
algorithms with single-valued neutrosophic numbers in
modelling incorrect information. In this paper, we develop the
ideaof a jp neutrosophic Af subgroup over a finite group and
explore it, presenting some fundamental properties.
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2. Preliminaries

Definition 2.1 Rosenfeld (1971), Let S be a group then u: S —
[0, 1] is called as fuzzy subgroup if

(1) p(xe) = min(p(x), p(e)) forallx, g € S

(i) p(x™t) = w(x) forall k € S.

Assume that (R, ) is a finite group, and that K is the
universe of discourse. The [o] symbol is used in fuzzy logic to
represent the truth value of a fuzzy proposition, a. The
corresponding set of theoretical notations for fuzzy logic are
used in this paper as follows.

(k €A)=A(x),

(a A B)=min{[a],[B]},

(a—p)=1-a+ap,

(Vxa(x)) = infrex[a(k)],

(Fxa(x)) = Supxex[a(x)],

Ja ifand only if [«] =1 for all valuations.
Implication that is used here is the Reichenbach implication
operator.

Definition 2.2 Selvarathi and Spinneli (2018), Let R be a
group. A fuzzy subset p of R is called a Af subgroup of R if for
K, QER

(1) p(xe) < p(x) n(e)

(i) p(x ) < p(x)

Definition 2.3 Selvarathi and Spinneli (2015), If a fuzzy subset
A of a group R satisfies
(i) J(x €AY A (0 €A) — (ko € A) forany x, o € R
(i) J(x € A) > (kL € A) for any x € R
then A is called a fuzzifying subgroup of R. The concept of p
— tautology was introduced by Ying, i.e., Jp(a) if and only if
(o) > p for all valuations

Definition 2.4 Selvarathi and Spinneli (2015), Let A be a fuzzy
subset of a finite group R and p € (0, 1] is a fixed number. If
forany x, o € R,

(i) Jp(xo € A) — ((x € A) V (¢ € A)) and

(i) Jp(x € A) > (x €A).
Then A'iis called a Jp - Af subgroup of .

2.5 Neutrosophic sets in mobile ad hoc network:
Broumi Said et al. (2019)

The Mobile Ad-Hoc Network (MANET) is a wireless,
independent group of mobile node networks with no
infrastructure (Smartphones, Laptops, iPads, PDAs, etc.). For
the exchange of data packets upon joining and departing each
node on an as-needed basis, the network is self-configured to
reconstruct its topology and routing table information. Here,
Figure 1 illustrates the use of the mathematical model of
neutrosophic sets to deal with information processingin a Wi-
Fi connection. As seen in Figure 1, in the context of MANET
the first region is found inside the network, the second is
ambiguous or indeterminate, and the third is found outside the
network.

The mentioned three regions for information
processing in MANET based on Figure 1 are as follows.

Region 1: The first region is located indoor the
MANET, which serve as the information acceptance (or) truth
zone.
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Indoor MANET
Region-1

Indeterminate MANET Region-2

Outdoor MANET
Region-3

Figure 1 Communication region according to MANET

Region 2: The MANET’s second region, which is
between the first and third region, depicts unreachable and
indeterminate information.

Region 3: The third region is located outdoor the
MANET, which is the non-membership region, sometimes
referred to as the out-of-coverage area.

3. 3p Neutrosophic Ar Subgroup over a Finite Group

Definition 3.1 Let (R, *) be a finite group. A neutrosophic
fuzzy set A = (AT, Al, AF) of a finite group R is called a Jp
neutrosophic A subgroup over a finite group %R, if it satisfies
for any k, 0 € R,
() Jp(xo € A)— (KEA)V (0 € A)
ie.,
Jp(xo € AT) — (K EAT) V (¢ € AT)
Jp(xg € A) — ((x € AV (0 € AY)
Jp((x € A7) A (0 € A%)) — (k0 € AT)
(i) JpxteA) - (x€A)
ie.,
Jp(t € AT) > (x € AT)
Jp(xteAl) > (x € A
Jp(x € AF) > (7 € AF)
Where (x € AT) denotes the truth membership value, (x €
A") denotes the indeterminacy membership value and (x € AF)
denotes the falsity membership value such that, 0 < (x € AT) +
(x € AN+ (x € AF) < 3.

Example 3.2 R = {0,1,2,3} is a finite group of order 4 with
respect to addition modulo 4. Cayley closure table is given as
Table 1.

Table 1.  Closure table

+4 0 1 2 3
0 0 1 2 3
1 1 2 3 0
2 2 3 0 1
3 3 0 1 2

Consider the neutrosophic fuzzy set A: ® — [0, 1] x [0,1] X
[0, 1] defined by

(0 € A) = (0.015, 0.035, 0.620): (1 € A) = (0.110, 0.135, 0.515)
(2 € A)=(0.115, 0.150, 0.415): (3 € A) = (0.120, 0.145, 0.350)
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Given below are Tables 2, 3 and 4 of values for v and A of truth

membership, indeterminacy membership, and falsity
membership.
Table 2. Truth table
v [0] [1] [2] [3]
[0] 0.015 0.110 0.115 0.120
[1] 0.110 0.110 0.115 0.120
[2] 0.115 0.115 0.115 0.120
[3] 0.120 0.120 0.120 0.120
Table 3. Indeterminate table
v [0] [1] [2] [3]
[0] 0.035 0.135 0.150 0.145
[1] 0.135 0.135 0.150 0.145
[2] 0.150 0.150 0.150 0.150
[3] 0.145 0.145 0.150 0.145
Table 4. Falsity table
A [0] [1] [2] [3]
[0] 0.620 0.515 0.415 0.350
[1] 0.515 0.515 0.415 0.350
[2] 0.415 0.415 0.415 0.350
[3] 0.350 0.350 0.350 0.350

With p = 0.3 and the implication operator being that
of Reichenbach, then A= (AT, A!, AF)isa Jp neutrosophic Ap
subgroup over a finite group.

Theorem 3.3 Let A = (AT, A, AF)be a Jp neutrosophic Ap
subgroup over a finite group R. Then for all x € R we have
(i) JpeEA) —(xEA)
1.e.,
Jpe €AT) > (x € AT)
Jp(e € A > (x € AY)
Jp(x € A7) — (e € AF)
(i) JpxeA) > xLeA)
i.e.,
Jp(x € AT) — (x L € AT)
Jp(x € A) > (x L€ A
Jp(t € AF) — (x € AF)

Proof.
(i) Jp(e € AT) — (kxt € AT)since Jp (kL € AT) — (k € AT)
— (k€ AT v (xleAT)
— (ke ANV (k€ AT)
— (k € AT)
Therefore, Fp(e € AT) — (x € AT) for all x € R
Jpe € A — (xkxt € Ay since Jp (k1 € AY) — (x € Al
—((xkeA) v(xteA)
— (k€AY V (k € A)
— (k €A
Therefore, Jp(e € Al) — (x € A') for all k € R
Jp(x € AF) > (x € AF) A (x T € AF) since Fp(x € AF) —

(x ! € AF)
— (kx ! € AF)
— (e € AF)
Therefore, Jp(x € AF) — (e € AF) for all k € R.
(i) Jp(xeAT) > (e€AT)V (k1 e€AT)
— (k€ AT
Therefore, Fp(x € AT) — (k'L € AT) for all k € R
JpxeA) > (eeA) v (xteA)
— (k1 €A
Therefore, Fp(x € A") — (xt € A!) for all k € R
Jp(t € AF) — (e € AF)
— (k1 € AF)
— (kK EAR) A (kL € AF)
— (x € AF)
Therefore, Jp(x* € AF) — (x € AF) for all k € R.

Theorem 3.4 Let (AT, A', AF) be a jp neutrosophic fuzzy set.
ThenAis a J, p neutrosophic Af subgroup over a finite group
R, if and only if for all k, o € R.

Jp(t €A) = (KEA)V (QEA))

ie,

Jp(ko™t € AT) > ((x € AT)V (¢ € AT))

Jp(ot € Al) > (k€AY V (g € AY)

Jp (x € AF) A (@ € AF)) > (ko € AF)

Proof. Let A = (AT, A', AF) be a Jp neutrosophic A subgroup
over a finite group R.
Jp(xgt € AT) > (k€A V (¢ € AT))
— ((xk € AT) V (0 € AT)) since Jp(ot € AT) —
(e € AT)
Jp(xgt € A) - (k€AY V (@t €AY
— ((x € AY Vv (o € Ay since Jp(ot € Al)—
(€A
Jp((x € A%) A (@ € AF) — ((x € AF) A (7 € AF)
— (ko' € AF) since Jp(x € AF) —
(k1 € AF)
Conversely,
Jp(xgt€AT) > (k€A V (e € AT) (3.1)
Jpkgt €AY - (k€AY V (QEAY) (3.2)
Jp (x € AP) A ( € AF)) — (kg € AF) (3.3)
Let o=k in (3.1)
Jp (kg P € AT) > (k€ AT)V (@ € AT)
Jp (xkt € AT) > (k € AT) V (x € AT))
Jp (e € AT) > (x € AT)
Jp(xl € AT) > (ext € AT)
— (e €AV (k€ AT
— (k € AT)
Therefore, p(xt € AT) — (x € AT)
Jp(xq € AT) — (x(@) * € AT)
— (KEAH)V (' EAT)
— (KEAT)V (e €AD)
Therefore, Jp(xo € AT) — ((x € AT) V (o € AT))
Leto=xin(3.2)
Jp (gt €AY — (k€AY V (Q € A)
Jp (xxte Ay > (k€ AYV (x € AY)
Jp (e € A) > (x € Al)
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Jp(xteA) > (ext e Al
—(e€eA) v (xeA)
— (k€ A
Therefore, Jp(xt € A) — (x € Al)
Jp(xg € A — (x(gh)* € A")
— (k€AY V (et EAY)
— (k€A V (e EAY)
Therefore, Jp(xo € A') > ((x € A V (g € Al))

Letoin (3.3)

Jp ((x € AF) A (@ € AF)) — (x € AF) A (x € AF)
— (xkx 1€ AF)
— (e € AF)

Therefore, Jp((x € AF) A (o € AF)) — (e € AF)
Jp(e € A%) — (e € AF) A (@ € A7)
— (eQ TEAY)
— (' EAY)
Therefore, Fp(o € A¥) — (oL € AF)
Jp((x € A7) A (0 € AF) > ((x € AF) A (g1 € AF))
— (@) € AR
— (k0 € AF)
Therefore, Fp((x € AF) A (o € AF)) — (ko € AF)
Thus, A is a Jp neutrosophic Af subgroup over a finite group
R.

Theorem 3.5 Let A1 = (A", A, AiF), A2 = (AT, A2', AF) + »

-+ Av=(AT, A, AF)be n Jp neutrosophic Af subgroups
over a finite group ®. Then AiNA2N - + - NAx is a Jp
neutrosophic Af subgroup over a finite group R.

Proof. AA N A2N-+ =+ +N Ais a jp neutrosophic Af
subgroup over a finite group R if it is enough to prove by
previous theorem.

Jp(xoteANAN + -
AV (@EAINAN: -

“NA)— (KEANAN: + = N
+ N An) forall x, o € R.

(i) Joxgte ATNAZTN + + - N AT
S LTeATNAN - + « NAM)and (kg t€AL™N
AN - NAT)

S ((KEATNATN + + * NATV (0 €ATNATN
s NAM)and (k€ AITN AN - - = NAT) V(€A
AN+ -+ NAT)
S(keATNATN+ « + NANand (x € AN AN
NANV (0 €A™N AN « « ~NATand (o €
ATNATN - -+ NAT))

—(k€EATMAN - + *NATV (c€AITN AN

- NA)
(i) JpxkotEAINAIN + + - NA
—>xoTeEANAN: « + NAl)and kot € AN
AN s - - N A

- ((xeANAIN - + - NANV (0 €A'NAIN -
s NAM)and (ke AN AN+ - - NANV(ge AN AN
- NAY))
—(k€A'NAIN -+ + - N A and (x € A1'N A2'N
N AN Vv (o € AN AN N A" and (o €
Al'NAN - - - NARY)

—(xkeA'NAIN - -

- NAY))

“NAY V (EAIN AN -

(iii) Jp((x € AFN AN - -
N AnF))

— (k€ AN and (k€ AP)and - - - and (x € A"))
A((c €A and (g € AN)and - - - and (o € A)

— ((x € A1F) A (0 € ArF)) and ((x € A2F) A (o € A2D))
and - - - and ((x € Ai") A (Q € AF))

— (ko € AfF) and (xo* € A) and - - -and
(KQilE AnF)

— (koTEAFN AN+ « + NAF)
Therefore, A1 N A2 N+ + + N Anis a jp neutrosophic Af
subgroup over a finite group ‘R.

* N AF) A (0 € AlFN AFN

Definition 3.6 An Jp neutrosophic Af subgroup A = (AT, Al,
AF) of R is called a jp neutrosophic Ar normal subgroup
over a finite group R if

Jp(xo € A) — (ox € A) forall x, o € R

ie,

Jp(xo € AT) — (ox € AT)

Jp(xe € A) — (ox € A')

Jp(xe € AF) — (ox € AF)

Theorem 3.7 Let A = (AT, Al, AF) of R be a Jp neutrosophic Ap
normal subgroup over a finite group R. Then the following
conditions are equivalent.

(i) Jp(xo € A) — (ox € A) for all k, 0 € R

(i) Jp(xoxt € A) > (o € A) forall x, o € R

Proof. Letk, o € R
To prove: (i) = (ii)
Assume that: Jp(xo € A) — (o € A)
ie.,
Jp(o € AT) — (ox € AT)
Jp(xg € A) — (ox € A')
Jp(xo € A7) — (ox € AY)
To prove: Jp (xox* € A) — (0 € A) for all k, 0 € R
ie.,
Jp(xoxt € AT) — (o € AT) for all k, 0 € R
Jp(xoxt € A) - (0 € Al for all k, o € R
Jp(o € AF) - (xoxt € AF) for all k, o € R
(i) Jp(xox™ € AT) — (xo(x?) € AT)
— (k" 'xo € AT) by using (i)
— (0 €A
Therefore, Jp(xox* € AT) — (o € AT)
(i) Jp(xox™ € A') — (xo(x™) € A')
— (x kg € A") by using (i)
—(e€eA)
Therefore, Jp(xox* € A') — (o € A)
(i) Jp(o € AF) > (x'xo € AF) by using (i)
— (koK ! € AF)
Therefore, Jp(o € AF) > (koxt € AF)
Letx,0 €R
To prove: (ii) = (i)
Assume that: Jp(xox* € A) — (o € A) forall x, o € R
ie.,
Jp(xoxt € AT) — (g € AT) for all x, o € R
Jp(xoxt € AY) — (o € Al for all k, o € R
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Jp(o € AF) — (ko t € AF) for all k, o € R
To prove: Jp(xo € A) — (oK € A)
ie.,
Jp(xg € AT) — (x € AT)
Jp(xe € A') — (ox € A')
Jp(xo € AF) — (ox € AF)
(i) Jp(xe € AT) — ((xo)(xx %) € AT)
— (k(r)x ' € AT)
— (o € AT) by using (ii)
Therefore, Jp(xo € AT) — (ok € AT)
(i) Jp(xe € A') — ((ko)(xx}) € A')
— (k(er)x ' € A')
— (ox € A" by using(ii)
Therefore, Jp(xo € A') — (ox € A')
(iii) Jp(xg € AF) — (< Hxg)(x 1) T € AF)
— (K {(x)x € AY)
— (k 'k(oK) € AF)
— (oK € AF) by using (ii)
Therefore, Jp(xo € AF) — (ox € AF)

Theorem 3.8 Let A= (A1, A1, AiF), Ax= (AT, A, ASF)

-+ A= (AT, Al, Ay be n Jp neutrosophic Af
subgroups over a finite group R. Then AstNA2N + « - Anisa
jp neutrosophic Ar normal subgroup over a finite group ‘R.

Proof. By theorem 3.5, AtNA2N « + + NAn is a jp
neutrosophic  Af subgroup over a finite group R. Then
JpeeAtNAN + « + NA)— (ko €ALN

AN+ s s NAY
ie.,

Jplee ATN AN + = + NAM) — (kox € AN
AN - - NAT)

Jpee A NAIN « + « NAN)— (kox € Al N
AdN s s s A

Jpxoxt € AFNAFN -« + - NAF) — (o € AN
AN - - - NAF

So, by the definition of the intersection,
Jplee ATN AN + + - NAT)

—(@eeAMand (ge AN and + - - and (g € A)

— (kox ' € A1) and (xox ! € A"y and - - - and
(xox* € An")

- xerteEATN AN + - NA)
Jploe AN AN - - - NA

—(e€A)and (e A2)and + - - and (o € Ar)

— (ko ! € Ar') and (xox! € A2) and - - - and
(xox! € An')

- (kexte AN AN e - -
Jp (xoxt € AFFNAFN - -+ NAF)

— (ko ! € AsF) and (xox! € AF)and - - - and
(xox 1€ AnF)

— (@€ AHand (ge AF)and - -

—(QEAM AN - - - NAF

By theorem 3.7, AtNA2N - « NAnis a
jp neutrosophic Ar normal subgroup over a finite group R.

N AW

- and (o € AY)

4. Conclusions

Neutrosophic set is very interesting to study and
research because neutrosophic sets are used in different areas
such as computer systems, computer technology, and decision-
making tools. Not only that, but they are also used in
developing nevtrosophic relational databases, neutrosophic

images, and e - learning. In this work, the definition of a jp

neutrosophic A subgroup over a finite group and a jp
neutrosophic A normal subgroup over a finite group has been
provided. Along these, we have reported on the fundamental
characteristics of the 7, p neutrosophic Ar subgroup over a finite

group and the jp neutrosophic Af normal subgroup over a
finite group. This theory can be applied to optimize the
MANET by reducing the significant issues.

References

Broumi, S., Singh, P. K., Talea, M., Bakali, A., Smarandache,
F., & Venkateswara Rao, V. (2019). Single-valued
neutrosophic techniques for analysis of WIFI
connection. In Ezziyyani, M. (Ed.), Advances in
Intelligent Systems and Computing, Volume 915,
Cham, Switzerland: Springer. Retrieved from
https://doi.org/10.1007/978-3-030-11928-7_36

Cetkin, V., & Aygin, H. (2015). An approach to neutrosophic
subgroup and its fundamental properties. Journal
of Intelligent and Fuzzy Systems, 29(5), 1941-1947.
doi:10.3233/IFS-151672

Elhassouny, A., Idbrahim, S., & Smarandache, F. (2019).
Machine learning in neutrosophic environment: A
survey. Infinite Study. Retrieved from http://fs.un
m.edu/neut/MachineLearningInNeutrosophic.pdf

Jency, J. M., & Arockiarani, I. (2016). Fuzzy neutrosophic sub
groupoids. Asian Journal of Applied Sciences,
4(01). Retrieved from https://ajouronline.com/
index.php/AJAS/article/view/3552/1921

Mondal, K., Pramanik, S., & Giri, B. C. (2016). Role of
neutrosophic logic in data mining. New Trends in
Neutrosophic Theory and Application, Pons
Editions, Brussels, 15-23. Retrieved from https:/
vixra.org/pdf/1612.0118v1.pdf

Rosenfeld, A. (1971). Fuzzy groups. Journal of Mathematical
Analysis and  Applications, 35(3), 512-517.
Retrieved from https://doi.org/10.1016/0022-247X
(71)90199-5

Salama, A. A., El-Ghareeb, H. A., Manie, A. M., &
Smarandache, F. (2014). Introduction to develop
some software programs for dealing with neutron
sophic sets. Infinite Study. doi:10.6084/M9.FIG
SHARE.1502551

Salama, A. A., Smarandache, F., & Eisa, M. (2014).
Introduction to image processing via neutrosophic
techniques. Infinite Study. doi:10.5281/zenodo.301
98

Salama, A. A., Haitham, A., Manie, A., & Lotfy, M. (2014).
Utilizing neutrosophic set in social network
analysis e-learning systems. International Journal
of Information Science and Intelligent System, 3(2),
61-72. Retrieved from http://fs.unm.edu/SN/
Neutro-UtilizingNeutrosophicSet.pdf



590 V. Dhanya et al. / Songklanakarin J. Sci. Technol. 45 (5), 585-590, 2023

Selvarathi, M., & Spinneli, M. A. J. (2015). Implication-based
fuzzy normal subgroup of a finite group.
International Journal of Applied Engineering
Research, 10(80), 5-8.

Selvarathi, M., & Spinneli, J. M. A. (2018). Implication-based
intuitionistic anti-fuzzy subgroup of a finite group.
Notes on Intuitionistic Fuzzy Sets, 24(1), 60-69.
d0i:10.7546/nifs.2018.24.1.60-69

Smarandache, F. (1999). A unifying field in logics: Neutro
sophic logic. In philosophy (pp. 1-141). American

Research Press. Retrieved from https://arxiv.org/
pdf/math/0101228

Mingsheng, Y. (1991). A new approach for fuzzy topology

Yuan, X.,

(). Fuzzy Sets and Systems, 39, 302-321. Retrieved
from https://doi.org/10.1016/0165-0114(91)90100 -
5

Zhang, C., & Ren, Y. (2003). Generalized fuzzy
groups and many-valued implications. Fuzzy sets
and Systems, 138(1), 205-211. Retrieved from
https://doi.org/10.1016/S0165-0114(02)00443-8



