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Abstract

Studying neutroalgebra is becoming one of the most important topic of great interest for
many researchers around the world, where neutron-subgroup, neutro BL-algebra, antialgebra,
quadripartitioned single-valued neutro algebra, single-valued neutrosophic polygroup and
others have been defined. This is why, the objective of this work is to use the notions of
quadripartitioned single-valued neutrosophic set, polygroup and single-valued neutrosophic set
to define the concept of quadripartitioned single-valued neutrosophic polygroup. Furthermore,
we show some of its properties and prove the relation between level sets of quadripartitioned
single valued neutrosophic polygroups and subpolygroups
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1. Introduction:

Neutrosophy is a new branch of philosophy which was introduced by (Smarandache, 2002)
which has been of great interesting of researchers who study different topics (applied or pure
science) and it studies the origin, nature and scope of neutralities, as well as their interactions
with different ideational spectra: (B) is an idea, proposition, theory, event, concept or entity; anti
(B) is the opposite of (B); and (neut-B) means neither (B) nor anti (B), i.e. neutrality between the
two extremes (Bal eta I., 2018).

Many papers have been done for many researchers related to neutroalgebra. A
neutroalgebra is an algebra which has at least one neutrooperation or one neutroaxiom
(axiom that is true for some elements, indeterminate for other elements, and false for the other
elements) (Smarandache, 2020).

With a view to device a practical tool for inference, Belnap (1977) introduced the notion
of a four valued logic. In his work, corresponding to a certain information he considered four
possibilities namely T: True, F: False, none: neither true nor false and both: both true and false.
He symbolized these four truth values as (T, F, both, none}, for more notions derived from this
paper, we refer the reader to (Das, et al., 2021; Mohanasundari and Mohana, 2020).

In this work, we carry out the notion of quadripartitioned single-valued neutrosophic
polygroup which is an extension of the paper presented by (Al-Tahan, 2020). Besides, we show
some properties on quadripartitioned single-valued neutrosophic polygroup.

2. Preliminaries:

In this section, we recall some well-known notions which are of our interested for the
development of this work.

Definition 2.1. Let Y be a space of points (objects), with a generic element in Y denoted by v.
A quadripartitioned neutrosophic set B in Y is characterized by a truth-membership function
T, a contradiction membership function G an ignorance membership function I, and a falsity
membership function Fg. T,(y), Cgly) 15y) and Fg(y) are real standard or non-standard subsets of
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10—, 1+[. There is no restriction on the sum of T,(y), C4(y) ly(y) and F(y), thus O~ <sup T,(y)+sup
Cely)

+sup I(y) +sup F(y) <4+ (Chatterjee et al., 2016).

Example 2.2. Consider that Y= {w,y,z}, w is knowledge, x is wrong knowledge y is more
and less knowledge and z is bad knowledge. The values of w,x,y, and z are in [0,1]. They are
obtained from the questionnaire about general culture, their option could be a degree of “good
knowledge”, a degree of contradiction, a degree of ignorance or a degree of “poor knowledge”.
B is a quadripartitioned single valued neutrosophic set of Y defined by

B=<0.3,0.1,0.5,0.7>/w +<0.4,0.2,0.1,0.6>/x+<0.5,0.2,0.8,0.1>/y+ <0.7, 0.9,0.1,0.3>/z

AndDisaquadripartitioned single-valued neutrosophic set of Y defined by D=<0.4,0.3,0.1,0.8>/w
+<0.5,0.3,0.6,0.1>/x+<0.9,0.1,0.5,0.3>/y+ <0.3, 0.1,0.8,0.5>/z

Definition 2.3. Let Y be a space of points (objects),with a generic element of Y denoted by y. A
quadripartitioned single-valued neutrosophic set (QSVNS) B in Y is characterized by T, C; |,
and F. For each pointy in'Y, and T, C Fg €[0,1] (Chatterjee et al., 2016).

B, IB’

Definition 2.4. The complement of a quadripartitioned single-valued neutrosophic set B is
denoted by C(B) and is defined by

L Toe=Fo),
IL Cqgy)=1-CBly),
L | g (y)=1-1B(y),

IV. Fog=T4).

Forally in'Y (Chatterjee et al., 2016).

Example 2.5. Let B be the quadripartitioned single-valued neutrosophic set present in Example
2.2. Then

CB) = B=<0.7,0.9,0.5,0.3>/w +<0.6,0.8,0.9,0.4>/x+<0.1,0.8,0.2,0.5>/y+ <0.3,
0.1,0.9,0.7>/z
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Definition 2.6. A quadripartitioned single-valued neutrosophic set B is contained in the other
quadripartitioned single-valued neutrosophic set D, BED, if

L T,y)<TD(y)
IL.  Cly) <CDty)
III. 1,(y)> ID(y)
IV. F ()= FD(y)
For all y in Y (Chatterjee et al., 2016).

Definition 2.7. The union of two quadripartitioned single-valued neutrosophic sets B and
D is a quadripartitioned single-valued neutrosophic set E, written as E=BuUD, whose truth,
contradiction, ignorance and falsity-membership functions are given by,

L Tdy)=max(Ty),T,y),
IL Cily)=max(Cy(y),Cyy)),
IL1e(y)=min(lg(y). |Hv),

IV. Fy)=min(F4y),Foy).

For ally in'Y (Chatterjee et al., 2016).

Definition 2.8. The intersection of two quadripartitioned single-valued neutrosophic sets B and
D is a quadripartitioned single-valued neutrosophic set E, written as E=BND, whose truth,
contradiction, ignorance and falsity-membership functions are given by,

L Toy)=min(T,(y), T,V),
IL Cly)=min(Cy(y),Co ),
HL - 1ely)=max(lg(y).15¥),
IV, Fy)=max(Fg(y),Foy)).
For all Y in y (Chatterjee et al., 2016).

Example 2.9. Let B and D be the quadripartitioned single-valued neutrosophic sets present in
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Example 2.2. Then
BND=<0.3,0.1,0.5,0.8>/w + <0.4,0.2,0.6,0.6>/x + <0.5,0.1,0.8,0.3>/y+ >0.3,0.1,0.8,0.5>/z
And

B uD=<0.4,0.3,0.1,0.7>/w + <0.5,0.3,0.1,01>/x + <0.9,0.2,0.5,0.1>/y+ >0.7,0.9,0.1,0.3>/z

Next, we show the notion of polygroup and some of its basics properties (Comer, 1984; Davvaz
et al., 2015, Davvaz et al., 2013).

Definition 2.10. Let M be a non-empty set and PO(M) be the collection of all non-empty subsets
of M. “°” is defined as follows:

° MxM — P°(M)
(@w)— g°w

Then, “°” is said to be a hyperoperation and (M,°) is called a hypergrupoid.

Definition 2.11. Let (M,°) be a hypergrupoid. Then, (M,°) is a polygroup if the following statements
are satisfied for all x,y,z in M.

L x°(y°2)=(x°y)°z,
II. There exists e in M with e°x=x°e=x, for all x in M,

III. xey°zimpliesy € x°ztand z€ y1°x.

Remark 2.12. Weak polygroups are generalization of polygroups and they are defined in the
same way as polygroups but instead of (I) in Definition 2.11, we have x°(y°z) N (xX°y)°z = @.
Besides, in weak polygroup M, (x 1)1 = 1 for all x in M.

Remark 2.13. Al-Tahan (2020) mentioned that every group is a weak polygroup, but converse
is not always true. (See Example 3.1 in (Al-Tahan, 2020)).

Example 2.14. Let M={g,b,c,d}. Then (M,,°) defined in Table 1, it is a weak polygroup with e
serving as an identity. Furthermore, it is not a polygroup.

8 | Anales 42,2025.pp.1-16
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° e b c d
e e b c d
b b {e,b} d c
o} o} d {e,c} b
d d c b {e.d}

Table 1. Weak poligroup (M,,°) (Davvaz,2013).

Definition 2.15. Let (M,°) be a polygroup. A subset R of M is subpolygroup of M if (R,°) is a
polygroup.

Proposition 2.16. Let (M,°) be a polygroup. A subset R of M is subpolygroup of M if a°b € R
and

atleRforalla beR.

Definition 2.17. Let (P,°) be a polygroup. A subset subpolygroup R of M is a normal subpolygroup
of Mif a*®M°a € M for all a € M.

3. Quadripartitioned single-valued neutrosophic polygroup

In this section, we introduce the notion of quadripartitioned single-valued neutrosophic
polygroups and study some of its properties. Additionally, we define level sets of quadripartitioned
single valued neutrosophic polygroups and relate them to normal subpolygroups.

Definition 3.1. Let (M,°) be a weak polygroup and B be a quadripartitioned single-valued
neutrosophic set over M. Then, B is said to be a quadripartitioned single-valued neutrosophic
polygroup (QSVNP) over M (quadripartitioned single-valued neutrosophic weak polygroup
(QSVNWP) over M) if for all a,b in M, the following statements hold:

V. T,d) = min{ TB(), T,(0)}, C
Fs(d)

(d) > min{ CB(a), C,(o)}, 1,(d) < max{IB(a), (o)} and

B B

< max{ FB(a), F,(b)} for all ¢ in a°b.
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VL. T/(a?>TB(@a), C,(a?) >CB(a), |(a™) <IB(a) and F (a"!) <FB(a).

Example 3.2. Let (M,,°) be a polygroup defines below:

° 0 1
0 0 1
1 1 M,={0,1}

Where O serves as an identity. Then, B=<0.3,0.5,0.5,0.7>/0 +<0.4,0.2,0.4,0.6>/1 is a
quadripartitioned single-valued neutrosophic polygroup over M..

Remark 3.3. All the theorems and results present in this work that are valid for quadripartitioned
single-valued neutrosophic polygroup are also valid for quadripartitioned single-valued
neutrosophic weak polygroup. Thus, we restrict our results to quadripartitioned single-valued
neutrosophic polygroup.

Proposition 3.4. Let (M,°) be a polygroup and B be a quadripartitioned single-valued
neutrosophic polygroup over M. Then, the following statements hold for all ye M:

L Tgy =T, Coyr )= Coly), Iy )= lyly) and F (v )= Fg(y),
I T,e) > TB(y), Cye) = CBly), I (e) <IBly) and F,(e) < FB(y) where e is the identity in M.

Proof. Let yeM, then

L. By Definition 3.1, T,(y™*) 2 TB(y), C,(y™) = CB(y), I,(y~*) < IB(y) and F(y™) < FB(y), and
taking (y~*)* = y implies that T,(y™*) <TB(y), C,(y™) < CBy), I,y > IB(y) and F (y™)
> FB(y). Therefore, T (y )= Toy), C,or™")= Cgly), 1, ")= l5ly) and F (y )= F ().

II. Since e€ y°y, it follows by Definition 3.1 part () that T(e) >min{TB(y), T,y )}=TV),
Cgle)

>min{CB(y), Ca(y N=Cgly), Is(€) <max{IB(y),l;(y ")}=l;(y) and F(e)

<max{FB(y),Foy )}=Fy(y).

10 | Anales 42, 2025. pp.1-16
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Example 3.5. Let (M,, °) be the polygroup defined below.

° e q w r

e e q w r

q q e w r

w w w {e.ar {w.r}
r r r {w,r} {e.qw}

Then b =<0.1,0.5,0.5,0.8>/e + <0.6,0.7,0.2,0.4>/x +<0.4,0.7,0.8,0.1>/y+<0.1,0.5,0.6,0.9>/z
is not a

quadripartitioned single-valued neutrosophic polygroup over M, as T(e) >TB(x) does not hold.

Proposition 3.6. Let (M,°) be a polygroup, B be a quadripartitioned single-valued neutrosophic
setover M, and B™* = { <T ("), C,y"), Iy, Fyr1)>: ye M}. If B is a quadripartitioned

single-valued neutrosophic polygroup over. Then, B~ = B.
Proof. The proof follows from Proposition 3.4.

Proposition 3.7. Let (M,°) be a polygroup and t,,t,,t,,t, be numbers in the unit interval [0, 1]. If
B:

<ttt t>/y: y € PM}. Then, B is a quadripartitioned single-valued neutrosophic polygroup

0'"1°72?
over M.

Proof. The proof follows from Propositions 3.4 and 3.6.

Remark 3.7. The quadripartitioned single-valued neutrosophic polygroup present in Proposition
3.6 is said to be the constant quadripartitioned single-valued neutrosophic polygroup.

Theorem 3.8. Let (M,°) be a polygroup and B be a quadripartitioned single-valued neutrosophic
set over M. Then, B and C(B) are quadripartitioned single-valued neutrosophic sets over M if
and only if B is the constant quadripartitioned single-valued neutrosophic polygroup.

Proof. Let B and C(B) be quadripartitioned single-valued neutrosophic polygroup. Then, for all
yin M, we get

Anales 42, 2025.pp.1- 16 | T
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TB(e) > TB(y), C,le) > Cyly), I(e) < Iy) and FB(e) < FBYy),

I FB(e)>F(y), 1-Cye) > 1-Cyly), 1-,(e) < 1-L(y) and TB(e) < TB(y).

These imply that T (e)=T,(y), C4e)=C,(y), l(e)=1,y) and F(e)=F(y). Therefore, B is the constant
quadripartitioned single-valued neutrosophic polygroup. If B is the constant quadripartitioned
single-valued neutrosophic polygroup over M, then C(B) is also the constant quadripartitioned

single valued neutrosophic polygroup over M.

Definition 3.9. Let (M,°) be a polygroup and B be a quadripartitioned single-valued neutrosophic
set over M. Then B is called a quadripartitioned anti-single-valued neutrosophic polygroup
(QASVNP) over M if for all g, w € M, the following conditions are satisfied.

L TB() < max{TB(q), TBW)}, Cylr) < max {Cy(a), Cow}, () > min{l(q), l,w)} and FB()

7B
>

min{FB(q), FB(w)} for all r eg*w,

Il TB(g™) < TB(9), Cylq) < Cy(a), I5(q) = I5(q) and FB(q) > FB().

Theorem 3.10. Let (M,°) be a polygroup and B be a quadripartitioned single-valued neutrosophic
set over M. Then, B is a quadripartitioned single-valued neutrosophic polygroup over M if and
only if C(B) is a quadripartitioned anti-single-valued neutrosophic polygroup over M.

Proof. Let B be a quadripartitioned single-valued neutrosophic polygroup. By Theorem 4.2 of
(Al-Tahan, 2020) asserts that T, I, and C, are fuzzy polygroups over M and F is an anti-fuzzy

polygroup over M. So, we have now that T, =Fg, I,5=1-l; and C,g=1-Cy are anti-fuzzy
polygroups over M and FC(B)=TB is a fuzzy polygroup over M. Therefore, this completes the
proof. Similarly, it can be proved that C(B) is a quadripartitioned anti-single-valued neutrosophic
polygroup over M. Hence, B is a quadripartitioned single-valued neutrosophic polygroup.

Next, we define level sets of quadripartitioned single-valued neutrosophic polygroups and relate
them to subpolygroups.

Definition 3.11. Let Y be any set, t=(t, t,,t,,t,) where O < t1,t,t,<1 and O< t,<1, and B be a
quadripartitioned single-valued neutrosophic set over Y. Then, B={yeY:T(y) >t1, C, >t2, |, <t

Fg <t} is called a t-level set of B.

12 | Anales 42, 2025.pp.1-16
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Theorem 3.12. Let B be a quadripartitioned single-valued neutrosophic polygroup over M and
a,be

B, = @. For all ¢ € a ° b, we have TB(c) > min {TB(a), TB(b)} > t1, C,(c) > min {C(a), C,(0)} >
t2, 1,(c) < max

{Is@), 1;(0)} <t3 and FB(c) < max {FB(a), FB(b)} < t4. Thus, a ° b € B,. Furthermore, having
TB(a™?) >

TB(a) > t1, Cyla™) = Cy(a) > t2, I(a™) < |,(@) < t3 and Fy(a™) < F(@) < t4 implies that a™ € B..
Thus, B, is a subpolygroup of M.

Conversely, let B @ be a subpolygroup of M and a, b € M. Set t, = min {TB(a), TB(b)}, t, = min
{Cyla), Cyb)}, t, = max {I(a),5(b)} and t, = min {F(a), F ()}, and t = (t1, t2, t3 , t,). Since B, is
a subpolygroup of B, it follows that a ° b € B, and a™* € B,. The latter implies that for all ¢ € a
°b, TB(C) = t1 =min

{TB(@), TB(b)}, C4(c) = t2 = min {C,(@),Cyb)}, 15(c) < t3 = max {l,(@), I5(0)} and F,(c) < t4 = max
{Fg(@), F4(b)}. Moreover, we have TB(a™) > t1 = TB(a), C,(a™) 2t2 = C(a), I (a™) <t3 = | ,(a) and
Fela™) <t4 = F(a). Therefore, B is a quadripartitioned single-valued neutrosophic polygroup

over M.

Example 3.13. Let M, = {0, 1} and (M,,°)oe the polygroup defined in Example 3.2. Then the
constant quadripartitioned single-valued neutrosophic polygroup and B = (t,, t,, t,, t,)/1 + {t'1,
t'2, t'3, '4)/0 where t1 < t'1, t2 < t'2, t,<t’3 and t4 > t'4 are the only quadripartitioned single-
valued neutrosophic polygroup over M..

Theorem 3.14. Let (M,°) be a polygroup. Then every subpolygroup of M is a level set of a
quadripartitioned single-valued neutrosophic polygroup over M.

Proof. Let W be a subpolygroup of M and t=(a,b c,d) where O< a,b,c<1 and 0<d<1. Define the
quadripartitioned single-valued neutrosophic set over M as follows:

By { (@a,b,c,d), ifyew,

(0,0,0,1), otherwise.

Anales 42, 2025. pp.1- 16 | 13
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Let t'=(a’,b’,c’,d’). Then,
w, ifa>a,b>b,c>candd<d'
B ={M, ifa=0,b=0,c=0and d =1, is either @ or asubpolygroup of M
0, Otherwise.

By Theorem 3.12, we have that B is a quadripartitioned single-valued neutrosophic polygroup
over M.

Definition 3.15. Let (M,°) be a polygroup and b be a quadripartitioned single-valued neutrosophic
polygroup over M. Then, B is said to be a normal quadripartitioned single-valued neutrosophic
polygroup over M if B(w) = Aw’) foralwe x°y, z' € y ° x.

Example 3.16. Let (M,°) be a polygroup and B be a quadripartitioned single-valued neutrosophic
polygroup over M. Then, the constant quadripartitioned single-valued neutrosophic polygroup
is a normal quadripartitioned single-valued neutrosophic polygroup over M.

Theorem 3.17. Let (M,°) be a polygroup and B is a quadripartitioned single-valued neutrosophic
set over M. Then, B is a normal quadripartitioned single-valued polygroup over M, if and only if,
B, # @ is a normal subpolygroup of M for every t = (a, b, ¢, d) where0<a,b,c<1and0<d <1,

Proof. Let B be a normal quadripartitioned single-valued polygroup over M and g, w € B, = @.
By Theorem 3.12, we assert that B, = @ is a subpolygroup of M. Let g € M. We need to show
that g ° B,

°qEB,. Leteeq™°B,°qg. Then, there exists win B, such thate € g °w °gand hencee € q*
°swhere s € w° q. The latter implies that w € s © g1. And since B is a normal quadripartitioned
single-valued polygroup over M, it follows that B(e) = B(w). Thus, e € B..

Conversely, let B, # @ be a normal subpolygroup of M. By Theorem 3.12, we assert that B is a
quadripartitioned single-valued polygroup over M. To show that B is a normal quadripartitioned
single-valued polygroup over M, it suffices to show that B(e) = B(e’) foralle e g°w, z2 e w °
g. Lete

€EQq°w, 2z €w?qwith B(e') = t. Having € € w ° g implies that w € z’ ° g~1. The latter implies
that Lete e w ° e’ ° q™*. Since €’ € B, and B, # @ is a normal subpolygroup of M, it follows that
e € B, and hence, B(e) > B(e’) = t. Similarly, we get that B(e') > B(e).

Example 3.18. Let M, = {e, g, w, r} and (M,, ° ) be the polygroup defined in Example 3.5.
Then the constant quadripartitioned single-valued neutrosophic polygroup is the only normal
quadripartitioned single-valued neutrosophic polygroup over M,.

14 | Anales 42,2025.pp.1-16
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Corollary 3.19. Let (M,°) be a polygroup and B be a quadripartitioned single-valued neutrosophic
polygroup over M. Then, B° = {y € M: B(Y) = B(e)} is a subpolygroup of M. Moreover, if B is
a normal quadripartitioned single-valued neutrosophic polygroup over M, then B° is a normal
subpolygroup of M.

Proof. Let t = B(e). Then B, = {y € M: TB(y) > TB(e), C,(y) > Cy(e), C,(y) < Cgle), FB(y) < FB(e)}.
By proposition 4.4 and 3.6, we have that B= {y € M: TB(y) = TB(e), IB(y) = IB(e), C,(y) = Cgle),
FB(y) =

FB(e)} = A°. Therefore, by Theorem 3.12 and Theorem 3.17, we complete the proof.

4. Conclusions

In this work, we have introduced an algebraic hyperstructure of polygroup for the
quadripartitioned single-valued neutrosophic set by defining several hyperalgebraic structures
and some properties were proved. The notions that were defined were namely quadripartitioned
single-valued neutrosophic polygroups and quadripartitioned anti- single-valued neutrosophic
polygroups, the results obtained in this work can be considered as a generalization for the
work related to single-valued neutrosophic polygroups. For future work associated to this work
involve the development of hyperalgebraic for the pentapartitioned or heptapartitioned single-
valued neutrosophic sets.

Funding

This research received no specific grant from any funding agency in the public, commercial, or
not-for-profit sectors.

Conflicts of interest

The authors declare that there is no conflict of interest.

References:

Al-Tahan, M. (2020). Some results on single valued neutrosophic (weak) polygroups. International
Journal of Nuetrosophic Science. 2(1), 38-46.

Bal, M., Shalla, M., & Olgun, N. (2018). Neutrosophic Triplet Cosets and Quotient Groups.
Symmetry, 10(4), 126.

Belnap N.D.(1977). A useful four valued logic, Modern Uses of Multiple Valued Logic, 9-37.

Anales 42, 2025. pp.1- 16 | 15



ON QUADRIPARTITIONED SINGLE-VALUED NEUTROSOPHIC POLYGROUPS

Chatterjee, R., Majumdar, P., & Samanta, S.K. (2016). On some similarity measures and entropy
on quadripartitioned single valued neutrosophic sets. Journal of Intelligent and Fuzzy
Systems, 30, 2475-2485.

Comer, S.D. (1984). Polygroups derived from cogroups. J. Algebra. 89, 397-405.

Das, S., Das R., & Granados, C. (2021). Topology on quadripartitioned neutrosophic sets,
Neutrosophic Sets and Systems, 45, 54-61.

Dawvaz, B., & Cristea, |. (2015). Fuzzy Algebraic Hyperstructures, Studies in Fuzziness and Soft
Computing 321, Springer International Publishing.

Dawvaz, B. (2013). Polygroup Theory and Related Systems, World Scientific Publishing Co. Pte.
Ltd., Hackensack, NJ.

Mohanasundari, M., & Mohana, K. (2020). Quadripartitioned Single valued Neutrosophic Dombi
Weighted Aggregation Operators for Multiple Attribute Decision Making. Neutrosophic
Sets and Systems, 32, 107-122.

Smarandache, F. (2002). Neutrosophy, a new Branch of Philosophy. Infinite Studly.

Smarandache, F. (2020). Neutroalgebra is a generalization of partial algebra. International
Journal of Neutrosophic Science. 2(1), 8-17.

16 | Anales 42,2025. pp.1-16



	Abstract
	1. Introduction:
	2. Preliminaries:
	3. Quadripartitioned single-valued neutrosophic polygroup
	4. Conclusions
	Funding
	Conflicts of interest
	References:

