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Abstract: In real-life structures, indeterminacy is always present. Neuosophic sets theory is a well-
known mathematical tool for dealing with indeterminacy. Smarandache proposed the neutrosophic
set approach. Neutrosophic sets deal with vague data. In this study, we introduced and
investigated several types of p —algebra ideals, which we called neutrosophic p —subalgebra,
complete neutrosophic p —subalgebra, neutrosophic p —ideal, complete neutrosophic p —ideal,
neutrosophic p —ideal, and complete neutrosophic p —ideal, respectively. We also proposed some

hypotheses to explain some of the relationships between these ideal types.
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1. Introduction

Many different problems in our lives, such as engineering and medical sciences, necessitate
uncertainty. Non-classical sets, like fuzzy sets ([19,]-[24]), soft sets ([25]-[31]), and permutation sets
([32]-[37]) are used to solve some problems in decision making. Smarandache [2] investigates
neutrosophic sets as a method for dealing with issues involving unreliable, indeterminate, and
persistent data. Imai & Iseki [6] introduce the concepts of BCK —algebra and BCI —algebra. The
d —algebra was then introduced by Negger & Kim [9] as a generalization of BCK —algebra. In
d —algebra, Negger et al. [8] discussed the ideal theory. In 1965, Zadeh proposed the concept of a
fuzzy set [12]. Following that, Atanassov introduced the intuitionistic fuzzy set [1], which is a
natural generalization of fuzzy set. Jun et al. [7] later applied the intuitionistic fuzzy set concept to
d —algebra. Hasan [4] developed the concept of an intuitionistic fuzzy d —ideal of d —algebra in
2017. After that, Hasan [5] in 2020 introduced the concept of intuitionistic fuzzy d —filter.
Smarandache [3] proposed the concept of a neutrosophic set. Next, some basic properties of this

notion are studied ([13]-[18]). Also, Smarandache and Rezaei studied the neutrosophic triplet of BI-
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algebras[38]. In 2021, some notions of neutrosophic ideals in BCK-algebras are discussed [39].The
p —algebra was first introduced by Khalil and Abud Alradha[10]. In this paper, we define
neutrosophic p —subalgebra, complete neutrosophic p —subalgebra, neutrosophic p —ideal, full
neutrosophic p —ideal, neutrosophic p —ideal, neutrosophic p —ideal, and complete neutrosophic

p —ideal of p —algebra, and investigate the relationship between these types.

2. Preliminaries and Some Results.
Here, we will recall basic ideas and results that are necessary in this research.

Definition 2.1.[10] A p-algebra is a non-empty set U with a constant 0 and a binary operation “¢
satisfying the following axioms:

Mada=0,

(2)0¢a=0,

B)a$B=0=¢ aimplythata=p,

(4) Forall « # B €U —{0}implythata ¢ f=FFa + 0.

Definition 2.2. [10] A non-empty subset Y of a p-algebra (U, §, 0) is called p- subalgebra of U if «
¢peYforanya, B EY.

Definition 2.3.[10] A non- empty subset Y of a p-algebra U is called an p- ideal of U if satisfies:
MDa,p EY =aff €Y,

Qa¢p EYELEY=a€EY.

Remark 2.4[10]. If Y is any a p- Ideal, then it is easy to show that ¥ is p- subalgebra. However, the
convers maybe not true.

Definition2.5.[10] A non- empty subset Y of a p-algebra U is called an p- ideal of U if satisfies:
(1)oey,

RQaeY&BEVU=afPBEY.

Proposition 2.6. [10] Let @ # Y € U where U is p-algebra. Then Y is a p- subalgebra of U if itis p-
Ideal.

Definition 2.7. [2] A Neutrosophic set V' (briefly, NS) over the universal U is defined by

N ={< a, Np(a), N;(a), Ne () >| « € U}, where Np(a), Nj(a), Ng(a): U — [0,1] are maps,

with V; (), V;(a) and Nz (a) are real numbers and their values represent the degree of
membership, indeterminate and non- membership of a to V' respectively.

Definition 2.8 . [2] A complement neutrosophic set NV'¢ over the universal U is defined by
Ne=1-N=1—-{<a Nr(a), N, (a), Ne(a) >| « € U} =

{<a,1-Np(a),1—N(a), 1 —Np(a) >l a €U} ={<a Npc(a), Njc(a), Npc(a) >| a € U}.
Definition 2.9. [2] Let V be (NS) over the universal U and t € [0,1] then the set NV, ={a €
U|Np(a) =2 t, NV (a) < t, Np(a) = t} is called neutrosophic set t-cut, (briefly, NS-t-cut) .

Definition 2.10. [2] Let (U,*,0) be a p-algebra and V ={< a, Ny(a), V;(a), Nz(a) >| a € U} bea
neutrosophic set (NS) of U. We say V' is a neutrosophic p -constant of U if all the maps Ny, NV}, Ny :

U — [0,1] are constant maps.
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3. Neutrosophic p — Subalgebra and Complete Neutrosophic p — Subalgebra:

Definition 3.1.A (NS) V' in U is called a neutrosophic p —subalgebra (briefly, NS —p — SA) of U if
such that:

(i) Mr(a § B) 2 min{Ny (@), Nx(B)),

(ii) My(a § B) < maxiN;(@), M;(B)),

(iii) Mp(a § B ) = min{Np(a),Ny(B)}, for any a, 5 € U.

Example 3.2. Assume U ={0,1,2,3} is a set and ¢ is defined by table (1). So, we get (U, § ,0) is a p-
algebra, We define a (NS) V' in U as follows:

Nr =(0.g 0.11 02.4 54)']“’:(0.% oé 0?3 03.3)'NF=(0.2 0.12 02.2 (;3.2)

Hence, IV is (NS —p — SA4).

¢ 0 1 2 3
0 0 0 0 0
1 1 0 1 2
2 2 1 0 2
3 3 2 2 0

Table (1) ,V is (NS —p — SA)

Lemma 3.3. Let V" be (NS —p — SA) of U then:

(1) Np(0) 2 Ny (), (ii) V; (0) S Nj(a), (iil) Ny (0) 2 Np(a), for any a € U.

Proof: Let V be (NS —p — SA) then

(i) N7 (0) = Np(a § a ) 2 min{Ny (@), Np(a))= Np(a).

(ii) (0 )= Ny(a § @) Smax{N;(a), N;(a)}= N, ().

(iii) V7 (0) = Np(a § @) = min{Np(a),Np(a)}= N ().

Lemma 3.4. Let V" be (NS —p — SA) of U then:

(i) Npe(a ) = Ne(0), (i) Nye (@ ) < N5e(0), (iii) Npe (@) = N pe(0),for any a € U.
Proof: Let V" be (NS —p — SA) , then from lemma (3.3) we obtain: N7(0 ) = Ny (), N; (0) <NV (a), Ny
(0) 2 Vi(a), for any a € U. Since, N =1 — N, thus

Nre(a)=1—Np(a) 21— Np(0) =Nr<(0),

Nie(@)=1=N(a) <1=N;(0) =Ne(0),

Npe (@) =1 —=Np(a) = 1 — Np(0 )= Npc(0), This completes proof.

Proposition 3.5: Let V be (NS) of p — algebra (U, ¢ ,0), then V' is (NS — p — SA) if
itis V ={< a, Ny (a) = N7 (0), NV, (a) = N;(0), Ne(a) = N(0) >| @ € U}.
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Proof: Let V be (NS ) and Ny (a) = N (0), NV (a) = N;(0), Nz () = Np(0), for any a€ V. Now, Let
@, €U, then Ny(a § B ) = Ny (0)=min{Ny(0), Ny (0))=min{N; (@), Ny(B)), thus Ny(a § B)
>min{Ny (@), No(B)}, Ny(a § B) =N;(0) = max{N;(0), N;(0)}= max{N;(a), M;(B)},

thus NVy(a § B ) <max{N;(a), N;(B)},

Ne(@ § B) =Np(0)=min{INz(0), Nz (0)}= min{Np(a), Nx(B)}, thus Np(a § B ) 2 min{Np(a) Np(B)).
Hence N is (NS — p — SA).

Proposition 3.6. Let V' be (NS) of p — algebra (U, ¢ ,0),then NV°¢is(NS — p — SA).

N ={<aNpc(a) =Nzc(0),Nic(a) =N;c(0), Npec(0) = Npe(0) >l €V}

Proof: Let V¢ = {< a, Nyc(a@) = N7c(0), Njc(a) = Njc(0), N pc(0) = Npe(0) >l « € U}and let a, B
€ U, then Nyc(@ § B ) = N7e(0) = min{N1c(0), N7e(0)} = min{N re(@), Nre(B)), thus Nye(a ¢ )
>min{N pe(@), Npe(B)), Ne(a B ) = Ne(0) = max{N;c(0), N;c(0)} = max{Nc(a), N(B)}, thus
Ne(@ $B ) < max{Vie(@), Nie(B)), Nec(@ $B ) = Npe(0) = min{Vpe(0)Npe(0)) =
min{N pe(a),Npe(B)}, thus Nee(a § B ) =min{N pe(a),N ze(B)}. Hence N€¢ is (NS — p — SA).
Definition 3.7. Let V" be (NS) of p — algebra (U, ¢ ,0), then K(IV') = {a € U|N;(a) = N3 (0),N;(a) =
N;(0) and Ng(a) = Ng(0)} is a subset of U and it is called neutrosophic p —kernel of NV over U.
Example 3.8.Let U={aq, b, ¢, d } and define f on the set U as table (2). Then (U, §, a) is a p-algebra,
we define a (NS) V' in U as follows:

NT=(0.§1 (l)).z oc.s 3.1)’N‘=(0.;l o.g oc.4 3.1)’

( a b ¢ d _
%01 03 05 01) KON =(@d)

¢ a b c d
a a a a a
b b a b d
c c b a d
d d d d a

Table (2),K(NV) = {a,d}

Proposition 3.9. If V" is (NS — p — SA) of (U, § ,0), then K(IV)isa (p — SA).
Proof: Leta,B € K(W°). Then; Nrc(a) = Npe(B) = N7c(0), Nje(a) = Ne(B) =
Ne(0) and Npe(@) = Npe(B) = Npe(0).
Also Nre(@$ f)=1=Np(a$f) < 1 —min{Ny(a), N7 (B)}
[since Ny (a § B ) = min{N;(a), Ny (B)}].
=max{1l — Np(a),1 - Ny ()}
= max{Nre(a), Nre(B)}
= max{N7¢(0), N7¢(0)}= N7c(0),
Nie@$ B)=1-N(a$ B) = 1—max{¥;(@),V;(B)}since N;(a § B) < max{W;(a), M, ()]
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=min{l — N;(a), 1 — N;(B)}
=min {Ne(a), Ne(B))
= Min{N,¢(0), NV c(0)}= IV,c(0),
Npc(@$ B)=1-Ne(a$ ) <1 —min{Np(a)Np(B))
[since Np(a § B) = min{Np(a) Ny (B)}]-
= max{l — Ng(a),1 — Np(B
= max{N ge(a), N pe(B)}
=max{Npe(0), N pe(0)}= N pe(0),
and from lemma (3.4), W obtain:
Nye@$ B )2 Npe(0), Ny (@ § )< Ne(0), Npe (@ § ) 2Npe (0)
thus N re(a $B ) =N (0), N je(a $B ) =N'1c(0), NV pe(a $B )= Npe(0),
this implies a¢ § € K (V') , hence K (V°) is p —subalgebra.

Proposition 3.10. Let ' be (NS —p — SA) then WV, is p —subalgebra.

Proof: Assume that V'is (NS — p — SA) and a, § € WV}, then

Vr(@ = t, V(@) <t,Np(@) 2t) and (Np(B) 2t,N(B) <t, Np(B) =1). Also, Ne(a §8 ) 2
min{Ny (@), Np(B)} = t, Ny(a § B ) < max{N(@), M(B)) < t, Np(a § B ) 2 min{Np(a) Np(B)} = ¢, this
implies a § B € IV, , hence IV, subalgebra.

Proposition 3.11. Let (U,§,0) be a p-algebra and NV be a (NS) of U. Then IV is (NS — p — SA)if it is
neutrosophic p —constant.

Proof: Assume that IV is constant. Then for all @ € U, Ny (a) = N7(0), NV;(a) = N;(0) and Np(a) =
Nz (0), and so Ny (0)2Ny(a), N;(0)< IV, (a)and Ny(0)> Ny(a). Next, for all @, € U, Np(a § B )=
N7 (0) = min{N7(0), Np(0)) 2 min{Np(@), Nr(B)}, Nia $B )= N0 )= max{N;(0), M(0)} <
max{Ny(a), N;(B)}, Np(a § B )= Np(0 )= min{Np(0),Np(0)} 2 min{Np(a),Nx(B)}, hence N is (NS — p —
SA).

Proposition 3.12. Let " be (NS — p — SA4). Then 0 € IV, if V; # @.

Proof: Assume that V' is (NS — p — S4) and WV; # @ then there is at least @ € V;, also

from Lemma (3.3) and Definition (2.9) we obtain, N;(0 ) = Ny(a) =t, N; (0) < N(a) <t, Ny (0) >
Np(a) > t, this means 0 € V.

Corollary 3.13. If V' neutrosophic p -constant then JV; is p —subalgebra.
Proof: From proposition (3.11) and proposition (3.10).

Definition 3.14. Let N be (NS) in U then it is called a complete neutrosophic p —subalgebra
(briefly, CNS —p — SA) of U if it satisfies the following conditions:

(D) Nr(a § B) < max{Ny (), Nr(B)},

(ii) My(a § B) 2 min{N; (), Ni(B)},

(iii) Mp(a § B ) < max{Np(a),Np(B)}, for any a, 5 € U.
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Example 3.15 .Assume U = {0,1,2,3} is a set and sﬁ is defined by table (3). So, we get (U, é ,0)is a p-
algebra, we define a (NS) V' in U as follows:

Nr =(0.01 0.13 (?.3 )'N’=(096 0.13 (?.3)']‘& 2(00.2 3.4 02.4)

Hence, IV is (NS —p — SA4).

¢ 0 1 2
0 0 0 0
1 1 0 1
2 2 1 0

Table (3),V is (NS —p — SA)

Lemma 3.16. Let V" be (CNS —p — SA) of U then:

(1) N (0) <Ny (), (ii) V; (0) 2 Ny(a), (iil) Nr (0) < Np(a), for any a € U.

Proof: Let V- be (CNS —p — SA) then,

(i) Nr(0) = Np(a § @ ) <max{V; (@), Np(@)l= Ny(a).

(ii) M0 )= Ny(a § a ) = min{; (), N;(@)}=N;(a).

(iil) My (0) = Np(a ¢ @) < max{Np(a),Np(a)}= Ny (a).This completes proof.

Proposition 3.17. If V" is a (CNS —p — SA), then K (V') is p — subalgebra.

Proof: Leta, B € K(NV),then Ny () = Ny (B) = N7 (0), NV, (a) = N;(B) = N;(0) and

Ne(@) = Np(B) = Np(0). Also, Ny (@ § ) < max{Ny(a), Np(B)}= max{Ny(0), Nr(0)}= N7(0), Ny(a
B ) 2 miniN(a), M@= mn{N©0), NO)= N(0), Nea $F ) < max{Ny(a)Np(B)}=
max{N;(0),Nz(0)}= N;(0), and from lemma (3.16) N3(0 ) < Nyp(a@ § B ), N; (0) 2 Ny(a § ), Ny (0) <
Ne(a § B ), thus Np(a § B ) = Np(0), Ny(a § B ) =N;(0) , Np(a B )= Np(0), and @ § B € K(IV)
hence K (V') is p — subalgebra.

Proposition 3.18. Let V' be (NS) then N is (NS — p — SA) if and only if V¢ is (CNS — p — SA).
Proof: Let Vbe (NS — p — SA) then Ny(a § ) = min{Ny (), Nv(B)}, My(a § B) <max{N;(a), N;(B)},
Ne(a § ) >2min{Np(a), Np(B)}, for any a,f €U .

Now, Nre(a § B)=1=Np(a$ B )<1—min{N;(a), Nr(B)}
=max{1l — Ny(a),1 - N (B}
= max{Nrc(a), Nr<(B)},
Nie(@$ B)=1=Ny(a $ )21 - max{¥;(), M(B)} = min{l — N;(a), 1 = N;(B)}
= min{Nc(a), Nc(B)},
Npe(a $ B)=1 = Np(a § B) <1 —min{Np(a), Nx(B)}
=max{1 — Np(a), 1 — Np(8)}
= max{Nge(@), Nre(B)},
Hence V¢ is (CNS — p — SA4).
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Conversely: Let V¢ be (CNS — p — SA) then Nye(a § B ) <max{Nrc(a), Npe(B)}, Nje(a § B ) >
min{Nc(@), Ne(B)}, Npe(a § B ) <max{N pe(a), N ze(B)}, for any @, § € U.
Now, Np(@a $ ) =1—Nye(a $ )21 — max{Nc(a), Nre(B)}
=min{l — Nrc(a),1 — N7<(B)}
= min{Ny(a), Nr(B)},
M(a§p)=1-Ne(@§p)<1—miniNe(a), Ne(p))
=max{l — Nc(a), 1 — N (B)}
= max{N;(a), N;(B)}
Ne(@$B)=1=Npe(@§ B) 21 —max{IVpe(a),Npe(B))
= min{l — Npe(a),1 — N pe(B))
= min{Nz(a), Nz(B)}, Hence V' is (NS — p — SA).
Corollary 3.19.
1- Let ¢ beis (CNS — p — SA) then JV, is p — subalgebra.
2- Let V" be a neutrosophic p -constant then V; is p — subalgebra.
Proof (1): From Proposition (3.18) and Proposition (3.10).
Proof (2): From Proposition (3.11) and Proposition (3.10).

4. Neutrosophic p -Ideal and Complete Neutrosophic p -Ideal:

Definition 4.1. Assume (U,§, 0) is a p-algebra and NV is (NS) of U. We say IV is a neutrosophic p -
ideal of U (briefly, NS —p — I) )if such that:

i) Np(a § B)2min{Ny (), Nr (B)},

i) V; (@ § B) <max (N (@), N;(B)),

iii) V(@ § B ) 2 min{Np(a), Np(B)),

iv) Np(@) 2min{Np(a § B), Nr (B)),

V) Ny(a) Smax{N;(a § B), Ny(B)},

vi) Np(@) 2min{Np( a ¢ ), Nx(B)}, for any a, § € U.

Example 4.2. Let U = { a,y, B, 8 } be a set with the following table (4), it is clear that (U, ¢, @) is a p-
algebra, We define a (NS) V' in U as follows:

P P §
Nr =(0.g 0.[; 0)./7 0.7)’]\6:(02 63.6 0)./6 0.6)'NF:(0.0{6 (f.s o.ys 0.5)

(
(
(
(
(
(

Hence, Vis (NS —p — I).

a a a a a
B B a B Y
Y 14 B a 14
1) 1) y y a
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Table (4): NV is (NS —p — ).
Lemma 4.3: Every (NS —p — I)is (NS —p — SA4).
Proof: Let v be (NS —p — I). Then from Definition (4.1)-[(i),(ii), (iii)], we get V" is (NS —p — SA).
Corollary 4.4.
1- Let V' be (NS —p — I) then XV, is p —subalgebra.
2-Let V" be (NS —p — I) then V' ¢is (CNS —p — SA4).
Proof 1: From Lemma (4.3) and Proposition (3.10).
Proof 2: From Lemma (4.3) and Proposition (3.18).
Lemma 4.5. Let Vbe (NS —p —I) of U. Then;
1) Np(0) 2 Ny (), (if) V; (0 ) S Nj(a), (iil) Ne (0) 2 Np(a),for any a € U.
Proposition 4.6. If V" is (NS —p —I), then K(V') is p — ideal.

Proof: Let N be (NS — p —1I) and leta,B € K(IV),then Ny(a) = Ny (B) = N7 (0), NV, (a) = M (B) =
N;(0) and V(@) = Np(B) = Np(0). Also, Ny(a § B) 2 min{Ny (), Nr(B)} =min{i; (0), N;(0)}=
Nr(0),
Ni(a § B ) <max{iVi(a), Ny(B)} = max{N;(0), N;(0)}=1;(0),
Ne(a § B ) = min{Ny(a),Nx(8)} = min{N:(0),Nz(0)}= Nz(0), and from lemma (4.5) we obtain Ny(0) >
Ne(a$B), N 0) <N(ax $B ), Np (0) 2 Np(a §8 ). Hence, a § € K(IV). Now, assume
that, af B € K(V) & B € K(V) then Np(a § ) = Np(0), Ny(a § B ) = N;(0) , Np(a § B )= NV (0),
and NVp(B ) =N7(0), V;(B)= N;(0), Np(B )= N (0), thus Nrp(a) 2 min{Ny( a § B), Ny (B)}= Nyp(0),
Ni(@) < maxiVi( @ § B), Ny(B)} = N;(0), Np(a) 2 min{Np( a § B), Ny(B)}= Ny (0), and from lemma
(4.5) We obtain N7(0 ) = Ny (a), N; (0 ) = Ny(a), N (0) = Ng(a), thus a € K(NV'), hence K(NV') is p —
ideal.
Proposition 4.7. If NV is (NS —p —I)), then K(V°) is p — ideal.
Proof: Let N be (NS —p —1I) and leta,B € K(WV°), then
Nre(a) = Npe(B) = Nre(0), Nye(a) = Nye(B) = Nye(0) and Npe(a) = Npe(B) = N pe(0).
Also, Npe(@ ¢ f)=1— NT(a ¢ B ) <1 —min{Ny(a), N7 (B)}
=max{1 — Ny(a),1 - N (B}
= max{Nrc(a), Nr<(B)}
= max{N ¢(0), Nc(0)}= N 7c(0),
Ne@$p)=1-N,(a$p) = 1 —max{N;(a), N, (5)}
= min{l — N;(a), 1 - V;(B)}
=min {Ne(a), N'je(B)}
=min{N ;c(0), N';c(0)}= V,c(0),
Nee(@§ B)=1—Np(a $ B)<1—minfNe(a),Ne(B)}
= max{1 — Ng(a),1 — Np(B)}
=max{N pc(a),N pc(a)}= N c(0)}
= max{N pe(0),N pe(0)}= Npe(0)},
and from lemma (3.4),we obtain

NT”(“?f’ﬁ ) 2 N7e(0), Ne (a Fﬁﬁ)SNIC(O)/ Npe (a Sﬁﬁ)ZNFC 0)
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thus Nye(a § B) =N7c(0), Nye(a § B ) =N1c(0), N pe(a § B )= N#<(0),
this implies a¢ § € K (V). Now, let af B, B € K(N°), then Npe(a § B) = N1 (0), Nyc(a § B) =
Nc(0), Npe(a § B) = N e (0).
And N pe(B) = N7e(0), Nje(B) = Nje(0), N pe(B) = N pe(0). Since N is (NS —p — I) then,
Npc(@)=1-Np(a) <1 -min{Ny(a$ ), Ny ()}
= max{l — NT(a ¢ B), 1- NT(B)}
= max{Nre(a § B), Nre(B))
= max{Nrc(0), N7c(0)}=Nrc(0),
Nie(a ) =1-N,(@) = 1 —max{N;(a § B), M (B)}
=min{l =N (a$ B),1-M (B}
=min {NVe(a § B), Ne(B))
=min{N'c(0), N'e(0)}= NV¢(0),
Npe(@) = 1= Np(a) < 1 = min{Np(a § B),Np(B))
= max{l — Np(a § B),1 = Np(B)}
=max{Npe(a § B),N pe(a)l=Npe(0))
= max{N pe(0),N pe(0)}= N pe(0),
and from lemma (3.4),we obtain
Npe(@) 2 Npe(0), Nye (a ) <N ;e(0), Npe (@) 2N pe (0)
thus N pe(@) =N 7¢(0), N je(@) =N 1c (0), N pe(a)= Npe(0),
this implies a € K(IV°), hence K(NV €)is p — ideal.

Proposition 4.8. If N is (NS — p —I), then JV; is p —ideal.

Proof: Assume that N is (NS —p —1) and a, € ,, then Ny(a ¢ B ) > min{Ny(a), Nr(B)} = t, N;(a
¢ B ) < max{Ny(a), My(B)} < t, Ne(a § B ) = min{Np(a),Nx(B)} > t, this implies a ¢ § € IV;. Now,
assume that a¢ f € NV, & f € IV;, and [since N is (NS — p — I)]. We obtain Ny(a) > min{Ny( a § B),
Nr (B)} 2 t, Ni(@) < max(Ny( @ § B), N (B) < t, Np(a) 2 min{Ne( @ § B), Np(B)} 2 ¢, thus a € NV,
hence ; is p —ideal.

Definition4.9. Assume (U,, 0) is a p-algebra and IV is (NS) of U. We say NV is a complete
neutrosophic p -ideal of U (briefly, CNS—p — I) if such that:

(i) Nr(a § B) <max(Ny (@), Ny (B)),

(ii) V; (a § B) 2 min {V;(),N;(B)},

(iii) Vp(a § B ) < max{Np(a), Np(B)),

(iv) Nr(a) Smax{Ny(a § B), Ny (B)),

(v) MVi(@) 2min{;(a § B), NMy(B)),

(vi) Np(@) <max{Np(a § B), Nx(B)}, for any a, B € V.

Example 4.10.Let U={ 0,1,2,3,4 } be a set with the following table (5), it is clear that (U, ¢, 0) is a p-
algebra, We define a (NS) V in U as follows:
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( 01 2 3 4 (01 2 3 4
Nr (0.4 0.5 05 05 0.5 ) % (0.7 03 03 03 03 ). and

01 2 3 4

Ne =( 02 0.4 04 04 0.4 )'Hence'N is (CNS =p = 1).

f 0 1 2 3 4
0 0 0 0 0 0
1 1 0 1 2 4
2 2 1 0 2 2
3 3 2 2 0 3
4 4 4 2 3 0

Table (5): N is (CNS —p — I).
Proposition 4.11: Let V-be NS then N is (NS — p —I) if and only if ;¢ is (CNS — p —I).
Proof: Let V- be (NS — p — I) ,From proof proposition (3.18) we obtain Nyc(a § B ) < max{Nrc (),
Nge (B, Nie(a § B) 2min (N ye(a), Npe(B)}, Npe(a § B ) <max {Npe(a), Npe(B)).
Now, Npe(@) =1 — Ny(a) <1 — min{Ny(a § B), Ny(B))

=max{1 = Ny(a$ B),1 - N;(B)}
= max{(Nre(a $ B), Nye(B)},
Nie(@) =1 = Ny(@) 2 1 = max{¥;(a § B), M(B)}
= min{l - N;(a),1 - N;(B)}
= min{Ne(a § B), Nie(B)},
Nre(@)=1=Ne(a) <1 =min{Np(a § ), Np(B))
=max{l —Np(a$ ), 1 - N:(B)}
= max{NFc(a &,8), Npe(B)}.
Hence V¢ is (CNS —p —1I).
Conversely: Let N¢ be (CNS — p —I) then from proof proposition, (3.18) we obtain,
Nr(a § B)2min{Ny (@), Ny (B)), N; (& § B) < max (Ny(a) N;(B)}, Ne(a § B ) 2 min{Np(a), Nx(B))-
Now, Np(a)=1-Nye(a) 21 —max{Nye(a $ B ), Nec(B}
=min{l = Npe(a$p),1-Np(B)}
= min{Ny(a $ §), Nr(B)),
N(@) =1=Nrpe(a)<1—miniNe(a § ), Nye(B)}
=max{l—N,e(a$p), 1—Ne(B))
=max{N;(a$ B ), M (B)}
Ne(@)=1=Npe(@) 21 —max{Npe(a@ § B ),V pe(B)}
=min{l = Npe(a@ § B),1 = Npe(B))
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=min(Nz(a§ B), Ne(B))-
Hence V' is (NS —p—1)
Corollary 4.12: If V¢ is (CNS — p —I). Then;
1- IV; is p —subalgebra,
2-N€is (CNS — p — S4),
3- NV, is p —ideal.
Proof 1: From proposition (4.11) and corollary (4.4)-1.
Proof 2: From proposition (4.11) and corollary (4.4)-2.
Proof 3: From Proposition (4.11) and Proposition (4.8).

5. Neutrosophic p -Ideal and Complete Neutrosophic p -Ideal

Definition 5.1. Assume (U,§, 0) is a p-algebra and V" is (NS) of U. We say IV is a neutrosophic p -
ideal of U (briefly, NS — p — I) if such that:

(i) Nr(0) 2 Nr(a),

(ii) V;(0) < Ni(a),

(iii) Vp(0) 2 Ne(a),

(iv) Nr(a § B) 2min{Ny (a), Nr(B)},

(v) M(a § B) < max{N; (@), M (B)},

(Vi) Np(a ¢ B) = min{Ny(a),Nx(B)}, for any a, B € U.

Example 5.2. Let U = { x,y, z,w } be a set with the following table(6), it is clear that (U, ¢ , x) is a p-
algebra. We define a (NS) V' in U as follows:

Nr =(0.Jg 0.{1 54 (V)V.4)’N’=(o.§ g.z (iz (v)‘fz)’NF=(0).cz (}J].l 0?1 ov.v1)'

Hence, IV is (NS —p — I).

f x y z w
x x x x x
y y x z w
z z z x z
w w w z x

Table (6): NV is (NS —p —I).

Lemma 5.3. If V" is (NS — p —I), then V is (NS — p — SA).
Corollary 5.4. Let ¥ be (NS — p —I). Then;

1- IV, is p —subalgebra,

2- V€is (CNS —p — S).

Proof (1): From lemma (5.3) and proposition (3.10).

Proof (2): From lemma (5.3) and proposition (3.18).
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Proposition 5.5. If N is (NS — p —I), then JV; is p —ideal.

Proof: Assume that Vis (NS —p—1I) and @, € IV, then Ny(a § B ) = min{Ny(a), N7 (B)} = t, N;(a
¢ B ) < max{Ny(a), Ny(B)} < t, Ne(a § B ) > min{Ny(a),Np(B)} > t, this implies a ¢ f € ;. Since
[Wis(NS —p—D],and NV ={< a,Ny(a) = t,N(a) <t,Nz(a) =t >| a € U}. We obtain N;(0) = Ny (
a) 2t, N;(0) < N(a) <t, Np(0) = Ne(a) = t, thus 0 € IV, , hence WV; is p —ideal.

Definition5.6. Assume (U,§, 0) is a p-algebra and IV is (NS) of U. We say IV is a complete
neutrosophic p -ideal of U (briefly, CNS — p —I). If such that:

(N7 (0)<Nr(a),

(ii) V;(0) 2 Ni(a),

(iii) Vp(0) < Np(a),

(iv) Np(a § B ) <max(Ny (@), Ny (B)),

(v) Ny(a § B) 2 min{IV; (@), V;(B)},

(Vi) Np(a ¢ B) < max{Np(a),Nx(B)},for any @, f € U.

Example 5.7. Let U = { 0,1,2,3 } be a set with the following table(7), it is clear that (U, § , 0) is a p-
algebra. We define a (NS) V' in U as follows:

Nr =(0.2 0}5 02.5 03.5)’N’=(0.g 01.2 02.2 03.2)']"3’:(02 01.2 0?2 03.)2)'

Hence, IV is (CNS —p — I).

w N = oI

0
0
1
2
3

W N O O

2
0
2
0
2

S N w olw

Table (7): N is (CNS —p — I).
Lemma 5.8. If V' is (CNS — p —1I), then V' is (CNS — p — SA).
Proposition 5.9: Let NV be (CNS —p — I), then K (V) is p — subalgebra.
Proof: Assume a, B € K(N), then Np(a) = Nt (B) = N1 (0), N;(a) = N;(B) = N;(0) and Ng(a) =
Np(B) = Ng(0). Also, Ny(a $ B) < max{Nr(a), Nr(B)} = max {Np(0),
Nr(O))= Np(0), M@ $B ) = min[Ny(a), N(B)= min{N;(0), NM(O0)= N(0), Ne(a $B ) <
mMax{Np(a),Np(B)}= max{Nz(0),Np(0)}= Np(0), and Ny (0 ) < Nyp(@§ B), ; (0) 2 Ny(ar § B), Ny (0) <
Ne(a § B), thus Ny(a § B)= Np(0), Ni(a § B) =N;(0), Ny(a § B )= Np(0), and @ § B € K(NV) hence
K(V) is p —subalgebra.
Proposition 5.10. Let V' be (NS) then V' is (NS — p —I) if and only if M€ is (CNS — p —I).
Proof: Let ¥ be (NS — p —I), we obtain N3(0) > Ny(a), N;(0) £ N(a), Ne(0) = Np(a), thus N e(a)
1= Np(@) 21— Np(0) = Npe(0), Nye(a)=1—Ny(a)<1—N;(0) = Ne(0), Npe(a)=1— Na(a)>
1 — N;p(0) = N pe(0).
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Now, Nre(a$f)=1~Np(a$B)<1—min{i;(a), Np(B))
=max{l — Nr(a),1 - Nr(B)}
= max{Nrc(a), Nr<(B)},
Ne(@$B)=1-N(a$B)21-max{¥;(a), M(B))
= min{l — N;(a), 1 — NV;(B)} = min{N e (@), NV c(B)},
Npe(@$ B)=1—Np(a § B)<1—min{Np(a), Nx(B)}
=max{1l — Np(a),1 — Np(B)} = max{Nge(a), N'pe(B)},
Hence V¢ is (CNS —p —1I).
Conversely: Let V¢ be (CNS — p —I), then N ¢(0)<N pe(a), Nje(0) = Nje(a), N ge(0) < Npe(ar), N(0)
=1=Nrpe(0)21 = Nype(a) = Nr(a),
Ni(0) = 1=Npec(0) <1 - Nye(a) = Ny(a),
Ne(0)=1=Npe(0) 21 = Npe(a) = Ne(a),
and from the following
Nre(a § B) <max{Npe(a), Nre(B)), Npe(a § B) 2 min{Ne(a), Nie(B)),
Nee(a § B ) <max{Npe(a), Npe(B)}, forany @, €T,
We obtain,
Ne(@$ p)=1=Nre(a$ B )21 - max{Nre(a), Nre(B))
=min{l — Nrc(a), 1 = Nre(B)} = min{Nr(a), Nr(B)},
N(a§p)=1=Ne(@§p)<1—min{Ne(@), Nep)}
=max{l — N (@), 1 = NVe(B)}= max{N;(a), N;(B)}
Ne(@$ B)=1=Npe(@$ B) 21— max{Vpe(a),Npe(B))
= min{l = Nge(a),1 = Npe(B)}= min{Ny (), Np(B)}.

Hence V' is (NS —p —1).

Corollary 5.11. If V€ is (CNS — p —I). Then;

1- IV, is p —subalgebra,

2- N ¢is (CNS — p — S4),

3- IV, is p —ideal.

Proof 1: From proposition (5.10) and corollary (5.4)-1.

Proof 2: From Proposition (5.10) and Corollary (5.4)-2.

Proof 3: From Proposition (5.10) and Proposition (5.5).

6. Conclusion

We presented and examined several kinds of p —algebra ideals in this research, which we called
neutrosophic p —subalgebra, complete neutrosophic p —subalgebra, neutrosophic p —ideal,
complete neutrosophic p —ideal, neutrosophic p —ideal, neutrosophic p —ideal, neutrosophic
p —ideal, and complete neutrosophic p —ideal, respectively. We also suggested some theories try to
explain some of these ideal type relationships. In future work, we will use soft set theory to study

our notions and results in neutrosophic soft sets.
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