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Abstract

In this paper, we have defined the concept of two-fold maximal units in finite two-fold neutrosophic rings modulo
integers, where a sufficient and necessary condition for such class of generalized units will be provided. We
characterize all maximal units in the following two-fold neutrosophic rings (Zn {a )) ¢ forn € {2,3,4,5}.

I

Keywords: Two-fold algebra; Finite neutrosophic ring; Modulo integer ring; minimal unit

1. Introduction

The question of determining the units in an algebraic ring has attracted the attention of many researchers,
specifically in some modern rings such as neutrosophic rings, and n-cyclic refined neutrosophic rings [6-8], where
we find a classification of the group of units in several special solutions, and also tables that calculate the value of
these units and determine their exact number [9-20].

A unit in a ring R is the concept of being an invertible element concerning multiplication operation, which make
a group together. Two-fold neutrosophic algebras are new algebraic structures presented by Smarandache [1] by
combining neutrosophic values of truth, falsity, and indeterminacy with classical algebraic sets. Many authors to
generalize other famous algebraic structures such as two-fold fuzzy number theoretical systems [2-3], two-fold
modules and spaces [4], and two-fold fuzzy rings [5] used these ideas.

In this work, we define the maximal two-fold neutrosophic finite ring modulo integers, and we determine all
maximal units in these rings for the special values of n between 2 and 5. We have also classified all the units that
have been calculated in tables showing their values as well as their number.

2. Main Discussion

Definition 2.1:

Let Z, = {0,1,..,n — 1} be the ring of integers modulo n, and Z,(I) = {a+bI;I* =1 ,a,b € Z, } be the
corresponding neutrosophic ring. Assume that f: Z, — [0,1] be a fuzzy mapping with
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{;&'; j ‘1) i fr: Z,.(I) — [0,1] be the mapping defined as follows:

fi(a + bI) = max(f (a), f (b)).

The maximal two-fold neutrosophic ring(Z,, (1)) £, as follows:

(ZaINs, ={(a+ D) fycran ; a+bl,c+dl € Z,(D)}.

Example 2.1:

Consider (Z; = {0,1,2,3,4}, +,-) the ring of integers modulo 5, take f : Z; — [0,1] ;
1;x=1

oo - xe23)
X) = 3
%;x=4
0;x=0

Z.(D =1{0,1,234,1,21,3L4L 1+ [, 1+ 21,1 +3[,1+ 41,2+ 1,2+ 21,2+ 31,2 + 41,3+ ,3 + 21,3 +
30,3+ 41,4+ 1,4+ 21,4+ 31,4+ 41}

f:(3+ 4 = max(f(3), f(4) = % i1+ 2I) = max(f (1), f(2)) = 1. By a similar approach, we can see:
[l +4D) =12 +4D) =3 [;,(0) = 0,/,() = LD = 2, ;3D = 2, fi(4) = 2, f;,(1 +3D) = 1,
[@+D=173+D=17(2)=f,(3) = 1\2 and so on.

Therefore, (Z5(I))s, = {(a + bI)g, (a + bI)y, (a + bI)1, (a + bI)x; for all a, b € Z5}

Definition 2 .2

Let (Z,(I))s, be the maximal two-fold neutrosophic ring, then(a + BI)¢,(n4ns is called a maximal unit if and
only if there exists:

(c+ dD g earny € (£, (1), such that:

(a+ b fymenn © (€ +dD fyeinn = 11

Remark 2.1

The operation (o): Z,,(I) X Z,(I) = Z,(I) is defined as:

(a+ b trtmann © (€ + dD pyeinn = (ac + (ad + be + b)) £yt s (mk+ntsnion
Example 2.2

Consider Z; = {0,1,2} ,Z,(I) = {0,1,2,1,21,1 + 1,1 + 21,2 + 1,2 + 2I}.

F@ =0
Consider f: Z; — [0,1]; {f(D =1
f@ =2

Then: f;: Z,(I) — [0,1] such that:

[(0) =071 =1£(2) = i,fz(f) =170 = i,f;(l +D=1,0+2D=1£2+D =172+

20 = %

So that (Z3(1)s, = {00, 0z, 04,1, 1y, 11, Io, Iy, 13, 20, 24, 21, (21)g, (211, 2Dz, (1 + Do, (L + 1)y, (1 + Dy, (1 +
20, (2+ 1), (2+ 20, (22 + 1), (2 +ZI)L (1 +221)m 1 -T— 2D, (2 + 20, (; + 2.} ’

156
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