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Abstract

A new approach of “neutrosophic group” is defined in the new work, this new important concept will open new
horizons and direction in front of researchers to study "new neutrosophic algebraic" such that neutrosophic ring,
neutrosophic module, and neutrosophic vector space which are different from old one. In this paper, we define
“new neutrosophic group” and “ new neutrosophic subgroup “ in a new way that is different from the previous
versions and we study some propetrties of this ““ new neutrosophic group “. Also, we discuss the telationship of the
“new neutrosophic group” with other “classical groups “and prove some results in the context of the new
neutrosophic group. Finally, we show a property that holds in the new neutrosophic group which does not hold in
the ““ neutrosophic group “, the important one is that a “ neutrosophic group “ is not a “ classical group”, but a
“new neutrosophic group “is “ classical group”. Moreover, we studied the “neutrosophic symbolic Turiyam group
“and “new neutrosophic symbolic Turiyam group” and studied its basic properties.

Keywords: New Neutrosophic Group, New Neutrosophic Subgroup, Neutrosophic Symbolic Turiyam Group.

1 | Introduction

Since F. Smarandache introduced the "neutrosophic" in [1,2] "neutrosophic” studied in many sciences, such
as algebra by introducing neutrosophic group which played a basic role in studying many neutrosophic

algebraic structures as a neutrosophic ring, neutrosophic module, and neutrosophic vector space.

In recent years, Agboola et al. studied the concept of “ neutrosophic group “ and “ neutrosophic ring “in [3,
4], They also, In 2015, introduced the concept of “ refined neutrosophic algebraic structures ” [5], and
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presented “ refined neutrosophic groups”. Also, Adeleke et al. in [6, 7] in 2020, studied several refined

<

concepts such as “refined neutrosophic rings”, “refined neutrosophic ideals” and “refined neutrosophic

homomorphisms” in detail.

Also, many researchers study applications of “ neutrosophic group “ in topology, such as R. Al-Hamido, in
2021, [8] studied ““ neutrosophic bi-topological groups ”, and investigated its basic properties.

Before this study, Q. Imran, et al. in [9] studied several types of “neutrosophic topological groups” and
introduced their basic properties. Also, Sumathi et al. in [10] introduced the concept of “neutrosophic
topological groups”.

Also, P. K. Singh, et al. in [11] defined the concept of a “symbolic Turiyam ring “as an application of the

“Turiyam symbolic set” [12, 13] and as a “new generalization” of “neutrosophic rings”.
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Also, R. Al-Hamido, in [14] defined “new neutrosophic algebraic structures” as “new neutrosophic groupoid”

and “new neutrosophic monoid”.

The “neutrosophic group” is not “a group” and also has many properties that hold in the “classical group”,
and that do not hold in “neutrosophic group theory”. So we think about defining a “new neutrosophic group”
which is different from the “neutrosophic group”.

In this paper, we defined and studied a “new neutrosophic group” and a “new neutrosophic subgroup “for
the first time. This “ new neutrosophic group “ opens the door to re-defining many “ neutrosophic algebraic
structures ”, such as the “new neutrosophic ring”, and it may contribute to solving some open problems that
the “ neutrosophic group” could not solve.

Also, we studied the basic properties of this “new neutrosophic algebraic structure”.
2 | Preliminaries

Remark 2.1: the neutrosophic element I where I is an “indeterminate” and (I) is such that (I2 = I).

Definition 2.2. [10] If (G, #) is any group, the "neutrosophic group" is generated by (I) and (G) under (*)
denoted by D(G)={< G UI>*}.

Theorem 2. 3. [10] If (G, *) be a group, then D(G) = {{ G U 1), *} be the “neutrosophic group”.
1. D(G) is not a group (in general).
ii. 1)(G) contains a” group “.

Definition 2.4. [11] If R be a “ring”, we define the “symbolic Tutiyam ring” (STR) as
Tr={a+bT+cF+dIl+eY;ab,c.d,eeR}.

o In case R is a “field” then Tk is called “symbolic Turiyam field “(STF).

Definition 2.5. [14] If (G,*) be an “groupoid” and let G)={a+PI: a, B € G}, And "' *' be a “binary
operation” on G(I) defined as :

(o + BD * (c+sI) = (axc) + P*s)I Vo,B,¢,5€G
Then: (G(I),¥) is a “groupoid”, called it “new neutrosophic groupoid”.

Definition 2.6. [14] If (G,*) be an “semigroup” and let GO)={a+Pl: o, B € G}, And'*¥' be a” binary
operation® on G(I) defined as:

(oo +BD * (c+sI) = (axc) + (P*s)I Vo,B,¢,5€G

Then: (G(I).¥) is a “semigroup”, called it “new neutrosophic semigroup”.
3 | New Neutrosophic Group

In this part, we defined “new neutrosophic group” and “new neutrosophic subgroup” and studied its
“basic properties”.

Theorem 3.1: If (G,*) be an “group” and let GI)={ a+PI:a, B € G }, And' *' be a “binary operation”
on G(I) defined as follows:

(oo + BD * (¢ +sI) = (axc) + (P*s)I Vo,B,¢,5€G
Then: (G(I).¥) is a “group” we called it “new neutrosophic group”.
Proof:

iV (o +BI) ¥ (c+sl) € GU) then (a+ BI) * (¢ +sI) = (a*c) + (B*s)] € G(I) implies that G is

closed under * .
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ii. V (oo + BI), (¢ + sD), (e + #I) € G(I) then [(o + BD) * (¢ +sD)] ¥ (e + #) =
[(a+BD + (c+sD] * (e + #I) = [(axc)*e] + [(B*s)*F]] (Since * such that associative Law)
= [ox(cxe)] + [Br(s*H)]1 = (o + BD) ¥ [(c*e) + (s*£)]]
= (a+BD *[(c +sD * (e + #D]

(Associative law).
i. for every (¢ + sI) € G(I)There exists an identity element (e + el) e G(I) such that

(c+ D) *(e+el) = (c*xe) + (s*e)l = (¢ +s])

(e+el) ¥ (c+sD) = (e*xc) + (e*s)] = (¢ + sI)
Therefore(c+ sl) ¥ (e + el) = (e + el) * (¢ + sI) = (¢ + sI).
ii. for every (a + bl) € G(I) there exists an element (@~ + b™1I) € G(I) such that

(c+sD¥¥ (14671 = (c*c) + (s*s DI =€ + el

(cl+s D E(c+s) = (%) + (57 1xs) = e + el

Therefore (c+sD) ¥ (¢l +s ) =(ct+s D)% (c+sl) =e+el
(The existence of inverse in G(I) ).

If (G,*) be an “group” and let GI)={ a+PIl:a,B € G }, And "' *' be a “binary operation” on G(I)

defined as follows:
(oo +BD * (c+sI) = (axc) + P*s)I Vo,B,¢,5€G

Then: (G(I).¥) is a “group” we called it “new neutrosophic group”.

Definition 3.2: If (G,*) be an “group” and let GI)={ a+PIl: o, B € G }, And"' ¥ ' be a “binary
operation” on G(I) defined as follows:

(oo + BD * (c+sI) = (axc) + (P*s)I Vo,B,¢,5€G

Then: (G(I).¥) is a “group” we called it “new neutrosophic group”.

Example 3.3: If (R,+) be an “group” and let G)={ a+PI:a, B € R}, And' ¥ ' be a “binary operation”
on G(I) defined as the following:

(o +BD * (c+ s = (axc) + (P*s)I Vo,B,¢,5 €R.

Then: (R(I).¥) is a new neutrosophic group

Example 3.4: Let R= R -{0} then (R,.) be an “group” and let GO)={ a+Pl:a,B € R}, And'¥' bea
“binary operation” on G(I) defined as:

(a4 BD * (c+ sD) = (axc) + (P*s)] Va,B,c,s ER

Then: (R(1).¥) is a “new neutrosophic group”.
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Remark 3.5: We know that a “neutrosophic group” is not a “group”, but a “new neutrosophic group” is a
phic group group g

((group7"
Neutrosophic group : > group
The new neutrosophic group » group

Definition 3.6: If (G(I),.) be a “new neutrosophic group” then if ¥ be a “commutative binary operation”

on G(I) Then: (G(I).¥) is called the” commutative new neutrosophic group”.

Example 3.7: Let R= R -{0} then (R,.) be an “group” and let GO)={ a+Pl:a,B € R}, And'¥' bea
“binary operation” on G(I) defined as:

(o + BD * (c+ sD) = (axc) + (B*s)] Va,B,c,sER

Then: (R(1).¥) is a “commutative new neutrosophic group”, because
phic group,

(a+BD*(c+sl) = (a.c)+ (B.s)IVapB,cs€ER.
o If (G,*) is a “commutative group”, what about (G(I).¥). The following remark answer

Remark 3.8: If (G,*) is a “ commutative group “, then (G(I).¥) is a “commutative new neutrosophic group”.
Proof:
Since (G,*) is a “commutative group” and ' ¥ ' be a “binary operation” on G(I) defined as :
(o + BD * (c+ sD) = (axc) + (P*s)I Va,B,c,s ER
Then: (G(I).¥) is a “commutative new neutrosophic group”, because

(oo + BD * (¢ + sI) = (a*c) + (P*s) = (c*a) + (s*P)[ = (¢ + s * (a +PDHVV o, B, ¢, 5
ER

Definition 3.9: A subset (M.¥) of a “new neutrosophic group” (G(I).¥) is said to be a “new neutrosophic

subgroup” of G(I) if (M.¥) is also a” new neutrosophic group”.

Example 3.10: Let R= R -{0} then (R,.) be an “group” and let GO)={ a+PI: o, B € R}, And'¥' bea
“binary operation” on G(I) defined as:

(a+BD*(c+sD=(ac)+ (B.s)I Va,B,cs€ER
Then: (R(1).¥) is a “new neutrosophic group”, because
(a+BD*(c+sl) = (a.c)+ (B.s)IVa,pB,cs€ER.

Let N ={-1,1} Then : (N(I).¥) is a” new neutrosophic subgtroup”.

Theorem 3.11: Let (G(I).¥) is a “new neutrosophic group” and N(I) is a “subset” of G(I) then:
(N(I).¥) is “a new neutrosophic subgroup” of (G(I).¥) if it satisfied:

1) a+bl, c+dleD(I) then a+bl ¥ c+dl eD(D).

2) a+bleD() thena™! + b~ e D).
Proof:
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i, from 1) V atbl, c+dIeD(I) then a+bl ¥ c+dI €D(D).
implies D(I) is closed under¥ .
ii. foralla+ bleN(I) (from 2)) then a~1 + b~ 11e (D), then

@a+bl) ¥(@1+b ') =e+eieN@and (at+bl) *(e+ei)=a+ei =(e+
ei) ¥ (a + bi)

iii.  foralla+ bleN(I) (from 2)) thena™! + b~ 11eD(I) and (a+bl) ¥ (a 1 +b~1) = e +
el=(@a™1 + b~ ¥ (a+ bl)
(The existence of inverse in G(I) ).
Therefore(N(I).¥) is “a new neutrosophic subgroup” of (G(I).¥).

Theorem 3.12: Let (G(I),¥) is “a new neutrosophic group” and N(I) is a subset of G(I) then:
(N(D),¥) is “a new neutrosophic subgroup” of (G(I),¥) if it satisfied:

Va+bl c+dleN(I) then (a+bl) ¥ (c71 +d~1I) eD().

Proof:

i. Foralla+ BieN(I), since a + BieN(I) then e+el=a+bl ¥ (a~! + b 1I)eN(I). Therefore (e+el)
¥(@l+b D) =@GT+b DeN®).

Therefore for all a + bIeN(I) then (a~ + b~ 11) eN(D).

ii. V a+bi,c+dieN() then (a+ bi) ¥ (c + di)eN(D).since (c+di)eN) then ¢!+ d eN(D),
therefore (a + bi) ¥ (™1 +d™1)™! = (a + bi) ¥ (c + di)eN(D)

by i) and ii) and theorem 3.11 (N(I).¥) is “a new neutrosophic subgroup” of (G(I).¥).

Theorem 3.13: If (N, *) is a “subgroup” of (G. *) then:
A subset (N(I).¥) is said to be “a new neutrosophic subgroup” of (G(I).¥).
Proof:

Since (N. *) is a “subgroup” of (G. *) then (N. #) is also a “group”, therefore (N(I).¥) is a “new neutrosophic
group”, so (N(I).¥) is “a new neutrosophic subgroup” of (G(I).¥).

Theorem 3.14: If a subset N of the “group” (G. *) such that:
1) abeN then a*beld.
2) VaeD thenalel.
Then: (N(I).¥) is “a new neutrosophic subgroup” of (G(I).¥).
Proof:
i. From 1) V a,be then a*be .
Implies that 1D is closed under *.

ii. for allaeN (From 2) then alel), then a*a™! = e € Nand a*e = e*a = a.
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iv.  forallaeN (from 2) ) then a'el.

(The existence of inverse).

Thetefore (N. #) is “subgroup of the group” (G. *), therefore(N(I).¥) is “a new neutrosophic subgroup” of
(G(D.H).

Example 3.15: Let Q=Q-{0} then (Q,.) be an “group” and let GOH={a+Pl:a,P e Q),And'¥' bea
“binary operation” on G(I) defined as the following:

(a+BD*(c+sl) = (o.0) +(B.s)IVa,B,es€Q.
Then: (Q(I).¥) is a “new neutrosophic group”.

Let N={-1,1} Then(N,.) be an “subgroup” and therefore (N(I).¥) is a “neutrosophic subgroup”.

Example 3.16: Let (R,+) be an “group” and let GI)={ a+PI: o, B € R}, And" ¥ ' be a” binary operation”
on G(I) defined as:

(a+BD*(c+sD=(a+)+P+s)IVapBcsER
Then: (R(I).¥) is a “new neutrosophic group”.
We now That (Z,+) be an subgroup of (R,+) and therefore (Z(I),¥) is a “neutrosophic subgroup” of (R(I).¥).
Theorem 3.17: If A subset N of the “group” (G. *) such that:
V a,beld then a*b-1€ld.
then:
(N().¥) is a “neutrosophic subgroup” of (G(I).¥).
Proof.
i.forall aeN, sinceaeN then e=a* alel). Therefore e* a'l= alel)
Therefore V a€l) then a'leld
ii. V a,bel then a*be.since bel) then b'el therefore a*(b™1)™! = a*b € N
by i) and ii) and theorem3 (N. *) is a subgroup of (G. *).
Therefore (N(I).¥) is a “new neutrosophic subgroup” of (G(I).¥).

Theorem 3.18: If (N.#) is a “subgroup” of (M. *) and (M. #) is a “subgroup” of (G. *)then: (N(I).¥) is a
“new neutrosophic subgroup” of (G(I).¥)

Proof:

Since (N. *) is a “subgroup” of (M.*) and (M. *) is a “subgroup” of (G.*)then: (N. *) is a subgroup of
(G. *). Therefore (N(I).¥) is a new neutrosophic subgroup of (G(I).¥).

Theorem 3.19: If (N(I).¥) is a new neutrosophic subgroup of (M(I).¥) and (M(I).¥) is a “new neutrosophic
subgroup” of (G(I).¥)then: (N(I).¥) is a “new neutrosophic subgroup” of (G(I).¥)

Proof:

Follow from theorem 3.18.
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4 | A New Neutrosophic Symbolic Turiyam Group

In this section, we studied the neutrosophic symbolic Turiyam group and the new neutrosophic symbolic
Turiyam group and studied its important properties.

Definition 4.1: Let (G,*) be a “group”, we define the “neutrosophic symbolic Turiyam group” (NSTG) as :
(TG ,*) where T¢={a+bT+cF+dl+¢gY;a,b,c,d,gER}.

Theorem 4.2: Let (G,*) be an “group” and let T ={ a+bT+cF+dI+gY;a,b,c,dg € G },and ' #' bea

“binary operation” on T defined as the following:
(a+bT + cF +dl + gV)#(a + bT + ¢F + dI + gY)
= (a*a) + (b*B)T + (c*¢)F + (d*d)l + (g*g)Y Va,b,c,d, g3, b, ¢, d,g EG
Then: (Tg, #) is a group we called it “new neutrosophic symbolic Turiyam group”.

Proof:

i V(@+bT+cF+dl+gY),(a+bT+¢F+dl+gY)€Tgthen (a+bT+cF+dl+gN#(a+
bT + ¢F + dI + gY) = (a*a) + (b*b)T + (c*¢)F + (d*d)I + (g*g)Y € T; implies that Tg is closed

under #.
i. V(a+bT+cF+dl+gY),(a+bT+eF+dl+gY),(d+bT+¢F+dl+5Y) € T; then: (a +
bT+cF+dI+gY)E((é+BT+éF+dI+gY)E(é+BT+EF+&I+gY)) =(a+bT+cF+dl+
gV)F ((axd) + (b*b)T + (E¥C)F + (d*d)l + (Z*8)Y) = ax(asd) + br(b*b)T + cx(exc)F +
d#(d*d)I + g*(g*8)Y € T; (since * such that associative Law)
= (a*a)*4 + [(b*b)*b]T + [(c*&)*¢]F + [(d*d)*d]l + [(g*g)*E]Y
= ((a*é) + (b*b)T + ((c*¢))F + ((d*d)) I+ ((g*;‘g))Y) FE+DT+CF+dl
+8Y)
= ((@+bT +cF+dl +gNF(a + BT + ¢F + dl + gY) ) #(& + BT + ¢F + dI + ) (associative law).

iii. for every (a + bT + cF + dI + gY) € T There exists an identity element (e + eT + eF + el + eY)
€ Tg such that

(@a+bT + cF+dl + gY)#(e + eT + eF + el + eY) = (a*e) + (b*e)T + ((c*e))F + ((d*e))I +
((g*e))Y = (a +bT + cF + dI + gY).

In the same way, we see that:
(e +eT + eF + el + eY)#(a+bT + cF + dl + gY) = (a+ bT + cF + dI + gY).

Therefore (a+bT + cF+dl +gY)#(e+eT+eF+el+eY)=(e+eT+eF+el+eY)#(a+bT+
cF+dI+gY) =a+bT + cF +dl + gY.

iv. for every x = (a + bT + cF + dI + gY) € T; there exists an element x ' = (@™ + b~ ' T+ ¢ 'F +
d'I+g7'Y) €T

such that x#x ' = x'#x = (e + eT + eF + el + eY)

(the existence of inverse in Tg ).
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Definition 4.3: Let (G,*) be an “group” and let T ={ a+bT+cF+dIl+gY;ab,c,dg € G }, and' #' be

a “binary operation” on T defined as:

(a+bT + cF +dl + gV)#(a + bT + ¢F + dI + gY)
= (a*a) + (b*b)T + (c*&)F + (d*d)I + (g*)Y Va,b,c,d, g a,b, ¢, d g€ G

Then: (T, #)isa “group” we called it “new neutrosophic symbolic Turiyam group”.

Example 4.4: Let (R,+) be an group and let Tg ={ a+bT+cF+dI+gY;a,b,c,dg € G },and ' #' bea «

binary operation” on Tr defined as :

(a+bT + cF+dl + gY)#(a + bT + ¢F + dI + gY)
=@+a)+(b+b)T+(c+OF+(d+d)+(g+8)Y Vab,cdgab¢dg
€R

Then: (Tg. #) is a group we called it “new neutrosophic symbolic Turiyam group”.

5 | Conclusion

In this paper, we have defined new algebraic structures such as “new neutrosophic groups” and “new
neutrosophic subgroups”. Finally, the “new neutrosophic group” is just the beginning of a “new neutrosophic
algebraic structure” and we have studied a few ideas only, it will be necessary to carry out “more theoretical
research” to establish a “general framework™ for the practical application. In the future, we will study special
elements in this new neutrosophic group and subgroup.
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