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Abstract. Interval-valued neutrosophic sets have been shown to provide a limited platform for computational
complexity, but neutrosophic sets are suitable for it. The neutrosophic setsare a suitable mechanism for inter-
preting the philosophical problems of real-life, but not for scientific problems because it is difficult to consolidate.
This study aims to develop the notion of neutrosophic single-valued general machine over a finite group, which
is knows as "group neutrosophic general machine”, for simplicity, GNGM. After that, we present the notions of
max-min GNGM, single-valued neutrosophic subgroup (SVNSG) and single-valued neutrosophic normal sub-
group (SVNNSG). We show that if there exists a homomorphism between two GNGMs M; and Mz and M
is a single-valued neutrosophic fundamental (SVNF) of Ma, then f~'(M) is a SVNF of M;. Also, if M is a
singe-valued neutrosophic kernel (SVNK) of Mo, then f~*(M) is a SVNK of M;. Moreover, we prove that if
M is a SVNK and N is a SVNF of M, then M % N is a SVNF of M. In addition, we show that if M and N
are SVNK of M, then M x N is a SVNK of M.

Keywords: Neutrosophic set, Automata, Intuitionistic set, Submachine, General fuzzy au-
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1. Introduction

The concept of ‘fuzzy‘ together with some other notions in mathematics and other areas
were fuzzified by Zadeh [16] in 1965. Within this real, among the first investigations was
the concept of fuzzy automaton suggested by Wee [15] and Santos [8]. Doostfatemeh and
Kremer [4] introduced the concept of general fuzzy automata.

An intuitionistic fuzzy set can be viewed as an alternative approach when available in-
formation is not sufficient to define the impreciseness by the conventional fuzzy set. Sub-

sequently, as a generalization, the concept of intuitionistic general fuzzy automata has been
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introduced and studied by Shamsizadeh and Zahedi [10]. For more details see the recent
literature as [2,3,5,9,11,12].

Neutrosophy deals with origin, nature and scope of neutralities, as well as their interactions
with different ideational spectra. Neutrosophy is the basis of neutrosophic sets (derivative of
neutrosophy). A neutrosophic set is a general framework which generalizes the concept of fuzzy
set, interval valued fuzzy set, and intuitionistic fuzzy set. Wang et al. [14] introduced single
valued neutrosophic sets which is a neutrosophic set defined in the range [0, 1]. Wang et.al: [13]
introduced the notion of interval-valued neutrosophic sets. Interval-valued neutrosophic sets
have been shown that fuzzy sets provides limited platform for computational complexity but
neutrosophic sets is suitable for it. The neutrosophic sets is an appropriate mechanism for
interpreting real-life philosophical problems but not for scientific problems since it is difficult
to consolidate.

The concept of interval neutrosophic finite state machine was introduced by Tahir Mahmood
(7. In 2019 [6] Kavikumar introduced the notion of neutrosophic general fuzzy automata.

The present paper is organized as follows: Section 2 encompasses preliminary information
pertaining to the content of the paper. In Section 3 we present the notion of neutrosophic
single-valued general automata over a finite group which is knows as ”group neutrosophic
general machine” (GNGM). Moreover, we give the notions of max-min GNGM, single-valued
neutrosophic subgroup (SVNSG) and single-valued neutrosophic normal subgroup (SVNNSG).
We prove that if there exists a homomorphism between two GNGMs M and My and M be
a single-valued neutrosophic fundamental (SVNF) of Ma, then f~1(M) is a SVNF of M;.
Also, if M is a singe-valued neutrosophic kernel (SVNK) of Ma, then f~1(M) is a SVNK of
M. Moreover, we prove that if M is a SVNK and N is a SVNF of M, then M x N is a SVNF
of M. In addition, we show that if M and N are SVNK of M, then M x N is a SVNK of M.

2. Preliminaries

In this section, some concepts and definitions related to single-valued neutrosophy and

automata are introduced.

Definition 2.1. [4] A general fuzzy automaton (GFA) is considered as: F =
(Q,E,R, Z, S,w,FLFg), where (i) @ is a finite set of states, @ = {qi1,q2,...,qn}, (ii) X is
a finite set of input symbols, ¥ = {a1,as,...,a,}, (iii) R is the set of fuzzy start states,
RC P(Q), (iv) Z is a finite set of output symbols, Z = {b1, ba,...,b}, (v) w: Q — Z is the
output function, (vi) & : (Q x [0,1]) x ¥ x Q — [0,1] is the augmented transition function.
(vii) Function Fy : [0,1] x [0,1] — [0,1] is called membership assignment function. (viii)

F5 :[0,1]* — [0, 1], is called multi-membership resolution function.

M. Shamsizadeh, Single Valued Neutrosophic General Machine



Neutrosophic Sets and Systems, Vol. 56, 2023 A

Definition 2.2. Let ¥ be a space of points (objects), with a generic element in ¥ denoted
by x. A neutrosophic set A in X is characterized by a truth-membership function T4, an
indeterminacy-membership function 4 and a falsity-membership function Fa4. Ta(z), L4(x)
and F4(z) are real standard or non-standard subsets of ]0~,17[. That is T4 : ¥ —]0~, 17, I4 :
¥ —]07, 1%, F4 : ¥ —]07, 1F[. There is no restriction on the sum of T4 (x), I4(z) and Fa(z),

s0 07 < supTa(z) + sup I4(z) + sup Fa(z) < 3.

Definition 2.3. Single-valued neutrosophic set is the immediate results of neutrosophic set
if it is defined over standard unit interval [0,1] instead of the non-standard unit interval
J07,17[. A single-valued neutrosophic subset (SVNS) A of @ is defined by SVNS(A) =
{(z,Ta(z), 1a(z), Fa(z))|z € T}, where Ta(z),Ia(z),Fa(z) : & — [0,1] such that 0 <
sup T'a(z) +sup Ia(x) + sup Fa(z) < 3.

Definition 2.4. [] The support of a single-valued neutrosophic set A =
{(:c,TA(:c),IA(:c)7FA(:v))‘33 € X} is denoted by supp(A), defined by supp(A) = {z €
A|Ta(z) # 0,14(x) # 0,Fa(z) # 0}. The support of a single-valued neutrosophic set is a

crisp set.

3. Single-Valued Neutrosophic General Machine Over a Finite Group

Definition 3.1. A group single-valued neutrosophic general machine (GNGM) is a seven-tuple
machine M = (Q, *, Y. R, 6, By, Es), such that (@, *) is a finite group and

1. @ is called the set of states,

2. X is a finite set of input symbols,

3. R C P(Q) is the set of single-valued neutrosophic initial states,

4.6 2 (Q x [0,1] x [0,1] x [0,1]) x ¥ x @ — [0,1] x [0,1] x [0,1] is the single-valued
neutrosophic augmented transition function,

5. By = (ET, EY, EF), where ET : [0,1] x [0,1] — [0,1] is a t-norm and it is called the
truth-membership assignment function. ET(T,Tj) is motivated by two parameters
T and Ty, where T is the truth-membership value of a predecessor and Ty is the
truth-membership value of the transition. Also, F{ : [0,1] x [0,1] — [0,1] is a t-
norm and it is called the indeterminacy-membership function. E{ (I, I) is motivated
by two parameters I and I5, where [ is the indeterminacy-membership value of a
predecessor and [ is the indeterminacy-membership value of the transition. Moreover,
Ef :10,1]x[0,1] — [0,1] is a t-conorm and it is called the falsity-membership function.
EY(F, Fs) is motivated by two parameters I and Fj, where F is the falsity-membership
value of a predecessor and Fjy is the falsity-membership value of the transition.

In this definition, the process that takes place upon the transition from the state g; to
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¢j on an input ay, is represented by:

T (q5) = 61((ai, T (@), I'(@i), F(a:)), an, 45) = EY (T"(a:), 01(as, an, ;)

I (qy) = do((ai, THai), I (@), F' (@), ax, a5) = E{(I'(a:), 62(¢s, ag, 45)),

F' Y (g5) = 03((qs, T"(q) I (i), F' (@), ak, 45) = Ef (T"(a), 63(ai, ar. ;)
where

0((qi, T (qi) " (q:), F(a)), ar, q5) = (01((qi, T'(qi), T (i), F' (), aw q;),
02((qi- T"(q) I'(ai), F (@) ak» 45) 03((qs, T (q4), I (i), F (i) a 45)),

and
8(qi, ar, q5) = (01(qs, ak, q;), 02(qis ak, q5), 03(a, ak, 4;5))-

6. By = (E¥ El EY), where EY : [0,1]* — [0,1] is a T-conorm and it is called multi-
truth-membership function, Ef : [0,1]* — [0,1] is a T-conorm and it is called multi-
indetermincy-membership function, EZ" : [0,1]* — [0,1] is a T-norm and it is called

multi-falsity-membership function.

Example 3.2. Let the GNGM M = (Q, , X, 5, R, E1, E5) such that @ = {qo,q1, ¢}, %X = {a},
R =1{(40,0.4,0.7,0.3)} and § is defined as follows:

(g0, a, qo) = (0.6,0.7,1), 6(qo,a,q1) = (0.7,0.5,0.5),
5(qo,a, q2) = (0.9,0.7,0.4), 5(q1,a,q1) = (0.4,0.5,0.2),
5(q1,a,q2) = (0.3,0.7,0.6), 5(q2,a,qo) = (0.7,0.9,0.6),
8(q2,a,q1) = (0.7,1,1), 8(q2, a, q2) = (0.6,0.9,0.5).

Now, we can consider E7 as follows:

1.El =T ATs, Ef =1nIs5, EFY = FV F,

Tt—‘rl(qm) = \/ E?(Tt((h)? 51(Qi7 G, qm))a
=1

" gm) = \/ E{(I'(a:) 62(qi, ar, m)),
=1

FH_I(qm) = /\ E?I)T(Ft(Qi%(s?)(Qiaakan))?

@
Il
—
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2' E’ir:TT57 E{:II(57 E1F:F+F5—FF5,

T (gm) = \/ ET (T"(:), 61(¢i- ak. gm)),
=1

I"gm) =\ B{(I'(:), 52(4i, ak, 4m)),
i=1

Ft+1(Qm) = /\ E?{‘(Ft(Qi%(siﬂ(qmakan))?

@
Il
—

3. El =T ATs, Bl =IANIs, Ef = FV Fy,

TN gm) = Tp(Tp(T(a:), 01(qis ak, Gm))),
I (gn) = Tp(Tp(I'(i), 02(iy ks Gm))
F''(gm)) = Sp(SpES (F(¢), 3(qi, ak, Gm))),

where T, is the product t-norm and S, is the product t-conorm.

If we choose the case 1, then we have

= ET(T" (o), 61(qo, a, qo)) = 0.4 A 0.6 = 0.4,
E! (1" (q0), 62(q0, @, q0)) = 0.7 A 0.7 = 0.7,
EF (F®(g0), 83(q0, a, 0)) = 0.3V 1 = 1,
ET(T"(q0),01(q0,a,q1)) = 0.4 A 0.7 = 0.4,
E{(I"(q0), 02(q0, a. q1)) =
Ef (F™(q0),85(q0,a,q1)) = 0.3V 0.5 = 0.5,

0.7A 0.5 =0.5,

(q0)
(90) =
(90) =
(@) =
(q1) =
(@) = Bf

T (qo) = EF(T% (q0),61(q0,a,q2)) = 0.4 A 0.9 = 0.4,
(q2) = EL(I*(q0), 02(qo, a, q2)) = 0.7 A 0.7 = 0.7,
(g2) = EY (F™(qo0),03(q0, a,¢2)) = 0.3V 0.4 = 0.4,
(q0) = ET(T" (g0, 61 (g0, a, q0)) V ET(T™ (ga), 81 (g2, a, q0)) = (0.4 A 0.6) V (0.4 A 0.7) = 0.4,
(q0) = EL(I" (q0), 02(qo, a, q0)) V EL (I (q2), 02(g2, a, qo)) = (0.7 A 0.7) V (0.7 A 0.9) = 0.7,
(q0) = Ef (F"(g0), 3(g0, @, q0)) A E{ (F"(q2), 63(q2, @, q0)) = (1 V 1) A (0.4 V 0.6) = 0.6,
(1) = ET (T (q0), 61(q0, @, 1)) V ET (T (q1), 61(q1, @, q1)) V EY (T (q2), 61(q2, @, q1))

)
= (0.4 A0.7) V(0.4 A 0.4) V (0.4 A 0.7) = 0.4,
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1"(q1) = E{(I"(q0), 62(q0, @, 1)) V E{ (I (1), 6a2(q1, a, 1)) V E{ (1" (q2), 62(q2, a, ¢1))
— (0.7A0.5)V (0.5A0.5)V (0.7TA1) = 0.7,

F'2(q1) = B (F"(40), 03(q0, @, 01)) A BT (F (q1), 03(q1, 0, 1)) A B (F* (g2), 6342, @, q1))
— (1V0.5) A (0.5V0.2) A (0.4V 1) = 0.5,

T%(q2) = E{ (T"(90),01(g0, a, ¢2)) V ET (T (q1),01(q1, @, 42)) V E{ (T" (q2), 61(q2, @, 42))
— (047 0.9)V (0.4A0.3)V (0.4 0.6) = 0.4,

1"(g2) = E{ (I" (q0), 62(q0, @, 42)) V E{ (I (q1), 02(q1, @, 02)) V E{ (I" (q2), 2(q2, a, ¢2))
— (0.7 A0.T)V (0.5 A0.7)V (0.7 A 0.9) = 0.7,

F'*(q2) = Ef (F" (), 03(90, @, 42)) A Ef (F" (1), 3(q1, @, g2)) A Ef (F"'(g2), 03(q2, 0, g2))
— (1V0.4) A (0.5V0.6) A (0.4V 0.5) = 0.5.

Clearly, we can see that there are three simultaneous transition to the action states qg,q1 and

qo at time to.

Definition 3.3. Let M = (Q,,%,8, R, Ey, E3) be a GNGM. We define max-min GNGM of
the form M = (Q,x,%,6*, R, E1, Ey) such that 0* : Que X X* X Q — [0,1] x [0,1] x [0, 1],
where Quet = {Qact(to), Qact(t1), ...} and for every i > 0,

1 ifp=gq

0 otherwise

&“%W@%FM%W@MAW){

- ifp=gq
85((¢, T"(q), I'(q), F :
0 otherwise
S0 T Tt if p=q
65((q, T"(q), I"(q), F ,
otherwise
and for every i > 1,5*((q, T*(q), I'(q), F'(q 5((q, T*(a), I'(q), F*(q)), a,p) and recur-

sively,
01 ((a: T"(q), (@), F'(q)), a1a2...an, p) = V{81 ((a, T"(q), I'(9), F'(q)), a1, p1) A

A\ Sl((pn—laTt(pn—l)alt(pn—l)vFt(pn—1)>7an7p)‘pl S Qact(h)v -eyPn—1 € Qact(tn—l)}v

S;((Qth(Q)vIt(Q)aFt(‘]))7a1a2"'an7p) = v{g2((QaTt(Q)aIt(Q)th(Q))>a1,pl) N
A SQ((pn—l;Tt(pn—l)yjt(pn—l);Ft(pn—l))aanap)‘pl S Qact(tl)a <5 Pn—1 € Qact(tn—1>}a

65((¢, T"(9), I'(a), F*(q)), araz-.an, ) = Mb3((q, T"(a), I'(a), F*(@)), a1, p1) V
V 53((]971717Tt(pnfl)ylt(pnfl)aFt(pnfl))aanyp)‘pl S Qact(tl)a ~eey Pn—1 S Qact(tnfl)}a
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in which a; € 3, for all 1 < ¢ < n and assuming that the entered in put at time ¢; is a;, for

1<i<n-1.
In the rest of paper, instead of max-min GNGM we say that GNGM.

Definition 3.4. A SVNS N of @ is called a single-valued neutrosophic subgroup (SVNSG) of
Q if the following properties hold:

(1) Tn(p=*q) = Tn(p) AT (),

(2) In(p*q) = In(p) A IN(q),

(3) Fn(p*q) < Fn(p) V Fn(q),

(4) (Tn(p), In(p). Fn(p) = (Tn(p~ ), In(p™ 1), Fn(p™ 1)),

for every p,q € Q.

Definition 3.5. A SVNSG N of @ is called a single-valued neutrosophic normal subgroup
(SVNNSG) of Q if for every p,q € Q, Tn(p*q*p~") > Tn(q), In(p*q*p~") > In(q), Fn(p*
gxp~') < Fn(q).

Definition 3.6. Let N and M be two SVNS of Q. Then product N *x M is defined as follows:
N x M(p) = (Tn«r(p), In«ri (p), Envnr (p)), where

Tnem(p) = V{Tn(r) A TM(S){T, sEQ,p=rxs},

Inwm (p) = V{IN(T) A IM(S)}?”, sE€Q,p=rxs},

Fnienr(p) = M{EN(r) V Far(s)|r,s € Q,p =1 % s},

for every p € Q.

Definition 3.7. Let N and M be two SVNSG of @) such that N C M. Then N is called
SVNNSG of M if for every p,q € QQ, we have

Tn(pxqxp~') = Tn(a) ATu(p),

In(pxqxp~") = In(a) A Lu(p),

Fn(pq*p~") < Fn(q) V Fu(p).

Let N and M be two SVNSG of @ such that N is a SVNNSG of M. Then supp(N) is a
SVNNSG of supp(M), too.

Definition 3.8. Let N and M be two SVNS of the groups () and P, respectively. Let
f:Q — P be a group homomorphism. Then the SVNSs f(N) of P and f~1(M) of Q are

defined as follows:

) = { IO T @) Frao @) 57(P) 20, )
0.0.1) if f71(P)=0
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where Ty (p) = V{Tn(9)|g € Qand f(q) = p}, Irow(p) = V{In(9)|g € Qand f(q) =
p} and Fyny(p) = /\{FN(q)’q € Qand f(q) = p}, for every p € P. Also, f~1{(M)(q) =
(Trm(f(@), In (f(@), Fr(f(q))), for every g € Q.

Definition 3.9. Let M and N be two SVNS of the groups ) and P, respectively. A function
f:@Q — P is called a weak homomorphism from M into N if the following conditions hold:
(1) f is an epimorphism,
(2) f(M) S N.
If f is an isomorphism from () onto P, then we say that f is a weak isomorphism from M to
N.

Definition 3.10. Let M; = (Qj,*, %, R, 0", E1, Fy),i = 1,2, be two GNGM. A pair of
functions (f,g), where f : Q1 — Q2 and g : ¥1 — X5 is called a homomorphism from M into
My and written (f,g) : M1 — My if the following conditions hold:

(1) f is a group homomorphism,
(2) 01((q: T (q), I'(q), F'(q)),a,p) < 63
(3) 03((q, T"(q), I'(q), F*(q)), @, p) < 83((f(q), T*(f(q)), I'(
(4) 83((q. T(q), I'(q), F¥(q)), a,p) > 63

for every p,q € Q and a € ¥;.

The pair (f,g) is called a strong homomorphism from M; into My if it satisfies 1 of
Definition , and the following conditions holds:

(1) SH((f(@) T"(f(@): I'(f(a)), F*(f (@), ( ). f(p)) =
V{51((q,Tt(Q) "), F'(a)), a,r)|f(r) = f(p). 7 € Qu},
(2) 03((f(a), T*(f(2)), I"(f (), F*(f(a))). 9(a), f(p)) =
V{51(( T%q), I'(a), F"(@)), a,7)| f(r) = f(p),r € Q1},
(3) 05((f(@), T (f(a)), I"(f(a)), F ( (9))),9(a), f(p)) =
A 83((a: THg), '), F'(q)), a,7) | £ (r) = f(p),7 € Q1},
for every p,q € @, a € ¥; and z € Z.
In Definition , if 31 = 39 and g is the identity map of ¥;, then we say that f is a

homomorphism (strong homomorphism) from M; into Mg and we write f : M; — Ma.

Definition 3.11. Let M = (Q,*,%, R, 0, F1, E3) be a GNGM. A SVNS M of Q is called a
single-valued neutrosophic kernel (SVNK) of ¢ if the following conditions hold:

(1) M is a SVNS of Q,

(2) T (p) = 01(g; a,p) A Tu(q),

(3) Int(p) = 02(q; a,p) A Lne(q),
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for every p,q € Q and a € X.

Theorem 3.12. Let M be a GNGM. A SVNNSG M of Q is a SVNK of M if and only if the

following conditions hold:

(1) Tu(pxrt) >

01 ((q*k, T (qx k), I'(q k), F(q* k)),z,p) Ao} (¢, T (q), " (), F*¥ (q)), x,7) A Tns (k),
(2) Tu(pxr™t) >

03((q*k, T g k), I'(qgx k), F'(qx k), 2,p) A 03((q, T (q), 1" (q), F* (q)), z,7) A s (K),
(3) Fu(pxr~') <

03((qxk, T (qx k), I' (g% k), F'(gx k), 2, p) V 85 (¢, T" (q), I (q), F*' (), , ) V Far (k),

for every p,q, k,r € Q and x € X*.

Proof. Let M be a SVNK of M. We prove the claim by induction on |z| = n. Let n = 0.
Then z = A. If p=¢gx*k and r = ¢q. So,

01((q+k, T (q k), I"(q* k), F'(q = k)), A, p) A 65 ((0: T (q), 1" (q), F*' (), A,m) A Tar (k)
< Tu(k) < Tulgxkxq™t),

03((q+ k., T"(qx k), I'(q * k), F'(q k), A, p) A 65 (0, T" (9), 1" (@), F*'(q)), A7) A Ing ()
<In(k) < In(grkxqt),

03((qxk, T"(q k), I'(q x k), F'(q + k), A, p) V 65 (0, T" (9), I" (@), F" (), A, ) V Far (k)

> Far(k) > Far(gs kxqt).

If p#£qgxkorr+#q. Then

—
=
N
&
/-\
\_/
'\4
X
—~
)
~—
B
X
—~
)
~
S~—
—
=
~—
>
2
—~
Dy
~—

01 ((q*k, T (g k), I'(q * k), F'(q * k)), A, p) A &5 (

83((q* ke, T"q* k), I'(q * k), F' (g k), A,p) A &3 ((q, T" (q), 1"

03((q * ke, T g * k), I'(qg x k), F'(q * k), A, p) V 85 (¢, T" (), I"
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So, the result holds for n = 0. Now, let the claim holds for every y € ¥* such that |y| =n —1
and n > 0. Let x € ¥,z =ya,y € ¥*,a € ¥, |yl =n —1 and n > 0. Then

01 (g kT g x k), I'(q k), F'(q * k), 2,p) A0t ((q, T (q), 1" (a), F¥'(q)), &, ) A Tas (k)
= (V{01 (g * k, T" (g x k), I'(g * k), F*(q % k)), y, )
A ST ((u, T (w), I w), 7 (w), 0, p)|u € Q1))
A (V{5 (g, T" (9), 17 (q), F¥ (), ;)
A ST (0, TV (), I (0), PN (), a0, 7)o € Q) A T (k)
< V{V{0i((g %k, T (g * k), I'(¢ x k), F*(q * k), y, u)
A& ((u, T (w), I (), F Y (w), a, p)
A6 ((g, T (9), T (9), F*(q)), y,v)
A 83 (0, TV (w), I (w), FY4 1 (0)), a,7) A Tar (k) |u € QY v € Q}
< V{V{Tar(us o™ A 65 ((uw, TH Y (w), I (w), FH (), a, p)
A ST (v, T (w), I (0), Y1 (0)), a,7)|u € Q) v € Q)
< V{V{Ty (vt % u)

ASF((vx vt su, TH" Yo s o b sw), I Yo xo ™ su), FP" Yo x o™t xu)),a,p)

also,

03((q+ kT g+ k), I'(q+ k), F'(q * k), z,p) A d3((0,T" (q), 1" (q), F* (q)), ,7) A Tng (k)
= (V{83((a*k, T" (g x k), I'(g ¥ k), F'(q % k), y, w)
A 65 ((u, T (), I (w), P77 (u), 0, p) [u € QF)
A (V{85 (0, T (0), I (9), F¥ (9)), 9, 0)
A &3 (0, TET =Y (), I (0), FY4 1 (0),a,7) [v € Q) A g (k)
<V{V{S3((g %k, T" (g % k), I'(q % k), F*(q % k), y, w)

A 85 ((u, TH =Y (w), I (w), FH (), a, p)
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N 65((g,T" (q), 1" (q), F" (0)), y,v)

A 63 ((v, TV~ (0), TP (v), FY 71 (0)), a, 1)

AIy(k)|u € Qv € Q}

< V{V{Iy(uxv™?)

A 65 ((u, T w), I (w), FH Y (w), a, p)

A8y ((0, TV (w), I (v), F*4 1 (0)),a,7) [u € QY |v € Q)

< V{V{Iy (v * )

AGs((vx v L xu, T Lo s o™ sw), I Lo s o™t sw), FF" Yo x vt x ), a, p)
A &3 ((0, TV (W), I (v), FY 4 (0)),a, ) [u € Q}|v € Q)

< In(pxrh),

and

05 ((q kT (g k), I'(q k), F'(q + k)),2,p) v 35((0, T" (¢), I" (), F* (q)), w,7) V Fas(k)
= (MO5((q * k, T (g * k), I (q k), F*(q k), y, w)
V&5 ((u, T (w), I (w), FH 7 (w), 0, p)|u € Q})
vV (A{33((q. T"(0), 1" (q), F" (q)). ,v)
V33 ((0, TV (w), I (v), Y41 (0)),a,7) [v € Q}) V Far(k)
> AMA{G5((q b, T (g = k), I(q + k), F'(q % k), y, u)
V83 ((u, T (w), I (w), F Y (w), a, p)
vV 65((0, 7" (0), 1" (0), F"'(q)), v, v)
V65 ((v, TV (0), IV (0), FY 71 (0)), a, 1)
V Far(k)|u € Q}|v € Q}
> MNAMFy(usov™)
V65 ((u, T (w), I (w), FH Y (w), a, p)
V33 ((0, TV (), I (0), FY4 1 (0)),a,7) [u € QY |v € Q)
> MNMAMFy (v s u)
Vos((wsv b wu, TH" Yoo su), I Yo x vt xu), FFF" Yo s v~ s u)), a,p)
V33 ((0, T (w), I (), FYF (), 0,m) |u € QYo € Q)

Z FM(p*Til)a

O
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Definition 3.13. Let M be a GNGM and M be a SVNSM of ). M is called single-valued
neutrosophic fundamental (SVNF) of M if the following hold:

(1) M is a SVNSG of Q,
(2)

S

T (p) > 01((q,T"(q), I'(q), F*(q)), x, p) A Tas(q)
Ine(p) > 02((¢; T'(q), I"(q), F* (q)), z, p) A Ins(q)
Fu(p) < 03((q, T%(a), I'(q), F'(q)), z,p) V Fu(q),

S

for every p,q € Q and x € 3.

Theorem 3.14. Let M be a GNGM and M be a SVNSM of Q. Then M is a SVNF of M if
and only if the following hold:

Tun(p) > 61 (¢, T (), I (q), F'(q)), =, p) A Trr(q)
Ini(p) > 05((q, T"(q), I'(q), F'(q)), 2, p) A Ini(q)
Fu(p) < 65((a. T (), I'(q), F*(q)), =, p) V Fu(q),

for every p,q € Q and x € ¥*.

Proof. The proof is similar to proof of Theorem . 0O

Theorem 3.15. Let M = (Q,%,%, R, 5, E1,Es) and M’ = (Q',%, %, R',&', Ey, Ey) be two
GNGM. Let f be a homomorphism from Q into Q'. If M is a SVNF of M’, then f~Y(M) is
a SVNF of M.

Proof. The proof is straightforward.

Theorem 3.16. Let M = (Q,*,%, R, 5, E1,Es) and M’ = (Q',%, %, R',8', Ey, Ey) be two
GNGM. Let f be a homomorphism from Q into Q'. If M is a SVNK of M', then f~Y(M) is
a SVNK of M.

Theorem 3.17. Let M = (Q,+ %, R, 8, 1, Eo) and M' = (Q', % X, R, ¥, Ey, Es) be two
GNGM. Let f be a strong homomorphism from M into M'. If M is a SVNK of M, then
f(M) is a SVNK of M'.
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Proof. Let M be a SVNK of M. Then M is a SVNNSG of Q. So, f(M) is a SVNNSG of @,
since f is an epimorphism from Q onto Q’. Let p/, ¢, 7', k' € Q' and x € ¥. Then

01 (g1 * ka, THqu = kr), I (a1 * ka), F'(qu % k) ), 2, pa)
A7 (a1, T (a0), I (ar), F¥ (q0)) 2, m1) A Tyany (k1)
=0y ((qu b, T (qu * k1), T (g1 # kr), F'(qu x k), ,p) A0y (g1, TV (1), I (@), F¥ (1)), 2, 1)
AN (VAT (k) |k € Q, f(k) = k1})
= V{0y" ((q1 * by, T'(qu % k), I'(qu * K, F' (a1 * ), 2, p)
A (a1, T (@), I (@), FY (@1))s 2, m) A Tar(R) [k € Q. f (k) = kb,

and

05" ((qu = by, T'(q1 * kr), I'(qu = k), F'(qu % kv)), 2, p1)
Ay ((qu T (o), I (1), B (@), @, 71) A T pary (k)
= 05" ((qu b, THqu k), T (qu x br), FY(qu % k), @) A 0" (a1, T (q0), I (1), F* (1)), 1)
A (V{In (k) |k € Q, f(k) = k1})
= V{85 ((qu * k1, T"(qu % k), I'(qu * ka), F*(qu * k1)), 2, p)
N85 (g1, T (1), IV (@), F¥ (1)), @, 71) A Ing ()| € Q, £ (k) = ki),

also,

05" ((qu = by, T (qu # ), I (a1 % kr), F'(qu b)), 2, pa)
Vs (g1 T (1), I (1), F™ (@) 2, 71) V Fyoan (k1)
= 65" ((qu * Ky, THqu * k1), T (qu % K1), FY(qu * k1)), 2, p) V o5 ((q1, T (1), I (q1), F¥ (@), @, 71)
V (MEM(B) |k € Q, F(k) =k }) A5 (g1 b, T ar * k), I (a1 # ), FY(qu = k), 2, p)
Vo5 (. T (1), I (@), F¥ (1)), 2, m1) V Fur () |k € Q, f(k) =k}

Now, suppose that p,q,r, k € Q be such that f(p) = p1, f(¢) = qi, f(r) =r1 and f(k) = k.
Then
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87" ((qu * by, T g1 * k1), I (qu * k), (g1 % k), 2, pi1)

Aoy ((an, T (q0), I (1), F¥ (q1)), 2, 71) A Tary (K1)

= 5" (g k), T (f (g% k), T (f(g % k), F*(f(a k), 2, f(p))

NS ((F(@), T (F(@) T (F(0), FY (£(@)), %, £(r) A Taa (k)

= V{61 (g k, T (g k), I (q k), F'(q % k), 2, h)| f(h) = f(p), h € Q}

AV, T (9), T (0), F¥ (@), 2, )| £(1) = £(r),1 € Q} A Tos (k)

= V{V{8} (g% &, T' (g x k), I'(q + k), F'(q * k), 2, h) A 67 (¢, T" (9), I (9), F"'(q)), . 1)
AT ()| f(h) = £(p), (1) = f(r),1,h € Q}}

<VEATu(h+ 17 |h € Q, f(h) = f(p)|l € Q, F(1) = f(r)}}

< T(F(M))(pr * 7).

Similarly,

I(F(M)) (1 *rTY) > 65" ((qu % by, THaqu * k1), IHqu * k1), FY(qu * k1)), 2, p1)

N 5/2*((q17Tt/(ql)vIt/(q1)7Ft/(q1))a :E?Tl) A If(M)(k)v

and

F(F(M))(pr#r7") < 05 ((qu = kn, T (a1 + kr), I (qu = k), F'(qu % ka)), 2, pr)
Vo5 (g1, T (q1), I" (1), F¥' (q1)), 2, m1) V Fyan (k).

Hence, f(M) is a SVNK of M’.

Theorem 3.18. Let M; = (Qi,*,E,Ri,gi,El,Eg),i = 1,2 be two GNGM and f be a strong
homomorphism from My onto My. If M is a SVNF of My, then f(M) is a SVNF of Ma.

Proof. The proof is similar to the proof of Theorem . 0O
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In the rest of paper for SVNGA M = (Q,, %, R, 4, Ey, Ey) the following conditions are
satisfied:

T (), T (p), FY'(p), 2, )
<q,Tt”< ). 1" (a), F" (0)), 2, ),
p. T (p), I (p), " (p)), =, k)
(q,Tt”(Q),It"(Q)»Ft"(Q)),w,/@),
p,Tt/( ), I (p), F"'(p)), , k)

5 ((p*a. T (pxq). I'(p*q), F'(p*q)),x,7)
35 ((p*q, T'(p*q), I'(p*q), F'(p*q)),z,7)

A
35 ((p*q, T p*q), I'(p*q), F(p*q)),x,7r) > §

for every p,q,r, k € Q and = € ¥*. Also, e will denote the identity element of the group (@, ).

Theorem 3.19. Let M = (Q,*,E,R, S,El,Eg) be a GNGM and M be a SVNK of M. Then
M is a SVNF of M if and only if

for every p € Q and x € ¥*

Proof. Let conditions 1, 2 and 3 are satisfied. Then

p*ril) AT (r)

> 61((¢, T"(a), I'(q), F*(q)), x,p) A 57 (e, T" (€), 1" (), F"'(€)), 2, 7) A Tas(q) A Tar (r)
(@.T"(q), I'(q), F'(q)), ,p) A &5 (e, T (€), I (e), F"'(€)), 2, 7) A Tar(e) A Tas(q)

(4, T%(9), I'(9), F'(9)), 2, p) A Tar(q)-

Since, Tar(q * q~") > Tar(q) A Tar(q") = T (q), then Thy(e) > Tar(g), also

1((¢, T (q), I'(q), F'(q)), z,7)

6i((e, T"(e), I"(¢), F'(¢)),w, ) A&
> 5i((ex g, T" (e x ), I" (e % @), F" (e ¥ q)), z,7),
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so, 05 ((e, T (e), I (e), F¥ (€)),x,7) > 65((e x ¢, T" (e % q), I (e % q), F*" (e % q)), z,7). On the

other hand,
In(p) = Iy(px L sr)

> Ing(ps ™) A Iy (r)

5, T'(9), I'(a), F'(a)), 2, p) A S3((e, T (e), I (e), F¥'(€)), @, 7) A Tna (@) A Taa (1)
(0 T"(q), T'(@), F*(9)), ,p) A 85 ((e, T" (), " (€), F¥ (€)), &, 7) A Tna(e) A Tns(q)
( ), I'(q), F*

(@), F*(q),7,p) A n(q)-

q,

> 65((q,T"(q

Also,
Fur(p) = Fy(psr—txr)
< Fu(pxr=b) v Fa(r)
03((a, T"(9), T'(a), F*(a)), %, p) V 53 ((e, T (e), I (e), F*'(€)), 2, 7) V Far(q) V Fau(e)

< 03((¢; T(q), I'(q), F*(q)), x,p) V Far(q).-

IN

Hence, M is a SVNF of M. The converse is clear.

Corollary 3.20. If M is a SVNK and N is a SVNK of M such that M C N and
(Th(e), Ins(e), Far(e)) = (Tw(e), In(e), En(e)), then M is a SVNF of M.

Theorem 3.21. Let M be a SVNK and N be a SVNF of M. Then M N is a SVNF of M.
Proof. Since M is a SVNNSG and N is a SVNSG of Q, then M = N is a SVNSG of @ and
M« N = N x M. Now, we have
Toren(®) = Tar(p s r ™D AT (r) > 65 ((a % b, THa * b), I'(a % b), Ft(a x b)), z, p)
a, T (a), I (a), F¥ (), z,7) A Tar (D)
a,T"(a), 1" (a), F"(a)), 2,7) A Tiy(a)
=5 ((ax b, T (a*b), I (axb), F' (a*b)),z,p)
AT (b) A Tn(a),
In addition, Inpn(p) > 05((a * b, THa * b), I*(a * b), Ft(a * b)), z,p) A Ins(b) A In(a), since
53((axb,Ta xb), I (a*b), Fi(a b)), z,p) < 63((a, T (a), I (a),Ft’(a)),x,r). Also,
Frn(p) < Ev(pxr™) vV En(r)

< 0%5((a x b, T a % b), I'(a xb), F(a x b)), z,p) V 85 ((a, T" (a), I' (a), F¥ (a)), z, 1)

V Far(b) V65((a, T (a), IV (a), F¥ (a)), z,7) V Fn(a)

05((ax b, THaxb), I'(axb), F{(a*b)),z,p) V Fy(b) V Fx(a),
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for every a,b,p € Q and x € X*. So, for every p,q € Q and x € X*

Taren(p) = VA5t (% b, THa # b), I'(a # ), F'(a * b)), 2, p) A Tar(b) A Ty () axb=q)
=61((¢, T"(9), 1" (q), F* (0)), 2, p) A (V{Tar (b) A Ty (a)|a, b € Q,a b= q})
= 67((a: T"(0), T (), F*(q)), 2, p) A Taran (),
clearly, Inrun (p) > 05((0, 7% (9), 1 (q), F¥ (¢)), %, p) A Insan(g) and
Fyan(p) <050, T (9), I (), F¥ (@), 2, 1) V Faran (9)-

Therefore, M * N is a SVNF of A. g

Theorem 3.22. If M and N are two SVNKs of M, then M « N is a SVNK of M.

Proof. Let M and N be two SVNNSGs of ). Then M x N is a SVNNSG of @ and M * N =
N x M. Now, we have

-1

TM*N(p*T_l)ZT p*q- )/\TN(q*r

( )
> 6 ((a*bxec, Tt(a*b*c),ft(a*b*c) Ft(a*b*c)),az,p)

and

>05((axbxc, T (axbxc), ["(axbxc), F'(a*xbxc)),z,p)
axb,T" (axb), I' (axb), F* (a % b)), z,p) A Ln(c)

Q’ll

A
Ao
A 85 ((a, T (a), IV (a), F" (a)), 2, ) A Tar(c) A Ti(c)

Il
on

(
2((
((@*b,T"(a*b),I" (axb), F* (axb)),z,r)
2((a
((
2(

)
S(axbxc, T axbxc), I"(axbxc), F'(axbxc)),,p)
(a,T" (a), 1" (a), F" (), z,7) A Ing(c) A In(b),

0«71

A

also,

FM*N(p*T—l) < 5;(((1* b*c,Tt(a*b*c),It(a*b*c),Ft(a*b*c)),a:,p)

V65 ((a, T (a), IV (), F*" (), z,7) V Far(c) V Fx(b),
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for every a,b,c,p,r,q € Q and x € ¥*.

Now, we have

Taren (™) > V{6 ((axbxc, T axbxc), I'(axbxc), Filaxbxc)),z,p)
/\(51(( () (),Ft,( )),:c,r)/\TM(c)/\TNb}b,cEQ,b*c:k}
= (67 ((q %k, T" (g k), I" (g% k), F"' (g + ), 2, p)
A6 (g, T (q), 1" (q), F"(q)), z,7)
AV{Tr(c) AT (b) =k})
=01 ((gxk, T" (g k), I" (g% k), F"" (q  k)), z, p)

AT ((a, T (q), 1" (), F" (q)), 2, 7) A Taran (K),

and

Inpen(pr™h) > 85 ((q =k, T (q + k), 1" (g + k), F" (q * k), 2, p)
A63((g, T (0), 1" (0), F'(q)), 2, 7) A Tngunv (K),
also,
Faan(pr=t) < 03((q# k, T (q + k), 1" (¢ % k), F* (g * k)), 2, p)
vV &5((¢, T (9), T (9), F*(q)), 2, 7) V Faranc(k),

Hence, M % N is a SVNK of M. g

Let M be a SVNK of M. Let
L(M) = {N|N is a SVNK of M such that (Ths(e), Ins(e), Far(e)) = (Tn(e), In(e), Fn(e))}.
Theorem 3.23. (L(M), Q) is a lattice.

Proof. Let B,N € L(M). Then BAN € L(M) and BN N is infimum of B and N, for relation
C. By Theorem , B+ N € L(M) and B % N is the supremum of B and N for the relation
. Therefore, (T'(M),C) is a lattice.

N

4. Conclusion

In this note, we presented the notion of neutrosophic single-valued general machine over
a finite group, which is known as a ”group neutrosophic general machine”, for simplicity,
GNGM. Also, we presented the notions of max-min GNGM, single-valued neutrosophic sub-
group (SVNSG) and single-valued neutrosophic normal subgroup (SVNNSG). Moreover, we
proved that if M is a SVNK and N is a SVNF of M, then M x N is a SVNF of M.
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