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1. Introduction

The theory of neutrosophy and neutrosophic set was
introduced by Florentin Smarandache in 1999 [2]. The fuzzy
sets was introduced by Zadeh in 1965[5]. A neutrosophic set
N is a set where each element of the universe has a degree
of truth, indeterminacy and falsity respectively and which
lies in the non standard unit interval |0~, 17[. Wang ezal. [3]
introduced the notion of single valued neutrosophic sets.

The fuzzy automaton was introduced Wee [4].
The concept of single valued neutrosophic finite state machine
was introduced by Tahir Mahmood [1]. Cartesian composition
of I'— reset single valued neutrosophic automata(SVNA) are
introduce and studied their properties. Finally, prove that

cartesian composition of I'— reset SVNA is I'— reset SVNA.

2. Preliminaries

Definition 2.1. [1] A fuzzy automata is triple F = (S,A, o)
where S,A are finite non empty sets called set of states and
set of input alphabets and « is fuzzy transition function in
SXxAxS—[0,1].

Definition 2.2. [1] A fuzzy automata is triple F = (S,A, )
where S,A are finite non empty sets called set of states and
set of input alphabets and o is fuzzy transition function in
SXxAxS—[0,1].

Definition 2.3. Neutrosophic Set [2] Let U be the
universe of discourse. A neutrosophic set (NS) N in U is
characterized by a truth membership function Ny, an inde-
terminacy membership function {y and a falsity membership
function py, where Ny, &y, and py are real standard or non-
standard subsets of |0~ , 17 [. That is

N = {(x, (M (x), G (). () X € U,

N, Gy, pv € 107, 17[ } and with the condition

0~ < sup 1 (x) + sup Gy (x) + sup py (x) < 3+

we need to take the interval [0,1] for technical applications
instead of 10—, 1.

Definition 2.4. Single Valued Neutrosophic Set [2]

Let U be the universe of discourse. A single valued neutro-
sophic set (NS) N in U is characterized by a truth membership
function Ny, an indeterminacy membership function {y and a
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falsity membership function py.
N= {<xa (nN(x)7 CN(X)7PN(X))> X € U7 N, CvaN € [Oa 1}}

3. Single Valued Neutrosophic Automata

Definition 3.1. [1]

F = (S,A,N) is called single valued neutrosophic
automaton (SVNA for short), where S and A are non-empty fi-
nite sets called the set of states and input symbols respectively,
and N = {{nn(x),Cn(x),pn(x))} is an SVNS in S x A x S.
The set of all words of finite length of A is denoted by A*. The
empty word is denoted by €, and the length of each x € A* is
denoted by |x|.

Definition 3.2. [1]
F=(S, A, N)beanSVNA. Definean SVNS N* =
{(nv+(x), Cn= (x), o= (x)) } in S X A™ X S by

1 ifgi=q;
v+ (qi, €, q;) = .
! {0 if i # q;

0 ifgi=gq;
Cve(qis €, q5) = .
o 1 ifqi#4q;

0 ifgi=gq;
«(qgi, €, qg;) =

pN (QH 7q/) {1 lf%#q;
N+ (qhx))v qj) = vqrEQ[nN* (qiaxa q;’) /\nN* (q}’vy7 q})]a
One (g, xy,4;) = Ng,e0lCn(gi,%,qr) V v (gr,3.4;)],
pn+(Gi,xy,q7) = Ng,e0lPn- (i, X,qr) V PN+ (4r,Y,9;)],
Vqi,q; €S,
x€EA*andy € A.

4. T'— Reset Single Valued Neutrosophic
Automata

Definition 4.1. Let F = (S,A,N) be an SVNA. If F is
said to be deterministic SVNA then for each q; € Q and x €
A there exists unique state q; such that Ny«(gi,x,q;) > 0.

CN*(Qi»XaCIj) < 17 pN*(qivxaqj) <L

Definition 4.2. Let F = (S,A,N) be an SVNA. If F is
said to be connected SVNA if for all q;,q; € S there exists x €A
such that Mn(qi,x,q;) > 0. Sy (qi u,q;) < 1, pn+(gi,u,q;) <
1. (0]’) T'N(CIjrxaqi) > 0. CN*(quxaqi) < 17 pN*(CIjax7qi) <1

Definition 4.3. Let F = (S,A,N) be an SVNA. If F is
said to be strongly connected SVNA if for all q;,q; € S there
exists u € A* such that Ny (qi,u,q;) > 0. v+ (gi,u,q;) < 1,
pn+(qi,u,q;) < 1. Equivalently, F is strongly connected if it
has no proper subautomaton.
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Definition 4.4. Let ©® = py, pa, ..., p; be a partition of
the states set S such that if Ny+(qi,x,q;) > 0. En+(qi,x,q;) <
1, pn+(qi,x,q;) < 1. for some x € A then q; € psand q; € psy1.
Then © will be called periodic partition of order z > 2.
An SVNA F is periodic of period z > 2 if and only if z =
Maxcard (®) where this maximum is taken over all periodic
partitions © of F. If F has no periodic partition, then F is
called aperiodic. Throughout this paper we consider aperi-
odic SVNA.

Definition 4.5. Let F = (S,A,N) be an SVNA. We say
that F is said to be I'— reset if there exists aword w € A*, q; €
S and a real number I' with T" € (0, 1]such that Ny+(gi, w,q;) >
>0, 8y (gi,wq;) ST <1, py-(gi,w,q;) ST <1 Vg €S.

5. Cartesian Composition of I'— Reset
Single Valued Neutrosophic Automata

5.1 Definition
Let F; = (S;,A;,N;) be SVNA, i = 1,2 and let A; N
Ay =¢.Let FioF, = (S| X S2,A1 UAy,Nj oN;), where

N, (gi,%, qx)

ifx € A1, q;=gq
N, (q),%,q1)

ifx € Az, qi = qx
0

otherwise

(v, onn, ) ((gi595)5 %, (qrs a1)) =

vy (gisx, qi)

ifx € A1, q;=q
S, (g5 x,q1)

ifx € Az, qi = qx
0

otherwise

(Cv, o Cv,) (i), (g 1)) =

pw, (i, X, qxk)

ifx € A],qj:ql
P, (a5, q1)

ifx € Ay, qi = qy
0

otherwise

(le OpNz)((qian)ax’ (Qkyql)) =

Y (9i,4;), (qr,q1) € S1 X S2, x € A{UA. Then Fi o F3 is
called the Cartesian composition of Fj o F>.

5.2 Definition

Let F; = (S;,A;,N;) be SVNA, i= 1,2 and let A| N
Ay=¢.Let FloF, = (Sl X S2,A1 UA,, Ny ONQ), be the carte-
sian composition of Fj and F>. Then Vw € ATUAZ, w # €.
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M; (Gis W, q)

ifw € Al,q;=q
nn; (45w, q1)

ifw € A%, gi =qx
0

otherwise

(n; o1y ) (9 g5) - w, (ak, q1)) =

Sy (gisw,qx)

ifw € Al,q;=q
v; (aj,wqn)

ifw € A%, gi =qx
0

otherwise

(Cn; 0 Cn; ) ((gi,95) W, (ax, q1)) =

Pw; (qi, W, qx)

ifw e Al,qj=q
p; ()W, q1)

ifw € A%, gi=qk
0

otherwise

(pw; o ;) ((giaj)s wi (ars 1)) =

v (q,',qj), (qk,ql) €SI XS, we A*f UA;. Then FioF> is
called the Cartesian composition of Fj o F;.

Theorem 5.1.
andlet A1 NAy = ¢.
Let Fi o F, = (81 X 82,A1 UA3, Ny oN,), be the cartesian com-
position of Fi and F;.

Then Vwi € A],wa2 €A

(Mn; o Mvg ) ((g159) wiwz, (Gk,q1)) = Ny (i Wi, qi) A

Mz (g, w2,41)

(Cny o Gy ) ((gisaj), wiwz, (ak, q1)) = Cwy (gis w1, )V

Cns (g, w2,q1)

(Pw; © Py ) ((gi5q), wiwa, (ak, qi)) = Pw; (i w1, qx)V

pw; (g, w2,41)

Let F; = (S;,A;,N;) be SVNA, i = 1,2

Proof. Letw; € A}, wy € A3,

(91,97), (qe:q1) € S1 % Sa.

If wy = € = wy, then wiwy = €. Suppose (qi,qj) = (qk,ql).
Then g; = g4 and ¢g; = g;. Hence,

(Mg o g ) ((9159), wiwa, (g, qr)) = 1= Nz (gi, w1, gxc) A
g (47, w2,41)

(Cn; 0 Cns ) (i qj) wiwa, (qrs i) = 0= Gy (gis wi,qx) V
g (aj, w2, q1)

(Cnr 0 Gy ) ((gi2q)- wiwa2, (qk, q1)) = 0 = Oy (qi, Wi, qx) V
CN; (qj,w2,q1)

Suppose (gi,q;) # (qk,q:)- Then either ¢; # qx or q; # q;.
Then
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an*(f]iaWIaCIk) A nN;(qjaw27ql) :Oa
CN;‘ (gisw1,q1) V CN; (qj,W2,q1) =1 and

Pn; (qiwi,qi) vV pwg (g, w2,q1) = 1.
If x =€ and y # € or x # € and y = ¢ then the result is holds.
Now,

(v o Mvg ) ((g159), wiwa, (ak, a1)) =
V(gras)esi < LT 0 vy ) ((9159), w1 (@75 G5))N
(nn; 0 Mg ) ((gr,G5) w2, (g, q1))
= Vg, e s {(M; o Mvg) ((g159), wiwa, (gr,91))N
(1n; o g ) ((@r, 1), w2, (g, qn)) b

=Ny (g5, wi:q6) A Mg (a5, w2, 1)

(Cn: 0 v ) (i gj) - wiwa, (g, 1)) =
Ngroas)esi x> 1 (v 0 Sy ) ((gi,95)- w1, (qr,q5) )V
(Cn 0 v ) ((9r+Gs), w2, (ks q1))
= Ng, € 5 {(Cn; 0 ;) (g 47), wiwa, (gr,q1) )V
(Cny o Cng ) ((gr,qi) w2, (qr 1)) }

=i (giswisqx) v Ons (a7, w2, q1).-

(Pw; © pn; ) (i q7)s wiw2, (g, q1)) =
Ngrags)esi <52 L(Pny 0 pn; ) ((9i,95), w1, (Gr,45))V
(pw; o ;) ((grsas), w2, (ak,a1)) }
= Ng, e s {(Pw; © Png) ((gisqj), wiw, (ar,91))V
(Pw: © png ) ((r,q1) w2, (qrs 1)) }

= pw; (g wi,q0) Vv Pwg (g, w2, 1)

O

Theorem 5.2. Let F; = (S;,A;,N;) be SVNA, i = 1,2
and let Ay NAy = ¢. If F1 and F> are I'— reset SVNA then
cartesian composition of Fy o F, is T'— reset SVNA.

Proof. Let F; = (S;,A;,N;), i=1,2be I'— reset SVNA.
Then there exists a word w; € A*, ¢; € S1 and wy € A*, ¢q; €
Spa real number I" with I" € (0, 1]such that

Mv; (@i w1,q) 2T >0, Cye (i, wi,qi) ST <1,

p: (gisw.qe) ST <1 Vg; €.

Mw; (qj,w2,q1) =T >0, Cys (g, w2,q1) <T <1,

Pz (qj,w2,q1) ST <1 Vg, €5,
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Now,

(M 0 Mg ) ((g1297)s W, (qrsq1)) =
(v 0wy ) ((9i:9), wiwa, (ks qr))s w = wiwa
=V (gra0)e81 x5, LMz 0Ny ) ((gi,95), w1, (g, G5) )N
(M 0 Mg ) ((4r,Gs), w2, (s 1))
= Vg, e s; { (M oMy ) ((gi,95) w1, (@r, )N
(Mw; © g ) ((9r,95), w2, (ax, 1)) }
= Mw; (g w1, q) A Mg (45, w2, 1)

Hence, the cartesian composition of Fj o F; is '—reset SVNA.
O

6. Conclusion

Cartesian composition of I'— reset single valued neu-
trosophic automata(SVNA) are introduce, prove that cartesian
composition of I'— reset SVNA is I'— reset SVNA.
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