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SUBSYSTEMS OF INTERVAL NEUTROSOPHIC AUTOMATA
V. KARTHIKEYAN ! AND R. KARUPPAIYA

ABSTRACT. In this paper, we introduce subsystem of interval neutrosophic au-
tomaton with example. We introduce different types of subsystems of interval
neutrosophic automaton and discuss the properties of subsystems of interval
neutrosophic automaton and establish the connection between different types
of subsystems.

1. INTRODUCTION

The theory of neutrosophy and neutrosophic set was introduced by Florentin
Smarandache in 1999 [2]. A neutrosophic set N is classified by a Truth mem-
bership function T}, Indeterminacy membership function I, and Falsity mem-
bership function F, where T, Iy, andFy are real standard and non-standard
subsets of |0~, 17[. Wang etal. [3] introduced the notion of interval-valued neu-
trosophic sets. The concept of interval neutrosophic finite state machine was
introduced by Tahir Mahmood [1]. In this paper, we introduced the concept of
subsystem of interval neutrosophic automata.

Also, we introduced some other subsystems of interval neutrosophic automata
and discussed their properties. We establish a necessary and sufficient condition
for interval neutrosophic subset N of () to be a subsystem of interval neutro-
sophic automaton.
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2. PRELIMINARIES

Definition 2.1. [2] Let U be the universe of discourse. A neutrosophic set (NS) N
inUis N = {{(z,(Tn(x), In(x), Fn(2))) ;2 € U, Ta,Ia,Fa € 107,11 } and with
the condition 0~ < sup Tn(x) + sup In(z) + sup Fy(x) < 3%. We need to take the
interval [0, 1] for technical applications instead of |0, 1.

Definition 2.2. [3] Let U be a universal set. An interval neutrosophic set (INS
for short) is of the form

N ={{an(z), Bn(2), v (2)) [x € U} = {{z, [inf anx(z),sup an(z)],
[inf Bn(z),sup By (z)], [inf vy (x),supyn(2)]) [z € U},

where ay(z), Bn(z), and yn(z) C [0, 1] and the condition that

0 <sup an(z)+ sup fBn(x)+ sup yn(z) < 3.

3. INTERVAL NEUTROSOPHIC AUTOMATA

Definition 3.1. [1] M = (Q, X, N) is called interval neutrosophic automaton
(INAforshort), where () and 3 are non-empty finite sets called the set of states
and input symbols respectively, and N = {{(an(z), fn(z),yn(z))} is an INS in
Q x ¥ x Q. The set of all words of finite length of ¥ is denoted by >*. The empty
word is denoted by ¢, and the length of each x € ¥.* is denoted by |x|.

Definition 3.2. [1] M = (Q, 3, N) be an IN A. Define an INS
N* = {{an(z), By (z), yn+(x)) } in Q x * x Q by

ol e gy J B Fa=a
[ ¥ [0,0} lfQZ 7£ q;
iy € ) = [O’ O] ifQi = {qj

ﬁN*@’ | qj) : [17 1] if ¢ # q;

’YN*(C]‘ € q.) — [070] if g = q;
i & 4y [1, 1] lfqZ 7& qj
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QN (QM w, qj) = Q= (%7 zy, QJ) = vqTEQ[aN* (Qz; T, QT) U apnx (QT'y Y, q])]?
/BN* (QZa w, QJ) = BN* (% xy, QJ) = \/qTGQ[BN* (qza x, QT) U ﬁN* (qra Y, q])]?

Y+ (Gisw, q5) = Y+ (G5 Y, 45) = V@l v (s T, @) U yn=(ar, ¥, ¢5)]
Vgi,q € Quw =2y, v € ¥*andy € 3.

Definition 3.3. Let M = (Q, X, N) be an interval neutrosophic automaton. Let
Ng be a interval neutrosophic subset of (), and for each q; € Q,

No ={{ang (@), Bro (@), Tng(ai))} = { (@, [inf ang (4:), sup ang (¢:)],
[inf B, (¢:), sup Buvg (i), [inf yavg (¢:), sup v, (¢:)]) } -
Then (@), Ng, X, N) is called a subsystem of M and it is denoted by N, if Vq;,q; €

Q and x € ¥ such that an,(q;) > Veolan, (@) N an(a,x,45)}, By (q;) <

Definition 3.4. Let M = (Q, X, N) be an interval neutrosophic automaton and
Ng = {{ang: Bng. Ny )} be an interval neutrosophic subset of Q. Let q; € Q and
for all x € ¥, define an interval neutrosophic subset Nox of Q by, (an,)(q;) =
Vo, e @{omg (@) A an(ai 7,45)} (Bng®)(45) = Ng; e @{Bng (@) V Bn(ai 7, ¢5)} and
(Yo ®)(45) = N, e f g (@) V v (@i @, ¢5) -

4. PROPERTIES OF SUBSYSTEMS OF INTERVAL NEUTROSOPHIC AUTOMATA

Theorem 4.1. Let M = (Q,X, N) be an interval neutrosophic automaton. Let
Ng = {{ang, Bng, TN, ) } be an interval neutrosophic subset of Q. Then Ng is a
subsystem of M if and only if V¢;,q; € Q, Vo € £¥,

ang (45) = Vaeoiang (@) N an(gi, v, ¢5)},

Bro (@) < Ngei{Bng (@) V Bn(ai x, q;)} and

YN (45) < Ngie@ing (@) V n(Gis 7, q5) -

Proof. Suppose Ny is a subsystem of M. Let ¢;,¢; € Q and x € X*. We prove
the result by induction on |z| = n. If n = 0, then z = e. Now if ¢; = ¢;, then
ang (45) Nan(Gis €,G5) = ang (@), Brg (65)V BN (ais €, 45) = Brg(¢5), and v, (g5) V
YN«(Gis €, 45) = Yng(g;). Now if i # g5, then an, (¢:) A an«(gi,€,q5) < ang(q)),
Bno (@) V B (i, €, 45) = By (q5), and v, (q:) V v (a3, €, G5) > Vg (45)-

Therefore, the result is true for n = 0.
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Suppose the result is true for all y € ¥* such that |[y| = n — 1,n > 0. Let
r=uya,lyl =n—1,y € ¥* a € ¥. Then
Vgelang (@) A an+(gi,2,95)} = Voeqlang (@) A an+(gi,ya, ¢;)}
= qu‘EQ{aNQ (q:) A {\/quQ {an<(g,y, ) N an(gr, a, C]g)}}}
= Vel Vacq {OéNQ () N an+(qi v, ) A o (qe, a, q5) 1}
< Ve {ang (@) A an(ar, a, q5) }
< ang (4))-
Vaealang (@) A an+(gi, 7, q;5)} < any(g5)-
Thus,
ang (45) = Vaeolan, (@) AN an+(gi, ., q;)}
Ngic{Bno (@) V Bn= (45,7, 45)} = NgeiBng (@) V By-(ai, ya, q;)}
= /\quQ{BNQ (qz) \% {/\leQ {ﬁN* (Qia Y, Qk> \% 5N(Qk7 a, qj)}}}
= Agpe{Aacq {Bno (@) V Bn- (a5, y, ar) V B (ar, a,q;) } }
> Ageeq {Bng (ar) V B (aw, a, ¢;) }
> By (45)-
Naie{Bng (@) V Bn (4,7, ¢5)} > By (q))
Thus,
Bro(@5) < NgieiBng (@) V Bu=(ai, 7, ;) }
Naie{ N (@) V (46, 7, ¢5) } = Ngeing (@) V v+ (i, ya, g5) }
- /\qz'GQ{'VNQ (%) N {/\QkEQ {7N* (%‘7 Y, Qk) v 7N(Qk7 a, qJ>}}}
= /\leQ{/\QiEQ {’VNQ (Qz) V YN~ (Qi; Y, Qk) N VN(QIW a, Qj)}}
> Agreq {0 (@) V v (ars @, g;) }
> N, (G5)-
Ngic@{ NG (@) V N+ (i, T, 45) } > YN (45)-

Thus: ’YNQ <QJ) S /\qiEQ{/yNQ (Qz) \ YN+ (Q’M x, QJ)}

The converse is obvious. O

Theorem 4.2. Let M = (Q,%, N) be an interval neutrosophic automaton. Let
Ng = {{ang,. Bngy, N )} be an interval neutrosophic subset of Q. Then Ng is
a subsystem of M if and only if an,r C an,, By, 2 Bn,, and Yn,T 2 YN,
Vo € ¥

Proof. Let N be a subsystem of M. Let z € ¥* and ¢; € (). Then
(OéNQZL“)(qj) =V {OéNQ(CIi) Ao (G, T, q5) | ¢ € Q} < OéNQ(CIj)
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(Brng)(q5) = AN Bng (@) V Bn+(ai,7,45) | ¢ € Q} = By (45),
(@) (45) = A v (@) V ane (a7, ¢5) | @ € QF > g ()

Hence, an,z C an,, Bn,T 2 Bn,, and yv,o 2 Y, Vo € ¥*.

Conversely, suppose ay,r C an,, By,T 2 B, and Yy,T 2 YN, Yo € X%
Let ¢; € Q and x € X*. Now,
ang (¢5) = (ang)(g5) = Vaeq {ang (@) A an=(gi, 7, ¢;) } -

Thus,
ang (¢7) = Vgeolang (@) A an(gi 2, ¢;)}
Bro (@) < (Brno)(05) = Ngieq {5NQ((J¢) V B+ (g, x, Qj)} .
Thus,
B (45) < Ngieo{Bno (@) V B+ (4i, 7, 45) },
o () < (Wng2)(45) = Ngeq { N0 (@) V v (g5, 45) }
YN (45) < Ngie@ing (@) V v (i T, 5) }-

Hence N, is a subsystem of M. O

Theorem 4.3. Let M = (Q, ¥, N) be an interval neutrosophic automaton. Let
Ng,, and Ny, be subsystems of M. Then the following conditions hold:

(1) Ng, A Ng, is a subsystem of M;

(ii) Ng, V Ng, is a subsystem of M.

Proof. Here, N, and N, are subsystems of an interval neutrosophic automaton
M.

(i) Now we have to prove Ny, A Ng, is a subsystem of M. That is
(ang, N ang, )(4j) = Vgeof(ang, A ang, ) (@) A an(a, . ¢;)}
(BNQl A BN%)(%) S /\inQ{(BNQl A BN%)(%) V 6N<q7,7 x, QJ)}7 and
(Y, AN 1N, )(45) < Ngicoi (Mg, A Yng, ) () V 1 (@i 2, 45) )

Now,
(ang, A ang,)(q5) = (ang, (5) N ang, (45))
> {Vgeelang, (@) N an(gi 2, ¢;)} AM{Vgeelang, (@) A an(gi . ¢;)
= {Vyeolang, (@) N ang, (@) N an(gi, , q;)}}
= {Vaea{(ang, Nang, (@) N an(g,z,q;)}H,
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Thus,

(4.1 (ang, Nang,)(45) = {Vaeel(ang, A ang, ) (@) A an(gi,z,q;)}}
(Bng, N Brg,)(45) = (Bng, (47) A Brg, (45))
{Naic@{Bng, (@) V BN (G, 7, ¢5) }} A{NgeiBng, (@) V Br(ai, 7, 45) }
= {AgeeiBno, (@) N Brg, (@) V Bn(ai, ©,q5)}}
= {Nge{(Bng, N Brg, ) (@) V Br(ais . q;)tH -
Thus,

(4.2)  (Bng, N Brg,)(5) < {Ngel(Brg, A Brg, ) (@) V Br(gi . q;)
YNg, N INo, () = (Ynvg, (47) A g, (47))
< {NAgee{mvg, (@) V an(ai , 4;) 1 A {Ngeo{vg, (@) V Y (g, @, 45)
= {Age{mg, (@) Nng, (@) V v (i T, g5) }}
= {Naueol (g, N g, (@) V v (g, 2, q5) -
Thus,

(4.3) (Yo, Ao (@) < {Ngie@{(Wvg, AN INg, (@) V IN(Gis @, 45) -

From (4.1), (4.2) and (4.3) Ng, A Ng, is a subsystem of an interval neutrosophic
automaton M.

(
)

IN

(ii) Now to prove Ny, V N, is a subsystem of interval neutrosophic automaton
M.
Now,

(ang, V ang, )(q) = (ang, () V ang, (45))
> {Vgealang, (@) N an(a, 2, 4;) 1}V {Vgeal{ang, (@) AN an(a, 2, q;)}}
= {Vgeolang, (@) V ang, (¢:) N an(gi, x, ¢;) }}
= {Vaeal(ang, Vang, (@) N an(g,,q5)}H,
Thus,
(4.4 (ang, Vang,)(4) = {Vaeellang, V ang, ) (@) N an(g,x,q;)}}
(Bng, V Brg, (@) = (Brg, (45) V Bg, (4)))
leq {Ngie@iBng, (@) V BN(ai; 2, q) vV {Nge{Brg, (@) V Bn (g, @, 45) }}
= {AgeelBng, (@) V Bng, (@) V Br (i, q5)
= {Ageal{(Brg, V Brng, )(ai) V Bn(ai, z,q;)}}
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Thus,
(4.5)  (Brg, V Brg, )(@5) < {Ngel(Brg, V Brg, ) (@) V B (gi . q;)
)a5) = (o, (@5) V INg, (45)
< Angeefvg, (@) V(e . ¢;) 1V {Ngeal{ng, (@) V v (@ 2, 45) )
= {Nauecelng, (@) V g, (@) V v (g, 7, q5) }}
= {Ageel(ing, V 1vo, ) (@) V v (g 2, ¢5) 1} -

(VNQl v FVNQQ

(
(

Thus,
(4.6) (YNg, V Yo, (@) < {Agee{(vvg, V N, ) (@) V AN (G, 7, q5) } -
From (4.4), (4.5), and (4.6), Ng, V Ny, is a subsystem of interval neutrosophic
automata M. O
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