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

ABSTRACT. In this paper, we introduce the strong subsystems in interval neu-
trosophic automaton. Further, we show that every strong subsystem of interval
neutrosophic automaton is subsystem but the converse need not be true.

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 Fy, where T, Iy, andFy are real standard and non-standard
subsets of |0~, 17[. Wang et al., [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
strong subsystem of interval neutrosophic automaton.

We establish necessary and sufficient condition for N to be strong subsys-
tem of an interval neutrosophic automaton. Further, we have shown that every
strong subsystem of interval neutrosophic automaton is subsystem but the con-
verse need not be true.
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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), By (2), v (2)) |z € U} = {(z, [inf ay(z),sup ay(z)],
[inf By (x),sup By ()], [inf yn(x),supyn(2)]) |z € U},

where ay(z), By(z), and yy(z) C [0, 1] and the condition that

0 <sup ay(z)+ sup By(z)+ sup yw(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 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, X, N)bean INA. Definean INS N* = {{ay«(z), fn+(x), vn+(2)) }
in@Q x X*xQ by

aN*(Q‘ € q): [171} lsz:qj
)y & Gy [0,0} lsz 7& qj
€ ) — {O’ 0] lf% = (qj
e {[1’ ] fa#q
v+ (G, € q;) = 0,0] ifqg=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 € ¥*and y € 3.

4. STRONG SUBSYSTEMS OF INTERVAL NEUTROSOPHIC AUTOMATA
Definition 4.1. Let M = (Q, X, N) be an interval neutrosophic automaton. Let
Nq :{<04NQ (i), BNQ(qi)7 YNo (Qz)>} = {<Qi7 [inf ONg (i), sup OéNQ(Qi)L
[inf B (i), sup Bug ()], [inf Yag (i), sup g (4:)]) }
¢ € Q. Then (Q, Ng, X, N) is called a subsystem of M if Vg;,q; € Q and v € ¥
such that an,(q;) 2 Vaeo{ang (@) N an(a, . ¢;)}, Brng(¢5) < Ngea{Bng (@) V

Bn(gi,,q5)} and g (45) < /\qieQ{VNQ(C]z‘) V(G T, )}
(Q,Ng, %, N) is a subsystem of M, then we write N, for (Q, No, X, N).

Definition 4.2. Let M = (Q,>, N) be an interval neutrosophic automaton. Let
No = {{any (@), Bny (@), Ing(@:))}. Then Ng is called a strong subsystem of
M if and only if Vg;,q; € Q, if 3 € ¥ such that an,(q;) > Vyeolian, (@)}
Brg(47) < Ngie{Bng (@)}, and yvg (45) < Ngieo{ng (4:)}-

Theorem 4.1. Let M = (Q, X, N) be an interval neutrosophic automaton. Let
No = {{any (@), Bny (@), Yvo(a))}- Then Ny is a strong subsystem of M if and
only if Vg;,q; € Q, if 3 x € X* such that an+(g,z,q;) > [0,0],
B+ (i, 7, q;) < [1,1],and yn+(qs, z, q;) < [1, 1], then an,(q;) > an, (¢:), Bro(45) <
Bng (@), and Y, (45) < Y (6)-

Proof. Suppose N, is a strong subsystem. We prove the result by induction
on |z| = n. If n = 0, then z = e. Now if ¢, = ¢;, then an-(¢;,€,¢;) = [1,1],
Bn+(gis €, 45) = [0,0], and yn+(gi, €, ¢;) = [0, 0].

Therefore, an, (¢:) = any(4;), Bng (@) = By (q5), and v, (¢:) = Y, (¢5)-

Suppose ¢; # ¢, then an«(g,€,q;)) = 1[0,0], On-(gi,€,q5) = [1,1],
YN+ (gi, €, ¢;) = [1,1]. Thus the result is true if n = 0.

Suppose the result is true Vy € ¥* such that |y| =n — 1,n > 0. Let x = ya,
lyf =n—1,y € ¥*,a € X. Suppose an+(q,x,q;) > [0,0], Bn=(qi, z,q;) < [1,1]
and - (¢, 7, q;) < [1,1]. Then
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an=(¢i,x,q;) = an+(g;,ya, q;) > [0,0],

Ve {aN* (Qia Y, Qk> N an+ (Qk7 a, Qj>} > [07 O]'

B+, %, q5) = Bn+(qi,ya, q;) < [1,1],

NgreQ {BN*(inya Qk:) V B+ (Qk, a, Qj)} < [17 1]
and

Y (Gis x, q5) = - (@i, ya, q;) < [1,1],

/\QkGQ {’VN* (ql'a Y, Qk‘) V YN+ (Qk, a, Qj)} < [17 1]'

Thus dg € @ st an+(¢,y,a) > (0,0, an(gra,q) > 1[0,0],
By (g, y,qx) < [1,1], and Bn=(qx,a,q;) < [1,1], v~ (g y,qx) < [1,1], and
v (qr, a, q5) < [1,1].

Hence, an,(q;) > an,(qr), and an, (qr) > any(6), By () < Bng(ar), and
Bg (k) < By (ai), and v, (45) < g (ar), and g, (qr) < Yy (a)-

Thus, an,(q;) > an, (@), Brg(45) < By (@), and v, (¢;) < g (4)-

The converse is obvious. O

Theorem 4.2. Let M = (Q, X, N) be an interval neutrosophic automaton. Let
Ng = {{ang, Bng: Ny ) } be an interval neutrosophic subset in Q. If Ng is a strong
subsystem of M, then N is a subsystem of M. The converse is need not be true.

Proof. Let N be a strong subsystem. Then V ¢;,¢; € Q, if 3 a € ¥ such that
NG <Q17 a, QJ) > [OJ 0]7 ﬁNQ (QZu a, QJ) < [17 1]7 TNg <QI7 a, QJ) < [17 1] Further:

(4.1) ang (45) = ang (@), Bro (@) < B (i), and v, (q;) < g (4)-

Now, an,(q;) > any (@) N ang (@, a, q5), Brg(45) < Brg (@) V By (4, a,q;), and
Yo (@) < no (@) V Yo (@i a, g5), By (4.1). Hence, N, is a subsystem of M.
O

Theorem 4.3. Let M = (Q, X, N) be an interval neutrosophic automata. Let
Ng, and Ng, be strong subsystems of M. Then the following conditions hold.

(i) Ng, N Ng, is a strong subsystem of M.

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

Proof.
(i) Since Ng, and N, are strong subsystem of an interval neutrosophic au-
tomata M. ThenV ¢;,q; € Q and x € ¥ such that

ONg, (qj) 2 \/QiEQ{aNQl (Qi)}a
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(g5) < /\QiEQ{ﬁNQl (@)},
(qj) < /\qz'GQ{’VNQI <Qi)}7
qj) > inEQ{&NQ2 (a:)},
BNQ qj) < /\QieQ{/BNQQ (@)},
Na, (47) < Ngee{ng, (@) }-

Now we have to prove Ny, A N, is a subsystem of M. It is enough to prove
(ang, N ang, (@) = Vaeo{(ang, Aang,) (@)}
(BNg, N Brg, (@) < Age{(Bg, A Brg,) (@)}
(Yo, NN, )(45) < Agiea{(Tvg, A Vv, ) (@) }-

Now,

(ang, N ang, )(q5) = (ang, (¢5) N ang, (45))

> {Vaea{lang, (@)1} AMVacal{ang, (@)}
[Since Ny, and N, are strong subsystem]

= Vageolang, (@) N an,, (¢:)}
= Vaeel(ang, Nang, ) (@)}

Thus,

(4.2)  (ang, Nang, (@) = Vgee{lang, Nang, ) (@)},
(Bng, N Brg, ) @5) = (Bng, (a5) A Brg, (7))
< ANacalBng, (@)1} A{Age{Brg, (@) }}
= /\qieQ{ﬁNQl (i) N Brg, (g:)}
= Ngee{(Bng, N Brg, ) (i) }-
Thus,
(4.3)  (Bng, N Brg,)(45) Ngse{ (Brg, N Brg, ) (i)}
(Yo, NN, )(@5) = (g, (45) A Y, (45))
< ANaee{mvg, (@)} AMAge{rvg, (@)}
Ngse{ng, (@) N ng, (i)}
Ngie@{(WNg, N INg, (@)}

IN

A

Thus,

(4.4) (VNQl A VNQ2>(qj) < /\QiGQ{(/yNQl A 'VNQQ)(QZ’)}‘
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From (4.2), (4.3) and (4.4), No, A Ng, is a strong subsystem of an interval
neutrosophic automaton M.

(ii) Now we have to prove Ny, V Ny, is a strong subsystem of interval neutro-
sophic automaton M. It is enough to prove

(aNQl v aNQQ)(Qj) 2 tiEQ{(O‘NQl N aNQQ)(qi)}7

(Bng, V Brg, (@) < Agiet(Bng, V Brg, ) (i)}

(Yo, V N, )(4) < Agiea{(Tvg, V v, ) (@) }-
Now,

(ang, V ang, )(q5) = (ang, () V ang, (4;))

> {Vacol(ang, (@)1} V {Vacolang, (¢i)}}
[Since N, and Ny, are strong subsystem]

= \/inQ{O‘NQI (%) v QNg, (ql)}
= VQiGQ{(aNQI v QNQ2>(qi)} :
Thus,
(4.5) (aNQl N OCNQQ)(qJ) VQiEQ{(QNQl v aNQQ)(Qi)}>
(Brg, V Brng, ) @5) = (Bng, (@) V Brg, (4)))

v

< {Nauee{Bng, (@)} V {NgeiBng, (@)} }
= Ngeei{Bng, (@) V Bn,, (a:)}
= Nue{(Bng, V Bng, ) (@)} -
Thus,
(4.6)  (Bng, VBng, ) (@) < Ngeal{(Brg, V Brg, ) (@)}

(Yvg, VN, (@) = (g, (45) V g, (47))

< {Naeal{ng, (@)1} V {Agel{ng, (40}
= /\QiEQ{’YNQl (ql) v TN, (qz)}
= /\QiGQ{(’YNQl \ VNQ2>(%')}'

Thus,

4.7) (Vvg, V N, (@) < Agea{(Tvg, V v, ) (@) }-

From (4.5), (4.6), and (4.7), Ng, V Ny, is a strong subsystem.
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