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RETRIEVABILITY IN INTERVAL NEUTROSOPHIC AUTOMATA
V. KARTHIKEYAN ! AND R. KARUPPAIYA

ABSTRACT. In this paper, we introduce retrievability, quasi-retrievability, sub-
machine using the concept of interval neutrosophic automaton and discuss their
properties.

1. INTRODUCTION

The theory of fuzzy sets was introduced by Zadeh in 1965 [5] as a general-
izations of crisp sets. After these fuzzy sets, Attanasov introduced the concept
of intuitionistic fuzzy sets in 1986 [1] which is an extension of fuzzy set. The
concept of neutrosophy and neutrosophic set(NS) was introduced by Florentin
Smarandache [3]. Wang et al., [4] introduced the notion of interval-valued
neutrosophic sets. The interval neutrosophic set are characterized by an inter-
val memebership degree, interval indeterminacy degree, and interval nonmem-
bership degree. The concept of interval neutrosophic finite state machine was
introduced by Tahir Mahmood [2]. In this paper, we introduced the concept
of retrievability, quasi retrievability of interval neutrosophic automata and dis-
cussed their properties. Also, we provide the relation between retrievable and
quasi-retrievable of interval neutrosophic automaton.
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2. PRELIMINARIES

Definition 2.1. [3] Let U be the universe of discourse. A neutrosophic set (NS)
N in U is characterized by a truth membership function Ty, an indeterminacy
membership function Iy and a falsity membership function Fy, where Ty, I, and
Fy are real standard or non-standard subsets of |0~, 17 [. That is

N = {{z,(Tn(2), In(x), Fn(2))) 2 € U, Ta,I4,F4 €]07,17[ }

and with the condition 0~ < sup Tn(x) + sup In(x) + sup Fy(z) < 3T we need to
take the interval [0, 1] for technical applications instead of |0, 17].

Definition 2.2. [4] Let U be a universal set. An interval neutrosophic set (INS
for short) is of the form

N = {{an(2), By (z), v (2)) |z € U}
= {(z, [inf an(x),sup ay(z)], [inf fn(z),sup By ()],
[inf yn (), supyn (z)]) [z € U},

where o (z), fn(x),andyy(x) are the truth-membership, indeterminacy-membership
and falsity membership functions for each x € U.

ay(z), An(x), yv(r) < [0,1]
and
0 <sup ay(z)+ sup fn(z)+ sup ynv(z) < 3.

Definition 2.3. [4] An INS N is empty if inf ay(x) = sup ay(x) = 0,
inf Gy (x) =sup fn(z) =1, infyy(z) = sup yy(z) =1 forall x € U.

3. INTERVAL NEUTROSOPHIC AUTOMATA

Definition 3.1. [2] 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|.
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Definition 3.2. [2] M = (Q, X, N) be an IN A. Define an INS
N* = {{an+(x), Bn=(z),yn-(2)) } in Q x £* x Q by

an+(qi, €, qj) = L1 fa=g
S 0,0] if g # g
. LS00 ifai=g
5N* (q17 ) QJ) [1, 1] lfqZ 7§ qj
v+ (G, € q;) = [0,0] if%':qj
iy & Yj [1, 1] lsz 7& "

QN+ (q:» w, QJ) = Q= (QH xy, QJ) = vqTEQI:aN* (QM Z, qr) U QN+ (QTa Y, qj)]>
BN* (Qia w, Qj) = ﬁN* (%’7 xyY, qj) = vqTEQ[ﬂN* (Qia x, QT) U BN* (qra Y, %’)]7
YN (i, 0, ¢;) = YN+ (¢, Y, 45) = Va.eln-(ais 5 ¢r) U yn=(gr, ¥, 5)],

Vgi,q; € Quw=1xy,xr € X and y € ¥.

Definition 3.3. Let M = (Q, %, N) be an interval neutrosophic automaton and
let g;,q; € Q. Then g; is called a immediate successor of q; if the following con-
dition holds. 3z € ¥ such that ay~(q;,x,q¢;) > [0,0], Sn+(q¢;, ®,q¢;) < [1,1], and
Y+ (g5, ,q;) < [1,1]. We say that g; is a successor of g; if the following condi-
tion holds. Jw € ¥* such that ay+(g;,w,q) > [0,0], An-(qj,w,q) < [1,1], and
YN+ (qj, w,q;) < [1,1]. We denote by S(q;) the set of all successors of q;. For any
subset @)’ of @, the set of all successors of Q' denoted by S(Q') is defined to be the

set S(Q') =U{S(q;) | ¢, € Q'}.

Definition 3.4. Let M = (Q,>, N) be an interval neutrosophic automaton. Let
Q' C Q. Let Ng be an interval neutrosophic subset of ' x ¥ x @ and let M' =
(@', %, N'). The interval neutrosophic automaton M’ is called submachine of M if

1 OéN|(Q/x2xQ') = 04?\7;
(i) Bn|@xnxoy = By;
(iii) '7N|(Q’><E><Q/) = %v;
(iv) S(Q) € Q"
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Definition 3.5. Let M = (Q, X, N) be an interval neutrosophic automaton.
Let M' = (Q',%,N’') # ¢ be a submachine of M. Then M' is separated if

S(Q\Q') = (Q\Q).
Definition 3.6. Let M = (Q, X, N) be an interval neutrosophic automaton. Then
M is called strongly connected if V q;, q; € Q, ¢; € S(q;).

4. RETRIEVABILITY IN INTERVAL NEUTROSOPHIC AUTOMATA

Definition 4.1. Let M = (Q, %, N) be an interval neutrosophic automaton. M is
said to be retrievable if Vg, € (), Vy € ¥* and 3 ¢; € Q such that an-(¢;,y,q;) >
0,0], Bn+(qivy,q;) < [1,1], and yn+(qi,y,q;) < [1,1] then 3 x € ¥* such that
an=(qj,z,q:) > [0,0], Bn=(g5,,q) < [1,1] and yn- (g5, 2, ¢;) < [1,1].

Definition 4.2. Let M = (Q, %, N) be an interval neutrosophic automaton. M is
called quasi-retrievable if V ¢; € Q,Vy € ¥* and 3 ¢; € () such that an-(g;, v, q;) >
0,0], Bn+(gi,y,q;) < [1,1], and ~yn+(gi,y,q;) < [1,1] then 3 = € ¥* such that
an=(gi, yz,q;) > [0,0], Bn+(gi,yx, qi) < [1,1], v+ (ai, yo, ¢i) < [1,1].

Definition 4.3. Let M = (Q, X, N) be an interval neutrosophic automaton.
Let ¢;,q;,qr € Q. ¢; and g are said to be g;-related if 3 y € X* such that
an+(ai,y, ;) > [0,0], Bn+(ai,y, 45) < [L,1], v+ (ai,y, 45) < [L, 1], an+(gi,y, ax) >
[0,0], Bn=(giy,qr) < [1,1],and yn+(qi, v, qr) < [1,1]. If q; and gy, are g;-related,
then ¢; and g, are said to be g;-twins if S(qi) = S(g;)-

Definition 4.4. Let M = (Q,>, N) be an interval neutrosophic automaton. We
say that M satisfies the exchange property if the following condition holds: Let

¢,q; € Q and let Q' C Q. Suppose that if ¢; € S(Q' U{q}), ¢ ¢ S(Q’), then
g € S(Q"U{a}).

5. PROPERTIES OF RETRIEVABILITY IN INTERVAL NEUTROSOPHIC AUTOMATA

Lemma 5.1. Let M = (Q, X, N) be an interval neutrosophic automaton. Then the
following conditions are equivalent.

(1) v QianacIk € Qa Vaz,y € by ifaN*(qiayaqj> > [070]a BN*(Qiayv(Zj) <
[17 1]7 ’YN*(iny7qj) < [171]: OZN*(qz‘,ny,Qk) > [070]a BN*(%,?J%%) < [171 )
WN*(inyx7Qk> < []-7 ]-]) then qr € S(Qj)



RETRIEVABILITY IN INTERVAL NEUTROSOPHIC AUTOMATA 1641
(i) Vagi,q;,q € Q, if ¢; and q, are g;-related, then ¢; and ¢, are ¢;-twins.

Proof.
(i) = (i1): Let ¢;, gj, ¢x € @ be such that ¢; and ¢, are ¢;-related. Then 3y € ¥*
SUCh that Q= ((Jh Y, QJ) > [07 O]a BN* (qlv Y, q]) < []-7 1]a YN+ (QH Y, (J]) < []-7 1] and

(5.1) an+ (¢, y,qc) > [0,0], Bn+(qi, v @) < [1, 1], vwv(q, v, q) < [1,1].

Let ¢ € S(q). Then 3 =z € ¥* such that ay«(qr, z,q) > [0,0], By(qr, z,q) <
[1,1], and v+ (qx, =, @) < [1,1].
Then by (5.1) we have

(5.2) an«(g;,yz,q) > 1[0,0], Bn-(q,yz,q) < [1,1], and yn«(g;, yx, q) < [1,1].

From (5.1), (5.2) and by (i), ¢, € S(¢;). Similarly if ¢, € S(g;), then ¢, € S(qx).
Therefore S(¢;) = S(qx). Hence ¢; and ¢, are ¢;-twins.

(it) = (i): Let ¢;, ¢j, ¢ € Q and z,y € ¥* be such that an-(g;,y,¢;) > [0,0],
ﬁN*(%?y’%) < [17 1}7 VN*(QZ7y7QJ) < [17 1] aN*(Qz’a%%Ql) < [070]7 5N*(q@'ay337(ﬂ) <
[1,1], and yn- (g, y,q) < [1,1], where

&N*(Qi,?/xan) = vqj S Q{aN*(QZa Y, QJ) A OéN*(Qjaxan” > [070]7

/BN*(Qiay'raql) = /\Qj €Q {BN*(Qm Y, QJ> \% 5N*(QJ7I’QZ)} < []—7 1]7

YN (G, Y2, @) = Ng; € @ 1N+ (@is ¥, @) V v (g5, 2, q) < [1,1].

Hence 3 ¢, € (@ such that

an+(gi,y,qr) > [0,0], Bn-(ai,y,qx) < [1,1], and yn-(gi,y,qx) < [1,1]. This
implies ¢, € S(gx). Thus by the hypothesis ¢, € S(g;) [Since S(g;) = S(qx)]-

O

Lemma 5.2. Let M = (Q,X%, N) be an interval neutrosophic finite automaton.
Then the following conditions are equivalent:
(i) M is retrievable;
(ii) M is quasi-retrievable and Vq;, q;, qr € Q, if ¢; and gy, are g;-related, then
¢; and g, are g;-twins.

Proof.
(i) = (4¢): It is immediate that retrievability implies quasi retrievability. Let
4,95, qx € Q and let g;, g are g;-related. Then there exists y € ¥* such that

(5.3) an«(¢,y,q8) > [0,0], B+ (g ys qr) < [1,1], v+ (g v, @) < [1,1].
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Let ¢ € S(qx). Then there exists x € %* such that ay-(g, z,q) > [0,0],
By (gr, T, qr) < [1,1], v+ (gr, 7, 1) < [1,1]. Now,

(54) aN*(Qi7 yr, QI> > [07 0]7 /BN* (qzu Yy, QZ) < [17 1]7 and YN+ (qla yr, QZ) < []-7 ]-] .
From (5.3) and (5.4), and Lemma 5.1 ¢, € S(g;). Therefore,

(5.5) S(qr) € S(q5)-

Similarly we can prove that
(5.6) S(q;) € S(ax) -

From (5.5) and (5.6), S(¢x) = S(¢;). Hence ¢; and ¢;, are ¢;-twins.

(17) = (i): Let ¢; € @ and y € ¥*. Suppose 3 ¢,, € @ such that ay+(¢;,y, ¢mn) >
0,0], Bn+ (i, Y, gm) < [1,1], and vn+(g;, Y, gm) < [1,1]. Then Jz € X* such that
an=(gi, yz,q;) > [0,0], Bn+(gi,yx, ¢;) < [1,1], and v+ (g, yz, ¢:) < [1,1]. Since M
is quasi retrievable by Lemma 5.1, ¢; € S(g,,,). That is, there exists z € ¥* such
that ay+(¢m, z,¢) > [0,0] By (gm, 2,¢:) < [1,1], and yn+(gm, 2,¢;) < [1,1]. Hence
M is retrievable. O

Theorem 5.1. Let M = (Q, X, N) be an interval neutrosophic automaton. Then
the following conditions are equivalent: (i) M is retrievable; (ii) M is the union of
strongly connected submachines; (iii) M satisfies the exchange property.

Proof.

(i) = (4): Let ¢; € @ and let g5, ¢ € S(g;). Then Jy,y; € £* such that
an<(g,y,qx) > [0,0], Bn-(g5,9,qx) < [1,1], and yn-(g;,y,qx) < [1,1]. Also,
an«(qj,y1,q) > [0,0], Bn+(g;, 1, q) < [1,1], and yn+(g;,y1,q) < [1,1]. There-
fore, q; € S(qr). Hence (g;) is strongly connected. Hence M = Uy, cq (q;) -

(i1) = (1): M = U, M;, and each M; = (Q;,>*, N;) is strongly connected. Let
q; € Q,y € ¥* then ¢, € @ such that an-(g;,y, @) > [0,0], By-(gj,y,q) < [1,1],
and yy+(g;,y,q) < [1,1]. Now, ¢; € @, for some i. Therefore, ¢, € S(g;) C
S(Q;). Since M; is strongly connected, ¢; € S(¢). Hence, 3z € ¥* such that
an<(q,9,q;) > [0,0], Bn-(a1,y, ;) < [1,1], and yn-(q1,y, q;) < [1,1]. Therefore,
M is retrievable.

(1) = (itd): M = U™, M;, and each M; = (Q;,X*,N;) is strongly con-
nected. Let ¢;,q; € Q. Suppose ¢; € S(g;). Now, ¢; € @, for some i. Then
¢ € S(g;) € S(Q;) = Q. Therefore, ¢;,q; € Q;. Since M;is strongly connected,
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¢; € S(¢;). Hence M satisfies the exchange property.

(i13) = (i1): Let M satisfies the exchange property. Then for any ¢;, ¢; € () and
Q' C Q.ifg € S(Q U{g}), @ ¢ S(Q), then g € S(Q' U {q;}). Therefore ; ¢
S(Q'\4¢:),Vq; € Q. Hence, M = U, (gy) is a basis of M. Also, S(q;) N S(gj) = ¢
if i # j. suppose ¢;, g; € S(qi),then ¢; € S(¢;). Therefore, q; € S(¢;). Hence, (g:)
is strongly connected. 0

Theorem 5.2. Let M = (Q, X, N) be an interval neutrosophic automaton. Then
the following conditions are equivalent:

(i) M is strongly connected;
(ii) M is connected and retrievable;
(iii) Every submachine of M is strongly connected.

Proof.

(1) = (d#i): Let M is strongly connected interval neutrosophic automaton.
Then V ¢;,q; € Q, ¢; € S(g;). Since, M is strongly connected it has no proper
submachines. Also it has no proper separated submachines. Hence interval
neutrosophic automaton A/ is connected. Now, let ¢;,¢y € @ and y € X*
such that ay-(g;,y,q) > [0,0], Bn-(g;,y,q) < [1,1] and yn-(gj,y, @) < [1,1].
Since, M is strongly connected ¢; € S(g). Then there exits z € ¥* such that
an+(q, z,q;) > 10,0], By+(q,x,q;) < [1,1] and yn+(q,y,q;) < [1,1]. Hence, M is
retrievable interval neutrosophic automaton.

(i1) = (iwi): Let M = (@', ¥, N’) be a submachine of interval neutro-
sophic automaton M. If ¢;,q; € @ and ¢; ¢ S(¢) then S(g;) # Q. Thus
My = (Q",%, N|s(g)xzxs(q)), Q" = S(g;) is a proper submachine of M. Also,
by the hypothesis M is connected S(Q\S(g;)) N S(q;) # ¢.

Let ¢, € S(Q\S(g;)) N S(g;). Then ¢, € S(q) for some ¢ € Q\S(¢;) and
q € S(g;). Now, 3y € ¥* such that ay«(q,y,q:) > [0,0], Sn+(q. v, q) < [1,1]
and yn+(q1,y, qx) < [1,1]. Since M retrievable, 3z, € ¥* such that ay« (g, v, q) >
0,0], Bn+(qr,y,q) < [1,1] and yn+(qk,y, @) < [1,1]. Therefore, ¢ € S(g;).
Thus,q, € S(g;) C S(g;), which is a contradiction. Thus ¢; € S(¢;),Vpi,q; € Q.
Hence M’ is strongly connected.

(14i) = (i): Every submachine of M is strongly connected. Then every sub-
machine of M is connected and retrievable. Let ¢; € @ and qx, ¢ € S(g;).
Then 3Jy,y; € X* such that ayn-(q;,y,q) > [0,0], Bn-(gj,y,q) < [1,1], and
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/YN*(Qjay7qk) < [171] AISO, aN*<Qj7ylvq1) > [070]7 6N*(Qj7y1a(ﬂ) < [171]7 and
YN+ (g5, y1, @) < [1,1]. Therefore, ¢; € S(gx). Hence (g;) is strongly connected.
Hence M = Ug,¢q (q;) - Therefore M is strongly connected. O

REFERENCES

[1] K. ATANASSOV: Intuitionistic fuzzy sets, Fuzzy Sets and Systems, 20 (1986), 87-96.

[2] T. MAHMOOD, Q. KHAN: Interval neutrosophic finite switchboard state machine, Afr. Mat. ,
20(2) (2016), 191-210.

[3] F. SMARANDACHE: A Unifying Field in Logics, Neutrosophy: Neutrosophic Probability, set
and Logic, Rehoboth, American Research Press, 1999.

[4] H. WANG, F. SMARANDACHE, Y. Q. ZHANG, R. SUNDERRAMAN: Interval Neutrosophic
Sets and Logic: Theory and Applications in Computing, Hexis, Phoenix, AZ, 5 2005.

[5] L. A. ZADEH: Fuzzy sets, Information and Control, 8(3) (1965), 338-353.

DEPARTMENT OF MATHEMATICS
GOVERNMENT COLLEGE OF ENGINEERING
DHARMAPURI-636704, TAMIL NADU, INDIA
E-mail address: vkarthikau@gmail.com

DEPARTMENT OF MATHEMATICS

ANNAMALAI UNIVERSITY
CHIDAMBARAM-608002, TAMIL NADU, INDIA
E-mail address: rajaanju.400gmail.com



