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. INTRODUCTION

An o -language is a collection of infinite strings over a finite alphabet, an » - machine is any device capable of processing
these input strings. The notion of intuitionistic fuzzy ® -automata has been introduced in [8]. In section 2 some elementary and
preliminary definitions are discussed. In section 3 distributed intuitionistic fuzzy @ -finite state automata is introduced with
different modes of acceptance along with di erent acceptance criteria. It also proved that distributed intuitionistic fuzzy o -finite
state automata accept the same set of languages as intuitionistic fuzzy o -finite state automata in t-mode and the paper concludes
with section 4.

Il. PRELIMINARIES

Definition 2.1 Deterministic Finite Automaton (DFA)
A deterministic finite automaton is a quintuple M = (Q, X, 8, qo, F), where,
Q is afinite set of states,
X is a finite input alphabet,
d: Q x X — Q is the transition function,
Qo in Q is the initial state, and
F < Q is the set of final states.
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Definition 2.2 Fuzzy @-Automata

A fuzzy o -finite state automaton is an 5-tuple M = (Q, X, 9, i, Acc), where
Q is a finite set of states,
X'is finite input alphabets,
d is a fuzzy state transition function defined as 6 : Q x X x Q — [0, 1],
i is an initial distribution function over Q, ie, i : Q — [0, 1] is a function,
Acc is the acceptance criterion.
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Definition 2.3. Intuitionistic Fuzzy o -Finite State Automata
An intuitionistic fuzzy o -finite state automaton is an 5-tuple M = (Q, X, i = (i, i2), 8 = (81, 82), Acc),
where
1. Qisafinite set of states,
2. Xisafinite input alphabets,
3. 1=(iy, iz) is an initial distribution function over Q,
4. 8= (31, 82) is an intuitionistic fuzzy state transition function defined as
81:QxXx2°—10,1]
82:QxXx2°—10,1]
suchthat Vg, pe Q,VXx,y e X

1 i =
sain = 127

1 i *

81(q, xy, p) = v{61(q, X, ) Ad1(r,y,p) : r € Q} and

82(a, xy, p) = A{82(a, x, 1) v 82(r,y, p) : r € Q},
5. Acc is the acceptance criterion.

I11. DISTRIBUTED INTUITIONISTIC FUZZY ®-FINITE STATE AUTOMATA
Definition 3.1 A Distributed intuitionistic fuzzy n- o-finite state automaton is an 6-tuple M = (Q, X, i = (i, i2), 8, #, Acc), where

1. Qisann -tuple (Q1, Qo, - - -, Qn), where each Q; is a set of states.

2. Xis the finite set of alphabets.

3. & is an n-tuple ((811, d21), (812, 622), (813, 623) - - - ) Of state transition intuitionistic fuzzy functions where each 81i, &2 is
defined as
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81i 1 Qi x X x 2Qunion _, 10, 1],
82i 1 Qi x X x 2Qunion _, 19, 1], 1<i<n
4. i=(iy, ip) is an initial distribution function over Q, that is
i1:Q—10,1]
i2: Q — [0, 1] is a function.
5. Fisann-tuple ((Fu1, F21), (F12, F22), (F13, F23) - - - ), where each
Fi = (F1i, F2i) is a function of the form,
Fi:N—1[0,1], Fa:N— ][0, 1],
where N = {1, 2, - - - ,n}and ~1(i) = 1, Ai(i) = 0,
6. Accisthe acceptance criteria, where Qunion = U; Q;
Definition 3.2 Each of the components of the intuitionistic fuzzy n- o-finite state automaton is of the form
Mi = (Qi, X, & = (81, 82i)), 1 <i <n. Note that here Qs need not be disjoint. In this system, consider many modes of acceptance
depending upon the number of steps the system has to go through in each of the n -components. The different modes of
acceptance are t -mode, *-mode, <k -mode, > k -mode and = k -mode.
Definition 3.3 Consider the ® -word a = 0. (0) o (1) - - - with a (i) € M. A run M on a is a sequence p=p (0) p (1) - - - Q%nion
such that p (0) = go for some qo Qunion With 0 < i1 (qo) + i2(qo) < 1 and
81 (p (D), a (), p (I + 1)) = Hina
Sj(p@),a(),pi+tl)=yimafori=0and1<j<n, 0< fisg +yira < 1.
Definition 3.4 Let R denote the set of all different runs of M on a. Associated with each run p are four sequences,
f=f (0)f(1) - .- [0, 1]" where f (0) = i1(qo), T (i) = Wi
9=9(0)g()- - e[0,1]% where g (0) = i2(qo), 9 (i) = vi
s=s(0)s (1) -- [0, 1]% wheres (0) =1, s(i) =f(l) s
andt=t(0)t(1) - - - € [0, 1]", where t (0) =0, t (i) = f2i(l) of the automaton changes component fromitol, 1 <i, I<n.
Description of each of the modes of acceptance is as follows:
t -mode Acceptance:

Initially, the automaton which has a state g, 0 < i1(qo) + i2(qo) < 1 begins processing the input string. Assume that the system
starts from the component i. In component i the system follows its transition function as any “stand-alone”.
o-finite state automaton. The control is transferred from the component i to component j only if the system arrives at a state
q ¢ Qi and q € Qj with an intuitionistic fuzzy value of (f1i (j), f2i (j)).

The process is repeated infinitely many times and accepted the string if the run of M over the input word satisfies Acc.
Definition 3.5 The instantaneous description of the n-intuitionistic-fuzzy- o -finite state automaton (ID) is given by a 3-tuple
(g, w, i), where g Qunion, Wwe X%, 1 <i<n.

In this ID of the n-intuitionistic-fuzzy- o -finite state automaton, g denotes the current state of the whole system, w the portion
of the input string yet to be read and i the index of the component in which the system is currently in. The transition between the
ID’s is defined as follows:

1. (q,aw,i) F(q,w, i)iff 81 (g, a q) = pe [0, 1]and &2 (g, &, q) = < [0, 1],
whereg, g € Q,aeX,me X% 1<i<n.
2. (9, aw, i) F(q,w,j)iff 81 (g, a q) =W [0, 1]and 32 (0, a, g) =7y € [0, 1],
whereq e Qi,q € Qj\Qi,a e X,w e XY, 1<i<nand u=min{y, A1i(j)} and y = max{y, ~i(j)}.
Let } be the reflexive and transitive closure of |.
*-mode Acceptance:

Initially, the automaton which has a state ¢, 0 < i1(qo) + i2(qo) < 1 begins processing the input string. Suppose the system starts
the processing from the component i. Unlike the termination mode, here there is no restriction. The automaton can transfer the
control to any of the components at any time if possible, that is, if there is some j such that g € Q; then the system can transfer the
control to the component j with intuitionistic fuzzy value of (#1i(j), #2i(j)). The instantaneous description in -mode can be defined
analogously.
=k -mode ( < k -mode, > k -mode) Acceptance:

Initially, the automaton which has a state ¢, 0 < i1(go) + i2(go) < 1 begins processing the input string. Suppose the system starts
the processing from the component i. The system transfers the control to the other component j only after the completion of
exactly k (kK'(k' < k), K(k > k)) number of steps in the component i, that is, if there is a state q e Qj then the transition from
component i to the component j takes place only if the system has already completed k(k'(k' < k), k'(k' > k)) steps in component i.

The instantaneous description of the n -intuitionistic-fuzzy- o -finite state automaton in the above three modes of derivations
is defined as follows:

Definition 3.6 The instantaneous description of the n -intuitionistic-fuzzy- o -finite state automaton (ID) is given by a 4-tuple
(9, w, i, j), where g €Qunion, W € X%, 1 <i <n, j is a non-negative integer.

In this ID of the n-intuitionistic-fuzzy- o -finite state automaton, g denotes the current state of the whole system, w the portion
of the input string yet to be read; i the index of the component in which the system is currently in and j denotes the number of
steps for which the system has been in the i" component.

o Letp =p'(0) p'(1) -~ be an infinite sequence of elements of p, where p'(i) = q is such that (q, w, j, k), g € Qunion, W € X",
1 <j<nis an instantaneous description of M, that is, p'(0) = p(k), p(1) = p(2k + 1) and so on. p' is a subsequence of p
taking every k™ element of p starting from p (k).

e  Any state reached in the run p of the input alphabet a is a candidate for a final state of the automaton working in the < k
mode.

e Letp'=p(0)p(1) - - - be an infinite sequence of elements of p, where p'(i) = q is such that (g, w, j, I), d € Qunion, W € X%,
1<j<n, 1>kis an instantaneous description of M, that is, p'(0) = p(lo), lo = k, p'(1) = p(l), l1 = lo + 1 if the automaton
continues in the same component or l; = lp + k + 1 if the automaton changes its component and so on.
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Definition 3.7 Depending on In (p) for *, t, < k and In (p)) for the = k and > k modes and have the following acceptance criteria
along with the method of calculating the membership and non-membership value of the accepted string.

In (p) N F # ¢ for an intuitionistic fuzzy final states F < Qunion. Then membership and non-membership value of an
(o) = mea%(min {distinct , (f), distinct, (s), ur (q),whereq € In (p) N F}) and
p
v (o) = meirﬁl{(max {distinctp (g), distinct , (t), yr (q),whereq € In (p) N F}).
p
Let # be a family of intuitionistic fuzzy final states if A In (p) = F where F < # then the membership and non-

(o) = mé;l%(min {distinct , (f), distinct, (s), ur (@), whereq € F}) and
p

v (o) = meirﬁl{(max {distinct , (g), distinct, (t), yr (q9), whereq € F}).
p

For a sequence Q of “accepting pairs” (E1, F1), (E2, F2) - - - (Em, Fm) with E;, Fi < Qunion being intuitionistic fuzzy sets.
The membership and non-membership value of an accepted string a. is calculated as follows:
u(a):mélg‘g(min {distinct , (f), distinct ,(s), max(min{ug, (q), up,(p), where q € In°(p) N E;,p € In(p) N F;})})

p

Y (u)=lr}1€irﬂl{(max {distinct , (g), distinct , (), min(max{yg, (q), Yr,(p), where g € In°(p) N E;,p € In(p) N F;})})

1. Bichi Condition:
accepted string a is calculated as follows:
2. Muller Condition:
membership value of an accepted string a is calculated as follows:
3. Rabin Condition:
and
4. Streett Condition:

For a sequence Q of pairs (Ey, F1) -+ (Em, Fm) With E;, Fi < Qunion being intuitionistic fuzzy sets. The membership and
non-membership value of an accepted string o is calculated as follows:

p(u)=£ng§(min {distinctp 1, distinctp(s), min(max{yEi (@), upi(p), where g € (In(p) N El-) u(n(p)n EL-),

14 (;5 (In(p) N F) U (In“(p) N F)HH})

an

y(a):lr)neir%(max {distinct , (g), distinct ,(t), max(min{yg, (q), ¥, (p), where g € (In°(p) N E)u(n(p)NE) p €

(In(p) NFy) U (In°(p) N FHH})
where In (p) is replaced by In (p)) for the = k and > k modes of acceptance.

Example 3.1 Consider the distribution intuitionistic fuzzy w -finite state automaton M= (Q, X, 8, i = (i1, i2), #), where
Q = ({Qa, qa'}’ {qbv qb'}i {Qc}, {qc'}),

X={a, b, c}

& = ((811, 821), (812, 822), (813, O23), (D14, O24))

where 81, 82, 1 <i <4 is defined as follows:

811(0a, @, 0a) = 1.0
811(0a, &, ga) = 1.0
811(ga, b, gp) = 0.9
811(0a, b, 0p) = 1.0
812(qp, b, gp) = 1.0
312(qy, b, gp) = 1.0
812(Qy, €, gc) = 0.9
d12(qb, €, gc) = 1.0
813(Qe, C, gc) = 1.0
813(de, €, Qc) = 1.0

d14(qc, €, gc) = 1.0
d14(0c, €, Gc) = 1.0

821(0a, @, 02) = 0
321(0a, @, G2) = 0
821(0a, b, gp) = 0.1
821(0a, b, @) =0
822(Clb, b, @) =0
822(Cb, b, Gp) = 0
822(qp, €, gc) = 0.1
822(q, €, 0c) = 0
023(0e, €, Gc) =0
823(Qc, €, Qc) =0
824(0c, ¢, qc) =0
824(0c, €, ) =0

L) = {1' yp= e

, _(L  ifp# qa
0, otherwise b (p) = {

0, otherwise

F: {qu qC’}l
Me(do) =1, pe(gc) =1

¥r (dc) =0, yr(q'c) =0.
The language accepted by this system in the >= 2 and * modes is given by:

|

mn e Zt
not both n and m even.

aanZ‘ma“u (aanZmCW) = 1.0, y (aanZmCW) =0,
a*b™c¥,u (@*b™c%) =0.9, y (a"b™c") = 0.1,

Theorem 3.1 For any n-intuitionistic-fuzzy- o -finite state automaton M working in t-mode and accepting the intuitionistic fuzzy
language L(M) and having a corresponding o -intuitionistic-fuzzy-finite state automaton accepting L(M).
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Proof: Let M = (Q, X, 6, i = (i1, i2), A Acc) be an n -intuitionistic-fuzzy- o -finite state automaton working in t-mode, where
8 = ((811, 821), (812, 822), (313, 823) - - - (1n, O2n)), the components have states Q1, Qz, --- Qn and £is an n-tuple ((F11, F21), (F12, F22)
-+ (Fin, Fan)) Of intuitionistic fuzzy functions.
Consider the intuitionistic fuzzy w-finite state automaton
M = (Q', X, & = (81, 821), i’ = (i, i2), Acc), where
Q’ = {[q, |]| gqe Qunion, 1 < i< n} U Qunion-
d contains the following transitions: for each
d1i (gj,a, q)=pand & (Qj, &, Q) =v,0j€ Qi,ae X,1<i<n.
1. &1(g,a [q,i]) =W iff 81i(q,a q)=pand &2 (g, a, [q, i) =7 iff S (g, a g) =7,
2. |If Ok € Qi then 01 ([ql ' I]’ a, [qk, I]) =u and &; ([Qj, I]r a, [qk, I]) =Y,
3. Ifak e Q\ Qithen & ([a;, i, &, [aw j1) = W’ 821 ([q, 1], & [a J1) =7, 1 <j <n, W' =min{y, A1(j)} and y' = max{y, £2i()}.
v il (Q). lf q € Qunion . i2 (Q); lf q ¢ Qunion
f1(e) = { 0, otherwise Fa() = { 0, otherwise
Depending on the difference acceptance criteria and established the following:

M is a Blichi automaton with F the set of final states. Then M " is a Biichi automaton with F={[q, i]|qg € Fand 1 <i<n}, p¢
([0, iD) = pe (a) and ¢’ ([0, j1) = vr (), 1 <j < naccepting L (M).

Consider the ® -word a = a (0) o (1) --- with a (i) € X. A run of M on « is a sequence p = p (0) p(1) -+ Q"union SUCh that
81 (p(i), a(i), p(i + 1)) = Wi+1 and &z (p(i), ai), p(i + 1)) =yisx fori=0and 1 <1<n, with 0 < Pisy + yira < 1.

Letthe runof M "onabe p =p (0) p (1) --- € Q™ If g In (p) N F then some j, 1 <j <nissuch that [q, j] € Q" and [q, j] € In
(p) N F"since j can take only finite values.

From the construction it is clear that the membership and non-membership value of the accepted string is the same as in the
distributed automaton. Thus a is accepted by M ".

M is a Muller automaton with respect to the family £ e 29 of final state sets. This means that the set of states assumed infinitely
often in a run p forms a set in A For any set T = {qs, 02, :--, qi} € Adefine the collection S; = 2{[adl1=i<nk¢,

For any set si € Si, Wsi ([q;, j1) = M7 () and ysi ([q;, j) = yr (@), L <j<n,1<i<nlet

{ U Si| s; € Si}
TEF \1<isn

Consider the w-word o= a(0) a(1) --- with a (i)eM. A run of M on a is a sequence p= p(0) p(1) --- € Q" umnion such that p(0) = qo
and &1 (p(i), a(i), p(i + 1)) = pis1 and 82i (p(i), a(i), p(i + 1)) =yixa fori>0and 1 <1<n, 0< iz +7yis1 < 1.

Now if a is accepted by M then In (p) forms a set in ~say {dz, 02, ..., qi}. If p’ is the run of o on M’ then
In (P') = {[ql, 1]1 [qla 2]’ AERT) [qll n]! [qZ; l]! [QZa 2]7 ceey [Q2, n], [qh 1]! [q|> 2]’ ) [qh n]}

which is clearly a set in #* by construction. The membership and non-membership value of o also remains the same. Thus a is
accepted by M ',

M is a Rabin automaton with respect to the sequence Q of accepting pairs (E1, F1) -+ (Em, Fm) with Ei, Fi € Qunion. For the
automaton M " defined Q" as (E1, F1) -+ (Em, Fm), Where

F o=

E' = U {p. 1} gy (g, JD = p5,(@), v ([a.7D) = vg,(q) and
pEE 1< j<sn
= | By @D = @ and vy (gD = v2,(@.
PEF1I<j<n
Let p and p’ be the run of the word o, on the machines M and M ', respectively. If the condition (In(p) N Ei= ¢ A In (p) N Fi £ ¢)
holds for some i in p then the condition (In (p) N Ei = ¢ A In(p) N Fi' # ¢) holds in p" implying that VI,  (In(p) N Ei = ¢ A
In(p) N Fi # ¢) holds for the sequence Q'. The membership and non-membership value of a also remains the same. Thus o is
accepted by M .
M is a streett automaton with respect to the sequence Q of accepting pairs (Ei1, F1) -+ (Em, Fm) with Ei, Fi < Q. For the
automaton M " define Q' as (E1, F1) -+ (Em, Fm), where

= by (@) = @ vg (0D = ve (@ and

pEEI<j<n
F= | Wibug (0D = u@ and vy (0D = ve@).
pEF,1<j<n
Let p and p’ be the run of the word o on the machines M and M ', respectively. If the condition (In(p) N Ei=¢ v In (p) N Fi # ¢)
holds for all i in p then the condition (In (p) N Ei' = ¢ v In(p) N Fi' # ¢) holds in p"implying that A2,  (In(p) NE' = ¢ v In(p) N
Fi # ¢) holds for the sequence Q'
The membership and non-membership value of o also remains the same. Thus o is accepted by M .

V. CONCLUSION

In this paper, the notion of distributed intuitionistic fuzzy « -finite state automata is defined according to the use of their
acceptance criterion.
REFERENCES

[1] Atanassov K., Intuitionistic Fuzzy Sets , Fuzzy Sets and Systems, 20 (1986), 87-96.
[2] A. Eid, Finite ® -Automata and Biichi Automata, Department of Computer Science, University of Illinonis, CS475.

JETIR1703061 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 317


http://www.jetir.org/

© 2017 JETIR March 2017, Volume 4, Issue 3 www.jetir.org (ISSN-2349-5162)
[3] Y.B. Jun, Intitionisitc Fuzzy Finite State Machines, J. Appl. Math. And Computing, 17 (2005) 109-120.

[4] K. Krithivasan , and K. Sharda, Fuzzy » -Automata, Inf. Sci., 138 (2001) 257-281.

[5] E. T. Lee, and L. A. Zadeh, Note on Fuzzy Languages, Inf. Sci., 1 (1969) 421-434.

[6] J. N. Moderson, and D. S. Malik, Fuzzy Automata and Languages, Theory and Applicaitons, Chapman and Hall/CRC (2002).

[7] D. Perrin, and J. E. Pin, Semigroups and Automata on Infinite Words, In semigroups, Formal Languages and Groups, Kluwer
Acad. Publ., Dordrecht, (1995) 49-72.

[8] M. Rajasekar, and A. Uma, Intuitionistic Fuzzy o -Automata, IJAMES, 6 (2012) 139-144.

JETIR1703061 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 318


http://www.jetir.org/

