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Abstract. The main purpose of this paper is to the study the properties of generalized products of A—synchronized
fuzzy automata.
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1. INTRODUCTION

Fuzzy sets was first introduced by Zadeh in 1965[4]. The notion of the automaton was first
fuzzified by Wee [3]. A— synchronized fuzzy automata was introduced by V. Karthikeyan et.al
in [1]. In this paper, we prove that the generalized direct product and generalized restricted
direct product of A— synchronized fuzzy automata(for short, A— SFA) is A—synchronized fuzzy

automata.
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2. PRELIMINARIES

2.1. Fuzzy automata (FA) [2]. A finite fuzzy automaton is F = (T,1,{) where
T — set of states{sy,s2,.....5, }

[— alphabets

{— function from T x I x T — [0, 1]

E(sr,bys5)=170<1<1

2.2. A—synchronized fuzzy automata [1]. Let F = (T,1,{) be a fuzzy automaton. We say
that the fuzzy automaton is A—synchronized fuzzy automaton at the state g, if there exist a real
number A— with 0 < A <1 and a word w € A* that takes each state s; of S into s; such that

C(Sru w, Sk) > A.

3. GENERALIZED DIRECT PRODUCTS OF A—SYNCHRONIZED FUZZY AUTOMATA

3.1. Definition. Let F; = (T;,1;,&;),i = 1,2...n be FA. Then the generalized direct prod-
uctis F =TT, F; = (ITY, T, I L, TT-, &) and is defined by [T, & : [T, Ti x [T I x
T —[0,1].
1 Gi((siy80e52), (D1, b2, ... by), (57, 5...57))
= V{&i(si,b1,50) A Ga(s5),b2,85) Ao A Gu(2,bny 52) }
= V{/\{Cl(Si,bl,Sf)»Cz(sj,bz,s})a----,Cn(sz,bn,SQ)}
V(Siy8jyeeeesS2), (55, j, s,) €T, Siy (b1, ba,....bn) € [T I

3.2. Definition. Let F; = (T;,1;,&;),i = 1,2...n be FA. Then the generalized restricted
direct productis F =N} | F; = (U, T;,1,U"_, §;). Define U, §; - (UL, Ti x I x U §;) — [0, 1].
Ui Gi(8iySjeee52), D, (85, 8T050) ) = VA1 (50D, 57) A Ga (5, by 8T) Ao A G52, b,5%) }
=\/{/\{Cl(si,b,&),Cz(Sj,b,S-),....,Cn(SZ, ,SL)}

V(i85 e 82)5 (57,87 052) € TTi2y Siy D €Ty 1

Theorem 3.3. Let F; = (7;,1,{;),i = 1,2,...,n be FA. Let [T, F; is the GDP of FA F;. Then
V(s,-,sj,...sz),(sé,s;...sg) e[l T, and V(y1,y2,...,yn) € [T, I}

(Hzr'lzl Ci*)((sivsj7'-"sz)7(y17y27'--'yn)7(s;as;'"'sé)) = Cl*(siaybsD/\CZ*(Sjvy%slj)/\ """ /\Cn*(sj7y27sﬁ')'
Proof. Lety; € I*,y; # A,i=1,2,...,nand |y|| = |y2| = ... = |yx| = m. Then the result is true for
m = 1. Suppose the result is true for all y; € I*,i=1,2,....,nand |y;| =m—1,i=1,2,..,n,m > 1.
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Lety; = aju;,i=1,2,..nwhere aq; € [y and u; € I’ ;i =1,2,...n. Then

i1 G ((siy8),-52)s (@rur, agua, - antty), (s}, sj’ s2)) =TTy &7 ((sis8 5, -52), (alul)a(sg7sg'v"sé))/\

(ITi=1 &7 (i s --52), (aua), (st 5T, -52)) A AT 6 ((Si,Sja-.sz)(anun)(snsﬁ -57))

n

:{\/{Iﬁl{fi((si,sj,...,sz),al,(sa,sb....,se)/\Hci*((sa,sb....,se),ul,(sg,s;-,..,sg))|(sa,sb...,se)EﬁTi}}/\
{\/{ﬁgi((si,sj',...,SZ),az,(S;,SZ,..,S;))/\(ﬁC) ((Sa,sb, 7se> ulv(S:,S//, ,SZ))‘(Sa,Sb, 7e EHT}}

i=1

n
/\,../\{Hci((s,-,sj,...,sz),an,(sg,s;),. S /\{HC (S5 Stys +r 80 )y Uy (55,87 -0 S| (85 815 -1, 8 GHT}}.
i=1

=& (si,arur,s)) NG (sj,azuz,s’j) Ao NG (7, antty, S%)

= & (50, 31,5) NG5 (57,32,87) Ao A G (52, 0m,5%)

=IT2y & (sis 5, -052), y,,sl, j? S/)

Theorem 3.4. Let F; = (T;,1,(;),i=1,2,...,n be FA. Let N?_, F; is the GRDP of fuzzy automata

F;. Then ¥(s;, 5, ..57), (8}, 8...57) € N T, and Yy € I*

MV G (1387 weee82), 2 (8585 8%)) = Cre (80,7, 51) A Gax (8753, 87) Ao A G (52,3, 87

Proof. The proof of the result is follows by induction on |y| =

If m =1 then the result is trivial. Suppose the result is true for all y € I*. Let y = bv, where

bel,vel*and |v|=m—1,m > 1. Then

0 G (515 82) 32 (15T 51)) = D G (50550 052) B (51,1 51)

= VAN Gi((5iy5),-52)5 B, (Say Spy -o28e)) ANV G ((Sas Sty vSe )5V, (815855 +80) | (Say Sy o25e) € ML Th) }

=V{Ci(5:,D,50) N (5j,b,55) Ao e NG (52, 5,56) NEF (Sa vy ) NG (S5, v, 7)Ao e NG (5 v,80) [ (Sas Sy -8
Nz Ti}

= Cl*(si,bv,s;)/\Cz*(sj,bv,s;-)/\ ...... A& (sn,bv,s))

= i (50,38 NG5 (s, 3, 85) A A G (s2,3,87).

Theorem 3.5. The GDP of A—synchronized FA is A— synchronized FA.

Proof. Let F; = (T;,1;,{;), i = 1,2 be A—synchronized FA. Then the GDP of F; is given by
im1 Fi = (IT T I 4 T G0)-

Define [T" & : [T T; < [T I x [T, T: — [0, 1].

Since F;,i = 1,2,...n are A—synchronized FA then there exists A—synchronized words w; €

I*,i=1,2,...n and the states s; € T1, s; € Ty, .....,S. € T,, such that
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& (si,wi,s6) >0 85 (sj,wa,81) >0

Now, (TT; &) ((5iyS),----82) s W, (Sk, 87, -...8¢)) >0

S TT G (56,8, -ea82) s WiW2. Wi, (Sk, 87, ...5¢)) > 0

< G (siwise) NG (sj, w2, 81) > 0N G (52, wp, %) > 0.

Hence []}_, F; is A—synchronized FA.

Theorem 3.6. The GRDP of A— synchronized FA is A—synchronized FA.

Proof. Let F; = (T;,1,(;), i = 1,2,...n be A—synchronized FA. Then the GRDP of F; is given
by ML Fi = (M T LITZ G)-

Define N, & : N, Ti x I x N, T; — [0, 1]. Since Fj,i = 1,2,..n are A—synchronized FA then
there exists A—synchronized words w € I*, and the states s; € T1, s; € T, ....s, € T,, such that
i (si,wys6) > 0,65 (sj,w,81) >0, ..., 8 (s7,w,5.) >0

Now, (M85 ((8iySj5--82), W, (Sk,S15--58¢)) > 0 < (N 85) (5058, .-52), W, (Sk, 87, ...5¢)) > 0
= (&} (si,w, k) NG5 (55, W 81) A NG (52, w,8¢)) >0

Hence M., F; is A—synchronized FA.

4. CONCLUSION

In this paper, using the concept of generalized products, we prove that generalized direct
product and generalized restricted direct product of A—synchronized FA is A—synchronized

FA.
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