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DECOMIOSITION OF TIME-VARYING AUTOMATA
BY
DAN AL SIMOVICI

Introduction. -« Umevarying quiomaton (f.v.a) is a d-uple o = (1..8,0, fi, ) where
I and O are finite sets representing respeel ively the input and the output alphabet, § — {5
s S e 3 is a0 denumerable colleetion of nonempty sets of states subjected 1o the eondi-
tion U Si | < oo (which means Lhat St the set of states of the automaton at time {, isa

LEXN,
part of 2 certain finite sel of states & U Sl fir Six - Stpys 238X L o> ¢ are the next-
tex,
state and the output funciions respeetively.

This paper contains an exlension of the classien] Hartmanis-Stearns theory
[3) ol decomposition of finie aulomatn io the problem of the decomposition of t. v, a.

In the sequel N will be the set of natural numbers and N =M\ {0}.

The fattice of congrurnce of e 1. . a. Leb us introduce a1 notion which corresponds Lo
the nrolion of congruence for autemmia,

Definition. .1 congrience on the t. v, a. A =(LS, O fi. &) is a sequence G0 e e
of equivatences {m = SixS for which

(s"s 7)o =y dmplies {fils", i}, fils”, i e my,, Vie L

- m, n-congruence ol the fooow, o = (1. :5‘, O fe. 81) s a sequence i ..., =, of equiva-
lences, wp = Sy x &y for which (s',5") & =, fmplics (fu(s”, ih, fils™, i) € = m < t<n,

We shall denote by £(.1) and EF (4), m = 1 the set of cohgruences and respeeti-
vely m, n-congrucnees of the nutumaton L. Los us econsider the partind ordering on K(A) or
K7 (1) given by: o< tilf ¢ = 3, for ali ¢ (respeetively, for ull f, m < 1 = n). It is easy
to sce that, if ¢° = (n;) and o (Gt”)' that 6"Ve" = sup {a’, =] = (a;/\c;') and ¢’ Ag’'=

inf{ag’,a" )= (s} A ;) where the index 1 runs on N (and respectively on {m .., n)}.
e the supremum and the infimum in Liqq. the lattice of equival-

Here o] v o';' and o, nay
ences on the set S,

Let (L, WV, Al =1, 2 be two complete lattiees,

Definition [3]. < pair-alzebra is a subalgebra I, of the direct product (L XLy v, A)
of the lattices L, anid Ly for which (O, ) L, YyeL, and (v, 1) = L, Vo = L, O, and 1;
being the first and the last element of the latlice Ly, j= 1, 2.

The Harbmanis-Stearns operators of the pair algebra L are the mappings m: Ly ~ Lo,

ML, L, given by
ma)=A{yly® Ly (o, y) = L}, Myl=1V{rlaa L, (r,y) =L}

Theorem 1. [3). If L is a pair algebra, then :
D (M), y) and (v, wle) are in L
i) & = w. fmplies mir)) = wly,) and y =y, fmplies My b= My, ;
Hid ey vas) = mix,) A mry)s My v, = My v I (s
WY ey A wg) = ma) A mile,)s My, A way= My} A Miy);
Vi gz omlr) iff e o= My, ift (r, yr=L;
Vi) Mim{r)) 2 a2, m{M{y)) = y;
vil) MMy} = M(y) and n(M(m{z))h = K{v);
Let now fi: L) — Ly the a lattice homomorphism,
Definition. - h-congruential clement of ihe lotlice L, is an clement @ & L, for which
(x, Mx)} = L. Let Cry be the set of ail h-congruentiul elements.
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In view of the 5t point of the last theorem g is k-congrucntial clement iff k{x) =
= miz), or » € M(k(2)). . ' -
{,\'c shall eonsider a new operator on L, namely My Ly —» L, given by My (v) =
M(I{x}). Then, x is k-congruential iff » < Mp(e).
Theorem 2. If My is the operator induced by the kenomorphism k, then

i) < Mp(y) T (e, M) < Ly

i V) = MY v Ma,),
DN V) m(Mla)) < k).

i) 3, A ag) = Maleg) A Malag),

iii) a € My(x) iff (x, M) = L,

Proof i3 We have M () Viegd = M(ia, Vi) = M) Vi) 2 3 (i) v
v M)} = Mpla) v Mp(rs), taking into account the 15t point of Th. 1 and the [act
that & is a homomorphism.

The other points are casy o prove. .

Theorem 3. Let L, be a n Ariinian lattice (tha! mceans a latlice having only finite deseens

4
ding chuins), @ @ L and y; /\ ﬂ!;f(.r). For cvery a € Ly there exisls an inleger b so thal:
k=0
c{zlzeCry <2} . ) ) ) .
. Proof 'l{lf(; set. {4, Yg...- § @5 a deseending  chain, sinee 5, =]/\0;”); (v)=
J i+l . ) 3 . -
-—(/\ -‘;1’,';(;;))/\(/\ M;‘;(.r)), in view of the idempotencey ol intersection. Hence we oblain
k=g k=1

F+1

¥
Fion =y A Mal N\ MR = g5 7 Malyy) < v
¥ : ]

Sinee L, is an Artinian Jattice, there exists an inleger £ € N, so that
W2 Yo o 2 W= Yt

Yor this index & we have yp., =~ ye= A IMp(ly) and it is p(m.tnl)](:lr to infer ”tl:::]
yr < Mp(y), hence yi isa h-congruential element. Moreover let = € L) be a fi-congruen
'lement for which = € x. ) . o .
o Taking into a.c:_:ount that = is a A-congruential clement, we have the ascending ehain

2 1 T s o= e Hj x) for My is a moenotenic
. Mip(z) < ... € My(z) £ ... Therefore = € Mp(=)<Al (e k
z € My(z) € Mi(z) (=) .

operator and z < wx, hence it follows, = = /\M’,’, () ¥i. The theorem holds also  for
i=0
ini ices since every finite lattice is an Artinian one.
finite lattices L, since every finite > N
g = p= I Bqand ki L, > L, the map-
Let A= (1, 5,0, fi, &) at.v.a, L, -«tl—ImEq,. L, B Te 1 .

ping kic G,) = (Gugq s ap). It 08 obvious that & is » lattice homomorphism.
Tl oyeesy Uy -

L ) e = <= (Tags Tnls
L The set Kpa= {(o, 2)| (o, 7)) = L xL,, a= (G'." sen b T = (Tauy > T
(5., %) ';hzm:a-n;ff(s, r") Fils tljnl ”E ':j{“,‘ i l_{ Jj=nw—1} is a puair-elgebra; 6 s @ h-congru-
Wy v 7 e 3 !>
cnln'ul element of L, iff it is an i, n-congerucn, . . -
Proof. Let ol = (c,f.,‘, oo G{;), A= (’.qu,...,c,J,:j = 1, 2 be two pairs (', 21, (67, %) K

5 1
and let (57, &} € 6 Vo4
1o o) egl = g mee fur overy
There  exist §, ,.., 86, 8= 8, (8, 8} € 0, (8, 5,) Saj,. sp = §". Henee for every,

2 e o
{ ] h ] {8, 17 < a8 003 it follows
i & I, we have (fils, O, Jilsa ) s (i {80 10 S s, ) S Thpneaacs oo and
Sy 2 2
s fls 1)) €= Geet Vv Tate W L R = -
Vel {’\L ]m,\'c proved that (g!, :‘),_(U-, )y e R lll,ll.;llllc.‘a (c:' Vot T v.. ) = Ix). ‘ll)Kr(;‘gr
tine verilication it is possible to oblain that (8! A 6%, <t A 77) E.h’ (t, =) .(o',lm X o
every ¢ € L, = € Ly, where © = (ty .oy ty) and o= {0 co,h Here ¢ amd o are
s sibest eleme ] » lattice Eaq,.
least and the greatest element of the ; - . ‘ _
) It ¢ is u h-congruential element of L, we have {a, ko)) = L \\Iuc.h. 2(‘““ lllml {55 a)
i i { ] )= 0. { very 1 € 4, o5 n—1.
<= a; implies {fi(s;, ), fi(sy 7)) = h(cs.,)— oj., for every ) » S J t..(_j o e con
This comes to the fact that ¢ is an m, n-congruence, It si casy sC g ;
verse implication holds also.
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o -
Let us consider Lo [T Eq; and L= H Eq:. The mapping h:L oL, k(s ...
t=1 [BY.
. SN W= (Gs.,6,,.) is n lattice-homemorphism,

Sirnilarly to the ease of nt, n-congruences the set Wy, = {(e:7) s €L, - s L, {s",
$7) = g oiwplies (fils', §), Si{s” i) € ar,)} i a pair algebra but the pairalgebra Ky, is
a finite [attice thus having finile deseending chains,

The algorithm deseribed in Tl 3 is offeetive only for the ease of K,, ., Iattices, This
is the reason for which we use the coneept of m, n-decomposition rather than the decompo-
sition since in the eharacterization of mn-decomposable t. v, 4y only m,a-congrucnees are
involved. ) -

Serial, parallel and monitorial decompositions of t.v.a. Wa shall define here the
serial and parallel conncetion of t. v, a. generalizing for the case of t. v, . the well known
notions from the theory of finite automata. Regarding the monitorial control of a t. v, a.,
this concept was introduced by A, Salomaa in [4] and it is a speeific coneept of
t. v, a.-theory.

Let o, == (4,5, G fisgu), = (0, 83: 0y, for, Zor) two t.v.a. the output alphabet
of the first automaton being the same as the input alphabet of the seeond.

Definition. The serial connection of A and oAy is the 1. v, antomaton Ay =y ={1,, 8, %
= S Oy fis 50), where S WS, = {5 x Sa 1w N, S e S j=1,2} and

Jills1 830, 0) = (fibx i), Sat(sae (508N, 2i((5:, 85), 1) = gaelsy, guls,, ).

The parallel conwnection of the mutomata Aj= (I, 85,05 fj.850) j= 1,2 is the 1. v. au-
fomaton: A, || iy = (I, %0, 8§, X85, 0, %0, fi, g). where

f[({-?:, .\‘2), (il" ?’-3” (vf.’(q * "'I): f2f(32‘ Fﬂ)}’ g‘((".ll 5'2): (il! fz)) - (gll(sp i])r ng(szy r'2))-

Let now A = (1, SO f, @) be a, b v, a.
Definition. «f wonitor for the f.v.a 4 is a finite Moore automaton M = (.20, 0,v),

o . . s
where T is the input alphahet, ¥ is the sct of states, O is the output alphabet, O < (J: t-|f1) x

tex,

x |J 0%, @:IZxI 5 X iy the neal-stale function and ¢ : X 0 is the outpul function.
tev,

M is a pure monitor if % does not depend effeetively on § & I,

The t, v. a I is controlled by A, if at any mwment the next state function fi: 8>
Siyy is obtained as an output from the monitor Moefp=priv(s), s 2 % and the output
function g, is gy = pr,y(s),

The prir (., M) csn be regarded as a single t. v..a. by consideving the t.v.a. 4 =
={LEXS8,0.7.6), where we have used the notation Yx& = {Zx8 0 xS, s
1“‘((8‘, ), i) ois, i), pry v (s) (s, "))' Gl(("f: 8), ) ])r'g‘il("") (""s ihsel, se nTP Prl‘;'("')i S -
= Sy pryv(sy: S — 0,

Definition. .in m, n-sinendstion of the 1. v. a. .1 (1S, O foog) by the t.v.a A°
= (I', &, 0’,ft', g;) is a tripie (h, {axmgigsn Yo k) where b I ¥, oy S —)S;, ke
O 0, m <t < nare mappings for which the diagrams

0 , ‘f .
S x I 0’ Syx T ___‘_____,5!“
|zt.k] l T A (It.fl
!- ﬂ" | l ;’ ‘l
Spxd ot SpxI’ ‘ =8

arc commutative, This requirement is equivalent to;
(1) &ils, &) = kigguls), b)), (2) sealfels. 80 = Ta(s), )).
If .t is m, n-simulaled by -1 that means that A° is able to perform at feast the compu-

tatigns performed by o1 using suitable input codifications (#) and output codifications (%)
during the period m <t < 5,
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A{1, m)-sinudation (er, simply o simulation) Is a system: (8, {2 1= N}, &) for

which the previous dingrams arc commutalive.
By a {m. n)-serial (parallel, monitoriely decomposition of & tovoa A we mean a (m
nl-simulation of .1 by a serial conneelien (or, respectively a parallel eonneetion or a mo-

nitorially contraled 1. v, al
Theorem 5. Let o (1.5 L fro ) be o Lo u, There exists a seriul (an ni w-serial)
decompesition of the Lv.a, 1 Iff there exisly a congruence {an wn, p-congruence] on 1.
Prodf. Let o o (a0 G yeenn) e oo congruenee on of ind consider the tovoa, o=
== (!,.S'U,O",ff",gg), where 89 = (8)/6, ... St ... 5 Sinee 2 b voa has only a finite numbep
of sets of states (for | S is a finite set) and every set of slates is a Tinite one, it follows
tEN,
that 57 has only n finile pumber ol distinet members. Therefore we can take 68 = (L) 5/
) LEN,

o) xI and [A[sls, O = Ufss Doy €8, o, 2Hslep D= (lglg,s i), for cvery s =

e 8§, w1
We shall construct on every set 8 an equivalenee 7 which is ortogenal on the equi-

valenee op(6: A o == 7). This can be performed by numbering the states of each bloek of the
set Sifoy and then placing ail the states with the ssme number in the smne, block of the
set 8, f. It is obvious that Si/7 has as many elements as the greatest block of the set Syjog.
Now, Ict us consider the tvoa, A% = (09,57, 0, fF, 47), where 8% = (8~ ,... Sif% .-},
. lsle, 008 lap Dy F L8], 0 [57]6, # ©
JHs1z (I5)ep D)= {m-bi{rary, otherwise,
g{[s]e, N[ )a,: V). if [3], N [s"])c # O

£i[s)e, (18], N = {"‘.([- A U

St [ ¢ arbifrary, other:

The corrcetness of the definition ol‘ff, (3 relies on the faet that arbitrary blocks [s]c,
[‘“J}*’t cither have a common clement or have a voeid interscelion,

Let oS — Sploy (S} be the mapping given by e(s) = ([s], [8)) We claim
that the triple (17, {x 11 1< o}, 1) is a simulation of the t.v. n . by the serial
connection .f'c = 47 = (I, 5% X & ,(),ﬂ, gr). We have to cheek the conditions (1) and (2)
We obtain:

F@nl), 20~ glilxlon [sde)s ) = gi(lsle,, £5(0Ja, 1) = glstzy ([0, 1))

= (s, §), and
Tty B = Fillls1ay. [¥)s)s 6) = (F8Us]a, 1), J7(8)ep ([)ays D) =
= (05 Doy L0 D) = o, s D)
hence (1, {a; i1 € 1< o0 }, T )isindeed 2 simulation. Conversely, Tet (0, { = | =t < oo}, %}
be a simulation of the t. v, a A = (I, S, Q, fi, g) by the serial connection o1, — ., where o
e (11) Snopfllsg[t), ‘lg = (Ole Sz, Oz-fzt-ggl}e -11 -k .12 (I!, Sl’ x Sg_. Oz,fl_.g!.'). The sequence
ol cquivalences o (@ +eers St 5ennn ) Where

8.

oe = (5 87) 18" € Se pry ()« proag(s) )

S a congruence in A, Indeed, if (s, 57} € ar, we have o {s') = (5, 8,), @ (3] = (5, 55) and
therefore x,  (f(s', 1)) = flalsyy, )= F((s, 59)y ©) = [y (5, ih Syl &yfss Db 2, (FAS"5 D)

(fu(.s', i}, le'(sz‘ gu(.s-, i)), which implies 1)1'loct+l(f‘_f.w’, i)} prls"lﬂua(” Lih lienee (fe (87,
fi(s”, i) € ooy . The case of m, n-simulation ean Le treated annlogously.

Theorem 6. Let A= (I, 5,0,fi, %) be @ t.v.a. There exists o puratlel {an m, n-paraliel)
decomposition of the Lov.a. oA, wsing an injective simudation (for which @ are all injective
mappings) if there caists tico congruences {Fwo w,n-congruences) on oA, ¢ and = so that oA <
= (g e U5y seene) (respectively o A T = (15, e ts, )

Proof. Let us consider the t.v.a. Afe = (I, 5%, 00, (0, 20) and Afr= (I7, $7, 07, [, 57}

as in the previous theorem. The t.v.a. Ao | A[7= (I X7, 88X 57, 0907, fi, 2 is alle to
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simulate .4, using the simulation (&, 1€ti< i
BB e oo the simulatior :Em {gc;i.in l-;_yt:q o }, k), where the mappings h: I IxJ
M)y = (7, 4), auls) = ([s)a, [s]s,), k{ls)e, 1), ([8]¢,, 1)) =
_ Igt([s].-_,; U [8'keys 7). 0 [s]g, U [5Te, # © and i = i’
trbitrary, otherwise,

si o . o SRR
m-cr? cuf'\ Tt =g, it follows that cvery ay is injective. The conditions (1) and (2) can be
verified immediately :

K(Be(oals). M) = k(@ ([5Tapr [5]e)), G, iD)) = k&[], 5), £5([5)e, 1) =
and 'r‘-(([s]ﬂp i)! ([3]1"! i)) = g.(s, i)’
Jeedlsly i) = Sl([5laps [1e)s (5 80) = (LS, D)oy, o0 Lfels, ey, ) = e,y (fils, ).
If there exists a simulation (h, {t 1 €1 < 0}, k) of the automaton 4 — (1, 8,0, fi, &)

by the parallel conneetion 4. 1 A i fr, &
by . il Ay d = (I, x1,, 8 xS, 0,%0, fr. of the t.v.a. 4, =
= {1, 55,05 fu,8:4) then we can take the Ll'qui\zzalclnccszz G S ) :
or= {(v,87) |8, 8 € S, pr, oy(s)) = prpag(s”) },
= {(s",5") 5,5 € 8}, pryo(s’) = Praae(s’’) },
since =T Sg — S;'g o Szg -
‘ _[l[' (%, 87) & o, then ay(s’) = (s, 5') and as”) = (s, 7). In view of the properties of
simulations we obtain ; '

gy (fels', ) jT((s: 3;): ("1, fz)) = (f]!(sl il)s le(si' il))

and
0"4'-+:l(fll(‘5'”, ‘)) = (f:!(ss '.1)! le(si" 'fa))-
Heznee pr s, ) = 1)) ¢ HAE )
ken h{iy o (i'l, f;)ﬂ-!c._r.f:(h )= priae(fils”, ) and (fi(s', 1), fi(s”,i)) = @eqq 3 We have tas
The same argument points that { i
. ; cnt == (%) y.ess T15...} i5 8lso a congruence.
Afterwards, if (s, ") @ g, A 7, then prjofs’) = pryoy(s”), j =1, 2, hence as’) =

= x{s”). Taking into account tl injeeti i
. 1at o5 are injeetive mappings, we in s’ = ¢ which im-
plics sin s j J ppings, obtain s s’ which im

p
:{ lelc c::se ?f ni, n-decompositions can be treated analogously.
mark. Using Theorem 3, it is possible to find two congruences ¢ and %, with g A

A T ustarting from two sequences of equi ! i
o art| 6 iival E " - .
cifi~elly, it is possible to ta.kg- ! B

i i
o= A M), = A M),
k=0 k=0
for sufficieniy large j and i
Theorem 7. Let .1 = ; itori 12l

(m n)-de)composi.’ian of A aff( Ir.hf;co,e{r}rzsﬁ) abec:n;;z;::;eT:fwrc(::f?.s.f.s, :‘Tf;ilir:‘u:i.dccompomhﬂn
maton I:ﬁt’i ]}?tSI’IS suppose Lhat ol can be simulated by the monitorially contraled auto-
{r, +0',f;.2,), where the monitor 3 is M = (I E,0,9,%). As we have

f:f?:rc '}‘l;?(\; .,.)“:'L; =p?i:(~‘ (..4’, At ) can l?e co‘nct.eivcd as the t. v, a. AA= (I,ZXS,0, F, G,
8y = Sy, l,lrg"r'(.?}: ;;P‘; i:- :)}, PAREN(E10)s Gl 3) A0 S
If ¢k, {o 1€ N}, k) is the simulation of A by ;?, we consider the relation :
O = {(8,87) 5,87 & 8§, pryos) = prog(s”}}
In view of (1) we can write:

%egr(fels: 1)) = Fileuls), h(i)).
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Applying the definition of = we have w(sh= (3,3 ), w(s)= (5, s’l'), il (s, s'.') E .
Thus, we obtain oy, (fi (s, 1)) = F (3, si), i) == (= {§, 1), ]n—'l v(5) (sl, i)) M.l.d. similarly
o (fi{s”y i))= (e(5, 1), pr,v($) (.s-r]’, i}. Therefore pryoy, (fils’, iV = prya_, (fi (+7,1)), hence
+1 g )
(fe(s', )i, fu(s”, 1)) € mys, Wi, I and = is a congrucnec.
ne vea A= (1L5,0.0.48), = (AT - N
rersely, let & be a congruence on the t.v.a . | ; i
Using Sl?:‘sef:‘mcl technique as in Th. 5 we can construct on cvery set &, an cquivalence T
which is orthogonal on m, 7 A %t = L5, - ) -
‘e shall use the t. v. o, A= (I, 8¢, O, frr, 841), whree ©=(7) seey Ttyenn)y Y S
S,!:‘e S)l ‘thc fonections fr¢ zmd gyt being defined in the sequel. Suppose tl_mt the aetual
,.t“,tctouif ’A ' is the block 72 ¢ S‘tfq.' Binee v is generally not a congruence, different stglcs
(S)fa this blgck are carricd in .1 By a certain symbol ¢ in different Llocks of the sct Stygs
Tr,y. As monitor, we shall take the Moore automaton M = (/, U Sifmr 01, 9.7), where ofK
i)i K, K= 8z, K = St_th:t+[ and fi{K, iy K, teEN, )
The correctness of this definition for A7 follows from the fact llm! 7= 15 a congruence.
Since m A Tt = 15, every state 8 €5 is contained in an unique pair of blocks (K, B)
€ Sy X Stft. We shall defline o as a{s) = (K, B) and, il y(K) = {fe, gri) we take:
B',ft(S, je e SC.HIW.H and Ky I = {3 }:
fetByi) = arbitrary, tf K n B = O
and gi{s, 1), where {s}= KU 8B,

g (B,i)= {arbirrmy, if Kn B= O,

A . ~ . .
The t.v.a. related to the pair (A, M) is A= (J, (lg Stfre} X 5%, 0, Fr, Gy), where

; K, i), K} (B, )}, G(h, BY, i) = pr,v(K) (B, i).
s II:),t.Ill)is si)q::(ciall)cal::;l 1\(J\(c )c(zm take i!n (1) and (2) h=1; and k= 1, and through a
traightforward calculation we obtain : ) . ‘ .
g k(Gilau(s), R(D))) = Glou(s), 7} = G{K, B), i) = pryy(K) (I3, i) - gx!({i, )= gafs,_i),
F{z(s), (i)} = Fi(m(s), §) = Fo((K, B}, {) = (o(K, i}, pr,y(K) (&, ) = (9(K, 1),
JelB. 1)) = (K, B'),

where fi(s, i) = K’y B, and e«fs) = (K, B), .
which means that A is able to simulate. .. The same proofl (with obvious modifications)
works also for m, n-decompositions. ) )

Corollary. The following three assertions are cquivalent for a f.v.a 1.

i) there exists a congrucnce on A

ii} there exists a serial decomposition o_[..‘l ; w

iti) there ewists a monitorial decomposition o 4 . .

leese assertions hold also if ,congruence” is replaced with .m, n-congruence® and
decomposition” with .m n-decomposition®. o ) .
K Ilsemark I (fu(s, 4), Sfus. i) = m . for every {, i, & I the monitor 3 is a pure
one.

REFERENCES
1. Creangd I, Reischer C., Simovieci D~ Infroducere algcbricd in informaticd.
: -,. ) r : . - ke T w3,
Teoria aulomatelor, Iid, Junimea, Tuasi, 1978 - . ) )
2. Dauscha W, Niranberg, Starke I H_., W l.nklcr‘l\. l?. -qzlfml:'f:t(ifr
' determinierien zeilvariablen Automaten. Electronisehe Informationsverarbeitung
{ybernetic 9 (1973) Tjs8. 4535—3511. . )
8. Hartm -Lu:(il‘;h% Stca r(n s R. BE. — .lgebraic Structure Theory of Sequential Ma-
) ol g 4 y SHilTs. 106,
chines. Prentice-Hall, Inec.. Englewood Cli ] - .
4. Salomaa A, — On finile time-varianl automata scith moniters of different fypes. Ann,
Univ. Turku, Ser. A, I (1968).

: e —— N —.——_
e e T S eSS S

Analele stiiniifice ale Universititii AL, I. CUZA~ din Iasi
Tomul XXII, s. 1 a, 1976, . 2

PERMUTATION AUTOMATA WITH A TIME-VARIAN'T STRUCTURE
BY

V. FELEA

L. Iniroduction. Permutation automita have been studied by ¢, Thier rin[6].
Agasandjan [1, 2] and Artto Salomaan [3] have introduced the notion of auto-
maton  with a  time-variant structure and solved some of the basic prohbl
tizne-variant automata.

In this paper the notien of permutation automaton with a time-variant structure is
introduced. The mttomata with o time-variant structure (not only finite) are studied ; from
this study onc obtains the characterization for the finite automata with a time-variant structure
and for some familics of permutation avtomata with a time-variant structure. ‘The inelu-
sions between different families of languages aceepled by the permutation sutomats with
a time-variant structure are considered, Some operations, under which these families of lan-
guages are closed, are determined.

2. Automata with a Time-Variant Structure. Definition 2.1. . time-variant aulomaion
(shorily t. ©. a) is defined by :

¢ms coneerning

A=< X, S8, Mt s Fon=—0,1,2,.

where ;

1) X is a finile nonemplty  sel af inpuls,

2) 8, is a finite noncmply sel of states at the n-th time instant,

3) .‘II,':H is a function from Sa XX dnte S, called the dircet function {rom the n-th
time instant into (7 - 1}-th time instant,

+} 8, i the initial state and s, a5,

3) F, is the set of final stales at the moment n, F, = %, We recursively define the
Tunctions JI,’,”, with n = m, by

JI::(.S, ¢) = e for every s = S, n=10,1,2,. .,
MR (570 = MBI (5,2, pihal
for every s = S?I and p;:' Wy e, S X
Definition 2.2. Let .4 be « £ v, o
T(.1) {p'f; L X*.‘.Ug !'.-.-ﬂ. py e Fo.on=91,2_. }
is called the set of tapes aceepted by the automaton . | language L = X* is accepicd by a
f.v.a. (shortly X1 v« a.) i there exists a £ v.a. A such that I. T{.t}).

Agasandjan 1, 2] and A. Salomaa [5] define time-variant aulomata for

which &, = & » O L 20 and Sis a finite sel. This automaton will be denoted by
f. t. v.a.

In the following, we denote the sct of the natural numbers by N, N Ny {0},
the language accepted by an automaton of the type o by aa, The following two definitions
appear in [6]:

_ Definition 2.3. .n equivalence relation B on X* is said to be right cancellative iff Pa=
= py(R) implies that p = pLR).



