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Let ¥ be an alphabet. Among the hnite strings over the set X0 {3,2,(, ), + I we

= | k = -]
shall define the notion of mygular expressions over ¥ by recursion: ' lm v“l
R =

(1) The symbal @ is a regular expression:

(2) the symbaol £ is & regular expression; 'q
(3) every @ € X ix o regular expression P i '

(1) if R amd S are regular expressions, then (R + 5) 5 o regular expression;

(5) i R and S are regular expressions, then (RS) s a regular expression:

(G) il s a regular expression, then 8% i o regolar expressjon;

(7) if A& regular expression, then /° 8 8 regular expression;
(8) nothing else is a regular expression dons by recursion:

(1) H £E= @, then L{E) = ©;

(2) if E =« then L(E) = {}:

(3) ifE=aforac X, then L(E) = {a)

(4) if R and S are regular expressions, then Z(( R+ S)) = L(R) U L(S);
(5) if B and § are regular expressions, then C((RS)) = L(R)L(S);

(6) if I is o regular expression, then C(R*) = L(R)"

(7) if R is a regular expression, then C(RY) = £{R)*.M
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If D= (X,Q.9. qy F) is a deterministic automaton, we call a state g € Q mnaccessible if there
is no word w such that d{qgy, w) = g. We call two states q.q" € Q idistinguishable if for all

words w, we have that
l{qu]r:F-==:-r'l{q w) € F. é—>'A -—-‘Aq

A word w such that t'l[r_g w) € F and f‘rl'l,r w) € F or vice versa is said to l.l’n!'rm;m*-h g and q'.
Given g.¢" € Q and a € X and d(q,a) and d(¢', a) are distingnished by a word w, then ¢ and
g are distinguished by the word aw. If f: Q — Q' is a homomorphism from an automaton
D to an automaton Y, then if p, q € Q are distinguishable, then f(p) # f(q). Furthermore,
if ¢ € @ is accessible, then ¢ € ran( f).

We write g ~ g’ if they are indistinguishable. Note that ~ is an equivalence relation on
Q, i.e., reflexive, symmetric, and transitive. We write [g| for the ~~equivalence class of .

= {w; $(q,0)€F]
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THE CLEAN-OP AUTOMATON
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