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Now that we understand what regular derivations look like, we can re-visit the question
of closure under union and concatenation. The union and concatenation grammars we used
in § 1.7 were not regular, so we need to give alternative constructions. Let G = (X, V. P, S)
and G’ = (X, V', P, §’) be regular grammars.

(a) The reqular concatenation grammar of G and G is (£, VU V', P*, S) where P* := P'U
(P\{A—2a:A>ae PHU{A—aS; A—>a€ P}

(b) The regular union grammar of G and G' is (£, VUV'U{T}, P*,T) with a new variable

Tand P := PUP'U{T wa;S—+a€PlU{T —+a:85 —+ace P}

Clearly, if G and G are regular, then so are the regular concatenation and regular union
ErANINArs.
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If D =(2.Q.8.q0. F) and D' = (£.Q. ¢, ¢, F') are deterministic automata over the
same alphabet £, we say that a map [ : Q — Q' is a homomorphism from D to I if

(i) for all qgeEQ and a € X. we have that -‘.l'rl:_,lrifjrl.u] _flr'l-'injr.u ).
(i1) we have f(gp) = q;. and
(iii) forall g € Q, g€ F if and only if flg) € F'.

As usual, bijective homomorphisms are called isomorphisms and automata that have an
isomorphism between them are called isomorphic. Note that if f is a bijection, then f~!
satisfies (i) to (i) and thus is a homomorphism.

If fis a homomorphism, property (i) extends by induction t ‘!Eﬂ,r w) = f(d(q.w)) for
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