8. For languages A, B C ¥*, define SHUFFLE(A, B) to be the set

{w|w=aibiazbs - - - arby where ay ---ay, € Aand by - - - by € B, with each a;, b; € ¥*}.

Show that the regular languages are closed under shuffle. Give both a short, convincing, one paragraph
“proof idea” similar to those in the text, and a formal proof. Hint: A variant of the “Cartesian product”
construction in Theorem 1.25 may be useful. And, yes, “induction is your friend.”

Note: Read the definition carefully. It says “a; - - - ay € A,” not“aq, ..., a; € A”; the later specifies k
strings, each individually in A; the former specifies k strings, perhaps none in A, whose concatenation
(in order) is a single string in A. |
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This works in part since, without loss of generality,
every (ai,bi) pair has |aibi| = 1, i.e. one is epsilon, the
other a single character.
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EXAMPLE T.608 s,

In this example we begin with a three-state DFA. The steps in the conversion are
shown in the following figure.

(baUa)(aa U b)*ab U bb

(©) (d)

(a(aan)*abUb)((baua)(aan)*abUbb)*((baua)(aan)* Ue)Ua(aaUb)*

©

FIGURE 1.69
Converting a three-state DFA to an equivalent regular expression
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