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Closure
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Regular (anguage is closed under operation o'

o for all vegular L, o(L) is vegular.

Regular (anguage 1s closed under operation o'

f for all vegular L1 and L2, o(L1, L2) is vegular.
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Avfe radionals closed under division?

Avre veal numbers closed under sqmﬂwe—voo{?
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Closure under Union
I’F A Aand B Avre Vegv\\ﬂ\r, {L\evx AU B 1S Vegvx\dw.

Pvoo{ by COW&AC{ Antomadon.
= Q1L %1,41 FI> ML= <®22 o2 g2, F2>
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C\OSV\YQ under IV\'[’QVSQC"["!OV\

I£ A and B are veguiar, den A\ B is vegular.
Proo{ by constructing a product antomadon.
M1=<Q1L, %lal, FI> M2 =<Q2L ,?2 g2, F2>

S . L M TG

M2 occefts %L
M = (Q, z. : ? ) % > %(Qn{g\(w) &Y %\((‘n,@eﬁ Mg( (e

(
L
5
x

- ¢| x¥ o




Closure under Complement -
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Qlosure under Union (v\S'mg NFA)
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L = w starts wit, O and Las odd lengdl,
or stards witih 1 and Las even \ewg%b\

Prove 414+ L s regular. ot L
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Closure under Intersection (4\\-[-.)

Proof using otler closure properdties.
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Qlosure under Concadenation
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Take DFA D. Let X = { ¢+ fuere exists some ¥ suct, 41t ¢'q0) = o}

Construct M =< VU {s} S, d1 s, B g0~
wieve d'l(q,d\) = {d(q,ﬂ\}} & d1(se) = X

Stow {hat: f M ACCep-Ps X then there exists y st D accepts yx.
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Given a4 regular language L, show that HL is 4 vegular language.

HL=1{x:xxi1swmL3

On any nput string w, N would 4ry fo simulate D on ww. N does so by {irst guessing
r = the state D would be af if given input w (N uses non—determinism 4o guess ‘).
Then N pavallely vuns D on w stacding at D's starting state, and ruaning D on w
starding ad v. T4 may be Lelpful o led N “remember” ¢ in its state affer guessing it

Let DFA D=<Q,S, 40,F> accept L.

Construct NFA N=Q1, S, d1, 401, F1> wiere

Q1=QxAxQ U {s} wiere s is 4 new state not n @,

201=s,

F1={lepd) t v in @, 4 F3

d1(s,e> = {(grO,v,r> e Q%

d1Gs, symbol a)=13%1/ no—op

d']((r'l, vZ, -F>, e) = { } // no~0p (s'mce DFEA D Las wo e—W\oves>
A1, v, 4), 4) = {(al1a), ¢2, al#,4)) 3



Claim: If D accepts w=ww fien N accepts w.

Clawm: Tf N accepts w tlen D accepts ww.



