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[Write your answers in the question paper itself. Be brief and precise. Answer all questions.]

1. Consider the following NFA (over the alphabet{a, b}).

a ba

a,b

b a

(a) What is the shortest stringnot accepted by this NFA? aab (1)

(b) LetL1 denote the set of all stringsnot accepted by this NFA. Write a regular expression forL1. (3)

b∗ab∗aa∗b(a+ b)∗

(c) Convert the regular expression of Part (b) to an equivalent NFA. (4)

Solution

b b a

b
a,b

aa
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2. Let L2 denote the language over the alphabet{a, b} such thatα ∈ L2 if and only if |α| > 2, the second
symbol ofα is a, and the second last symbol ofα is b. Design an NFA to acceptL2. (6)

Solution

ab

aa,b a,bb

a,b

3. Letα be a string (over some alphabetΣ). By odd(α), we refer to the string obtained by deleting symbols at
all even positions ofα. That is, ifα = a1a2a3 . . . an, thenodd(α) = a1a3a5 . . . an′ , wheren′ is n or n− 1
according as whethern is odd or even. For a languageL ⊆ Σ∗, defineodd(L) = {odd(α) | α ∈ L}. Prove
that ifL is regular, thenodd(L) is regular too. (6)

Solution Let M = (Q,Σ, δ, s, F ) be a DFA acceptingL. We design anǫ-NFA M ′ = (Q′,Σ, δ′, S′, F ′) to accept
odd(L). LetQ = {p1, p2, . . . , pk}. Then, we takeQ′ = {p1, p2, . . . , pk, q1, q2, . . . , qk}, that is, we add a new
stateqi for eachpi. The only start state ofM ′ is the old start states of M , that is,S′ = {s}. All the final
states ofM continue to remain final inM ′. Moreover, a new stateqi is marked final inM ′ if and only if the
corresponding old statepi is final (inM ). Wereplace each transitionpi

a−→pj in M (wherea ∈ Σ, and where
we may havei = j) by the two transitionspi

a−→qj andqi
ǫ−→pj .

By construction, moves inM ′ alternate between the old and the new states. In essence,M ′ mimicsM with the
only exception that every second move prevents consuming a real symbol from the input.
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