
CSE 355 HOMEWORK TWO

PART 1 DUE 12 FEBRUARY 2017 MIDNIGHT, PART 2 DUE 19 FEBRUARY 2017 MIDNIGHT

In the questions below, when it says “Show”, it means that you should give a complete and
precise argument that the answer is correct, but there is no need to write it formally as a proof.

PART 1
(1) Let M be the DFA with input alphabet {a, b, c} and transition function:

State ↓ Symbol → a b c
q0 – start, final q1 q2 q2
q1 – final q2 q1 q0
q2 q2 q0 q0

Using the GNFA method, produce a regular expression that describes the language rec-
ognized by M . Draw each GNFA produced in the process.

(2) Let M be the NFA with transition function:

State ↓ Transition on → 0 1 ε
q0 – start {q1} {q0} {q1, q2}
q1 {q0, q2} ∅ ∅
q2 ∅ {q2, q3} {q3}
q3 – final ∅ {q1, q4} {q5}
q4 ∅ ∅ ∅
q5 – final {q3, q5} ∅ ∅

Using the powerset method from class, produce a DFA that is equivalent to M . (Do not
make all 26 = 64 states, rather make only those that you need! Explain your solution.)

(3) Using the GNFA method from class, produce a regular expression that describes the lan-
guage recognized by the NFA M from Question 2. Give the steps involved. (You may start
either with the original NFA or with the DFA produced in your answer to Question 2.)

(4) Devise a method which, given a regular expression R whose language is L, produces a
regular expression whose language is exactly the prefixes of L. Show that your method is
correct. Hint: Use the formal definition of regular expressions.

PART 2 A substring of a string w is a string y for which there exist strings x, z with xyz = w. A
subsequence of a string w = w1 · · ·wn is a string y = y1 · · · ym for which there exist integers
1 ≤ i1 < i2 < · · · < im ≤ n with wij = yj for 1 ≤ j ≤ m.

(5) Suppose that Σ = {σ1, . . . , σ`}. Let L` be the set of all strings in Σ? for which, for each
1 ≤ i < `, the number of occurrences of the substring σiσi+1 is the same as the number of
occurrences of the substring σi+1σi.
(a) Show that L1 is regular.
(b) Show that L2 is regular.

(6) Suppose that Σ = {σ1, . . . , σ`}. Let L` be the set of all strings in Σ? for which, for each
1 ≤ i < `, the number of occurrences of the substring σiσi+1 is the same as the number of
occurrences of the substring σi+1σi. Show that L3 is not regular.

(7) Suppose that Σ = {σ1, . . . , σ`}. Let T` be the set of all strings in Σ? for which, for each
1 ≤ i < `, the number of occurrences of the subsequence σiσi+1 is the same as the number
of occurrences of the subsequence σi+1σi.
(a) Show that T1 is regular.
(b) Show that T2 is not regular.
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(8) Let L be a regular language over Σ. Let L′ be a finite language over Σ. We want to
characterize the set of all strings S in L that (1) contain no member of L′ as a substring,
and (2) contain at least one member of L′ as a subsequence.
(a) Show that the language of strings having no member of L′ as a substring is regular.

(Hint: For each y ∈ L′, can you show – using closure under intersection or otherwise –
that the set of strings in L having y as a substring is regular? Then use closure under
union and complementation.)

(b) Show that the language of strings having some member of L′ as a subsequence is
regular. (Hint: For each y ∈ L′, can you show – using closure under intersection or
otherwise – that the set of strings in L having y as a subsequence is regular? Then use
closure under union.)

(c) Using the results in the first two parts, show that S is regular.
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