
CSE 355 HOMEWORK TWO

DUE 06 OCTOBER 2014, START OF CLASS

(1) Let M be the DFA with input alphabet {0, 1, 2} and transition function:

State Transition on 0 Transition on 1 Transition on 2
q0 – start q0 q1 q0
q1 – final q2 q0 q0
q2 – final q1 q2 q0

Using the GNFA method from class, produce a regular expression that describes the
language recognized by M . Show each GNFA produced in the process.

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

State Transition on 0 Transition on 1 Transition on ε
q0 – start {q0, q1} ∅ {q3}
q1 – final ∅ {q2} {q0}
q2 {q1} ∅ ∅
q3 ∅ {q4} {q0}
q4 ∅ {q3, q5} ∅
q5 ∅ {q6} {q3}
q6 – final ∅ ∅ ∅

Using the power set method from class, produce a DFA that is equivalent to M . (Do not
make all 27 = 128 states, rather make only those that you need!)

(3) Let M be the NFA in Question 2. Using the GNFA method from class, produce a regular
expression that describes the language recognized by M . Show the steps involved.

(4) In Homework # 1 we saw that if L is a regular language, the language of substrings of
strings in L is also a regular language. Here we ask the “opposite” question. Suppose that
L′ is a regular language, and we want to recognize Ext(L′), the language of all strings in
Σ? that have some substring that is a member of L′. (This is essentially what a pattern
matcher using regular expressions like grep needs to do.)
(a) Show that when L′ is regular, so is Ext(L′).
(b) Show that the language of all strings in Σ? that have no substring that is a member

of L′ is regular, whenever L′ is regular. (This is what grep -v does.)
(c) Our formal definition of regular expressions permit the operations of union, concate-

nation, and Kleene star (?). But regular expression pattern matchers sometimes also
permit + to indicate “1 or more occurrences”, complementation, intersection, and dif-
ference (the difference L1 \L2 contains all strings in L1 that are not in L2). Show that
the languages described using these extended operations as well are still the regular
languages. Explain how to convert an extended regular expression to one that only
uses union, concatenation, and Kleene star in addition to single characters, ε, and ∅.
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(5) (not to be graded) My friend is really excited about DFAs. He wants to use one to decide
whether a number is prime by recognizing {0p : p ≥ 2 is prime}. Here is the method that
he proposes:
(a) {0p : p ≥ 2 is prime} = ({ε, 0} ∪ {0p : p ≥ 2 is composite}).
(b) So {0p : p ≥ 2 is prime} is regular if {0p : p ≥ 2 is composite} is regular, using closure

under complementation and union (or intersection).
(c) Now p is composite if and only if it is the product of two integers a and b, each at least

2.
(d) To represent the integers that are at least 2, use the regular expression 000?. Call this

language T .
(e) Then {0p : p ≥ 2 is composite} =

⋃
w∈T www?.

(f) Because for every w ∈ T , the language www? is regular, by closure under union⋃
w∈T www? is regular.

(g) So {0p : p ≥ 2 is prime} is regular.
Is this a valid argument? Explain as precisely as you can why, or why not.
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