
CSE 105
Homework 3

Due: Tuesday October 11, 2016

Instructions

Homework should be done in groups of one to three people. You are free to change group
members at any time throughout the quarter. Problems should be solved together, not divided
up between partners. A single representative of your group should submit your work
through Gradescope. Submissions must be received by 11:59pm on the due date, and there
are no exceptions to this rule.

Homework solutions should be neatly written or typed and turned in through Gradescope
by 11:59pm on the due date. No late homeworks will be accepted for any reason. You will be
able to look at your scanned work before submitting it. Please ensure that your submission
is legible (neatly written and not too faint) or your homework may not be graded. A typed
PDF submission is recommended.

You may consult your textbook, class notes, lecture slides, instructors, TAs, and tutors for
help with homework. You should not look for answers to homework problems in other texts or
sources, including the internet. Only post about graded homework questions on Piazza if you
suspect a typo in the assignment, or if you don’t understand what the question is asking you
to do. Other questions are best addressed in office hours.

Your assignments in this class will be evaluated not only on the correctness of your answers,
but on your ability to present your ideas clearly and logically. You should always explain how
you arrived at your conclusions, using mathematically sound reasoning. Whether you use
formal proof techniques or write a more informal argument for why something is true, your
answers should always be well-supported. Your goal should be to convince the reader that
your results and methods are sound.

Reading Sipser Section 1.2, 1.3

Key Concepts Nondeterministic finite automata (NFA), nondeterministic computation,
closure of regular languages under regular operations, ε arrows, equivalence of NFA and
DFA, regular expressions, equivalence between languages described by regular expressions and
languages recognized by automata.

1. (10 points) Let X be the language of all strings over {0, 1} that do not contain a pair of 1s that are
separated by an odd number of symbols. In other words, X is the language of all strings over {0, 1} which do
not contain an odd number of symbols between any two 1s. Give the state diagram of a DFA with 5 states
that recognizes X. You may find it helpful to first find a 4-state NFA for the complement of X. (Sipser
1.13)

2. (10 points) For an alphabet Σ and a language L ⊂ Σ∗, define

insert(L) = {uσv | uv ∈ L, σ ∈ Σ, u ∈ Σ∗, v ∈ Σ∗},

Prove that the class of regular languages is closed under the operation insert(L).



3. (10 points) State complexity: Let n be a positive integer. Consider the language over {0, 1} defined as

Ln = {w | w has a 1 n positions from the end}

(a) For arbitrary n, define an NFA with n+ 1 states that accepts Ln. You must give the formal definition,
not just the state transition diagram.

(b) For arbitrary n, define a DFA with 2n states that accepts Ln. You must give the formal definition, not
just the state transition diagram.

(Sipser 1.60, 1.61) To think about (not for credit): is there a DFA that recognizes this language using fewer
than 2n many states? Look at the Myhill Nerode Theorem, Sipser 1.52, for ideas of how to work towards an
answer.

4. (14 points) Convert the following regular expressions to NFAs, where Σ = {a, b}. For each part of the
question include (i) state diagrams for intermediate machines you build as part of your construction and
(ii) the state diagram for the final NFA, explaining with a few sentences any optimizations you make that
reduce the number of states from what would be called for by Theorem 1.54.
Also, for each regular expression, state (and explain) whether ε is in the language described by the regular
expression and whether this language is {a, b}∗.

a. ab(aa)∗ ∪ ba

b. (a ∪ b+)a∗.

5. (6 points) For this problem you will need the file data.txt, which contains the undergraduate classes
of the CSE class schedule from immediately before this quarter began. The file can be found on the class
webpage.

The UNIX program egrep uses regular expressions for text processing. Given a file and a regular
expression, egrep will output every line of the input file that matches the regular expression (where
“matches” means “is an element of the set described by”). You should read the man page for egrep (
https://www.cl.cam.ac.uk/cgi-bin/manpage?1+egrep) to become familiar with its notation, but the
important things are that . matches any alphabet symbol, operator * is as expected, the union operation is
denoted |, and parentheses are used for grouping. Lastly, egrep matches the regular expression anywhere
in the line, so it essentially places .* before and after whatever expression you give it.

For example, using our class schedule data, if we wanted to find all lectures and discussion sections, we
would type egrep ’(LE|DI)’ data.txt and we would get 145 lines of output. If we just wanted to know
the number of lines that match (are members of the set described by this regular expression), we could use
the -c option egrep -c ’(LE|DI)’ data.txt For each of the questions below, you should include in your
write-up the egrep regular expression you used as well as the number of lines outputted. Do not include the
actual lines in your write-up! Also, you should only use union, concatenation, and star operations (egrep
lets you use much more complicated operations that go beyond regular languages). You do not need any
additional justification of the correctness of your regular expressions.

a. How many lectures were cancelled?

b. How many discussion sections are on either Monday or Tuesday?

c. How many lectures begin at exactly 2 PM?

Optional: Haskell Project 2, due on Friday October 21, considers the problem of DFA minimization, and the
related Myhill Nerode Theorem mentioned in Problem 3.


