
Theory of Computation
CS 378
Fall 2022

Problem Set 2
Due AT THE BEGINNING OF CLASS Tuesday, October 25

� Standard file naming and HW submission conventions apply: Please submit your type-
written answers in a PDF file named

CS378 PS2 <userid>.pdf

where <userid> is replaced by your Colby userid—for example, my file would be called
CS378 PS2 eaaron.pdf. Please use your full userid, including your class year. Place
the properly named file in your Private directory in your CS378 filespace on filer.

� This homework covers material from pages 44-83 in Sipser and some additional topics
that are not found in Sipser.

� As always, answers to all exercises should be accompanied by explanations; brief ex-
planations sometimes suffice, but all answers should be explained. Answers without
explanations may not be awarded full credit.

� When using the Pumping Lemma to prove that a language is not regular, recall the
adversary argument presented in class. Be careful with the “there exist”(∃) and “for
all” (∀) quantifiers: whenever there is a ∃, you may choose strings; whenever there is
a ∀, you must show that the step works for any choice of strings.

� A general note: When writing up your homework, please explain your arguments
clearly and write neatly. Graders may not award credit to incomplete or illegible
solutions. Clear communication is the point, on every assignment.

� A general note: Neatly written (or typeset) solutions, with enough blank space on
the page to allow graders to write comments before returning the papers, are greatly
appreciated!

1. Nonregular Languages. Prove that each of the languages below is not regular, using
the Distinguishability Lemma. Your proofs must be clear, complete, and rigorous.
(Ideally, they will also be concise—it’s possible that a well-worded paragraph might be
sufficient for a proof!)

(a) L = {0i1j0i+j|i, j ≥ 0}.
(b) L = {wwR|w ∈ {a, b, c}∗}.

2. Hans und Franz und Nonregular Languages! Prove that each of the languages
below is not regular, using the Pumping Lemma. Your proofs must be clear, complete,
and rigorous.

(a) L = {0i1j0i+j|i, j ≥ 0}.
(b) L = {wwR|w ∈ {a, b, c}∗}.

1



3. Addition is Regular, but Multiplication is not! In the previous Problem Set,
we showed that the language of valid binary additions is regular. In this problem, we
show that the related language of valid binary multiplications is not regular.

As before, the alphabet is the set of all 3× 1 binary vectors:

Σ =


 0

0
0

 ,

 0
0
1

 ,

 0
1
0

 , . . . ,

 1
1
1


A correct multiplication of two binary numbers can be represented by a string in Σ∗.
For example,

0 0 1 0 1 0
× 0 0 0 1 0 1

1 1 0 0 1 0

would be represented by the following string of six symbols from Σ. 0
0
1

 0
0
1

 1
0
0

 0
1
0

 1
0
1

 0
1
0


Use the Pumping Lemma to show that this language is not regular.

4. Regular Expressions and Dynamic Programming! Construct a regular expres-
sion for the DFA in Sipser 1.21 (a) on page 86 using the dynamic programming
formulation that we derived in class. Clearly show each step of the construction. Do
not simplify the expressions found by the algorithm. The expressions may be clunky
and may have many unnecessary ϵ’s, but that’s okay in this context: The point here is
that the procedure is easily mechanized, not that the regular expressions constructed
are particularly concise. Notice that it’s easy to construct a simple regular expres-
sion for this language by inspection, but that’s not the point here. (Note: As noted
in our lecture notes, pages from the HMU textbook that are posted on our Lecture
Notes page can be a resource for this exercise. Do not use the technique in the Sipser
textbook—it’s substantially more involved.)

For this exercise, showing all your work in each step in the construction will be a
sufficient explanation of the process. In addition to that regular expression, however,
please describe in English the language of the DFA and then briefly argue (a few
sentences or so could suffice!) that the language of the regular expression is the same
language. You may not refer to the construction in your argument! Instead, argue
soundness and completeness : for soundness, briefly argue that every string described
by the regular expression is in the language of the DFA; and for completeness, describe
(in no more than a few sentences!) why every string in the language of the DFA is
described by the regular expression.

5. DFA Testers! The National Center for Extremely Secret Automata Design has hired
the famous automata theorist, Professor Anna Litik, as a consultant. Professor Litik’s
task is to determine if a DFA designed by the Center accepts an infinite number of
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strings. The problem is that the Center refuses to show Professor Litik the actual DFA.
Instead, they will only tell her how many states the DFA has, the alphabet of the DFA,
and they will answer any number of questions of the form “Is string w accepted by
your DFA?” Professor Litik’s goal is to determine in finite time whether the secret
DFA accepts an infinite number of strings.

Your task is to prove that a DFA with n states accepts an infinite number of strings if
and only if it accepts some string of length greater than or equal to n and less than
2n. (Notice that this result allows Professor Litik to “simply” query the DFA on the
finite number of strings of lengths between n and 2n in order to reach her decision.)

Hint: As part of proving the claim that if the DFA accepts an infinite number of
strings, then it accepts a string of length between n and 2n, it could be helpful to
consider the shortest-length string the DFA accepts that is of length n or more.
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