
CSE 105
Homework 7

Due: Friday May 27, 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 Sections 4.1, 4.2, 5.1

Key Concepts Computational problems, decidable languages, acceptance problem, emptiness
testing, subroutines, simulation, diagonalization, (bijective) correspondences, countable and
uncountable sets, the halting problem, universal Turing machines, undecidability, co-Turing-
recognizable languages, reducibility, reduction, HALTTM , ETM , REGULARTM , EQTM ,

1. (10 points)
Let L3 = {〈M〉 | |L(M)| = 3}, so L3 contains all encodings of Turing machines whose languages contain
exactly three strings. Show that L3 is undecidable.

2. (10 points) A function f : Σ∗ → Σ∗ is called Turing computable if there is a Turing machine M that
on input w ∈ Σ∗, M halts with just f(w) on its tape (see Definition 5.17). Prove that if L ⊆ Σ∗ is decidable
and f is a Turing computable function, then

{x ∈ Σ∗ | f(x) ∈ L}

is also decidable.



3. (10 points) Consider the following languages

L1 = {〈M〉 | M is a TM such that L(M) is decidable.}
L2 = {〈M〉 | M is a TM such that L(M) is Turing-recognizable.}
L3 = {〈M〉 | M is a TM such that L(M) is co-Turing-recognizable}

(a) Show that at least one of these languages is decidable.

(b) Show that at least one of these languages is undecidable.

4. (10 points) Consider the following implementation-level description of a Turing machine M .

M = “On input 〈G〉 where G is an undirected graph

1. For all possible assignments of the colors red, green, blue to each node in G

a. If each edge in G connects nodes that are assigned different colors, accept.

b. Otherwise, check next assignment.

2. If have not yet accepted, reject.”

Does the worst-case running time of M have a polynomial bound? Justify your answer using big-O notation.

5. (10 points) This problem reviews material from earlier in the quarter to help you get
started studying for the final exam.
Fix an alphabet Σ. For any language L over Σ, define

DOUBLE(L) = {a1a1a2a2 · · · anan | n ≥ 0, ai ∈ Σ, a1 · · · an ∈ L}.

Prove that the set of regular languages over Σ is closed under DOUBLE.
Note: this is a variant of the closure proof from exam 1, except the bound on n is slightly different.


