
CSE 355 HOMEWORK FIVE

DUE 21 APRIL 2016, START OF CLASS

(1) We consider languages over the alphabet Σ = {0, 1,#}. We interpret a string w ∈ {0, 1}? as
a binary representation of a nonnegative integer ι(w). Let L = {w#x#y : w ∈ {0, 1}?, x ∈
{0, 1}?, y ∈ {0, 1}?, and ι(w) = q × ι(x) + ι(y) for some nonnegative integer q}. Give a
low-level description of a deterministic Turing machine that decides L. (You can use a
multitape model if you prefer.) Comment: When ι(x) > ι(y), q is the quotient of ι(w)
divided by ι(x), and ι(y) is the remainder.

(2) Give a high-level description of a (Turing machine) enumerator that lists all strings in
{0, 1}? that represent binary numbers whose remainder when divided by 17 is 5. Hint: Use
your answer to Problem 1.

(3) Given a polynomial ax2 + bx + c in the single variable x with integer (but not necessarily
positive) coefficients a, b, c, we want to determine whether the polynomial has any integer
roots. First devise a way to encode both positive and negative integers for input to a Turing
machine; denote by 〈n〉 the encoding of integer n. Then give a high-level description of a
Turing machine to decide {〈a, b, c〉 : ∃ integer x such that ax2 + bx+ c = 0}.

(4) Our new machine, the Mesquite, is like a (deterministic) Turing machine, but it uses a
binary tree of memory cells in place of a tape. Every memory cell has two child cells, a
left child and a right child. Except for the root, every cell has a parent cell. A transition
causes a move to the left child, the right child, or the parent. (If you are at the root and
try to move to the parent, you stay at the root.) The computation always starts at the root
memory cell.
(a) Give a formal definition of a Mesquite.
(b) The Church-Turing thesis indicates that the Mesquite cannot decide any languages

that cannot be decided by a Turing machine. Justify that conclusion in this case
by demonstrating that every Mesquite computation can be carried out on a Turing
machine. (A formal proof is not needed; a convincing detailed argument is needed.)

1


