CPSC 351 — Tutorial Exercise #8
Additional Practice Problems

About These Problems

These problems will not be discussed during the tutorial, and solutions for these problems will
not be made available. They can be used as “practice” problems that can help you practice
skills considered in the lecture presentations for Lecture #8 and Lecture #9, or in Tutorial
Exercise #8.

Practice Problems

1. Let ¥ = {a,b,c,d} and let L C X*. Show that each of the following languages is
oracle-reducible to L.

(a) The language Leng € X* that includes all strings in X* the end with a string in L —
that is, the language

Leng={p-v|peX andv e L}.

(b) The language Lyora € X* consisting of all strings w € ¥* which satisfy exactly one

of the following conditions:

* w begins with “a”.

cweL.
Thus, if 1 € ¥* then the string a - p is in Lyora if and only if a - 1 ¢ L. On the other
hand, the string b - pis in Lyoa if and only if b - € L.

2. LetX ={a,b,c}, and let Ly, Ly C ¥* such that
ng{w-a\wGLl}.

Suppose that L, is undecidable. Give a many-one reduction to prove that L, is also
undecidable.



In the preparatory material for Lecture #9, a language “Ally” was proved to be undecidable.
This was the language of Yes-instances of the following decision problem:

The “Accepting All” Problem
Instance: A Turing machine M = (Q, 3,1, 6, qo, Qaccept; Greject)-
Question: Does M accept every input string? That is, is L(M) = ¥*?

So one could also say that the “Accepting All” Problem was proved to be undecidable.
Consider the following the following decision problem:

The “Same Language” Problem
Instance: A pair of of Turing machines, M; and M, with the same input alphabet.
Question: Does M; and M, have the same language? This is, is L(M;) = L(M3)?

3. To begin, describe a high-level mapping that can (probably) be used to show that if
the “Accepting All” problem is undecidable then the “Same Language” problem is also
undecidable too.

In order to continue, it is necessary to consider encodings of instances of the “Same Language”
problem. Let Yoty = Xtm U {#}

* A pair of Turing machines M; and M, can be encoded as a string o#3 € X3, Where
a € TM C X3y is the encoding for My and 5 € TM C X7, is the encoding for M>.

+ Let Pairry C X34, be the language of encodings of pairs of Turing machines

My = (Q1,%,1'1,61,90,1,94,1,9R,1)

and
My = (Q2,%,T'2,62,q0,2,94,2,4R,2)

with the same input alphabet 3.

* Now let
Etm C Pairry € Y51y

be the language including encodings of pairs of Turing machines M; and M5, with the
same input alphabet 3, such that L(M;) = L(Ms).

4. Sketch a proof that the language Pairry is decidable.

5. Prove that Allty <m Etm — so that the language Ety is undecidable.



