CS 172: Computability and Complexity, Fall 2006 S.A. Seshia

Midterm 2

November 15. 2006

YOUR NAME:

Instructions:

This exam igclosed-book, open-notes. Please turn off electronic devices: cell phones,
laptops, PDAs, etc.

You have a total of 70 minutes. There are 4 questworth a total of 100 points. The
questions vary in difficulty, so if you get stuck any question, it might help to leave
it for a while and try another one.

Answer each question in the space provided belevgtlestion. If you need more
space, you can use the reverse side of that page.

Do not turn this page until the instructor tells you to do so!

Problem 1

Problem 2

Problem 3

Problem 4

Total




Problem 1: [True or False, with justification] (BOints)
For each of the following questions, state TRUEALSE. If TRUE, give a short
proof. If FALSE, give a counterexample.

(a) The sentence
Vxy [(xxy>0 > (x+y>2]
isin Th(N ,+, x) but not in Th{ ,+). (Recall thalN denotes the set of natural
numbers: {0,1,2,3,...}.)

(b) For every languade, it is true that <nL.

(c) The following languagk is decidable:

L = {<M>|Mis TM and, for all inputsv, M halts onw within 42 steps}



Problem 2: (25 points)

A jumpy Turing machine (JTM) is just like the standard, single-tape, deiarstic
TM except for its transition function. On a trafmit, a JTM can move its head a
finite, but arbitrary distance from its currentddion. Formally, the transition function
IS

3:QxI'> QxI'x ({L, R} x N)

For examplep (g, &) = (g, b, (L, n)) will cause the JTM’s head to moweplaces to
the left (stopping at the left-most cell if the jprwould cause the head to move off
the tape).

Prove that every JTM has an equivalent standargjlestape, deterministic TM.
(Include all steps in your proof.)



Problem 3: (20 points)

Recall theone way Turing machine (OTM) from Homework 5. An OTM is a single-
tape, deterministic Turing machine that has a “gtaty moveSin place of the regular
“move left” L. In other words, the transition function is of tloer

0:QxI' 2> QxI'x{R &

Answer thethree questions (a), (b), (c) belowgmember to turn this page
over!). You may use without proof results from previous keemarks and theorems
covered in class and in Sipser’s book.

(a) Let the language cla€s= {L| L is a language recognized by a OTM}. Among
the language classes you have studied in this ¢laggilar, context-free,
decidable, Turing-recognizable, etc.), which on€ isqual to? Briefly justify
your answer (no need to give a complete proof).

(b) Prove that the following language is undecidabl

L,={<M>|Mis aTM and_ (M) € C}



(c) Prove that the following language is decidable:
Ly ={<M>|Mis an OTM and_-(M) = &}



Problem 4: (25 points)
Recall that alique in a (undirected) grap@ is a subset of vertices &f such that
every two vertices in that subset are connecteanbgdge.

We discussed the following CLIQUE problem in class:
CLIQUE = {<G, k> |G is an undirected graph with a clique of skke
Two variants of the CLIQUE problem are given bel®&er each language, state

whether it is in P or is NP-hard. If P, give a paynial-time algorithm to decide it. If
NP-hard, give a reduction from CLIQUE or one of Nie-hard problems discussed in

class.

() 11-CLIQUE ={<G> |G is an undirected graph with a clique of size 11}

(b) SpecialCLIQUE = {&, v, k> | G is an undirected graph with a clique of dkze
that includes vertex}



