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2. an explanation of what each state in @ represents in terms of your algorithm,
3. a list of E, Fa 40, Gaccept Greject and

4. a description of 4, either by (1) a list of its values, or (2) a diagram.

Solution: High-level description: Scan through the input, left end to right end, marking off two 0’s
and one 1 with an z. Continue doing this until either (1) everything on the tape is blank and z’s
(we accept), or (2) what's left on the tape does not have at least two 0’s and one 1 (we reject).

Initially we mark the first tape symbol with an z’, to know when we have reached the leftmost tape
cell (i.e., cell number 1). For simplicity, we’ll have the initial state go always write =’ over the 0 or
1 it sees, and over any x’s beforehand, since it this simply fills a block of cells at the beginning of
the tape with z'’s.

[There are many possible variants on the above.]

Here is a table of § values, where b denotes the blank symbaol:

Q\T 0 1 x ' b
qo gs0, T, R | guz,R | R Jarc
40 | 9s00, % R | gso1, 2, K [ R rej
gs1 | gs01,Z, R R R Grej
tsn0 R Qeft, T, L | R rej QQ'N\O I~ .
Usor | Queft, T, L R R froj (Q' ,*) uf \¢
Qleft L L L do, a! " R

with the convention is that R means “don’t change the state or symbol on the tape and move R,”
and similarly for L; an empty value means that it is irrelévant.

The set of states, ), consists of those in the first column of the table along with gacc and gy¢j. The
tape alphabet, I" are the symbols in the first row of the table. The staes go, gacc, grej are €ponymous.

The meaning of the states:

1. gs01 means that so far we have seen one 0 and one 1 in our search for finding two 0’s and one
1 in what is left of the input;

2. gs0, s1, Gsoo similarly;

3. quefy: we are moving left to the first 2’ (which is the start of what’s left on the tape.

In a separate PDF we have given a diagram of the above Turing machine, following the labeling conven-
tions in [Sipser], as the last page of this document.

[Which do you think is easier to work with and verify for correctness?]

Question 4:
This problem is optional, worth 0 points. Let

5COLOR = {{G) | G is colorable with 5 colors}.

Show that 5COLOR is NP-complete; you may use the fact that 3COLOR is NP-complete (see Prob-
lem 7.29 of [Sip]).

Solution: To see that 5COLOR € NP, a nondeterministic Turning machine can nondeterministi-
cally choose (or guess) one of five colours for each of the vertices, and then test whether this gives
a valid 5-colouring of the graph.
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[5] 3. Let L=\ a,_’/‘,'/‘"}'. Argue that a DFA that recognizes L must have at least 101 states.
Explain your argument from scratch; i.e., if you use want to use Myhill-Nerode, then .
explain why it is true in this case. . \{ 7! <
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Continued on page 5
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[32] 5. 4 points per part. Briefly justify your answers; you will not get credit for just
writing “yes” or “no” (or any short answer without justification).

(a) Show that if C1,Cs,. .. are countable sets, then C; UCa U - -+ is countable.

(b) What does Savitch’s theorem assert, and why does this show that NPSPACE
(non-deterministic polynomial space) is equal to PSPACE (polynomial space)?

(c) Let A be any problem that is complete for PSPACE under polynomial time
reductions. Is PSPACE contained in P47

(d) Let Lnp casy, consist of all descriptions of a triple, (M,i,t) where M is a non-
deterministic Turing machine that accepts input #, running in time ¢ where 1 is

expressed in unary. Show that any language in NP can be reduced to LNp easy
-_-_____,.-'-"_“*—-————-l

L_ o - ﬂ’\ M~ e Qr\k

by a polynomial time reduction.
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Continued on page 7
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L e_* L_ L,e’ o "';. } A f\“ C‘:\\ /// m — L
(e) hetHAHT be-the-Halbinig Problem-for Furingfrachines, and let HALTHALY e =
the Halting Problem for OI‘&.CWHEGS with eracle HALT, Is there an / :

oracle Turing machine withracle HALTI that can l'émaIELﬁlﬁW’?

p\ um\l‘(rio\\ T.rv\‘ wN oCecle L Chn Le uS*ic)

‘ [
‘o \\Qggjf\\zﬁ HAL_TL 'QO(‘ Q(\\’ L_’ lb\, SWKU[(J\'\WS m

L .
on npit QU \“»‘ TGL\V\S L5 HALT  shows thel the ansir is \es.

(f) Same problem as the last part, except with “recognize” replaced with “decide.”

- i L.
NO’ (\or w\\{ L.) ATM and HF\LT,';\ cen be (‘ﬁduc;ec\

fo eaclt other | HQ nCR. (Pro\o\v.m’.’.)kbqu-\\ 83 S\NCL A_L;\
]

is undecidable by Ths wdW orade L) w35 HATE T
ko

(g) Say that you are given a description, < A,w >, of an NFA (non-deterministic [<H ALT
finite automaton), A = (Q, %, d, g0, F') and a word, w € £*, and that the transi-
tion function 8: Q x ¥ — Power(Q) is written out by each of its values. Can you shows ol
decide if A accepts w in polynomial time of the length of < A, w >7? i no

LlJQS'- o N‘;A Tons N ‘u-)\ S+€?5l and Yo
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a  vecter o@ lenej\\\ [Q\ Fhod -}g“§ \/oa« w,’\\c\« S‘h&rs Yav\
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(h) For each non-negative integer, n, let SAT, be those strings of length n that lie
in SAT. If SAT is in P, how do we prove that SAT,, has polynomial size circuits?
How does this related to the question of P versus NP7
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Continued on page 8
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