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1. [20] For each of the follving languages, indicate the most reswetd the
classes belw into which it falls

(@) finite

(b) regular

(c) contat-free

(d) Turing-decidable
(e) Turing-acceptable
() Noneof the abwe.

Example:

L= {a"b" : n=0} The correct answer is (c) sintes context-free, but is notge
ular.

In this question, we will useM" to denote the encoding of a Turing Machideand
"w' to denote the encoding of the string

D L={wwR:w O{a}}

i) L={wwR:w O{a,b}}

iy {ww: w O{a,b}'}

____ V) L=(9@0b)

V) {aP: pisaprimenumber }

v L={a"b"cP: n=2p}

i) L={w O{0,1} : wdoesnotcontain 0101 lasa substring }
i) L={a"b"c": n=0}

ix) { stringsin{ a, b}" with an odd number of a's and and even number of b’s}
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Question #1 (continued)

(@) finite

(b) regular

(c) contat-free

(d) Turing-decidable
(e) Turing-acceptable
() Noneof the abwe.

X)) {sringsin{ a, b} with length lessthan 93}

xi) L = thecomplementof {a"b": n=0}

xi) L={wcwcw:w O{ab}}
X))y {"M""w" : MisaTM, wisaninput string }
_ Xiv) {"M""w" : TM M acceptsinput w }
o xv) {"M""w" : TM M does not accept input w }
_ xvi) {"D""w" : D isaDFA which accepts w}

xvii) {""M" "a" : TM M never printsan ”a” when started
on a blank tape }

xviii) {"M" "a" : TM M prints the symbol a when started on a blank
tape after computing for at most one billion steps }

xix) {""M" . M writes a nonblank symbol when started on a blank tape }

xx) {""M" : thereissome string on which M halts}



(@)
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Theexclusive or of two languaged.; and L,, denotedL, [0 L,, is defined to be
{w:(w OL;yo wilLyandwisnotinL; n Ly}.

[6] Prove that regular languages are closed uretelusive or by describing a con-
structon for a DR M = (K,%Jd,s,F) for L, 0L, given DFAs
M; = (K, Z, 07,8, Fp)and M, = (K,, Z, 95, Sy, Fy) for L; and L, respectrely.
Hint: a construction similar to the ones ded for union and intersection on assign-
ment #2 works.
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Question #2 (continued)

Draw the transition diagrams for s accepting the following tevlanguages:

M2 L,=(@Ob)b (©[2] L, = (aa O ab O ba O bb)’

Label thestates q;, qy, - - - Label thestates rq,r,, - -+

(d) [5] Shaw the results of your construction from (a) as applied to th&Dfou
have gven for parts (b) and (c).

Transition function
State Symbol Next state
a

Transition Diagram
for thisDFA

|9 |T |9 |T| T|o (T
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3. Contat-free languages.

(@) [3]Give a eqular grammar fot; = aba.

(b) [2]Is it possible to find a grammar fby from part (a) which is not regular? Justify
your answer.

(c) [5] Design a PBforL, = {a"b™aP: n,m, p=0,n#m} without first con-
structing a grammar for the language. Include lots of comments.

State | Read| Pop Next Push Comments
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Question #3 (continued)

LetL; =a b a (from (a)),

L, = {a"b™aP: n,m,p=0,n#m} (from (b)) and

L; = {a"b™aP: nm,p=0,n£Zmor m# por n# p}

(d) [8]WhatisL; LI L;? Sate the pumping theorem and use it tovprtnat this
language is not context-free.

(e) [2]Argue that context-free languages are not closed under
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4.(a)[5]Give the machine schema for a TMwhich makes a cgpof an input
string w defined oer = = {a, b}. Starting with # w [#] on the input
tape, the final result should ben## w [#]. Includelots of comments.

(b) [7] Suppose you are\gin a T™M M, which when started withwf{#] halts
with #Y[#] if w is in some languagk; and #[#] if wis notinL; and
you also hae sich a machine for some other language Give the ma-
chine schema for a machine whiclorks like this for L; [ L,. Your
schema may include the machi@eou designed for (a).

(c) [3]What does part (b) tell you about closure undef?
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Question 5:

For this question, you may assume only tgt={"M" "w" : TM M halts

when started on input w} has been shown not to be Turing-decidable.

(@ [5]LetK = {"M" : TM M halts when started on a blank tape}. Is K
Turing acceptable? Justify your answer.

(b) [5]Is K from part (a) Tring-decidable? Justifyour answer.

(c) [5] Let L; =% whereX is the alphabet you are using to encoden
machines. DefinK as per part (b). What ik, =L; O K? What (if
arnything) does this tell you about closure of Turing-acceptable languages
under [0 ?



CS 320- Page 9 of 10

Question 6:

The problem 3_COLOURABLE takes as input a gr&pbn n vertices andn
edges and returrtsue if the vertices ofG can be coloured so that if dwer-
tices are adjacent there coloured with different colours ahalse otherwise.

(@) [5]Prove that 3-COLOURABLE is in NP.

(b) [5] Explain hav you could sole 3COLOURABLE using a function
which solves 3-SA

(c) [5] Does your work for parts (a)-(b) pr® that 3-COLOURABLE is NP-
complete gren that 3-SA is NP-complete? Ihot, what would you hee
to do to pree it?
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Use this page if you need extra spaCdearly indicate the question you are
answering.

The End.



