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1. [20marks] For each of the following languages, indicate the most res#icti
of the classes belinto which it falls

(@)
(b)
(©)
(d)
(e)
(f)

Example:

finite

regular
contet-free
Turing-decidable
Turing-acceptable

Noneof the abeoe.

L ={a"b" : n=0} Thecorrect answer is (c) sindeis context-free, but is not regular.

D{a"b"cP: n<p}

i){w O{a} :|w]|iscongruentto1lor 13mod 23}

iii) The complement o&( b)" (a O b)’

iv) The complement of §" b" ¢c": n>=0}

v){wwR:w O{a}}

vijuuRv : u v O{0, 1}%}

vid {ww : w O {a,b} }

viii) {w O {a, b, ¢} : w has at most one occurrence of a, b, and ¢}

ix){a™ :n=0}

x){a"ba"®: n>5}
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For each of the following languages, indicate the most resteiati the classes
belav into which it falls

(@) finite

(b) regular

(c) contet-free

(d) Turing-decidable
(e) Turing-acceptable

()  Noneof the abwe.

xi) {w O {0,1}" : wdoesnot contain 010 1 lasa substring }

xii) fw 0 {(,),,,a, b} : wrepresents a correspondance system which
has a match }.

_ Xii){u : u="M"for some TM M and |[u| < 100, 000}

_  xiv){('M{", "ML, W) - both M, and M, accept input w }

_ xv){"M" : M haltson every string }

_oxvi){('M","w") : TM M does not halt when started on a blank tape }
_ oxvip{("M","w'") : TM M moves its head to the left on input w }
_ xvii){("M","w'") : TM M accepts a regular language }

_ Xix){"M" :thereissome string on which M halts}

xx) {""D" : D isa DFA which accepts ¢}
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Draw the transition diagrams for BFaccepting the following tw lan-
guages. Do not include yadead states.

(@) [2marks] L; = (aa O ab)" (b)[2marks] L, = (a O ba)’
Label the statesqy, 05, - - - Label the statesrq, ro, - - -

(c) [6 marks] Use the construction for proving that regular languages are
closed under intersection to construct aADBrL; n L.
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3. Contat-free languages.

(@) [5marks] Gve a ontext-free grammar that generates
L, = {wcwRcu:uw O{a,b}}

(b) [5marks] Design a PBthat accepts
L, = {wcucw® : uyw O{a,b}}.
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L, = {wcwRcu : uw O{a,b}}.

L, = {wcucw® : uyw O{a,b}}.

(c) [10marks] What isL; n L,? Use the pumping lemma to pe that this
language is not context-free.

(d) [5 marks] Pree that cont&t-free languages are not closed under intersec-
tion.
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4, Supposdhat aliens from outer spacevieainvented a n& method of computing
that is very different from the machines which currently exist on earth.
Problem 1: Given a TM My, is there a string in {0, 1} that M, halts on?
Problem 2: Given a TM M,, doesM, halt on the input 1010?
The aliens h&e pogrammed an algorithm which takes as input a Turing machine
M; encoded aSM;"" and determines the answer to Problem 1.

(@) [7marks] Pree that it is possible to decide the answer to Problem 2 using the algo-
rithm that the aliens wa devdoped for Problem 1. If you create am&M in your
proof, give its machine schema.

(b) [3marks] Does your answer from (a) peoQUTCOME 1 or 2:
1. If Problem 1 is not Turing-decidable then Problem 2 is not Turing-decidable.

2. If Problem 2 is not Turing-decidable then Problem 1 is not Turing-decidable.



[Question #4, continued] CS320- Page 7 of 11

(c) [5 marks] Gve the machine schema for a Turing machMethat decides if its
input is equal to 1010. That i§] decides the language {1010}.



(@)

(b)
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Suppos¢he head instructions for a TM are numbered as follows:

1,23 4] 5| 6| 7 8 9

R|#| (|)|qgla|O0]1],

The string’M"" is:
(q01,a0010,901, a0000), gO1,a0100,910, a0000),
(910, a1000,g10, a1000), §10,a1001,q00, a0000)

[4marks] What idV1? Start state of M:

State | Symbol| Nsd state| Head Instruction

[6 marks] Is the questiorDoes M from part (a) halt on input ”M”? decidable or
not? You can assume that the probleGiven M, does M halt when started on a
blank tape? is not decidable in formulating your answer.



(@)
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A vertex cover of a graphG is a subses of the vertices of the grapgh such
that each edge @ has at least one endpointSn

VERTEX COVER PROBLEM
INSTANCE: GraphG = (V, E), integerk.
QUESTION: Doe< have a vetex cover of orderk?

[LOmarks] Pree that the ertex cover problem is in NP For ary agorithms
you use, specify precisely the input format to the algorithm, amd gi
detailed pseudocode for your algorithm.
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(b) [7 marks] The proof that VERTEX COVER is NP-complete describ&s ho
to create a graph from a 3-BAystem such that the graph hasestex cover
of a certain size if and only if the 3-$Aroblem has a satisfying truth
assignment. Describthe general procedure for creating the graph, and
apply it to the 3-SA system: {Xy, X5, X3}, { X1, X2, X3}, { X1, X5, X4}-

(c) [3 marks] What size ertex cover are you searching for in this graph when
the 3-SA problem has variables §; X, - - - X,) and m clauses?
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Use this page if you needtea space. Clearly indicate the question you are
answering.

The End.



