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Answer ALL QUESTIONS from Sedion A and any TWO questionsfrom Sedion B.

Usean MCQ Answer Shed for Seadion A - enter your name, student id, and module code.
Negative marking will be applied for Sedion A (2 for a correct answer, —0.5 for an incorred
answer, O for no attempt).

Time Allowed: 2 hours.

SECTION A (30 marks)

1 Given an algorithm, which of the following are required in order to determine [2 marks]
its computational complexity?
(@) sample inputs and outputs
(b) asumptions about the underlying model of computation
(c) semantics of the algorithm
(d) all of the above
(e) none of the above

2 "In order to ensure that a machine would bealde o answer every question from  [2 marks]

some formal system (say, arithmetic) we would hawe to permit it to give
incorred answers some of the time." This statement is

(@) provably true

(b) provably false

(c) adired result of Church'sthesis

(d) adired result of Turing'sthesis

(e) none of the above

3 The hypothesis that there is a notion of effecti caculability independent of [2 marks]
any particular formalism is
(@) provably true
(b) provably false
(c) adired result of Church'sthesis
(d) adired result of Godel's Incompleteness theorem
(e) adired result of Turing'sthesis
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4 If every mathematical statement in a formal system can be either proved or [2 marks]
disproved (i.e. proved false) then the systemis
(@) consistent
(b) complete
(c) provably deadable
(d) complete or consistent but not both
(e) undefined becaise no aufficiently forma system can hae such a property

5 If at least one NP-complete problem was found to have polynomial complexity — [2 marks]
on a Turing machine then
(@) all NP problemswould bein P
(b) at least one P problem would not be in NP
(c) thelnvariance thesiswould have a proof
(d) all of the above
(e) none of the above

6 If the set of all words over alphabet % is countable then [2 marks]
(8 any language over < must be finite
(b) at least one language over X is uncountable
(¢) any language over % is countable
(d) eah language over X, isfinite
(e) none of the above

7 Under what circumstances would it be preferable to use an algorithm with [2 marks]

(2" + 4) complexity rather than an algorithm with (log, n + 13) complexity,
where n isthe input size?

(@ only whennislessthan 3

(b) only when nislessthan 4

(c) whennislessthan5

(d) only when nisgreder than 3

(e) none of the above

8 Given that a k-tape deterministic Turing machine T with k=1 can be definedby ~ [2 marks]
thetuple [Q, Z, |, go, FOwhich of the followingis false?
(8 = alwaysincludesa blank' symbol
(b) lisaset of quintuples
(©) oo JQisawaystheinitial state
(d [FI=z Q|

(e) none of the above

9 Given that | isthe set of quintuples of the form [d}, s, S, m, g'[of a k-tape [2 marks]

deterministic Turing machine T (with k=1 and defined by the
tuple [Q, Z, I, go, FO) which of the following is false?

(8 sOz*

(b) g#( for all quintuples

(© mO{L, R S¥

(d) no pair of quintuples has the same first two elements

(e) none of the above
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10

(a)
(b)
(c)
(d)
(€)

11
(a)
(b)
(©)

(d)
(€)

12

Which of the following models of computation is less powerful than the others? [2 marks]
1-tape Turing machines whose tapes are infinitein one direction only

random access machines with finite numbers of registers

lambda caculus

partial recursive functions

they all have equa power

The computationa complexity class of languages PTIME, often referred to asP, [2 marks]
denotesthe set of languages decided by a Turing machine in polynomid time

defines the set of tractably computable problems

defines alower bound on the complexity of Turing machines accepting these

languages

all of the above

none of the above

Given the diagram below, depicting sets XY [0Z and elements a1X, bllY, [2 marks]
cdZ, which of the following statements is false?

(@ aisX-hard
(b) bisX-complete
(c) cisZ-complete
(d) cisY-hard
(e) none of the above
13 The class NP contains (among others) problems with algorithmic solutionsthat  [2 marks]
(@) can be computed in polynomia time
(b) areprovably intractable
(c) arepolynomial for small inputs but not for larger inputs
(d) will never terminate
(e) cannot be classified with current mathematics
14 If aproblem can be solved in polynomial time then [2 marks]
(@) thesolution might still be intractable by requiring exponential space
(b) it can be verified in logarithmic time
(c) it can be verified in polynomial time
(d) it cannot be verified in all cases
(e) none of the above
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15

(a)
(b)
(©)
(d)
(€)

If asolution to a problem cannot be verified in polynomial time then
the solution cannot be verified in exponential time

the verification process is not optimal

the verification process is not decidable

the problem is intractable
none of the above since any solution can be verifiable in polynomial time

[2 marks]
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SECTION B (40 marks)

1 You are given Turing machine T, = [@, Z, I, o, FOI =
00, 01, 09}, {1, -}, 1, 00, {09} [that operates on unary numbers, wherel is
q S |qd |S |m
00 |1 |01 |1 |R
00 |- |09 |- |L
01 |1 |00 |1 |R
01 |- (09 |1 |S
You are dso given Turing macdine T, = [@Q, 2, |, qo, FO =
00, 01, 02,09}, {1, -}, 1, 00, {09} [that operates on unary numbers, wherel is
q S |qd |Ss |m
00 |- (09 |- |S
00 |1 |01 |1 |RR
01 |1 |01 |1 |RR
01 |- (02 |- |L
02 |- (09 |1 |S
02 |1 (09 |1 |S
and where RR means move two (2) tape cellsto the right in one step.
(@ What doesead Turing machine do? Where exadly is each tape head, relative [9 marks]
to the input, as eat one halts?
(b) How many table of behaviour lookups are required for ead of T; and T, asthe  [8 markg]
length n of the input increases.
(c) Inthegeneral case, by how much more powerful (in terms of computability) isa [3 marks]
machinethat alows{RR, LL, R, L, S} tape head movements than a machine
that only allows{R, L, S} movements.
2 (a) Explain how we can view the construction of a deterministic Turing machine & [4 marks]
aseach through an ordered set.
(b) What are the 'unrestricted models of computation'? What conjedure linksthem [10 marks]
together? Name four, detailing one.
(c) Stateavalid interpretation of Church'sthesis. State avalid interpretation of [6 marks]
Turing'sthesis.
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3 (&) Define"computability" and "complexity". What isthe difference? [4 marks]

(b) How arethe properties recursively enumerable, recursive, and partial recursive  [5 marks]
related.

(c) What does apolynomial reduction A<B between two problems establish about [5 marks]
their relative complexities? How could we use a reduction to prove
nonmembership of aclass?

(d) The playing of certain board games pose intractable problems for machines. [6 marks]
One such game is called GosLoOwLY. It isnot necessary to understand the rules
of GosLowLY, but you aretold that even the problem of deciding which player
isthe winner from the state of the board is NP- hard. However this decision
problem is not NP-complete. Explain how this is possible, demonstrating an
understanding of the underlined terms.
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