[Ii:l:l Dlevize and gi:".'l." the How JER L vh ol & Ttll'i_ng sk w'|'|jr'||l when started soam-
ning the leftmost symbal of a string 5, &8 defined above, halts:

{a) seanning a smgle 1, on an otherwise blank tapo, if 2 containg both a1
and ok

ti) oo ow blank Lapee, otherwize. [5]
Liv] Hepeat part (0] for your machine in part (i), [1f
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Chiestions 1 Lo 5 are on Number Theory.
Cuestions 6 to 10 are on Mathematical Logic.

Mumber Theory

Cuestion 1 [Unic 3) 7 marks
(i} Salve the hnesr congruences
(a) 3= 11 (mod 1I9);
() 12r =9 (mawd T);

(¢} Gr=10 (mod 13) 4]
{ii) Determine the least positive integer which simultanecusly satifies all three of

the congrosnces in parl. (i), [4]
Cuestion 2 [Unig 5) i marks

The International Standard Book Mumber (ISBN) is a ten-digit code. For example,
Unit 3 of this course has ISBN 0749264446, The first nine digits indicate the
language {0 stands for englizh), publisher's code (7492) and book number assigned
by the publisher (G444). The final digit, 6 in this example; i= & check digit used 1o
verify the correctness of the number, and is nsed particularly in connection with
electronic transmission of information. The check digit may be any of the digits 0
to O inelusive, or may be X which represonts 10,

In geneval, if the TSBN is the string -
LS SRR g T L T
the check digit agg is determined =0 that the congroence
oy 4 2o+ Jag & 4oy + 50y + Gig + Tar + Sag + Sag + 1oy = 0 (mod 11)

holds. If this congroence does not hold, the corresponding string of digits is said o

b ropn- LSRN

(i) Determine the check digits for the books whose ISBNs begin with nine digits
a5 shown below.

(a) 03572486
(b) 203417812 1]

i) A supposed ISBM bas one digit weong, For example the ISBN of Uil 3 might
be recorded as 0749284446, Prove that such a string, with exactly one digit
wrong, must be nop-I3BN [2]

[iii) A supposed ISBN has two of itz digitz transposed. For example the Dl &
ISBN might. be recorded as 0746294446 (where the fourth digit, 9. and the sixth
digit, 6, have been transposed). Prove that sweh a string, with two distinct
digits transposed, must be non-15BN. [



