UNIVERSITY OF OSLO

Faculty of mathematics and natural sciences

Exam in: MAT?2250 — Discrete Math
Day of examination: Wednesday 12. June 2024
Examination hours:  15:00—-17:00

This problem set consists of 3 pages.

Appendices: none

Permitted aids: none

Please make sure that your copy of the problem set is
complete before you attempt to answer anything.

Problem 1 25 points

Let G = (V, E) be a graph with the |V| x |V| adjacency matrix
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1. (5 points) Draw the graph G.

2. (10 points) Define a weight function on the edges of the above graph G
by setting w(e;;) := i + j, where e;; is the weight of the edge between
vertices corresponding to columns i and j (if the edge exists). Find a
minimal weight spanning tree of the weighted graph and explain the
algorithm you used to do so.

3. (10 points) For which n is the complete graph K, Eulerian? Describe
the Hamiltonian circuits in the complete graph K,. Justify your
answers.

Problem 2 25 points

1. (5 points) Are the two latin squares of size 5 orthogonal? Justify your
answer.
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(Continued on page 2.)
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2. (10 points) A triangle in a finite projective plane consists of three points
which are not all contained on a common line. How many triangles are
there in the Fano plane (the finite projective plane of order 3)?

3. (10 points) Let (S, B) be a t-design with |S| = v, |B| = k, for all B € B
and A = 1. Define a code

C={cpg| BeB}C{0,1}",
where cp is the vector of zeros and ones with i-th coordinate equal to
1if 7 € B and 0 otherwise.
Show that
d(C)>2(k—t+1),
where d(C) := mingzpec A(a, b).

Hint: A(ep,,cp,) is the size of the symmetric difference of the sets By
and Bs.

Problem 3 25 points
1. Let C C {0,1}° be the binary code

C' = {000000, 111000, 100110, 011110}.

(a) (5 points) Is C a linear code? Is C' a cyclic code? (Justify your
answers)
b) (5 points) Determine d(C') = mingpec A(a,b). For what t is the
( p #be ’
code t-error correcting?
(c) (5 points) Suppose that, over a channel which produces at most

one error, the message 010110 was received. Correct the error and
determine which codeword was sent.

2. (10 points) Let C' C {0,1}7 be the binary cyclic code with generating
polynomial
g(z) =23 +2°+1
and let ¢’ C {0,1}7 be the binary cyclic code with generating
polynomial
h(z) =2+ 2>+ 2+ 1.
Write down generating matrices for both C' and C’ and show that
ct=c"

Problem 4 25 points

3392 modulo 5.

1. (5 points) Compute
2. (5 points) Show that 2 is a primitive root modulo 11.

3. (5 points) In a Diffie-Hellman key exchange Alice and Bob share the
public key p = 11 and a = 2. Alice sends A = 5 to Bob and Bob sends
B =9 to Alice. What is their shared secret key K?

(Continued on page 3.)
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4. (10 points) Alice publishes the RSA public key n = 55 and k = 27.
Bob sends a secret meeting time to Alice using her public key. Eve
manages to intercept the message “28” and decode it after cracking
Alice’s private key. What is Alice’s private key and what is the secret
meeting time?



Joor not  arecode oo %J( o



SLQG\ . ge\ac& @Q&Q S\ Ef 56\2%

/

im% ; %Qj\/a&r &ﬁo«z, )% .
Q;; geké/ QZ?;% (s @ ¥ 2

3 celed  @ge Cg H
- g\Q\l le)q’\'é?) s !

5 ¥
Bt e edogs &
W\\W\\ ww L%/ é’@”&

‘@\&“ﬁ Qe @mo&uueb o AL
Co e 009\&\ € 20












3— R( Jr\/\:: u»J\( Uuéf&lﬁ C%\/ CGDL
A(C%(C%Q = \i \ e%\ CegK C?@é\
= |puB, |~ IB0.,|

Rue,| = 1B lrB,] - 2.8, |

/WWQQCQ_/ C&(Cyk Q(K—t’\—\\ \



@m\o\@/\/\ %
\ Q> ( > Doooo<
OLNJL | lloo® + jooilo = OWUWO

SO C, \/(V\@f _

\o) gm\& C R wasx

{(C) = min W)= 3
C #0
So C s [~ endt wr@g}hﬂ

C—> S e C « l-<on WQ’)\\
ace e Aoinnek ?ﬁoé\u@ U

N one  ener fla Messaglo
;@VJ( L M W\L/O\/Ve M&

o C daiedkh bos
ACG 01010} = = Q=0llllo.



o
=3 o DTO,\{% |
{a,C)=0 ¥
el |



(o cee W C\ — CL

e deedc ok cadn e &£
A bas  (ener  pedect O Wit
Bu e Dﬁc)\ui nodwre. & e
U S N Sne e
CIY T O

0o\ 0o\ - 00101\ —_\+\=0
0oL\ 0lo . ootoltl = (=0
S\ 0lpp-oololtl = el =0
(101000 o00l0lt] = O

/\\AQNRQIQ/ C\:C/J/(






2 M\(/Q S PV\Q\KL \Cﬂj
\S D = 2 V\A‘Do& \

o \nag g)\,\o\\b b“g S 0= LF

%Log \ojb\m/ @&3 XS 1= 2,
o Mo\w Coyy 1 =0

MLV g\\@rﬁé\ \Df\\f&&@ \@us ’\%
/@ ;z
K =5



L pn=569 = S-1\ K=

Mice's pvede keg o The

bphahue ume o8 T
el 40 = Lp=0ge LY

Use QC\A\C&QQI“ &Q‘Q&MWW -
T0 = \-a7 * 1%,
23 = 2.\ \

L= oAy - 21
= 13 _ 5 4O = A7)
) = 2.a% — 240-
= 223 =) hed %O
Teder  Meo's priak Loy«
D .



Coe vses W Pﬂ@&ﬁ Lo N
heccde Yo Morese 28

/D.o_ %@\‘\‘ Sﬁu&&' (/\/\Q}W((L .
7,‘63 Med - B
oo 2.2% =562 | med #
=
297 = |4-p2g)-1% = 72228 = S
hit) 2t < 7o

s  +.



