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1. i Lety/—5bearootof X?+ 5 € Z[X]. Show that 3 is irreducible, but not prime in
Z|V—5).
ii. Find all the primitive elements of Fas.

iii. Compute ¢(31) and find (or describe) all the primitive elements of Fs,.

2. i Show that f(X) = X3 — X — 2 € F5[X] is irreducible.

ii. Let « € 53 be a root of f. Express all the roots of f with respect to the basis
{1,a,a?}.

iii. Compute Tr(a).
iv. Find some (3 € F53 such that Tr(3) = 1.

3. i Find the least prime p such that X8 + X174 ... + X + 1 is irreducible over F,,.

ii. Factor X® — 1 over Fs.

4. Let C' be the binary linear code with parity-check matrix
110100
H=(1 01010
011001

i. Write a generator matrix of C' and find the parameters of C. How many errors does
C correct?

ii. List all the codewords of C' and decode the words w; = 110110 and wy = 011011.

5. Let C be a code over Fy = {0, 1, a, o} with generator matrix

1 01 1
G= < 1 a o? ) ’
i. Show that C is an MDS code.

ii. Write a generator matrix of the dual code C-.
iii. Show that C* is an MDS code.

1. All exercises are equivalent, with a maximum of 10 points.

2. The duration of the exam is 2.5 hours and you are allowed to leave the classroom the earliest 30 minutes after
the beginning of the exam.

3. During the exam you are not allowed to have any bags, notes, books or electronics (calculators, mobiles,
tablets, laptops etc.) on or next to you.
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1. i Eotw /-5 pilatov X2 +5 € Z[X]. Aeikte 6T 10 3 eivan avérywyo, adAé oL TpHTO
otov Z[/—5).
ii. Bpeite 6Aat T mpwrtopyké otoryeio Tov Fos.
iii. Yroloyiote 1o ¢(31) xou Ppeite () meprypdyte) O A Tar TpwTOp)LKd oTOLXELC TOV
F3.
2. i Acitre 6mito f(X) = X3 — X — 2 € F5[X] eivon avérywyo.
ii. Eotw a € Fgs pila tov f. Tpdyte 6Aeg Tic pileg Tov f wg mpog v Péon {1, a, a?}.
iii. Yroloyiote to Tr(«).
iv. Bpeite kamowo 5 € F53 tétoo wote Tr(f5) = 1.
3. i Bpeite Tov eAéiyioTo mpodTO P TéTowov Hdote To X1 4+ X1 4o+ X 4+ 1 va eivan
avaywyo viép tov [,

ii. Mapayovromoteiote 0 X® — 1 oto F3.

4. Eotw C 0 uadikdg ypappikdg kddikag pe wivaka eAéyxov tov
110100
H=(101010
011001

i. Tp&te évav yevvrjtopa mivaka tov C xou Ppeite tig mapapétpovg tov C. Idoa
AaBn Sropbcdver o C

ii. Tpayte OAeg TIg kwIKOAEEELS TOL C' KoL aemokwdikomoteiote Tig Aé€eig wy = 110110
kot wo = 011011.

5. Eotw C xddikag vrép tov Fy = {0, 1, o, a?} pe yevvrjtopa mivaka

1 01 1
G_<01aa2>'

i. Aeikte 6TL0 C eivor MDS.
i Tod , , , SUIKOD KOS oL
. Tpayte évav yevvritopa mtivoka Tov duikod kddka C'.

iii. Aei€te 6110 C* eivou MDS.

1. Ol ta Bépata eivan loodbvapa ko dpiota eivar o 10.

2. H dwapxera ng e€étaomng eivon 2,5 ©peg ko prtopeite va amoywpioete atd v aibovoa to vwpitepo 30 Aemtd
HeT& TNV apyn) TNG e&éTaomG.

3. Katd nv dibpketa tng e€éTaong dev emitpémetal va éxete mave cog 1) Sitha oag Todvteg, onpeldoelg, PtpAio
1) NAekTpOVLKéG GLOKEVES (APLOpOPNXAVES, KLYVITE, TOPTAETEG, POPTITOVG LITOAOYLOTEG KTA.).



