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Samoopravné kódy



Připomenut́ı z minula

• Přenos dat, vzniklé chyby chceme detekovat a opravit.

• Abeceda = množina Σ s q symboly, slovo délky n = uspǒrádaná n-tice
symbol̊u, Σn = množina slov délky n nad Σ.

• Hammingova vzdálenost slov x = (x1, . . . , xn), y = (y1, . . . , yn) ∈ Σn je
d(x , y) = |{i : xi 6= yi}|.
• Kód = podmnožina C ⊆ Σn s kódovými slovy.

• V C jsme schopni opravit ≤ t chyb, pokud pro každé y ∈ Σn existuje
nanejvýš jedno x ∈ C s d(x , y) ≤ t.

• Parametry kódu: (n, k , d)q, kde k = logq |C | a d = minx 6=y∈C{d(x , y)}.
• Př́ıklady kódů:

◦ Opakovaćı kód C = {1 · · · 1, 2 · · · 2, . . . , q · · · q},
◦ kód z Fanovy roviny C = {charakteristické vektory p̌ŕımek},
◦ Hadamardův kód C = {̌rádky H : H · H> = n · In} ∪ {̌rádky − H}.
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◦ Hadamardův kód C = {̌rádky H : H · H> = n · In} ∪ {̌rádky − H}.
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◦ kód z Fanovy roviny C = {charakteristické vektory p̌ŕımek},
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• V C jsme schopni opravit ≤ t chyb, pokud pro každé y ∈ Σn existuje
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◦ Opakovaćı kód C = {1 · · · 1, 2 · · · 2, . . . , q · · · q},
◦ kód z Fanovy roviny C = {charakteristické vektory p̌ŕımek},
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Připomenut́ı z minula
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nanejvýš jedno x ∈ C s d(x , y) ≤ t.
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Připomenut́ı z minula: lineárńı kódy

• Lineárńı kód C je podprostorem vektorového prostoru Kn, kde K ' Fq

je konečné těleso velikosti q.

• Parametry: [n, k , d ]q, kde k = logq |C | a d = minx 6=y∈C{d(x , y)}.

• V́ıme, že |C | =
∣∣∣Fdim(C)

q

∣∣∣ = qk a d = minx∈C\{0} d(x , 0).

• Př́ıklady lineárńıch kódů:

◦ Opakovaćı kód je lineárńı nad Zq,
◦ kód z Fanovy roviny lineárńı neńı, ale jeho rozš́ı̌reńı o 1 · · · 1 a

doplňky je,
◦ Hadamardův kód obecně lineárńı neńı (ale ten ze Sylvesterovy

konstrukce je).

• S lineárńımi kódy uḿıme efektivněji kódovat i dekódovat.
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• Př́ıklady lineárńıch kódů:
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je konečné těleso velikosti q.

• Parametry: [n, k , d ]q, kde k = logq |C | a d = minx 6=y∈C{d(x , y)}.

• V́ıme, že |C | =
∣∣∣Fdim(C)

q

∣∣∣ = qk a d = minx∈C\{0} d(x , 0).
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doplňky je,
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• Př́ıklady lineárńıch kódů:
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konstrukce je).
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Syndrom u kódu s parametry [5, 2, 3]2

Generuj́ıćı matice:

M =

(
1 1 1 0 0
0 0 1 1 1

) Kontrolńı matice:

M⊥ =

1 1 0 0 0
0 1 1 1 0
0 0 0 1 1


• Tabulka reprezentuj́ıćı s−1:

syndrom s(y) reprezentant s−1(s(y)) ostatńı slova z F5
2

000 00000 11100 00111 11011
001 00001 11101 00110 11010
010 00100 11000 00011 11111
011 00010 11001 00101 11110
100 10000 01100 10111 01011
101 01010 10001 01101 10110
110 01000 10100 10011 01111
111 01001 10101 10010 01110
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M =

(
1 1 1 0 0
0 0 1 1 1

) Kontrolńı matice:

M⊥ =

1 1 0 0 0
0 1 1 1 0
0 0 0 1 1


• Tabulka reprezentuj́ıćı s−1:

syndrom s(y) reprezentant s−1(s(y)) ostatńı slova z F5
2

000 00000 11100 00111 11011
001 00001 11101 00110 11010
010 00100 11000 00011 11111
011 00010 11001 00101 11110
100 10000 01100 10111 01011
101 01010 10001 01101 10110
110 01000 10100 10011 01111
111 01001 10101 10010 01110



Kód s parametry [7, 4, 3]2 z Fanovy roviny

• Z Fanovy roviny:
1100001, 0000111, 1010100, 1001010, 0011001, 0101100, 0110010, 1111111

0011110, 1111000, 0101011, 0110101, 1100110, 1010011, 1001101, 0000000

• Ekvivalentńı kód:

Generuj́ıćı matice:

M =


1 0 0 0 1 1 1
0 1 0 0 0 1 1
0 0 1 0 1 0 1
0 0 0 1 1 1 0


Kontrolńı matice:

M⊥ =

1 0 1 1 1 0 0
1 1 0 1 0 1 0
1 1 1 0 0 0 1


• Kódováńı: z = (1, 0, 1, 1)> → x = M>z = (1, 0, 1, 1, 1, 0, 0)>.

• Dekódováńı: y = (1, 0, 0, 1, 1, 0, 0)> → s(y) = M⊥y = (1, 0, 1)>.

s−1(s(y)) = s−1((1, 0, 1)>) = (0, 0, 1, 0, 0, 0, 0)> ∈ B(0, 1)

x = y − s−1(s(y)) = (1, 0, 0, 1, 1, 0, 0)> − (0, 0, 1, 0, 0, 0, 0)>

= (1, 0, 1, 1, 1, 0, 0)> → z = (1, 0, 1, 1)>
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Generuj́ıćı matice:

M =


1 0 0 0 1 1 1
0 1 0 0 0 1 1
0 0 1 0 1 0 1
0 0 0 1 1 1 0
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• Kódováńı: z = (1, 0, 1, 1)> → x = M>z = (1, 0, 1, 1, 1, 0, 0)>.
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Zkoušky

• Pr̊uběh zkoušky:

◦ Ústńı s ṕısemnou p̌ŕıpravou. Maximálně na 3 hodiny (09:00–12:00,
13:00–16:00 a 16:00–19:00).
◦ 5 otázek, z toho 3 na ově̌reńı základńıch pojmů a jejich aplikace, 1

na ově̌reńı znalosti důkaz̊u z p̌rednášky a 1 p̌rehledová.
◦ Vzorové zadáńı je na stránkách p̌rednášky.

• Terḿıny jsou již v SISu.

• Rozsah: vše, co jsme probrali (viz rozpis jednotlivých p̌rednášek).
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Zkoušky
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Děkuji za pozornost a p̌reji hodně štěst́ı u zkoušek.
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