
Algoritmizace: 7. cvičeńı

Matouš Vrba

2. 11. 2021
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Opakováńı

Co je to BVS?

Jaká je asymptotická složitost základńıch operaćı v BVS (insert,
find, delete)?

Co muśı být splněno, aby byla složitost těchto operaćı logaritmická?
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find, delete)?
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AVL stromy

Aby složitost základńıch operaćı v BVS z̊ustala logaritmická, je nutné
strom vyvažovat.

Při každé změně zkontrolujeme, zda je strom vývážený – pokud neńı,
provedeme rotaci.

Jak zkotrolujeme, zda je strom vyvážený?

Strom je vyvážený, pokud pro každý uzel plat́ı, že rozd́ıl hloubek jeho
levého a pravého podstromu je roven -1, 0 nebo 1.
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provedeme rotaci.

Jak zkotrolujeme, zda je strom vyvážený?
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Rotace

Rozlǐsujeme čty̌ri druhy rotaćı. Jdeme z nově p̌ridaného uzlu směrem ke
kǒreni a aktualizujeme hloubky podstromů, dokud nenaraźıme na
rozvážený kǒren podstromu. Pokud jsme do něj došli posledńımi dvěma
kroky

dvakrát doprava – použijeme R rotaci,

dvakrát doleva – použijeme L rotaci,

doleva a doprava – použijeme LR rotaci,

doprava a doleva – použijeme RL rotaci.
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Rotace
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Př́ıklad 4

Č́ısla ze zadané posloupnosti postupně vkládejte do prázdného AVL
stromu, který v p̌ŕıpadě poťreby vyvažujte.

13, 11, 10, 6, 15, 2, 4, 21, 24, 17, 7, 29
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Př́ıklad 4
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Př́ıklad 4
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stromu, který v p̌ŕıpadě poťreby vyvažujte.
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Př́ıklad 4
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Př́ıklad 4
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Př́ıklad 4
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stromu, který v p̌ŕıpadě poťreby vyvažujte.
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Př́ıklad 4
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Př́ıklad 4
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Př́ıklad 4
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Př́ıklad 4
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Př́ıklad 4
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Př́ıklad 4
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13, 11, 10, 6, 15, 2, 4, 21, 24, 17, 7, 29

11

6

2

4

10

7

15

13 21

17 24

29
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Opakováńı

Jak prob́ıhá operace delete v BVS? Odstraňte č́ıslo 21 z následuj́ıćıho
BVS:
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Opakováńı

Jak prob́ıhá operace delete v AVS? Odstraňte č́ıslo 2 z následuj́ıćıho AVS:
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Opakováńı

Jak prob́ıhá operace delete v AVS? Odstraňte č́ıslo 2 z následuj́ıćıho
AVS:
Začátek bude stejný, jako v BVS.
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Opakováńı

Jak prob́ıhá operace delete v AVS? Odstraňte č́ıslo 2 z následuj́ıćıho
AVS:
Potom postupujeme ke kǒreni a vyvažujeme podstromy pomoćı rotaćı
podobně, jako p̌ri operaci insert.
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Př́ıklad 4

Zpět k p̊uvodńımu p̌ŕıkladu. Nyńı odstraňte uzly 13, 11, 10 a 7.
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Př́ıklad 4

Nyńı odstraňte uzly 13, 11, 10 a 7.
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Př́ıklad 4

Nyńı odstraňte uzly 13, 11, 10 a 7.
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Př́ıklad 4

Nyńı odstraňte uzly 13, 11, 10 a 7.

15

6

2

4

7

21

17 24

29
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Př́ıklad 4

Nyńı odstraňte uzly 13, 11, 10 a 7.
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Př́ıklad 5

Zdůvodněte pravdivost/nepravdivost tvrzeńı: Existuje AVL strom, v němž
levý podstrom kǒrene obsahuje 4 uzly a pravý podstrom kǒrene obsahuje
alespoň 12 uzl̊u.
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B-strom

Popǐste strukturu B-stromu.

Jeden uzel obsahuje pole kĺıč̊u

Pro B-strom řádu k plat́ı:
I Listy jsou ve stejné hloubce
I Všechny uzly kromě kǒrene obsahuj́ı maximálně 2k a minimálně k

uspǒrádaných kĺıč̊u
I Každý uzel má o 1 v́ıc potomk̊u, než má kĺıč̊u
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B-strom

Popǐste operace find, insert a delete v B-stromu.
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Př́ıklad 14

Do B-stromu řádu 1 vložte postupně tyto kĺıče:

18, 31, 59, 20, 23, 24, 36, 60, 58, 15
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Př́ıklad 14
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Matouš Vrba Algoritmizace: 7. cvičeńı 2. 11. 2021 36 / 50



Př́ıklad 14

Do B-stromu řádu 1 vložte postupně tyto kĺıče:
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Př́ıklad 14

Do B-stromu řádu 1 vložte postupně tyto kĺıče:

18, 31, 59, 20, 23, 24, 36, 60, 58, 15

20 31

18 23 59
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Př́ıklad 14

Do B-stromu řádu 1 vložte postupně tyto kĺıče:

18, 31, 59, 20, 23, 24, 36, 60, 58, 15
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Př́ıklad 14
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Př́ıklad 14

Do B-stromu řádu 1 vložte postupně tyto kĺıče:

18, 31, 59, 20, 23, 24, 36, 60, 58, 15
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Př́ıklad 14
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Př́ıklad 14

Do B-stromu řádu 1 vložte postupně tyto kĺıče:

18, 31, 59, 20, 23, 24, 36, 60, 58, 15
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Př́ıklad 14

Nyńı odstraňte postupně tyto kĺıče:

20, 23, 24, 36, 60

31
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Př́ıklad 14

Nyńı odstraňte postupně tyto kĺıče:

20, 23, 24, 36, 60
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Př́ıklad 14

Nyńı odstraňte postupně tyto kĺıče:

20, 23, 24, 36, 60
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Př́ıklad 14

Nyńı odstraňte postupně tyto kĺıče:

20, 23, 24, 36, 60

31 59

15 18 36 58 60
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Př́ıklad 14

Nyńı odstraňte postupně tyto kĺıče:

20, 23, 24, 36, 60

31 59

15 18 58 60
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Př́ıklad 14

Nyńı odstraňte postupně tyto kĺıče:

20, 23, 24, 36, 60

31

15 18 58 59
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Samostatná práce

Ve skupinách řešte p̌ŕıklady 3, 6, 9, 10, 12 a 15.

Odpovědi mi zašlete na e-mail matous.vrba@fel.cvut.cz.
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