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Fibonacciho posloupnost

F(n) =


0, pro n = 0

1, pro n = 1

F(n − 1) + F(n − 2), pro n ≥ 2

0 0
1 1
2 1
3 2
4 3
5 5
6 8
7 13
8 21
9 34

10 55
11 89
12 144
13 233
14 377
15 610
16 987
17 1597
18 2584
19 4181

20 6765
30 832040
40 102334155
50 12586269025
60 1548008755920
70 190392490709135
80 23416728348467685
90 2880067194370816120
100 354224848179261915075
110 43566776258854844738105
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Fibonacciho posloupnost

Rekurzivńı řešeńı (naivńı)

O(2n)

Iterativńı řešeńı

O(n)

Explicitńı vyjáďreńı

O(1)
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Fibonacciho posloupnost

Rekurzivńı řešeńı (naivńı)
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Asymptotická složitost

Asymptotická složitost je způsob klasifikace poč́ıtačových algoritmů.
Určuje operačńı náročnost algoritmu tak, že zjǐštuje, jakým způsobem se
bude chováńı algoritmu měnit v závislosti na změně velikosti (počtu)
vstupńıch dat. [Wikipedia]
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Asymptotická složitost

[http://modelingsocialdata.org/lectures/2017/02/03/lecture-3-
computational-complexity.html]

Př́ıklad výpočetńı náročnosti [Wikipedia]
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https://cs.wikipedia.org/wiki/Asymptotick%C3%A1_slo%C5%BEitost#P%C5%99%C3%ADklad_v%C3%BDpo%C4%8Detn%C3%AD_n%C3%A1ro%C4%8Dnosti


Prob́ırané asymptotické notace

O,Ω,Θ
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Asymptotická horńı mez / O / big O

f (n) ∈ O(g(n)) ⇐⇒ (∃c ∈ R+)(∃n0 ∈ N+)(∀n ≥ n0) : f (n) ≤ c · g(n)

n
?
∈ O(n2)

Ano, nap̌ŕıklad c = 1, n0 = 1

0 0.5 1 1.5 2 2.5 3
0

2

4

6

8

x

f
(x
)

x

x2
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Asymptotická horńı mez / O / big O

f (n) ∈ O(g(n)) ⇐⇒ (∃c ∈ R+)(∃n0 ∈ N+)(∀n ≥ n0) : f (n) ≤ c · g(n)

n
?
∈ O(n2)
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Asymptotická horńı mez / O p̌ŕıklady

f (n) ∈ O(g(n)) ⇐⇒ (∃c ∈ R+)(∃n0 ∈ N+)(∀n ≥ n0) : f (n) ≤ c · g(n)

n
?
∈ O(0.5n)

Ano, nap̌ŕıklad c = 3, n0 = 1

0 0.5 1 1.5 2 2.5 3
0

1

2

3

4

x

f
(x
)

x
0.5x

3 ∗ 0.5x
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Asymptotická horńı mez / O p̌ŕıklady

f (n) ∈ O(g(n)) ⇐⇒ (∃c ∈ R+)(∃n0 ∈ N+)(∀n ≥ n0) : f (n) ≤ c · g(n)

n2 + 1
?
∈ O(n2)

Ano, nap̌ŕıklad c = 2, n0 = 1
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Asymptotická horńı mez / O p̌ŕıklady

f (n) ∈ O(g(n)) ⇐⇒ (∃c ∈ R+)(∃n0 ∈ N+)(∀n ≥ n0) : f (n) ≤ c · g(n)

2n+5 ?
∈ O(2n)

Ano, nap̌ŕıklad c = 26, n0 = 10
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Asymptotická horńı mez / O p̌ŕıklady

f (n) ∈ O(g(n)) ⇐⇒ (∃c ∈ R+)(∃n0 ∈ N+)(∀n ≥ n0) : f (n) ≤ c · g(n)

1.5n + 2.2n2 + 0.001n3
?
∈ O(n3)

Ano, nap̌ŕıklad c = 1, n0 = 3
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Ano, nap̌ŕıklad c = 1, n0 = 3

0 0.5 1 1.5 2 2.5 3 3.5 4
0

10

20

30

40

50

60

x

f
(x
)

1.5x + 2.2x2 + 0.001x3

x3
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Asymptotická horńı mez / O neformálńı poučka

V polynomech najdi nejrychleji rostoućı člen

Ostatńı členy ignoruj

Ignoruj multiplikativńı konstanty u nejrychleji rostoućıho členu

Porovnej výsledky

1.5n + 2.2n2 + 0.001n3
?
∈ O(n3)

V
1.5n + 2.2n2 + 0.001n3

je nejryhleji rostoućım členem 0.001n3

Bez multiplikativńı konstanty je to pouze n3

Tud́ıž n3 je asymptotickou horńı meźı 1.5n + 2.2n2 + 0.001n3
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Ignoruj multiplikativńı konstanty u nejrychleji rostoućıho členu
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1.5n + 2.2n2 + 0.001n3
?
∈ O(n3)

V
1.5n + 2.2n2 + 0.001n3

je nejryhleji rostoućım členem 0.001n3
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Asymptotická spodńı mez / Ω

Témě̌r opak O

f (n) ∈ O(g(n)) ⇐⇒ (∃c ∈ R+)(∃n0 ∈ N+)(∀n ≥ n0) : f (n) ≤ c · g(n)

f (n) ∈ Ω(g(n)) ⇐⇒ (∃c ∈ R+)(∃n0 ∈ N+)(∀n ≥ n0) : c · f (n) ≤ g(n)
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Asymptotická spodńı mez / Ω p̌ŕıklady

f (n) ∈ Ω(g(n)) ⇐⇒ (∃c ∈ R+)(∃n0 ∈ N+)(∀n ≥ n0) : c · f (n) ≤ g(n)

n2
?
∈ Ω(n)

Ano, nap̌ŕıklad c = 1, n0 = 1
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Asymptotická těsná mez / Θ

Předchoźı dvě dohromady, tedy muśı platit O a zároveň i Ω

f (n) ∈ O(g(n)) ⇐⇒ (∃c ∈ R+)(∃n0 ∈ N+)(∀n ≥ n0) : f (n) ≤ c · g(n)

f (n) ∈ Ω(g(n)) ⇐⇒ (∃c ∈ R+)(∃n0 ∈ N+)(∀n ≥ n0) : c · f (n) ≤ g(n)

f (n) ∈ Θ(g(n)) ⇐⇒ (1)

(∃c1, c2 ∈ R+)(∃n0 ∈ N+)(∀n ≥ n0) : (2)

c1 · g(n) ≤ f (n) ≤ c2 · g(n) (3)
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Asymptotická těsná mez / Θ p̌ŕıklad

f (n) ∈ Θ(g(n)) ⇐⇒ (4)

(∃c1, c2 ∈ R+)(∃n0 ∈ N+)(∀n ≥ n0) : (5)

c1 · g(n) ≤ f (n) ≤ c2 · g(n) (6)
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Time complexity vs. Space complexity

Time complexity is the computational complexity that describes the
amount of computer time it takes to run an algorithm.
Wikipedia

Space complexity of an algorithm or a computer program is the amount of
memory space required to solve an instance of the computational
problem.
Wikipedia
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https://en.wikipedia.org/wiki/Space_complexity
https://en.wikipedia.org/wiki/Time_complexity


Insertion sort

Náročnost
▶ Nejhořśı - O(n2) comparisons and swaps
▶ Nejlepš́ı - O(n) comparisons, O(1) swaps

Jednoduchá implementace

Efektivńı na malé nebo p̌redsěrazené pole

Online - lze prvky dodávat postupně

Animace [Wikipedia]
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https://upload.wikimedia.org/wikipedia/commons/0/0f/Insertion-sort-example-300px.gif


Selection sort

Náročnost
▶ Nejhořśı - O(n2) comparisons, O(n) swaps
▶ Nejlepš́ı - O(n2) comparisons, O(1) swaps

Jednoduchá implementace

Nestabilńı řazeńı - prvky se stejnou hodnotou nemuśı být ve vzájemně
stejném pǒrad́ı po sěrazeńı

Sěrazené pole se bude zpracovávat stejně dlouho jako nesěrazené

Animace [Wikipedia]
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https://upload.wikimedia.org/wikipedia/commons/9/94/Selection-Sort-Animation.gif


Bubble sort

Náročnost
▶ Nejhořśı - O(n2) comparisons and swaps
▶ Nejlepš́ı - O(n) comparisons, O(1) swaps

Jednoduchá implementace

Použ́ıvá se prakticky jen pro vyukové účely

Zpracováńı prob́ıhá ”probubláváńım” prvku s nejvyš̌śı hodnotou na
konec pole

Animace [Wikipedia]
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https://upload.wikimedia.org/wikipedia/commons/c/c8/Bubble-sort-example-300px.gif


Quick sort

Náročnost
▶ Nejhořśı - O(n2)
▶ Nejlepš́ı - O(n log(n))

Složiteǰśı implementace

Nejrychleǰśı ze zḿıněných pro velké pole

Volba pivotu ovliňuje výkonost řazeńı

Animace [Wikipedia]
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https://upload.wikimedia.org/wikipedia/commons/9/9c/Quicksort-example.gif


Quick sort - volba pivotu

Prvńı prvek
▶ Velmi nevýhodné na částečně sěrazených množinách

Náhodný prvek
▶ Nejčastěji použivaná metoda
▶ Nejhořśı scéná̌r je pǒrád O(n2)

Medián ťŕı (p̌ŕıpadně v́ıce) prvk̊u
▶ Vyberou se náhodně z množiny a jako pivot se zvoĺı jejich medián
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Garbage collector

Automatická správa paměti

Uvolňuje programem již nepouž́ıvanou část paměti

Součást́ı témě̌r všech moderńıch jazyk̊u
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Dynamické pole

// Pokud i == m
// m = 2*m
// Alokuj P’ o velikosti m
// Pro j, ..., i - 1:
// P ’[j] = P[j]
// Dealokuj P
// P = P’
// P[i] = x
// i = i + 1

Ačkoliv je složitost p̌ridáńı jednoho prvku v nejhořśım p̌ŕıpadě O(n),
v posloupnosti operaćı se chová, jako kdyby byla konstantńı. Budeme
proto ř́ıkat, že je amortizovaně konstantńı.
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Amortizovaná složitost

Pr̊uměrná složitost algoritmu

Neposkytuje jistotu jelikož muśı být splněny p̌redpoklady sekvence
▶ (v konkrétńım bodě amortizovaná složitost neplat́ı, v úseku již ano)

Amortizace

”Amortize” is a fancy verb used in finance that refers to paying off the
cost of something gradually. With dynamic arrays, every expensive append
where we have to grow the array ”buys” us many cheap appends in the
future. Conceptually, we can spread the cost of the expensive append over
all those cheap appends.
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Amortizovaná složitost vs. Asymptotická složitost

Asymptotická složitost

Složitost O je určena na základě nejhořśı možné instance běhu
algoritmu

Amortizovaná složitost

Amortizovaná časová složitost označuje časovou složitost algoritmu v
sekvenci nejhořśıch možných vstupńıch dat

Nevyuž́ıvá pravděpodobnosti (⇒ na sekvenci dat je zaručena)
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