Metody razeni s linearni Dolni hranice pro
casovou slozitosti Comparison Sort

Counting sort

Radix sort
Bucket sort
1 3
Uvod Decision-Tree Model
Porovnavaci fazeni: pofadi prvkd v fazené posloupnosti je * Decision tree (Rozhodovaci strom)
uréovano pouze na zakladé porovnavani vstupnich prvki — Uplny binarni rozhodovaci strom, ktery reprezentuje porovnani mezi

prvky vstupniho pole dané velikosti.
* i:j > porovhname a[i] a a[j]
— Merge sort a heapsort jsou asymptoticky optimalni * Kazdy list je oznaCen permutaci <mt(1), T(2), ..., m(n) >
—n! je celkovy pocet permutaci

Razeni s linearni ¢asovou sloZitosti v L o . e
— Vykonavani krokl fadiciho algoritmu odpovida prichodu stromem
— K usporadani prvkl pouziva jinych operaci nez je porovnavani od korene K listu
— Counting sort, radix sort, a bucket sort — Nutnou podminkou toho, aby porovnavaci fazeni spravné fungovalo
je, ze kazda z n! permutaci provedenou na vstupnich prvcich se
musi vyskytnout v jednom z listt rozhodovaciho stromu a kazdy z
téchto listd musi byt dosazitelny z kofene.

— Libovolné porovnani must musi mit v nejhorSim pripadé sloZitost
Q(nlgn)




The Decision-Tree Model
S
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Figure 8.1 The decision tree for insertion sort operating on three elements. An internal node an-
notated by i:j indicates a comparison between a; and @;. A leaf annotated by the permutation
( (1), w(2), ..., w(n)) indicates the ordering Ax(l) < dg@) = -+ = ag(p). The shaded path indi-
cates the decisions made when sorting the input sequence (@ = 6, a; = 8, a3 = 5); the permutation
{3, 1,2) at the leaf indicates that the sorted orderingisa3 = 5 < @) = 6 < ay = 8. There are 3! = 6
possible permutations of the input elements, so the decision tree must have at least 6 leaves.
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Dolni hranice pro nejhorsi pripad

Délka nejdelSi cesty z kofene do jeho dosazitelny listu
reprezentuje nejhorsi pfipad poctu porovnavani, které
odpovida jednotlivym krokdm algoritmu

— Vyska rozhodovaciho stromu

Véta 8.1. Libovolny algoritmus porovnavaciho fazeni
vyzaduje v nejhorSim pfipadé Q(n Ig n).

Uvazujme rozhodovaci strom vysky h s | dosazitelnymi listy
—nl<I<2

* h >Ig(n!) (protoze Ig funkce je monotdnné rostouci)
=Q(nlgn)

Counting Sort

Counting Sort Overview

* Predpoklad: n vstupnich celoCiselnych prvkl z rozsahu 0 to
k (integer).
O(n+k) = Kdyz k=0(n), counting sort: ©(n)
* Zakladni mySlenka

— Pro kazdy vstupni prvek x, uréime pocet prvkl mensSich nebo
rovnych x

— Pro kazdé integer ¢islo i (0 <i<k), ur¢ime kolik prvkd ma hodnotu i
* Pak také vime, kolik prvkl je mensich nebo rovnych i
* Algoritmus vyuziva nasledujici proménné
— A[1..n]: vstupni prvky
— B[1..n]: sefazené pole (vystup)

— C[0..k]: pole ve kterém se uchovava pocet prvki mensich nebo
rovnych i




Counting Sort pfiklad

(Rozsah prvka od 0 do 5)
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Figure 8.2 The operation of COUNTING-SORT on an input array A[l..8], where each element
of A is a nonnegative integer no larger than & = 5. (a) The array A and the auxiliary array C after
line 4. (b) The array C after line 7. {c)—(e) The output array B and the auxiliary array C after one,
two, and three iterations of the loop in lines 9-11, respectively. Only the lightly shaded elements of
array B have been filled in. (f) The final sorted output array B.

- Counting Sort priklad

(pokraCovani)
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Counting Sort Algoritmus
O(n+k)

COUNTING-SORT(A, B, k)

I fori < Otok

2 do C[i] <~ 0 (k)

3 for j < 1tolength{A]

4 do C[A[j]] < C[A[j]] + | (n)

5 = C[i] now contains the number of elements equal to /.
6 fori «— ltok (K)

7 do Cli] < C[i]l+C[i — 1]

8 > C[i] now contains the number of elements less than or equal to ;.
9 for j < length[A] downto 1
10 do B[C[A[j]]] < A[/] O(n)
11 CLA[j]] < CIA[j]] —

Counting Sort je stabilni

* Algoritmus fazeni je stabilni pokud

— Cisla se stejnou hodnotou se ve vystupnim (sefazeném) poli
vyskytne ve stejné pozici, jako ve vstupnim poli

* Ré&dek 9 algoritmu counting sort: for j<length[A] down to 1
je zakladem toho, aby algoritmus byl stabilni




Radix Sort

Radix Sort Piklad
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Figure 8.3 The operation of radix sort on a list of seven 3-digit numbers. The leftmost column is
the input. The remaining columns show the list after successive sorts on increasingly significant digit
positions. Shading indicates the digit position sorted on to produce each list from the previous one.
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2.

Nejprve se zacina radit podle nejméné vyznamné Cislice

To je zakladem toho, Ze algoritmus Fazeni Cisel je stabilni

Radix Sort Algorithm

'S

RADIX-SORT(A, d) d je celkovy pocet &isel
1 fori <« 1tod
2 do use a stable sort to sort array A on digit i

Lemma 8.3 Pro n d-mistnych Cisel, u kterych kazda &islice nabyva jedné z k
moznych hodnot, provadi RADIX-SORT Fazeni téchto Cisel v case ©(d(n+k))

Bucket Sort




Bucket Sort

v v

* Bucket sort bézZi v linearnim Case, pokud maiji vstupni prvky
rovnomeérné rozlozeni v interval [0, 1)

* Zakladni myslenka

— Rozdélime interval [0,1) na n rovnomérné rozlozenych subintervals

(buckets)

— Rozdélime n cCisle do téchto subintervalt
— Sefadime ¢isla v kazdém bucketu
— Prochazime buckety v daném pofadi, vypisujeme prvky vkazdém

bucketu

Bucket Sort pfiklad
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Bucket Sort pfiklad
(pokraCovani)
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Figure 8.4 The operation of BUCKET-SORT. (a) The input array A[1.. 10]. (b) The array B[0..9]
of sorted lists (buckets) after line 5 of the algorithm. Bucket i holds values in the half-open
interval [i/10, (i + 1)/10). The sorted output consists of a concatenation in order of the lists
B[0O], B[11,..., B[9].

Bucket Sort Algoritmus

BUCKET-SORT(A)

n < length[ A]
fori < lton
do insert Al{] into list B[lnA[ill]

do sort list B[i] with insertion sort

1
2
3
4 fori <« 0Oton—1
5
6

concatenate the lists B[0], B[1], ..., B[n — 1] together in order
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