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ALG 09

Radix sort  (prihradkové razeni)
Counting sort
Prehled asymptotickych rychlosti jednotlivych razeni

llustracni experiment razeni
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Radix sort
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Implementace radix sortu

Pomocna pole indexu

Neserazeno Serazeno dle 3. znaku registruji nové poradi.
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Implementace radix sortu

Neserazeno l Jedno pole pro vSechny seznamy Aktuslng
@ Cbb Pole ukazatelt obe pc:le _Qretsne
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@. aDC 9 seznamu . pouze manipulaci s uvedenymi
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0 - obsahuji veskerou informaci
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Implementace radix sortu

Neserazeno Stav po serazeni Stav po serazeni
podle 2. znaku. podle 1. znaku = serazeno.
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Implementace radix sortu
Staci vypsat data

Nesefrazeno Stav po sefazeni podle v pofadi daném seznamy:
1. znaku = sefazeno. a b —C D—
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Od serazeni podle 2. znaku k serazeni podle 1. znaku

Pole z k z1 k1
obsahuiji a10] 2 alolo Pole budou
usporadani  |[b[12[11 blo[o]  obsahovat
podle Cl4]5 Cl0]0 Ll
2. znaku. D|3]|6 D|0]O el s HAIEL
9 0
0 0 Aktualizace poli z, k, d
7 0 probéhne tak, ze naplnime
13 0 nova pole z1, k1, d1, ktera
0 0 nakonec zkopirujeme
0 0 zpét do z, k, d.
8 0
6 0 Implementac¢né ovSem neni
11 0 treba cokoli kopirovat,
> 0 staci zaména referenci
0 0 (ukazateld, pointerti)
1 0 na tato pole.
d d1



A4B33ALG 2011/09

Od serazeni podle 2. znaku k serazeni podle 1. znaku

> =>
z k z1k1| z1k1| z1k1 | z1k1| z1k1 | z1k1 | z1k1
Usp. al10] 2 alofof| [o]o]|[o]o]| [o]o]| [o]o]|[o]o]|[o]o0
dle  [0]12[11 b[oo]| [1of10]| [10l10] [10[10|| [10]10] [10[9]| [10[9
2 7n. |Cl4]5 clo]o]| [ofo]| [o]o]| (22| [12[1]| 2] 1]| [12]1
D[3]6 Dlofo]| [o]o]| [2]2]| [2]2]| [2]2]| [2]2]| [2]11
9 0 0 0 0 ol [ol| [o]
0 0 0 ol| [o]| [ol| [o]| [11
7 0 0 0 0 0 0 0
13 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0
11 0 0 0 0 0 ol [o]
2 0 ol| [o]|[ol]| [o]l]| [® 9
0 0 0 0 0 0 0 0l
1 0 0 0 ol| ]| [ L] [
5 o]| [o]| [o]]| [o]|[o]|[o]][0]
d di d1  di  di  d1 di  d1
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Od serazeni podle 2. znaku k serazeni podle 1. znaku

=> >0
z k z1k1|z1k1 (z1k1 |z1k1 |z1k1 |z1k1 | z1k1
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D|3]|6 Di214]|||2|4] (|2]|4]|||2|4]| [|2]|7]|||2]|7]|||2]|7
9 0L/|0L 5 | 5 | 5 | 5 | 5 |
0 11 11 11 11 11 11 11
7 0 0 0 0 0 8 8 :ol:
13 0L|]0L 0 | 0 7 7 7L 3
0 0 0 oL(loL|]oL[lo)|]OL §
0 0 0 0 0 0 0 0
8 0 0 0 0 0| 0 | 0|
6 0 0 0 0 0 0 6
11 0] 0] 0| 0 | 0 | 0 | 0
2 9 9 9 9 9 9 9
0 4 4 4 4 4 4 4
1 1 1 1 1 1 1 1
| S O |LOL L0 |3 L3 L3 L3,
d d1 d1 d1 d1 d1 d1 d1
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Implementace radix sortu

void radix_sort( String [1 a ) {
int charCount = ...; // number of chars used (27°167?)
int []1 z = new int [charCount];
int [] k = new int [charCount];
int [] z1 = new int [charCount];
int [] k1 = new int [charCount];
int [] d = new int [a.length];
int [] d1 = new int [a.length];
int [] aux;
initStep( a, z, k, d); // 1st pass with last char
for(C int p = a[0]-length()-2; p >= 0; p—- ) {
radixStep( a, p, z, k, d, z1, k1, d1 ); // do the job
aux = z; z = z1; z1 = aux; // just swap arrays
aux = k; k = k1; k1l = aux; // dtto
aux = d; d = dl; dl1 = aux; // dtto
}
output( a, z, k, d); // print sorted array
+

12



A4B33ALG 2011/09

Implementace radix sortu

void initStep( String[] a, int [] z, int [] k, int [] d ){
int pos = a[0].length()-1; // last char in string
int c; // char as array index for Radix sort
orC int 1 = 0; 1 < z.length; 1++ ) // init arrays
z[1] = K[1] = -1; // empty
forC int 1 =0; 1 < a.length; 1++ ){ // all last chars
c = (int) al[i]-.charAt(pos); // char to i1ndex
if( z[c] == -1)
k[c]= z[c] = 1; // start new list
else {
dik[c]] = 1; // extend existing list
kfc] = 1;
3}

Retézce rizné délky nutno uvést na stejnou délku
pripojenim "nevyznamnych znaku", napf. mezer.

V ukazkovém kédu vSechny indexy poli za€inaji 0,
v obrazcich zac€inaji 1.
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Implementace radix sortu
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void radixStep( String [] a, int pos, int [] z,
int [] d, int [] z1, int [] ki,

int j; // index traverses old lists
int c; // char as array index for Radix sort
forC int 1 =0; 1 < z.length; 1++ ) // init arrays
z1[i] = Kk1[i] = -1; //
forC int 1 =0; 1 < z.length; 1++ ) // fTor all used chars
it (zLi] '= -1) { // unempty list
J = zhl;

while( true ){

c = (int) a[j]-charAt(pos);

if( z1[c] == -1)
Kl[cl= zl[c] = 3J:
else {
difki[c]] = J;
Kl[c] = J:
+
1fC J == K[1] ) break;
J =dil;

¥ o+ i

int [] k,
int [1 d1 ){

// scan the list
// char to index

// start new list

// extend existing list

// next string index

14



Radix sort
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Shrnuti
d znakd ............ d cyklu
cyklus ............ ®(n) operaci
celkem ............ ©(d-n) operaci
d<<n = ...... O(n) operaci

Radix sort neméni poradi stejnych hodnot

Asymptoticka slozitost Radix sortu je ©®(n*d)

Pro malé konstantni d lze psat O(n)

Je to stabilni razeni
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Counting sort

1 2 3 4 5 6 7 8 9 10 11 12

vstup 10|31/ 81l 8]le6| 31 8][10] 6][10]| 81 5
vstup.length == - = I | | =
cetnost 3 4 5 6 7 8 9 10

cetnost.length ==
k = max(vstup) - min(vstup) + 1 21101111121/01|{41/01|3

1 2 3 4 5 6 7 8 9 10 11 12
vystup
vstup.length == 3113|I5//61//61(/8( 8|8 8|/10{/10(|10
1 | ]
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Counting sort

Krok 1

Vynulovani pole ¢etnosti
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Counting sort

Krok 2

jeden priuchod > Pole ¢etnosti

meéni svou roli
3 4 5 6 7 8 9 10
210(1112]10(410)|3

Uprava pole éetnosti
for( int 1 = dMez+1l; 1 <= hMez; 1++ )
cetnost[i1] += cetnost[i-1]

Prvek|cetnost[ j ] |obsahuje pozici
> 6 7 8 9 10 posledniho prvku s hodnotou j
3 51919 |1 v budoucim vystupnim poli.
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Counting sort

Krok 3

forC int 1 = N; 1 >0; 1——- ) {
1 == vystup[cetnost[vstup[i]]] = vstup[i];
8 cetnost[vstup[i]]--;
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10|/ 3 sﬂeﬂﬂmﬂﬂa
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Counting sort

Krok 3

forC int i = N; 1 >0; i--) {
I == N-1 vystup[cetnost[vstup[i]]] = vstup[i];
8 cetnost[vstup[i]]--;

Y
1.2 3 4 5
1038-8J6
L I—h i Ip
314 5 6 7(8)9 10 345678910
......... >
22255@912 2|12)|2|5[5(8)9]12

10 11 12
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Counting sort

Krok 3

forC int i = N; 1 >0; i--) {
1 == N-2 8vystup[cetnost[vstup[i]]] = vstup[i];

cetnost[vstup[i]]--;

8 9 10, 34 5 6.7 8 9 10
S N >

8 | 9ll12] 2|2[2(5|5]/8]9

1 2 3 4 5 6 7 8 9 10 M

Fs_ ZI ;__OI atd...
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Counting sort

forC int 1 = N; 1 >0; 1-- ) {
— 8vystup[cetnost[vstup[i]]] = vstup[i];

cetnost[vstup[i]]--;

}

3 34 5 6.7 8.9 10
112123 12245@910
1 2 3 4 10 11 12
T 4
= atd...
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Orientac€ni prehled vlastnosti radicich algoritmi
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Velikost pole n

Selection sort

Insertion sort

Bubble sort

Quick sort

Merge sort

Heap sort

Nejhorsi | Nejlepsi “QZ'Z":;’
Pripad pripad ofipad
0(n?) ®(n?) ®(n?)
o(n?)
0(n?)
O(n?) 0(n-log(n)) | | ©(n-log(n))
©(n-log(n))| | ©(n-log(n)) | | ®(n-log(n))
o(n-log(n))| | o(n-log(n)) | | ©(n-log(n))

Radix sort

Stabilni

Ne
Ano

Ano

VsSeobecné

Ano

Ano

Ano
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llustracni experiment razeni

Prostredi

Intel(R) 1.8 GHz, Microsoft Windows XP SP3, jdk 1.6.0_16.

Organizace

Pouzita razeni, v nichz se prvky (double) navzajem porovnavaii.
Kody prevzaty z prednasky (zadné dalsi triky).

Razeni v jednotlivych velikostech provadéna na stejnych datech.
Pole nahodné zamichana generatorem pseudonahodnych cisel
S rovhomeérnym rozlozenim.

Vysledky primérovany pres vétsi pocet béhu.

Zaver

Neexistuje jedno univerzalni frazeni, které by bylo optimalni
za vSech okolnosti.
Hraje roli stabilita, velikost dat i stupen predbézného serazeni dat.

24



llustracni experiment razeni
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Doba béhu v milisekundach, neni-li uvedeno jinak
Délka pole | % sefr. Sort

Select | Insert | Bubble| Quick | Merge | Heap
10 0% 0.0005 3 0.0002 0.0005 0.0004 0.0009 0.0005
10| 90% 0.00045¢ 0.0001 0.0004 0.0004 0.0007, 0.0005
100 0% 0.028 0.016 0.043 0.081 0.014 % 0.011
100 | 90% 0.026/% 0.003 0.030 0.010 0.011 0.011
1000 0% 2.36 1.30 4.45 ¥ 0.12 0.19 0.17
1000 90% 2.31 0.18 2.86 0.16 ¥ 0.15 0.16
10 000 0% 228 130 450 Y 1.57 2.40 2.31
10000 | 90% 229 17.5 285 1.93 % 1.68 2.1
100 000 0% 22900 12800 45000 ¥ 18.7 31.4 31.4
100 000 | 90% 22 900 1760 28 500 27.4 ¥ 24.6 25.5
1000000 0% 38 mink 22 min 75 min| Y 237 385 570
1000000, 90% | 38min 2.9 min 47.5 min 336 % 301 381

Sefazena Cast pole. Pole je nejprve sefazeno,

pak nahodné vybrané prvky zméni libovolné hodnotu.
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llustracni experiment razeni
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Koeficient zpomaleni ( >1 ) vuci Quick sortu
pro danou velikost dat a predbézné serazeni
Délka pole | % sef¥. Sort
L] L] L]

Select | Insert | Bubble| Quick | Merge | Heap
10| 0% S¢ 0.7 1 X 25 1.4
10 | 90% 5"(026 1 X 1.8 1.3
100 | 0% 1.8 s¢ 1 175/ 1.35
100 | 90% ik 0.28 1] X 1.07] 1.07
1000 | 0% 11 s¢ 1 1.65 1.4
1000 | 90% x 1.2 157 0.95| 1.03
10 000 | 0% X 83 ¢ 1 153 1.48
10 000 | 90% X 9.1 1|57 0.87] 1.09
100 000 | 0% X 686 3 1 17 1.7
100 000 | 90% X 64.1 ~ 1/5¢ 0.9] 0.93
1000000 | 0% X5 400 ¢ 1 1.6  2.41
1000 000 | 90% 521 1s¢ 0.9 1.14
Nejrychlejsi > Nejpomalejsi X Stabilni [O

Select a Bubble sorty nesoutézi.
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llustracni experiment razeni
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Koeficient zpomaleni ( > 1) pri srovnani
rychlosti razeni
Délka pole | % sef. neserazeného a ¢astecné serazeného pole
5 5 Sort 5

Select | Insert Quick | Merge | Heap
10| 0% 1 1 1 1 1
10| 90% 0.8 0.5 1 0.8 1
100 0% 1 1 1 1 1
100 | 90% 0.9 0.2 1.27 0.78 1
1000 0% 1 1 1 1 1
1000 90% 0.98 0.14 1.31 0.75 0.95
10000 | 0% 1 1 1 1 1
10 000 | 90% 1.0 0.14 1.23 0.7 0.91
100000 | 0% 1 1 1 1 1
100 000 | 90% 1.0 0.14 1.46 0.78 0.81
1000000 0% 1 1 1 1 1
1000 000 | 90% 1.0 0.14 1.42 0.78 0.67

Stabilni [O
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