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Merge sort, binarni halda, Heap sort

Radix sort, Counting sort
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" ergesort (fazeni sluéovanim)
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Merge sort
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Merge sort
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Merge sort
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Merge sort

void merge(int[] in, int[] out, int low, int high) {
int half = (low+high)/2;

int 11 = low;
int 12 = half+l;
int j = low;

// compare and merge
while ((il <= half) && (i2 <= high)) {
if (in[il] <= in[i2]) { out[j] = in[il]; il++; }
else { out[j] = in[i2];, 12++; }
j++;
}
// copy the rest
while (il <= half) { out[j] = in[il]; il++; J++; }
while (i2 <= high) { out[j] = in[i2]; i2++; j++; }
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o Merge sort

void mergeSort(int[] a) ({
int[] aux = Arrays.copyOf(a, a.length);
mergeSort(a, aux, 0, a.length-1, 0);

}

void mergeSort (int[] a, int[] aux,
int low, int high, int depthMod2) ({
int half (low+high) /2;
if (low >= high) return;

mergeSort (a, aux, low, half, 1l-depthMod2);
mergeSort(a, aux, half+l, high, 1l-depthMod2);

// note the exchange of a and aux

if (depthMod2 == 0) merge(aux, a, low, high);
else merge (a, aux, low, high);
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Merge sort

Asymptoticka slozitost m H
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Uplny binarni strom

Binarni halda

Operace GetMin, DeleteMin, Insert

Implementuje prioritni frontu

Vrchol haldy (koren)
obsahuje minimum

Algoritmizace

min-halda
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Podminka min-haldy:
A<BaA=<C
(plati pro kazdy uzel)

alternativa:
max-halda
(A2BaAz=QC)
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GetMax, DeleteMax
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Insert v binarni halde

Novy prvek vlozime jako dalsi list v poradi

Na ceste ke koreni kontrolujeme podminku haldy a
provadime opravy (prohozenim s rodicem)

Insert 2 J

bubble-up

Casova slozitost 0(logn)
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" ESSDeleteMin v binarni haldé

Koren nahradime poslednim listem

Na cesté od korene k listim kontrolujeme podminku haldy
a provadime opravy (prohozenim s mensim potomkem)

DeleteMin J

bubble-down
Casova slozitost 0(logn)
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" ="Reprezentace haldy v poli
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vrchol haldy je prvnim prvkem pole

Algoritmiza

ce

indexy v poli

potomci prvku na indexu k jsou
na indexech 2k (levy) a 2k+1 (pravy)



Vybudovani haldy

V poli reprezentujicim
haldu postupujeme od
posledniho prvku k
prvnimu.

Podstrom zakorenény v
listu je halda.

Pokud v podstromu je
pravidlo haldy poruseno
jen v jeho koreni,
napravime to provedenim
bubble-down.
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'—l'eap sort (razenl haldou)
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" Heap sort

// array: af[l]...a[n] !!!!

void heapSort(Item[] a, int n) {

// create a heap
<:> for (int i = n/2; 1 > 0; i--)

repairTop(a, i, n); // bubble-down
// sort
for (int 1 = n; 1 > 1; i--) {
<:> swap(a, 1, 1i); // swap a[l] and a[i]

repairTop(a, 1, i-1); // bubble-down
}
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o Heap sort

// array: af[l]...a[n] !I!I!!!!
void repairTop(Item[] a, int top, int bottom) {

int i = top; // al[2*i] and a[2*i+1]
int j = i*2; // are children of a[i] A
B
Item topVal = a[top]:’ a: T B
top bottom

// select smaller child
if ((jJ < bottom) && (a[j] > a[j+1l])) J++;

// while (topVal > children)
// move children up
while ((j <= bottom) && (topval > a[j])) {
a[i] = a[Jjl;
i=13;, 3j=3j*2; // skip to next child
if ((j < bottom) && (a[j] > a[j+1])) J++;

}
a[i] = topVval; // put topVal where it belongs
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Heap sort

Asymptoticka slozitost pro vstupni pole délky n

Build + n-krat DeleteMin
= O(n) + 0(nlogn) = 0(nlogn)

Heap sort neni stabilni
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" S s LA 7
Empiricke porovnani

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

Select | Insert | Bubble| Quick | Merge | Heap
10 0% 0.0005 % 0.0002 0.0005 0.0004 0.0009 0.0005
10 | 90%%*] 0.0004 0.0001 0.0004 0.0004 0.000 0.0005

100 0% 0.028) 0.016  0.043  0.081 0.014 % 0.011
100 | 90% 0.026% 0.003  0.03 0.0100  0.011 0.011
1000 0% 2.36 1.30 4.45 Y 0.12 0.19 0.17
1000| 90% 2.31 0.18 2.86 0.16 % 0.15 0.16
10000 0% 228 130 450 ¥ 1.57 2.40 2.31
10 000 | 90% 22 17.5 285 1.93 % 1.6 2.11

100 000 | 0% 22900 12800 45000 % 187  31.4  31.4

100000 | 90% | 22900 1760 28500  27.4 % 24.6 25.5
1000000| 0% | 38min 22min 75min % 237 385 57
1000 000 | 90% | 38 min 2.9 min 47.5 min 336 * 301 381

*90% prvk( vstupniho pole je na spravné pozici
Prostredi: Intel(R) 1.8 GHz, Microsoft Windows XP SP3, jdk 1.6.0_16
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Jaky je oéekavany pocet fixnich
bodu v nahodné vygenerované
permutaci n prvku, kde fixni bod je
prvek, ktery ztistava na své puvodni
pozici?
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mm (pfihradkové fazeni)
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A— Radix sort

Implementace bez presouvani vstupnich dat
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o Radix sort

Radime n fetézcl délky k nad abecedou .

Casova slozitost:

jeden krok ... O(n + |2])

k kroku ... O(k - (n+[2])) = 6(k - n) (pro fixni abecedu)

Stabilni razeni.
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" S 2lani
Radix sort — zamysleni

Kazdé celé nezaporné Cislo mizeme vyjadrit jako binarni
retézec (doplnény zleva nulami pro dosazeni jednotné délky).

Pokud setfidime n rlznych celych nezapornych cCisel pomoci

Radix sortu, dosahneme lepsi asymptoticke slozitosti nez
O(nlogn)?
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" Cotnting sort (fazeni poéitanim)

Vhodny pro fazeni velkého pole prvkl nabyvajicich jen
malého poctu rliznych diskrétnich hodnot.

Vstupl 10/ 3|8 8, 6 | 3810/ 6 10| 8 | 5

mnimum-—+3 | 4 | 5| 6 | 7| 8| 9 |10+ maximum

Cetnosti J

Vystup l

Pokud ale radime objekty, musime postupovat jinak.
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A— Counting sort
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—— Counting sort
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—— Counting sort
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b
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—— Counting sort

Radime n prvkil jejichz celociselné klice jsou z intervalu

délky m.
Casova slozitost je 6 (n + m).
Misto pole Cetnosti Ize pouzit HashMap.

Stabilni razeni.
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