AULA 26

Ordenacdo

v[l..n] é crescente se v[1] < --- < v[n].

Problema: Rearranjar um vetor v[1..n] de modo que
ele fique crescente.

Entra:

1 n
133|55[33|44[33|22[11|99]22|55[77|

Sai:

1 n
11122|22[33[3333|44[55|55|77]99]

Ordenac3o por selecio

i=5
1 max n

138]50[20[44] 10 |50]55]60|75]85]99]

Ordenacdo: algoritmo Heapsort

PF 10
http://www.ime.usp.br/~pf/algoritmos/aulas/hpsrt.html

Heapsort

O Heapsort ilustra o uso de estruturas de dados no
projeto de algoritmos eficientes.

Rearranjar um vetor v[1..n] de modo que ele fique
crescente.

Entra:

1 n
133]55[33[44[33|22[11|99]22|55]77|

Sai:
1 n
111]22]22|33[33|33[44|55[55|77]99|

. Ordenacdo por selecdo

1 =
1 max n

138]50[20|44] 10 [50]55]60|75]85]99]




Ordenacdo por selecdo Ordenacdo por selecdo

i=5 i=5
1 max n 1 max n
138502044 10 [50|55]60]75]85[99 | 138/50[20]44] 10 [5055]60]75]85[99 |
1 j max n 1 j max n
138]50[20] 44 [10]50]55]60|75]85]99] 138]50[20] 44 [10]50[55]60|75]85]99]
1 max n
138]50[20] 44 [10]50]55]60|75]85]99]

. Ordenagdo por selecdo . Ordenacdo por selecdo

1= 1 =

1 j max n 1 j max n
138]50[20[44] 10 |50]55]60|75]85]99] 138]50[20|44] 10 [50]55]60|75]85]99]
1 j max n 1 j max n
1385020 44 [10]50|55]60]75]85[99 | 1385020 44 |10]50|55]60]75]85[99 ]
1 max n 1 3 max n
1385020 44 [10]50|55]60]75]85[99 | 1385020 44 [10]50|55]60]75]85[99 |
max n j max n
138] 50 [20]44]10]50]55]60|75]85]99] 138] 50 [20]44]10]50]55]60|75]85]99]
1 max n
138] 50 [20]44]10[50]55]60[75]85[99 ]

Ordenac3o por selecio Ordenacdo por selecdo
1 i n 1 i n
138102044 [5050|55[60|75|85]99] 138]10]20[44[5050]55[60]75]85]99]

1 i n
138/10]20[44[50|50|55[60]75|85[99]




Ordenacdo por selecdo Ordenacdo por selecdo

1 i n 1 i n
138[10[20|44[50|50[55|60]75|85[99| 138]10]20[44[50|50[55|60]75|85[99|
1 i n 1 i n
1201038 44|50 |50[55|60]75|85[99| 1201038 [44[50|50[55|60|75|85[99 |
1 i n 1 i n
1201038445050 |55[60|75|85]99] 11020 |38[44[50|50|55[60]75|85[99]

1 n

110203844 [50|50[55|60|75|85[99 |

Funcdo selecao Funcdo selecao

Algoritmo rearranja v[0..n—1] em ordem crescente Algoritmo rearranja v[1..n| em ordem crescente
void selecao (int n, int v[]) void selecao (int n, int v[])
{ {

int i, j, max, X; int i, j, max, X;
1 for (i = n-1; /*Bx/ 1 > 0; i--) { 1 for (i =n; /#Bx/ i >=2; i--) {
2 max = 1; 2 max = 1ij;
3 for (j = i-1; j >= 0; j--) 3 for (j = i-1; j >= 1; j--)
4 if (v[j] > vlmax]) max = j; 4 if (v[j] > vImax]) max = j;
5 x=v[i]; v[il=v[max]; v[max]=x; 5 x=v[i]; v[il=v[max]; v[max]l=x;

} }
} }

Funcdo selecao Heapsort

1 nivel

Relacdes invariantes: Em /*B*/ vale que:

(i0) v[i+1..n] é crescente; AL 1
(i1) v[1..1i] < v[i+1]; )
1 i n T2 fof B[ (10 oo 3

138]10[20|44[50|50[55|60]75|85[99|

1 2 3 4 5 6 7 8 9 10 11 12
|46|41|34|23|30|21|14|17|12|15|13|10|




Heapsort Heapsort
nivel

1 nivel
-------------- 0 S ——(
_____ 1 I |
-2 -2
____________ 3 2223
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
|]0|41|34|23|30|21|14|17|12|15|13|46| |4]|10|34|23|30|21|14|17|12|15|13|46|
Heapsort Heapsort

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
[11Ts0]34]2s o2 [ua] r]r2 15 T13]a6]| [41]s0]3a]23 15 [21 [ 1a] 1712 10 18] 46|
Heapsort Heapsort
1 nivel 1 nivel
.............. 0 S
_____ 1 R |
-2 -2
____________ 3 -
12 3 4 5 6 7 8 9 10 11 12 12 3 4 5 6 7 8 9 10 11 12

|41|30|34|23|15|21|14|17|12|10|13|46‘| |13|30|34|23|15|21|14|17|12|10|41|46|




Heapsort Heapsort
nivel

1 nivel
-------------- 0 S ——(
_____ 1 I |
-2 -2
____________ 3 22223
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
|13|3o|34|23 15 21|14|17|12|10|41|46| |34|3o|13|23 15 21|14|17|12|10|41|46|
Heapsort Heapsort

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
|3d|30|2]|23|15|13|14|17|12|10|41|46| |34|30|21|23|15|13|14|17|12|10|41|46|
Heapsort Heapsort
1 nivel | nivel
.............. 0 SRR |
_____ 1 |
-2 -2
____________ 3 S
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12

|10|30|21|23|15|13|14|17|12|34|41|4G| |10|30|2l|23|15|13|14|17|12|34|41|46|




Heapsort Heapsort
nivel

1 nivel
-------------- 0 S ——(
_____ 1 I |
-2 -2
____________ 3 22223
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
|30|1o|21|23 15 13|14|17|12|34|41|46| |30|23|21|10 15 13|14|17|12|34|41|46|
Heapsort Heapsort

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
|30|23|21|17|15|13|14|10|12|34|41|46| |30|23|21|17|15|13|14|10|12|34|41|46|
Heapsort Heapsort
1 nivel 1 nivel
.............. 0 S
_____ 1 R |
-2 -2
____________ 3 S
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12

|12|23|21|17|15|13|14|10|30|34|41|4G| |12|23|2l|17|15|13|14|10|30|34|41|46|




Heapsort Heapsort
nivel

1 nivel
-------------- 0 S ——(
_____ 1 I |
-2 -2
____________ 3 22223
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
|23|12|21|17 15 13|14|10|30|34|41|46| |23|17|21|12 15 13|14|10|30|34|41|46|
Heapsort Heapsort

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
|23|17|21|12|15|13|14|10|30|34|41|46| |10|17|21|12|15|13|14|23|30|34|41|46|
Heapsort Heapsort
1 nivel 1 nivel
.............. 0 R ()
_____ 1 R |
-2 -2
____________ 3 e 3
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12

|10|17|21|12|15|13|14|23|30|34|41|4G| |21|17|10|12|15|13|11|23|30|34|4l|46|




Heapsort Heapsort
nivel

1 nivel
-------------- 0 S ——(
_____ 1 I |
-2 -2
____________ 3 22223
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
|21|17|14|12 15 13|10|23|30|34|41|46| |21|17|14|12 15 13|10|23|30|34|41|46|
Heapsort Heapsort

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
|10|17|14|12|15|13|21|23|30|34|41|46| |1(J|17|'14|12|15|13|21|23|30|34|41|46|
Heapsort Heapsort
1 nivel 1 nivel
.............. 0 SRR |
_____ 1 R |
-2 -2
____________ 3 e 3
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
|17|1o|14|12 15 13|21|23|30|34|41|4G| |17 15 14|12|10|13|21|23|30|34|41|46|




Heapsort Heapsort
nivel

1 nivel
-------------- 0 S ——(
_____ 1 I |
-2 -2
____________ 3 22223
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
|17|15|14|12|10|13|21|23|30|34|41|46| |13|15|14|12|10|17|21|23|30|34|41|46|
Heapsort Heapsort

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
|13 15 14|12|10|17|21|23|30|34|41|46| |l5|13|14|l2|]0|17|21|23|30|34|41|46|
Heapsort Heapsort
1 nivel 1 nivel

.............. 0 SRR |

_____ 1 R |

-2 -2

____________ 3 e 3
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
15 13|14|12|10|17|21|23|30|34|41|4G| |10|13|14|12|15|17|21|23|30|34|4l|46|




Heapsort Heapsort

1 nivel nivel

_____ 1 I |
-2 -2
____________ 3 22223
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
|10|13|14|12 15 17|21|23|30|34|41|46| |14|13|1u|12 15 17|21|23|30|34|41|46|
Heapsort Heapsort

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
|14|13|10|12|15|17|21|23|30|34|41|46| |12|13|10|14|15|17|21|23|30|34|41|46|
Heapsort Heapsort
1 nivel 1 nivel

_____ 1 S |
-2 -2
____________ 3 S |
1 2 3 4 5 6 7 8 91011 12 1 2 3 4 5 6 7 8 910 11 12

|12|13|10|14|15|17|21|23|30|34|41|4G| |13|12|10|14|15|17|21|23|30|34|41|46|




Heapsort Heapsort

1 nivel nivel

_____ 1 I |
-2 -2
____________ 3 22223
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
|13|12|10|14 15 17|21|23|30|34|41|46| |1o|12|13|14 15 17|21|23|30|34|41|46|
Heapsort Heapsort

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
|10|12|13|14|15|17|21|23|30|34|41|46| |12|10|13|14|15|17|21|23|30|34|41|46|
Heapsort Heapsort
1 nivel 1 nivel

_____ 1 S |
-2 -2
____________ 3 S |
1 2 3 4 5 6 7 8 91011 12 1 2 3 4 5 6 7 8 910 11 12

|12|10|13|14|15|17|21|23|30|34|41|4G| |10|12|13|14|15|17|21|23|30|34|41|46|




Heapsort

1 nivel

1 2 3 4 5
|10|12|13|14 15

6 7 8 9 10 11 12
17|21|23|30|34|41|46|

Heapsort

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

|10|12|13|14|15|17|21|23|30|34|41|46|

Funcdo heapSort

RelagBes invariantes: Em /*C*/ vale que:
(i0) v[i+1..n] é crescente;

(i1) v[1..1i] < v[i+1];

(i2) v[l..1i] € um max-heap.

1 i n
150 [44]1038[20|50[55|60]75|85[99|

Heapsort

nivel

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

|1o|12|13|14 15

17|21|23|30|34|41|46|

Funcdo heapSort

Algoritmo rearranja v[1..n| em ordem crescente

void heapSort (int n, int v[])
{

int i, j, max, X;

/* pre-processamento */
1 for (4 =n/2; 1> 1; i--)
2 peneira(i, n, v);

w

for (i =n; /*Cx/ i >= 2; i--) {

4 x=v[i]; v[il=v[1]; v[i]l=x;
5 peneira(l,i-1,v);
}
t
Consumo de tempo
linha consumo de tempo das execucdes da linha
1-2 =~ nlgn = O(nlgn)
3 = n = O(n)
4 =~ n = O(n)
5 = nlgn = O(nlgn)
total = 2nlgn+ 2n = O(nlgn)



Conclusio

O consumo de tempo da fungdo heapSort é
proporcional a nlgn.

O consumo de tempo da fungdo heapSort é

O(nlgn).

Mais analise experimental

A plataforma utilizada nos experimentos foi um
computador rodando Ubuntu GNU/Linux 3.5.0-17

Compilador:
gcc -Wall -ansi -02 -pedantic
-Wno-unused-result.

Computador:

model name: Intel(R) Core(TM)2 Quad CPU (6600 @
2.40GHz

cpu MHz : 1596.000

cache size: 4096 KB

MemTotal : 3354708 kB

Decrescente

n | mergeR | mergel | quick | heap

1024 0.00 0.00| 0.00| 0.00
2048 0.00 0.00| 0.00| 0.00
4096 0.01 0.00| 0.01| 0.00
8192 0.00 0.00| 0.03| 0.00
16384 0.00 0.00| 0.14)| 0.00
32768 0.00 0.01| 057 0.00
65536 0.01 001 227 0.01
131072 0.02 001 9.06| 0.02
262144 0.03 0.03| 36.31| 0.04

Tempos em segundos.

Para n=524288 quickSort dd Segmentation
fault (core dumped)

Mais analise experimental

Algoritmos implementados:

mergeR mergeSort recursivo.

mergel mergeSort iterativo.

quick quickSort recursivo.

heap heapSort.

Aleatério: média de 10

n | mergeR | mergel | quick | heap
8192 0.00 0.00 0.00 | 0.00
16384 0.00 0.00 0.00| 0.00
32768 0.01 0.01 001 0.00
65536 0.01 0.01 001 0.01
131072 0.02 0.02 0.02| 0.03
262144 0.05 0.04 0.04| 0.06
524288 0.10 0.08 0.08| 0.12
1048576 0.21 0.20 0.17| 0.28
2097152 0.44 0.43 0.35| 0.70
4194304 0.92 0.90 0.73| 1.73
8388608 1.90 1.87 151 413
Tempos em segundos.
Crescente
n | mergeR | mergel | quick | heap
1024 0.00 0.00 0.00 | 0.00
2048 0.00 0.00 0.00 | 0.00
4096 0.00 0.00 0.00| 0.00
8192 0.00 0.00 0.03| 0.00
16384 0.00 0.00 0.14| 0.01
32768 0.01 0.00 0.57| 0.01
65536 0.00 0.01 226 | 0.01
131072 0.02 0.02 9.05| 0.02
262144 0.03 0.02| 36.21| 0.04

Tempos em segundos.

Para n=524288 quickSort did Segmentation
fault (core dumped)




Resumo

funcdo consumo de | observacdo
tempo
bubble O(n?) todos os casos
insercao O(n?) pior caso
O(n) melhor caso
insercaoBinaria | O(n?) pior caso
O(nlgn) melhor caso
selecao O(n?) todos os casos
mergeSort O(nlgn) todos os casos
quickSort O(n?) pior caso
O(nlgn) melhor caso
heapSort O(nlgn) todos os casos




