Computer Science Monash University

CSE1303 Part A
Data Structures and Algorithms
Summer Semester 2003

Lecture A16 — Advanced Sorting

Kymberly Fergusson

Overview

* Divide and Conquer
* Merge Sort
* Quick Sort

Divide and Conquer

Recall: Binary Search
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Divide and Conquer

module sort(array)
{
if (size of array > 1)
{
split(array, firstPart, secondPart)
sort(firstPart)
sort(secondPart)
combine(firstPart, secondPart)
}
}
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Merge Sort Merge Sort
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void nergeSort(float array[], int size)

{

int* tnpArrayPtr = (int*)malloc(size*sizeof(int));
if (tmpArrayPtr != NULL)
{

nergeSort Rec(array, size, tnpArrayPtr);

el se

{

exit(1);
}

free(tnpArrayPtr);

fprintf(stderr, “Not enough nenory to sort list.\n");
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void nergeSortRec(float array[], int size, float tnp[])

int i;
int md = sizel2;

if (size > 1)

nergeSortRec(array, md, tnp);
nergeSort Rec (array+md, size-md, tnp);

nergeArrays(array, md, array+md, size-md, tnp);
for (i =0; i < size; i++4)

array[i] = tnmp[i];
}

}
}

Example; Mer geArrays

aSize: 5 bSi ze: 6

a1|—3—|—5—|-15—|—23—|ee—| b3|—6—|-]:e—|-1-4—|ii—|-4€—|'56—|
(@ J (Q J
Y '

15

Example; Ner geArrays

a:sS_Lﬁ_Lﬂ_:Ler:lﬁ—Le—LA—&Q—Lﬁ—ée—l

i =0 j=0

Example: Ner geArrays

a 3 5 15 28 30 D
i =0 j =0

6 10 14 22 43 50
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Example: MEr geAr rays

a: 3 5 15 28 30 D
i=1 j=0

L1 1 [ ] 1 |
6

10 14 22 43 50
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Example: Mer geArrays Example; Mer geArrays

a: [3[5 [15l08l30] b: [ l10l1alo21a3ls0 a: 3 |5 i bg ko] b [g {0 ha 2o ks o

i=2 j =0 i =5 j=4
Done.

tmp: g lsfel [ [ [ [ [ [ [ | trp: 3 |5 6 0 4 5 22 P8 B0 #3 $0
k=2 etc... k=9
19 20
void
Ar float ,int aSi ,float b[],int bSize float t - .
Erergerra:s( oat a[],int aSize oat b[],in i ze, f | oal np[]) Merge&rt and Llnkw |_|S[S
int , i =0, =0
for (k = 0; k < aSize + bSize; k++) @
{
10 ==t LISGUIaL I L Tl [T T,
= ; A
j
}elseif (j ==bsi @ Sort/ @ \Sort
j .Slze)( ) g
trplk] = a[i];

i I_L;H_L;H_I_;LI_I_-lq HENE, I_I_;H_I_-b

}
elseif (a[i] <=b[j]) {

t k] = a[il;
PPk = et Merge
> Y v

el se {

i = bl I_I_;.LI_L;LI_I_;ILl_l_;l-LL;FLL;H—L;'Ll—l—:I;l

}

Merge Sort Analysis Quick Sort

» Most of thework isin the merging.
Takes O(n log(n))

| Partition

» Uses more space than other sorts. 7

» Thisistypically the method that you would x<p—In P
naturally use when sorting a pile of books, o /
CDs cards, etc. i Sort
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Example: Quick Sort Example: Quick Sort
array: [5 [g9 135 110124 115137 113 20 117 170 array: |5 J;q J;-; 14 124 15 |a7 12 Izo |7 |70 |
- S
N
size: 11
“pivot
element”
Example: Quick Sort Example: Quick Sort

index: 4
array: Lgloelos by e loa Lig Lo 12 Log | b
o I
parti tion: array: h__L$_L_—L}jb;—Qg—LJ—ée—Le—i4—L€—J
[N J

Y Y
l i ndex (size - index - 1)
CT L LI LI L. L.LT.]
i ndex: 4
Example: Quick Sort
Quick Sort

arr{}[O] arre{ﬁindex + 1]
void quickSort(float array[], int size)
\Z )15 Q5 ) {

Y Y int index;
i ndex (size - index - 1) zf (size > 1)
) index = partition(array, size);
firstPart : arr ay qui ckSort (array, index);
qui ckSort (array+i ndex+1, size - index - 1);
. }
secondPart :array + index + 1 }
29 30
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Partition: Checklist Example:  Partition
- | .
b || | o
array: |5 ko %5 1a 34 Is b7 I3 bo 7 Fo |
bl x<p | pe=x | |
B e T oer ]
| ] x<p ol p<=x N .
Example: Partition Example: Partition

inde{}uo
Q
array: lyglgglag lialog g l37 104310517 l9g array: 15 J;i Ls J4 $4 . L; Jg Le = l;e

k=1 k: 1l

33 34

Example: Partition Example: Partition

i nd@:o ind?}:o

k:2 k:3

35 36
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Example: Partition Example: Partition
i ndex: 1 i ndex: 1
array: |15 114135 (89 124 {5 [37 (131207 |70 array: 15 14 i35 J;g iz4 |5 137 13 lzo |7 {70 |
k:3 k: 4
Example: Partition Example: Partition

ind@cl inde{}:Z
array: @%@J—?ﬁ-ﬁjﬁw array: Ls—LA—JEJ—‘Lg—iM—‘.Iﬁsﬁ—L?—La—Le—l?—Le—l

k:5 k:5 etc...

39 40

Example: Partition Example: Partition

i nd@c 4 i nd@: 4
array: ITS_Iﬂ_LS_lTT%_LG'SJ'@TlFfLZOJﬂJTO_I array: LE_E_IS_E_%_LE_!W_A‘Q_ETE_IE_I

k:11

41 42
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Example: Partition Example:
pivot now in
i ndex: 4 correct position
array: |7 1415 {13115 [35 [37 [89 |20 [24 |70 array: J7 l4 |5 l3 15 135 137 iig IZO £4 {70 |
\ J . J \ J . J
Y Y Y Y
x <15 15<=x x <15 15<=x
43 44
Exam |e: int partition(float array[], int size)
int k;
int md = sizel2;
int index = 0;
swap(array, array+md);
for (k = 1; k < size; k++)
if (list[k] < list[0])
Sort Sort U e
] M swap(array+k, array+i ndex);
}
}
swap(array, array+index);
- return index; w
}
Revision
Quick Sort Analysis . Merge Sor
* Quick Sort
» Most of the work donein partitioning. o .
» Need to be careful of choice of pivot. Revision: Reading
¢ Kruse 7.6-7.8
— Example: 2,4,6,7,3,1,5 . Standish 13.4
* Average case takesO(n log(n)) time. * Langsam6.2,6.4
. « Sedgewick9, 12
» Worst case takesO(n?) time. .
Preparation
Next lecture: Revision
« Revise lecture notes for Part A
p « Come with questions! ®

8/20/03




