« Sort an array Alp...r]

Quicksort
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— Partition the array A into 2 subarrays A[p..q]and A[g+1..r], such
that each element of A[p..q] is smaller than or equal to each

elementin A[g+1..r]

— Need to find index q to partition the array

Alp..r]

Alq+1..r]




Quicksort

Alp..q] < A[qil...r']

- N\ N

« Conquer

— Recursively sort A[p..q] and A[g+1..r] using Quicksort
« Combine

— Trivial: the arrays are sorted in place

— No additional work is required to combine them
— The entire array is now sorted
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QUICKSORT

Algorithm QuickSort(p, ¢)

// Sorts the elements alp],...,a[q] which reside in the global
// array a[l : n| into ascending order; a[n + 1] is considered to
// be defined and must be > all the elements in a[l : n].

{

if (p < q) then // If there are more than one element

// divide P into two subproblems.
7 := Partition(a, p,q + 1);
// 7 is the position of the partitioning element.
/ Solve the subproblems.
QuickSort(p, 7 — 1);
QuickSort(7 + 1, ¢);
// There is no need for combining solutions.
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Partitioning the Array

Algorithm Partition{(a, ., p)

// Within alm],alrre + 1], ... ,a[p — 1] the elements are
/ / rearranged in such a manner that if initially ¢ = a[7rr]
/ / then after completion al[g| — ¢ for some g between 772
S/ and p — 1, alk] < t for m < k << g, and alk] = ¢
// for g << kK << p. g is returned. Set al[p] = oo.
{
v 1= alrri]; 2 = 1723 G 1— p3
repeat
repeat
2 :— 2z + 13
until (alZ] = v);
repeat
—— ,7 — ]_°
untll (a[_j] — fu);
if (¢ << 7) then Interchange(a, ¢, 7);
F until (z = j)3
y alrre] : alil; alj] := v; return 73

Algorithim Interchange(a, Z, 7)
// Exchange al[Zz] with al[7].

g[?«] 5

p =
alZ] - 713 aly] := »s3



Partitioning the Array

. Choosing PARTITION()

— There are different ways to do this

— Each has its own advantages/disadvantages

* Hoare partition (see prob. 7-1, page 159)
— Select a pivot element x around which to partition

— Grows two regions . ,
Alp..i] < x X < A[j..r]

Alp...1] < x PR SN

x < A[j..r] HEN




Example

ABDLF‘] pivot x=5
513264137 5132|6413 ]|7
f f
| ] |
313264157 313|2|6|4|1|5]|7
f f f
| ] |
Alp..q] Alg+l..r]
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Example




« \Worst-case partitioning

Worst Case Partitioning

— One region has one element and the other hasn — 1 elements

— Maximally unbalanced

Recurrence: g=1
TN)=TA)+T(n-1) +n,
T(1) = 6(1)
TN)=T(n—=1) +n

n+(zn:kj—1:®(n)+®(n2):®(n2) e(n?)

A /n\ n
1 /nil n
1 /n-\Z n-1
n 1 n-3 ”jz
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v 1 1 2
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Best Case Partitioning

« Best-case partitioning

— Partitioning produces two regions of size n/2
* Recurrence: g=n/2

T(n) = 2T(n/2) + O(n)

T(n) = ©(nlgn) (Master theorem)
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Case Between Worst and Best

* 9-to-1 proportional split
Q(n) = Q(9n/10) + Q(n/10) + n

n - n
A A / \
1 9
— —_— )
0" 10" "on
10310” / \9 9/ }
1
—n — N n n ] n
100 100 100 100
log, g9 7 / \ / \ / \\ / \
P / 81 729 .
v 1000 © 1000
/N /\
/ ! ’ \‘ ............... - Sn
\
‘r 1 ............. Je- sﬂ
B(nlgn)
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How does partition affect performance?

- Any splitting of constant proportionality yields O(nign) time !!!
- Consider the (1 : n — 1) splitting:
ratio=1/(n — 1) not a constant !!!
- Consider the (n/2 : n/2) splitting:
ratio=(n/2)/(n/2) = 1 1t 1s a constant !!
- Consider the (9n/10 : n/10) splitting:

rat1o=(9n/10)/(n/10) = 9 1t 1s a constant !!
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