i Quicksort Performace

Composite Default screen
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One is the basis of the b

e or ey me o v EXTr€Ime cases
is the basis of the worst

case.

% Split equally (at mid point)
o mam e ommrsons 20 SPIit @t edge (already partitioned)

occur in this case?
Exercise

mancewnancene 7 WOLSE-Case sequence

worst efficiency in quicksort?
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Quicksort Performance
[ )
Analysis

Composite Default screen

Algorithm quicksort

1: if / <r then

2: s« partition(all .. r])
3. quicksort (a[l .. s—1])
4:  quicksort (s +1..r])

Choice of basic operation

Quiz Which steps depend
on n?

fj)s(:ll‘)(:iicslﬁwardsubstitu- E:> BeSt-Case recurrence

tion to solve the worst-
case recurrence for n=2".

- % Solve for n=2"k=1,2,.-
/ 2 Use smoothness rule to extend

A A

Step 1

e eusoraines L WORSTE-CAse recurrence

from efficiency sequence
(textbook) and WolframAlpha
(recurrence).
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Quicksort Performance
Avera g€ Case

0 «~— als] — n—1
Quiz } v { }
What is the length of each {<— —> < —
sublist in this typical parti- |
tion scenario? Aleorith -
gorithm quicksort
s—1 s+1

1: if [ < r then

2: s« partition(all .. r])

3:  quicksort (a[l.. s —1])
4:  quicksort (s +1..r])

~ .

The 3 ingredients to calculate Questlons

an average (expected value):

data item, dataset, and proba-

bility distribution.

% How many comparisons typically?
% What possible positions for s?
e o <2 HOW likely each position?
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Composite Default screen

First while-loop will stop
since (eventually) a[i] = p
is never < p.

8—
Quiz
How many key comparisons
are needed before a partition
is achieved?
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Quicksort Implementation

A Closer Look

Algorithm quicksort2

palr|®i—1l—1,5<«r

loop
while a[++i] < p do
while a[-®j] > p do
if + >,j then break
swap a[i]v a[]]

swap ali], a[r]

A

Quiz
When will the second
while-loop run out of

bounds?
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Quicksort Implementation
Issues to Consider

Composite Default screen

(O

Exercise

1)
wan masrzowe ' ClhO1CE Of pivot element

a[l] as pivot.

2 °
Qi © Runaway inner loop (scan)

Suggest 2 methods to handle
allf [ oNaeemF D

runaway scan index. Which
one is preferred?
Exercise What if the pivot happens to be the smallest element?

(3]

[
Carel di e l e
e emsn o > Fragility <
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Quicksort Performance
Improvement

Composite Default screen

A modern quicksort
% Tiny inner loops with strong locality
% Handle small lists differently

nem e« S Better pivot handling

with repeated pivot.

Exercise 3 - t t th *
Lookup efficiency of inser- % Way p a r I I O n I S e Way
tion sort for nearly sorted . . — . o

lists, report your findings and Sedgewick and Bently “Quicksort is Optimal

sources in the discussion

group.
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Conclusions

o In-place, time efficiency

«- Cy € 0O(nlogn) -
Q(nlogn) O(n?)

> Choice of pivot is important

iz - Compare with mergsort

What is the space efficiency
of quicksort?
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Quicksort

o Invented 1960 by C.A.R. Hoare
E‘J > Good general-purpose sort

Turing Award

1680 % Easy to implement
2 Well-known characteristics

™ Subarray-pivot i=s| j | Scan | Comparisons Post \

0.7183,29,7,1,5,4 3 2|92 9 132[417859 ‘

2 Low space (in-place S S R D i i
4.71785,9 7 6 95 5 7,8,5[9]1 ‘

4.617,8,5 4 3| 7# 4 [518,7. ‘

4 8, # s ‘

Total Count: 25

> Fragile, not stable
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