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Divide and Conquer
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djl.w e VY
Seebe S ol sl @lios el mlogn o3V oles Blis ¢l alie (3l 3 gl

.r.u‘:(_gxfr:.e.dg:&ﬁ
sl bl oal a2, a3, an S (Example

[a1 < ax < a3

@ < a?[ 5 Y [a = = 5]
ay << asgf
a5 1 3
Y ne no a3 < a1 < ao|
no yes |ar < a3 < az|
< az < a1
< a» < ai

Decision Tree :\.Y JS&
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Sl S cp 2 nlog n &SSOl SLd
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« 2hd>=n! Dd>=( togm )

aH ke

gl o)y ) il gl ol ol

*lognl=logn+logn-1+logn-2+..+log1l

amy 5 st e A s e lae 480 )
FO I RV ¥
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*logn+logn-1+..+log1l>=logn+..+logn/2>=logn/2 +logn/2 +..

n/2 log n/2

el a8 8L & el 55 3

Q(n log n)
dulia Jilas

proof ¥ : Y.V &

Example Y.V
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Sorting Small Integers 0.V

r:..:L.&J ‘J Lhm.xlo.xib}.x&b 3 9dowe Lm)xa:»;\.u: JJ“LJ Ui'j) W‘J‘ ab\.n;‘wid\f
b ol Sip o Sou8 5] ol S ola i Sl 4 am ¢ aedd 015 (0 03,5 S s S L L sl
6%%)9&3&)@;:5*075‘Uﬂdﬁ‘r—y‘ﬁbY:::-‘-?ﬂceﬁ&:g}‘ PV s |

e Ly o s

nil

‘ Sl )2 O(m + n) ‘

Jla ALY K

CountSort(A[l...n|)

Count[l...M] < [0,...,0]
for / from 1 to n:

Count[A[i]] + Count[A[i]] + 1
{k appears Count[k] times in A}
Pos[1...M] «[0,...,0]

Pos[1] < 1
for j from 2 to M:

Pos[j] « Pos[j — 1] + Count[j — 1]
{k will occupy range [Posl[k]...Pos[k + 1] — 1]}
for | from 1 to f:

A'[Pos[A[f]]] < Alf]

Pos[A[f]] < Pos[A[i]] + 1

ek Ay s
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Stable Sort 7.V
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Quick Sort V.Y
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QuickSort(A, /4, r)

il e

return
m < Partition(A,/,r)
{A[m] is in the final position}
QuickSort(A, ¢, m — 1)
QuickSort(A,m+1,r)

Quick Sort :\Y.Y &

Partition(A,Z,r)

x < Al¢] A{pivot}
R4
L QT rome T o
if All] < x:
st
swap A[j] and A[i]
AL+ L. ] € x, AL, o0 >3
swap A[(] and A[/]

return J

Partition :\Y.Y JS&
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PSS L ALY

S5 ol ’K;’l?ﬁg’)ﬁ<r:5*:-°3w)x b m ss> (VY.YSY) quick sort s

s
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Olisls 0l (5w 550 S umy g 3L b o sl (iSn sl piVOt odsl b osls SJL-
.FASQJ}MVQ\JBQUFQ:QJBJ: Pivot Cawlsads jaidne

Sl O(n2) abwﬁ.k‘a)b) O(nlogn) C”JL’@J:‘F.JQ .

T(n) = T(n/10) 4+ T(9n/10) + O(n)

Balanced Partitions :\¥.V <&

p@
coooo

Balanced Partitions Tree :10.Y JS&

(51 [B] + S gl

Random Pivot A4.Y

Sl 5 & el il 0 0T 5l 555 sl K ol () Quick Sort b b ol s
ol ol 4 o amy 5 Sl (I e & L “f‘JTdL” SESS A '~.~5~:-°J Sl Jsl g b
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Randomiz

e = e
return

DIVIDE AND CONQUER .Y «.l>

edQuickSort(A,¢,r)

k < random number between ¢ and r
swap A[(] and A[k]

m <— Partition(A, ¢, r)

{A[m] is in the final position}
RandomizedQuickSort(A, £, m — 1)
RandomizedQuickSort(A, m+ 1,r)

Balanced Partitions Tree :\#.Y S

Equal Elements \-.Y
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RandomizedQuickSort(A, £, r)

e i g

return
k < random number between ¢ and r
swap A[(] and A[K]
(my, my) < Partition3(A, 7, r)
{A[m;...m;] is in final position}
RandomizedQuickSort(A, ¢, m — 1)
RandomizedQuickSort(A, my + 1,r)

S e ALY S

Sort Visualization \\.Y
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https://visualgo.net/bn/sorting?slide=1
https://www.hackerearth.com/practice/algorithms/sorting/quick-sort/visualize/
http://www.algostructure.com/sorting/bubblesort.php
http://www.algostructure.com/sorting/bubblesort.php
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