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|BJRR1: Quicksort

o VRAE A A& Quicksort i $HAT I FEN, 2

o PARTITIONA f#]loop invariant & 114 ?

o VREEIEHIPARTITIONZtotally correctid ?
o VREEIFFIQUICKSORT & totally correctid ?

QUICKSORT(A, p.r)

| ifp<r

2 g = PARTITION(A, p,r)
3 QUICKSORT(A, p.g — 1)
4 QUICKSORT(A,qg + 1.1)

PARTITION(A, p.r)
I x = A[r]

2 i=p-—1

3 forj=ptor—1

4 il A[j] =x

5 i=1i+1

6 exchange A[i] with A[/]
7 exchange A[i + 1] with A[r]

8 returni + 1




|BJRR1: Quicksort

(K

RE fa7 iR Quicksort Y AT 7

7

PARTITIONHf]loop invariantf&ft 4 ?
YR EEIE BIPARTITION &Ztotally correctis ?
HEIEH QUICKSORT /& totally correctid ?

QUICKSORT(A, p.r)

(aK

1
2
3
4

if p<r
g = PARTITION(A, p,r)
QUICKSORT(A, p.g — 1)
QUICKSORT(A,qg + 1.1)

PARTITION(A, p.r)

|
2
3
4
5
6
7
8

x = Afr]
i=p—1
for j = ptor — 1
if A[j] < x

i=1i+1

exchange A[i] with A[/]
exchange A[i + 1] with A[r]
return i + 1

Lid  Iod =

i — — S —

=X =X unrestricted

Af p =k =i, then Ak] = x.
i+ 1=k = j— 1, then Ak] > x.
Afk = r, then Alk] = x.




|BJRN1: Quicksort )

e What is the running time of Quicksort when array A
contains distinct elements and is sorted in decreasing order?

e What is the running time of Quicksort when all elements of
array A have the same value?

QUICKSORT(A, p.r)
it p<r
g = PARTITION(A. p.r)

|
 What is the best case? 3 QUICKSORT(A. p.g— )
. 4 QUICKSORT(A,qg + 1.r)
What i1s the worst case?

PARTITION(A, p. 1)
I x = Afr]

2 i =p—1

3 for j=ptor—1

4 if A[j] <x

5 i=1i+1

6 exchange A[i] with A[j]
7 exchange A[i + 1] with A[r]

8 returni + 1




|BJRN1: Quicksort )

e What is the running time of Quicksort when array A
contains distinct elements and is sorted in decreasing order?

e What is the running time of Quicksort when all elements of
array A have the same value?

e \What Is the best case?
What Is the worst case?

e How about the average case?

n
n/ \\:_I I n /n ““‘-HH
/ ‘\-\_\\ (n-1)/2 {n—1)2

(n—1y2 -1 (n—1)2
@ bad good average?




Ordering the Elements with 3 Colors

e Suppose an array A consists of n element,
each of which is red, white or blue. Design a
linear algorithm to sort the array so that all
the reds come before the whites, and which
come before all the blues. The only
operations permitted are:

e Examine(A, 1) — report the color of the ith
element, and

e Swap(A, I, J) — swap the ith element of A with the
Jjth element.




Matching Bolts and Nuts

 You are given a collection of n bolts of
different widths and n corresponding nuts.
You can determine whether the nut IS
e larger than the bolt
e smaller than the bolt
e matches the bolt exactly

e However, there Is no way to compare two
nuts together or two bolts together.

e The problem Is to match each bolt to its nut.




|AJRN1: Quicksort ()

« RANDOMIZED-QUICKSORT 5QUICKSORT A H4 A
5] ?
o XMUAFHAEN?

« RANDOMIZED-QUICKSORT i3z 47 I} ) 3= B 4% 2 (£ 41

=
AR

RANDOMIZED-QUICKSORT (A, p.r) RANDOMIZED-PARTITION(A, p,r) PARTITION(A, p.1)

1 ifp<r 1 i = RaNnDOM(p,r) 1 x = Alr]

2 g = RANDOMIZED-PARTITION (4, p,r) 2 exchange A[r] with A[i] 2 i=p-1

3 R ANDOMIZED-QUICKSORT (A, p.g — 1) 3 return PARTITION(A, p.r) 3 forj=ptor— ]

4 RANDOMIZED-QUICKSORT(A, g + 1,7) ;’ if A[j] 5_":_ |

I =1

6 exchange A[i] with A[/]
7 exchange A[i + 1] with A[r]
& returni + 1

-,

/
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RANDOMIZED-QUICKSORT(A, p.r)

|BJRN1: Quicksort )

« RANDOMIZED-QUICKSORT 5QUICKSORT A {4 A

5] 2

(?

o XMHAEAHAEXN"

* In exploring the average-case behavior of quicksort, we have made
an assumption that all permutations of the input numbers are equally
likely. In an engineering situation, however, we cannot always
expect this assumption to hold.

« RANDOMIZED-QUICKSORT i3z 47 I} ) 3= B 4% 2 (£ 41

ARAE?

it p<r 1
¢ = RANDOMIZED-PARTITION (A, p.r) 2
RANDOMIZED-QUICKSORT(A, p.g — 1) 3
RANDOMIZED-QUICKSORT(A, ¢ + 1,7)

[ = RANDOM(p,r)
exchange A[r] with A[i]
return PARTITION(A, p.r)

1

2
3
4
3
6
7
8

RANDOMIZED-PARTITION(A, p,r) PARTITION(A, p.1)

x = Alr]
i=p—1
for j = ptor —1
if A[j] < x

i=1i+1

exchange A[i] with A[/]
exchange A[i + 1] with A[r]
return { + 1

/




|AJRN1: Quicksort ()

o HBIKEHITTS
o Wt afER LR R A AR
o REEMRELL T TR 2

Pr {Z; 18 compared to Z;}

Pr {z; or Z; is first pivot chosen from Z,;}

Pr {z, is first pivot chosen from Z;}
+ Pr{z; is first pivot chosen from Z;;}
I 1
P R
2
j—i+1

o SR J5 UM 11 Hexpected running time ?




|BJR2: Sorting in linear time

o 24 U ffcomparison sorts?

o PRE 4 HfiRdecision treeff] ?
‘B 5 comparison sortsHJ iz T A G AR R ?

s EHZ
s EHZ

DR?




|BJR2: Sorting in linear time

o 24 U ffcomparison sorts?

e The sorted order they determine is based only on
comparisons between the input elements

o VRZE 2 HfiEdecision treeff] ?
‘B 5 comparison sortsJis T [ 14 KR AR ?
o B H Z /DA
e BHZ/E?




o 1/J\H&IETJLCOUH'[Ing sortiJ AT i F

o N AE Rstablet)?  (F4
g2 )
PREEAS BER e Ja —
stable?

o B A IR S IRYE (B0

COUNTING-SORT(A, B. k) ! ': 3 4 5 67 8
1 let C[0..k] be a new array al2]s[sfo]2[3]0[3]
fori = 0tok 01 2
Cli]=10
for j = 1to A.length
Cl[A[jll = ClALi]]1 + 1 (a)

3} 4 5
cl2]o[2]3]0]1]

L b

4
5

6 // C[i] now contains the number of elements equal to i.

7 fori=1tok 304 5 6 7 8
8
9

BIIM ||| BN

Cli] = C[i]+ C[i — 1]
/' Cli] now contains the number of elements less than or equal to i.
10 for j = A.length downto 1 01 23
11 BICA[T] = Alj] c[1]2]4]s | | |
12 ClA[TN = ClAN -1

(d)

(-

|BJ&R2: Sorting in linear time

DHEB?

()

a0 1 2 3 4 5

clal2]al7]7]8]

(b}

23 4 5 6 7 8
E||ﬂ|||||||

a 1 2 3

2

()

Ystable? QUICKSORT /&

BB IEAEAA AT, FFIRIE

12 3 4 5 &6 7 8
= [ s [
001 2 3 4 5

cl2]2]4]6]7]8]

(c)

4 5 & 7 8
s [o[o]2[2[3[3]3]5]

i)

/




[BJ&R2: Sorting in linear time &)

o VRAE i radix sorti$AT i A2 2

o NAAE FFE A — stable sort?
REANBEBUY MmN UG 7

o PRUn{AT 3 fig
We have some flexibility in how to break each key into

digits.
o ERIEAAMLERRME (SR ?
RAD[K—SDRT[A., t;” 329 720 720 329
L 457 355 329 355
| fori =ltod 657 436 436 436
2 use a stable sort to sort array 4 on digit i 839 e 457 waniie 839w 457
436 657 355 657
120 329 457 120
355 839 657 539

(-




|B)R&3: selection problem

o fH A eIt el ?

o T B m AouElm/NIt, TELEZDR? Nt

A7
o TP H A ToMiR/hon, FTELEZDR? Nt
A7

o IRAN "KL, WEEZDIR? Mtar




|B)R&3: selection problem

o f A gi I e ?

Input: A set A of n (distinct) numbers and an integer i, with | < i < n.

Output: The element x € A that is larger than exactly i — | other elements of A.

-@ﬂ%ﬁﬁﬁ%¢ﬁ,%gwﬁ%&ﬁ?ﬁﬁ
27

-?ﬂ%ﬁﬁﬁ%$ﬁ,%gwﬁ%&W?%ﬁ
27
o FANF —KJT, FTFEIEZDIR? 47

o




[BJRA3: selection problem (s

* JRAETE IRRANDOMIZED-SELECT [ HUAT
L FENS ?
* ‘Bl [best caseFlworst case 7 il i 14 ?

o PR A Uy IEAR ?

RANDOMIZED-SELECT (A, p,r.i)

fp==r

1

2 return A[p]

3 g = RANDOMIZED-PARTITION (A, p.r)

4 k=g—p+1

5 ili==k /f the pivot value is the answer

6 return A[g]

T elseil i <k

B return RANDOMIZED-SELECT (A, p.g — 1,1)

9  else return RANDOMIZED-SELECT(A,qg + 1.1, i — k)




[BJRA3: selection problem (s

o IREETRIIRSELECT P AT L FE NS 2
o MNBFHT N TLRATAT? 3IMTAT?

al) ifn < 140,

T{ﬂ} = } T{rﬂ.l"ls-” + T{]‘nl."llﬂ'l' 6) + ﬂ'{ﬂ] iftn > 140 .




Weighted Median

e For n distinct elements Xy, X,,...,X,
e Positive weights wy, W,,...,W,

¢ lewizl

* Weighted (lower) median: x, satisfying
° ZWi<% and

O 1
x;kai < >

(-
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kth Largest Element in Two Arrays

e Glven two sorted arrays with n and m
elements respectively, design an algorithm
to find the kth largest element in the totally
(m+n) elements in O (logm + logn) and
explain the time complexity.
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Finding the “Heavy” Element

e Find the element 1 with freg(1) > n/2 in an
array of n elements. Here, freq(i) 1s defined
as the number of occurrence of I In the array.




