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Bucket and Radix Sort

W3k Straight_Radix (X, n, k)
BA: X (TETHENMN EnIBEEE, 8B )
WH. X (HEFEREE)

begin
We assume that all elements are initially in a global queue GQ;

ChfsREN, XBEMHH GQ; MMRUAT LUE T X A< 53k 53 )
fori:=1toddo
{d ZP]REREHI, HeanxtF+i#tH, d=10)

Initialize queue Q[I] to be empty;
for =k dowmi 1 do
while GQ is not empty do
pop x from GQ ;
} o

d := the ith digit of x ;

insert x into Q [d] ;
Jort:=1toddo -
insert Q[t] into GQ ; } W
Jori:=1Itondo
pop X i] from GQ
end

M 6.6 Bk Straight Radix
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Analysis
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=B ZIGQ F1 73t BA A1 Q[0]...Q[K-1].
= O(nk);
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Insertion sort

* example

6 5 3 1 8 7 2 4

Pseudocode

for 1 « 1 to length(A)
j < 4
while § > @ and A[j-1] » A[]]
swap A[]J] and A[]j-1]
J <3 -1



http://en.wikipedia.org/wiki/Pseudocode
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Shell HEFP

o fly fp €3z G4 5 g dy g dg g 19 g2
example input data: 83 07)(17)(95](86 [GE 28

[Donald Shell 1959] | after 5-sorting: (17)(28) (18)(@) (02) (25) (B3] BO(ES) (62) (62) (°5
after 3-sorting: 17 07 18 47 28 25 69 62 53 83 86 95
after 1-sorting: 07 17 18 25 28 47 53 62 69 83 86 95

The running time of Shellsort is heavily
dependent on the gap sequence it uses.
Best interval? open questions!

Shellsort is unstable(changing relative order of equal elements)
It is an adaptive sorting algorithm in that it executes
faster when the input is partially sorted

the subarrays that Shellsort operates on are initially
short; later they are longer but almost ordered:
In BOTH cases insertion sort works efficiently.



http://en.wikipedia.org/wiki/Sorting_algorithm#Stability
http://en.wikipedia.org/wiki/Adaptive_sort

AT
selection sort

Another example
64 25 12 22 @@

* example
11) 25 @) 22 64

e . B N\ list# 47
| A i I
CERIAL L@ @es  NEE,
RN ALR T B — 343 4
kAN R RN
- HIn-k4 ﬁt‘jﬁ}fwj‘ 11 12 @D @ 64 e HEE 7 1)
(RSB kA sublist.
imﬁﬁ- D11 12 22 [@5) 64 < | Headoa
-------------------------------- JE— SRR
{* G{QE.tO afn-1] is the array to sort */
int inie;

/* advance the position through the entire array */

ek (could do j < n-1 because single element is also min element) */
(J = @ J <n-1; J++) {
/* find the min element in the unsorted a[j .. n-1] */

NO PR~ aWOOoOMNOLO®

/* assume the min is the first element */
iMin = j;
/* test against elements after j to find the smallest */
(1=3J+1; 1 < n; i++) {
/* if this element is less, then it is the new minimum */
(a[i] < a[imin]) {
/* found new minimum; remember its index */
iMin = i;
1
J
1
J
/* iMin is the index of the minimum element. Swap it with the current position */
( iMin != J ) {
swap(a[j], a[iMin]);

(S
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o LR % N\ R 451 A2 (linked) list, T4 BE B2 4.

64 25 12 22 [@@) 64 25 12 22 11
@D 25 @ 22 64 11 64 25 12 22
11 @3 25 @ 64 11 12 64 25 22
11 12 @JED 64 11 12 22 64 25

11 12 22 |25) 64 11 12 22 25 64




performance

* Finally, selection sort is greatly outperformed on
larger arrays by O(n log n) divide-and-conquer
algorithms such as mergesort.

 However, insertion sort or selection sort are both
typically faster for small arrays (i.e. fewer than
10-20 elements).

* A useful optimization in practice for the recursive

algorithms is to switch to insertion sort or
selection sort for "small enough" sublists.


http://en.wikipedia.org/wiki/Divide_and_conquer_algorithm
http://en.wikipedia.org/wiki/Divide_and_conquer_algorithm
http://en.wikipedia.org/wiki/Divide_and_conquer_algorithm
http://en.wikipedia.org/wiki/Divide_and_conquer_algorithm
http://en.wikipedia.org/wiki/Divide_and_conquer_algorithm
http://en.wikipedia.org/wiki/Divide_and_conquer_algorithm
http://en.wikipedia.org/wiki/Mergesort
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AT merge sort
IopDownMer‘geSor‘t(A[], B[], n) mmm

TopDownsplitMerge(A, @, n, B);

¥
CopyArray(B[], iBegin, iEnd, A[])

6B 53187 2 4 Merge into B

for(k = iBegin; k < iEnd; k++)
Alk] = B[k];
¥
// 1Begin is inclusive; iEnd is exclusive
TopDownsplitMerge(A[], iBegin, iEnd, B[])

1End] is not in the set)

if(iEnd - iBegin < 2) // 1f run size == 1
return; // consider it sorted
- \ /7 recursively split runs into two halves until run size == 1,
XA H W T ik // then merge them and return back up the call chain
I3, [Ktheg)%s imiddle = (iEnd + iBegin) / 2; // imiddle = mid point
2K N1 TopDownSplitMerge(A, iBegin, imMiddle, B); // split / merge left half
sublistFE 7144 TopDownsSplitMerge(A, iMiddle, iend, B); // split / merge right half
| TopDownMerge (A, iBegin, iMiddle, iEnd, B); // merge the two half runs
merge: CopyArray(B, iBegin, iEnd, A); // copy the merged runs back to A
}
. // left half is A[iBegin :iMiddle-1]
Major drawback: // right half is A[iMiddle:iEnd-1 ]
. TopDownMerge(A[ ], iBegin, iMiddle, iEnd, B[])
Need a B for the merged list! {

i@ = iBegin, i1 = iMiddle;

// While there are elements in the left or right runs

for (j = iBegin; j < iEnd; Jj++) {
[/ If left run head exists and is <= existing right run head.
if (ie < imiddle && (i1 »>= iEnd || A[i@] <= A[i1]))

= B[] = A[ie];

i@ = i@ + 1;




/* array A[] has the items to sort; array B[] is a work array */
BottomUpSort(int n, int A[], int B[])
{

IVI int width;
e rge SO rt /* Each 1-element run in A 1is already “sorted”. */
/* Make successively longer sorted runs of length 2, 4, 8, 16... until whole array is sorted. */
for (width = 1; width < n; width = 2 * width)
{
int i;

* Bottom-Top

/* Array A is full of runs of length width. */
for (1 =0; i <n; 1=1+ 2 * width)
{
/* Merge two runs: A[i:i+width-1] and A[i+width:i+2*width-1] to Bf] */
/* or copy A[i:n-1] to B[] ( if(i+width >=n) ) */
BottomupMerge(A, i, min(i+width, n), min(i+2*width, n), B);

}

/* Now work array B is full of runs of length 2*width. */

/* Copy array B to array A for next iteration. */

/* A more efficient implementation would swap the roles of A and B */
CopyArray(A, B, n);

/* Now array A is full of runs of length 2*width. */

}
}
BottomUpMerge(int A[], int iLeft, int iRight, int iEnd, int B[])
{
int i@ = ilLeft;
int i1 = iRight;
int J;

/* While there are elements in the left or right lists */
for (j = iLeft; j < iEnd; J++)

/* If left Llist head exists and is <= existing right list head */
if (ie < iRight && (i1 »>= iEnd || A[ie] <= A[il]))
{

B[3] = A[ie];
ie = ie + 1;
}

else

B

[3] = Ali1];
11 =

i1 + 1;

}




Merge Sort ] — i3k

* Natural merge sort

Start 3--4--2--1--7--5--8--9--0--6
Select runs : 3--4 2 1--7 5--8--9 0--6
Merge : 2--3--4 1--5--7--8--9 0--6
Merge 1--2--3--4--5--7--8--9 9--6
Merge @--1--2--3--4--5--6--7--8--9

any naturally occurring runs (sorted sequences) in the input are exploited!

Adavantage: 75 2145
#merge sortH LIRSS
pass lbn {X.



MergeSort Performance

Class Sorting algorithm
Data structure Array
Worst case performance O(nlog n)

Best case performance O(nlog n) typical,

O(n) natural variant
Average case performance O(nlog n)

Worst case space complexity O(n) auxiliary




Quick Sort

Best sorting algo ! Proposed by C.A.R Hoare in
1962

Divide-&-Conquer algo
In place (as insertion sort), comparison based
Very practical (need a bit tuning though)



Partition (#H 0] M1 4T hit 4%)

Algorithm Partition ( X, Left, Right) ;

Input: X (an array), Left (the left boundary of the array), and Right
(the right boundary).

Output: X and Middle such that X [i | <X [Middle | for all i <Middle
and X [j] > X [Middle ] for all j > Middle.

begin
pivot := X [Left] ;
:=Left; R :=Right;
while L < R do
while X [L) < pivot and L <Rightdo L :=L + I ;
while X [R] > pivotand R 2 LeftdoR :=R - 1 ;
if L <R then
exchange X [L] with X[R] ;
Middle := R ;
exchange X [Left ] with X [Middle
end

Figure 6.9 Algorithm Partition.



Left= L Partition Example  r-ren
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swap

ﬂﬁﬂ

swap

ﬂﬁﬂ
if L <R then
6

exchange X [L) with X[R] ;
Loft Middle = R exchange X |Left | with X [Middle |

EDDEDBE DA

No swap!




Analysis

Worst Case — input sorted(reversed sorted) —
O(n?)
Best Case: uniform split 1:1 — O(nlgn)

2"d-Worst Case: 1:9 split, using recursion tree
— O(nlgn)

Lucky-Unlucky switch case: O(nlgn)

Average case(Randomized QuickSort) :
Substitution method — O(nlgn).



To make things more practical

* Randomized QuickSort
— Rearranging the element randomly
— Selecting the pivot randomly
— >=3 times faster than mergeSort!
— Works well with cache and virtual mem.



Analysis of Randomized QuickSort

 We don’t know which exactly split is made.
Each recursive step uses random pivot!

* So, we compute the Expectation of the T(n) in
terms of a random variable X«

X _{ 1 1f PARTITION generates a k : n—k—1 split,
0 otherwise.

E|lX, | = PriX, = 1} = 1/n, since all splits are
equally likely, assuming elements are distinct.



T(n) =<

Expectation of T(n)

( T(0) + T(n—1) + O(n) if 0:n—1 split,
T(1) + T(n-2) + O(n) if 1: n—2 split,

_T(n—1) + T(0) + O(n) if n—1: 0 split,

= HZ_IXk(T(k)-I-T(H —k—1)+0O(n))

k=0

E[T(n)]

Linearity of expectation.

-~ EPZIX;{ (T(k)+T(n—k—-1)+06(n))
k=0
— HZ_ZIE[X,( | E[T(k)+T(n—k—1)+0(n)]
k=0

n—1 n—1 n—1 n—1
LS Er))+ L S E[T(ri—k-1)]+ L S 0(n) =2 E[T(h)]+ 00
n Je=0 n k=0 n k=0 n k=1

C

Independence of X, from other random
choices.




Prove by substitution method

n—1

E[T(n)]=2 Y E[T (k)] +O(n)

n k=2
(The £ =0, | terms can be absorbed 1n the ©(n).)

Prove: E[7(n)| < anlgn for constant a > 0.

* Choose « large enough so that anlgn
dominates £[7(n)] for sufficiently small n > 2.
)

4 n—l

Use fact: )_klgk < in2lgn—In? (exercise).

N k=2 y




Prove by substitution method

—1
E[T(n)|< = ) aklgk+0O(n)
=2

n
k
a

N S N

l2 _l 2)
< n<len n< |+ ®((n
(2 S & ()

=anlgn— (‘Zi — @(n)j

Express as desired — residual.

3 |



