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Sorting

 Of all the algorithmic problems that computer scientists have
studied, the one with the broadest practical impact is certainly
the sorting problem, which is the problem of arranging the
elements of an array In some order 1.e. (Ascending or
Descending) .

For Example

/nput. sequence (ay, a,, ..., a,) of numbers.
Output. permutation (a';, a',, ..., ') Such that a';<a’,<...<a.

Example:
/Input. 824936
Output. 234689 (Ascending Order)
Output. 98 6 4 32 (Descending Order)



SO rt| ng (Continued)

» The sorting problem comes up, for example, in
alphabetizing a telephone directory, arranging library
records by catalogue number, and organizing a bulk
mailing by ZIP code.

 There are many algorithms that one can use to sort an
array. Because these algorithms vary extremely in their
efficiency, it Is critical to choose a good algorithm,
particularly if the application needs to work with large

arrays.



Insertion Sort

Of the many sorting algorithms, one which we describe now is the /nsertion
Sort, which appears in the text like this:

Supposean array A with AMelements A[0], A[1],. ... A[N-1]is in the memory. The
Insertion sort algorithm scan A from A[0] to A[N-1], inserting each element A[K]
Into Its proper position in the previously sorting sub array A[0], A[1], . . .A[N-1]
That is:

Pass 1: A[1] is inserted either before or after A[0] so that: A[0], A[1] are sorted.
Pass 2: A[2] is inserted into its proper place in A[0], A[1], sothat A[0], A[1], A[2] are sorted.
Pass 3: A[3] is inserted into its proper place in A[0], A[1], A[2] so that: A[0], A[1],

A[2], A[3] are sorted.
Pass N-1: A[N-1] is inserted into its proper place in A[0], A[1], ... .. A[N-1]
so that: A[O], A[1],.... A[N-1] are sorted.



Insertion Sort

Pass A[O] | A[1] | A[2] | A[3] | A[4] | A[5] | Al6] | A[7] | AL8]

K=1 80, 1A |33 |44 |11 88 22 | 66 |55

77

k=2 |"' _lse—{a3 |44 |11 |88 |22 |66 |55
77

k=3 |33 |, lse—fa4 |11 |88 |22 |66 |55

K=4 |33 laae—77—Tso—la1 |ss |22 |66 |55

88

K=5 |11 |33 |44 |77 |80 |/\ |22 |66 |55
33 E—

K=6 |11 |~ _|44—[77 [80 [®8~J22 |66 |55
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K=7 11 |22 |33 |44 3 B8—66 |55
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Lad
L

11 22

L

44 55 66 77 80 88

LJ

Sorted | 11 22 |33 |44 |55 66 77 |80 |88

The algorithmis simplified if there always is an element A[i] such that A[i] < A[K];
other wise we must constantly check to see if we are comparing A[K] with A[O].



Pseudocode

Algorithm”

{

-

Insertion Sort

INSERTION-SORT (A, N) > A[0 .. N-1]
for K=1to V-1
Temp = Al K]
/= K-1
while 7 >=0and A[/] > Temp
Afi +1] = A[i]
/=1
AlAL] = Temp

Algorithm: (INSERTION SORT) INSERTION (A, N)
[ Where A isanarray and N is the Size of values in the array ]

1. Repeat steps 2to 4 for K=1,2,3,..... N-1:

2. Set TEMP = A[K] and i =K-1.

3. Repeat while | >= 0 and TEMP < A[i]
a) Set Ali+1] = A[i]. [Moves element forward.]
b) Seti=i-1.

[End of loop.]
4, Set A[i+1] =TEMP. [Insert element in proper place.]
[End of Step 2 loop.]
5 Return.




Insertion Sort continueq)

 This sorting algorithm is frequently used when A is small.
There remains only the problem of deciding how to insert
A[K] iIn its proper place in the subarray A[O], A[1], . . ..
A[K-1]. This can be accomplished by comparing A[K]
with A[K-1], comparing A[K] with A[K-2], comparing
A[K] with A[K-3], and so on, until first meeting an
element A[i] (where /7 start from k-1) such that AJi] <
A[K]. then each of elements A[K-1], A[K-2], . ... A[i+]1]
IS moved forward one location, and A[K] Is then inserted
In the A1 position in the array.



The Execution Time of Algorithm

Cost Times
INSERTION-SORT (4. N) > A[0 .. N-I]
for K=1 to N-1 C, n
Temp = A4 C n-1
p =A[K] 2
i=K-1 i n-
while i ==0and A[i | = Temp C, Zl Tk
Ali+1] = AJi C =
[i+1] = A[i] ; ST -
i=i-1 Ce Z T’k
Ali+1] = Temp c n-1

Total cost = nc1+(n-1)(c2+c3-c5-c6+c7)+(c4+c5+c6)> Tk

= n(cl+c2+c3-c5-c6+c7)+(cd+c5+c6)> Tk)-(c2+Cc3-c5-c6+C7)
=an+b )Tk +c

_ Number of shifting
10’ 1 Number of comparisons T’k = Number of Comparisons -1 3

=Tk-1



The Execution Time of Algorithm

Pass | A[0] | A[1] | A[2] | A[3] | A[4] | A[5] | Al6] | A[7] A[B]
K=1 |80, 137 |33 |44 |11 |88 |22 |66 |55 1

K=2 ??*__,,.SG——~-33\ 44 |11 |88 |22 |66 |55 | 2
k=3 |33 |”’ 1844 |11 |88 |22 [66 |55
K=4 |33 lae—t77—Teo—l11 |88 [22 |66 |55 | 4
K=5 |11 |33 |44 |77 |s0 '8/8\ 22 |66 |55 1
K=6 |11 3;_44-#-*7?"' 50 s8~22 |66 (55 |[G]
K=7 |11 |22 |33 |44 |’/ _lse—tss—le6 |55

k=8 |11 |22 |33 |44 |e6«T77 |80 |88 [55

Sotred | 11 22 33 B 95 66 77 80 88

is the total number of comparisons made in each pass

ich 1s needed for analysis purpose



Kinds of analyses

Total cost=a N +b > Tk +C

Best-case:
 Elements are already in Sorted Order: q: 1=>»see*
running time = f(n), i1.e. Linear time. =» O(n
Worst-case: (usually)

 Elements are sorted in inverse order: = K =»see**
running time = f(n?) i.e. quadratic time. Maximum time
of algorithm on any input of size n. = O(n?)

* n_-1 x _1 —
yrol1=n-1 Yool ="/
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