Insertion Sort



Problem

 Problem

— input: sequence of n numbers <a;, a, ..., a,>
— output: <a,, a,,.., an’> such that a;" < a,' < ... £ a,
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Method: MfZ2Z 7IEE & Qo= & E
(1) Selection Sort
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(ex) <5, 2,4, 6,1, 3>
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(2) Insertion Sort
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Algorithm

Operation
— Key d&f: AZ0|N LEZ2Z ofLt A St
= Loop 1
— Key & 2: AH KeyS 2152 S HIE2| M X0 & &
= Loop 2
2D e di DU O T - Jousew deade N 0
(a) ﬂ4 6[1]3] ® [B spﬁlh © [2]4 591 3|
K/ k&/‘ s V

20830 120 Saacdnn 90 cb A . B o)

(d) 2,4561@ (e) |1 2456] ® [1]2]3]4]5]s
A) VB SOAT)

\A A LA
N




Algorithm

« Algorithm

INSERTION-SORT(A)
for j < 2 to length[A]
do key < Al[J]

i «— j—1
while; > 0 and A[i] > key
do Ali + 1] <« Al[i]
I «—1—1

Ali 4+ 1] < key
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> Insert A[ /] into the sorted sequence A[l ..

i LI

% Psedocode
1) Block { }: indentation
2) Loop: for, while, repeat, Condition: /f then, else
3) Comment; >
4) Assignment. , /<, , 1< j< e
5) Variables. ; j, keys
6) Array: A/i/=i-the element of array A
Al1.j]=subarray of A(A[1]A[Z]...AL)




Algorithm

(Q A=<52,461 3>



« Program by C

INSERTION-SORT(A)
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for j < 2 to length[A]
do key < A[J]

Program

> Insert A[j] into the sorted sequence A[l..j — 1].

It~ —1
while i > 0 and A[i] > key
do Ali + 1] < Ali]
I «—i—1

Ali + 1] <« key

void InsertionSort(int* A)
{ for(int j=1; j<LENGTH; j++)
{ int key = A[J];
// /n;erzf A[j] into the sorted sequence A[O..j-1]
:/C:mille?(ij o 0) && (Afi] > key))
! Ali+1] = AllJ;
i--;

}
Ali+1]=key;
}
}




Analysis

 (Correctness
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1) Initialization (X7|ZX7)
It is true prior to the 15t iteration of the loop : A[1]
2) Maintenance (8X|x=7)

If it is true before an iteration of the loop, it remains true
before the next iteration : A[1, ..., j-1]

3) Termination (E&XH)

when the loop terminates : A[1, ..., n]



Analysis

* Running Time
— I(n)
— n:input size ( /engthlA] )

INSERTION-SORT (A) cost times
1 for j < 2 tolength[A] Cl n
2 do key < A[]] 6 n—1
3 > Insert A[j] into the sorted
sequence A[l..j — 1]. 0 n—1

i« j—1 C4 n—1
5 while ; > 0 and A[i] > key Cs Y it
6 do A[i + 1] <« Ali] Ce Z';—,z(’j — 1)
7 i «—1—1 Cy Z':,:(’/ —1)
8 Ali + 1] « key cg n— 1

T(n) :cln+cz(n—1)+c4(n—1)+c52n:tj jL(:Gan(tj —1)+C7Zn:(tj —-1)+cg(n—-1)
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Analysis

* Running Time
(1) Best Case
T(n)=(c, +¢c, +c, +¢c; +cg)n—(c, +C, +C; +Cg)

—an + b
(ex) input = <1, 2, 3,4, 5, 6>

(2) Worst Case
Cs Cs G G &
T(n):(?+ )n +(c,+cC,+C, + > 5 +Cg)N—(C, +C, +C. +Cy)

:an2+bn+c

(ex) input = <6, 5,4, 3,2, 1>
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« Rate of Growth / Order of Growth
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Analysis

Memory
— In-place sorting
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Example

« Bubble Sort Algorithm

BUBBLESORT(A)

1 fori < 1 to length[A]

2 do for j < length[A] downto i+1

3 do if A[j] < A[j-1]

4 Then exchange A[j] < A[j-1]

1) A=<5,2,46,1, 3>

2) Running Time (best / worst)



Example

 Linear search algorithm

1)

2)

3)

4)

Problem

input : A = <ay, a,, ..., a,> and a value v
output : an index 7 such that v = A[j] or
NIL if vdoes not appear in A

Operation
« TXHLZ JE 18H n Tt S7HAIZIH B

 incremental approach

Algorithm

Analysis
- running time
- memory



