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Running Time Analysis with Sorting Algorithms
(Selection Sort)

o For each iteration, a minimum is found in the sub list and it
is placed into right position in sorted sub list.

1 Selection sort (A)

2 {

3 forj=0 |A|-1do

4 {

5 Min=j =

6 fork=j+lto |A]-1 =
7 {

8 if Afk} <A[Min] then *—
9 Min=k =

10 }

1 IfMin#j -

12 Swap (A[j], A[Min])

13 }

14 }
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Running Time Analysis with Sorting Algorithms
(Selection Sort)

o Input: A sequence of n numbers <ay, ay, as, ... a,>

o Output: Permutation <a’y, a’,, a';, ... a’,> of input sequence such
thata’y <a’, <a3<..<

i Swap(A[0], A[2])
mn-1 [6]3]1]a]2]5] 1] Unsorted sub list

swap(ar1), a4y [] Sorted sub list

Don't need swap

Swap(A[4], A[5])
o]
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Running Time Analysis with Sorting Algorithms
(Selection Sort)

o For each iteration, a minimum is found in the sub list and it
is placed into right position in sorted sub list.

1 Selection sort (A)
2 {
3 forj=0|A|-2do <
4 {
5 Min=j < ~ C(n-1)
6 for k= j+1 to |A]-1 < C3(n—1)
7 {
8 if A[K] <A[Min] then <. )
9 Min =k 2
10 }
11 IfMin#j < Ce(n—1)
12 Swap (A[j], AlMin])
13 }
14 }
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Running Time Analysis with Sorting Algorithms
(Selection Sort: worst case)

o For each iteration, a minimum is found in the sub list and it
is placed into right position in sorted sub list.

1 Selection sort (A)
2 {
3 forj=0|Al-2do + cn
4 {
5 Min=j < - C-1)
6 for k=j+1to |A]-1 < C3(n—1)
7 {
8 if ALK <A[Min] then < . nn-1)
9 Minok - LICEEY
10 ) oz
1 1FMin#] < Con—1)
12 Swap (AL}, AlMin]) L Cen—1)
13 )
14 )
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Running Time Analysis with Sorting Algorithms
(Selection Sort)

Selection Sort Analysis

= Best Case:

T(n) = Cin+ Co(n = 1) + C(n— 1) +c¢<"( b))

>+ Co(n—1)

= %02 (€ + Gyt Gy =S4 C) = (Cy + G+ Co) = O(n?)

= Worst Case
T(n) = Cin+ Cy(n—1) + C(n—1) + G, (M"—;U> +Cs ("("—;1)> +Con—1) + Cy(n—1)
G G

= Cr D+ (0 Gt =L =S4 Gt )= (G + Gy + G + C) = O(n?)
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Running Time Analysis with Sorting Algorithms
(Insertion Sort)

o Input: A sequence of n numbers <ay, ay, as, ... a,>
o Output: Permutation <a’y, a’,, a';, ... a’,> of input sequence such
thata’; <a’ <a3<..<

an

~> CEEEEE] g

mens [1]2]3]4 6
[lese=T¢]

[}
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Running Time Analysis with Sorting Algorithms
(Insertion Sort)

o For each iteration, a element is placed into right
position in sorted sub list.

1 Insertion sort (A)

2 {

3

4 {

5

6

7 while i >0 and A[i] >key do -
8 {

9 Ali+1] = A[}]
10 i=i-1 -
11 )

12 Ali+1] =key -
13 )

14 }
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Running Time Analysis with Sorting Algorithms
(Insertion Sort: Best Case)

5 Te)
Insert 3 ﬂ [] unsorted sub list

[[] sorted sub list

Insert 4
Insert 5
Insert 6
[2]3 ]+ 5 ]e ]
T .
e S

Running Time Analysis with Sorting Algorithms
(Insertion Sort: Best Case)

1 Insertion sort (A)

2 {

3 — Cy(n-1)
4 {

5 ~ Cy(n-1)
6 Cyn-1)
7 while i >0 and A[i] >key do - Cyn-1)
8 {

9 Ali+1] = A[i]

10 i=i-l

1 }

12 Ali+1] =key =

13 }

14 }

T(n) = ¢;n + c(n -1) + c3(n — 1) + c4(n -1) + ¢,(n -1)
=(c;+C+Cc3+ ¢+ ¢)n -(c; +¢3+ ¢4 +¢y)
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Running Time Analysis with Sorting Algorithms
(Insertion Sort: Worst Case)

3 2
[+[s[s 1]

[[] unsorted sub list

[[] sorted sub list
Insert 3

men2 [3]4]5]6 [2]
vy 23 [4]5 [0 ]1]
2=
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Running Time Analysis with Sorting Algorithms
(Insertion Sort: Worst Case)

1 Insertion sort (A)
2 {
3 forj = 2 to length of array A do «—-foeeeree Gmn-1)
4 {
5 key = A[j] C(n—1)
6 U Cn-1)
7 while i >0 and Afi] >key do «——{-— ¢, (""27*1) —1y
s { n(n - 1)
9 Ali+1] = Ali] - G5
10 i=i-l oL
11 }
12 P T ——
13 }
14 }
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Running Time Analysis with Sorting Algorithms
(Insertion Sort)

Insertion Sort Analysis

O Best Case
Tm)=Cn—-1)+Cn-1D)+CGGh-1D+Cn-1D)+C(n—-1)
= (Ci+Co+Cs+ Cy+ CIn— (CL+ Co + C3 + C4 + C;) = O()

O Worst Case:

T(n)
:L‘,(nf1)+Cz(n71)+03(n71)+64<n(n7;1)71)+CS<L;U>+L‘E<y)+L‘7(n7U

e e G e . .
=Gt S+ Y+ (G G+ G LS -2 a ) n = (G + Gt G+ Gt 6) =0
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Running Time Analysis with Sorting Algorithms
(Bubble Sort)

o Input: A sequence of n numbers <a;, a,, as, ... a,>
o Output: Permutation <a’y, a’,, a’s, ... a’,> of input sequence such
thata’; <a’, <a3<..<a’,

[
o [EE[AIEE] ~ Dvwwewess
[[] sorted sub list

wweerr. FIEIEIEIEE]

Bubble up
Bubble up

Bubble up
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Running Time Analysis with Sorting Algorithms
(Bubble Sort)

o For each iteration, larger element move up (or smaller
element move down).

1 BubbleSort(A)
2 {
3 forj=|A|-LdowntoOdo <«
4 {
5 fork=2tojdo < -C,
6 {
7 IfALk-1] > Alk] * -G
8 Swap (A[k-1], A[K]) * Cy
9 }
10 }
11 }
COSC 220 Computer Science 11, Sp 2025 1
Or. Sang-Eon Park

Running Time Analysis with Sorting Algorithms
(Bubble Sort: Best Case)

o For each iteration, larger element move up (or smaller
element move down).

1 BubbleSort(A)
2 {
3 forj=|A|-1down to 0 do «- Cn
4 {
5 fork=2tojdo « C(n—-1)
6 {
7 I Alk-1] > ATK] < P )]
8 swap (Alk-1], ATKI) z
9 }
10 )
1 }
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Running Time Analysis with Sorting Algorithms
(Bubble Sort: Best Case)

2[3]4[5]s]
[[] unsorted sub list
Bubble up n [] Sorted sub list
Bubble up n
Bubble up n
Bubble up E
[¢]
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Running Time Analysis with Sorting Algorithms
(Bubble Sort: Worst Case)

o For each iteration, larger element move up (or smaller
element move down).

1 BubbleSort(A)
2 {
3 forj= |A|-1down to 0 do < Cin
4 {
5 fork=2tojdo « Cy(n—1)
6 {
7 1f Alk-1] > ATk] <— e Gy nn-1)
8 Swap (Alk-1], ALk]) 2 c4 "("2’ E))
9 }
10 }
1 }
Cosc 220 Computer Science 11, 5p 2025 18

Dr. Sang-Eon Park




4/7/2025

Running Time Analysis with Sorting Algorithms
(Bubble Sort: Worst Case)

Bubble up Eﬂnn
[[] unsorted sub list
Bubble up n D Sorted sub list
Bubble up .ﬂ
Bubble up ﬂ
Bubble up n
Bz E]=]=]e]
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Running Time Analysis with Sorting Algorithms
(Bubble Sort)

Bubble Sort Analysis
o Best Case:
T(n) = Cin+ Cy(n— 1) +53@

C: C:
=202+ (Ci+ 6= 2)n-c, = 0@m?)

o Worst Case:
T(n) = Cyn + Cy(n — 1) +53M+C4@

2
C: C, C: C.
=C+Yn+ (G +6-2-L)n-c, =00
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Running Time Analysis with Sorting Algorithms
(Shell Sort)

o Shell sort is a simple extension of
insertion sort that gains speed by allowing
exchanges of elements that are far apart.

o The speed of shell sort is depending on
the chose of sequence of h (sequence of
apart)
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Running Time Analysis with Sorting Algorithms
(Shell Sort)

Shell sort is a simple extension of
insertion sort that gains speed by allowing
exchanges of elements that are far apart.
Array is divided into group of shell.

Call insertion sort for each shell.

The speed of shell sort is depending on
the choice of sequence of h (sequence of
apart)
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Running Time Analysis with Sorting Algorithms
(Shell Sort)

void ShellSort (A, int h[])
{
for each h[i]
{
Divide array into h shell group
Call insertion Sort for each shell group;
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Running Time Analysis
(Shell Sort)

H=4

000] 00 [000]
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Running Time Analysis
(Shell Sort)

H=2

Ol 0] 0 (O [0/ O]
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Running Time Analysis
(Shell Sort)

H=1
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Running Time Analysis
(Shell Sort)

o The speed of shell sort is depending on the chose of
sequence of h Theorem)

The running time of Shell sort is O(n3/2) for the increments of
h 1, 4, 13, 40, 121, 364, 1093, 3280, 9841, ...).

Theorem)

The running time of Shell sort is O(n%3) for the increments of
h 1,8, 23,77, 281, 1073, 4193, 16577, 9841, ...).
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Summery of Sorting algorithm Analysis

Algorithm Best Case Worst Case Average Case

Insertion Sort o(n) 0O(n?) 0O(n?)

Selection Sort 0o(n2?) 0o(n2?) 0o(n2?)

Bubble Sort o(n2) o(n2) o(n2)

Shell Sort O(nk) (1< k <2) | O(nk) (1< k <2) | O(nk) (1< k <2)
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