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Disclaimer

 We disclaim any warranties or representations as
to the accuracy or completeness of this material.

Materials are provided “as is” without warranty of
any kind, either express or implied, including
without limitation, warranties of merchantability,

fitness for a particular purpose, and non-
infringement.

Under no circumstances shall we be liable for any
loss, damage, liability or expense incurred or
suffered which is claimed to have resulted from
use of this material.
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Goal

— This lecture aims at defining the terms of the
complexity of algorithms
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Prerequisites
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Further readings

« Students interested in a deeper look at the covered
topics can refer, for instance, to the books listed at

the end of the lecture.

- A detailed presentation on Recurrences can be
found in Lecture 8 _2.2.
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Outline
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Outline
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Algorithm

A sequence of
computational steps
that transform the
input into the output.
Each step must be
“finite” in terms of
required time & effort




The Arabic source,
al-Kwarizmi Algorithm
‘the man of Kwarizm’
(now Khiva), was a

name given to the
mathematician A sequence of

Abd Ja‘far Muhammad computational steps
ibn Mdsa that transform the

input into the output.
Each step must be
“finite” in terms of

required time & effort







Hint
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Algorithm analysis
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Algorithm analysis
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Algorithm analysis
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How evaluating the “quality”
of an algorithm?

* Subjective

* Objective
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Efficiency

Ability of solving the
proposed problem
using a low
consumption of
computational
resources




Resources consumption

« Spatial cost
« Temporal cost
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We will focus our attention
mainly on temporal cost







A simple example
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A simple example
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t*a t—}-’ ts

Thr =

Ta2



t*’ t—l—’ ts

Thrs = t, Tharo = 101, Tas = 100¢,



Which program is the
best: A1 A2 or A3 ?

t*a t—i—a ts

Tars = t. Thro = 101, Tas = 100 ¢,



A simple example
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For each computer
theres a best one /Il









Outline
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Execution time
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Computational analysis

* n: size of the problem:

« T: Execution time
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Advantages
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Advantages
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Outline

Slide #8_2.1.36



Asymptotic Behavior
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Asymptotic Behavior
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Asymptotic Behavior - Advantages
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Asymptotic Behavior - Disadvantages
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Asymptotic Behavior - Disadvantages

Slide #8 2.1.41



Asymptotic Behavior - Disadvantages
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Examples



Examples



Outline
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Notations O, 12, 0
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Notation O

upper
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Notation O — Practical Rules
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Notation 2
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Notation 2 — Considerations

lower
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Notation @
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Notation @ - Considerations
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Notations 6, 0, 2
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Example 1: Iterative procedure

4 N

\ /
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Example 1: Iterative procedure

4 N

temp = A[j-1];
A[j-1] Al3];
A[j] = temp;

\_ | -
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Example 1: Iterative procedure
temp = A[j-1];
A[j] = temp;
N J

A[j-1] A[jl]l;
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Example 1: Iterative procedure

\

~

for (jJj=N-1; 9>=i+1l; j--)
if(A[J-11>A[3]){
temp = A[j-1];
A[j-1] = A[3]];
A[j] = temp;
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Example 1: IteratiTe procedure B

\

<

for (jJj=N-1; 9>=i+1l; j--)
if(A[J-11>A[3]){
temp = A[j-1];
A[j-1] = A[3]];
A[j] = temp;

Slide #8 2.1.61



Example 1: Iterative procedure

\

~

for (i=0; i<N-1; i++)
for (j=N-1; j>=i+l; j--)
if(A[J-11>A[3]){
temp = A[j-1];
A[j-1] = A[]];
A[j] = temp;
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Example 1: Iterative procedure

~.

~

\

for (1=0; i<N-1; i++)
for (jJj=N-1; 9>=i+1l; j--)
if(A[J-11>A[3]){
temp = A[j-1];
A[j-1] = A[3]];
A[j] = temp;
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Example 1: Iterative procedure

void bubble (int* A, int N) { \
// sorts array into increasing order
int 1, j, temp;
for (i=0; i<N-1; i++)
for (j=N-1; j>=i+l1l; j--)
if(A[J-11>A[3]){
temp = A[j-1];
A[j-1] = A[3]];
A[j] = temp;

L /
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Example 1: Iterative procedure

void bubble (int* A, int N) {
// sorts array into increasing ord
int 1, j, temp;
for (i=0; i<N-1; i++)
for (j=N-1; j>=i+l; j--)
if(A[j-1]1>A[]]){
temp = A[j-1];

o)
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Example 1: Iterative procedure
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Outline
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Recurrence

An equation that
describes a function
in terms of its value
on smaller functions




( O n:O ( O n:O
s(n) =1 s(n) =
c+s(n—=1) n>0 n+s(n-1) n>0

C n=1
T'(n)=- T'(n)=-+

aT(ﬁj+crz n>1
| b

2T(Ej+c n>1
| 2










T(n)=-




C n=1

T'(n)=-+
n

2T(—j+cn n>1
| 2




C n=1

T'(n)=-+
n

2T(—j+cn n>1
| 2




T'(n)=-+




T'(n)=-+

9T(n/3) + n

T(n) =+

\

n>1

O(nlog, n)
@(n log, a )



T'(n)=-+
9T(n/3) + n

T(n) =+

T(n) = ©(n'°%°%) = O(n®)

\

n>1

O(nlog, n)
@(n log, a )
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Example 3: recursive procedure

4 N

\_ /
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Example 3: recursive procedure

-

.

~
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if (n<=1) {
L /




Example 3: recursive procedure
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