s Aol
1a8al) Ay 5 A8

Bale i) yualae
(Ladiial) clalal))
((rbosn + abua) Al ida

d)ac |

224 pR] o) LA a



Chapter one

MATLAB

MATLAB Introduction

MATLAB is a program for doing numerical computation.

It was originally designed for solving linear algebra type problems
using matrices.

It’s name 1s derived from MATrix LABoratory.

MATLAB has since been expanded and now has built-in functions
for solving problems requiring data analysis, signal processing,
optimization, and several other types of scientific computations.

It also contains functions for 2-D and 3-D graphics and animation.
Matlab i1s basically a high level language which has many specialized
toolboxes for making things easier for us

How high?

Matlab

High Level
Languages such as
C, Pascal etc.

A _4

Assembly

What are we interested in?

Matlab 1s too broad for our purposes in this course.

The features we are going to require is

Series of Matlab

Matlab
commands |
Command] [ . J
[ i mat-files
Input
Output Command Data
capability execution like DOS storage/
command window loading




Matlab Screen

k MATLAS = =10/x]
File Edt Debug Dedtcp Window Mep

Command Windo D@l o | B B % cmmoy oo Jle
w\sg S T
- Current wen) 1ot Wk " x
Type commands e n?:\

A Fies . [Fe 1ype

) BandPassF ormat Folder

1 3 BoundaryRefine Folder

Current DlreCtorF\ Jconvexhull Folder
mn——-} Folder

_ Vi _ |2 OynamicProgrammingF omant Folder
View folders and m-files i e

| heriksRapor Folder

| LDABoundaryRefine Folder

| IMAD_ESAT Folder

S s 4 DA Calins

Workspace————— 40
B, o)

- View program variables oSS "3
plot(1./Depold)

- Double click on a variable ploc (sba (1. /Depob))

plot (log(abs(1./Depel)) )

DF Reducer Demo

plot {207 1logi0(aba(1,./Depal)))

to see it in the Array Edltor figure, plot (20%10g10 (abs (1./Depod] )
figure(1),hold on ,plot (207 logl0(at

- 37.02.2007 2851

ad

be{1 2]
Command Histﬂry/ :-D

. ol _’:I
View past commands —l—l‘__'

-

- Save a whole session

using diary

MATLAB Help
e MATLAB Help is an

extremely powerful

Help Navigator &3]

aSSiStance to le aming Product fiter: @ a1l O Selected ko] Ll | I

cortertz | naex | Search 1 D | MATLAB v |[ a0 to Favories
X earct emos
MATLAB & R oadmap ~

[ Begin Here

C2 El Release Notes for Release
e Help not only contains the | ~paa
P Y 9N  Learning MATLAB
theoretical backgr Ound, o oamaes + Getting Started - introduction to MATLAB.

+-[ Geting Started
+ @ Development Environm -
¥ + Using MATLAB - user guides for all of MATLAB.
7@ Wathematcs + Programming Tips - tips on many aspects of
- bl g Tips -
+-1&) Programming and Data .
but also shows demos for - prgramming with MATLAE.

+8) Graphics - o + Examples - major examples in the MATLAB
) 3D Visualization decumartalich

implementatlon + B Creating Graphical Use + Release Notes - summary of new features, bug

+-8) Functions - By Category fixes, upgrade issues, etc.,
[ Functions - Alphabetica

~ @) Handle Graphics Prope [E Finding Functions and Properties
° MATLAB Help can be B Extemal InterfacesiaPl
+-[B) Extemal Interfaces/aP 1 + MATLAB Functions Listed by Category - browse

Opened by us1ng the HELP e +-[# Release Notes . v MATLAB functions by category.

+ MATLAB Functions Listed Alphabetically - find v

pull-down menu



e Any command description
can be found by typing the
command 1n the search field

e As shown above, the
command to take square
root (sqrt) 1s searched

e We can also utilize
MATLAB Help from the
command window as shown

MATLAB Toolboxes

e Statistics Toolbox

e Optimization Toolbox

e Database Toolbox

e Parallel Computing Toolbox

e Image Processing Toolbox

¢ Bioinformatics Toolbox

e Fuzzy Logic Toolbox

e Neural Network Toolbox

e Data Acquisition Toolbox

e MATLAB Report Generator

e Signal Processing

e Communications

e System Identification

e Wavelet Filter Design

e Control System

¢ Robust Control

) Help B[
File Edt View Go Web Window Help
Help Navigator =
& < O & | Findinpage \
roduct fiter: @ Al O Selected -
MATLAB Functions: sart v | | Add to Favorites
Contents ~ Index  Search  Demo: =
Search index for: Sqrt
sart | Square root
8 Br Syntax
.
B = sqgrt(X)
sqrtin action language St
sgrtm MF e
4 Description
square [1] Sir
square [2] Sit B = sqrt(X) retums the square root of each
P, o element of the array X. For the elements of X that are
< ¥ | negative or complex, sqre (X produces complex v

<) MATLAB

File Edit View Web Window Help
N ﬁ ? | Current Directory: VD:WIATLABSpS\Work V‘O

>> help sqrt

SQRT Square root.
SQRT(X) is the sguare root of the elements of X. Complex
results are produced if X is not positive.

See also SQRTM.

Overloaded methods
help sym/sqrt.m

>>




-

Connecting to MATLAB

ORACLE
Microsoft Acoess e
T S
B Java
& SYBASE Perl
Da%

Toolbox

A
J)
&

Instrument-Control
Data Aequisition
Image-Acquisition

Deploying with MATLAB

‘C/C< ICO |
Stand-alo/ne ﬂ %




MATLAB

The MATLAB environment 1s command oriented somewhat like
UNIX.

A prompt appears on the screen and a MATLAB statement can be
entered.

When the <ENTER> key 1s pressed, the statement is executed, and
another prompt appears.

If a statement is terminated with a semicolon ( ; ), no results will be
displayed.

Otherwise results will appear before the next prompt.

The MATLAB User Interface

Flo Edt Detug Destop Wrdow Hebp

D@ /B o« Bf| 7| nentovectory [Kommrmen = ja L
Shorcits (2] How 1o Add 2] What's New

Waurkapace L L i
RS S w | - s [on ]

[ | e | sae

To get started, select NATLAB Melp or Demos from the Help menu,

» |

PDF Reducer Demo

| | |
Currend Bireciory | espace |

Cownmand History >

x
Curlevel = levelSnife( AF472_AGGR. T, 2, 20
Curlevel = levelShifc( AP472_AGGR_T, 2,
Curlevel = levelShife| AP472_AGGR T, 2,
Pirobust = predictAPZratiolinesrRegress(
Pircbust * predictiPiratiolLinearRegress(
mean( Pirobust(:, 3))
waan( Pirobusci:,2))
Pirobust2 = predictAPiratiolinearRegress
mean( Pirobustd(:,2))
wean( Pirobustl(:,2))

mean (. P3robust2 (i,3))
10, s 102 pu -
o] smp—] Llj
4 st |

More about the Workspace

e who, whos — current variables in the workspace

save — save workspace variables to * mat file

load — load variables from *.mat file

e clear — clear workspace variables



chapter two

Everything in MATLAB is a matrix!

Starting MATLAB
To get started, type one of these commands:
helpwin, helpdesk, or demo
» a=3;
» b=a/2
b=
2.5000

»

Variables

e No need for types. 1.e.,

e All variables are created with double precision unless specified and

they are matrices.

Example:
>>X=5;
>>x1=2;

o After these statements, the variables are 1x1 matrices with double

precision



MATLAB Variable Names

e Variable names ARE case sensitive

e Variable names can contain up to 63 characters (as of MATLAB 6.5
and newer)

e Variable names must start with a letter followed by letters, digits, and

underscores.

MATLAB Special Variables

1. ans Default variable name for results

2, pi Value of ©

3. eps Smallest incremental number

4. inf Infinity

5. NaN Not a number e.g. 0/0

6. 1and | 1= = square root of -1

7 realmin The smallest usable positive real number
8. realmax The largest usable positive real number

Different format
>>e=1/3
& =
0.3333 %default

>> format long

>> e
B =
0.333333333333333 %Ilong decimal
>> format short e
>> e
& =
3.3333e-001 %Ilong exponential



To clear a variable

» who
Your variables are:
D ans rho
NRe mu \%

» clear D

» who

Your variables are:
NRe ans mu
»
Complex Numbers
Complex number i or j stands for V-1

»1

ans =

0 + 1.00001
»cl =2+31
gl =

2.0000 + 3.00001

»

Some functions deal with complex number

>> ¢c=1-21

c= 1.0000 - 2.00001
>> abs(c)

ans = 2.2361
>> real(c)

ans = 1

10
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>> imag(c)

ans = -2

>> angle(c)

ans =

Mathematical Functions
» x=sqrt(2)/2
X =
0.7071
» y=sin(Xx)
y =
0.6496

»

Built-in Functions

-1.1071

Trigonometric
functions

sin, cos, tan, sin, acos, atan, sinh|
cosh, tanh, asinh, acosh, atanh, csc|
sec, cot, acsc, ...

Exponential functions

exp, log, logl0, sqrt

Complex functions

abs, angle, imag, real, conj

Rounding and
Remainder functions

floor, ceil, round, mod, rem, sign

Math & Assignment Operators

Power A or
Multiplication " or *
Division ¢ or

or \ or

- ab or a’b
a*b or a*

J a/lb or al/b
£ bla or b.la

11



- (unary) + (unary)

Addition  + atb

Subtraction - a-b

Assignment = a=b (assignbtoa)
Other MATLAB symbols

>>  prompt
continue statement on next line
" separate statements and data
% start comment which ends at end of line
; (1)  suppress output
(2) used as a row separator in a matrix

specify range

MATLAB Relational Operators

e MATLAB supports six relational operators.

Less Than <
Less Than or Equal <=
Greater Than B
Greater Than or Equal =
Equal To e

Not Equal To ~=

MATLAB Logical Operators
e MATLAB supports three logical operators.

not ~ % highest precedence
and & % equal precedence with or
or | % equal precedence with and

12



Q1/
1) 8+3*5
ans =23

2) (8+3)*5
ans =55

3) 472-12-8/4*2
ans =0

4) 472 -12-8/(4*2)
ans =3

5) (3*4)"2+5
ans =149

6) 277(1/3)+32/(0.2)

ans =5
7) BK1/34882°0,2

ans =11

Exercise

13



Q2/ use Matlab to computer the following expenessions:

10, 18 )

ans =410.1297
6*(1%3)+18/(5*7)+5*(9A2)
ans =410.1297

a)

by 6(35%)+140-33

ans =17.1123
6*35"(1/4)+1470.35
ans =17.1123
1 4.6
) 2+3*> 5 7
ans = 0.7766
4/5 * 6/7
1 4 6
—+3%2+— 1t
d) 2 57%
ans =10.1857
2+4/5+6/7
€)

c=e ¢ sin(x)+10\/y—
for,a=5x =2,y =8

ans = 28.2904

¢ =exp(—a)*sin(x )+10*sgrt (y)
ans = 28.2904

14

sol (a)

sol (b)

Sol(c) 1/ (2+372) +

sol (d) /2 +3 ~

sol(e)



f) log (142) sol (f) log 10 (142)

Ans=4.9558

Q3/ consider the equation:

log(ax > +bx +c¢)—sin(ax > +bx +c)
Arrx > +cos(x —2)*(ax? +bx +c)

) f =

>
Il

T
mwl—;\o

o .

Poly=a*x A2+b *x +c;
denom =4%* pi *x A2+cos(x —2)* poly;

f =(og(poly)—sin(poly))/denom

F=0.0044
Poly=113

Denom=1.1031 €+03

10+4x *9/5—sin(b)+ tan(h>)

2) a B
5+10b +27zlog10

Where =5;

So

a=(10+4*x *(9/5)—sin(® )+ tan(® A 2))/(5+1%b + 2* pi *log10(
Ans=0.3035

15



_ 5+6%*7/3—sin(2%)
2/3*3/3*cos(0.5)

3)a

Ans= 33.7691

Sol/ a=(5+6*(7/3)—sin(2A2))/((2/3)*(3/3)*cos(0.5))

4+cos(x +y)

+
5+3x +27r10g(x y)

4)&223+

Where: x=2; y=5;

Sol/
a=2A3+@+cos(x +y))/(5+@B*x)+2*pi *loglO(x +y))

Ans=9.2915

16



MATLAB Matrices

e MATLAB treats all variables as matrices. For our purposes a matrix
can be thought of as an array, in fact, that is how it is stored.

e Vectors are special forms of matrices and contain only one row OR
one column.

e Scalars are matrices with only one row AND one column

MATLAB Matrices

e A matrix with only one row AND one column is a scalar. A scalar
can be created in MATLAB as follows:

»x=23
s s

23

e A matrix with only one row is called a row vector. A row vector can
be created in MATLAB as follows (note the commas):

» rowvec =[12, 14, 63]

rowvec =

12 14 63

e A matrix with only one column 1s called a column vector. A column
vector can be created in MATLAB as follows (note the semicolons):
» colvec = [13 ;45 ; -2]
colvec =
13
45
-2

17



e A matrix can be created in MATLAB as follows (note the commas
AND semicolons):
»a=[1,2,3;4,5 .,6;7,8,9] Or

wa= [1 23;456;7 8 9] Or
>>a=[123
456
78 9]
o =
1 2 3
4 5 6
7 8 9

Extracting a Sub-Matrix
e A portion of a matrix can be extracted and stored in a smaller matrix
by specifying the names of both matrices and the rows and columns to

extract. The syntax is:
sub matrix = matrix (rl :r2,cl :c2);
where rl and r2 specify the beginning and ending rows and ¢l and c2

specify the beginning and ending columns to be extracted to make the

new matrix.

18



MATLAB Matrices

® A column vector can be| ® Here we extract column 2 of the

extracted from a matrix. As an matrix and make a column
example we create a matrix vector:
below: » coltwo=matrix( :, 2)
» matrix=[1,2,3;4,5,6;7,8,9] coltwo =
matrix = 2
1 2 3 2
4 5 6 8
7 8 9

e A row vector can be extracted | ® Here we extract row 2 of the

from a matrix. As an example matrix and make a row vector.

we create a matrix below: Note that the 2:2 specifies the
» matrix=[1,2,3;4,5,6;7,8,9] second row and the 1:3 specifies
matrix = which columns of the row.

1 2 23 » rowvec=matrix(2 : 2, 1 : 3)

4 5 6 rowvec =

7 8 9 4 5 6

1 0 0] 0 0
eye(3)={0 1 O zeros(3,2)=|10 0
0 1 0 0
I 11
3)=[1 1 1 (2,4) b
nes(3) = ones(2,4)=
© {11 I 1 11

19




Special Matrices functions

>> a=magic(4)
7 —
16 2 3 13
5 11 10 8
9 7 6 12
4 14 15 1
>> b=rand(5)
b=
0.8147
0.9058
0.1270
0.9134
0.6324

0.0975
0.2785
0.5469
0.9575
0.9649

0.1576
0.9706
0.9572
0.4854
0.8003

0.1419
0.4218
0.9157
0.7922
0.9595

Some matrix building functions

>> diag(a)

ans =

Y% magic matrix

%random matrix

0.6557
0.0357
0.8491
0.9340
0.6787

_ )
q =
1 2 3
4 5 6
7 8 9
>> triu(a) >> tril(a)
ans = ans =
1 2 3 1 0
0 5 6 4 5
0O 0 9 7 8

20
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Concatenation of Matrices

e x=[12],y=[45]

A=[xy]
1 2 45
B=[x;y]
12
45

Matrices Operations

Given A and B:
» A= [123:456:78 4] #E=[352 528 364]
h = b =
1 3 5 o
4 5 = 5
T 3 B g
Addition Subtraction Product Transpose
3 %= A+ B Y =h-B BT = A% B BT = N
I = o= Ir = T =
5 - -3 1 2z 2T 45 4
14 -1 3 55 BR 102 3
w14 15 . : g8 105 159 B

21




Scalar - Matrix Addition

» a=3;
» b=[1, 2, 3:4, 5, 6]
b=

1 2 3

4 5 6

» ¢c=b+a % Add a to each element of b

Scalar - Matrix Subtraction
» a=3;

» b=[1, 2, 3:4, 5, 6]

1 2 3
4 5 6
»c=b-a %S Subtract a from each element of b
c =
2 -1 0
1 2 3

Scalar - Matrix Multiplication

» a=3;
» b=[1, 2, 3; 4, 5, 6]
b=
1 2 3
4 5 6
»c=a*b % Multiply each element of b by a

22



3 6 9
12 15 18

Scalar - Matrix Division

» a=3;
» b=[1, 2, 3; 4, 5, 6]
b=
1 2 3
4 5 6
»c=b/a % Divide each element of b by a
c =

0.3333 0.6667 1.0000
1.3333  1.6667 2.0000

The use of “.” — “Element” Operation

Given A: [
3
!
z
Divide each Multiply each Square each element
element of A by 2 element of A by 3 of A
P opfE Frohow3 woa TR
ans = ams = ans =
oo abodl ICUE TN N N
' ' ' 15 24 6 H 0
1.0000  3.5000 15000 4 4
B 21 9

23



Mean and Median

Mean: Average or mean value of a distribution

Median: Middle value of a sorted distribution

M = mean(A), M = median(A)

M = mean(A,dim), M = median(A,dim)

M = mean(A), M = median(A): Returns the mean or median value of
vector A.

If A 1s a multidimensional mean/median returns an array of mean values.

Example:
A=[025720] B=[123
336
468
47717];
mean(A) = 6.8

mean(B) = 3.0000 4.5000 6.0000 (column-wise mean)
mean(B,2) = 2.0000 4.0000 6.0000 6.0000 (row-wise mean)

Examples:
A=[025720] B=[123
336
468
4717];
Mean:
mean(A) = 6.8

mean(B) = 3.0 4.5 6.0 (column-wise mean)
mean(B,2) =2.0 4.0 6.0 6.0 (row-wise mean)
Median:

median(A) =5

median(B) = 3.5 4.5 6.5 (column-wise median)

24



median(B,2) = 2.0

3.0
6.0

7.0 (row-wise median)

Standard Deviation and Variance

Standard deviation is calculated using the std() function

std(X) : Calculate the standard deviation of vector x

If x 1s a matrix, std() will return the standard deviation of each column
Variance (defined as the square of the standard deviation) 1s calculated
using the var() function

var(X) : Calcuate the variance of vector x

If x 1s a matrix, var() will return the standard deviation of each column

X=[1509;7 15 22]
s = std(X)
s =4.2426 7.0711 9.1924

Insert element to matrix
»B=[137826511;1214 15 13]
B=

1 3 7 8
2 6 5 11
12 14 15 13

To insert element 42 to row 2 and column 5
» B(2,5)= 42
B=

23



1 3 7 8 0
2 6 5 11 42
12 14 1513 0

»B=[137826511;1214 15 13]

B=
1 3 7 8
2 6 5 11
12 14 15 13

To insert elements 11,13,54,31 to row 4 and columns 1,2,3,4
» B(4,1:4)=1315413 11]
B=

1 3 7 8

2 6 5 11

12 14 15 13

31 54 13 11

Replace element in a matrix

»B=[137826511;1214 15 13]

B=
r 3 7 8
2 6 5 11
12 14 15 13

To replace element in row 3 and column 1 by number 0
» B(3,1)=0
B=

26



1 3 7 8
2 6 5 11
0 14 15 13

»B=[1378:26511;12 1415 13]

B=
1 3 7 8
2 6 5 11
12 14 15 13

To replace many elements in row 1,2 and columns 1,2,3 by number 0

» B(1:2,1:3)=0

B-=
0 0 0 8
0 0 0 11
12 14 15 13

Delete elements in a matrix
In Matlab , you can delete row or column in a matrix

»B=[137826511;121415 13]

B=
1 3 7 8
2 6 5 11
12 14 15 13

To delete row 3

»B3,) =[]
B=

1 3 7 8
2 6 5 11

To delete column 4

. f]



» B(:,4)=1]

1 3 7
2 6 5
12 14 15

Find elements in a matrix
To find element in row 1 and column 3 in matrix B
» B(1,3)
ans =

7
To find elements in row 2 and columns from 2 to 4
» B(2,2:4)

ans =

To find last element in a row or column
» B(2,end) =
ans =

11

Equality of Matrices

e Equality of matrices: Matrices A, B are said to be equal if A and B
have the same size and corresponding elements are equal; i.e., A and
B have dimension m x n, and A = [a;j], B = [a;j], with a;; = b;;, 1 <1<

m, 1 <j<n.

Matrix Addition

28



e Addition of matrices: Let A = [a;;] and B = [b;;] be of the same size.
Then
A + B = [aj] + [by] = [a; + by]
1s the matrix obtained by adding corresponding elements of A and B.
Scalar Multiple of a Matrix
e Scalar multiple of a matrix: Let A = [a;] and t be a number (scalar).
Then tA i1s the matrix obtained by multiplying all elements of A by t;
that s
tA = tlay] = [ta]
Negative of a Matrix
e Negative of a matrix: Let Afa;;]. Then -A 1s the matrix obtained by
replacing the elements of A by their negatives; that is
-A = -[a;] = [-ay]
Matrix Subtraction
e Subtraction of matrices: Matrix subtraction is defined for two matrices
Ala;] and B[b;] of the same size, i the usual way; that is
A - B = [ajj] - [by] = [a; - bj]
Matrix Operations
e The matrix operations of addition, scalar multiplication, negation and
subtraction satisfy the usual laws of arithmetic.
e s, tare scalars and A, B, C are matrices of the same size.

1. (A+B)+C=A+(B+QC);

2. A+B=B+A,;
3. 0+A=A;
4. A+(—A) = 0;

5. (s+t)A=sA+tA,(s—t)A=sA—tA;

6. t(A+B) =tA+tB,t(A—B) =tA—tB;
Matrix Multipligationst) A;

8. 1A =A,04=0,(—1)A= —A;

9. tA=0=t=0o0r A=0
' 29



(Matrix product) Let A= [a;;] be a matrix of size mxp and B= [b;]| be a
matrix of size pxn; (that is the number of columns of A equals the number of
rows of B). Then AB is the mxn matrix C= [¢;x] whose (7, j)-th element is
defined by the formula

p
Cij= E @ikbrj=ai1byj+ - - - +ainbn;
k=1

apg ajn T alp
dy dpy ... Ay by by ... blj ... by 11 C12 ... Cin
. by by ... byl ... by | e Cm ... Oy
ay  Ap e a4 : : : : : ;
. 3 S _bpl bpz @ W bp] b bpn_ _cpl cp2 oo o cpn
| %m1 Q2 ... amp_
ail -¢ > bl]
b Multiply corresponding
e 17 elements together and
| o——
add the results to
& - form c;..
aip i = bpj y

Examples of Matrix Multiplication

1 2 5 6] [1x5+2x7 1x6+2x8] [ 19 22
3 4|7 8| [3x54+4x7 3x6+4x8 | |43 50 |
56‘12_2334#12’56“
7 8|3 4] |31 46 3 4|7 8]
1 [ 3 4]
2] =[5 s,

1

(3 4], ]=Tu]

1 -1 1 -1] [0 0

1 -1 1 -1 [0 0

30



Laws of Matrix Multiplication

Matrix multiplication obeys many of the familiar laws of arithmetic apart from
the commutative law.

1. (AB)C = A(BQC) if A, B, C are mxn, nxp, pXgq, respectively;

2. t(AB) = (tA)B=A(tB),A(—B) = (—A)B= —(AB);

3. (A+B)C=AC+BC if A and B are mxn and C' is nXxp;

4. D(A+B) =DA+DB if A and B are mxn and D is pxm.

System of Linear Equations

e System of m linear equations i n unknowns:

a11T1+a12C2+ - +a1,T, = by
a21x1+a22332—|— B s —f—agnl'n — bg
Am1T1+am2T2+ - - +amnTny = bm

e Equivalent matrix equation Ax=b.

ail a1z 0 aip " b
a1 Qg2 - Gy X b2
| Gm1 Am2 ° Qmn | | Tn | i bm |

e A is the coefficient matrix

x
T
e Vector or unknowns: x—=
]
ba
e Vector of constants (right-hand side): b= | .

Equivalent Equation for Ax = b
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a1 a2 A1n by
az1 a2 a2n b2
T +x2 + 4Ty, :
am1 Am?2 Amn bm
Example of a Linear System
e System z+y+z = 1
r—y+z =
x+dy—2 = 2
e Matrix form [ 1 1 1 T 1
1 -1 1 y | =10
3 5 -1 2 2
e Alternative form 1 1 1 1
z| 1 |+y | Sal +201 =10
3 5 -1 2
e Solution 0.0000
0.5000
0.5000
(1) 0.0000 + (1) 0.5000 + (1) 0.5000 = 1
(1) 0.0000 — (1) 0.5000 + (1) 0.5000 = 0
3(0.0000) + 5 (0.5000) — (1) 0.5000 = 2
The Trace

If A is an n x n matrix, the trace of A, written trace (A), is the sum of the
diagonal elements; that is

n

trace (A) =ai; tax+...+apy = Z Qi -
1=1

Example of the Trace
5 8 12 -1

7 4 -8 7
If A= 0 3 -6 & , then trace (A) =5+4+ (—6) + 3 =6.
-1 -9 4 3
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Properties of the Trace
o trace (A + B) = trace(A) + trace (B)
o trace(cA) = ctrace (A), where c is a scalar.

e If Ais an n x n matrix and B is an n X n matrix,
then trace (AB) = trace (BA).

MATLAB

e When performing vector or matrix operations using the operators '*',

'/, and "V, it may be necessary to use the dot operator ('.”) to perform

element by element operations.

MATLAB Examples
>A=[151;2-16;103] >> trace(A + B) >> A.*B
A= ans = ans =
1 5 1 13 2 15 0
2 -1 6 >> T*trace(A + B) 6 1 42
1 0 3 ans = 4 0 27
>>B=[230;3-17;4809] 91
B= >> trace(A*B)
2 3 0 ans =
3 -1 7 103
4 8 9 >> trace(B*A)
>> 5*A -10*B + 3*A*B ans =
ans = 103
48 13 137
55 170 101
7 1 6
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Another MATLAB Example

"nmn

e It is a common mistake to forget using when dividing an
expression into a constant.
>>v=[1234573]}
>>1./v
ans =
1.0000
0.5000
0.3333
0.2500

0.2000

MATLAB Exponentiation Operator
e Operator V. When vectorization 1s used, you must use it in the form

'N' For mstance, 1f t 1s the vector

t=1[1.0:0.5:3.0]
then
y =12

1s the vector whose elements are the squares of those in t.
>>t=[1.0:0.5:3.0]
$=
1.0000 1.5000 2.0000 2.5000 3.0000
>>y=t"2
y=
1.0000 2.2500 4.0000 6.2500 9.0000

Powers of Matrices
e The n x n identity matrix has ones on its diagonal and zeros in all

other locations.
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e IfAisann xnmatrix, A¥I=1*A=A.

The Matrix Inverse
e Ann x n matrix A is invertible, or nonsingular, if there exists an n x n
matrix denoted by A" such that
A*A-1=A-1*A=1

1 0 2
o Forexampleif A= | 1 3 0 |then
2 148
3 2 _6
Ay=| -1 2
1
=1 -5 3

Properties of the Matrix Inverse

¢ A matrix A can have only one inverse.

e If B 1s a matrix such that BA = I, then AB = 1. Similarly, if AB = I,
then BA =1; in other words B= A"

e (AB)'=B'A"

e (B'A"YAB)=B'(A'AB=B'(I)B=B'B=1

e If the coefficient matrix, A, of an n X n linear system

Ax = b has an inverse then the unique solution to the system is

x=A"b
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Computing the Inverse using MATLAB
e Use the command imv.
>>A=[615-1;129-8;-1 2 3]
A =
6 15 -1
12 9 -8
-1 2 3
>> B = inv(A)
B=
-0.220512820512820 0.241025641025641 0.569230769230769
0.143589743589744 -0.087179487179487 -0.184615384615385
-0.169230769230769 0.138461538461538 0.646153846153846
>> A*B
ans =
1.000000000000000 -0.000000000000000 0
0 1.000000000000000 0
0.000000000000000 -0.000000000000000 1.000000000000000

The Matrix Transpose

e If A is an m x n matrix, the transpose A' is

the

n X m matrix obtained by exchanging rows and columns. If A is the

matrix [aj], then

(AD); = aji
13 -1 77" é ; g
25 8 -9 =| " o |
4.0 1 12 = 8 1
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Properties of the Transpose

1. (AT)" =4;

2. (A£B)"=AT+BT if A and B are mxn;

3. (sA)"=sAT if s is a scalar;

4. (AB)T:BTAT if A is mxk and B is kxn;

5. A is nonsingular, then A7 is also nonsingular and (AT)_1 = (A_l)T.

. /
6. xsz.’L‘%+ s +a:,2,/ if x= [z1,...,x,]" is a column vector.

A Symmetric Matrix

e Ann X nmatrix A is symmetric if A' = A

1 8 12 3
8 5 1 10| g
A=l 1 6 9o |4
3 10 9 2

e Symmetric matrices appear very frequently in engineering and science
problems.

e Computations with symmetric matrices can normally be done faster
than with nonsymmetric matrices.

A Very Important Symmetric Matrix

e If A is anm x n matrix then A"A is an n x n matrix.

e A'isn x m, and an (n x m) times an (m x n) matrix has dimensions
nxn.

e IfAisanm x n matrix, then A'A is an n x n symmetric matrix.

(ATA)" = AT (AT)" = ATA
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The Transpose in MATLAB

e Use the operatorA — |1

A =

>> ATA =

ATA =

=t ATA —

8 —1:3 =9 1¢

AVw A

POF Reducer Demao

—24

170 —128
—128 235
A_TA’

0 0
0 0
0 0
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Chapter three

M-Files

e Script file: a collection of MATLAB commands

¢ Function file: a definition file for one function

Script Files

e Any valid sequence of MATLAB commands can be in the script files.
e Variables defined/used in script files are global, i.e., they present in

the workspace.

<) MATLAB Command Window =] E3
Eile Edit ¥iew Mindow Help

bd-file
Dpen.. Figure |
Dpen Selection kdodel
Bun Script...
Load Workspace...
Save Workspace As..
Show \yarkspace

Show Graphics Property Editor
Show Gl Lawout Tool

SetFath...
Freferences. .

Frint Setup...
Erint...
Ftint Selection...

Exit MATLAB Cirl+2

e

1 | 3
M h-filie L NUM | Y

i - ¥ B
R e r::\users\bg;ashnax;hc}tf s
ol SN L =8 —

File Edit Ted Go Cell Tools Debug Desktop Window Help WA X
NEE[$MBI¢ [0 Nenkb-BRARN[-] *O-

11 | x (et @

4%5 EE o 11._0 + |+

1 £Loop example [
flz-— [£ for i=1:2:20
iz - disp(i);
i end PDF Reducer Demo




M-file Example

Yotest.m %output
A=[123;456;789] >> test
B=sum(sum(A)) =
C=prod(sum(A)) 123
456
789
45
3240
Ytest.m Yooutput
A=[11 22 33;41 51 61;78 88 98] >> test
B=sum(sum(A)) A=
C=prod(sum(A)) 112233
41 51 61
78 88 98
B=
483
C=
4018560
%test.m Y%output
clc >> test
A=[1 23:45 6;7 8 9] A=
B=sum(sum(A)) 123
C=prod(sum(A)) 456
789
B=
45
C=
3240
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%test.m %output
gl >> test
A=[11 21 31;42 52 62;73 38 39] A=
B=sum(sum(A)) 11 21 31
C=prod(sum(A)) 42 52 62
73 38 39
B=
369
C=
1846152
%test.m %output
clc >> test
A=[1 2345 6;7 8 9] =
B=sum(sum(A)) l 23
C=prod(sum(A)) 456
789
B
45
C
3240
%test.m Y%output
clc >> test
D=[1 23:456;7 89] =
E=sum(sum(D)) 123
F=prod(sum(D)) 456
789
E
45
F
3240
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%test.m %output
cle >> test
clear D=
D=[1 23:456;7 8 9] 123
E=sum(sum(D)) 456
F=prod(sum(D)) 789
E=
45
F=
3240
%example.m Y%output
A=[349;245] >> example
B=size (A) A=
C=size(A,1) 3409
D = size(A,2) 2 45
B=
2 3
=
R
D=
3
%example.m %output
A=[115211;23145;31157;149 10] >> example
B=max(A) A=
C=max(B) 1 152 11
231 4 5
31157
1 4 910
B=
23 15 15
11
23
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%example. m

%output

A=[115211;23145;31157;14910] >> example
B=min(A) A=
C=min(B) 1152 11
231 4 5
3 1157
1 4 910
B=
1123
=
1
%example.m %output
A=[1 234567 8 910] >> example
B= length(A) A=
12345678910
B=
10
%example.m %output
A=[123;456;789] >> example
B= fliplr(A) A=
123
456
789
B=
3 21
6 54
9 8 7
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%example.m %output

A=[123;456;789] >> example
B= flipud(A) A
123
456
789
B
789
456
123
%example.m %output
A=[123;456;789] >> example
B=rot90(A)
123
456
789
B
369
2 S8
147
%example.m %output
A=[1 23;456;7 8 91011 12] >> example
B= reshape(A,6,2) A=
1 2 3
4 5 6
7 8 9
10 11 12
B=
1 8
4 11
i 3
10 6
2 9
5 12
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example.m

X = linspace(pi,-pi,8)
Y= sin(x)

Y%output

>> example
X=3.14 224 135 045
Y= 0.00 078 0.97 0.43

-0.45
-0.43

-1.35
-0.97

-2.24 -3.14
-0.78 0.00

example.m

X=[175213648]
Y = sort(X)

%output

>> example
X=75213648
Y=12345678
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Chapter four

MATLAB Graphics

e One of the best things about MATLAB is interactive graphics
e “plot” is the one you will be using most often

Plotting Commands

plot(independent variable, dependent variable)

plot(x,y) defaults to a blue line

plot(independent variable, dependent variable, *property’)
plot(x,y,’ro’) uses red circles

plot(x,y,’g*”) uses green asterisks

If you want to put two plots on the same graph, use “hold on”

plot(a,b,’r:”) (red dotted line)
hold on
plot(a,c,’ko”) (black circles)
Color, Symbols, and Line Types

Colors Symbols Line Types
b blue . point - solid
g green o circle . dotted
r red X x-mark -. dashsot
C cyan + plus -- dashed
m magenta * star
y yellow s square
k black d diamond

v triangle (down)
triangle (up)

< triangle (left)
> triangle (right)
p pentagram
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Example

clc E;_ 7 N
clear s} / \ / \
x=0: 0.1 : 10; i \ \

y= sin(x): A / \}
plot(x.y); o \ / X
oo,

L8F

Plotting

PLOT Linear plot.

e PLOT(X,Y) plots vector Y versus vector X

e PLOT(X,Y,’S’) with plot symbols and colors

Example
x=[-3-2-10123]; N /
y=(aA2)=1; L # .
plot(x, y,‘r');

Plot Properties

XLABEL X-axis label.

o XLABEIL('text) adds text beside the X-axis on the current axis.
YLABEL Y-axis label.

o YLABEL('text') adds text beside the Y-axis on the current axis.
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