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Chapter 1
Introduction to MATLAB




What 1s MATLAB ?
(MATrix LABoratory)




Course Outline

MATLAB Basics
MATLAB Programming

Graphical User Interface

Toolboxes

— Symbolic

— DSP

— Image Processing

Simulink
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General Notes

e Three ways to work on MATLAB
1. Command Window
2. M-file

3. Simulink

« Any parameter (scalar,vector,matrix, ..)

are saved directly 1n the workspace
after run the program.

« MATLAB 1s very Sensitive . . . . !



Command Window

Just enter 1s enough to run.
Simple, but can’t save.

Good for small program.

Fach line start with >>

Any parameter saved 1n workspace

Use seml column at end of each
line




Examples

SHOuE 8 Homfir] ||
>>5 Name L Value Size M
'H_Elans b 1] B
H x ; il 5
>> y=2 0y 2 W2 ’
31416 Til 214
Hﬂi : rr yEL
>> 7=pi1 .-
2
>> pl |
¥ 25pi
g =
>> X=3; | | D
3.1416
Command History o X
----- clear all i -C.
(clc, clear all) |




Notes

e When use Semili column

e x=5; x=6; then 1n work space (x=6)



Special Variables

ans:

P1l:

eps:

inf:

Default variable name for results
Value of 11
Smallest incremental number

Infinity

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

1 or J (imaglinary number)



Managing Variables

>>clc
>>clear all
>> x=5;
>>y=15;
>> who
>> whos

HName £ Value i Min
i : W5
My s WMo

¥ gl
¥ =1,
v who

Your varishles sce:

L

»» whog
Hame Gize Bytes (lass
X 1x1 B double
7 1x1 B double

>>\

': ﬁ Eﬁ @‘ﬁ‘ @ "Stack: Base vl

ttributes




Scalar , Vector and Matrix

e ascalar x = pi

* a vector x = [12 5 1]

AR



Matrix

*x(1,]) subscription y=x(2,3)
y e
4
y=x(3,1)
ewhole row v =
3 2 -1
y=x(:,2)

ewhole column

VY



Mathematical Functions

exp (x)
Sgrt (x)
Log (x)
LoglO0 (x)
abs (x
angle
con (

imag (

XX X~ =~

Vvvx

real (

sign (x)
max (x)
min (x)
sum (x)
mean (x)
diag(x)
Prod (x)

meanz (x)

VY



Matrix notes

For matrix A with (mxn) and matrix B with
(mxk), then C=[A B] 1s a new matrix
with (mx(n+k))

For matrix A with (mxn) and matrix B with
(kxn), then C=[A;B] 1s a new matrix
with ((m+k)xn)

)¢



Example

What 1s the out of following
1.

x=ones(1,10)

y=zeros(1l,5)

z=[x V]

2.
x=ones(1,10)
y=zeros (2, 10)
z=[x ; VY]

\o



First output

=>x m=ones(l,.10)

Columns 1 through 13

1 1 1

Columns=s 14 through 15

o 0

1 1 1 1
0
1 1 1 1

1



Second output

== HX=onez[(1l,10]

1 1

== W=zZeroaos (2,101

1 1
(] (]
O O

= o==[=x , ]
7 Error using

411 marrices on
same mamber of

1 1 1 1 1 1 1 1
o (] o o
] (] ] ]
1 1 1 1
] (] ] ]
a O a a

== hor=cat
a row in the bracketed expression mast hawe the

Fonrs.

\RY%



Operators (arithmetic)

x>~

-

addition
subtraction
multiplication
division
power

element-by-element multiplication
element-by-element div
element-by-element power

transpose

YA



Operators (relational, logical)

equal

not equal

less than

less than or equal
greater than

greater than or equal

AND
OR
NOT

p1 3.14159265...
j imaginary unit, -1

1

same as |

Y4



Generating Vectors from functions

zeros (1, 3)

zeros(M,N) MxN matrix of zeros
0 0
ones(M,N)  MxN matrix of ones ones (1, 3)
1 1
rand(M,N)  MxN matrix of uniformly
rand(1l, 3)

distributed random numbers
on (0,1)

0.9501 0.2311 0.6068




Define the following matrix:

E?Xﬁ L@H@ >>A=[16 3213;5 1011 8;9 6 7 12; 4 15 14 1], }

L))

A= 16 3 2 13 <@
5 10 11 8
9 6 7 12
4 15 14 1
AG6) A2,2) A(1,end)
Nores 3 4
e The element in row 1 and column j of 9 3 ) 13
matrix A is denoted by A(i,))
(row-column subscript). 1 0 H )
* [t 1s also possible to refer to the elements
of a matrix with a single subscript, A(k), 1 15
(element colum wise index). ° 12
» "end" specifies maximum index value. 4 8 12 16
4 14 15 I




ple

Define the following matrix:
1 - zeros matrix with dimensions (2x4)
2 - five’s matrix with dimensions (2x2)

>> 7 = zeros (2,4)

7 =
0 0 0 0
0 0 0 0
>> F = 5*ones(2,2)
F =
5 5
5 5

Yy



Concatenation

A=16 3 B=11 3
5 10 5 10
\ c= [16 3|[11 3

5 10||5 10
A B

C=[A B]




Example

>>A=[1 2;3 4]
>>B =[A A+10; A+20 zeros(2) ]

B =
1 2 11 12
3 4 13 14
21 22 0 0

23 24 0 0

Y¢



Colon Operator -

j:k same as [J,J+1,...,k] 1s empty 1f jJ > k
J:i:k same as [Jj,Jj+1i,3J+21i, ..,k] 1is empty

if 1 > 0 and 7 > k or if 1 < 0 and j < k
A(:,]3) |1s the j-th column of A
A(i,:) |is the i1i-th row of A
A(:,:) |equivalent to the same as A.
A(j:k) |is A(]), A(J+1),...,A(k)

Yo




Exercise

A\l



Results

== ai([1,.,311

Yv



= c=al:,2)
- =

2

&

10
= od=aj2, 1)
d =

5 &

YA



Operators

[]Concatenation x = [ zeros(l,3) ones(1l,2) ]

() subscription x=1135709]

y = x(2)
y =

3
y = x(2:4)
y =

3 5 7 ¥4



Indexing

A(:,[34])

A(1:5,6)
A(1:end, end)
A(:,6)
A(:,end)
A26 . 30)
A26 . end)

A2,1)
A2)

] i .
AB:5,1:2) row-column subscript

L] elemens wise index




Delete rows and columns from a matrix using colons
and just a pair of square brackets.
Magic square

Eiample | B~ masic o)

B(:,3)=1] .
B = 16 2 B 13
16 2 13 5 11 1E 8
5 11 Q 9 7 12
) 7 12 4 14 1p 1
4 14 1 /

If you delete a single element from a matrix, the result 1sn’t a
matrix anymore. So, expressions like B(1,2) = [ ] result in an error.
However, using a single subscript deletes a single element, or
sequence of elements, and reshapes the remaining elements into a
row vector. So

B(2:2:10) =[] results 1n

B =
16 9 2 7 13 12 1

)



Examples

# Suppose a=[6 9 4; 1 5 7]

What is the difference between following
a(l,2)=3

a(l,5)=3

# let a=[1;2;3;4;5;6;7;8;9;10]
a(3)=15

l:5)=zeros(1l,5)

)=zeros (1, 3)

Y



Results

=>= a=[6 9 4; 1 5 7]

Yy



Results

r o a=[1;2;3;4;5;6;7;8;9;10] >» a(l:5)=zeros(1,5) |>> a(l:5)=zeros(1,3)
2?2 In an assignment A(I) = B, the number of elements
a = a = in B and
I must be the same.
1 1]
2 1] > a(ld)=I[]
3 0 >>» af{e:8)=[]
4 0 3 =
5 0 | =
=) & 0
1 7 0 0
8 8 0 0
9 ) 0 0
10 10 0 0
G 1]
>> a(3)=15 7 °
a
a = 9
1
2 >> a(6:10)=[]
15 277 Index of element to remove exceeds matrix
4 dimensions.
5
6
7
g
9 ¢
10




Commands on Vectors

# Suppose a=[2 1 4 ] Find:

2 1 4
max (a) >> max (a)
min (a) ans =
sum (a) :
prod (a) o

Yo




Commands on Matrix

b=[1 3 7 8; 2 6 5 11; 12 14 15 13]
max (o)

min (b)
sum(b)

mean (b)

1



Results

>> b=[1 3 7 8; 2 & 5 11;

b =
1 3 7 g
2 G 5 11
12 14 15 13
> max(b)
ans =
12 14 15 13

> max (max (b))

ans =

15
>> min (b)
ans =
1 3 5 8

>> min(min (b))

ans =

12 14 15 13]

> sumib)
ans =

15 23 27 32
>> sum(sum(b))
ans =

57
>> mean (b)
ans =

5.0000 7.6667 5.0000
>> mean (meanib))
ans =

§.0833

> meand (b)

arns =

B.0833

10.6667

v



Results

>» diag(b)
ans =

1

&

15
>> prod(b)
ans =

24
>> prodiprod(b))
ans =
3.6324e+009

> bt

arns =

-1
Fo @ b

12
14
15
13

252

525 1144

>> b''!

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

>> (b'})'!

ans =
1 3 7 8
2 o 5 11

12 14 15 13

> sum(diag (b))
ans =

22

YA




Results

== b=[1 3 7 S: 2 &6 5 11:; 12 14 15 135] :

B =
1 = i =
= = L 11
1= 13 15 1=

= =
1 3 i (=] (]
= & 5 11 s
1= 14 15 1= (1]

== Bhid,1l:4)1=[31 54 13 11]

h =
1 3 i (=] (]
= (= 5 11 .=
1= 13 15 1= (1]
31 54 1= 11 (]

Y4



Results

WY
WY

i
I

il

L=, 1L = =21 =
L= =1 = =
- [

- [

- [

=1 ==
C 1

- [

- [

=1 S 23

-

I
0K

15
1 =

W~

11 -

.
1=
11

.
.

N




Arithmetic Operators

A= A2

3 4 5

1 4 0

1 8 2
Matrix operation Array operation
18 68 25 9 16 25
7 20 5 1 16 0O
13 52 9 1 64 4

&)



Exercise

e Let b=[3 0 4 9 6; 0 0 7 5 1]

e et c=[-4 12 3 5 8]

1.What 1s the output of
following command b(2, :)=c ?

2.Which of following change ‘b’ or “‘c’?

&y



Results

> b=[3 0 4 9 e; 0 0 7 5 1]

B =
3 o 4 S &
O O 7 S 1

> c=[—-4 12 3 5 8]

o =
—4 1z 3 5 a2

B =
3 ) 4 S =)
—4 12 3 5 a

> oC

= =
—4 12 3 5 2

AN



Logical

»»ou=[123 4]

# Let x = [1 2 3 4]

Explain the y =

difference between

the result of the 1 2 3 4

following two code

lines: > x([1010])

x([1 0 1 0]) 779 Subscript indices must either be real positive

x( logical ([l 0 1 0]) ) [integers or logicals.

>» x( logical([1 01 0]) )

alls =

¢¢



Rotation

W N

Let a=[1 2 3;4 5 6;7 8 9]

. rot90 (a)
. a’

. fliplr(a)
. Flipud(a)

¢o



Results

1 2
5 (=]
=] 10

== rot30lal

ans =
< bS]
3 7
2 [
1 5

== a'

arns =
1 5
= [
3 7
<1 &

12
11
10

10
11
1=

»» f£liplr(a)

4 3
g 7
1z 11

=» Flipudia)

darns

9 10
5 G
1 &

10

11

1z

2



Question

which of following give the matrix
1 2 4

O 39 O W

0
8
9

1 2 3 4,zeros(1,4),[5,6,7,8],9*ones(1,4)]
56 78 9 9 9 9]; a=[1 2 3 4;[0 0 0 0]; I[b]]
1 2 3 4;5 6 78; 9 9 9 9
a(l,:);zeros(1l,4);a((2
1 2 3 4;56 7 8; 999 9]
a(l,:);zeros(1l,4);a([2,3]

]
3),:)]

QJQJQJQJ?QJKOU'I

rt) ]

1A%



= o a=[1 2 3 4,zeros(l,49), [5,6, 7,819 ocnes (1,4} ]

Columns 1 through 9

1 2 3 4 ] ] o ] >

Columns 10 through 16
= 7 g S S S 9

> EEEEEEEEEEEEEERIlEEEEEEEEEEEEEEE
= b=[5 & 7 8 9 959 9 9]

B =
5 & 7 & S S S S

> a=[1 2 3 4:;[0 0 O C]; [b]11]
7?77 Error using =——> wvertcat
CAT arguments dimensions are not consistent.

= EEEETEEEEEEE O3 ETEETEETETEETTEEEETEES
= o a=[1 2 2 4:% & 7 8; 59 9 5 9]

a:
1 2 3 4
5 =) I =]
= = = =

= a—=[a(l;,z)rzzeros(l,4);a( (2, 3) 211
227 a=[a(l,;,2lrzercos (1,49 :;2((2,3), 22 ]

EA

Error: Expression or sStatement is incorrect—possibly
nnbalanced |, I, or [



Results

>> TETTTTTTTTET 4 TEEETTEEEEEEEEES
>> a=[1 2 3 4;5 6 7 8; 9 9% 95 9]

1 2 3 4
=) &) 7 8
S S S S

»>» a=[a(l,:);zeros(l,4):;a({[2,3],:)]

oo
oo o b
[N+ TS I e I W
e I o T QY o9

)



Identity matrix

Y = eye(n) returns the n-by-nidentity matrix.

Y = eye(im,n) or Y = eye([un n]) returns an m-by-n matrix
with 1's on the diagonal and O's elsewhere.

The size inputs m and n should be nonnegative integers.
Negative integers are treated as 0.



Identity matrix

==
sve O >> x =
= oeye (4)
ans =
x =
dns =
1 1 0 0
0] 1 0
= eye (0) 1 0 0 0
0 1 0 0 > o = eyel(l,4)
ans = 0 0 1 0
0 0 0 1 X =
[ ]
1 0] 0] ]
>> eye (1) >> f=eye(-2,4) 0 1 0 0
ans = f = »>> vv=eye (5,4)
1 Empty matrix: 0-by-4 ardiE
= eye (2) >> f=eye (2,-4) 1 0 0 0
0] 1 0 0
ans = £ = 0 0 1 0
0 0 0 1
- o Empty matrixz: 2-by-0 0 0 o o
O 1 o)




Question

which of following give the matrix
0 0 4

. a=[0 0 O 4, [zeros(1,2),4,0],[0 4 0 0],[4 O 0 0711
4*xflipud(a)

sw N e
Il

1NN

>

D

L<
S0
=~

; 4*fliplr(a)

oy



Results

>> TEEEEEEET 1l TEEEEEE
>> a=[0 0 0 4, [zeros(1,2),4,0],[0 4 O 0O),[4 O O 0O]]

Columns 1 through S

0 0 0 = 0 0 = 0 0
Columns 10 through 16

4 0 0 4 0 ] 0

> EEEEEEEE 2 HFEEEESS
> a—eve (4); 4*flipud(a)

dans =

LR
i O i
i v T
v i

oy



Results

= STEETTTEETT O3 OTETEETEFEE
= o a=dYvevyve (4)

000 bk
R '
O b 0O o
=000

> FE5EEF5FEFFE 4 FEEFEFEEFSFH
> a—evyve(4):; 4*fliplr(a)

aTls —

(g R
I
CoOw D
i I

o¢



