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Last Lecture

* Introduction

* Memory and Variables
* Operators

* Scripts vs. Functions
* Matrix Calculator

* Colon:

* Semicolon;

e Comma,

18/11/2025
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Matrix Index

A=[1 2 5 6; 7 8 9]

°
’

A =

[
N D =W

QO] N

B =A(1,1)

C=A(2,1:3) = A(2,:)

D A(3,[2 3]) = A(3,[2:3]) = A(3,2:3)
A(l, 1) =4
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Content

 Matrix Calculator Continued...

* Linear Equations
* Symbolic Math Toolbox

e Control Structures
1. Conditions
2. Loops
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Vectors

Colon:

* start : end
1l = 5
e 5 = 1

* start step size
e 1 2 5
e 1 2 1 b
5> : =2 = 1
e 5 = =2 0

* Exact start and step size, but not end

18/11/2025

end
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1x5 vector
1x0 empty vector



Vectors

* linspace

* linspace (X1,

* linspace (0,

* linspace
* linspace
* linspace
* linspace
Default N =

* linspace

18/11/2025

(0
(
(
(
1
(1

O
0,
1,

00

X2,

~

~

U o O B Pbd
~
w DN W N

~— =

100)

N)
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Generates N points between X1 and X2
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Logarithmic Scale
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Vectors

* logspace Logarithmically spaced vector
* logspace (X1, X2, N) Generates N points between X1 and X2
* logspace (0, 2, 2) 1 100
* logspace (0, 2, 3) 1 10 100
* logspace (l, 5, 2) 10 100000
* logspace (1, 5, 3) 10 1000 100000
 logspace (0, 1) 1 1.0481 1.0985 .. 9.1030 9.5410 10

e Default N 50

18/11/2025 CAD



Matrices: Creation

¢ 7zeros
0O 0 O
zeros(3)= |0 0 O
0O 0 O

18/11/2025 CAD



Matrices: Creation

° cye
1 0 O
eye(3)= |0 1 O
0 0 1

eye(l, 3) ={1 0 O}

eye (3, 1) =|0

18/11/2025 CAD 10



Matrices Functions

a b
o A =
[c d
* Determinant = |A| =ad - bc

* |[nverse

Inverse of a Matrix

18/11/2025 CAD
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Matrices Functions

e det Determinant
e 1NV Inverse

18/11/2025

CAD

12



Matrices Functions

a b
o A =
[c d
* Determinant = |A| =ad - bc

* |[nverse

Inverse of a Matrix

18/11/2025
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> 1nv(a)

-2 .0000
1.5000

1.0000
-0.5000
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>> [1:4;5:8)

Matrices Functions .
5 6 7
* Lranspose ! >> transpose([1:4;5:8])
1 S
2 6
3 7
4 8

>> [1:4;5:8]°

ans =

18/11/2025 CAD
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Matrices Functions

*a * 1nv(a)= eye(2)

°*a * a = a ~ 2
*a .* a =a . 2
123XT5_53
4 5 6 9 10| =
111 12

18/11/2025 CAD

>>
>>

>>

g

a=[1

disp(a
1.0000
0.0000

disp{a
7
15

disp{a
1
9

2:;3 4];
* inv{a))
0
1.0000

*aj
10
22

.* a)
4
16

15



Matrices Functions

* repmat Replicate and tile an array

>>a = [1 2;3 4];

>> disp(repmat{a, 2, 3)

1 2 1
.|

3
1 2 1
3 4 3

L =W =
= B s [

18/11/2025 CAD 16



Matrices Functions

>> b=[1:3;4:6]

000

>> reshape{b, 3, 2)

* reshape Reshape array

18/11/2025 CAD



Matrices Functions .

1 2 3
: . . 4 S &
*min Minimum elements of an array 7 : 9
* max Maximum elements of an array >> disp (min (c))
1 2 3
* sum Sum of elements (by columns)
* mean Average or mean value (by columns) 7> @Epmesen

>> disp (sum(c))
12 15 18

>> disp {mean (c))
4 5 &

18/11/2025 CAD



Matrices

* num2str
num2str ([1:3;4:0])
'L 2 37
'4 5 o

18/11/2025

CAD
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Matrices Extraction

1 2

4 5
e diag Diagonal of a matrix [
e triu Extract upper triangular part - dijp“iag‘c”
e tril Extract lower triangular part >

9

>> disp(triu{c))

1 2
0 5
0 0

>> disp(trili{c))

1 0
4 5
7 8

18/11/2025 CAD



Matrices

*size Size of array

* length Length of vector

* length (x)

18/11/2025

max (size (x))

CAD

>> length (b)

ans =

3
>> b’
ans =
1 4
5
3 &

>> length{b")

ans =

21



Matrices: Members’ Functions

* sgrt
sgqrt ([1:41])
1.0000 1.4142
sqrt ([-1:1])

0.0000 + 1.00001

e factorial
factorial ([1:3])
1 2 0

18/11/2025

1.7321 2.0000

0.0000 + 0.00001

CAD

1.0000 + 0.00001
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Linear Equations

18/11/2025

3.x+2.y —z =10
—x+ 3.y+2.z=5
x—y —z =-1
3 2 —17[x] [10
-1 3 211y 5
L1 -1 —-111Lz. —1.
A.X=B
LA x=4"1
=A"LB=A\

CAD

>> A=[3 2 -1;-1 3 2;1 -1 -11;
>> A\B

ans =
-2.0000

5.0000
-6.0000

B =

[10 5 -117;

23



Symbolic Math Toolbox

3.x+2.y —z =10
—x+ 3.y+2.2z=5
x—y —z =-1
SYmMS Short-cut for constructing symbolic variables (not numeric)
syms X y Z ans =
— * * _ S .
eql 3*x +2%y < 10; struct with fields:
eqz2 = —-X +3*y +2*¥z == 5;
X: -2
eqgq3 = X -y — Z == -1; v: 5
solve ([eqgl, eq?2, eq3], [x, v, z]) z: -6

18/11/2025

CAD
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Functions

* Set of steps

18/11/2025

CAD
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Control Structures

* Sequential — —> —> —

* Branching

* Repetition

18/11/2025 CAD 26



Example

* Quadratic (second order) equations:
a.x°+b.x+c=0

* Inputs:
ab,c

e Qutputs:
X1, X2

18/11/2025 CAD
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Second Order Equation

a.x’4+b.x+c=0

ab,c

A

X1, X2

=—bi\/K

2.a

X1,2

18/11/2025 CAD

A<O

28



Decisions

18/11/2025

xXe4+b.x+c=0

Check input!

CAD
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Flowchart

S
n S

X—|2 -

Display results

18/11/2025 CAD



Relational Operators

* Equal ==
* Unequal ~=
* Smaller <
* Greater or equal >=
* And &
* Or |

* Not ~

18/11/2025

CAD

(not equal)
(VB <>)
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Relational Operators

* false

* true

* Any none zero value is true

18/11/2025

0
1

CAD
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Relational Operators

* Not: ~
~False = True; ~0 =
~True = False;
~1 = 0;
~2 = 0;

18/11/2025

CAD
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Relational Operators

e And:b>a &b<c

e Or:

18/11/2025

True
False
True
False

True
False
True
False

22 &2 2 &

True
False
False
True

True
False
False
True

= True

= False
= False
= False

\ 4

True
False
True
True

CAD

v
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Precedence of Operators

Brackets ()
Power

Unary Plus/Minus, Not
Multiple and divide
Addition and Subtraction
Colon

+ ok 4+ >

A\

Compare
And &
Or |

© 0o N OAEDND-=

18/11/2025 CAD
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Precedence of Operators

0 & (O | 1) 0

0 & 0 | 1 1

18/11/2025 CAD
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Precedence of Operators
(~ 1) * O 0
~ (1 * 0) 1

~ 1 * 0 0

18/11/2025 CAD
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Decisions Syntax

!

18/11/2025

1f condition
Lrue statements

end

CAD
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Decisions Syntax

/’

N

18/11/2025

1f condition

true statements
else

false statements

end

CAD
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Decisions Syntax

18/11/2025

1f conditionl
truel
elseil1f conditio?2
true?
else
all conditions false

end

CAD
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Second Order Equation Solver

function [x1, x2] = root ex(a, b, c)

O

5 root ex(a, b, c) computes the roots of the

O

% second order equation a x*2 + b x + ¢ =0

18/11/2025 CAD
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Second Order Equation

1f (a~=0)
d = b"2-4*a*c;
x1l = (-bt+sqgrt(d))/(2*a);
x2 = (-b-sgrt(d))/(2*a);

disp('There are two roots for this equation.')

end

18/11/2025 CAD
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Second Order Equation

1f (a~=0)
d2 = sqgrt(b”"2-4*a*c);
x1l = (-b+d2)/(2*a);
x2 = (-b-d2)/(2*a);

disp('There are two roots for this equation.')

end

18/11/2025 CAD
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Second Order Equation

if (a~=0)
d2 = delta2(a, b, c);
x1l = (-b+d2)/(2*a);
x2 = (-b-d2)/(2*a);

disp('There are two roots for this equation.')

end
function d2 = deltaz2(a, b, c)

% Sub function to calculate delta square root

d2 = sqgrt(b”"2-4*a*c);

18/11/2025 CAD
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Second Order Equation

1f (a==0)

end

18/11/2025 CAD

45



Second Order Equation

1f (a==0)
if (b==0)

else

end

end

18/11/2025 CAD
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Second Order Equation

1f (a==0)
1t (b==0)
x1 = NaN;
x2 = NaN;
disp('This equation 1s degenerate!')
else
x1 = -c/b;
X2 = x1;
disp('There i1s a single root for this equation.')
end
end

18/11/2025 CAD



function [x1, x2] = root ex(a, b, c)

[e]

% root ex(a, b, c) computes the roots of the

% second order equation a x*2 + b x + ¢ = 0
if (a==0)
it (b==0)
x1 = NaN;
x2 = NaN;

disp('This equation is degenerate!')
else

x1 = -c/b;

X2 = x1;

disp('There is a single root for this equation.')

end
else

d2 = delta2(a, b, c);

x1 = (-b+d2)/(2*a);

x2 = (-b-d2)/(2*a);

disp ('There are two roots for this equation.')
end

function d2 = delta2(a, b, c)

[e)

% Sub function to calculate delta square root

18/11/2025 d2 = sqrt (b"2-4%a*c);



>> [x1l, 2] = root ex(1l, 0, -4)
There are two roots for this equation.

Roots Solver .

2
* [x1, x2] = root ex(1l, 0, -4)
®Z2 =
-2
* MATLAB built in solver
* roots([1 O -4]) Find polynomial roots
* roots(1l:DH) >> roots (1:5)

-1.2878 + 0.85791
-1.2878 - 0.85791
0.2878 + 1.41611

0.2878 - 1.41611
18/11/2025 CAD 49



Roots Solver

* Symbolic Math Toolbox

sSyms X

solve (x*2 -4 == 0,
>> SYmMS ¥
solve(x*2 -4 == 0, =)
ans =
-2

18/11/2025

2
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CAD
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Example |
el 5eSI) 5y oild dalS ls o
Pl run Liady) 44 poill L/ e
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6 1000 601
20 1500 1001
90 2500 1501
150 - 2501
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Example

function tariff =

o

1if kwh

elseif

elseif

elseif

elseif

else

end

<1

kwh <= 600
kwh <= 1000
kwh <= 1500
kwh <= 2500

18/11/2025

$ Calculate electricity bill

CAD

:u)_l.'l.“
Js)w_J\o.Hé_,sL“gYa.\o“u,‘d\-H\'o..u_]j\c.\c).‘u._d'r.M\o..u_]_l\--\O.‘L,._JWM\---ul_l'\c\(_,“u._d\')._..g\--uj‘!\o..
U‘J-"ﬂ
ebill ex (kwh)
tariff 0;
tariff kwh 2
tariff 600 2 + (kwh - 600) * 6 ;
tariff 600 2 + 400 * 6 + (kwh - 1000) * 20;
tariff 600 2 + 400 * 6 + 500 * 20 + (kwh - 1500) * 90;
tariff 600 2 + 400 * 6 + 500 * 20 4+ 1000 * 90 + (kwh - 2500)

52

* 150;



Example

function tariff = ebill ex(kwh)
if kwh < 1

elseif kwh <= 600 & kwh >=
elseif kwh <= 1000 & kwh >= 600
elseif kwh <= 1500 & kwh >= 1000
elseif kwh <= 2500 & kwh >= 1500
else

end

18/11/2025

1f kwh

elseilf

elseif

elseif

elseif

else

end

CAD

<= 2500

kwh <= 1500

kwh <= 1000

kwh <= 600

kwh <= 1

1f kwh

elseif

elseif

elseif

elseif

else

end

> 2500

kwh

kwh

kwh

kwh

>

1500

1000

600

53



Bottle Problem

e Half full / half empty?

e Measure volume

18/11/2025

CAD

L\

-

/G

54



Loops

* Repeated statements
* Use condition (while) or counter (for)

counter = 1;

_—~while counter <= 3 for counter = 1:3

disp (counter) disp (counter)

n
counter = counter + 1; end

~— end

1
2

18/11/2025 3 CAD
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Loops

* Repeated statements
* Use condition (while) or counter (for)

counter = 1; counter = 1;

while counter <= 3 while counter <= 3
disp (counter) counter = counter + 1;
counter = counter + 1; disp (counter)

end end

1
2

56

18/11/2025 3 CAD



Endless Loops!

counter = 1;
while counter <= 3
disp (counter)

end

18/11/2025

CAD

for counter = 1
disp (counter)
counter = 1;

end

: 3
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Endless Loops!

counter = 1;
while true
disp (counter)
counter = counter + 1;
1f counter > 3
break
end

end

18/11/2025

CAD
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