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Introduction

MatLab is a powerful graphical calculator.
Its built-in functions and libraries can be used for
complicated calculations on large data sefts.
The results is visualised in the form of graphs and plofs.

Given:
£=0.1
wy, = 10
wd = wny/1 — €2
g = 10

Plot the following function for t=0 to 5 s.

x(t) = xge Swnt %sinw,ﬂ + coswyt
V(1 —=¢&%)
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O 00 Command Window

000

MATLAB 7.6.0 (R2008a)

File Edit View Insert Tools Debug Desktop Window Help

NS £« B2 ¢ &R @ v & nts/Conferences_Schools/HPFBU2011/MatLab_Lecture_MateriaI/tutorial_filesB... &

’ Shortcuts (2] Howto Add  [#] What's New
4 'ntDirectory | x 2 w 0O Workspa p

File Edit Debug Desktop Window Help
> z=0.1;

>>wn =10;

>>wd = wn * sqrt(1-22);

>>

>>

>>1=0:0.01:5;

>>

>> x = x0%exp(-z*'wn*)...
M2/sqrt(1-272) ...
*sin(wd*t) + cos(wd*t)),
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z=0.1;
wn =10;
wd =wn * sqrt(1-z*2);

t =0:0.01:5;

X = x0*exp(-z*'wn*t)...
z/sqrt(1-z72) ...
in(wd*t) + cos(wd*t));
figure(1); plot(t,x); xlabel('t (x)'); ylabel('x (m)'); title('t vs. x');
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MATLAB family

Math, statistics, optimisation

Control systems design and analyses
Signal processing and communications
Image processing and computer vision
Test and measurement

Computational finance

Computational biology

Code generation and verification

Database connectivity and reporting

http://www.mathworks.com/products/

Introduction - Toolboxes

MathWorks

SIMULINK family

Event based modelling
Physical modelling

Control system design and analysis

HPFBU2014 -- MatLab / Octave

POLYSPACE family

Debug

Prove

Review
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Outline

PART 1 - Fundamentals of MATLAB

Basic Calculations in MATLAB Manipulating arrays
MATLAB as a calculator Indexing info arrays
Creating variables The colon (:) operator
Locating data in MATLAB
Inspecting contents of variables Computing with arrays

Matrix operations

Creating arrays Eigenvalue analysis

Creating vectors Array operations

Creating matrices Visualising mathematical functions

Writing your function in MATLAB

HPFBU2014 -- MatLab / Octave 4 Dr. O.Mete




Outline

PART 2 - Hands-on Practice Session

Projects
Graphical User Interface: Building a calculator
Under-dumped string-mass system
Gaussian fit to a given data set (on command line and by using Fitting Toolbox)
Quadrupole scan analysis for emittance measurement (online analysis HW after
diagnostics lecture)

HPFBU2014 -- MatLab / Octave 5 Dr. O.Mete




PART I
FUNDAMENTALS of MATLAB
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Basic Calculations in MATLAB

MATLAB as a calculator 00 C Command Wipdow
File Edit Debug Desktop Window Help
rho =
1+ \/(5 — 1) 16236 - 0.1113i |
P = 2 >>z = exp(rho)
z=
< = 6’0 5.0397 - 0.5630i
>>a =abs(3 +4%)
a=
a = |3 + 4i] ;
>>1=0.2
{=
t =0.2 0.2000
T >> X = sin(3*t + (pif2))
r = sin(3t + =) =
2 0.8253 i

>>

HPFBU2014 -- MatLab / Octave 7 Dr. O.Mete



Basic Calculations in MATLAB

Mathematical functions

MATLAB has many built-in functions.
Information on MATLAB programming and the built-in functions can be found in

the MATLAB documentation.

Command Window

Command Window

File Edit Debug Desktop Window Help

File Edit Debug Desktop Window Help

0.2000
>> X = sin(3*t + (pi/2))
X=

0.8253

HPFBU2014 -- MatLab / Octave

>>doc
>> help exp
EXP Exponential.
EXP(X) is the exponential of the elements of X, e to the X.

For complex Z=X+*Y, EXP(Z) = EXP(X)*(COS(Y)+*SIN(Y)).

See also expm1, log, log10, expm, expint.

Overloaded methods:

Iti/exp
sym/exp

Reference page in Help browser
doc exp

>>
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Basic Calculations in MATLAB

Mathematical functions

™ ™ ™

& Partial Differential Equation Toolbox
&2 RF Toolbox

» User Guides
&% Robust Control Toolbox

@ Signal Processing Toolbox = Getting Help in MATLAB
&2 Spline Toolbox

Q Statistics Toolbox

@ Symbolic Math Toolbox _ .« E les in D tati
&2 System Identification Toolbox - | srampiesn Becumentation

@ systemTest E Lists major examples in the MATLAB documentation

Provides instructions for using the Help browser and other help methods

Help
File Edit View Go Favorites Desktop Window Help
X Help Navigator T LD A
Search for: L] Co Title: | MATLAB . ]
Example: "plot tools" OR plot* tools ~
[ Contents Index  Search Results Demos | MAT'ABD : :
» & Release Notes -
» & Installation . .
X JMATLAB Functions: Handle Graphics:
» &2 Communications Toolbox = By Category = Object Properties
I @ Control System Toolbox = Alphabetical List
> @ Curve Fitting Toolbox
» &7 Database Toolbox
» &2 Embedded MATLAB What's New
> @ Filter Design Toolbox
» & Filter Design HDL Coder = MATLAB® Release Notes
> & Fixed-Point Toolbox Summarizes new features, bug fixes, upgrade issues, etc. for MATLAB
= @ Fuzzy Logic Toolbox .
> @ Genetic Algorithm and Direct Search Toolbox -
» &2 Image Processing Toolbox S()ernaellra'r'c:ieleta seh'N:IFe:tfor szo O?a installati tes, bug fi d tibility i u
> @ MATLAB Compller products, highlights new features, installation notes, bug fixes, and compatibility issues
> @ MATLAB Report Generator -
» &2 Model Predictive Control Toolbox Documentation Set
» & Neural Network Toolbox
» &2 Optimization Toolbox » Getting Started
>
>
b
>
>
P
>
-
P

1 Proaramminng Tins
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»Jé [} [} o »
(] [}
Mathematical functions
File Edit View Go Favorites Desktop Window Help
X Help Navigator P
Search for: L] Co Title: [ MATLAB :]
Example: "plot tools" OR plot* tools -~
[ Contents Index  Search Results Demos ] MAT'ABJ : :
» &P Release Notes | |1 EEEEE S
> @Installation . )
v & MATLAB Functions: Handle Graphics:
» Q@ Getting Started = By Category = Object Properties

> -0 Examples = Alphabetical List
1 Ne - nvironment

Linear Algebra What's New
Sparse Matrices
Polynomials = MATLAB® Release Notes
Interpolation B Summarizes new features, bug fixes, upgrade issues, etc. for MATLAB
Function Functions -
Differential Equations = General Release Notes for R2008a
EZ‘;::' l;'ansm"ms For all products, highlights new features, installation notes, bug fixes, and compatibility issues K
*
» §=) Data Analysis
» [B) Programming Fundamentals Documentation Set
I @ MATLAB Classes and Object-Oriented Programmii
» B Graphics » Getting Started
» [B 3-D Vvisualization
I @ Creating Graphical User Interfaces » User Guides
» [ Function Reference
[ Handle Graphics Property Browser = Getting Help in MATLAB
» [ External Interfaces . . ) .
Provides instructions for using the Help browser and other help methods
> @ C and Fortran API Reference
» (=] Release Notes _ ) )
'@ Printable Documentation (PDF) A ) E_"amp'?s n Docum?ntatlon .
» & Communications Toolbox E 3 Lists major examples in the MATLAB documentation
( T <l 3
v

# Proaoramminag Tins

U
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@
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@
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Basic Calculations in MATLAB

Mathematical functions

Command Window
File Edit Debug Desktop Window Help

N N

rho = Help
File Edit View Go Favorites Desktop Window Help
16236 - 0.1113i X Help Navigator & O L M
Search for:  functions L] (G—/M Title: | exp :: Functions (MATLAB Function Reference) 2]
>> 7 = exp(rhO) Example: "plot tools" OR plot* tools ~
— [ Contents Index Search Results Demos MATLAB Function Reference
Provide feedback about this page
z= ABCDEFGHIIKLM .
NOPQRSTUVWXYZ exp
) Enter index term: exp Exponentia|
5.0397 - 0.5630i - o p—
exp MATLAB Y
. exp in action language Stateflow Y = exp(X
>>a= abS(3 + 4'|) expand [1] [2) Symbolic Math T... P(X)
expanders Communications... L.
example Description
— expanders Communications... .
a sample code The exp function is an elementary function that operates element-wise
expanding on arrays. Its domain includes complex numbers.
5 chara_cter arrays MATLAB
code in M-files [1] [2] mgms Y = exp(X) returns the exponential for each element of X. For complex
Palrioberblolis e z = x+1%Yy, it returns the complex exponential
expanding cell arrays [1] [2] MATLAB . cp " i p p
>>t=0.2 expanding structure arrays [1] [2] MATLAB e = eY(cos(y)+isin(y)).
’ expansion
mesh Genetic Algorith...
- expcdf Statistics Toolbox Remark
t= expectation maximization (EM) [1] (2] (3]Statistcs Toolbox [~ _ ,
expfit Statistics Toolbox Use expm for matrix exponentials. >
expint MATLAB
0.2000 expinv Statistics Toolbox
’ explicit ordering ) See Also
of parallel (AND) states Stateflow .
> - . 3't + ./2 avnlikao Starictire Tanlhnv X expm, log’ loglo' explnt
X= S|n( (p' )) Provide feedback about this page v
X= M ||
>>
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Basic Calculations in MATLAB

Data Containers

MATLAB variables are data containers
All variables are arrays
Variables come in different sizes mxnxp ...

Variables come in different types double,
single, cell, ..

Nota Bene:

In MATLAB, fundamental data type is matrix.
Even scalar variables are treated as 1x1 arrays.
The default numerical data type is double.

HPFBU2014 -- MatLab / Octave 12 Dr. O.Mete




Basic Calculations in MATLAB

Creating Variables

Assign Operator

!

lumi_CLIC = 5.9e34

/ AN

Variable Name Value

g =_
)

y =2+ isin(6)

HPFBU2014 -- MatLab / Octave

" T . Y

Command Window

File Edit Debug Desktop Window Help

>> theta = pi/2
theta =
1.5708

>> format long
>> theta

theta =
1.570796326794897
>> format short
>
>>y =2 +i*sin(theta)
y -
2.0000 + 1.0000i

>>

13
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Basic Calculations in MATLAB

Creating Variables
Exercise 02 - Creating variables in MATLAB

A variable is a container for the data in
MATLAB. True or false?

Thats right!
M True In MATLAB, data can be placed in
O False areas like containers, also

referred to as variables.

DR — - | —

Once created, the name of a

variable is used as a tag,
allowing access and manipulation
of the data assigned fo it.

e —y
pee———
HPFBU2014 -- MatLab / Octave 14 Dr. O.Mete




Basic Calculations in MATLAB

Creating Variables
Exercise 02 - Creating variables in MATLAB

Which of the following are legitimate ways
of assigning data to a variable?

Oa)a=b=1
Ob)8%x+2=y
4 c) temp_variable = (a + 1)/2

That's right!

The right-hand-side of the equals
sign can be a value, another variable
or the result of a calculation.
Also, multiple assignments are not
allowed in a single command.

HPFBU2014 -- MatLab / Octave 15 Dr. O.Mete




Basic Calculations in MATLAB

Accessing Data in MATLAB

MATLAB 7.6.0 (R2008a)

File Edit Debug Desktop Window Help
2 [ o % % Cﬁ 2 ™ a: Ef 2 o v % /Users/OM/Documents/ConfererL] e )
2 Shortcuts 2] Howto Add 2] What's New
X a w 0O Workspace CurrentDip| Xx a = O Command Window
1.9/UD
B T e B |-
Name 4 Value Min >> format long
H ans 100 100 >> theta
- —H lumi_CLIC 5.9000e+34  5.9000e+ 3« 0
click on T my variable . 3.2000e+34  3.2000e+ 3¢ theta =
i F theta 1.5708 1.5708
a variable By 2.0000 + 1.... 2.0000 +... 1.570796326794897
within the
>> format short
workspace >>
>>y =2 +i'sin(theta)
’ y::
| € . < » 2.0000 + 1.0000i
x a w+ 0 Command History >> whos
lumi_CLIC = 5.9e34 Name Size Bytes Class Attributes
clc
theta = pi/2 ans 1x1 8 double
lumi_CLIC 1x1 8 double
Ig"t"at long my variable  1x1 8 double
e theta 1x1 8 double
format short y 1x1 16 double complex L
y =2 +i"sin(theta) ) §
whos >>
4\ Start
HPFBU2014 -- MatLab / Octave 16 Dr. O.Mete




Basic Calculations in MATLAB

Accessing Data in MATLAB

N N ™

MATLAB 7.6.0 (R2008a)
File Edit View Graphics Debug Desktop Window Help

N 2 A9 ¢ B R @ , % | /Users/OM/Documents/Conferer ¥! ... &

—

ONNNN | NN

Shortcuts (2] Howto Add 2] What's New
x a2 w 0O Workspace Current Di p x a -+ 0O[Y Variable Editor - lumi_CLIC

‘ - X A B 2 0 ) A » [;‘]
Bl M E @ e B M- .- x » % & 202 (o=
Name 4 Value Min FH lumi_CLIC <1x1 double>
B ans 100 100 H 1 BE 3 4 5

B lumi_cuic 5.9000e+34  5.9000e+3¢ | EEE"S 9000e...

EBmy_variable 3.2000e+34 3.2000e+ 3¢ B
EH theta 1.5708 1.5708 3
Hy 2.0000 + 1.... 2.0000 +... 4
D
6
7
8
9
~ 10
11
( . <« » 12
. 13
x a + 0 Command History ey <>
lumi_CLIC = 5.9e34 -
cle X 2 » O Command Window
theta = pi/2 ans X1 8 aoupie
format long luml_Cl__IC 1x1 8 double
my_variable  1x1 8 double
theta | theta 1x1 8 double |
format short O |y 1x1 16 double complex C
y =2 +i"sin(theta) A
whos v | >
4\ Start

HPFBU2014 -- MatLab / Octave 17 Dr. O.Mete




Basic Calculations in MATLAB

Creating Vectors

Command Window

File Edit Debug Desktop Window Help
98.0000 98.1000 98.2000 98.3000

n values Columns 985 through 988
X _H_H_'_l_'_'_'_l_'_l_» 98.4000 98.5000 98.6000 98.7000
= v b Columns 989 through 992
dx

98.8000 98.9000 99.0000 99.1000
Columns 993 through 996
>> X = a:dx:b 99.2000 99.3000 99.4000 99.5000
Columns 997 through 1000

row vectors
99.6000 99.7000 99.8000 99.9000

>> x = linspace(a,b,n)
Column 1001
100.0000 [
> X = X' < transpose to > = 0:0.1:100; !
column vector >> v

HPFBU2014 -- MatLab / Octave 18 Dr. O.Mete




Basic Calculations in MATLAB

Creating Matrices

>>

>>

>>

HPFBU2014 -- MatLab

i1 2 3
4 5 6
7 8 9,
A=1[1,2,3;l4,5,6; 7,8,9]
A =12 3;/456; 78 9]
A=[12 3
45 6 datae:intry
7 8 9] mode

Column separator — - or space

Row separator — 7 or enter

Octave

19

N N ™

Command Window

File Edit Debug Desktop Window Help

>> ones(3)

ans =

>> zeros(3)

ans =

0 0 O
0 0 O
0 0 O
>>rand(4)
ans =

0.8147 0.6324
0.9058 0.0975
0.1270 0.2785
0.9134 0.5469

>>

0.9575 0.9572
0.9649 0.4854
0.1576 0.8003
0.9706 0.1419

Dr. O.Mete




Basic Calculations in MATLAB

Creating Arrays

Exercise 03 - Creating arrays in MATLAB

|00 Command Window
Create the array below in MATLAB: File Edit Debug Desktop Window Help
::I=[100;010;001]
L = [2 4 6 8] | =
1 0
Complete the command to suppress o o . I
the command line output when the > aye(3)
vector t is created. s
>>1=0:0.1:100 0 1 0
0 1
Create this matrix: -
1 0 0 “
I=1 0 1 0 > v
O O 1 >> v

HPFBU2014 -- MatLab / Octave 20 Dr. O.Mete



Basic Calculations in MATLAB

Manipulating Arrays

>»>A=[123;456,;789]
Indexing

> k = A(2,3)
>> blockl = A(2, [1 2])

Colon operator

>> block2 = A(2, 1:2)
>> row2 = A(2,:)

Concatenating matrices
>> B = [A;A]
Transposing

>> Atrans = A

HPFBU2014 -- MatLab / Octave

21

®00

Command Window )

File Edit

Debug Desktop Window Help

>> B = [AA]

B =

N D AN
ONOON
OO WWOo W

>> Atrans = A’

Atrans =

WN -
(o2 I &) I -0
O o~

>>

Dr. O.Mete




Matrix Operations

8 10
14 16

Scalar multiplication

Basic Calculations in MATLAB

7
e
| j 1 2
4

<N b -
oON

A+ 2

A
A
oo
I

3 4
6 7
9 10

Scalar expansion

>> A
TN

5
7 8
>> B
B =
101
110

>> C =A * B

C =

3 2 1
9 5 4
15 8 7

Matrix multiplication

MATLAB considers operands as matrices. (regular matrix algebra is valid)
However multiplication with a scalar is a special case.
For multiplication of two matrices the inner dimensions must agree.

During addition/subtraction both matrices must have the same dimensions.

For addition/subtraction with a scalar, the scalar expansion is automatically performed.

HPFBU2014 -- MatLab

Octave

22
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Basic Calculations in MATLAB

System of Linear Equations

We have a set of linear equations and we want fo find out the variables of this system.

$1——$2—ZE3:O

22131 ——ZEQ—|—CIZ‘3:1

131—373:—1
1 1 -1 T 0
2 1 1 To — 1
1 0 —1 X3 —1
R/_J - _J - _J
A X b
Axr =>

HPFBU2014 -- MatLab / Octave 23 Dr. O.Mete




Basic Calculations in MATLAB

System of Linear Equations

How we calculate this by using MATLAB? ®00 Command Window
File Edit Debug Desktop Window Help
r1+x9 — 13 =0 2 1 1
1 0 -1
2331 T L9 —|_ L3 — 1 >> b = [0;1:-1] T
r1 — T3 = —1 b =
0
1
-1
>>x=A\b
1 1 -1 Tq 0 X =
2 1 1 T2 = 1 -0.3333
_ _ 1.0000
10 1 L3 1 0.6667
>> A*X
ans =
0.0000
1.0000
ACE’ — b -1.0000 "

HPFBU2014 -- MatLab / Octave 24 Dr. O.Mete



Basic Calculations in MATLAB

Eigenvalue Analysis

Eigenvalue decomposition is a type of matrix operation that can be carried out fo determine the

eigenvalues and the eigenvectors of a matrix.

2 —1
1 3
Obtain the characteristic polynomial by
i extending the characteristic equation.

det(A— M) =0

Obtain the coefficients of the characteristic
¢ polynomial by using “poly” function.

AN+ N+ A+ =0

The eigenvalues can be computed by obtaining the roots of
the function.

One can also use the “eig” function in MATLAB, which
returns the eigenvalues and the eigenvectors of a matrix.

HPFBU2014 -- MatLab / Octave 25

o000 Command Window

File Edit Debug Desktop Window Help

o
>> p = poly(A)
p=

1.0000 1.0000 -5.0000
>>r = roots(p)

r=

-2.7913
1.7913

>> [eVec eVal] = eig(A)
eVec =
0.9789 0.2043
0.2043 0.9789

eVal =

1.7913 0
0 -2.7913

Dr. O.Mete




Basic Calculations in MATLAB

Eigenvalue Analysis

Eigenvalue decomposition is a type of matrix operation that can be carried out fo determine the

eigenvalues and the eigenvectors of a matrix.

2 —1
1 3
Obtain the characteristic polynomial by
i extending the characteristic equation.

det(A— M) =0

Obtain the coefficients of the characteristic
¢ polynomial by using “poly” function.

AN+ N+ A+ =0

The eigenvalues can be computed by obtaining the roots of
the function.

One can also use the “eig” function in MATLAB, which
returns the eigenvalues and the eigenvectors of a matrix.

HPFBU2014 -- MatLab / Octave 26

o000 Command Window

File Edit Debug Desktop Window Help

o
>> p = poly(A)
p=

1.0000 1.0000 -5.0000
>>r = roots(p)

r=

-2.7913
1.7913

>> [eVec eVal] = eig(A)
eVec =
0.9789 0.2043
0.2043 0.9789

eVal =

1.7913 0
0 -2.7913
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Basic Calculations in MATLAB

Array Operations

Operands have to be in the same size and shape.
The array operators operate element by element.

>> A >> A 1
A
D2 4 12 4
5 7 8 5 7 8
>> A
>> B >> B
B = B = A=
Do 1 101 ; 3 3
110 110
> C =A + B > C =A .* B ;>_B=A'2
— Ji -
@2 > 25 49 64
6 8 8 5720
Array addition Array multiplication Array power

@ 2010 The MathWorks, Inc.

HPFBU2014 -- MatLab / Octave 27 Dr. O.Mete



Basic Calculations in MATLAB

Array Operations

Operands have to be in the same size and shape.
The array operators operate element by element.

HPFBU2014 -- MatLab

>> A >> A
A = A = A
12 4 D2 4
5 7 8 5 7 8
>> B >> B ;>_A
5= iy 124
101 Do 1 .
110 110
>> C =2+ B >> C=A .*B :_B:A'Z
(= — -
2 2 3 o L i
6 8 8 5720
Array addition Array multiplication Array power
@ 2010 The MathWorks, Inc
Octave 28
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Basic Calculations in MATLAB

Array Operations

Operands have to be in the same size and shape.
The array operators operate element by element.

>> A >> A 1
A = A = yat
1 2 4 1 2 4
5 7 8 5 7 8
>> A
>> B >> B
B = B = A=
1 2 4
101 101 7 8
110 110
> C =A+ B > C =A .*B ;>_B_A'@
C = C =
2 25 1 0 4 - :9 22
6 8 8 5720
Array addition Array multiplication Array power

@ 2010 The MathWorks, Inc.

HPFBU2014 -- MatLab / Octave 29 Dr. O.Mete




Basic Calculations in MATLAB

Exercise 04 - Match the expected outcome to the operators used.

) Command Wind... [=)[B)X]

File Edit Debug

) Command Wind... =][B]X]

File Edit Debug

»> ans

eye (3] ans =

> A .* B
Jx >>

magic(3) >> A * B
) Command Wind...
File Edit Debug

>> ans

ans =
8
0
0

Jx >>

@ 2010 The MathWorks, Inc.

HPFBU2014 -- MatLab / Octave 30 Dr. O.Mete




Basic Calculations in MATLAB

Visualising the Mathematical Functions

Displacement of an under-damped spring-mass system.

000 Command Window
File Edit Debug Desktop Window Help
1 . >>z2=0.1;
Given: >> wn = 10:
| , - * A\
£ =0.1 damping coefficient >> wd =wn *sqrt(1-2°2),
' , ) | >>
wp, = 10 simple harmonic oscillation frequency o>t = 0:0.01:5-
— _ €2 i >>
wqg = wpy/ 1 — &% damped oscilation frequency >> X = X0%eXp(-z*wn*t)...
rn = 10 -y » Hz/sqrt(1-272) ...
0 initial position sin(wd™t) + cos(wd"t));

>> |

Plot the following function for =0 to 5 s.

r(t) = xge s¥nt sinwqt + coswqt

V(1 —¢2)

HPFBU2014 -- MatLab / Octave 31 Dr. O.Mete




Basic Calculations in MATLAB
Visualising the Mathematical Functions

e 00 MATLAB 7.6.0 (R2008a)

File Edit Debug Desktop Window Help

g $ B2 0 YR @ v % nts/Conferences_Schoo|s/HPF8U2011/MatLab_Lecture_MateriaI/tutorial_filesB O 5
Shortcuts 2] Howto Add [#] What's New

4 'ntDirectory | x 2 « 0O Workspa p x a = 0O |* Editor - /Users/OM/Documents/Conferences_Schools/HPFBU2011/MatLab_Lec...
TELEEL F) x DN EE $R9 e LB Aesr k- 709

Name 4 Value Min Qg - 1.0 | + + 11| x o % @
Ht <1x501 dou... O - —
H wd 9.9499 9.9499 7 x  calchep_plot.m | x  EigenAnalysism |
EBwn 10 10 e
HH x <1x501 dou... -7.2859 X a2 v [ Command Window
EH xo 10 10 >>2=0.1:
=z 0.1000 0.1000 >>wn = 10;

>>wd = wn * sqrt(1-z"2);

>>

>>

>>1=0:0.01:5;

>>

>> x = x0*exp(-z*wn™t)...

JM(2/sqrt(1-272) ...

*sin(wd*t) + cos(wd*t));
a2

[ ) <>

-~

x 2 + O Command History
t =0:0.01:5;
clc
z=0.1,
wn = 10;
wd = wn * sqrt(1-z*2);
t=0:0.01:5;
x = x0*exp(-z*'wn*t)... m
H2/sqrt(1-272) ... A
*sin(wd*t) + cos(wd*t)); v

4\ Start
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Basic Calculations in MATLAB

Visualising the Mathematical Functions

e 00 MATLAB 7.6.0 (R2008a)
File Edit View Insert Tools Debug Desktop Window Help
NS $ B2 0 KR @ ¢ % nts/Conferences_SchooIs/HPFBU2011/MatLab_Lecture_MateriaI/tutorial_filesj . E
> Shortcuts (2] Howto Add [#] What's New
4 ntDirectory | x 2 1 O Workspa b 7 Editor - EigenAnalysis.m - -+ 1 Bl Figures - Figure 1
o E e B W2 Ddde h KRV § R I I =R
Name 4 Value Min We Wi[[ P[
==k <1x501 dou... 0 100 r v l r a .
B wd 9.9499 9.9499 g | fuan,- . Y Wlfh fh v
| on IS
EBwn 10 10 | In p
HH x <1x501 dou... -7.2859 61| art II
EH xo 10 10 . I| k\_
H 2 0.1000 0.1000 B [ ) ‘
5L | I| ||I s -\ ,
E | |I I| |II "u 7N -
*» 0 l | || f | / L AT e T ——
|| I[ II III I",I . Y — —t
5L | Ill I'. { ' i
II |I I" ll
4L .
|
-6 | l', Ill -
- -8 Vo | | | ] | | | |
0 0.s 1 1.5 2 2.5 3 35 4 45 S
E()
X a2 = Command Window
(= ) PREN >>z=0.1;
- >>wn =10;
x 2 + O Command History >>wd =wn * sqrt(1-z*2);
cle >>
- . >>
2_9'1’. >>1=0:0.01:5;
wn =10; o>
wd =wn * sqrt(1-2"2); >> x = x0*exp(-z*wn*t)...
t=0:0.01:5 H2sqrt(1-272) ...
x = x0%exp(-z*'wn*t)... *sin(wd*t) + cos(wd*t));
Mz/sqrt(1-272) ... m >> figure(1); plot(t,x); xlabel('t (x)'); ylabel('x (m)'); title('t vs. x');
*sin(wd*t) + cos(wd*t)); al |2
figure(1); plot(t,x); xlabel('t (x)'); ylabel v
€ — ) <« »
4\ Start
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Basic Calculations in MATLAB

Writing your function in MATLAB

We can write a function in order to perform specific jobs in MATLAB.
It makes our life easier.

One function - One Task!

Let's repeat the previous exercise by using functions...

0/00/00/00/00/00/00/00/00/00/00/00/00/0O/OO/OO/OO/OO/O0/00/00/00/00/00/0O/O0/00/00/00/00/00/00/00/00/00/00/00/00/00/00/00/00/00/

% Displacement of an under-damped spring-mass system. .

% Instead writing the all

% HPFBU 2011 - MATLAB Tutorial d d . ts b

% Help/Questions --> O. Mete commands an as&gnmen S by

0/00/00/00/00/00/00/00/00/0O/OO/OO/OO/OO/OO/OO/OO/OO/OO/OO/OO/OO/OO/OO/OO/OO/OO/OO/OO/OO/OO/OO/OO/OO/OO/OO/OO/OO/OO/OO/OO/OO/OO hand in"‘o 'I'he Command Iine’

function [x, t] = damped_oscillator(z) we can ga’rher them all inside

A\ Y '/

% Parameters a .m ﬁle

%z = 0.1} We can relate them with a

wn = 10; .

x0 = 10: function.

Wl == SqUiyisE L) Functions are called by their

% Time range attributes.

t= 0:0.01:5; . .
Their outputs can be assigned

% Position function of the spring-mass system to variables.

x = x0*exp(-z*wn*t).*(z/sqrt(1-z*2)*sin(wd*t) + cos(wd™t));

end
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PART 11
HANDS-ON PRACTICE SESSION
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Outline

PART 2 - Hands-on Practice Session

Projects

Graphical User Interface: Building a calculator

Under-dumped string-mass system
Gaussian fit to a given data set (on command line and by using Fitting Toolbox)
Quadrupole scan analysis for emittance measurement
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Hands-on Practice Session

Graphical User Interface: Building a Calculator

Lets create a GUI that does basic mathematical calculations, interactively.
Call the MATLAB GUI builder by typing “quide” in the command window,

or from MATLAB start menu as shown:

HPFBU2014 -- MatLab

| D nhie B
X a2 w O Command History
close all
plot(xi, yi_filtered,'-ob")

-) MATLAB Import Wizard _ x HPFBU_calculator.m

Gl

4. Toolboxes » =] Profiler
& Simulink =7 GUIDE (GUI Builder) xe 0O
& Blocksets > Plot Tools >> guide

. Time Series Tools
7] Shortcuts > 7 Help

5% Desktop Tools »| + Demos

¢ Web » @ MATLAB Central (Web)
% Preferences... @ Product Page (Web)
| @ Find Files... 4. MATLAB Compiler » O
| © Help 4 MATLAB Report Generator » -
4. SystemTest > |

Octave
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Hands-on Practice Session

Graphical User Interface: Building a Calculator

Choose one of the templates of the GUI builder:

|crilatar fin | 2-’% El[;j - 110 | + = 111 | % %9."2 9'5{‘3 0_ L
I¢ e OO GUIDE Quick Start
) fur
[ Create New GUI Open Existing GUI
io|

CUIDE templates Preview

-) Blank GUI (Default)

4\ GUI with Uicontrols
4\ GUI with Axes and Menu
4 Modal Question Dialog

3 A N 4
BLANK

] Save new figure as: /Users/OM/Documents/Conferences_Schools/HPFBU2011/MatLab_Lecture_Material /GUI_Calculator/untitled.fig Browse...

( Help \ (Cancel\ OK

Ak 2
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Hands-on Practice Session

Graphical User Interface: Building a Calculator

Add 8 “Edit Text” objects on the GUI panel to form our input boxes.

e 00 HPFBU2011_calculator.fig
File Edit View Layout Tools Help
Al=N B 290 2 BHA BB P
L3
a8
Edit Text Edit Text
® || M4
| Edit Text Edit Text

Edit Text Edit Text

Edit Text Edit Text

| Current Point: [214, 357] |Position: [728, 504, 537, 357]
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Hands-on Practice Session

Graphical User Interface: Building a Calculator

Add 4 “static text” objects on the panel to indicate the mathematical operators.
You can edit each text box by using the “String” property from the "Inspector”.

i1 MATL AR Intrn ;
HPFBU2011_calculator.fig i

~~ ~~ ~~

Inspector: uicontrol (text4 "/™)

File Edit View Layout Tools Help o LM !
o d £ 229 ¢« & BB A4 =B e P CreateFcn a4 or |
DeleteFcn ¥ &
’L’ Enable on v
me‘ > Extent (001 1.214]
i — - - FontAngle normal |
’ ® H M ‘ =ditText Edit Text FontName Helvetica &
FontSize 10.0 &
’i’ \l‘ Edit Text Edit Text FontUnits points | F
’ = H =l ‘ FontWeight normal M
— Edit Text Edit Text ForegroundColor S ==
” ‘E‘ HandleVisibility on b
o HitTest on i
’ﬁl “ﬂ‘ Edit Text Edit Text HorizontalAlignment center v
3 - Interruptible on =
’E’ 800 SEag KeyPressFcn Ve &
— ListboxTop 1.0 @
Max 1.0 &
Min 0.0 @
Position [22.571 8.286 5.857 1.643]
SelectionHighlight on v
1 SliderStep [0.010.1] -
String =/ &
[~ Style text v
I |
Tag text4 &
Cancel oK TooltipString @
rFr T
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Hands-on Practice Session

Graphical User Interface: Building a Calculator

Add “equals” signs and 4 additional “static text” boxes to display the results of

the calculations.

HPFBU2011_calculator.fig

File Edit View Layout Tools

Help

==
=2
it || 1%

HPFBU2014 -- MatLab / Octave

N d $2@9

Edit Text

Edit Text

Edit Text

Edit Text

s Bl BB

- Edit Text

Edit Text
X Edit Text
/ Edit Text

'Current Point: (466, 356]

41

L

" StaticText

Static Text

Static Text

Static Text

' Position: [350, 256, 86, 29]

Dr. O.Mete



Hands-on Practice Session

Graphical User Interface: Building a Calculator

Some make-up

for your panel :)

e 00 HPFBU2011_calculator.fig
File Edit View Layout Tools Help
=" 290¢c 2aHhd4 BH% b
Li
B
@ E + =
= || E
X =

El
‘i l Calculate J

'Current Point: [74, 1] | Position: [728, 504, 537, 357]
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Hands-on Practice Session

Graphical User Interface: Building a Calculator

The script for the GUI will be automatically generated when we save our project.

x a 00 - Editor - /Users/OM/Documents/Conferences_Schools/HPFBU2011/MatlLab_Lecture_..
x 2 NS Hd $RB9e - Aedfi p-A: 7(OW
‘L - 1.0 save| ¥ |11 ] X st ot @
1 function varargout = HPFBU2011_calculator(varargin) =
2 % HPFBU2011_CALCULATOR M-file for HPFBU2011_calculator.fig m
3 % HPFBU2011_CALCULATOR, by itself, creates a new HPFBU2011_CALCULATOR or ra
4 %  singleton®.
5 %
6 % H=HPFBU2011_CALCULATOR returns the handle to a new HPFBU2011_CALCULATC(
7 %  the existing singleton*.
8 %
9 % HPFBU2011_CALCULATOR('CALLBACK',hObject,eventData,handles,...) calls the local
10 %  function named CALLBACK in HPFBU2011_CALCULATOR.M with the given input argur,
11 %
12 % HPFBU2011_CALCULATOR('Property','Value',...) creates a new HPFBU2011_CALCUL;
13 %  existing singleton®. Starting from the left, property value pairs are
14 %  applied to the GUI before HPFBU2011_calculator_OpeningFcn gets called. An
15 % unrecognized property name or invalid value makes property application
16 %  stop. All inputs are passed to HPFBU2011_calculator_OpeningFcn via varargin.
17 % I
18 %  *See GUI Options on GUIDE's Tools menu. Choose "GUI allows only one 3
1.0 Q/ motanman da man (oinalatamit ) .'
| R R R rRrrRrRBrRrERRREB BB, ——
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Graphical User Interface: Building a Calculator

First, we will edit the “callback” functions of the objects.
Repeat the same for all edit box callback functions that will be used for the data entry.

™ O O JUsers/OM/Documents/Conferences_Schools/HPFBU2011/MatLab_Lecture_Material/GUI_Calculator/HPFBU2011_calculator.m*
File Edit Text Go Cell Tools Debug Desktop Window Help

o Za 3 \ =3 — — — e - — — |
= ?J S d ¥ B9 o B - MA@ B8 00 /Users/OM/Documents/Conferences_Schools/HPFBU2011/MatLab_Lecture_Material/GUI_C:

P R . . .
2 258 - 10| + 2 [11] x % % O File 7E}<.i|t Text Go Cell Tools Debug Desktop Window Help
‘. +» NG H R B -Mesi B -BRA B
76 232 @ - = % o
Z RS 1.0 | + = 11| x % 5 @
77 function edit1_Callback(hObject, eventdata, handles) 2 & ¥
78 % hObject handle to edit1 (see GCBO) 75
79 % eventdata reserved - to be defined in a future version of MATLAB 76 g ' ) )
80 % handles structure with handles and user data (see GUIDATA) L i edit1_Callback(hObject, eventdata, handles)
81 78 o hObject handle to edit1 (see GCBO)
; ; : ; 79 % eventdata reserved - to be defined in a future version of MATLAB
82 % Hints: get(hObject,'String') returns contents of edit1 as text 0 :
83 % str2double(get(hObject,'String')) returns contents of edit1 as a doubl 2(1, MENNAS  SEUCLIS Witlk handies And User dsa (see GUIDALA)
84 . . . .
. 82 % Hints: get(hObject,'String') returns contents of edit1 as text
:2 % We will add our code here!| 83 % str2double(get(hObject,'String')) returns contents of edit1 as a double
84
:; 85 % We will add our code here!
: . . . . 86
89 % ---'Execgtes during object creahon, after setting all properties. 87 %store the contents of edit1 as a string. if the string
90 function edit1_CreateFcn(hObject, eventdata, handles) 88 %is not a number then input will be empty
91 % hObject handle to edit1 (see GCBO) 89 — input = str2num(get(hObject, String"));
92 % eventdata reserved - to be defined in a future version of MATLAB 90
93 % handles empty - handles not created until after all CreateFcns called 91 %checks to see if input is empty. if so, default input1_editText to zero
94 92 - if (isempty(input))
95 % Hint: edit controls usually have a white background on Windows. 93 - set(hObject, String’,'0")
96 % See ISPC and COMPUTER. 94 - end
97 — if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBar 95 - guidata(hObject, handles);
98 — set(hObject,'BackgroundColor','white'); 96
99 - end 97
100 98
101 99
102 100 % --- Executes during object creation, after setting all properties.
103 function edit2_Callback(hObject, eventdata, handles) 101 Zunction edit1_CreateFcn(hObject, eventdata, handles)
104 % hObject handle to edit2 (see GCBO) 102 % hObject handle to edit1 (see GCBO) _
sar O/ _muinntdntn ranamind _ta he dafinad in o fubaes usesinn ~f MMATI AD 103 % eventdata reserved - to be defined in a future version of MATLAB
104 % handles empty - handles not created until after all CreateFcns called

| HPFBU2011_c

-~ -

U
(N
@
a
a
@
a

\
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Graphical User Interface: Building a Calculator

Edit the callback function for the "Calculate” "pushbutton” object.

O O O [Users/OM/Documents/Conferences_Schools/HPFBU2011/MatlLab_Lecture_Material/GUI_Calculator/HPFBU2011_calculator.m

File Edit Text Go Cell Tools Debug Desktop Window Help
= i = . i - |
s 0 0 s 29 s O 0O [Users/OM/Documents/Conferences Schools/HPFBU2011/Matlab_Lecture_Material/GUI_Calculator/HPFBU2011_calculator.m*
% r— . . N
é B8 -[10]+ =+ [11] x oF & File 7EQ|t Text Go Cell Tools Debug Desktop Window Help
=05 . Hint: odit comtro oh . D od $« MR@ovoe & 2 -MAMAesdo Bl - X B BE B E Stack: Base 3
267 o Hint: edit controls usually have a white D : — ™ O O [Users/OM/Documents/Conferences_Schools/HPFBU2011/MatLab_Lect
268 | % SeelSPCandCOMPUTER =~ | B8 -[10]+ +[i1]x #8a% @ 5T Go Cell Tools Debug Deskop Window Help
269 - | ifispc && isequal(get(hObject, Background277 o €veniaata reservea - 10 De aennea In a Tuture versiol = 9 P P
270 - set(hObject,'BackgroundColor','white’); 278 % handles structure with handlesanduserdata(seet~» #7] & H & B 9 ¢ & 2 - A @ »
I = end 279 {am @ e n | % o
272 280 % We will add our code here! B - (1.0 + * |1L1| x o % @
273 281 VL U 1TO0TU W wWwWiivoi s \‘llb FAII?"U.I VGV hiIw \Jllllls ‘y}JU W \.uopluy 1Y
274 % --- Executes on button press in calculate 282 % Toplama islemi 303 - | set(handles.text10,'String',e);
275 function calculate_pushbutton1_Callback(h 283 sayi1 = get(handles.edit1,'String'); 304 - | guidata(hObject, handles);
276 % hObject handle to calculate_pushbutto 284 sayi2 = get(handles.edit2, String'); 305 , _ .
277 % eventdata reserved - to be defined in a 1285 % sayi1 and sayi2 are variables of Strings type, and nee396 % Carpma islemi o
278 % handles structure with handles and ust¢ 286 % to variables of Number type before they can be adde397 ~ carp1 = get(handles.edit5,'String’);
279 287 308 — carp2 = get(handles.edit6,'String');
280 % We will add our code here! 288 toplam = str2num(sayi1) + str2num(sayi2); 309 % a and b are variables of Strings type, and need to be converted
281 289 ¢ = num2str(toplam); 310 % to variables of Number type before they can be added together
282 290 % need to convert the answer back into String type to d 311 ) .
283 291 set(handles.text9, String',c); 312 - carpim = str2num(carp1) * str2num(carp2);
284 292 guidata(hObject, handles); 313 - | carp3 = num2str(carpim); . _ _ ,
285 293 314 % need to convert the answer back into String type to display it
286 294 % Cikarma islemi <jlin|= Set(handles.text‘l1,'String',carp3);
287 295 cikar1 = get(handles.edit3, String'); 316 — | guidata(hObject, handles);
288 296 cikar2 = get(handles.edit4, String'); 317
289 297 % cikar1 and cikar2 are variables of Strings type, and ni318 -
290 298 % to variables of Number type before they can be adde319 % Bolme islemi
291 299 320 - bol1 = get(handles.edit7,'String');
292 300 cikarma_sonucu = str2num(cikar1) - str2num(cikar2); 321 — | bol2 = get(handles.edit8, String’);
293 301 e = num2str(cikarma_sonucu); 322 % a and b are variables of Strings type, and need to be converted
294 302 % need to convert the answer back into String type to d 323 % to variables of Number type before they can be added together
295 303 set(handles.text10,'String’,e); 324
296 304 guidata(hObject, handles); 325 — bolum = str2num(bol1) / str2num(bol2);
305 326 - bol3 = num2str(bolum);
306 327 % need to convert the answer back into String type to display it
307 328 — set(handles.text12,'String’,bol3);
329 - guidata(hObject, handles);
330
331
332
PFB 0 atLab JcCtave Dr O 2




Hands-on Practice Session

Graphical User Interface: Building a Calculator

Call your GUI by using its name in the command window.
And, try a few calculations!

~ 1 341

342 %checks to see if input is empty. if so, default input1_editText to zero
343 - if (isempty(input))
344 - set(hObject,'String','0")
345 - end
346 - guidata(hObject, handles),
| & - “
X a »[ Command Window
>> HPFBU2011_calculator]
e OO HPFBU2011_calculator
HPFBU 2011 - MATLAB Tutorial - Example GUI Application
3 + 4 = 7
W
4 . 1 = 3
g
3 X 2 — 6
1 / 2 = 05
[ Calculate J
‘
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Outline

PART 2 - Hands-on Practice Session

Projects
Graphical User Interface: Building a calculator

Under-dumped string-mass system

Gaussian fit fo a given data set (on command line and by using Fitting Toolbox)
Quadrupole scan analysis for emittance measurement
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Write a program;

Hands-on Practice Session

Under-damped Spring-Mass System
Homework

| that calls the function "damped_oscillator” recursively for different z values,
| and draws the x-t plots on the same figure.

® Therefore, one could monitor the behavior of the system for different z values.

HPFBU2014 -- MatLab

10

Under-Damped Spring-Mass System
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Outline

PART 2 - Hands-on Practice Session

Projects
Graphical User Interface: Building a calculator
Under-dumped string-mass system

Gaussian fit to a given data set (on command line
and by using Fitting Toolbox)

Quadrupole scan analysis for emittance measurement
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Hands-on Practice Session

Gaussian fit to a given data set by using MATLAB

Load a data set info the MATLAB workspace.
Visualise the data set to be fit.

0/00/00/0O/OO/OO/OO/OO/OO/OO/O0/00/0O/OO/OO/OO/OO/OO/OO/OO/O0/00/0O/OO/OO/OO/OO/OO/OO/O0/00/0O/OO/OO/OO/OO/OO/OO/OO/O0/00/00/00/00/

% Loading and Plotting a Data Set with MATLAB
%
% HPFBU 2011 - MATLAB Tutorial
%
% Help/Questions O.Mete
O/OO/OO/OCVOO/OO/OO/OO/OO/OO/OO/OcyoCVOCVOO/OO/OO/OO/OO/OO/Ocyocyocyoo/oo/oo/oo/oo/oo/oO/O0/0CVOCVOO/OO/OO/OO/OO/OO/OO/OO/OCVOO/OO/
load('data_to_be_fit.mat'); 600 Figure 1
File Edit View Insert Tools Desktop Window Help
figure(‘]) & D:l S de kB R ‘E.(rp @ @ 0{ S @) D IE m 0
plot(x_ax-x_ax(1),y_ax,'-ob’); <10
xlabel('Beam Size (mm) ','fontsize’,14); " ? ? 5 ‘s : T ———

, , ” . : : : : | —e— Intensity Distribution |
ylabel( Intensity (a.u.)','fontsize ,14); 10k A— — el " S — T e d
legend('Intensity Distribution') ol i - v L - . |
grdon; s S B 2 (N A
xlim([O 40]); al........... ............. ............. ....... ............. ............. ........... -

O O B 7.3 W e S ]
£ %
T ———, .é'\ Bl .......................... é% .................................................. -
2 b 2
..Q_) . IR . AREEETEERP PRI PP RPPTE PP PP PREE FPPPPPPEPPRES PRTPPPRIRPS -
£ 5 L &
gl .......................................... R SRR UUOE SUUUSUUUUUUUE U -
3 b B
2 ¥ ...................................
! 0 5I 1 iU 1 l5 2i0 2I5 BIIJ 3I5 40
Beam Size (mm)
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Hands-on Practice Session

Gaussian fit to a given data set by using MATLAB

Load a data set info the MATLAB workspace.
Visualise the data set to be fit.
How is the “fit” built-in function used in MATLAB? Please search within the documentation.

000

Figure 1

File Edit View Insert Tools Desktop Window Help

s 0

;3 &] fqé [% 2 PSS éﬁ? ﬂi’ q;!.df M iﬂ) [] [:] a EI

x10° —S— Ksize: 2.2143{mm), Mean Position: 17.7921(mm),

: Quality of fit: 0.99102
= R P ; ...... Ch'”'”“'“”'”"’”'””‘”‘% ............. ? ........... -
.1 z s
- | - e . SOEIUUUUUURUUUU SURUURRRRR s S |
B gu — n.““.“.“u.“.““.“.% ............. ? ........... _
S e, 5 ST TN S e S _
(4] : : :
= X ) : :
2 a | o R S i
= § : :
QO 3 Do e o LB CRETREEREERD -
= '8 > : :
- & - [ 1 . .
Bl ..., - FRRRRR  CRTIEE SRR PP S -
) S I A i B YO S N T
@ R 24 . ‘0 D a :
) ot : v g :
0 PBdeide iy’ | ‘Uahedaniten o
ke z s z
-1 ] ] i ] i i i
0 S 10 15 20 25 30 35 40

HPFBU2014 -- MatLab

Beam Size (mm)

Octave 51

Determine the initial fit parameters
for the fit.

Find the background to be subtracted
before the fit (in this case zeroth
order polynomial).

Fit the data to a Gaussian curve.
Extract the fit parameters.

Plot the data and the Gaussian fit
curve on top of each other.
Transform your fitting script into a
MATLAB function. Use the x and vy
data as the function arguments.
Function should return the mean and
1sigma of the distribution as well as
the Chi"2 value.
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Hands-on Practice Session

Gaussian fit to a given data set by using MATLAB

Load a data set info the MATLAB workspace.
Visualize the data set to be fit.
How is the “fit” built-in function used in MATLAB? Please search within the documentation.

%%6%6%%% Gauss fit 7696967676J6J6J6J67676767676767667667676

% Let's try to fit a polynomial background to the distribution.
969696767676%6%67636363696969696767676767676363696969696.676 76767666 6969696966.76.%
ff_=polyfit( datx(1:50),daty(1:50),0);

Homework - Please

% Subtract the background from the data. implemenf Clnd Plo-l- -|-he da-l-a
96969696967676767676766666767667676767676676767676767676767676767676767676767676

daty = daty - ff_; and fit model together:

% Fit the noise-free data.
967676966769676769676 369676369676 696.76 6967669676 6967669676 69676 06967669676 0696
[cfl_,gofl]=fit(datx(),daty(), "gaussl', 'Startpoint’, [max(daty) mean@® sigma@], '"MaxFunEvals',b6000);

% Create the fit curve
9%%6967696676967696766%626 9676676969626 967696769696 696769676 9696696769676 9696 %6 %

for 1=1:10000
ncl_(1)=Ccfl_.al)*exp(-((1/100-cfl_.b1)/cfl_.cl).A2);
axnl_(1)=1/100;

end

% Retrive fit parameters
9696%6%6763696967676763696967676763696967676 763696967676 763606966.76 6369696676566
xsize = (cfl_.cl)/sqrt(2);

posx = cfl_.bl;

gofx = gofl.rsquare;
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PART III
EXTRAS
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one step further

How to make your plots visually more representable? :)
How to increase computing speed in MATLAB?

MATLAB toolboxes: plots, statistics, image processing,
signal processing, neural network...

Importing c++ codes
Object-oriented programming
GPU programming

MATLAB - Simulink

System optimisation
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