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What is MATLAB?

Introduction
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Introduction

MATLAB Is...

e high-level programming languagéth gener. language)
e Interpreted language (not compiled, but... JIT)

e intended mainly for numerical computing (nevertheless includes MuPAD
symbolic kernel)

e philosophy: kernel + tool boxes + user-defined functiemsvide application

e wide possibilities of linking with other tools (Java, C++, Fortran, Pythbig T,
Excel, physical- / multi-physical softwares)

e speed (of well written) algorithm comes near to that of C++
e excellent for ,fast prototyping*
e Matlab does not require variables declaration (not always the advantage)

e multi-license for CTU

e Available for students as well!
e downl oad. cvut . cz + main access password
e fel.cvut.cz — computer network-> Multi-license software at CTU
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Why to learn MATLAB?

Introduction

Matlab is a worldwide standard

used by more than 5000+ universities worldwide

licenses used by thousands of corporations in aviatiotethmology,
electronics, cybernetics, mechanical engineering, tiean.

knowledge of Matlab can be used in other courses at the Usiyexs
well as in professional life
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Introduction

Where to make use of Matlab?

e data processing and visualization during laboratory agesc
e when elaborating diploma works
e seminar exercises (signals, algorithm development, ...)

e theory verification (mathematics and physics classes;trelmagnetic
field, electronic circuits, ...)

e studying abroad (Erasmus, Sokrates)

= “everywhere" :)
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Introduction

Historical development of MATLAB

e /0’s
e Cleve Moler, Matlab used instead of Fortran
e MATrix LABoratory — matrix is the basic data structure
e Fortran-based syntax
e 1983
e Jack Little rewriting Matlab in C
e new functionality and new mathematical libraries added
e 1984 (Matlab is so far for free!)

e MathWorks founded in 1984
e http://ww. mat hwor ks. cont

e 2004
e Matlab used by more than 1 million of active users
e NOW...

e ...R2016b is the newest version of Matlab
e local distribution: Humusoft s.r.o.

seehttp: // ww. mat hwor ks. com conpany/ about us/ f ounder s/ cl evenol er. ht m
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Alternatives to MATLAB

Introduction

Fortran— most of the libraries still in Fortran, used mostly by plsystis

Python — for free, fast and intuitive; Spyder provides MATLAB-like
features

Mathematica— symbolic and numerical calculations, excellent symbolic
kernel, extensive applicability, mostly for mathematngand physicists

Maple— symbolic and numerical calculations

MathCad—used for symbolic and numerical calculations, slightly-of
date

Octave— for free, syntax and functionality similar to Matlab, nad s
extensive, smartphone executable

R — for free, designed particularly for statistical applioas
Scilab— Matlab-like, open documentation
Derive— small, fast, Casio calculator executable
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Introduction

Alternativesto MATLAB

e Matlab vs. C/C++
e optimal language strongly depends on the application
e C/C++ faster in general, Matlab, on the other hand, provides implicit pasafiel

e (general principle: Matlab more than suitable for everything except comaterci
compiled code (especially Matlab 6.5 and above: JIT + Real-Time Type 8isaly

e Matlab vs. Fortran
e Matlab has wider support, more intuitive syntax
e speed of a well written code is (usually, at least) comparable
e utilization of Fortran is on the decline

e Matlab vs. Python
e Matlab offers significant support thanks to MathWorks, Matlab File Exchange
e Python entirely for free, it's becoming more and more popular
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Introduction

AOB1/MTB

e 13 weeks (1# week is a ‘reserve’)
e 11 blocks with new theory, 1 block of bonuses, 1 block of examples
e conditions of credit award
e to hand in a project (next-to-last week of the semesteroint9
e competition assignment(see next slide)
e to pass atest0 points(min. 50%, next-to-last week)
e on top of that two short tests during semesterpoints(min. 10 points are needed)
e 3 bonus examples during the semestbhonus points
e max. 2 missed classes (more absences only after prior arrangement)
e any lecture can be substituted

e could happen that not all of the stuff of the course will bespraed,
because of time constraint — understanding the basics isttyr

e Dbonus stuff (slides) available for advanced students

[
Data types Code execution Visualization Relation and logical operators
Matrix operations User scripts and functions Numerical methods Symbolic math
3.10.2016 15:49 AOB17MTB: Introduction »)
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Introduction

Competition assignment

® assignments from previous semesters:

Jacobi method Effective plotting

® See
e project can be selected by any number of students
e conditions:

e projectis completed according the assignmentredit award

e projectis the best one winning the competition
e prizes for the first three winners
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AOB17MTB — Course syllabus

Introduction

Introduction, information on the course, MATLAB vksipace, basic arithmetic operators,

1 basic functions

5 Compl_ex nu_mbers, c_omplex matr_ix d_esign, m_atrix apens, element-by-element
operations, introduction to vectorization, matrimdnsion

3 Indexing, data type and size, output format

4  MATLAB Editor, script design, relation and logiagperators, cells

5 Cycles, cycles vs. vectorization, control flowpgram branching

6 Visualization in MATLAB #1, debugging

7  Set operations, sorting, searching, user-definadtions #1

8 Functions #2 (main functions, subfunctions, nefiedtions, anonymous functions)

9  Struct, strings, ‘eval’ and ‘feval’ functions, MARB path

10 Visualization in MATLAB #2, GUI #1

11 GUI #2

12 Date and time functions, error handling, I/O,it&sf symbolic computations

13 Exercises , test

14 (Reserve)
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AOB17/MTB — Deadlines

Introduction

1 call for project proposals

2

3 bonusexample (1-3 points), list of projects, discussion on own topics

4

5 short test (approx. 10-15 min) aimed on solving given problemin Matlab, 10 points
© project choice

{  bonusexample (1-3 points)

8  short test (approx. 10-15 min) aimed on solving given problemin Matlab, 10 points
9
10 bonusexample (1-3 points)

11

12

13 test (20 points), project hand-in (next-to-last week of the semester, 60 points), credit award
14 reserve, competition assignment measurement

3.10.2016 15:49 AOB17MTB: Introduction

13

Department of Electromagnetic Field, CTU FEi| osl av. capek@el . cvut. cz




Credit award

Bonus example #1
Short test #1

Bonus example #2

Short test #2
Bonus example #3
Test

Project

Points

10

10

20
60

Min. points

10

10
30

Introduction

Grade

m m O O

Points

90-100
80-89
(0 (9
60—69
50-59
0-49
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Introduction

AOB17MTB — Schedule

e harmonogram of WS 2016/201afso on the web page)

1.tyden 2.tyden 3. tyden 4, tyden 5. tyden
4.10. 5.10. 11.10. 12.10. 18.10. 19.10. 25.10. 26.10. 1.11. 2.11. Napl# piedm étu:
UT16:15 | 5T16:15 | UT1615 | 5T16:15 | UT1m15 | 5T16:15 | UT16:15 | ST1&15 | OT16:15 | ST1&15
5 (cvkl 9 (textove | 13 (test
poznamka Wik v DE 1 (Ovod) {erdy, V( . { !
vetveni) | Fetézce) proj.)
14
master Wik Wik Wik Wik Pavel Wik Wik Wik Wik Wik 2i{matice) |6 (vizual. 1)| 10(guil)
(rezerval
. " " " " . " " " " k] 7 (mnoz. .
slave Wit Wit it Wit Wit Wit K8 it Wit Wit 11 (guiz)
(indexace) | op,, fon, 1)
3 3 4(editor, | 4(editor, [ 5 (cykl 5 {eykl 4(editor, | 8(funkce 12
naplii 1(tvod) | L1(Gvad) |2 (matice) | 2 (matice] { ! { : (e, feykdy, { » | 8L
(indexace) | (indexace] | relac, op.) | relac op )| vetveni) | wetveni) relac, op) 2] (bonusy)
bonusowy | bonusavy R . zadani . R L - bonusovy
harmonogram . » 1 pisemka |1 pizerka . |1 pisemka | 2, pisemka test zdpoiet soutdi »
piiklad piklad projektd piklad
Pozn.: bonusovy piklad je 2a 1-3b a wybran ze Sedjch pfiklad( (pfipadné zeela mimo slajdy).
6. tyden 7.tyden 8. tyden 9. tyden 10. tyden Pozn.: vécha é4st harmonogramu mdge byt postupné mirmné zpozdéna
8.11. 9.11. 15.11. 16.11 22.11. 23.11. 29.11. 30.11. 6.12. 7.2,
UT16:15 | 5T16:15 | UT1615 | 5T16:15 | UT1g15 | 5T16:15 | UT16:15 | ST16:15 | UT16:15 | ST16:15
wyuka jako
pozniamka v J ik - viktor
W PA
master Wik ik Wik Wik Wik Wik Wik ik Wik it - it
slave it Wit it Wit it it I it I I - Michal
- . . 7(mnoz. 8 (funkce | 7(mnoz |3 [(textové | 8 (funkce . 9 (textové
naplii 6 (vizual, 1)|6 (vizual. 1) L 10(guil) |7,
op, fon, 1) 2) op, fon 1) | fetéezce) 2) fetézea)
zaddanf zadani bonusovy . honusowy . honusowy
harmonogram N N . 2. pisernka . 2. plsermks -
projektd | projektd pifklad piklad piiklad
11. tyden 12. tyden 13. tyden 14. tyden soutei
13.12. 14.12. 20.12. 21.12. 3.1. 4.1. 10.1. 11.1.
UT16:15 | 5T16:15 | UT1615 | 5T16:15 | UT1m15 | ST1615 | UT16:15 | ST1&15
poznamka bude doplnéno {viz web)
master Wik Wik Wik Wik Wik Wik Wik, Wit M| Wik, Wit b
slave ] %) I %) I ]
P . 12 12 12 13 (test, 13 (test,
napln 11 (gui2 10 (guil 11 (gui2
> (3ui2) {guil) (bonusy) i2ui2) (rezerva) | (bonusy) proj.) proj.)
bonusoyy L P -
harmonogram piilad test test zapocet zapocet soutéi

e thisis how the bonus slides look like (see the background color...)
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Introduction

AOB17MTB — Principles

e the aim of the course is to teach you something — if the prasientis to
fast, be heard

e if you have an idea / proposal how to solve a problem in a mdreierit
way, put it forward

e can happen that the lecturer is not able to answer your @umesti

iImmediately, in that case the answer will be provided dutimg next
lecture
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You will be able to

) piidods ————RI=TEY

"1 <0 postprocessing

Introduction

er:- O

Best -

T
Disper. -

T T PO Setlings:
popul size: 20
iteration: 50

cl: 2, c22

min weight 0.4
max weight 0.8
walltype: imvisible

best solution:

: 5| q | Walue -1TE0575
Data r |“‘"""‘ . :; :ﬁ;gg
Line %-dat
1k — il S E—
2 2 0.1
3 3 02 r
4 |4 0.3 EXT
5 |5 04
6 |5 035
7 06 Iterations: 50 Actual iter: 4
& |5 07 Agents per iter: 20
o | ’ total funEvals: 1000 funEvals complete: 80 -
23 08 fitness function: finessFunction first gBest: -159 5078
10 (10 0.9 number of dirn: 2, wall: invisible actuzl gBest: -159.5078
11 {1
12 |12 04 cl1=2,c2=2, inertDec =0.013514 Elapsed time: 0427s
5 hs 1'2 miny¥eight = 0.4 | ma:\eight = 0.9 Remaining time: 4 91055
14 114 13 Har
15 |15 1. 4000 4539
16 {16 1.5000 04335 | 10
17 h7 16000 05075
18 Na 1. ) prildadz =10f x|
19 [1g 1.8000 .
20 |20 1.8000 idtelnost 00—
2 |21 2 ’7 w L ‘g
200 3
100 fé_:
_ _ 0 g
H-pozice: 335 Y-pozice: 156 T
x 5 o -0 0 20 0 60 80 100
lterace
e see the
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Introduction

Recommended literature, resources

e Matlab documentation >> doc % opens the help browser

e Basic web-based textbooks on Matlab (so called primers)

e www. mat hwor ks. cont hel p/ pdf _doc/ mat | ab/ get start . pdf
° http://artax. karlin.nff.cuni.cz/~beda/cz/ matl ab/primercz/ matl ab-prinmer. htm

e Attaway, S.. Matlab — A Practical Introduction to Programmiand
Problem Solving, 3rd ed.

available at Department’s library

e Hahn, B. H., Valentine, D. T.: Essential Matlab, 5th Ed.

available at Department’s library

e other literature and sources will be mentioned during timeester...
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Introduction

Launching Matlab

A

[c+] Spravee: E:"-.,‘Hindnwis"-,'syﬁtan.':‘z\l:i‘r'ld.eﬂ_é

® Command ||ne C:\>matlah
e matlab

e Matlab can be launched with a set of optional parameterddses
e matlab -r "test(10)"

e 2016b: 2 GB RAM, 2 GB disk space (Matlab only), 4-6 GB typical
Installation, Win7 and newer

e version dependent

3.10.2016 15:49 AOB17MTB: Introduction
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Introduction

The Matlab Environment ( £ R2011b)

) MATLAB 7.11.0 (R2010h) o [=[
B Edt Dcbig parslel eskiop Window e
g | dmE 9 o |a i = : atiabl, mfles\TCMapps. 1 © Sharteuts 2} Howto Add #] WhatsDew
Current Folder w02 X fcbmmanduifmduw Workspace HOop X
] gt ;FéMapp"hla » '.P ) - ;"ﬂ ﬁ i’if % “ ||@5€‘Eﬂtdﬂ-ﬁﬁﬁdi‘ -
C:\Frogram Files\MATLABARZD10b\bin
Mame - |'|I'alue
Name L :
Y . ) 299792453
& IHistarybdata Workspace is changing £o: .85478-12
# | isource : =
- naw D:\Mila\Matlab\ mfiles
E L mbin -
[# . results
August 31, Z011 9:00:495.868 FM
'E(J activateTCMpath,m a0 4
£ Feep on working...
:J custerBatch.m e
] dusterBatchCompleted m &
E‘l createTCMBatch.m
| Iogout. bt
1 postTcm.m
'E] prepTCMinput.m
> | preTCM.m
EH preTcminit.
E’J resTCM.m
{’,‘:[ TCM_afs_executor.m
f‘ﬂTCM_;nbManager.m
":’“__llTCM _pfs_executar.m
"E’__.l TCM_RUN_sabver.m
) Temdistrbsalver.m Command History :
{’j:[ TCMparallelSalver.m “rclear.clc ﬂ
7= TeMsingleSalver.m Big—— 18.8
r._.VEI'-b(t +-glear,clc, preICH
‘:-l verConvertar.m ~plotEighum (pTCMout)
&) 22 sweep_qeic_Qu vs lambda_vs... L. plotEigHum (pTCHouE2)
=postTCM {pTCMout)
L-postTCH (pTCHoutZ)
s plotEigium (pTCHMout)
“-plotEigHum (pTCHo
Details g 4 r = g’ tp
52— 29.8 1
doc
—gclear,clc
E-5— 20.82.2011 11:32 —%
Selecta file To view details s
doc bench)
=-edit bench
L-clear, clc,. gquit
0 =
| IR, 4
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Introduction

The Matlab Environment ( 2 R2011b)

Current Folder

=1 E;1 =27
& W Integration_routines 2: 456 78 3] ;i ERTE]
# [ TcMappa 2t [123456;789)
" |eastSquares.m o 1
5
[1o0]
[0;0;1]

Command History
norm (A)

n

A= [-11;1 2], B= [12 3;
whe

“whos

size(filip)

filip

filip = []

size(filip

size (£ilip)

whos
~bar (B, "DisplayNa: B
“clear,clec

2= [-1 1;1 -2]

B [123; 45¢6; 78 9]
a

b=

Select a file to view details
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The Matlab Environment — panels

OEONONONONONONG,

Command Window (CTRL+0)

Workspace (CTRL+3)

Introduction

Command History (CTRL+1) — not activated in cased®2015a; to activate...

Current Folder (CTRL+2)

Current Folder — Detalils

Current Folder (with history)

Start (Windows like), only fox Matlab R2011b

status

o ‘\g,i Preferences ‘A (4 Community
(=l Sst Path- '
|

T Two Colurn
1 Al but Command Wirdow Minimized
71 Command Window Cnly
Save Layout...

Crganize Layouts...

+' Current Folder
" \Workspace
+"  Panel Titles
Shortouts Tab
"  Toalstrip

Command Histary

Giuick Access Toolbar > Popup
Current Faolder Toolbar ?| " Closed

3.10.2016 15:49
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Introduction

Environment setting — basics

Pl MATLAB R2012b
T e e N KR (1] o M Wariabie Lralyze Code ] ) ]
= b A enares 80 O = |J (maf | e W) oty
e ” X Dz Cpen Yariable - T Run snd Time =5l Set P_ )
Mewy  Few Open S| Compate  Import Save "-I L . Simulink Layout "J Specify prefere n.c_.es ecuest SUppart
SeHpE = L Data. Viorkspace 057 Clear Workspsce: w ') Clear Commands »  Libraty ¥ GjParalel - - S
FILE WARIMELE ColE SRL LMK Eh I'vﬁH'.‘Nhﬂél‘-IT REFILUREES

i

[=-General <| Fonts Preferences

MAT-Files

e Matlab R2012a and later
[ ] ri b bo n m e n u I::I— ﬁmzz:;zialng E ES:::::Z::;:: Command Window, Command Histary, Editor |
=3P Memmory ] Maonospaced ;i I Plain ;1 -
e Matlab R2011b and older Il |

- Sample
=) MATLAB R2011b

The guick-brown fox jumpa over the lazy dog. 1234567830
EF“‘E" Edit View Dsbug Parallel Desktop

Desktop text font-

e [
Editor/Debugger Currently used by: Help Nayigator, Current Folder, Waorkspace, Yariable Editor, Funchion
Oper... cri+o S>> f o e
2ip

Close Current Folder Ctri+w p r e e r e n C e S e ¥ Use system font

« Current Folder - -
e - Varizble Editor J s ;J l = _1 I - .J
Save Workspace As... Cri+s - Workspace : Sample

- GUIDE | The guick brown fox jumps over the lazy dog, 1234567330
SetPath... Ti

=i 5 ois

+-Fgure Copy Templaie

_ —Custom fonts

Currently used by: HTML Proportional Text
To set a custom font for any deskiop tool, go to the Custom Fents preferences.

LY e UTIL \getMoviesim
2D\, TCMapp4. ZbpreToM,m
3 0:4..ewster \expenment.m - Instrument Central

B — e Fontsize syanonece

Exit MATLAB Cirl+0 imscape
[#-Gimuiirk 30 Animation [

- Image Processing

oK T -
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Introduction

Matlab termination

e always terminate Matlab in the command window

>> quit %termnates Matlab (and all w ndows)
>> exit % -1 -

e more advanced options (see documentation)

>> quit cancel
>> exit force

3.10.2016 15:49 AO0B17MTB: Introduction 5)3) ﬂ?(/ 8
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Command line, documentation

Introduction

>> doc % opens docunentati on wi ndow

>> help % Matl ab hel p

>> deno %tutorials

3.10.2016 15:49
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The Help structure, Matlab <R2011b

Introduction

>» help =in
5IN S5ine of argument in radians.

SIN(X) i=s the sine of the elements of X.

>> hel p

% di spl ays basic hel p contents
>> help sin %displays help related to sine function

See also asin, s=ind.

COverloaded methods:
codistributed/sin

Beference page in Help browser

d ir
@ Help =] oc s3in
Fie Edit View Go: Favorites Deskiop Window Help -
[ o 4.¢¢..|j,>Mmma-wm.mmm»ammwymw»mmm(4\ - i
B4 MATLAR =]l 8N
#- [ Getting Started Sine of argument in radians
[#-wp User's Guide
=+ fx Functions Syntax
14)- Desktop Tools and Development Environment ¥ = zin(¥)
[4-Data Import and Export
[=}-Mathematics Description
_E‘ Arrays and Matrics T = =in(¥ returns the circular sing of the alements of % The sin function operates
B Linear Algebra element-wise on arrays. The function's domains and ranges include complex values. All angles are
[)-Elementary Math in radians
21 Trigonemetric
i fx acos - Sm Definitions
- fx acosd . .
B e The sine of an angle is:
-~ fx acot - X gl i o
o s >> doc % | aunches hel p w ndow
i fie e
A Faor complex x . . .
Ee . o >> doc sin % sine function
x sinlx+iy) =sinlxicoshly) +7cos(x)sinhly)
o fx acsch 0)
[ e — Yorel ated hel p
o fx asecd
. Jx asech - In Graph the sine function over the domain —7 S¥= 7
i ﬁras?n-; ¥ = —pi:0.0Ll:pi;
- S asind - plotix,=sin(x) ), grid on
Jx asinh -
fx atan A
Jfx stan2 |
Jx atand 8
g Lo 06 =
P
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The Help structure, Matlab >R2011b

Introduction

& B Qe @

Documentation

| sin

= CONTENTS

< All Products

< MATLAB

< Mathematics

€ Elementary Math

< Trigonometry

sin

Syntax
Description
Examples

Input Arguments

OUtpUE Arguments

More About

SEE Also

Pl {1 Preigrani/s20F 5 MATLAB/R201 5B heln/matiabref fsin htmi

cos +|

Close

sin
Sirte of argument.in radians collapze all in page
Syntax

Y= sin (%)

example

Description
¥ = sin(®) returns the sine of the elements of % The sin function operates element-wise on arrays The function accepts bath real and complex example
Inputs For real values of Xin erval [-Inf, Inf], s1n returns real values in the interval [-1 1] For complex values of X, s1n retumscomplex values

Allangles are In radians

Examples callapse all
¥ Plot Sine Function
Plat the sine function over the damain -7 < & <«

A= -plig/elipi;
plot(x,sin(x)), grid on

08 \

02f b
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Introduction

Matlab Help

| T
240s 1

e start and terminate Matlab
e set the Matlab environment to your taste

e try to launch the help
e find the documentation of the following functioss:n, cos, abs

e browse through individual help chapters
e pay attention to the pa@etting Sarted

3.10.2016 15:49 AOB17MTB: Introduction
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Shortcuts

Command W ndow

Introduction

key meaning
ENTER sends line for processing
ESC deletes whole line
DEL deletes one character (right to the cursor)
BACKSPACE deletes one character (left to the cursor)
HOVE moves cursor to the beginning of line
END moves cursor to the end of line
CTRL + 1 moves cursor to the beginning of next word
CTRL + | moves cursor to the beginning of previous word
SHI FT + ENTER | sends cursor to the next line
CTRL + K deletes all to the right of cursor
CTRL + C forces interruption of Matlab (e.g. long / erroneous calculation)
CTRL + TAB switching between windows of Matlabu Environment
1 a 1 command history listing (searching is available CTRL+F)
F1 context help related to the word where the cursor is placed (Command Windtow) Edi
TAB function or variable name hint

+ usual Windows shortcuts for text processing

3.10.2016 15:49
29

AO0B17MTB: Introduction
Department of Electromagnetic Field, CTU FEE] osl av. capek@el . cvut . cz

)

elmag.org

J QV?’ 3

«
AT
N




Searching the Help

Introduction

key / command

meaning

SH FT + F1

when pressed in command line, opens searchable function library

F9

evaluation of selected part of the code in Editor

NOT, OR, AND

it is possible to use logical operators in documentation search

*

it is possible to use wildcards in documentation search

to search exact phrase in documentation

>> docsearch "plot tools"

>> docsearch plot* tools
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Discussed fun ctions

quit, exit terminates Matlab 1
pr ef erences opens Matlab preferences
doc, help, deno commands related to documentation and help o
sin, cos sample goniometric functions
abs absolute value
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Thank you !
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