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(1) Uvod
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Co je to MATrix LABoratory

@ , The Language of Technical Computing.*”

o ,MATLAB is a high-level language and interactive environment for numerical
computation, visualization, and programming. Using MATLAB, you can analyze data,
develop algorithms, and create models and applications. The language, tools, and
builtin math functions enable you to explore multiple approaches and reach a solution
faster than with spreadsheets or traditional programming languages, such as C/C++
or Java."

@ ,You can use MATLAB for a range of applications, including signal processing and
communications, image and video processing, control systems, test and measurement,
computational finance, and computational biology. More than a million engineers and
scientists in industry and academia use MATLAB, the language of technical
computing.”

Martin Trnetka (UPOL) 3/87



K €emu je MATLAB dobry

Numerické vypocty.
Analyza a vizualizace dat.
Programovani a vyvoj algoritmd.

Vyvoj aplikaci a jejich distribuce.

Navrh modeld.
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Kdo pouziva MATLAB

NASA

Airbus

U.S. Air Force

Los Alamos National Laboratory

Xerox

°
°

°

°

°

o Geoscience Australia
o Vodafone

e Ford

o RWE

@ Samsung

@ Swiss Re

°

a dalsi http://www.mathworks. com/company/user_stories/
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Nevyhody MATLABu

@ Real-time aplikace.
o Aplikace kde je dilezity ¢as.

@ Placeny software (alternativa GNU Octave).
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Dalsi aspekty MATLABuU

@ Verze pro vSechny bézné operaéni systémy a pro smartphony.
@ Masivni dokumentace a Sirokd komunita.
o Simunlink.

@ Riizné hardwarové platformy.
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© Zikladni prace s MATLABem
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Prostfedi MATLABuU
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Vektory a Matice

P¥iklad
> v =1[12345]
o =

12345

Priklad
> v =1[12345];

P¥iklad
>> v = [1:10]
o =
1234567389 10
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P¥iklad
>> v = [1:2:10]
v =

135709

Priklad
> v =[12345]
V =

g oW N
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P¥istup k prvkim vektoru

Priklad
>> v = [1:10]
v =
1234567389 10
>> v(1)
ans =
1

>> v(1:2:5)
ans =
1 35

>> v(end)
ans =
10
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P¥istup k prvkim vektoru

MATLAB indexuje veSkera pole od 1!.

Priklad

>> v = [1:10];

>> v(0)

??7? Subscript indices must either be real positive integers or logicals.
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Matice

Priklad
> A=[123; 456; 7 8 9]
A:

I
o 01 N
© o W

Priklad

>B=[[123]" [456] [789]]

B =

w N =
(o) G2 TN
© 00 N
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P¥istup k prvkim Matice

Priklad
> A=[123; 456; 7 8 9]
A:

>> A(2,2)
ans =
5
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P¥istup k prvkim Matice

P¥iklad
>> A(1:2,1:2)
ans =

12

4 5

Martin Trne¢ka (UPOL) Uvod do MATLABu



Zakladni operace

plus, +
uplus, +
minus, -

uminus, -

mtimes,
times,

*

.k

mpower, ~

power,

mldivide, \
mrdivide, /

1ldivide,
rdivide,
idivide
kron
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Plus

Unary plus

Minus

Unary minus

Matrix multiply

Array multiply

Matrix power

Array power

Backslash or left matrix divide
Slash or right matrix divide
Left array divide

Right array divide

Integer division with rounding option
Kronecker tensor product
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Zakladni operace

P¥iklad

> A=[123; 456; 78 9];
>B=[123; 456; 78 9];

>> A x 10

ans =
10 20 30
40 50 60
70 80 90

>> A x B

ans =
30 36 42
66 81 96
102 126 150
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Zakladni operace

Priklad
> A=[123; 4
>B=[123; 4
> A .x B
ans =
1 4 9
16 25 36
49 64 81

6; 7 8 9];
6; 7 8 9]

5
; 4 5 6; g

>> A.*B(1:2,1:2)
??7 Error using ==> times
Matrix dimensions must agree.
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Dalsi prikazy pro vytvéreni matic

Priklad
>> zeros(3)
ans =

0
0

O O O

0
0
00

>> zeros(2,3)
ans =

00O

00O
>> ones(2,3)
ans =

111

111

Martin Trne¢ka (UPOL)

Uvod do MATLABu

20 / 87



Dalsi prikazy pro vytvéreni matic

Priklad

>> rand(3)

ans =
0.9502 0.3816 0.1869
0.0344 0.7655 0.4898
0.4387 0.7952 0.4456

>> randi([0 1],3)

ans =
100
110
001

>> []

ans =

(]
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Uzite¢né prikazy MATLABuU

clear vymaZe viechny proménné v prostredi
clc vymazZe pfikazové okno

who seznam proménnych

whos  detailni seznam v8ech proménnych
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Ukladani a nacitani proménnych

P¥ikazy save a load slouZi pro uloZeni a naéteni vSech aktudlni proménnych.

Priklad
>> save nazev_souboru;
>> load naze_souboru;

Pop¥ipadé pouze konkrétni proménné

P¥iklad
> A=[123; 456; 7 8 9];
>> save nazev_souboru A;

UloZeni je provedeno do souboru s pfiponou .mat.
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P¥ikaz sum

P¥iklad
> A=[123; 456; 78 9];
>> sum(A)
ans =
12 15 18

>> sum(A, 2)
ans =
6
15
18

>> sum(sum(A))
ans=
45,
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Logicka indexace matic a vektord

Pro pFistup ke konkrétnimu prvku, &i prvkim matice nebo vektoru je mozné pouZit
logickou indexaci (prvek ma byt & nemd byt vybran). pole(logicka podminka)

Priklad
> A=[123; 456; 7891;
>> A>5

ans=

000

000

111
>> A(A>6)
ans=

8

6

9
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Logicka indexace matic a vektord

Nékdy miZeme pozadovat zjisténi pozitivnich index(i pole(logicka podminka)

Priklad
>A=[123;456; 7891;
>> find (A>6)
ans=

3

6

9

>> find (A==10)
ans=
Empty matrix: O-by-1
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Zastupny znak :

P¥i indexaci je moZné skupinu index( zastoupit jednim znakem : s vyznamem ,pro
vdechny".

P¥iklad
> A=[123; 456; 789 1;
>> A(1,:)
ans=
123

>> A(:,1)
ans=
1

7
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Velikost pole

P¥iklad
> A=[123; 45 6];
>> size(A)
ans=
23
>> size(A,1)
ans=
2
>> size(A,2)

ans=
3

>> [m, n] = size(A);
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Velikost pole

Priklad

>> length(A)
ans =
3

>> numel (A4)
ans =
9
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Zakladni tisk proménné

P¥iklad
> A=[123; 45 6];
>> display(A)
>> A =
123
456
789

>> disp(A)
123
456
789
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Va4

Mazani fadkd a sloupcli matice

Priklad
>A=[123; 456; 7891;
>> A(2,:) = []

A =
123
789
>> AC:,2) = []
A =
13
79
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Napovéda v MATLABuU

o Kilasickd (vy&erpdvajici) ndpovéda dostupnd z menu.

o P¥ikaz help, konzolova verze ndapovédy, velice rychld a uZitedna.

Priklad

>> help log

LOG Natural logarithm.
LOG(X) is the natural logarithm of the elements of X.
Complex results are produced if X is not positive.

See also loglp, log2, loglO, exp, logm, reallog.

Overloaded methods:
gf/log
codistributed/log
fints/log

Reference page in Help browser
doc log
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Cvi¢eni
@ Vytvorte nasledujici vektor
V =

10987654321

@ Vytvorte nasledujici matici
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© Programovéani v MATLABuU
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Kli¢ové aspekty programovani v MATLABuU

@ MATLAB provides a high-level language and development tools that let you quickly
develop and analyze algorithms and applications.

@ The MATLAB language provides native support for the vector and matrix operations
that are fundamental to solving engineering and scientific problems, enabling fast
development and execution.

@ With the MATLAB language, you can write programs and develop algorithms faster
than with traditional languages because you do not need to perform lowlevel
administrative tasks such as declaring variables, specifying data types, and allocating
memory. In many cases, the support for vector and matrix operations eliminates the
need for for-loops. As a result,one line of MATLAB code can often replace several lines
of C or C++ code.

o MATLAB provides features of traditional programming languages, including flow
control, error handling, and object-oriented programming (OOP). You can use
fundamental data types or advanced data structures, or you can define custom data
types.
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Program v MATLABuU

Program v MATLABuU se zapisuje do M-file soubor( (*.m) a miZe byt zapsan jako:
@ Skript

sekvence pfikazi MATLABuU.
@ Funkce

sekvence pfikazi MATLABuU, definovand ndzvem, vstupnimi a vystupnimi parametry.
Na rozdil od skriptu, je mozné ji volat jako podprogram.
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Skript Hello World!

@ Vytvofime novy skript hello_world.m.

@ Do zdrojového kédu zapiSeme:

Priklad

display(’Hello world!’); J

© Spustime program.

UZite¢né zkratky:
CTRL + N VytvoFi novy skript.
F5 Vykona aktualni skript.
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Déleni skriptu na buriky

Skripty je mozné d&lit na samostatné buitky pomoci p¥ikazu %%, které je moZno spoustét
nezdvisle na celém skriptu.

Priklad

% prvni bunka
a = 10;

Toth

% druha bunka
b = 10;

UZite¢né zkratky:

F5
F9
CTRL + ENTER

Vykona aktudlni skript bez ohledu na rozdéleni do bung&k.
Vykond vybrany kus kodu.
Vykona aktualni bunku kodu.
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Komentafe a stabni kultura
P¥iklad

% komentar, radek 1
% komentar, radek 2
toto uz neni komentar

UZite¢né zkratky:
CTRL + R Zakomentuje blok kodu.
CTRL + T Odkomentuje blok kodu.

Dlouhé p¥ikazy je mozné rozdélit na vice ¥adkid pomoci . ..

Ptiklad

a=1;

a=a-+ ...
1;

UZite¢né zkratky:
CTRL + I Automaticky zarovna blok kodu.
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Zavorky

Uvod do MATLABu
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Funkce

Vytvoreni funkce: New File — Function.
Ndzev funkce by se mé&l shodovat s ndzvem .m souboru.
Vstupni promé&né jsou volané hodnotou.

Ptiklad
function [ output_args ] = funkce( input_args )

%FUNKCE Summary of this function goes here
% Detailed explanation goes here

end
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Typy funkci

Hlavni funkce (*.m soubory) a podfunkce (platne) v rdmci *.m souboru.
Vnotené funkce. P¥istup k promé&nnym nadfazené funkce.
Ukazatele na funkce @nazev_funkce.

Anonymni funkce @(argumenty)telo_funkce.

Inline funkce inline(telo_funkce, argumenty).
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Funkce s proménnym poétem argument

nargin vraci pocet vstupnich parametrd.
nargout vraci polet vystupnich parametrd.

Priklad
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Lokalni a globalni proménné
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Podminky

Priklad
if i < 10
i=1i+1;
elseif i == 10
display(’preteceni’);
else
i=0;
end
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Relaéni operatory

eq, == Equal

ne, ~= Not equal

1t, < Less than

gt, > Greater than

le, <= Less than or equal
ge, >=  Greater than or equal
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Logické operdtory

relop, && Short-circuit logical AND

relop, ||  Short-circuit logical OR
and, & Element-wise logical AND
or, | Element-wise logical OR

not, ~ Logical NOT
punct, ~ Ignore function argument or output

Xor Logical EXCLUSIVE OR
any True if any element of vector is nonzero
all True if all elements of vector are nonzero
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Priorita operatort

Parentheses ()
Transpose .’, power ., complex conjugate transpose ’, matrix power "

Unary plus +, unary minus -, logical negation ~

©0O0O0

Multiplication .*, right division .\ , left division ./ , matrix multiplication *, matrix
right division \, matrix left division /

Addition +, subtraction -
Colon operator :

Less than <, less than or equal to <=, greater than >, greater than or equal to >=, equal
to ==, not equal to ~=

Element-wise AND, &
Element-wise OR, |
Short-circuit AND, &&
Short-circuit OR, ||

@600 000
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Cykly

Ptiklad

for i=1:10
i

end

Priklad
while i™=10
i
i=i+1;
end
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Rekurze
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Datové typy

ARRAY

| user classes [full or sparse]

Java classes |

cell char logical NUMERIC structure HITELET:
handle
int8 ‘ int16 | int32 ‘ int64 | single
|uint8 ‘ ‘uint16| uint32‘ ‘uint64| ‘ double ‘
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Prace s datovymi typy

Ptiklad
>> v
>> v
>> true
ans =

1

uint16([1: 100]);
uint8(v) ;

>> false
ans =
0
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Dal$i operatory

bitand Bit-wise AND.

bitcmp Complement bits.

bitor Bit-wise OR.

bitmax Maximum floating point integer.
bitxor Bit-wise XOR.

bitset Set bit.

bitget Get bit.

bitshift  Bit-wise shift.

union Set union.

unique Set unique.

intersect Set intersection.
setdiff Set difference.
setxor Set exclusive-or.
ismember  True for set member.
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3D pole

Priklad
>> A = zeros(3,3,3)
AC:,:,1) =

0 0 0

0 0 0

0 0 0
AC:,:,2) =

0 0 0

0 0 0

0 0 0
AC:,:,3) =

0 0 0

0 0 0

0 0 0
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Indexace 3D pole

ACD Prvni prvek v prvni dimenzi.
A(10) Prvni prvek v druhé dimenzi.
AC1,2) Prvek na soufadnicich 1, 2 v prvni dimenzi.

A(4,3) Zmeéni velikost pole!
A(1,2,3) Prvek na soufadnicich 1, 2 ve t¥eti dimenzi.
A(C:,:,3) T¥eti dimenze.
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Cell pole

Priklad
>> v = [’Prostejov’, ’0lomouc’, ’Praha’]
V =
ProstejovO0lomoucPraha
>> v(1)

ans =
P

>> v = [’Prostejov’, ’0lomouc’, ’Praha’]

V=

’Prostejov’ ’0lomouc’ ’Praha’
>> v(1)
ans =

’Prostejov’
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Prace s fetézci

Priklad

>> s = ’textovy retezec’;
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Vstup a vystup do souboru

dlmwrite(nazev_souboru, data, ’parametry’);

Ptiklad

> A =1[123; 456; 7 8 9];

>> dlmwrite(’output.txt’, [1);

>> dlmwrite(’output.txt’, A, ’-append’);

>> B = load(’output.txt’);
>> B =

123

456

789

Snadné pouZiti, ale velice pomalé pokud zapisujeme &asto!
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Vstup a vystup do souboru (low level)

fclose  Close one or all open files.

feof Test for end-of-file.

ferror Information about file I/O errors.

fgetl Read line from file, removing newline characters.
fgets Read line from file, keeping newline characters.
fopen Open file, or obtain information about open files.

fprintf Write data to text file.

fread Read data from binary file.

frewind Move file position indicator to beginning of open file.
fscanf  Read data from text file.

fseek Move to specified position in file.

ftell Position in open file.

furite  Write data to binary file.
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Vstup a vystup do souboru

file id = fopen(filename, permission)
’r? read
'w’  write (create if necessary)
’a’  append (create if necessary)
’r+’ read and write (do not create)
>w+’  truncate or create for read and write
’a+’  read and append (create if necessary)
W2 write without automatic flushing
A append without automatic flushing
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Priklad

Priklad

> A =1[123; 456; 7 8 9];

>> fid = fopen(’input.txt’, ’a+’);
>> fuyrite(fid, A);

>> fclose(fid);

>> fid = fopen(’input.txt’, ’r’);
>> fread(fid, 3);

Dol

7
>> fclose(fid);
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Strukturované datové typy
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OOP v MATLABuU

OOP v MATLABu umoZiiuje:
@ Zapouzdfeni dat a metod
@ Pt¥etéZovani funkci a operatori

o Dé&di¢nost a agregace

naopak, neumoziuje:

@ Operator :: z CH++
o Abstraktni t¥idy

o Sablony
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OOP v MATLABuU
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T¥ida reprezentujici uzel orientovaného grafu

Priklad
classdef node
%NODE represent the node of a graph

properties
id
value
neighbors = [];
end

methods
% constructor
function obj = node(id, value)
obj.id = id;
obj.value = value;
end
end

end
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T¥ida reprezentujici orientovany graf

Priklad
classdef graph
%GRAPH represent graph

properties
ids = 0;
list_of_nodes = [];
end

methods
% add new node, 0(1)
function [obj] = add_node(obj, value)
obj.ids = obj.ids + 1;
obj.list_of_nodes = [obj.list_of_nodes,
node (obj.ids, value)];
end
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Ptiklad
% remove node, 0(n)
function obj = remove_node(obj, id)
for i=size(obj.list_of_nodes, 2):-1:1
if obj.list_of_nodes(i).id == id;
obj.list_of_nodes(i) = [];
else
obj.list_of_nodes(i).neighbors(.

obj.list_of_nodes(i).neighbors==id) = [];

end
end
end

Martin Trne¢ka (UPOL) Uvod do MATLABu

67 / 87



Priklad

end
end

% add neighbors to node, 0(n)
function obj = set_neighbors(obj, id, neighbors)
for i=1:size(obj.list_of_nodes, 2)
if obj.list_of_nodes(i).id == id;
obj.list_of_nodes(i) .neighbors = neighbors;
return;
end
end
end

% show all edges, 0(n)
function edges(obj)
for i=1:size(obj.list_of_nodes,2)

disp([obj.list_of_nodes(i).id, obj.list_of_nodes(i).neighbors])

end
end
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Pouziti t¥idy

Priklad

= graph();

= G.add_node(10);
.add_node (20) ;
.add_node (30) ;
.add_node (40) ;

I
Q0 QR

.edges () ;

.edges();

[P PP NP IPIP I PR P R PR PP R PR
I

.edges();

)
A
)
/A

= G.remove_node(2);

node
node
node
node

id 1
id 2
id 3
id 4

.set_neighbors(1, [2 3]);
.set_neighbors(3, [4]);
= G.set_neighbors(4, [1]);

= G.add_node(50); % node id 5
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Zakladni optimalizace programi

@ Prealokace paméti.
o Vektorizace (nahrazovéni cykll vektorovymy, & maticovymy operecemi).
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Cviceni

@ Vytvorte funci, ktera podle vstupniho parametru vypise ,kladne", ,zaporne" nebo
nula®.

@ Vytvorte funkci matrix min, kterd bere jako vstupni argument libovolnou matici,
nalezne v ni minimum a vrati hodnotu tohoto minima a pocet vyskytli této hodnoty.

© Napiste funkci setrid_vektor, ktera setridi vektor hodnot od nejmensi po nejvetsi
hodnotu v tomto vektoru.
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@ Price s obrazky
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Zakladni funkce pro praci s obrazky

imread nacteni obrazku
imwrite uloZeni obrazku
imshow zobrazeni obrazku
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Zakladni framework pro praci s obrazky

Priklad

obrazek = zeros(m,n);

for i =1:m
for j =1 :n
obrazek(i,j) = 1;
end
end

imshow(obrazek, []1);
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P¥evod do odstina $edi |.

P¥iklad
obrazek_original = imread(’lenna.jpg’);
[m, n, o] = size(obrazek_original);

obrazek = zeros(m,n);

for i =1 :m
for j=1:n

obrazek(i,j) = 0.229 * obrazek_original(i,j,1)
0.857 * obrazek_original(i,j,2)

0.111 * obrazek_original(i,j,3);

+ +

end
end

imshow(obrazek, []);
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P¥evod do odstinu Sedi Il.

Priklad
obrazek_original = imread(’lenna.jpg’);
obrazek = 0.229 .* obrazek_original(:,:,1)

+ 0.857 .* obrazek_original(:,:,2)

+ 0.111 .* obrazek_original(:,:,3);

imshow(obrazek, []);
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P¥evod do odstina $edi Ill.

Priklad

obrazek_original = imread(’lenna.jpg’);

obrazek = rgb2gray(obrazek_original);

imshow(obrazek, []);
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Otoéeni obrazku

Ptiklad
function obrazek_rotate = my_rotate( input )
JROTATE rotate image input to left

obrazek = imread(input);
obrazek = rgb2gray(obrazek) ;

[m, n] = size(obrazek);
obrazek_rotate = zeros(n, m);

for i =1 :m
for j=1:n
obrazek_rotate(j, i) = obrazek(i, j);
end
end
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Cviéeni - na body

Q viz. www.rdgsw.cz/marketa/
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© Ladéni programu
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Zakladni prostfedky pro ladéni programu

@ Automatické uréovani chyb

@ Manualni ladéni programu pomoci Brakepoint(i a krokovani
@ Vlastni vypisy

o Profiler
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@ Napojeni na jazyk C

Martin Trne¢ka (UPOL) Uvod do MATLABu



JIT akcelerace

o MATLAB obsahuje Just In Time akcelerator (JIT).
@ SniZuje rozdil vykonu mezi MATLABem a tradi¢nimi programovacimi jazyky jako je
C/C++ a Fortran.
o Nejv&tsi vyhodu pti pouZiti JIT budou mit kédy, které pouZivaji ndsledujici typy dat,
typy poli a programové konstrukce:
o double, init a char;
e prazdna pole, skalary, vektory;
o smy¢ky a podminéné pfikazy s podminkami, které hodnoti skaldrni hodnoty.
o JIT-akcelerdtor snizuje pottebu uzivateld psat MEX soubory, aby tak zvySovali vykon
svych aplikaci.
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@ Analyza a zpracovani dat pomoci MATLABu
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© Toolboxy

Uvod do MATLABu
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Toolboxy v MATLABuU
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Vlastni toolbox
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