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« MATLAB — Nastroj pro technické vypocty a simulace

« MATLAB a High Performance Computing

« MATLAB ve skolstvi — od vyuky po vyzkum a transfer technologii
* Prehled licenénich moznosti

* Vize do budoucna - Narodni licence programu MATLAB

« Nékolik praktickych prikladu vyuziti programu MATLAB
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HUMUSOFT s.r.o.

Zalozeno v r. 1990, sidlo v Praze

Produkty a sluzby v oblasti technickych vypoctl, ridici techniky,

simulace dynamickych systému “
MATLAB, Simulink, Stateflow
— Inzenyrské vypocty, simulace dynamickych systému “The MathWorks

— The MathWorks, Inc.

dSPACE - vyvojové systémy d S PAC E

— dSPACE GmbH.
Comsol Multiphysics

— Otevreny systém pro multifyzikalni analyzu (metoda konec¢nych prvku)
— Comsol AB

Vyvoj vlastniho software & hardware
— Simulink 3D Animation, Real-Time Windows Target
— Meéfici karty
— Modely pro vyuku teorie fizeni

Paralelni pracovni stanice HeavyHorse

— Multiprocesorové stanice pro High-Performance Computing
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MathWorks

» Obrat v roce 2013: ~$750M USD
n Vice nez 60% mimo U.S.A.
n  Soukroma spole¢nost
n 3200 zaméstnancu
Vice nez 1 milion uzivateld v 175+ zemich

Topografie Zemé v
cylindrické projekci,
vytvoreno s pouzitim
programu MATLAB a
Mapping Toolboxu.

Sidlo: Euvropa: Distributofi v 20 zemich
Natick, Massachusetts U.S. Francie, Némecko, Italie,
Holandsko, Spanélsko, Svédsko,

Dalsi kancelare v USA: Svycarsko, Velka Britanie

California; Michigan;

Texas; Washington, D.C. Asie / Pacifik:
Australie, Cina, Indie,
Japonsko, Korea



P
________ o

# HUMUSOFT’
« Vyvoj programu MATLAB
— od numerickych vypocéta po komplexni vypocetni a vyvojové prostredi
Testovant, ¢ Testovani a méfeni * Kontrola * Verifikace
Validace integrity modell  kodu
Automatické * Rapid * Vestavéné ¢ Software pro * HDL *PLC * MATLAB
Rty prototyping a programové signalové Verilog > C/HDL
HIL vybaveni procesory
Modelovani = Simulink  * NavhyDSP  * Stavové * Fyzikalni  * Systémy * PoCitaCove  + Systémové
systému a * Komunikaéni diagramy modelovani  diskrétnich udalosti Videni objekty
simulace systémy * Zpracovani videa
Datove aa"‘?)',ﬁ‘j’ * Navrhy fidicich systém( ¢ Optimalizace * Zpracovani * Finanéni modelovani * Vypocetni biologie
algoritmi * Zpracovani signalu * Statistika obrazu a analyzy
Technické * Tvorba * Studentska verze * Distribuované a * MATLAB Mobile pro
vypoity | ™ MATLAB aplikaci ¢ Komunikace s databazemi paralelni vypodty iPhone/iPad/Android
a instrumenty

1985 1990 1995 2000 2005 2010
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Co je MATLAB

4\ MATLAE R20120 SIE)
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° I - [4 - I k -~ h [ fﬂFU”kce-m 2 % funkce vypocita hodnoty funkce Z a vykresli graf
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[ Model.mdl 4 - x = -1:0.05:1;
MATLAB Desktop [y i R
7 - surfc(X,¥,Z);
r r 4 y m oy B - colorbar;
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Figures @ x
o Details Figurel | Figure2 *
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Hz <41x41 double>
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bjektove ori : ani
— objektove orientované programovani
AN ol
- r Al 1 4 1 4 .
» Graficka uzivatelska rozhrani (GUI) — ,
mVariables-Z ® x
R ahla HTML na ed =
* ozsania napoveda &
Z <4141 double>
., . 1 2 3
* Systém MATLAB je: T i o | —
- N - | T un mcle
3 18100 17125 16200 . ;;.J;Em - | ciear
z T 4 17225 16250 1.5325 B
— modularni — toolboxy ST 1| T e
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- Otevre ny - UZIVatE| muze ZObraZIt I 8 14225 13250 12325 _ i::(il_ct
upravovat funkce ‘ : S
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Co je Simulink

#g bouncing_ball = | B |

File Edit View Display Diagram Simulation Analysis Code Jools Help

E-8 &8 Ee-E 40P © > @~
 Nadstavba MATLABuU =)

@ |[*a]bouncin g_ball -

* Modelovani, simulace a analyza
dynamickych systémii

BUEe

Fl——— | [ = ﬂ

Gravitational m . ELZ
o ] ] =1
 Prostredi blokovych schémat -

— preddefinované knihovny bloku

dx .
Velacity ‘

B Scope = | G S
ERIEERIPELIEEES

— systém prace ,,drag and drop*“

— tvorba viastnich funkcénich bloku

Py Simulink Library Browser = | 5 i

File Edit View Help

* Prvky pro tvorbu algebraickych a SN T (

Libraries

diferencialnich rovnic o

Commonly Used Blocks Derivative
Cont
v ” - - - -Dg‘c‘ur::ﬁwﬁhes Intearat
Di 3 ntegrator
« Otevrené rozhrani pro tvorbu aplikaci
“Lookup Tables 1 Integrator
Math Operations ‘ Limited
v v r r'd o Model Verification £
— zaclenéni kédu z programu MATLAB, ot i Ui ot
C, Fortran S e
- EDMVDDESﬁnEdFunctmns PID Contrall
- Platforma pro Model Based Des ;
rm r I n PID Contrall
(200F)

ys
c ntro \sme olbox
DSP System Toalbox

% =Ac+Bu |
y=Cx+
Data Acquisition Toolbox - L4
Embedded Coder Transfer Fen
foal

— nasledné muze byt automaticky
generovan kéd pro cilovou platformu

Fuzzy Logic Toolbox
ocksed

-Y\\-TH-YII-'H-?I\-YII-'H-TH-?H-'H-?H-?\

sitiof
In; tumetC ntre IT olbox
Showing: Simulink/Continuous
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Struktura systemu MATLAB

Generovani kodu

Aplikace v realném cCase,
pP, DSP, FPGA, PLC

Méreni a testovani

Blocksety
(knihovny bloku)
Samostatne _ _ $
spustitelné Toolboxy Simulink g
ap likace (knihovny funkci) Simulace a modelovani dynamickych systgml‘]
MATLAB é

Vypocty, programovani, vizualizace...
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MATLAB — Aplikacni oblasti

Finan€ni analyzy a modelovani

Navrhy fridicich systému
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Technické vypocty v MATLABuU

P

Pristup k datiim

Soubory

-

Software

Hardware

' (&
' Q
X (@

Analyza a feSeni

Analyza dat
a modelovani

Vyvoj
algoritmu

or k=1l:max
X =
v = 20%¥logl

aplikaci

Automatizace

A
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( Sdileni vysledki

-

Dokumentace

SEF

Vysledny navrh

=i

Nasazeni aplikaci

MATLAB ¢, .
exe C/C++

Java Jdil
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Matematickeé vypocty a analyza dat

=10l x|

File  Edt  View Insert Tools Desktop  Window  Help

D& s |/aaMs (€ 0B 8O0

« Statistické vypocty a pravdépodobnost e % | fﬁﬁj@_j e
— deskriptivni statistika, pravdépodobnost SehaTiaans e 08 10 zgggg@g ------- -
. . Dlstvibul‘iunofssmpbemihﬂﬁl ‘ - eemee e EA‘& %60 _____
— analyza rozptylu, testy hypotéez — sl O P
— regresni analyza, klasifikace, ... ’ ,
— Statistics Toolbox n— o
« Prokladani krivek e .
IJEIJ 95 100 105 110 115 File Fit View Tools Deskop Window Help ~ \ A x
— prokladani dat kiivkami a plochami e e BREst
— knihovna pfipravenych modelt, viastni modely - |
¥ data: m Equatit
» parametrické, neparametrické, spline 2asar [ ] || [ Gmorandacie
. . wieights: | (none) =
— Curve Fitting Toolbox u

-« Optimalizaéni tlohy T AU L RO sossf
P

— rozsahly soubor algoritm( pro optimalizaci
 linearni, kvadraticke i nelinearni optimalizace
* podminéné i nepodminené ulohy

— globalni resice
* pattern search, genetické algoritmy

— Optimization Toolbox, Global Optimization Tbx.

----------------------------------------------------------------------- E=
adiR... [RMSE [ Coeff [vald... [valda...[vaiid... |
0.9856 0,034 |5 | | | |

A
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Zpracovani signalu

) Oscilloscope 4 =10/ x|

File Edit Help

Acquire: [ Continuous >

‘Samples to acquire:
{5 Fill the display

€ Count: [500

« Méreni a vystup realnych signalt
— Data Acquisition Toolbox

Type: [independent ~|

« Zpracovani signalu a navrh filtru

— navrh filtra a filtrace signalu

. digitalni i analogove, filtry typu FIR a IIR 880 555 D EOES ¢ 0 BLIO
— statistické zpracovani signalu

- spektralni analyza signalu, korelace, ...
— Signal Processing Toolbox

* Pokrocilé zpracovani signalu
— navrh pokrocilych digitalnich filtra
« adaptivni filtry, multirate a multistage filtry
— stream-based zpracovani signalu v MATLABu

 algoritmy ve formé System objekt( ;E
— navrh fixed-point filtru a0
004
— DSP system Toolbox, Fixed Point Toolbox, o

Filter Design HDL Coder

Frequency (Hz)

12
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13

Zpracovani obrazu a videa

Snimani realného obrazu

Zpracovani obrazu a videa

Algoritmy z oblasti poéitacového vidéni

Image Acquisition Toolbox

geometrické transformace

navrh 2-D filtri

transformace (fft, dct, radon, fanbeam)
morfologické operace

analyza snimku
prace s barevnymi prostory
Image Processing Toolbox

detekce pfiznakul (rohy, SURF, MSER)
registrace snimkii

detekce a sledovani objektl, detekce obliceje
Stereo vision, OCR

Computer Vision System Toolbox
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Strojové uceni

 Metoda umélé inteligence
— Tvorba modelu s urcitou strukturou

— Uceni modelu na zakladé vstupnich dat

— Vyuziti modelu pro predikci chovani s novymi daty
* Charakteristika
— Mnoho dat, mnoho proménnych

— P¥iliS slozité systémy, aby bylo mozno odvodit
analytické reseni (black-box)

* Priklady

— Rozpoznavani vzoru (fec, obrazky) i

BEESELELRRLREBURUUEUERESR

BEEEYRSEEBERREREEEYEEEE
G
t

L .4. ...o ° Group1

. o , . L L i 0.9 e %% -... . Group,

— Financni algoritmy (obchodovani, scoring) T AR
. - : e Y X o T

— Predpoveédi v energetice (zatéz, ceny) os e . oo
— Biologie (detekce nadort, vyvoj lékl) A _——

059% O18% 0.00% 0.00%  000%
r 2.44% 0.73% 0.15% 0.00% 0.0002).:L |
4.18% 3.90% 0.60% 0.08% 0.00%0 -Q;JOS% U-rl 0-r2 0-r3 0-r4 0.r5 O.r6

~0.03%  0.23% | 7.49% 0.39% 0.16%

r 0.03% 0.12% 0.73% 3.28% 0.64%

AAA]
AA|
Ar 0.14%
BBB
BB 8.27%
B

r~0.00% 0.00% 0.11%  0.82% 1.64%

CCCR 0.00%  0.00%  0.00%  0.37%

r 0.00% 0.00% 0.00%  0.00%
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Matematické modelovani soustav
dh
« Popis soustav pomoci algebraickych a E = kO, _kz\/z

diferencialnich rovnic
* Modelovani v grafickém prostredi
— prvky pro spojité i diskrétni systémy
— knihovna matematickych operaci
— knihovna nelinearnich prvka

— knihovna vstupt a vystupt [t R, == SR
« Snadné propojeni modeltli soustav s 8 340r0I0 > |07
algoritmy pro fizeni a zpracovani signalu -
* Model-Based Design % _ L J=
- Simulink o
- Vizualizace modelli soustav ve 3-D S -

Gaint Math
Function

— Simulink 3D Animation

150% oded5

« Experimentalni identifikace soustav

— System ldentification Toolbox,
Simulink Design Optimization
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Fyzikalni modelovani

'bi Tricestny_ventil_a_hydromotor

File
« Modelovani soustav skladanim bloka, @Jl — )
které reprezentuji prvky realného svéta s
— Modelovani na zakladé fyzické struktury & [ g e
— Oprosténi od zapisu ve formé % e
diferencialnich rovnic s [ B |
SimHydraulics modelovani hydraulickych

soustav

'91, ssc_demotor/DC Motor

ImElectronics modeilovani eleKtroniCKyc o e S A
obvodu » B8 e ¢ Ee-E-
R.E DC Motor

® |[Pa]ssc_demotor b [#2] DC Motor

ImMechanics modelovani trojrozmernyc
mechanickych soustav

imDriveline modelovani prevodovyc
soustav automobill

IMPOWersysiems | modelovani energetickyc
soustav, pohonti a vykonové
clekironik

100% odel5s

16
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Trend: ,,Software ve vSem*

Technologicka exploze - uvnitr kazdéeho zarizeni jsou
slozité algoritmy pro fFizeni a zpracovani signalt
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Vyvoj metodou Model-Based Design

[ VYZKUM ] [ POZADAVKY }

Modely prostredi

Modely fyzickych komponent

Algoritmy

=/
-

ACE

JOVAIHdI4IA V ALSTL

[VHDL, Verilog ] [S"”ktt:)'('f"a"y

oo J(men) (o) s
L 2

[ INTEGRACE ]

|
)

18
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Model-Based Design

- Zakladem je model systému v Simulinku R =
« Navrh fidicich systému Eo-m 4o ele- 2B
@ (PalPID_reg -
— propojenim modelu soustav s regulatory Ize 8
modelovat libovolné regulaéni smyéky - M - ' =
- regUIace ri:j::; PID regulator Soustava \;ﬁt:t’;:;
* spojita, diskrétni
« SISO, MIMO o
— nastaveni regulace pomoci linearizace
(=] dspstfft i =lolx|
* Simulink Control Design DizEs| 386/ cs 4 5a) T fer S EGRSE RaAES
— nastaveni regulace pomoci optimalizace P e ———

« Simulink Design Optimization
« Algoritmy pro zpracovani signalu
— DSP System Toolbox
« Algoritmy pro zpracovani obrazu
— Computer Vision System Toolbox

10 20 30 40
Time Index

19
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Aplikace v realném case

4434 gl i
Fle fde Veew Ouplsy Oagsm Simulson Anshss Code Took Hep
Z-88 H£e-8 0P ©- w

#X_ragey._swn

© |FajsBd magiev_stwin

Y Magnetic Levitation Model
[+] for Real-Time Windows Target
a

« Simulace v realném case
— propojeni MATLABuU a Simulinku s realnym svétem

— navrh metodou Rapid Control Prototyping
» simulovany algoritmus + realna soustava
— hardware-in-the-loop simulace
» simulovana soustava + algoritmus na realném zafizeni
— spousténi Real-Time Aplikaci
* na PC s méfici kartou, na jiné RT platformé
— Real-Time Windows Target, Simulink Real-Time, dSPACE

« Spousténi modell na vyukovém hardware
— Arduino, LEGO Mindstorms NXT, Raspberry Pi, ... GE{_’___m"a"V kod
— Simulink —

« Generovani kédu pro cilové platformy Frmeenr
— generovani koédu je plné automatickeé

» podpora vypoctu v pevné fadové carce
— cilové platformy: uP, DSP, FPGA, PLC
— jazyky: C/C++, HDL kéd, strukturovany text -
— MATLAB Coder, Simulink Coder, Embedded Coder IE RS
20 — HDL Coder, Simulink PLC Coder
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Spoluprace s jednoduchymi vyvojovymi platformami

Data I/O Low Cost Hardware

Engineer’s computer
Ethernet / USB /

MATLAB algorithm or Bluetooth
Simulink model

MATLAB Hardware
Support Packages

Target

¥ Get Support Package Now % 'x:,.zl [|[>' ‘

Simulink Hardware
Support Packages

21
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Swiss Re Calculates Potential Loss from
Natural Disasters with MathWorks Tools

Challenge

Create a prototype that accurately estimates loss R
USing historical and simulated data Module for calculating tropical storm risk.

Solution

Use MathWorks tools to import the data, perform
the analysis, and deliver the prototype

“MATLAB is like a treasure chest full of
functions. | can honestly say that
without MATLAB and all of these
functions it would have taken us twice

Results
» Complex analysis tasks addressed
» Development time reduced by 50%

» Function speed increased
as long to complete this project, and at

a much higher price.”

Gerry Lemcke
Swiss Re

| ink tn niear ctmme



Woods Hole Oceanographic Institution
Improves Underwater Imaging with
MathWorks Tools

&\ MathWorks

Challenge
Survey extended areas of the ocean floor

Solution

Use MathWorks tools to process multiple, overlapping
images and combine them into a single photomosaic

Results
= Accurate underwater photomosaics

= High-performance, compact MATLAB scripts
and functions

* Functionality that's easy to share

Photomosaic of an
80-60 B.C. Roman trading ship.

1 ink tn 11car otnry

“MathWorks tools enabled us to
push the limits on the next piece of
the technology that we were
developing.”

Hanumant Singh
Woods Hole Oceanographic Institution
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Institute for Biodiagnostics, Canada
Develops an Imaging Tool for Assessing
Burn Injuries

Chﬂ"ﬂ"ge Images of a first-degree
: i L . burn, generated in three n "
Determine the severity of burn injuries more quickly and wa,,e,gngm from a Infrared point
- spectroscopy
ECCUFﬂtEW spectroscopic camera. probe on the
. tip of a finger.
Solution

Use MathWorks products to develop a tool to monitor
variations in skin hemodynamics at the site of the wound

Results “MathWorks tools allowed us
= Effective, noninvasive tool for accessing burns to thoroughly explore our data,
= Flexible test environment understand it, and put together
= Accelerated algorithm development process an optimal data analysis
approach.”

Dr. Lorenzo Leonardi
Institute for Biognostics, Canada

| ink tn niear ctmme
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Developing a Motion-Stereo Parking
Assistant at BMW

Challenge

Deliver a cost-effective driver-assistance system

for parking in -tight spaces Vehicle equipped with side-view camera. As the
vehicle moves, the side-view camera acquires

Sﬂlutiﬂn images that are used to measure depth.

Develop a motion-stereo system that constructs a I
3-D model of the area around the car from 2-D

images generated by a single side-view camera 2 mage processing

applications typically requires many
Results
= |mage processing algorithms developed 3 -4
times faster than in C or C++
= |nnovative features added without increasing
manufacturing costs
= Algorithm debugging time reduced MATLAB.”

matrix calculations and filtering steps.
We have found that coding these

applications in C or C++ takes three to
four times longer than coding them in

Dr. Eric Wahl

BMW Group;

Dr. Rolf-Dieter Therburg
THECON

| ink tn articlz



&\ MathWorks:

Calibration of Engine Performance at
Mercedes-AMG

Challenge g ey

3 AN PR T e e e A
Optimize engine calibration for high-performing and AMG calibration tool main menu.
environmentally-friendly powertrains
Solution

Use MathWorks tools to develop a calibration tool that

: . : : “We developed a custom engine
enables simultaneous testing of multiple variables

calibration tool using MathWorks tools

Results that enables engineers at all levels of
= Calibration process streamlined

= Euro 6 compliance goals achieved
= Faster and more fuel-efficient cars developed

expertise to extract the highest
possible performance from AMG
powertrains. The tool supports the
entire calibration process, from Design
of Experiments to optimization.”

Hasan Uzun
Mercedes-AMG GmbH

1 ink tA article
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JPL Tests, Tunes, and Implements Onboard
Descent Systems for Spirit and Opportunity
Mars Rovers

Challenge

Design an entry, descent, and landing (EDL) system for

a Mars rover Artist's rendition of Mars rover.
Graphics courtesy of NASA/JPL/Cornell.

Solution

Use MATLAB and Simulink for numerous phases of the
mission, including navigation, data analysis, and EDL
hardware and software design
Results

= Onboard descent systems tested under authentic Using MATLAB, engineers tested,

atmospheric conditions tuned, and implemented the
= Viable Mars landing sites easily identified onboard descent systems that told

= Spacecraft landing flawlessly executed the rover which rocket systems to

fire and when. The landing of the
rover happened precisely as the

EDL team had predicted.
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Research Engineers Advance Design of the
International Linear Collider with MathWorks Tools

Challenge

Design a control system for ensuring the precise
alignment of particle beams in the International Linear

Queen Mary high-throughput cluster.

Collider
Solution
Use MATLAB, Simulink, Parallel Computing Toolbox, - g
and Instrument Control Toolbox software to design, Using Parallel Computing Toolbox, we
model, and simulate the accelerator and alignment control simply deployed our simulation on a
system large group cluster. We saw a linear
Results improvement in speed, and we could

« Simulation time reduced by an order of magnitude run 100 simulations at once. MathWorks

* Development integrated

. tools have enabled us to accomplish
« Existing work leveraged

work that was once impossible.”

Dr. Glen White
Queen Mary, University of London



http://www.mathworks.com/company/user_stories/Research-Engineers-Advance-Design-of-the-International-Linear-Collider-with-MathWorks-Tools.html

&
£ THUMUSOFT'

Ukazky prace v MATLABuU



.
Reseni rozsahlych tloh

Problém

Dlouhy béh

Vypocetni
narocnost

A

£ THUMUSOFT'

Reseni

Spustit podobné ulohy
(tasky) na nezavislych
procesorech paralelné

Rozsahla data

Nahrat data na

nékolik pocitacu
které ve skupiné
pracuji paralelné
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Reseni rozsahlé soustavy linearnich rovnic
A\b

Solving very large systems of linear equations ( Ax=b ) using parallel "\" MATLAB operator

on Amazon EC2 Compute Cluster Instances
1400 T T T 1 1

1200 /-

Velikost A az 290 GB

Vykon jednoho stroje
o « ~12 GB of RAM

~55 Gigaflops
800 /
600
—— 8 workers (1 instance)
// —+—16 workers (2 Instances) |—

=32 workers (4 Instances)
—#— 64 workers (8 Instances)
128 workers (16 Instances)
=¥ 160 workers (20 Instances) —
—#— 256 workers (32 Instances)

\

Gigaflops

1.3 Teraflops ~ 20X

1 1 1 1 1 1
80 100 120 140 160 180 200
Matrix size in thousands

31
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MATLAB a Big Data

Platformy
= Desktop (Multicore, GPU) Prace s daty a pameti
= Clustery . 64-bitové procesory
» Cloud Computing - Memory-Mapped proménné
= Hadoop _ ] L
- Diskové proménné
- Databaze
°l - Datastore
N Programovani
) = Streaming

= Zpracovani po blocich

= Paralelni for cykly

= GPU pole

= Single Program, Multiple Data
= Distribuovana pole

= MapReduce

L I R R )

h & b N 5 o = N
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Big Data — Pristup
datastore
Organize ¥ Include in library v Share with v New folder = o 1 ©
B Desktop 4 Name Date modified Type Size [£
* Snadna specifikace pracovnich dat  oomens B e
— Textovy soubor (nebo sada textovych souborti) oo
el
* Moznost nahledu struktury a formatu dat o 1095
oo L ;
« Vybér dat k importu na zakladé e '
nazvu sloupcu o> preview (ds)
ans =
Year HMonth DayofMonth DayOfleck
* Inkrementalni €teni casti dat 1987 10 21 3
18987 10 26 1
1587 10 5
1887 10 23 S
airdata = datastore('*.csv');
airdata.SelectedVariables = {'Distance', 'ArrDelay'‘};

data = read(airdata) ;

33
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Big Data - Analyza

mapreduce
. . . . & MAPREDUCE PROGRESS i
o MapReduCe - vykonna programovac‘ technlka Ahkhkhkhkhhkhkhkhkhkkhkhrhhkkhkhkhkkhkhhhkhhhkhkhkkxkk*x
” e ’ Map 0% Reduce 0%
pro analyzu rozsahlych dat Map 208 Reduce 0%
Map 40% Reduce 0%
_ 2ivA i ANi Map 60% Reduce 0%
mapreduce' vyuziva objekty 'typu d.atastore kevzpracovanl SR peduee o7
dat po malych €astech, které se vejdou do paméti Map 100%  Reduce 25%
Map 100% Reduce 50%
v v , v ug » . v s v M 100% Red 75%
— uziteéné pro Ulohy se slozitymi vztahy, popfipadé tehdy, Map 1008 Reduce 100%

kdy by se mezivysledky nevesly do paméti

« mapreduce ha pracovni stanici
— ZvysSeni vypocetniho vykonu (Parallel Computing Toolbox)
— Analyza rozsahlych databazovych tabulek (Database Toolbox)

— Pristup k datim na HDFS za uc¢elem vyvoje algoritmu pro Hadoop

« mapreduce na systému Hadoop

— Spousténi algoritml na systému Hadoop s pouzitim nastroje MATLAB Distributed
Computing Server

24 — Nasazeni aplikaci a knihoven pro Hadoop s pouzitim nastroje MATLAB Compiler



MATLAB a Big Data

1. MATLAB na Desktopu

, A, ‘ N '9" \ .“
Labhbansdl 1S AR AWy

si.'




gf

MATLAB a Big Data

2. Analyza dat napsana v MATLABU na systemu Hadoop

Snadna migrace pro )\\ LU

4y S Y\ '\(\ \

36
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Priklad: Analyza registru vozidel
s pouzitim technik Datastore a MapReduce

® Dat a. mini_id weh zip insp_vyear model_year make

— Registrace vozidel ve staté Massachusetts

325 1029 2011 2008 'Hyundai
325 1029 2009 2008 'Hyundai'
v letech 2008-2011 228 1776 2011 2008 'Reura!
288 1776 2008 2008 'Beura!
. o , 145 2384 2011 2 'Chevrolet!
— 16M zaznamu, 45 pOIl 325 1089 2010 2008 'Hyundai®
325 1029 2011 2008 'Hyundai
288 2009 2 'Aoura'

 Analyza

Hybrid Useage in Massachusetts Municipalities: q42011

— Exploratorni analyza adopce hybridnich vozidel

— Vypocet % registrovanych hybridu
* po Ctvrtleti
* po regionech

— Tvorba map s vysledky

% Hybrid Cars Registered

37



U o

£ HUMUSOFT’

Paralelni vypocty na pracovni stanici

Pracovni stanice * Ul'yCh|eni aplikaCi

* Vyuziti akcelerace pomoci GPU
ENIEN
ENTEN

* Vyvoj kdédu urceného pro cluster

#4

* ,Dobry sériové pracujici koéd je
zakladnim predpokladem dobrého
paralelniho kédu*




. o7

£ THUMUSOFT'

Skalovani na Cluster / Cloud

Pracovni stanice Cluster / Cloud

ENEN

10— Scheduler
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Programovani paralelnich aplikaci (CPU)

= Vestavena podpora v Toolboxech

= Jednoduché konstrukce:
parfor, batch, distributed

()
N— o
= £
>§ (¢»]
> =5
> =
? g
(o) -
= o
© <
c
(7p]

= Pokrocilé konstrukce:
createdJob, labSend, spmd




. &

£ HUMUSOFT’

Vestavena podpora PCT v Toolboxech

Matematika, statistika, optimalizace
— Optimization Toolbox, Global Optimization Toolbox

4 4

Worker

Worker n
EEm
ﬁ Worker ‘\

Worker
Worker

Zpracovani signalu a obrazu Worker
— Signal Processing Toolbox

— Statistics Toolbox

— Neural Network Toolbox

— Image Processing Toolbox
— Communications System Toolbox, Phased Array System Toolbox

Vypo¢etni biologie
— Bioinformatics Toolbox
Analyza a navrh fidicich systému

— Robust Control Toolbox, Simulink Control Design, Simulink Design Optimization

* vyuziti bez nutnosti psat paralelni kéd


http://www.mathworks.com/builtin-parallel-support
http://www.mathworks.com/builtin-parallel-support
http://www.mathworks.com/builtin-parallel-support
http://www.mathworks.com/builtin-parallel-support
http://www.mathworks.com/builtin-parallel-support

_______ 7
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Paralelni for cyklus

parfor 1 =1 : n

% proved néco s 1

end

 RozeSle ,,% proved néco s i“ na skupinu MATLAB worker
(parpool)

 Monte Carlo simulace, Parametrické sweepy

* Vyuzitelné i pro simulace v Simulinku

— parfor + sim ()
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Priklad: Parametricky Sweep ODE

Speed-up (x)

Simulation for 10 Combinations

180 Linear Reference
—e— Computation (parfor-only)

160 -

140

120

Qo
o
T

D
o
T

20

0 50 100 150
Workers

Peak Response

2|\

A

\\\\\\\\§\\\\\\\ e
-
154 DR

3

e

Damping (b) Stiffness (k)
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Distribuovaneé vypocty
Zavislost ¢asu vypoctu na poctu vypocéetnich uziu

 Nasobeni nahodnych matic o velikosti N x N
* Vice uzli umoznuje rychlejsi vypocet a reseni rozsahlejsich uloh

. Timing for Matrix Multiply
Time (s) ; ; . . 800
—es— 1 computer, multi-thread

1 el Distributed —e— 2 computers, 32W distributed
It " —e— 4 computers, 64W distributed 1700
multi- 2 nodes, 4 nodes,
threaded 32W 64W
1600
4000 2 3 3

1500
8000 16 14 12 =
- {400 @
16000 126 102 67 g

20000 244 187 118 1300

32000 - 664 394 1200

40000 - - 710 L 1100

4000 10000 18000 26000 34000
N



Vypocty v ramci vypocetniho clusteru

Motivace;

Uvolnit si vlastni pocitaé
— Vyvijet algoritmy, zatimco se aktualni verze pocita jinde
— Pristup k vykonnéjsSim pocitaciim

— Davkové zpracovani uloh bez nutnosti nepretrzitého dohledu

Urychleni vypoétu
— Vyuziti vice vypocetnich jader

— Je mozné provadét vypocty, které
byly dosud nemyslitelné

» Pravidelné finan¢ni analyzy, slozZité modely vyvoje pocCasi apod.

Zpracovani velkého objemu dat
— Vyuziti distribuovanych poli
— Reseni rozsahlych tloh bez nutnosti prepisovani algoritmu

P

£ THUMUSOFT'

P
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Scheduler
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Vypocty v ramci vypocetniho clusteru

« Je mozné zpracovavat rozsahlé vypoc€etni ulohy

« Lze vyuzit vlastni nebo externi planova¢ (Scheduler, Job Manager)

Vypocetni cluster

P

£ THUMUSOFT'

-TLAB Distributed Computing Se.

Klientské PC

Parallel
omputing
Toolbox

Scheduler

Vysledek
——

Vysledek

——

Vysledek
— 1
Task
T

Vysledek
ul

1 Worker ©

1 Worker ©

- Worker ©

~—a g

~—p
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Snadna migrace z pracovni stanice na cluster

« Zména hardware, na kterém se uloha pogéita, se
déje vybranim prislusného profilu, typicky bez
nutnosti zmény vlastniho koédu

+| Ready

4\ MATLAB R2013b C=HE X
SHORTCUTS e L ERERSeRE N él Search Documentation PB
EI‘]:I ™~ J} I, Mew Variable |« Analyze Code o E {8} Preferences (‘o (‘% Community
= [ Find Files g § \=ma) 3
) 7 Open Variable ~ éf‘ Run and Time o [ Set Path 2 Request Support
New New Open /L= Compare Import Save Simulink  Layout Help
Seript  ~ - Data  Workspace [/ Clear Workspace = [ Clear Commands ~  Library = ikl Paraliel ~1 >  0Add-Ons v
FILE VARIABLE CODE SIMULINK 2 current Cluster » RESOURCES
f-’x_ >> Discover Clusters...
Parallel Preferences
Manage Cluster Profiles...
Manitor Jobs
4\ Cluster Profile Manager e o S

':Dj 4 & ._) By Duplicate 7 Rename
Add  Discover Import  Edit Delete
- Clusters

CREATE MANAGE

© v @

(+) Setas Defaul Export  Validate  Help
-

VALIDATE | HELF

Cluster Profile R2013b_256W_MJS

Type: MISComputeCloud

local (default) Properties | Validation Results

R2013b_16W _ServerR...

R2013b_256W_MJS

R2013b_256W_Torque

Description of
this cluster

Dearrintinn

4

Remote cluster with 16-core 60GB n...

L1 13

Peak Response

X—

4 3

Damping (b) Stiffness (k)
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Podpora Scheduleru

= MATLAB Job Scheduler

= Pfima podpora nékterych scheduleru »
£ (Platform LSF, Microsoft HPCS, PBS) -§
= 3 e® =
3 ., Platform 5 >
- . HPC Server 2008 ’ o
7 -y &
8 X\grr;\c:)%‘ggduster Server 2003 To RQU E ,3.
o
® 3
c
)

= Otevrené API pro dalsi schedulery

O

UNIVA UD


http://www.mathworks.com/products/distriben/supported
http://www.univa.com/
http://www.microsoft.com/hpc/en/us/default.aspx

_ K%Z%UMUSOFT@
Vyuziti grafickych karet (GPU)

 Puavodné urcéeny pro akceleraci grafiky, nyni lze vyuzit i
pro urcitou tridu védeckotechnickych vypoctu

« Masivné paralelni pole procesort pracujicich v pevné i

plovouci radové €arce
~

— Typicky stovky procesoru na jedné karté

— Jadra GPU doplniuji CPU
(AN EEEEEEEEEEEEEE
EENENEEEEEEEEEEE

EEEEEEEEEEEEEE
EEEEE . EEEEN
Emmmn CPViadha o e
EEEEEEEENEEEEEEE

- EEEEEEEEEEEEEEEE
<>/ EEEEEEEEEEEEEEEE

* Vyhrazena pameét’ s rychlym pristupem

nvibiA

RAM

* Ne vSechny ulohy jsou vhodné k feseni na GPU!
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Programovani paralelnich aplikaci (GPU)

Vestavena podpora v Toolboxech

Jednoduché konstrukce:
gpulArray, gather

= Pokrocilé konstrukce:
arrayfun, spmd

()]
=
= E
>§ (¢}
- =3¢
> .
‘l‘;; (o)
o =
= o
© <
c
(/p]

Rozhrani pro experty:
CUDAKernel, MEX support



http://www.mathworks.com/help/distcomp/run-cuda-or-ptx-code-on-gpu
http://www.mathworks.com/help/distcomp/run-cuda-or-ptx-code-on-gpu
http://www.mathworks.com/help/distcomp/run-cuda-or-ptx-code-on-gpu
http://www.mathworks.com/help/distcomp/run-cuda-or-ptx-code-on-gpu
http://www.mathworks.com/help/distcomp/run-cuda-or-ptx-code-on-gpu
http://www.mathworks.com/help/distcomp/run-cuda-or-ptx-code-on-gpu
http://www.mathworks.com/help/distcomp/run-cuda-or-ptx-code-on-gpu
http://www.mathworks.com/help/distcomp/run-cuda-or-ptx-code-on-gpu
http://www.mathworks.com/help/distcomp/run-cuda-or-ptx-code-on-gpu
http://www.mathworks.com/help/distcomp/run-cuda-or-ptx-code-on-gpu
http://www.mathworks.com/help/distcomp/run-cuda-or-ptx-code-on-gpu
http://www.mathworks.com/help/distcomp/run-cuda-or-ptx-code-on-gpu
http://www.mathworks.com/help/distcomp/run-cuda-or-ptx-code-on-gpu
http://www.mathworks.com/help/distcomp/run-mex-functions-containing-cuda-code.html
http://www.mathworks.com/help/distcomp/run-mex-functions-containing-cuda-code.html
http://www.mathworks.com/help/distcomp/run-mex-functions-containing-cuda-code.html
http://www.mathworks.com/help/distcomp/run-mex-functions-containing-cuda-code.html
http://www.mathworks.com/help/distcomp/run-mex-functions-containing-cuda-code.html
http://www.mathworks.com/help/distcomp/run-mex-functions-containing-cuda-code.html
http://www.mathworks.com/help/distcomp/run-mex-functions-containing-cuda-code.html
http://www.mathworks.com/help/distcomp/run-mex-functions-containing-cuda-code.html
http://www.mathworks.com/help/distcomp/run-mex-functions-containing-cuda-code.html
http://www.mathworks.com/help/distcomp/run-mex-functions-containing-cuda-code.html
http://www.mathworks.com/help/distcomp/run-mex-functions-containing-cuda-code.html
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Priklad: Reseni vinové rovnice ve 2D
CPU vs. GPU

- Regeni vinové rovnice 2.
radu:
J0u 0%u 0%u

dat? 0x* 0y?

Solution of 2nd Order Wave Equation

« Vypocet na CPU i GPU

* S vyuzitim funkce
gpulArray a
overloadovanych funkci



http://www.mathworks.com/help/distcomp/run-built-in-functions-on-a-gpu.html
http://www.mathworks.com/help/distcomp/run-built-in-functions-on-a-gpu.html
http://www.mathworks.com/help/distcomp/run-built-in-functions-on-a-gpu.html
http://www.mathworks.com/help/distcomp/run-built-in-functions-on-a-gpu.html
http://www.mathworks.com/help/distcomp/run-built-in-functions-on-a-gpu.html
http://www.mathworks.com/help/distcomp/run-built-in-functions-on-a-gpu.html
http://www.mathworks.com/help/distcomp/run-built-in-functions-on-a-gpu.html
http://www.mathworks.com/help/distcomp/run-built-in-functions-on-a-gpu.html
http://www.mathworks.com/help/distcomp/run-built-in-functions-on-a-gpu.html
http://www.mathworks.com/help/distcomp/run-built-in-functions-on-a-gpu.html
http://www.mathworks.com/help/distcomp/run-built-in-functions-on-a-gpu.html
http://www.mathworks.com/help/distcomp/run-built-in-functions-on-a-gpu.html
http://www.mathworks.com/help/distcomp/run-built-in-functions-on-a-gpu.html

Priklad: Reseni vinové rovnice ve 2D

CPU vs. GPU

Simulation for 50 time steps

[ —e— CPU
| —— GPU

Computation time (s)
o

0 500 1000 1500 2000
Grid size(N)

}g/i
£ THUMUSOFT'

Grid Size Speedu
--

64 x 64

128 x 128

256 X 256

512 x 512

1024 x 1024

2048 x 2048

0.14

0.83

4.40

18.79

75.03

0.11

0.12

0.24

0.82

3.67

1.3

7.2

18

23

20
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Humusoft HeavyHorse

Procesory AMD FX/Opteron
— jeden, dva nebo ¢tyri procesory
— 8 az 64 vypocetnich jader
— frekvence CPU az 4.7 GHz
- RAM az 256 GB DDR3
« Graficka karta AMD rady Radeon R7 nebo R9
« Na prani graficka karta NVidia TESLA
— pro GPU vypoéty

* Operacéni systém podle prani
— Microsoft Windows 64-bit
— Linux 64-bit
 Moznost predinstalace aplikaci

— MATLAB
» Parallel Computing Toolbox
— MATLAB Distributed Computing Server

— COMSOL Multiphysics




.
COMSOL Multiphysics

54

- Reseni parcialnich diferencialnich rovnic (PDE)
— metodou konec¢nych prvkd, reseni ve 2D a 3D

* Rozsahly modularni systém

AC/DC Module

Acoustics Module

Batteries & Fuel Cells Module
CFD Module
Electrodeposition Module
Geomechanics Module

Heat Transfer Module
Chemical Reaction Engineering Module
MEMS Module

Microfluidics Module

Plasma Module

RF Module

Structural Mechanics Module
Subsurface Flow Module

}g/i
£ THUMUSOFT'

E‘—

e

§:
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~
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COMSOL Multiphysics

Paralelni vypocty Distribuované vypocty - clustery

________________________________________________________________________________

L ( . ) ( Y .’ = '
: Sl ( Channel1 Y | RAM Bank 1 : : ‘ﬁ ]| Node 4 :
: Corel | Core2 \ : == — :
i Core 3 Core 4 W RAM Bank 2 i i Node 1 ‘ E
i @ i i EE %[__ Network ‘_'EE % E
i Core 1 core2 | K Channela\, RAM Bank 3 i i “:tlgllzll Intercannect = % E
: Core 3 Core 4 : : Node 3 E
! ' RAM Bank 4 : ! == :
19 Chip 2 ) L ) : Node 2 m — !
E Processing Unit Bus Memory ,: I\*___________-_,--_,_T _______________ )
A simple model of a cluster with four compute nodes.
Schematic of the key parts of a computer.
Distribuované vypocéty:
Paralelné probihaji nasledujici ¢innosti: 1 kli€ - neomezeny pocet uzll bez navyseni ceny
* generovani sité kombinace paralelnich a distribuovanych vypoctua
* proces assembly (Hybrid Computing)
* feSeni (vSechny feSiCe jsou paralelni)
« paralelni vypocty probihaji automaticky Typy vypoctu na clusteru:
« Parameter Sweep (kazdy uzel fesi 1 variantu modelu)
*Pocet vyuzitych jader na PC |ze nastavit « Jedna uloha se rozdéli na dany pocet uzll

*Paralelné pracuji vSechny typy licenci

-  Tento rezim umoznuje jen sitova licence (FNL)
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Ukazky vyuziti paralelizace v MATLABuU
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MATLAB

— vyuziti behem celého studia ... | pote

Stfedni Skoly Vyuka Vyzkum Praxe
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MATLAB - vyuziti béhem celého studia

« MATLAB neni jen “Matematicky software”, je to univerzalni inzenyrsky nastroj
pro technické vypocty a simulace

* Velky potencial vyuziti béhem celého studia v radé obort a predmétu
« Jeden nastroj — odstranéni duplicit pfi vyuce riznych nastroju

 Moznost snadného propojeni s jinymi aplikacemi a formaty. Orientace na
MATLAB jako zakladni vypo€etni nastroj neznamena nemoznost vyuziti
dalsich, doplnkovych nastroju a aplikaci

Year 1 Year 2 Year 3 Year 4

o Statics Dynamics i Dvﬁz:nc'f:s
Engineering = Y J Dynamics Cy
\ ontrols

o
= m
c Intro to Solid - Instrumen- . :
& Computing Mechanics EE | ( tation [ Design | ’ < Design Il
\ - A h h
: [_ Diff tial .
" | ifferential
Calculus | Calculus Il I Calculus I Equations
— —‘—-) B
8 [ | 7 ‘ |l
E-j Physics | Physics Il L Physics il ) Churse
Bl e— — L | lab
/ ‘ Mathematical programming
Physi
hlyilcs W8 / simulation
* "h) H
. e 4 ardware

Swdents' computational problem sclvins e'diie

58
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Podpora vyuky - Informace

« Book Program

— Vice nez 1500 knih pro vyuku i profesionalni vyuziti v mnoha oblastech védy a techniky
ve 28 jazycich

« MATLAB Courseware
— Sylaby predméti a podptlirné materialy poskytnuté univerzitami komunité uzivatelt
— Prehledné usporadano podle ro¢nika a oboru

« Clasroom Resources
— Elektronické knihy a materialy pro vyuku s vyhledavanim

Educstor Home Clazsroom Resolrces « Hardwvare Support MATLAB Student Evaluation License Opti

Filter Criteria
Topic | &l Topics w Language | Al Lanouages W
* http://www.mathworks.com/academia sepmene Aot Q cwon
. . .
Resource Type | Course materials v
C.?Gat link to results
First-Year Courseware
. . - - Results
& Discovery-Based Learning Engineering Models |
Profassor Steve Mok night Prafessor Kathisan Ossman
Professor Gilead Tadmor Professor Gregony Bucks Title Summary

Mortheastern University University of Cincinnati
Differentizl Equations for Scientists and Engineers  Course materials: sylabus, lecture notes, assignments, gquizzes

(MATH 248) at University of Maryland and exams, and MATLAB tutorisls.

Engineering Models Il | Engineering Problem Solving
Professor Kathieen Ossman | Professor Staniey Hsu . . X X §

= | Mumerical Computing with MATLAB, by Cleve Online tesxtbook on numerical methods, with dovnloadable
Frofessor Gregons Bucks | Professor Rajeevan Amitharaja, Maler chapters and supgorting MATLAE files

University of Cincinnati Professor Ancite Knoesen

University of Califarnia, Davis

&5 Professor Williae J. Palrm, i
- £ 4
"ﬁ"’ University of Rhade Island

- ‘ '." - Introduction to MATLAB

Second-Year Courseware

59
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Podpora transferu znalosti a technologii

* Program ,,Connections‘ — vice nez 400 produktt a sluzeb, které rozsiruji

moznosti MATLABuU a Simulinku:
Third-Party Products & Services

— Toolboxy a knihovny pro MATLAB a Simulink

— Rozhrani pro spolupraci s programovym a technickym vybavenim jinych vyrobcu
— Specializované kurzy a konzultaéni sluzby
— Systémovi integratori, ktefi MATLAB a Simulink integruji do svych produkt

» Zvlastni nabidka pro ,,Startup“ firmy

60
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MATLAB - zadana kvalifikace absolventu

Prace a brigady -

)

Ceska televize

Nabidky prace
® Ceski televize
= Raiffeisenbank

- CEZ Jakou praci hledate? Hde?
* RWWE ‘ MATLAE|

= ABB

- Faufecm ] MATLAB

= SKODA AUTO

= T-Mobile

Analytik energeticke ucinnosti plavidel
(Matlab/Simulink)

Operacni centrum ABB v Ostravé (CZOPC) je globalnim inZenyrskym centrerm ABB pro divizi
Pracesni automatizace ABB. Zaméstnavame vice ned 200 zaméstnancd, ktefi provadsji
inZenyring pro jednotky po celé Evropé. Zabyvame se projektovanim elektrodasti nizkého i
wysokého napéti, ndwrhern a oZivovanim pohonid, wivojem SWW aplikaci pro primysl,
programovanim PLC automatd wéetné navrhu hardware, infarmaénimi technologiemi (IT) a
jejich zabezpe&enim, konstrukci strojnich zafizeni a jejich komponentd, a také fizenim
dodavatelského fetézce.

NapIni Vasi prace bude:

= modelovani, analjza a optimalizace energetickych tokd namofhich plavidel
prace v programu Matlab/Simulink |
= jedna se o koncepéné zocela novy projekt wyvijeny ABB

et En h

Brigady | &4 HotJobs | Dalsi +

L~ |

Pokro&ilé hiedsn

Vyzkumny a vyvojovy pracovnik - aerodynamicke na

Popis volné pozice

Aeradynamicky navrh pritoénych Sasti nowich typd turbin v ramei wojowich)
a zakazek. Wvoj novich profild a lopatek dle specifickich aeradynamickich
poFadavkd. Spoluprace se skupinami a odd@lenimi DEPY (dynarmika, pey
wizkum, CFD wipodty, atd) podilejicich se na wivoji @ nawrhu nowich pritoén)
i specializovanych softwarowich nastrojich.

Pozadujeme

b W5 wzdélani

» Fnalostteorie proudéni a termormechaniky, nejlépe v lopatkowch strojic
3 | withodou znalost prace v S MATLAEII CATIA, AutoCAD & CFD nastrojich|
» whodné pro absolenty VS

Nabizime
» zézemiwznamné a stabilni strojirenské spoleénosti pdsobici na feské
» osobnia profesni rozeoj

SW Developer for Aerospace with Matlab {244375) - Brno-Slatina

Job description:

Participste on W development of Honeywell Aerospace tools — for example; Honeyweell
Autococde Manager (HAM) tool

Define and document user and project requirements

Assist in data gathering and cost savings estimates

Communicate project plan, schedule, cost, and progress

Idertify potertial risks and izsues

Ltilize process improvement technigues to improve current business processes

Conduct formal internal customer reviesws at project completion to confirm project
acceptance and satisfaction

Requirements:

+ Bachelor's Degree in Engineering or Computer Science of equivalent expetience
# [ Knowiedge of Matlab £ Simulink or Mathwarks or Stateflow |

Strong communication (also in English) and planning skills

Communication skils relating to technical and programmatic discussions

focus on processes

Capability and wilingness to travel to US4

Experience with various UML § SyshL tools and environments

o o _ ) » upotfeheni a zdokonaleni Vasich jazykowch znalosti
Kandidati na tuto pozici musi prokazat: » systérm firernniho vzdéldvani a odbormych Skoleni
VS pamteni strojni nebo slektro P mésiini pfispévek na penzijni piipojidténi

= dobra znalost fyzild R . . .

« vhodné i pro schop] Junior/Senior InZenyr pro embeded SW(C, Matlab, AUTOSAR) Bnafity

= znalost Matlab/Si
= dobré znalast angl| Mapin prace:

= ochota cestovat L P
o v funkci fidici jednotky motaro

» generovani zdrojowich kodi
s oyéfovani spravhosti implementovanich funkeci
« optimalizace parametrd s ohledem na zajisténi keality

Mechatronikivyvoj modeld v Matlab - Simulink

Mapli prace:

wystudovali jste mechatroniku nebo robotechniku? Mate znalosti v oblasti matematického modelovani, simulaci a fidici
techniky? Ovliddate program Matiab - Simulink f StateflowiRealTime Waorkshop, Targetlink, Control Desk, atd.? Orientujete
se v ohlasti automohilowich komunikaénich protokald jako CAM, LIM, atd. a cheete se uplatnit na pozici wivajového
infenyra? Pak jste pfesné ti spravni kandidati na tuto pozic

. |:]réce ZRjMEna s prograrmy h.|1atlab—SimuIink,|TargetIink & piipadé vadeho zaméfeni do oblasti
Model-Based)

® prace Zejmeéna s programem Yisual Studio & piipadé vadeho zaméfeni do oblasti Fadkowich
editard)

« spoluprace s testovani a s temem HW weoje

61

I vivoj maternaticko-fzikalnich modell mechatronickych systém pro provad&ni HiL (Hardware in the Loop)
testd

T price zejména s prograrmy Matliab/SimulinkiStateflow, Targetlink, AN nastraji

spoluprace 5 techniky HiL testovani
I podileni se na projektech v oblasti spolehlivosti vozu



£ THUMUSOFT'

Jak svou kvalifikaci hodnoti sami absolventi?
TU Miinchen vs. CVUT

Technische Universitdt Miinchen 30,993 followers . . .
Munich Area, Germany Czech Technical UanEfSlty n PraQUE 26 480 followers
Czech Republic
Home Notables Students & Alumni Recommendations L
Horre Motables Students & Alumni Recormmendations
Attended [x] 2009
15,482 resuns attended < || 2009 [to| 2014
1 1 ‘937 results Search this set
What they studied What they're skilled at How you are connected
. What they studied What they're skilled at How you are cor
Engineering Matiab 1st Connections
Computer and Information Sciences an Microsoft Office 2nd Connections Engineering Microsoft Office 1st Connections
Electrical and Electronics Engineering C++ Group Members Computer and Information Sciences an.. AutoCAD 2nd Connections
Physical Sciences C 3rd + Everyone Else Computer and Information Sciences, G... SaL Group Mermbers
Computer Science Java Computer Software Engineering Java 3rd + Everyone El
Mechanical Engineering Project Management Computer Science HTHL
Business, Management, Marketing, an Microsoft Excel . .
9 ali' Architecture and Related Services Matlab
<
Computer and Information Sciences, G LaTeX )
Architecture FPHP
Electrical, Electronics and Communicat Python
Civil Engineering Photoshop
Business Administration and Managem English
Electrical and Electronics Engineering JavaScript
Biological and Biomedical Sciences AutoCAD
Economics C++
Information Technology Linux
Infarmation Technology Linus
Physics PowerPoint
Information Technology Project Manag. sQL Business, Management, Marketing, an... i ERLL
< ) )
Mathematics JavaScriot Computer Engineering —
Social Sciences Microsoft Excel
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Jak svou kvalifikaci hodnoti sami absolventi?

CVUT - studenti elektro a strojnich inzenyrskych obort vs. absolventi,

ktefi nasli uplatnéni ve vyzkumu

Engineering % Electrical and Electronics Engineering % Mechanical Engineering

Electrical, Electronics and Comrunications Enginesring X Clear all

What they studied

Engineering

Computer and Infarmation Sciences an...

Computer and Infarmation Sciences, G...

Computer Software Engineering
Computer Science

Architecture and Related Services
Architecture

Civil Engineering

Electrical and Electronics Engineeri...

Economics

Infarmmation Technalogy

Business, Management, Marketing, an...

Cormputer Engineering
Social Sciences
Mechanical Engineering

Informatics

Electrical, Electronics and Commun...

What they're skilled at
AutoCAD
hatlab
Microsoft Office
SOL
Java
C++
Linux
HThL
Microsoft Excel
Froject Managerment
PHP
JavaScript
Engineering
Wy =G0
(21
Phatashop

LIML

Clear all

What they studied

Engineering

Computer and Information Sciences an..

Cornputer and Infarmation Sciences, G...

Computer Science

Electrical and Electronics Engineering
FPhysical Sciences

Computer Software Engineering
Arificial Intelligence

Infarmatics

FPhysics

Civil Engineering

Bioengineering and Biomedical Engine. ..

Economics

Electrical, Electronics and Cormmunica. .

Computer Engineering
fhlechanical Engineering
Social Sciences

Mathematics

What they're skilled at

Iatlab

LaTex

C++

Java

Microsoft Office
Linuoz

AutoCAD

Fython

Computer Science
S0L

Algorithms

©

Sirnulations
HThIL

hachine Learning
Artificial Intelligence
Pragramming

PHP
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Narodni licence programu MATLAB

Prehled licenci typu TAH
(Total Academic Headcount)



.
Vysoké Skoly v CR — souéasny stav

65

CESNET - pocCet zapsanych studentu na Skolach:

Aktivni licence:
— 274 udrzovanych licenci
— Pocty uzivatelskych kliCu :

£ THUMUSOFT'

i

Engineering |Science |Business &
Economics

Students 41,984 | 20,197 60,022

Academic [Classroom |[Student
MATLAB 1,200 2,023 0
Simulink 335 1,128 0
68 Add-on's 2,673 10,347 0

— : Akademicka sitova licence sdilena 3 univerzitami

= 450 x MATLAB
= 150 x Simulink
= 46 nadstaveb

Velmi omezené moznosti prace mimo sit
Zadné feSeni pro studenty

Narocné na administraci

Masarykova univerzita

ZCU Plzen
CVUT Praha



https://wiki.metacentrum.cz/wiki/Matlab_application
https://wiki.metacentrum.cz/wiki/Matlab_application
https://wiki.metacentrum.cz/wiki/Matlab_application
https://wiki.metacentrum.cz/wiki/Matlab_application
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MATLAB ve skolstvi - licencni model

Stredni Skoly

—n

= Primary and
Secondary School

= School, Teacher and
Pupils computers

= Includes MATLAB,
Simulink and 32 add-
on’s

66

Vyuka Vyzkum Praxe

Academic IndividL..
Classroom

= Stand-alone

el instructi installation
E:ssroom instruction - E i T Sl
oy named user

= Group or concurrent
At least 10 of all
products purchased
= Perpetual

= User can have
multiple installations
= Perpetual

Concurrent

 {
Academic Concurrent
Group

MATLAB and Simulink Support « Installed on a network

for Low-Cost Hardware « Staff/students with Individual
Free support for Arduino, Raspberry Pi, and
Lego MINDSTORMS EV3

access can use the
software

= Stand-alone

* Central administration installation
MATLAB Online * Perpetual = Operated by a single
named user

= User can have
multiple installations

‘ Academic Gro! ’ = Perpetual

Student Suite

MATLAB Student = Multiple individual

licenses
= Atleast2 MATLAB

= Designated computer
only

= Perpetual
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MATLAB ve skolstvi - licencni model TAH

Stfedni Skoly Vyuka Vyzkum Praxe

—n Concurrent

. grimargang ool = Degree granting
econdary Schoo . Individual
. School, Teacher and = Unlimited access g Ve
Pupils computers = On & Off Campus Il = 4| - stand-alone
= Includes MATLAB, installation
Simulink and 32 add- - SChOOl, Staff and 4| - Operated by a single

ons Student computers | nameduser

= User can have

multiple installations
= Perpetual

67
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Total Academic Headcount - TAH

b

¢ HUMUSOFT

IetalFACAdEMIGC Headcount: (AY)

4 V/Sechny pocitaCe na Skole
4 VVSechny pocitaCe pedagogu
4 VSechny pocitace studentu

4 Flexibilni konfigurace produktu 4 Instalace pomoci License
4 Casové omezena licence Manageru nebo Lokalni
4 Pevna roéni cena 4 Stavajici udrzovane licence lze

4 Jednoducha centralni administrace wulozit do uschovny

Cena licence odvozena:

- od pocCtu studentu v oborech: P Pfirodni
- InZenyrské obory (ISCED 52) ey
- Pfirodni védy (ISCED 42, 44, 46) Vaichni student

- Ekonomie (ISCED 34)
- od poctu licencovanych produktu

InZenyrské obory
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Total Academic Headcount - TAH

- Uvedena v r. 2004, v CR k dispozici od roku 2014
- 700 aktivnich licenci pokryvajicich Skoly s vice nez 3 miliony studentu v

relevantnich oborech
- Vyuziva ji 85% z prehledu ,Top 100 Universities for Engineering and

Technology” organizovaneho agenturou Thomson Reuters
I I I I

TLTI

TECHNISCHE

UNIVERSITAT RR\NTH
'\/"LJNCH EN HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH

Ziiric 1?‘?,., \ DI MILANO

‘i'é‘_ﬁ';i? UNIVERSITY OF

69 CAMBRIDGE




Vyhody

1500

1000 -

Vysoka uroven sluzeb, nizka administrativni narocnost | .
Efektivni vyuZiti univerzitnich vypocetnich prostfedku “ o, SR
PIna uzivatelska podpora pfi minimalnich narocich na vase interni zdroje

Minimalizace vyskytu nelegalniho software

= Uditelé

Uplny pfistup k potfebnym Toolbox(im
Podpora kreativity a multidisciplinarniho vzdélavani a vyzkumu - pristup i ke knihovnam,
které byste si normalné nekoupili

Vyuziti doma i na cestach, neni potfebné byt na siti
Je mozné vytvaret kurzy, které vyuZzivaji funkce mnoha Toolboxu, muzZete se spolehnout,

Ze studenti je maji k dispozici
NizSi naroky na planovani alokace uceben pro kurzy

=  Studenti

Uplny pfistup ke véem Toolbox(m na univerzité
Pfi praci nejste vazani na pfitomnost ve Skolnich laboratofich
Snadna implementace teoretickych poznatku s pouzitim ,levnych® vyvojovych platforem

(Arduino, Raspberry Pi, LegoMindstorm, robotické hracky, atd.)
To vSe bez pokusSeni pouzivat nelegalni software

= CESNET

70

Diky vyjimce, ktera umozni TAH licenci sdruzeni 27 subjektd, je tato licence financné
velmi vyhodna
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TAH - Zdroje informaci

Administratori
Ucitelé

Vyzkumni pracovnici
Studenti

£ THUMUSOFT'

%) Mathworks TAH Resource Kit for Educators - Mozilla Firefox —|ol x|
Soubor  Uprawy  Zobrazeni  Historie  Zalodky  Nastroje  Wapowdda
| A\ Mathiwarks TAH Resaurcs Kit For Educators
€& | @ www.mathworks..com/academiaftah-support-programfeducators. htmi?s_tid=ac_esdu_tsh_bo ¢ | |v Google ,| 3 #
El

TAH Resources for Educators

Uszethese resources to integrate MATLAB and Simulink into your coursewark and research Mathint

Featured Resources

Curriculum Materials based on MATLAB and Simulink:
= “Introduction to MATLAB" Courseware

= "Teaching Systerm Dynamics with Arduing, MATLAB, and Simulink”
Courseware

» See all MATLAB Courseware

Additional Resources

= Hardware support for your course or application
= Textbooks by Cleve Maler

= 1500+ Books

= MATLAB Examples

= MATLAB Central User Community

= Cluster Computing for MATLABR Users {16:31)

Featured Teaching Webinars

= Raspberry Pi Programming using Sirmulink (23:19)

= Teaching Fluid Mechanics and Heat Transfer with Interactive MATLAB
Apps (45:02)

= Enabling Project-Based Learning with MATLAR, Simulink, and Target

CLEVE MOLER

Chief Mathematician

ks >

TAH Resource KitWelcome 0:54

Interactive Video Tutorials

= MATLAB

= Simulink

= Cantrol Systems

= Signal Processing

= Computational Mathernatics

= Parallel Computing

Featured User Stories

=  The University of Melhourne Suppors Mew Engineering Curriculum

= Technische Universitit Minchen Uses Model-Based Design to Drive
Research, Problem-Based Learning, and Industry Collaboration

= Maore than 1,000 Georgia Tech Engineering Students Learn Computer
Science Concepts Each Semester with MATLAB

» See all academic user staries

Featured Technical Articles



http://www.mathworks.com/academia/tah-support-program/index.html
http://www.mathworks.com/academia/tah-support-program/index.html
http://www.mathworks.com/academia/tah-support-program/index.html
http://www.mathworks.com/academia/tah-support-program/index.html
http://www.mathworks.com/academia/tah-support-program/index.html
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Zdroje informaci

* Internetové stranky
— www.humusoft.cz

» domovska stranka firmy Humusoft s.r.o. N
QMAT‘LAB'CENTRAL Search. | MATLAB Central = =

— www.mathworks.com s |

File Exchange  Answers  Newsgroup  Link Exchange  Blogs  Trendy Cody  Contest  MathWorks.com

» domovska stranka firmy MathWorks

« MATLAB Central Trendy

Engaging Recent Files Recent Questions Recent Updates

?

Expansive O Analeg Modulation Technigue:DSB-SC D how to custemize a colorbar? Eazvan * || Loren on the Art of MATLAB a
= . O Use of timer. what's the code to indicate

prOStor pro VZéjemnou komu nikaCi e Y i that its period of time is expired? 5
mezi uzivateli a pfFiznivci systému Cody G et 07 || s et

New Datatype under Development
for Possibie MATLAB Relesse 0

o

Text Yahtzee

(r)

Four parameters logistic regression - algorithms

MATLAB/Simulink (oteviena platforma | |wmken | e 00 | o s
pro prezentaci vlastnich aplikaci, Cocomon et oo | | i e e
vyménu soubort, nazoru i zkusenosti)

o

Cleve's Corner a

Quantum Matrix Processor 0

View archive

o

o

(r)

lipped channel steel sshian MATLAB 7.5 doesn't calculate the whole Steve on Image Processing a

operation aria

o

Cluster-based image display

View archive

éﬂﬁ‘,fﬁ"

MathWorks File Exchangs Pick of the Week 6
Careers Generate a Smie _ Maybe
Recent Problems Popular Plots /2 2013
View archive

[ Number of lattice points within a circle S British Tabloid
: Newspaper Hysteria

Tell us what you think.

. Hu Guy and Seth on Simulink a
O Continued fractions i
www.mathworks.com/matlabcentral/ P foedhacs o B oy oo Treseove v
) . provide feedback on D Given the name from the legend, return X Triggering! 2
the handle View archive
products and Web site. Solar Wind - Density
[ Generate a Nal..on purpose
» Sign up now and Velocity . ) X
O Is it an Armstrong number? o i E Doug's MATLAB Video Tutorials B
de I D & Using otherwise to throw errors in
‘\ ) O Implement a bubble sert technigue and Llumm...m‘ aswitch case 25 War 207
uulpul the number of swaps reguired View archive
Fob reinberg
TRIAL SOFTWA| (.‘ MATLAB Spoken Here
m Fun, learning, and drama at the
\ TLAB MathWorks Student Robot
- Challenge 25 e
A1 T
SSIMULINK View archive
] | Recent Links Active Threads
academic control systems country [ Identifying Upward and Downward
us course materials downloadable Trends =
code electrical and computer engineering O f2matlab =i
language english matematie matlab O secondary inverse axis on time series

mechanical enginesring modeling project
based leaming Simulation simulink system
design and simulation

plot g2
Separate ASCI Serial Data Into Individual
Matrix =

o

o

Mean correct a vector

(r]
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http://www.humusoft.cz/index.php?lang=cz
http://www.mathworks.com/
http://www.mathworks.com/matlabcentral/
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Dekujeme za pozornost



