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Å Zaloģeno v r. 1990, s²dlo v Praze 

Å Produkty a sluģby v oblasti technickĨch vĨpoļtŢ, Ś²dic² techniky,  

simulace dynamickĨch syst®mŢ 

Å MATLAB, Simulink, Stateflow 

ïInģenĨrsk® vĨpoļty, simulace dynamickĨch syst®mŢ 

ï The MathWorks, Inc. 

Å dSPACE - vĨvojov® syst®my 

ï dSPACE GmbH. 

Å Comsol Multiphysics 

ïOtevŚenĨ syst®m pro multifyzik§ln² analĨzu (metoda koneļnĨch prvkŢ) 

ï Comsol AB 

Å VĨvoj vlastn²ho software & hardware 

ï Simulink 3D Animation, Real-Time Windows Target 

ïMŊŚic² karty 

ïModely pro vĨuku teorie Ś²zen² 

Å Paraleln² pracovn² stanice HeavyHorse 

ïMultiprocesorov® stanice pro High-Performance Computing 

HUMUSOFT s.r.o. 
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MathWorks 

Topografie ZemŊ v 

cylindrick® projekci, 

vytvoŚeno s pouģit²m 

programu MATLAB a 

Mapping Toolboxu. 

ǒS²dlo: 

Natick, Massachusetts U.S. 

ǒDalġ² kancel§Śe v USA:  

California; Michigan;  

Texas; Washington, D.C. 

ǒ Euvropa: 

Francie, NŊmecko, It§lie,  

Holandsko, ĠpanŊlsko, Ġv®dsko, 

ĠvĨcarsko, Velk§ Brit§nie 

ǒ Asie / Pacifik: 

Austr§lie, Ļ²na, Indie, 

Japonsko, Korea 

ǒ DistributoŚi v 20 zem²ch 

n Obrat v roce 2013: ~$750M USD 

n V²ce neģ 60% mimo U.S.A. 

n Soukrom§ spoleļnost 

n 3200 zamŊstnancŢ 

n V²ce neģ 1 milion uģivatelŢ v 175+ zem²ch  
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MATLAB & Simulink 

ÅVĨvoj programu MATLAB 

ïod numerickĨch vĨpoļtŢ po komplexn² vĨpoļetn² a vĨvojov® prostŚed² 

1985 1990 1995 2000 2005 

ÅRapid 
prototyping a 
HIL 

ÅN§vrhy DSP ÅStavov® 
diagramy 

ÅFyzik§ln² 
modelov§n² 

ÅSyst®my  
diskr®tn²ch ud§lost² 

ÅKontrola 
integrity modelŢ 

ÅTestov§n² a mŊŚen² ÅVerifikace 
k·du 

ÅVestavŊn® 
programov® 
vybaven² 

ÅHDL 
Verilog 

ÁMATLAB 

ÁSimulink 

ÅN§vrhy Ś²dic²ch syst®mŢ 

ÅZpracov§n² sign§lu 

ÅZpracov§n² 
obrazu 

ÅFinanļn² modelov§n² 
a analĨzy 

ÅVĨpoļetn² biologie 

ÅTvorba 
aplikac² 

ÅDistribuovan® a 
paraleln² vĨpoļty 

ÅStudentsk§ verze 

ÅOptimalizace 

ÅStatistika 

Technick® 

vĨpoļty 

Datov® analĨzy 

a vĨvoj 

algoritmŢ 

Modelov§n² 

syst®mŢ a 

simulace 

Automatick® 

generov§n² 

k·du 

Testov§n², 

Verifikace, 

Validace 

ÅKomunikace s datab§zemi 
a instrumenty 

ÅSoftware pro 
sign§lov® 
procesory 

ÅKomunikaļn² 
syst®my ÅZpracov§n² videa 

2010 

ÅPLC 

ÅMATLAB Mobile pro 
iPhone/iPad/Android 

ÅMATLAB 
> C/HDL 

ÅPoļ²taļov® 
vidŊn² 

ÅSyst®mov® 
objekty 



Co je MATLAB 

ÅIntegrovan® prostŚed² pro 
vŊdeckotechnick® vĨpoļty 

ÅGrafick® a vĨpoļetn² n§stroje 

ÅIntuitivn² uģivatelsk® rozhran² 
MATLAB Desktop 

ÅRychl® vĨpoļetn² j§dro 

ÅProgramovac² jazyk 4. Generace 

ïv²ce neģ 1 000 funkc² 

ïobjektovŊ orientovan® programov§n² 

ÅGrafick§ uģivatelsk§ rozhran² (GUI) 

ÅRozs§hl§ HTML n§povŊda 

ÅSyst®m MATLAB je: 

ïmodul§rn² ï toolboxy 

ïotevŚenĨ ï uģivatel mŢģe zobrazit i 
upravovat funkce 



Co je Simulink 

Å Nadstavba MATLABu 

ÅModelov§n², simulace a analĨza 
dynamickĨch syst®mŢ 

ÅProstŚed² blokovĨch sch®mat 

ïpŚeddefinovan® knihovny blokŢ 

ïsyst®m pr§ce Ădrag and dropñ 

ïtvorba vlastn²ch funkļn²ch blokŢ 

ÅPrvky pro tvorbu algebraickĨch a  
diferenci§ln²ch rovnic 

ÅOtevŚen® rozhran² pro tvorbu aplikac²  

ïzaļlenŊn² k·du z programŢ MATLAB, 
C, Fortran 

Å Platforma pro Model Based Design 

ïn§slednŊ mŢģe bĨt automaticky 
generov§n k·d pro c²lovou platformu 



Struktura syst®mu MATLAB 

MATLAB 
VĨpoļty, programov§n², vizualizace... 

Simulink 
Simulace a modelov§n² dynamickĨch syst®mŢ 

Toolboxy 
(knihovny funkc²) 

Blocksety 
(knihovny blokŢ) 

 

 

Generov§n² k·du 

Aplikace v re§ln®m ļase, 

mP, DSP, FPGA, PLC 

SamostatnŊ 

spustiteln® 

aplikace 

 

 

 
MŊŚen² a testov§n² 
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MATLAB ï Aplikaļn² oblasti 

Finanļn² analĨzy a modelov§n² 

Testov§n² a mŊŚen² 

Zpracov§n² sign§lu a komunikace 

N§vrhy Ś²dic²ch syst®mŢ 

Zpracov§n² obrazu 

VĨpoļetn² biologie 

Technick® vĨpoļty 
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Technick® vĨpoļty v MATLABu 

Dokumentace 

VĨslednĨ n§vrh 

Nasazen² aplikac² 

Sd²len² vĨsledkŢ 

 

AnalĨza a Śeġen² 

 

AnalĨza dat 

a modelov§n² 

VĨvoj 

algoritmŢ 

VĨvoj 

aplikac² 

Soubory 

Software 

Hardware 

PŚ²stup k datŢm 

K·d a Aplikace 

Automatizace 
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Matematick® vĨpoļty a analĨza dat 

ÅStatistick® vĨpoļty a pravdŊpodobnost 

ïdeskriptivn² statistika, pravdŊpodobnost 

ïanalĨza rozptylu, testy hypot®z 

ïregresn² analĨza, klasifikace, ... 

ïStatistics Toolbox 

ÅProkl§d§n² kŚivek 

ïprokl§d§n² dat kŚivkami a plochami 

ïknihovna pŚipravenĨch modelŢ, vlastn² modely 

Åparametrick®, neparametrick®, spline 

ïCurve Fitting Toolbox 

ÅOptimalizaļn² ¼lohy 

ïrozs§hlĨ soubor algoritmŢ pro optimalizaci 

Åline§rn², kvadratick® i neline§rn² optimalizace 

Åpodm²nŊn® i nepodm²nŊn® ¼lohy 

ïglob§ln² Śeġiļe  

Åpattern search, genetick® algoritmy 

ïOptimization Toolbox, Global Optimization Tbx. 
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Zpracov§n² sign§lu 

ÅMŊŚen² a vĨstup re§lnĨch sign§lŢ 

ïData Acquisition Toolbox 

ÅZpracov§n² sign§lu a n§vrh filtrŢ 

ïn§vrh filtrŢ a filtrace sign§lu 

Ådigit§ln² i analogov®, filtry typu FIR a IIR 

ïstatistick® zpracov§n² sign§lu 

Åspektr§ln² analĨza sign§lu, korelace, ... 

ïSignal Processing Toolbox 

ÅPokroļil® zpracov§n² sign§lu 

ïn§vrh pokroļilĨch digit§ln²ch filtrŢ 

Åadaptivn² filtry, multirate a multistage filtry 

ïstream-based zpracov§n² sign§lu v MATLABu  

Åalgoritmy ve formŊ System objektŢ 

ïn§vrh fixed-point filtrŢ 

ïDSP system Toolbox, Fixed Point Toolbox, 
Filter Design HDL Coder 
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Zpracov§n² obrazu a videa 

ÅSn²m§n² re§ln®ho obrazu 

ï Image Acquisition Toolbox 

ÅZpracov§n² obrazu a videa 

ïgeometrick® transformace 

ïn§vrh 2-D filtrŢ 

ï transformace (fft, dct, radon, fanbeam) 

ïmorfologick® operace 

ïanalĨza sn²mkŢ 

ïpr§ce s barevnĨmi prostory 

ï Image Processing Toolbox 

ÅAlgoritmy z oblasti poļ²taļov®ho vidŊn² 

ïdetekce pŚ²znakŢ (rohy, SURF, MSER) 

ïregistrace sn²mkŢ 

ïdetekce a sledov§n² objektŢ, detekce obliļeje 

ïStereo vision, OCR 

ïComputer Vision System Toolbox 



ÅMetoda umŊl® inteligence 

ïTvorba modelu s urļitou strukturou 

ïUļen² modelu na z§kladŊ vstupn²ch dat 

ïVyuģit² modelu pro predikci chov§n² s novĨmi daty 

Å Charakteristika 

ïMnoho dat, mnoho promŊnnĨch 

ïPŚ²liġ sloģit® syst®my, aby bylo moģno odvodit  
analytick® Śeġen² (black-box) 

ÅPŚ²klady 

ïRozpozn§v§n² vzorŢ (Śeļ, obr§zky) 

ïFinanļn² algoritmy (obchodov§n², scoring) 

ïPŚedpovŊdi v energetice (z§tŊģ, ceny) 

ïBiologie (detekce n§dorŢ, vĨvoj l®kŢ) 
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Matematick® modelov§n² soustav 

ÅPopis soustav pomoc² algebraickĨch a 
diferenci§ln²ch rovnic 

ÅModelov§n² v grafick®m prostŚed² 

ïprvky pro spojit® i diskr®tn² syst®my 

ïknihovna matematickĨch operac² 

ïknihovna neline§rn²ch prvkŢ 

ïknihovna vstupŢ a vĨstupŢ 

ÅSnadn® propojen² modelŢ soustav s 
algoritmy pro Ś²zen² a zpracov§n² sign§lŢ 

Å Model-Based Design 

Å Simulink 

ÅVizualizace modelŢ soustav ve 3-D 

ïSimulink 3D Animation 

ÅExperiment§ln² identifikace soustav 

ïSystem Identification Toolbox,  
Simulink Design Optimization 

hkQk
dt

dh
211 -=
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Fyzik§ln² modelov§n² 

ÅModelov§n² soustav skl§d§n²m blokŢ, 
kter® reprezentuj² prvky re§ln®ho svŊta 

ïModelov§n² na z§kladŊ fyzick® struktury 

ïOproġtŊn² od z§pisu ve formŊ 
diferenci§ln²ch rovnic 

Simscape modelov§n² z§kladn²ch 
soustav: mechanickĨch, 
elektrickĨch, hydraulickĨch, ... 

SimHydraulics modelov§n² hydraulickĨch 
soustav 

SimElectronics modelov§n² elektronickĨch 
obvodŢ 

SimMechanics modelov§n² trojrozmŊrnĨch 
mechanickĨch soustav 

SimDriveline modelov§n² pŚevodovĨch 
soustav automobilŢ 

SimPowerSystems modelov§n² energetickĨch 
soustav, pohonŢ a vĨkonov® 
elektroniky 

Fkxxbxm =++###
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Technologick§ exploze - uvnitŚ kaģd®ho zaŚ²zen² jsou 
sloģit® algoritmy pro Ś²zen² a zpracov§n² sign§lŢ 

Trend: ĂSoftware ve vġemñ 

http://images.google.com/imgres?imgurl=http://imc.rcc.edu/Images/VConf_Monitor2.gif&imgrefurl=http://imc.rcc.edu/videoconfgeneral.htm&h=349&w=416&sz=59&tbnid=Yv9NYVxTHcIJ:&tbnh=102&tbnw=122&hl=en&start=2&prev=/images?q=video++conferencing&svnum=100&hl=en&lr=&safe=off
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NĆVRH 

IMPLEMENTACE 

POĢADAVKY VħZKUM 

C, C++ 

mP DSP FPGA ASIC 

VHDL, Verilog 
StrukturovanĨ 

text 

PLC 

INTEGRACE 

Modely prostŚed² 

Modely fyzickĨch komponent 

Algoritmy 

T
E

S
T

Y
 A

 V
E

R
IF

IK
A

C
E

 

VĨvoj metodou Model-Based Design 
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Model-Based Design 

ÅZ§kladem je model syst®mu v Simulinku 

ÅN§vrh Ś²dic²ch syst®mŢ 

ïpropojen²m modelŢ soustav s regul§tory lze 
modelovat libovoln® regulaļn² smyļky 

ï regulace 

Åspojit§, diskr®tn² 

Å SISO, MIMO 

ïnastaven² regulace pomoc² linearizace  

Å Simulink Control Design 

ïnastaven² regulace pomoc² optimalizace 

Å Simulink Design Optimization 

ÅAlgoritmy pro zpracov§n² sign§lu 

ïDSP System Toolbox 

ÅAlgoritmy pro zpracov§n² obrazu 

ïComputer Vision System Toolbox 
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Aplikace v re§ln®m ļase 

ÅSimulace v re§ln®m ļase 

ïpropojen² MATLABu a Simulinku s re§lnĨm svŊtem 

ïn§vrh metodou Rapid Control Prototyping 

ÅsimulovanĨ algoritmus + re§ln§ soustava 

ïhardware-in-the-loop simulace 

Åsimulovan§ soustava + algoritmus na re§ln®m zaŚ²zen² 

ïspouġtŊn² Real-Time Aplikac² 

Åna PC s mŊŚ²c² kartou, na jin® RT platformŊ 

ïReal-Time Windows Target, Simulink Real-Time, dSPACE 

ÅSpouġtŊn² modelŢ na vĨukov®m hardware 

ïArduino, LEGO Mindstorms NXT, Raspberry Pi, ... 

ïSimulink 

ÅGenerov§n² k·du pro c²lov® platformy 

ïgenerov§n² k·du je plnŊ automatick® 

Åpodpora vĨpoļtŢ v pevn® Ś§dov® ļ§rce 

ïc²lov® platformy: mP, DSP, FPGA, PLC 

ïjazyky: C/C++, HDL k·d, strukturovanĨ text 

ïMATLAB Coder, Simulink Coder, Embedded Coder 

ïHDL Coder, Simulink PLC Coder 
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Spolupr§ce s jednoduchĨmi vĨvojovĨmi platformami 

Target 
 

 

 

 

 

 

 

 

 

 

Data I/O 
 

 

 

 

 

 

 

 

 

 

Ethernet / USB / 

Bluetooth  

MATLAB Hardware 
 Support Packages 

Low Cost Hardware 
 

 

 

 

 

 

 

 

 

Engineerôs computer 

MATLAB algorithm or 

Simulink model 

Low Cost Hardware 
 

 

 

 

 

 

 

 

 

Simulink Hardware 
 Support Packages 
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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 
Collider 

Solution 
Use MATLAB, Simulink, Parallel Computing Toolbox,  
and Instrument Control Toolbox software to design, 
model, and simulate the accelerator and alignment control 
system 

Results 
Å Simulation time reduced by an order of magnitude 

Å Development integrated 

Å Existing work leveraged 

ñUsing Parallel Computing Toolbox, we 

simply deployed our simulation on a 

large group cluster. We saw a linear 

improvement in speed, and we could 

run 100 simulations at once. MathWorks 

tools have enabled us to accomplish 

work that was once impossible.ò  

Dr. Glen White 

Queen Mary, University of London 

Queen Mary high-throughput cluster. 

ÅLink to user story 

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


Uk§zky pr§ce v MATLABu 



Zmenġit velikost 
¼lohy 

Poļkat 

MŢģete é 

řeġen² rozs§hlĨch ¼loh 

Rozs§hl§ data           

Probl®m 

DlouhĨ bŊh 
 

 VĨpoļetn² 
n§roļnost 

Nahr§t data na 
nŊkolik poļ²taļŢ 
kter® ve skupinŊ 
pracuj² paralelnŊ 

řeġen² 

Spustit podobn® ¼lohy 
(tasky) na nez§vislĨch 
procesorech paralelnŊ 
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řeġen² rozs§hl® soustavy line§rn²ch rovnic 
A\b 

  

Á Velikost A aģ 290 GB  

 

Á VĨkon jednoho stroje 

Á ~12 GB of RAM    

Á ~55 Gigaflops 

 

Á 1.3 Teraflops ~ 20X 
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MATLAB a Big Data 

Pr§ce s daty a pamŊt² 

Å64-bitov® procesory 

ÅMemory-Mapped promŊnn® 

ÅDiskov® promŊnn® 

ÅDatab§ze 

ÅDatastore 

 

Platformy 

ÁDesktop (Multicore, GPU) 

ÁClustery 

ÁCloud Computing 

ÁHadoop 

Programov§n² 

ÁStreaming 

ÁZpracov§n² po bloc²ch  

ÁParaleln² for cykly 

ÁGPU pole 

ÁSingle Program, Multiple Data  

ÁDistribuovan§ pole 

ÁMapReduce 
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Big Data ï PŚ²stup 
datastore   

ÅSnadn§ specifikace pracovn²ch dat 

ïTextovĨ soubor (nebo sada textovĨch souborŢ) 

 

ÅMoģnost n§hledu struktury a form§tu dat 

 

ÅVĨbŊr dat k importu na z§kladŊ  
n§zvŢ sloupcŢ 
 

 

Å Inkrement§ln² ļten² ļ§st² dat 

 

 

airdata  = datastore ('*.csv');  

airdata.SelectedVariables  = {'Distance', ' ArrDelay ó}; 

 

data = read( airdata );  
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Big Data - AnalĨza 
mapreduce  

Å MapReduce - vĨkonn§ programovac² technika  
pro analĨzu rozs§hlĨch dat 

ïmapreduce  vyuģ²v§ objekty typu datastore  ke zpracov§n²  

dat po malĨch ļ§stech, kter® se vejdou do pamŊti 

ïuģiteļn® pro ¼lohy se sloģitĨmi vztahy, popŚ²padŊ tehdy,  

kdy by se mezivĨsledky neveġly do pamŊti 

 

Å mapreduce  na pracovn² stanici 

ïZvĨġen²  vĨpoļetn²ho vĨkonu (Parallel Computing Toolbox) 

ïAnalĨza rozs§hlĨch datab§zovĨch tabulek (Database Toolbox) 

ïPŚ²stup k datŢm na HDFS za ¼ļelem vĨvoje algoritmŢ pro Hadoop 

 

Å mapreduce  na syst®mu Hadoop 

ïSpouġtŊn² algoritmŢ na syst®mu Hadoop s pouģit²m n§stroje MATLAB Distributed 

Computing Server 

ïNasazen² aplikac² a knihoven pro Hadoop s pouģit²m n§stroje MATLAB Compiler 

********************************  

*      MAPREDUCE PROGRESS      *  

********************************  
 

Map 0% Reduce 0%  

Map 20%  Reduce 0%  

Map 40%  Reduce 0%  

Map 60%  Reduce 0%  

Map 80%  Reduce 0%  

Map 100%  Reduce 25%  

Map 100%  Reduce 50%  

Map 100%  Reduce 75%  

Map 100%  Reduce 100%  
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MATLAB Distributed 

Computing Server 

MATLAB Compiler 

MATLAB a Big Data 
 1. MATLAB na Desktopu 

Osobn² pracovn² stanice 
  

ÅAnalĨza dat 

ÅTvorba algoritmŢ vyuģ²vaj²c²ch  

techniku MapReduce 

ÅPŚ²stup k souborŢm dat v HDFS 

 

PŚipojen² k Hadoop 
  

ÅSpouġtŊn² algoritmŢ pro syst®m 

Hadoop na datech v HDFS  

Produkļn² Hadoop 
 

ÅTvorba samostatnĨch aplikac² a 

komponent, kter® pracuj² na 

syst®mu Hadoop  
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MATLAB Distributed 

Computing Server 

MATLAB Compiler 

Snadn§ migrace programŢ z 

desktopu na syst®m Hadoop  

MATLAB a Big Data 
 

Osobn² pracovn² stanice 
  

ÅAnalĨza dat 

ÅTvorba algoritmŢ vyuģ²vaj²c²ch  

techniku MapReduce 

ÅPŚ²stup k souborŢm dat v HDFS 

 

PŚipojen² k Hadoop 
  

ÅSpouġtŊn² algoritmŢ pro syst®m 

Hadoop na datech v HDFS  

Produkļn² Hadoop 
 

ÅTvorba samostatnĨch aplikac² a 

komponent, kter® pracuj² na 

syst®mu Hadoop  

2. AnalĨza dat napsan§ v MATLABu na syst®mu Hadoop 
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PŚ²klad: AnalĨza registru vozidel  
s pouģit²m technik Datastore a MapReduce 

Å Data 

ïRegistrace vozidel ve st§tŊ Massachusetts  

v letech 2008-2011 

ï16M  z§znamŢ, 45 pol² 

 

Å AnalĨza 

ïExploratorn² analĨza adopce hybridn²ch vozidel  

ïVĨpoļet % registrovanĨch hybridŢ 

Åpo ļtvrtlet² 

Å po regionech 

ïTvorba map s vĨsledky 



Paraleln² vĨpoļty na pracovn² stanici 

ÅUrychlen² aplikac² 

 

ÅVyuģit² akcelerace pomoc² GPU 

 

ÅVĨvoj k·du urļen®ho pro cluster 

 

 

* ĂDobrĨ s®riovŊ pracuj²c² k·d je 
z§kladn²m pŚedpokladem dobr®ho 
paraleln²ho k·duñ 

MATLAB + PCT  
(Klient) 

Pracovn² stanice 

Parallel Computing Toolbox (PCT) 



Ġk§lov§n² na Cluster / Cloud 

Cluster 

     Cluster / Cloud 

Scheduler 
MATLAB + PCT  

(Klient) 

Pracovn² stanice 

MATLAB Distributed Computing Server  

(MDCS) 



Programov§n² paraleln²ch aplikac² (CPU) 

ÁVestavŊn§ podpora v Toolboxech 

ÁJednoduch® konstrukce: 
parfor , batch, distributed  

 

ÁPokroļil® konstrukce: 
createJob , labSend , spmd 
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VestavŊn§ podpora PCT v Toolboxech 

Å Matematika, statistika, optimalizace 

ï Optimization Toolbox, Global Optimization Toolbox
 

ï Statistics Toolbox 

ï Neural Network Toolbox 

ÅZpracov§n² sign§lŢ a obrazu 

ï Signal Processing Toolbox 

ï Image Processing Toolbox 

ï Communications System Toolbox, Phased Array System Toolbox 

ÅVĨpoļetn² biologie 

ï Bioinformatics Toolbox 

ÅAnalĨza a n§vrh Ś²dic²ch syst®mŢ 

ï Robust Control Toolbox, Simulink Control Design, Simulink Design Optimization 

Åé 

 

* vyuģit² bez nutnosti ps§t paraleln² k·d 

ÅBLOCKSETS 

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


Paraleln² for  cyklus 

parfor i = 1 : n  

   % proveŅ nŊco s i 

end 

 

ÅRozeġle Ă% proveŅ nŊco s iñ na skupinu MATLAB workerŢ 
(parpool)  

 

ÅMonte Carlo simulace, Parametrick® sweepy 

 

ÅVyuģiteln® i pro simulace v Simulinku 

ïparfor + sim ()  



PŚ²klad: ParametrickĨ Sweep ODE 
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Distribuovan® vĨpoļty 
Z§vislost ļasu vĨpoļtu na poļtu vĨpoļetn²ch uzlŢ 

Procesor: Intel Xeon E5-2670 
16 jader, 60 GB RAM / uzel 
10 Gigabit Ethernet 

N 

Time (s) 

1 node,  

multi-

threaded 

Distributed 

2 nodes, 

32W 

4 nodes, 

64W 

4000 2 3 3 

8000 16 14 12 

16000 126 102 67 

20000 244 187 118 

32000 - 664 394 

40000 - - 710 

ÅN§soben² n§hodnĨch matic o velikosti N x N 

ÅV²ce uzlŢ umoģŔuje rychlejġ² vĨpoļet a Śeġen² rozs§hlejġ²ch ¼loh 



Motivace: 

ÅUvolnit si vlastn² poļ²taļ 

ïVyv²jet algoritmy, zat²mco se aktu§ln² verze poļ²t§ jinde 

ïPŚ²stup k vĨkonnŊjġ²m poļ²taļŢm 

ïD§vkov® zpracov§n² ¼loh bez nutnosti nepŚetrģit®ho dohledu 

 

ÅUrychlen² vĨpoļtu 

ïVyuģit² v²ce vĨpoļetn²ch jader 

ïJe moģn® prov§dŊt vĨpoļty, kter®  
byly dosud nemysliteln® 

ÅPravideln® finanļn² analĨzy, sloģit® modely vĨvoje poļas² apod. 

 

ÅZpracov§n² velk®ho objemu dat  

ïVyuģit² distribuovanĨch pol² 

ïřeġen² rozs§hlĨch ¼loh bez nutnosti pŚepisov§n² algoritmŢ 

 

Take Advantage of Cluster Hardware 

Cluster 

Scheduler MATLAB  
(Klient) 

VĨpoļty v r§mci vĨpoļetn²ho clusteru 
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ÅJe moģn® zpracov§vat rozs§hl® vĨpoļetn² ¼lohy 

ÅLze vyuģ²t vlastn² nebo extern² pl§novaļ (Scheduler, Job Manager) 

VĨpoļetn² cluster 

CPU 

CPU 

CPU 

CPU 

MATLAB Distributed Computing Server 

Scheduler 

VĨsledek    

VĨsledek 

VĨsledek    

VĨsledek    

Klientsk® PC 

Task 

Task 

Task 

Task 

Worker 

Worker 

Worker 

Worker 

Parallel 

Computing  

Toolbox 

 

TOOLBOXY 
VĨsledek    

Job 

VĨpoļty v r§mci vĨpoļetn²ho clusteru 



Snadn§ migrace z pracovn² stanice na cluster 

ÅZmŊna hardware, na kter®m se ¼loha poļ²t§, se 
dŊje vybr§n²m pŚ²sluġn®ho profilu, typicky bez 
nutnosti zmŊny vlastn²ho k·du 
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ÁMATLAB Job Scheduler 

ÁPŚ²m§ podpora nŊkterĨch schedulerŢ 

    (Platform LSF, Microsoft HPCS, PBS) 

 

 

 

ÁOtevŚen® API pro dalġ² schedulery 
 

 
 

www.mathworks.com/products/distriben/supported 
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Podpora SchedulerŢ 

TORQUE  

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


Vyuģit² grafickĨch karet (GPU) 

ÅPŢvodnŊ urļeny pro akceleraci grafiky, nyn² lze vyuģ²t i 
pro urļitou tŚ²du vŊdeckotechnickĨch vĨpoļtŢ 

Å MasivnŊ paraleln² pole procesorŢ pracuj²c²ch v pevn® i 
plovouc² Ś§dov® ļ§rce 

ïTypicky stovky procesorŢ na jedn® kartŊ 

ïJ§dra GPU doplŔuj² CPU 

ÅVyhrazen§ pamŊŠ s rychlĨm pŚ²stupem 

 

 

 

 

* Ne vġechny ¼lohy jsou vhodn® k Śeġen² na GPU! 

 

ÅDevice Memory 

GPU j§dra 

RAM 



ÁVestavŊn§ podpora v Toolboxech 

ÁJednoduch® konstrukce: 
gpuArray , gather  

ÁPokroļil® konstrukce: 
arrayfun , spmd 

ÁRozhran² pro experty: 

   CUDAKernel , MEX support  

www.mathworks.com/help/distcomp/run-cuda-or-ptx-code-on-gpu 

www.mathworks.com/help/distcomp/run-mex-functions-containing-cuda-code 
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Programov§n² paraleln²ch aplikac² (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-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


PŚ²klad: řeġen² vlnov® rovnice ve 2D 
CPU vs. GPU 

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

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


Intel Xeon Procesor W3550 (3.07GHz) ï 4 fyzick§ j§dra  
NVIDIA Tesla K20c GPU 

Grid Size 
CPU 

(s) 

GPU 

(s) 
Speedup 

64 x 64 0.05 0.11 0.4 

128 x 128 0.14 0.11 1.3 

256 x 256 0.83 0.12 7.2 

512 x 512 4.40 0.24 18 

1024 x 1024 18.79 0.82 23 

2048 x 2048 75.03 3.67 20 

PŚ²klad: řeġen² vlnov® rovnice ve 2D 
CPU vs. GPU 



Humusoft HeavyHorse 

Å Procesory AMD FX/Opteron 

ïjeden, dva nebo ļtyŚi procesory 

ï8 aģ 64 vĨpoļetn²ch jader 

ïfrekvence CPU aģ 4.7 GHz 

ÅRAM aģ 256 GB DDR3 

ÅGrafick§ karta AMD Śady Radeon R7 nebo R9  

ÅNa pŚ§n² grafick§ karta NVidia TESLA 

ïpro GPU vĨpoļty 

ÅOperaļn² syst®m podle pŚ§n² 

ïMicrosoft Windows 64-bit 

ïLinux 64-bit 

ÅMoģnost pŚedinstalace aplikac² 

ïMATLAB 

Å Parallel Computing Toolbox 

ïMATLAB Distributed Computing Server 

ïCOMSOL Multiphysics 
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COMSOL Multiphysics 

Åřeġen² parci§ln²ch diferenci§ln²ch rovnic (PDE)  

ïmetodou koneļnĨch prvkŢ, Śeġen² ve 2D a 3D 

ÅRozs§hlĨ modul§rn² syst®m 

ïAC/DC Module 

ïAcoustics Module 

ïBatteries & Fuel Cells Module 

ïCFD Module 

ïElectrodeposition Module  

ïGeomechanics Module  

ïHeat Transfer Module  

ïChemical Reaction Engineering Module 

ïMEMS Module  

ïMicrofluidics Module  

ïPlasma Module  

ïRF Module  

ïStructural Mechanics Module  

ïSubsurface Flow Module 
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Paraleln² vĨpoļty Distribuovan® vĨpoļty - clustery 

ParalelnŊ prob²haj² n§sleduj²c² ļinnosti: 
Å generov§n² s²tŊ 
Å proces assembly 
Å Śeġen² (vġechny Śeġiļe jsou paraleln²) 
Å paraleln² vĨpoļty prob²haj² automaticky 
 
ÅPoļet vyuģitĨch jader na PC lze nastavit 
ÅParalelnŊ pracuj² vġechny typy licenc² 

Distribuovan® vĨpoļty: 
1 kl²ļ - neomezenĨ poļet uzlŢ bez navĨġen² ceny 
kombinace paraleln²ch a distribuovanĨch vĨpoļtŢ 
(Hybrid Computing) 
 
Typy vĨpoļtŢ na clusteru: 
Å Parameter Sweep (kaģdĨ uzel Śeġ² 1 variantu modelu)  
Å Jedna ¼loha se rozdŊl² na danĨ poļet uzlŢ 

 
Å Tento reģim umoģŔuje jen s²Šov§ licence (FNL) 

COMSOL Multiphysics 


