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Matlab — funkce

function [mean_x,std_Xx,var_X]=statistics(x)
% STATISTICS Spocte zakladni statistiky vstupniho v ektoru x
% UZITI: [mean,std,var]=statistics(x)

VVVVVVVVVVVVVVVVVVVVV ELAVANI

% Test na pocet vstupnich argumentu
if nargin~=1; error( 'Spatny pocet vstupnich argumentu!" ); end;

% Test na korektnost vstupnich argumentu (X je cise Iny vektor)
if ~isvector(x); error( 'Vstupni argument x neni vektor!" ); end;
if ~isnumeric(x); error( 'Vstupni argument x neni ciselny vektor!" ); end;

% Spocti zakladni statistiky
mean_x=mean(x); std_x=std(x); var_x=var(x);

end

% Podfunkce MEAN (upraveny vypocet stredni hodnoty)
function f=mean(x)

% Vypocet stredni hodnoty

f=sum(x)/(length(x)+1);

end
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Vytvo Feni matice PFistup k prvk am, ruSeni
A=[123 A(1:2,3)=[1;3]

234

56 7]; A(A<7)=0
B:[0,0,0, 2,3,4; 5;617]; A(Z’):[]

C=[A,B; B,A]; S=[‘abc’;'def’]

Ridké matice

e=ones(5,1); A = spdiags([-e 2*e -e], -1:1, 5, 5)
B=sprand(5,4,0.1)

I=[1123];J=[1324]; V=[1 1.5 2 3.7]; S=sparse(l,J,V,5,6)

spy(S,'0',8); imagesc(S); colorbar;
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Matlab - struktury

e Struktura je heterogenni pole, jehoz prvky jsou libovolné objekty —
instance tfid (fetézce, Ciselné pole, bunécéné pole, struktury, atd).

e Pristup k polozkam je prostiednictvim nazvu polozek uzitych v
definici struktury.
>>student=struct('jmeno’,'Jan Madlo', '‘predmet’,'LAM','znamky’',[1 2 1]);

ooooooooooooooooooooooooooo

« Pamétové pozadavky : neni tfeba souvisly blok paméti pro celou
strukturu, ale pouze pro polozky struktury.

e VyuZziti : snizeni poc&tu vstupnich a vystupnich argumentu funkce,
zvyseni Citelnosti kodu.

* PFistup k polozkam
>>student.jmeno

>>student.imeno="‘Miro Vilik’
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* Pole bun ék je heterogenni pole, jehoz prvky jsou libovolné objekty
— instance tfid (fetézce, Ciselné pole, bunééné pole, struktury, atd).

e Pristup k polozkam je prostiednictvim indexu bunék.
>>c={'Hello’,rand(3),student};

« Pamétové pozadavky : neni tfeba souvisly blok paméti pro celé
pole, ale pouze pro jeho polozky.

e Vyuziti : uloZeni fetézcu ruzné velikosti, uloZzeni matic ruzného fadu
u metody rozlozeni oblasti, nahrazeni vstupnich a vystupnich
argumentt funkce, zvyseni &itelnosti kédu.

* PFistup k polozkam
>>c{1}, c{1}(2:end), c{3}.jmeno
>>c{1}='AhoJ’, c{3}.jmeno=‘Ivan Leden’
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MATLAB ma zabudovanu kompletni
podporu OO pristupu

Jak system roste, je Cim dal slozitg|Si
sledovat predavani dat mezi funkcemi.

Opakovani kodu copy&paste —
redundance — nekonzistence.

Deklarace tridnich promennych — predem
se vi, jJaké ma promenne.

Srozumitelnost a prirozenost navrhu.
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classdef MyClass < MySuperClass
properties
Propertyl
Property2 = sin(pi/12); % default value
end
properties (SetAccess = private, GetAccess = private)
Stress
Strain
end
methods
function value = get.Propertyl(obj)
%optionally implement get value
end
function obj = set.Propertyl(obj,value)
%optionally implement set value
end
end
end

Dédic¢nost, pretézovani operatoru, konstruktory, proménné s omezenym pfistupem.
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1. Pomoci LAYOUT editoru (.fig, .m)

2. Pomoci Matlabovskych prikazu

(figure, uicontrol, uibuttongroup, guidata,
guihandles, uimenu, ...)
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Matlab — import, export, MEX -

1. Podpora prace s textovymi i binarnimi soubory
2. Nacteni obrazku, zvuku, videa, MS Excell,

Naéteni a zobrazeni obrazku Nacteni a p fehrani zvukového souboru
rgb = imread('hokej.jpg’); [y,fs,nbits]=wavread('babycry.wav');
image(rgb); sound(y,fs); plot(y);

MEX — prilinkovani k Matlabu samostatnych funkci
| celych knihoven v C, C++, Fortranu, Jave
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Linearni zobrazeni

f(z)=az zOC, aOC

f(2) =az=[dd*9®|4>90 =|g|7¢ @0 0)
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Fourierova Fada (spektraini analyza) - -
{e""”‘ | VT }nDZ ... ortonorm.  systém fci L?(0,T )
w = 2T—ﬂ uhlova rychlost, T ... perioda

f(t)DO L?(0,T), f(t)= f c.e“" t0R

= l} f(t)e'“"dt, n0Z,
T o

 Dvoustranné spektrum : {06}
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Diskrétni Fourierova transformace (spektr. analyza)

Fourierova rada
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ic.)=tatdb) {CJo G = kZd;an_ka

N+M -1
o Blise| {c b {et={at{b}
'a, 0 O 0 0 0 b,
a, a, O 0 0 0 b,
a, a, a, 0 0 0 b,
c=Ab=|0 0 O Ay -1 a,
0 0 0 Ap -1 Au -2 bN 2
10 0 O 0 ay .| | byoy |
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a,y"W+a,y"V+.+ay +ay=f(t),
W(t) =G, Y(t) =¢ -3y (t) =G, .

LT{f} =F(s) =°j° f(t)edt,

DR », L(DR) > Y(s) »y(t)
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INVESTICE DO ROZVOJE VZD ELAVAN

Specifikace problému a generovani sit  é.

modelovani geometrie

(typ ulohy, materialové vlastnosti, pocate€ni a okrajové

podminky, ...)
CoMSsOoL
—>
Importer
STL, IGIS, — Exporter

VRML, ... ! ! CDB format
CAD System Integration

sAutodesk Inventor M a tS D ‘
*CATIA

knihovna se Skalovatelnymi algoritmy zalozena na
metodach rozlozeni oblasti FETI a BETI

*Pro/ENGINEER

*Solid Edge
*SolidWorks T. Kozubek, T. Brzobohaty, A. Markopoulos
*Unigraphics Z. Dostal, V. Vondrak, R. Ku ¢era, M. Sadowska
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F Metody rozlozeni oblasti

F podoblasti jsou volné
ae - nebo uchycené
:@: (piredem neni znam
N - defekt matic K)
2 F FETI-DP (caste¢né
. ‘.. ‘.. rozdéleni, regularni
FETI- ’ ’ matice tuhosti)
DP WABAVADS
3 F vsechny podoblasti
TFETI % . o - defekt matic K je znam
§>O —- -« -
a>3 - - -« — -
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problem F

vsechny podoblasti
7 F
' Do~ - - - jsou volné se shodnou
TBETI g :[j: :[]: dimenzi jadra
Do - - = -
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Total FETI — primarni proméenné

min % UT Ku-— UT f funkciondl energie BI U< C

pole posuvil BsU=Cg
matice tuhosti

matice omezeni
vektor omezeni

S o =

Total FETI

Dirichletovy okrajové
podminky jsou také
vynuceny pomoci LM,
Bgu= cg

SIS IIIY,
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VSe a mnohem vice m uZzete najit

SR

[ =
IPRINGER OPTIMITATION 23
ARE ITH APFLICATEIEONS -

[denék Dostal

Optimal Quadratic
Programming
Algorithms

@ Springer

Table of Contents - Preface.

Part |I. Background
1. Linear Algebra.- 2. Optimization.

Part Il. Algorithms

3. CG for Unconstrained Minimization

4. Equality Constrained Minimization 5.
Bound Constrained Minimization 6. Bound
and Equality Constrained Minimization

Part Ill. Applications to Variational
Inequalities

7. Solution of a Coercive Variational
Inequality by FETI-DP method

8. Solution to a Semicoercive Variational
Inequality by TFETI Method.- References.-
Index.

Seminar vypocetni mechaniky, 1-3. prosince 2010, VSB-TU & Ustav geoniky AV CR, v.v.i.
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INVESTICE DO ROZVOUJE VZDELAVANI

Skalovatelnost: kostka nad tuhou piekazkou
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Displacementtotal

0.01 0.02 0.03 0.04 005 006 0.07 0.08
T T T
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1. ingredience: paralelni implementace

blokové diagonalni struktura
matice tuhosti =>

vhodna pro paralelni
implementaci

‘K! O : 0O)
O K2 : O

. O O : K7

Mohou byt reSeny koercivni
a semikoercivni ulohy.
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Paralelni programovani

Typické pripady

Konfigurace vypo ¢€etnich uzl G:

v v 2x dual core CPU AMD Opteron 2210 HE
¢ Paralelne Smkay fOr 8GB ECC DDR2 667MHz RAM
— mnoho cyklu —— T

— dlouhé iterac¢ni cykly
o Offloading Work 5
 Objemné datové sady ;;i & |

Ostrava, Czech Republic, cluster with
more than 30,000 processors.

http://www.it4i.eu -

IT4Innovations

Centrum excelence
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Matlab Distributed Computing Server

e Local job manager

e MathWorks job manager

e Third-party schedulers
(Windows CCS, PBS Pro, LSF)

4.11. 2010 MI21 25
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Life cycle of a job

Scheduler

Pending
Job
Job
Job
Job

submit

getAllDutputArguments

Queued
Job
Job
Job
Job

MI21

Running \v\V\”LkEE)
Job Work .
Job N \\Uy

Finished \“Tfkgy
Job (s
Job N

JOb N
Warker
Job \J

26
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Distributed computations

Find scheduler or
job manager

Create a job

Create tasks and
associate them with
the job

Send job to the
front

Wait until job
finishes

Gather results
Destroy job

4.11. 2010

>>sched=findResource(‘scheduler,
'type’,’local’);

>>job=createJob(sched);

>>createTask(job,@rand,1,{3,3});

>>createTask (job,@eye,1,{4});
>>createTask (job,@ones,1,{{4},{3}});

>>submit(job);

>>waltForState(job);
>>results=getAllOutputArguments(job )
>>destroy(job);

MI21 27
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Parallel computations

Find scheduler or >>sched=findResource(‘'scheduler,...

job manager type’,'local’);

Create a parallel
job and sets the
numer of tasks

Create parallel

>>pjob=createParallelJob(sched);
set(pjob,'MaximumNumberOfWorkers,4);
set(pjob,'MinimumNumberOf\Workers,4);

tasks >>createTask(pjob, @MyParTask,1,{});
Send job to the o

front >>submit(pjob);

Wait until job >>waitForState(pjob);

finishes

Gather results >>results=getAllOutputArguments(pjob)
Destroy job >>destroy(pjob);

MPT functions: numlabs, labindex, labBarrierlabBroadcast, labProbe, labReceive, labSend,

4.11. 2010
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Parallel comRutation scenario

Send FEM models to workers and parallelize assembling of K, K+, R, fv, stresses, searching
contact pairs, multiplication procedures.

Send FEM
Assemble K,K+,R,f
Build
contact
conditions Gather f
Multiply by K+
lterate Gather result

Compute stress

Gather stress

4.11. 2029 MI21 29
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Dulni prumysl: sv érny spoj d ulni vyztuze

Coulombovské t reni : -
f=0.1 { A7# —
: . [
E =2.1e5 MPa, &g -
iy //T &
M=0.3 C \ /4

y

)
i

ta=1t; =10 mm

7 |
tg = tc =40 mm " / "

po ¢et: :
binarnich proménnych 65562
rovina symetrie

dualnich proménnych 3112
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8 teles
7 volnych

MI21
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Dulni pr umysl: sv érny spoj d ulni vyz’tuze

20

30

4.11. 2010

Posunuti

20F
40t
60}
80}
00}
120
140}
'

redukované napéti HMH

-160 -
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bez korekci kontaktnich sméru 3 korekce
// 333333
/
oy =9854 MPa = “| oy = 1020.6 MPa |

MATSOL staticka
uloha, 3 korekce:

sekvencéni verze 15

ANSYS (paralel) ANSYS (paralel) min

dynamicky vypocet: staticky vypocet:
27 hodin 1 hodina paralelni 7 min.

4.11. 2010 MI21 34
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548
LBl
L\ 0.774
Celkova posunuti [mm] . 1397

0.017

.48
il

0.774
0.s87
0.017
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Srovnani TBETI a TFET]I

Cas vypoétu

Celkovy Cas

nasobeni matice

vektor
primarni
proménné

dualni proménné

max(abs(u))

max(totalU)

4.11. 2010

FETI

2all podoblasti f=10.

2.41 h.
2.55 h.

2126

1 592 853

261 553
1.303 mm
1.548 mm

MI21

Cas vypoétu 2.54 h.
Celkovy €as 3.33 h.
nasobeni matice 1 882
vektor

primarnt 713 751
promeénné

dualni proménné 261 553

max(abs(u)) 1.378 mm

max(totalU) 1.616 mm
BETI

36



Automobilovy pr umysl: ku

vnéjSi krouzek p

vhitini krouzek

hridel

zatizeni

uchyceni

4.11. 2010
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OP Vadalivani
konkurenceschopnast

pocet téles s
po €et podoblasti 700
primarni prom énné 2,73 M
dualni prom énné 459,8 k

po €et iteraci
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Automobilovy pr umysl: pneumatlka

3.9 mil stupnid
volnosti,
4000 iteraci

celkova posunuti redukovane
napéti HMH
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12 téles

VSB - TU Ostrava



Svetlomet - Visteon

64 Oblasti

VSB - TU Ostrava
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Dvere auta

Sestava slozend z 79 téles

VSB - TU Ostrava
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Dvere auta

128 Oblasti

VSB - TU Ostrava
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3000 subdomains

VSB - TU Ostrava
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RozSireni na d ynamic ké ulohy

1.34
1.34

1.00
1.00

0.67
0.67

0.33
- 0.33

0.00

0.00 I
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Dekujl za pozornost



