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Autor práce: Pavla Jir̊utková
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Numerické experimenty

Ćıle práce

Seznámit se s metodou TFETI (Total Finite Element Tearing
and Interconecting),

provést jej́ı implementaci v Matlabu pro 2D Poissonovu úlohu,

výslednou aplikaci paralelizovat pomoćı Matlab Distributed
Computing serveru.
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Metody rozložeńı oblasti

Princip rozděl a panuj.
FETI metoda

- fyzické odděleńı podoblast́ı, zavedeny
”
leṕıćı“ podḿınky -

vynuceny Lagrangeovými multiplikátory.

TFETI metoda
-

”
odděleny“ také Dirichletovy okrajové podḿınky - vynuceny

Lagrangeovými multiplikátory.
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Numerické experimenty

Metody rozložeńı oblasti
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Diskretizace a dekompozice oblasti
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−∆u (x , y) = f (x , y) pro ∀ (x , y) ∈ Ω,

u (x , y) = 0 pro ∀ (x , y) ∈ ∂Ω,

f ∈ C (Ω) , u ∈ C 2 (Ω) .

∆u (x , y) =
∂2u(x , y)

∂x2
+
∂2u(x , y)

∂y 2

Sestaveńı soustavy Ku = f .

K ... matice tuhosti,
u ... vektor posunut́ı,
f ... vektor zat́ıžeńı.
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ΓU . . . hranice s Dirichletovými okrajovými podḿınkami,

ΓF . . . hranice s Neumannovými okrajovými podḿınkami,

λ . . . Lagrangeovy multiplikátory,

H . . . krok dekompozice, h . . . krok diskretizace.

Leṕıćı podḿınky vynucuj́ı: spojitost posunut́ı na ΓG ,
p̌redepsaná posunut́ı na ΓU .
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Primárńı problém

Energetická formulace

min
u

1

2
u>Ku− f>u za podḿınky Bu = c.

K . . . matice tuhosti,
f . . . vektor zat́ıžeńı,
u . . . vektor posunut́ı,
B . . . matice vazeb. podḿınek,
c . . . vektor vazeb. konstant,
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n . . . celkový počet uzl̊u,
m . . . celkový počet zadaných podḿınek.
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Diskretizace a dekompozice oblasti
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Ukázka matice B

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45

1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

2 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

3 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

10 0 0 -1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

11 0 0 0 0 0 -1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

12 0 0 0 0 0 0 0 -1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

13 0 0 0 0 0 0 0 0 -1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

14 0 0 0 0 0 0 0 0 -1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0

23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1 0 0 0 0 0 0 0 0 0 0 0

24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1 0 0 0 0 0 0

25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1 0 0 0 0 0 0 0 0 0 0

26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1 0 0 0 0 0 0 0 0 0

27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1 0 0 0

28 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1
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46 47 48 49 50 51 52 53 54

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0 0

0 1 0 0 0 0 0 0 0

0 0 1 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0

0 0 0 0 0 0 1 0 0

6. podoblast

�
U

�
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Duálńı problém

Primárńı problém neńı vhodný pro numerické řešeńı.

Přechod primárńıho problému

min
u

1

2
u>Ku− f>u za podḿınky Bu = c.

k ekvivalenci:

L
(
u, λ

)
= sup

λ
inf
u

1

2
u>Ku− f>u + λ> (Bu− c)

.

Řešeńı vede nakonec na:

u = K†
(
f − B>λ

)
+ Rα.
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Paralelizace

Model master - slave,
matlabovský toolbox Distributed Computing Server,
interaktivńı paralelńı prosťred́ı pmode,
funkce labSend(), labReceive(), labindex().

Master Slave 1 Slave 2 Slave 3

Pošli FEM

Sestav K, L,L
T
,R, f

Sestav
spojovací
podmínky

Seskup f

Vynásob )K (y+

Seskup výsledkyOpakuj

Vypočti zatížení

Seskup zatížení

x
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Ćıle práce
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Př́ıklad

Testováńı na výpočetńım clusteru ComSiO (SPC VŠB-TUO).
Num. škál. . . . počet iteraćı nezávislý na počtu neznámých.
Par. škál. . . . doba běhu algoritmu nep̌ŕımo úměrná počtu využitých
procesor̊u.
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g

(1,1) (6,1)

(1,4) (6,4)

�

Zat́ıžeńı g = 2 sin(x) cos(y),

testováńı numerické škálovatelnosti
(181× 181 uzl̊u /podoblast),

testováńı paralelńı škál. (541× 541 uzl̊u /oblast).

Počet podoblast́ı 1 4 9 16 25 36 49

Primárńı proměnné 32 761 131 044 294 849 524 176 819 025 1 179 400 1 605 290
Duálńı proměnné 720 2 163 4 328 7 215 10 824 15 155 20 208
Dimenze KerK 1 4 9 16 25 36 49
Počet iteraćı PCGP 37 52 60 65 69 71 71

Čas PCGP [s] 20,6 42,59 102,3 258,9 963 2 114 4 136
Celkový čas [s] 39,6 91,93 216 470 1 318 2 656 4 891

Chyba řešeńı 5,09E-05 1,28E-05 5,68E-06 3,19E-06 2,04E-06 1,42E-06 1,05E-06
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Př́ıklad
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Děkuji za pozornost!
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