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Introduction

B Provide a benchmark of adjustable size and more or less coupled
in order to test an ODE solver

B Show the ability of this benchmark to compare two different
parallelization strategies for ODE solvers
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Starting point

Starting point of the desired benchmark in a mathematical frame :

t €l =[tstart = 0, teng] C R

f:IxR"—R"

x eR" (1)
x = f(t, x)

Main hypothesis : onl

X(t = taeb) = Xo

y linear models are considered :

t€l=tstart = 0, teng] C R

B e R", A e My(R)

xeR" (2)
x=Ax+B

ﬂ @IFP Energies nouvelles

(ifegme
X(t = tstart) = Xo & A

OpenModelica workshop, 2015 Linkdping, Sweden - Thibaut-Hugues Gallois, Jean Brac and Thierry Soriano - 02-02-2015



Outline

m Quality criterias of a benchmark for ODE solvers
= Need of the analytical solution
= Need to adjust the density of the matrice A
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m Better than using Euler scheme with a very small time step
® Validate the solution given by the solver
®m Compare the precision of the solutions between two solvers
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m  Quality criterias of a benchmark for ODE solvers
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Need to adjust the density of the matrice A
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® |nitially A is described in the canonical basis Ey = (ey,. .., ep) of
the state variables of the model.

® Build the base E, = (4.1, --,€a,n)
€,,1 = COS(a)ey+ sin(a)er
€r2 = —sin(a)ey + cos(a)er
€3 = €3 3)
€in = ©n

u P1E0 'Ea the change of basis matrix.
(ifPame
NI iries 7\
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m A, the matrix of the endomorphism of f from E, into E,
A, = (P1Eo—>Ea)—1A P1Eo—>Ea _ (P1Eo—>Ea)tA P1Eo—>Ea

® the new ODE system :

(Pr~E) X (1) =(PY~ ™) (A X(1) + B)
:(P1Eo~>Ea)tA P1EO‘>EOL(P1EO‘>E&)T X(t) + (P1EO~>Ea)tB

m finally :
Xa(t) - AaXa(t) + Ba (4)

— A, is more dense than A
— repeat the process by shifting the rotations until A is d@gg,egé v

7\
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m Description of the developped benchmark
= 1D heat diffusion model
= Quality criterias of the chosen model
= Model complexification : example with five nodes
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1D heat diffusion model

Fourier law

B metal stick of length L supposed to be thin enough to allow 1D
modelling
B temperature maintained constant at both ends

® o constant
The following PDE is :

oT 0 ( oT
ot oX (O‘ax>
T(X,t=0)=To(X) VX €][0,L] (5)

T(X=0,t)=T; vt>0
T(X=L1t)=T, vt>0

(fPsmz S
— K

@ IFP Energies nouveles

OpenModelica workshop, 2015 Linkdping, Sweden - Thibaut-Hugues Gallois, Jean Brac and Thierry Soriano - 02-02-2015

—
S



Outline

m Description of the developped benchmark

@ IFP Energies nouveles

—
n

OpenModelica workshop, 2015 Linkdping, Sweden - Thibaut-Hugues Gallois, Jean Brac and Thierry Soriano -

Quality criterias of the chosen model

(=
N N

02-02-2015



Quality criterias of the model =~ —— .

® Analytical solution of (5) is known
® By discretizing the spatial derivative (M.O.L.) :
aT(i)
at

di(r(,+1)_2r(/)+r(:—1)) 6)

® The size of the model is adjusted
= The matrices of the problem are given

T(t)=AT(t)+ B @)
-2 1t 0 0 0 - 0
1 -2 1t 0 0 --- 0
o 1 -2 1 0 - 0
with A= -~
dx?
1 -2 1 0
S (fPsmz S
0 0 1 -2 N— N
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m Description of the developped benchmark
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21 0 0 0 Ty
V|1 21 0 0 \ 0
B=—%|0 1 -2 1 0 |X(O+ -5 (8)
lo 0o 1 -2 1 ax
0O 0 0 1 -2 T,
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After O rotation :
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1 -2 1 0
0o 1 -2 1
0 0 1 -2
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After 1 rotation :
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—1.13
—0.50
0.866
0
0

A
A= e
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~0.50 0866 0 O

—286 050 0 O

050 -2 1 0
0 1 -2 1
0 0o 1 -2
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After 2 rotations :
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—1.13
0.50
0.87

0
0

A
A= e
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0.50 0.87 0 0
-1.78 012 087 O
0.12 -3.08 050 O
087 050 -2 1
0 0 1 -2
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After 3 rotations :
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—-113 050 043 -075 O
050 -1.78 0.81 0.32 0

A
A= e

0
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0

043 081 -184 022 0.87
-0.75 032 022 -325 0.5

0.87 0.5 —2
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After 4 rotations :

-1.13 050 043 -0.37 0.65
050 -1.78 0.81 0.16 -0.28
043 081 -184 086 024

—-037 0.16 086 —1.88 0.29
065 -028 024 029 -3.37

A
A= e
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m Results for two different parallelization strategies
= Parallelization strategy 1 ("block parallelization™)
m Parallelization strategy 2 ("line parallelization")
= Results for the two different parallelization strategies
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Outline

m Results for two different parallelization strategies
m Parallelization strategy 1 ("block parallelization")
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Parallelization strategy 1 ("block paraifelizatior™®
Let consider a 6x6 matrix with two rotations done :
- 0.50 0.86 0
050 -1.78 0.13 0.86 == core 1
A
A=
dx?
0 0 == core 2

0 0

(ifPsme 1
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Incore:

\ (-113 050 08 0 0 0
Acoret = 55 | 050 —1.78 013 086 0 0
X\ 08 013 -3.08 050 0 0

— 11 non zero elements
In core 2 :

86 050 -2 1 O
0 0 1 -2 1
0 0 o 1 -2

A

0 0
Acore2 - W 0

0

— 9 non zero elements
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m Results for two different parallelization strategies
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= Parallelization strategy 2 ("line parallelization")
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Parallelization strategy 2 ("line paralletization"ys -

Let consider the same matrix

<11 0.50

S 0.86
<
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Incore:

L [-113 050 08 0 0
Agore — —— | 0.86 013 -3.08 050 0
X\ 9 o o0 1 -2

— 10 non zero elements
In core 2 :

A\ 050 —-1.78 013 08 0 O
Acorez — —]/—&5 0 086 050 _2 1 O
o 0o o0 0 1 -2

— 10 non zero elements
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m Results for two different parallelization strategies

= Results for the two different parallelization strategies
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Model with 1000 nodes

B Heat diffusion with 1000 nodes
m Every 100 rotations the computation time for both solvers is stored
® Number of non zero elements: 3000 — 1000000
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Results for the two different parallelize

Speedup : computation time with one core / computation time with n

cores
Block parallelization

7 ¥ 2threads
4 threads .0
6 o Slhreadb_ -
-
P
5 e
L 4
S L-0
54 O
g ”
a3 o
Lo
2 o feaW==- =V
- _v -- -V
1 rav -y
o Non zero elements
0 200000 400000 600000 800000 1000000
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Line parallelization

* 2 threads
4 threads
© 8threads Lo

J.=0"
g =40

fomemrr ety ny

Non zero elements

[

200000 400000 600000 800000 1000000
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Results for the two different parallelize

Speedup : computation time with one core / computation time with n

cores
Block parallelization

Line parallelization

7 -
i:::z:g: o 7 * 2threads
6 | SUEPOEY AUV EUOH AR o e P [ T O N 4 threads
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1 VL AEEC B N ] (TR S S !
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@IFP Eneraizs nouvelles

&
X

OpenModelica workshop, 2015 Linkdping, Sweden -

(fPsmsz S
= K

Thibaut-Hugues Gallois, Jean Brac and Thierry Soriano - 02-02-2015



Outline

m Conclusions
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Conclusions

B Provide a benchmark of adjustable size and more or less coupled
in order to test an ODE solver
= 1D heat diffusion model
= Adjustable size
= Add coupling by performing rotations
® Show the ability of this benchmark to compare two different
parallelization strategies for ODE solvers
= Block parallelization suitable for homogeneous matrices
= Line parallelization suitable for heterogeneous matrices
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