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Uberblick

 Vergangenheit

— Modellierung
— Block & Bleistift

— Computerrevolution
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Computerrevolution
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Mehrkernrevolution

* “The Free Lunch /[
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CityDrain3

* CITYDRAIN II

* Rewrite/Design

* Parallele
Algorithmen

e Resultate
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CITYDRAIN I

Rewrite/Design

Parallele
Algorithmen

Resultate

IFAT Munchen 2012

CityDrain3

CityDrain3 () *
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CityDrain3

CITYDRAIN 1

Rewrite/Design

Parallele
Algorithmen

Model
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CITYDRAIN I

* Rewrite/Design

e Parallele
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CityDrain3
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Parallel SWMM

 \oraussetzungen e 1971

* Open Source
* Implementierung
* Weit verbreitet

e Resultate  Wenig Codeanderungen

e Unbekannter Code
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Parallel SWMM

* Voraussetzungen

' meementEns
Analysis Analysis

o
Resultate o
Implementation Algorithm
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* Voraussetzungen ' '

e Implementierung ' ;\

Parallel SWMM

main execR_ﬂu_ti.u;Step
0 (0.0%) (uﬂlun{enj 0%
of 752 (100.0%) '

of 752 (100.0%)

execRoutingstep._omp_fn.0
00.0%)
of 752 (100.0%)

Resultate

1
B85

Y

findC ondut Flow \lll
(inline)
0(0.0%) '70
of 752 (100.0%) |

)
857 ff

¥

getConduitFlow
(inline)
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of 752 (100.0%)




Parallel SWMM
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* Voraussetzungen

* Implementierung

e Resultate
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int lexecRoutingStep{int links[], double dt)
i

Ao Input: o Tinks = array of link indexes
i dt =-time step (sec)

A Dutput: . none
JfPurpose: solves -momentum-eq. -in links-and continuity eq. at nodes

i over -specified time step.

i

{
int 1 S/ node or-link  index
int Converged;
double yold; /7 old node depth- (ft)

#pragma omp-parallel
{

£ --- re-initialize state of each node

#pragma omp for private(i)
for (1-=0; 1 < Nobjects[NODE]; i++ ) initNodeState(i);
Converged = TRUE;

ff---find new flows in conduit links and non-conduit links
#pragma omp for private(i) firstprivate(dt)
for (1=0; 1<Nobjects[LINK]; i++) findConduitFlow(links[1i], dt};

#pragma omp for private(i) firstprivate(dt)
for (-1=0; 1<Nobjects[LINK]; i++) findNonConduitFlow(links([i], dt);

S --- compute outfall depths based on flow in connecting link
gpragma omp for private(i)
for (1-=0; 1 < Nobjects[LINK]; i++ ) link_setOutfallDepth(i);

f7--- compute new dedﬁh for-all non-outfall nodes and determine if
i depth change from previous iteration is-below: tolerance
#pragma omp for reduction(&&: Converged) private (yOld, 1) firstprivate(dt)

for (i=0; i < Nobjects[NODE]; i++ )
{

if - { Mode[i].type == OUTFALL ) continue;

yOld = MNode[i].newDepth;

setNodeDepth (1, dt);
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Vielkernrechner

PCl Express 3.0 Host Interface
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Smoothed Particle Hydrodynamics

Uberblick Vorteile Parallelisierung

SPH - Ginhold and Monaghan (1977); Lucy (1977) —
Simulation astrophysical problems

Fast GPU-based Fluid Simulations using
Smoothed Particle Hydrodynamics (SPH)

@ystein E. Krog (Master Student) and Dr. Anne C. Elster (Advisor)

'Simple' SPH model
Test scene 2, 128K Particles

http://code.google.com/p/gpusphsim/




Smoothed Particle Hydrodynamics

Uberblick Vorteile Parallelisierung

0.8
0.6
0.4

0.2

e Dichte/Druck/Geschw. pro Partiktel
 Gewichtung innerhalb EinflulRradius

* Navier-Stokes Gleichungen
 2D/3D Gitterfrei
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Smoothed Particle Hydrodynamics

Uberblick Vorteile Parallelisierung
1 I I t —Analyti‘cal solution (I:O.(;O s)
09 : * SPH advective diffusion
| Tv P miveve dtmon
08 %g;::ytisalsto.lulig.:f(lz.O.SOs) b
~ 06
E
g 05
O o4}
02
01
O L
1 1.1 1.2 1.3 1.4 1.5 1.6 17
Zz (m)
* Korrekte Darstellung * Korrekter Stofftransport
— Rickstau, Uberflutung  Geschiebe/Schmutz

o Mehrfasen (Wasser, Luft,
.:::;“":Z Teilchen)
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Smoothed Particle Hydrodynamics

Uberblick Vorteile Parallelisierung

14 x M2050 -
MPI: Dynamic balancin,
Algorithm: Verlet

Particles: 106 Millions
Steps: 108,788
Runtime: 27.4 hours

 ODE / Partikel  Nachbarschaftssuche
— Navier Stokes — O(n”2) Worst Case
* Sehr viele Partikel — Gitter/Raumkurven/BVH
,f_*:;"f‘,-'ji — 1078 Gesamtes Kanalnetz
# 0auo
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