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Commercial CAE Software and GPU Progress &

ISV Primary Applications (Green color indicates CUDA-ready during 2013)
ANSYS ANSYS Mechanical; ANSYS Fluent; ANSYS HFSS

DS SIMULIA Abaqus/Standard; Abaqus/Explicit; Abaqus/CFD

MSC Software MSC Nastran; Marc; Adams

Altair RADIOSS; AcuSolve

| CD-adapco STAR-CD; STAR-CCM+
Autodesk AS Mechanical, Moldflow, AS CFD
3@l ESI Group PAM-CRASH imp; CFD-ACE+
siemens IRIEINTENES NX Nastran
Eely LSTC LS-DYNA; LS-DYNA CFD
o024 Mentor FIoEFD, FloTherm
Ty Metacomp CFD++
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http://www.simulia.com/index.html

Other Commercial CAE and GPU Progress

FluiDvna

< J Prometech
Software

’ NEXT LIMIT
TECHNOLOGIES

ISV
FluiDyna
Vratis
Prometech
Turbostream
IMPETUS
AVL
CoreTech
Intes

Next Limit
CPFD

Flow Science

Domain
CFD

CFD

CFD

CFD

Explicit FEA
CFD

CFD (molding)
Implicit FEA
CFD

CFD

CFD

Location
Germany
Poland
SEDE]
England, UK
Sweden
Austria
LENED
Germany
Spain
USA

USA

<3

NVIDIA

Primary Applications
Culises for OpenFOAM; LBultra
Speed-IT for OpenFOAM; ARAEL
Particleworks

Turbostream

AFEA

FIRE

Moldex3D

PERMAS

XFlow

BARRACUDA

FLOW-3D

13



2013: Further Expansion of OF Community

p
L]

»

ESI acquisition of OpenCFD from SGI during Sep 2012

IDAJ investment in ICON (migration from CD-adapco)

This Year 3 Global OpenFOAM User Conferences:

»

APR 24 - 26, Frankfurt, DE: ESI OpenFOAM Users Conference (first ever)
http://www.esi-group.com/corporate/events/2013/OpenFOAM?2013 o
Concentration on OpenFOAM from OpenCFD : OpenVCFD@

JUN 11 - 14, Jeju, KR : 8t" International OpenFOAM Workshop (first in Asia)

http://www.openfoamworkshop2013.org/

International

Concentration on OpenFOAM-extend and Wikki

OCT 24 - 25, Hamburg, DE : 7th Open Source CFD International Conference (ICON)

http://www.opensourcecfd.com/conference2013/ :
h Open SourceCFD v
Concentration on both OpenFOAM and OpenFOAM-extend E T

=

NVIDIA

14


http://www.esi-group.com/corporate/events/2013/OpenFOAM2013
http://www.esi-group.com/corporate/events/2013/OpenFOAM2013
http://www.esi-group.com/corporate/events/2013/OpenFOAM2013
http://www.openfoamworkshop2013.org/
http://www.opensourcecfd.com/conference2013/

NVIDIA Market Strategy for OpenFOAM <3

Provide technical support for commercial GPU solver developments
FluiDyna Culises library with NVIDIA collaboration on AMG
Vratis Speed-IT library, development of CUSP-based AMG -

Invest in alliances (but not development) with key OpenFOAM organizations
ESI and OpenCFD Foundation (H. Weller, M. Salari)

* Wikki and OpenFOAM-extend community (H. Jasak)

¢ IDAJ in Japan and ICON in the UK — support for both OF and OF-ext

® Conduct performance studies and customer benchmark evaluations
Collaborations: developers, customers, OEMs (Dell, SGI, HP, etc.)

15



OpenFOAM Applied Use: Parameter Optimization

NVIDIA.

#1: Develop validated CFD model in ANSYS Fluent
or other commercial CFD software in production

#2: Develop CFD model in OpenFOAM,
validate against commercial CFD model

#3: Conduct parameter sweeps with OpenFOAM
model to save on commercial CFD license costs

16



GPU Opportunity for Parameter Optimization &

nvibia
Problem Statement:
Demand for optimization — can existing CPU clusters manage 10x more jobs?

Examples:
o ¥~ Most likely
Automotlve r= o performance - ’
crashworthiness _ e Sy 2
Optimization Parameter-basedmetal ~ Formed metal assembled Optimized vehicle
forming optimization into body-in-white model crash simulation
. , *+— Most likel
Jet engine CFD e " perfonnence
aerodynamics e . o
optimization

Parameter-based blade-row Full compressor Optimized engine
aerodynamic optimization CFD simulation CFD simulation

GPU Opportunity:

® Open source and proprietary not bounded by commercial CAE license costs

ISV “optimization” licensing solved — ANSYS, Altair, SIMULIA, etc. — hardware problem next
® GPUs: performance under smaller footprint with better power and cooling efficiency r



OpenFOAM GPU Focus on Implicit Sparse Solvers <

NVIDIA

OpenFOAM Software

Read input, matrix Set-up

Implicit Sparse

CE— Matrix Operationsl

GPU

(Investigating OpenACC
for more tasks on GPU)

- Hand-CUDA Parallel
ssammsms asmsses=| - GPU Libraries, CUBLAS

fEEEAEHH EEMEEE) - OpenACC Directives

Global solution, write output §

)

(L,



ANSYS Fluent Preview for 2 x CPU + 2 x Tesla K20X <X

NVIDIA.
ANSYS Fluent 15.0 Preview Performance — Results by NVIDIA, Feb 2013 ANSYS

(2 x E5_2680 SB CPUSs, |
o " R B R e 16 cores total, only 2
m2 x K20X Lo%/Sver cores used with GPUs
Better
" E5_2680(16) . ¢ 2290955518

Solver settings:

CPU Fluent solver:
F-cycle, agg8, DILU,
Opre, 3post

GPU nvAMG solver:
V-cycle, agg8, MC-DILU,
~ Opre, 3post

Helix (tet 1173K) Airfoil (hex 784K)

NOTE: Times
= for solver only

19



Culises: New CFD Solver Library for OpenFOAM <

NVIDIA
FluiDyna
Culises Features: www fluiclyna.de
* State-of-the-art solvers for solution of linear systems . .
* Multi-GPU capability enables HPC computing FIu[Dyna: TU Munich
* Available solvers: Spm-Off from 2006
Krylov subspace methods
Conjugate or Bi-Conjugate Gradient method for symmetric or Culises pFOVIdES d
non-symmetric system matrices linear solver library
Several preconditioning options for enhanced performance —
Stand-alone Multigrid method < . Culises requires only
* Flexible interfaces for arbitrary applications _ > = ST two edits to control
e.g.: established coupling with =~ - - _ file of OpenFOAM

OpenFOAM® CFD package

Multi-GPU ready

Contact FluiDyna
for license details

20



Culises Coupling to OpenFOAM <X

NVIDIA

Culises Coupling is User-Transparent: —T—

OpenFOAM® (Version 1.7.1/2.0.1/2.1.0)

linear system Ax=b Interface:
cudaMemepy(....

]
processor Ear-titi::n ing 3 c“daM;;?f:}Homo CU |ISES:

solution x Krylov method
cudaMemepy(.... Multigrid method

cudaMemepyDeviceTo
Host)

Culises:
Discretization: MPl-parallel assembly of solves linear system(s)
linear system remains on CPUs on multiple GPUs




Culises: New CFD Solver Library for OpenFOAM ,f%A

Installation & Handling with OpenFOAM® www.fluidyna.de

* Easyto conduct single script-based installation process E Iy
* Solver control (OpenFOAM®) via configuration files asy-to-Use

#1. Download
and license from
www.FluiDyna.de

Single CPU computation Single CPU+GPU computation

#2. Install with
script provided
solvers { by FluiDyna

solvers {
9]

corresponding p correspondin
OpenFOAM® |0 OpenF%AMé ; @
preconditioner DIC ol = #3 Activate

S .tflerance - connge Culises and use
B . of GPUs with 2
Only change 2 lines simple changes
- Acceleration with Culises activated to OF config-file




OpenFOAM GPU Speedups Based on Application <=

NVIDIA

Speedups for a Range of Industrial Cases: p——

8
6,8 0 7
b ° 4,27 o 47
3,4 3
1,9 2,22 A
A FANIANARIE

automotive multiphase heat transfer pharmaceutics  process industry

m Speedup m Acceleration OpenFOAM® basic  m Efficiency

OpenFOAM® basic CPU only reference run

Speedup Speedup of total simulation compared to OpenFOAM basic run

Acceleration Speedup of linear solver compared to OpenFOAM basic run

Efficiency Ratio of obtained total speedup and theoretical maximum speedup




F’U iD na@ FluiDyna GmbH

INNOVATIVE ENGINEERING AND BEYOND LiChtenbergStra Be 8
D-85748 Garching b. Minchen
www.fluidyna.com

Dr. Bjoern Landmann | Accelerating the Numerical Simulation

of Heavy-Vehicle Aerodynamics
Using GPUs with Culises

ISC 2013, Leipzig, June 2013
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Culises FluiDyna.
Multi-GPU runs

 Speedup by adding multiple GPUs:
(a) single-socket board

Mesh - # CPUs 9M -1 CPU 18M -1 CPU 27M -1 CPU 36M -1 CPU
Speedup linear solver a 3.5 5.7 7.8 10.6
Speedup total simulation 1.45 1.59 1.67 1.74
Theoretical max speedup S,,4x 1.78 1.82 1.85 1.89
(b) dual-socket board
Mesh - # CPUs 9M - 2 CPU 18M - 2 CPU 27M - 2 CPU 36M - 2 CPU
Speedup linear solver a 2.5 4.2 6.2 6.9
Speedup total simulation 1.36 1.52 1.63 1.67
Theoretical max speedup S;ax 1.78 1.82 1.85 1.89

—

Slide2s ~ Culises - A Library for Accelerated CFD on Hybrid GPU-CPU Systems B. Landmann




GTC Japan 2013

SR> &: GTC Japan 2013
SFE TXEST1 77 v/
< HEF: 20134 7H30H (N) 10:00 - 18:30
2 Sim RRIWY RY D R—
SSNE: #\R
SAND MIA I~
http://www.gputechconf.jp
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