N

N

Graphics Processing Units (GPU) acceleration on
acoustic 3D simulations
Lionel Boillot

» To cite this version:

Lionel Boillot. Graphics Processing Units (GPU) acceleration on acoustic 3D simulations. Journée
recherche de I’Ecole Centrale Paris, 2011, Chatenay-Malabry, France. hal-01133049

HAL Id: hal-01133049
https://inria.hal.science/hal-01133049
Submitted on 23 Mar 2015

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://inria.hal.science/hal-01133049
https://hal.archives-ouvertes.fr

Graphics Processing Units (GPU) acceleration on acoustic 3D simulations

Lionel Boillot - OpenGPU project
Applied Mathematics and Systems laboratory (MAS), Ecole Centrale Paris, FRANCE

‘
OFPrrPenaGiPL)

- GPGPU |

CPU are designed for sequential complex tasks treatments. On the contrary,
GPU are built for rendering, which is comparable to massively parallel sim-
ple tasks computations: GPGPU (General-Purpose computing on GPU).

CPU & GPU architecture schemes

reveal fundamental differences. On ﬁ @[@ K.:’[ )
one hand CPU contain advanced Control} f{ }
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sic control blocks, little local mem- | DRAM | { DRAM ]
ory (manual cache), each pair as- >/ 4
sociated with several ALU, and a CPU GPU

global DRAM.

During the last decade, GPU
knew the same evolution than
CPU’s 10 years ago. The cur-
rent computing peak perfomance
is amazing: more than one ter-
aflop for only one graphics card
(i.e. 10*? floating-point opera-
tions per second). Moreover, the
ratios price/performance and con-
sumption/size between CPU and
GPU are in favour of graphics cards.
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Among the 5 most powerful supercomputers, 3 exploit GPU capabilities

(1%, 3¢ and 4!"), see the last ”"Top500” list at [1]. This demonstrates
that GPGPU has become an essential tool for HPC (High Performance
Computing), lots of examples in [2].
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[lustration test case is a 3D radiative problem (i.e. an exterior problem).
It represents the modelisation of the air around a vibrating wheel along the
ground. The hemispheric mesh is made up of tetrahedrons. This “3D tire
case” was created by Cedric Venet, more details in [3].

Englobing hemisphere
Robin: g—g + (iw + %)

u=0

Dirichlet: u = e*??

O,

PN
PR
AN
B
7/

. Ou __
Neumann: I = 0

Uniform, irregular tetrahedral mesh

—Au—wu=0

3D tire case Mesh skin

Kernels (i.e. GPU functions) are Basic kernels are very sub-optimal.
coded in CUDA (Compute Unified GPGPU requires optimisations
Device Architecture), which is the steps, summezised in [6]. In 2010,
Nvidia C-based API for compiling professional Ilibraries  released.
and executing code, see [4]. Cur- Nevertheless, further researches
rent opponent is OpenCL, specified have to be done to achieve better
by Khronos, see [5]. performance.

In order to measure GPU acceleration, CPU version and GPU version ex-
ecution times are compared. For both architectures, compilation is “-O3”
mode. Results below are obtained with the Nvidia libraries libCUBLAS and
libCUSPARSE (speed-up devided by 1.5 with non-professional kernels).

Material description (2010): 20/

e CPU: Intel Core-i7 930 (2.80 16/
GHz) with 12 GiB of RAM
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e GPU: Nvidia GTX 570 (L5
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Acoustic phenomena are represented
by the wave propagation equation:

o
P or2
where the right hand side f and the

unknown u are scalar functions upon
the space R? and the time RT*.

— div(uVu) = f

Helmholtz equation is the harmonic
case (i.e. time-independent):

—Au—FK*u=f

with A the Laplacien, u the ampli-
tude of the wave and k£ the wavenum-
ber (k = % with w the pulsation and
c the celerity).

From physics equation, the prob-
lem is transformed to a linear system
by the FEM (Finite Element Method).

Ax = b

with A the matrix, b the right hand
side and x the unknown vector.
Existence and unicity are ensured by
correct boundary conditions on the
discrete mesh.

Helmholtz problem matrix is sparse
and non-symmetric. Krylov-based it-
erative methods are commonly used
(direct LU is too expensive in 3D)

based on BLAS (Basic Linear Algebra
Subroutines):

r+ay, <z,y>, Ar

Especially the matrix-vector products
are the most expensive steps.

The goal is to accelerate Krylov al-
gorithm by replacing BLAS CPU
calls by BLAS GPU calls. Indeed
these functions are directly paral-
lelizable. Communications between
CPU and GPU are too much expen-
sive, so they are restricted to the
minimum. Thus, the entire algo-
rithm is run on the GPU.
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e GPUpro: Nvidia M2050 (1.2
GHz) with 3 GiB of RAM
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Speed-up between CPU and GPU
highly depends on the matrix struc-
ture and storage format, see [7]. Not
only BLAS but most of paralleliz-
able functions could be accelerated
by GPU, and the speed-up could be
very important. Moreover, double
precision performance will meet sim-
ple’s soon.

In few years, GPGPU has proved its
usefulness in all scientific fields, see
8]. Furthermore, libraries are reg-
ularly improved, e.g. CUSP which
has become the STL (Standard
Template Library) in CUDA 4.0,
or C++4+ wrappers in OpenCL 1.1,
tending towards a complete C++
compatibility:.
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