Coding for the GPU:
highlights and application
examples

SuperB Computing R&D Workshop
Ferrara 10 Mar 2010

Dr. Leone B. Bosi
INFN Perugia
MACGO/ET Project

Dr. Leone B. Bosi - INFN perugia - SuperB Computing R&D Workshop



-
Technological outlook:
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Technological outlook:

Most iImportant chip semiconductor maker are working in order to limit
the problems due to integration scale reduction.

In the last 10 years processor architectures are changed a lot,
Introducing parallelization at several architectural levels.

That evolutive process will continue in a deeper way, moving to the so
called “many-core” era.
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NVIDIA Status of art:
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Intel point of view

Setting the Pace for Intel Instruction Set
and Processor Code Development
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Intel point of view: Larrabee Processor
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Sign ration on GPU

Si pical computing problem that

architectural model.

float x = input[threadID];
float v = func(x);

oputput [ threadlD] = y:

OOCDCIMMEE N

Each GPU thread computes a time sample
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Cuda simple example:
Kernels

A kernel 1is
defined via
__global

int i = threadIdx.x;
C[i] = a[i] + B[i]:;

int main()

N CUDA Threads
are defined with
<< .. >>> syntax

Ref: CUDA Programming guide
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ff Device cods
u a __glcbal woid Vecldd (float* A, flocat* B, float* C)

{
int i = blockDim.x * blockIdx.x + threadIdx.x;
if (i «

IEE}KUEll1r|'J'I(; Cl1] = &[4] + B[i];

// Host code Kernel definition
int main()
{
Host memory int N = ...
allocatlon gsize t size = N * sizeof(flcat);
// Bllocate input wectors h & and h B in host memory
float* h & = malloc(size];

Device memory float* h B = malloc(size);
allocation

Fod

/f Bllocate wectors in device memory
float* d &;
cudaMalloc ( (void**) ad &, size);

Host to device e ———
memory Copy cudaMalloc {{wvoid**)&d B, size);

float* d C;
cudaMalloc ( (void**)&ed C, size);

d Ydno

Def bIOCkSPeand & // Copy wectors from hn?st memory to dewvice me:':u_:r_‘!r
cudaMemcpy (d &, h &, size, cudaMemcpyHostToDevice);

ThreadSPel‘Block cudaMemcpy (d B, h B, size, cudaMemcpyHostToDevice);
[

/f Invoks kernel
int threadsPerBlock = Z56&;
Stal‘t kel‘nel int blocksPerGrid = .
(H + threadsPerBlock — 1) / threadsPerBlock;

Vechdd<<<blocksPerGrid, threadsPerBlock:>>(d &, d B, d |
I —

H // Copy result from device memory to host memory
Copy results Device f/ h C contains the result in host memory
to HOSt cudaMemcpy (h_ C, d C, size, cudaMemcpyDeviceToHost);
i

TNnb buUuTWWEIDOI
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MaCGO core Computing for future
ervatories

Dr. Michele Punturo (INFN) - Dr. Leonello Servoli (INFN) - Dr.
rof. Lagana Antonio - Dip. Chimica, Univ. Perugia

dicated algorithms for Multi-
ral programming language

*»* Production of a first release of a numerical library for GW-
DA on manycore architecture.

More Info: http://macqgo.pg.infn.it
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Signal generation
[ performance }

Template generation performance

generator PN2 single precision on GPU (GTX 275) and CPU(Intel EB550@2.33GHz) o
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CUDAFFT vs FFTW:
proc time | GFlops (single precision)

GPU/CPU FFT performances
processing time and GFlops
CUDAFFT vs FFTW single precision on GTX 275

performances [GFlops]
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Host< > Device
Memory I/O overhead

GPU Performance test

FFT single precision - memcpy - GTX 275 CUuFFT Wrapplng
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Viulti

example
and OpenMP)

Hmp_set_numLthreadsidata—}devicECDunt];

i
unsigned int cpu thread id = omp get thread num():;
unsigned int num cpu threads = omp get nwn threads();

int d = cpu thread id % data-rdeviceCount;
cudaletDevice (d)

Some code, containing kernels
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GPU computing and
programming paradigms

The architectural differences between GPU and CPU are evident, in
particular the way how the relations between cores, memory, shared
memory and 10 subsystem are organized

Moreover different chip producers implement different solutions with
different characteristics and instructions sets

Recently, several important efforts have been done by Apple, Intel,
NVIDIA , AMD-ALi, Sony, ... in the direction of programming
standardization for parallel architecture: The Khronos Group, and the
Open Computing Language (OpenCL) definition.

OpenMP/Multi
E—
® .:‘:én"” | I
P& . - L A |
Multi GPUs Cluster GPUs Sl ~
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Cuda vs OpenCL code

C for CUDA Kernel Code:

global void
vectorAdd (const fleoat * a, const float * b, float *

// Vector element index
int nIndex = blockIdx.x * blockDim.x + threadIdx.x:

c[nIndex] = a[nIndex] + blnIndex]:

OpenCL Kernel Code
&_]«:ernel void /
vectorAdd( global const float *
__global const float * b
float *
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c[nIndex] = ndex] + b[nIndex]:
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CUDA vs OpenCL
(GTX 275/FireStrem 9270)

BECHMARK PROD W=X"Y BECHMARK SUM W=X+Y
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Benchmark made by Dr. Flavio Vella — INFN Perugia@MaGGO
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NVIDIA vs ATI-AMD
(GTX 275/FireStrem 9270)

BECHMARK PROD W=X*Y

BECHMARK SUM W=X+Y
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Benchmark INFN Perugia@MaGGO
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S

Dr. Leone B. Bosi — INFN Perugia

INFN on GPU: Some results

.1 GPU computing for 2-d spin systems: CUDA vs OpenGL. (viola Anselmi,
university of Parma , Giovanni Conti University of Parma, Francesco Di Renzo INFN) -2 A30-40

1 Simulazioni Monte Carlo Simulations di Sistemi di Spin Glass Systems
Ssu architetture Multi-core - S.F.Schifano (fe)
)l Tested Intel, Cell, Nvidia solutions.

) Significative speed up on “3D Heisenberg Model SUT”, T1060 vs I7 1.6GHz with
- X10.

1 Lattice QCD on GPUs - M. D’Elia et al.
] sustained 60 GFLOPs @ T1060
J 1 T1060 = 20-30 cores
1 GPU trigger in HEP (NA62) - G.Lamanna (INFN Pi) at al.
3.1 us/evento -
A trigger di LO xNA62 - 30GPU
1 Manycore computing for future gravitational observatories - L.Bosi et
al. (INFN Perugia)
[ CB GW Pipeline Detection > X50
 OpenCL/CUDA and ATI/NVIDIA hardware tests
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Others on GPU results:

itudes using graphics processing unit

onte Carlo dose calculation code
SPOrt (xunJiatetal)) = X5

simulation for photodynamic
thera illiam Chun Yip Loa et al.) - X40-250

computing for particle beam transport
, J. Higham, M. Salt) 9 X10

Geant4 porting on GPU Nvidia platform - Caccia(INFN)
Multi-level Parallel fit algorithms using MPI and CUDA - K.Tomko et al.
http://gpgpu.org/tag/monte-carlo-simulation
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