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Gravitational Waves:
experimental observations

Hulse and Taylor made experimental
observation between 1973-1983
about a sta'r‘ binary system
composed by two compact objects.
They recorded an orbital period
variation in agriment with the
Einstein general relativity. The
system lose energy via GW!L.

Cumuldtive shift of periastron time (s)

@©'sservazienikSperimentalli
Py corr = —(2.4056 +0.0051) % 10~ s/s.

) 1975 1980 1985 1990 1995 2000 2005
Year

BheVisichikteohiche)

_— = (1—e )"\ 1+ —e +—e" | mpmc(my+m.) "'~
5¢? 2m " 24 9 o

Py cr = —(2.40242 £0.00002) x 10~ %s/s.

Pyor=—

1)

Accuratezza
b.corr

B =1.001340.0021 013 %

Leone B. Bosi, ET & MaCGO project - INFN Pé



GW Signal Effects

GW signal is composed by two polarizations: h+, hx
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Interferometric GW Detector:
VIRGO
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Gravitatione ave direct observation and
the VIRGO experiment
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« There are many different gravitational wave sources
» There are many different gravitational wave signals

« We change detection algorithms and strategies with the type of signals
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http://www.nasa.gov/mpg/69476main_binary_merger.mpg
http://www.nasa.gov/mpg/69479main_collapsar.mpg
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CB Signal detection method:
Matched Filtering & Templates bank

_ ' Reference signal, called
Matched filtering: template in freq. domain §

S(f) h'(f) ,n
M e2mft df amplate Bank to detect the HW injection

2(t) = 4] S (f) P

One-sided noise power
spectral density

FFT (Detector Data) R
1+ 1° gen use 4000 of
| Templates.
| = 2° gen 8-10000

« 3° gen 1-2000000 !
Looping over ALL templates
for each timeslice of data.
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MaCGO Project activities

Next 10-15 years CPU architecture will change deeply, introducing a
manycore organization, where thousands scalar processors will be
embedded in the same die. Right now major vendors are starting to
Implement this new technology on Graphic Processing Unit. Modern
GPUs can provide more than 200 cores, permitting to realize
computational node with roughly 1000 cores.

Data analysis for ET generation of GW observatories involve a wide set
of algorithms:

Signal processing: FFT, correlation, convolution, ..
matrix-vector algebra
minimization problems
These algorithms are of interest on many others research field
The goal of the project is:

Study of these new technology and programming paradigm for science
purpose.

Porting data analysis algorithms on these new architecture, producing a
manycore data analysis library.
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Problems parameters:
data vector size + N template
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Data .
Conditioning Pipeline core Results
& Init in GPU Gathering

Template Bank to
[0.9;5] Ms

Main critical functions:
« Signal generator

* FFT

« Complex Vect op.

Loop over timeslice * Results gathering
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GPU CB detection pipeline

culnspiral host template init (ml,mZ2)

Init Constants
on (m1,m2)

culnspiral device template init (}

GW signal h,h, culnspiral device template proc(}
generation

H,=FFT(h,)
H,=FFT(h,}

reduction

Matched filter . .
C.=<H. 5> culnspiral device complex mf (H,}

culnspiral device complex mf (H,}

culnspiral device maddZ (C,C2C)

reduction culnspiral device maxfind (C}

Store Maximum
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Random Numbers and Noise Generators
on GPU (MT, MWC, RAND)

e.s.Mercenne Twister

Random su GPU” M. De Bonis,
Servoli, Bosi, Storchi
@ MaCGO & ET Projects

White/Colored noise
generator
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Template Signhal Generation
function:GPU vs CPU
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. 300 » 4?0 = digitali in ambiente CUDA e OPENCL”
St eee Cipullo, Servoli, Bosi, Storchi
@ MaCGO & ET Projects
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cuFFT C2050 vs C1060

cuFFT Benchmark - timing
NVIDIA C2050 vs C1060
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vector size

C2050 increases perfrormances with
Vector size. TOP PERF GAIN X7@2/23

NORMALIZING respect to board price the
gain is BETWEEN 1.5 - 2.5

cuFFT Benchmark - performance gain
NVIDIA C2050 vs C1060
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cuFFT C2050 vs C1060 vs
FFTW CPU(5570)

cuFFT Benchmark - timing
NVIDIA C2050 vs C1060 vs 5570
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Between C2050 and CPU there IS vector size
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cuFFT C2050 & C1060:

GPU as “Co-Processor” and |O Effects

cUFFT + memcpy effects Test strategy:
A —— 1) Only FFT

— 1 | | | 2) memcpy host->GPU + FFT

Obviously making
continuos 10 and using
GPU as Co-processors
kills GPU benefits.

time [ms]

Performances

—aA— fft Fermi The bottleneck is

-_:_'zcgo':seofmi common, the PCI |

_ e -fitcpy C1060 bandwidth and the final

] effect is a disaster:

216 217 218 219 220 221 222 223 Fermi 9 _250[300%
vector size 610609 '55[65%
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Library Init

Pipeline Profiling &

C1060 vs C2050 profiling comparison
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Macro Operations

—&— Template
—8— Normalize

Pipeline C1060/C2050 gain: et

—¥—FFT
—&— Madd?
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* FFT = x7

« Complex Vect. Op 2x3.5-4

vector size [pow of 2]




Pipeline Profiling:

acro Op distribution

C1060: pipeline core profiling
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3.02%
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26 01% Il Template
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[ Matchedfiltering
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[ IMadd2
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C2050: pipeline core profiling

5,02%

28,78%

42,66%

19,04% | I Tempiate
Bl Normalize

B Vaxvalues
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Init Constants
on {m1,m2)

reduction

Store Maximum

Device Init

GWsignal h,,h,
generation

H,=FFT(h,)
H=FFT(h}

Matched filter
C,=<H, 5>

Matched filter

Matched filter
C,=<H, 5>
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Multi-GPU pipeline:
ditribute templates over GPUs

Pipeline core

nGFY T
Template Ban kodt ct the HW in
9 s

? ot Pipe =I|ne core Results
e i in GPU Gathering

|peI|ne core

3 I I in GPU

Plpellne core
in GPU

Data a
Conditioning

& Init

Loop over timeslice
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Multi GPU implementation:
(MPI and Ptherads case):

Data Length 2719

Data Length 2"23

B fftsu GPU ] fit su CPU ™
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Effects on GW Data

h GTX 275 and with C1060
t the CPU implementation of the

hed filering per seconds of

Fermi technology report a matching
revious results, providing:

_ IPLATES/SEC

The prellmlnary Multi-GPU version of the pipeline gives another

factor X3 :
> 4GPU C2050 - 400 TEMPLATES/SEC

This is a very impressive results, permitting to cover with 4 GPU the
Virgo 2° quasi-real-time data analysis, that will involves more than

150 CPUs.
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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 *

SuperB Computlng R&D Workshop
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