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Quick introduction

e Frequency-Hough (FH) analysis: search for continuous
gravitational waves emitted by fast-spinning,
non-axisymmetric neutron stars

e All-sky search: does not target any known source, blindly
explores a broad range of parameters (sky, frequency and
spin-down [i.e., frequency derivative))

e Computationally demanding (~10*7 core-hours for a typical
search, depending on parameter space and observing time)



From a computational viewpoint

Code written in MATLAB, developed by Virgo Roma group
(https://arxiv.org/abs/1407.8333)

The code analyzes a set of independent sky points; for each of
them, starting from time-frequency maps, a set of candidates is
produced

We use the number of sky points as a good metric to partition the
parameter space, do some statistics, etc.

The number of sky points grows with the frequency (~10%4 per Hz
band for low frequencies, ~10*7 for high frequencies)

The computational load of 1 sky point also varies with frequency,
but we can do a normalization to take care of this.

We have both CPU and GPU (validated) code version (by Lorenzo
Pierini).



https://arxiv.org/abs/1407.8333

Sky point as a metric (CPU)

e Linear dependency between skp/hour and HEPScore of the WN
where the job runs

e We run our analysis on different providers; we have access to
nominal HEPScore only for CNAF WNs (see next slides)

e By comparing these results with those of other nodes, we can
infer their HEPScore

e Disclaimer: noisy data - MATLAB compiled executables exploit all
the available threads in the WN, so the results depend on other
processes running on the same WN

e Actual job runs in a different setup than the actual HEPScore
benchmark, overall WN load has impact



Example - CNAF jobs WCT by machine family

Wallclock Time (hours) per Job

Frequency: 1666 Hz - WCT vs Skypoints (by machine family)
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Example - Jobs WCT by provider

Wallclock Time (hours) per Job

Frequency: 1666 Hz - WCT vs Skypoints (by site)
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GPU version of the code

e Exploits mexcuda, works in float (while CPU version works in double)
e Serial GPU invocation for each skypoint (no total offload to GPU)
e This code version was used for a search through an external grant
(ICSC) at CINECA with Leonardo GPUs:
o Parameter space partitioned to have a runtime of ~4/5 hours per
job (longer jobs seemed to be systematically less efficient)
o Each job: asks for 4 CPUs + 1 GPU
o We do not have finer infos on GPU usage, but we can do some
tests on an A100
e This search is different (and heavier) from the previous one, including
an additional physical parameter — comparison is not “instant”
e First results show speed-up factor of up to 100x w.r.t. CPU version



O4b campaign (CPU) vs O4a/b 2SD jobs (GPU)

e 04b campaign: CPU only, different providers (CNAF, IGWN, ICSC)
e (0O4a/b campaign including 2SD: heavier search, ran in a limited frequency

range entirely on GPU resources

e 800 KHours grant; TGPU hour accounted as 8 core hour)

Num. jobs  Provider WCT [h]  (WCT) [h] SKPwt  (SKP/h) SKPnorm  (SKPnorm/h)  Est. HS
7.69-10° CNAF 6.67 - 10° 867 7.31-10% 109.55 3.60- 107 5.41 19.00
9.85-10° ICSC_BA 1.38 - 107 14.00 1.21-10° 8774 4.61-107 3.35 11.78
9.74-10®> ICSC_HPC 1.08-10* 110 2.84-107 262277 1.06-10° 98.36  346.56
1.96-10* HPC_2SD  8.42-10* 430 1.31-10® 1560.86 9.01-10" 107110  3773.59
2.18-10* ICSC_NA  5.96-10° 2738 2.61- 107 43.89 1.02-10° 1.71 6.08
6.25-10° IGWN 3.09-107 494  6.90-10° 223.36  2.93-107 9.58 33.44




Campaigns progress in time

Normalized cumulative skypoints
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To conclude

e We have a MATLAB code developed and validated both for CPU and
GPU

e GPU utilities can be extracted to do finer benchmark tests (e.g., for
single sky point?)

e We extracted rough normalization factors to compare CPU and GPU
jobs globally — this operation can be refined doing the same over
single functions

Questions..?



