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LIGO Parameter Estimation

* Process of extracting source physics from GW signals
e Goal is to estimate the parameters of a given waveform model (e.g. mass, orientation,
time of calescence, spin)

e Bayes’ Theorem to calculate the posterior probability density (PDF) — the probability of
the parameters, given the observed data
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LIGO Computer Architecture and Optimization
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LIGO Supercomputers

e Ran on the Caltech and Stampede (Texas Advanced Computing
Center) clusters
e High throughput — running many separate jobs (not parallel), CIT
e High performance — running single job highly parallel, Stampede
e Different computer usage types give different results

e Computer clusters are shared between many users — jobs are handled
through job scheduler (HT Condor, SLURM) S
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e Stampede, ranked 7t supercomputer
according to TOP500 project as of June
2014
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LIGO Research Goals

1. Create a benchmark application to test the
performance of functions used in GW
parameter estimation

Optimize the LALSuite parameter estimation
code on the Stampede cluster

Investigate how the Reduced Order
Quadrature method speeds up parameter

estimation
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LIGO Benchmark Results

e Create benchmark program to find Lo}
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1. Theoretical FFT
algorithm should
scale as nlog(n)

2. MIC processors
most scalable, but too
much overhead

3. MKL outperformed
XLAL by order of
magnitude

4. Inefficiencies in the
MKL wrapper



LIGO Comparing Der‘ormanc.e wit.h the
LALSuite Parameter Estimation Code

e Compared wall-clock time of parameter estimation code with GNU and
Intel compiler
e Simulated data in Advanced LIGO-Virgo detectors

e |Injected 50 binary neutron star signals with fixed component masses of 1. 4 and
uniform in volume and orientation

e SNR from 5 to 20
e Taylor F2 3.5 PN (no spin model)

e Parameter estimation code is more than just FFT, so runtime improvements
may not be as drastic

e Runtime differences between ICC and GCC compiler
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LiGco CIT vs. Stampede performance

e GCC compiled

e Excluded 11 outliers in
CIT set that had time >
10° secs

e Stampede runs were
both more consistent
and efficient
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LIGO Incorporating Reduced Order Modeling (ROQ)

e Reduced order quadrature scheme can reduce parameter estimation
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Future Work: Lowering the detection

LIGO
frequency

e Lowering detection threshold frequency means more GW signal can
be detected

e Pros: Detecting more signal can give more information about source -> better
parameter estimation

e Cons: More computational intensive to analyze

e Can we justify lowering f_low through a parameter estimation
improvement?

e How can ROQ enable us to answer this question:

Method Name 40 Hz Analysis Time 20 Hz Analysis Time

Non-ROQ 90 minutes ~1 week
ROQ 7 minutes 60 minutes
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LIGO Conclusion

. Various algorithms used in GW analysis like the FFT can be
=== optimized on hardware

Large speed ups possible for parameter estimation code
e Running on HPC nodes such as Stampede (3-5 X faster)

ROQ drastically speeds up parameter estimation
e May make analyzing signals from 20 Hz feasible
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LIGO Next steps

e Confirm results at 20 Hz with ROQ

e Work to further optimize LALSuite

e Incorporate MKL as much as possible, as order of magnitude improvement in
FFTs not seen yet in lalinference_mcmc

 Make applications scalable for the MIC coprocessors

e Test speed ups with spin models at 30 Hz

* Profile the parameter estimation application to reveal inefficient
hotspots in the code
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