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DEEP LEARNING FOR MULTIMESSENGER ASTROPHYSICS: REAL TIME DISCOVERY AT 
SCALE

CNNs can be used for both detection and parameter estimation of 
GW signals in raw LIGO data.

Matched-filtering searches, the most sensitive gravitational wave (GW) detection algorithms used by 
LIGO, currently target a 4D parameter. Extending these template-matching searches to target the 9D 
parameter space available to GW detectors is computationally prohibitive. To address these 
limitations, we pioneered the use of GPU-accelerated deep learning algorithms that employ a system 
of two deep convolution neural networks (CNNs) that take time-series inputs for both classification 
and regression. 

Deep Filtering demonstrated, for the first time, that machine learning can 
detect and recover true parameters of real GW signals observed by LIGO and 
achieve performance comparable to matched-filtering methods, several 
orders of magnitude faster and far more resilient to transient noise artifacts. 
We showed that after a single training process, Deep Filtering can 
automatically generalize to noise having new Power Spectral Densities (PSDs) 
from different LIGO events, without retraining.

We used the Wolfram Language neural network functionality, built using the 
open-source MXNet framework, that uses the cuDNN library for accelerating 
training on NVIDIA GPUs. The learning algorithm was ADAM. While training, we 
used the curriculum learning strategy to improve the performance and reduce 
training times of the CNNs while retaining performance at very high signal-to-
noise ratios.

Blue Waters played a critical role in creating the numerical relativity waveforms used to train and test deep learning algorithms. In recent developments, Blue 
Waters has provided the required scale and computational power to construct deep neural networks using distributed learning involving over 1,024 GPUs. 
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