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Bayesian approach to big data processing: problems and perspectives
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Motivation and Aim: We desire to apply Bayesian inference (BI) methods for analysis
and processing of Big Data arising in system biology, genomics, phylogenetics, etc. The
BI methods have already proved their efficiency in many applications, such as nuclear
physics, economics, genetics, etc. [1, 2]. In the BI approach, the Markov Chain Monte
Carlo (MCMC) methods are used for simulation of the underlying random processes to
get the statistical output, which is the evaluation of the model parameters [3, 4].
Unfortunately, standard MCMC methods can scale poorly to big data settings due to
the need to evaluate the likelihood at each iteration [5]. There have been a number of
approximate MCMC algorithms that use sub-sampling ideas to reduce this computational
burden, but with the drawback that these algorithms no longer target the true posterior
distribution.
Methods and Algorithms: We developed the PARMONC (PARallel MONte Carlo)
solver for distributed stochastic simulation on clusters with massive-parallel and hybrid
architectures [6]. A core of the PARMONC is the well-tested, fast and reliable 128-bit
parallel random numbers generator, which is in intensive use for more than a decade.
Results: The BI approach and the MCMC methods began to apply on all architectures
of computing systems with parallel and distributed computing. We propose the complex
methodological approach: the parallel random number generators, libraries, data
processing, control programs, etc., i.e. all the stages of creating a “digital product”.
Conclusion: New theoretical study and high-performance MCMC methods are needed to
make the BI approach a highly effective technique to process Big Data.
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