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Abstract

We suggest a hybrid method for parallel computation that consists of particle filter (PF) and MCMC algorithms for the purpose to estimate a number of parameters
evaluating their posterior distributions in large-scale biological pathway models. The PF requires, as a target model becomes larger, an exponential increase of the
number of particles in order that all distribution functions are well-approximated. A combination with the MCMC enables us to obtain a better approximation for each
posterior distribution with much fewer particles owing to a successive mutual evaluation among the particles.
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LiSDAS: Life Science Data Assimilation Systems

Li contribute to new drug discoveries in future through rapid
Biological clarifications of large-scale biological transcriptional
pathway models : i :

e regulatory pathway models in cells with high-performance
= computing that takes personal differences into consideration.
(20110)1on . Chewning Chewning We have developed “LiSDAS”, which enables us to estimate
. the current/future status i a cell with a framework of the
%2311121;011 pels data assimilation based on the particle filter (PF) algorithm

(Yoshida et al., in this symposium). We consider the EGF
Parameter =2 & R etwork struciuS R.ece.pt(n.‘ as a taltget model, and plan to eva}uate post.er.ior
estimation program = g —— _search program distribution functions of model parameters with one trillion
particles clarifying the biochemical pathway more precisely.
We will implement the LiSDAS on the next-generation
supercomputer with plugging-in a network structure search
plug-in & release (2015) and remodelling algorithms, and release i1t eventually

: together with model libraries.

We applied the LiSDAS to the transcriptional regulatory model for
circadian clock, which includes 44 unknown parameters to be

rProblem in Model Parameter Estimation

determined, as a testbed with the number of 100 million particles by parices o a0l
using a parallel computing with Intel Xeon 2,880 cores. The o 550 e
computation time resulted in ~1 minute, which indicates that the Computation time ~1 minute
computation time would be >>3 hours in the case of the EGFR model ‘ analogize to the case of EGFR ...
with the number of one trillion particles even on the next-generation # of unknown parameters | ~1000
supercomputer. As Nakamura et al. (2009) pointed out, even such a # of Particles 1 trillion
large amount of particles are insufficient in order to approximate the Moy 400 Thytes
posterior distribution functions of kinetic parameters, so that an # of cores 160,000 cores

Computation time >>3 hours

intriguing improvement 1s necessary for the parameter estimation.

Adaptive Direction Sampling Method We propose a hybrid method consisting of the PF and the
MCMC algorithms for the Bayesian learning of Kkinetic
p(0) . ing

parameters 1n a large-scale biological pathway model. We adopt
| I1 I11 an adaptive direction sampling method for the MCMC algorithm;
(I) select at random anchor point #¢ and current point 6¢ from
® sampled particles from an appropriate prior distribution p(6), and
Ea e accept/reject a candidate point " made on a line connecting 6¢
® and 6° comparing with 6° by the Metropolis-Hastings method, (II)
let the particles converge “burn-in” in the target distribution 7(6),
1.€., posterior distribution p(6|Y) 1n this case, by iterating (I), and

- (III) proliferate particles as many as needed.
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We applied our hybrid method to the transcriptional regulatory network
model for circadian clock with a parallel computation using 160 cores. . - —
Five particles were given to each core, i.e., 800 particles in total, and - MY EEEE] B
5,000 iterations were made until a burn-in, i.e., 4 million simulations are W
carried out. We successfully evaluated posterior distribution functions for -
all kinetic parameters with much fewer particles than before. The B T

constructed only 800 particles | == —
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computation time 1s about twice as long as the case of a random search e =] w gy R —
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with the same number of particles. We have to examine the obtained L Al - A
results hereafter, e.g., comparison with the real observation data Y and ol | TR
remodelling to obtain a better biological pathway model.

cf. Nakamura et al. (2009)
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