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Abstract:

We introduce a new platform for integrating multiscale modeling and machine learning for accurate elucidation of the complex
interactions between living tissues and mechanical stimuli, represented by the vexing problem of shear-induced platelets activa-
tion and resultant thrombosis. The coupling of the disparate spatial-temporal scales between the macroscopic transport and the
molecular-level events poses a major modeling and computing challenge. This platform addresses the mechano-biological linkag-
es by incorporating meso scale Dissipative Particle Dynamics (DPD) of viscous blood flow, interfaced with micro-scale Coarse-
Grained Molecular Dynamics (CGMD) of platelets’ viscoelastic bilayer membranes and atomic-scale Molecular Dynamics (MD) of
intra-platelet structural and functional components (cytoplasm, microtubules and cytoskeleton). The multiple scales of the model
are dynamically coupled: by passing the information between the subsystems of these scales. To handle 3-4 orders of magnitude
disparity in the temporal scales between micro- and molecular-scale methods, | developed a new multiple time-stepping (MTS)
algorithm that demonstrated 3000x reduction in computing time over standard methods benchmarked on three architecturally
different supercomputers. Guided by machine learning involving a LSTM (long short-term memory) neural network, the MTS algo-
rithm adjusts the time-stepping sizes for efficient and accurate modeling. Additionally, for enabling quantified validation for mod-
el credibility with in-vitro experiments, | developed a multi-agent learning system that predicts the platelet dynamics and morpho-
logical changes from high-speed dynamic microscopy imaging in circulation microchannels under various chemical agonists and
flow stresses. The multi-scale modeling and machine-learning platform enables complete and accurate studies of the systems as
complex as biomedicine.
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