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Platelet activation, adhesion, and
aggregation are complex dynamical
processes that cause physiological
reactions including thrombosis
formation, a cause of heart diseases and
stroke. During the current pandemic of
COVID-19, microthrombi in the
arteries and veins are observed in most
severely ill patients [1].
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AI-Guided Adaptive Multiscale Modelling of Platelet Dynamics

The Structure of Multiscale Bioscience

The HPC Experiment Platform 
AiMOS Supercomputer @ Rensselaer Polytechnic Institute
• System contains 252 nodes, each with:

CPU GPU

Model 2 × IBM Power 9 6 × NVIDIA Tesla V100

Memory 256 GB per CPU 32 GB per GPU

Performance 0.5 TFlop/s per CPU 6.7 TFlop/s per GPU

1-Platelet System 
(Exp-S)

16 μm

16
μm

35.5 μm

21
.3
μm

Conclusions and Future Work
§ AI-MTS provides a novel integration of machine learning with multiscale modeling in reducing

redundant computations while preserving sufficient accuracy, by adapting integration timestep sizes.
§ AI-MTS helps realize a speedup of 3~4 orders of magnitude by intelligently managing the disparity in

temporal scales for complex applications involving multi-physics.
§ AI-MTS encapsulates the beauty and power of the integrated machine learning with HPC.
§ AI-MTS will be examined to enable holistic minimizations of load imbalance and communication.
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Nanoscale Structure 

of Cytoskeleton
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Viscous	Cytoplasm	(L-J	+	Morse)
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Hybrid	Force	Field	(L-J	+	DPD	thermo)

DPD	(Viscous	Shear	Flows)
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Actin	Filaments	(Bonds,	Angles	and	Dihedrals)

§ Challenges [3-4]
6-Space Scales (nm to mm)
9-Time Scales (ps to ms)
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Comparing to traditional
approaches, our AI-guided adaptive multiple
time stepping algorithm (AI-MTS) can
§ model interactions covering 6 spatial scales

and 9 temporal scales,
§ detect system dynamics changes, and
§ speed up numerical simulations over 4,000×.

Couette Flow
(50 dyne/cm²)

STS

AI-MTS

0.9 1.3

𝜹𝒕 (ns) 1.04 0.693 0.416
Stress Deviation 

(Mean ± Std.)
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Regression 
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ReLU Softmax

RNN-Based Autoencoder
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Normalized Stress Profile on Platelet Membrane
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10-Platelet System (Exp-M)
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Filtered: evenly-
space time series

§ Characterize platelet dynamics by 6 features

§ Benchmark AI-MTS against STS using the smallest
timestep size for all particles through the simulation.

§ AI-MTS:

• adaptivity 0platelet model: deformable → rigid
platelet 𝛿𝑡: constant → variable

• splitting the system into fluid/interface/platelet
with step sizes 2.08/1.04/1.04~0.416 ns.

update fluid 𝐯 at Δ𝑡/2
for j = 1..K

update all atoms 𝐯 𝛿𝑡 , 𝐱 𝛿𝑡
compute 𝐟B14

compute 𝐟C1D6+
update fluid 𝐯 Δ𝑡

Compute Measurements 
𝛚,𝐸)*, 𝐸+), 𝑣,, …

Export MSM Data

Timestep Size 
Inference:
• MA & WT
• RNN-AEs
• FCNs

Update 𝛿𝑡, 𝑛)
Reset Timer 𝑙 = 0

Export
𝛿𝑡 456 , 𝑛)

456

MSM Simulator (Modified LAMMPS) AI-MTS 
(TensorFlow)
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No
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Import MSM Data

Datastore

Wait AI-ATS

Transfer raw data 
from simulator to 
AI-MTS program.

Transfer 𝛿𝑡 and 𝑛)
from AI-MTS program 
to simulator.

Datastore

End of Step

Inter-Process 
Communication

File System

Integration

Force 
Comp.

System # Platelet 
Particles

# Fluid 
Particles # Total

Exp-S 140,303 1,125,408 1,265,711

Exp-M 1,403,030 6,568,840 7,971,870

Related Work and Simulation Experiments

Raw: unevenly-
spaced time series  

§ Training dataset is sampled from 4 simulations:
2 platelet initial positions & 2 flow conditions.

§ Each with 400 time series, 1,600 in total.
6 features 

1,600 samples

50
 st

ep
s

§ The Number of Particles in Various Components of a Platelet

Membrane Cytoplasm Cytoskeleton Total

67,004 32,853 40,446 140,303

§ The Parameters for Two Experiments
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Algorithms Models Rationale Timestep Sizes

STS MD/MSM highest resolution single, static

RESPA [2] MD split forces multiple, static

MTS [3] MSM split component multiple, static

AI-MTS MSM adapt to states by AI multiple, dynamic

§ Related Work in Multiscale Modeling (MSM) Algorithms § AI-MTS enables adaptive
time stepping by AI to the
underlying system states in
MSM simulations on HPC.

⋯
⋯

# Nodes

# Particles

Exp-S Exp-M

2 4 8 16 32 4 8 16 32

Min 15,255 7,741 3,852 1,916 945 45,557 22,751 11,345 5,630
Avg 17,597 8,789 4,394 2,197 1,098 55,360 27,680 13,840 6,920
Max 72,072 62,819 47,792 29,655 20,474 100,561 111,333 75,258 66,275

§ AI-MTS achieves 104~105 speedups over STS on 2~32 nodes while preserving accuracy to above 97%.
§ A table showing the highly uneven particle distributions, a source of improvement for scalability.


