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Molecules Complex Systems



The 4th Industrial Revolution 
Driven by Innovation

The 1st Industrial Revolution: 
Steam engines

The 2nd Industrial Revolution: 
Large scale manufacturing

The 3rd Industrial Revolution: 
Industrial automation

The 4th Industrial Revolution

- Industry 4.0 
- China Manufacturing 2025
- Industrial IoT +
- AI +
- 5G +
- HPC + …



An Integrated Cyber Physical System 
for Intelligent Manufacturing

FULLY 
INTEGRATED

Cloud HPC +AI 
PLATFORMSimulation Platform

Modularized simulation tools 
for multiple scale modelling of 

complex systems with 
molecular, mesoscopic and  

continuum dynamics

Big Data + AI Platform
Data and text mining, 

Machine Learning, seamless 
data flow of various types  

between  physical and 
simulation platform and  big 

data analytics tools

Physical Platform
Analytical and Measurement 
to reveal systems dynamics 
at various time and length 

scales, Distrubuted
Manufacturing Systems 



L
e

n
g

th
1

0-3
m

1
0-9

m

Time 103 sec10-9 sec

Theoretical approach: SCFT
Kinetics of signalling and metabolic pathways
Coarse-grained Monte Carlo (MC) and Molecular 
Dynamics (MD) and Non-equilibrium MD 
Car-Parrinello MD, Quantum MC

Two-fluid Model (SCFT+Reptation) 
Stochastic Entanglement Dynamics 

Lattice Boltzmann Methods (LBM)
Smooth Particle Hydrodynamics  (SPH)

An Integrated Multiple Scale 
Simulation Platform

Immersed Boundary Method 
Two-fluid Model 

Microscopic kinetic models + LBM.
Lagrangian-Eulerian-Stochastic Method



Applications
• Intelligent Industrial 

Robots
• Intelligent Unmanned 

Aerial Vehicles (UAV)
• Intelligent Unmanned 

Ground Vehicles (UGV)

“AI+HPC+5G” based Digital Twins 
Technologies for Intelligent Manufacturing



SARS-CoV-2 (COVID-19) by the Numbers
Bar-On et al. eLife 2020;9:e57309

The basic production number R0=2~4 



Pushing the Limit of Molecular Dynamics with Ab Initio 
Accuracy to 100 Million Atoms with Machine Learning

W. Jia et.al, SC20, November 9-19, 2020



AI-Driven Multiscale Simulations Illuminate 
Mechanisms of SARS-CoV-2 Spike Dynamics

L. Casalino et.al, bioRxiv preprint doi: https://doi.org/10.1101/2020.11.19.390187

SARS-CoV-2 viral envelope 
(305 M atoms)

The glycosylated 
spike protein

Two-parallel-membrane system of the spike-ACE2 

complex (8.5M atoms)

S. Bangaru et al., Science
10.1126/science.abe1502 (2020) 



Multiple Scale Respiratory Dynamics 

Vessels Generation/N
umber

Diameter
(mm)

Cum. Volume 
(ml)

Average 
velocity (cm/s)

Reynolds 
number

Trachea 0/1 18 31 393 4350

Segmental 
bronchus

4/16 4.5 51 392 1110

Bronchi 8/256 1.86 66 144 164

Bronchioles 13/8190 0.82 106 23.1 11

Resp. 
bronchiole

17/131103 0.54 217 3.33 1.1

Alveolar duct 20/1.05106 0.45 510 0.60 0.17

Alveolar sac 23/8.39106 0.41 1675 0.09 --

L. Bourouiba, JAMA Insights, E3(2020).         A. Haghnegahdar et.al, J. Aerosol Sci, 134, 34(2019)



A. Haghnegahdar et.al, J. Aerosol Sci, 134, 34(2019)

W. Li, et. al, AI image screening for SARS-CoV-2, pulmonary nods, & multi-type pneumonia

From Medical Images to Digital Models



Multiple Scale Simulation 
from Molecular to Organ Level 

R. Bansil, B.S. Turner, Adv. Drug Delivery Rev. 124 (2018) 3–15



Integration of Biological and Medical Big Data 
for Development of Digital Twins 



Thanks 
for your attention!


