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Predicting and Interpreting
Complex Phenomena through
Multiscale Modeling

Broader picture: modeling and simulation
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The country that
out-computes

will be the one that
out-competes.

U.S. Council on Competitiveness, 2004

Greece CAN out-compute
- talent
- resources




social / politica
arts / humanities sciences



The chdllenge of sustainable energy
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Traditional renewables T TSN

Solar

Materials Genome
Initiative (2012-13)
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Traditional renewables

Report of Intergovernmental
Panel on Climate Change

2007 Nobel Peace Prize
(shared with A. Gore)

Nuclear
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Multijunction Concentrators
W Three-junction (2-terminal, monolithic)
A Two-junction (2-terminal, monolithic)

Single-Junction GaAs
A Single crystal

A Concentrator

WV Thin film

Crystalline Si Cells
m Single crystal

0O Multicrystalline
@ Thick Si film

Thin-Film Technologies

® Cu(In,Ga)Se;,

O CdTe

O Amorphous Si:H (stabilized)

@ Nano-, micro-, poly-Si

O Multijunction polycrystalline
Emerging PV

O Dye-sensitized cells "Yﬁ};”é"
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The dye-sensitized (3@ generation) solar cell

The Principle: Separate light-

ahsorntion and charese collection

Typical plant: ~0.1%
Crop plants: ~1%
Sugarcane: ~8%

Transparent Electrode

Electrolyte

O’Regan & Graetzel, Nature (1991)



Electron motion in PV device: solve the time-
dependent Schodinger equation




“Designer” dyes: Predict
properties of new dyes

(not yet tried in experiments)
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Artificial Nano Tree
(based on QM simulations)



Flexible materials — deposit on any surface

. 11.01.2008-



Deaths in USA: out of ~2.5 M per year total,
- 35% blood flow obstruction (80% heart, 20% brain)

- 25% cancer (all types)
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Formation and evolution of plaques

nner curvature:
Low ESS region
(atherosclerosis-prone) _

Physiologic
coronary artery

Low ESS

: - Local factors e.g. low ESS
Early fibroatheroma - Systemic factors e.g. hyperlipidemia
- Genetic factors
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Fibroproliferation Lower ESS

Physiologic ESS ; i (Vulncrab.my)

 amm

Limited inflammation ] ) Hrlgh Ess ' ¢ Excessive wall expansionrr

Compensatory expansive remodeling Constrictive remodeling Excessive expansive remodeling
Quiescent plaque Stenotic plaque v Thin cap fibroatheroma

Stable Angina Acute Coronary
Syndrome




Spleen
Other organs

red blood cells
platelets

molecular adhesion

Lefe anterior
descending
coronary
artery




Physiologic Arterial

Shear Stress
(Ts >15 dyne/cm?)

Steady
High Flow
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i Proliferation
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CT scan data
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Fluid dynamics by cellular automata : Lattice
Boltzmann Equation (LBE)

fi(x +c;At,t +At) = f.(x,1) — wAt(f; = f°1)(x,1)

Reproduces the physics
of fluid dynamics
(Navier-Stokes equation)

pA



Fluid properties :

qat o ] _)91.
Fluid density e zfl(x )

Momentum (flow)

Stress Tensor

Wall Stress
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Definition of “particles” (cells, proteins, ...)
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Equations of motion:

Grand Resistance matrix Brenner et al ‘72

Shear Resistance matrix

I and Adepend on the whole configuration
Strain tensor
Pair-wise superposition
Fluid velocity @center

O(N3)complexity!
Fluid vorticity @center

Brady & Bossis ‘89
24



Fluid-particle coupling:

@, V-0 ==(f - [ =S F"-a,f

Momentum exchange
(Newton’ s restitution law)

F" = —y[V — u(x,{R,V})]é(x — R)
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ESS Calculation in patient-specific
arterial tree

LM/LAD
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A practical tool for patient-specific diagnosis and
intervention (a bit more work to do ...)

CT Patient — Data Segmentation —— HpC Data Preparation
Data !

Output visualization
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Red Blood Cell in Motion
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geometry from cadaver
MOVIES!
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Multiscale Hemodynamics Team:
Harvard University (SEAS + B&WV-H), Italian CNR, EPFL

Massimo Mernaschi - Amanda Peters - Michelle Borkin - Charles Feldman
Joy Sircar — Simone Melchionna - Peter Stone
Hanspeter Pfister — Sauro Succi - Dimitris Missouras - Franck Rybicki
Ahmet Coskun - Jonas Latt - Michael Steigger - Frederick Welt - Amanda Whitmore



Archimedes (287-212 BC)

Mathematician, physicist,
engineer, inventor, astronomer
(Wikipedia)
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Archimedes’ Palimpset



