Scaling Cascades in Complex Systems

SCCS

A DFG Collaborative Research Center initiative

[Place all the logos here]

SCCS—preparatory meeting Berlin, November 11, 2011



Motivation
Conceptual framework
Research directions

Research areas

SCCS—preparatory meeting Berlin, November 11, 2011



Extracellular Fluid

Protein channel

Carbohydrate
Hydrophilic heads
Y
() - y

. 0o », Q.. ”
: ) y
\1\ 0/ ) P “‘ \?m W) f“ 8“1‘?! ( l ud(‘ J :; ! ‘ {)/ ).‘o'n ﬂ\\ﬂﬂﬂl) m ﬂn\]-[ nm‘/n} /\osphop'd bilayer

i, uv’dl L Uiy goudtogu o0

. > /]

Phospholipid

Cholesterol Integral protein molecule
(Globular protein) Surface protein
Glycolipid P
; : ; Filaments of Alpha-Helix protein P —
Peripherial protein cytoskeleto / (integral protein) Hydrophobic tails

Cytoplasm




- - - - - L e

Carbohydrate
Hydrophilic heads
y
A
\/

[
«'-'co

)y .;aw t\\m VINOANREN im/).;.-.‘ A nm.-; i ,,} ;t
Uum ULy m,. 7

(O MJ 3
[ ) LA e -

1
Hydropghobic tails

Extracellular Fluid

Glycoprotein

i
k) up,u 'U(\ (i

Cholesterol
Glycolipid

|
Integral protein

(Globular protein) ISu face protein

Filaments of / Alpha-Helix protein

| I
1
I 1
Peripherial p c;te!
|

I cytoskeleton | (Integral protein) I
—>: < ¢ytoplasm |
I |

| \:\ d ~———— D —_—

d<K<h<< DKL

No. of Protein Molecules < No. of Lipid Molecules




Motivation
Conceptual framework
Research directions

Research areas



Linear Oscillator
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Linear Oscillator
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Linear Oscillator

mx+kx+cx = Fycos{t
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Root Model
mx+kx+cx = Fycos{t

Measure of scale separation
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Root Model (dimensionless)
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52y+ KE2ZY + Yy =COST
Reduced models

rapid oscillation
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damping of the envelope
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long-time force balance
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Coupled model solution
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Key Notions

Root Model
Asymptotically Emerging Multiple* Scales

Solution concepts that survive the limit

* generally more than two
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Research directions

First Principles explanations

Analysis of complex simulation systems

Efficient, robust computational techniques
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Research directions

First Principles explanations
Analysis of complex simulation systems

Efficient, robust computational techniques
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Efficient modelling of macro scales
Uniform meso scale behavior in scaling cascades

Bridging the micro-macro scale range
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Prj. Pls Title Research Area
A: Efficient modelling of macro scales
AO1 Rust, Optimal use of regional climate models | Meteorology
Ulbrich, (RCMs) for small scale extreme precipita-
Névir, tion
Schartner
A02 | Reich, Klein | Efficient multiscale filtering and prediction | Meteorology
for complex systems subject to measure-
ments
A03 John, Complex particles in turbulent flows Fluid Dynamics
Patterson
A04 | Noé, Weikl | Equilibrium molecular expectations from Molecular
multi-ensemble simulations Dynamics
A05 Weber, Driving into non-equilibrium / Non- Molecular
Fackeldey, | equilibrium fluctuation relations for multis- Dynamics
Hartmann, | cale processes

Schitte




Prj. Pls Title Research Area
B: Uniform meso scale behavior in scaling cascades
BO1 Klein, Fault networks in plate boundary zones Geophysics
Sander,
Oncken,
Rosenau
BO2 Klein A multilevel approach to Large-Eddy-| Fluid Dynamics
Simulation of turbulence
BO3 | Netzetal. | Proteinfolding free energy landscapes, Mar- Molecular
kov state models, and polymer dynamic Dynamics
theories
BO4 | Schitte, Multilevel coarse graining of multi-scale | Biochemistry
Hartmann, | problems
Kornhuber,
Koksch
BO5 | Kornhuber, | Multiscale decomposition methods Applied
Schneider, Mathematics

Yserentant




Prj. Pls Title Research Area
C: Bridging the micro-macro scale range

CO1| delleSite | Adaptive coupling of scales in molecular Molecular
dynamics Dynamics

C02| Netzetal. | Water diffusion at biological molecules: | Molecular and
from a stochastic to a hydrodynamic des- | Fluid Dynamics
cription

CO3 | Schiitte, Noé | Multiscale modelling and simulation for | Biochemistry
spatio-temporal master equations

C04 | Kornhuber, | Diffusing particles in lipid bilayers Surface Physics

Hartmann
CO05 Knees, Effective models for interfaces with micro- | Surface Physics
Mielke structure
C06 | Scheffler et | From molecular dynamics to kinetic Monte- | Surface Physics

al.

Carlo methods on catalytic surfaces




