AT

Karlsruhe Institute of Technology

Acceptance Rate Optimized Monte-Carlo Simulations

Multi-Scale-Modelling of Materials and Elements for Energy Conversion and Storage

Steinbuch Centre for Computing (SCC) & Institut fiir Nanotechnologie (INT)

KIT — The Research University in the Helmholtz Association %(;(;

uuuuuuuuuuuu



AT

Karlsruhe Institute of Technology

v

2 15.12.2017 Julian Helfferich — 7. HPC Status Konferenz Stuttgart 2017 Steinbuch Centre for Computing (SCC)



Energy is ubiquitous ﬂ(".

B Generation B Storage
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Energy: Big Challenges ﬂ(".
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B Efficiency of solar cells ® Safety of Li-lon
Batteries

Current density (mA/cm’)
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Huang et al. Organic Electronics 2009

Changes of domain structures during

tempering can have big effects on the
efficiency.
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Multiscale Simulations s

® Coarse graining
timescale / s

A
® Use microscopic simulations {50
to obtain parameters for less
detailed simulation 107 - ‘ - »
h Coarse Graining
approaches. 1% o
Molecular
109 Dynamics
® Use backmapping to obtain 5, . i
microscopic structures from (e Bl Mechanics
coarse-grained simulations .
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Microscopic Simulations

® Molecular Dynamics

® Full dynamics
® Tiny timesteps ~ 1fs
® Tiny displacements

AT

eeeeeeeeeeeeeeeeeeeeeeeeeeeeee

B Monte Carlo

® Direct sampling of the
canonical ensemble

® No thermostat needed
® ,unphysical® moves
nermitted

® Larger displacements
possible
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Metropolis-Hastings MC
® Problem:
— Configuration Dam—

Small acceptance probability in
molecular systems.

Generate

move
B Costs:

Accept move

( Move generation + Energy
calculation ) * acceptance_rate!

Calculate
Energy E; 14

Accept move with
probability p = e FAE

® Ok far cheap energy evaluation
(e.g. Ising model), not ok for
expensive energy calculation
(e.g. DFT)

Z
o
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A better way to generate MC Steps

B Detailed balance

Probability to
suggest move

— accept move
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Probability to

w(r — r’)to(r - 1) | —BAEG)

wr - r)e -r)

Metropolis-Hastings:

wr->r)=wlr'-r)

¢(r - r’) = min{l, e‘ﬁAE(r'r’)}

Ideal:
wr->1r') _ o-BAE()
w(r' - 1)
p(r-r)=1
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A better way to generate steps \‘(IT

® Ideal case:

wr->r)=e ~3PAE@T") as AE(r,r’") = —AE(r', 1)

® Problem: We don‘t know the energy at every position.
® Solution: Local energy estimator:
® 0" Order: E(r') = E(r) = Metropolis-Hastings MC

B 1stOrder: E(r') 2 E(r) — F(r)TAr == Force-biased MC / AROMoCa v1

® 29 Qrder: E(r') =2 E(r) — F(r)TAr + %Ar TH(r)Ar
N

=5 AROMoCa 2. Ordnung Hessian Matrix
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Advantages of second order approximation -\\J(IT

® Improved energy estimation.
® Fully correlated moves.

® Simple inter-molecular interactions well described by harmonic
potentials (harmonic bonds, angles).

B Here AROMoCa v2 should be exact!

® In many cases, dynamics at the minimum can be approximated by a
harmonic potential.
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Lennard-Jones Potential
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® Common potential to model van-der-Walls interactions

15.12.2017
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Samling is correct!
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Lennard-Jones Potential

® Acceptance rate and effective step length

Step distribution variance o
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Improvement over Force-biased MC.
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Summary

Solar cell efficiency is determined
by the domain structure
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Huang et al. Organic
Electronics 2009

approach.

A task for a multiscale simulation

Step distribution variance 6
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Monte Carlo with second order
energy estimation can achieve
near-uniform acceptance rates.
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Thank you
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