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Molecular Dynamics

MATHEON ZD
Modelling of molecules in classical MD:

1 _
H(q.p) = 5p M~'p+V(q)

V= Vbond + Vangle + Vtorsion + VCoqumb + VVdW
q € R3s: positions of all atoms, p € R35: momenta

Corresponding equations of motion:

g=M"p, p=-VV
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Ensemble averages gﬁ
MATHEON ZD

Invariant density in the canonical ensemble (Boltzmann):

u(q.p) =~ exp <—ﬁpw—1p> L op(-BV(q). B=1/ksT

Z, 2 | Zg
=n(p) =7(q)
Ensemble averages:
1M
W= [ @@ da= 3 A, aala)

HMC (Hamiltonian dynamics with randomized momenta):

qdn+1 = nq¢T(qn7pn)7 Pn ~ U(P)
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Metastable dynamical systems QET
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Dihedral Angle
a5
® stationary
15 .
0 density?

Time Sleps (*e+5)

The trajectory gets
trapped in valleys
of the potential en-
ergy surface.
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Example: Pentane

MATHEON ZD

(g+/t) (transition state) (t/g+)
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Discretization
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partition of unity:

N
Y odie)=1, ¢i(@)=0 VgeQ
i=1
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Mass matrix

MATHEON ZD

R i C)) ) (q) dq
5(i,j) = fg¢: (@) dg
partial densities: (@)7(@)
oy ¢ilg)m(q
)= T odan(@

mi(q) x exp(—=B Vi(q)), Vi(q) = V(q) — 3" log(¢i(q))

Monte Carlo integration:

1 i i
5G4 = [ @mta)dax S aal). o ~ mla)
" k=1
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Discrete stationary density
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N
m(q) =Y _wimi(q)
i=1
w; is the statistical weight of basis function ¢;(q):
w; = /Q¢i(q)7T(Q) dq

The vector w = [wy, ..., wy]' is the left eigenvector of S
corresponding to the eigenvalue A = 1 (Perron-Frobenius)!
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Error Estimation Q:T
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S=S+E, w'S =w

» Row-wise correlated random matrices:
E[E(i,j)] =0 and E[E(i,))E(k, D] =0 C(,])
> 1st order Taylor series expansion:

awk‘ —

N
W£W+ZG}”E(i,:)T, GY(k, 1) = 9e, |7

» probability distribution: E(i,:) ~ Dir(«;)
> parameter estimation from sampling data (ML estimator)
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Adaptive sampling
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Central limit theorem:

N
w ~MVNW, > G"G(G")")
i=1

Equilibration of sampling effort and uncertainties

i =arg max 1G C(GE) T2

Increase number of sampling points in the selected basis function,
update the row, and repeat the analysis.

If a maximal allowed number of points is reached — refinement
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Hierarchical refinement iﬁ
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> current basis
{¢17'-')¢N}: Q— [051]

» function selected for refinement: ¢4(q)

» temporal set of basis functions (partition of unity, positivity)
{Ph1,- - hs} - Q — [0,1]
» new basis functions
$ii(q) = du(@)pui(q), i=1,....s.
{01, Pk—15 Pkt 1y - s DNy Pk - - - Dhs )
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p=0.4 MATHEON ZD
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Finally

MATHEON ZD

Thank you for your attention!

Further information

http://www.zib.de/Numerik /DrugDesign /index.en.html

Open positions:

» Matheon A4 (“Towards a mathematics of biomolecular
flexibility” ), PhD or Postdoc
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