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Metastable dynamical systems
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stationary
density?

The trajectory gets
trapped in valleys
of the potential en-
ergy surface.
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Markov chains
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states

time

I modeling as a Markov
chain on a finite
dimensional state space

I state space is high
dimensional
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I count transition
frequencies

I stochastic transition
probability matrix P

ICIAM, Zurich, July 2007 3/9 Susanna Kube



Transition probability matrix

Matheon

10 20 30 40 50 60

10

20

30

40

50

60
10 20 30 40 50 60

10

20

30

40

50

60

Robust Perron Cluster
Analysis (PCCA+)

[Weber 2006]

Perron-Cluster of eigenvalues: {λi}nC
i=1 ≈ 1

Deviation from the completely decoupled chain: ε = 1− λ2

Stationary density: w>P = w>

Condition number:

‖w −wtr‖∞ ≤ κ ‖P − Ptr‖∞

κ ∼ O(1/ε) � 1 [Meyer 1994]
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Stability diagram
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ConfJump: Idea
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Assumption: partial densities wi are correct, but the scaling factors
σi are wrong

w = (σ1w1, σ2w2, . . . , σnC
wnC

)

Idea: reweighting of selected subdomains
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ConfJump: Algorithmic realization
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I hybrid Monte Carlo
(HMC) within the
single subdomains

I jumps between the
subdomains

I When to jump?: jump rate r ∈ [0, 1]
I Where to jump?: reversibility and high acceptance ratio

I jump proposition matrix A
I symmetric and stochastic, Aij = Aij(∆Vij)

I unique mapping of points (depends on shape and energy level
of the jump regions)
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Example: BSI
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possible MMP-8 in-
hibitor with three
dihedral angles which
induce symmetric con-
formational changes

−3 −2 −1 0 1 2 3 −3 −2 −1 0 1 2 3

−3 −2 −1 0 1 2 3 −3 −2 −1 0 1 2 3

−3 −2 −1 0 1 2 3 −3 −2 −1 0 1 2 3

without reweighting after reweighting
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Finally

Matheon

Thank you for your attention!

Further information

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