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The Kinetic Monte Carlo method (KMC)™ The Diffusive Monte Carlo Method (DMC)

Complex Systems:

ma = .
I "I Trivial systems:

e 2D potential with discrete sites For high dimensional systems (e.g. proteins) complete transition

lists cannot be assembled. Also the unknown number of
dimensions makes it impossible to discretize the phase space.
The resulting huge amount of states complicates the search for
Interesting low energy states.

* High barriers between this sites

* Short range interaction

Emin °

For each conformation of the system: Finite number of possible transitions

Low energy High energy

O :
l. List of transitions depends on original conformation: O O deas:
PREPREPS * Replace full list by a dynamically generated representative subset of N final states
Il. Using (H)TST to estimate rates: e Emphasize final states with high relative probabilities (thermodynamic sampling)
kHTST ~ e—BEstatiC * New rates must correct sampling bias
Strategy; e Sampling bias can be estimated only in a finite neighborhood A
|.  Enumerate all possible
transitions New transition rates: Convergence conditions:
lll. For each transition i — j, a decay time Tij is calculated: |1I. Compute rates for each transition S e PE ° Co_mplete sampling of the nc_elghborhood
. TrI—I11 = N o—B min(Er, Brr) * Neighborhood must be barrier free
Tij = — . ln(az . 1) ,where T € [0, 1) lll. Accept the fastest transition e _,3122
Tij IV. Repeat steps I-1ll to compute . _ D11 €
expectation values 1I—1 = Ne—Bmin(Er, Err)
T30 Til Ti2 Ti3 = Tmin

I | | .. ....
| | | ! > These rates lead to a prefactor

Fastest transition Tmin occurs first and will be chosen in the detailed balance criterion @ .
that should be either monitored Continuous phase space

In a running simulation to be
equal to one, or set to one by

® Discretized phase space needed ® A barrier-free subspace must be sampled correct

IV. Compute expectation values:

1 (T p ® All transitions must be known ;gt”eormal'z'”g the total escape | @) Easy to parallelize
E) = — E(T)dr | - i iti i
B T Jo (7) © Easy to parallelize © Use of MC-sampling — long timescale transitions possible
1D, constant Potential 1D, locally linear potential Arbitrary landscape
g
KMC DMmC V(z) = linear KMC DMC Convergence condition: ,
V(CE’) — const o « o Sampledpj must approximate exactpj
oo . \ \\\ % e Sampled area must be barrier free
_ o EI S 2 ~ Eeatic ~ AE
Diffusion discretized space random Population _ static 90
Simple energy , o il — Asmallvs.—
Final states occur multiple times with probability: <2A 5> landscape P; | o\ Q)
e—PE; 17 ] ) o |
. - _ ' 4 D) 0 ” 4 Finite area search: using a rmsd potential to
pj ~ 7. N finite area searches N finite area searches X restrict sampling
(2
KMC: y KMC: y KMC: (
e PEI—E) B < E; e~BEBi—E) | F, < E; e~ BFsac [, < E.
Tij = < =1 T4 = < Tij =5
1 ,else 1 ,else 1 ,else
DMC \ DMC.: \ DMC \
(1 (1 ( _B(E.—E, (1 ( —BAE
1) s ,Ez'<Ej 1) o, e~ B(E;—Ei) ,E¢<Ej I _Je b ,Ef,;<Ej
Tijg =D\ 1 =1 Tijg =P § 1 = < Tij = P59\ 1 =\
= ,else = 1 ,else — 1 ,else
\ Pj \ Pj \ \ Pj \
Simplified Model Problem Alanine dipeptide (N-acetyl-alanine-N'-methylamide)
Kinetic: Thermodynamic: _Frec Energy — s The simulatons were done in the
-p{( AMBER99SB  forcefield,  using  the
Plotting the Mean First Passage Time versus the barrier The probability of staying in one of the . i GROMACS work package with its implicit
“ height gives the expected exponential relation. minima gives the same results, using I solvent implementation. To restrict a single
5 Also the calculation of the diffusion constant D give the right either the DMC method, or numerical 50 simulation to a certain subspace, we used
’S‘:—‘ value, for a constant potential as well as for a linear one. integration. = hzes  PLUMED® to add a rmsd-based potential.
T 2 Multiplying this D with 6o R J o o
:: 10 the tlme, a partlcle e e Exact —50 fel- 3 V([L') =0 (05 (tanh ( b ) — tanh ( b )) + 1)
=S : needs to go from one 501 — DbMc J) o0 ; ;
= minimum to the other 20 2 N - F( )__@ 1 B 1
g . one and back, leads to < 150l N hlal l 9.40 xTr) = 7 ool (:cga) Cosh(ijLa)
“ £ the same results as 9 °, 150
. . using a  shooting 20 | | Y Fj As we can't add a hard
At\llvc;_dlmtensmnal mc;dgl system 2 algorithm. o The Free Energy landscape of the = | 3 border potential to a
Inciuding two separated minima N I R U >2 alanine  dipeptid h f R T LS DR »  MD  simulati thi
: Q5“0 05 10 15 20 25 30 3 — peptide  shows — four ¢ . Simulation, IS
bord?fed by repulsive boundary T bamierheight T 70 <R > 2dDt ®  so 100 150 200 250 300 minima. Each two in the beta-sheet = * { = function was added to
conditions Temperature T [K] _ _ _ .
' Calculation of the diffusive constant FD region and the helical sites. At F " restrict the system to a
for a constant and a linear potential: <R> — _/{T -1 b3 02 =ermog ToT 0203 finjte area.
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