Sampling rare trajectories UNIT OF )

. . . EXCELLENCE
using stochastic bridges MARIA
DE MAEZTU FSTATAL DE

INVESTIGACION

Universitat

Javier Aguilar 1, Joseph W. Baron 1, Tobias Galla * and Raul Toral 1
LIFISC (CSIC-UIB) Palma de Mallorca — Spain.
de les Illes Balears

javieraguilar@ifisc.uib-csic.es

Introduction

The most uncommonly occurring events Iin stochastic systems are often the most consequential. Instances where this unlikely-yet-important combination occurs
iInclude fade-outs of epidemics, the extinction of species in ecology, the dynamics of biological switches, large fluctuations in chemical reactions and the detection or
prediction of rare natural disasters such as earthguakes, storms or heavy rains. The broad range of these applications justifies the considerable recent effort
expended on developing sampling algorithms for rare events in models of stochastic phenomena.

We present a new method that constructs an ensemble of stochastic trajectories that are constrained to have fixed start and end points (so-called stochastic bridges).
We then show that by carefully choosing a set of such bridges and assigning an appropriate statistical weight to each bridge, one can focus more processing power
on the rare events of a target stochastic process while faithfully preserving the statistics of these rare trajectories [1].

Idea: Biased random walk

Consider a one dimension discrete-time random walk: Typical trajectories for P — 0.495 and 4 = 0.99

7~ 150 ‘
‘/‘/ p— ‘/[/ — How are the trajectories that cross x*??!
r—x+1 < I r—ax—1 q J
\ 100-
> 5
X1 = —————————————
0
- P(x +1,t— At) 150-
[ ] = —_— - a’
Our method: We define a new process Wetiez = Weti154 D (@)
($7 t) 4
100
x *
X
Sample stochastic bridges and access rare events!
X0
This allows us to ... _?
Get the statistics of the original processt! 510774 (b)
~ o _
P(T)=P(T)P(x;,T) s
1-1077
0 100 200 300 400 500
t
S : :
One-step processes Quasi-stationary approximation: P (X, t) ~ PQ (X) Langevin equations
’I’L(N — ’I’L) . 'CC? | S" 4 2D$ (t)
Wn—ntl = P N Wnon—1 =M. T Snvay  Sigay U V2D¢Ei(t),
0, e 2.2
3.0
— . a X | HEEl \WKB path
( ) g '(b) 2.01e ( ) g \ \\\ \\\ \ \\\ f //. 2.0 (b) D=10"1
0.5 IS N W a ) 5|/ = =10 : leferent[ated \ R | / N -
- : _ | A\ _ b
%ﬁ N = 10: ! 1.8 AR A AR ‘H\\\ \ I / / / 1.9 “ D'=1077
Metastable state E 2.0 o - ~NoT [ : A\ “x\t 1 il / / é 1.6 \\
B o . ) N\ C’Saddle T
c|= — 1.5 | e l/i R
i \ Q. gm-l . : \\ \ VL "r’/i 1.4 ‘
3 i 0 10 10 10 ':.I | ,
- k 1.0 : - ' | 15 \"~
ﬂ-'ﬂiﬂ-i 0.32 0.35 R{. 0.5 . : Iaﬁéifferentlated hoi®? N ",
0 . k= .1 _ . -“r"--._."'.,,'h-:'-. //f/,rm/ # | 0.8 , . . .
01234567 2 3 4 5 6 7 8 0.5 075 1 ' 0.25 0.5 0.75 1
T T X1 X1
Conclussions

B \We developed a method to draw stochastic bridges for arbitrary Markov processes and show its applicability to sample rare trajectories.
B The Quasi-stationary approximation eases the implementation for continuous-time processes and opens a way for analytical treatment.
B Our stochastic transition paths give information about the regimes in which the WKB approximations are useful.

B This method can be extended to generate stochastic trajectories constrained to pass through more than two desired points.

B The main conclusion of this poster is that you should read the full article :")!
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