Markov Chain Monte Carlo for Continuous-Time g

UNIVERSITAT

Switching Dynamical Systems .3 DARMSTADT

Lukas Kohs, Bastian Alt, Heinz Koeppl

Department of Electrical Engineering and Information Technology
Technische Universitdt Darmstadt, Germany

ICML 2022 | TU Darmstadt | Department of Electrical Engineering and Information Technology | Lukas Kéhs | 1



Model & Motivation TECHNISCHE

UNIVERSITAT
DARMSTADT

o O ——fe) )y ——fo)——Ca) ] I
A N S N : ‘

Cad
v v v
®® ® .
0 f I P T 0t bt Lotk v T
Time Time

ICML 2022 | TU Darmstadt | Department of Electrical Engineering and Information Technology | Lukas Kéhs | 2



Model & Motivation TECHNISCHE

UNIVERSITAT
DARMSTADT

g )—'O—'C )—’C@—’O —

v

No==o=o=o==0f
®6e ® e

0 2] ty 2] T 0 t ty t3 ta ts o tr T
Time Time

Goal: sample from the posterior Yo 71, Zjo, 7] | 21,57
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Yio,r1 ~ PNo,1 € - | 20,17, 71,515 0), ¢))
Zo,r) ~ P(Zjo1) € - | 0,17 21,875 0)5 2
© ~ P(© € - | 20,77, Y[0,1)> T[1,N])- (3)
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(1) Conditional Diffusion

1. Backward filtering:
B(ya t) = p(x[k,N] | Y, t)7 ty > t7 81/ log /3(3/7 t) = _I(t)y + a(t)7

d d
—I=..., —a=...

dt dt
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(1) Conditional Diffusion

1. Backward filtering
2. Forward sampling:

dY () = {f(Y (), ) + D(8)3y log B(Y (1), )} dt + Q(¢) AW (2),
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(2) Conditional Switching

1. Forward filtering
ps(z,t) =p(2,t | Yo,q)

dps(z,t) = ...
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Yio,r) ~ P(Y[O,T] € - | zjo,7 211,87, 0),
O~ P(@ € |

1. Forward filtering
2. Backward sampling

2'eZ

with condition ps(z,T)

d
dtps(z t) Z A2, 2, t)ps (2, 1),

=ps(2,T).

: | Yo, 175 L1, N]aa)a

210,T)> Y[0,T]> T[1,N ])

(2) Conditional Switching

/
A(Z, 2,t) = MA
pf(z’t)

(2,29,
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(3) Parameters
Conjugate priors — hyperparameter updates
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Experiments
Inferring Gene-Switching Dynamics
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m We present the first sampling-based path-space inference scheme for
switching MJP-SDEs

m Sampling yields accurate results for posterior paths and parameters

m Application to real-world problem shows practical utility
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Thank you for your attention.
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