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e.g. Turing patterns
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Motivation: Can we build a synthetic biological
systems for generating patterns?
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Optimising for Turing Patterns

30

-
o

1 L1 1 1 111

w o,

Relative [lasR]

|
Ip 00SS

pCatR34S34

0.3 05 1 3 5 10 30
Relative [luxR]
Poster # 241



Generative Process

Y pe (Z ‘ g) Draw ODE parameters, possibly conditioned on group (device components).

fe (X, Z7 u, g) Define the dynamical system (e.g., ODE)

— S lmu l at e (f@ ] XO ) Simulate dynamics (e.g., 2"d order Runge-Kutta)

w ( x ) 2 - ( X Z) Observer process relates states X to observations Y;
, T IO )

Noise process defines data variance at each time.

~ p( i |M7 2) Likelihood function. Typically Gaussian.
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Variational Auto-Encoders for Hierarchical

Dynamical Systems

Block-conditional Latent Variables

q¢ (z|Y,g,u) = 4d¢p (ZP) 4o, (ZI|Y7g) qu5g> (Zg)‘g>

e N ——

Population Individual J

Group

ELBO L (2] Y g.0) logpe(Y|z,g,u) + log pe(z
— log g (Z

g)
Y.g)
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Computational flow diagram

Data
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Choice of fo: White or Black Box ODEs

White Box

[RFP) =1~ (dgpp +~(c)).[RFP]
[CFP] = acpp.fr6(Cs. Cr2. [R]. [S])
— (derp +7(c)).|CFP]

[YFP] = ayrp.fs1(Cs. Cr2. [R]. [S))
— (dyrp +7(c)).[ YFP]

Black Box

X =w] (x,¥) —x 6wy (x,P)

Poster #241



Results: excellent model fit
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Multiple Device Inference
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“Zero-shot” learning on new devices.

B Held-Out Device Inference
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