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- Differentiating particle filters 
enables model learning

- Resampling steps are not 
reparameterizable

- Likelihood ratio method produces 
high variance

- Good score function estimators 
exist using Fisher’s identity

- We show they can be obtained with 
automatic differentiation after a 
suitable correction to weights

- We also get good estimators for 
expectations under the posterior

- Correction is simple, cheap, and 
does not affect the forward pass

Usual autodiff-based
score function estimator

high variance terms
typically dropped

ignores dependencies across time
and is not consistent by itself

Usual Ours

problematic
sampling

in PyTorch

that’s all it takes!

no gradients
needed here

LGSSM Estimators

stop-gradient calculus

stop-gradient

evaluation

score function

ancestral lineage

expectation under posterior

unbiased expectation under unnormalized posterior

VRNN For all n, we have

Can we write

and do stop-gradient importance sampling?

Maybe extend the calculus to include expectations

What compositional correctness properties
can we guarantee?

no overfitting
with DPF

why?


