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AD of stochastic programs
Deterministic Stochastic/Random



Score function estimator (discrete case)

“Reinforce”

“Score”But high variance :(



Pathwise gradients / reparameterization trick  



Reparameterization trick for continuous randomness

(Kingma and Welling, 2013)



The “almost-sure” derivative



The “almost-sure” derivative
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Pathwise derivatives



Generalizing to the discrete case! 



Generalizing to the discrete case! 



Stochastic derivatives (special case)

“Primal” “Weight”“Alternative”

(Arya et al. 2022, Fu et al. 1997 [SPA], Heidergott et al. 2008 [MVD])

(Left stochastic derivative for discrete 
X(p) with consecutive integer range, 
parameterized via inversion method.)



Stochastic derivatives

is the “almost-sure” derivative

is the “weight” / derivative of the probability of a jump.

is the “alternative” (follows the distribution of possible jumps, conditional on a 
jump happening).

All conditional on primal!

Unbiasedness
+ Chain Rule

(Arya et al. 2022)



Automatic differentiation

- Correlated paths => low variance          

-             unbiased forward-mode AD

(Arya et al. 2022)



Stochastic AD gaurav-arya/StochasticAD.jl

(Arya et al. 2022)



Variance reduction on random walk

Stochastic AD

(Arya et al. 2022)



Differentiable Metropolis-Hastings

Accept/reject probability
(Arya, Seyer, et al. 2023)



Differentiable Metropolis-Hastings: Gaussian proposal

(Arya, Seyer, et al. 2023)



Differentiable Metropolis-Hastings: Ising Model

(Arya, Seyer, et al. 2023)



Differentiable Metropolis-Hastings

Consistent 
derivative 
estimator!

(Arya, Seyer, et al. 2023)



(Seyer, 2023)



Thank you!
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