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Simulation-based inference

Combine mechanistic and statistical approach for 
- Parameter estimation 
- Prediction



Inputs
Model

Outputs



Inputs
Model

Data

Inference 
method

Maximum likelihood, MCMC,
MIF, pMCMC, ABC, ...



Inputs
Model

Data

Inference 
method

Implementation

Maximum likelihood, MCMC,
MIF, pMCMC, ABC, ...

pomp, LibBi, Turing.jl, ...



Markov-chain Monte Carlo

 

ii

Sample from p(θ|Data).



Markov-chain Monte Carlo
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Markov-chain Monte Carlo
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Sample from p(θ|Data).



Markov-chain Monte Carlo

Sample from p(θ|Data).
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Markov-chain Monte Carlo

 

ii

Sample from p(θ|Data).



Fitting deterministic vs. stochastic models



Fitting deterministic vs. stochastic models


















































Parameters Data

y
 

Can compute p(y|θ) for each θ.





Cannot compute p(y|θ) for given θ.
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Marginal likelihood

p(y|✓) =
X

x

p(y|x, ✓)p(x|✓)
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All possible trajectories, given θ 



Estimate p(Data|θ) for given θ.

The particle filter



Particle Markov-chain Monte Carlo (pMCMC)

 

ii

MCMC with p(y|θ) replaced with particle filter estimate 



Approximate Bayesian Computation (ABC)

Lintusaari et al. (2016)

instead of calculating likelihood, compares summary  
statistics calculated on simulations with summary statistics 
calculated on data







Aaron King, https://kingaa.github.io/sbied/mif/mif.html

https://kingaa.github.io/sbied/mif/mif.html


Computational efficiency vs Statistical efficiency

Fasiolo et al. (2015)



Computational efficiency vs Coding efficiency



pomp



pomp



pomp



pomp



LibBi



rbi
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http://sbfnk.github.io/rbi/rbi.html



pMCMC on GPUs with rbi/LibBi



Summary: choosing an inference approach

Computational efficiency vs. 

1. Biological / statistical model adequacy 
(having a “good” model) 

2. Statistical efficiency 
(getting the “right” answer) 

3. Coding efficiency 
(time investment / learning curve)


