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The Next Step for Probabilistic Numerics?
Putting theory into practice.

Hennig et al. [1] “Efficient and stable implementations are still in development. Convincing
use-cases from various scientific disciplines are only beginning to emerge.”

Oates and Sullivan [2] “[. . . ] the coming to fruition of this vision will require demonstrable success
on problems that were intractable with the computational resources of
previous decades [. . . ].”

Realizing the vision of probabilistic numerics necessitates software.

Goals
D demonstrate the value of a probabilistic approach
D make use of probabilistic numerical methods in application
D propagate uncertainty through chains of computations
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Software Matters to Research
Software packages advance progress in a research field.

Software is a central part of modern science.

Key Advantages

D Demonstration and prototyping
D Reproducible research
D Enables new applications

D Faster method development
D Rapid benchmarking
D Reveals research questions
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ProbNum
Probabilistic Numerics in Python.
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Solving a Linear System
Basic Interface of ProbNum’s PN methods.

Ax = b

import numpy as np

x = np.linalg.solve(A, b)
x

import probnum as pn

belief = pn.linalg.problinsolve(A, b)
belief.x
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Specifying Prior Information
Encoding prior information from various sources into an algorithm.

belief.from_spectrum(lmbda) belief.from_precond(P)

Mean
Data
Confidence

belief.from_observations(X)

Belief constructors define common ways of including prior information.
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Composing Custom Methods.
Creating new from old.

ProbabilisticLinearSolver

policy
s

information op
s 7→ sᵀ(Axk − b)

stopping crit
tr(Cov(x))

belief update
xk 7→ xk+1

Ax = b

# Construct custom solver
pls = pn.linalg.ProbabilisticLinearSolver(

policy=ConjugateGradientPolicy (),
information_op=ProjectedRHSInformationOp (),
belief_update=LinearGaussianInferenceBeliefUpdate (),
stopping_criterion=PosteriorContractionStopCrit(tol=1e-5),

)

# Solve problem
pls.solve(problem =(A, b))
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Live Demo
Solving ODEs with Filtering [3, 4].

Problem: Lotka-Volterra equations (first-order, non-linear ODE)
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What’s in it for me?
A community software framework benefits everyone.

demo experiment apply

Source: Teymur et al. [5]
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Source: Wenger and Hennig [6]

research & develop implement test & benchmark
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Join the Effort!

D Solve numerical problems.
D Quantify uncertainty in computation.
D Compose custom probabilistic numerical methods.

PyPI pip install probnum

GitHub https://github.com/probabilistic-numerics/probnum

Documentation http://probnum.org

Tutorials http://probnum.org/en/latest/tutorials.html

Questions or Feedback? 9
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