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GPry: A package for fast Bayesian
inference with Gaussian Processes

Cosmology from Home Conference 2022

pip install gpry
https://github.com/jonaselgammal/GPry
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Motivation

Parameter estimation with Bayesian inference: A typical example
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Motivation

State of the art: MCMC 4

P 4 Accepted
® ---- Rejected

Advantages ®
*Easy to implement

*\ersatile

Disadvantages

*Only a fraction of Likelihood
evaluations is used for estimating
the posterior

*Discards the likelihood values and \
the position of rejected samples '
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(Gaussian Process Regression
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(Gaussian Process Regression
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Can use MAP to get the best estimate
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Bayesian quadrature

To get marginalised quantities we
want to integrate
[ L(x)m(x) dx

3 — CP -
== True function
With a GP we can get a model for 27 N i

LOOm(x) ~ GPO0,k(x,x)) |

We can integrate that model by U
integrating | u(x) dx = [ f(x) dx_, |

0 1 2 3 4 5 00 0.5
We can use u(x) and .
o(x) = \/cov(f*(x, x)) to find the \

next most informative point to -

sample
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Bayesian quadrature

= At each step maximize an acquisition function L(x)m(x) has high dynamic range

A

L(x)m(x)

=

1. O-
Vv +\w~ "
\ = Sample log-posterior:
a(x) = exp(2 - f1) - oz(x)
i = Mean of GP fit to log-posterior

b

L(x)m(x) is always positive
Correction factor ¢ and statistical noise g,

= b = H el at) = exp(2¢ D) (3000~
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Bayesian quadrature
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10

4. Region of interest

—10

* p(x) » 0=logp(x) » —o
* No point in modelling regions
far away from the maximum

Solution: SVM Classifier

Multiply u with —oco where
SVM classifies as infinite
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The Algorithm

[ ] (log) posterior value of x (f ) cpmodel ]
{ ) w0 |

Initial sampling
Locations X

Evaluate New sampling location x
(log) posterior

5 —_— GP
== True function
1
2 =
0/ k.
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he Algorithm
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] (log) posterior value of x
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Initial sampling
Locations X

] GP model

(), 0(x)

Evaluate

(log) posterior in
parallel

\ 4

New sampling locations x

8

Acquire multiple
sampling locations
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The Algorithm

[ ] (log) posterior value of x

'Y
»

( ] GP model J ]
L ) ()00

Initial sampling
Locations X

Evaluate

Acquire multiple
sampling locations

\ 4

(log) posterior in
parallel

New sampling locations x ( ]

The Kriging believer algorithm:

* Instead of evaluating p assume p(x) = ugp(x) at next
sampling location

* Recompute the GP regressor and acquisition fur§
this lie

Find next point with active sampling
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log(L)(x)

The Algorithm
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—:— True function = —— mgp(z) oap(x) *  Training points *  proposals a(x)
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The Algorithm

[ ] (log) posterior value of x

'Y
»

( ] GP model J ]
L ) ()00

Initial sampling
Locations X

Evaluate

Acquire multiple
sampling locations

(log) posterior in

\ 4

parallel
A
100 A 4
( )  New sampling locations x ( ]
o . y .
\
107 4 Break if

|10g Ptrue — log ppredictl <a-+ ,8 * | 1Og Pmax — log Ptrue |
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Marginalised quantities
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Experiments

Ngot = O8

— MCMC
B GPry

Naccepted = 38

— MCMC
Il GPry

Nitot = 131
Naccepted = 131
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Experiments
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Overhead

81 7000
B Acquisition
71 BN GP fit 6000 -
8 dimenSionS 6 I Convergence crit.
%’ 5000 A
2 Kriging believer 51 E
. . = = 4000 -
steps/iteration < 4 &
& = 3000
In total 300 accepted 31 <
= 2000
Samples 21 Bl Acquisition
11 1000 - N GR
B Convergence crit.
0- 04
0 14 28 42 56 70 &8 98 112 126 0 14 28 42 56 70 84 98 112 126
Iteration Iteration
Refitting GP hyperparameters requires many inversions §

. 3
of the kernel matrix, scales o'(Ngymples)
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Limitations

—— MCMC
B GPry
Niot = 200
Naccepted = 200
dKL = 7.56e + 00
doo = 2.94e — 01 _ _
* Multimodality
* Overhead
* Limiting correlation lengths in kernel/preventing
® ' ' ' overfitting
T | * Dimensionality (limit = 15 d)
T : | * Vastly different correlation lengths
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Practical info

PyPI https://pypi.org/project/gpry/
GitHub https://github.com/jonaselgammal/GPry
Read the Docs https://gpry.readthedocs.io

Dependencies:

- Cobaya

- Scikit-learn

mpidpy \
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