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Definition




A collection of random variables, any finite number of which
have a joint Gaussian distribution

Gaussian Processes for Machine Learning, Rasmussen & Williams


http://www.gaussianprocess.org/gpml/chapters/RW2.pdf

A GP is completely defined by mean and covariance functions

m(x)

El
k(x,x') = F|

f(x) ~ GP(m(x), k(x,x"))

Sampling from the GP

u ~ N(0,T)
f=m+Lu

where I, L' = I (Cholesky)
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Examples of Kernels




Ornstein-Uhlenbeck kernel




Squared exponential kernel

A HZB—QZ/HQ
k(x,x') = exp ( T )

Priors for squared exponential kernel
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Periodic kernel

Priors for periodic kernel
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Application

Regression




Aim: Given data f at X, predict f«at X,
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Aim: Given data f at X, predict f«at X,

Condition the Gaussian prior on the data to
give posterior distribution

1.5 - —_— GP
Fl X, X, f ~ N(K(X,, X)K(X, X) ' f. {

¢ Data
K(X., X.) — K(X., X)K(X,X)'K(X, X.)) 1.0~

|

Include data uncertainties with _ i

K(X,X);; — K(X,X);; + 0607
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Aim: Given data f at X, predict f«at X,

Condition the Gaussian prior on the data to
give posterior distribution

Fl X, X, f ~ N(K(X,, X)K(X,X)7' f,

K(X., X.) — K(X., X)K(X,X)'K(X, X.)) 10-

Include data uncertainties with

K(X,X);; — K(X,X);; + 0607

Maximise likelihood to find optimal kernel
parameters
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log L(f|X.6) = — fTKy(X. X)"' f

9 lOg |K9(X7X)|

12

n
log 2
5 log 2w




Application

Background Modelling




Dijet: arXiv:1709.05681 Modeling Smooth Backgrounds and Generic Localized Signals
with Gaussian Processes, K Cranmer et al.

ATLAS ee dataset: HEPData (Table 2)
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https://arxiv.org/abs/1709.05681
https://www.hepdata.net/record/79077
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Fitting to toys

1 Ad-hoc function
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Application

Unfolding




Aim: Solve v = Ru + 3 for u given data

Regression task, but with posterior mean
fi =KX, X)RK(X, X)) 'f
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Aim: Solve v = Ru + 3 for u given data

Regression task, but with posterior mean
fi =KX, X)RK(X, X)) 'f

The kernel imposes smoothness in the
posterior — regularisation (See Kernel
Reproducing Hilbert Space)

19
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https://en.wikipedia.org/wiki/Reproducing_kernel_Hilbert_space
https://en.wikipedia.org/wiki/Reproducing_kernel_Hilbert_space

Aim: Solve v = Ru + 3 for u given data

Regression task, but with posterior mean
fi =KX, X)RK(X, X)) 'f

2000 A
The kernel imposes smoothness in the

posterior — regularisation (See Kernel
Reproducing Hilbert Space)
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https://en.wikipedia.org/wiki/Reproducing_kernel_Hilbert_space
https://en.wikipedia.org/wiki/Reproducing_kernel_Hilbert_space

Conclusion




Conclusion

Gaussian Processes are really useful

github.com/adambozson/gp-talk



https://github.com/adambozson/gp-talk




Following R&W

Link to Machine Learning
Neural network with 1 hidden layer

Ny
fl@)=b+ ) v;h(z;u;)
1=1

Blf (@) f(a")] = of + ) o3 Blh(a; wi) h(@'; )

= 0y + Ny o, E[h(x;u) h(z'; u)]

Central limit theorem: converges to a GP as Ng — o<

H
|
2
:jl

o —_— o / 1
hx;u) =erf(x-u) = kiz,x) (\/(1 + 22 T¥x) (1 + Qm’TZQE’))
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Application

Hyperparameter Optimisation
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0.3 -

0.2 -

Step 1

27

Acquisition function
See Jones et al. (1998)



https://link.springer.com/article/10.1023/A:1008306431147
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Step 8

Spearmint, scikit-optimize
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https://github.com/HIPS/Spearmint/tree/master/spearmint
https://scikit-optimize.github.io

