Structure Learning, Conditional densities and prior distributions

1: Define generative model and priors
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Congugate normal-gamma priors specified for the regression coefficients
ﬁ’ and the conditional precision 72
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2: Learn graph structure and model parameters

Givendata D = yq, ...

, YT where y; denotes the values of the random variables
Y= (¥},

Yt") at time t, learning the structure G and parameters 6, where parameters 6
consist of the coefficients 51 and the conditional precision 7-2

P(6,G|D) = P(6|G, D)P(G|D)

3: Score based approach to model selection

Sampling from the full posterior distribution of possible graphs P(G|D) requires

evaluation of the marginal likeihood

P(D|G) = [d6P(D|G,0)P(6|G)

4: Apply MCMC
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structure G’ according to a proposal distribution g (G'; G).
The proposal G’ is accepted with probability
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Given a current candidate structure G, the sampling scheme proceeds by proposing a new
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Set maximum time-lag 7,4, and impose a maximum size ppaz
on the allowed parent sets in order to sparsify the networks

|paG(Yti)| < Prmax;

otherwise.
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We also adopt a uniform proposal density on graphs G’
in the neighbourhood of the current graph G,

—_ G € nhd
G, @) = { nhd(@)]’ ’
96( ) { 0, otherwise.

5: Determine summary posterior distribution

From a sample of size .S from the posterior distribution P(G|D), distributional estimates for
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th structure sample.

Pr(A|D)

~ L3 Pr(A|G®), D)

= ZGEQ Pr(A|G, D)P(G|D)

structural uncertainties can be quantified by taking A to be an indicator function for the presence of
a given edge, given the observed data, obtained by averaging over the sample where G is the

quantifies the posterior probability 7 for the presence of an edge conditional

on the observerational data
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