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Bayesian model for overdispersed counts

.

For observations 𝑡 in {1, … , 𝑇}:

.

[𝑦𝑡|𝜂𝑡, 𝛽, 𝜌, 𝑋] ∼ Poisson(𝜂𝑡𝜆𝑡)

.

(data)

.
𝜆𝑡 = exp(𝑋𝑡𝛽)

.
(link function)

.

[𝜂𝑡|𝜌] ∼ Gamma(𝜌, 𝜌)

.

(random effect)

.

[𝑦𝑡|𝛽, 𝜌, 𝑋] ∼ NegBin(𝜌, 𝜌/(𝜌 + 𝜆𝑡))

.

marginal distribution of 𝑦:
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.

Pr(𝑠𝑡+􏷠 = 𝑗 | 𝑠𝑡 = 𝑘) = 0

.

(∀𝑗 ∉ {𝑘, 𝑘 + 1})
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• Model assumptions: 𝑦𝑡 ∼ 𝐺 i.i.d. from an unknown distribution
𝐺.

• Parametric structure on our priors puts limitations on the
posterior inferences.

• Bayesian nonparametrics: priors over distributions and, thus, an
infinite number of parameters.
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.

regimes: 𝑠𝑡 ∈ {1, … ,∞}

.

Pr(𝑠𝑡+􏷠 = 𝑘 | 𝑠𝑡 = 𝑘) = 𝑛𝑘
𝑡−􏷠+𝑏

.

Pr(𝑠𝑡+􏷠 = 𝑘+1 | 𝑠𝑡 = 𝑘) = 𝑏
𝑡−􏷠+𝑏

• Dirichlet process prior clusters units into a countably infinite set
of groups.

• Obviously we only observe a finite number of these groups, but
the number is determined by the data and the prior, not
exclusively from the prior.
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the number is determined by the data and the prior, not
exclusively from the prior.
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Your lunch is never free

• DPP has a rich-get-richer property:

Pr(𝑠𝑡+􏷠 = 𝑘 | 𝑠𝑡 = 𝑘) = 𝑛𝑘
𝑡 − 1 + 𝑏

• No free lunch theorem: All nonparametric priors place
assumptions on the clustering algorithm and no algorithm is
optimal across the space of all problems.
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