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Count Data

• Count data

– Number of auto issuance claims

– Next generation sequencing

– Number of points in a cluster (mixture model)

– Number of words in document j assigned to topic k (topic model, 

mixture membership model)

• Overdispersion: Variance > Mean

– Heterogeneity: difference between individuals

– Contagion: dependence between the occurrence of events

• Poisson distribution  (variance = mean)

• Negative binomial distribution (variance       mean)≥
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Negative binomial distribution

• Gamma Poisson mixture distribution

• Compound Poisson distribution

• Variance                         Mean≥

The figure is from http://en.wikipedia.org/wiki/File:Negbinomial.gif
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Poisson regression

• Poisson regression

– Model:

– Model assumption (equal-dispersion):



5

Poisson regression with random effect

• Multiplicative random effect:

• Negative binomial regression (gamma random effect):

• Lognormal-Poisson regression (lognormal random effect):
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• Lognormal-gamma mixed NB regression

• Lognormal-gamma-gamma-Poisson

Lognormal & gamma mixed NB regression
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LGNB regression

• Properties:

• Quasi-dispersion

– NB regression:

– Lognormal-Poisson:

– LGNB regression:
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Default Bayesian Analysis using Data Augmentation

• Inferring the NB dispersion parameter r

– Compound Poisson representation of

– Conjugate updates under augmentation
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Inferring the regression coefficients

• Inferring the regression coefficients

– Polya-Gamma random variable

– Likelihood
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Inferring the regression coefficients

• Conditional posterior of 

• Conditional posterior of 
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Inference

• Gibbs Sampling 
– , Multinomial
– , Gamma
– , Polya-gamma
– , Normal
– , Normal
– Hyper-parameters

• Variational Bayes
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Example results: univariate count analysis
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Count regression for NASCAR

LGNB (VB) Correlation matrix for
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Test of goodness of fit
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Posterior of the quasi-dispersion

Gibbs sampling Variational Bayes
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• Lognormal & gamma mixed NB regression 

• Compound Poisson, Polya-Gamma

• Closed-form Gibbs sampling and VB

• Future directions under the lognormal-

gamma-NB framework:

– Multivariate count regression

– Log Gaussian process

– Mixture modeling, topic modeling

Conclusions


