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Outline

1. Introduction to Bayes Theorem       

2. Binomial Model and Poisson Model

3. Normal Model

4. Normal Regression Model

5. Bayesian Numerical Calculations 
(Markov Chain Monte Carlo) 

6. Application of MCMC

7. Model Selection

8. miscellaneous topics
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Bayesian Inference

� Specify the likelihood (joint pdf of data)

� Express your prior belief on the model parameter

as the prior distribution. (prior pdf)

� Update your prior belief on the model parameter by 

combining the prior pdf and the likelihood.

θ is called the parameter of the model.
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Natural Conjugate Prior

� Nice prior in the sense that the prior and the 

posterior distributions belong to the same class.

� prior 

� posterior

� natural conjugate prior depends on the likelihood.
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How to Find Natural Conjugate Prior

1. Consider the likelihood as the function of θ.

2. Enrich the function by replacing y etc by

the hyper-parameters.

3. Identify the resulting distribution of θ.

Binomial likelihood

Repalce y and N etc.

Beta distribution
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Poisson

� pdf

� joint pdf =likelihood

� natural conjugate prior pdf
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Poisson (cont)

� likelihood

� natural conjugate prior pdf

� posterior pdf
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Poisson Example

� data

number of typos per page

n=5,  yi=1, 8, 3, 0, 2   mean=2.8

� prior

� posterior

posterior mean = 3.50, post std = 0.71
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How to Choose Point Estimate

� Expected loss

Choose d which minimizes:

� Various types of expected loss

Squared Error Loss

Bilinear Error Loss

0-1 Error Loss

mean

median

mode

minimized by:
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Point Estimate

� Squared error loss

� Minimum by differentiation
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Poisson Example

� posterior predictive pdf
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Normal Model: continuous obs (y)
� voltage of battery

A digital voltage meter is used to measure

the voltage of a battery whose true voltage

is either 1.2v or 1.5v.

The digital voltage meter display

the voltage with the step of 0.05 volt

as shown in the CPT.
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Normal Model (variance known)

� pdf

� joint pdf = likelihood

completion of square

sufficient stat

ANOVA decomposition
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Normal Model (var. known)

� likelihood as the function of 

� prior pdf
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Normal Model (var. known)

� posterior 

� note 1/(post. var.) =

1/(prior. var/) + 1/(sampling var.) 

post. mean = weighted average of

sample mean and prior mean
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Normal Model (var. known)

� posterior predictive pdf

� note

posterior predictive var is larger.
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Normal Model (var. known) example

� data and prior

� post mean and std

mean =

std =

prior

posterior

likelihood
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Normal Model (mean known)

� likelihood as the function of

� prior
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Normal Model (mean known)

� posterior pdf
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Normal Model (mean known)

� posterior predictive
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Normal Model (both unknown)

� likelihood

� prior

= 0 = -1
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Normal Model (both unknown)

� posterior pdf
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Normal Model (both unknown)

� posterior pdf
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Normal Model (both unknown) example

� data and prior

� posterior 



25

Normal Model (both unknown)

� posterior predictive pdf


