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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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Numerical Evaluation of Post.Dist.

� Calculation of posterior mean, var etc by
numerical integration.

�Monte Carlo Integration
When it is easy to generate random numbers
from the posterior distribution.

�MCMC : Markov Chain Monter Carlo
(Posterior Simulation)

�Gibbs Sampler

�Metropolis-Hastings
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Gibbs Sampler

� Gibbs Sampler
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Normal Model with Semi Natural Conjugate Prior

� prior

� posterior

cannot be identified.
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Normal Model with Semi Natural Conjugate Prior

� full conditional posterior
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Example of Gibbs Sampler

� prior

γ0 = 50,  φ0=10,  ν0=2,  κ0=12.5  (prior mean σ =5

� data

N=20,  mean=100, std=10
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Example of Gibbs Sampler

� generate  X:µ given  Y:σ

� generate   Y:σ given  X:µ
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Example of Gibbs Sampler

� generated random numbers

rep       mu       sigma

1    50.0000    10.0000

2    94.3247    10.0000

2    94.3247    13.9047

3    96.6447    13.9047

3    96.6447     8.8730

4    98.8580     8.8730

4    98.8580    10.7365

5    99.7417    10.7365

5    99.7417    10.2181

6    96.7341    10.2181

6    96.7341     9.1961

7    99.3172     9.1961

7    99.3172    11.3930

8    94.7472    11.3930

8    94.7472    12.3099

9    94.7861    12.3099

9    94.7861    11.4048

10    97.6591    11.4048

10    97.6591     9.8787
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Example of Gibbs Sampler

� bivariate history
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Example of Gibbs Sampler

� bivariate history
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Example of Gibbs Sampler

� bivariate history
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Example of Gibbs Sampler

� joint distribution
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Example of Gibbs Sampler

� marginal history plot
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Example of Gibbs Sampler

� marginal distribution of random numbers
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Bivariate Normal Example

� Why does it work?
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Bivariate Normal Example

Use the Theorem on p19.
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Bivariate Normal Example

� In general

Converges to N(0,ρρρρ)  regardless of  y0.
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Bivariate Normal Example

� Theorem
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Bivariate Normal Example

ρρρρ=0.3
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Hammersley-Clifford Theorem

� Joint pdf can be recovered from the full conditionals.

22

Gibbs Sampler

� Gibbs Sampler
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Gibbs Sampler

� values at  t  depend only on the values at  t-1.

� the conditional probabilities do not depend on t. 

discrete case
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Gibbs Sampler : Discrete Case

� discrete domain of X and Y

� (            ,           )     �

� Transition Kernel

from             to 

from, to to | from
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Gibbs Sampler : Discrete Case

� Transition Kernel of the Gibbs Sampler
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Gibbs Sampler : Discrete Case

� Example of Gibbs transition kernel
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Gibbs Sampler : Discrete Case

� numerical example:
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Gibbs Sampler : Discrete Case

� transition kernel
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Gibbs Sampler : Discrete Case

� marginal probability of XY at  t+1

� Global balance condition

marginal at t   x   conditional

where                      is the stationary distribution

associated with K.
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Gibbs Sampler : Discrete Case

� If we construct the transition kernel

from the full conditional distribution of 

the target joint distribution                   ,

the target joint distribution is the stationary 

distribution.
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Gibbs Sampler : Discrete Case

� Suppose that                                      , then

global balance condition


