
THE IMPORTANCE OF MODELING TEMPORAL DEPENDENCE  
OF TIMING AND QUANTITY IN DIRECT MARKETING 

Lichung Jen, Chien-Heng Chou, and Greg M. Allenby 
 

WEB APPENDIX 
THE GIBBS SAMPLER FOR CONDITIONAL NORMAL HIERARCHICAL BAYES MODEL OF 

PURCHASE QUANTITY AND INTERPURCHASE TIME 
 

Denote ijy  as the jth log purchase amount of the ith customer, and ijt  as the jth log interpurchase 

time of the ith customer, where i=1,2,…, N and j=1,2,…, ni.  Assume that the conditional distribution of 

ijy  given ijt  is normally distributed as 
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and that ijt  is also normally distributed as  

 

( ) ( )2~ ,ij i if t N υ ς .   

 

Then, the joint distribution of Yij and tij is  
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The prior and the conditional posterior distributions of all parameters are summarized below. 
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1. The conditional posterior distribution of i ij ij i i iy , t , x , , , ,μ β σ η ζ  is  
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 The prior of μi is: 

Normal( ix′β, 2ς ). 

 

1.1 The conditional posterior distribution of 
0i i 0 b, x , , b ,Vβ μ ζ is  
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The prior of β is  

Normal(b0,
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1.2 The conditional posterior distribution of ζ2| μi, xi, β, s0, S0 is  

Inverse Gamma ( )
1N 2' 1

0 i i 0
i 1

N 1s , x S
2 2

−

−

=

⎛ ⎞⎛ ⎞
⎜ ⎟+ μ − β +⎜ ⎟⎜ ⎟⎝ ⎠⎝ ⎠

∑ .   

The prior of ζ2 is Inverse Gamma(s0, S0), where s0=2 and S0=0.25. 
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2. The conditional posterior distribution of i ij ij i iy , t , , , ,η μ σ ϕ ϖ  is  
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The prior of ηi is Normal(ϕ, ϖ2). 

 

2.1 The conditional posterior distribution of ϕ|ηi, ϖ, f0, F0
2 is   
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The prior of ϕ is Normal(f0, 2
0F ), where f0=0 and 2

0F =4. 

 

2.2 The conditional posterior distribution of ϖ2|ηi, ϕ, w0, W0
2 is  
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The prior of ϖ2 is Inverse Gamma(w0, W0
2), where w0=2 and W0

2=0.5. 
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3. The conditional posterior distribution of σi
2|yij, tij, μi, η, κ1, δ1 is   
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The prior of σi
2 is Inverse Gamma(κ1, δ1). 

 

3.1 The conditional posterior distribution of κ1, σi, δ1  is proportional to 
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which is the product of N continuous Poisson distributions with parameters of 1/(δ1σi
2).  The prior 

of κ1 is Uniform(10). 

 

3.2 The conditional posterior distribution of δ1|σi, κ1, d0, D0 is  
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The prior of δ1 is Inverse Gamma(d0, D0), where d0=2 and D0=2. 
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4. The conditional posterior distribution of υi | tij, ζi, γ, ξ is  
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The prior of tij is Normal( γ'ix , 2
iξ ). 

 

4.1 The conditional posterior distribution of γ | υi, xi, ξ, g0, Vg0  is   
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The prior of γ is Multivariate Normal(g0, Vg0), where g0=4 and  
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4.2 The conditional posterior distribution of ξ2| υi, xi, γ, s0, S0 is  
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The prior of ξ2 is Inverse Gamma(s0, S0), where s0=2 and S0=0.25. 
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5. The conditional posterior distribution of ζi
2| tij, υi, κ2, δ2 is   
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The prior of ζi
2 is Inverse Gamma(κ2, δ2). 

 

5.1 The conditional posterior distribution of κ2 | ζi, δ2  is proportional to  
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5.2 The conditional posterior distribution of δ2| ζi, κ2, d0, D0 is  
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The prior of δ2 is Inverse Gamma(d0, D0), where d0=2 and D0=2. 

 

 

 


