
HW#8 Survival Analysis II 

Name: Shih Jia-Han 

 

Exercise 14.8 (p.251) 

1. 

Consider Freund’s bivariate exponential distribution 
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where ,21    01 t  and .02 t  

If the risks independent, we have 

),(),( thtjh j  for .2,1j  

Therefore, we need to check under what parametric conditions satisfy 

),(),( thtjh j  for .2,1j  Consider ,1j  by Tsiatis’s Lemma we have 
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Hence we have obtained .),1( 1th  

  



Now we compute }.)(log{)( 11 tG
dt

d
th   
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Hence we have obtained 
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Therefore, we set 
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Hence if ,11    we have ).(),1( 1 thth   Similarly, for .2j  The risks 

independent if 

.22    

 

Thus, we have proven that under the conditions ,jj    for 2,1j  the risks 

independent. 

  



2. (i) 

Consider Multivariate Burr (MB) distribution 
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 , and 0  is the shape parameter of a gamma frailty. 

If the risks independent, we have 

),(),( thtjh j  for .,,1 pj   

Therefore, we need to check under what parametric conditions satisfy 

),(),( thtjh j  for .,,1 pj   Consider ,1j  by Tsiatis’s Lemma we have 
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Hence we have obtained 
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Now we compute }.)(log{)( 11 tG
dt

d
th   

.1

)0,,0,()(

1

1

1

111


































t

tGtG 

 

Then  

























1

1

1 1log)(log






t
tG  

and  

.})/(1{

})/(1{

)/(
})(log{

1

1

1

1

1

11

1

11
1

11

1

1

1



























tt

t

t
tG

dt

d

 

Hence we have obtained 
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Therefore, we set 
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Hence the condition dose not hold as long as 0 . 

  



Consider the case  
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The equality is satisfied if 0
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be 0. Therefore, the risk independent if 0 . 

  



2. (ii) 

Consider Multivariate Weibull (MW) distribution 
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If the risks independent, we have 

),(),( thtjh j  for .,,1 pj   

Therefore, we need to check under what parametric conditions satisfy 

),(),( thtjh j  for .,,1 pj   Consider ,1j  by Tsiatis’s Lemma we have 
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Hence we have obtained 
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Now we compute }.)(log{)( 11 tG
dt

d
th   
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Let 1 , we have 
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Similarly, for .,,1 pj   The risks independent if 1  and 1j  

 

Thus, we have proven that under the conditions 1  and 1j  for pj ,,1   

the risks independent. 

 


