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SMS 3459: DECISION THEORY & BAYESIAN INFERENCE II 

 
DATE: OCTOBER ,2020           TIME: 2 HOURS 

INSTRUCTIONS:  Answer question one and any other two questions.  
 

QUESTION ONE (30 MARKS) 

a) Discuss the classical and Bayesian schools   in statistics.   (4 Marks) 

b) Define the following; 

(i)  Prior distribution        (1 Mark) 

(ii)   Jeffrey’s priors        (2 Marks) 

(iii) K- parameter exponential family     (2 Marks) 

c) For the following distribution , find the kernel, Jeffrey’s prior and the corresponding 

distribution for ∅. 

(i)  X�\∅ ~ Poiss (∅)       (5 Marks) 

(ii)  X�\∅ ~ Bern (∅)       (4 Marks) 

d) Let �	 
  
�� be exchangeable; 

(i)  State the 0 -1 representation theorem     (2 Marks) 

(ii)   Show that the resulting distribution from 0-1 representation belongs to the 1-

parameter exponential family, hence deduce the sufficient statistics for learning 

about ∅.        (4 Marks) 

QUESTION TWO (20 MARKS) 

a) Define the following; 

(i) Conjugate priors        (2 Marks) 

(ii)  Credibility interval       (3 Marks) 
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(iii) High density region       (3 Marks) 

b) Let )(~( λλ poissX i  and �
��~ gamma (∝, �� 

(i)   Compute the posterior distribution      ( 5Marks) 

(ii)   Derive the posterior mean & variance    (4 Marks) 

c� Given �/∅~  poiss (∅) and ∅~ gamma (∝, �� given the loss function  

l(�, �� �  ∅
�~���. Find ; 

(i)   The Bayes rule and risk if we take a sample of size n  (5 Marks) 

(ii)   Bayer risk of the sampling procedure for a sample of size n  (5 Marks) 

(iii)Bayer risk of the sampling procedure for a sample size n  (7 Marks) 

QUESTION FOUR (20 MARKS) 

a�  Suppose we are interested in �,  the probability that a coin will yield a head when spun in a 

specified manner. We judge that the prior distribution is Beta(4,4) . The coin is  spun ten 

times, you did not witness. Rather than being told how many heads were seen you are only 

told that the number is less than three. 

(i) Find the posterior distribution up to proportionality and show that the normalizing 

constant k is given by � �
⌈	�

	�� ⌈!⌈	� 
     (10 Marks) 

 

(ii)  Show that the posterior mean is 
�"

	��
     (6 Marks) 

b� If �	~x% is exchangeable sequence such that given ~ K-Parameter exponential family 

Efk(.1.) } ))(),,,,/(|)~(
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ik  obtain the corresponding sequence 

of sufficient statistics.        (4 Marks) 

QUESTION FIVE (20 MARKS) 

a) Discuss the algorithms involved in the following sampling methods; 


i�  Importance sampling       (5 Marks) 


ii�  Monte-Carlo integration       (5 Marks) 


iii� Metro-polis hasting algorithm    (5 Marks) 

b) Let �	 
 X% be an exchangeable sequence such that ),(~/ 2σϑϑ NX i let  �~'
(),*)
�� 

let + and *� be unknown but () and *)
� are known constants . 


i�  Derive the posterior distribution     (2 Marks) 


ii�  Determine the corresponding kernel , posterior mean and precision(3 Marks) 


