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SCIENCE IN APPLIED STATISTICS AND POST GRADUATE DIPLOMA IN APPLIED 

STATISTICS 
 

SMS 5177 –STOCHASTIC PROCESSES 
 

DATE: JANUARY 2020           TIME: 3 HOURS 

INSTRUCTIONS:  Answer question one and any other three questions.  
 

QUESTION ONE (30 MARKS) 

a) Let X be a random variable assuming values 0, 1, 2, - - - -and let �� � ��� � �� and  

	� � ��� 
 ��if P(s) is generating functions of the sequence ���� and Q(s) the 

generating function of the �	
� show that ���� � ������
���     -1 < s<1  (6 Marks) 

b) (i)   Define the generating function       (2 Marks) 

 

(ii)  Derive the generating function of the sequence �1, 2, 3, 4 .   .   . � (5 Marks) 

c) Let ��, ��, ��, �  �  �  be a random walk on the integers in which P�� 1 � 	) is the 

probability that any given step is right. 

(i)  Find the probability that �� �  ! � given that �� � �  (4 Marks) 

(ii) Find P(���"� � 1 ��# =0)      (4 Marks) 

d) Determine the steady state probabilities of a single server queuing system where 

customers arrive at a rate $ � 1per second and are served at a rate M=1.5 per second. 

Hence estimate the amount of time the system will spend in states 0 to 4 in an interval of 

120 seconds.         (4 Marks) 

e) Consider the stochastic matrix which is a row stochastic matrix. Given the initial 

distribution vector (⅖  ⅗�. Determine the steady state distribution of 
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vector.P�:¼ ¾
⅔ ⅓?. Given the initial distribution vector �⅖ ⅗�. Determine the steady 

state distribution vector.       �5 Marks� 
   

QUESTION TWO (20 MARKS) 

a) Given the  random variable X has a binomial distribution with parameter n & P. 

(i)  Determine the probability generating function of x   (3 Marks) 

(ii)  Prove using (i)  that C��� �  � and DEF��� �   �	 where 	 � 1 � �(3 Marks) 

b) Given P= 

C�
C�
CG
CH
CI

⎣
⎢
⎢
⎢
⎢
⎢
⎡C� C� CG CH CI � �  � 

0 1 1 0 0 � �  � 
½ 0 ½ 0 0 � �  � 
0 ¾ 0 ¼ 0 � �  � 
0 0 7/8 0 1/8 � �  �
0 0 0 15/16 0 � � �

⎦
⎥
⎥
⎥
⎥
⎥
⎤

 

Write out the transitional probabilities formular.    ( 4 Marks) 

c) Consider a simple birth process given the boundary conditions ���0� � 1. Show that 

���V� � W�XY         (10 Marks) 

QUESTION THREE (20 MARKS) 

a) In Markov chain, when is a state said to be ;     (4 Marks) 
(i) Recurrent  

(ii) Transient  

(iii) Ergodic  

(iv) A periodic  

b) In the simple birth and death process, given the linear partial differential equation of the 

first order 
Z[
Z\ ! ]�$ !  ^�_ � $_� � ^` Z[

Z� � 0 and the subsidiary equation. 

aV
1 � a_

�$ ! ^�_ � $_� � ^ � ab
0  

Suppos $ � ^, show that ���V� � �Xc�def

��" X\�dgf     (12 Marks) 

c) Distinguish between a stationary and evolutionary stochastic process and show that a 
poison process given by; 

                � �V�  � �X\�d h
�!

�Xc
 is an evoluntary process.     (4 Marks) 
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QUESTION FOUR (20 MARKS) 

a) Show that � �V�  � �X\�d h
�!

�Xc
 is the poisson distribution with mean $V. (12 Marks) 

b) Determine the coefficients of �jusing partial fraction.
�

�k�G��k���l  (8 Marks) 

QUESTION FIVE (20 MARKS) 

a) Solve the following Recurrence relation E�"� � 2m� �  ≥ 0, E� � 1 (16 Marks) 

b) Define the convolution sequence.      (2 Marks) 

c) State the assumption of birth and death processes.    (2 Marks) 


