
UNIT III –RANDOM PROCESSES
PART A

1. State  the four types of  stochastic processes.
sol:The four types of stochastic processes are 

(a) Discrete random sequence

(b) Continuous random sequence

(c) Discrete random process

(d) Continuous random process

2. Give an example for a continuous time random process.

sol:If 
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 represents the maximum temperature at a place in the interval (0,t), 
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 is a continuous random process.

3. Define a stationary process.

sol:If certain probability distribution or averages do not depend on t, then the random process 
[image: image3.wmf]{

}

)

(

t

X

 is called a stationary process.

4. Give an example for a stationary process.

sol:A Bernoulli process is a stationary process.

5. Give an example of stationary process and justify your claim.

sol:A Bernoulli process is a stationary stochastic process as the joint probability distributions are independent of time.

6. Define strict sense and wide sense stationary process.

sol:A random process is called a strict sense stationary process or strongly stationary process if all its finite dimensional distributions are invariant under translation of time parameter

A random process 
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 with finite first and second order moments is called a weakly stationary process or covariance stationary process or wide-sense stationary process if its mean is a constant and the auto correlation depends only on the time difference. i.e,  if 
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7. Give an example for strict sense stationary process.

sol:Bernoulli’s process is an example for strict sense stationary random process.

8. Prove that a first order stationary random process has a constant mean.
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 as the process is stationary.

sol:
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Put 
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Therefore, 
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is a constant
9. What is a Markov process?

sol:Markov process is one in which the future value is independent of the past values, given the present value.

10. Give an example of a Markov process.

sol:Poisson process is a Markov process. Therefore, number of arrivals in (0,t) is a Poisson process and hence a Markov process.

11. Define Markov chain and one – step transition probability.

sol:If
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 then the process  
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, n=0,1,2,…. is called a Markov chain.

The conditional probability 
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is called the one step transition probability from state 
[image: image15.wmf]i

a

 to state 
[image: image16.wmf]j

a

 at the 
[image: image17.wmf]th

n

step.

12. Describe a random walk process. Is it a Markov process?

sol:Suppose a person tosses a fair coin every T seconds and instantly after each toss, he moves a distance d to the right if heads show and to the left if tails show.
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is the position of the person after n tosses

Then the process 
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is a random walk process. 

The random walk process is a Markov process.

13. Define Poisson process.

sol:If 
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represents the number of occurrences of a certain event in (0,t), then the discrete process 
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is called the Poisson process.

14. What is homogeneous Poisson process?

sol:The probability law for the Poisson process is 
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is a constant, the Poisson process is called a homogeneous Poisson process.

15. State the postulates of Poisson process.

sol:The postulates of Poisson process are 

(i) 
[image: image24.wmf][

]

)

(

)

,

(

1

t

O

t

t

t

t

in

occurence

P

D

+

D

=

D

+

l


(ii) 
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(iii) 
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(iv) 
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is independent of the number of occurrences of the event in any interval prior to and after the interval (0,t)

(v) The probability that the event occurs a specified number of times in 
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16. State any two properties of Poisson process.

(i) The Poisson process is a Markov process.

(ii) Sum of two independent Poisson processes is a Poisson process

(iii) Difference of two independent Poisson processes is not a Poisson process.

17. Prove that the sum of two independent Poisson processes is also Poisson.

sol:Let 
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Therefore, 
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18. Prove that the difference of two independent Poisson processes is not a Poisson process.

sol:Let 
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19. Let 
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20. For a Poisson process with parameter 
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21. State Chapman-Kolmogrov Theorem for n-step transition probability matrix.

 sol: If P is transition probability matrix of a homogeneous Markov Chain, then the n-step transition probability matrix 
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PART B

1. Define random process. Classify it with an example.

sol: Random process:

A random process is a collection of RVs 
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Classification of Random Process:

Depending on the contjnuous or discrete nature of the state space S and parameter set T, a random process can be classified into four types:
a) If both T and S are discrete, the random process is called a discrete random sequence.

For example, if 
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b) If T is discrete and S is continuous, the random process is called a continuous random sequence.

For example, if 
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is a continuous random sequence, since temperature can take any value in an interval and hence continuous.

c) If T is continuous and S is discrete, the random process is called a discrete random process.
For example, if 
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d) If T and S are continuous, the random process is called a continuous random process. For example, if 
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2. Consider the two dimensional process 
[image: image88.wmf](

)

{

}

0

;

)

(

),

(

³

t

t

Y

t

X

. Define mean, correlation, covariance, cross correlation and cross covariance functions.

sol:Mean:

Mean of the process 
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Auto correlation:

Autocorrelation of the process 
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Auto covariance:
Auto covariance of the process 
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Since A and B are uncorrelated RVs, we have 
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Differentiating (4) with respect to t, we have,
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Using (4)and (5) in (3), we have, 
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Integrating with respect to t, we have
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Substituting n=0 in (4), we have
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Substituting t=0 in (7), we have
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Using (9) in (4), we have
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(since Y and Z are independent,  E[YZ]=E[Y]E[Z]=0)
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13. Suppose that customers arrive at a bank according to a Poisson process with a mean rate of 3 per minute. Find the probability that during a time interval of 2 mins

(a) exactly 4 customers arrive

(b) more than 4 customers arrive

sol:Mean of the Poisson process = 
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14. A machine goes out of order whenever a component fails. The failure of this part follows a Poisson process with a mean rate of 1 per week. Find the probability that 2 weeks have elapsed since last failure. If there are 5 spare parts of this component in an inventory and that the next supply is not due in 10 weeks, find the probability that the machine will not be out of order in the next 10 weeks.

sol:Here the unit of time is 1 wweek.

Mean failure rate=mean number of failures in a week = 
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There are only 5 spare parts and the machine should not go out of order in the next 10 weeks.
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15. Define a Markov chain. How would you classify the states.

sol:If for all n , 
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 then the process 
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Classification of states of a Markov Chain:
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for some n and for all i and j,then every state can be reached from every other state. When this condition is satisfied, the Markov chain is said to be irreducible. The transition probability matrix of an irreducible chain is an irreducible matrix. Otherwise, the chain is said to be non irreducible or reducible.

State i of a Markov chain is called a return state if 
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The period 
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 State i is said to be periodic with period 
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Obviously, state i is aperiodic if 
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is called the mean recurrence time of the state i
A state i is said to be persisent or recurrent if the return to state i is certain i.e.,if 
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A nonnull persistent and aperiodic state is called ergodic.
16. The transition probability matrix of a Markov chain 
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17. A man either drives a car or catches a train to got to office each day. He never goes 2 days in a row by train, but if he drives one day, then the next day he is just as likely to drive again as  he is to travel by train. Now suppose that on the first day of the week, the man tossed a fair die and drove to work iff a 6 appeared. Find

(i) the probability that he takes a train on the third day and 

(ii) the probability that he drives to work in the long run

sol: The travel pattern is a Markov chain, with state space = (train,car)

The TPM of the chain is 
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 P(traveling by car)=P(getting 6 in the toss of the die)= 
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P(traveling by train)= 
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Therefore, P(the man travels by train on the third day)= 
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Equations (1) and (2) are one and the same.

Therefore, consider (1) or (2) with 
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Therefore, P[the man travels by car in the long run]= 
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18. Three boys A, B and C are throwing a ball to each other. A always throws the ball to B and B always throws the ball to C, but C is just as likely to throw the ball to B as to A. Show that the process is Markovian. Find the transition matrix and classify the states.

sol: The transition probability matrix of the process 
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We note that 
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Therefore, the states 2 and 3 are periodic with period 1 i.e., aperiodic

We note that 
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Since the chain is finite and irreducible all its states are nonnull persistent.

Moreover, all the states are ergodic.
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