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(i) Use of calculator and Statistical tables is allowed.
(ii) All answers of numerical questions must be ill at least two decimal places.
(iii) All the notations are standard and no query or doubts will be entertained If any data/statement
is missing, identify it on your answer script.
(iv) Answer All questions.
(v) All parts of a question Must Be answered at One Place.

l. (a) Show that once a process enters a recurrent class of states it can never leave that class.

(b) Consider a Markov chain, having st.ate space E = {a, b, c}, and TPM
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Let t.he initial state probabilit.y distribution is p = (1/3,1/3,1/3).

I. Find the equivalence class and stationary distribution.
ii. Whether states are transient or recurrent. Why?
iii. Find P(X2 = clXo = a); and P(XI = a, X2 = b, X3 = clXo = a.).

(c) A job shop consists of three machines and two repairmen. The amount of time a machine
works before breaking down is exponentially distributed with mean 4. If the amount of time
it takes a single repairman to fix a machine is exponentially distributed with mean 2, then

i. what is the average number of machines not in use?
ii. what proportion of time are both repairmen busy?

[2+4+4 marks]

2. (a) Consider a general Birth and Death process with birth rates P'n} and death rates {J.ln}
with J.lo = O. Let. T; be t.he time, starting from st.at.e i, it takes for the process t.o enter state
i + 1, i:::: O. Show that

where E(To) = fa' Now consider that birth rates Ai = (i + l)A, i ::::0 and death rates
J.li = iu, i > O. Determine the expected time to go from state 0 to state 2.

(b) Explain a linear growth model with immigration. Write down birth and death rates of the
model. Also find the condition under which the steady state solution exist.

(c) A radioactive source emits particles at a rate of 5 per minute in accordance with the Poisson
process. Each particle emitted has a proability of 0.4 of being recorded. Find the proabilit.y
that 10 particles are recorded in 4-minute period. Also find the probability that 20 particles
are not recorded in 5-minute period.

[5+3+2 marks]

3. (a) Consider that two identical M / M /1 queueing systems with the same rates A and /1" which
are in operation side by side (wit.h separate queues) in a premises. Find the probability that
there are a total of k number of customers in the two systems taken together in long-run.



(b) Explain MIMII queuing system. Find Pn ami the parameters of MIM/l queuing systom.
(c) A bank has two entrances, one from street number 1 and other from street number 2. Flows

of customers arriving in the bank from these two entrances are represented by independent
Poisson Processes with rates Al = 1/2 (min)-l and A2 = 3/2 (min)-l, respectively.

i. What is the probability that no new customers will enter the bank during a fixed five-
minute time interval?

11. What is the mean time between successive arrival of new customers?

[3+4+3 marks]

4. (a) A photographer has a camera that works on a single battery. As soon as the bat.tery in use
fails, he immediately replaces it with a new battery. If the lifetime of a battery (in hours)
follows uniform distribution U(1,25), then at what rate does photographer has to change
batteries? If the photographer does not keep any surplus batteries on hand, and so each
time a failure occurs he must go and buy a new battery. If the amount of time it takes for
him to get a new battery is uniformly distributed over U(O. 2), then what is the average rate
that photographer changes batteries?

(b) Suppose we have the option of buying, at. some time in the future. one unit of a stock at a
fixed price Rs. 200, independent of its current market price. The current market price of
the stock is taken to be 0, and we suppose that it changes in accordance with a Brownian
motion process having a drift coefficient -2. When, if ever, should we exercise our option?

(c) Explain Brownian motion process. If {X(t)} is Brownian motion process with drift J1, and
variance parameter (J2 , then find the distribution of [X(t)jX(s) = c], for s < t, where c is
a constant.

[3+4+3 marks]

5. (a) The Iifelength of car has a distribution H and probability density h. Mr. Ram buys a new
car as soon as his old car either breaks down or reaches the age of T years. A new car costs
R". C1 and an additional cost of Rs. C2 is incurred whenever a car breaks down. Assuming
that a T year-old car in working order has an expected resale value R(T), what is M r. Ram's
long run average cost?

(b) Consider the pseudorandom number (PRN) generator (5Xi-1 +1) mod 8, with seed Xu = O.
1. Calculate x.. X2 and X3, along with the corresponding PRSs Us, U2 and UJ.

11. Is this a full-period generator.
iii. Simulate an exponential random variable with parameter A.
iv. If in part (iii), A = 2, calculate simulated exponentiated value using PRNs of part (i).

(c) If the mean-value function of the renewal process {N (t), t 2 O} is given by m( t) = t12, t 2 0,
what is P(N(4) 22)7

[4+4+2 marks]

***


