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1. Choose the correct answer from the following
alternatives : 1x6=6

fa) What is the term for the probability of
transition from one state to another in a
Markov chain?

(i) State probability
(i) Transition probability
(iii) Joint probability
(iv) Conditional probability
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(2)

(b) A random walk is an example of

i) a continuous-time, continuous-
state stochastic process

(i) a discrete—time,
stochastic process

discrete-state -

(i) a continuous-time,
stochastic process

discrete-state

(iv) a discrete-time, ‘continuous-state
stochastic process

(c) Higher transition probabilities can be
computed by
(i) spectral decomposition method
(i) Chapman-Kolmogorov equation
(i) generating function method
(iv) All of the above

(d) Which of the following statements is not
correct?

() An absorbing state is recurrent
(i) An ergodic state is recurrent
(iii) Recurrent state is always periodic

(iv) An absorbing state is aperiodic

26P/450 ( Continued )

(e)

(3)

A persistent state of a Markov chain is
said to be null persistent if its mean
recurrence time is

(i) finite

(i) infinite

(iii) zero

(iv) one

In queuing theory, what does the ‘1’

represent in the notation M/M/1?

() One customer in the system

(ii) One server
(i) One queue

(iv) One minute service time

2. Answer the following questions in brief -

(@)

(b)

26P/450

2x6=12
Derive the p.gf. of geometric

distribution and hence find its mean
and variance.

Give some examples of continuous time
discrete state space stochastic process.
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(c)

(d)

(e)

3. (a)
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A particle performs 4 random walk with

absorbing barriers, say as 0 and 4.

Whenever it is at any positive
rO<r<ay

it moves to (r+1) with

* probability p or to (- —1) with probability

9, P+q =1 But as soon as it reaches 0
or 4 .1? remains there itself, Find the
transition Probability matrix

Distinguish between irreducible and
reducible Markoy chain

State the characteristics of Yule-Furry
process:

What do the letters in the symbolic
(@a/b/oy:dje of a
queuing model represent?

representation

(i) Define bivariate probability
generating function. Given the
bivariate p.g f of (X, Y) as

P(Si; S3) =expl-a-b-c+ as; +bS, +cS,;S,]
Find the p.gf of X +v and identify

the distribution. 1+1=2

( Continued )

(S)

(ii) The r.v. X has logarithmic series
distribution if

k
pk =P(X=k)=-.x—-z——; k=]123 3""

1
log p

X - ; O0<g=1-p<l1
Find the p.g.f of X. Also, find mean
and variance. v, 8

Or

(b) Define stochastic process and give two
examples of continuous time
continuous state space stochastic
process. Consider the process

{X(), t>0}
X{t)=Ay +At+ A2t2

where Ay, A; and A, are uncorrelated
random variables with mean 0 and
variance 6%. Check whether the given
process is covariance stationary or not.
1+1+8=5

4. Answer any four questions from the
following : 4x4=16

(a) Prove that transition probability
completely specifies the distribution of
Markov chain.
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(b)

()

(d

26P/450

(6)

Suppose that the Probability of a dry
day (state 0) following a rainy day
(st.ate 1) is 1 and the probability of a
rainy day following g dry day is -,1_7
() If May 1 is 4 dry day, what is the

probability that May 3 is a dry day?

(@) What is the Probability that May 5
1s a dry day? 2+2=4

Define Markoy chain. Let {x¥ 5> 0} be
a Markov chain with t.p.miv

; state space ={0, 1, 2}

Hl=p|l= O

1]
DI N D=
[ i

and initial distribution
P{X, =1} —_-31; i=0,1 2
Find—
(i) P{Xx, =2, X, =1, Xo =2}

() P{X3=1,x,=9 X1 =1, Xy =2}

State and Prove C

hapman-
i p Kolmogorov

( Continued )
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(e)

S. (a)

(b)

6. (a)
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(7))

Let {X, : n 20} be a Markov chain with

© Oh|~

; state space ={1, 2, 3, 4}

© BIN~AW

o

ENTS NS Yo Ie)

Examine the nature of states of the
chain, i.e., transient or recurrent.

What is birth-death process? Set up the
differential-difference equation(s) for

P, (f) in the case of pure birth process.
2+6=7

Or

Show that if the intervals between
successive occurrences of an event E
are independently distributed with
mean i-, then the events E form a
Poisson process with mean At. %

State Little’s formula. Draw the state
transition diagram of M/ M /1: N [FIFO
model, N being infinite. Derive the

{ Turn Over )



(9)
(8)

( Old Course )
steady-state solution M /M/1:e/F IFO

model. Also find the expected length Full Marks : 50
system and expected length of queue- Pass Marks : 20
9+2+3+279

Time : 2 hours
Or

(b). Defins. a Giedr: 2 ’ JE 1. Choose the correct answer from the following
ng system. Discuss

basic features s b el alternatives : _ 1x5=5
queuing system. _ (a) What is the term for the probability of
“Queue ' is g management  of transition from one State to another in
congestions.” Elucidate the statement. a Markov chain?

5+4=9 ! 2t
(i) State probability

(tj) Transition probability
(it} Joint probability

(iv) Conditional probability

(b) A random walk is an example of

() a continuous-time, continuous-
state stochastic process

(ii) a discrete-time, discrete-state
stochastic process

{iii) a continuous-time, discrete-state
stochastic process

(iv) a discrete-time, continuous-state
stochastic process
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(e} Higher transition

(@)

(e)
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( 10 )

Probabilities can be
computed by

(1) spectra] decomposition method
(ii) Chapman-Kolmogorov equation

(id) generating function method

(iv) All of the above

Correct?
(i) An absorbing state is recurrent
@) An €rgodic state g recurrent

(i) Recurrent state is always periodic

(iv) An absorbing State ig aperiodic

Tepresent in the Notation M/M/1? ‘1’
() One customer in the system
{ii) One server
(i) One queue
(iv) One minute service time
( Continued )

(11)

2. Answer the following questions in brief :

(a)

(b)

(c)

(d)

(e)

26P/450

2x6=12

Derive the p.gf. of geometric
distribution and hence find its mean

and variance.

Give some examples of continuous time
discrete state space stochastic process.

A particle performs a random walk with
absorbing barriers, say as 0 and 4.
Whenever it is at any positive
r(O<r<4); it moves to (r+1) with
probability p or to (r -1) with probability
g, p+g=1. But as soon as it reaches 0
or 4 it remains there itself. Find the

transition probability matrix.

Distinguish between irreducible and
reducible Markov chain.

State the characteristics of Yule-Furry
process,

What do the letters in the symbolic

representation (a/b/c):dfe of a
queuing model represent?
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3. (@ () Defin ! 4. Answer any three questions from the
S bivariate probability following : 4x3=12
generatlng functl()n

bivariate p.gf of (X, Y)leen i (a) Prove that transition probability
P(Sy, S,) =expl-a—p completely specifies the distribution of
~¢+as, +bS, +¢5;52] Markov chain.

Fi ,
nd the p.gf of x .y and identify

e distibution 1+1=2 (b) Suppose that the probability of a dry
o Els?‘.nzznf l}as logarithmic series day (state O) following a rainy day
AN (state 1) is 1 and the probability of a

Pr =P(X =k =—}-@._k.. rainy day followmg or dry day is 4.
e L5255 (i) If May 1 is a dry day, what is the

O probability that May 3 is a dry day?

logp; 0<q=1-p<]_
(i) What is the probability that May 5

Find the
P.g.f of
and val“iance_o X. Also, find mean 4 is a dry day? 2+2=4
b Or (c) Define Markov chain. Let {Xp, n 20} be
) Define stochastic p a Markov chain with t.p.m.
€xamples of Ocess and give two s
continuous & Continuous  time 31 0-|
process Con:'date Space stochastic 4 4
'@er the process P 1 1 13 ; state space ={0, 1,2}
{X@), t>0y 4 g ’;‘
X L «
@ Ao +Ajt+ 4,12 0 &4
| where A * :
0> Al and A :
ar lated W N
ce 0-
Ovarlance stationary or not. 3
26P/450 141485 26P/450 ( Turn Over)
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( 14 )
( 15 )
Find—
6
. 5 a .
() P{X, = (@) State Little’s formula. Draw the state
2 2} Xl = 1, X i t-ra].'l L .
(i) P{x 0 =2} sition diagram of M/M/1: N/ FIFO
S =L g iy 2 Lo model, N being infinite. Derive the
Lam steady-state solution M/M/1: =/ FIFO

(@) P{X, =2 X, =
1= model. Also. find the expected length

o e
(d) State 0 =2}
and pr
theorem, Prove Chapman-Kolmogorov system and expected legethih qu;f;;3+2=9
(6) Let{x
n:n20
tp.m, } be a Markoy chain with Qi
' (b) Define a queuing system. Discuss the

s which characterize a

0o :]i. 3] basic feature
p 0 0 o ‘I queuing system.
S0 E25 121 state “«Queue is @ management  of
5 ; 4 space = {1, 2, 3, 4} congestions.” Elucidate the statement.
|77 7000 4+5=9

* k%

S. (a) What is b;
diﬁ::els !m‘th.-death Process? g
o ntial-difference eque'lt_i i
n () in the case of pure birth ;:-10(8) i
cess.
2+5=7
Or

(b) Show that if the

successi
s isszive Occurrences of an E
ndepende i g
= My nttklly distributed with
g € even
01SSon procegs with mets L;?t ik ¢
an At.

Intervals between

cg) € 11 (V/O)
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