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b) i) In a factory cafeteria, the customers have to pass through three counters, : ’ — I L R
The custo s buy coupons at the first counter, select and col the s ' . .
eftfl thzusec;?l(&rcoﬁlrigﬁgzd .colle,c?iea at theilhir::l.l'l‘iztsgrger a_li? ggt}}t coﬁiiléi ! : QueStlon P aper COde . 5 O 7 84
takes, on an average, 1.5 minutes, although the distribution of service time - o
19 approximately Poisson at an average rate of 6 per hour. Calculate B.E./B.Tech. DEGREFR EXAMINATION, NOVEMBER/DECEMBER 2017
1) The average time a customer spends waiting in the cafoteria, . Fourth Semestor

rag fge rvice. ' o Mechanical Engineering (Sandwich)

MA 6453 - PROBABILITY AND QUEUEING THEORY

2) The \avegrag‘e ‘t'_irr;ie' of gettl:i:ng‘ the service. . . .. ..
- :3) The most probable time.in getting the service:, . R (10) oAb : bABULLL i W LHEURY L
. ii), Consider a queueing system where a firm is engaged in both shipping and *(Common to Computer Science and _Iflngmeermg/lnformatl?n Technology)
receiving activities. The management is always interested in improving the -+ (Regulations 20 18) -, |

efficiency of new innovation in loading and unloading procedurds. The arrival e o .

' ' + - . . . . [‘ N " z I A I A T R T R Poieaigry, ::J *
distribution of trucks is found to be Poisson with arrival rate of.3 trucks per tme;; Three Hours. ;.. ot vy Maxnnum 100 Marks
hour. The service time distributions is exponential with unloading rate of 4 ( ( R
trucks per hour. Determine expected waiting time of the truck in the queuc
and what reductions in waiting time are possible if loading and unloading

is standardized? : | ' (6) | i L e D R i
T O e e e .7 UTUPART-A U T (10%2=20 Marks)
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Answer ALL questions |
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Vg | 1. Atest engineer discovered that.the cumulative distribution function of the lifetime

o . (AR L N A RS AR B N A A SR [ TR R

¥

of an equipment (in years) is given by Fy(x)=1-e 5 x > 0. What is the expected
NUS e ' R L e e e A T I e P,

e g e T lifetime ofthe équipment? -

S T 2. IfX s anormal random variable with mean 3 and variance 9, find the probability
7 that X his between 2 and 5. B
e R TR It - 3; Let the joint probability density function of random :\}ariables_X and Y be given
e e T e e e ot _ - U by f(x,y)=8xy, 0 <y £ x < 1. Calculate the marginal probability density function
T R O T EEAT E PR S S IS T ,":': ( ( COF XL T e BT I R F I SRI AT TS SO

e s T ] e e e e 4, If X and Y are random variables having'thgjoint density function . :: .,

T S R A A A AR . RIS S , 1 |
i ST TR N A TR L f(X,.Y):g(G‘X"Y),0<X<,2,2<y<4,ﬁndP{x+y<3]. T S

N AT R S 5. Define Markov Chain and onestef) transition plobablhty o
6. State any two properties of a Poisson process.

R T Lt T T T Y SERTT A IO P .= 7. Arrivals at telephone booth are considered to be Poisson with an average time of
CERLO et D L T e g s e ‘ ],Ominutesbetweenonearrivalandthenext.Thelengthofphone_callsisassumed
: P : to be distributed exponentially with a mean of 3 minutes. What is the average

length of the queue that forms from time to time ?
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Define the fpllowing terms’: Balking, Reneging and Jockeying.

. Find the length of the quéuc for an M/G/1 model it 2, =5, p = 6 and = 1.
Define series queﬁe model.
a) i), LetX be a cqnti,nqéxi_s :-1‘gndoimlx'rai_‘_‘ia_l__)lq:_Wit;h the bi‘ob.abili_i;y deﬁsity furicti,oh
o f();) = %, 2<x<6, Ifind the expected value and variance of X. (6) |
“ii) Find the moment generating function of a normal distribution‘and hence
find its mean and variance. (10)
(OR) |

b) 1) Messages arrive at a switchboard ina Poisson manner at an average rate of
. six per hour. Iind the probability that atlcast three messages arrive within

one hour. o , (6)
+11) For a Gamma random variable X with p‘a‘i'ametei's (K, 2), dovive the moment
generating function and hence obtain,its mean and variance, (10)

. a) Two random variables X and Y have the fofli‘)Win:g' Jomt,pmbdblhty ?deﬁéi:ty

funct‘iion f(x,y) =xe 0" x 5 0,y > 0. Determine the conditional probability
density function of X given Y and the conditional probability density function
of Y given X, Lo (1)

| (O_R) |

b) 'I'fX_‘and".Y_iarie,two mdependentlandom vanables each nmmally digtr:il;ﬁted

with mean 0 and variance 2, then find the joint probability density function

of R=Jx2 iy% and 8= tan'fl'(%) and henée firid the probability densi‘ty:

* functionof 9. T S 0 T AR L (16)
a) 1) A random process :{;g(t)} has the prob_ability distribution ' |
P[X@zk} =_"(1.+at)"' -\_'\Shpwithatjthe process is non-stationary. '(10)

-
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I 3. 50784
1) X)) is a,Poi:s_son‘,p.r.{?gifess ﬁitthgréineﬁ_er At ;_thén prove that

 P[X(6p = x/X(6y) = n] = ne,p*" where P, 4=l op

b) 1) Supp(')'s:e'the éﬁ"i'i_val of c(‘a:l-l'é dta SWitch:Bbal_ﬁf is rﬁbdélled asa Po_iSson process
with the rate of calls per minute being ) =0.1. What s the probability that

' ~ the number of calls arriving in‘a 10 minutes interval is less than 3 ?
~ - ji) Consider aMarkov Chain with 3 states and transition probability matrix

R

(6)

©p=|03 0.8 010 ping tho stationary probabilities of the chain. (10)

- 14. a) i) Consider a single server queueing system with Poisson input and exponential
" service times. Suppose the mean arvival rate 1s 3 calling limits per units,
the expected service time is 0.25 hour and the maximum permissible calling

units in the system is two. Calculate the expected

number in the system.

ii) Show that for a single sorvice station, Poisson arrivals and exponential
service time, the probability that exactly n calling units in the queueing
systemisp,=(1-e)e"n>0, where e is the traffic intensity. Also, find the
expected number of units in the system.

(OR)

b) Let there be an automobile ingpection situation with three inspection stalls.
Assume that cars wait in such a way that when a stall becomes vacant, the car
at the head of the line pulls up to it. The station can accommodate almost four
cars waiting at one time. The arrival pattern is Poisson with a mean of one car

(8)

®

every minute during the peak hours. The service time is exponential with a
mean of 6 minutes. IFind the average number of customers in the system during .

the peak hours, the average waiting time and the average number pexr hour
that cannot enter the station because of full capacity.

16, a). 1) Derive Pollaczek-Khinchine formula for M/G/1 queueing system.

i) In a big factory, there are a large number of operating machines and
sequential repair shops which do the service of the damaged machines
exponentially with respective 1/hour and 2/hour. If the cumulative failure
rate of all the machines in the factory is 0.5/hour, find (1) the probability
that both repair shops are idle. (2) the average number of machines in the
service, ‘ _

(OR)

(16)

(10)

(6)



