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1.     Write your Roll No.  on the top immediately on receipt of this question paper.

2.     Attempt all questions by selecting any two parts. from each question.

3.     Each question carry equal marks.

4.     Use ofnon-programmable scientific. calculators and statistical tables is pemitted:

Q I (a) Define joint probal>ility mass function and marginal probability mass functions.

A consumer electronics store sells extended warranty plans for two types of products:
smartphones and laptops. For each product customers can choose different deductible
options for repair claims. For a smartphone wamnty, the deductible options are € 100 and
€250, whereas for a laptop warranty, the options are €0, €100, and €200. Suppose a customer
who has purchased warranty plans for both a smartphone and a laptop is selected at random
from the store's database.Let X denote the deductible amount (in €) for the smartphone
warranty and y denote the deductible amount (in €) for the laptop warranty. The joint

probability mass function of (X, y) is given below:

X

y

p(#,y) 0 loo 200

100 0-20 0.10 0-20

250 0.05 0.15 0.30

(i)        Find the marginal probability distributions of x and y.
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(ii)       Define independent random variables and determine whether x and y
are indep endent.

(iii)      Compute Epr], E[y], C.op (X, y), and the correlation coefficient p.

(b)Definethemomentgeneratingfunction(MGF)OfacondnuousrandomvariableX.State
theconditiousunderwhichitexists.Obtainthefirstfivemomentsofarandomvariablefrom
its moment generating function.

(c)LetXandYbecontimousrandomvariables.TherandomvariableYhasprobal]ility
density function fy(y) =  { 2y, 0  <  y  <  1;   0,otfrerwise }.The conditional distribution of
X given Y =y satisfies E[X I y  =  y]  =  y,  Vat(X I y  =  y)  =  y2

(i)Distinguisbbetweenconditionalvarianceandunconditionalvariance.
(ii) Using the given information, compute E'[Vc{r(X I y)I and Vcr(E[X I y])

Q2LetXiandX2betworandomvariables,andletai.a2andbbearbitraryconstants.

(a)Provethattheexpecqtionofalinearcombinationofrandomvariablesisgivenby:
E(C[i Xi  + C12X2  + b) = aiE(Xi) + a2E(X2) + b.

(b)Derivetheexpressionforthevariapceofalinearcombinationoftworandomvariables.
namely:
Var(aiXi+a2X2+b)=a2Var{*i)+a2Var(*2)+2aia2COU(Xi,X2).

(c) Let X and Y be two continuous random variables with E(X) = Ll.x,   E(Y) = py, Var(X) =
cr2,  Vac(Y) = a:? and Co.t7{X, y) = criry
{i)Findtheexpectationandvarianceofz  =  3X  +  2y  -5.

(ii)IfxandYareindependent;simplifytheydr(Z).

{iii) Ifvarco  =  4,Vcr(y)  =  9, and Cot7(X,y)  =  2, then compute Vat(2X -y).

Q3(a)Thetime(inminutes)requiredtocompleteanonlineorderfollowsanexponential
distribution with parameter A. Let Xiand X2  be the order processing times for two
independent customers. Define: I = Xi + X2  as the total processing time for both customers.

(i)Findthecrmulativedistributionfunction(cdDofT.FT(i).

(ii)Hence,obtaintheprobabildydensityfunction®dDofT.

a)Let.Xrepresenttheamountoftime(inminutes)acustomerspendsbrowsipgina
shopping mall. Suppose that the mean and standard deviation of x  are 30 minutes and
8 minutes, respectively.

(i)Inasampleof100randondyselectedcustomers,whatistheapproximateprobabilitythat
the sample mean browsing time is between 29 and 3 1 minutes?
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{ii)hasampleof100randondyselectedcustomers,whatistheapproximateprobabilitythat
the total time spent by all customers exceeds 3100 minutes?

(c)Definemjninumvarianceunhiasedest]-mator(MVUE)ofG.ProvethatifX„...,X„bea
randomsamplefromanormaldistributionwithparametersftando..Thentheestimator4=¥
is the MVUE for #.

Q4(a) (i) State the additive principle of Fisher information.

(ri)LetJYi,X2,...,XnbearandomsanplefromaPoissondistributionwithparaneterA,with

f(I;A)=¥,#=0|2,....FindtheFisherinfomationJ„(A)usingtheadditive
principle.

a)Aeyberseouritystudytestedwhetheruserscouldcorrectlyidendfyfakewebsites.Outof
400participants,180incorrectlyidentifiedaphishingwebsiteassafe.Letpdenotethetrue

proportionofuserswhowouldmckethismistake.Constructa95%confidenceintervalfor
p using the score interval method.

(c)(i)Statethefolmulafortheapproxinate100(1-er)%confidenceinfervalfora
populationproportionpusingthescore(Wilson)method.

(ii)Astndyononlinesecuritytestedwbetheruserscapconectlyidentifyphishingemalls.
Outof250users,95usersfailedtoidentifyaphishingemailconectly.Letpdenotethetrue

proportionofuserswhowouldfril.Coustmcta95%confidenceintervalforpusingthescore
(Wilson) method.

Q5(a)Theheightsof10malesofagivenlocalityarefoundtobe70.67,62,68,64,61.68.
70,64,66inches.Isitreasonabletobelievethattheaverageheightisgreaterthan64inches?
Testat5%significancelevel,assumingthatfor9degreesoffreedoin,P(t>1.83)=0.05.

@)drautomobilecompanyi.stestingwhetheranewenginede§ignhas.increasedtheaverage
fuelefficiencybeyond25mpg.Thestandarddeviationisknountobe3mpg.Asampleof36
vehiclesistested.Thecompan.ywillconcludeinprovementonlyifthesamplemeanexceeds
26 mpg.

(i)Follnulatethenullandaltemativehypotheses.

(ii) Ex|]lain Type I error in this context.

(iii) Find Power of the test..

(c)Asurveyclaiusthat55%ofpeoplepreferdigitalpayments.hasanpleof180people,90
people prefer digital payments; Test whether the clain is valid.

P.T.O.



7387

Q6 (a) Given the regression model:  y = 25 + 2¥ + G, g ~ N(0,9)
(i) Find E(y I # -4)
(ii).Find Vcr(y I # = 4)
(iii) Find P(y > 35 I # = 4)
(iv)Interprettheslopecoefficient

@) Given: £ = 10, P = 20, S.. = 50, Say = 40, Syy = 100
(i)Findregressionline.
(ii)CaloulateSuniofSquaredErrors(SSE).

(iii) calculate  zi2.

(c)Aresearcherclaiusthatthedistributionofacategoricalvariablefollowsatheoretical
distributionwithequlprobabilities.Theobserveddatais:

Category P Q R S

Observed(O) 22 28 30
120125

Expected€ 25 25 25

Testatthe1%1evelofsignificancewhetherthedatafitsthegivendistribution.


