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Random Variable

Tostudyaboutasystem’sbehaviorfortheapplicationofprobabilitytheorytoreliability
evaluation,aseriesofexperimentsmustbeperformedoradatacollectionscheme
shouldbededuced.
Toapplytheprobabilitytheorytooccurrenceofthesevaluesoreventswhichare
random innature,weneedtostudythesevariablescalledasRandom Variables.

∴Random variableisavariablequantitywhichdenotestheresultoroutcomeofagiven
random experiment.

Arandom variableisonethatcanhaveonlyadiscretenumberofstatesorcountable
values.
Arandom variablecanbeeither“discrete”or“continuous”.

Adiscreterandom variableisonethatcanhaveonlyadiscretenumberofstatesor
countablevalues.
Ex:1.Tossingacoin-Outcomesareheadsortails.
2.Rollingadice-Outcomesare1,2,3,4,5or6.

Acontinuousrandom variableisonewhichtakesaninfinitenumberofvaluesorifits
rangeformsacontinuoussetofrealnumbers.Thisdoesnotmeanthattherange
extendsfrom -∞ to+∞.Itonlymeansthatthereareinfinitenumberofpossibilitiesof
thevalue.

Ex:1.Thelifetimeofalightbulb.
2.Ifelectriccurrenthavevaluesbetween5Aand10A,thenitindicatesacontinuous
random
variable.

ProbabilityDensityFunction
Theprobabilitiesassociatedwiththerandom variablescanbedescribedbyaformula
calledProbabilitydensityfunctionorProbabilitymassfunction.

Weusethenotationf(x)fortheprobabilitydensityfunction.

Ex:1.Considerthethrowofadice
Lettherandom variableassociatedwiththeoutcomebe‘X’.
ThevalueofXare1,2,3,4,5and6.
f(1)=P(x=1)=1/6
f(2)=P(x=2)=1/6
∴f(1)=f(2)=………………=f(6)=1/6
f(x)=1/6=Constantdensityfunction.
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ProbabilityDistributionFunction
If‘x’isarandom variable,thenforanyrealnumberx,theprobabilitythat‘x’willassume
avaluelessthanorequaltoxiscalledProbabilitydistributionfunctions.
ItisindicatedasF(x)
f(x)=P(x)
F(x)=P(X≤ )

Ex:Considertherollingofasingledice.

f(x)=1/6
f(1)=f(2)=………..f(6)=1/6
F(1)=P(X≤1)=f(1)=1/6
F(2)=P(X≤2)=f(1)+f(2)
=1/6+1/6=2/6
F(3)=P(X≤3)=f(1)+f(2)+f(3)
=1/6+1/6+1/6=3/6
F(4)=4/6
F(5)=5/6
F(6)=6/6=1

Supposearandom variableXhasthefollowingdensityfunction.

RelationbetweenProbabilitydensityfunctionanddistributionfunction:

Arandom variable‘x’andthecorrespondingdistributionfunctionF(x)aresaidtobe
continuousifthefollowingconditionissatisfiedforall‘x’.
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MathematicalExpectation:
Itisusefultodescribetherandom behaviorofasystem byoneormoreparameters
ratherthanasadistribution.Thisisparticularlyusefulinthecaseofsystem reliability
evaluation.
Thisparametricdescriptioncanbeachievedusingnumbersknownmathematicallyas
momentsofdistribution.
Themostimportantofthesemomentsistheexpectedvalue,whichisalsoreferredto
asaveragemeanvalue.
Mathematicallyitisthefirstmomentofthedistribution.
ConsideraProbabilitymodelwithoutcomex1,x2,x3……xnandtheprobabilityofeachis
P1,P2,P3………….Pn.thentheexpectedvalueofthevariableis

ExpectedvalueE(x)ofadiscreterandom variablexhaving‘n’outcomesxieachwitha
probabilityofoccurrencePiis

Incaseofcontinuousrandom variable,theequationcanbemodifiedfrom the
summationtointegration.

ExpectedvalueistheweightedmeanofthepossiblevalueusingtheirProbabilityof
occurrenceastheweighingfactor.

VarianceandStandardDeviation
Theexpectedvalueisthemostimportantdistributionparametersinreliability
evaluation.Buttoknowtheamountof‘spread’or‘dispersion’ofadistribution,the
secondmomentofdistribution.i.e.,varianeV(x)shouldbededuced.
Thevarianeofarandom variable‘x’isdefinedastheexpectationofthesquareof
deviationof‘x’from E(x).

Thequantity′ ′iscalledstandardDeviation.
TheKthmomentofarandom variable‘x’aboutitsexpectationisdefinedas
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ThesecondmomentofdistributionisknownasvarianceV(x)(K=2)

V(x)=E[x–E(x)]2
=E[x2–2xE(x)+E2(x)]
=E(x2)–E(2xE(x))+E[E2(x)]
=E(x2)–2E(x)E(x)+E2(x)
=E(x2)–2E2(x)+E2(x)
=E(x2)-E2(x)

Propertiesofthebinomialdistribution
Thebinomialdistributioncanberepresentedbythegeneralexpression: +
Fortheexpressiontobeapplicable,fourspecificconditionsarerequired.Theseare:
(a)Theremustbeafixednumberoftrials,i.e.nisknown
(b)Eachtrialmustresultineitherasuccessorafailure,i.e.,onlytwooutcomesare
possibleandp+q=1.
(c)Alltrialsmusthaveidenticalprobabilitiesofsuccessandthereforeoffailure,i.e.,the
valuesofpandqremainconstant,and
(d)Alltrialsmustbeindependent(thispropertyfollowsfrom (c)sincetheprobabilities
ofsuccessintrialimustbeconstantandnotaffectedbytheoutcomeoftrials1,2,....,
(i-1)).

Ifequationiscomparedwith,itisseenthatthecoefficientofthe(r+1)thterm inthe
binomialexpansionrepresentsthenumberofways,i.e.,combinations,inwhichexactlyr
failuresandtherefore(n-r)successescanoccurinntrialsandisequaltonCr.Therefore
eachcoefficientinequationcanbedirectlyevaluatedfrom thedefinitionofnCras
discussedandtheprobabilityofexactlyrsuccessesor(n-r)failuresinntrailscanbe
evaluatedfrom
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