
CONTINUOUSDISTRIBUTIONSContinuous variables may assume any value inan interval (a; b), (a;+1), (�1;+1), et
.Examples: installation timewaiting timeservi
e timetemperatureweightper
entage sto
k return... ... ...Re
all: dis
rete variables assume only a finiteor 
ountable number of isolated values 1



Continuous distributionsTherefore, P fX = xg = 0 for any 
ontinuousvariable X.Only F(x) = P fX � xg (
df) ;F(b)� F(a) = P fa < X � bgare not trivial.Corollary: P fX � xg = P fX < xg 2



Continuous distributionsProbability DensityLetF(x) = P fX � xg, nonde
reasing, 
ontinuous.De�ne f(x) = F 0(x) = dFdxF(x) is a 
umulative distribution fun
tion (
df)f(x) is a probability density fun
tion (pdf)3



Continuous distributionsComputing probabilitiesSo, f(x) = F 0(x).Hen
e, by Fundamental Theorem of Cal
ulus,Z x=bx=a f(x)dx = F(b)� F(a)= P fX � bg � P fX � ag= P fa < X < bg 4



Continuous distributionsZ ba f(x)dx = F(b)� F(a)Spe
ial 
ases:Z b�1 f(x)dx = F(b) = P fX � bgZ 1a f(x)dx = 1� F(a) = P fX > agZ 1�1 f(x)dx = P f�1 < X <1g= 1So, Z 1�1 f(x)dx = 1 alwaysProbabilities are areas under the density 
urve5



DistributionsDis
rete Continuousp(x) = P(X = x) f(x) = F 0(x)(pmf) (density)P(X 2 A) = Xx2A p(x) P(X 2 A) = ZA f(x)dxXx p(x) = 1 Z 1�1 f(x)dx = 1F(x) = P(X � x) (
df)Joint and marginal distributionsp(x) =Xy p(x; y) f(x) = Z f(x; y)dyp(y) =Xx p(x; y) f(y) = Z f(x; y)dxIndependen
ep(x; y) = p(x)p(y) f(x; y) = f(x)f(y)6



Continuous distributionsRemarksCdf F(x) - 
ontinuous, non-de
reasing from 0to 1Pdf f(x) - non-negative, area = 1f(x) 
an be obtained as a limit of frequen
yhistograms
7



EXPONENTIALDISTRIBUTIONRare events... - Time tx xxx x x x xN1 = # of events in 1 min = Poisson(�)N2 = # of events in 2 min = Poisson(2�)..........................Nt = # of events in t min = Poisson(t�)X = Time between events = Exponential(�)X1 = Time of the �rst event = Exponential(�)Exponential distribution is 
ontinuous.Examples: waiting time installation timelifetime time between 
allstime between rare natural disasters8



Exponential distributionExponential distribution fun
tion anddensity1� F(x) = P fX > xg= P f more than x minutes until next event g= P f no events within x minutes g= P fNx = 0g where Nx is Poisson(�x)= e��x(�x)00!= e��xSo, Exponential 
df: F(x) = 1� e��xExponential pdf: f(x) = F 0(x) = �e��x(x > 0) 9



Exponential distributionMemoryless propertyof Exponential distributionWhat is the 
han
e that 
omponent A lives xhours?Let X = time to failure = Exponential(�)P(X > x) = 1� F(x) = e��xComponent B did not fail for t hours. What isthe 
han
e it lives the next x hours?P fX > t+ x jX > tg= P fX > t+ x TX > tgfX > tg= P fX > t+ xgfX > tg = e��(t+x)e��t = e��xLoss of memory: X > t does not matter!10



Memoryless propertiesFa
ts about distributions:ContinuousMemoryless 9>=>;) ExponentialDis
reteMemoryless 9>=>;) Geometri
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