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Special thanks to Prof. Ana Militino for providing the original slides of  the book.
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SEVERAL CONTINUOUS

RANDOM VARIABLES
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INDEPENDENT RANDOM VARIABLES
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CONDITIONAL DISTRIBUTION FOR

TWO CONTINUOUS RANDOM VARIABLES
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𝑓𝑌|𝑋
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𝐹𝑋|𝑌

𝐹𝑌|𝑋

𝐹𝑌|𝑋(𝑦 =
1
8
|𝑥 = 1
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 function.draw <- function(f, low=-1, hi=1, n=30) {

r<-seq(low, hi, length=n)

z <-outer (r,r,f)

persp(r,r,z,xlab="X",ylab="Y",zlab="Z",theta=-70)

}

 f3 <- function(x,y) {ifelse(x >= y, 8*x*y, 0)}

 function.draw(f3,0,1,25)

31



9/30/2019

17

32

33

• In general:

• var 𝑎𝑋 ± 𝑏𝑌 = 𝑎2var 𝑋 + 𝑏2var 𝑌 ± 2𝑎𝑏 cov[𝑋, 𝑌],

• where cov 𝑋, 𝑌 = 𝐸 𝑋 − 𝐸[𝑋] 𝑌 − 𝐸[𝑌]

• var σ𝑖=1
𝑛 𝑎𝑖𝑋𝑖 = σ𝑖,𝑗=1

𝑛 𝑎𝑖𝑎𝑗cov[𝑋𝑖, 𝑋𝑗]

• = σ𝑖=1
𝑛 𝑎𝑖

2var 𝑋𝑖 + σ𝑖≠𝑗 𝑎𝑖𝑎𝑗cov[𝑋𝑖, 𝑋𝑗]
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USEFUL RESULT
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MULTIVARIATE NORMAL

DISTRIBUTION

where

– Mean vector: 𝝁

– Covariance Matrix: 𝜮

– MGF: 𝑀𝑿 𝒕 = exp 𝝁𝑇𝒕 + 1

2
𝒕𝑇𝜮𝒕
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 function1.draw <- function(f, low=-1, hi=1, n=50){

 xy <- seq(low, hi, length = n)

 z <- outer(xy, xy, f)

 persp(xy, xy, z, axes=FALSE, box=TRUE)

 }

 f1 <- function(x,y) {

 r <- 0.30

 exp( (x^2-2*r*x*y+y^2) / (-2*(1-r^2)) )/

 (2*pi*sqrt(1-r^2))

 }

 par(mfrow=c(1,3), pty="s")

 x <- seq(-3,3,length=100)

 y <- x

 function1.draw(f1,-3,3,20)

 contour(x,y,outer(x,y,f1),nlevels=10)

 image(x,y,outer(x,y,f1),zlim=range(outer(x,y,f1)))
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SOME FACTS ABOUT 

BIVARIATE NORMAL DISTRIBUTION

• If 
𝑋
𝑌

~𝑁 𝝁 =
𝜇𝑋
𝜇𝑌

, 𝜮 =
𝜎𝑋
2 𝜎𝑋𝑌

𝜎𝑌𝑋 𝜎𝑋
2 ,   and 𝜌 =

𝜎𝑋𝑌

𝜎𝑋∙𝜎𝑌
:
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SOME FACTS ABOUT 

MULTIVARIATE NORMAL DISTRIBUTION

• If 
𝑿
𝒀

~𝑁 𝝁 =
𝝁𝑿
𝝁𝒀

, 𝜮 =
𝜮𝑿 𝜮𝑿𝒀
𝜮𝒀𝑿 𝜮𝒀

:

a) The marginal distribution of 𝑿 is 𝑁 𝝁𝑿, 𝜮𝑿
b) The marginal distribution of 𝒀 is 𝑁 𝝁𝒀, 𝜮𝒀
c) The conditional distribution of 𝒀 given 𝑿 = 𝒙 is a 

multivariate normal distribution with mean

 𝝁𝒀|𝑿 = 𝝁𝒀 + 𝜮𝒀𝑿𝜮𝑿
−𝟏 𝒙 − 𝝁𝑿

and variance

 𝚺𝒀|𝑿 = 𝜮𝒀 − 𝜮𝒀𝑿𝜮𝑿
−𝟏𝜮𝑿𝒀

d) Given any matrix 𝑨 and vector 𝒃, 𝑨𝑿 + 𝒃 is a multivariate

normal distribution with mean and variance:

 𝝁𝑨𝑿+𝒃 = 𝑨𝝁𝑿 + 𝒃 𝚺𝑨𝑿+𝒃 = 𝑨𝜮𝑿𝑨
𝑻

62

63



9/30/2019

33

64

65



9/30/2019

34

66

67

•ANY QUESTION?

QUESTIONS?


