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Expected Value of a Function with Multiple Random Variable

Expected Value

two random variables

the expected value of g(x,y) is given by

g=Elg(X,Y)] =/_Z/_Zg(xay)fx,y(x7y)dxdy

whereg(x, y)is some function of two random variables X and Y
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Expected Value of a Function with Multiple Random Variable

Expected Value

N random variables

for N random variables X1, X>,..., Xy,
the expected value of g(X1,Xa,...,Xy) is given by

g= E[g(Xl,Xg,...,XN)]

:/ / (X1, e, XN) g (XT3 ooy X)X - - - dXy

where g(X1,Xa,...,Xn) is some function of
N random variables X1, Xo,..., Xy
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Expected Value of a Function with Multiple Random Variable

Expected Value

N random variables to a single random variable

If g(X1, X2, ..., Xn) = g(X1), then

g = E[g(X1,X2,..., Xn)]

= /j;g(xl)fxl(xl)dxl = E[g(X1)]

g = E[g(X1,X2,.... Xn)] = E[g(X1)]
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Expected Value of a Function with Multiple Random Variable

Joint Moments about the Origin

2 random variables

joint moment about the origin my,is defined by

Mg = EXYH = [~ [y fy () iy

the second moment my;1, = E[X Y] is called the correlation Rixy)
of X and Y

Rixyy = mp1y = E[X'Y'] = /_ /_ <y ey (x, v ) dxdy
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Expected Value of a Function with Multiple Random Variable

Joint Moments about the Origin

N random variables

For N random variables X1, Xy, ..., X, the (n1 + na+ ...+ ny)-order

is defined by

joint moment about the origin my, o, .. 71

m{n1,n2,~~,nN} = E[Xihxznz '“XICIN]

n n
:/ / X11XNNfX1XN(Xl77XN)dX1dXN
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Expected Value of a Function with Multiple Random Variable

Correlation

2 random variables

the correlation Ryxyy of X and Y
Rixyy = my1y = E[X'y! = /_ /_ <ty v (%, ) dxdy

e if the correlation can be written as Ryxyy = E[X]E[Y],
then X and Y are uncorrelated

o statistical independence of X and Y is sufficient to
guaranttee they are uncorrelated

@ the converse of this statement is not generally true

o If Rixyy =0, then X and Y are orthogonal
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Expected Value of a Function with Multiple Random Variable

Joint Central Moments
2 random variables

The joint central moments for two random variables X and Y

ok = E[(X =X)"(Y = Y)¥]

- /_: /_Z(X = X)"(y = V) fx v (x,y)dxdy
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Expected Value of a Function with Multiple Random Variable

2nd Order Joint Central Moments

2 random variables

the second order moments g and gy are
just variances of X and Y

tioo = E[(X = X)?]

to2 = E[(Y = Y)?]

the second order moments (7 is called
the covariance of X and Y

p11 = E[(X = X)(Y - Y)]
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Expected Value of a Function with Multiple Random Variable

Covariance
2 random variables

The covariance of two random variables X and Y

Cxy = 11 = E[(X = X)(Y = Y)]

- /_o:o /_O;(X = X)(y = Y)fx.y(x,y)dxdy
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Expected Value of a Function with Multiple Random Variable

Covariance
2 random variables

note that (x — X)(y —Y)=xy —xY - Xy + XY
Cxy = Rxy — X Y = Rxy — E[X]E[Y]
if X and Y are independent or uncorrelated

Cxy =0
if X and Y are orthogonal

Cxy = —E[X]E[Y]

if X or Y has a zero mean value

Cxy =0
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Expected Value of a Function with Multiple Random Variable

Normalized Second Order Moment

2 random variables

The normalized second order moment

p = ti1/+/Haoto2 = Cxy /OxOy

(X=X) (YY)
Ox Oy

p is also known as the correlation coefficient of X and Y

~1<p<1
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Joint Central Moments
N random variables

The (n1+ ny+ ...+ ny)-order joint central moments for N random
variables X1, X5,---, Xn

Hnymyeny = E[(X1 = X1)™ (X2 = X2)"™ -+ (X — Xn)™]

.fX17...7XN(X1’- .o ;XN)dxl .. ‘dXN
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