Review of Topics — Multiple Random Variables

1. For a pair of discrete random variables X and Y:

e conditional pmf

Px v (x5, ;)

Px (xk) s Px (xk) >0

Py (yjler) =
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e X and Y are independent <—-

Py (y;lrr) = Py (y;).

2. For a pair of continuous random variables X and Y:
e conditional CDF

Fy(yle) = lim Fy (yle < X <2+ n)

filoo fX7Y(x7 t) dt
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e conditional PDF
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e PlY in A|X =z] = / fy(ylz) dy

Yy in A
e X and Y are independent <—-

or  fy(ylx) = fr(y).

3. Theorem on Total Probabilities
e Interpretation:
To find P[Y in A], we first {ind P[Y in A|X = x|, then average over z.

e X discrete, Y discrete or continuous

Py in AJ= Y PIY in A|X = 2| Px (ax)

all Tk
e X continuous, Y discrete or continuous
oo

P[Y in A] :/ P[Y in A|X]fx (z) dz.
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4. Conditional Fxpectation of YV

e E|Y|x] = / yfy (y|lz) dy, X and Y are continuous

oo

e E|Y|x;] = ZyjPX (yjlzs), X and Y are discrete.
j=1

5. Properties of Conditional Expectation
e E[Y]= E[E]Y|X]]
o Elg(Y)] = E[E[g(Y)|X]].

6. Fxpectation of Z = g(X,Y)

pA= [ [ g erie) dedy
EZ1= 3> glwi ) Pxy (i y;)
=1 j—1

7. Covariance of X and Y

COVIX,Y] = E[(X — E[X])(Y — E[Y])]

8. Correlation coefficient of X and Y

- COV(X, Y) - E[XY]|— E[X]|E]Y]
pxY = Ox0y B Ox0y

o —1 <pxy <1
e X and Y are independent = COV[X,Y] =0 = px y = 0 (uncorrelated)

e 7Zero correlation does not imply independence.
9. CDF and PDF of Z = ¢g(X,Y)
e General approach
Fz(z) = PlZ <z]= Plg(X,Y) < 2]
= // fx v (x,y) dxdy
9(z,§) <z

d

fz(z) = aFZ(z)-

e Using conditional PDF of Z

- [ T Gl () dy.



