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XXVIII. Expected Value of a Function of
Random Variables

Review of Single Variable Case

» Expected value of a single variable:

Z yp(y) (discrete)
E(Y) = Y
/ yf(y)dy (continuous)

« Expected value of a function g(Y) (say,
g(Y) =Y?):

> 9(yply)  (discrete)

Efg(Y)] = '
/g(y)f(y) dy (continuous)

Bivariate Case

« Expected value of a function g (Y7, Y3):

DY 9w w)p W)

Elg(Y1,Ys)] ==
//9 (Y1, v2) f (y1,y2) dy2 dys

Linearity of Expectation

1. E(c)=c
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2. Eleg(V1,Y3)] = cE g (Y1,Y2)]
3. Additivity:

Elg1 (Y1,Y2) + g2 (Y1,Y2)]
= Elg (V1,Y2)] + E g2 (Y1, Y2)]

Example 1
Let f (y1,92) == e 2,0 < y; <y < co. Calculate
E (Y1 +Y5).
(Graph.)
Y2=00 Y1=Y2
E(Yi+Yy) = / / (Y1 + y2) €7 dyy dys
y2=0 y1=
Y2=00 Y1=Y2
= / / (y1 +y2) dyr dys
y2=0
Y2 =00 y% Y1=y2
= / vz (3/13/2 + 5) dys
y2=0 y1=0
Y2=00
= / —y e Y2 dyy  Use tabular integration.
3 e
= 3 (—ype — 2ype7 — 2e702) [T 7 =
Example 11
Let f(y1,92) = 2(1—=%2),0 < w2 < L

Calculate E (Y1Y3).
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(Graph.)
y2=1 y1=1
E(W1Ys) = / 11y22 (1 — y2) dy1 dys
y2=0 y1=0
y2=1 ) "
= / yiy2 (L —w2)|, _, dys
y2=0

Example III

Let Y] and Y; have means puy =7 and ps = 5.
Let U; :=Y; +2Y;5 and U; := Y] — Y,. Calculate

E (Uy) and E (Uy).

EU)=74+2-5=[17,E(U,) =7-5=2]

Example IV

Let f(y1,y2) == 6(1—12),0 < 11 < yo < 1.
Calculate F (Y7) and E (Y3).
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(Graph.)
yo=1 ryi1=y2
E(Y7) = / / y16 (1 — y2) dy1 dy»
y2=0 Jy1=0
V=l 2 Y1=y2
= / 3yi (L —w2) |, o dye
y2=0
y2=1
= / 3y (1 — y2) dys
y2=0
3 )\ |~7! 3 |1
3 4
= yz_—y2> :1__:
< 4 y2=0 4 4
y2=1 Y1=y2
E(Y,y) := / Y26 (1 — y2) dyy dys
y1=0
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Example V

Let f(y1,92) == 6(1—12),0 < 31 < 90 < 1.
Calculate E (2Y; + 3Y3).

1 .1
E(2Y1 +3Ys) = 2E (V1) +3E (V) = 2. +3:5 =



