Section 5.4: Conditional Distributions

When determining the conditional probability that event A occurs given
that event B has occurred, we are very familiar with the formula P(A|B) =
P(ANB
w. Similar forms are used for conditional distributions in joint pdfs.
Definition 1 For a joint pdf f(x,y) and marginal X pdf fx(x) and any x where
fx(x) > 0, the conditional pdf of Y given X s

fY\X(y|~’17) = ?ﬁf{j))




Example 1 Going back to looking at the sum of the two die faces as a joint
probability distribution. Fach outcome is equally likely so the pdf is f(x,y) = 3—16

(LY [ 210 (31| (41 ] (6,1 | (6,1)
(1,2) [ (2,2) | (3,2) | (4,2) | (5,2) | (6,2)
(1.3) [ (2.3) | 3.3) | (4.3) | (5.3) | (6.3)
(L,4) | (24) | (3.4) | (44) | (5,4) | (6,4)
(1,5) [ (2,5) | (3.5) | (4,5) | (5,5) | (6,5)
(1,6) | (2,6) | (3,6) | (4,6) | (5,6) | (6,6)

What is the probability the sum of the dice is 42 This is straight up probability
and is the sum of three cases, f(1,3) + f(2,2) + f(3,1) = 33—6 = %

What is the probability the sum of the dice is 4, given that the first die rolled is
27

The marginal distribution at fx(2) = 3—66. The probability that the sum is a 4

[22) 3 _1
fx2) & °
What is the probability the sum of the dice is 4, given that the first die rolled

is 52 The marginal distribution remains the same at fx(2) = %, However,

f(5,—1) is not part of the domain of the joint function. Thus, f(5,—1) = 0.

and the first die is a 2 is f(2,2) = 55. Thus, fy|x(y|z) =

f(5a_1) 0
So, Thus, f ylr) = ——~=——=0.
Y|X( | ) fX(Q) 366
XY 123
Example 2 We know that f(z,y) = 1 1] .21 .1 is a pdf. What is
2 a1 .21.8

the probability that x = 2 given that y = 29 The marginal distribution of
fr(2) = 2+ .2 = 4. The probability that © = 2 = y is f(2,2) = .2. Thus,
f(27 2) 2

== =0.5.
fY(2) 4

fxiy (zly) =



Example 3 We know that f(z,y) =x+y isapdfon0 <z <1and0 <y <1.
What is P(x < | y = )7 The marginal distribution of

/O;f(x,y) dx
1

= /:chydx
0

2

fy(y)

- 1
= 5 + yzlo
x4+ 3 1
T y EQ T2
So, fy(3)=1%- NOWfY\X(y'”T):/ 3 :%/ v+1de=3(5+%[5)=
—o0 7 0
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I+ =3+ =33+ =50 =3



