Appendix 1: Principle of Total Probability

Definition:
° Set H= {A1,..., An} where 4; S, j=1, ..., n, is a partition of the set S if
L (Vij)(izj=4N4,=02)

2. |Ja,=5
j=1

In particular, if H < U(Q) and SeU(QQ), where U(Q2) denotes the event algebra from a

probability space (€2, U(QQ), Pr), then

Pr(S) = Pr(o Aj] = Pr(nUl 4, ] +Pr(4,)- Pr(U 4N AH)

/ j=1 j=1
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and by induction
Pr(S) =) Pr(4,)
j=1
The partition H = {A4,..., Ay} is positive if Pr(4;)>0,j = 1,...,n.
Corollary (The principle of total probability):

o Let H = {44,..., An}, (Pr(4;)>0, j=1,...,n) be a positive partition of the event

space Q, and Be U(QQ). Then

Pr(B) = iPr(B‘A j)Pr(Aj) .
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Proof:

. H,={(BN4,),....(BN4,)}

is obviously a partition of the event B. Moreover, since
B= LnJ(B N A./)
=1
it follows that
Pr(B) = Zn:Pr(Bﬂ 4,).
Hence, b;lsubstituting the formula of conditional probability,
Pr(BN A;) = Pr{B|4,)Pr(4,),

we have

Pr(B) = ipr(B\Aj)Pr(Aj) .

In special case, when n =2,

Pr(B) = Pr(B| 4) Pr(4) + Pr(B

A°)Pr(4°).



