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Axiomatic Ap-proach: of

it
[

Probability Theory

4’,]:_Pr0bability' Defined onm Events

In this Chapter we develop a mam-ematical - model of an
experiment, which is defined mathematically. by three things.
| Specifying the sample spacer S on which probability
statements are made;

.\ 5 (defining the events of interest; and

L | 3, defining a numerical measure for a probability statement,
i which is assigned to the events.

/ The sample space S may be a finite or countably infinite
" set, then S is discrete. Some experiments have am uncountably
infinite sample space which is called continuous.-

The events may be either discrete or continuous, as with
the sample space.

To each event E defined on a sample space S We shall
assign a non negative reai number which is called Probability

of E., denoted by P (E)

4.2. Axioms of Probability

In 1933, Kolmogorov gave the following definition of
probability

Let S be a sample space associated with a statistical
experiment. Let F be a o - field, which <is a collection of.
subsets of S. A set function P defined on® F is Called a
probability measure (or simply probability) if it satisfies the
following axioms: '
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Axiom 1.

o=<P (A) <], forall A € F

Axiom 2.
“P(S)=
szcm 3.

of F,

o
/""'_-"\
C&
hL
I
W8

Axiom 3. States that

For any sequence of mutually exclusive events Aq, A2

that i, events for which A A, ‘or 12

P(A;)-

any Sequence of mutual[.

exclusive evenis, the probability of at least one of these evey
ocecurring is just the sum of their respective probabllme{-
This property is called countable

Definition 4.2.1.

additivity

W here 5

The triple ( S, F, P) is called a probability Space,
is the sample space, F is a- ¢ -

probability measure onF .

- field of subsets of S and Pf

The probability assigned to S is 1, by Axiom 2 .

Sometimes other events A € F with P(A)= 1 will happen. |
a statement holds for all points in A with P(A)

is customary to say
surely.

Propesition 4.2.1.

Proof.

1, then i
that the siatement

Let A, = ¢ forn=12, ....

Axiom 3, we have:
a=1
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UAH=¢’) . Then by
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, Ay, ..., Ay are: mutually- exclusives events, them

a: A\ e
§a]= i

i=1

For any eveat AEF, P(not A) =p(A!) = 1= PP (A). =

1) We have S = A U A’, but A and.A! are: disjoint, then P(S)

P (A) +P(A)=1
or P(A')= 1 - P(A).

_ exclusives events. _
| ~ Then by Propositon 4:2.2,. we have:

“
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For any two evenis A€F and BEF, If A CCB, them P(A) < P(B).

= P(A) + P(A')by Proposition 4.2.2. By. Axiomr (2), we have

(2) we have B = A | (A’B) (see Fig 4:1) union of mutually



ACB

Fig. 4.1

P(B) = P(A) + P (A'B) ... (4.2. .
The result follows because P(A B) > 0.

From Equation (4.2 1) we have

*P(A'B) = P(B /JA) =P(B) - P(A), H AC_B

In general, For any two events A and B, We have
P(B / A) = P(B) - PLAB) ... (42.32)

Theorem 4.2.2.

For any two events A € Fand B € F we have
P(A U B) = P(A or B) = P(A) + P(B) - P(AB).

Proof:’

F*om; Fig 4.2, we have

= (A/B) 1 (A B) U (B /A) which are unions of
"nutually exclusive. events. Then by Proposition 4.2.2,

have

e
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