Outline

© Expected value of sums of random variables

=] & = E DA
Samy T. Random variables



Expectation of sums

,—{Proposition 15.]

Let
@ P a probability on a sample space S
@ Xi,...,X,:S— R nrandom variables

Hypothesis: S is countable, i.e
S = {S,'; i > 1}

Then

e[3-x| =Y el

i=1

\.
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Example: number of successes (1)

Experiment:
@ n trials
@ Success for j-th trial with probability p;

@ X = # of successes

Question:
Expression for E[X] and V&(X)
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X = 4’,«; = ’1{( wecen ,chy bl )
Now

X = " fumber of Juccess "




Yarbiauler e whew ¢:  does not
depend or ¢

(o= ez = =P
Then each X: o B(p)

n
and X= 2 X:

We gef
ECXY)- 2 Elx] - [np

L=l

> eayy way lo fmd EIX) of xv Bn,p)



Example: number of successes (2)

Expression for X: Let

Xi = l(success for i-th trial)

Then .
X - Z X,'
i=1

Expression for E[X]: Thanks to Proposition 15, we have

EX =3
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Outline

cdf

el = Rx) = P(X <x)

@ Properties of the cumulative distribution function
=] F = = DA



Continuity of the cdf

,—[Proposition 16.]
Let

@ P a probability on a sample space S
@ X :S — &£ arandom variable, with £ C R
@ F the cdf of X, i.e F(x) =P(X < x)

Then the function F satisfies
© F is a nondecreasing function
Q limy_ . F(b) =1
Q limy,_ F(b)=0
© F is right continuous
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Proof of item 1

Inclusion property: Let a < b. Then

(X < a) C (X < b)

Consequence on probabilities:

P(X <a)<P(X<b)
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Proof of item 2

Definition of an increasing sequence: Let b, ' oo and
En - (X S bn)
Then
lim E, = (X < o0)

n—o0

Consequence on probabilities:
1 = P(X <)

= P(jmE)
= lim P (E,) (Since n— E, is increasing)

= lim F(b,)

n—o0
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Example of cdf (2) Fef o arv X

Some information read on the graph (see next page):

F(x)

Rle =

2t (e<Xx < 4)
Iy = F(4)- F2) =1~ =%
,Lb 1 2 3 *
P(x>4) = 1-Px<h)=1-Flh)r 4%
P(x<3) = PCx<d)- P(x=3)=F(3-)=4

PCx=1)= FU)-FU) = %-% =%




Example of cdf (3)

Information read on the cdf: One can check that
° P(X <3)=1

P(X=1)= %

POX > )= 3

P2<X<4)=
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