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Topic 4- Random VariablesWand Expected Value

Def : Let (S ,R , P) be
-

a probability space . A

random variable is a

Function-> IR

means : S is the
input

toand
outsis

such that
for all real

numbers t we have
that

Et = Ew/wes und E (w)-t}

is an event in1h.
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~ R
- t

- 2

- I↓-- I#-- 2

-

we can calculate PCEA).
means

In our class when S is finite

and he is all subsets
of S

this condition will always
be

satisfied
.

So for us , a
random

variable is just a function

-IR



↓

Lef : Let : S + IR be a

random variable .
We say

thatE is discrete
if the
-

be enumerated
range of I

can

as a list of values :

X1 <
X2 , X3 , X4 ,

000

Cit can be an infinite ar
finite list)

[For
3450 people : 3discrete means the range

of I is countable

-
-
-
=
-



Ex: Let (S ,M , P) be

the probability space for rolling

two G-sided dice.

Let E :S-IR
be the sum

of the dice.

[EX : (4 ,
2) = 4 + 2 = 6]
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I(2, 6) · (3, 5) . (4, 4)
· (5

,
3)-wher - 7
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(1, 4) - (2 , 3) . (3 , 21. (4 ,
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-

(1 , 3) . (2 ,2) · (3)1 -3

---11 ,23 e--21 , 1) - O

* is discrete because
its range

-
Let

probability space.

be a random
variable on

the space.

Define :

P(idcolwesand E (w) = iY)



take the probability of
all w that get send to

i under E

P(E) = P(Ew/wES and ECwlnY)

Similarly you can
define

P((i) , P(E,
i) , etc.

TheXerobabilityfunction p of

is p(i) = P( = i)

-
Ex : Let (S , e, 4)

be rolling
-

two 6-sided
dice. Let

be

the sum of
the dice.

Let's calcule the probability
function p(i)= P(

= ) .

We get

p(z) = P(x
= 2) = P(E() , 1(3)=36



p(3) = P(x=3) = P(5(1, 2) , (2, 133)
= 2/36

P(4) = P(z = 4) = P(5(1 , 3) , (2 ,2), (3 , 133)
= 3/36

p(s) = P(E = S)
= P(E(1 , 4) , (2 ,3) , (3 ,

21
,
(4
, 117) =37

p(b) = P(z= b)
= P(G((S), (2,4) , (3 ,3) , (4 ,21, (5, 133)

= 3/36

p(z) = P(E=7)
= P(s(1 , 6) , (2 ,8) , (3 ,41 , (4 ,

3),
(5
, 2) , (6 , 114) = 6/36

p(8) = P(z= 8) = 9/36

p(q) = P( = 9)
= 4/36

P(id = P(E= (d)
= 3/36

p(y) = P(
= 1) = 2/36

p(z) = P(x= (2)
= 136

P( * = 3) = P(5( , 1 , (2, 1) , (42(3)
= 5

= P(= 2) + P( =3)



ICTURETIME !

1P(i) =P( = i)

6/36-

5/36-

4/36 -

3/36 -

2/36 -
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Lef: Let # be a discrete

random variable on a probability

space (S ,R , P) .

Let

X. , X2 , X3 ,
000

be the range

of E (outputs of
E).

The expectedvalue
of is

ELI) = EXi
· P(= Xi)
i

-mem

Ex Let (5 ,
M
,
P) represent

rolling two
6-sided dice

and I be the
sum

of

the dice. Then,



E[E) = (2) + (3)(5) +
-

P(=2) P( = 3)

+ (4)() + (5)()
-

-
P(E = S)

P( = 4)

+ (6)(5) + (7)(55)
+ (8)(
-
-

u
P(E= 7) P( =8)

P(X = 6)

+ (9)(a) + (10)() + (x)(5)2
w

L

P(= 9) P(I = 10) P(= 11)

+ (12))
P(= 12)

-


