
Nested Expectation over X- A
using PHI 't 'd)EG] = EL E Cxllfy))
-

as a junction ofy
step back a little:

ECXT = ¥xPCx=n)
ELXI = § apex) [ simplified notation ]

when it's clear
from context .

E [ HEY] = §xPA=aIY=y) = function of y = fly)

EGGD= EgfG) Ply)



Efx] = Gupta) = E ( Elxhfy))
9

a little complicated pay? Kaney) Ny)
Anexainpe: Assume X is a geometric Fpv . where

P(x=n/p) = pep)
"

k> I

conditioned on p .

What is PAEK ) ?

ELX] = Ep KPCK) & I don't have PCK )

E[xI= E f ELXIPI ] = El Kp)
in

Geometric

For instance
"? p= { Hsg (uniform)



ELY. ] = § Yp Rp) = ↳ x 's +¥'s +¥x's =3

SideRemar Expected value of geometric RV .

PER) = Pd-Bk '
k> I

Ella II. K PG - PY - '= IF ¥7 KEPT =LP
-

Let's find page )
4-1%2

paan) - E PAH p) Pcp)
P Z

E FA- p)
"- '
(Ig) = 1310.25×0.75't 0.5×0.5

"'t 0.75×0,25"]
p

EH] = § x 's [ - - - - - - - . ]



= 31 § N * 0.25×0.75
"

+ Is { 9*0.5×0.5
" 't }§ 2×0.75×0.25

"

R
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.
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÷ ¥.
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Paek) or Geometric with param p



Variance :

-

of = E [ CX - EADY] positive deviation from the mean
⇒

mean of X

standard deviation of is the sqrt of the above

G' = Efx't EAT - 2X ELM ]
= Efx'] + ELEGY] - E [ 2X EN)

tanstant
= Efx'] + Efx} - 2 ELBE
-

= ECXZ] - E
2

ELIZ



Some known Means & Variances :

Mean Variance
-

-

uniform : htt 42-13112
2

Binomial : np npa- p)

Geometric : ly tf
P2

Bernoulli : p PCI- p)



Properties of variance .

- Variance of a constant is o .

- oak =
a'of

- ofay = E ((XtY)
'

] - E [ xty]
2

( use linear property of expectation)
= E [ KEY't2x Y] -⇐ Ex] t EAD)

"

•

:

= TI + of + 2 (ELXY] - E EGO)
X & Y are independent, this is O

X and Y are independent ⇒ Buy = Txt of
-
Uncorrelated



Random Variable (continuous setting) .

#

A random variable X is continuous if it 's domain ,
which is the set of values r that X can take, is continuous .

e.g . X can take any real value between o and I .

Discrete Case Continuous Case
mm mmmm

Probability Mass Function
. Probability

"density
"

function
whims

Pfd 7×6)were
. LEEK

Interpretation :

^ a

Evelyn has prob . fpfxj Interpretation b

Pla EXE b) = [ pea) PCAEXEBJ. J ffodd.se
a

Ntfa , b]

ERM = I ÷°f×Cx)dx= I
N



For a continuous RV .
X what is

N

P (X-- n) = PlasXs x) = I find a = o
N

• This does not mean n never shows up !

• Not all zeros are the same .

grow a

CAME at 8) =! cyan
Eg

- fxcaj . s

9¥71, =
him PfffsY.gg#yafxcaIi=fxcIs→o fxcb) 8 Fx (b)



Let's farm over some copra ts to continuous setting :

• Expectation : EIGHT] = footage)f×Gddx
• independence X and Y independent⇒ f×, lay)=f×fe¥y)
-

\ Joint density

¥÷i÷¥%¥...ms . .
• Conditionally : fwy (a) = fx.yfe.SI

=y fyl'd)



Law of total prob :

.

Fy G) = J ful's)F×Cx) doe

Bayes Rule : ←
A specific se

fxiykl-FYHCYIF.ca#--YfyCyJ=ffyyly)fxCr)dk
"sum

" for
all n

For simplicity , we drop subsnicpts When clear from context -

fly) =) flyIN Haida

Haly) = fGtdf#
HAHAHda


