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?¥" h a ve s e e n t h a t

•

f*¥E=f*÷Y¥
w e k n ow t h a t

f , ey) = I f * , i x .y) d x
- c s

a n d
f ,× , i x .y) =f.gg/X=tJf*lx)--

if*cxlEY=y3I=#E3)fe'
[ f , 412¥03)#d)d o

(Bayes
Theorem)



Also recalli w e investigated t w o 2 3 . 2

estimators f o r estimating
t h e va lue o f X given { Ya y } :

^

Xmmgy) = E[X l {Y=y3] ,

a n d

^

Xmaply) = arg may {f*cxl{Y=y3)}.

B o t h o f these estimators require t h a t

w e f i n d

f -
*
(X l {Y=y3) .

Examplen: L e t * a n d 1N b e t w o 2 3 . 3

z e r o - m e a n
, jointly d i s t r i b u t e d

independent Gau s s i a n RVs ,
w i t h v a r i a n c e s 0×2 a n d 0,2,

* 1 I N
respectively.
N o w consider a n e w R V Y :

X - O t - Y - X t I N

%
Suppose I observe Y-Y. What i s
t h e Min imum Meau-square E r r o r estimator

o f X given { ¥ 4 3 ?



X = X

Y = I t I N

I T
* µ

Cw, ,w , = E [ e i (W,#twoY I ]

= E [ e i (W, N t w a CK t IN1 ) ]

= E [ e i ( (w i t
w 2 ) H t w a I N 7)

= eceiatw.mx]. ⇐ [ e i n .

"I
"

= I
*
l w i t w z ) . I , , 1W- )

¥ µ

l w, i w z ) = e-{(4292 t 2 r q q q q + wz2q2)

Immsly) -ECHL {Y=y3] 2 3 . 5

s o I need t o f i n d fµcx/{Yay 3) = fga.fi#.
Y)

w e n e e d t o f i n d T h e j - p d f f a r e , y )
o f H a n d Y i

- E a s y t o show 92=0+2+8?
- Also, r × , = E[HY][§,[µE[Y]
qq.is#fEIE



2 3 . 6AsideI : q , = ¥11,1
v a r ( Y ) - 0×2+0,2,-q = 1 ¥ 0 2

N I C o u ( X i i ) = E [ * Y ] - E [ * ] - E C T ]

E [ * Y ] = E [ * ( * t I N ) ] = E [ E t X . I N ]

= E [ 1×2] t E [ X . I N ]

= 0×2 + E§]. EUN}
= 0×2

⇒ c o u C K , Y ) = E -

⇐ %¥¥=%÷=¥ i¥÷.

2 3 . 7

f*NlEY=y3) = f a i r any)
f iery)

=⇐a⇐¥I÷÷?:;÷÷¥E;¥¥t¥#

= #i=*p{i÷l¥÷¥,t¥-a-M¥3}
=.ie#=expfziTr5fE-2IEtr2diI]}
t.no#=expl:#1¥-¥303
t.EE#expfEEfx-rE..y]'}



S o w e s e e here t h a t 2 3 . 8

5-
*
alien-t.io#=expliI.r5lx-rEEyI},

which i s a Gaussian pdf w i t h m e a n

r§÷y a n d var iance 0×41-ra). s o by inspection,

w e have

Immsap-r¥=d¥¥..IE#..y-
=fqIa)y=Imap'Y'

peak o f G a u s s i a n

o c c u r s a t

m e a n .

Also
,
i t c a n be shown (exercise) 2 3 . 9

t h a t

f*cxlEY=y3)=f*¥¥¥
(exercise)

= o a e = #i÷÷eH÷÷÷÷÷:')

i . Innis'll=E[Xl{Y=y3] = r×y{¥y

= . . . =(¥i÷)y
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Recal l

RandomVectors
222323105200

• We've considered t w o RVs o n (S,F , P).

• w e c a n extend t h i s t o n R V s

o n C S F , P ) :

K, I w ) , Nz ( w ) , . . . ,
#new).

.

• We c a n arrange
t h e s e RVs a s

e l emen t s o f a v e c t o r .

( A randomvecutor.)



2 3 . I t

← Row Vec to r

2 3 . 1 2



2 3 . 1 3

L e t D C R " (DEBCR"))

T h e n P ( { ¥ ED}) = f f

⇒
±
' I I d e

= fan f#III. 1pct) d e

= §...§ § ( x , , , , , , X n ) ' {((Xi,...,Xn))
- a - i s

dx , a . . d x ,
= ¥
integration
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