Leture [2- 14
2.10 T}qe fm/ Jf ‘|'0Jra[ Frobou&ibb/ ond Eaé}echDV'MMQD\

Elx(em"g E., Ez,, Es are said fo form o PahLi'inh oJc_Cl
if E, - Ea are mwhax%\d'-\sjo’m'l' and EVE.U-- UE, = (L

The Law of ol /Drobwé}fﬁ/i For any event A and o }Dar‘H-Hon
(EE -, Es) of Sy,

P(A)=P(AE) + P(AE)+ -+ P(AEL)
= POAIEDP(E) +PIAIEDPED + =+ PAAIEQP(E L)

B%Leéls Formunda s
P lEclp)- DAED _ PUAIE:) PEA)
P A F(A) The Qg of olal
= P(AE;)P(EA) Fkobaé)/;y
RAIEPE)+<+ PIAIEL)P(ES)




EX 2.10.2)
S_,_GF‘ 12 Ro o cie, Lt X be the # shown n Hedie.
Sep 2% Toss a con X times. Lit Y be o #of heads.

R: PIY=31 and P(X=3[Y=3)7
Pefine E;=fX=Ai1 for 1256
B/ e frw o]c %—FJ 7D/D£/1A//( rb ,

{
P(Y=3) = 2 P(Y=3]E:) P(Ex)
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EX 2.1 '-]-) Le+ O<,><O§ Two L:ageof oINS

T S‘l‘ coIn S%ows 1’\604 l\)JrL FruA P
Secsrd coin shows head with FI’DL y=1-p.

1. First dosse a0 coin at random.
2 . Toss Hhedwoen coin N Himes

X = # of hends shown in e coin

3 Pmf, mean ond variance of X!
Let A be the elent ‘H\ﬁf' the first-coin 15 chosen.

(k) =PiX=£3= P ((x=4304) + P(Tx=hIn A%

=PX=A[A)PA + Pl X—ﬁ}A)P(A‘)
= (Rteph L (PR nT
i—(l) PJQ('*P)n Ry (l—P)ﬁ ”A)

ELxJ= Z Apx[A)=F & P{x=4]
= ZA [P UAIA)PA PO ] AP (D)
:(Z@P(X=¢]A) A)+(%45P =£z}/\“))P(AL)
= E(X[A)P A)+ E(XIA°) (A

A
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X The Amw 07[ ‘}'D'}'ﬁj PI’DAA/J)/ j/ = 6{*0//7170[%/ ax p€C/’ wion
For n Farﬁ—h’on E\,Es, Ea of AL,

= x = é ELXIEA]P(E)




Var ) = ELx*]1-E[X]°

Let v = )(1

Em= ELXIAJPA) -E YTAT]P(A)
= (Var X |A) +ELIAT) P(A)+ (Var T AHEXIAT) P(AT)
= (npg—tn’p ™) 5 +(nfcﬁ+ ny2) =
= l(1>‘+} + npg-

Vo (X)= E[x]—EDJ = —L(Yi)drhpq,— —LE

- P{ETg) wnpp




2.1 Bihauy hypo'l-hegig ‘I’ecﬁr@\

EX) A radur sgtem  faunche. o §i%mj) receives o return
Saral with #r?n{#lq X.

HD : T[/)ere IS hb ene my air“ﬁmﬂ'

Hit There is an ehe my slircroft

Mter edersive ‘l'fé‘hr%_ Using . bur air F,(angg) we Found Hhe
Jy&ow]vug&_ Likefihood watrix .

K=l x> X= X=4 T e Dikedihood mudrix
HI - 0.0 0 3 0.3 0'6 — SV\M 0{ Tleo Hmmberg
Ho | 04 p.3 02 0. n euah row = 1

A Maxium b kelihood }}gzzﬂuig ts-thfL

Q1) Suppose you receives o radio S@_rm-[ with ctrepth X=3.
Which ly\Fo‘HﬂzéLS moxi mizes. The Pfobmblff-‘f‘/ 0][ X:‘;?
S5 H,

Q)—r) I‘lc)/()\/l erd o gg,mﬁ/ cAah /ow /DVéﬂ}}}L_/' Hhe alié‘l’r}bwﬁoh pf)( from
the Lifelihood potyrix?
> No hecasse we do rot know P(Hs) and P(H,).

[ef ) The Maxinum  Likelibood (ML) gecicion ride
I+ X =, 1S obser V@I) choose  Hhe fypoﬁw{is Hi fo makimize
P(X=y ] Hi)

Y=1 X=2 X3 xX=4

H] 0.0 0. @ \\
He @ 0.3) o2 ™= ML decisions




P(x=¢&] H))
P(x=4]|Hd)

Like lihood rotio N(A) =

wiss ala

X=4
H, | @2 @ @4
| & 03 eder

ML decigions

Uhﬂ{ﬁ/{' ML dericions
_(\_< X) { 7| deC[ﬂVZ Hi 16 trne
< dehare Ho ¢

Fﬁ&e&@anfm - F(Hl 14 declared / Ho ]S“’HAL)

[ = 0.240,/ =03
5 You dechnred It There is on enety aircd + bt Fhere is no

eremy arcroft.

FQ".S.S: F( Ho s OPQCQL’M"QOP ‘ H| 15 ‘l‘rM)

= 0.0+0,] =0l
> You declared Hhat Shere is o eneyy aircr: aft b Thore 1< one TT.



B. Mﬁx'.hnmw' A})DS‘}PP}OH Pr‘olmhipf{'/ (MAP) rule.
Tou gre how given "o Pcsfer“nor; Prome‘.J"& " P(H,) ad PH,)

Wit Hhis addifional (fpwution, YoUu can defect -H\Lehery aircroft
better ! Q2 How?

EX) P(H)=0.2 & P(Ho)= 0.3

Likelilood Matriy Jont Probubily Matrix
=1 x=2 X3 X=4 =1 x=2 X=3 x=4
H | o0 o =>H, | oo on oo O
Ho | (O (0D 02 O Ho | 6302 G 15 0-08
ML Decisions, MAP  deci <ipng
Sutm over eadhyow =1 Sum over the mutriy = |

Def s Under the MAP decision rules Given X=] obSevved
leClﬂ'e H/l +o max imize F(HA’ X_)

L%Qemu that s Py=j [ HA)
wnder the ML rinle.
sy T
N MMX\MI%Ma_ F(H/lxj)@ Max\m’lz’l*g— F({Xfﬁﬂ Hx)

MAP decision with A (k)= %]%)

A(X)Zf 20 S Declare F1 s Arwe

< P(HD)) >DQ(!0\Y€ Ho istrne.

Qg under v\)l\arF ConcP'rhoh, ML decision = MAP alec'fsion.?




J ot Probal:if’& Mahrix

X=1 x=2 X=3 X=U
H, | o0 00 00 OJD
Ho @@D,Dg

MAP  deci sipng

0 _ F(I‘h decural H0>_ P(fx=ﬂ_§ Ho)
P(H: declarat | Ho) = o, B mﬂwl

Pfike alarm =
= D‘O%(HO) = OII

g = Ho decl, P (Ho isdeclovd, B ) F()(efolb )
P P(Ho decfared | Hi) = == oo

= 0.0
F(Hl) D5

> Prol Hhod MAP detection is incorredt !
F@H’Ol’“ = F(HD)X Pﬂﬂeafam T F(Hi) PML‘Q

=0./6




EX) Two biaéea[ 0INS
st coin = head comes out WP, 0.6
2nd coin = head comes ot N P. 0.4

Ex?eri ments
l. Pid a con rama[om/}/ W/o kﬂDw:hC?_ which com it s,
2 Toss He coin 1000 Fimeg,
3. Lt X be He # F times Hut hosds come ot

W]‘H'\ 'H/Q | nfmmhon o X y st mnate Nhe‘H’\ek the coin is
the first or fhe second !

H t The first cin s ;:)ckeJ.
Ho ¢ The Second coin s ]b'/ckeu/‘

Conofi‘hoheop on Hu/ Y ~ B'n hom\&ﬂ ( (60D, 0,6)
Conditioned on Mo, X ~ Rinomiad UODDNL#)

Frd ML decision h/u?e(ww) - —
_ Plx £IH)) 0.6 3 =
_(\(/2) X“é) H) ('006)04’& é/oooA ( ) ( >
_ (_)2/<—/600 > l]( 4> 00
= < | if £<s00
= Declave Hi is true f X > 500
Ho 15 trne if X< 500
amy—H/ih& it X =§00

MAP 7 Sinee PHY=P(H,)=05, MAP=ML.



What i P(H,) =2F(H)?

Duprd _ 1
(l—)

| 2
lﬁ‘l 600
e (2)7 0 22

(A)

e [24-1000) In[2) Z In (L)

1
ﬁ<>jn Ey t5

MAP decicion rinle
Declare Hi i trne it X> ‘0“

|
~—

—

500

H““ﬂm*'X<ﬁd>

¢
(Ahy'l'l/\’l Y\é\ \7L ><— §21(3> +500.



