BAYESIAN INFERENCE

BY
TANUJIT CHAKRABORTY
Indian Statistical Institute

Mail : tanujitisiQgmail.com



[BAYESTAN] [INFERENEE]

Cﬁ\g) x. EHL:\- 0 Comse : Pmbo\::‘ﬂﬂa"‘h‘mkl
l(el%) Mrven sion ‘rmwr':

Boﬂmsm‘n “Rinki @ Trwense kmbabdera mln

H shmm\ Ba&ﬂnoun& - ?mbabm% how \oem a ﬁu} 'f‘a’rtk
>aron

a D_o Aime ., UStadiskies s
“a/v-\-o G\Q\m C‘-kkmm\é n ARy \ _18 Cll\d kdunl. FQDGNOT)S
A megsune Ond Cmu’u\ﬂ\mh ak\,mud n 1998 e,m\und

cho&mm
The field trf Stechishied lolo/a!oomld n Hae A 20/3

G’ﬂ& JqBﬁ’s 'JJ!'W\ monp P'B'Euﬂ; mcm PWSOTh MGU’ .

Yaseonch - w0 PYrem ted u' Womld Wos ‘2, whi a}
Npom & difpeutt ‘?a\ab\ﬂé ?mb‘\tma Cmd —\&L.F gm;uhshﬁqﬂ__

ao*fﬂmmen\ -%smdrra came ' US, ond UK,
) . . @»ﬁ\nus\; 5 ehr\cm metRody At 'mu‘e,g\

' B
oldm, daking o R Gom mat \o abun \HoMAS BAYES 7 in e
' The onva vunated\] 2oOme mionddl 1 e wonls

jjf;iiu/ oss and oHim/a n R 49K cxm T B O

a‘kb““‘mb\ uson ignorud and OHosd by . TR cLans 4R

comly 20tk or [drtanataly , dumﬁ Ris ‘?:a\‘ma Seyenal bﬂnmxml
O most no‘cdbq Hond\d .'I&Hrﬂ (0\ Phdatcxsl- and

ryon-stetisheons .
Avthan Bowol (o\n Ecnnumeimc.u) gpnkinued o Lobby «On mal?
Y Tnvese Pmbabt\ )

ohon Ldedd (mhte\\—\@af ow?vwd 4o 0o

K .
Qa 950" 2 ', sh\wslma?z sud\cy L. ZTSa:ladi,.

\n‘“
Lindley ond m™man ollvu ecome ™ an
de fimelh D?.‘hmboq Vﬁ n Ii& e d dn%Sita\ Qk\:hwcj\

d o
Sevenel Q%‘Umu s-\-q-hs-\-tea came 4990

ow\.t& out
—\-QJa \‘ \mbetwa to B ,E
u’mr\wnql o\\aom-\"a am& modann Cﬁm\bu’lm ;:\an e_a +,_.

mon
G sun{acn
MD“‘IT&'\’\_!% Exom\,‘)u, - “AC@*!\dm kﬂk@‘lm Ann\s Sekiskes .-
u-\ wriR a %‘mon ‘“‘F—’“fﬂq\mn

hat Uis 4@ prmbabil ,S*
+HRa) aom\ 5?“%% ch..{(, A\b\b o‘ ﬂeﬁ*\ﬂh&?

ano

Scanned by CamScanner



Some Rmﬁdt:)(eg‘. _—

.l.‘ld | | eR
. EXOMh\Qi: Xy, Xo ~—~ U [B-— ]?‘-)B""éj ), 6 '

A a5/ C1 ]Qm B s a\m b@ [ X-c, X+ b\g e_hmsjﬂ e %mtm\d.

: _ X
Now let us sukkast uR ore awm X(z) =2 on G
=X _,

~Thun § is obyiousl %

g ) A \-\ —\—0%9‘0 epm  Anearun .- irﬂmkﬂﬁuhm
o o it {2 BT
i § on ek sy

. Fxample2: (CQox1956) | |
- ~— 7 .- ) . . &m 3amk1&
. ’ o), 4oss’ a {im ¢sm. . Dnaw a najn
rl\o“;i‘mﬁt 2/«11 ‘;{- NS&:; ads and ' dvwaw A M‘mtﬂef{ 812‘2 m= 1000
o s biosd estimate S Xpn=5 ) Xi
AN ?.111,; -}m\b‘ quA“ ::nz taum 2 P ¥
etk vomaner G‘?‘f Fewo /7 3 )
s \ike o .F ou actually draw
51

Will Gou balieve ;Rat R Vovianes based onN Hal

o S.omF\P. o:r sv2e 1000 ond _tnmi; uke
semple 7

. E)(mmb\m cx (L’m&&? ond Phﬂ'lka( H.'-]GD *

| Y in&.‘?ﬂld—lﬂ} 4osseg 6] 4 eoin Yow .obsanve Aheads and
Su‘f;?\t ‘Zm Re '1a_s¥l’co‘s$ :Pf*f"im\"a @ Nail, |
IE I 5 Mo 824 ve. M8 -%_ (ﬁ‘. f’m\o.crf SuC e
lo tes 0 =4

20 bost g disteibubivog, . g
e oy a0 choteas of postElE 30***%\"6 istribubinny

(ﬂ) B'Y\Qm.lﬂl‘ HW ' 'h =12 fgsso; ans 'XQ.A !Dlgom \"\Gnd Q‘ﬂé "“Q\L thAbl‘n

' nma X iy R # heads obt@ined n N todngs,

. qua . . )
' Bin(12,9) . | TR
TS‘:\ \‘)M-:; &}on ;L(a'wm da@ 1S, a\un bd (:1)9 (_l 9 , .

@ Negohive Binomial ! How one has Ho Qssume Ahat AQ‘LQI colledion
i‘n ol Hhiv el approned , thy vandom Auarkby X is

. J ‘
O—k;\_t ::t\‘am heads Juauud o comblede 4R xpentment. go

WRat X Ao Moy 8n (w=3,9) .
Likce\hsnd 18 ﬂﬁa‘u{m loa, (lc:) 67 (;.-5)3.

Scanned by CamScanner



Considen e Radm&;m Rugion Ruecl Mo '.F X,

- Yaue ' - - 12-'

== oy = x>q) Z (!2)02(1_9) = 0-038

Binomial east* )
2

- 0-0325,
N@G Bino, caset K= Oy O( q) Z ('tz+a) 93 (- BJ
T. envrove  levdl aoi ~ 0105, oo modely \ead to two

g the " wsual”
Uj.:@s%ons. You Ql& nott Rat tha likelihoodp o2 'ka;q\-mm[_

".."'

1s ~Rat we aldeowsd un oosarved
O yj-\-’k& man R w\\a\ Lm.n’c Pty Pmb‘l\m

. B
X valug ‘

d. mwﬁ -“13 in n_ac}\ case , 2ven 4—F\ou.
A
oo used OB NS EneL

Rore valun did “ﬁ'\' b e,
. 1 \eoishe
o %s\ie_a\ m-?m-!nu_ s based en A %m
AS men\wmcl b g"m. ’ i:l Thmommon Tthaw ow 4wo qﬂmm.

b senv
modelli At ©
o 7‘6 L& assimes 4Pat o hsheal mgm-mcﬂ. must mc:n\:onah

A fimsk a\"?hobm\.‘_ og Y Cpm‘).\“ mo,g hmnmmon , and
a3 much A3 bos ons undun d +Re \:'h.mommm

' ok 251“ . -
ARus ™2 ‘a Qma\“ s\ -funci\ma.\, e stimedion.
ro'inymal 0-35“'“H1 '\a

unden Lanamema a.\;kmoaeh
. o, & 'ms 8 “_s.g\’:-é"“ =
e O I A

....-—c_onvmsi\g %m Nom _‘f (| 6) , tohene o_'nla ‘e ponameten

s umknown, “This is _}?_ahame}mc_

a Ae_n‘é

5 (Mf %m’tl- J\mm:s\o'n

‘-ﬁ’

* Re&uumet Bsokd'~ . An Tnivoduetion ~o BO-UQMNL AnaLaA o
TK Ghosh , NMohan J)xlam]:aé'a and Tabas Samania

e esion Datx Ang\ &g 3 b ﬁu]n\‘n, HAenn, G-\o\'ma.n :Duh“h

2.

M’ Robert Casalal.
Monte Qonlo S\WQG\\ ‘
2 col(m‘m& won ka D. Bonu ba hosh , voev\sed
1. VeYa SI0M b\d, Aninban bma\-k\s'b?

Scanned by CamScanner



Classieol Tannm_ Model -
Lok uskmc,ans‘;tc\m -?uh example. 48 breblem c‘f estimation crf a
veol ameton ,
0 i unknown N Natun,
Daka: X ~Fy ,0€®
_f'(ﬁ) © estimatow
Cov» a. geod as{imq-{-on"f(:{)’
ov amm\o.nﬂa (T(?.S ' B)z.
Qlassical sheisticz  avenofes HRis .marﬂ"\ oven 18 whole
Somple shace X ng_[— qg a0t possible va\ of z‘(’)
2
R(T,9) = Ep 'r(zs)—%)
2y "O'n)uot)h"c So 4Ris, He_/She, will considen a data
e\ )
\ ‘oen-an'manu crgJ an estimaton —

deben ¥ ‘measuns

+Rat Aﬂ%e_ncb on Re k?arﬁ'\culc.m dat= 'm hand ,
Ones. N hag a \mvr\r'\mla)\ data

Lo i3 mol geiny b averege.
a% -\'hdglr;ﬂ%dc R :Elm not

‘T(x) - sl should be 3mall

Some."rﬁ'ma
42, dotel N ho;; obstnved
+4Rat he Mhaz obsenved
oven oL othan boa:ﬁb’\a valu
'ob A O] vo_a .

Olossical Stetisfiesi- Ay estmotor To s said to be. AR best
;—'——-—_RQ‘T,@ ean.t, cholew ,,f e eshimaton T,

" . \ \ '?. .
.g L minimi !—}m oo, iz W a vew di-H«cj.LH broblem,
Q (S unkno ‘

Hene sk a " best” estimaton
ARore do22 MO CXIS ,
ﬁ'ﬁ&u—é)
4po LOOHS [~
'—[.Ru-u_ m. oh'_s‘\_"-lc'.\.“om 4o class cs\wma:hn/h (&mh ah
C‘D Tmt?.s"p;gm} Qnd ‘lanarﬁo:n@ ahA ‘ﬂ.diha 4Re bms\' ‘E.ﬁ‘\‘-(mq*w;
uno\QS

tn ARL pestmicted class,
G—'.-) C,D“S"d-ﬂ-""'“ﬁ ol {Ra z_s’nma’tW) but e.Va\‘-Lat\"wﬂ Rem v
oo diH-umk mannat, C'Le_ﬂtd'\ 1o HRe Mimimax estim q_‘ma
a tid ‘
Exam\"lﬂ—:" Liek XI;—---:XT\ ~—~ N(B,D ) 8 €M
UMVLVE 8 X . Subpose 0% Know —1 £ B4 | Than UMvup ¢
o bad estimaton , Thus ars. natunal  common nerge ety »
"f § |betten tRan X,

Scanned by CamScanner



“The Bowesian Modeli— TR punpose an statistieal ana}j:‘is is

\ \ryersion  bunpese gt 't @imz at n» l,ej”
’f"‘“damm‘kﬂn o neduced -\j +Ra ‘)and\mc_%m eg +Re \am\:a\m\is-a:.

- mechanism 'fvro'm ARa 69—9‘”—‘5& — Summanized bJ AR

I

ob Senvahons,

otRaun ' dow
T usonds cn\u_n ob.smv a. veon
in MQML‘\'U\ 9 : MSHQ.GL m Oc.i/! olilows

imm;zzlé;:flm obzthvﬂ;b\)ﬁ an 'm-?mmen_ (},9__) o summmd,

C’f a chona m.\m’\-'torD alboul Q.
A \ &u;on’\&%m o—f INVSION C’f \ymba%\‘élgg. s a’wm \:U Boams
auna

Fonmu\tl . l‘u‘h SULC}} ,_\',RQ‘L F(E)# 0, P(A\E) and F(E"9
'_TJO A ond € p(E]A P(A

lated b —,,,_)/)—/T’T‘
v Y019 =i v « T

: Lidihood 6§ A gmm

.B‘-‘- "ﬂ‘e\!— ubda"f\ QE N e " 6 -

“his yasult Aes::\a ’&E hos \oemﬂ obsnved . oe’r:;* :;1‘21 ,

P(A) 0§ (A] 9 N Ua yension 030 e W >4 d
roved & 7 Ihional  dishmbudion S(«\E) am:l

e " | ‘
- cn'h::“onq\ A‘Sﬁ‘r‘:\\:u‘r‘mn aaau a,wmz 2

d
;Cﬁ\‘a) %(H) a k bqb'l'a%c. *’dn\:a?
e na:\uhq'\ yYom A 'h'o‘ l\é—m[—
and LQ\D'\GCL eount fu‘\i’\ ond c:z&t-:i\& b:
\(‘m_l.O)' 8 C/B af’\'p‘L onometen” O Gf . TR
A E
4 AR T prion_distribudion

q&uo\l\a b .
: de X AN

q::@m\ 2y -
MUk

I(\Ph'!lﬂ- s ’rnw_'ns‘

Scanned by CamScanner



' ARin based on AR 4 o brion Y c,on.c]ﬂ'ionalmx)
-Tg)ﬁmgu#egglq_)?canad HRe Pos?cuﬁoh diﬁrﬁdé)uhgn, awm ‘ba
y

x 8
’Tl"(@\ac) - . :f( le) TT(___) _
%)‘rﬁo'n digdmbidion onm a k)?ﬁbh

| $ele) w4
gl -[r( s called @
_JT“— "\‘3\"“}:‘8"0“ .8.98 one's uncwriad abeut 9 "ﬁtmrh
ecouse 1 v . ;.-uk, b e 8 \an's
. T morn ™M
obsmv"a daia e f'a ich ease 1t woubd be a

5 : ;
Subi.:_c“vo_ bd":F- /Khom\eclaa_ ,m whi

Aomativaly , & could be @ eonventional briom supposed +o st

amall OV N0 infowmmation

(=]9® L
oo ol - I

S () § (x]9) <°

®
ol « T §(x|9) .

TR umenchyn tn (®) i M foint ety of 6 and x.

ke denominaton m(’?f-) féj'"(")f@l 0) Jo is the man&in:%x&ensi-a,
“the bos&uﬁou distmbution Combivas e }ﬁw loel‘m,?;s alout O
Wik e 'm»l(lmmaﬁtm about § Covtaumed in R da%ﬂx,—}oa;v&
a  Composie pictwa- @3‘71»&1 %hoi 'Odh{g& about 0,
: distmbution mxghd,n bt\itgz alyouk O \5H0h +o
on moYe
?l-:saa sh k"1'1‘3‘+':"~) Tf(el"‘) N’fﬂmb‘ ARe uldated balim—f;g odiout
9 a ﬂafﬁ{'m (bosfwion '+o) o\osmv‘l'\a data %,

Le.,

Scanned by CamScanner



w(®\)

{=o) -
/\ \

“ )
& Y '\-mk:us'\ a —guhdo\mu'\)m\ mo&‘-ﬁ‘mhm» ~o s
:E\ Jummost ’ a nGﬂAQ“ bhﬁo’i‘ﬂma 2 ‘l“ ‘\'e\.l Sens8a "’91&%‘ d
‘:)mm_b'\{&n 4 ot nand.om Wanomena  QAan also b‘;u \!J'-“CMW;
v [}
%M?Mdm: \mﬁa \es”. Bowgas ond Leploes ﬁfﬁ :"“‘“‘L
as  paNSOT . ron \S es
gl onapsis, T ust of b ok of it
Sl '-\'Rg availoble 'm'gla""m“\"‘ on CO" B
gummosiiza oz mslc\.uql unanrhad ’-—3&% allo wl *n‘ |
‘nBmation in R decision

'Sl etio eoriaing ol ~Re cuwwunk
cie OT\: might N.Fow'l' oo embine

"Ic!m\\a ' on one Could mk,m,{-

T(®) 'x.)

Remonk:- The ‘ms‘:uﬁﬁ‘n
alp suX 9,

\n Yovarnation . |
L s bt o ‘ ~ :
POS&U&OY‘ A‘S\: cma " eaSuLLS astociated +Hha, ‘Fos.. wmom
L] . Su L el
desc_mb‘\'\\lc.
digtmlbution.
g ow could Ju_\ao'n}-
p

awed o
E mble '\~ an Qa neal Va\Lu.A PGU\ v
__t‘?::_aég—name’rm wean E (8[09 — j. 8"(9(99 46 ond R
®

tmg’cuﬁon VoM OneL VMCGIOQ _ E‘CG“E(SI@)Z x]
= [(o-e(or) mClD .

4o Onswei auustion  yulated o

; 4 x
Fma“ o;ugiau&‘;:@tlm) [ike estimation OY r\-a.g—l-‘wd ,

yOTLL

Scanned by CamScanner




17 ?O'm\ £ skimection - C.b'ﬂ'\mo-n\ used  Summonion loeaton —like

meon , 'ﬂ'lt_éiﬁ’n_ on modz O:fugﬂ'g\racel-xg ma’ﬁﬂfb@ﬁ UA‘td o kb“'ﬂ*

: 10 \ ' 80 oyr\?s a
Xmate 9, logatRen ‘oom’r Q&hma\o_‘ One A J-m.‘;
e:\msum_ Ggofpx\msc cyfa uhc;:r’ra‘s associated eotR e estimate .

Example: Th iR —tha ‘m&m’\m Mmeom one alSp m\; onts

Pos&o_wi on | VAMANEL .

. ‘ol b obteuned vo Oiven oS —?unc-\-ioh.‘
i e ety g 2 i St
e, ’

a,f e s g\‘,-\—oim_A \ga, m‘\“.'i'm'!'ti?a O\Vlﬂt\a o83

ET"('\“)L(Q,@ :S L(e,cgrr(s\x)g& wont. A,

s p_s\—'mq*a_ of@«

R

The immizon io ealled e Boa

2 4R Boyes eshimote 1
= (9 - p . ‘1
Ff"?n \\:(‘iém)d)—(\ﬁ -2] ,than B%L,& es¥imate 1S b
ov ,0) = |
pstemon median, WS convenent —\-o "
Tf e he\m*# \D erg otRan \Dos’t'urion q,tmw\—H{m o WG-_‘Z'::
| - ove
oskemonr vamalo\ ef 9.. One va ;u.\:
Gg - é\) “Ahind Pos’ruﬁon quoottel 28 |

imst on

boskamor mean ,

ost 2viior Median,

| : ‘ : classical confidenan st
L genap. Seb £ =TT Bagesel Ma\qs ) Og | g

gﬂ'eo\\\u:l > wedble o

S

me* L4} 3% ace

' ;.og 7. enedible S ‘g"" 8
w:- for p<xX <L, A AOOG )/ @ Cwnk,

\S

Scanned by CamScanner



Whowe as - cdlassical confidence sletoment domn'i alopld, 4o whetlon
%b‘ﬁa %‘wrn sk ’;th a gwem K covens "\'Rn_“ true” 9) +R'q:, 13 no’c

! .
4L cose W e seb doez omawen a lagman's quastion

e e guen S esvew W Tud” § ‘ambaw'rg 1-x.
—TRis 18 beeguse , W Ra eo*qv.s'\om "‘V?“OQQ\'J, e k!
o yaandom yorable y) with a dodta dv_\amdmk Fm\ga\g"‘\' c.[:lsi-rr'l\a\ﬂ{on
@g-\m dala has ben Obsm\m&) ) hamz\a, e koa\:tumo dism, .

. eyudible seb Aon B, it is usuall desinable. 4o
In Q\\oos"a “1 Swee , "To S ,} onL S,Q.ouldd indlude n ta s+

o R \cmam\ *'03“303'50“ den.-_t,'\“rd», e

mMinim2e
on\ﬁ HRose  poini 5
by " most \‘nk:.\a 7 valuey Gg ' (5PD)

wenon 4~ 100 (A —< 7% K b Postamion Danat AQJ“A"HL
%@ is_r:;- slgoadz)c a£ ) Gf R -ftmm ‘a
C

= se@=“(‘9\°9>x‘<(°‘)}»’“’

) o A Looppest et sareck 40 P(8€ € [%) > 1,
K(K) S et _ _ [ S = ~

'WF( of ‘Q_hLA‘\\DIQ Seks - Xyreooo *n f“\d/ N(ﬁ,@zj} 6“2 K‘n-:)uan,

Exom\ﬂt _ 27 is wnowon, Han Kuagu¥
— < A2 ) op befowe (M TT) NS .

om '
L G cerbad @

\nkexvva L E (0\%) 4 E%JVM(G\g)
- ud Caneh ce) 3 850
Ex k\ 2 - % ,X:,...,th\/
—— | \ . ot K <N,

.g@'-‘@) - m ’ \o cation lﬂm"“z*m-

k:'rﬁm” oML Can easi -f(n':ia (60 ('“"’_’9%
aomputen mume ea \a based on

NI,

‘)oslcm'\

ARa ‘Joako_vﬁoh ™ ean

A zasonak\e °de°HVL

Hep ovedible ek '-’Ls"a

k;os‘\m&on dens'ties ~ _ ,2 -1 650,
TS R W e Gl S T

\".—"

WA how o &
Tn ocondnast , b s wot ok all c\‘tmn .
Aassical 0,07\,%-'\&.17\0. A vfo-n 4213 problem »gwa g\xa& 3am’\;h,

aize sduation, Fov yeow 1.0.!161 sample.  Sigay, we magqsL

the mt:’ro\-ic normali c:ﬂ samble median. 4o P an
MﬁmeQ1 Covave eo) %WMSL e 'fb'ra 6. i

Scanned by CamScanner



Jrlnlpo'i'?\n.-sw /‘g' b f‘j: s kosmbl@ 4o dewmve. . k:oshrnoﬁ.
\ o'l'h&t&* Ho s Ll f'“_ Ho .
mbaln I{a GE marﬂ -hzs% Hol B £ 0, Vs, HH DY 0o

\OOSb el

0 . Ccaleulotw
n (’rh\’x) p@d@n O(> aj ’\T(Bl’#()d@

<0,
Exercise:- \_{ona\d@'i ~HRae \om{b\em - @hma\\nn r’f a veal
poramgten & @i Ahe ose Aurction 3 o
L(6,0) = Ko(@ a) f O-axq

(q 9) { @-—a <o

Show ARok —Rn_ BGG z),\-hmah_; s I.VG'J\ b HRa que

CO\S-%\M’!.'\Q B ‘I'g(—::,K‘ S\mlahc_p_{a LB G:f ARa Mﬂ“’l‘)

Exampl 4% Normal Means -

Lesks like Ho: 8 ¢ ®. Vs.

ash % Tbteall '?E'n . | s
’Q}E&fé'; @ @b y one cle_mvgg R Mknya ;‘Llle_ Wws y\a
\ao Sl:v_men tlmbﬂb\\l“a P ﬁ(l-\-o l ?5) on o

B ek v W4 N (0,0%) b 052
\ 7 2 . "t

A tRe ‘)Qnamdtn O’g intenest 18 O,

SubpesSe Ve V) )
‘_tﬁ-L\’\’Know@ ?Gmamden an

8 € R,
Aoy |
Aaépnvmnle.ﬂ\: ond  desivable k:»mow disho n9d Iz a novrmal QllS‘}hz-
' swtable \>mcnn Meon- Cl'né vamaneg , OJG) 8 NTF(B) NQ“ rt)

ane Lotk Knouwom . ‘_N\thbw VONYHOhG.L(t (s a

]
|
}\E, e, Qnd ‘ﬁ
':':’15 a.:une_/‘l s}ne_ ol bd\bg N e PT‘\D'YJ 'Tne_q'r\,l_\n A fr
Q We ons aboub oW
Fhat 3 W R e less sune |
Sense
mon ‘atmss \ikelihood e — |

[0~ fea ol gy A oo T 6]

Scanned by CamScanner



Frrion d‘msv\a ‘“_(B) = tmm\b [ Z'Cz _/u)—:]
Poskerion density «W(@\% ) $(xTo)m(®)

j £ 0) 17(8) 4D
ot g@‘e)w@ = exp (- 3, chene,
™M = CXI -9) + — /“)

: (le -262X1+T\69 - 9 -29/u+/u)

) mz . z « 2
_ 8% 28 + C

- 2,

- a(o-2)r T T

e ™
Cpos’twi ov mean) L 4 n (\,oshrnm vahane) w2 ' gz

termn
by rechea) varmanes , POs v
‘ a } Qu_l; o'ff'\'h dﬁ‘\'ﬂ ""&L PWCCA&\OY\_
[} . *_ n /I‘n La_d
Emclsmﬂ . t’z o inorwased and 'S 'n-u?h.eh& n He
n e \“mf’ﬂ kﬂou&\u\qe hop

Y\W&SL& V&\(Ln_ (rf Ha }705‘[‘&.\'710?? P'ﬁ ecLS\onN,
A

’_f tme_us'.o‘n 18 yheasusud

\ Hat otkemon Mean B is an mua'h\(d nw‘:ﬁq_ of-*.&k
'I:O_L 2.1 }mo.\'o ond  4pe  elastcal estimate X @ muah.h
oY

Pm'Pon-hmaL -+o Ao C'ov)hest’onch '?'ne_cu.swm

- () )T

"t’z

Scanned by CamScanner



ﬂ mwﬁ bf_ con s\&encé b a modig;caﬁah ‘|’g\L Q\CI.SS'ICC\L

schimake ¢ M R ﬂiﬂh% “f b”{"“ "vanhmoch' m about O on o

modifeakion AR b'rr'mon 2 stimate /,{ «f& n «'fhﬂiah\- gf"l‘fu_
[N
data.  ond note 4Rat ap '?:-—-JM)E(Q‘?E s X AN N A,
Thas ¢ ](')17;.01’? Information 8 Small 6w "‘R.IJ'CLQJ'LL \ols cr:f
elfﬁ'ﬁ k’f"\“ﬁ Ao tDS.-\'LYﬁOh e o 18 close to e classieal

Bmate X, _ °
is both  COSes T‘—(B\?‘)%N(’X’,@/i jag M 2, V(B\?E)._;o.
- as Mo e T kos\ci\'ﬁo‘n disky, becomes  mowe and  mowe

ws

c.onuw\‘na{q& onouwnd L .

cle_\vmela botR O k’ﬂitm and %,

’ 'TA& j;it:{\(m data ‘moeasyy A+ 'm?lum@,o_ af date leads o o
. s

AHe oY . ) |
awwﬁ . PO“ Xirooon ¥m r\‘:é/ Pan CP) 3 9.& \aﬂ:aVL a \:‘mop
Exam%\e 22 . u‘ﬂ’ distn (P)
ATy -

A i\ ' v ik s'um\:\'h?-(ea,
'_\':EL wil\ uﬂcjhv:;w«f ?o s’m:nﬁ o%ﬂ{nf mﬁfﬁ com:,\:dqn Iome. com mon\d
' Wy .
usd mov m RS ™ | |
Lick ':'(\:) el Po{—‘ (1.—?)\3”@ 5 Bd—a(ﬂ'; ‘3)) 70, P}O

=
F‘rﬁl‘!ﬂ ean = o::_@ > Yyamones = Cﬁ_\_‘s)?— 0(*-@*9

<= I R R
o ppdurion, T(elR) @ BT (O FT T TR
e ostoien ity o] b o et (<22 TN)

= _ o + DX

t(‘;\%) B of P AT .

Von ( P|%) = (r XD (Prm24)

Ry
‘ o h _ 2ZXi is tPw claszical QS\"Im*Q-
nis loxge Mhn E H)'S) = % I 315 - Qdas}m ic; coneantrated
et \on (%) 18 olso oyt st T pesbamon 50
opound {D\: ZXL/‘ﬂ- .

e intenbret <Ris 68 an Wustation— o el mentona
\i\aovsczn \:T\‘Mr\,\J Lt 1r\a.\r%I Lods cf data , He date ~Aend o wask_
awosf R ‘m.fluenu hﬁaw. The  postevion mMean eam be_
wmtten a2 a  waahtid  Avewle. of 4% prriom Mean (prior
eshmoxt) and e clastical estimate ('MLE) b = Xt

n

Scanned by CamScanner



Note tRat R ‘mskm’noh YMean E(H)‘S) can be omber. o

::g+w (:’fP) * .,(:L ey C_Z?i‘_‘)

Hat e kmion mean_ and s elassical
e See

\ k|
— As example , e o bonva |
eshimate oo bd-‘“a combl U’Oﬁ R
“Taw | ?—RL unonm d‘.s’(\;/-—m }"Gsﬁvﬁon mean 18 ———-
e x= 12D,
——;\La%rﬁoh Ec}; tesed loa Bouy,y and L.q\:\.au_,

CU"*S“'“?"’“"@ we haw what s called oo -J—L{_Fhi{s %wﬁo-n,

-_ 25*—1&?:{ : P:’f'ﬁ’“’ (®) < Jder (:t(e)) 5 whow T()
in@uhma:\—iow bosed om %'HQ\L

osteyioys Tneom GOV Ls'k: onal

e fishon
ob3iwn vahon .

o '31-??7:6’3 \:wrviu-n s a'WW

— F‘:‘L P TXu ¥ /2. | Tﬂ“"a% k-.-ﬁun is c'xw_h m':dda uwsed and
d n¥\ g COSBC d{ onL imensional ban amekaen ;):XL
populast twﬁo-n in + o o wE = I

-—

waen d:F.’:D,

48 \:oskuﬁoh meom

Remenc 1}
HL ‘(\Q'V‘-—J“D

y wd
4B wior I & od
ehoose P would pwe

. - mo Y. Hht 7’-’0
hod withed Ao Aest '\Jfﬂ/“/’l . (.h{;ugo-

e

L

0 E"‘f\_‘ us b on ) |
o F Yz anﬁtﬁﬁ
since on nuod k *&L \m‘b\ b ""?\L bo'u A

X \Dswnm% {i«u-m olasgsicol ansSwLR

e, Km :11_/&(919
x\f / ;;4 (o ‘)
)(;-—B ‘\./ - ’,

ud 0,1
g e )

Scanned by CamScanner



Brons -
:['mb'ﬂ'\\\vu morsS:i- Considen e " nowmal mean” examble

Xo e 5 N(0,€2) 5 €2 1€ Known . BoN(aL22).
s T? baopmes longen , prioe becomes mone ond mont

2‘@?“3”/ fat Y s mh@ g C'C' —aooj
(0% )N N @‘l/) density fo
?uHira Afis  in anotRen wc}@ LdL kt %> =9, ’th Un_
1 twow

L i'hr\a aasSe a\\f‘&. an. \mt'raof_l\

Lm'me bﬂ\oh oV e who\e_ YD(Q\ \ine
T -9 <Bh < (c'_ s an o‘nb‘ﬂmmjd
‘ 9 =< ) aonstant

tﬁ\'\‘\c\'\, b R %WWLLLQ, wi\L qw,__ a NCOC!___

Note tRat Tl’(e)dg — o4 + Such a \b'rﬁcm dishn s called ‘tmfh-obﬁ.
e eall @ Pmov e\r:ﬂsfra T(0) proben e Uﬁﬂm\:yt 4o 1.

. ed an utmo'nmq\'\SLA denst
-~ 40 LS -e\n‘\;q, L’(‘. [ aall
,1.? J“—(GD nonm;h%ui — wmutiblid bq a consrent _:\a

ond com vZ

"\'D 17\’\26736&'2_ "’\'0 4

Ty oo AbOT example , desbite, the \mkjm\:mi

F:non dishm “he ‘Pos'tumort dighh & ‘am\am a\ éuslr one
obsenvanon

Wr\%. an \m\sm\:m \Pﬂmoh , W can k’mt&m\ bo“ﬁ 4o
Bodpf- %hmu\a and Aa-gmy_ an wnnonmali 2ed bosk«ﬁo“ q\enspﬂ

T w(e)z) « {197
f[f ‘m("’,&) = f(@lg)q‘r(e)d@ < = s \eady o &’Pm‘;m

’POS\’Q'rr'\on Ae“s‘& ’Bodo_s"a“ 'md‘?\oda aﬂn\d as Vsq an
’roshrﬁo'ra dighmbuetion y& }ka ;

Scanned by CamScanner



Nnn'm-gmma\-\u Rrions (Ob'iu:h‘vc ﬁrﬁms'):P
';I:F n: kwﬁow indovemation. ts avalable ,‘0?:, tk s wen Ail.g'F;c‘ul\"
+o ooty e avoilable 17\'?0’hmq"do‘n/ b a F\m'on distmbotdion,
o oom U shill use Boayesiom ymethodz us‘wa @hat o

e - . . '

called ﬂo“.'“]gf”’““q‘“’& C o\odac\we..) Praorng .

g+andanc§ noninfonmMahve. kam'ova.s ora_ !

Urnfgwm %rﬁ on : gej = constant .

: . _ e T(9) &2 Ashan
Te#”e ’Pmon . T ? = |dekt ’,[(BD s ‘-‘ii“ %ﬂm:[a%o)n o
R’-FW“Q‘— move (Bennaw Q,Bgy?ﬁm

Cevonal %mz\%o&} v 00“3\“\1@3“‘5“ tff 'non'm-?onmq\:wt \:‘h"\o’n,a ona
avalable . .JL.,._. toeadion ‘Pchm e C/‘Q

' ahive. MOYRA /
Standond non1Nfonm . “ R
omg scale ‘pcmamégm C@) ora . Tr‘(/u) —c /-l

and Tr(cr)cx—qlr , 0 @<

—
' o be USO.QJ\Q_
L 'eo\ v v 0 are  Usuwall nm’{:m}-mf /
He 0:‘ m:avi k)ﬁbmvei bos‘rtrﬁOhﬁ . T W"ﬁgohm, j&%ﬁed %
ARay  TOUS df -
and m{lmme.e. briowy O 2 x avnp’es ob Chv&
bmﬂ'f‘ \ G,f e prrodace & boskzmor mean +Rhat .
\ m

alose *0 e MLE mean

sSmall M,

Scanned by CamScanner



A2, Nommal and Bernnoulli exampﬂw

4 e Bm - M
Eﬁﬁ—u@: r\_::: Y 4:11,_ rormal and  Bete @2 ‘:mo'nb, mkénub

e 300 W, ARo_ rovrmal and beta Ml\!tb
)Pas&rﬁon Um‘“""‘” IR g of—ﬂh same %mie:\mc:

b t ) A'\S’\'“ \
"Tﬁl- WWL%;“QE Mc:l?;n-\i s called wvauaav& |
™ dr %mbh,’s aye ocalled ©0 ake OvA , k’“’"O""b
cowna_SkJO'ﬂ a ecak am&eao_ 'n tevmg a‘g @m\;&a\wonal

aAlse MQVLd ooh also be_ m)ce.n\ohdcq_ci ap " oddihomal dota
eosSL omn
), 8yo.
vable Lo X% e\_) Pmsmn( )
e b\&. ®' X o ho(h\ "F’B [_qua ("’/(5\
P G e , e Y0 i
“H‘(S) - d _ (gm0

&) Z Xt #)
Loy < B
Fosternon m‘\-a he ., Gamma go(-i- 7 Xy, F’

Y 2R L yan X
ECB\'Z; =3 0(?\-13 3V (B ) C‘a“‘“)

Wd 2 } knbmn q'\ unlinown,

@ o A

L\bu_\\'ntmc\ is f(xlm) od(m) L ;’_‘;’z];

—The mvﬁusdn’u ._C.‘H) _p /p
'ﬂ‘(ﬁ‘?—) o4 CG‘) (on-\~\~“/7. R
poterion s (0] 2) ¢ (077 e[ (e 2)
(o2 = @2 (&)
‘/FD rainiymi 2e ca. .k,

3 (0"‘?', a)TT (@1\%)4m1

- { £, +'."."‘_?.. ’?Oh
3 g (CL-—(]‘Q‘)Z C(pq_ 2)( -{JLMH‘O G‘g Ie\e z@Pz 420\2
_ epwiont X SCC& 0“) s[dmr\a »g {G\Gw._ . RV ﬁ)%
F 3 Bam-

Scanned by CamScanner



c iL(mzfy \X} s winimized al S
- e of 3 (4rarde P

= FJ+ 2 = ynode o’f ‘)osl‘uﬁom A-i’-""‘?*,
ﬁt+\+??2-_
[Tf § ~ 16w E(e)—:(;lj\_ y o7\
6) - B ol y 2
V( ) C-b—\)z(a‘”?))
mode()= T
skt Forits e LA
(VR (R) 3 Bé(a’i:i,ﬁr
gcﬁ\e*)‘: e)‘\"([m‘:@i:&%iz and  emoctruw of e(9)5

all \

e, — — C@) - = c'l(o) P
i 3—/‘1&8’@%” S CA
Vs 20

- - c’(ﬁ).
> Eeo ("'—Q‘))
Now, 0 < 1(8)=Y" 2 Lo?fg @\ei]
- - o[ 25 g {(<19 |

= -‘—C”(G) cs A rrbmel
T PRying A 1S
1.e., —i—et— - — C-ﬂ(e) s : %:” ,%d,e_mc\{on 049 éi d

Lsh'ma“'l“a /~*= E&@())-

LI

t‘tf %{/&(;ww xhle) x 2 el wm,""-'hz‘&(xa).

,/%—Qw = oo > 'nc,’CB) +yT=0
? > .—Ac/(B) ::7!’\.
? /*H‘-Q :7'\ '

Scanned by CamScanner



Coniugate friem:
(Ta;a < MP[mcCe‘)Jf Szﬂ s Be (a,s,) We assume 'n(a) Tr(L)

d\s’rm\:\l‘\'mn -
(mxm) c_(B) + GGH—'T) ' ‘Fo
Tr( l : k ake kﬂ‘"ﬂ'ﬂ \s an fo\\owd.
lpolivg at CcoAtd \
[A“w\‘&’n wa‘a dfmn‘ﬂ T:%G) - 1. :‘a_c:'{k-ﬂ— ™ +o b""—r +Vve mk en AN
C'ons‘&m \-,xd‘ao-'rﬁd-‘\m\ samiple af dige M WO

foskemion

rr”“}""""‘:'" S (e mm]@'rr
(o] )jaicie e

a95+ -mc.(e) ,]

B}

’L—Tr(f*) = ETST( /0;( ))W"—@)*“AG

mel®) .19
—’— J ( ) b g4 mc(9)
0 mc(e)J J‘ Lo e ‘{]

4 |

\1

K

._‘_.-——

m™m

& [W(b%“()] .

\!

-_—
—

A (:]0 |
-2, ' g
el \mAa‘:r;m lx\ow ALak 'Qos'\wnm ™ ean s
rmlan  CcA
2 rn_(T)
" m maa\ estimate
kmi ova rawws cla

' a wﬂh‘%“@ avenaja c{.,.g_,\

ostumon wmean
48’:”;:{5“& ._‘5_ and Mg T and e ""”@“’ e pefortional

o M *Jhe_c;smr\ baﬂa\'ndm wm and Sample size

Scanned by CamScanner



Fore muu—ibaname\o_h exkonml-'\al :fa'm'\liea a'\\«‘(n'b
PEx(®) = et ia@i Vit (®) + 0(x))
The Cbra ata P’"\O‘ﬂ »nouo "“ﬂ‘-'uﬁ Hor 'FU“YT\.

P(8) = exv i mA(8) + Z BLAt j

@'L mmmxzﬂunm:f ~ Gamma (7,0) 5 @ is known (56)

n 7 7’ | — Q%L " no -\
fC"‘ 9) Tr g . (i_; (Trﬁ) e. GLE““
Lo uaca’u, *)-mon Tl’@)) Ew o -\ __Fg : G50

X+ nY - | - (@Hﬁxu V

v dengy
lavterds U‘«S T(.a\lx):@\gﬁmmq C“*’M’\? F'\‘SJLOLL denarr\‘i.

fostemion mean and vardanex !
E(e\ 'x) T‘:*r“;'x van(e\m) (P“ri'l) .

®  fexlo) i nOD ity
flle) = <= e (-5 (=9)

= ex}; Qx - '12—_09-—@ QX\’(-—-gfx_j
So , (‘_(B): -—jé
t(%) =z
T = it(xz)sh'?
1=\
fo tg(X)=9-= "C/(s)'
T{e) % exp] - Mo+ 9ﬂ

l L
(-v3 e)(\;[__ 1"‘2__ C‘a_._s_ﬁ_)‘] which \g NC_SE’JTF\ '
S

Prionw mean: S

Posterion vmeam @ S+ WX
min

Scanned by CamScanner



Pyaedic\"ﬂ't- &1SHB¢;ﬂ§-UDi3HL"$QN c{ a o obsmva’ﬂon'

—— ied. Plx|e) and 6oT(8)

v Ky Xm B { 7 il o
- e dibuiont- G puedicrive tebataten of 46
frion P e o 4 = DT

on

‘s o"o.sd.ﬂ"lﬁ&-\ ’
{“ —_— X i\ f\loho :r('xlﬂ)) E)*:jt‘_g j‘b'ﬂ :lf N
1 2 ‘olye igte rains
(Irrhu)“é'ld b@;{_se NT"(G) Thara? m._,‘}";"-d::‘“ G)"" -
know - r | &) Lot T ‘ wm”(i . ot
o a“\ A o-& Qt:!n--:g 4'}{';“" ‘FW"D“ ‘?ﬂr_&*&‘ p Gf ’9 #E, e
o looly » WL
g‘vm

o Y ) J A VA

o (s 7277 -
® Lerbous Koy PYen XKro-ran
4 t e budion ¢ - Dishribution Og a
ng*q_'rr;oh Fru.él—d‘lw._ cll&, on 'Zhﬂ‘e‘) Tr(& [9(1- .-'7(-9 46 .

' )= )40
s gc«nukm-m ) CS@ 45 boshorion dich: aff}a’w;u

e T (% \ﬂ..p--ﬂ@n) i den s‘r\a rD 4 eall od Fog'{'mﬁﬁh ‘:mx.&io_ﬁu_.

”~ I &
X TR 5'@;:‘”(”’-“ a0

diste, oc{ Knat a"‘“‘

7 n-T X\
< B (-9)
Comsidwn () =" - ' | Xnel

§Cxna] o) = [0 T po0) | RIS
[ Zxi nEl- I X g8
6! (l-ﬂ) i
Y YE T LR n‘;-HQ:X‘.-fQ "
Bt (f'x;ﬂ‘ y) "ﬂ-l-?-ZxQ _ ?Xt+|
= - ; T onA2
BLH(';)_LXM - ZXiH)

—_—

Scanned by CamScanner




Exom\f'\L 2 CNOnma't Meamws
X1,%X9 . . ,,';Cn be wd (G ;G"‘) , ® Knouwn |,
& ~rl) = N (T s MTT Kndien,
o
T(@h{) - Normal wrth mean :“ "r.ﬁ_

—

,(PL T+ and
n l
'6-;9_ .\_ T’L
I

vamaner —

uld A
o

fox,m \ oy .-,oc-n) - ( N(xm\ (\Cs,mav(elqg) 46

ohich 1§ @ nenmal Ly, warth

mean = E [Xw \%] . EKE[XTH-\ \zeﬂ

ol)
\on CX“-\-\ \'g{) \ B,%}J

]
pd
3
)
m
'__M
X
7
*

"
-
8
“o
»
\Z
+
63
3

1)
+
)

AN

+
pr T?
Exandise -

Fove 4Re obeve exampl, show Rat Re pwiovs

pre dicke disn (omt dists) of X Ko, Yo 10 movmal iR
' (Xl) ,:/u and Van (XL) - (C.L-‘_ G\'L LIS and. Csv(i(i,xd):‘g’;.!'
Trediction o’f a —?um o bsanvahon bd a Gl'nq\L numben ¢
A (X Ko Xn based On @, , Ko ,- o Ky QR 3mi mnnl
loss amourty o c"’“""‘i‘"“n proediction lots E[(X.m-y "’Cv--.ﬁ

@hieh & minimum  ab 't=5(?<h+1 *-r:--,auj.

Scanned by CamScanner



Mul-hbaraamo_"cm modals * —

£x.4. (Nm:'mq) B (03 s o jee unereen
A m-n\’wF'ﬁﬂma'\'iVL \D'mtrh —fgnn /\.1 and Q\ 1/3

'ﬂ'(/u,e\’- m))
Toink \oos\“ﬁ"“ dens

W(/—l,mzlzg).g Cgp -/ 1@(\:[ .{(n )S-a*_.n(/“__.)?) j}
whos A% ZCX. ~X )%, b
Qone\l""“m""' Fos\-n_mow- ele_mr\a aff /._,k @lw_h C@ ) L2 awe:n 6

Monainal %.ms‘:tmova dintr /-l o {(n_962+hcﬂ_7)zu an

TF(@IE)*S@ ‘“‘\’ 202

((P nHe}‘\) E 2¢2 Q )/SJ {::(ﬂ ‘\

MVl = é_g}:f.‘._cn_‘)d

"F\kb e o Scale

(H‘L).rx, (n-\)zsj (m_) \;[ t/J (n- ).a

o« t '2- ex‘\:L t/zJ )
Condikivnal diste of (m \)Az-@m X is fnet

ESam\a\\ '-':‘Rt-b'aa ssult |~

Distn og (n—t!.&z (ta‘lwn r@) ‘3?('\'\\

Scanned by CamScanner



Moanainal fostermor é'\s’cm"bmﬁonc{ 2
o
T(ﬂ\&)zj 'rr 02| x ) 40"
h/2 -1 - A

‘J (@ e -2_{1‘_'?—&0-'2_

2 - ;:p?. ? " 29.
—
j ( %] hz A da
22%
h/?“‘ -%cla
n!/‘* x
Crx-—\)):z

This e the € _distmbution - ( /i)
[ o~ Ew (M %) mean b(8) = conotont
SRtendon ¥ ~ t (a 1) denoted ba ty .

Note ~Rat p-X awvm X) ~ tn-
AL

ESQ”‘P“V‘G "lﬁw“q rosult | _/?ﬁ (aﬁvm/‘:d‘:) ~ tnﬂ

Scanned by CamScanner



NumkMQmi\lﬂ Models ¢ -
;;:f___,ﬂ (NQan\ Doter cotf a Cnhaludcxﬁ_ \D'h"\ora d;%‘\'l"'i\o\ljt"m'rb:'

X, X2 oK r\_i N /‘*6‘ ‘,/.1,0“7- beoth unknown .
2
il = (1) ),

M| e m'ﬂ(ﬁ*]ﬁ“z) N(/*o» ‘::o
q NT‘_(G_’?j Trven se »7( ('3’0 ) [_ -() =% scale= j
Than '"_(f* T ) o 1)‘/?_@%?{ 16“'2 (/u /u)J
(ﬂu ) q%d‘z M

We call ARis Han N- x-,w X% (/““”o” ,170,0'},) acns&a.

:rom{ Postemon '.D&“n:m_ (')’o"r'&)

x) o (G"‘) e.x‘p[ s {ﬁoo‘ + Ko (/*"/“) jﬂ

7
T{'(/“l(? 2
-\)2%a+m X) ﬂ
'”/z ax\o[ (n ) C/u
+..—- ,'b’n:@«,?_

- N--T”mf-?é /" v

n? 5 Kh-‘kg'\'n/)' ‘)D-n :’Jov\-n
whas- , n = Ko 0¥ hoam
/u Ko + T Sy ath C-)( __/u?)?— C(_‘__hee.k)
Ynﬁ?w = Yo &% "'Ch_)& Ko + TV

m(ponx) L0 o (o
Masiginal f’os&o_mo'ra :D‘L“SM 'IT(Q" lﬁ( and Tr(/“l?ﬁ:).
woan Tnv-%X (’fo;d“n)dcnsr\*&

@?—IE ¥ntl)/2
TT(/“IZ‘,) 3@ [H_ kn (44D - (P (Sheck)
v ™" ’ Loaahom ':-/"L“J scale = AN
s Qa -\_——c\\s‘\'ﬂ\bU’HOT\ U‘)ﬂ'e\ ———""m

Scanned by CamScanner



—The Mulivariate  Nonmal Model i~
...——._F——-__ .
Xy X2,- o, Xn Ud Ne (/‘*)1) © L b,

(kX Xn| o) o 3| T2, -—-‘gn P ANCIS
f [ e ]

Ogngden D, is knowﬂ . | -
Qohomaah_ pmon dishn —q-on MR . s N(/‘“;/\o);/‘“:/\o K

Postumon dﬂ“SH} "{f* )87\ y -
™ #%,T) « u\a[—;);(x; )T (i) - (A9 (/‘*“/‘*“j
5 e 3 o) (SN )

2

n e A7 eV g X))+ B /x-—?)fz_‘ou—'f)
- J (=) T () ) ((N s
1>/u _ 2/3(“2-\)—( +/\';l/u9 4 constan] G?maf@

= /“"'(hz-l"' Mo
- () N (D N
m\\u-u_)(/uh - (/\:‘ + “Z‘"D"(/\:‘/u. A X)

A = A )T .
e p,7) < (1) A (ot
- N Qun’ /\,‘9 ciens'r\a.

PRRNITY ded av a_c!éJ X and Ry Pmon
ba, Ao&m(?) and brion brecision-

TRe )f»o:mmn:\uk nean /-Lr\ s

meom  Are W& wo.i-d?ﬁ; a’nfm
matmees .

Scanned by CamScanner



@St&m now e case wif unknumn\i\
ole pmon dish, Jf"‘ (/“ Z) A Monmal-insenve Winfant=

CD'\aua ( o, ):a )y“/\)
So, /*[ZNN( .shmx,‘,o( )

1w r\_w.sth,,(s) (=14 ? S = bxp seale maﬁaa
Thn W A~ Tnsenve - Hsshcml,gcs

:ﬁ(ﬂ):—.( '“’/ﬁ.n_ e(b ) " ~2+1 L)) /_)
e

% 1517w (M“)/z exp| - g (5

-

"\ k-mo'n density t

- @2, [ (/\Qz) JOs /‘*)I I f‘j

N - o. Nonmal - Thvotse \Wishonl
The ‘:os\tu’ﬁoh e\unsﬂ-a '76 'TT(/'*»—Z\ZS) dahs\*«d ot R \amt\'me.hm

Ke n
n = o -+
/A \(o‘*“[‘k Ko t+N
Kn = Kexmn u?n-?o"r"‘*

= Mo+ + (%) (X /“)
whans, Q 1 +Re cornedated  gum d'f sacore  mnatoix L,
< =/
SE Z(XLF_) CXL-—X) A

=i
‘nal 'Po_yc,_m‘mh distn, "f/“ 12 o muthvamate t-dist

“The mana

[R—

)

Ko *+T\

Scanned by CamScanner



&qﬁlﬂm AL Ui HL’Q;""'°)11F ; =2, m,
B::C‘a“‘-'*’ﬂ—“)} : Xz(u(.'x'té))'nX?

XRAE DN, e e e N (o,6°2)

(at\ ﬁ,X) = F’\'xh T PaXizy - -y P?x;_t, -

i|e-0r ~{|pe) = N (xpe o) L34

éon.:'- dom ARe stendond non—'xn@hmq\:\vL \:wr:oh T\‘(\’-&,ﬁ‘a s whoa

T‘-(F,)f&) o !(PQ‘ " f(ﬁ\?zfalttkt\'1\'\ncl.

T(P"Pl\@ o f(alg,@‘?'ﬁ(ﬁ,aﬂ)
" ‘l)h/m b [- L (370 (89

() o] o D8 o0 0]
X (n-p)a’ set
whes, B = (x 'x)"‘X'a '

{
E

(efe>y) < {127 )T(®) | -
ot L%‘P["'lz}?z (?“%)’Vﬂ(fﬁ“ﬁjj j whane v = (X'X)
which 18 Np Q{Aﬁ ,6’2\9 :

T(Gﬂla): SW(PNZI?)CJP-%A . A

st 5 (6) = (12 ()]

x| (xx)7 2| ¥

o (o ot [ 45 O]

whieh 8 a sealed ‘invonse 7(,1 (‘h _\:,A?j c:lis*vﬁku-‘rio'n.)-
AnJ A
ahow, gT o (¢ -*¢) (1-%#) .

Scanned by CamScanner



PoS,fUﬁcm &Q“a“'\a df a, s a'wen ba:
(e[4) = J w (p.02]g) A
- constant Xj(mj- /?_“L-xk’ (_ -;F:) R
eohwe, A= (n- F))_szq_ Oa-?s) (er)({;—f%)
ol A _h/:?_ EAS obteined eanlien in N(/‘*; 0‘79 &xaTﬂb\ﬂ
A , A --'n/?_
ol l;i"— (F—P) XX (F-F')
o

wohieh, s & mulhivamoaote 4 -dithe  cotth ('n._\o) d.f‘
‘% , saale wWalmx : Az(x’)()"".

Lo eoks om vectow
This model s usWd 4o desoniba data

The Mutinomial Model : - crf . %0533511 outedymen

%n wh

Sarmble =
. )(2,__.,)(“ wd ot PCX{:&): ?a ail 2 LR,
Ky v t)'l.,>/0 Vaﬂ"l‘\d Z—?&:il
& f
b ¢ y r L a
Liliheod gunetiom g(x,,.,o&n\‘e) =%u b2? SR Dl “d #df_:’!:iw \

ake ‘,ﬂ{onz._ The Q,o»fa"gaah hﬁow disty 8 ,D‘""‘:\'\\d'(o{pﬁza...,
=) )
[Muﬁ'\vcm{q\a amq\is oo 2
el ,“’K)

of Beta’]
wne el D
. "{K) A7 e olw |

(ot %2 >,ovd' and

T ;o bax
—FT(MQT“GQ)*~'~T?““5k| ?i?d:i,

. v rJ\g_* (g(+n ,...;O(K'\'“ao
. m vtny
‘)DS'\‘LW.W" C:gt\;l O{L t’ ;ﬂnjibkbnao ‘o a un'i-‘Fonm distmbulon |
Noke ot 4= 4

Con&ua

)7 *3‘

Scanned by CamScanner



E%is‘\ﬂﬂ Non\:mmo_)fv'r'xca‘.~ Ptﬁ & mandom bmboﬂjf\’ &’i&‘h:l' .
e yud A pniovm ’Qm\o. dis*!‘. 0{ e “wandom" element Y P.
C’J’\G“U‘a‘w Bowyesian hon'konﬂmm\-rﬁe_a .-
Construdion df priow
Postevion (omputation
CBo_nnoul\l nw‘\s\‘cu‘g : x = '{0’\:\5
ad B (V%) .
whine b~ Bera(te /)

Exomble

xl;xzf"'/x“

: 24 Ao
measwa ¥ on (K, @’) ts said

[ s ' &om 3 e §ur_
M A Y:\Tdc process  dist DP(w) W Base M
mitss o DO N I

\ L .%ﬂﬂ-e_ reasunable P o “‘.’“KAK |
:{f) i (jﬁtR) ’ (Q(At),h., ?(A@)Nb\mc\\h} (=(a) D
?no\aoa'&%on: 5@ P ~ oo (%) aLty %tm i
o) = =*¥)
i%{’(ﬂ); _ 2 = (49
\ & 04(96)

rneasunable. St A and B

' ' [ y d 4] LL -%-r“
TTReoe ™ - bo:s‘rf-mo“ diste éwo;\Pa nqn“o:. atni m
6 b P~ DP() <+ x) s

WS & TMeosune d enn ate at o,
Se Y|

m de b‘ﬂ"oblﬂm . di!’i“\el\lt" i rusae cli.g-\-g. r:’a
Node: ’l'f real do model “Ra data,

Scanned by CamScanner



Qons\s\-m c;f Postemor Distmbudion - i
/T:igf,,,,x“) ~ .fc'ggn\e) , Be LR -
NB) Le ?’rﬁon dcm‘s’r‘ra. )
1‘:%9\?&) s Pposturion &:m';a% boskerian disto, |
..n-—(, \)i“) is the cowves

A <\ %n ;E
Lord om cL\&hT‘, "IT( \'v
Ny TR soAUNCR G POS '
’j)&.?_'.'n\‘*\o’n" i ok Gfom.__ Q,, £ @ lg %oy: evun
f"-’"’%’l:e_ com st shend e o v0e i
sokd Lownnood U of 8o, Tr(u\)ih)__gi

ALY

ny. AR disin unden 8o
w| ' L]

(e b k.:m\f‘ld_
\' k—m 6 ) G.,DI\S]S*U\ (lk BU
e O onome N, e
8 Fon o n

3 n poa
d Vor e\%n) —0 ¢
\ = Bl')('n —>508. & X
show! ( )
b‘a' e wd Qq_nnoulu CG) 5 9 rv Biﬂ—& Qq/‘b

Cp'nr'\ow)

.%ﬂ}f_—j‘ X\ f-.,;Yn

™
% n—ZXLir@ ot
\ L do( T AT
d\b’f‘?. n3 B

Poskerion \ o =l = _Ex:-*d)(h-ljzl')(i'\'?)
-— ‘Lgx" o.t\a \(0“(.9\?.(.') - =1 7______ -y
Eca\?ih) ) nyxt P (oﬁ\'ﬂn) ("“‘T}"*
LA oo b A undn Qo CSLLN)

b1 undm Os
L=\ gk E(S\)ﬁh)"*m and VO‘“(G\ZS“)“"O wp.L un

\,sh_'rﬁon P consistert
o]

nintn e the
rmesulk soloked o CFP 3 °3 .
- ' gwnu m.n&. choies Gf \"“OW.
m |
I\ » o dawnthen
4 and T ond Trp o wo ’("‘f""’". .
= " fﬁ‘nl-nu_bua ok Bo , an lh{‘mth %bml-
4 co
an

' disth

ndi ‘fas.hmon n
Ahat AR apnn PO '§
guech )

m'\o'\tn‘\' ak Bo »

Scanned by CamScanner



(m cho'ee crf Brons i~ Given dcda, a Baxerion nads e

(W 60 d %C’)(.\B ond e pmove Tl'(@ , forn’ many Atendand

yroolevww , ha (ladin sod & known etthen ™m \)O«O\~ Qx\mrﬁz_m

be’“ or converhons , o detive dhe Bayesion & ine_, ome would
(] | need  am_ a\:ﬁamk?ﬂa’m priow ,

Tdeall Ona w?rﬁj ..r‘-o :"Q‘BO%L (@} b‘YY']DW Orn o Qjﬂ%af 'l:’h';O')}d

Juxhe-\ﬁ' OM) ‘:)mtm MLD\L& Q,a-n‘& bﬂ\l; Q_Q)ouL Ll'ﬂl&nOLﬁ”f\/

\mwm“g.mb ave aliout o m} 51]904‘&)}:4 This 16 o
dive  choter , Choiles qf:r Su.ﬁ.-dm Hve ‘::m"owf}a , U«suq\’la

S
c:ﬁa’_& oliatation o‘g t::'rﬁc:'n/a , 8 KL atRon ch“ﬁzimll',
discuss Wb in debaily lateor, Bub al AR moment let

We wo\ll

ug se 09 it s AiH;m'mk ' Pm\”‘*ﬁ%\. tudies hawe n&owm
~ARat e_xtn_mmm omd ma+un‘\+a hallps ARa knm,a .t
Auari uncevtain alsjouk  an  event M ARa. Fovrn

mwobabilthy .« Howev assign a < mi.ﬂ:d }amh,
Z{s-\t\ Ao Clr:,d Unknouon %Aaﬁe’cm ’f:ila ditfiealt even when
ARe “ahamd‘m ht}ﬁ' a H\Kaiml 'meanivq,l‘;lu lev\a-‘{ ana ,
on bhmil’ﬁ o‘g so'm & anhicle . MTn sSteh cases | 1t 'ma_a,

be hm&c\"& 4o Q"\’Qdf eliededion o’,]o vmor mean O
tapn e X0 SomMe ot O‘T*i""‘ q,uaw\’&'\m byt net a {U.U\
yaman ‘ . i
gk,mi{l‘mhon ‘4 o dishmbution.
L what ane called  objective

us
. CoOTNHYNO N '+° . "
Mk s muah,  MoOve +nm¢ov 's  availaBWle ,

iR\ mon A
‘ h A \ " '
?mon; ' W‘\% 3 ouL Q\go ca\lf_l nemn ~ ih@)hma’r\ve mon,
L} On '
o k).m  mative }m’n'n " s me Lm\Qm n YaVoWT

0 H L&‘h
mplete \ack '\v\%m mation

o gwd Aq__.‘-:\qg_, MThow ore ghandand a\Qowi-Wmf ;::'FRL
| e et O
' OV o k;‘uc.q\\ 'lmbm\am but have km\m\ %os\‘emo-n
%mo‘/ aow  sudably '@h eshmation \bm\o\cn\g
el'is’m"bu“Oﬂ Aosk \;mb\ew\o whene  both  null and
and also %on have e SOme distmbutons

' hypetfenis
allennative Q\’ briovs raad Yo be Su}_ln‘o\d modi]dizd

objective
L " mull ha\bqumM.

" aon-d

Scanned by CamScanner



brﬁmk matRods -Fm conatnuction, 4 Obd'zc_hvc_ P’Tﬁchs‘.’m
We 'mwdz do one i\“ﬂw\a&m‘ » fo  construet obdcchm

unden condftion :

P 0; _Q_‘N_ " Un]‘fonm cl\S\‘n that dales into acosumk e
L i e:m o \i,wxam eXan S\g oL ,
Minimize Qa sudkable Measuns 4 m'@onma\mn n AR krmo'n

' co'th  same '%mm cfg neaoentist (deas
L ChODS"— ° \)mg::\ow wr\r?\ \.\"\‘He_ lh‘Fﬁmeh’gh 4&0&\.& Lu)d,"h)

a
\ﬂ?mxi; Hab s gvmlan o —Enamun%\s‘c n e:'-mee
Abure. methods e have 4o /5 eu +e.,- eomdm

- % %u'u"a/ &L%:::_L N easwu \Y\'?'O“maho"'l CQ) qu c_q,u_q_n'\'\
o Ci) . e o be defined in (3 . L s

f;:f.%é and (2) bol Lad "o :ra%e&s I:“T; o qﬁom
] —'_' )m\\y\_g_ I(&) 3 F\
Tr(e) I(B) (ALT’I)Q_M‘\QY\Ql Qﬂé&@ lmab “o TL% lﬁa

Modmx . i ARy O

’P'mova
1 modﬂ\ﬂ }’0 Ly AN
d  that Some shatistica s
B g b'j\L ?&tu&ue_ . Some. QW ’—ﬂ‘:ohuﬁ-\q\ {mm\\\g& ) 3‘:';’1&051(_
?ao:hd:a /gch -gamme/a on 'mE:ae_ mmq\\d v?am\ ien
. ™
:vamonx unden a -nou.‘; Anaom

&f@m\- cholaa
LOMC‘-b n-f-@\_m s a .
B R” i‘j‘ﬂ;"g J'?;:on:%m e o o, priond o ke exprmurtic
\d _—— ’%mm \ng c'_orn::@\a"m_ P'mOWB. Tn
-?am\ i \ b cahon- saale «@:mll’lu ) Scale Pahq“:i‘i\
C'_Q‘bgcﬂ ‘;mon /\,8 90 called ™

~Re. Common b \echive
6—\ ) Hapn 'mmsu:ge,, 'IT_</-‘ 0“) /(r and

o £ invamant Haan

’TQL Te—g-?wt S Pmoh 0;-‘-; “t | Thone o s.Jrrro-ra reasom

Measus 18P) )

{on ‘Dhc.gemwl T o Mo

Scanned by CamScanner



&Q_A :,3 "‘&‘RL Uh';%nm

! g e mon eveon o b W
TThe —%nt&r‘r "’\’d‘:hj: ci,-m\:a& nkemyal , A cemmon aj'l_au:?gﬂl"
d‘\s)m'\bu*‘!ﬁﬂ Hovi nonance scevm o hove bean +oatN 11 we
\oasLé o a albout Q wh sRould T attach mov e 'b’\o_
Know*anoﬁ\*a one Po.m\: —W\an anu:mb. The E\“LE‘:‘:‘:’{&
dens h ven enhaRe m a:ﬁ . ’
: noanct Ve

. memn
Og LQM . \Laged on an  mvaman ent

; T{ we knowd
ova o -ome unefion & \30 .
Lt U™ \\3(9) b a”m we know ’%LT\G’HR; abouk 1 2 °°

L Ampl
\ o ‘ ianonanes apbl 4o N will m\’&
ﬂﬁa‘ﬁ"&— "Yﬁ“u\b\z % ausk o\:s it hod lesk. 7io &,
leads Ao conwtradidion.
v FRVNLS pmov A d'f}fm«n%-‘la\s\t and FC“)TC i
w su.¥\903L kv '8

ve mvamonkt
. . Tﬂ'O‘n bu\é .

Le, X m“"“@mma&\?t ‘ﬁab\q_ r’rﬂamgz“““’“h"m'

ndmn ory. 0 = O™ '
“‘ o s i &
w Juvown o] Tedfreg o

\ d
Foem Ghoshal . Ghosh, Ramamwr\'ﬁd _1q°'l7) congtructed a

- , { o« into  aeccount AR toplog o;fm
w{lfbhm d\-‘ﬁ'ﬂ, Aﬂuﬂag showgd ~+Rat  tha umjeo-nm disthn =

_-S ame m_c@.\m v_-n’;a

\om\ame_'\f-ﬂ 3\""““ an . awl'ﬂmﬂh call xhis ®s. nvemana
] Yﬁoﬂ u)’h'l('_h-

~+Re je%'-a s P

>uamrament’ .

Scanned by CamScanner



My ARan a«\olrwc\ﬂﬂ one  Aales a Qom%:ac‘c Subset 4&
n and a“:mmmau 4%,3 b([ ,?_m,{L ael

param odn  Shacs

Poln{; .\,n +re HQ_“\
c‘-("ef"e) [j (P - IP_)C‘{) .
oho 9 and ?e a;m- ARy AQ_MA-.M PS and Pe af"n,c_ f‘t:.':tc—
&130&\'&. UJ'“ vm distn  on —\-Q\L Cxlal:wro'x'.m .
PU‘%; on d q-ll: ""&-L yed ﬂf o\b bmx tm q"no'n -h:n

cﬁnnu};one\ira disoute -Fonm @nmaa"te

T edfouys prion. s m&m Cew o
x, éS)'x%a‘

‘ a c,om*: . z, N
ol a‘S\Dw‘A g FC a) . o_a\\c_é an € -mat,

wm bossible candinality LS sald o

wrw\ mexn” mexmben (nh é—m\aaci\g

L thee LS Qaun_cl e k;aa,la,,\a(
o clc’_wrm“:'-'!.ﬂl bd, )CQ K)
. P (X) = p(ex) .
x C K duF\ne_ € - -—JSZG—E)‘

F«m
ko A Al
\90¥m in b\&aff f one A - 630 @
Tn AR g Aale a compack subse
'rna\'f’nc. Atun

D %m ]ao"n (S) C K J‘ J_Eﬁ) 46
lim DCG’Q) - ‘_i/_,_/

e -0 Diélk) j de.l‘I(@ 40
K

Scanned by CamScanner



jﬁ%""—?s Prior Qs a Pmbab'l% ma'-\-c}fﬂ E‘rﬂaiﬁ

OM %oula ﬂbiﬁk an 0\3 &C‘_“-‘I\".Q_ Woh U’JH‘R. \ﬂw lhpohmq*-lo—r\' ""0
4o ‘mfounes Similout "'0 “+hat basdd on u.mfo*nrn brion fon
bmﬂ LRAOY, and c_.q,:.x.!_n'\-\sb anww o

9,1 tohera
G \n N( ) ‘dg_rf"\l'_al aa n‘mu'_d %QE n «-*-G\‘lg

W oW Exﬂﬁjg:L t,os\@mo'n d\s’(‘n Of 9 R awcn X s 1dentical

1 Ve
P::\b (ALY %ﬁemw\-\sk d\S‘m 4 (. awu‘ 9
N evanal case , e s\l nok g et exack\ 4o  SBAMe distn but

u\:'i-o 0(‘/71) We aw a. bredise c:laf—mrhmn o—f

le t:aname\'o.r\ belouws .

quyab\h{'a rncr\-f'—h'na F\mo"n -?owa su\a

(4. k’(’ile)) ge ® CR. A ssume.

nonwmal

Tn

XUX?-/ be L
Llﬂ.l: O,S’ 4B \:)Qhamd'm (_or{-a

oo . Fovr 0<x<d,
G L o

9. (%) deb ncbv\a on o pmor p(®) st
hoost B
N _ -+ O (ﬁ\)
0 < 0 CX) l X) e ' s dost 5
! Fg P(g) i #mbab\\r\'a mcﬁd\'nsa <+o 18 %Y om >.f
L ¢ O (X)) |- o+ O(/h)

0 ffex on ;om\%c\ sek of & uny “°“"‘““a *primation,
niTeT™™

P( <6+—-——— +0\>(Vn).
P 6<l3+..__ )

T
don O (U“—g’“m\ on cnm\oa& subsdr @’g 8)
LN
W ateh mors ‘
Pmo‘oa\o‘ ‘\}j:—m \'ﬁ b — aal s o {-\ d makh\va brion

RJ . Duta @ Muw\mdm (200«91
T +Ris appnoach, a common 'a Al

n postemon auantries s
—_of L 0
P(9<8\ )CWX)D | Oén+«)( ) R (-9
%nme‘&d;b(%(\ ,mkuu- 9 ('TT )9 s
pms)rerﬁo'n aumantile o“g 5 unden bwow T\"( )aw@q datx X,

Scanned by CamScanner



“Tn ovedan 1o do +Ris -@Yas\: ons.  tinda an cax’?'nession "?ﬂh
(g beskewion densthy  &H(6-6).

_ Tr(9) exb (=)
(ol = j-n(e) axb (mU(9)) 48
T(0) exp (n (a(8)- 1(6‘)))
_—_TT’(GJ exp (n (x(8) - 2(@))) 46
How (&) =45 ) g G’C’x;,e))

L=

L "\:ﬁ(ﬁ—‘é)

£, %)
Tr!‘r AlX) = 'bC ’ ')m\'w_m.,
(419 [e(50dn

o)

Tran do Towlorn exponsion obout @
—tRis  eotll —Fina\\ a“’“’—

1% () o (0,81 &1 )k B0+ o)
rYa O’S a meovmal distn IR
‘e

1NV Se cvf bert obstnvahon

whene, cbh('olq,“;) te Ahe dans
natmx CC) , evaluated at 4,

mean geno AN vayiance. oA
obsenyved €\ shun Tn?owmcd—lon

\ ARa  raxt s’cq:s ony —%m}» an ixbbm;g“ %-ﬂ
.TBRE?— "‘)“Cn- -,() b (1-=D)TR poa’f@nﬁon amorhile of 8 undan

: (+) “his can be. obtained b using Ry exbamion
t:ﬁﬂiz \vos’ru;riow ab'u_a.éa ectimated . Th acmq\, b will be

Of Ha {Onm : N C .
SO (%) = ’é.;f_;c@)J,[zwiL; ( )+ )J
e last  ond vory ewuciol skep s Ay caleulate om @xpregion

'foh e gn&mw\"\-?\: Cﬂ"“—"-oaf-a \_-,m'ba.l)“‘,.{-& PS (@5 Glfl—"()ﬂ_‘_/:@)
P

(B e 0,0V, x) =1-=+0(Vn)

Scanned by CamScanner




Using Ra 3hrﬁnkasda_ ondu.n.mnl _dineated by T.K, Ghosh one can
%n:a on Q.X‘Pnass\o‘r\, -:Fan tRis "I,“C‘"""""as . ton d&fulz:)) -bu;H .
Dutia and Mukhr\&u (20049 . USm.a, s dechniaws |, one wthma zd
s

\ = _zd
fo (0 o' ) = (I g5 Tgfeg w1 (m-9)

+i Z< PG4 g, (m,0) + o(l/n)J
o, I .
,Fm Slnu:‘ﬂc -—gme_-hon,

d A L]
To ~Hais case , Al ('W;B) - jﬁ {’;(G) Ay and Ao

72
A\ hi ore
Sa ?‘QY‘J A ,PT‘{O'n 4o be %nﬁ-\- or dan Pmbabﬂ:@(@;ﬂq’(‘t 'ir\a P
’ . A _ 0'
neds 40 hove A, ("\T,@) 0 5 L ) 3___1_‘/2
Ou't 078

'T'l’(@) ol 1(9) , s wdl Known leﬁfn-ﬁs ’pm'wn.

nm? \ afion -
: A wmunmi2o of \""Fﬂn‘m .
Teffoey’s prion 2

~he  solution egft?\ia eauafione  Cormus

: Yod -{from omn e.x\oawﬁman'!c

‘ ahion o be ex\ch f

L amount i;n'\'g:; gg wlone st matunal dependy z:.m

o0me . . )

Obo?:.k Ko pmow wnowledga by ~TRe ‘mowne priow mgw'nm on—

r::r.\fc’“f"-x & s ' nnoion  aom ve \easwmed -?Sv:omrzic\a\a'

O\VOI:\C&T\TE{ lanae .szu'ﬁme.nL would evartuall b'm:'md.l_

An iﬂ%‘ﬂi ‘.\Q‘) a s i bostible Ao obtain a measwa
12y’ ‘nloromahion s

i 38N

« qa’ in»ewama-?\on ar o Lt —{uhm
o‘f A amouni Oqgfﬂ:”ﬁ:}:én dishn | U""\ra an Wdeaq a? L'mdlaa,
gg a f“ﬂc\'\o‘“ Ly At a Wulback ~ Leibdlon diw_naﬂ_nu

25y

betwun ‘Fmoh onad \30 %h'rr{on Mnom el
e’

OIX “+Re  amount
T ( B(®),%) :E&wa"_%‘@_) oo | of
e ax?ta o e ‘?mv‘m ba an_
p_x\?,;d(men\- about —Ri valur cf{ 8, Tt & eas o S.Q.L-W,Qk
ARL \:wimm ?(8) S nm\d Ae.amo&o. al q?om\:)
z:‘mm\l\ be  —Ru posteniom , then T will be maan O

’m-eunma'\:\ on  womehn -mad

Scanned by CamScanner



On e ctfn hand, P(8) is mathw diffmre. P(BIX 2 O\

dr&am a \ot ‘?mm 'P(G) ol \eoa} —%m '\onat orn modwnale M.

because PCS\X) would be &\:\;mx\ma\(\é ‘
ARe onden 0(‘/11), The substental

N .
and Yamanee .
) e M 'Ph’)on and ‘?03&0"‘1 on ol b )’\l.-?hqbo_d in a \Cmae_

TJ. o Sum ub : T s Small when P(9) &

. \ , Le.
ety Acgenate, and Anqe chu £l G st
6 s 13 ~fa b’ﬂ\ﬁﬂ. M‘-%DY)Q.. & 'ma

oy hove 4t .
B Mm:;wmax*m;‘at_ T went, e ‘P'mn-m 'P(t)),

bed ome Ahould met wonk with  ample 120

. motk cage

ensSe

Q
BC’"‘E’"’;& ;33\ dota ond  moaximize O
¥ 0

e agis” would be dechnical —fm,uaa&
L ' : ; ked 4o
Od\& T™one ‘mk’ﬁw-\'on\.\ ’ ~‘Ra 'nér\cma.\ :}‘ LS ax%ee [\

be O W& —?unq\-'m-n A  Priowm O'hla Qsaa?ﬂ\p‘\v“"‘ltq\\\&.

We woull do e max(mlsoc\rim ‘

woxamore  J b N) b‘a WSt A . i
fk%\? Xb Juje\o.c_i% FC@\K) 'od, ‘3(9\'3{.) n R df:Flnrhqm
%o_:ji a? (9\"&) L;elra i éens‘v\a dg ABa a‘p\=mxxmq’m\a

normal isH .

asy m\!’\'v\\'c_q\\ .One mos

WrR ARis abbroximaXon, ome ae\;z

-3* - i-— —i—\,na (‘ZTT) - %Z +5 LO@“} +J1°d(ﬁ‘(§)' F’;(Gﬂ) 46

&. ‘°3CF¢(°))P"(°)°19 +KL OFCJ) .

C-—'j) L8 QA MeasSuwua gf ?ngv'nmcﬂio-n in a bﬂ{qn'
F\B maxivmie 9wk, b(@) ) oL vo\\ ’\“na wam"ﬁv\-\c
noximizat oM crg 3.

Scanned by CamScanner

nonmal with mean

tdea #’“’W"’iﬁn novnmaltty



“Towands HRat § Lk w aoneamieate on a combact Subsel K

o’_f OF nou con  Ahow thak
o'|%) 74 x|0)dn b (6)P
TY(P(@Q x) J{J[ E\OLLE’)— p(e’ )49 F(l@m,& )

We waill {ms‘t assume '+Ra’t-

T(p(8) %) % TCP@) X)

Ahat T can be. ab\ammmah& ;r,:ﬂj:, .

MWe wolll asIume

ety by ey P (917 b $(91D
?’(@}]’}9 st —tﬁq d.ans,.\&“ad{ a N( / h'I(G)) distn evaluated

at ©7.
Restmcked o camback Sk bo.

] CP(@) X) jf J{S Loa pi (9(l );P 3 @a&}},@l@h

(9) db |

G/ PN(B, -
/N x 1( n>I ®) L “1(9) (G/ e))
(9[ ) axb( .

,L'u; om — lnICE} )
Laak (B [’1) il 1o¢ar» 4L Loa ICB) 4 )(9‘ )

can O
T(&FCE) SRNOIADEI A

= - | oy (P 0) Fu CG)AG
8 rf nog C»—-a < )‘\0 "/p_ ‘/z'toa) J Lo (m—))P (B)QIB
4 - J Log (t’ ®)) pLC@dB

=N lna FEB&G) L@)a%

Scanned by CamScanner




The %Jrfi(}'n otz ARk Q}L&ﬂ,-'r\a ‘lg
?LC®:ielw J VY eew
12
wha sy U3 Q mwr?olis\*\a enom%unlr St cz{f@ Ls a brob.
aio_ns'\'\'af on Wi '
Rayeswan A8 'm\""“lhis_"' Pastertow onm‘m‘rcmg[ and Postermow
Boypesian_ oyr

movmalthy
R Beonaskein - Van Mise tReovem. aboul’ posterior o manmality

ARe. -fouum‘ua ,
SO0MH -
ud
:‘du\)\;oﬂt XysXose-,Xn ;f("‘l@ y P& @®CR
G, (B s an obn  subsek ogf R .
Lt B, € B juhe @ & on open Subseh dif R,
A ; \uk e Giledithood
. O Stronal aowiotent loldhomn o*g “
o~ Sn © Ac:g,um:daaﬂl A% wsual wlon comdrbion. meeded
2 A0 0

rf-on \P'm“-"a ass@"“’i’*"“c' M“m"f’"‘d U:f’j@mhdtahn\: n cotp ﬂf MLE.,

. 'F“ any $ >0
?(‘) %“'" smane, €>0, Sub + [Lﬁ(@ .._ﬂ.n(_GQJ <€
BoL |8-80>€ _gm msu%dtﬂ*‘a Wa'ﬂ =1,

(@) e yrion hos o dersity 1Y oty leskecyis mecens

; 9, .
wohch 15 coninusus ond bosriive ak O,

A~
X% be o ‘Fostwion demy c/f ’c:ﬁ(s_e‘r
bt To* (e [pree T __.{z.:?ea

0o >
T (& 0r---%0) - }2—{3 ;

=0 Lo +th k’m\oo\\,\rﬁ‘d A, wdn P,

Ia’c

Than lim g

N2 =}

Scanned by CamScanner




Bevrmnastien _Van - Miges Theovem - A chandond pesult i 4he
bok MLE on W mptotie npnmalidy .
OJ)"aT’n [J -—\‘P\Lo*‘g‘c:\}il W a esulk c{_f-{n_’n ne.-fwuti 4o ag
My Bogerian b

- \lan - Misan

Bo.ﬂnwl\"li’-“ . + .
1 e oskamon 1st),
m?&ﬁm § P pe@C R ywow B open .
rea
o Y dake
For sim}aheﬁa )a:'}i&tm as Areted  below Qv '-Wf\_uu_ah @
Ao R .
okmn
S'u“aost Kiorers
Py ox AR dr_m'\’ca s
amuwmptiove . Fix 6o € ® C’”’d
A+ Wam&m)
otekion © (85 =184 :YTE"‘ED n |
Ln(8) = Loq hT[’fC’lt\G) -:.Z a(e,fo ,
“= =l
The mum\;ﬁom one. oA lowo S !

s Ha same {10“0-11 e,
S §x19)70) .
RN g e
() Mo,

Qba g‘ntro-l (@D-S, 0~ &)i&?of[;f 0’ 9" and 2"
' AR ngm‘ané g Tondin daniv

@.: R . Bub ‘e Jusult Gom

s an

indanval m ‘

X c\\a/ Pp » OER, QD .
Ry e tRe \\owt oo ulan

—g@qe) T an e Amur :raalu crf

ahivey R

l&% ’ ' . o, and
\;'%G' (@0) and € 9 (R' (Qo)) ane Yoo ?“
G;k, | 9\’”(9/;&)\ _<_H@9an& €, (M(}h)) <,
0 ¢ (08,009 | 90 and
Q‘B) %’f\\meharﬁt, of S‘KL Owéﬂ“ ' .Ld"-x){’:?'ﬁ?:: w k.0 a
e ye oy
A'\g-}mﬁxr’nahoﬂ ax Yo a (Q”(Oo)) R (1’(90))2-:—'1(09

g (L8 =0 1 Eo
QM) 0 < T(6o) <4,

(r2y)

Scanned by CamScanner



Q_lg) (ove aw« $H0
P@a Lﬂn Aome € 0, Su.?o Tl\ [Ln(g)_ Lhcgﬁj &C
l9-—90|>g ,fvnaﬂﬂ ouﬁzidmﬂa Lﬂﬁﬂ‘l’ﬂ- -1,

s is aopbmuouws  and  beathve at Os-
@G) PN Tr(e) i %Tr[egnv:fio’ff:r“ S:AQAJ-LY\T;,L nym j)ol,narf

donpte  TRe bostemion d&m‘r\“t 0’?
g — 6n).

“91!&21(99“& _ 0o

Twn )

\i:\oo S \Tr"* Q:\ 7(1..-,)(1? —;__IEF/:_/M‘_\_Q . . l{)ndm
" \—v_/ ) 8o
R Y)O.T}&Gmhw dmss\'d J—Y N(o,-—]‘i-@:D

Scanned by CamScanner



Asamwc Nowmaliby of Posterion distibubion -

Lyet On ke f8a postenmion mode . Xn = (Xi/-.oXy)
'YT'(B \ ';(h) . ?osko.winw do_ns"-)c&

~ ‘Stﬂb\ u..\-w'l. Q,DY\A‘T"-“O'M) a /'Tﬂ)a\,ow SQ.TY%% U\?Ghs'\on,
k_)‘ndm %UJ- e_ ~ .

a’g Lna’ﬂ“(e\ﬁih at On a‘“’i -

ed
e o Clh Lo ,?(Xn l@) s the obsanv
; \ised oObsinve '8
i a‘F\O“- mcr\-m'x_ (Caemmct
Fishen  Tnfommatio
T,\?ﬁﬁma’ﬁ on mmﬂ> ‘
CLSS:LLmt:f’ﬁth; —?Qn longe m 3

' wlos
Results Ondo Sm%ﬂme;):a be  obproximated by ant one
distm, n

A yosteiee BT Np (B Tn) om Ne (B, TGS
R nomTE den, suvkalle. M utlﬂmﬁa condiomy | e

oI\’\';w\oS\’ L A Vo iy \ Ko CONVERARD —to
T o A of T (p-0) Tﬂ%&angnaﬁn P
?OS . w\'\UUL_, I = 'IA-"-"'FA‘& rrna\‘mx
Ne (0,95 o
Le a Akaonam WA a' S N k
— He now Tcr‘.acvf&a:nc\u\ which Es mptotic “O“m“\dd G{
lom co
N&: tta Qichn holdg e o
?DS amoY c’bs‘h w‘r\"c\ common VST 3]

(W) , An open 3ubsek
bHe )tnacmdk(\

“d
- Xn BE .u' ewohoww B €
— IAL%SLS):_:/ N dehS‘J"a _f(?(lﬁ) .
¥ ':q{L ‘q{x some te S @ § "ﬂ mo'p alil
Gf TRI "t nwalus fé) Ao ?oﬂﬂm&m an e k . Ha
i “hous
oh

m\—zmcrﬂ'} o all made unden Bo .
S

Scanned by CamScanner



i ‘LCG""):“a 'fgde) N Vil ihond
Ln (_B) - Loat‘_r ,f(")(i,\ S) :..% RC@) ’)C.L) " U)a- l—F“T:(L::Dn'

_‘ 1 o . ’
For a —?«-mc*{onJ 3\(') , Lt &t") denoten AR il dq:—xwarhvr—t’i h.

also knouvon as Bem nestein — Yon - MisseR +HRaeorem om

—This s
'591663"0*“ Cermtnal  Limn ~Reorem,
*r‘;.LO.SSum\:%{m ars. ON %‘L\oms:
\ . 2g

Ai) The sk i'x." gc'x\e)70'3 12 the same ‘
2) 1(8,7) s tholes aifferantiable w.n.’c.f}mun a )
AZ) 9 of Do ta expectation Ey 1 (80,%) &
(Do, 80% %) % Theh e and

o B E Y
. how\\'\m&

=)
g, & 7107 4 e, ¢ &0,
° 3) (' o an \
Su |1 ®e, 0| & M&
96(90#6}90* SD ?_xk;nckﬁr\*on. .k PBo and

Es gW(60,%) =0,

o ) Gozxo = PEO"[
E?BO 8 .S(—\&L Crahan Tnfo’“mc":‘nﬂ mumben
o) % tnite ,
w\o m:ra‘\\iv\,) s ?““'HVL an %
b s

g0 otk B _ proboviliy omt
@‘D Tom ““a

- n(ﬁoz] <-€
sup A w®-Y \ -
19-—-&“’\?& L e ,gn“ ol au%u&n”c\& "Lo‘"a '

2
1(0(95,;7“)1 - -—I(ScD P

\f,u-\ um ¥

,?Dﬂ some €e7®
We assume dhaol R S A ) \‘& eonsiskant

2
IN

= f, *° AR Ullithood %\q,u.tor\'ion LS)(GJ -0 , ..:_ s
g:...nc_L cyg S'\'U:\'{S'RQ By 2 w R PB — Pmbab\ ﬁ'a, ona
* Cl’:‘-b'%‘u o g3us\mood e auoton -fhh su%aan&\a \Mae_
L
N

On

« ond On — Qo

Scanned by CamScanner



“TResyum - Subbose assumbHon A-’Q-—e\‘\) hold and %n s a
Ao Ulkdihood @avotion, en

-ga‘n anar P‘mon du\sr\-a TVLE}) wohich s  continuwous and "Josﬁ.\VL

2kao \a consistent  solutom

at Bo » 2 ( )
-I iSO 2 dl— -___—-0 ————— @

lym S } Hf("\an,xn) — T ) e \

n= 3 1__2

¢ o sterd
woth Fg tymbobj'ﬁ ) whara, T]:‘*Glx,,.,,,xh) {s Ao postemorn

clensx‘\'a Gg t = (0 Gh) a“‘”‘ Xy omeor Ry o

dom e %) holdy MR T(09) >elacsd
Also , un

same. qs'sum\:%ﬁom (

b I-n L()Ce'n) '

Pﬂ s Yo 2 TTn (E}l-x“__qxrg

——F;s-l-o_mow cla'ns.-\ad axf 3] a\ﬂh Ky~ -
e TH’(&\@)W(G)

Tﬁn(@\m;”.,x‘a 5“ S(’?‘-L\GI)T\_(G) 40/ K?”‘Pﬁ‘ﬂ

Bsterrion  dist o = i—(@"e) =

sy = TR #ozt Bt )
T (% Bn'\‘———)'ﬂ' 9h+—-
'lTS(Bn +E) [TH’(X» +9n+&:>/'rr ;(x..lehﬂ

{(x H)n*r__
j v (Bn :r!- ’fcxt_ ‘ eh) at’

(&h -'r.___.) ex\o Lm (@n +‘E/_ﬁ-s) — ln C@n)_l

4t’
[ () L@:E’)“)J H
n(0) = 1o T4

= o (e £ ek fnBnt X_ ﬂzakmg
SRR i " e

Scanned by CamScanner

T (%) =




Need o show, _ |
(@ :lr_:) Lh(gh)} @o_ Jitzi(ﬁ)(

c“:—é 0 arsS. [FQJ
(a\mosl- su.‘n.ﬂ@

Sh '\-..._-) E_Kb Ln

V\IL -%‘ﬂa.k T\D*L "\'e‘\&\" 'A- 8 Q_Mu_hg do BQ'OUS:

@+ [ [r(bogp) i) ()

L121(8 0 a-s.
" —r(89) e~ t ())de—a
'Té Qea AR, noetL +Rak @) .Q_Ap_aklb “o }
x_ ——L’n(@)
N Y On +
- cn‘[ S\v(ﬂn ) et {10 :Q
= o ) , ~ 2t I(f’")\ab
- C —Z%
{= N Ao Ahow
9 L s eMU%
ond A8 @ ;‘M‘;\lu} )Q.n — W(Bo) :?ET;)
\ \n o 0 A®
Ahak TR m*‘—&""a\ \ @ aom
gt 02T < Tivle juohare-
o+t L (gn)
- \TT an -\-..JE—)c.x\: {L“('G“*E)-— n
- " L4>1(6e)
T2 dt

-1-'\:?-1(9) ch 1(99 a__ -12—’&:2'1(99 \db

g l'ﬂ‘(@)a

= d
Now L0 &% Ch L e21(89)
e d¢ —=0
T :k'lT(@eJ—CHWW \SQ' (e
Ao NIRAL oa Cn T ) I@)

R

Scanned by CamScanner



Now we one ) k:mw_ (2).
J.\‘ah(b)l&'r -~— 0 a.s. LP9°
shore an(b)— )axb[u (8 5)- u(@)j
-—W(GIQQ_ Lz 1(19) |
Neke Slanb‘a)lé’c = jlahtg)]cu: +J' \an(@ld% , whuw
K

Az
Al = {'\: LR & zlo-ﬁj and Az = it L e 50«1—5}

\ small (H)ve numban,
cgo S Q\;bmx\moﬁh_\a ahsien SMa L)

238

S, \ 6 ~ o\

| e c<hoose So LY }ma..lk A8 at 28, el e <2 (g)
_So0 Eg, "9<_ 9)

: 4 e\ <S4—'—
Resuftdi- J |qn©]dt — 0 a-s-[_f’so]rww’ Av= {0 =

\ holda :
2\ o louwor
ND“:& ARax o'tk ?9 - ?mb&b\\\"'a ona -@o vx&

ig — 00 , _J_Ln (0)91(9) ZMCK)H EG(MG‘))}

,9, a sambb_ 3Wﬂ¢ﬁ_ X.,}(g;- )—F)h Uﬁklch @ ho[d,
We X

gult n -Hus. Aesramned
ond kmwe_ oun T (3) ’
L o
L—h (‘é\h ‘\-\‘;'_-—;-—) — Ln (6’0 Lh (e'h + CJ__' C 'n)
n

on
::_.‘i-t_'[ +Rn(®) Sﬂa a'd ‘

bl."n-ﬂt.l-ﬂ Bi—-—— ond Bn .

and 1 "Ls'—h;) (9’“)
9. Tor — Lo (Br)= - &L "(5) - ,L(eh-SJLh()(G)
" \__,.f—«‘_‘—'/

L:Ec/;) N

whire |, "' Lann bebwern o and On -

Scanned by CamScanner




n Su-!-f?‘\clra_hk
EAS \ L L'Ea)(g,;,) z L ZM (xi) +n ({mhlm . \33)
—> g (ME) <= ¥4 (4D ]

° -'?h -~ 1(39

v eo<h .@!xul't,
s
|Ra® ] = T

- L“:\B..x —,‘;i M(m) §n
- Gﬁ o)

—> 0
“Thaus -{-o*n aacﬁ\ g—ﬂxe_& b, anL*) —= 0,

L ()]

Fors &Z;x tCA,
Ra() = (A8 )% L\ w2 (o)
50 ‘% \“lﬁ L“(BJ Cgh!)l
< SoxL kI MEY N
=)

,3014 280 , ]3h-eo\ 8o ﬂn]

IN

[a)
[ 1hok
/ S ,#.n
< ]
‘en --GD\ < 250
% . MCX‘) <.Lin o n Sinea LHSa.%‘.anM('KD
| t
s %x“zf : £ 189
e N
z °
fom £€A, |Ra®)] ¢ HEIn :v‘ ﬂ:L ) KHS _9,%_‘3;(0) o
- (gn*a)_Ln(gh e1¥Tn +ot Tn = - g4%In
-y n I'T A ___ktz.I“ _ ’é_tlI(SQ
(g“-\-*: .._L-nkeh)) £ e < QJ;\
2xp (n ™ RS
a N
-— ! tﬂIBo ‘__'_L*_'z_:[(e‘
“TRos + ()”rao % )

L | £ 209=

We hove \:mw_:l +halt J ]‘an
A

@4t — 0 a-s [Fe.]

Scanned by CamScanner




Now we will bmove ARat j grola —0 @ (Po.] -
Az

Note, J lan@;)ldt £ S T (gh +.;f"“:) .ex’l“{'L-n (%n'\-}-—ﬁ) - Ln (610} at
J P %@o}

<e T . S“(@e At
Corn tE€ A2, — e

S A EN_tn(on) =L itn Aﬂ*":_;, ~n (90)
%{L“ (257 ( )qj { (9+;—)f L:(eo)}u(&):t

£o
A L _ Be 80 #T\
[F‘o»n’céAz, \‘9"‘*4—; \> 2 ]

A LLh (6) — Lm (9"’)1

A3
é SLL% o I 2L n (Gn - (9,— On L(:)(B:j
16-00l7 3 +Jﬁi.21.(eu_e,,) n _d)e Lo o,
oy Ov lies bekwesn  Oe ond On -
w ’
— _G_ M
~ 4) o Po - bmbc?&g*’\\f\a o,

A OM A
p— (

) oms. €70 F T
S £ [Lh(& “L“@")J ¢ P - =3 "'
uk zX:.f-..D SO‘HS‘?‘.M @ it

l3—0°\>§2_?- Ag_.gj.l—ﬂ-ﬂ'\c—’* CX‘

e _Somble A €4 & n
Shpete L®, £t (bors) --L.hC@n)} <- €4 4
o :J L GAZ) m NI—F'—

TR
__..LE?‘I B
Nouvo ‘g"*"'“@ A ~ve/ o ! T(8s) @ ' ()dl_
PHOICES f“@“* w)e N
S ﬂ Ay &/ 49 Az _._lék;z"'.((ﬁe?
Az . e""'“ z\ﬁ\ TT(&) 4 w6y & dE
; Az
\_’_V:E’;/ —0 monmal ail)

Scanned by CamScanner




fhﬂg 4 ond ot

{In

A
+ tzxn\ib — 0 Q.5

6 show “i\*rr*(g\x.,-.-,xn) N I;%e_ 2
< j \Tr* (e\m,.,...,xh) - i’_‘? Q__Jit T(GQ\AL»
A -——30,15}%&“‘5
+ S\m@e_%g_x(g? m—z_g-tztn\dt
—>0 'Da der

How we mek\e_\u_cl R \,ym\yi{f BYR Theorwm, e
The ‘?0\\5&5\ Ahaorem shatw ARaE  in AR wlon cowne , w0

samble , & Bozfa estimate s a\u}:mﬁmd'cdd

e LONGE

t a Ape WLE On -«

some. A8

”q? we eonsiden tRe somorvd cwmror WbeL, TR Bana,u:.

eshimate '%Oh 0 s a’wen bd R tﬂosi‘tm-iow .

On =Jsm\ (8] x1-- s %n)d8

o —Treosem t— Tn addibon +o e 083&“\\1‘{0?\, g{ o ‘khmou/a

-

AReorarm, AITHME that 1o[T(8)d® < 2.
0 ’

* % ' bl Lt 0 '
TRen, rﬁ(enuen)__?o ot prrbalilidy - one

rﬁ"_ﬁg:’ Phom&'ly\d as ™M %Jﬁi}:’g Sf-l-h kb'rrcw'touo “Hhaoyam

d u_,e;ua s N acsumption nite  1mean of Tr() we ean

aoN

brrove s _1215210;9{ © 50 an.

J ! \Trf‘ (etex) ~[Zf2 e Canead]
T(8+) e-étzr(s.)&b

R ) % X
R wblied | Ly, (’E\Kl;--n;?(h) dt -—9J =

Now, o ___EQ}‘;{,....,Xn) = ho a.h. I —
:EC@W\—{_/JF[K””"X“) "- 3“*4'%}*““ (el )

o - E(Srf ~Bn) = Sbfrn*(b\xv-"x“) db ‘—:T-—PO g:.-:\:\i.

Toemomnke |- ﬁ' @:-—90) d > HCO/I (99) wa;&a .

Scanned by CamScanner




74 Supbose. X ~ P and Pe (P \ |
\_ak\om_p_ fon a‘mm AR -%ﬁ\'ww'wa wdea cr.F QDMM,CME:

" tid Bennoulli(B) and T(9) is brion demity +Rat
A Kyem2on ’ oSt 8> 13
:{ Lwous 0N @w) o (0,1 TR AR

cowriatent ot o Bo € (5,9

Lablacs’s  veesuly %’h o Bota Tuion
fin a?i‘?_?:m FTW{? (r?

° o -\ P-—i
1=0
R Jxine
Y oxi+ e, M x1+>
i g (E0
E(glxaz“-, X-n.> - I:Z)(i"‘o(

o<t \3 ke "
m [
G m-J X+ F)

VM(@\X!*-"/X"Q - z‘}( )( \ — 50 e

Co{ 4 ra-!—*n)z <:==(+ F‘H“lﬂ-p
M L unusual exambles posterio dishe s axa cmwintant .
-m oS do R 'm‘\m‘,.d Artuoion s whon
W C0™h Mmoo, A

nte St .
@ :fglr"-r;ak ’Q-F

r“; E)o on M= 29

nrd—
Su Qﬂ.& R\;xa,.,., Le i
~Georemi- et (WD) =30, >
obsony

.50 ¥ =Dk and
. ¢ ?’Pr',?‘( w\\m ?\7‘
QO ornden "‘\’"’""“ \ :L[
W

. _ L and Pi=Pw (9_;@9. ’
.tz'—*,l?" . e@;sh%”mﬁe amd Qs e
S\Ak:‘po.set y: & 9 N L:,t“c

A u_ur&ﬂb\&
chskimgy . M dx >0
| gedo) g (7 pare)
—Than ml%l-{

lvm FC&E\m.,.,.,/z,Q - 1 and

T::O \:' (91 "xw»-.,.,'xn) « 0 p '1-# t,

N

Scanned by CamScanner



'DQQW-, 1(9)- € <’§6 maf 2, GDZ
‘TY ’I(B)mo ? g%,méf@,e) ‘q‘s small ,
’Tg T(@) 18 ¢, > i%wiﬁcm’@ 'S ’mha .

whan X &) ly amodt . t&e veate "f‘?"\ﬂf\auc{? likdihoo
Zvnece.
Hw.n.%. Q wemdwm conromy

v 0 £ |

5 gy 1 o)

A= n=l ' 9 Tee
To show k)(e‘.\m,.ﬂ,..,,x):t ok,
F(Bm\a, fxn),_ kﬂﬂT £ (xn\8Y

3""‘ q.:s;_ l n -f@(hlga
2 ohars S = L
N —;:’”ﬁg ’ P,Zﬂ Gafé""lea
2 %"
Fl nSt
_ PLe S
] f + L_ \?12. d

Scanned by CamScanner




Doob's TThaorem:~-  Subbose ) omd X one woll comblete
:S_ckma\o'\e vaetm & 3\’0&% (0‘0, ?0\"2& s\m«m) endowed (o't R
sasheehive Bowel €= ‘%L\dﬁ ‘BC@) ond A and Gt ©— Pg be

one Yo one.,
Liek ,TT be @ briovs cmd@g'l'rc- |y, X
@o C@ cortR Tr( o) =1 s.t, {

c,o'ns‘tS’fﬂ-“{' at  evaon O ¢ @o

o (F (“”9")>z<, — (°f‘(_9_5>

Metevimation  Codtemion CB’JZQD e

"‘) be. a bostemen ,Then-
-

. tx‘)“‘,Xh)B‘np:/\ ]

and wh (9) ﬂl"d :fC?&\?,) K

W - (g
e, afe) = T( %ﬂmu&a e

e lablace cx\:bmxima\:&ﬂ
a\,\,mx‘\ma\r‘wn ) 'rn@g) '

‘f\d A

on , kKaown an AR BIC boved

d_A fo ¥ Q)'lj'l."\ L?ﬁ

Yropos

S(._\.;:m'\i: Ci::‘jf;‘iﬁk;ﬁ ';av\o'\rﬁv\a Aevva Ahat S‘\'ﬂlé bounded A
on 3 S A ’

4 samble gize Mo 2.

ayervrhoT S a‘wux bd ,

0o -:;\(-7() - 8lIC = loa ?(-x\ é) — ._g__\,oan

N ka%q\: 4R a&k:mx'\?ﬂot\"\o’m '8 qﬂﬂ?— -%N“\ e Qko'tcgf_g
ote

T e OLe)
] \[‘ - n?c(é“)\
[0&1:\“(%) = Mag@&‘é} -—__E__,Loaw ,

Scanned by CamScanner



BAYESIAN  HYPOTRESIS TTESTING: 2 MODEL SELeECcTION

On R ‘;ﬂntc,oﬂd_\,ab‘\\“\*‘b H’f AR %"V‘C\M and Bct.ne,a‘lmr\ ™Meanuwre)
af evidenee — OM @-'deba.

Xy 1Ko e s o N(e);\) 2o
\ teo V ' LS o . .
?4&3'(.’,_&::*0 'fx -@'J’L‘ﬂ-‘-"l/‘:wstr\s% -m-gmmuL i.f TC%D:\SB(X"S")\“S
) X hane , ® s AR obsenved
- F D.(ﬁ g -00)| ¥t | #ehens o
E'\mul- Do ( -\,alu_e_crf'r(%)-; ‘E (X-Bo\)\
he., &t = (ﬁ(‘{, 99
e P(uo) =) =2 .
iSB :&::G\ “,(“‘,02\,, degenmatb e ok B, and Ho anad N.(Zu,"da
o St
priee o 8 L () 2079
(8 = L T(8=60 +—2_-N(/% :
z Packow crf Yo o T

* fraw o | [ L )

94:" )
'\c’._l LA}L\‘!QVLMW, :_l————/r]‘tc’jt’,i
*Taulv\a/'*‘e“f - N In T
t
k25
g =50, £=176

F-—vaﬂz‘u. _ 805, B0\~ 1108,
PCHn[?_g) - 0'52.

ﬂ. com™ L u&
O:‘/‘r" xh\e ('\-._./N(B/gl)

1 :sn VS- H.l'* e# o \ %H
H'O-.B. © = Boyen ’gﬂf’“’*‘ ﬂf to  ulertive ‘
boba o =7

= PCHO\?E)

n = Sample Size

Scanned by CamScanner




—"’—’l/_l A ] 5 T 16 20{5‘011«0

’_’I_]/ro( B ?B?BPBP{B?\B?
o-qaﬁeﬂ b TR A

24s” 010 oy2  0-42 (079 2 5.
l.

" N [ 1 0131 .0 h. ‘!OS O‘J _—
r460 0:05 054 0:35(6:49 0:33[06. %9 108
0.1 8 ©011d/0.28 0:22{0:26 02 — -

2\ pus 013
2:.596 0.0\ 024 0 v}

10 0.09 [6.03 0103 6,02 0.02|0:03 0:03(0:030:03
0' . [}

9,291 | 0400

Ramon k- » of N
A q‘; a Boqel_s\can AR k{)s"r&\rﬁow \?mb L] r\«qé N
‘e ovidence at tro . I many coramon. Can O—? Yam |

\ b
?,_mﬁm g omallen -tRax Re ?oaﬂmon pro

o Occounk MO cm\a e obsutnyved devicRon °§%€L
‘ Wt b Y on measwud \r& +ea} stebishe
m AA,

da:-&als “':“07“— YN’ toomt  deviation, .

. do See tohat ha\%\g-_m bo\uh Oma N

2, OY\L ] un @ Hys ‘We wifl 222 ARak 4'6'L
TN o Qg)m_b.u ond kos"“ﬁ““ \omba&ﬁ\r\-sea
&K’EM& S PFUJL @M\&m Towot bLounds ‘ or. B and
\0”‘3‘5"7‘ S prions undun R alteormadive. |

bt’r\-ﬁu'n. k—-Y‘a_Lu.l-n Om& Ao

; 8. Aljounces ‘ .
NO’\Q- We mote 'W\ot_smn A ey yuimains

: ® on
e 1 oot bo unda u
' ak oNEn " AR _sue Q.%."bm
|“nm|ﬂ;:nf; ana COYW desad . T ot coonds  the Leont ko
‘ -
™meAs %oéo“ i k_quyg_'f-'-;o'ﬁ k;m]n. af Ho ons Stkbs’cwrha“-a
BGU‘G'-’" Abon Yhn cenhe M\dir@ k)-ral,w-b.

\'NLQU‘

Scanned by CamScanner



&u* 0sSa. e Ovw mkm

K en'm\s:\-\ mu&m\s .,Mz, MK
ey d&‘&'ﬁ ‘)( %\.&d‘L 'J\'?\QIC wa

VX ha dzh:a CX \9
= \Q)\'ﬂ Heorw Bt o0 '\"KD_ wnknown Mo onometons .
- L=
%Hg Wi\l use a\gOW\J—S\S desh

and model  selection almost
mf\mc}\o\\r\@ab\d i His A:;i \

2 N0,

'. potResis ‘\Q:S\'l %Wb\"—"’“ S“"%b"“— Xyseo,Xn have dom\'
do S\-\'\Ls :TQQ °) » “"“’“L oe @, @ bing 4 model space
° tid
Exorpled® Xy Xa oo X

LoxXn ~ N(S \) e R
Qubpo se we wom) 4o dest  He 6 <8, Vs, Hi Q >8, .

and M inducs ot o 40w atametan s\f:o.ef_ as
o ol
@: @OU@{ )"D\\”"*® ﬂaﬁgoj CU\Cl @‘:{9)’803.

s com be amed alto 08 a’ modd selechon kﬂmo’b’l em  LONne_
his
u_-);_ want Ao cheose  \oekwem '.

Mot Xuir-- L Xn € m_;/ (= |9) w*\;\%;e@o
My X1, 7Xm \9 o~ (’)ﬂ 9) k0 € @,
nessiom Hodel\s &

}(CM“%\L 2% R
s '_*_u_ A,e_kuné,e, l VO&WIOA)']Q_ Cl.'ﬁd %‘ ,’2.2 P

"X. o HRa
\\ Ao “’fu_uy
"%o\cm'hou\ 3‘-‘“&:‘-3‘0“3 Tg we use a :U-&mmm-s
e wd
\inaan MGM\ n model

7{ _ 130+ l3,’3:.|._+~--. +FPK\":+ Q(-‘ w""""—‘r MN(O 0

0 sssdle  class of? wmodels s R masted elass.

M’(’ ) oetﬁ.’ PL:O Vint()‘:

; CF’”’P)E RZ S F" =0 ¥ i=2(Vp
CF,M?,,,Fq)erR ,F.,:O\r‘ L"‘B()F

@w»MGRWCMFWMQ

Ms € MaC s CMp

Scanned by CamScanner



Example 3t X o ,f@,le) , 6 € R
__EL Mo * &)szc_[G) = Qaua\'\q(@,\)
M, ,f(xl@) = Novma Ce,\) :
. dls s M, Mo .., My - We have 5(>-rﬁova dighn,
SU\“:OS& aﬂd‘t:?“g)\és Yo "\'Ri unkmown \JOJ'LdeU\S, bo_%m AR
)

Kigg‘?"‘\ dighn, Ov ‘?m—&&% disko C’f X given b
' L=v(VK,
ML (’25_) = S gi (25 \GL)TF;_,(E}L) a0i \O
M, 4o Mt is gwven '\oa

RO

: A
o (%) JS (x| o0)™ (60) 41
rrovided
R ten ok ked Qs A odds ki :\
o mtlm%afé“: M g \i}g me?s%? ~+o M‘;, CThue B 0

Tho Bo@% go.é:ow

> a‘LO&):

oven M1 ot oddy

! Gf weahled  likelihood matio
ke wula‘nk {zu.r\c’r\OY\,

\"?“‘O\ooﬂsi\'t—\%m P(M(g)) "&:\@K G‘K e moddy e avadable,

ﬁf e combute 1L posvemion k,m\wgﬁ“% a‘g for e o
e € akoms . At 1¢ e_a’*d to e that fee kottumon

moy A\Se b ’W\Wah

A\&mnot\*w-\as B Y\'ﬁﬁh/% Lok

a’gm&h i Y, TR

"H?‘-‘L ed
Pm"’ Mt G’h{l.'f\, ?S 8

- K -1
My mi (X PM) B,
cfuiz)- LY |7 ei) e
) P
&

Scanned by CamScanner



Wy Ao besh
A \,M‘Hmlan\d QommoYy choiee a\*@\mah not M.CLMonla es

o\o—\-'\on n Cﬂm\:\u \)mb\um S
F(V\‘\,): _‘\}—— %&n L:‘l 1)K ‘ _
Tn  ARis case P (ML\ X ) - mi (%) ” .mt(%) ‘

A=\
p ﬂ'\%-gc. ‘ru)go A ks a QOYnMon Ao k""’“
T S ‘

et iy .
"H‘Omﬁf P(Mé ‘r;',!'\ S:M an& . o com USe +e\l me (%)
"Cu_ﬂ-\’lo
oo CoMn

Y ok [ 3 T\O“\-
Hoin \-?U"SO““\' leosqvﬂon \W“bﬂ%\m“% V_""‘ C’*) 2 ﬂ
Aeormine iy
Ahal- > 3; = ™ C’E,)

(%)

my M

S'\mt’\z Case K=2 FCMe) ~Te P G’h) = 1~ Trc“

= - my (%) P(M1qu(“): P(Ht)mt(n)
o (2 ZP(M})M&('&)

Pl du jpmo) mo (%)

C*ﬂe(%ler-)““(wd@‘ e
o [T e e b ot

Qp, U T\ohn‘\«-fanmql{vq_
hrrion d:gm 'auaﬁf-g( e

‘Jm b\em,

Scanned by CamScanner




. \ o nOacﬂw 4o moddl  2alechon " —
y ohvation @W Bc‘d esiom. b .
Pares —?eo:\-om ona *»os'bm’v.an model \;maoﬂm oL eav

4. anad) skond A\ '\r\*o\\ww}.-o&—‘noh, Cg e %aa ore ea 'd
undenstondolle b non-sretisioong,
conAntank  undan mild  conddions

Lo onods\ ge\eckion 18

~ &;én-.h«./%m divnernional. fwoldlem.

‘\f\ .

\Pf.nq\izl yrodal  @ovmpLixt
4R kuma\\ Aenm,
“fﬂuck.t\b‘

and

\ esderus  natunall |
3 ‘ Bmalaz:/ Y\JJ-\)T oNn e_x%\\u‘lk' a‘lﬂ’\ﬂﬂMt‘_“nGn Gg
E] +Ris w0 .s\m‘p\r_h moddlg O™ k“’-g‘”‘-’-d ‘o tﬁm%
T‘l’\, \3 o‘a ) \ Cnmwa\\ m
moddl sdeeHon 'S &
10" .,

: 4o ‘
4, TR eaaes\a;d?ra\::oac}% Abe MO, 0}13 nodd undon  cowwmdon

same ,
Pxomplet  Ho b 0 ¢ (W, \s.
....-—-—-—-""'1“'.- @o oand @,‘ oo clf same
___(_3:-,_95'-—_"'-*—-5"—- o Vs, Hhi O 0g, colure Xii

[ | ‘ . .
Mo O£ Vo P(Hlx> and PCH‘hS) oand. ahack Lo)nwo\ pne (S

amd w(@)@ﬂ:t—- To .

Hy b O ¢ @“’@u_: ®\ '
« dimension” =

xa|® AN, 0N
<

N2
e W ao\esloke

. longe
T‘.(B £ GOJ - J '\T(B)dg = o
€00 + W (G\i-h
(o) = P(i")e‘?(e\w) L N(/‘*)ﬁtv

= Do N_Mi + ("—Tﬁ) (‘_ﬂ_o)
c;r;:[ee ®) + L) OF (o€ @) , e
- e

L (8-pM)*
me - <%0 2o O
o ;
dimension, iz |
. o_ruz_'noL ame j )
M. %.Mg_ 9®ot \s, +h 6'_7"91: , whwe,
’ )(‘,..,,,K'h l@ :—-:tc_kJN(G)\)

Tt‘(@) -‘-‘“]I(&:GQ -{-(l-TT“o)Tﬁ(@IC& ?-169)

Scanned by CamScanner



M otiration be hind ﬁb('\zo}(wz_. Baqu-lan model Sleclion R

Thow  hos ben a Lo debate ''n tRe Boyesion Commun aliout
46 noles O’f Esu_\:'ze‘a/t_ and obdzc\-‘.we_ Bortsian an\aai\si gula("te\-wg,
Royesian Onaysis s on  aMnachve k;’rm\:os.'rHoY\ but ? e Lould
d\:am’— '+Ra’ca o Wmﬂ)t\d not a yealisthe \Doss‘\\aﬂ] breauge
&Oa;s qomeXime S‘wn‘i;\a ml— ’gosslb\e_ o obtoin 4Hha exhonmive.
raeded  olaitaMon rg'mom ‘-’a“bdu‘)n'\/e_ Rrpanks N
In model seleakion | Al ok e men’t "QA%ONH‘:-‘Q‘IJ-’Q@ Q«O*“\i”::

be COUSL WL o, vyball emt e o wide varm e cffm:v (P
ond cont%ul, suljea ve %m@%mkon C"f &)‘h‘ibh dighe -gm-. a0

e \{mamr_\um o moddl s 23\ 27K .'l'rh\mf‘):,'\blq_* Foux
metRods -€on de_ﬂlo}\m& Acgwu Boujetiam 'model Qd;jcﬂ-lm how.r;n
come N modenn  Tuscanch, Thow O Wf“"“gﬂ‘lﬂoﬂoﬂ,. ‘E"m
qﬂomacﬂﬁ, A Bl a mac_h) :E’I_VE\"‘:M:\C. Baﬁm ;Kra.c:l-on (3{3?)
approoch , e feachonal Boser Pacton  Ofproach,

—_ - ]

: wd |
omonat krion Mo e A ety 5 e

- —

unknolon

4o Aesv -\-l-a;/u =0 \/s. H\',/U-#O
Tl e e b g b o

Ao Ak Some priow %}n @ ond ke fou eonventional
ST At
]\3 G) RS ‘?&-{ um undan ©Hh AR braor s
¢ P(re)s & Pl
A'h invhal choie @/ az G) g N(O ;TO, Or\iﬁ Q:L\"I‘\ %BL& c=1,

love cardicariomn BF4 —> 0
T"‘H"a’awhi d ‘gﬁ:a J:qsihz \:@t-,;j%zu;% \’Bound.ulo.l
0 n -

EF - o and

H ye On N‘Gum:ﬁ" Lo}\‘\a,Q ’\m];'li% ~hat anlest . how, no
f%q-'\"t ’mommb ARis  will mot habpun, Tn ?Q_wl.g
"

%2 - Nunmq'\. BFD\ 7L7‘ 0 undun above ch'{-‘-o_n‘.on.

Scanned by CamScanner



jzgfnd Stdav:h& o wce

az = Cauch

S . Ta%a s "rqﬂ'na\ yroommendation  ons
5 ((]\J ~ -é-\— undsn Ho

|
%‘(’u’a‘) - 6‘??]2(/*/@) = mﬁ(1+%)
M 4est in nonmal \nmbleﬂna:

XI/»-., X'n Ci:i) N(D/@.Z)
H'O:/‘*'-*O Vs, Hi: /u_?fo
Priom Su-aauha'. ao (?):_IF undny,  Ho

0" O"ﬁ\) - —}‘t | G“T‘l' (|+ %%_) undar by

BF,, - Jf(fx“-‘.,%\o,@g 3° (o) Ao
JS { (e ““\’*"’9%1(#@)#*“““

N | oo it One. ™ note Hat
Cfg BFol . "o dea | ‘/{1‘1_’) z

a'@*\“)* 5 ji—?@ o ("%ﬁfzmz =
e /u n o~ N(“xoﬂ/?) , Aev GQWMQC\/Z/\/'LJ'

(rn oolenlote e dinomnaton 0{) BFg ., Ore can "Mieanate aven
and 0 n ased wm o ugng e mixtug -mbhl‘\-‘uﬂ"n\‘\‘{ﬁﬂ’

Oimardy , o~ has q ona ~AlmeNviom al, 'm’tﬂ@nql Bvern ‘A

M%* which 18 casion Yo handle

undin Hy

Scanned by CamScanner



A Cunious Exam“:\c_:— Emshein's  Hhaon Jf ravrtation bm@i{;
— d ol faeton c)? light ¥ due 49 gnoawtahon
ot heeition H amount " of defluckion, © He fpredicked Ahal
Light stans  would d"fﬂ“‘* steoys ,  undon anO\YHﬂJdOﬂQ\ Fu.GUL
AR sum  on  ARs oy otens, buk AR q,.f_ﬁ)td. woould be,
(pvistble O.n\d d\m'wﬁ o el 20lon e.cl'tbgc Whan Toa
Qeaton com by  ymeasunsd "1“99‘““-‘&*\ e O\)ﬁ:zo-?u‘r\\' ‘!-\’\07\3«_.
“n  Skons \oos,'r\-‘m'n '
A {éﬁmm ampoiment b4 o leom lead ba € ddinghon , fad 4o
am\?h“uof akein's ~ theormt L Thaue T o ?wu-n ob senvaliom
Aos collected - 1419 in  Pddingtom 's exbedition and ~wo mone
'oa otfun 'neu‘:s bY in 1922 and 1929, There oow X = 1193

xo=\'Gl , %3 =113 ond xgq = 2.294

Sui}ose -’rﬁwd ore ild N(/’“f G‘:{ , otk }-"&"Gmdm un Knouon ,
Binakem's ’W\.m'r\a Swﬁ,«! Ve ould be. 11YS,

we dest e /u:l- ys Vs, thy pE LIS

’L? we use Re conventional \ﬂ‘ﬂ'cmfs of 'Ie_?gm_a&’é o BFg)
dgma 0wk o be 2:98 ,

briom Q’Y‘ e monmnal limton mod s
Mo os 'uaatt WW, called a a—\wﬁoh m 2elinan (1%9_
Fon Q ‘a\.,\m model, /u *d: XF"+ € , € oINnq (o, @2_[,“)

A aommen  Choiee

Wwhe , 0';'1 a“& Pr; (f&,,.., uFK ora unknown and X Qs
Cnxk) o&\w_n denham matmy wank kK <7, e @-—\:m'on

&Q—W\:‘\a \s Q{VU\ bd 2 N
™(0) = Tr(ﬁ-\@)”“x (.9, A" (x"%) )
The advan—\-n‘ﬁcbof q”l’"i“' w A%ar 4ea  mangi

s ovalable 'n elased eo“m Q'na s a\\r(n ba"

[

N'm = m oo 4 y'x x’xh;:’
(\1) ] ZTTn/z'(I*’a)K/?“ (M l+a\d ( ) (7

Scanned by CamScanner




“Thus BF and kms)cur'\on model \:am\aa\a'\liﬁ -€ﬁn c,om\aw\'ua Omd
—wo \insan mod_;_}a oxa ovodable ,

S'FiC'ElQQTﬁ(GOdO-, 2(.:(4(,,&2)

BFOI ('f) = /

-fz G& le 2 ng) . Ubdadti bredich
= jg §!@a\‘99WC91liQ 46, ww'@ 4
B ("f;z) =
( {2 (x| 9.-&) 'ﬂ(@zl’x.Q 40,

Ay e Pacton A }moae,&: Qomiden +wo modeds
_lk Ay Y nsia BC"GM ‘F " nd M, an, dada X

...---l-—— | ‘ ‘ , : bei unkn ouon

N d':""""‘"ao&{)"cztkeﬁ‘ :’“&T. M:;&‘ G_\'\;@“ ak:‘f"to'n A":-Lci—gm)ﬂ'om
oven 1'm e o vy V=V .

%oing‘;) » pomamelon Ot , o Ba_au Pacton ofg M1 o Mo 'S

o (2) Jfl@l“’)%* (9)40

me (X) (4ot o) go 0940

yg,z e{% Ko, \Q'Tﬁoh é‘&&ﬂ:' S '\m\;o.ss';\olg_ , One
Whan Suﬂ’gmc%*“- q:Z. ™ etRod Aol usa  Arandond '“0\'\.*"“-?0“ i
wsou\d oo n audtom mon-in

e ®

510 -

\'"m \:nrm\a e,
O 4 L%\M& on u\r\-u oo rtnoR

'I? ‘(a\ig - I‘mbmp‘m !Q:_a.‘_o “than ('.2,6{ has ;gsmueh un&i{ad'aa Ea;_.

' iep thak ¢, \g,, has o much  validily as Bip
“Thie tm?'q'l% Co ) Aekonmi wl  on o o Ktk
“Thuy  the en e LS "a’ &

b ARat AR wee u/_f Ai%&sL (._flqk)
de  a amg soluhon  to A% pyreblemn

———i . \s o vy
k’m\m - moa R LlSLt:f \:“r‘m}a—m %’m‘o‘n, Mhuneakion d{]

mon -~ -r-mq—\w'w_ ‘?77\'07‘/3 9-!'1\&: 4o 101'\Q¢. k"?-"\‘\\‘\a, fvh—ﬁ’u. Mo e_
modal |,

L=] -——x\

L~ —_— T~ ®

Scanned by CamScanner



BAESIAN COMPUTATION

RBoyesion AN sy yleoqpuasus Q—‘fm\{“woﬂ expectatiovs

0§ M“H\% Qf Fmba\o-\\‘ distmbutions adds) as ]DDS\'&Tvion
d?g&-rﬁbu“ons- Qovnetimesr Amodes dg ~Ra ‘Joshw‘m:ﬁ are. olse
reeded . C\Y co 'uaa\:a_ ?’n’m'njfs m.ﬂ* wsed , as in wman
cOLe , \:os%e'n'mow distmibutions ol not bL. stardond
and hence e yopuirud  Bogesian auravrhiles

a

distna,

i ouat

e ke C‘,D\mb ubed ‘m eloged nm, So “+Rus 3\-,.:_(-_;&\_
con oy neaded -gnn boauﬁcm aombudation,
dechniane

Exam‘p\e_‘- Su\;bosc_ X e NCQ;\) and  § ~ Cauch C/u,’t’) \:mon
—_— ot /u,"t'_ K“nouorn. .

(=24 ,/::o,'c’:i)
(el 0 ek} - O [ (o-p)7]

(ep§- 9 [ -] 40

.
EQS '*'D Sea "’(e\c‘,‘l\' E(G\ P2 do% T\O& C,O“‘IQ_- OUL' TN (]‘nﬁ
e ATZS cal, ‘llaadb_‘o\v_. -§0n'm.)rﬂ- ‘lS Q\o_an ) \'P\al: SoOme -Eo'mm oj)
.

. ' an oL be reeded On ma %6 mumesical
a\t:\omx\m.aho ;

low - dimensional.
dechnioue  os e problem 48

ost Xy/ ' as R O "“d—t'bu\din\: bo@son coun':,:sd
Exa’m‘P\e: Su"? (GL , OL/r ara o__prriom comidared sulatea
cortR

. L brion distna as e
Wyomate nonma ' ‘

ond ’Ef°mk :;:umu;. sg,uu@:mud , ek V= Log (6%) and

L"Gm%mg‘?ﬁ (r-on V%) hor 2 distn ¥~ Nyfmrd ~

S\L‘Q%OSQ— ~ =

2 e ) T 1
AR K - veetor ol ottt element TN Ix f::
) e
B /"CL, f ore knoumD .
veied L/

K Vi ‘ N ("J“fl;{_,),
T z % & QX%{_Z e _7);_’22..} o\~ - _
NG )
PX5)= —¢ 2 5

Scanned by CamScanner




e(031%) = E(=() %)

[ glzl=)

[ M k:_-
Conse Jimensionali ke obove S A waho crg +wo
ond & K amwxb , Rt rals

) : Lot Y2000 )
dmme_‘ns‘or{':ss - Ao wonk ot Numewrical ‘miaahcrﬁon,
peeorhe L.H-:u'-zn\: 0\3“ on N Aok case,

%ﬁib ~o bz N

j

e e numemeaal

OlMoeiairtA Y
\n—-

AR dimensions

a aﬂd Owon e—xu%\'

\ows dimen lonal \ombhm.

I o] Ahese frovens, 'n mery Cose izt
‘0 wd a’ﬂ;m'x'\ma\\'om dechniares . One could ey, ‘n SOme_
AR ['ab\acp_ a‘y'&amx‘\mcﬂ:\t}h) =M Q\a&n’r\%m ete..

S¢S
%C;\; ) wse whl\ Steesn  On amma\_ 'P\mboau Amulation_/

bClSOJL F‘-g_c}\'ﬁ'la,d-l_& f
ing o : v cal
QOJT\O Somnm ll . AT\ O\""mf\o-\-nvo_ 4 NUMe ea ,
Moﬂ‘q’ - ana}) . \' Q‘Pvmx;maﬁ!\ﬁh "\'0 CDTT]¥U.¥€_ a‘h_. \h)‘ag.o‘t
u\‘l"(,‘ ldﬂ&*l 0:';‘:\ OW\' sa b\.\ | "Tﬁ'\s ¥mb Clbl\\'\ 34.'\ e, ,_\_ O-Ch'ﬂ‘\ ALt \s
s\ﬂ*\ ca ""(\ s 'g“Qal ih-qe_'ru.hc_o__ R (—l\o Q_s.\-\mq¥q_ a

LS
A\ )
o ‘gi:{‘:mmzo“ on @ {vo\;ulaln'on, l‘:m\?ow\ﬁ‘o\n,a natuwnal
E;i:oa:\\. s o 60"9“'“ a \m%L samp\e -?mm +RisS
’()o'pu\o:\"\bn and o considmn e Q.O'V"l'aus\:.onqlw\a, gamble
amble bm¥’°"‘ﬁ°“- the lowo 0‘? 'tcmae_ numboy

meon On S

onomtees ~ARok AR, sshmates Ahus  obtainad cxm-am.l

1
S‘M’\&aé f somple S S lorge-
Rc.g' v Masikey ehane Monte caxle ny fhaehes " \Dd- S'b'“a-d"‘-o«l‘\‘m ek al,

Scanned by CamScanner




Subpose .fbc, a éams'f'fa, Cow %’mg) and we wanl 4o atomate
E—f 4 (%) =j A () {(d=
T:F wd o‘t::_ravor\:\gfrl , Ky K2,- .. can \uzawqttd -me f,—fﬂlw
T =k ) () = BpRO
~ThiS kvrrm‘l;t:,; o aush‘%qa{-:om af u.s'na L ar an asﬂﬁmximcx“m
o B4 fon U lange m.
E Om\P\Q (Coﬂ'\!muul ob ~
oy, et (o)
P 2 2)7149
(7 po-o (v )

LoRRL ?S() dzno\;‘é-ﬁx— dens'\'\a crfN(n,D- o

So. E(Q\'DQ is e veako ag ex\:m\-ﬁ\wm , fe\‘(g). - (9,_{4)2_
ot of B2 =g T N () dist

+4o tha iy (& "/’9 N(z 5 and
simble mmpxtme\,ez ,,,,, ,?,,m ,

i:t :‘:\tb m"'& AE (9\0() - _%:Qi('f’w (o1 —/-921
> (s (1Y)

on oun wonle Conlo exhmate =t o‘:f E({;\x) )

roan a\:\;maoi could Lo o wmbes g(o]|®) o
Avo &

E (G\K) = f Dexp (-— (® ..x)’—) TT(G)&B ju‘P (_ (9_991—(943

—= ).
when () = G0 Qu e t is given b
nte Gonlo  gnhimatt 4 . d”‘ .
e 5 ec et (DY Z O 9%).

3 [ o ab adh one doasn't
But one how Yo mate ARat ‘n e by %dk

Naem amble Hhat would alosdly stremble A bona
cm'\\‘& fad-“ am‘g-\-'?\u. lae"f'-w\\ \’os'tan'iO'“ d‘s‘hﬂ-é: \
F[-,‘,gam“rh— A ‘o ‘(—h\é Az chnianon a’f n\v"pmw\mn\'e_ |
"t s ;"l"’“ -~ a disto wonieh, is ertRun Ha posymorn
gl ; . distn . Twaemblirg Aot bostenion de.m?’r‘g
\ a \sho,
dishe, kself 0w "a
c\ou\\d/ .

i
Scanned by CamScanner



Morikov Chain. Montc Canle Cy\cmc) "

memMe m{-ﬂm o a bhgaa class ‘tonah ve. bmcgd.wu_ tAal—

waciuc,o_ randorm Seawunce otk e Monkov \:m{wdwu; sueh

Ahat e Mankey Chain has HRe \poakwﬁun dishh,  an b7

A’m“t*““"é distn and  Ake chan Cbhven&mrh thay dishe,
Mo Ydcchniaue is to prmduer A T seauwence X

So, A :
iR such prespenty o Liebs -gins‘c do A addck  weviwe f’f

Me .
lalionayy oV invaniank Afeve &
Me .['xh'j Wk s HRe
Aol tohen HRe \?'nob. disr, Ofxn 18 TT HRen +he samae- 8
. .?m X Ao ot mY A
e Countable s*-g;;a.ct co8L
‘R;_.U) » 1§ AV . h | |
= i-\-ri H LGSE S s\ca\:ionou\a. 'g"" e, .f s ,&ES
(% 1) =Z"’("""Hx°‘-‘)"("“‘9

SR Ol P(Xe=)) ~
L T = (rnﬁrz,....D sahsha T=TP

T otove notehon,
e oy chawn s colled \vane_cluub\c_ T? F‘,h ahd, +woo0
,}\Xu:‘u >0 ’%“b some n>» L.

a bmb diste,
WA
[\

A man .
aater b a“‘*(’j , P (Xn
be a MC cotth  a courtokle state
: p,a mabmix P Fwdin subbose,
‘ oo, distn, = 31T Les}
o O&A -?unch), e}‘. & - O:n& {b’h an .\n'ﬁ—iq\' &'}3‘\?_1'
Than q_o“ B n-1 .) _92-&(3,) "Ta./ - \;mbab'\mgao N

’;E'mi 'S a.se.-g)-ul ‘o us, note that a““ﬂ CR \?lnr‘vb
‘\m’e OT\& a —gunc’dhﬂ ’R on S‘, Su%'?os: ¢ s

“To s g
d-.\S*Y), -rr —:: %na T | ‘“‘-‘LGWO‘\ 030 2\ w.n.\‘,Tl. C.OhICR )lld,u_cm
desiwed A oumlable. QST

o 2 ATy
i

Scanned by CamScanner



r_‘TU:n lmk 2 an ‘lﬁ'ﬂl_d‘u(l\!_b\i, Me. {X‘h] E_{)’[’(e, -S\JG\C.Q\ S th
stetionon disty T Then  sheotti ™  Some imthal. valus

Xo , ¥un ‘e ehan ixd} '?l-n a.bc\‘locl. crf Hme,

2
O)‘/ Ll '/h“\

and apnsidmm A3 an 23fimate
n-\

/un :%Z %Cxa) and ba He Heoram
T=0
R

—This Yeohnigue als_ called MCMC moetRoed,

An irreducible Me  XnY

R a eountable state sb“@*
3 s called a\auﬁodio_,.

l§ —fnra Some. & S |, tRa %c‘_d
in : ‘D{?.(“) )-Oj =1, T, n addition 1o tha Aweorum above,

e hAve Z_\F(xn-,-})—v“-—ao oA n= e,

1]

% on 'mé-ia\- CL‘S‘\'.'-‘. Xo - Tn otRen wonda , %w ian&v_ n,
. A.. }l-n [){ X‘“ lﬁ““ b'& C\BSQ +° Trb ‘.
"t'P\lL \ "

Metmopolis Frastirgs Algortiim:-

_ " s a von a«t_hmd\ MmeMe metbod ‘-0'*‘"9\ w'\dL.

S il The idea is mot o d‘“‘Cb\d‘ Stmulabe.
lica d ) .

aﬂ" .r\-q ..*.Mac't‘ deth“& uoh\cﬁ- m be Qombu,‘ ‘\an“a
" d—sﬁ‘.\m_ W at oL, but 48 Simulate \an ea M an oV~

vean Vi s density  an e N dewy )

chz&n ARok “hon this "\"’“a‘l' ™M *a o/‘(r\';

dighe Q We %q’.& coll TU, 4Re. ek distmibuhion ,
N0 ’

- \ be Q& Ave avarhiom k’m\"' ety such +Rak
bt @ = Qg;‘—w?{ ;: computational ensy aqmm N
“ L
j::\jok g_'mw: Ahe  diste, ’{ﬂ/a eSSy,

S

Scanned by CamScanner



Liek b ernate. MG o }ultm.as',:
'Ig X :al._ ’Fi‘ﬂs'c scrmb\t- —Frnm Fha ‘L."Sh""\b\ﬁWO\'l.

.1 se3\ and dencke HRar ocbswnyation  as Yn . TRes choose
1V 4 ]
m

X+l %m
F(XI’H-\ = Yn\ x“’Y“) = f()fn ;Yn)
P(Xm—l"’xn\xnz}'n)z 1-j(xn,)'n), | |
oo o “au,e_\s-\-a.ncn_ bmbab.‘\ﬂ-d " r( ,j s awtm bd,
La) = e P Yyt w»oat (i, s.t. 49 70.
TR 3 R R A

: Ynwm ond HRe ten 1
‘nuows Gaset -  Subpose S (s a Con
i ( ) r\as AR dms'r’ta b () TThan ™MH Pmr_uga

Ahe two Values Xn ond 7n ﬂe—wnd‘mald o

a%

’5?9“0“”3.' o Jmana'r\:\gm -@.mmh'u'n, s.t. -?Oﬂ each x, Q(’l, )
b\& q,(’x. .&) Tran. %:noc_ﬂ.d-d on M e disonwete cage,
has denst g

R A probalsility” f(xy) T e
Bubt S

s bl oG 4
)7(1»3) = m‘“ﬁ b alo) '3

%n all (x,ﬁ) St \3(9‘-) Q/Cx;@ 7 gf\loms:

U e proposal disty 9/ (ry ) &

Seme ‘wwc:‘;\: A, (1953) , (0 1) w8 Suh TR %"’U:qé?';)
R how X is Combinuous (%)) might bea mutivariate
| @tk L:nwm X and eonstant covamancy meatmx T

novma

bne \3@\:03Q\ distn tRe accebtance Pm\aﬂ\ﬂ\h-la
symme

o a}’(”‘fa) = *“ﬂ F—@LX |

FDh exOm k?\?- y)

()
20) { M-H algorrfm 1 e wandem wall.
AM SEMG;::'SQQ%:“ whidh a al/(x,‘a) = Q/(Iz—al) , while Q},m&;‘a
[ \

a + \:sa\ dist 2 scole vued ~+o be. chosen G_OJ-L_LEZ._._Q_Q_ '
m Lo} re

Scanned by CamScanner



A  aontinuows \:mo\:os.a.\. d1shy, enunati small SJN\:& V—Xt
w\\ enunall have a  hi aaccqa nee Rate bub VL neventRe lown
G s\ow% G2, MNOVIe 3'low\d aviound TR suﬁbun} crg R

-\-a_ﬂad T ( .

Wy’

. buti amadi \ange 8‘\:@\3{; eoth Ha '
il vk g g St
%w\fom e “(7) ond @ \owo kmba\:‘ﬂ'ﬂa qe_u\ﬂ-anc&‘

\uen
W gmall V@& O/g .n_(xt_ - 7 N
(guo_:\aa ohain o\l fntmr,.“g not YOVE cx.a—o«u'\. Jee. ;,3
2o w MKy . ‘ |
'm&;_\:mhgnu sarmblen Q’\},‘wm f\qqu s a M-H ;&am
m a X = Op( dog,'_.,'n']c Aﬂbmd on .
oW \am‘?oSL q,( ,‘{? ; \a
rob, QAON

n o »YT~—
F‘o'\n AR S R a-.c.p_k-\-&ﬂcx‘ a %

\ bd( whene €O (X :f,éi.
oc('x,a'): WN(‘/ %) s oh () Py

3am\>'\m 4o wopk dl, CVC-) S‘/Q\oulc\ -l;e_.
"ﬂ'(c) bl&¥ '\J\T is QO\?@\- '\g q,(-) L

M so this , subbpese a(:) is highuk
cm:un\:\a n Hhe eadls 030 Tl‘()

be Cpmttern.

' dence
y mdqnm
FO“ G_OA' g\:}:mx\mq“on G’g

nnde, dailed ban T

. () and X ' . 0 se W(X) eolill be
~toiled "fRﬂ’f} tey oM ot be v tRe tails 20 W(XY) N
Most c-_ond\aa:;\ w(’)’) 1‘“"@ a Lw ac.cA.b'\'ahcz \:mbalo\\ ‘
\argeve an- ot
much (s _mwem&m\_ %m\fosa\ls M\\;'\'o avoid 'Lb‘na kuﬂoia
The \M_ava
sheek e

Scanned by CamScanner




M‘P Tha  Ghibbs Sam?\im is a dechmarme  Huiteble {l,-,.
erunach a Mavrkoy Chain of Nas ;Pm\,(,ﬁ.;% Afhat how itg

a .ma,:d digthnbuion a Wae_\r dishmbution In %cym dimen sional
j;:u‘ O The most 'm’tme_s*'\g a/,a\ycc\: a-f—\-’?\'\a Aechmae. 'S Hak

Ao un ARis Mc Lt Su-(-gi Ao gerenate obswevahow _(Jm.m

L wvamole distaa . Suppoese deu- wanp Fo Umdate a Mo wrR-

Tr(g\ ) whoe. O - (3‘,,“,,91() os 'ty sadonan distmbution.,
m NG?U\D} sam\f)\;,\a '‘m. ovedun Yo o ARis \Gou k:mcnul o0 -éhou.m:
n

Stant Wi 90 = CB‘O'\ ;802 -0, Bon
Grenanate O -?vm'm m(el \ 9.,,,,..,.9“.3)
8\2 ’?fro'm MY CG;’_\ S, P02, Bk ‘lr)

8w ’q""':m M (SK\ 8y, O s Bz ,j)

9 )
weh O = (911;9‘7-"" 1«

T d So on,
o G Au 6 ’gnv-m AR (91\9\1,.»-,9;k;tﬁ) ame s o
T prees P2

0 f .
Exmmb\a'a*c) Suppose (’;)”N( 0 )’ j _1))
x\)’¢a,NN f‘&, \"f)z
(e o (f )
q\ abb GS Aechniarst e T N _)D’KL,\"JD?—>
_l'.D c;;wq,\ X v ’?‘0“7“: inam Z'('t:‘“‘"NCj‘d'L’\#fz)'

O % |® NN@,@Q{(;*T?M"'
m(e) < (¥ -/ A N, 2
(9) N JCZ (%F)!/zex% (ﬁ_z_t_)z(e-w))m b(z)

42,

Scanned by CamScanner



1

“Thus TT'('@) ma-a be considoud e manginal ‘Fwiovs dens’ v
i foINE prow dmg‘.\a Gf (6.2), ‘DQ“*; &2 r\JN(/:gct;{:;:) )
omc\ A~ Gamma (‘/2.)- '11 1§ Clean Rhat , His m"ms"’\*ﬂ‘l‘lor\
.“-—(.) '\e_ad)j ‘o an '\m\F\id\‘ \"\'\enw\cnn\c:q\ \yn{(;n shouckon Lol
?. on oo )ﬂq%m 'TO?\GW\L‘\M.

nseqaenily 'TF(B\‘:(. m b *veated o Rs manginal demt
O TR
]

L 5 iy
’A,%"\JN-——~—PS ,LE-\-,M; ;e .
T +2@ T4ne Y
2 _ 2
plom o alo ok (2LCAT).
27T

AHor diSJC?;IbLE\:lOT\r gf 4P numbot

E \e ' Subbose W o studyi |
—‘xazjb ehven Lﬁf N \vai&c_’dom o’,f a 'de-«.nc\:. Cormidun

! hone Y , A clo-d's

at (|4 8) ~eny,0) ,en

N 'le‘&a )RV w'r\.%Y anssnm digtibution ™R Nk Nowon

18 Y ?m‘oa\o'\“"'a (unknamh ARat @ hroduck is
Nve 7’ S not ooStnvable ond Miuncs hoa Yo be made

AE—%%_;‘_ 't::oh'\b o’f % on .‘_I'R.L\Qrﬁow Aishp 18 such YRat

on

) ~ LoHR Known & and ¥ inddpendint dfy
AREY ~ B “‘(“ )

Fun st note ARak X\ o ~ fotsson C'?‘g) (C\'\ﬂ-t\()
3:1’\@- 9 o Bq_\——ﬂ(o(,’)’) ' ’X-
We. have T‘F(G\ X = 'JL) o4 ‘1"\’('-7“9) v

crandond  dighn, ond hanea bosterdor

4ol =\ ~—\
(1~8)  ;o0<o<L,

Nole! Qlae s mov a :
'3 lc_o.h’k b obtairsed ™ closed
Ly Ae how Gibbs Aamdpli womis Liny |

m . 70u eon howeyen use

auorhl
de g e
MmeMce 5 lx diveekly viwo EY e V- G e

Trabead Gf _F;fM*?./’g\X) fﬂ i¢ tcw& Ao e HRal %ﬁ&

oanditionals o/f Rig P me ba
7( )(':’K.,Q ~J ’l"f-Pois*e.on C?t(\-@))

ond gkx.:-x/ﬁaw Bem(oz-fx, *Pw(j(-x) ‘

Scanned by CamScanner



H1ERARCHICAL BAYES (HB) APPROACH AND parRaAMETRIC
EMPIRICAL BAYES (Pe@ APPROACH

aonshidm ’iJS'\m'\\cm lbut not tdem¥ical t;;q\;ul_q-\-{gm R denirties
?LC ] ) ’ngl/-lf: W Wustwate bdow ot Mowmal
¥ A
eSS &

.

dens

‘nabendint  veandom sambles zach cqp Qize 'n,'?rmm b
k)n\:u\a'\"\ﬁm: ) | D i vab
g s eveam o N(#gr 8% o gm v
: 2 4p be known, TThase k; ‘)o\Pu\a’ﬁom -moa

Cor s~.~m\>\‘\c;.’ta » méuzthi\&“\ small osweon R wnlenowon \am
coﬂmts}‘:oné to ’F da /‘”F , as An small areo ezghmakrion,

' \ 2=y
c-o¥.\3r0\ \'I"\:Dm'z' & % P Q_\‘\h".('_ﬁ\\ '\'n‘\ﬂh

oot drn
’T“VK. | ot ‘,,,,//u‘) borg Hhe ™Meadn a%—farﬁ? a’? Lhmﬂ
il ted é‘% 4 pe said HRab in R ety
Aoated |, ™m

e o 0tRen,
#udlr_& %:n\au\a\{on. QR syulated Av ea
\ &
Ar@wn

. : di shmbuthon %ﬁﬂ '\'9"—/“:'5 -
Tn ol o W‘Kn " k““m . &

2 Hhan te.d Oy Aunt
%o_\xm\am\o\e, reoriert .

we ynods o M\n Ya dqnhdu\\- Sruckune. 18 consistent

. . An exenha

tﬂdﬁ-\’ln&‘”\ ' ‘

eap\e ' k
ARal i\-Q,_ stadieny o Similan in a bnoad
wiR  Re assumpiion et e s

%O—"‘L "T\O“ ) 1 .
sense, 0 agg a@ma&i exchors cabla. /—lg(’é conichh U5

Considr? P

o™ al

\3 in a bmﬁm\an_.
4 CoOhaesbom

on %L\owa\ Ao _ (11" "\9_) and aMume
We ndmeduer & hdkgzono:‘(q“(ll 9 o ,\ and

T k’w A Some. pYiov d"‘“”d %m'r\)
P ) €

'=\,...-»"P>
X = 'X‘..'a,""\'"'"“’a - &

,/-l\:) ’ Xa": ’LZXLG

v=)

Suﬂ-{—‘-d&ﬂ glatishic Z-: 7\*"'”?1’)

Scanned by CamScanner



g ) ~ J0 AT
: Pf(ﬁr wett ] Gy, e '@J

e T i)
T noke hat i(’“& -/4)= ZOGH) R GE

L monmal oTthe
~ /T\ (/“d Xd r() ot ln&)%t.‘ﬂcb\n
L ) % Tl\/’”lz 'xa, + (@/n)"l\

E(/uﬂ dr\) (P&d r\ = nl+@7/n)
- (1—8)?&4—8 it Johos qu—:—%-
= _ T‘IZG“:VY\, |
\(an(/'-*d\'ﬁa’q,) = _%:_-\.——l—)—z = le{_%z_

Given 'rl Ba)am entimale af /-‘d Cw r.bt. 24uore ermon Los9 ts

e(pa) e o) e (%) - & BD"&*B;?;»%;;;;/_
r‘]2+o'5=-n

bukt ‘s wn Known ,
TL A\a}moqcﬂq (HB)
n N = (‘11 Tl) NT‘—( D, 0?'"‘""" d"-"“‘ﬁ djolo

QO::\A:\&L“Y E;::n:ﬁ eLe_m4“d TT(W\X) o{

(X, )\ .f(x Vo I'L) a \ven qbova. Tn’mdﬂq%n\d bk

rL -%xui we at /d ‘A ane mdq, ondont

Yoo pi/h Oma ot < ‘Q
M&/AE _X—dk M ’f\"+'_)

b
This, doaedRon vk the prior fan "\ will f@" R bosterion

Hh e_nw-uc.\mcn\. Bosten

Scanned by CamScanner




hen R Baaqez; awmke_ag /{& is

E(/“alﬁ) :E(/*éﬂg):je Cﬂd\g,ﬂ)v(ml}{)dq

cchans) E(ﬁé\%»'\)ﬂ(ﬁdw&,q):o-e)?“/sqlmd
©/n .

R& T]?_#-G"Z/n

P amedmic Em}-’m"xco\. Bo-ae):. A\D'PWOC\QQ\ (PE‘B) -
o N

RLCLQ\I\ *@\0\‘5 \waon Tl) Xé. IJ.S oy, ‘mc\_t\:md_m\- Clﬁ&

s 4 ‘
3?6 | L ~ § X \"L) =N (’lv Mot S ) demr\a.
tokie on imiommediate postion bebuseen
Tn ARis a’g{’ho;e,o;;\;mq o el Qb\moa% . —\w(w\ﬁa
o °

. e B %y | 1) obtaind by indymat
R M‘\w?i o;La ) “\'Aam -S;Ee_ﬁtn_d )a-o yrondom “Wamables an
out e PEY

con analysis eoharwon "1\ M 2 ane. ‘weated an (‘ﬁ?(!_é)
in, 8 %‘ama.mﬁw oa I -gmemnks} analy siz, TThe PER
unk“.:::cﬂ\bdf\g-slﬁb f—wom e Bo‘avﬁa‘\—r C‘HB) C\\D\a*raoﬂtg\
oL\PP-w\ . k;m'oﬂ 13 omigrad o Tl" and r‘L“g esfimalted wbg
| a
) Ly Q@ Ntabl e unbioned  axtimate
—_— . 2
Hens , wen T\.)’YU.,.,X‘, are. UQ N<r1‘,rl2+ _G%)
! MY UE d B are given~
The bert unbioaaed "-i‘*““)“" (U VU’\ A) 0? an d

iy P - X ond B = C -3)&
b M, = A P 9 :X/'}:’Oa A

T ™M % Z:; d R = xp
T Yy ara U N (A v?)s ES_ZT(G J
g Y\rh{.‘,’_;'—fr'; P‘ ?_J_ZYG' a“d- UMVUE @f a[ 1:8
LS L P

-3 G-Y)". o
6D /20 e

M, PEB g;mqhog’/ua s /‘-‘d

MLE Or

hrinkage 2bimake rinis
[a s_hwn 'RJ "Q

Scanned by CamScanner



1 we omumMme. 'fl‘ =0 _il.a. .me oM L /u\ ,l...,/u\n ong vid N(o,r)?)
F‘l’R@ﬂ G‘l\“—'ﬂ 71)-271;--'-/ X‘: ase wd N(o/ 712*-%:—-),
—Then UMV UE Gf B é s (P-%L ond e PEB oatrimate.
0%
. - A, — (\9.-‘2_)60\2/n — " 5
430/&& L3 /‘a . <1— xd' ,.Lohacj\ '8 tRa wedl-Kanown

—

: . 2
Z Xd J;m% - Hun eahimate,
i
P we R HQQ\ -
RQT"]OT‘K'." —TF\J— Q\QSS\QQ\ es\'\mq\-l Of /ua e Yy , wh \ .
A only ON e A samble, TTRe Baler eshimalte CHB or P )
base on >

¢ 1Ry otRen hand, d.d{xncla on ¥ X4 oand alho on-
n

Oﬂo/“d" —?-._._Q_L 3 edent &-\-a‘HSHc, bearse 'Hlf-\oos?:crrioh
N e A6 estimote Ojj " dﬂlpﬁnf—‘w on oy the

distmbution G{ il 0“6 L et emnra ,F,mm o ,.?m
?a A e 'MH'E'B“ Simudanesw esfimation o{ ot R
S“’ﬁ“'dm)‘ 3’«::‘“\ da - Ys  Aometimey rm?mm_c\ o an
- oI . S
/u AL TR T? ke modﬂ\'wa c’,j) /“ZT ‘a is mediste
bonnomw\a Ib"m‘?—'aw‘” o dem eshimat s Ay \am%hm betrert

o
expec . ‘
/ k)-—tﬁ\ ak 13 what AT ku\a\\d, rees W R

ond »gol‘mu)s {wo'm Abo Qxcg\av\aea\a';\ﬂa

Scanned by CamScanner



Assi mn menlc I__
—

E[} Considen tHe PY‘N\D\Q_\’T\ dg eshm ation 6? o peal ‘PC'\Q“\L,CUL 3]

o AR loss vFuﬂQ-Hon 2 G
L(s,9) = ko (B-2) | o
-~ K, (ﬂ-—GJ “f 6-a '?
| 4Re auantile owdn

___L(._p,‘_, o'gﬂ bostemov distn?,

Ko+ X1 e K (b -a) - (ko KQ(@,OD»I(MQ) — 0

§...—P-:—-"L LCG; KO(@,Q)_ CKD"“K) (B,_a) 1(0’ 59-——-—*@
) Ko
g Leb Qo € R L P(&ém\?ﬁ)"/ W

p(o% @0\ 2)” o

We Oone o VR'\OU.') EG LL(S’A) \?S,J s m™in, whan A- Qe .

Assurmne a{{Qo ,

(0,-0\ - L(G,O\o) _ ) u

1: K°)C°‘° .-09 ...(:uo-»m)(e—-t’)i(owg + (M+KQE(3; 9(;:('9@)

: "“’@")-me)@—-“ﬁCB“‘9+(m~<9ce,9§z‘(«,<_a<‘9
% (Ko'\‘KD(GFQQTC@(ao),

- WCQt-—Q) 1 ( Ku-H&Q(a-— a91(04a9 4 (Mq/z

Ko _

> (Ao -)(ker k) | v ICB<Q<9J >0
ELLCS,O) -1(6,a9) 2&]
gy g << =1)] >0

Scanned by CamScanner



Assumae_a> Qs

L(8,0) - LCB,QQ
Qo — - o+ K1 Bﬁ‘ﬂicgfﬂ Sing @ |

RS WH IR L)

- Koo ~Cara (o 9107 a% ¢ a) & (kori) (0 1(0<a)

_ (orw) (8T (%0

Ko

= (Xoxw)(a-a9) [1 (64 a0) -mj 9

x (Kotw) (8-9) 7 (@< ®%

% 0

7, (Wotw) (a- ““) X-:x 05&9 s

ceren - e9t]
, (roryla-an] ¥(° £a0] X )~ forw

> 0.
| /Om ] aha . E QL(B,@‘?&) .
oy a oo 'fﬂ‘f"""“t’ mm‘na.\k\a 'G:f&a;
T (9 bn) L b pei-el
kamor s, a._? O at Bo o
j‘ﬁ’* pos Lo LPGo] kormkag"h 1

\Qoah?ﬂon dirin
c,om'\o’cmua

_S___S__\_:: Ly KEOQL”.- gn)\),gn -d—? N(o/ljl(ﬁﬂ
- 5 sonsiytent 20l? crﬁ Ln (8) =0
Bn S ;«;‘a\gﬁ 9% Ty ]:ﬁso] Pmb. 1.
n
AR [ % o
Co, G!Ehjer‘ _é_; NCO;TF‘(OQ) a.A[GJ
o %y aes. [fol)

Xh'—_)o

7 O 8h>\ P a.s. [Pao:l

gn_gp \X'n — 0

4 CF{'G‘Q\"‘ b h. s Cfo.]

= " CU|Xn)>1as
For OW "y O\H.h Hlg C,Oﬂ"'m*:"a O P[e { ':'] Cfs.]
? d > G‘Xn s ecomwknt atF O .

Scanned by CamScanner



| Sl

Show Hhat  condition Q\‘\ , wsd Yo kam-n asyrprohe
' nﬂhmaﬂ@ ﬁ£ ‘:os‘mrﬁon dish , holds ok a:.... . X
(0,0,

Litd,

,§,-9.—.—\—' Aq condition: For &na $>0 ,

Fp [““ some €0, Sup —%]’_Lh(e)-m (eo)J < -€ %ﬂ

(8-80) >8
Ld
Com XisKaso oo, Xn &7 N(6)1)

-1.
A T (@® - W (60)3 -4 ‘EEXI‘_O)L_ (x"-"’ﬂj’]

¢=)

n
- _ 1 zxz—B—GQCG,—l?)
B¢

= —(Lﬁ-o-—v@fh-er@
&{oora)@eo—é—@
___Ceo__e)'?- uﬂ&mﬁgﬂ.

for & 20 ]
——L[\_ (9)—\_n(0) C“")-—P'“C” o) -
) () O\_Sa Su —(8-0»
en S“\: = LL“(S)_L“(QJ () \g_et-l?&(
_0o) »$ . )
(e \,_ {* Jo AR xn S
choose = = . i ._e€
A Y_L“(@ .-Lh(. 9’] : ) .ﬁ_(eﬂsa“]-i
As, ?[me_&: %E‘—n@)-—‘—“(‘)‘}C) |
Do i
q Sub J_Ll_nﬁe)—l.n@«jj<-é# 1

Scanned by CamScanner




o], (@) Mt Xireo Xn be Ud N(9/1) , Considin 40e bmoblem |
«g’hm\a ng@ <00 Ns. i 0580 . A classical Aest
2 Hoe W0 T =Jn(X-00) is lange, Lok &t be AR
:@s;?:qc\ volus G{Fr. P’in(cl RO Y’-—V‘q@u_@ ey 0309.

oo oo At urifonn prion TE) = 4 ., find e

bos%um'on \DT’:L: O’g Ho C'mhhvm Cf?t) and combane "
MR o - valuw

vid
Qonie  XurXa oo, Xn s N(6,Y)
®n ~v N(G:‘/a undan CPG!]

Jn (R—“"G) N, N(O,D undn [93]
Po L\W\ ("7('—@9 Nj = PBLE ('R-@_ﬁ(gohv >t_]
= fo| 1% (X-9) s 415 (90-0)]

- |- E’?(L— Y& (90"5))'
b= Sk, (- F(orolen) e

AL

_ - S trfm (879 Por ® %6 )
= ! esz\go §C ) i’(‘“ E»%)":@?
=\ - %(t) : ﬁ(gervj
Considen -IT(SJ =1, n ) | :P(N(o,\)é __E:-——/
f(x"”" ) b E—lzg‘i (X{FB).] = P(n(o 2 k
“ b [- 28t L wo%] | - (Y

b [-=g (0%
’rl‘(ﬁ}\ Xr,--,'rf-n) o g(ﬂlr"vyh\s)’ﬂ__(e)

oy exp [" ?_?\_ (9—?ﬁ)j

So, G‘?‘!r--vxn U N(?h"iﬁg '
P(H'U\xw---/x*\) = P(@-é ° Xw—v-/'XtD

- p(I® ((@—3@ < I (80

= B(w(o-%n) =2 (-9) ) 'Hj

= 1-B).
Scanned by CamScanner




@ Let ke som\;h s\po.cn bt {14'2,- L, KY and Pz (P"' 4’9

d mb. digh  on ks Sampl shacs. .
be O waTdom ? 4~ P and PNB.IW"WN\'E (o(v...)oﬁg) .

Lt %y, Xo,...%Xn b w
xi >0 v i. S/ an

‘;o:,\-u'ﬁt)n

MR AN ond Pn (A) ks, On danotes

'}(,f'x?_;-‘wx'ﬂ.

Sol. gf PNDCM,,-

-,oh() y AXi>0 Vi
= and A € ¥-= §\,z,,.,xj

n |;--a\°; Nb(ﬂh»--,oﬂ()
%(A)*GD K "I)C'LG A) NBL’ra(_o‘CA), u(aff).-«ﬂ)). N
? F_ﬁz P" ‘ fo\bw/& ‘@“m ARe km* -.

e :""“,.,.}K
Sa(e)=t P ) ‘f\@' ,
'ﬂ'(?\ X >._ F‘n\‘r"l _
Co ?\,’(1 ,Xn-r\_ﬂ_b Cf-’(\-’r'm

Then £ ?(a)\*l ") T T x(3€) T
Cr) C . ?\(E‘)
< ( XX =( A T
R R
= n o '%—
ok T) Ff(a)
£ (P(R))

gubsdt A o R sample spacz , A8x

s a weghled avenaje i move
vaean 0{ P(p) ¢ dh’i oi og ‘\? o,f

Ao empimeanl distn

Scanned by CamScanner |



Liet xuxz& be o w.s.-q-rro'ma. U(e-\/z,e.n/z) dish,
_o0< 8<%  Qonsidmn AR noninfonmatve  priow n-éeg-;j.
h ’

What will be \Qbun C1$7~ evedible  indenval

sl T(8)=1. l
= I(&—‘/g < Xey LXea) < G*/?J

1L ¢ Xy £ Xy <O+V2
-W(el x.,n) =t 1( 6-'%2 < X ) | )
£ X+ V2 and 07 X) = Ja .

L,
nw, Ky V2 <8< X003 |
‘ B\XHX'Z- _ 1<X@) ..\/?_<6<Yc1)+/a
i ga#@] = |- \x‘"xz]
qS’VO credible TR S
| o C (x&) -‘/2 , XC|)+|/7—)

x,x):o'ﬂs
sk, P(BGC\ v/ 82

— v 4R
ot & = CX —k/X-HA) . oas

Scanned by CamScanner




