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Sqyared evr of e best etinabor ﬂ" o smnple 6‘ ﬂw’pmess
g fhe informadion past,



P2 Daétﬁ" 2R, ARBE + WEE
Exetvises fov exanination
| W}ng an ong %n’mmb irr]brmaﬁon be, sensed ?
2 Plense state fhe priiples o patten vewgnition

3, Wt we the 'pYi)\dp.LS Ot nochine leam}ng 7 Do Jou ‘)W{ ay Wlen
n st of nackie. (g

4 ‘DV g have o olea o im?nw, e {mlh‘g 6{ nackine leam}/g

I WaL’.
fundamesctal. Principles of Information Acqyisition
SﬁMlMS S S bx
— $emsing
4] SI-'X C
Y Neddugin Sepanti Y
Pragqufic YeAKZ)

By 2~ (or{X 4]

> k/wwle%fge, bages+ {% 2},




) ng.(/ Liformation Aatujg)'ﬁm:
Definifion. Acquisition.
A icess ableto dbtuin. The synbtic infomation. concemed.
I nay consist of o umber of seps -
) daving: 09‘15ﬂ
% Ru?m:'on * thich class acm:dfg’m Toroal infumection?
5) Repsattion hao 4 dlspley?
(aegoyy of Infornstion Acquisifon
O: salsig O (asiofin @ ladie Loty
Model of Closstfication:

— Uadching — (omfuctin
—Alsteing > (anfutin

Uefntion - A sheesic pomsy 53l 1o be Sits if He gt datiuion of ay
slosel of Fhe sequences of imdom Vavible s invoviod, Wik yepect
to Shitts in e tine index et is .
Pedx=Xe, %X, - X=Xz Prf Rt %o Kaetr Ko, Keee KL
'hvama h ond ﬂﬁla d\l""t Lm‘& J[OY dl Ku\(;,"v\(ae)(

Dejintion: A disaete Shohestic prass X%, is sid & be a Mok
O or o Marke brocess er DS
P Xt | ¥, Y= X, K= P [ i)
T ol %%, X €%, 106,75 )= PCk) PO PCRal )



Definiton: The Markw chain. is sid b be. tine. it f-fe. conditiond
fbabty P0Gel¥e) dos mat defend on Xo At s o pet2, -
Y L Yol Yoz = Pe (Kcb 1 % @) for ol b £

sially, Morkov chait i fine. ieriont inless oflenoie Staed.

T (%) isa Murkw chain , % is called he state of fine 4.

Afine- et Alarkso chan IS charactentioed )g its limitial

stde and a fobobility fonsfer puctix P:Lpi3.

where. D= Pe{ X3 | Y=}

I it is ossible o go wifh oot pobuby fan ay ste of

fie Alakw chain o owy shife in & finite. rober steps. The Horkow

chain. is s 1o Je. inedugible. If fhe lmngest cmmection fachor

e laaths of dffrnt it o  stie 4o itaelf is |- The Ao

dhain. 1S Said b be, aferindic

Definition: The entopy ve of  stockastic. poezo 1% is defied by
HEw= lin e RO, %) e the, it et
l wwviﬁer

(onsider fhe. case, of a Bypeoritter el has . equally likel adpd
letter The peaniter cou roduce. 1" sequence of lepgfh ., all of
Them equally h’k&@j. Hinge, HURoe, = Ya)= log M . dhe ey
refe is HUO=logi bits por symbl.

2. %Yo ove jid vondom varibles . Thea
HiX)= |inH“"$"w’w = lin M;,m = HG)




P2b Theom: For shutinay - stochostic frocess , . lits:
0 Ho= i 7 i o, = %) @ HOO=lmHO e, Yog, - X,)
exist ond ave, egpal + HOO=H'OX)

Madels , statistiaal ilrfermce and Lcavmg
Socisti( infewnie + of “lewity " as it it caled in e sice 73 e
s of using dan b infl e distibeion . gt A oot A
piad stutistical inferrce. qpesion is
Given. . sl X%, Xa~ T, how do we. icfor F1
Insome auses, we may it 4o infor only some- et of F sidhas
its mea.
Panunetric and. Nowoanesric. Alodels :
A stafisticll mdel F is o sek of dlistriactins (or dnsty or Tegessin )
A ’[WﬂMLfo(/ madel [s o set F Tl can be ﬁalmdfb’iw(b a —fn'niiz Rumbef
of fommeters. for emndle it we assume Tht he dut cone frm a
Normal. distn buction, » Then the model, i
F= H(XM;EFﬁeKH—(%? | leR, 07,
This i T~ frianetet mogll: =1 47:6): e e 6 is an wbroun
pramneter ( of wecor of puaneter) b, on tike vlhes in forancter e .,
I O isa echr bit ue Mon{A] inested n one. cnonet, of B, ue. ol fle
Yeisining utooneters AISaHCE resedrs.
A vorpusnmettic wodel. I o5t F et aonat be purometeized by o ite
otber of fwaneters . for exnple, Fou={ all OF's 3 IS nangrametric



o bm?(ﬂ ( One~dinensional Pouowetrc, Estimation - Jet %, =, Y be
indepodect Denadi(p) obseruecions. The fmblem is b estinate the
Danncter .

Evomile.: (Tuo-limensional. Parmneinc. Estimaction ) Sifose. Tt X,
Xo ~ T od we assne fat e PPF FEF  uhere T is gl in
(1,81 The gal is o estimee fuometers pom e e 3 ue. e
only iiested in estuaihg AL o A s T funncter of et
and ' IS o iSnce fuyametar,

Branle(Regussion. , podicion, ol clss ieton ).

St v b, fairs of et (%, Y,), -+, O fad . Perhaps X is fhe
blood pessure. of sube v and i is how lon fioy e X is talled o
redichar or vegrasal oy Teitie or Hhe degenolend variable . We. call
Yx)=E£(Y1X=) e mgessin hnctin. 1 we. assine ot vEF, wher
Fisfinite dinensivel— Fe st of sraigit lies T cample. —n
o hoe. o funametic vegression . Efue. assune et vE F . uhoe T s nat
oefine dengiondl fhen wehae. o yorforonetne. segresson wodel . The gl
o} edicting *f o o how petient bused on heit X valie fi calld
trdicin . 31 s disonete (for enample , i of die) ten. pelition is
instesd cafled. closfotion . T o goal is o estimate te i Y.
Hhen v, call this OSSN o1 (Urve. estination. Regrossion kel are. someines
urifenas Y= YT € . wlew E©-0
define £=1-YCK) and henee. Y= YHI1K)-4K)= YOO €. Jloroer,
E(®)= EE(§X)= EE-100lX)= E(EYIY) - 16
=£(r(x)- 100)=0.
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Poirt. Estimation
Defiition: A i esindor o of o pmomctar § is onsisint f O Ly
T distibin.of 6 is ailed, i stng distributin. Te st
deviocin. of B is called e simdund emr, donstod fj se.:
o¢= 36(@\) =JV@n
Often , fhe oot enor depouds on fle unraun. . In the cases .
S¢ ks an wnRnwn quiy wdt we istcky o estinate it The estimated
stadanl ey (s denoted by §e -
Eronle. et, %o =%~ Bemaalli p) o let =072,
Then E.@n)= ll_"z‘wE(Xi)ﬁ? , @. is unbiased. The, sfoudard
enr is se=VE:JPHDN, The estimated stavdard emr Js
S=J(-H.
The quelty of a i, estinete is swerives asessed by Fe veut Spuared
anr ,or /“SEW =M55259(6n‘9)1, K I'A/MA it
EoC) nfus b expectation. with usfert 1o T distidin
0 %> )= 40650
ﬁtﬂgemiw( fhe dutn,. T does not nean we are auelgqng 0wl a
Aistibutin for 6.
Theorem : The. MSE. aan be written as MSE=bias™(Bn)+ Vol )
Pt Let G,-E6(80. Tha
Eol 8- 0= Eol - B0+ - 6" = Eol Bl 1 2 (8- O) o
(61\ 'én)ffe ( én' 9)23 (Qn-ﬂ)”rfe(&- én)l
= bias™Bh)tVI6n) . uber, we hae, wsed Ble e et
£y (G- 8a)=0a- 8a=0




F24 Theorent - 1 bi(;sao o 52> 0as Mo fhen fn is consisted . it is
ﬁn =9
PO 14 bias>0 ad 20 den , heaven abue , MSE >0 . IE
%U»ws ﬂat én_q'm_’U.
Bl Re‘tumirﬂ B e oin 'jhf)])i{\} oxamfle we haw. That fp(ﬁ«):f?
Sp e bias =9-h=0 ad 2= Spu)/m —0 . Honce ,ﬁLPM
S, i s wnsisott estinaor.
Definifin - An estimatir is us:]mMﬁmﬂ:] Nomal. if
00
93& ~ M)
erﬁde;\ce, Sets :
A 1 didave iictrval T & farameter 9 is an inferval (o ()
whore =& (Xo=» %) and B2b(X,, - Xa) e fuctios of e olata
Suoh that  Po(0 €0z M0, forall B¢ ©.
In ook, @b) s 0 itk Wabﬂiﬁ 1~ . We aall 1-X fhe

joverage of Hhe wefione infryal.
Waning * G s vondom ad 05 xed.




b Dﬂ’} b: Cmgm'ﬁm bused on CAT.
I DCﬁYliﬁDt\tfi &Cﬁ{u'tiw

Caai'ﬁow adion. . of ’PMS DT aatw‘ri;g k)wwleo(ﬁe, bJ )ewwrg
or :g&;ms; o of ﬁuougk fhe spse.
(%w"ﬁo)\ s The. icess Jor ?Mumg buw leo(de Jom. ieomection
fhxxgk ﬂem@s it re]w':j ,Ml\)\w vasous Rixds o} indluction .
cfowafon. The siue & e vy mauker any fle stoes.
Kn»u)leégv Tle state & He Ubying law anory e states.

2, K:w%e - Port one
hw(%evzng%bcﬂe podict of gisiomolygiall Inpumation, ..,
e ixrtowtﬁon -

Estimating the COF ol Stafistical Flactionals
Wewil{ constdler mnponetric. estimadion of- e CDF T.
De-ﬁni‘ﬁwv Tie (’Mf'in'm( olistripuction jw\ch'on /F\n i>the OF that }M&
mss Vn of e data P . Formaly R
ﬁ()()= %M  wher, 1“'»90)"'{ 0 o X0
Theoten: A: o Fied wlae of .
EEM)=0,  £ulsFoo
V{Fa0)= FOO(1-£lx)

n
g = SOUE)




b3l A stitistical fictional TUF) s amy funcion of F. Exomles ae fle
mean.  As jXAfOO , e, varionce. 8% TURAOAFX) and The mediag
m=F(12)
Defirition.- 3t 1(F)= {100 AT0) for some. finction v00 o T
s alled o livear Junctional,
T(af4bG)= aTlG)+bT(()
Porametvic Irjerence
Paraccti, madels et i, hodels of e fom
F={100): 86, loe fle © ¢R is e puaneter spuce. and
B=(9, .0 is fre poranecten The wlm of icperce Hhen edues o
fle ?mb[m q eSUmaTirﬁ fhe aaneter 6,
Offen, we a»eorﬁ iiterested in sime Tuction 1(9). For amcplc , 1f
K Nt ) den the pomeder of infert and 3 s called o maisance fovanler
Exonle - Let X, -~ Xo ~ Mol (4 ). The powemeter is 6=(45)
ond the palameiat space is O=1(,8): UER ,S>D§. Swppose, 17
Xs i¢ the oufome of o bod st and suppose. LR ave inferested in Y,
the fracion of the pulatin vhase. st e i lnger o |
Let 2 dondte a studard Normal yandom varible , Then
= POG1)= |- Pokeh= 1- P (A ¢ B2
= - P(a<E) = - 4(4D
The fmmcter of inteest, is, = TC48)+ 1~ B((1-20/9)
Eomple. * Reall. that K Jus o Luamna (i, P) dlstincion f

’I’M'»D(,ﬁky’m)gﬁe W’ X >0
w}m “l& 29 M3 F(K):‘Sv'aa-[e—\‘fcéj



P> is he, (amna functon . The proatefer 15 O=008). The
(v distriucin. is smesines used o model. (ieiines 4o
M‘& , aninals, ol electroni equpmed. uppose e wart to
sl fhevem Heine, Thon T(xB)=Eo(K)= 0P,
dlefiod. o Alomends
Spe ot e puaer 9+ (8, -6e) Jos k. compunents. for <3¢k
DChN’, #K';JH‘ momem‘,.-
ohj=al 8)= Eg()=J 3elfo(n)
a i mamenf :
agdl Z%ié *
Detinion : The merhocl of manetts estinat B i defined 4 be. fle
viie ”t B such, Tht - oy 8n) =X,

A
% )= 1>

ol (B=TR,

Fornuda abore defines o systen ot k eguectons with. k kuaons.
Bangle: Let %, o nBonolli 4. Ben =g 0= p ad B EX.
%1 W‘f/[ﬁ ﬂl&wgct the estimotor : ﬁ; ;\L%XL,
Frndle: Jet Yo N~ Nomal (4 8°). Thet , = Eol%)= A, and
= Fg63)= Vo (%) +(Eo(X))= 4L Uk eed o solue
e oquatins: -7 EX%=Ke
Tih=d3 %

F=rdin-x)



P Magwm Likelihool
Definition: The.likelihond function 5 defined by Ln(6): .ﬁ,f (%.50).
The. (o -Heehhad it s deined gmfﬂ )= Ly fn(6).
The likehhoad urchion is Just he Joint dersi o'r fhe deta , et
flot e st 7 is o finclin ofthe famnchr & s, &+ B-2[09)
The. [ikebhiod Function. is nat & daity furction = in general , it s nat
tug fhat Lnto) intogiates 1o I Cuith respect o ). .
Definitin: The magnun. kehood estinator MLE , densted by a
(s the valug of © Thet Naainizes £8),
The nosiowon. &t n(6) ocours ot e same. Place as Fhe Masinan. or
&nl6) , 5o mmam2ing fle log~ likdlikand. [ens to fe sane dngler g
Monizng e heliad Often, i esier 4o work waifh (19~ Heelhod
If we hliply ) by oy pustve. s, C (rat Ay o
6) Then thS"will nst Clange The ALE . Hence. we shall. oten
d"’F arstts i The likei funcf/bnb
Bxamle : Suppose that X, - Ko BernaulliCp). The probti Ity
foneton is TGP =5 ()™ for x:0.) . The tnhaoum
Puramerter s 7} TA&Y{L, |
Liy=3oesp)= %0 ™= P 0™ L hew 522K
e, £a(p)= Sl +(0-5)lag (1)
Teke, e, derivetie of lp), it eqgul %o 0 toid
the MLE is fy=



&

Erle : Let X, =, nv N(&:8°) . The wmeter 6-(4, 8) wd
the hkelihod walon Lgmma Sane nstint S)js ¢
Laluh €)= 1L cx?('zﬂa()(rﬂ)z)-—‘y’ezfaf = S0 |
= 3 ““ &V]?f JA’
where X = "’27(» & =7 2(Ki- X)
fre lg [ike ok &5 -

(IU)S)‘ - % 0‘ ’18/29 l
50‘0)/5 fhe eqmons QBM 0& cattd 6‘) =()

=X, 8=S,

The frepetist, mefhod

Fl: Probobi lh:f] refes To lniting relative *freztae:\cies . Probabilty axe
byective. puperties of te red uarbl

FL: Parmmmﬁmi . tonstants . Beae Hhey ae net uchutig

anabmmnts canbe made abod foancler.
f2: S’rat:stl hwcedures should be ALSI ned o have, well-definel. [ong
e Jrequensy puperties. for exmﬂz a S fercent cordidence
interval, Should -hmf e e value 01‘ fhe barameter with hmhnj
‘[rertmtj o least 15 percent.
The bayesion Inforence:

Bl Nrobus] Iﬁ o(esmloos of belie], not, limdtin 1vu(ueu A
s, We can ake, Pobabbg sttorerd, about [Ejts o h\nas not
ot olita uhich e subject o ranclon, Uetittion.

BX: We can makL nbamamts aboic parameders ,elen

though. Thes are fixed




P2S B2: e make \I:V\J[erwes chouf, A fatameter 0 111 ?mlud;g n
pwbabiuﬁ oliition, ‘hv §. an[evences > SWCA as oint
estinates , oy e be ecticted on Hhis dlstibction.

Daj'l The- %@Sian el :
ijesian inference. is usaatﬁ cred ot in The '[bl(olw@ o’
 We choose. a pabity ity H6) — culled Hhe frior olistriduction
— et expresses our bliefs abud o pamnciar 9 befor e see any dito.
2\ chowe, o staistical. model $(x16) Fht Yeflects our belie"s abwd, %
giun. 0. Uoice thit we koo wite i as F(NE) instead of (%56,
3. Mter dbserug ot X, Yo, e, it eliefs ond calpe the
poctaor cihribudion 11X, %),
Suippose Tk, 0 is dlscrete andl Tt e is 0 single , discrete. ohseridion
X. Pouss' Theomm:
P(B=6l%-n)= TXH B8 p
. MX=x10-0)P(O-9) 5, P(Hl&@) Ne:=9)
The vesion. for vorcinus vonables is -
fg- 0t Lt e hoe n 1) chutiog
STAOHO)AD KX, we replace 4ixI6) wik
T, %)= THoste)= £ (6)
Notaction.: We, wil, wite X" o mean. 0%, %) anol %" o meay
U(n >Xn)
= {(01x)= 1919 ginagma= 210 ¢ 1140
har, G [Lalotiords is aled nomaliving oot
Ntz it Cn does nat, olpend on 9. W an sumwarie. by writing




P2 Postenior is ’pm?orﬁonai o [ikelihmd tines Prior -
1(61X") << {er116).
EW&= Let %, X, = Xn ~ l}ermlljl?). Suppor we take fhe
w\i'[bm olistribucion ‘}(f)ﬂ as @ o BJ Bﬂeé' theorent , the
Prstetior hes the Torm.:
") AEalp)= D™= 657 (6™,
e, s= 2% is Hhe punber of suicesses. Reall hat
tonclim. yoriade. hos o Beta dictbation with fumncter o aed B
g L I o B TP
if its doity is Tp0 D= gy POD " we see it
fhe Posterior for is a Befa. distubation with. fnciers St1 and
n-stl. Tht is. HpIK’)= ngm’(n-sw '?(SﬂH' (|~1>)m-5ﬂ)-'
We, urife this as $IX" ~ Befa (41, n-st1)
Notice fhact e, hae ﬁqmol of he normalizing constant without
mual(j dm'»g the. integral Jin([)rh?)'d?. The mean. of a Beta (%8
dishibution i Pt s0 e Bades estimafor is 13-%
1t is instuctiie o rewrite. fe estinator 2 H- N@ﬂl—/\»)-?
The posteror menn is 5= * O tpin= (Vapn B (455,
whe, hi Batp i fhe o mean.
Example: Let, K-> Xa~NL8.8"). For simplity, Lot us gssume it & is
kuoar.. Suppose. we ke, 0 a prior B N(ab). The posteripr or 6
is 81X ~N(B,¥), uhoe B=wX+(-u)a, W= /s’

, | e t
Tt and o= is e stuvlard enor & e MEX,

Stctiol, Dessim g,
We howe imsidered sevenl, it estinatars such as the waxinum
likebihod estimactor, he meth of moment, estingcor » and the posterior mean.
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In ‘[‘ad  ore ake, Moy other Wass W generate estinators. Huwo oo we choose
ooy them?
When e oss function 5 S"ﬁ“"’”‘ omr  he visk, 5 Juab MSE ( mem squared
enn): R(6,8)=E56-8)= USE= Ve[ B) +hins'y (8)
C”"P""’l‘j Risk, Tanchins -
To- ontiwoe, 00 estimtors e can comfo, Hheir risk, funcions. Hover
e does nat. pvicle. & cear answer as 1o whick. estimador is befer
Exanple: Let X~N16.1) ad asune e ae Usiy spuaved enr [ss.
Consider 1o estimatars - 6% and 823, The visk function.s
we R(8,9)=Fo007=| ad RO.0:)-Egl-0% (367
I 24644 thon R(8.8.)<R(6.6,). Neither estinator
Mm'*|mmw dominates The other

ﬁmm?l&: L " Bmu“i(’?)» Consider 51umo( emr logs

ad (et f;.:X-.Sinc& s has 0 bias » we e et

Rip.$)= V&)= P
Anather estimator 15 ?f R Gt 0 uhere Y=3% and
wond b ore fositie oonstants. This & he fosterior mear
Isikg Beta (0, B) pior. How,

ROPBy)= Vol )+ (bimsy( )"

“Vp (g + (Ep i)

= n “" ) I)?‘M - :
g T P

Jek o¢ b= 7. The reslting estinacris Bz THVE 2
ad e nsk Focion 15 R, $,)= N i)




F25 Nether e ooy dorivctes fe o
D@[’W‘flm Mcaamn rule fhat minimes fhe Payes tisk, Is alled a B@G k..
ﬁ:mlﬁ B is mininay it v(t0)= :pj r4.9) , where the infimun
IS over all estimaor §.
An estimator that minimizes #l& maimn. risk 1S CHW?A A NNax
nle. Fom\a% B is minioex ‘1( snfk(ﬁ 6)= I'ff sut R(6,9)
where, the infimam i over all es‘bma’m 9.
Enﬁes Fstimators :
Let -+ be o por. Fram, Buses’ heomae, fhe fustenior density (s
:{(ew i) 7""’/&dﬂ = fioHH) mwdo ffwm
nix)= [4(561d0= ({0 )1016 is the Malglnat distnbion Of X.
Defie e e i, of an estinor 86) by 16 14)= 16, 500H (0o
Teorat: The Bages visk st r(},7)= ] 8 P)md.
let 800 be He wihe d 6 that winmizes 1(81%) . Ten B /s the
éstimador .
PVWT we Qn rewnfe fhe a:IesK/sLasfolM
r(4,6)= [R(,6M0d8= J ([ L6, Buyinora) tiordo-
= [f Lis, BoMin )dvdd= [[ Li6. B io1m mix) duds.
= | ({ulo,800) Folmde)migdy= | v(Bholmon)-ob,



