C.L\a.r"‘cr [} 2 Tlf\eory of Linear Models

- Tn FA_S'F cl\a-’o'l‘&"s, wWe censidered our

datn + be a anﬂ[e saw-r(e T
which was iid . o

— Thts ‘\MPU&{ ‘I'L\‘d’ E(‘/;) was constant

Wé. wneéasure orv

— I-n W\du/\\f S;','LLOCHOV\S)

Q\DSUV(". ‘o er more vq,riak(es) awxal

E(Y:) depends on the value(s) of
Hie other UG-Y‘I‘CLLIQCS).

gxqm?lQS: (I)
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- Tn reqression models = our main variable
of in“re,res-l') ‘/} te mallad The dePe,nalerd‘
\_/"Wi"tuﬁ._ (or response vqriaLLlﬁ).

_ T¥s expected value JeFe,naﬂs on an
l‘Y\AQ«pe,j;leJ\j- y_ouricx\o[e__ (dwo‘l‘@l X) or

S&Ve,r'al |Y\.0t€z'>€1\i€/rd' variakles (deno'fd
’>L.)'xz.)...) ’Xk) .




Nfﬁe: “Inole,rwole,.d " here has noH«inj
Fo do with +he netion of ™ fnolefem(ed
vondom variableg ’./

- A pro\)m\oilfs"'fc _moole-l imPl;es -Hmd

‘Hwe |'nal&f>e,nole/rd’ variakle(s) cannot
Pf‘ﬁAhﬁ +He response with CO’““;"‘"-}’.
—-TL\QJ'Q 1S ra._nolom errer |n o

Fr‘o\:a.,\ﬁil;sﬁc meoLLl (uJ{ke e
determinishe moo\el).

§XO\.M_\?\€‘.‘_ N = BstBy 2+ £

where ﬁo and ﬁ. are constants and the
rondom Com'fsonen'f' E s a r.w with
E(€)=0.

—For o jive.n value crp X ¢

Picture :




M’: At each x v«lue} ¥ Bllewes &
different dietri bution:

—We usuq_\ly assume -H'\C meéan O_F y

moy _ with %, but the shape
of Vs distribuhon oand Ghe variance
of Y are at each x value.

Exmr[& o-p gom\{;le -DaCl'R F:b“owinj
Such a Model

1.2 Linear Statistical Medels
- While we could choose o mede] E(‘/)
as GLIT funchon -F(X')"')'Xk> o'p our

{rw\efauule;rd’ vario.lofe(s) . +Haas C_La, ter
we  focus on “V\eA.r}W\OC{dS. !




—BY Hhis we wean models Hhat are a
linear function of the parameters

ﬁo) El) Cno"r Y\QCQSSﬁ.r‘l.l"f “Vl&ar ;n
lxl) ’)Lz) ) )
ExamPle.s D‘p Linw Moale,li

Defn: A linear statistical mode | takes
the '@rmt

wl«ere, {30) BI)...)Bk are unknown
FOLf'OLMe,"'e,rsJ £ 15 a rv. (we will assume

E(€)=O> and 'X.U'K:.)...)'Xk are variables
a.SSULW\inj known Vq_‘u_e_s.




PO'\‘Q,V\'HOL\ Frolale,ms: (1) The _porm 010 e
SFQL{-CfCA W\Dd&l may no+ MA."'C—L\ ","L\&
Te,adi’fy of owr data (o.n |1ssue a-(‘
erlle.al datn Qna.lysfs)

(2) Even ?'p ‘Hr\e. moalel 'S Cerrgc,t we Jo

net know ﬁo} 331)...) Pk (we will  have
to eshmate -H«em)

— Once we eghmate ne ﬁi's} ‘Ha&y o‘p+€h
have m&m‘ﬂj&l l‘n'l'errre:hd'iOns in the
context of He data set.




1.3 Least Siuqres Estmahion
—Let us censider oLSQrvin3 N Pau'reA
observathons on a ole—-f:e,vu\e,vd' uau*iq[a(e
‘d')"')'jh anvd an ;AAQ,F.@;«LJQJJ’ variable
’X_.)...)’)(n a.rLo[ -piH‘fnj o sfm!;(e linear
Y‘eﬁression model :

Extxmrle Sc,a.'l'{'-&rrlo‘l' of date :

-h)l«lcl\ e_SﬁMa..'l‘&S o-p ‘30 and ﬁ, \/!‘Q,Ia'

Hee S‘I'rqijk+ line  +hat “best fits”
Hiese data?

—We uua_n‘l' TO C_L\oose. G line. 'H’\‘d— 1S
“close’ o the observed datt points.




Least Squares Method : Choose Fhe line

SO -I'J/\a.'f\' Hie sum of +he Stuaure_cl
verheal de,via.‘h‘ons betueen +he Pofn-'l‘s
auwl 'Hr\e [fne. IS as SMQ” as Possilol&,

Prcture :

-Denote Hie eshmates Fl"oaluc.n'nj +his

“least Squares line as

- Neote : 1S an  eshmoator

P
-~ Then fof p=]

)...) n)

15 the  -th “fitted value "
Picture.:



- TL\Q SSE (sum o-p Stt{kret.{ errors) fS
Haus:

—We Minimize SSE with

A et o Ao
and {gl \07 =re B

- Solve these

least-sqy es equathons”
Simu"}unegu,gly Ac(' o A?’ *

r ﬁ,p and B'



)
Exqml;le, l: Reseg_rcL\ers méeas u.real S k ue‘vp‘[:c. tal
—HmC unt | P_xlf\q,uS‘HOn (runmnj al a X

pact on a treadmill) 1o relate H’ffs +
the skiers' Hme in a 20-km ski race,
Dofa Hor 5 skiers:

X (exhasstion Hme) 34 9.0 9.6 10.0 1.0

N wmin

N min

v (20 o sk himeN. opar pey g0 £30 E1.L



Picture:

- Find Hee e_,g-l'imad'c_cl l&s+ stuqres line auul
e Shwmate Hee L)LFQCF&A 20-km skt time

Br skiers with a 10%- minite treadmill
e xhaustien tHime.



