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SIHPE LINEAR WODEL VIA ORDINARY LEAST SGwARSS (01S)

Assume tha® on n gxsticol wirs (indinduals) we obrve (x:, i), izd,-w.
Hence Ane delo-one § = (31.,.-.‘3n) and. ,&=(x.1.,...n<n)
We contider thaX Cach Yo iS rediteon of o v. Yo | iadw > semple spoce ’5:&"’

We do nT Specify a wimbucian Por (Yi,o¥n) @ We OnSY make aSSumphions cbeul Xre frC o

momeredS [ELY:] ondl vo(Y:).

We spesify o _St_nﬁ ehear modlel (oﬁbd 4 covoriel®)
We evhmole Tne moolel poramelirs oy Lrrouga TiRWi OV coppicinations anel a umple opb'mitation
( ¥ ordinew Gat squees ™ meahoot )

We WoL with @ SWmple example
rdokiondhip belueen the Welght o 44 mothars (K) anel the heiphE of Zhelr olauphiers (4).

X y S
1 153.7 163.1
2 156.7 1595 o |
3 1735 169.4 = 7
D
4 157.0 158.0 2 Do @ (x%0)
g g
5 161.8 164.3 £ -
>
©
6 140.7 150.0 )
>
7 1798 1703 3
8 1509 158.9
9 1544 1615 3 | :
10 162.3 160.8 | x| | |
140 150 160 170 180

11 166.6 160.6
x (mother height)

lriGaizion »
the vmplec woy to desenioe tne relavonship boRuen Tuo quanvines if o Yrughe e :
Yo = B+ B, x0 il
Howerer, wich o rlakiouship does w¥ holal exadlty : The poldlS o ndl PERFETU AUGNED.
hene we odd e oror rm O take o actow TS dascrepanssy:
Yiz Byt By xi+ & L4

4% Wep: WODEL SPEURcATIAN

Contidlen ble model !

Yd" s P:l + B&xﬂ.- + & A:"l-.n'\ n
x m dnzhg: sgm ERROR. TERM
ad The eincon relokionshuip
component 23 U exoct

(Ba. o) o XM REURESIGON COEFFICIETS
wcspw?\edaMhF&umeWCh)
um%obmi.wﬁ\ buX we alhe inNBrogluse oune additionsl fvpuoclete’ Caleirg olue 1 for eachh incaviduel,

The modlel molnx Ahen i - H X |
Xy
X=].:
(1 % |
- Ps is ahe INTERCEPT ( cofhcies of 1 )

P. 4s ke COBRRUGNT o x  (seope)

ASWMPTIONS on the independnl youlolbles
L. XayeqXn pxed anel nen- Bokavnic
2. e % @i ot be ol equal ( semple vouent ¢ (xa,m) MsC be F © )

The wsmatlc compror is vow Qullf specihesl; we ueed @ defne the Wochawic compow® (&),

ASSUNPTIONS on the STOCHASTIC CoMPONSNT

¢- EC&) =0  Por iz4,.uW

2 V(&)= 630  i=i..n ( common Vovauce acrosy wblgp.'&)
3. V(E:ED=0 I itk , i=fagn Kl W

4. EL&l=0 i=4,..W  ABSENCE OF SYSTEMAMC GRROR

Impticasons for Yo w.,,-{e
E[v])= E[Pu+Puxi+&] = ECPi+Pa)rE[&] = BePix
now - slochasnc o

Whoxr hoppens AX thee s a ydw aton | ie EL&l=c Ffo
E[¥%] e B.tBaxi+c = (B+c) +Bx
the Wlemodc evor c iy infloboldd inte the HDeEG (wet o rmb&m)
Yz By @ xi+ & wheae BF = BLre
g¥: ti-c = BL&* =0

9. Vo(&)= 6% 50  fralL isdpen HONOSCEDASNUTY OF THE BRAORS

[mpeeakions for Yi:
Vos(,‘&.)‘ vou( ﬁ*-BszG‘-) e you(&2) = 6‘2' Visd, . W
wol- Woch..
= homoScedatha®y o da Yespan

3. cov(B,&)=0 fa i#K THE ERLORS ARE UNCORRGLATED
Impticakion §or Yi
(¥, Yk) s ow(BaeBxt& j ParPuxe+ ) = owv(e &) =0
| P —_—
non - Wochasne

9nd, Yep: EXIKATE
whol oo we needl to edimait? Lutorown MK&; oc. (B, By, )
Hee W PhoAnETER SPAs & D= R'x (o,+oe)

Breny combination & (Py B) drming o specBic eine: how do ue S te 2bat* Gine ?
We wneed o crierion cﬁ whalo A3 a."raod,“ &re.
We want o e Whith iy T foisC B bthe cojerved. pobrly.

y (daughter height)
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Conider dus Cine i oG cach Vdue of Xi Comusganols ome wolue, of i Twds GeS on B Gine

= w&mamc& Pu) we can eompule The comvespmdidy velue o} Y (accoreling Ko the Ene.)
‘a\.t ?1*&1&» WW“

The oliscreponey bzx;um\,mobwvul-m Ha preciieled. Volue ((of the cbterved €ocobions xi )
READUVAL e\-"s vu

Awmweammw OVERALL . «
- we coulel considen the wam f the rsiduds 2 & ond bl du (B By) Ghel minimiae iv

L=\

- qu.g:abuu, pﬁﬁnwmfobvevdmw&.

- e could coniolan WMG&M&MVM\ Zl&lﬂmﬁumhmu% mfw:a prackicol.

iml

- We conndes Vol the St of the SaarE residials
Zelc (-0 2 (- Po-Pax )= SCAR)

iz\ et Lz

oo, toke Q3 on evhmalz of (BuP ) the combimerian Tnel minimites ic.

DEF: the LBAST Sauares esimol: < (BLB) i the combinorion ¢ volues ({p\“ﬁ) 1% mininies OCPLB)

= argmin SCR.B)
BBy = poryoin

= agmin 2 (%-B-Pux)’
(B.ByeR*

We howe hunce Turmed o probtum o eWimanon inte ak optimiasiow..

THY = The &AWM esmoe. ¢ (B, B,) is
- A

&= -B¥
P 2 (x-%)(5-9)
E(Xu x>
where X = -‘h—%
‘i;% %3, (somple mean.) .
Remark::
- —\2
recall thel the :nmp&. Varionce of (xs,ixn) js Sx = _4_; Z (%-%)
(and wmilardy fou Sy ) .
the sample Covanance is S,o,::;‘{—‘: g(x:.-?t)(}.:-})
ence B, = o

%

Roh: we wano o shaw o . B, minimine S RY= 2 (i-B-Rx)
We need % fivd Mmhcnt panis (4 denvarive =0")
amd, then check HaaX (B, P{)a a mnimum (2% denvarve >0 )

ISR = o Z 2(k-R-Bx)(-)=o
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ISRB) _ o T A(x-B-Bx)(-x)=°
el =

( £ (g-m-h)=o @
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| S x(p-B-Bx)<o @
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@ )‘i-y(Pt—#Pz?=° (m :L:"&v "3)
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.‘3'- xige - nX B, - P Zx =2 G f

pt'i"z—i
sz‘J;- V\X'j 4—""sz —?), ZK» = ©

" Z(X., -o-x"-—-b&-x) s Z;" +nxt - 2x2x~

2&3 ""’"3 = Tt +uk -2NX
Pz‘ 2 = b $nee / .

Bxt - W (eyshe 3 (x-T)e Z-nES o

(n-1) S ® ?(xc-*)(ai-3)= hz,"i?-'--"'i-’i
A S;q =l |
Ohly\

- e S (¥ - XG - kX r%q)

— - - r 271 + WX4
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Is (B B) @ minmam? We compu the Hesion
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" 2's(R, B 925G ,R) Can WX
AR 28 9B
H-: = 2
X X.
28 R *S(B,RB) i dnx 2'?:'\ _
QP&?P‘ 3 s’?'

et (H) = L.an.. - 4n?x?
L7, 8
-.-an(zn W%)s Ln Z(6-X) >

ginee. deG(H) >0 anl tay = 2ndo, (9;..9) is @ minimum ¢ SCB,B)
Noteover, waﬁrv.fobd,mwm\.. o

ﬂumvh:

- we did nol wse HR.AWGM.\ on €.
- we uwol the asjumphion on the Xi:  whek W‘\k‘ X;.= Xo %\dl.usl,-m..z
(xi-X)=© ¥i = 5%=0 ol 3xy=0 = p2_=.2 e lefimect

o

A A . . A A A .
~ ohee m-dl\'mcn(h\&), we aulomokeolly olain 9§= Bov Pux, Lle B eimelRd. represyion Cine .
- % allowy us Uo moMe prediehons : gi»tnq.smukm X, we.prcdinﬂﬂmumw:x value o the responwe.
AS uwal, Careful with exogofaliow, Le., estimoking Che vesponse for o volue of x ouTside of the obsaved range o (xa,..,%Xn).

 INTERPRSTHON 5., 8)

we howe. estimald, o tine §= BueBax
By is Hhe inlerapl, e, the preiced Velue of 3§ when X=o0.
NeT olwoys AnDRrpretakee ! €.9. with the heights exampte : helfhl= 0 i3 meoningCusy
Now conviden, two wndimdaals downNed o X4 = Xo ond Xyo Xo+d
The predicieed values ow %xt ﬁu-ﬁ,x.
%:w 6‘4"" ?)2_(&”4-)

us' s MMWM& in Gy preclielecl values

'a: '3L°P/+ﬁz(x°"') ){ B,,
/" v - B

Hence P,_:A&Lupmd.m;vuv,whml Inocaz. X ¢ 4 wnis

Le. in gnewol, the poremeten Py :
Py = IECY| x= Xo+4] - ELY | x=x)



