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may say ~th obseryk:

V= By + BiXte & re)2

E(e)=0, Var(e)=02, e'sareiid.’

e Compare with voriona Hundiom Y; =ﬂ.“'ﬂ,!€; tE,
Mean function: E(Y[X=X)= B, + B, X

Variance function: Var(Y|X=x)=02

e ¢, statistical error
Vertical distance between y and the “truth” E(Y|X=x;)
e=Y;-By - B4 X,=Random error component

‘Me can assume X |s-knawn and gjf are random /
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e Hatis important!!!  gpam
'__—_-"'T“-'-’ $om o
Trug_,f _}:",' = a"fg = "il:’ff 1 84 J\L

vi =B(Y|X = x;) = o + Pix;

A

& =yi— 9 =yi— Bo— Prxi 7‘:_

e Be familiar with the termS' , parameter,
— parameter estimates, F,éror resjdual, f|tted value. ..

e With hat = Known estlmated value 2

= Involve data only
No hat = Observed/Unknown true value

y | Recording
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Least Squares estimators

® Minimize Residual sum of squares
s
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RSS(5o, 1) Z[y,—{i’ﬂ+ B1x;)]*
i=1

e Step 1. Differentiate RSS w.r.t. B, & %]

ey
=D

e Step 2. Solving 2 equations 2 unknowns
L7X;

e Answer: WAL S——
= S— 3% B X = XM¥—y
Bo=7-B=% b= > =) e——
\ (see textbook P.273) /
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e Notations used in the book
Sample mean

Sum of squares

'ﬁ Estimators

Fitted yalue for case i

residual for case i

SXX =) (u—x%=) xt—nx?
SYY = Z{yr— -2 =" yi—np
ZXLVJ — nXy

_ 2 &5 =30 =) _

Tools :

Sign
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\/er(X) =
How to estimate 02 ?

® There are 3 parameters
yi= Bo + BiXite, J
E(e)=0, Var(e)=0%/ e/sarei.id.
e Note that 0% =Var(e)¥E(e?),

t.FDfF'

Looking at > € helps estimate o2
—SFact: E(x#) = (n-2) o7 9 =Porflox
We estimate €.. \/ —y % e;

T,

\_ " Y

E(ZO(: KJ)'_ @-lJU'
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& Computatlons
T[y, (o + 1))

RSS(Bo. 1) = RSS

RSS = ZQ:_Ey 2 — (o + Brxi)]
=1 b o

Therefore

Lz
O ze @-Hn) a.+2cLL+L

= ZF SXy = —2p, SXX

| 1169x8.27in

HEWNF A GESRTE MELATES MR FRE

£ 3 Recarding
EIREFR=ERERA = E|FECH 00:00:00
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2lsxx

= fZ[Xf—\ I
- il X —Xi ]ﬂ
= SYY — 1 SXX = SYY - -
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RSS = 2(¥:~BomEX)

§= Vor(E)= l:cey Z""-
E(Z’“) pve 7 ne-a. <Y ELs)=¢

L)ack to show:

E(ﬁu)“ﬁ
E(ﬁ ) =F,

Var(ﬁh) — 0 (n
Vw(?-)—-}o -?m)
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=S Zx)i ho=Y[--* 1 =
R e le IR
2. The fitted ling passes through (X l%) Yy = -rrsp;
Check the derivative of RSS ué.r.t. Bo
3. The sum of residuals=Q,(not érro?s!)y_ o[+2x

Check the derivative of RSS w.r.t. BD\

4. The estimators are unbiased 2E: |=
(Expectation=true value) = I’( ? 3
|

E(olX) = 6o, E(BilX) = 51, E(ﬁzlx)ﬂz‘;ﬂy

i
= d Page - : T A v
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fhan E(ﬁr)’: 2o BLGY =0

Y‘i - pa"l‘ ﬁx;*‘e;
EM)':Fn + A%
Vor(Y) = Vol =0

Var(Bi) = 265 Vadpe) = -

A . T i i
Ver(f ) = Z(Lsté) Vvaly) =U§S_’}S(|§§?

o 3
= S%X 53 O
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Properties of least squares estimators
E(] and ?1 can be written as a linear combination of y;
I

P SUREE
2. The fitted line passes through (X,y)
Check the derivative of RSS w.r.t. 3,

3. The sum of residuals=0 (not errors!)
Check the derivative of RSS w.r.t. 3,

4. The estimators are unbiased
(Expectation=true value)
nbnse\—> E(5|X) = fo, E(AilX) =51, E@FX) =0
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Variance of least squares estimators

Unknown True Variance

Estimators of Variance

V.:u(ﬁll)() =0 %
_ PiIr, 2
Var(3o|X) = o ( sxx)
(m[iu f1|XP)\!a XX
.IA I-A _ —X
P{Po: 1) JSXX /n + X2

___lTEK:‘. \J

See textbook p.273-275

= | Page =
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Var(AIX) = 7 g
Var(BolX) = 72 + )
Cov(fo, BlX) = ~0* s

PP, Pr) = Jsx,;fn + X2
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Unknown True Variance

Variance of least squares estimators

N
Estimators of Varianc

See textbook p.273-275
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Vnr(,fﬂ 1X) = 52% G(BHX) = 32%
Var(5o|X) = 52(% + sfx) Var(fo] X) = 32(% + %)
Cov(fBo. 51| X) = *02% Cov(fo, | X) = —52 5;)(
Plb ) = \/sx;nmﬁ PAbos i) = \/SX;HE?
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Variance of least squares estimators

Unknown True Variance Estimators of Variance
1 1 I
€ — S — 0 '; — e — 7l
Vu(ﬁllX) o’ R 11( 1|X) o’ S0
1*11(?|X) n(l x> ) ﬁ(-ﬂX}—EE(l-I—E—E)
et = SXX SRS TG T SR
X —— ey Al K
Bo: 3 —0?——— 'ov(30, B11X) = —o2
Cov(/fp., 1|X) o2 XX Cov(3g. 71| X) XX
—X —X
B1) = 3 By} =
Pl 1) = e ol 1) = VXXt %
—
/A
Pcﬁ ') =p( J%)

See textbook p.273-275

= | Page =
5| g | 21 of 24 | HECT

| Recording a ,
G G G | DO:00:00 %ﬂM






	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

