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trm fhee yvesaHs | ve ree fear wot only b, b ae fe pacamelen d He (IR, buk also
?70 . ?)\ tn  mimie The C‘KPUA’((’\ nsk MSE) , e &ox- = eo | e\* < @u

Thege J‘\)wp{v‘hc oWy db?ew& on  SLR WJ(Awf-Hw\J ‘oQAV\9 frue.

Staretical ?mp&rhes A leard Sfouaces

Eshmates v estimakors ?
- An atimate ¢ o mmber  (dkermmistic), dhe vealized vabue zfﬁ e estimato-.

- PAn gdtimabor 15 an Nv.  ( Stocasdic)

- b (ncmflt, We  (An ?o’(m‘rm(( A o samples Yo, Yo, o) Yo from & Aetribntion.
Te Xi's hae et aowm\(na Veen dbrerved yor Gpd o MWMI(?, be qwa,_unhm frann
e Avdrloudton.

X = X A Xy 4 X0 als0 an v, whoSe Adr bukton s &
n Samyp lmJ Aptributon.

{'“A(J If an eH{imator v& e PbMM-(nv\ Mmean M.

[ e vilves Qe remloed , domn X = R (X, + X4 €30 ¢ an eshmate -



LeaH Joae, estimators

broven  fask e SR model Resamphions AL = At ot fatehed e can shops Ak
e teaH fwc«vt erimakers Rt unotared -
ECpY = &, EE) = b proof
And vmnance, aQ» 4 u—hw\t\an Ave ¢
Var(.?; | Aoy oo Xy ) =

VW(";\;\ X\\ /-.ux‘“) - a r )

Sxx

Uivtinred 4o var o €

?7\00 lkk} VAr( anl 1 r\AMA'nx 6ww\‘

expet
E( I X/) = ?(VE Co\/(!ro ',) cwc/iozé\()l
Ve Y VEY = @ L. [w(%'hﬂ e (. B
wnaredness: ECLIX) = 8 (el o t&,\, @»}
wane 2 we(B1X) s o CXX)T Ov (B, 8 v ()
__

Lec 10 ( Oc¢k B

Hou o eflimmte o
@an \(" %o * %?'X"" & , ‘E(i7=0’ Var (¢) =
~ A
H\“kou\j\\ st vied fooeshimart Qo a4 B W el IMPO”'W\T o A

def\s v abowt:
1 m~komners pf{)» Y - Aoy >3, e, Ty

1 N
2 ot s kel fo VW”((’ LX) o Vﬁ"(@\\X)
\/N(Q\X)“'(“*Z)

VN(&‘X\) N Fx,x.
~ - J‘mrevfavrfd reodva s 8, el

fum ”'e 911. efidmals s JR: 2.3 Q;’ = Z»".:\ (%_/\5,‘>),
= Zrl (‘}\ = /@o "@\ X:O’

N A (
mtan §4- reI: MR = —‘—1— Z‘:‘ ((3,;_(;,, ‘(;'Xiﬂl = = SR

veall Har  MIE = & O5R.
Whtn n lw\t,e, MfK =y



Recill fhat 1 (LR :
E(C- 8 -6 X)) = BECEH
. Vo (€Y « (BCEY

>

s T
P\V\a " PY‘\V\O\:() ©oule At obreryed J‘muf[e valvers
- Replace Ko wrtlh Oy s o oo )

“Mlm Y owriy (%(/ ‘axv*"/"&\n)
- ECH W‘J\Nbi L\a ( V\

= B(\(--8X)) = %Z?[( i e %y Wk M} Computable

= ’m"-i Zu:[ \3\ (;" /@\‘ X )L_)

R s MJMMM- makes 1t ounl 4 /ed.
Does vt v‘(’.[d\\a ot ter wWhnm nov (W'Je,

Wt makes R YA pren o Small.
N "
G = \\ T = vedrdual standacAd ecroc |, Sandacd ervir a@ regnfrmvx
A g iy
T 5 unb (ased : IECG-Z‘) = H:_(——f,\—_% = g (.fmoc— o Aster)
&W\ r.v. ‘ N e
(F we vie n inrtead oﬁ n-d , te. o= w(ssR), E(F)=: =g 25 ot

Aiternatwve formala for SSR: §5R- Z 8 9> - npt - B0y

T¢8

fotal fum PR’ fGmaces TSS = 2\ 6‘3:~'\9)" = 24 ‘3{" - "\%L

Uing 0+ estimate Var(BIX) and Vo (B1X)
Y

N~ ot N A :I_-‘_)—-
WX = voe(gix) = 6 (5« g)
The #andnrAd errars (0 et SGpout rosts .,{2 He warancer.
I L A ' =
el = ig—i—; 0o (go) = J v (R+ 3=
leplae o> ity T o He ertites:

N

Y /\
Se(@) = ;_g%: 9@(%{) j“”‘ (& 5%)




@ e SHimak vovy ,,@ "

Call:
Im(formula = y ~ x)

Residuals:
Min 1Q Median 3Q Max
-215.98 -50.68 28.74 66.61 106.76
N
Coefficients: To = —g?:a
Estimate Std. Error t value Pr(>|tl) felfo
(Intercept)_2627.822 44.184 59.48 e-16 ~
X -37.154 2.889 -12.8646fe—t0— . _ &
]\ \ T‘ - S'Q,CQ;Q
A A
Qo @\ SLLQD So(@)
gl:—:: (’7\3' ny=1§ = n= 10
Y
Residual standard error: 96.11 on 18 degrees of freedom
Multiple R-squared: 0.9018,Adjusted R-squared: 0.8964
F-statistic: 165.4 on 1 and 18 DF, p-value: 1.643e-10
A N N )
Sampling_ dtrbutons i o, B and o Lec |l (001' &
d N
t | Aspamption Gawssiqn- Noire S‘rmpla Lineac KCOW/U!W\
n o
W(’, Chn 3"‘0“ ‘ﬁ'ﬂ\'\' : %\ ~ N(%\ r Sux )
n . =2
bow N, T U4 2))
gn-l)é\-* . e predictor | mnfercept
agt rX/V\’P CP’l)
GN- SR u((umﬁom‘
A
<~
2. e Jame a8 SR auumfl’(ov\.r.
ootanto e )/
4.

Nete foe pddrtionad Gangion anumption on Hhe dictrbuton of ¢ (43).

\:( I & + teot 2
plvp LS preActhan ‘gv*\“'::’@’] M F et o AN

SLe, v Y, v % ¥
GN-§ LR v v v v v J/ v /

The G- SUR mot) s J‘J(r((,ﬂa ﬁvnr\ﬁef dhan  CLR. This means Hak Mnaﬂnwxj
we Wt done o G-N‘ D‘\f'CC'HAﬂ mﬂ; o 4o GN-SLR .



Compling dhetrlowhon o B0 ek Bt

IQ(@\) Jt@\\
R #rgvma‘atu
R ! \‘l . L - | = X =
R e SV A ek JL“-‘,‘/ b Y f” bR, pea
re(g0 () > w~laa

Ex\o\w\m\‘lon
Recall vetuds brom prv lothwt % ~NCB . fxx)

%ONN(%"' U-(J' S’xx)>

Borl b . z 7~ v NCW o) | dnen _Z_;_ﬁ. ~ NG . We can nm\lma
standacthize %( x

Y go — %0 NLO, V)

}__L ~ N0 £ Cfe) 1 '

!l(}()
\-\’M\: W onf an toyerved vale, & 1o w\kmwn as o (5 celated fo the vabpown ot

Roplace & vt arfimated fe: f‘ec@)

AN
N _Bo
I5: —L;\&L' Y To = Qo/\ A T
celfd sety
/ e AN ST
wher  Fe(FD = Sax Pe (ge> = )
lms& - I N
Sax MR (7 * =g fxx

CI 6:0\( Q)l,%o

So ppose Hat ('r 1t Hhe olmn.,} '&M[\M’\pl’\ a@ T~ tna.
Len‘ k>0 rt. PC-R< T =1=-« | &g (0,1 :

n Ahe textb ook,
6—1 h: t s n-x

A R )

4 ' oYy W&A’M

-k k

RQ.“AH-‘ e '\\T(' lé\ “
A (ooC|-A)7 oonGld&V\U/ mberval  bor (% \$

A
CLlp) =L al‘ k- MQ@O < B £ @\“ k’f’-(@')]
= Proof * P BE CT(RD) = P( B- k'sé\ceo 2§ ¢ é\u« K's’e/(\é\.))

= ?( -k < 3\ @\ < k)
FATH)

=Pl-keT <k)
1=« Uy deba)

n



Twe  vpper ond lower \ovunds £ CLIB) ove rondom as & can change (F o difforent
Mrwfle 1§ A,
vab\rw, Booas Fixed / non- ranlom , <— nlegs L1ov«‘w. ~ Qﬂ\jeﬂw\

Explanaton = The candom whevrval CT(B) fmpe 0wt probabilty (- <.
(re. Ik x=0.05 thon 57 A the mkervas /({; CL(B), obtamed kaa
wpw-edka s‘amphhf) dhe dam  and f—fhdlr\j Bi, wll contn 1)

How does the widdi ﬁ@ CTCRD c)wwﬂe? wildh = 2k f&m
- dy D (=) T S wdfe T
\'\lal« ton(rdente  Comes N & oprice 0{2 \olgl wr?\y\ v@ o,

- nt > wih ¥
Larmor fample  guts more Alvmte e (frmation .

St s YT S i

The more potre here 15 acouad the dvue regresson e, Hne legr preaely we Can
meafut s line fvom the dador.

fux (dhe vartakan & X) + = widh &
@ pmvlndon Gor Oov\:’vuohnﬁ (L
Hypothens Ter-i-lna Lec 12 - Ock 13
£ Teet (Wakd Tert) e B ) quphv\j Actrbuton £ B
S‘uwoff_ we want o ted (2 sided test):
Ho’ F\ = C
H. %\ fc

whert ¢ o gpenfic yabue eq L=0

medhod | fmypor{ We vont fo fed wih a J\gm@xcmce levehd o<, W Compwle the
Test datirfics - T, = /\[,_, -C

J‘e/Eé.‘.) e\a\\ fere valves ace Rwmoun [can be [AMPM
Reject Ho: [Tl 2 k= Tg 0 -
}L(‘_Vl, a) N3 (l—- -;S;) 1007 PUOJ\‘\'\lC de' -«

The  Artribvton

-IT -k k(T
o %\/\va\%’dlz . tornder the fl prbabiliy -
V[, \T\> \Tl\) = P(T( "'\Tl\ or T?th‘) < S

~N—
p—va(ua




Way o works: ot 15

- We arsume  BN- SR &isymptiand ove  satisbredl.

w ve Assame Fhat Hoi By = ¢ is dvae, then we huow the J‘Awllhﬂ hd  bor

oo N
T = 2 ' Wil be 1quml +to Tl T omd T ~ 4 pa .

ye’tf.]) S cho)
IF we obsrve dhe Unikely vesuit [T\ 2k, $hen Hhere m.gwf ve 2 wlay\pd—[,ohr‘
l.oother wn fk bo=c 0 (He i ) ond Sherehre Yor JaH "3 thante obresve a
Ve foat ot feak Tl 2k vd fe Ym!,o\kd bung omly X
200 the Qs Sumpton 1 urowny ard [3: #c (Mo ¢ net tme) oed Hy Shoutd e r%ukuk.

Merhod 2 - We wi) v’l’jw“ He o Wwpotleqe fest v .nbm(]-(wn’r loved oL i e
0o C\ =)/ cvfidenee wiervah CT (D) does ast pover €, and do Wt
w;Jeu— Ho & CL(®) confams C.

Teek & pgnbicane o requerson

Ho: by =0 =¢
Ho: b # 0

)‘(ﬁ' (vxve/\(ﬁ—ow\ o vyt Ho, thu implug ok et uowo linear lattondnp betvesn
o .

lommeint s on hv;po**nw! tecting -
¥ vV

— what o Should we ure? Cowentonally o = 0. 05
~ face d\s‘wverj e
6 Y ave W«J wnservakve  ond cav afford Galce rejetho N, thould vie emaller .
- Stariebal cigmbicante -
I- we dest Ho: g =0 and ve vejedk t, then we say Hhe dfferene bedseon B and 0
¢ statidically nﬁmé'—\w\’r wta & 9\\@\ ngnbhomee level o

— oV\\\a, te(t o C:,O
PBfrv'u\-a\'toy\ ‘et (Ho - =0 ; H: g £0) m “permutation test"
(*6’?9 3 ’é
. compute the doferved valve ff fhe t stabichic: T s e

1 randomly permuie Hne dava Y, o while keepmy X o Xn unchanged .
KQCOWP(AQ e clarieke T agam vimg Perm\/{-ad ArYa.
5 repeat the Pevius ctop B tmes and let 2 Zg

4. The approximated p-ualve 15 pvalve = ZJQ, T(1Zz> 170
reject Ho: g, =D o p-valve £ o

AS Indicator  (fuwackion



= Small pe/M\/\—eA p-vAlR 15 a ftvowg molc ko of -M,r%u/non o the ol
hv‘ pofinesis .
- Pe,,.,wied P~val,/o, alv  wdicaked [ulee Alr(,ovﬂﬂj rike

- idea o permvtak ion test 0 gy o See tF thrt 15 an agocishon Lehvee Y and
X. That' s wm} we " fuomblet the V.

Am\ljns o(l variance - D¢t 20

Cf.( (htal fam ve quores) ¢ meacwes the fotal vacatin w Y,
IO S T 1
Sg‘l Cmgr&ssm fum o@;qvwe:)z meacvres amounk 0F ° rustematc vaciaton” m Y
dve fo fhe Y ~ X lnear relahonghp.

Loe e varodinm m Y dhod an be explamed
W Hhe Mg ression model.

S~ = 2 ( %\' -9
Tpvui. vawe o Y

$Spc  (residual sum of squares) « measures amovat o “reqdval vaciakion” n Y.

Aqovtﬂmw meafve of- muefrt o8 the regredsion T'ne
S'Sw = F.q “d"/‘\ﬁ" = 2o er
In 90,\0/«\, 06 = S t SSeu
20 (9:*3)* = 2 L%:-’?)’ + Zi'e\\ (V()ﬁ *(Vsﬂz
= Prosf th andoyt .
For obeenphan i : Y ‘j = ‘/3\1'

Whon we hae o perbeck (et

R : goodness ok bt . oa 22

|6 we wank o dubme & Alobak meaeue o how wel X, predch Y, we  engides
the \oyopon*(ﬁ/\ V{f Variako n wlamw l/3 the reghedycon mode :

Zl = S5e - $Se - |_ S ges
$St 8 + $Cues $St

We on show ot §S, = B Suy  Csee handour)



R’ ¢ (o.,1).

R0 W @‘ =0

the modA cannot exp lan aw.a variakion Y veny bad  {it

C R =1 wen $8p =0

l‘l 15 near | ‘(‘NA/\ e \Dvﬂd(d'os’ X\ (an e)qplam o [aaje, onpo/)—wy\ (76‘

The obrevved variokm m Y
- ¢ Hle Vv&o((cA—or Yo Incwded m 4he mode| 15 "sufficient prediGtor " A Y.

R vi t-fest on ?n? (Ko B=0; H - B#D)

- R 4ells vs how much yrokon ¢ exflaw\ed L\a mb\udwsg X, Ci X a euflicent pred. fCY‘))
- Atest felis s oabout whether X, s necessacy explaming the variaton oF Y.

We consiher 4 Scenmvios:
. mmgm%can*- y«value and  low R”
- Xi 15 vk well ap e model does nst explan much o fhe varidton  (worrt cage)
- D g‘ =0
2. wmSigmincany p-vale ond hyh &
- X art webul and  Hhe model e,x'alwns w bt £ varabion wiwn e Atk
e modA vtk X s Q\H’J)«AAO sulficient
3. suynbent pvalve  gnd v ®
- X, a5 b least ureba) bur not aidficent | shovld adA moe pedichw.
4. s'tamﬁwm\— p-valve and  Wgh R
- X, s vsebul ond sulfivent  Cbest care)

“ # ol vacables 1n mode\

M\AP{'@A K . [ Q’ﬂ m QLR , P2 @v,&f)
We have By ( S8 | %) = o™ (h-p)
(F we mueases e model ‘wwplexely fo n, re pra dhen

$Cees > O

Y _ _ SCge N

> R = | QQ:‘ \

va(thV\ta '

SSpes [ Ln-p)
$$c 7 Cw-)

To 9 1 wamombe 2 1 Ry,
?*’.MJ N ACLounY o amoden OOMP(&((‘('\Q.

Alternarwely K:‘J = |-

1

felationthp behven R and Ry : R = | - —Sg—i:—“" | - % (4= R
: m&—c\'ww( ()V\lv‘ molleA  Cp=\) : Rio\; = R
SLR medth  p=y Rogy + R
cwhtn we fixop, mo oo Ry 2SR
IF m>> p, safe to use R Thert (5 no overf-\-{'{‘lf:? tisve vhen noo(g lw‘ge.



UimHatons of 2*

As n— oo , what does R* oov\\rbfgﬂ to?

. SSe 1 CSe L @" S
SSt S$< + g‘ke! /@: Son * Ss“_;
AR
B Sxx /n

,(:f St fn + SSaes In

A nr o, b= g, 2 > Var LX) ) -———“f\“ - o

n\us, s >, F&‘ :;‘;CX'O)’L LR alsymptlon hold
‘Vﬁ( 1)+

- b Md\kﬂl\ﬂ vae (XD small or o (w‘jl, we on Arcve R” fovacdhi 0 ovom F fhe

model 1§ porrelh.
- Co\/\l/eli‘d\j, entn (c- {he mooeh s Wrony, wt can mae R cloge 4o | lo\,) \v\(,uo\.(w\?)
ver (X)) Tor muﬁ\vxg T smail

- K can be Compared  only  Whew Alforent models ae ht fo the same daracek .
We ot compare R aurots i Aok she!

- v onet as viefd a0 a goodney A [t measvre —%rw\nmg Anta, but more ureful
fror ‘IZS‘E»\& ARt 4.

F tect and ANOVA - Octr 10

The Wea 0t compave 2 models = (What does darm [ovk BTRA

Ho ¢ Y= fo =+ € eqmwatently Ho: & =D
H o+ Y= Qo 1'9\ X + € ( CLRY (£ 4est o %‘) H, - %‘ £0

Longhuckma  the Ftest:

e = 1F e Bt e Fues moded, fhe OLS eptmator s /i., = @
The en £ fhe F heot s b oeatt a foot shatiete Hat measuiee how much
bedter e 24 modtd (s compmm fo ft ¥ model.

Under  Grly - SLR M(ump&\om, od (& Ho 1o fvue (e 8,2 0), we can chow dhat
igl; V) S |

=
§S pes +
T-% i %'\-? . \V\ 44'\\3 (ale ) P:D B fo A""u: = h-2
S we reftr to dhe mode] w fnt alt. Lub«f
$8e x EVEN MHOVGH we actume Ho true!
e ~ % Py, dﬂk = P’l

Fov QLR , p=2- We Wil gevxem\(ze Hs larer.

i}

Alp +  dle

Dtgvtef 4 Preedom ot addehve : dﬁ:r
p-1L + h-p

Nn-|

1}



ean (y,.
Consude 4ne T - fest ghatishe: Vil
Foo S ldb oSS g - i
$P0es | dllpes 8Cres | n-P 7 MCqec
Under Ho ¢ th=0 , Fo ~ F(p-l, n-p) = F(l,n-n F'or (R .

Note that Eo =2 0. 0 we oy need f0 do o |- cuded teef.
Ne rejeck Ho : fi= 0 i Fo e \acge enough.

F o o B oexbeme [1\1" ity ! = Ho mlg\'\{' be wrov\j'

we expect F, 4o be hee o Ho dvue.

o obcerved clatietic
&/’( A = 0-0% / 0. 0! M‘C R&J%ﬂ' HO 'c— Fo >F°‘;P-\,V\-P,

Fa, i, na vtpeesants dne 1= gquavhle of e F Arkbovkon wlle 4B | and X,
|- e. P(:F>F-(:\,V\~A.X=O{

1:«/ Iy n-3

En\\/\\\/o\lwﬂz Cwe On do [ -test USing p-valve . P’Vﬁ‘V@ = PLF> F)

Regett (F pvalwe <

F,
‘:d, ly n-3 °

We Summopize the F-fest v an ANOVA table

ig, _df M3 0 £ - @ vie ownova () Pwnaction
Regresgion N p-1 M= o Bt e

Regyduad 88 s n-p MS,,, - &

Tota) 5%, n-\



fome netes 6n F -test

- In o\(’/\\/wg the F ditvibubon, F 1 abpluteln vial fhab ol GN -SIR afsumptions  hold -
The fest never dovbte Hat e nght mode!\ (s Jintar.

2. |G‘ we dont MJUA’ Ho , we oont fnd av‘t) J‘ljvuc’\cw\*' chat & vatante ascocated
wrth fhe regesson .
08e /Al Yy larger
Fo = TPy T 9

The (’m\loww\g ) be inkerpreted -

a) dhe wkercpt only moede] (s better

b) B # 0 buf fue datat doecat provide enovgh power o deteck depordkure fom fhe null.
G e r o rather Conrervative expl? .

c) the real relatonthip betwen X, and Y ¢ nonlinear b fhe  best approximodion
to t hag slope zero.
S b Fofeed ifell doer wot hae power fo detect nov\-hv\u\nf\a

3. I rC)QC+ Ho - g;, =0, Mma ;hl-e,./p,{;\- He G’VUQWIV\ ;
o) e foes nwot mean dhat SLR 1S oorredk ov\\«J gw’t the \otter predicks behter
thon fhe mitropt -ov\\\») mode] -
b) SR might be Wrong with overy 9\\/\9‘@ one o atsumphons violated , and uod-

beHer Fhan the MR«/@P*’OV\\\Q mo AeA .
F-fert = $-feet v LR (pror?- n hand out)

Ot 29
ANOVA table mn R

25 Analysis of Variance Table

26 Veri (T? QST = g SK + ggﬂzj
27 Response: y $Sa
28 Df Sum Sq Mean Sq F value Pr (>F) > # To verify that SST = SSR + SSRes
29 x 1 1527483 1527483 165.38 1.643e-10 *x** > sum(anova(fit.RP)[,'Sum Sq'])-(n-1)*var(y)
\’ﬂf -
30 Residuals 18 166255 9236 R same ar Bom Im ¢ £ OC
$S Res§ R AT
31 ——- et 0C. =t i2(yi- )
32 Signif. codes: O *x* 0.001 *x 0.01 * 0.05 . 0.1 1 Should be 0. T n

PEEN

13

14 Coefficients:

15 Estimate Std. Error t value Pr(>|tl)
hv‘-lce UH\M‘— -H\?.fe- 2 vﬂlv(; are 16 (Intercept) 2627.822 44.184 59.48 < 2e-16 *x*x

e Same ! F = § 4ot for OLR 7 Sr.sa 2.8

0 **x 0.001 *x 0.01 * 0.05 . 0.1 1

19 Si if. des.
nof netecsarly fme e e

fror multiple hn ves.

20

96.
22 Multiple R-squared: 0.9018, Adjustéd

21 Residual standard error: 1T on 18 degrees of freedom

0.8964
1.643e-10

R-squared:

23 F-statistic: 165.4 on 1 and 18 DF, p-value:
‘—W" —

T>=F p- h-p



Prediction \nferemce
At an arbbvary vale X, = %o (net recefmely  portamed n At mang Aata)
that on average Y vl be:

T
we dontadtvally ¥mou vt
\5 vn::\tN£i 6:“%; kA;Z;: ﬁS\ﬁnk' ~ EE ( \{ l )Q =>)Co()

d lookp lke “on avernge.

IN
%: V\/’\\C’—OO = %o"’ ?;‘ Yoy
R~

The pont  predicton w5 called e Flied vale of fe Cyreason ok X, = %o .

Towl , M) 1§ o eshimade of E OV XK= %o |
X random, Funokon of At R derermmiche gt

we PrcA(c-}

Moy WS vandomaess [vem the  edimators (é,, ard /(g. gk i fuva ket

"ﬂ'\b\rJ ‘:rom \(

Confdme miewal for  cond honal mean
A Wolt-a)7. CT b the Gonditional mean ar- Hhe \oolv\’r X{ =Xor 15

CLUmGbo)= [ MiNa) = k- eelmony) |, Mmida) + R - eselmony) ]

Reodl ot k= te o b s dhe (54 00] quanhle o t
= m R oksgr (=%, db=n2)

How 4o calowlatke? I
Mooy ¢ R efe(lide) = motay & R [ & (fe e

= proof 10 hadook oo (T feory
E("‘/\\Cﬁ-@‘)) = %p + %‘ 101 (u'\b\anD{§
Vi Oy = o (e Loty

The CT fir omd- meon  ophamchenay wawrdamty, w He predichen .

OIn the ofer had, fle ‘)VU\(U('W\ ol phraterizes unavianty m the Adata.

Pedton wierval  © Nov

2600
|

2000 2200 2400
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= A woll-ey7Z PL for A Iture dbfevvaton Yo = Mo > # € (¢ an wmberval [, )¢
PC A2 Yo € W)= |-

A(‘A'M\'[?‘[?O’flc beMAVIOV Wity h = 0O

Tor CT (mC %)) ¢
n-» 00

M(Xa) * k- 1&0 U4 ¢ o200 > Mm% = o+ b Xan

N wn-» oo A N
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E[lel'): ?JO + %\Xl + Q;X; £ QR Xi Xa = XB KQ.‘}

¢
RS xn(;j/

[N
| 1
eo h @\X. + e; X;
G" + B‘Xl + (ga.* @\xx\)Xz

n

- without wteradkon = E[Y 1X)
wa’H/\ *9 : E(YIX}

»

Model web transhormahion : E(Y1X) = R« G log %o + Bo X + @y &

bl ares we are ysimg EOOX) >\l\e . (-,RP“"{"M'

MLR Sgumptions -

. There ore Kk Pvtolw’mr( o X Xk No asrumptions oot Hhew distrbuton  (might be
random  Ov v\OV\—V‘mde,

We dewote X Cho swoserypt) as  LXi - Xi)

2. Smple vuponse Yo Y= BotBiXit o+ BeXp #¢ = XB +¢

2. Node € L X : E(&)= E(e\X)=0 , Var(e) = Vac(EIX)= o>

805 Brom dlfermt dbrevahons ave pdogordent (€0 L&0)
2 Ve (e(X) = o In



I¢ Quen N ohfevvatons, p= k+l paramerers
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i ffers \a\a we expect Y to alfer by b, on Average Wt ol remaing predi Chod
X4 ave hedd CQ/\H'QM‘

Leasd Squares fov MLR

Obrovied daka: (4. X, (Y, X)) o (e Xa)
&X. :[‘ ESTR O '"I'g.)

X = LU Xuo Xna - Xoi)

kood: estimate B= (g B - )T m E(YIX) = XP

— MINIMI2e SumS of fquwed residual ¢

SCPY = 20 Ly - i = (Y-XBY (Y-XP) = IY-xe I

nx\

b= wag'w LY -XBW | solve by takiny doratve urk b= (R, B B)
3 .
*ﬁr = -2 2 Xy (4 =-%B) = 0 for =1,

I matvx P Yy SCPY= - 2 XT (Y-XB) = Op



& Kb\vw\g the equaton XTY - XTXb = 0
XX E= XY
= /é - (X‘ny-& X‘r\/
ot ¢tf s Inverkible?

Some tondrtions for (X™TX) mvertble: X e R™P .

- Theve mutt be wore Aata fhan e number of parameMry, n3p.
- X Glumns ave ek Tnearly dogenderd

(':l... n

The Aited valve of He \rca poedel b X7 = (0 Xic Xix . Xik) ,
%; = fo t B A o+ By Lia + o & e Xie

For X+ Y- XB = X (XTX)Y' XTY

Stanehical pwperties of B

- E(@\/\-— fF_('@\X) =B wnbiaced
Var (Y= o (XTKY' = ¢ C

Cpxpd
E thimator of o> I\WV 2
Var(9) = B(e) - (R(0) = E(e) & 220 &
_ Sk
n-p
s (Y- r-H
n=p
= (Y=xXD (Y-xD
n-¢

S “\Yy\-.:(&\: . prRel ko= A predickovs

I\Uv‘l'b b e h-p when P« [Fixed ond n s lawﬁe,

Eté'\) = ¢? wniv Lased.

A\-tect o MLE
fecall that for SR, we reqputd Gav Sian - Nose ASLummpton o onstrnet £ testr.

Trerebone we Mrler acsume: |
4. ¢~ N(On, L)) e [ ;‘}
€n
ToosLX  H Polows Bar codr{ionth o X, Y hai & murbvariate  Gowscian
dtrlofron: | o~ N(XE, © L,




We can chow that undesr N -MLR, B o N[ B, O (XTXYT)

vngnoWwin , vSe T

Mo Allows st B o~ NCR, 2IXTXO )

~
oy & G I
Hoz%zo 120V, - n
H\" [s&#:O

16 we velett Ho , ¢ mdicales fhat 4w predickor X{ s \\ke\\j to be :‘c«h&((w\k\a
Aekorole | Slﬁmﬁw& M e model |

= %I-O n - ~AN - N~ = Y -
: ee () ,oese(Bp = & Gy - JT\[\XKX) Jii
= gge!
V\‘P

Under N-MLR od under Mo, Ty ~ g,

PCT<-THl or T>IT4l) = i«vatue,

' Reyetk Ho IG < «
=T (Tj\ 9 P

We we()ec)r Ho f |Tj1> & = ’D%' wp (- %Y 1007 ﬁvw(le Ty At

F-test wm mLR
Confider the regression mode| Y = XB+e , p= (o, b, B
Test: Ho * Bo = &3 = B4 =0

H ¢ o leart | 1c wst O .

E Hp o Y= 8o+ X, (whveh mooted)
Hot Y = Bo +R Xy + B Xy 40+ 8 Xy (bl moolend
GWV\M”%), Y =Xkttt = (%o X»-X [ :sz ot Nov 1
?‘)o\/\—(‘(‘lv\
X - (V\ X (V*Y‘)) Ruy ¢ (p-rdx1)
XD«) ‘ (V\X r %03', (r x

Ho * boy = Or %uwalenf to Ho: Y = Xuwy By + €
H * %ca) # Or Hie Y = X gus * Xm?’m + €

The nll Im&‘qs’d«unr By = O coawn e dested \o') F #atiotic :

F = _S_gk (B ) Ben) /r - 1 L
’ fgk (&) /(V\"P) [ ggﬁ (%L&\ \%C\)S = ggK (%) = S‘S‘&Cgc“)
et

ne NG R o A (ryr
M ges §§a(9ﬂ= X Y .(‘S‘R(@u))= Bes \Xm



Recal sk B - XTOXTY By X X)) Xy Y
Y'Y -8XTY
/"\ftw = qv\(-.-:’ = n-p

S—SQ (Boy \ Ba) as degress A frecdom p- v =x
o e v fumis o'e- SqgMAvLo ore to %cn Wi l&u; \S IV\JNM o the moded -
Le. exYrd  covimbubon S_E« Mt to WM'V'U m KXo,

We om gnod Bk yndes  Gu- MR aesumpons omd ynlr Yot Boy=-0, the rard.om ana Fo
Mol e E distrtowdun  wrka delorou A lrecdons ¢, wp.

‘:0 ™~ Fr,n-()

We v-%uz{- Ho (f: Fo > Px,r.n»p
whe  Fu,rwp W L&) 1007 quanhle o He Fodiebbubon widlh v, wep oL &

X W\VMWWE) )
P P—\MAA/(’, - PCF >F)
MM Ho wh p-valwe < .

FO(, er\‘P

Cov Uy om » 1wt w,a,ad- Ho, thy weany flak ar A | g e parmmetty un
Bos 1¢ nrt e = ob leaf | of e pedithors m Xy 6 st zem.

® Murple Liveas Veod\rtodm/)

Multiple Linear Regression: Find plane of best fit
1> fit.Dell2<-1m(y~x1+x2,data=Delivery)

2 > summary (fit.Del12) A

3 Coefficientsg— @(QL?.)

4 Estimate |[$td. Error|t value Pr(>|tl)

5 (Intercept)|2.341231 1.096730 2.135 0.044170 =x*

6 x1 1.615907 0.170735 9.464 3.25e-09 *x*x

7 x2 0.014385 0.003613 3.981 0.000631 *x*x

T \
N o~ NS _/ Ho: b, = O
k:[‘:o’ &\‘ P).-)

HI" fa; +£0

9 Signif. codes: 0 **x 0.001 *x 0.01 * 0.05 . 0.1 1
10

11 Residual standard error: 3.259 on 22 degrees of freedom
12 Multiple R-squared: 0.9596, Adjusted R-squared: 0.9559
13 F-statistic: 261.2 on 2 and 22 DF, p-value: 4.687e-16

Fiesf: Mo Y= Bo + & (v cept omly) \] Ho = Py = 0 Bas = CBy £.)
H,aw—_g”@.x\ﬂ»mw H : Bay+ O
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