
 

Response variable Y Explanatory variable Xi Xu

simple linear Regression

FarsonCoefficient p
Covex s
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Yi BotBinit Ei Ei EdNco 62
NCPotBini 62

LeastSquareRegression pi SEE
IN Yi na's
Iai Z not

pi g pi t

ri Yi yi Yi pi pini
Iri o Irini o Iriyi o

2 estimatorsfor r s I cyiy say
dfIn 1OR MeanSquareError

MSE Iris pitBiestimator If n s

Maximum likelihood 40 fly O l 10 logcud
scorefunction Sco 20110 solve this to get 8
MLE and LSE has the same pi and pi
Estimatorfor02 t Iris DON'TUSE biased
Note that estimator is a riv while estimateis the real value

Assumptions ECB Bo ELBIT p
Varcpis oEEN varCpi Ez

CoveYipi7 0 CoV PTPT P s



Assume EiridNco ra pi Ncpo Etta Ncpo Egg
pi Ncp Ga NCBI Sa

Use 5 Iris to replace 0

Standard Error SECpi Vana Fa n the

SECpi NIT NEE th 2

ConfidenceInterval BT I ta n a SE Bi

BT I ta n 2 SE PT

HypothesisTesting Reject Ho if Itt PIECE takin 2 upper

p value if Tutu 2 Pri ITIS IT1 2PCT 141
RejectHo if p value 2

IfHois s
SignificanceTest Hypothesis test whenp 0 rejectwhen ta ta

Onesided Test Ho pi p't Ha B B ElseifHois 21
Reject Ho if ta ta n z or pvalue p tee rejectwhen

t 1212
usuallydon'tuse this only if intended
CANNOT use this after a failedTwosided test

EstimateofMeanResponse M Ey up Botprep

EMT M Varlet path Capita

SEEMS TICKET YET tu 2

Confidence Interval N I ta n 2 SEEM

Prediction yp pitBisep prediction error Yp Yp

ECYp Yp3 0 Varcyp ups retract cast



Éyfyp the setup up stetting
ConfidenceInterval Yp I takin 2 SECYpDp

wider than CI for mean response at Knp
ANOVA Regression SSR

dfe n

k If sp

Tae ssi
at

Error SSE IL Yi Yi Iris df n 2 MSE SEE I

ECMSET P ELMSRJ At Bissen
MSRwouldbelarger than MSE when Bito

SignificanceTest Ho pro
F Mms Fun2 R 8

Reject Ho if F Fail in a bigger the better

MultipleLinear Regression

Y Yi yn
T ERM

signMatrix eamon
bi Bothe't tppm.ptes

B Bo BpJ EReptial
E El ENT E RMI

varas I I er
if Yi are independent a diagonal

ELAYTBI AEC'DTB
Var AY BJ A Var Y AT LifY isscalar VarCATB A'Varys

If Y MUN MI
any partitionof Y 41,42 YinMUNCui In Ya MUNCha I

MEAN I LELE
KAY W BY W V are independent AIBt O



HypothesisTesting Bj0 all B are0 Hj not linearlyrelatedtoYj
Y KATE since E MUNCO O 2 Y CUP FI

LeastSquares XTX XTY EEP p Var f P Xx

Br MUNCB F XX PJ NCpj TEXTX jj

fittedValue I X Xix XtY H X TX XT
symmetric idempotent
HT H HH H

r Y Y I H Y EEN O Varro FEI H
TN MUNCO P CI H

Same as in linear regression Iri 0
xTr 0

ftp.g.EE Iriseip o

Estimatorof r
5 Mr X'nopen

E SET n Cpt ECSSEI CnP D P ISE Iris

MSE yt is unbiasedestimator of r

Confidence Interval Bj I tan openSECBIT
SECBIT ÉxXjj

HypothesisTest Ho Bj p
Reject Ho if let ÉÉf I tan nopen

Wecanonly fit linearmodelwhen u pti since TX should
be invertible rank X Ptl



CombinationsofCoefficients Estimate mean response at cause ups
NE CTF MUN CTP CTCOCXTX ITC

SEENa TFCXTXC
ME NEH

ÉÉÉT en ya

Confidence Interval MI CTB ITHmythSECCTB

Prediction Yp aptEp yp If
ECYp Yp3 0 VarCypYT PtCTCP Tx DC

SECYp YpJ Etta

IÉYÉy tinopen

Prediction Interval Yp I tap n open SECup Dp

Anon

Is
m

In
masse't

Error SSE I yi Ji Af np I MSE SSE Cnp D

F Testfor Ho Upi o us Ha FBito
Overall
significance F val

SSRI P
SSE CnpD

MEET Fap n p i

Reject Ho if F Fap np i or Pre f 0.05

Coefficient

ofDetermination
R 3T proportionof responsevariable that

can beexplainedbythe model
Always increases as more variables added

Rady 1 Ipt 1 R2
Higher the better close to R2



Categorical
variable

Yi Bo BRin 822412 BritBandy Ei

Ba difference of mean response betweentype a and b
Bs a and C
Ba a and d
BaBa b and c

B MUN B O EXTX 1 Bj NCBj TEXTX jj

If test thedifference Ba Ba then

VarBIBI Var B2 VarE3 26 B2B
TEXTX 22 ATX533 F XX 23

Interaction
Effect

Yi Po Akin 42242 Bshit his Ei

maineffect Interactioneffect

Kim 1 Yt BitBahia depend on Ni z

Test if the relationship between y and kin the same for
different his usually categorical
Ho B3 0

General A E 11249 no Ap o us Ha Ap 0
Linear
Hypothesis If BrB3 0 test if categorical variable doesn't matter at all

A 88 9
If Bz Bz no difference between categorical variable

A O O I I

If 81 0 BaBs no effectof hi and I
A



rank A L

LEX BotBIM t Bphp LA X B AB O E LX
Y YATLIEN F Y Y TA Y Ya

fr IYA
r I Y YA MYIP HYE IT HY Yall't ArIRIyaLY TA unadjusted yripturalp ISE

total SS SSE SSEA

If Apo is true then SSEA SSE Extrass is small compared
to SSE

F statistic
F Yall'll
11 r112 n p p

SSE SSEA e
SSE Cnp 1

Failup I
MSE

Reject Ho if f Fail n p I

441yd
F Y Y C H XP CI HE CI Ne

Random If His small relative to 1 r E E ru Mun co O's

standardized residual di In ECdis o Vardi v1
studentizedresidual ei path Ellis o Varlet I
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Could use bonecon power
transformation
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DataTransformation

Response address non constant variance
let Varcyi hiMi 62 we want g Mi d him

ZonConPowerTransformation

gey
i a o

logcyi D 0

It helpstransform non constant variance of the form
Varcyi Mic02

for some constant c

special cases x I square roottransformation
7 0 log transformation
a I identitytransformation
x I reciprocal transformation

gey it logsYi Yi exp potBili t pprip t Ei
every 1 unit increase in Nj causes 100 et 1 change in
mean response

95 CIof mean response at Cl 2h sep
exp repI tap np i SE Ntp

DetectOutlier

Studentised Residual ei fix
If teil 3 then observation i is an outlier in response

Note that Oshii El if hi i 2h then observation i is
an outlier in explanatory variables
If hi is far from it then hit is large



Influence of observation it pi p
Cook's Distance Di

BB x'X B picis
f cpen Ci Thii p't

If Di 0.5 maybeinfluential
Dis 1 very likely to be influential

ModelSelection

Selectioncriterion Rag 1
SSE Ch K l
Sst Cn D I IL CI Ry

t
higher the better 5

AIC 29 2 In Lio
x T

ofparameters likelihoodevaluated at 8

lower the better

BIC gluon 2 In LOT

lower the better

Formodels with the same k predictors Ray AIG BIC pick
the same best model w lowest SSE

Search strategy

forward Search Start w o predictors adding one at a time
and pick the best one improving the model

Backward Elimination Start w p predictors removingone at a
time and pick the best one improving the model



Forward backward stepwise start w forward selection then
at eachstep try forward backward

Build PredictiveModel

MSPE YIYi Yi v ofvalidation set
label prediction

RMSE ASPE
Mean AbsoluteError VIIIYi Yi l
Split Data into training validation set

80120 split I n V Ent l ntv

Cross Validation D Di UDzU V Pk

For K l k Dk is validation set
Average MSPE I MSPEi


