
Linear regression chap 6,7 8,9 10
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whatnot

predict

covariates Xs x ̅ Covariates

epicts
Data consists of n observations

Ys x ̅ Cgn En

Fixed x assumption our n observations are

realizations of Y x ̅ Yn Pn
rIndom fixed

Repeating the experiment means

using same x but getting new g s

Chap 10 Random assumption
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Assumptions
1 Yi Pot Pixie Plexin

ie fixed part is a model for
the expectation of the response

Ei 0

2 var Yi varce 02 netFasted
homoshedasticity constant variance

3 Cov Yi Yj Cov Ei Ej 0

4 Ein N 0,02
notalways Yi NIpotpix.int βkXik 0 I

Then by 3 Yi Yj are independent

coefficients Popis PL

Ex random error vector

random Design Xi Xik
response matrix
vector nacked time



Assumptions again
1 E Y

2,3 Cov T Cov E 021

4 MUNn XP 021

ÉNMVNn 021

Discuss fromchop Is why these models

Using data we shall

Estimate β and 02 ok without
assumptionsFit model

Test hypotheses and
obtain confidence regions to β resumptions

Predict new y s with uncertainty



Example simple linear regression
We forgot IT
But we know for spheres Is ratus
We have 7 spheres with known radii.com

Experiment for each sphere known Ti

measure volume Yi
Model for measurement i

Yi Bo β x Ep
random
error

gÉ possible
systeman

ftp3
I error

Design matrix for n f experiments

X
f xi gpd41

13.8 cm

Yz 81.6cm1
1 7

Model Ñ xB É observations 5
Goal Estimate using n 7 observations



traitene
that minimizes total

rz
discrepancies

Find Bo B that minimize

SSE RSSly
prediction

Frisite
SSE sum of squared estimate of error
RSS residual sum of squares

solve
0 85 0 simultaneously

solution Bo g p x ̅ B
Tthisyouhave seenbefore
cumbersome if we have multiple covariates



Try matrix formulation
n vector observations

xp n vector of predictions j
β Fo B
j j n vector of residuals

SSE Été j g T j f
Jtg
y g

5 5

Jtf 25T FXX β

85 075 5
the 2.149

2 xtx B
thm 2.145

solve XTXβ XTJ notfations

β EX XTJ



Example cont

F

i 0.42 3.14 xp
0.42 3.14 Tps

Theorem 7 3a

If I Xp É where X is nx K D
and rank x k l n then the

value of β that minimisez

Iii Yi yi is β xx x Y
Tked vector

V1 For observed data J X

β is a vector of numerical values estimates

e.g 3 3
2



For random response x ̅ fixed x

β is a random vector estimators

will take new values every
time the experiment is repeated

NB2_ 5 n vector of predictions

5 xfg.intxEobsevations
R

Y random n vector

Y xp LET random
estimator responses

NX XT

Hat matrix puts the hat on y

HT symmetric
idempotentH H H



rank H tr H tr AB
tr BA

tr X XX XT

tr XT XT XP

tr Ilati 1


