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* RANDOM DESIGN LINEAR REGRESSION

We still assume a well-specified linear repression model
,

but allow for the coverates (e.g . features) to be

random
. So now the mudel is

Ye = ESP + si e =1
, -- ,

where En
,

i = -- ,
n

,
are not random restors

in1R* from some distribution Pe and the

errors are sit .
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.

En /E
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· Nite : theAs are ancillary for estimating

& because the model is well specified

↳It is on to condition on the E's. D



↳See Buja etot . (2019) Start Science

· So,
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we now observea and pairs
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the firstRemark :

garolinate of each

& is a
1

,
to

ally for an

intercept .
· Now the risk function is defined as :

BER" - R(R) = E (2x - E3)]
Y,

orE. ↓
Think of Y and I

as Ynew.new) a

new ad draw from
Py.

·. .

3.9 in Back's book (Expression for the predictive
risu) ,

Let 2
= E] 30

↓Xd

Then
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XRER,

R(B)=a
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Pf
R (1) = E(4 -ER)T = E(X - EB + E(SP-3))7]

= E[(-53"] +
EXCE" (18-1))"]

-((-1)]
· If the model is linear

, as we assume ,
then

Y - ** =
2 is such that

ETc117 = 0 so that

E[[v] = e/E[cu/e]]

- Felec(c-B)]]

= Er[(5-3)Ex
= G

= D
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· If is not lineer
,

them our B is the

projection parameter
③



I3new
ES

projection
=argnE/parameter,

the sefficients of
=
&"ETY · E] essuming & Do

the L2 projection and[42] < a

of Y (or of ECYIE])

outs the linear spanof

In this case

defining
# [IV] = o be the propertis of Le projection

merely that -ESP is uncorrelated

with any linear functionof

· Regardless ,
E[CVT = 0

↳

& (b) = =(((P
-3))) + E[2-E3%]

= IlB-11 + or ifmodeis

well spected

=
IR-Bols + EC
2

+ E[[T-Eis]
non-linearity 5 ⑪



↳ This RIS) decompetes as a sum of

1)-Brd and an
intrins ,

irreducible

error :
either of

AV
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↳ All we can o to minimize the risk- to

minimize 119-3011d because of (or +2)
o not depend on B .

The excess like mo is

lear model

R (9) - Seein mis-specific mide)
.
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Assume we have date (m ua pars (i)
i = 1

. -,
m)

then we can compute the ass estimator

=
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· to excess non of a R(E) = 115-341
↓

random verable



· Prop 3
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19 The expected excels risu of is :

F[R(El]= [h(2]

Remark E [tr (2-1)] =
a become

-

on
the come of PD notices the map

A +> +r (A+) is conven

↳ E(or(21)] =
+ /119)

see page <
54 of

=
d

Bach's book

PF/ Write for the nxo matrix with

rows E,
. .

.
En

so = E

similar letye [i] ,= R

So

=" =+
y =13+ c

Remark We are assuming throughout thatis
-

invertible !
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so e[15-12]= [12]

expected aa

- E[ ]
=
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=Fc[t(E]

= Ele) : ]]

=Ent
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· Theorem 1 by Mortoda (2022) (t cisi-2n
1) Assure that dan or the distributin of

Y IS theE's is degenerate /supported on a

not invertible 8- affine subspace of
%D



Then the minimax risa is infinity !

en) of neal and is invertible then

the Mormax lasu :

-
no [R(5)]=

(2)]
inf

Bord
V ↓

estimater
expectation wit

Y I where Y =B+ S

↓

· is is minimax optimal !

⑤


