
Likelihood ratio tests
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Recap: likelihood ratio test

Let  be a sample from a distribution with parameter

. We wish to test  vs. .

The likelihood ratio test (LRT) rejects  when

where  is chosen such that .
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I
power ofLRT



Example: linear regression with normal data

Suppose we observe , where

 and . Partition .

We wish to test  vs. .
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Full model (HA):Yi =BXi +Ei

SSEfl= [C:-Bexil Ban=Xi"xY

MLE fr a?*: =ESSEN

Reduced model (Ha):Yi=Bi, Xic+ E;

Ereruco= (i-Binruder Xich) MLEfor:SSErdrad

i
=

(Xxa)"xxiYB) reduced E

I↳Feed- SSEfaTest statistic:F =

SSEfall/(n-p)

9
=Felements in Bes p =#clementsin B



LRT rejects Ho if Sup -(B, o2 (X,y)
Bo >KI

-

X,y)Su

B, o2

B(z)
=0

2=7 IX, <
=> logL (Bful, IX,)-log? (Brer,er. (X,)

L (Breducer, Freruceo IX,t >log()

log 25,1x,t
=log ((rat" exod-jer, Hi-Bix3)
=- log(2) - zlog(o) - SSE

(SSE =not)

= - log(2H) -

E log(82) - I
2

So LRT

rejectsstilI log
(red) - log(?) log()

=>> > log(h)
ISSEnerward - SSEfa)/2 , (exe()-1) (*)=7 -

SSEf_ll((n- p)



Example: Poisson sample

Let . We wish to test  vs.
.

Write down the LRT statistic, and simplify as much as possible.
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Suc 2(xx) =5xx) MLE: =IE
x+xo

Eix: -nx
xix) ==

Ti Xi

sup ((x1X) =((X01X) SupL(XIX =
2(<(x)

x =x0 A

~ Eixi.n
LRT rejects when ⑭nxo

-

(E)dixie
-

> Le
Ta 2



Asymptotics of the LRT
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8 =MLE

Suppose we observe and data Xic ..., Yu and want to test

Ho:O =G0 vs. HA: O F0 (GER)

under Hay -2Clog((GoIX) - logL(& (x) is xY

ml
Roof: (let1(8)=log((01X)
①Using Taylor expansion:21E) - Ze(80)

= -l"CE)(E-00

② - r")?, 8-d i?

8 Apply Slutswy's I continuous mapping theorem



Generalization to higher dimensions
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