
Neyman-Pearson and
likelihood ratio tests
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Recap: Neyman-Pearson test

Let  be a sample from a distribution with probability
function , and parameter . To test

the Neyman-Pearson test rejects  when

where  is chosen so that .
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Recap: Neyman-Pearson lemma

The Neyman-Pearson test is a uniformly most power level  test
of  vs. .
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f(x10.) >-Roof:N-P rejects when
f(x10c

Let Brp remote parrer of N-PRSt. Choose H StBrp(Oc =2

LetB* denotepower of another level test (=TB*(80) =a)
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I reject
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CN-P rejects when f(x18,) > kf(x(80)
B*(80) =S

,4*(*) f(x18d
oX

( =f(x1E) - kAXEd >0)

we wnaw BrpL00) =G, B*LOd In , So Brp(Or -BR(Od)?O

=> 3, (Owp(t) - 4*(x)) f(x)8o) ox =0
Now let's

look atS, (0-p(X) -4*(X) (f(X(0)
- f(x8d) OX
ee

=o if tests agree 3 8 if Np(X) =1
= I N-P rejects,

20 if4Np(X) =0
other test fails
to reject

=-1 N-p fails to

eject, other
test rejects

E
=O iftests agree

so (0-p(X-4*(X) (f(X0) -af(x100)(
> ifN-P rejects d

other test fails toreject

Sx0wp(X-4*(X) (f(XIO) -af(XI8d(@X
10

1 0 ifN-P fails to reject,
=- d other test rejects
=>(x(4wo(X) -4*(x) f(x10,0x2k)(dw(X)

-*(A) f(x18d&X
X
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Composite hypotheses with a UMP test

Let  with  known. We wish to
test

Claim: the Wald test is a uniformly most powerful level  test for
these hypotheses.
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If:The wald test rejects when Xu Mot
E

=Bwald (Md)
=x =1 waldtest is a level a test

LetM, <Mo, letB*be power of another
level & test.

wis Bwalo (n) = B*(u)
o Ex
--

we shower lastclass thatInMot
m

↳=> ) n
f(x(ud

=>for each eli, the wall
testis equivalent to Nuptest

=>Bwald ( =Brp(a.) IB* (n.)



Composite hypotheses without a UMP test

Let  with  known. We wish to
test

Claim: there is no uniformly most powerful level  test for these
hypotheses.
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For mostscenarios, there is not a
ump test

↳see Casella Berger for more
details)

Rouge sketch-
IfM, 3Mo, Nuptest rejects when I <MotOE

I

LetB, be the paver ofthis test =2B, (M) =B*(M.)
for all other a level test

IfM2"Mo,
N-D ejects when X <Mo-OZa

-

F

Let be be theassociated power =>Be(n2)?*(M2)

If test 1 is ump, B, (u) B* (u) XuFMo
If test2 is um, Bz(n)? B*(n) FuFlo

we will show B. (n.) Bz la.), and Be(ae), (2)



Now,

B, 2m =Pa.LX s oz and

+Mo-
-=Da, (Er Zo

o
↳

< PLZ > Zah z- wLo, (Mo-en - o)

=P(z< - za)

> PLZ<- Zat M ↳ (n. -n,d

+M
=Pu. (*-za L

an

=Pm,(X)
-0z +ud)
In

=Pz(u))

=>B,(ni) > Bz(u)

Similarly, B,(ez) <Bz(un)
So our candidates for the ump test

are at Um
I



The likelihood ratio test
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Let M...., Xu be a sample from a distribution with

parameter ⑦ EIRO. We wish to test Ho:0.

vs. HA:OG, .

the literatiotest(LRT) rejects to when

S 20(X)
Ot,

-k,
-ToxSu

OEo

where his chosen so that Sup B(0) 1 a

⑦Na



Example

Let . We wish to test  vs.
.

7 / 7


