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2 Two sided tests

3 UMP unbiased tests






































































































































One sided tests in general

P Po OE EIR

Ho O 0 vs H 0500 called one sided hypothesis

Often no UMP test exists

LRT may vary for different values

If n large could prioritize 01 0 E Eto

log Rex
log e l o X

Use
seato to X as test sta

x 1 éco X c

Need to check Bylo d for 0 0






































































































































Flaplace X x it 51
01

Test Hr 0 0 us H 0 00

9 00 log ftp.ixi E ki 81 Ix 0,1

ΣT Xi

O 00Text 25.8 a axe
0 00 20

0 X E 14 01 10 0

sign Xi 0

Eivalent six E 14 20 Signtest
Binom n Polx

Binom n 2

Iparametricexample X F Fl median F

Test Ho O 0 vs it 0 0
S X Binam n 1 Floot Binom n

if 01ft






































































































































stochasticallyincr.DE
A real valued statistic TX is

stochasticallyincreasing in 0 if

IPo x t is non incr in 0 t

If offxt rejects for large X

x 1 X c 219Th c

and Text is stochastically increasing in 0

EOOK 1 g Po Tsc 81Pa Tec no

Ex Xindp x location family

T X sample mean medianTsignstatistic

Ex X to Yo scalefamily
Tex EX or median IX 1 Xml






































































































































Two sided Alternatives

setup D Po O EIR OE

Test Ho 0 0 vs H O 00

Can be generalized naturally
to Ho Oe 0 0

Italdtest rejects when TCX is extreme

I T X C2 or TX c

f x Tex e a 2

Ji
T X ci

Two ways to reject How to balance

For symmetri distributions like NCO 1

natural chrise is to equalize lobes of tej regi

x 1 1 0.1 7 for Ho 0 00

141ˢᵗ
Power

Er
For asymmetric dists or interval null Hi Of O 0

more complicated


























































































































Equal tailed unbiased tests

Paull Ho 0 0

Let a P Tac to I teen

42 Po T C t
y Po T ca

Valid if a oz d lo is free parameter

Idea 1

jtailetest
o K E

Null density of test stat text
lot

I t

EI X Exp 07 test Ho O 1

Solve for cutoffs I IP Xtc l é a lost
l E l e

s

Cz log a

p x 1 X toga 913 1 x toga

BHO Pol 3 Pol lost
I I 9 0 1927110 o for 0 1 of 12

pal.IT

iPoweroforOE 1z 1

o otters



Unbiasedtests

Def 0 x is unbiased if off Eo06724

Idea 2 Unbiased ensure min 07 0

Choose G y and cuz to sole

Bo Oo a

30 q o

2 een to s 2 unknowns

Boo

a
o

EI I parameter exp family Ho 2 30 us H t yo

y ezth Ah LG MLR in Tix

Assume T x continuous set e

a Pdz Py t c t Prot ca

O 460 Corn p t T

En Oct a Tax



Theorem Assume X e
44

4

Ho 10 0 8 vs H 10 01 8 820

Let be test that rejects for extreme

T X with c Cz prize chosen so

lil Box 8 8 Box19 d

and if 6 0 point null

il O B 0 Eo T Iot 01 1

Then is UMPU

5 0 5 0

power



Proof Assume w og Oo 0

0 0

Want to solve

maximize Padm

s t fyp.am
unbiased

501T Eot po du 0

Lagrange form

max 50 po X p X polt E.tl dm

x X_ t tot dB

1 2 T
LRIX Aztext yx f Rex a x.tk to

arb REX 2T x to

LRIX 29th Alot Ata

LRIXI O CO

xzttxl to similarEEian
to match a c I t Eec



Suppose 0,0 satisfy constraints

maximizes Lagrangian for t X2

βp 0
β 0 X Bolo d

Xz Bpco

Box 9 X βp 01 o

X Box o

Box O

8 0 max

ftp.dms.t.fopsdm

fdpsdm

Lagrangian

50 po dips tapolder

50k crest a ést dp
9 0



O sd

Reject for a t's at gesta
219 87T

219528T
can't be cat a é

5t

Rest of proof same as 5 0


