J_"‘ ‘\;}r\? o enrs Jeslk rx_g

“Tha 5CmFLﬂ.ot 6&111/3 W as ]Collwi)
we, howe o 3%%% % © bsesrvaliens
Xy s Xoroner, Xn  whicl ave dd

3 are 8%%&(%1 from one 64 hoo lesesant
i bibutions

Fo , wider He nall hypotess Hg

F, . wndev He alfernotive Lﬂpoﬂ\mi@ iy
We howve o decide widcl of tese oo
ffjp@‘(-’k%@s b true .

Examples © &

A trovermitler i a communicotien~ s%te,-m
trananats  one & Hoo -Possibb?_, Sﬁmbolxs-

The veceived &13:/\,&.9. [ cowuia’red lzy
sdditve Gaunionm roue , of Zero meom &
koskorc Vonidmcr |, &t - rereiier a9 decadie
e g{amo.ﬂ_ L i-e., deeaide whicdh & e
hoo S_Umbolo toas  tramenutted
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A patient U adnilled to hospital wilin fla,
omol the docter has 19 decide which o

o different shoing & respensible for

the _u\f ection|. The doto |l u o 5ene Se_cjumm_
% the f‘m s  wn the ?&‘t»%:t L wabdlch oy
exlibit some mutatiens from e odgfinoi
Sequence &} e Skron - TThe on‘-éj&ma& SeOUencs
2 Y rmuwtolion ?mbabl.[;d&% owve known

A oebsite has 40 deternvune wleter o

ng-ln aﬂ,e,mf:{ bhos  beom 8%@»/%’(9_& lgj oo
hhumon e a bot . Tt sety o &enes ® tasks
v a o hass performs  corvectly
s He ?mbo.b[,l:»{'j b ead , omd a bot watis

Pﬁbqblk’lj ‘j/ Q,Oxc[« 2 JD and. c1( Qe knewon .
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l:OrrmMLq,'kr\ﬁ '-l:{/__\i, ’walam

Ho = 'k:jPOﬁ\%ia Hot Xi onve Wd ~ Fo

H g - —_)) — Fl
Cwen doto Xis Xps - X, decide wlack
% e LUP’O%%% w Thue .

Ho & called o mll hypothesis & bd;:gmu
"L&M«CLL{;LQOQ v normal b%@m«v/ status Cy«-\o,

ohile H b called Yo alfernolive L«:j])ot'keofa
% L&wd&{&e,oﬂ Gt o okcm.ae o wteyvest .

Therve ove hoo hinds Bj, evver ot conm be

made . We calll o CmW%PonoU\yﬂ ey ey
Pmb.a.bl\&ﬁu 2

Fabe alaym Pmb o\,[o_u\:\,":“j
ot 2 HP( BedideRic | He o toe )

Deteclien .S.ou. Lure

Bl-2 P (Hacioke. -Hha—|-Hi; o bere)

Cleavly | any kj}v@%kes{a “teat ' has o
tyade ﬁ.f b\eﬁam ‘;Hf‘-toﬁ. +H20 emer ])mloabitti%.
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Dbt D&,

The falbe olamn P«obablbt’rj 1] Coml bé
moade O b\ﬂ Q,[A,Dcz.bf_k OLxE‘DslMCC)’ HO‘ Cfarx\;’%ﬂbj |
the detection ]CoulL«,wL Pmbo\lg-‘.,l,;,’rj com b

M e d bj al/uocuac\ cﬂwd«x/ﬁ He .

Tleesie| s iial tests slherd iz Hinabel (A aps

revtoble tewien | e ‘f:mLcQo.oj-Jc., beths ean
wﬁnlm%i’:vﬁ tHe 1ool ener P@b&biaﬁu_

H'P.VU-'-?_, , O hq{"w‘you( Fmbw _fO’)’MloL-t\_%.
(s ‘&O EM/DO.SQ Cu *H\Y%L\oloL Ly A MoK LML A,
ac;ce,jﬁ{'able_. value , . @ne {j})e_ ‘9}( emror

andl etk |10 | miviimnise | Fhe oties typel

An olternotlive ; "U«.e'»\(j{x %MJL\AL@ Q?wlvexw;
-Fofmlau%, v 1o seek to TANANMULR. SOrL
Lone o conbinalien 9} the en-er Pmbqbik&ea

Some fe,ymno(,og«a
0

A G called e SgrifLcanca level &f

the test | R e 1-—}3 & colkech U4 power.
(Mwe, Prec:o'e'j p “‘Ho ..s(,aml]f—iccwxoa_ Lo vel

L He Moaximum Ccccelbt‘vxbLL vo\[«wa_‘:j« X
Hat o test o olem‘.ﬁn@.ci +o gawwm‘c&aﬁ)
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OpTimal Testy
Hewo do we  daterniine 5 .fa-y' a 8"2.vew~ ot*)
a test Hhol nunimises I3 while &Mo\,ﬁyj
dat o € «F 7!
Let Jto & )(.1 donote tHe densilies eji
A b.aj sole Fl;oje,cﬂ_ bj Mo Lkoliheod syatio

I__l(:x”_,,)xn_) jl:l— _-Fi- Cxi)

—_—
—_—

Lo ('X-p-“»xn) R-=-] fo CZZ)

New , wohat & a stalutical test ? Tt & o
decialen yule whicl Specifien , for ony
posstble  sef o observations | whicl ef
the ﬁjpoﬁx%% vl he chosen . In othes
words b & a franclien

T 196 =5 Fioh 13
Heve , % W  4he set n whick $he
obsevvationy Lio . 'TBP'CC_CLU.S ,
=R  (tha veol nuumben) o Z (i Mﬁfﬂ*"“)
o ve chers oL Some fixed Srgtie o watic
veal o intege. elements .
B ¢ What & e beot choice o function T 7
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Qived | o | teat | ltie| a f’wnc'tl%)T, it ow

ch\):j ‘o oh’._f-;y\e_ e oo evvrev waabtt‘d‘d%~
l:De‘I—{AQ' ‘T“l(o) = {(xi:xz.*‘")'xr\D " T(In"‘fxn)"'og
to be e set 95. obseyvations e v esu b
v Ho bein:ﬁ chesen | 'Del_;m, TwI (1) leba.
Thenm ,

A = 5 Jr'o ('x':) jto(-xz.)'“ j:o('x”‘-) d‘xld'xz_"'dxn

L)

1-p = j _'fi U’ﬂ)ﬁ (r) L=k ][1 (=) &=, dx, - dx.
TTHHD

L’I ('xu“';'z'r\) § [_x) 5 (
= S olx)--- £, (360 oty - A
TRegy e

HcFe,)c««Ud_-j , e foLLewivj b now nhaitive .

Nejman - Peargon Lw (OPT'CMQL:{D ej'
Likd bt kool Rodtio! Tests )

Among all testy Hhat 5«#&#%{&!&_ (< ,

for omasy ,f.:xeoﬁ At Here Uoa teat e
He. .Fovm
Lé'(ﬂl&f&})

Reject Hy & Tolcdeta) ~ ©

thot mimimves FS.
T & o Boeshold {rat depends en ®T
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Optimal  Tests  (cont:)

‘Tec.\anlcul /Rema\/k . [O'GL 8‘.055&0( OV ey O

techsiaal oQ.Q.tC\:LL w S'taj}wﬁ o N“?/jmw '-Pe_wvsm
Lemma . For iF o hold fer all o« cop rmeed
to allow voandomised Tests [/ odlecisien rdes

“These ave teats tm wolicle, &Ftw olosw\/‘\,v:s He
dota. , we chovse one & Yo thwo CJDW\FQJXVﬂ
hypotiveses  with  probabilities ot d.Lo_Pw e
the data - |]C Heene PﬁbqblLLHf’/) COn emb teda
voluea 0 & 1, Hen b & a hard /deterministc
decuien yule .

e reason we reed these & that %Faclo\.uj
fﬁf a dbcrete  observatien Space X, mot ol
values o & | oy be aclievabl . Meybe any
('kcwd) decsien rle cam 'O“b aclieve fodot olewm
FmbabLLlH% X = 0-1,0-2,0-3 o 0O-4&
'j”. o2t = 0-25, so we arve alowed fq(.oa olew
Pmbq'loll/:{-ie/s b‘;ﬁj“"’ Han 0-2  Hon ro gctjlt
determinictic test M5kf be oPtc.wnl. Bul™ ene
Hat randonises WLF-&55 be toeen thse wath
o =/0-2 & o= 0-3 Mé‘kﬂ' be !
This| b« .JCG«»VB miney fechnicol defeil , but ta
{”\P-enj L ruck cleane, T,jl we ollerd ramdonised ‘{'251;4



ME:/Q ?29. rwwk/j

- 1A
v —a__ ket ~F A0 Aot recenan
rd

We amuwmed dhat “he observodieons X% ,----
ove W | botty becowmne this T the mosh
Comm OA  scCemnano wa QPFRLQK% , and becoune
b make T ey to caleulate Uike (Lhheods |

Heﬂevw, s mm])‘bwm %) ol Yer(iu}a/?_oi
.Iio-/- e Nefij.am—-‘?e,wvsom Lemmon |, el s
valiol LweéP-e,cfE;\/e aj cimi)emcﬂ.omcam o He dota .

Guen o tst T: %75 30,13 | we com,in
F”";""C}'PL‘; caleulote o« & B loj 'm’te.b*yoftt'Dr'L,

In P-.»ac:kc,e., Hos cawm be c?/w}te, wmf:lk_at\o.ci

to do e,qu‘tj . But we com 59}( 8@& QPmeimo:t&‘M
-fe»’ levge M. For swtable  cloteog Ei’} e
thoreshold T, both o 3 B olecoy exponentialiy

T zeveo. See Cover & Thomoas | "nfovma.ﬁ%
'—ﬂ\e'mfj P’ J".eY moye O g,

HaPo{’keoDs ffea‘[:lnﬁ G wsed mandy oﬂ-«-ffswemf
,f,:,e.lo% ) which often howe ey tdwn fwowjj.

1-o G somebimes called the SPP_CL)'—Cch\j
8} a test, and 1—]3 (LU 6wi't¢v{.{3 or yecoll .
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EXQmP[&Q
Tt thas been 61»&88%{'60{ Haat , oulside C,onj*edtedz

P%OGQA . Velicle Jﬁlow yates o a motorwey
could be wed as an automatic indicate «9}

an  acciclent f«a\ﬁ,nﬁ occuwrved. .

Ubdal | Tvimial | ebhdiltis id | b [ Kas | Heam dallshomted
that velhicles poss a defecter after Wl
pronw‘i&aub dabibuted times wvathh a meem
o b g . Af%e/v on  acciduml , this  Lacreenes

to o mean éj{ X0 5 .
e want 4o be oble to odetect aceidents

AHIn | O pinutes e thelr occumence.
..D%ian o test wath a folbe altrm }bmbmbitly'jj
ro bigger tham 1077 wlich b baseod on
M%mvlyj L5 inded - velicle tones

Xig X, 5ok, (XL | at| el deteicter!.

What & he Frobqlo{,u:j Hat e test
)Ea.(.'o to oletect an accldont whlen oe

has occunved ¢



E_zc_o_:_m])& (esict-

:D'Q.f:‘.n{ (hﬁ =] T " )'l = '5:_0_

= PN = B 1 £ EKP(,\Q)

H |; o O v ExP (7\:)-
15 | LA TN, DE
L | ol b e
W Lo (%)2-1- , %) ';lf e-—)\o'xt_“ e—-)\oxxs

15 {5
= (3) ep (-7 Q) xe)

“The NQJMM - Peavson Lemma. fells ws Hol

there s am oP‘RmoL[ test & the ferm 2

Qgec{' Ha l,)c LL/L_O PC 1, tied, L]r

i A5 15 |
) e (= = G X ) e ) T E

|5
=y 15 0n (‘%’;) T @|"’7\o) ‘:‘il Xpg— 2 I T

| 1 5 . e
= (%o_ﬂkl) h:i:i Xp 7 a T 4 |5 0 (-5\-'“)

5 |
& {15 | K=l fik; (X320 (E (;\])*15 g €

T | e | Hhe 8%9.4/:& form o He test.
We now need to chevse T '[-o mu,J[ e
spe cj.faeoﬂ Corsbraint o Hw .g_q(oe alavin

Fmbqblk‘f‘j :



Example  (esnt.)

Fev o _,Cux«z,o( volue o T, how do we
C-om-Pu-{fQ, vy fcd.ae, alayn Fmbqbub\i-j
Recoll  dhat the o TP(veJac.t Ho | Mo e tre) .
Newo | Yo He tue | Yran WL knew  Yab
i T D AR VO ML Exp(%’;) |

and  wWe LJ%'[' +o cmm?bda

s P (xS (v s 0 )

\5
L el |
h=1

:Dej;i,ne g =

T e Q,xqm})\L , e hf\em\) e exact oko‘b\.lob:t«m
Oj Hhe tTest gtatisTc S IH O &

/ o _
L L&Pe vaam-e Yo Scole P&yowne’( e

Loe 5aj )’ hos a qumq (ﬂ,)\) o&ofwbut\_%‘l«
' n-{ -
0 . 4y< O
We  can wse Ha knewn dshibutlen Bj S

40 G’-KFU\.CZ.Hﬁ C-lelod& & Qs a fm\y\cj',\,w
8} T L, & | Yo lchevse T o $hat oA = |0m3.



(EQ,MQ-{ ‘1/5

L ()1 500

The Lkeaiheod votbio
L, Gy 2

defow&ui o +he doatoc onlj via ils SQ.MPLO_ PAC AL
TS ,

SRR

'-n\.l:A s LQM@_ e SG&M?LQ. yme on :0 O
5“J€§:Cd%'t statulic for tHee "QXPQV\-Q#\.LU\L
Lsbib e .
In s erme., N .su)cj:,ic}.emt" stoatisTce was
i-cﬂimw(%q[ ("C‘U“k voeades [t I'R) 'IS_‘ owr
date. LOeye ﬂormauj dasbibuled ot

unkneoin meom & Variomca p tho the

s-amPLa mean & LscxMPlSL Voranmce  wewld
—tOje:ttw condlitute a Su_ff-(.timt stetis e |
which weuld  thiwe be R -Lomensienal .

This 1w stild | a loij vedmelien br dirniemsm g
com)gawe.op o He raw dafa

Th erde, to CﬁMFw‘te, P-robcdolllﬁe,a. e)t Hea

oo {:J-Pea & emoxs, e need o knowo

Heo  dubib ullion %. the Suf coent stabs tic
undey each 9}_ e dsbrbulions  Fg & Fj_.
Of‘tw, hu  can enb be c.‘samet'[eOQ mm‘bﬁ-cq%
&v bj sinulalien
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More ex amEle.s

The ruwumbe, &4 requesls yeceived by o website
over a 1-miowute Feﬂloo[ hoas a | G awnnomn
dsobibutien  wiblh meam 100 2 vaviomce 10D
tndion  provimal  condilicuma . Hfowe,vw} v Ub

@ éﬂbdec.f' to oo botnet altack | He mecm
noueasey to 500 while He voriomce Lsfwﬁé
He Soame . TThe CQ/\At')'Lbbd‘A.%- remainy G ausyion
fD@xian a test which il defect such aw
atteck  tathiny 20 misnten % (B afant, ond
hese false alonr. probabi Ld-j (over o 20 womie
Pe,v‘a.ocﬁ) VW AR btﬁae/v thom (07T

(RQPQai LDL'JUV\- thae Ve O L Q,L_\.O ckm\ﬁ% ‘f_"O 50@

Solutions

Note ot Hae exact values 9} He nreamsg
X Vasiom es Qve not MFOY{‘M& , nev LOLO_'H'M

ene e both ‘B_} Hroma CImOw‘\.éQ_ Wt ©»
evtomt & dhal M—j arve koW it o

bo‘ﬂ/\ Ho 2— HI L
e wA (L 5‘we, a 5»%@%1,[ s oludion ‘Ef»qf

coves both  Cases



@

w._?_{_k"'“j (?’_V_\j He Sc [,&Lenm.

p—

Ho: X"Xz-’"'7'x2.0 ud “”chons—ol)

I_ll: —_—) N(}'ﬂ,d‘ﬁ‘)
COMPui‘e Huol | Bikelbidoool vabio - 2—

— L h—‘io!
'LI‘(Xl,-..,X?_,D) I gg_lo# e . 2 | ||
Lo CXq ) == Xzf_;) (6’1 b . Q‘h.-"yx{) /‘26"2'

log = a0kg &, ) K(Xh PO Q<ta"L 7
0 Slr= __i‘fz:»)a?%

k=1 267
‘:B_‘j tha Nijmm- Pearvson Levamal |
Reject Ho i gy

i Q- H\) K~ N - o

'TP(k.[ + e | > 74200 %

2(5"2- 0%

o

o< j'_on‘“ ‘

\\

IJ'— 0p = 0, , Hee Q”‘P"”m% i el Telals Cer

4o SLmPLLjVj, but Conca};‘l—»\q% Hare O
NO cﬁiffwmce, ;



