Armed with the aﬁ:‘//‘a@ % co»;ou_z‘e ARLS
fmr CUSUMs e can cornsider ratecral
Choice of perameters. — Thiss is welf

Jocwmented for 7id Q.
Bottom Line. For fixed *target”and Iz,

ome-sided there are rmrany fy, &) pars
(high side [ARL
igh side) \vbfa,z‘ w! producye
~‘Ais.

'fayelt‘ 5 ‘?ﬂ-@a‘ +d Aq

I can choose a,mwy these é,, ,@, /Da/kr
to get an cptimal ARL af Yaryet +S.
How? Let
é/a?t = 1‘2762‘7" —Z{-
(A2F° = taryet — S ) & low side CUSUAM

Then choose £, (K.) to get bhe oesired
—z‘wyet ARL — e pages /d7—14p of VR]

7‘6&9 ;s a similar n‘ay % ted For

25 ldéxl &%eme:
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ARL
be— There are many h (=fu=h),
ki, Ry combinations that

Produce that. — Choose

one *optimally’:

W—J target z:‘ayet + A

~.

try 0 iR ini2e ARL ax
these méans For X

How? Choose 477, A7 as before arnd
then find h (=hi=h2) Yo get the aesired
on-Yorget ARL —— Jee pages /%7 —/%SF
of V&T

A fem other CUSUM ssues
(see $42.2 of VET)
) Sanple size choice fehart Lesigr for

— g
the case Q=X, Ty =7
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Here if I7m oﬁoo:/‘ry chart parameters
ard 7. at feast approxin Z car

We:
ARL
6? valuet ® ,g;';e{&(
small 4
Value

varyet faljeb‘ A

-cs ARL
2 S)Jedm %4—-——"0/34"",26( /4179 uwe
desir&(
smoll volue

See poges 15).152 of V& T (makes
use of the AP and for £,°PF ~rom

Zefove)
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2) *FIR" CUSUMSs

(fas? inibial )’éS/M.re) — after as alr»y |
and interverdtion 2here can be a fwiy
thane of Facloe o fix a Problesn and
N SUch Cases oAHE /94/{7 cants a

?w’c«é alarm . —
(1992, Technometrics)
With s motiyateon, Lucas !% Crosrer

Suggested 4 ha

one-sided schemes, U= '2" oy U=ST2Z
'&UD'S;OIQOI Meme; U= -g— a,nc( v== ‘2/1‘

(re., start “half Way'é an atlar»e”)
~In comparison W O-headstartt CUSUNMS
+this re;w‘re: an@ a very e ll imcrease
in decision mterval in cvder to muntary
o given on-Zarget & (page /55)
 Soo Tabks 410 and %/ in VRT
bhes 45 and $&
and. compare 2 7a 4\://( .
— 77)91 ,Drow‘a@ So77€ J‘wré/ e
importent garns in of - targer ARLs.
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2) {é&w&mf— CUSUM tomidinaticns

CUSUMs do well at a/et‘e(f:‘:'rf Swteld
cﬁa.rye: n Mg but are “pory ’ af

detecting éig changes.
ARL _ Shewhart
CUSUM
#aiyet A

Lucas suyyesfea( xsiy X 3.% .S‘:‘jmq o

4 sigma Shewhard lomid alorg corth a
cusum — (Lucas, 1992, Jowrna! of Qualidy Techaolsyy)
This Joesnt chaye ARLs rmuch &t o7
niear Yarget and improves zhem
Jujrfanfc‘a,/g off - Harpet —

ARL behavior fov Shewhard~cisumM

Can be ﬁa.ﬂc//ea( With MCs and OreHh

/‘M‘ef"a/ efuaé‘aws — Vet 24, problems
2.28 and 2.29 of Bhe 20EES, /07



EWMA _Control Lhards ($4/ oF VRT)
— alternative 1Yo CUSUA Scherres

— jn Some ways -ﬁfg fave Jinelar
ARL properties (af feast- 7n one way
-{/)%/ are much in fer/‘ay J)

~EwMAs
For a 0<Js), [et
EWMA, =Target
EWmY; = A8 7+~ (1—A) EWAA

Achion/fContra] Limits, zgz * ; f for #>0

ARL properdies 7
ﬂe;?,z off Such a Scheme ? (Choice cff /Lé)

Su/J/‘JoS e O, &2, oare 7/‘0( WI'% 7714(7/714/
,Dméo.é:‘/i{y a/elmty . Let

L.(w)=ARL ./?yz‘nni?f Srom Y
(primarity I'm terested m L (wyed)
B?f in wrth arn ;0:&‘?/@( ?&@ftm 90/0)'044,{ :

7 O8



Notice first that Here is 720 Sigral if
Aorget —A < AQ+(-A) U < twget #%, e,
target —A— (1D U<A& < target HA—0-A)u
7 ()< & <A

RV'_’ -V
.y Mk

ond otherwese T fef a .s?/‘v;z@(

Thus
L(u):l/:)[&,¢ (*, 3’(*)]

+f** (H-L (Jz‘+(/—2)z())f(t)céf

,+f L(H-/-('—-))u)f/f)a/é

=13 3 a.‘ugez‘—f
(let Y=t +0=2)4)

If I can solve for L) T have ARLs
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7o 0/0 so (o 7£”“{ a/)/orox/‘n?a,z‘é J‘oﬁu‘&oﬂ.ﬁ
I need a Wrm‘uﬂo rule Jor Mz‘gmé
on (target —#, Largel +K), je,

points target—A <@ S@ S
< Gom S targel %

and a)eyét‘.: 4%&0 Z‘Q, =z;€

Sy, I can a,oproxzm»z‘e

jt”fet’% gt = Z « 34)
Zargel —#K 4=

Then for i=0:2, -, 7 one can wrinte
L (&) = 1+3- Zwl.(a,)f(—ﬁ ("'U@‘)

This is a ﬁj set a]‘ lrnear yuaﬁm: ’72
o unknowns L@). L@), --. L @w) of

the form
7 L= 1+RL
fa‘/ ¢ & ~0-4)a;
= L.'d’) M /Q = @f( ’{ ,)My
mxl .‘\ mxm 4
L (4.)
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So if I can inverd mxmt piatiices I
e -

wr L~ (1-R)"1

o.na( 7@»!- appmx:‘ma;‘e Values ]‘m/ L),

m —(1-A)
L(w) = I+ 1—'J§;“%‘L(3i)f($ )
Pages 33%3% of the notes give a MC
trectme of this EwMA ARL Sty and
page 34 of the notes gives A€ aLprox/maze
efweua/erae of the 2 methods.

Crowder computed ARL'S Ffor rermel &
— Jee Ais progrant o Professer
Vardeman's Stat $3/ web page. —Tabf 4.3
of VAT was cféa.iﬁd J(-S/‘y Crowolrs progran.

LWMA Chart De.ryn ? (Choice of A and £)
For normal (iid) Q with Fixed g,
large —s VR There are a vareyy f

desired (A R) pairs that ewiV/
Value gve 4hisS,

target A
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We can chosse a (A, #) pair o cpéomise

Someé cff-target ARL or choose o€ coieh
& *nice ‘A (for computational Sinplrid)
7o a?ﬁ'm;ge /mine‘/m‘i‘f ARL ot 1‘@742‘ *+d

ed in Table %2 <t
T use A specifzed in g /m‘f %

(these were obtained by Crowder wsing
a numerical Search)

mall § = AP smed
large § = AP (arge (bt <1)

Note that I expect EWMA by Seat- Shawket
fW-S‘»za.//w{wye: ‘n Mg Trom a Ypet

Haui'y chosen A ( ’apﬁ»m.@ “ o 7ot) peges
138% 135 of VAT Ano Aoy 2 choose #
Yo get a desired on—tayet ARL (assmning
EWMA, =Target).

————

cUsuMm Vs. EWMA.
Both provide ARL improvemedt cver Shewhart
Jome belicve them t be epuivalent ...
But ehey are not
/72



Yashehin's 05/‘6.0&‘077
Normed rid O with fvxea( Us.
ARL ﬁcﬂaﬁﬂ: ﬁ)’ -2-:/2/34/ Me”ye T
LC“:“M (ua V//ua). LEWMA (”//“4)
D€sf7rz for
L (‘W*/*ﬂffeﬂ =ARL faryet
L, (start)terget 2 §) =gptirnmal
Then
L (0.0/%arget £ )= Loy ¢ "‘”‘79"/ trger 19)

cusum

Opﬁma,@ o’e.r‘:‘?neq’ ClUSUMs MO/EW/”&

have about the sarme off~Farget ARLs from
A place where CUSUMSs fave 2erved owf
and EWMA is helf way between she conton/

limits. However. nate cwhat happers /f we
et a process change when Schemes are

not ot metied conditirs.
Lcww (u, U‘/!‘nyefi'QSLc”:Mfaaﬂ/ﬁWjdj
re, )’Efa/a//en of where tfie ClUSuN /S

at ehe momet af a 4‘4('7‘6, e 1S Ievey
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worse off than if both fuph- and fow-
side schemes were 2erved ozt

However. For the EWMA Scheres z%;,y.r

are different. If we gef a shiff of I>o
when we are at EWMA =« < Caryels

L rwnga U[E2r9EEHE) > L gyy,0r, 4 (Paryet ftapet 5
ard in fact the oifference between Sher

Can be Auje.

—re, EWMA has warve wort care ”
behaicr Lhan the CLUSUAY "

By the way. -c%e/? are Some hooretical
yesults that Yoy CusuMs are “gptimal”
as céa.rye detecteiore procedures.

Brttom Line, Hest avnctadle 7920726 boving
‘ &

rheme rs CUSUM + (loose) Shewfrart

Jff‘.%af VQ_I one ém‘,o/‘ec.e 47‘ process
'momlt‘w;y /ARL XMR

X, X, - - indsvedua s

/! G



At time ¥2| chart X4 end for t22
also chart MRy =)z — 22/,
A/arm-uy /J:ifnalo‘ry £

[xe —target | >A o MR >B.
Suppose Xo are id cwith marginal a/my
F and let

L(y) = mean # of adthtiorial cbrervations
r?w‘rea( % Causé an alarig

the cwrent cbservatiorr /s ¥y
Cand 220 alarm o date)

Then
Ly =1 P |x-twrget] >A o |<=34]>E]

"‘j min {targe +A. Y+8¢

max [target—A, =8}

(1 + L () fdx

Poture.
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