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Conventionall Thinking

Shewhart: charts are fine for large shifits,
Mot fer small.

Cusumsiand EWMAS are great: fer small
shifits.

Soi tor cover all bases, combine them. You
theni get both small and large shifits




[llustration

Moniter 8-hour shifits With one reading
every 96 minutes.

Jse Shewhart with /7=5) detting one: point
DEr Shifit.

Jse cusum with' reference value; 0.5,
decision| interval 6.369) getting matching
IC ARL of 1850 readings.
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Surprisell (Maybe)

fhe clisum: beats; the; Shewhart at Dot
smallfand large; shiits. Reasen IS cusum
can react every 96 minutes (and does so
with' large; shifts); Shewhart has te) close
eUt rational greup




Reynolds and Stoumpos; 2005

“Shouldrexponentially: weighted meving
averageand cumulative sumr eharts be
Used withr Shewhart limits2~
[echinometrics, 47, 409-424

ieplaced Shewhnart with scale ehart.  Note
that: they usedia Shewhart I chart, not a
common ChoIce.




[Does this Work?

Notatien. IC, data are N(x c7). Location, scale
CUSUMS are

L =max(0, L

+Xn_/u_KL)
MOk ekt — i 1K)
S, =max(0,S, , + (X, — 1)’ - K,)

1 —n-1




Tiuning

Jiune location: cusums for one standard
deyviation| shift, se A, = 0.56

fiune scale cusumi for'a doubling: of
variance, so A = 1.386)

Set decision intervals tor matchr Shewhart
IC ARIL, so 1850 for the scale cusum.
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Comparisen

Shewhart: Xpar and scale clsum match
ieasonably. evVer most ofi range, but scale
cUsUm mugchs better for large; shifits.

Supperts Reynelds-Stoumboes stiggdestion
Ofi USing scale cusum fior larger shifits.




Baj:tle of the cmmbms
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Other poessibilities

1982 propesall “snub-nesed! V-mask™ rins
two lecation cusums;— one: tuned for small
shifts, one tuned fior large. Signals if:
either exceeds control limit:

Ty adding|secondllocation cUsUum; A3 =
1.5, Instead off Shewhart




Two location vs location+scale
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Comparisen

TIWoe-location-clsum appreach; beats
location+:scale. Butias you Want scale
cUsUum anyway: te; Moniter Variance, not
clear that thistapproach pays s way.




Shewhart I again

Shewnart'l chart (Used iR Reynoelds and
Stoumpos)! IS itselff ar custum wWithr A=3c:
and decision interval=0.

Thus isfoptimal foer'a shifit o 66;

As shifits/ this big are obvious' to naked
eye, net surprising that Shewhart I does
net helprin finding persistent: shifits.




Changepoint fermulation

Moedeli—= X IsiN(x,, o) .= 7
N, , ) n> =z
Uy, G- KNOWR, 7 1, URKAOWIR.

[FOK eéach /7, Calcllate maximun Z statistic; signal it
this exceeds) control limit

Zmax=max [3)_i,g (X, ~s)l o1/ [n= ]
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Comparisen

Changepoint ARLL Unifermiy: below: tWor-
location-clsum palir.

Perfermance ennancement appreciable fior
mModerate snifits.




RIP. Shewhart? Not so fast

Is Shewhart dead? By no means.

ARGLhEr scenarior— We det S ebservations
PEr day, asibelere.

But Moenday: values are displaced! relative
te Tuesday: — Friday.
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Changepoint vs Shewhart combo
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Comparisen

Augmenting location! cusumi withr Shewhnart
andily-beats using secale cusum,

Changepoint IS; more even matcn.
Shewhart wins between 0.6 and 2.2 c;
WIth' Changepoeint Winning beyond.




Einal overview

Shewhart remains attractive: for trans/ent
special causes.

Location/scale cusum: pail remains
attractive; fior persistent: speciall calses.

Changepoint formulation shows: premise; in
poth settings.




