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noi se is returne ) . .
from a semiconductor testing system, financial data relating to prices or exchange rates that vary

with time, and the like. The data may comprise any stream or array of data that varies, but

includes a general trend or pattern.

A wide variety of data smoothing techniques have been devised to assist in identifying
trends and patterns that may exist in the data. For example, data smoothing techniques include
random, random walk, moving average, simple exponential smoothing, linear exponential
smoothing, seasonal exponential smoothing, and exponential weighted moving average
smoothing. All of these various types of data smoothing techniques may-assist in smoothing the
data, but include various tradeoffs between effectively smoothing the data and maintaining an

accurate reflection of the information in the data.

For example, exponential smoothing techniques are configured to eliminate extreme
variations in the data to remove noise. The effect of exponential smoothing is to remove
significant variations in the signal, but still track to the overall changes in the data. Ifthe

* coefficient is too low, however, the exponentially smoothed data does not match gffectively the
raw data in the event of a relatively sudden change in the raw data. On the other hand, if the

coefficient is too high, the smoothing function loses value as more noise is returned to the
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BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the present invention may be derived by referring to
the detailed description when considered in connection with the following illustrative figures,

which may not be to scale. Like reference numbers refer to similar elements throughout the

figures.

Figure 1 is a block diagram of a data smoothing system according to various aspects of

the present invention; and

Figure 2 is a flow chart for operation of an exemplary data smoothing system according

to various aspects of the present invention.

Elements in the figures are illustrated for simplicity and clarity and have not necessarily
been drawn to scale. For example, the connections and steps performed by some of the elements
in the figures may be exaggerated or omitted relative to other elements to help to improve

understanding of embodiments of the present invention.
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an output 106 for transmitting data, such as transmitting smoothed data. The smoothing system

100 suitably comprises multiple phases for smoothing the data according to various criteria. The

first phase may include a basic smoothing process. The supplemental phases conditionally

provide for enhanced tracking and/or additional smoothing of the raw data.

The system 100 suitably operates by initially adjusting an initial value of a selected
datum according to a first smoothing technique, and supplementarily adjusting the value
according to a second smoothing technique if at least one of the initial value and the initially
iadjustéd \}alue meets a threshold. The initial value suitably comprises a raw data value, though it
may comprise any other value to be operated upon by the system, such as a processed signal, a
datum converted from analog to digital form, or any other value. The first smoothing technique

tends to smooth the data. The second smoothing technique also tends to smooth the data and/or



3 WO 02/ 095508 PCT/ US02/ 16727 inprove tracking of the data, but in a
different manner fromthe first snoothing technique. Further, the
threshold nay conprise any suitable criteria for determ ning whether to
apply supplemental snoothing. In one enmbodi ment, the net par at us
appl i es t ReO 9298308 snpot hi ng techni que to the sel ect ed dé{%@%ﬂggipust a
val ue of the selected datum The system 100 conpares a plurality of
preceding adj usted dat . Dl Weeal i B glﬁpgsfn@mhg@tt@c uegenerate a
conpar 18 %@ %ﬁﬂggé’gﬁ&gggﬁg{é&ggngﬂ%ﬁo& I ng techni qgue to the selected
dat um Iparmadmumresﬂam may emprisetang smaabmmmmr deternuining avhethet 1 amb’t her t he

compari son result neets a firs thr

sui tablsyplﬂqnmléﬂ@gth&‘&brlgd’?lﬁf ?qﬂ%d: dﬁ@@%ﬁ%&%ﬁ}f]ﬁéﬁe and nay appl y
athird.s Q@ﬂia%}%cfe@ dhﬁmmaﬁ@wmwmm gmMth sysfeme of .
the selecie atu accord| ng. to whether theagredl gt ed val ue cragae s a second
threshdbflcaaﬁm:aplgralxbypfmwﬁrza%uﬂq rdefe 1 A Hﬂa{ege ui tably |
set equal 1o a ® thy sdleedldafimptooceeds
to the SHRSIRE2LRME éaonﬁol nt?gé%pgﬁgézgge)céﬁd ﬁﬁ%éggétegrfgﬁlm ng smoot hing

oper ?}1 ia@just thé Retus oDihe Is?lagfeé gattmmact@ding to Wh@th@r%h@ EQI@P%S%EPSWF\ Berig A &;

sSnoo |ng|sapr r e fo | asic
snoot h| éﬂb&ﬁ ﬂlb"ns {Qi)fpgtaﬁghglcﬁgfe f"e'aﬂzted Jag)%%gp |e£égfeF? adet erm ne

whet her,,, m?taggf}& thi¥d &ﬁﬁétﬁﬁfgltédlﬁlqusmtheaelectatdﬂumhtmgdjus thmalmfﬁber of data
poi nts Fece

Val e, seleciedpiui ssonrdi o A0RRE DS PEIHEY Vapdraecioe Koy Bussbfl ° ,Fhe” *

present enbodi ment, the snoothing system perfornms a threshold conparison.
The thresholgd-ca r'. I 4 uhre bbRi isQpitably ser @bl iga fitst pawpdatpr i at e.
If so, the i gg%ir%&{}'hz gg&%rsgﬂgg@g 'S ?w tab I %on flgurﬁg roceed to
an ini tgoplt (g@mmlaﬁdjﬂmfsystbm 1@8tpsocendste tlpmeact@m point; (step h—?g‘g

enbodi ment, the process starts, with which is
al so de&sriy ﬁg{nggmgg&e%eoﬂﬂﬁ“gfls 3%%??%%9%61#} g&ﬁ géon@ﬁgng%k% a%g% ?%%tﬁgl dat a

poi nts ¢ %ﬁ%giﬁ%gnﬁt@%ﬂﬁahma@dmt md;iuffsbepeefmas bbasiesmoashing operaiei®™m poi nt
(Rn) an ce smpot hed dat a poj nt h%&’% %ﬁ Oéﬁlﬂcal C§ko%§1‘%g %gagorrpar ed
to a tHhedtt&I Anyvnycneswd)ezm}led tordeerraine §yhernst FRRABE R &’ Taw dat a

poi nt Rn _and t g=Te ! fhe BOViftonDf theldtaxpainiimhies &ront dir eshol d
Ti, it chorﬁgng&g%dep_hat ﬂ&téﬁ&%@g?ﬁ%ﬂ?ﬁr eghol doélor oicﬁplp s to significant
t

depar t ugetectelivaive; dsre;ompansdmf edeh dataypeint velneda edlregh SPORE dat a.

A dingly, th t . | t
Gat s poriestimerlsie grotiye RHC PR £ rBb oppaidins The EiRbId Anipafne

determines whether data smoothing is appropriate. If s0, the initial smoothmg process is suitably

configured to proceed to an initial smoothing of the data.

More particularly, in the present embodiment, the process starts with an initial raw data
point R, which is also designated as the first smoothed data point Sp. As additional data points
are received and analyzed, a difference between each raw data point (R,) and a preceding
smoothed data point (S.1) is calculated and compared to 2 threshold (T1) (step 206). If the
difference between the raw data point R; and the preceding smoothed data point Sy exceeds the
threshold T4, it is assumed that the exceeded threshold corresponds to & significant departure
from the smoothed data and indicates a shift in the data. Accordingly, the current smoothed data
point Sy is set equal to the raw data point R, (step 208). No smoothing is performed, and the

process proceeds to the next raw data point.
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The data may be further analyzed for and/or subjected to smoothing. Supplementary
smoothing may be performed on the data to enhance the smoothing of the data and/or improve
the tracking of the smoothed data to the raw data. Multiple phases of supplementary smoothing .
me;y also be considered and, if appropriate, applied. The various phases may be independent,
interdependent, or complementary. In addition, the data may be analyzed to determine whether

supplementary smoothing is appropriate.

In the present embodiment, the data is analyzed to determine whether to perform one or
more additional phases of smoothing. The data is analyzed according to any appropriate criteria
to determine whether supplemental smoothing may be applied (step 212). For example, the
system 100 may compare a plurality of adjusted data points and raw data points for preceding
data and generate a comparison result according to whether the substantially all of the preceding
adjusted data share.a common relationship (such as less than, greater than, or equal to) with

substantially all of the corresponding raw data. The smoothing system 100 of the present
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varte Osupplementary smoothing may be applied to reduce the degree of smoothing so that the

smoothed data more closely tracks the raw data (step 214).

;!

In the present embodiment, the degree of smoothing is reduced by recalculating the value -
for the current smoothed data point usiﬂg a reduced degree of smoothing. Any suitable
smoothing system may be used to more effectively track the data or otherwise respond to the
results of the data analysis. In the present embodiment, another conventional exponential

smoothing process is applied to the data using a higher coefficient My:
Sn‘—"(Rn"Sn-l) * My +Sn -1

The coefficients M; and M, may be selected according to the desired sensitivity of the system,
both in the absence (M) and the presence (M) of trends in the raw data. In various applications,

for example, the value of M; may be higher than the value of M.
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the current smoot hed data poi nt (S?ﬁqreed%; _mjﬁlﬁlf)l@d 8%4 athird nmultiplier
MB and 4idduaught progsssipiegipblish aslapgof Hre prepeding PP sipotBed (HR B ™ 8at 2 poi nt
(step 220). The equation: S. = (Sn-pred - Sn) * M3 + Sn Thus, the current

smoot hed dat 419 QinBbthing s§Rbm el Flud 6f the o etnt irasbihbdf dats oinectuerdingen ¢ he
ori gi nal snoothed data point and the predigted sgoot hedq dat a fi ntld ll%u&
r educed theycaicudated siope. Theshstem then cpmpargs the difference betwee W?"ﬁ%]’% Fgpictiate

B el St SARE Nl LERGed S TSRS R prédinble foP MoSr@Ricbineht ¥

during r or o e ‘nontrendi ng) portions of the signal.
The i Wafagqimpph tamgt homberi(Ri)(step2ER)i & the differavoe isignptonthandberange Ry dhen

snoot hed data points ensures.that .. th C Ay ek o
Sl ope et Brqied GReP bR AR el EleBe i FBREEe REREE, ed 6
OCCUrI'i REmbit shidBtHed Hatd Pt isi seequaMb @ik differeficvbetieden tisd @ivalatédscument r el ati vel y
flat. 7 WO 02/ 095508 PCT/US02/16727 | {yéz'hotﬂl d be ?rg&hﬁccic?tted .ttrtgt the
par t i culsmoothes datewain (S.Herd the sredictad yakie et the eyrant ¢d data point {Sn-pred

multiplied by a third multiplier M3 and added to the original value of the current smoothed data

b}

point (step 220). The equation:
Sa= (Sn-pned "‘ Sn) *M; + S,

Thus, the current smoothed data point is set according to a modified difference between
the original smoothed data point and the predicted smoothed data point, but reduced by a certain
amount (if M; is less than 1). Applying the predictive smoothing tends to reduce point-to-point
noise sensitivity during relatively flat (or otherwise nontrending) portions of the signal, The
limited application of the predictive smoothing process to the smoothed data points ensures that
the calculated average based on the slope does not effect the smoothed data when significant

changes are occurring in the raw data, i.e., when the raw data signal is not relatively flat.



are illustrative of the invention and its best node and are not intended to
otherwise limt the scope of the present invention in any way. |ndeed, for
t he sake of brevity, conventional signal processing, data transm ssion,
and ot her functional aspects of the systenms (and conponent &gsjg

i ndi vi dualWe8¥P%898ng conponents of the systens) may not 1}’&5“ y?é"?fd in
detail herein. Furthernore, the connecting |lines shown in the various

figures contained.herein. are | o) . onal

rel ati onshi BEShSH /bﬁrapB’ﬁﬁ’@féggtfat E&%ﬂlﬁﬁlﬁé ﬁ%%l%@gﬁet n H%tgh@g??ﬁ(}iugésyrgdg%#tug Many
al t er Nafd MRstedtive @6 tHeiigveation atlits bestahodeaind tareones initgreled ko ptherwissdimid ghenect i ons

may be present in a practical test t Th esent invent i has been

descri seepeafdhapiarenhnveiondp gy V- é"ﬁ%%f E’F% aﬁ%ﬁ%ﬁ\_’l ﬁ?r_we%%lézggg? aeic hanges
and mFBréde?r&té%?tQ% tHR¥mBG oBee other ful6tidiabispedteof the Bytinis(ahd covmpdnemts of

departi*ng e scope of the present jnvention, These and, ot her changes-
or  noché individuahepexating compaRRIES quhwﬁem) @aléaot\laet%w%ﬁaéi @%b@“&‘!‘- t he

ti ti . | M i f
B oot niERsgtare e ol dite el e bt el oonihtd Roibin @oBRARRE10
sel ect ggprd@intiorenmplagfurrtional valitionships andéor pbysical couplings gm"e@b'ihﬁ ATION a

o' Geraumaetes. Mg isninghor wihiopat ufsiofaCHafiities ot sl Edbe Qs R RC! ©

t he sel&g%ﬁgn %&Hﬁi’cﬁl%s%%ﬁﬁ. the value of the selected datum according to
whet her® the conparison result neets a first threshold; calculating a

predi cted val ue of the sel ected (at nd_appl yi n t hi ot hi ng

t echni que t ofherpsessyy ipyendgn %Ft%ﬁ?ﬁ??clgﬁrﬁl@v?wgg#‘ﬁgceg? atrh{éfgngde?ect ed datum
accor di hg, ,ehﬁ%v{rb&aﬁ Qdh& hipdificatior nildesmaless drefehedahbbdimed. A
met hod according to clarm1, further c,orrpr,|5|£‘g|n|t|&‘|9¥r¥ det er m ni ng

whet herwitlsoub degarting fram sherscoperaf shepressnt inpention; {heseand thshthasgesOet hod
according,t.o .cl aim.2 ' Al SRR {S appropriate
conpri s‘@gdlgfaq(@é@rte ’%fﬁléde\@(f%& S%Qm g%f%@h@?ﬁé?ﬁ%@? Prhe gﬁg{e{eig?ried datumto a
t hr eshol d;




determ ning a nunber of data received; and determ ning a deviation of a
plurality of data froma value. 4. A nethod according to claim2, wherein
determ ni ng whet her snoothing is appropriate conprises: determning a
di fference between the value of the selected datum and a ?&% fe val ue
of a precdR9§¥Bum and conparing the difference to a ?ﬁ #zll 5 A
nmet hod according to claim1l, wherein at |east one of the first snoothing
t echni que and the second snoot hi ngg_%gmﬂ que conprises at |east one of
random snoot hi ng; random wal k snoot hi ng; novi ng average snoot hi ng;

si npl e exponential snoothing; 9 WD 02/095508 PCT/US02/16727 |inear
exponenti al mmmﬁgr,wot@aag@wn@%ﬁ’&ﬁem i al snoot hing; and exponenti al
wei ght ed novi ng average snmpothing. 6. A nethed a ] i

Wherel n at - ppisingedisigmooHund SN B8 SHPRES CAUA T A dlahR clit Eleleg
snoot hidapnt;echni que conpri ses adjusting the value of the selected datum

substantially in accordance with the. e tion: _SnT - * Sn- 1
where Sn i s comparing WP@&WPH’@"G‘F@la%é‘“giaﬁ%?%ﬁpﬁﬁ@ﬁfé&e&ngtrﬁg%%ﬁﬂe of

t he selgendratd adamparisog resulty an adj usted val ue of a preceding datum and M
Is a selected snmoothing coefficient. 7. A t@gg ccar ju gﬂﬁééﬁitﬁél’

wher ei n:  t happlyingta scoand:smogthingleshignedo % ay -ﬁ%i e val ue of the
sel ect eglectet dammsacheriingite ahpther the gomparisgn EuimeRts A IS, 'On: Sn=(Rn-Sn_1)

* M+Sn_1 where S" is the ad{ usted val ue of the,selected datum Rn is the
val ue of t heakelating sgredistadmelusef theselested S2WLLE 88 ol ue of a preceding dat um

and MLis @ a;;)lryisl;[g ast(lau!rg g&ggthisng?gghgilqﬂg tg &%fsglle&lec? crl]:;[.tﬁmqg gdjust the value of the

selected datum according to whether the predicted value meets a second threshold.

C

2. A method according to claim 1, further comprising initially determining whether
smoothing is appropriate for the selected datum.

3. A method according to claim 2, wherein determining whether smoothing is appropriate
comprises at least one of:

comparing the value of the selected datum to a threshold;
' determining 2 number of data received; and

determining a deviation of a plurality of data from a value.

4. A method according to claim 2, wherein determining whether smoothing is appropriate
comprises: ‘

determining a difference between the value of the selected datuni-and an adjusted value
of a preceding datum; and

comparing the difference to a threshold.

5. A method according to claim 1, wherein at least one of the first smoothing technique and
the second smoothing technique comprises at least one of:

random smoothing;
random walk smoothing;
moving average smoothing;

simple exponential smoothing;



t he second snoot hi ng techni que conprises adjusting the value of the

sel ected datum substantially in accordance with the equation: Sn
=(Rn-Sn_1) * M2+Sn-1 where M2 is a second sel ected snoot hi ng coefficient,
and where M2 is greater than ML. 8. A nethod according t | wher ei n
conpari ng ‘Fﬂ@”ﬂ?s 182l | ty of preceding adjusted data to t%g%t)"rghir% |27ty of
precedi ng raw data conpri ses: conpari ng an adjusted val ue of each of the

plurality Oﬁingir%&ﬁ&ieﬂﬁalébﬂdéﬂii@g_i data to a correspondi ng value of each of -
the plurality of preceding raw data; and generating the conparison result

accor di ng tgem§glgg§o@ug§psmmé;h@l| of the adjusted values of the

plurality of preceding adjusted data share a common relationship with

respect to the r L0 valeiese Shodthige Pl urality of preceding raw
data. 9. A ﬁé??{beﬁﬁélé‘geg@g?@g“%?‘é‘ﬁc| al éﬁ 1, whegr ein calculating the predicted

value of the selegted ,datu L6 aCRhdt bhbf tROfiAt ShOREing cRBiidueighd 0 a
o ural o B e it v 0

X %1 Cprapty .so,e of- a least squares fit through
t echni gybstantially@n gespEgEeq B Q16727 a line regressi on techni que; or
an N-points cg_g@c:re te,ppgi_i_ e. 11. A nmethod according to claim1, wherein
the second thrddhal -él)r p s to a difference between the adjusted
val ue Qipdb8. RThess@fed il ofanelsddotediatnt, Rydethe valueofthe selectetdabiriedh -dat um
to a rangesudked vAud Bt HecaOdMimoanid M isaiseieded stanthing coefficienti r d snoot hi ng
techni que conprises adjusting the value of the selected datum
substamfial | y i 136 clirh , Whereilmguation:  Sn = (Sn-pred - Sn) * M3 +
Sn vvhepfé Sn 4?3?%1%%5‘15 usted value of the selected datum Sn.pred is the

predi cted va}par@Embhifingabadaie compiisesndjastihgitie valueofdhmsslastedgatives f i ci ent .
13. A r’gﬁ%& '@ﬁr“iﬁﬁéﬁd’&n&@wﬁh%ﬁqﬁaﬁéﬂﬂera n at | east one of the second
ec

snoot hi'ng ique and the third snpothing technique is configured to

i mprove the ¢ ragking qf *tpergdiusted value of the selected datumto a

sel ected raw dat a. o selsotod datum. §
where S.. is the adjusted value of the selected datum, Ry, is the value of the selected datum, Sy -
isan adjrw:xsted vahie of a preceding datum, and M, is a first selected smoothing coefficient; and

j =]

the second smoothing technique comprises adjusting the value of the selected datum
substantially in accordance with the equation:

So=QRu—Sn-1) * M+ 851
where M; is a second selected smoothing coefficient, and where M3 is. greater than M;.

8. A method according to claim 1, wherein comparing the plurality of preceding adjusted
data to the plurality of preceding raw data comprises:

comparing an adjusted value of each of the plurality of preceding adjusted data to a
corresponding value of each of the plurality of preceding raw data; and

generating the comparison result according to whether substanti_ally a}ll of the adjusted
values of the plurality of preceding adjusted data share a common relationship with respect to the

corresponding values of the plurality of preceding raw data.

9. A method according to claim 1, wherein calculating the predict.ed value of the selected
datum comprises calculating a slope according to a plurality of preceding data.

10. A method according to claim 9, wherein the slope is calculated using at least one of:

a least squares fit through technique;

10



14. A nethod according to claim1, wherein at |east one of the second
snoot hi ng technique and the third snoothing technique is configured to
enhance the snoothing of the data. 15. A nethod according to claiml,
wherein the data conprises at | east one of automatic test i t test
data and f WMROP¥8 data. 16. A conputer readable programq%ﬁgg’ﬁagﬁ i ng
data, the conputer readable program configured to cause a conputer to:
apply, a fi r§ﬁn§fgg&g§ibﬁ|&c§ﬁqﬁu§bﬂue to a selected datum;to adjust-a val ue of
the selected datum conpare a plurality of preceding adjusted data to a
plurality ofmpﬁ%ggéa@ngraa\tedﬁﬁ@eto generate a conparison result; apply a
second snoot hing technique to the selected datumto adjust the value of the
sel ecte El dat YThétRe@idtbiting 1o cidimtihwhertindhassoqndrthreshold earraspons & & drfersnes ¢

t hr eshof de. .o Cab GHiudb8 valud bedie Gbledled ditum anf the hrediséidevaluschf dat seected datiambiol y a
third s &g I ng t'echnique to the selected datumto adjust the value of the
sel ecte at um accordi ng to whether the predicted val ue neets a second

thresholg. 1% ., AnGPaReidig ol wheenghetird smoottlingdechipique spMpHes

further ; &anml & Ot thi 8d1boted dhbing Ebistantiedly it edcortansarwish Hierguationappr opri at e
for theag'g'@&tg%uggtum 18. A conmputer readabl e program according to claim

17, wherein deLesn ni R r snmoothing is appropriate conprises at

| east one of §,11?SW.5,¢ 2/ @Q%Er%ﬁl US02/ 16727 conparing the value of the

sel ected datumto a threshol ¢; et.er m ni a. : | and
det er ni mihare S isithgiadiusisd value 8? fhess E‘Pt?c{ é}“ﬂ?’rgg'a"f"ég h@%%dé&é%?%g@of’ltgg Eé,&%?%grrp ut er
r eadabl datunygndiMidceemepthigecectirightm 17, wherein determi ni ng whet her
snmoot hing is appropriate conpr,ises: detern.nin ' I : t he
val ue ofl3t he Asabtbod acrorrtingin Gt gy et %8@&%;%%‘?"2 Sgﬁgﬁ eg'gﬁﬁ pm
and comaad theghirdismaiothing teshoigue is canfigirekia Spprove Hie tge ﬁﬁﬂ ol R

pr ogr amgigecsetecttidrigtunotocd selastedgawdpier ei n at | east one of the first

14. A method according to claim 1, wherein at least one of the seco'nd smoothing technique
and the third smoothing technique is configured to enhance the smoothing of the data.

15. A method according to claim 1, wherein the data comprises at least one of automatic test
equipment test data and financial data.

16. A computer readable program for smoothing data, the computer readable program
configured to cause a computer to:

apply a first smoothing technique to 2 selected datum to adjust a value of the selected
datum; _

compare a plurality of preceding adjusted data to a plurality of preceding raw data to
generate a comparison result; -

apply a second smoothing technique to the selected datum to adjust the value of the
selected datum according to whether the comparison result meets a first threshold;

calculate a predicted value of the selected datum; and

apply a third smoothing technique to the selected datum to adjust the value of the selected
datum according to whether the predicted value meet; a second threshold.

17. A computer readable program accbrding to claim 16, ‘further'comprising inifially
determining whether smoothing is appropriate for the selected datum.

18. A computer readable program according to claim 17, wherein determining whether
smoothing is appropriate comprises at least one of:

11



snoot hi ng techni que and the second snoot hi ng techni que conprises at |east
one of. random snoot hing; random wal k snpot hi ng; novi ng aver age
snoot hi ng;  sinple exponential snoothing; Iinear exponential smoothing;
seasonal exponential snoothing; and exponential weighted rage
snnothing.“gl Bnputer readabl e program according to cﬂgﬁﬁggggﬁghereln
at least one of the first snoothing technique and the second snoot hi ng
techni que Coéﬂhiﬁa?ﬁgﬂ%'#ﬂhﬁédmﬁb§etbeterlahmmtofathrled,lold;el ected datum ; _
substantially i'n accordance with the equation: Sn= (Rn-Sn_1) * M+Sn - i

where Sn is &&Pﬁﬁhggn‘ﬁﬂlb%ﬂﬁta%ce‘im &f ected datum R' is the value of
datum

the sel ected n- 1s an adj usted val ue of a precedi ng datum and M

is a selected sm Eggr&wnﬁgg3fﬂlﬁ,ﬁmygaata,ﬁ-oﬁpmagr readabl e program

according to ¢r erern e first snoothing technique conprises

adj usting the val u of t 4b S RéGbindeteyminihgavBaliglance wit h
t he equé& X gg» %;’E"%kﬁ@%g’dﬂ?qgl% 02/ 095508 PCTI US02/ 16727 wher e
Sn is t feoYhng TBf% selected datum R is the value of the

sel ected dat m d RRRELHIdE adfistedvaed ML
is a fi rst s ?tmgugr%@ ﬁ?%%"g‘géé ?Eg{lg\éﬁj‘f&%nsgfetcﬁe second srro%%hl ng

t echni qe E’i? ting the value of the selected datum

substantlall |n accég tlhnt% quation: Sn=(Rn_Sn_1) * M2+Sn-1 where
i %&ﬁé Beial GrehE |

M is a seco g coef'ficient, and where M2 is greater than

ML. 23. A co ut er rea aa_rr'ﬂl(;rl cﬂ{u’ﬁq [ Whéreml dilehSt ondlog fifRi flist
AL

conpar i & nHE] bebdiOngbgiral i ty of
precedi ﬁ’@oi’tawgdﬁﬁ °é‘8 ﬁg (2 a j us?ﬁ%s pﬂeue of each of the

plurality of pr ecedl n dj usted data to a corresponding val ue of each of
t he plural |t gﬂ%g raw data; and generating the conparison result

according to V\/net her substantially all of the adjusted
random walk smoothing;

p—tle)

b}

moving average smoothing;

simple exponential smoothing;

linear exponential smoothing;

seasonal exponential smoothing; and

exponential weighted moving average smoothing,

t least one of the first
21 A computer readable program according to claim 16, wherein a
smoothing technique and the second smoothing technique comprises adJustmg the value of the

selected datum substantially in accordance with the equation:

=Rn—Sa-1)*M1+8:1

where S, is the adjusted value of the selected datum, Ry is the value of -the selectefl datum, Sp -1
is an adjusted value of a preceding datum, and M, is a selected smoothing coefficient.

22. A computet readable program according to claim 16, wherein:

the first smoothing technique comprises adjusting ! the value of, the selected datum
substantially in accordance with the equation:

Sp=Ra—=Sn-1)*M;+8n-1

12



values of the plurality of preceding adjusted data share a conmon
relationship with respect to the corresponding values of the plurality of
precedi ng raw data. 24. A conputer readable program according to claim 16,
wherein cal cul ating the predicted value of the selected p@g‘gﬁﬁri ses
cal cul at i nyQO2PPP’ according to a plurality of preceding Ae%d A
conput er readabl e program according to claim24, wherein the slope is

cal cul afde SUs tRdadiistictie o sefecd datasi, Rs inthe eatus of the kelegtehdatemhi que;  a
liner '%Qﬁﬁﬁggﬂgﬁl YAGOBE Sptecedit dAtim) and@ My 1is & fiest sélentetismanthing qorfficizat; and
conput er reddabl e program according to claim 16, wherein the second
threshol d  Gge k@SR GHSothiag decthifhcsmeiedeljusting terwalusdif tlu ssicted|dgiimaf ¢ he

sel ect e&bgﬁi@%gﬁg&g@eQ{tgdiegh@aionyal ue of the selected datumto a range.

27. A conp rea ' e programaccording to claim16, wherein the third
snoot hi ng tﬁ@@iﬂg;g‘_qpnmzi-;sgs_,adj usting the value of the sel ected datum
substantially ih accordance with the equation: Sn = (Sn.pred Sn) * M3 + Sn

wher e S«F&géré Nfﬁ? a36Hona kaectydmaotinhg defficieit candenhedaMa ig greatenibanyMis t he
va

predicte ue of the selected datum and M3 is a snoothing coefficient.
13 WO 02 0958Q8BEikE tedSib2 frbFh aBording to clapil 6, rwhesein abmpatingshe niwalix of di ng
to clai é?gée%%nt%ﬂﬁtis?édrhaﬂto|tl§’e9ﬁﬁraﬁf}'€bf‘pi-ecé¢iﬂgmcdatdcommgs:hi ng techni que and

snoot hi '

t he thi ng technique is configured to inprove the tracking of the
adj ust ed val ygn0kink B8 agjabies vaite cidattiof the plusaiteof precading adiusted @& & conput er
r eadabl &r&[sg&g{]&m&m hélfofitRe SluAlify dfpreceliiag eiwdate; dndast one of the second

snoot hi hg nigue and the third snoothing technique is configured to

enhance the hiv B coffnatifta réaltaccailing fo whethertsabstarsiatizgllof theciustad
accor di Oau{soﬁ%%&& ?ﬁff&b&hgr aajbgedaétafmmcm?eg mlatiomg}s’p wiﬂrres?pzl to t?e
automat | € . : aéind faRodatd. a ata. 31. A nethod o
snoot hi ?ﬂfmﬁﬁ%; orlrpri gl r?é: ht?%i‘ﬁre § :

24. A computer readable program according to claim 16, whe'rein calculath}g the predic.tcd
value of the selected datum comprises calculating a slope according to a plurality of preceding

data.

25. A computer readable program according to claim 24, wherein the slope is calculated
using at least one of:

a least squares fit through technique;
a line regression technique; or
an N-points centered technique.

i i in d threshold
26. A computer readable program according to claim 16, wherein the_'sgcon .
corresponds topa difference between the adjusted value of the selected datuin and the predicted

value of the selected datum to a range.

i i i ird smoothing
27. A computer readable program according to claim 16, wherein t1'1e th1r .
technique coml;rises adjusting the value of the selected datum substantially in accordance with

the equation:

S = (Snepred — Sp) * M3 +8n

where S is the #djﬁsted valus of the selected datum, Sn.p,e'd is the predicted value of the selected
datum, and Mj is a smoothing coefficient.
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initially adjusting an initial value of a selected datum according to a
first snoothing technique; and supplenentarily adjusting the val ue
according to a second snoothing technique if at least one of the initial
value and the initially adjusted value neets a threshol d. hod
REFroshultEl

accordi ng WO ®2%5 31, "further conprising adjusting at |e t he

initial value, the initially adjusted value, and the supplenentarily

adj ust &g val AlgoRbutbiRadlembadmdatoriingds claimil 6gvhereia a Iastons obdeReasgd

techni Windfechfiasd arfdtBe Mirdishidoihitigitecniqurlisiconfigneed tniimnpraive theduickisg of

val ue, (gl d§ﬂ&§ﬁ%€?&l@&é&&’a&ﬂwﬁa&wﬂaﬂw&h@ets a second threshol d. 33.

A met hod® S¢cor di ng to claim 32, wherein the second threshol d gg{er espgnds to

a dif fpr ence hetweenaidife fbglafititorditg totlaid 6] wherisimlat leabtiome of the steondi al | y
. A DULeI-1 2 : .

adj ust € \gglﬁcf:; T L% ﬂléﬁjbglisﬁﬁ%ﬂﬁrfgtbélﬁﬁ@ﬁliblﬁéﬁkuvﬁ toenhanoel the sproething ed

val ue osfn%e%ét east one of the initial value, the initially adjusted

val ue, Qjﬁ ¥ suppl enentarily adjusted value. 34. A nethod according to

claim fuyg [bid labi dcadding to @ladh 6 whereinthe tata cornpnizes hl Isgst i s

appr opr at@? %é%ﬂgb%i%iﬁigﬁ%ﬁgﬁm anfial®dthod according to claim 33,

wher ei PPt & ni-ng er snoothing is appropriate conprises at |east

one of g co . lofHifg +o a threshold; determning a nunber
S Cgﬁ?@%ég;&&a& ﬁlg'g%ﬂél?%nﬂta,\é&hﬂﬁsxﬁé{ 9

of dat n rmning a deviation of a plurality of data froma
val ue. 36. A BHDOREEOLRI {MulsfH ledid dufei Sicording wranfisi snwpotitieg her
snoot hi ng i.s E_L%? oprirate conprises: determning a difference between the
initial' : the selected datum and an adjusted value of a preceding
sel ected dat ””}}gﬂ ﬁ%ﬁ%{ﬁﬂwﬁmia@é&ﬂﬁ@%aw@dwm telchnighe VAt least
02/ 095508 PgFP A ERdAGRLRGRSH A Biflesh6lde| @i m 31, wherein at
Ieast_o‘i’f?‘?:f ?’ﬁ‘é iv?lg srrglot F?\%@%mi que and the second snoot hi ng
Lechn qﬁg CORRL RSP actbrdifPRlo1 RS 1 furthb QAR atingat ledshontnstthveinitial

A\

snoot hi X 1;13, the initially adjusted value, and the supplementarily adjusted value of the selected datum

according to a third smoothing technique if at least one of the initial value, the initially adjusted
value, and the supplementarily adjusted value meets a second threshold.

33. A method according to claim 32, wherein the second .t}.)resholc'i correspondsto a
difference between the at least one of the initial value, the initially adjusted vah'le_, .amd the
supplementarily adjusted value, and a predicted value of the at least one of the initial value, the

initially adjusted value, and the supplementarily adjusted value.

34. A method according to claim 31, further comprising initially determining whether
smoothing is appropriate for the selected datum. .

35. A method according to claim 33, wherein determining whether smoothing is appropriate
comprises at least one of: -

comparing the initial value to a threshold;
determining a number of data received; and
determining a deviation of a plurality of data from a value.

36. A method according to claim 33, wherein determining whether smoothing is appropriate
-comprises: . .

determining a difference between the initial value of the selected datum and an adjusted
value of a preceding selected datum; and

comparing the difference to a threshold.
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novi ng average snoot hing; sinple exponential snoothing; |inear

exponenti al snoothing; seasonal exponential snpothing; and exponenti al

wei ght ed novi ng average snoot hing. 38. A nmethod according to claim 31,

wherein the first snoothing technique conprises initially adjusting the

initial vaVQe2BP58he sel ected datum substantially in acco¥ﬁyﬁ R%h t he

equation: So=(Rn-Sn_1) * ML+So -1 where S" is the adjusted initial value

of thessel calagng@hnBidikito élaimtjl,ewg_éﬂeiﬂ aillia\fﬁimgfgﬁe; filsesnsartiog tsnidad um o

-1lis Il : I Git RaStonked datum an is a selecte
Al RS SmSgleis i pufy 8 BBl

snoot h t hod according to claim 38, wherein the

second snoot.y %ﬁﬁ rgue conprises supplenentarily adjusting the
initially agﬁmﬁlg?le VQP%J% of the selected datum substantially in accordance

wi th the equat. on; = gﬁ]gé n-1) * M2+Sn_ where M2 is a second sel ected
snoot hi ng c&%’ﬁ?ﬁlcqfaeug?fngan Wwhere M2 is greater than M. 40. A nethod

according to claiml, in.the data conprises at |east one of automatic
test equi pm’(fn&aé@{ag‘a\é@g&g% "financial data. 15

simple exponential smoothing;

linear exponential smoothing;
seasonal exponential smoothing; and
exponential weighted moving average smoothing.

38. A method according to claim 31, wherein the first smoo@ng t.echnique compr?ses '
initially adjusting the initial value of the selected datum substantially in accordance with the

equation:
Sn=(Rn"Sn—l)*Ml+Sn-l

where S, is the adjusted initial value of the selected datum, R, is the initi_al value of the sclecf:ed
datum, Sn -1 is an adjusted value of a preceding selected datum, and M is a selected smoothing

coefficient.

39. A method according to claim 38, wherein the second smoothing technique cgmpr@ses
supplementarily adjusting the initially adjusted value of the selected datum substantially in

accordance with the equation:
Sh=Rn—Sn-1)*Mz+8s1 .
where M; is a second selected smoothing coefficient, and where M, is greater than M,.

40. A method according to claim 1, wherein the data comprises at least one of automatic test
equipment test data and financial data.
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