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shows signs of further accelerating rather than decelerating. From a manufacturing

perspective, quality refers to producing parts that 1.) are close to or at engineering design
targets, and 2.) exhibit minimal variation. The realm of design engineering has also been

25 under continuous pressure to improve quality and reduce costs. Design engineering must
create nominal design targets and establish tolerance limits where it is possible for
manufacturing to produce parts that are 1.) on target and 2.) that fall within the design
tolerance limits. In-other-words, engineers are tasked not only with designing articles to
meet form, fit and function, but with designing them for producibility.

30 In any manufacturing or other process that depends on the laws of engineering and
physics to produce a useful result, there are five fundamental elements (see Figure1): 1) the
process that makes the product (A); 2) Inputs into the process (B); 3) Output from the

process (C); 4) Process control variables adjusted to influence the process output (D); and,
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third. Simple interactions, complex interactions and non-linearities complicate the
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situation further. Further, there are usually multiple mold cavities in a single mold. Finally,

25 there are numerous article characteristics (dimensional, performance, or other
requirements) that must be met. In light of the preceding, it is often extremely difficult to
establish the combination of factors from the large number of part design targets, part
tolerance limits, mold design characteristics and injection molding press settings that
produces acceptable articles.

30 Some progress has been made in this regard. Design of Experiments (DOE)
methodology greatly reduces the number of experiments that must be conducted to
understand the impact of a selected subset of control variables on the resulting output of a

process. Unfortunately, even after performing a designed experiment, there are still a large
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25 It has also been difficult for manufacturers (and their customers) to determine 1.)
what percentage of the dimensions should be monitored using SPC and 2.) which
dimensions should be measured if the full set of dimensions is not monitored. Usuaily,
most, if nét all, of the “critical” dimensions called out by the design engineer are measured
and analyzed using SPC technicques. However, economic constraints can result in fewer
30 than the desired number of dimensions being measured and analyzed. Guesswork is then
* frequently involved as to which dimensions to select for SPC or other analysis.
A second path to improving manufacturing quality is by reducing the natural

variation in the manufactured articles. The accuracy of maintaining the process control
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processes. In one embodiment, the present invention relates to decision-making and logic
25 structures, implemented in a computer software application, facilitating all phases of the
design, development, tooling, pre-production, qualification, certification, and production
process of any part or other article that is produced to specification. In one embodiment,
the present invention provides knowledge of how the multiple characteristics of a given
process output are related to each other, to specification limits and to pre-process inputs.
30 This knowledge facilitates a reduction in measurement, analysis and reporting costs both
prior to and during production. It also determines the changes needed to pre-process inputs
in order to achieve production at design targets. It provides a prioritized order for relaxing

design tolerances. It assesses the feasibility of producing parts that meet specification
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25 embodiments of the present invention.
In one embodiment, the present invention provides methods, apparatuses and
systems that facilitate understanding and analysis of how the relationship between
predicted article characteristics and one or more predictor article characteristics reflects the
ability of a process to achieve a desired objective (e.g., the production of parts at target
30 specification and/or within specification tolerances). In one embodiment, the present
invention provides a process analysis system that generates a set of graphs and/or tables

(such as Constraint Tables, Offset Tables and Relaxation Tables) that enable the user to

understand and analyze the relationship among article characteristics to make powerful and
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predi ct or chakchdeGitRre 1@ﬁ@6§bﬁﬂ@ﬂ’olp$$dlﬁé 8ofectd, e useratiiycletide ayklag biecifioatianct er i sti c
can be ignored, for, exa durin t-processing tasks such as part
measur emefLETHKES é‘i‘fg{? CE@%%U@F%W Ut atr’?ivoﬁtcgnsuaﬁ’éfri’ chﬁflf‘@ﬁs QYual i fication,
certifi ca&dd@dibrﬁﬂd ﬁé@ﬁﬂéﬂfeteﬁ@rtﬁﬂetdh\ﬂatﬁeﬁ&m ﬂ_ft%uﬁlj’(@»&ﬁ[ﬁ spledfiﬁeiﬁioh))ﬂar alhl so
facilitates %p?a?% é Pf th act of oﬁ{ l e charlact eristics

t hat coRsPIss: Eleagt g eélgFéPleﬁél TS ﬁf OLFYGTI e

char act er ¢ifbdcedSiic(sf\ShediréBtted aicle BhaiRiterisdieai be 1gllnﬁ&cmr ekieplgdasant
invention allows a user ‘%ﬁ consider the inpact of a co Sttbal ning predicted

article CREFREIETSIST @S RGPS UEICELHS AV FE 25SeHATE PBduci bility of
the arti Ch@hﬁeaimﬁadda&ﬁtaaaﬁ ctﬂﬂlflaatﬁm\éﬁ@pﬂﬁﬁttﬂﬁ Bpaeed Mhapieadht 1rﬁzﬁﬁt1cﬂl| so al |l ows

for an asse(afgglfnt of alt he el t abi kf ¥ 01::1 a en process to generate output
t hat meet &s ifg#es analysis of the impact of predicte article characheriStics that constraih
25 allowable range for the predictor article characteristic(s). As discussed in more detail
below, the present invention allows a user to consider the impact of a constraining
predicted article characteristic, and degree of constraint, on the producibility of the article
as called out in a given design specification, and also allows for an assessment of the
suitability of a given process to generate output that meets design
30 specifications/requirements. As discussed in more detail below, embodiments of the present
invention are operative to generate graphs, tables and charts, such as Scatter Charts,

Constraint Tables, Offset Tables and Relaxation Tables, that support the analytical and

decision-making tasks associated with manufacturing and other processes.
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30 specifications/requirenents. As discussed in nore detail bel ow,

enbodi nents of the present invention are operative to generate graphs,

t abl es armoobame1334 such as Scatter Charts, Constraint TalPCegiSoshieet

Tabl es and Rel axati on Tabl es, that support the analytical and

deci si on- maki ng tasks associated with manufacturing and other processes. 6
WD 03/ 067344 PCT/ US03/ 032%855%51T5%%M1@8§W NGS Figure 1 is a
process flow di agram generally applicable to manufacturing and ot her
processes. 5 Figgterlds 2prosesaflpy dogws dehowlytipalicahin o magseEEpHidrttSncept
associated wth application of prior art process control techniques to
manuf act WYY processes. Figure 3 is a process flow diagramillustrating a
concept sassocFgied ink proceds @oprdimemt ilujtrarisgricorrepsasaqeiAtebith epp¥isffiftact uri ng
processes. Figure 4 is catter L1 h a regression nodel

bet ween tq;\BmaI%f‘_iR:tPcé"SS Tﬁ‘%gﬁtﬁ?ahané % i&)rs}?11 %nélga.%ﬁﬁ%néﬁg%cfeg&%s a scatter chart

nodel i ng t he @fghectis apakenfowidngpmoilesmtigncoulepsassaciaigbwiththe PB#eHr ocess
output. Figure 6 is.a scatter chart illustrating the effect of changing
process il %BF%I.‘aSaPP]éed]r%mf‘mrl@c%r%%gliofees?esbhart ilTustrating the conbined
effect of chamgurg: paeeesschatsermgiordi a wetessiongsodehbetpregreasriiiput s. Fi gure
8 is a scatter chart including prediction intervals associated with a

regr esst™ AIGRTICS Fi gure 9 provides a graphical user interface facilitating
the input of @iduies i€ a sehar detenodlingthd affat asedgt m proneseeonizolsewinghhagn
enbodi mrent of the present invention. 20 Figure 10 is a scatter chart

i 11 ustratfRPESSWH% 1inear regression nodel for two article

characteri sti Ggurds gukertkd cliast iudirniog iterétct bf dekgidg prpeesritputsust rat i ng an
enbodi mrent of _a conputer ardwar e .system sui | g A ! i onnection
with the pr eséjl’ﬁ““’rméﬁ‘f?’i“@ﬁ&aﬁ W@tlﬁalles?mﬁ%lgg% eé:%%f(:cﬁganrg?ﬁgiearwggstcr ating the
concept%@ﬁ&@p&e@hﬁgaﬂdﬁrbceﬁgﬁggﬁﬂaodi Iment 25 of the present invention. Figure
13 is a scatter chart inc I ng .a.linear .regression. n I.GLion
intervals, a Fﬂ%\r"gg’ts aiSTACESF SRact IRng REUTHRR AN STSS%Q%%QCE%%%?#%%&?%&%n
limts. Rpgale 14 is a scatter chart illustrating the determ nation of the

al fowabl e ope rF?éulren gprovides a graphical user interface facilitating the input of article

characteristic data used in connection with an embodiment of the present invention.
20 Figure 10 is a scatter chart illustrating a simple linear regression model for two

article characteristics.
Figure 11 is a functional block diagram illustrating an embodiment of a computer
hardware system suitable for use in connection with the present invention.

Figure 12 is a scatter chart illustrating the concepts associated with an embodiment

25 of the present invention.

Figure 13 is a scatter chart including a linear regression model, prediction intervals, a

target intersection, and upper and lower specification limits.

Figure 14 is a scatter chart illustrating the determination of the allowable operating

range and the operating target value for a predictor characteristic.

30 Figure 15 illustrates a system architecture according to an embodiment of the

present invention.
Figure 16 is a flow chart providing a method according to an embodiment of the

present invention.



range and the operating target value for a predictor characteristic. 30
Figure 15 illustrates a systemarchitecture according to an enbodi nent of
the preswotosioemsenti on. Figure 16 is a flow chart providi r¢gTaSI®0I264d
according to an enbodi nent of the present invention. 7 WO 03/ 067344

PCT/ US03/ 03268igkiegpisa flb% chart dhstraningzhaethod dsseniatechwvith disalaying hsgrag8oei at ed

wi th displaying a regressi on, nodel and associated analysis elenents to a
user. Fi &Pﬁ%la{‘gaﬁgmé fR Sbsﬁgﬂengsef)ﬁl?%’ forth a nethod allowing for

sel ection of gigpreadisGtidtw chaftaemiag &rihst merhodballemgug fer selctisn of agpeidiEs heet

tabl e incgudi gr? a set of article characteristic values as to a plurality
of arti cl@8HE ¥t eri stics, correlation coefficients and a val ue indicating
the predicti ygueapaishidadsheét tatse mchudtrigalser of baickohentstists vaBegant@a20 is a

flow chart providi, a nmet hod all owi ng for. popu i relation
coeffici é’ul’iflmlt“%{l9iE @.t&géhﬁﬁ?cé‘?ﬂsgcsz ‘iorfegaté?n%f’%faf%lﬁ%l?rfd ﬁa?uﬁg?@gﬁt?’ﬁg&; met hod

assoCi at glediriva cABilif oftehd ptids éntactdriient i on according to one enbodi ment.
Figure 22 illustrates Constraint Table according t n ' of the
present inveﬁtgubq"@()lﬁ@‘t}’r’éhai%l”io?a’é‘g?l ? vangzg%%oo}?%aﬁ%n 0 g%gﬁig odi nent
of the prgsgRtndcimention, 15 setting forth a method directed to the
generation of a Constraint Table. Figur 4 is a,chart i}lust ing the
regr essifon modidurs s afloyf ehirid Wragﬁégﬁlf&@aia?f’flﬁted%% kS Bértkel?j?rg%eg%

char act erifshii6n hdd6idusdi thend Abddetkidar y val ues associated with the regression
nodel . Figures 25A thru 25G are ch illustrating the regtessi nodel s
bet ween a 20 ﬁf@m@t%wt@%ag@?w%ﬁ%f%ﬁ&“ 18 Futh eél?oeogm&er%‘r)%é%érr%%%?i c and

i I'Iustratgyh@ibhous circunstances where a defect condition can exist.
Figures 26A and 26B are charts iI%ustrati nﬂ‘ﬁihe ‘rg;te&rgessi on nodel s between a
predi ctor charfigees3ist Hew spit ACGoFHRE 1o CBRAF GRS PSR RHE THPUst rat e

vari Ouslscgeftﬁ‘%q‘&rtﬁﬁlﬁlgﬁodm&ft&i%tﬂﬁeg}h@ﬁﬁ@ﬁQfdt@dﬂl@ﬂi‘ﬁﬁﬁ'&fdﬂéti c is robust within
t he upper and | ower specification Jimts, 25

char act eri st i &igurs ¥tie ashartilugtrcipe Sharegressiquag 0% ?Sﬁ?g‘{cgogltcﬁ%g&?fsgcr egr essi on
model s f OJnd‘é%ﬁ:é:cQ&@d characteristic including the boundary values associated with the regression
model.

Figures 25A thru 25G are charts illustrating the regression models between a

20 predictor characteristic and a predicted characteristic and illustrate various circumstances
where a defect condition can exist.

Figures 26A and 26B are charts illustrating the regression models between a
predictor characteristic and a predicted characteristic and illustrate various circumstances
where the predicted characteristic is robust within the upper and lower specification limits

25 of the predicted characteristic.

Figures 27A thru 27F are charts illustrating the regression models for various
circumstances where either the upper, the lower, or both prediction boundaries constrain
the minimum and/or maximum allowable predictor characteristic value in order to produce
parts that are within specification limits.

30 Figure 284 is a flow chart setting forth a method directed to the generation of an
Offset Table according to one embodiment of the present invention.

Figure 288 is an Offset Table according to one embodiment of the present invention.



ci rcunst ances where either the upper, the lower, or both prediction
boundaries constrain the m nimum and/ or maxi mrum al | owabl e predictor

char act erwetso6e™ad ue in order to produce parts that are WCThiSn3/03264
specification limts. 30 Figure 28Ais a flow chart setting forth a nethod
directed to thEgger8ist floncleft iHwstradhg shetovial pecess esoditad with gameatemoddi ment
of the pr i i Flqu 1S a fset .Table according to one
enbodi mantg ig?&%tﬁdéw%rmeesag%gdjlﬁ%\E/l)egnnt%ieéﬁgd%%wég%%sﬁﬁlﬂvﬁeﬁuso3/ 03264 Figure
29 is a flow chigne 3Dld aRdwatipmfallhgnemeddlylonpenbekneastdeipasat W t h
generatiop of. a Rel axation Table according to one embodi ment of the
present invention. Figure 30 is a Rel axation Tabl e generated by one

enbodi neft of Figeregt sadiow chamilbwtrauny a hethbdydireetedto kise drtehmatiohetew

il lustrating. t irected to the determ natiop,of new . specification
limts r ek ]th?%tg&'fﬂrh%?ﬁ r?’ uégrrlget‘reoa%( S raAagpn 8ﬁc§le8F g%tbtoﬁth(?ﬁovi’eﬁén‘il and upper
speci f i caspeotficktianilinsitsoff a pregicedl ditvacketibtar ad] @hicgtétlyaihd asseans@ Mty , t he

associ at e i .B}i'[fﬂ nd{. qQr xi mum predi ctor characteristic values required
to pr oducgm{&ljr}bs W ?%r%dlé%gﬁo%‘%aﬁeggﬁ%ﬁlef ’feﬁF]f%d.ctofﬁo ORFESVISZA  32B, 32C and
32D are chzcifisatidndimigy aphically illustrate the increase in Pmax and the
decrease.in Pm.n th f rel,axi t he, upper. and | ower .

speci fi g%t i onn%lgli] i ?ZtsA’ F (f;Brg’ Q%é E?%%ﬁcaf%@aﬁtﬁgl%égﬁagﬁcg& lg?smiﬂf FBSTegAD 338, 33C
and 33D aPeaxalths dededse griagh tleatdsylc rbinuelbhtiag thetupperc@iMveaBgeificaica, the

regressio rea, the bpunded regression area, and a conparison of the
conpli ancie}mﬂi%r% faegh ted)#‘ﬁgcﬁgffhcged regression area. DESCRI PTI ON OF

PREFERRED ENVBOBEIMENSBAS)3B, 13C BackDneuharcathe: &psitiallyiithsRadenkd hpdiade

Principl es arglg Concedots 2% ﬁgelﬁgr esent. invention uti]izes several

gr aphi cal e AT EEF PR T n e hRTHE R SEiPD atee ARthR cRIeRrigP chegmpliangsal yzi ng

t he rel ai wonshhpbheidsbegreasion 4k characteristics to achieve a novel design

and manufacturing process anal ysis system Anong these are scatter
di agrans, correlation coefficients, coefficients of determnation, |inear,

non-linear and mul ti - DESCREBONEYF BSSFERREIPFRGODIMENTI(S) er val s, adj ust ed

prediction intervals, pr ec}i gt L on uii%ﬁ 25 regression, prediction using

prediction intervals, DOE, BYBS TIPSR BGPYSer ages. Figure 3 is a

process dAapmaipled dndsiohadpgelg how an aspect of the present invention differs

from 20 The present invention utilizes several graphical, statistical and mathematical
techniques directed to analyzing the relationship between article characteristics to achieve
a novel design and manufacturing process analysis system. Among these are scatter
diagrams, correlation coefficients, coefficients of determination, linear, non-linear and multi-
variate regression, prediction intervals, adjusted prediction intervals, prediction using

25 regression, prediction using prediction intervals, DOE, averages and weighted averages.
Figure 3 is a process diagram illustrating how an aspect of the present invention differs from
prior art techniques. In a wide variety of manufacturing processes, and injection molding in
particular, there is often a strong relationship between article characteristics resulting from
a given process. The present invention assesses the statistical strength of these

30 relationships and, when they are sufficiently strong, capitalizes on their existence to

facilitate a variety of design, production and measurement tasks associated with

manufacturing processes.



prior art techniques. In a wide variety of manufacturing processes, and
injection nolding in particular, there is often a strong rel ationship

bet ween awDiodler3eharacteristics resulting from a given pPOTAs83/03Ehe
present invention assesses the statistical strength of these 30

rel ati onshi ps Iamsiersshreimg thediffareaceshefweepithaprioy agtekonp)ified ipFigwei2#284 on t hei r
exi stence,to facilitate a vari.ety of, . i t.4 ; r ement

t asks as<OEPEBHINFITOD CRERR) f’fgtulljfr:%ﬁég% 36?%%3?5‘3&@&34%%%&3%7 g‘?ﬁ@&u

PCT/ US03/18326 3 islthe iehdiensiiptiei exgsts berweer the pen clerdséqristien e e figldiobr art

exenmplified in Figure 2.and . the i OV j Lt ibh Figure 3,
it shoul dnlﬁ‘étl%d?%%m&ﬁ%‘? Ffénﬁo?ﬁt%ggﬁ ?%%%tgbgl}ﬁgﬁeg&og ggﬁsch]yﬁggrrﬂgl ationship
that exisdifferb@ipareiméfspnpan theghaeadtentist, idpsdifférenttpar chinabtgrigics ate@Pect i on

nmol di ng, the different outpu #1, #2, etc.) Lk Fi typically
refer to Bniggtp QP%‘WPIOB%BW %P@?’F%P%R%“ aqtrﬁb]%tﬁeﬂlp%?%gg}ﬁ’? H\{ %%/fgrﬁ%tﬁﬁ%‘%\[,d t he

di f f er ent chaneterioR hag ieftsihélade the eanmatimehsioni aeds diferdhrmnsiporisceding coul d be

any part attribute. In addition, the different part characteristics may in
fact incl eﬁyﬁléog%ﬁ‘?ﬁﬂ’d‘?at’fﬁgiogﬂ across different parts produced in a

single cycl e dfiguie MtaphicABMiliisyratasliet reliiguship bergeeapivo eaddachatatggsticat es t he
rel ati onship befween two, article characteristics a . on a
scat t er 1LASSET R O §FEr HagTPn- GBS quindilfl%att%sit R? ﬁgau‘r%g%héé ?Jot{v]vg%nl p

bet ween ﬁ%ﬂaa@@k' k Sh@dcrahat acd predistedchanderptie dAcdischsedddrlnet, dridgtapointAs

di scussed

el ow, the data point used t.0 generate the regr I nodel are
typi cal | yus§eHSAEIaH th%]ieﬁffsg?n g f‘re%cah?’ %?Q%Faz%‘f“sm 5§ geﬁ%ﬁg’c’ﬁeﬁ%heg‘gs. The
first net peonshelks of generating parts with no changes nmade to the

process 5 settings. This generally corresponds.to a nor roduction
run. Al proc @Q?@%géfﬁéh‘g&ﬁflﬁﬁo &"'Be%%?g Ei‘f'iséi‘ﬁ&’lrﬁ’c@%l?ﬁe? Bllagevt;g? i?%%lo%eg%j
environ ﬁ?&rtl?i‘lligsp@lﬁlﬁl bdreRM$ cof@pbndiea hedal prddattivamyn. dtlhmocesfeaatesnisiect These

i nfluences on the proc ss,a%fuse hat ur a Vrﬁéti ation ingd t he rocess output.
The pr ocESETIgHANGR EORFDNIHARS EFHERFFS COREI e HEE P "G DY o6Hem wi t h
this net hggdrsThhahmiubhes B 06 pastefcanteasurLn@ntion i the wces pupuihéthepr ocess
in that the measurenent _pro%eas as 20 i(t:ls own gourc.elh%fi v%&fa -H%@S whi ch
resul t i nDTRsess OV@HERTM B BEchofl fs thepmeasyred o Pug RPITI Wi, IS Betpe s B85 i 1y ¢ he
part char ?rfétp%cjeétoif ERadufenSeiBlsllike ehypdthat@rdcessie dau tiematurenemaiprockisdns t he
measur enent “error W | | _o,ver\/\%egmt e natural vari altfi on, Ig t hi s_instance,
it is AP itkewysepeaof vaTiRioRs WRICE FsHlk i §eASHIG RS Lokt [ s Rt 84 ™  oul d be
est abl i shgdibgh ﬁﬁ:ﬁ@p&rh@ha@ﬁ:"t@ﬂsﬂ@ﬁ@éﬁﬂl RIatisd doGSeasidbméritjeqot, itleen theol di ng

rocesses typically have relatively small natural vyariatiaons.as
P meZsFI)Jrement grror will 0V€I.'W%C].m t e)rlxatug? variation. nati-us Instance, it 1s urﬂﬁ(ely that

any statistically significant correlations could be established between the part
characteristics.

25 Injection molding processes typically have relatively small natural variations as
compared to typical measurement error. Consequently, the first method of generating
injection molded parts for evaluation of relationships can be unproductive. Consequently,
the second method for generating parts is more applicable for injection molded parts.
However, other processes may exhibit sufficient natural variation in order to use the above-

30 identified method.

According to a second method, variation in part characteristics is induced. In the

case of injection molding, variation is induced by deliberately changing process control

10



conpared to typical measurenent error. Consequently, the first nmethod of
generating injection nolded parts for evaluation of relationships can be
unproductwoeesogsmsequent |y, the second nethod for genera®Cmgispaod64is nore
applicable for injection nolded parts. However, other processes nay

exhi bi t seétfings. émthistatnnes therariatian ip pait phayaaenistic saluesdesduess ddgarelatiggro
identifie C i rt
character gjsfr{& %%8%5 Efl%(rc;lrd(a(’?%J ﬂg?ﬁs Eo%hé%%grggh%ﬁﬁ%}%%esaﬁ?e% b@&dnf?é(}\phﬁ'reﬂrsa“ ation is
i nduced by del Abpresibedlymetramed, M§PHis @mgi@dc;hmtassmts m@edﬁ@n@ah@ﬁmmea ly

PCT/ US03/ 03264

character ?ag e|I<l:UH\l/a% éﬂeeXg rél%%lrtr%ga}(ﬁa?é%rarggjﬁa?%ggmfg% Mlnea%%érﬂn&t%er ror.

Correl ats omsi,ltmm Sﬂm: vemtmmnushhd: mﬂh@yl nebhe@r,],d of tm@qtlmemo]n’tmga@lplanemhw As

previ ousl ment.i i i

unmanage a usm Qg eesrto 0?81g6X e?%leng rn%%r?\t d%tsg %fl tﬂlséneegﬁjo% hggfalll?%g.rnageabl e
few exper qu[ﬁt‘}ftlathzﬁ tlmnen:de tononecialy méab]fmmltamapph@smomehatmﬂmreedy| nthe field

t d
an et oi VBRI sE rt rish eG T R A B R hat
there ar eumgﬁaEcisaﬂldtyasmmfbladmltmnm;rbuberaceqd;ﬁomamtaxpmmmdtrumﬂm ciently

anal yze the data.and report r es he anal
benef i ci 3PUBBP 42T posﬂ?f ﬁ%ldﬁﬁ]:i%]' %I?m? A POSET T On ttm '}%{ TSRT Bg be
extract ed ufsd?cb;ms@mflembraffa@ Iﬂh@jarﬁ‘dhﬂracﬂeflstifﬁ ob&sﬂltmgkbulput The 1n£ornmuai I y

possi bl e t tif st _one_praoc ontrol setti ha N, be used
to signi f| @f %%E%‘astuﬁ typﬁﬂ'i“&ﬁﬁ?%? ‘?g?t P EEOST CP%%{}%?’}UH%EO i The

i nformat i QIﬁleaﬁHTcH:ingedl the intBEEratidgpasttiohiof shegartichareaeridnie velsiehldng tbajj ust a
process control setti n%ﬁtﬂo aéglleve a desired change in the joint operating
posi ti on OFErEHEn FA! 30tePTSYi ¢ values along the regression nodel, as

expl ai ned bel 0Therd & akb@hé adwntigs exiodetigdvaniagde ah experithdtiahgn Yiatisatdcon in an
experi nent connect ed measur e

al . hot an | enc
A550CH at eﬁowefwga@ﬂwy SR eyl B o aBls SR IFRREES ot ¢ ne
present i m¢entchOfct thit thogressibRREdtRAL in ohel@fbddimes, itlhrifips ke psReseattrdl

settings that have th reatest i t | uence on .t he

char actg'.J eri® %tflPS%t% %ﬁé( %F%E‘?éﬁét IMPAGH frl%ﬂ)‘FP(}’?ﬁﬁnlé Ry C&‘élia&tmftﬂfspgﬁetpre%ﬂt t he
exper i encenwhtiéh@ay dld;o&@lfyl if @aﬂﬁ’ﬂindh@@cplaﬁ@fzé omer@dcamsmamu@wesaspmuom ed

manuf actur|$ and proc annel to s glg n’gact 1control
set ti ngs APt SEATHFYTBR" ?ﬁS‘t‘ &’focle??ﬂeﬁf’ ﬁﬁ)‘?‘f‘ﬁe SHARACH SER O par adi gm
i's to m nisgaia s Iﬁéh@ﬁﬁleb‘é nbd e 1rplhﬁ§§orﬁlﬁblﬂing%e udvl @dtligra firo nﬁﬂﬁﬁuz&r esent

i nventi on

ee g maxi n ze &hEII‘ i npact qﬂgﬁeﬁfs of ll’]%till ng part
vari ati on PHI8s liﬁi’r fRESSSRAINGS R confrgsty QFeS%FH? t SHRMASHE
i nduci ng \iﬁgéc'@tdr@ﬂrpots&%f ﬁﬂﬁé@gllbart wrienbn Kéﬂfxﬁ&@k@a@@f& Inh&hervmsﬁb forCtBeElt r ol

setti ngs. st COI’]t settings frq{ tr})ll’ UCtI on pers, eCtI ve
become t h&@Wapssphingusingvayiation, t epresent Inverition seeks out orst” control setti

25 The “worst” control settings from a production perspective become the “best” control

settings from the perspective of inducing variation.

As previously noted, there are a large number, typically 22 or more, process control
settings in the field of injection molding. The present invention, in one embodiment,
incorporates “scientific” or “decoupled molding” principles to identify the high impact press

30 controls. As with DOE, it is not necessary to use “scientific”/"decoupled molding”
principles, but it potentially provides additional identification advantages. Thus, when
several, typically 3-5, of the highest impact control settings are changed in the experimental

run, the greatest amount of variation will be introduced into the part characteristics. This

1



settings fromthe perspective of inducing variation. As previously noted,
there are a |large number, typically 22 or nore, process control settings
in the fiwbd30673enj ecti on nol di ng. The present i n?/egtl olna_Pcmusnﬁpszq I :
enbodi ment, . incorporates "scientific" or "decoupled nolding" principles to
i dentify tHEAGPIHLPRBEEO tipes Shalrsicwiihe sltansipgongt the jpgEppearatingpositen
necessar y dldg URegSRIAE! T dcAAGOURIE. Dbl the daBNIAGL AbgBrpeUt 1T

otentially provides additional ideftification advantages.
gever al , t5E5¢sgian lipe. dt &5 impereans &0 ¢rrashermbustvigticet togidd, ol tuseitroigs are changed

in the expghéBBALRHel fhiieditdls, Oreatest anount of variation will be
introduced%l&nsto t he par echar acteristics. This 11 WO 03/ 067344

PCT/ US03F 03264 Fipaldy, diejuspof PPFE tegnigpes Pmideypbis'tionﬂﬁefotﬁamn. VibedificaBy, al'lle_ e
transl ati Wy I SLEl e qLegressign |ine.
second ma?/lgei (gg)tg:%%cs:ﬂclg lit}gﬁﬁggﬁct%ﬁéﬂgg%gﬁgyr%&aavgstr}gr E%ﬂhuél derrsg‘iélr e8ioN line. It
i s i mpor t ApPrecssegoatobvasiablobilist wetatlmnget affedr pairtatharacteristiasiand paentpipst

regr essi O'Bomgi&Ecgrﬁfcil%rﬁgiegﬁt&gctugth':éagféﬁagr the use of DCE techniques

provi des additiona ormation. Specrtically, the wuse of DOE techniques

to i nduce par t Avprevigushodisfugsedhiets diffitudus eéuabhém?mﬂeibﬁs&mbhﬁwgenm:lje&tmt_ t heand
rocess - i ect par aracteristics

or ocess 5ol At abhes ok JELE.oDANAS. sLISEL, 3L ghaEscter <L

pr evi ous| ypugbg®hewer] viriables, thi foréntially latge nemberaif psdn chﬁ&ttérﬁtm% piﬁipwfn P ggt \greg In

i nj ection; [ . I .an t r eristics for sev

relasons i ncl u%@g’%ﬁgl#%é%%% uﬁ%%rﬂgfmge%%?dr)%ﬁlévegt?&%g@%%?f @ Hot enti al | y

| ar ge nunbelitiesfol Py inveshian soharevet thosgh théraplag be inahyepracdss esisrol LEEPEEX

interacti : = 1i I.5 ] n t her, effects.. One of the great
utiliti es&%? mtﬂﬁ%eia:}wj\%gﬁ%éﬁgﬁ%ﬁt%g?h Oé%%%%?%ﬁ%’ﬁnﬂf%g?eénﬁﬁﬁ}e }Baégmany process
control 1¥elaratiristic int 4veety ¢onfploenorencipagds ictirsactighlesiivea praldablegerchanges

may influ t haracteristic in a very conplex manner,
Ry |11 G 06 R SOTCA LS, L0 B corp e nner
bet ween t Hmrgstesistict rcorliagly et disdusdet tn o datail belast the @ﬁtqfrﬁm@l bd:iﬂeﬁlgadabi icl et
char act er st di nal as di.scussed in nore detai ow, tclge systens
and neth oglé%tp(&)%emﬁﬁgegggﬂéég)rﬁ dasien SO a&ﬁ PRGSO GIPER0SE R &8 (ﬁ?v\gﬁﬂs Rocess
oper at or spredictozclyaraeterisuie iverderes defermine whetibcdng or mbﬁi;@edi@cgd &Ial:aﬁétdlri_@tiébr de { ht 0
determ ne_or re. predict.ed characteristics conplies w
desi gn gﬁ‘éc | ﬁ i ggfgt}lgﬁ%gn )i ﬁ&gﬁ%}ogf‘ gﬂ ?&#lﬂ%n’ @ngﬁ’ ehes %ﬂfi‘“ﬁg?‘#&g theg¥esee present
i nvent i oninz¢ritiowalles dgyigremgineee sl lﬁn&smpam@as t®fpelistinahs pileBickedC UtS on t hle
predi ct ed riestic in efforts to adjust process oufput to conply
with desi Cghr;il &12' %(%%lﬁﬁs 1|%ce}1§1f ]ftts)'fglos%dJusﬁ'WQ §&° aHg"dP ﬁémplﬁd'gﬁ’dfeé’éﬁ PsRICRtigPEc ome
appar ent Thomuidehdedentqts oiil lpravd gparehefr@ithe descriprion provided below.
The regression model of Figure 4 assumes a straight-line relationship between the
25 two variables with all data points being on the straight line; however, a perfectly linear

model is seldom achieved because perfect correlation is rare in the real world. Figure 10

illustrates the scatter of data points on a scatter diagram. Although the data points exhibit

scatter, they also indicate a strong trend or relationship. In other words, by knowing the

value of one of the two variables, it is possible to predict the other variable with a relatively

30 high degree of accuracy. As applied to the present invention, knowledge of the value of the
predictor characteristic can yield reasonably accurate knowledge of the value of the

predicted article characteristic. In practice, scatter among the data points is caused bya

number of factors. These include variations caused by common cause noise, common cause
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The regression nodel of Figure 4 assunes a straight-line relationship
between the 25 two variables with all data points being on the straight
l'ine; howvoesism4perfectly linear nodel is sel dom achi evedThsSexwzes per f ect
correlatigon is rare in the real world. Figure 10 illustrates the scatter
of data p8pefearioss incosalvaeirblel, eayrmaen canke wavativs ihde gegcasspmputs mdexhi bi t

scatter.  EiffoflRl L adkRYL R mbiBfal Rt Rl iShAILQADLR, |1 ot her words,

by knowi ng t he one two’ var | a possi ble to
predict t h@r%ﬂtﬁ@ﬁma/ﬂguaﬂoedsmlﬂmtrates W@parmettyrssbathr@hpldd@neei wofdeficcur acy. As

applied tg,.d; P@-es@foﬁm&[ gﬂys%m'e' tBQ%?%}%g%eer gss% h%\e\?n&/%eﬁpge%%tgp e predictor

characteri| st can yle reasona ccur edge ’val ue of the
pr edi ct efiheweves beerprarmetrscishbd wsed.| Thmdoodlmet; showatin Erguseri‘o alyo tlhetratat a

oints is, r riations :caused
by conmon® £aE Bl modi i pr e BRHbTATAR g A U AP35
f1 uct uat | bresr medd oA npwiliness rigatskios modd neroinascams s -variate atddelnan klso bhsedr ocess
i nput's anﬁ1 ﬁﬂﬁﬁ'wﬁﬁ‘ﬂﬁ%&&&@%&ﬁ% in the nmeasurenent systemused to

e chara

nmeasure t part eris Figure 10 also illustrates two
par anet ers thalfimatéﬂhypht@atﬁeylddlslemoﬁ@pdleindrh@mrq;h@mtmgﬁmmmo thedel . These

are the tercept;.5 h ver, other
par anet é?geggg%%eg%%e@%%%%%h Eengreg t(l)c\’/\l}nm'i: r&‘ffﬁe%is(fh%fegsgb FiUst r at es
a linear ofegtmssfdaprods)asd the xpaxmdty -axiswhaheronstichwhaettural wriggdn | i m t ed
to the us e 0 i ne essi such as a
nul ti-var i?na eagura}nleﬁ e%orgrg deeé\ulrsglé0 hemﬁo g% ﬁ‘hgghf’ S%H&Fflﬁestﬁéhed?lg%gé%t

i nvent i onareFéligninased smlcd: usy slmv\e&p dshike aalohided o @iﬁeaulb]&emq;amdl'h@wer prediction
interval s, SSi 0 area bounded redi ction

i nterval s° e%%xgtgeesk % % FRAE blggl §$ by agBaneBE}?rb%tPr%Cfesstc}‘?B%B 3E#LS, as to the
X-axi s amimpleaxue&cndsmrmtp&xlﬁtteraccloMMh ]Ifta:ﬁﬂtﬁal ewarl atl on and neasurenent
error are mclwmot b e d@lb VH{% (§X|t es of the process
are "elim nat ed” S’ Rce ‘feﬁ%w EHO]\IRI mﬁgnettl%o %E”‘éﬁ S5eyEniPEBAOB) e out put .
The conpl exilitdcieg dtshmltanémrlhhtﬂuﬁnglpioedssesl Fed dXdlﬁpl[e]EgtﬁE o RRRilli 6ihed, process
control varia ractions i,nterac

non- | i neaf |({C|08Lsamsarﬁpre§&ﬂ§fﬂ§7§| Qtrhei‘nt?)rﬁ988gget8’ﬁ? 55'? ﬁlgr’ttﬁfggté‘?ﬁﬁ'ﬁ‘?é’ifedﬁ%‘m des a

vari ety Oéhatlseﬁhsnhc andfthe piﬁﬂjcmd chiracttidticat ddagoslefzh@rirgen chrerdubagtoHdeng
ure. 4, s wel |, as ot.hers, also contains a

processes, r exa&rgri € ’éfg ;
r epr eseft & |oﬁm8fl gsqfyly ]gléaé’to%?l B\ BB AT R PE PP GE S For ¢ he

pr edi ct orillusthaesabirelor stumomﬁldstﬁ:ehedbyBgmemadls@ﬂﬂp@s’sﬁﬂﬁblu&tﬂsect thxgakd on of the
target int rsectlon 20 a ?rea anount of useful information to

desi gn engl eﬁsegi"%mé?rfﬂ tb?%‘@é’%@ FPEPAT QL) sehngsare ohpngsls r at es that, for
situation il ot didheit paypdsesthealedkriptibn bfSpréfema@isiHotindnes prﬁﬁ;ﬁﬂﬁ@&hﬂst he target

I ntersect Ellp% cal@n TR eef\r[bogln\{\el:ntt QF thP lroroe(s:eei\l% ?nv(e:r(gt?gnrtg llnjesc%tog mo nga e shanged.
processes. Lhe
25 present invention, however, has application to a variety of manufacturing processes, such as
plating, semiconductor manufacturing, machining, and any other process where material is
added, subtracte!d, or otherwise changed in form or structure. In addition, the present
invention can be.apph'ed to aid the design of a manufactured article, the development of a
process to manufacture the article, and/or the reduction of measurement costs. Moreover,
30 the present application has application to a variety of articles, including stand-alone articles
or items, as well as articles intended as components, elements or parts of a combination,
Accordingly, the description of the preferred embodiments set forth herein refers to
“articles” and “parts” interchangeably.

13



For didactic purposes, the description of preferred embodiments primarily
details application of an enmbodi ment of the present invention to injection
nol di ng pvowasems4 The 25 present invention, however, hagcapsbs/ersson to a
variety of manufacturing processes, such as plating, sem conductor

manuf act uri ng, TheRIEL inyentinndlsahys applieatiopineessingherimpaaobsoures ofs  added,

subt ract eqari@onQhke tikn ri&ﬂﬁ%?&g%i:?%ﬁagé%]n? re§¥oﬂ&éﬁ§e§: gls. nAdaitlign, the

present invention can be appli e desl a nanu_yaacn?'ured
article, tHECYeivatiginmeihic cafseasuffjsient eaitivninthepirachamaertstie vand, taite, and/ or

t he reducty fsellER t ver, . 30:.th resent application
has appl i tégs?fbgﬁ S a&\g%%% Cmgl? ﬁ}acr c%e(%%?fﬁﬁl ¢ %%feﬁtgé’%g%&}ﬁz? e articles
or itens? varatigal detemining thelelet pijiressdepras vapnpofe ijsriorhwidint s or parts of

a conbi naty (o i i pt4 on of, the preferred, enbodi nents
set fort htdﬁgggﬁnnu@%glﬁ%&gktg%%s ﬁutacgg i %%2@3 acgﬁ%lseasﬁﬁ?lt sCry #ﬁ%ﬁ%@%ﬁ?@fm 13 WO
03/ 067344 ofiifftres03p &3 8w Mhterigoe drritipianing of puachaalngeichasava piaterigbdri on i n

assessi ngcsﬂﬁ(’%ﬁg%&nﬁfﬁ%gﬁu&é@? Sqf vari ation other than variation caused

by changes | ress con 'ngs. Virtually any source of variation,
if it causes sUfdddigiomrtmhedimicats of thd predeheinpantion ehrelseaetforh&tichonatieaid can be

assesse coul d i,nclude determ ning the effect of

set up-t gf’ gg‘%’g‘{p&‘%@%% a% g%;%ﬁ A EORSP NEEhE° B?IFOé’E’tva‘a‘g"sﬁ?aé]éeénaPG@ piess

vari at i on stfagstiGahjoagtuicasionsredt firthchereinl efoe b pingll figmbee BPaticlk fcl@%:ic?fﬂsﬁic:@ uah as thfe
i npact of _s¢ ff.ec nd assessing the J npact differe types o
o mat or el L B B R PR P it b RER ol whba st obee:
conponent & § pfrred thbodimentshippiveegisen thalaagidxhtohm_,og @alt?%di dfm{phsati@{wl: he
fevi oo, sooh et SRR RSB b Pisren VF PG HEHELVER! —and
st at i st ilgatomprngtdaticonsfigetd fm&dmcé]@eepﬁau&@ge@ﬁﬂ?@hdfreiﬁ Eﬁ@ﬁépli%f arti Clj;%
characterjsti.c it is entirely feasible to do all of the analysis and/or
gr aphi ng E%’a%%ggatgﬁ f‘g?er\}ﬁqfrfﬁacgdlé]ﬁl%adsheet. In a preferred enbodinent,
however, given the |arge anpbunts of data and conputational requirenents,
vari ous oggﬁ}z{ati qnss}%%%iqéié&%ted with the present invention are perforned

withl5 a conpelﬂplan 8?ﬂ°‘§egured to execute the operations described
herein and di spbay 15 isesuidlifiagblded dagin dhisaeting Mdyslefii@isR @YordfBe to

1T ust ¢ 8 PR OR A E R L BB tima A8 Bt P otPIohE BTGB ARG of t ho
oo, | b cacoubepiianoridbasagsstane shiigtn oL on s,
process apgaauh QRPN HO and crati g susten 10, fogkss
corr el at i mndutoths] ardlifierfactiapplication module 110. Data input module 102 is operative to
receive article characteristic data, as well as format and store the data in a suitable format
25 for operation by other modules associated with process analysis system 100. Regression
module 104 is operative to compute a regression model given a set of inputs. Correlation
module 106 is operative to perform operations relating to the correlations among article
characteristics as more fully described below. Display module 108, in one embodiment, is
operative to generate graphical displays of regression and/or correlation relationships for a
30 given set of data, as well as other data elements as more fully described below. Interface
application module 110 is operative to coordinate operation of the other modules associated

with process analysis system 100 based on commands received from a user.
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nodul e 108, and interface application nodule 110. Data input nodule 102 is
operative to receive article characteristic data, as well as format and
store thewOdasaeism a suitable format 25 for operation by oth@rusewezbes
associ ated wi th process anal ysis system 100. Regression nodule 104 is
operative to (ebBREnthodiniegrhssioverdesodedd system architecstire@periargs it eNnCHPR el at i on

nodul e 106, s operative to perform.operatd T | orrel ations
anong ar t V&P EO™ g&ﬁ&‘%@rf ?fSFe §@30%1 rgl?ﬁq‘%@eﬁggé{éﬁ%ﬂg@% l.{‘ée}ﬁg‘l'\/gv.%n i spl ay

nodul e 10&ntiolR thngeetion df syeret, 300 sncloding dieinpeit tiod geperdtetage aphraml  di spl ays
of regression and/or _corr.elation relationghips L1V, set of data,
as wel | a@oﬁ?ﬁ@ag’aﬁﬁapﬁwg?%ﬁbsas r%?tgmfSﬁﬁvﬁpecfgégﬁtﬁgg&gg%h&%& M nterface
appl i cat§ Operfmeityeerh 1D pividpenahtefere] sacle aorgliphitabuspertatico(Gd. t he ot her
nodul es associated w roocess anal ysis syst 100 b nds
recei ved Wﬁ?nafhﬁgﬁ ".m‘{ltg‘e ?ﬁlﬁgﬂf}{’é@}i %éﬁé?%}%%% elsﬁ&glﬁ'e%ekﬁﬁc% nment, the
above- desgfelchadisiest Ethepestnt Roéntion, qpetiag estdml30 grthe§¥indowsSwi t h conput er
har dwar e system 800 of Figure 11 eratin tem 130 age

control s ?%%8/ @@@?PaﬂﬂeﬁﬁmgF%§%F%Sha§]ﬁcgrf’m%]5f%8§? ﬁérﬂoﬁaeuolnr? Eg?é}%%&s\é% put of
data to andwkveihe ReRECHSerdida Ly bs ugkdptitica@héreonddBonad spaneting spgems, her

sof tware applications (not shown). 5 erati Syst 130 provi des an
interf aé‘é?ucg%ﬁ‘eéﬁg Ngeipipsh erﬁé@@yft%&v?%%qfoéﬁyﬁ%ﬁgpﬁgéﬁmtche user and
the sof t vepgranR ChER NN pbREAGsBiatULINYDipetAimg sysimmundibe kdi ng to one
enbodi ment of the present inventjon PJEIoperati nﬁj@%’stemtlw .i%letfhlgus\éw ndows(r)
95/ 98/ NT/ XP op@ﬁa]tlﬁ[vgtréﬁ?%?%erﬁmil&%?qn& S OPPYIT MIEFBEST T BSPRorati Bn of
Redmond, W hhe prERweimedntiohhB dhe @siiced enesdithen, imedwire syssmd8iindiudes her

conventional operating systens, 1o such as,the | e L.nt osh Operating
System aRHEFesawice2 ApgrCgBrBoEShh tRe ealt?lEEEChSlg‘er %8?"?1!\%@?“% VE., UNI X

oper at i AgLEURhRWPsterk: BOBR B TAEH p‘@foﬁﬁa&k@n?ut/aﬂ@uﬁ (1)Ibiuk 806 FrH Ganddrd

illustrates one enbodi nent__ of conput er__hardwar e, syste ui |l e for use
with the BP&wehs i}?ﬁ?’éh‘ﬁ%’&ﬁ.lo CIOH&CFIBIOF‘TSPQI@ ‘QIEQ{?BW@S%?%E%, ur“iéﬁ%vvare system

800 i ncl ug@greadl OPESISRge 8% 0aHIs hAEREHIRIBIGANABES cidfit &tlet Coapleditoot her as
shown. Additionally, 1§ har dwar e i;#sy}éem 800 i ncl udessfui h ‘Q%]Bformance

i nput / out P 800 Rre)CTHRRK/ gDE g tiaR PP 24 VS BRCH BB ]I*-%?t PHgE810
coupl es pRECESELS, d&?}%yuevi&i GABisREHIET ¥R meiokyB16. BOMpled tolbas &sird / O bus
bri dge 812 coupl es the

t wo_buses 806, and 808 t o eac t . .Coupl ed to bus
806 ar e 2neRscERAZeSAksTRREd ! poiRtmBades @éiﬂndé&l?c&l:ﬁ%'na%dé%’ Ad vi deo
menory  81meded ale WiBndedics RipRbetaVH 681 cgtlagozrg%f CRHHLE@Batdivayé GeemBENDry 816.

Coupl ed to bus 808 are 20 nass storage ke%/bo rd and g?l nting device
822, and kcdingrus ngdanitedsp Baietdl pPRIDpse CORBUIST SYs eé‘h%?feé OB the FRHERded t o
represent ,o, DisQafu @RI Wy Rl COrfoMRh o HnEWElaf, EXIE] &9Well as any other

suitable processor.

25 The elements of computer hardware system 800 perform their conventional
functions known in the art. In particular, network/communication interface 824 is used to
provide communication between system 800 and any of a wide range of conventional
networks, such as an Ethernet, token ring, the Internet, etc. Mass storage 820 is used to
provide permanent storage for the data and programming instructions to perform the above

30 described functions implemented in the system controller, whereas system memory 814 is
used to provide temporary storage for the data and programming instructions when

executed by processor 802. 1/O ports 826 are one or more serial and/or parallel
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including but not limted to general purpose conputer systens based on the
Pentiunm(r) processor manufactured by Intel Corporation of Santa d ara,
Calif., a®wOwalob73as any other suitable processor. 25 The elC&rnsns/e3264

conmput er hardware system 800 performtheir conventional functions known in
the art. FWHW?WIP&FESu??éﬂ%WééWﬁ%ﬁﬂ“dﬁW‘ﬁf‘éﬁi&HE%ﬂB?@ el ysed to
provi de coomuniAakion RebWEeN Y ehaR §9mand. any of a wide range of
conventional networKs, such as an Ethernet, token ring, the Internet, etc.
Mass storage 8HardwarasyeramSe0 mpy igludea patemaoferiers pshigerosdREoWat a and
programm @%ﬂ#&t@ﬁ{?‘&ﬁa{r%&e%ﬁt&? é(ﬁ@rﬁ? Ee@@ar?éﬁgé/c? F%Pe}gtﬁ'%fer, 4880 He@RS
implenented Tn the systemcontrol | €r, whereas systemnmenpry 814 is wused to
provi de & ehipovidrigroessesr 8o Alwsrnatinely.tachs 88 andipregpssamtPhgay bastacket i ons when
execut ed - i O R irScelet 884 i 1€refikd FPLsEhe fdc&dsorand/ or

par al | el ?%6%9%%73%%??1%%5)&%0803/ 3(:2664 corr?reu pgti on Sort ﬁsé%l to provide
conmuni catireh Fyethewsene, actthin impemengasionp plshapresaieipversionapdycit aYIHROIcoupl ed
to hardwagesish gf‘?hgglg)o‘ve!:—g}ﬁ . ﬁé&%&%g#l@qge %hkﬂ&ke@fé@s ng%z‘?o}rc!r)rlg;{}éﬁbtgf system

architectures and vari ous onponent s har re system
r ear r angestandad /exawg@mayhadospled 1o igly pdstormance § Odivis §0Giin sddiniarc Bse®e 802,

Al t er nat,| -gg) e BORS A

"pr ocesslg\g,lg#r%laﬁ gﬁ%}gvﬂgg% sp%%@@é%%f@%%; eﬁlﬁg&%{ Pe g?gggﬁmg“%%gﬁgﬁ processor
core". Fubtihgrompled, to derstrglerbuisnirdrentat ddditenafcomhengprsasayie inawdedid on may
not requir Lnel al | ..fFor exanple, the

peri phera[S sé%@?%oég&gﬁ%%1@g§p@égts%%g&@%?aéﬁ&%?%&%?%@ érSIEJSZOS may be coupled to
hi gh per f or manbeonk kGbbdiseB0die elementdf the presertinvsntien Ao implgrhentethisat i ons onl y
a single bus exist w th th 2Tge) bei ng
coupl ed tcs)erfeﬁgfa %)lftﬁvga eem%ttﬁ%e% rlﬁlu]?ytqﬁgr rm?%ﬁé E‘egjggl tc}f?)% »'cgr@rps%ﬁgﬁfﬂgr g‘rr%gle e

i ncl udeds icompssestpduralBH Or sesiocdf iesruadatistth baetecprdbesporsssordt hadwartevi ces, or
menories. |ln one.enbodi e h I i jQn are

ol eront SHE S LB sEB0ons o BRRl bR e Red BN AT T S0 o
FIG 11. Uhdseswhht masseraraget8ROeSowdssr, corspri¢ssdinatrpdtiomatarnt e sooredarangs  of
instructions to be executed by .a progess i r.dwar uch as

br ocessor s PR §eim el HBaERE n KON RUHE RN B S S
storage deidsofipstsucionaigednsshestaedlgeal B 200d chiddby srceivedieors e ranexse sybrage

i nstructiagns can,be stored on _any . conveptional. stor. i such as a
di skett &° %869%86# awe}é%?n%l‘frc@%;éqr%ﬁl(%tr“éo,rﬂgtcﬂ%mmsné?t?oglsmoﬁa%%gf}'lrjﬁ}éeti ons need
not be st dfseticli@satd appied rdmabeidtdrapedavire ssuvieds asosmomge 83fDingo mtwoy@éd 20

devi ce, such.as a serveyr on_ a,network i 8 _network/ communication interface
824 The: HURRaREra e a b e res ot SE P T e Rk " e

st orage 828stinenire wikteniyth8 T4 + programming language and stored in compiled form on mass

storage device 820. However, these routines may be implemented in any of a wide variety of
25 programming languages, including Visual Basic, Java, etc. In alternate embodiments, the

present invention is implemented in discrete hardware or firmware. For example, an

application specific integrated circuit (ASIC) could be programmed with the above

described functions of the present invention.
30 I. Operation of Exemplary Embodiments

A. Generating a Set of Articles Having a Range of Variation as to a Plurality of Article

Characteristics
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and then accessed and executed by processor 802. In one inplenentation,
these software routines are witten in the C++ progranm ng | anguage and
stored i rwomapéided form on nass storage device 820. HowePEm/UShIrexes
routines may be inplenented in any of a wide variety of 25 progranm ng

| anguages, i nctAsdesvgibed shost, tlBamscnt ideengion agsesses| the eeldrienstap Betwaémdudent s t he

present i Q%%Eﬂeﬁ&lds %séogméea ORGLEE: df Qrtg:'leé %a\ﬁ{%%a rqg‘redo %.r?a(t %g ratso tEV\%P b e

exanpl e, an application specific integrat
progr arme dhejagteristins. émwrbng d:emcamb@blmén,trm&the@msemﬁmtelnﬁomes@ Bénerdtsant i on. 30

I'l. Operatg 0 ner at.i a Set. of Articles
Havi ng a ﬁaﬁggglft? a r?ﬂ 1% Eg%l ﬂ 0 as%’?lljﬁ\nfh% %?Clﬁn}?alr%ﬂteémm%?%@ﬂ%ﬁ stics
16 WO oslswm@messl BS03A 0B REAusasm deingall herﬂjeahm‘mﬁoldfdgeocﬂ iregEhfkctidivent i on
assesses et ween, ar.tii cl ar ac eristic ssociated with
a set of g?@?%? g?/iﬁ{r%ldﬁ SMCSAGE % rEl\C/lg.sf’l esgr‘? %F%‘C#'B Ofﬁ%a“ﬁ"t ‘i%E‘l %fcare

char act er ithri rotsasumd cmthtwgsetmspracted enbadicdrnto thé aftriak cﬁ&r@&ezrﬁncb HgftdsON, a

t ts h f
orur a1y oF arrrend ok B e al AP Ry eyl e Broceds. ror

exanpl e, asebler sulsgquemrsallytis.an i nj ecti on nmolding tool in an i njection

mol di ng gachin ce set articles et .of articles, or a
sanpl e t]hereof g‘%]?éejtye{ r‘(éjlgl ﬁ%aéicﬁ?gﬁc%ﬁan F%?W@éniqﬁ%% febersamplsessed as to
the arti cheagived mmﬂe&rmhed artiele elsdracterihies da@SathideBe cﬁ@kns‘ﬂfns@ﬁ&@ is then
recorded (g €. lg&;l@ ‘,af Excel read s et table) used for

subsequent anaqeygsfngt }éf?‘:ugffe T ‘?:VF’@ t &5 P% érélcl?&ﬁabe
measur ed given Eaadryafeble arfcle), axdngk @prosﬂfji‘ S UWirgdsdociebe voul sarsled i ned

article c terl tics ¢ cl edlrre si 0 of the artlcle(e
| engt h, ‘l%é% W teﬁmts@flaglﬁﬁ F@ﬁﬁeco OVEEBEP g?feﬁnélrany gher argi¢le  he art icle
or a giw ehurﬂceausmltﬁndﬁdlhg perfurinhitde @haradtari@iReSi®h aPie @ﬁﬂagf YarrRRW AYbzzle or

snoot hnes§1 v0| g] ch cterl stl cs (whether voids exists and their nunber),
col or, treng qb?’h %t her article 15 characteristi c, including

per f or mance chas él@cnesddabbﬁsthspﬁebelﬁ&vfeﬁl@orﬁcﬁﬁ@yaﬁﬁfeﬂﬁdaﬂse@éf a@nd?c%z@ﬂe?e or flow
rate througﬁh Oﬁgytgﬁaul restrictor. As dlﬁcussed ab ove the present

i nventi on' CAN RN %‘Ctﬁrl%té@f’" OgfrsATalbe isdReresd by sgyiag pesesst t he

article chamnstvetibis hascined with th@ru&e@é e QBatksthi RERE QIR MAIMIRY Process
control _vari.,abl.es. .as (%ma ed with t Eroc ss that creates the article.

When ar £ RIOSECeVE s pichings PEQgesRicpHT ﬁ‘?,t T4t Beiely kdanpiral wetatipngs,
there is inhe mﬁ]ltfyig bitticlel cBamaadetiseah. VIAE is ? #ROarly Brub BR ifj &SiBh Hoﬁﬂd gfagt?lcc le
r

characteristi his is particularly ue for injection nold astic
parts. easurement error may obscure or other\mse render unteliable the natural varlatlon
' observed from a given set of articles. If it is not cost effective to use more precise measuring
instruments, then variation should be induced in the parts by varying process settings.
25 Accordingly, in a preferred embodiment, article variation is induced when measurement
error is large compared to natural part variation.
Al Inducing Variation
Article variation can be induced by selecting and varying press settings based on the
experience of the operator. That is, the operator can use his experience to determine which
30 process settings to change in order to induce variation in the parts. To induce variation in a
preferred form, the operator varies the process settings during the manufacturing process

and allows the process to come to equilibrium between setting changes before selecting

parts for measurement. In addition, the operator in a preferred embodiment of the merhod
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parts. Measurenent error may obscure or otherw se render unreliable the
natural variation observed froma given set of articles. If it is not cost
ef f ecti vewD®3eB4410r € preci se neasuring instrunents, theRCrarsoaoizen shoul d

be induced in the parts by varying process settings. 25 Accordingly, in a
pr ef er r ed seeAsoidiE ps AT Subsetof Pogesy BYCHAES that indiic HYGEEESWHERPHEEE heWede  error

I's large cOMMALEHL G ittt & 2 PRctred bR, théupper AR LGP BmMa ok #ei ON.
Article vartation can be 1nduced by selecting and varying press settings
based on phsessastpags ahewsersuchhabPEracets proaes RS WiReUbkEmEEske can use his
exper | enc?r&cst@ﬁ&i?%Qﬂftﬁ? ta&ﬁhgyoégv@ﬁgg PRRRAER Iﬁa%nﬁm%e'cﬂa gder to

i nduce variatio e par To In e variation in a preferred form the

oper at or 5 rprioesss sekiéngs issbesss te bydneaigsiadandcrgs tedilhianer eevemnithgarpelecess  and
al 1 ovs 1 NenRRGRRS ubS: ST PR ITBRL RS P oR L Bk LRARAGS(DCT or @
selecting parts tor neasurenent. In addition, the operator in a preferred
enbodi nentntgfestt he net hod 17 WO 03/ 067344 PCT/ US03/ 03264 sel ects the set or
subset of proc set i ; i . j.abl ] in the
article char a%%%r@gétlgogg&g?&? ﬂ'{oéésg%% a%i \%%gu%{r’e er%r%glgggﬁiggg#ﬁg%? 156?he upper
and | ower indugid hy stleetingtrad voying gpssesepnirlgetingeustigosientifin/ddsouthest t he process

pr oduce : qf b r %E gqg i ] | i Nbr eover,
in a pr:1 gr?o ?Ael%g %@%%h%%ﬁ@%%ﬁ@%& i c%anggs@%}iﬁgé}%}g’gg gﬁglégtu%g)ngs is
chosen t o thelaige pumlaaricbpricssetingodevi teehfea bt fonplry eatiaase Evrthdmmorer t i ¢l e

characteri_siiG . r i Lon 1i.m f article
char act or o S BRREI AN RYRE, ARRS L B P ohihdiion s B8 ERndlE |
vari at i on thd mold peeseodecdone determiny whlchprise setiimgdisbadd by vasiet elntaipmgferaesd var yi ng
process cantreol sefti sin ciantifi.cl led 1 ' chni ques.
Scientifi & %coﬁ% tetl S%D%?%ﬁglﬁiﬁs %@?H%ﬁ%dﬂ%‘ rl?oerS %]%}%Pgﬂgﬁr%taﬁ%@%o% hﬁ%ﬁ%ﬁ%i ng the

| ar ge nusatertidbnspr esh saef prongs caov virabiekr ee or four key vari abl es.

Furt her nore, cientifjc/decoupled. molding techyi S in
conjunction w frha Rr%rr%%(%rébroﬁlenﬁec%’ ]E;efﬂgntohﬁéIXPr?%fnamﬁ e&s)g}l%ﬁtehgg@%g%? %ﬁﬁgfeér m ne
whi ch pr essgenetatd asgsofatnbldsthatieg ¥ eanped vatiation. PO&Efcen begked émdspeliciveoft , t he set

of articl e} rg%ugetd c.orrtgrni eg%%r trioé:el éasett{ rom an iadgggﬁariﬁa number of 15
repetitiorsiVe TSR QSPN SOCBhET O Var Papl 88t "1 P preferred
enbodi mentxpdieadegiecaipldpintiffembkligpomyiphe;tdn eand @mbinsion miEray.eOE t o
generate et @f. atrti cl es Qavi ng a %ﬁ?ﬂgg oft e [ a%honm%a%rﬁ pgf used
o T R el R e i NG e R
vary is erntision fpr @ pei smaB xgetinentde pit h in i ng
principles, or some gonbi [ t hereof. DOE 20 defines .efficient
Exper | men B ST Care BOFoR e SELER GprroriorciRe RRR R amunt of

extraction of the maximum amount of information for a relatively small experimental effort.

This applies to both the design of the experiment (e.g., combinations of process settings,

25 and the number of replications at each combination, etc.) and to the analysis of the data. A
wide variety of known DOE techniques and available software tools can be used to design
the experimental run that induces part variation.

As discussed in more detail below, the use of DOE to produce a set of articles for
analysis provides “bonus” information that can be used, after analysis according to the

30 present invention, to move a given article output closer to target and to reduce variation in
the articles. For example, such information allows the operator to adjust press settings to
accomplish the following during production: 1) move product output to target, and/or 2)

minimize product variation, and/or 3) minimize cost, and/or 4) minimize press cycle time.
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information for a relatively small experinental effort. Once it has been
determ ned which press settings to change, DCE defines efficient

experi merwealo3petsups that allow the extraction of the naxipemmsasraazsd of
information for a relatively small experinental effort. This applies to
bot h the desi gxnzQ?tecélhlﬁgﬁmﬁﬁw@hmxdter(seicyal,ues:onbi nati ons of process settings,

25 and the nunber of | i cations . | I G to the
anal ysis of t %O%Faetngmdf? ?fge rssaeP'f%%eﬁgﬁﬁﬁ%meB%ﬁw %Iﬁé u%sd% gﬁ% avai |l abl e
sof twar e (k=8 a@pdmb@utp@@a:brtgmwhépugmse ¢oh@ue.’x})@mﬁglufndwlexﬁ<ume lth:‘qatDo:E nduces
B?(r)fju\égr lgcég)rr}e)lft?aﬁcp £ er% rAfn eérmrvgn ge% 9 arlzlclgs sg}%dlbj nH%Fac to

provi ormati on that
can be us@gracafibids abdiataysied, naﬁ:pmfedjed@)rmoa mmblsaomﬁgwdmnpnm@ﬂemn to nove

a given article out ut cl.o totar nd to re varj at t he
arti cl es.cEPHngL4 tn?éﬂﬁ?é%fe&?lﬁ%? o tlgfd%v]f%a%rhsgmg%lé?sa SO%I tﬁ%&-[] ust press
settings &@set@ﬁﬁﬂﬂﬂéﬂxﬁhtdrbﬁhhﬁhﬂmmag during production: 1) nmove product
output to tar and/ o uct. .vari ati and/, 3) mnimze
cost, and/or %‘glﬁ? %P"rﬁg’éthﬁﬁ@?g}c F]fe‘“‘ie ﬁ%epri%d‘?i%yéﬁfﬁgﬂﬁ‘&n é%%sos/ 03264
A 2. Rec %r\iéeﬁ&n%ritioﬁkl@at@n@{rs?@ﬁsef oSt a Verlofi esiclenhaaeesroodiuee ds Figune pr esent
uting device (such as a s pur pose

invention is inple nmp

or genera? iy W%%%@lirgl?@ﬂ?"élrt)’ erf‘%%vgmf%“é]?é’é &5THE P U ? ]ﬁa ity
descri bedypggd hd riflugily ;&oﬁﬂé/ﬁe s@&ef artitle ahdrhbesics meps @blecOde and article 5
characteristics are rrea in a preferr flgured
conput i ngerRRagiBEt, hogere W@t}&é’@%{ tPﬁBEﬁIt?FB Icéari%%lsutcé’ggf @% g(ttmﬁegqartl cle
char act ery.sichiSfil¥ fIres, S AGh ak BeceW dpheadisher Gle, @fanﬁbttheﬁémblamifsmmt es them

in menory. Fi ure 9 sets f rth a grﬁg)hl cal use rface provi ded by an
enbodi menkn ¢ Iqrpe atbF@E‘é’ﬁ? YelpR i iRy rtoﬁﬁllw&q"iod A et a set of

articl e1§&1ﬁ&1§ﬁ§%&bﬁhkgdﬁaﬁdl&aerv&ﬁddﬁoguﬂe@hodlso 9 il I ust rates, an embodi nent
of the present inventio

ows. the user to a data i nput dat abase and
manual |y pr ovilaeddigan, s?‘égls%%sseélrbﬁom gaté HW&E’P@@F?@I%@?CFEH{VSIZ I%EeéYﬂ OéﬁerOwe
enbodi Menfiy, RAVWEMEH witBlob@WSor dfRmBS@Mmeh® of THe Afvenwdd. iFot €xaiphs durt iphist i ¢ val ue
data stored in various file formats, such as in an Excel é?%fmiaﬁread sheet

tabl e, ormadyle BRHRPPEAFVE Kleerive trigegiiTa as Well 5 WRer FGIRY TS Put nodul e

102 is fuphREFQRGE RGN of Srii¥RIchaad eride Iﬁ%h@erﬁ'&idaméﬁ@ﬂcl@&atiﬁ wehewoki ng for
bl ank cells and other validation netho &1& I n addition, gl scussed bel ow,

dat a i npuPTonisdupess the 2bilisy te peseasithe islatigniniR ety Be TGRS O‘H]é‘ftéi‘n de ated with

oper at i one&t’cﬁlgmgf&ggfvgn of fi6csdimpidsi on. For exanple, data input nodule
102 is operative to receive target values, as well as upper and | ower

specification
B. Assessing Relationship between Article Characteristics

To allow for an assessment of the relationship between article characteristics
25 associated with a set of articles, process analysis application 100, in one implementation,
generates a set of scatter diagrams each based on a pair of article characteristics. See Figure
10. The set of scatter diagrams can represent all possible combinations of article
characteristics, or it can consist of a subset of all possible combinations.
In one embodiment, display module 108 generates graphical displays including
30 scatter diagrams for presentation on display device 818 to allow the user to visually assess
the degree of correlation between article characteristics. See Figure 10. In one form, the
graphical user interface presented on display device 818 allows the user to select, using

keyhoard and pointing device 822, a first article characteristic for the x-axis and
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limts, for all or a subset of article characteristics. In one enbodi ment,
such data is used to 20 provide users the ability to assess the

rel ati onsWopsbetween process output and design specifi caPconsos/anea gi ven
set of process inputs. B. Assessing Relationship between Article

Char a?:t er justeseelyTidevatheanatta dizgrnadees omelm firsf artitle clrasdcsarissin gt e bet ween
article characteristi.cs 25 associate i L Gl cess
anal ysi s lﬁﬁlﬁllnfn(gﬁftilci Chfffﬁ,genis%csoorrllgh? ’aﬁ%\rlr\fe}%iﬁ g?ricgﬁ?squ%%grg%ggr?%eagg? of
Isé catter (ilﬂa@;g t}ﬁms@ambpdaasmd) wsesarhp aamabilify efithé fidsechatrarenistierobsancs. See
igure The set of.scatter. diagra r all possible

conbi nat!ﬁqgua(gﬁprg. ?OEPfet%eE%nEE%ggggfﬁggc?&%ﬁlcgﬁgggﬁ%msist of a subset of
al | possi bl e @iiDeteanhindipsk egtdision®odetbBetivrembstictt Clpiracyeristidul e 108 gener at es

o onl sy tevt ot w5 Pt 0 B8 B SrEHABodRlioRbBagNA, o0 O
correl at i @erbgiovertgRiiibichedd barwaet etdcetliamicle Semcterighese At Giscussedone f or m

the graphical,  user int ace presented on_di;s y devd :

user T SHoue (ISP HE PR Ly b e AR EIRe | P e PR L e I, (2

character &riﬁitﬂr&eﬁ&hfﬁﬁ lde disphix idswgerﬁj& 198 Y¥Buf30.067Biddre PCIHOUSOBL B3 2B<ion

successi ve Vi e e scatter di,agrans bas on the,fi i

char act ¢ mggqlela& ﬁplpﬁégarf Cﬁfﬂ?l?ﬁeﬁﬁg%ﬁ?’i clﬂ“@n%g'av?” ré?\k(l: ug)rrihg ﬁ%égly%%td% %leey- axi s.

lgge g:e { hﬁ@ﬁkg_Uﬁ% Eltr_éf?rrizcm%I@I?danh%rgrtegle@ﬁme@bduterlomtctﬂmgmesvriegcaaiomnm;lpbct ion to
e capability o e firs racteristic . .taq be an

pr edi ct or UHRE tHE Sﬂ’é“f%ﬁi ﬁPWﬁE&Hgirﬁqtéc’dghgi)‘é’&‘feéroﬁ&r' ghopg & agséjlbg\%lge%qga};l .

Det er mi ni AgL&RREHESELEeR: AaeslsEoBealinee fegAstibeneddithe rgtessioshbded canfreaces s

anal ysis system 100 al so inggrjd S regressi.on dul e 104 operative to

det er i nelip93e 2 papliaes (HEhSTSERSE PHERGRE MO Tlé’EF’gguﬁﬂaFecl e characteristics. As

di scussgg  abow,dighl5Rk e rimeHstipHevdes top aitialeichrat erigien ar thisanangr aphi cal

di splay of regression nodels ang present . them on di spl devi.ce ,818. See

Fi gure 10Promislesnsgiy @f%ag%wmqeﬁ%oﬂe%@éﬁ?%%e%eﬁ%&ﬁg0%’57 aP)S@Clﬁ'fegt ted and

di spl ayedyhihe {fzn @A inaRdhdciire Wt ERQHCe. tIHE slopel@tdephdds) i dlicaegrpmiontise I n a
prgferred enbodi nrent, regressjaon nodul e 04-f0 utes reqression nodel s
usi ng " | e&¥rbedigerbioglstermine i reiatiys STRSIHEDI RS ALic el—?gg%%??még‘ﬁ "#8tthods can

al so be ugﬁgess sééhgg@tﬁgm&ﬁ&, VRIS U SstécbBese RSt tidiewvessidnl IR @in bagedssi on nodel
the regreSsion nodel can be a lipear, a non-linear (higher order

pol ynom2&Ilc}m%d&lCh’(ﬁhaWﬁl‘ePPt-l@ﬁéh‘ité’t’lg. e PErepRUrghie s Ofﬁse?sg%ver@ Qi onship

bet ween t wi,abld (ghe of Bfcas baEih s W shetifidaiisn IR e coidevdddes blpad) ul
information to process operators, design engineers and others associated
with the design andadarabgine! BEtiMeseioOhcl e. The sl ope (steepness) of

the regressi ongl §i8%issed above, the design of an article generally results in a target value, as well

as upper and lower specification limits, for each article characteristic (or at least the critical

25 article characteristics). In one form, process analysis system 100 is operative to determine
the intersection of the target values for a pair of article characteristics relative to the
corresponding regression model. Figure 4 illustrates an exemplary regression model display
including the target intersection located relative to the regression model associated with a
first (predictor, see below) characteristic and a second article characteristic.

30 As Figure 4 illustrates, location of a target intersection allows for a visual and/or
analytical determination of the direction and magnitude that the regression line is offset
from the target intersection for each article characteristic. Moreover, as the regression

model essentially represents all possible combination of process settings (that is, without
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can be used to determne the relative sensitivity of article
characteristics to changes in process settings. In addition, the sl ope
(st eepneswp ode3le regression |ine can be used to 20 i dent®PCiiyUsas/oized e
characteristics that will be nore restrictive on (nore sensitive to) the
al | owabl echangigea pfocns b sudeastchangingthedimspaensidf e atoldmviky)nthe sesalting

consi der eg %r%ﬁ%ﬂ Brhinfwh b ki I t] As

di scussed g ove, 9"?%1@)(%83?% ) Wa!ﬁtggﬁr%j%‘%é %&ﬁg%gﬁgatg@%{?ﬁ&iaﬁ?cge t ar get
val ue, aschagdcreristies ay payget valndisladvieablepeci fi cation Iinits, for each article
characteristig - itical, . rt.icle cgharacteristics). In
one form procgég&g%la%/g%g&g;2‘?%@1%%&?’9%%2%@?%%@ P ‘gacéfgfyglﬁ%ﬁrﬁé t he

i nt er sect fagktagds théyerotess giahangihg resispest ofghppriorese fe.grroetsanmhaomohenl sti cs

relative . ondi reqr i del. Figure. 4 jllustrates an
exenpl ar yée%é%gg?ssﬁg{fguﬁ%%e °88‘.'1§ SFSE% tglisg%% Iqﬂ’(rzlfg%‘én %8s ]If-lglilrﬁgfﬁqsﬁ?tg?’ ction
| ocat ed raestonan changh thercepbimssoroot pnavdesiconsalaeitapen shift the fpintfoperating

(predictag,.. acteristic and a second artjcle characteristic.
30 As Figiure Zl%llqtg%tg r S%q%g%oﬁn%@g?g on of A T §§t ﬂ} %‘FSW&%%P’I%W?B% ows for a
vi sual anpiesnt ingeralont the atocdsentml natihgaranbe thegdl weptintr terjdineagni t ude t hat

t he regressi i iscoffset fromthe target.iniersection for each
articl egoc(ﬁjze’fag{(?:ltg% P?q'g?ﬁlsco.f V ertz‘%f%/te"@, Patcharacteriy ?Segk?%?{m“ﬁ@'ﬂan%%%@ﬁﬁsﬁl ly
r epr esent ispats) thporgsistibrelimoab badtiftaitoahogitior dssr sedht tags iftblationss W t hout

20 WO 03/ 4 PCT/.USO3{ 03264 changi ng a progess i.nput, such as g¢hangi ng
Che di morERe SPOgR TR LGy e PR e BeRes i g e BB To b |1 o

det er m neFiglre Shirorprodbudinregr & tpagreseheivivangion, thé p@besp Aiptrsehn BE EHadged to
characteristi.cs at target value is achievable. In additjon, as Figures 5
and 6 i || REHET e bpsiBOT olengFHEh 8he TSPTSYHR D asﬁiygaﬁ%b‘% EPPYdss) ShARESs ¢ he

pr ocess isah bothgmoieageoanobeptgs and probds Mpaeeasbd esed to shiff 8ega i nputs or

cont rol ettings o shift output closer to design tar . For exanple, as
our e 5 TR whfts B b BB i e Bonal gaC PR RS PECBT pr bCobs
control sietdnringshiugesinHoth pildeesy Qinblol &p@figdhhd Broc@O Hiputan bk &B8ged® a desired

poi nt along.the regressi on aneI._In one enbodi nent of the present
i nvent i on P{HE PIS SR OMIYS T‘ra%tﬁlﬁt’lcﬁ’@]g‘e%an be changed to optimze the

j 8:1 nt 10 oger ah bitgenfiaslicidn®3s Offset bR i &aﬁedmecp@mqv@faaft@%g%skﬁhi_h'ﬁéish! ][1 q
addi tion, angi raqcess inputs, the regression line can he shifte
to a pos) ]??%eﬁﬁ}gqnbgoég&tﬁg’@ﬁ e targepfersestion géﬁatcggﬁl chawgpleripticy Ty 6°§seﬁ¥§si tion
such t hatpredeacet] @gtheseSomintd: invhe NadifeSord, HOoUghectide ahBthgiredtidher secti on. See
Figure 6. 1 n qne, enbodi nent, o]{,%ﬁt he present invention, the process inputs

can be cHERFEHFE™ FOFBE F#tsuoR ¥ position of more than one regression |ine.
Lastly, as Figure Bipreydcrsiondimnges 15 in both process control settings

and process inputs can be used to. shift the part _ characteristic val ues
closer to theq)?%ﬁeﬁé‘flg]iyﬂf @’F?@Eﬁ? Bifso Fﬂ“f&“?égééﬁ@ﬁél‘ier‘?@ﬂppélf anddewelr esent

25 specification limits for the Y-axis article characteristic relative to the regression model

between the Y-axis article characteristic and an X-axis article characteristic. See Figure 12.
This graphical representation allows the ability to determine whether any of the Y-axis
article characteristics are robust against changes to process variables. In such cases, the
regression line will generally have a small slope and/or not intersect either the upper or
30 lower Y-axis specification limits.
In addition, process analysis system 100 is also operative to locate the upper and
lower specification limits for the X-axis article characteristic relative to the regression

model. This representation allows one to determine whether the regression line passes
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i nvention, changes in both process control settings and process inputs can
be changed to optim ze nore than two part characteristic values. In one
enbodi nerwp oat63kf set Table is created based on how far tIr€eTrisSgs/exRs4 on | i ne
is 20 located from (offset fronm the target intersection for each article
char act er itBiopgh thygeceptapleaegiomboypdedlesrthetpur specificasionflioritsimsothenwartie this

X-directi Qgprgsreﬂﬁtigﬁ Ql_l'ld’vﬁs%f O A0 ADE o RN iPELR §5;s(yb(feu %%n h@ oG

regression line. B. Specification Limts Proce anafysis system 100
is al so cERIRPEPE Bracessiinpras, &0 mhruiagtwe thegmatks Motér spe8ifispoilimicatd on 1inmits
for the Y'aé&ih@n,%ctahﬁé &e%P?cﬁfﬁ%ﬁ&{ Tiited R1afifd @tthéél% lteg)%'lénhr%oée?gﬂ SN model
between the Y-axis articfe characteristic an g XS Art i ere

char act epidstermina@aecf Fhgmadmum and Tniswgrapies Gatl, thepfoes emga)forthe Aldxows t he
ability t - M Y- axi rticle.characteristics are
r obust aggF%%%ﬁéﬁg%ﬁg pracg@ggss%%% %}%B{ I an?CIh %C%ﬁlﬁtﬁc R ELEE SPEHECAIPR g r essi on
line w | ligdnethis ranghdeternsinaival dllowt opendadiimer, forekarpit eo deetmiet if Her t he

upper or ! LS cifleation Lipmts, |n,addigian I 0Cess

anal ysi s Dyst O Al §ARAE AR R ks P bina b Kot b et s e ais

speci f i cathlyfyy measuring oy X fakie chéractéristiar To aingouedidie adtiennsXiagishricdt i ve to the

Feor oss DauiRd R S b R B R B AR (he

accept abl eharsgértmic bowhith dhdaygredsionfroadel inpeetidedbiverspkdifitation limn fotther wor ds,
rmnation,as to whether it is even

this repre i | | or a det )

possi bl e, &Sa?zgsgctr}]lg{aﬁ%ﬂ%%f rsgg\ﬁ?ar bP 58%5‘?%%%“%?‘38@ SAXIRITELS COTACtRESGF act ure t he
parts wit pragesspedydd syateind0 bompttes the vahaohd el 30 axis bioeatdrigic kbvehisipgei f i cat i on
limts relative to.t;he regression nodel .allows for _a 5 determnation of the
maxi mum and lﬁlil A tFrtJQ’ggs ‘?5&‘8? ertsﬂ%cﬁeécﬁg?lblfmltmg%gﬁ% Y-pgis CRATRrrsrSHR;

char act a5 eisher casefthe Xvixid chyiaedestirdah bt eslavfaethen thampbedspksfichion Bkdsistic is
Wi thin specificati on I iﬂen' 1S, tTkﬂ[Os ran(gf det ﬁlr@m'fn ion allows a

manuf act ufF Bt PRSP PERAMBIET e TP R PRASAHOR Rt IRt i's in conpliance with
t he specification |BId tBBediaiontintefvalshe X- and Y-axis characteristics only
by nmeasuring t X-axis characteristic. Tq.co te the mnioum X-axis
article 10 cha}rgsacltg]é i ssﬁ?‘gs,’ Pb‘}ﬁS%é‘E%lyséﬁfé{f%ﬁg&%ng#&ﬁ%PmE&JV@% t he val ue
of the X-axilstian tritelas tctharagedsson sibid dagrawhtoahow ke aldeghamstigiofimdel
intersects the |ower s ification limt faor the Y-axis characteristic.
Simlar ﬁ?/frla%%m%ﬁg%fé’a[?%@l%%%ﬁ}fﬁr%rﬁi%"é’I%{di RO REEF.TEEGSEION  pr gcess
anal ysi s syétle N4l firdenpitase theonakegpef aﬂdh@vvéi‘;ﬁi‘di@ti&?hﬁfeﬁﬁls%éelafoh@ a}g
which the_ regr.essi on nodel .intersects the upper. specification limt for
the Y-axi §Et8ﬁ§|;1§l8fféﬁ’rf‘c§frils&c vilje E%rséﬁSPﬁngﬁ%été'ggFﬁ]é“&ﬁ%‘iﬁ Sséidratt eri stic can
be no I ar giestrictaivchdig; thp prdicsipe Girdridedlicillolvk Frian Biluation of the variability

relative to the target intersection. For example, the target intersection may lie outside of the

25 prediction intervals on either the high orlow side. In this case, it is virtually impossible to
ever hit the target intersection given the same process inputs. For example, assuming that
Figure 8 models the relationship between two article characteristics resulting from an
injection molding process, locating the target intersection reveals that use of the mold, in its
current state, will not obtain a part on target as to the two article characteristics. Further,

30 when the target intersection lies within the prediction intervals, the percentage of parts
where the article characteristic is greater than target and less than target can be determined

through the use of known statistical techniques.
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and can also be no smaller than the | ower specification limt for X B.l.c
Prediction Intervals As Figure 8 shows, process analysis system 100 may

al so add wppawemmtd | ower prediction interval s to t he regrezdisonoiredel
diagramto allow for a determ nation of t he ?r%gnl t ude OE t he

vari abi | i ty aboadditiens predigFies Birgmalpmaealso heﬂls%ﬂw@ therfrbeRation of BEYRER| on

modul e 10y axgmlﬁhﬁt}ﬁﬁes%%{l@kla&fs cha AT G uBRRh 1eBdh.| Q). RS Biginet3 on
interval s on a article characteristic val ue pairs using known
statisti craustmeetsrmd:gmpm o yipinawig X-434iq ayeele ehtagasterishie PEPGEP StnﬁléslfﬁYé‘chtu on

i nterval S1[0 éfg'%lﬁLJ t‘Plg\@ L@(Sf R X laHﬁie' B0 rilcREe VAdLARE loeY predi8tict | Ve to the
t ar get ersecti on. exanple, the target intersection nmay |ie outside
of the Zﬁnm‘etlmcetrseow thmmnﬁamtsmémlefm the ¥ -aisechiaglierissic. ISgwlaslyde computen s
case, it jg,y | 4G h ORIl eR SRk on gi ven
t he sane %?oc‘?ié@%?% ﬁsa@@é&lag&m&?épﬁ’g&ﬁ%}? ?ﬁte Flé%jn rue 8 nodel s the
rel ati onsdfitie }bemwemaqtmtlalat whick tmpaqtreiwtmln@mb@tﬂrﬁcﬁq § YR an
injection n 3 e Lh e Rueals that
use of thsgem.h?a Og].llqﬁtq§let§l§ gualx%eﬁl%ﬂagt?n%t{}, it éf}ﬁgfaéasé @ﬁe%fgzl%% h: 5 rrt 10n Carget as
to the tvie Brstialérehotisrlawtempesfisaton limirantae lar@o thenét upher Spmfgé'tlon

i nterser?]tl on lies within the prediction intervals, the percentage of parts
where the Brticle characteristic is greater than target and |l ess than
target can be Adsanéjodmmdof thhpreag invheionsdows themesario detarmiine the alagritdeni ques.
22 WO 03/ PCT/ 8,cmay al so
be used |%%f1 erI#?%g{lSODg]%@é'}thﬁ% &ngu&é&gg]g? %rgg}n%%g{égfﬁl}ggﬁ %’lﬁk tehe X-axi s
char act eraset want§ scdmvSemhmdedlmIHet\&dntllmpre@cqmnaymer%b Figure 13 illustrates,
to conmpute th axis.article characteristic, process analysis
system 100 c?r%hﬂt}%cgl{%éﬁam %réS%Sf the X-axis article characteristic at

whi ch the | oweln quiledingdni ofth® presdre mﬁalhtmnmpphﬁeonslammrdpwﬁdsmuamlm limit

for the Y-axis characteristic.. Simlar X-axi s
article cff é{ﬁée&]f”@lelp?t 1Eor C?i‘arc%teeg%uceslrllna §l/nsu|fg'},~:lctgs]EE Qél%g%em OBQ 'tl e’rpval ue of
t he X- axi prefhha)t alptrgtdriztic ¢s salectathfroin thd‘;éunabp’mf mck:cthwiactansuqamwakdi nt ersects
t he upper peC|f| ati.on XIS ara ristisc.. i ther
case, the"¥k 3)??% aﬁcﬁ‘éﬁﬁg&‘? g)relsglgf 8{ “Eh & BaeCteﬁlgms AS Scussfg‘ (Iilﬁn Ih‘?r%g&la%i\?\/gel?‘g’

speci fi cathe@fhdidtdsnchalacndnm ib drcgmbarsdftbom amtassesqrrmat ofsheciphbitigtaf egivdl) |imt. An
enbodi nent  of resent inv nt| 0 0 he user to, determ t he

nmagni tua%amglF }5%“%}%1&‘3% T O © &éﬁ%a Wi"c BEEYT R be Spegae‘ré%%nn?rkgge of area
in the di petlictodthapaceérveic, thhefora,lﬁeelnceslalmtxﬁmiber dsfaxm:le ¢hatam:he1dt1¢ n between the

predi cti Oporrlxbrllﬁaet{ogsa éh%t must%e aggl}?z%d%cg 2 rrelatlv {r?x%%lf sulbset For example, a part having

3] article characteristics would require analysis of over 900 relationships between article
characteristics. The selection of a predictor characteristic reduces this to 30 combinations.
25 In addition, the selection of a predictor characteristic can be used in a variety of ways to
facilitate design, production, and measurement tasks associated with manufacturing. For
example, a predictor characteristic can be used to greatly reduce the time and expense
associated with measuring parts, as only the predictor characteristic needs to be measured
during production to determine if all other article characteristics are within specification.
30 Figure 16 illustrates a method involving selection of a predictor characteristic
according to an embodiment of the present invention. As discussed above, data input
module 102 is operative to receive and store article characteristic data associated with a set

of articles (e.g., article characteristic values and design targets/specification limits) (step
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15 An enbodi nent of the present invention applies correlation and
regression analysis to determ ne predictor characteristics in

manuf act Wwong/ognBecesses. | n one enbodi ment, a predictor eoarEos/ebstic is
selected fromthe plurality of article characterl stics associated wth a
part and ud¥e lapne rabedimgitecoxehsips motele 116, erdistissed mAsﬁorddStﬁﬂlsaed isn nore

detail bel i s.chosen based
assess nent@gfmtv% g?%e?f’oﬁﬂ kaﬁ&ﬂ{n&? %aga %F?/Hedﬁ %%)&eterfm R R RFEEHer F%efffcbenfso be a
predi ct or sEwesndicombinadons O&Malr:]ach@aqtsmstms coﬂipﬁaﬁ@{ dotdralhpeflicave predi ct or

char act eri St 16y u I article characterlstlc
conbi nat i o(% A w%ggﬁ %Clé‘r?]rg yze %tg?gﬂrglfb IIC@ SPRFALFRSHCS S5 HERE O For

exanpl e, & plarqlatqudgtwe@pablhm«:sl @m&mdMenswsphy M@&hlél%&@ldygt@nal ysis
of over 9(-}in£¢%| %ﬁ&f(&f&m &ﬁraal%hv\@c% algovsfsrg?rs egt?c%%) %18#61'%]% ﬁf‘ he sel eCt ion

of a predictor characteristic e8duce fLagreristisgs the
addi tion, Hrﬁéctgeﬂ@catctemtl@fse@stqrﬁﬂ) ).cAodisabat delodr i Sdet fia d\e@fibo&@ p#e8Eok N a

variety o lita odu t.ion, asurenent tasks
associ at ed %mnggCnbtf éadc ct il rnﬁln;ber‘gg S%e]esl'iaéﬁﬁf ge @%F@W‘&%"E‘EH’&F%@P% stic can
be ;Jsed tdeagﬂaday/icystroénieasertlmglﬁe ?]]ltm‘h Chﬂdcteliisﬂﬁn@:@ Sﬁ&?ﬁﬁ%ﬁ&@@d&@tﬁoﬁ gf@gsu“ ng
parts, edi.ct or, ghar i stic nee o, be neasure uring
product i or}lﬁ%&é/taﬁ glt;a%{eﬁ%u??ayal?el a?)etd‘;a? elé F}e{:ﬁOéng%% g"é Whristics are within
speci fi cati on. V80h Fhdeereel ph6licebt dhatacatiese, treicbgshliciudl vd g 158diREE on of a

predi ct or ccordin an ment _ of the pr esent
i nvention rg%gsrsxgl sc&ggéégg'gﬁﬁv’émmﬁgf egrﬁiﬂﬂnm‘?r%@?ﬂt‘é’eem be predisger at i ve to
receive amhamtommce(ntanelemb@dim&mis&he $lakie cllah@erdsis PAidalRfa WKl Raret  of

articles rt e characteristic val ues d._desjgn

targets/ specg?m% }%en&‘ PPREEs ES§? FFPHAO 80@96’@?@@4%@’/@3@@@@%&@02) In
one enboldusmnmptedmo peddcat pmthct"ﬁdltthcﬂe é&ﬁﬁcte@;@u@{s&e‘fa%@e@Is‘tpﬁy%dﬁle‘i@é al | below,
is oper at hV erfor alculatio such det erm nati on of

correl ati on co %I}tel??f’ ‘fWé‘é'ﬁo q?m&gﬁ%? RPN estel, Spneras¢sa graphical
char act er idsplag of the osgpastian inode] BérwevefiRlpreditBItihG a8 sti CRARRM defcbigof each

article ch?rdtali%écfac i ?aé%?lé?ﬁ (%"épé(l;{)o rank article characteristics according to

5 their rél: |ve abilities. In one enbodi nent, display nodule

108 di spl ays thmdditaank@melmgs&ss@ﬁ el dibRayGHehACIB Id fRlh&Dp alaéve%'a@ for
sel ecti qp %2 \n,y t| cle char ristic as the (Ql’edl ctor characterl stic

(see stép Cuggs LR Hic SEp ff TERFeseqtation PreseRre wosEe Bgweddilvstmtes a

character rrtethod fdnegsﬁdamga raplhidaEle ﬁfser@&fbﬁllmﬁ‘sﬁﬁ&m@ﬂé rélﬁfdn%’lqb Bl +§‘“ ve

predictive_ga X gm bi |1 y/cost of neasuring the artic

character?f %‘%‘ r Ch‘fréc %?tqcla}] ?Eﬁ‘e@ﬁéqdc fReredgicarith W@?Dabfe@grepd@dlssftdor

char act er hisdve. CDﬂ@’p\lyy ﬁedlﬂams(ﬂetﬂ@ve@Eﬁ&égr@ﬁbﬂ%%ﬂd&%@e&%*@é@ecte% %dsel ect ed
I rec

predi ctor charact.er i nterface application nodu
regr essi oA ERATHS Iﬁfflth’? Bredistose rf’f"et"—lt“‘r‘ﬂ:S (ptel &8s AoHigwisdepropidtmdieplay he

pr edi ct aF module 108 may also locate the intersection of the target values associated with the

predictor and predicted characteristics relative to the regression model (step 304) (see
Section ILB.La., supra). Display module 108 may also locate the predictions intervals
associated with the regression model on the display (step 306) (see Section ILBlc., supra).
Still further, display module 108 may locate the upper and lower specification limits

30 associated with the predicted characteristic (step 308), as well as the upper and lower
specification limits associated with the predictor characteristic (step 310). See Section

ILB.Lb., supra. Display module 108 may also graphically illustrate the minimum and
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characteristic (in one enbodi nent, as the x-axis characteristic) and all or
a subset of the remaining article characteristics (see steps 206, 208, 210
and 211) .wolenesespl ete, the user 15 is pronpted to sel ecPCa/ysozaizes ed
article characteristic (step 212). Display nodule 108, in one enbodi nent,
based on idaginegiiahies for dief predingd theactegtiebskdon thedpicifiganeliatemda graphi cal

di spl ay of the regr.essi on the I char acteristic and
the sel ecPRPRaly W@B%ﬁ%ﬁégﬁt@bﬁﬁa\l\g% Qgﬁ%(&zﬂ 4ddf8fon to the
regressi on ITDdEIVEirlEdy @f@htaﬁadmwpla s sl:@ﬁoslsﬁlet ’u‘bf é}ﬁmpmpéfeaqmatmnﬂefum@gihe 20
addi tional featur e$ Lhﬁéglﬁﬁ@ Ec}}ael r epr esent | on rese ted to users.
Fi gure 1778Fsdiet g %E‘aﬁ e U§eEn °5"thFFg Jlidery er“érB‘FIBsent ation
i |1 ustr ag prgictdiehdredratiitRRalEPmBEiHRD Ihyai topheﬁhef;tamven hedngotier dahi c and a

tic with addltl cuss d above. Display

predi ct ed charact 0 feature

nodul e 10838Pfé%tF‘§%fVé§ﬁt%t8dF&b%§%fiSBFﬁ WB%’@F}’%E]? ?}1 Ewgeéllt %’te[BOB? edi ct ed

character lalﬁbdacﬁméf&dth'% bephicRdisetifterfad @f@@ﬁc@d‘[ bisdlisslay Gdver 8B pws Ak ubirgor e 17

provi des, glfé gﬁjéngdul eH%lOCfJﬁggi al sg@ ]gcate the intersection of the

target vaf SEtPERBRF R MeBtsdHSPEY- and predicted characteristics

relative to the reg?ﬁ&?ﬂeréemtgl@te&ct(aﬁt:ﬁﬁa&&ﬂs)tm(see Section Il.B.1.a.

supra). Displa 08 may al s cat t he, %\% ctions i nt,ervg

assom at'®d wit ?téb?}%%ﬁ“h% T’Ft? g URFANVERGPTSHETSYLEE Sect i on
B.l.c. bas'é&l%@bach Storddver! #Helsél@tion df ﬁ@t@aytoﬂewt&erﬂs%m%e be@@cﬁ@rﬁa the upper

andlower sp C|f|cat| nlimts 3 assoma& with the p reo;i

char act er '§¥4 éss%%*’ff’é]b“’% corrglatiops| Netveen ppricle pharaptedlstirs op gisgnalylpaly T ieseht i on

I | mts asgQedsabgd with the predictor characteristic (step 310). See Section

.B.I.b., supra. Display nodule 108 nay also graphically illustrate the
m ni num and 24 WO 03/ 06 P34 Praphigahslegd964 maxi num val ues for the predicted

charact ggi sti cipRas elqb&ﬂmmea SR fusCb kQiret alagﬂaﬁls msumpwsts@ﬂﬁlaegme
prediction intervals (step 312). See Sections §fglﬁl|&” C., Supra.

A vari et yotﬂorqehﬂ@m,fa@@énwstmaasﬁga £9EN3598.f ﬁteéorrﬁétﬂor@@ et fof g3gh %Cﬁt}srtu on

defini ng tfern QGE LRS! Ot BRAGIry BB¥riRRcS m%rahwﬁdiataopohtt@app%@archesmtﬁfgﬁer the
maxi mum and - m ni num 5 predi ctor characteristic values nay be displayed to

the user, ling thedtighenthe sprpelationgoeffigient. The ewepEena i senerdgilaisiare| e

charact er lsn%&a'u%ﬁs RhE Be r%}@ssfoﬁlhﬁE {sABRMIRa R HWEE ot B&ectidh 10D SupeiThRdi ment
the graphical user interface presented on di spl ay device 818 allows the

user t o 20 gesk et asedss €16 seacer fiagrame olcllqoagivle eqpbisations at atiele chyragkrisiics. B, 2. a.
Sel ect i ng 1RGRM:Gh Qb ARl hS Hetubed FRc Rt Hialafis ugéaasoamtbe bieatly ¢ can be

sel ected using either a heuristic or a statistically- ased approach.
Mor eover , rediecddwinicingnne atticke qhprmeticristisito apfae shalamdgtipral pariablse UsRE 8¢ on a

visual as 8{){%%1 R0 ORI &£t ALLMS 2 BEHLHRN R G EhCRRY @618 foSti CS Or an
anal yticall y-based
each remaining article characteristic, which would be plotted on the Y-axis. Picking the

25 “foundational” (equivalent to the predictor) article characteristic can be based on looking at
the “scatter” of the data, or can be randomly picked. While a visual assessment may be
practical if a small number of article characteristics are involved, larger numbers of article
characteristics, resulting in combinations into the thousands, requires (at least for practical
purposes) the use of a computing device to analytically select the predictor characteristic.

30 B.2.a.2. Analytical Selection of Predictor Characteristic

To facilitate selection of a predictor characteristic, in one embodiment, correlation
module 108 calculates the correlation coefficients between all or a subset of the article

‘ characteristics; determines, based on the calculated correlation coefficients, a value
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assessnment. B.2.a.l. Gaphical Selection 15 In one enbodi nent, a user can
use the scatter diagrans to visually assess the degree of correlation,
anount i ngwo®3aeMitsual estimati on of the correl ati on coef f iPCirarsn3/63p4 each
scatter diagram The closer the boundary or perineter around the data

poi nt s appdachehe predictiaé @lphb]llfyldﬁ&flrsit bmetucghtec:temdte: relativesball pdwr mdielef i ci ent .
The exception to_ this enertﬁS§ rul e J egression

f or t
line i s hOPFSFEHEYFS g repraty P§%CESS§%I aué’éétglf Osﬁt %%he@radgc aracm}% & 20 user
can assesElgtJﬂqs §fb&td&£ztméjha@ﬂh1§ﬁatﬁfg aafirbcepsﬁtm dtslsmzlazehMthaélecmms obd article
characteris wever ther enmbpd

er
di agrans B t‘lfﬁ}iﬁrﬁctﬁém(jr é%hgk}re AT UB? B’I?fi]ﬁlﬁi ong’ Ig?rf' ‘fuuly%eS&lBgé
char act es b&bwCealcalates thea®ritlagod eueffitntsraleenall oabietecredsiibgt sfhbe arfidendat i onal
vari abl e sthe -axi s, variable,. catter dla wou e.th reat ed
for each® aé%?é"rrﬁp\‘ﬁgééﬁefl PEF‘éeté’ku%“ﬁ@tCE?‘r?“stF’ils(’fm V%H nm%gbg B?Ibg? Bd on the
Y-axis. Phekildtes eldfb@:elaﬁon tRpnRdat taBI&é’(FlgufeQSI lSe&t@JnG})t(stEpdr@I)e Cpfreldtlm or) article
characteristic ca based on | ooki.n

catter!  of t data, or
can be raRg8Rge{Pd E%rk‘“é’H‘PuW@IVélu%I thé%"é@é"§ﬂ?§eﬁll?°t’r¥ﬁ§ap6@1h%‘?f§%¥’l qule ¢ 5
smal | numea&adaénsae fsk&) 4049, h@roﬁﬁt:lﬁbécﬁhh@cst}@efv@lule ntht deehge bidhg elssolugarber s of
article characteristics, sul t| ng in cog) C?Iatl ons. i nt t he t?ousands

requi r ed° (’ﬂ’t‘esloé%tcmF%?mﬁrcé IFignfs Orﬁ@i“’ﬁﬁég ?FéCtGQ%FIC(fFee B ButiHE devi ce

to anal yt rgabf duse| Bitd nleRdR IR dbfpRingthR et @bt ubdd, sudl aBeatapuidg tnal yt i cal
Sel ection of Predictor Characteristic To faccf l[itate selection of a

pr edi ct or AtkAge SEthary abolpte valies ARG A YRS WEPERFSt i on  nodul e 108

cal cul at es t hecgonfifnahdRun 100 ach ir&ile Mcartiat &kﬁ@d&t@isheﬁccc&dﬁ@b&&fe vélfiest he
article characteristics; determ nes, baSQ_Ejgg %\gé L lPE d correlation
coef fi ci epemputed ipsfepsiO2 €stoy 43/ Bislay mople [Q5she) Gzl ¢ SHUShEP t he
predictiy QISPQ @Qﬁée'Sﬁé/toQﬁo@ thd dsef to%ElEét‘i'p@ed&R@rr AGiaBletiStid K‘aséc?dt@éabﬁ/iﬁ ph@ al |
other artic characteristics; and repeat hgs process for all or a

subset - of O He parchstEF eanshilidiseelahs SEFle §haraqf?rg$&% st 49 b GeEng thERhod
i1 ustrat 'eﬂgocﬁmgﬁtoﬁlgﬁ&rflﬂaﬁﬂ lﬁ§§®§!e5{1§t@1§i4wf) {chuspRligetth@mpglicadion Riogle TDOT

characteristic. igure shows, correél ation mod Ie 10 ggﬁgrefully
descnbedt@mb@rweswm@dléql@ét@P@n%ﬂb&r%&r?selﬁnwéﬁlﬁ eER SepReskeen al | or a
Sﬁl ect ted ?%?c%r R ralcBSscRMhH EleSembin B M&@)Qﬁﬁﬁ&&lé@ﬁs feSovOf article
character

stic values, see Figure 1 Sec ion_A) and 15“' ates a
correl aPon codhdogelarion GC&E}C@HE rablgunay bf@OP‘Séfé@P@}ﬁg BY SPERRPWETS oF

Correl ati %Ehm'agg%&V&Qﬁlﬁiﬁ&eﬁ%mﬂﬁcﬁﬁn&tv@%nbrpﬂb&ﬂé i0s@xbdueesiRd ati ve

predictive capability o ch article characteristic (step 404). In one
enbodi nenmethddplogyddseribeddbeloie aver age of the absolute 1o val ues of the

correl ation coefficient tic (see Figure 19,
core 8101 RpPhY&ToRIdchtitn EbaTatErbRt i C ( 9
According to standard industry practice, the data for a single article characteristic

25 (e.g., one dimension) is vertically arranged in a column. Thus, each column stores the data
for one and only one article characteristic. The resulting measurement data array will,
therefore, have as many columns as there are article characteristics. More often than not,
the data is stored in an Excel spreadsheet, or other suitable file format.

With this convention, then, each column represents a different article characteristic.

30 Each row represents the article characteristic data (multiple article characteristics) for a
single part. In the case of injection molding, each row stores the data associated with a
single press operating cycle. If the mold is a single-cavity mold, each row will contain

measurement data for a single part. However, if the mold is a 4-cavity mold, each row stores
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Q O course, other nethods for conputing this value can be used, such as
conputing the average w thout absol ute val ues, conputing a wei ghted

aver age, w0®3/0€3n4 el ati on nodul e 106 then ranks the arti clpeTalsas/exberi stics
according to the values conputed in step 404 (step 406). Display nodul e
108 then dhspkaseenehedaia fik elfifdui sartsgodised itairigaye davhisecyBlk8 Thsicalyl ww t he

user to s ctor characteristic based at. least jn part on the
or edi ot i ve gt EEh Gl FRH AR RLOE e pr R Bt S i pekhbiogy . "
Accor di ng there tyme copstisdaithemequikdehisiser makes his choice (step 410), causing

interface appli I 0 dule 110. to direct ression nodyle 104 to
conput e the reg?(g%sesﬁmo% HBPﬁItl)e& F%rr%%tf%‘?@{lﬂgg %¥@8§ lg‘chﬁ‘ i@ flggprmine the
char act esicstreletiamabeffivientsgambriinggo arahiat eratipi@ilinethod) 26034 ACkAELSti cS (see

above). 2 rrelation coefficient table nmay be pop ted using any
sui tabl e %P%ijégtgé&grs » COPRETAAHE ndisgtigs Al Fhe l?rﬁdei%lt“f‘}rcéP ayeé%bﬁéhﬂﬁe nt,

correl at i chamuedtidte, ddifaskide otk chiecter@idacol gy odpatfibodpRalaw B. 2. a. 3.
Popul at i on Oaéih lerreI ation Coefficient Table According to slgandard i ndustry
practi ce, i ata for a si ngle article characteristic 25 (e.g., one

di mensi on) is Vignte zolalhhsyraaa‘saamgﬁ? fbrrpﬁ@uﬁﬁihgltﬂé coﬁ@lh’t%nhc%@ﬂibieﬁlﬂhﬁl@n stores the
data f one and on ne article characteristic. The resulting _

neasur e(r)rlé rﬂseléfeslfggja?ﬁ' 4%} P\%ﬂrf % shoRisr B PBS "én?b%@té@"ﬁjéﬁw Eetyeits inigalizear e ar e
articl e chaoadhuun wtfficient dvble €stgf SCEﬁaﬁchﬁlﬁaBl@é assocdiA&l Qﬁﬁ fhel cell Eetr%@tqrsio@ an

Excel spr she r o r itable file format. Wth this convention,
t hen, egcﬁl%g%@ﬁ%’m gsﬁpef’tsogﬁ?%dst © Bl SPURTHTHCH (e stEPsn04ep@FiRt Fer. 30 Each

row repr esilattic furposas, histine teh asraddt@ninsddute 106b8erk @i dhP _Llﬁicﬁ_rch&r%t%l'is ic

characteri s_[tl c?)a_, for :S§ slnggl e part.%ihg t he case of _injection nolding, each
row st or eS*PHET GBI 1361948 OfF ¢R SitrRgrelappeBedep dcaompygteeshel e. | f the
mol d i s 18 caidgicroeitity: BEBhen IR 400 WdlcGRRE kD an@[‘%ﬁé%&ﬁﬂea@&clgat a for a
single part. 4-cavity nol'd, each row stores 26 WD

However, |f the nold is a _ I
03/ 067344C1%9€ﬁ9t‘iﬁ§6‘§%§i%%e% ﬂ%d}?é‘é%“i‘ﬁ@ﬁ‘fﬂ% valye in the porfespendigrookimmsoduced
during ongscemib). Eoreltiof motMR1GRIhkY stofcl Ehe S teﬁﬂ:&ﬂr&&tﬁm%?iﬁ@igﬁteﬁﬁﬂ giics are
; ere

i i -cavity nol owever, S no

df L. ;
Const r ot nEPTRE CPBRRY Eebe W e oredsblicsiis (-bérl ke figh modul & 106

i ncl udes tuﬂeltaﬁmabadmdemﬁr&ﬁme@ehetéa@feméo&é&ffﬁkeﬁ&sib%RV&Bﬁﬂﬁf &l £0LE
(accordi n?%#fo st ?}g ar tatistical nethods) anong all article
char act & PRt %r?ﬁ’g'tt e gmgipingcoplfgiprta (Y mcespsingidie pove gpsition d) waghabi | i ty of
each arti edch sucbaractpicstibtand3nge gs@@é%eﬂskﬁf-},%[é J.[ngl5?8g.char acteristics
according to tkfei r rgl ative lloredi ctive " capabilitiés.

ter correlation module 106 reaches the last remaining article characteristic (step

514), it fetches the computed correlation coefficients in the first column (A=1), transposes

the column into a row, shifts the row by one relative to the correlation coefficient table and

25 stores the data in the appropriate cells of the table (step 518). Correlation module 106 then
increments the cell column position (A-2) and the article characteristic identifiers (X=2)
(step 522), (Y=3) (step 508) and sets the cell row position equal to the column position
(B=2) (step 524). Correlation module 106 then computes the correlation coefficient between
the second article characteristic (X=2) and the third article characteristic (Y=3; step 508)

30 (step 510) and stores it in the appropriate cell (A=2, B-2) (step 512). Correlation module 106
repeats this process until the correlation coefficient between the second-to-last article
characteristic value and the last article characteristic value has been computed and stored

(see step 520). As Figure 19 illustrates, the resulting columns of correlation coefficients,
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Figure 20 illustrates a nethod for populating the correlation coefficient
tabl e 1o di scussed above. As Figure 20 shows, in one enbodi nent,

correl atiwp oaogke 106 initializes a correlation coefficipemuspabdzes (st ep
502) and vani lPI es _associ.ated with t?e cell é’@@ rTFters of the table (A B)
(step 504) AHGPRECHTROAMEdH 3 FCls papqteristie 2HaWs {8 pdatisssasy remBpasion For
didactic piinpdsekg, mssvtme)lhaicatﬁhgr theprilicave dapibilittes t0e aRIAhfS cteRsde
article c&a Jgstl G ues of Figure 19, Section A |In one enbodi nent,
correl ati %ﬂcﬁ’fﬁ Olbérput es the 15 correlation coefficient between the

first article dbar a@p&r@ﬁd fﬁdnh ﬂle(axmﬂg)praﬁﬁkdtd‘é&rﬁ)ﬁQQ rtﬁe ﬁﬂ'ot:ésgfcﬁ oﬁﬂﬁﬁ%‘%ﬁ@ ristic
(Y=2) based gg t he aracteristjc val Hes in the correspondl ng

col ums (& tl%ﬁ??f&lc’éﬁ E taBle 2¢leNss Ao Feduqing 11 Hespuanbst elcopRlatigionput ed

correl ati agefiqeft it St HelcBmbhed, &&@@@ﬂo@eveﬁ/ﬁ@&%?é’&tmh”ch%ﬂa?s Apper left hand
corner of the ta Ie\é{A—l B= 512). Correlation nodul e 106 then

cal cul at eSFHECLIRE é?lir@'f’fl%éf”’r ‘ﬁ?ﬂ @H%r@%@t‘%@é?m@mét gqtpEgnofthej cl e 20

coef fi ci enbrréldFoh) coaffidiecht @bk @RI Bl £QGHbdrahBHoThd b e _row
position Qg?&tgcébeagh sucgess?\?e f:orrp%ut%tl on and%?sotrg‘rlgﬁgtﬁg@ EtgléEeE 514,516

and 518). & OMRU I HB g CR q@@e%@aﬁl@stwqf@rm]ag@nmn@hmm Yrticle

char act eniasd V&) (bR Rvouklitboved d00k8lERES0 phecHapRYEEL, correl ation
coefficients in the first colum (A=l), transposes the colum into a row,

shifts the row!B§Presrdineanethodier pepulanias thscpatlatipmepetfisieht tableésrmet abl e and 25
stores them@adimehtbf theaBIR BbRRKt R @nipBiskisn ngoﬁthﬂﬁl 'A@ é%lo(ﬁg?rf%négn%a t

Correlation_nodul e 106 then increnents th osition ?A—Z) and
the arti cHEhysErliagd Cestomancpvertion coRgsynt vyich @éusgzs)tanderdsshe {ateep 508)

and sets tha s6@lel artﬁcgé’\é}ﬁ%tetrfsﬁgls%gﬂﬂﬁﬂ Prah tﬁQLél{ﬁlﬁn d L0k d@%ﬂ%@d (step

524). Correlation podul e 106 then conpute e corre atlon coefficient

bet ween 15 tFEISERGhANgHeD ¢oalliewell if Heclatader asifgenpyiclapradieistinived articl e
character ql§ﬁli&lt£l¥'a§‘an ‘?ﬂ?a %@Qmﬁﬂe 51% rfiﬂm%)ad?ﬁgd & ﬁ{aggatll;\ Etna glgte hﬁor
ation no

appropriate cell Corre repeats
this procéas Cft?ﬁ,tth‘F a“@??ée é@rqlaﬂoatcp@fhm@memidabemmpb@d\bee:dumgvée secagadEa o- | ast

article QMB%gﬂahgﬂb&fﬁ@n%eragfggthgggc& [, article characteristic value has
been conputed and stored (see step 520). As Figure 19 illustrates, the

resul ting col ums of comdhtAltamatyeFmbedimants, 27 WO 03/ 067344
PCT/ US03) 03264184 BrbQitheh:, £RLF B3 eré%qun&%nglﬁkz%ﬁs hs%!ec?ab%@ roacgﬁlef L St e,

allows for relative easy conput af
i ndi cati n&ietSh]éctmﬂéxﬁP@tthﬁéor@ém@ﬁmtmaeé vigv thhﬁaacltdmgranmah drctpeafdusbn cs (see

Figure 19chs§§:@érisﬁ@ asq)he X'Aé&ls'vaﬁﬁﬂpﬁf élu%%{Be&ﬁgat%g tsPdny ;/olp 1orbaﬂldescr I ption,

the process for populating t corre 1 on coeffrcieén % achi eves a
50% r educ Pregdistiphint¢isals hrbet ongicle eparted didgroms, tlrml@érfmayl selattah¢ pradicredst be

conput ed, (DeLARE.S Bhe £Y f‘dfb}ﬁs%ﬁsgﬁ)sﬁtfv% L:c%ﬂagge's irf Fr C&s Ise%tlngs) and eliminate

25 such article characteristics from the data set to eliminate “noise.” This selection can also be
accomplished analytically based on the slope and Y-intercept of the regression model, the
location and slope of the prediction intervals and the value of the upper and lower
specification limits for both the x-axis and y-axis variables. In one form, such article
characteristics have prediction intervals that do not intersect the predicted article

30 characteristic specification limits. In this context, they constitute “noise” in selection of a
predictor characteristic. The user then re-runs the selection of the best predictor based on
the revised (reduced) data set.

B.2.b. Minimum and Maximum Values for Predictor Characteristic
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corresponding YX correlation. It is also apparent that the conpact notation
of the <correlation coefficient table greatly facilitates progranm ng the
sub- r out iwe oBlets4popul ates the table. |If the conputati on®Crarse3/otxebe done
with only two correlations in each row (XY 1o and YX) , there would be over
600 rows for S5Qopailitaie hadaatedingfiag smbddimepy € Clediragnimidiedn itk uf@nw at i ng

t he correl tsii er%a%gﬁaflfi.ci ent Fabl e is one enb.o@i %nt of . thfe_ t abl e

popul ati on/ conpresd of At oy TR FRErSade pPIE BT D BIIELF At Edvisa of tisTeskd?st ai n t he
usual and of tetaouie shaenrevietidsiio sl @bds Shegmtdiviot bhatdeeluistic ¥sisd andadds, the data
for a single article gharacteristic is vertically arranged in a colum. The
net hods dgise?:cr]7 ]i%ﬁéabovi'Sﬁﬁé?%?sﬁmﬂﬁlﬂdﬁl EF"&E %'iai‘eé AFnpRip Reivicen theprediciel a for a
si ngl e aﬁtchaﬁaeteﬂhﬁtraﬁgtl?trrhﬁﬁiﬁﬁlg\agt&lmﬁo&dﬂiﬂﬂ&@dﬂaﬁﬁc@ﬁé@dﬁQﬁ% siidﬂa@onriQWhand t he

al gorithm, adapt.e r..that data structure. Faor. that case, the average
correl ati 6]2‘%%5%&%1‘“? %’iggl?‘?tlgv%}lﬁnﬂfeﬁéu E}FéﬁngmPEFE’%FJ@’VIF}F@%}PE?I&Q@WYa r ow
of correl apédfttaﬁmelﬁrfﬂt@cbfemd@redﬁaﬁeheliarﬁdﬂ@;ﬂ;tia_ (CetdfhineBhdvaued of AL bRURES Ve
Enbodi ment; 20 In orz% gbnbo 'bggn%;{)a ,usgr may use the functionality discussed
above to EBHAFIEREC (Khgbovephichichspradicisd phasssterisgr degsaphmessspesificatio ey ew t he
scatter disagtoansB ub | dupta) @hpireebation berthal @6 t@kdstibh f088 hiMheXppdl S variable
and i ncl Hdi nﬁ. sté)ecliéfj (f‘a%i,o$ I igri ts, and optionally prediction intervals.
Based orl"SRICH RN Tl gV ds fetingd as Hymayg 55r Frame 1de Foiinterseerion kegweandhie

char act er ir&fréseidn idvdt] agd &eﬂ&b&%ﬁecﬁﬁdﬁﬁ@fﬂm IS i BefmBARILSih Nt Pin%ﬁﬂz be
settings) and, eli g}i@nat 25 such_article characteristics fromthe data set

to elini n&rd haias Loas s thy pedickyrahiragaristied X lshetwren thevelsgpoli PBsmignd®al vt i cal |y
based on whe, dhbofe paitktt dhteletioid m@ bt MeHhEPeaRSLBA LIRGE o e | ocation
and sl ope of the predictiqn intervals and thé value of the upper and | ower
speci fi caffEs7siPR Fofle W e%@{q.}s PeEecheoselasion herwpembe Sragintorabhracreristic one f or m
such ar tis eh®rhephaliaed @hiadletitc, RASAMRAHGH 9N d ik ﬁ&}‘(@%@i&?t _do not

i

intersect the predicted article 30 characteristic specification limts. In
this cont EXATACTETREL 15 B5Rq tRaR Rsa o lew thanP-in, dleenitheipredicesd chareetristior

char act er igll b€outdilirs$REfiERBA liflrs" MAShENS: 528 1Rl ist predi ctor
based on _the revi se%:l@?reduced) gata set. YQB)%}%E I\/Ertlllﬁrrﬁtr% ger{%g i mum Val ues

for Predi EBHRCOPIPER RMind-pax W -oes0 dysnshedr/sudabitas keg asdef aci | i t at e
under st angidg@ichal 8ipRM MRR Polanld o RURSEBicr BUERIGORyic b bewhig! Ul 1O
consider a sinple situation where there are only two article

char act 87 FRECHCEI® interest. One of the article characteristics is

sel ected as ! MBcAieEidtAtoRRMRES RIbH{HCa BSiROIIRL BRI ARSAIdhAeY above. The

regressi on nodel establishes the relation E ween the predictor
uncertainty in using one part characteristic to predict the other. The prediction intervals

associated with the regression model place limits on the uncertainty associated with
predicting one part characteristic given a value for the other part characteristic. Figure 13

25 illustrates use of the prediction intervals associated with the regression model to remove the
effect of such uncertainties. As Figure 13 shows, two lines are shown located in the vicinity
of and approximately parallel to the regression line. These lines are the upper and lower
prediction intervals that more or less bound the data points around the regression line. For
didactic purposes, the upper and lower prediction intervals are shown as being straight

30 lines; in practice, however, they are generally curvilinear. As Figure 13 provides, because of
the scatter of the data points, the maximum allowable range for the predictor characteristic
is more restricted. Specifically, the predictor characteristic can be no larger than the value

associated with the intersection of the upper prediction interval and the upper specification
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5 characteristic and the remaining article or predicted characteristic.
This situation is illustrated in Figure 12. The intersection of the
regressi omormaeis4ni t h t he upper and | ower specification [PCRUSS3/af264 he
predi cted characteristic (Y) determ ne the values of the predictor

char act er lisftifer thegredivrdehwhetetisticne terggecpediician dpitde be predigeds not neet

speci fication,  See ctiaon |l R 1. 0. . ﬁ?[ j LORicket ween the
regressi oﬁlaﬁ%ﬁéﬁw‘éﬁ?&hsﬁe erdsbf)nelarue bfhsabsengil%iqga I bt-ril-llgﬁfér(ril&:t &gcgf%i I:]?slf:defi ned as
P- max. Seke fd guiler than thElveluk ndseriget with nheintevreetipntdh ehe lowerpeediition intseial  and

the lower specification Limt. for Y i i as. P-m readi ly be
seen t hat alﬁgtgf NG ﬁ%ecﬁlﬁ%tloﬁlrrﬂé‘&f%’ I(;)hre p(r:%cgcrtgcg{%%?%{ ’?‘?:C’ C %He?dgv %Tg}%e\%gfg%ﬁﬁe val ues
of P- ][n ns {m!ndf&f;thﬂpiedictdgelﬂarhdg;&iqmt ¢éethicheyer is hagmﬁﬂnoi}ﬁ:]@vcrdml’ﬁmmi@_thﬁ t hi ][1 :
specification limts. 6 Fo regressi on er r rfec
corr el at i BATSEEHELH S f‘?&”’[}?r 8‘% @F Bppeg ﬁpéalgglg%téorni S 1?%0@ S pé?ldgct{}%%a%rc '!é2 iSt(E:)Cteed
c Ear act er jugl the intérsectian oftde Lipper bkpedicyioﬁ) intaail dvithﬁt upifer speeifjonuohilniofor . .
characteristic_is, greater than P-nmax .or ]ess than P-mi t t redicte
char act er F&grediced %mﬁéﬁr’éﬂ?'g%ﬁgﬂ}yggl@b éscfi‘ef PR PO AT IR @%rgergﬁfg{l%%r%egay of
g Xpr essi n?lotetiﬁbﬁidnﬁinﬁo%@l etfel p_‘ﬂ@iic%tﬁ&:haﬁi:&lfia:m t]lilﬁ:lmmicﬁr cgltlmet lawet pﬁedimﬁnas .
-range. |t can then be saig that as. |gn predictor characteristic
is wi thilwn_lﬁ@f?aiﬁ@éz tBe Josyer fl?fég‘ﬁ?téo&ﬁﬂl%f&f et et R AR R v 20
speci f i capicgitrorBRaALSEstichEbdt eI SirtimdPoret, tsgiredicoed almractqitit etit bdegr ee of

correlation, there |s  uncertainty jn. using one part characteristic to

pr edi ct tﬁ@hﬁlﬁﬁP?cwobﬂW'c]?’iOBEgrPfﬁ?@P%I1 Cang?sf‘&]&alt%ff 8@“@&?%? %%tgtllfp‘é’gr essi on
nodel pl aegidki dik bedRBioh iftervils giouRlibat Iy cas afleddahad, phidss analtysid igilicagprone  par t
characteristic grven a val ue for tﬂ?ff? 0 herg]gagt characteristic. .Figure 13
25 i1 ust FRrses fRisal oIt ePaFIRFTS £ A iAusei gt HOWEEndPEYSEVI1ARE e
regressilgepﬁ@{@bv&gdihgm@dgm@tSe@fnggct of such uncertainties. As Figure 13

shows, two lines are shown |ocated. i he cinity. of and approxi mately

parallel to the red?%‘“ss‘?%ﬁtrl"“inh_@;b?el‘fﬁ%@é&r:?oﬁé aré?tén%/ti?e upper and | ower

predi ction intgf¥igduSsctABEveIBE Bor&oin@fSudu itlsdohion Ia1D. Rapmlisvaedund t he

regression line, For didactic purpos t he uggg]]rq and | ower prediction
) 'I

{ . SEeS .
i nt er val ssiEpdlichdpatiaringelving oaly fyp @q’i‘lCﬁ:‘:baI\a‘?tﬁ‘é% a5 MRS 485GRv er , t hey
are gener gl Y& lirReRimbeAst drideifRratrigtiQuf dR&esthBCAeRbodimeie scatter
of the data points, the maxi num all owabl e range for th Erfgi ctor
char act ép PEcess anglysisaypiemlaQ isiyrgheg gperaiiye & frepts f DSt ]%P di-e$ or

char act er icghdtfitanbRRoNQins Fo:A2Eh I%ﬂ_&ﬁ@te_ﬂ hRickahb@ cteAGEO tHeliBithum Gthin? e
intersection of the upper prediction interval and the upper specification

29 WD 03/ eaadmnay(Pasyd veliosar thy predicts chamereritticds detemripstabate €55 stic, or
the upper sspead filBAd! &N B MbIsubey. the predictor characteristic (whichever

is smaller). In a simlar fashion, the 2predi ctor characteristi % can
From the Constraint Table (see Figure 22), the most constraining minimum (P-

25 min*) and maximum (P-max*) values can be determined for the predictor characteristic.
See Figure 14. That is, the most constraining minimum value (P-min*) is the largest
minimum value (P-min) in the Constraint Table, while the most constraining maximum
value (P-max*) is the smallest maximum value (P-max) in the Constraint Table. Figure 22
illustrates a Constraint Table according to an embodiment of the present invention, where

30 “none” means that the upper or lower specification limit for the predictor characteristic is

the most constraining value as to the corresponding article characteristic. Accordingly,

with an identification of these most constraining minimum (P-min*) and maximum values
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be no smaller than the value associated with the intersection of the | ower
prediction interval and the |lower specification |imt for the predicted
char act erwetoso¢73e+ the |ower specification 5 limt for thecpresd/enes
characteristic (whichever is larger). In other words, P-nax is the nore
const r ai ni(Agnagraniagnipctpfer tzzﬁéoqppp%dens Fhacalsfb@as itlesrprediator clfasactartstic besedi ct or

h I h
the upper Sepikn S pednpRkEERRl b BluciOf SR GE WA BCL Sl Oon IR 001D
P-min is the mdsdescobsimark hillydelohapipersy amzﬂystshesttm\]rm mcmpembbcﬂlmanu Bn limt
for the pr% a&w}/e oL 8ac% A& d 1&18 Re{raétgf"stlc QB rc?e?%ﬁﬁn%n het:h % OQV\%al for

Wt Fowe NI T Tert

predlctlon He predi ct ed
characte bldsfepte eXJAs Z)datgrrame Whethepuiequdﬁomefd arlheie ehau:mterstm ] rolsushehcl\ébnﬁ P-mn

and P- max, I dict charact er i nits |cat|on
T et B SRR e 7 kR Bl bt p R Al S BB W der
t he predi otluen(Pmkend/Bihi), shputicklfdor thapedietedrhadéirassic, Irpgmplﬁs;ﬁ alai”nal ysi s
applicati on 100 use t setting.

typical _"wi dth" para S _.as def a
onever. iR otal B e prosiiblly PRREROC R iy htheceslBhbh
setti ngs nBale (@nd ﬂiala&hmaleﬁhes)'hh:kzseeri the pRidederchamcteliaicant] elid p‘a:tdhc:teAs di scussed
above, e f | scussi on in section b. i nval ved a
St 1 B R, S ORI ey P Pt e BOP SemreE) 1ct wal
practice, lmglsp@:ﬁ1camf]imm§ foeboth alse }&edhafe@@rtmhlﬁibﬁﬁct@flst&rahdﬁdreh@@’racﬂlaﬁb]% eri ?] tics
of interes t, 20 cess an IS .S 100, i,s further
operative %‘%ra?:tfréséltczseﬁ @)‘ﬁes i }?ﬁoce’isﬁ SlsﬂlFéem %ET?’QF 143 ?‘i—Pdf‘@)nt ains, for
each pr edirefredion kich GVleclcid alicaetadiousddddhy thdwppat mdTowedfredittign boandhrivgyl num
( P- max) val ues for th pr gl ctor Gﬂaracter stic..as goet rm ed above (see
Sections [} TESTESSHPR 120 dgl e gppst pnd lowgrspesiticaip Hinity Eﬁoﬁt Tabl e (see

Fi gure 2@)charhdteristiosAs Etgﬁ&BBBlHihbﬁ@eﬂﬂliH rﬁgtegs(oﬁ-areaﬁs diie Beg)on&d@dn&ﬁ@ﬁymﬁn
(P-maxi") vaI ues 0321 g%ﬁ d. faor th{e&% Qéﬂchar cterjstic. See
Fi gure 14 FSFFsPn model REuRgs hegBrdeion IRieRg's it e e FiCAICYY is t he

| ar gest %ﬁt’acffbtﬁ@tﬁ&h&@pﬁe&rcﬁﬂd&haﬂa&ehm Goied BaiiMistrhedd] hounbdd regrelnnost

[ ho. oG AERISFABIE, FHRGUH 2 Bsione ﬁéi%%ae@épeeeé%”&x@”%?c s

accordi nglﬁxﬁts@ﬂthe@&@thﬁra@Jerléttte present i nvent| on, where 30 ' none means
that the upper or gem fi C%FI on lim %J1 predi ct or
charact €fi stic ]|’°§essf‘ FreR AR TF R PGS\ ‘TIER%‘HQ TGP P &% ondi ng

articl e champldnes ired uocasseemae feglatfwhmp bet¥ebrich@ Bwb e, iTf dhe BbineRd Erésﬁ% e nost
constrai ni ng_m ni % n*) Xi mum val ues go 3/ 067344
PCT/ US03/ G348 PRI Wjc ek P HEE PP R PBCIET TSRS ERERIAS, | o ng as
the predi %}ﬁfst qmﬁ &ﬁé Rl iShiHep, pkRSss abﬁym&eﬁnmetg #he nfi SR UndGnair@éth Ct ed
characteri stj be wi hlnsecA Iglaﬁlon imts.
pre icfor ¢ aracter1st1c values assoctated with the first remaining article characteristic to
25 the lower and upper specification limits, respectively, of the predictor characteristic. If any
portion of the bounded regression area extends above and/or below the compliance area
over the specification limit range of the predictor characteristic, a defect potential exists,
causing process analysis system 100, in one embodiment, to report a defect condition.
Figure 33D illustrates a circumstance where a defect potential exists. Furthermore, if any
30 horizontal segment of the bounded regression area extends completely within the

compliance area and any second horizontal segment extends partially or completely outside

of the compliance area, the predicted and predictor characteristic have a constraining
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As described nore fully bel ow, process analysis system 100, in one

enbodi nent, is operative, for each predicted article characteristic, to 1)
det er m newatwpbmus t he potential for S5 defects exists; 2) pdetusedriazes whet her
the predicted article characteristic is robust; and, 3) i f neither

rel at i onstigpioddhipden tB9 con&rqmagmimondﬂp @mnessanalhes Wabcmriﬁ@mmxdltm the rum

al I owabl e_. val ues max_and ..Pm veI d
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article ¢ ]88‘? ﬁ ?k?uét g%fe(i‘f F?lgﬁrégu%? C%SS?% St RG S‘?HSE %5&gr}§a§bounded by
t he uppes pasiBile rEl@M@fshﬁa@thﬁsbéﬂ&bbﬁhré infivialy émtusb;etahdﬂhétxpo exiditioadamr t i cl e
char act eriﬁrﬁl c and f.or thlﬁbf i ctor character, 218 see fé ure 133A)
Process aRAIWRHY Qi IHOp Bk G35t 8Co]" Py S8R%ar ea,
which is telgioasess ibrRldndRad abymﬁth% pnaa@ﬁ a@ﬁ;dmls;maﬁ mmeécﬂﬁcbmeanfdmhmdan es of

t he regression HF%E and.the .y hﬁép%l ower s i cat Il&ﬂ |i mi Es for the
predi ct or 4HRAKL ©leF Eations bcgi?téo%gr@c?slsﬁ S?Sa?é'%gm B eh%ssi on area
is the regieedreRabmyi ubg,{nytdagredroe@"fesm on nodel, including the prediction
intervals 252 and 2% stic and a

‘tYi'JLrhe r edi ct or char acterm

predi ct &4 charaties ‘ih(?t =y 30 PR YR KRGO HEES 1 egr essi on
area, as fefionadpAlQvssed ARiE ARG ckymblb@rdeyhalltiSlysoin 108 @ouppaefec(tusu X))
specification I|m s of tHéY edi ct or ch&gﬁgterlstlc cess anal ysis
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char act er Fhagacgerisgc oonstrgias qudlcé%haﬁﬁgps%cp\@ an 3t {355 OBR VETFIRAL £rOss-section

respect i Vel e bQndbfegREQEH £E0E AT IRLRIRE &&ﬂplﬁncel akea@BY at 10£ bicORriakl t he
bounded regression area extends above and/or bel ow Esg}%é]g npl i,ance area
&

over the SPETIFHAH? |tb?1bquinﬁ‘idtre$rﬁ?$§@36€fal% dy prragsidlyon emlipRgGagea. g
def ect pot enti Al &XhSlRis sy@MEIONEn REOGRSSiA@hotBersh £Mdi8Rer i N one

enbodi nent, to report ‘a def ect condition. Figure 33D'illustrates.a

ci r cuns e&RdiofRR paunslariestipierse i ShetompARNGE g Using #B?W%%‘?Wéﬂonﬁlf ¥s30

hori zont ak,SeaRBRL i ei‘e & PR Hol RIGH&DS HRMoRAGA 15t LR Srea QARE@EEL! Y Wi thin
the conpli ance area a second horizontal segnent extends partially or
conpl et el thesamplighse axst, tbfhléfeééﬁ?é Ptk B ARFEHS A IR B DHFEA FO e @ralifoTr edi ct or

char act er Ll &e @Y eIf RitleR B JtR bt g]l?lgé aMQo%f P34 BEH: UoRR103264

rel ationship. In the constraining | at 1 onshi p, _process anal ysi s system 100
conput es TagEessipg preBipmeiiereTsesk tha APMptiatse atearth @h@@eé@f BPteRtial gxigty) ligke for the

predi ct gg uﬁg@ 'E@&ﬁcﬁ{')j Fhhdbounded regression area intersects the upper boundary of the
compliance area and the lower boundary of the bounded regression area lies within the
compliance area, a constraining relationship exists. Lastly, if the lower boundary of the
bounded regression area intersects the lower boundary of the compliance area and the upper
boundary of the bounded regression area lies within the compliance area, a constraining
30 relationship exists.

In another embodiment, process analysis system 100 can test to determine the values

of the upper and lower prediction boundary values at the upper and lower specification

limits of the predictor characteristic and determine whether these values (coordinates) lie
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Furthernore, one skilled in the art will recognize that 1) one of the three
possible relationships (robust, defect, and constraining) discussed above
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ot er i o ahothor - The. dobet and aer 20 or et aron bondar 145 L0t er sect

, ) [ on _bo ri i ntersec

t he conpl }né"r?éaé a %Y%E‘Ses M%Prﬁ(%ﬁtﬁﬁf%?ﬁ%ﬁﬁfm %%B%?I%Bg@rangioawn%l e, if the
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conpl i ance area, e predicte rticle ragteristic | s robust to the
predi ct or Figpyea dllysgiates fli‘eﬂ‘?ft PpPeE ?Wﬁryd’?ﬁlﬁgf‘ﬁ&ﬁf“ Fl‘épR?ﬁb%‘f’ndéWd' a uﬁg\%r
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area, en a defect p nti exi sts. { he upper houndary,. of. the
bounded r &gPEERE A BE SSFE\&TL@%%%@F EO‘W}@Y Jﬁlﬂiésrat%g‘iﬁfg% %FCQ‘F’W?WBP'&&C&HB% ance

area and likfs bAnepreBRIARINctSfistichBsel O Hittadsre @@has&leh hchidadg the ®spevardchi n t he

conpliance area, @a constraining relatjonship exists. astlgxé,gfli f the | ower

boundary Bfvef RedicHaR RdEvals Bgess Peprafidar shatagieasds adithepre boundary of
lt_hg co U{)Lt@@fcﬁer@ﬁ@.apxla@s L/ sidRPREm OUREAdYertinds h&ggﬁﬂﬂﬁﬁbcjﬁﬁ@rﬁsﬁﬁ@n area
ies wthin the conpliance area, a copstrainjn relatignship exists. In
anot her 2@ faseHiBHISAH) s MAEWR he fpH|coaIrs OE%E%YHP%%%@ HEH20 m?dgjycfg‘f EQB‘Ff ne the
val ues  Ofind IBRerPREFicARIE lihBYRF th@%%ai&&ria_ﬁﬂ phaupehyrav@kises, Biorkhe upper and
| ower specification limts of the predjctor characteristic and determ ne

whet her t Fekwliment aacthed ot ynerands yalleq o dsterpgeqaesisy S0 £03264

computed above exceed the four corners of the compliance area 250. In one embodiment,
this method returns four Boolean values corresponding to the respective corners of the

25 compliance area 250 and indicate whether the boundary values are within their respective
corners. Process analysis system 100, in one embodiment, uses these Boolean values to
determine whether the potential for defects exist (step 706). Figures 25A-G graphically
illustrate potential defect conditions between the predictor characteristic and a predicted
characteristic (i.e., the potential that the predicted characteristic will exceed a specification

30 limit within the specification limits of the predictor characteristic). Figures 25A-G all
include a compliance area 250 defined by the upper (USL) and lower (LSL) specification
limits of the predictor and predicted characteristic. As Figures 25A-C illustrate, a defect
may result from the upper prediction interval 252 failing to fall within the region bounded
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Wi thin the conpliance area. The following provides illustrative exanpl es
for didactic purposes. Figure 23 is a flow chart illustrating a nethod for
gener ati ryoa3@en3gt r ai nt Tabl e according to one enbodi nentcafusohies2ps esent
invention. In one enbodi ment, many vari abl es nd of her |nputs sed in
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Const F t t 100,
ot 2? ¢ |r ﬁ'g n\%\}za}%@%s%he ]ﬁ?}leaft ngtrle% udskd ML &) c%?ermﬂfe%ﬁ%r apabybigyst em

Icted characteristic (see step 702), conmputes
t he upper esis. Irmme ﬁmbcp«hmm 1f dn: twioriereeoredrs, ChromedwEipin operietseer lldeurt he

di cted L t
e 1 R oA SOl e 10
Fi gure 24tsdxteu:dtdr dteeswilliee alcefstrainimprelabon (rde glow)al ue 241, the right upper
poundar Yo val UerZercchaudif SRl %Jogyt@n% Jggg@g&&xéo@% 55214130 oflbddifretd, Ot
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whet her these ound u ur
corners of THe"¢ S%ﬁ %trltoél gjl%r?é%x %&Q%ﬁ? IOE 131%[[51'3 %ﬁgdlﬁgﬁé%\gekma% #Jgﬁv\%{&
speci f i aafirerioh temstfar sofh fohestpese by dd:temunmgj vwhmédn the bdlrrdhmhteedl&stsaieds I n one
enbodi nent or _functi I
boundary G¢8TG (1515 Wmhglotrltf) ﬁeéglcﬁtboélv e ‘ésxoé ghe & r%cﬁae&h%r%cg%{r&ﬁg relél \Q@&l lpﬁ fi rrp li ance
area 250. 2b6A andecBayrigshdhiatip Alstrate hirqmmedrhedviieet te psediced chBootedstr isal ues
correspondi,ng to the respectiv r S of rea 250 and
i ndi cate \'i\ﬂ%%‘hrég‘ut’ﬂ@ tﬁ%ﬁ%ﬁﬁg %ﬁcg $hg Ié?he p':r%aelct (?% a;ca”?ens%c e ?&vg corners.
Process apacysi aﬁa1$$i§§yeﬂ&’in310@$ets Pmione tlmttsmdj sp'ennﬂtc;auu:shmttohés@rﬁumdnean val ues
to determ ne whet the tential for.d exi 70 Fi gures
25 G gPABHRCCHI e S POSY FARE ROt SHEHe T aEe tRSaTr AL %%Sﬁé b
predi ct or 7m)aracter| stl c and a predicted characteristic (i.e., the
potenti al that dch acte eC|f|ct|on 30
linmt within tf E o B AR S Je&?&%dﬁBwb}Fe"&?dé(ttS‘? P BRAL B e c).
Fi gures 254w, @tdcesslaﬁlatﬂvwﬁa@stamamrm mra:ra:ﬁﬂboétmat Eﬁﬂput&f ]?nmadnﬂ)}?mm (astetppper (USL)
and | ower S eci f I on pr edi ctor
char act er i&bi ge RSB Ib}g%s S%% lg‘t‘rﬁ g{ t]létfréat apﬂg‘?sééltalysﬁaﬁg% {he‘? romt he
upper pr8dépehis@le protess dedtribeB Abdaifdriall gerhOnihg btedistdditharat tagtstics ¢ico stepgmﬁtded 33

and 718). Figures 27A thru 27F graphically illustrate various circumstances where the upper

and/or lower prediction intervals constrain Pmin and/or Pmax to values in between the

lower and upper specification limits of the predictor characteristic. As Figures 27A and 278

illustrate, both the upper and lower prediction intervals associated with the regression

30 model can constrain Pmin and Pmax. As Figures 27A and 27B further illustrate, the slope of
the regression model can influence whether the upper or the lower prediction interval
establishes or determines Pmin or Pmax. Furthermore, Figures 27C and 27D graphically

illustrate circumstances where the upper predication interval constrains Pmin or Pmax.
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WO 03/ 067344 PCT/ US03/ 03264 by the conpliance area 250. Figures 25D F
provi de exanpl es of where the I ower prediction interval 254 associ ated

wi th the wogsmeesiton nodel between the predictor and predi ®C&WIS03/03264
characteristic does not fall within the conpliance area 250. Lastly, Figure
25G i | | uSimddrBSFigtuke27H dnd2nE aphiealiptibrserateaiicrestandre whppehe lpwedi ct i on

interval 252 nor._the | ower, edi ction Nt efr v | ; npl i ance
area 250.P¢ Ct&?ﬁlém@ﬁﬁb‘iﬂnﬁtéﬂf‘&rﬁlﬁ% @%X'al?nlg 3%&0@% t&%%egs\e;%\ta%%% gg te’?ﬁe Bool ean
val ues di1sc &6 adermhnaeht Qgitifties dipeef thiketgiesion mbdéleredicmnditeivals.  exi sts. In
one enbodi nent, jf the t top corners he.two.bott o - all four
corners arecessaadasystan tIBr‘?g‘? %Wobq%b‘Perf&et%%rb?'etstergﬁl(ril eg%}éév%\%feé\ggﬁedlmg cgronl y one
corner afcheacfriftad 4t theSinexeesded thetupperpreditdioniateavatanishe apper spgcifiedtani on (see
bel ow). 10 | defect potentjal exists rocess.anal ysis.system 100
reports, 1FWE?H§‘@’?‘EF§%FF@E§‘?F?C‘€I{SH% ﬁ‘&d@i}'ﬂ P‘iﬁ’g‘fs‘é ﬁ’i‘aﬁ%ﬂs &E@elﬁ(ﬁ fnn%ﬁ% Pnmin and Pmax
t o " DEFEGIhodSndn® alsb orhpsieaiht vitieslichd redicoh ali-antetstis bd the {s¢reptiddd) . | f no
defect condition is detect ﬁd’ r?cess aﬁal ﬁSiLi‘rBSgStt m 1aqotedt hen det er m nes,
in one erbeirERtCAIcARNEY? taﬂ%&‘ﬁ YT CPEY BHA FEE &S H S obust at | east
wi thi n t he,speekdd Tadde@unhly8h fysRax 08 Ben (dstetinéd Bhethémthongeentidailorent , a
separate nmethod or 15 function tests _for such robust nfi%s b% fg)et.ggrg ni ng
whet her 10 medigégrnigeeryal copstraies BreeneoEimay Sp, CRIRRER TG VHHE I EBEL R cat i on
linmts ofpthe iphedinoatn&baraetiesd o thepredittiadaietiabio posiiirgithes pro2€d and 26B
graphically illustrate ci rcunstances,v\he%e the predicted cgg}rit ct%eri sticis

robust r edralyply ysien 109Eets hednatmim PRkt CATASEIREC afue ARRRCIATE 5|

char act er st efainthol sHYS tharachti REERThERMeY Sithe St eriligion e dPeohan to the
| ower specification limt of the predl&té%irc 20 char act E%ilf:]?tl c and Pmax to

t he upperprspistor thaserterishic T e /alb ofhepy ERBICCEREF ATY g’_teiuBP?rst ep 712).
Q her w %ﬁlareﬁitti&ﬁng&ffa@ E(Srré%g&ﬁﬁﬂg’ £ Bhe rSgrel@ioRGh ¥l inftdisetdd €hduipper pbfication
er

characteristic I's not robust, proces,s,anaéiym system 100, in one
enmbodi menlimit e firssremaningARdclPalactesip e ancy iy the BRIMEBIATFHHO] | . B. 2. b. |

supra. AsylQHLErdilhd dssbilab @lvieh thR HEE BSSaimN@hYiSleSha¥&hiastic 1Oeghater 25
repeats t he process descri bed above_ for all renuai n%g%h%:f&gﬁ cte

char act er ¢fgh¢ lower snseifigatiopdintf chegpefictopghargeregigiear t e’é’??ﬂﬁ%p hical ly
11 ust 1 at Gy Y RE QS CLEHARIANG BFdSh furl e UREBONAADE GE rep@ln 0l CLi o

intervals constrain Pmn and/of Pmax tg values in between the |ower and
upper s peickdrsesesitholewer spegificasiondipgt fpy SaHiet sFmAHEE HECKR TR EIUAS Fi gures 27A

and 27B g‘:ﬂe £ 3 SO & chd}ReHRRANnRAA i AUERFivE EIRAIHES de QAN €y viRhnS
associated wth the regression 30 nodel can constrain Ppmin and Pmax. As
Fi gures 2108 satsthenginumimredictpt ¢haweteristds valusassorigse varh the Hest FEGERSi on nodel

can i nfl ugneg WASLDRL LD BhedRRE ! Gk uhg@i shQURGriEH Bec 6f the Bredittar val
establ i shes or determnes Pmn or Prax. Furthernore, Figures 27C and 27D
gr aphi cal tharacteristic or the value of the predictor characteristic at which the lower prediction
25 interval corresponding to the regression model intersects the lower specification limit for
the first remaining article characteristic, and sets the minimum predictor characteristic
value associated with the first remaining article characteristic to the greater of the lower
specification limit of the predictor characteristic or the value of the predictor characteristic
at which the upper prediction interval corresponding to the regression model intersects the
30 upper specification limit for the first remaining article characteristic.
B.2.d. Determining Producibility Targets and Ranges

Further parameters can be derived from P-min* and P-max* that will be useful for

facilitating design of articles and process inputs and for setting process control variables.
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illustrate circunstances where the upper predication interval constrains

Pm n or Pmax. 34 WO 03/067344 PCT/ US03/03264 Sim larly, Figures 27E and 27F
gr aphi calwg oBlob13g4 r at e ci rcunst ances where the | ower predicCetisonoizs er val
constrains Pmin or Pmax. In one enbodi nent, process analysis system 100
first det erhsimpetmyrh ellayiaple rofget(Raanget)ran bt carmjeutelop ubsaesingrebelepstpr edi ct i on

|t erval o copBERARSRANGINILS (SYRGEoRR: bl RS RIBHLARAL wlaqp. det or m nes

t he vaIueCoPt cteristic at t tersection of the
upper pr edhot®).drigum iegraphicalydivstretes fpaetespinatifn of ghe oest consmainifgor t he

Grrhod mont i 05 KBk Ee U R (AR AR AT ARSI 0l The

i nt er sectsicharaoferistidae | ower prediction interval and the | ower specification
h
C

limt for the pred.cted racterj.stic, g anal ysis .syst.em 1Q0 t hen
det er m nes mhe?lﬁ%éidlﬁl%nea%egle?orfﬁo US%’wrf BiRer 8{1%%%??(59%?? ix‘)enerimrlll;[1 er%af‘rg(el:tonst rains

Pm n and/ de thempatnt ead pnd frodd pick aaphetragettfdrehe aletage oficpRuoinhaprdcesPrivie, inl n one
enbodi nent, if,the sl f. the prediction interval i ositive, .then
rocese " ahsFyardhed MR dor 0 8BRS SR e S AR MiRoeLE

val ue assqeir@atledamwiit borlancd with tpecinaionilingtsaMhanl peoshlasdedret, Pstiiget®*t 0 t he

| esser of the .upper.,specificatihbon limi of the redi ct.or _.chargcteristic or
the-val ul ST HERE 8 PEE R A prp b Bre ity B oERE Y PHR5 BT 1 on
i nterval corredpandd oghftigiort eweaglesigs taoget amtedargenfoe tiegetdictondimeapier

specificatjion limt. for the first renminin ticle characteristic, and
sbts the. rierwe Bl giesH Canap Rt SPTLer a0 gd: L PRt RN he 11t
remai ni ng willtaimdsealongy et e érgidecridglebinR aygee dP-efrgecRf THelRBgihexn@E desgieci fi cati on
limt of the [E{edi c,to]7rC fhﬂracteri t¢§ gr iEhe val ue of the predictor

char act er i $Bf ' HRWRIFOR™ME al"%}b\%?aif) BPER PSR REEFY at 8 M EEhThti ng to the
regr essi orirawiag br B spedidases) $n tdi@rabioMedrg@P &l thigetdgetink ipBint fok e t he first
remai ning arti ctthg%c aracteri S%Piéc.. Q hers\(/)gd,se, i.f the slope of the

predi ct i orPPEEHE L IR PYHS O ARV P stigdesed AR si s system 100 sets the
maxi num pr edi culo@necdﬁafoaﬁﬁe@t.iﬂsdﬁhedimt pRdAGHachgi@- tuightt) isheledtbd &icthe emai ni ng
article characteristic .t e

. t r of e upper specificatioon [imt of
the predi cEPOBHAPARPE Stz 4 pbisyg Q%%PP?@@& f lwa?nsemer?a%feri stic
at whi ch tdugpurefek ppidediiGt hrocess whas dyin@bN@l aloaf i&@r&@éhndiﬁﬁ@alt};@oc@b@s kg5 essi on
nodel intersects lt ,fetiﬂ%ower i e fi

specification limyt for the first remaining
articl e VIFIPECHER StFeutighga ﬁgprﬁﬁg{am?ym%ﬁ %F@di‘%f Bl FECEeTs sti ¢
val ue assahbmt@fsti it Rod-Benthdtfied, thetBleRpragictt thahReridiiavaAGt eniteléGo tie the
greater of the | Qﬁer %gerepl,f |ﬁat ion limt of the predictor characteristic
or the valUE&FariHechirasistiorathar acteristic at which the upper prediction
i nterval corregpandofectrapithe regressi on nodel intersects the 30 upper
specification |i E’,t foc{, the fi r]-ft remai ning article characteristic.
As discussed in more detail below, process analysis system 100, in one embodiment,
25 is further operative to generate an Offset Table indicating the amount by which a pre-
process dimension would have to be adjusted to achieve a given design target. In other
words, the Offset Table provides a value corresponding to the distance the regression line
would have to be moved to pass through the target intersection. For example, in injection
molding processes, an offset value is the amount by which a given mold dimension would
30 have to be changed (for example, by adding steel through welding or removing steel through
machining) so it would be possible to achieve the target intersection between the predictor
dimension and a given predicted dimension). This is critical information for parts

manufactured for the medical industry, for instance, where molds are sometimes modified to
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B.2.d. Determ ning Producibility Targets. and Ranges Further paraneters can
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desi gn tar% t ané a.target for the predictdr dinmension -rar ge ), a
di fferenc& ﬁ?]r {n@rth%rﬁsv%@@rr@wm Hiés_eﬁ‘@tlw.ti_ofmhe pagndiude and ditvariercefehd stic (P)
will al fl@Sﬂfse@iﬁ@%@fﬂ@ﬂ@b@&r@&%ﬁ?ﬁ&ﬂﬁt&gﬁggﬁ% Bs8te St Al Al dsq The by a

i neering design arget (or momnral v S a val ue calT e _
Sggi gn enﬁig‘ﬁéeé\“m?@?dgé’? regrageipiapde in Eadllestlm penpengliantar kontha regpessioh inodtli on) . 1 n
contrast, P-targelfmfiod chRbSed irMEBALd: TELPRb u%&ﬁl f£o@§%e&§%§§ess that wll

optim ze production output, as discusse ove. Inone ?Fent_. t he
pPedi ct orS‘EFRﬁﬁ‘&‘@t Véhetherthepredipted ghyyeqterjstic yalpelsebovechcas beher thailefpai nt  of

P-range*. i 1h| J iLate.faor, situatiQns ere the
out putg of tat%e gv%!rl%gﬁ%? ?léﬁd%%g %%%’g&\%\%;@gﬁg% %F%ﬁ%g%‘{g&}’ pluics sse%ﬁ%gﬁqr eﬁ%l cal
pr ocess ésoibg@roeesos iRt ptheraworfisghe offet df ole achiated sedippd exiadethe nor mal .

I'f the di &dsfghkibiQamels Jeg&d@ﬁédn(ihgyal&e@@t{l@c?%dgf& ¢ b%og%s?ﬁgt?ﬁgsﬁg]st rd.gal, the

target predictof characteristic value can se _ ges&rticle
char act er PiPrecessyeiitings, e, decigion gfighsde nifdblognokeasdk soltsdimendion Inemocdss ai |

bel ow, pr i i . odi nent 5 Is further
operati v re oiaoRileat &Sy b dtthes e CORASTRAN Bk o BB Mth o a0 pre-
process difsaSibHmplembedingtsteeh ésadi bsitregintd) tais maa\nadfsirgblv earettEs | gg_ ,

t t. d | gvi des a vaglue corresponding to
e ai stoanaav hing BERER seckflipdy ce8 bt PR 68 o RmRulr e B S REER hr ough
the t ar gebe fivaeasadtdinsprionod fhegrgingsiop mddel fiomj ehetirger intesketiong UsingeRsses, an
of f set V%&ﬁocﬁo?oggf Ia@scﬁg‘&yﬂatreiﬂyoﬁ\é\gg L dgée}/n%?leMag alr(c.%i Iin%%Bérid%th oy th%

values selected for the process settings.

Figure 28A sets forth a method directed to the generation of an Offset Table

25 according to an embodiment of the present invention. Figure 28B provides a resulting offset
table according to an embodiment of the present invention. As Figure 28A illustrates,
process analysis system 100, in one embodiment, first initializes an offset table array (step
802). In one embodiment, the offset table is a two-column array including article
characteristic identifiers in one column and corresponding offset values in a second column.

30 The inputs to the offset table method or function include the target values of the article
characteristics and the respective regression models between the predictor characteristic
and the remaining predicted characteristics. As Figure 28A provides, process analysis

system 100, for all predicted characteristics (see step 804), computes the value of the
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30 have to be changed (for exanple, by adding steel through welding or
renmovi ng steel through mnachining) so it would be possible to achieve the
target i rweriseectdiion bet ween the predictor dinension and &cCgivsesioys£di ct ed
dimension). This is critical information for parts manufactured for the
medi cal | pdstedyhahokriscrdtoande regwdsammndﬂdstl‘artag@o'aht pitbs predigiari ed to 36 WD
03/ 067344 .PCT/ USQ3/ 03 Ifrprove A par I 8,88, 0. 001
Cnch. | Thi SRR TSN B el B Yot rt IR Rl o v Er T

manuf act uttemredraed eahRteristiosesansting klfe dpffeadinca b¢tﬁeh€tb@b@mpmted' wddheeof thean t el |
engi neers _the required cha es he af i f the part.

In one enBGHCH a%”rate’flﬁlgaﬁ etﬁ’ige‘i@@ ﬁﬁc tﬁgyﬂ%ugenol }r&ﬂ&g&’ direction of

the 5 of § slebsrdritit (RefH0BS Eftrodeaddralysis eysﬁmﬂmmthdl shyregidit ecsniting nfset rduwer t i cal
di st ance bet ween th tar

intersectio nd, the r reSS| In a
second enBFiAHERET ertsﬁﬁa ?‘(i‘?%ﬁf“cr?]ﬁ &8ﬁan‘%rﬁ8"'aﬁs&t§% ?Ordgzp%ir ection of
t he of f sebgedicredidharatdefise, Tabl e are conputed by determ n| ng the horizontal
di stance between_.the ta ]ree nlggrsecttro@ and the regression nodel. In a
third enbodi mehtt fDetSﬁétrg BEh f8h, the magnitude and direction of
the 10 of fset SIn'rﬁhrﬁrh@seQitf@ﬁbteﬂ'ﬂial e eﬁto&elmatﬁe&ﬁs@ytcﬂtemeimm gigenither di st ance
bet ween t he tg fg&? i ntersection an e re%feSSJ on fm)dei .ﬁ?qa direction
per pendi'e HiskAd PiFhARRINgG G PEEFS HFFBEFe?uc as¥hs TrREseRRe iSRRI o HICAIHBY i n t he
O f set Ta@ﬁ%néeﬁm@&tséf cbged, bﬂaké 5 @éﬂsYcﬁltasa@ﬁh&ﬁér Pebsiheas fexsble Wighheftht he

predi cted characteristic val ove el ow.t he design target
val ue f or Ppisagal Hpﬁ%ﬁteé ]cirat’,“ﬁ Eqngga’élbéﬁﬁge gﬁta‘ftﬁ’éSt g @ *¥al ues

sel ected hkri®R0HrthED upécorﬂekh%tﬁfc@sc&&f‘opéﬁhﬁg f@8e (Pkdhgot, Elqj’ra)/&ﬁdi}dié of Elh‘,h of f set
of the achieved predicted value fromthe desi targ tﬁval ue is endent

on t he vaFnaksizegsdemake it gi‘f hqueunlikslyed svedmpesrile toms BALHY as% Socess

settingss tﬁa@ﬁaﬂ%ﬂ'aﬁi&é’bhﬁiag@hstm mﬂﬁﬂ@sﬁe@iﬁtdtﬁh@ﬂﬁ@ Etﬁﬁlﬂe&sﬂinﬁ@rﬂ&de&ﬁ by
renoving steel. For. a different set of proc s ettl deci si on

m ght be Wﬁ@swio@‘é@?@%@% Ingreeping glgﬁ@ewﬁpgraalg @gréa%ﬁ% el . As can

be i magi negdpodifiks: df%h@ﬁbs%ﬂ%§tin@@k@a§att@53aﬂfi fa%@ltﬁ&sf ol b SessThéGE GfQNlilEle new
technol ogy descri bed herein, offsets are ¢ ted by aﬂeterm &g t he

di st ance AptiEHiOlERCEIA TIEX HHECYISHE 8 BEPHHZ "ecll’% the Qtimah erdenip

i ntersect i QRandds bﬁ&l&l&ﬁelaﬁ@t hadal RaY aA8ReS df BiRdndiedse inbpefiths inge can be
determ ned that are independent fromthe values selected for the process

set t i ng<o arhigyed forpah in@ementyrplrrapcsRlaRYPdi r ect ed to the generation of an

O fset Table 2§ &E%Hl'iag(ﬂlﬁﬁn@ oBlks S HRah 164 1sBﬂ9§atWeQ§§éHerdt@a\/EEbﬁgn0n Figure
28B provides a resultin set table accordi n 1?3} glg enbodi nent of the
Fgee

present i R@kmnp@)ﬂelax@mrrgfgblﬁ whir acilitpigs pnaditsisor th eﬁ saRaiRPrRtsg st em 100,
in one emhgel ek iarddiviith relaRink i dedigs ttaitlel SEhacH SHodiBredaftae dhftabiRristic.

The most constraining predicted characteristic (i.e., having the highest Pmin or lowest

25 Pmax) should be relaxed first. Said differently, the first tolerance to be relaxed is the
tolerance on the article characteristic that most constrains the predictor characteristic. The
Design Tolerance Relaxation Table then tells the engineer how much increase there would
be in the operating range (the difference between P-min* and P-max*) as a result of relaxing
that tolerance. The Design Tolerance Relaxation Table also tells the engineer the

30 cumulative gain achieved by relaxing each variable in turn.

Figure 30 proﬁdes a Design Tolerance Relaxation Table according to one
embodiment of the present invention. As Figure 30 illustrates, the Relaxation Table, in one

embodiment, is divided into two main parts, namely, the ranked list of the article
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802). In one enbodinent, the offset table is a two-columm array including
article characteristic identifiers in one colum and correspondi ng of f set
val ues i rwaogoesmd col uim. 30 The inputs to the offset talpiCa/uses/bsaes or
function include the target values of the article characteristics and the
respect i VehakReHrRES 9ins0 tlserainkigBeemviliteant edhkdddist ofthe sotearticdt i ¢ and t he
remai ni ng predi ct.ed characteristics. Figure 28 i des ess

anal ysis © SISOy m9shFonsHpInRed §iA& Qﬁe‘clﬁgﬁgg}faénrpﬁét% @le%g%%regg {eap 804) ,
conput es ¢laeacvaistiean is bheed3r (W BoifiolBiAbor(IERtLFOBEQB 261kl phedcetigdt
characteristic frogmthe regression del at,.the, t.arget ;,val ue. pof .t he

pr edi ct or 2 e&h&?%&?@m %rteﬁH@X%elPH&%éggfaXﬁOB&‘%lgl WQFV@F go]lgwg 151%?(}%)3% hen

det er m negrithehahdieiticvddntied 0) the th@ilpedPinti R xchhksd) tht individaalggindomput i ng

R N e e L

char act er pigkdcger(stit, @Rd 89P&k culdiREeSHircRAclasddSwisly flaifekBOdldiaite sfithe es t he
resulting offset val ugl in an, arr‘gy Orlﬂ@t er. sui tapl e dat stéucture (step
. 810) and°¥EsRRMEFEclHERERELIsHE ATHE S in the H W BEORFS B BE i stic. B. 21
Desi gn Toh&ranes, jreviaxdidan (HaRbRidul glnysceREdSyith éach ardcsh@tcrandiccheaper
to relax the design tol erances O% a %% en part 'ﬁ i nst ead .of .changi ng

pr e- pr océasuap rgin/Bgnrahagbeep a’%}Fl_ _ PovY PErx galpssiagocked Widdig n

engi neer f&%ﬁng@xhi&@élfa%terﬁﬁ&q@_c@ﬁﬁl_aﬁbélglilﬁ&rﬁegpdﬂﬂﬁﬁgh@ﬁ gi®fn fGElet his is
feasible in light of the potential inpact of tolerance rel axation for any
given art Fharacteriseie g@gcfgpqsgl@q IESHSRALE BAIRN GDCFALIBE Tange abiqVehbY il Ber . in sone

i nst ances pylNEmP@IAE 1AM dseR AWK IRME Ellowstitradle BRYad@istt. Sorekamsamd| size
as to make it difficult, unlikely, or even 1npossjble to produce parts or
assenbl i eschigye ¢ RarpulaEesal of OQP30 aFles EHRRCRENE FANSEITRSSRAFIHFUSPEE f i cati on
limts. §tatdgs Dlaftitld ShaRHSistQ VatIBOVLBSRarP! P& ahdivhild ¥holid Hencr easi ng
the operating rande by relaxing tol erances, then one enpodi nent of the
Desi gn Torekxad exthRepiak whetsdmia BualsOSet] inghes edltaprtiysly o sruifte a000EAI ch

desi gn t oh,er AnCes it akieh 3 elMnd¥a0¥d B BkcichlibPlihi &Rshdnding® artiar opt i mal
order in \%&%Fcﬁﬁ.t'%li)graancegesho%{adglbeergelca;cecll, as wel | Séas anr% a?]allgysi s of the
i ncrease Frregsaisaies Vg2 pachy ardzbowd he laser foghe peiphwhere PeaR AYals 0981%r ance

rel axati thchésnAflg)ﬂ@ﬁlag oS mcPERE eﬁﬁg%Ya%;@@co%Y@E@iaﬁ%% HySel@agg ative to

generate a Design Tolerance Relaxation Table which facilitates analysis of
t he achi2evkemiperogairiesolerinessen Yerlag/ar? medgérssA BOPAMER Saip tPRCBHBZ F47ge t he

design to . Ofic: (1€ rdd I @ b IrhiSIt ifGhe opERRINGDST
constr ai nk%@é&%ﬁ%ﬁﬁ%ﬁgﬁ%@?ﬂ elﬁ%&a%c%ﬁcﬁ%&aﬁ%gw ng thré1 hi g%oel?st 1|:r>1|gr|Dn or
| ovest 25 rgawps SAGLindhds pripetodlenngd relggatiogathen &P icypascieHgate§ thst

tol erance d&?o]f?@ tﬁeeép%%ﬂg ka%g& B‘Le,effectively, making it twice as easy to achieve process

settings that produce article characteristics that are within specification limits.

25 Figure 29 illustrates an exemplary method directed to generating a Design Tolerance
Relaxation Table according to an embodiment of the present invention. As Figure 29
illustrates, process analysis system 100, in one embodiment, formats or initializes a Design
Tolerance Relaxation Table (step 830) and transfers the Pmin and Pmax values calculated
above (see Sections IL.B.2.b., c., above) to the relaxation table (step 832). Process analysis

30 system 100 then calculates the individual gains achieved by relaxing Pmin for the article
characteristics (step 834). In one embodiment, process analysis system 100 sorts the article
characteristics from most to least constraining (highest) Pmin value and then adds the

predictor characteristic identifier and associated specification limit to the end of the sorted
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tolerance on the article characteristic that nost constrains the predictor
characteristic. The Design Tol erance Rel axation Table then tells the

engi neer WOW3/06asi | ncrease there would be in the operati mgTrEsnges264 he

di fference between P-mini' and P-max*) as a result of relaxing that

t ol er ancelist. Theed@ema@msiyslt@m H)@GberR@Inqmaasmkmndialde gaingehieved|by relfdngthgi neer
30° pr ovi e HER e AETARE TR, B RRE bl ol BB T 0ure

er ance axat acc fo one
enbodi menthe ﬁéxttahﬂ:lqacr}e&emnsmmme}n& soonad hﬁs PEar grample3Be jridividial gaimachieves

namty, (hepamets Praroppt ERE KRR oSOl S5 sbiiRe b MRe TRB A5,

char act ey différenc Hayween Shircansticand Pmin &iviarl3 vl this inssande, she diffierenteli§ st of t he

sane arti ar nst &n this
exanpl e, %$q52n‘?'§3;1%?1eet%&8 '1%%?@{81’@%?06@ r ncs?sldglegc?\ D Sﬁce he % the |ast
posi ti on doandoffbf the siltes f6Q@- mﬁﬁC]TheaﬁctCE{dn% mdinandadtgems&lrthﬁ remmnmgtattgﬂe the Pmin

or Pmax c t he Rel axat,.on t i nclu i 1) an 5
article cﬁ’éFa&EeF]é‘il?sﬂ‘? c@nipb‘@ﬁ]‘[l?f‘lﬂ ]??m’teﬁgn ggﬁe 1a7t13?re§1 bny\% 17 r?%e;%l\}g ue, 3)

t he indi viegthall. gain in operati ng range achi eved by reI aX| ng the t ol erance
of the correspondin rticle Oggac |st|cd1a d14 oL he # gain
associ ated wi tFOTeET BRGS0 glafep thefhdivic lgespon |ng At

char act er pighat £nd, RSic@ e @kdlﬂldaﬁdn lifmitk o tlerpiredibed amieleahanarerifrico (ntetmﬁﬁ)
description pro ed herein e indi dual ai n ated.w th_each
article c]r?aﬂnéé’f“é? ?tcprfﬁeséél?ﬁiﬁl?éf’yﬁtﬁﬁ qf}?ftﬁf}%r?é&dﬁ% Eéﬁucseqyan}(oesa to the
Pmi n/ Pmaxcofgtrhiftg AoSes) Bﬁl@ﬂvm&d’md&h@ adtiotHe@wddigorauhtulacletistbtid¢radieraidst i c.  The
cunul ati ve galn corresp ndln i ve al‘tlﬁ:{ harac rlstlc wbdl cates
the aggr etfse@AtghyRPer ?PeEJ'g‘ tl}oéh‘g Fheé% o IQF%?W’?‘?@’ SBHiTHT Prrax t o
the val yeiRs soap@tode Wdlﬁﬂﬁah@ﬁ adhieod greRking Chespedifitasion Bt 4 giver-or

exanple, to 12 ieve a cmi_gul ative gain of 0.0030 . .i.nches |§80perat| ng range,

the speci ftickchyacteisvcra thegalug ForeesBRnetg tho oot e eghatisEt eri sti cs Var 16,
Var 13, Vaéﬂalractéfﬁﬁ@uﬁﬁgso\{@ﬂ:h@t %@&a&pﬁetheﬁﬁlﬁﬂﬂ g&lﬂ atHi@e by ftlamigehe Pmi n
equal s 6.3741 inches. Alter nﬁl ‘éei é/ to achi e \2 g Setg‘ ch cunul ative
gain in ofRsElicttng limirgfd/ard od %]Iﬁ P I?D&Bé‘t‘io’étﬁsﬁofl 550 Br 1FSpONEHY to article
char act er h§lJe&SPNAf & VaRthnPhthxShoukd The dﬁek@zse@ 010006 ihehd3Qiohd thuhider iPmax
ain.in ating range

equal s 6.3819 inches. Alternative 6?3& i nch e

coul d be" ae sArave iRy f mkhis gnsiapce %%&5 Pies (o %F%Fﬁé‘&%mgg“‘{)ﬁi 16, Var2
and Var 4. o4, 0P8R rdhing AtiblelcRard@efiich E!Qcérﬁ inCeasim e nVa@th witighefdscant and
hel pf ul % certain ci rcumstances For ex i f ttg eratl range was

0. 005 i ncfiedipiorkshargrerigicds Baghsd r BIogsea R ls SYSK@H 1P R‘ﬁ%,sﬁ ncr ease

equat es t gkl dhidg adsh8aePRAiRlchHbuE&BER t@l'éran@é feR&htionEbybot eI PAGn kitd t Wi ce
as easy to achi eve Pprocess
Pmax relaxations (step 838).

25 As one skilled in the art will recognize, the Design Tolerance Relaxation Table does
not display the lower/upper specification limits for the predicted characteristics resulting
from a relaxation of these limits to a given Pmin or Pmax; rather, the Design Tolerance
Relaxation Table set forth in Figure 30 facilitates a determination of which and how many
article characteristic design tolerances to relax to achieve a desired gain in operating range.

30 In one embodiment, process analysis system 100 is operative to calculate the
resulting lower and/or upper specification limits after the user has selected which article
characteristic specification limits to relax. For example, the user may elect to relax only

lower specification limits, only upper specification limits, or a combination of upper and
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settings that produce article characteristics that are within specification

limts. 25 Figure 29 illustrates an exenplary nethod directed to generating
a Desi gn woloawersee Rel axation Tabl e according to an enboadicrarsb3/af264 he
present invention. As Figure 29 illustrates, process analysis system 100,

i n one enbodirsprificafiar imtrstodncrease theallowasde epeRemiggmge (Rrangeif)ch dRel axat i on
Table (step,830) and transfers th m.n Pmax _val,ues cal cul.gted above
(cee” seot PGB c R S o0 M meRte (e Pk Epn b i "aad)
Process arhiysesstROronydi ®mid @lurhhanl/aah attickt dharat-teeistiafebny thePalax galima

hi db i Pmin, for .th i h i Sti t 834). |
oo oved AuL S AL P LS U AT P P O3 11
char act esispédiftatidn icss tach artlckadtracterisioiathv soged histghap to thPealeeradal ue and

t hen adds th redictor, characteristic i.dentifier and, associ.ated

heti 1 s Rt Eath) Sraih e R e bt B B hE 3% 1B tesoas 03264
i ﬁ't . P(rj ogbes@]elau&a!ayt&ﬂesc#smsﬁeﬁm‘:} _ Cés?mmlmﬁf*‘flﬁfo@ hgng'?hdkegh:@stlaxh mgédin

acnl eve rel axl ng. specl.ticatl on or ac art.l cl e

char aot er CerEref Hhepticle hareebgis BERD G b et b i PHE next arti cl e
chﬁ_r act gr ipgédi&ioihmnt_kﬁalsﬁﬁﬂth@ﬁgﬂe!}sﬁn-mcﬁ:@lin@ﬁ@ﬂ”f_pﬂ’rﬁmoﬁ:mﬁlaii{ %B?Hp‘pit@lﬁﬁallel. g&'ln .

acnl eve rel axin e S CLTI (M Imil. yar o the eve (0] mn
correspofi (@F%@Uﬁf Bur%sregé:tlg@eséﬁg’ %E cﬁcﬁ‘fa@g g?’é éraBéF%éﬁ“W%ﬁ‘B POREHAEONAN | P n

of Varl 3. nkw upBérSantl RSt@RE&ifichiieh 18hitd faine fie@elhfariol oD ahAOhRS: Ad dieset abl e of

Fi gure 30 _shows. 0.000 i@chgg due to co 1Eer shgre dsﬁleﬁé round-of f of the
val ues f o SIGHLISIERF e §IOPR Rl HiBTCRRIT P OHFL ARG VFsFhef His TR@ECRPhg articl e
char act er ipsdih/PfaR F@uEORPUEIREhrioR ofths infe:r BF (IR kpdtifichtior! INGit hasdiart®r edi ct or)
char act _eri sticis r,(?aé}rgd. 10 Praqcess_anal ysis f;yst em 100 thqin,%al cul ates
the i ndi vivdtha SiyaisRdc e eirastaigtih A sTagus $ 1y usratss. ok 4 regrraiermodghwith a

speci fi catpb@fivd JléPel the tQixatiBRoFUTR PV Flo@ISIAYY b&hies i6 AR REk&IdnSE PR (oSt ep 836) .

I n one enbodi ment, process ?f@ﬁl ysi's system %?’ sorts the article
char act er P8 e 4 N OPIHHERS raRg5VEL IET53P5 TG T8 Oy APARRURESHYFE LB RE¥Xadds t he

predi ct or seh@rRCLilreSHB SlubEl@Rd fof h &izra3816h mASS AeihalRAitNORSYe, Red.f | cation

limt to the end of the sorted |ist. Process analysis system 100 15 then
conput es FHEARAPLVETB) todal- RV aerte veide Byasaepn gl By thBmEp eiePPEatRHn | mi t
of a gi vepangakiill flcRabAnAGhBIde DY b athOurdc BGuAY B MBINCRFiNE FBORGQsbnlRodelte Pmax
of the next article characteristic in the sorted list. For exanmple, the
i ndi vi deAViEka Resadsistopedhexelaxational K§LORE0 USpE¥) riidn s relawriion o Pmjar 2 t o

the level @pmpp ep@r:fz@_sregmk RaxtaQoVAITAL () b hm’gi)frtﬁmme rd&hMEEsF Pmax  of
Var2 and Pmax of Var4. This difference is '0.0006 i nches; note that there is

20 no compeEio PBwRdscefiz 3Pt his instance for the values of Pnax. The
succeedi ng i ndisy Egual 31 18@4HASs, Efbrc_ests Q&lﬁs@@?&%@@b, H SleChPodiBRhARLELISL | CS are
conputed in a simlar manner until _ the | ast
selected predicted characteristic from the Pmin and/or Pmax Relaxation column (step 850).
25 If the user selects a predicted article characteristic to relax Pmin (step 852), process analysis
system 100 sets Pmin to the Pmin value corresponding to the next article characteristic in
the sorted list (step 854). For example and with reference to Figure 30, Pmin would be set
to 6.3761 inches (corresponding to Varll), if Varl3 was the selected predictor characteristic.
Process analysis system 100, for each article characteristic up to and including the selected
30 article characteristic (see step 856), then computes the resulting new specification limits.
Specifically, process analysis system 100 determines the slope of the regression model to
select the lower or upper prediction interval, as appropriate (see above) (step 857) and

computes the value at Pmin of the appropriate (e.g., lower or upper) prediction interval
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(predictor) characteristic is reached. Process anal ysis system 100 then

conputes the cunul ative gains associated with each successive tol erance
rel axati owofodweat h the Pmin and Pnax rel axations (step ®83)usoes266 one
skilled in the art wll recognize, the Design Tol erance Rel axation Tabl e
does not (kdinsdiyf theeedression modpgdretwqre che preditionehardckrarisgc fuskthe predisteddi ct ed

characterj,stics resul ti f r el e ML S50 ®icdl ven
Pmn or P‘FP&}(‘C e:flattl%@kje? 8tS ﬁ%nsggogégﬁg%?%%ﬁ%gﬁﬁﬁe a'g(lg? i%%r%é i'I'a %oglaglgl% ftort h in
Fi gur e 30theacirdspdmatigspradidet ercivievhtiacmrisic (siep 860)derh timere dispizy tahe iedre
characteristi esi gn . tol erances to,rel Q. I o i in
operating ranégt%egffg Fﬂecg%aeprg%%%ia tlcrlﬁC%agétgéé{é%%g%%?@g?}%gge?ssé ?dﬁ]r3 %g%sgi s
oper at i veartalysis 8ysedih B0t Penax rethe Phiar galhowerespmmdingrto thepext spdei f i cati on

limts after the user has.sel ect ich articl tenl st i

speci fi catAT IRt ]tn§f“? ?5’”?33i&gﬁteﬁggﬂ\g@?ﬁﬁﬁs@?al}z%ses?’atse%l:l %ﬁg@r ee{he%iil%o rel ax
only | owefar&pgistid ijsatandinduiding the sdarked ampdechaspecistic (et stem8do),mhdns, or a
conbi nation of upper .and 40 WQ.03/ 03{_@44 PC,}/ #?03/ O%ZaGIffallsovgegt n§%ci fication
limts toCTHRISAAer e BNER GRS B TSR EFAE) PRFF SR P PR ARgES T R One

enbodi menfsteiinG elxsslapeal feirarayivh amddi@o sqcotiplsvirve upse prddiortionirsevact i on of

an article characteristic,fr the Pmn colu [or .an articl
char act &% FAPPEOPFIRS 55 ARO ﬁé&epﬁlﬁﬂa CO’@Purteﬁgjelﬁg@fgt T %4 F éanaggmﬁgﬁtgxati on
Tabl e andpiciRAoiatevHl Biorsdiripofibyvelewith modeL@RPB6S) sdenirés thatdvon |imts for

each article _characteristic in the sorted Iis ). Up.to the sel ected
article cPReEFEEIIEPigY]ipaLIble gqthsr ‘@éFrP?f,”refd%?epég(@ﬁora'ﬁ?@éﬁeéhsgﬁgg%t eristic in
the sort egdgsehi SdondBkille] intth€ars fhlERtaahiR st 6f the DbagrATilatn@ R ebixatinOladis

anal ysis system 100, using the reqgression nodel, calculates the article
char act er Fsfjsaapger el reH ﬂ%anﬁBmB%&HaéFﬁ@%X (‘ﬁ'ﬁ’ﬁ%r and | ower prediction

i ntervalig) of the regression nodel intersect Pmn or Pmax as appropriate.

For 1o didactic purposes, Figure 2A, 32B, 32C.and 32D graphically
i |1 ustrat & t heUdhibgMaxispm ofow @ﬁ%ﬁ?ﬁié ’@ﬂ%&%%r specification limts

fromthe rel axat pRAiCRS: PRSALidNUarbeaR-tardec*y hese  Figures illustrate, the
sl ope of the regression nodel d ﬁpern‘i ries wh thgr t he rel axati on of
reliRelap

Pri n/ Pmax r es T §1dapriGPyrpesss 4 Wigpe gpe &R geie REF AR REATESE@F £ i cat i on
limt assqggi@ted wth a given article characteristic. As Figure 32A
illustrates, for_ a regression nodel. with a 15 _positive slope, the

rel axat i2on of USL( Wyrapge isthe maginiyg ﬁlm"‘éatg}eﬁal%g’?é&rt% P;B‘?é’ﬁo(‘i ﬁh%‘lmﬁ‘?&ﬁ' o

Pmax' . The oper at i Rghk 2438 withid whidk FiR3S&%idtor dRagBictibeemtiy ha b @rddiatequal to

Pmax' -Pinax. Simlarly, Figure 32B illustrates,, for ﬁ regr.essi on nodel
With a positive sl chetemaiing Rapehapageristns Mo regrain igceppliange P (vy results in
the rel axation of Psggdﬂigagofmnﬁ's;. The operating range will increase in

magni t ude by an anount eg_ual to Pmn-Pmin' . For regression nodels 20 with a
negative slope, Zhé -ragges’ia Fhegrius et thspregicterghigagterispc Rr%éi‘fFlP% ArEEt Ve
rel axati,gn of Pmin P-target* can be set at several values within P-range*. P-target* will usually
be set at the midpoint of P-range*;
3. VAR is the range of variability of the predictor characteristic associated with
actual process output under production conditions. It is determined by
assessing production output;

30 4. X-BAR is the average value of the predictor characteristic under production

conditions. It is determined by assessing production output;
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to Pmn' (see Fig. 32C) and the relaxation of LSL(Y) to LSL'(Y) results in
the relaxation of Pnax to Pmax' (see Fig. 32D). As Figure 31 illustrates,
process awelopmés46yst em 100, in one enbodi nent, receives RCTASIFCL64

predi cted characteristic fromthe Pmn and/or Pmax Rel axation colum (step
850). 25 If the5uwarg&eﬂsd&tmgmeqm%aﬁemgmmgttfalwalfertzhharedmt@r| stic to rel ax

Pmn (step 852), prpcess; s"_tlgali:}/ss oo dgﬂhe%%a eén%n?@? Eﬁsor? rgfrflp val ue

corresponding to t FRAASES S ar a erls 1eoin st (step
854). For exanpl e andfusctidn; ief,erence to Figure 30, Pm n woul d be set to

6.3761 inches (cgr r pogqglg% ﬁﬂﬁ?’% déo%v%;ij%/gcxécatmn m#@?or?l%lﬂ?g&l&gr predi ct or

characteristic.
charactesistic up tcﬁara&térlsti&@b&tdloﬁghddmgmsei@ﬂeagn Bterances. clhey edear act eri stic

(see step 856), the t.he resulting new.specification
Specifically, proc Eerf&'rr{lg‘i?@}é? dsyign WWH@&P&W qside ﬁ%n%l}i%eﬁg% ]E
regressi on nodel tanchsdh gmfyhelemwrusaibmpefgammdmccmtmalmymf dgrepatt, as
appropriate (see above) Béﬁg 857%‘ and co é &gvfal ue at Pmn of the
appropriate (e.g., B%%Qﬁ the paRFERctiing greq IOPr‘i"P PS50 03/ 067344
PCT/ US03/ 03264k dvaug ﬂ@ﬁﬁé}mﬂfm bievabkgeagsPatngrvict thb@fdd‘&)ﬁdir chirectprigitiict or
characteristic an(giuﬁ q}epre icted charag ngIDStI C Steﬁ; ﬁ%‘ a[?)]g stores the
new sped? PrERRGIETSC- o e aptal procesi IRy vl E5UPLA FIH! Mt OLEUES Pespondi ng
predict ed (‘@AR) fldehahanasd Lhahelchs réﬁé&&s&ﬁ@@re&@ﬂ’or thardcoaiseic d‘tesqgl: pyocess t he
user. If the u er sel ects edl ctegaﬁli‘itlcle characteristic to rel ax Pmax

(step 862yutPBf Eé§ avipgth H6s LBRENERIGASt WEPRE B Val ue

cor r espongicAfly #nQ rﬁatiﬁeﬂﬁ%ttme@ﬁﬁﬂzﬁé e IROMOSE HRFE e hidtedsPeidifteSpirtsebatlatst (st ep
864). Process anal ysi.s syst‘glm 100, for each article characteristic up to

and i ncl u&%@@h@%’ﬂ@@?@?ﬁ FAto8t e characteristic (see step 866), then

conmput esst he rggWlati bé&ﬁ dPEY¢ITRAT fahgatis @ ¢ &dn@ﬂrilﬁed Shecd 6@l gayr,  process
anal ysis system 100 determ nes the sIo e of the rggres sion nodel to select

the | ower© actﬁ‘fﬁfélflcﬁ‘f@dil"é‘?‘ir%mi APEY YR Lh & “PeRsLAInE) AR 6715t e (see above) (step

867) and conputkse ihRo ¥RhURIIRY inREBYadg thBSi-@pRhOREIRpRceRkadibdlcy on i nt er val
(boundary) of the regression nodel gste 868) _an store@the ge@{)
for

speci fi calY&R for FhetPr‘TdF’Ft% qhaFigrighc tg leerPa?ﬂ%P’é‘ allpy iRl g (Fstenss

ul ti mate digRkhdkici@idi8re Jo8@Hle: AS one skilled in the art will recognize,

use of the Desi gh Tol er ance Rel axation Table _in this nngl\%vm Il _result in
new Pri 38 arld/ BEhemeiad proggss wsiability (YAR)dS greatenae Wax ge (Range

(P-range*) and tREEAEER of PROHHG HkQIhcdBih,ABE phdPesk Al Bkvays lefur 6 dact i c
pur poses, it V\fan%ize ur%g%‘ ul t% célj%rl% and c?gﬁl ne certain )r;ararret ers as
compliance.

2. If the actual process variability (VAR) is equal to the maximum allowable range (P-

range*) and the average process output (X-BAR) is centered within the maximum
25 allowable range, then nearly all parts produced by the process will be in compliance,
but there will be no room for error or for shifts in the process output.

3. If the actual process variability (VAR) is smaller than and lies within the maximum
allowable range (P-range*), then nearly all parts will be in compliance and there will
be a greater margin of safety against errors or shifts in process output.

30 The present invention creates, for situation number 3. an excellent opportunity for the
process engineer to investigate shifting the average process output (X-BAR) closer to the

engineering design target (P-target) for the predictor part characteristic.
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fol lows: 201. 2. 25 3. 304. P-range* is the maxi mum al | owabl e range for the
predictor characteristic. It is the range within which the predictor
charact erwetisoe3wst be to ensure that the remaining part Pcharsago®esd stics
will remain in conpliance with specification [imts; P-target* is the value
of the predi ct dheehstlsngrentivglitydn prropiuicg temvtaggabeesabuwrput (XPBARYfgedht can be

the m dpoi ni g Bt LRl R o AR e CLRIERH TR N B S diond iy et ot or
char act er ipssille.assodngithedtbaiptdressastruatispiboces & ggmtr?gtﬁzatuﬁtdehe @Edl?tgi}? i io 2 e
aver age vaTaa s ERE MR ke B SR e eSO SR b Bieconai ¢ 1 one.
It is deterrgened by assessing production output; i 42 WO 03/067344

predi ctor charheei Bitfrychi S AR Ay SR et irengineeroro
optinize form tidprediemdprbdnatonangedRdargbet), Ui gradtet thSlikaih6od dag: ypper and

| ower specificat] Jmts for t r.edi ct.or 5_character|st|c_ based on t he
engi neePi ng de |Ogcg£tv%1lg%oélﬁﬁee%msfﬂagﬂ&ﬁgom]ﬂ@?&?m ned by the design engineer

and typical |} Ydimsitbesvemgaprbes omfp_uf QG%?R%B g'tpﬁbg tc%lﬂﬂe @é&gl?t&ﬁ?f?ﬁ;ﬁg# e [ ﬁ 2 ces
manut att e g SPGAKh VA oh esha Gt b Pttt o ianp g NkErRiS R
Xt romely ooyl The et al procesh outout welT oxh bi§ & certain amount
of varabi |1 ¢y el e e KR iy af seesch b A WeR <ot e
pr edi ct or sphaezicsleii dild suanier, Bgargpr GeRESbe RUATHE pdide BAR) cheldakiopghet hi s
' nformat ! ANy ifiHoh hh A e GRa GRA0 Rl e LSS ONe Process control
15 Thus, the present invention facilitates determining the difference between the
average process output (X-BAR) and the predictor production target (P-target*). This
difference establishes both the magnitude and the direction that the average process output
(X-BAR) should be shifted. With this knowledge, it is then possible to adjust one or more
process control settings to move the average process output along the regression line to or
20 closer to the predictor production target (P-target*®).
The present invention provides further utility. It now becomes possible to
determine whether the actual process variability (VAR) is too large relative to the maximum
allowable range (P-range*). If this is the case, then a first option is to reduce the process
. variation. A second option is to increase the magnitude of the design tolerances. A third
25 option is to do some combination of the previous two alternatives. The present invention
can greatly facilitate efficiency and cost savings by requiring that the various process
capability analyses discussed in this section be performed only one time for only the
predictor characteristic instead of the 30 or 40, or however many total part characteristics,
involved.
30 Moreover, the Constraint Table values provide other useful information for the
design engineer. For example, if the decision is made to increase the size of the design

tolerances, the Constraint Table facilitates a prioritized determination to be made as to L)

which specification limit (upper or lower) for 2.) which article characteristic is most
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setting in a manner that maxim zes the |ikelihood that the process
generates parts that are in conpliance with the specification. 15 If it
has been woemBaen44 hat P-range' is too "constrai ned", thenPpraTasSosotepart
characteristic can be neasured to "open up"” the "constraints"” on P-range*.
There i s aosgrapiegandshobld by thedirgranpardaxgd t Tias sézendk rédearcdas ofedn apr ocess

variabil ity . (3, far t Jeredi,ctor characteristic to the nmaxi mum

al | owabl e %é%ﬁegéé{ % R‘f}teg id qﬁcﬁﬂeéhepﬁs'f Watﬁﬁmgg ECU%'F ?%?’r_scmésrnéa%%%rﬁl e: 20 1.

| f the actcbafacierigive The dasignabginedryar AdR)ssdsschgiepdcesf rtlagingeach mdleraatd awabl e
range (P- * t hen a,porti,on of the parts,produced by the process wll
al ways be ﬂéﬁ%ﬁg? Qrfogg%cle fl%%%gor B’.ls Or’flﬁtéonalgfotf f AeGHERERADZPIRESF 1 i ty (VAR) s
equal to5the ke presanalnventiinl ceeardBEER moR uttligy) gt HediftdlerigiR ey B@E Process
out put (X'n%‘R ios ed withi maxi.mum . 25 ble range, then

nt th 1o
nearly al ""Barts nﬁlr%gﬁﬁ%ie& aﬁvdﬁfﬁ%gﬁ?oé’g}é%tg ek gvalyaes ﬁie&?\%?ff BESWESD but there
will be nerodenpdormerce and modfiabilighilf idditich, E&ﬂeﬁé@@%&&eﬂﬁ&ﬂﬂ%-ﬁ& I f the
act ual pragess tvari abilit Eév R, is smaller than a lies Wi t hi n the
maxi num  al FoRapt & I?eélﬂﬁec% G R GEiaR AR theerqripiner Prosiftprchgiapteriprs | n
conpl i anceargerd Ptringer), whd nakdxthafigeg eBawkdre Bh@iyRredf rosahsinsa@gai NSt errors or
shifts i

0 .Bracess qQut put. 30 ;E?r%e resent It']iéen&/e_ntion creates, for situation
number 30 CARPERIEIRAER BHBFY: it’flg“—fﬁagﬁfl HEBEEEY) engi neer to investigate
Zhi fti n? t het avgtcia@enaalttm&&f Sse?iﬁ& &tbmir_?éntﬁﬂﬂ}angé*?$’ﬁ!ﬁ, el "{(b@(th«t?&ﬂnkﬂlﬁgé’ i/\gg
esign targe -t arge or . predj ctqr rt characterrstic.

03/ 067344%%?:‘1%/3{‘%6&‘/138%2‘85 o F%ecﬁéca%?fg’&“@ge‘ﬁmsﬁnrﬁepteﬂ RY doPpad Cnép 2 he

aver age psindbsBsiood, Prhrgeot; BARR faP-taher will BiefleQhGNFHa8t Sl Bt tO its

production target (P-target*).. The followi ng situations are possible,
assuni ng PRAEE Véné‘?“oftégé te@ﬁ%‘?ptﬁ OYPE EPTRAISP SN i s symetrical and the

predi ctas charadt eAvegdis®; t arget value (P-target*) is set at the m dpoint
of its maxi mum al |l owabl e 5 range: 1. The cl oser the average process output
(X-BAR) for the preti B characteristic is to the predictor production
target (P-target3’) ,Bdhmsgreater the |ikelihood that the process wll
produce parts th%t 8?re in conpliance. 2. When the average process out put
(X-BAR) is equal *t c*YH&Sgredictor production 10 target (P-target'), the
chances are nmaxi Bl zeerdlat afdie process will produce parts that are in

conpl i ance.
mp 20 6. Yversus Z.

As previously noted, there is exceptionally valuable information that can be gained from

these comparisons.

D. Application Overview and Summary

25 Figure 21 summarizes the concepts discussed above and illustrates a method
according to an embodiment of the present invention. For didactic purposes, an injection
molding process is described. As Figure 21 shows, the design of a part, for example, yields
various design targets and specification limits for the article characteristics (602), which
yields the design and fabrication of a mold including at least one cavity defining a part

30 (604). Other inputs to the process include noise variables (606) and process control

settings (607). The process (208) yields either experimental output (610) or production
output (630), as discussed below.
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Sim |l ar conclusions can be reached even if the process output distribution
is not symmetrical. In this situation, P-target* should be set at the
poi nt whewe oBher3tai | s of the distribution have equal are®€Tasvydates of
P-range*. 15 Thus, the present invention facilitates determ ning the
di fference bet WU shewse rabrlimenss althe BiesemE nvenimARy bargd thaciBiEdi ct or
product i onpd @ésggﬁtang BrdieARE prbeesddd 'a%ociﬁ'ﬂeaf\&ﬂhed&ﬁgmﬁgﬁﬁm hih&snbatdinghe

e

[
magni t ude and irection that the average process output (X-BAR) shoul d

be shi f t edProogpsthatwillsliimenly gtsleaccantablepartsder pyedusHBn eUtpBL adjdirstssethe or more
process CoRL¥Oh o%@%b&:ﬁﬁleﬁcgalx RVRs b2 BVRLAIR s REQCESStsQUTiRY L rALORY the

regression line to or. 20 closer to the predictor production target

( P- t ar gefwytiatiunes g eplsralicy ofveield charapredsricd éesprimenerougytisi®y The rtiflew becones
possi bl'e tfuraCleliGiThaB e AR BBAGLIR o BURERE 5 é’s%ﬁ%?et{;wéﬂe&fyaré VAR) is too
large relative to_ the maxi num altowable range (P-range*). Tt this is the
case, thensssseil pad amalyzedwsipgthe eorredationand rrerqssior amdysiswasthasls disenssel second
option is i i Ih i yhird 25
bt on 1 5 PEr R B ek R A kA B ey e
present i nheq@eisonint gad/ogRdatation Tahd¢s discassed didve,ciaynlesidetodhangs tolerandengs by
requirin t i .Q apabid | ﬂgq | SCl in this
section e]ﬁggsrqu?rgr%agg%ﬁ?lgﬁ 832%"9%‘1%%@ fI Igr on?i%eﬁlesap%%lée/ I 01}:1 gﬁog%gﬁgrg%egri stic

i nst ead offoitlhin tBOOHset ABble discissaderbere, mangecidsitakhapge procdsaingpotsdpics ridier,

i nvol ved. 1 Constraint Tabl e val ues provi de other useful

i nformati &ﬁ%%grﬁg%%é}%%%gﬁ*)engi neer. For exanple, if the decision is nade
to i ncrease thdssdisgessat aboheindesieghodimehtevaiadesis indveeddonbe paai nt Tabl e
facilitateg_a prioriiti.zed determ natipn.to be-nade,as to .1, i ch

speci fi catclﬁ%rrz’\lC T dtlrﬁ%%aenrexg?r 1%%\%?} Ocﬁlgtrlérf%' \(/?Arw1 I gﬁh%t%’{j%oldgc% R%tt\ff\%ct eristic

i S nost B4t GrEidtiRGTih SO 3/ D8 BG4 legons sthichi process santthgs hoabdhape t he first
to be relaxed. This st can be ated.as often as _desired r ki ng
outvar a FPSEL R TRt RS ERGRE R RS E R B Bl Rl

char act er imsitriber of Pheeshessitipgs @npgsinee proclact ko aasyescletdnainedpaiot alofig thel axi ng
each tol erance. on dyct performance .and. facto his infergation into the
deci si on- FaRigtprsRh AR the s R R ABNERITE ok Slble, il sbea sy il Py o
utility. Thengiegugonepgssuessettingyvrivas tenipefauneasttiog ot i spedtibitiag vallde udy to

be conducted. that eval uates.the tr of f. .bet ween. .produc erf ormance and
oF o BB sfgtento e Rk Ao & e R sl e e RS G RE oy ances
permt, change Ftitkerdi®sd, gre usamggtselta atphelidet dencrediqiceditataonchar act eri sti c
E ;”‘]E get (P LALg8ty Jua ARG IRKE,1GHARIFT, BLAEHDSL &l bl RYREEM SQpsomPensat e

(630). For example, by analyzing the remaining article characteristics in relation to the

predictor characteristic the user may identify robust predicted characteristics (i.e., article

25 characteristics that will always be within tolerance limits) and eliminate them from
measurement (step 634). Alternatively, or in conjunction therewith, the user may determine
the maximum allowable range for the predictor characteristic and determine whether
production output 630 complies with specification limits by measuring a single article
characteristic (the predictor characteristic) (632).

30 As discussed above, to shift output along the regression line, an injection mold
operator can change one or more process control variables, such as pressure, temperature,
speed, etc. For illustrative purposes, an example of changing process inputs in the injection

molding industry would be to change an internal dimension of a mold cavity. The regression
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10 conpensation is even required, for the change in the design target). To
condense the next series of comments, P-range', VAR and TOL (the

di f f er encwoO obe61s@en t he upper and | ower specification |i mPCE)USOsDI2b4 be
represented by A, B, and C. In a simlar fashion, P-target', X-BAR and

F‘ t alr get Mvel clarﬁ E@?}ﬂ@éﬁl I RERANE dnFguXs 6, Yhis woald Be akhmpligted bp nhaniging etretsiasn
acilitates, the foll ow,ng conmpar.isons: 15.1.. A versus B:. ..2. versus C
3. B ver sPidhezemanngargiele ac‘%ls%‘?' &reéﬂ?téoﬁlén ya ‘gﬁ]glfisbe iﬁogfph%leeg}’sus Z. As
previ SU;Sl yddﬂ%tlﬁﬁeriﬂb&ﬂ@iﬂsﬁe%w&m&@mh«% Wcatihwathaeartink charadtertsnict Tais can be
gai ne rom ese conparisons.. D i cati ervi ew and. Sunmany 25
Figure legﬁlfjrﬁﬁ?ri:af%é"e.tsﬁ’é Of:a’ﬁ@écﬂ”%edoﬁéggﬁ ‘Ho‘g‘gf)]%fft Tscamng W?ﬁ?rélgal% net hod
accor di Ngqdpnvaide MR diza8fthe edquirb®shit @oaldtbe conipitkd byidettdiinif; daclistamcpur poses,
an injection nolding pr OfeSS ist\?descr_i bed. . As Fi gyre 21 shto , the design
of a part Eheﬂ%ﬁfesélﬁla%?%(?s‘%fséq g the gargehjrersectiogn T ‘éﬁ’a@i%caﬁﬂlﬂo §%€ci fication
:c ' g' ts I Qfegfe@s?orﬂiﬂe‘r&h@y&h@lﬁ&ﬁig@f in Ekde€iSon( 0¥ dles iMBirhAtion)thalcahishd dved besi gn and
abrication o

~a mold including at | east one cayity definin rt 30
(604) . O Aesernyingwkish fieation thrsaresioniling RerdB LIt Sgéteéé}lg s g thap g
process cgpfrol settings (607). The process (208) yields either

experinmental output (610) or_ production output (630), di s sed bel ow.
45 WD 039 067340 Pemasnsy ézwﬁtm&thltif@a%émzﬁ}“@ﬁ \}%{reéﬁlﬁgﬁi% ﬁc@%t&f t he

B; giggtseisﬂéé{égg%aﬂgt %?@d@?og%%@fégﬂe@qﬁrﬁﬁjelt& ﬁa’%% ghrb 4 tHe G a0 iredecaiBginneer i ng

i i Wt esl'gning_a part and/or engineering a process
that wi || Fighteionasybashificd taé@g@agﬁ@ Sg%ﬁ; Wgulg Faiﬁogl@gifteﬁ ﬁd&ﬂ%élﬁaf 1€ Ag
di scussed,Rhe¥EnsidnTo e pRaResH AR ceriicPARRRSS tRPR hRinHBRRhddiasfa set of
parts having a range of g variation as to a plurality of article

char act er thetresiceorohpeseiepiptin i Incerasqou rin GaDyase Ipisize A¢qUiTet & MERaF At eFirSt i cs
255001 atieg i bl e PRI LAZALA LRI Te LiminSHDI T Lhgiecl | are

assessed ana using the correlation and regréssion anal ysis methods
di scussedaccapplished by pmovingmparerisbirpm thaingtipent thg malde dhe Eil%ﬁﬁ?tﬂﬁé%ﬂ%ﬁal ysis

met hods, Elg.g 1%%%1%5.3)2 g?lﬂéut%ﬁ fe GRehia bl Rhn @MGPLen BEd &g%&ﬁdﬂmnlam €s

di scussed ove, . change tolerance 10 |im (618) and/or
desi gn t athystrgey(ig@Eectiam addi ti on, the user, aided by the information set

Yet another method of shifting the regression line is to create the shift by changing
20 some combination of mold dimensions for both the predictor and at least one of the
remaining article characteristics. In the specific example shown in Figure 6, the regression
line is shifted in a direction perpendicular to itself. This, in effect, is the shortest possible
shift that can be done to position the regression line through the target intersection. In this
case, the shift would be accomplished by a decrease in the size of the predicted
25 characteristic and an increase in the size of the predictor characteristic. In the case of a
plated part, an example of the two article characteristics could be the post-plating length
and width dimensions of the part. In this case, the pre-plating length and width dimensions
of the part would be considered as the process inputs.
Figure 7 illustrates a method used to produce articles that have characteristics that
30 are superimposed on or congruent with the target intersection. The embodiment illustrated
in Figure 7 consists of a two-step process. In step one, the regression line is shifted so thatit
intersects the target intersection. In this example, the regression line is shifted down and to

the right. As indicated before, the regression line can be shifted horizontally, vertically, or
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forth in the Ofset Table di scussed above, nmay deci de to change process

i nputs (616) and/or adjust control variables (614). As discussed above, in
one enbodwomane7awari ation is induced in the part charact @Crdtsoaes2euri ng an
experimental production run. One of the by- products of that 15

exper i menbarh. §p SHpEY. e Gharciesstiappsition és Shg@d fpraaispartgiias kxasie 898E set t i ngs
have a mltﬁgre%ﬂ%thngﬁ the Birf@ioh of SMIRELiRTehSdds Gfril fﬁ@?&sﬁ&ﬁ% gfgenenabl es the
user to adjust a snal nunber of process settlngs o] p05|t|on pr oduct

out put at Vefyhpreginenicies parinticaloberyrehibe diregipe st dhe dbererrtisticn the case
of inject Eeﬁn&%ﬁl 194 tJ&rshﬁe&aRmha eh6n HREEcafBY of thOlictal Blaract}RAGI NG | UST
one pressure setting, or one rature setting, or one speed setting wll
be 20 suff¢lativere thecsalgw:tantstsaqt@ntané theglape obihe pagresaipn finge article
characteristics along the regression line. Furthernore, the user may
select a predictor characteristic (636) based on the <correlation and
regressi on anaFgslidactigp@poses, thelehgiagatoataimeddn F@I@(E’ﬂlc@fonpiﬁf@@ uethedse dut put
(630). For, “ te £l e ACS in
ol ati on (<SCHRGE Bl BP Bkfieltr B R b e baC R BB o

pr edi ct ed ot berictreinplegy thet rhighebe used from hgrapbicalrarspettive ¥irfuely alhat Wil

al ways ment
(stop 633 Uttt 2RERao el SRR PR bR L BRI

det er ni ne andlyticafiy i mmvrbazippmmndzchhwaamgbtltaitechmiquq:srcexdb@ms@d \Adthglaphiearli stic and
det erm ne t h i ion limts
by measur Mg et BB R GTR bR b R G

char act er |asrtdesgnb@63m§1eed;ypréfsrrdql scnbrskredlt@bdw @resd:rm usvhntfldm panfopust alal ong t he

regressi on, | igﬂ) tlons Ca!’[cu a 181tls! R)@at%?lls gnd 8%8:%1?}121 iy C]%?ngca%g EJEJ fiesTOT € PrOCESS
control va&ri as> pressure, “tenperatu For

illustrab |Grq>hm11it dnsp;le;s armewedafnptthe cmivemhmgn@gndmsmehlg ofmhnnssr in the
| nt rnal _di mensi. on of a

i njection industry woul.d ;be to.change
ol d cavity - TRECREdRAE B 185 02 W B Pk 3B DA et TR
shi fted v érit homd hlyave that ‘Ehegegrassﬁn Tirdel’ secdmot bk dxeradtic bngibuc b dbe bga:vﬂnhemgl ng t he
si ze e character,.s . educt i i.n _size would be
Sccompl 1 oo b it ito ot e a8 Fodlib i B b BB ik Al rliESencat  on
of that amntbehea Siﬂigidf]&fet ﬁmhsmldbe ndtad she regredsidn dedeldas prefdreedzinbediatent dte

i f.t the regression line vertically 5

82333\/3?%8 ?hl%'}ﬁ’ge%t O?én%]}%)ef RE 0?8 CP(%H%?{V%? woul d be conputed by deternining
t he di stance itherorbe gbteé,srhm:rfoﬂ dldmn\n@ﬁrpoéa‘ssché effecoshichdigged iangekss doheslsect i on.
s, Uhe Laggtisn Sl e e crsin e slative o e otk
di r ect i on chdrectertgicehsd e bhdeestoedhat dhe effec sivhhigesingitocebd@ntralpitingde of t hat
can be determined for more than two article characteristics. Similarly, it is to be understood
25 that the effect of changes in process inputs has been illustrated in terms of their effect on a
single regression model. It is to be understood that the effect of changes in process control
settings can be determined for more than one regression model.
For didactic purposes, it has been assumed that the objective of introducing changes
in either the process control settings and/or process inputs has been to move the joint
30 operating position(s) and/or regression model(s) closer to one or more target intersections.
It is to be further understood that these changes can be made to move the joint operating

position(s) and/or regression model(s) to any desired position.
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shift. 10 An alternate nethod of shifting the regression line in Figure 6
would be to shift it horizontally. In order for the regression line to
pass throsgh3pbm4t arget intersection in Figure 6, it nustChasshifsed to
the right. This shift would be acconplished by changing the nold dinension
for the predi cFordidtic patpesdsshe epperarshiptver speciti¢nsion ligits assecistsd withithe he si ze
of the p%&ﬂeccthg acé-‘eﬁéﬁ!ic%%%gerﬂegﬁ{1%cﬂﬂ?ad'a@Béiﬁgéo%gragﬂ}qegﬁés%ﬂﬁl nj SIZ€ requires
an increase 1n € size of the nold ca Ity tor e predictor

char act er rstingulahemeliancedirene ib¢ prajent Fivergionalmviryer, eancdobk aghlied thy r enovi ng
material f e interior o1 I f uir shift is
deternine&ﬁﬁgﬁ%ﬁﬁ%ﬁvl%SO?H%Q%%%@%8%?%%“%?%%3§%égﬁe %@%ﬁ°@§%“?§§%%ssion l'ine
and t hesfatgetresuhinglisecimpliance¥ieda haviog herpamidabdorakarsple ) drioter sheper egr essi on
line is to create,the  shift by changing 20. conbi nati on_of d

i menst ons. 1 or Fbh AR ARt St S B R P g

articl e chhargeslewt béentstrocuned doepsperiafticke dxanplistishdwiveito ofd quiaee 6, t he
regression_ line.is,shifted.Jn a,diirection perpendicular to,i;tself. This,
e T ect Cofegiatpis 3 pE ekl Bu Ay UASH R o PR R s s o ot e
regr essi ohe héedeo hdhicve gie dppesiteaffget Firrkansledt i possiHlexotdatesmine asapqutited shi f t
woul d b%_a conplLshgd b%.a decrease Hp t he g%Fe q&)theegtethngd 25
char act f C83BE THHEPARPTATIEERES “PHOL e S L dn T RE Sf%ﬁ% P Ehdr act eri sti c.
| n the caaehiok aadlesiptahate ped proccanseekdypter pfoctds énpunoOns dHjetiee of doing

characteristic ould be the post-plating |engt and wi,dt h. di nensi ons of
Che part. e 66 RS ot Bait Boch Ner/GHR- st et R s of t he
part woul dnbeéhetshjsititesfatdirgshis beulpboeansch theprelucHogpioeesy and/drust r at es a

met hod used .t%ﬁgraduce articles that have, characteri sting%uthat 30 are
super i mpoSRHRSHYG AeEBRIFARSTES 1 PRI OEST HRESSHE P SECtIHE Y enbodi ment

i |'I'ustr ab @thteriahshapgure 7 consists of a two-step process. In step one, the
regression line is ifted so that it .intersects the target intersection.
Rt oxanpl L2l B e SR vt et e et BobH CRFAUTET PREH s
i ndi cat ed vxbﬂfiﬁfeetiorhhﬁdjh%@f&é@é@theb&d@éht@ﬁ&nb&, shditdestdabseZion tyghllcysion
vertically, or, 47 WO 03/067344 PCT/ US03/ 03264 . both. In step.two, %{he

char act er F$# YZeREEPFICEHeT S8 RPFPShe PEeRIATET R hascoplr i ek oS Al ong  t he
regr essi 0@erhiic:6lﬁi_uicﬂ)r Rgufdéthasg, ia@ﬂelpzfs aﬁﬁ@@ﬂeﬁﬁrod&sé@'ﬁ%ﬂe@!ﬁ&t@fﬂ ishdddde position

i S congruent g{\ntghthe target |nters§_§t|on. In practice, of course, the

di rect i oA TERRYEC 1OR ehanger nden FSHPE e o SF PTSAT VR §ABRHCHLPILACHEE] Wi | |
depend on nbRghahGfadiukiBRpRbess@tytieRd dhbtteSiRfsAEIHR UL fre Pelired Al dcRlingly, t he
target intersection and %ﬁt}? sl.ope of the_regressiop line, For dth‘ﬁrgcti c

pur poses, SRHECTCRHGGE dairesn Aesaribed Wik lessgce F%S@F?L@WIP@&P% use of

t echni quesmbedimkREaf e pRisentR®ShiidrORil HlappAeht@b Bhd6f okdiarl; BB irS®e kit ORt"  OF
"det erm ne the _range" . . .
is, therefore, intended that the claims set forth below not be limited to the embodiments

25 described above,
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or other term nology that m ght be used from a graphi cal perspective.
Virtually all 10 anal ytical techniques described herein docunent can be
acconpl i swed3@sther graphically or analytically. It is t@®cChasappreci at ed
that anal ytical techniques can be used when graphical techniques are
descri bed and graphical techniques c@AIBES used when anal ytical techniques
are descri\}eﬁ&.isgmglgg% a preferred enbodi nent of the present invention
perfornms all comnputations, calculations, |ocations and determ nations using
anal ytical techniques. 15 G aphical displays are created for the
conveni enge, an dar st andi n f j L G. purposes, the
| anguage ic‘i'nAtn}%&soldgebcp g |‘>'(s)ll%g f Iz% I@%@ﬁ%cg& gt{g'perégregsgg’it%{]mgjihg%&ﬂlﬁsws not ed
above that t hereceigings plupality bfiangcle cloetttaniotic 1réuea asspeiatied tithl 4 saeoflarriclaay be
curvilinear.. 1t should also be.not.ed.tha h ression nodel is
frequent | a‘@ﬂ%@ﬁ?“"’?%ﬁ THRERE %ﬂrra}ﬁ soégr,tmfeé%ar%%ﬁ%ﬁ%mg’ single line. It should
be noted the r efdceisgi predivcateharhererstiofefrathe phiradinpoldirtidathacdcteri@tcst dids

i nvention inclydes .use of predicti ibntervals. Lt is to be .noted, that for
i dact i o pur podemiRg tirBEEopmmaRlnIBLeY Bledioot SRrdRCEET: nge has
been i || udéasednedf ihe rdneiimisg aficlkelkkimctefidiescin thaplardicnaflaeridedatantensti¢spr edi ct ed)
article characteristic. It is to be understood that the effect of changes
in procelgs control settings can be determned for nore than two article
char act er i2stThesethSil 6f dlamllfurcher cospiiondde under st ood 25 that the effect of
changes in process inputs Qlas been idil ustrated i.n tdterms of tgei [ eftf ect on
a single regrBSEVIBA2 HIEREVAF for FiE Redifar (hatiSreEs Sotpchatatect e dF L st o
changes i Rnpfanasss 0L tipdracct&Btit] ngs can be determ ned for nore than one
regression m)dﬁl. For didactic, urposes, iﬁl?ashbee@éass med that the

obj ective of i AEFOUERAY BITERGEE Of Fif BBt A HE PP GLERE CRBATTHHC 8-t t i ngs
and/ or psebe@szet MilitcE a DRSS rdd@@fing Aol ¢RaridieristioirdlitidQo cr@egtdsivg nfpdsll tion(s)
and/ or regqrﬁesm n m),eléé_z31 cl oser to ope or nore t,alrghet intersections. It
is to be fGPYHRFMISHAERATTST TBECIRAEC Pidie ehimgE e H B ENRIE S nove the
joint operating position(s) and/or regression nodel (s) to any desired
position. 48 WD (Blié‘,/ 0‘;6 344 PCT/ US03/ (03264 For didactic purposes, the upper
and | ower JspBemeihed pf amylifprhes colaiiili®at ed with the article characteristics

have been descaib@sin@g tikakfci®RrPbaithd Vel Bfedidtios ilcbrivalg adsbeifted vRbiitaNgul ar

conpliance area. T esent .invention, however,, can al so_be applied to
ci rcumt?éﬁﬁ%?sﬁﬁépggéﬁ e YR Bt BHC I S s EE TS 4 fe&?foFlFﬁfnc?‘%re\‘Fg $hased on
one or nonRgide dastRFsscst esulting in a conpliance area having a trapezoi dal
(for exanple) or other shape. Finally, for didactic purposes, as noted
i medi atel y above, it has been assuned that changes have been introduced

to optim ze TaE fefho8 ofNBmAChRhbrcbingsisingl ative to one or nore criteria. It

is to be understood that the al gorlth(rﬁ, nodel s, and cancept s get, forth
herein can determining the respective upper and lower prediction intervals associated with the

25 regression model(s) between the predictor characteristic and at least one of the remaining

article characteristics.

5. The method of claim of 4 further comprising
receiving lower and upper specification limits for the predictor characteristic and at
30 least one of the remaining article characteristics;
locating the lower and upper specification limits associated with said at least one

remaining article characteristic;
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be used to achieve the opposite effect. For exanple, it is possible to
determ ne the required 10 change in a joint operating point and/or

regr essi owmormael34posi ti on needed in order to achieve a desirresdi/erenge in a
process setting and/ or process input. One objective of doing this could be
to nove a prodessingdniuppbr méidweargpaifiytifn limitsasseringet witl therprévhetaf ul setti ng.
Anot her ohjective of doing this could be to match the production process
and/ or ené‘}aﬁaé eﬂsﬂ& design paranmeters to specific process inputs such as
pre-configured raw 15 material shapes. Lastly, although the present

i nvention s been. descriped as gperating in connection wth injection

mol di ng p?'r(}@bes@% ?d‘%ﬁ Hf)lllggg“ﬁlicoﬂfglé%i on, as discussed above, has

appl i cats on tecdvinglowes yndafppparspediaeisn lifis for xalepk ene df hiee emeisgtartide/ ent | on
has appl i&g&i on to plating and sem conductor manufacturing, as well as any
ot her prot¥SE'HEre a material is added, 20 renpved, or changed in form or

structure. TheogitRg e lowavetubpd spasfical laat isseridrel witherleast one

non- manuf act uri ng .pr ocesses where characterj sti of the output are

ol at od.  ICEOHES HEFS COATRE BHE 19 M5 SreEr ol Mg b EETee RSP Baa” wi ¢ h

r ef er encecla@acspreit hhCsa@d 0dbuvnp tanaikhfaticleeradeneint s of the present
invention will be apparent to one of ordinary skill in the art. It is,
theref of®, intended that the clains set forth below not be linited to the
enmbodi ment STAndBRSEfiched c alehee cordSise 03/ 067344 PCT/ US03/ 03264 CLAI M5 What

is clained is: 1. A nethod facjlitating, desi gn and uf act uri ng processes,
the method conffEFEiRige élervgt‘%&ﬂ‘?ﬁre CEﬂrglﬁa&f“?tF UGft %(PI?CF eecoﬁrﬁ?roﬁ%l%%ri stic

val ues as&%@sﬁ&@ﬁo&&ﬁﬂte@e@@ﬁl& Qf)p@@}t)écﬁic@ﬁon]itﬁﬂfdi}gt Rast angemaiingariidd i on as to
a plurality of article characteristics; selecting a predictor

char act er FlE¥rfcgerstism t he plurality of article characteristics; and,

determ ning the regression nodel (s) between the predictor characteristic
and at |least one of the renmining article characteristics in the plurality
of articlé& Elnﬁamﬁé%f»ﬁcéwég%@m@%t hod of claim1 further conprising

receiving a taggainivias U viiek of iepRuREirehhctetidicacivaich $hd rRidndingar get
value for at least _one renmaining article ch,aEacterl stic; determning the

i nt er sect FegFesyPn mReelinfergets Wg QT Frrcificpon ipig fE Aleast ARG ERARMES YL and 15
the targetpdaieef a first remaining article characteristic relative to
t he regression nodel between the predictor characteristic and the first
renai ni @4 article characteristic.

9. The method of claim 3 further comprising
receiving lower and upper specification limits for at least one of the remaining article

characteristics;

locating the specification limits associated with said at least one remaining article
25 characteristic relative to the regression model between the predictor characteristic and said

at least one remaining article characteristic.

10. The method of claim 9 further comprising
determining the value of the predictor characteristic at which the upper prediction
30 interval associated with the regression model between the predictor characteristic and said
at least one remaining article characteristic intersects the upper specification limit for said

at least one remaining article characteristic.
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3. The method of claim1l further conprising determ ning the respective
upper and | ower prediction intervals associated wwth the 20 regression
nodel (s) Wetm®ers44 he predi ctor characteristic and at | easPConEsSIp326he
remaining article characteristics. 4. The nethod of claim2 further

conpr i si ngl- dae eerHodiohglainh@or 10 Speher fapeprisii®er and | ower prediction intervals
associ ated w tﬁet&xgﬁmng Jv%ﬂx%%?él'eg&d{@&%&rﬁémﬁ&k‘&?%&ﬁ& Bhediedidfon
characteristic and at “least one of the remaining _article characteristics.
5. The nettodalassociatadrwid the réguessine mode) pprvesh Hig preciesprshagpciesioiisandsidupper

speci fi catipn, Bﬁéﬁe@}rﬁrgar(;ﬁ@d&&a%@érﬁﬁpfm&&%fsacﬁé Bweﬁgﬂegm@a}zﬁm%t Blsaleast one

of the renmaining articl®% characteristics; [ocating the [ower and upper
speci fi catf losst bhqietginingsodilathedacmristic.sai d at | east one remaining article
characteristic; 50 WD 03/067344 PCT/ US03/ 03264 | ocating the upper and | ower
specification |imts associated with the predictor characteristic. 6. The
met hod of 1Z|Eiemethddnfchien 6 bother tceimBing recei vi ng | ower and upper

specification |jim: t | . Of. . ini ' .
characteristic%?g%%gg%ﬁ%ﬁgfﬁg%E%%éﬁggﬁgéﬂ%%g%g@g@%&’?%% f%ﬁg%?%$¥§
associ atednthi th at | east one remmining article characteristic relative to

the regression del . bet ween, redictor. .ch . St 4 aid at

| east onlg rema}c’%rlln& dell? ?I%I:&%n%]ﬁg]rg%l t %ﬁ%ag%?%r.mtgE)%l’?&g#%gl&n%ﬁ%%&gtf&cI aim®6
further cehpndtsiisnig. det ermi ning the value of the predictor characteristic at
whi ch the corresponding regression nodel intersects the upper
specification limt for at |least one remaining article characteristic. 15
8. The netithortheofetloddaif nlafin 8 furihef amiphisingconpri si ng det ermi ni ng t he val ue of

t he predictor charac%eristic whi correspandi on node

.th ; i
i ntersect st heF OUBE TepRRPrRERPPE AT o R EE AR e FERERY

or a one renaining article
char act esiasdi C.

locating the upper and lower specification limits associated with the predictor
{

characteristic.

14. The method of claim 3 further comprising
20 receiving lower and upper specification limits for said at least one of the remaining
article characteristics;
locating the lower and upper specification limits associated with said at least one of
the remaining article characteristics;
receiving lower and upper specification limits for the predictor characteristic;
25 locating the upper specification limit associated with the predictor characteristic;
and
determining a maximum article characteristic value for the predictor characteristic
by selecting the lesser of (1) the upper specification limit for the predictor characteristic and
(2) the value of the predictor characteristic at which the upper prediction interval intersects

30 the upper specification limit for said at least one remaining article characteristic.

15. The method of claim 14 further comprising
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20 9. The nethod of claim3 further conprising receiving | ower and upper
specification limts for at |east one of the remaining article

char act erwetmme7344 ocati ng the specification limts associ acedses/odzésai d at

| east one remaining article 25 characteristic relative to the regression
nmodel between tdpeatpehi ddromicghga mexisninsirtide ardacsaistic vate dteafst a dasged emai ni ng

article characteristi.c. . od of | aim9 rther conpri sing
determ ni r?&n’%ﬁre&\]}%?aﬁnem%?r%tc eéﬁ%rgce%? SE:t{éts)lrn tgﬁgl(}:%% eorfiars C:tlecChg TR EItn}ae upper
predi cti on 30deminening kheassso comatrenting rhdxirine anieiprobgiztteristimodbk fdrehaveen t he

predi ctor characteristic ,and sai t | east one r ining article

char act er ipg?cﬁl%to'%’f‘]@%gﬁrfcsbytsglémhn Ctg? %gvﬁétcfp%%‘élpia tﬁ?ﬁ%aftegﬁc V@!ﬂ “d at |east
one renmaisning article characteristic. 51 WD 03/067344 PCT/ US03/ 03264 11.
The net ho cl aj r further conprising determ ning the value of the
predi ct or q@'ﬁ@?e&’&e{d«%ﬁngggni{)fuﬁ\tﬁfrccﬁm@’ﬁlémgomr prediction interval associated
W th the regresstioing imae hndaipse gsecifibeidar@disorart leastanact e tedtairingardclsai d  at
| east one Iiemai ni ng article characteristic intersects the | ower

speci fi catPHATFIHT for said 5 at |east one remmining article

char act eri sti clocdtdhg théRweipgeoiticafondindt Msdridied Witk thegpoeitbsdhagictegiewd; vi ng t he

| ower and upper specification limts for the predictor characteristic; and
10 | ocatllorzi‘a t he upper and | ower specification [imts associated with the
predi ctor chadeeinghing b intnimlith arfitle cheidi@dtiotaled fot me%refdwtbﬂlﬁﬁraﬁtﬁfm[d si ng

receiving,the | ower and u r ecification |jmt or. th redi ctor
char act er PESHEcgEhe e oLy Fh%gWéP Ot FO5\iR PREyGior FREBREBHC | | i t 5
associ at edni(1)lthd Niduepf g@iptddirofdharaetietid Stithch thédlowkhrefRtibRGht@falCl ai m 3
further conprising,20 recefj vin _I,o¥ver _an&eu?per specification [imts for
said at | dHEEseEHECLTVE FRECH %ﬁ%‘i’%i“ﬂ’@ or gpifl ptleast AP RRRESAEG e AT EEisHG. ng the
| ower ang upper specification |[imts associated with said at | east one of
t he remaini n](_;il artjcl ? chara}](l:t ristics;

17. The method of claim 16 further comprising

determining an allowable range for the predictor characteristic subtracting the

minimum article characteristic value from the maximum characteristic value.

20 18. The method of claim 16 further comprising
repeating the determining a minimum article characteristic value step for a desired
number remaining article characteristics in the plurality of article characteristics; and
determining the most constraining minimum article characteristic value for the
predictor characteristic by selecting the greatest minimum article characteristic value.
25
19. The method of claim 18 further comprising
determining the maximum allowable range for the predictor characteristic by
subtracting the most constraining minimum article characteristic value from the most
constraining maximum characteristic value.
30
20. The method of claim 19 further comprising
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receiving |lower and upper specification |[imts for the predictor
characteristic; 25 locating the upper specification limt associated with
t he prediwODmB/0613a34 acteristic; and determ ning a maxi mum RCTIUSHE03264
characteristic value for the predictor characteristic by selecting the

|l esser of (1) debemitppeihe sPge infahcfattuting valus for the pretiveorghedetetisic by
characteristi.c antf (2 thgear\r(lal ue of the predi Cﬁfrﬁa}&rﬁ"&fn%%& istic at which
t he upper SSFCERS L YA P WER VO RY e indedm By R a0 e S e i cation 1imit

for said @fardceastic Gieesianhd predigroncharak@isabar act eri stic. 15. The nethod of
claim14 further conprising 52 WO 03/067344 PCT/ US03/ 03264 repeating the
determning a maxi numarticle characteristic value step for a desired

nunber of o1 mhﬁtmgoaﬁgitha]ﬂ{eaﬁ@ﬁ%@iﬂgsti cs in the plurality of article
characteristics; and determn ni ng t he rmﬁtqfonstr&%iilni n naxi.rru‘rag article
charact eri st i cleyamiRing e tract mapflaghuppg valiafar the PEALHRGEUMCES i ng t he

| owest Magldetng eeinhiB@pSntGaRi BedwReh Belnfosy @nd@ainhg hinimlireandehdxtuavalatsai m 14
further conprising receiving |l ower and upper specification limts for at

| east onelopthemedlicteheiapicHESas ti cl e characteristics; |ocating the | ower
specification |imt associated with the predictor characteristic; 10 and
determining a minjnumarticle characteristic value for the predictor

char act é¢ 5t ¥he mesodsci clapm PI{grthrSoYPEHR®Er of (1) the | ower specification

limt for the ﬁé&ﬁi\}\%i Qget keIt @E bidickor cBRdctedrictai@ a vagdi@alaé fok Rsleqat edi ct or
characteristic at ich the lower prediction interval intersects the |ower

speci f i cafPeFRmpiniAgErias cChakickrighic; | east one remmining article characteristic.

15 17. The et hednpfineiRiiffers&b bf the @Rt fi BE pleliebrdtatogriaic ald owabl e
range for the predictor characteristic subtractin m ni mu rticle

: al . L ng tne ]
char act er rhettpigesfalugef 4 HghiepriBingaxiiderhaEasEriges BItYE Fthe BRTFESionPoIR . The

met hod Gf E&'W%Em}ﬂ:, rddte b BhraCRARd i it ﬁr@\ﬁeﬁQM% abti€e dhet.efelbid. Ng @ ni ni mum
article characteristic value step for a desire nunber remaining article

characteristics in the plurality of article characteristics; and

det er i ni By Hhe, MRS orCARS| Ak REkE & HRBNRNdrigthe char acteristic val ue for
the predictor characteristic by selecting the greatest mninumarticle
char act eri st i cselestingthe ppaglictor characteristic based at least In part on an assessment or the

capability of each article characteristic to be predictive of all or a subset of the article

20 characteristics in the plurality of article characteristics.

24. The method of claim 23 wherein the selecting step comprises
calculating the correlation coefficients between all or a subset of the article
characteristics;

25 determining, based on the calculated correlation coefficients, a value indicating the
predictive capability of a first article characteristic relative to all other article
characteristics;

repeating the determining step for said all or a subset of the article characteristics;
and

30 selecting a predictor characteristic based at least in part on the values indicating the

predictive capabilities of the article characteristics.
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19. The nmethod of claim 18 further conprising determning the maxi num

al l owabl e range for the predictor characteristic by subtracting the nost
const r ai rWo@3feT34rum article characteristic val ue from t h@eCmasn3/03264
constrai ning maxi mum characteristic value. 30 20. The nethod of claim 19
further cosPrtesieighdms M@ DBHvAEéB4 e RETitIISOABRBYc etlectrd ud thgarttle t ar get
manuf acturing value for the.predictor. characteristic b sel.ecting a val ue
bet ween tﬁ@r%%"tsu'&?)ﬁ%??t&(is m%ﬁ?ﬁaﬁﬂeﬁ‘fﬁﬁa&ﬁaﬂﬁﬁ% rﬁrgﬁftll%lcép a%gﬁ%ir acteristic
val ues for the predictor characteristic. 5 21. The nethod of claim 19
further conprising determning the target manufacturing value for the

pr edi ct or 2& &an@chﬂagn%t”rg‘ﬁ@&mﬁ’@gt he mi dpoi nt val ue between the nost
constrai gi Ng NiaAkiAk fReaRck] SERs ATt M@ bd&d onfrle valure cqafadedinahe ddiatragher i sti c.
10 22. The nethod of claim 21 further conprising receiving a target val ue
for the pPBi ctor characteristic and a target value for at |east one
remaining article characteristic; determning the intersection of the
target value for the predictor characteristic and  the target value of a
first renﬁ?-rﬁh‘?@leél%qdiqf;F]émé%%Wg%rﬁ@rtﬁ%‘gqt%m’l”@}"%?ti:l?/%OI‘E‘RFSF‘he regressi on nodel 15

between the pro@ietial deh@éasd @lehtibeciidichhRr tdch aftidledkaiabiefigiar ticl e
characteristic. 23. The nethod of claim 1l wherein the selecting step

conprisé8 selecting the predictor characteristic based at |east in part on

an assessQ@Whe%etﬁé&?ofcﬁﬁﬂ@b%hkﬂeﬁhtﬁ@d@@&ﬁniﬁ%E&%g&n%{b% acteristic to be
C

predictive of all or a subset of the artic racteristics in the
plurality of aflqularies eheaverageriitagbs ‘Fteiﬂl?les‘lﬁgéher?@ ook I Rher ei n
the sel ectidg Bl8R-8QMPri ses calculating the correlation coefficients
between all or a subset of the article characteristics; 25 determ ning,
based on the cal cul ated correlation coefficients, a value indicating the

predi ctiyeg CARARU O o cRim 33 {vhERtn (BE preGik®r ERALRGHBIE isSklebred BhRE bYE tO al |
other article characteristics; repeating the determning step for said all

r . . .
or a subse&rmpbicaldrermingtion of thevigle charpcseristls havipgshe greatest prédictive
capabilities.

30. The method of claim 23 wherein selection of the predictor characteristic is further based

20 on factors associated with assessing each article characteristic.

31. The method of claim 30 wherein the factors comprise the economic factors associated

with assessing each article characteristic.

25 32. The method of claim 30 wherein the factors comprise the technical factors associated

with assessing each article characteristic.

33. The method of claim 28 further comprising
ranking the article characteristics based on the values computed in the determining
30 step; and
wherein selection of the predictor characteristic is further based on economic or

technical factors associated with assessing each article characteristic.
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30 selecting a predictor characteristic based at least in part on the

val ues indicating the predictive capabilities of the article

char act erwetmme734b4 WO 03/ 067344 PCT/ US03/ 03264 25. The meCha$os63264 ai m 24
wherein the predictor characteristic is selected as the article

char act er 38t A énettagldadilaheeh dekigh atdmRamadhdpering yto@ades, e hérhodcgiyesingpr edi cti ve

capability. 26. The methqod of cl.ai,m 24 further conpri,si.ng 5 ranking the
article char acfeé?l?'@giaeﬁmgﬁ%%g&r%ﬂe ?}}‘?Ea%ﬂsﬂ%gaq%% ﬁ%ﬁggtgd M- g"hseet %@ﬂleclrleﬁi ni ng
step. 27. h'ﬂﬂﬁ%]mh@@éf vefiatohab fo 2dutehisy of fticldtBadekastitsni ng deteepintyThe i ses

cal cul ating the aver gg% correk.ati on cgeffi ci ent folr each article.

char act er FEEFSEIon M9delEs) beveena fikeh rtisle CBITAFTRTISIE A3 8% 615h RS TE D AR S AR S ng step
conpri ses chah&blisticimehetphalay of Agele oharidi@istibgol ut e val ues of the correlation

coefficients for each articl haracteristic, 15 29. The t hod of claim
23 wherein t he SSFBEE @ FBBC ENYE §Eﬁ§iﬁ'r§ttaf“6d? B R O Ve %egor B4bhi cal

det er m natd;eibrebof tha @erddidih € i€icleRRsra@t®dticSdndc havi ng the greatest predictive
capabilities. 30. The method of c¢laim23 wherein éﬁi\ggti Oniﬁff t he predictor

char act eri st i cFEMHBg R NISEERHPD Bvesh thefarsst wlued JEF HEHF Rt h assessing
each arti ¢h@aGBaRGhER taddd Galudibr saldf 108t hededbinkb aidil3Bamberigid the factors
conprise the economc factors associated wth assessing each article
charact ePistic. 25 32. The nethod of claim30 wherein the factors conprise

the technisgathdAGhed & cBSS 98 vhbReh reeldbnasSRESH Wr@AGRABS A Goible
characteristic. 33. The nethod of cl ﬁl m 2@_ further CO[T%I’_I sing ranking the
article chkarhieedenssf argislesharagiersics inghg ?,f@FFh’Eft@araF TeRE determi ning 30
step; and wherein selection of the predictor characteristic is further
based on economic_or technical factors associated with assessing each

article charBeamethed piclaim g4 whersdy ogesing ecrlsgsoisramiesd s supseqahallod

faci I'i t afsiagsidesirgin AR s SRR A LR8N R RS I 8lity P &rERhad . e@RE | Si ng
receiving a plurality of article characteristic values associated with a
set of articles

37. The method of claim 34, 35 or 36 further comprising

displaying the regression model(s) on a user interface display.

20 38. The method of claim 37 wherein the regression model(s) are graphically displayed in

scatter diagrams on the user interface display.

39. The method of claim 34 further comprising
receiving the lower and upper specification limits for said at least one remaining
25 article characteristics;
locating the specification limits associated with said at least one remaining article

characteristic,

40. The method of claim 39 further comprising
30 receiving the lower and upper specification limits for the first article characteristic;

locating the lower and upper specification limits for the first article characteristic.

41. The method of claim 39 further comprising
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having a range of variation as to a plurality of article characteristics;
determ ning the regression nodel (s) between a first article characteristic
and at | eweto3oem44 emai ning article 5 characteristic in tReTaisos/ed2ssy of
article characteristics; receiving a target value for the first article
charact eri sti c(fmdteamin@iggé vahad ofi eheffiost astiilelchatacterisdst varieh e rdghesipenai ni ng
article char glcteri stic; and de]Ejier.mhpli_ni otsgl%alit?é[sro%e%é[rﬁa?nnb?rfi‘é@en the target
val ue for "FIFE IRTEFSSrs S YRBFESPECHcRR iy Qe St af Jeast Ong Imaling IHEE "¢ o1 sai d at
| east one chea®bmstieg article characteristic. 10 35. The nmethod of claim 34
wherein regression nodels are determned for all possible conbinations of
article characteristics in the plurality of article characteristics: 36.
The net hed2oThehadhod 3tclmmsoet Ml fueberessprsingodel s are determined for a
subset of all 15 possiple. conhi nation f article characteristics,in the
oi'ural i by of Pt FeRanE o Gl TR e e e A S AR oy 36
further conpfstss g 1&&@@E@yﬂmgoﬂ Ingit f gHiet aSleyn oD@ Rhinsig sdticlacHaseteristid.er f ace
di splay. 20 38. The nmethod of claim 37 wherein the regression nodel (s) are
graphically displayed in scatter diagrans on the user interface display.
39. The mehokk @éched af i1 futtHeh@mpeRmgr i Si ng receiving the | ower and upper
specification limts for said at I(f%?t one Eiemai ni r}g 25 art] f' e

char act éfi st i cEEPEHHREARF AGIHEDS FeR (DU &S YR IIURPESO IgRBRP& 8 Wi t h sai d at
| east one ch@a@bMdcRe aadticle characteristic. 40. The nmethod of claim 39
further conprising 30 receiving the |ower and u r specification lLimts
for the first a?tﬁv%m@geh%ma%f@}sfrgwr{g;mwa@aﬁ'gﬂapog Fhs Shagicle shamasigparic

speci fi catyyQfledtindichSlotves vhine of the Sist Atitle ch8aGbatRGEREL&H vGeh id. The met hod
of claim39 further conprising 56 WO 03/ 067344 PCT/ US03/ 03264 (a)

det er mi ni MEERERESREabf the first article characteristic at which the
regressign nodel intersects the upper specification limt for said at

| east one remmining article characteristic. 5 42. The nethod of claim 39
or 41 fur tfelhemaiber of dymfSeithsr ROARFYMe val ue of the first article

characteristi C(@tde\!@i‘fnﬁﬁ‘ng A€ vAIEOS RSO AR E Bharadkd¥sBE 80K hiSh EH’&@egﬁéé\éi% o
specification I'imt for said at | east one remaining article characteristic.

43. The mergsekinesTseersshalower eeitigrEipn Emifien ssidiagleast one remaining article

characteristic;
20 repeating the determining step for a desired number of remaining article
characteristics; and
determining the most constraining minimum value for the first article characteristic
by selecting the greatest value of the first article characteristic associated with the
determining step (b).
25
45. The method of claim 44 further comprising
determining the target manufacturing value for the first characteristic by selecting
the midpoint between the most constraining minimum and maximum values for the first
article characteristic.
30
46. The method of 44 further comprising

57



10 repeating the determining step (a) for a desired nunber of remaining
article characteristics; and determ ning the nobst constraining nmaxi num
val ue forwoOhe/éisnst article characteristic by sel ecting Pha/usowerss val ue
of the first article characteristic associated with the determning step
(a). 15 44. Théetmotihiog tlefmaxdimimmallewihle rhgeforbafrst sitisly chpegdsterhyi ni ng t he
value of tGrdchihdthelidd CrGHRE AL ANG @len ML AChILALERR M thirodel

i ntersects e T'ower specification 'rmt for said at |east one remalning
article ohataosedinis mexindOn vawedat tha first sictehaneteristivg step for a desired
nunber of remaining article characteristics; and determ ning the nost
constraining mninmumvalue for the first article characteristic by

sel ect i ng 4rhEhgnahbddsitclaraHd éurdfer tdreprisingst articl e characteristic associ at ed

with the deternni.ng st b). 25 45  The t f claim44 f er
conpri sing det g?ﬁ’i“ﬁ?‘%éafeﬁtgrg% %l)f%%l[%acﬁ%ﬁ@fv%@f Boguﬁh"'gﬂ \g/ta e %?mt e df#;ngt

char act er ivsliie bethyersihk @mbt qogstrdihieg mitpoimnnd betissen vilie forabt fisonsitleai ni ng
m ni num ang maxi mum val ues for the first article characteristic. 30 46.
The net hod* P42 ur t her conprising 57 WD 03/ 067344 PCT/ US03/ 03264
determ ning the maxi num al | onabl e range for the first article

char act el’!‘{%;[ gﬁiﬁgtpg(i@%%%ﬁ%ﬂ%ﬁt he npst constraining m ni mumvalue for the

first ar?fi { o€ enost const rai ni ng naxi mum val ue for
the first arti edcéiviahaiedederandupper specfatiditiemitefohdd fiodt actichd dharkdrefistid; her
conpri si ng éieterm' ning the target manufacturing value for the first
characteri*8tic by selecting a value between the nost constraining mni mum
and maxi num valod@sgfthé loteeardd upper getificdtion linia baotievet stithahe fifdt Aficle The net hod
of claim 411l further conprising receiving the | ower and upper specification
linmits fofr"tAZH{Yst article characteristic; and

15 repeating the determining step (a) for a desired number of remaining article
characteristics; and
determining the most constraining maximum value for the first article characteristic
by selecting the lower of (1) the upper specification limit for the first article characteristic
and (2) the lowest value computed in the determining step (a).
20 |
49. The method of claim 47 further comprising
(b) determining the value of the first article characteristic at which the regression
model intersects the lower specification limit for said at least one remaining article
characteristic;
25 repeating the determining step (b) for a desired number of remaining article
characteristics; and
determining the most constraining minimum value for the first article characteristic
by selecting the greater of (1) the lower specification limit for the first article characteristic
and (2) the greatest value of the first article characteristic computed in the determining step

30 (b).

50. A method facilitating design and manufacturing processes, the method comprising
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| ocating the | ower and upper specification limts associated with the first
article characteristic; 15 repeating the determning step (a) for a

desi red rwolwaneshi4a remai ning article characteristics; andPdetusonminsng the
nost constrai ning maxi num value for the first article characteristic by

sel ecting t he réasivéng agiurglity of ;yECly phpsrcrerisie Valpesesogiaterivith 2 sebot aFdest j r st
article L §f Jafiati cHMBLHBsGQMPUL eTbrdriiri

determ nﬁ{r%‘gﬁlggré%{g%g§‘}.aﬁ%té&2ag.té%%lggdr%gytéggﬁéf h\éf%gl %847’ further C(;I@ni;}i sing (b)
det er ni nifivet regressical masleferwera affirptarticle ehatackerishednd@sesane erticleat  whi ch t he
regressi o, ..mpdgl..intersects the lower specification limt for said at

| east one ' remaining article characteristic; 25 repeating_ the determ ning
step (b) for aewosiningdt feastizercond regeaseipminadel hetween the st AFe eri stics; and
det erm ni . i Hall L first article

char act erc:?lg]fa%%ﬁs%g;ﬁ%g%g% It’%ga’f? é(;&g@ élgﬂtgregrﬂ {f%?a%ﬁt{rﬁ{écsl’%%ér specification
limit for the f4dlitatingsdomphisonfrarvereh dlrd rsgressionanaglels?) t he greatest val ue of
the first article characteristic conputed in the determning step 30 (b).
50. A nethod facilitating design and manufacturing processes, the nethod
conpri si rg. Fhe MOho3H 1842 wheEIISORADBRBe el seeedesrmiped fpylallmasdihly of article
Char aCF forclo%xtbl' %tigﬁié SM&tic Sc%x?ﬁh%#xgtﬁs\m &)IQ ﬂ:rﬁﬁ% opafrtiﬁé Eﬂaﬂc?éist'&av' ng a range of
variation as to. a plurality of artic &' cha acteristics; determning a
first regression nodel between a first article characteristic and a second

article characterni stig;. e 1N i on nodel
bet ween the Ff'nse{hogro %‘i%%l eS% ‘%ﬁgér?%g%gers I g%ﬁédgsﬁ%gg%tgﬁngggﬁgg%%%o t%?%le remai ni ng
articl e casibletcenbimhiiosof atide chaadttnistias innbe plusdnpd ritstrehbatedeiest he
regression nodels. 51. The nethod of claim50 wherein regression nodels are
determ ned for all possible 10 conbinations of article characteristics in

the pl ursed3l The okchadiof dhim i@hﬁr«aﬁﬂém}gr cosprii®y The nmethod of claim 50
conbi nat | ons. o R PRArerara R el NSt Rl U O arlicie
characteristics. 15 53. The method of claim50, 51, or 52 further
COMPITSTNG,  The method of claim 53 wherein the regression models are graphically displayed in
scatter diagrams on the user interface display.
20
55. The method of claim 50 further comprising
receiving a target value as to at least two article characteristics;
as to a first article characteristic and a second article characteristic, locating the
intersection of the target values of the first and second article characteristics relative to the

25 regression model associated with the first and second article characteristics.

56. The method of claim 55 further comprising
As to the first article characteristic and a third article characteristic, locating the
intersection of the target values of the first and third article characteristics relative to the

30 regression model associated with the first and third article characteristics.

57. The method of claim 50 further comprising
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di spl aying the regression nodel (s) on a user interface display. 54. The

nmet hod of claim53 wherein the regression nodels are graphically displayed
in scattwpodioegrans on the user interface display. 20 55PCThSosre2bod of
claimb50 further conprising receiving a target value as to at |east two
articl e char aqteivisg the sweasnd gpper §fecifitatimnlindiséorchaseantdontiide i ¢ and a second
article crl_%ract.er.i %}ii C, .| octgcﬁi n tthe1 " intersection of the target val ues of
the first CRRFESEIOME Pl aPSEi® G stics relative to the 25 regression
nodel associ atlecheing the spbfidatios imanssssaedneithtlid setadettinadmriegsics. 56. The

nmet hod of c¢laim55 further risi . to.the first articl
char act er ?egat“iv‘é thFg‘G TeRTEHPT Hlogg EF%"{?’EH @%gf‘%&%ﬁ regteripticand dﬁegse%f'rulél

i nt er secs hoiBle@harhdieridtl get val ues of the first and third article
characteristics relative to the .30 regression el . associated with the
first and thi ﬁﬂcaéﬁngialﬁ%e %F‘SEﬁ@tF P& ‘glfbghl%tgﬁﬁ‘é{tﬁgea&éﬁacﬁl%lmm 50 further
conpri si nglhide WRHO AgRBdiad oL htiiReBHe IRiEHartiele e harharegridrivand cheirstartitlaipper
specification |jmts for the second article <characteristic and a third
article cHFREEEHEstic: |ocati ng the specification lints associated with
the second article characteristic relative to the regression nodel between
the first article ch racter‘%u?tﬁ?’ti and the second 5 article characteristic;

| ocat i ng® Pthel heprslac & gy ed FYMRESHEi ated with the third article

charact eri sti Crecdi@h@iheVwdrand figpel @t EiS&iodMNinTRd6l thbfisneeiletcheadrbistid; arti cl e
characteristic and the first artic 10. 58. TFle net hod of
C

( Lst. e har acteri stic, . }
cl ai m 56 f ur t heFatg i SPesificitira E‘i“\?hi@hetcfﬁ%t aF'ﬁé&%?haéar‘fﬁerﬁBb]ée}aué’f)@t fication
limts fofegtdod bl batek HR fRftaFadd @biasletistic andebadetagl drfide speci fi cati on
limts for the first article characteristic relative to the regression

nodel bet GREEFIEIFESRPASt article characteristic and the second article
charact @si sti Clocg SspbQfioN Uikl for SREGHT dr6ial blPackdridiit seldcive cathe first

article characteristic'relative to the regression nodel between the first
article crreraeermpdelbervegsp thedigstapiclerhare et %ﬁéﬁ%@@ﬁ%@? AAEETISOE et hod
facilitating design and manufacturing processes associated with the

production of an article, the article having a pl ural,ité/ 0;1 article
char act er P8t 4 msthogfacilisaing degign and manufacturing processes associated wit the

production of an article, the article having a plurality of article characteristics, at least two
20 of the article characteristics having a target value and upper and lower specification limits,
the method comprising
generating a set of articles having a range of variation as to a plurality of article

characteristics;
assessing the set of articles as to all or a subset of the plurality of article
25 characteristics;
selecting a predictor characteristic from the plurality of article characteristics; and,
determining the regression model(s) between the predictor characteristic and at

least one of the remaining article characteristics in the plurality of article characteristics.
30 60. The method of claim 59 further comprising

determining the intersection of the target value for the predictor characteristic and

the target value of at least one remaining article characteristic relative to the regression
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20 of the article characteristics having a target value and upper and | ower
specification limts, the nethod conprising generating a set of articles
havi ng a werng®esii4 vari ation as to a plurality of article PchaArSapo®sd stics;
assessing the set of articles as to all or a subset of the plurality of
article 2bddhamaet dieipsédicss chsmbedittiiqmpdaaigreldist b rephbningctadle stic fromthe
plurality ,of article characteristics; and, determ ning the regression
model (s) BERESKYthe predictor characteristic and at |east one of the
remaining article characteristics in the plurality of article
characteristics. .3 L t hod of. claimb59 further conprising

det er ni ni g ﬁglthﬁgQE@%‘&%?H&%m?]ﬂanﬁ% get value for the predictor

charact egi st i cdedathinibidude tapeeive Maped endlbwat prediadn inrvevalemaichiagvial thec| e
characteristic rel 'bve to.the regression 60 g\og?)é 067344 PCT/ UM 03264
nodel bet Wgéeﬁm?rhlé‘o%ﬁ G e PR R BAPERCARE SE A 5 P A S ' SHE F€rmi ni ng
article ghRle-abifckisdrcs. 61. The nethod of claim59 further conprising 5

determ ning the respective upper and |lower prediction intervals associated
with the regression nodel between the predictor characteristic and said at

| east onegDfTHeh e IBALIRINNED fuddhtd whiriehar act eri stics. 62. The met hod of
claim®60 further conprising 10 determ in9 the.re.sgec ive uag r.ﬁ d | owner
predi ctidn int VH‘F@H%%G‘??E%FP@G“W?Hﬂﬁ@’E PSSP R ERE %%e‘ﬁlé en the
predi ct or rGRABEIBAIG) b&wakfihs ptedictdr cheastrioiandbaidl Bleast enpifthieng article
characteristics. 63. The nethod of claimof 62 further conprising 15

| ocating FERRAINPREFCIS ARATISHEFCS peci fication linmits associated with said at

| east one renmining article characteristic; locating the upper and | ower
specification limts associated with the predictor characteristic. 20 64.
The met ho83-oFheaneshad of glarmehoR dyrthes SIPPLESIREG | ocating the specification limts

associ atied W t RciRbthabwheaduppi@pEeimtivh idiraisbogdte] wihasidatledst sfd . 65.
The met hod of claim64 further conprising
remaining article characteristic;
locating the upper and lower specification limits associated with the predictor

characteristic.

20 64. The method of claim 59 further comprising

locating the specification limits associated with said at least one remaining article

characteristic.
65. The method of claim 64 further comprising
25 determining the value of the predictor characteristic at which the regression model
intersects the upper specification limit for said at least one remaining article characteristic.
66. The method of claim 64 or 65 further comprising
determining the value of the predictor characteristic at which the regression model

30 intersects the lower specification limit for said at least one remaining article characteristic.

67. The method of claim 61 further comprising
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25 determning the value of the predictor characteristic at which the
regression nodel intersects the upper specification limt for said at

| east onewpedmb™IHNg article characteristic. 66. The met hoecafusod/eizia 64 or
65 further conprising determining the value of the predictor characteristic
at which the rlegtiagshaypetifichebn lidits hsbeasoith shilat leasnene epamirdgacatle on | mt
for said at | east. one remaining article characteristic. .67. The nethod of
clai m 61 FWIFBE Eonpri sing 61 WD 03/ 067344 PCT/ US03/ 03264 | ocating the
specification limts associated with said at |east one remaining article

characteristi.c. 68.. The. od of claim®67 further conprising 5 determ ning

t he val ueéﬁfﬁt"' t@%%fﬁ@{%%@ﬁﬁ?%fﬂ@ﬁ?‘&%i c at which the upper prediction

i nt er val s assocddirgshing tHe vilneofthgprdrtochamdetstoat waieh didgppreedictiar

characteristic and sgl d t |l east on enai ni.n L clhe characteristic

i nt er sect PEHY a9p8E é’ﬁ@c%? F%EFF?l%mP&#?t“feSIi‘ d‘?g’tr%{“‘tﬁrtc PRSStS R 8fai ni ng

articl e charaebeiteshinthg alitlESharalfReistieihosdcRithClptenfdificition Hmidfot et

conprising determ ning the value of the predictor characteristic at which
o

the | ower AipaHPRATEHAISHE rag€Eget-ated with the regression nodel between

the predictor characteristic and said at |east one remaining article

characteristic i rgkt“gsects the | ower specification limt for said at |east
g

one renaf ﬁ?-ng‘eé?_ o clapn PA 08 fTiLigr cOMBIESITg) ~The nethod of claim 64 further
conpri sing | oC@dérfinih EheWRIRE bf O FrelRVR haR@SidticGavhRR chd 1GWeSpradiedst at ed
with the predictor characteristlc. 5\% 71. qui rr%{ihod of claim 36 further
conpri si ntjltﬁff&é&?ﬁoﬁ‘@teflﬁ‘éd\%ﬁéﬁg?éﬁ@fl% PELEYseR: Fieibg ‘ft@ifhf”faﬁieflﬁu Séflat ed
with the predicidemahdAGdedtasiticistididrerth@ chEbvetspeificl:Rh Mindfof difid her
conprising 25 |l ocating the | ower and upper specification limts associated

Wit h sai daleast ereemaining aptiglesharasefrisiie i cl e characteristic. locating the
upper specification limt associated with the predictor characteristic; and
determining a maxinum article characteristic value for the predictor

char act er /&t ¥he mesbodgf clagp 8 frhgr ¢mPrisB8ser of (1) the upper specification
limt for the prediGhOkpPHBEHETshadlifiGriBAEmits associated with the predictor

characteristic.

20 71. The method of claim 66 further comprising
locating the upper and lower specification limits associated with the predictor

characteristic.

72. The method of claim 61 further comprising
25 locating the lower and upper specification limits associated with said at least one
remaining article characteristic.
locating the upper specification limit associated with the predictor characteristic;
and
determining a maximum article characteristic value for the predictor characteristic
30 by selecting the lesser of (1) the upper specification limit for the predictor characteristic and
(2) the value of the predictor characteristic at which the upper prediction interval intersects

the upper specification limit for said at least one remaining article characteristic.
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(2) the value of the predictor characteristic at which the upper prediction
interval intersects the upper specification limt for said at |east one

r emai ni ngwarmsiogide+ characteristic. 62 WO 03/ 067344 PCT/ USORCOABRZ63103284 The
met hod of claim 72 further conprising repeating the determ ning a nmaxi num
articl e charidetethosltdf clamal Uertherepmpeising desi red nunber of renaining

article characteristi,cs,in the pluralit r and
det er mi ni ng t HEPYAHEE SIS P apla Wpﬁ%tﬁ%q%cr}i%a%& o ga?%c?%rl s% ﬁ?eréﬁ%izl ue for
the 5 predingb@rnf ehafmng aricls thaadogrissied iechd plgratityef hmwh:sdhanarancnmmaadt icle
characteristic,val ue nethod of. claim. 2, fur I n

| ocating the I%%F‘%B%éeﬁo@‘éﬁnﬁﬁaﬂnﬁﬂa IESES araCt%']hS% v%ﬁ”Po"r'al? ct gr

char act ek pgddiceir chfttcted Qicdgtseledringithglosvestinmiximmm anttcle&haacdaastmzabm stic val ue
for the predictor characteristic by selecting the greater of (1) the | ower
specification limt for the predictor characteristic and (2) the val ue of

the predi ¢4, Whe@ﬁ@lﬁc&rdferairﬁmElr@lbrwm;ﬁ:ﬁnghe | ower prediction interval
intersects the | ower e\ilpem fication | ea ({hﬁone r emai ni ng

article characPergthclowssspeeiicapon hﬂ’étt"’ﬁ??&lagefi V(‘El?l?a&'r‘ﬁp‘?eﬁhcft?ﬁ BFCESr i si ng

determ ni ggd an al |l owabl e range for the predictor characteristic by

subtracting th mnlmeartchec aracter.is val ue fromthe maxi num
char act &Pi st i CSQF%FFTH%‘H% 7 BN 3TEelh ra(?fer]éfl%ﬁ’ah‘f gfgrt?nﬁpfel%c'to gg?%?te%?tﬁg 20

repeat| ngb Eaec@iﬁg ﬁfe@ré&td’l‘@f @) tHeNbvtRpaifichGdeliti forakd Redisior chavatagtist ep for a
desired n?zg re g article charaﬁjlmghltlcs g]'cd deterarln ning the
nost constaP% ah’teﬁ IPF P qharagiTHp AL TP OVEE BREHCBP™ PHEV  pr edi ct or
character h&&ﬂs&tmﬁe £RveR Shdci@atidIElingit R 6AS he 1FsDbRBEMaintng el edtaragtiosd St i C
value. 25 77. The method of claim76 further conprising determning the

maxi mrum al | owabl e range for the predictor characteristic by subtracting

t he nostysGONElRRSI iR P AR ddnfdrRinghar act eri sti c val ue fromthe nost
constrai ni ng maxi mum characteri sti od of I aim?76

30 78. The
further conpri SStPEPIRIEE &R RYNTIRE rﬁ%%?réﬁ alﬁ'é’ﬁ&?aé%cttﬁfspﬁ Y\? HFERDCt he

predi ct or yGhah@tir8kk éﬁdrgct&ysucsg.h@ﬁ&m@garﬁa;mhmhmw@@m vhlve. nost
constraining mni num and nmaxi num val ues for the predictor characteristic.

63
76. The method of claim 74 further comprising

20 repeating the determining a minimum article characteristic value step for a desired
number of remaining article characteristics; and
determining the most constraining minimum article characteristic value for the

predictor characteristic by selecting the greatest minimum article characteristic value.

25 77. The method of claim 76 further comprising
determining the maximum allowable range for the predictor characteristic by
subtracting the most constraining minimum article characteristic value from the most

constraining maximum characteristic value.

30 78. The method of claim 76 further comprising
determining the target manufacturing value for the predictor characteristic by
selecting a value between the most constraining minimum and maximum values for the

predictor characteristic.
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WO 03/ 067344 PCT/ US03/ 03264 79. The nethod of claim 76 further conprising
determ ning the target manufacturing value for the predictor characteristic
by sel ecwDng/o613e4 mi dpoi nt val ue between the nost constraPRirA$osdazs4rum and
maxi mum values 5 for the predictor characteristic. 80. The nethod of claim
79 determining the intersection of the target value for the predictor

char act er%&tfh%n?ert‘l?odto@glaﬁff&ﬁ{th&acloﬁ i éat | east one renmaining article
atrve to

characteristic e e regression nodel between the predictor
char act eri st i cdaathisiag theadrgétemstifaomeing extad fo thg plesliciprtohataeterisiiorhyct eri sti c.

81. The nethod of cl.ai.m5 Lo the y .S SRR cting

t he predi Eeﬁ%: ln%ﬁéarnélé]?%?‘i 45 ule\cg@ aegggh Ciad g(grlssﬁgllﬁﬂr?%%gﬁlt&% an %%Igg@s@rg%\{ of the
capabi | i § iceshegirediaohclardctetisec.char acteri stic to be predictive of the other
article characteristics 15 in the plurality of article characteristics.

82. The nethod of claim 81 wherein the selecting step conprises cal cul ating
t he corr eBat Tlemabes éfickine M detbratimieg theahtersertioa oftesegetohlue e tlarpreditter

characteristics; 20 termnin sed on the cal.culate r i.on
coefficie 3§?Ct%?is\918lmiﬁcg§1|e ﬁﬁge(féf?]lu%b?ﬂeé“ Br E%I?aél%]?%/aertlﬁlgﬁ%trﬁqlergsgm (%eﬁgtg;ef (?r st
articl e cHaregtaionsiddel beeWehitkepredicat thaidietstiantd sidat labamacdnerinisg i cs;
repeating th geterm' ning step for all article characteristics; and

sel ecti ﬁga’é‘imgerc BB char acteristic based at least in part on the val ues
indicating the 25 predictive capabilities of the article characteristics.

83. The d of claim8 erein the.predictor. characteristic is selected
as the agﬁ'gﬁ'@m%"g%@' st %6189%6085{%8?&1&% PHPERE val ue indicating the

hi ghest predi cédectingeepbididrénchardbrefidtic bhbel arkhstanipot o hrdisses8Rerfrof theer
conprising rapking the article characteristics.based on {he val ues conputed
'n the detarmeY catipicsohasosRy APICCEE“‘!VFQE%‘SP%E%Y icleaBartdes hod of

claim 825%@1@911ﬁaut§aefaa@¢1@fmar¢t@gu§st ep conprises calculating the average
correlation coefficient for each article characteristic. 86. The net hod of

claim 82 wherein the determ ning step conprises
82. The method of claim 81 wherein the selecting step comprises

calculating the correlation coefficients between all or a subset of the article
characteristics;

20 determining, based on the calculated correlation coefficients, a value indicating the
predictive capability of a first article characteristic relative to all other article
characteristics:

repeating the determining step for all article characteristics; and
selecting a predictor characteristic based at least in part on the values indicating the

25 predictive capabilities of the article characteristics.

83. The method of claim 82 wherein the predictor characteristic is selected as the article

characteristic associated with the value indicating the highest predictive capability.
30 84. The method of claim 82 further comprising

ranking the article characteristics based on the values computed in the determining

step.

64



5 calculating the average of the absolute values of the correlation
coefficients for each article characteristic. 87. The nethod of claim81
wher ei n twWe opiemdiect or characteristic is sel ected based onPaT/UpoadreLal
determnation of the article characteristic having the greatest predictive
1o capabi BS.tTlesnetB& of theén sRivhadinahe ddrantiniBd svep esrepnizes he sel ection of the

predi ctor characterjstic is further based pn factors.associated with
assessi ng each“&?@?ﬁgéh%%ﬁVaﬂF@FﬁgP?8$ﬁ%§m§8Fe*ﬁ@mﬁ% PRECSFSES ai m 88

wherein the factors conprise the economc factors associated wth

assessi ng h arjicle characteristic. 90. The nethod of claim 88 wherein

t he factoﬁgaﬁﬁﬁﬁ?ﬁ d%k&ﬂ?é&ﬁﬂ?@% © QLPEPRS SERGUPRIEY  with assessing each
articl e ghar acéfdulSing&he ReraBdof the dbedliedaliacifichd @tiehgon eztigrnaytdr each

manuf acturin rocesses, the nethod conprising generating a set of
articles H%V%ﬁgmédFﬁﬁﬁé of variation as to a plurality of article
characteristics; assessing the degree of correlation between the article
characteristics; and, 25 selecting a predictor characterjstigc fromthe
plural i ty86fﬂ§r1{“?t€‘l’ Oféﬁ%wéwg?riﬂgf %ﬁcﬁgg‘éﬁl“%ﬁrﬁﬂ%wé&%@s‘?ﬁﬁf Q%p. 92. The
met hod of g&gﬁicﬁmcﬁﬂerﬁaﬂ{aﬁibﬁbf thOABEle ShArg-relakie having 1hg gleatteyiradicaal | owabl e range
for the predictor characteristic; and, 30 subsequent to the determ ning

st ep, véPPN§¢H§m%hat subsequently generated articles conply with at |east
one design specification associated with said articles based on assessnent
of the predictor characterish%p. 65 WD 03/ 067344 PCT/US03/ 03264 93. A

met hod f a8b Theanether efelaing§! wherainfheselerrionol thsrredeie haschrisic & tihe et hod
conpri si NP,deQ6H FALRYaRodhibd Fith habeRing@hdH £HiQe ERIcGEsAE] Stic val ues
associated with a set of articles ﬁaV|ng a range of variation as to a
plurality of article characteristics; 5 selecting a predictor

char act egigst 11 6064 bft@imlsh kkielthOfac@kd doslRisCiReasilotid fadtbBassocid@ter ni ni ng
t he regression nodel between the predictor characteristic and a first

remai ni ng Ve aseqseing eash arciclqGhamerteristic. t he plurality of article
characteristics, wherein the regression nodel includes |ower and upper

predi ction boundari es ) )
90. The method of claim 88 wherein the factors comprise the technical factors associated

with assessing each article characteristic.
20
91. Amethod facilitating design and manufacturing processes, the method comprising
generating a set of articles having a range of variation as to a plurality of article
characteristics;
assessing the degree of correlation between the article characteristics; and,
25 selecting a predictor characteristic from the plurality of article characteristics based

on the assessing step. ‘

92. The method of claim 91 further comprising
determining a maximum allowable range for the predictor characteristic; and,
30 subsequent to the determining step, verifying that subsequently generated articles
comply with at least one design specification associated with said articles based on

assessment of the predictor characteristic.
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receiving |lower and upper specification |[imts for the predictor
characteristic and 10 the first remaining article characteristic;

| ocat i ng,woaeBatisve to the regressi on nodel between the pr @diraiSos/03264
characteristic and the first remaining article characteristic, the

conpl i ances, armahbbicitleding dedgremamyisrtumdmgdand aharprenseses, thecagthesh |imits
associated wth the first remaining article characteristic and the

predi ct or “CHAPRBt eri stic; 15 locating the bounded regression area for the
first remaini ngeebhgsAdtualitysf ncicktehimeeridiy valibsesssqefpesd itk a by weartigesedi ct i on

boundari es of the regression nodel, and the .u ..and lower specification
linits fo avfnrgé‘rﬁgéﬂf%fﬁpmb%f?&@?ué?lft%f’ﬁ'datlft;ﬁ%%hép%%g%lﬁpl ying the lrOeI ationship
bet ween § he boglecied speliessiarcaridc aod tidpguraiymphitialecbaractedstic20 94. The
net hod of claim 93 wherein the id ified,relationship charagterizes the
structure of C{yFFém Fe8EesPat E’Pg’%ﬁ?ﬁﬁeﬁn %"«Stp\]f\%écﬁoﬁ%ér %H%e%aragléértessi on
area and thpirtQrmplitlaneeictBac ifthe plikditnatatund diracteaistics9@hwkierkd n t he
identified relati Oc?ei'hi characteri zes %%g. 2r5D rel ati onshi p between the
per i met er rETeEHRHRedY Mgl VRANHBPH RSP PSP EESt on area and the
perineter el engitsing I6dkr adﬂflither dpbeficacmplinanbetlaealictdtichalderisgtandd of cl ai m
e

93 wherein the identi fi,efj ationship is one fromthe group consisting of
a def ectl® a’tﬁtf’éﬂlr‘?%"rlmpéf‘%{ce& YRS r obust rel ationship and a constraining

rel ationship. 13084, rellfie toehdege@fonGhadiclBedBeantthe priedictdnehdraeatstit yadig st ep
conprises determ ning whet her the bounded.regressio rea lies conpletely
wi t hin t hee ESAEBiRg ért%ifeég?m%ﬂ%> %‘EF%I%&& %@?‘7%%@%’?‘6’3%%313% .an“?he net hod
of clai m Ryet sekiiBriondMfd sSdoblrddfwit e haurgethiieaties shancratsea ahd ¢

conpletely within the conpliance area, setting the m ninum and nmaxi num
predi ct or PEeRKERERERGEESE: val ues associated with the first 5 renaining

article ghar a%@a{tﬁlgkﬁeooohﬁdé&egﬂe@mrar@rf& HPPEE refRe g dhatdeeittid defthddshy
respectively, of i

he predi ctor characteristic. 99. The, nethod qf claim 93
wherein t ﬁ@qpe@ﬁpﬂﬂw%@r@ﬂféﬁnge f d&féﬁ%FﬁoﬁiI?F&%gﬁh"e‘ﬂPPFﬁ@dg%‘ﬁﬁded
regr essi og,ReaideiARdS: AP pMlictdRhAWredtich@lih 10 above and bel ow the
conpliance area over the specification lLimt range, of the %_[edi ctor

identifying the relationship between the bounded regréssion area and the
compliance area.

20
94, The method of claim 93 wherein the identified relationship characterizes the structure

of the geometric relationship between the bounded regression area and the compliance area.

95. The method of claim 93 wherein the identified relationship characterizes the

25 relationship between the perimeter elements that define the bounded regression area and
the perimeter elements that define the compliance area.
96. The method of claim 93 wherein the identified relationship is one from the group
consisting of a defect potential relationship, a robust relationship and a constraining
relationship.

30
97. The method of claim 93 wherein the identifying step comprises

determining whether the bounded regression area lies completely within the

compliance area.
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characteristic; and if so, reporting a defect condition as to the first
remaining article characteristic. 100. The nethod of claim98 wherein the

i denti fyiwgQ os0ep44 urt her conprises 15 determ ni ng whet her pChaSoza26ed
regressi on area extends above, below, or both above and bel ow t he
conpliance area over the specification limt range of the predictor

charact eriggt+g, i f i ng. a _defect condition as to the first
remai ni ng gg'r%-?ecrpgtﬂg%grcg%{?g?ﬁg@?{:&.dn%w%gl. The net hod of claim1 wherein the
i dentifying st éphdonpdidgegedivnaraailins crgnphively mathirathy coroplianondred, sgdpgrent  of

t he bound ] [.S71; | . I : el 3 conpl i ance
area and sarpine] eHBEGR ey P UIADERAC TR St b e bitE

conpl et eb yermminisg dwiclfcharacesivgb ileiowerand appanpecificaga lirgiosypaspéchigely,loé mi ni num
and maxi mym pr gltioggoa;ac e@aﬁact eristic values for the 25 first remaining
article charac erlsl%lc. T02. The method of claim 101 wherein the conputi ng
step conprises determning the slope and intercept of the regression nodel
bet ween t edi ctor, . characteri sti d the first remaining article

char act er igg'tl e;m%tgocg%ftc arl‘%g‘gfﬁ’v%'ﬁrefnht em\f%?%%ngfsgi) K&"BY&di ct or characteristic at
whi ch t he uppedetpmeniing tvhether the bowaley rapedssios penditaglstiboveieelave gt bstki on nodel

i nt th i f.icati limt f . the. first ticl
char act o RRTTean RO DR O 4Bt CoUBrO6e” OGP G PTHE™0al ue of t he

predi ct or chirarteridtieyandt i ¢ at which the | ower prediction boundary

[T For t hel PrPaEr PR h PPt 0 BhaPLerem e e R85 ope of T he

regression nodel is positive, then: 5 setting the maxi mum predi ctor

characteristi.c valu soclated with.the first emai ning article

char act er ﬂ@d i@ef%tkloﬁé’?a@@e&rw elf‘ﬁé“ﬂﬁﬁﬁ@%%‘é%ﬁ‘lf‘iﬁ“ﬁraﬁo lsgsi nt of the
predictas charact efetghirngwhéthe tiabsidded reflessidil L€l cxtedids ghvae deloar bist | ¢ at
whi ch the,upper predictipon bqundary cortesponding,tq the regressi on nodel
't ot secr SOTTEOUBHE PGB SRR o SR HO T SO RGCRr | o) o
char act er ichdrh@eriggiacthnd0 setting the m ni mum predictor characteristic val ue
associated with the first, .remai,njng artigle characteristic to the greater
of the | ower sPEXFIROEIRG ST TREITSR o ehe FRERTENTHS THAF SETRFTBEFC o ¢ he
val ue of the predictor characteristic at which the |lower prediction

boundar rrespondi,ng.to the reqgressi.pn nodel intersects the |ower
%o 18 TR Reoa olgclaimlwmerein the Sdentiyy g step comprises

determining whether any horizontal segment of the bounded regression area is
contained completely within the compliance area and whether a second horizontal segment
extends partially or completely outside of the compliance area; and

if so, computing the minimum and maximum predictor characteristic values for the

25 first remaining article characteristic.

102. The method of claim 101 wherein the computing step comprises
determining the slope and intercept of the regression model between the predictor
characteristic and the first remaining article characteristic;
30 determining the value of the predictor characteristic at which the upper prediction
boundary corresponding to the regression model intersects the upper specification limit for

the first remaining article characteristic;
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specification limt for the first remaining article characteristic; 15
otherwise, if the slope of the regression nodel is negative, then setting
t he maxi mnwmopoedisct or characteri stic val ue associ ated w t IrCrheso03/03264

remai ning article characteristic to the | esser of the upper specification

limt of the pdeeinthigs chechme alvhepiedictdd chiradrBlscicat walchfthdlhezemreditmmr
characterj sti at which,  the.l owner redi tion undar ?Iﬂg)nd tng to the
regressi o B COPREROPE! tt%thFFF@T‘?S Q%WF%%‘E eg)%wﬁr mf"% B0 Fhe first

remaini ngt}@rﬂrgﬁbmalgﬂ@ram@dhh@tﬂeﬁm@nd setti ng t he m ni mum predi ct or
characterlstlclfval oci at ed V\n%%theflr remaining article
characteristic le" S 5ReE5ssig mPRe 1 ROk .dR i fi cation limt of the

\% edlh CE ﬁs charact erdeﬁ:iﬂgf{%h@lha}%fﬁam di@opéhaiéa&r@ﬂé@mllﬁeta@gotcﬁk@rvaq{ e Figdi C a& |
ic e upper edj ction bou correspondi ng to {he si on node

i nt ersect ?@%ﬂ&ﬁ%@k E@a%tsréwft? Ehesosti of 1pbyGPec atipy b O@ﬁa@}%ﬁ article
char act er tBdrhgeristid3r thEh@lu@eﬂtﬁ@ge@fuo@ bidrioedi@0ic whehRh E!hetﬂ'p@eﬂ ﬁ@di&md‘nyl ng step
further cg réfg\ses rm ning whet her hori zontal se nt of g{ﬁ
bounded r &gt @’C@Ffe%ﬁoé ng@@@ﬁﬁggqs%lam@éaﬁqm@fsgqt?t iUPRETTPE oninitice area
and whet hette fRsiSeRAAMgRRIdZMRtAlerig@gARNt 30 extends parti aI I y or conpletely
outside of the conpliance area; and if so, conputing the mni mﬁ@ and

maxi mum!pr edi ct or cﬁ%%%h"e‘?WWBPVQCG@sChP@FmF% Va*“ielagspmﬁréiﬂfﬁil Ugkticle
char act er kgidifing 88icMCh B3¢ L6344 1R Gl kOB R4 sglfticadfinebiad of claim 103

further conpri SI ng storing the resulting m ni mum and maxi num predi ct or
char act er pg@fii%or\f:ama@tgﬂ?tw or&sfsvahlﬁ gt the ﬁrwcm chHECIEES P tAGOMErai ni ng

article cgmhﬁbbﬁ{aapy dofredhotl@ha rSthk %g&eggl@n néda%ers;fdwth@@avt?&d of claim 104

wherein the data structure’is an array 06. The nethod of claim 104
wher ei n t BrRecHispénmlimig Oat}éféﬂéféﬁm@éﬁéﬁqcéﬁﬁhétaé‘fﬁﬂé%prl ses storing a defect

i dentifier in &ﬁé&ﬁé@ﬁtmwgemh&%r&%ﬁﬁéeaw g&“reeaf{&&m ng article
characteristic. 10 10 claim 105 further conpr.i sing

di spl ayi ng t he resukttingghemptinympastctrpshirgrrisrewileaasiociarrdivet: @e fisti ¢
val ues a%ﬂ&ﬁxngﬁﬁfékh&r@&%ér{ck@% lésEEr%ﬁél%bﬁér sPeLifatibh iR oF@E bRIREAI NG

remaining artic characteristic
characteristic or the value of the predlctor charactenstlc at which the lower prediction

boundary corresponding to the regression model intersects the lower specification limit for
20 the first remaining article characteristic; and
setting the minimum predictor characteristic value associated with the first
remaining article characteristic to the greater of the lower specification limirt of the
predictor characteristic or the value of the predictor characteristic at which the upper
prediction boundary corresponding to the regression model intersects the upper

25 specification limit for the first remaining article characteristic.

103. The method of claim 100 wherein the identifying step further comprises
determining whether any horizontal segment of the bounded regression area is
contained completely within the compliance area and whether a second horizontal segment
30 extends partially or completely outside of the compliance area; and
if so, computing the minimum and maximum predictor characteristic values for the

first remaining article characteristic.
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108. The nethod of claim 93 wherein the identifying step conprises

determ ning whether all vertical cross sections of the bounded regression
area | i e waioBls1344 he conpliance area. 20 109. The net hod @CTalsas/m2808
further conprising if all vertical cross sections of the bounded regression
area |ie w4t Thembthed ebiliihi 1ahfiethendoamrisimgt t i ng t he m ni mum and nmaxi num
predi ctor characteristic val ues assqci ated w th [ [ ning
article char actErIef LG8 ﬁ%nlpgwggﬁa%uﬁ?)%rredlscboggﬁ ?Jct% sﬁ%gﬁlﬁ%ﬁ]ﬁt s,
respect i vedsyciatih wittethpcedéspbating emamirigenrtic¢ characBSistid O a dibestietubod of cl ai m
93 wherein the conparing step conprises determ ning whether all verti cal
cross-sections of the bounded regression area are fully or partially

out si de 9fost TRe GetHBH bBNGE 184 @deregintle dfta suctinepodriarng. a def ect condition as
to the first remaining article characteristic. 30 Ill. The nethod of claim
93 wherein the conparing step conprises 69 WD 03/067344 PCT/ US03/ 03264

det er mi ni ng, Whekb@bd 8f clhieAst wdBrRin@E tdpeRingardefes: @adition sreptohprisebounded
regression area_.i s %ggéet_el y within the corTBI icﬁnce regi on.and whet her at
| east oneStPEPE§ gefct er iR aSpG LY E e FRIEgsPORCIRS T aé'i@e out si de the
conpl i ancgnhfeaistiand i f so, conputing the m ni num and maxi num predi ct or

characteristic values for the 5 first remaining article characteristic.
112. Thé®met hod of claim 111 wherein the conputing step conprises

det er m ni . rhemsihsRef AMintiberkeRf @sgirtidgnodel between the predi ctor
characteristic,_ and the first r naié_‘ag article characteristic, 1

enal 0
det er mi ni ng t hesRIaMRAEChs FestisDs FHaiaa B ARURYR e Bttt YA the upper

predi cti ofyd/BindaidynRrd B3 RAREHADWIR tHtOrt SO ESS tamilbgaticlent er sect s t he
upper specification imt for the first remaining article characteristic;

determ ni ﬁ]gﬁr@qfn@isﬁﬁl ue of the predictor characteristic at which the | ower
predicti;gn boundary corresponding to the regression nodel intersects the
| ower specification |imt for, 15 the first remaining article

char act er & iThe methogd pEclaimyifeviareip Hie IC@GHARERHCORBYESS i s positive, then:

setting the @&témmuﬂgmk&%pm e RebRkéoheohd E&n@&ﬁ&?ﬁe@eﬁ&ﬁrwﬁeh t he
first remaining article characteristic to the | esser of the upper

speci f i catiidin the gpmpliAnce #1ea. pr edi ct or

20 109. The method of claim 108 further comprising
if all vertical cross sections of the bounded regression area lie within the compliance
area, setting the minimum and maximum predictor characteristic values associated with the
first remaining article characteristic to the lower and upper specification limits,
respectively, of the predictor characteristic.
25
110. The method of claim 93 wherein the comparing step comprises
determining whether all vertical cross-sections of the bounded regression area are
fully or partially outside of the compliance area; and
if so, reporting a defect condition as to the first remaining article characteristic.
30

111. The method of claim 93 wherein the comparing step comprises
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characteristic or the value of the predictor characteristic at which the
upper prediction 20 boundary corresponding to the regression nodel

i nt er sectwotobweBpper specification limt for the first recaiusodgetticle
characteristic; and setting the m ninum predictor characteristic val ue
associ at ed wi t Hetepeining waether atdedshenegertical ceose secHgr aiche beunded regesstione gr eat er
of the lo ; fp £k b ehk Lo i hsikL or the
val ue of t %‘%%%%lgr%charh gg’?ﬂé]%]ilagtﬁ? %Qg;[l a%ﬁgﬁﬁ%ﬁéleﬁ%%?g%gé%%ﬁcti on
boundary cetticadpeandiliygr complaelyrostpidesbe emmphskslardapangr sect s t he | ower
specification Ldm d ae:TH T Lcl d LSt 1 6

ot herw se, if !tlfl ﬁgcé?gpéngg@g?%gfn?gng%ngsm onﬂgngﬁgﬂtc kﬁgﬁﬁ%ﬁ%&?@é@h% efrﬁlg'et ting
t he maxi miirstpedhiog ertickivharactedsticst i ¢ val ue associated with the first

remai ning article characteristic to the | esser of the upper specification
limt of the predictor 30 characteristic or the value of the predictor
char act er 1B iIhe snethat iofHaitodl Wwianein thereedipotingstefp@urpiaesy cor r espondi ng to the

regressi on nodel. i C t I r. ification limt for the first
remi ning art Sretih b IR e e ARG B I ot ey b5
setting t hedhefirsnremgniadiaxtcbrchethersstier i stic val ue associated with the
first remaini A ragteristic,to the. greater,of the l.ower
speci fi clgti on Fl?cﬁﬁﬁgg h?%\%ﬁ%ﬁﬂehg%%dgc&&c APEE S:tﬁ%% {1 i%(lz(:%ot%le e va ﬁ)ég%f t he
pr edi ct or bohadaagteerebsndngat thetregrbssiohenadplietersequs gativpperspeditaaridatipit for

correspondin 0 the regressio del intersects the-upper 5 specification
limt for%%esélie}ngm% ef’lﬁ%clhﬁ%ﬁﬁ%zfrr’tsll%l e characteristic. 113. The nethod of

cl ai m 93 wher ederetnfieing dentluk wi the psddéporchafpetedas: adethethnhalongr whdichier t he

| ower and.u r__boundari e f the bounded regression area. are . conpletely

wi thi -t heCRIRET TR g T e e PR IO R e RS B e Rt e 2o P Her

conpr i si \Bghd first lemaindgartidanchagepeiscioundar i es of the bounded regression area

are conpletely.. wthin.the conpliance region, setting the m ninum and

maxi num pr edi cff(S}Pes??SPS@teéﬁr%sﬂOBmo@'glllﬁ%@gﬁ'gs%ﬂ ated with the first

remai ning articl e chaimehemasiue predittoe chapavedstisaachluseiciat&l wiple theffirgat i on

limts, r\eﬁ;{gecli vel di.ctor .characteristi.c., 115 .The dﬂet hod of
i &

cl ai m 03 (HBREH SR AR T B Ueeh LIPS erEP MR REARREEHET of t her
of the | owkiracakstitppeie vilawBiike pbedicedr chiectbidtiddedhich el assi Bdiatiea fail to
Inters eczto btogr?da%g)c rleispaérll. %gat'é t aé;regargscsiion model intersects the upper specification limit for
the first remaining article characteristic; and
setting the minimum predictor characteristic value associated with the first
remaining article characteristic to the greater of the lower specification limit of the
predictor characteristic or the value of the predictor characteristic at which the lower
25 prediction boundary corresponding to the regression model intersects the lower
specification limit for the first remaining article characteristic;
otherwise, if the slope of the regression model is negative, then
setting the maximum predictor characteristic value associated with the first
remaining article characteristic to the lesser of the upper specification limit of the predictor
30 characteristic or the value of the predictor characteristic at which the lower prediction
boundary corresponding to the regression model intersects the lower specification limit for

the first remaining article characteristic; and
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20 if so, reporting a defect condition as to the first remaining article
characteristic. 116. The nethod of claim 93 wherein the identifying step
conpri seswoaB®613HNi ng whet her the upper boundary of the beomdsd/eles essi on
area intersects the upper boundary of the conpliance area and the | ower
boundary of the bouaged i2mihegiesstiRibraifacttitieviecisodiqel wohphdfasce area;
and, if so, gonputinghthe ntniqﬁnland Qﬁxﬁnunégggdict.r.cgaﬁacteristic
val ues f ofTaHENg 3THElE ChagarserisFin P tF gheatiepol thgioRet SRFEtaton i A &S qot er ni ni ng
whet her  t fRalcmeharkatndR oy tRkaltib 6f thopReaREb: cRgiRastioat whieh thenippeisect s t he

| ower boundary of the conpliance area and the per boundary of the
bounded r@@?l’ééglil bﬁ’P“ﬁlﬁ’é%O?fﬁ?P@P@%‘iostL? Wgreé%w’pw%#ﬁ’éﬂa%&ﬁe ¥ if so,

conput i nﬂsﬁehﬁcmdﬂilﬁmmora{éfﬁﬂ@erﬂaﬁﬁhgymrcﬁﬂia&éﬁgﬂcchar acteristic values for
the first remaining article characteristic. 117. The nethod of claim 24

wherein the conputing step conprises 71 WD 03/067344 PCT/ US03/ 03264

det er ni ni g 1NEn&hOPS LimbERLEREIBSReRNyIDERD chgbiugen the predictor
characteristic. and the first remainjng article cﬂ%rﬁcter%stl c;, determ ni ng
£

the val ue of tdrEcrpinias wheherdhalomer #19 WPrtbandess e gD EETSSHAYTIES | on

boundary gQriraSRARARGInkR: BPlifRER&EH On nodel intersects the upper
specification timt for 5 the first remaining article characteristic;

determ A? ng the val ue of the predictor characteristic at which the | ower

predictiofjy J@legg@gao%ﬁqgmp&@&n?ﬁsﬁ e regression nodel intersects the
| ower specification limt for the Tirst repmaining article ChfeE:SCteri stic;

if the slope of thefleweragr eprd bpunsdes of e hopadadiremessionar2 aroBpttihg the
Maxi mum pragiehe Eoﬁ@%@&&g%%&iﬁ ViR hiRir RS A Bh8sludiprilideBechhtaktistid emai ni ng
article characteristic to the Ie%ser of the upper specification limt of
the predi etlees assobiaredoridy the fifst resrainipgarcigle plaresterishie toyhe ivear apd WIRsF act eri sti ¢

at whic . M G ding to the regression
chs LR RRS @Eﬁ%spgérchg%yé oPfib BAlYor Rk ES RO g

nodel in ects t ation limt for the first remaining
article characteristic; and 15 setting the m ninmum predi ctor characteristic

val ue ass @g!{ ?%eerﬂet%a B &4}5_9? s tein the ﬁghﬁfp,ﬁ%fs@e?tcgﬁbﬁseg haracteristic to the

greater o ower specification h predi ctor characteristic
or the val ue ofeteiinipg wliedbemitheref thalpwen andivppentbowkdagias effibe hawpded predi ction

boundary fe%?ersgﬁlﬁ%g?faﬂg?ﬁn?ﬁgeéafthre%%fﬁﬁlicgﬁﬁmgfl intersects the | ower

speci fi cation Irst renaining article characteristic; 20
ot herwi se, if ifberejooyw aolefertrondisign estsi thafirsprtataining ardegjachayasterisfen

116. The method of claim 93 wherein the identifying step comprises

determining whether the upper boundary of the bounded regression area intersects
the upper boundary of the compliance area and the lower boundary of the bounded

25 regression area intersects the compliance area; and, if so, computing the minimum and

maximum predictor characteristic values for the first remaining article characteristic;

else, determining whether the lower boundary of the bounded regression area
intersects the lower boundary of the compliance area and the upper boundary of the
bounded regression area intersects the compliance area; and, if so, computing the minimum

30 and maximum predictor characteristic values for the first remaining article characteristic.

117. The method of claim 24 wherein the computing step comprises

71



setting the maxi mum predi ctor characteristic value associated with the
first remaining article characteristic to the | esser of the upper

speci fi cawpD®/0bi3md t of the predictor characteristic or tReTasbuas26f the
predi ctor characteristic at which the | ower prediction boundary

correspondi ng tdetetthimingae 6sd ditharegedsionMeBReVEentrhepl-aer ceRgsifkieat i on
limt for article characteristic; and setting the

t
m ni mum pre§§h ﬂStreW§%a§?? %@13@%%%% associated with the first remaining

article char actdetehsinirg chovilfeo ﬂ[a@ﬁé@&toﬁd‘haiahﬁérﬂs@é’\ﬁ&vlﬁé}?&laﬁ Ecai:éa[bmbhm t of
the pr edlbﬁt}éo char aCtl‘g.ﬂ'éfl? sti t he vaJ ue of the predict or haracteristic

at which t e CSBRsHEP e%tﬁff'?&é’i* dc‘BFeF%%(SIFﬁﬂHP@r fpscifipasion igiitdesi on
nodel i ntsehset entahendppee cRfasaeatfi cation limt for the first remaining
article characterl stic. 763? FlT-“ mef hod_ of claim93 wherein the identifying
step conpri ses IESIHpITE It EepA @WW@@Q@ESW hrige toriesr psgisriomnd | ower
predi cti 0rbohmdluﬂ;dedmy@id@@&oftwregra@mhln{oa&l m&%&@ 'tmeqowaf %&&h&n@ﬁﬁﬁ‘f&ef Istic
at the upper.and | ower s eC| ication limts of the predictor

char act er i-8F U6 TRAREATHHACRARAETRER t he upper prediction boundary val ues in
the conputing sttedslope ctR rBBERich aRBeltiaRihRgnpper specification linit for
the first remaining article characteristic and whet her the | ower

predi ctidn boundar yse\tr%ril&fggmiaﬁmtuﬁépré‘@ﬁ“ﬁﬁ?h%tﬁﬁséﬁVﬁ?@smaﬁedg\r’@atf@rﬁrstt han t he

| over spegthiisial h@ftld dhifattef | stic.
119. Thg t ﬁodgof cl a| 1 lgﬁctﬁ?lfer}géfél?gﬂe%?gy%@&%ﬁlkhﬁﬁﬁ O?&%@?e%pcﬁédl ction
boundary \gg?rﬁ?-fgmltﬁoif REpdistas shagpesertissiciat whish thmetpredlcmer

speci fi Caﬂob@rﬁﬂal'}} d’Brﬁesﬂdﬁ&rIgQ@tﬁe‘rEg?rEssfoﬁ %Ha'lﬁ'tgrs@&rs bl %Isjtg% Ec.qﬁéaﬁéﬁ I?Jﬁit% and the

| ower tion boundary val ues in e conmputi ng are greater
than the Idb?/éﬁtre’%‘ﬁ’é‘&gfai%%‘f‘f}ﬁﬁacﬁﬂﬁﬁ% alﬁd)r the first remaining article
charactesistic, thepusflthé Athibhhe Pl SR AR, r
characteristic val uestﬁgésom at ed WI tﬁ &%H %%@%@%ﬁﬁ%%ﬁlﬁs&

char act er F&paiRing grtickshagieristietg t@ﬁp@tﬁf@b@s idvies apdctiivatiomirnis of the espect i vel y,
of the prggidek@cheRakAsi i Jafie ol @ 2 EE‘?OLJEELJEI&QH fo L}&!{C@tﬁe Wherein the
identifying step comrlses conputing-t 9%we ar'cti on
boundary VEifsen pay WeCOFﬁe?E@Pdlﬁléﬁmﬁhﬁrqggessmmmadtlmmecchmedmmer| stic at the
upper andsﬁe@i&ﬁﬁne’iﬂﬁ&tfdr?l?etfir&“reﬂahfﬂngﬁrtﬂjecﬁaEx%eJ%ﬁS‘tgc' ctor characteristic; if

t he upper prediction boundar S conputing step are both greater
than tR& uppe?th&pess lffﬂ@éiq{)ﬁﬁfqh?mgtesﬂmmpfﬂéleneggtverthM| ning article

characteristic, th %@ttfn%@@errﬁé.}ﬁﬂuﬁ predictor characteristic value associated with the first

remaining article characteristic to the lesser of the upper specification limit of the predictor

characteristic or the value of the predictor characteristic at which the lower prediction

boundary corresponding to the regression model intersects the lower specification limit for
25 the first remaining article characteristic; and
setting the minimum predictor characteristic value associated with the first
remaining article characteristic to the greater of the lower specification limit of the
predictor characteristic or the value of the predictor characteristic at which the upper

prediction boundary corresponding to the regression model intersects the upper

30 specification limit for the first remaining article characteristic.

118. The method of claim 93 wherein the identifying step comprises
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defect condition as to the first remaining article characteristic; and 25
if the | ower prediction boundary values in the conputing step are both |ess
t han t he wbmsee73gpeci fication |imt for the first renaini RGTAISDI/CI264
characteristic, then reporting a defect condition as to the first

remai ni ng arti gdnghueiig EiRaipped midilGwer b2ddictibi®otiliabodhas foelad fisG@dmuwihigei n t he

identifying step conprisés 30 conputing the upper | ower prediction
boundary @‘&F%é‘g‘aqaﬁtﬁnftﬁé‘tfli‘er@ﬁ’err ?‘ﬁ‘?rﬁ@wf&?‘il‘?r@%@lt%%ggﬁwgﬁ%ti c at the

upper andhaweerissipeci fication limts of the predictor characteristic;, 73
WO 03/ 067344 PCT/ US03/ 03264 eterninin%,m@ether one of . the u g@r redi ction
boundary val ueSCtFiIRiRgWaE ABPer SFeslirtior bpyndaryt ales Ithe COpRMTRBREP of t he

upper  pr egiHotiPRssRMNIRIYpet BpdéFiatich 1hie A Bie firfidmaibii@ artiidp@hr-sRaedd i cation
limt of the first remaining article characteristic, and bg;&ﬁgf t he | ower
i

pr edi ct i oAnpylEbeErhe ipxenpredicran Beudarvalipsin the@MHHBE SEpae TGN 1t

for the fifsiholohRPBeRlibRioaNidichecte hdk aGhRfihShrkicle cBRGcrkhistR0, Conputing the
m ni nrum and maxi mumpredi ctor characteristic values for the first
remai ning article characteristic; else, determ ning whether one of the

| ower prEQEpQ£QBﬂ§ggBﬂgﬁ%iKﬁLﬂﬁéxkﬂthﬁ conputing_step is |l ess than, and
the other of the | ower prediction boundary values is greater than, the

| ower spéci fi cHthesippry predictigyboupdary valuss in esPRPHENSGSten B¢ RowRkus Hep &l st i c,

and whet h%@ Qi HRaPPEhic RSl Erdd R RARiRAANY HialcHeRHE, Bnd BR 1&AHPUL T Ng step,
are both | gs Fhan t he upper _specification limt of the first remaining

article cpadigsion bpundaey, vasieaiin the caeputiog ish eferRgth greaterihAR FRSATSAd maxi mum
predi ct or sg&ﬁ{ca&&ﬁmen% Pdé?hevfﬁlst}k@ﬁaﬁﬁ{\%#i@e dhafaSteribGTRiAI Ng article

characteristic; else, determning ether one of the upper predjction
boundary val uesetiing thaminisugmomg maxivguns peegicrey chaaereristigyalugsassacingedovifler of t he
upper pr.edicdl 1 : o it J speci fication
TR oo ha ARl ot Rl and R Pk RS e of

t he | ower respeativelyicdthelmoedietar shategteniedc.i n t he conputing step is | ess than,
and the other of the |ower prediction boundary values is greater than, the
| ower specification limt for the first remaining article characteristic;
and, if s@20.ddeputhodgf clnion 93 whereimtkeaiderelyingstemenmnsisedi ct or characteristic

val ues for the_fi sl j r LStd s Bt hod of
. 1A L Rt R ROREEET Jatlds for (st LBy
claim121 mhergﬁﬁ&%%gggﬁﬁ%%{ﬁﬁb stéb c%nprfseéﬁ%etefﬁynlng t%e gﬁ%pe of the
r egr essi2onrunddhrabetivwer therwpppr adliloveorspedifination bmits of the prgdigtarhe fi r st
remai ning grticle characteristic;
if the upper prediction boundary values in the computing step are both greater than
the upper specification limit for the first remaining article characteristic, then reporting a
defect condition as to the first remaining article characteristic; and
25 if the lower prediction boundary values in the computing step are both less than the
lower specification limit for the first remaining article characteristic, then reporting a defect

condition as to the first remaining article characteristic.

121. The method of claim 93 wherein the identifying step comprises
30 computing the upper and lower prediction boundary values for the first remaining
article characteristic at the upper and lower specification limits of the predictor

characteristic;
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25 determ ning the value of the predictor characteristic at which the upper
predi ction boundary corresponding to the regression nodel intersects the
upper spewDfiBoetseon |imt for the first remaining articl @Cthsoaees i stic;
determ ning the value of the predictor characteristic at which the | ower
lor edi ction fboalé%&@ﬁﬁﬁlng%éﬁﬁm@fﬂ@u Bertpielidtbetisdaeyvaiied &l th{c perepEegt s t he
ower specification [tmt for . 30 the;first remaini article
char act er Pi§Pisdessithany ﬁ@r&l? %‘%%‘ §ithe yper Rrgrlisdy liﬂli‘gﬁﬁi 511‘19?%8 FeLr g e pen;
fS_et t It ng tﬁﬁpé?@ﬁécmémtiﬁ{]lﬁﬂﬂt sﬂ% ﬁfstb@ern@@ﬁ_ tj@g_ &rfl&lietﬁlﬁa\taiféiﬁtiaﬁa%d%bﬁ]cﬁdnd/lbx'w& t he
irs remei ni ng artjcle characteristic to the |esser 0o e_upper
speci fi caPrediftiopkpundary ekies P SHREE B0 7ae WRDChEeEeAseR WP%@?%SZM
char act ek k&t digin@kreicR@hMad cbi@stRf ankhiBso iR Hubih the@h At £1d BidiGuatoratiiceh t he
upper prediction boundary corresponding to the regression nodel intersects
the upper chasesteristie yelpesdon gogfiyst ¥eé‘%alm{1%1@tlg]FF§%mqt§F?&Fhi ng article
characteri sti cqlsapdes@hihk AethREor IR EHAUIGN QT REIGIRbotRBAelRk istheC val ue
associated with the first 5 remaining article characteristjc to the
great er oFOmMPEINEHHRPris leprebath, prchthe 9Fher pirfhe logver pregictipn bepnelaiyvalupsls SRRSF i sti ¢
or the valyg gk I(H?E@_s%'cﬁféh&&ﬂnﬁ?Hﬁ%@&&@kﬁ&i&aﬁmg%ﬁc‘l@ﬁhﬁﬁc@eh@ti&, QN hetREedi ction
boundary corresponding to the regression nodel intersects the |ower
speci f i datheomppes predictigy baupdary valyes ip EhesPRPAERSSIER. A1cdOHETSIBIEF YPRE ;
ot herw se gl {rich 36 15hi° BEhO first ehaiREE SfiSlk PRarfRARbcI a8 dNEGRL Y Ruink BRN 10
setting t Ae maxi mim predi ctor characteristic value associated with the
first remihiniumyansmdxgnen prrslicierchriasierisria vgluenter Fhedgeremginingartighper
speci fi Catché%&ctl:ﬂiéﬁct of the predictor characteristic or the value of the
predi ctor characteristic at which the lower prediction boundary
correspondi ng tlee, titterminigg sdethsnonrrdeie qpﬁtﬁ?rs%@ti@hoﬁédﬁ%vf?é\ﬂesﬁlp@‘@i fication
limt f fJrst. L0 r ing the
i i mum e R o BB s B g
articl e climnadteappetspesificatiomiémiyobtie drst sfmainipg troils chapeaeiisticeadiviiethear i t  of
the predi ri.St Y : i cteristic
at whi ch t"ﬁ‘;’egflr}lﬁ%%?@%‘%@é?@% ff%ﬁaérghaggsrlgltcop ?%lsﬁpo %%g%sggﬁéa%???essi on

model i nt etleeot the tower prsgistion bpuwelatyivekies is grerienthan.fbe lowisesperifisat ¥ ni ng
article CRARCHE {blnie dd Gl BRaEEMAMMonilh iR il 4ld COMPLT S1 Ng
repeating the determ nlgng € regression no efn, rectelving the specification
limts, 20moeanimgradiveorchaptteasicaalaesiar the e rémegning ertislsghetaeretisisr essi on
area, and identifying the

122. The method of claim 121 wherein the computing step comprises
determining the slope of the regression model between the predictor characteristic
and the first remaining article characteristic;

25 determining the value of the predictor characteristic at which the upper prediction
boundary corresponding to the regression model intersects the upper specification limit for
the first remaining article characteristic;

determining the value of the predictor characteristic at which the lower prediction
boundary corresponding to the regression model intersects the lower specification limit for

30 the first remaining article characteristic;

if the slope of the regression model is positive, then:
setting the maximum predictor characteristic value associated with the first

remaining article characteristic to the lesser of the upper specification limit of the predictor
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rel ationship steps for all desired remaining article characteristics. 25
124. The nethod of claim 123 further conprising displaying the identified
rel ati onsWops/067826. The net hod of claim 123 further conpriPSTrI0303264 Ng t he
identified relationships, in a data structure. 30 126. A method

facilitat iCHgagergtcer ﬁhwakwee%thsprqdkpéorrﬁﬁgﬁmeu% agwlichitheenneppredigtioni ch a pre-
process Ch)%ﬁ Edrlspdhdith thetyEssioR nifel BHHSLS thel B Cb &N & Bn Ani§B: desi gn
target, nfgrgl si ng }% % 03/63%324 PCT/ US03/ 03264 ép%e(?v(%ﬁlgng}npﬁ%ra lity
of articl é FWW&?@WI@%}&FWISQS%@ ated with a set of articles having a
range of variation &%tng}h@mﬂhﬁﬁﬁﬁllﬂr&cﬁctg; c}ﬁfatcteﬁlsﬁ %ﬁl?e%@é%cﬁEédﬁ%ﬂ% e fifE! €Cting
a predictor characteri fromt plura i aracteristics:
det erm n|5 ﬁgn@h@gﬂ@@l@b@ﬂamﬂlm@Ith@cMH@ﬁtHEH@NgrSpmfwmn ihigobdeer i stic and a
first hesERL B rticle

char act erl stl (:t S, &rgreag%?l\g}irrén& tﬁ‘lf:@ali gbﬁfa{eﬁ%/dé%& &la'% '%HF tlﬁ t%]hl(%%h?

char act er ipsedicsionmaundaey ¢qurespz0n|de1gﬁo rherrgremonmmldel mdeesaastlerlowtn c; conputing,
based on the il irst remaining article
char act erlgt Iﬁéc%%{i %?dt}ér etgt!r\%n%%glgo?é# Ch%ac{eglgu{ or characteristic; 10

det er m ni ng thethﬁra@mtfmhhas @fdlerr@wsmnnwﬂelumgmﬁvfes@tnf or the first

remai ning article nﬂl;ﬁ ting.th dlffere tween the
comput egl val ue of t %?‘Eﬁlrﬁ{é}hﬁ;‘?ﬁ%ﬁ&gﬁp a& rgu %ﬁeaaé B ngh Q’r‘?&l he
target valreeainihgpivislefchugeterigied nhedgssamf t}mh@pemspamfmatlem limttiof theptatidtorg t he

nmagni t ude f in.a fructure in,association
15 Wi th aﬁﬂiﬂ %gﬂtlslr@%th%? SBL P lihﬂgP £ C o%r Ié%aa(:terllsglﬁ ag Pl élﬂée IR BRI i ¢ and
repeating bt)lhteiac;oqvpmpmgl,ngd@ﬂerrcgrmmg el isteoedtatheddveqspéotficasbd Ll $drr ed

remai ni ng g« aragterd %%tﬁc?echa%a%{em t‘@gmiret hod of claim126 further conprising
di spl ayi ng the resu

esand 20 directions of the offsets in
associ atlfon with tmtt(rglthmpmndmngedlcﬂ!ﬂﬂilhﬁtaﬁt@n@:[dﬁahie@sso@b&ﬂ&ﬁﬂﬁjht fistcs. 128.

assaci at ectin b SR ARG Ry Rlodhlo B AR sl e OB | B0st one
article c pmdmmmhmtuensuczﬁ tmmlreloﬁuhﬂg)redlctor characterlstlc at which the upper
prediction boundary corresponding to the regression model intersects the upper
specification limit for the first remaining article characteristic.
20
123. The method of claim 93 further comprising
repeating the determining the regression model, receiving the specification limits,
locating the compliance area, locating the bounded regression area, and identifying the
relationship steps for all desired remaining article characteristics.
25

124. The method of claim 123 further comprising displaying the identified relationships.

125. The method of claim 123 further comprising storing the identified relationships in a
data structure.

30
126. A method facilitating a determination of the magnitude and direction by which a pre-
process characteristic would have to be adjusted to achieve a given design target,

comprising
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receiving a plurality of article characteristic values associated with a
set of articles having a range of variation as to a plurality of article
char act erwetmBwoer346el ecti ng a predi ctor characteristic fromcrhsopoazsal ity of
article characterjstics; _dett er,rTl‘i nli?trrlg t he regression _nodel between the
predi ctor char AR PrEallR ot Atiele Fharacreststic gaagsdpsRgiater tYIE] asebPlaF@@eser i sti ¢

in the pl Uaghbhya f:ota'ﬁiiitﬁn%s@@ﬁ}?lﬁfaﬂi%fdfﬁidc@éqhat\%@ﬁ&ﬁdé; the regression nodel
i ncl udes | ower and upper, prediction boundaries; receiving | ower and upper

speci fi cation BFftng 2 PEAitaEhypeaisicsone s PRELEY Plortide ehgpctarivics i rst
remai ni ng arti gkRrinfk akd iksidnGnodtPheMR-O3h OBt dt thr RETALSIR A3 S firsE OMPUL I NG,
based on the regression nodel, the m ninum and naxinmum predi ctor
char act ePirgpaigingartiskecharactgpistiain threlpikigof prgicksicharagieristics.cl e characteri stic
remains withi Pr&@ﬁinﬁlt@‘{@fge%ﬂlegg)??ﬂe éﬁ&ﬁ&b{‘ &E@%{:eﬁgﬁé A hs i rdeMhidd T St
remai ning article characteristic; repeating the determning, receiving, and
conputi ng aﬁtﬂ@‘b@‘aﬁ@lferlém;_ desired remaining 5 article characteristics;
creating a mostofGRR 1R d}lgc}mg}eghégﬁéﬂ BB@Q,'tﬁé Pl %@ﬁ[ﬁ%ﬁgt%gﬂl%fng aitlcfet by
ranking the remainirng article aracteristics %y he respective m ni num
predi ct or chhastaritiF diitergetariie of thaprdistenchatacthiisteni t h; and starting with
the rempni Ng akkhlihfe SANAGHANL Bl 6o ARR Q8 LA Blr il e hELHLAM LS 10
m ni mum predi ctor chaFacteristic value: conputing the indivi i gain in
oper ati ng Cb@ﬁ@éﬂﬁpﬂh}’@vleyut&gg thedifiziengy Heheeenaippiompatrideralpeliht ficsat i on 1init of
the el ifign AL Lifl@neAAGIEhY Bd irck el 18 MRIHE il ERRRATI N0 LO L hE
m ni mum predi ct8r characteristic val (*e assocl at e Wt € next renmining
article clehrageudsticstic in the ranked list; 15 conputing the cunul ative gain
associated wt - [ - ' I ecification limt of the
cor r espondi ng gtro %ﬁ%ﬁ%ﬁﬂégrﬁg&%ﬁgg@&cﬁgg Ogtr}\lﬁ%&“c’eeglena ClﬁlgagStf%Eur? F8E%R8  second
conput i ng vgthegpsidéngifierfiot thd izt rehiniegaitinienbaragertstic] amdchar act eri stics. 20 129.
The net hod of i her: cf | Sl reati St,.constraining
i mam predi cir e ac TR0 o At B R AR el
char act er icharraeridtigs.t he respective maxi num predi ctor characteristic val ues
associ ated therewith; and starting with the remaining article \
characteristic associated with the | owest

127. The method of claim 126 further comprising displaying the resulting magnitudes and

20 directions of the offsets in association with the corresponding remaining article

characteristics.

128. A method facilitating analysis of the achievable gains in operating range associated
with relaxing design tolerances corresponding to at least one article characteristic,
25 comprising
receiving a plurality of article characteristic values associated with a set of articles
having a range of variation as to a plurality of article characteristics;
selecting a predictor characteristic from the plurality of article characteristics;
determining the regression model between the predictor characteristic and a first
30 remaining article characteristic in the plurality of article characteristics, wherein the
regression model includes lower and upper prediction boundaries;
receiving lower and upper specification limits for the predictor characteristic and

the first remaining article characteristic;
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repeating the first and second computing steps for all desired remaining

article characteristics.

20 129. The method of claim 128 further comprising
creating a most constraining maximum predictor characteristic list by ranking the
remaining article characteristics by the respective maximum predictor characteristic values
associated therewith; and
starting with the remaining article characteristic associated with the lowest
25 maximum predictor characteristic value:
computing the individual gain in operating range achieved by relaxing the
applicable specification limit of the remaining article characteristic to the value
corresponding to the maximum predictor characteristic value associated with the next
remaining article characteristic in the ranked list,
30 computing the cumulative gain associated with relaxing the applicable
specification limit of the corresponding article characteristic; and,
repeating the first and second computing steps for all desired remaining article

characteristics.
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130. The method of claim 129 further comprising
receiving a selection of at least one remaining article characteristic from either or

both of the most constraining minimum or maximum predictor characteristic list;

5 if the selection includes a remaining article characteristic from the most constraining

minimum predictor characteristic list, then:
setting the minimum predictor characteristic value to the minimum predictor

characteristic value corresponding to the next article characteristic in the most constraining

minimum predictor characteristic list, and
10 for all article characteristics in the most constraining minimum predictor
characteristic list up to the selected article characteristic, computing the new lower or
upper specification limit for the article characteristic; and

if the selection includes a remaining article characteristic from the most constraining

maximum predictor characteristic list, then:
15 setting the maximum predictor characteristic value to the maximum

predictor characteristic value corresponding to the next article characteristic in the most

constraining maximum predictor characteristic list, and
for all article characteristics in the most constraining maximum predictor

characteristic list up to the selected article characteristic, determining the new lower or

20 upper specification limit for the article characteristic.
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