4 QCctober 2006 MANUFACTURI NG DESI GN AND PROCESS ANALYSI S SYSTEM RELATED
APPLI CATION 5 The present application is a continuation-in-paFebeipgp?d cati on
of co-pending and comonly-owned U.S. Patent Application Ser.

No. 10/ 067, 704 filed February 4, 2002 entitled "Manufacturing Design and
Process Anal ysis System™ which is incorporated herein by reference for,

all purposes. 10 FI ELOLGTHE kMENTHEN ThpRiassiicit aYesiiran rel at es to

manuf act uri ng, design, tooling, and process engineering an in one
enbodi ment, to nethods, apparatuses and systens facilitating the design,
tooling, production and/or measur enent tasks associ ated with manufacturing
and other processes. In one enbodi nent, the present invention relates to
deci si on-nmaki ng and. 15 | ogi ¢ st rREBATEPAPPLIgAEMRNted in a conputer
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20 The world of manufacturing, including process engineering, has been under
continuous and accelerating pressure to improve quality and reduce costs. This trend
shows signs of further accelerating rather than decelerating, Froma 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,



vari ables or variables that are left uncontroll ed because of tinme, cost or
ot her considerations, collectively referred to as " noi se. ") Qctddee 2006
traditional approach to producing articles, such as parts or other
conponents, 5 that neet design specifications is a |ogical one based on a
search for causation. This approach is based on the principle that,
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exanple, in sure,settin an in seaflrst article
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situationic i;: . Further, there are usually nultiple nold cavities in a
single nold” Finally, 25 there are nunerous article characteristics
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third. Simple interactions, complex interactions and non-linearities complicate the
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 ro
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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4 Cct ober 2006 nunber of control variables that can affect the resulting
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conducted by both the supplier and the CEM custoner to ensure that
acceptable articles are produced. In addition, there are two main paths to
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associated with production. However, SPC is far less expensive in the long run than

shipping unacceptable parts and/or having to sort acceptable parts from unacceptable parts.
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. Usually,
most, if nc;t all, of the “critical” dimensions called out by the design engineer are measured
and analyzed using SPC techniques. However, econormic 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



variation in the manufactured articles. The accuracy of naintaining the
process control 3 4 October 2006 factors can be inproved hRePRsr 2006

"noi se" factors can be elimnated or mnimzed. This is an "off-Iine"
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any part or other article that I's produced to specification. In one
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charact er i St £54i0fn of h\éﬁ&sed?'&%&ﬁ:ﬁsﬁ’éé&aﬂﬂ&ﬂa%ﬁu'iﬁésé‘ﬁe%ﬂs.t0 each other, to
specification imts and"to pre-process I nputs. 30 This know edge
facilitate® a reduction in neasurenent, analysis and reporting costs both

SUMMARY OF THE INVENTION
The present invention provides methods, apparatuses and systems that facilitate the

design, production and/or measurement tasks associated with manufacturing and other
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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prior to and during production. It also determ nes the changes needed to
pre-process inputs in order to achieve production at desi ¢ghPsteleyades |t
provides a prioritized order for relaxing design tolerances. It assesses
the feasibility of producing parts that neet specification 4 4 COctober 2006
limts. It assesses the trade-off between performance and producibility and
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number of process capability studies that must be conducted. These and other aspects of

the present invention will be become apparent from the following description of preferred

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 paxts 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



ability of a process to achieve a desired objective (e.g., the production
of parts at target 30 specification and/or w thin specifi céatPgpper 2006

tol erances). In one enbodi nent, the present invention provides a process
anal ysis systemthat generates a set of graphs and/or tables (such as
Constraint Tables, Ofset Tables and Rel axati on Tables) that enable the
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const rai ns taﬁ‘%3)p‘fr;]]§ﬂ?@‘FBFeﬁ§F%1aﬁqvcmée é&%ﬁ?ﬁ%@é??sﬁafngghﬁapplﬂédéér%\!éxeaé&n%%di_ ment, the
present i NveRirh@eisie Ol dihe emBodifidnb alopregyt ihomtion paivides ssneshodolegy f90ssi bl e

rel ati onshi ps between th edi ctor character.i sti . 1. iniag 1o
article cha%%i%q?ﬁqpe?%ﬁp%a@&n%ﬂa"&%&ﬁip Fleéiﬁ?r&ir% ar%ﬁ%ﬁ%?%}dtﬁvﬁl ch predicted
article charatd@alaskiistis tadd e deadraling, fopmnamelt, wiibh plhdipted ditisleed articl e
characteristjcs will constrain the,operati ’ ive to
the predict 61’”69‘{%{?35‘8? @Pinbg fﬁfeiy 1ZBer Wb C@%r%aﬁ%g?%@gg&ﬁéa%elr%\‘f%q@m%{ngﬁ%ri stics
coul d resul thd dpeptingtagag windduldasvarothd prediobr desicgristipand whiderrdigted | i it s.
Wth such a categorization edi ct J , el b Sk users
(such as de§}f[¥j‘$1e "%%ra‘étﬁrd?‘jﬁﬁ‘éor“g&,mg%to]? Pﬁoéiﬁen ai(r%llélgér g{t&%}gggsg 5 %qcﬁgogr s,

i nspectors  &infikst Yth sukley cansgerizaniemofi predicrsd ;rtidp Chw@tqw'ﬁﬁ@,@e@i(%bh%deﬂgnt o how
where 1t 8 BB pa bt bR AR bk AR e BEETR, Gen hiposilpf caSe
speci fi cat i esunaktealecisiancsse hamao/trat exddpﬁEéliC@dertiﬁedb@s@eﬂiﬂﬁiBuF@FX%%&
constrain process yariabl es. qggs [ ' ' : IfHegghnarticle
characterist ecca?eswh%ebltlss Ofsv%kftlﬁ' ﬁddgf)em %Sb%t@ P%érrl%xaf‘ %&r&déﬁpm%%%%égssi blne val ues
(at | east widlérhimres esd/grmadifypidprozess ipputs,andl/osgonsrain precess egiablendt art i cl e

at | cast vidlémedes _ pesgpdtbEn Rarticle
xaml o, dur g faE S AR LB RAORRE B B

anal ysi s as posibitwebiesat lrassmethin degjgmsnesifieasion Gipmitshel shanredicion e certi fi cati on

and product Lo, BGlhyief iiincd B BASQRkclAVEI:h B gnated BnleRhfll baiigs anal ysi s
of the inpact of predicted article characteristics that copstrain the 25
al | owabl e r apgy@rdagssinglreskp push pepasiMegFUIERFRS a&‘ﬁaﬁ%}’é{sé?s%%t%(’étgl’r%s di scussed

in nmore det ahiliﬁcﬁ%gﬁidﬁﬁﬁoﬂ? 88RMtoh MUARbARARARIMES, AT $R%erk eveiai der t he
i npact of a constral ning ) ] L ]
also facilitates analysis of the impact of predicted article characteristics that constrain the
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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predicted article characteristic, and degree of constraint, on the
producibility of the article as called out in a given desi4@ctober 2006
specification, and also allows for an assessnment of the suitability of a
gi ven process to generate output that neets design 30
specifications/requirements. As discussed in nore detail below, enbodinents
of the present invention are operative to generate graphs, tables and
charts, such as Scatter Charts, Constraint Tables, Ofset Tables and

Rel axati on Tabl es, that suppﬂéécﬁépﬁoq\f@tyﬁgmwmbs deci si on- maki ng t asks
associ ated wth manufacturi ng and ot her pr oces,%g@. 6 4fOct ober 2&)&6
DESCRI PTI ON OF ThigurDRAHhESss Bowsiagram gegeralljnpplieb's 1o Pa %ﬁ“g&géﬁ%i&ener ally
applicable to manufacturing and other processes. 5 Figure 2 is a process
flow di agraffiFFUstrating a concept associated with application. of prior
art process contFighretzwmbqsﬁe%w@amﬁW%@SFﬁ%ncﬁPt@és@glg'&QW%aBBre is a

di agram il| i neerturas paesRtsed Wi th the present:
i nvention agfgfboﬁgﬁtgﬂ)cf%&n%%?éa%ﬁgﬁg%@proc,essgg, Fi ur.e,é i.% &8&5@ er
chart setting f oFiftreaivaqgoessloprdipmere ugEating 8 Ao agﬁof'llmc? & fge |
characteristics. Fi i art nodeling the effect a change
i n process é%’ﬁ?tﬁoglasg%tpl??goglga}]ugasc o%b%reﬁ)sg%ss out put.. . .Fi ur%WG iuglea scatter
chart il ustr at i FiguHés axciteerchast sesingAeH et ion o ﬁe’se.n Bi'gure 7 is a
scatter ch r#‘a g;xcltcl_r%l‘?i ating the conbi ned effect of changing process 15
control seff ﬁgs and process inputs., Figure 8.is a scat t er oﬂ%&'ﬁn-ﬁg udi ng
prediction int erE@ESM&@F@tW@an&thFé%FE%Q%?mﬁ{f’ﬁ%sfs.c i'gure 29 provi des
a graphi cal Ogs]%r(,_;fsgltj rface facilitating the input of article
characteristr€ data tsed in connection w tg an. enbodi rrerégsigéltg he present
i nvention. 20 FFigueé isiapcptser shageillpstragipg thep ?cfgﬁcg%%% “hg a Sinple linear
regression model Fi%ﬁ’r’e 74 WO o bRt Budthaih@gie esmisihédoesfectiel changing profess a
functional block dragramillustrating an enbodi ment of a conputer hardware
syst em sui babitel sastingssad ProcesdMREESt i on wi th the present invention. Figure 12
is a scatter chagt i llisiiebing: ifiadegpeéiption iassaisaoadedinith 2argrefsodi ment
25 of the preiglnt I nventi on.

moded.

Figure 9 provides a graphical user interface facilitating the input of article

process fl ow,

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 fora 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.



Figure 13 is a scatter chart including a |linear regression nodel,
prediction intervals, a target intersection, and upper and4 Ocassr 2006

specification imts. Figure 14 is a scatter chart illustrating the
determ nation of the all owable operating range and the operating target
value for a predictor characteristic. 30 Figure 15 illustrates a system

architecture according to an enbodi ment of the present invention. Figure
16 is a flow chaFiguply flow ghat iitettiatidg anedrdasseriate! vish dspladngAgREresont he
present invention, 7 4 Cctober ;2006 . Figure 17 is a flow chart illustrating
a net hod as%@gé?%ﬁsﬁl%t%ﬁﬁf%lflrg%lgsgarug%r ession nodel and associ at ed
anal ysi s el ement Eigie 18is nE@w chdft guing faeh 4 sethod 4llowingHenseleerismiof mprefisiorh a

nmet hod al | og@fg for. selection of a predictor characteristic. 5 Figure 19
is a spreadSHEEItHbl e including a set of article characteristic values as
to a plurality Rgualdischpecizeanbleiichings serobanticl sharaterisgeraice pefds and a
val ue indicating the. edictive il Lty 0k £ach18f fakhnGhar act eri stic.
Fi gure 20 iEltu?h%f%f\ﬂftbcﬂ'legc?lfmf)tf%ﬁlulc%icgrgggﬁ’&ﬁé%ﬁ%%&gﬁ%xgwi ng for popul ation of a
corr el at i onpredieeid dapatdlivy of cathh &rriclg ChaFdcgaisdc.21. is a flow chart illustrating
a met hod associ at.ed wiihaus Q. DI ' 2k bAoA Of Aiordlatién One
enbodi nent. Fi gtaﬁ%urﬁgb1Sfipﬂv§’t%]r1%%ll§@§mg3%§t9®§iﬂr%ﬁ¥§bl Gﬁz;](l:cordi ng0 to an
enbodi nent adefficieat pblesent i nvention. Figure 23 is a flow chart, according
to one enhodi nent. of ,t.he :‘g Lent | d assRi&lditingke bPtht Bregenfiet hod

di rect edm?% ther%%ur{%%lé ?%C%Eglfa?gh né?gia#l%?DT%bl (la. Fi gurg 24 ?s a chart

i |1 ustrati nipvérhienmegrdigstoone enpobdimengr a predi ctor characteristic and a
predicted characgerisic ingl '%931-15 RQURARI o YALHER RS OFthapReenwi t h t he
regression node 1§fr I gﬂulgsettsa[%gﬁ!‘fl ru t?%% are ch%t?ts illustrati ng t he
regressi on imeeheios. bet ween a 20 predictor characteristic and a predicted
characteristic L4 ngfg 5 b CHTRURREES theiikef ived@bhg Ct
condition can eif? ‘“iﬁ%’g%‘?‘ggﬁ"féi&gn t6[3 are charts iéllﬁl?ustrati ng the

r egr essi ons sectited ferth e mached dizectesite theqgergration of acerskr®t Tebland a predi ct ed

characteristic af@élxré 34 {3 LEAL iBu tREhHR r&ghdsGHiBbAN o8 & predictor characteristic
and a predicted 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

=

(A

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 28A 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.



where the predicted characteristic is robust within the upper and | ower
specification imts 25 of the predicted characteristic. HFQeo®ws200BA t hru
27F are charts illustrating the regression nodels for various
ci rcunst ances where either the upper, the I ower, or both prediction
boundaries constrain the m ninum and/ or nmaxi mum al | owabl e predi ctor
characteristic value in order to produce parts that are within
speci fi cation | i nfigise 288 afioguhert 2B&rdting shefdverall proaess assediztechyyith ganetation efet hod
directed to t Lon_of an | ol 0 one enbodi nment
of the pr ese%?gf%\%ﬁplg%lﬁ?mﬁ?ignﬁgo %Ibﬁgﬁnaen@%@%s%%&%gkgg%%cor ding to one
enmbodi ment of t heFigure3@ist RelwaivniTable gergrateddytopbenb@ipoat ofthgpressnP9 i s a fl ow
chart iIIus'EI_[Db%Mag the overall process associated with generation of a
Rel axati on Tabl'e ‘according to one enbodi ment of the present invention.
Figure 30 i3 a Rdiiguadliipnildvabhat ifetretiag aetbyd dirstediib Beidatermingfonoheewr esent
I nvention. 5§Jél~.iﬁwu% Hrbirs Ee%ul@in%hﬁﬁq’tﬁe*}@lﬁﬁaqoh 'ofkﬁa%@iaétﬂgf &e]E‘%}ePBﬂugh&eCt ed to
the determi ndtIon OF new spetitication 'rmts resulting from the
rel axation ofpedfieation litniss bf agfreditted thavesteristirchnd pyoasequenslyabe fssesiptddapininium t s of
a predicted | St .G SEOHER : ' i ni mum
and/ or maxi rr%%%r?rg’%?% %ﬁﬂe%gj?g%a{%?#%ﬁ C v%a*e e%édﬁgaﬁﬁﬁ%ge?a?%%gtﬁg}duce parts
Wi thin specipefifetioptimitsnits. 10 Fi gures 32A, 32B, 32C and 32D are charts
that grapmgal |y pigddSHAAR H0Gnd B REGR har gﬁgmcﬁg@l&sﬂgte%%&@a;@ml n Pmin
he speci

that result fromr®laxing t upper and | ower ication |limts for a

predi ct ed chinacmdithederreasem Brginghat 3elt frgmpeladngthy gapes 3m! lgpver perificadon hat

graphi cal |y jilikdtst S @tficlienLQMBii@nce area, the regression area, the
bounded regression ‘area, and a cor%%gi son of the cgnpliance 15 area to the
3 afx/lepray

d
bounded regr essi diguEE3A, 3B IRMTIBNrabaRba s gagypliagce
Background apgd, {HReLeAdskiBY arks, RoRh&d r&reskibh AEA, RAEScoRpriéRRE @R S dndne
present invention utilizes several graphical, statistical and nathemati cal
t echni ques I5creade thedopded segrepsivnaret-ne rel ati onshi p between article
characteristics to achieve a novel design and manufacturing process
anal ysis system Anpong these are scatter dia cor(rjﬁgl ation

coefficients, coefficiedtBCHPHONPFPRERERFED rﬁ@ngp\,’m% linear and mul ti -

L. Background and Operating Principles

o

A. Principles and Concepts

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.



variate regression, prediction intervals, adjusted prediction intervals,
prediction using 25 regression, prediction using predictiorf Qeieker ¢806s, DOCE,
averages and wei ghted averages. Figure 3 is a process diagramillustrating
how an aspect of the present invention differs from prior art techniques.
In a wde variety of manufacturing processes, and injection rml di ng in

particular, there is often a strong rel atlgnshl p bet g{#
characteri stics fregulktstanding therdifeserg bewe R otRIE 2L FRE™ 18% t' nventlon

assesses. {Nanehald:Shbathn ANy, ;gmghoamweeiomtmmamnmmswhen they

are sufficien ron caltallzes on t e stence iﬂo égglogltatea
variety of cfeglrghls ﬂmrddmsb-@ﬁhﬁﬁﬁlsﬁﬁ@%% %émﬁgcsso e a9 t h

mRnuf aCt Ur | g AIAGRRARS e iffhr e bADES (#D@ﬁetcl)ﬁhﬂgﬂeﬁ%&lﬂdm@ﬂﬂﬁéﬂm fference

between the prior art enplified’in Figure ion
exenpl i fi ed differic gare émgnsmms Blﬁbwresesbmmﬂ ﬂgﬂrfﬁ*?er‘f‘ﬁ % enSP%SQa‘Js of

Figure 3 is d&@&ﬁ&h&&h@m&csmseﬁl&;pmatmmtmaddmm ﬁ&rdiffatdmapatten sti cs.
Inthe field of I njection nold

he different etc.) in
Figure 3 mmharactymueampx/mrf@fﬁ Brclud ths sype ¢impnsipn aﬁre?ﬁs[‘ﬂ% %béﬁ’%“ ‘%d“ﬁ% Tthe
present invegtiQl de(gflaqm%jc;‘gfy@md part characteristics are not limted to

di nensi ons, e_an art at yte,. Ln_additio rent
part characteri §lgll?€?§ gﬁﬁ:}uqaﬁy ﬁéﬁ?fﬁt‘?sﬁltéq ‘GQEOITSHJ@ b§3¥ﬁ§né” rp%glle %]pna?%gérr%gsl@s

di fferent @aafskét FREASUCES e Biagrams Fipatet, Bopk &mfﬂmmm rdamrtslyaPﬂvgtlmen Fi gure
4 graphica IlTustrates the rel atIOEShID bet

characteri stEIR?@ﬁlCtQch hargcteggticrapd predighpd charpchyrisgf- SC lss bicafg‘ibur e flapqmts

form i1l ustfal @SedehRe fith@idsGBS Riodkl beiysaily g@exrateddlsmg elrleashlavoecbﬁf@fmfstl c and
predicted characteristic. As discussed below, the data points used to

generate th@oﬁ%‘@#’@%@P% nodel are typically generated using at |east two
different possi @h@ﬁﬂﬁh&ﬁ@@mnﬂi&t@of geﬁ&huﬂﬁiah@dntbmnshmg@mﬁdeqethepm¢sﬁg parts

w th no changes made rocess 15 s hi
cor r espond¥ seiings. rf gﬁrﬁ’l‘“ SOTEPPYTT P B0 ﬂ&e éur“%c e%uégeéﬁg%g&g%%%ée%bjm to

variation ing 9&&&619111 cﬁﬁd&dal&bﬁﬁie,s eﬁwomnm&uon@wdman@mr andny HUT t ear

and nmany ot her ctor These infl uences on I Har al
variation i r*factt‘PféT ‘i?ﬁ?‘b@F PIOFRE ca45r %%%rsals‘;aggttm%u’ﬁ&% o%%%ﬁ)lﬁ u?rg% hod is

t hen neasur ecesawq:m £ € WetHod ishthen nmbﬂrecﬁ Qe protdem with ghipmerbadis tht

measurenent s |ike any other ocC ggt% REDGESS has
20 its own SBEPEESHYE %W%%ﬁ@’i‘&fﬁ mc%? ﬁ%&%ﬁg@g@m error. If the

size of thg iRakwilsairce &ammnowlﬂch rdsiﬂEmpmawrm erore Hithe sizepf the natwgal |

relative to neasure ror..then RMenEifothiMchd overwhel m
the natural WE#HOR{% ¢ Parit eﬁﬂfrﬁaésnsl 13 %’ltrll@gdaﬁ%%ﬁ un kgl y that

measurement error will overwhelm the natural variation. In t]:us instance, it is unlikely 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
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any statistically significant correlations could be establ | 4)19@3 bgép\geen t he
part characteristics. 25 Injection nolding processes typic

relatively small natural variations as conpared to typical measurenent
error. Consequently, the first method of generating injection nolded parts
for evaluation of relationships can be unproductive. Consequently, the
second nmethod for generating parts is nore applicable for injection nolded
parts. Home%ﬁﬂgsogﬁbﬁ%ﬂ@@ e wiafeR nparichiTecteiste yalycs Recomssiaige 532959 at i on

in order to Hé%ufek}ﬁn@gfb\feCor?Qado%’%éhfa laﬂ@ncrfﬁéch@& exiC B Bhddfhe bifpaergecond

met hod, variation in part c haracteristics is induced. In the case Qof
i nj ection nol di ngis prewiquslyimsatipred |D@%@é@%dd@t?ﬁ§?%éqdyc%&ﬁh‘@nﬁﬁa$? ¥ess

control 10 ﬂrgQahJ%Bé‘rfof el ohdiBSns doWnicblh ﬁlaﬁ@%&rfew bRrividBt i on in part
characteristic val ues cones | ar ge relati v asurg nt error,
<

Correl ati on-’scondamphéméﬂaémww% be ingyced;in e d@ﬁ@ﬁJ & Sherei itk

previously ”Rﬁfsi gm  teeubSto AediBl MQiclehAdxpaiBéri! T §sddﬂt]ﬁ§ﬁétﬁbdﬂgas&&ther
unmanageably ge nunber of experinental "condit ons &gﬁﬁ%ﬁ@glymnageabl e

few exper i meWil#y %ﬁéﬁ%ﬁ%‘ﬁ@eﬂ:@ﬂ}ﬁ%"é %erqoaﬂw@ﬁa jsatiops in the

field of inj ﬁﬁig&@ﬂleﬁgﬂa%&‘& pork Hﬁrré‘sul@of%é Aﬂaﬁyms THaus, W8 PR by pRdndi@tes to
design an efficient experinent. Use o hod has further utility in

that there awseng&ﬁﬁwﬁtéﬁ%swl%fewmaspr@é%ﬁwgﬁ AP FAE Ry,

efficiently ﬁ@@ﬂa\fa@sha@uﬁlgésabm@h&e ﬂeatsh@lerpe&aéstc&lm séthﬁg daedaye s. Thus,
one benefi ci aI pr odu rft of _usi n usef ul rmat.i on maybe

extracted fressd 'é?ngl@if Sadfgstshe allaﬁtefiﬁmf)%ér‘?ﬁ“ {8 gpcPY}- tﬂ%e RFRIVRLPY
possible to dHilﬁﬁ@d'ﬁEo\hEDEh@saﬁ:ﬂltm@tdﬂﬁB@@&&tM@Iﬁﬁsﬁ@ﬂmﬁe@é&dnﬂgldehﬁlgtcﬁ:ﬁhlebe used

to S|gn|f|can y affect part characterjstics,of resul output. The
information 2 chargein é‘HQHEQPﬁé@&R¢HW?9g‘§%PﬁrEC FePRHG: §Jé’859 PPeLh ust a

process contg sﬁﬁtn{ddegasteﬂplaﬁkdw&v a desired change in the joint operating
position of t grt ch arafc1 ngStIC Iues al ong the regressi n nodel , as
expl ai ned Bel ow g ffeeront advaniage o iRrugie XHaLGR C?‘Pﬁﬁlfgﬁ‘g 3tésﬂ°6n in an
experi Wengakoﬁirxlﬂateﬂhaih an§ eﬂﬁ@f&x;}c ngm&isg&lagt&ﬁtmmgﬂ(ﬁﬁ dIhﬁbegorr:dﬁ;ﬁ&mrage ) )
associ ate t S Thi s, second advant t he fact at the
present inv F‘c}ﬁ EF‘%%%"'@%BHPWEHPII 12 OfE S ?ﬁ%‘g@ntt‘ﬁ %;%@Sggocﬁsgﬁ?nr%
settings thatingyhat e @Egﬁﬁlﬁ&tunpmﬁaﬁhﬂﬁﬁhcd af thelpmcﬁafmtehkm}:sp'ﬁhtetpresent
characteristics. The ent i nvention, t he
experi ence dFPHER PR ‘ﬁ. &t RBH BP%%P%EC%OB eélfjecuon é’@ldmr%?? Es)%em(&gr'tsed

manuf act uriongd asccigednentacpemgandplocisepaginedito tefrostdoselthigh imprpeiceritrad ont r ol
settl ngs. It %t hgsy llgshgﬁd%gggtgd&xagl nm]chlmqjm fc{ingo &mqg.lagf)ﬂ%gé ﬂ%oh’:ﬁﬂ@dze par adi gm

istomnim
changes to the press settings. In contrast, the present invention seeks to maximize their

impact for purposes of inducing part variation for further analysis. In-other-words, for the
purpose of inducing variation, the present invention seeks out the “worst™ control settings.

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



changes to the press settings. In contrast, the present inv Cﬁml on2 eks to
maxi m ze their inpact for purposes of IndUCI ng part vari at’i bfeor urther
anal ysis. In-other-wrds, for the purpose of inducing variation, the
present invention seeks out the "worst"” control settings. 25 The "worst"”
control settings froma production perspective becone the "best" control
settings fromthe perspectl ve of inducing variatio As previously. noted,

there are a Naiagen Wilkbrat twe ppes dibe {rspwillie aippelatiqno gg’éé“%“(?@ﬁ’??%ﬁpos Bti ngs

in the field,pf Eh@lréag?ésbl&'i‘hx'i@) hdt Bend %Ma@é&ﬁﬁteﬂoﬂ&h@ﬂﬁﬂa@ﬂmw ABoditke
enbodi nent , |ncorporates scientific” or "decouple nDIdlng principles to

i dentify theTdaTegHOR isa diiis iRosEnt L greate AFqhptSlatager AT, 3 DRL ot

necessary t o dda@siorSmb&Midr feglc{m]giecoupl ed m)l d| ng" principles, but it
potentially provides addi nal entific advant ages hgl? whtgn
pi fRgeits fhanged

several , typical |Enalyg eB"r"' ReE Fﬁ 458 PF p

in the exper i gepbek tec'hHﬁ[uesttBﬁidgEeﬁﬁEthﬁﬁatﬁﬂﬂHﬂfer Momadrlaﬁhhamstm gdﬂﬁ‘ow
introduced into the part, characteri Stigﬁ@ggl%hl s 11. 4 Cctober vari ation

will be of twsprcgfswmﬂémq thalipere c %tﬁgxtgb%serbwwéppw tally

operating PORdv tRE: coftrARAriAHIE if@AESHE] Qth bthae. The second rray i nduce
scatter of the data p0| nts abo%i the r gressm :b ortant to
# Oqsé‘g

create a robust dtPEeEElydis lsqlfﬁc tiPgstablis WleﬁB‘HJel f or
predictiong 1501 abnhoYol séthﬁgstai@ ﬁ&c%eh@&da mr@@e&l RESQME ﬁhelad@gdjetlargaal

i nformation. ically use u to i.nduce art
variati on fu’i“t FogﬁoPBMa?‘%iaeséheB% Y]gdzin h%ﬁ bRy SENEE cont r ol
vari abl es thatermrn@s edmgﬁdtead‘cﬁa&tn@am&arm@mﬁmmh&ctsc Qnaﬁﬁhagéﬂ:ntl ally
how t hese co 1:h%rol riabl es i erac t‘F each ot her. g %—5 J[%

di scussed, U§S%f| Y ERLon IR %etvealbtl fremie ea‘{‘?“gr%‘?ﬁe?f jection
i o nol di ng Cmmmmimsﬁﬁdrmaaﬂaﬂst&adnﬂtMaﬂﬁﬁgeslmaytnﬂsa&lcé afy @epacal reasons

i ncluding the | arge nber of. control, varia fﬂb"‘\tl?z h ot ent.i ?bk%’egie% ge
number of P& aﬁqﬁc?téfd{‘éf"‘?rgf‘?lﬁ%lﬁx@?'}?ﬁ‘i ghanges i 55& £ Vgﬁ@rg?ar 9cti ons,
non- | i near i tdnaBe rbxgiond: ﬁ;@het@éefn&hépredlﬁhﬁ:h@xfacﬁeﬁmcg.ﬁéaltleast.ldmelremalﬂﬁg afickehi s

i nvention is,that even

t i abl
that infl uerf@éraﬁteﬁ%{:fct &LB @F ’g{q% gﬁ%’ﬂ%fefl%giggd@ﬂgtﬁesgmﬁgg | n?dfl%e:?gg aﬁfl
one part 15 thépreseat mvem:toncaﬂmvm dasignengineersnpd procexaopeeators chzlypashd valitehefse
g?reld?(t:)![ gf Eaﬁ)\é?edé%?lp J e gs c&ao ({er lio%t 8&&/9&11&%11@ 31" lgorgpﬁe c{)ea%g&er}sﬁgs
characteri x)tdomphémd-r dhsxgg kpecifiagrions. So addigeh, thesymm addtrarhodbdlthwmre&ehle syst ens
B e e A Bt

operators to re ont OI’ C Istic in order to
det er mi ne V\/rtéalh@msmen effortswo a;iypt ppcess euplmtaﬁcanplyemthtiﬁw specifications.

These and other advantages will become apparent from the description provided below.

T'IL

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 by a

number of factors. These include variations caused by common cause noise, common cause
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20 conplies with design specifications. In addition, the syg&gg@er%%
net hods of the present invention allow design engi neers and process
operators to focus on the predicted characteristic in efforts to adjust
process output to conply with design specifications. These and other
advantages w || beconme apparent fromthe description provided bel ow. The
regressi on del of Ficgiljjr(ﬁ 4_%fsumes a straight-line relationshi,p between
the 25 two VATPHBPRY RRTH vAHAPIGLORMIB CFHSE VRTINS e PIRSCSIRRIGRE | i ne;
however, a pesh@ed dayisdvafi@hs intheldkasinemesd lah agliemeduhebapise perfect
correlation is rare.in_the 6§al, world. Figure 10 il us_trate%{ lta%nscatter
of data poi ntRrasFestics: Bepiel0 groipsirates Arp REAGFetshba At apically fsed radsfinhi ¢

E CaL ter, the;heaégmlsibmdlbfeatﬁaeae f& E]:ﬁ@bp& sfehek egésbslfoﬁ[liaé @tnﬂl"t_ﬁbi{@ntexlc?pgpt her words,
y knowi ng the value of one of ,the .t varl.ables, it Ls ihle to

oY dt ot 1 he BorF olifisanmete A herdl M vang e Sown Bl S tbetRacy . as
applied to t;lnmepfﬁgx,emoninmdelntrhepnesdnammﬁzdg,emw&vet,vhfméﬁimited afrﬁ&Molf pr edic ct ﬁr
characteristjc can,yigeld reasonably accurate know edge of .the. val ue.,of the
bredi ot e ar HeET Eodch A AR paeonot sl e AR mae s e e

poi nts i s camsethebyorawiththabeserninvbmfiinor s. These i nclude vari ati ons caused

by comon cause I S€, .;Com C e 12 4 COctober 2Q0 fluctuations in
control variable }gué%?%f-}%% agggglgeeaadg%ppgﬁp@ﬁrsaﬁdﬁoweﬁEreg’rcg%%erw%ﬂ%e and
common Ccau¥eregmssicatnoolals Thoarthisoundaihyrtbapedictiondhetvels septestirs thedssible atehe part
characteristiccs. Figure 10 also illustrates tw parangters that. are

Cymi cal 1y uetaoiest o2 macs RudPher Sy b R ot ™ot of (e
r egr essi on |andencasutentdneerioriarstinaledegdt n-Ghéromerds pl] ofohdwmplexitienefitbe grocan be
used. The e o‘qi'.gﬁng shown i Figure,l Lsp il] [ ) i near
regression gal?%e : eg Sﬁ?c\ég%eﬁts Th %Sftlll%ﬁ?u%ﬁ%ﬁ%%aé)rf i;‘éis}ﬂ%l?%%{mﬁ, iarr%et ed to the use
of a | i nearcompbgities thatrrpn elimivated” nclydeths nforemendeled pswess cagrohvaniablei - vari at e
nodel can also j , ti it present invention. Figure 8
illustrat eg'. ]pgléeg?cgﬁgshkdg?ﬁ%&gge%cgﬁ ’ 61\,\%&%%8,&{%“ on intervals to the 1o
regressi on nodel Andlysis of proaesh outprieid thiy mxirer prowdesctviatiery pfusefuliafosmatipr esent s

t he feasi bl ! . foks S 28, o - axl y-axi s
characteri s? ?C??t%%ec%&%‘g#’r&r at"”@a?’ 'El“f? P@%&geg’n%rneaspﬁﬁ’ g%%t%%sﬁéaolfas g?lgrsl ncl uded.
| n- ot her - woral$s congiihs axepreseatationpf thy intéresstiof betwieen phealesign target for thelpreviiatiert ed"”
since they . Of [ ] exities
that are bel TRl o e e R e e B oL P
15 si npl e 2 Ageabanduonef usdfdipprexation tadasign Frgineers Awhprotaseepcratpisgs itet ¢.

Anal ysi s of jREAGRSHAOkE QHIanibx'i‘ﬂlh@t'ra?ted"%ﬁ?T%{re ,&tqyiugz%siﬁe WAhtefkdt o cagser Ul
information facilitating design. an nufacturing processes. For exanpl e,
Figure 4, adproistcrionso Betgshew the process control settings are changed.

For didactic purposes, the description of preferred embodiments primarily details

application of an embodiment of the present invention to injection molding processes. The

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, subtracted, or otherwise changed in form or structure. In addition, the present
invention can be)app]ied 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.
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al so contains a representation of the intersection between t
target for the predictor <characteristic and the predicted 4d ?ﬁ&%@glstlc
Location of the target intersection provides 20 a great anount of useful
information to design engineers and process operators, as it illustrates
that, for situation illustrated by Figure 4, it is inpossible to intersect
t he target intersection no matter how the process control settings are
changed. For di dadhdRressaripunean dlices adiertiopdn aeseps BredPract ddoersoli ment s
primarily detgididn o@RPInhE #r286h Qhsed by SRRGEN iTBRES c@ﬁa&tt@ma%sewatauyaﬂ;ent ion to

i njection nolding processes. The 25 present invention owever as
appl i cation E&TE Qf&%ﬂ*@?? iigf CW&#@%@%W%%W@@E@E?’“@W%@%J% %o,

sem conduct ohLBRE EAELAH dxibpled RGN AL, de&ﬁﬂmﬁ@fh@éfﬂé@tfof&"t &‘ﬁs%tu‘fyﬂer €
material is added, subtrac{) or otherw se changed in formof structure.

I n addition? vworbrdé@émmmg.rhﬁﬁéfmt.oéwe@atﬁ'ps@swﬂp T {njecHeHMelRBEdesi gn of a
manuf act ured d@céﬁﬁ]ﬁ]hg teniaibﬁal %’e&é@'s«ﬁﬁh@@ e nﬂfaac% of P4BLA E’Efects%nﬂ%ékfsﬁg Eﬁéﬁﬁﬁ&d@ €
article, and/or _the reduction of neasurenment costs. Myreover, 30 t
present appl Picifsrens tynss ofzpsmagesial @5 phalmpactipg of rshasing giiher ravesateriahel ydi ng

st and- al one e&ﬁ};cﬁgﬁ§ﬁoﬁm¢}@,§r§1 g&sv\ell as articles intended as conponents,
el ements or parts of_a co Eatlo Accordin the descrip |on of .t he

preferred enbodi neAfditgy em ?Ptﬁ%rﬂé‘?lﬁeste%*flét’@%f’%éanb&ﬁ amgd withent thepid ¢ g

i nt er change@blaytompiiry 6 Bith a2 #8@sonlitemphiRE @cﬂﬁerfoﬁﬁ@ﬂidu@ﬂa&kﬁﬂhdﬁp@d
application in asg}}sm ng .the i tion ot her . than

ct of_sour r
variation catfeiCHomRUAENS S?tégﬁr &n. ctﬂﬁfﬁlaﬁf %tolter ﬂéé“ “«ﬁhﬂaﬁf&’flt%FS iy

source of Vaédt@ély&ﬁlﬂbll: fo ddaﬂ%ﬁ@éﬁﬁalﬁiéfaﬁcﬂ/ﬁ hahd ma/drmm fbadstheet
characteri st v | ue, Sﬁg‘ﬂ’seé‘t hassessed %I ect e cou cI ude

det er mi ni ng PHRETEFFLED B SEt e TR AFOPURS B pAE Wﬁlﬁttwg

ef fect of pr&q&:&:&n@r@ﬁsus@aaabns%ko&@tedwmhaﬁé p@é&nﬂﬁ’vﬁﬂuaﬂare paméanmhng

t enpor al effects such as t act of . seasonal, eff ) ang assessing the
i mpact  of 1 FFEPERE OFHe F%?%@F&Perﬂtonfﬁ%s ’?ng%‘tftft?a §¥PBYr chasi ng
ei ther raw nfeh@mgaiatwnmgaﬁmﬂ@aaﬁ pley.om di fferent suppliers. In addition,
enbodi nents of the present invention can be perfornmed wthout the aid 10
of a conputing device, such as a personal conputer, to performvarious

mat hemat i calB. &xempliydybtahiseeiieaargput ati ons set forth herein. For a snall

nunber of articl ch acteri i entirely feasjble to dq.all of
the anal ysis and% 35 f’?ﬁﬁlﬁéﬁﬂgﬁ%agé%%F“Wﬁ %St?b?réf?i‘%%‘éatcmrgtnﬁ A
pref erred ®mrdnednbeithentiobiie pesent fiveretont AeFigade g @ravides atsgstai ardbiteaanand

conput at i onal ui rene r| 0 rat ons 23 ted wi;th t e pr esent
ivent  on an kS PietS RN R iRt 00 ARG R SR REE SRR ot o
t he operati dﬁ@mdled@rdataénpﬂumoéuln ltélrmigldsmmlraqdule 104, correlation module 106, display

module 108, and interface application 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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resulting data on a user interface display. B. Exenplary System
Architecture Figure 15 is a sinplified bl ock dlagran1llIusﬁ?%@PMﬁZ%x%ysten1
architecture according to 20 one enbodi ment of the present invention. As
Figure 2 provides, a systemarchitecture includes process analysis
application 100 and operating system 130. Process analysis system 100

i ncl udes data input nodule 102, regression nodule 104, correlation nodul e
106, display no@uh@e&@&mngmﬁ&kab&&khﬁﬁbah@&mnwmh@wunbdyteﬁﬂmemﬂﬁﬁFE i nput
nodul e . 102 i s oper

rec rt| I as well
as format antt ‘EOB}PEtth%t Wéfea?yﬁt??lgb(g% f%fﬁ]f (?pg?a@%%%&e%{%?mg% at |aon Ey ot her
nodul es assaeh@blethewbérhtidar diegssn mmaﬂngdsdmg&rystpemnmmmmefﬂaé@ma@d\ oHpdul e 104

is operative to co ute i0 i
Correl ation Pr?ﬁ?ﬁii‘ln %aUSBE(fO;% ereil glglésf’ glx]\ré%ragg"ecgg nsgfrll%t Sgﬁ?@t ing to the
correl ati osso;&famg sy%tetm BD grovicheardioteeiiestirles agsaphisalasenintesfacgdGEhL bed bel ow.
di spl ays of RuERCH AR SPReg Ferr s B SRR dospRr il A oo
?f t da]E a, as o\nelarhbail&nairbhthe gmatmvmtqpelasngmstemﬂ@ﬂ is pheg¥irslows®d bel ow.
nterface ¢ i on of
the ot her oS TEE SRR fﬁ’gﬁé’ﬁ% @%@Qﬁgﬁq&?m%%@%ﬁéed on
commands r eG&ivesd, dhe preseant usremuonhahy e o oBver tipn CTARROUPEBRt , t he
above- desc t conput er
har dwar e 5{9 @‘nﬁ*s%o&%’?] l?—( &@ogheqée%%g% sg&?tﬁgﬁsablg i:r'gfran %g& dﬂogtééﬁgﬂc;br{d ggnt rols
]E he operati @1pedtmsyl‘s:1hé,rﬂl‘800;peranag sjdiems, ItINEXWHEB@DgaﬁNEFe@BP%tI‘;@*‘e data to and
rom process an i IBEmh
appl i cations (no?dﬁ]ﬁus?‘gggb Mﬂpofast e%l?&ﬁ%?ag%%}g%ag%grﬁ inte S?ace
such as a gmﬁhhepﬂesansmwennmdnftécélwm embogiaene Brd ks syssen 800 iacledss
software appligc C one
arbodi ment &xocte%&l ébain&)@[cﬂgm%&?%‘?&ugﬂd [ NB BT Sho Qagitlﬁﬁhl%

resent 1 nvention erati nl%psyst em 130 S e W ndows(c)

95/ 98/ NT/)@haqdmasﬁayﬂgn@Q%mehﬁesém@pedmnwmm@pﬁt s 4P bus 864 15’@}:8 HoiBd of
Redmond, Vagp, Opemo%bmgé%l(ﬂro 1€ roéer‘é?ﬁZ'tQngHEk‘rf&ﬁzaﬁb%@@WstSbé ot her

conventi onal as the %g e I\/am nt osh %Jeratl ng
System avaiwhetehel/® bunhriigp B2 C@éﬂl?ﬁ}b@iwohuﬁ@ 80@nd 568 presach piber- EqYRlEd Lo Nt X
operating Sygl eah, Ly%ﬁé/ceﬁaﬁﬁlﬁkaﬁml iSEER B4, sydfteh &aﬂorylsiqeanﬁdao ko
illustrates one en%oo di ment ?m er _hardware s ]1‘?2%‘1[ % it 3 or use
with the prétﬁemmlrmvl@nlwéﬁ’lcel%ﬁlﬁ qdl%@fk’roé{“’é‘ﬂ’rié%oéi’ to H%ﬁ% #Ere system
800 inclu e ﬁ&)%rc?&ﬁ'ﬂ Bﬁﬁh JVREBIY 2B/ S@HT260CEcmaBinheteher as
shown. Ad%lsﬁa(s)%g ?5 ar dwar é s% gm 8002yTncI ugée}%arthl% ;rformance

P

i nput / out putlementeyteintandsd &0 KHASSEE 3 stems,
including but not limited to general purpose computer systems based on the Pentium®

processor manufactured by Intel Corporation of Santa Clara, Calif., as well as any other

gptegory of computer

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



|/ O bus 808. Host bridge 810 coupl es processor 802 to high performance 1/0
bus 806, whereas |I/0O bus bridge 812 couples the tw buses #obend°%08 t o
each other. Coupled to bus 806 are network/comruni cation interface 824,
system menory 814, and video nmenory 816. In turn, display device 818 is
coupled to video nenory 816. Coupled to bus 808 are 20 nmass storage 820,
keyboard and pointing device 822, and 1/O ports 826. Collectively, these
el enents ar ecamtericheidn portsept epaevidesopmyniaicahsgeey akht balhar dwar e

systens, ingluding but no LAtd 18R %:g,-@ﬁ,r@b, pur pose conputer systens
based on theg ecﬁ?‘lvgm #’)ayg%%og 1gssor man% actured by Intel Corporation of

Santa C ara, Cal iHardwars sysedni 809anay ielusie p agrietyefisyssist @Cl_}f}?eﬁ‘f’:‘é?s“fi ‘.’?’f%s The
el enents of go%ﬁén%% %ﬁﬁw §%@%g§§@@&qe&%§£ Woi dX@inple GQENEBO4 in@yiibd on-

functi ons kno in cul ar, nétwor k/ conmuni_cati og interface

824 is used ¢hip wihpwicdsorRORmilereaivEgtatheBib anl REGEFSRS BAY D8 EY of a wi de
range of C0n%g&%cﬁggl‘sqro&gs%m{)me",vﬁ%:ﬁo@éso@ BoEeRrEterired tbakeha "prodegsor t he
C SS

I nternet, et orage 820 1s used to_ provide permanent storage for

the data andequofursemnens, ceriain implemeniaions offhe Prstent PFRRUIRBIRIESHEE L, bed
functions i nBl:lﬁH@egfo?%é a@oJeQSmﬁylﬁhﬁnF&QﬁirﬁﬁE,hﬁépeﬂ' flgasces ¥isdvaigonpladray 814

is used to provide tenporary storage for e data anéi%ﬁp,ro &amﬁ,n
i nstructi onsstwqﬂerdl/@b‘e\tﬁﬁ)ﬁmygyc%‘t?kéé%@éhp@ nance P byt "Qfg 5?%”1)%51€or nor e
serial . ANt Qe LAy LDidbI O B Exid G e asmpsabe abfitanivass dyeuSod L o

provi de commurii cation bet'weern additional peripheral devi cgs. ghé%h may be
coupl ed to heeingrarplediprhesingdoions. m%?ré’ﬂéa’é'ﬁ EHPORYS TR EF MRS Wari et y
of system arghi W1&52s A YA pidbSsork; RGEERICEs, 6f mbadribsar e syst em 800 may
be rearrangeﬁ&ﬂé?r%’exarrgl e, cacge 88605 be on- 5. chip \I/D\ithlétg(aﬁocessor 802.

Al ternatively, cdepesghodimsgt Heslkasagpet yE“ﬁ%“’B%““ﬁB&T@é’a BHFEERE? as

a' processor Dot eofrwik fRHREQEEBPIREdWAE syRRITED0 bEFIET 1L eThesOsoftsvatdreutings ocessor
core'. Furthernore, certain i rrth enentatio the present.
oP

) i ) . s of i nvention may
not requi r & eeoIPris FpPERlE oF parich Pl IRSHRICHIRS IR OCTRPGT EN AP OEH T ‘8%2‘%@1‘”  the
peripheral devi6es B AWoceaoL e thitidly, the seeasithstrutdiday are8bBechma shwageoupl ed to
hi gh performance |1/ O bus 806, in addi tiﬁ{;’ i n ﬁgme 1o 1| rr@igesq&g%%;n?]ns only
a singl e busdewiss sushasmag sioragere0 FAMPT R HESTHF OHBFERRHPRE °&5R B bei ng
cou IO I gd dt 0 t&ﬁve%%-ieﬂell gtg%@ mecﬁﬁﬂh:[ Juex ;({jg(}_rc?gke@d ld]']}R(DMaROND amoﬁmﬂiesmmybe_
included in system , Su S a i gnal .processors r es, or
nenories. | rﬁeﬁgfé’f Wﬁ%ﬂ?ﬁn’? Sgrifh@?f{ﬂg‘ 2p¢ P‘f“ﬁ eﬁ?ceeg’g%gg%l%\l;%%% %ﬁﬁgge

i Pl ement esh &ica suchtk b 8&va@bn 8 BEMOBK, eia hewtorloemmunicatiyn ingarfived2d. hest em 800 of

FIG 11 Th ei?lsetnﬁ:(t)i];ésmger: c:eop{ealf!l:[olrnntﬁes storage device, such as mass storage 820, into memory 814

and then accessed and executed by processor 802. In one implementation, these software
routines are written in the C++ 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 II. 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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15 conprise a plurality or series of instructions to be executed b%/ a
processor in a hardware system such as processor 802. |ni t4@ftpRer 2¢4%e
series of instructions are stored on a storage device, such as nass
storage 820. However, the series of instructions can be stored on any
conventional storage nedium such as a diskette, CD-ROM ROV etc.
Furthernore, the series of instructions need not be stored locally, and
coul d be recei vedAp Aesmikedrbenst e preesrbigecrion grscasesah er@l@ehmé@ketvzeewréﬂeon a
network, via nghuesf it 4 28 ARG A An i lngc BTG bl ARg are
copi ed fromthe stor§ ev%'c%gl suct: ats rsrass %t or%f %lfggé%srfto menory 814
and t hen accéb@é@ﬁ%ﬁﬁlds heeerding o ory epbodimeniof thementmve@tm 4 'R0t BSNERTERA | on,
these sof t warg of bW HD8 Aefo ad 1B abp %Mﬁg‘? and
stored in COI’SI’pIO|% gr % grxaleﬁﬁ"!ntlsto?atgel ggw ce (ggéh%g\?\?/e&\}gé%cg%

routines may 2Bwen m@p@m exhIipiE, ans;r vy install erinjeeinangidiog topbingn tyacteRni ng

| anguages, | Bl AEbicHEbroliRSlySer of ShBles, T serbluALEEBNALFRERALE BRA s, Lhe
pr esent |nvent|on i's |rrpe I screte hardware or rmaar e.

exanpl e, an ‘heppierend Qiﬁd‘éfﬁfe’éﬁf mm;criedm@g?ea%eéas&ﬂtheqmle ¢hasiceyisdesof i Jateber
programed Wwirhbrekilgn %@é(ﬂataq@éﬁﬁ }ePS§Hed (49chi dcRASnQh Fkbes spRASER takfa%/ﬁfat' on. 30
[1. Operation of Exe Enbodi nent s Cenerat1 ng Set of I cles

Havi ng a Rang# &TSWH@PFWY% to a Plurality of Article Characteristics

16 4 Cctobgs 20064 vARryif aiticleRBt @RRYIEs cah BEmPLERA R 4 é&lﬁepexaﬁgesses the
relationship between article characterlstlcs associatéd with a Set of

articles haviogpursdonpigervise determined BHcla sharastatisdcsgan inglude the Hispensipnsof thei cs.

Accor di ng t 0,80 (€S NaEHITBAEh Okt BirRhBSERE, JAVEBknORr, eR, SR arridBRar ates a
set of parts_ haV| ng a ran%{e: of variation gs to a pI urality of article
char act er i st §i&& iggegofihg grticls) @”5‘“@'?@@?9%? pwing, smogthness yeisl charagierisies nay
install an lﬁir}féﬂie!r%dsr&i&ld g tﬁmiuniberi aBlok, RirBigih, QRight B GeiPSRLIREe and

produce a set of article The set of articles,. or, a sanmpl e thereof, are
Phen measurstaBrteap o Abape PrpBEtcs St robUaxuthps sl WEIMETR0f  Razgle or

char act eri st&era@f thidu Egﬁﬁﬁrauhc}'@aﬁ@sul ting set of data is then recorded
read sheet table used r subsequent

(e.g., such as i
analysis. 10 A vgﬁﬁésfz BY%FBEP@S%WSE{OBFF% G 4P E@éﬁaﬁﬁ Hdeywerand
anal yzed. Fomriggagtie, amdmaa&eﬁstﬁﬁ ok &k ibir oﬁﬁ'ﬁ&ﬁxﬁ&d‘l@@a:;f ip€dcess

characteristics .can,incl de Nensi o ar, t , length,
hei ght , V\AI dtclﬁ’ gllvf‘]&?ﬁ]ﬁsé‘?séﬂﬁté é#’eé?rf’celfﬁ g?FéFé‘Fes ﬁ?taemd%:‘&b ;

%ﬁl S8 e or a
gi ven feat mr]_:eodhfced'bmhancthaﬁgedprogbﬁtdfmﬁsem@@,rthaets)typzbm;xmm},naﬁzlﬂaméxﬁﬁeﬁS void

S\Q?Bﬁtcf e;:,lzt Ia%? rgsuﬁ%e cg &O CrerisHEs. th?s 1@B§irutlﬁaﬂy trueLfor Injection mo&cpedplagtg rength,

parts. Measurement error may obscure or otherwise render unreliable the natural variation

_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 varfation 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 variationin 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 method
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15 characteristic, including performance characteristics such as 5235 spray
pattern of a nozzle or flowrate through a hydraulic rest 4 Q3ter 20

di scussed above, the present invention can be applied to a set of articles
where wvariation of the article characteristics occurs naturally or is

i nduced by varying process control variables associated with the process
that creates the article n articles. are, 20.0r Wi 4 pged
process cont PRACTSSRS Sef prgubset preressees thal lec?%ht%tg% g&%g’tqﬂﬁélﬁ lJ9\%@ ?%’?ji on in
the resul ti Nghxadctdrigicd ofMEH@E 18 kipsifires embodimentsthpaprier end lawknlinirsder thor

i njection nolded plastic arts, [Measurement error Ry, ahscure ot herw se
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articles. |fpiokesh &quiient@sboleff Motdove, iha prefeeredform, the megradroitbeirhiapgys

instruments, then variatian should be induced hn i ng
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part variation. A Inducing Variation Article variation can be induced by
sel ecting ant*¥&Fyi ng press settings based on the experience of the
operator. That i Astbfecopemelimg peressessprrtnasiatinrpimoneeshodimendarayalsd he whi ch
30 process .settings to.change in order to i yvaclatd-on.in. ke parts. To
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to equilibri bet ween setting. chan bieY FuP@bdrd OF

measur enent . T PR Pre Fgat o?oﬁﬁgglrfgurr}?t%b enbodi ment of _t he
met hod 17 4 Quncifiddecafié] malding cachnitye cardhte used in aeriwstction with sheespericagerdf ngs
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process set t émgelineme thevesaf artisles prodieed comprisss stidesirom atideairtamber ol t hout
harm ng the. _process equi r i Moreover, in a preferred form
t he magni tgsdrég%qf%oflﬁ% e%%aﬁtgdgg%es?ﬁo%%glé%@gk%etti ngs i s chosen to indyce
vari ation acr oss_hhpyefentdgrn@d@}eem@e&igenfﬁxmemaW$ @)Wa@a@%@ﬂ% upper
and |over speclilGal LoD alcﬂiﬂlsthgvi{xgﬁ raﬁgec& viHatibR DO tdnHe BisciiAEPEdRE LS CS Of
interest. As o 1] ecthon noldin processes, part varjation, in one
enbodi nent , whethaltisaletreminaviehuaf adhidbyprenssssertingayo 3 ispadgipBe pRestess cont r ol

settings ushﬂ%@g@%ﬁg&iﬁ%@g. Q%aﬂpﬁgﬁaaé riflBbRE, Bsob2 €Oibilht eSS thereof. DOE

Scientific/ 'ng techn S provide a nethod of reduci_r}g t he
| ar ge nunbay defifiesefiisient experimenyal seroprihetrllon theexGactos o the siaxipn dpquasor
Fur ther mor e, ;¢ 56} &R, 84@&%&[911 Rl ofrCORRY iR Se@atRtBamsd tlich N
conj unction ]\IM’fO?I& tt?oﬁe 1Teaxrperi nce g_)fgpe . _

press settings to change, DOE defines efficient experimental setups that allow the

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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the nold press operator to determ ne which press settings should be vari ed.
In a preferred enbodinent, the set of articles produced cdripatobsed008rticles
from an adequate nunber of 15 repetitions at each set of process control
vari ables. In a preferred enbodi nent, Design of Experinents (DOCE)
met hodol ogy is enployed to generate a set of articles having a range of
variation. DOE can be used irrespective of whether the determ nation of
whi ch process setAtj.IT@Seiﬁmg&mc;thsramd@q}@qﬁg operat or experience,
decoupl ed/ sci entific nolding pLincinpk ifis BrplEncARABY A addyaing Hevieof .  DOE
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applies to both the desi he b Bidle ch@aderisti€ G aabtimadwth process
settings, 2?5%@“??%%@3%%?&%?{%’36 I cations at each conbination, etc.) and
to the anal yhe st of artities aid stares fhemip HEDPHF | ety of known DOE techni ques and

avai | abl e sof t way S kel RidlRSd 1#Bviddd a8 upBsdi@RbAther UN t hat
i nduces part var F%tulie%%%/@%g?@c ssed in nnrog];gd,et ajl bel ogw, .the %fie %f DOE
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move a given article output closer taq t,g[eg t and

| to red e(gariationin
the articl eslatabase ans mapadly pevich thegetg ré‘ltTr'%S]PWé‘tg%&r Tor to adj ust
press settings hthenfRGRERE LitdwsicheudPlolifpbrbgrild ehargrr@istcivabic darw stakyd mov e
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/ ) . mnin ze oduct yari at,i or 3)
i ni m ze cosvariousidg formaty, swﬁhﬁsmaﬁxml%%eaég}é?eémﬁen% any ﬂ%erzf“@ihko %fr"%ﬁ%/os

A. 2. Recei Vifig, Holh Ghé i%lﬁ%ﬁﬁl@idﬁé fusthMajpeiRvd 18 valitlateeldixti segimich as he pr esent
invention is I nplemented by a conngi'al ng egt\xll ce (such as a special - purpose

or gener al I5phegkingdorddank pelsapd eEsr Yagdatiog ecute the functionality

descri bed herei ny, AR, & dHcYEH 8w, Bhta afput Rbdife 108 isppeetived rewrige eohet cl e 5
characteristics are neasured, in a

¢ ! ) preferr for a.suita Lgured
conputi ng d@F%?OCla@ﬁéEﬂ%qmﬁua%?fémbﬂ%ﬂFnﬁﬁ FEWT{%E', Forree%:{ae?@%)séa&%%gugrt icle
char act eri sty &y¥abYBSpaaERth Akask tighivalict) es well asabparnbd oiwessrarificationr es t hem

in menory. Figure 9 sets forth, raphi.cal ,. user .inte ' by an
enbodi ment  gimitspler allgrasubiet ‘i’fﬁ’ifl?ﬁtcgﬁrﬁ W%lfs'a{?f’%%nbé’a%%eéé @.?(% d?‘%q%\%sgg%s et of
article chanReh@disel e Aalp@SssedhEietiionshinlrdechiptasss patpesandalesignbodi ment

of the present jnvention allows the user to open a data input
\g?proces P P

specitications for a given set s inputs.

1)

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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dat abase and manual ly provide the set of article characteristics into a
tabl e. One enbodinment, however, allows the user to inport 4Peeker 8006
characteristic value data stored in various file formats, such as in an
Excel (r) spread sheet table, or any other suitable file format. I n one
form data input nodule 102 is further operative to validate the data set,

such as 15 checking for, blank cells a r va at i
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regressi on nodul e ecrldeﬁ1 v&es%&@g&gﬁéggg ,éltep%r) Sggﬁmaggeﬁga@ai bet ween
cu

sel ected ar tl?rﬁeféssg er| s ’CS ove, display. nodule 109
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present t hemyon di SRLAY HRULGERIAvherSSeclicAibhBink ardASndidGe @eela@losdf) ows,

regression

..1

B.la. Locating the Target Intersection
As discussed above, the design of an article generally results in a target value, as well
asupper 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
carresponding 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 (thatis, without
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10 nodel may be plotted and displayed with (or optionally w ut he
underlying data points. In a preferred enbodi nent, regresgéagq%%ﬂﬂtse 104

conput es regression nodels wusing "least squares" curve fitting methods.
However, other methods can al so be used. Although the various figures show
a linear regression nodel, the regression nodel can be a Ilinear, a
non-1inear. (higher order polynom al) nodel or nulti-varia 15 The

. e .
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article characterjstics relative t he carrespondjng regression nodel.
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with a first (predictor, see below) characterjstic and a second article
char act er i stigure @gnage ‘Ff’i‘%‘%en&"ﬁ \ %i@%&%@%&f&“aﬁrf’?ﬁs IB?Utécat“}re ﬁgat“ge‘{ to
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4 Cc oger , ug Suc
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and 6 il lustrat eﬁl?‘ﬁgmﬁ?'nﬁfi%ﬂ% ebﬁ@@ilsd%%al%%@’aﬁdgo igwlfargﬁ?% Tita %{ss t he
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Figure 5 i | PUSYT at es. Tt he operator can’change e conbi nation of process
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B.Lb. Specification Limits

Process analysis system 100 is also configured to locate the upper and lower

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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position closer to a desired point along the regression mdﬁé.togengd'ée
enbodi nent of the present invention, the process control se ' ngs can be
changed to optimze the joint 10 operating positions of nore than two part
characteristics. In addition, by changing process inputs, the regression
line can be shifted to a position closer to the target intersection or
shifted to a position such that the regression |ine %ggsesqéﬂroug qthpe
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addi tion, acess analysi.s .system.100,is al so,operative tqg. |locate upper
Bnd 1 ower LRI b B RRE ST cop e Sl LA e tppet Speelica P AR
relative to iddeat dgrlessi sonallervhabahe lowat spediftqaries BntcddriXon al | ows one to

determ ne whet her the,reggession |ine passes 21 4 October 2006 through
t he acceptabl e regi onB‘g‘&g%&%&i%{)nteﬁV@ﬁf our specification limts. In other

words, this repriasiautat showsairdcesssindlysis systele i@ miaynddoiaddupgrer ol lobvet her it is

even possi bl given th rrent . pr S_an J.nput s
e e e o PR R At RIS BF L adBiiaton b oy ng

manuf act ur e S e ad
t he speci f dcaagnindd of the wrislgligriabae thegegréssion egrds bi apa embottinernt) fegrassiohor a 5

det er m nat i OB, he b4 FRNd: BRI AR Yo BniluPHPo At oid: BticebR il &4 Kased AN9E) T OT

the X-axis
set of article characteristic value pairs using known statistical methods. As Figure 8

illustrates, locating the prediction intervals also allows for an evaluation 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 derermined
through the use of known statistical techniques.
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characteristic that will yield articles where the Y-axis Cﬁée@}eﬁdo%t'c IS
wthin specification limts. This range determnation allo

manuf acturer, for exanple, to determine if the part is in conpliance with
the specification limts for both the X- and Y-axis characteristics only
by neasuring the X-axis characteristic. To conpute the mni rrum X-axi s

article 10 characteristic, process analysi 00 co % val ue
of the X-axis ar mmﬁmonmwailmélﬁfﬁgfﬁlﬁ@a&ﬂsmuéTﬁﬁPﬁ?d}e g%) o Qﬁ%
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exanpl e, thes Eﬁﬁ;ﬁe‘ﬂieubﬂi&&%ﬁ%;}@pmﬁﬁg tHegercémig:lotwenh therstabutinelit e on
intervals on el he hi gh or owrs%‘ In this.ase, it is virtually

i npossi bl e tueer veapgsto hirve inghled iy Rrtyesn thegre Beon ey gf en the same process

i nputs. For exanphepreastnChidckhdic Figure 8 nodels the rel ationship

bet ween two artlcle charact ristics. resulti m.an 1984 di ng
process, |Bcatingn F‘&é’?theﬁ’feé?rgé‘(‘:"ﬁtlf’ﬁa @%@8?“ ncltm.jd g §s§d %ﬂef}‘é‘?ml d, in
its current,gldhfine %%c!lﬂ:tof‘@ﬁard@i&l&hd@ immpaficnoing peocepets. Bronesmbeiment articl e
characteristics. Fur

her t he, t Sec hin the
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o™ 1S be Bl 26 G Bl Rl bty ot cber

det er m nat4oQRiad Chai-a&leﬂbtm tabea pi&dicmll of arledr aEslebearraqtﬁesﬂR& é?bﬁ@d@ﬁalil %f(’:‘t eristic

(see Section | . SUpk Fi Lo conpute the
m ni mum X- ax® %E?rt E’:Iia‘éta&ﬁ]efr 8% o &6 du&% H{eﬁlgg:nggs&gna Eg;?i&%;sut em 100

conput es t heomdinkor@ithar Ifr&ls%eana];zzedlto i r;ledhsmﬂé]@tlbﬁei ﬁOF exagple B RE | ower
predi ction 31 article characteristics would require analysis of over 900 relationships between article

characteristics. The selection of a predictor characteristic reduces this to 30 combinations.

=

55 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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5 interval intersects the specification limt for the Y-axis
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upper specification limt for the Y-axis characteristic. In either case,
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er articC

iven 20 artl characteristic to_ be_ a predictor

ghar act erj st ifcsl %ﬂlﬁ‘{%"s% néeefqrgg%lg,far g‘iﬁﬁf%etéhsé&af@tdéflﬁ@ﬁe@cm?qféfﬂefore
reduces thelolpwmﬁércﬁﬁraec&lﬁdtﬁ QBBdsé&éxﬁimé-tme‘ihon@s@@bM ons that must be
anal yzed to a rel% ga ?7 subset. For ex part having 31
article characteri "’c Tdickog Grarasterists. jate C%ﬂ’ pgasion godule EOSEEShs hi ps
bet ween arti edgeessichabdilé BHits ddrasinelheregRbsirheR] tween Bk ﬁﬁécﬁét@f

characteri sti duces this .,tq, 30 conbi nati ns 25 1In diti t he
sel ection of g %CE EBPH%W °BF- PSP &3R5 %%Ctﬂ"éq@@*’inﬂ gﬁ?“@? ways to

facilitate despaiing mldddcaﬁ:acmmsuariﬁkemwmemmlo hﬁlsjﬂ% Aaeachabled, e tder
Bt 0 il R Sl Bl S0 O RS S0 DS RS
only the pr edietmodinteat, bakdon dicequatiee dintng cheregreaprnedel, ghdérhiRga tgtion
fo et el e el st e ot ewﬁeg&cﬁ "

speci ficati on. ' ion of a
predi ct or chpnedactedx:hasaatmsaa(sc@mmg to an enbodi ment of the present

i nvention. data i,np erativ to
recei ve and st or Zﬁgi‘ﬁ C tol%ﬁ) SRR med %%SP&%I‘&OJ:@R]LE%%’F ﬁ:(rg;&r efa‘lli“"?;l‘“‘o of
articles (& fgidlmaaltfca@hles mhh&gq&mal ®piegenvanion presannal td @sarg Figure 17 illustrates a
erbodi nent . Repidiol gkl Sl BBt b Tl B R s B e BT ov, 1 5
operative t oprpdéﬁtpm}ma@mluﬂ a@dla@mshc(:@l charactenintic with allicionkd fearumesrlisdcnged of
correl ation ggef f]ﬂis‘f:!a?%oﬁule 108 retrieves the regression model between the selected predicted

characteristic and the predictor characteristic (step 302). As Figure 17 provides, display

25 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.1a., 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.1Lb., supra. Display module 108 may also graphically illustrate the minimum and
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between all conbinations of article characteristics, conput (5 on g& overal |
predictive capability of each article characteristic, etc. ‘? tiePey

article characteristics according to 5 their relative predictive
capabilities. In one enbodi nent, display nodule 108 displays the ranked
list of article characteristics and allows for selection of an article
characteristic as the predictor characteristic (see step 204). As
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provi des, displ ayin@se ewwdin@nn,@ssma,n Iatﬁisswéf@a@égrﬁm@qué%@éﬁfﬁ the degree; he

target v al u e?f c&%aﬁ’&dnaﬁ&m%%gb C#\E’&%fl e&ﬂrﬁﬂoﬁ%ﬁ’&e%&%ﬁfoﬁ@b&ﬁ&&t H?@icﬁ%&a@ﬁ’et stics
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oundation varlab{e as the Reaxis vagaﬁatlelz 5 Qcalttlerrglagram Qv%hld be then created for

u

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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optionally, prediction intervals (step 312). See Sections ILB.l.b. &
Il .B.l.c., supra. A variety of interface displays are possii5icibersod
exanpl e, the equation defining the regression nodel may be displayed to
the user. Moreover, the maxi mnumand mnimum 5 predictor characteristic

val ues may be di splayed to the user, as well as any other data associated
with the article characteristics and/or the relationship between them In
one enbodi rﬁg&gam{gh&gé@ahieeqjabwfaiﬁrdtenick(cbarpqt@%ﬁtf@ﬁw@ﬁoﬁl@ﬁﬂréﬁp evi ce
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be based on BredigPsgharacteriatic Wreﬁg e %E)Tf‘-?g% ?%ﬁnés b’eatgween aﬁt[i cle

char act er i sfliesy, ellodtesthatotielatiah boeffivieseberveess alb erpselecte®subser of the gygishi cal

Sel ection 15 In one, enbodi nent, .a use . Stiall-86 seli-RAnIREl t 0
visually as s‘%’é“s“crteF%mB@F n aget of 8ﬁc§éf§g§%§k}3\ﬁ§%ﬁ%ﬁengﬁ%\o a visua
estimation Ofophlages & Bdrfeditivh icaaffictae tabledFignte 19,Sectivadh (%M@ércorﬁi%? am The

cl oser the bou ry .or perinmeter arou h HAES ﬁ}ﬂﬂ&g@ég&g&d@e
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nori 20Nt Al O DGR 200 ERERRRLES s Bl SRIRersT e BuuESSc0an assess

the scatte SSI I nations of a e .
char act er i st@) ©f cotrayehanmerhots Aroohputingrthiowilvran be used, sHeRASSPMBRLNGARG ¢ or

di agranms used coul d be .great r - Bk ohe article
characteri sﬁvﬁmg%wgltotu?%\}%oﬁ ee‘J lgﬁﬁ§%| 0%3%&2?’—??@%‘? Usi ng the _foundational
variabl e as the Xomxagonmodubdlos then ranka thearticl charagtieriswiss Rerorstng A i VEHER t ed
for each remainj rticl aet.erl st henlli L thekakpd Bitbed on t he
Y-axis. Pi clﬁoﬁ’@u’f"’ﬁ%%?J"(gﬁtﬁggﬁ)b%%pfa& tgg‘gfbdgl%%t o,t,h% predictor) article
char act er i stdisplayalevibesl® asdidwahe hsstioiselert apredicks chajacheristie Passe aklpast HRET  or
can be_randogl . plgKacafililes fF il HAk ASRRSBARTFAE)DAccorigbional if 2
rtrcle

smal | number®o aracteristics are involved, |arger nugﬁg of

article chamdotierens thegser makehis cheisei(FieRHAb FHERE F1E %Cﬁ‘ﬁ??ﬁl{g G i\lﬁds,

requires (at ldﬁ@&tr g;éggio@%la&hé ®aho ccﬁﬁﬁd@@tﬁ@?@gmﬁﬁ&l Mol Hetvieet Cligseibitad) devi ce
eEp

to anal ytically Sertect redictor characteristicg. 30 B.2.a. 2. Analytical
Sel ecti on ofprRtiedi @@mpte@ﬁér@é@%ﬂ%gwcﬁéﬂeﬁ‘ﬂeai @’%Feélé?‘isé e%‘?“@'

predi ctor ghar ach@r i Sfddfion LOHRNG: BBRA;FE Bépulkal vstigahy Qfirablebetutss 0i 08
calculates"the correlation coefficientS between, al | 0{6&6}? subzgstthgf t he

article chaecwiguei Howewst, inpaprelerrh@abodBe 4oy atjoRanodiiied\} RESE8 r el ati on
coefficient Smetﬁoclﬁ%g&'@esgﬁbedbelow.
B.2.a.3. Population of Correlation Coefficient Table

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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4 Cctober 2006 indicating the predictive capability of a first article
characteristic relative to all other. article characteristd@do0eaa¥6 epeat s
this process for all or a subset of the article characteristics. Figure IS
provides a nmethod illustrating a process flow associated with sel ection of
a predictor characteristic. As Figure 18 shows, correl ation nodul e 106, as
nore fully described 5 below, calculates the correlation coefficients

bet ween al | ohe measwrwentadtadortad dour pares preduxed furing one aghinetcpelé. Skypteslly, Besed on
a set of arti _ j .St " i gure 119, . By, and
popul ates a %%#e?agﬁél??%%}cg%{g Jf:siagei 1%{e(%tb&tg (g%f %%§E%%%eﬁ¥é%a§§?t@%28g€)ef’st ep
402) . Corr el gteroinno poduhist hag@quiteethiconput es a val ue indicating the
relative predicti gm} Y, i i Sty 404) .

I n one enbodi msntltﬁe(\)trl ﬁlé‘rfsl va %&é’cfga%ﬁ@qg%%gééggh%d%@%é%%@g C%B@%?%es of

t he corr el af rosrelativeicpéiitients @edordingrogtapdard siatistichlanerheds hanangial mitisle see Fi gure
19, Section cighacifleribOtiifine AR indiBLAA iR GREPHLLAG drBIck alete can be
used, such as conputing the average wthout absolute values, conmputing a
wei ght ed avethagasteristie andesnk glearticharhatsergrisics amondingrio ehetikdativepregictive | e
characteri st gs@geording to the values conputed in step 404 (step 406).

Di splay nodul e 108 then displays the ranked |list on 15 di splay device 818
to al | ow t he userFiguse 3@illgetrates agresheidderoreladnaibe eqrrelation cosfficieat @ble| east in

part  on t hediRhREHGhbeASBRRARLD bHowRSin Bhe dflRdffdnt, CbPel A RAMAILR 106 hIaE- St €P
408). According to one di nent he user mekes his_choice (step 410),

t
causi ng i nt e%‘f%@tiabﬁ?effécgﬁw %hler(ﬁﬁﬂﬁ@) andyarighlesgpsosigted madrthe lloaramsHEi & 104
to conpute tine rdRIASHTEER 5D IR e RIWRRRdBGBEIEEEA 50PHAG0S) For

characteristi¢ and the remainjng article (predicted) characteristics (see
above). 20 ﬂ%@a%wm%&si asrmeseAt CprEslation modBledOG Rpprats oOp Hisritl et aissieRef cany

sui tabl e pr %ﬁfc%ﬁlﬁ%ﬂé BCHREE. InidaveNSdimdnR, cBrr8AfinahdRI 16050 HuR Mhe
correl ation rml_r(égl e net hqodol ogy described bel ow. .B.2.a.3.

e 106 executes the 2 ) _
Popul at i onlgP FrtosticuA: Resweenite EptartelerharaneBEHc Xy apdihs sepRAAECIE ndust ry
practice, th@afadeRstdqv-5 badedh thedfldlchRraEBARGAIRE if tHeCorrdPoidndleolunfiie
di nension) is vergl cal | y_arnré%{rhged n a colum. Thus, each cglumm stores the
data for orféBAtP)onemelEing maopledprhenprss the pompyted comglatipreqsiliciep(in the
neasur ement egahpleA.998Y3 Wi the uppgePRABART @meh 8MBe @BlTBAYB-DYepHR).as there are
article characteri| stlé‘@.F th{le of ten than got_, t he da];Fa |sﬁ§it,red .n an
Excel sprea&%ﬁ’@@'ﬁ“?nﬁ}o & the fricuigtes theicpaelatinn FapticicRts berwes Gatelf on,
t hen, eachoeodfficient(Ba) askht feraindigfcbefictetts anlihatpinglies raetpasitied (B) with30 Each

row represents the article characterjstic t [ple article

characteri stef‘@’ss}lccfeﬁﬁweéomg AP S tsfer?t"tpﬁgﬁciéég%%l%}' nj ecti on nol di ng, each
row stores the dafter comsladominedhle®ob feaches dietgt emaindpartethatacrgstiystep. | f the
mld is a 5'5?49! FrERU (¥ cgmnllsu ed c%rar(e:jati&? é’ge&fc{e]lnts GO AL 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 322), (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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measurenent data for a single part. However, if the nold is a 4-cavity
mol d, each row stores 26 4 QOctober 2006 the neasurenent dat@ctéher 28061 f our
parts produced during one machine cycle. Typically, the sane article
characteristics are nmeasured for each part in a multi-cavity nold; however,
there is no constraint that requires this. In one enbodi ment, correlation
nodul e 106 i ng¢l,u functionpality to,determ.ne the .5 rrelation. .
coef ficient snE(1 ‘ghccgglr |Cr?§re?P8n§‘P %%%raam%%c P aﬁlﬁ%vts F?(r)(rj%%wgﬁaﬁ%%’mtufmé’?ti cle
char act er i st iaf 8 yahweo(aguidreavarage)linrticatingl ihe atediceivadapahilitiqs oeudie africleehaaapaisiits t y of
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according to (ﬁ(%le%?glﬁlﬁeﬁgsﬁzﬁobeé)bredi ctive capabilities. Figure 20 illustrates
a method for populaisiapgpreduéronche sose-povidabdesdriptionnthe pratrsefof popdlasogihsed
Pl 1S o0 s Yarth SRS lle ARG ETIOM IR Mion S AL B SRR 100
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the articl €0 aih¥ 8 there woild be oven 680 sows foh 80 paut chempwrigtiong col urms  (step 510).

Correl ati dul . . Tol® atign coefficient (i
the. exampl e, 0. 903837 e ReRbR e ok g P it AR e B (At |
B=I) (step S¥mhodingmtpkthatablspopuldtioriconpeessierigaishpubepregoushematione @t i on
coef fi ci ent st Wes0 uglﬁwdl cﬁ&%mgléztcbﬁ's}eﬁtio 2Onge8k: Wi e disnd %ﬁggraar_&mge g

remai ni ng coetrficients , Incr the T ow position w t each

asi n
successi ve clnptivgle udplesharacseristie iS(Vsléfégb?lﬂEp@e_é i @hanm Tde 5edipds deparibed
correl ations E@&H%ul%l%%c&@ﬁ‘&ﬁl&ﬁ (it R Shea FHRin leftic o GlEriGigfgcteristic

(step 514), it fetches the cohputed correlatFon coefficients I1n the first

col um ( A=1)horizprialyaseanged in g sove aind thnalgorithm avas edeptedtiorithas datastrpesurebforone
lative t ] f i, g | inth
opropr o o SAERRElalkR B sl LRI AR NSRRI 1 (e

appropriate cells of the table (step Cor n

i ncrenents t19W o grrelation gestfigienss rathspthamecojutsd the article characteristic
identifiers (X=2) (step )4 Almokivé BhsRimQe) and sets the cell row
position equal, to the_columm position (f%B:Z) step 524). Correlation
modul e 1062t hen &WPRSEHES £, & BICF BRRESE o Tensaipnalisy disusssd ehave i complétesecond
articl e chardetettisd ofa pteictdr cARdcrbii@ic hid Vi tHelstfite® dBEAMAGAtB FleHrdderbr’ =3,

step 508) 30, (step 510) and stores it in the ropriate cell "(A=2, B=2
(st gp 51)2)_ ?tg?s&iciag e XAk variqhpand inclluding spec%ﬁgtionplimits, and optionzﬁly )

prediction intervals. Based on such scatter diagrams, the user may select the predicted

characteristics that are robust (insensitive to changes in process settings) 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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repeats this process until the correlation coefficient between the
second-to-last article characteristic value and the |ast & ®¢tettes2006
characteristic value has been conputed and stored (see step 520). As
Figure 19 illustrates, the resulting colums of correlation coefficients,
27 4 Cctober 2006 each columm corresponding to an article characteristic,
allows for relative easy conputation of a value (e.g., an averageg

i ndi cating the prédlfa@ﬂttaleumrhpmdingpfmntbbdmtetdmhqmtmluhma(m grssstinks  (see
Figure 19, seghian A ChHi,ption,
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popul ati on/ conpr essi 0 gor | reviousl'y nentione maintai n the
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single arti ct@%ﬂ%’&%@e@?’%@t“t@w\ﬁh@eﬁ%ﬁaﬂﬁ% i fqr lﬁi‘ilqﬁaﬁb@(f’mﬁl & cppigadiicbet he

al gori t hm wageeR eiapisongd @&éﬁﬂéﬁct&%&a&ﬁ&ﬁkﬂﬁ@bcﬁ%&n thfebﬁﬁescbﬁﬁ%un hiep-aver age
correlation coefficjent g be corrput é t aki ng the avera e of a row

of correl at i BA%chrothe preditied chagackraistic Tus: Eny native

Enbodi ment  2RgdebsidtRodlvaste AR is p &fdéﬁc%ﬁmelaﬁ@ﬂbéﬂﬁr@enttﬁ Ifegteéat bRtk
di scussed above, to CrTHI ete the sel ection % a_predictor_characteristic
E ¢

and vi ew t feAtSchs pre ShyracHRsists, ftigan elyi Mtha@ﬁ&e@&déqt@fst ic as the
X-axi s vari adtacenistidig étéﬂ tﬁ&h BRASL bif leds@hdnTmid, feh the pREMiLc QP AR} AN

prediction intervals uch ter djagrans, ,the user may sel ect
t he predict e‘ﬂ’ﬁl WH?S%E{?F@FH Fa&on &%ﬁ?&@ﬁg‘kmﬁeﬁ%@@@ﬂﬂ?@%@hanges in

gr ocess set tdlft@&)a baeteb i ﬂﬁltfemaﬁagsiuﬁlhgeaﬁttdaﬁ t}enebeg{i@ﬂtagtsu&tglag&ef r omht ge
ata set to e | se sel.ec n ca so be i she
anal ytical |l )Prfﬁl;t %GWCFF%UCS}T @ng ‘ihﬁ‘?é’teé’ Ct%fc t“ﬁ%ce]fl%r"@gg del ,
the | ocatzocspecﬁﬁmdusﬁ ope of the prediction intervals and the val ue of t he
\ljgffgb?gg | ?\Iflve{)n 8 (ngece:%lé r%%%#%%ﬁcd@s&ﬁom%as abtg)et ecttdggereex of%:Ic))(rlreﬁat:tondthzreaXI S
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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characteristics have prediction intervals that do not intersect the
predicted article 30 characteristic specification limts. [4Pai¢hies2@6nt ext
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. M ninumand Maxi num Val ues for Predictor
Characteristic 28 4 Cctober 2006 To_facili tg#‘e _ungm di ng of an
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speC| i cation

imt for is defin as ,P-ma See Fj
i nt er sect i orsppaificaEamlimidor thepypdstes aﬁﬁ?ﬂ%—ﬂc oéﬁﬁ‘“i‘tﬁréeqt 318 5&%@’& ?ﬁe‘%c on
| Ihmt fgr % 1h§r&%%£ﬁﬁl&ﬁer@pé&fﬁaﬂddhn§ﬁﬁr ﬂh@@fﬂd.{cyedhﬁara&a@mfcl Aslbngass thong as
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then the pr %F@?@W@W&Wﬂ‘é‘?b%‘{"%@ Fpg ang e ik Rr%bcg%is*?ré%l isiS “ilﬁlﬁ‘lgt s. For
this regresgian ipsieificativigingts! e erhboditdnt dodan bos metteatof mdgmetmwrhOWhe
predictor characteristic 15 and the predicted.characteri
definitively %Péle‘i‘%ﬁ’[‘”‘??w ﬁ%bo ﬁ IBP%eremeb H%ﬁegé PETTEE E%YS%SEIP ]%C(%g er than
P-max or |esgo ﬁ&a RalMwideht ﬁ@mnétaeawcﬁﬁuh‘sﬁdngz Haovevtrethe ster will uve thebe
out si de |ts S | catlon llgleéal-ﬁﬁ Anot her way of expressing this is to

define thel eI RRSSh S8 P-max as P-range. It can then be
said that as Iong as ghe. L@fs&dmcrmefmrmembmhasmmsns within P-range, then

the predicted chgéa{%t eri gve t‘%&fﬁggl@g%@g%@@n%% SOB%CI;%E %! faoigvc%@ggause t he

regression nodel cor &1 4t ere
uncertainty sifiplifsd Elgxaﬁﬂﬂupalkzﬁlgoiﬂﬁt\miradt charateristiqsr Eukicotal pragsicotalgiven The
prediction interva

t he uncert alﬂﬁ‘fﬁ?ftﬁ%tﬁ@l@?‘zﬁ%\lﬁaéf %daﬁb e%ara Lmsucggglg%%?t?%éﬁﬂgac? ‘2%“?’5?. l:l gr;nl t/:nog
val ue for iohro@idmalypas temhammtﬁtreherqiermve@cgiareelCJ@lslzﬁnﬂﬂlbl;sﬁh%lt es use of
yfiasys

the predicti n I nttel:a;égclcﬁimass%&r&?&nﬁﬂeﬂt&c@f@&@&ﬂaﬁ’ﬁ&?ﬁﬁé ﬂfknﬁﬂﬂﬁﬁn Fmin§nove t he

effect of s nes are shown
| ocated in talné makipium (Pymax) values for the predmtor characteristic as determined above (see

Sections ILB.Lb. & c., [LB.2.b., supra).
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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of and approximately parallel to the regression |ine. Thesq(%&mgﬁxgge t he
upper and |lower prediction intervals that nore or | ess bound the data
poi nts around the regression |ine. For didactic purposes, the upper and
| ower 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 xi mum al | owabl e ..r ange for
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Cyprcal it ae ERges HaERE HE b R R BB e ety |
have the 15 wegikisin nedelpmelnding thegprédiena intefvds?32 aad 054, hgeeerBh2 predic@onst r ai nt
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: ,

one enbodi nent," 0Cess anal ysI's system 1.00 is further operative to
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ate a_ ' e 100 1 wleg theach
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val ues for the Ictor characteri : . erm ned above (see  Sections
| LB. 1..b. & aealies ¢onmplepelpywithinrhe eompliznesregidvethepresicred;apticleiigragteristicds Fj gur e

22), the moSELEONGAHE ﬂh@é&&&oﬂétﬁﬂ, Ms@ Rhialysis system 100 sets the minimum and maximum

predictor characteristic values associated 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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25 m n*) and maxi num ( P-max*) val ues can be determ ned for 48&063359966ct or
characteristic. See Figure 14. That is, the nost constraining m ninum
value (P-min*) is the largest mninumvalue (P-min) in the Constraint

Tabl e, while the nost constrai ning maxi num value (P-max*) is the snall est
maxi mum val ue (P-max) in the Constraint Table. Figure 22 illustrates a
Constrai nt Table according to an enbodi nent of the present inventjon, where
30 "none" nembsiohéidn. b e copgreiningrelioewshipsyyeesss dnakisis eyistem 1Y eompRiFestife
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upper and Iohwndedyegrisionater Hacqmpigtely Wi tbﬁ@’ﬂpﬁhé’g‘ie@fear 8y LS EEEd i st c.
As Figure 33B,iliehsid RhfSainsthEptMQbOEEORtridiEahdnSt Iehte ofiee@itnl diassheteidnby t he
regression nodel, including the, pr q%%(l:c%hﬁn intervals 252 and 254Bﬂa?etween

t he predi ct oM theiprpdeeiregression area iy e tompligns AR Pt ipt one It e 33C
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| ower. (LSI.. (X)) and ugper. (USL( X)), specification, limts.of the
predi ctor char actf&¥EsEpeysisystERd algp dyrermyine e PEBT ARSI b npar es t he

bounded r egy 1?@&1:@31 RuEErfOintdi@ct thofpiplianeare ngag kmvwasempstatibel methads. onshi p
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reas., | f the bounded regression . area |ie 2t el y
within the JoRprAERd theayppgiand gy 8?@&%%@5315?’?%@%%58&%0 %ﬁ%@#‘%ﬁ. s
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m ni mum and paxi mum . : d
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regression area do not intersect the compliance area, then a defect potential exists. If the

25 upper boundary of the bounded 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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predi ctor characteristic values associated with the first renpai,ni & article
characteristic to 25 the | ower and upper specification [ i nitgctober2006
respectively, of the predictor characteristic. If any portion of the
bounded regressi on area extends above and/ or bel ow the conpliance area

over the specification |imt range of the predictor characteristic, a
defect potential exists, causing process analysis system100, in one
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the conpli aascadingtaorerthbadipentet redrésentinvepion Ry FERrlEEPeRdY BEMSal 1y or

conpl etely optisjile; &9@1' Adiadht tAErOfREH fdre thedbghupsfettieet Or
characteri st#g%ﬂgglgpg&’g%{@?real .'in“g@%%% Octt(gber ré%%? rel eti%ﬁshi In the
58

const r ai ni ricaoaketical pronestiesp Fonsrepple @ camglrtesipackegsy rag ‘?ftc%‘gp‘ﬁtg the

m ni num and ' EEdl G tHe RRP & Gle&bdps hidhonadae sedrodl offdees gdftedi ct ed
characteristit. S{Fggﬁoﬁerng%gﬂ one g%i,l led in th ﬁ?t Wi, | Oegégagng% e that 1)
.d .,

one of the tkgressioparasielinene prabosimensdpPER aTpotiGe #S 2 Pagd she BPr ai ni ng)
di scussed algue.HUSH BNty infival SiRerks €1 & oftRESretibesly @hphiicdnahispge di scussed

above are nutualty exclusi've, and 3) if two,kco tion arLﬁ nown not to
exi st, the tusrdley Rresras anakypis fiseem 10Q FaqompPAed FHRIHITAX A BAPHHBNSf t he

possibl e  pet@kiARSTHHRS Als Fignflentinfsirtds, process ksdysRiQystath Woesartiagwitighes system
1.00 need not test for the  exjstence of the oﬁ her relati on%pjjﬁgs. I n
addi tion, prise@selicterhehpeiceerisirdpes pepdBlecampuEss thetpper apt ?nshi ps in
any desired jifar (b]gllrQiaﬁ%h VA& f(iﬁ'ifhé }bﬁﬁﬁﬂe@ cEaS@te@i@lﬁc a\IMghd uppec@is) ZtﬁlloWehtel are
many ways to_test for the r at 1 opshi ps di scusse oye., For exa e,
process anal(:8h)spesjlication imiss ‘?ef Shsdrecdcrgr ‘g‘é‘iﬂ‘été’ilsucgg(i%ﬁ(%?a of diglactic pUFpozes,
Y edijczl ed argihid £4 iﬂﬁﬁfa@&&&él&? hyl;,]gar bbtfnd&lﬂval)dellztltli thetiglruppa-boandaryonn | e042,t he
ounaeda regress n area are tu r pa‘t a oyt si ge ne.conpl 1 ance area.
A predi ct e% th‘%alFétt?%’feéE%W’é’é’PJ@F ?%{%“8 d?,fd’ﬁil&iog‘ﬁr%oémgﬂ@qﬁ %*gdh}oc?ebe robust, if
al | verti calenpp@ifens £6kthoa al@lattdlie Boimbay naled at thg upse andlosrespedifie@tion
conpletely withip the conpliance area, Lastl .t he edi ct.ed.
char act er i stimits E% Predichy %ﬁéCtﬁ?Sé’& :E)%SF% po @’ﬁ 5?%‘%?189 8 ?‘?ﬁ’én%fé?%q&% uppeand o ne
vertical croggerpeeidion int@walt, bervRenithd pebdicegchasitaistianebthe preflistelly i nsi de t he
conpliance ayea and, | east .one vertijcal , cross-section of nded
regression z&L@éCtF‘%mFu Togesy Analysls sYssi Ebb g]?ff‘éilet&gmflﬁse‘%le@% ﬁ?egefl)l?:oél ké;a?%gag rocess
anal ysi s sygtee Mghfi24) ar vitltwrhd édve corhaeofwhetdneliaide erea pldetiacthy thowpper 20
predi ction bo aries..intersect, the conplianc ing.k
conput ati on QP‘&I#&CF\‘?&%@CE‘WB ﬁm'étﬁ Bfr#ﬂi B{e&lc‘f@ ¢ %‘%’rﬁ‘%%gé a%ﬁag §e:ncg)t\%ias'r ﬂﬁ’% ndari es of
t he bounded embotimes, omehoé ar fihariondis dalled to thererminenphéthercles kauadary valuss pr edi ct ed
SR ha\rcg‘n%]g)u Ly 2 tolvg edcged c%) fdﬁ% co?l?erst ot tﬁngmeizﬁlgé 540450, Inone 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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characteristic. If either or both of the upper and | ower boundaries of the
bounded regression area do not intersect the conpliance af@%?dﬁﬁgﬁma
defect potential exists. If the 25 upper boundary of the bounded regression
area intersects the upper boundary of the conpliance area and the | ower
boundary of the bounded regression area lies within the conpliance area, a

constraining, rel ationshi LSt.S. g i€ .3 YreBicribie
bounded regrgggﬁeSanlfagﬁe#?ﬁ%ps% rgs"ﬁ%#iﬁg\y\fggagg@% gﬁﬁ%‘?&%ﬂe c%rr?plciuance
area and t heinsgpaosbawnthaddywidf the erdssiommedt! besyradbt predigrosand predictéd t hi n t he
conpliance area, a constrainjng. 30 relati j LSt ;

enbodi ment , PIAASESHS F%tif@i %@é?ghnﬁcfg‘aﬁ%ﬁ%&? J;jsjta ?%Hg’eﬁ?%lf %ﬁr@ﬂ ?Str%%al ues
of the upper trcimsgice hednetheothe ippergzdictivaingewl 352 non ehalpyepresirdior oner

specification limts of,the predi hepl St b whet her
these val ues™FTEbMIFTSREARSC |p§ancg5&%9@$tc‘i %@ée%ﬁ%ggl?%ﬁéhﬁoﬁgga%ﬁéﬁéﬁﬁﬁﬁ ance
area. The f otdalnaies chefBoaleindebies discusted alhdve ® deseamine sdethor a difeshermfigionpur poses.
Figure 23 is a flow chart.il] in t Constrai nt
Tabl e accor @y P§°S 03%8% i%ﬁrrfégn%&ootf) gf%%&%?%ggﬁ:bgﬁﬁl\gg%%’n#Qiﬂfndaf)ne_

embodi nent, camys saetadleds posndaldotvefects axists sHowevdr, ifnlyonpesrhan gf qaplepair

constraint table are.tak fr er. 5 anal ytical

processes. Fﬁfxcéﬁ%%ptpeer?@T%%%ng%%?ﬁgg}%ggéggseb%&r@' ot her procedures conpute
the regression ribaddfecapmeritizherists, process epdysisisyntem KO peponindn Beaambadipicht er val

of fsets of the r ' bmin) . B OL po thdh A br@fidtdy, such as
a spread she%ed#$%9@%%2F%%§ lr%?%?%%ﬁt?ngg%k?;unﬁéry I nt rrval of fsets as
wel | as ot hechapcevistinstey 700 niiob defear apnglition indesectadsprgcesyanghlysic SEEMEING| ysi s

system 100 t i8R IR e @dtREackQisEORTbERE Rlleadidbl €.
As Figure 23&#?% rlgets’elgl,)&per%gbgess a@?@%‘ﬁgp fglt em 10%, 1sst arti ng%tﬁ)z& t he
d

first predi cwisbinchespedficaripmlinis bos ¥ (sep plO¥Jr pre ehvgieat ASERITARID | over

prediction,. 4| Sfithe redi Gonak afsbikddst i ¢ at
t he upper &gg%&%\rﬁ%ﬁ%ﬁwﬁ?ﬁeﬁ%%ﬁm fi c%%?%%élt%ngogg o atz‘gie, predi ct or
char act er i stahovelistveighity e ppecifisatian Limitstof the pradjssessharacteyiggiy B aslditiop) Figres,t e

the left u : ; i atice 242, 15
PPSEA agg gﬁlggrﬁ%lu%//ag}r H@s{%ﬁ% c1g§nugrﬁtaﬁl:£ Rihe HRREFre Ol Siaiatt

the left |ower [ _the right lower boundary val ue 244,
In one enboubwserdativatathe mél_cwap@mcaﬁr@a&tlﬂée Besdiceed AGHFLRES lséf’b‘{sﬁe upper
and | ower spegictd agﬁfpléiggfst 160 beBs Bhintbe RIRE ke PEaroR HACH el édiGobased on
the regressi'on nodel, i’'ncluding the upper and lower predjction intervals,
bet ween t h? qhersetietistisrand Resorthe WRRCT PegiHertipR dmifobthe PReUiF Tt BFmATFiFr 7R
Process analyg)j s system 100 then determ nes whether these boundary val ues
GO e By othe & tkuwiee Mo tefict BRautidn s af2LRT At L plefieel SR ARES1 062 25

robust, process analysis system 100, in one embodiment, computes Pmin and Pmax (step

714). See Section ILB.2.b., supra. As Figure 23 illustrates, process analysis system 100 then

25 repeats the process described above for all remaining predicted characteristics (see steps 716
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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and |l ower specification limts of the predictor and predicte
characteristics. In one enbodi nent, a nethod or function i & (g%{?qeéaoqﬁo
determ ne whet her the boundary val ues ,conputed above exceed the four
corners of the conpliance area 250. In one enbodinent, this nmethod returns
four Bool ean val ues corresponding to the respective corners of the 25
conpliance area 250 and indicate whether the boundary valyes are within
their respectisgy, Figresl7s an@? Gmapbicalliallyssiate ciipapeEARcedURers eMET enbodi nent ,
uses these Bool ean.y - %ﬁ‘,&ned %h{ e Jdih@ e b RRtahaysifpsetlef ect s
exi st (stepplfgig)%.%gl@:{%]ﬁ%ign%%ﬂs gré |c'anlgl%;ﬁlégﬁll50l ustrgitge pot e%t'sgl def ect
condi tions Beftfissaletarhinepthedignobihe e theardression madl PErdisHaRinEs-
char act e St} & Llan fysie &8RO Bk Bipdditénc! it BEGHIRS 0 velharardeediati ¢ wil |
on

exceed a spécifica 'rmt wthin the specification limts, of the
predi ctor 6kbarenteristic st the jntersicgon of shopperpredistion;iprervalpad sheapRFISPLHIERIN e 250

defined b he ol i ’ i . Iih e R
Cedictor ?{%ﬁf&p@? Eﬁeglg%h%& ﬁs(ﬁ\éﬁﬁunﬁ!ti%'-%ro%%@%&aiy Gabsk@noolihBid s of the

predi ctor and pre aracteristic. } ures 25A-Cillustrate, a

def ect  may embediingnt alenpontpates ghsarlupplabs RIEFIERT $hatasterisiic 2 5% Igyseqtioq Of o fall

within the teabog BaHAHEGeciA fd ARG spiRfodiit edepraldance area 250
I de

Fi gures 25D-F pro exanpl es of where the | ower prediction |nterval 254

associ at ed wharacterstic.r Rageess aalysis ptstem 109 ehepdersrmines vhethir BegpP A BrEWFct ed

characterig g'feaicﬁeﬁﬁlt&% b aindbhal AdlobPmeemal # @)ednpitaahadaie ol Fasihbyd Fi gur e
25G illustrates the circunstance where nejther th %r%g,e,r rediction

i nterval 25Pmasrinoheemnbagimens itdr slopesh ths Dreciction Htervaishostzs PP RIS iyl i ance

area 250. | MR A he REQGES PreditdriBirderaitsit @dlte Ailatedtvach thhe Bool ean
val ues di sc%%ﬁsgﬁge to deet erm ne%’whet her. a def ect . condi gillé‘fé} exists. In

one enbodi érst renjainingatielgharesterisrt ahalessenpf the P s SPerRAIQR theyr all four

corners ar e exeeedetdacraidRbeMevahe diehe flefiast haRtdefittie ar Witk vietpperf only one
corner of ehch pair is_exceeded, there wi|ll b

_pai ) gaconst'ainin riglgtion(see

bel ow). 105 predicgonymteryal cormtsaeRding to eheiregressiop pigdel interseery %‘i‘@’e%*%& 700
reports, inuRReneRPed: fBRning &g dedeetistROindRbs ele hiyined predicroPmi N and Pmax
to "DEFECT" as to the_instant predicfed characteristic.(step 70 If no
def ect condFaaraskeristc wdyeastasie g’c%%érs g?‘é@%?h%ccfﬂ%m R ﬁlgﬁr%éeef er m nes,
in one enbogj HERiwer WrkibRionliber dERGrelictst chiractatdtie ot dievaud of theginedittomt | east
within the specification limt box.250 (step 710). ,ln_one |0, a
separ at e netlEFtSistq g W@ﬂb‘f%?@’?%n‘?‘b’&m ‘f‘f’rrreﬂ%ﬂljlg"tn ﬁéostgl © f)egggsg@{er M i ng
whet her t bgidRQtuelanylowal yrsificticss imidst thefhemembiningwuittchicharadverissipeci f i cat i on
limts of the predicted characteristic. In addition, Fi s ofA,and 268
gr aphi cal | yoﬁﬁgﬁ’??’ %gl‘&}?er Fhrepedision aflésrfe%%v%)’rtg e dg%%%ﬁzsrlsa%t. eristic is
robust rel atjowerstige hbempinedididrarchahaedat eadistsbariatddwitthie frsertmeingg
characteris 'glrlti%lelc}slarg&grli's%lic 'to the lesser of the upper specification limit of the predictor

characteristic 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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process anal ysis system 100 sets Pmn to the | ower specific a¢ do%” of
the predictor 20 characteristic and Pmax to the upper speC|4f LRETB°1 i mi t
of the predictor characteristic (step 712). Qherwise, if no def ect
condition is detected and the predicted characteristic is not robust,
process anal ysis system 100, in one enbodi nent, conputes Pm n and Pmax

(step 714). _See Secti ra, As F| re
process anal yk E‘W&‘Pbamowé efﬁ‘?&%&ﬁnge AR PE CRYE pr (:S]é%tgacgh% H)ed above for
all remaini ngoﬁﬁaﬁlﬁ@tlﬁgmgmvmt(ermi)lm ilsmestsbxmp:ammgﬁnaxamtn ?ail@ (P-Fi gur es

27A thru 27F graphically ate various cCi rcu t he upper
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bet ween the Iﬂm&@a%abmmﬁvﬁmemdn tfmhedmphﬂedcmkofmmcchutcttor

G

characteri st Iﬁ Fi gures 27A and 27B illustrate, both the upper, and
| ower predi éf BIFIEET val s associated with the regression 30 nodel can
constrai n Pmin angh ;Bdmasn, a@e@twre@cﬁaﬂmdﬁiﬁeﬁmcdnl’herdeuerﬂmei rPatreget™t he

sl ope of the regr i on rmod an .influ whet th the |
pr egl ction it ?lgcé?t tﬁ@sot“ﬁﬁ’io}@%% Fhea;érg%f%(fﬁeager%ggoryt%utoﬁ,th uﬁp‘j%%—su(r){tﬁér remrgwer
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predi cation interva const ai ns «mlarly,
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predictionip Rﬁ]@ﬁlﬁbﬂ@dﬁﬁi&f&hﬂﬁ@e Pt pmntslamxre olisidebP-sanigetiuriag prodpetinses s
anal ysis system _100 f f

ySi y F’é?a’idlc?f’ ﬂmil @FV cfeglgn tars ? a.n% %éettf q.hg r%@l%to?ém‘}e?

regr essi on nodel B ocess ana ySI's system in one
embodi ment , (m&mgedﬁtmﬁtmmhmdbg;&hwldbhmtp& &l¢ predirtor ehagaeeerisde @Dl stic at

t he t ti di t
spec: PI ggf?gﬁ,ﬂfﬂ‘n V%’FH{)‘% ﬁtfr)g@r %IEII ! 591%?1éa%? v&{gggn%g%gmg( Idy,gnpr ocess
analjys![ S syst@g&g&(ﬁommalt whe) isaviloelcaliehior by adesign enginset (€8-» 4h1@nhﬁaplal@ of the

redi ct or racteristic. i e i on
Prterval antapRee s euliabhs b Pl EhdtPe 8 kS oot fhk
characteri stpmcesPthacwﬁbommakqu@cayxsmmtm@lscM@eYeer m nes whet her the
upper -and or | owap 10, efhGt bort bALGE Rk GRRRADARNE aRdbok fEmx and,
sl ope of t hernlhipenbl: oftH~mng¢*nSeeergure 14s Thisavouldvhe apprapriatpfop siEBEOnsHRASISE s syst em
100 sets the, a%cﬁlg grg %e%l&% ?ﬁuﬁaeﬁrﬁ&lﬁl oﬁf?ﬂs%&@%ﬁ:‘a@r@&sé@é ke b he

first remainfh eri st esser upper.
speci fi cat lzm)synhnqmctal @fstribheon tris ipprovmeglngeesd Af the disibntionel egrdde of t he

pr edi ct or Cha{aﬁ%ﬁeﬁsﬁag hGn- g}mﬂﬂ\éﬁx&.@ tﬁaﬁr EfictdrehRfaBdHi G vile bATIRMAD the

corresponding to the regression nodel ersects the upper specification
limt for thavefage aticle charadteristgvave i cl e characteristic, and sets the mninmum

pr edi ct or B.2.e Offset Table

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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characteristic value associated with the first remaining articl
characteristic to the greater of the |ower specification I‘ﬁ‘?ﬁt‘?beb?oqfshe
predi ctor characteristic or the value of the predictor characteristic at
which the | ower prediction interval corresponding to the regressi on nodel
20 intersects the Iower specification limt for the first remaini ng article
char act el St b fonon O Sty oL 19,51 0RF 185, (RS LRERIGI LRNLOLSEL Y
negative, the SRS ARAT em sets the nmaXi mu i ctor
characteri st mldxkbzgma@@dtmﬂcbniamfacmrtm €orfathes pracessesilike phyting the (stet Table

h f f th
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i nterval cordasgpining thg herizontadisegredsbicen throagtt ivatserbe atdht hgrdfompper
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Det er mi ni ng Produci Targets nges par ame ers can be
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for the av e d5tiEn ‘6{5@&3‘@%%& d@@ﬁ@eﬁrrwéwlueﬁ ﬁelchedfmrthemeesm nsmone ehe best
" produci bi | 'ofp&ocd@ﬁleﬂin B¢ deMston mi %Hf%éhﬁllezt% ﬂc%s%&ﬁ@ﬁnéﬁgloﬂﬁfﬁqﬁ%ﬁ parts

that are in c eW|th specification limts. W y sefected,

P-target* 18" A OFH@C%?%@&S&@@?@T&OMP@%M@@ ereasathat out si de
of . P-rangegmammnam&bgsﬂ dﬁ&c@&gste@é@!ﬂiﬁlﬁ %asmsﬁﬁxﬁeﬁﬁﬁbggat@d? target
ar al erence in

and a tar O{J pr edi (fm Mensi on ,
t er i nol og s Ving e nsyéer ‘Jﬁﬁcé’(}:l’i’—%]?eé‘i“m @ﬁ%ﬁt%tﬁ etk edby(determiping]  al nost
al ways haVEtI&I’dhs&ﬂ@dz itﬁhrﬂeeﬂoﬂtﬁshe&l?%rés@foﬁﬁfodﬁ Bnhlaﬁg@ig)ec infhcRAPIUARRhNY design

l,l ed faor e5|(9n engineer (e.g.,
€]

;a:] 8 reidtj el(’ O(r) n gtrgodoeio escn%%d ilerem offsets can%gdetermmed that are méiepen

values selected for the process settings.

nt from the

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 2 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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15 drawing or in a specification). In contrast, P-target* is a target
operating point for the process that will optinize producti@rebsu#dpat, as
di scussed above. In one enbodi nent. the predictor production target
(P-target*) is selected as the mdpoint of P-range*. See Figure 14. This
woul d be appropriate for situations where the output of the production

process was symmetrical about its rrea_n.m'%ﬁi c’lﬁ%rqc sseffsthhar\g 8 20
symet ri cal piedicted pharicsaistiniem the regprieR &8F e HoBTret e T ¢ e i st ri but i on

of the arti CligrcEMACKERIG! blocdSanBinsyiEmpiobifialdercthined dhe giier ptredorct or
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val ue. B. 2. ethe preflisead clrapgteristis byrosRysigg e BOYEES e TEHBW. Priocess
anal ysis sy %gl&lé?&laric@aﬁ{}@an%@@édfgé?gesign Pacificatibhly valveof thpprediciede t o
generate an 3 set Table indicating th

he anount, by which a.pre-.qor SS
di mensi on viorrrclsEstc (S Be8)aBocRst MWB SEETR @\Béheé‘ qur‘?féﬁe ﬁ@‘gﬁn i °£‘§S§'r"§%g . In
other  wor dsy, o he./drlaet sul@ble Bak bl@NdraieFstep 818) 4l re@atselsoctssigr thenedie
di stance the regréssion |line would have to be noved to pass through the

target interpreditiedeharasiisdkanpl e, in injection nolding processes, an
of fset value is tghe aﬁggi@tl-o@yan\e@kgmxa@ogimﬂ@ nol d di nensi on woul d 30 have to

be changed (for exanple,” by addin teel thro wel di ng or_renpvi st eel
through machi ni Agrascapestit inggtey ?‘Eﬁ?”s‘i"ﬁfﬂ%" {Eggﬁsclﬁﬁtg%@gf%émg & ngL%EE']é:j
i ntersecti %%Rm@ﬁhngﬁgpﬁrﬁgdegst&mme& aeh s the diaredsionsgf ¥@nldpThedesigad
dinmension). This is critical information for parts . nmanufactuy. t he
medi cal i nduaginger sk of GeursaARake 2 GRFISIAR A H] ¥ eﬂé&@r%%r‘r@f isx%aéf%%ﬁﬁ?% ?8{1&% o 36 4
Cct ober 2006, odr bRl i 8erdf PRtinceichRitsindor day gigen drtitle tieraeerBtiom rm.dich:  Thi s
information can be_used by the nold designer and the urer.
For ot her prigectioneEurtherdn smeinsiagces fhg opgs mnlgigﬁrén gec’asgg{agfngygﬁg?%er s the
required chap@Bsi-t s tohekpf aiffdud] inliltelj creveaiipassible to prodperparts presesmblics
enbodi nrent of the present, i nvention,.the . paagniiude an i f the 5
o fset s | nisthe e Al rEcR e S B by e i AR g BAR
di stance betjigefe pRBucibitfydftindratieg dropéaringmogettyecloiyy tolesinges, therietle. I n a
second enbodi t of the present invent.i t . i i Hacti on of
the offsets qng‘%gwn@ff‘g’e?g%&ﬁPgIa&?ee‘Qe\c{%ﬁﬁgﬂag@kb%&%%? gﬂr %ly%?lﬁgl@tg fh‘gh%ori zont al
di stance betdssgRtdldihctaiogeix bypreviding i poricizadilittiotrhe eppired srdsnin wiltidel . In a
third enbodi nent of t resent i mvention. tf [t Al rdigt ecti on of
the 10 off s&%@?sﬁh%ﬂ‘%’%)r@%m aﬁ?‘éané%rsrlﬁé{%a gygéég#g&fn ni rrig % he distance
bet ween t hg dchiegdifor ehdli incrametriloslerama relivatipegr essi on nodel in a direction
perpendi cul ar to.the regression is svseh 100 QUHBREOR oeRitdh Degni N the
Offset Table is &% eﬁ’ggé’ﬁﬁemﬂ?rg?ﬁ y%%iyglﬁg%;%}fo P e ,

Tolerance Relaxation Table which facilitates analysis of the achievable gains in operating

range associated with relaxing the design tolerances of each predicted article characteristic.

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 provides 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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perspective. Wiether the predicted characteristic value is above, at, or
bel ow the design target value for that predicted char acteﬁr@ﬁtqb@r%@@ends on
the specific values selected for each 15 of the process settings.
I n-ot her-words, the offset of the achieved predicted value fromthe design
target value is dependent on the val ues sel ect ed for the process settings.
For one set of process settings, the decision ht be nade to increase a
mol d di nensrdhma&quteabymbg commmgfﬁunvahat, gida fisteql thegpmepHele s s
setti ngs, degisi ,rr%gf% (GF, BRASBatRl VarBAS B R 6H Mensi on
by addi ng stz”iaCt C&E\%mﬁgcc%’?rsa%r n a&gfls i's an undesirable state of 20
affairs. US|dhgrawaﬁsmemd1sqmabinagg/1as1@g@mm@otrhérs@r Hor eggly araele chapastedighifhut ed by
det erm ni ng e 2 [['lagaé%%fgﬂb‘mg@]dsfl e t he
target int er@?gf?gﬁsﬂnﬁgogpm%}ﬂmmn{n &tﬁleﬂf Onur}%slcrr bed her ein, fsets can
be determ meﬁlndéréiaraateasmnde@adémheﬁﬂ@ﬁat@ magaalue 3) deinskyiduglgaiia
process setting HoG ks Rakgdric® the generation
of an O‘fsetp?rﬁlf’%r aglg%er%éryﬁ &ﬁncgtgl%{e gg?iiment oflgt egprr esené i nvention,
Fi gure 28B p:hmctdnmaanders)eﬁetwmglagfzermassoma Wﬁ@é@ﬂﬂgﬁ&%’l@f%o #60di ment  of
he present LyeahoufR SRl bk LUALNAURSK wiliQopRs. fARLLSI S system
a

100, in one Qb rnitiallzes an offset tab array (step

802). In onelesmiptidi prowided héveinshe individualignia apseciared wirheath avicleshRraiterisio ud| ng
O oe®: o BB P Lo Bl bR el ARE PR MY ARG alictaRATNDg Of f et

valuesrnasecon e tnputs to the offset table t hod or
functi on i ndbliehdng drticle glragasteristie. u@t@muh%‘@ gamrcmerseon%ﬁoa&"ér #EEfcs and the

respective rﬁ%&&%ﬁ%ﬁ@%ﬂ&g&ltﬁeﬁg&gﬁgﬁlﬁﬁ%g&ﬁ ackibRA B¢ tdiingt i ¢ and the

remai ni ng predicte aracteri ure 2 A provides

anal ysi s s)stinfmam thr:mlueaasroq@r@mné:ttéel OBﬁ‘Xlrnﬁé’Et @Fﬁ@éﬂ%@e‘é"rpr Ocel%é‘?r)
comput es t NGt ulialiifialof 8,065 A0RE mef a@mn%grasg@ G gtcahpcagiesi stic from

t he regressi on no e target

va r edi C racteristic
(step 806)15 chmesperdingoaryas @a@y@ﬂ@%ﬁﬁ Y@@ﬁ Vae3, Vaul, é’ﬁFﬁ fﬁ‘éé’p aflf ghq B%Tb:?et val ue
for the pr %&ib&hggtﬁern@%arem Sl 6 SPATRehésD Alckhgrieiy, foamefea oletween t he

conput ed val ue o redi cted characterjstjic.and the tar ’6% esi gn
speci ficati MW@PBEleﬁépgﬂ‘éféﬁrﬁchhss ?aé’@’c‘@?’iltéf‘?rﬁes?%ﬁ“u Process

anal ysi s SY%}&Q& ér%%cw@raaﬁd%&%héurtﬁoerra&éﬁttbﬂﬁp@ini;werewaiamequalsn3819 array or
ot her suitab otl 810

ata structure (step ) and repegh%thg_]g;y%sfor the
next predi deches AHEAEYY, PQ@P@m@W%@?ﬂ%’FH}%F Be 28Xty FOF ™apl e | n
Many Casesy whd xhhfophidiElkraAld of TRAR Far2taad ValdaX 000s ifth ghigin detadngrngs on a
given part 1o |nstead of c T% pre-process el ﬁrrents S:Hﬁh as _t he
di mensi ons G@%F‘ﬁ‘fﬂséﬁ g?l,ahl ih certain Circumstances. For example, ¢ operatihg
range was 0.005 mches prior to tolerance relaxation, then a 0.005 inch increase equates to
doubling the operating range or, effectively, making it twice as easy to achieve process

settings that produce article characteristics that are within specification limits.

0

25 Figure 29 illustrates an exemplar,y method directed to generating 2 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 I1B.2b., 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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engi neer nust, of course, nmake a decision as to whether or not this is
feasible in light of the potential inpact of tolerance rel4Xu#eiesd0%or any
given article characteristic on form fit or function. Further, in sone

i nstances, the operating range (Prange*, supra) may be of such small size
as to make it difficult, unlikely, or even inpossible to produce parts or
assenblies 15 that have all article characteristics wthin ecifi t| on
limts., If tike Ide@ls@inalr;lsm @rsﬂmd@otb@ncwmmn@éb@nmﬂﬁéﬁlﬁﬁﬁl‘ivﬁdﬁg SI ng

the operati nﬁﬁ%@%&@fr@ﬁg e Wééﬁ%ﬁ!&é@&f&% HeRRGe w@@spoaaﬁgm memmmcff the

Desi gn Tol er’ I on aclilitates an asse t of vxhlg

desi gn tol ertaaﬁmmmlerchirmterbylcthbVﬁQItedélS‘an?WPlﬁ it V} 231 2EHE"Ept i mal
order in which ranc Gel oBSEmiNRbr: taVallyBitlse of t he
i ncrease in Bp Elﬁ’gflg CSEC %atﬁj%ﬂwﬁ?@r\}éghgé% each, | ncreeS?@I1 t ol erance

rel axation.s d:ﬁferameb&mad?nmanf Varhy anddamin efVark)singhis {nstanss, EhGpérative to

generat e 2 Deslodha ok EEANST BBl aa A dobliehulahels oapiic intseanal ysi s of

t he achi evab oper at’ range associ at ed V}:o rel axin he
desi gn t ol erramcksf ofthesabis for Bdnllet'gltsa¢qe¢dém@n@f$§?%8%’%? K e gemainpg AT

constrai nin %&Qragt%uﬁc? %'e Eﬁﬁéﬁ?& ﬁra Sl 46 mbhne® vntil RigMhdd gork dierob)i dhﬁ@at-nsl?mm or

| onest 25 P hou axe first. Said differently, the first
t ol erance t(re:hthedel axed is the tolerance on the article characteristic

that nmost gonstr % Eﬁbg)f F%s?sq £ 1R thEH@IcﬁFaEe@ FHeShditicual fns a&ﬁ&izddlbyir’@izﬁtgance

Rel axati on Table een i neer. how mugch .increase. t.h Id be
in the oper dhmaxgtnd,é!ng@, the MC@FWBP% r&‘am%ﬁﬁﬂfﬂﬁflﬁgh%aﬂﬁﬂ??g

resul't of T gh8xl Oghodkdlal, phREREAIGS oydhe 1dées‘étcgﬂle1ﬂic&roamaeﬁmcammnn Tabl e
al so tells the engineer

e 30 cunu atl ain achl ved b each
vari abl e i n coustrainify Gawest)Poag veye gelshen %ﬁﬁre‘ilﬁf'oélc \éf:é(gjétt?ﬂ( abl e
accor ding ! Q. 0ne:1opROdbaBRld b taé QR sict Qﬁoceé&&nﬂyguya:eﬁooo

illustrates, ation Tab e, &’Elneglg |d%d|ntotwo
mai n partsis tharmngputesﬁ@mchﬁﬂ‘@élgﬂé% e@? aﬁ% SREC atif’“?‘lﬁ"b?; #2006
characteri stj, %%Mnﬁﬁﬁ%vfa%@bﬂ il o ElePerax afle fextranickd | st of the
sane article

exanpl e, Vawhmctgéftéalgghlsgé‘%ﬁ%iﬁgﬁopns gc{i‘g dg‘?‘?’é{]%ﬂfnﬁfé %1%' Ug@g}m Elesl ast

position in En%ﬁhah&?]hﬁu of W2 RABEIeR] bil Frh c@ﬂeﬁpaﬁmgmymas theralﬁ&rdnher the Pnin
or Pmax colu

Rel t t abl th 5
article charh;@itf@f-llf’g’@ﬁg \%zﬁidlo%aér% %4' n Séﬁ‘i?llsgqgg)lsﬂn\ﬁnes PEX VEH 151) an

the i ndi vi gyglco@ahdr ﬂoﬁndfgﬂ)ﬁrtﬁfshﬂb&n&@ﬂ@ﬂ&e&ﬂb&s@ﬁhﬂa}b}l’he aicaeedmgmdmduabl er ance
of the correspon ing article

aracteri st ai n
associ at ed @R for ghegnping h‘*’é‘*&pﬂfﬁ%fﬂésélc%?m ??3’“%@6? ?espgﬁal ng art Fﬁcéﬁasg
char act er i Stfedichst) GfARicfkibiid iefkailitd! Pecs dnalgisis bysteerlog tepeotipu thire

cumulative gains associated with each successive tolerance relaxation for both the Pmin and

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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description provided herein, the individual gain associate h
article characteristic 10 assunes that Pm n/Pmax has been %e&é??gaﬁfb% t he
Pm n/ Pmax val ues associated with the following article characteristic. The
cunul ative gain corresponding to a given article characteristic indicates
the aggregate gain in operating range achieved by relaxing Pmn/Pmax to
the value associated with the foll ow ﬁ article chargeg}erls i‘? For

exanpl e, to lowchipsviicasionlimilsae ingieasg dicallerahie PeBONE FEERS FRECob &t G ng range,
the specific § 55RO B8ptsQh sk fof Lselehiddnas kiesrtislei €S

Var. 16, Varl %B@nﬁt%@&fg aﬁ% \?gtrﬁloag%oupd be. rel axe to tgemﬁpojélnt wher e
Pmin equal s ehagFseristinizen she Dupin solyrak pddyryn axtisleh ﬁi"%‘?és“ﬁ '

cunul ative ggi g b&l@%ﬁﬁﬂcgQd&fé&famaﬁlbﬁld&pefdafcme& HQRetilg¥d: Sr Gper €S pondi ng

to article characteristics Var2 and Var4 sh beiE | axe q}? a t he point
wher e Prax ®epesification 3igdg foriepghiseticle chpragterigiciiy ey?o‘-'teél t SHegEin in

operating rag&g@ . MEATY Yor bih it hécdeR i a:ﬁ)ﬂ{e@&{ddaltseuliml er ances
on Var. 16, Var egﬁ%&%ﬁ&@&@g 00 5P|°ﬁgh ag’al nin ?) erecl:tl r an, O@gn be

very signifi danelecaesbrrride pagactaristic Bropess palie syphat KRS tedreress! *if the
operating rangeNas. Qu&@?hdﬂé@éﬁﬁéc Mde%h&@ tﬁe%@ﬁcﬁﬁgﬁ(ubﬁéraﬁkﬂbwem then a

0. 005 inch increase equates to i the qperatin

ef fectively, pmnwntmds)phéeegr%mdéﬂ @\PD ’bpc“éag‘é‘ aFFg?‘”E hat

produce a“1 gﬁgﬁgéseﬂ‘l Eés% PBabhcan@3w }ﬂcaﬂ?ﬂﬁlbtfrdtﬁﬁielcﬁlﬂpdtatﬁnntcﬁ 25
ustr S

Figure 29 | l'ary net hod ct ed ra a Design
Tol erance R@quamrmﬁllmamsee dordimeigp O@t&ﬁr %ET}% %%@gsé:

I nventi on. gE e St &ratS thel sid H%ﬁ&@fc@r‘éssﬁﬂr&fﬂ@ﬁite@ﬂﬂﬂkyﬁh@h&yﬁéﬂﬁkﬁﬁﬁ ofin one
enbodi nment , mats or_initi aI i zes Desi g Tol erange .Rel. axatiq abl e

(step 830) aPrein{Bmaxgesslainaielapiion ok %I“H-ﬂ?ﬁ% tb%ﬁ"ﬂ’é%SPE RHPLITY 558HEGR (see
Sections | 18R, Biven Kricle BRAMLrist® As E:eejza)imSu@ﬂs Jtahlrgméssibrpoda3Mjith aPr ocess

anal ysis 30 system 100 then cal cul ates Vl dual a| ns chi eved by
rel axi ng P# PPSE sloprethgrelppatign ofd QSEZY gf) %“g qum e
enbodi ment, RLAEERS opéatiNSias @Mﬁhefeammagﬁmebm mmnodqealmhamemu stics
from nost to | east const rﬁjdlg hes @%{1 | ue. an téldds t he
predi ctor chUPHERFiBER3dB {LyamFSy e&‘ﬁ?fl %’E@aP%Sb‘éVS P fon linmt to
the end of tRBxAMHIEHSIIP) b L@L@mulcam&relaxsﬁon oIPPmﬂHB?n)ilﬂaleesaperaBl}@t em 100
t hen conputes the_individual achi eved el axi ng ation
limt: for Aesrvglinczyse %WE@Q%EY%?@&WPB“EU% \rli)gﬁ“hgm orFtrm("arse %%&{e% t he
Pmin of thewikxhegafitd ddpe, thbiaasionrof s’suaf) tonUSINE) sasultssiol rhelrslaxansmpremanpl e,
t he i ndi vi dual a el a of Var 16
to the Ievel® gf“"%ﬁ? F’@O%:CZ ‘g‘r]ilﬁ F%ﬁ‘ s c\/;?j%gs POELS?‘W%&%&?# 'ehrggerll%%ﬁ%&e?fv\een
Pmin of VarllﬁnmdPBﬁkmseﬁszg\WS In this instance, the difference is
gp?ggg Slhgg[] es; t }Ae th%lt:)el trateg BloGess gn%ly%i@ 9%@&1910839 4nd DRGSR HURLiResGOMPUL er

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., Jower or upper) prediction interval
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round-of f of the values for. P-mn. The succeeding individual ins for the
remaining article characteristics are conputed in a sim | & ﬁ&’r‘?ﬁ%‘?oeunti I
the last (predictor) characteristic is reached. 10 Process anal ysis system
100 then cal cul ates the individual gains achieved by relaxing Pmax and,
hence, the specification limts for the predicted article characteristics
(step 836). In one embodi ment, process analysis ste 10 ort tecpe
article char(@o@l@ﬂt}’%?ﬁ theregiessiggamodel }Eﬂﬁ‘é’ﬁqnéherﬂrﬁ‘éae’f W%?é&% 'TeEhd t hen

adds the pregl Lrgﬁsn%*@ﬁgﬁ:is%ﬁcﬁ&éﬁs {hd a8 bﬂehﬁ&atﬁ)ﬂ@nmﬁﬁswbilﬁheﬁodimmth
specificati on e’end of the sorted ll@é&?ﬁ‘ oces ﬁl S_system

100 15 then wgmmdmgerqdwmd\pr%q appsieRisticdaeR § a[tgal € user

specification | g, eL‘Ps rs%legds}(%fkdm%dta&tﬁél@chﬁﬂéﬂeﬁﬁk&b rédl}dngb{QsﬁeﬂSleGZ)qalmﬂess
corresponding to t max of "the next article %Vrac erlstlc in the sorted

list. For @maawlesysqeméwmﬁmaémmheg}’maﬁ VEBHOERFERPD 15 DTG e

speci fi cat i V8% (1B s Phoch il sgatrn mploneichgrtkle Var 4 i s
t he di ffere%@%tla v?gge rrax of GS&E bt g/ r4 Thi ssgé)f%erence is
t

0. 0006 |nch6§ara¢t9m@0ﬂlné(?aftdﬁlé?@il& 29"-1‘??66%:‘%.& CHEBRHdSSFTeP; % i nstance

for the val ygs o BIRulch gﬁev@ bb‘eeﬁ@moﬂqmm@dspétﬁbﬂly pr@ﬁbd’lﬁla]fyﬁiﬁ system 10@Mai ni ng
article char Perl stics a

ted t
(predictor) dstramines @e blopg Qf%he;g&f%‘;g@géﬂ’l gli‘?aifi"é%@e nsg‘fnf’igfslifs@%?ﬁn fdﬁZn

conputes tfy YeSh PE57 Paidabipu tﬂé&bvﬁ@e{dﬂPﬁﬂﬁﬁfaﬁsappeopmteer ance
rel axation for&%g%* ﬁe Prgn@e?\(@?\d Pmax rel a E@é \gS As one

skilled in tm@lquvﬂl@@@é@ﬁ &he regressisnan t?fgf X3V on Tabl e
does not di P@Mu&ﬂﬁnﬁ ﬁlvu&am&nﬁneraa@@uﬁaﬁﬁt(uepsM)furumnfawdlsm tpthedi ct ed
characteristrcs resulting . froma rel axatl r}ﬁg{) %Ff‘“ n% aﬁo iven
Pmin or Pratserr Aspreskilledd theart will rpeenize e oSBT RAEER Tk (1) |
Fi gure 30 fagitidhaineswl reklieh AevABinir®Andbr Mikix¢halagsd how many article

characteristic design tolerances to relax to achieve a desired gain in
operating Pange. 30 In one enbodi nent, process analysis system 100 is
operative tg,cal %@%Mb&mﬁ%ﬂﬂ%&ﬂl@&aﬂg@@faﬂg&ﬂéﬁ upper specification
limts after the user has eI e t?rr ;egl ch article characteristic

speci fication | i FhePredicgorbze HOIF BEAaM®E, the user may el ect to rel ax
only | ower SpeCFcﬁr'd@cﬁEh%;ﬁhrbdas@& , itSwill behyeful pradrifpelciefiiaxatthippatamgtetssis or a
conbi nati on oﬂgwupper an Oct ober 2006 |ower specification limts to
i ncrease t hdol@¥Wsowabl e operating range (P-range'). In one enbodi nent,
process angl ysi s systramﬂ@(isqhbmntdibwa]slerangdprdleseldsmrwbﬁamﬂsaﬁ Tarticle
characteristic fromthe Pmn from
the Pmax col um of t?\gl %f%t G’Vn%?}gtﬁgé% F)Q)%I?p% %d(g% ﬁaﬁﬁgégbggé éfs{]ﬁma%

cal cul ates the new | aheremaiminggpercharacteristics will remain in compliance with

specification limits;
2. P-target* is the value of the predictor characteristic production target value.

25 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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5 specification [imts for each article characteristic in the sorted
list(s) up to the selected article characteristic(s). Spedifsar#3P° for
each article characteristic in the sorted list up to the selected article
characteristic, process analysis system 100, using the regression nodel,
calculates the article characteristic values where the boundaries (upper
and | ower prediction intervals) of the regression nodel intersect Pmn or
Pmax as appropri at es. Pasrgdrds e etgmeérntngrdstsigm@ww@ieé@rr@w@@ﬁ&m328, 32C and

32D graphically illustrate .the.co ' fdesi @6 ot z¢ OWR it
specification limts ‘F}}aﬁar%'eflﬁ%c'lrtg %g%hﬁ%ﬁgg@Pﬁl and PmaxX. As these
Figures illustrate, thelfshoipsand, t he regressi on nodel determni nes whet her

the rel axati on of f?nbﬁlf— %Pnrcrﬁ}gr_%%scﬂ% %@3& %@%&gsgﬁ&ﬁ& 10hicd therhbipREictodr t he

| ower specificationli associ a n article characteristic.

As Figure 32A ill ust rctaesterifirbasedroaghesgingeringsiongn tlermces. Theygesi ti ve sl ope,

the relaxation of USLAX).§oab5b:iiet EatlelinlBridity ilialeBecf BmR 10

Pmax' . The operating range w i ncrease I n ni t'ude by an ar}ount equal to

Pmax' - Pmax.  Sini | ar | ipcluffing biseoryg@Rrancesused b the orgrizatian, cEy L 8he Bfflel wi t h

a positive slope, tha ]Qﬁ. L 2 A ngg éﬁgz('agg, Lo &eBlr fAc¥arsr esul ts in the
5315%1 n' .OF%e opeérzatl q 6 incre i

relaxation of Pmn to range wll increase in, .

magni t ude by an &mowing thauadimem aiableraigs (P-rmge™ ) fE heFedienT FRIFRSIESSISwi th a
negative slo be 8! ' SL{,%lS[an-ﬂexﬂlﬂ L3 dethina@Rbht of virfabili

rel axati onlookglggrnnhﬁsetﬁg' %aa# rgéeesFl " 320) an:jafehe rel axat ivon o:‘ﬂﬁLSL(Y) to
LSL' (V) 1 esuVAR) ind thiee wil baxeahieshataepreseata shensediran o hagiersts ageragg P CesSA
Figure 31 | |A§1gq§%g$$3%§, ﬁm%f‘tﬁ%jﬁ Yish BicfiVaRds@MAnkiR at lekbt BAECHBERODNITEINT |

recei ves a ed predicted characteristic fromthe Pmn and/or. Pnax

Rel axati on cottingin { memer @B0ORaximizes the likghhoqaybar thepreessseReBe ATt 8y 55 ti cl e
characteri stibgorb]ﬁjaﬁfév%hﬁgg%cﬂcﬁtsﬁ 852), process anal ysis system 100 sets
Pmin to the Pmnva spondi n

ue corr g to the next a”rticle characteristic in
e

the sorteds ist {fdthmsbesalpcidedshatdrrangs és tap Fopgrraipers fhep 8 A8 Fi gure 30,
P n woul d B 38kvied Qafheld Sdued BOBRS B RBRRRGENG AT L1 ), (T Var, 19
cted pr cte

was the sele edictor, characteristic. Prqcess analysis.system 100,
for each articl eThtraisabparertailiey ipsomparingahs sieiof Ehe A EIRECCeSIVAAEY 30 arti cl e

characteris t('v(Alkﬁ %E&e%ﬁ%ct&ﬁ:@lma&ﬁ@ﬂ t6 IR B Surh AIRwaBle Wrigk (Fyrangst). The

specification Trmts.” Specifically, process analysis system 100 determ nes
t he sl ope offolimngéé@lﬂmm@moﬁﬂﬁ@l to select the lower or, upper prediction

interval, @s appmpgaca}af%&&gﬁvaamugr)(vﬁay RRr30f theancimoijvutable rifge (R-al ue at
e.g

Ort ober 2006 ( bEBARApsn ISt Hegru Bt N B PR R PR BB or
characteristic a@&nﬁ&lﬂ_ﬁce@_r edicted characteristic (step 858) and stores the
new speci ficat 5 © rif tlhle gcl,tflal Iprr})cgss Er%%)&tt} &Aql ?soe%[{lz?ltté aR mve\a.AXJtnt]um 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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the corresponding predicted article characteristic (step 868 for _ultimte
display to the user. If the user selects a predicted arti cl*debsr eri sti c
to relax Pmax (step 862), process 5 analysis system 100 sets Pnax to the
Pmax val ue corresponding to the next article characteristic in the sorted
list (step 864). Process analysis system 100, for each article
characteristic up_to and including the selected article characteristic (see
step 866), then &bfpisalss stercilisy BcomARFng b pregs FPceeR UEMTI(X BiRg for the

Speci fically, rﬁ&&%&a&@ﬁéﬁé&b s ?%Eﬁcﬁﬁh %;Q&t pi@&g&? @E@foh&%n% LB ard he
regression nDdeI to sel ect ower or _up diction interval, lo as
appropriate Pewil ea&ﬁ@l@)ﬂg(tbqtélpﬁmeqeys%mt%mﬁ%ISpmmmdén the preglietasf t he
appropri ate cRiabtit ORgd DAL iofardeb9 WL Ve mfipdiltf 168883 hOM-WRIE! (Step
868) and stores the new specification limt in a table or other data
structure (S$t®Be870) for ultimate display to the user. As one skilled in

the art will reqom&%seﬂtﬁ@a\@fagé %"oc@?@drﬁﬁ\: (i%ﬂ)%lﬁcﬁe ﬁ%&%ﬁ&ﬂa%teﬁ@@é o 1 N
this manner will result in new Prrax* val ues. C. Using the

Maxi num Al | owabl ethF?B’f?SJém(r produpiieotrggi{§- taﬂg?fe) Hregagater e llhﬁ]éméﬂaéﬂiﬁar get

(P-target*) For Cbrgéggm&bﬂlﬁ@?%th&ttﬂé%kém@ﬁné&SEfU| to clarify and define
certain paraneters_ as_.  follows -ran)ge* is the maxi mum al | owabl e

range for the pr e%é‘i‘@’l"-a?ﬂﬁ%eQ&Céﬁsloﬂ’ﬁﬁuE(X -BAR) is gquahte theprgdiciar PRAYCERAI ch t he
predi ctor ehar actr@frgets@ttar B3 thedDahRs 98 fidkighidel Mar tHePRodeRITI Prd¥bl Ik

characteristics v&} remain in conpliance with specification limts; 2.
P-target* is the HW3HARILEPIPYBEHr edi ct or, characteristic production target

value. 25 P-tar %ﬁﬂar@é’t{hhﬁﬁn§@én b%&ea%@d%f/éﬂlft‘ﬁ@bfé@és Whephd cnstﬁbﬁ@m@not

P-target* will, us be set _at the poi nt of P-range*; VAR i s the
range of var*’13’5‘1‘.3‘}3?]%‘‘tafr1 1§ {atons Biteger S}é,‘}‘l‘n}ﬂqbo?ﬁ%t #ﬁﬂo@tﬁﬁéhea‘ ikt h
actual procefigriButidhtavedtflelardk Oetdidt bTrag@Rdi ti ons. is determ ned by

Soret o) Bror e s e et feehas O &@%%V Seceagter m ned by
assessi Ng praoelagd frodessutipputt(X-BAR)And e phictot @efiuction r&g&@l’&@igeﬂ* THe
eng neer 5 Sl LaugeL pale e egiclor e eralic oo
(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 to1,)

which specification limit (upper or lower) for 2.) which article characteristic is most
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and function; and, 6. USL and L SL are the upper and | ower &émfl cation
limts for the pred| ctor 5 characteristic based on the endi HY8desi gn
tol erances. They are determ ned by the design engineer and typically
consider a nunber of factors including history tolerances used by the
organi zation, criticality of the part, capability of the manufacturing
organi zati on, and other factors. Know ng the maxi num al | owabl e range

(P-r ange*) fGPD%tﬁém}ﬁraééiS@Uéﬁbeéﬁa@&btoéqu‘gﬁeé This stqrappe FPRERGaspsER &1 . The
actual proc e%ﬁsﬁatwhnghdu'tw%hﬁ!%khan&%&n@erm b le@de c¥Rbdafitigdatty (VAR)
and there wil] be a value that represents the predictaor characterlstlc
aver age pr océ&baractenigtipyFhe(drsigneasineproan algo asgss the fppAchefrelamng each folerancesn
changing at |.eapt: a%%ﬂ%m%@&ﬁﬁ%ac@&*%ﬁifomﬁﬁ&ﬁinﬂﬁh& JecRidiBHAIEN, ISrB&Es maximzes
the likeli hogd th the process generates parts that are |n corrpl i ance
with the spécifi c Bl pyppentinvention erestesstil anore wility. dég design enpinegymgwehas s t 0o

const rai nedipfolA8Bn ﬁlat.sﬁxﬁgl@éja Q@&)Ito 16 BHAAEE S FHaSdvhltate@the RRJLTRARHIRHA tO "open
up" the "constraints"” on P-rang There_ is also great utility in conparing

the size of pwéu@rda@tfamnapﬁ?e@@é@sodvalb%ﬂn pedjtion; shaRgsignsnginge msy alge.ék or
characteri st pgcinRednh@ Ip@ﬁiit Bh'a[?ig@-’:ﬂe@&ﬁéﬂ BraeCB R def2 Tﬁﬁl@&ﬁre&cto-flaﬁara&&&shgw ng

situations are pgssib I f the actual process variability (VAR) is

greater the Fﬁﬁgﬁtﬁ%i?ﬂrﬁﬂ)o%éﬂ%‘é Fheges elsprherainghe systempie porapesene (l%n of t he

parts prodyg esniMsakibRisRy ewfbﬂnhatmagénb&deygn@igec)corml iance. 2. If the
actual process var| ab| | i t% VAR) is equal to the m al | ogg{?l e range
g8 g&{

(P- range*) and, ext series Skcomments P-TaRe A dER(Hreddieriochi n t he

rraﬂ mgm 25 Bét{zv@éiﬂ:hé e@egﬂ?ow &maéﬂm)lmn@ef@];@é&ew&eﬂ,Bl%dtdﬂqnarﬁCfetss

Wi einc e, u e room for_error r, shifts

in the pr oceggﬁéﬁfi‘sg{i’f‘ “BIgef Y, %&@&g%wgebwgﬁggmﬁm%mwnf

smal | er t hanpraggr hv@sionfatilitated thefollBxingusmpaakdiRnabl e range (P-range*), t hen

nearly allésoarts will be |nBcoan|ance and there will be a greater margin

of safety &gainst errOr&WBishifts in process output. 30 The present

i nvention creat es jOAv&:lsﬁd.(atl on nunber 3. an excellent opportunity for the
process engi neer Evesthgjate shifting the average process out put (X-BAR)
closer to the engl he esign target (P-target) for the predictor part

characteristic. 434 X)@érah,err 2006 There is also great utility in conparing

t he average pr ocessy o%v rgl}s X—ABAR) for the

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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predi ctor characteristic to its production target (P-target*). The
following situations are possible, assumng that the procés Ct?ﬁ?fﬁ‘ﬂﬁ‘s
distribution is symmetrical and the predictor characteristic target val ue
(P-target*) is set at the mdpoint of its maxi mumallowable 5 range: 1..
The cl oser, the average process output (X-BAR) for the predictor

characteristic is to the predictor, production target (P-t t.), the
greater the |ikel Ahligate2hshows lsmbodiments sihopresenpingentior Cﬂ&d%ﬁt“égitﬁgﬁﬁ’l@rté in

compl i ance. g, Jep. 18 AYELA0RRLAGRS QN LRM e BT mdefupinctingshe

predi ctor produ _ c%P—ta&get*), t he, chances are, nmaxi g zed t hat
the process mpidckssphaosialeltipareyyicld srseptahleprarts fTHRACEMMPYE; A H5615%8nc| usi ons

can be reaChg]?)v@\{E&&éeEmbtoaﬁeﬂﬁgﬁﬁ%és ﬁeﬁ%eﬂérwi&%ﬂ'paﬂsh@iﬂgqtmngwfﬂmtri cal .

In this situation, ar get oul d 'be set at the pqint the. tails of
the distriburiation hetpe phirelity ofarécechaigeierispics é@@mgﬁ%@u@u'?@&rﬁ@ﬁ f“eé{ e

present invept.l facl ).l -ge &M BBl biof @aenesle Heteokar t he
aver age prOC@a‘g&@eﬁsﬁﬁ%#&%@&%}ﬁ@qgﬁd t he prediq)ctor pranu%rii %’néé?ar gft
he

(P-target*) . ashsisesl andiaplyred weiag &hs corrrlationaad Fatepsiqnmalysiymethpdrstisghiss

direction th ; ) is sleeHalsl chpansahdid  Wth
Chis knowl e dg%o,vg Wngﬁ{tﬁaﬁ HEEQEESS gleHed Brbm thele BAIPkis He) tiersatiddddy

en_possi bl e to, adj ucf% one ofr. r&r'e }Egroc ss _contr ol
settings to nstnintapdfos Belagigr Eahlesstincpiyed shogh ey Aside sy FReE B8 fhe to or
20 cl oser toikhe @B kighAEUEIo0N th Aditeln, (Busd AidALY jhe illenapbmsent
i nvention provides further utility. 1t now bhecones possihl e I@ deé/erm ne
whet her t he fethinrhefecEbladiepssgt abpys,me ef%é]{%B%FHr%ﬁeﬁénH‘ﬁT PS¢ he
maxi mum al | %gglcgnt;ﬁggﬁb(eg’(m@nge*). If this is the case, then a first

ed Lon i s to increase

option is to uce _the process variation. A second ti

t he nagni tude of A&f@scu&dgb?"%a}@Eﬁﬁé@&nﬁ%‘EaFfP‘FWIQBJQBﬁﬁE‘bﬁ%‘eP%“to do sone

combi nation Fﬁar&c?&isﬂésedﬁhﬁg%&ﬁaﬁéﬂtﬁbm&ﬂ/@&un.TMd@ tiedgatrodumseftiaon  can

greatly facilitate efficiency and cost savi ng{gl 8\1_/? r%guiéli&r%%at hat .('grhe

vari ous pr étemsrimenabmspycrion Brdy & PCE CYLE BYICh RTOCH §°F G B¢ per f or med

only one ti nﬁnrﬁagfonctﬁk Yart BracRbigHs CTIRE kebialedizlathls thaustrs hdjast asfnali he 30 or

40, or however many total part characteristics, invaolved. .30. VQ{S yer, t he
iipegd PO 0N

Constrai nt TeBRRer obproesss IR ERPOSHARPrOGUE LHIPYF #HABY REESER 8si gn
engi neer. Fof.oRXaPh6del. i Th thet@sc@ERjesti@ mbldingAsteximaple the waseaytiind thitze of t he
design tolerances, the Constraint Table facil ie% at es 2. reie&)qre'rtl .QZV%ﬂbe
det er ni nat i ofh2PFRHRSTRIGETCITILE $LTNE) OF O TR RN F I8, R HT Tt (Bupper or
| ower) for oo Qifficiodd kS Hamlatd thé Rirk bapbandf e sstidlechamcreristics 4ldng the regression line.
Furthermore, the user may select a predictor characteristic (636) based on the

correlation and regression analysis (612) to facilitate measurement of production output

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

predictor characteristic the user may identify robust predicted characteristics (ie., 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 2 mold cavity. The regression
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4 Cctober 2006 constraining and should be the first to be reI axed. This
step can be repeated as often as desired, working " out war d" ‘f‘?t@h‘?qoﬁe nost
constraining to the |east constraining part characteristic. The design
engi neer can al so assess the inpact of relaxing each tolerance on product
performance and factor this information into the decision-making process. 5
The present invention creates still nore utility esi_gn _engi neer now
has mfornamwmﬁershn&eemﬁta@y bufsgxmd@mu@wmddb@m%ﬁ&g CfWa% hapging fe¥%s ¢ he
oo o e R oy 45 PEELSLIRECR, ARGRERGUOLRIA be dbcorhgisadityt | on, L he

desi gn engi i circunstances permt e the d
target to thaadﬂgmetreﬁuhedhqinadh orfthrrmddharthﬁdpmﬂpé pfithat a@%ﬁl@&araﬁﬁﬂf% EEJF ), and

make changes el sewhere, in t e

even req]tcu ré”é"“hqs%l‘re?sr‘?z'h%%eno gmy&;ﬁe desllj tar get gme%%g;%(s)lﬁge tﬁle Ee;f

series of caswRVas]s. Hmesmmgéfb;recum sldnwo QUpaIt SRR

upper and |3¥‘B %C'f'cat'ﬂ? ﬂ”{m{e tbd €€ rﬁ%%ﬁ@!&&ﬁﬂmwmé\ B, aagec
SRl ioe 2 e Syl B0

Ina siml target: wi resent ed
23(/) m))( Y, ande%gssffhﬁne felacisemotths mnmtechtioa@rwdeatné@ﬂtaﬁ@l thay ‘FaB\gf od 10

ari sons IR (Ban‘dﬁ:ﬁéﬁlﬁgn@ud fthaX versus
Y; 5. X veréjﬁ'éenﬁme ﬁ%f}é%#g%fbg.%mfeé‘gsrséa\sﬁﬁéI?ééisstgp}))regv|tgusI y nhot ed, EEthere S
except i onal Isjiftval uabl e information that can be gained from t hese

conpar i song. "D AReh]CAL LA UELHHEIYERE- ST RuEisaHiuRi Rto ST | zes

t he concep ove an ates_a od according to an
enbodi ment d]fonzdmsl]yr Bomdder forthersgiession IPGFO Riﬁﬁfé&ug]é t}]i?é?rﬁﬁs}%@rse%’ﬁn jection

ol i ng- P 05t 4§ MREELINEM o B8 EHOULG i Mintes aciplosdgkafig thar [ or

exanpl e, various design rgets and eci f t
article charnaﬂdémesmrdsr@Qg)ﬂldﬁmhﬁmergﬁpél%I%lug ot éﬁfﬁ{\gagﬁ@a&ts I: [i E)Eeof
a mol d incl le&séés&?dnlgﬁ%u &ﬁ@a%&m?&@is ﬁﬁi@aée\i AeincRhfn azmqﬁmeaen {nof¥dgein e bee i nput s

to the proc nol se vari ab
o0 Bt otk monsearoiebiheses e PR SRR o (|
production agé&rﬂaﬂgheél @; Qémovﬁ% ik SGUSEE the RREWof the mold. The size of the requxred

shift is determined by computing the horizontal distance between the regression line and

the target intersection.
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 ofa
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 procuce 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 that it ,
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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4 COctober 2006 As Figure 21 shows, enbodinents of the present invention
can be used to facilitate the deS|gn and engi neering proced<eLobgs3i at ed
with designing a part and/or engineering a process that will ultimately
yi el d acceptable parts for production output. As discussed above, in one
enbodi nent, a process operator generates a set of parts having a range of 5

variation as to a plurality of article cha ri stics. er nt al out put
610). The ar P‘P‘gl I steprosihe sharacqrisdc prstippit %fﬁ’g[fd&f’rt SPRIc é%)‘gﬁﬁi“ AEB out put
610, or a samRireyrédivh8edin tid drecBESE SHART &ﬁﬁnﬁdﬁﬁhyﬁlﬂiﬁemm@ 1§da>agm:1e.tttr el ation

and regression al ysi s met hod dISCU ed a
i nfor mgat i on Y farge'f IPE?H"-WPQSZ“%TH%HC§ - EOURSt ! ﬁ% 1?1?1@5%15 Fﬁar%&%ac by the

Const r ai nt ap@bﬁﬁunmﬂelk@%abt shifreBakbill depeit 36 trdedrahdvie innmlchdaciersict 0 change
tolerance 10 |limts, (618), and/ gQr ds ets 62 . In addition, the
user, ai ded® BYAUVRE e FaschiRf Rt L*“’O?T‘i f efeﬁ’ézs@nf t Table discussed
above, may decide to change process inputs (616) and/or adjust control

vari ables (61.4). dlscusse in _one riat
i nduced in the pdit d@ﬁg,pé}gogﬁﬁ%ﬁ%@gﬂaggﬂn%negﬁnn@gfﬁgp El%?’é\ mdc’f‘ |on run.
One of the btécﬁlﬁ@ﬂi@ﬁd‘ﬁioc@!fe" csrhpdsmoifsmexaemumme ikersepriod un‘tdemrlnma theirgngehat t he

user | earns whi ro S n art.
characteri st % er’f%ﬁ‘lmo%% ‘?%gm?ﬁéphl?élpertng Cﬁ‘ée us]rttuath%gﬁnal | nunber
of process 1(sﬁia1yluag$echﬁ1q@@${le§cnbfd m:ramddm:umemﬁcpmbe atomﬂgshq@lreetﬂiat@aphmﬁsdorpm nt

al ong the e t case of injecti o 10 exanpl e,
the user may? D%iyﬁﬂilyh ﬁ‘l‘s t"%& ﬁ%@ﬁlﬂﬁ‘i‘lﬁﬁ%@a&ﬂ%ﬁ E’F@é S e whe%gr e chal
t enper at ur e eeliriduegaredescbeel aaf geaghiss téchniguasichd bme&@hmnhﬁlymaétmhm«wes

translate the joint outpui of th [t cl aract ngy t he
regressi on |fHESH f"rﬁlg"r%}’ §fmf:§%ma]ﬂ°§érpmﬁ8ﬁﬂ§%ﬁe F tpt)fr0 ggl @r% o

char act er i stdomputidiohs, bﬂe%ms)ldckmmsemideeérminaumsa;mdg am@ytes]s:ﬂczhmqaﬁal ysi s
(612) to facLlitat asure roductlon or exanpl e,
by anal yzi é’ %‘?’@?ﬁ Bﬁ‘@crg f‘%fﬂ%’eg?‘}g?%%%cgrl s ﬁ%g&%ﬁnégﬁg%}wgg to threTp

pr edi ct or char acwﬂsfolf&tdmtachhpupms thedynghae in ihisppplivatient referetdiacegaession line.

W hin ol erhaetefie s WiGesdsotn HRLREH B i sfifelcllt bt hey B oine )
Al ternati veIIyshouId dlso be avted that themegrdssivembdedh is fltetwnd;s dromgpr d@a@mmumseﬂ he
maxi mum al | owabl e ra &MH ne
whet her pro\é\%dflgo Qgﬁneuggsgglgggg%%g%% S @Lg%g%? ?zt;tl on te{émgy
measuri ng mthlsmgdennmmdudeeuswﬁpmnelma@ (the predl ctor char act eristic)
(632). 30 As di S§H§§oe%nmavtﬁat rcﬂﬁalahct,% Bl e efLRBEH gﬁ%sfn 5&&%09(901' ine, an

injection nold operator can change one or nore proces ntrol vari abl es,
such as pr esstings hasdrgpdliestrared in tespeddheineffect o e pingle rampining (Predlicsrsh pisisles,  an

exanpl e of CRANKAGPIICODE uhARYbS chi} thi@febdb BEh5Q M process control settings

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 effectona
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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nol di ng i ndustry would be to change an internal dinension of a nold cavity.
The regression 46 4 Cctober, 2006 |ine can be shifted vert4@&phey20Q6n
Figure 6, this would be acconplished by changing the size of the renaining
article characteristic. A reduction in size would be acconplished by adding
material to the inside of the nold at the |ocation of that article
characteristic. This would decrease the size of the produced artjcle and
woul d shift the rByribsiiopurposas theappéraad lopver speeifioasinn Hemiss asypriated Wb B t he
required sh biicnQuldedg. forRRLER éénpgéa%fb@ingt&gmhm&g $ARGEn 4 he
regression line on1t arget Tntersection. Thus, the location
of the regr essiangulki qmmphmcameveme@rqsm invanges hoviavers eaneisp bpagplieiodes

i nformation Eh R Wb Gihird b %Sée@@n&ﬂlz% B essi on

| i ne needs t%gﬂﬁmﬁﬁﬁ? 5ﬁ§%1°£ﬁgmﬁagn§5%g§£o t hat ]2 in alternate
met hod of shfactornepsulbing insompliinsnared ravinga trpepgidal @ormme)%ow SAPF t it
hori zontally. 1n @ﬁﬁsf fof %aa&l% ufpB0 %@ﬁe,temmea@atafaméaHabs&agdamhtwrhwr get

intersection in Figdte be shifted to the right. This shift

woul d be accoimpiishiexbenyinsiodvgi rpptimize angalechaTasterisics felatie 1 98 OpRERsi ct or
characteri st g ArSidde u&ﬂtg&@@d fra ot algﬁ?cﬁﬁl s, ikl hiteconb s $of forch Rerelcesli Ct or

characteristic IS I ncrease An | ncrease |n si ze requires an i ncrease |n
the size 15 bfusethto achicve thaopnoyite effect: Fier %mdpe%répos&mﬁrtaé%t%thereaﬁ%%

di mensi on) 4, atddad inforRintd he
i SO e B s

interior o € . ) equired ‘shift is deternined by
conput i ng t hachiee 4 gesirecthangedh aproeesh B REANORBroFess FPYS | (15 OPIeREe giitPn& he

target intergechip r?aetJﬁBv&;ﬂ?B&%coﬂﬁélg&@ngﬁwﬂ”ﬂ'd‘lﬁéM glrbes or Bgh@askeng i ne is

to create the shift sonme conbi nati on of nol d| nmensi ons for
both the pr edmathesiobiasiieal AqTog IS coHIE be o Tateh e g FHORgProfetsi 2R /ar

characteri Sténgﬁx erbrl} debign SREEES S0 SEANPIBeSHBPARs bithib ?wceuf%uédh@wr egr essi on

line is shiftéd in a direction perpendicular to itse in effect,
i s the shott®arialshapes.pl e shift that can be done to position the

regression line tmgtguﬂthotlgethkgf@&t Jﬂvéﬁtﬁmﬁﬂsde@aescﬂﬂmadtabb;seracmgmonhmoﬁ hi ft
woul d be acconﬁllshed b decreaag in the size gﬁ he gPechte

char act er i st VED BN TPINEPRcEsses, the pEeseqt Jay epiion, #&lisspsser 108 h4siRp P‘é’h stic.
In the case @fy vﬁ\netfx)b r@éissl@@rlioreﬁﬁl RXEP fe@er@inv'&ﬁtﬁ)nﬂié@a liéatioh € plating and
characteristics ¢ % post - giatln | engt h mngﬁﬁ dlge si ons of
the part. | rFemifeg ‘E&%rénant‘ EFUpP 25, 4Sﬁ‘§y AR PFESH W"’lﬂ‘?f et of the
par':] \C/jVOU| dz(job@m@&ﬂ%r@ﬁirﬁgddﬁﬁmfnh@ sﬁﬁﬁﬁﬁﬁ Shé }_blﬁﬁhthﬁmvdﬂughlhﬁ aﬁpl[dahmsn‘orodtees a

nmet hod used to uce, articles .tha ave ¢ ristic t are
super i nposed™ BHEHF‘P%BWQ‘%BQ?FSS%‘W‘W% Atk © aﬁ"ﬁ Lﬁ%@@f"i tEdT%CCO %E%le ment

i Il ustrated the present invention has been described with reference to specific embodiments. Other

embodiments of the present invention will be apparent to one of ordinary skill in the art. It
is, therefore, intended that the claims set forth below not be limited to the embodiments
25 described above.
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in Figure 7 consists of a two-step process. In step one, the re essio
line is shifted so that it intersects the target intersec

exanple, the regression line is shifted dowmm and to the right. As

i ndi cated before, the regression Iine can be shifted horizontally,
vertically, or. 47 4 Cctober 2006 both. In step two, the characteristic
position is shifted, for this particular exanple, along the regression
line in the direction of smaller dinensions until the position is congruent
with the target intersection. In prac€L8BISof course, the direction that

t he characg§%%§&ﬁmnl§%5|tlon will need to be shifted will depend on the

| ocation of tHé f1'81 characteristic 5 relative to the t ar get

i ntersection and the slope of the regression |line. For didactic purposes,

t he | anguage | | i | S gg%quues
to "l ocat eq é , Q oad fn fjta mg e51gn argio xganucfa%{‘ung?ero@%sg{setlhé glg%}ﬁlag ﬁ{ﬂ‘ﬁ@;sﬂfg Ci(e(te

the range" a p)ﬁrahtg)tdﬁeftlcteecrhaiab’teﬂlmgyvatuhsa.tlssmlzgfb’d witle aussiedf drtiden @Vg?rgaqohnmbf

perspective. .Virtu n c
d ocunent ¢ aﬁl’l%{lgn 3%9 Oa r%llll 8 dartw ahearYac][erls ICFI I C%&IF]F%H(%% %. pg')%g gxr%‘a?ﬂr@c?laor
be appreci ahaactéridt o thy:t ploalityt cﬁchmclq uésraaanstlbse ané,edlewmmnngg tizpteigesdion

techni ques ar ed and. graphic tech n u
anal yti cal ’?éﬁﬁsﬁel?f%%‘?n tg? PRI, T %nfnc 926%%r§ ePlng §%% Wﬁ%ﬂeof t he

pr esent inwEan@ﬁn@ﬁnﬂﬁmhmdﬁﬁéfmmMMmmmaummmss cal cul ations, |ocations and
deternlnatlons using anal ytical techniques. 15 Gaphical displays are
createdtor the convenience and under st andi ng of the user. Also for

di dactic puar mhs eﬁcthddhef klamgUagethémcdnyirsingppédided aowrgeeidns ferotha mredieterssi on
line. It i ove t e reSS| "1 t ty2i ght
line but md arf)c e“(? ??ﬂ 1 & e F‘fr at% uPd ‘a %81 gﬁ{r%%tcggg(ﬁﬂmﬂg Fe&anPlZﬂg essi on
nodel is frseserdn yf thomget vhine fohi mamtadmtqnuhp@s@&lc agbthbdirae alusiofgl fast i ne.

houl d b d
,I[:“ 2 IOlI::V en tr?e%%oi[lg Calrtﬁ%eg Lﬁ rteerlss 1C r.llat ?o tfle I cpsmgttx eﬁl&ﬁf tb%gpeggl Q;Te(ﬂgt()l 20

Se of pre fict]on i erv I's not ed
t hat fors d|cﬂﬁﬁﬁerst1@mdphsfest,rerhdmngarftxelek:hamdctamlsmqges in process control
settings has been illustrated in terns of their effect on a single

remai ning (predicted) article characteristic. It is to be understood that
t he ef f ect 30fThe tmwﬂ@@ISofi dhifr béether congrisolg mminﬁn;sthe gegpedsive deparandneerf or

nore than t Ie characteristics. Sin| ood 25
that the eF’\Ngbc orb’f“ eé‘fi‘%s fgesafel Wbt?lg}(l:eerg%r “hp nde Sg%enﬁ}géenntlh‘? ﬁ[eglgftar?%}%éeg%%%}ct er ns

of their ebﬁ@ﬂﬂa@mmﬁofﬁengbmngagkﬁsﬁwmmmmmMEl It is to be understood that
the effect: of changes in process control settings can be determned for
more th#h one regressi on nodel. For didactic purposes, it has been assuned
that the ol @aé inwehodfofi aidimoll figiheg cataisgesdetdrmingigt the mesphaivp ippasmddontrr ol

settings a%?e/d%%orp STvals assocf0 1a3 1tlﬁ?he rtggr%srglotn?no Ys? bgttlfgerl tﬂé BltedlCtOI‘ characteristic

and at least one of the remaining article characteristics.

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

30
6. The method of claim 1 further comprising receiving lower and upper specification limits for
at least one of the remaining article characteristics; locating the lower and upper specification

limits associated with at least one remaining article characteristic relative to the regression
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30 operating position(s) and/or regression nodel (s) closer A Gt Qe nor e
target intersections. It is to be further understood that t ese C anges
can be nmade to nove the joint operating position(s) and/or regression
nodel (s) to any desired position. 48 4 October 2006 For didactic purposes,
the tipper and |l ower specification limts associated with the article
characteristics have been described as being constant values, resulting in
a rectangul giqel SRR IHRNGEIAbCRaradiBYR P hiRBRN at 1AM RAE ie@rﬁlnlﬁg%f@l@éhara@ﬁﬂstm so be
applied to circunmstances where one or nore of such specification limts
vary based on one or nore 5 factors, resulting in a conpliance area having
a trapezoi dal riff QEaBXaPLgin & felbetoshane dRbmakhy . hd Qaludli slagki fre@ibposes,
as noted i medi ately above, it has been assuned that changes havF bheen

i nt roduced Sheragpistipiag whigh the pasreeoasdiag FegFsssPn wd?lépfaw%thwpﬁ%egpw 19389
criterias Ifmit Ry SthaQ@ong%%xﬁdé)ﬁgclé batactehical gorithms, nodels and concepts
set forth herein can be used to achieve the opposite effect. For exanple,
it is possible to determ ne the required 10 change in a joint: operating
poi nt and/ of TrEE&S GNINRAE! or PORIhECEREHE dclcPni@n@ahe VAlue BE MeeMBdidtor
desired change in a process setting and/or process Input. One objective of
doi ng t hi sheetristipat whichvhecarepondiag seerstion slodd gpiersers BRAGV rspefification
danger ous qﬁmp@;gﬁg%t&@}&ﬁg@ngmﬁapaﬁg&mggkect|ve of doing this could be to
mat ch the production process and/ or engi neering design paraneters to
speci fi 80 process inputs such as pre-configured raw 15 naterial shapes.

Lastly, al td1QHQHleﬁchﬁofpdflﬁﬁeﬁﬁuthé}\é@ﬁBﬁ% RASVIRERN e I8RGHHD ke atRPE At B 1 N
connecti on ection nol Ng pProcesses, t he present | nventi on, F%
l e,

di scussed @b&?@@ ongy aiéthamql@ag ﬁraﬁle chagacieriggs; lopgfngtheyipee Beatien limpts) pssegidy

the presentyinuenk Q& JHaSediRh Rtk Rark@erRli@tdMde 8Nfe 1 GRRIGONBLS bOveen
manuf acturing, as well as any other process where a material is added, 20
renoved, orthevedigierhpracterdstiapst saishat [fast QRereTTFRIES gRISESHITAGIHFERL | on has
applicaggon to other non-manufacturing processes where characteristics of

the output are related. Accordingly, the present invention has bgf
descri bed vi0t Ahe enethashed clasm shderier comppvrg Waigraningy the valvg ifothf nIFLIEOh ¢ he

present | nVﬁQE&tQﬁtha{ lwhm"l tﬁ@ Q@ﬁ& nﬁre&l&loﬁ niﬁte%l QlsHdinad Withkthd lregrddsib@ncilet . |1 t
is, therefore, intended that e clains set forth below not be limted to

the embodi rhetvtesn 25 wisdistor sberagigstsiie andigaid aboleashepe JepBnIng apjcigscharacteristio

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

20
11. The method of claim 9 or 10 further comprising determining the value of the predictor
characteristic at which the lower prediction interval associated with the regression model
between the predictor characteristic and said at least one remaining article characteristic
intersects the lower specification limit for said at least one remaining article characteristic.

25

12. The method of claim 6 further comprising receiving the lower and upper specification limits
for the predictor characteristic; and locating the upper and lower specification limits associated

with the predictor characteristic.
30 13. The method of claim 8 further comprising receiving the lower and upper specification limits

for the predictor characteristic; and locating the upper and lower specification limits associated

with the predictor characteristic.
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What is clainmed is: 1. A nmethod facilitating design and na turing
processes, the nmethod conprising receiving 5 a plurality gkgcgofotelr%qog
characteristic values associated with a set of articles having a range of
variation as to a plurality of article characteristics resulting froma
process; selecting a predictor characteristic fromthe plurality of
article characteristics; and, determning the regression nodel(s) between
the predi ctiar rEhadRGt Bllafth b GurfB riEiﬁ?fe%eiQﬂ@lijer §gipp@ 1P i cAGorAlhitsatbe
characteristics in the plurality of article characteristics. 10 2. The
met hod of ohidi #h IFast e hidr the opRinEIR Y tisle cORDTiFEUES tlariee Ralue of Ywe
predictor L0t aGHLNIRE hSodNdh Rith 34i0&} 14! dA of Ae REnain®@Siti Bhdi RPBiktiYsN
article characteristic; determ ning the intersection of the target val ue
for the preaictinglowelsad appcesmeatipationentt fe the gredistor gharasirrighc: dpcpiinedpe upper
remal ni ng %gécjifﬁ:laﬁoncﬁﬁ{taaggogiﬁﬂﬁ Lifh tﬁl@?@édic‘t’& ch@a&ibRtiE; eMb SR &l @MinE0A flaxipiiveen
the predictor 15 characteristic and the first remaining article
char act er i sticte charactqistic elthior the pregictar gharactagistiqlyrselegiimgrihcslestgt ADEPTWRREG t he
respective &%‘f&%r it YRE prlcBA LGl AR st T Un@ (M MheSvafis SO BleBfd tohchacteRiStic
regression s?m el (gmﬁet we_erl.l)rt.ﬁe pr.eofi ctsor c%r acta.er i st |? and at_ | east one
of the renat whiakthguppes psdictien inervelinstspeisthe pepenspecifippsioptimifder sail ableast pre
further conppisih &ﬁg@"cﬁé}-z{&éfﬁistﬂg the respective upper and |ower prediction
intervals associated wth the regression nodel (s) between the predictor
charactéristic and at |least one of the remaining article characteristics.
25 5.. The ja ’i‘llfboﬂetﬁtgq & g f furé%hefr%Bﬁlﬁ%rﬁ?&[ihgﬂh@giefeﬁﬁiﬁfng'a_nrga)dirﬁﬁﬁﬁ artRd
upper specification [imts for the predictor characteristic and at |east
one of the chapdrisineplen sdpdpren denisndawmerr of rereadning Bede Fhgpoteripies iR PUEHE upper
speci fi cati®n e ThirSct@REQC il RErMnind tBBh6kt Bonsh 8RR nRRIEHEFRS LiehcREbhC] €
characteristic; locating the upper and | ower specification limts
associ at ed viug Hort the pprdisiir cherpctershia by selegting tthe lowse maxinmya sl ghprasterigticai m 1
further conppising receiving |ower and upper specification limts for at
| east one of the remaining article characteristics; |ocating the | ower and
upper specification limts associated with at |east one remaining article
charact eri §ki ghel GLidd H&1dif 14 h@rﬂ{eﬁg&ﬁﬁﬁin?Q'eceﬁzglgzllov%ta‘ﬂ@%f)p& QpKificamaaimiet ween
the predictor characteristic and said at | east one remaining article.
char act er i gei @ least7oneTuidhavestmginensorticls ghamcerriptiesi lnexting irplerer wgeitierier fi ng
the val ue QgfsLihgq Rﬁtﬁq}l&fn@(ﬁictor characteristic; and determining a minimum article characteristic
20  value for the predictor characteristic by selecting the greater of (1) the lower specification limit
for the predictor characteristic and (2) the value of the predictor characteristic at which the
lower prediction interval intersects the lower specification limit for said at least one remaining

article characteristic.

25  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.

18. The method of claim 16 further comprising repeating the determining a minimum article
30  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.
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characteristic at which the corresponding regression nodel j tq;sg&}s t he
upper specification 5 1limt for at |east one remaining artlc
characteristic. 8 The nethod of claim6 or 7 further conprising

determ ning the value of the predictor characteristic at which the
correspondi ng regression nodel intersects the |ower specification limt
for at least one renmaining article characteristic. 10 9, The method of

claim 3 furidhehe GOMBY biSdIAH 1REGRheY botBprisPRteARiding MREHa SRS laflbwadld @afgd fofm t s
for at |east one of the remaining article characteristics; |o atlngFthe

speci fi cat i BaPredigior chagsiepsticayesybiragingthe giog capste@ing Migivam whele FYEPES cl e

charact eri s flofl B m¥8 cbRuhibRg hRGHRESIheRcBREehbet ween the predictor
characteristic and said at |least one remaining article characteristic. 15

10. The method of claim9 further' conprising determning the value of the

predi ct ok phepaGLBsd &tdléﬁmalb fWHeE Pork?Ring RPRImiRh e tHehro@ ManBagiiNad vasesei at ed
with the regre53|on nodel between the predictor characteristic,. and fjd at

| east one ribraichiFieg chracieebies Bhistestinget VAt betwishtTRt BB CNYREINGIPEHMUM an

speci ficat 'rgﬁlr{lﬁrmalrtlclfeQﬁar%érgtl@'palde@?0?tthe%w"s& RiragLarticle
characteristic. . The method of claim9 or 10 further conprising

det erm ni ng the value of the predi ctor characteristic at which the | ower

prediction 21“?@%&110@&%&1@@?&&1%& I:J?mﬁx*@ﬁg G@tﬁﬁﬁﬁlﬁg e tﬁ@éi%anuitﬂ&h%@eﬂlﬁemr
predi ctor characteristic and said at | east one renmaining arti cl

char act é9i ghe eredicior shayesieristie e SF’G%@B th FudHoIE Jfejus rPepresn the B’PSts%ﬂnEFaéng east

one 1 enal ni g Akt Litl Rl A ThShd fedidd chaocdiige et hod of clai m 6 fur ther
conprising receiving the | ower and upper specification limts for the

predictor characteristic; and |ocating the upper and |ower specification

limts assogi %@%etﬁ%tch ctlahﬁ nr ﬁﬁ'ﬂh&t Qfmp%@lﬁ% 36defhirlgSH itdrget 3QIud Jor THRepro@EBOd Of
claim8 further conprising receiving the Iower and upper speC|f|cat|on

limts forcheaderjsieanda Téfrge’b‘f@&}eé@taé}eiﬂ‘%PP‘“(:femaWnglaHE%f’c‘ihﬁT@thrl‘Fé‘C istrErnEgdhy ower

speci fi gat i oddifh 1’0§ t}fastg‘r%@t' AhRdor We tphedidts BiBALEHO and hRM@G eVl R IfG iRl 4
Oct ober 2006 14. The method of claim 3 further conpr|5|ng receiving | ower

and upper gpBRipg caathlwhﬁrnaﬁﬁrf%wfr@}atlves 49 dhartregression B! JretwaeR e nRIFHFAY

article chahacliglslishidaBe filsOeRAhing alttlla@ chﬁﬂ@é’nsﬁ@(j upper specification limts
associated wth said at |east oné of the remaining article characteristics;

receiving lower and upper specification limts for the predictor
charact eri shi §je [QaR% HHcIhiRe 1 UPRSLIn the selecting step comprises selecting the predictor

20 characteristic based at least in part on an assessment of the capability of each article
characteristic to be predictive of all or a subset of the article characteristics in the plurality of

article characteristics.

24. The method of claim 23 wherein the selecting step comprises calculating the correlation
25  coefficients between all or a subset of the article characteristics; 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 selecting a predictor characteristic based at least
in pare on the values indicating the predictive capabilities of the article characteristics.
30
25. The method of claim 24 wherein the predictor characteristic is selected as the article

characteristic associated with the value indicating the highest predictive capability.

53



5 specification [imt associated wth the predictor characteristic: and
determ ning a maxi num article characteristic value for thé‘%?@ﬁf q@r'
characteristic by selecting the | esser of (1) the upper specification
limt for the predictor characteristic and (2) the value of the predictor
characteristic at which the upper prediction interval intersects the upper
specification limt for said at |east one remaining article

characteri stgl ¢he h&hdPof i@ 208tARE cohprindirMided thelsitife tha Qi vagdrapeat i ng
the determning a maximum article characteristic value step for a desired
number of r'@lat ymyted it the ALerePRSEPeri stics in the plurality of article
characteristics; and determ ning the npbst constraining nmaxi numarticle
characteristic value for the predictor characteristic bY sel ecting the
owest  rraxi Fhuihameed ef ear Ao rEFE e detamirysg Hep corpprisehelaaing egreeEai m 14
further £onpriisidGob@sithtthdcd SUBE ciandieMPRer specification limts for at

| east one of the remaining article characteristics; l|locating the | ower
specification |imt associated with the predictor characteristic; and

det er m ni nggarid ALBEBralaih o §heRAMAC &Rl LCstedCordlis8 chiBdlatiid@hdiRkE bOT
characteristic by selecting the greater of (1& the | ower specification
limit for thepbsqlpteypleesof the karedetion cpefficientyiapeach yrtipls shajagtenistiof t he predi ct or
characteristic at which the |ower prediction interval intersects the |ower
specification limt for said at |east one remaining article _

char act & i 2fi Ehre mahadpf daien 2t hrsein gt Peqdisionchamadtaiistinis selesiddier fg @herhi ni ng
an al | ovabl g hRARgRn bPhe Eﬁaeeﬁﬁ-%&{s@é hafvfh@@l{ dafl EdiGive bhilabiBdd N the

m nimum article characteristic value fromthe maxi num characteristic
val ue. 18 The method of claim 16 further conprising repeating the

det er m ni ngoaryd JkPHr @latnh 83 Fhersd sQRRHLAGE BE pRliicor VidkdéRriStEP fifrder Bhsdlesi 1 ed
nunber remaining article characteristics in the plurality of article
char act er i $2qt@sassegideddaihersippsigRgch HEClB@ackEHSt rai ning m nimum article
characteyistic value for the predictor characteristic by selecting the

greatest mninumarticle characteristic value. 52 4 Qctober 2006 19. The
net hod of &l altemeghadipf claisn 3¢ Whesen dhenigcters coFpRsA thegEoPmEfripeior AT osiafdwal e

range for ,t&iRledi P chelakagteri stic by subtracting the nost
constraining mninmumarticle characteristic value fromthe nost

constraini ng maxi mum characteristic value. 5 20. The nethod of claim 19
further comprigi rﬁ@hdéq_‘;f%famé Bh MBerbRand ALGRLcoRPNRCT AT ¥Rl URsdRled Withe

predi ctor characteristic by selecting a val ue between the nost constraining
m ni mund%and@ssessing each article characteristic.

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

25  characteristic.

34. A method facilitating design and manufacturing processes, the method 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 resulting from a process; determining the
30 regression model(s) between a first article characteristic and at least one remaining article
characteristic in the plurality of article characteristics: receiving a target value for the first

article characteristic and a target value for said at least one of the remaining article
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maxi mum article characteristic values for the predictor characteristic. 21.
The nmethod of claim 19 further conprising determ ning the 4 eRer 2006

manuf acturing value for 10 the predictor characteristic by selecting the
m dpoi nt val ue between the nost constraining mnimum and maxi num val ues
for the predictor characteristic. 22. The nethod of claim 21 further
conprising receiving a target value for the predictor characteristic and a
target val ufah@érisat; drdaGter@ig gl BERitEEddGorAbdtivednethe RALAGRRE if6 ihe firctedredlani ni ng
the 15 intersection of the tar get, vaal ue for the Er,edi ctor characteristic
and the t arg¥pcteafieands taugetyapug £ saifal IrshepedrPaipPe MERS FRACH S i ¢ rel ati ve
to the regression nodel between the predictor characteristic and the first
remai ning article characteristic. 23. The net hog of claim]l wherein._the

sel ecting sPephedngihads ek clagh dét VhfgeR Heersioniieds ar?d‘%@ﬁﬁlfl ey b Pesiised
at | easts i noRBmhtidAB oP4HiAS SRS IBEIcs B thd FlErakRaRtE tiarRferie@gh article
characteristic to be predictive of all or a subset of the article
characteristics in the plurality of article characteristics. 24. The

et hod of clsairfe 2R3 HA &I Rlain 1326w Redie edokdd8lord hidRels APt Rhed FbCAllsdiskngr dlhe
correlation 25 coefficients between all or a subset of the article

char act er i Sopee combinafions it Agicle shasrsterishesimibe PREALS AT attisls HRFEISEES on
coefficients, a value indicating the predictive capability of a first
article characteristic relative to all other article characteristics;
repeati Hy tHelhsardhasiafirhgn $1-210r06 Murthsy epmpxiipg gisplaying e eerestion RedefF 7 e
charact eri skrGSerfRPdisgg).€cting a predictor characteristic based at |east

in pare on the values indicating the predictive capabilities of the article
characteristics. 30 25. The nethod of claim 24 wherein the predictor

char act er i $gi PheingetifRl 2 6hRU3 AThdEIL R edr&hibn moNAGPGE efapisitdlly dRpRO& Ak&ftei t h
the value indicating the highest predictive capability. 53 4 Cctober 2006
26.. The néiagEEseR theussrintodace displRer conpri sing ranking the article

characteyistics based on the values conputed in the determ ning step. 27.
The met hod of claim 24 wherein the determ ning step conprises calcul ating

the aver agé?d Bheowethed af plaim 8 Srtheramrisng recsydig e dqver @nd HBRea cPesHication., 28,

The met hod 1afits Ghaéaid 2N SR tetald H6L18 CRritdBt&! RRaGRNAE ksSeFiceRInClithigt i ng
the average of the absolute values of the correlation coefficients for

each arti clesogipisd Hith eaid atlgagt ong gropaningpriiclq,eheREEIYE- ¢l ai m 23 wherein the
predi ctor characteristic is selected based on a graphical determ nation of
the article characteristic having the greatest predictive capabiljties. 30"
The met Hod 487 Tha Bethed ol qlpiey &9 Hirdie) eEtrigig &Fcetig 1BF &OTE BT VBHTASBRCHER I i ¢ i s
further basigghs @ the first article characteristic; locating the lower and upper specification limits rot the

first article characteristic.

41. The method of claim 39 further comprising (a) determining the value of the first article
25  characteristic at which the regression model intersects the upper specification limit for said at

least one remaining article characteristic.

42. The method of claim 39 or 41 further comprising determining the value of the first article
characteristic at which the regression model intersects the lower specification limit for said at

30 least one remaining article characteristic.

43. The method of claim 41 further comprising repeating the determining step (a) for a desired

number of remaining article characteristics; and determining the most constraining maximum
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factors associated with assessing each article characterist] 8 2 31. The
nmet hod of claim 30 wherein the factors conprise the econoni® tﬂﬁ? as
associated with assessing each article characteristic. 32. The method of
claim 30 wherein the factors conprise the technical factors associated with
20 assessing each article characteristic.. 33. The nethod of claim 28
further conprising ranking the article characteristics based on the values
conput ed i n,fhedehLr nkng §ﬁa@£ten§tﬁd bYREE&InD tﬁ@ll&%st QReforthe s egiad or
characteristic is further based on econonic or technical factors
associ at ed sherepierasic assggizief willethe deternpnieg stk har acteri stic, 34. A nethod
facilitating design and manufacturing processes, the nmethod conprising
receiving a plurality of article characteristic values associated with a
set of arti4 dbe msthon gl slaimaAy&urdrr copeprisiag i(ondesgsmingnzathp velaof thy frt adls cl e
charact el Scthhr%&erqs@ig;ﬁl &fhl@@ tH(e rgé%s@lo{? LG8 SiRtersEled BE M @ﬂe&ﬂ%ﬁw%%rﬁ@gﬁ 85giapn
nodel (s) between a first ticle characteristic and | east one renai ning
article cHaasa@rteercm@mngarinde threactsriticarapeaying the fetengipiag é‘ﬁhfoéiétdé?*ﬁeé pyrpter of
receiving Qe&%ﬁgxgta tl"é%lcﬂﬁaétg{s‘a% dend deEe?ﬁllnlrfgrtﬁé hbg cmﬁﬁlﬁﬁig%ﬁﬁlﬁhhcva%@ Fordnd ar get
val ue for sail ['east one o e remaining article Oct ober 2006
char act er i sfirstcartiglnd-hatesteristic rh}’niylet?'mg that sseatest vilon dbehovdiayy artigde chargérisial ue
for the fir ic and a target value for said at | east
one renalnﬁﬁgw%%?hg ?wcﬁggggtgrl ??c 35. The nethod of claim 34 wherein
regressildon nodels are determned for all possible 5 conbinations of
article chga LGS for30-
The. method of 11y B el TR oL B o bl e Ta BB ik o0
subset of ahé firspetmericistigticdrdslepting thhmidpping petivednethe aptaEpwTainitg BEIMAN pite
plurality of,ahtd ¢liesG Q‘ @?&Fﬁﬁé%éﬁﬁ%am%Qa37- The method of claim 34,35 or
36 further conprising pl ayl ng the regression nodel (s) on a user
interface display. 38. The nethod of claim 37 wherein the regression
nodel (s)s ar }

Tt or 2 s B . g
recei vi ng tahteCH dmcteam hyppbtracipg tefrash eneipining minigumayalugfoy hatﬁrffté&sCie one
remai ning %ﬁlgﬂaﬁl:r%tlg g%%txﬁ‘(fs% SnbiCSning ASGhbA YO for 3RSl Rldh@ ettt S
associated wth sal l'east one remaining article characteristic. 20 40.
The nethod of claim39 further conprising receiving the | ower, and upper

speci ficat i49 NThe method of claim 44 further comprising determining the target manufacturing value for

20 the first characteristic by selecting a value between the most constraining minimum and

maximum values for the first article characteristic.

48. The method of claim 41 further comprising receiving the lower and upper specification
limits for die first article characteristic; and locating the lower and upper specification limits
25 associated with the first article characteristic; 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).

30  49. The method of claim 47 farther 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; repeating the determining step (b) for a desired

number of remaining article characteristics; and determining the most constraining minimum
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limts for the first article characteristic; locating the Iower g upper
specification limts rot the first article characteristic.* 94°Pefa¥8 et hod
of claim39 further conprising (a) determning the value of the first
article 25 characteristic at which the regression nodel intersects the
upper specification [imt for said at |east one remaining article
characteristic. 42. The nethod of claim39 or 41 further conprising

det er m ni ngvatu'@@’orvt‘% st thlcfekb%alfaét&%hc 3y LtisdiRg t@@%ﬁ&t (ﬁ’r(ﬂﬁ{hk Govidr sphifdatishe
regression nodel intersects the | ower f‘Eem ication limt for said at 30

| east one rlpifonthedirs prticle|charediciisicndrRsis areatgy valynef the fisbtige charastersio
further CO@&b&E@&tﬁ@&%fnﬁgs{QB@o determning step (a) for a desired nunber
of remaining article characteri stl cs; and determ ning the nost constraining
maxi mum 55 4 Qctober 2006 value for the first article characteristic by

sel ecting tSIGeAlrr@ﬂﬁatfacﬂﬁ'Atﬂg d95;1gn aggn;ahﬁfictturﬁ{gtp&&'eﬁes ﬁx@%e%ﬁ%liﬂlﬁf’iélrfg B&see ated

with the determning ste claim43 further
conpri si ng A Wyraligtad articks @@rat:qqrestrmahlés afsoqidied With gtselppft grti¢les hagingiiareges ek i stic

at whi ch the, Learess] ﬂﬂtaHBIQ)?lartfcﬂtcﬁ£r§<§&§s§cst R&utRWRIm §B§)€és§ ' cﬁ:?e?'th?lﬂlgld st for
said at |least one remainrng article characteristic; repeat| n

det er ni ni ngesession fragdel bewsdny éd'lfﬁlm‘m}? chiracterishimiand mgseaend; afide c aIaCtCUSUC

characteri %Heﬁﬁm g%g hqu[ e!e@&n@'r@@egsﬁﬁ oust be@x@&'ﬁttﬁ@ﬁﬁ{ B9 ol R aBE aff OF
the first articl aracteristic by selectin greatest val ue of he

first ati d¢ast etsanidhbe eamaiingcartige §b@éacaqué@csmndh%%CHéat@étae@mpﬁlilwg betvesgn (ﬂk?) .

45. The metT &sﬁflm%héié m 44 further conprising determ ning the target

manuf acturing value for the first characteristic by selecting the midpoint
bet ween the nost constraining mnimumand maxi num values for the first

article chapag},erjcaidiCor C]g'lﬁl 48 -whERen ?&Eé@ggn Qrflodélg‘ FUIEREEIn&O PR 415 b&gible

determ ning the maxi mum al [ owabl e range e first article

char act er i spinbingipns pftariichethpgion fes W@@tpl@@ﬁxpfﬁ?ﬂ? PRgTagicriftittim val ue for the
first afgicle characteristic fromthe nost constraining nmaxi rum val ue for
t he flrst article characteristic. 47. The nmethod of claim44 further
conpri si ng SdeTley methph gl chian SArdetcimegiesuen tefly aipadetremipgd for s qfigllst

characteri ?)Bésﬁ)k,b%nﬁﬂ E&Is'of'g’aae ylﬁléé%ngﬁs'%m@ B8 P alick QRfAdAIsRisNg M ni mum
and naxi num val ues faor the first article c%aracterlstlc 48. The net hod of

claim4l further conprising receiving the | ower and upper specification

limts for ?'ﬂlefrbcrﬂﬁ)td o‘?'éfaln?g(%lcIaf-ifzafﬁ'itﬁ&'c%ﬁlbﬁsm%ﬂg)lzl}@{gazﬁé Rrebit rh&iéﬂ) d@nd

upper specification assocl at ed the first article
char act & i stupa interéasedsplay t he determining step (a) for a desired

54. The method of claim 53 wherein the regression models are graphically displayed in scatter

diagrams on the user interface display.

25  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

regression model associated with the first and second article characteristics.

30  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 regression model associated with the first and third article

characteristics.
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nunber of remaining article characteristics; and determ ning_ the npst
constraining maxi mum value for the first article charact eﬁgg?tquargcgps
selecting the |ower of (1) the upper specification limt For the first
article characteristic and (2) the | owest value conputed in the determ ning
step (a). 30 49. The nmethod of claim47 farther conprising (b) determ ning
the value of the first article <characteristic at which the regression
model i nt ersye¢hs i bPY¥GIn SOGke! cahiRg! bibilind BE 188 hndtuppdrap&dific@fiéh
remai ning article characteristic; repeating the determning step (b) for a
desired nuimr fopfthe sspanchiariigleapharasicastichadae t tBird Sticdss chasgetpriges JPoRting ilf t he
nbst const rs?écﬁﬁé%ﬂoﬂﬁirﬁﬁ%%cia@&l Wit OHe ARSI d %]Bgﬁlch\éﬁhﬂﬁsltfcQ'Elatti\téetofthé' floreddidd Cl e
e e

characteri sti y selecting the greater o ower specification

limt for tipselhabuqen e firgl astidhelizeteapticsnt dheassernd Zrtidnehageierttiss tocaigp e of
the firss asgéaiﬁva& CRA@EL68 4T Wah ROMRML Sid RhdrlBerflfS RMVBIHISTERsE - 5
50. A method facilitati ng design and manufacturing processes, the method
conpri si ng maslekiciraqy the ghiy) agficdd ¢hespcteristig prd b Erstitielaehasactegistice val ues
associated wwth a set of articles having a range of variation as to a
plurality of article characteristics resulting froma process; determning
a first ré§r Esmothodrotighinhét isthar eonfiirisive regeiving] e dover sed @ppes tspesifigatpra
second artiiglig fﬁlhal% afli S b ractddS SNétatid e %E)ecliﬁ,aaﬁ(gn AmREERNH. HRYLARR On
nmodel between the first article characteristic and at 10 | east one of the
remai ni Hy ahaeiiristic rdatiae te tegegression andel betwseni thaafirsh grtiglechapeieiisioing dreween
the regregglnp Mg@kﬁ?r'aéérgfi?;hgnMI)%ﬁlgg Qhe GhEIMTRE AR SfoR e OhEs RN

nodel s are determ ne or 0SSl conbi nations of article

char act er i shiregeristic tepsivpltthg|regrgssion meadel edtwecatibe Sest avticlgt ghargeteristic god thepe

met hod of ¢lai MAOMheLsip regression nodels are determned for' a subset
of all possible conbinations of article characteristics in the plurality
of article characteristics. 53.. The nethod of claim50,51, or 52 further’

compr i Sisng 59.i & eﬁ%h ﬁ\gilﬁatﬁﬁg H&%Q_ﬁ@ hf%ﬂ.lfﬁ@ﬂﬁllg_(pﬁ)ceg& as&gia@:d%ﬁirthé ﬁ'B(ﬁfc{i@rpﬁ'
di splay.. 54. The nethod of clalm53 wherein the regression nodels are
gr aphi cal | yn ditisfs, Sipediti¢le having e @luraldy af eeisls Daracthrestios e 1qapit @iof ¢fcthe ditislsl ay .

25 55. The hod Qf i SRR S £l MENGnast AL Felnodal ue
as to at | ggas%% tmé&a}}a%glag}aﬁgg%g%géc?gé ISt céa;ﬁg‘ggt%%a éfai !r)st article

char act er i semerisingceeacraiggont af etieleehavingratengy sfstarietion wdati Mgalithef article
Intersectl Qﬁhr&:fteritstlél% r’ésﬂftiggIfrg}ﬁfejh%‘fg&sé?fasstzﬁﬁngthé &t oiaalﬂgcl&%cw g]l 8} 's.tﬁ)géf of the

characteristics relative to t regression nodel associated with the first
and sec¥nd phiralitcefertisheheresteristiey; padestin@oprs@ctomerapistiigdiont the plataiiyss artiglet her
conprising cl'?é?ac&e?islricjg,eaﬂ(d', H&Em‘ffi‘l{iltjé ﬁle%eéi‘ps@foﬁ%(ﬁiﬁ(sﬁtﬁeﬁve@ﬁ] %eapr{e(nét&dcharacteristic

and at least one of the remaining article characteristics in the plurality of article characteristics.

60. The method of claim 59 further comprising determining the intersection of the target value
25 for the predictor characteristic and the target value of at least one remaining article
characteristic relative to the regression model between the predictor characteristic and said at

least one remaining article characteristic.

61. The method of claim 59 further comprising determining the respective upper and lower
30 prediction intervals associated with the regression model between the predictor characteristic

and said at least one of the remaining article characteristics.

62. The method of claim 60 further comprising determining the respective upper and lower
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article characteristic, locating the intersection of the target values of
the first and third article characteristics relative to tHe¢t UG on
nodel associated with the first and third article characterlstlcs 57 4
Oct ober 2006 57. The nmethod of claimb50 further conprising receiving the

| ower and upper specification limts for the second article characteristic
and a third article characteristic; locating the specification limts
associ at ed ﬁ%cﬂ&oﬁ Qﬁeﬁﬁ@&%m@éﬂkﬁﬁ! the &Q@Es@&; rﬁédef(&)' Horwch Ak ipMRictd? chh‘@ctemshc
regression nodel between the first article characteristic and the second
articl e chandezéptlessyqne of Be rmaming declschapseliifticeat i on limts associated with
the third article characteristic relative to the regression nodel between
the third article characteristic and the first article characteristic. 58.

The met hod @f Ted methedef ¢laim M2 fevbgs crmprgng loeasing itheglovpreand giResr spefdfisapprer
speci fi cat 'lﬁlﬂts aHoma{eé x&fltﬂrsalhl‘églefaét oﬁ& Iéﬁatlﬂn?é ﬁtlﬁ@@ﬁa@&tteﬁ"st‘uﬁ t1(5c§‘vmgl Qe ﬁgﬂepgn& he
specification limts first ticle 10 charactéristic relative to

t he regresdPWﬂSﬁﬁd@ﬂmmémmééwoﬂﬁ@dWﬁhﬂﬁpéﬂwﬁépbﬂ%ﬁﬁﬁﬁbterlstlc and t he
second article characteristic; and |ocating the specification linmts for
the first article characterlstlc relative to the regression nodel between
the first &tThel rectoddaafatzive 59 Siriher comurising locatinigitlep eqificatien By aeecéatedsvitle. 15
59. A net hegaf.acidd &EQ%hﬂﬁnQ%%bQ@ g&ﬂﬁﬁggufacturlng processes associ at ed
with the proguctlon 0 an artlcT the article having a plurality of
articlelCharacteristics, at least two of the article characteristics
having a ta5g6%e Yalmia émafﬁpraarfuﬁﬂg +o%%gln§ RREHIG3! hOMValu N3 fe frb&ciB®t hod
conprising generating a set of articles having a range of variation as to a
plurality charesterisi¢ et whithathaeeseesiion medel ieterstots they upneo presifipation dunt foasyé gki ng
the set of 1@&511an mllﬁ%grgcl@éﬂarag{engwsubset of the 20 plurality of article
characteristics; lecting a predictor characteristic fromthe plurality of
article characterlstlcs and, determining the regression nodel (s) between
the pred C%@rTlgehlﬁét & élfi}n' 64 or%dfuﬁherlc%ﬁ'@;131 i'@et&imr{ntfgethé SHRE QY% E&lét&l e
characteristics in urality of article ctharacteristics.

met hod of chaiatarstc atuvhlﬁet&le casrastiors nadel deteraqersi the feoyer prscifipation éléé‘t fop P@l@)ﬁt t he
target val yg 23 fQhidileedhatRsseharacteristic and the target value of at
| east one remaining article characteristic relative to the regression
nodel between the predictor characteristic and said at |east one remaining
article Ch%l’7 %éﬂﬁ)td'o? claﬁ‘?ﬁf@l?th&%%ﬂlﬁg IQ;I loga{tﬁg me%gecﬁﬁgaﬂmgmlwcia%d%th
determ ning the respective upper T oner prediction intervals
aSSOC|aﬂbdSmﬁaﬁeﬁh@wﬂ@gm@sgmbﬂedwﬁ@mﬂﬁwtmeen the predictor characteristic
and said at |least one of the remaining article characteristics. 62. The

met hod of claim60 further conprising determ ning the respective upper and
| ower 68. The method of claim 67 further comprising determining the value of the predictor

characteristic at which the upper prediction interval associated with the regression model
between the predictor characteristic and said at least one remaining article characteristic

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

69. The method of claim 67 or 68 further comprising determining the value of the predictor
characteristic at which the lower prediction interval associated with the regression model
between the predictor characteristic and said at least one remaining article characteristic

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

70. The method of claim 64 further comprising locating the upper and lower specification limits

associated with the predictor characteristic.
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58 4 Cctober 2006 prediction intervals associated with the regression
nmodel (s) between the predictor' characteristic and said at4Peaa 2effe of
the remaining article characteristics. 63. The nmethod of claimof 62
further conprising |ocating the | ower and upper specification 5 limts
associated wth said at |east one remaining article characteristic;

| ocating the upper and |ower specification limts associated wth the
predi ctor cha i Iy g
oot ing. t he. SaonEl i O o T ARl U b o MR bk
remai ni ng astaceied withacawedatorsharecteric.65. The met hod of claim 64 further
conprising determning the value of the predictor characteristic at which
the regression nodel intersects the upper specification limt for said at

| east one r7érr“§1ileml¢1@0dagftclatm el bifheromprising loeating Hie d@ver Phrbuppert spexdfieafiorclimitin 64
or 65 furt I

char act o1 St ol Nuh el EEH ST hEC KA, KR B hesifcatio
speci fi cat ilomt |asseriated owitls dhel ragdictére alsaractenietior eandi Adteropirang iac IrI@leum article
characteri fLr [ t he
peci 11 cat rouigiRf 08 (2GR R orty Bl e ' SR BTRELS | I B e
articl e chapertficetionslinitfor 88 prefifveor wistrdveenlistaf and I(Iélﬂm wluefolithe yeedictop piprdcisirisiee
determnin I ‘ e per
pr edi ct 1 on & vch YR uHt: Beallp BRH) lRkers BOBLAFLELRGILALRH A KIFpP
predi ct & ctraziviog etifls thacacgmigticsai d at | east one remmining article
characteristic 25 intersects the upper specification limt for said at

| east one remaining article characteristic" 69. The method of claim®67 or
68 further 78ohipr inethergofckdainr 12 fuithey comprising 1gpeatifig thaleigrmaiding tagnaximum article
charact ef | Shidhiliilidyi6: d RURK RESE FLBMibMLEOY AlarRRAGRS B G0pify (he
regressi on node t he predi ctor arac eristic an said A

one renmai niohgrtigle tchashaterisherr ansh dsteimgining thest@osnt penstraeing siaximam ahde cl@;?etwﬂlcc at| on
limt f ts racteri st otk

method B oray el PRRE ARk b)HelRi TEIOIAAGKAL Shich: (rEfcrefR
specificativelmel imts associated wt h the predictor characteristic. 59 4
Oct ober 2006 71. The nethod of claim66 further conprising |locating the
upper and lower specification limts associated with the predictor

char act er i §#iThe nkzhod P elame Thdethafcombrasing 16datifig the hesyer sppapicatiinrignit asewtatadg t he

| over and WRiR%ke }ﬁ'pcﬁ&j)rfcjhgr%tiar%c;l Jnmdgérmining a minimum article characteristic value for the
20 predictor characteristic by selecting the greater of (1) the lower specification limit for the

predictor characteristic and (2) the value of the predictor characteristic at which the lower

prediction interval intersects the lower specification limit for said at least one remaining article

characteristic.

25  75. The method of claim 74 further comprising determining an allowable range for the predictor
characteristic by subtracting the minimum article characteristic value from die maximum

characteristic value.

76. The method of claim 74 further comprising repeating the determining a minimum article
30 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.
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5 associated with said at |east one remaining article characteristic,
locating the upper specification linit associated with the GFeRsr e
characteristic; and determining a nmaxinumarticle characteristic value for
the predictor characteristic by selecting the |lesser of (1) the upper
specification limt for the predictor characteristic and (2) the value of
the predictor characteristic at which the upper prediction interval
intersects 7t'7h?h ”188%15{1 éfpc?(fxlnffﬁeﬁttﬂep Qo}-éﬂ ‘m.})% dgtg{mlﬁﬁ% qae%ax}nﬁﬁﬁ b le 1%19' ¢ for

renai ni ng drticle characteris of claim 72 furt

conpri sing theepeattpn@atahwisjetbersnbmpm@ the mas¢|cnnﬁmalamgmh@unthmla@h@w%ﬁl%

val ue stepf gsir d n gcle characteristics in the
plurality ﬁle ﬁo th'c nelosg (glrsgp?gg mg%llmggl%&gg&% ?ggrﬂrln ni ng the nost

constrai ni ng maxi num artl cI e characteristic 15 value for the predictor
characte ie b i i
Vel e, . raorhs HebRod map i e bR G L P Sy SRR AR Rl
speci fi cat ithnprediotot c}a&smnstatmfdsele\mtgm vdhee lpnt\ee:tn(theomost lvamstrginangi rsiningum amd
determ ning_a. mni mfarﬂtle (ftor c%aragttr‘les Astic value for the 20 predictor
characteri Xgn%’&vas‘éﬁse%rtl f ater of (1) the | ower specification
limt for the predi ctor characterl stl c and (2) the value of the predictor
characteristic at redl | ower
speci fi cat ?ghﬁllei rﬁ%tgmdlf cla1 ? fur)Ell\-xE 79, é)tns eet?rgmmgfh% targel tn{agv?i%tﬁﬁggtéah}e%r

char act er i Shd pr.ediZ’E)r ZEarachniBtiafrij hseidctmg thd andpom vhlue tblatasreem: oepmpgi gegstraining
determ ni ng .an al (amn/%bl e.ran efor t(g%cg etor. characteristic by

subt r act i ng™PHE A RRON &t {4 rac eristic val ue fromdie maxinum
characteristic value. 76. The rret hod of claim 74 further conprising

repeati ng t eT}gee&%fl(r)H (r)1f| cr}:gma79n3etemmm ati:lé n(% Crse tlélootqﬂea{a%%{ 9‘:{11!165%0'{ gb V;%L:CH&OISt ep
for a desired NuRbe? remai dti el e Charact er i'sti cs: eterm ni ng
t he nost C(ahmmmsm mgl tm targ?mmlwdf a¢ leest oharcawtngrg MQIQ:CMailcuestfcaplatN’weto the

Char act b | ST GUgR IR bt s Brvo00pt e LR Rell P RALMREA D, e

conpri si ng chketedriziicil ng t he maxi me al l owabl e range for the predictor
characteristic by subtracting the nost constraining mninumarticle
characteristic value fromthe nost constraining maxi num characteristic

val ue. 5 781. Tlmemmb&arﬂ ofimciaivherdi6 theistlbeing csmppcrdrr@iimg sit@enihai prefittore

'\[/Z:’ 8? bg?c\g% ﬁrllig ic %asteg Cagﬁles sf i %[ntclgon gnegésgstsr%gntcga {hg bllﬁlteg Cof bééc]f% tﬁ? ' ng a
predi ctor chasagisés itsbé predtlve $hHehenwhdromitiad chdrmtamsﬁcfs muhet m&:rahtbwﬁrart@ieng
determ ni ngharac?ens ar get manuf act uri ng val ue for

82. The method of claim 81 wherein the selecting step comprises calculating the correlation
coefficients between all or a subset of the article characteristics; determining, based on the
25 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 predictive capabilities of the article characteristics.

30 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.
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10 the predictor characteristic by selecting the m dpoint val ue between the
nost constraining mnimumand maxi num val ues for the predi%deper 2006
characteristic. 80. The nmethod of claim 79 determ ning the intersection of
the target value for the predictor characteristic and the target val ue of
at |east one remaining article characteristic relative to the 15

regressi on nodel between the predictor characteristic and said at | east one
remai ni ng ticle .c cteristic. 81, .Th to.% reiqn the
sel ecting s 4.6‘6&(:18%?({1(25602211@6 elér%}lleﬁ&m? nesn%rrgn | ttger Quécl 5?45%%%?C§tb|§%gggé%d at

| east i n pamlueoronmnted §stbs Seveninigs stdphe capabilities of each article 20
characteristic to be predictive of the other article characteristics in the
plurality of article characteristics. 82. The nethod of claim 81l wherein

t he sel ect i33gThd mpthadopelhise8? ehatreinl tht dagmitiez sor cahpisesoralcubied fhiecivenges

bet ween al | or, & sugﬁet t:}f t%te {artihcl e characteristics; determ ning, based
on the 25 QAFRINLPETIRY ISPt ardre C88FFIent s, a val ue indicating the
predictive capability of a first article characteristic relative to all
other artigle_characteristics; repeating.the. determni t far.

article ch‘; abedPstags ‘§§!alrﬁr§z “g’gleglctﬁ? eéerlg‘lnbnrgesé‘?pc‘ioﬁnp HE Sé’tgrﬁg%l lélgﬁ}éet aﬁ’gra Jfat!%fed at

| east i n pakdabedslutt heuasalf the Sorrélatibn cadfficigntd foeeaph edcle chargtaiapabi [ 1 ties of the
article characteristics. 30 83. The nethod of claim82 wherein the

predi ctor characteristic is selected as the article characteristic

associ ated 8% The rhdidwiklaen 8 nethaeih itegrddivgor khayinesistipis ecleadd basedonpagpiphicaly. 61

4 Cctober 2006 . 84 e nethod of. claim@82 further..conpri si. ranki ng t he
article ché?tﬁg?lg%ogtogﬁ‘g alﬁlﬁltfégarﬁcgﬂ?ﬁ%l%vgl I%hee%eaéeg rfﬁ“glgel aH321§1¥11{e}ecéijet erm ni ng
step. 85. The nethod of claim82 wherein the determ ning step conprises
cal cul ating_the average .5.correl ation coefficient for ch .art )

char act er i %fg i ﬂfe .Od'ﬁg slag f}‘g "of ?hce I Sglle?%og 2 b {}\fu grreg}&r?r { lﬁaéaccf %g & I%fl}r#lh%gbeagfde p

conpri ses oaltewradskaiptddhvathaysesageadf artitlhehambenstist e val ues of the
correlatjon coefficients for each article characteristic. 10 87. The net hod
of claim81 wherein the predictor characteristic is selected based on a
graphi cal sdettermatinatdfoRinBS twherciarthd fatters chaprise ttgr deetiantc Fatorsgsdcheedgyithat est

predictive ca{)abi | i titei. 8%. Ishi% met hod of claim 81 wherein the sel ection
of the predCrBE AR UL PPEFTIY s further based on factors associated
W th assessing each article characteristic. 15 89. The nethod of claim 88

wherein the factor's copprise.the econom c factors ass igated W .
assessi ng ggcﬂ-)ed}letﬂilogl og cgﬁ’gﬁgvyvthgrreinstﬁ? %f:tors comprise R Reical e BtsSEsol a{ea wit
20 assessing each article characteristic.

91. A method 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
resulting from a process; assessing the degree of correlation between the article characteristics;
25 and, 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, subsequent to the determining step, verifying that subsequently
30 generated articles comply with at least one design specification associated with said articles

based on assessment of the predictor characteristic.
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90. The nethod of claim88 wherein the factors conprise the ﬁgqchn'b&@I
factors associated wwth 20 assessing each article charact e %?tfeé. 1. A
met hod facilitating design and manufacturing processes, the nethod
conprising generating a set of articles having a range of variation as to
a plurality of article characteristics resulting froma process; assessing
the degree of correlation between the article characteristics; 25 and,
sel ecting a3pnegeGb® forCanh@eLdsihibd IMiTattindblotabds] Yhatikcteizdd i@l tat the
characteristics based on the assessing step. 92. The nethod of claim?9l
further corfpithesisqEPH¥Eer mi ni ng a maxi mum al | owabl e range for the predictor
characteristic; apd.a GUBSREESMIe 102) Ercdalias Hiphirdigy 6t £ikle Mefdcleybtitgvatuat
subsequently 30 generated articles conply with at |east one design.
speci fi cat i6¥WeREdovimpew Wi ARICksi ViR 13 E18% of pAEEEN 1 B3 PLEHEN T A tidhe
predi ct of cRFAEBE] Sl Bd Aprbletober 2006 93. A nethod for facilitating
desi gn and manufacturing processes, characterized in that the rr&t hog

al' e o f

conprises: usi ng'SEEfarATlatonmadyleul 180) fn AFlerie § PEEIGNT nheR it
article chyiagt@bfstidiCchiplidBsics;ag$oci ated with a set of articles having a
range of variation as to a plural i@% of article 5 charactgri stics

resul ting from &sPeacesessiopgiafyled ! forele P BBl Y F0By Sk b%‘feé‘é%ﬂ? ng a
predi ctor GRAKEAGIBIrh®Erishc dMehdiSne &1t @bihdhg @fticRIchiredt&is6 bk At ghirhIRY bES;
and using a regression nodule (104) for determi ning the regression nodel (s)
bet ween 1§ heticly daieediticehar act eri stic and at | east one of the renaining
article characteristics in the plurality of 10 article characteristics,
94. The nmethod of claim93 further conprising: using the data input nodul e
(102) for PécBrevnalpdel elainy®t Ui GeTPIEIN% he predictor characteristic and a
target value forsgh theash BRR HERR (ioDD f@ fet&iify GhAFRE VAL Toi Gie ABECD
using the regression nodule (104) for determning the int er_segti on of the
target val gearaqigptic pd ajmgetivalup for eigishencaraping s4fa PR¥ITaGatd val ue of a
first regmaining u_@i'h% el 18ere RN 36ddglei (364) Gor deRlrininsahd thidrREtidneGTRS SR viRdel
bet ween the predictor c%far acteristic and the first renaini nq article

char act er i ¢t e prgictys charpgieristi¢ ARt he fiargstaie 4 o Pt BRI AR & Phpgacteristic

det er m ni nQelhhiR th EPRETLNG MPREbe@Reh HHRWREd RS CdhafabicHdici b ake/ 8lsE ramsied at ed
with the regression nodel (s) between the predictor characteristic and at

| east one @fticlerbangpRstini ng article

20 95. The method of claim 94 further comprising:
determining the respective upper and lower prediction intervals associated with the
regression model(s) between the predictor characteristic and at least one of the remaining article
characteristics and receiving lower and upper specification limits for the predictor characteristic
and at least one of the remaining article characteristics;
25 locating the lower and upper specification limits associated with said at least one
remaining article characteristic; and
locating the upper and lower specification limits associated with the predictor

characteristic.

30 96. The method of claim 93 further comprising:

receiving lower and upper specification limits for at least one of the remaining article

characteristics; and

locating the lower and upper specification limits associated with at least one remaining
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characteristics and receiving | ower and upper specification |imts for the
predi ctor characteristic and at |east one of the renainind‘%?%%&%@6
characteristics; 25 locating the | ower and upper specification limts
associated with said at |east one renmaining article characteristic; and

| ocating the upper and | ower specification limts associated with the

predi ctor characteristic 30 96, The nethod of claim 93 further conprising:
recei vi ng |.awWes ctandieHPRatlasRes ithd €alcsn hoddl bawtar thabreiras chontersfic ihe
remai ning article characteristics; and |ocating the | ower and upper

speci fi cat iS8if 21 35 p1¢ TeRUpRg atigly chFiHSHC | east one remmining 63 4 Oct ober
2006 article characteristic relative to the regression nodel between the
predi ctor characteristic and said at |east one remaining article

char act er i sti dhe mefhodrfe claggy R dlugher cfoxPRS98 delsFriRBE B8 rPREsTInge RBEESH ni ng

the val ue Qharhdi®isht 8divELRihe corredpohdifd RizteSdidrCmade] WhtkiSditst A€ up i sBERRAGHINNY
regression nodel intersects the upper specification limt for at |east one

remai ni ng At fer & lapong repepingarticle dgractiicnet hod of claim 96 or 97 further
conprising determning the value of the predictor characteristic at which
t he correspondi ng regression nodel intersects the |ower specificatjon 10
limt for &% Tl%@?thﬁg‘éf Famedntindy Qrthsrcewprtag deterarning the valye of hPrifitidfod of
clai m 93 f ¢hdh@disGONPHhish ﬂg:coﬂ@gpeﬁmgﬂi-egﬂssﬁ&ﬁmsm ReGtdokehs RRRYE spdedichtier

prediction _intervals associated with the regression nodel (s) between the

predi ct BY Aimdfacat dpitons emamine et apctgigcof the remaining article 15
characteristics; receiving |l ower and upper specification limts for at

| east one of the renainLg%1article characteristics; and |ocating the
speci fi cat Pnieimethod ohdapi3ftudher GREMIsEgi d at | east one remmining article

characteristic gab@lihiMe tHeOrelREtiveBPHaSHIdOBwEOESH iRt WRARIst ReocREaAdkE! eHe
characteristic and said at 20 |east one remaining article characterjstic.
100. The nEREHSHOBMOd! () hefvorsn Hie perglictqy FP%‘WI‘EMP&F’% one of s rgmpBing Agicleoner
and uppgr speskdiséation limts for the predictor characteristic; and

| ocating the upper. and | ower specification |limts associated with the
predictor 25 cHSF¥Es &9yes @ng upper specification limits for at least one of the remaining article

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

20 least one remaining article characteristic.

100. The method of claim 96 or 98 further comprising:
receiving the lower and upper specification limits for the predictor characteristic; and
locating the upper and lower specification limits associated with the predictor

25  characteristic.

101. The method of claim 93 further comprising:
determining the respective upper and lower prediction intervals associated with the
regression model(s) between the predictor characteristic and at least one of the remaining article
30 characteristics;
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;

64



101" The nethod of claim93 further conprising: determning the respective
upper, and |lower prediction intervals associated with the ‘*%@?%%g?

nodel (s) between the predictor characteristic and at | east one of the
remai ning article 30 characteristics; receiving |ower' and upper
specification limts for said at |east one of the remaining article
characteristics; locating the | ower and upper' specification limts

associated with r§e’%‘n§'n4g5\5wer|aﬁ@-ﬁﬁpe@%@mﬂfzaﬁ%ﬂﬁmft@f@-ﬁfé'pft@lc&ﬁ thdedceristic;
characteristics; Cct ober 20 rece|V|n§ tower and upper speC|f|cat|on
P

limits for the ppPengberPrepshcsifisation imt@ssopigfe hieprreicip praraciiets fitat i on

linmt associ at edieWhhiinkRemiGsth GHRle GBALREHR VR if6r the Pl dic@Be bR B RisigbyR
maxi mum article characteristic value for the predictor characteristic by

sel ecting tREctgdasessgrolqly thepapes spreicaiudint @éﬁhed%@qt%cbafﬁ%?nspﬁéndp%)éhﬁ ct or

charact e i shiue o2 pRddidiiehRaM@sHE aOhhitN e Qlﬁﬁ‘é# 'p?erdi%ho& B¢ trdrieetsi the @fpehi Ch
t he upper prediction interval intersects t specification limt for

sai d at | edgtcifepaionylimhfon raidatdeast wF eemabReRd? ?}@faic@rlstlfoz The nethod of
claim 101 further conprising: receiving |ower and upper specification
limts for at |east one of the remaining article 10 characteristics;
| ocati ng tHE2| Bwaethod e ¢lpipcldd ifigther qamprisiag'soci ated with the predictor

characteristic; r@eaftmgds&&ra%@g}sw sﬁecmcmdﬁumlarfu £118:sCHRI AR eEingining vie for
the predictor characteristic selecting the greater of 1) the | ower

speci f i &t iB#Ha4TiHi¢S; f or t he predlctor characteristic and 2) the value of

the predictor chahaet®L ovel Hedlicatbh Ghit hi6cihiONGTth ME BRIk rdcREigiY &ld
intersects the | ower 15 specification |imt for said at | east one remaining

article charact deicgripipg a migmunrpdclsehiradenstic ¢plag fr foprredisteheierachpic ¥ ng:

repeating thectflehRrddat BY1)and ToREBYERi RdatibClifit C MARsddtbrThirbctMatidghnsher for a
desired nunber remai ning article characteristics in the plurality of

article chypiepbite pradictor chiertoptiGatvalieh HF Myver RedigBat intepiak infeaierts ﬁlgf IAV#i num

articl e;£hapasic8lidniinhifoy Fid 1da@lont RE PR EdOdharabtB@i@Ct eri stic by sel ecting
the greatest mninumarticle characteristic value. 104. The nmethod of claim

103 further conprising determning the nmaxi mum al | owabl e range for the

pr edi ct or qb@q@gh@&bggf&mgnoggpﬁgqgﬁbﬂgnéhe nost constraining mni mum
article 25 characteristic value fromthe nost constrai ning maxi num

characteristic vepcH@eaa defeBRing ai Riginpe aptigleg@erapiantlic aetug rimgiov a1 drersdor t he

predi ctor efRb@eLRIiniss irﬁcl@%a?a%{eﬁ%c's ROh@pvalier ek MR BRadidiBtics R
constraining mni mum and maxi num article characteristic values for the
predi ct &' determining the most constraining minimum article characteristic value for the predictor

characteristic by selecting the greatest minimum article characteristic value.

104. The method of claim 103 further comprising determining the maximum allowable range
for the predictor characteristic by subtracting the most constraining minimum article
25  characteristic value from the most constraining maximum characteristic value and determining
the target manufacturing value for the predictor characteristic by selecting a value between the
most constraining minimum and maximum article characteristic values for the predictor

characteristic.

30 105, The method of claim 103 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;
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characteristic. 30 105. The nmethod of claim 103 further conprising:
determ ning the maxi num al | owabl e range for the predictor c%%?%?@fgqqessti c by
subtracting the nost constraining mininmumarticle characteristic value from
the nost constraining maxi mum characteristic value; 65 4 Cctober 2006
determ ning the target manufacturing value for the predictor characteristic
by selecting the m dpoint val ue between the nost constraining mninmm and
maxi mum val ues fRferhififig tRY @GChACRARACIRS fof tHe redich @hathdidisac bypsgetingal ue
for the predictor characteristic and a target value for at |least gne, 5
remai ni ng aP% PEFRSINE YaRe LeEer thecmosy ranYanEENITITAY" RS MRS SRFS T dFe t he
target val ygedi@r chitsetdfsgéli ctor characteristic and the target value of a
first remaining article characteristic relative to the regressi on nodel
between the pr S8icBItgr? RUgsVAE &orita Rredicierphptreierssfi aqd 4 faig Vﬁfua & @FS& pRe
char act e§ i Sthsinind Artid@Bhardddgish®bipod of claim 93 wherein selecting the
predi ctor characteristic conprises assessi ng}F the capability of each

I

article charact é’_reie’é’t‘ip@gttl%? iB@rs_ﬁ‘?t@Hioéf}}e\}%f}gﬁf"a forghe Bregiﬁ‘l% _é}tar"@?eﬁftﬁeangrﬂf“i cle
charact eri shb&Saiub of Beir®kdthaihd ¥tiOfF Blrddiistc RRAVAR! B glhhish mQT bethgn
met hod of claim 106 wherein selecting the predictor characteristic

conpri ses: thepredister gharpcteristic prd the fipsiempingg agigbrchpasiemtic between all or a
subset of the article <characteristics; determ ning, based on the
calculated correlation coefficients, a value indicating the predictive
capabi | 19y 18¢- Thempethod of plping DL whereip selecsipg dheipeedickr SPATYREeriSte eAMIPriSESHEICSHRE i cl e
characteri std &pability &3 Reclk NBad@LRGEIAbOYreafctite ¥RhUSr h REbseRS the atfcid
predictive capability for said all or a 20 subset of the article

char act er i shirederistgidn 8w phealitnef tick dareediicthar act eri stic based at least in
part on the values indicating the predictive capabilities of the article
characteristics" 108. The nethod of claim 107 wherein the determning of a
val ue i ndi d8t.ikhe msthod ofslain 10f Whereinpslegting shsinrgdigior CHIPFTTSHS PSSl at i ng t he
average;of the apsahiteemeabstfsaidh tdemickals! 8datdnonn &0&f kivsdiest shdf Qfticeach
article characteristic and is followed by ranking the article

char act eri $h¥ederistiiised on the cal cul ated val ues indicative of a predictive
capabi lity, whelgkmisigt eskéoth @l dalBlateRr BHEIGERY coeNRIAG! 8VaBE Iifididasing Wt her
based on econom ¢ or technical factors associated with  assessing each
articl e charedictivg qagqlqﬂ&y of a first article characteristic relative to all other article characterisfics;
repeating the determining of a value indicative of a predictive capability for said all or a
20 subset of the article characteristics; and
selecting a predictor characteristic based at least in part on the values indicating the

predictive capabilities of the article characteristics.

108. The method of claim 107 wherein the determining of a value indicative of a predictive
25 capability comprises calculating the average of the absolute values of the correlation
coefficients for each article characteristic and is followed by ranking the article characteristics
based on the calculated values indicative of a predictive capability, wherein selection of the
predictor characteristic is further based on economic or technical factors associated with
assessing each article characteristic.
30
109. The method of any of claims 93 to 108 further comprising displaying the regression

model(s) on a user interface display.
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30 109. The nethod of any of clains 93 to 108 further conpnéﬁiagag5gglaying
the regression nodel(s) on a user interface display. 66 4 e 06
110. The nethod of claim 93 further conprising: generating a set of
articles having a range of variation as to a plurality of article
characteristics; and assessing the set of articles as to all or a subset of
the plurality of article characteristics, 5 wherein at |east tw of the

articl e characr®emeHod@sclhiaves farthac@aprisat ue and upper and | ower
specification limts" 111. The nethod of}claig1110 further conprisin

det er mi ni ng t he SERTEMSL BT oR Bl having rgEpee 9L ViRTPy RS {ha Riyalfy fgrticle

char act eri shhecténtcd k@l t arget val ue of at |east one remaining article 10
characteristic relative to the regression node] between_the predictor
characteristic ZAEsgthe s of rigelesees il grarrubsat %heaﬁw%@f BHEE Sharastarstisse

112. Thes mejeach of lesst dvdofIhe fbcle LhQact@stidsltavE Ur el vab@naHdl §ipBdardelogen ni ng
the respective. upper. and | ower prediction intervals associated wth the

regr essi on SASHERED gt ween the 15 predictor characteristic and said at
| east one of the remaining article characteristics.. 113. The nethod of
claim 112 further conprising |locating the | ower and upper specification

limts assddi-atisdmetheholsdpipn S0 fughatcogmesipg A minpe detiptersection of e @reest i c;

| ocating t ReglubIBethe 3&lictdrOMafacBREG! dnli iRt 1afiRt WAIR b PR8N Wndlreidaiding hirtidne
predi ctor characteristic. 20 114. The nethod of claim 110 further

conpr i sthg hyedtrishigralative &pberseressier S19d¢libeivtesn fewediciradaragifisic aad gidet | east
one remai NijRg @Ak tdnlfnChddldttafibiettticc. - 115. The method of claim 114 further
conprising determning the value of the predictor 25 characteristic at

whi ch the regression nodel intersects the upper specification limt for
said at | eastTHRNR KRN MM P3a94,11ab CorCNAITaGHee Eoripristhe déﬁ%ﬁninin;ghﬂe repdane: of
claim 114 or 115 further conprising determ ning the value of the predictor'’
char act er | $PRE BE s cpreditfiony BER@SsssrraiRsgerth ity eewatens mofdd(s) dyeen the

speci fi pat ixRictdr BhdractePikticsAl daidht leadPorle @B &k r@MIRELABIOEHALhcRFibticS! € _
characteristic. 117. The nethod of claim 112 further conprising |ocating
the specification limts associated wth said at | east one renaining

article charactemhetddCor cfifm 112 further comprising locating the lower and upper specification
limits associated with said at least one remaining article characteristic; locating the upper and
lower specification limits associated with the predictor characteristic.
20
114. The method of claim 110 further comprising locating the specification limits associated

with said at least one remaining article characteristic.

115. The method of claim 114 further comprising determining the value of the predictor
25 characteristic at which the regression model intersects the upper specification limit for said at

least one remaining article characteristic.

116. The method of claim 114 or 115 further comprising determining the value of the predictor
characteristic at which the regression model intersects the lower specification limit for said at

30 least one remaining article characteristic.

117. The method of claim 112 further comprising locating the specification limits associated

with said at least one remaining article characteristic.
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4 Cctober 2006 118" The met hod of claim99 or 117 further %%#?@gg
determ ning the value of the predictor' characteristic at upper
prediction interval associated with the regression nodel between the

predi ctor characteristic and said at |east one remaining article
characteristic 5 intersects the upper specification limt for said at |east
one remaining article characteristic" 119. The nethod of claim99, 117, or
118 further conprising determ' ning the value of the predi ctor
characteristic_at iC h diction interval ass ted wi.th the
regr essi on !fotE™ SRR é W‘f@d{&g BrOTHA HC eéefl?“glmgé tﬁe HFdiPign st
one remai nldﬂ&a@éﬁsh@aﬁ iGN 6 tuppérSpredictiohOnienP b&6¢iited tahith ﬂhé)\:ﬁ@’ressmﬂeh(fdetatl on
list for id at | east. one renaini ng article characteristic

met hod of ea’feﬁ‘? Fheq Pisflictoq Earpqlerste @ %&wﬂratslf?f@ PG dEPFRGE taﬁé% %szé?méw | over

speci fi cat ii@Brsbdtdthd Sppesposiictioslimit fidy siibet IpdsEsHecémdinifHatiale tiRkdcsedibee. 15 121.
The nmethod of claim 112 further conprising: |ocating the |ower and upper

specification [imts associated with said at | east one renmining article

charact eri stipCThel Q&BEd Bgclﬁihﬁ%JplﬂerorSH%Cﬂlfth&@bin@rblﬁé BdtérmassOte abid ofithd) t he
predi ctor characteristic; determ ning.a maxi mum artci I. characteristic

val ue for tpﬁ%h%qreceﬁre‘ftmstle H‘é g&%‘é]ﬁ‘? lopeg pliﬁ9lctl%mgeé‘raéei5f>ﬂ@te |t Eegresgn 1)

the upper sl detwcdh tRprédidtbr chhatertshe altf Qi 4145t oBb anaeligd zirﬁélb haddeebridfic t he
val ue of the predjctor' characteri st |$ t?t whi ch t he ugﬁeéhg?r edi ction
intervaf®i ﬁ‘ﬂtéfﬁ%cé‘é’t‘%lofvﬁespﬁf’b%‘é‘?mn I fre e3¢ PICSRST BY TITTRS 3OF'C SRIEICHENY east one
remaining article characteristic. 122. The nmethod of claim 101 or, 121
further, rising. 25 repeatlngthedtermnln maxi mum arti

charact eri SIEB c TReamlod of Flamy 114 redi G Syther, Gompspst f%FaéWﬁit h‘@peérar"lﬁclf’ger
char act er i spdcofatich e aRobib@l i) tiRfprediicidr GhLackdmgfiact eri stics; and

determ ning the nost constraining nmaxi num article characteristic value for

the predictor characteristic by selecting the | owest maxi mumarticle

charact ¢4 i 9b1.crh¥ #eth8d of 3Amlid3 furthbecomptifiagd of claim 121 further conprising:
Iocatlngthelower %gmflcatlonllmt associ.ated with the i ctor

characteri stic; %A thetlavsr #d nEPPE PREFEIRATION dpifScserciatrdr Wik é?lﬁﬁt @y fe for

t he predi cqé}ﬁal@h@&ﬁaga{a&aﬁd@n&y selecting the greater of 1) the | ower
specification imt for the p %dl ctor character.li the. 68 4

tic and 2
Cct ober 2006  va&Ica#Edhe wRer pPEliqatppimit pspcinle W@F ereglftomaiaﬁtevﬁg Swer
prediction inted¥simihing & msRGEn bhRlel BiVBEteristiS PEGE Fdr GRE predictbd HatacleRsticdi d at

| east one remaining article characteristic. 12 }fﬁ hod of cl 102 or
123 f ur%%erseleraﬁ%fheg?% ofi &t BF HPRFF fRFeifation ! ‘BWa%T élep tor F‘%ﬂ*a%%léﬂc %) B
value of the predictor characteristic at which the upper prediction interval intersects the upper

specification limit for said at least one remaining article characteristic.

122. The method of claim 101 or 121 further, comprising:
25 repeating the determining a maximum article characteristic value step for a desired
number of remaining article characteristics in the plurality of article characteristics; and
determining the most constraining maximum article characteristic value for the

predictor characteristic by selecting the lowest maximum article characteristic value.

30 123. The method of claim 121 further comprising:
locating the lower specification limit associated with the predictor characteristic; and
determining a minimum article characteristic value for the predictor characteristic by

selecting the greater of 1) the lower specification limit for the predictor characteristic and 2) the
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5 predictor characteristic by subtracting the mninmumarti CJS
characteristic value fromthe maxinum characteristic val ue 9395’ 294

met hod of claim 123 further conprising: repeating the determ ning a m ninum
article characteristic value step for a desired 10 nunber of remaining
article characteristics; and determ ning the nost constraining mninmm
article characteristic value for the predictor characteristic by selecting
t he great estaludiofithELpieddtdr dhractelbiit acwRith SHeilewet prddetiod Berval @tersgtshtdellodfer Cl ai m

103 or 125 further comrising determ ni.ng the .maxi num all owabl e 15 range
fo0 Dhe 2y shtutedion faT B ba) Pl oong s P i et conat vai mng

mnimumarticle characteristic value fromthe nost constraining nmaxi num

characteristic val ue" 7. The od of claim125 further risin

ot er i i ng 2 HEbER e RAHLIAGE bp) HOTSs APHa e B A e Te Tor
char act e | Shrddictorbyhase@lcfi@icl B sabtiaatinge the ehidaiin taieeldTRBdra@REE MaluBi fign Mhdli Mum
20 and maxi mum val ues for the predictor characteristic. 128. The nethod of
claim 112 JPaxymEn eharaciersticodiisr i si ng determining the target manufacturing
value for the predictor characteristic by selecting the m dpoint val ue

bet ween t he t constrainin i ni mum an maxi num val ues for the predictor
characteri sltzggﬁ‘e?:‘?thfgg%dﬁl*ﬁ’elz ‘Erﬁ%ﬂcoé‘fp“élfl%ii m 128 determ ning the
intersection of réhetidgathgQbted@hi@ af AMmiklie RicRAE R feristRNAMRCHE Fovtd Gespitdl t he
target value of at |east one remaining article characteristic relative to
the relft ed4BH %t nl%@\i@%ﬂ“’@ﬁ@“ﬁ?%&l’gt or characteristic and said at

| east one remai ReR@niging tHelntost chafaatiGhinStunCartidl cHederiftitevaNRfSiaBe gtdigbal m
120 wherein_ sel ecti he predictor characterjstic is based at least in
part on an °5§'§°é¢§"§%ﬂ‘?se tingfhe gregleshminipa artigle chareqierisie Yal4%e characteristic to
be predictive of the other article characteristics in the plurality of
article characteristics" 69 4 Cctober 2006 . 131. The nmethod. of c|aim 130
wher ei n seﬁéﬁﬂhﬁ@wﬂ}?& %F%ﬁﬁ Lot RRdrHet emeising ]detsrﬁﬁ?lpwg MY |aL\?vraﬂ? t he
correl ats Omangeab:f ihe ipeddictoripbnaeieriktialtly Qbtratisd BRehosdlcotdh@inaigt hlum article
characteristics;. .determ ning, based on the calcul ated correlation

coef fi ci entRAraclerigig valne; from t@&gi@ﬁdo?sltf@nﬁlﬂé‘?i‘?"(’i’%"i“{/"éla@"té’é%’éiﬂlall‘l?"ty of a first
article characteristic relative to all other article characteristics;
repeating th deternm ni ng of alue indigating the predictjve capability
for all ar (P EIedmtodel apita 3% brcheh parpeiang %t?fﬁlgg%g 5l P BRI R st ¢
based at | @fShe pRdiPRF thadddtetibie, ¥iltlesing AdiakiabeR@erd e nyseeingldiNiBg minimum

20  and maximum values for the predictor characteristic.

128. The method of claim 112 or 125 further comprising determining the target manufacturing
value for the predictor characteristic by selecting the midpoint value between the most

constraining minimum an maximum values for the predictor characteristic.

25
129. The method of claim 128 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 model between the predictor characteristic and said at least one remaining article
characteristic.

30

130. The method of claim 120 wherein selecting the predictor characteristic is based at least in
part on an assessment of the capabilities of each article characteristic to be predictive of the

other article characteristics in the plurality of article characteristics.
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capabilities of the article characteristics,. 10 132. The nethod of claim
107 or 131 wherein the predictor characteristic is select ed QdoReRd008;r t ¢l e
characteristic associated with the value indicating the highest predictive
capability. 133.. The nethod of claim 107 or 131 further conprising ranking
the article characteristics based on the values conputed in the

determ ning of a value indicating the predictive capability,. 15 134. The
nmet hod of claim 107 or 131 wherein the determ ning of a value indicating
the predictive capability, co ises .calculating the average correl ation
coef fici ent13f10&h%d€%h°§r Pﬁ't Elen nlgha‘iyhaﬁé?‘érSFlg‘fqné : tfhe L 1 Cl"ﬁ‘laé?gef‘r‘étﬂ%ﬁﬁfnﬂfseﬁl aim
107 grl 131 cshekgigtht herrfiai([ﬁl’cfﬁefﬂcfégtrs](bfem&eﬂ/ all we aic dﬁd%}e@@f itt)Hég?riiche chd@fo@dﬂfsﬁ&s&c Veh
capabi i1ty conprises cal cul ati e average. of the absol ute yalues of the
correl ati orficetegl'g@’fnﬂi fas ‘f%t%? S?IC'Q%E CQA’EE?*‘P&‘? BOCEFATe £ ¢ Ng fdicatinmige PqictiNGt hod

of claim 1&6pabgit>131€h ﬁv@g&w@c}ﬁﬁteﬁh{clﬁgaﬁvﬁ@o ar @tﬁérﬁfrtﬂﬂeh&ﬁﬁl’:t@ﬁitﬁﬁ; i@eatﬁqg the .
conpri ses 5 det erm ni graphically the artic characteristic having the
gr eat est pr‘éﬁf‘ﬁlﬁn%ép@a Q%i ‘8‘?1{"‘}“@% ,thel%‘?‘.hc"*f”’ﬁepali’?é’fl%g‘“oqn ARl Fharesgeristicsy gyl

wher ei n t heels@ingatpréditt@fchirb@ertie dised o leShRAMRAR A IthS s iflicafitly tlhglgfedﬁﬁﬁeed on
factors associb t ed V\gt' th assessing each article characteristic. 30 138.. The

met hod of CPRAPHINgSef ‘%‘?ﬂ‘a’faﬁ@mf%é%tors conprise the economic factors
associated wth assessing each article characteristic. 139. The net hod of

claim137 rein the factors conprise the technical factors associated 70
4 Octobkt %geﬁevwﬂoda%fzf@@@i g Baloh "I ihe PERMHS CRRTISHHE 5 TR PRAMret hod
of cl ai m 93rticfelbhirb@éristiO BR6JifEdYitlBhS C8sd iRdcdiin g tHiehes pREicE RS apibaly.on bet ween
the article characteristics; and, selecting the predictor characteristic
fromthe plurality of article 5 characteristics based on the assessing
step.. 141.133henerméthedoOflait] B07Mor1BA fitkdr REMpEAREP FanRinH Ghed @i QE FhiThdd&iscs

maxi mum al h?o bl range for the%(%redi ctor characteristic, and, subsequent
to determ Pﬁ\ggmf vilagreemershinpgdtermpmgiof § valye figttme heeedicientargbiyner at ed
articles conply with at | east one design specification associated with 10
said articl ased. o ssessnent of the predjctor characteristic. 142. The
met hod of é?@iﬁi%@%ﬂ?éﬂﬁﬂ% ity Péd?bé@ﬁréﬁl ih csfermiine e Y Bn@ricaiie tsper
predi ct i onpreédRUNI@piKSy Ic8Biidth BFcUl AN thedd\dradd patel £108 ChdfiiGadti fomedch Fitlck f Or
the predictor characteristic and the first remaining article

char act eri S84"%°I8% e et hod further conprising: 15 locating, relative to the
regressi on nodel between the predictor characteristic and the

20  135. The method of claim 107 or 131 wherein the determining of a value indicating the
predictive capability comprises calculating the average of the absolute values of the correlation

coefficients for each article characteristic.

136. The method of claim 106 or 130 wherein selecting the predictor characteristic comprises

25  determining graphically the article characteristic having the greatest predictive capabilities.

137. The method of claim 106 or 130 wherein the selection of the predictor characteristic is

further based on factors associated with assessing each article characteristic.

30 138. The method of claim 137 wherein the factors comprise the economic factors associated

with assessing each article characteristic.

139. The method of claim 137 wherein the factors comprise the technical factors associated
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first remaining article characteristic, the conpliance ar eg (pcq(%brgpl% gby the
upper and |l ower specification |imts associated with the first renaining
article characteristic and the predictor characteristic; locating the
bounded regression area for the first renaining charact eristic defined by
the 20 upper and | ower prediction boundaries of the regression nodel and
the upper and | ower specification |imts for the predictor characteristic;
and i dent i fyikh@sdséifys dach atitlo BishicRrib@! ween t he bounded regression area and
the conpliance area. 25 143.. The nethod of claim 142 wherein the
identified relationship characterizes the structure of the geonetric

rel ati onshipobetevagRod breciheaundegihee@apsisihg Bssasiag tendtgichof cangdtioanesecar ea.
144. The nethod of claim 142 wherein the_ identified relations

char act eri ZBsatfifle C?aéqcégﬁﬁt&ﬁsﬂflpseﬁﬁté‘t%%ﬂe@lﬁt8r g@ %’érﬁogf %‘ﬁé’ﬁ’f@ t‘?ﬂ Aot i ne
t he boundeqhkaaE@8isd Rkedheik Adsid@epperi meter 30 el ements that define the
conpliance area. 145. The nethod of claim 142 wherein the identified

relationship is one fromthe group consisting of a defect potenti al

rel ati onshiag. Bhem@MbAlof E1ghAL40 FREHRE &n@}ﬂﬁm@-d&&ﬂﬁﬁlﬁgﬁi ﬁhﬂ@umﬁﬂoﬁalﬁkiaﬁhﬁbr 2006
relationship. 146. The nethod of claim 542 V\/ner in the i den éltyg% t
conprises d EF‘HFtﬁ’i GhgraciRatiFendisHiseaysaLA étami‘“é‘% Lqerrssigp wgd f‘i’l V& r{% etely

within the (gowpl %e@fe@ﬁmcﬁs ddhdply Whig ateds e dedignGsbédi fidafiéiaskdsiatdderith
conprising if the ounded regression grea lies conpletely wthin the

conpl i ahQ:e said@gticles bpseq! H‘basﬁfﬁém‘?ﬁt Al heiPRediRGr FaseF ST HCpr edi ct or characteri stic
val ues associated wth the first remaining article characteristic to the

| ower and upper specification limts, res iLve of th edi ¢t or
charact eri slﬁEcTheI’GPt}MS’f claph® Whareip dheateressiy Fﬂoé‘?é?cs#ie lﬂ‘fer\/ﬁ?gﬁlg?% pfeﬁggon

i denti fyl NGhostRRed e o &THRE h%%ﬁspeﬁiﬁbz@foﬁllﬂlhtﬁlg)r Week diestortchaadiaistidad the
regression ar ea extends above, | ow, or th above and bel ow the

conpl i ance fHftagMBviag a‘flﬂéc@%ﬁlche@?mﬂ‘oflﬁfﬁ T PHRYESf t he predictor

charact eqistic; 180€ng, irlath@.to iRAGEEITHEY n@od@ﬂﬁe@ﬁéenQﬁH’lﬂbtﬂlbt@ﬂc}aSacteﬁsﬁchﬁdfthd’ st
remai ning article characteristic, 15 149. The net hog | ai m 14 (2) 148
wher ei n t hdIrstdemeinmg; aieles ehagackeription dhe %‘WPE)‘P‘?@%GE‘ g RRflet e’ Vany

hori zont al H&MRAN Bhitd RoRAUINEIRE tHe FEESHAIONE AFtRE d}ﬁraet@ﬁ:itﬁi an@dhe predictor
characteristic;
locating the bounded regression area for the first remaining characteristic defined by the
20 upper and lower prediction boundaries of the regression model and the upper and lower
specification limits for the predictor characteristic; and
identifying the relationship between the bounded regression area and the compliance

arca.

25  143. The method of claim 142 wherein the identified relationship characterizes the structure of

the geometric relationship between the bounded regression area and the compliance area.

144. The method of claim 142 wherein the identified relationship characterizes the relationship
between the perimeter elements that define the bounded regression area and the perimeter

30 elements that define the compliance area.

145. The method of claim 142 wherein the identified relationship is one from the group

consisting of a defect potential relationship, a robust relationship and a constraining
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conpletely wthin the conpliance area and whet her a secondﬁ@srizog&gﬁ
segnent extends partially or conpletely outside of the corfptFaHE ea;
and if so, conmputing the mninmum and 20 maxi mum predictor characteristic
values for the first remaining article characteristic. 150. The nethod of
claim 149 further conprising storing the resulting m ninum and maxi num
predi ctor characteristic values in association with the correspondi ng
remai ni ng afktaticdseip. characteristic in a data structure. 25 151. The net hod
of claim 150 wherein the data structure is an array. 152. The met hod of

cl aim 150 wherein the reporting a defect condition step conprises storing a
def ect i dentdi6f Tier méthodb@Shirh al2 Gherdin tiie HHRINGRY StESEAMELSR GeteRiiAing iwhgthar the Cl e
characteristicd 30 153. The mnet hod. of. cl in11§1 further conprising

di spl ayi ng 1OHBIAZCEISEIPH R4 etﬁb(d”“%‘ﬁfﬁ%?ﬁ BPEd @t or characteristic

val ues apd or defect identifiers in association with the corresponding

remaining aytigcle characteristic. 72 4 October 2006 154. The net hod. of
Crarm 149 widr Ereindihid of Gl | Ry Eupisnaipies eobdgidraraich meg TorBEREES) |
vertical crw#ifn §@ebmplisicoired, BatikoH dREmiRGHhe Sekdindpredictol ehaiiclchitik vialies
conpl i ance area The et hod OL claim 154 further conprighgg if al

. 5 1%5. T cl ai urt _
vertical cris¥§ilslorihohe It repring AHgls FrapEgisie &1 61 19V U iBPSk PR
conpl i ance IakiGasesgeeivieiyNgf thdgreditttd deiattaiitic.maxi mum predi ctor characteristic
val ues associated with the first remaining article characteristic to the
| over anfi upper specification limts, respectively, of the predictor
characteri 31?48.(: Thé-Qnellﬁﬁ\-M?lﬂ_ RRinEN3 FF& 047 Qx}hatiefﬂ t2ideheviag rktdphﬁm](ch&ﬁﬁ@ﬁ%ﬁgs Zt gp
conpri ses determ ni net her ~vertical cross-sectjions of the bounde
regression‘gwggnﬁgéa%ﬁF1gmgpwﬁgpﬁF%f$§m&ﬁ?§?&@&bﬂxvﬁé”CWBNbEPQn aVaf¥a; and
if so, repaklownge donthabetarca@Reithd HPocifEitib®lifh eangk bSthe pRERION tRG cREibC b)
characteristic. 15 157, The nethod of_claim142 wherein the conparing step
conpri ses dEVeFERPHMNYIAFREEINGHIoR ps tojthefirst regppinipa prtiple Shargelegisie section of the
boundedis egression area is conpletely within the conpliance region and
whet her at | east one vertical cross section is partially o onpl et el
out si de thé4§oi%TW§ﬂPQ glgm g ‘Ff“@b?%EBHbHFiﬁﬁmgﬁﬁg Ri TaRd™E% mum
predi ctor deRania@fevicilet Gny abtigtal @égniehe of itHeSbounhaditegtefgonatred G4 Gontained

g? eraggrer{):. isctgl:w_j\]gléﬁ tO gg‘f}?ﬁgl rﬁ'l%.]r ggmhrrlga%l%ggreg ];z}gc(i: lw%{emerlgzsewl rheolrigontta eselgncli&?telx’ge}{(lisng

partially or completely outside of the compliance area; and if so, computing the minimum and

20  maximum predictor characteristic values for the first remaining article characteristic.

150. The method of claim 149 further comprising storing the resulting minimum and maximum
predictor characteristic values in association with the corresponding remaining article

characteristic in a data structure.

25
151. The method of claim 150 wherein the data structure is an array.
152. The method of claim 150 wherein the reporting a defect condition step comprises storing a
defect identifier in association with the corresponding remaining article characteristic.

30

153. The method of claim 151 further comprising displaying the resulting minimum and
maximum predictor characteristic values and or defect identifiers in association with the

corresponding remaining article characteristic.
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| ower and upper boundaries of the bounded regression area are co é tely
within the conpliance region. 25 159. The net hod of cl ai m™ W%B'ﬁ%r
conprising if the | ower and upper boundaries of the bounded regression
area are conpletely within the conpliance region, setting the m ni mum and
maxi mum predi ctor characteristic values associated with the first remaining
article characteristic to the | ower and upper specification limts,
respectively, of the predictor characteristic. 30 160. The nethod of claim

142 wherein the identifyin ep conprises .deternmnin ether eith of
the Iower atid Dot SBer SR WETRuaE o Grae R e et 31

i ntersect theticaldsspkdcan@f the aunded@giefsidhQirearlie pathin thigcompliedce@teacondi ti on as
to the first remaining article 73 4 Cctober 2006 characteristic. 161. The
met hod of claim 142 wherein the identifying step conprises determ ning

whet her % helssupiehethaletding 164 firther dpridiag iff Sioveaisl @bssat@dns bf BE $6Gided t he
i area and the | owner qundar of .t he

upper boundary of the conpliance .5
bounded red’F%gss“‘}"B r’i“’eéﬁ@a‘“%‘l HiF SORPUAnEh &R GG AFCBITHRER 20 Agmun Rrgdictor

conmput i ng tdhgradteribtioWHuENHEsodRM%d I thE Gkt edn@inigNatide thirhcidristc Yoathel @Svel @fid t he
first renaining %rtlcle.characte iéééc; flse det er.m ni ng whet her the

| ower bound®P§ S %“Fﬂ%ﬁﬂﬁﬂﬁd@ﬁﬁ“P@ér S BRIGPERaRHE Sect s t he | ower
boundary of the conpliance area and the upper boundary of the bounded
regression areg intersects the conpljance area; and,. if so,. conputing, the
mi ni num'® 10‘%8—n erfﬁ‘i??%.?%ctﬁ%&‘l‘?cfvg‘?rg‘g 2 %P&Péﬁ"?gs%tﬁpccwpﬁeé?efre’c‘}?m‘c“ﬁg’a‘ﬁ Pl

_rgmai _n} ng aktticell @osshadtiond ef ilﬁtﬁcﬁnqeﬁﬁzgrﬁéﬁhﬁ ared bl@dfalﬂfr loE |pa1itiml}16§c_s1\db’l_®lf&ildl t he
ldentifylng step conprises. conputing t u r. an ower prediction
boundary ve?PﬁlB]éf“F%raH‘g;h%“df Ifr St "YPaHEEM H@‘g‘é{r‘{)‘ﬁg%‘%“ éhde d e\tAgiFﬁt JEPUNRE A ypper
and | ower capeaddfstication limts of the predictor characteristic;
determ ni ng whet her the upper 15 prediction boundary values in the
conputing step are both |l ess than the upper specification |imt for the
first remaiigy.Ntheahdthod & chiian ax vasredithe condatingvrel biipriséiedekedmmiingdwiegice bi on
boundary val ues in.tgevco uiigg Etﬁglﬁéﬁ bot h. greater thin t he Lowﬁr
speci fi cat G PRSP FHFah CrEhESHOP < PRt geerarel g Bneirmeeidy i it e
163. The nebhplkhned reglodianl Whthbusitt BEE oSO N@tidaS ichdgs bdetibh B papREY opreedpleteiyon
boundary val ues hy t he, congqt%gg.ste are both less than the “p'ﬁﬁ

speci fi cat iPBI9F it COFRIPIGHEH| 18 t!T SBntImHUHEE H1t PEYBU™ R r BETBY P ST FL¢Cand
the | ower RphrAgHtEisliOMIRE AR st Yabhdidhg arficlt bigrfeRARitt i Ng step are both greater
than the | ower specification limt for the first remaining article

charact&istic, then setting the
158. The method of claim 142 wherein the identifying step comprises determining whether the

lower and upper boundaries of the bounded regression area are completely within the

compliance region.

25 159. The method of claim 158 further comprising if the lower and upper boundaries of the
bounded regression area are completely within the compliance region, 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.

30
160. The method of claim 142 wherein the identifying step comprises determining whether
either of the lower and upper boundaries of the bounded regression area fail to intersect the

compliance area; and if so, reporting a defect condition as to the first remaining article
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m ni mrum and maxi mum predi ctor characteristic values associated with the
first remaining 25 article characteristic to the | ower and U ﬁ@*”zOOB
specification limts, respectfully, of the predictor characteristic. 164.
The met hod of claim 142 wherein the identifying step conprises conmputing

t he upper and |ower prediction boundary values for the first remaining
article characteristic at the upper and 30 |ower specification |imts of

t he predi ctoberactbrastiact eri stic; if the upper prediction boundary values in
the conputing step are both greater than the upper' specification limt for
the first remaining article characteristic, then reporting a defect

condi ti on &a%1iThetdghdd of $tainh @aBivhdréig tiaritidntifyéng adpadoapties idsttindning Mdethér thére

| ower prediction boundary valyes in the ¢ t,ng st re th | 74 4
ot et S00EPuREEE Hehpifed SRt s B ite Lpit BRnd of B S uRERes g
articl e ghaiachethe3dwe bodrlda) of P Bblundedregressilaf et inteREH the npliande@rdahndf i r St

remai ning article chargcteristic. .165. The nethod of claim 142 wherein the
dent |1y gl SteBTBORG HEcSmIBHp i AEHET (BB i B o R [15h

boundary vatmsising afticletBarhétéristic;l Bapddddrinthigy Whethee tiehawaoatidasit bfCthabolnded upper
and |ower specification |lim.ts g% the predi ctor characteristic;

det er mi ni ndEAFEPR 2 BYEses’s terdawerdpupdary it b copplznen gish ek e Wepepdmdary ohe

(6 0 rrpgt i ng Sfldélibuh@edhegﬁé‘ssfbﬂaﬂ&a ri}n@et’idecfsﬁ& d@hiﬁﬁﬁnc@ﬁr'eﬁ;rb?d,upwEomﬁil!ﬁﬁgl 'thétﬂ;cliﬁi‘ftﬁlm .
oundary valuyes is greater_ than, t upper ecification Jimt. of the first

emai ni iy 29 FRETRTRehol ohiPaistc Valyes 15 Ao rereTHRInE BHEF SO IRAFEHS - on

boundary values are greater than the 10 upper specification limt for the

first reminj article characteristic; dif so, conputin he m nj mum

and maxi mortohrdarets of pErR e e spEIRe e ORI TRtk F RoR Bt 11 ol o

Ehar 3ct eri S?We@ ;prﬁicﬁel?] bty Valnesgr o &irdd edfmzfillﬂﬁg exfarc]k hﬁarh@aé\'ﬁﬁc ar e ugdet e
oundary values in.the canputing step is less than, and the other of the

| ower pr ed??:‘ﬁ‘ OWC%@@HB%HV‘IVa?’{Jg‘g ?rgél‘(}greﬁgaé?‘;ter’rgﬂ‘én‘?etetnﬁgnqgowg?th?pglf:i fHPEat i on

limt for tohdictibd BdundLyedlids Aigtha Eéh@ilti@g 1B bbtR NdsS thaf the apystr wheeifiogontliagt 15

upper predictjop boundary values in the conguting step, are both |ess than
Lhe. upper T s BRI ATHa ThoGFepHE: 11O Cie PG o 6 g i Dot pancary Values
char act eri s the copiding isfep 3@, bothOdrutdr ithi@ thdBwendpatifituib@ ighit Foxthe B fehediigt or
characteristiﬁcﬁalues.for the first remaining article characteristic;

i

el se, det ePHCKiCAYSHHEEfier one of the upper prediction boundary val ues in
the conputing step is |less than, and the other of the upper prediction

boundary val is eat er t han, the upper specification limt of the
Py et B PR e P L Gt CopPRSing A yrRPTEs dicsie bougery alops e
predi cti onchapitidasiép Wi bedts 1dsd1thm eheCPFRUIPEAIGCaBibie AmitSfot &8 Firdt Raziniag drtiche
other of the | ower di cti on_boundary values i.s greater than, .the | ower
Speci f1 cat PPN AbiRe JGisT Predieion Boandar valies di {he SPEPYITE Pk Aty todk FEaerang.
i f so, conph itieQotvirespBiifidaiibirimandomMAX ififed FanRiigad &ti6le characteristic, then setting the

minimum and maximum predictor characteristic values associated with the first remaining
25 article characteristic to the lower and upper specification limits, respectfully, of the predictor

characteristic.

164. The method of claim 142 wherein the identifying step comprises computing the upper and
lower prediction boundary values for the first remaining article characteristic at the upper and
30 lower specification limits of the predictor 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 if the lower prediction boundary values in the computing step are both less
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characteristic values for the first remaining article chara4%% |s%5%
166. The nethod of claim 107, 109, 157 or 165 wherein the co & step
conprises determning the slope of the regression nodel between the
predi ctor characteristic and the first remaining article characteristic;
determ ning the value of the predictor characteristic at which the upper
prediction boundary corresponding to the regression nodel intersects the
upper 30 spgg hi GRkt QRcitdHoh hfrrﬁtr fok th% tfrét r&thaifiSE RiiBle RYarddtérisEit,@hen reporting a
characteristic; determning the value of the predictor characteristic at
whi ch the Hbﬁﬁ?“@@§@1@ﬁ?6ﬁ H%ﬁ%??%%ﬁﬂ?@§ﬁﬁﬁﬂﬁﬁg to the regression node
intersects the lower' specification limt for the first remaining article
characteristic; if the slope of the regression nodel is pasitive, then
setting t helSfakiermathodioé el 342 heagin e ddeniying stepsompiEscs DS B UPRAL 2

associ at ed i { hidigioh 'b&ﬁltdar&%%‘fo?%eaﬁrgt'r%ﬁmﬁ@@ﬁf@fétcﬁﬁrb&&hﬁc tOtht hpdr @sser of
the upper specification Iimt of the predictor characteristic o t he val ue

of the predpeeropecfratiencinaity afithapradictoniipmpictisie; dmming whethet PRMOIIBYARPSF y

corres pond'ﬂ?&il(,ttfan tblaﬁldﬁﬁlg{;a@t%'lﬁ) %Mﬁﬂutlh%%@ﬁ S€6k$ tHahCarldPPelothed REGhd iRt | oNn
limt for the first refmaining article characterjstic;  and settl ng the

m ni mum 5 porediition dpundprairvatieselsi seate thag) e vaRsy sRecficapnylingih of e fifst rpaining

remaini ng arfacl Ia%@ﬁgtﬁcgﬁf bth 108 theOlobBepre bRt ‘&fun@jry tGed S¥RFcaep@Ehitheat i on
limt of the predictor characteristic or the value of the predictor

char act & i swpe saecifigaiielitin o) thaist jsmaminerarisie ﬁ@ﬁ‘ﬁ@ﬁ?tyi @&#é@ﬁ@ﬁ‘ﬂi‘tﬁ’é % the

regression ﬂtrﬁﬁﬁﬁﬁﬁlspxtehlgtok OMBFactSiRi6 | Tdlgeat fopNihb | st réinihd @rfidlé St
remai ni ng artl cle characteristic otherwise, if the slope_ of the
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characteri %Bfngut}ﬁ%l 19%9%@%@1@ 0 bihert 18hd Jolvet pre@BRInboNBdany Val6ds8s greater
characteristic to the I esser of the upper specification |limt of th

predi ct or dheay e tievrer spacticarontlipeit fﬁ’élthﬁ’éhﬁffer?%@%F‘élﬁ]ieéf‘%?“e‘ﬁﬁ%uaa@:f’“é‘f'tf“?ttb% at

whi ch t he lu?‘ﬁﬁr xgalaquncmmarp%méw HOI o §m@dstéw 4 Bolltf 1ds6 GRS HieOlippaPdel
i ntersects ?ower specification limt for the first remaining art cI e

char act er | spécificationd limést off thg {irsth empnng awClSr damstediice Aub € t58r FYRRUENG 41

associ at ed rMYhferllrr; h&a fﬁlé)éxtﬂurﬁeﬁﬁlh@fop OehfabtbGi® vlabue§ DA AGE efirktS bérBairtig ta'ﬂt‘ible
greater of ower specification limt of the predictor characteristic of

the val ue chiraqt¢ristip reé‘iﬁl deteyminipg Phethesrang tof dheayPPGPTEHCH B UPHEY VPSP RS on
boundary cqgr, ﬁl?tﬂl%@%pqg lerséjthaﬁ hﬁd ROSERS SIFARe ﬁ@gﬁ%reﬂlm&rtﬁﬁﬁd@y thgesUp prRbter

speci fication first remaining article characteristic,, 20
167. The0 nehanothe gppas |smc1ﬁca_tm2 lingit ofifbe fieshramainingigtidepesciensfic rel WahsF A5 ng

the r egr esYral 1o g)?e!dlctlfn’?ﬁ(ﬁhl&é galhgﬁn %ﬁ%fn{)ﬁtﬁ@tsteg Rs lebdthirS and @€ 3ihengr thdre
conpl i ance area cating the oun ed regression area, and identf ing the

rel at i onshilgwetsgskiction bowdarydediasdg sreaivhihanntye 4pwgr ypeeification limit for the first

remaining article characteristic; and, if so, computing the minimum and maximum predictor
characteristic values for the first remaining article characteristic.
25
166. The method of claim 107, 109, 157 or 165 wherein the computing step comprises
determining the slope of the regression model between the predictor characteristic and the first
remaining article characteristic; determining 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; determining 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; if the

slope of the regression model is positive, then: setting the maximum predictor characteristic
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characteristics. 25 168. The nethod of claim 167 further co r|5|n
displaying the identified relationships. 169,. The nethod 41O 67
further conprising storing the identified relationships in a data
structure. 30 170. An apparatus for facilitating design and manufacturing
processes, characterized in that the apparatus conprises: a data input
nodul e (102) for receiving a pIuraIity of article characteristic val ues
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char act @ i shiracterlsfic 1ARe assddivgedaypifatha fitss rapfairghgadriivld Figractghistrceto rﬁhet ]Ifi%,sefr elghessi on
nmodul e (104) is 0 to determn egt ke Rd. L @wer
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predi ct or chanaeiset |astzvhmh allﬂ:dloafbr preasﬁond:wnd:&iy tdreespoadm e ﬁ@ ragTﬁS&nemO el

characteristics. gpanat. el ks _input
modul e ( 102)FE %F f%we} s eﬁler a oln\}lémtj%r &fdﬁ rtg%:rg%n\l/% I‘ﬁ% rCE‘laﬁaé %g%g{%% il

speci fi cat it rhihiffiuins pfrauct«ﬁac}@ra&tenbteayalu@ rrsscofated hwith ethe firistn gereginipg | aticle
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g? cf“ %{P%{%r{sg? | Stlthl geatermﬁ'rt% owWer. sﬁpc?lf c‘ﬁlﬁgr?ﬁlln{t of’@lE féﬁlcjto'r ghz&&téf@f c &fﬂﬁe

pr edi ct e apparatus is further operative
to: | ocate vahe olfﬂwqj’rediﬂd ahpqwensslpecwhlchaluq umeli mrndlct@nwsmﬁ@r}aﬁ%ﬁswﬂlﬁg i d at

| east one O%eht he 2P ([;]Bin{a%{s ﬁqr t \;;P%lfzre g)%QI%E%I%E Qfrkif e Ce H:Q Cr@ﬂlﬁnfng earﬁb@ep er

speci fi cat i'Bh9eTe" 5’30 ocl predi ctor characteristic; and
characteristic.

20 167. The method of claim 142 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  168. The method of claim 167 further comprising displaying the identified relationships.

169. The method of claim 167 further comprising storing the identified relationships in a data

structure.

30 170. An apparatus for facilitating design and manufacturing processes, characterized in that the

apparatus comprises:

a data input module (102) for receiving a plurality of article characteristic values

associated with a set of articles having a range of variation as to a plurality of article
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determne a maximum article characteristic value for the predictor
characteristic by selecting the lesser of 1) the upper specPFiPREARI®N |imt
for the predictor characteristic and 2) the value of the predictor
characteristic at which the upper prediction interval intersects the upper
30 specification limt for said at | east one renmaining article
characteristic. 174. The apparatus of claim 173 wherein the apparatus is

further opqm%gh&%nggemmﬁ%fﬂmggﬁgggg 2006 repeat determining a maxinum
article characteristic value for a desired nunber of remaining article

characteri stics 4 §relorpmadug (100) 97 selqcting aredinior sharasterisiG kam e pluralgy 8f i ne
the nost copglid @ankRGsti@xrharum article characteristic value for the
predictor characteristic by selecting the | owest maximumarticle
characteristic VaFiggssion pruleTHa84), §pafesarmpiping the eeressioro MaRese| it the
correl at 5 on, (BRI Barbd0Bic bkt £ RGEBhd Hﬁh@ RmaRIngGlticld WaraRERBLEH Me plurality of
characteristic based at least in part on an assessnent of the capability of
each arti clagticle¢haregietieics stic to be predictive of all or a subset of the
article characteristics in the plurality of article characteristics. 10

176. The apparatus of claim 175 wherein the correlation nodul e (106)
oper ati ve tld1. e appiraipeot ¢lame bi0r vheeinde @éaempvtcmféhlies(llé}@tlﬁéweramerweép

subset of tpe;arskele Vafﬁp%@@ﬁeeﬁr'e&&bp SharE€EdThE o BRASEChIQN fdrhe 16”1 o at ed
correlation coefficients, a value indicating the 15 predictive capability
of a fid®t reminiag ertidhnchrsacirists; j andrwheatin Ve BEPABINYS t5t PRSFaUHP (1 (delermine the
characteri shikG&stion '6? Ql%atgrggextaﬁferﬂnn{h@ %rcﬁlc\/(ﬁlc'ﬁﬁaétaghg 3hd 'E}Q i3 PRI fine
capability for said a subset he article characteristics; and
sel ect a prediiging raf%%lrfé@rﬁ@?fisﬁﬁ i T@Iab%é‘d tbﬁt Tegsession | Modshr etwsient the Riadicters

i ndi cati ng hfgcterRfi®sHdaGhd Mt I@ﬁ@i?}#ﬁk Llftl’éfe%ﬁar%erfshce. article characteristics. 20
177. The apparatus of any of clarns 170 to 176, wherein at |east one of the
correlation nodule (106) and the regreSS|on nodul e (104) is inplenmented by

softwares %8 The apparatus of claim 170, wherein the regression module (104) is operative to determine

the respective upper and lower prediction intervals associated with the regression model(s)

between the predictor characteristic and at least one of the remaining article characteristics.

173. The apparatus of claim 172 wherein the data input module (102) is further operative to:
20 receive lower and upper specification limits for said at least one of the remaining article
characteristics;
receive lower and upper specification limits for the predictor characteristic; and wherein
the apparatus is further operative to:
locate the lower and upper specification limits associated with said at least one of the
25 remaining article characteristics;
locate the upper specification limit associated with the predictor characteristic; and
determine 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 the upper

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

174. The apparatus of claim 173 wherein the apparatus is further operative to:
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repeat determining a maximum article characteristic value for a desired number of
remaining article characteristics in the plurality of article characteristics; and
determine the most constraining maximum article characteristic value for the predictor

characteristic by selecting the lowest maximum article characteristic value.

175. The apparatus of claim 170 wherein the correlation module (106) is operative to select the
predictor characteristic based at least in part on an assessment of the capability of each article
characteristic to be predictive of all or a subset of the article characteristics in the plurality of

article characteristics.

176. The apparatus of claim 175 wherein the correlation module (106) is operative to:

calculate the correlation coefficients between all or a subset of the article

characteristics;

determine, based on the calculated correlation coefficients, a value indicating the
predictive capability of a first article characteristic relative to all other article characteristics;
repeat determining a value indicating the predictive capability for said all or a subset of

the article characteristics; and

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

predictive capabilities of the article characteristics.

177. The apparatus of any of claims 170 to 176, wherein at least one of the correlation module

(106) and the regression module (104) is implemented by software.
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