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PROCESSES BACKGROUND OF THE INVENTION S 1. Field of the Invention. The
present invention relates, in general, to process control, ,apgk, &8s
parti cul awby/isséanal ysis of process data in pharnaceutlca and ot her
capital intensive manufacturing processes with batch data distributed
across a plurality of disparate databases, to identify and de wﬂﬂ‘ﬁﬂmmmmw
interactions of process 10 variables that are likely to strong
desired outcones. 2. Rel evant Background. Geat effort is expendedsxfk&es
control manufacturing processes so as to avoid process paramneter
conbinations that result in unsatisfactory product and to enhance the
l'i kel i hood of produci ngySIEeiFOR BNFALUECZINGIAMIR IMPROMVING nmore 15 true than
in the manufacturing of pharmaceuticals) food and suppl enents, and
heal th care products anﬂﬂeﬁbﬁﬁgﬁLﬂHCéﬁg&NQ Hg é%%ﬁﬁgﬂg Bfocesses in
general . Defective prod X B HPEIWEBr S, | ncrease costs,
and waste resources tha ] 5t ' owar ds maki ng
cost-efficient) effective drugs and other products 20 There is a class of
data anal ysis problens, fregaeKGREUNINGIETEE INVENGIQMN uring) that,
occurs when a specific sequence or conbination of events or process
vari abl es causes an undesirable outcone, usually unsatisfactory product. In
t hese sist udtiongieldtof diedaxeqti®.e to find t hose variables and their ranges

of values which, in conbination, are associated with t cgdesc(&:‘r abl e
out come. TraditiDreapresen ingeteas reRiehodssHCE]) iorrPrtOéassi (honttﬁ brf‘PH y to
provi de the required inf qr uy 8l &y dasircaph® to have a
met hod amﬁtﬂﬂﬁgﬁ s %g?hkgpo?”gggeb?q)g?gag%g lysis probfegé and to

have SoftV\@ﬁﬁenlsmalrﬁmrfhtﬂmgmghﬁoaestsh@dmmbacndmmlembwmd:tproanatv@mabesd by -
Pprocess

of disparate databases, to identify and demonstrate interactions of process

10 variables that are likely to strongly affect desired outcomes.

2. Relevant Background.

Great effort is expended to control manufacturing processes so as to
avoid process parameter combinations that result in unsatisfactory product and
to enhance the likelihood of producing superior product. Nowhere is this more

15  true than in the manufacturing of pharmaceuticals, food and food supplements,
and health care products and capital intensive manufacturing processes in
general. Defective products increase the risk to consumers, increase costs, and
waste resources that could otherwise be applied towards making cost-efficient,

effective drugs and other products.

20 There is a class of data analysis problems, frequently encountered in
manufacturing, that occurs when a specific sequence or combination of events
or process variables causes an undesirable outcome, usually unsatisfactory
product. In these situations, it is desirable to find those variables and their
ranges of values which, in combination, are associated with the undesirable

25  outcome. Traditional statistical methods are limited in their ability to provide

the required information. It would therefore be desirable to have a method
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operators, supervisors and engineers. Principal conponent regression (PCR)
technt ques promise a nore 5 effective analysis of manufacturing daflé MRCRY?
anal ysi s has shown high value for focusing attention on those controll able
process paraneters that have the greatest |ikelihood of inpacting
manuf act uri ng by subjecting the proce?s data to a two-step process:
Princi pal Conponent Analysis (PCA) foll owed by regression. Mdst |arge data
sets, such as those produced during 10 pharnaceutical and other capital

i ntensi ve manufacturing, have properties that prohibit effective nodeling-
usi ng t heyhaw flasesssdabas o Heranalysysuablenseadsiodavaod Ve8Fr el at i on

bet ween the i ndependent variables and there ar Rebar ge number of

e I
vari abl esimplemnaatipeie MAHOS 183 FIRRHES VAR SFESE #%H:o(f antage. This is done
by transform the thainekhe | arge nunber of | S correl ated
vari abl es°%?répc‘?ré’pf‘ua?fgg&grf%gdrru%hnesrral | er set of uncorrel ated variables. The
new) smaller set of var fables (called "principal conponents") contains
substantial |y phacipaheompdemmatgrossios (REGB) teshgees @FoBfseralicdat a wi t hin

nmeasurenent error. Traditional statjsti soft e I ilable to
apply st at:ffsftti\cf‘a#“aibs‘bPBE‘ég‘é&E%Fﬁgo‘iat?'egﬁh‘i LR S\{\s?{éasa%/h%ﬁrgg@e‘baﬁéc{)gess dat a.

Exanpl es i.ncl ude fQ Aol 1MBe) prot @dsl erh@aderViitdtatavelthpr opnt u,
Mat hemat i g%{ %ﬁas‘ﬁ%ﬁeggsgkgﬁ%g t hese pa(;pkrages F%tave' good 2D di spl ay

capabi | i t igesatéAanii@tiandand impandignyarariactbang bhanbicctippiks BFOCeEaERt equi r es
sonme anmount of command |ine progranmng to rf.orgRpR nd y do not
suppor t r@@lasIWO-Meé)ﬂfBF@S'—-Pé‘Wﬁ %’?8‘,PQ%“?SAS%%H&I(?;Q&?Sﬁgwe}llhh&se sof t war e
packages are gener i ffi tQchedhkhske Use=d de¥ngd ncl ude a

conpr ehen§Fgf§95§8?' %%‘Igés{tlgﬂ csdt&?%g%ts’t echni ct]uess)elﬁﬁos; of WthCh nust be

si dest gpPpeatRaciatRERandThrbyr bagial suthiice manhfacpoine; have prorseiiss enaind
intuitive graphic display capabijli %i es for vi gugl E@ttern I oF gnition. Most
have |i ni tpeohiabi4ffaoyivedndnehap &stigeng Ry Arashes dat% L8Y'S 'Y 3t @re common in
y r~ WO U1/ 18736 P h 58 haddyaesis: ivaRkbREAnethere aapi t al

i nt ensi ve SRR F%%‘%%‘%%ﬁ%?’%‘ﬁ%@ﬁpg‘ Ieﬁ@surrmar Y, th'egl1 have linitations is
their abi ljshyiif @ |Pe@Miuheben 9€hatalies nUsagPEA ] tlesawrtkibbvisarspeed £0c to the

requirements of pharmaceutical and other capital intensive nmanu turers.
Mor eover , adventagexildts iscamedeliiséarming Bﬁﬁﬂf‘% tf‘?tomqur%enﬂuraﬁ%ffggck-end of
avai l abl e nethods. In,th n I i iffhbSMbIaté® access the
rel evdnt pﬁ”éf:%%tgad’ﬂﬁb%ééﬁge%%g%)Ceﬁg)kea hrr\%%?ﬂgl%%@é?gﬁlﬁsfl cal analysis. On
the back epghaplR0lrhetn@w emanér snaf dhdpblay(daied Fpsotips! afmpoagitsdi cal
analysis in a readily discernible manner ar§\ Ilacki ng. ﬁcces%tgoitrh% evant
process datcatiiss snpuaedp!lyehasame ppigemadoyas He aresh Sg%\? B F Y W% ed in a
variety of disparate garta storage systens. Hardware systens for gathering
and stori n'é‘e%fsé‘tr%mﬁrétveer Decone i ncreasi ngly | ess expensive and nore w dely
avail able in recent years. A very large nunber of neasurenent systens are
instal l ed i n memgddasswlisngisdonpaiivese gaalhers anpilable otanpingtargscaanpunt s of

raw batch data. These raw.data have little utility on . i ) yet can
be a s at E@C@S%@%‘éfo‘f%Ph%ﬁmifta&vﬁﬁ?mﬁ PG r%’%"vpe‘fgéh“{cwg SRY,

troubl e-shogj,i rQbristidae erRfrobhits, NakRersan0My IM@. real i zed
once the i ﬁﬁ&lﬁ& sgags%gﬁt’esﬁ%n?ns&é%a?iaagt ed‘grgqrsl)d tused' for deci si on- maki ng.
This is a whegspseadsepetdags havet g dpbR rdisptayucdpadllitiesdos s¥apdarhe | ack of a

wel | integrated data anal ysis and visualization software (S Osrgr%g;\gasi |y

usabl e by mendi2@ amddupr &haEs. EGVENET fS2EN FFRHTES SPBTARCTE Harpering t he

ability to extract inforpati f [ Jrenuif Fi Budatpexidibere is a
need for sY&f gﬁ%grlagmgggitgtpm\lf\’?ﬂﬁ I{ng}tda(ggitegh avoi%@?\)get, pruocessmi nprovenent ,

troubl g shopthiehiaRd TEEINS ogYre pazRsfarare Benaely difficaltits lefrrebecatst ed i n
| egacy systens as well as nopdern o . £ which t

they include a comprehensive set of statistical techniques, most of which mus

be sidestepped to do PCR. They lack sufficiently powerful, flexible and

intuitive graphic display capabilities for visual pattern recognition. Most have

limited ability to handle the very large data sets that are common in



25 dat abase architectures. The process data is often distributed across a
vari €ty of hardware, sonetines at a variety of geographical | ocat i DOMAYI D
practice) an analyst wishing to gather a particular set of data nust
request the data fromthe variety of sources) condition) ref org%msg nport
and expoije i@sskata in a manner that is conpatible with t hel/BRATSEYs tool s.
These processes delay the anal ysis process and limt the variety of
anal yses that can be enployed. Unfortuhately, relevant data is often not
included in the anal ysis because of the difficulty and delay in obtaining
the data. On the back end, the statistical analysis tools often provide
only a raw 5 nuneric, ou t afy : . ndFdensh®ealirantdesomdni mes

t hr ee- di n%@f%ﬁ%?“t?céb?%égérﬁeé%%%g lgts%%/lé%i“%l?gfpropegs)s parameters. These
static ePsruﬁﬁgA}@ame%?av@fmﬁmi@tsam tisdii elitarapyeyide asefuliBemiiandmilick i ni t
the ability o he anal yst to detect and denonstrate tdhe rggﬁw

i nteracti opsritfhats gfecdot tot the rpqORIBEN DG ebanaceuticd an a?tlh\%rl regul at ed

i ndustries such as pharmaceuti cal - npBatfromdustri es
‘a need exiigtensiVé BRHBASTHIEL e Wgoﬁ?{)gg%g eggg? ?%?i@ﬁﬁ?ﬁ%@ used and the
resul ts provi dedy by sifbi sidigale RE@GesS e amd froht entl, ieadoats diffzikits for
proces anal ysis tools that enable an analyst to re qil .access rel evant
process dajqeantheviekvahi pocesredateogeded @fmélfeameé?‘i“&g‘r Sé%‘é?‘ g&f‘al?‘ﬁ‘ére are

sone very capabl e three djnmensional d i j : APk GH
appl i cati oRg B¢ &PFiaAP tBHIStIHQFOHQ?ﬁ(ae?G?H‘g%? 92&%%@9391%\?\%2/%%3%35 Agvanced

Vi sual Sysgf;%%“( Sernibesenraphiakimppl i cations are conpetent at quickly
drawi ng a w de range of sophisticated displays, and they can handl e the

| arge data sets comon in pharmaceuti cal, manufacturi nqgr. Ho ver., t hey
either |ack theArcacngsodfclene@der@cg%Sé%ait%ﬁlamedeégswsﬁ Q&Y *81° t hey have

steep 20 learning curves, for_ either ¢ 4 D8 RV O0Hfsedii Nakddwhie case of
PV WAVHES oBa‘(?Efeé’g?“‘!éﬁ)tﬁf?dg‘lﬂlraaf'?r(’)er%yi%rf; d?ﬁ%ggé{ of CAVS, ngSQeguI ated industries

have uni qug s@gﬁ?%iggméﬁ&g RSP eGing &l vahave prooresincdatsingiy &y sikgendedrandi ng
power f ul ca’ba ifities for statistical analysis, pattern recognition and

data vi suakhaaidrervidhlatavaileblndn rasephycaiat sYEdAIF MIPPERRY y 25 avail abl e

systens. These industries need conii q i ; trindSaeel | as
Che abi i t PereestiuprER: proneetoddirteRl anaston FRuigy aRRtig

demonst r at is%r}gxé{]%s@ta%uhg & QdUSdch @htar eTleAaseawatula prodlictie spbty Phcati on
failure avol ce. ‘ _
15 their own, yet can be a strategic asset for manufacturing process improvement,
trouble-shooting and control. The value of this data can only be realized once
the information content is extracted and used for decision-making. Thisis a
widespread problem in the pharmaceutical industry. The lack of a well
integrated data analysis and visualization sofiware system easily usable by non-
20 programmer scientific professionals is hampering the ability to extract

information from their manufacturing data. There is a need for systems to

assist with lost batch avoidance, process improvement, trouble-shooting and

technology transfer.

Process data is often stored in legacy systems as well as modern
25 database architectures. The process data is often distributed across a variety
of hardware, sometimes at a variety of geographical locations. In practice, an
analyst wishing to gather a particular set of data must request the data from
the variety of sources, condition, reformat, import and export the data in a

manner that is compatible with the analysis tools. These processes delay the



~ 6 MA'I 2302 WO U1/ 18736 PCT/ USUU 24788 5 SUMMARY OF THE TNVENTI ON Briefly
stat €d, the present invention involves a nethod and system for di sp) §Mmdgia
process signature for ready visual recognition and conmuni cation of process
data. Process data is stored in a plurality of data stores, each data 5
store holding a plurality of recordsycontaining process data, each record
associated with at | east one process conponent. A proxy virtual database is
created fromrecords selected fromthe data stores. Statistical analysis
operations are applied to the selected records within the proxy virtual

dat abasanhlsisqentésk angrieieske vaRpariAna vARY LRI RE FBRSYSY process

conponents 10 haying a signif]j f  CHArAGHRId $ddaGse 6f tle product
pr oducedJ“fAft“F‘é'e?l)f’ r?‘r‘??’érét %5?%@@%%5?@2&%&}[%@ i den}t%i thed process

corrponen&i{sf-ma;tg Masieal) w4 shirepk@y etk dataan ani mated t hree- di nensi onal
representation displayed on a two di nensional display, the visual display

indicating directionality and extent of fhe gaéact eri.ati Cf of the selected
process conpddemesbiak ¢ral, 4b¢ siptisHCAnlySIsSiOPET PEAN PRAY'SE LS 3f1¥s of the

product produced. BRI EF CRI PTI ON: DRAVNGSH FleGlimknkiloh st rat es a
f1 owSdi a®jtesnG AiPYbPhgt P%?Wtoa%km%éogél ?#E:ft prec;ces% i accordance with the

present ;eg\/%@ﬁﬂ.a‘?\'&hs Bt Garidu$Speonest PatiinagdesdiBigrsantdtar mpacepsatemsiafpl ement ed
in 20 accordance wth the present invention; F1G 3 illustrates a flow

di agr am gfe ssitepical mady SROR eworekulf bowdimgt the @& lifarrid hgianAlYEhE BFt&ent
invention; FIG 4 an

FIG 5 show ex |.ar - di I resentation of
a procesandeFmPBItras HRPICESHEREFS 185%3?3#6& Bl EDBhicoRR:

enonstrate process variable 25
perfor MBpEe:.

lar(y i@ r%nﬁifedi in@0Q2ires KLEh 26 pAmGnddeGtical, Sbdy aldt fepdat e
2- di menst onal rgpresent ations of a process control si naturfe used to

denonst r adlanendsdustars abked gsistorasmelsteig the process contro

techniques used and the results provided by statistical process control. A need
also exists for process analysis tools that enable an analyst to readily access

relevant process data and visualize the results of statistical analyses.

There are some very capable three dimensional and four dimensional
15 graphics applications available on the market, for example PV-WAVE and
Advanced Visual Systems (AVS). These graphics applications are competent
at quickly drawing a wide range of sophisticated displays, and they can handle
the large data sets common in pharmaceutical manufacturing. However, they
either lack the range of needed statistical capabilities and/or they have steep
20 learning curves for either command line programming in the case of PV-

WAVE, or object configuration in the case of AVS.

Regulated industries have unique needs for retrospective batch process
data analysis, demanding powerful capabilities for statistical analysis, pattern
recognition and data visualization that are not being satisfied by currently

25 available systems. These industries need continuous process improvement as
well as the ability to accomplish process equivalence demonstrations,

demonstrations related to product lot release, and product specification failure

avoidance.



FIG 8 illustrates a Visual Process Signature animtion feature i %65
accordance with the present invention. DETAILED DESCRI PTI ON OF TH® 0 MAY 2002
PREFERRED EMBODI MENTS A nanufacturing process conprises a conpl ex sequence
of process conponents where these conmponents include materials us%g in the
process sl @Ressat i ons perforned on the materials. The pr SEL45EHRbnent s
al so include 10 the nmachines and tools used to perform nonitor, and
control the operations. The operationsStransformraw materials into
internediate materials and internediate nmaterials into finished goods. The
present invention is directed to a systemthat enables manufacturers to

inprove their process econRQm,ssarROSFPRE NEVENTEEN const ruction through 15
yi el d i nprovenent, reduce 0S at ches, speed up technol ogy -
transfer and tine o reven

It addresses t Ffiedh RS tﬁeggﬁeasggtr HIShGE il{&&b@?%gﬁ%&ﬂ% syseeedge |1 nes.

] an enterprise-w Integrated data
access, aNAYSify Aol AUILAAL O rRaly vRLel syet sinionemsi doynusaibhiéorby
non- progr a ' 'Wanuf act ur | ng professionals. The present i nventi&n
i nt egr at esfgiratdsstdacs, PPOcags dptd sstared meppluralifyiafidaée W frefeRare to

access data sources scattered. acr0ss. an .enterprise presgat invention
i s i npPensiriedodding PRI EHYHAEC rrébqoéléalggllg’n%r%zgh% ((i:a[tlg-’r(:%cacrcess to disparate

data sour Ges, dh Al YL tkdshbAUGROUss R0rpRenpr Asmoag vireld! dambase is
poi nt -and-¢l'ick nechanisnms to visualize analyzed data to di scover key
factors afdrenti fgpmprecess selectunfsomeesaegtarent SrasHraltaalysisst em f or
identifying and communi cating, i nformgtive relafi [ -t Rl BaRERGESS data
sets is pARAEEFHPTSALEFHP ‘Féﬁ?qﬁéelﬁ%ﬁe erreﬁ%rdz;lsrvé&}r“éllqggi%@h%% l)e%tween t he
measur ed prQ VaAbL el &gk ok En PEORBERRME EPRSc AU mgoaetal

operati on.tofﬁg&z;%a@' is to pr odtjlce anal ysi s ~ G MAY 2D02 reskll ts that

di r ecticact iy & eignbitanerefiprooesbavemnsicsiof & predugt producathi & i&ithces

variability in process .outg¢cqnes an | | ows proces i X be biased to
the nore f@m(akmré%rlafé%?PﬁﬁeﬁdFﬂﬁigﬁ@BF"%%&8“?88?%%83%9‘3}‘%@/ be used to
reverse adé{?gl%??d’[nogr?ﬁgingitieé threle RFRUSIOREOBEEseltaldnt displayud crennnst r at e

abr '

process 5 S y and regul atory conpliance. Al of these results help to
speed new gi@sichal tiBplst tandisnadlicpay hedicaprpdiestiomlisostd gxtem of mi zi ng

specification failures, i stjng technol ogy transter cal.e-up, and
st abi | i zi n@‘etq)i‘éf%?ﬁh?“acét%f‘i ﬁdel’fr‘:gﬁéje%rso.cem&%%%err}wah fel jlrbg’c |€)§s are
der i vi “sse‘?éc‘{!s? icﬁéﬁgﬁtén&@ RRRUH S theddddpr ocess real ly works, and

comunicat i ng ers. To achi eve these objectives, four closely

integrated capabilities are used by the present invention. These are data
access, conditioning, W@Mﬂ%ﬁﬁzﬁﬂﬁdﬁ&%@i@ﬁr st and | ast of
these) and the integration of all of them are inadequately addressed in
current sol uti oRsG. 1HlHEtAted aiflovudiagarmsnaludmehintferiagy 81ePsin aIPEPTHREL i on
processes in accordance with the present invention. Essentially, a conplete
process datflaa<‘§<9lfiiﬁfic6ﬁ”‘i‘h\é\glﬁaégﬁe?th‘éwg?té%’ of accessing data (101),
conditioning the accessed data ( 103)) analysis ( 10S), and visualization
of the anal ysi spfgsslshswk id®Tdok diAgSEn $6@PA, sydRACImHenenreddn eat er det ai |

bel ow, are perforned repeatedly to analyze 20 retrospectively the

manuf ago ur kexprpaoeesshdat @resedemvienitonr ends t hat affect outcones, and
denonstrate product quality and process capability. A manufacturing process
actual |l y generate A roducts: the man uy e ter ptsel f, and the
associ ated pr océéé- E\Qﬁ%&ﬁgs Gsed” ﬁ’e"fger?rﬁl,oﬁﬁgést @rérjnp%gé}e@go alt%a" i ncl udes
data and ng&aéjr%g%er@m,qggrbt,gmt P\QR@ESs: 25 conponents and process results.
Har dware systens for gathering and storing raw process data have becone

i ncreasingly | ess expensive and nore w despread in recent %/ears. Process
devel oprent ~ and Firindfeact ThG .ry skapuicppmptar i dnd msasianel (2PEewatEeH Poed wi t h
their own instrunentati.on, control syst n : abilities.
Because of PFW%&QPH@f YERBeF gen%ra[\%dyy§ozg‘g@b%ﬁégg'ﬁ%@@%ﬁz&g@gstem; now

gat her 2$nd ggg;ﬁa}l@er-ge anounts of raw data on a routine basis with every
batch o prpo uct made. FIG 2 illustrates a basic architecture for a aata
access tool useful in the



practice of the present invention. Analysis application 20l provides a user
5 interface including both graphical user interface (GJ) . Anal ys{@ MAY 002
application 201 nmay include a nunber of statistical analysis conpo nt%)‘
including third party software packages, for providing various analysis
capabilities described hereinbel ow. Analysis application 201 al so
inplements an interface to a virtual database engi ne 202. 10 Virtual
database engjpe 2034153 A GLALEAnkRIN BRI dadeamidisapsrat e component
from anal ysi's application I'. Several commercial database applications:
provi de,RRsiccdinsit dignalid ysddomo @bl iz shinoge sk bl pifAT MY €onnect i ons
with a variety of data gathering technol ogies as well as providi ng database
managen®rd tools to retrieve information fromthe data stores. 15 Virtual
dat abase engi ne 202 i ncl udes adapters 203) often provided as plug-in

modul es, 't hap, GURRGL L AENDAAKENiTYodsd Seaiel dlialiolatabasi Vi ri ual

dat abase engi ne’ recei ves requests and control information from anal ysis
appl4 cagiqnd28k and thepecsahesivdation.st or e- speci fi ¢ connection requests and
queries. Virtual data store 215 conprises any nunber of physical data
stores. 2U Physical data or es. nay..be geqgraphica L romthe
conput er i HH-LeNEA] ’--"::=5-v .:.-ia L& ingi" ' Q/Ob I\?Ic:a.és'[ ores may be
i npl enented using any avail abl e data store technol o i-ncluding flat file
st or age, str@cmnéﬁhcé}uw%m!%@@%&‘ﬁépr(@@?)C,O%F’ééf:q‘b%%rﬁf&ﬁoq%éry | anguage
(O0QL) and the like. rtual ol L ptesrosbisfded ent 25
know ed68”‘QBBEWSt‘ﬁkéerleyb%seo%%%@ég‘gzizgwgﬁg{gagﬁré%? %sssd;ﬁ em and schema of each

physi cal, ,@afiR st Rme8 @CORSAateridlsr i pocesdatoanfansnts Heo prejedeal data
stores. Exarrpl e data stores include, but are BOt Iirlri%ed tr%miypervi sory
Cont® ol tanchabhinas Apdupeistisef tp SCHORT. BRPUCSEAGAEIHE! 6P¢ BR%S80 t o rmoni t or
~7 6 MA |l 2~0? WD 0] /18736 ' P : : A0St eiEetasdand to control
process Tﬁ‘ﬁr‘ﬁ%?té?%s {Iérés °by rﬁgnﬁ?tgéggﬁﬁﬁéﬂgﬁﬁieg%ﬂt . A Laboratory

| nf or mat, i @y, MiR a0 et al St b emifHet Bpdelat abase 207 is used to store the data
on how well the internediate and final product net specifications. Product

performance in the field is alsg inportant and 5 these d ften
stored in AdvBrespreEerinnv N HAY BrEFRCtas) Ot St AR %gfeén’%gfﬁ?%@w%’?m | ar

dat abases.. Data gn.the raw 1al t.S28NEbds@tuchivrhgraugised in a
bat ch art@ 'EP5P e Prhoece%h%u gﬁlhf}ip%tprggggg?i%ﬁ Syst em ( MES Zo%sor t he
Entqurifgdl%ﬁ,%%l{}&ﬁ&tl?lr@dmienge(nliﬁmr BiBssysthen, soetrbpp pe@EOLRBYdat a sour ces
of ten have their own specialized databases chioTGﬁJ Oracle, 10 Sybase, Access,
Excel andarcféresndiitgbaseYentifagamshertebh BRRTEP oS £6'5¢% APSS paper records
to be deaJt with for .sgne of I S t g tbitakdd Ehe dccaszsition to

El ectr orft r%%?f’ﬁﬁheRgdH?zg @?gtfgirté#f%é}%) ;S“S/Q%bﬁglaéte. These ot her sources 213
may be aaﬁﬁ%%%gndjWs@ﬁlﬁia}{idhrsdfhva}ughstamdaaﬂlyappbiedat PO PRAY WA’ provi des an
interface conpatible with an adapter 2Q3 but ac esseséi)att&? 1S renote data

0

)
stores. manifacnotngupnedessionas. f 1 At PTESGYE BYENHONS Tl BPoducti on data

relating to a single produc LRr ougheutceancamredpri se. Al l
t he %nugrééf‘lflsiaﬁ‘a%FBPQtWéHHagt“ggfa@ghsﬁgr%e&ﬁg%glc%{} connect ad ‘t;o a corporate

network suygh Eéeate'rﬁﬁ%. FheraehnbvkntidnAiN)impldrdentad @a arfds kst KNALWAN) ,  or
public networks such as the Internet or simlar data.transport, 24 network.
The i nt egratlésopoiof anhelick eecaspiedfsRaets APPSRBRTE S By "anal ysrs-appl i cati on
201 with the corporate network, en I Ndos ishdie aa0es8 daoai ndi vi dual
dat abased? 5?1'&’?6&56%3’8{1335&0'?%aend;gl?%l(e@me(?ﬁ:n%ﬁsﬁ{%v A tradi t}iegnal appr oach
that assgihlesval ey heidtahifctlingpsapss atteoniat abases and abstracts the data
into a single data warehouse can be very costly. It is also cunbersone to
25 inplenment, maintain and use because of .t he o Iexriliwthp synchroni zati on
i ssups. | n the phafemesuafi tbalsystsauer igantiEing 289 SRR ¢Hh al so be in

R REURAR A it R t - NfeSo gfitioaorBlia ai nts on
t he i nt r sfaEpRidHe éﬂg“?)?%’&?g‘é(?iﬁb“g&g?g%r‘{ﬁg% g@%bét‘?éﬁ o@itio

patterns are relationships between the measured process variables and the

g actual operation. The goal is to produce analysis

process outcomes durin



0 6 MAY 2002 to In accordance with the present invention, virtual database
“engi ne 202 accesses data fromthe several physical data stores to Ehd4tel®
© user selected virtual data store 215 that contains copies (not originals)
of selected data records fromthe several physical data stores. These
copied records) or 5 proxies) formthe virtual data store in a cost
efficient manner. Analysis work) data conditioning, and the |ike work on
the proxy records rather than the originals. Hence, the integrity of the
original data records is not conprom sed. Moreover, the virtual database is
much snaller tha raw.re alrpfat-ahases and
so al | ows rrucﬁesélﬂﬁ fag drrgel c?rlt())rggwéf Pftg{%r%pgsiggﬁg‘?ﬁb\é%@ﬁg sTgftware to be
used. Once t heaﬂmwya@tpwaemommem alepopraaess yinlds h@b¢ b@wgim@le
respective physical data stores) the emain, larg r ecause of
t he change coﬁtoﬂ)favﬁfﬁ’t“‘e&‘fif’BE%Wéfcfﬁi‘g%d{lWeerPés aefs tﬁﬁa ‘%IQ any

errors that ”géfdé??é’&olegﬁrﬁrm e2BFve ipodue @Jlitﬁlafﬂ@dedﬁhﬁrd‘té prachat h equi pnent
mal functi ons an human data entry teng to remain |n t hose dat abases.

Ther ef ore, 5i t siabilityrpod reanatory qomplipare. ek plairsesss iy h el b PP AW ndi £ 1 on t he
data (step 10 her 6 are
(step 1031 Fl e ol QBT BFoc B ORRSY oAl dpeTicaTy

essentially f ata. mssing data f ailure to capture
particul ar valfsgseés, (austnsitu@rmkamicfgyngmﬁfeoamcb#@tﬁt wpning stabilgingethe r andom 20
fluctuations; errgneous data arising frommalfunctioning instrunents or
data handl i ng “éar“f“gﬁcg””‘érmo‘é?f?rupt ed data arising fromother error producing
processes. Pref er alph, inddadahSdsieARpd matenomgzeafuanmosmamn mbarglhostathebase

engi ne 202 include an ability to sel ect anmpngst several Lpodol ogi es for
mi ni mi zi ngl0t hevredebeeaady gyorkhasd CRmﬁwgl%ﬁmgeW%Pg‘efﬁw %?ﬂtjev &C°an be

replaced with pulcli &5 t‘e{\ﬁl 4631yt A rMed l:a;ﬁ@xll't@@ﬁ)rreﬂﬁed)}fy ttReprageat ysi s met hod,
by values that have Simlar variability to the remaining data in the set,

or by val ues gemtlatled"hbgb are delacaseesd, sanduiopiearnadysis yHCETBHZt R | T s can
be found and r %qa OorftB{lE %‘ﬁrtﬂgﬁrﬁygr%lo&g{ﬁpl)lgtgkﬂnaxlgxnédéﬁuél@f?ho‘c for mal

outlier rules SRSt can SO repl aced by e sane
nmet hods as thoﬁierdssaﬁntaurd&ammmamsm ng dat a. as ~a~r zoos WO U |tt3736
PCT/ USUU 24788 11

15 FIG. 1 illustrates at a high level of abstraction processes in accordance
with the present invention. Essentially, a complete process data solution
includes the steps of accessing data (101), conditioning the accessed data
(103), analysis (105), and visualization of the analysis results (107). These
steps, described in greater detail below, are performed repeatedly to analyze

20  retrospectively the manufacturing process data, identify trends that affect

outcomes, and demonstrate product quality and process capability.

A manufacturing process actually generates two products: the
manufactured material itself, and the associated process data. As used herein,
the term "process data" includes data and metadata representing process

25  components and process results. Hardware systems for gathering and storing
raw process data have become increasingly less expensive and more
widespread in recent years. Process development and manufacturing
equipment now routinely come equipped with their own instrumentation,

control systems, and database capabilities. Because of increasingly lower



Erroneous and other corrupted data are less easy to find unless th%y. ﬁﬂ?%m
‘up as outliers. Their identification depends nore on the judgenent otf ¢
users. In each case, tracking nethods are needed that |et users know what
data has been conditioned and how. Users nust be able to assess the effect
on their analyses 5 of the chosen conditioning nethod. They nust al so be
able to repeat the data conditioning forgfuture analyses without witing
the altered data back to the original databases. Data conpression is often
applied to continuous data. There are several nethods used to conpress data
before depositing it in databases,so th t fi.ot ge space
required is re‘t?ﬁ%ebh.esiﬁys %é‘ésn‘b%g?ﬁhah%“db%&\%% 8%%2H§;blq3%\98?&a&£€nti nuousl y
measur ed procegStiN@bisadivEh kesrRibaschwiphangesiadeer a period of time. In this
case) storage space can be saved by recording no further readings until the

new reading is different fromits predecessor by sone threshold. unt. As
a result, an additif&Hat usHARS S qaﬁ‘cﬁé‘gﬁtéﬁm eofor(?acia g i@eﬁsoﬁgf?slegﬁil%gpﬁ s to

use a conpr ess.rg&iée%fqﬁe?%fbgerﬂri@&e@ﬁ@ﬁ. AQalflee @pficessn OB pbatdes aauisthat it is
ready for analysis. The types of statistical anaILé)ses used to find

i nfor mati ves paintesfans irickuditgebathesanhiaabeser isprface HpILd) s MASE PPYEAOY ¢s and
regression analysis t r ARLLERL nBLdeseliepi es. They
enconpass tragil(%lli %ﬂa\n%%ggﬁléﬁbs Fggfl@égfrc%g{engggggﬁt ?QI (CF%‘C_:)' ca%at_;i lities as
wal | as |i nearpargdelifiwige peackggesARDVE vINAEQIAD uetw)ysisneurebilides degertiadsi s (e. g.
paraneterization), optim zation, functiQn fitti tc..

vari abl e met ho%%‘{‘ggﬁ‘.”' d%’li‘ tségrdpgh(éﬁtvgi@)l a[psP i'F E%igpgc%ﬁp}@‘%eﬁgg?tda%gﬁmwaf s,
partial |ease gfipsesn@n@bysis, etc.). Latent variable nethods are
extrenely useful for condensing a | arge nunber of 25 process paraneters

into a few key co nen ose per nmance s the gr on o
process outtones. étuﬁf(iq‘t% %ﬁnﬁﬁea%@%\ssm F%%P%rr‘%gr?t%rt 8?1%%&;1(%:% ﬁggéa?%t%vari ety
of tools, at |gangorenclrbslinglymeabplivadon20kor Sévepdl evamidreigl datgirsaci pal
conponent analysis (PCA) and pri ncipal .Cco onenlt regressi.on. QPCR) wor kf | ow
described in rafricaiRns Rrpvify ppsigiunctignabity fof gspablishing™4nd MAAGAE, | ng ¢ he

results of an anakydns dith P%Jktﬁfosaalaigtaih\éﬁngswepmbgrre@@é whitls pheidingl yst as

wel | as an.inportant capability for denonstrating process performance to

i ndi vi dual s wheatabase menaggnans toaks tohretnirye dafo ematipdy oy mdheafi3fa Q¢S chni ques.
Tradi ti onal; ways of .dj L7Ag o 81 p¥erdR 08 3D &5pBVMCl WP pfigtthMENSI Onal
gr aphs. th?'n tir?ém\llalgg??)?%geéhg\g/z%o?zﬁ%%?; o[%(e col or di s%l ayg ang 6ri nters an
addi ti onal vi smabulésithersippert charscheitotrea pactictlabliasabagel digual gatahasaused t o
poi nt out significapt, features in a display.of analysis. r {th the
i ncreasi ng avaft&bi (§2t SFCBWe%ﬁeSHeSéseﬁcg?oﬁls{ﬁgéf%frm gﬁﬁ?éﬁ%%ﬂﬁ%ﬂﬁpgﬁ%ﬁ%‘ar dwar e,
practical nultpodufEpeiconsd dalh spraypariichodsectian rbpessedd qHesiesver , conmmand
10 line programmng is an obstacle. The present invention makes
visual i zation capabjlities avail,able thr h off Ji.at: with a
poi nt -and-cl i ck int ﬁ‘ﬁzg?[aéﬁé’éf %g?F%‘é‘P%S\FgF‘{g’f P'ﬂg%’{rf(’grd#ggn‘gaé\ﬁgk attJ)%g"tsch, or
group of bapches)sidaddaastdrgd faj Bageodrsptacaligrymaeetarh tiagaiputet y. This can
be acconplished in 1 S accordance w tg th present inventi an using a
mechani sm cal | €BPIEPRINE ApYSE S8B!IEEFIGH Pl téys‘c(“@g’g)a.St%eilﬁéyi & a graphical
representation;of .t.B& 4 Gliat hRPEiRGle AeivesE tkavoRRPGeasdipanaREer s and
process outcones. A VPS goes Tfurther than the batch reports which are often
used for routi neraeensiagbisdiangryplreguass (3@t gbicEepsnthauery MIBREEF of j ust
showi ng tabl es ef Aphsincilassafipges can
illustrate nmul @%I@cgrag#g% ‘6%sﬁ?gtsugﬁﬁﬁ%‘%épg%%g‘g In l:ftlcsi ngl e,l informative view
that can alzso heowrdgmbsdt tlhgye af soaprsowiadezeniest posen bid schpmafol each

mat hemati cal |y conbining the Visual Process,K Signature i t groups
of batches to (Hé}‘gi‘%gétagl{‘ﬁ@?%o?%ﬁﬁemfiH%tt“eﬁga\%%qrtohrtlem?ep?ygllg?lgéyeﬁégés} bet ween,
for exanple, the top 10% and the bottom 10% of 25 batches as determ ned by
a specific outcone pedragtetder skddeeingludk dout BlGot3initddust Sapeasisarypremedipal

conmponent regressi on workfl ow | rdance with the preferred

i npl enent at i on 28 DiaffeApEs B @%@%ﬁgi’)‘ﬁ.m’éﬁgﬁ%\ﬂgﬂ “Fefdgbﬂsm?r%‘ & the

di fference between a generic systemthat forces users to learn the details
of the enbedded statistics and graphi c engi nes, conpared to a WO

011 18736 PCTI USUU 2a788 13 truly user-friendly, guided user interface
system The |atter nmakes avail able the nost common anal ysi s net hodol ogi es
in a sequence of |ogical steps based on a built-in understanding of what is
typical for users. Wthout this, users



spend a large portion of their tune figuring out how to use the sysgﬁn@gwm
5 doi ng manual programm ng rather than on analysis and interpretati s
the results. Furthernore) they |ose the power that conmes fromfacile
interaction between the data and the anal ysis and visualization

capabi | i {ygf1sTBe statistical nethods that constitute pri F\%T’H%‘?Q’:'t’;‘a%onent S
regression (PCR) consist firstly of principal conponents anal ysis (PCA)

foll owed by 10 selection of the nost i%hwportant principal conponents based
on their eigenvalues. Step-wise (SMLR) is then applied. A linear nodel wth
a |l arge nunber of values can often be nmade to fit any data. Such | arge
nodel s usual | y have r_predi cti endAufdgnideg t his ri sk,

model s der“is{fé%“eﬁ)tls ﬁé&?%%%ﬂg@lﬁﬁgg% géerla%ﬁgtseriggﬁdyb%eans of Cross Validation.
Once the BER 450t oadi Agsratvay dnheemnider Muedendnt iSysues (L BMF 2 d2igbpsq ustrat e
themw th i nFor mative visual images called. Visual. Pr oc(?gs lSirgtaattur es (VPS).
These t echA7 quesed w stocvktadata op 1aw el 1Be deierpedialeAtd BRYHR%HEScri bed in

nore detail in the context of. th l. I 1 A a4t he wor kf | ow
of FIG B%PPE‘BE%“ q‘s'ieﬁrtogru%%{)?%f)ﬁngﬁ‘fféilﬁ\gﬁggg%ﬁ&l&&%o%%miaﬁgependent

vari abkes jdicldags RFOSRES s i Aldye A E VedeMdrhiedey SpstemeAEMS3 26§ 301.

| ndependent variables are those that can be controlled, whereas dependent
vari abl es aad ethersimbpedatahagesy dpta fonthe FayunRerigls, 6¢a8EHHe O var i abl es
that otherw se cannot be directl onfr.ql o Rlonl Q4G T ON

pr ef er abl PUMRETUEFE 18 480 AH %tf)%%cén #hgngéngfafgg‘bﬁlﬁrk)ﬁe)?t A \r/lasﬁéabl e selection
step 25 3QM@) 20Y §} tHeVEnter R R e N c & Fl@ﬂﬁﬂin?QERa’t)imm). syAtem. Other

correl ation/covariance matrix for the identified varjables is copputed ' in
step 303 gsocessidata saugcpopiien have Prainevpapedakizssndataassn aripsi QTact%r r el at i on
0 6 MAY 202 and covariance are statistical hery el afe£dness of
vari aHpes.Szyba%e’i&%efs’f’ﬁ'an élof F Sapd a%%gn%%?xﬁ%gsﬁsfﬁ;g%bﬁftehe dat a

gat hered dy, fhephaedras ey bi Gablinmithfacidnd ofthdgoeesy dnenntigshd hat wor k
agai nst effective nodeling. There is usually considerable cg,r relation

bet ween t hexnishatependisatrons Batshecwsd Syperms GERYSEAATPIE e a0§¥ number of

variables. | n step 3 rincipal c nt anal ysi.s J.Sr: 59>t hat
t hese pr op%#‘?ri %’é”g%fn?%eg\a% b&a@ﬁﬁ%%g@%?ﬁ s°§itgmd%ﬁeygéﬁtdtp?}l‘g?ﬁ%m’E% the data
so that theg,f W&?{ié@%’ﬁhﬂfer%‘ce%ﬁﬁ@'tm@d/it‘h&rni ahlpes Brebueplcased oiyera much

smal l er set of uncorrelated variables. The new) snal|ler se% of vari abl es
(cal | ed " prinocé pala corgsorer 8oy umsaehintndfive eamaerg ippoghal BECERfor mat i on

as the larger set of raw data w thin,neasurenen rrar. PCA ste
305 is perddt AEELB& A S‘%ﬁﬁ‘f PB‘?&%P&‘%% 8?1‘*&‘52‘{5\‘%}?“gbﬁ“e%’?”\r{’\pmgg‘addi i ongl

features are produced. The first is a set of "scores" that are a new set of

vari abl es descraliRgaefdcnfafdrdlhed datatabes ord wiuaBly conooess tyar i abl es. The
second is a set of "loadings" that represent the correl ations bﬁtween t he

ori gi nal proopersse el wsh and lore aganew orbsiLiyNhealdearet fEYYKof t en
possi bl e 1 A5gusepLF: SLIRIR. S0al M vy thydie BRLAY @ sahget (o o

nore. This a large e varitability 1n the dependent

vari abjes {Qivben Moeendeaadicd08) theasepidiemadieinasiemuntescyf mralypis | ess t han
hal f the nunber of principal conponents) i.e. those vviqsh .the hi ghest
ei genval uempplip@ion 20 brvetlbfheacarpasaie prtwerkranagirs LA a-and-cHck §°4s5 P at ent

variabl e individual databases and to subsets of the data within them. A traditional
approach that assembles all the data from separate databases and abstracts the
data into a single data warehouse can be very costly. It is also cumbersome to
25  implement, maintain and use because of the complexity of synchronization
issues. In the pharmaceutical industry, such a solution can also be in conflict
with FDA mandated change control requirements and constraints on the

introduction and propagation of errors.



20 net hods." These techni ques have the common property that they produce
"the basis for a "simlarity matrix". In the case of PCA the siml ardB%4 002
matrix is the covariance or correlation matrix, and it is orthogonal® %r
types of latent variable methods include discrimnant analysis, canonical
correlation analysis) and partial |east squares (PLS). PCA has advant ages
because it is relatively 25 easy to intefpret, and because it produces
results that have desirable statistical properties. Because the vectors
produced by PCA are orthogonal, they are relatively easy to manipul ate
using matrix al gebra and, have .t he advant.age. .t hat the Vi tistically
i ndependent vari abllfééccf%ﬁia“ﬁﬁl“t”ithdﬁ%p?"é@’}té‘és YR VIJ:‘%S}uan dé?gé&l\j&%%f?(%~~ VO
U1/18736 PCT/ Liﬁwglsgs@a@@fr%% $8 ls&Fe 4l Ny §i1 D0 A8t aCoaHRO Retilestevi dser télectbar gest

ei genval ues, the dinensionality of t'fy1e PCA sol ution ce%n be qptim zed,

retai ni ng the vidtmalsata siorecdS thit spatainmiapies (BARTHERFD P ﬁé‘ﬁ?&?a&ééa the
original data wi thin experinent enrQf.. r igrents use a
correl ati on ma{f"fcirgs Frﬁms Sﬁe‘ffé@ @g%gﬁsdghl Sttcyag ghg%gcggﬁiqr{gmgrggtﬁat ment
ensures that thexieagvin deestandiazestorgiaiaost efficiehempznsr pAoelysis WeiKi abl es

(whi ch have different units of asur emen do not i.pfl e anal ysi s.
In step 307 prqaﬁ%F%‘t‘%%&ﬁgﬁtlesnﬁﬁaW?%gontﬁt‘fé PRI H qutrdselraé}éleﬁr\r}g%ﬁg{sé are

selected. |f theipil NALRR! HOARGABNS Sihabfgiakea teeosrguencemrersethe fir st
10 principal comnponent is selected so that it is oriented in tthﬁ direction
of maxi mum varMareoeenfthe ristuabdaialsss isiauchpaalghitan ALHE FPHEMIRIEY BBt h t he
error and the nean ot | dd3- at e ARAQRANA dndGhpRlefGaBRONENt 'S

sel ected so thséetve[{al&g;ss%glr{j %)ga(r%na to a}tlhe first, but is oriented in the
direction pf thuedwseeiand o fteae witegisedri ance. Third and hi gher princi pal
conponents are 1 S selected so that they are orthogonal to atl of the

previ ous princi pal LOMRENANNStacHhg BhiaGe WdoBicd ' (TBX bFYHal REBIAIVEY

vari ance. The principal conponents can be ordered first to |ast, or ranked)
by the anmount giysicar dansereadtey exphiailargely Anelegredibeqayse of F cBiMst antial |y
all of the variance in a data.. set | te 0 deschibgg, by a
smal | sub-set ‘b‘f“"p??ipﬁoéf’%éq" rfg%%iﬁbé'n‘thgpgﬁ QH@?@Q%FQ’F%%%ri'cesgynecessary
to account forpdees@pidstm inthe drégiCAapeido bridequipredng pelfugOBnadd307. One
matrix contains the "scores." These are the cpordihat f. Lects on
the principhl eyRHOHEAEEK QD 1P FemYRAh GRS ﬁ%tla asﬁ%r@%ﬁ%% 't %nﬁlgggh}r?tg t he
scores directly, oihex MouhdsherdTasers us ebaditivathealate@idpol 038iasiGe 1) han t he
original variables because each nmeasures a 25 different feature of the data
than any ot her ndoeézeibe doeast phRad e ort hogonal in data space. The second
matrix contains the "loadings." These are the cosines of the angl es between
the original vari ablg axeSes3sdially & R KimGioPabads Ao AesHiey dathérdnofdiungs can
‘be thought of as describing how closely related the origi nﬁl var,i abl es are
to the princi ptl capswganaeifuiir valugs, outliqgpacisipg from SfRCtignifedr Q1gr BER% pal
conponent s ,3r e |, LKe YAl bAbh&Rs dhASKisERMAE rlRlohed iharmes of ditae same
procedures“as other vafriables, one of which is multiple |inear regression
in step 309. Toambing ki®)s; andepwnptehdaiazarisiaslfeont othet erfe) PiodusidBect ed) and a
set of coefficients is,calculated that . t i, EePandsie iRl i abl es
(principal comBBifEREY) P ertaﬁloy\t mc?@ﬁ‘esn%é}i%ﬁ\gjgrzl%gbaﬁg&ﬁor data set s'gyvi th many
vari abl es, it pe2afder ancibildess sadd enongitsavasalahé¢thadologies farmeynizingi nci pal

conponents in the regression.cal culation. The reasqn is t . all of the
princi pal conpé??e?ff@gsa?é‘?‘ai?tqﬁ%ﬁl‘%fef Ot Qrdsstng qaﬁaeca’é‘goﬁerﬁalél%%havgg ?‘é{& e. Yet

mul tiple regressienma Wil 88 8ngRddbycaehhilgientibegar iesshaeheen sirhildrhe
relationship 10 is purely accidental. Stepwi se Miultiple Linear R@gr ssion
(SMLR), the pretahiky tp éWﬁWPQiﬁﬁﬁ‘%ﬁw§ﬁbﬁr§®gaW§sg@E?ﬁﬁggy?§e er act
this. SMRis par Ep%qa%q(jﬁﬁct{o' NG & s 8YES FoundBal r&hORUfthE BRI pUrpsiependent
sources of variation and to it themto the desired process outconme. Wth
this techni quecalchitibmdependent fdrnBl vatlicabllesoarigiahagewwdg orfheefdveldy one at
a tinme based on whether the rovj,de a statistical i.ani f i gant

i mpr ovenent int?HémﬁﬁﬁéWﬁh?%%R%Fﬁkggéa% Sﬁ%uﬁﬁéﬁq& %633%9% %ﬁQbr removal of
a variabl e produces no significant inprovenent. Cross Validation is then
used to verify the nodels predictive capability and to eval uate
guantitatively its accuracy. 20 PCA is one of several avail able techni ques
that can be used for retrospective data analysis. There is no single

techni que that is necessarily superior to another in devel oping predictive
nodel s from | arge data sets. The best choice is determ ned by the data. For
this reason) a nunber of other useful techniques should also be avail able
ina full featured software analysis 25 systemin accordance with the
present invention. PCA is particularly useful for analysis of

Y T . S Y 1 . . -



c7 6 MA'f 2.0~~ WIJ Ut/t8736 PCT/tJSUQ ?.4788 17 nearly the sane nodel each
time using nearly the sane inputs, it can devel op opti mum nodel s evgh waytn?
mul tiple correl ated dependent variables, and it w |l unanbi guously report
bad results when it produces a poor nodel. PCA has the disgdv that it
of fers thgotwempizati on to produce overfitted nodels. This é%é%@gﬁﬁe
preferred enbodi nent work |low includes SML\R to yield PCR PCA al so does not
deal well with nonlinear) discontinuoubkl ar other conplex sorts of problens
or with variability in the dependent variable. In step 31 1 Scatter plots
are generated and exam ned to identify unusual sanples (e.g., outliers) and
unusual st el 6, OF off RLUEES: @ drBarplal bed dafiad uaRsTwmyssobal) es can be
rendered i rtéesian coordi nates by neans of a t.wo di mensi onal

"scat t er gr angurgener Bhed idemtisicepo 8 tependsreotegn HienedgrBAR Phusehi It ender i ng

are orthogonal (at right angles to the, qther). [ rad.ght |ine
bet ween t heacpaiapt.stragiyns Mept SIqrﬁﬁFQ?%ﬂ}fﬁ?%tn%sﬁF%k'E%\tng\‘éﬂgﬁgitaﬂaeﬁ%svxtgée\%ari abl es

is readily nodel ed, e % Ak&sshheRéfeedod ohdhemalydes 15
directi ona‘fci“&‘/“%‘heg’ ae[if{]téc?l\%l' gfls’%%ﬁfe%lf gtEngLet bet ween the process vari abl es and
the progesss QutEeFEn thaditiohing REModoathaygms)t. alsnberbls t9Irspeshing idate
regression with cross validation is used to estinmte the Egﬁ gl's

predi ct i veccatﬁcmﬂml@y.fOBﬁlt‘a[%é“%?’setsH’é“‘b‘?‘ﬁc‘@@gn%étéedalf%regedl ct principal
conponent s bg. rTFﬁntsngfeSSI\/LR, there may be sone doubt as to 20 whet her the
model it yPBEWE AHE TEErul predictive value. Cross validation is a direct
way to address this concern by ensuring that statistically m sleading

oper ati ons havepaed chapressioaiisefitealdpplipetd oo meektsatatpodbaradRSey #d! nodel

| ess effective. It is a sinple process for .gainjing nf i that the
model wi | | metkofs wpgdtte Gpﬁ@fﬁ%ﬁswé%eg?fé CBPF’ﬁagdhKh%a s“.se??gggas‘l}ﬁgs that the
i ndependent 25 a { N ARex8ARR ma@®eobharalitbes t hat
will b gené%‘ﬁﬁf]te?g(sj[%?%ee?ﬂ%%thﬁlg?&)&hqi%gﬁé?s ‘I(:{ gene?gl Iaélnﬁl tati on of any
nodel . Cr oggluvalfiad@ddiiamouslypredsaraeprdngsd eaidbie reging Hachaaead 9VEF 8m one

data set (e.g., one manufactured batch) at a.tine n calculating a
linear | pegom'fﬁl%~m B AtFeS UREHGPRFAI FBL F SRS t%ﬁgeécgﬁg}%?dng bat ches.

Thi s nodel .resul i Lt o WKIBRW frdm 6ts prb@edsuifcsame ng
batch | eft f%rgﬁeror%ﬁ?wgs@gﬁgbﬁaﬁ{gﬁ%mﬂ%g‘ég?%cess IS re%oeat ed unt?icl each data
set has beegrekiefll mbunonaes a Téust, anfaddiitiabpa il ityencadediiarddadkani ne t he
stability of the regression 5 coefficients and to |de tiof r%g% Mee&aﬁ The
cross VAl i dandionnpieldiletise s YRR eBUOR SRYEIFAY PEBIARE QLTI PVAT Uds Of t he
process outcope to. deterd .correl ation coefficient which provides a
measure of S86H$ti l(5Iésnf:egatdiynfg} E[galg%?'i dity . of the nodel. The independent
variables used in the cross validation step 315 are the princi pal

conponent s det ermienggeyf sresscofanslys used 18t fopsindaOnat MR BRI Epr esent
various aspects of generating and displaying visual pr : | gnat ur es
(VPS) . VPS daterapes Fﬁf&érmP‘épSPé‘E’éarftYast‘?‘dﬁ%‘s‘x&Pgtrﬁereﬁse‘f’ﬁt%f‘g&gﬁi%ﬁg}‘%gt ween key
process par el of 5. A0 k08.REIBAEAnOUIGAERS TRy \AiSonpass Balidnkr om sel et ed
groups of dPSere ata derived fromcontinuous data, by selecting at |east
three obar agidical pesesf cdheolgSEE) mpatibitips e asd gydieabradsliphde @i sual |y

di spl aying the selected characteristi ﬁgili n.a three-dimensional, single

i
frame or amiiNENe MeNQYdhteat) s meaehardwipie- ahBE S diZPIPay in a VPS is
made by the user i - ends)08n e . sResEfhoas (Ok. thewgparti cul ar
manuf act ur i H ‘%‘f%%g%gfpﬁ%ﬁ%}ﬁé%neggﬁ-’dgrggram ned in PCA anal(y.fsgi s step 305
i dentify proeess, paintipal esmpbatnt2dabfsteotriolicomsgquans aarlysigseld i n st eps
319 to select dinensions for the VPS. Di m?@;l ons are.sel ect gcrlwf %reré-faxi S)
y-axi s and lzataxi wariaphememadscare eREEMEY BieleHOR CRar HhEt&? 'SR dECermi ne its
positign on either fhe x-ax n 8%t Olvhd s¢/FS faFBar deShaaananet er
val ue i tROpo%] air%rﬁg(ﬁ)é \;\ﬁg%% t?ks&%f%(?mnﬁer)(n and . max; Eum expressed either
directly or,as.d PEEQGIH fORe(S NG meealTd)pre25rcdr afabysabimplemenysior al so has
an option of positioning each paraneter on thi?1 axi s t‘b .itls d%vinatai on or
vari ation finomdes ¢ vapaw of Lapdeliaancast trdrdi8h FFanrs Bt P%/I”B? “HEH " Gncti on of
t'he nunber of standard deviatio Iy VA | LB Moht § (@LeskRicar (Pokey al |
mean, pref ePABTDA G P 5 804 %PZ%EOA a\??grpﬁg‘%??- sccalrpgd manlr%er, vm'(th t’he mean

in the centghafo Res@ el ihirerend®@Fik@rt.ered). T here are many 0 6 MA'r
2.00 19



other possibilities exist, for exanple, the correlation between each
paraneter and a user-specified paraneter dependent paraneter for egq? Y 200
group. The characteristic of each process paraneter that determ ne Mé
position on whichever of tha x-axis or y-axis of a VPS that has not yet
been determned 5 is its paraneter nape or its paraneter name converted to
a nunber or other brief text for display purposes. This nunber can be used
to conveniently indicate the position of the particular parameter in the

process order. The characterjstic of each group of .pr ers that
det er mi nes i t ¥ipoalizingheoieseiie ok an andyys *Sa&vgs"p%%%{“ l‘éggﬁééoerg%?%rbut i's

not limted to the |Ufol Walok ; , d & O 1 E0Froc@ssoup st andar d
deviatioﬁﬁeﬁﬁ%ﬂ%i?%Wé@fgghgﬁgﬁggpgéﬁ%@ﬂg??gh? group variance, group

Maxi mim Qr@eipaftd1tdTiidivignole pyioy hreoi qfahilzompUnthetdate gneksiasalissadi ng, group
correlation coefficient group RZ,,and,p-vaIres for co rel Hioq, mean and
vari ance tedhgiqtesc ahraditienad wis of Giphaying it TEN R APHSAPE P and FIG 5 an
x-axi s is, chosen 15 tp igdi,cate Lt by HTAS) RhAl mum and
naxinﬁn1F%We@%€ﬁﬂ¢§FPg%Igﬂgéa%:%g¥%%%%gsg§“%ﬁg@the ;@§§¥Eﬁpzdicates a
listing ofiREQGRSSdMABhALNQRI I"dinkneRes hapbdérme hmaiFlb@. Loidrs canddd s
represent's a percentage of the maxi num standard devjathgn &gﬁq%. Hence) the
hi gher t haepealpoint ¢utGignificaticfegiuaes Bra ¢iselay Afiagriysis FehLts wad! H¥bnst r at ed
by the carrespondin .0cess. varl O, Wi thi tches. In
FIG 5 tHBeergd 95?Vﬁga@hgﬁ8§§§%q§ﬁ%€ﬁ§3%%%ﬁ%gggQgpgﬁgigﬁgﬁﬁggéfﬁgading.

Accor di ngArXctiéﬁthlitigﬁlMentsfMape‘@ laydth&ds &an deseg eHberveheoounand but i on of
t he correspondi ng process variable to the process outcone. .In.both the
exanpiloes lafe froGrammangl iR CPbBaeine TErATaHNE IYeRHOR Mrkes ¢ptU@liEABOBut come and
can be norma)ijzed to.full:-scale o t Z- axi.S.{.0,

vi sual i za%3P8 ‘.l‘“&? atvﬁﬂg&aitgrpoluag'@iar?é’%ﬂ%%%%&é%@ \é/rgg‘”ﬁ‘u??iog}tnﬁ‘r?siblgcnkal ly, the
inventioan?Q%Qnts a "high information content snapshot" of a group of

bat ches, allow ng the user to make statistical conparisons between batches
and mani pul ate the data. Preferably the 3D plots sho in FIG 4 and FIG 5
can be rotatedSeﬂngthQAWFW@JBGQ”E@“Viéﬁé83§8vﬁfﬁﬁﬁﬂbﬁ baffiRF%d™ 2profil ed and
ot herw se .mani.pul at.ed t I ew ' fnthe content.

Al though e aand vy B R Pt ase

il USLsT at j Qdrdddcel Wit QnE prakat Rehtiat utiens madrhapscaileddiiddsalof process
vari abl es can be conbined in a singLe chart to enable.the 5 user to

vi sual | zePrattees SigriaowresafBREBt A MBSvapigstrhesa! rEpi@seiatiff OfE 7 show

t wo- di mensi onal representations. of ' i turepsover a
nunber bafRHEIPLRFIRG R Ie?Srprf‘fe%élipé%?%egé%%%gdﬁ?g&szglit%?{g?@tg si?gni fy the
magni t Udegg%]s £ RGRa b ORdbAtgh rdfetawzhcoy efted usyd Eoreragtimphi ¢ i ndi cat or

i ndi cates "t he magni tude of the PCR | oadi ng for_.the 10.corrq3£ogding process
vari abl e. mfahGacoumshepeocess shaanplc@oftikenlnsirad of JgHaiho v irs BEREHEE with poor
performance (indicated b he . pent -1, di i L i Q) havi ng
a val 8@ | ﬁ”f“&l@rsl ﬁ@?arbeé?’ §g%{ap8$ ’ {hf gg %&gfh\?\ﬂg&?gggﬁu‘é@ﬁlsqgiﬁgﬁlﬁg‘%r oup of
bat ches hayiid SHREMH QRglBETFOmENesié niitcah edsdlye ahigmated. They also
performance-indicating variable (# 10? havi ng a val ue LF t he hi gher percent
of 15 its pravielhe OnsubilityPErtaskempsicnllpcepamers thendisHrsY%E8 per f or mance
of the manufacturi .process can_he r LE S for a
group of BAFEAHEES #?ﬁ'@%&eé‘ gﬁ%uﬁo%@af%%?wggggﬁﬁlSgé%bgggé%?{%%ggg@s

vari abl es)m&l%e{MQrff@reﬁgése&é{a’ders,%r sRimPlk, (eaopsDWani abé esttofn h@%tof nt er est
such as those wth the 20 highest PCR | oadings. By conparing data from

nul tipse batckeas debermiset by arspeelEatoiutse mepEamiery lﬂ%i‘tx'é@ns over tinme or
sonme ot her useful ordering. The present invention takes nultidinmensional
data representatio step further and creat AN OBLey ifrege of a

rol ling averaggﬁph%s$@6§a§§§Iﬁﬁﬁn%ifoo %§§@é§§F%§P§B%S ofq%g?ghes over the
course of a. mBnUtaGh G reAYRAI @iplerhentdBos vpgasprededtnniGion, Sacipl ural ity
of inmages are conpiled in frames 801 a-80l1le, each immge_representing, for
exanpl e, av@dr owsnarkeghe Wpffafenbabeesn arseacpasy e BAt EIGELHEES Rach frame

in the animation is the. next grqup of. batches .in. the:seq s 801
a-80 | a de¥ “di@ﬂ%@‘gdoﬁ‘ﬁ‘e &f%éiﬁﬁ‘g?taf‘ﬁ@?su%dn%raﬁg}cm%fgf g@@??é"jﬁs‘?gﬁ not i on

and single frane. This enables a user to watch, 30 over process history,
what is changing in the batch process signature, the ~ ~ ~a~n ?.c~~~. WO
Ul! 18736 PCTI USUUI 24788 21 rel ative standard deviations that represents
variability in the process paraneter group neans and the princi pal
conponents that are nost affecting outcomes. An ani mated vi sual process
signature has the capability of displaying successive frames of a noving
average, wei ghted noving average, noving 5 range, noving standard

Y Y T



10 802 represents the process outcone variable that is to be optim gl
Franes 801 a-801 a are arranged in order of progressively increasi ngde MAY 2002
performance of the outconme variable 802. In this order, the frame-by-Frarne
animated display wilt indicate visual trends between the sdoasgr peaks
as they gryq/@bsut through the course of the display. 15 sirably, users

al so have an option of ordering the franmes in an aninmation by date, from
earliest to latest or vise versa. Thelkystemal so desirably allows the user
to animate a VPS by displ ayi ng successive frames ordered as a noving
average, weighted noving average, noving range, noving standard deviation,
or noving Vﬁ‘réi ance: cAidﬁpl aved st ple@ictesysaat eThe haderbyalds avanlkbiey t he

di ff er enc&'DettiEen The ' Fest and V\orst'pe.rfornanceeq(?tj a. sel ect %d pyocess

par anet er ;,Thespasaminemabaiseuedddologiasin ¢ sGRpERE deg*ﬁ&ﬁﬁ‘ieﬂé 23 %esi rably
marked in a different color. ar by some ot her NSyt L Shisngsdrgh it from
the rest oh at‘hl@“pé‘r%?éﬁé?’é&‘f‘&ofnﬁé‘af:fsé tea qrsﬁghkwlgogéiﬁlgégﬁther from
the smallest differe i tindi it eoeneeu sy thei systenersd. 25

Desi r abl y,Sp%“‘}(gF(&?‘ri%lei‘%{:}eﬁto{(.l)glfrnliﬁ’fr %@E\%i%?edgt hat has the caPabi I ié of

sel ect kng @inShiageal ProgeaniRBgtareugharest hiealy 3ihand IR etajLlong éi,& z-axis
and displaying the resulting 2D profile in a diff This new

wi ndow camesliltspl Byrtheraongy 1hey sy ?QPWﬁémea[8P“¥eﬁef%(’)r§?ag?‘wal{ﬁg%\glfgggnd t he

| ocation of the profile | ‘ ik A P adiNRES. This new profile

pl ot for meBVRTD q%a[%r?m{jﬁtéé %?dcl)%sé%?@dpgrsgar%?é?s that it intersects. The VPS
ani mated by ranking the date of manufacture allows the user to see the
effects on the pioeessial rfaoddribat fatstipge prisicigl gOBPORSYELTRBICSHNPEr S ti ne)

such as, for exanple, process paraneters that, ar e easonal
changes, Vl®ICdD @Hﬁ‘ﬁtrﬁ"trﬁ%Bgéf‘W‘gP?laﬁqwnfﬂtstwglY?S‘ﬁsﬁ(epﬁﬁ) f:oté)ﬁ?veér?{b%f t he wat er

or in the hum dityr Qf A4\ i@bbraditdiesal usRhuhe@pPabanbn oeiof this
Cmul ti dPmertSTSha” § mage ani mation technique is tQ observe, s ?13' t aneousl vy,

the changesigédvatliés. t Srepprioe ¢SHLBariankdneappliad. & brergrBR<s ottt AdAf&he

wor st -perform ng batches to the ' 10 best-perf ordy t < udhfy! ets the

user |i ter%m@ep'%%@'luish@“m"g?ef ?‘éj}%h"cgia@g?%en cggalg%d&ggglé ‘Funs’

Ret rospect i ug PALAAGIRt 21 MR Vihe T8 aRGIBORS RIsAciodels dert e by

pharmaceuti‘'cal and ot her manufacturing industries for assessi nlggand
r

i nprovi ng peAWARCEMIIKgapbeceass! pemeonnehCenss Nlidadaal yaues Ggrireht | v

consider the 15 PCR work fl ow describ abqgve t e diffi. erform
usi ng Exi stoadmesdryvatesn fatKesyds's dFﬁ'irébq? & ﬂg‘ts”ﬁg%gﬁglew{' he&r}éat aIet?r)Vae?i cs is

novel) but because (heaveid.abhesqf SigrieraackanesTiae peidigued ng t he
anal ysi s nmodr & of & requi re conmand sine progranm ng rather than

poi nt - and- gddogkampewah idonprelae ivesitousaradasysicd istedys datal {ypical Iy not

presented in a useful_arrangenent. riate zU for manufacturing data
anal ysi s. qorEepy @%étml’@w@m ?W'bf‘ggﬁigg an integrated sol ution enabling

poi nt-and-click gathering) analysis and mani pul ati on of process data.

Al though the inyentd gp sy BeerG desarhhiedonndedeki, Usdludingtepiettiea et t ai n
degree of particularity, it is understood that the_ present disclosure has

been 2% mailicpshyerhyaviayleatn crearpbess darrisathate idarfieliy AHERHALSISR t he
combi nati C)r3101. Independent variables are those that can be controlled, whereas
dependent variables are variables that represent results or outcomes or
variables that otherwise cannot be directly controlled. The present invention
preferably includes a user interface feature to make the variable selection step

25 301 an intuitive, "point-and-click" operation.

A correlation/covariance matrix for the identified variables is computed
in step 303 as a starting point for principal components analysis. Correlation

and covariance are statistical measures of the relatedness of variables.



and arrangenent of parts can be resorted to by those skilled in the art

w t hout departing fromthe spirit and scope of the invention, as v 200
her ei nafter cl ai nmed. oG~ar 2.0~~ 23 CLAIMS A system for anal yz@ ﬁng 200
manuf acturi ng process data to identify manufacturing process conponents
affecting characteristics of a produgf produced by a manufacturing process
the systemconprising: 5 a plurality of data stores holding a plurality of
records containing process data, each record associated with at | east one

of the process conponents; a virtual database engi ne coupled to the
plurality of Mastdasgeodaa sel. §eet “ien?%tlafgﬁzléergﬁgbllrﬁﬁ e}harﬁgg?ﬁfcc?ﬁ sel ect
records from wi t.hin, the . st ' LEdenodaliaPageets gat ed by
the vi rtrﬁ?sﬂ“rpﬁ%ﬂ'QB%S}éaJ%n%rgﬁéﬁl%%hthE?g;sa %Hggtefaf%atse conprliﬁl%i ngecopi es of the

sel ect ed, J,800QE6l§sid &rableaddredlhttan banatersihe iedepandeopeantbloehyd Eupl ed to the

proxy virtual database to apply statistical (ﬁgal.gsi s, operations to the
sel ect edareeisoalisa WrehinMbE Op VakgdIgat ABALP 3 PIIEER FYMBPBEUSs conponent s

or canbi nati ons of  pr S 0 i gL fi on the
char act eH1a41CS Ugpd fﬂgﬁ%rtﬁaﬁecgpogggggigﬂ'@% 2(9 3@%@%'93&3%%@%@% erface
conponent, dirsmhiayi:Ag datat wothdi MenBirgaalimbet af conshitpd betinklenapr ocess

conponents or groups of process conponents and char cteristiﬁ@ of the
product rpbdeddd 4 muckamaler shtrdamncongilated varadlest difte REW.cBR3Er &85 on

et ueen e SRS PESERS SAAASEY S A0 I RlRIARL L b s of the

Ical n ace conponent enabling
di spl ay gfoalaticmastththiger 28 of mehahonelthinehaideesehpsrrondi cat i ng
directi ona?i ty and extent of correlation between the identified process
conponents and the characteristics of the product, pr.o uceocli. 2. The system
of cl@im 1 whien @hstar 39hes perieimethysiagcoRYOHrRASHI e Rer f aces are

ani mat edi/ariables, two additional features are produced. The first is a set of "scores"

that are a new set of variables describing the information in the original
process variables. The second is a set of "loadings” that represent the
correlations between the original process variables and the scores. Using PCA,
IS it is often possible to reduce the dimensionality of the data by a factor of two
or more. This is because a large portion of the variability in the dependent
variables (often more than 90%) can often be accounted for by less than half

the number of principal components, i.e. those with the highest eigenvalues.

PCA is one of a class of techniques referred to as "latent variable
20 methods." These techniques have the common property that they produce the
basis for a "similarity matrix". In the case of PCA, the similarity matrix is the
covariance or correlation matrix, and it is orthogonal. Other types of latent
variable methods include discriminant analysis, canonical correlation analysis,
and partial least squares (PLS). PCA has advantages because it is relatively

25  easy to interpret, and because it produces results that have desirable statistical

properties.

Because the vectors produced by PCA are orthogonal, they are
relatively easy to manipulate using matrix algebra and have the advantage that

they provide statistically independent variables for multiple regression. By



25 3. The systemof claim2 wherein the animation conprises displayi ng6~ f
frames ordered by the magnitude of a group of process outcomes. ~ Db-HAY 20
2.0~~ 2=1 4. The systemof claim2 wherein the animation conprises

di spl aying franes ordered by the magnitude of a group of 2,%%@54%5%%3
conponentygg 1ag7¥he system of claim 2 wherein the ani mati on conprises S

di spl aying franes ordered by date of manufacture. 6. The systemof claim?2
wherein the aninmation conprises displaying frames ordered by batch nunber.
7. The system of claim 2 wherein the animation conprises displaying franes
~ordered by |ot nunber. 10 8. A nmethod for displaying a visual process

si gnature for.reaoy. VoshaheABCERIhE Mirgaditigaivalusc dtd dimensiopabvest dat a,
the met hod®c® I'sing the steps of: storing process datg in.a plurality of
dat a st or gge peacivldadacst be ephntidehgetripnarthé mlyl%ﬁmr%‘é‘g‘reﬂ§fé’8ﬁf‘§{eﬁi ng

process data, each record associated with.at |e 0§@§S conponent;
15 sel ect ire@xr@cr@rrﬁgrqqtt%ta;Pﬁi%ﬁﬂﬁlﬁg%mﬁhﬂ F,f%ergrﬁératgpgrrg{b?es; creating a

proxy virtual databs Lk Si Q- QQRb € Snadfix i erepet T beduseasr ds;  appl yi ng
statisti cé’lrgjﬁﬁrgafgfb;%%g%g&gﬁsons t(r) the selected records within the proxy
virtuak dafahesend proifanhedyerpuocest denmpogeiti descindcEAihiPeR s $hey
conponents having a significant eff on characteristi pr oduct
produced; 2@ mep@%twaﬁl@gﬁ’ﬁ (Wé‘&g’t h?ﬁﬁgfte&%r“é‘é‘?eq%ic@?%sgzé%‘f?ﬁ? ﬁé rfbéent ified
process conponents: .yi sual ly displaying process data associated with
the three'8 Ll'eé‘c?f’etgé 8??%9%%1 eristics in a three-dinensional representation

di spl ayed on a two di nensional display, the visual display indicating

di rectional i ty jandeex0eptincbat hemphagras hevingtthe Siglfest RAgea¥dlees 8¢ process

conponents in relation to.the _
" selected. If the princ1papcomponents are taken in sequence, then the first

10 principal component is selected so that it is oriented in the direction of
maximum variance of the data points. Variance here includes both the error
and the meaningful information. The second principal component is selected
so that it is orthogonal to the first, but is oriented in the direction of the
maximum remaining variance. Third and higher principal components are

15  selected so that they are orthogonal to all of the previous principal
components, but align with the ma;&imum remaining variance. The principal
components can be ordered first to last, or ranked, by the amount of variance
each explains. After doing this, substantially all of the variance in a data set is

often found to be described by a small sub-set of principal components.

20 There are two matrices necessary to account for the results of the PCA
performed in steps 305 and 307. One matrix contains the "scores." These are
the coordinates of the objects on the principal component axes. If somehow
there were a way to measure the scores directly, they would be more useful
variables to measure than the original variables because each measures a

75 different feature of the data than any other does because they are orthogonal in
data space. The second matrix contains the "loadings." These are the cosines
of the angles between the original variable axes and the principal components.
The loadings can be thought of as describing how closely related the original

variables are to the principal components.




25 sel ected characteristics of the product produced. 9. The nethod of claim
8 wherein the visual process signature is animated. 25 10. The netghagh 2002
of claim9 wherein the animation conprises displaying frames ordered in a
manner sel ected fromthe group consisting of: a noving average, a wei ghted
movi ng average, a noving range, a novighg standard deviation, and a noving
vari ance, each ordered by the magnitude of a 5 group of process outcones.

11. The method of claim9 wherein the ani mati on conprises displaying frames

ordered in a manner selected fromthe group consisting of;. a i hg

average, a meﬁgﬁmé@eﬁﬁVWNy“é@§ﬁéﬁ@?“&"gﬂgFHﬁ”?@ﬁﬁé&eégﬁB§Fﬁﬁbgﬁgﬁgard

devialion, and & qow,NQ NBLLANSEss SARR AFidRECoollWRicRAgRIAIUGR Of a group
i T e net ho

of proceds WSSonéRt>s: of claim9 wherein the ani mation
conpri seg; diSRlayisieh fr @8pS0DN Fo Hanhiay a sepecicedviniaiie (Mecgmelps consi sti ng
of : a noving average, a weighted noving ave age1 a Ir;{)v.i gg r%%g? a novi ng
st andar d sdevicdt rof 2 ¥ @T£ORDIGARYS InaFdlaHaled thaiF P HEIEdBRSMYE" magni t ude of
the difference bet.ween QUL Bh 0T PELESaQut CRM@S from
the 15 sﬁﬁPF®§f?BpPF ?E%@gpgﬁgﬁﬁgﬁfg%ggé%mggffegence or vise versa. 13. The
syst em of gl aiama3lavher gi dftdheotaddsivabiean leompall skhedagsbayiingpik ames in a
manner selected fromthe group consisting of: a o inﬁ avlgr?g%h a wei ghted
NoVi Ng averggesnts IRoRE 1e8Teasige caleuiasiain gl ia sl ¥ HaLiat 2'oAR! 4hd a novi ng
vari ance, each ordered by the. diff t & 2% xypum and m ni mum
of a sel SAEPYFIPEF" r%@é@gﬂ%Wﬁggﬁgﬁﬁga%f%§%£$%§igﬁgb%?on1the smal | est

differ encrﬁufnglet gk g st didib S hasdeeri Ant e gardwaE,Seven T8 thelhubatiyrshigm of cl ai m
9 wherein tlh animation conprises displaying franes in a nmanner sel ected

f romibhe igpotgly @opisliestalng of : a novi ng average, a wei ghted noving aver age,
a noving range, a noving standard 25 deviation, and a noving vari ance, each

ordered by t heStgg'gveise%umﬁgl%fﬁggﬂrﬁegQ%&ﬁ(ﬁﬂ\lflm&rthgrprkﬂ:trréziunber -

implementation of step 309 is designed to counteract this. SMLR ts performed
to find the fewest, most significant independent sources of variation and to fit
them to the desired process outcome. With this technique, the independent

15  variables are added (or removed) one at a time based on whether they provide
a statistically significant improvement in the model. The process stops when
the addition or removal of a variable produces no significant improvement.
Cross Validation is then used to verify the models predictive capability and to

evaluate quantitatively its accuracy.

20 PCA is one of several available techniques that can be used for
retrospective data analysis. There is no single technique that is necessarily
superior to another in developing predictive models from large data sets. The
best. choice is determined by the data. For this reason, a number of other
useful techniques should also be available in a full featured software analysis

25  system in accordance with the présent invention.

PCA is particularly useful for analysis of pharmaceutical manufacturing
data because PCA is a linear model (non-linear models are often needlessly
more complex), it is relatively easy to interpret, it offers straightforward ways

of evaluating the coefficients of the model, it can be expected to produce



zs 15. A
manuf act u
data sour
par anet er

char act afpgtkgs6 of the groups of data; generating a plur

met hod for producing a visual process signature representi

ring process, the. nmethod conprising the steps of; providi

ce hol ding groups of data, each group representing process

s of a manufacturing process; 5 selecting at (eg?&ﬂkh&aﬁ 3
a

A far 0m
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In step 311 Scatter plots are generated and examined to identty unusua

" samples (e.g., outliers) and unusual structures or features of the plotted data.

15

20

25

Two variables can be rendered in Cartesian coordinates by means of a two
dimensiénal “scattergram” generated in step 311. The two dimensions in this
rendering are orthogonal (at right angles to the other). By plotting a straight
line between the points any simple linear relationship between the two
variables is readily modeled. In step 313 bar charts are prepared to show the
directionality and extent of correlation between the process variables and the

process outcome (i.e. the PCR loadings).

In step 315, multiple regression with cross validation is used to estimate
the PCR model’s predictive accuracy. Because of the process used to select
principal components by means of SMLR, there may be some doubt as to
whether the model it yields has useful predictive value. Cross validation is a
direct way to address this concern by ensuring that statistically misleading
operations have not been accidentally performed that would make the model
less effective. It is a simple process for gaining confidence that the model will
stand up to the task of predicting unknowns. It assumes that the independent
and dependent variables span the same range of values that will be encountered

in the future, which is a general limitation of any model.

Cross validation is performed by leaving out the values from one data

set (e.g., one manufactured batch) at a time, and then calculating a linear
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are the principal components determined by means of SMLR.

10 Steps 319 through 327 represent various aspects of generating and
displaying visual process signatures (VPS). VPS are graphical representations
of the relationships between key process parameters and the process outcomes.
A VPS is created from selected groups of discrete data derived from
continuous data, by selecting at least three characteristics of the group of

15 process parameters and visually displaying the selected characteristics in a

three-dimensional, single frame or animated representation.

A choice of what to display in a VPS is made by the user in step 317
and depends on the specifics of the particular manufacturing process. The
loadings determined in PCA analysis step 305 identify process variables that

20  affect outcomes and are used in steps 319 to select dimensions for the VPS.
Dimensions are selected for x-axis, y-axis and z-axis. The characteristics of
each parameter that determine its position on either the x-axis or the y-axis of
a VPS are its parameter value or its position between its minimum and
maximum expressed either directly or as a percentage (range scaled).

25  Preferably the user also has an option of positioning each parameter on this
axis by its deviation or variation from its mean or median either shown directly
or as a function of the number of standard deviations or variances from its
group or overall mean, preferably in an auto-scaled or variance-scaled manner,

with the mean in the center of the axis (i.e., mean centered). There are many



zs ordering the flanmes from highest to | owest according to a difference

" between the best and word perfornmance of the sel ected process par aprgtiesy; 2002

and di splaying the sequence in a sequential fashion determned fromthe
ordering step. .A AU A9. A@ A . AlUe. A9

CALCA A A@.A{. AE. A . AH L. AS. A9. AU. A@ AYr. Al . A&GE . AS . A3. A@ . A9;

. A@A. A" 993" (Km >V8g E k 9

~ytoj e [V]ca]ca] ca] ca]ca] ca] ca]ca] cTa] ca]] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca]
cal] ca] ca] cMa] ca] cha] cha] ca] ca] cTa] ca] ca!l

2/ P_P +ef g. wF| wr theAY] ¢] ca] c.
ca] c(a] ga%] ca} q%qrcp?ﬂsgivﬁ%tég%@gt}, E&} %‘3}“@% @%%g]egagx})gi}:tfvf%ﬁj%h&aé&%‘éé} ca] ca] ca]
1O 114" 5" C' Q' gy i NS S IBRRARa etk 1dpendene pahekrakeadacabaalpeal ca cal ca cal ¢

i]( ??]( ((:a% )c;a] cal g%cga]lfg]?)ég%cg} gz] gg] ]cg]gca] cal ca]ca]calcalca]calca]cajca! "’
> V+- . * >8], col<g< id . .

ca] ca] ca] c&a] c&a] c@éé}‘é&i‘f@&f%‘éf&%ﬂcgﬂ ?:":ifst:%ﬁgirg%(tg‘gihégﬁlctgf]l'%g?gc‘gﬁa&sg[}(gr?!afgaf211

] ca] ca] ca! q<<:%:‘i%hfv%?'o@r@>@@@/@a&ﬁ%@@i&ﬂ/@ﬁmh&lﬂﬂlﬁd bezd Hdlerinitlegb] X] ] ca]

w
cal ca] ca] ca] caﬁ cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] caU] ca] ca] ca] c
a] ca] ca] ca]sca)is #p patamzet DAk qrils| parameter name converted to a number or other

M MxMWNI OOPPQ I " YTY: Y3787\ MK A q al caV]ca] ca
cal cal ca] ca] caﬁ%%%%a?%%‘%g]‘%%%%aﬁ%a%% cg leﬁ %%?Ltg?%gfe]ggﬁ:lg] ]ca] 2:/]a] c}a] c}a
I K waxaaOb~bcciagicmd}tdepadifibd BRfythahadticviar iparanétey 9o i @oessorderZ] 1 1] cal ca] cal c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]c
a} ca} ca} ca} cai Cr i[ %ﬂimvwlmztaziétlm})}c@#&;ﬂﬁ{c}ﬁ(ﬁmtusé‘ﬂr]a]m&:}'&:ﬁilac@tsa]ﬁoau cajcalc
a] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca calcal cal]calcalcalcalc alca]ca]c
al MFM } xsni d_ 29 §9%¢29% ’c‘%fﬁzg %&%gaf]aﬁiff Gg‘isfkgr]o%'b?%aﬁ %%ﬂrﬁ‘]%%‘:“g?’]cgﬁe]ca] ]ca] ]ca
] ca] ca] ca] ga] cRlisalda @&]pcxa&&@};mﬂpqaﬂg‘ea]gmﬂpesmsmﬁ?éwa@am pdoap Y¢lhiiva] ca] ca] ¢
a]J ca] ca] c™a] ca] c&a] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca
} ca} c?] ]ca] ]ca] ](:?éﬁfgfﬂFiBé?‘i;@M“J BYSUPNY a8 Ay BIR] B BAPCHPLRI RS ’(,gé%‘é%] ca] ca] ca
cajc(a]ca]ca S 5+} gE20=(b
Cxsnid_Z]]1] cé; ch%] ég?cgﬁﬁkﬁiﬁ%g c(gl]?déa c@cﬁﬂ%ﬁﬁ%ﬁ%ﬁggﬁgﬂ ig] caj ((:a
] ca] ca] ca] ca] cR], @ajl pajatedsdai cafelatjaa e yRAOT&SaMiAcAt] | ] ca] ca] ca] ca] ca] ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]Fca] calcalc .
a] ca] ca] ca] ca] ca] cajcabeicviar oxyapth sheor iyfibc 4 sahd FIXF] I pe djecit]) e 4328 ca) caV] ¢

2 ca ” ckim K 1 10oraee ol ARUERETAR BRYER FREERMGRI TR ERIGTI R ool el eal e

i!og}‘o% & ()- Y/‘( 10008 4s)z perzdfitdge] 06 Ble(y)axidlDUocsic nlisl@LeRpOyess variables
& - 91 0 ' - - 0 ! - 0 ! _ 7@ ' _ ' _
100/8 & E g ) &mQI%gLS p(&%w@s_s o{} r/(;_g‘%%kﬂ.(%%éaé%%é%s%t%%%@c%n@ge%!fg‘hoe%ngu@im\(( y

10% & () - 9i KL1Q%% dard He®d00a (RE1Y) - Hdd2%0 the higher the peak in FIG. 4, the greater

h& ()-10 10 10 $=10% & ()-'910% & Q -S8!'10% & () - E Kk )
the variation that was demonstfated by the corrésponding process variable

20  within that group of batches. In FIG. S the z-axis is chosen to show
percentage of maximum PCR loading. Accordingly, the higher the peak in
FIG. 5, the greater the contribution of the corresponding process variable to
the process outcome. [n both the examples of FIG. 4 and FIG. 5 the variable
#10 represents the outcome and can be normalized to full-scale output on the

25  z-axis to aid visualization.

By thus displaying the parameters multidimensionally, the inveation
presents a "high information content snapshot" of a group of batches, allowing
the user to make statistical comparisons between batches and manipulate the

data. Preferably the 3D plots shown in FIG. 4 and FIG. 5 can be rotated,
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10/ 10/ 10/ 61%%6%54 Lghé&%ﬁo&eﬁ fidmber batches by using color (indicated by solid
regions) to signify the magnitude of the PCR loading. The area covered by the

graphic indicator indicates the magnitude of the PCR loading for the

10 corresponding process variable. FIG. 6 shows an example taken over a group
of batches with poor performance (indicated by the performance-indicating
variable (#10) having a value in the lower percent of its range) whereas FIG. 7
shows a group of batches having superior performance (indicated by the
performance-indicating variable (#10) having a value in the higher percent of

15  its range).

Once a VPS has been prepared, the historical performance of the
manufacturing process can be shown as a rolling average VPS for a group of
batches. This can be done for the complete set of process variables, or for a
selected sub-set of process variables of most interest such as those with the

20 highest PCR loadings. By comparing data from multiple batches, the user can

identify repeating patterns over time or some other useful ordering.

The present invention takes multidimensional data representation a step '
further and creates an animated image of a rolling average in steps 325 and 327
of several groups of batches over the course of a manufacturing campaign. As

25 suggested in FIG. 8, a plurality of images are compiled in frames 801a-801le,

each image representing, for example, a particular group of batches in a
particular sequence. Each frame in the animation is the next group of batches
in the sequence. Frames 801a-801e are displayed in sequence, including
forward, reverse, stop-motion and single frame. This enables a uéer to watch,

30 over process history, what is changing in the batch process signature, the
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5  range, moving standard deviation, or moving variance. The display of such
frames is performed in an order determined for example by ranking one of the
parameters being displayed in the VPS. The parameter used for this ranking is
preferably marked in a different color or by some other means to distinguish it
from the rest of the parameters in the frame. In the example of FIG. 8, peak

10 802 represents the process outcome variable that is to be optimized. Frames
801a-801e are arranged in order of progressively increasing performance of the
outcome variable 802. In this order, the frame-by-frame animated display will

indicate visual trends between the many lesser peaks as they move about

through the course of the display.

15 Desirably, users also have an option of ordering the frames tn an
animation by date, from earliest to latest or vise versa. The system also
desirably allows the user to animate a VPS by displaying successive frames
ordered as a moving average, weighted moving average, moving range, moving
standard deviation, or moving variance displayed in an order determined by

20  ranking the difference between the best and worst performance of a selected
process parameter. The parameter selected for this difference ranking is
desirably marked in a different color or by some other means to distinguish it
from the rest of the parameters in the frame. This ranking may be either from

the smallest difference to the largest difference or vise versa.

25 Desirably, a profiling tool is provided that has the capability of selecting
a “slice” of a VPS through either the x-axis, y-axis or z-axis and displaying the
resulting 2D profile in a different window. This new window can display the

full parameter name of the original data and the location of the profile in the
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in the humidity of the air. Another useful application of this multidimensional

image animation technique is to observe, simultaneously, the changes in all the

process parameters as a progression from the worst-performing batches to the

10 best-performing batches. This lets the user literally "see" the key differences

between bad and good runs.

Retrospective batch data analysis is a common practice in the
pharmaceutical and other manufacturing industries for assessing and improving
manufacturing process performance. Many analysts currently consider the

15 PCR work flow described above to be difficult to perform using existing
software packages. This is not because the mathematics is novel, but because
the available software packages for performing the analysis most often require
command line programming rather than point-and-click operation. The various
analysis steps are typically not presented in a useful arrangement appropriate

20  for manufacturing data analysis. The present invention provides an integrated
solution enabling point-and-click gathering, analysis and manipulation of

process data.

Although the invention has been described and illustrated with a certain
degree of particularity, it is understood that the present disclosure has been
25 made only by way of example, and that numerous changes in the combination
and arrangement of parts can be resorted to by those skilled in the art without

departing from the spirit and scope of the invention, as hereinafter claimed.
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a plurality of data stores holding a plurality of records containing process data,
each record associated with at least one of the process components;
a virtual database engine coupled to the plurality of data stores;
a user interface enabling a user to select records from within the data stores;
a proxy virtual database created by the virtual database engine, the proxy

10  database comprising copies of the selected records;

a statistical analysis engine operatively coupled to the proxy virtual database to
apply statistical analysis operations to the selected records within the proxy database
and identify process components or combinations of process components having a
significant effect on the characteristics of the product produced,

15 a first graphical interface component displaying a two-dimensional relationship
between process components or groups of process components and characteristics of
the product produced indicating directionality and extent of correlation between the
identified process components and the characteristics of the product produced; and

a second graphical interface component enabling display of at least three

20  dimensional relationships indicating directionality and extent of correlation

between the identified process components and the characteristics of the

product produced.

2, The system of claim 1 wherein one of the first and second

graphical interfaces are animated.

25 3. The system of claim 2 wherein the animation comprises

displaying frames ordered by the magnitude of a group of process outcomes.
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6. The system of claim 2 wherein the animation comprises

displaying frames ordered by batch number.

7. The system of claim 2 wherein the animation comprises

displaying frames ordered by lot number.

10 8. A method for displaying a visual process signature for ready visual
recognition and communication of process data, the method comprising the steps of:
storing process data in a plurality of data stores, each data store holding a
plurality of records containing process data, each record associated with at least one
process component;
15 selecting records from within the plurality of data stores;
creating a proxy virtual database comprising copies of the selected records;
applying statistical analysis operations to the selected records within the proxy
virtual database to identify process components or combinations of components having
a significant effect on characteristics of a product produced,
20 selecting at least three characteristics of the identified process components; and
visually displaying process data associated with the three selected
characteristics in a three-dimensional representation displayed on a two-
dimensional display, the visual display indicating directionality and extent of
_ the characteristics of the selected process components in relation to the

25 selected characteristics of the product produced.

9. The method of claim 8 wherein the visual process signature is

animated.
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standard deviation, and a moving variance, each ordered by the magnitude of a

group of process outcomes.

11.  The method of claim 9 wherein the animation comprises displaying
frames ordered in a manner selected from the group consisting of: a moving average, a
weighted moving average, a moving range, a moving standard deviation, and a moving
variance, each ordered by the magnitude of a group of process components.

12.  The method of claim 9 wherein the animation comprises
displaying frames in a manner selected from the group consisting of: a2 moving
average, a weighted moving average, a moving range, a moving standard
deviation, and a moving variance, each ordered by the magnitude of the
difference between the best and worst group of process outcomes from the

smallest difference to the largest difference or vise versa.

13.  The system of claim 9 wherein the animation comprises
displaying frames in a manner selected from the group consisting of: a moving
average, a weighted moving average, a moving range, a moving standard
deviation, and a moving variance, each ordered by the difference between the
maximum and minimum of a selected group of process components or

operations from the smallest difference to the largest difference or vice versa.

14.  The system of claim 9 wherein the animation comprises
displaying frames in a manner selected from the group consisting of: a moving
average, a weighted moving average, a moving range, a moving standard
deviation, and a moving variance, each ordered by the date of manufacture,

batch number or lot number.



10mL3%0%& () - F#109%&' ()-"10%& ()-s@ 109 ()-L109& s10%& +} gdE:
] ' - - E /
10nL, / z109&' () - 9- 109%& () - 3+" 109%&' () - & F10%&' () - s( 105(%)&' (0)- L&l(()z’/&' }g_ YNG
10m 10 10. 10y810%&' ()-L610%& ()-334310%& ()-sy2@ 0% ()-0310%& ()é EdEAEL&NC
10n8 10%& ()-1 @10%& ()-1Y @O%& ()- !1p@&l0%& ()-@ @I0%& () - %& () -
O=dEY! Vg, : ()-@10%& ()
!\IC 10m 109%&' () - @O%&' ()-13410%% ()-1 109%& ()-1 109%& ()-|
, 109& I()-(deEYNC 10m S, 10%& () - *10%& ()- (10%& ()- L' 109%& ()-
9B8109%& ()- @10%& ()- dE:/ 10 103710%& ()-,5 ! 10%& ()-310%& ()-,210%& ()-
03109 ()--109& ()-\uVv7/ 10 f109& ()-s109& ()-1 . ,
109&' ()-109%& (3.- SyMW&th@ﬁ-fq&G&Qmmg(y_wsual proCess signature representing a
manufacturing process, the method comprising the steps of:
providing a data source holding groups of data, each group representing
process parameters of a manufacturing process;
5 selecting at least three characteristics of the groups of data;
generating a plurality of display frames, where each display frame represents
the selected characteristics of a particular group of data in a three-dimensional
representation; and
visually displaying the generated display frames in a sequential fashion

1 10 to present an animated visual process signature to a user.

16. The method of claim 15 where each frame comprises first, second and
third axes, the method further comprising the steps of:

displaying data from the data source in each frame so that the displayed
position on the first axis is derived from the magnitude of the corresponding

15  parameter;,

displaying the data from the data source so that the data's position on the
second axis comprises a name for the parameter, and

displaying the data from the data source so that the data's position on
the third axis comprises a group statistic of the selected data in the

20 corresponding group of data.

17.  The method of claim 15 wherein the displaying is performed on a
two-dimensional display, the visual display indicating directionality and extent
of the characteristics of the selected process components in relation to the

selected characteristics of the product produced.

25 18 The method of claim 15 wherein the groups of data correspond

to data associated with groups of production batches within the manufacturing

process.
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19 The method of claim 16 wherein the group statistic is selected

from the group consisting of: group mean, group range, group standard

deviation, group relative standard deviation; group variance; group maximum,

group minimum; group principle component regression loading; group

5  correlation coefficient; and group P value.

20. The method of claim 16 wherein the visually displaying further
comprises:
selecting one of the parameter names as represented on the second axis;
ordering the frames from highest to lowest according to the value of the data
10 corresponding to the selected parameter name on the first axis; and
displaying the sequence in a sequential fashion determined from the

ordering step.

21.  The method of claim 20 wherein the selected parameter is
indicated using a color distinct from the non-selected parameters during the

15  displaying step.

22, The method of claim 16 wherein the visually displaying further
comprises:
ordering the frames on a data group-by-data group basis according to a relative
time at which the data in each of the data groups was gathered; and
20 displaying the sequence in a sequential fashion determined from the

ordering step.

23.  The method of claim 16 wherein the visually displaying further
comprises:
selecting one of the parameter names as represented on the second axis;
25 determining a group having a best performance for the selected parameter;

determining a group having a worst performance for the selected parameter,
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displaying the sequence in a sequential fashion determined from the

ordering step.



