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ABSTRACT: Oneof thegoalsof theProject Integration Architecture (PIA) effort is to providetheability to propagate
informationbetweendisparateapplications.With thisability, applicationsmaythenbeformedinto anapplicationgraph
constitutinga super-application. Such a super-applicationwouldthenprovideall of theanalysisappropriateto a given
technicalsystem.Thispaperreportsona smalldemonstrationof thisconceptin which a ComputerAidedDesign(CAD)
applicationwasconnectedto an inlet analysiscodeandgeometryinformationautomaticallypropagatedfromoneto the
other. Themajorityof theworkreportedinvolvednotthetechnologyof informationpropagation,but rathertheconversion
of propagatedinformationinto a formusableby thereceivingapplication.

1 Intr oduction

1.1 History

In the late 1980s, the IntegratedCFD and Experiments
(ICE) project[1, 2] wascarriedoutwith thegoalof provid-
ing a single,graphicaluserinterface(GUI) anddataman-
agementenvironmentfor a variety of CFD codesandre-
latedexperimentaldata.Theintentof theICE projectwas
to easethedifficultiesof interactingwith andintermingling
thesedisparateinformationsources.Theprojectwasasuc-
cessonaresearchbasis;however, onreview it wasdeemed
inappropriate,due to varioustechnicallimitations, to ad-
vancetheeffort beyondthesuccessesachieved.

A re-engineeringof the projectwas initiated in 1996[3].
The effort wasfirst renamedthe Portable,RedesignedIn-
tegratedCFD andExperments(PRICE)projectandthen,
asthewideapplicabilityof theconceptscameto beappre-
ciated,the ProjectIntegrationArchitecture(PIA) project.
Theprovisionof aGUI asaprojectproductwaseliminated
andattentionwasfocuseduponthe applicationwrapping
andintegrationarchitecture.During theinterveningyears,
work hasproceededandan operationaldemonstrationof

the PIA projectin a C++, single-machineimplementation
hasbeenachieved.

1.2 KeyContributions

ThePIA technologyprovidesanumberof benefits.Among
themoresignificantarethefollowing.

1. Completeengineeringprocesscaptureis possibleto
theextentdesired.

(a) A completederivationalhistoryof every project
configurationinvestigatedcanbecaptured,pro-
ducinganauditabletrail from final designback
to initial guess.

(b) Technologist’s journals,notes,andthe like can
be captured,allowing the recordof thinking to
be retrievablein the context of the harddataof
theproject.

2. Integrationof applicationsinto a functionalwhole is
possible,allowing for the complex analysisof entire
systems.
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3. Rigourousdesignconfigurationsynchronizationis en-
forced,eliminatingmis-matchedanalysesbetweenin-
tegratedapplications.

4. The classicn-squared integration problemis solved
throughtheuseof semantically-definedparameters.

5. Dimensionalunit confusionis eliminatedby encap-
sulatingin parametersa self-knowledgeof their own
dimensionality.

6. Quality values(good, bad, and, potentially, a range
in between)arecapturedallowing baddataor designs
to beretainedin therecordwithout concernthat they
mightbeinadvertantlyrelieduponasbeinggood.

7. Applicationintegrationis achievedwithout theneces-
sity of re-codingthoseapplicationsto the standard.
The wrapping natureof the architecturedecouples
commitmentto theintegrationstandardfrom thecap-
ital assetsof thewrappedapplications.

8. The wrappingnatureof the architecturealso allows
for multiplewrappersto thesameapplication.Among
otherthings,wrappersappropriateto theskill level of
varioususersmightbedeveloped.

1.3 Demonstrationof Information Propagation

As apartof theprojecteffort, it wasdeemednecessaryand
appropriateto develop a working exampleof an applica-
tion graphand the automaticpropagation of information
from oneapplicationto another. Becauseof thelimited re-
sourcesavailableto a researchprojectof this kind, it was
importantto identify as simple a demonstrationeffort as
possible,while still achieving a real-world result.

Two applicationswere selectedfor the demonstration:
a ComputerAided Design(CAD) geometryinformation
repositoryandan inlet analysiscode. The informationto
bepropagatedwas,of course,thegeometryinformationof
an inlet designedin theselectedCAD system.Thepropa-
gatedinformationwasthento provide thegeometricinput
for ananalysisof theinlet by theinlet analysiscode.

This problemwasdirectly drawn from the world at hand.
The selectedinlet wasoneunderstudyat the GlennRe-
searchCenterfor aRocketBasedCombinedCycle(RBCC)
propulsionsystem.Theinlet wasinterestingin that it was
neitheraxisymmetricnor two-dimensional.Instead,it was
an integratedbulgeextendingaroundonethird of a circu-
lar cross-sectionfuselage,threesuchenginessurrounding
theentirevehicle. This gave theflow patha crosssection
somethingakin to anorangesegment. This geometryhad

proven difficult to handlewith traditional tools. The ge-
ometrywasparticularlyill-suited to theinput formsof the
selectedinlet analysiscode.

The CAD programusedto define the enginegeometry
was ProEngineer, a commercialproductof PTC, Inc., in
use at the Glenn ResearchCenter. To avoid complete
vendordependence,the developedPIA wrapperincorpo-
ratedtheComputationalAnalysisPRogrammingInterface
(CAPRI) [4] technologydevelopedunderthe auspiciesof
otherprojectsat the GlennResearchCenter. CAPRI pro-
vides a single Application ProgrammingInterface (API)
that hasbeenimplementedin the context of a numberof
different CAD products. By switching betweenCAPRI
implementationlibraries,a consumingapplicationmaybe
maderelatively insensitiveto theactualCAD productorig-
inatingthegeometryinformation.

Theinlet analysiswasconductedby theLargePerturbation
InletAnalysiscode(LAPIN), alsoseparatelydevelopedun-
derothereffortsat theGlennResearchCenter. Thiscodeis
aone-dimensional,unsteady, time-accurateflow codeused
for the evaluationof inlet/flow control stability. The be-
lief thatLAPIN, beingaone-dimensionalcode,wasin any
sensesimpleproved to be in error. In fact, a greatmany
options for studying the responseof the flow to various
controlactions(bleeds,bypasses,massinjections,andthe
like) areprovided by LAPIN, making it a rathercompli-
catedcode.

2 Implementation

Thetheoryof informationpropagationwithin PIA hasbeen
previously reported[5]. The presentdemonstrationhas
providednoalterationof thatoriginal theory.

2.1 The CAPRI/ProEngineerWrapper

A PIA-compliantwrapperwasgeneratedtoencapsulatege-
ometry information obtainedthroughCAPRI technology
from CAD files generatedby theProEngineercommercial
softwareproduct.Thewrapperis fully documentedon the
centralPIA web site and is the subjectof a separatere-
port [6].

Thewrapperis, from anexternalviewpoint,unremarkable;
however, theinternalstructurenecessaryto implementthe
wrapperis of someinterest. The key considerationdic-
tating the resultingstructureis the fact that the ProEngi-
neersoftwareproductprovidesaccessto its geometryker-
nelonly throughthemechanismof aDynamicLink Library
(DLL) containingtheconsumingcode.TheDLL is identi-
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fied to theProEngineerexecutableimageat programload
time. The ProEngineerexecutablelinks to the identified
DLL andexecutesthewell-known entrypointprovidedby
thatDLL.

In orderto usesomeof the dynamicCAPRI API features
(aswill bediscussedshortly),thewrappermustspawn the
ProEngineerexecutableasa separateprocessandcommu-
nicate with the wrapper-suppliedDLL identified to that
processas a backend, geometryserver. Thus, while ge-
ometry information presentedby the wrapperappearsto
originatein thatwrapper, it is in factproducedin aseparate
processandcommunicatedto thewrapperfor presentation.

2.2 The LAPIN Wrapper

A PIA-compliantwrapperwas generatedfor the LAPIN
code.Thewrapperis, again, fully documentedon thecen-
tral PIA website;however, dueto its conventionalnature,
it is nototherwisereportedat this time.

It shouldbe notedthat the LAPIN codeis maintainedas
a separateentity from thewrapper. Whenexecutionof the
codeis needed,thewrapperwritestheFortrannamelisttext
file expectedby the LAPIN code,executesthe code,and
thenreadsthe text outputfile generatedby thatoperation.
Thus,thePIA-compliantwrapperrequiresnomodification
of theLAPIN codefor its integrationinto thePIA applica-
tion environment.

2.3 GeometryProducts

Oneof thekey technologiesof thePIA informationpropa-
gationformulationis theinfusionof semanticmeaninginto
parameterobjectsthroughthe act of classderivation; that
is, thata pieceof consumingcodecandeterminethekind
of informationbeingsuppliedby determiningthe kind of
objectsupplyingit. In thepresentdemonstration,this tech-
nologyallowstheconsumingLAPIN wrappercodeto iden-
tify andobtaingeometricassemblyinformationby looking
for parameterobjectsof thekind PacParaGeoAsmb. Hav-
ing foundsuchanobject,theconsumingcodeis thenfree
notonly to acquiretheinformationtheparameterobjectdi-
rectly offers,but alsoto avail itself of thefunctionalprod-
uctsprovided by the object. In the caseof the PacPara-
GeoAsmbgeometricassemblyparameterobject, thereis
one principal functionality of interest to the consuming
LAPIN wrappercode:thegenerationandmanipulationof
cross-sectionalcurves.
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Figure2.1: TriangleIntersectionTracking

2.3.1 BasicGenerationof Cross-SectionalCurves

The PacParaGeoAsmb geometricassemblyobject pro-
vides several member functions which generatecross-
sectionalcurves. Thesecurves encompassthe entire as-
semblyencapsulatedby thepresentingobject.Assemblies,
though,imply a collectionof thingsand,thus,do not di-
rectly provide the basisfor cross-sectionalcurve genera-
tion.

In point of fact,assembliesorganizeboundariesandother
assemblies,andboundaries,in turn, organizefaces.In the
CAPRI formulation(which is closelyfollowedby thePIA
wrapper),facesaremadesubstantialthroughtriangulartes-
sellations;thatis, ageometricfaceis ultimatelyrealizedas
a setof points in geometricspacethat areorganizedinto
setsof connectedtriangles,the whole resultingin an ap-
proximationto thetruegeometricshape.

Thetessellationinformationis thebasisuponwhichcross-
sectionalcurve generationbegins. As shown in Figure2.1
eachtriangleof atessellationis examineduntil oneis found
which intersectsthesectioningsurface.Oncesucha trian-
gle is found, the two intersectionsof the triangle’s sides
with the sectioningsurfacearecomputed.Curve genera-
tion thenproceedsasaniterative processfrom thesestart-
ing pointsby identifying theconnectingtriangleandcom-
puting the intersectionof its sidewith the sectioningsur-
face.Dueattentionis alsoprovidedto thepossibilitythata
trianglevertex maylie exactlyon thesectioningsurface.

Thegeometricmodeldoesnotprovideclosedfaces;for ex-
ample,what is in facta cylinder is representedin thegeo-
metric modelas two half-cylinders joined at their edges.
Thus, the tracking of a cross-sectionalcurve around a
closedsolid must (and does)accountfor the crossingof
edgessharedbetweenfaces. While requiring the explo-
ration of additionaldatastructures,the fundamentallogic
of thecurvegenerationprocessis thesame.
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Figure2.2: Introductionof Noiseby GeometricDiscretiza-
tion

The cross-sectionalcurve generationprocessnotes the
startingpoint of its operationsand,shouldit re-encounter
that point during a subsequentiteration, it concludesthat
the producedcurve is closedand makes an appropriate
notation;otherwise,the curve defaults to an openstatus.
Note, though,that sincethe supportedCAD products,in
this caseProEngineer, model solid objects,open cross-
sectionalcurve resultsshouldnot occurasa practicalmat-
ter. It is possible,though,to have multiple closedcurves
resultfrom asinglecross-section,for exampleasthecross-
sectionof ablockwith aholethroughit.

2.3.2 Curve Fidelity Impr ovement

Thecross-sectionalcurve generationprocessrecognizesa
factof geometrydiscretization:whenthegeometricfaceis
not flat, the collectionof trianglesis only an approxima-
tion to the shapeof that actualgeometricface. While it
is true that eachvertex of the setof tessellatingtriangles
lies on the geometricface(to within an arbitrary value),
it is not necessarilytrue that the line segmentconnecting
eachvertex pair lies on that face. Thus,a cross-sectional
curve productbasedsolely uponthe intersectionof trian-
glesideswith asectioningsurfacewill introduceerrorinto
theportrayedgeometryproportionalto thecurvatureof the
geometricface.

This introductionof geometricnoisecanbeseenon close
inspectionin Figure2.1. Figure2.2 especiallyillustrates
thisby showing theaxialcrosssectionof acylinderin com-
parisonwith thecrosssectionproducedby trackingthein-
tersectionof thetessellating-trianglesides(thatcurvebeing
shown in red). Whenthetrianglesidespansthesectioning
plane,theproducedcross-sectionalcurve dipsdown to the
heightof thespanningsideanddeviatesfrom thetruegeo-
metricsurface.

Tolerance band

Figure2.3: Curve Fidelity Improvementby SegmentBi-
section

Thecross-sectionalcurve generationprocessremovesthis
introducederrorby utilizing a snap-to-facecapabilitypro-
videdby theCAPRIAPI. As eachtessellatingtriangleside
is intersectedwith the sectioningsurface, the computed
point is thensnappedonto the underlyinggeometricface.
Becausethe directionof this movementto the faceis un-
predictable,the point improvementis, in fact, performed
iteratively: thepoint is snappedto theunderlyinggeomet-
ric face,thenbackto theintersectingsurface.Theiterative
processterminateswhenmeaningfulmovementof theim-
provedpointceases.

Theprocessto this point generatesa cross-sectionalcurve
whose defining discretegeometricpoints lie (to within
an arbitraryaccuracy) on the underlyinggeometricfaces;
however, just aswith thesidesof thetessellatingtriangles,
theline segmentsimplicitly joining thesuccessivepointsof
thecurvedonotnecessarilylie in theunderlyinggeometric
faces.

To adjust for this curve-segment difficulty, a curve im-
provementphaseis performed. As shown in Figure 2.3,
eachline segmentof thecurve is bisectedandtheresulting
point snappedontothegeometricface,just astheoriginal
tessellationintersectionpointswere.If thedisplacementof
this point improvementis greaterthanthe accuracy spec-
ified for the cross-sectionalcurve, then the improved bi-
sectionpoint is insertedinto the curve andthe two curve
segmentsthatresultare,themselves,recursivelyconsidered
for bisectionpoint improvement.

2.3.3 Curve Purification

As notedearlier, assembliesusuallyorganizetwo or more
boundariesor otherassemblies,eachof which producesat
leastonecross-sectionalcurve (assuming,of course,that
thesectioningsurfaceintersectedtheorganizedgeometric
elementatall). Whenboundariestoucheachotheracrossa
portionof a face,asthey will in many real-world geomet-
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Figure2.4: CrossSectionsof Individually-ModelledEn-
gineComponents
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Curve segments that touch

Figure2.5: A SingleCurve thatIntersectsItself

ric assemblies,partsof theproducedcross-sectionalcurves
will be redundant.For example,considerthe situationil-
lustratedin Figure2.4whichshowsthelateralcross-section
curves of a propulsionsystemin which the centerbody
andcowl both sit on a commonsplitterplate. Portionsof
thosecross-sectionalcurvesobtainedfrom boththecenter-
bodyandcowl duplicateportionsof thesplitterplatecross-
sectionalcurve. Theobjectsencapsulatingcross-sectional-
curve productsprovide functionalityto identify andelimi-
natesuchintersectionsbetweencurves,producingin such
aneventonecross-sectionalcurvewheretwo (or more)ex-
istedbefore.

Thereis a furtheraspectto suchcurve merging. Consider
anassemblyof two objectsin whichtheobjectstoucheach
other in two distinct areas,as the cowl touchesthe split-
terplatein Figure2.4.Theresultingcross-sectionalcurves
will intersecteachotherin two distinct places,namelyat
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Figure2.6:A PurifiedCurveSetthatRevealstheFlow Path

eachendof thearch. Whencurve purificationdetectsone
of theseintersectionsandmergesthe two curves, the re-
sult will bea singlecurve that intersectsitself at theother
point of intersection,asshown in Figure2.5. The imple-
mentedcurve objectsalso provide functionality to detect
this situationand split suchsingle curves back into two
non-intersecting(or pure)curves.

Thecross-sectioningfunctionalityof assemblyobjectsuti-
lizes thesecapacitiesto merge andsplit the setof curves
obtaineduntil a puresetof non-intersectingcurvesis ob-
tained,asshown in Figure2.6. In this way, curvesthatare
cross-sectionsof theassemblyasa wholeareobtainedfor
useby consumingcode.

2.4 Information Consumption

The LAPIN analysiscode requiresgeometricinput that
is, consideringthe fact that it is all the samepropul-
sion system,radically differentfrom that provided by the
CAPRI/ProEngineergeometrywrapper. The most strik-
ing differenceis that,while theCAPRI/ProEngineerinfor-
mationmodelsthe solid objectsthat make up the propul-
sion system,LAPIN focusesinsteadon the hole through
space(that is, the flow path) left over by thesesolid ob-
jects. Futhermore,LAPIN is only interestedin theprofile
of the flow path; the three-dimensionalshapeof the flow
pathis entirelybeyondits scopeof interest.

The LAPIN wrapperusesthe cross-sectioninggeometry
functionalityprovidedby thePacParaGeoAsmbgeomet-
ric assemblyobject it identifiesto transformthe informa-
tion encapsulatedin theCAPRI/ProEngineerwrapperinto
a form useful to the LAPIN analysiscode. Furthermore,
by examinationof theresultsit obtains,thewrapperis able
to selectamonganumberof geometryoptionsacceptedby
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Gap between inlet spike and rocket body bulkheads

Figure2.7: PropulsionSystemFlowpathProfile

theLAPIN code.

Thefollowing actionsareperformedto leadto this overall
resultduringtheactof informationpropagation.

1. TheLAPIN wrapperobtainsfrom theidentifiedPac-
ParaGeoAsmbobjecta cross-sectionalprofile of the
propulsionsystem,resulting in a set of curves like
thosedepictedin Figure2.7.

2. An attemptis madeto reducethecurve setby elimi-
natingthosecurvesthatexist in theinteriorof another
curve.

This actionis requiredto accountfor the actualsitu-
ationof theRBCCgeometry. Thepropulsionsystem
consistsof a cylindrical splitter plate,a rocket body
mountedto theaft portionof thatplate,aninlet spike
mountedto the plate whoseaft sectionfits over the
rocket bodyandis ableto translatelongitudinallyfor
shockcapture,anda cowl bridgingfrom edgeto edge
of theplateandgenerallyenclosingtheoverallpropul-
sion system. With the spike translatedforward, the
productionof pure,profile cross-sectionalcurves,as
shown in Figure2.7,resultsin anapparentholein the
centerbodyprofile which is, in fact, the interior lon-
gitudinal gap betweenthe inlet spike andthe foward
wall of therocketbody.

3. The profile curves are split at their longitudinal ex-
tremesto produceasetof openprofilecurves.Theset
is thenverticallysorted.

4. Thenumberof openprofile curvesis thenusedto se-
lect two profilecurvesfor furtherprocessing.

(a) If thereareexactly four curves,the middle two
curvesareselected.Thiscasepresumesthatone

of a numberof centerbodylessflow pathforms
is representedby thegeometricinformation.

(b) If thereareexactlysixcurves,thefourthandfifth
curvesareselected.This casepresumesthat a
centerbodywith upperandlowercowls is repre-
sentedby thegeometricinformation.

5. Thetwo selectedcurvesareexaminedto determineif
they are, in fact, mirror imagesof eachother. (This
is anotherfunctionalcapabilityofferedby theclassof
objectsencapsulatingcross-sectionalcurves.)If thisis
thecase,curveprocessingis performedunderthepre-
sumptionthattheflow pathis of acenterbodyless,ax-
isymmetricsystem,a type recognizedandsupported
by LAPIN. Furtherdiscriminationof thegeometryin-
formationis avoided.

6. The vertical coordinateof the leading point of the
lower curve is comparedto zero. If it is, essentially,
zero, then curve processingis performedunder the
presumptionthat the flow path is of an axisymmet-
ric systemwith acenterbody, anothertyperecognized
and supportedby LAPIN. Furtherdiscriminationof
thegeometryinformationis avoided.

7. Shouldconsiderationof geometryinformationreach
this point, all otherrelevant optionspresentlyimple-
mentedby LAPIN havebeenexhausted.Theselected
curvesareprocessedunderthe presumptionthat the
flow pathis of anon-symmetric,two-dimensionalsys-
tem,aspecialtypeagainrecognizedandsupportedby
LAPIN.

In processingthis lasttype,LAPIN acceptswidth ge-
ometry input in addition to its normalprofile geom-
etry. Pure, assemblycross-sectionalcurves normal
to the longitudinalaxis, suchasthoseshown in Fig-
ure 2.6, are acquiredfrom the assemblyobject and
thesecondlargestarea(anotherfunctionprovidedby
curveobjects)enclosedbyacurveof thesetis takento
betheflow patharea.(Thelargestareais presumedto
betheprojectedfrontalareaof thepropulsionsystem,
while smallerareaswouldbeconsideredto beinternal
ductsfor bypasses,bleeds,andthelike.) A simplecal-
culationbasedupontheverticalextentof theprofileat
that stationthenproducesthe width valuefor useby
LAPIN.

It should be noted that, internally, LAPIN is concerned
with theflow pathprofile andits cross-sectionalarea.The
original LAPIN codemadea universalaxisymmetricpre-
sumption,allowing cross-sectionalareato becomputeddi-
rectly from the centerbody(if present)andcowl profiles.
The introductionof two-dimensionalinlets to realpropul-
sionsystemsnecessitatedtheamendmentof LAPIN to ac-

6



ceptwidth input becausethe adjustmentof profile values
to achieve properareasunderan erroneousaxisymmetric
presumptionwould introduceerrorsinto theobliqueshock
impingmentcomputationsperformedby LAPIN.

The fact that the RBCC flow path is orange-segment
shaped,ratherthansimplyrectangular, is beyondthescope
of LAPIN computationsbecauseno lateraleffectsexist in
the LAPIN formulation. Although the actualflow pathis
an angularportion of an axisymmetricflow path (that is,
theflow pathis madefrom angularportionsof surfacesof
revolution), it wasconsideredinappropriateto simply ana-
lyzea full axisymmetricextensionsincethiswouldrequire
thescalingof variousbleedandbypassflow values.

3 EnhancedCAPRI/ProEngineerServices

The curve purification discussionidentifiesthe activities
necessaryto dealwith flow pathgeometryin an environ-
mentin whichanengineis describedasanassemblyof sep-
aratepieces;cowl, centerbody, splitter plateandthe like.
Thegreatmajority of computationperformedinvolvesthe
integrationof thatseparateinformationusingonly thetools
of a discretizedgeometry;however, theProEngineerprod-
ucthasthecapabilityto eliminatethiscomplexity by merg-
ing theseparatepiecesof theengineassemblyinto asingle
solid object. By dealingwith theengineasa singlesolid,
the needfor curve purificationis entirely eliminatedand,
with it, avery largecomputationaleffort.

A new releaseof the CAPRI libraries recently incorpo-
ratedinto thePIA projectnow includestheability to invoke
theseassembly-merging facilities of ProEngineer. Per-
forming this function hasbeenmadean optional part of
theCAPRI/ProEngineerCAD wrapper.

It is worth mentioningthat, due to the PIA technology,
no reprogrammingof theLAPIN wrapperwasrequiredto
adaptto therevisedCAPRI/ProEngineerwrappersincethe
LAPIN wrapperis programmedto thekindsof information
it wants,not to theapplicationpresentingthatinformation.

4 Results

Theresults,perse,arevery simple:geometryinformation
was presentedby the CAPRI/ProEngineerCAD wrapper
andconsumedby theLAPIN wrapperduringtheactof in-
formationpropagation. In andof itself, this resultis rather
anticlimatic. Thesamefeatwasaccomplishedusingman-
ualmethodsby theoriginalengineanalysisteam,requiring
severalweeksof effort for eachstudieddesign.

A further elementof the result, though,is the speedim-
provementobtainedby automatingthetransferof informa-
tion. Theruntimerequiredwhentheactionsof curvepurifi-
cationin a multi-solid, discretizedgeometryenvironment
were requiredwas on the orderof five days,a figure far
above the“instantly” commonlyexpectedof suchautoma-
tion, but still animprovementover manualmethods.Con-
trastedwith this, the executiontime when a pre-merged,
single-solidformulationof thegeometrywasusedwason
the orderof minutes,rangingsomewherebetween12 and
30 minutesdependingupon the granularityof the tessel-
lation producedby thegeometricservices.Thedifference
in thesetwo numbersis virtually all in theeffort of curve
purification,which is eliminatedby thesingle-solidformu-
lation.

Perhapswhat this runtime difference points out most
forcibly is the debilitatingeffectsof geometrydiscretiza-
tion. While the reductionof parametricgeometry(that
is, the geometryof planes,cylinders,cones,andthe like)
to simply a mazeof organizedpointsmaybeunavoidable
to achievea least-commondenominatorbetweenthemany
commericalCAD products,that lossof semanticinforma-
tion is hugestepinto the abyss. The ProEngineermulti-
solid merging processis accomplishedin a matterof sec-
ondswhile thesameresultin thediscretizedreductiontakes
days.This points,onceagain, to thatperpetualHoly Grail
of theCAD world: a supported,common,high-level, open
standardfor geometricrepresentation.

5 Documentation

Complete,class-by-class,member-by-memberdocumenta-
tion is availableon a centralserver thetheGlennResearch
Center. TherootURL for thisdocumentationis

http://www.grc.nasa.gov/WWW/price000/index.html

It mustbestronglyemphasizedthatthesepagesarethein-
formal generationof the researchersinvolved anddo not,
in any way, shape,or form, representanofficial statement
of theGovernmentof theUnitedStates.
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