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ABSTRACT: Oneof the goalsof the Project Integration Architectuie (PIA) effort is to provide the ability to propagate
informationbetweerdispaate applications.Wth this ability, applicationsmaythenbeformedinto an applicationgraph
constitutinga superapplication. Sud a superapplicationwouldthenprovide all of the analysisappropriateto a given
tedhnical system Thispaperreportson a smalldemonstation of this concepin which a ComputerAidedDesign(CAD)
applicationwasconnectedo an inlet analysiscodeand geometryinformationautomaticallypropagatedfromoneto the
other Themajority of theworkreportednvolvednotthetechnolagy of informationpropagation,but ratherthecorversion
of propagatedinformationinto a form usableby thereceivingapplication.

1 Intr oduction

1.1 History

In the late 1980s, the Integrated CFD and Experiments
(ICE) project[1, 2] wascarriedoutwith thegoalof provid-
ing a single,graphicaluserinterface(GUI) anddataman-
agemenernvironmentfor a variety of CFD codesandre-
latedexperimentaldata. Theintentof the ICE projectwas
to easdhedifficultiesof interactingwith andintermingling
thesadisparatenformationsourcesTheprojectwasasuc-
cesonaresearctbasishowever, onreview it wasdeemed
inappropriate due to varioustechnicallimitations, to ad-
vancethe effort beyondthe successeschieved.

A re-engineeringf the projectwasinitiated in 1996[3].
The effort wasfirst renamedhe Portable Redesignedn-
tegratedCFD and ExpermentgPRICE) projectandthen,
asthewide applicabilityof the conceptsameto beappre-
ciated, the ProjectIntegration Architecture(PIA) project.
Theprovision of aGUI asa projectproductwaseliminated
and attentionwas focuseduponthe applicationwrapping
andintegrationarchitecture During the inteneningyears,
work hasproceededind an operationaldemonstratiorof

the PIA projectin a C++, single-machinémplementation
hasbeenachiesed.

1.2 KeyContributions

ThePIA technologyprovidesanumberof benefits Among
themoresignificantarethefollowing.

1. Completeengineeringprocesscaptureis possibleto
theextentdesired.

(a) A completederivationalhistory of every project
configurationinvestigatedcanbe captured pro-
ducingan auditabletrail from final designback
to initial guess.

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

2. Integrationof applicationsinto a functionalwholeis
possible allowing for the complex analysisof entire
systems.



3. Rigouroudesignconfiguratiorsynchronizatioris en-
forced,eliminatingmis-matchednalysedetweerin-
tegratedapplications.

4. The classicn-squaed integration problemis solved
throughthe useof semantically-definedarameters.

5. Dimensionalunit confusionis eliminatedby encap-
sulatingin parameters self-knavledgeof their own
dimensionality

6. Quality values(good, bad, and, potentially a range
in betweenarecapturedallowing baddataor designs
to beretainedn the recordwithout concernthatthey
might beinadwertantlyrelieduponasbeinggood.

7. Applicationintegrationis achiezedwithouttheneces-
sity of re-codingthoseapplicationsto the standard.
The wrapping nature of the architecturedecouples
commitmento theintegrationstandardrom the cap-
ital asset®f thewrappedapplications.

8. The wrappingnatureof the architecturealso allows
for multiplewrapperdo thesameapplication.Among
otherthings,wrappersappropriatdo the skill level of
varioususersmightbedeveloped.

1.3 Demonstrationof Information Propagation

As apartof the projecteffort, it wasdeemedecessarand
appropriateto develop a working exampleof an applica-
tion graphand the automaticpropagtion of information
from oneapplicationto another Becausef thelimited re-
sourcesavailableto a researctprojectof this kind, it was
importantto identify as simple a demonstratioreffort as
possiblewhile still achieving areal-world result.

Two applicationswere selectedfor the demonstration:

a ComputerAided Design (CAD) geometryinformation
repositoryandan inlet analysiscode. The informationto
be propa@gtedwas,of coursethe geometryinformationof
aninlet designedn the selectedCAD system.The propa-
gatedinformationwasthento provide the geometricdnput
for ananalysisof theinlet by theinlet analysiscode.

This problemwasdirectly dravn from the world at hand.
The selectednlet was one understudy at the Glenn Re-
searclCenterfor aRocketBasedCombinedCycle(RBCC)
propulsionsystem.Theinlet wasinterestingin thatit was
neitheraxisymmetricnor two-dimensionallnsteadjt was
anintegratedbulge extendingaroundonethird of a circu-
lar cross-sectiorfiuselage threesuchenginessurrounding
the entirevehicle. This gave the flow patha crosssection
somethingakin to an orangesegment. This geometryhad

proven difficult to handlewith traditionaltools. The ge-
ometrywasparticularlyill-suited to the input forms of the
selectednlet analysiscode.

The CAD programusedto define the engine geometry
was ProEngineera commercialproductof PTC, Inc., in

use at the Glenn ResearchCenter To avoid complete
vendordependencethe developedPIA wrapperincorpo-
ratedthe ComputationaAnalysisPRogrammindnterface
(CAPRI) [4] technologydevelopedunderthe auspiciesof

otherprojectsat the GlennResearctCenter CAPRI pro-

vides a single Application Programminginterface (API)

that hasbeenimplementedn the context of a numberof

different CAD products. By switching betweenCAPRI

implementatioribraries,a consumingapplicationmay be
maderelatively insensitve to theactualCAD productorig-

inatingthe geometryinformation.

Theinlet analysisvasconductedy the Large Perturbation
Inlet Analysiscode(LAPIN), alsoseparatelylevelopedun-

derotherefforts atthe GlennResearciCenter This codeis

aone-dimensionaljnsteadytime-accuratélow codeused
for the evaluationof inlet/flow control stability The be-

lief thatLAPIN, beingaone-dimensionatode wasin ary

sensesimple provedto bein error. In fact, a greatmary

optionsfor studyingthe responseof the flow to various
control actions(bleeds bypassesnassinjections,andthe

like) are provided by LAPIN, makingit a rathercompli-

catedcode.

2 Implementation

Thetheoryof informationpropagtionwithin PIA hasbeen
previously reported[5]. The presentdemonstratiorhas
providedno alterationof thatoriginal theory

2.1 The CAPRI/ProEngineerWrapper

A PIA-compliantwrappemwasgeneratedo encapsulatge-

ometry information obtainedthrough CAPRI technology
from CAD files generatedby the ProEngineecommercial
softwareproduct. Thewrapperis fully documentean the

central PIA web site and is the subjectof a separatere-

port[6].

Thewrapperiis, from anexternalviewpoint, unremarkable;
however, the internalstructurenecessaryo implementthe
wrapperis of someinterest. The key consideratiordic-
tating the resultingstructureis the fact that the ProEngi-
neersoftware productprovidesaccesgo its geometryker-
nelonly throughthemechanisnof aDynamicLink Library
(DLL) containingthe consumingcode.TheDLL is identi-



fied to the ProEngineeexecutableémageat programload
time. The ProEngineelexecutablelinks to the identified
DLL andexecuteghewell-known entry point provided by
thatDLL.

In orderto usesomeof the dynamicCAPRI API features
(aswill bediscussedhortly),thewrappemustspavn the
ProEngineeexecutableasa separatg@rocessandcommu-
nicate with the wrappersuppliedDLL identified to that
processas a baclend, geometrysener. Thus, while ge-
ometry information presentecy the wrapperappearso
originatein thatwrapperit is in factproducedn aseparate
procesandcommunicatedo thewrapperfor presentation.

2.2 TheLAPIN Wrapper

A PIA-compliantwrapperwas generatedor the LAPIN
code.Thewrapperis, again, fully documentean thecen-
tral PIA web site; however, dueto its corventionalnature,
it is not otherwisereportedatthistime.

It shouldbe notedthatthe LAPIN codeis maintainedas
a separatentity from thewrapper Whenexecutionof the
codeis neededthewrappemwritesthe Fortrannamelistext

file expectedby the LAPIN code,executesthe code,and
thenreadsthe text outputfile generatedy thatoperation.
Thus,the PIA-compliantwrappemrequiresno modification
of the LAPIN codefor its integrationinto the PIA applica-
tion ervironment.

2.3 GeometryProducts

Oneof thekey technologie®f the PIA informationpropa-
gationformulationis theinfusionof semantianeaningnto

parameteobjectsthroughthe act of classderiation; that
is, thata pieceof consumingcodecandeterminethe kind

of informationbeing suppliedby determiningthe kind of

objectsupplyingit. In the presentiemonstratiorthistech-
nologyallowstheconsumind-APIN wrappercodeto iden-
tify andobtaingeometricassemblynformationby looking

for parameteobjectsof thekind PacParaGeoAsmh Hav-

ing found suchan object,the consumingcodeis thenfree

notonly to acquiretheinformationthe parameteobjectdi-

rectly offers, but alsoto avail itself of the functionalprod-

ucts provided by the object. In the caseof the PacPara-

GeoAsmbgeometricassemblyparameteiobject, thereis

one principal functionality of interestto the consuming
LAPIN wrappercode:the generatiorand manipulationof

cross-sectionaurves.
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Figure2.1: TriangleIntersectionlracking

2.3.1 BasicGenerationof Cross-SectionaCurves

The PacParaGeoAsmb geometricassemblyobject pro-
vides several member functions which generatecross-
sectionalcurves. Thesecurves encompasshe entire as-
semblyencapsulately the presentingbject. Assemblies,
though,imply a collection of thingsand, thus, do not di-
rectly provide the basisfor cross-sectionaturve genera-
tion.

In point of fact, assemblie®rganizeboundariesand other
assembliesandboundariesin turn, organizefaces.In the
CAPRIformulation(whichis closelyfollowed by the PIA
wrapper) facesaremadesubstantiathroughtriangulartes-
sellationsthatis, ageometridaceis ultimatelyrealizedas
a setof pointsin geometricspacethat are organizedinto
setsof connectedriangles,the whole resultingin an ap-
proximationto thetrue geometricshape.

Thetessellatiorinformationis the basisuponwhich cross-
sectionakurve generatiorbegins. As shovn in Figure2.1

eachtriangleof atessellatioris examineduntil oneis found

which intersectghe sectioningsurface.Oncesuchatrian-

gle is found, the two intersectionsof the triangles sides
with the sectioningsurfaceare computed. Curve genera-
tion thenproceedsasaniterative procesdrom thesestart-
ing pointsby identifying the connectingriangleandcom-
puting the intersectionof its sidewith the sectioningsur

face.Dueattentionis alsoprovidedto the possibilitythata

trianglevertex maylie exactly onthesectioningsurface.

Thegeometrianodeldoesnotprovide closedfacesfor ex-

ample,whatis in facta cylinderis representeéh the geo-
metric model astwo half-cylindersjoined at their edges.
Thus, the tracking of a cross-sectionaturve arounda

closedsolid must (and does)accountfor the crossingof

edgessharedbetweenfaces. While requiring the explo-

ration of additionaldatastructuresthe fundamentalogic

of thecurve generatiorprocesss the same.
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Figure2.2: Introductionof Noiseby Geometridiscretiza-
tion

The cross-sectionaturve generationprocessnotes the
startingpoint of its operationsand, shouldit re-encounter
that point during a subsequeniteration, it concludeghat
the producedcurve is closedand makes an appropriate
notation; otherwise,the curve defaultsto an openstatus.
Note, though,that sincethe supportedCAD products,in
this caseProEngineer model solid objects, open cross-
sectionakurwe resultsshouldnot occurasa practicalmat-
ter. It is possible though,to have multiple closedcurves
resultfrom asinglecross-sectiorfpr exampleasthecross-
sectionof a block with a holethroughit.

2.3.2 CurveFidelity Impr ovement

The cross-sectionaturve generatiorprocesgecognizes
factof geometrydiscretizationwhenthegeometridaceis
not flat, the collectionof trianglesis only an approxima-
tion to the shapeof that actualgeometricface. While it
is true that eachvertex of the setof tessellatingriangles
lies on the geometricface (to within an arbitrary value),
it is not necessarilyrue that the line segmentconnecting

eachvertex pair lies on thatface. Thus,a cross-sectional

cune productbasedsolely uponthe intersectionof trian-
gle sideswith a sectioningsurfacewill introduceerrorinto
theportrayedgeometryproportionalto the curvatureof the
geometridace.

This introductionof geometricnoisecanbe seenon close
inspectionin Figure2.1. Figure2.2 especiallyillustrates
thisby shawving theaxial crosssectionof acylinderin com-
parisonwith the crosssectionproducedy trackingthein-
tersectiorof thetessellating-trianglsideg(thatcurve being
shavn in red). Whenthe trianglesidespanghe sectioning
plane,the produceccross-sectionaturve dipsdown to the
heightof the spanningsideanddeviatesfrom thetruegeo-
metricsurface.

Tolerance band

Figure2.3: Curwe Fidelity Improvementby SegmentBi-
section

The cross-sectionaturve generatiorprocessemovesthis
introducederror by utilizing a snap-to-&cecapabilitypro-
videdby the CAPRIAPI. As eachtessellatingriangleside
is intersectedwith the sectioningsurface, the computed
pointis thensnappednto the underlyinggeometricface.
Becausdhe direction of this movementto the faceis un-
predictable the point improvementis, in fact, performed
iteratively: the pointis snappedo the underlyinggeomet-
ric face,thenbackto theintersectingsurface.Theiterative
procesderminatesvhenmeaningfulmovementof theim-
provedpointceases.

The procesdo this point generates cross-sectionaturve
whose defining discretegeometricpoints lie (to within
an arbitraryaccurag) on the underlyinggeometricfaces;
however, justaswith the sidesof thetessellatingriangles,
theline sggmentdmplicitly joining thesuccessie pointsof
thecurve do notnecessariljie in theunderlyinggeometric
faces.

To adjustfor this curve-sgmentdifficulty, a curve im-
provementphaseis performed. As shovn in Figure 2.3,
eachline sggmentof the curweis bisectedandtheresulting
point snappedntothe geometricface,just asthe original
tessellationntersectiorpointswere.If thedisplacementf
this pointimprovementis greaterthanthe accurag spec-
ified for the cross-sectionature, thenthe improved bi-
sectionpoint is insertedinto the curve andthe two curve
segmentdhatresultare themseles,recursvely considered
for bisectionpointimprovement.

2.3.3 Curve Purification

As notedearlier assembliesisuallyorganizetwo or more
boundarie®r otherassembliesgachof which producesat
leastone cross-sectionaturve (assumingof course,that
the sectioningsurfaceintersectedhe organizedgeometric
elemeniatall). Whenboundariesoucheachotheracross
portionof aface,asthey will in mary real-world geomet-



Figure 2.4: CrossSectionsof Individually-ModelledEn-
gineComponents

Curve segments that touch
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Figure2.5: A SingleCurwethatintersectdtself

ric assembliegartsof theproducedcross-sectionalurves
will be redundant.For example,considerthe situationil-
lustratedn Figure2.4whichshowvsthelateralcross-section
curves of a propulsionsystemin which the centerbody
andcow! both sit on a commonsplitter plate. Portionsof
thosecross-sectionalurvesobtainedrom boththe center
bodyandcowl duplicateportionsof thesplitterplatecross-
sectionakurve. Theobjectsencapsulatingross-sectional-
curve productsprovide functionality to identify andelimi-
natesuchintersectiondetweencurves,producingin such
aneventonecross-sectionalurve wheretwo (or more)ex-
istedbefore.

Thereis afurtheraspecto suchcurve meging. Consider
anassemblyf two objectsin whichtheobjectstoucheach
otherin two distinct areas,asthe cowl touchesthe split-
terplatein Figure2.4. Theresultingcross-sectionajurves
will intersecteachotherin two distinct places,namelyat
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Figure2.6: A PurifiedCurve SetthatRevealstheFlow Path

eachendof thearch. Whencurwe purificationdetectsone
of theseintersectionsand meigesthe two curwes, the re-

sultwill bea singlecurwe thatintersectstself at the other
point of intersectionasshavn in Figure2.5. Theimple-

mentedcurve objectsalso provide functionality to detect
this situationand split suchsingle curves backinto two

non-intersectingor pure)curves.

Thecross-sectioninfunctionality of assemblyobjectsuti-
lizes thesecapacitieto meige and split the setof curves
obtaineduntil a pure setof non-intersectingurvesis ob-
tained,asshavn in Figure2.6. In thisway, curvesthatare
cross-sectionsf the assemblyasa whole are obtainedfor
useby consumingcode.

2.4 Information Consumption

The LAPIN analysiscode requiresgeometricinput that
is, consideringthe fact that it is all the same propul-
sion system radically differentfrom that provided by the
CAPRI/ProEngineegeometrywrapper The most strik-
ing differences that,while the CAPRI/ProEngineeinfor-
mation modelsthe solid objectsthat make up the propul-
sion system,LAPIN focusesinsteadon the hole through
space(thatis, the flow path)left over by thesesolid ob-
jects. Futhermore L APIN is only interestedn the profile
of the flow path; the three-dimensionashapeof the flow
pathis entirelybeyondits scopeof interest.

The LAPIN wrapperusesthe cross-sectioninggeometry
functionality provided by the PacParaGeoAsmbgeomet-
ric assemblyobjectit identifiesto transformthe informa-
tion encapsulateth the CAPRI/ProEngineewrapperinto
a form usefulto the LAPIN analysiscode. Furthermore,
by examinationof theresultsit obtains thewrapperis able
to selectamonga numberof geometryoptionsacceptedy



Gap between inlet spike and rocket body bulkheads

Figure2.7: PropulsionSystemFlowpathProfile

the LAPIN code.

Thefollowing actionsare performedto leadto this overall
resultduringtheactof informationpropagtion.

1. The LAPIN wrapperobtainsfrom the identified Pac-

ParaGeoAsmbobjecta cross-sectiongbrofile of the
propulsionsystem,resultingin a set of curwves like
thosedepictedn Figure2.7.

. An attemptis madeto reducethe curve setby elimi-
natingthosecurvesthatexistin theinterior of another
cune.

This actionis requiredto accountfor the actualsitu-

ationof the RBCC geometry The propulsionsystem
consistsof a cylindrical splitter plate, a rocket body
mountedo the aft portion of thatplate,aninlet spike

mountedto the plate whoseaft sectionfits over the
rocket body andis ableto translatdongitudinally for

shockcaptureanda cowl bridgingfrom edgeto edge
of theplateandgenerallyenclosingheoverallpropul-
sion system. With the spike translatedforward, the
productionof pure, profile cross-sectionaturves, as
shawvn in Figure2.7,resultsin anapparenholein the
centerbodyprofile which is, in fact, the interior lon-

gitudinal gap betweenthe inlet spike andthe foward
wall of therocketbody

. The profile curves are split at their longitudinal ex-
tremego producea setof openprofile curves. Theset
is thenvertically sorted.

. Thenumberof openprofile curvesis thenusedto se-
lecttwo profile curvesfor furtherprocessing.

(a) If thereareexactly four curves,the middle two
curvesareselectedThis casepresumeshatone

of a numberof centerbodylesfiow pathforms
is representelly thegeometrianformation.

(b) If thereareexactlysix curves,thefourthandfifth
cunesare selected. This casepresumesghat a
centerbodywith upperandlower cowls is repre-
sentedby thegeometridnformation.

5. Thetwo selecteccurvesareexaminedto determinef
they are,in fact, mirror imagesof eachother (This
is anotherfunctionalcapabilityofferedby the classof
objectsencapsulatingross-sectionaurves.)If thisis
thecasegcurve processings performedunderthepre-
sumptionthattheflow pathis of a centerbodylesgx-
isymmetricsystem,a type recognizedand supported
by LAPIN. Furtherdiscriminationof thegeometryin-
formationis avoided.

6. The vertical coordinateof the leading point of the
lower curve is comparedo zero. If it is, essentially
zero, then curve processings performedunderthe
presumptiorthat the flow pathis of an axisymmet-
ric systemwith a centerbodyanotheityperecognized
and supportedby LAPIN. Furtherdiscriminationof
thegeometnyinformationis avoided.

7. Shouldconsideratiorof geometryinformationreach
this point, all otherrelevant optionspresentlyimple-
mentedby LAPIN have beenexhausted The selected
cunes are processedinderthe presumptiorthat the
flow pathis of anon-symmetrictwo-dimensionasys-
tem,aspeciatypeagainrecognizedndsupportedy
LAPIN.

In processinghis lasttype, LAPIN acceptswidth ge-

ometryinput in additionto its nhormal profile geom-
etry. Pure, assemblycross-sectionaturves normal
to the longitudinalaxis, suchasthoseshown in Fig-

ure 2.6, are acquiredfrom the assemblyobjectand
the secondargestarea(anotherfunction provided by

cuneobjectslenclosedy acune of thesetis takento

betheflow patharea.(Thelargestareais presumedo

betheprojectedrontal areaof the propulsionsystem,
while smallerareasvould beconsideredo beinternal
ductsfor bypassedyleedsandthelike.) A simplecal-

culationbasedipontheverticalextentof the profile at

that stationthenproduceghe width valuefor useby

LAPIN.

It should be notedthat, internally LAPIN is concerned
with theflow pathprofile andits cross-sectionadrea.The
original LAPIN codemadea universalaxisymmetricpre-
sumption allowing cross-sectionareato be computedii-
rectly from the centerbody(if present)and cowl profiles.
The introductionof two-dimensionalnletsto real propul-
sionsystemsiecessitatetheamendmentf LAPIN to ac-



ceptwidth input becausdhe adjustmenbf profile values
to achieve properareasunderan erroneousaxisymmetric
presumptiorwould introduceerrorsinto the obliqueshock
impingmentcomputationperformedoy LAPIN.

The fact that the RBCC flow path is orange-sgment
shapedratherthansimply rectangularis beyondthescope
of LAPIN computation$ecauseno lateraleffectsexist in
the LAPIN formulation. Althoughthe actualflow pathis
an angularportion of an axisymmetricflow path (that s,
theflow pathis madefrom angularportionsof surfacesof
revolution), it wasconsiderednappropriatdo simply ana-
lyze afull axisymmetriceextensionsincethis wouldrequire
thescalingof variousbleedandbypasdlow values.

3 EnhancedCAPRI/ProEngineerSewices

The curve purification discussionidentifies the actwvities
necessaryo dealwith flow pathgeometryin an erviron-
mentin whichanengineis describecdsanassemblyf sep-
aratepieces;cowl, centerbodysplitter plate andthe like.
The greatmajority of computatiorperformedinvolvesthe
integrationof thatseparaténformationusingonly thetools
of adiscretizedgeometryhowever, the ProEngineeprod-
ucthasthecapabilityto eliminatethis compleity by meig-
ing the separatpiecesof theengineassemblynto asingle
solid object. By dealingwith the engineasa singlesolid,
the needfor curve purificationis entirely eliminatedand,
with it, avery large computationaéffort.

A new releaseof the CAPRI libraries recentlyincorpo-
ratedinto the PIA projectnow includestheability to invoke
theseassembly-mejing facilities of ProEngineer Per
forming this function hasbeenmadean optional part of
the CAPRI/ProEnginee€CAD wrapper

It is worth mentioningthat, due to the PIA technology
no reprogrammingf the LAPIN wrapperwasrequiredto
adaptto therevisedCAPRI/ProEngineewrappersincethe
LAPIN wrapperis programmedo thekindsof information
it wants,notto theapplicationpresentinghatinformation.

4 Results

Theresults perse,arevery simple: geometryinformation
was presentedyy the CAPRI/ProEngineeCAD wrapper
andconsumedy the LAPIN wrapperduringtheactof in-

formationpropagtion. In andof itself, this resultis rather
anticlimatic. The samefeatwasaccomplishedisingman-
ualmethodsy theoriginal engineanalysiseam requiring
severalweeksof effort for eachstudieddesign.

A further elementof the result, though,is the speedim-

provementobtainedby automatinghetransferof informa-
tion. Theruntimerequiredwhentheactionsof curve purifi-

cationin a multi-solid, discretizedgeometryervironment
were requiredwas on the order of five days,a figure far
above the“instantly” commonlyexpectedof suchautoma-
tion, but still animprovementover manualmethods.Con-
trastedwith this, the executiontime when a pre-meged,
single-solidformulationof the geometrywasusedwason

the orderof minutes,rangingsomeavherebetweenl? and
30 minutesdependinguponthe granularity of the tessel-
lation producedby the geometricservices.The difference
in thesetwo numberss virtually all in the effort of curve

purification,whichis eliminatedoy thesingle-solidformu-

lation.

Perhapswhat this runtime difference points out most
forcibly is the debilitating effects of geometrydiscretiza-
tion. While the reductionof parametricgeometry(that
is, the geometryof planes,cylinders,cones,andthe like)

to simply a mazeof organizedpointsmay be unasoidable
to achiere aleast-commomlenominatobetweerthe mary

commericalCAD productsthatlossof semantianforma-
tion is hugestepinto the abyss. The ProEngineemulti-

solid meging processs accomplishedn a matterof sec-
ondswhile thesameresultin thediscretizedeductiortakes
days. This points,onceagnin, to thatperpetuaHoly Grail

of the CAD world: a supportedcommon high-level, open
standardor geometriaepresentation.

5 Documentation

Completeclass-by-classnembetby-membedocumenta-
tion is availableon a centralsener thethe GlennResearch
Center Theroot URL for this documentatioris

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

It mustbe stronglyemphasizethatthesepagesarethein-
formal generatiorof the researchergvolved and do not,
in ary way, shapepr form, represenan official statement
of the Governmenbf the United States.
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