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ABSTRACT: The Project Integration Architectue (PIA) usesobject-orientedtechnolagy to implementself-revelation
andsemantidnfusionthroughclassderivation. Thatis, the kind of an objectcanbe discoreredthroughprograminquiry
and the well-known,well-definedmeaningof that objectcan be utilized as a resultof that discovery. This technolagy
hasalreadybeendemonstatedby the PIA effort in its parameterobjectclasses.It is proposedhat, by building on this
technolagy, an autonomousautomatic goal-seekingsolutionsystenmaybe devised.

1 Executive Summary

It is proposedhatthe key object-orientedechnologief
self-revelationandsemantidnfusionthroughclassderiva-
tion combinedand furthered by the Project Integration
Architecture(PIA) effort may form the basisuponwhich
anAutonomousSolutionSystemASS)maybebuilt. Such
systemswill automaticallyformulateapproacheto posed
problemsfrom the availableresource®f a PIA collective
andseekoptimalsolutions.Further the automatiorof this
processwill enablethe applicationof systemanalysedar
beyond the levels attainablewith currentmanualintegra-
tion technologies.

The following benefitsare expectedto accruefrom such
technology

1. Theteamingprocesswill beautomatedvith anatten-
dantincreasan reliability.

2. An auditrecordof the solutionprocesswill be auto-
maticallygenerated.

3. Alternatie solutionstratgjieswill be dispassionately

considered.

4. Riskassessmentithin agivensolutionapproactwill
beautomaticallygenerated.

5. Automationof the teamingprocesswill reduceteam
duties for discipline experts and make more time
availablefor theadvancemenbf thosedisciplines.

6. Integration technology will allow more-reliable,
higherfidelity analysego be developedwithin nar
roweddisciplines.

7. Distributed sener technologywill reduce software
maintenancandadministratiorcosts.

2 Intr oduction

2.1 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 computationafiuid



dynamicgCFD) codesandrelatedexperimentaldata. The
intent of the ICE projectwasto easethe difficulties of in-
teractingwith and interminglingthesedisparateinforma-
tion sources.The projectwasa succes®n a researctba-
sis; however, on review it wasdeemednappropriatedue
to variousunavoidabletechnicalimitationsacceptedtthe
time of projectinception,to advancethe effort beyondthe
successeachieved.

A re-engineerin@f the projectwasinitiatedin 1996]3, 4,

5,6,7,8,9,10,11]. Theeffort wasfirstrenamedPortable,
RedesignethtegratedCFD andExperiment§PRICE)and
then, as the wide applicability of the conceptscameto

beappreciatedProjectintegrationArchitecture(PIA). The
provision of a GUI asa projectproductwaseliminatedand
attentionwas focusedupon the applicationwrappingand
integrationarchitecture.

During the intervening years, work has proceededand
an operationaldemonstrationof the PIA project in a
C++, single-machinemplementationhas beenachieved.
This demonstratioincludestheintegrationof a Computer
Aided Design(CAD) geometry-wrappingpplicationwith
awrappedCFD codeandtheautomatigpropagtionof ge-
ometryinformationfrom oneto the other[5]. Meanwhile,
progresson a CommonObject RequesBroker Architec-
ture (CORBA)-sened, distributed-objectimplementation
of thearchitecturds well undervay.

3 KeyConcepts

ThePIA effort hascapitalizedupontwo key conceptsNei-
theris original to this particulareffort, but theseconcepts
mayhave beencombinedandcarriedfurtherthanthey have
otherwisepreviously gone.

3.1 Self-Revelation

Self-revelationis simply the ability of somethingo tell an

inquirer what it is. This is an entirely commonconcept
with people:onewalks up to a personat a party andasks
her profession to which sherepliesdoctor or lawyer, or

whatever. Furtherinteractionis usefullydirectedfrom that
self-revelationby theinquirer’s knowledgeof theidentified
profession.

In non-objectorientedlanguagedik e Fortranor Cobol (at
leastin their traditional forms), the capability for self-
revelation is somavhat difficult to devise; however, in
object-orientedanguagesvith classderivationandinheri-
tancethis becomes relatively naturalthing. Indeed,some
languageimplementationgrovide the basic mechanisms

asa default, sometimesinavoidable,conditionbecausef
thecorvenienced offersto developmentoolsandthelike.

3.1.1 Self-Revelation of Kind

As demonstrateih thePIA foundationclassesit is aneasy
thing to declarein the patriarchof a classsystemthe abil-
ity to respondo aninquiry with a stringor a codednum-
ber that indicatesthe kind of objectat hand. This is the
very essensef self-revelation,a self-revelationof kind. In
the PIA system,this self-revelation of kind is taken a bit
further in that a conceptof depthis supportedreporting
for ary given objectof ary derived classthe derivational
depthfrom the patriarchandthe kind of the objectat each
derivationallayerfrom the objects surfaceto its patriarch.
(Suchan examinationis called,in the PIA nomenclature,
anecdysiasticalanalysisfrom the Greekekdysisgkdyein
to getout of, strip off.)

3.1.2 Self-Revelation of Content

Anotherslightly differentform of self-revelationexists: a
self-revelation of actualcontentratherthan of kind. For
example,the PIA Application Architecturedefinesthatall
applicationobjectshave,amongotherthings,a setof oper
ationsthatthey perform;however, whetheror notthatsetis
emptyand,if it is notempty preciselywhatoperationsare
in that setis left asa matterof furtherdiscovery, the dis-
covery of content. A consumeiof anapplicationobjectis
responsibldor traversingthe operationsetanddoingfur-
ther analysisof the objectsfound thereto determinewhat
operationsnaybe performed.

3.2 Semanticlnfusion thr ough Derivation

The semansiof somethingmay be definedby encapsu-
lating it in a classderived from anotherclass. Usually a
patriarchialclassis definedasa fundamentallyamorphous
blobwith afew basicabilities. Derivativesof thatpatriarch
arethendefinedwith somebasicstatemenbf whatobjects
of eachderivative have anddo. Additionallayersof derva-
tion are added,at eachstageaddingrefinementasto the
natureandfunctionof the derivative class.

In the PIA effort, classesmmediatelyderivative of the
patriarchialclassencapsulat¢he conceptsof arrays,ma-
tricies, maps,stringsand the like; however, the question
of just exactly whatit is an array or matrix or map of is
left completelyopen. The next derivative layersbegin to
fill in thoseblanks;a mapsortedby strings,for example.
But still a mapusuallygoesfrom somethingo something,
andthat questionis not answereduntil the next derivative



layerin whichit is discoveredthatit canbeamapof strings
to otherstrings,to integer values,to floating point values,
or to objects,dependinguponwhich derivative classis se-
lected.
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PacBObj Part of an application
PacPara A parameter of an application
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Figure3.1: SemantidnfusionthroughClassDerivation

It is this patternof semantidnfusionthroughclassderia-
tion thatis exploited by PIA. At somepoint (asillustrated
in Figure 3.1), a derivative classbecomesa parameter
whateveraparameteis. Beyondthat,aparametebecomes
a scalar a vector a matrix, an organization,andthe like,
thena scalarinteger, a vectorof floating point values,and
soon. And beyondthat,a parametecanbecomea dimen-
sionalparameterandthenaparametewhosedimensional-
ity is of pressurer speecrlength. Thenapressurgaram-
etercanbecomea gaspressurethena total gaspressure,
thenafarfield totalgaspressureandthenanupstreanfar
field totalgaspressureandsoonuntil justexactlywhatthe
parameteris is utterly definedandrevealedby the type of
its encapsulatinglass.

This semantidnfusionis not limited to parameterslone.
It canbe employedfor operationsapplicationsjndeedfor
arnything whosecharacteristicgan be identifiedand then
further refined. Thus, an applicationcan startout asjust
anapplication thenberefinedto ananalyticalapplication,
thento a fluids analysisapplication,thento a fluid flow
analysisapplicationandsoon.

3.3 The Combination of the Concepts

Asis probablyself-evidentby now, thecombinatiorof self-
revelationwith semantidnfusion throughderiationis of
enormougpotential.lt makesit possiblefor apieceof code
to be handeda referenceto an unknavn objectand dis-
cover whatit is and,with appropriateneedandknowledge

placedin thatconsumingcode,put thatobjectto use. For
example,codecanbe written that discoversthatan object
is, in fact, an upstreamfarfield Mach numberparameter
and,presuminghatthatis thekind of informationthe code
wantedo have, thatencapsulatedumbercanbeputto use.

Further throughthe self-revelationof contentit canbedis-
coveredwhatotherparameterareassociatedvith thatre-
vealedMach number In the PIA formulationof applica-
tions, parametergxist in configurations which both hold
otherparametergandinherit parameterérom their ances-
tral configurations. A searchof theserelatedparameters
may reveal the altitude at which the Mach numberexists,
thetotal temperaturepressurewhatever.

The PIA formulationfurther indicatesthat configurations
exist ascomponent®f applicationsso self-revelationcan
be pursuedo the point of discoveringthe kind of applica-
tion in which this Machnumberexists. Othermechanisms
definewhetherthe Machnumberis an outputof the appli-
cationor aninput to it. While not yet implementedthe
ability to inquire asto the confidencethat may be placed
in thisMachnumberis alsoforseenis theanalysisof such
highfidelity thattheMachnumbermesultit producess very
likely to beright, or is it just an estimationfacility to get
into theright ballpark?

All of this discussiorpresumeshattheclientcodewanted
Mach numberinformation. If Mach numbersareirrelvant
to thesituation,for examplebecausd¢oasterarebeingde-
signedthentheMachnumbeiis easilyignoredwhile infor-

mationmorerelevantto thesituationis awaited.In point of

fact, client codeneedhave no codedknowledgeof Mach
numbersat all. All thatis neededs an escapeoutefor

“unrecognized”.Sucharouteis entirely sufficientfor han-
dling untoldthousandsf parameteforms.

4 The Postulate: A SolvweYourself Method
Can Be Devised

With this combinatiorof self-revelationandsemantidnfu-

sionin handiit is now postulatedhat, given a sufficiently
rich environment,thereexists a setof problemsfor which
a useful SolveYourself function canbe devised. The key

characteristiof this setof problemss thatthey musthave
aclearlydefinedanswer Truelove is not yet sucha prob-
lem, dollars per useful poundto low earthorbit is much
morelikely to be so. Furthermore problemsfor which a
SolweYourselfmethodcanexist areoftenlikely to be cast
asoptimizationproblems:getthe best,getthe mostfor the
least. This is a problemformulationwith wide applicabil-

ity.
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Figure4.1: An Automatically-ldentifiedApplication Pro-
ducinga DesiredResult

It is proposedhat,giventhePIA technologybaseandasuf-
ficiently rich setof applicationwrappedn thattechnology
the solutionof suchproblemscanbe dealtwith in anauto-
maticmannerA searchof availableparameteformscould
revealwhatkindsof parameterencapsulatéhedesiredre-
sultandwhat availableapplicationgproducethoseparam-
eters.For example,in a sufficiently rich PIA environment,
acost-pefuseful-pound-to-orbpharametewould existand
therewould be someapplication,illustratedin Figure4.1,
thatcomputedhat sortof parameteasanresultof its op-
eration. Automatedexaminationof the possibiliteswould
beableto identify theseapplications.
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Figure4.2: Automatically-ldentifiedApplicationsProduc-
ing Needednputs

If anapplicationcanbeidentifiedasproducingthedesired
result,the inputsrequiredfor thatapplicationcanbeiden-
tified anda recursve searchto satisfythoseneedshegun.
Otherapplicationswvould be soughtwhoseoutputsmatch
the outstandingrequiredinputs. Cost per poundto orbit
probablyneedsnputsof how muchpayloadandhow much
cost. An analysisproducingthe poundsto orbit would
seemto matchonepieceof this puzzleand,thus,a search
for applicationsproducingthat resultwould be done. As
illustratedin Figure4.2, connectiondetweerapplications
generatingliscoveredoutputsandthoseconsumingthose
outpusastheir own inputswould be madeandnew inputs
for thediscoveredapplicationsvould beaddedio the mix.
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Figure 4.3: Reductionto Applications Requiring Only
Randominputs

Therecursve cycle would continuein which applications
producingoutputs matchingthe currently neededinputs
would be soughtand,asthoseapplicationsarefound,their
needednputswould be,again, addedo themix. It is then
proposedhat, giventhe sufficiently rich environmentthat
hasbeenassumedtherewill comea point, illustratedin
Figure4.3,atwhichthesetof needednputswill havebeen
reducedo thosethatcanbeguessedprobablyonarandom
basisand,atthatpoint,theproces®f solutionconstruction
canterminate.

Inputsthatcanbeguessedvill bethosethatspecifyanarbi-
trary, but semanticallyalid (thoughnot necessarilgood)
design. For example as shawvn in Figure 4.4, a classic
axi-symmetricpropellant/oxidizerocket engineis largely
specifiedby a seriesof cross-sectionareasalonganaxis,
in particular the cross-sectionahreasof the comtustor
throat,andskirt. Somerandomnumbersetsfor thesethree
key parametersvill resultin agoodengine mostwill not;
but all suchsetsof threenumbergesultin anenginedesign
whetheror notit is goodor bad. It maybethatapplications
applying heuristictools to randomly selectednputs may
be formulatedso thatthe rangeof a randomdesignis not
goodto bad (with a preponderanemphasison bad), but
from goodto adequateThisis illustratedin thefigurewith
the constrainedrectorformulation: the comhustioncham-
ber and skirt areasare non-dimensionalizetdy the throat
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Figure4.4: A Rocket Motor DesignApplicationRequiring
Randominputs
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Figure4.5: Applicationof OptimizationControl

For the purposeof the SolveYourselfmethod,the reduc-
tion of the problemto one needingrandomlyselectedn-
putsonly is anecessarandsuficientcondition.As shaovn
in Figure4.5, an optimizing solutiongeneratorcanbe ap-
pliedto theconstructeadpplicationgraphto pick arandom
startingpoint, analyzetheresult,andcorrectthedesign.A
greatdeal of existing work in optimizationmethods,sta-
tistical characterizationgeneticalgorithms,andthelike is
applicableto this partof the SolveYourselfmethod.

The algorithm of solution building haslong beenknown
and practicedin anotherform: that of programbuilding
thathasbeenexercisedy linker/loademprogramdor ahalf
centuryor more. The linker/loadermproblemis more defi-
nite. An initial programmoduleis insertedproviding at
leasta key entry point, the main program,andenteringa

list of neededentry pointsto completethe program.Other
inputmodulesandlibrariesaresearchedor piecesprovid-

ing theseentry pointsand,asthosepiecesareaddedtheir
internaltablesaddmoreentrypointsthatthey, in turn,need
to operate. Marny of thoseentry pointswill alreadyhave
beenidentified; however, somemay be nev andcauseyet
anotheroundof searching.Ultimately, linker/loaderpro-
gramssatisfyevery suchentrypointrequesbr reportafail-

ureto produceanexecutablgprogram.

Thesearclphaseof theSolveYourselfsystems fundamen-
tally the sameasthat of the linker/loader The difference
is thatthe SolveYourselfsystemwill, almostcertainly en-

counterambiguitieslesseasily resohed thanthoseof the

linker/loaderoperation.lt maybethatseveralapplications
will produceoverlappingsetsof currently-requirednputs.

Determiningwhich applicationshouldbe selectedo pro-

videtheoutputmeetingheneedof therequirednputmay

be challenging.Onthe surfaceit would seemthatthe con-

fidenceexpressedby eachcompetingapplicationin its out-

putswould have somerole in sucha decision;however, an

applications confidencein its output might dependupon

its confidencadn its inputs. A challengingexercisein dis-

ambiguationis almostcertainto result. A SolveYourself
solutionmustbe preparedo maintainmary possible and

perhapsomplete solutiongraphssothatrulesandanaly-

sesmay be appliedacrosghe constructedvholesto select
amongapparenequals.

4.1 TheFly in the Ointment: The Presumptionof Ap-
plication Reliability

Thereis animplicit assumptiorunderlyingthis entirepro-
posal: it is thatwrapped,sened applicationsare,in fact,
reliable. Thisis afactnotentirelyin evidencein thecaseof

mary advancedanalysiscodes.For example mary current
computationafluid dynamicscodesdo not simply readin

atrivial input setandrun reliably to a convergedsolution;
insteadthey rely ontheexpertcareandfeedingof thedis-
cipline expertthattweaksandpatsandencouragethecode
toward an answey andthencastsa critical eye on thatan-
swerjustto becertain.

Thereareanumberof answergo this admittedweakpoint.

1. The PIA implementationalready provides an event
mechanisnthatwrappersmayuseto requestattention
from adisciplineexpertwhenusualeventsoccur The
summonedxpertcantheninterveneandprovide the
needecdareandattention.

2. ThePIA implementatioralreadyimplementgheabil-
ity to notewhensuchfailuresoccurandstopthe flow



of solutionfor the affectedproblemconfiguration.If
thosefailuresoccurin only someconfigurationsoth-
ersarestill ableto soldieron. The netresultwill be
thata portion of the designspacewill be blocked out
as being untenablefor reasonghat are entirely au-
ditable.

3. As will be expoundedon shortly, the introduction
of automatedntegrationtechnologymayallow disci-
plinesto be narraved andsimplifiedin theirfocus. It
is hopedthatsuchsimplificationsmight leadto more
reliable,higherfidelity applications.

4. ThePIA applicatiorwrapperprovidestheplacewhere
neededxpertisecanbeencapsulatedlhisis, indeed,
oneof thelongtermgoalsof thePIA effort: to capture
thedisciplineexpertisesothattheability to run appli-
cationswill no longerretire with the peoplehaving
thoseabilities.

5. Finally, unreliableapplicationsare neitherthe fault
nor the responsibilityof the integration system. If
someproblemsdefy reliableanalysisthenthe expec-
tation that finely-tuned,cost-efective, reliable, high
performancesystemsanbe achievedis unrealizable.
Wewill needto orderagreatdealof chevinggumand
bailing wire asour risk mitigationstrategyy.

5 The World Beyond the Solution

The discussiorto this point considersonly “analysis” ap-
plications that directly participatein the automatically-
formed solution graph; however, the postulated“suffi-

ciently rich” PIA collective can easily introduce mary

sourcesof relevant information that may not have a di-

rect, participatize role in the solution process. Specifi-
cally, mary sourcesof experimental,empirical, or other
datawhich documentsituationssimilar to portionsof the
problemat handmay exist andbe automaticallydiscover-

ableby thedirectparticipantghroughPIA technology

Thesesourcesof relevant datawill likely be read-only
in natureand will representonfigurationdfixed in time.
Thus, thesesourcescannotbe directly incorporatedinto
oneor anotherconfigurationof the solutionprocessAs il-

lustratedn Figure5.1,thisinformationcanstill contritute
to the solution by providing starting or datum points to
whichtheautomatedolutionparticipantanayrefer

Consideras an exampleof this a CFD analysiscodethat
hasbeencoupledinto anautomatically-generatezblution
graph. Theinputsof the analysismay all have beensyn-
tactically satisfiedby the solution graph generationpro-
cess: gridded geometrymight comefrom this predeces-

Random design vector

Application X

istical Ch ization

Genetic Manipulation
Optimization

Design for Six Sigma

Figure5.1: Useof Relevant Archivesof Experimentabnd
OtherData

sorapplication farfield boundaryconditionsfrom another
predecessoapplication,and so on. Despitethis techni-
cal satishction, the CFD codemight still needsomeex-

ample starting point; it might needsomeinitial solution
taken from a similar problemwhich it cantheniterateon

computationallyntil it corvergesto a solutionof theprob-
lem actually posed. It is in suchan areathat the rele-
vant, non-participatoryresourcef the collectve might
still contribute: the CFD code (or, more accurately the
PI1A-conformantvrapperof the code)couldsearchthecol-

lective for flow field information of the desiredkind and,
finding such information, could discriminateits choices
basedon contextual issuessuchasthefarfield conditions,
geometricsimilarities,andthelike.

The ability of solution participantsto searchthe collec-
tive for relevant, but not directly participatory information
enhanceghe value of thosestaticresourceandwarrants
theintroductionof thoseresourcednto the collective. The

mountainof archveddata— propulsionsystemslata, flow

field data airframedata structuradata,dynamicdata,and
thelike ad infinitum— suddenlygainsenormouslyin value
asautomatedouchstone$or currentsolutionsystems.

Finally, it mightbeimaginedthatthe contritbutinginforma-
tion sourcescould extend beyond the rangeof static, pre-
existing asset4o encompassewly-generatedsourcese-
guestedoy the solution process.Continuingthe previous
CFD example,supposéhat a startingpoint is needecand
thata searchof the collective providesno suficiently rele-
vantexample:the samePIA eventmechanisnthat allows
a wrapperto requestassistanceould also allow a suffi-
ciently intelligent wrapperto requestthe performanceof
anexperimentor otheractionto provide the needednfor-
mation. The solutionprocesscould be suspendedntil the
informationis provided,or it couldbeterminatedperhaps
just for that particularconfiguration)if the eventresponse



indicatesthatno suchinformationwill beforthcoming.In
this way the selectionof experimentsand other actvities
canbecometruly directedby the actualneedsof the solu-
tion processratherthansimply beinga guessat whatdata
pointsmay somedaybeneeded.

6 Benefitsof the SolvweYourself Method

The key benefitof AutonomousSolution SystemgASSs,

the SolveYourselfmethod)is thatit appliesthe relentless,
ploddingstupidity (andeverincreasingspeed)f thecom-

puterto a problemthatis oftenmishandledy people.

6.1 Automation of the TeamingProcess

Thefaultsof peoplein theteamingarenaaremary. To start
with, few people|f any, havethecapacityto internalizethe
entirety of a systemas comple as a launchvehicle or a
high-performancair transportcraft. Teamsareinevitably
formedto amelioratehis fact,usuallyin thefaceof politi-

calbarriersdisalloving the participationof someandigno-
ranceunknavingly eliminatingthe partcipationof others.
Thefidelity of informationtransfer evenbetweerthe low-

est,mosttechnicallycompetentevels,is oftenpoor, while

thefidelity of suchprocessesat the highestteamlevelsis

customarilymuchworse.

ASSs eliminate peoplefrom this processand substitute
machine-basettamingfor human-baseteaming.Within

a PIA collective, thereis no questionof politics. Applica-

tionsarenoteliminatedoecaus¢hey comefrom thewrong
sideof therouter If anapplicationis senedwithin a col-

lective, it is trusted; its expressionof confidencein the
numbersit generatess taken asvalid, without snicker or

scavl. Furthermorethe searchof a collective is exhaus-
tive: an applicationdoesnot go unnoticedbecauséhead-
quartersdidn't know it had a groupin Peoriathat could

handlethis.

Becauseof the advancesmadeby PIA-developedtech-
nology the fidelity of information propagtion within an
automatically-generatesblutionis unerring: dimensional
systemsare never inadwertantly mixed, designconfigura-
tionsnever mismatcheddligits areneverreversedpaddata
is never slippedin becausehe personwho knew it was
badretiredelevenyearsago.Furthermorethetop decision
maler of an automatically-generatesblutionis as fluent
and accuraten the designinformationasthosehandling
thelowest-level transfers.

6.2 Automatically-GeneratedAudit Trail

By using PIA technologyalreadyin place, an ASS ap-
proachwould automaticallygeneratea machine-auditable
trail of both the examineddesignsandthe processof as-
semblingthe methodof solution. This trail would extend
notonly from thefinal, proposednsweito thefirstrandom
guesshut would includeall of the branchesxaminedand
rejectedasbeinglessthanoptimal.

6.3 Zero-BiasSolution Analysis

The applicationof ASS technologybringswith it the po-

tential, indeedthe likelyhood, that previously unconsid-
eredformulationsof arny given problemwill be consid-
ered. An ASS will not know that we always go to this

division to solwe this problem;while an ASS will seethe

capabilitiesof thatdivision to bridgesomeparticularsolu-

tion gap, it will, in its generatiorof the potentialitiesof the

solution graph,alsofind ary otherapplicationpathsthat

might bridge the samegap. Assumingsomeconfidence-
computationapproachto graphdisambiguationjt might

well discover thatthe alternatvesaremoreattractive, even

thoughthey mightbemoreobtuse Furthermoreasnew ca-

pacitiesappeamwithin a collective, the solutionsthatwere

identified yesterdaymight be differentfrom the solutions
thataremappeduttomorrow.

Figure6.1: Confidencd.evels Developedfrom an Assem-
bled ApplicationGraph

6.4 Automatic ldentification of Weak TechnologyAr-
eas;Risk Assessment

Anotherthing that might fall out asa byproductof ASSs
is the identificationof technologyareasthat needwork.
Thesolutiongraphwill mapthepathfrom randominputto
computedoutput. Confidencenumberswill be associated
throughoutthe graphaseachcomponengpplicationnode
addsits expertiseto the ever-improving analysis. Rela-
tively simpleanalysisof the progressiorof confidencewill
revealto peoplewherefurthertechnologydevelopmentis



neededand, thus, whereto focustheir further resources.
This may be consideredx form of risk assessmerstinceit
identifiesthoseareadn which a given solutiondoesnt en-
tirely know whatit is doing.

An attemptis madeto illustratethis conceptin Figure6.1
whichplotssolutionconfidencevertically overahypotheti-
calsolutiongraph.ldeally, confidenceshouldrisesmoothly
frominitial to final nodealongeachof thepathsconnecting
thosetwo points. Plateausgullies, andthe like represent
portionsof the solutionthatarenot performingatthe same
level asthe overall solution.

6.5 Impr oved Utilization of Discipline Experts

ASSseliminatethe needfor peopleto participatein teams
by automatingthe teamprocess. This makes more time
availableto disciplineexpertsto advancethe disciplinesin
which they are expert. The hypersonicinlets expertswill
nothaveto devote2 hourson MondayandThursdaymorn-
ingsto attendingheteammeetingsnorwill they spendhe
full dayevery monthgoingoverthe currentdesignreview,
nor will they spendtime on the phonewith the comhustor
expertsstraighteningout which flight conditionthat setof
fileswasfor. Insteadall of thattime will bereturnedo the
usefulpuposeof makingtheirinlet analysishetter

6.6 Improved Maintenance of System-In/olved Soft-

ware

Useof thePIA collective technologyalsomeanghatwhen
thedisciplineexpertshave comeoutwith thelatestwrinkle
in whattheir codecando, everythingdoesnot cometo a
halt while they repackagandredistritute their codeto all
the consumingpoints,thoseconsumersipdateor re-install
their copies,and everybodyis retrainedon what the new
wrinkle does. Instead the disciplinesener may not even
have to pausewnhile thelink is changedo the revisedap-
plication code. At most,an orderly pausemay be needed
to updatethe sened wrapper Solutionsin progressnay
not realizethatimproved analysisis beingreceved; how-
ever, a revision of the solution baseduponthe improved
discipline capacityis an automaticprocessrequiringjust
anotherdoubleclick and,perhapsareferralto thebestthat
hadbeenobtainedn the previoussolution.

6.7 Narrowing of Discipline Focus

Becausef thetransferof integrationtasksto anautomated
processijt may be possibleto narrav andfocusdiscipline

researchio moreelementaproblems.For example,instead
of producinga singleanalysisof a completeinlet system,

it may be possibleto focus available effort on a higher
fidelity analysisof a singleinlet sgmentand leave it to
theintegrationsystento couplethoseelementsnto acom-
pleteinlet systemanalysis.This does,in this example,in-
troducetheseeminglynew disciplineof flow physicstrans-
fer acrossaboundaryhowever, thisdisciplinewasimplicit
when one attemptedthe inlet systemanalysisin the first
place. By relying uponintegrationtechnology one com-
plex disciplinemaybereducedo two or moresimplerdis-
ciplinesin which equvalentresourceexpenditurewill have
agreatereturnoninvestment.

7 Rationale

Having consideredll of thesepossibillitiesand supposed
benefitspnesignificantquestiorremains:why botherwith
ASSs? After all, commercialintegration systemsexist in
whichthetechnologismanuallyconnectshedotsfrom ap-
plicationto application. Thesesystemdave intuitive GUI
interfacesfor theintegrationtask,have proveneasyto use,
and have producedreal-world savings and benefits. Why
botherautomatinghis alreadysuccessfutechnology?

Theanswerto this questionis that ASSswill benecessary
to assemblanalyseof truly significantsystemsreusable
launchsystemsadwancedair transportvehicles,complete
spaceexploration missions,andthe like. The manualin-
tegrationsystemsare only practicalwhenappliedto rela-
tively simple systemswhich resultin dot-connectiorpro-
cessef managble proportions; perhapsten or twenty
applicationscooperatingo provide a systemanalysisof,
say a multi-stageturbine. Whenthe numberof applica-
tionsto be integratedbeginsto increaserom tensto hun-
dredsthousandsen-thousandsndbeyondto provide the
analysisof a completereusabldaunchvehiclesystemthe
magnitudeof theintegrationprocesswill simply grow be-
yond the capacityof manualtechniques.The probability
that somememberof the integrationteamwill manually
connectthe wrong dot will grow to the point of nearcer
tainty. (Considertheintegrationof 1000applicationseach
transferring20itemsonto othermemberf theintegrated
whole;if it is 99.99percentcertainthateachconnectiorof
anitemto areceving applicationis correctthenthereis an
86 per centprobability that one connectionrsomevherein
theintegratedwholeis wrong.) It is the automatiorof the
integration processwith its inerrantdot-connectiorpro-
cessthatwill enablesuchsystemanalyseso beconducted.

In additionto enablingthecomprehensi analysisof com-
plex systems ASSswill further enablethe re-analysisof
those systemsas needednen analytical capabilitiesare
identified and introduced. Even if a completecomplex
systemwereanalyzedthrougha massve, manualintegra-



tion teameffort, theideathatit would be economicallyre-
integratedagain and again and again as new component
analyseshecameavailable is doubtful. Further the idea
that suchre-intggrationswould be adequatelydocumented
sothatit wasclearjustwhatanalysishadbeenconductedo
provide thefinal, acceptableansweris even moreremote.
ASSsenabledocumentedauditablere-integrationof com-
plex systemanalysesy applyingthe mindless,plodding
stupidity of thecomputerto thattask.

8 Summary

The existanceof an ability for problemsto meaningfully
solve themseles hasbeenpostulatedand a sketch of the
methodologyby which this might be donehasbeenpre-
sented. The conceptsof self-revelation and semanticin-

fusionthroughclassderivation developedthroughthe PIA

effort arekey to this capacity allowing the problemof so-

lution generation/aganizationto be pursuedin a manner
like that of executableprogrammindinking. Key benefits
of AutonomousSolutionSystem(ASS)technologyinclude
thefollowing.

1. Automationof the teamingprocess;humanfoibles,
inaccuraciesfantasiesandlimitationsareeliminated
from theteamingprocessandtherelentlessplodding,
unerringstupidity of thecomputeris substituted.

2. Automatic generationof a solution audit trail; ev-
ery decisionpoint from initial method formulation
to final, proposeddesign solution would be docu-
mentatedn a machine-auditablenanner;all alterna-
tivesexaminedandrejectedwould be retainedfor re-
examinationof thedecisionprocess.

3. Elimination of biasfrom the solutionapproachalter
native stratgiesto eachsolutionphasearedispassion-
ately considerecakachtime anew problemis posed.

4. Automatic identification of weak technologyareas;
analysisof confidencdevelsthrougha generatedo-
lution graphprovidesabasisonwhichto assesghere
capabilitiesareweak;this mayform the basisof auto-
matedrisk assessment.

5. Automation of team processesmproves discipline-
focusedtime utilization; discipline experts are re-
lievedof teamingdutiesandthereforehave moretime
to devoteto discipline-adancingpursuits.

6. Reducedsoftwaremaintenancedlisciplinesoftwareis
senedby asinglesener (or clusterof seners)associ-
atedwith the centerof disciplineexpertiseratherthan

distributedto all theconsumersf thatdisciplinesoft-
ware; revisions and updatescan achieve neartrans-
pareng.

7. Integrationtechnologycanenablenarraveddiscipline
focus; it may be possibleto abandoncomplec sys-
temdisciplinesin favor of morenarravly focusedel-
ementaldisciplines;eventhoughnew integrationdis-
ciplinesareintroducedthehigherlevelsof discipline
clarity mayresultin anoverallimprovementin there-
turnoninvestment.

Finally, the applicationof automationto the solutionfor-
mulation task allows the extensionof integrated analy-
sisinto realmsbeyond the reachof existing manualtech-
nigues.
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