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SUMMAR Y

At theSEKE’99 conference,knowledgeengineeringresearchershelda panelon themerits of meta-knowledge
(i.e.problemsolvingmethodsand ontologies)for the developmentof knowledge-basedsystems.The original
panel was framed as a debateon the merits of meta-knowledgefor knowledgemaintenance21. However,
the debatequickly expanded.In the end, we were really discussingthe merits of differ ent technologiesfor
the specificationof reusablecomponentsfor KBS. In this brief article we record someof the lively debate
fr om that paneland the email exchangesit generated.
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What is meta-knowledge?How is it being used?Is that usagea useful thing to do? This article
approachesthesequestionsfrom ourdifferentviewpoints� :
The Constructors: MottaandKalfogloufocusontheconstructionof knowledgebasesystems(KBS)

usingtwospecialkindsof meta-knowledge:ontologies14,33 andproblemsolvingmethods(PSMs)26,6.
PSMsmodeltheusefulinferencepatternsseenin previousapplications.Suchpatterns,it is ar-
gued,simplify andclarify futureimplementations.Ontologiesmodelcommondomainterminol-
ogy. This terminologymight includethedatastructuresrequiredby aPSM.Usingagoodontol-
ogy, it is argued,canguidedevelopersin theconstructionof new systems.For moreinformation
on ontologies,seehttp://www.dai.ed.ac.uk/daidb/people/h omes/ yanni sk/
seke99panelhtml.html .

The Maintainers: Althoff and Menziesfocus on the maintenanceand modificationof KBS using
case-basedreasoning(CBR) 3, 1 andcontinualtesting10,22. CBR researchersarguethatpeople
rarely solve problemsfrom scratch.Rather, they find similar old solutions,then adaptthem
to new situations.Continual testingis a reflective approachto design;i.e. improvementsare
promptedby somedevice reportingerrors30,7. The most importantcomponentof reflective
designis theevaluationdevicesincefailedevaluationsareessentialfor improving thedesign.

Constructionvs maintenanceis only an approximationof our different positions.Clearly, the two
approachesoverlap.Constructorsbelievethatmaintenancecanbesimplifiedvia useof goodontologies
andproblemsolvingmethods.Maintainersbelievethattheir “maintenance”toolscanreallybeusedas
constructiontoolssinceany maintenancetaskinvolvessome(re)constructionof partsof asystem.
�

For moredetailson theseviews, seeourpositionpapersin theproceedingsof SEKE’99
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Thefollowing list of reportedbenefitsfor meta-knowledgeshowsspecificareaswhereweagreeand
disagree.Weall agreeonthecommunications,interoperability andbrowsing/searchingbenefits.How-
ever, while theconstructorsendorsetheguidanceandsystemsengineeringbenefits,themaintainersdo
not.

The communicationsbenefit: Any communicationtask is simplified by a sharedlexicon. Ontolo-
giesarea very usefulcollectionof knowledgefor systematicallyviewing andsharinga specific
topic/problem.For example,ontologiesprovideaunifiedframework within anorganizationthat
reducestheterminologicalconfusion34 arisingfrom differentcontextsandviewpointsfor a par-
ticular domain.Meta-knowledgeis alsouseful for any teachingsituation.For example,meta-
knowledgecansimplify a student’s taskwhen(e.g.)readingtextbooks.Also, Menziesreports
thatabstractmeta-knowledgedescriptionsareusefulwhentutoringsoftwareor knowledgeengi-
neering24. Suchabstractionsserve asa usefulfinal initiation ritual for a novicedesigner. When
they “get” abstractions,we know that the studentsarecapableof comparingandcontrastinga
wide rangeof systems.

The interoperability benefit: Inter-operabilityamongsystemswith differentmodelingmethods,paradigms,
languagesandsoftwaretoolscanbeachievedwith ontologiesthatactasaninter-lingua16.

The browsing/searching benefit: The meta-knowledgewithin an ontologycanassistan intelligent
searchenginewith processingaquery. For example,if aqueryreturnsnoresults,thentheontol-
ogycouldbeusedto automaticallygeneralizethequeryto find nearestpartialmatches.

The systemsengineeringbenefit: OntologiesandPSMs,it is argued,simplifiessystemconstruction.
For example,Kalfoglou executestheconstraintsfoundin existing ontologiesto checknew sys-
tems.Suchpre-existing constraints,are a powerful tool for checkingknowledgewhen other
oraclesareabsent14. In otherwork, onecommercialcompany usedtheontologyassociatedwith
Motta’sPSMdesigntoolsto formalizetheregulationsapplicableto thedesignof thetruckcabin.
This formalization,associatedwith a constraintanalyzer, cut thedesignof thegeometriclayout
of the cabin from 4 monthsto 1 day(!!). Elsewhere,an intelligent PSM librarian wasusedto
build nineKBS applications.Developmenttimeschangedfrom oneto 17days(usingthelibrar-
ian) to a rangeof 63 to 250days(without usingthe librarian)19. Finally, asa lastexample,we
mentiontheSALT KBS editorusedfor theVT elevatorconfigurationsystem.SALT restrictedits
knowledgeeditorsto only thosetermsrelevantfor thepropose-and-revisePSMusedin VT 18,17.
2130� 3062 �
	���
 of VT’s rulescouldbeauto-generatedby SALT.

The guidancebenefit: While we may uselittle of an ontologyor a PSM, it may still be useful as
a “pointer tool”. That is, the ontology/PSMcould be usedasa structuringtool for exploring
a new domain.Roughlyspeaking,reusingabstractedforms of old knowledgeis pointing the
way saying“thesekindsof thingsareimportant,evenif theseparticularthingsarenot”. In this
approach,developerskick-startthedevelopmentwith anontology/PSM.

Mottaarguesstronglyfor thesystemsengineeringandguidancebenefits.PSMresearch,hesays,has
transformedknowledgeengineeringfrom “an art” 13 to astructureddiscipline,organizedin termsof a
numberof genericproblemareas(e.g.,diagnosis,planning,etc...).ThePSM-literateKBS developers
canworry lessaboutissuessuchas(e.g.)conflict resolutionstrategiesfor productionsystems.Such
low-level detailsdonot reflecttheknowledge-levelgoalsof adomainexpert27,8. In aknowledge-level
analysis,the task is to mapthe spaceof knowledgeengineeringtechniquesanddevelop handbooks
similar to thoseof otherengineeringdisciplines.Thesehandbooksspecify the type of problemswe
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dealwith andthe kind of techniqueswe use.In Motta’s view PSMsandontologiesprovide the key
technologiesfor writing thesehandbooks.

Menziesreply to Motta is to notethat,despiteargumentslike thosemadeby Motta andKalfoglou
andtheir colleagues,PSMsaremorewidely usedin Europethanelsewhere.Many othersapproaches
exist 20 andsomecanclaimsignificantsuccesses.For example:

� TheUnitedStatesDARPA High PerformanceKnowledgeBasedinitiative (HPKB) studiedhow
to write KBs faster23. In HPKB yearone,theGeorgeMasonteamgeneratedthemostnew ax-
iomsaddedperday(787binarypredicates)usingDISCIPLE:anincrementalknowledgeacquisi-
tion tool 32. DISCIPLEincludesmachinelearningtoolsfor abstractinglearntruleswhichmakes
themmoregenerallyapplicable.As DISCIPLEruns,its buildsandupdatesthemeta-knowledge
usedfor thepurposesof abstraction.� Proponentsof randomizedsearchalgorithmsdonotusePSM-stylestructuringtoolsfor organiz-
ing theirknowledgebases.Instead,they modeltheirentiredomainsin simpledisjunctivenormal
form (DNF). In comparative studies,suchrandomizedsearchover 3DNF hasout-performed
knowledge-intensiveapproachesby 2 to 3 ordersof magnitude31.� In the RDR approach,a KBS storesa patchtreeto a knowledgebase(eachpatchfixesa rule
andmay itself patchedrecursively). Candidatesfor new patchesareinferredby an analysisof
the pathstaken throughthe KB andthe patchesfound on thosepaths.Patchhistoriesarelow-
level syntacticknowledgeyet capturethe context of changeof an expert system.Very large
expertsystemshavebeenbuilt andmaintainedin thismanner, withoutneedingknowledgeengi-
neers10,11,28,29.

Althoff andMenzieshave otherdoubtsaboutsystemsengineeringandtheguidancebenefitsusing
PSMsandontologies:

� It maynot becost-effective to routinelydevoting a significantportionof thesystemsengineer-
ing effort to formalizingmostof thedomainknowledge.Althoff arguesthatenshriningdomain
terminology(e.g.into anontology)shouldbetheexception,ratherthantherule.Over time, the
evaluationof someexperiencebasewill show which artifactswill bethemostusefulones(and
only theseusefulartifactsshouldbeenshrined).
Also, thelevel of abstractionatwhichwe formalizedomaintermsshouldbelearntvia extensive
experiencewith thatparticularterm 4. For example,sometimes,simpletext-baseddescriptions
of meta-knowledgearepowerful tools.Object-oriented“guidancepatterns”serve to direct the
analyst’s focusonto a setof issuesthat previousanalystshave found insightful. Suchpatterns
includeCHECKS12, Caterpillar’sFate15, andCoad’sstrategies9. This typeof meta-knowledge
is storedassimplechecklistsof Englishtext.� Thesystemsengineeringbenefitsdescribedaboveassumedsomereuseof ontologiesandPSMs.
Thesoftwareengineeringexperienceis that reusecomesat a cost.Verbatimreuseis very rare:
often artifactsfrom a reuselibrary have to be modified prior to their use.The COCOMO-II
softwarecostestimationmodeloffersanestimateof thecostof adaptingreusablesub-routines
for a new project2. A learningcurve mustbe traversedbeforea modulecanbe adapted.Ac-
cordingto COCOMO-II, by the time you know enoughto changea little of that module,you
may aswell have re-written60%of it from scratch(seeFigure11 in Menzies’panelnotes21).
TheCOCOMO-II resultsrelateto theadaptioncostof proceduralsystems.Hence,they maynot
applyto declarative descriptionsof systemterminology(i.e. anontology).However, at thevery
least,theseresultscautionus that just becausewe arereusinganontologyor a PSM,this does
not necessarilymeanthatwe arebuilding systemsmorecheaply. OntologiesandPSMsmustbe
learntprior to useandthis learningtimemayhaveanon-trivial impacton theoverall cost.
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It can be arguedthat that the last point must be false.If it were true, thenwhy canwe find the
spectacularoptimizationsof systemsdevelopmentusingPSMsandontologiesseenabove (recall the
examplesin thesystemsengineeringsections)?Menziesobjectsto thiscounter-argument,arguingthat
without moreprecisemetricscollection,it is hardto interpretthesereportedoptimizations20,23 (e.g.
whenMotta’scolleaguesreducedtheirdesigntimefrom 4 monthsto 1 day, how muchof thatreduction
wasdueto thePSMframework andhow muchto theconstraintanalyzerthatthey used?).

Anotherpoint of contentionwasthestability of themeta-knowledge:

� Mottadefinesmeta-knowledgeasthatknowledgewhich is stableacrossdomains.Stableknowl-
edgedoesexist, hesaysandarguesby example:“You do not changetheC compilerevery time
youchangetheC code”.For many PSMssuchasdiagnosis:thereexist afinite numberof differ-
entapproachesto diagnosis,eachonewith prosandcons5.� Menziestook theoppositeview. Unlike Motta,hedoubtsthatany detaileddescriptionof meta-
knowledgewill everbestable.Meta-knowledgeis not usefulif it simplifiessystemconstruction
but complicatessystemmaintenance.Meta-knowledgeis still knowledge,hesays,andthemain-
tenanceof systemknowledgeis a significantcostof any successfulsystem.Further, he rejects
thediagnosisexamplesayingthathis readingof thedetailsof thediagnosisliteratureis thatsep-
arateandincompatiableabstractionsareofferedby differentauthors24. More generally, based
on a recentliteraturereview 25 he claimsthat in the usualcase,expert useof a KBS produces
significantchangesto thatKBS.

In the end,whatdid we learn?For onething, we now have a clearlydefinition of wherewe agree
and disagree.For another, we now have an explicit list storing the potentialbenefitsof ontologies
andPSMs(to the bestof our knowledge,this list wasonly implicit in the currentliterature).Lastly,
theparticipantslearntmuchabouteachother’spositionswhich would beusefulfor futuredebates(at
SEKE2000?).Basedonaflurry of email,weknow haveguidelinesonwhatargumentswouldwin over
theotherside:

� We needmoreKE metrics.In particular, we needto evaluatethesuccess(or otherwise)of dif-
ferentpartsof oursystems.Also, weneedto testfor thestabilityof our meta-knowledge.� Theconstructors/maintainershavetobemoreexplicit abouttheirmaintenance/constructionmeth-
odsrespectively.
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