JOURNAL OF SE& KE, 10(4),1 (DECEMBER2000)

Issueswith Meta-Knavledge

TiMm MENzIESE, KLAUS-DIETERALTHOFF, YANNIS KALFocLouT, ENrRico MoTTAT

INASA/WVUSoftwae Reseath Lab, 100 University Drive, FairmontW\, USA,26554
$Fraunhoferinstitutefor ExperimentaSoftwae Engineering Kaiserslautern,Germany
TInstitutefor Repesentatiorand ReasoningUniversity of Edinburgh, UK
tKnowled@ Medialnstitute TheOpenUniversity, Walton Hall, Milton Keynes,UK
<ti m@enzi es. com kl aus-di eter. al thoff @ese. f hg. de
yanni sk@ai . ed. ac. uk, e. nott a@pen. ac. uk>

SUMMARY

At the SEKE’99 conference knowledgeengineeringreseachersheld a panelon the merits of meta-knowledg
(i.e.problemsolvingmethodsand ontologies)for the developmentof knowledge-baseadystemsThe original
panel was framed as a debate on the merits of meta-knowledge for 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
from that panel and the email exchangest generated.

Keywomds: Problem solving methods,ontologies,reuse knowledgeengineering,evaluation.

What is meta-knevledge?How is it being used?ls that usagea useful thing to do? This article
approachethesequestiondrom our differentviewpoints':

The Constructors: MottaandKalfogloufocusontheconstructiorof knowledgebasesystemgKBS)
usingtwo speciakindsof meta-knavledge ontologies* 33 andproblemsolvingmethod{PSMs)?6:6.
PSMsmodelthe usefulinferencepatternsseenin previous applications Suchpatternsijt is ar-
gued,simplify andclarify futureimplementationsOntologiesmodelcommondomainterminol-
ogy. Thisterminologymightincludethedatastructuresequiredoy a PSM.Usinga goodontol-
ogy, it is agued,canguidedevelopersn theconstructiorof new systemsFor 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-baseteasoning CBR) ! andcontinualtesting'®?2. CBR researcherarguethat people
rarely solve problemsfrom scratch.Rather they find similar old solutions,then adaptthem
to new situations.Continualtestingis a reflectve approachto design;i.e. improvementsare
promptedby somedevice reportingerrors3%:7. The mostimportantcomponentof reflective
designis the evaluationdevice sincefailed evaluationsareessentiafor improving thedesign.

Constructionvs maintenanceés only an approximationof our different positions.Clearly, the two

approachesverlap.Constructordelieve thatmaintenanceanbesimplifiedvia useof goodontologies
andproblemsolvingmethodsMaintainersbelieve thattheir “maintenance’toolscanreally be usedas
constructiortools sinceary maintenanceaskinvolvessome(re)constructiorof partsof a system.

* For moredetailson theseviews, seeour positionpapersn the proceeding®f SEKE’'99
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Thefollowing list of reportedbenefitsfor meta-knaviedgeshows specificareasvherewe agreeand
disagreeWe all agreeonthecommunicationsnteroperability andbrowsing/seashing benefits How-
ever, while the constructorgndorsehe guidanceandsystemgngineeringoenefitsthe maintainerslo
not.

The communicationsbenefit: Any communicationtaskis simplified by a sharedlexicon. Ontolo-
giesareavery usefulcollectionof knowledgefor systematicallywiewing andsharinga specific
topic/problemFor example,ontologiesprovide a unifiedframeawork within anorganizatiorthat
reducegheterminologicalconfusior?* arisingfrom differentcontexts andviewpointsfor a par
ticular domain.Meta-knavledgeis alsousefulfor ary teachingsituation.For example,meta-
knowledgecan simplify a students taskwhen (e.g.) readingtextbooks.Also, Menziesreports
thatabstracmeta-knavledgedescriptionsareusefulwhentutoring softwareor knowledgeengi-
neering?*. Suchabstractionsene asa usefulfinal initiation ritual for a novice designerWhen
they “get” abstractionswe know thatthe studentsare capableof comparingand contrastinga
wide rangeof systems.

The interoperability benefit: Inter-operabilityamongsystemsvith differentmodelingmethodsparadigms,
languagesindsoftwaretools canbe achievedwith ontologiesthatactasaninter-linguat®.

The browsing/seaching benefit: The meta-knevledgewithin an ontology canassistan intelligent
searctenginewith processingiquery For example,if aqueryreturnsnoresults thentheontol-
ogy couldbe usedto automaticallygeneralizeéhe queryto find nearespartial matches.

The systemsengineeringbenefit: OntologiesandPSMsiit is argued,simplifiessystemconstruction.
For example,Kalfoglou executeghe constraintfoundin existing ontologiesto checknew sys-
tems. Such pre-«isting constraintsare a powerful tool for checkingknowledgewhen other
oraclesareabsent?. In otherwork, onecommerciacompary usedthe ontologyassociateavith
Motta's PSMdesigntoolsto formalizetheregulationsapplicableto thedesignof thetruck cabin.
This formalization,associatedvith a constraintanalyzey cut the designof the geometridayout
of the cabinfrom 4 monthsto 1 day(!!). Elsevhere,an intelligent PSM librarian was usedto
build nineKBS applicationsDevelopmentimeschangedrom oneto 17 days(usingthelibrar-
ian) to a rangeof 63 to 250 days(without usingthe librarian) 1°. Finally, asalastexample,we
mentionthe SALT KBS editorusedfor the VT elevatorconfiguratiorsystemSALT restrictedts
knowledgeeditorsto only thosetermsrelevantfor the propose-and-rasePSMusedin VT 1817,
21303062~ T0% of VT’ srulescouldbeauto-generatety SALT.

The guidancebenefit: While we may uselittle of an ontology or a PSM, it may still be usefulas
a “pointer tool”. Thatis, the ontology/PSMcould be usedas a structuringtool for exploring
a new domain.Roughly speaking reusingabstractedorms of old knowledgeis pointing the
way saying“thesekinds of thingsareimportant,evenif theseparticularthingsarenot”. In this
approachdeveloperskick-startthe developmentwith anontology/PSM.

Mottaarguesstronglyfor thesysteme&ngineeringandguidancebenefitsPSMresearchhesayshas
transformednowledgeengineeringrom “an art” 13 to a structureddiscipline,organizedn termsof a
numberof genericproblemareade.g.,diagnosisplanning,etc...). The PSM-literateKBS developers
canworry lessaboutissuessuchas(e.g.) conflict resolutionstratgiesfor productionsystemsSuch
low-level detailsdo notreflecttheknowledge-level goalsof adomainexpert?”-8. In aknowledge-level
analysisthe taskis to mapthe spaceof knowledgeengineeringechniquesand develop handbooks
similar to thoseof otherengineeringdisciplines.Thesehandbooksspecify the type of problemswe
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dealwith andthe kind of techniquesve use.Iln Motta’s view PSMsand ontologiesprovide the key
technologiegor writing thesehandbooks.

Menziesreply to Motta is to notethat, despiteargumentdik e thosemadeby Motta andKalfoglou
andtheir colleaguesPSMsaremorewidely usedin Europethanelsavhere.Many othersapproaches
exist 20 andsomecanclaim significantsuccesses-or example:

e TheUnited StatesDARPA High Performancé&nowledgeBasednitiative (HPKB) studiedhow
to write KBs faster?3. In HPKB yearone,the Geoge Masonteamgeneratedhe mostnew ax-
iomsaddedperday(787binarypredicatesysingDISCIPLE:anincrementaknowledgeacquisi-
tion tool 32, DISCIPLEincludesmachingearningtoolsfor abstractindearntruleswhich makes
themmoregenerallyapplicable As DISCIPLE runs,its builds andupdateghe meta-knavledge
usedfor the purpose®f abstraction.

¢ Proponentsf randomizedsearchalgorithmsdo not usePSM-stylestructuringtoolsfor organiz-
ing theirknowledgebasesinsteadthey modeltheirentiredomaindgn simpledisjunctve normal
form (DNF). In comparatie studies,suchrandomizedsearchover 3DNF hasout-performed
knowledge-intensie approacheby 2 to 3 ordersof magnitude®.

¢ In the RDR approacha KBS storesa patchtreeto a knowledgebase(eachpatchfixesa rule
andmay itself patchedrecursvely). Candidategor new patchesareinferredby an analysisof
the pathstaken throughthe KB andthe patchedound on thosepaths.Patch historiesare low-
level syntacticknowledgeyet capturethe context of changeof an expert system.Very large

expertsystemdave beenbuilt andmaintainedn this mannerwithout needingknowledgeengi-
neerslo’ 11,28, 29.

Althoff andMenzieshave otherdoubtsaboutsystemsngineeringandthe guidancebenefitsusing
PSMsandontologies:

¢ It maynot be cost-efective to routinely devoting a significantportion of the systemsengineer
ing effort to formalizing mostof the domainknowledge.Althoff arguesthatenshriningdomain
terminology(e.g.into anontology)shouldbe the exception,ratherthantherule. Overtime, the
evaluationof someexperiencebasewill shov which artifactswill bethe mostusefulones(and
only theseusefulartifactsshouldbe enshrined).

Also, thelevel of abstractiorat which we formalizedomaintermsshouldbelearntvia extensve

experiencewith that particularterm#. For example,sometimessimpletext-baseddescriptions
of meta-knevledgeare powerful tools. Object-oriented'guidancepatterns’sene to directthe

analysts focusonto a setof issuesthat previous analystshave found insightful. Suchpatterns
includeCHECKS??, Caterpillars Fate!®, andCoads stratgies®. This type of meta-knavledge
is storedassimplechecklistsof Englishtext.

e Thesystemsngineeringenefitsdescribedcabore assumedomereuseof ontologiesandPSMs.
The software engineeringxperiences thatreusecomesat a cost. Verbatimreuseis very rare:
often artifactsfrom a reuselibrary have to be modified prior to their use. The COCOMO-II
software costestimationmodeloffers an estimateof the costof adaptingreusablesub-routines
for a new project?. A learningcurve mustbe traversedbeforea modulecan be 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(seeFigure 11 in Menzies’ panelnotes?).
The COCOMO-IIresultsrelateto the adaptioncostof procedurabystemsHence they may not
applyto declaratve descriptionf systemterminology(i.e. anontology).However, atthe very
least,theseresultscautionusthatjust becausave arereusingan ontologyor a PSM, this does
not necessarilymeanthatwe arebuilding systemanorecheaply OntologiesandPSMsmustbe
learntprior to useandthis learningtime may have anon-trivial impacton the overall cost.
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It canbe arguedthat that the last point must be false.If it were true, thenwhy canwe find the
spectaculaoptimizationsof systemadevelopmentusing PSMsandontologiesseenabove (recallthe
examplesn the system&ngineeringsections) Menziesobjectsto this counterargument arguingthat
without more precisemetricscollection, it is hardto interpretthesereportedoptimizations®>23 (e.g.
whenMotta’s colleagueseducedheirdesigntime from 4 monthsto 1 day, how muchof thatreduction
wasdueto the PSMframewnork andhow muchto the constrainanalyzerthatthey used?).

Anotherpoint of contentionwasthe stability of the meta-knavledge:

¢ Mottadefinesmeta-knavledgeasthatknowledgewhichis stableacrossdomains Stableknowl-
edgedoesexist, he saysandarguesby example:“Y ou do not changethe C compilerevery time
youchangeheC code”.For mary PSMssuchasdiagnosisthereexist afinite numberof differ-
entapproacheso diagnosisgachonewith prosandcons®.

¢ Menziestook the oppositeview. Unlike Motta, he doubtsthatany detaileddescriptionof meta-
knowledgewill everbe stable Meta-knavledgeis not usefulif it simplifiessystemconstruction
but complicatesystemmaintenanceMeta-knavledgeis still knowledge hesaysandthe main-
tenanceof systemknowledgeis a significantcostof ary successfusystem Further herejects
thediagnosisexamplesayingthathis readingof thedetailsof thediagnosiditeratureis thatsep-
arateandincompatiableabstractionsare offered by differentauthors?*. More generally based
on a recentliteraturereview 25 he claimsthatin the usualcase expertuseof a KBS produces
significantchangedo thatKBS.

In the end,whatdid we learn?For onething, we now have a clearly definition of wherewe agree
and disagree For anothey we now have an explicit list storing the potential benefitsof ontologies
and PSMs(to the bestof our knowledge,this list wasonly implicit in the currentliterature).Lastly,
the participantdearntmuchabouteachother’s positionswhich would be usefulfor future debategat
SEKE20007?)Basedonaflurry of email,we know have guidelineson whatargumentsvould win over
theotherside:

¢ We needmoreKE metrics.In particular we needto evaluatethe succesgor otherwise)of dif-
ferentpartsof our systemsAlso, we needto testfor the stability of our meta-knavledge.

e Theconstructors/maintainehsveto bemoreexplicit abouttheirmaintenance/constructioneth-
odsrespectiely.
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