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In thereuseapproachto softwareconstruction,designis takento bethere-shuffling

of componentsdevelopedpreviously, thenabstractedinto a reusableform. The idea
of reusingold designwork whendoing new designwork datesbackat leastto 1964
with Alexander’s work on architecture[2, 3]. Contemporaryexpressionsof this reuse
approachinclude:

� Object-orienteddesignpatterns[10,42]

� Knowledgeengineeringresearchinto ontologies[28,31,57];

� Knowledgeengineeringresearchinto problemsolvingmethods(PSMs)[12,14,
44,48].

Reusingpatterns/ontologies/PSMsoffersmany advantagesto designers.For exam-
ple, supposean analystis reusingthe financialknowledgeshown in Figure1. Sup-
posingour analystis reviewing a designfor somepoint-of-salesystem.Note that the
backgroundknowledgeincludesa “subsequenttransaction”term.Whenbrowsingthis
knowledge,theanalystmight beremindedto askthequestion“are thesolditemsever
returnedto thestore?”.Thatis,browsingreusableknowledgecanassistin auditingand
improving thecurrentversionof a systemdescription.

Reuseof ontologies/patterns/PSMscomesat a cost. While reuse-basedanalysis
canbeexciting, it is aneconomicissueif reuse-baseddevelopmentis thebestway to
developsoftware.As we shallsee,it is anopenissueif thecostsof reuseoutweighits
benefits.
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Figure1: Partof Coadet.al.’s [16] definitionof afinancialtransaction.
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Therearemany potentialbenefitsof reuse.Someof thesebenefitsincludethecom-

municationsbenefit;the interoperability benefit;the browsingandsearchingbenefit;
thesystemsengineeringbenefit;andtheguidancebenefit.

2.1. *,+
-/.�0213154�687:9!;�<:7:0=68>@?A-�6B-DCE<
Any communicationtaskis simplifiedby a sharedlexicon. Sucha lexicon canbe

developedby reusingandgeneralizingtermsseenin prior applications.Generalized
lexiconsarecalleddifferentthings in differentdomains. Knowledgeengineerstypi-
cally call themontologieswhile softwareengineerscall thempatterns.

Ontologies/patternscanbeusedto systematicallyview andshareaspecifictopic/problem.
For example,ontologiesprovide a unified framework within an organizationthat re-
ducestheterminologicalconfusion[56] arisingfrom differentcontextsandviewpoints
for a particulardomain.

Attempting to reuseknowledgeis a useful teachingtool. For example,reusing
knowledgecansimplify astudent’s taskwhen(e.g.)readingtextbooks.Also, studying
reusableabstractionsareusefulwhentutoringsoftwareor knowledgeengineering[42].
Suchabstractionsserve asa usefulfinal initiation ritual for a novice designer. When
they “get” abstractions,we know that thestudentsarecapableof comparingandcon-
trastinga wide rangeof systems.

2.2. *,+
-GFH6I<J-�KL0NMO-NKL;�P�7RQS7R<:TU?V-N6B-DCE<
Interoperabilityamongsystemswith differentmodelingmethods,paradigms,lan-

guagesandsoftwaretoolscanbeachievedwith ontologiesthatactasaninter-lingua[33].
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Thereusableknowledgewithin anontologycanassistanintelligentsearchengine

with processinga query. For example,if a queryreturnsno results,thentheontology
couldbeusedto automaticallygeneralizethequeryto find nearestpartialmatches.

2.4. *,+
-3^�T2>H<`-N13>Ga#6\[=7Z6B-!-NKN7Z6
[b?A-�6B-DCE<
If ontologiesare the generalizednounsof a domain, problemsolving methods

(PSMs)arethegeneralizedverbsfrom a domain. Suchgeneralizedverbscapturethe
Oftentheprocessingof a domainfalls into clichedpatternsof behavior. In knowledge
engineering,thesebehavioral patternsarecalledPSMs.

Reusingontologiesand problemsolving methodscan simplify systemdevelop-
ment. Several examplesare listed below from the knowledgeengineeringdomain.
Moredetailedexamplesfrom softwareengineeringandknowledgeengineeringareof-
feredlaterin thischapter:

� Kalfoglouexecutestheconstraintsfoundin existingontologiesto checknew sys-
tems.Suchpre-existingconstraints,area powerful tool for checkingknowledge
whenotheroraclesareabsent[30].

� Onecommercialcompany usedthe ontologyassociatedwith Motta’s PSM de-
signtoolsto formalizetheregulationsapplicableto thedesignof thetruckcabin[45].
This formalization,associatedwith a constraintanalyzer, cut the designof the
geometriclayoutof thecabinfrom 4 monthsto 1 day(!!).

� In theSPARK/ BURN/ FIREFIGHTERsystem,anintelligentPSMlibrarianwas
usedto build nine KBS applications.Developmenttimeschangedfrom oneto
17 days(using the librarian) to a rangeof 63 to 250 days(without using the
librarian)[38].

� The SALT editor usedfor the VT elevator configurationsystemrestrictedits
knowledgeeditorsto only thosetermsrelevant for thepropose-and-revisePSM
usedin VT [36,37]. 2130c 3062 dfe�g�h of VT’s rulescouldbeauto-generatedby
SALT.

� RIME wasanintelligenteditorfor simplifying themaintenanceof DEC’sXCON
automaticcomputerconfigurationsystem. BachantandMcDermott [6] found
that if a rule editor couldaccesstheontologyof the PSMswithin XCON, then
very largerulescouldbequickly built from verysmallspecifications.

2.5. *,+
-/ij4�7:k�;=6B9L-l?V-N6B-DCE<
While we mayuselittle of anontologyor apatternor aPSM,it maystill beuseful

asa “pointer tool”. That is, the ontology/pattern/PSMcould be usedasa structuring
tool for exploring a new domain. Roughlyspeaking,reusingabstractedforms of old
knowledgeis pointingthewaysaying“thesekindsof thingsareimportant,evenif these
particularthingsarenot”. In thisapproach,developerskick-startthedevelopmentwith
anontology/pattern/PSM.
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To getafeel for thepowerof reuse-baseddesign,thediscussionnow samplesreuse

work from thesoftwareengineeringandknowledgeengineeringliterature.

3.1. xW-N4\>�-57Z6y^80LzN<RX_;2K!-5a�6
[=7Z6B-L-NK�7Z6\[
Thework on object-orientedpatternsis a goodexemplarof reuseresearchin soft-

wareengineering.Researchersin thisareaincludethe“gang-of-four”’ (GOF)[26]; the
“gang-of-five”(GOV) [10]; Fowler [23]; Shaw andGarlan[50]; andCoadet.al.[16].

Considerthe classhierarchybrowserof Figure2. Whena classnameis selected
in the upper-left list box, the methodsof that classare displayedin the upper-right
list box. If oneof thesemethodsis selected,thenthe sourcecodefor thatmethodis
displayedin thebottomtext pane.

Now comparethisclasshierarchybrowserwith thediskbrowsershown in Figure3.
Whenadirectorynameisselectedin theupper-left list box,thefilesin thatdirectoryare
displayedin theupper-right list box. If oneof thesefiles is selected,thenthecontents
of thatfile aredisplayedin thebottomtext pane.

Clearly, thereis somesimilarity in thetwo browsers.Containers(classesor directo-
ries)areshown top-left. Thethingsin thecontainersthatarenot themselvescontainers
(methodsandfiles)areshown top-right.Thecontentsof thesenon-containerthingsare
shown in thebottompane.
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If we renamecontainerscompositesand the non-containersleavesthen we can
designonecompositebrowserclassthat handlesboth classhierarchiesanddirectory
trees(seeFigure4). That is, our disk browserandclasshierarchybrowserareboth
presentationsof nestedcomposites.

Figure5 shows the innerstructureof thecompositebrowser. Compositescontain
either other compositesor leaves. Leaves compile the contentsof lower text-pane.
Oncethis structureis in place,all that is requiredto convert a disk browserto a class
hierarchybrowseris to:

� Changethetitle of thewindow for “Disk Browser”to “ClassHierarchyBrowser”.

� DefineClass beneathComposite andMethod beneathLeaf .

� Implementthe different compiles methodsin Method . Compiling file
contentsimpliestransferringtext to primarystorage.Compiling methodcon-
tentsimpliesparsingthesourcecode,etc.

We have just isolateda “pattern”: a fragmentof a high-level conceptualmodel
whichmaybeusefulin many applications.Theabovedesigncanbeusedto (i) brows-
ing a disk; (ii) browsea classhierarchy;or, moregenerally, browseany 1-to-many
nestedaggregation(e.g. playersin teams,personsin companies,stockon shelves).
This compositepatternis oneof the23 OO reusedesignpatternslistedby GOF. The
above examplesuggeststhe power of suchOO reusepatterns. Seeminglydifferent
problemscanberesolvedto a singledesign.OO reusepatternscouldbecomearepos-
itory for experiencewhich canbenefitnew designers.OO reusepatternscould also
serve to unify the terminologyof OO design,allowing experiencefrom oneapplica-
tion to migrateinto anotherarea.

Patternshavebeendocumentedin many formats.TheGOV prefertheformat:con-
text, problem, solution [10]. The context describesa designsituation. The problem
describesthe set of forcesthat repeatedlyoccur in that situationwhile the solution
describesa configurationto balancethoseforces. This solution containsa descrip-
tion of thestaticcomponentsandthe runtimebehavior. In OO patterns:(i) thestatic
componentsaredescribedusingclasshierarchiesandtheir relationships;and(ii) the
runtimebehaviorsaredescribedusingsomevariantoncollaborationdiagrams[8]. The
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Figure5: Objectmodelfor thecompositebrowser

GOV arguethat this format of a patternis compatiblewith numerousotherpatterns
researchers(page11 of [10]).

Patternscanbeatdifferentlayersof abstraction.TheGOV describethreelayersof
patternabstraction:

1. Low-level language-dependentidiom patterns;

2. Middle-layer languageindependentdesignpatternsdescribinga programmer’s
key mechanisms(e.g.theGOFpatterns);

3. Top-level architectural patternsthat spreadacrossthe entire application[50].
Examplesof architecturalpatternsarelayeredarchitectures(e.g.thethreetiered
database-model-dialogsystemsfoundcommonlyin standardmanagementinfor-
mationsystem-styleapplications);pipe-and-filter(e.g. the dominantparadigm
in UNIX shellscripts);or blackboards(anexpertsystemstechnique).

Patternscanbe pitchedat differentaudiences.For example,the GOV andGOF
patternsareintendedfor programmersor implementation-awareanalysts.Fowler de-
scribesanalysispatterns’; i.e. high-level conceptualpatternswhich areusedto com-
municatea designto the usercommunity. Fowler was involved in the development
of a large medicalsystem. Analysispatternswereusedto discussthe designof the
systemwith doctorsandnurses.Somepatternsfoundin thatmedicalsystem(chapter
3 of [23]) werealsousefulin a corporatefinanceapplications(chapter4 of [23]).
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OO patternstypically describedatastructuresthat may repeatin many domains.

Anotherkind of patternsarethebehavioral patternscatalogedby knowledgeengineers
asproblemsolvingmethods(PSMs).Theconnectionof patternsto PSMsis discussed
elsewhere[42].

Thegoalof PSMmodelingis to identify abstractreusableinferenceskeletonsthat
appearin many expertsystems;e.g. diagnosis,classification,monitoring,etc. Exam-
plesof thisapproachwerelistedabovewhendiscussingthesystemsengineeringbenefit
of reuse.Otherexamplesincludegenerictasks[13]; configurablerole-limiting meth-
ods [27,54]; modelconstructionoperators[15]; CommonKADS[48,58]; the PRO-
TEGEfamily of systems[22]; componentsof expertise[53]; MIKE [5]; andTINA [7].

ThearchetypalPSMis heuristicclassification, first describedby Clancey [14]. To
find this PSM, Clancey reverse-engineered10 expert systemswritten in a variety of
toolsandlanguages.Hefoundthatall thesesystemssharedthesameabstractinference
skeletons,which hecalledheuristicclassification(shown in Figure6).

For example,Figure7 shows Clancey’s analysisof the MYCIN [9, 60] inference
structure(abstractschemaat top, followedby anexample).MYCIN wasa backward-
chainingrule-basedsystemthatprescribedantibiotics.MYCIN workedby building an
abstractmodelof the patientfrom the patient’s data. This is thenmatchedacrossto
a hierarchyof diseaseclasses.Thefinal diagnosisis producedby following the class
diseaseshierarchydownwards,looking for themostspecificdiseasethat is relevantto
thispatient.Notethesimilarity with Figure6.

Figure8 shows Clancey’s analysisof anothersystem,written in LISP which diag-
nosesan electroniccircuit in termsof the componentthat is causingfaulty behavior.
Theabstractschemais shown on top, andanexampleis shown underneath.Note the
similarity with Figure7 and6.

After the Heuristic Classificationpaper, Clancey refinedhis inferenceskeletons.
In ModelConstructionOperators [15], Clancey arguedthatruleslikeFigure9 contain
domain-specificterminology(seeFigure10) aswell as reusableinferencestrategies
(seeFigure11). If theseareremovedfrom therule, thennot only havewe isolatedthe
truebusinessknowledgein therule (seeFigure12), but we alsohave foundinference
knowledgewecanreuseelsewhere.Clancey’spreferredarchitecturefor expertsystems
is (i) a library of pre-definedproblemssolvingstrategiessuchasFigure11; and(ii) a
separateknowledgebasecontainingthespecialdomainheuristicslike Figure12.

Inspiredby Clancey’swork, subsequentresearcherssoughtotherabstractinference
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skeletons.Tansley & Hayball[55] list over two dozenreusableinferenceskeletonsin-
cludingsystematicdiagnosis(localizationandcausaltracing),mixedmodediagnosis,
verification,correlation,assessment,monitoring,simpleclassification,heuristicclas-
sification,systematicrefinement,prediction,predictionof behavior andvalues,design
(hierarchicaland incremental),configuration(simpleand incremental)planning,and
scheduling.Theseskeletonsare recordedusing the KADS notationof Figure13 in
whichrectanglesaredatastructuresandovalsarefunctions.Givenacomplaint , the
KADS abstractpatternfor diagnosisis thata system model is decomposed into
hypothetical candidatefaulty components.A norm valueis collectedfrom the
system model . An observationfor thatcandidateis requestedfrom theobserv-
able s (storedinternallyasa finding ). Thecandidatehypothesisis declaredto be
thediagnosisbasedonthedifference betweenthenorm valueandthefinding .

Note thatFigures6 or 13 do not imply a particularexecutionorderof their func-
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tions. Conceptuallyeachfunction can be driven forwardsor backwardsto connect
inputsto outputsor visaversa.Theheuristicclassificationpatternof Figure6 couldbe
drivenfrom datato solutionsto performdiagnosis;i.e. giventhe data , executefor-
wardsdata-abstraction thenheuristic match , then refinement . Al-
ternatively, it could be driven from solutionsto datato perform intelligent datacol-
lection; i.e. given solutions , executebackwardsrefinement , thenheuris-
tic match , thendata abstraction . In this backwardsreasoning,the gener-
ateddata itemsbecomerequestsbackto theenvironmentin orderto rule out certain
possibilities.KADS explicitly modelsthis proceduralorderingof thefunctioncalls in
aseparatetasklayerdiagram.For moreonKADS-styledevelopment,see[44].

if the infection in meningitis and
the type of infection in bacterial and
the patient has undergone surgery and
the patient has undergone neurosurgery and
the neurosurgery-time was less than 2 months ago and
the patient received a ventricular-urethral-shunt

then infection = e.coli (.8) or klebsiella (.75)

Figure9: A domainrule with hiddenreusableinferencefragments.From[15].
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subtype( meningitis, bacteriaMenigitis ).
subtype( bacteriaMenigitis, eColi ).
subtype( bacteriaMenigitis, klebsiella ).
subsumes( surgery, neurosurgery ).
subsumes( neurosurgery, recentNeurosurgery ).
subsumes( recentNeurosurgery, ventricularUrethralShunt).
causalEvidence( bacteriaMenigitis, exposure ).
circumstantialEvidence( bacteriaMenigitis, neurosurgery ).

Figure10: Domain-specifictermsfrom Figure9.

Strategy Description
exploreAndRefine Exploresuper-typesbeforesub-types.

findOut If anhypothesisis subsumedby otherfindingswhicharenot presentin
thiscasethenthathypothesisis wrong.

testHypothesis Testcausalconnectionsbeforemerecircumstantialevidence.

Figure11: Problemsolvingstrategiesfrom Figure9.
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Having discussedthe potentialusesof reuse,it is appropriateto next discussthe

reality of reuse.Not all thebenefitslistedabovehave beenachievedin practice.Even
enthusiasticproponentsof reusenotea puzzlinglack of widespreadreuse.For exam-
ple:

I do not think we have yet succeededin softwarereuse. In the Stateof
thePractice,I do not seea lot beingapplied.Yes,OO classframeworks,
Java,VisualBasic,etc.have facilitatedthecodereuse,but lessis done,in
general,at thehigherlevel suchasin thedesignandrequirementsphases
of a project. In theStateof theArt, I have not perceivedany incremental
progressalthoughmany issueshavebeenaddressed[29].

Reusecontinuesto be a problemwhosepotentialremainselusive. Each
new solutionremainsfull of promisebut riddled with what look like in-
surmountableproblems.[46]

Even reuseenthusiastssuchasFrakes[24] cautionthat thereexist significantpracti-
cal problemswith the widespreadproliferationof reuselibraries;e.g. problemswith
searchingthereuselibrary.

A review of theliteraturesupportstheabove claims.Frakes& Fox surveyed100s
of EuropeanandNorth AmericanIT professionalsto concludethat reuselevelswere
low (20%or less). Further, it wasnot correlatedto technology(e.g. useof COBOL,
C++,casetools,reuselibraries...)[25]. Reuseseemedto becorrelatedto non-software

if the patient received a ventricular-urethral-shunt
then infection = e.coli (.8) or klebsiella (.75)

Figure12: Thebusinessknowledgeof Figure9.
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technologyissues;e.g.hardwarestandardsenabledhighlevelsof reusein thetelecom-
municationsindustry(seeFigure14).

Studiesin theknowledgeengineeringfield suggestthesamepatternof low-levels
of reuse. Cohenet.al. documentedthe extent to which an ontology supportedap-
plicationdevelopmentwithin DARPA’s High PerformanceKnowledgeBasedSystems
(HPKB) initiative [17]. Supportwasmeasuredin termsof thewordsthatappearedin
somenew application:if 2/3 of thosewordscamefrom anontology, thenthatontology
offereda 67%supportfor thatapplication.Two teamswereinvolved: oneat SRI and
one from Teknowledgewho usedthe Cycorpknowledgebase(hereafterCYC/Tek).
Theteamsbuilt applicationsusinganupperontology(UO) releasedby Cycorp.Along
with the UO, CYC/Tek andSRI madetheir own local extensions.Both teamsbuilt
anddebuggedtheirontologyusingasetof samplequestions(SQ)issuedby theHPKB
evaluationteam.At a pre-announceddate,110testquestions(TQA) wereissuedand
theapplicationswerescored.After abrief respite,ascopechangewasannounced,fol-
lowed(severaldayslater)by testquestionsfor thenew scope(TQC).TheSRI system
analyzedby Cohenet.al could only handle40 of the 110 questionsso the CYC/Tek
resultsaredividedinto CYC/Tek(110)andCYC/Tek(40)wherethelatteris thesubset
of the CYC/Tek systemrelevant to the questionsthat SRI could handle. The results
areshown in Figure15. Note that the local ontologicalextensionssupportednew ap-
plications3-4 times more than the UO terms;as the scopechange(TQA-TQC) the
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UO offered lessandlesssupport;andCYC/Tek’s reuseof the UO wasgreaterthan
that of SRI. Theseresultssuggestedthat the recentwordsyou addedyourself to an
ontologyoffer moresupportthanwordsaddedpreviously by otherauthors. That is,
while developersmight reusetheir own work, they seemlesslikely to reusethework
of others.

So,despitethepotentialbenefitsof reuse,thereareclearlyproblemswith theprac-
tice of reuse.Theseproblemsincludethestructuringproblem,theproductivityprob-
lem,andthestabilityproblem.

4.1. *,+
-3^�<:K�489N<:4\KN7Z6
[3�_K!0OPNQ�-�1
Structuringthe reusableknowledgeis a openissue. Althoff arguesthat is hard

to build reusableknowledgewithout considerableexperiencewith the domain. The
level of abstractionat which we formalizeour reusableknowledgeshouldbe learned
via extensive experiencewith that particular term [4]. Note that, accordingto Al-
thoff, it is not necessarilytruethatreusableknowledgeshouldalwaysbeexpressedin
somecomputer-readableform. Sometimes,simply renderingit on paperwill suffice.
For example,object-oriented“guidancepatterns”serve to direct novice analyststo a
setof issuesthat experiencedanalystshave found insightful. Suchpatternsinclude
CHECKS[21], Caterpillar’sFate[32], andthestrategiesof Coadet.al.[16]. This type
of reusableknowledgeis storedassimplechecklistsof Englishtext.
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4.2. *,+
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Anothermajorproblemis thatreuseis notnecessarilyamoreproductivemethodof

building systems.For example,theCOCOMO-IIsoftwarecostestimationmodeloffers
anestimateof thecostof adaptingreusablesub-routinesfor anew project[1, p21]. That
modelarguesthata learningcurvemustbetraversedbeforea modulecanbeadapted.
By thetime you know enoughto changea little of thatmodule,you mayaswell have
re-written60%of it from scratch;seeFigure16.

As anotherexample,considertheCorbridgeet.al.[20] study. In thatstudy, interna-
tionalKA expertsusedPSMsto guidetheir analysisof a transcriptof a patienttalking
to a doctor[20]. Onegroupuseda diagnosisPSMmaturedover many years;another
usedanabstractmodelinventedvery quickly (the“straw man”); andtherestusedno
modelatall. Theresultsareshown in Figure17. The“maturemodel”groupperformed
aswell asthe “straw man” group. Further, the “no model” groupout-performedthe
groupsusingthereusemodels.

ReuseModel % disorders
identified

% knowledge
fragments
identified

Straw man:inventedveryquickly 50 28
Maturemodel:decadesof work 55 34

No model 75 41

Figure17: Productivity usingdifferentmodels.

Further, notethatsuccessfulreusecanactuallydecreaseoverallproductivity. Con-
sider a reuselibrary containinga bug. That error would be injectedinto every ap-
plication that usesthat library. For example,in the Sisyphus-IIexperiments,various
researchgroupsre-implementedpartof theVT elevatorconfigurationsystem[36]. All
the groupsimplementeda PSM with the sameerror [61]. The Sisyphus-IIpropose-
and-revisePSMwasa local greedysearch.Local hill-climbing may ignoresolutions

ft � min
Capacity( lbs) 200 250 300 350 400

2000 � �   � �
2500     � � �
3000   � � � �
3500 �        
4000          

Figure18: PSMssucceeding( ¡ ) or failing ( ¢ ) to configureanelevator.
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whichareinitially unpromising,but leadlateronto bettersolutions.In oneexperiment,
this local greedysearchalgorithmfailedto configure13/25 elevatorconfigurations:see
Figure18. Only oneof theSisyphus-IIgroupsreportedthis error. Apparently, therest
trustedtheir reusablePSMsomuch,thatthey did notperformdetailedvalidationstud-
ies. If otherdevelopersareascomplacentabouttheir reuselibraries,thenreusecould
decreaseoverall softwareproductivity sincethey will spendmoretime chasingbugs
introducedvia reuse.

WhendiscussingabovetheSystemsEngineeringBenefit, variousstudieswerepre-
sentedthatseemto refutethe thesisof this section.If reusecomplicatesproductivity
measuressomuch,why is it thatMotta et.al. cansaythatexampleof truck cabinde-
sign,thetimeto developthelayoutdroppedfrom 4 monthsto 1 day?It is hardto assess
suchanecdotalevidencewithoutmoreprecisemetricscollection[39,40]. For example,
whenMotta’scolleaguesreducedtheir designtime from 4 monthsto 1 day, how much
of thatreductionwasdueto thePSMframework andhow muchto theconstraintana-
lyzerusedin thatdomain?Elsewhere[43], I havecriticizedoverly-enthusiasticreports
of reusethat lack detailedmeasures£ . For example,proponentsof reuserarely track
theon-goingcostsof maintainingwith thosecomponents[41] (exception:[34]). Most
reusereportsdo not clearly distinguishbetweenverbatimreuseandreusewith some
tinkering. RecallingFigure16, suchtinkeringto customizea reusablecomponentcan
significantlyincreasethecostanddecreasethebenefitsof usingreusablecomponents.

4.3. *,+
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If a reuselibrary is unstable, then it will be continually rewritten. The cost of

extensiverewritescannegatetheeconomicbenefitsof reuse.
Knowledgeis oftenunstableandthis instability canproducedramaticchangesto

knowledge. For example,half of XCON’s thousandsof rules were changedevery
year[52]. To someextent, this might bedueto its changingoperationalrequirements
(XCON configuredcomputersfor DEC and DEC keepsreleasingnew computers).
However, evenin supposedlystabledomains,knowledgekeepsbeingpatched.Garvin
ES-1 [18] offered interpretationsof biochemicalresults. Over its lifetime, the bio-
chemicalassayhardwareremainedconstantand,presumably, humansdid not evolve
significantly. YetKB maintenancewason-going.Thekind of (dramatic)changesseen
within thatKB areshown in Figure19. Thechangein KB sizeof Gavrin ES-1is shown
in Figure20. Notethat therateof changewithin this systemwaslinear; i.e. evenin a
stabledomain,knowledgekeptchanging¤ .

Whatcouldcauseinstability in knowledge?Oneexplanationis thatconsensusex-
pertknowledgeis hardto find. Hence,any attemptto recordsucha consensusimplies
a constant“pursuit andpatch” of feudingideas.Thereis someevidencethatexperts
disagree,evenwith themselves. Shaw useda terminologycheckingtool calledreper-
tory gridsto comparethemeaningof termsusedby threegeologyexpertsonacommon
problem[51]. Two experimentswereperformed.In thecalibratingexperiment,experts¥

Oneof thefew reusereportsthat includesquality measuresis [34]. However, that reportrefer to intra-
institutionalreuse,not widespreadinter-institutionalreuse.¦

Technically, the Garvin ES-1 sizechangesarealsoconsistentwith a logarithmiccurve. However, a
visualinspectionof theplot stronglysuggestsa linearfit.
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A. Originally
RULE(22310.01) IF (bhthy or

utsh_bhft4 or
vhthy) and not on_t4

and not surgery
and (antithyroid or

hyperthyroid)
THEN DIAGNOSIS("...thyrotoxicosis")

B. Samerule, 3 years later
RULE(22310.01) IF ((((T3 is missing)

or (T3 is low and
T3_BORD is low))

and TSH is missing
and vhthy
and not (query_t4 or on_t4 or

or surgery or tumour
or antithyroid
or hypothyroid
or hyperthyroid))

or ((((utsh_bhft4 or
(Hythe and T4 is missing

and TSH is missing))
and (antithyroid or

hyperthyroid))
or utsh_bhft4
or ((Hythe or borthy)

and T3 is missing
and (TSH is undetect

or TSH is low)))
and not on_t4 and not

(tumour or surgery)))
and (TT4 isnt low or T4U isnt low)

THEN DIAGNOSIS("...thyrotoxicosis")

Figure19: A rule maintainedfor 3 years.

reviewed their own knowledge,12 weeksafter they createdit. This first experiment
givesbaselineexpectedagreementfiguresfor arepertorygrid analysis(seeFigure21).
In thesecondexperiment,inter-expertagreementwasanalyzed(seeFigure22). Note
(e.g.) §�¨ , §ª© : theresultsweremuchlower thanin thecalibrationexperimentsuggest-
ing that theseexpertsheldvery differentviews abouta supposedlystandardproblem
in their field.

Another reasonfor instability of knowledgeis that new experiencealwaysgives
new insightswhich significantly changeold knowledge. This may be true for both
humanexpertsandautomaticmachinelearners:

� Shalinet.al.[49] tried to find “acceptedpractice”;i.e. reusedknowledgewithin
expertcommunities.They foundthatexpertsdomodify theirbehavior according
to communitystandardsof “acceptedpractice”.However, it is only noviceswho
slavishly re-applythatacceptedpractice.Expertsadaptacceptedpracticewhen
they applyit. Thatis, experts:

– Partially matchcurrentproblemto librariesof acceptedpractice.

– Implementanacceptancetestfor their adaptation.

– Modify theacceptedpracticelibrary if acceptancefailure.

� Catlett[11] usedC4.5[47] to learndecisiontreesfor 11 problemsusingeither
all theN=3000..5000training casesor half the cases(randomlyselected).The
changein tree size and error ratesare shown in Figure 23. In all but 1 case
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Figure20: KB changesin GarvinES-1.

Expert %understands %agrees¬B­
62.5 81.2¬�®
77.8 94.4¬�¯
85.7 78.6

Figure21: Self-agreement,12 weekslater

Expertpairs %understands %agrees¬ ­
,
¬�®

62.5 33.3¬�®
,
¬ ­

61.1 26.7¬I­
,
¬ ¯

31.2 8.3¬\¯
,
¬ ­

42.9 33.3¬�®
,
¬\¯

44.4 20.0¬ ¯
,
¬ ®

71.4 33.3

Figure22: Inter-expertagreement

domain Changein treesize Changein classification
errorof thelearnedtree

demon 0.97 0.51
wave 1.91 0.95
diff 1.46 0.69

othello 1.68 0.8
heart 1.61 0.65
sleep 1.73 0.91
hyper 1.74 0.83
hypo 1.45 0.85

binding 1.51 0.82
replace 1.38 0.8
euthy 1.33 0.61
mean 1.52 0.77

Figure23: Impactof learningadecisiontreefrom ° or ±�° examples.

(demon,first row), moreexperiencemeantsignificantly lesserrors,but larger
theories.
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Theproblemof knowledgeinstabilityhasbeenseenin PSMlibraries.Elsewhere[42],
I haveanalyzedeightdifferentsupposedlyreusablemodelsof diagnosis(four from the
PSMcommunity, four from elsewhere).While someof theseviewsondiagnosisshare
somecommonfeatures,they reflectfundamentallydivergentviewson how to perform
diagnosis.I thereforebelieve that,at leastin thecaseof diagnosis,theconsensusview
hasyet to stabilizedandmay not do so in the nearfuture. More generally, I’m not
surethata consensusview on any of the PSMshasbeenreached,despitedecadesof
research.Therearesignificantdifferencesbetweenthe list of PSMprimitivesoffered
by Clancey [15], KADS [59], andSBF. Also, thenumberandnatureof the inference
knowledgeis not fixed.Oftenwhena domainis analysed,anew PSMis induced[35].

²
��³´�� !���� ! ���
2�
Thequestfor appropriatereusableknowledgeis fundamentalto thewesternscien-

tific tradition.Comptontracesthisquestbackto theancientGreeks:

The reductionistassumptionthat oneshouldbe ableto dig deepenough
to find primitive conceptsand the relationshipsbetweenthemon which
knowledgeis built finds its origins in Plato’s conceptof archetypes.That
is, that thereexist (literally) archetypesfor all thethingsin theworld and
theconceptswe use.Proposalssuchas(reuse)areessentiallystatements
of belief that if the archetypesand relevant logical relationshipscanbe
foundandmanipulatedintelligentthoughtcanbereproduced[19, p280].

This chapterhasofferednumerousexamplesof reuse,anddiscussedthepotential
benefitsandassociatedcostsof reuse.In summary, reuseoffersdesignersandeducates
a communicationsbenefit,aninteroperabilitybenefit,anda browsingandsearchben-
efit. Reusecanpotentiallyoffer a systemsengineeringbenefitanda guidancebenefit.
However, thereview of theliteraturepresentedheresuggeststhat it is at leastanopen
issueif theselasttwo potentialbenefitshavebeenrealized.

���)u��)	������N�) 
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edu/COCOMOII/cocomox.html#download s
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Noteson Synthesisof Form
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