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This paperdescribesn-goingwork being carriedout underthe Rapid KnowledgeFormation(RKF) pro-
gram.Therepresentationf processandplanknowledgewithin the Cyc ontologyis the centralfocusof this
paper Within theRKF program we arealsoconcernedvith theadvancedknowledgeelicitationtechniques
thataremainthemeof theprogramasawhole. We begin by discussindheinclusionof the Proces$Specifi-
cationLanguagebeingdevelopedby NIST, in the Cyc ontology[4 5], thenbriefly introduceanalternatve
approacho procesgepresentatiobasedon Scripts.Finally, we link procesgepresentatioto planning.

1 The ProcessSpecificationLanguage

The ProcessSpecificationLanguage(PSL) is being developedby NIST as a proposedstandardfor the
representationf processesilt is the outcomeof an extensie surwey of planandprocessepresentations,
which includedPIF, IDEF3, <I-N-OVA> and CPR.While PSL wasdevelopedto describeto conceptof
process in industryandcommercethe basicideasof actiities which aredecomposablandorderablecan
beappliedmorewidely.

1.1 EncodingPSLin CycL

The basiccatagyoriesof PSL[6 are Activity, ActivityOccurrence, Object and TimePoint. Thesetop-level
collectionsaremutuallyexclusivein PSL.

Importantrelationsin the PSL Coretheoryinclude: occurrenceOf which relatesactiity occurrenceso
activity types;isOccurringAt which holds betweenan activity occurrenceandthe timepointsbetweenor
equattoits begin andend;andparticipatesin which relatesanobjectto anactivity occurrencatatimepoint.
Relationsspecifyingthe subactvies of a compositeactvities, andthe conditionsandeffectsof an actiity
occurrencaredefinedin the Activity OccurrencandState€Extensiongo theCore. Theseheoriegrovide
instance-lgel relations,thatis, they hold of concreteoccurrence®r objects. As our contribution to the
RKF program,PSL theorieshave beensuccessfullyintegratedinto the Cyc UpperOntology In addition,
processem biochemistryhave beenencodedisingthis ontology

1.2 RepeatedProcesses

A commonpropertyof biochemicalprocessess the repetitionof a stepn times,to achiese a giveneffect
or state. Repetitionneedsto be formally encoded.An ontology of propertiesof repeatedprocessesvas
developed,andis presentedn Figurel. Briefly, repeatedactiities are modelledasterminating,uniform
(consistingof repetitionsof the sameactiity), andcomposite Begin andendpointsmay/maynot overlap,
thenumberof repetitionsmay be specifiedanda postconditiormay be achievedon termination.
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Figurel: An ontologyof repeategrocesses
2 Scripts for ProcessRepresentation

Scripts are a purely type-level encodingof events,sub&ents,and suberent ordering(in contrastto PSL
wherethe encodingis at the instancelevel). This encodingof processess very amenabldo knowledge-
suggestiomules. A vocahulary of type-level relationshasbeendefinedin the Cyc KB, andincludesaxioms
for their interpretationat the instancelevel. The semanticsof the instancelevel is provided by PSL or
similar relations. For example,the suberenttypesof RNASplicingProcess are SNRNPsBondTolntron and
IntronExcisedFromPrimaryTranscript:
(firstSubScriptedEvent Types RNASplici ngProcess SNRNPsBondTol ntron)
(1 ast SubScri pt edEvent Types RNASpl i ci ngProcess

I ntronExci sedFronPri maryTranscri pt)

2.1 Participants in Scripts

Type-level relationsexpressstatementsuchas (some instance of) ObjectType plays Role in Scene For
example,anlntron-Molecule is the objectActedOn in RNASplicingProcess. The problemof identity arises
- thesamelntron-Moleculemaybeinvolvedin severalsubeents:
(sanel nst ancePl aysRol e I ntron- Ml ecul e

SNRNPsFuseEndsOf | nt ron | ntronExci sedFronPri maryTranscri pt

obj ect Act edOn out puts)

We have developednew vocatulary andaxiomsfor participantsandidentity in Scripts.

2.2 Preconditionsand Postconditionsin Scripts

A noveltype-leveltreatmenbf preconditionandpostcondition®f Scenesn Scriptshasbeenproposednd
refined. Again, instance-lgel relations,e.g. preconditionFor-PropSit, follow from the type-level relations,
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Acti on: (connect x y)

Preconditions: (near x y) (shapeO™ Object x HelixShaped)
Post conditions: (connectedTo x y)
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Figure2: Action descriptions

e.g. preconditionOfScene, shavn in Figure?2.

Translationgrom the Scenevocahulary to PDDL andto a CycL constraintformulationhave beendevel-
oped.

3 ProcessRepresentationand Planning

Planningis dependenbn efficient encodingsof action-relatecknowledge. The algorithmsusedmay be
generaburposesuchasSAT andCSPR or specialised[12, 3]. PDDL is acommonly-usednput formatfor
planningproblems.Thesemantic®f actionsin PDDL areconstraint-base@ndcanbecharacterisedsing
ourinstance-lgel vocalulary asfollows:

Vx Vy 3z (isa z Connect) A

(preconditionFor-PropSit (near Xy) 2) A

(postconditionFor-PropSit (connectedTo x ) 2)

while the semanticof Scenesre:

Yz 3Ix Ay (isa z Connect) A

(preconditionFor-PropSit (near Xy) 2) A

(postconditionFor-PropSt (connectedTo x ) 2)

thereforea transformatioris requiredin orderto constructboth the PDDL definitionsand the equivalent
CycL constrainttheoryfrom the intial Scenedefinition. Oncethis transformatioris performed,planning
canbe performedby an external plannerwhich usesan equivalentrepresentationf the problemasexists
in Cyc. Theresultsof planning—theplan—isanextensionof the constraintheoryandtheworld statetheory
Figure3 shavs the sequencef transformatiorandplanningprocesses.

In future work, the basicPDDL definitionsof actionsthatwe constructwill be enhancedvith type infor-
mation. Additional ontologyconstraintsncluding propertieof relationswill alsobeincorporated.
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