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This paperdescribeson-goingwork beingcarriedout undertheRapidKnowledgeFormation(RKF) pro-
gram.Therepresentationof processandplanknowledgewithin theCycontologyis thecentralfocusof this
paper. Within theRKF program,wearealsoconcernedwith theadvancedknowledgeelicitationtechniques
thataremainthemeof theprogramasawhole.Webegin by discussingtheinclusionof theProcessSpecifi-
cationLanguage,beingdevelopedby NIST, in theCycontology[4, 5], thenbriefly introduceanalternative
approachto processrepresentationbasedonScripts.Finally, we link processrepresentationto planning.

1 The ProcessSpecificationLanguage

The ProcessSpecificationLanguage(PSL) is being developedby NIST as a proposedstandardfor the
representationof processes.It is the outcomeof an extensive survey of planandprocessrepresentations,
which includedPIF, IDEF3, � I-N-OVA � andCPR.While PSL wasdevelopedto describeto conceptof
process in industryandcommerce,thebasicideasof activities which aredecomposableandorderablecan
beappliedmorewidely.

1.1 EncodingPSL in CycL

The basiccategoriesof PSL[6] areActivity, ActivityOccurrence, Object andTimePoint. Thesetop-level
collectionsaremutuallyexclusive in PSL.

Importantrelationsin the PSL Core theory include: occurrenceOf which relatesactivity occurrencesto
activity types; isOccurringAt which holdsbetweenan activity occurrenceandthe timepointsbetweenor
equalto its beginandend;andparticipatesIn whichrelatesanobjectto anactivity occurrenceatatimepoint.
Relationsspecifyingthesubactiviesof a compositeactivities, andtheconditionsandeffectsof anactivity
occurrencearedefinedin theActivity OccurrenceandStatesExtensionsto theCore.Thesetheoriesprovide
instance-level relations,that is, they hold of concreteoccurrencesor objects. As our contribution to the
RKF program,PSL theorieshave beensuccessfullyintegratedinto theCyc UpperOntology. In addition,
processesin biochemistryhavebeenencodedusingthis ontology.

1.2 RepeatedProcesses

A commonpropertyof biochemicalprocessesis the repetitionof a stepn times,to achieve a giveneffect
or state. Repetitionneedsto be formally encoded.An ontologyof propertiesof repeatedprocesseswas
developed,andis presentedin Figure1. Briefly, repeatedactivities aremodelledasterminating,uniform
(consistingof repetitionsof thesameactivity), andcomposite.Begin andendpointsmay/maynot overlap,
thenumberof repetitionsmaybespecifiedandapostconditionmaybeachievedon termination.
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Figure1: An ontologyof repeatedprocesses

2 Scripts for ProcessRepresentation

Scripts area purely type-level encodingof events,subevents,andsubevent ordering(in contrastto PSL
wherethe encodingis at the instancelevel). This encodingof processesis very amenableto knowledge-
suggestionrules.A vocabularyof type-level relationshasbeendefinedin theCycKB, andincludesaxioms
for their interpretationat the instancelevel. The semanticsof the instancelevel is provided by PSL or
similar relations.For example,the subevent typesof RNASplicingProcess areSNRNPsBondToIntron and
IntronExcisedFromPrimaryTranscript:
(firstSubScriptedEventTypes RNASplicingProcess SNRNPsBondToIntron)

(lastSubScriptedEventTypes RNASplicingProcess

IntronExcisedFromPrimaryTranscript)

2.1 Participants in Scripts

Type-level relationsexpressstatementssuchas (some instance of) ObjectType plays Role in Scene. For
example,anIntron-Molecule is theobjectActedOn in RNASplicingProcess. Theproblemof identity arises
- thesameIntron-Moleculemaybeinvolvedin severalsubevents:
(sameInstancePlaysRole Intron-Molecule

SNRNPsFuseEndsOfIntron IntronExcisedFromPrimaryTranscript

objectActedOn outputs)

We havedevelopednew vocabularyandaxiomsfor participantsandidentity in Scripts.

2.2 Preconditionsand Postconditionsin Scripts

A novel type-level treatmentof preconditionsandpostconditionsof Scenesin Scriptshasbeenproposedand
refined.Again, instance-level relations,e.g.preconditionFor-PropSit, follow from thetype-level relations,



PDDL description
Action: (connect x y)
Preconditions: (near x y) (shapeOfObject x HelixShaped)
Postconditions: (connectedTo x y)

Type-level description of conditions:
(preconditionOfScene Connect near

(TypeArgSpec-BinaryFn DNAMolecule RNAMolecule))
(postconditionOfScene Connect connectedTo

(TypeArgSpec-BinaryFn DNAMolecule doneBy))

Type-level description of identity:
(identityInConditionsOfScene-Arg1Arg1 Connect

preconditionFor-PropSit near
postconditionFor-PropSit connectedTo)

Figure2: Action descriptions

e.g.preconditionOfScene, shown in Figure2.

Translationsfrom the Scenevocabulary to PDDL andto a CycL constraintformulationhave beendevel-
oped.

3 ProcessRepresentationand Planning

Planningis dependenton efficient encodingsof action-relatedknowledge. The algorithmsusedmay be
generalpurpose,suchasSAT andCSP, or specialised[1, 2, 3]. PDDL is a commonly-usedinput formatfor
planningproblems.Thesemanticsof actionsin PDDL areconstraint-based,andcanbecharacterisedusing
our instance-level vocabularyasfollows:�

x
�

y � z (isa z Connect) �
(preconditionFor-PropSit (near x y) z) �
(postconditionFor-PropSit (connectedTo x y) z)
while thesemanticsof Scenesare:�

z � x � y (isa z Connect) �
(preconditionFor-PropSit (near x y) z) �
(postconditionFor-PropSit (connectedTo x y) z)
thereforea transformationis requiredin orderto constructboth the PDDL definitionsand the equivalent
CycL constrainttheoryfrom the intial Scenedefinition. Oncethis transformationis performed,planning
canbeperformedby anexternalplannerwhich usesanequivalentrepresentationof theproblemasexists
in Cyc. Theresultsof planning–theplan–isanextensionof theconstrainttheoryandtheworld statetheory.
Figure3 shows thesequenceof transformationandplanningprocesses.

In futurework, thebasicPDDL definitionsof actionsthatwe constructwill beenhancedwith type infor-
mation.Additionalontologyconstraintsincludingpropertiesof relationswill alsobeincorporated.
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Figure3: IntegratingCycwith anexternalPlanner
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