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Ourwork addresseassertiometrieval andapplicationin theorem
proving systemsor proof planningsystemsdfor classicalfirst-order
logic. We proposea distributed mediatorM betweena mathemat-
ical knovledgebaseKB anda theoremproving systemTP which
is independenof the particularproof andknowledgerepresentation
formatsof TP andKB andwhich appliesgeneralizedesolutionin
orderto analyzethelogical consequencesf arbitraryassertiongor
aproofcontet athand.Wediscusgheconnectiorto proofplanning
andmotivateanapplicationin a projectaimingatatutorial dialogue
systemfor mathematicsThis paperis a shortversionof [9].

1 Proof planning at the assertionlevel

Due to Huang[#6], the notion of assertioncomprisesnathe-
maticalknowledgefrom a mathematicaknowledgebasekB
suchasaxioms,definitions,andtheoremsHuangarguesthat
anassertion-basepresentation,e. assertion level, is just
therightlevel for machinegenerategroofsto betransformed
into beforebeingpresentedo (human)users.In this papemwe
arguefurtherthatthe assertiorievel canalsosene asoneof
thoselevels of granularityon which knowledge-basegroof
planningshouldbebased7].

We are corvincedthat by planningdirectly on the asser
tion level it will be possibleto overcomeatleastsomeof the
identifiedlimitations and problemsof proof planningasdis-
cussedn [3; 5] — in particulay those thatarecauseddy an
unfortunatantertwining of proof planningandcalculuslevel
theoremproving. The perspectie we thereforemotivateis to
considerthe assertionlevel asa well chosenborderlinebe-
tween proof planning and machineorientedmethods. De-
termining the logical consequencesf assertionsn a proof
context is the taskof machineorientedmethods(in our case
generalizedesolution). The taskson top of this level — for
instancean domaindependentontainmenbf the initial as-
sertionsto be consideredthe heuristicselectionof the most
promisingamongthe computedogical consequencethein-
troduction,constrainingandhandlingof meta-variables, etc.
— belongto the scopeof domainspecificproof planning.

In summary insteadof reconstructingnatural deduction
(ND) proofsto obtainassertiorevel proofsassuggestedby
Huang,we proposeo directly planfor proofsattheassertion
level. This shouldimprove the quality of the resultedproof
plansandalsofacilitatebetteruserinteraction.

The developmentof our ideasrevolvesaroundthe math-
ematicalassistansystemOMEGA [8] andthe currentinitia-

tive in this projectto rehuild the systemon top of the proof
representatioframework in [1; 2]. We furthermoreemploy
OMEGA’s agent-basedearchmechanismOANTs [4] for a
distributed modelingof our framewvork and we motivate an
applicationof the approachin a projectaiming at a tutorial
dialoguesystemfor mathematics.

2 Assertion Application via Generalized
Resolution

Dependingonthe proof context theremay be severalwaysin
which anassertiorcanbe used.For instancetheassertion
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Traditionaltheoremproversor proof plannerghatoperate
on calculuslevel canonly achieve suchconclusionsafter a
numberof proof stepsto eliminatethe quantifiersand other
connectvessuchasimplicationandconjunction.We propose
an algorithm Assertion Application basedon a generalized
form of resolutionin orderto achieve suchconclusionsn one
stepfor arbitraryassertionandproof contets at hand. The
algorithm,which s describedn [9], is basedon:

1. The representationf formulasassignedformula trees
(SFT); seealso([1; 2]. This way we achieve accesgo
theliterals of the formulaswithout breakingthemapart.

2. Thelifting of the resolutionideato directly operateon
complementargndunifiableliteralsin SFTsinsteadof
working on (unintuitive) normalforms.

3. The exhaustve applicationof (2) to the SFTsgenerated
for theassertiorandthe formulasof the proof context.

Set.(S1 C Sy < Vz : Element.(x € S1 = z € S3))

3 Modeling Assertion Agents

In ourimplementatiorof mediatorM we modelassertiorap-
plicationin form of distributed searchprocessegmploying
the OANTS approacH4]. This agentbasedformalismis the
driving force behinddistributedproof searchin OMEGA.
Thegeneralapplicationscenarionve have in mindis athe-
oremprover TP that is connectedo an independenmath-
ematicalknowledgebaseKB. TP is focusinga proof task
consistingof theformulaTP hasto prove,viz. thetheoremH,,



anda setof assumption# canuseto prove H. TP candeter
minetherelevantparts,i.e. therelatedtheoriesT'h, from KB
andhandthemoverto ourassertioomoduleM. Thetaskof M
is to computewith respecto prooftaskr all possibldogical
consequences theavailableassertiongs; takenfrom T'h.

We proposeto createfor eachassertion3; oneassociated
instanceAGp, of agenericassertion agent AG. Thegeneric
assertioragentAG is basedn our algorithmAssertionAppli-
cation. Notethatthis algorithmonly dependn the SFT of
the focusedassertioranda further setof SFTsfor the proof
context, andbotharespecifiedasparametersf AssertionAp-
plication. Eachassertioragentinstance4G s, computesand
suggesthelogical consequences B; for prooftaskr to our
moduleM which passeshemfurtherto TP,

Dependingon the sizeof KB therecould betoo mary ap-
plicable assertionpassedo M andalsotoo mary waysan
assertioncan be applied. One possibility is to restrict the
searctspaceby imposingprerequisitegor assertiorretrieval.
For instancea proof plannemayemploy its domainspecific
metaknowledgeto formulateandpassespectie contet sen-
sitive syntacticafilter criteriato the mediatorfor anefficient
preselectiorby syntacticmeans.

Proof planning, however, has developed more sophisti-
catedwaysto guide and constrainpossiblethe possiblein-
stantiationsand applicationsof assertionsThe investigation
on how thesetechniquescanoptimally be employed on top
of our assertiorapplicationmoduleM arefurtherwork.

4 An application: The DIALOG project

Our approachto assertiorapplicationis motivatedby an ap-
plicationin the DIALOG projectaspart of the Collaboratve
ResearchCenteron Resource adaptive cognitive processes
at SaarlandUniversity The goal of this researchprojectis
() to empirically investigateflexible dialoguemanagement
stratgiesin complex mathematicatutoring dialogues,and
(ii) to develop an experimentalprototypesystemgradually
embodyingthe empiricalfindings. The experimentalsystem
will engagein a dialoguein naturallanguage(and perhaps
othermodesof communicationpndhelpa studentto under
standand producemathematicaproofs. It is importantthat
suchasystenis supportedy ahumanorientedmathematical
proofdevelopmenernvironmentandthe OMEGA systemwith
its advancedproof presentatiorand proof planningfacilities
is a suitableanswerto this requirement.

Theoverall scenaridor DIALOG is: A studentuseris first
taking an interactive courseon somemathematicadomain
(e.g.,naive settheory)within a web-basedearningerviron-
ment. Whenfinishing somesectionghe studentis asled by
the systemto testhis learningprogressy actively applying
thestudiedessommaterialby performinganinteractive proof
exercise. Sincethe learningenvironmentis equippedwith
usermonitoringandmodelingfacilitiesa usermodelis main-
tained and dynamically updatedcontaininginformation on
the axioms, definitions,and theoremghencethe assertions)
the studenthasstudiedsofar. Also atutor modelis available
for eachexercisecontaininginformationonthemathematical
materialthatshouldbe employedandtestedby it.

In this scenariowve expectthe mathematicahssistansys-

temto be capableof (i) stepwise-interacte and/or(ii) auto-

matedproof constructiorat a humanorientedlevel of granu-

larity for the proof exerciseat handusingexactly the mathe-
maticalinformationspecifiedn the(a) tutormodelor (b) user
model. The proofsconstructedor (a) reflectwhat we want

to teachandthe proofsfor (b) what the systemexpectsthe

userto be capableof. For interactive tutorial dialogthe sup-

port for a stepwiseproof constructiorwith the mathematical
assistansystemis of courseimportant,while fully automati-
cally generateghroofsareneededo beableto alsogive away

completesolutionsor to initially generatea discoursestruc-

turefor thedialog on the chosenexercise.We wantto stress
thatthe usermodel may be updatedalsoduring an exercise,
hencethe setof relevantassertiongnay dynamicallychange
duringaninteractie session.

It is easyto motivatethedesignof ourassertiorapplication
modulefor this scenariolts capabilitiedor assertiorapplica-
tion for adynamicallyvaryingsetof assertionsirecrucialfor
theproject.lt is alsoessentiathatreasonings facilitatedata
humanorientedlevel of granularity sincewe do notwantthe
userto puzzlearoundwith the peculiaritiesof, for instance,
logical derivationsin sequenbr naturaldeductioncalculus.

5 Conclusion

Mediating mathematicalknowledge between (web-based)
mathematicaknowledgebasesmathematicateasoningsys-
temsandhumanuserss a mathematicaknowledgemanage-
menttask of increasingimportance. We sketcheda flexible
and distributed solution for the subtasksof suggestinghe
logical consequencesf assertionsat an intuitive reasoning
level.
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