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Ourwork addressesassertionretrieval andapplicationin theorem
proving systemsor proof planningsystemsfor classicalfirst-order
logic. We proposea distributedmediatorM betweena mathemat-
ical knowledgebaseKB anda theoremproving systemTP which
is independentof theparticularproof andknowledgerepresentation
formatsof TP andKB andwhich appliesgeneralizedresolutionin
orderto analyzethelogical consequencesof arbitraryassertionsfor
aproofcontext athand.Wediscusstheconnectionto proofplanning
andmotivateanapplicationin aprojectaimingata tutorialdialogue
systemfor mathematics.Thispaperis a shortversionof [9].

1 Proof planning at the assertionlevel
Due to Huang[6], the notion of assertioncomprisesmathe-
maticalknowledgefrom a mathematicalknowledgebaseKB
suchasaxioms,definitions,andtheorems.Huangarguesthat
anassertion-basedrepresentation,i.e. assertion level, is just
theright level for machinegeneratedproofsto betransformed
into beforebeingpresentedto (human)users.In thispaperwe
arguefurther that theassertionlevel canalsoserve asoneof
thoselevelsof granularityon which knowledge-basedproof
planningshouldbebased[7].

We areconvincedthat by planningdirectly on the asser-
tion level it will bepossibleto overcomeat leastsomeof the
identifiedlimitationsandproblemsof proof planningasdis-
cussedin [3; 5] — in particular, those,thatarecausedby an
unfortunateintertwiningof proofplanningandcalculuslevel
theoremproving. Theperspectivewe thereforemotivateis to
considerthe assertionlevel asa well chosenborderlinebe-
tweenproof planningand machineorientedmethods. De-
termining the logical consequencesof assertionsin a proof
context is thetaskof machineorientedmethods(in our case
generalizedresolution).Thetaskson top of this level — for
instance,andomaindependentcontainmentof the initial as-
sertionsto be considered,the heuristicselectionof the most
promisingamongthecomputedlogicalconsequences,thein-
troduction,constrainingandhandlingof meta-variables, etc.
— belongto thescopeof domainspecificproof planning.

In summary, insteadof reconstructingnatural deduction
(ND) proofsto obtainassertionlevel proofsassuggestedby
Huang,weproposeto directlyplanfor proofsat theassertion
level. This shouldimprove the quality of the resultedproof
plansandalsofacilitatebetteruserinteraction.

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

tive in this project to rebuild the systemon top of the proof
representationframework in [1; 2]. We furthermoreemploy
OMEGA ’s agent-basedsearchmechanismOANTS [4] for a
distributedmodelingof our framework andwe motivatean
applicationof the approachin a projectaiming at a tutorial
dialoguesystemfor mathematics.

2 AssertionApplication via Generalized
Resolution

Dependingon theproofcontext theremaybeseveralwaysin
which anassertioncanbeused.For instance,theassertion���	��
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allows usto derive: (1) 46587 from 465:9 and 9<;=7 , (2)9?>;@7 from 4A5B9 and 4DC5E7 , (3) FHGEI�JLK�MONPMRQ�S�TVUWGE59BXYG65Z7\[ from 9];^7 , (4) etc.

Traditionaltheoremproversor proof plannersthatoperate
on calculuslevel canonly achieve suchconclusionsafter a
numberof proof stepsto eliminatethe quantifiersandother
connectivessuchasimplicationandconjunction.Wepropose
an algorithm Assertion Application basedon a generalized
form of resolutionin orderto achievesuchconclusionsin one
stepfor arbitraryassertionsandproof contexts at hand. The
algorithm,which is describedin [9], is basedon:

1. The representationof formulasassignedformula trees
(SFT); seealso [1; 2]. This way we achieve accessto
theliteralsof theformulaswithoutbreakingthemapart.

2. The lifting of the resolutionideato directly operateon
complementaryandunifiableliterals in SFTsinsteadof
working on(unintuitive)normalforms.

3. Theexhaustiveapplicationof (2) to theSFTsgenerated
for theassertionandtheformulasof theproofcontext.

3 Modeling AssertionAgents
In our implementationof mediatorM wemodelassertionap-
plication in form of distributedsearchprocessesemploying
the OANTS approach[4]. This agentbasedformalismis the
driving forcebehinddistributedproofsearchin OMEGA.

Thegeneralapplicationscenariowe have in mind is a the-
orem prover TP that is connectedto an independentmath-
ematicalknowledgebaseKB. TP is focusinga proof task _
consistingof theformulaTPhasto prove,viz. thetheorem̀ ,



anda setof assumptionsit canuseto prove ` . TPcandeter-
minea therelevantparts,i.e. therelatedtheoriesbdc , from KB
andhandthemoverto ourassertionmoduleM. Thetaskof M
is to computewith respectto proof task _ all possiblelogical
consequencesof theavailableassertionse�f takenfrom bdc .

We proposeto createfor eachassertione�f oneassociated
instanceg\hjilk of a genericassertion agent g\h . Thegeneric
assertionagentgmh is basedonouralgorithmAssertionAppli-
cation. Note that this algorithmonly dependson theSFTof
the focusedassertionanda furthersetof SFTsfor theproof
context, andbotharespecifiedasparametersof AssertionAp-
plication. Eachassertionagentinstanceg\h i k computesand
suggestthelogicalconsequencesof e�f for proof task _ to our
moduleM whichpassesthemfurtherto TP.

Dependingon thesizeof KB therecouldbetoo many ap-
plicableassertionspassedto M andalso too many waysan
assertioncan be applied. One possibility is to restrict the
searchspaceby imposingprerequisitesfor assertionretrieval.
For instance,aproofplannermayemploy its domainspecific
metaknowledgeto formulateandpassrespectivecontext sen-
sitive syntacticalfilter criteriato themediatorfor anefficient
preselectionby syntacticmeans.

Proof planning, however, has developedmore sophisti-
catedways to guideandconstrainpossiblethe possiblein-
stantiationsandapplicationsof assertions.The investigation
on how thesetechniquescanoptimally be employed on top
of ourassertionapplicationmoduleM arefurtherwork.

4 An application: The DIALOG project
Our approachto assertionapplicationis motivatedby anap-
plication in the DIALOG projectaspart of the Collaborative
ResearchCenteron Resource adaptive cognitive processes
at SaarlandUniversity. The goal of this researchproject is
(i) to empirically investigateflexible dialoguemanagement
strategies in complex mathematicaltutoring dialogues,and
(ii) to develop an experimentalprototypesystemgradually
embodyingtheempiricalfindings. Theexperimentalsystem
will engagein a dialoguein natural language(and perhaps
othermodesof communication)andhelpa studentto under-
standandproducemathematicalproofs. It is importantthat
suchasystemis supportedby ahumanorientedmathematical
proofdevelopmentenvironmentandtheOMEGA systemwith
its advancedproof presentationandproof planningfacilities
is a suitableanswerto this requirement.

Theoverall scenariofor DIALOG is: A studentuseris first
taking an interactive courseon somemathematicaldomain
(e.g.,naive settheory)within a web-basedlearningenviron-
ment. Whenfinishingsomesectionsthe studentis askedby
the systemto testhis learningprogressby actively applying
thestudiedlessonmaterialby performinganinteractiveproof
exercise. Sincethe learningenvironmentis equippedwith
usermonitoringandmodelingfacilitiesausermodelis main-
tainedand dynamicallyupdatedcontaininginformation on
the axioms,definitions,andtheorems(hencethe assertions)
thestudenthasstudiedsofar. Also a tutor modelis available
for eachexercisecontaininginformationonthemathematical
materialthatshouldbeemployedandtestedby it.

In this scenariowe expectthe mathematicalassistantsys-

temto becapableof (i) stepwise-interactive and/or(ii) auto-
matedproof constructionat a humanorientedlevel of granu-
larity for theproof exerciseat handusingexactly themathe-
maticalinformationspecifiedin the(a)tutormodelor (b) user
model. The proofsconstructedfor (a) reflectwhat we want
to teachand the proofs for (b) what the systemexpectsthe
userto becapableof. For interactive tutorial dialogthesup-
port for a stepwiseproof constructionwith themathematical
assistantsystemis of courseimportant,while fully automati-
cally generatedproofsareneededto beableto alsogiveaway
completesolutionsor to initially generatea discoursestruc-
turefor thedialogon thechosenexercise.We want to stress
that theusermodelmaybeupdatedalsoduringan exercise,
hencethesetof relevantassertionsmaydynamicallychange
duringaninteractivesession.

It is easyto motivatethedesignof ourassertionapplication
modulefor thisscenario.Its capabilitiesfor assertionapplica-
tion for adynamicallyvaryingsetof assertionsarecrucialfor
theproject.It is alsoessentialthatreasoningis facilitatedata
humanorientedlevel of granularity, sincewedo notwantthe
userto puzzlearoundwith the peculiaritiesof, for instance,
logical derivationsin sequentor naturaldeductioncalculus.

5 Conclusion
Mediating mathematicalknowledge between(web-based)
mathematicalknowledgebases,mathematicalreasoningsys-
temsandhumanusersis a mathematicalknowledgemanage-
menttaskof increasingimportance.We sketcheda flexible
and distributed solution for the subtasksof suggestingthe
logical consequencesof assertionsat an intuitive reasoning
level.
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