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We presentan interactive visualization environment for semi-
automatictheoremprovers in an attemptto help usersbettersteer
their theoremproving process. The augmentedtheoremproving
environment provides synchronizedmulti-resolution textual and
graphicalviews anddirectnavigationof largeexpressionsor proof
treesfrom eitherof the twin interfaces. We identify threelevels
of theproofprocessatwhichsynchronizedmulti-resolutiontextual
andgraphicalvisualizationsenhanceuserunderstanding.
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User interactionwith theoremproversremainsmostly text based.
Whena proof attemptfails, theuserneedsto diagnosetheproblem
andthencomeup with new theorems,lemmasor hintsto continue.
Thisrequiresathoroughunderstandingof eachproofattempt.The-
oremproverstypically generatelargeamounts(megabytes)of text
duringproof attempts;makingintermediateexpressionnavigation
in the proof processa signi�cant challenge.A commandline text
interfaceis usedwith mosttheoremprovers.Prettyprintingandtext
basedprimitiveslike searchingarethemaintoolsavailableto help
reduceor managevisualcomplexity. Thechallengeis to integrate
text-basedinterfaceswith synchronizedgraphicalvisualizationto
speedcomprehensionandinteraction. We identify threelevels at
which the commandline interfacecould be augmentedwith syn-
chronizedgraphicalvisualizationfor enhanceduserunderstanding:

1. Theoverall proof attemptcanbevisualizedby a graphof the
theoremsusedduringa particularproofattempt.

2. Thestructureof theproofcanbevisualized,by displayingthe
subgoalscreatedat eachstepandindicatingwhich subgoals
couldbeprovedor not.

3. Examiningfailed subgoalsis critical towardsunderstanding
why a proof attemptfailed.Following theprogressof similar
subgoalsthroughthe proof attemptis useful. Graphicalvi-
sualizationwould help quickly identify similar subgoalsand
their locationswithin theoverall proof.

We chooseACL2 [Kaufmann and Moore 1997], an industrial
strengththeoremprover for ourcasestudy.
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We provide a coupleof relevant referenceshereto previous work
donein thevisualizationof outputfrom theoremprovers. The re-
mainingarecitedin thefull versionof thepaper[Bajaj etal. 2003].
Paper[Thiry et al. 1992]discussestheneedandrequirementsfor a

ced
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userfriendly interfaceto theoremprovers,but do not visualizethe
informationinherentin theproofprocessasawayto understandthe
proof attempt.In [Goguen1999],we seeanattemptto usevisual-
izationto understandthestructureof proofs,andacompletesystem
for developingauserinterface.Theirsystemis designedfor readers
of proofs(asopposedto speci�ersor provers). Webpagesexplain
eachproof with links to backgroundmaterialandtutorials. Their
systemis designedwith distributedcollaborationin mind. Oursys-
temis designedto beusedby theoremprovers, working alone.

Figure1: Proof treevisualization.Thisis a proof relatedto a Java
Virtual Machine.
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We provide detailsandjusti�cations for thevisualizationsat each
level of thehierarchy.
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A theoremis provedbyusing
previously veri�ed theoremsandlemmas.Theseveri�ed theorems
andlemmasareusedasa knowledgebasefor the theoremprover.
By looking at thetheoremsandlemmasusedin theproof of a pre-
viously veri�ed theorem,a usermay gain insight on how to steer
a currentproof attempt. The theoremsand lemmasusedduring
a proof attempt,whenarrangedto show inter-dependency, form a
directedacyclic graph.Thiscanbevisualizedusingasimplenode-
link diagram.
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Mostproofattemptshaveatreestruc-
turedapproach;with themaintheorembeingprovedastheroot of
thetree.A theoremprover eitherproves/disprovesthetheorem,or
dividesthe theoreminto subgoals.Eachof thesesubgoalsis then
tackledin an orderdeterminedby the particulartheoremproving
system.ACL2 tendsto usedepth�rst search.See�gure 1.

We provide a synchronizedmulti-view representationof the
proof treeto the user. Sinceproof attemptstendto be large, tak-
ing possiblyhoursto �nish, userspreferbeinggivensynchronized



Figure 2: Multi-view text and graphical visualizationof a proof
attempt.Thetext windowson theleft containthecontentsof some
nodesfromtheproof treeon theright. Thescreenshotis fromthe
proofof thepropositionthat thereverseof thereverseof a list is the
list itself (givencertainconditionsandde�nitions).

feedbackin bothtextual andgraphicalviews of thecurrentstateof
theproof. Weuseavariantof theconetreealgorithm[Carriereand
Kazman1995] to render, annotateandprovide interactive naviga-
tion for our trees.ACL2 hasa modelin which thesubgoalscanbe
reducedusinggeneralization,induction,simpli�cation, etc. These
actionsarelimited anddistinctandcanbevisualizedby thecurrent
node's color, asshown in �gure 2.
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The main hurdle in �nding out why
thetheoremprover couldnot prove a theoremis understandingthe
critical nodeatwhichthetheoremproverfailedor deviatedfrom the
expectedpath.Theexpressiontreesof formulasatasubnodecanbe
visualizedasa 2D tree. In theoremproving, largerproof attempts
arecumbersometo follow. Fromonegoal to another, the theorem
prover performssomeactions,modifying the expressionsat each
stage.In orderto follow changes,patternmatchingcanbeapplied
to theexpressions(aftersuitablyrepresentingthemastrees).

Thetreematchingalgorithmweuseis similar to therecursiveal-
gorithmpresentedby [HoffmannandO'Donnell1982].Ourheuris-
tics for matchingaredomainspeci�c. A Lisp expressionE canbe
representedasa functionsymbolF operatingon a setof parame-
tersp1 �

P2 �����	�	�

Pn. In abinarytreerepresentation,theleft child of the
rootnodecontainsthefunctionsymbolF. Theparametersarethen
theleft childrenof all thenodesof theright sidepathfrom theroot
to a leaf. Two treeswhich have differentfunctionsymbolsresultin
a low match. The matchis alsoproportionalto the distancefrom
theroot of thedifferencesbetweenthe trees.A permutationin the
parametersof a functionsymbolresultsin a high match.

The visualizationof the resultsfrom the patternmatchinghas
beenimplementedin bothtext andgraphics.In �gure 3 weseetwo
setsof texts. A subexpressionfrom column2 is matchedwith the
entireexpressionon theright. Thefont color indicateshow similar
an expressionis to the searchexpression.Unselectedtext is light
gray, while selectedtext is black.Theresultsfrom patternmatching
areshown by varying the font color from bright red (high match)
to dark red (low match). The graphicalexpressionvisualization
interfacealsoshows thesameresults(the�rst columnin �gure 3).
Theunselectedsectionsaregray, while selectionsarecyan.Again,
bright to darkredis usedto show high to low matchesbetweenthe
patterns.The third treein the left columnis a zoomed-inview of
theoutlinedbox in thesecondtree.

Figure3: A synchronizedview of text and graphicsvisualizations
fromlevel 3. Patternmatching of expressionsfroma proof: A com-
positionof screenshotsfromour implementation.
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We have presentedsomedetailsof our interactive visualizationen-
vironmentfor semi-automatictheoremprovers. Furtherdetailsare
availablefrom thefull versionof thepaper[Bajaj etal. 2003],(with
systemanimations),from our Symbolic Visualizationweb page
(http://www.ices.utexas.edu/CCV/projects/VisualEyes/SymbVis/).
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We are grateful to RobertKrug for writing the socket codethat
helpsus communicatewith ACL2. Researchsupportedin partby
grantsfrom NSFCCR-9988357andACI 9982297.
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