ChandrajitBajaj, ShashankhandeWwal, J Moore, Vinay Siddasanahalli
Centerfor ComputationaVisualization,
Departmentf ComputerSciencesandInstitutefor ComputationaEngineering& Sciences,
Universityof Texas,Austin Texas78712

We presentan interactive visualization ervironment for semi-
automatictheoremproversin an attemptto help usersbettersteer
their theoremproving process. The augmentedheorempraoving
ervironment provides synchronizedmulti-resolution textual and
graphicalviews anddirect navigation of large expression®r proof
treesfrom either of the twin interfaces. We identify threelevels
of the proof processatwhich synchronizednulti-resolutiontextual
andgraphicalvisualizationseenhanceiserunderstanding.

Userinteractionwith theoremproversremainsmostly text based.
Whena proof attempffails, the userneedso diagnosehe problem
andthencomeup with new theoremslemmasor hintsto continue.
Thisrequiresathoroughunderstandingf eachproof attempt.The-
oremproverstypically generatdarge amountg megabytes)f text
during proof attempts;makingintermediateexpressionavigation
in the proof processa signi cant challenge.A commandine text
interfaceis usedwith mosttheorenprovers. Prettyprintingandtext
basedorimitiveslik e searchingarethe maintools availableto help
reduceor managevisual compleity. The challenges to integrate
text-basedinterfaceswith synchronizedyraphicalvisualizationto
speedcomprehensiomndinteraction. We identify threelevels at
which the commandline interface could be augmentedvith syn-
chronizedgraphicalvisualizationfor enhancediserunderstanding:

1. Theoverall proof attemptcanbe visualizedby a graphof the
theoremsausedduringa particularproof attempt.

2. Thestructureof the proofcanbevisualized by displayingthe
subgoalscreatedat eachstepandindicatingwhich subgoals
couldbeprovedor not.

3. Examiningfailed subgoalss critical towardsunderstanding
why a proof attemptfailed. Following the progressf similar
subgoalghroughthe proof attemptis useful. Graphicalvi-
sualizationwould help quickly identify similar subgoalsand
their locationswithin the overall proof.

We chooseACL2 [Kaufmann and Moore 1997], an industrial
strengththeoremprover for our casestudy

We provide a coupleof relevant referencesereto previous work
donein the visualizationof outputfrom theoremprovers. There-
mainingarecitedin thefull versionof thepapefBajaj etal. 2003].
Paper[Thiry etal. 1992]discusseshe needandrequirementsor a
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userfriendly interfaceto theoremprovers,but do not visualizethe
informationinherentin theproofprocessasawayto understandhe
proof attempt.In [Goguen1999], we seean attemptto usevisual-
izationto understandhe structureof proofs,andacompletesystem
for developingauserinterface.Their systemnis designedor readers
of proofs(asopposedo speci ersor provers). Web pagesexplain
eachproof with links to backgroundmaterialandtutorials. Their
systemis designedvith distributedcollaborationin mind. Our sys-
temis designedo beusedby theoremprovers, working alone.

WIS

ooty

[ ::3:‘? * :.‘0.0 XXX X ¢ .... ® °f
Y ® ® *ePe co0ee ¢ ¢ ?
¢ .“330£ ¢ * °
° .....“ [ ] [ ] . [ 1]
° Py * o
° ° .
° ° o

Figurel: Prooftreevisualization.Thisis a proofrelatedto a Java
Virtual Machine

We provide detailsandjusti cations for the visualizationsat each
level of thehierarchy

A theoremis provedby using
previously veri ed theoremsandlemmas.Theseveri ed theorems
andlemmasare usedasa knowledgebasefor the theoremprover.
By looking atthe theoremsandlemmasusedin the proof of a pre-
viously veri ed theorem,a usermay gaininsight on how to steer
a currentproof attempt. The theoremsand lemmasusedduring
a proof attempt,whenarrangedo shav inter-dependeng form a
directedagyclic graph.This canbevisualizedusinga simplenode-
link diagram.

Mostproofattempthave atreestruc-
turedapproachwith the maintheorembeingproved astheroot of
thetree. A theoremprover eitherproves/dispreesthetheorem,or
dividesthe theoreminto subgoals.Eachof thesesubgoalss then
tackledin an orderdeterminedby the particulartheoremproving
system ACL2 tendsto usedepth rst searchSee gure 1.

We provide a synchronizedmulti-view representatiorof the
proof treeto the user Sinceproof attemptstendto be large, tak-
ing possiblyhoursto nish, userspreferbeinggiven synchronized



Figure 2: Multi-view text and graphical visualizationof a proof
attempt. Thetext windowson the left containthe contentsof some
nodesfromthe proof treeon theright. Thescreenshotis fromthe
proof of the propositionthatthereverseof thereverseof alist is the
list itself (givencertain conditionsand de nitions).

feedbackin bothtextual andgraphicalviews of the currentstateof

theproof. We usea variantof theconetreealgorithm[Carriereand
Kazman1995]to rendey annotateand provide interactive naviga-

tion for our trees.ACL2 hasa modelin which the subgoalsanbe
reducedusinggeneralizationinduction,simpli cation, etc. These
actionsarelimited anddistinctandcanbevisualizedby thecurrent
nodes color, asshavn in gure 2.

The main hurdlein nding out why
thetheoremprover could not prove a theoremis understandinghe
critical nodeatwhichthetheorenproverfailedor deviatedfromthe
expectedpath. Theexpressiortreesof formulasata subnodeanbe
visualizedasa 2D tree. In theoremproving, larger proof attempts
arecumbersomeo follow. From onegoalto anotherthe theorem
prover performssomeactions,modifying the expressionsat each
stage.In orderto follow changespatternmatchingcanbe applied
to theexpressiongaftersuitablyrepresentinghemastrees).

Thetreematchingalgorithmwe useis similarto therecursve al-
gorithmpresentety [HoffmannandO'Donnell 1982]. Our heuris-
tics for matchingaredomainspeci c. A Lisp expressionE canbe
represente@sa function symbol F operatingon a setof parame-
tersp1 P, P Inabinarytreerepresentatiortheleft child of the
rootnodecontainghefunctionsymbolF. Theparameterarethen
theleft childrenof all the nodesof theright sidepathfrom theroot
to aleaf. Two treeswhich have differentfunctionsymbolsresultin
alow match. The matchis alsoproportionalto the distancefrom
theroot of the differencedbetweenthetrees.A permutationn the
parametersf a functionsymbolresultsin a high match.

The visualizationof the resultsfrom the patternmatchinghas
beenimplementedn bothtext andgraphics.In gure 3 we seetwo
setsof texts. A subexpressiorfrom column2 is matchedwith the
entireexpressioron theright. Thefont colorindicateshow similar
an expressionis to the searchexpression.Unselectedext is light
gray, while selectedext is black. Theresultsfrom patternmatching
areshavn by varying the font color from bright red (high match)
to dark red (low match). The graphicalexpressionvisualization
interfacealsoshavs the sameresults(the rst columnin gure 3).
Theunselectedectionsaregray, while selectionsarecyan. Again,
brightto darkredis usedto shav highto low matchedbetweerthe
patterns.The third treein theleft columnis a zoomed-inview of
theoutlinedboxin thesecondree.

Figure 3: A syntironizedview of text and graphicsvisualizations
fromlevel 3. Patternmatding of expressionfroma proof: A com-
positionof screenshotsfromour implementation.

We have presentedomedetailsof our interactive visualizationen-
vironmentfor semi-automati¢cheoremprovers. Furtherdetailsare
availablefrom thefull versionof thepaper{Bajaj etal. 2003],(with
systemanimations),from our Symbolic Visualizationweb page
(http://wwwi.ices.uteas.edu/CCV/projectsisualEyes/Symbig/).
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