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Weexploreanew symbolicvisualizationmodelfor semi-automatic
theoremprovers.Mechanizedformalmethodsare�nding increased
usein thedesignanddevelopmentof complex hardwareandsoft-
waresystems.Most proofsarepresentedin a textual format,with
intermediateformulas possibly consistingof megabytesof data,
whicharedif�cult to analyzeandunderstand.Thispaperintroduces
a preliminaryvisualizationenvironmentfor semi-automatictheo-
rem proversin an attemptto help userssteerthe theoremproving
process.Theenvironmentprovidessynchronizedmulti-resolution
textual andgraphicalviews anddirect navigation of large expres-
sionsor proof treesfrom eitherof the twin interfaces. We iden-
tify threelevelsof theproof processat which synchronizedmulti-
resolutiongraphicalandtextual visualizationenhanceuserunder-
standing.

CR Categories: H.4, F.3 [Information SystemsApplications]:
Logics andMeaningsof Programs—;D.2.8 [SoftwareEngineer-
ing]: Metrics—complexity measures,performancemeasures

Keywords: Symbolicvisualization,Approximatetreematching,
HCI
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Formalmethodsallow usersto mathematicallydescribea system,
andthenverify thatthesystembehavesaccordingto a givensetof
speci�cations.In softwareengineering,artifactssuchasspeci�ca-
tions, design,and sourcecodecan be formally de�ned andveri-
�ed, helpingin the developmentof “bug free” systems.Software
andhardwaresystemshavebecomecomplex enoughfor theformal
veri�cation processto requirethe useof semi-automatictheorem
provers.

Althoughtheapplicationshave becomemorecomplex, userin-
teractionwith theoremproversremainsmostlytext based.Whena
proofattemptfails,theuserneedsto diagnosetheproblemandthen
comeup with new theorems,lemmasandhintsto proceedwith the
proof. This requiresathoroughunderstandingof theproofattempt.
Theoremprovers typically generatelarge amountsof text during
proof attempts– makinganattemptdif�cult to understand.

A commandline interfaceis usedwith most theoremprovers.
Prettyprintingandtext basedprimitiveslikesearchingarethemain
toolsavailableto help reduceor managevisual complexity. Since
theoremproving is, by de�nition, concernedwith thesyntacticma-
nipulationof formulasin a formally de�ned syntax,the focuson
text is inescapable.But that is not anargumentthatall interaction
needsto betext based.Thechallengeis to integratetext-basedtools
with visualizationtoolsto speedcomprehensionandinteraction.

The designof userfriendly interfacesto suchlarge and com-
plex text basedsystemsis a well known problem.We have madea
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preliminaryeffort towardsidentifying threelevelsat which we can
augmentthecommandline interfacewith visualizations:

1. The overall proof processcanbe visualizedby displayinga
graphof thetheoremsandsetsof previously provedtheorems
(books)usedduringa particularproofattempt.

2. Thestructureof theproofcanbevisualized,by displayingthe
subgoalscreatedat eachstep,andindicatingwhich subgoals
couldbeprovedor not. Navigatingandbrowsingthroughthe
structureof aproof treemayhelptheuserbetterunderstanda
proofattempt.

3. The visualizationof a single subgoalis somethingthat is
muchrequired.Examiningfailedsubgoalsis critical towards
understandingwhy a proof attemptfailed. Within the proof
of critical subgoals,the userneedsto understandthe steps
takenby thetheoremprover. Following theprogressof simi-
lar subgoalsthroughaproofattemptis usefulin thissituation.
Graphicalvisualizationwould help quickly identify similar
subgoalsandtheir locationswithin theoverall proof.

The visualizationat all three levels involves �nding a spatial
mappingfor thedataat eachlevel - datathat is inherentlynot spa-
tial. Fromour knowledgeof interactionwith theoremprovers,we
believe we have developeda mappingthatwe think will becogni-
tively useful.Ourvisualizationsshouldhelpincreasetheef�ciency
of currentusersaswell asprovide a friendly environmentto help
new userslearnthetheoremproving system.

In this paper, we introducea hierarchyof levels at which we
canperformsynchronizdmulti-view textual andgraphicalvisual-
izations.Domainspeci�c patternmatchingis usedto enhanceuser
understandingof proof attempts. To ensureinteractivity, we use
fastdynamicsynchronizedreconstructionof trees.

In section2 we discussour test casetheoremprover, the cur-
rent interactionmethodsandquantify the outputgeneratedduring
complex proof attempts.Section3 presentsrelatedwork on visu-
alizationin theoremprovers, treevisualizationandtreematching.
In section4 weprovidedetailsonthevisualizationof theoremsand
books,proof treevisualization,andfunctionvisualization.Section
5 describesthesynchronizedmulti-view aspectof ourvisualization
environment. Section6 describescasestudies. The �nal section
presentsourconclusions.
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We chooseACL2 [Kaufmannand Moore 1997], [Kaufmannand
Moore 1994], an industrial strengththeoremprover, for our case
study.

ACL2 is a tool thatcanbeusedto modelhardwareandsoftware
systemsandthenprove propertiespertainingto thosemodels.It is
alsoa generalpurposesemi-automatictheoremprover, with a sim-
ple dialectof theLISP programminglanguage.Otherexamplesof
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Figure1: An ArchitecturalOverview of ourSymbolicVisualizationSystemfor TheoremProvers

similar theoremproversareNQTHM [BoyerandMoore1988](the
predecessorof ACL2), PVS[Owre et al. 1992],andHOL [Gordon
andMelham1993].
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Symbolicmanipulationis themethodemployedby ACL2 to prove
theorems.It usesthe axiomspresentin the logic andpreviously
proved theorems/lemmasto prove the currentgoal. If a proof at-
temptfails, theuserneedsto understandthe logical reasonbehind
the failure, andthenprovide the systemwith hints, missingtheo-
remsor lemmas.Thisprocessrequiresathoroughunderstandingof
ACL2 andthespeci�c systembeinganalyzed.

Theproofof correctnessof thekernelof theAMD5K86's�oating
point algorithminvolved1600de�nitions andlemmas.ACL2 can
produceterms300,000(20Mb) lineslong(aswereproducedwhile
proving anequivalenceconditionrelatedto theMotorolaCAPdigi-
tal signalprocessingco-processor).[B. Brocketal.1996]discusses
usingACL2 to prove theoremsaboutthesecommercialmicropro-
cessors.The largeamountsof text generatedin suchproofsis too
cumbersometo comprehendevenwith powerful text manipulation
andpretty printing tools. Graphicalvisualizationmakescompre-
hensionof complex proofs easierby using higher spatialdimen-
sions,a cleanerlevel-of-detail implementationandabstractrepre-
sentations.
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MostusersrunACL2 in ashellrunningin abuffer insideanEmacs
editor. Thecurrentuserinteractionis througha commandline in-
terface,with a read-evaluate-printloop. Emacsprovidesexcellent
supportfor searching,text manipulationandmatchingparentheses
andother textual patterns.Thereis an option to obtain the proof
treeandbrowseit in thesametext model,allowing usersto make
simplequerieson differentsubgoals.Althoughthis systemis pow-
erful, it is entirelytext basedandrelieslargelyonthedisciplineand
Emacsskill of theuserto imposestructure.
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We provide referencesto relevant previous work donein visual-
ization of output from theoremprovers. Tree visualizationis re-
quiredfor the levels two (section4.2) andthree(section4.3) and
we presentpastwork of interest.Treematchingis requiredin level
three.
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[Thiry etal.1992]discusstheneedandrequirementsfor afriendlier
userinterfaceto theoremprovers,but donotattemptto visualizethe
informationinherentin theproofprocessasawayto understandthe
proofattempt.

In [Goguen1999], we seean attemptto use visualizationto
understandthe structureof proofsanda completesystemfor de-
velopinga userinterface. Thereare a few major differencesbe-
tweentheir systemandours. Their systemis designedfor users
that readproofs (asopposedto speci�ers or provers). The inter-
faceis throughwebpagesthatexplain theproofwith links to back-
groundmaterialandtutorials. Their systemis alsodesignedwith
distributedco-operative collaborationbetweenusersin mind. Our
systemis designedto beusedby theoremprovers, working alone.
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Therehasbeenasigni�cant amountof researchin thevisualization
of data,andspeci�cally in treevisualization.In [Keller andKeller
1994], therearea numberof generictechniquesandhints to visu-
alize a variety of genericdata(including time varying, animated,
volumetricmodels). [Tufte1990]describesavarietyof commonly
useddatavisualizationtechniques,presentingmethodsto increase
our understandingof databy betterrepresentation.[Brown 1987]
describesa systemfor algorithmanimation,wheretheusercanob-
serveanalgorithm'sbehavior throughtime. Algorithm comparison
methodsarealsopresented.

Complexity in tree visualization is reducedusing hierarchies
or culling of irrelevant information. Conetrees[Robertsonet al.
1991],[CarriereandKazman1995]area popular3D visualization
techniquefor trees.Space�lling curvesandfractalsareothertree
representations,but canlosestructuralinformation. [Shneiderman
1992]'s space�lling approachis an exampleof maximumutiliza-
tion of screenspacebut treemapsdo not provide structuralinfor-
mationwith thesameeaseasamoretraditionalnode-linkapproach.
[Koike andYoshihara1993] improve on conetreesby usingfrac-
tals to representself similar nodesin a hierarchy. They give ex-
amplesof browsing a large Unix directorystructure. [Robertson
et al. 1991] de�ne traditionalconetreesandthe useof animation
to reducethecognitive loadon userswhenthey selecta new node
to focuson. [CarriereandKazman1995] try to improve the clut-
ter presentin conetreesasthe sizeof datagrows large by adding
visualcues,hierarchicalmodelsand�ltering to reducesizeof ren-
deredtrees. In anotherattemptat thesamegoal, [JeongandPang
1998]describeRecon�gurableDisc Treeswhich alleviatesomeof
theproblemswith traditionalconetreesby usinga discastheba-
sic shapeinsteadof a cone. A new techniquefor renderingtrees



wasintroducedin [Lamping andRao1994]. They usehyperbolic
spacesto renderarbitrarysizeddatain a limited space.[Munzner
1998]shows how largegraphscanberepresentedandrenderedin
3D hyperbolicspaceby layingout spanningtrees.

Previous works on 2D tree layout algorithms,from which we
derived our layout algorithm,are: [Walker 1990], [Reingoldand
Tilford 1981]and[FrankVanHam2001].

In section4.3we explain theneedfor treematchingin support-
ing expressionvisualization. Therehave beena lot of recentim-
provementsin treematchingalgorithms. In [Kosaraju1989], the
ideaof convolutionsbetweentreesandstrings,suf�x treesof trees
anddon't caresymbolsareusedto obtainanalgorithmwhichhasa
costof O � nm0 � 75polylog � m��� wheremis thesizeof thepatterntree
andn is thesizeof the text tree. polylog is de�ned asthea poly-
nomialof logs. Usingsubstringsappearingperiodicallyin thepat-
tern tree[Dubiner et al. 1994] improve the O � nm0 � 75polylog � m���

boundto O � n � m polylog � m��� . In a seriesof papers,Cole et al.
[Cole and Hariharan1997], [Cole et al. 1999] show boundsof
O � n log3m

loglogm �

m� , a randomizedalgorithmof costO � nlog3m� and

thenlaterclaim a deterministicalgorithmat thecostof O � nlog3n� .
In [Luccio et al. 2001],we seeoneof the�rst polynomialtime al-
gorithmsfor unorderedexactmatching.
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In thissectionweprovidedetailsandjusti�cationsfor thevisualiza-
tions(andthetypesof visualizations)ateachlevel of thehierarchy.

Figure1 presentsanarchitecturaloverview of our system.Tak-
ing anideafrom [Thiry etal. 1992]ourvisualizationsaregenerated
by a separateserver which communicateswith the theoremprover
throughasimpleprotocol.Theprotocolcanbeimplementedin the
theoremprover's languageproviding accessto information, as if
thevisualizationserver is a regularuser.
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A theoremis provedby usingpreviouslyveri�ed theoremsandlem-
mas. Setsof theoremsin differenttopicsareproved andstoredin
collectionsusedasa knowledgebasefor the theoremprover. By
looking at the theoremsandlemmasusedin the proof of a previ-
ously veri�ed theorem,a usermay gain insight on how to steera
currentproof attempt.

Thehierarchyof theoremsarrangedin anorderthatshows inter-
dependency formsa directedacyclic graph.This canbevisualized
usinganode-linkdiagramasshown in �gure 2.

Book 2Book 1

Lemma 1

Book 3

Lemma 2

Lemma 4

Theorem

Lemma 3

Figure2: A schematicview of lemmasandbooksusedto prove a
theorem

In this paper, we will presentdetailsandresultson visualization
of thenext two levels.

�

��� � �!% %�
 �	���?�7>6�1�2�  �31�&4# :�$�&%'


Most proof attemptsfrom theoremprovershave a treestructured
approach.Therootof thetreecanbeconsideredto bethemainthe-
orembeingproved. A theoremprover theneitherproves/disproves
the theoremor divides the theoreminto subgoals.Eachof these
subgoalsis thentackled,in an orderdeterminedby the particular
theoremproving system.ACL2 tendsto useadepth�rst search.

Figure3: Prooftreevisualization.Threedifferenttimestepsduring
aproof attemptareshown in clockwiseorder.

Actionstakenby thetheoremproverslikebreakingupacomplex
expressioninto a compositionof several sub-expressions,eachof
which canbeprovedin a similar fashion,yieldsvery similar struc-
tures.Differentstructuresin theprooftreeprovidedifferentinsights
abouttheactionstakenby thetheoremproverat thosepoints.It be-
comeseasyto observe induction,or simpli�cation beingappliedto
asubgoal.

Anotherreasonto performproof treevisualizationis to observe
thestructureof theproof,without thelimitationsplacedin thecase
of textual data,and to navigate the proof tree more easily. The
overall structureof theproof tree,combinedwith a closemapping
to thetext data,andviceversa,allowsuserstonavigatefailedproofs
comfortably.
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Thereis a lot
of informationthatcanbeclearlypresentedto theuserthroughthe
visualizationof proof trees.While thestructureof theoverallproof
will be clear in the treestructure,visual cuesareusedto present
interestingdetails.

7 ACL2 hasa modelin which thesubgoalscanbereducedus-
ing generalization,induction, simpli�cation etc. Theseac-
tionsarelimited anddistinct.Theactiontakenby thetheorem



prover at any subgoalcanbevisualizedby thecorresponding
node's color (see�gure 5).

7 ACL2 providestheuserwith asetof statementsindicatingits
reasoningat eachsubgoal.This text canbeparsedandstored
at eachnodeof theproof treeto beaccessedby theuser.

7 The subgoalexpressionsat a nodearelater usedfor expres-
sionvisualization,but arealsostoredatthis level. Textualand
graphicalmulti-view visualizationprovides details through
thetext, andoverallstructurethroughthegraphicsat thesame
time. This is illustratedin �gure 5.

7 As the theoremprover proceeds,we have a setof nodesthat
weregenerated,a setof nodesthatwereproved,andpossibly
a nodethatcouldnotbeproved.Suchinformationcanbedy-
namicallystoredat thelinks by coloringthemappropriately.
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Thefollowing interactionsareconsiderednecessaryfor interacting
with aproof attempt's tree:

7 The renderingof the proof tree must be synchronizedwith
theprogressof theproof attempt.This helpsusseepatterns
developingastheproof proceeds.It becomestrivial to catch
many in�nite recursions,understandthestructureof theproof,
seethecurrentpartof themaintheorembeingtackled,locate
thosesubgoalsthat werenot proved immediately, and iden-
tify theinductionswhich wereattempted.Figure3 shows the
progressof a proof attemptat threedifferent time steps(in
clockwiseorder).

7 Rotating,zooming,andpanningof theprooftree,without los-
ing trackof nodesof interest.

7 The movementfrom onesubgoalof interestto anothermust
besmooth.Animationsequencesmusthelptheusernavigate
without losingtheoverall locationof theviewpoint in thetree.
To do this,we choosea uniquepathfrom thecurrentnode,to
therootandthendown to theothernode.

7 Usersshouldbeableto move from thetext to thevisual tree
(andviceversa),by selectingsubgoalsin either.

7 Somedomainspeci�c interactionsrequiredwould beobtain-
ing de�nitions andprevioususesof axioms.

To ensurereal-timeuserinteractionwith themulti-view visual-
izationof theproof process,we needfastconstructionandrender-
ing of the proof tree. Sinceproof attemptstend to be large, tak-
ing possiblyhoursto �nish, userspreferbeinggivensynchronized
feedbackin bothtextual andgraphicalviews of thecurrentstateof
the proof. Thus we needto usea dynamictreeconstructionand
renderingalgorithm.
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Wegettheinformationonthenumberof childrenatanodeassoon
aseachnodeis evaluated.Henceweknow thedistributionof nodes
at eachlevel asthetheoremprover startsproving themin order.

We usea variantof theconetreelayoutalgorithmto renderour
treesinteractively.

TheimplementationcostsO � nlog � n��� , wheren is thetotal num-
berof nodesin the tree. It doesnot requirepre-processing(which
wasimportantsothatwe couldobtainsynchronizedinteractive vi-
sualizationsof informationfrom thetheoremprover).
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When a large complex proof fails, it is relatively easyto obtain
thepoint of failure in theoverall proof structure,by looking at the
proof treeandwith knowledgeof the theorembeingproved. The
mainhurdlein �nding out why thetheoremprover couldnotprove
a theoremis understandingthecritical nodeat which the theorem
prover failedor deviatedfrom theexpectedpath.

Expressionsrepresentingthesubgoalatanodecanbearbitrarily
large.Theexpressiontreeof sucha functioncanbevisualizedasa
two-dimensionaltree.

Wemake thefollowing observations:

7 The proof proceedsby manipulatingarguments,possibly
through substitution, permutations,or using some rule to
changethe currentformula to another, but retainingthe ar-
gumentsin someform.

7 Differentpartsof thetreeareusuallyrelated.This is because
largeproofsthatareprovedin similarwaystendto havesimi-
lar expressionsin them.Thedifferencebetweensuchexpres-
sionscouldbeof interestto theuser.

7 While the operationperformedcould be simple, the actual
subtreescould be arbitrarily large. A simple operationin
which two argumentsto a function were swappedcould be
extremelydif�cult to catchby lookingat text.

a

b
nilc

nil

multiply

add

S

Figure4: FunctionVisualization

Figure4 is thetreeof theLISPexpression� add � multi ply a b� c�

add hastwo parameters:� multi ply a b� andc. add andmulti ply
areoperators.
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In theoremproving, larger proof at-
temptsarealwayscumbersometo follow. Fromonegoalto another,
the theoremprover performssomeactions,modifying the expres-
sionsateachlevel. In orderto follow changes,patternmatchingcan
be appliedto the expressions(after suitably representingthemas
trees).Userscanusethis patternmatchingto seewhatis changing
ateachstepandalsoverify thattheproof is proceedingasexpected.

ConsiderACL2. In a typical step,it transformsa formula into
a“simpli�ed” formulausingpreviouslyprovedlemmas,de�nitions
etc.Thesimpli�ed formulais not necessarilysmaller, but is gener-
ally closerto somecanonicalform. Typically, theuseris familiar
with the formulabeforesimpli�cation, having understoodthepre-
ceedingstepsin the proof attempt. ACL2 displaysthe formulas
after simpli�cation, togetherwith a note listing the namesof the
lemmasandde�nitions used.For smallerformulas,it is not dif�-
cult for theuserto understandwhathappened.

But, if thetwo formulaseachrequiredseveralmegabytesto print,
it is virtually impossibleto comprehendthe transformation.What
is neededarewaysto:

7 abstracta large formula so that its structurecanbe compre-
hended



7 usethescreenrealestateto makeexplicit thenecessarydetails
in theformula

7 visuallycommunicatehow theformulais relatedto others

A key componentof this problem is similarity matching, ie.
quantifyinghow muchoneexpressionresemblesanother.

The representationof an expressionasa binary treeis just the
Lisp representationof expressions.Thus,in our case,we perform
theapproximatematchingof trees.Considerany expressionE. E
canberepresentedasa functionsymbolF operatingona setof pa-
rametersp1 �

p2 �������

pn. In a binary treerepresentation,theleft child
of therootnodecontainsthefunctionsymbolF. Theparametersare
thentheleft childrenof all thenodesontheright sidepathfrom the
root to a leaf. See�gure 4 for anexample.While mosttreematch-
ing algorithmstry to matchchildrenof roots,we slightly change
this to matchingfunctionsymbolsandparametersin thebinarytree
structure.Thebinarytreestructureis maintainedto helpin parsing
informationfrom theparserto treeform andviceversa.

�&6)$�+3� #�����
 # (*��+ ,.�/��
����'���

We de�ne a similarity factor c ,
boundedbetween0 and1, whichis 1 if andonly if thetwo treesbe-
ing comparedmatchexactly. Two treeswhichhavedifferentopera-
torswill resultin a low valueof c . Throughtreematching,weneed
to obtainclosematcheswhen two treesdiffer only at the leaves.
This requiresc to re�ect the�rst level at which thedifferencewas
present(notethat level refersto level in theparametersandnot the
binary treeitself). Permutationsaretougherto handle.We should
allow for permutationsin the subtreesin the sensethat two trees
which areexactly similar, allowing for permutationof parameters
mustbegivena highvalueof c .

We needto augmentsimilarity with morequantitative informa-
tion suchasthedepthandparameternumberthathaschanged.

We usea simpledomainspeci�c heuristicbasedalgorithmthat
canhelpprunethesearchspacequickly. Whentheproofsproceed
from onestepto another, parameterscouldgetswapped.Thuswe
needto do unorderedmatching.At eachstepwe couldusea depth
thresholdto furtheroptimizethematching.This is consistentwith
our goal of achieving highersimilarity when the higher levels in
the treematch. As presentedin section3.2, therearemany algo-
rithms which improve on the simplequadraticboundfor ordered
searching,andpolynomialtime for unorderedsearching.
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The algorithm we useis similar
to therecursivealgorithmspresentedby [HoffmannandO'Donnell
1982] which take O � mn� time, wheren ��� T � andm ��� P � to ob-
tain all orderedmatches,andP is thepatterntreebeingsearchedin
treeT. See[Luccio et al. 2001] for fasterunorderedmatchingal-
gorithms.Usinga depththreshold,we canreducethis complexity,
but getworseapproximations.
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Ourenvironmentprovidessynchronizedmulti-view representations
of theproof treeto theuser. Theprettyprintedtext is synchronized
with our graphicalvisualizationpresentingthe informationin two
differentformatsenablingbettercomprehension.

Thevisualizationhelpstheuseridentify similarities,browsethe
entireproof expediently, andascertainlocation informationabout
a particularsubgoal. The userstill needsto readthe text for de-
tails. Thepointof failureof aproofattemptcanbeeasilyidenti�ed
throughgraphicalvisualization.

Wecanachievesynchronizationby updatingusersactionsin one
view, in theother. Browsingandsearchingcanbeupdatedin both

Figure 5: Multi-view text and graphicalvisualizationof a proof
attempt.Thetext windows on theleft containthecontentsof some
nodesfrom theproof treeon theright.

views simultaneously. Figure5 is a multi-view representationof a
particularproof attempt.The text windows on the left containthe
contentsof somenodesfrom theproof treeon theright.
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As proof treesor functionsin sub-
goalsget larger, thereneedsto be somehierarchicalrepresenta-
tion for the visualizationsto be effective. This needsto be done
in both the textual and graphicaldomainfor two reasons.First,
the text can easilyexceedhundredsof pages,and the numberof
nodesrenderedin the treecanbe very large. Second,we aretry-
ing to achieve asynchronizedmulti-view representation.Graphical
treerepresentationshave generallycreatedhierarchiesby collaps-
ing subtreesinto differentmodels,andwe usethe sameapproach
in our case. For textual visualizations,oneof the ways in which
hierarchicalrepresentationcanbe managedis throughhyperlinks.
Functionscanbereplacedby symbolsto form a hierarchy, in syn-
chronizationwith thegraphicaltree. In [Megill 2002],we cansee
examplesof how proofscanbepresentedin onehierarchicalman-
ner. Multi-resolutiontechniquesfor renderingtext could be more
usefulto browsethanhypertext andneedsto befurtherexamined.
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Wehave implementedthedynamicproof treevisualizationcompo-
nent,with a Java client. In �gure 3, we seea sampleproof treevi-
sualization,with nodecolorsrepresentingthe typeof actiontaken
by the theoremprover at that stage. This was a proof involving
threads,statesandstatetransitions,andproving thecorrectnessof



astatein theJavaVirtual Machine.It is anexampleof a largeprac-
tical proof, involving 1772subgoals.The primary goal is broken
up into 81 subgoals.Theoutputfrom theproof attemptis 364,433
lines of text (about13.6 Mb). The renderingof the proof tree is
synchronizedwith theprogressof thetheoremprover.

Thevisualizationof the resultsfrom the patternmatchingbeen
implementedin bothtext andgraphics.In �gure 6, we seetwo sets
of texts (in the middle andright column). A sub-expressionfrom
columntwo is matchedwith theentireexpressionon theright. The
valuesreturnedby c wereusedto color the text. The font color
indicateshow similaranexpressionis to thesearchexpression.Un-
selectedtext is light grey, while selectedtext is black. Theresults
from patternmatchingareshown by varying the font color from
bright red(high match)to darkred(low match).

The resultsfrom the patternmatchingarealsoshown with the
synchronizedgraphicalexpressionviewer. The result is shown in
�gure 6 (in columnon the left). Theunselectedsectionsaregrey,
while selectionsarecyan.Theselectedexpressionin thetop treein
theleft columnwassearchedfor in theselectedpartof themiddle
tree.Again,bright to darkredis usedto show high to low matches
betweenthepatterns.Thethird treein theleft columnis a zoomed
in view of theoutlinedbox in thesecondtree.

Figure5 is a screenshotfrom theproof of thepropositionthat
the reverseof the reverseof a list is the list itself (given certain
conditionsandde�nitions). Theproof is acanonicalexamplesince
thesubgoalsareprovedusingavarietyof differentmethods.
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Weprovideanapproachto formalmethodsvisualization.We iden-
tify a hierarchyof levels wheregraphicalvisualizationwill aug-
ment the text interfaceto help usersbetterunderstandthe proof
process.We provide detailsof a systemwherea synchronizedin-
teractive symbolicvisualizationthrougha graphicaluserinterface
helpsusersnavigate, browse and view animateddynamicviews
of the proofs. We also include in our systema patternmatching
componentto helpusersdebugproofsby following andcomparing
changesin subgoals.
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