ChandrajitBajaj, Shashanikkhandelwal, J Moore, Vinay Siddaranahalli
Centerfor ComputationaVisualization
Dept. of ComputerScienceandICES
Universityof Texasat Austin
http://wwwi.ices.ut&as.edu/ccv/

We exploreanew symbolicvisualizationmodelfor semi-automatic
theorenprovers.Mechanizedormalmethodsare nding increased
usein the designanddevelopmentof complex hardware and soft-
waresystems.Most proofsare presentedn a textual format, with
intermediateformulas possibly consistingof megabytesof data,
whicharedif cult to analyzeandunderstandThispaperintroduces
a preliminary visualizationenvironmentfor semi-automati¢heo-
rem proversin an attemptto help userssteerthe theoremproving
process.The ervironmentprovides synchronizednulti-resolution
textual and graphicalviews anddirect navigation of large expres-
sionsor proof treesfrom either of the twin interfaces. We iden-
tify threelevels of the proof processat which synchronizednulti-
resolutiongraphicalandtextual visualizationenhanceuserunder
standing.

CR Categories: H.4, F.3 [Information SystemsApplications]:
Logics and Meaningsof Programs—;D.2.8 [Software Engineer
ing]: Metrics—compleity measuregperformancaneasures

Keywords: Symbolicvisualization,Approximatetree matching,
HCI

Formal methodsallow usersto mathematicallydescribea system,
andthenverify thatthe systembehaesaccordingto a given setof
speci cations. In softwareengineeringartifactssuchasspeci ca-
tions, design,and sourcecode can be formally de ned and veri-
ed, helpingin the developmentof “bug free” systems.Software
andhardwaresystemsave becomecomplex enoughfor theformal
veri cation processo requirethe useof semi-automati¢heorem
provers.

Althoughthe applicationshave becomemore comple, userin-
teractionwith theoremproversremainsmostly text based Whena
proofattempffails, theusemeedso diagnoseheproblemandthen
comeup with new theorems|emmasandhintsto proceedwith the
proof. Thisrequiresathoroughunderstandingf the proof attempt.
Theoremprovers typically generatdarge amountsof text during
proof attempts- makingan attemptdif cult to understand.

A commandline interfaceis usedwith mosttheoremprovers.
Prettyprinting andtext basedprimitiveslik e searchingarethemain
tools availableto help reduceor managevisual compleity. Since
theoremproving is, by de nition, concernedvith the syntacticma-
nipulation of formulasin a formally de ned syntax,the focuson
text is inescapableBut thatis not anargumentthatall interaction
needdo betext based Thechallengds to integratetext-basedools
with visualizationtoolsto speeccomprehensioandinteraction.

The designof userfriendly interfacesto suchlarge and com-
plex text basedsystemds awell known problem.We have madea
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preliminaryeffort towardsidentifying threelevels at which we can
augmenthe commandine interfacewith visualizations:

1. The overall proof processcan be visualizedby displayinga
graphof thetheoremsandsetsof previously provedtheorems
(books)usedduringa particularproof attempt.

2. Thestructureof the proofcanbevisualized by displayingthe
subgoalsreatedat eachstep,andindicatingwhich subgoals
couldbe provedor not. Navigatingandbrowsing throughthe
structureof a prooftreemayhelpthe userbetterunderstand
proofattempt.

3. The visualizationof a single subgoalis somethingthat is
muchrequired.Examiningfailed subgoalss critical towards
understandingvhy a proof attemptfailed. Within the proof
of critical subgoalsthe userneedsto understandhe steps
taken by the theoremprover. Following the progresf simi-
lar subgoalghrougha proofattemptis usefulin this situation.
Graphicalvisualizationwould help quickly identify similar
subgoalsandtheir locationswithin the overall proof.

The visualizationat all threelevels involves nding a spatial
mappingfor the dataat eachlevel - datathatis inherentlynot spa-
tial. From our knawledgeof interactionwith theoremprovers,we
believe we have developeda mappingthatwe think will be cogni-
tively useful. Our visualizationsshouldhelpincreaseheef ciency
of currentusersaswell asprovide a friendly ervironmentto help
new userdearnthetheoremproving system.

In this paper we introducea hierarchyof levels at which we
canperform synchronizdmulti-view textual and graphicalvisual-
izations.Domainspeci ¢ patternmatchingis usedto enhancauser
understandingf proof attempts. To ensureinteractvity, we use
fastdynamicsynchronizedeconstructiorof trees.

In section2 we discussour test casetheoremprover, the cur
rentinteractionmethodsand quantify the outputgeneratediuring
complex proof attempts.Section3 presentgelatedwork on visu-
alizationin theoremprovers, treevisualizationandtree matching.
In sectior4 we provide detailsonthevisualizationof theoremsand
books,prooftreevisualization,andfunctionvisualization.Section
5 describeghesynchronizednulti-view aspecof our visualization
environment. Section6 describescasestudies. The nal section
present®ur conclusions.

We chooseACL2 [Kaufmannand Moore 1997], [Kaufmannand
Moore 1994], an industrial strengththeoremprover, for our case
study

ACL2 is atool thatcanbe usedto modelhardwareandsoftware
systemsandthenprove propertiegpertainingto thosemodels.It is
alsoa generapurposesemi-automatitheoremprover, with a sim-
ple dialectof the LISP programmindanguage Otherexamplesof
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Figurel: An ArchitecturalOverview of our SymbolicVisualizationSystemfor TheoremProvers

similartheoremproversareNQTHM [Boyer andMoore 1988](the
predecessanf ACL2), PVS[Owre etal. 1992],andHOL [Gordon
andMelham1993].

Symbolicmanipulationis the methodemplo/ed by ACL2 to prove
theorems. It usesthe axiomspresentin the logic and previously
proved theorems/lemma prove the currentgoal. If a proof at-
temptfails, the userneedsto understandhelogical reasorbehind
the failure, andthen provide the systemwith hints, missingtheo-
remsor lemmas.This processequiresathoroughunderstandingf
ACL2 andthespeci c systembeinganalyzed.

Theproofof correctnessf thekernelof theAMD5k 86's oating
point algorithminvolved 1600de nitions andlemmas.ACL2 can
produceterms300,000(20 Mb) lineslong (aswereproducedvhile
proving anequivalenceconditionrelatedto theMotorolaCAP digi-
tal signalprocessingo-processor)B. Brocketal. 1996]discusses
using ACL2 to prove theoremsaboutthesecommercialmicropro-
cessors.The large amountsof text generatedn suchproofsis too
cumbersoméo comprehendvenwith powerful text manipulation
and pretty printing tools. Graphicalvisualizationmakes compre-
hensionof comple proofs easierby using higher spatialdimen-
sions,a cleanerlevel-of-detailimplementatiorand abstractrepre-
sentations.

Mostusersun ACL2 in ashellrunningin abuffer insideanEmacs
editor The currentuserinteractionis througha commandine in-
terface,with aread-ealuate-prinioop. Emacsprovidesexcellent
supportfor searchingtext manipulationandmatchingparentheses
andothertextual patterns. Thereis an option to obtainthe proof
treeandbrowseit in the sametext model,allowing usersto make
simplequerieson differentsubgoals Althoughthis systemis pow-
erful, it is entirelytext basedandrelieslargely onthedisciplineand
Emacsskill of theuserto imposestructure.

We provide referencedo relevant previous work donein visual-
ization of outputfrom theoremprovers. Tree visualizationis re-
quiredfor the levels two (section4.2) andthree(section4.3) and
we presenpastwork of interest.Treematchingis requiredin level
three.

[Thiry etal. 1992]discussheneedandrequirementsor afriendlier
userinterfaceto theorenprovers,but do notattemptto visualizethe
informationinherentin theproofprocesasaway to understandhe
proofattempt.

In [Goguen1999], we seean attemptto use visualizationto
understandhe structureof proofsanda completesystemfor de-
veloping a userinterface. Thereare a few major differenceshe-
tweentheir systemand ours. Their systemis designedfor users
that read proofs (as opposedo speci ersor provers). The inter
faceis throughwebpageghatexplainthe proofwith links to back-
groundmaterialandtutorials. Their systemis alsodesignedwith
distributed co-operatre collaborationbetweenusersin mind. Our
systemis designedo be usedby theoremprovers, working alone.

Therehasbeenasigni cant amountof researchn thevisualization
of data,andspeci cally in treevisualization.In [KellerandKeller
1994],therearea numberof generictechniquesandhintsto visu-
alize a variety of genericdata(including time varying, animated,
volumetricmodels). [Tufte 1990]describes variety of commonly
useddatavisualizationtechniquespresentingnethodgo increase
our understandingf databy betterrepresentation[Brown 1987]
describes systemfor algorithmanimation wherethe usercanob-
sene analgorithm'’s behaior throughtime. Algorithm comparison
methodsarealsopresented.

Compl«ity in tree visualizationis reducedusing hierarchies
or culling of irrelevantinformation. Conetrees[Robertsonet al.
1991],[CarriereandKazman1995]area popular3D visualization
techniquefor trees.Spacelling curvesandfractalsareothertree
representationgut canlosestructuralinformation. [Shneiderman
1992]'s spacelling approachs an exampleof maximumutiliza-
tion of screenspacebut treemapsdo not provide structuralinfor-
mationwith thesameeaseasamoretraditionalnode-linkapproach.
[Koike and Yoshiharal993]improve on conetreesby usingfrac-
tals to represenself similar nodesin a hierarchy They give ex-
amplesof browsing a large Unix directory structure. [Robertson
etal. 1991] de ne traditional conetreesandthe useof animation
to reducethe cognitive load on userswhenthey selecta new node
to focuson. [Carriereand Kazman1995]try to improve the clut-
ter presentin conetreesasthe size of datagrows large by adding
visual cues hierarchicaimodelsand ltering to reducesizeof ren-
deredtrees. In anotherattemptat the samegoal, [Jeongand Pang
1998] describeRecon gurableDisc Treeswhich alleviate someof
the problemswith traditionalconetreesby usinga disc asthe ba-
sic shapeinsteadof a cone. A new techniquefor renderingtrees



wasintroducedin [Lamping andRa01994]. They usehyperbolic
spacedo renderarbitrarysizeddatain a limited space.[Munzner
1998] shaws how large graphscanbe representedndrenderedn
3D hyperbolicspaceby laying out spanningrees.

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

In section4.3 we explain the needfor treematchingin support-
ing expressionvisualization. Therehave beena lot of recentim-
provementsin tree matchingalgorithms. In [Kosaraju1989], the
ideaof corvolutionsbetweertreesandstrings,sufx treesof trees
anddon't caresg/mbolsareusedto obtainanalgorithmwhich hasa
costof O nnP "polylog m  wheremis thesizeof thepatterntree
andn is the sizeof thetext tree. polylog is de ned asthe a poly-
nomial of logs. Using substringsappearingeriodicallyin the pat-
tern tree[Dubiner et al. 1994] improve the O nn “>polylog m
boundto O n m polylog m . In a seriesof papers,Cole et al.
[Cole and Hariharan1997], [Cole et al. 1999] shav boundsof

0 n]!—.g?;gﬂm m , a randomizedalgorithmof costO nlog®m and

thenlaterclaim a deterministicalgorithmat the costof O nlog®n .
In [Luccio etal. 2001], we seeoneof the rst polynomialtime al-
gorithmsfor unorderedexactmatching.

In thissectiorwe provide detailsandjusti cations for thevisualiza-
tions (andthetypesof visualizationsjt eachlevel of thehierarchy

Figurel presentanarchitecturabvervien of our system.Tak-
ing anideafrom [Thiry etal. 1992]ourvisualizationsaregenerated
by a separatesener which communicatesvith the theoremprover
througha simpleprotocol. The protocolcanbeimplementedn the
theoremprover's languageproviding accesgo information, as if
thevisualizationseneris aregularuser

A theorenis provedby usingpreviously veri ed theoremsandlem-
mas. Setsof theoremdn differenttopicsare proved andstoredin
collectionsusedas a knowledgebasefor the theoremprover. By
looking at the theoremsandlemmasusedin the proof of a previ-
ously veri ed theorem,a usermay gaininsighton how to steera
currentproof attempt.

Thehierarchyof theoremsarrangedn anorderthatshavsinter
dependencformsadirectedagyclic graph.This canbevisualized
usinganode-linkdiagramasshavn in gure 2.

Lemma 3

Figure2: A schematiosziew of lemmasandbooksusedto prove a
theorem

In this paperwe will presentletailsandresultson visualization
of the next two levels.

Most proof attemptsfrom theoremprovers have a tree structured
approachTherootof thetreecanbeconsideredo bethemainthe-
orembeingproved. A theoremprover theneitherproves/dispraes
the theoremor divides the theoreminto subgoals. Eachof these
subgoalds thentackled,in an orderdeterminedby the particular
theoremproving system ACL2 tendsto useadepth rst search.

Figure3: Prooftreevisualization.Threedifferenttime stepsduring
aproofattemptareshavn in clockwiseorder

Actionstakenby thetheorenproverslik e breakingupacomplex
expressioninto a compositionof several sub-epressionsgachof
which canbe provedin asimilar fashion,yieldsvery similar struc-
tures.Differentstructuresn theprooftreeprovide differentinsights
abouttheactionstakenby thetheoremprover atthosepoints. It be-
comeseasyto obsere induction,or simpli cation beingappliedto
asubgoal.

Anotherreasorto performproof treevisualizationis to obsere
thestructureof the proof, without thelimitations placedin the case
of textual data,and to navigate the proof tree more easily The
overall structureof the proof tree,combinedwith a closemapping
tothetext data,andviceversaallows usergo navigatefailedproofs
comfortably

Thereis alot
of informationthatcanbe clearly presentedo the userthroughthe
visualizationof prooftrees.While the structureof the overall proof
will beclearin the tree structure,visual cuesare usedto present
interestingdetails.

ACL2 hasa modelin which the subgoalanbe reducedus-
ing generalizationjnduction, simpli cation etc. Theseac-
tionsarelimited anddistinct. Theactiontakenby thetheorem



prover atary subgoakanbe visualizedby the corresponding
nodes color (see gure 5).

ACL2 providesthe userwith a setof statementindicatingits
reasoningat eachsubgoal.This text canbe parsedandstored
ateachnodeof the prooftreeto beaccessetly theuser

The subgoalexpressionsat a nodeare later usedfor expres-
sionvisualization put arealsostoredatthislevel. Textualand
graphicalmulti-view visualization provides details through
thetext, andoverall structurehroughthegraphicsatthesame
time. Thisis illustratedin gure 5.

As the theoremprover proceedsye have a setof nodesthat
weregenerateda setof nodesthatwereproved,andpossibly
anodethatcouldnot be proved. Suchinformationcanbe dy-
namicallystoredat thelinks by coloringthemappropriately

Thefollowing interactionsareconsideredecessaryor interacting
with aproofattemptstree:

The renderingof the proof tree must be synchronizedwith
the progresf the proof attempt. This helpsus seepatterns
developingasthe proof proceedslt becomedrivial to catch
mary in nite recursionsyunderstandhestructureof theproof,
seethecurrentpartof the maintheorembeingtackled,locate
thosesubgoalshat were not proved immediately andiden-
tify theinductionswhich wereattemptedFigure3 shawvs the
progressof a proof attemptat threedifferenttime steps(in
clockwiseorder).

Rotating,zooming,andpanningof theprooftree,withoutlos-
ing track of nodesof interest.

The movementfrom one subgoalof interestto anothermust
be smooth.Animation sequencemusthelpthe usernavigate
withoutlosingtheoveralllocationof theviewpointin thetree.
To dothis, we choosea uniquepathfrom the currentnode,to
therootandthendown to the othernode.

Usersshouldbe ableto move from the text to the visualtree
(andvice versa) by selectingsubgoalsn either

Somedomainspeci ¢ interactionsrequiredwould be obtain-
ing de nitions andprevious usesof axioms.

To ensurereal-timeuserinteractionwith the multi-view visual-
ization of the proof processwe needfastconstructiorandrender
ing of the proof tree. Sinceproof attemptstendto be large, tak-
ing possiblyhoursto nish, userspreferbeinggiven synchronized
feedbackin bothtextual andgraphicalviews of the currentstateof
the proof. Thuswe needto usea dynamictree constructionand
renderingalgorithm.

We gettheinformationonthenumberof childrenatanodeassoon
aseachnodeis evaluated Hencewe know thedistribution of nodes
ateachlevel asthetheoremprover startsproving themin order

We usea variantof the conetreelayoutalgorithmto renderour
treesinteractvely.

TheimplementatiorcostsO nlog n , wheren is thetotal num-
ber of nodesin thetree. It doesnot requirepre-processingwhich
wasimportantsothatwe could obtainsynchronizednteractve vi-
sualizationof informationfrom the theoremprover).

When a large complex proof fails, it is relatively easyto obtain
the point of failure in the overall proof structure by looking at the
proof treeandwith knowledgeof the theorembeing proved. The
mainhurdlein nding outwhy thetheoremprover couldnot prove
atheoremis understandinghe critical nodeat which the theorem
prover failed or deviatedfrom the expectedpath.

Expressionsepresentinghe subgoaktanodecanbearbitrarily
large. The expressiortreeof suchafunctioncanbevisualizedasa
two-dimensionatree.

We malke thefollowing obsenrations:

The proof proceedsby manipulating aguments, possibly
through substitution, permutations,or using somerule to
changethe currentformula to another but retainingthe ar
gumentdn someform.

Differentpartsof thetreeareusuallyrelated.This is because
large proofsthatareprovedin similarwaystendto have simi-
lar expressionsn them. The differencebetweersuchexpres-
sionscouldbeof interestto the user

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 looking attext.

multiply

a .
. c nil
b nil

Figure4: FunctionVisualization

Figure4isthetreeof theLISPexpressionadd multiplyab ¢
add hastwo parameters: multiply ab andc. add andmuliply
areoperators.

In theoremproving, larger proof at-
temptsarealwayscumbersoméo follow. Fromonegoalto anothey
the theoremprover performssomeactions,modifying the expres-
sionsateachlevel. In orderto follow changespatternmatchingcan
be appliedto the expressiondqafter suitably representinghem as
trees).Userscanusethis patternmatchingto seewhatis changing
ateachstepandalsoverify thattheproofis proceedingsexpected.

ConsiderACL2. In atypical step,it transformsa formulainto
a“simpli ed” formulausingpreviously provedlemmasgde nitions
etc. Thesimpli ed formulais notnecessarilysmaller but is gener
ally closerto somecanonicalform. Typically, the useris familiar
with the formulabeforesimpli cation, having understoodhe pre-
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 understandvhathappened.

But, if thetwo formulaseachrequiredseveralmegabytego print,
it is virtually impossibleto comprehendhe transformation.What
is neededarewaysto:

abstracta large formula so that its structurecanbe compre-
hended



usethescreerrealestateo make explicit thenecessargetails
in theformula

visually communicaténow theformulais relatedto others

A key componentof this problemis similarity matching, ie.
quantifyinghov muchoneexpressiorresemblesinother

The representatiof an expressionasa binary treeis just the
Lisp representationf expressions.Thus,in our case we perform
the approximatematchingof trees. Considerary expressiorE. E
canberepresentedsafunctionsymbolF operatingon a setof pa-
rametersp; P2 pn. In abinarytreerepresentatiortheleft child
of therootnodecontainghefunctionsymbolF. Theparameterare
thentheleft childrenof all thenodeson theright sidepathfrom the
rootto aleaf. See gure 4 for anexample.While mosttreematch-
ing algorithmstry to matchchildren of roots, we slightly change
thisto matchingfunctionsymbolsandparameteri thebinarytree
structure . Thebinarytreestructureis maintainedo helpin parsing
informationfrom the parserto treeform andvice versa.

We de ne a similarity factor c,
boundedbetweerD and1, whichis 1 if andonly if thetwo treesbe-
ing comparednatchexactly. Two treeswhich have differentopera-
torswill resultin alow valueof c¢. Throughtreematchingwe need
to obtain close matcheswhen two treesdiffer only at the leaves.
This requiresc to re ect the rst level atwhich the differencewas
preseninotethatlevel refersto level in the parameterandnot the
binarytreeitself). Permutationsretougherto handle. We should
allow for permutationsn the subtreesn the sensethat two trees
which are exactly similar, allowing for permutationof parameters
mustbegivena high valueof c.

We needto augmentimilarity with more quantitatve informa-
tion suchasthe depthandparametenumberthathaschanged.

We usea simpledomainspeci ¢ heuristicbhasedalgorithmthat
canhelp prunethe searchspacequickly. Whenthe proofsproceed
from onestepto anothey parametersould get swapped.Thuswe
needto do unorderednatching.At eachstepwe could usea depth
thresholdto further optimizethe matching.This is consistentvith
our goal of achiezing higher similarity whenthe higherlevelsin
the treematch. As presentedn section3.2, thereare mary algo-
rithms which improve on the simple quadraticboundfor ordered
searchingandpolynomialtime for unorderedsearching.

The algorithmwe useis similar
to therecursve algorithmspresentedby [HoffmannandO'Donnell
1982]which take O mn time,wheren T andm P to ob-
tain all orderedmatchesandP is the patterntreebeingsearchedh
treeT. See[Luccio etal. 2001]for fasterunorderednatchingal-
gorithms. Using a depththreshold we canreducethis compleity,
but getworseapproximations.

Ourervironmentprovidessynchronizednulti-view representations
of the prooftreeto theuser Thepretty printedtext is synchronized
with our graphicalvisualizationpresentinghe informationin two
differentformatsenablingbettercomprehension.

Thevisualizationhelpsthe useridentify similarities,brovsethe
entire proof expediently and ascertainocationinformationabout
a particularsubgoal. The userstill needsto readthe text for de-
tails. The pointof failure of a proofattemptcanbeeasilyidenti ed
throughgraphicalvisualization.

We canachie/e synchronizatiorby updatingusersactionsin one
view, in the other Browsing andsearchingcanbe updatedn both

Figure5: Multi-view text and graphicalvisualizationof a proof
attempt.Thetext windows on theleft containthe contentsof some
nodesfrom the prooftreeontheright.

views simultaneouslyFigure5 is a multi-view representationf a
particularproof attempt. The text windows on the left containthe
contentsof somenodesfrom the prooftreeontheright.

As proof treesor functionsin sub-
goalsget larger, there needsto be somehierarchicalrepresenta-
tion for the visualizationsto be effective. This needsto be done
in both the textual and graphicaldomainfor two reasons. First,
the text can easily exceedhundredsof pages,andthe numberof
nodesrenderedn thetreecanbe very large. Secondwe aretry-
ing to achieve asynchronizednulti-view representationGraphical
treerepresentationbave generallycreatedhierarchiesy collaps-
ing subtreesnto differentmodels,andwe usethe sameapproach
in our case. For textual visualizations,one of the waysin which
hierarchicalrepresentatiocan be manageds throughhyperlinks.
Functionscanbe replacedby symbolsto form a hierarchy in syn-
chronizationwith the graphicaltree. In [Megill 2002], we cansee
examplesof how proofscanbe presentedn onehierarchicalman-
ner. Multi-resolutiontechniquedor renderingtext could be more
usefulto browsethanhypertext andneedgo befurtherexamined.

We have implementedhedynamicprooftreevisualizationcompo-
nent,with aJavaclient. In gure 3, we seea sampleprooftreevi-

sualizationwith nodecolorsrepresentinghe type of actiontaken
by the theoremprover at that stage. This was a proof involving
threads statesandstatetransitions,andproving the correctnessf



astatein theJava Virtual Machine.It is anexampleof alargeprac-
tical proof, involving 1772 subgoals.The primary goal is broken
up into 81 subgoals The outputfrom the proof attemptis 364,433
lines of text (about13.6 Mb). The renderingof the proof tree is
synchronizedvith the progresof thetheoremprover.

The visualizationof the resultsfrom the patternmatchingbeen
implementedn bothtext andgraphics.In gure 6, we seetwo sets
of texts (in the middle andright column). A sub-epressionfrom
columntwo is matchedwith the entireexpressioron theright. The
valuesreturnedby ¢ wereusedto color the text. The font color
indicateshow similaranexpressioris to thesearchexpressionUn-
selectedext is light grey, while selectedext is black. Theresults
from patternmatchingare shavn by varying the font color from
brightred (high match)to darkred (low match).

The resultsfrom the patternmatchingare also shavn with the
synchronizedyraphicalexpressionviewer. The resultis shovn in

gure 6 (in columnon the left). The unselectedgectionsaregrey,
while selectionsrecyan. Theselectedxpressiorin thetop treein
theleft columnwassearchedor in the selectecpart of the middle
tree.Again, brightto darkredis usedto shav high to low matches
betweerthe patterns.Thethird treein theleft columnis azoomed
in view of theoutlinedboxin thesecondree.

Figure5 is a screenshotfrom the proof of the propositionthat
the reverseof the reverseof a list is the list itself (given certain
conditionsandde nitions). Theproofis a canonicakexamplesince
thesubgoalareproved usingavariety of differentmethods.

We provide anapproactto formal methodsvisualization.We iden-
tify a hierarchyof levels where graphicalvisualizationwill aug-
mentthe text interfaceto help usersbetterunderstandhe proof
process.We provide detailsof a systemwherea synchronizedn-

teractve symbolicvisualizationthrougha graphicaluserinterface
helps usersnavigate, browse and view animateddynamic views

of the proofs. We alsoincludein our systema patternmatching
componento helpusersdehug proofsby following andcomparing
changesn subgoals.
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