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Abstract

We give a short overview of the KeY prover { which is the proof system belonging
to the KeY tool [1] { from a userinterface perspective. In particular, we explain the
conceptof taclets, which are the basic building blocks for proofsin the KeY prover.
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1 Intro duction

The goal of the ongoingKeY Project [1] is to make the application of formal
methods possibleand e ective in a real-world software developmen setting.
One of the main products of the KeY Project is the KeY Tool, which allows
the speci cation and veri cation of Java Carp [16] programs. The KeY Prover
is an integrated interactive and automated theoremprover that is usedin the
KeY tool to reasonabout programsand speci cations.

The logic employed by the KeY prover is a dynamic logic for Java Carp,
known asJava Carp DL [2]. This canbe viewed asa kind of rst order multi-
modal logic, where modal operators are indexed by programs. A diamond
formula h i meansthat there is a terminating execution of the program

after which  holds, a box formula [ ] meansthat holds after every
terminating execution. Proofs are constructedin a sequefstyle calculus.

Most of the proof rules available in the KeY systemsymbolically execute
programsin DL formulae. For instance,the rule to cope with the if statemen
is essetially: !

e, hgd; e, hya
" hf ethenaelsds ¢ ;

There are also someinduction rules to reasonabout loops and recursion.

The \core" of the calculusis howewer rst-order, in the sensehat there is no

1 The real rule is more involved, due to complications of the Java languagelik e side e ects
in e, abrupt termination etc., see[2]
This is a preliminary version. The nal versionwill be published in
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Fig. 1. The main window of the KeY prover

guarti cation over functions or sets,no lambda abstraction, etc. The prover
augmerts the standard calculus for rst order logic augmerted with meta
variableswhich allow the delayed choice of quarti er instantiations, similarly
to the free variablesusedin rst order tableau calculi. Meta variables are
place-holdersfor ground terms which can be introducedinstead of quarti er
instantiations, and which are later instantiated using uni cation. Together
with a suitable presemation medanism, this permits to conducte cient au-
tomated proof seartr and interactive proof construction using one common
calculus,see[7].

As program veri cation cannot be done fully automatically for realistic
programs,it wasimportant to make the interactive userinterface of the KeY
prover intuitiv e and powerful. In this paper, we descrite the KeY prover from
a userinterfaceperspective, without goingto deeplyinto technical details. We
will howewer presen the idea of taclets, which are at the basisof interactive
and automated proof construction in the KeY prover.

The KeY tool canbe downloadedfree of chargefrom the KeY project home
pageat http://www.k ey-project.org/

2 The Prover Windo w

In Fig. 1, the main window of the KeY prover is shavn. In the left part of
the window, the whole proof tree is displayed as a tree structure, showving
the applied rules and the casedistinctions, which correspnd to splits in the
proof tree. Note that the labels displayed are sometimesthe namesof rules
(or rather taclets, aswill be explained later), like int_inductionor hideright.
But in many casesmore usefulinformation is printed, for instanceint i; refers
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to the symbolic executionof a variable declaration statemen, and fg to the
removal of an empty block. Also, branching rules can assignuseful namesto
the di erent branches,as can be seenherefor an induction rule.?

Clicking on the proof stepsdisplayed in the proof tree view brings up a
pop-up meru which allows the user e.g.to cut o parts of the proof at a
certain point. It is also possibleto fold and unfold parts of the proof tree,
a very valuable feature for larger proofs. Using the \tabs" at the top of the
left pane,one can alsochooseto display only a list of open goals,or the user
constraint. The user constrairt mainly cortains the quarti er instantiations
that were chosenby the userin the courseof the proof, but it allowsto correct
faulty instantiations in existing proof without rolling badk the whole proof,
see[7].

The right pane cortains a list of opened proofs. In this case,only one
problem le demo.keyis opened,but in generalthere might be a number of
proof obligations from a program veri cation task here. It seemedpreferable
to allow switching betweenproofsthis way to opening onewindow for ead of
a possibly large number of proofs.

The certral part of the window displays the sequen that is currently being
worked on. A formatting enginein the style of Oppen's pretty-printer [12] is
usedto print sequets with a structured layout. As visible in the gure, the
formula, sub-formula, term, etc. that is currertly under the mouse pointer
is highlighted. Highlighting, in conjunction with layout, helps the user in
understandingthe structure of a complexformula. Note that we have chosen
to restrict oursehesto the ASCII character set in our syntax for formulae,
although quanrti ers, junctors, etc. in mathematicalnotation would have easily
beenpossible. It is our experiencethat although sud a feature is welcomed
by theoreticians,it rather disturbs the software engineerswho are ultimately
the intended clients of the KeY system.

The fi:=0g in the displayed formula is an update, a special feature of our
calculuswhich denotesthat the following formula should be interpreted in a
modi ed state. The formula after the update is a diamond formula cortaining
a Java program. The program s surroundedby an extra pair of curly braces,
mainly to simplify parsingof Java Carpo DL formulae.

Clicking on an operator in a formula displays a pop-up meru giving a
choice of rule applications possiblefor that sub-formula, seeFig. 2. In the
KeY prover, the rules from which proofs are built are combined with the
information of how the usershould interact with theserules, to form ertities
called taclets which are descriled in the next section.

In this casethere areonly two applicabletaclets at that particular position
in the sequen One will unwind one execution of the loop. The other will

2 The induction rule allows to prove an arbitrary statemert inductiv ely on the “BaseCase'
and "Step Case'branches. The proved statemert canthen be usedon the “UseCase'branch
to prove the original goal.

3



Giese

Fig. 2. Choosing a taclet to apply

apply duality to transform this formula into a box formula on the right of the
sequen

The set of available rules is designedin sud a way as to minimize the
amourt of keyboard interaction. For instance, propositional reasoningis done
simply by selectingan appropriate rule for the formula to be a ected. The
usual way to instantiate a quartier is to click not on the quarti ed for-
mula, but on the term for which an instanceis required. If one selectsthe
taclets install or instex one then gets a dialog in which the quartied for-
mula to be instantiated can be chosenamongthe universal formulae on the
left, resp.the existertial formulae on the right of the sequenh The sameef-
fect can also be adchieved using a drag and drop gesture. The user clicks on
the term and drops it onto one of the top level quarti ers occurring in the
sequeh Only when an instanceis neededthat is not yet presein in the se-
qguert, will the user selectthe instantiation rule that allows to erter a term
directly using the keyboard. A further reduction of the complexity of user
interactions stemsfrom the fact that most quarti er instantiations in usual
theorem provers are required to obtain instancesof axiomsand lemmmas. In
the KeY prover, theseare typically encaled astaclets, seeSec. 3, which can
obtain most of the required information from the cortext in which they are
applied.

A number of useful functionalities may be readed via the set of toolbar
buttons at the top of the window. The "Apply Heuristics' and "Autoresume
heuristics' buttons refer to the automated application of taclets explained
in the next section. The "Run SIMPLIFY"' button extracts the arithmetic
formulae from the goal and tries to closeit usingthe external theorem prover
Simplify [11]. "Goal Bad' removesthe last proof step on the currernt branch.
Finally, the fast-forward symbol is usedto cortrol the proof reusemedanism
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that is currently beingimplemerted, and that will allow to reuseearlier proof
attempts to shav properties after the program haschanged,e.g.dueto xing
a bug.

3 Taclets

As this paper is focussedon user interface aspects, we can give only a brief
introduction to the conceptof taclets. For an in-depth, technical discussion
of taclets, that alsotakesaccour of the particular di culties assaiated with
a calculusfor Java Caro DL, see[3].

Most existing interactive theorem provers are \tactical theorem provers".
The tactics for which thesesystemsare namedare programswhich act on the
proof tree, mostly by many applications of primitiv e rules, of which there is a
small, xed set. The userconstructsthe proof by selectingthe tactics to run.
Writing a new tactic for a certain purpose,e.g.to support a new data type
theory, requiresexpert knowledgeof the prover.

In the KeY prover, both tactics and primitiv e rules are replacedby the
taclet concept? A taclet conmbinesthe logical cortent of a sequehn rule with
pragmatic information that indicates how and when it should be used. In
corntrast to the usual xed setof primitiv e rules, taclets can easilybe addedto
the system. They are formulated assimple pattern matching and replacemen
sthemas. For instance,a very simple taclet might read as follows:

nd (b > c==>)if (b == >) replacewith(c== >) heuristics(simplify)

This meansthat an implication b > c on the left side of a sequeh may be
replacedby c, if the formula b alsoappearson the left side of that sequeh

Apart from this \logical" cortent, the keyword nd indicatesthat the taclet
will be attached to the implication and not to the formula b for interactive
selection,i.e. it will appearin the pop-up meru whenthe implication is clicked
on.

The clauseheuristics(simplify)ndicatesthat this rule should be part of the
heuristic named simplify A heuristic is simply a named set of taclets. The
user can interactively change which heuristics should be active at a certain
time. Pushing the "Apply Heuristics' button applies all taclets that belong
to someactivated heuristic aslong aspossible. If the “Autoresumeheuristics'
button is chedked, heuristics are automatically applied after ead interactive
taclet application. It is sometimescornveniert to switch this behaviour o
temporarily, to apply seeral interactive stepsin sequence.

As further examplesof taclets, hereare the quarti er instantiation taclets

3 Taclets have beenintro duced under the name of schematictheory speci ¢ rules (STSR)
by Habermalz [10], seeSec.5
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mertioned earlier:

install f if (all u.b==>) nd (t) add(futg(b) == >)g
instexf if (== > exu.b) nd (t) add(==> futg(b))g

Theserules are presened when the user clicks on someterm t if there is a
universal resp. existertial quarti er on the left, resp. right of the sequeh
If there are se\eral, the user can pick which oneto instantiate. The syntax
fu tg(b) denotesthe result of substituting t for all occurrencesof uin b.4

While taclets can be more complexthan the typically minimalistic prim-
itiv e rules of tactical theorem provers, they do not constitute a tactical pro-
gramming language. There are no conditional statemers, no procedurecalls
and no loop constructs. This makes taclets easierto understand and easier
to formulate than tactics. In conjunction with an appropriate medanism for
heuristic application, they are nonethelesspowerful enoughto permit com-
fortable interactive theorem proving [10]. For the automated execution of
heuristics, the idea is that any possibletaclet application will evertually be
executed(fairness),but certain taclets may be preferredby attaching priorities
to them.

Also note that taclets are rather lightweight ertities. It is for instance
absolutelypossibleto intro ducedozensof ad-ha taclets to reasonabout some
speci ¢ data type in an intuitiv e way. The set of taclets should and can be
designedin sud a way that usual human reasoningabout someapplication
domain is re ected by the available taclets. An important consequenceof
attaching taclets to operatorsis that the taclets for a certain data type will
almostall be attachedto operatorsof the accordingtype. For instance,taclets
for reasoningabout numbers are attached to operatorslike + or >=, etc. This
meansthat whenthe userclicks on a speci ¢ operator, only thosetaclets will
bevisible that arerelevant for that operator in that cortext. This signi cantly
reducesthe burden on the user that is usually assaiated with a large set
of rules. For instance, the cancellation law for addition which states that
X+ z=y+ zimpliesx = y canbe coded in a taclet

nd(x + z=y + z) replacewith(x= y)

This taclet would be attached only to equalitieswherethere actually are iden-
tical summandson both sides.

In principle, nothing prevens the formulation of a taclet that represets
an unsound proof step. It is possiblehoweer, to automatically generatea
rst-order proof obligation from a taclet, represeting its logical cortent. If
that formula can be proved using a restricted set of \primitiv e" taclets, then
the new taclet is guararteed to be a correct derived rule. For instance, the

4 The actual rules are slightly more complicated due to di culties with non-rigid terms in
rst-order modal logics.
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proof obligation for the cancellationlaw taclet above would simply be:
atc=b+c! a=b
for somenew constarts a;b;c. For the install taclet, one gets:

(8x:p(x)) ! p(c)

where p is a new function synmbol and c is a new constart. In this respect,
tacletsaredi erent from many systemsbasedon higher-orderlogic, wherethe
justi cation of a derived rule is donein somemeta-logic. Proof obligations
for taclets are in the samelogic as the onethe taclets act upon. See[3] for a
detailed description of how proof obligations are computed.

No provision is currertly made in the user interface for the interactive
construction of taclets. They are given in the textual form shavn above and
read into the systemby a parser. In future versions,a possibility to de ne
taclets within the userinterface might be addedto the system.

4 Implemen tation

The KeY prover is implemerted in the Java programming language(see|8]),
using the Swing GUI library (see[17]). The coordination betweenthe dis-
played proof tree, the current sequety etc. and the underlying logical data
structures follows the Model, View, Controller architecture, making intensive
useof the Observerdesignpattern (see[5]). Every changein the data struc-
turesrepreseting the proof tree triggersan event for which the concerneduser
interfacecomponerts wait. While this is not the fastestconceiable technique,
it hashelped to provide a good modularization of the system.

4.1 Highlighting

To assistthe userin selectingthe formula or term a taclet should act upon,
the KeY prover highlights the whole sub-forrmula or term the mousepointer
is over asit movesover the sequeh For instance,in the formula

p&@ | r &s) ;

giventhat conjunction (& haspriority over disjunction (| ), the right conjunct
(g | r &s) isgoingto be highlighted whenthe pointer is over the | or one
of the parertheses,r & s will be highlighted when the pointer is over the
right & and the whole formula if it is over the left & If the pointer is over
oneof the symbols p, q, r, or s, only that symbol is highlighted. The imple-
mertation of this feature relieson a fast medanismto nd the term position
correspndingto a certain characterin the displayed sequen This is achieved
using position tables which record the start and end of nestedformulae and
terms in ewvery sub-formula/term of the sequeh Position tables are built by
the pretty-printer during layout, at a low additional cost, and they are very
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Fig. 3. Indexing Data Structures for Taclets

e cient. There is no perceiable delay due to highlighting when the mouse
is moved over the sequen The position tables have the sametree structure
as the represeted terms, so the time to nd the position correspnding to
a character is linear in the depth of the term. This has so far proved to be
fast enough. An additional feature of the position tables is that they store
only o sets of sub-termsfor ead position, instead of absolutepositionsin the
string represetation of the sequeh This makesit possibleto reusethe posi-
tion table for a formula that is not a ected by a taclet application, provided
its layout doesnot change. This optimization has not yet beenimplemerted
in the KeY systemthough. Oncethe text rangeto be highlighted has been
calculated using the position tables, the actual painting is done using the
standard highlighting functionality provided by the Java libraries.

4.2 The Taclet Application Index

For a pleasan user experience,it is alsoimportant that the available taclets
at a certain position are displayed with minimal delay when the user clicks
somewhere.The rst ingrediert for this is of coursethe position table, which
yields a handle on the logic data structures correspnding to the mousepo-
sition. The actual list of applicable taclets is computed from this using a
number of indexing data structures, seeFig. 3. Consideringthat the taclet
setfor Java Caro DL compriseshundredsof taclets, it is clearly not an option
to iterate through the whole set of taclets while the userwaits for the meru.
Instead, for every open goal, a taclet application index is kept, that storesall
taclet applications possiblein a sequeh at any position. A taclet application
consistsof a taclet alongwith a position whereit is applied and a number of
scdhemavariable bindings determinedby the position.®> The taclet application
index is organizedin sud a way that quick accesdo the applicabletacletsis
possiblebasedon the position in the sequen Only taclet applicationsthat are

5 There may be unbound schema variables left; the instantiations of those are asked for
interactiv ely.
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actually possibleare stored. Regardfor instancethe taclet quoted in Sec.3,
which hasto be applied on an implication in the anteceden. Only for sut
positions is a taclet application goingto be put in the taclet application in-
dex, and only then will it be displayed to the user. The nice thing about the
taclet application index is that most of a sequeh usually remainsunchanged
betweentaclet applications, and accordingly most of the taclet applications
remainvalid. It is su cient to remove taclet applicationsreferring to changed
formulae and to add somefor new formulae after eat proof step. This opti-
mization is in the courseof being implemerted. In the current version of the
KeY prover, the taclet application index is simply recalculated before eah
proof step, which hassofar beenfast enough.

4.3 The Taclet Index

The reasonwhy onecana ord to recomputethe taclet application index after
eadt proof stepis of coursethat anotherindexing data structure permits to do
this e cien tly: The tacletindex This cortains the set of all available taclets,
and provides an operation to determine a set of candidatesthat might be
applicable,given someformula and its position in a sequen The ideais to go
through all sub-fornmulae of a newly introduced formula in a sequeh and ask
the taclet index for a (hopefully small) set of potertially applicable taclets.
For ead taclet in this set, it is then cheked whether all conditions for the
application are actually satis ed, and if so,a correspnding taclet application
is put into the taclet application index.

What indexing medanism is sensiblefor the taclet index is of coursede-
pender onthe setoftacletsin use. For instance,many of the taclets currertly
usedin the KeY prover sene the synbolic executionof programs. Therefore,
we make sure that the indexing can di erentiate betweentaclets for various
kinds of Java statemens. We use a hashtable indexed by the top operator
of the formula or term in question,and in caseof program modalities, by the
type of the rst executablestatemert in the program in question. This gives
very acceptableperformancefor interactive use: the time required to apply
a rule, to build the new taclet application index and to layout and display
the new sequeh lies mostly belon half a second. The standard set of taclets
usually worked with comprisesse\eral hundred taclets for propositional and
predicate logic, integers, setsand above all for Java Caro. When taclets are
applied automatically usingthe heuristics,performancerangesbetween20rule
applications per secondfor the more complicated symbolic executiontaclets
to about 500 per secondfor simple propositional logic on a current Linux
workstation.

The performanceof the taclet index might becomeunacceptablein the
future, due for instanceto an enlargedtaclet base. In that case,our course
will beto progressiely optimize the indexing data structures. In fact, this has
already beendone twice in the past: originally there was no taclet index at
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all. As the number of predicate logic rules grew, hashingon the top function
symbol was introduced. Finally, with the addition of DL rules, indexing on
program statemeris becamenecessary

Another conceiable future optimization is to compile taclets: As taclets
have a quite operational semartics, it would be possibleto produce Java byte
code for the actionsof ataclet. In particular the matching part might become
fasterthan with the current approad of comparingtwo term data structures.
It is not clear whether this will becomenecessaryas the system performs
quite satisfactorily sofar.

5 Related Work

Tacletswere rst introducedunder the nameof schematictheory speci ¢ rules
(STSR) by Habermalz[9,10. The conceptof interactive theorem proving by
pointing the mouseat the the formula a rule should act upon was strongly
inspired by the theorem prover InterACT [6]. That theorem prover allowed
reasoningabout abstract data types algebraically speci ed by setsof condi-
tional equations. It provided only arelatively hard-wired set of rules howe\er.
Domain-speci ¢ reasoningwas only possiblethrough the application of condi-
tional equations. The interesting aspect was that the user could click on the
term where an equation should be applied. With taclets, it becomespossible
to do domain-speci ¢ reasoningin a way that matches human reasoningin
the domain and not the underlying speci cation language.

An idea for using mousegesturesto cortrol a theorem prover, known as
\Pro of by Pointing" hasalready beensuggestecearlier by Bertot, Kahn, and
Thery [4]. The peculiarity of that approad is that a singlemouseclick onsome
sub-fornmula can trigger a whole seriesof rule applications that decompmsea
formula until the selectedsub-formula is on the top level of the sequeh Proof
by pointing is limited to a xed sequeh calculus,with no domain-speci c rules
at all.

Semairically, taclets bearan obviousresenblanceto tactics and/or derived
rules in systemsbasedon higher-order logic like Isabelle [14] or PVS [13],
but alsoto conceptsfrom the proof planning world like the methods of the
MEGA system[15]. Indeed,in a taclet-basedtheorem prover, taclets often
play the role of derivedrulesor tactics, in that they cana complexdeductionas
a singleertity. They alsoencale knowledgeabout domain-sgeci ¢ reasoning
like methods. Tacletsdi er from the namedconceptsin that they

include an operational semartics for both automated and interactive appli-
cation, and

do not provide any programming constructs, and thus

canbejusti ed with respectto other taclets by reasoningn the object logic,
and not in somemeta-logic.

The taclet medanism was carefully designedto display all theseproperties.
10
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6 Conclusion

We have briey descriked the KeY prover from a user interface perspective.
In particular, we have introducedthe conceptof taclets which consistof the
logical content of a sequen rule, paired with pragmatic information on how
and when to apply it. We have also given a short overview of someof the
non-trivial implemertation issuesinvolved.

The KeY system has repeatedly been usedin undergraduate education,
and studerts have beenableto shav simple propertiesof Java programsusing
the prover. We take this to be an indication that our user interfaceis good
enoughto allow it to be usedby non-experts after a reasonableamourt of
coadhing. Somelarger casestudiesconductedby more experiencedmenbers
of the KeY group are presettied in [1].

Acknowledgemen t

The author is indebted to Richard Bubel for providing someof the technical
details, to Wolfgang Ahrendt for helpful commerns on a draft version of this
paper and to the anonymous refereedor their numeroussuggestions.

References

[1] Wolfgang Ahrendt, Thomas Baar, Bernhard Bedert, Richard Bubel, Martin
Giese, Reiner Hahnle, Wolfram Menzel, Wojciech Mostowski, Andreas Roth,
Ste en Sdlager, and Peter H. Schmitt. The KeY tool. Softwar and System
Modeling, 2004. To appear.

[2] Bernhard Bedkert. A dynamic logic for the formal verication of Java
Card programs. In Isabelle Attali and Thomas P. Jensen, editors, Java on
Smart Cards: Programming and Security. Revisal Papers, Java Card 2000,
International Workshop, Cannes, France, volume 2041 of LNCS, pages6{24.
Springer-Verlag, 2001.

[3] Bernhard Bedkert, Martin Giese, EImar Habermalz, Reiner Hahnle, Andreas
Roth, Philipp Remmer, and Ste en Sdlager. Taclets: a new paradigm for
writing theorem provers. Revista De La Real Academia De Ciencias Exactas,
Fisicas Y Naturales 2004.to appear.

[4] Yves Bertot, Gilles Kahn, and Laurent Thery. Proof by pointing. In
M. Hagiya and J. C. Mitc hell, editors, Proc. Intl. Symp. on Theoretical Aspects
of Computer Software, LNCS 789, pages141{160. Springer, 1994.

[5] Erich Gamma, Richard Helm, Ralph Johnson, and John Vlissides. Design
Patterns: Elements of Reusable Object-Oriented Software. Addison-Wesley
1995.

11



Giese

[6] R. Geisler,M. Klar, and F. Cornelius. InterA CT : An interactive theorem prover
for algebraic speci cations. In Proc. AMAST'96, 5th International Conference
on Algebric Methodology and Software Technolayy, volume 1101 of LNCS,
pages563{566. Springer, July 1996.

[7]Martin Giese. Integriertes automatisches und interaktives Beweisen: Die
Kalk ulebene. Diploma Thesis, Fakultat fur Informatik, Universitat Karlsruhe,
June 1998.

[8] James Gosling, Bill Joy, and Guy Steele. The Java Language Syeci ¢ ation.
Addison Wesley 1997.

[9] EImar Habermalz. Ein dynamischesautomatisierbares interaktives Kalkel feir
schematischetheoriespezi sche Regeln PhD thesis, Universitat Karlsruhe,
2000.

[L0]Elmar Habermalz. Interactive theorem proving with schematic theory specic
rules. Tednical Report 19/00, Fakultat fur Informatik, Universitat Karlsruhe,
2000. http://il2www.ira.uk a.de/~key/doc/2000/stsr.ps.gz

[11] Greg Nelson. Techniques for Program Veric ation. PhD thesis, Stanford
University, 1980. Also published as Xerox PARC Researti Report CSL-81-10.

[12] Derek C. Oppen. Pretty-printing. ACM Transactions on Programming
Languagesand Systems 2(4):465{483, 1980.

[13]S. Owre, S. Rajan, J.M. Rushby, N. Shankar, and M.K. Srivas. PVS:
Combining speci cation, proof chedking, and model cheking. In Rajeev Alur
and Thomas A. Henzinger, editors, Computer-Aided Veri c ation, CAV '96,
volume 1102 of LNCS, pages411{414. Springer, July/August 1996.

[14] LawrenceC. Paulson. Isakelle: a generic theorem prover, volume 828 of LNCS.
Springer-Verlag, 1994.

[15]J. Siekmann, C. Benzmeller, V. Brezhnev, L. Cheikhrouhou, A. Fiedler,
A. Franke, H. Horacek, M. Kohlhase, A. Meier, E. Melis, M. Mosdner,
I. Normann, M. Pollet, V. Sorge,C. Ullrich, C.P. Wirth, and J. Zimmer. Proof
dewelopmert with  MEGA. In A. Voronkov, editor, Proceedings of the 18th
Conferenae on Automated Deduction (CADE{18) , volume 23920f LNAI , pages
144 {149, Copenhagen,Denmark, 2002. Springer Verlag, Germarny.

[16] Sun Microsystems, Inc., Palo Alto/CA. Java Card 2.0 LanguageSubsetand
Virtual Machine Speci ¢ ation, October 1997.

[17]Kathy Walrath and Mary Campione. The JFC Swing Tutorial: A Guide to
Constructing GUIs. Addison Wesley 1999.

12



	Introduction
	The Prover Window
	Taclets
	Implementation
	Highlighting
	The Taclet Application Index
	The Taclet Index

	Related Work
	Conclusion
	Acknowledgement 

