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Abstract

JAVA is a generalpurposeconcurrentclass-basedobject-orientedprogramminglanguage.This
work presentsaninteractive programthatinterpretsJAVA sourceprogramsdirectly. Thecornerstone
of its executionmodelis anexecutiongraph,in which eachnodeis constitutedby threefunctions:a
statetransformer, acontinuationandanexceptionhandler.

1 Intr oduction

JAVA[1] is ageneralpurposeconcurrentclass-basedobject-orientedprogramminglanguage.
To supporttheuseof JAVA in aninteractiveenvironment,it is importantto supporttheinterpretation

of small codefragmentssuppliedby the user, which shouldbegin executionas quickly as possible.
It is also interestingto make possiblethe executionof codefragmentsthat do not correspondto full
JAVA programs,in orderto facilitatetheexperimentationwith specificlanguagefeaturesand,thus,the
developmentof prototypes.

Basedon theseaspects,this work presentsa way to executeJAVA programsusinganinterpreterthat
receivescodefragmentsandtranslatesit to a graphrepresentation.This executiongraphis traversed,
producingtheprogramoutput.

SincetheJAVA virtual machine[2] is notused1, aninteractiveusageis possible,andtheresultsof the
commandsenteredby theuserarepreserveduntil theendof thesession.Theresultsobtainedpreviously
canbeusedlaterin othercodefragmentsin thesameusersession.

1TheJAVA virtual machineonly workswith full classdescriptions,whichhampersinteractiveusage.



2 Overview

The JEDI interpreterprovidesthe userwith a consolewhereit is possibleto entercodefragmentsor
directivesto the interpreter. Thedirectivesareinterpreterinternalcommandsprefixedby character“:“.
They areusedto performspecificinterpretertasks,like loadingcodefragmentsfrom anexternalfile or
terminatingtheinterpretersession,amongothers.Codefragments,ontheotherhand,arenotprefixedby
specialcharacters.

The assumptionadoptedby the JEDI interpreterfor accepting"free" commandsis all of themare
containedinsidea implicit main method.This guaranteesthatcommandsenteredin differentmoments
will referto variablesdefinedin thesamescope.Differentscopesareusedonly whenexplicitly created
by theuser, usingblock declarations.Classdefinitions,whenenteredin the interactive console,arean
exceptionto this rulebecausethey arealwaysconsideredastop level classesandneverasinnerones.

AppendixA presentsanexamplesessionof aninteractiveuseof JEDI.
Our currentprototypeusesdynamictype-checking.This wasdoneto shortenthe implementation

time. A new versionusingstatictype-checkingis underdevelopment.
JEDI was implementedusing the HASKELL programminglanguage[6, 3] and compiledusing the

GHC[7] compiler. The CTK[8] library wasusedasour initial framework. The currentversionof the
prototypeis availablein http://www.dcc.ufmg.br/˜herman n/je di .

The executiongraphis traversedby a specificfunction,which evaluatesthe contentsof eachnode
andproducesthe intendedresult. Theexecutionmodelis describedin the following sections,in which
we assumeabasicknowledgeof HASKELL.

3 Executiongraph node

Eachnodein the executiongraphis constitutedby threedistinct components:a statetransformer, re-
sponsiblefor modificationsin theinterpreterstate;a continuationfunction,which implementsthegraph
transitionsfrom thecurrentnode;anexceptionhandler, which implementstransitionscausedby theoc-
currenceof exceptions.SeeFigure3. Clearestareasidentify nodestatetransformers,intermediateareas
identify nodecontinuationfunctionsanddarkestareasidentify nodeexceptionhandlers.Nodecompo-
nentsaredroppedfrom figures,for clarity, whenthey arenot importantin therelevantcontext.

StateTransformer

TheJEDI statetransformeris amonadicfunction[5] responsiblefor changingtheinterpreterstateaccord-
ing to thesemanticsof eachcommand.

Thestatechangesareimplementedusinga setof monadicfunctions,calledstatetransformerprim-
itives. Theseprimitivesareresponsiblefor several featureslike declarationsandupdatingof local vari-
ables,objectinstantiation,operationson thevaluestackusedfor theevaluationof expressions,checking
for errorsraisedby primitivespreviouslyexecutedetc.

The statetransformerfunction canreturnan ordinaryvalueor an exception,passedto the node’s
continuationor exceptionhandlerfunction,respectively.
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Figure1: Structureof anexecutiongraphnode.

Thespecificmonadicfunctionof JEDI receives,implicitly, a stateandreturnsa pair composedby a
possiblymodifiedcopy of thethestateanda value,whichcanbejustanordinaryvalueor anexception.
Thestateandtheexceptionareleft implicit, beinghandledinternallyin themonad.

It is responsibilityof themonadicbindoperator, denotedin HASKELL by >>=, to chaintheexecution
of two monadicfunctions,passingto thesecondthestateandresultproducedby thefirst function. This
operatoris responsibleto ensurethat, in any functionbinding ��� >>= ��� , ��� will not beappliedto the
statewhen ��� returnsanexception.

After an exceptionis raisedby a primitive, it is propagateduntil it becomesthe statetransformer
result. Whenthis happens,we saythe exceptionhasreachedthe evaluationedge. After reachingthe
evaluationedge,anexceptioncanonly behandledby thenode’sexceptionhandler.

Continuation

Thecontinuationfunctionreceivesanordinaryvalueresultingfrom thestatetransformerandreturnsthe
nodethatfollows in theexecutiongraph.

Continuationsimplementtransitionsbetweennodesin the executiongraph. The separationof the
rolesof thestatetransformerandthecontinuationfunctionfacilitatestheconstructionof nodesfor each
JAVA constructandallows theexchangeof databetweennodeswithout theneedof usingmonadicfunc-
tions.

ExceptionHandler

The exceptionhandleris a function that receivesan exceptionandreturnsthe nodethat follows in the
executiongraph.

Any statetransformerprimitivecan,potentially, raiseanexception.Theexceptionsmanipulatedby a
node’sexceptionhandlerarethosein theevaluationedge,returnedby astatetransformer.

An exceptionhandlercanacceptor rejecta given exceptiontype. If the exceptionis rejectedby
a handler, the exceptionis re-thrown insidethe statetransformerof a nodereturnedby this exception
handler.



In the extremepoint of this exceptionhandlercascade,a predefinedhandleris used,that accepts
all exceptiontypesand prints informationaboutthe uncaughtexception. Otherpredefinedexception
handlersareresponsiblefor throwing away thecurrentactivationrecord,whenanexceptionis raisedin
a methodcall.

4 Graph execution

Thefunctionresponsiblefor traversalof theexecutiongraph(calledthegraphexecutionfunction)does
nothaveany knowledgeaboutthesemanticsof theinterpretedlanguage.Whenanodeis presentedto this
function,thatnode’sstatetransformeris evaluated.Whentheevaluationof astatetransformerreturnsan
ordinaryvalue,thegraphexecutionfunctioncallsthatnode’scontinuationfunction,passingthereturned
valueasits argument.

The evaluationof the continuationfunction returnsthe nodethat follows andthe executiongraph
functionis recursively appliedto it.

Whenthe evaluationof the statetransformerreturnsan exception,that node’s exceptionhandleris
appliedto the result. The evaluationof the exceptionhandlerreturnsthe next node,whereevaluation
mustproceed.Theexecutiongraphfunctionis againappliedrecursively to thisnew node.

As we cansee,the traversalfunction doesnot understandthe semanticsof the JAVA languagebut
simplyvisits theright nodesof thegraphrepresentingtheinterpretedprogram.

The executiongraphfunction is responsiblefor delivering the stateimplicitly returnedby the last
statetransformerto thenext node’s statetransformer. Usingthis approachthestate“flows” throughthe
visitednodes,sufferingchangesin theway.

Whenthegraphexecutionfunctionis appliedto a final node,it returnsthelaststate,returnedby the
laststatetransformer. This statewill begivenastheinitial statein thegraphexecutioncorrespondingto
a next codefragmentsuppliedby theuser.

Explicit universalquantification,providedby theHASKELL GHCcompilerasanextensionto Haskell
98, playsan import role in the implementationof JEDI. Universalquantifiersallow the construction
of nodeswith different typesin the samegraph. Specifically, the useof universalquantifiersallow
the constructionof graphswherestatetransformersandcontinuationfunctionscanreturnandreceive,
respectively, a valuewith a differenttype in eachnode(avoiding the creationof a new constructorfor
eachkind of resultyieldedby the statetransformerandusedby the continuationfunction). The only
conditionto be satisfiedis that the statetransformerandthe continuationfunction of eachnodemust
returnandreceive,respectively, avalueof thesametype.

5 Nodeexamples

Figure2 showsanexampleof a conditionalbranchnode.
Thenodestatetransformerpopsthetopmostvalueof theevaluationstackandextractsa boolean

valuefrom it. Thisvalueis passedto thecontinuationfunction,whichdecideswhichnodefollows,based
on thisvalue.



do val  ��  pop
   retu r n va l

λλ v ��  i f v
     th en �  ! " # $ %
     el se �  ! " # & %
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Figure2: Conditionalbranchnode

Nodescanbegroupedto performmorecomplex tasks.Figure3 illustratesthecombinationof nodes
for theinterpretationof theconditionalexpressiontrue ? 1 : 2.
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Figure3: Nodearrayusedto evaluatetheexpressiontrue ? 1 : 2

6 Err or DetectionNodes

Error detectionnodesareoneof thecornerstonesof thedynamicerror-checkingmodelimplementedin
the currentprototype. They are insertedat specificpoints in the graphto cancelthe executionof the
program,whenerrorsaredetected,in a gracefulmanner.

The functionusedto traversethe executiongraphdoesnot know aboutthe existenceof errors,nor
how to identify them.

To allow this transparency, errordetectionnodesareinsertedat specificpointsof thegraph,during
graphconstruction.Whenan error detectionnodeis evaluated,it checkswhetherany error hasbeen



raised,by a statetransformerprimitive evaluatedin any previous node. The detectionof any context-
sensitiveerrorin theinputprogramcausesabranchof theexecutionto afinal node.

Figure4 showsagenericerrordetectionnode.
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Figure4: Genericerrordetectionnode.

Typeerrorcheckingis so frequentthat thereexistsa specialnodedefinitionfor its implementation.
In thisnode,it is analyzedwhethertheresultpushedontothevaluestackby anexpressionevaluationhas
theexpectedtype.Eachnodefor anexpressionhasanexpectedexpressiontype.

Figure5 showsa typeerrordetectionnode.
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Figure5: Typeerrordetectionnode.

Figure 3 illustratesan expressionevaluation, using a type error detectionnode to type checka
boolean expression.

7 Expressionevaluation

Theevaluationof anexpressionis doneby translatingeachtermof this expressioninto a setof nodes,
representingit in polishreversenotation.Theoperationargumentsareevaluatedandtheresultis pushed



into the value stackof the interpreterstate. The operationnodepopsits argumentsfrom the stack,
performstheoperationandpushesbacktheresult.

Figure3 showsasimplifiedexampleof expressionevaluation.
Theevaluationof anexpressioninvolvessomestagesthatarenot presentin Figure3. Beforeeach

operationthe interpreterneedsto checkif the argumentshave the expectedtype. The JAVA language
definesa setof rulesto determinethesituationswhenanexplicit conversion(usingthecastoperator)is
required,andwhentheargumentsof anoperationdonothavecompatibletypes.

Wideningconversions(alsocalledpromotions)canbe left implicit. Narrowing conversions,on the
otherhand,alwaysrequireexplicit castsfrom theuser, asdescribedby theJAVA languagespecification.
Otherconversionsincludeidentity conversions,stringconversionsandforbiddenconversions.This last
kind alwaysgeneratesanerror, detectedby theerrordetectionnodes,andcancelsthegraphexecution.

Basically, the JEDI interpreterpopsthe operandsandfiguresout which conversionis necessary, in
the givenoperation.If a wideningconversion,identity conversionor stringconversionis required,the
conversionis appliedsilently.

Theexpressionsinvolvingmethodcallsarecheckedfor type-correctionsimilarly tootherexpressions.
Likeany otherconstruction,expressionscanraiseexceptionsduringtheexecution.Thiscanbedone,

for example,by amethodcall, a divisionby zeroor accessingfield/methodsof anull reference.

8 Namedecoding

Decodingof identifiersis a complex stagein the interpretationof codefragments.The JAVA language
specificationdescribesa setof rulesthatmustbefollowedto determinatethemeaningof a given(qual-
ified or unqualified)name.A namelike x.y.z.k canrepresenta field or methodof a class,a field or
methodof aninstance,aclass,aclasspackageor a local (method)variable.

Figure6 showsanexampleof namedecoding.

cl ass C {
    vo i d f ( ) {
        g( ) ;
    }

voi d g( ) {
/ / . ..

{
}

]^_ ` a b c d ` d e f g h ij

k l m n^_ o g p a q ij ]^_ ` d e f g h ij

do v rs  f i nd “ t his ”
   pus h v t u v v ^_ ] ij

w x y z { x { | } ~ x

| } ~ x

| z { x � � � } �

Figure6: Methodnamedecoding.

The JEDI interpreterimplementsthe rulesdescribedin the specificationof the JAVA language,as
follows:



1. The nameis pre-qualified,accordingto the programcontext in which it is used. This context
classifiesit into an expression,method,type or package.Othernamecomponents,in qualified
names,areclassifiedbasedon this initial pre-qualification.This schemeis oftennot sufficient for
auniqueclassification.

2. The pre-qualifiednameis decodedusingthe rulesdescribedin the JAVA languagespecification.
Thisdecodingproducesamorecompletenameclassification,whereeachnamecomponentis clas-
sified asa class(packagesandclassesaregroupedtogether),a field, a method,a local variable
or none.In this stagetheimplicit referenceto the local variablethis becomesexplicit. If some
of the namecomponentsdo not correspondto entitiesin the interpreterstate,the wholenameis
classifiedasinvalid.

3. If the decodednameis valid, a chain of nodesis built. This nodechain is responsiblefor the
evaluationof eachnamecomponent,producingtheintendedresult.Thenodesin thischaindepend
on theclassificationof eachnamecomponent,theprogramcontext in which thenameis used,and
whetherafield is a classor aninstancefield. Readingandwriting a variable— field or local— is
representedby differentnodechains.

9 Method definition

Methodsarerepresentedin two ways.Thefirst containsthemethodsignature,its argumentsandmodi-
fiers2. This representationis usedto determinewhichmethodis calledandwhetherits useis valid in the
context of thecall.

Thesecondrepresentationis a componentof theexecutiongraph,which is visitedwhenthemethod
is called,following theconventionsbelow, in thegivenorder:

� Eachparameteris boundto thecorrespondingvalue,passedin thevaluestack.

� A new scopeis opened.

� Theactivationrecordis poppedfrom thestack,afterobtainingthereturnpoint from this record.

To detecttheabsenceof a return statementduring theexecutionof a methodcall (seesection
10), a specialnodeis insertedas the last nodeof the methodbody (which will be visited if no
return statement,presentin themethod,is visited).

10 Method call

Theimplementationof methodcallsstartsby namedecoding,asdescribedin section8), of themethod
nameandobjectexpressionor classname.

Thenodesbuilt afterthedecodingstagedescribethemethodto becalled.Thevalidity of eachnode
is tested(for example,it is testedwhetherthe noderepresentingthe target object is not null ). This

2Modifiersarequalifierslike public , static andfinal , amongothers.



descriptioncontainsa referenceto the first nodein the methoddefinition. This referenceis passedto
thecontinuationfunctionandusedby thegraphexecutionfunctionasthenext nodeto bevisitedin the
graph.A new activationrecordis pushedinto themethodcall stack.

In methodexit points,aspecialnodeis insertedto obtainthemethodcall returnpointfrom thecurrent
activationrecord,which is thenpoppedfrom themethodcall stack.

Thesameprocedureis usedby methodsreturningno value(a methodwhosereturntype is void ),
i.e. anodeis insertedto forcethereturnfrom thecurrentmethod.

Thismakesoptionalanexplicit return statementin themethodsourcecode.In methodswherethe
returntypeis differentfrom void , this samenodeis usedto detectwhetheranexplicit returnof avalue
is missingandinforms the userof this mistake by meansof the message“Reachedendof non ‘void’
method”.

Figure7 showsthenodeusedto executemethodcalls.

do m  ��  f i nd �� � � � � � � ��
when ( i sNot Meth od m)

       r ai seEr r or
   ep ��  i sEr r or Pr esent
   r et ur n ( m, ep)

� � � �
�� � � � � � � �� ≡≡ λλ ( m, ep) ��

  i f ep
   t hen � � � � � � � � � � �
   els e m
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�

Figure7: Genericmethodcall node.

11 Conclusions

This work presentsan interactive interpreterfor JAVA, JEDI, which usesan internalcoderepresenta-
tion constitutedby a graph,whereevery nodeis composedby threefunctions: a statetransformer, a
continuationandanexceptionhandler.

JEDI supportstheuseof JAVA in aninteractiveenvironment,allowing aswifterinterpretationof small
codefragmentssuppliedby theuser, thatneednotcorrespondto full JAVA programs.This facilitatesthe
experimentationwith specificlanguagefeaturesand,thus,thedevelopmentof prototypes.

The error-detectionnodesimposea significantoverheaddue to an excessive numberof testsper-
formedduringgraphexecution.Forexample,in theexecutionof iterativestatements(while , do-while
andfor ), thetypeof theresultyieldedby theconditionalexpressionis checkedoncefor eachiteration.
A staticallychecked version,which is underdevelopment,will overcomethis problem. In the static
version,only a few errordetectionnodesarerequiredfor theimplementationof all operations.
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A Examples

An exampleof interactive sessionin the JEDI interpreteris provided. Thesessionshows anevaluation
usingthesmallJavaclassdefinedin thefile “Counter.jes” andlistedbelow:

package counter;
class Counter {

long j;
void setCounter(long j) { this.j = j; }
long count() { return j = j + 1; }
long getCounter() { return j; }

}

In the examplesessionbelow, the file “Counter.jes” is loadedandthe classCounter is usedin a
codefragmententeredby theuserfrom theconsole.



% jedi
Welcome to console of Jedi 0.5.2 (build June 21 2001)
This software is distributed under the terms
of the GNU Public Licence.
NO WARRANTYWHATSOEVERIS PROVIDED.
Jedi> :load script “Counter.jes”
Completed after 0.000 sec.
Jedi counter> \
counter> counter.Counter c = new counter.Counter();
counter> while (c.getCounter() < 1000)
counter> Output.println("The counter is " + c.count());
counter> Output.println("Done");
counter> .
The counter is 1
The counter is 2
The counter is 3
...
The counter is 999
The counter is 1000
Done
Completed after 1.270 sec.
Jedi counter> c.getCounter();
1000
Completed after 0.000 sec.
Jedi counter> c.count();
1001
Jedi counter> :quit
%


