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Abstract

JAVA is a generalpurposeconcurrentclass-basedbject-orientecorogramminganguage. This
work presentaninteractve programthatinterpretsJava sourceprogramdirectly Thecornerstone
of its executionmodelis anexecutiongraph,in which eachnodeis constitutedby threefunctions:a
statetransformera continuatiorandanexceptionhandler

1 Intr oduction

JavA[1] is agenerapurposeconcurrentlass-basedbject-orientegorogrammingdanguage.

To supportthe useof JAVA in aninteractve ervironment,it is importantto supporttheinterpretation
of small code fragmentssuppliedby the user which shouldbegin executionas quickly as possible.
It is alsointerestingto make possiblethe executionof codefragmentsthat do not correspondo full
Java programsjn orderto facilitatethe experimentatiorwith specificlanguageeaturesand, thus,the
developmenbf prototypes.

Basedon theseaspectsthis work presents way to executeJAVA programsausinganinterpreterthat
receves codefragmentsandtranslatest to a graphrepresentationThis executiongraphis traversed,
producingthe programoutput.

Sincethe Java virtual machine[2 is notused, aninteractive usages possible andtheresultsof the
command®nteredoy theuserarepresereduntil theendof the sessionTheresultsobtainedoreviously
canbeusedaterin othercodefragmentsn the sameusersession.

1The Java virtual machineonly workswith full classdescriptionswhich hampersnteractve usage.



2 Overview

The JEDI interpreterprovidesthe userwith a consolewhereit is possibleto entercodefragmentsor
directivesto the interpreter The directvesareinterpreterinternalcommandsprefixed by character':".
They areusedto performspecificinterpretertasks lik e loadingcodefragmentdrom an externalfile or
terminatingtheinterpreteisessionamongothers.Codefragmentspntheotherhand,arenot prefixed by
specialcharacters.

The assumptioradoptedby the JEDI interpreterfor accepting'free” commandss all of themare
containednsideaimplicit main method.This guaranteethatcommand®nteredn differentmoments
will referto variablesdefinedin the samescope.Differentscopesareusedonly whenexplicitly created
by the user usingblock declarations Classdefinitions,whenenteredn the interactve console,arean
exceptionto thisrule becausehey arealwaysconsideredstop level classesandnever asinnerones.

AppendixA presentanexamplesessiorof aninteractve useof JEDI.

Our currentprototypeusesdynamictype-checking. This was doneto shortenthe implementation
time. A new versionusingstatictype-checkings underdevelopment.

JEDI was implementedusing the HASKELL programminglanguage([6 3] and compiledusingthe
GHC[7] compiler The CTK[8] library wasusedasour initial framevork. The currentversionof the
prototypeis availablein http://www.dcc.ufmg.br/"herman n/je di .

The executiongraphis traversedby a specificfunction, which evaluatesthe contentsof eachnode
andproducegheintendedresult. The executionmodelis describedn the following sectionsjn which
we assume basicknowledgeof HASKELL.

3 Executiongraph node

Eachnodein the executiongraphis constitutedby threedistinct componentsa statetransformerre-

sponsiblefor modificationsn the interpreterstate;a continuationfunction,which implementghe graph
transitionsfrom the currentnode;an exceptionhandler which implementdransitionscausedy the oc-

currenceof exceptions.SeeFigure3. Clearesareaddentify nodestatetransformersintermediateareas
identify nodecontinuationfunctionsanddarkestareasdentify nodeexceptionhandlers.Node compo-
nentsaredroppedirom figures,for clarity, whenthey arenotimportantin therelevantcontext.

State Transformer

The JEDI statetransformers amonadicfunction[q responsibléor changingheinterpreteistateaccord-
ing to the semantic®f eachcommand.

The statechangesreimplementedusinga setof monadicfunctions,called statetransformeiprim-
itives. Theseprimitivesareresponsibldor severalfeaturedik e declaration@ndupdatingof local vari-
ables,objectinstantiationpperation®n the valuestackusedfor the evaluationof expressionsghecking
for errorsraisedby primitivespreviously executedetc.

The statetransformerfunction canreturnan ordinary value or an exception,passedo the nodes
continuationor exceptionhandlerfunction,respectrely.
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Figurel: Structureof anexecutiongraphnode.

The specificmonadicfunction of JEDI receves,implicitly, a stateandreturnsa pair composedy a
possiblymodifiedcopy of thethe stateanda value,which canbejustanordinaryvalueor anexception.
The stateandthe exceptionareleft implicit, beinghandlednternallyin themonad.

It is responsibilityof themonadidhind operatordenotedn HASKELL by >>=, to chaintheexecution
of two monadicfunctions,passingo the secondhe stateandresultproducedoy thefirst function. This
operatoris responsiblgo ensurethat, in any functionbinding f; >>= f,, f> will not be appliedto the
statewhen f; returnsanexception.

After an exceptionis raisedby a primitive, it is propagatedintil it becomeghe statetransformer
result. Whenthis happensye saythe exceptionhasreachedhe evaluationedge. After reachingthe
evaluationedge anexceptioncanonly be handledby the nodes exceptionhandler

Continuation

Thecontinuatiorfunctionrecevesanordinaryvalueresultingfrom the statetransformemndreturnsthe
nodethatfollowsin the executiongraph.

Continuationgmplementtransitionsbetweennodesin the executiongraph. The separatiorof the
rolesof the statetransformelandthe continuationfunctionfacilitatesthe constructiorof nodesfor each
JavA constructandallows the exchangeof databetweemodeswithout the needof usingmonadicfunc-
tions.

Exception Handler

The exceptionhandleris a functionthat recevesan exceptionandreturnsthe nodethatfollows in the
executiongraph.

Any statetransformeprimitive can,potentially raiseanexception.Theexceptionamanipulatedy a
nodes exceptionhandlerarethosein the evaluationedge returnedby a statetransformer

An exceptionhandlercan acceptor rejecta given exceptiontype. If the exceptionis rejectedby
a handley the exceptionis re-thravn inside the statetransformerof a nodereturnedby this exception
handler



In the extremepoint of this exceptionhandlercascadea predefinedhandleris used,that accepts
all exceptiontypesand prints information aboutthe uncaughtexception. Other predefinedexception
handlersareresponsibldor throwing away the currentactivationrecord,whenan exceptionis raisedin
amethodcall.

4 Graph execution

Thefunctionresponsibldor traversalof the executiongraph(calledthe graphexecutionfunction) does
nothave ary knowledgeaboutthesemantic®f theinterpretedanguageWhenanodeis presentedb this
function,thatnodes statetransformeis evaluated Whenthe evaluationof a statetransformereturnsan
ordinaryvalue,thegraphexecutionfunctioncallsthatnodes continuatiorfunction,passinghereturned
valueasits agument.

The evaluationof the continuationfunction returnsthe nodethat follows and the executiongraph
functionis recursvely appliedto it.

Whenthe evaluationof the statetransformerreturnsan exception,that nodes exceptionhandleris
appliedto theresult. The evaluationof the exceptionhandlerreturnsthe next node,whereevaluation
mustproceed.Theexecutiongraphfunctionis againappliedrecursvely to this nev node.

As we cansee,the traversalfunction doesnot understandhe semanticof the JAvA languagebut
simply visits theright nodesof thegraphrepresentingheinterpretedprogram.

The executiongraphfunction is responsibldor delivering the stateimplicitly returnedby the last
statetransformeto the next nodes statetransformer Usingthis approachhe state“flows” throughthe
visitednodessuffering changesn theway.

Whenthe graphexecutionfunctionis appliedto a final node,it returnsthelaststate returnedby the
laststatetransformerThis statewill be givenastheinitial statein the graphexecutioncorrespondindo
anext codefragmentsuppliedby theuser

Explicit universalquantificationprovidedby theHAsSkKELL GHC compilerasanextensiono Haslell
98, playsan import role in the implementationof JEDI. Universalquantifiersallow the construction
of nodeswith differenttypesin the samegraph. Specifically the use of universalquantifiersallow
the constructionof graphswherestatetransformersand continuationfunctionscanreturnandreceve,
respectrely, a valuewith a differenttype in eachnode(avoiding the creationof a new constructoifor
eachkind of resultyieldedby the statetransformerand usedby the continuationfunction). The only
conditionto be satisfiedis that the statetransformerand the continuationfunction of eachnodemust
returnandreceve, respecitrely, avalueof the sametype.

5 Nodeexamples

Figure2 shavs anexampleof a conditionalbranchnode.

The nodestatetransformempopsthe topmostvalueof the evaluationstackandextractsa boolean
valuefromit. Thisvalueis passedo thecontinuatiorfunction,whichdecidesvhich nodefollows, based
onthisvalue.
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Figure2: Conditionalbranchnode

Nodescanbe groupedo performmorecomplec tasks.Figure3 illustratesthe combinationof nodes
for theinterpretatiorof the conditionalexpressiortrue  ? 1: 2.

else «Node F»

dovial:i €& pop
returnval

Figure3: Nodearrayusedto evaluatetheexpressiortrue ? 1: 2

6 Error DetectionNodes

Error detectionnodesare oneof the cornerstonesf the dynamicerrorcheckingmodelimplementedn
the currentprototype. They areinsertedat specificpointsin the graphto cancelthe executionof the
programwhenerrorsaredetectedin a gracefulmanner

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

To allow this transpareng error detectionnodesareinsertedat specificpointsof the graph,during
graphconstruction. Whenan error detectionnodeis evaluated,it checkswhetherary error hasbeen



raised,by a statetransformerprimitive evaluatedin any previous node. The detectionof arny context-
sensitve errorin theinput programcauses branchof the executionto afinal node.
Figure4 shavs agenericerrordetectiomode.

el se «Node N»

i'sErrorPresent I

Figure4: Genericerrordetectiomode.

Type error checkingis so frequentthatthereexists a specialnodedefinitionfor its implementation.
In thisnode,it is analyzedvhethertheresultpushedntothevaluestackby anexpressiorevaluationhas
the expectedype. Eachnodefor anexpressiorhasanexpectedexpressiorntype.

Figure5 shavs atypeerrordetectiomode.
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else «Node N»

dov al: € top :
if typed: val == «Type»
thendor ais eError
returnTrue
el:sere turn:False

Figure5: Typeerrordetectiomode.

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

7 Expressionevaluation

The evaluationof an expressionis doneby translatingeachterm of this expressioninto a setof nodes,
representingf in polishreversenotation.The operatiorargumentsareevaluatedandtheresultis pushed



into the value stackof the interpreterstate. The operationnode popsits agumentsfrom the stack,
performsthe operatiorandpushedacktheresult.

Figure3 shavs a simplifiedexampleof expressiorevaluation.

The evaluationof an expressioninvolvessomestageghatare not presenin Figure3. Beforeeach
operationthe interpretemeedsto checkif the agumentshave the expectedtype. The JAVvA language
definesa setof rulesto determinethe situationswhenan explicit corversion(usingthe castoperator)s
required andwhentheargumentf anoperationdo not have compatibletypes.

Wideningcorversions(alsocalledpromotions)canbe left implicit. Narroving corversions,on the
otherhand,alwaysrequireexplicit castsfrom the user asdescribedyy the JAVA languagespecification.
Othercorversionsincludeidentity corversions string corversionsandforbiddencorversions.This last
kind alwaysgenerateanerror, detectedy theerrordetectiornodesandcancelghe graphexecution.

Basically the JEDI interpretermpopsthe operandsandfiguresout which conversionis necessaryin
the givenoperation.If a wideningcornversion,identity cornversionor string corversionis required,the
corversionis appliedsilently.

Theexpressiongvolving methodcallsarechecledfor type-correctiorsimilarly to otherexpressions.

Likearny otherconstructionexpressionganraiseexceptionsduringtheexecution.Thiscanbedone,
for example,by amethodcall, a division by zeroor accessindield/methodf a null reference.

8 Namedecoding

Decodingof identifiersis a complex stagein the interpretationof codefragments.The JAvA language
specificatiordescribes setof rulesthatmustbe followedto determinatehe meaningof a given(qual-
ified or unqualified)name.A namelike x.y.z.k  canrepresent field or methodof a class,afield or
methodof aninstancea class,aclasspackageor alocal (method)variable.

Figure6 shavs anexampleof namedecoding.

class C{
voidf () {
Name
} g
void g(){ «MaybeMethod»

1. .

@eml

this g

«localy | | «Method»

a5

dov <« find "this?”
pushv
e T

{

Figure6: Methodnamedecoding.

The JEDI interpreterimplementsthe rules describedn 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 expressionmethod,type or package.Othernamecomponentsin qualified
namesareclassifiedbasedn this initial pre-qualification.This schemas oftennot sufficient for
aunigueclassification.

2. The pre-qualifiednameis decodedusingthe rulesdescribedn the JAvA languagespecification.
Thisdecodingoroduces morecompletenameclassificationwhereeachnamecomponents clas-
sified asa class(packagesand classesare groupedtogether),a field, a method,a local variable
or none. In this stagethe implicit referenceo thelocal variablethis becomesxplicit. If some

of the namecomponentslo not correspondo entitiesin the interpreterstate,the whole nameis
classifiedasinvalid.

3. If the decodednameis valid, a chainof nodesis built. This nodechainis responsibleor the
evaluationof eachnamecomponentproducingtheintendedesult. Thenodesn this chaindepend
ontheclassificatiorof eachnamecomponentthe programcontext in whichthenameis used,and
whetherafield is a classor aninstancdield. Readingandwriting a variable— field or local— is
representedy differentnodechains.

9 Method definition

Methodsarerepresenteth two ways. The first containsthe methodsignaturejts agumentsandmodi-

fiers. This representatiois usedto determinevhich methodis calledandwhetherits useis valid in the
context of thecall.

The secondepresentatiors a componenbdf the executiongraph,which is visited whenthe method
is called,following the corventionsbelow, in thegivenorder:

e Eachparameters boundto the correspondingalue,passedn the valuestack.

e A new scopes opened.

e Theactvationrecordis poppedrom the stack,afterobtainingthereturnpointfrom thisrecord.

To detectthe absencef areturn  statementluring the executionof a methodcall (seesection
10), a specialnodeis insertedasthe last node of the methodbody (which will be visited if no
return statementpresentin themethod,is visited).

10 Method call

Theimplementatiorof methodcalls startsby namedecodingasdescribedn section8), of the method
nameandobjectexpressioror classname.

Thenodeshuilt afterthe decodingstagedescribethe methodto be called. Thevalidity of eachnode
is tested(for example, it is testedwhetherthe noderepresentinghe target objectis notnull ). This

2Modifiersarequalifierslike public , static ~ andfinal , amongothers.



descriptioncontainsa referenceto the first nodein the methoddefinition. This referencdas passedo
the continuationfunctionandusedby the graphexecutionfunctionasthe next nodeto bevisitedin the
graph.A new activationrecordis pushednto the methodcall stack.

In methodexit points,aspeciainodeis insertedo obtainthemethodcall returnpointfrom thecurrent
activationrecord,whichis thenpoppedrom the methodcall stack.

The sameproceduras usedby methodsreturningno value (a methodwhosereturntypeis void ),
i.e.anodeis insertedo forcethereturnfrom the currentmethod.

This makesoptionalanexplicit return  statemenin the methodsourcecode.ln methodsvherethe
returntypeis differentfrom void , this samenodeis usedto detectwhetheranexplicit returnof avalue
is missingandinforms the userof this mistale by meansof the messagéReatedendof non ‘void’
method.

Figure7 shavsthenodeusedto executemethodcalls.

Call
«Method» =
t hen «Final Node»
els em
dom € find «Method»
when (i sNot:Meth: od: m)
rai:seError
ep- €& 1 sErrorPresent
return(im, ep):

Figure7: Genericmethodcall node.

11 Conclusions

This work presentsan interactve interpreterfor JAvA, JEDI, which usesan internalcoderepresenta-
tion constitutedby a graph,whereevery nodeis composedy threefunctions: a statetransformera
continuationandanexceptionhandler

JEDI supportgheuseof JAVA in aninteractve ervironment,allowing a swifterinterpretatiorof small
codefragmentssuppliedby the user thatneednot correspondo full JAvA programsThisfacilitatesthe
experimentatiorwith specificlanguagdeaturesand,thus,the developmenbf prototypes.

The errordetectionnodesimposea significantoverheaddue to an excessve numberof testsper
formedduringgraphexecution.For example,in theexecutionof iterative statementéwhile , do-while
andfor ), thetypeof theresultyieldedby the conditionalexpressioris checled oncefor eachiteration.
A statically checled version,which is underdevelopment,will overcomethis problem. In the static
version,only afew errordetectiomnodesarerequiredfor theimplementatiorof all operations.
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A Examples

An exampleof interactve sessiornn the JEDI interpreteris provided. The sessiorshavs an evaluation
usingthe smallJava classdefinedin thefile “Counterjes” andlisted below:

package counter;
class Counter {

long j;

void setCounter(long ) { this, =j }
long count) { return | =j + 1; }

long getCounter() { return j; }

In the examplesessiorbelaw, the file “Counterjes” is loadedandthe classCounter is usedin a
codefragmententeredoy theuserfrom theconsole.



% jedi

Welcome to console of Jedi 0.5.2 (build June 21 2001)
This software is distributed under the terms

of the GNUPublic Licence.

NO WARRANTYWHATSOEVERS PROVIDED.

Jedi> :load script “Counter.jes”

Completed after 0.000 sec.

Jedi counter> \

counter>  counter.Counter ¢ = new counter.Counter();

counter>  while (c.getCounter() < 1000)

counter> Output.printin("The counter is " + c.count();
counter>  Output.printin("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

%




