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Abstract

Re�ectionremainsa second-classcitizenin currentpro-
grammingmodels,where it' s assumedto be imperative
and tightly boundto its implementation.In contrast,most
object-orientedAPIsallow interfacesto vary independently
of their implementations.Componentstake this separation
a stepfurther by describingunforeseeableattributes—the
key to pluggable third-party components.This paper de-
scribeshowre�ection canbene�t froma similar evolution-
ary path.

1. Intr oduction

A re�ective computation[30, 31, 23] is one that has
an accuraterepresentationof itself, and the computa-
tion is consistentwith its representation. A changeto
the computationappearsin the representationand vice
versa. Many object-orientedlanguages(OOLs) provide a
mechanism—re�ection—thatsupportsre�ective computa-
tion explicitly. Re�ection is a versatiletool, applicableat
run-time,compile-time,load-time,andduring component
assembly.

A tenetof softwaredevelopmentin generalandobject-
orienteddesignin particularis to programto an interface.
Doing so allows client andimplementationto evolve sep-
arately, therebyfacilitatingcodeevolution, portability, and
testability. Maintainingseveralnative implementationsfor
thesameinterfacealsopromotesportability, muchasmul-
tiple back-endsdo for a compiler. Swappableimplementa-
tionscanevensimplify prototypingandtesting,say, by pro-
vidingachoiceof instrumented,optimized,andstubbed-out
implementations.

Unfortunately, no mainstreamOOL extendsthebene�ts
of programmingto an interfaceto its re�ection facilities.
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Codethat usesre�ection is assumedto accessthe re�ec-
tive representation—they areoneandthesame.Theresult
is a situationresemblingthe one that gave rise to printer
drivers. Back then,eachapplicationwas tailoredto work
with speci�c printers.Buying a printerwith new or differ-
entfeaturesrequiredupgradingor replacingtheapplication.
Somethingsimilar canbe saidof currentapplicationsthat
usemeta-information.

The problemlies in a strongcoupling betweenthe re-
�ection interfaceandits implementation.A debugger, for
example,may obtain information abouta programbeing
debuggedeither from a sourcecoderepositoryor through
re�ection. Debuggersusuallywork with one information
sourceor theother, notboth;changingthesourcewouldre-
quire substantialrework of the debugger. But that needn't
bethecase.Re�ection is just anotherapplicationprogram-
minginterface(API) thatcanhaveseveralimplementations.

Considerhow a printer driver de�nes a standardAPI
throughwhich printer andapplicationcommunicate.Any
applicationthat can print may usethe printer driver's in-
terface,con�dent that it will work subsequentlywith new
printerswithout change. Conversely, a printer needn't be
awareof theapplicationsit serves;it canrely on thedriver
to relaystatusandprobleminformationto applications.In
the sameway, decouplingthe re�ection interfacefrom its
implementationaffords the novelty of more than one im-
plementationof meta-information.Then third parties,for
example,couldplug thedebuggerinto eithera sourcecode
repositoryor re�ection. We call this vision pluggablere-
�ection.

Thepaperdemonstratesthepotentialadvantagesof plug-
gability by illustratingtwo extralingualapproachesto plug-
gablere�ection. In the �rst, clientsof re�ection arestruc-
turedasvisitorsof objectsrepresentinga grammar(i.e., an
instanceof theINTERPRETER pattern[13]). For added�e x-
ibility , thesecondapproachimplementsINTERPRETER dy-
namically ratherthanstaticallyusinga setof event-based
Re�ectionBeanscomponents.

Bothexamplesarebasedonanabstractsyntaxrepresen-



tationof re�ection. Programmingagainstagrammarasop-
posedto aphysicalimplementationof re�ection is key to re-
targetingclientsof meta-informationtodifferentsources.In
fact,theINTERPRETER pattern'sclasshierarchycanmimic
Java's re�ection facilitiespreciselyenoughthatclientscan
useoneor theotherjust by changingimport statements.

Theability to retargettoolsto differentmeta-information
sourcesis notonly usefulbut sometimesnecessary. In Sec-
tion 2 we motivate this work by explaining the trade-offs
betweentwo meta-informationsources. In Section3 we
show thebene�ts of choosingthemostappropriatesource,
and then in Section4 the bene�ts of usingboth. We de-
scribeour experienceimplementinga javadoc-liketool that
canbe easily retargetedto variousre�ective sources.An
alternative implementationstrategy appliesthe object-to-
componenttransformationthat we presentelsewhere[22]
to produceJavaBeansfrom Java'sRe�ection API.

2. Moti vation

The needfor pluggablere�ection arisesassoonasyou
have morethanonesourceof meta-information.Consider
for example the overlap betweenre�ective facilities and
sourcecoderepositories.Both manageinformationabout
classesandtheir relationships,andbothaid in thesoftware
developmentprocess—they canmakechanging,tuning,and
debuggingyourprograma lot easier.

Yet re�ection andrepositorieshave obviousdifferences
that complicateinteroperability. Ideally we could ignore
suchdifferences,chooseeither approach,and switch be-
tween them freely; the origin of re�ective information
would betransparentto clients. But in practice,there�ec-
tion interfaceandits implementationarestronglycoupled.
Again, thecodethatusesre�ective informationis thesame
asthecodethataccessesthere�ectiverepresentation.

Supposeyou are writing a tool that processessource
code,suchas a classbrowser. It requiresservicesfound
in both the re�ection interfaceandthe classrepositoryin-
terfaceat your disposal(that is, the intersectionof those
interfaces).You thereforehaveachoice—youcangetclass
informationfrom eithersource.Your browsercancompile
andloadclassesandthenusere�ection to revealtheirstruc-
ture,or it canparsetheclasssource,storethe information
in therepository, andquerytherepositoryfor thesamein-
formation(Figure1).

2.1. Re�ection­Repository Trade­offs

Neitherapproachis adequatein all circumstances.Here
areseveraltrade-offs to consider:

� Completeness.A re�ection-basedapproachprecludes
browsing code that is not compilable. Repositories
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Figure 1. Re�ection­repositor y duality

only requirethe codeto be reasonablyparsable,and
they can make broadassumptionsabout incomplete
portions.

� Coupling. Re�ection is closely associatedwith the
programminglanguage.As aresult,thereis tight bind-
ing betweenre�ection facilities, client code,and the
run-timeenvironment.A repository, in contrast,canbe
morelooselycoupledto its clients. Oneresultis that
testinga client apartfrom the repositoryis generally
easierthantestingit apartfrom there�ection machin-
ery.

� Semanticmismatch. A repositorymay have facilities
beyondre�ection, suchasversioningandconcurrency
control,thatareoverkill for simpleclientsliketheclass
browser, which hasno editing or versioningcapabili-
ties. The repositorydoesn't justify its cost for such
clients. Conversely, a repositorythat offers no more
thana subsetof a language's re�ection facilities has
limited usein thatlanguage.

� Inconsistency. Informationabouta classmight bedif-
ferent dependingon whetherit was obtainedfrom a
repositoryversusre�ection. If a programloadsa class
dynamically, re�ection mayknow aboutit but not the
repository. The repositorymight provide moreaccu-
rateinformationwhensomeoneelsechangestheclass.

� In�exibility. If you have a tool designedto usere�ec-
tion, can you run it without a compiler? If the tool
workswith �les, canyou retarget it to usere�ection?
How easyis it to divorceclass-browsingfacilitiesfrom
the mechanismsfor extracting and managingsource
information? The easierall that is, the more �e xible
andreusablethetool.

Making themeta-informationsourcepluggablemakesit
easyto chooseoneapproachandchangeyourmind later. It
canalsooffer thebestof bothworlds.

3. Application

Clearly, thedegreeof pluggability is determinedby the
easewith which a tool can be retargetedto either infor-
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Figure 2. Plug gable re�ection

mation source. Conversely, pluggability must cope with
changesin the information sourcesthemselves—toa dif-
ferentre�ection model,for example,or to adifferentrepos-
itory. Figure2 shows how two tools,eacha client of meta-
information,canexploit pluggability:

1. Object-to-componentgenerator[22], initially depen-
denton re�ection, is retargetedto usea repository.

2. javadoc [12],1 normally a repositoryclient, is retar-
getedto usere�ection.

3.1. A RetargetableComponentGenerator

In previouswork, wedevelopedanobject-to-component
transformationwhereineveryclassin theOOAPI becomes
aneventtype,andeverymethodbecomesaJavaBeanscom-
ponent.A beancanbea transmitterof anevent,a receiver
of anevent,or both. Most beansbothreceive andtransmit
andarehencecalledtransceivers. Thereareseveralkindsof
transceiver beans.A beanis considereda conduitif it pro-
ducesonly sideeffects. A completeclassi�cationappears
elsewhere[22].

Wehavealsoprototypedacomponentgeneratorthatper-
formsthistransformationautomatically[21]. Thegenerator
usesre�ection to analyzeclassinterfaces(i.e., relying on
methodsignaturesonly) andthenproducesa setof compo-
nents.Later, we wantedto let clientsusethegeneratorasa
webservice[32]. Unfortunately, Java's re�ection lacksin-
terfaces,andretargetingrequiredcodemodi�cations.Plug-
gability would let usdisconnectacomponentgeneratorthat
wasdesignedto workwith re�ection andplugit into ameta-
datarepository.

3.2. A Retargetablejavadoc

javadoc is a command-linetool that readsa .java
source�le and generatesHTML documentationfrom the
class declarationand stylized comments. By default,
javadoc generatesthe documentationaccordingto a pre-
de�ned standardtemplate,subjectto limited useroptions.

1http://java.sun.com/products/jdk/javadoc

Indeed,early versionsgave userslittle control over its op-
eration.Theparsetreewasinaccessible,theabstractsyntax
wasnot revealed,andalteringthetool'sprocessingwasnot
possible.

By JDK 1.2, javadoc hadundergonetwo substantialde-
signchanges.First, theinternaljavadoc representationwas
exposedin apackagecalledsun.tools.javadoc . Sec-
ond, the format of the documentationbecamecustomiz-
able. By running javadoc with the new command-line
option -doclet SomeDocletTool (whereSomeDo-
cletTool .class is auser-suppliedcompiledclass),the
SomeDocletTool programmay usethe Doclet API to
accessthe internalrepresentationof the parsed�le andto
controlhow theparsetreeis processed[28].

For documentationpurposes,Sunprovidesthe javadoc-
generatedHTML �les for systemclassesbut generallynot
theirsourcecode.If youdon't havethesourceor theHTML
�les for a certainclass,you cannotre-generatethe docu-
mentation.Evenif youhaveboththesourceandtheHTML
�les, thereis alwaysuncertaintyasto whethertheversions
you're using are consistent. Unfortunately, javadoc can-
not rely onre�ection to recoverthis informationdespitethe
functionalsimilarity.

3.2.1. Disparities

Thedocletrepositorythatjavadoc usesinternallyresembles
re�ection in at leasttwo respects:

� Therepositoryis not persistent:its lifetime is limited
to thatof thehostingjavadoc's execution.Therepos-
itory livesanddieswith eachsuchexecution,just as
re�ective informationis availableonly at run-time.

� TheDocletAPI andtheCoreRe�ectionAPI arenearly
isomorphic. The Doclet API classesClassDoc ,
MemberDoc, FieldDoc , ConstructorDoc , and
MethodDoc correspondto the Core Re�ection API
classesClass , Member, Field , Constructor ,
and Method . The methodscorrespondclosely as
well, althoughthey are distributeda little differently
in thetwo classhierarchies.

Although quite similar, the two APIs are incompatible.
TheJDK designfails to recognizethis similarity, let alone
providing thepluggableabstractionandattemptingto unify
them. As a result, things tend to be more complex than
they needto be,andreuseopportunitiesareforgone.Here
aretwo examplesof dif�culties in thedesign,the�rst seen
from its designer'sviewpointandthesecondfrom aclient's:

1. TheDocletAPI's designis newer andmorecomplete
thanthere�ection API's. But sinceno connectionbe-
tweenthe two wasmade,the improvementshave not
andmaynevermake theirway into there�ection API.



Class ::= name:String superclass:[Class] interfaces:Class[] Member[];
Member ::= Field

�

Constructor
�

Method;
Field ::= declaringClass:Class name:String type:Class;

Constructor ::= declaringClass:Class name:String ParameterTypes:Class[];
Method ::= declaringClass:Class name:String ReturnType:Class ParameterTypes:Class[];

Figure 3. Grammariz ed re�ection

2. If youalreadyhaveSomeReflectionTool thatad-
heresto the CoreRe�ection API, you cannotreuseit
with javadoc; you mustrewrite it asSomeDoclet-
Tool . The oppositeis alsotrue: an existing Some-
DocletTool cannotbe easily appliedto re�ective
information.

In particular, the sun.tools.javadoc.-
doclet.Standard HTML doclet, which javadoc
itself usesby default,cannotberetargetedto .class
�les. Evennewly written programs(like your Some-
DocletTool ) cannot use re�ection unaltered—a
commoninterfacedoesnot exist. There is no way
to replacethe front-endanalyzer. Thereisn't even a
converterin theform of aClassDoc constructorthat
would translatere�ection informationinto doclets.

Pluggabilitywould let usdisconnectjavadoc from its repos-
itory source,namelydoclets,andplug it into re�ection.

4 Pluggability

javadoc canbe madepluggable. Section4.1 illustrates
suchpluggabilityby usingauni�ed interfaceastheabstract
representation.An alternative abstractrepresentationusing
generatedRe�ectionBeansto implementapluggablere�ec-
tive javadoc is illustratedin Section4.2.

4.1. Reconciliationvia Abstract Representation

Figure 3 describesa simple abstract grammar for
Java's structuralre�ection akin to similar representations
in Smalltalk [14, 7]. Left-hand-sidevariablesareclasses;
right-hand-side�elds are instancevariables. In the �gure,
�elds have the generalform label:type, meaningthat the
classhasaninstancevariablenamedlabel. Thetypeof the
instancevariablecanbeaprimitivetype,asin name:String,
or oneof the left-hand-sidevariables—thatis, a reference
to anotherclassasin type:Class.

A type in squarebrackets is optional, as in super-
class:[Class]. That meansan instanceof Class may have
anull superclass.Suf�xing atypewith “ []” describesacon-
tainerof values.For example,in interfaces:Class[], “inter-
faces”is the nameof an instancevariableof type “Array
of Class.” If the label is missing,we assumethe instance

variable's nameto betheplural of thecomponenttype. So
Member[] meansthereis aninstancevariablenamed“mem-
bers”of type“Array of Member.”

The grammardescribesa subsetof re�ection syntax.
Java's re�ection includesinformation that is not revealed
in this grammar, suchasmodi�ers of methodsand �elds.
Thesewereexcludedto simplify theexposition.Thegram-
mardisplayedin Figure3 is not,however, anordinaryBNF
speci�cation. It is anabstractgrammar. Informationabout
theconcretesyntaxof classes,�elds, andmethodsis miss-
ing. Henceit is worthlessfor parsing,but we do not intend
to parseclassdeclarationswith thisgrammar.

In sum,thisgrammarservesasasemanticdescriptionof
classdeclarations.An instanceof thehierarchyin Figure3
is better thoughtof as a typed semanticnet than a parse
tree. For example,the superclass�eld of Class is not an
instancevariableof typeString with thenameof thesuper-
class.Rather, it is a referenceto an instanceof typeClass
that is the superclassitself (if oneexists). Anotherexam-
ple: Method knowsits declaringClass—informationthatre-
quiressemanticanalysison topof parsing.

4.1.1. Retargeting legacyre�ecti vecode

Applying INTERPRETER to this grammar would yield
a precise de�nition of a class hierarchy, a mirror of
java.lang.reflect . Legacy codethatworkswith re-
�ection alsoworks with the mirroredrepositorywith triv-
ial codemodi�cations—onlyimportdeclarationsneedto be
changed.As thenamesuggests,themirroredrepositoryis
fully compatiblewith there�ection API. We havealsobuilt
a tool thatparsessource�les andstoresthemin this repos-
itory. We employ thesefacilities to demonstrateplugga-
bility' sadvantagesfor testinganddebuggingprogramsthat
usere�ection.

4.1.2. Writing newretargetablere�ecti ve tools

To completethe javadoc example, we describea proto-
typed versionof javadoc that generatesHTML documen-
tation from re�ective information,andin Section4.1.3we
demonstrateits usefulnessbycomparingits outputto theof-
�cial JDK documentationfor theJavaCoreRe�ection API.

We have two alternative approachesto implementinga
re�ective versionof javadoc. The �rst (re)usesdoclets;the
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Figure 4. Implementation strategies for a re�ective javadoc tool

seconddoesnot. ThereaderisencouragedtouseFigure4as
a guideto theexamplesin particularandmoregenerallyto
thedif�culties conventionalre�ection createsandthebene-
�ts of pluggability.

Supposewe'd liketo make javadoc generateHTML doc-
umentationusing re�ection. One tack is to implementa
converterfrom instancesof re�ection classesto instancesof
docletclasses(representedby thedownwardarrowsmarked
“convert” in the �gure). It is possiblethento implementa
classdoc tool that works much like javadoc except that it
documentsclassesbasedon re�ective information. Unlike
javadoc, which works only on .java �les, classdoc may
work on .class �les, henceits name.

A possibleimplementationstrategy hasthetool travers-
ing the re�ected information, building a temporarydo-
clet structure, and then passing its root (necessar-
ily of type sun.tools.javadoc.doclet.Root ) to
Standard.start(Root root) 2 to generateHTML.
Of course,not all doclet information can be constructed
from re�ective information.Someentries(e.g.,comments)
mustbe left emptyor assigneddefault values. This could
make the generateddocumentationlook awkward. Avoid-
ing that requiresa differentimplementationapproach,one
independentof javadoc andthedocletpackage—atool that
generatesthe HTML output directly. re�ectdoc is sucha
tool. Yet anotherimplementationstrategy would be to de-
velopabytedoc for parsingthe.class �les directlywith-
outusingre�ection (seeFigure4).

2Oddly enough, the JDK Standard class neither inherits from
sun.tools.javadoc.Doclet nor doesit implementany interface
that would guaranteethe existenceof a start methodwith the proper
signature.

AspectJ,an implementationof AOP for Java, recently
provided a javadoc-like tool namedajdoc [19]. Running
ajdoc SomeAspect .java generatesdocumentationfor
the aspectSomeAspect , which includesaspectinstance
speci�cationssuchas issingleton , aspectuallinks to
known advisorsandadvisees,advicesummary, andmore.

ajdoc is an applicationthat usesthis pluggability ap-
proach,and it is superiorin designto javadoc. Akin to
the -doclet option of javadoc, which generatesoutput
via an alternatedoclet, Palm [27] addeda -compiler
option for generatinga RootDoc instancevia an alter-
natecompiler.3 Thus the userof ajdoc can control both
the front-endandtheback-endof thecompilation. With a
supplementalRootDocMakerImpl anda minor change
to org.aspectj.tools.ajdoc.Ajdoc.java , one
can build the docletsfrom .class �les. For example,
runningajdoc -standard -compiler RootDoc-
MakerImpl java.lang.reflect.Method would
producedocumentationfor Method via re�ection. Never-
theless,AspectJcodecannotexpectto re�ect on aspectual
structurebut mustmakedowith theunderlyingobjectstruc-
ture. For example,runningajdoc -compiler Root-
DocMakerImpl SomeAspect generatesdocumentation
usingre�ection, but theresultrevealsSomeAspect to be
a class,completewith instrumentationdetails, insteadof
displayingtheaspectualinformation.

4.1.3. Pluggablere�ection' sbene�ts

By applying javadoc to �les and re�ectdoc to re�ec-
tion, you can comparethe HTML outputs to reveal un-

3Theoptionexistsbut is unsupportedin theAspectJrelease.



Figure 5. JDK documentation for Method

Figure 6. Method documentation obtained via re�ectdoc

expecteddifferences. By applying re�ectdoc to system
classes,moreover, you may producedocumentationthat
is not included in the standarddistribution. For ex-
ample, Figure 5 is a portion of the JDK 1.2 documen-
tation for java.lang.reflect.Method . Figure 6
is the HTML documentationgeneratedby running our
re�ective version of javadoc, speci�cally reflectdoc
java.lang.reflect.Method .

You might appreciatere�ectdoc just for presentingre-
�ecti ve informationin the familiar formatof javadoc. But
note the slight differences. Commentsappearin Fig-
ure 5 but not in Figure6. The classmodi�er synchro-
nized appears4 in Figure6 but not Figure5. The same
is true of URL links, becausere�ectdoc was run only on
java.lang.reflect.Method . Futurework may in-
clude developing activedoc for producingand controlling
javadoc'soutputdynamically.

re�ectdoc revealsthefollowing undocumentedinforma-
tion aboutclassMethod :

� Privateinstancevariables:TheMethod classhasthe
variableslistedin Figure7. In theJDK documentation,
theVariablessectiondoesnotexist.

� A privateconstructor:Method hastheprivatedefault
constructorshown in Figure8.

4Bug Id 4109635,�x edin JDK 1.3[33].

Figure 7. Variab le Index

Figure 8. Constructor Index

� A static copy methodwhosesignatureis shown in
Figure9.

Knowledgeof privateandundocumentedfeaturesmight
not be crucial, but it can offer insight into the software's
design. And you never know what you might �nd unless
you look. Judgingfrom the API, one might expect class
Class to havepropertieslikename,superclass,interfaces,
andso forth in its implementation.But onemight alsoex-
pectClass 's implementationto belightweight. re�ectdoc
reportsthat classClass hasno membervariablesat all,



Figure 9. Copy method

thuscon�rming thelatterexpectation.
Often, informationis deliberatelyomitted in documen-

tation producedby javadoc (e.g.,privatemembersarenot
displayed),sincetheseare not part of the interface. But
whethercertainimplementationdetailsshouldbehiddenis
orthogonalto whetheryou have accessto the information.
The synchronized modi�er bug is an examplewhere
evenre�ective informationmaybewrong[33].

4.2. Pluggability thr oughComponents

Thecomponentgeneratorhasprovenusefulfor enabling
pluggability. So far we've showed pluggability through
interface conformity. Now we show an alternative ap-
proachto pluggabilityusingcomponents.We demonstrate
this againfor javadoc by applyingtheobject-to-component
transformationandautomaticgeneratorto produceRe�ec-
tionBeans.The input to the generatoris Java's Re�ection
API; Re�ectionBeansaretheoutput.

UsingRe�ectionBeansinsteadof there�ection interface
makesretargetingmucheasier. Third-party tools canmix
andmatchwith third-partyprovidersof meta-information:
simplyspecifythedesired.jar �le in thetool'sclasspath.
This retargetingrequiresno sourcecodechangeor recom-
pilation.

Re�ectionBeansactasa facadeto theactualsource,be
it re�ection, a repository, or anything else.JavaBeansmay
seemlike overkill here,but they have theaddedbene�t of
allowing modestvisualprogrammingcapabilities.

Figure10 depictsbasiccooperationamongRe�ection-
Beans. VclassTransmitter1 is a transmitter-bean[22]: it
translatesfrom the AWT-event world to the class-event
world. Speci�cally, it expectsatext eventandrespondswith
a correspondingclassevent. The classevent encapsulates
theclasswhosenamewasreceivedin theclassevent. Inter-
nally, it callsonthere�ectiveoperationClass.forName
to do thejob. ThebuttonButton1 is connectedto theevent
triggerin VclassTransmitter1.

VclassReceiver1 is a receiver-bean: it works like
VclassTransmitter1 but in theoppositedirection.Onreceiv-
ing aclassevent,it �res thenameof theclassasatext event.
Enteringa classnamein thetop text �eld andpressingthe
buttonmakestheclassnameappearin thebottomtext �eld.

This approachis overkill for just propagatinga class
name,but it illustratesthe architectureandits bean-based
implementation. A more realistic composition would
have nontrivial beanson the communicationpathbetween
VclassTransmitter1 andVclassReceiver1.

Figure 10. Transmit­Receive

Figure 11. Using the Superclass bean

In Figure 11, a Superclass1 is insertedbetweenthose
components.Superclass1 is bothaclass-eventreceiverand
a class-event transmitter. It acceptsand�res classevents.
It doesnot �re exactly thesameeventit receives,however;
it is a transceiver-beanas opposedto a conduit-bean.Its
operationis straightforward. It may usere�ection or any
othersourceof meta-informationto �nd the superclassof
the incomingclassandtransmitsthatsuperclassasits out-
put. Now if you typea legal classnamein thetop �eld and
pressthebutton,you would seethenameof its superclass
in thebottom�eld.

Althoughindividual beansmaybesimple,they canper-
form complex jobs in concert. In Figure12, pressingthe
button after enteringa classnamecomputesthe class'de-
pendentsanddisplaysthemsequentiallyin thebottomtext
�eld. SuperclassLoop1 composesa Superclass beanand
a self-loop. Thusfor eachinput event this compositionof
beansoutputsmultiple events,one for eachof the super-
classeson the pathto the Object class. InterfacesLoop1
doesthesamefor interfaces.

This example generatesall the classesthat a given
classimmediatelydependson. When text is enteredin
theupper�eld, TextEvents are�red to VclassTransmitter1.
VclassTransmitter1 reactsbypreparingitself togenerateand
�re a ClassEvent containinga classwhosenameis the
stringreceived.5 Thebuttonlabeled“Dependences”is con-
nectedto thefire() methodof VclassTransmitter1. When

5VclassTransmitter1 can also be customizeddirectly using a bean
customizer.



Figure 12. Dependencies

thebuttonis pressed,VclassTransmitter1 transmitstheClas-
sEvent if andonly if thestringis a legal classname.

Oncethe button is pressedandVclassTransmitter1 �res
theClassEvent , it is distributedto Superclass1, Interfaces1,
andFields1. Superclass1 in turn triggersaClassEvent with
the superclassof the class. Interfaces1 triggers multiple
ClassEvents, one for eachinterfacethe classimplements.
Fields1 triggersmultiple FieldEvents, one for eachpublic
�eld of the class. The FieldEvents arereceived by Type1,
which �res a ClassEvent correspondingto the �eld' s type.
All theClassEventsaresubsequentlymergedandsent,one
by one,to VclassReceiver1. Finally, VclassReceiver1 gen-
eratesa TextEvent , and the classnamesare displayedse-
quentially.

We appliedthis approachto javadoc to make its source
of re�ective informationpluggable. Implementingre�ect-
doc usingbeansintroducesbehavioral beans(counters,re-
setters,etc.) into thedatapathto generateHTML ratherthan
just displayingclassnames.Therearein fact two orthog-
onal datapaths:onegovernshow re�ective information is
traversed,the other governsthe �o w of data. Our orig-
inal classi�cation [22], which assumeda single datapath,
differentiatedamongseveraltypesof transceivers:conduit,
converter, transmuter, etc. Implementingre�ectdoc requires
two datapaths;henceeachbeanis characterizedby a taxo-
nomic tuple,e.g., � transmuter, conduit� . To avoid a Carte-
sianproductof beanclassi�cations,werequirethatany pair
of transceiversmustincludeaconduit.6

Theseextensionsto our taxonomyareneededto charac-
terizesomeof thebeansthatimplementjavadoc'sbehavior,
for example,regardingeventsynchronization.Furtherde-
tailsarebeyondthescopeof thispaper. Theimportantpoint
is thatRe�ectionBeansarepowerful enoughto expressreal
applications.

6More generally, given ann-dimensionaldatapath,all but onedimen-
sionmustdenoteaconduit.

5. RelatedWork

Pluggablere�ection would be helpful not only for re-
targetingjavadoc to re�ection but alsoto let new language
extensionsreasonaboutthemselvesexplicitly. This needis
symptomaticof the dif�culty in keepingre�ection in step
with languagefeatures.Pluggabilitycouldavert this prob-
lem. Indeed,pluggablere�ection canandshouldbecome
asstandarda facility asgarbagecollection. In the mean-
time, the implementationwe describeherecanhelp bring
re�ective facilitiesto new languagesthatlack them.

5.1. Mirr ors in Self and Smalltalk

The ideaof having multiple sourcesof re�ective infor-
mationis notnew. Smith's seminalwork [30, 31] explicitly
accountsfor thepossibilityof differingkindsof causalcon-
nectionin re�ectivesystems.

TheANSI Smalltalkstandard[15] usesanabstractsyn-
tax speci�cation to describethe global componentsof a
Smalltalkprogramandtheir relationships.In particular, the
work on Mirrors in Self [34], Animorphic Smalltalk [4],
andStrongtalk[3] (aswell astheMirror interfacein JDI)
addressconcernssimilar to oursfrom a programminglan-
guageperspective[5]. Ourextralingualapproachesto plug-
gability shouldhelp inform thedesignandimplementation
of new re�ection mechanismsat thelanguagelevel.

While we useJava as our testbed,theseconceptsare
valid for other languages. Even in a dynamically typed
languagesuch as Smalltalk, the implementationand in-
terfaceare insuf�ciently decoupledto achieve pluggabil-
ity. This becomesapparentwhen trying to retarget re-
�ecti ve Smalltalk code from a 3-metalevel system(e.g.,
in Little Smalltalk [6]) to a 5-metalevel system(e.g., in
Squeak[17]).

5.2. Inter cession

Chiba and Tatsubori [9] extend Java re�ection
to permit language extensions by re-implementing
java.lang.Class . They put forth the classesopen-
java.mop.OJClass and OJMethod as replacements
for Class andMethod . Theability to performlanguage
customizationin additionto introspectionis achievedusing
compile-timere�ection in their OpenJava compiler[8]. In
comparison,we make a point of preservingclassnames
in the mirrored packageto ensurethat codecan run with
either the original re�ection or the mirrored repository.
Insteadof creatinga dedicatedcompiler, we can rely on
a standardJava compiler. V ISITOR [13] furnishesthe
extendedfunctionalitynon-invasively.

Javassist [8] supportsstructural re�ection in Java by
bytecodemanipulationat load-lime without replacingthe



compiler. Javassistrelieson a con�guration �le andclass
loading interception. In contrast,we focuson supporting
run-timeintrospection.

5.3. Aspect­OrientedSoftware Development

Pluggability can be characterizedas a separationof
concerns—re�ective information's use separatedfrom its
access. In fact, an attempt to apply V ISITOR to effect
a form of Aspect-OrientedProgramming(AOP) [16] was
the genesisof this research. We �rst characterizedim-
plicit invocation combinedwith V ISITOR as an aspect-
orientedpattern[20]. Thenwe developeda taxonomyof
JavaBeans[22]. Thispaperbuildson thoseworks.

We introducedtwo variantsof javadoc (classdoc andre-
�ectdoc ) that usere�ection insteadof a repository. More
complex toolscorroboratethetrade-offs andpotentialben-
e�ts of pluggablere�ection. Demeter/J[18], for example,
is a repository-basedtool for adaptive programming(AP).
A variantof Demeter/JcalledDJ usesJava's re�ection in-
steadof a repository[29, 26]. Its developersreport simi-
lar trade-offs in using re�ection versusa repository. The
effort requiredto implementDJ underscoresthe needfor
pluggability. Ideally, it would have beentrivial to retarget
Demeter/J;unifying there�ection-repositorydualitycanbe
viewedasanadaptabilityproblem—theraisond'êtreof the
Demetersystem.Demeterachievesstructure-shyadaptabil-
ity throughtraversalstrategies. This maysuggestapplying
a notionsimilar to theV ISITOR approachto achieve better
uni�cation in DJ.

5.4. LanguageExtensionsfor Components

Jiazzi[24] extendsJava with packagetypesasa means
for implementingunits [11]. Onecould thususeJiazzi to
de�ne a“blueprint” for theJavare�ection package.As with
AspectJ,thedif�culty in usingre�ection with Jiazzistems
from its beinga languageextension.

ArchJava [1, 2] addressesthedecouplingof implemen-
tation code from architecture. New constructsfor ports
and connectionsare introducedto enforce, for example,
architecturalcommunication-integrity. We aspireto push
re�ection up to the architecturallevel, while maintaining
“re�ecti ve-integrity.” Aldrich, et al., mention an arch-
javadoc tool asfuturework.

5.5. Visual Programming

Everyonewho usesvisual programmingtools experi-
encestheir limitations.Building anapplicationwith aJava-
Beansbuilder is no exception.Oncetheprogramgetsbig,
the visual descriptionis no longermanageable.Neverthe-
less, visual programminghasundeniableappealfor pro-
grammingin the small—thekind of programmingyou do

with re�ection. Insteadof learningthetextual syntaxof re-
�ection in Java,onecandescribeaportionof anapplication
visually with only thegeneralunderstandingof theseman-
tics of re�ection JavaBeans.The visualizationis however
orthogonalto theideaof pluggability.

5.6. TypedRe�ection

Re�ective codetypically usesstringsandrelieson con-
ventionsrather than languagemechanisms.Weirich pro-
posesincorporatingmechanismsfor dynamictypeanalysis
into Java's re�ection [35]. In the componentapproachto
pluggability, weassigntypesto eventsto achievetypedcon-
struction.Typedre�ection wouldmakere�ectivecodemore
conciseandsafe,but it wouldnot resolvetheproblemof re-
targetinga re�ectiveprogramto anotherre�ectivestructure
or to anotherlanguage.Unifying the notionsof pluggable
andtypedre�ection is apromisingtackfor furtherresearch.

6. Conclusion

Peopletendto think of re�ection asa languagefeature
(and thuscoupledto the language)and re�ection codeas
coupledto the languageimplementation.In this paper, we
look at re�ection moreabstractlyas just anotherinterface
with the potentialfor multiple implementations.We con-
siderhow to retargeta re�ective programto anothermeta-
informationsourcesuchasa repository, andthebene�tsof
doing so. Indeed,retargetability could even apply across
languages:Why couldn't re�ectdoc alsorunonSmalltalk?

To demonstratere�ection asaninterface,wetookanab-
stractgrammarof a Java classde�nition and appliedthe
INTERPRETER patternto it, producinga mirroredclasshi-
erarchywith thesameinterfaceasre�ection. Thishierarchy
canserve asa classrepositoryby generatinga parserthat
convertssourcecodeto instancesof the mirroredclasses.
In particular, visitorswritten for the INTERPRETER pattern
areno differentthanotherclients—they canbe retargeted
to usere�ection aswell.

We demonstratedthreepluggabilityapproaches:

1. Legacyclientsof the re�ection interfacecanbe retar-
getedto usethemirroredhierarchywithout modi�ca-
tion apartfrom changingimport statements.

2. New clients that use visitors as building blocks are
pluggableatcompile-time.

3. For even loosercoupling,third-party clientsmay use
componentsas their building blocks, affording full
assembly-timepluggability.

The key contribution of this paper lies in stagingthe
problem.In anevolutionarypathfrom conventionalto plug-
gablere�ection, mirroringre�ection is merelythe�rst step:



aBRIDGE [13] for decouplingusersfromprovidersof meta-
information.Clientscannottell thedifferencebetweenmir-
roredandgenuinere�ection. Implicit invocationadds�e x-
ibility throughloosercoupling,allowing third-party com-
position of re�ection information and clients. The Holy
Grail, of course,is to give clientsuniform accessto meta-
datasourceswith disparateandunforeseensemantics.

An obvious limitation of mirroring is that the re�ection
andrepositoryAPIs mustbe kept in sync. Unfortunately,
interfacesinvariably evolve. A single interface may go
throughseveral versions;parallel interfacesmay diverge.
How do you reconciletwo interfacesthat are similar but
not identical? Programmingto the leastcommondenomi-
natormaybeunsatisfactorybecauseyou cannotexploit the
uniqueadvantagesof either interface. On the otherhand,
specializedinterfacesmakeswitchingimplementationsdif-
�cult, therebyforgoingthebene�tsof encapsulation,porta-
bility, andtestability.

Both kinds of interface evolution are found in Java's
re�ection API. Re�ection did not exist in JDK 1.0. Had
you wantedto implementa classbrowser, you would have
neededarepository. JDK 1.1introducedre�ection, andyou
could have migratedyour classbrowser to useit instead.
Theinitial re�ection API did not supportall classinforma-
tion, however, andso the repositorystill would have been
useful. JDK 1.2 addedthe ability to accessthe package
that a classbelongsto, and it introducedthe Doclet API,
which canbe usedinsteadof a repository. JDK 1.3 added
theability to de�ne proxy classesdynamically, therebyen-
ablinglimited behavioral re�ection. JDK 1.3alsoaddedthe
Mirror API, yetanotherre�ectivefacility aspartof theJava
DebuggingInterface(JDI).

The proliferationof APIs posesa dilemma: How does
onedesignclientcodethatcanwork with currentandfuture
APIswith minimal (ideally zero)change?Printerdriver in-
terfacesarea compromisebetweengenericandspecialized
printingfeatures.Uniqueor advancedfeaturesaretypically
eschewedto maximizecompatibility. As a result,anappli-
cationthatneedsa specializedfeaturemustcircumventthe
printerdriveror forgothefeature.

Meanwhile, the role of re�ection is expanding. Com-
ponentsin particularrely heavily on re�ection, andclients
needto understandhow so. With increasedawarenessof
re�ection comestheneedfor supportingtools. Traditional
toolsfor sourcecode,suchascodebeauti�ers,metricsand
documentationgenerators,andthelike would bemostwel-
come if they worked on re�ection. Unfortunately, they
rarelydo.

Now imaginea world in which re�ection is pluggable.
Toolscanrun on sourcecode�les, on classrepositories,or
on re�ection without changeandwithout the information
sources'a priori knowledgeof eachother. Differenttrade-
offs amongthesourcespermit thetool to optimizeitself to

its context.
Testingwould comeof agein this world. Onescenario:

A third-party framework comeswith a semantic-checking
tool for certifying correctcustomizationof the framework.
Thechecker canrun on thesourcecodeto catchsyntaxer-
rors. It canalsowork onclasshierarchiesto catchsemantic
errors(suchas forgetting to subclassa framework class).
And it canrun on re�ection to checkfor certainsemantic
violationsthat (thanksto thehaltingproblem)canonly be
discoveredat run-time. Moreover, the checker can cache
andcomparetestresults,aswedid with the javadoc andre-
�ectdoc outputs,to spotinconsistencies.Thesearesomeof
thebene�tswe canexpectof fully pluggablere�ection.

Acknowledgment

We thankGilad Brachaandtheanonymousrefereesfor
their valuablecomments.Many thanksto GennadyAgra-
nov, Gilad Bracha,Sergei Kojarski, and Jeffrey Palm for
helpful discussionson re�ection. The re�ectdoc tool, the
JavaBeans-basedretargetablejavadoc, and the re�ection-
basedcomponentgeneratorwereinitially implementedby
PredragPetkovic, andlater re-implementedby studentsin
COM3240. RamanathanSundaramretargetedthe compo-
nent generatorfrom using re�ection to work with meta-
informationasawebservice.

References

[1] J. Aldrich, C. Chambers,and D. Notkin. Component-
orientedprogrammingin ArchJava. In D. H. Lorenz and
V. C. Sreedhar, editors,Proceedingsof the First OOPSLA
WorkshoponLanguage Mechanismsfor ProgrammingSoft-
ware Components, pages1–8,TampaBay, Florida,Oct. 15
2001.TechnicalReportNU-CCS-01-06,College of Com-
puterScience,NortheasternUniversity, Boston,MA 02115.

[2] J. Aldrich, C. Chambers,andD. Notkin. ArchJava: Con-
nectingsoftware architectureto implementation. In Pro-
ceedingsof the 24��� InternationalConferenceon Software
Engineering, pages187–197,Orlando,Florida,May 19-25
2002.ICSE2002,ACM Press.

[3] L. Bak, G. Bracha,S. Grarup,R. Griesemer, D. Griswold,
andU. Hölzle.Mixins in Strongtalk.In A. P. Black,E.Ernst,
P. Grogono,andM. Sakkinen,editors,Proceedingsof the
InheritanceWorkshopat ECOOP2002, Málaga,Spain,June
112002.ECOOP2002,Universityof Jyväsjyl̈a Information
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