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Abstract

Re ectionremainsa second-classitizenin currentpro-
gramming models, whee it's assumedo be imperative
and tightly boundto its implementation.In contrast, most
object-orientedAPlsallow interfacego varyindependently
of their implementationsComponentsake this sepaation
a stepfurther by describingunforeseeableattributes—the
key to pluggable third-party components.This paper de-
scribeshowre ection canbene tfroma 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 representatiorand vice
versa. Many object-orientedanguagegOOLSs) provide a
mechanism—re ection—that supportsre ective computa-
tion explicitly. Re ection is a versatiletool, applicableat
run-time, compile-time,load-time,and during component
assembly

A tenetof softwaredevelopmentin generalandobject-
orienteddesignin particularis to programto aninterface.
Doing so allows client andimplementatiornto evolve sep-
arately therebyfacilitating codeevolution, portability, and
testability Maintainingseveral native implementationgor
the sameinterfacealso promotesportability, muchasmul-
tiple back-endslo for a compiler Swappableémplementa-
tionscanevensimplify prototypingandtesting,say by pro-
viding achoiceof instrumentedoptimized ,andstubbed-out
implementations.

Unfortunately no mainstreanOOL extendsthe bene ts
of programmingto an interfaceto its re ection facilities.
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Codethat usesre ection is assumedo accesghe re ec-

tive representation—theare oneandthe same.Theresult
is a situationresemblingthe one that gave rise to printer
drivers. Back then, eachapplicationwastailoredto work
with speci c printers. Buying a printer with new or differ-

entfeaturesequiredupgradingor replacingtheapplication.
Somethingsimilar canbe said of currentapplicationsthat
usemeta-information.

The problemlies in a strongcoupling betweenthe re-
ection interfaceandits implementation.A delugger for
example, may obtain information abouta programbeing
dehuggedeitherfrom a sourcecoderepositoryor through
re ection. Deluggersusually work with one information
sourceor theother, notboth;changinghe sourcewould re-
quire substantiatework of the delugger But that neednt
bethecase.Re ection is just anotherapplicationprogram-
minginterface(API) thatcanhave severalimplementations.

Considerhow a printer driver de nes a standardAPI
throughwhich printer and applicationcommunicate.Any
applicationthat can print may usethe printer driver's in-
terface,con dent thatit will work subsequentlyvith new
printerswithout change. Corversely a printer neednt be
awareof the applicationst senes;it canrely onthedriver
to relay statusand probleminformationto applications.In
the sameway, decouplingthe re ection interfacefrom its
implementationaffords the novelty of more thanoneim-
plementationof meta-information. Thenthird parties,for
example,could plug the delhuggerinto eithera sourcecode
repositoryor re ection. We call this vision pluggablere-
ection.

Thepaperdemonstratethepotentialadvantage®f plug-
gability by illustratingtwo extralingualapproacheto plug-
gablere ection. In the rst, clientsof re ection arestruc-
turedasvisitors of objectsrepresenting grammar(i.e.,an
instanceof the INTERPRETER pattern13]). Foraddede x-
ibility, the secondapproachimplementd NTERPRETER dy-
namically ratherthan statically using a setof event-based
Re ectionBeansomponents.

Both examplesarebasedn anabstracsyntaxrepresen-



tationof re ection. Programmingagainstagrammarasop-
posedo aphysicalimplementatiorof re ectioniskey tore-
targetingclientsof meta-informatiorto differentsourcesin
fact,the INTERPRETER patterns classhierarchycanmimic
Java's re ection facilities preciselyenoughthat clientscan
useoneor the otherjust by changingmport statements.

Theability to retaigettoolsto differentmeta-information
sourcess notonly usefulbut sometimesecessaryin Sec-
tion 2 we motivate this work by explaining the trade-ofs
betweentwo meta-informationsources. In Section3 we
shav the bene ts of choosingthe mostappropriatesource,
andthenin Section4 the bene ts of using both. We de-
scribeour experiencamplementingajavadoc-lik etool that
canbe easily retagetedto variousre ective sources. An
alternatve implementationstratey appliesthe object-to-
componentransformatiornthat we presentelsavhere[22]
to produceJavaBeandrom Java's Re ection API.

2. Moti vation

The needfor pluggablere ection arisesassoonasyou
have morethanone sourceof meta-information.Consider
for example the overlap betweenre ective facilities and
sourcecoderepositories. Both managenformation about
classesandtheir relationshipsandbothaid in the software
developmenprocess—thgcanmake changingtuning,and
dehuggingyour programalot easier

Yet re ection andrepositorieshave obvious differences
that complicateinteroperability Ideally we could ignore
suchdifferences,chooseeither approach,and switch be-
tween them freely; the origin of re ective information
would be transparento clients. But in practicethere ec-
tion interfaceandits implementatiorare strongly coupled.
Again, the codethatusesre ectiveinformationis thesame
asthecodethataccessethere ectiverepresentation.

Supposeyou are writing a tool that processesource
code,suchasa classbrowser It requiresservicesfound
in both there ection interfaceandthe classrepositoryin-
terfaceat your disposal(that is, the intersectionof those
interfaces).You thereforehave a choice—youcangetclass
informationfrom eithersource.Your browsercancompile
andloadclassesndthenusere ection to revealtheir struc-
ture, or it canparsethe classsource storethe information
in the repository andquerythe repositoryfor the samein-
formation(Figurel).

2.1 Re ection-Repository Trade-offs

Neitherapproachs adequatén all circumstancesHere
areseveraltrade-ofs to consider:

CompletenessA re ection-basedapproachprecludes
browsing code that is not compilable. Repositories
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Figure 1. Re ection-repositor y duality

only requirethe codeto be reasonablyparsableand
they can make broad assumptionsaaboutincomplete
portions.

Coupling Re ection is closely associatedvith the
programmindanguageAs aresult,thereis tight bind-
ing betweenre ection facilities, client code,and the
run-timeervironment.A repositoryin contrastcanbe
moreloosely coupledto its clients. Oneresultis that
testinga client apartfrom the repositoryis generally
easierthantestingit apartfrom there ection machin-
ery.

Semantianismatt. A repositorymay have facilities
beyondre ection, suchasversioningandconcurreng
control,thatareoverkill for simpleclientsliketheclass
browser which hasno editing or versioningcapabili-
ties. The repositorydoesnt justify its costfor such
clients. Corversely a repositorythat offers no more
than a subsetof a languages re ection facilities has
limited usein thatlanguage.

Inconsistencylnformationabouta classmight be dif-

ferentdependingon whetherit was obtainedfrom a
repositoryversusre ection. If aprogramloadsaclass
dynamically re ection mayknow aboutit but not the
repository The repositorymight provide more accu-
rateinformationwhensomeonelsechangesheclass.

In exibility. If you have atool designedo usere ec-

tion, canyou run it without a compiler? If the tool

workswith les, canyou retagetit to usere ection?
How easyis it to divorceclass-bravsingfacilitiesfrom

the mechanismdor extracting and managingsource
information? The easierall thatis, the more e xible

andreusablehetool.

Making the meta-informatiorsourcepluggablemalesit
easyto chooseoneapproactandchangeyour mind later. It
canalsooffer the bestof bothworlds.

3. Application

Clearly, the degreeof pluggabilityis determinedoy the
easewith which a tool can be retagetedto either infor-
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Figure 2. Pluggable re ection

mation source. Corversely pluggability must cope with
changedn the information sourcesthemseles—toa dif-
ferentre ection model,for example,or to adifferentrepos-
itory. Figure2 shavs how two tools, eacha client of meta-
information,canexploit pluggability:

1. Object-to-componengenerato22], initially depen-
dentonre ection, is retagetedto usearepository

2. javadoc [12],! normally a repositoryclient, is retar
getedto usere ection.

3.1 A RetargetableComponentGenerator

In previouswork, we developedan object-to-component
transformatiorwhereinevery classin the OO API becomes
aneventtype,andeverymethodbecomes JavaBeantom-
ponent.A beancanbe atransmitterof anevent,arecever
of anevent, or both. Most beanshoth receve andtransmit
andarehencecalledtransceives. Thereareseveralkindsof
transcever beans.A beanis considered conduitif it pro-
ducesonly side effects. A completeclassi cation appears
elsavhere[22].

We have alsoprototypedacomponengeneratothatper
formsthistransformatiorautomaticallf21]. Thegenerator
usesre ection to analyzeclassinterfaces(i.e., relying on
methodsignature®nly) andthenproduces setof compo-
nents.Later, we wantedto let clientsusethe generatoasa
web service[32]. Unfortunately Java's re ection lacksin-
terfacesandretagetingrequiredcodemodi cations. Plug-
gability would let usdisconneca componengeneratothat
wasdesignedo work with re ection andplugit into ameta-
datarepository

3.2 A Retargetablejavadoc

javadoc is a command-linetool that readsa .java
source le andgenerateHHTML documentatiorfrom the
class declarationand stylized comments. By default,
javadoc generateghe documentatioraccordingto a pre-
de ned standardemplate,subjectto limited useroptions.

Ihttp://java.sun.com/products/jdk/javadoc

Indeed,early versionsgave userslittle control over its op-
eration.The parsetreewasinaccessibletheabstracsyntax
washot revealedandalteringthetool's processingvasnot
possible.

By JDK 1.2,javadoc hadundegonetwo substantiatle-
signchangeskFirst, theinternaljavadoc representatiomas
exposedn apackagealledsun.tools.javadoc . Sec-
ond, the format of the documentatiorbecamecustomiz-
able. By running javadoc with the new command-line
option -doclet  SomeDocletTool (where SomeDo-
cletTool .class isausersuppliedcompiledclass)the
SomeDocletTool programmay usethe Doclet API to
accesdhe internal representatiomf the parsedle andto
controlhow the parsetreeis processe8].

For documentatiopurposesSunprovidesthe javadoc-
generatedHTML les for systemclassesut generallynot
theirsourcecode.If youdon't havethesourceor theHTML
les for a certainclass,you cannotre-generatehe docu-
mentation.Evenif you have boththe sourceandthe HTML
les, thereis alwaysuncertaintyasto whetherthe versions
you're using are consistent. Unfortunately javadoc can-
notrely onre ection to recoverthisinformationdespitethe
functionalsimilarity.

3.2.1 Disparities

Thedocletrepositorythatjavadoc usednternallyresembles
re ection in atleasttwo respects:

The repositoryis not persistentits lifetime is limited

to that of the hostingjavadoc's execution. The repos-
itory livesanddieswith eachsuchexecution,just as
re ectiveinformationis availableonly atrun-time.

TheDocletAPI andthe CoreRe ection API arenearly
isomorphic. The Doclet API classesClassDoc |,
MemberDoc, FieldDoc , Constructorboc , and
MethodDoc correspondo the Core Re ection API
classesClass , Member, Field , Constructor
and Method . The methodscorrespondclosely as
well, althoughthey are distributed a little differently
in thetwo classhierarchies.

Although quite similar, the two APIs areincompatible.
The JDK designfails to recognizethis similarity, let alone
providing the pluggableabstractiorandattemptingo 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
fromits designersviewpointandthesecondrom aclient's:

1. The Doclet API's designis newer andmorecomplete
thanthere ection API's. But sinceno connectiorbe-
tweenthe two was made,the improvementshave not
andmay never make their way into there ection API.
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Figure 3. Grammariz ed re ection

2. If youalreadyhave SomeReflectionTool thatad-
heresto the Core Re ection API, you cannotreuseit
with javadoc; you mustrewrite it as SomeDoclet-
Tool . Theoppositeis alsotrue: an existing Some-
DocletTool  cannotbe easily appliedto re ective
information.

In particular the sun.tools.javadoc.-
doclet.Standard HTML doclet, which javadoc
itself useshy default, cannotberetagetedto .class
les. Evennewly written programg(lik e your Some-
DocletTool ) cannot use re ection unaltered—a
commoninterface doesnot exist. Thereis no way
to replacethe front-endanalyzer Thereisn't evena
corverterin theform of aClassDoc constructothat
wouldtranslatere ection informationinto doclets.

Pluggabilitywouldlet usdisconnecfavadoc from its repos-
itory sourcehamelydoclets,andplugit into re ection.

4 Pluggability

javadoc canbe madepluggable. Section4.1 illustrates
suchpluggabilityby usingauni ed interfaceastheabstract
representationAn alternative abstracrepresentationsing
generatedRe ectionBeango implementapluggablee ec-
tive javadoc is illustratedin Sectior4.2.

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-sidevariablesare classes;
right-hand-sideelds areinstancevariables.In the gure,
elds have the generalform labeltype, meaningthat the
classhasaninstancevariablenamedlabel Thetype of the
instancevariablecanbea primitive type,asin namestring,
or oneof the left-hand-sidevariables—thats, a reference
to anotherclassasin typeClass.

A type in squarebraclets is optional, as in super
class[Class]. That meansan instanceof Class may have
anull superclassSufxing atypewith “[]” describescon-
tainerof values.For example,in interfacesClass[], “inter-
faces”is the nameof an instancevariableof type “Array
of Class.” If the labelis missing,we assumehe instance

variables nameto bethe plural of the componentype. So
Member[] meanghereis 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 grammay suchas modi ers of methodsand elds.
Thesewereexcludedto simplify the exposition. Thegram-
mardisplayedn Figure3 is not,however, anordinaryBNF
speci cation. It is anabstracgrammar Informationabout
the concretesyntaxof classes,elds, andmethodss miss-
ing. Henceit is worthlessfor parsing but we do notintend
to parseclassdeclarationsith thisgrammar

In sum,thisgrammarsenesasa semantiadescriptiorof
classdeclarationsAn instanceof the hierarchyin Figure3
is betterthoughtof as a typed semanticnet than a parse
tree. For example,the superclasseld of Class is not an
instancevariableof type String with the nameof the super
class.Ratherit is areferenceo aninstanceof type Class
thatis the superclasstself (if oneexists). Anotherexam-
ple: Method knowsits declaringClass-informationthatre-
guiressemantia@nalysisontop of parsing.

4.1.1 Retargetinglegacyre ective code

Applying INTERPRETER to this grammar would yield

a precise de nition of a class hierarchy a mirror of

java.lang.reflect . Legagy codethatworkswith re-
ection alsoworks with the mirrored repositorywith triv-

ial codemodi cations—onlyimportdeclarationseedto be
changed.As the namesuggeststhe mirroredrepositoryis

fully compatiblewith there ection API. We have alsobuilt

atool thatparsesourceles andstoresthemin this repos-
itory. We employ thesefacilities to demonstratelugga-
bility' sadvantagegor testinganddeluggingprogramshat
usere ection.

4.1.2 Writing new retargetablere ectivetools

To completethe javadoc example, we describea proto-
typed versionof javadoc that generatesHTML documen-
tationfrom re ective information,andin Section4.1.3we
demonstratés usefulnes®y comparingts outputto theof-
cial JDK documentatiorfior the Java CoreRe ection API.
We have two alternatie approacheso implementinga
re ective versionof javadoc. The rst (re)usegloclets;the
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secondloesnot. Thereadeiis encouragetb useFigure4 as
aguideto the examplesin particularandmoregenerallyto
thedif culties corventionalre ection createsandthe bene-
ts of pluggability.

Supposeave'd liketo makejavadoc generatéd TML doc-
umentationusing re ection. Onetack is to implementa
corverterfrom instance®f re ection classeso instance®f
docletclassegrepresentetly thedownwardarrovs marked
“convert” in the gure). It is possiblethento implementa
classdoc tool that works much like javadoc exceptthat it
documentglassedasedon re ective information. Unlike
javadoc, which worksonly on .java les, classdoc may
workon.class les, henceits name.

A possibleimplementatiorstratgy 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 docletinformation can be constructed
from re ective information. Someentries(e.g.,comments)
mustbe left empty or assigneddefault values. This could
male the generatedlocumentatiodook awkward. Avoid-
ing thatrequiresa differentimplementatiorapproachpne
independendf javadoc andthe docletpackage—aool that
generateshe HTML outputdirectly. re ectdoc is sucha
tool. Yet anotherimplementatiorstratgyy would be to de-
velopabytedoc for parsingthe.class  les directly with-
outusingre ection (seeFigure4).

20ddly enough, the JDK Standard class neither inherits from
sun.tools.javadoc.Doclet nor doesit implementary interface
that would guaranteehe 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 generatedocumentatioifior
the aspectSomeAspect , which includesaspectinstance
speci cationssuchas issingleton , aspectualinks to
known advisorsandadviseesadvicesummaryandmore.

ajdoc is an applicationthat usesthis pluggability ap-
proach,andit is superiorin designto javadoc. Akin to
the -doclet  option of javadoc, which generateoutput
via an alternatedoclet, Palm [27] addeda -compiler
option for generatinga RootDoc instancevia an alter
nate compilet®> Thus the userof ajdoc can control both
the front-endandthe back-endof the compilation. With a
supplementaRootDocMakerimpl  anda minor change

to org.aspectj.tools.ajdoc.Ajdoc.java , one
can build the docletsfrom .class les. For example,
runningajdoc -standard  -compiler RootDoc-

Makerlmpl java.lang.reflect.Method would

producedocumentatiorior Method via re ection. Never
theless AspectJcodecannotexpectto re ect on aspectual
structurebut mustmalke dowith theunderlyingobjectstruc-
ture. For example,runningajdoc -compiler Root-
DocMakerlmpl SomeAspect generateslocumentation
usingre ection, but the resultrevealsSomeAspect to be
a class,completewith instrumentationdetails, insteadof
displayingthe aspectuainformation.

4.1.3 Pluggablere ection' shene ts

By applying javadoc to les and reectdoc to re ec-
tion, you can comparethe HTML outputsto reveal un-

3Theoptionexistsbut is unsupportedh the Aspectirelease.
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Figure 6. Method documentation obtained via re ectdoc

expecteddifferences. By applying re ectdoc to system
classes,moreorer, you may producedocumentatiorthat
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 appreciatee ectdoc just for presentingre-
ective informationin the familiar format of javadoc. But
note the slight differences. Commentsappearin Fig-
ure 5 but notin Figure6. The classmodi er synchro-
nized appear$in Figure6 but not Figure5. The same
is true of URL links, becausee ectdoc wasrun only on
java.lang.reflect.Method . Futurework may in-
clude developing activedoc for producingand controlling
javadoc's outputdynamically

re ectdoc revealsthefollowing undocumentethforma-
tion aboutclassMethod :

Privateinstancevariables:The Method classhasthe
variabledistedin Figure?. In the JDK documentation,
the Variablessectiondoesnot exist.

A privateconstructorMethod hasthe privatedefault
constructoshavn in Figure8.

4Bugld 4109635, x edin JDK 1.3[33].
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Figure 8. Constructor Index

A staticcopy methodwhosesignatureis shovn in
Figure9.

Knowledgeof privateandundocumentefkaturesnight
not be crucial, but it can offer insightinto the software's
design. And you never know whatyou might nd unless
you look. Judgingfrom the API, one might expectclass
Class to havepropertiedike name superclassnterfaces,
andsoforth in its implementation.But onemight alsoex-
pectClass 'simplementatiorto belightweight. re ectdoc
reportsthat classClass hasno membervariablesat all,



‘Jicopy static Class[] copy(Class[])

Figure 9. Copy method

thuscon rming thelatterexpectation.

Often, informationis deliberatelyomittedin documen-
tation producedby javadoc (e.g., private membersare not
displayed),sincetheseare not part of the interface. But
whethercertainimplementatiordetailsshouldbe hiddenis
orthogonalto whetheryou have accesdo the information.
The synchronized  modi er bug is an examplewhere
evenre ective informationmaybewrong[33].

4.2 Pluggability through Components

Thecomponengeneratohasprovenusefulfor enabling
pluggability So far we've shaved pluggability through
interface conformity. Now we showv an alternatve ap-
proachto pluggability usingcomponentsWe demonstrate
this againfor javadoc by applyingthe object-to-component
transformatiorandautomaticgeneratoto produceRe ec-
tionBeans. The input to the generatolis Java's Re ection
API; Re ectionBeansarethe output.

UsingRe ectionBeansnsteadof there ection interface
malesretagetingmucheasier Third-partytools canmix
and matchwith third-party providersof meta-information:
simply specifythedesiredjar  le in thetool'sclasspath.
This retagetingrequiresno sourcecodechangeor recom-
pilation.

Re ectionBeansactasa facadeto the actualsource be
it re ection, a repository or arything else. JavaBeansnay
seemlike overkill here,but they have the addedbene t of
allowing modestvisual programmingcapabilities.

Figure 10 depictsbasiccooperatioramongRe ection-
Beans. VclassTransmitterl is a transmitterbean[22]: it
translatesfrom the AWT-event world to the class-gent
world. Speci cally, it expectsatext eventandrespondsvith
a correspondinglassevent. The classeventencapsulates
theclasswhosenamewasreceiedin theclassevent. Inter-
nally, it callsonthere ective operationClass.forName
to do thejob. ThebuttonButtonl is connectedo the event
triggerin VclassTransmitterl.

VclassReceiverl is a receverbean: it works like
VclassTransmitterl but in the oppositedirection.Onrecev-
ing aclassevent,it res thenameof theclassasatext event.
Enteringa classnamein thetop text eld andpressinghe
buttonmakesthe classnameappeain 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 communicatiorpathbetween
VclassTransmitterl andVclassReceiverl.
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Figure 11. Using the Superclass bean

In Figure 11, a Superclassl is insertedbetweenthose
componentsSuperclassl is botha class-gentreceverand
a class-genttransmitter It acceptsand res classevents.
It doesnot re exactlythe sameeventit receves,however;
it is a transceter-beanas opposedo a conduit-bean. Its
operationis straightforvard. It may usere ection or ary
othersourceof meta-informatiornto nd the superclas®f
theincomingclassandtransmitsthat superclasssits out-
put. Now if youtypealegal classnamein thetop eld and
pressthe button, you would seethe nameof its superclass
in thebottom eld.

Althoughindividual beansmay be simple,they canper
form complex jobs in concert. In Figure 12, pressingthe
button after enteringa classnamecomputeshe class' de-
pendentanddisplaysthemsequentiallyin the bottomtext
eld. SuperclassLoopl composes Superclass beanand
a self-loop. Thusfor eachinput eventthis compositionof
beansoutputsmultiple events,one for eachof the super
classen the pathto the Object class. InterfacesLoopl
doesthe samefor interfaces.

This example generatesall the classesthat a given
classimmediatelydependson. When text is enteredin
the upper eld, TextEventsare red to VclassTransmitterl.
VclassTransmitterl reactdy preparingtselfto generatend
re a ClassEvent containinga classwhose nameis the
stringreceved?® Thebuttonlabeled‘Dependencesis con-
nectedothefire()  methodof VclassTransmitterl. When

5VclassTransmitterl can also be customizeddirectly using a bean
customizer
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thebuttonis pressedyclassTransmitterl transmitgheClas-
sEvent if andonly if thestringis alegal classname.

Oncethe buttonis pressedandVclassTransmitterl res
theClassEvent, it is distributedto Superclassi, Interfaces1,
andFields1. Superclassl in turntriggersa ClassEvent with
the superclasof the class. Interfacesl triggers multiple
ClassEvents, onefor eachinterfacethe classimplements.
Fields1 triggersmultiple FieldEvents, onefor eachpublic
eld of the class. The FieldEvents arereceved by Typel,
which res aClassEvent correspondingo the eld' stype.
All the ClassEvents aresubsequentlynegedandsent,one
by one,to VclassReceiverl. Finally, VclassReceiverl gen-
eratesa TextEvent, andthe classnamesare displayedse-
guentially

We appliedthis approactto javadoc to make its source
of re ective information pluggable. Implementingre ect-
doc usingbeansgntroduceshehaioral beanscountersye-
settersetc.) into thedatapatho generatéd TML ratherthan
just displayingclassnames. Therearein facttwo orthog-
onal datapaths:one governshow re ective informationis
traversed,the other governsthe ow of data. Our orig-
inal classi cation [22], which assumeda single datapath,
differentiatedamongseveraltypesof transcerers: conduit,
converter transmuteretc. Implementinge ectdoc requires
two datapathshenceeachbeanis characterizedy a taxo-
nomictuple, e.g., transmuterconduit. To avoid a Carte-
sianproductof beanclassi cations we requirethatary pair
of transcerersmustincludea conduit®

Theseextensiongo ourtaxonomyareneededo charac-
terizesomeof thebeanghatimplemengavadoc'sbehaior,
for example,regardingevent synchronization.Furtherde-
tailsarebeyondthescopeof thispaper Theimportantpoint
is thatRe ectionBeansarepowerful enoughto expresseal
applications.

8More generally given an n-dimensionablatapathall but onedimen-
sionmustdenotea conduit.

5. Related Work

Pluggablere ection would be helpful not only for re-
targetingjavadoc to re ection but alsoto let new language
extensiongeasomaboutthemselesexplicitly. This needis
symptomaticof the dif culty in keepingre ection in step
with languagdeatures.Pluggabilitycould avert this prob-
lem. Indeed,pluggablere ection canand shouldbecome
as standarda facility as garbagecollection. In the mean-
time, the implementationwe describeherecan help bring
re ectivefacilitiesto new languageshatlack them.

5.1 Mirr orsin Selfand Smalltalk

The ideaof having multiple sourcesof re ective infor-
mationis notnew. Smith's seminalwork [30, 31] explicitly
accountdor thepossibility of differingkindsof causakon-
nectionin re ective systems.

The ANSI Smalltalkstandard15] usesanabstractsyn-
tax speci cation to describethe global componentf a
Smalltalkprogramandtheir relationshipsin particulay the
work on Mirrors in Self [34], Animorphic Smalltalk[4],
andStrongtall{3] (aswell astheMirror interfacein JDI)
addressconcernssimilar to oursfrom a programmingan-
guageperspectie[5]. Ourextralingualapproacheto plug-
gability shouldhelp inform the designandimplementation
of new re ection mechanismatthelanguagdevel.

While we use Java as our testbed,theseconceptsare
valid for other languages. Even in a dynamically typed
languagesuch as Smalltalk, the implementationand in-
terface are insufciently decoupledto achiere pluggabil-
ity. This becomesapparentwhen trying to retaget re-
ective Smalltalk code from a 3-metaleel system(e.qg.,
in Little Smalltalk [6]) to a 5-metaleel system(e.g., in

Squeal17]).
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.0JClass and OJMethod as replacements
for Class andMethod . Theability to performlanguage
customizationin additionto introspectioris achiezedusing
compile-timere ection in their OpenJaa compiler[8]. In
comparison,we make a point of preservingclassnames
in the mirrored packageto ensurethat code can run with
either the original re ection or the mirrored repository
Insteadof creatinga dedicatedcompiler, we canrely on
a standardJava compiler VIsSITOR [13] furnishesthe
extendedfunctionalitynon-irvasiely.

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 Aspect-Oriented Software Development

Pluggability can be characterizedas a separationof
concerns—re ectie information's use separatedrom its
access. In fact, an attemptto apply VISITOR to effect
a form of Aspect-OrientedProgramming(AOP) [16] was
the genesisof this research. We rst characterizedm-
plicit invocation combinedwith VISITOR as an aspect-
orientedpattern[20]. Thenwe developeda taxonomyof
JaraBeang22]. This paperbuilds onthoseworks.

We introducedwo variantsof javadoc (classdoc andre-
ectdoc ) that usere ection insteadof a repository More
comple tools corroborateéhe trade-ofs andpotentialben-
e ts of pluggablere ection. Demeter/J18], for example,
is a repository-basetbol for adaptve programming(AP).
A variantof Demeter/Xalled DJ usesJava’s re ection in-
steadof a repository[29, 26]. Its developersreportsimi-
lar trade-ofs in usingre ection versusa repository The
effort requiredto implementDJ underscoreshe needfor
pluggability. Ideally, it would have beentrivial to retaiget
Demeter/Junifying there ection-repositoryduality canbe
viewedasanadaptabilityproblem—theraisond' étreof the
Demetersystem.Demeterachievesstructure-shyadaptabil-
ity throughtraversalstratgies. This may suggesapplying
anotionsimilar to the VisSITOR approacho achieve better
uni cation in DJ.

5.4. LanguageExtensionsfor Components

Jiazzi[24] extendsJava with packageypesasa means
for implementingunits[11]. Onecould thususeJiazzito
de ne a“blueprint” for theJavare ection packageAs with
AspectJthe dif culty in usingre ection with Jiazzistems
fromits beinga languageextension.

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

5.5. Visual Programming

Everyonewho usesvisual programmingtools experi-
encegheirlimitations. Building anapplicationwith a Jasa-
Beansbuilder is no exception. Oncethe programgetsbig,
the visual descriptionis no longermanageableNeverthe-
less, visual programminghas undeniableappealfor pro-
grammingin the small—thekind of programmingyou do

with re ection. Insteadof learningthetextual syntaxof re-

ection in Jasa,onecandescribeaportionof anapplication
visually with only the generalunderstandingf the seman-
tics of re ection JavzaBeans.The visualizationis however

orthogonato theideaof pluggability.

5.6. Typed Re ection

Re ective codetypically usesstringsandrelieson con-
ventionsratherthan languagemechanisms.Weirich pro-
posedncorporatingmechanismgor dynamictype analysis
into Java's re ection [35]. In the component@approacho
pluggability, we assigrtypesto eventsto achiezetypedcon-
struction.Typedre ection wouldmakere ectivecodemore
conciseandsafe butit would notresohetheproblemof re-
targetingare ective programto anothere ective structure
or to anotherdanguage.Unifying the notionsof pluggable
andtypedre ection is apromisingtackfor furtherresearch.

6. Conclusion

Peopletendto think of re ection asa languagefeature
(andthus coupledto the language)andre ection codeas
coupledto the languageémplementation.In this paper we
look at re ection more abstractlyasjust anotherinterface
with the potentialfor multiple implementations.We con-
siderhow to retagetare ective programto anothemeta-
informationsourcesuchasarepository andthe bene ts of
doing so. Indeed,retagetability could even apply across
languagesWhy couldn't re ectdoc alsorunon Smalltalk?

To demonstratee ection asaninterface wetookanab-
stractgrammarof a Java classde nition and appliedthe
INTERPRETER patternto it, producinga mirrored classhi-
erarchywith thesamenterfaceasre ection. Thishierarchy
cansene asa classrepositoryby generatinga parserthat
convertssourcecodeto instancesf the mirrored classes.
In particular visitorswritten for the INTERPRETER pattern
areno differentthan other clients—thg canbe retageted
to usere ection aswell.

We demonstratethreepluggabilityapproaches:

1. Legacyclientsof there ection interfacecanbe retar
getedto usethe mirroredhierarchywithout modi ca-
tion apartfrom changingmport statements.

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

3. For evenloosercoupling, third-party clientsmay use
componentsas their building blocks, affording full
assembly-timeluggability.

The key contribution of this paperlies in stagingthe
problem.In anevolutionarypathfrom corventionalto plug-
gablere ection, mirroringre ection is merelythe rst step:



aBRIDGE [13] for decouplinguserdrom providersof meta-
information. Clientscannotell thedifferencebetweemir-
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 accesgto meta-
datasourceswith disparateandunforeseersemantics.

An obvious limitation of mirroring is thatthe re ection
andrepositoryAPIs mustbe keptin sync. Unfortunately
interfacesinvariably evolve. A single interface may go
through several versions;parallel interfacesmay diverge.
How do you reconciletwo interfacesthat are similar but
not identical? Programmingo the leastcommondenomi-
natormay be unsatisctorybecausegou cannotexploit the
unigueadwantageof eitherinterface. On the otherhand,
specializednterfacesmake switchingimplementationslif-

cult, therebyforgoingthebene tsof encapsulatiomporta-
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.lintroducede ection, andyou
could have migratedyour classbrowserto useit instead.
Theinitial re ection API did not supportall classinforma-
tion, however, and so the repositorystill would have been
useful. JDK 1.2 addedthe ability to accesshe package
that a classbelongsto, andit introducedthe Doclet AP,
which canbe usedinsteadof a repository JDK 1.3 added
the ability to de ne proxy classeslynamically therebyen-
ablinglimited behaioral re ection. JDK 1.3alsoaddedhe
Mirror API, yetanothere ectivefacility aspartof the Java
Dehugginginterface(JDI).

The proliferation of APIs posesa dilemma: How does
onedesignclientcodethatcanwork with currentandfuture
APIswith minimal (ideally zero)changePrinterdriverin-
terfacesarea compromisebetweengenericandspecialized
printing featuresUniqueor advancedeaturesaretypically
esch&edto maximizecompatibility. As aresult,anappli-
cationthatneedsa specializedeaturemustcircumwentthe
printerdriveror forgothefeature.

Meanwhile, the role of re ection is expanding. Com-
ponentsin particularrely heavily onre ection, andclients
needto understanchow so. With increasedawarenesf
re ection comesthe needfor supportingtools. Traditional
toolsfor sourcecode,suchascodebeauti ers,metricsand
documentatiogeneratorsandthe like would be mostwel-
comeif they worked on re ection. Unfortunately they
rarelydo.

Now imaginea world in which re ection is pluggable.
Toolscanrun on sourcecode les, on classrepositoriesor
on re ection without changeand without the information
sources'a priori knowledgeof eachother Differenttrade-
offs amongthe sourcegpermitthe tool to optimizeitself to

its context.

Testingwould comeof agein this world. Onescenario:
A third-party framenvork comeswith a semantic-checking
tool for certifying correctcustomizatiorof the framework.
Thechecler canrun on the sourcecodeto catchsyntaxer
rors. It canalsowork on classhierarchiego catchsemantic
errors(suchas forgettingto subclassa framework class).
And it canrun on re ection to checkfor certainsemantic
violationsthat (thanksto the halting problem)canonly be
discoveredat run-time. Moreover, the checler cancache
andcompareestresults,aswe did with thejavadoc andre-
ectdoc outputsto spotinconsistenciesThesearesomeof
thebene tswe canexpectof fully pluggablere ection.
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