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ABSTRACT
Object-orientedsystemsarefrequentlybuilt aroundidioms,design
patterns,andotherabstractionsthatcanbecapturedonly indirectly
in sourcecode. The lossof designinformationin codeoften im-
pedeslater developmentactivities. Explicit programmingattacks
this informationlossby enablingdevelopersto introduceproject-
specificdesignvocabularyinto existinggeneral-purposelanguages.
Using explicit programming,developerscan cost-effectively en-
codedesigninformationin a concrete,encapsulated,andreusable
way.

In this demonstration,we introducetheprinciplesof explicit pro-
grammingand demonstratethe ELIDE tool, which supportsex-
plicit programmingin JavaTM . ELIDE allows developersto intro-
ducenew, parameterizedmodifiers into the Java languageat the
class,field, methodandblock levels.Newly definedmodifierstrig-
geraseriesof transformationsonthesourcecode.Transformations
aredefinedin Java codeandcancreateor modify codeanywhere
in thesourcetree.Wealsodescribeseveralapplicationsof explicit
programmingto increasethedesigncontentof systems.

1. THE PROBLEM
As a systemis constructed,softwaredevelopersbuild upavocabu-
lary to discussthedesignof thesystem.Unfortunately, mostdesign
conceptsidentifiedwith suchvocabularycannotbemappeddirectly
onto implementation-level constructsoffered by general-purpose
programminglanguages.As aresult,developersspendalot of time
encodingdesignconceptsinto,anddecodingdesignconceptsfrom,
verboseandoftenscatteredpiecesof code.At best,this encoding
anddecodingwastesthe time of developers.At worst,developers
areunableto rediscover thedesignconceptsusedin theinitial cre-
ation.Thislosscanleadto adegradationin theconceptualintegrity
of a system[3].

Oneway to solve this problemis to introducelanguagesthatpro-
vide theright vocabulary. This approachcanbesuccessfulfor par-
ticular domainsasdemonstratedby work on domain-specificlan-
guages[2]. However, designingandimplementingdomain-specific
languagesrequiresbothsignificantexperiencewith thedomainand
considerableexpertisein programminglanguageimplementation.
Solvingtheproblemthis way is impracticalandcostly.

In this shortpresentation,we introduceExplicit Programmingasa
low-costwayto tacklethisproblem.Wedescribetheconceptof ex-
plicit programming(EP),presentELIDE (ExtensionLanguagefor
IncrementalDesignEncoding),which supportsExplicit Program-
ming for Java,anddiscussinitial usesof thetool.

2. Explicit Programming
Muchof thevocabularyusedby developersto discussasystemde-
scribesconsistenciesin the code: vocabulary for designpatterns,
vocabulary for setsof namingconventions,andvocabulary for pro-
tocolsandidioms within the code,amongstothers. Explicit pro-
grammingallowsadevelopertograduallyandeconomicallyextend
ageneral-purposeprogramminglanguagewith suchvocabulary. In
explicit programming,new vocabulary items are definedgenera-
tively: the definitionsdescribeeffectson the codebasesimilar to
thecodethedeveloperswouldhavewrittenif explicit programming
wasnotavailable.

To meetthe goalsof explicit programming,a supportingmecha-
nismmustdemonstrateseveralcharacteristics.

� Vocabulary itemsmustbedefinablein termsof thegeneral-
purposelanguageconceptsfamiliar to the developer. This
constraintensuresthatexplicit programmingis accessibleto
developerslacking specializedlanguagedesignknowledge,
suchasgrammarsandsyntaxtrees.� The outputof the generative processmustbe purely in the
constructsof thegeneral-purposelanguage.It mustberead-
ily readableby developersand correspondclosely to what
animplementationwouldnormallylook likewithoutexplicit
programming.This constraintensuresthatexplicit program-
ming is non-disruptive: a developercanapply explicit pro-
grammingto codethat is their responsibilitywithout affect-
ing othermembersof thedevelopmentteam.� It mustbe possibleto addnew vocabulary items incremen-
tally. This constraintensuresthatdesignconceptsemerging
asdevelopmentprogressescanberefactoredandmademore
explicit.

As an example, considera group of developersimplementinga
compiler. Whendiscussingthecompiler, thedevelopersmayspeak
in termsof visiting thenodesof theparsetree.If theVisitor design
patternis usedto representthisconcept,eachnodein theparsetree
will have an accept methodandeachVisitor classwill have a



visit methodfor eachkind of nodein theparsetree. Adding a
new node� to theparsetreewill necessitatetheadditionof multiple
methodsin multiple places.Explicit programmingallows thede-
veloperto describethis conceptsuchthat it canbecodeddirectly.
For instance,a developercanmarknodetypeswith a new vocabu-
lary item,visited, andthedetailsof theVisitor patterncanthen
begeneratedaccordingto thevocabularyitem’sdefinition.Another
developercanrely on the generatedVisitor infrastructurewithout
needingto know how its implementationwasprovided.

3. ELIDE
We have built theELIDE tool (ExtensionLanguagefor Incremen-
tal Design Encoding)to supportExplicit Programmingin Java.
ELIDE allows Java’s vocabulary to beextendedwith new, param-
eterizedmodifiersthatcanbeattachedto classes,methods,fields,
andcodeblocks.For example,thecompilerdeveloperwhowishes
to captureexplicitly theVisitor designpatterncanexpressthatthe
AssignmentNode classcanbe visited by the NodeVisitor
interfaceasshown.

public visited<NodeVisitor> class AssignmentNode

The developerdefinesthe visited modifier by writing a Java
classthatdescribestheeffectsof themodifier. In theJavaclass,the
developerusesa library provided by ELIDE to programmatically
addtheaccept methodto themodifiedclass,AssignmentN-
ode, andto addthevisitmethodfor AssignmentNode to the
NodeVisitor interface.

ELIDE exposesthe programbeing modified to the programmer
as a coarse-grainedtree of sourceelements. The developerma-
nipulatesthis representationusing an ELIDE API that builds on
the java.lang.reflect API, addingadditionalmethodsfor
extending,wrapping,and transformingsourceelements.ELIDE
thusallowsdevelopersto specifyin normalJavacode,theseriesof
changesthey would performto manuallyencodethedesigninfor-
mation:operationssuchasaddingnew classesto packages,adding
new methodsandfieldsto classes,andaddingnew codeto methods
andblocks.

ELIDE takesas input Java sourceusingnewly definedmodifiers
and the definitionsof thosemodifiers. It outputsJava sourceon
which themodifiershave beenapplied.ELIDEgoesthroughsome
effort to keeptheoutputcodehumanreadable.For example,com-
mentsfrom the input sourcesare preserved and additionalcom-
mentsare insertedto indicate the applicationof transformations
definedby modifiers.

4. SOME APPLICATIONS
We have appliedELIDE in severalcases.

JUnit. We usedELIDE to simplify the writing of testsusingJU-
nit [4]. We definedatest modifierthatcanappearbeforeblocks
of testcodeinsidethebodyof a classdefinition. This modifieral-
lows adeveloperto expressthetestcodeascloseto thecodeunder
testaspossible. The modifier alsoautomatesthe creationof test
suitesfor particularclassesandpackages.Amongsttheothermod-
ifiers definedwasanassertThrows modifier, which capturesa
commonbut verboseidiom usedto testexceptions,andreducesit
to a form consistentwith therestof theJUnit API.

JavaBeans. To make JavaBeancompliance[1] both explicit and
convenientto write, we definedproperty, boundProperty,

andconstrainedProperty modifiers. Beanwriters canadd
thesemodifiersto fields to achieve thedesiredbean-compliantbe-
havior, includingaddingappropriatebean-compliantaccessorsand
mutators,event listenerregistrationmethods,andintroducingsup-
portingfields to theparentclass.In addition,themodifiersensure
theparentclassimplementsSerializable.

Refactoring a Visualization System. WeusedELIDE to introduce9
new designvocabulary itemsinto thesourcecodecomprisingone
subsystemof theAVID Java visualizationsystembuilt at theUni-
versity of British Columbia. Thenew designvocabulary makesit
simplerto extendthesystemto addnew executioneventsto visual-
ize. Eventtypeclassesthatusedto containapproximately100lines
of sourcecodecanbedescribedwith 5 or 6 linesof codewith the
new vocabulary available.
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