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ABSTRACT
Adaptive Programming(AP) allows for the separatede�nition of
datastructures,traversalsandcomputationsover thesedatastruc-
tures.Thelooselyde�ned contexts,structureandcomputation,are
composedaccordingto a given traversalspeci�cation. Traversal
speci�cationsarede�ned againsta graph-basedmodelof the un-
derlyingdatastructurewith theability to abstractover graphnode
names,edgesandsubpaths.As suchcertainalterationsto thedata
structurewill not affect themeaningof theprogram.CurrentlyAP
systems,e.g. DemeterJ,provide no mechanismsto warn or even
guardagainstmodi�cations that will affect the meaningof a pro-
gram.Programmershave to dependon thoroughtestingin orderto
detectsuchmodi�cations.

In this paperwe presentDemeterInterfaces, anextensionto the
DemeterJsystem.DemeterInterfacesspecifythe expectedstruc-
tural propertiesof the underlyingdatastructurethat musthold in
orderfor adaptive codeto functioncorrectly. Throughanexample
we illustratetheusageandimplementationof DemeterInterfaces.
Wefurtherillustratehow DemeterInterfacesresultin betterdesigns
of adaptive programs,easeof adaptive codereuseand how they
promoteparalleldevelopment.Wediscusshow DemeterInterfaces
areapplicableto XML programsthatusetheXPathnavigationop-
erator//. Thismakesourresultsrelevantto largecommunities,such
astheXQueryandXSLT communities.

1. INTRODUCTION
An adaptive programis a programwritten in termsof loosely

coupledcontexts, i.e., datastructureandbehavior (computations)
with a third de�nition succinctlybindingthetwo contexts together.
In DemeterJ[8], themostpopularincarnationof AP, programsare
de�ned in termsof their datastructuresanda setof computations
that take placeduring the traversalof datastructures. Structure
and computationcometogetherthroughtraversal speci�cations.
Traversalspeci�cationscanabstractovergraphnodenames,edges
and subpathsthat allows certainmodi�cations to the underlying
datastructurewithout alteringthemeaningof thewholecomputa-
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tion. Traversalspeci�cationsarede�ned usinga domainspeci�c
languagethatoperatesonagraph-basedmodelof aprogram'sdata
structure.Identifyingwhichmodi�cationsdonotalterthemeaning
andintentof thecomputationis notatrivial task.Identifyingwhich
partsof thedatastructureareexplicitly referencedin traversalspec-
i�cation andtheir attachedcomputationsis not enough.Assump-
tionsmadeby theadaptivecodeabouttheunderlyingdatastructure
have to beveri�ed. As a simpleexampleconsidera traversalspec-
i�cation usedto obtainanobjectdeepinsidea datastructure,e.g.,
“ fromCompany to CEO”, on a datastructurerepresentinga com-
pany. If this traversalspeci�cationwaswritten with the assump-
tion thatthereis only oneCEOin acompany andamodi�cation is
madeto allow multiple CEOsthenno compiletime error is issued
by DemeterJ.Theprogramcompilesandexecutes,however there-
sult of thecomputationwill be incorrect.DemeterJoffersno way
to de�ne andcheckfor suchassumptions.Programmershave to
rely onextensiveteststhatneedto berunevery timeamodi�cation
is made,defeatingsomeof thebene�tsof adaptiveprogramming.

Theproblemsof modi�cationsthatalterthemeaningof thepro-
gram makes iterative and parallel developmentdif�cult. As de-
pendenciesbetweencomputationsandtraversalsarise,it becomes
harderto properlytestanddetectbugsin adaptiveprograms.At the
sametime,asAP programsbecomelargerin sizeunderstandability
of adaptive codedecreases.Programmershave to both look at the
traversalspeci�cationandthe computationattachedto it but also
calculatefrom theconcretedatastructurethepossiblepathsbased
on the traversalspeci�cation. Finally, sinceboth traversalspeci�-
cationsandtheirattachedcomputationsreferto concretedatastruc-
turenameswegetadecreasein reusabilityof adaptivecode.

In this paperwe introduceDemeterinterfacesthat give us AP
without surprises. Programsare de�ned through enhancements
(aspects)to a high-level traversalstrategy written againsta graph
basedmodelof theunderlyingdatastructure.If thedatastructure
changes,theprogrammight still work without any changesto the
strategy nor theaspectsthatenhancetheprogram.Thisgivesadap-
tive programsan impressive �e xibility to datatype changes.But
this �e xibility is also dangerous;for the new datatype, the pro-
grammightwork but give thewrongresult.Demeterinterfacesare
intendedto restrictthesetof datatypesthatareallowedto beused
with anadaptiveprogram.

DemeterInterfaceshit asweatspotbetween�e xibility andsafety.
They restricta bit what AP cando but without going backto the
old wayof writing theStructuralRecursiontemplatemanually[9].
They aresaferbecausetheadaptive programsintentis de�ned and
usedto checkany futuredatatypeagainstit. As asideeffect,adap-
tiveprogramsbecomebetterdocumentedandmoreunderstandable.



DemeterInterfaces(DIs) asamechanismwithin DemeterJallow
programmersto de�ne:

� traversalstrategies,

� an InterfaceClassGraph(icg), which providesan interface
for theconcretedatastructure

� aVisitor Interface, usedto implementtheattachedcomputa-
tion

� a setof Constraints, that de�ne propertiesthat both the icg
andtheunderlyingdatastructuremustsatisfy

Theconcretedatastructurede�nition is extendedto accommo-
datefor a namemappingbetweenits datamembersandthoseof
the DI that it implements. The DemeterJsystemis extendedto
staticallyverify themappingandvalidateall DI constraints.

Section2 introducesDemeterInterfacesby �rst presentingan
example applicationimplementedin DemeterJ�rst without and
thenwith DemeterInterfaces.Section3 discussedthedesignben-
e�ts enjoyedby adaptive programsthatdeploy DIs. Section4 dis-
cussesrelatedwork andsection5 presentsfuturework. Section6
concludes.

2. DEMETER INTERFACES
DemeterInterfacesprovide a view of an adaptive programthat

enclosesall thenecessaryassumptionsandstructurepropertiesof
theunderlyingconcretedatastructure,traversalspeci�cationsand
a visitor interface.Computationis attachedto thetraversalvia the
implementationof thevisitor interface.

Therestof this sectionillustratestheusageof DIs andtheir ad-
vantagesthroughan equationsystemexampleandthe implemen-
tationof a semanticchecker. We �rst provide a solutionin Deme-
terJ[8] whichwealsouseto describethecurrentDemeterJsystem.
We then iteratively extend the equationsystem,exposingthe is-
sueswith the currentDemeterJimplementation.We thenshow a
solutionthat usesDIs andanalyzethe advantagesover our initial
implementation.

2.1 A simpleequationsystemin DemeterJ
Our exampleis aboutsystemsof equationsin which we wantto

checkthat all usedvariablesarede�ned (we call this a semantic
checker). A simpleequationsystemcouldbex = 5;y = 9;z =
x + y;.

Adaptiveprogramsin DemeterJarede�ned throughaClassDic-
tionary(cd), asetof Behavior Files(beh) andJavacode.Listing 1
andListing 3 make up theDemeterJcodefor thesimpleequation
systemandtheimplementationof thesemanticchecker thatprints
out two lists; de�ned variablesandusedvariables.

Listing 1: ClassDictionaryfor SimpleEquations

EqSystem= < equations> BList(Equation).
Equation= < lhs> Variable”= ” < rhs> Expr.
Expr : Simplej Compound.
Simple: Variablej Numerical.
Variable= Ident.
Numerical= < val> Integer.
Compound= ”(” < lrand> Expr< op> Op< rrand> Expr”)” .
Op : Add j Subj Mul j Div.
Add = ”+ ” .
Sub= ” � ” .
Mul = ” � ” .
Div = ”/” .
BList(S) ˜ ” (” S f ”;” Sg ”) ” .
visitor DefCollector= .

A cd �le is a textual representationof theObject-Orientedstruc-
tureof theprogramwhichspeci�esclassesandtheirmembers.Fig-
ure1 showstheUML representationof theclassdictionaryin List-
ing 1. Eachline of the classdictionaryde�nes a classde�nition.
An equalsign(“=”) de�nesaconcreteclasswith theclassnameon
theleft handsideof theequalsandthemembersof theclassin the
right handsideof theequals.Namesenclosedin < > de�ne class
membervariablenamesthatrepresentedgesin thegraphrepresen-
tation of the classgraph. Replacingthe equalsign with a colon
(“ : ”) de�nesanabstractclasswith its subclasseson theleft of the
colon.Text within left andright anglebracesde�nesclassmember
variablenames.TheDemeterJsystemusesa classdictionaryasa
grammarde�nition, providing a languagethatcanparsein de�ni-
tionsandcreatetheappropriateobjects.Tokensin theclassdictio-
nary surroundedin quotesde�ne the generatedlanguages'syntax
tokens(Listing 2). Parameterizedclassesarede�ned throughthe
tilde (“ ˜ ”) operator. Thevisitor keywordspeci�esavisitor class.1

Listing 2: An instanceof a simpleequationssystemgivenasinput
to DemeterJ

(
x = 5;
y = (x � 2);
z = ((y� x) + (y+9))
)

Behavior �les areusedto introducecodeto theclassesspeci�ed
in the accompanying classdictionary. Introductionscanbe in the
form of regularJavamethods,adaptivemethodsor visitor methods.
In Listing 3, the de�nition of main is introducedinto the class
Main asa regularJavamethod.

Threeadaptive methodsignaturesareintroducedinto EqSys-
tem, calledprint , printDefined andprintUsed . Adap-
tivemethodsignaturesaresimilartonormalJavamethodsignatures
extendedwith a traversalspeci�cation,e.g., to * , andpassedthe
nameof a Visitor class.2 The adaptive methodprintUsed will
introducea methodinto EqSystem that takesno argumentsand
returnsvoid . Whencalled,the methodwill traversefrom an in-
stanceof EqSystem to instancesof Ident . The traversalis not
allowedto gothroughany edgewith thelabellhs. At everyinstance
thatthetraversalcomesacrosstheDefCollector visitor de�ni-
tion is advised. If thereis a visitor directive, e.g., before, after
or around, andthedirectivesargumentmatchestheinstancetype,
thecodeattachedto thatdirective is executed.Beforetraversinga
Variable instancethetraversalwill print out its contents.3

Listing 3: Behavior File for SimpleEquations

Main f
public static void main(Stringargs[]) thr owsExceptionff

EqSystemeqSystem= EqSystem.parse(System.in);
System.out.println(”Input is : ” );
eqSystem.print();
System.out.println(”” );
System.out.println(”De�ned are : ” );
eqSystem.printDe�ned();
System.out.println(”” );

System.out.println(”Used are : ” );
eqSystem.printUsed();
System.out.println(”” );

gg
1TheDefCollector classhasnodatamembers.
2The PrintVisitor prints all instancesin a traversalandit is
automaticallygeneratedby thesystem
3Ident is aDemeterJwrapperclassfor Java'sString class.
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Figure1: TheUML equivalentof SimpleEquationsClassGraph.
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EqSystemf
public void print() to � (PrintVisitor);

public void printDe�ned() bypassing� > � ,rhs,� to Ident(
DefCollector);

public void printUsed()bypassing� > � ,lhs,� to Ident(
DefCollector);

g

DefCollectorf

beforeVariableff
System.out.println(”FoundIdent:” + host.getident());

gg
g

With thecompletedAP implementationof thesemanticchecker
in placewe can now evaluateour solution and verify the claims
made,bothin favor andagainst,AP.

TheprinciplebehindAP states[6]

“A programshouldbe designedso that the interface
of objectscan be changedwithin certainconstraints
withoutaffectingtheprogramat all.”

For example,alteringtheequationsystemsothatequationsarenow
in pre�x notationrequiresa single modi�cation to Compound's
de�nition in theclassdictionary:

Compound = ``('' <op> Op <lrand> Expr
<rrand> Expr ``)''.

Leaving therestof thecodeintact thebehavior of theprogramre-
mainsthesame.Themodi�cation did notalterany of thetraversed
objectsthatareusedto implementthesemanticchecker.

Howeverany alterationthateither

� modi�es classand/orclassmembervariablenamesthat are
explicitly referencedby traversaland/orvisitors,

� or, breaksanassumptionaboutthesystemonwhichanadap-
tivemethoddepends

alterstheprogram's behavior. For example,alteringtheequations
systemto allow for functionde�nitions with argumentscausesthe

no compileerror, but resultsin erroneousprogrambehavior. This
modi�cation breakstwo assumptions

1. Thereis only oneVariable de�ned ateachequation.

2. All variableshave global scopeand thuscanbe usedany-
where.

The adaptive methods,aswell asthe visitor, dependon theseas-
sumptions.However theseassumptionsarenot explicitly captured
in AP programs.Thereis no tool supportto stopsuchmodi�ca-
tions. In factnaively extendingtheequationsystemto accommo-
datefor functionsparameters(Listing 4) will generatea valid AP
programwith thewrongbehavior for thesemanticchecker.

With larger AP programs,it becomesnearlyimpossibleto �nd
all theseimplicit assumptionsandevenharderpredictwhich mod-
i�cations will causeerroneousbehavior. Programmershave to rely
on exhaustive testingin orderto increasetheir con�dencethat the
programstill behavesaccordingto its speci�cation.

Listing 4: ClassGraphfor equationssystemswith functionsof one
argument.

EquationSystem= < equations> BracketList(Equation).
Equation= < lhs> VarOrFunc”=” < rhs> Expression.
VarOrFunc: DVariablej Function.
Function= ”fun” Variable”( ” CommaList(Variable)”) ” .
Expression: FunCallj Simplej Compound.
Simple: Variablej Numerical.
Variable= Ident.
DVariable= Ident.
FunCall= Variable”( ” CommaList(Simple)”) ” .
Numerical= < val> Integer.
Compound= ”( ” < lrand> Expression< op> Op< rrand>

Expression”) ” .
Op : Add j Subj Mul j Div.
Add = ”+” .
Sub= ” � ” .
Mul = ” � ” .
Div = ”/” .
BracketList(S)˜ ”(” S f ”; ” Sg ”)” .
CommaList(S) ˜ S f ”,” Sg.

Addressingtheseissuesrequires

� Theability to de�ne assumptionsabouttheunderlyingdata
structure,



� Tool supportto allow thevalidationof theseassumptions,

� Decreasethedependency onclassandclassmembervariable
names,

� Themodularizationof only therelevantprograminformation
for eachadaptivebehavior insteadof thewholeclassgraph.

2.2 A simple equation systemwith Demeter
Interfaces

A DemeterInterfaceresidesbetweenaclassgraphandtheimple-
mentationof adaptive behavior, i.e., adaptive methodsandvisitor
implementations.A DI is madeupof

� an interfaceclassgraph[7] (icg) that de�nes a portion of
a programstructureto which adaptive behavior will be at-
tached,

� traversalstrategiesthatacton theicg,

� constraintsimposedon theicg andthetraversalstrategies,

� adaptivemethodsignatures,

� andavisitor interface.

Figure 2 shows the DemeterInterfacefor the simple equation
systemalong with a diagrammaticalrepresentation(in UML) of
theDI' s interfaceclassgraph.

The icg servesasan abstractionof any classgraphimplemen-
tation of the ExprICG DI in order for the strategies de�ned in
ExprICG to beapplicable.Furthermore,theconstraintsde�ned in
theDemeterInterfaceimposefurtherrequirementsthatneedto be
metby any concreteimplementationof thisDemeterInterface.The
�rst constraintexpressesthateachvariablede�nition introducesex-
actlyonename.Thenon-emptyconstraintsstatethattheremustbe
atleastonepathin theclassgraphthatsatis�esthestrategy givenas
parameter. Thepredicatesunique andnonempty areprovided
by DemeterJ.The visitor sectionis a list of Java interfacede�ni-
tionsfor thevisitor thatneedto beimplementedfor thisDI. Method
namesbefore , after andaround will havethesamemeaning
asthe visitor directivesin DemeterJ.The adaptive methodssec-
tion holdsa list of adaptive methodsignatureintroductions.Adap-
tivemethodsnow take thevisitor asanargumentto themethod.

Figure3givesanexampleimplementationof theExprICG Deme-
ter Interface(on theright) alongwith a visitor implementationand
a driver class(on the left). InfixEQSystem de�nes the struc-
tural relationsbetweenconcreteclasses.

DemeterJ'sclassdictionariesareextendedin two ways;aheader
is introducedallowing for an implementsstatementthatspeci�es
whichDIs arebeingimplementedandamappingbetweenthecon-
creteclassdictionaryclassesto theicg'sclasses.Theconcreteclass
dictionaryInfixEQSystem providesa de�nition of its equation
systemandamappingM betweentheentitiesin its classgraphand
theentitiesin theinterfaceclassgraph.Themappingde�nition can
mapclass(es)to class(es),classmembervariablename(s)to class
membervariablename(s),strategy to strategy andclassto strategy.
Invoking the adaptive methodrequiresthat a concretevisitor that
implementsDVisitor is givenasanargument.Theadditionof
DI requiresmodi�cations to the compiletime behavior of Deme-
terJ.For eachconcreteclassdictionarythatimplementsa Demeter
Interface

1. Use the DI' s mappingM to ensurethat the concreteclass
dictionary (InfixEQSystem ) satis�es the interfaceclass
graphfrom the DI (ExprICG ), i.e., for eachedgee con-
necting two nodesn1 and n2 in the interfaceclassgraph

themappededgeM (e) connectsthemappednodesM (n1)
andM (n2) in theclassdictionary. Themappinghasto map
eachentity of the icg to some(possiblymany) entity in the
classdictionary. The tool doessupportsomelimited form
of inference. After readingin the explicit mappingde�ni-
tions, the tool follows the structureof the icg andthe con-
creteclassgraphandattemptsto maptheremainingentries.
Themappingoccursby positionfor concreteclassesandby
expandingthe de�nition of abstractclasses. If a mapping
is not possiblean error is reported. For example, in the
caseof InfixEQSystem , EquationSystem is mapped
to ESystem thatalsomapsDefinition to Equation .
For the mappingof Body the systemexpandsthe choices
for Expression which leadsto an element(Variable
or Numerical ) or a list of Expression s andOp. The
systemtakesthealternativesof anExpression classand
mapsthoseto Body.

2. Strategiesde�ned in the DI will be expandedaccordingto
themappingandmadeavailablethroughInfixEQSystem
class.

3. Eachof the constraintswill be validatedon the expanded
strategiesfor InfixEQSystem .

4. For eachvisitor method(before , after andaround ) the
method'sargumenttypehasto partof theicg. Also, any vis-
itor implementationmusthave the exact before , after
andaround methodsasits interface.If thatis not thecase,
the systemsignalsan error that the visitor implementation
introducesan extra dependency that is not allowed but the
DI.

If any of theabove stepsfails thentheconcreteclassdictionary
failedto implementits DI interface.With thesimpleequationsys-
temimplementedusingDemeterInterfaceswenow extendthesys-
temandverify thatDIs assistthepreventionof modi�cations that
altertheprogram'sbehavior.

As a �rst evolution stepwe want to changefrom in�x notation
to pre�x notation. This is a modi�cation that doesnot alter the
program's behavior evenin theoriginal DemeterJsolutionwithout
DIs. Moving to a pre�x notationrequiresto changethede�nition
of Compound in InfixEQSystem to

Compound = <op> Op <lrand> List(Expression)
<rrand> List(Expression)

This changedoesnot affect theDemeterInterfaceat all. We up-
datethe equationsystemclassgraphandkeepthe existing map-
ping. All constraintsof the DI are still satis�ed after they are
mappedinto theactualinterfaceclassgraphandtheadaptivemeth-
odswill functioncorrectly.

It is importantto notethatduringthisevolutionstep,only theDI
andthe concreteimplementationof the interfaceclassgraphwas
needed. Furthermore,the static assurancesprovided by the tool
becauseof the DI, did not requirere-testingof the driver codeto
ensurethatthestrategiespick thecorrecttraversalsandthatthese-
manticchecker still operatesasexpected.The DemeterInterface
allows in this casefor separatedevelopmentandeaseof evolution.
Hiding irrelevant informationthroughthe DemeterInterfacepro-
videsfor highersystemmodularity.

In the next evolution stepwe want to addfunctionswith argu-
mentsto theequationsystem.This evolution stepaffectsinforma-
tion that is relevantto thesemanticchecker. Thesemanticchecker
hasto alsodealwith parameternameson eachfunctionde�nition
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Figure 2: The full de�nition of the DemeterInterfaceincludesan interfaceclassgraph,the strategies on the interfaceclassgraphand
constraintson thestrategies.TheUML diagramis equivalentto theinterfaceclassgraphde�ned in ExprICG .

but alsousagesof functionde�nitions thatmayappearontheright-
handside of equations.Functionparametersdo not have global
scope,their scopeis local to the function de�nition. A naive ap-
proachwould be to alter the classdictionaryto accommodatefor
functionde�nitions (Listing 5).

Listing 5: Extendingtheclassdictionaryto accommodatefunction
de�nitions by changingtheclassdictionaryonly.

cd ParamEquationsimplementsParamExprICGf
EquationSystem= < equations> BracketList(Equation).
Equation= < lhs> VarOrFunc”=” < rhs> Expression.
VarOrFunc: Variablej Function.
Function= < fname> Variable

”(” < args> CommaList(Variable) ”) ” .
Expression: FunCallj Simplej Compound.
Simple: Variablej Numerical.
Variable= Ident.
FunCall= < fname> Variable

”(” < fargs> CommaList(Simple) ”) ” .
Numerical= < val> Integer.
Compound= ”(” < lrand> Expression< op> Op

< rrand> Expression”)” .
Op : Add j Subj Mul j Div.
Add = ”+ ” .
Sub= ” � ” .
Mul = ” � ” .
Div = ”/” .
BracketList(S) ˜ ”(” S f ”;” Sg ”) ” .
CommaList(S) ˜ S f ”,” Sg.

useEquationSystemasESystem,
(� > � ,lhs,� to Variable) asDThing,
(� > � ,rhs,� to Variable) asUThing,
VariableasThing.

g

Withoutalteringthemappingandleaving theDemeterInterfacein-
tactthis approachwill resultin a compiletime error. Themapping
de�nition doesnot raiseanerrorsinceDThing canbemappedto
Variable by going either throughDExpression or through
ParametricVariable . Thepredicateunique for thetraver-
sal speci�cationof definedIdent , however, canno longerbe
satis�ed. The modi�cation to allow functionswith one parame-
ter breaksoneof theassumptionsof the interfacein particularthe
factthatwecanreachmorethanonevariablethroughtheleft hand
sideof theequalsign.With oneargumentfunctionsthemeaningof
whatis de�nedandwhatis its scopehaschangedandthesechanges
have to bere�ectedin theDemeterInterface.

It is essentialthat for this evolution step the interface has to
change(Figure4). With anew interfaceclassgraphParamExprICG
wecanabstractlyreasonaboutsemanticallycheckingsystemswith
functions.ThestrategiesdefinedIdent andusedIdents are
usedto navigateto de�nitions andusageof variablenames,both
functionnamesaswell assimplevariables.ThestrategiesdName
anduName are thenusedto collect arguments(at function de�-
nition) andformal arguments(at functioninvocation)respectively.
Thevisitor interfacede�nesthemethodreturn whichiscalledby
DemeterJat theendof atraversal.Thereturnvalueof thereturn
methodis alsothe returnvalueof the traversal. The implementa-



classMain f
public static void main(String[] args)f

DVisitor v = new IDPrintVisitor();
ParamEQSystemieqs= In�xEQSystem.parse(System.in);
System.out.println(”IDs in def:” );
ieqs.printDe�ned(v);
System.out.println(”IDs in use:” );
ieqs.printUsed(v);

g
g

classIDPrintVisitor extendsDVisitor f
public void before(Thing id) f

System.out.println(id.toString());
g

g

cd In�xEQSystemimplementsExprICGf
EquationSystem= < equations> List(Equation).
List(S) ˜ ”(” f Sg ”)” .
Equation= < lhs> Variable” =” < rhs> Expression.
Expression: Simplej Compound.
Simple: Variablej Numerical.
Variable= Ident.
Numerical= < v> int.
Compound=< lrand> List(Expression)< op> Op< rrand

> List(Expression).
Op : Add.
Add = ”+” .

useEquationSystemasESystem,
(� > � ,lhs,� to Variable) asDThing,
(� > � ,rhs,� to Variable) asUThing,
VariableasThing.

g

Figure3: InfixEQSystem de�nesaclassgraphandamappingof theentitiesin theclassgraphto theinterfaceclassgraphof ExprICG .
Thedriver classMain usesthestrategiesde�ned in ExprICG andtheIDPrintVisitor .

tion of methodcheckBindigs is introducedinto ESystem and
it is usedto checkthecorrectusageof variableandfunctionde�ni-
tions. Theinputsto thesefunctionsaretwo lists of lists wherethe
�rst argumentrepresentsvariableandfunctionde�nition at differ-
entscopesandthesecondrepresentsvariableandfunctionusageat
their correspondingscope.

Listing6showstheclassgraphthatimplementsParamExprICG .
Theclassgraphmapstheedgeargs to theedgefparam andits
sourceand target nodesaccordingly. While the otheredgemap-
ping mapstheedgefargs to theedgeaparam but thetargetsof
fargs aremappedto the Variable nodethat canbe reached
from theaparam edge.Figure5 showsthevisitor implementation
andthedriver class.

Listing 6: Modi�cations to theconcreteclassdictionaryto accom-
modatesingleargumentfunctions.

cd ParamEquationsimplementsParamExprICGf
EquationSystem= < equations> BracketList(Equation).
Equation= < lhs> VarOrFunc”=” < rhs> Expression.
VarOrFunc: Variablej Function.
Function= < fname> Variable

”(” < args> CommaList(Variable) ”) ” .
Expression: FunCallj Simplej Compound.
Simple: Variablej Numerical.
Variable= Ident.
FunCall= < fname> Variable

”(” < fargs> CommaList(Simple) ”) ” .
Numerical= < val> Integer.
Compound= ”(” < lrand> Expression< op> Op

< rrand> Expression”)” .
Op : Add j Subj Mul j Div.
Add = ”+ ” .
Sub= ” � ” .
Mul = ” � ” .
Div = ”/” .
BracketList(S) ˜ ”(” S f ”;” Sg ”) ” .
CommaList(S) ˜ S f ”,” Sg.

useEquationSystemasESystem,
(� > ,� ,args,� ) as(� > ,� ,fparam,� ),
(� > ,� ,fargs,� ) as(� > ,� ,aparam,� ) to Variable,
VariableasThing.

g

In thisevolutionstep,theDemeterInterfacehelpedby disallow-

ing a naive extensionthat would violate the intendedbehavior of
the original DemeterInterface. The natureof the evolution re-
quired an extensionof the interfaceand that resultedto changes
in thedriver classanda new concreteclassdictionary. It is impor-
tant to notehow the DemeterInterfaceexposedthe erroneousus-
ageof theExprICG interfacefor this evolution stepandassisted
in updatingall the dependentcomponentsdueto the de�nition of
ParamExprICG .

2.3 DemeterInterfacesand XPath
Ideasin AP canbefound in othertechnologieswherethesepa-

rationbetweennavigationcodeandcomputationis necessary. Ac-
cording to the abstractionsthat traversalspeci�cationsallow, the
problemsof surprisebehavior arepresentin thesesystemsaswell.
XML andXPath queriesare technologieswidely usedtodaythat
sharesimilar issueswith AP. Speci�cally onecanthink of DTD as
classdictionariesandXPathexpressionastraversalstrategies.The
problemsof surprisebehavior areprominentin thesetechnologies
aswell sincemodi�cations to theXML documentmight breakas-
sumptionsthat the XPath querydependsupon. Considerthe fol-
lowing DTD

<?xml version ="1.0 " ?>
<! ELEMENTBusRoute ((DieselBus |GasBus )*, Town*) >
<! ELEMENTDieselBus (Person *)>
<! ELEMENTGasBus (Person *)>
<! ELEMENTTown ( BusStop *) >
<! ELEMENTBusStop ( Person *) >
<! ELEMENTPerson EMPTY>
<! ATTLIST BusRoute name CDATA #REQUIRED>
<! ATTLIST DieselBus name CDATA #REQUIRED>
<! ATTLIST GasBus name CDATA #REQUIRED>
<! ATTLIST Town name CDATA #REQUIRED>
<! ATTLIST BusStop name CDATA #REQUIRED>
<! ATTLIST Person name CDATA #REQUIRED>

andtheJavaScriptstatementcontainingtheXPathexpression

var nodes =xmlDoc .selectNodes ( " .// BusStop // Person
| .// DieselBus // Person " )

TheXML documentabove, alongwith theXPathquery, aim at
selectingthe peoplethat areeitherwaiting at a bus stopor riding
in a dieselbus. Now considerthe following modi�cation to the
originalDTD



Body

UThing

DThing

Ident

Thing

UParamName

DParamNameDefinition

1..*

1

1

10..1

0..1

1

1

1

bo
dy def

fp
ar

am

aparam

ESystem

1

1..*

constraints:
nonempty(de�nedIdents).
nonempty(usedIdents).

strategies:

usedIdents= ”fr omESystemto UThing”.

uName= ”fr omUThingvia ! � ;aparam; � to Thing”.

de�nedIdents= ”fr omESystemto DThing”.

dName= ”fr omDThingvia ! � ;fparam; � to Thing”.

icg:
ESystem= List(De�nition).

De�nition = < def> DThing "=" < body> Body.

Body= List(UThing).

UThing= Thing ["(" < aparam> UParamName")" ].

DThing= Thing["(" < fparam> DParamName")" ].

Thing= Ident.

List(S) � "(" S ")" .
DParamName= Ident.
UParamName= Ident.

di ParamExprICGf

g

visitors:
interface PVisitor f

public void before(Thing t);
public Link edList return();
public void before(DThing t);
public void before(UThing t);

g
adaptivemethods:

UThing ff
public Link edList getUsed(PVisitor) uName;

DThing ff
public Link edList getDe�ned(PVisitor) dName;

ESystemff
public Link edList printDe�ned(PVisitor) de�nedIdents;
public Link edList printUsed(PVisitor) usedIdents;
public booleancheckBindngs(LinkedListl1, LinkedListl2)f

// checksappropriateusageof variables
g

gg

gg

gg

Figure4: TheevolvedDemeterInterface(left) andtheUML representationof theextendedDemeterInterfaceclassgraph(right).



classMain f
public static void main(String[] args)f

GVisitor defV = newGVisitor();
GVisitor useV= newGVisitor();
ParamEquationspe= ParamEquations.parse(System.in);
booleancodeOk= pe.checkBindings(pe.printDe�ned(

defV), pe.printUsed(useV));
if (!codeOk)

System.out.println(” Variablesusedbefore they where
de�ned” );

g
g

import java.util.LinkedList;

classPVisitor f
LinkedListenv;

PVisitor()f
this.env = newLinkedList();

g
public void before(Thing t) f

env.add(t);
g
public void before(UThingud) f

LinkedListrib = getUsed(this);
env.add(rib);

g
public void before(DThingud) f

LinkedListrib = getDe�ned(this);
env.add(rib);

g

public LinkedListreturn()f
return env;

g
g

Figure5: Changesto theinterfaceaffect Main . Thede�nition of GVisitor is usedto checkfor thelocal parameternamesin parametric
equations.

<?xml version =" 1.0 " ?>
<! ELEMENTBusRoute (( DieselBus |GasBus ) *,Town *)>
<! ELEMENTDieselBus ( Person *)>
<! ELEMENTGasBus ( Person *)>
<! ELEMENTTown (BusStop *) >

<! ELEMENTBusStop (Person *, CoffeeDrinkers )>
<! ELEMENTCoffeeDrinkers (Person *)>

<! ELEMENTPerson EMPTY>
<! ATTLIST BusRoute name CDATA #REQUIRED>
<! ATTLIST DieselBus name CDATA #REQUIRED>
<! ATTLIST GasBus name CDATA #REQUIRED>
<! ATTLIST Town name CDATA #REQUIRED>
<! ATTLIST BusStop name CDATA #REQUIRED>
<! ATTLIST Person name CDATA #REQUIRED>

Themodi�cations addedcoffeedrinkersthatarehangingout at
a busstopbut who arenot waiting for a bus. TheJavaScriptpro-
gramstill “works” even after the modi�cations to the DTD but it
gives us the wrong result. The sameerroneousbehavior we ex-
periencedwith DemeterJandAP. Sincethereis no mechanismto
protectagainstmodi�cations that result in erroneousbehavior the
only way to ensureproperprogramfunctionality is throughthor-
oughtesting.Theideaof DemeterInterfacesis thusapplicableand
bene�cial to XML andXPathqueriessystems.In a Demeterinter-
facewewoulduse:

merge(
from BusRoute via BusStop

via -> *,waiting,* to Person,
from BusRoute via DieselBus to Person)

to make sure that only the waiting peopleare selectedat bus
stops. For the evolved DTD the interfacecould be implemented
using:

var nodes =xmlDoc .selectNodes ( " .// BusStop / Person
| .// DieselBus //Person " )

Notice the “/” in the above de�nition. XPath basedtools all suf-
fer from unprotectedXPath expressionsusing// which allows for
modi�cations that renderthe behavior of the programerroneous.
Following the ideasbehindDemeterInterfacesandproviding im-
plementationsfor XPath tools, we can remove surprisebehavior
while at the sametime provide higher modularity and betterde-
sign.

3. MODULARITY AND DEMETER INTER­
FACES

The introductionof DemeterInterfacesto AP developmentas-
sistsin designing,maintainingandunderstandingadaptiveprograms.
The ideasbehindDIs andtheir usagehasrevealedseveral design
bene�ts.

Duringthedesignprocessof adaptiveprogramsdeveloperswould
�rst designa minimal classdictionary. Theniteratively bothadap-
tivecodeandtheclassdictionaryitself aredevelopedwith repeated
testingto verify the behavior of adaptive code. Modi�cations to
boththeclassdictionaryaswell astheadaptive code(thetraversal
speci�cationand/orthe visitor attached)werenecessary. As pro-
gramsbecomelargerin sizedistinguishingwhichpartsof theclass
dictionaryareinvolved in thedifferentadaptive methodsbecomes
dif�cult. Furthermore,modi�cations to classnamesin the class
dictionarycausechangesto traversalstrategiesand/orvisitor meth-
odsdueto thelackof abstractionoverclassnames.For example,in
thedevelopmentof CONA [10, 11] aDesignby Contract(DbC)ex-
tensionto Java andAspectJ,theclassdictionaryis thewholeJava
andAspectJlanguage.Understandingthe dependenciesbetween
adaptive codeandtheclassdictionarybecomesa laboriousander-
ror proneprocess.

DI provide solutionsto both of theseproblems. The icg pro-
videsanabstractionof theconcreteclassgraphwhile theadaptive
methods,traversalstrategiesandvisitor interfaceslocalizeall the
informationnecessaryfor understandingthedependenciesbetween
adaptivecodeandtherestof theprogram.Themappingmechanism



removesthetight dependenceonnamingconventionsby providing
an automaticrenamingmechanism.The usageof DI allows for
moremodularAP designs.

To supportour claim of modularityfor DIs we borrow the def-
inition for modularimplementationsasproposedby Kiczalesand
Mezini [4]

� it is textually local,

� thereis a well-de�ned interfacethat describeshow it inter-
actswith therestof thesystem,

� the interfaceis anabstractionof the implementation,in that
it is possibleto makematerialchangesto theimplementation
withoutviolating theinterface.

� an automaticmechanismenforcesthat every modulesatis-
�es its own interfaceandrespectsthe interfaceof all other
modules,and

� themodulecanbeautomaticallycomposed– by a compiler,
loader, linker etc. – via variouscon�gurationswith other
modulesto produceacompletesystem.

DIs aretextually localwith traversalstrategiesandvisitorsspec-
ifying exactly how adaptive methodsinteractwith the restof the
system.DIs arean abstractionof the implementationboth of the
classdictionary, throughthe icg, but also throughthe visitor in-
terfacesthat arepart of the DI' s de�nition. The extensionsmade
to the DemeterJsystemprovide automaticmechanismsthat both
checkthatmodulessatisfytheirown interfacesaswell astheinter-
facesof othermodules.Compositionof DI automaticallymanaged
by theDemeterJsystemandcon�guration of thecompositioncan
becontrolledvia the implementskeyword andthemappingspeci-
�cation.

4. RELATED WORK
Ovlinger andWand[9] proposea domainspeci�c languageas

a meansto specify recursive traversalsof object structuresused
with the visitor pattern[3]. The domainspeci�c languagefurther
allows for intermediateresultsfrom subtraversalsallowing for a
morefunctionalstylevisitor de�nitions. Theexplicit full de�nition
of the recursive datastructureprovidesan interfacebetweenvisi-
torsandtheunderlyingdatastructure.This approachenforcesthat
eachobjectin a traversalis explicitly de�ned allowing noroomfor
adaptiveness.

Modularity issuesin AOSD [4, 1, 12] have received greatat-
tentionrecently. KiczalesandMezini [4] advocatethatin thepres-
enceof aspects,a module's interfacehasto further includepoint-
cutsfrom aspectsthatapplyto themodulein question.Theseaug-
mentedinterfacede�nitions, namedaspect-aware interfaces, can
only bedeterminedafterthecompletecon�gurationof thesystem's
componentsis known. Aspect-awareinterfacesdo not provide any
extra informationhiding capabilitiesto the baseprogram's mod-
ules.

OpenModules[1] extend the traditional notion of a software
moduleto include in its interfacepointcutspeci�cations. In this
way a modulecan export, and as suchmake publicly available,
pointcutswithin its implementation. This approachgives a bal-
ancedcontrol betweenmoduleandaspectdevelopersin termsof
informationhiding thusallowing for separate(parallel)evolution
of aspectsandmoduleson theagreeduponinterface.Theinterface
of a crosscuttingconcerncanaffect multiple modulesat different
join points on eachone. Thus an aspect's interfaceis sprinkled

alongmoduleinterfacesandnot localizedmakingit harder(if not
impossibleat times)for aspectdevelopersto developtheiraspects.

Kevin Sullivan andBill Griswold andtheir students[12] advo-
cateanXPI (crosscuttingprograminterface)asameansto achieve
separatedevelopmentand explicit dependenciesbetweenimple-
mentationsof crosscuttingconcernsandbasecode.XPIsatpresent
area designartifact wherethe agreeduponinterfacebetweenas-
pectsandbasecodeis explicitly statedusingEnglish. Although
XPIs assistboth during designanddevelopment,thereis no me-
chanicalcheckingavailable to verify the implementationagainst
theagreeduponinterface.

KiczalesandMezini in [5] discussthe bene�ts of usingdiffer-
ent programminglanguagemechanisms(procedures,annotations,
adviceandpointcuts)usedto provideseparationof concernsat the
codelevel. Theresultingguidelinesfrom their analysissketchthe
situationswhereeachmechanismwill be mosteffective. The in-
herentmodularity issuesassociatedwith eachtechnologyarenot
addressed.

5. FUTURE WORK
As immediatefuturework wewould like to completeour imple-

mentationof DemeterInterfacesandstudyextensionsto our ideas
thatwould betterfacilitateAP programming.Thesetof available
predicatesthat canbe usedasconstraintsis still underinvestiga-
tion. Even thoughwith the available set of predicateswe could
captureall of the constraintsthat we needed,a biggersetof AP
programsneedsto beinvestigated.We arecurrentlyextendingthe
languagefor specifyingconstraintsto include set operators(like
subset,propersubset)which canbeusedon thesetof classesthat
arecapturedby traversals.Also beingableto composethesepred-
icatesthroughlogical operatorsinto booleanexpressionsis a plan
for thenearfuture.

Anotherextensionwould betheprovision of contractson adap-
tive methods.Collaborationsof adaptive methodsexchangedata
andcertainassumptionsarebeingmadethatarenotexplicitly cap-
turedby thecurrentsystem.Theadditionof pre-andpost-conditions
wouldassistin bothde�ning andvalidatingtheseassumptions.The
compositionof DemeterInterfacesto provide new DemeterInter-
facesis alsoaninterestingfutureresearchdirection.Also theinter-
actionsbetweenDI in anAP programstill remainsanopenissue.

A long termgoalwould betheextensionof ideasbehindDeme-
ter Interfacesto moregeneralpurposeAOPlanguages.Speci�cally
exposinga graphbasedmodel for the control �o w of programs
uponwhichcontrol interfacesof theirexpectedbehavior canbede-
�ned. Eachprogrammodule,e.g., Java classor Java package,will
beaccompaniedby a control interfacethatwill specifyanabstrac-
tion of the call graphwithin that modulealong with constraints.
Aspectsthat are to be attachedto this modulewill have to do so
basedon the module's interface. A compositionof two modules
will generatea compositionof their correspondingcontrol inter-
faces. Aspectdevelopersandclassdeveloperswill �rst agreeon
the control interfaceof their modulesandthe assumptionsthat it
mustuphold. The implementationof the moduleandthe aspects
aroundit will thenbecheckedagainsttheagreeduponcontrol in-
terface.Similar ideasfor interfacesbetweenaspectsandbasecode
havebeenrecentlydiscussed[1, 12, 5].

6. CONCLUSION
We introduceDemeterInterfacesas an extensionto Adaptive

Programming.Demeterinterfacesencapsulateall the information
and dependenciesbetweenthe adaptive codeand the underlying
datastructure. Throughthe de�nition of an interfaceclassgraph



anda setof graphconstraintsDemeterInterfacesimposerestric-
tionson any concretedatastructureto whichadaptive codewill be
attached.Theserestrictionsareenforcedat compiletime disallow-
ing modi�cations to the underlyingdatastructurethat would oth-
erwiseprovide incorrectprogramresults.With Demeterinterfaces
in placewehaveshown how modularityaswell asunderstandabil-
ity of adaptive programsincreasesdramaticallyleadingto better
programdesignandpromotesparalleldevelopment.
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