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ABSTRACT

Adaptive Programming(AP) allows for the separatale nition of
datastructurestraversalsand computationver thesedatastruc-
tures.Thelooselyde ned contexts, structureandcomputationare
composedaccordingto a given traversalspeci cation. Traversal
speci cationsare de ned againsta graph-basednodel of the un-
derlyingdatastructurewith the ability to abstracover graphnode
namesgdgesandsubpathsAs suchcertainalterationgo the data
structurewill notaffectthe meaningof the program.CurrentlyAP
systemse.g. DemeterJprovide no mechanismgo warn or even
guardagainstmodi cations thatwill affect the meaningof a pro-
gram.Programmersave to dependn thoroughtestingin orderto
detectsuchmodi cations.

In this paperwe presenDemeternterfaces an extensionto the
Demeterkystem. Demeterinterfacesspecify the expectedstruc-
tural propertiesof the underlyingdatastructurethat musthold in
orderfor adaptve codeto functioncorrectly Throughanexample
we illustratethe usageandimplementatiorof Demeterinterfaces.
Wefurtherillustratehow Demetelnterfacesresultin betterdesigns
of adaptve programs,easeof adaptve codereuseand how they
promoteparalleldevelopment We discusshow Demeternterfaces
areapplicableto XML programghatusethe XPathnavigationop-
erator//. Thismakesourresultsrelevantto largecommunitiessuch
asthe XQueryandXSLT communities.

1. INTRODUCTION

An adaptve programis a programwritten in termsof loosely
coupledcontets, i.e., datastructureand behaior (computations)
with athird de nition succinctlybindingthetwo contetstogether
In Demeter{E], the mostpopularincarnationof AP, programsare
de ned in termsof their datastructuresanda setof computations
that take place during the traversal of datastructures. Structure
and computationcome togetherthroughtraversal speci cations
Traversalspeci cationscanabstracbver graphnodenamesgdges
and subpathghat allows certainmodi cations to the underlying
datastructurewithout alteringthe meaningof the whole computa-
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tion. Traversalspeci cationsare de ned usinga domainspeci ¢
languagehatoperate®n a graph-basechodelof a programs data
structure Identifyingwhichmodi cationsdo notalterthemeaning
andintentof thecomputatioris notatrivial task. ldentifyingwhich
partsof thedatastructureareexplicitly referencedn traversalspec-
i cation andtheir attachedcomputationds not enough.Assump-
tionsmadeby theadaptve codeabouttheunderlyingdatastructure
haveto beveri ed. As asimpleexampleconsideratraversalspec-
i cation usedto obtainanobjectdeepinsidea datastructure e.g.,
“from Company to CECQ, on a datastructurerepresentinga com-
pary. If this traversalspeci cation was written with the assump-
tion thatthereis only one CEOin acompaly andamodi cation is
madeto allow multiple CEOsthenno compiletime erroris issued
by DemeterJThe programcompilesandexecuteshoweverthere-
sult of the computatiorwill beincorrect. Demeterbffersno way
to de ne and checkfor suchassumptions.Programmerdave to
rely on extensve teststhatneedto berun every time amodi cation
is made defeatingsomeof the bene ts of adaptve programming.

Theproblemsof modi cationsthatalterthe meaningof the pro-
gram makes iteratve and parallel developmentdif cult. As de-
pendenciebetweencomputationsandtraversalsarise,it becomes
harderto properlytestanddetectugsin adaptve programsAt the
sametime, asAP programsecomdargerin sizeunderstandability
of adaptve codedecreasesProgrammersave to bothlook at the
traversalspeci cation andthe computationattachedo it but also
calculatefrom the concretedatastructurethe possiblepathshased
on thetraversalspeci cation. Finally, sinceboth traversalspeci -
cationsandtheirattachedomputationseferto concretedatastruc-
turenameswe geta decreasén reusabilityof adaptve code.

In this paperwe introduceDemeterinterfacesthat give us AP
without surprises. Programsare de ned through enhancements
(aspects}o a high-level traversalstratgy written againsta graph
basedmodelof the underlyingdatastructure.If the datastructure
changesthe programmight still work without ary changego the
strat@y northeaspectshatenhancehe program.This givesadap-
tive programsan impressie e xibility to datatype changes.But
this e xibility is alsodangerousfor the new datatype, the pro-
grammightwork but give thewrongresult. Demeteiinterfacesare
intendedto restrictthe setof datatypesthatareallowedto beused
with anadaptve program.

Demeteilnterfaceshit asweatpotbetweene xibility andsafety
They restricta bit what AP cando but without going backto the
old way of writing the StructuraIRecursiortemplatemanually[ﬂ].
They aresaferbecausé¢he adaptve programsntentis de ned and
usedto checkary futuredatatypeaginstit. As asideeffect,adap-
tive programsecomebetterdocumente@dndmoreunderstandable.



DemeteinterfaceqDls) asa mechanisnwithin Demeterallow
programmerso de ne:

traversalstrat@ies,

anInterfaceClassGraph (icg), which providesaninterface
for the concretedatastructure

aVisitor Interface usedto implementthe attacheccomputa-
tion

a setof Constaints thatde ne propertiesthat both the icg
andthe underlyingdatastructuremustsatisfy

The concretedatastructurede nition is extendedto accommo-
datefor a namemappingbetweenits datamembersand thoseof
the DI that it implements. The DemeterJsystemis extendedto
staticallyverify the mappingandvalidateall DI constraints.

Section2 introducesDemeterinterfacesby rst presentingan
example applicationimplementedin DemeterJrst without and
thenwith Demeterinterfaces.Section3 discussedhe designben-
e ts enjoyed by adaptve programshatdeploy Dls. Section4 dis-
cusseselatedwork andsection5 presentduture work. Section6
concludes.

2. DEMETER INTERFACES

Demeterinterfacesprovide a view of an adaptve programthat
enclosesll the necessarassumptionsindstructurepropertiesof
the underlyingconcretedatastructure traversalspeci cationsand
avisitor interface. Computationis attachedo thetraversalvia the
implementatiorof the visitor interface.

Therestof this sectionillustratesthe usageof DIs andtheir ad-
vantageshroughan equationsystemexampleandthe implemen-
tation of a semantiachecler. We rst provide a solutionin Deme-
terJ[E] whichwe alsouseto describethecurrentDemeterdystem.
We theniteratively extend the equationsystem,exposingthe is-
sueswith the currentDemeterdmplementation.We thenshav a
solutionthat usesDIs and analyzethe advantagever our initial
implementation.

2.1 A simple equationsystemin DemeterJ

Our exampleis aboutsystemsf equationsn which we wantto
checkthat all usedvariablesare de ned (we call this a semantic
cheder). A simpleequationsystemcouldbex = 5;y = 9;z =
X+ Y.

Adaptive programsn Demeterarede ned througha ClassDic-
tionary(cd), a setof Behavior Files(beh) andJava code.Listing
andListing E malke up the DemeterXodefor the simpleequation
systemandthe implementatiorof the semanticchecler that prints
outtwo lists; de ned variablesandusedvariables.

Listing 1: ClassDictionaryfor SimpleEquations

EqSysten¥ < equations BList(Equation).
Equation= <lhs> Variable’= " <rhs> Expr.
Expr: Simplej Compound

Simple: Variablej Numerical

Variable= Ident.

Numerical= <val> Integer.

Compound="(" <lIrand> Expr<op> Op<rrand> Expr’)” .
Op: Addj Subj Mul j Div.

Add="+".

Sub="".

Mul =" ",

Div="/".

BList(S)™" (" Sf";" Sg”)”.

visitor DefCollector=".

A cd le is atextual representationf the Object-Orientedstruc-
tureof theprogramwhichspeci esclassesndtheirmembersFig-
urefll shavstheUML representationf the classdictionaryin List-
ing fll. Eachline of the classdictionaryde nes a classde nition.
An equalsign(“=") de nesaconcreteclasswith the classnameon
theleft handsideof the equalsandthe membersf the classin the
right handsideof theequals.Namesenclosedn < > de ne class
membelvariablenameghatrepresenedgesn thegraphrepresen-
tation of the classgraph. Replacingthe equalsign with a colon
(“: ") de nesanabstractlasswith its subclassesn theleft of the
colon. Text within left andright anglebracesde nesclassmember
variablenames.The DemeterJ systemusesa classdictionaryasa
grammarde nition, providing alanguagehatcanparsein de ni-
tionsandcreatethe appropriatebjects.Tokensin the classdictio-
nary surroundedn quotesde ne the generatedanguagessyntax
tokens(Listing E) Parameterizedlassesare de ned throughthe
tilde (“~ ") operator Thevisitor keyword speci esavisitor clas

Listing 2: An instanceof a simpleequationsystemgivenasinput
to DemeterJ

(x =5;
y=(x 2);
)2=((y X) + (y+9))

Behavior les areusedto introducecodeto theclassespeci ed
in the accompanying classdictionary Introductionscanbein the
form of regularJaszamethodsadaptve methodr visitor methods.
In Listing |, the de nition of main is introducedinto the class
Main asaregularJava method.

Threeadaptve methodsignaturesareintroducedinto EqSys-
tem, calledprint , printDefined andprintUsed . Adap-
tivemethodsignaturegresimilarto normalJavzamethodsignatures
extendedwith atraversalspeci cation,e.g., to *, andpassedhe
nameof a Visitor classﬂ The adaptve methodprintUsed  will
introducea methodinto EqSystem thattakesno agumentsand
returnsvoid . Whencalled,the methodwill traversefrom anin-
stanceof EqSystem to instance®f Ident . Thetraversalis not
allowedto gothroughary edgewith thelabellhs. At everyinstance
thatthetraversalcomesacrosghe DefCollector visitor de ni-
tion is advised. If thereis a visitor directive, e.g., before, after
or around, andthe directvesargumentmatcheghe instancetype,
the codeattachedo thatdirective is executed.Beforetraversinga
Variable  instancethetraversalwill print outits contentd]

Listing 3: Behavior File for SimpleEquations

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

EqSysteneqSystens EqSystem.parse(System;in)
System.out.printif(nput is: ”);
eqSystem.print()
System.out.printli{ );
System.out.printliiDe ned are: ”);
eqSystem.printDe ne(;
System.out.printli{ );

System.out.printifUsed are: ");
eqSystem.printUsed();
System.out.printli{ );

g9
TheDefCollector classhasno datamembers.
2The PrintVisitor prints all instancesn a traversalandit is

automaticallygeneratedby the system

Sldent is aDemeterdvrapperclassfor Java's String  class.
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Figurel: TheUML equwvalentof SimpleEquationsClassGraph.
g no compileerror, but resultsin erroneougprogrambehaior. This
modi cation breakstwo assumptions
EqSystenf

public void print() to  (Print\Msitor);

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

public void printUsed()bypassing > ,lhs, toldent(
DefCollecto);

g
DefCollectorf

before Variableff
System.out.printliiE oundldent:” + host.getident());
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g

With the completedAP implementatiorof the semantichecler
in placewe cannow evaluateour solution and verify the claims
made bothin favor andagainst,AP.

TheprinciplebehindAP states[ﬂ]

“A programshouldbe designedso that the interface
of objectscan be changedwithin certainconstraints
without affectingthe programat all.”

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

Compound = (" <op> Op <lrand> Expr
<rrand> Expr )"

Leaving therestof the codeintactthe behaior of the programre-
mainsthe same.Themodi cation did notalterary of thetraversed
objectsthatareusedto implementthe semantichecler.

However ary alterationthateither

modi es classand/orclassmembervariablenamesthatare
explicitly referencedy traversaland/orvisitors,

or, breaksanassumptiormboutthe systemonwhichanadap-
tive methoddepends

altersthe programs behaior. For example,alteringthe equations
systento allow for functionde nitions with agumentscauseghe

1. Thereis only oneVariable de ned ateachequation.

2. All variableshave global scopeandthus canbe usedary-
where.

The adaptie methodsaswell asthe visitor, dependon theseas-
sumptions However theseassumptionsirenot explicitly captured
in AP programs. Thereis no tool supportto stop suchmodi ca-
tions. In factnaively extendingthe equationsystemto accommo-
datefor functionsparametergListing H) will generatea valid AP
programwith thewrongbehaior for thesemantiachecler.

With larger AP programsjt becomesearlyimpossibleto nd
all theseimplicit assumptionsandevenharderpredictwhich mod-
i cations will causesrroneoudbehaior. Programmerdaveto rely
on exhaustve testingin orderto increaseheir con dencethatthe
programstill behaesaccordingo its speci cation.

Listing 4: ClassGraphfor equationsystemawith functionsof one
argument.

EquationSysterns < equations BracletList(Equation).

Equation= <lhs> VarOrFunc’=" <rhs> Expression.

VarOrFunc: DVariablej Function

Function="fun” Variable’(” CommalList{/ariablg§”) " .

Expression FunCallj Simplej Compound

Simple: Variablej Numerical

Variable= Ident.

DVariable= Ident

FunCall= Variable”(” CommalList(Simple)) " .

Numerical= < val> Integer.

Compound="(" <lrand> Expressior< op> Op< rrand>
Expressior) " .

Op: Addj Subj Mul j Div.

Add="+" .

Sub="".

Mul =" ",

Div="/" .

BracletList(S)""(" Sf”;” Sg”")" .

CommalListg)~ Sf",” Sg.

Addressinghesédssuegequires

The ability to de ne assumptiongboutthe underlyingdata
structure,



Tool supportto allow the validationof theseassumptions,

Decreas¢hedependencon classandclassmembewvariable
names,

Themodularizatiorof only therelevantprograminformation
for eachadaptve behaior insteadof thewhole classgraph.

2.2 A simple equation systemwith Demeter
Interfaces

A Demetelnterfaceresidedbetweeraclassgraphandtheimple-
mentationof adaptve behaior, i.e., adaptve methodsand visitor
implementationsA DI is madeup of

an interface classgraph [] (icg) that de nes a portion of
a programstructureto which adaptve behaior will be at-
tached,

traversalstratgjiesthatactontheicg,
constraintsmposedon theicg andthetraversalstrataies,
adaptve methodsignatures,

andavisitor interface.

FigureE shavs the Demeterinterfacefor the simple equation
systemalongwith a diagrammaticatepresentatiorfin UML) of
theDI' sinterfaceclassgraph.

Theicg senesasan abstractiorof ary classgraphimplemen-
tation of the ExprlICG DI in order for the stratgies de ned in
ExpriCG tobeapplicable Furthermoretheconstraintsle nedin
the Demeternterfaceimposefurther requirementshatneedto be
metby ary concretémplementatiorof this Demeteinterface.The

rst constrainexpresseshateachvariablede nition introducesex-
actly onename.The non-emptyconstraintstatethattheremustbe
atleastonepathin theclassgraphthatsatis esthestratgy givenas
parameter The predicatesinique andnonempty areprovided
by DemeterJThe visitor sectionis a list of Java interfacede ni-
tionsfor thevisitor thatneedto beimplementedor this DI. Method
namedefore ,after andaround will havethesamemeaning
asthe visitor directivesin DemeterJThe adaptive methodssec-
tion holdsalist of adaptve methodsignaturentroductions.Adap-
tive methodsow take thevisitor asanargumentto the method.

FigureﬁgivesanexampleimplementatiomftheExprICG Deme-
ter Interface(on theright) alongwith avisitor implementatiorand
a driver class(on the left). InfixEQSystem  de nes the struc-
tural relationsbetweerconcreteclasses.

DemeterX classdictionariesareextendedn two ways;aheader
is introducedallowing for animplements statementhat speci es
which Dls arebeingimplementecanda mappingbetweerthecon-
creteclassdictionaryclasseso theicg's classesTheconcreteclass
dictionaryInfixEQSystem  providesade nition of its equation
systemandamappingM betweertheentitiesin its classgraphand
theentitiesin theinterfaceclassgraph.Themappingde nition can
mapclass(esjo class(es)classmembervariablename(s)o class
membervariablename(s)stratey to stratgy andclassto strateyy.
Invoking the adaptie methodrequiresthat a concretevisitor that
implementsDVisitor  is givenasanargument. The additionof
DI requiresmodi cations to the compiletime behaior of Deme-
terJ.For eachconcreteclassdictionarythatimplementsa Demeter
Interface

1. Usethe DI's mappingM to ensurethat the concreteclass
dictionary (InfixEQSystem ) satis esthe interfaceclass
graphfrom the DI (ExprICG ), i.e., for eachedgee con-
nectingtwo nodesni; andn, in the interface classgraph

the mappededgeM (e) connectshe mappednodesM (n1)
andM (n3y) in theclassdictionary The mappinghasto map
eachentity of theicg to some(possiblymary) 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-
creteclassgraphandattemptso maptheremainingentries.
The mappingoccursby 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 alist of Expression sandOp. The
systemtakesthe alternatvesof an Expression  classand
mapsthoseto Body .

2. Stratgiesde ned in the DI will be expandedaccordingto
themappingandmadeavailablethroughinfixEQSystem
class.

3. Eachof the constraintswill be validatedon the expanded
stratgiesfor InfixEQSystem

4. Foreachvisitor methodbefore ,after andaround )the
methods agumenttype hasto partof theicg. Also, ary vis-
itor implementatiormusthave the exact before , after
andaround methodsasits interface.If thatis notthe case,
the systemsignalsan error that the visitor implementation
introducesan extra dependeng that is not allowed but the
DI.

If ary of the above stepsfails thenthe concreteclassdictionary
failedto implementits DI interface.With the simpleequationsys-
temimplementedisingDemeternterfacesnve now extendthesys-
temandverify that DIs assistthe preventionof modi cations that
alterthe programs behaior.

As a rst evolution stepwe wantto changefrom in x notation
to pre x notation. This is a modi cation that doesnot alter the
programs behaior evenin the original Demeterbolutionwithout
Dls. Moving to a pre x notationrequiresto changethe de nition
of Compoundin InfixEQSystem  to

Compound = <op> Op <Irand>
<rrand>

List(Expression)
List(Expression)

This changedoesnot affect the Demeterinterfaceat all. We up-
datethe equationsystemclassgraphand keepthe existing map-
ping. All constraintsof the DI are still satis ed after they are
mappednto theactualinterfaceclassgraphandthe adaptve meth-
odswill functioncorrectly

It is importantto notethatduringthis evolution step,only the DI
andthe concreteimplementatiorof the interfaceclassgraphwas
needed. Furthermore the static assurancegrovided by the tool
becausef the DI, did not requirere-testingof the driver codeto
ensurahatthe stratgjiespick the correcttraversalsandthatthe se-
manticchecler still operatesasexpected. The Demeterinterface
allows in this casefor separatelevelopmentandeaseof evolution.
Hiding irrelevant information throughthe Demeterinterface pro-
videsfor highersystemmodularity

In the next evolution stepwe wantto add functionswith argu-
mentsto the equationsystem.This evolution stepaffectsinforma-
tion thatis relevantto the semanticchecler. The semantiachecler
hasto alsodealwith parametenameson eachfunction de nition



di ExpriCGf
icg:
ESystem= List(De nition).
De nition = <def> DThing"=" < body> Body.
Body = List(UThing).
UThing = Thing.
DThing = Thing.
Thing = Ident.
List(S) "(* sS")" .

strategies
gde nedldents= "fr om ESystenvia DThingto Ident”.
gusedldents "fr omESystenvia UThingto Ident”.
de nedldent="fr omDe nition via DThingto Ident".

constraints:
unique(de nedldent).

nonempty(gusedldents).
nonempty(gde nedldents).

visitors:
interface DVisitor f
public void before(Thingt);
g
adaptive methods
ESystentf
public void printDe ned(DVisitor) gde nedlidents;
public void printUsed(DVisitor) gusedldents;
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Figure2: TheTull de nition of the DemeterInterfaceincludesan interface classgraph, the stratgies on the interface classgraphand
constraintonthe stratgies. The UML diagramis equivalentto theinterfaceclassgraphde nedin ExpriCG .

but alsousage®f functionde nitions thatmayappeaontheright-
handside of equations. Functionparameterslo not have global
scope,their scopeis local to the function de nition. A naie ap-
proachwould be to alter the classdictionaryto accommodatéor
functionde nitions (Listing E).

Listing 5: Extendingthe classdictionaryto accommodatéunction
de nitions by changingthe classdictionaryonly.

cd ParamEquationgnplementsParamExpriC®
EquationSystens < equations BracletList(Equation).
Equation= <lhs> VarOrFunc’=" <rhs> Expression
VarOrFunc Variablej Function
Function= < fname> Variable
"(" <ams> CommalList{ariablg ") " .

Expression FunCallj Simplej Compound
Simple: Variablej Numerical
Variable= |dent.
FunCall= < fname> Variable

"(" <fargs> CommalListGimple ") " .
Numerical=<val> Integer.
Compound="(" <lIrand> Expressior< op> Op

<rrand> Expressior)” .

Op: Addj Subj Mul j Div.
Add="+".
Sub=" ".
Mul=" ",
Div="/" .
BracletList(S)""(" Sf”";” Sg”)”".
CommalLis(S)~ Sf”,” Sg.

useEquationSysterasESystem,
( > ,lhs, toVariablg asDThing,
( > ,rhs, toVariablg asUThing,
VariableasThing.

g

Withoutalteringthemappingandleaving the Demetetnterfacein-
tactthis approactwill resultin acompiletime error The mapping
de nition doesnotraiseanerrorsinceDThing canbemappedo
Variable by going eitherthroughDExpression or through
ParametricVariable . Thepredicateunique for thetraver-
sal speci cationof definedldent , however, canno longerbe
satis ed. The modi cation to allow functionswith one parame-
ter breaksoneof the assumption®f the interfacein particularthe
factthatwe canreachmorethanonevariablethroughtheleft hand
sideof theequalsign. With oneargumentfunctionsthe meaningof
whatis de ned andwhatis its scopenaschangedindthesechanges
have to bere ectedin the Demeteiinterface.

It is essentialthat for this evolution stepthe interface hasto
change(FigureH). With anew interfaceclassgraphParamExpriCG
we canabstractlyreasoraboutsemanticallycheckingsystemswith
functions.The stratgiesdefinedldent andusedldents are
usedto navigateto de nitions and usageof variablenames both
functionnamesaswell assimplevariables.The stratgiesdName
and uName are then usedto collect aguments(at function de -
nition) andformal agumentgat functioninvocation)respectiely.
Thevisitorinterfacede nesthemethodreturn ~ whichis calledby
Demeterattheendof atraversal. Thereturnvalueof thereturn
methodis alsothe returnvalue of the traversal. The implementa-



classMain f
public static void main(String[] args¥
DVisitor v = new IDPrintVisitor();
ParamEQSysterieqs= In XEQSystem.parse(System.in
System.out.printlii(Ds in def:”);
iegs.printDe nedv);
System.out.printli(Ds in use’);
iegs.printUsed(v);
9
g

classIDPrintVisitor extendsDVisitor f
public void before(Thingid) f
System.out.printin(id.toString())
g
9 g

cd In xEQSystemimplementsExprICGf
EquationSysters < equations List(Equation).
List(S)""(" fSg”)" .
Equation= < Ihs> Variable” =" <rhs> Expression.
Expression Simplej Compound
Simple: Variablej Numerical
Variable= Ident.
Numerical=<v> int.
Compounde=< Irand> List(Expressionk op> Op < rrand

> List(Expression)

Op: Add.
Add="+" .

useEquationSystemas ESystem,

( > .Ihs, toVariablg asDThing,
> rhs toVariablg asUThing,
VariableasThing.

Figure3: InfixEQSystem

de nesaclassgraphandamappingof theenfitiesin the classgraphto theinterfaceclassgraphof EXpriCG .

Thedriver classMain useshestratgiesde nedin ExprICG andthelDPrintVisitor

tion of methodcheckBindigs  isintroducednto ESystem and
it is usedto checkthe correctusageof variableandfunctionde ni-

tions. Theinputsto thesefunctionsaretwo lists of lists wherethe
rst argumentrepresentsariableandfunctionde nition at differ-
entscopesndthesecondepresentsariableandfunctionusageat
their correspondingcope.

Listing E shavstheclassgraphthatimplementdParamExpriCG .

Theclassgraphmapsthe edgeargs to theedgefparam andits

sourceandtarget nodesaccordingly While the otheredgemap-
ping mapstheedgefargs to theedgeaparam but thetargetsof

fargs aremappedto the Variable  nodethat canbe reached
from theaparam edge.FigureE shavsthevisitor implementation
andthedriver class.

Listing 6: Modi cations to the concreteclassdictionaryto accom-
modatesingleargumentfunctions.

cd ParamEquationsnplements ParamExpriCG
EquationSysterns < equations BracletList(Equation).
Equation= <lhs> VarOrFunc’=" <rhs> Expression
VarOrFunc: Variablej Function
Function= < fname> Variable
"(" <ams> Commalistyariablg ") " .

Expression FunCallj Simplej Compound
Simple: Variablej Numerical
Variable= Ident.
FunCall= < fname> Variable

"(" <fargs> CommalListGimplg ™).
Numerical= <val> Integer.
Compound="(" <lIrand> Expressior< op> Op

<rrand> Expressior)” .

Op: Addj Subj Mul j Div.
Add="+".
Sub=" ".
Mul =" ",
Div="/" .
BracletList(S)™ "(" Sf";” Sg”)”.
Commalis(S)~ Sf”,” Sg.

useEquationSysteras ESystem
( >, ,ams,)as( >, [fparam,),
( >, (fams,)as( >, ,aparam) to Variable
VariableasThing.

In this evolution step,the Demeternterfacehelpedby disallow-

ing a naive extensionthat would violate the intendedbehaior of
the original Demeterinterface. The natureof the evolution re-
quired an extensionof the interface and that resultedto changes
in the driver classanda new concreteclassdictionary It isimpor-
tantto notehow the Demeterinterfaceexposedthe erroneousus-
ageof the ExprICG interfacefor this evolution stepandassisted
in updatingall the dependentomponentslueto the de nition of
ParamExpriCG .

2.3 DemeterlInterfaces and XPath

Ideasin AP canbefoundin othertechnologiesvherethe sepa-
ration betweemavigation codeandcomputationis necessaryAc-
cordingto the abstractionghat traversalspeci cationsallow, the
problemsof surprisebehaior arepresenin thesesystemsaswell.
XML and XPath queriesare technologiesvidely usedtodaythat
sharesimilarissueswith AP. Speci cally onecanthink of DTD as
classdictionariesandXPath expressiorastraversalstratgies. The
problemsof surprisebehaior areprominentin thesetechnologies
aswell sincemodi cationsto the XML documenimight breakas-
sumptionsthat the XPath query dependsupon. Considerthe fol-
lowing DTD

<?xml version ="1.0 "?>

<! ELEMENTBusRoute ((DieselBus
<! ELEMENTDieselBus (Person *)>
<! ELEMENTGasBus (Person *)>

<! ELEMENTTown ( BusStop *) >

<! ELEMENTBusStop ( Person *) >
<! ELEMENTPerson EMPT¥

<! 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

|GasBus )*, Town*) >

andthe JavaScriptstatementontainingthe XPath expression

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

The XML documentabore, alongwith the XPath query aim at
selectingthe peoplethat are eitherwaiting at a bus stop or riding
in a dieselbus. Now considerthe following modi cation to the
original DTD




di ParamExpriICG&
icg:

ESystenr List(De nition).
De nition = < def> DThing"=" < body> Body.
Body = List(UThing).
UThing=Thing["(" <aparanm> UParamNam¢)" ].
DThing=Thing['(" < fparan®> DParamName)" 1.
Thing = Ident.

UParamName= |dent.
DParamName= |dent.
List(S) "(" S")" .

ESystem

strategies
de nedldents= "fr omESystento DThing”.
usedldents "fr om ESystento UThing”.
dName="fromDThingvia! ;fparam to Thing". | 2efinition ! ! DParamName |
uName="fromUThingvia !  ;aparany to Thing".

0..
S
&
N3

constraints:
nonempty(de nedldents).
nonempty(usedldents).

visitors: ; | ; |
interface PVisitor f
public void before(Thingt);
public Link edList return(); 1> 1
public void before(DThingt);

X X X UThing ‘ Thing
public void before(UThingt); 1 = 1 1 1
g H
i
adaptive methods 3
0.1 1
ESystentf 1
UParamName ‘ — ‘ Ident <

public Link edList printDe ned(P\sitor) de nedlidents;
public Link edList printUsed(P\&itor) usedldents;
public booleancheckBindngs(LinkdListl1, LinkedListI2)f
/I cheksappropriate usage of variables
g
99
DThing ff
public Link edList getDe ned(P\isitor) dName;

99
UThing ff
public Link edList getUsed(Pisitor) uName;
99

Figure4: TheevolvedDemeternterface(left) andthe UML representationf the extendedDemeternterfaceclassgraph(right).



classMain f

public static void main(String[] args¥
GVisitor defV = new GVisitor();
GVisitor useV= new GVisitor();
ParamEquationpe = ParamEquations.paré&gystem.in);
booleancodeOk= pe.checkBindingpe.printDe ned
defV), peprintUsed(useV))
if (lcodeOR
System.ouprintin(’ Variablesusedbefore they whee
de ned’);

g

import java.util.LinkedList;

classPVisitor f

LinkedListerv;

PVisitor()f
this.ernv = new LinkedList(};

g
public void before(Thingt) f
erv.addt);

9

public void before(UThing ud) f
LinkedListrib = getUsedthis);
erv.add(rib);

9

public void before(DThing ud) f
LinkedListrib = getDe nedthis);
env.add(rib);

g

public LinkedListreturn()f
return erv;

g

Figureb: Changedo theinterfaceaffect Main . The de nition of GVisitor

equations.

<?xml version ="1.0"?>

<! ELEMENTBusRoute (( DieselBus
<! ELEMENTDieselBus ( Person *)>
<! ELEMENT GasBus ( Person *)>

<! ELEMENTTown (BusStop *) >

|GasBus ) *,Town *)>

<! ELEMENTBusStop (Person *  CoffeeDrinkers )>
<! ELEMENT CoffeeDrinkers (Person *)>

<! ELEMENTPerson EMPTY¥

<! ATTLIST BusRoute name CDATA#REQUIRED
<! ATTLIST DieselBus name CDATA#REQUIRED
<I ATTLIST GasBus name CDATA#REQUIRED

<! ATTLIST Town name CDATA#REQUIRED

<! ATTLIST BusStop name CDATA#REQUIRED
<! ATTLIST Person name CDATA#REQUIRED

The modi cations addedcoffee drinkersthatarehangingout at
a bus stopbut who arenot waiting for a bus. The JavaScriptpro-
gramstill “works” even after the modi cations to the DTD but it
gives us the wrong result. The sameerroneousehaior we ex-
periencedvith Demeterland AP. Sincethereis no mechanismnto
protectagainstmodi cations thatresultin erroneousdehaior the
only way to ensureproperprogramfunctionality is throughthor-
oughtesting.Theideaof Demeternterfacess thusapplicableand
bene cial to XML andXPathqueriessystemsln a Demeterinter-
facewe would use:

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

to make surethat only the waiting peopleare selectedat bus
stops. For the evolved DTD the interface could be implemented
using:

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

iS usedto checkfor thelocal parametenamesn parametric

Notice the“/” in the above de nition. XPath basedtools all suf-
fer from unprotectedXPath expressionaising// which allows for
modi cations that renderthe behaior of the programerroneous.
Following the ideasbehindDemeterinterfacesand providing im-
plementationdor XPath tools, we canremove surprisebehaior
while at the sametime provide higher modularity and betterde-
sign.

3. MODULARITY AND DEMETER INTER-
FACES

The introductionof Demeterinterfacesto AP developmentas-
sistsin designingmaintainingandunderstandingdaptve programs.
The ideasbehindDls andtheir usagehasrevealedseveral design
bene ts.

Duringthedesignproces®f adaptve programslevelopersvould

rst designaminimal classdictionary Theniteratively bothadap-
tive codeandtheclassdictionaryitself aredevelopedwith repeated
testingto verify the behaior of adaptve code. Modi cations to
boththeclassdictionaryaswell asthe adaptve code(thetraversal
speci cation and/orthe visitor attached)vere necessaryAs pro-
gramsbecomdargerin sizedistinguishingwhich partsof theclass
dictionaryareinvolvedin the differentadaptve methodsbecomes
dif cult. Furthermoremodi cations to classnamesin the class
dictionarycausechangeso traversalstratgiesand/orvisitor meth-
odsdueto thelack of abstractiorover classnames For example,in
thedevelopmenbf CONA [@, ﬂ] aDesignby Contract{DbC) ex-
tensionto Java and AspectJ the classdictionaryis the whole Java
and AspectJlanguage. Understandinghe dependenciebetween
adaptve codeandthe classdictionarybecomes laboriousander
ror proneprocess.

DI provide solutionsto both of theseproblems. The icg pro-
videsan abstractiorof the concreteclassgraphwhile the adaptve
methods traversalstratgies andyvisitor interfaceslocalize all the
informationnecessarfor understandinghedependencieisetween
adaptie codeandtherestof theprogram.Themappingmechanism



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

To supportour claim of modularityfor DIs we borrow the def-
inition for modularimplementationss proposeddy Kiczalesand
Mezini [H]

it is textually local,

thereis a well-de ned interfacethat describeshow it inter
actswith therestof the system,

theinterfaceis an abstractiorof theimplementationjn that
it is possibleto make materialchangeso theimplementation
withoutviolating theinterface.

an automaticmechanismenforcesthat every module satis-
es its own interfaceandrespectghe interfaceof all other
modulesand

the modulecanbe automaticallycomposed- by a compiler
loader linker etc. — via variouscon gurationswith other
modulesto producea completesystem.

Dls aretextually local with traversalstratgiesandvisitors spec-
ifying exactly how adaptve methodsinteractwith the restof the
system. DIs are an abstractiorof the implementatiorboth of the
classdictionary throughthe icg, but also throughthe visitor in-
terfacesthat are part of the DI's de nition. The extensionsmade
to the DemeterJsystemprovide automaticmechanismshat both
checkthatmodulessatisfytheir own interfacesaswell astheinter
facesof othermodules.Compositionof DI automaticallymanaged
by the DemeterBystemandcon guration of the compositioncan
be controlledvia the implementskeyword andthe mappingspeci-
cation.

4. RELATED WORK

Ovlinger and Wand [E] proposea domainspeci ¢ languageas
a meansto specify recursve traversalsof object structuresused
with the visitor pattern[E]. The domainspeci ¢ languageurther
allows for intermediateresultsfrom subtraersalsallowing for a
morefunctionalstylevisitor de nitions. Theexplicit full de nition
of the recursve datastructureprovidesan interfacebetweenvisi-
torsandtheunderlyingdatastructure.This approactenforceghat
eachobijectin atraversalis explicitly de ned allowing noroomfor
adaptveness.

Modularity issuesin AOSD [E, , | have receved greatat-
tentionrecently KiczalesandMezini [ advocatethatin the pres-
enceof aspectsa modules interfacehasto furtherinclude point-
cutsfrom aspectghatapplyto themodulein question.Theseaug-
mentedinterfacede nitions, namedaspect-awag interfaces can
only bedeterminedhfterthecompletecon gurationof thesystems
componentss known. Aspect-avareinterfacesdo not provide ary
extra information hiding capabilitiesto the baseprograms mod-
ules.

OpenModules [] extend the traditional notion of a software
moduleto includein its interface pointcutspeci cations. In this
way a module can export, and as suchmale publicly available,
pointcutswithin its implementation. This approachgives a bal-
ancedcontrol betweenmoduleand aspectdevelopersin termsof
information hiding thus allowing for separatgparallel) evolution
of aspectandmodulesontheagreeduponinterface.Theinterface
of a crosscuttingconcerncan affect multiple modulesat different
join points on eachone. Thusan aspecs interfaceis sprinkled

alongmoduleinterfacesandnot localizedmakingit harder(if not
impossibleattimes)for aspectevelopersto developtheir aspects.

Kevin SullivanandBill Griswold andtheir students[@] adwo-
catean XPI (crosscuttingprograminterface)asa meango achieve
separatedevelopmentand explicit dependenciebetweenimple-
mentation®f crosscuttinggoncernandbasecode. XPls atpresent
area designartifact wherethe agreeduponinterfacebetweenas-
pectsand basecodeis explicitly statedusing English. Although
XPls assistbhoth during designand development,thereis no me-
chanicalcheckingavailable to verify the implementationagainst
theagreeduponinterface.

Kiczalesand Mezini in [E] discussthe bene ts of usingdiffer-
ent programminganguagemechanismgproceduresannotations,
adviceandpointcuts)usedto provide separatiorof concernsatthe
codelevel. Theresultingguidelinesfrom their analysissketchthe
situationswhereeachmechanisnwill be mosteffective. Thein-
herentmodularity issuesassociatedvith eachtechnologyare not
addressed.

5. FUTURE WORK

As immediatefuturework we would lik e to completeourimple-
mentationof Demeternterfacesandstudyextensiongo ourideas
thatwould betterfacilitate AP programming.The setof available
predicateghat can be usedas constraintss still underinvestiga-
tion. Even thoughwith the available setof predicateswve could
captureall of the constraintsthat we neededa bigger setof AP
programsneedgo beinvestigated. We arecurrentlyextendingthe
languagefor specifyingconstraintsto include set operatorg(like
subsetpropersubsetwhich canbe usedon the setof classeghat
arecapturedoy traversals.Also beingableto composdhesepred-
icatesthroughlogical operatorsnto booleanexpressionss a plan
for the nearfuture.

Anotherextensionwould be the provision of contractson adap-
tive methods. Collaborationsof adaptve methodsexchangedata
andcertainassumptiongrebeingmadethatarenot explicitly cap-
turedby thecurrentsystem Theadditionof pre-andpost-conditions
wouldassisin bothde ning andvalidatingtheseassumptionsThe
compositionof Demeterinterfacesto provide new Demeterinter
faceds alsoaninterestingutureresearchdirection. Also theinter
actionshetweerDI in an AP programstill remainsanopenissue.

A long termgoalwould be the extensionof ideasbehindDeme-
ter Interfaceso moregenerapurposeAOPlanguagesSpeci cally
exposinga graphbasedmodel for the control o w of programs
uponwhich control interfacesof their expectecbehaior canbede-

ned. Eachprogrammodule,e.g., Java classor Java packagewiill
be accompaniedby a controlinterfacethatwill specifyanabstrac-
tion of the call graphwithin that modulealongwith constraints.
Aspectsthat areto be attachedo this modulewill have to do so
basedon the modules interface. A compositionof two modules
will generatea compositionof their correspondingontrol inter-
faces. Aspectdevelopersand classdeveloperswill rst agreeon
the control interface of their modulesandthe assumptionghat it
mustuphold. The implementatiorof the moduleandthe aspects
aroundit will thenbe checled againstthe agreeduponcontrolin-
terface.Similar ideasfor interfacesbetweeraspect@andbasecode
have beenrecentlydiscussecﬂﬂ, D E].

6. CONCLUSION

We introduce Demeterinterfacesas an extensionto Adaptive
Programming.Demeterinterfacesencapsulatall the information
and dependenciebetweenthe adaptve code and the underlying
datastructure. Throughthe de nition of aninterfaceclassgraph



anda setof graphconstraintsDemeterinterfacesimposerestric-
tionson ary concretedatastructureto which adaptve codewill be
attachedTheserestrictionsareenforcedat compiletime disallov-
ing modi cations to the underlyingdatastructurethat would oth-
erwiseprovide incorrectprogramresults.With Demetelinterfaces
in placewe have shawvn how modularityaswell asunderstandabil-
ity of adaptie programsincreasesiramaticallyleadingto better
programdesignandpromotegaralleldevelopment.
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