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ABSTRACT
We de�ne a generic join point model for checkingthe Law of
Demeter(LoD). Joinpointsaretrees,pointcutsarepredicatesover
join points,andadviceischeckedstaticallysimilartohow declare

warning is checked in AspectJ.We illustratehow a joint point
form is mappedto the object and classforms of LoD, and pro-
vide an implementationin AspectJ.The implementationapproxi-
matesLoD's classform by dynamicallycheckinga particularex-
ecutionusingonly thejoin points' staticpart. Thepaperproposes
two waysto extendAspectJto provide accessto lexical join points
directly. The�rst proposesstaticallyexecutableadviceandpoint-
cutsin termsof lexical join points.Thesecondproposesstatically
executablemeta-adviceover the exposedabstractsyntax tree of
the programandusingDemeterstyle traversalsto mirror AspectJ
pointcuts.

1. INTRODUCTION
The Law of Demeter(LoD) [9] is a style rule that improves the
quality of object-oriented(OO) code[10]. Call sitesandmessage
sendsin OO programsconstitutescouplingbetweenclasses.LoD
stateswhich couplingsareacceptableandwhich arebestavoided.
Informally, LoD statesthat an objectshouldonly talk to “closely
related”objects,thusleadingto lesscoupledOO systems[7].

Therearethreegoodreasonswhy onewould want to checkLoD
usingaspect-orientedprogramming(AOP):

1. CheckingLoD violationsis a cross-moduleconcern[17].

2. LoD is easyto expressin a join pointmodel.

3. CheckingLoD violationsis aninteresting,non-trivial appli-
cationof aspecttechnologyhelpingto drive it further.
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In thispaperwede�ne LoD in termsof predicatesover join points,
andweusethegeneralpurposeprogramminglanguageAspectJ[11,
8] to checkfor violations. It is naturalto dynamicallycheckLoD
with AspectJ.CheckingLoD's dynamicformsis usefulbut theset
of violationsdetecteddependson the input. We identify statically
executableadviceasasmallimprovementthatcouldmakeAspectJ
capableof checkingalsoLoD's staticforms.

In a nutshell,we wish we wereableto expressLoD asanabstract
pointcutdesignatornamedLoD, which is madeconcretein a sub-
aspect,anddeclares!LoD to bea violation:

Listing 1: LoD violation aspect

abstract aspect Violation {
abstract pointcut LoD;
declare warning : !LoD: "LoD Violation ";

}

Not surprisingly, thisattemptis futile in thecurrentimplementation
of AspectJ.1 Thelogic requiredto detectLoD violationscannotbe
associatedwith thepointcutdeclaredby theViolation aspectin
Listing 1, not even for LoD formswhich arestaticallycheckable.
AspectJlets you only checkstaticallywhetheror not a statically
determinablepointcutdesignatoris theemptyset.

Whatis missingin AspectJto make theViolation aspectwork is
a moreexpressive staticallydeterminablepointcutdesignatorand
staticallyexecutableadvicelanguagethatsupportsarbitrarilycom-
plex logic atcompiletimeaslongasonly staticallyavailableinfor-
mationis accessed.

To show that AspectJ's join point model is expressive enoughto
describelexical formsof LoD, we presentan implementationof a
staticallycheckableform of LoD in AspectJ,which usesdynamic
checkingbut with thefollowing restrictions:

� Theadviceis de�ned only on staticallydeterminablepoint-
cuts.

� Theadviceaccessesonly thestaticpartof thejoin points.

Although we use advice for this implementation,we argue that
thoseadvicecan be transformedto statically executableadvice,
whichcanbeexecutedat compiletime.
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We arereferringto version1.0.6of AspectJ.



Outline. Therestof thepaperis organizedasfollows. In Section
2 we describebackgroundon LoD. In Section3 we formulatethe
LoD usingjoin point trees. Section4 introducesan AspectJpro-
gram for checkingthe LoD's object form, andSection5 gives a
dynamicversionof thechecker for theclassform. In section6, we
proposetwo extensionsto AspectJ.Section7 concludes.

2. BACKGROUND
LoD hashadmany differentformulations,but thecommondenom-
inator is that in orderto reducedependenciesbetweenobjects(or
classes),an objectshouldonly sendmessagesto a certainsetof
“closely related”objects;themottois “don't talk to strangers.”

CheckingLoD violations is a cross-cuttingconcern: it involves
checkingall methodcallsin a program.LoD hasa classform (CF)
andanobjectform (OF). CF statesthatthecodeof aclass'smethod
mustrelyonlyontheclass'sothermethodsor methodsof theclasses
of its arguments,instancevariables(datamembers),classesusedto
locally instantiateinstances,and the classesthat are return types
of methodsin the class. Validating CF canbe donestaticallyby
parsingthesourcecode.

OF statesthat an object can only sendmessagesto itself, its ar-
guments,its instancevariables,a locally constructedobject,or a
returnedobjectfrom a messagesentto itself. OF is intendedto be
morerestrictive thanCF in thesensethatOF caresaboutparticular
objectswhile CF only caresabouttypes.Therefore,anOF violation
is not necessarilya CF violation. However, a CF violation is not
necessarilyan OF violation either(e.g., typecastingmight violate
CF without violating OF.) Even whenthe statictype of an object
is astaticLoD violation, thedynamictypemightnotbea dynamic
LoD violation.

Otherresearchershave written LoD checkers.NaftalyMinsky and
his team,working on law-governedsystems,usedtheir Darwin-E
environmentto checkdifferentrelaxedversionsof CF [14]. We il-
lustratethatbehavior similar to whatcanbeexpressedin Darwin-E
for building law-governedsystemscanbe achieved by usingAs-
pectJ.Thisbothcreatesasetof new applicationsfor AspectJandit
makesthework on law-governedsystemsmoreaccessiblethrough
a generalpurposelanguage.

Basili etal. analyzeseveralobject-orienteddesignmetricsasqual-
ity indicatorsof aprogram[3]. Oneof thedesignmetricsthey ana-
lyze is couplingbetweenobjectclasses(CBO).A classA is saidto
becoupledto anotherclassB if A usesB'smemberfunctionsand/or
instancevariables.TheCBO of a classis thenumberof classesto
which theclassis coupled.Oneof their hypothesesis thathighly
coupledclassesaremorefault-pronethanweakly coupledclasses
and they �nd throughstatisticalanalysisof many programsthat
CBO-relatedhypothesisis signi�cant. LoD, asa style rule, limits
CBO. Thereforewe concludethat programsthat violate LoD are
morefault-pronethanprogramsthatfollow LoD.

ArchJava [1] enforcesarchitecturesonJavaprogramsdetectscom-
municationintegrity violations.Thearchitecturelanguageof Arch-
Java de�nes componentsandconnectionsandthe implementation
mustconformto thearchitecture.Aldrich et al. postulate[1, Hy-
pothesis5]: “It will berelativelyeasytouseArchJavatoexpressthe
softwarearchitectureof anobject-orientedprogramwhosesource
codeobeys theLoD.” We believe thatAspectJ,with theadditions
proposedin this paper, couldbecomeanexcellentlanguageto en-
forcesoftwarearchitectures.

In anotherrelatedwork, Deters[4] presentsa solutionto usesAs-
pectJto harvest runtimeinformationfor subsequentoff-line anal-
ysis. Theaspectsthat collect informationareconcernedwith ref-
erencesbetweenobjects,constructorcallsand�eld referencesand
thereforeusesimilarpointcutsasourLoD checkers.

3. JOIN POINT PREDICATES
In this paperwe show that LoD can be expressedasa predicate
on join point trees. Therearetwo kinds of join points. A lexical
join point is a site in theprogramtext. A dynamicjoin point is an
event in theexecutionof theprogram.Shadowis a function from
dynamicto lexical join points,whichmapsa dynamicjoin point to
its lexical shadow [13].

3.1 Predicatesover join points
Let ��� denotethe setof lexical join points in a program � . Let
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staticpartof the join point. Thepapermakestheobservation that
advicede�nedovertheequivalenceclassesof staticallydeterminable
join pointscanbestaticallyexecutedat compiletime.

For a program� andinput D we constructthedynamicjoin points
of theexecutionof � on D andthelexical join pointsproducedfrom
theshadow of thedynamicones.We derive from LoD: LCF (Lex-
ical ClassForm), DCF (DynamicClassForm), CF (ClassForm),
DOF (DynamicObjectForm), LOF (Lexical ObjectForm) andOF

(ObjectForm). Let  
. be classform propertiesof LoD, thenby

Eq. (2) we derive 4

. to be DCF andby Eq (3) we derive 4

! to be
CF. Similarly, let  3. be object form propertiesof LoD, then by
Eq. (2) we derive 4

. to be DOF andby Eq. (3) we derive 4

! to be
� For simplicity, weignorelexical join pointsthatdon't shadow any
dynamicjoin point.



OF. LCF andLOF arerespectively classandobjectform LoD predi-
cates,applyingstaticchecking.ThedifferencebetweenDOF (DCF)
andOF (CF) is thatDOF (DCF) only guaranteesthattheprogram�

doesn't violate theobject(class)form in theexecutionon a given
input D . OnedifferencebetweenLOF (LCF) andOF (CF) is thatLOF

(LCF) alsocheckslexical join pointsin deadcodethatmightnotbe
reachedby any dynamicjoin point.

Figure1 shows the relationshipsbetweenthe violation reportsby
differentformsof LoD predicatesfor a program� andinput D .

DOF
DCF

LCF

JP

LOF

CF
OF

DOF:

CF

DCF:

OF

JP:

LOF:

LCF:

Violationsreportedby dynamiccheckingtheobjectform

Classform violations
Objectform violations

All call sites

Violationsreportedby dynamiccheckingtheclassform
Violationsreportedby staticcheckingtheobjectform
Violationsreportedby staticcheckingtheclassform

Figure1: TherelationshipbetweendifferentLoD predicates.

3.2 Law of Demeterover Join Points
Thekey abstractdatatype(ADT) to formulatea generalizedLoD
checker is anabstractjoin point (tree).An abstractjoin point con-
sistsof a target, a list of args, a result,anda list of abstractjoin
points.

JP ::= E target: F<G args: { F } HIE result: F<G children: { JP} H ;

We de�ne a JoinPointForm(JPF) of LoD:

DEFINITION 1 (JPF). The Join Point Form of LoD requires
that for each join point J , the target of J mustbea potentialpre-
ferredsupplierto J .

DEFINITION 2 (POTENTIAL PREFERRED SUPPLIER). Theset
of potentialpreferredsuppliersto a join point J , child of the en-
closingthejoin point K , is theunionof thefollowingsets:

� ArgumentRule: theargumentlist of theenclosingjoin point
K , parentto J ;

� AssociatedRule: theresultsof thesiblingsof J which donot
havea target or whosetarget is the target of the enclosing
join point K , parentto J .

More formally, thesignatureof anabstractjoin point is:

datatype F jp = jp of F * F list * F * F jp list;

This signatureis parameterizedby the type L , where L canstand
for an object (for modelinga dynamicjoin point) or a class(for
modelinga lexical join point) or any other type (for other unex-
ploredformsof theLoD).

Thebasicconstructorof the L jp ADT is:

jp: F * F list * F * F jp list MNF jp

with accessors:

getTarget : F jp MOF

getArgs : F jp MOF list
getResult : F jp MOF

getChildren : F jp MPF jp list

andpredicates:

contains : QRF list * QRFSM bool
isChildOf : QTF jp * Q2F jp M bool
hasSelfishChild : Q F jp * Q FUM bool

The algebraicspeci�cation is given in Listing 2, accountingalso
for thepossibilitythattheoptionaltargetandresultaremissing.

UsinganAspectJ-like syntaxandtheADT, the JPF of LoD canbe
expressedasa pointcutover a traversalof the abstractjoin point
tree [5]. In Listing 3, thisJoinPoint denotesthe currentjoin
point, and thisEnclosingJoinPoint denotesthe parentof it,
s.t.,isChildOf ( thisJoinPoint , thisEnclosingJoinPoint )
is alwaystrue. Thesyntax VXWZY\[�]�V_^ `

�
WZY;[

�_a

^�^�^ � is usedinsteadof
`

�
VXWZY;[�]�V

a

W�Y;[

�
a

^�^�^_� .

Listing 3: LoD aspect

aspect LoD extends Violation {
pointcut LoD(): //LoD definition

ArgumentRule ()
|| AssociatedRule ();

pointcut ArgumentRule ():
if ( thisEnclosingJoinPoint .getArgs()

.contains ( thisJoinPoint .getTarget()));
pointcut AssociatedRule ():

if ( thisEnclosingJoinPoint
.hasSelfishChild ( thisJoinPoint .getTarget()));

}

Thepseudoaspectin Listing 3 formulatestheLoD asa predicate
on join point treesconsistingof only one parameterizedkind of
join point (which we instantiatelaterto becomeanobject-basedor
a class-basedjoin point). TheLoD aspectextendstheViolation
aspect(Listing 1) by giving the de�nition of the LoD pointcut in
termsof ArgumentRuleandAssociatedRule, which in turnareim-
plementedastwo pointcuts,respectively. Thedeclare warning
de�ned in Violation providesanoti�cation of aviolationif !LoD
() is non-empty.

LoD is a “pseudo”aspectbecauseit cannotrun in the currentim-
plementationof AspectJ,which doesn't allow declare warning
to be de�ned on any pointcutwith an if expression.The point-
cut ArgumentRule andAssociatedRule selectthe “good” join
points in the entire join point tree. To be concrete,Argument
Rule selectsthosejoin pointswhosetargetis oneof thearguments
of the enclosingjoin point; Associated Rule selectsthosejoin
pointswhosetarget is in thesetof locally returnedL 's , including
thedirectpart L 's of theenclosingjoin point target, theresult L 's
of the methodcall on the enclosingjoin point target, andthe L 's
createdin theenclosingmethodbody. 3

Thisde�nition JPF is consistentwith OF for a multi-dispatch(actu-
ally, predicate-dispatch)languagecalledFred[15]. TheJPF formu-

b

Notethatthereis no targetfor constructorcalls.



Listing 2: Algebraicspeci�cationof thejoin pointADT

datatype 'a optional = empty | data of ' a;
datatype 'a jp = jp of 'a optional * 'a list * 'a optional * 'a jp list
fun getTarget (thisJoinPoint as jp (target ,_,_, _)) = target ;
fun getArgs ( thisJoinPoint as jp( _,args, _,_)) = args;
fun getResult (thisJoinPoint as jp (_,_,result , _)) = result ;
fun getChildren (thisJoinPoint as jp(_,_ ,_,children )) = children ;
fun contains ([], _) = false

| contains ( head:: tail,element )= head=element orelse contains (tail ,element );
fun isChildOf (thisJoinPoint ,(parent as jp(_,_ ,_,[]))) = false

| isChildOf (thisJoinPoint ,(parent as jp(target ,args ,result ,child ::children ))) =
thisJoinPoint =child
orelse isChildOf (thisJoinPoint ,jp( target ,args,result ,children ));

fun hasSelfishChild ((parent as jp (_,_,_ ,[])), _) = false
| hasSelfishChild ((parent as jp (target ,args ,result ,

(child as jp (childtarget ,_,childresult ,_)):: children )),receiver ) =
receiver =childresult andalso (target =childtarget orelse target =empty )

orelse hasSelfishChild (jp(target ,args ,result ,children ),receiver );
datatype 'a optional

con data : 'a -> 'a optional
con empty : 'a optional

datatype 'a jp
con jp : 'a optional * ' a list * 'a optional * 'a jp list -> 'a jp

val getTarget = fn : 'a jp -> 'a optional
val getArgs = fn : 'a jp -> 'a list
val getResult = fn : 'a jp -> 'a optional
val getChildren = fn : 'a jp -> ' a jp list
val contains = fn : ''a list * '' a -> bool
val isChildOf = fn : ''a jp * ''a jp -> bool
val hasSelfishChild = fn : ''a jp * ''a optional -> bool

lation,moreover, doesnot just checkOF, but canalsocheckCF.

We usethegeneralizedchecker to identify potentialimbalancesin
AspectJwhich canhandleDOF elegantlybut which hasdif�culties
with LCF. The motivation for a genericjoin point model is not
just the formulation of LoD but to gain a better insight into the
connectionbetweendynamicandlexical join pointmodels.

3.2.1 MappingOF and CF to JPF

We useJPF to checkDOF asfollows. Given a dynamicjoin point
model,an executiontracecanbe expressedasa sequenceof ab-
stractjoin pointsin JPF, L is theobjectID. Joinpointsaremethod
invocations. The enclosingjoin point is the parentin the control
�o w; we applytheLoD pointcutto getDOF.

We useJPF to checkLCF as follows. Given a lexical join point
model,partof theabstractsyntaxtreeof theprogramcanbemod-
eledasanabstractjoin point treein JPF, L is theclassname.Join
pointsaresignaturesof call sites. The enclosingjoin point is the
signatureof the methodin which the call site resides.To run the
aspect,a suitableorderinghasto begiven to theelementsof chil-
dren:all constructorcalls,followedby localmethodcalls,followed
by theotherjoin points;we applytheLoD pointcutto getLCF.

JPF is mappedinto our implementationsasfollows. ArgumentRule
is mappedinto thecontext sensitive category, in which L 's arepo-
tentialpreferredsuppliersonly if they arein thecontext of thecur-
rentmethodexecution.For theAssociatedRule, we maptheresult

L 's of local methodcalls and createdL 's in the currentmethod
execution(we call themLocally Constructed) to the context sen-
sitive category for the samereasonasthe ArgumentRule's, while
thedirectpart L 's of thetargetof thecurrentmethodexecutionare
mappedto thecontext insensitive category, sincethosedirectpart

L 's arepotentialpreferredin any methodexecutionof their con-

tainingtarget.

3.3 Complexity of LoD checking
LCF andDOF predicatescanbecheckedpolynomiallyin thelength
of the programsandthe lengthof the executions(numberof join
pointsin the dynamiccall graph). LOF canbe shown to beunde-
cidableby a simplereductionto thehaltingproblem.SeeTable1
for a summary.

class object
lexical LCF(polynomial) LOF(undecidable)
dynamic DCF(polynomial) DOF(polynomial)

Table1: Complexity of LoD predicates.

We wishedwe could checkLoD usingaspectssimilar to the the
onesshown in Listings 1 and 3, which use the static declare

warning mechanismof AspectJ.It is reasonableto expect that
we cannotimplementDOF in thatway, sincethe DOF needsto be
checked dynamically. However, we can't implementLCF either,
eventhoughit is polynomialandcanbecheckedstatically.

Thenext two sectionspresentourdynamiccheckersin AspectJfor
theobjectform (DOF) andtheclassform (DCF), respectively. Our
DCF checker illustratesourargumentabouthow AspectJshouldbe
extendedto provide morepower for thestaticchecking.

4. CHECKING THE OBJECT FORM
TherearesomesubtledifferencesbetweenDOF andDCF. Before
we describeour DOF andDCF implementations,we mentionsome
generalissuesaffectingtheimplementation.

� When checkingwhetheran object is a potentialpreferred



supplier, we canuseeitherreferencesemanticsor valuese-
mantics.For DOF we usereferencesemantics.

� In DOF thestateof theobjectis important,DOF is sensitive to
theorderof assignmentsto instancevariables,sincewewant
to alwayscapturethemostrecentlyupdated“direct parts”of
“this” objects.In DCF, theorderof assignmentsis irrelevant,
sincewe only careaboutthetypes.

� In DOF wedistinguishbetweenstaticandnon-staticmethods
sincethetargetobjectsaredifferent,while in DCF this issue
is irrelevant.

To keepour implementationasconciseaspossible,we relax the
requirementsasfollows:

� We only checkmessage-sends.
� Wedon't checkthelegality of any methodcallsresidingin a

staticmethodde�nition, neitherdo we checkthe legality of
thecallsto astaticmethod.

� We don't view objectscontainedin a Collection instance
variableas“direct parts.”

Listing 4 is a utility abstractclassthat de�nes all the pointcuts
neededin thisimplementation(someof themareneededlaterin the
classform checker). Thosepointcutspervasively touchprograms
andmake extensive useof property-basedpointcuts.Thescope ()
pointcutpreventstheaspectsfrom advisingtheLoD checker code,
which is generallydesiredto avoid circularadvice.TheSelfCall
pointcut capturesthe methodcalls sentto this in a methodor

constructorexecution.Otherpointcutsareself-explanatory.

4.1 Implementation
The implementationusesthreeconcreteaspectswith oneor two
shortadviceeachanda few auxiliary methods.Thedesignof the
implementationis cleanandeasyto understanddueto theuseof a
dynamicjoin pointmodel.Figure2 showstheUML diagramof the
objectform checker.

ObjectSupplier

<<aspect>>
Percflow

       Any
   Check

  <<aspect>>  <<aspect>>

<<aspect>>
Pertarget

<<uses pointcut>>

<<uses pointcut>>

<<uses pointcut>>

  

  

Figure2: TheUML diagramof theobjectform checker

Therearetwo tasksthatneedto beperformed.Oneis to collectall
of the preferredsupplierobjectson which methodscanbe called
from anobject/context. Theotheris to verify thateachmethodcall
makesvalid callson a preferredsupplierobjectof thecorrespond-
ing “this” object. Thereare two categoriesof preferredsupplier

Listing 4: Any.java

package lawOfDemeter ;
public abstract class Any {

public pointcut scope(): ! within (lawOfDemeter ..*)
&& ! cflow (withincode (* lawOfDemeter ..*(..)));

public pointcut StaticInitialization (): scope ()
&& staticinitialization (*);

public pointcut MethodCallSite (): scope ()
&& call (* *(..));

public pointcut ConstructorCall (): scope ()
&& call (*. new (..));

public pointcut MethodExecution (): scope ()
&& execution (* *(..));

public pointcut ConstructorExecution (): scope ()
&& execution (*. new (..));

public pointcut Execution ():
ConstructorExecution () || MethodExecution ();

public pointcut MethodCall (Object thiz ,
Object target): MethodCallSite ()
&& this ( thiz)
&& target (target);

public pointcut SelfCall (Object thiz ,
Object target): MethodCall (thiz ,target)
&& if (thiz == target);

public pointcut StaticCall (): scope()
&& call ( static * *(..));

public pointcut Set(Object value ): scope ()
&& set (* *.*) && args ( value);

public pointcut Initialization (): scope ()
&& initialization (*. new(..));

}

objectsfor anobject.The�rst category is context-insensitive: in a
methodexecutionon anobject,it is legal to call a methodon any
instancevariableof that object. The secondcategory is context-
sensitive in that someobjectsareonly preferredin the scopeof a
method,for example,themethodcall onanargumentobjectis only
legalwithin themethodbodyof theenclosingmethod.

Listing 5: ObjectSupplier.java

abstract class ObjectSupplier {
protected boolean containsValue (Object supplier ){

return targets . containsValue (supplier );
}
protected void add(Object key, Object value){

targets . put(key ,value);
}
protected void addValue (Object supplier ) {

add(supplier ,supplier );
}
protected void addAll (Object [] suppliers ) {

for (int i=0; i< suppliers .length ; i ++)
addValue (suppliers [i ]);

}
private IdentityHashMap targets =

new IdentityHashMap ();
}

TheclassObjectSupplier de�nesa repositoryanda setof sup-
porting methodsfor looking up andaddingpreferredsupplierob-
jectsto anobjectsothat its two subaspectscanaccessthem.Note
thatwe usejava. util.IdentityHashMap 4 classto implement
the repository, sincewe usereferencesemanticsto comparetwo
objects.c

java.util.IdentityHashMap is a class available since
JDK 1.4.



TheaspectPertarget implementstheonlycontext-insensitivepre-
ferred objectssituation, i.e., instancevariablesof an object, by
advisingthe set join point. It is declaredas pertarget ( Any.
Initialization ()) sothatonceanew object d is initialized,an
aspectinstanceof Pertarget will becreatedandassociatedwith

d , andeachaspectinstancecancorrectlymaintainthe direct part
relationshipbetweentheinstancevariablesandtheirhostingobject

d . The before-adviceon the set join point handlesthat logic, in
which the fieldIdentity methodis usedso that if anobject d

�

hasbeensetasa directpartof anobject d�� througha �eld ` , then
later d � 's ` is setto anotherobject d

b , we canreplaced

� with d

b

andalwaysmaintainthecorrectdirectpartrelationships.

Listing 6: Pertarget.java

public aspect Pertarget
extends ObjectSupplier
pertarget (Any .Initialization ()) {
before (Object value ): Any.Set(value ) {

add(fieldIdentity ( thisJoinPointStaticPart ),
value );

}
public boolean contains (Object target) {

return super .containsValue (target) ||
Percflow .aspectOf ().containsValue (target);

}
private String fieldIdentity (JoinPoint .StaticPart

sp) {
String fieldName = sp.getSignature ().

getDeclaringType ().getName () + ":" +
sp .getSignature ().getName ();

if ( fieldNames .containsKey (fieldName ))
fieldName =(String )fieldNames . get (fieldName );

else
fieldNames .put( fieldName ,fieldName );

return fieldName ;
}
private static HashMap fieldNames =

new HashMap();
}

TheaspectPercflow implementsall thecontext-sensitivepreferred
objectssituations,by advisingAny.Execution () andexamining
resultsof Any.SelfCall ( Object, Object ) , Any.StaticCall
() , orAny.ConstructorCall () to collectthecorrespondingpre-
ferredsupplierobjects. Percflow is declaredaspercflow (Any
. Execution () || Any. Initialization ()) to simulatethe
executionscopeof amethod,insteadof requiringmanualstackop-
erations.NotethathereAny. Initialization () is necessarybe-
causein AspectJan instancevariableinitialization de�ned outside
any constructorde�nition is not in theexecutionof any constructor.

The checkinglogic happensin aspectCheck , which de�nes the
after-adviceonmethodcall join pointsandcheckswhethera target
is a preferredsupplieraccordingto theLoD.

Any stylerulehasexceptions,includingLoD. To make thechecker
be practically useful, the methodcalls on somespeci�c objects
shouldbeallowedin any situation,e.g.,System.out.println(..)should
be allowed to be calledanywhere. PointcutIgnoreTargets de-
�nes this logic by capturingall thosekinds of objects,whosedo-
main currently includesall the public staticvariablesdeclaredin
theclassesin thepackagesbeginningwith java . Wedon't wantto
checkmethodcallsonsomestabletypeseither, sowe usepointcut
IgnoreCalls to list thosemethodcalls. The Check aspectuses
thetwo pointcutsto ignorecheckingin thosetwo situations.Users

canalwayschangethosedomainsby customizingthepointcuts.

Listing 7: Perc�ow.java

aspect Percflow extends ObjectSupplier
percflow (Any .Execution ()|| Any.Initialization ()){
before (): Any.Execution () {

addValue ( thisJoinPoint .getThis ());
addAll( thisJoinPoint .getArgs ());

}
after () returning (Object result ):

Any.SelfCall (Object ,Object ) || Any. StaticCall ()
|| Any.ConstructorCall () {

addValue (result );
}

}

Listing 8: Check.java

aspect Check {
private pointcut IgnoreCalls ():

call (* java ..*.*(..));
private pointcut IgnoreTargets ():

get ( static * java ..*.*);
after () returning (Object o):IgnoreTargets () {

ignoredTargets . put(o,o );
}
after (Object thiz ,Object target):

Any.MethodCall ( thiz,target)
&& !IgnoreCalls () {
if (!ignoredTargets .containsKey (target) &&

!Pertarget .aspectOf ( thiz).contains (target))
System .out.println (

" !! LoD Object Violation !! "
+ thisJoinPointStaticPart );

}
private IdentityHashMap
ignoredTargets = new IdentityHashMap ();

}

5. CHECKING THE CLASS FORM
Theclassform checker hasthesamefunctionalarchitectureasthe
objectform checker in thatbothof themusesuppliersandachecker
thatactsastheclientof thesuppliers.But from thedesignpointof
view, ourclassform checker usesadifferentAOPframework from
theobjectform checker's, in which, for eachsubrule,we have cor-
respondingadvice. In the classform checker, we have usedab-
stractaspectsto specifythat whensomeinterestingscenariohap-
penssomeadvicewill beexecuted.Theconcretesubaspectsreuse
the advicede�ned in thesuperaspectby concretizingthe interest-
ing scenario.Of course,theconcretesubaspectscancustomizethe
processlogic for their scenariosby overriding abstractmethods.
Figure3 shows theUML diagramof theclassform checker.

The classesandaspects:ClassSupplier , Pertype , Perscope ,
andCheck make up an aspect-orientedframework which de�nes
thegenericcheckingbehavior. This is areusableaspectframework
andfor differentversionsof LoD we canadddifferentsetsof sub-
aspects.

WehaveimplementedPertype andPerscope asabstractaspects,
eachof which de�nesanabstractpointcut(with thesamenameas
theaspect)which is usedto collectpreferredsuppliertypes.Simi-
lar to thesituationsin theobjectform checker, thetwo abstractas-
pectscorrespondto the two differentsituationsin which the types
arepreferred. Table2 lists the correspondencesbetweenthe two
checkers.
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Figure3: TheUML diagramof theclassform checker

aspect object class
context-insensitive Pertarget Pertypeandsubaspect
context-sensitive Perc�ow Perscopeandsubaspects

Table2: Thecorrespondencesbetweenobject/classform checkers.

The�rst situationis thecontext-insensitive situationasde�ned by
Pertype , in which sometypesare always preferredfor a given
type. Theonly context-insensitive situationis thedirectpartsitua-
tion, wherethetypesof theinstancevariables(includinginherited
instancevariables)of aclassarealwayspreferredin any methodsof
theclass.Thesecondsituationis thecontext-sensitive situationas
de�ned by Perscope , in which thetypesareonly preferredwhen
thecall sitesarein thestackof a particularmethodexecution.(An
exampleof thatsituationis theargumentssituation,wherethetypes
of argumentsareonly legal for thescopeof themethodbody.) All
of the concreteaspectsextendingany of the abstractaspectsare
supposedto give:

� a de�nition of the correspondingabstractpointcut to con-
cretizewherethe advicede�ned in the superaspectshould
happen;

� an implementationof the abstractmethodgetSuppliers
(..) declaredin classClassSupplier to exposethe pre-
ferredtypesfor its particularscenario.

Listing 9: ClassSupplier.java

abstract class ClassSupplier {
protected abstract List
getSuppliers (JoinPoint .StaticPart enclosingjsp ,

JoinPoint . StaticPart jsp );
}

Therearefour concreteaspectsextendingPerType or Perscope
aspect,whichcorrespondto thefour rulesof LoD (weview Associ-
atedRuleto bethreerules)respectively. To makeourcheckerprac-
tically useful,we allow methodcallson supertypesin themethod

Listing 10: Pertype.java

abstract aspect Pertype extends
ClassSupplier {
abstract pointcut Pertype ();
before (): Pertype () {

targets . put( thisJoinPointStaticPart .
getSignature (). getDeclaringType (),
getSuppliers ( thisEnclosingJoinPointStaticPart ,

thisJoinPointStaticPart ));
}
protected static boolean contains (Class thisType ,

Class targetType ) {
if (targets .containsKey (thisType )) {

List alloweds = (List )targets . get (thisType );
Iterator it=alloweds .iterator ();
while (it .hasNext ()) {

if (targetType ==it.next ())
return true ;

}
}
return Perscope .contains (targetType );

}
private static HashMap targets = new HashMap();

}

executionof their subtypesandasin the objectform checker, we
alsoallow exceptionsto the classform of the LoD, which is de-
�ned andcon�gurableby pointcutCheck .IgnoreCalls () . As-
pectCheck doesthestraightforwardcheckinglogic.

This implementationis a dynamicchecker for LCF. However, in
Listings9 through16,weonly usestatictypeinformationof classes
or methods(we useJava Re�ection [6] to get the typesof the in-
stancevariablesof a class,but this informationcanalsobeeasily
availableat compile time [12]) andall the advicearede�ned on
staticallydeterminablepointcuts,henceit is naturalto argue that
AspectJshouldhave beenableto supportstaticcheckingfor LCF.
What is missingis somesort of staticallyexecutablemechanism
thatwould permit theseadviceto be partof declare statements,
whichcanbede�ned by usersandexecutedatcompiletimesothat
userscanwrite morecomplex logic thanthatof declare error
or declare warning .



Listing 11: Perscope.java

abstract aspect Perscope extends ClassSupplier {
abstract pointcut Perscope ();
before () : Any.Execution () {

st. push( new HashSet ());
}
before () : Perscope () {

HashSet aSet = ( HashSet ) st.peek ();
aSet .addAll (getSuppliers (

thisEnclosingJoinPointStaticPart ,
thisJoinPointStaticPart ));

}
after (): Any.Execution () {

st. pop();
}
static boolean contains (Class targetType ) {

HashSet innermost = (HashSet )Perscope .st.peek ();
return innermost .contains (targetType );

}
private static Stack st = new Stack ();

}

Listing 12: Check.java

aspect Check {
private pointcut IgnoreCalls ():

call (* java ..*.*(..));
after (): Any.MethodCallSite () && !IgnoreCalls () {

Class targetType = thisJoinPointStaticPart .
getSignature ().getDeclaringType ();

Class thisType =
thisEnclosingJoinPointStaticPart .

getSignature (). getDeclaringType ();
if (! Pertype .contains (thisType , targetType )

&& !targetType .isAssignableFrom (thisType ))
System .out .println (

" !! LoD Class Violation !! "
+ thisJoinPointStaticPart );

}

In thenext section,we proposetwo possibleextensionsto AspectJ
to make theabove scenarioa reality.

6. EXTENDING ASPECTJ
As discussedearlier, the checkingof the classform of the LoD
would bepossibleif AspectJsupporteda mechanismfor de�ning
somelogic that is morecomplex thanthatof declare error or
declare warning , but is still staticallyexecutable.Hereis our
argumentwhy onewouldexpectthiskind of featurefrom AspectJ.

1. Thedeclare mechanismis averyusefulfeatureof AspectJ
for supportingsimplecheckingat compiletime. It would be
a naturalextensionfor AspectJto supportadviceon those
statically determinablepointcutsand get thoseadviceexe-
cutedatcompiletime.

2. AspectJalreadymakesrich staticinformationaboutthepro-
gram available through thisJoinPointStaticPart , but
currently this information is only accessibleto regular run
timeadvice.Making thisstaticinformationaccessibleto ad-
vice executedat compile time, would allow many interest-
ing propertiesabouta program(like LCF) to be checked at
compile-time.

Listing 13: DirectPart.java

aspect DirectPart extends Pertype {
public pointcut Pertype ():

Any.StaticInitialization ();
protected List getSuppliers (JoinPoint .StaticPart

ejsp ,JoinPoint . StaticPart jsp ) {
List suppliers =new ArrayList ();
Class currentClass =

jsp.getSignature ().getDeclaringType ();
while (currentClass != null) {

Field[] fields =
currentClass .getDeclaredFields ();

for (int i=0; i<fields .length ; i++)
suppliers .add (fields [i].getType ());

currentClass =currentClass .getSuperclass ();
}
return suppliers ;

}
}

Listing 14: Arguments.java

aspect Arguments extends Perscope {
pointcut Perscope (): Any.MethodExecution ()

|| Any.ConstructorExecution ();
protected List
getSuppliers (JoinPoint . StaticPart ejsp ,
JoinPoint . StaticPart jsp ) {

Class thisClass =
jsp.getSignature ().getDeclaringType ();

List parameterTypes = new ArrayList ();
parameterTypes . add(thisClass );
parameterTypes . addAll(

Arrays. asList (((CodeSignature )jsp .
getSignature ()). getParameterTypes ()));

return parameterTypes ;
}

}

3. AspectJisexpressiveenoughto captureinterestingjoin points
in thebaseprogramstructure.We would like to make useof
the expressivenessof the pointcut languageby lifting some
of thecurrentrestrictionsonstaticallydeterminablepointcut
de�nitions.

Thefollowing two subsectionsdescribeour two visionsabouthow
AspectJcanbeextendedto bettersupportstaticcheckingapproach.

6.1 Statically ExecutableAdvice
Staticallyexecutableadviceis afeaturethatwouldallow AspectJto
supportadviceon staticallydeterminablepointcutsandto execute

Listing 15: LocallyConstructed.java

aspect LocallyConstructed extends Perscope {
pointcut Perscope ():

Any.ConstructorCall ();
protected List getSuppliers (JoinPoint .StaticPart

ejsp ,JoinPoint . StaticPart jsp ) {
List supplier = new ArrayList ();
supplier .add(jsp .getSignature ().

getDeclaringType ());
return supplier ;

}
}



Listing 16: ReturnTypes.java

aspect ReturnTypes extends Perscope {
pointcut Perscope (): Any. MethodCallSite ();
protected List
getSuppliers (JoinPoint .StaticPart ejsp ,

JoinPoint . StaticPart jsp ) {
List supplier = new ArrayList ();
if ( ejsp.getSignature (). getDeclaringType ()!=

jsp .getSignature ().getDeclaringType ())
return supplier ;

supplier . add(((MethodSignature )jsp.
getSignature ()). getReturnType ());

return supplier ;
}

}

theadviceat compile-time.Hereis our proposedarchitecture.

First, a new interfaceStaticallyExecutableAdvice needsto
beaddedto AspectJ's API, sothatuserswho want to usethis fea-
ture can de�ne their computationby implementingthis interface
(Listing 17).

Listing 17: StaticallyExecutableAdvice.java

public interface StaticallyExecutableAdvice {
void beforeCall (StaticJoinPoint sjp);
void afterCall (StaticJoinPoint sjp);
void beforeExecution (StaticJoinPoint sjp );
void afterExecution (StaticJoinPoint sjp );
void beforeGet (StaticJoinPoint sjp);
void afterGet (StaticJoinPoint sjp );
//There will be more for other join points ...

}

The typeStaticJoinPoint will beaddedinto AspectJ's API to
provide static information collectedduring the compilationpro-
cess,similar to thisJoinPointStaticPart in the current im-
plementationof AspectJ.

Onecanusethestaticallyexecutableadvicefeatureby implement-
ing theStaticallyExecutableAdvice interface,in which s/he
canaccessthe static informationaboutthe join point throughthe
StaticJoinPoint argumentanddo thestaticanalysis.Userscan
associatetheir staticallyexecutableadviceonly with thestatically
determinablepointcutsin aspectsthrougha new specialdeclare
mechanismcalleddeclare advice.

Listing 18 shows how to usestaticallyexecutableadvicein our vi-
sion,whereStaticallyExecutableAdviceImpl is thenameof
anexemplarclassimplementingStaticallyExecutableAdvice
interface.

Listing 18: Foo.java

aspect Foo {
declare advice : execution (* A.test (..)) ||

call (* B.foo ()):
StaticallyExecutableAdviceImpl ;

}

WhenAspectJ'scompilercompilesaspectFoo andreachesthedec-
laration,classStaticallyExecutalbeAdviceImpl is dynami-
cally loadedandis usedto createan instance(usuallyfor eachof
suchclasses,thereis only onesingletoninstancefrom it). Then
whenAspectJ's compiler reachesany join point that matchesthe

pointcutde�nitions, thecompilercanconstructthecorresponding
StaticJoinPoint objectsjp andcalls thecorrespondingmeth-
odsspeci�edby StaticallyExecutableAdvice interfaceonthat
instanceof StaticallyExecutableAdviceImpl with sjp bound
to theargument.Thosestaticallyexecutableadvicegetexecutedat
compiletime. Thebeforeandafterpre�xesin the interfacemeth-
odshave thesamesemanticsasbeforeandafteradviceexceptnow
it is happeningatcompiletime.

6.2 Meta­Level Advice
Compile-timeanalysiscanalsobeachievedby another, moregen-
eralapproach,whichusesmetalevel advice.

AspectJusesa dynamicjoin point modelwherethejoin pointsare
pointsin theexecutionof aprogram.AspectJhasexcellentsupport
for thedynamicjoin point model,but only limited supportfor the
correspondingstatic join point model. Throughthe dynamicjoin
pointswe canaccessthecorrespondinglexical join points.For ex-
ample,in the dynamicjoin point modelwe caneasily talk about
all methodcalls happeningduring the executionof a programby
writing call (* *(..) ) . However, we cannoteasilyexpressin
AspectJthe setof all callsitesignaturescontainedin a given pro-
gramby usinga notationlike: Shadow( call (* *(..) )) .

An alternative to extendingAspectJwith staticallyexecutablead-
viceis to exposethemetamodelof anAspectJprogramin theform
of aclassgraphandanabstractsyntaxtreeandto offer navigational
capabilitiesin themetamodelcommensuratewith thenavigational
capabilitiesin thedynamicmodel.

Onejusti�cation why AspectJshouldnotexposethemetamodelis
thatwecouldjustuseJavato parseanAspectJprogramandprocess
theabstractsyntaxtreeto checksomethinglike LCF. But a parser
for AspectJis alreadyavailablein theAspectJ's compilerreadyto
bereused.Anotherjusti�cation why AspectJshouldnotexposethe
metamodel is that the static join pointsdon't needenhancement
(advice)asopposedto thedynamicjoin pointsthatneedchecking
logic to be added. But the meta-level advicecanbe viewed asa
base-level adviceandwe would like to useall the capabilitiesof
AspectJto processthemeta-level objects(abstractsyntaxtrees).

WeproposethatAspectJexposeits meta-level objectsandaddnav-
igationalsupporton thoseobjectsso that userscaneasily imple-
mentstaticcheckinglike LCF checkingby just traversingtheAST.
TheDemetertraversalspeci�cations [16] would beusefulasnav-
igational support. For example,we could then write ”from Pro-
gramto CallSite” insteadof Shadow( call (* *(..) ) . This kind
of navigationalsupportis alsoveryusefulat thebaselevel [18].

7. CONCLUSION
Thepapermakesthefollowing contributions:

1. We de�ne a genericjoin point modelfor checkingLoD gener-
ically. The join pointsarenodesin join point trees,the pointcuts
arepredicatesover thejoin pointsandadviceis staticallychecked
asin thedeclare warning mechanismin AspectJ.

2. Weshow how thegenericLoD checker is usedto checkDOF and
we provide anelegantimplementationin AspectJ.

3. Weshow how thegenericLoD checker is usedto checkLCF and
we notethatwe cannotprovide an elegantimplementationin As-
pectJ.We canonly provide anapproximationto LCF whichchecks



DCF (oneexecution).

4. AspectJprovideslexical join point informationthroughdynamic
join points. The paperproposestwo ways to extend AspectJto
provideaccessto lexical join pointsdirectly. The�rst one,proposes
staticallyexecutableadviceandpointcutsin termsof lexical join
points.Thesecondoneproposesstaticallyexecutablemeta-advice
over the exposedabstractsyntaxtreeof the programandapplies
aspect-orientedprogramming(includingDemeterstylesupportfor
traversal-relatedconcerns)to theabstractsyntaxtree.

Thispaperconcludesaninterestinglineof researchin aspect-oriented
exploration. The Law of Demeter, postulatedsome15 yearsago,
reducescouplingin OO programsat the expenseof increasingin
scatteringandtangling. Adaptive andAOP techniqueshave been
exploredto dealwith the inherentcrosscuttingresultingfrom fol-
lowing LoD. In this paperwe go backandusea general-purpose
AOPlanguageto implementa LoD checker in a non-intrusive, ex-
tensible,convenientway.
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