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ABSTRACT
We de ne a genericjoin point model for checkingthe Law of
Demeter(LoD). Joinpointsaretrees pointcutsarepredicateover
join points,andadviceis checledstaticallysimilarto how declare
warning is checled in AspectJ.We illustrate how a joint point
form is mappedto the object and classforms of LoD, and pro-
vide animplementationin AspectJ.The implementatiorapproxi-
matesLoD's classform by dynamicallycheckinga particularex-
ecutionusingonly thejoin points' staticpart. The paperproposes
two waysto extendAspecto provide accesgo lexical join points
directly. The rst proposesstaticallyexecutableadviceandpoint-
cutsin termsof lexical join points. The secondoroposestatically
executablemeta-adviceover the exposedabstractsyntaxtree of
the programandusing Demeterstyle traversalsto mirror AspectJ
pointcuts.

1. INTRODUCTION

The Law of Demeter(LoD) [9] is a style rule that improves the
quality of object-orientedOO) code[10]. Call sitesandmessage
sendsin OO programsconstitutesouplingbetweernclassesLoD
stateswhich couplingsareacceptablendwhich arebestavoided.
Informally, LoD statesthat an objectshouldonly talk to “closely
related”objects thusleadingto lesscoupledOO systemg7].

Therearethreegoodreasonsavhy onewould wantto checkLoD
usingaspect-orientegrogramming/AOP):

1. CheckingLoD violationsis a cross-moduleoncern17].

2. LoD is easyto expressin ajoin pointmodel.

3. CheckingLoD violationsis aninterestingnon-trivial appli-
cationof aspectechnologyhelpingto drive it further

Thiswork wassupportedn partby the NationalScienceé~ounda-
tion (NSF)underGrantsNo. CCR-009864&ndCCR-0204432by
DARPA andBBN underagreemenE33615-00-C-1694ndby an
EclipseGrantfrom OTI.

In this paperwe de ne LoD in termsof predicate®ver join points,
andwe usethegenerapurposegrogrammindanguageéispectJ11,
8] to checkfor violations. It is naturalto dynamicallycheckLoD

with AspectJCheckingLoD's dynamicformsis usefulbut the set
of violationsdetecteddepend®n the input. We identify statically
executableadviceasa smallimprovementhatcouldmake AspectJ
capableof checkingalsoLoD's staticforms.

In a nutshell,we wish we wereableto expressLoD asanabstract
pointcutdesignatomamedLoD, which is madeconcretein a sub-
aspectanddeclaresLoD to beaviolation:

Listing 1: LoD violation aspect

abstract aspect Violation {

abstract pointcut LoD;

declare  warning : !LoD: "LoD Violation "
}

Not surprisingly thisattempts futile in thecurrentimplementation
of AspectJ?! Thelogic requiredto detectLoD violationscannotbe
associateavith the pointcutdeclaredby the violation ~ aspecin

Listing 1, not even for LoD formswhich are statically checkable.
Aspectllets you only checkstatically whetheror not a statically
determinablgointcutdesignatois theemptyset.

Whatis missingin Aspectto maketheViolaton  aspectwork is
a more expressie statically determinablgointcutdesignatorand
staticallyexecutableadvicelanguagehatsupportsarbitrarily com-
plex logic atcompiletime aslong asonly staticallyavailableinfor-
mationis accessed.

To shav that AspectJs join point modelis expressie enoughto
describdexical formsof LoD, we presentanimplementatiorof a
staticallycheckablgorm of LoD in AspectJwhich usesdynamic
checkingbut with the following restrictions:

The adviceis de ned only on staticallydeterminablepoint-
cuts.

Theadviceaccessesnly thestaticpartof thejoin points.

Although we use advicefor this implementation,we argue that
thoseadvice can be transformedto statically executableadvice
which canbe executedat compiletime.

We arereferringto version1.0.60f AspectJ.



Outline. Therestof the paperis organizedasfollows. In Section
2 we describebackgroundn LoD. In Section3 we formulatethe
LoD usingjoin point trees. Section4 introducesan AspectJpro-
gramfor checkingthe LoD's objectform, and Section5 givesa
dynamicversionof the checler for the classform. In section6, we
proposewo extensiongo AspectJSection7 concludes.

2. BACKGROUND

LoD hashadmary differentformulations but thecommondenom-
inatoris thatin orderto reducedependenciebetweenobjects(or
classes)an objectshouldonly sendmessage$o a certainset of
“closely related”objects;themottois “don't talk to strangers.

CheckingLoD violationsis a cross-cuttingconcern: it involves
checkingall methodcallsin a program.LoD hasa classform (cF)
andanobjectform (OF). cF stateghatthe codeof aclasss method
mustrely only ontheclasssothermethodr methodf theclasses
of its agumentsjnstancevariablegdatamembers)classesisedto
locally instantiateinstancesandthe classeghat are returntypes
of methodsin the class. Validating cF canbe donestatically by
parsingthe sourcecode.

OF statesthat an objectcan only sendmessageso itself, its ar
guments,its instancevariables,a locally constructedbject, or a
returnedobjectfrom a messageentto itself. OF is intendedto be
morerestrictve thancr in the sensehat oF caresaboutparticular
objectswhile cr 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.) Evenwhenthe statictype of an object
is astaticLoD violation, thedynamictype might notbea dynamic
LoD violation.

Otherresearcherbave written LoD checlers. Naftaly Minsky and
his team,working on law-governedsystemsusedtheir Darwin-E
ervironmentto checkdifferentrelaxed versionsof crF [14]. Weiil-

lustratethatbehaior similarto whatcanbeexpressedn Darwin-E
for building law-governedsystemscan be achiezed by using As-
pectJ.This bothcreatesa setof new applicationsor Aspectandit

malkesthework on law-governedsystemsnoreaccessibléhrough
ageneraburposdanguage.

Basili etal. analyzeseveral object-orientediesignmetricsasqual-
ity indicatorsof a program[3]. Oneof thedesignmetricsthey ana-
lyze is couplingbetweerobjectclassefCBO). A classAis saidto
becoupledto anotherclassB if AusesB'smemberfunctionsand/or
instancevariables.The CBO of a classis the numberof classego
which the classis coupled. One of their hypothesess that highly
coupledclassesare morefault-pronethanweakly coupledclasses
andthey nd through statisticalanalysisof mary programsthat
CBO-relatedhypothesids signi cant. LoD, asa stylerule, limits
CBO. Thereforewe concludethat programsthat violate LoD are
morefault-pronethanprogramshatfollow LoD.

ArchJava[1] enforcesarchitecture®n Java programsdetectscom-
municationintegrity violations. Thearchitecturdanguagef Arch-
Java de nes component@andconnectionsandthe implementation
mustconformto the architecture.Aldrich et al. postulate[1, Hy-
pothesisb]: “It will berelatively easyto useArchJavato expresshe
software architectureof an object-orientegprogramwhosesource
codeobeys the LoD.” We believe that AspectJ with the additions
proposedn this paper could becomean excellentlanguageo en-
force softwarearchitectures.

In anotherelatedwork, Deters[4] presents solutionto usesAs-
pectJto hanestruntimeinformationfor subsequensff-line anal-
ysis. The aspectghat collectinformationare concernedvith ref-
erencedetweerobjects,constructorcallsand eld referenceand
thereforeusesimilar pointcutsasour LoD checlers.

3. JOIN POINT PREDICATES

In this paperwe shav that LoD canbe expressedas a predicate
on join point trees. Therearetwo kinds of join points. A lexical

join pointis a sitein the programtext. A dynamicjoin pointis an

eventin the executionof the program. Shadowis a functionfrom

dynamicto lexical join points,which mapsa dynamicjoin pointto

its lexical shadev [13].

3.1 Predicatesover join points

Let denotethe setof lexical join pointsin a program . Let
denotethe setof dynamicjoin pointsin anexecution of . A

dynamicjoin point containsboth staticanddynamicinformation.

For adynamicjoin point , wede ne to bethestatic

partof (whichis alsotheshadav of )

We de ne anequialencerelationover the dynamicjoin pointsin

as iff ,anddenoteby  theequiv-
alenceclassof . Weshallassume  to be? thesetof equivalence
classe®f . Thatis, eachlexical join pointis consideredo bethe

setof dynamicjoin pointsit shadavs, andthe equivalenceclassof
adynamicjoin point is consideredo bethelexical join point

Givenapredicate
canconstructa predicate
in anexecution:

onlexical join pointsin , we
on dynamicjoin points

@)

An execution of aprogram satis esthedynamicpredicate
if all dynamicjoin pointsin  satisfy

@)

A program satis esthe dynamicpredicate |, if all executions

of satisfy

®)

Givenadynamicallycheckablepredicate , it is desirablego have
statically checkable. We can approximate in AspectJfor

a dynamicpredicate thatonly accessethe

staticpartof thejoin point. The papermakesthe obseration that

advicede nedovertheequivalenceclasse®f staticallydeterminable

join pointscanbe staticallyexecutedat compiletime.

Foraprogram andinput we constructhedynamicjoin points
of theexecutionof on andthelexicaljoin pointsproducedrom
theshadav of the dynamicones.We derive from LoD: LCF (Lex-
ical ClassForm), bcF (Dynamic ClassForm), cr (ClassForm),
DOF (DynamicObjectForm), LOF (Lexical ObjectForm) and oF
(ObjectForm). Let be classform propertiesof LoD, then by
Eq.(2) wederve  tobeDcF andby Eq (3) we derve  to be
CF. Similarly, let be objectform propertiesof LoD, then by
Eq.(2) wederive  to beDoF andby Eq. (3) wederive  to be

For simplicity, weignorelexical join pointsthatdon't shadaev ary
dynamicjoin point.



OF. LCF andLOF arerespectiely classandobjectform LoD predi-
catesapplyingstaticchecking.Thedifferencebetweerpor (DCF)
andoF (CF) is thatDOF (DCF) only guaranteethatthe program
doesnt violate the object(class)form in the executionon a given
input . Onedifferencebetween or (LcF) andoF (cF) isthatLoF
(LcF) alsocheckdexical join pointsin deadcodethatmightnotbe
reachedy ary dynamicjoin point.

Figure 1 shaws the relationshipsbetweerthe violation reportsby
differentformsof LoD predicatesor aprogram andinput

Objectform violations

(@B Classform violations

TcF: Violationsreportedby staticcheckingthe classform
ToF: Violationsreportedby staticcheckingthe objectform
Ber: Violationsreportedby dynamiccheckingthe classform
Dor: Violationsreportedby dynamiccheckingthe objectform
o All call sites

Figurel: TherelationshipbetweerdifferentLoD predicates.

3.2 Law of Demeterover Join Points

Thekey abstracdatatype (ADT) to formulatea generalized_.oD
checler is anabstracjoin point (tree). An abstracjoin point con-
sistsof a target, a list of args, a result,anda list of abstractoin
points.

JP = target: args: { } result:

We de ne aJoinPointForm (J3pF) of LoD:

DEFINITION 1 (JPF). The Join Point Form of LoD requires
thatfor ead join point , thetargetof mustbe a potentialpre-
ferred supplierto

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

ArgumentRule: theargumentist of the enclosingoin point
, parentto ;

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

More formally, the signatureof anabstracfoin pointis:

datatype jp =jp of * list * * jp list;
This signatureis parameterizety thetype , where canstand
for an object (for modelinga dynamicjoin point) or a class(for
modelinga lexical join point) or ary othertype (for other unex-
ploredformsof theLoD).

Thebasicconstructoof the jp ADT is:
ip: * list = * jp list ip
with accessors:

getTarget : ip

getArgs : ip list

getResult ip

getChildren ip jp list
andpredicates:

contains : list * bool
isChildOf p * ip bool
hasSelfishChild : p * bool

The algebraicspeci cationis givenin Listing 2, accountingalso
for thepossibilitythatthe optionaltargetandresultaremissing.

Usingan AspectJ-lile syntaxandthe ADT, the JpF of LoD canbe
expressedas a pointcutover a traversalof the abstractoin point
tree[5]. In Listing 3, thisJoinPoint denotesthe currentjoin
point, and thisEnclosingJoinPoint denotesthe parentof it,
S.t.,isChildOf  ( thisJoinPoint , thisEnclosingJoinPoint )

is alwaystrue. The syntax is usedinsteadof

Listing 3: LoD aspect

children:  {JP} ;

Violation {
/[LoD  definition

aspect LoD extends
pointcut LoD():
ArgumentRule ()
|| AssociatedRule ();

pointcut ArgumentRule ():
if (thisEnclosingJoinPoint .getArgs()
.contains  ( thisJoinPoint .getTarget()));

pointcut AssociatedRule  ():
if (thisEnclosingJoinPoint

.hasSelfishChild (thisJoinPoint .getTarget()));

The pseudaoaspectin Listing 3 formulatesthe LoD asa predicate
on join point treesconsistingof only one parameterizedind of
join point (which we instantiatdaterto becomeanobject-basedr
aclass-basegbin point). The LoD aspeciextendsthe Violation
aspect(Listing 1) by giving the de nition of the LoD pointcutin
termsof ArgumentRuleandAssociatedRule whichin turnareim-
plementedastwo pointcuts respectiely. Thedeclare  warning
de nedin Violation ~ providesanoti cation of aviolationif LoD
() isnon-empty

LoD is a “pseudo”aspectbecauseét cannotrun in the currentim-
plementatiorof AspectJwhich doesnt allow declare  warning
to be de ned on ary pointcutwith anif expression. The point-
cut ArgumentRule andAssociatedRule  selectthe “good” join
pointsin the entire join point tree. To be concrete Argument
Rule selectghosejoin pointswhosetamgetis oneof thearguments
of the enclosingjoin point; Associated  Rule selectsthosejoin
pointswhosetametis in the setof locally returned 's, including
thedirectpart 'sof the enclosingjoin point target, theresult 's
of the methodcall on the enclosingjoin point target, andthe 's
createdn theenclosingmethodbody 3

This de nition JPF is consistentvith oF for a multi-dispatch(actu-
ally, predicate-dispatcHanguagecalledFred[15]. The JpF formu-

Notethatthereis notargetfor constructorcalls.



Listing 2: Algebraicspeci

cationof thejoin point ADT

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 ([J, _) = false
| contains (head:: tail,element )= head=element orelse contains (tail ,element );
fun isChildOf (thisJoinPoint ,(parent as jpC,_ ..M = 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 (ip(target ,args ,result ,children )yreceiver );
datatype '‘a optional
con data '‘a -> 'a optional
con empty : ‘'a optional
datatype a jp
con jp ‘a optional * 'alist * 'a optional *'a jp list > 'a jp
val getTarget = fn '‘a jp -> 'a optional
val getArgs =1fn : 'a jp -> 'a list
val getResult = fn '‘a jp -> 'a optional
val getChildren =fn : 'a jp > 'ajp 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, morewer, doesnotjustcheckor, but canalsocheckcr.

We usethe generalizedhecler to identify potentialimbalancesn
Aspectdwhich canhandlepoF elegantly but which hasdif culties
with LcF. The motivation for a genericjoin point modelis not
just the formulation of LoD but to gain a betterinsight into the
connectiorbetweerdynamicandlexical join pointmodels.

3.2.1 Mappingor and cr to JrF
We useJpF to checkDOF asfollows. Givena dynamicjoin point
model, an executiontracecan be expressedas a sequencef ab-
stractjoin pointsin JpF, is the objectID. Join pointsaremethod
invocations. The enclosingjoin point is the parentin the control
o w; we applythe LoD pointcutto getDOF.

We use JPF to checkLcF asfollows. Given a lexical join point
model,partof the abstracsyntaxtreeof the programcanbe mod-
eledasanabstracfoin pointtreein JpF, is the classname.Join
pointsare signaturef call sites. The enclosingjoin point is the
signatureof the methodin which the call site resides.To run the
aspecta suitableorderinghasto be givento the elementsof chil-
dren:all constructoralls,followedby local methodcalls,followed
by the otherjoin points;we applythe LoD pointcutto getL CF.

JPF is mappednto ourimplementationgasfollows. ArgumentRule
is mappednto the context sensitve cataory, in which 'sarepo-
tential preferredsuppliersonly if they arein thecontext of thecur
rentmethodexecution.For the Associatedrule we maptheresult
's of local methodcalls and created 's in the currentmethod
execution(we call themLocally Constructedl to the context sen-
sitive category for the samereasonasthe ArgumentRulés, while
thedirectpart 's of thetamgetof the currentmethodexecutionare
mappedo the contet insensitie cateyory, sincethosedirect part
's are potentialpreferredin ary methodexecutionof their con-

tainingtamet.

3.3 Complexity of LoD checking

Lcr andDoF predicatezanbe checled polynomiallyin thelength
of the programsandthe length of the executions(numberof join

pointsin the dynamiccall graph). LoF canbe shawn to be unde-
cidableby a simplereductionto the halting problem. SeeTable 1

for asummary

| | class | object |
lexical LCF(polynomial) | LoF(undecidable)
dynamic || bcF(polynomial) | boF(polynomial)

Table1l: Complity of LoD predicates.

We wishedwe could checkLoD using aspectssimilar to the the
onesshawn in Listings 1 and 3, which usethe static declare
warning mechanisnof Aspectl.lt is reasonabldo expectthat
we cannotimplementDor in thatway, sincethe DOF needso be
checled dynamically However, we cant implementLCF either
eventhoughit is polynomialandcanbechecled statically

Thenext two sectiongpresenbur dynamiccheclersin AspectXor
the objectform (DOF) andthe classform (DCF), respectiely. Our
DCF checlerillustratesour agumentabouthow AspectJhouldbe
extendedo provide morepower for the staticchecking.

4. CHECKING THE OBJECT FORM

Therearesomesubtledifferencesetweenbor andbcr. Before
we describeour DOF andDCF implementationswe mentionsome
generalssuesaffectingtheimplementation.

When checkingwhetheran objectis a potential preferred




supplier we canuseeitherreferencesemanticor value se-
mantics.For DOF we usereferencesemantics.

In DOF the stateof the objectis important,DOF is sensitve to
theorderof assignmentto instancevariables sincewe want
to alwayscapturehemostrecentlyupdateddirect parts”of
“this” objects.In bCF, theorderof assignmentss irrelevant,
sincewe only careaboutthetypes.

In DOF we distinguishbetweerstaticandnon-staticmethods
sincethetametobjectsaredifferent,while in DCF thisissue
is irrelevant.

To keepour implementatioras conciseas possible,we relax the
requirementasfollows:

We only checkmessage-sends.

We don't checkthelegality of any methodcallsresidingin a
staticmethodde nition, neitherdo we checkthe legality of
the callsto a staticmethod.

We don't view objectscontainedn a Collection  instance

variableas“direct parts’

Listing 4 is a utility abstractclassthat de nes all the pointcuts
neededn thisimplementatior{someof themareneededaterin the
classform checler). Thosepointcutspenasiely touchprograms
andmalke extensve useof property-basegointcuts.Thescope ()
pointcutpreventsthe aspect§rom advisingthe LoD checler code,
whichis generallydesiredto avoid circularadvice.The SelfCall
pointcut capturesthe methodcalls sentto this in a methodor
constructorexecution.Otherpointcutsareself-explanatory

4.1 Implementation

The implementationusesthree concreteaspectswith one or two
shortadviceeachanda few auxiliary methods.The designof the
implementatioris cleanandeasyto understandlueto the useof a
dynamicjoin pointmodel. Figure2 shavstheUML diagramof the
objectform checler.

ObjectSupplier

A
I 1

<<aspect>>
Percflow

<<aspect>>
Pertarget

T T

! <<uses pointcut>>

|
<<uses pointcut>*»  _ _ _ _ _ _ _ _ _ _ _ _ __ _ __ _ 1
|

v v
<<aspect>> | | <<aspect>>
Any ) Check
<<uses pointcut>>|

Figure2: TheUML diagramof the objectform checler

Therearetwo tasksthatneedto be performed.Oneis to collectall
of the preferredsupplierobjectson which methodscanbe called
from anobject/contgt. Theotheris to verify thateachmethodcall
malkesvalid callson a preferredsupplierobjectof the correspond-
ing “this” object. Therearetwo cateyoriesof preferredsupplier

Listing 4: Any.java

package lawOfDemeter ;

public  abstract class Any {

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

public  pointcut Staticlnitialization (): 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 (O |l 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 * X))

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

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

}

objectsfor anobject. The rst cateyoryis context-insensitve: in a
methodexecutionon an object, it is legal to call a methodon ary
instancevariableof that object. The secondcateyory is context-
sensitve in that someobjectsareonly preferredin the scopeof a
method for example themethodcall onanamgumentobjectis only
legal within the methodbody of the enclosingmethod.

Listing 5: ObjectSuppliejava

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 1);
private IdentityHashMap targets =

new ldentityHashMap  ();

The classObjectSupplier de nesarepositoryanda setof sup-
porting methodsfor looking up andaddingpreferredsupplierob-
jectsto anobjectsothatits two subaspectesanaccesshem. Note
thatwe usejava. util.ldentityHashMap 4 classto implement
the repository sincewe usereferencesemanticio comparetwo
objects.

java.util.ldentityHashMap is a class available since

JDK 1.4.



TheaspecPertarget  implementsheonly contet-insensitve pre-
ferred objectssituation, i.e., instancevariablesof an object, by
advisingthe set join point. It is declaredaspertarget ( Any.
Initialization ()) sothatonceanew object isinitialized,an
aspecinstanceof Pertarget  will be createdandassociatedvith
, and eachaspectnstancecan correctly maintainthe direct part
relationshipbetweertheinstancevariablesandtheir hostingobject
. The before-adviceon the set join point handlesthatlogic, in
which the fieldldentity methodis usedsothatif anobject
hasbeensetasadirectpartof anobject througha eld |, then
later 's is setto anotherobject , wecanreplace with
andalwaysmaintainthe correctdirectpartrelationships.

Listing 6: Pertaget.java

public  aspect Pertarget

extends  ObjectSupplier

pertarget  (Any .Initialization 0 {

before (Object value ): Any.Set(value ) {

add (fieldldentity ( thisJoinPointStaticPart ),
value );

}
public  boolean contains (Object
return  super .containsValue
Percflow .aspectOf
}

private
sp) {
String  fieldName = sp.getSignature 0.
getDeclaringType  ().getName () + ™" +
sp.getSignature ().getName  ();

if (fieldNames .containsKey (fieldName ))

target) {
(target) Il
().containsValue (target);
String .StaticPart

fieldldentity (JoinPoint

fieldName =(String )fieldNames . get (fieldName );
else
fieldNames .put( fieldName fieldName );
return  fieldName ;
}
private static HashMap fieldNames =
new HashMap();
}
TheaspecPercflow implementsll thecontet-sensitve preferred

objectssituations by advisingAny.Execution () andexamining
resultsof Any.SelfCall  (Object, Object ), Any.StaticCall
() , or Any.ConstructorCall () tocollectthecorrespondingre-
ferred supplierobjects. Percflow is declaredaspercflow (Any
Execution () || Any. Initialization () to simulatethe
executionscopeof a method,insteadof requiringmanualstackop-
erations.NotethathereAny. Initialization () isnecessarbe-
causen AspectJaninstancevariableinitialization de ned outside
ary constructode nition is notin theexecutionof ary constructar

The checkinglogic happensn aspectCheck, which de nes the
afteradviceon methodcall join pointsandcheckswhetheratarget
is apreferredsupplieraccordingto the LoD.

Any stylerule hasexceptionsjncludingLoD. To make thechecler
be practically useful, the methodcalls on somespeci ¢ objects
shouldbeallowedin ary situation,e.g.,System.out.printin(.3hould
be allowed to be called arywhere. PointcutignoreTargets  de-
nes this logic by capturingall thosekinds of objects,whosedo-
main currentlyincludesall the public static variablesdeclaredin
theclassesn the packagedeaginningwith java . We don't wantto
checkmethodcallson somestabletypeseither sowe usepointcut
IgnoreCalls  to list thosemethodcalls. The Check aspectuses
thetwo pointcutsto ignorecheckingin thosetwo situations.Users

canalwayschangehosedomainsby customizingthe pointcuts.

Listing 7: Perc ow.java

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

addValue (thisJoinPoint .getThis  ());

addAll(  thisJoinPoint .getArgs  ());

}
after () returning (Object  result ):
Any.SelfCall  (Object ,Object ) || Any. StaticCall 0
|| Any.ConstructorCall 0 {
addValue (result );

Listing 8: Check.jaa

aspect Check {
private pointcut IgnoreCalls  ():
call (* java ..**(..);
private pointcut IgnoreTargets  ():
get ( static * java ..x%);
after () returning (Object
ignoredTargets . put(o,0 );

0):lgnoreTargets 0 {

after (Object thiz ,Object
Any.MethodCall ( thiz,target)
&& !lgnoreCalls 0 {

target):

if  (lignoredTargets .containsKey (target) &&
IPertarget  .aspectOf ( thiz).contains (target))
System .out.printin (
" II' LoD Object Violation 1
+ thisJoinPointStaticPart );
private IdentityHashMap
ignoredTargets = new ldentityHashMap  ();

}

5. CHECKING THE CLASS FORM

The classform checler hasthe samefunctionalarchitectureasthe
objectform checlerin thatbothof themusesuppliersandachecler

thatactsastheclientof the suppliers.But from the designpoint of

view, our classform checler usesa differentAOP framewvork from

theobjectform checler's, in which, for eachsubrule we have cor

respondingadvice. In the classform checler, we have usedab-
stractaspectdo specifythatwhensomeinterestingscenarichap-
penssomeadvicewill be executed.The concretesubaspectseuse
the advicede ned in the superaspedby concretizingthe interest-
ing scenario Of coursetheconcretesubaspectsancustomizethe

processlogic for their scenarioshy overriding abstractmethods.
Figure3 shavs the UML diagramof the classform checler.

The classesandaspects:ClassSupplier , Pertype , Perscope ,
andCheck male up an aspect-orienteframevork which de nes
thegenericcheckingbehaior. Thisis areusableaspecframevork
andfor differentversionsof LoD we canadddifferentsetsof sub-
aspects.

WehaveimplementedPertype andPerscope asabstractspects,
eachof which de nes anabstracpointcut(with the samenameas
theaspectWwhichis usedto collectpreferredsuppliertypes. Simi-
lar to the situationsin the objectform checler, thetwo abstracts-
pectscorrespondo the two differentsituationsin which the types
are preferred. Table 2 lists the correspondencdsetweenthe two
checlers.
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Figure3: TheUML diagram of the classform cheder

| aspect || object | class |
contet-insensitve || Pertaget | Pertypeandsubaspect
contet-sensitve Perc ow | Perscop@andsubaspectg

Table2: Thecorrespondencdsetweerobject/clas§orm checlers.

The rst situationis the context-insensitve situationasde ned by
Pertype , in which sometypesare always preferredfor a given
type. The only context-insensitve situationis the direct partsitua-
tion, wherethe typesof theinstancevariables(includinginherited
instancevariables)f aclassarealwayspreferredn any methodof
the class.The secondsituationis the contet-sensitve situationas
de ned by Perscope , in which thetypesareonly preferredwhen
thecall sitesarein the stackof a particularmethodexecution.(An
exampleof thatsituationis theargumentssituation wherethetypes
of agumentsareonly legal for the scopeof the methodbody) All
of the concreteaspectsxtendingary of the abstractaspectsare
supposedo give:

a de nition of the correspondingabstractpointcutto con-
cretizewherethe advicede ned in the superaspecshould
happen;

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

Listing 9: ClassSuppliejava

abstract
protected
getSuppliers
JoinPoint

class ClassSupplier {
abstract List
(JoinPoint
. StaticPart

.StaticPart
isp );

enclosingjsp

Therearefour concreteaspectsxtendingPerType or Perscope

aspectwhichcorrespondo thefour rulesof LoD (we view Associ-
atedRuleto bethreerules)respectiely. To make our checler prac-
tically useful,we allow methodcalls on supertypesin the method

Listing 10: Pertype.jaa

abstract aspect extends

ClassSupplier {

abstract pointcut Pertype ();

before (): Pertype () {

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

getSuppliers  ( thisEnclosingJoinPointStaticPart ,

Pertype

thisJoinPointStaticPart );
protected static boolean contains (Class thisType |,
Class targetType ) {
if (targets .containsKey (thisType )) {
List alloweds = (List )targets . get (thisType );
Iterator it=alloweds .iterator 0;
while (it .hasNext ()) {
if (targetType ==it.next ())

return true ;

}
return  Perscope .contains (targetType );
}
private static HashMap targets = new HashMap();

}

executionof their subtypesandasin the objectform checler, we
alsoallow exceptionsto the classform of the LoD, which is de-
ned andcon gurable by pointcutCheck.IgnoreCalls () . As-
pectCheck doesthe straightforward checkinglogic.

This implementationis a dynamicchecler for LcF. However, in
Listings9 throughl6, we only usestatictypeinformationof classes
or methods(we useJava Re ection [6] to getthe typesof thein-
stancevariablesof a class,but this informationcanalsobe easily
available at compiletime [12]) and all the adviceare de ned on
statically determinablegpointcuts,henceit is naturalto argue that
AspectIshouldhave beenableto supportstaticcheckingfor LCF.
Whatis missingis somesort of statically executablemechanism
thatwould permittheseadviceto be partof declare statements,
which canbede ned by usersandexecutedat compiletime sothat
userscanwrite morecomple logic thanthat of declare  error
Oordeclare  warning .



Listing 11: Perscope.j&a

Listing 13: DirectPart.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 ():
) st. pop();

Any.Execution () {

static boolean contains (Class targetType ) {
HashSet innermost = (HashSet )Perscope .st.peek ();
return  innermost .contains  (targetType );

}

private static Stack st = new Stack ();

}

aspect DirectPart extends Pertype {

public  pointcut Pertype ():
Any.Staticlnitialization 0;

protected List getSuppliers (JoinPoint  .StaticPart
ejsp ,JoinPoint . StaticPart isp) {

List suppliers =new ArrayList ();
Class currentClass =
jsp.getSignature ().getDeclaringType 0;

while (currentClass I= null) {
Field[] fields =
currentClass  .getDeclaredFields 0;

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

}

return  suppliers ;

}
}

Listing 12: Check.jaa

Listing 14: Arguments.jga

aspect Check {
private pointcut IgnoreCalls  ():
call (* java ..**(..);
after (): Any.MethodCallSite () && l!lgnoreCalls 0 {
Class targetType = thisJoinPointStaticPart
getSignature  ().getDeclaringType 0;
Class thisType =
thisEnclosingJoinPointStaticPart .
getSignature (). getDeclaringType  ();
if (! Pertype .contains (thisType ,targetType )
&& ltargetType  .isAssignableFrom (thisType )
System .out .printin (
I LoD Class Violation Il
+ thisJoinPointStaticPart );

aspect Arguments extends Perscope {

pointcut Perscope (): Any.MethodExecution ()
|| Any.ConstructorExecution 0;

protected List
getSuppliers  (JoinPoint
JoinPoint . StaticPart
Class thisClass =
jsp.getSignature ().getDeclaringType 0;
List parameterTypes = new ArrayList ();
parameterTypes . add(thisClass );
parameterTypes . addAll(
Arrays. asList (((CodeSignature )isp -
getSignature  ()). getParameterTypes ()));
return  parameterTypes ;

}

. StaticPart ejsp ,
isp) {

}

In the next section,we proposewo possibleextensiongo AspectJ
to make theabove scenariaa reality.

6. EXTENDING ASPECTJ

As discusseckearlier the checkingof the classform of the LoD
would be possibleif AspectJsupporteda mechanisnfor de ning
somelogic thatis morecomplex thanthat of declare  error or
declare  warning , but is still statically executable.Hereis our
argumentwhy onewould expectthis kind of featurefrom AspectJ.

1. Thedeclare mechanisnis avery usefulfeatureof AspectJ
for supportingsimplecheckingat compiletime. It would be
a naturalextensionfor AspectJto supportadviceon those
statically determinablepointcutsand get thoseadvice exe-
cutedatcompiletime.

2. Aspectlalreadymalesrich staticinformationaboutthe pro-
gram available through thisJoinPointStaticPart , but
currently this informationis only accessibleo regular run
time advice.Making this staticinformationaccessiblé¢o ad-
vice executedat compiletime, would allow mary interest-
ing propertiesabouta program(like LCF) to be checled at
compile-time.

3. Aspectds expressie enougho capturdnterestingoin points
in thebaseprogramstructure We would lik e to make useof
the expressienessf the pointcutlanguageby lifting some
of thecurrentrestrictionson staticallydeterminablgointcut
de nitions.

Thefollowing two subsectionslescribeour two visionsabouthow
AspectXanbeextendedo bettersupporistaticcheckingapproach.

6.1 Statically ExecutableAdvice

Staticallyexecutableadviceis afeaturethatwould allow Aspectlo
supportadviceon staticallydeterminablgointcutsandto execute

Listing 15: LocallyConstructed.ja

aspect LocallyConstructed extends Perscope {
pointcut Perscope ():
Any.ConstructorCall 0;
protected List getSuppliers (JoinPoint  .StaticPart
ejsp ,JoinPoint . StaticPart jsp) {

List  supplier = new ArrayList ();
supplier .add(jsp .getSignature 0.
getDeclaringType  ());
return  supplier ;

}

}




Listing 16: Returnypes.jaa

aspect ReturnTypes
pointcut Perscope ():
protected List

extends Perscope {
Any. MethodCallSite  ();

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

if (ejsp.getSignature (). getDeclaringType ()=
jsp .getSignature ().getDeclaringType 0)
return  supplier ;
supplier . add(((MethodSignature )isp.
getSignature  ()). getReturnType ());
return  supplier
}
}

theadviceat compile-time.Hereis our proposedarchitecture.

First, a new interface StaticallyExecutableAdvice needsto
be addedto AspectJs API, sothatuserswho wantto usethis fea-
ture cande ne their computationby implementingthis interface
(Listing 17).

Listing 17: StaticallyExecutableAdvice.jea

public interface StaticallyExecutableAdvice {
void beforeCall (StaticJoinPoint sip);

void afterCall  (StaticJoinPoint sip);

void beforeExecution (StaticJoinPoint sip );
void afterExecution (StaticJoinPoint sip );
void beforeGet (StaticJoinPoint sip);

void afterGet (StaticJoinPoint sip );

/[There  will be more for other join points

The type StaticJoinPoint will be addedinto AspectJs API to
provide static information collectedduring the compilation pro-
cess,similar to thisJoinPointStaticPart in the currentim-
plementatiorof AspectJ.

Onecanusethe sstaticallyexecutableadvicefeatureby implement-
ing the StaticallyExecutableAdvice interface,in which s/he
canaccesghe staticinformationaboutthe join point throughthe
StaticJoinPoint argumentanddo the staticanalysis.Userscan
associateheir staticallyexecutableadviceonly with the statically
determinablepointcutsin aspectghrougha new specialdeclare
mechanisntalleddeclare advice

Listing 18 shaws how to usestaticallyexecutableadvicein our vi-

sion,whereStaticallyExecutableAdvicelmpl is thenameof
anexemplarclassmplementingStaticallyExecutableAdvice
interface.

Listing 18: Foo.java

aspect Foo {
declare  advice :
call (* B.foo ()):
StaticallyExecutableAdvicelmpl ;

execution (* A.test (.)) Il

WhenAspectJscompilercompilesaspectoo andreacheshedec-
laration, classStaticallyExecutalbeAdvicelmpl is dynami-
cally loadedandis usedto createaninstance(usuallyfor eachof
suchclassesthereis only one singletoninstancefrom it). Then
when AspectJs compilerreachesary join point that matcheshe

pointcutde nitions, the compilercanconstructthe corresponding
StaticJoinPoint objectsjp andcallsthe correspondingneth-
odsspeci edby StaticallyExecutableAdvice interfaceonthat
instanceof StaticallyExecutableAdvicelmpl with sjp bound
to theargument.Thosestaticallyexecutableadvicegetexecutedat
compiletime. The beforeandafter pre xesin the interfacemeth-
odshave thesamesemanticasbeforeandafteradviceexceptnow
it is happeningat compiletime.

6.2 Meta-Level Advice

Compile-timeanalysiscanalsobe achieved by anothermoregen-
eralapproachwhich usesmetalevel advice.

Aspectlusesa dynamicjoin point modelwherethejoin pointsare
pointsin theexecutionof a program.Aspecthasexcellentsupport
for the dynamicjoin point model,but only limited supportfor the
correspondingstaticjoin point model. Throughthe dynamicjoin

pointswe canaccesghe correspondingdexical join points. For ex-

ample,in the dynamicjoin point modelwe caneasily talk about
all methodcalls happeningduring the executionof a programby

writing call (* *(.) ). However, we cannoteasily expressin

Aspectlthe setof all callsite signaturesontainedin a given pro-

gramby usinga notationlike: Shadow( call (* *(.) )) .

An alternatve to extendingAspectJwith statically executablead-
viceis to exposethemetamodelof anAspectJrogramin theform
of aclassgraphandanabstracsyntaxtreeandto offer navigational
capabilitiesn themetamodelcommensurateith the navigational
capabilitiesin the dynamicmodel.

Onejusti cation why AspectXkshouldnot exposethemetamodelis
thatwe couldjustuseJavato parseanAspectJprogramandprocess
the abstracsyntaxtreeto checksomethindike LCF. But a parser
for Aspectlis alreadyavailablein the AspectJs compilerreadyto
bereusedAnotherjusti cation why Aspectlhouldnotexposethe
metamodelis that the staticjoin pointsdon't needenhancement
(advice)asopposedo the dynamicjoin pointsthatneedchecking
logic to be added. But the meta-level advicecan be viewed asa
base-lgel adviceandwe would like to useall the capabilitiesof
Aspectdo procesghe meta-level objects(abstracsyntaxtrees).

We proposahatAspectJexposeits meta-lerel objectsandaddnav-
igational supporton thoseobjectsso that userscan easily imple-
mentstaticcheckinglike L CF checkingby justtraversingthe AST.
The Demetertraversalspeci cations [16] would be usefulasnav-
igational support. For example,we could thenwrite "from Pro-
gramto CallSite” insteadof Shadow( call (* *(.) ). Thiskind
of navigationalsupportis alsovery usefulatthe baseevel [18].

7. CONCLUSION

The papemalesthefollowing contrikutions:

1. We de ne a genericjoin point modelfor checkingLoD gener
ically. Thejoin pointsarenodesin join point trees,the pointcuts
arepredicatever the join pointsandadviceis staticallychecled
asin thedeclare  warning mechanisnin AspectJ.

2. We shaw how thegenericLoD checleris usedto checkpor and
we provide anelegantimplementatiorin AspectJ.

3. Weshawv how thegenericLoD checleris usedto checkLcF and
we notethatwe cannotprovide an elegantimplementationin As-
pectJ We canonly provide anapproximatiorto L cF which checks



DCF (oneexecution).

4. AspectJrovideslexical join pointinformationthroughdynamic
join points. The paperproposeswo waysto extend AspectJto
provide accesso lexical join pointsdirectly. The rst one,proposes
statically executableadviceand pointcutsin termsof lexical join
points. The secondneproposestaticallyexecutablemeta-advice
over the exposedabstractsyntaxtree of the programand applies
aspect-orientegrogrammingincluding Demeterstyle supportfor
traversal-relate¢oncerns}o the abstracsyntaxtree.

Thispaperconcludesninterestindine of researctin aspect-oriented
exploration. The Law of Demeter postulatedsomel5 yearsago,
reducescouplingin OO programsat the expenseof increasingin
scatteringandtangling. Adaptive and AOP techniqueshave been
exploredto dealwith the inherentcrosscuttingesultingfrom fol-
lowing LoD. In this paperwe go backandusea general-purpose
AOP languageo implementa LoD checlerin anon-intrusve, ex-
tensible,corvenientway.

Acknowledgements

We aregreatfulto Segei Kojarskifor evaluatingthedifferentLoD
checlers and for helping integrate the different versions. Mary
thanksto Paul Freemarfor developing an industrial quality LoD
checkingtool, and for his feedbackon our LoD checlers® We
thank Doug Orleans JohanOvlinger, Yi Qian, Fabio Rojas, Theo
Skotiniotis andthe anorymousreviewersfor their feedbackon the
paper

8. REFERENCES
[1] J.Aldrich, C. ChambersandD. Notkin. Architectural
reasoningn archjava. In Proceeding€£COOP2002 volume
23740f LNCS pages334-367 Malaga,Spain,June2002.
SpringerVerlag.

[2] AOSD2002.Proceeding®fthel internationalconfeence
on Aspect-Oriente@oftwae DevelopmentEnschedeThe
NetherlandsApr. 2002.ACM Press.

[3] V.R.Basili, L. C.Briand,andW. L. Melo. A validationof
object-orientedlesignmetricsasquality indicators IEEE
Transaction®n Softwae Engineering 22(10):751-761,
1996.

[4] M. DetersandR. K. Cytron.Introductionof program
instrumentatiorusingaspectsln Proceeding®f the
OOPSLA2001Workshopon Advancedsepaation of
Concernsn Object-OrientedSystemsTampa FL, Oct.
2001.ACM.

[5] P. FreemansS.Kojarski,K. LieberherrD. Lorenz,and
P. Wu. Aspect-Orientedesignandimplementatiorof a
Law of DemeterCheckingTool. TechnicalReport
NU-CCS-03-01Northeastertniversity, Jan.2003.

[6] J.Gosling,B. Joy, G. SteeleandG. BrachaJavalLanguaje
Speci cation Addison-Wesley, 2 edition,2000.

[7] A. HuntandD. Thomas.ThePragmaticProgrammer
Addison-Wésley, 2000.

The source code for the checlers is available from the
Demeter home page: http://www.ccs.neu.edu/-
research/demeter/ , in thedirectorydemeter-method/-
LawOfDemeter/AspectJCheckers/

[8] G.Kiczales,E.Hilsdale,J. Hugunin,M. KerstenJ. Palm,
andW. G. Griswold. An overview of AspectJin J.L.
Knudsengditor, Proceeding®fthel5 European
Confeenceon Object-OrientedProgramming volume 2072
of Lectue Notesin ComputerSciencepages327-353,
BudapestHungary Junel8-222001.ECOOP2001,
SpringerVerlag.

[9] K. J.Lieberherrandl. Holland.Assuringgoodstylefor
object-orientegorogramsIEEE Softwae, pages38—48,
Septembe989.

[10] K. J.Lieberherrandl. Holland.FormulationsandBene ts of
the Law of Demeter SIGPLANNOotices 24(3):67—-78March

1989.

[11] C.V. LopesandG.Kiczales.Recentdevelopmentsn
Aspectlin S. DemegerandJ. Bosch,editors,
Object-Orientedlechnolagy. ECOOP'98WbrkshopReader
numberl543in LectureNotesin ComputerSciencepages
398-401WorkshopProceedingsBrusselsBelguim,

SpringerVerlag,July 20-241998.

[12] D. H. LorenzandJ. Vlissides.Pluggablee ection:
Decouplingmeta-interhiceandimplementationTechnical
ReportNU-CCS-02-10College of Computerand
InformationScienceNortheastertJniversity, Boston,MA
02115,Sept.2002.To appeatin InternationalConferencen

SoftwareEngineering2003.

[13] H. MasuharaG. Kiczales,andC. Dutchyn.Compilation
semantic®f aspect-orientegrogramsin R. Cytronand

G. Leavens,editors,Foundationsf Aspect-Oriented
LanguagesWorkshop pagesl 7-26,EnschedelNetherlands,

2002.

[14] N. Minsky andP. Pal. ImposingThe Law of DemeterandlIts

Variations.In TOOLSConfeence SantaBarbaraCA, 1996.

[15] D. Orleansincrementaprogrammingwith extensible
decisionsin AOSD2002[2].

[16] J.Palsbeg, B. Patt-ShamirandK. Lieberherr A nev
approacho compilingadaptve programsScienceof
ComputerProgramming 29(3):303—-3261997.

[17] M. ShomratandA. Yehudai.Obviousor not?:regulating
architecturatecisionausingaspect-orientegrogramming.
In AOSD2002[2], pages3—9.

[18] J.Sung.AspectualConceptsMastersthesis,Northeastern
University, June2002.TechnicalReportNU-CCS-02-06.



