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Abstract

Our research has focusedon identifying techniques
to develop software that is amenableto refactoring and
change. The Law of Demeter(LoD) was one contribu-
tion in this effort. But it led to other problems.With the
current stateof the art focusedon Aspect-OrientedSoft-
ware Development (AOSD), it is useful to revisit the
general objectivesof the LoD and adapt it to the new
ideas.Hencewe introducethe Law of Demeterfor Con-
cernsand discussthe important intersectionof theseap-
proacheswith traversals. We explore the rami�cations of
the Laws of Demeter(LoD and LoDC) to achieve bet-
ter separation of concernsthroughimprovedsoftware pro-
cesses.They are supportedby language mechanismsthat
are implementedusingnovel applicationsof automatathe-
ory.

A revisedversionof this paperand theslidesare avail-
ablefromtheDemeterwebsite:
http://www.ccs.neu.edu/research/demeter
in thedirectorypapers/icse-04-keynote/

1. Intr oduction

Our researchhas focused on identifying techniques
to develop software that is amenableto refactoring and
change.The Law of Demeter(LoD) [30, 29, 16, 7] was
one contribution to this effort. The LoD, talk only to
your friends in the popularformulation, resultedin prob-
lems when followed in a strictly object-orientedcontext
andit wastheseproblemsthatsentus towardsour investi-
gationof AOSD.

In the popularformulationof the LoD, therearemany
waysto interpret“friends” and“talk”. Friendscouldbeob-
jects or classesor componentsand talking canmean“re-
fer to” or “call”. In themostgeneralform, we have a setof
modules(e.g.,methodsandobjects)andeachmoduletalks
only to closely relatedmodules(the friends).The goal is
that a modulebecomesmoreunderstandableif it doesnot
referto toomany othermodules,but insteaddealswith only
the appropriatemodulesthat areneededto achieve a pur-
pose.The LoD helpsto control information overloadfor

thedesigner. TheLoD goesbeyondencapsulationby mak-
ing minimaluseof publicknowledge(interfaces).TheLoD
is anapplicationof theLow CouplingPrincipleby making
thenotionof badcouplingexplicit andcheckableby tools.

We limit our focus to object-orientedsystemswith
classesandmethodsandwe interprettheLoD in this con-
text where it was also �rst observed. The reason is
not only due to the popularity of object-orientedsys-
tems, but also due to its inherentnature to model each
entity asa moduleandthe whole systemasa relationbe-
tweenits modules.This relationcanthenbemodeledasan
interestinggraphstructure,which we will usein our dis-
cussion.The original formulation of the LoD was: All
methodsmayonly sendmessagesto preferredsupplierob-
jects.A method'spreferredsupplierobjectsareits “friends”
andaretheimmediatepartobjects,theargumentobjects,in-
cluding “this” and objectsthat are createddirectly in the
method.Later, we generalizedthenotionof preferredsup-
plier objectsto: theimmediatepartobjects(boththestored
and the computedparts) basedon a suggestionby Wal-
ter Hürsch.A computedpart object is onethat is returned
by amessagesentto “this”.

2. LoDC

From the early days of what we called Adaptive
Programming[26], we implicitly useda strongerform that
we call here the Law of Demeterfor Concerns(LoDC).
In the LoDC, we restrict the friends further: only friends
thatcontribute to a commonsetof concerns.So theLoDC
is: Talk only to your friends that contribute to a com-
monsetof concernsor thatshare thesameconcerns. There
may be multiple concernsin play and eachcommunica-
tion should be restrictedto thosepreferredsupplier ob-
jects that contribute to thoseconcerns.A similar view is
taken by Colyer at al. [5] with the Principle of Depen-
dency Alignment.

We cannotavoid talking to friendsthatdon't contribute
to thecurrentconcernsbut wewantto imposethis commu-
nicationusinga separatemodule.This impositionhasthe
advantagethat the codefor the currentconcernsstaysun-
pollutedanddoesnot getclutteredwith callsrelatedto for-
eignconcerns.Thismakescodemorereusableand�e xible.



Considerabaseapplicationthatimplementsasetof con-
cernsandnow we want to log someof themethodcalls in
thebaseapplication.In otherwords,we wantto implement
the loggingconcernthathasbeenoftenusedin theAOSD
community. Thepowerof AOSDis notwell representedby
this examplebut it suf�ces to illustratetheconnectionswe
areafter. The loggingconcernis distinct from theapplica-
tion's concerns;indeedit is anintrusive concernthatwants
to watchwhat thebaseapplicationdoes.The loggingcon-
cernwantsto sendmessagesto a log�le with information
from thebaseapplication.

Insteadof addingtheloggingcallsin thebaseapplication
code,violatingtheLoDC (the“that contributeto acommon
setof concerns”part),weneedto enhancethebaseapplica-
tion from the“outside”.Weneedto �nd aconvenientwayto
specifytheplacesin theprogramexecutionwherethosead-
ditional calls to the log�le objectshouldhappen.The log-
gingconcernis anexampleof aconcernthatcutsacrossthe
baseprogram.

By following theLoDC, webuild aninterestingabstrac-
tion in the spirit of the guidelineon creatingabstractions:
Form an abstractioninsteadof copying and modifying a
pieceof a program(e.g.,[17]). Herewe don't want to du-
plicatethelog calls.Whatis interestingis thattheaspectual
abstractioncutsacrossseveralmethodsandclasses.

TheLoDC implies theLoD. TheLoDC makesus think
carefully in termsof concernsthat areworthwhile to sep-
arate [12, 53, 21]. By a concernwe meanany issuethat
the designer/programmeris concernedwith, e.g., the syn-
chronizationpolicy of a system,the implementationof a
usecase,or theexceptionhandlingpolicy of a system.The
LoDC promoteslayeredsoftwaredevelopmentwhereeach
layer implementsoneor moreconcerns[4]. Eachlayerhas
a setof extensionpointsto which the next setof concerns
may connect.The extensionpointsarede�ned outsidethe
currentlayer, usinga “coordinatesystem”thatexists in the
currentconcerns.This mechanismallows concerns,whose
naturerequiresthemto interplay in complex andsystem-
atic ways with other concerns(crosscuttingconcerns),to
mix with eachotheratwell speci�edandpublicly available
points.Thesepoints,being de�ned outsideof a layer, al-
low for the non-invasive addition/extensionof the system
throughthe de�nition and incorporationof new concerns.
Alternatively whenconcernsarecrosscutting,their ad hoc
implementationwould be scatteredresultingin their de�-
nition beingtangledwith otherconcerns.TheLoDC hasa
subtlein�uence on how we structureour software.If a new
concernhasto be addedfrom the outsidethrougha setof
extensionpoints,we will be carefulto make it easyto ex-
pressthecoordinatesof theextensionpoints.

Let's considera programthat implementsa setof con-
cernsCs. Now we add a new concernCnew. Consider
Cs and Cnew implementedand consideran executionof

theprogram.Thesetof calls thatcrosstheboundaryfrom
within Cs to Cnew arethe setsof calls (extensionpoints)
we would like to capturein a separateabstraction.And the
codeexecutedafterthosecallsuntil we returnbackto orig-
inatingcallsbelongingto Cs we wantto captureasa sepa-
rateenhancementto thecodebelongingto Cs. The imple-
mentationof Cnew is an“outside” abstractionto beadded
to theprogramto satisfythe “that contribute to a common
setof concerns”part.The “talk only to your friends” part
takescareof organizingthecodeinsideCs.

In many situationswe might beableto partitiontheob-
jectsbasedon concerns.In that case,the LoDC disallows
calling methodsof objectsthat (1) arenot friendsandthat
(2) don't contributeto thecurrentconcerns.In somecases,
Cnew �ts into oneobjectbut in many casesit cutsacross
severalobjects.

Dealing with non-invasive extensionsfor crosscutting
concernsis thethemeof AOSD(Aspect-OrientedSoftware
Development)[12]. For a history of Aspect-OrientedPro-
gramming(AOP),see[40]. Composition�lters [2] werean
early techniqueto extenda classnon-invasively usinglay-
ersof composable�lters. Ivar Jacobson[22] hasproposed
aspect-orientedideasbut without usinganexpressive nota-
tion to describesetsof extensionpoints.

2.1. Extensionlanguages

What do we gain from factoringout the logging calls?
We gain theadvantagethatwe caneasilyplug-in andplug-
out theloggingaspect.But we don't gain much,if we have
to enumerateoneby onetheplaceswherethecallsshould
happen.In the terminologyof Filmanet al. [13] we would
say that we have obliviousnesswithout quanti�cation. It
could be that writing down the “coordinates”of the calls
is morecumbersomethanwriting thecallsthemselves.But
in practicewe often �nd that thecoordinatesfollow a pat-
tern that is easyto express.For example,we might want
to log all methodcallsof theform C.withdraw(..). (.. means
any numberof arguments.)In this case,factoringout the
logging concernis a big win. We are guaranteedto cap-
tureall thosemethodcallswhile themanualsolutionmight
misssome.AspectJsolvestheproblemasfollows:

aspect Logging {
pointcut find_Cwithdraw ():
call (* C.withdraw (..));

after find_Cwithdraw () {
System .out .println ( thisJoinPoint );}}

This programmakestheassumptionthatwe have not acci-
dentallycalledanunrelatedmethodwithdraw thathasnoth-
ing to dowith withdrawal.

Weneedtechniquestostatethecoordinatessemantically.
Whenyouagreeonacoordinatewith your friendto meetat
the main railway station,you might say:Let's meetat the



main meetingpoint marked by arrows. Whensheasksfor
detaileddirectionsyou might hesitatebecauseyou arenot
sureyourememberthedetails.Whenyoutell herto turnleft
at the Swissairof�ce, you will be in troublebecauseit no
longerexists. It could alsobe that the main meetingpoint
hasbeenmovedbut thehigh level descriptionstill holds.

Furthermore,manuallyaddinglog callswill increasethe
amountof information that is found in the original mod-
ule. This intermixing in a module's operations(tangling)
increasesthecodebaseof themodulewhile decreasingthe
ability to reasonaboutwhatis thefunctionalityof thismod-
ule. Iterative manualadditionsof otherconcernsaddto the
severity of this issue.

However, we alsohave to rememberthatwhenwe mod-
ify the programand add more methodcalls of the form
C.withdraw(..) thatall thosecallswill alsobeautomatically
logged.Wecall this theadaptationdilemmafor whichsolu-
tionsareemerging.Seesection3.1.

What kind of extensionlanguageshould we use?We
often need to refer to large sets of coordinates(exten-
sion points) that have an internal structureto them and
we needto describethe extensionto be applied at each
extensionpoint (see[42] about better referentialmecha-
nismsin programminglanguages).At oneextreme,we use
a specialpurposeapproachwherethe languageis special-
ized to the concern.For example,if the concernat hand
is synchronization,we usea languagespecializedto syn-
chronization[19, 24, 41, 43]. If the concernat hand is
traversal-basedcollaboration,we usea languagespecial-
ized for traversalsand a languageto expressthe collabo-
ration that happensduring the traversal[26]. Otherexam-
plesof concern-speci�clanguagesarediscussedby Duzan
et al. [11]. Concern-speci�capproacheshave many advan-
tagesbut they leadto many small,collaboratinglanguages
andfor their implementationthey usesimilar mechanisms.
Therefore,it hasbeenvery fruitful to usegeneral-purpose
approachesof which AspectJ[23] andHyperJ[20] arethe
mostprominentones.Also predicatedispatchlanguagesare
closeto generalpurposeaspectlanguages[48]. Context ob-
jectsarealsoanearlyform of generalpurposeaspects[55].

In section3 weexaminecommonalitiesbetweenfollow-
ing theLoD andLoDC. In section4 weinvestigatecomplex
requestinterfacesasausefulview toaddresswideinterfaces
causedby following theLoD. In section5 wediscussappli-
cationsof theLoD to domainsotherthanwriting methods.
In section6 we discusstools for following the LoD. Sec-
tion 7 toucheson integratingaspectsandcomponents.Sec-
tion 8 considerschallengesandopenproblemsandsection
9 concludesthepaper.

3. Following LoD and LoDC

The LoD is aboutorganizing software within a set of
concernsandthe LoDC promotesthe separationof a new
concernif it is consideredto beseparable.

TheLoD leadsusinto a dilemma(LoD dilemma):if we
follow it, we have to write many smallmethodsthatdupli-
cateinformationandif we don't follow it we getcodethat
is dif�cult to maintain[27]. Traversalstrategies[37] arethe
way out of this situationcombinedwith eithera traversal
strategy interpreter(e.g.,DJ)or acodegenerator(e.g.,DAJ
[31, 10], DemeterJ[35]).

3.1. Adaptation Dilemma

We continue with the logging example. The speci-
�cation: �nd Cwithdraw = “�nd all calls of the form
C.withdraw(..)” is adaptive in that it can be “used” with
many differentbaseprograms.But adaptationhasits price:
whenthebaseprogramchanges,weneedto retestthespec-
i�cation to prove that the right elementsare still being
selected.We de�ne the adaptation dilemma as fol-
lows:

WhenaparameterizedprogramabstractionP(Q)
is givenwith a broadde�nition of thedomainof
the allowed actualparameters,we needto retest
andpossiblychangethe abstractionP whenwe
modify the actualparameter, i.e., we move from
P(Q1) to P(Q2).

In theaboveexample,P is thespeci�cation�nd Cwithdraw
andQ is thebaseprogram.In thecontext of theadaptation
dilemma,the abstractionP will changeits meaningbased
on the actualparameter. It will adaptto the parameterbut
without referringin thede�nition of P to thedetailsof the
parameter. As wewill seelater, theadaptationdilemmaalso
appearsin Adaptive Programming(AP) from whereit got
its name[27]. Recently, it wasalsonoticedby others[3, 6].

The high-level program abstractionsused in AOP
(called AOP abstractions) are different than “tradi-
tional” abstractionsbecauseof the analogousadaptation
they cause.AOP practitionersusing tools such as As-
pectJ,AspectWerkz, JBoss-AOP, JAC, DemeterJetc. (see
http://www.aosd.net ) are happy to work with
AOP abstractionsby using good tool support.One rea-
son is that AOP abstractionsproducea lot of code that
would be (1) tedious and error-prone to write by hand
and (2) the code would be scatteredover many meth-
ods and not pluggable. Insteadof labeling AOP abstrac-
tionsaswrongor breakingmodularity, it is muchbetterto
�nd goodwaysof workingwith them.

JonathanAldrich [3] de�nes a moduleinterfacefor the
baseprogramand if the implementationchangeswithout
affecting this interface,OpenModulesguaranteethat one



never hasto retestthe loggingspeci�cationwhenthebase
programchanges.This solutionsacri�cessomeoblivious-
ness[13]. Findingnew waysof de�ning interfacesbetween
baseprogramsandaspectsis animportantproblem.

3.2. Summing

Now considera company object for a company con-
sisting of divisions, departmentsand workgroups and
each workgroup consistsof employees, each one hav-
ing a Salary-object.Considerthetaskof summingall those
Salary-objectsto computethetotal salarypaidby thecom-
pany. Noticehow this situationis similar to theloggingex-
ample. In the logging example we had to �nd all calls
of the form C.withdraw(..) and here we have to �nd all
Salary-objects.In both caseswe have a graph in which
we needto selectcertainnodesandapplya methodcall at
thosenodes.The differenceis that in onecaseit is a dy-
namic call graph(tree) and in the other an object graph.
The adaptationdilemma also shows up here: when the
classgraphchangeswe needto retestwhetherthe speci�-
cation: “�nd all Salary-objects” is still corrector whether
wehave to constrainit further.

How doweexpressthecoordinatesof thesalaryobjects?
Thereis a dangerthat we violate the LoD. The disadvan-
tageof suchaviolation is thatweviolatetheDRY principle
(Don't RepeatYourself,[17]) in thatwe duplicateinforma-
tion from theclassdiagramin themethodbody.

There is a good solution to the problem by mimick-
ing theloggingexample.ThemethodthataddstheSalary-
objectsdoesnot really have to know aboutdivisions,de-
partmentsandwork groups.After all, wemightwantto use
thesummingmethodon a start-upcompany thatonly con-
sistsof oneworkgroup.Sowe usea speci�cation:“visit all
Salary-objectsreachablefrom theCompany-object”.There
is a small problem as in the logging example: when we
modify the Company-objectwe have to rememberthat all
Salary-objectswill beaddedto the total salary(adaptation
dilemma).

With Java and the DJ library [49], the summingprob-
lemis solvedby usingtheidiomsfrom Figure1. Theclass-
Graph is theclassgraphof thecompany (beit astart-upor a
largecorporation),whereToGo is ”from Company to Salary”
andwhenAndWhatToDo is an instanceof theSummingVis-
itor class(Figure2). whereToGo is a graphwith nodesand
edgesdescribingtheplan for our journey. In this caseit is
a graphwith oneedge. Thesignaturesof thevisitor meth-
ods describethe “when” part and the bodiesdescribethe
“what” partof whenAndWhatToDo.

classGraph = new ClassGraph ();
objectGraph = Source .

parse ("object description ");

classGraph .traverse (
objectGraph ,
whereToGo ,
whenAndWhatToDo);

Figure 1. Demeter Idiom for Java using DJ

class SummingVisitor extends
edu .neu.ccs .demeter . dj.Visitor {
int total ;
public void start () { total =0; }
public void before (Salary o) {
total += o.get_value (); }

public Object getReturnValue () {
return new Integer ( total);} }

Figure 2. Summing Visitor using DJ
(whenAndWhatT oDo)

3.3. Commonalities

What is the abstractstructurebehind the logging and
summingexample?First we notea differencebetweenthe
two. In theloggingexamplethemachinethatrunsthepro-
gramwill traversethedynamiccall graph.In thesumming
example,we canchoosehow to traversethe objectgraph
and �nd all Salary-objects.I seea two-level graphstruc-
ture with a selectorlanguageon top asthe commonstruc-
turebetweenbothsituations[36, 37]. The�rst graphstruc-
ture representstreesfrom which we want to selectnodes
and edges.The secondgraph structurerepresentsmeta-
informationaboutthe trees.We usethis graphstructureto
formulatesentencesin theselectorlanguageto selectnodes
andedgesin the �rst structure.The motto is to think stat-
ically, but act dynamically. The nodeselectorexpressions
areformulatedin termsof the staticmeta-informationbut
they actonadynamicgraph.

Themeta-informationin theSummingexampleis avery
well known entity: it is a classgraph(in UML terminol-
ogy calleda classdiagram).Theclassgraphis usedto de-
cidewhichedgesin theobjectgrapharefruitful to traverse.
For example,theCompany-objectmight have aninventory
partdescribingthestructureof thecompany's large inven-
tory but not containingany Salary-object.Thereforethere
is noneedto traverseinto theinventorypartandwecande-
terminethis staticallybasedon themeta-informationin the



classgraph.Notice that the traversalis usedto enumerate
ef�ciently all thecoordinateswherea Salary-objectwill be
found[52].

Themeta-informationin theLoggingexampleis thepro-
gramor an abstractionof the program.If we want to look
for all methodcalls of a methodC.withdraw(..), we don't
needto checkall methodcallsdynamically. Instead,wecan
“mark” the calls of interestin the program.In othersitua-
tions,we have to do somedynamiccheckingbut the meta
informationhelpsto reducethedynamicchecking[45, 60].
In this casewe don't needa traversalto enumeratetheco-
ordinatesbecausethe “machine”providesa default traver-
sal[57]. Weonly needto ef�ciently recognizewhenweare
at theright pointsin thedynamicexecution.

The summingexamplealso exhibits an applicationof
the LoDC. The summingproblemconsistsof threecon-
cerns:a traversalconcern(whereToGo), anobjectstructure
concern(classGraph andobjectGraph) anda collaboration
concern(whenAndWhatToDo) andwe would like to sepa-
rate the three.The object structureconcernconsistsof a
staticpart (classGraph) anda dynamicpart (objectGraph).
The whenAndWhatToDo concernexpresseswhat needsto
bedoneontopof thetraversalexpressedby thewhereToGo
concern.The whenAndWhatToDo concernis naturally im-
plementedusinga visitor object[27, 49]. Thesignaturesof
thevisitor methodsexpresswherethetraversalneedsto be
enhancedandthebodiesof thevisitormethodsexpresswhat
codeto executeat theenhancementpoints.UsingJava and
theDJlibrary theweavingof thethreeconcernsisexpressed
in Figure1. Noticetherobustnessof thiscodeto changesof
theclassgraph.whenAndWhatToDo might not needupdat-
ing at all andwhereToGo might needonly minimal updat-
ing. Structure-shynessspeci�cally andconcern-shynessin
general,areimportantgoalsof theDemeterproject.

Anothercommonalitybetweenloggingandsummingis
that we want to be shy with respectto the metainforma-
tion (classgraphandprogramimplementation).Therule in
[3] that prohibitsexternalaspectsfrom advisingthe inter-
nal callsof a modulecanbeviewedasensuringthatexter-
nalaspectsare“implementation-shy” with respectto thein-
ternalsof a module–thusallowing that implementationto
changewithout affecting the externalaspects.Openmod-
ulesprovide a very strict form of implementation-shyness
at theexpenseof giving upsomeobliviousness.

For anothercommonality, considerthe Logging exam-
ple again. We areinterestedin all calls C.withdraw(..). We
canview theresultasasubtreewith therootacall to main()
andtheinnernodesall leadingeventuallyto aC.withdraw(..)
call. This situationis very analogousto the Summingex-
amplewherewe areinterestedin the subtreeof the com-
pany treethathasSalary-objectsat its leaves.This analogy
is elaboratedin [60] whereit is shown how AspectJpoint-
cutdesignatorscanbeexpressedastraversalstrategies.

The LoDC hasplayeda role in Adaptive Programming
sinceits inceptionin 1992.Traversalcodehasalwaysbeen
consideredasa separableelementfrom theclassgraphand
thevisitorswerewrittenseparately.

It is anempiricalquestionhow muchtraversalstrategies
(our concern-speci�cabstractionfor the traversalconcern)
help in actualprogramming.Wu and Wand [61] have re-
cently collectedstatisticson one system(DemeterJ[35])
wheretraversalstrategieshelpedto createa systemthat is
easierto evolve.

4. StrategiesasComplexRequestInterfaces

Implementingtraversalsis morecomplex thanit �rst ap-
pears[37, 51, 52]. The commerciallysuccessfultraversal
technologythat is widely usedis XPath.It is usedbothfor
traversingXML documentsandJavaobjects(JXPath).

Insteadof XPath we usetraversalstrategiesfor reasons
describedin [37]. Traversalstrategiesandtheir implemen-
tationshavegonethroughseveraliterations.Westartedwith
simple strategies of the form ”from A bypassing X to B”.
Thenweconsideredseries-parallelstrategiesthatusedsim-
ple strategiesandtwo operators:join andmerge [52]. Our
compilationalgorithmfor series-parallelstrategieswaslim-
itedin thatit only workedonalimited setof classgraphand
traversalstrategy combinations.Wethengeneralizedstrate-
giesalongwith their compilationalgorithm[36, 37] mak-
ing thealgorithmbothmoregeneralandfaster. A technical
report[38] shows a systematicderivation of the algorithm
from a simplesemanticsthat is easilyunderstoodby pro-
grammers.In a nutshell,for the traversalstrategy ”from x1
to x2” follow edgesin theset

POSS(x1; x2) = f e j x1 (� e � )( � C � ) � � x2g:
The formulacanbe informally summarizedas:travel only
throughthepathswherestatictypesallow for thepossibility
of reachinga targetclassobject.Thedetailsarein [38, 37].

Considera variantof thesalarysummingproblemfor a
company object,theoriginal versionis dueto David Bock
[18, 7]. Thepaperboy comesto yourdoorandasksfor a$20
paymentfor thenewspaper. You have somemoney in your
wallet,but notenough.Moremoney is in yourkitchencab-
inet but still not enough.For emergenciesyou have more
money in your bedroom.You could let thepaperboy know
all thosedetailsbut that would be inappropriateandcould
leadto misuse.

Insteadof using(in classPaperBoy)
customer . wallet .money ;
customer . apartment .kitchen .

kitchenCabinet .money ;
customer . apartment .bedroom .

mattress .money ;

we widen the interfaceof the Customer classand add a
methodint customer.getPayment(..),



The methodgetPayment is implementedusing a com-
plex requestin the form of a traversalstrategy: ”from Cus-
tomer to Money” (similar to the ”from Company to Salary”
strategy). For thecompletecode,see[7].

A generalproblemof following theLoD is that it leads
to wide classinterfacesbecausetherearesomany waysof
traversingthrougha complex objectstructurefor different
purposes.Thereforewe usea declarative approachto spec-
ify wherewe want to go (e.g.,”from Customer to Money”).
Insteadof sendingmany individual requestswe sendone
complex request.

Suchcomplex requestsbetweena client anda server of-
fer severaladvantages,proposedby Mitch Wand:

� Sincethe server getsa structuredrequest,it hasop-
portunitiesfor optimization.For example,thetraversal
”from Customer to Money” doesnot have to visit the
bathroomif theclassgraphsaysthatthereis nomoney
in thebathroom.

� On theclient side,knowledgeabouttherequestis ex-
presseddeclaratively, ratherthan being embeddedin
the client's control structure,leadingto improved lo-
cality of knowledge,modi�ability , etc. In the paper
boy example, we notice that information about the
classgraphis minimally duplicatedin thecomplex re-
questfollowing thespirit of theLoD.

� In a distributedenvironment,complex requestsmini-
mize thenumberof messagesthatneedto besentbe-
tweentheclientandtheserver.

Complex requestscan also be aspectual.The Sum-
mingVisitor is an aspectualcomplex requestto modify the
executionof a traversal.

5. Other Law of DemeterApplications

TheLoDC appliesto otherdomainsthanwriting meth-
ods.

5.1. Growth Plansfor ClassGraphs

The LoD also applies to constructingdata structures
(classgraphs),not just constructingmethodbodies.Con-
sider an apartmentthat is uninhabited:it consistsof a
kitchen,living room,bedroomandbathroom.Whena ten-
ant moves, the apartmentgetsenhancedwith furnishings:
beds,tables,etc.Thebedis probablyput into thebedroom
but thefurnishinginformationshouldbekeptseparatefrom
thebasicapartmentstructure[15],

In this applicationthemodulesareclassesandthey talk
if they arein a has-arelationship.Eachclassis associated
with aconcern.

In the Demetermethodwe usethe notion of a growth
plan [27, 39] to incrementallydevelop an application.A

growth plan is a sequenceof phasesof increasinglylarger
classgraphswherethe�nal oneis theclassgraphof theap-
plication.Thesequenceis constructedcarefullysothateach
phasecanbetestedeffectively.

Growth phasesaregoodcandidatesto be encapsulated
asaspects.But the extensionpointsmight have to be very
�ne-grainedto achieve this.For example,in growth phasei
wemighthaveanassignmentstatementandin growth phase
i + 1, theassignmentstatementwill bewrappedby a con-
ditional. This would requirethat we canselectan assign-
mentstatementasan extensionpoint. This would require
a �ne-grainedmodelfor expressingextensionpointsthatis
currentlynot supported,e.g.,by AspectJ.

5.2. Object Creation

We have hintedat how we canuseadaptive methodsto
write shy codefollowing the LoD and the DRY principle
(Don't RepeatYourself).Next we focuson objectcreation.
We considera constructorcall to be a call to a classob-
ject.Our goal is to usea minimal numberof suchclassob-
jectsin a givenmethodbecauseeachoneexposesinforma-
tion aboutits class,againstthespirit of theLoD.

The traditionalway to constructobjectsis to sendmes-
sagesto many classobjects(or, equivalently, to have many
constructorcalls).It is betterto parseanobjectdescription
(a sentencein the languageof a nonambiguousgrammar):
Source.parse(”object description”). Considerthecreationof
an empty FileSystem-object.We could createexplicitly a
FileSystem-object,a Directory-object,a collection object
for an empty list of �les, a DirectoryName-objectetc. In-
steadwe could write an object description:”directory ( )
root” sayingthat we want a directory called root contain-
ing no �les. Fileswouldbeputbetweentheparentheses.

Noticehow theobjectdescriptionis moresuccinctthan
thelongconstructorcallsthatwouldduplicateagoodchunk
of theinformationin theclassgraph.Theideais to write a
“schema”that de�nes both a set of classesand an LL(1)
grammarand to useparsergenerationto createthe parse
function. This approachis usedin the XML community
by the Java data-bindingtool (JAXB). But unfortunately,
mark-upgrammars(likeXML schemasthatareby theirna-
tureLL(1)) cannotprovidethestructure-shynessthatis pos-
sible with grammarsof LL(1) languages.An XML docu-
ment is forcedto repeata lot of structurein the grammar
(schema)while asentenceof anLL(1) grammaris not.Our
toolsDemeter/Flavors,Demeter/C++,DemeterJ,DAJ, and
XAspectshave usedthis techniquesuccessfullyfor many
years.

Themottobehindstructure-shy objectcreationis: Con-
cretesyntaxis more abstract than abstract syntax. This is
contraryto what is taughtin a typical compilerclass.Con-
cretesyntaxis moreabstractbecausea sentencede�nesan



entirefamily of abstractsyntaxtrees(objects)while anab-
stractsyntaxtreede�nes only oneobject.A particularel-
ementof the family is chosenby selectinga grammar. For
example,”directory ( ) root” representsa root directoryob-
ject oncewe have chosena particularschemafor the �le
structure.

RichardRasalahaspromotedthe idea of creatingma-
ture objectsversusthe traditionalway of creatingembry-
onic objectsthat are incomplete[54]. With the Demeter
data-bindingtechnique,wepracticecreatingmatureobjects
in two steps:In the�rst steptheparsercreatesamaturetree
objectandin theoptionalsecondphase,traversalscreatea
completelylinked,matureobjectreadyfor processing.

We have prepareda small collection of design pat-
terns[28] that summarizethe basictechniquesof follow-
ing the LoD: Class-Graph,Growth-Plan,Selective-Visitor,
Structure-Shy-Object, Structure-Shy-Traversal. They
are the foundation for the iterative development pro-
cessof theDemeterMethod[27].

6. Tool Support for the Law of Demeter

Severaltoolsareavailableto follow theLoD.

6.1. LoD

AspectJis an ideal languageto write a LoD checker for
Java programs[7, 34] Our AspectJchecker doesnot deal
with the LoDC, only with the LoD, althoughAspectJhas
excellentcapabilitiesto separate(crosscutting)concerns.

The LoD, when followed in an oo style, leadsto scat-
teringandmany smallmethods.To addressthis scattering,
we introducedtraversalstrategiesandwedevelopedtheAP
Library [9] thatcontainsthekey algorithmsfor processing
traversalstrategies.On top of theAP Library we have built
DJ[49] andDAJ [31, 10] (besidestheearlierDemeterJsys-
tem[35].) Thosesystemsgreatlyfacilitatetraversal-related
collaborations;DJ for JavaandDAJ for AspectJ.

DJtakestheapproachthattheconceptsbehindtraversal-
relatedcollaborationsare madeavailable as Java classes.
ThemostimportantonesareClassGraph,Strategy, Traver-
salandVisitor. DJ hasrun-timeoverheadandthereforewe
developedDAJ. DAJ usesthe “declare” extensionmecha-
nismof AspectJto declarestrategiesandtraversalswith vis-
itors. This makesit very easyfor AspectJprogrammers,to
follow LoD. DAJ avoids the run-time overheadof DJ by
generatingcodestatically. For further information on DJ
andDAJ, see[31].

JXPath is anothertool thatmakesit easierto follow the
LoD. JXPath usesthe XPath notationto navigate through
Java objects.As describedin [37], XPathis not (yet) asex-
pressiveasstrategieswith respectto structure-shyness.

6.2. LoDC

The AOSD community has developed a rich
set of tools to support crosscutting concerns. See
http://www.aosd.net . We started in 1996 with
DemeterJthatsupportsthetwo concern-speci�caspectlan-
guagescovered in Crista Lopes thesis [41]. We devel-
oped a simple weaver that helped us to compile our
concern-speci�c languages: class dictionaries, behav-
ior �les for traversal-relatedcollaborationconcerns,COOL
�les for thesynchronizationconcern,andRIDL �les for the
datatransferconcern.Recently, we have developedXAs-
pectswhich improves DemeterJby using AspectJas the
weaver and by providing a framework where many as-
pectscanbeintegratedusingplug-ins[56].

WebJinn [25] is a framework for concernseparation
in the Web applicationdomain.WebJinnorganizescode
so that thepresentation,functionality, control,andschema
concernsarekeptseparate.In extantwebapplicationmod-
els, the schemaconcernis scattered:onecannotavoid re-
ferring to theschemafrom within thefunctionalityandpre-
sentation.ThisviolatestheLoDC, becausetheschemacon-
cerncontributesto neitherof the otherconcerns.WebJinn
follows theLoDC by decouplingtheschemaconcernusing
a specialreferencingmechanismcalledschemaextension
points.This makesWebJinna domainspeci�c AOPframe-
work for webapplications.

7. Aspectsand Components

Our goal is to encapsulatethe informationabouta new
concernto be addedto a systemasa component.A com-
ponentis a black-boxentity thatcanbedeployed indepen-
dentlyandthatprovidesoneor morespeci�c servicesto the
system[59]. The deployment is donethrougha connector
in the component-connectorstyle of softwarearchitecture
[14]. Connectorsprovide a level of indirectionthat results
in morereusablecomponents.Wewould like to achieve the
samereusabilitywith aspectsandthereforeweproposedthe
conceptof aspectualcomponents[32] basedon the adap-
tive plug-and-playcomponentconceptof [47]. An adaptive
plug-and-playcomponentconsistsof an“ideal” classgraph
(similar to a setof participantsin contracts[16]) that rep-
resentstheminimal structureto expresstheprovidedinter-
faceof the component,given the expectedinterface.Con-
nectorsareusedto map the ideal classgraphto the class
graphwherethecomponentis used.Aspectualcomponents
areverysimilar:wehave in additionto theregularmethods
alsoaspectualmethodsthathave thepower to modify other
methodsin an around-before-afterstyle. Aspectualmeth-
odspromotethe notion of structuredextensionpoints:we
do not just have a setof extensionpointswherewe wantto
performthe sameextensionactionbut we have a graphof



extensionpointsandweusuallyhaveextensionactionsthat
differ from nodeto node.Componentsandaspectshave a
happy coexistence[46, 50, 58] but therearemany openis-
sues.

8. OpenProblems

Issuesaroundthe LoD are pretty resolved but issues
aroundhow to follow theLoDC havemany openquestions.

� Controlling the power of aspects.Aspects,in the As-
pectJstyle,arevery powerful becausethey canreach
inside existing code at many different places us-
ing low-level mechanisms.It is useful to study lim-
ited formsof aspectsandaspectsthatusehigher-level
mechanismsto specifythecoordinatesof theenhance-
ments.

The D*J tools (DemeterJ,DJ, DAJ) usea limited
form of aspects(althoughthe underlyingalgorithms
areusefulfor aspectsin general).Thetraversal-related
collaborationaspects�rst extendtheclassdiagramby
introducinga set of nodeand edgetraversingmeth-
odsandthenthe aspectsextendthosemethodswhen
they traversecertainnodesandedges.By �rst intro-
ducingwhatis extended,aspectsin Demeterarenicely
localizedasdemonstratedby the weaving instruction
in the form of a Java methodcall in Figure 1. The
aspectwhenAndWhatToDo is active during the traver-
sal de�ned by aspectwhereToGo which in turn oper-
atesin thecontext of classGraph. In thesameprogram
we might usemultiple classgraphs.Notice again the
robustnesswith respectto changesof the classgraph
(structure-shyness):A signi�cant changeto theclass-
Graph might not requireany changesto theobject de-
scription, whereToGo andwhenAndWhatToDo.

This is onewayof limiting thepowerof aspectsand
still gaining signi�cant bene�ts from them.Otherap-
proachesare presentedin [6, 33, 50]. We also need
mechanismsso that codecan protect itself from as-
pectswithout interferingtoo muchwith the power of
aspects.Onepromisingdirectionis to usecontractsfor
aspects(andof course,thebasecode)[44]. Thegoalis
to �nd asolutionfor theadaptationdilemma.

� Interactionbetweenaspects.Whenmultipleaspectsin-
�uence thesameextensionpoint,wehaveissuesof as-
pect compositionand con�icts betweenaspects.Re-
centwork in thisareais [8].

� Reasoningaboutresourceconsumption.It is common
practiceto analyzetheresourceconsumptionof anal-
gorithmbut doingit for anaspect,suchasanaspectual
component,is muchharder. Therearetwo reasonsfor
this. First, anaspectis parameterizedover a program.

Doingaparameterizedanalysisoversuchcomplex pa-
rametersis hard.Second,theadaptationdilemmaim-
pliesthatanaspectis a shiftingabstractionthatadapts
to actualparameters.

9. Conclusions

WehaveinvestigatedtheLaw of Demeter(bothLoD and
LoDC) andits interestingrami�cations.TheLoD leadsus
to thedilemmaof eitherviolatingit (writing codethatis dif-
�cult to maintain)or to write codethat crosscutsthe class
graphby beingscatteredacrossmany classesandtangled
with otherconcerns.To control thescatteringandtangling,
weusedaspect-orientedtechniques.

TheLoD leadsnaturallyto theLoDC. For example,the
whereToGo concernshould not be polluted with method
calls about the whenAndWhatToDo concern.Or the base
codeshouldnot be pollutedwith synchronizationcodeor
datatransfercode.

We have hintedat a commonstructure,basedon traver-
sals,that underliesboth aspect-orientedandadaptive pro-
gramming.This connectionwill help to improve AOSD
throughbettercompilationalgorithmsandhigherlevel ex-
tensionlanguages.

Properlyfollowing the LoDC, or in other words, �nd-
ing a properdecompositioninto separableaspects,is still
an issuewith many questionsattached(e.g.,theadaptation
dilemma).But theAOSDcommunitycontinuesto develop
goodsolutionsandit will ultimatelysucceed.
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MacneilShonle,André vanderHoekandWim Vanderper-
ren.This work wassupportedmostrecentlyby NSF grant
CCR 0098643andDARPA grantF33615-00-C-1694(un-
der subcontractfrom BBN), a grant from ABB Switzer-
land, an EclipseFellowship from IBM and a grant from
NeerajSangal.

References

[1] Companion of the 18th Annual Conference on Object-
OrientedProgrammingSystems,Languages, and Applica-
tions, Anaheim,California,2003.ACM Press.

[2] M. Aksit, K. Wakita, J. Bosch, L. Bergmans, and
A. Yonezawa. AbstractingObjectInteractionsUsing Com-
position Filters. In R. Guerraoui, O. Nierstrasz, and
M. Riveill, editors,Proceedingsof the ECOOP'93 Work-



shop on Object-BasedDistributed Programming, volume
791,pages152–184.Springer-Verlag,1994.

[3] J. Aldrich. OpenModules:A Proposalfor Modular Rea-
soningin Aspect-OrientedProgramming.In Proceedingsof
the FOAL workshopof the 3rd internationalconferenceon
Aspect-OrientedSoftwareDevelopment, 2004.

[4] D. Batory andB. Geraci. Compositionvalidationandsub-
jectivity in genvocagenerators.IEEE Transactionson Soft-
wareEngineering, 23(2):67–82,February1997.

[5] A. Colyer, A. Rashid,andG.Blair. Ontheseparationof con-
cernsin programfamilies. TechnicalReportCOMP-001-
2004, Computing Department,LancasterUniversity, UK,
2004.

[6] D. DantasandD. Walker. Aspects,informationhiding and
modularity. Technicalreport,PrincetonUniversity, Novem-
ber2003.

[7] DemeterResearchGroup. Law of DemeterHome Page.
http://www.ccs.neu.edu/home/lieber/LoD.html.

[8] R. Douence,P. Fradet,andM. Südholt. Composition,Reuse
andInteractionAnalysisof StatefulAspects. In K. Lieber-
herr, editor, Proceedingsof the3ndinternationalconference
on Aspect-orientedsoftware development, pages141–150.
ACM Press,2004.

[9] Doug Orleans and Karl J. Lieberherr. AP Li-
brary: The Core Algorithms of AP: Home page.
http://www.ccs.neu.edu/research/demeter/AP-Library/.

[10] Doug Orleans and Karl J. Lieberherr.
DAJ: Demeter in AspectJ home page.
http://www.ccs.neu.edu/research/demeter/DAJ/.

[11] G. Duzan,J. Loyall, R. Schantz,R. Shapiro,andJ. Zinky.
Building Adaptive Distributed Applications with Middle-
wareandAspects. In K. Lieberherr, editor, Proceedingsof
the 3nd international conferenceon Aspect-OrientedSoft-
wareDevelopment, pages66–73.ACM Press,2004.

[12] T. Elrad, R. Filman, and A. Bader. Aspect-OrientedPro-
gramming. Communicationsof the ACM, 44(10):28–97,
2001.

[13] R. E. Filman and D. P. Friedman. Aspect-Oriented
Programming is Quanti�cation and Obliviousness.
In Workshop on Advanced Separation of Con-
cerns, OOPSLA, Minneapolis, USA, 2000. http://ic-
www.arc.nasa.gov/ic/darwin/oif/leo/�lman/text/oif/aop-
is.pdf.

[14] D. GarlanandM. Shaw. An introductionto softwarearchi-
tecture. In Advancesin Software Engineeringand Knowl-
edge Engineering, volume I. World Scienti�c Publishing
Company, 1993.

[15] W. HarrisonandH. Ossher. Subject-orientedprogramming
(A critique of pureobjects). In ProceedingsOOPSLA'93,
pages411–428,Oct. 1993. ACM SIGPLAN Notices,vol-
ume28,number10.

[16] I. M. Holland. The Designand Representationof Object-
OrientedComponents. PhDthesis,NortheasternUniversity,
1993.

[17] A. Hunt and D. Thomas. The Pragmatic Programmer.
Addison-Wesley, 2000.

[18] A. Hunt andD. Thomas.Theart of enbugging. IEEE Soft-
ware, pages10–11,January/February2003.
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