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Abstract

Our reseach has focusedon identifying techniques
to develop softwae 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 state of the art focusedon Aspect-Orientedsoft-
ware Development{AOSD), it is usefulto revisit the gen-
eral objectivesof the LoD and adaptit to the new ideas.
Hence we introduce the Law of Demeterfor Concerns
(LoDC) anddiscusghe importantintersectionof theseap-
proacheswith traversals. We explore the rami cations of
the Laws of Demeter(LoD and LoDC) to achieve bet-
ter sepaation of concernghroughimprovedsoftwae pro-
cessesThey are supportedby language medanismsthat
are implementedisingnovel applicationsof automatathe-
ory.!

1. Intr oduction

Our researchhas focused on identifying techniques
to develop software that is amenableto refactoring and
change.The Law of Demeter(LoD) [31, 30, 16, 7] was
one contritution to this effort. The LoD, talk only to
your friendsin the popularformulation, resultedin prob-
lems when followed in a strictly object-orientedcontext
andit wastheseproblemsthat sentus towardsour investi-
gationof AOSD.

In the popularformulation of the LoD, thereare mary
waysto interpret‘friends” and“talk”. Friendscouldbeob-
jectsor classer componentsand talking can mean‘re-
ferto” or “call”. In themostgeneraform, we have a setof
modules(e.g.,methodsandobjects)andeachmoduletalks
only to closely relatedmodules(the friends). The goal is
thata modulebecomesnoreunderstandablé it doesnot
referto too mary othermodulesput insteaddealswith only

1 The web versionof this paperandthe slidesare available from the
Demetemwebsite:
http://www.ccs.neu.edu/research/demeter
rectorypapers/icse-04-keynote/

in the di-

the appropriatemodulesthat are neededo achiere a pur
pose.TheLoD helpsto controlinformationoverloadfor the
designerThe LoD goesbeyond encapsulatioby making
minimal useof public knowledge(interfaces).The LoD is
anapplicationof the Low CouplingPrinciple[49] by mak-
ing the notion of bad coupling explicit and checkableby
tools.

We limit our focus to object-orientedsystemswith
classeandmethodsandwe interpretthe LoD in this con-
text where it was also rst obsered. The reasonis
not only due to the popularity of object-orientedsys-
tems, but also due to its inherentnatureto model each
entity asa moduleandthe whole systemasa relationbe-
tweenits modulesThis relationcanthenbe modeledasan
interestinggraph structure, which we will usein our dis-
cussion. The original formulation of the LoD was: All
methods may only send messagesto preferred sup-
plier objects.A methods preferredsupplierobjectsareits
“friends” and the immediate part objects, argument ob-
jects,including “this” andobjectsthat are createddirectly
in the method. Later, we generalizedthe notion of pre-
ferred supplier objects to: the immediate part objects
(both the storedand the computedparts) basedon a sug-
gestionby Markku Sakkinen[58] and Walter Hursch. A
computedpart object is one that is returnedby a mes-
sagesentto “this”.

2. LoDC

From the early days of what we called Adaptive
Programming[2], we implicitly used a stronger form
that we call here the Law of Demeter for Concerns
(LoDCQC). In the LoDC, we restrictthe friendsfurther: only
friends who contribute to your concerns.So the LoDC
is: Talk only to your friends who contribute to your con-
cerns or that shae your concerns There may be mul-
tiple concernsin play and each communicationshould
be restrictedto thosepreferredsupplier objectsthat con-
tribute to the currentconcernsA similar view is taken by
Colyerat al. [5] with the Principle of Dependeng Align-
ment.

We cannotavoid talking to friendsthatdon't contrikute
to our currentconcernsut we wantto imposethis commu-



nication using a separatanodule. This imposition hasthe
adwantagethat the codefor the currentconcernsstaysun-
pollutedanddoesnot getclutteredwith callsrelatedto for-
eignconcernsThis makescodemorereusableand e xible.

2.1. LoDC and Contracting

Following the LoDC is like contractingwith a crosscut-
ting interactionpatternwith the contractorBy crosscutting
we meanthatthe contractowill interactwith several orga-
nizationalunitsof acompary. Yourunawell managed¢om-
pary (acontractingbuyer)with clearcommunicatiorchan-
nelsfor internalcommunicatiorandyou contractwith sev-
eral sophisticateccontractingcompaniegcalled contract-
ing providers)that provide additionalservices.For exam-
ple, you delggate the security (or cleaningor repair) con-
cernto a contractingprovider calledS. You de ne awell-
de nedinterfaceto S consistingof a setof extensionpoints
giving selectednformationandpropertyaccessYou might
have to reoiganizeyour compary a bit to make the de ni-
tion of the interfaceto S moreclear Contractinghassev-
eral bene ts and we experiencesimilar bene ts whenwe
follow theLoDC:

Your compary staysmoreagileandcould moreeasily
switchto anothersecurityprovider.

The securityprovider canbuild a securityinfrastruc-
tureto sene severalcompaniesindthey canamortize
overthatinvestmentindoffer you abettersecurityser
vice ata cheapepricethanyou couldyourself.

The security provider will guardthe security policy.
They only needto know theinterfacebetweeryouand
S andit is up to themto implementthe securityre-
quirement:Nothing from the high securityzoneever
getsstolen.

You canevolve your compaly provided the interface
to S still holds.However, if youchangesomethinghat
affectsthe interfaceto the securityprovider you need
to reportit immediately

Considerabaseapplicationthatimplementsa setof cur
rentconcernandnow we wantto log someof the method
callsin thebaseapplicationIn otherwords,we wantto im-
plementtheloggingconcerrthathasbeenoftenusedin the
AOSD community The power of AOSD s not well repre-
sentedby this examplebut it sufces to illustratethe con-
nectionswe areafter Thelogging concernis distinctfrom
theapplications concernsjndeedit is anintrusive concern
thatwantsto watchwhatthebaseapplicationdoes.Thelog-
ging concernwantsto sendmessaget alog le with infor-
mationfrom the baseapplication.

Insteadof addingthe logging callsin the baseapplica-
tion code,violating the LoDC (the “that contritute to your

currentconcerns’part), we needto enhancehe baseappli-
cationfrom the“outside”. Weneedto nd acorvenientway
to specifythe placesin the programexecutionwherethose
additionalcallsto thelog le objectshouldhappenThelog-
ging concerns anexampleof aconcerrthatcutsacrosghe
baseprogram.

By following the LoDC, we build 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 wantto du-
plicatethelog calls.Whatis interestings thattheaspectual
abstractiorcutsacrossseveralmethodsandclasses.

The LoDC impliesthe LoD. The LoDC makesus think
carefully in termsof concernghat are worthwhile to sep-
arate [12, 55, 21]. By a concernwe meanary issuethat
the designer/programmaes concernedvith, e.g.,the syn-
chronizationpolicy of a system,the implementationof a
usecase or the exceptionhandlingpolicy of asystem.The
LoDC promotedayeredsoftware developmentwhereeach
layerimplementsoneor moreconcerns[# Eachlayerhas
a setof extensionpointsto which the next setof concerns
may connect.The extensionpointsarede ned outsidethe
currentlayer, usinga “coordinatesystem”thatexistsin the
currentconcernsThis mechanismallows concernswhose
naturerequiresthemto interplayin complex and system-
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 andincorporationof new concerns.
Alternatively whenconcernsare crosscuttingtheir ad hoc
implementatiorwould be scatteredesultingin their de -
nition beingtangledwith otherconcernsThe LoDC hasa
subtlein uence on how we structureour software.If anew
concernhasto be addedfrom the outsidethrougha setof
extensionpoints,we will be carefulto male it easyto ex-
presshecoordinate®f theextensionpoints.Thisis similar
to a contractingbuyer thatwill reoiganizeto male it eas-
ier to interfacewith a contractingprovider.

Let's considera programthatimplementsa setof con-
cernsCs. Now we add a new concernCnpgy. Consider
Cs and Cnpay implementedand consideran execution of
the program.The setof callsthat crossthe boundaryfrom
within Cs to Cnpgy arethe setsof calls (extensionpoints)
we would like to capturein a separatabstractionAnd the
codeexecutedafterthosecallsuntil we returnbackto orig-
inating callsbelongingto Cs we wantto captureasa sepa-
rateenhancemertb the codebelongingto Cs. Theimple-
mentationof Cngy is an“outside” abstractiorto be added
to theprogramto satisfythe“that contributeto your current
concerns”part. The “talk only to your friends” part takes
careof organizingthecodeinsideCs.



In mary situationswe might be ableto partitionthe ob-
jectsbasedon concernsin that case,the LoDC disallovs
calling methodsof objectsthat (1) arenot friendsandthat
(2) don't contritute to the currentconcernsin somecases,
Chew ts into oneobjectbut in mary casest cutsacross
severalobjects.

Dealing with non-invasive extensionsfor crosscutting
concernss thethemeof AOSD (Aspect-Orientedoftware
Development)[12]. For a history of Aspect-OrientedPro-
gramming(AOP),see[41]. Compositionlters [2] werean
early techniqueto extenda classnon-invasiely usinglay-
ersof composablelters. lvar Jacobsor22] hasproposed
aspect-orientedieasbut without usingan expressie nota-
tion to describesetsof extensionpoints.

2.2. Extensionlanguages

What do we gain from factoringout the logging calls?
We gain the advantagethatwe caneasilyplug-in andplug-
outtheloggingaspectBut we don't gain much,if we have
to enumerat®neby onethe placeswherethe calls should
happenln theterminologyof Filmanetal. [13] we would
say that we have obliviousnesswithout quanti cation. It
could be that writing down the “coordinates”of the calls
is morecumbersoméhanwriting the callsthemseles.But
in practicewe often nd thatthe coordinatedollow a pat-
tern that is easyto express.For example,we might want
to log all methodcalls of the form C.withdraw(..). (.. means
ary numberof arguments.)In this case,factoringout the
logging concernis a big win. We are guaranteedo cap-
tureall thosemethodcallswhile the manualsolutionmight
misssome AspectJsolvesthe problemasfollows:

aspect Logging {

pointcut find_Cwithdraw  ():
call (* Cwithdraw (..));
after  find_Cwithdraw () {

System .out .printin (thisJoinPoint )3}

This programmalesthe assumptiorthatwe have not acci-
dentallycalledanunrelatednethodwithdraw thathasnoth-
ing to do with withdrawval.

Weneedechniqueso statethecoordinatesemantically
Whenyou agreeon a coordinatewith your friend to meetat
the main railway station,you might say: Let's meetat the
main meetingpoint marked by arronvs. Whensheasksfor
detaileddirectionsyou might hesitatebecause/ou are not
sureyouremembethedetails Whenyoutell herto turnleft
at the Swissairof ce, you will bein troublebecausét no
longerexists. It could alsobe that the main meetingpoint
hasbeenmaovedbut the high level descriptionstill holds.

Furthermoremanuallyaddinglog callswill increasehe
amountof information that is found in the original mod-
ule. This intermixing in a modules operations(tangling)
increaseshe codebaseof the modulewhile decreasinghe

ability to reasoraboutwhatis thefunctionality of this mod-
ule. Iterative manualadditionsof otherconcernsaddto the
severity of thisissue.

However, we alsohave to remembethatwhenwe mod-
ify the programand add more methodcalls of the form
C.withdraw(..) thatall thosecallswill alsobe automatically
logged.We call thistheadaptatiordilemmafor which solu-
tionsareemepging. Seesection3.1.

What kind of extensionlanguageshould we use?We
often needto refer to large setsof coordinates(exten-
sion points) that have an internal structureto them and
we needto describethe extensionto be applied at each
extensionpoint (see[43] about better referentialmecha-
nismsin programminganguages)At oneextreme,we use
a specialpurposeapproachwherethe languageis special-
ized to the concern.For example,if the concernat hand
is synchronizationwe usea languagespecializedto syn-
chronization[19, 24, 42, 44]. If the concernat handis
traversal-baseaollaboration,we use a languagespecial-
ized for traversalsand a languageto expressthe collabo-
ration that happenguring the traversal[27]. Otherexam-
plesof concern-speci danguagesrediscussedy Duzan
etal. [11]. Concern-speci capproachesave mary adwan-
tagesbut they leadto mary small, collaboratinglanguages
andfor theirimplementatiorthey usesimilar mechanisms.
Therefore,it hasbeenvery fruitful to usegeneral-purpose
approachesf which AspectJ[23] andHyperJ[20] arethe
mostprominentones Also predicatalispatcHanguagesre
closeto generapurposeaspectanguage$50]. Context ob-
jectsarealsoanearlyform of generapurposeaspect$s9].

In section3 we examinecommonalitiedbetweerfollow-
ing theLoD andLoDC. In sectiord we investigatecomplex
requestnterfacesasausefulview to addressvideinterfaces
causedy following theLoD. In section5 we discussappli-
cationsof the LoD to domainsotherthanwriting methods.
In section6 we discusstools for following the LoD. Sec-
tion 7 touchesn integratingaspectandcomponentsSec-
tion 8 considerschallengesandopenproblemsandsection
9 concludeghepaper

3. Following LoD and LoDC

The LoD is aboutorganizing software within a set of
concernsandthe LoDC promotesthe separatiorof a new
concernif it is consideredo be separable.

The LoD leadsusinto adilemma(LoD dilemma):if we
follow it, we have to write mary small methodsthat du-
plicate informationandif we don't follow it we get code
thatis dif cult to maintain[28]. Traversalstrategies[38] are
theway out of this situationcombinedwith eithera traver-
sal strat@y interpreter(e.g.,DJ) or a codegeneratoi(e.g.,
DAJ [32, 10], DemeterJ36]). A simpleform of a stratey



was introducedin a databasgaperunderthe name“im-
plied path”[60].

3.1. Adaptation Dilemma

We continue with the logging example. The speci-
cation: nd_Cwithdraw = “nd all calls of the form
C.withdraw(..)" is adaptve in that it can be “used” with
mary differentbaseprogramsBut adaptatiorhasits price:
whenthebaseprogramchangeswe needto retestthe spec-
i cation to prove that the right elementsare still being
selected.We de ne the adaptation dilemma as fol-
lows:

Whena parameterizegrogramabstractiorP (Q)
is givenwith a broadde nition of the domainof
the allowed actualparametersye needto retest
and possiblychangethe abstractionP whenwe
modify the actualparameteri.e., we move from

P(Q1) to P(Q2).

In theabore example P isthespeci cation nd _Cwithdraw
andQ is thebaseprogram.In the contet of the adaptation
dilemma,the abstractiorP will changeits meaningbased
on the actualparameterlt will adaptto the parametebut
without referringin the de nition of P to the detailsof the
parameterAs wewill seelater, theadaptatiordilemmaalso
appearsn Adaptive ProgrammingAP) from whereit got
its name[28]. Recentlyit 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,Aspect\\erkz, JBoss-OR, JAC, DemeterJetc. (see
http://www.aosd.net ) are happy to work with
AOP abstractionsby using good tool support. One rea-
son is that AOP abstractiongproducea lot of code that
would be (1) tedious and errorprone to write by hand
and (2) the code would be scatteredover mary meth-
ods and not pluggable. Insteadof labeling AOP abstrac-
tions aswrong or breakingmodularity it is muchbetterto

nd goodwaysof working with them.

JonathanAldrich [3] de nes a moduleinterfacefor the
baseprogramand if the implementationchangeswithout
affecting this interface,OpenModulesguaranteghat one
never hasto retestthe logging speci cationwhenthe base
programchangesThis solutionsacri ces someoblivious-
nesg13]. Findingnew waysof de ning interfacesbetween
baseprogramsand aspectss an importantproblem. The
problemis similar to de ning aninterfacebetweena con-
tractingbuyer anda contractingprovider. The buyeris al-
lowedto reolganizeandoptimizethebusinessvithoutcom-
municatingwith the provider, aslong astheinterfaceis not
affected.

3.2. Summing

Now considera compary object for a compary con-
sisting of divisions, departmentsand workgroups and
each workgroup consistsof emplo/ees, each one hav-
ing a Salary-object.Considerthetaskof summingall those
Salary-objectsto computethe total salarypaid by the com-
pary. Notice how this situationis similar to thelogging ex-
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 graphin which
we needto selectcertainnodesandapply a methodcall at
thosenodes.The differenceis thatin one caseit is a dy-
namic call graph (tree) and in the other an object graph.
The adaptationdilemma also shavs up here: when the
classgraphchangesve needto retestwhetherthe speci -
cation:“ nd all Salary-objects”is still corrector whether
we have to constrainit further

How dowe expresghecoordinate®f thesalaryobjects?
Thereis a dangerthat we violate the LoD. The disadwan-
tageof suchaviolationis thatwe violatethe DRY principle
(Don't Repeatrourself,[17]) in thatwe duplicateinforma-
tion from the classdiagramin the methodbody

Thereis a good solution to the problem by mimick-
ing thelogging example.The methodthataddsthe Salary-
objectsdoesnot really have to know aboutdivisions, de-
partmentsandwork groups After all, we mightwantto use
the summingmethodon a start-upcompary thatonly con-
sistsof oneworkgroup.Sowe usea speci cation:“visit all
Salary-objectsreachabldrom the Company-object”. There
is a small problemasin the logging example: when we
modify the Company-objectwe have to remembetthat all
Salary-objectswill be addedto the total salary(adaptation
dilemma).

With Java andthe DJ library [51], the summingprob-
lemis solvedby usingtheidiomsfrom Figurel. Theclass-
Graph is theclassgraphof thecompary (beit astart-upor a
large corporation)whereToGo is "from Company to Salary”
andwhenAndWhatToDo is aninstanceof the SummingVis-
itor class(Figure2). whereToGo is a graphwith nodesand
edgesdescribingthe plan for our journey. In this caseit is
agraphwith oneedge. The signaturef the visitor meth-
ods describethe “when” part and the bodiesdescribethe
“what” partof whenAndWhatToDo.

3.3. Commonalities

What is the abstractstructurebehind the logging and
summingexample?First we notea differencebetweerthe
two. In thelogging examplethe machinethatrunsthe pro-
gramwill traversethe dynamiccall graph.In the summing
example,we canchoosehow to traversethe objectgraph
and nd all Salary-objects.l seea two-level graphstruc-



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)

ture with a selectolanguageon top asthe commonstruc-
ture betweerbothsituationg37, 38]. The rst graphstruc-
ture representdreesfrom which we wantto selectnodes
and edges.The secondgraph structurerepresentsneta-
informationaboutthe trees.We usethis graphstructureto
formulatesentences the selectodlanguagédo selectnodes
andedgesin the rst structure.The mottois to think stat-
ically, but act dynamically The nodeselectorexpressions
areformulatedin termsof the static meta-informatiorbut
they actonadynamicgraph.

Themeta-informatiorin the Summingexampleis avery
well known entity: it is a classgraph(in UML terminol-
ogy calleda classdiagram).The classgraphis usedto de-
cidewhichedgedn theobjectgrapharefruitful to traverse.
For example,the Company-objectmight have aninventory
partdescribingthe structureof the compan's large inven-
tory but not containingary Salary-object. Thereforethere
is no needto traverseinto theinventorypartandwe cande-
terminethis staticallybasedon the meta-informatiorin the
classgraph.Notice that the traversalis usedto enumerate
efciently all thecoordinatesvherea Salary-objectwill be
found[54].

Themeta-informationn theLoggingexampleis thepro-
gramor an abstractiorof the program.If we wantto look
for all methodcalls of a methodC.withdraw(..), we don't
needto checkall methodcallsdynamically Insteadwe can
“mark” the calls of interestin the program.In othersitua-

tions, we have to do somedynamiccheckingbut the meta
informationhelpsto reducethe dynamicchecking[46, 65].
In this casewe don't needa traversalto enumeratehe co-
ordinateshecausehe “machine” providesa default traver-
sal[62]. We only needto ef ciently recognizevhenwe are
attheright pointsin the dynamicexecution.

The summingexample also exhibits an applicationof
the LoDC. The summingproblem consistsof three con-
cerns:atraversalconcern(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 concernexpressesvhat needsto
bedoneontop of thetraversalexpressedy thewhereToGo
concern.The whenAndWhatToDo concernis naturallyim-
plementedusinga visitor object[28, 51]. The signatureof
thevisitor methodsexpresswherethetraversalneedsto be
enhancedndthebodiesof thevisitor methodsxpressvhat
codeto executeat the enhancemerpoints.Using Java and
theDJlibrary theweaving of thethreeconcernss expressed
in Figurel. Noticetherobustnes®f this codeto change®f
the classgraph.whenAndwhatToDo might not needupdat-
ing at all andwhereToGo might needonly minimal updat-
ing. Structure-skinessspeci cally and concern-sfinessin
generalareimportantgoalsof the Demetermproject.

Whatis the differencebetweeninformation-hidingand
shyness?Information-hidingis about protectinga client
from module implementationchanges.Shynessis about
protectinga clientfrom moduleinterfacechange$28, 32].

Anothercommonalitybetweerlogging andsummingis
that we want to be shy with respectto the metainforma-
tion (classgraphandprogramimplementation)Therulein
[3] that prohibits externalaspectdrom advisingthe inter
nal calls of amodulecanbe viewed asensuringthat exter-
nalaspectare“implementation-s” with respecto thein-
ternalsof a module—thusallowing that implementatiorto
changewithout affecting the external aspectsOpenmod-
ulesprovide a very strict form of implementation-syness
atthe expenseof giving up someobliviousness.

For anothercommonality considerthe Logging exam-
ple again. We areinterestedn all calls C.withdraw(..). We
canview theresultasa subtreewith therootacall to main()
andtheinnernodesall leadingeventuallyto a C.withdraw(..)
call. This situationis very analogougo the Summingex-
amplewherewe areinterestedn the subtree of the com-
pary treethathasSalary-objectsat its leaves. This analogy
is elaboratedn [65] whereit is shavn how AspectJpoint-
cutdesignatorganbe expressedstraversalstrateies.

The LoDC hasplayeda role in Adaptive Programming
sinceits inceptionin 1992.Traversalcodehasalwaysbeen
consideredisa separablelementrom the classgraphand
thevisitorswerewritten separately



It is anempiricalquestiorhow muchtraversalstratgies
(our concern-speci cabstractiorfor the traversalconcern)
help in actualprogramming.Wu and Wand [66] have re-
cently collectedstatisticson one system(DemeterJ[36])
wheretraversalstrat@gies helpedto createa systemthatis
easierto evolve.

4. Strategiesas Complex Requestinterfaces

Implementingraversalds morecomples thanit rst ap-
pears[38, 53, 54]. The commerciallysuccessfutraversal
technologythatis widely usedis XPath. It is usedbothfor
traversingXML document@ndJava objects(JXPath).

Insteadof XPath we usetraversalstratgiesfor reasons
describedn [38]. Traversalstratgiesandtheirimplemen-
tationshave gonethroughseveraliterations We startedwith
simple stratgies of the form "from A bypassing X to B".
Thenwe considerederies-parallettratgiesthatusedsim-
ple stratgiesandtwo operatorsjoin andmege [54]. Our
compilationalgorithmfor series-paralledtratgieswaslim-
itedin thatit only workedonalimited setof classgraphand
traversalstratgly combinationsWe thengeneralizedtrate-
giesalongwith their compilationalgorithm[37, 38] mak-
ing the algorithmbothmoregeneralandfaster A technical
report[39] shawvs a systematiaderivation of the algorithm
from a simple semanticghatis easily understoodoy pro-
grammersin anutshell,for the traversalstratgy "from x1
to x2" follow edgedn the set

POS%x1;x2) = fe j x1( e ) C ) X2g:
Theformulacanbeinformally summarizedas:travel only
throughthepathswherestatictypesallow for thepossibility
of reachingatargetclassobject. Thedetailsarein [39, 38§].

Considera variantof the salarysummingproblemfor a
company object,the original versionis dueto David Bock
[18, 7]. Thepaperby comeso yourdoorandasksfor a$20
paymentfor the newspaperYou have somemoney in your
wallet, but notenoughMore mongy is in your kitchencab-
inet but still not enough.For emepgenciesyou haze more
moneg in your bedroom.You could let the paperbg know
all thosedetailsbut that would be inappropriateand could
leadto misuse.

Insteadof using(in classPaperBoy)

customer . wallet .money ;

customer . apartment .kitchen

kitchenCabinet  .money ;

customer . apartment .bedroom .

mattress .money ;

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

The methodgetPayment is implementedusing a com-
plex requestin the form of a traversalstratey: "from Cus-
tomer to Money” (similar to the "from Company to Salary”
stratgy). For thecompletecode,se€[7].

A generalproblemof following the LoD is thatit leads
to wide classinterfacesbecause¢hereareso mary waysof
traversingthrougha complex objectstructurefor different
purposesThereforewe usea declaratie approactto spec-
ify wherewe wantto go (e.g.,”from Customer to Money”).
Insteadof sendingmary individual requestsve sendone
compl request.

Suchcomple requestdetweenra clientanda sener of-
fer severaladvantagesproposedy Mitch Wand:

Sincethe sener getsa structuredrequest,it hasop-
portunitiesfor optimization.For example thetraversal
"from Customer to Money” doesnot have to visit the
bathroomif the classgraphsaysthatthereis nomonegy
in thebathroom.

Ontheclient side, knowvledgeaboutthe requesis ex-

presseddeclaratiely, ratherthan beingembeddedn

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 duplicatedn thecomple re-

guestfollowing the spirit of the LoD.

In a distributed ervironment,complex requestamini-
mize the numberof messagethat needto be sentbe-
tweentheclientandthesener.

Comple requestscan also be aspectual.The Sum-
mingVisitor is an aspectuatomple requestto modify the
executionof atraversal.

5. Other Law of DemeterApplications

The LoDC appliesto otherdomainsthanwriting meth-
ods.

5.1. Growth Plansfor ClassGraphs

The LoD also appliesto constructingdata structures
(classgraphs),not just constructingmethodbodies.Con-
sider an apartmentthat is uninhabited:it consistsof a
kitchen,living room, bedroomandbathroom Whena ten-
ant moves, the apartmentgetsenhancedvith furnishings:
beds tables,etc. The bedis probablyputinto the bedroom
but thefurnishinginformationshouldbekeptseparatérom
thebasicapartmenstructure[15],

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

In the Demetermethodwe usethe notion of a growth
plan [28, 40] to incrementallydevelop an application.A
growth planis a sequencef phasef increasinglylarger
classgraphswvherethe nal oneis the classgraphof theap-
plication. Thesequencés constructedarefullysothateach
phasecanbetestedeffectively.



Growth phasesare good candidatego be encapsulated

asaspectsBut the extensionpoints might have to be very
ne-grainedto achieve this. For example,in growth phase
wemighthave anassignmengtatemenandin growth phase
i + 1, theassignmenstatemenwill be wrappedby a con-
ditional. This would requirethat we can selectan assign-
ment statemengs an extensionpoint. This would require
a ne-grainedmodelfor expressingextensionpointsthatis
currentlynot supportede.g.,by AspectJ.

5.2. Object Creation

We have hintedat how we canuseadaptve methodsto
write shy codefollowing the LoD andthe DRY principle
(Don't Repeatrourself).Next we focuson objectcreation.
We considera constructorcall to be a call to a classob-
ject. Our goalis to usea minimal numberof suchclassob-
jectsin a givenmethodbecauseachoneexposesnforma-
tion aboutits class,againstthe spirit of the LoD.

The traditionalway to constructobjectsis to sendmes-
sagego mary classobjects(or, equivalently, to have mary
constructorcalls). It is betterto parsean objectdescription
(a sentencen the languageof a nonambiguougrammary):
Source.parse("object description”). Considerthe creationof
an empty FileSystem-objectWe could createexplicitly a
FileSystem-objecta Directory-object,a collection object
for an emptylist of les, a DirectoryName-objecetc. In-
steadwe could write an object description:*directory ( )
root” sayingthat we want a directory called root contain-
ing no les. Fileswould be put betweertheparentheses.

Notice how the objectdescriptionis more succinctthan
thelong constructorcallsthatwould duplicatea goodchunk
of theinformationin the classgraph.Theideais to write a
“schema”that de nes both a setof classesandan LL(1)
grammarandto use parsergenerationto createthe parse
function. This approachis usedin the XML community
by the Java data-bindingtool (JAXB). But unfortunately
mark-upgrammarglike XML schemashatareby theirna-
tureLL(1)) cannotprovidethestructure-siinesshatis pos-
sible with grammarsof LL(1) languagesAn XML docu-
mentis forcedto repeata lot of structurein the grammar
(schemajwvhile asentencef anLL(1) grammaiis not. Our
tools Demeter/Flaors, Demeter/C++DemeterJDAJ, and
XAspectshave usedthis techniquesuccessfullyfor mary
years.

5.2.1. Syntax as Aspect It is usefulto separatestructure
andsyntaxasalreadyproposedn the SynthesizeGenera-
tor [57]. Herewe view this separatiorasan applicationof
the LoDC to the concernf structureandsyntax.To cap-
ture structure,we write a classgraphwith is-a and has-a
relationshipsObjectsde ned by the classgraphcanbede-
scribedin a stylized English representatioriby enhancing
the classgraphwith tokensin the style of classdictionaries

[26, 28]. Evenbetterthanwriting a classdictionary which
really tanglesstructuralconcernswith syntacticconcerns,
violating the LoDC, is to write a syntacticaspecthatsays
which tokensshouldbe printed during the traversalof an
object. For example, before class Basket: "basket” means
that beforea Baslet-objectis printed, the token basket is
printed.after class Basket: "end” "basket” meanghataftera
Baslet-objectis printed,thetokensend basket areprinted.

The adwantageof specifying the syntax separatelyis
that syntax aspectsbecomereusableand pluggable. For
example, if we start with a classgraph B for baslets,
B + EnglishSyntax yields an Englishrepresentatiomof
basletsandB + GermanSyntax yieldsa Germanrepre-
sentatiorof baslets.In GermanSyntax , we would usebe-
fore class Basket: "Korb”.

It is importantto notice that a classgraphplus a syn-
taxaspectesultsin agrammarhatis constructedn sucha
way thatnoimportantinformationis lostin a concretesyn-
taxtreewhenall tokensarestrippedaway. Whenall tokens
areremoved we get an abstractsyntaxtree that still con-
tains the completestructuralinformation aboutthe initial
sentence.

Syntaxaspectzouldalsoeasilybegeneralizedo de ne
richer languagescalled stratgly syntaxaspectlanguages.
In astratgy syntaxaspectve usestratgjiesto de ne where
tokensgo. Let Start be the startsymbol. For example,be-
fore : from Start via X via Y to Basket : "basket” meanghat
only if theBasket-objectis reachablavith the strat@y from
Start via X via Y to Basket, will thetokenbasket be printed.
The generalform would be: before : s : "token”, wheres
is a stratgy (with sourceStart andtarget Target) thatim-
posesrestrictionswhen the token should appearbeforea
Target-object.Notice thatthe presencef atokenis depen-
dentonthecontet asexpressedy atraversalstratayy.

Let's applythe LoDC in this new context thatis differ-
entthanthetraditionalcontext of object-orientegorogram-
ming. The initial concernis the structuralconcernwhere
we write a classgraphwith has-aandis-aedgesThe units
in this casearethe classde nitions. "Talking” meansenu-
meratingan elementinsidea classde nition. Whenfocus-
ing onstructureijt is ok to enumeratelasse$ut nottokens.
Thereis a separatsyntaxaspecthatusesa coordinatesys-
temin the structuralconcerrto positionthe tokens.

The motto behindstructure-si objectcreationis: Con-
cretesyntaxis more abstract thanabstract syntax(for suit-
ably chosengrammars)This is contraryto whatis taught
in atypical compilerclass Concretesyntaxis moreabstract
becausea sentencale nesanentirefamily of abstracsyn-
taxtrees(objects)while anabstracsyntaxtreede nesonly
oneobject.A particularelementof thefamily is choserby
selectinga grammar For example, directory () root” repre-
sentsarootdirectoryobjectoncewe have chosera particu-
lar schemdor the le structure.



Richard Rasalahas promotedthe idea of creatingma-
ture objectsversusthe traditional way of creatingembry-
onic objectsthat are incomplete[56]. With the Demeter
data-bindingechniqueye practicecreatingmatureobjects
in two stepsin the rst steptheparsercreatesa maturetree
objectandin the optionalsecondphaseraversalscreatea
completelylinked, matureobjectreadyfor processing.

We have prepareda small collection of design pat-
terns[29] that summarizethe basictechniquesof follow-
ing the LoD: Class-GraphGrowth-Plan,Selectve-Visitor,
Structure-Si-Object,  Structure-Si-Traversal. They
are the foundation for the iteratve development pro-
cessof the DemeterMethod[28].

5.2.2. Printing asAspect Theinverseof parsingis print-
ing. To control the printing of objects,we would like to
useprinting commandgo make the outputmorereadable.
Four corvenientcommandsare (they areusedin DemeterJ
[36]): INDENT, UNINDENT, LINE andSFACE. Theprint-
ing aspecinteractswith the syntaxaspectandthis interac-
tion is apparenin the classdictionaryfor classdictionar
ies (CD-FOR-CDS)of DemeterJThe CD-FOR-CDSalso
containscompleteinformationaboutwherethe syntaxas-
pectand the printing aspectinteractwith the basicstruc-
tural concern.The CD-FOR-CDSviolatesthe LoDC be-
causeit tanglesinformation aboutthree concerns(struc-
ture,syntax printing).Not surprisingly it containgheseeds
of aspectlanguageghat can be derived rather systemati-
cally from the CD-FOR-CDSWe noticeaninterestingcon-
nection betweenextending a grammarand designingas-
pectlanguagesFuturework will explore this aspects-as-
grammarextensiongdeain moredepth.

6. Tool Support for the Law of Demeter

Severaltoolsareavailableto follow theLoD.

6.1. LoD

AspectJis anideallanguageo write a LoD checler for
Java programg[7, 35 Our AspectJchecler doesnot deal
with the LoDC, only with the LoD, althoughAspectJhas
excellentcapabilitiesto separatécrosscuttingroncerns.

The LoD, when followed in an object-orientedstyle,
leadsto scatteringand mary small methods.To address
this scattering,we introducedtraversal stratgjies and we
developedthe AP Library [9] that containsthe key al-
gorithms (motivated by automatatheory) for processing
traversalstratgies.On top of the AP Library we have built
DJ[51] andDAJ[32, 1Q] (besidegheearlierDemeterys-
tem[36].) Thosesystemgyreatlyfacilitatetraversal-related
collaborationsPJfor JavraandDAJ for AspectJ.

DJtakestheapproachhattheconceptdehindtraversal-
relatedcollaborationsare madeavailable as Java classes.

The mostimportantonesare ClassGraphStratgy, Traver

salandVisitor. DJ hasrun-timeoverheadandthereforewe
developedDAJ. DAJ usesthe “declare” extensionmecha-
nismof Aspectlo declarestratgiesandtraversalswith vis-

itors. This malesit very easyfor AspectJprogrammersto

follow LoD. DAJ avoids the run-time overheadof DJ by

generatingcode statically For further information on DJ

andDAJ, se€[32].

JXPathis anothertool thatmakesit easierto follow the
LoD. JXPath usesthe XPath notationto navigate through
Java objects.As describedn [38], XPathis not (yet) asex-
pressie asstratgieswith respecto structure-siiness.

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
Demeterihatsupportg¢hetwo concern-speci aspectan-
guagescovered in Crista Lopes thesis [42]. We devel-
oped a simple weaver that helped us to compile our
concern-speci ¢ languages: class dictionaries, beha-
ior les for traversal-relatedollaborationconcernsCOOL
les for thesynchronizatiorwoncernandRIDL les for the
datatransferconcern.Recently we have developedXAs-
pectswhich improves DemeterJby using AspectJas the
weaver and by providing a framevork where mary as-
pectscanbeintegratedusingplug-ins[61].

WebJinn[25] is a framewvork for concernseparation
in the Web applicationdomain. WebJinnorganizescode
sothatthe presentationfunctionality, control,andschema
concernsarekeptseparateln extantweb applicationmod-
els, the schemaconcernis scatteredone cannotavoid re-
ferringto theschemdrom within thefunctionalityandpre-
sentationThisviolatesthe LoDC, becaus¢he schemacon-
cerncontributesto neitherof the otherconcernsWebJinn
follows the LoDC by decouplingthe schemaconcernusing
a specialreferencingmechanisncalled schemaextension
points.This makesWebJinna domainspeci ¢ AOP frame-
work for webapplications.

7. Aspectsand Components

Our goalis to encapsulat¢he informationabouta new
concernto be addedto a systemasa componentThis is
similar to a contractingprovider that sellsthe solutionthat
wasdevelopedfor onebuyerto several others.

A components a black-boxentity thatcanbe deployed
independentlyand that provides one or more speci ¢ ser
vicesto the system[64]. The deploymentis donethrough
a connectorin the component-connectatyle of software
architecture[14]. Connectorsprovide a level of indirec-
tion that resultsin more reusablecomponentsWe would



like to achieve the samereusabilitywith aspectandthere-
fore we proposedheconcepbf aspectuatomponent$33]
basedon the adaptve plug-and-playcomponentonceptof
[48]. An adaptve plug-and-playcomponentonsistsof an
“ideal” classgraph(similar to a setof participantsin con-
tracts[16]) thatrepresentshe minimal structureto express
theprovidedinterfaceof thecomponentgiventheexpected
interface.Connectorareusedto maptheideal classgraph
to the classgraphwherethe components used.Aspectual
componentsrevery similar: we have in additionto thereg-
ular methodsalsoaspectuainethodghathave the powerto
modify othermethodsin an around-before-aftestyle. As-
pectualmethodspromotethe notion of structuredextension
points:we do not just have a setof extensionpointswhere
we wantto performthe sameextensionactionbut we have
a graphof extensionpointsandwe usually have extension
actionsthatdiffer from nodeto node.Componentandas-
pectshave a happy coexistence[47, 52, 63] but thereare
mary openissues.

8. OpenProblems

Issuesaroundthe LoD are pretty resohed but issues
aroundhow to follow the LoDC have mary openquestions.

Controlling the power of aspectsAspects,in the As-
pectlstyle, arevery powerful becausehey canreach
inside existing code at mary different places us-
ing low-level mechanismsilt is usefulto study lim-
ited forms of aspectandaspectghatusehigherlevel
mechanismo specifythecoordinate®f theenhance-
ments.

The D*J tools (DemeterJDJ, DAJ) usea limited
form of aspectqalthoughthe underlying algorithms
areusefulfor aspectsn general)Thetraversal-related
collaborationaspectsrst extendthe classdiagramby
introducinga set of nodeand edgetraversingmeth-
odsandthenthe aspectsxtendthosemethodswhen
they traversecertainnodesandedges.By rst intro-
ducingwhatis extendedaspectsn Demeterarenicely
localizedas demonstratedby the weaving instruction
in the form of a Jara methodcall in Figure 1. The
aspectvhenAndWhatToDo is active during the traver-
salde ned by aspectwhereToGo which in turn oper
atesin thecontet of classGraph. In thesameprogram
we might usemultiple classgraphs.Notice again the
robustnessawith respecto change®f the classgraph
(structure-shiness):A signi cant changeto the class-
Graph might not requireary changedo the object de-
scription, whereToGo andwhenAndWhatToDo.

Thisis oneway of limiting the power of aspectand
still gaining signi cant bene ts from them. Otherap-
proachesare presentedn [6, 34, 52]. We also need

mechanismso that code can protectitself from as-
pectswithout interferingtoo muchwith the power of
aspectsOnepromisingdirectionis to usecontractgor
aspectgandof coursethebasecode)[45]. Thegoalis
to nd asolutionfor theadaptatiordilemma.

InteractionbetweeraspectsWhenmultiple aspectsn-
uence thesameextensionpoint, we have issuef as-
pect compositionand con icts betweenaspectsRe-
centwork in this areais [8].

Reasoningaboutresourceconsumptionlt is common
practiceto analyzetheresourceconsumptiorof anal-
gorithmbut doingit for anaspectsuchasanaspectual
componentis muchharder Therearetwo reasongor
this. First, anaspecis parameterizedver a program.
Doingaparameterizednalysisover suchcomplec pa-
rameterds hard.Secondthe adaptatiordilemmaim-
pliesthatanaspecis a shifting abstractiorthatadapts
to actualparameters.

9. Conclusions

We have investigatedthe Law of Demeter(bothLoD and
LoDC) andits interestingrami cations. The LoD leadsus
to thedilemmaof eitherviolatingit (writing codethatis dif-

cult to maintain)or to write codethat crosscutghe class
graphby being scatterecacrossmary classesandtangled
with otherconcernsTo controlthe scatteringandtangling,
we usedaspect-orientetechniques.

The LoD leadsnaturallyto the LoDC. For example,the
whereToGo concernshould not be polluted with method
calls aboutthe whenAndwhatToDo concern.Or the base
codeshouldnot be polluted with synchronizatiorcodeor
datatransfercode.

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

Properlyfollowing the LoDC, or in otherwords, nd-
ing a properdecompositiorinto separableaspectsjs still
anissuewith mary questionsattachede.g.,the adaptation
dilemma).But the AOSD communitycontinuesto develop
goodsolutionsandit will ultimatelysucceed.
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