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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 useful to revisit the
genenl objectivesof the LoD and adapt it to the new
ideas.Hencewe introducethe Law of Demeterfor Con-
cernsand discussthe 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.

A revisedversion of this paperandthe slidesare avail-
ablefromthe Demetemvebsite:
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 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”. Friendscouldbe ob-
jectsor classesor componentsand talking can mean‘re-
ferto” or “call”. In the mostgeneraform, we have a setof
modules(e.g.,methodsandobjects)andeachmoduletalks
only to closely relatedmodules(the friends). The goal is
thata modulebecomesnore understandablé it doesnot
referto too mary othermoduleshut insteaddealswith only
the appropriatemodulesthat are neededo achieve a pur
pose.The LoD helpsto control information overload for

thedesignerThe LoD goesbeyond encapsulatiotry mak-
ing minimal useof public knowledge(interfaces) TheLoD
is anapplicationof the Low CouplingPrincipleby making
thenotionof badcouplingexplicit andcheckabléy tools.

We limit our focus to object-orientedsystemswith
classesand methodsandwe 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
methodsmay only sendmessaget preferredsupplierob-
jects.A methods preferredsupplierobjectsareits “friends”
andaretheimmediatepartobjectstheargumentobjectsjn-
cluding “this” and objectsthat are createddirectly in the
method.Later, we generalizedhe notion of preferredsup-
plier objectsto: theimmediatepartobjects(boththe stored
and the computedparts) basedon a suggestionby Wal-
ter Hursch.A computedpart objectis onethatis returned
by amessagsentto “this”.

2. LoDC

From the early days of what we called Adaptive
Programming[2h we implicitly useda strongerform that
we call herethe Law of Demeterfor Concerns(LoDC).
In the LoDC, we restrict the friends further: only friends
thatcontritute to a commonsetof concernsSothe LoDC
is: Talk only to your friends that contribute to a com-
monsetof concernor that shale the sameconcernsThere
may be multiple concernsin play and eachcommunica-
tion should be restrictedto those preferredsupplier ob-
jects that contritute to thoseconcerns A similar view is
taken by Colyer at al. [5] with the Principle of Depen-
deng Alignment.

We cannotavoid talking to friendsthatdon't contrikute
to the currentconcernsut we wantto imposethis commu-
nicationusing a separatenodule. This imposition hasthe
adwantagethat the codefor the currentconcernsstaysun-
pollutedanddoesnot getclutteredwith callsrelatedto for-
eignconcernsThis makescodemorereusableand e xible.



Consideabaseapplicationthatimplementsa setof con-
cernsandnow we wantto log someof the methodcallsin
thebaseapplication.In otherwords,we wantto implement
thelogging concernthat hasbeenoften usedin the AOSD
community The power of AOSDis notwell representetly
this examplebut it sufces to illustratethe connectionsve
areafter Thelogging concernis distinctfrom the applica-
tion's concernsindeedit is anintrusive concernthatwants
to watchwhatthe baseapplicationdoes.The logging con-
cernwantsto sendmessageto a log le with information
from the baseapplication.

Insteacbf addingtheloggingcallsin thebaseapplication
codeviolatingtheLoDC (the*“that contrituteto acommon
setof concerns’part),we needto enhanceéhebaseapplica-
tionfromthe“outside”.Weneedio nd acorvenientwayto
specifytheplacesn the programexecutionwherethosead-
ditional callsto thelog le objectshouldhappen.The log-
ging concernis anexampleof aconcernthatcutsacrosghe
baseprogram.

By following theLoDC, 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, 53, 21]. By a concernwe meanary issuethat
the designer/programmaes concernedvith, e.g.,the syn-
chronizationpolicy of a system,the implementationof a
usecaseor the exceptionhandlingpolicy of asystem.The
LoDC promotedayeredsoftware developmentwhereeach
layerimplementsone or moreconcerns[f Eachlayerhas
a setof extensionpointsto which the next setof concerns
may connect.The extensionpointsarede ned outsidethe
currentlayer, usinga “coordinatesystemthatexistsin 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-irvasive addition/etensionof the system
throughthe de nition andincorporationof newv concerns.
Alternatively whenconcernsare crosscuttingtheir ad hoc
implementationvould be scatteredresultingin 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 make it easyto ex-
pressthe coordinate®f the extensionpoints.

Let's considera programthatimplementsa setof con-
cernsCs. Now we add a nev concernCnpgy. Consider
Cs and Cnpay implementedand consideran execution of

the program.The setof callsthat crossthe boundaryfrom

within Cs to Cnpegy arethe setsof calls (extensionpoints)
we would like to capturein a separatebstractionAnd the
codeexecutedafterthosecallsuntil we returnbackto orig-

inating callsbelongingto Cs we wantto captureasa sepa-
rateenhancemertb the codebelongingto Cs. Theimple-

mentationof Cnpey is an“outside” abstractiorto be added
to the programto satisfythe “that contritute to a common
setof concerns’part. The “talk only to your friends” part
takescareof organizingthe codeinsideCs.

In mary situationswe might be ableto partitionthe ob-
jectsbasedon concernsin that casethe LoDC disallons
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-invasie extensionsfor crosscutting
concernss thethemeof AOSD (Aspect-Oriented®oftware
Development)[12]. For a history of Aspect-OrientedPro-
gramming(AOP),see[40]. Compositionlters [2] werean
early techniqueto extenda classnon-invasively usinglay-
ersof composablelters. Ivar Jacobsorj22] hasproposed
aspect-orienteleasbut without usingan expressie nota-
tion to describesetsof extensionpoints.

2.1. 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 enumeratene by onethe placeswherethe calls should
happenin the terminologyof 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 aguments.)in this case,factoringout the
logging concernis a big win. We are guaranteedo cap-
tureall thosemethodcalls while the manualsolutionmight
misssome AspectJsolvesthe problemasfollows:

aspect Logging {

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

System .out .printin (thisJoinPoint )B]

This programmalkesthe assumptiorthatwe have not acci-
dentallycalledanunrelatedmethodwithdraw thathasnoth-
ing to do with withdrawal.

We needechniqueso statethecoordinatesemantically
Whenyou agreeon a coordinatewith yourfriendto meetat
the main railway station,you might say: Let's meetat the



main meetingpoint marked by arravs. Whensheasksfor
detaileddirectionsyou might hesitatebecause/ou are not
sureyouremembethedetails Whenyoutell herto turnleft
at the Swissairof ce, you will bein troublebecauset no
longerexists. It could alsobe thatthe main meetingpoint
hasbeenmovedbut the high level descriptionstill holds.

Furthermoremanuallyaddinglog callswill increasehe
amountof informationthatis found in the original mod-
ule. This intermixing in a modules operations(tangling)
increaseshe codebaseof the modulewhile decreasinghe
ability to reasoraboutwhatis thefunctionalityof 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-
tionsareemeging. 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[42] aboutbetter 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, 41, 43]. If the concernat handis
traversal-baseaollaboration,we use a languagespecial-
ized for traversalsand a languageto expressthe collabo-
ration that happenguring the traversal[26]. Otherexam-
plesof concern-speci danguagesrediscussedy Duzan
etal. [11]. Concern-speci capproachefave 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
mostprominentonesAlso predicatalispatcHanguagesre
closeto generapurposeaspectanguage$48]. Context ob-
jectsarealsoanearlyform of generapurposeaspect$55].

In section3 we examinecommonalitiedbetweerfollow-
ingtheLoD andLoDC. In sectiord we investicgatecomple
requesinterfacesasausefulview 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 considerschallengesindopenproblemsandsection
9 concludeghe paper

3. Following LoD and LoDC

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

ThelLoD leadsusinto adilemma(LoD dilemma):if we
follow it, we have to write mary smallmethodsthatdupli-
cateinformationandif we don' follow it we getcodethat
is dif cult to maintain[27]. Traversalstrategies[37] arethe
way out of this situationcombinedwith eithera traversal
stratgyy interpreter(e.g.,DJ) or acodegeneratofe.g.,DAJ
[31, 10], Demeter]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 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 parameterizegrogramabstractior (Q)

is givenwith a broadde nition of the domainof

the allowed actualparametersywe 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[27]. Recentlyit wasalsonoticedby otherg[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,AspectWrkz, JBoss-OR JAC, DemeterJetc. (see
http://www.aosd.net ) are hapyy 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-
tionsaswrong or breakingmodularity it is muchbetterto
nd goodwaysof working with them.
JonathanAldrich [3] de nes a moduleinterfacefor the

baseprogramandif the implementationchangeswithout
affecting this interface,OpenModulesguaranteghat one



never hasto retestthe logging speci cationwhenthe base
programchangesThis solutionsacri ces someoblivious-
nesq13]. Findingnewv waysof de ning interfacesbetween
baseprogramsandaspectss animportantproblem.

3.2. Summing

Now considera compaly 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 computethetotal salarypaid by the com-
pary. Notice how this situationis similar to thelogging ex-
ample. In the logging example we hadto nd all calls
of the form C.withdraw(..) and herewe 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 expresgshecoordinate®f thesalaryobjects?
Thereis a dangerthat we violate the LoD. The disadwan-
tageof suchaviolationis thatwe violatethe DRY principle
(Don't Repeatyourself,[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 might wantto 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 remembethatall
Salary-objectswill be addedto the total salary(adaptation
dilemma).

With Java andthe DJ library [49], 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
a graphwith oneedge. The signaturef the visitor 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 0) {

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 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-
ture with a selectolanguageon top asthe commonstruc-
ture betweerbothsituationg36, 37]. The rst graphstruc-
ture representdreesfrom which we want to selectnodes
and edges.The secondgraph structurerepresentameta-
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 acton adynamicgraph.

Themeta-informatiorin the Summingexampleis avery
well known entity: it is a classgraph(in UML terminol-
ogy calleda classdiagram).The classgraphis usedto de-
cidewhich edgesn the objectgrapharefruitful 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[52].

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 reducethedynamicchecking[45, 60].
In this casewe don't needa traversalto enumeratehe co-
ordinatesbecauseahe “machine” providesa default traver
sal[57]. 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-
plementedisinga visitor object[27, 49]. The signatureof
thevisitor methodsexpresswherethetraversalneedso be
enhance@ndthebodiesof thevisitor methodexpressvhat
codeto executeat the enhancementoints.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-shinessspeci cally and concern-siinessin
general areimportantgoalsof the Demeterproject.

Anothercommonalitybetweerlogging andsummingis
that we wantto be shy with respectto the metainforma-
tion (classgraphandprogramimplementation)Therulein
[3] that prohibits external aspectdrom advisingthe inter-
nal calls of amodulecanbe viewed asensuringthat exter-
nalaspectare“implementation-si” with respecto thein-
ternalsof a module—thusallowing that implementationto
changewithout affecting the externalaspectsOpenmod-
ules provide a very strict form of implementation-sjness
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-objectsatits leaves.This analogy
is elaboratedn [60] whereit is shaovn how AspectJpoint-
cutdesignatorganbe expressedistraversalstratayies.

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

It is anempiricalquestiorhow muchtraversalstratgies
(our concern-speci cabstractiorfor the traversalconcern)
help in actualprogramming.Wu and Wand [61] have re-
cently collectedstatisticson one system(DemeterJ[35])
wheretraversalstratgieshelpedto createa systemthatis
easierto evolve.

4. Strategiesas Complex Requestinterfaces

Implementingraversalds morecomple thanit rst ap-
pears[37, 51, 52]. The commerciallysuccessfutraversal
technologythatis widely usedis XPath.It is usedbothfor
traversingXML document@ndJava objects(JXPath).

Insteadof XPathwe usetraversalstratgiesfor reasons
describedn [37]. Traversalstratgiesandtheir implemen-
tationshave gonethroughseveraliterations We startedwith
simple stratgjies of the form “from A bypassing X to B”.
Thenwe considerederies-parallettratgjiesthatusedsim-
ple stratgiesandtwo operatorsjoin andmeige [52]. Our
compilationalgorithmfor series-parallettratgieswaslim-
itedin thatit only workedonalimited setof classgraphand
traversalstratgyy combinationsWe thengeneralizedtrate-
giesalongwith their compilationalgorithm[36, 37] mak-
ing thealgorithmbothmoregeneralandfaster A technical
report[38] shavs a systematiaderivation of the algorithm
from a simple semanticghatis easily understoodoy pro-
grammersln a nutshell,for the traversalstratey "from x1
to x2" follow edgesdn the set

POS$x1;x2) = fe j x1( e ) C ) X2g:
Theformula canbe informally summarizedas:travel only
throughthepathswherestatictypesallow for thepossibility
of reachingatametclassobject. Thedetailsarein [38, 37].

Considera variantof the salarysummingproblemfor a
compary object,the original versionis dueto David Bock
[18, 7]. Thepaperby comego yourdoorandasksfor a$20
paymentfor the nevspaperYou have somemoney in your
wallet, but notenoughMore money is in your kitchencab-
inet but still not enough.For emegenciesyou have more
mone in your bedroom.You couldlet 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 traversalstrateyy: "from Cus-
tomer to Money” (Similar to the "from Company to Salary”
strat@y). For thecompletecode,se€[7].

A generalproblemof following the LoD is thatit leads
to wide classinterfacesbecauséhereare so mary waysof
traversingthrougha complex objectstructurefor different
purposesThereforewe usea declaratve approacho spec-
ify wherewe wantto go (e.g.,”from Customer to Money”).
Insteadof sendingmary individual requestsve sendone
comple request.

Suchcomple requestdbetweera 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 theclassgraphsaysthatthereis no money
in the bathroom.

Ontheclient side,knowledgeaboutthe requests ex-

presseddeclaratvely, 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-

questfollowing the spirit of the LoD.

In a distributed ervironment,comple requestsmini-
mize the numberof messagethatneedto be sentbe-
tweentheclientandthesener.

Complex 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,bedroomandbathroomWhenaten-
ant moves, the apartmentgetsenhancedvith furnishings:
beds tables,etc. The bedis probablyputinto the bedroom
but thefurnishinginformationshouldbe keptseparatérom
thebasicapartmenstructure[15],

In this applicationthe modulesare classesandthey 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 planis a sequencef phaseof increasinglylarger
classgraphswherethe nal oneis theclassgraphof theap-
plication. Thesequencés constructedarefullysothateach
phasecanbetestedeffectively.

Growth phasesare good candidatego be encapsulated
asaspectsBut the extensionpoints might have to be very
ne-grainedto achiese this. For example,in growth phase
wemighthave anassignmengtatemenandin growth phase
i + 1, theassignmenstatementvill be wrappedby a con-
ditional. This would requirethat we can selectan assign-
ment statements an extensionpoint. This would require
a ne-grainedmodelfor expressingaxtensionpointsthatis

currentlynotsupportede.g.,by AspectJ.

5.2. Object Creation

We have hintedat how we canuseadaptve methodso
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 givenmethodbecause@achoneexposesnforma-
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
(asentencen the languageof a nonambiguougrammar):
Source.parse("object description”). Considerthe creationof
an empty FileSystem-objectWe could createexplicitly a
FileSystem-objecta Directory-object,a collection object
for anemptylist 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 betweerthe parentheses.

Notice how the objectdescriptionis more succinctthan
thelong constructorcallsthatwould duplicateagoodchunk
of theinformationin the classgraph.Theideais to write a
“schema”that de nes both a setof classesandan LL(1)
grammarandto useparsergenerationo 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
(schemavhile asentencef anLL(1) grammaiis not. Our
tools Demeter/Flaors, Demeter/C++DemeterJDAJ, and
XAspectshave usedthis techniquesuccessfullyfor mary
years.

The motto behindstructure-si objectcreationis: Con-
crete syntaxis more abstiact than abstiact syntax This is
contraryto whatis taughtin a typical compilerclass.Con-
cretesyntaxis moreabstracbecause sentencale nesan



entirefamily of abstracsyntaxtrees(objects)while anab-
stractsyntaxtree de nes only oneobject. A particularel-
ementof the family is choserby selectinga grammar For
example,directory (') root” represents root directory ob-
ject oncewe have chosena particularschemafor the le

structure.

Richard Rasalahas promotedthe idea of creatingma-
ture objectsversusthe traditional way of creatingembry-
onic objectsthat are incomplete[54]. With the Demeter
data-bindingechniqueyve practicecreatingmatureobjects
in two stepsin the rst steptheparsercreatesa maturetree
objectandin the optionalsecondphasefraversalscreatea
completelylinked, matureobjectreadyfor processing.

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

6. Tool Support for the Law of Demeter

Severaltoolsareavailableto follow theLoD.

6.1. LoD

Aspectlis anideallanguagédo write a LoD checler for
Java programg[7, 34] Our AspectJchecler doesnot deal
with the LoDC, only with the LoD, althoughAspectJhas
excellentcapabilitiesto separatécrosscuttingoncerns.

The LoD, whenfollowed in an oo style, leadsto scat-
teringandmary smallmethodsTo addresghis scattering,
we introducedraversalstratgiesandwe developedthe AP
Library [9] that containsthe key algorithmsfor processing
traversalstratgies.On top of the AP Library we have built
DJ[49] andDAJ[31, 10] (besidegheearlierDemetersys-
tem[35].) Thosesystemgreatlyfacilitatetraversal-related
collaborationsPJfor JaszaandDAJ for AspectJ.

DJtakestheapproactthattheconceptdehindtraversal-
relatedcollaborationsare madeavailable as Java classes.
The mostimportantonesare ClassGraphStratgyy, Traver
salandVisitor. DJ hasrun-timeoverheadandthereforewe
developedDAJ. DAJ usesthe “declare” extensionmecha-
nismof Aspectlo declarestratgiesandtraversalswith vis-
itors. This makesit very easyfor AspectJprogrammersto
follow LoD. DAJ avoids the run-time overheadof DJ by
generatingcode statically For further information on DJ
andDAJ, see[31].

JXPathis anothertool thatmakesit easierto follow the
LoD. JXPath usesthe XPath notationto navigate through
Java objects.As describedn [37], XPathis not (yet) asex-
pressve 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
Demeterihatsupportghetwo concern-speci aspectan-
guagescovered in Crista Lopes thesis [41]. We devel-
oped a simple weaver that helped us to compile our
concern-speci ¢ languages: class dictionaries, beha-
ior les for traversal-relateaollaborationconcernsCOOL
les for thesynchronizatiorroncernandRIDL les for the
datatransferconcern.Recently we have developedXAs-
pectswhich improves DemeterJby using AspectJas the
weaver and by providing a frameavork where mary as-
pectscanbeintegratedusingplug-ins[56].

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-
ferring to the schemdrom within thefunctionalityandpre-
sentationThisviolatesthe LoDC, becaus¢he schemacon-
cerncontributesto neitherof the otherconcernsWebJinn
follows the LoDC by decouplinghe schemaconcernusing
a specialreferencingmechanisnralled schemaextension
points.This makesWebJinna domainspeci ¢ AOPframe-
work for webapplications.

7. Aspectsand Components

Our goalis to encapsulatéhe informationabouta new
concernto be addedto a systemasa componentA com-
ponentis a black-boxentity thatcanbe deplo/edindepen-
dentlyandthatprovidesoneor morespeci c servicego the
system[59]. The deploymentis donethrougha connector
in the component-connectatyle of software architecture
[14]. Connectorgrovide a level of indirectionthat results
in morereusableeomponentsWe would lik e to achieve the
samereusabilitywith aspectandthereforeve proposedhe
conceptof aspectuatomponentg32] basedon the adap-
tive plug-and-playcomponentoncepiof [47]. An adaptve
plug-and-playcomponentonsistof an“ideal” classgraph
(similar to a setof participantsin contractg16]) thatrep-
resentghe minimal structureto expressthe providedinter-
faceof the componentgiven the expectedinterface.Con-
nectorsare usedto mapthe ideal classgraphto the class
graphwherethe components used Aspectuakomponents
arevery similar: we have in additionto theregularmethods
alsoaspectuaimethodghathave the powerto modify other
methodsin an around-before-aftestyle. Aspectualmeth-
ods promotethe notion of structuredextensionpoints:we
do notjust have a setof extensionpointswherewe wantto
performthe sameextensionactionbut we have a graphof



extensionpointsandwe usuallyhave extensionactionsthat
differ from nodeto node.Componentandaspectdhave a
hapyy coexistence[46, 50, 58] but therearemary openis-
sues.

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-
pectJstyle, arevery powerful becausehey canreach
inside existing code at mary different places us-
ing low-level mechanismsilt is usefulto study lim-
ited forms of aspectandaspectghatusehigherlevel
mechanism$o specifythe coordinate®f theenhance-
ments.

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

Thisis oneway of limiting thepower of aspectand
still gaining signi cant bene ts from them. Otherap-
proachesare presentedn [6, 33, 50]. We also need
mechanismso that code can protectitself from as-
pectswithout interferingtoo muchwith the power of
aspectsOnepromisingdirectionis to usecontractdor
aspectgandof coursethebasecode)[44]. Thegoalis
to nd asolutionfor the adaptatiordilemma.

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

Reasoningboutresourceconsumptionlt is common
practiceto analyzethe resourceconsumptiorof anal-
gorithmbut doingit for anaspectsuchasanaspectual
componentis muchharder Therearetwo reasongor
this. First, anaspecis parameterizedver a program.

Doingaparameterizednalysisover suchcomples pa-
rameterds hard.Secondthe adaptatiordilemmaim-
pliesthatanaspecis a shifting abstractiorthatadapts
to actualparameters.

9. Conclusions

We haveinvesticatedthe Law of Demetet(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 synchronizatiorcode or
datatransfercode.

We have hintedat a commonstructure pasedon traver
sals, that underliesboth aspect-orientedind 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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