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Abstract

The manayementof compleity in large systemss tra-
ditionally focusedon the modeling and managementof
classesand hierarchiesof classes.In order to improvethe
compositionalflexibility in large systemsthis paperturns
the focuson objectsrather than classes. We will demon-
strate that a more powerfulobjectsystencan easethe de-
velopmenbf large systemsand canimprove the degree of
codereuse The paperintroducesa new object-level lan-
guage construct,per-objectmixins,for object-basedystem
composition. It is implementedn the scripting language
XOTcL, which is an extensionof MIT's OTcL.

Per-object mixins extend the methodchaining medta-
nismof OTcL with the ability to mix classesnto the prece-
denceorder of an arbitrary object. Per-objectmixinscan
be usedto implementstate-specifibehaviorchangesin a
cleanway. We presentper-objectmixinsas a geneal ap-
proach to hide objectspecificfromclient objectstranspar
ently.

1. Intr oduction

ExtendedTcL (XOTcL, pronounceaxotickle) is anex-
tensionof OTcL [22] which is an object-orientedflavor
of the scripting languageTcL (Tool CommandLanguage
[16]). A centralpropertyof TcL is theuseof stringsasthe
only representatiorof data. For that reasonTcL offersa
dynamictypesystemwith automatiocconversion.TcL is ex-
tensiblethroughcomponentswhichareapplicationspecific
extensiondypically writtenin C. All componentintegrated
in TcL useastringinterfacefor agumentpassingandthere-
fore they automaticallyfit together

The componentganbereusedn unpredictedsituations
without change.In [17] and[14] it is pointedout thatthe
evolving componenframeavorks provide a high degree of

codereuse,andoffer easyusageandrapid applicationde-
velopment. In the mentionedpapersit is arguedthatin
scriptinglanguagesipplicationdeveloperamayconcentrate
primarily on the applicationtask, ratherthaninvestingef-
forts in fitting componentsogether Therefore,in certain
applicationsscripting languagesare very productive and
canleadto a high-qualitydevelopmentf software.

OTcL preseresandextendstheseimportantfeaturesof
TcL. It offersobject-orientatiorwith encapsulationf data
andoperationssingleandmultiple inheritanceathreelevel
class systembasedon meta-classesand method chain-
ing. Insteadof a protectionmechanismOTcL provides
rich read/writeintrospectiorfacilities, which allows oneto
changeall relationshipglynamically(see[22] for details).

TheseOTcL propertiegrovide a goodbasisfor XOTcL
(seeFigure1l). The XOTcL extensionsfocus on mecha-
nismsto managethe compleity that may occurin large
object-orientedsystems, especially when these systems
have to be adaptedfor certainpurposes. Suchsituations
occurfrequentlyin the context of componentframenorks.
In particularwe addecdthe following support:

e DynamicObjectAggregations to provide dynamicag-
gregationsthroughnestechamespace®bjects).

e NestedClassesto reducetheinterferenceof indepen-
dentlydevelopedprogramstructures.

e Assertionsto reducethe interfaceand the reliability
problemscausedy dynamictyping and,therefore to
easehe combinationof mary components.

e Meta-data to enhanceself-documentatiomf objects
andclasses.

e Per-objectmixing asameango improve flexibility of
mixin methodsby giving an objectaccesgo several
differentsupplementatlasseswhich maybechanged
dynamically



e Filtersasameansof abstraction®ver methodinvoca-
tions to implementlarge programstructuresJike de-
signpatterns.
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Figure 1. Language Extensions of XOTcL

Theselanguagefunctionalitiesaim at the management
of compleity. An importanttasksin this scopeis the com-
position of objects(andtheir properties). This paperwill
motivate and explain the ideathat (in appropriateapplica-
tions) high-level languageconstructsworking of the level
of (single)objectsmaybeusedasabettermeanghanclass-
level constructdor objectcomposition Afterwardsthis pa-
perdiscusseghenovel object-level languageconstruciper-
objectmixin asanapplicationof thisidea.ln anothempaper
[15] we useperobjectmixins to implementandlanguage
supportobject-level designpatterns.

2. Object- and Class-Level Constructs

In this sectionwe will give a brief introductioninto the
objectand classconceptsof XOTcL (referto [13, 22] for
more details), which are derived from OTcL. Afterwards
we will introducethedistinctionbetweerobject-andclass-
level approacheandpresenideashow to improve compo-
sition abilitieson the object-level.

2.1 The XOTcL Object and ClassSystem

In XOTcL everyobjectis associatewvith aclassoverthe
cl ass relationship.Classesreorderedby therelationship
super cl ass in a directedacgyclic graph. The root of the
classhierarchyis the classtbj ect , the mostgeneraklass.
A singleobjectcanbeinstantiatedirectly from this class.

Classesare a specialobjectswith the purposeof man-
aging other objects. “Managing” meansthat a classpro-
vides methodsto createand destry instancesandthat it
provides a repositoryof methodsfor its instanceq“inst-
procs”)to definetheir behavior. Eachclassinheritsbehar-
ior throughsingle and multiple inheritance. The instance
methodscommonto all objectsaredefinedin theroot class
bj ect (predefinedor userdefined). Sincea classis a
special(managing)kind of objectit is managedtself by
a specialclasscalled“meta-class”(which managestself).
Oneinterestingaspeciof meta-classeis thatby providing
a constructor pre-configurectlassecanbe derived. New
userdefinedmeta-classesan be derived from the prede-
fined meta-clasgs ass in orderto restrictor enhancehe
abilities of the classeghatthey manage.

All inter-object and inter-class relationships(such as
cl ass, superclass) are fully dynamic and can be
changedat arbitrary times with immediateeffect. Since
classesrealsoobjects,all functionality applicablefor ob-
jectscanbe appliedon the class-objectaswell (including
the perobjectmixins presentedh this paper).

2.2 Classesand Composability

Object-orientatiororganizegprogramstructuresaround
data,while the objectsare characterizegbrimarily by their
behaior. Object-orientedorogrammingstyle encourages
the accesof encapsulatedataonly throughthe methods
of the object,sincethis allows dataabstraction§21]. Cen-
tral propertiesof object-orientatiorareinheritanceanden-
capsulatiorof dataand operationgcorventionallyapplied
on class-leel). A weaknesss the compositionof objects.
While theclass-l@el constructglescribethe propertiesand
the behaior of their instancesn detail, they suffer from
powerfulmeango expresshow classesndobjectsarecom-
posedand how they are interrelated. One reasonis that
classstructuresrenotfine-grainecenoughfor severalcom-
posabilityissues.

But inheritanceand polymorphismstill imply certain
other problems. Hatton [6] points out that in traditional
object-orientedapproacheshesestwo conceptsdo not fit
the humanreasoningprocessvery well becausef the im-
plied non-locality problems. Sinceinheritancebreaksen-
capsulatiorup to a certaindegree the questionwhetherin-
heritanceis neededat all is raised[20]. Object-basedan-
guageg21] follow thisapproachFor examplethelanguage
Self[19] usesprototypedo combineinheritanceandinstan-
tiation in orderto provide a simpleandflexible alternatve
to inheritance. Lieberman[10] proposedeleyationto re-
place traditional inheritance. His idea is that behaioral
sharingbetweenobjectscanbe accomplishedy forward-
ing of message.Weck and Szyperski[20] point out that



in orderto ensurecontractsbetweenobjects,e.g. provided
throughassertiongasin Eiffel [12]), encapsulations es-
sential,but thatthe encapsulatioris brokenby inheritance.
Moreover, assertionsnay be wealenedby inheritanceand
polymorphism,sincethey have to cover all possiblepoly-

morphic structures/seeral differentsubtypes. This forces
theprogrammeto formulatevery generakssertionsgasily
becomingoo broadfor the desirectask.

Several authorsproposeways how to enhancethe ex-
pressie power of inheritance(e.g.[2, 18]). Conceptslike
designpatterns[5], ratherrely on delgyation/aggrgation
then on inheritance. The overall problemis, that compo-
sition on the object-level is not suited by class-l&el con-
structssufiiciently. We introducednew languagefeatures
like thefilter [14] andclassnestingthatoperateon whole
classhierarchies.Thesefeaturesreducethe complexity in
large systemgadically, but they imply acertaincoarseness,
whenthey shouldwork solelyon singleinstances.

2.3 Enhancing Object Composability

The problemsof object composability are discussed
widely. In [11] socalled’inhibitors’ for composabilityare
examined.Currentlythereis alack of a consistenterminol-
ogy andinsightin therelationsbetweendifferentcomposi-
tion techniqguesCompositioninterfacesareneitherflexible
nor predictable Thecompositionsemanticglo notdescribe
theintentionof the compositionclearly andhinderto man-
agechangepropagation.

Oftenarefinemenbdf class-leel constructdo theobject-
level seemsa naturalway to enhanceobject composabil-
ity. In XOTcL suchrefinementsdo exist alsoin the ba-
sic functionalities. For examplethe dynamicclassconcept
of XOTcL allows oneto changethe superclasselationship
at arbitrary times. In XOTcL an object can dynamically
switchits classby alteringits cl ass relationship.This“re-
classing’of objectsis anelegantsolutionfor statechanges,
the implementatiornof a life-cycle, or of objectschanging
roles. The chainingof superclassrelationshipwould not
be fine-grainedenoughfor suchtasks,thereforedynamics
ontheobject-andontheclass-leel arenecessary

As statedcommonand new functionalitiesin object-
orientationwork mainly on the class-l@el. The consider
ationspresentedhbove justify the ideathatin mary cases
class-l@el constructsmay be supplementedy a similar
constructespeciallytailoredto the object-lesel. Neverthe-
less, the enhancemenbf composabilityon class-leel is
alsoa valuablegoal. Our approactrelieson the ideathat

1For thesereasonswe introducedassertionsn the class-and object-
level to XOTCL (notdescribedn this paper—see[13]).

objectsand classegnust entail abilities of similar expres-
sionpower. Our notionis thatin mary corventionalobject-
orientedprogrammindanguagesheobject-levelis notcov-
eredenough.Ontheotherhand theexpressve power of the
compositionalprogrammingabilities on class-leel is too
weak,whenthe structuresarebecomingvery complex (see
[14] for anapproactto solve this problem).

Kiczales[7] pointsoutageneralinderlyingproblem:the
traditionalview on abstractioris insufficient. The primary
placefor anabstractiorboundaryis betweerthe aspectof
a systemparticularto an implementationand the aspects
commonacrossall implementationsOftenthis usefulidea
goestogetherwith the sensethat the implementations to
be completelyhiddenbehind only one interface from the
client. Unfortunately several clientsneeddifferentknowl-
edgeaboutthe implementationg.g. for performanceea-
sons.Kiczalespropose®penimplementationgsa solution
to this problem. The goal for the perobjectmixins, pre-
sentedn thenext section|s to offer amorehigherlevel so-
lution to this problem.We will seethatthey areableto eas-
ily adaptnterfacedn anobject-specifiavay, aretransparent
for clients,aredynamicallyattached/detachetave access
to their objects internalsthroughreflective techniquesbut
donotlet theclientbreakthe abstractiorboundary

3. Per-Object Mixins
3.1 Method Chaining

A specialfeatureof XOTcL derived from OTcL is the
method chaining without explicit naming of the “mixin”
method. It mixesthe same-namedor “shadaved”) super
classmethodsnto thecurrentmethodmodeledafterCLOS
[1]). A methodcaninvoke explicitly theshadevedmethods
by the next -primitive, resultingin anunambiguouslinear
next-path(seeFigure2). Whenno perobjectmixins (or fil-
ters)areinvolved, the next-pathis identicalto precedence
orderof classes.

In thefollowing examplewe definefour classesandpro-
vide a constructoirfor eachof them. The primitive next is
usedto call all constructorsalongthe next-path. A call of
next without agumentspassesll argumentso the shad-
owedmethod:

Cl ass Room

Cl ass Oval Room - supercl ass Room

Class Ofice

Class Oval O fice -superclass {Oval Room Ofice}

Roominstproc init args {
[sel f] set roomNunmber O;

}

Oval Roominstproc init args {
[sel f] set dianeter 0; next

next
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Figure 2. Class Hierarchy and Next-Path

}
Ofice instproc init args {
[sel f] set deskType netal; next

}

Oval Office instproc init args {
[sel f] set ownerNanme -; next

}

When an object of classOval O fi ce is createdthe four
instancevariablesowner Nare, di amet er, r oonNunber ,
anddeskType aredefinedwith default values.At runtime
the definition of the instancevariablesoccursin the men-
tionedorder This orderingmechanisms usedfor all inst-
procs.

3.2 Usageof Per-Object Mixins

Perobjectmixinsareanovel approactof XOTcL to han-
dle complex data-structuredynamicallyon aperobjectba-
sis. Theterm“mixin” is a shortform for “mixin class”.

A per-objectmixin is a classwhich is mixed into the
precedencerderof anobjectin front of theprecedence
orderimplied by the classhierarchy

As aconsequencehe perobjectmixins extendthemethod
chainingof a singleobject.

An arbitraryclasscanberegisteredasa perobjectmixin
for anobjectby the predefinedri xi n method.Thismethod
accepts list of perobjectmixins to registermultiple mix-
ins. The following definesthe classesA andM x1 (with
somemethodshndregistersM x1 ontheinstancea of class
A

Class A

A instproc procl {} {
puts [self class]
next

}
A instproc proc2 {} {

puts [self class]
next

}
Cass Mx1

M x1 instproc procl {} {
puts [self class]
next

}
A a

a mxin Mxl1

Since the perobject mixins extend the methodchaining,
they usethe next -primitive to forward messageto shad-
owed methods. If a call on objecta is invoked, like “a
procl”, the perobjectmixin is mixedinto the precedence
orderof the object,immediatelyin front of the precedence
orderresultingfrom the classhierarchy Theresultingout-
put of theexamplecall is:

oM x1

TA
The call “a proc2” resultsin the output “: : A", since
pr oc2 is not a methodof the perobjectmixin. We extend
the example by anotherperobject mixin and constructa
chainof mixins (seeFigure3), e.g.:

Class M x2

M x2 instproc procl {} {
next
puts [self class]

}
a mxin {Mx1 Mx2}

Sincetheput s commandn pr oc1 is placedafterthecall to
next , the outputof this methodis generate@fterthe meth-
odsof classA arefinished. Thecall “a proc1” produces
theoutput:

M x1
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Figure 3. Next-Path with Per-Object Mixins

Mixins may be removed dynamicallyat arbitrarytimes
by handingtheni xi n methodanemptylist. For introspec-
tion purposexXOTcL offerstheni xi n option of thei nf o
instancamnethod.A commandf theform



objNamei nf 0 m Xi n 2class?

returnsthe list of all mixins of the object,whencl ass is
not specified. Thecommandreturnsi, if cl ass is amixin
of theobject,or 0 otherwise.

3.3 Multiple Mixin Classes

Perobjectmixins cancoveracommonproblemwhichis
not solvableelegantly usingjust classhierarchiesand mul-
tiple inheritancetheproblemof supplementatlassesSup-
plementaklassesntroduceadditionalorthogonafunction-
ality into a classhierarchyof anapplicationwhich already
performsa commonor basictask. In orderto introducethe
additionalfunctionality, multiple inheritancecan be used.
We will shav thatanapproachhasedon perobjectmixins
solvesthis generabroblemmoreelegantly.

In orderto introducesupplementatlassedasedn mul-
tiple inheritancejt is necessaryo definea new class,like
for example:

Cl ass Basi c+Addl - supercl ass {Addl Basic}

In languagetike X OTcL theclasshierarchycanbechanged
in adynamicalmannereveryobjectof theclassBasi ¢ may
bechangedo classBasi c+Add1 atarbitrarytimes,e.g.:

Basi ¢ basi cbj
basi cbj cl ass Basi c+Addl

Now we considefa situationwith two supplementatlasses.
The following setof classesasto be definedto cover all
possiblecombinations:

Cl ass Basic
Cl ass Addl
Cl ass Add2
Cl ass Basi c+Addl -supercl ass {Addl Basic}
Cl ass Basi c+Add2 - supercl ass {Add2 Basi c}
Cl ass Basi c+Add1+Add2 \

-supercl ass {Add2 Addl Basic}

In order to define supplementaklassesbasedon multi-
ple inheritancehe numberof helperclassesisesexponen-
tial. For n supplementatlasses2™ — 1 (or their permuta-
tionsif ordermattersartificially constructedhelperclasses
areneededo provide all combinationsof additionalmixin
functionality. In generalwhensupplementatlassesause
sideeffects,andthey areaddedrepetitiously the numberof
constructiblehelperclassess unlimited.

This demonstrateslearly that the sub-classnechanism
basedon multiple inheritanceprovidesonly a poorway to
mix in orthogonafunctionality. Therefore we suggesper
objectmixins to implementthe supplementatlassesg.g.

Cl ass Basic
Basi ¢ instproc soneProc {} {
# do the basic conputations

}
Cl ass Addl

Addl instproc sonmeProc {} {
# do the suppl enental conputations
next

}
Basi ¢ bObj ect -m xin Addl

Below is a small applicationexample to demonstrate
how to usemixins for multiple supplementatlasses:

Cl ass Agent
Agent instproc nove {place} {
# do the novenent

}

Class InteractiveAgent -superclass Agent

# Suppl enent al - d asses

Cl ass Movenent Log

Moverent Log i nstproc nmove {pl ace} {
# novenent | ogging
next

}

Cl ass Movenent Test

Movenent Test i nstproc nove {pl ace} {
# novement testing
next

}

An Agent classis defined,which allows agentsto move
around.Someof theagentamay needlogging of the move-
ments,someneeda testing of the movements,and some
both (perhapsonly for a while). Thesefunctionalitiesare
achieved throughthe supplementatlasseswhich we will
applythroughperobjectmixins.

We now createtwo interactize agentspneis loggedand
oneis tested:

InteractiveAgent i1l
InteractiveAgent i2
il mxin MyvenentLog
i 2 mxin Mvenent Test

At arbitrarytimesthe mixins canbe changeddynamically
For examplei 2's movementsanalsobelogged:

i2 mxin {Mvenent Test Myvenent Log}

Figure4 shows the situationof the objecti 2 andits next-
path.

Mixins aretransparentor client objects.Objectspecific
statechangescan be modeledthroughthe modificationof
the classrelationship. When an object switchesits class,
this doesnot affect the supplementatlassesegisteredas
mixins of the object. But if the supplementatlassesvere
accessettoughmultiple inheritancethere-classingf ob-
jects of the samebasictype would have to cover all dif-
ferentderivedtypes. In particulartherewould be onespe-
cializedclassfor eachsupplementatlasscombination(as
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Figure 4. Next-Path for the Agent Example

shavn above). In orderto known which classof theseis
the correctonefor a certainobject,the objectitself hasto
“remember’its classessuperclassegandkeepahistoryof
supetclassesif they alsomayhave changed).

Thereforewhenusingmultipleinheritanceogethemith
dynamicclassswitching,the objectsareforcedto storelo-
cal information of their classes.Suchnon-localitiesbreak
encapsulatioragain. Therefore,dynamic object-oriented
ervironmentsneeda facility to attachclassesto objects
apartfrom the inheritancehierarchy From that point of
view perobjectmixins are necessaryo reachthe primary
object-orientedjoal of encapsulationn dynamicerviron-
ments.

3.4. Call Graph Dependenciegor the Mixins

A generalproblemin the context of mixins arethe call-
ing dependenciesvhatkind of othermethodsanbecalled
from a mixed-in method. In orderto allow mixin methods
of a perobjectmixin classto accesother(sister)instance
methodsof the samemixin class(thisis necessarfor more
comple applicationsthe systemhastwo alternatves:

A naive approachis, to dispatchthe sister methoddi-
rectly. Thisapproachasthe consequencthatthe message
forwarding mechanismof XOTcL is bypassedand same-
namedmethodsdefinedas object-specifigr oc’s become
unaccessible.Another consequencés that mixins would
not be appliedon calls from other mixins. This stratgy
would be an unorthogonalkexceptionto the languageand
wasthereforediscarded.

For thesereasonsve decidedto implementa moregen-
eral solution, which dispatchesevery invocationfrom the
mixin asanregularinvocationontheobject. This approach
hasanotheradwantage Severalapplication,of recursve na-

ture, e.g. recursve computationsor compositestructures,
like the compositeor chainof responsibilitypattern[5], in-
ducethe usageof a recursie approach. Throughthe dis-
patchalongthe objectthe mixin methodgetsthe ability to
maprecursiondirectly. The mixin methodcan call itself
recursvely until the recursve taskis ended. Afterwardsit
forwardsthe resultusingnext . This avoids the needfor
delegationto otherobjectsin orderto userecursions.

3.5. Per-Object Mixin Inheritance

The usual way to specializedescriptie structuresin
object-orientedanguagess inheritance. Since perobject
mixins are themseles normal classest is desirablethat
they can benefitfrom specializationthrough inheritance.
But this alreadyimplies anotherreasonfor mixin inheri-
tance:sinceperobjectmixins areclassesinstancexanbe
derived directly. It is alsodesirable that theseinstances
behae similar to objectshaving the classas a perobject
mixin.

Considerthe following example. An application,like
e.g. a web-bravser needsin several situation a general
meansto receive a data-streanincrementallyandin some
of thesesituationsjt hasto measurehetime periodsof re-
ceiving data. The later task could be modeledeasilyby a
perobjectmixin, theformerwould mostlikely be modeled
by aninstantiatectlass.But both classesieedthe sameab-
stractinterfaceandthe initialization tasks— which arefor
bothclasseshe same- needto be performedonly onceper
data-stream.

A solutionwould be a generaklassSi nk, whichis sub-
classedto two classes. MenorySi nk stores/handleshe
data-streamwhile Ti neSi nk handlesthe time measure-
ments(andinheritsfrom Ti me):

Cl ass Sink

Class MenorySink -superclass Sink
Class Tinme

Class Ti meSink -superclass {Time Sink}
MenmorySi nk s1 -mixin TimeSink

In the usualcaseMenor ySi nk is instantiatedand the in-
stancegets the perobject mixin Ti meSi nk to obtain a
timed memory sink when needed. But both classesnay
beinstantiatedr usedasa mixin.

A difficulty ariseswhen Ti meSi nk is usedasa mixin
class. Both classegdMenor ySi nk and Ti neSi nk) inherit
from the Si nk class,but with differentprecedencerders.
It is necessaryp marksuchcommonclassesn the samehi-
erarchymustbemarked,in orderto avoid doubleexecution
of the inheritedmethodswhich canbe a probleme.g. for
a destructor).For thattaskwe introducedthe ni xi nsi n-
heri t option,which hasthe syntax:



ClassNameri xi nsi nherit ?(0[1)?

If this option is turnedoff, mixin-classeswill not inherit
from this class. By default it is turnedon (exceptfor the
generaklasseshj ect andd ass. Withoutargumentt re-
turnsthecurrentstateof theoptionontheclassCl assNane.
Figure 5 shavs the emeging situationfor an instanceof
Menor ySi nk, with aTi meSi nk-mixin andtheni xi nsi n-

heri t optionturnedoff onSi nk. Theoptionhastheeffect,
thatthe precedencerderfor Ti meSi nk, which would nor-
mally be Ti ne followedby Si nk is not used,sincemixins
do not inherit from Si nk or Cbj ect . Insteada dispatch
alongMenor ySi nk is choosen.Without the option seton
Si nk, Si nk would be searchegrior to Menor ySi nk (for
someapplicationghis mightbethedesiredbehaior).

Sink m xinsinherit O
MenorySi nk sinkl -mxin TimeSink

Object

Time Sink

next )\
next
next

TimeSink MemorySink

~
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Figure 5. Mixin Inheritance Example

3.6. Hiding Object Specificsthrough Per-Object
Mixins

As shown in the previous examples, perobject mix-
ins act transparentlyfor their client objects. In tradi-
tional object-orientedapproacheswo orthogonaltasksof
one conceptuakntity, like a computationand an (perhaps
graphicalyoutput,would be placedin two differentobjects.
Suchan usageof objectsfor the purposeof systemmod-
ularizationis one of the fundamentalstrengthsof object-
orientation. Meyer [12] calls this approachobject-based
decompositiorand arguesthat mary importantaspectsof
software quality are achievable by decompositionsuchas
extendibility, reusabilityandcompatibility.

Onedisadwantageof object-basedlecompositions that
it splits one conceptuakntity (from the client objectpoint

of view) into multiple separate@ntities. Traditionalobject-
orientedapproachesffer nosupporto combinesereralob-
jectsto an entity, without loosingthe decomposition.An
importantsub-problemin this contet is the self-problem
identified by Lieberman[10]. The implementationof the
supplierasseveralobjectsrequiresforwardingof messages,
e.g.thecomputatiorobjectrecevesarequestor acompu-
tation andforwardsit to the outputobject. Oncethe mes-
sageis forwarded,the referenceo the receving computa-
tion objectis lostfor the outputobject(andotherobjectsof
the conceptuakntity). Referenceso self referto the dele-
gatedobject,ratherthanto the original recever.

Perobject mixins are able to decomposesereral tasks
of one conceptualentity. They are themseles ordinary
classes.Therefore,they canbe usedfor object-basedie-
compositiorandareableto achieveits benefits.Sincethese
classesare mixed into the currentobjects precedencer-
der they do not suffer from the self-problem,becausesv-
ery self-referenceefersto the sameobject. This objectin
conjunctionwith its mixins andclassegorms a conceptual
entity for the client.

Another way object-orientationoffers to form sucha
conceptuakentity is inheritance. We have alreadyargued
that class-leel constructsare too generalto solve every
problemon the object-level. Furthermorein the caseof in-
heritancewe have alreadyshown in Section3.3acommon
example how the needfor different supplementatlasses
addedto suppliersletsthe numberof classesise exponen-
tially. Anotherimportantargumentfor the mixin approach
is that mixins hide the datarepresentationandalgorithms
they entailfrom theactualobject. Thisleadsto transpareng
of mixin actions.Many applicationrequireor benefitfrom
transpareng of certainobjectspecificactionsthatdo form
aconceptuakntity (from their point of view).

Now we presentigenerakcheméiow to applythemixin
approachsketchedabore in general. The following steps
haveto bedone:

1. Find the main task of the applicationand definethe
(possiblyabstractapplicationclass.

2. Eventuallyspecializehe applicationclass.

3. Find all possiblesupplementatlasseso the applica-
tion classandimplementthemas classes.Theseare
themixin classes.

4. Add mixin methodgo themixin classes.

(€2}

. Registerthe supplementatlassesasneededo thein-
stance®f the applicationclasseasmixins.

6. Let clientsusetheapplicationobjects without knowl-
edgeof themixins.



4. An Application Case: Simple Persistence
Store

In orderto shav how to applytheschemeonarealworld
example we presentthe base-linearchitectureof a small
persistencestore. Firstly we needa form of storage. The
persistentstoreshouldbe independenbf the chosenstor
ageform. So,we provide an abstractinterfacefor storage
accessspecifiedusingtheabst r act instancemethod:

Cl ass Storage

St orage abstract instproc open nanme
Storage abstract instproc store {key val ue}
Storage abstract instproc list {}

Storage abstract instproc fetch key
Storage abstract instproc close {}

Afterwards,we derive several specializedstoragedrom it,
e.g.aGNU Dbm databas@ccessa memorystoragegtc.:

Cl ass Gdbnttorage -supercl ass Storage
Cl ass Menttorage -supercl ass Storage

A persistencenanagetlis responsiblegfor handlingseveral
persistentobjectsand for opening/closinghe storageac-
cess. It getsthe storageas a mixin, in orderto be able
to changeit dynamicallyat arbitrarytimesandto provide
differentstoragegormsto differentpersistencenanageob-
jectsin the samesystem. Furthermore the mixin is com-
pletelytransparensolutionfor storageaccess.

Cl ass PersistenceMyr -paraneter {pNanme [self]}
Persi stenceMgr instproc init {} {

[sel f] m xin GdbnSt orage

next

# open the storage access

[self] open $[[self] set pNane].db

Per si stenceMgr instproc destroy args {
# close the storage access
[sel f] close
next

}

Finally, we needa generalclass,for handlingthe persis-
tence,and several sub-classedpr implementationof per
sistencestratgjies. Here, we presenta lazy stratgyy only
updatingthe storageat destructiortime andan eagerstrat-
egy for updatingon every variable-writing. Since appli-
cation objectsshouldnot be aware of the persistencethis
a suitabletask for perobject mixins. But since normal
inheritanceand mixin inheritancecooperateas shavn in
Section3.5, we can also derive direct instancesrom the
Per si st ent -classes.

Cl ass Persistent -paraneters {persistenceMyr}

Persistent instproc persistent {list} {
[sel f] instvar persistenceMyr
foreach var $list {

| append [sel f]::__persistentVars $var
$persi stenceMyr fetch [sel f]:: $var

}
}

Abovewe seethemostimportanttasksof thePer si st ent -

class.It takesa parametefor associatinghe objectwith a

persistentmanagerand allows the programmetto specify
the persistentvariablesthroughthe per si st ent instance
method.Automatically it re-fetcheghesevariablesat next

instantiationtime.

Now we derive an eagerstratgy that definesa vari-
abletracefor the persistenceariablesanda handlemethod
vtrace. This methodis registeredthrough the TcL-
commandt race vari abl e as a callback, which is in-
vokedevery time the specifiedvariablesarewritten.

Cl ass Persistent Eager -superclass Persi stent

Per si st ent Eager instproc vtrace {name sub op} {

# store variable 'nane’ in storage
# ...

}

Per si st ent Eager instproc persistent {list} {
next
foreach v $list {
trace variable [self]::$v w\
[list [self] vtrace]
}
}

Finally, alazy persisteng stratayy is achieved by overload-
ing the destructoof the persistenbbject:

Cl ass PersistentlLazy -superclass Persistent

Persi stentLazy instproc storeall {} {

# store all persistent variables in storage
# ...

}

Persi stentLazy instproc destroy args {
[sel f] storeal
next

}
Now anapplicationclasscanchosetheappropriatestrateyy,
thedefault persistenvariablesandthe persistencenanager
usedfor storageaccessn its constructore.g.:

Cl ass Appd ass

AppCl ass instproc init args {
[self] set varl 1
[self] set var2 2
[sel f] m xin Persistent Eager
[sel f] persistenceMyr p
[sel f] persistent {varl var2}
next

}

Still every instancecandynamicallychangethe persis-
tencee.g.registermoreobject-specifipersistentariables,
changethe stratgy, etc. The mixin solutionactstranspar
entfor clientobjectsandis definableperobject.In compar
isonto a similar solutioncombiningsuperclasseghrough
methodchaining,whichis alsotransparentor theinstance,
the class-hierarchpf the applicationclasshasnotto beaf-
fectedandinstancesaneasilybe customized.



5. Related Work

We firstly will sketch relatedworks regardingthe two
presentedanguageconstructsand afterwardswe will de-
scriberelatedideasto the notion of object-basedsystem
composition.

5.1 RelatedWork on Per-Object Mixins

We have already discussedthe usageof mixins for
methodchainingin OTcL in Section3.1. As seerafterwards
themechanismof perobjectmixins functionsthe sameus-
ing thenext primitive andits next-path. The OTcL mixins
arediscussednoredeeplyin [22].

Themixins of OTcL provideanautomatianethodchain-
ing withoutexplicit namingof themixin method.They area
very flexible programmingmechanismand,combinedwith
theunambiguouprecedenc@TcL offers,they avoid name
clasheshrough(multiple)inheritanceatall. Boththeprece-
denceorderandtheideaof mixinsin OTcL areinfluenced
by thelisp extensionCLOS[1].

Thefilter approachl14] is theclass-l@el constructvhich
hasled towardstheideaof perobjectmixins. It is defined
asaregisteredinstancemethodof a classor meta-classit
alsousesthe next-pathfor chainingandis alsoinherited.
But it is appliedon all calls of all instancesof the regis-
tration classandall its sub-classednsteadof a limitation
to specificcalls of oneinstance,as perobjectmixins are.
Relatedwork regardingfilters is discussedn [14, 23]. A
deepercomparisorto thefilter canbefoundin [15].

Thereare several extensionsto the idea of mixins dis-
cussedIn Agora[18] mixinsaretreatedasnamedattributes
of classes.This hasthe consequencthata classcancon-
trol how it is extended.Thereforeit is possibleto constrain
classhierarchiesandto make extensionsspecificto a class.
As aconsequencsuchkind of mixins maybenested.

Bracha and Cook [2] compare different inheritance
mechanismsnd proposemixins as a generalinheritance
construct.Inheritanceis interpretedas mixin compaosition.
In Jigsav [3] BrachaandLindstromusemixinsto unbundle
the severalroles of classedy providing a setof operators
controlling effectslik e inheritance name-resolutionmodi-
fication,etc.

All mentionedapproacheareworking ontheclass-leel
andhave moresimilaritiesto filters thanto perobjectmix-
ins. Butthey imply themixin characteristithatmethodsare
only appliedon certainmessagefmethodsof the mixins),
andnot on all messagedike in filters. This limits the ex-
pressvenes®f mixin classesn comparisorto filters. Since

thesemixins areappliedonly on classegheir granularityis
not fine enoughfor object-level applications.Nevertheless
asakind of “per-classmixins” they shav the similarity be-
tweenmixin andfilter in general.

5.2 RelatedWork on Object-BasedComposition

Theideaof enhancingherole of objectsis notnew. The
limitations of inheritance(and polymorphism)andhow to
apply it well are discussedy mary authorsfrom several
pointsof view. We have summarizedsomeof thoseideas
in Section2 (in particular: [2, 6, 10, 18, 20]). A power
ful objectsystemallows the applicationprogrammemore
flexibility and expressionpower. In OTcL [22] thereare
several powerful object-level constructslike dynamicsin
the classrelationshipand perobjectspecialization.CLOS
[1] enhancethisflexibility to ahigherlevel. It is oneof the
mostflexible ervironmentsfor object-orienteangineering.
It is thebasisfor ameta-object-protocdB], which provides
mary hooksto influencethe behaiior andsemanticof ob-
jects. Our constructdilter and perobjectmixin differ sig-
nificantly, sincethey aremorehigherlevel constructs.

In [7] the discrepang betweenthe software engineer
ing goal of abstractionshiding their implementationand
thereality of the practiceis examined. Resolvingthis dis-
crepang, e.g.throughopenarchitecture®r reflectve tech-
nigues,like introspectionprovidesa basisfor the usability
of higherlevel programminganguageconstructsjike the
presentederobject mixins. The generalproblemto ad-
dressrequirementsf severalclients,while stayingfocused
enoughfor eachspecificclient, may be solved by openim-
plementationg9], which let clientsaccessa modulesim-
plementation. We considerthe perobjectmixin asan el-
egant solution for this problem, sinceit allows perclient
specializatiorof amodulein atransparentvay andaccom-
plishesthat different client may have differentinterfaces,
without breakingthe abstractiorboundarybetweena sup-
plying moduleandits clients.

All theseideasrun into one generaldirection,which is
identified in [4] as a “open-systems-trend applying for
operationsystemsgdatabases;ommunicatiorsystemsand
programminganguagesSuchapproachefo opensystems
provide exchange®f objectsin anopenway. Typerestric-
tionsoftenbecomecrucialto be enforcedf theexchanging
partnersare distributed. Therefore the intentionto imple-
mentdistributedopensystemsequirego delimitclass-lwel
constructgo the object-level anda moreuniquerepresenta-
tion of objects. To reachthatgoal our solutionpropagates
the string asonly interfacetype, a powerful objectsystem
and specialobject-level constructs. This way it easesex-
changesof objects. Type safety may be reintroducedby



assertionsvhich we alsohave developedasanobject-lesel
construci{resemblinghe class-leel assertionsn [12]) and
implementedn XOTcL (se€[13] for details).

6. Conclusion

This paperhasdescribedhe generalideaof enhancing
object composabilityabilities of programminglanguages
andpresentednary argumentsor thisidea. A distinction
of two languagelevels, object- and class-l@el, was used
to distinguishthis approachHrom corventionalapproaches.
We have pointedout that oftenit is possibleto find resem-
bling constructson both levels, tailoredfor the necessities
of their level. Furthermorewe have shavn thattheseideas
go togetherwith a powerful object-and class-systenasa
basis.e.g.offeringdynamicsandintrospection.

Afterwardswe have verified theseideason the exam-
ple of a new languageconstructs:perobject mixins. We
have illustrated them with examplesfrom the language
XOTcL, which offersthe mentioneddesirablepropertiesn
its object-and class-systemNeverthelessthe generalun-
derlying constructscould be implementedn several other
languagesswell. Similarly the generalnotionof enhanc-
ing objectcomposabilityis well suitedfor mostclass-based
approaches.

XOTcL is available for evaluation from
http://nestroy.w -inf.uni-essen.de/xotcl/.
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