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Abstract. dSelfis an extensionto the delegation-and prototype-basedbject-
orientedlanguageSELF It addsdistributedobjectsandtransparentemoterefer

enceresolutionto thelanguagesAs a consequencejSelffacilitatesdistributed
inheritanceand instantiationmechanismsWe describethe currentconception
andimplementatiorof dSelf.

1 Intr oduction

Programsin class-base@bject-orientedanguagesouild on a class-hierarchyooted
usuallyin someclasslik e objectthatdefinesandimplementghe minimal interfaceand
behavior of objectsof any subclassesThis hierarchydefinesseveral dependenciesA
subclasglependsn its superclas®y meansof aninheritancemechanismlt is com-
monly implementedby code-sharingor behaior and compositionfor of an objects
state. Any instanceobjectdepend®n its classasits behaior is definedthere.

If anobject-orientedanguagess to be distributed,thesedependenciemduceun-
wantedcentralizationObjectsareinstance®f exactly oneclasswhichis a centralob-
jectfor all its instanceghen.A subclas$asto know aboutits specificone (or morein
the caseof multiple inheritance)superclasses.

A popularclass-basethnguagewith a built-in supportfor distributed objectsys-
temsis Java with its RMI mechanismHere, the namedeffects of centralizationare
somavhat relaxed by the standardizedava classhierarchy As all java.*  packages
are definedas part of the language there can be multiple instancesf theseclasses
on differentmachinesWith the non-technicameansof standardizatiorthe consistent
replicationof the Java standardibrariesis guaranteedBut still, any applicationspe-
cific class-hierarchy- or the hierarchy*above” the classof a parameteobject— hasto
beavailablelocally. This resultsin additionalcommunicatioroverheador passinghe
class-definitionsvith an objectandadditionalcoordinationoverheado dealwith ver-
sionsof the applicationsclassesThereis noway in Java to have the classof anobject
locatedon aremotemachinenorto have remotesuperclasses.

The dependenciebetweerninstancesndtheir classesandsubclasseandtheir su-
perclassethusintroducednflexibility in distributing programs.Thefamily of delega-
tion basedanguages- oftenalsoprototype-based introducesanalternatve concepto
provide object-orientatiorwhich is of equalexpressve power ([Ste87) asclass-based



languagesHere,objectsarecreatedby cloningan existing objectinsteadof instantiat-
ing from a class.Inheritancds implementedy delegatingmessageanknovn to a an
objectto a“parent” object.

By keepingstateseparateffom behavior, theinstance-claseelationis implemented.
By keepinginheritedbehaior andstatein parentobjects the subclass-superclassia-
tion is implementedHowever, thereis no notionof classin suchlanguages.

Thereseemdo belessernf thenameddependenciewith suchaconceptThecon-
ceptof delegationis inherentlycommunication-orientedyhile code-sharingmpliesa
centrallocation. With the work presentedn this paper we explore its usefulnesgo
provide an infrastructureanda languagefor distributed objectsystemsWe chosethe
languageSELF ([US87) for our studyanddevelop a distributed versioncalled dSelf
([Knu0Q).

This paperis organizedasfollows. In the next section,we give a brief overview on
the SELFlanguageSection3 pointsto themaincontribution of dSelfandthenecessary
conceptsThen,we describehe extensiongo the languagédor distribution. After that,
we presentdetailson the implementatiorof the languageWe finally give pointersto
relatedwork andpresentonclusions.

2 ThelLanguageSELF

SELF [SU9Y is a delgyation basedobject-orientedanguage Any object consistsof
a setof namedslots which eachcontainobjects.As theseobjectscanalsobe block-
objectsthedistinctionbetweerattributesandmethodss neglectedn SELFE Any object
canbe cloned which resultsin a new objectwhich is anidenticalcopy of the cloned
one.A setof initial objectscalledthe “SELF world” is givenin a SELF systemand
accessibléy navigating from the known lobby -object. Thefollowing is anexample
of astackobject.

aStack <- (|
stack = array clone.
top = 0.
push: anObject = (top: (top+l). stack at: top Put: anObject).
pop = (top:  (top-1)).
getTop = (‘stack at: top)

Theslotstack isanattributewhichis initialized with a cloneof theuniversaland
emptyarray objectprovided by the system Attributetop is setto 0 initially. Upon
receiptof a messaggush , the countertop is incrementedandthe objectpasseds
storedin the stack . Beingacloneof thearray objectmalkesit understandheat:
messagepop andgetTop removethetopmostelementof the stack,resp.returnit.

Cloningthe objectaStack would leadto a copy which includedary objectsthat
have beenput on the stack.In orderto implementa class-instancéke relation, one
separatebehaior from stateasfollows:

stackBehavior <- (|



push: anObject (top: top+l. stack at: top Put: anObject).

pop (top:  top-1).
getTop ("stack at:  top)
)

stackinstance <

parent* = stackBehavior.
stack = array clone.
top =0

)

Here, the object stackinstance containsonly the attributesof a stack.If the
messag@etTop arrivesatthe object,it forwards,or delegateshandlingof that mes-
sageo theobjectthatis referencedn theslotcalledparent . It is markedwith astarto
selectthat behavior. The referencedbject,stackBehavior , containsthe methods
definingthe behavior of the stack.

In orderto createa new stack,oneclonesthe stackinstance  -objectwhich re-
mainsin its initial state.Thus,whereasa classdescribeduture objectsin class-based
languagesary objectcansene asanexamplefor otherobjectsin aclass-lesséanguage.
stackBehavior  plusstackinstance togetherdefinea structurecomparabldo
aclass.

Inheritancecanalsobeimplementedy delegation.New behaior is addedoy defin-
ing anobjectthathasstackBehavior  asits parentandaddsonly new method-slots.
Overridingbehaior is alsopossible asthelookupfor matchingmethoddirst searches
thecurrentobjectbeforedelegatingto the parent.Theattributesareinheritedby cloning
thedefiningobjectandperhapsaddingnew slots. Thefollowing is anexamplefor are-
finementof the stackinto a boundedstack,which limits the numberof objectsthatcan
bepushed.

boundedStackBehavior <

parent* <- stackBehavior.

stackLimit = 10.

push: anObject = (top < stackLimit
ifTrue: [parent.push: anObject]
ifFalse: [Stack  full’ write]
)

)

boundedStackinstance <-

(stackinstance clone) parent: boundedStackBehavior

stackLimit playsarole similar to a classvariableandthusis not a slot of in-
stances.The boundedStackinstance -objectis createdby cloning stackin-
stance and overwriting the parent -slot with a new reference.This mechanism
sort of mixesin the attributesdefinedin stackinstance with the changedarent-
reference.

While SELFis of equalpower in expressinginstantiationandinheritancejt pro-
videsmoreflexibility . Examplesare:

— Singletonobjectsaresimply definedwithouttheneedfor ary classIf singleobjects
needto be specializedthereis no needto definea subclass.



— Thebehaior of singleobjectscanbechangediuringruntimebeoverwritingaslot.

— Theparent objectitself canbe overwritten,thusallowing dynamicclassification
of objectsandinheritance The drawbackis, of course thatthereis nearlyno way
to dotype-checkingpf SELF programs.

— Attributesandmethodsareunified,thusanattributecanberedefinedo beamethod
in somespecialization.

In orderto supportdistributedobjectsystemsye take advantageof the high locality of
decisiongnvolvedandthe high degreeof encapsulatiofiound. If a messagearrives,it
is locally determinedvhetherthe currentobjectis ableto handleit. Thereis noneedto
access class-objectasin Smalltalk.If the lookupfails, thenthe delegationprinciple
emphasizeshe classiccommunicatiororientedstyle of interactionin object-oriented
systemsA messagés sentto the parent-objectExactly this is the way of interaction
amongsremotemachines.

Also, delegationimplies easeof changean the schemaof objects.As the behaiour
of objectsis not distributedby copying code,thereis no needto propagatehangeso
this codeto the distributedobjects.

We extend SELF with conceptdo supporta remotedelegationschemaln thefol-
lowing sectionwe outlinethese.

3 dSelfConcepts

dSelfextendsSELFwith distribution of objects.ThedSelfsystemcomprisearuntime
system-thedSelfvirtual MachineandadSelfcompiler whichbotharewrittenin Java.

By being an extensionof SELF, dSelfalsois capableof dynamicinheritanceor
dynamicclassificationof objects.As the parent-slotsare usualdataslots,they canbe
changedat runtime by assignmentThe above example objectboundedStackin-
stance demonstrateghis: An instanceof stacklinstance is createdby cloning
which “inherits” its methodsfrom stackBehavior . Immediatelyafter creation,it
is reclassifiedo inheritbehaior from boundedStackBehavior by anassignment
messagéo theparent -slot.

Addingdistributionto SELFleadsto two characteristicthatarethe maincontribu-
tionsof dSelf:

1. Distributedinstantiationmeanghatobjectscontainsslotsof dataor behaior com-
monto otherobjects— the “instances”™ do not have to be co-locatedwith these.
Any cloneof stackinstance canbe anywherein the world at placesdifferent
fromthestackinstance  -objectandthe stackBehavior

2. Distributedinheritancemeanshat objectsdelegationmessageto otherobjects—
their “superclasses> do not have to be co-locatedwith theseeither bounded-
StackBehavior  andstackBehavior  areindependentvrt. theirlocation.

Both characteristickeadto moreflexibility . First, thereis noneedfor co-locationwhich
usuallyleadsto increasedommunicatioroverhead- eg. to deliver applicationspecific
classesawith objectasin Java-RMI — and increasedcoordinationeffort to keepdis-
tributedcopiesconsistent.



Secondthe ability to keepjust one copy of the definition of behavior of objects,
makeschangesnuchmoreeasy It sufficesto changeoneobjectonly to affectawhole
distributed system.Also, thereis no coordinationoverheadin synchronizingsucha
change.

3.1 Distributed dSelf Objects

Distribution in dSelf meansthat objectscontainedin slots can be locatedon remote
dSelfVirtual Machines.Thus,the systemintroducesnavigatableremotereferenceso
objectslocatedon anotherdSelfVirtual Machine.

In orderto acces@ remoteobject,a connectiorto its remoteVirtual Machinemust
be establishedTwo providestwo primitive messageareunderstoodor this purpose:

1. _AddSlot: (slotnamé Connectedd: (URL)
2. _AddSlotIfAbsent:{slotname¢ Connectedd: (URL)

Theargument(slotname is a string, thatspecifiesa lexically correctdataslot and
{URL) specifieghelocationof theremote(e.g.’//127.0.0.1:1099/myVM). Thebeha-
ior of theseprimitivesis similarto thebuilt-in messagesAddSlot:  and_AddSlotlfAbsent:
of SELF, exceptthatthe slotswill containa referenceto a remotelobby. By this slot
onecanaccesandmodify eachremoteslot reachabldrom this lobby.

Oncea connectiorto a remotelobby hasbeenestablishedall its slotsandits con-
tentsaretransparenthyaccessibleandmodifiablelik e local ones.An examplefrom the
dSelfconsolellustratesthis:

lobby _AddSlot: ‘'remoteVM' ConnectedTo: '//127.0.0.2/remoteVM’
lobby remoteVM _AddSlots: (1 x =142

-> lobby(r)

lobby remoteVM _Print

lobby(r): (|stackBehavior = stackBehavior(r). X = 42 )
-> il

Here,a connectiornto a remotelobby is storedinto a local slot calledremoteVM
anda new slot x with content42 is addedto this remotelobby. After that, the output
of theprimitive _Print  shawvsthataslotx hasbeenaddedon this othermachineThe
trailing (r) afterlobby or stackBehavior marksthe referenceasremote.The
lookup algorithmimplementedn dSelfis the sameasspecifiedin [ABC+95], except
thatremotereferencegrefollowedacrossmachine-boundaries.

As SELF, dSelfdistinguishedetweerordinaryandprimitive objects however, pos-
sible performancegainsarehigherin the distributed case Remotereferencesrecre-
atedif andonly if theirtargetis anordinaryobject.Primitive objects—thesearebuilt-in
typeslik e integersandstrings— aretreateddifferently, becauseheir valuesarealways
copiedduringanaccesdy aremoteobject.

The introductionof primitive objectsis justified by efficiency considerationslt is
moreefficientto access local copy of anprimitive objectthanoperatingvia aremote
referenceacrosgshe bordersof a Virtual Machine.In contrasto SELF, dSelfconsiders
thebooleangrue andfalse andtheinitial valuenil alsoprimitive objects.



Obviously, the disadwantageof introducingprimitve objectsin the distributedcase
is alossof flexibility , asthe possibility of inconsisteng of the parentobjectsprimitive
objectshasto be dealtwith. All primitive objectsof onekind (e.g.integers)have only
oneslotnamedparent thatrefersto oneordinaryobject.This object,in turn, consists
of slotsthataresharedy all instance®f the primitive objects(e.g.+ or - for integers).
But theseslotscandiffer from oneVirtual Machineto anotherne.

To ensureconsistenyg, the usereitherhasto leave theseobjectsuntouchedr make
its copiesconsistenby someextra codelik e this:

0 parent _AddSlots: remoteVM parents  smallint

In this exampletheslotsof the parentobject(assumedo beaccesiblen parents )
of integersthatarelocatedon aremoteVirtual Machinearecopiedto thelocalintegers
by usingthe primitive messageAddSlots:  thataddsall slotsof the agumentto its
recever. All slots,whosenamesmatchwith the addedslotsare replacedby the new
ones.

Figure 1 illustratesthe stateof two dSelf Virtual Machines.The first one consists
of a lobby with threeslotstop , remoteStackinstance andremoteVM with its
initial contentnil . The secondVM consistsof a slot a slot stackinstance that
refersto the previously introducedstackobject,which hasa dataslottop containing
the number42. We cannow createa link from local  VMto the lobby of remote

local VM remote VM

stack

to|
P Instance

remoteStack
Instance

remoteVM J i

Fig. 1. Local referencesvithin VMs

VMin theslotremoteVM by thefollowing step:
lobby _AddSlot: ’'remoteVM' ConnectedTo: '//127.0.0.2/remoteVM’

As in figure 2, therenow exists a local referenceg(displayedasa solid arraw) to a
remotereferencenbjectthatrealizeghelink (displayedasa dashedarron) to thelobby
atlocal VM Now we canaccesandmodify the remotedSelf Virtual Machinelike
thelocal oneby usingthis link. For examplethis code:
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Fig. 2. A referenceo aremoteVM

lobby top: lobby remoteVM stackinstance top.
lobby remoteStackinstance: lobby remoteVM stackinstance.

resultsin the stateshown in figure 3.
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Fig. 3. A referenceo anobjectin aremoteVM

The slot top now containsa local copy of the primitive integer object42 and
remoteStackinstance refersby using a remotereferenceto the ordinary data
objectthatis locatedatremote VM

With remove referencesye candemonstratelistributedinheritancewith the fol-
lowing example.

localStackinstance <
parent* = remoteVM stackBehavior.
stack = array clone.
top =0

)



In this exampleaslotlocalStackinstance is createdatthelocal Virtual Ma-
chine.lIt consistof the dataslotsstack ,top andtheparentslotparent thatrefers
to stackBehavior  objectthatis locatedat the remoteVirtual Machine.Thus,the
“superclass’tanbe remotefrom the “subclass’asall messagewhoseselectordo not
matchwith onenameof thelocal slotsis delegatedacrosghe network.

3.2 Evaluation of Slotsand Methods

Methodsalways consistof two parts.The first optional part consistsof the local slot
declarationsandthe secondneof its code:

(] (localsloty | (code )

The slotsdeclaredn a methodarealwaysevaluatedin the context of the lobby at
declaratiortime andthecodewill beevaluatedn the context of thecalling objectwhen
it is invoked.

In a distributedsettingthis meanghatordinaryobjectscreatedwith the slot decla-
rationsarealwayslocatedat the dSelfVirtual Machine ,wherethe surroundingnethod
wascreatedlnstead ordinaryobjectscreatedduring the executionof codearealways
locatedatthedSelfVirtual Machine wherethe methodwasinvoked.For example:

m= (| locall = (). local?| local2: 0 )

In this exampletwo local slotsare declared Both containan emptyordinary data
object,but their locationsdiffer. locall islocatedonthedSelf-VM, wheremwasde-
claredandlocal2 islocatedonthedSelf-VM, wheretheobjectinvoking mis located.
The practicaleffect is that eachaccesdo locall causecommunicatioracrossthe
network, while eachaccesgo local2 islocal.

Differentfrom the original SELF, dSelfsupportdocal methodsLocal Methodsare
methodsvhosedeclarationsirenestedn anothemethod. For example:

dupStack <- (|

parent* = stackBehavior.

dup = (
|push: anObject = (top: top+l. stack at: top Put: anObject)|
push: top

)

)

In this examplean objectdupStack inheriting from stackBehavior is de-
clared.A new methodslot dup is addedfor duplicatingthe top elementof the stack.
dup hasalocal methodslot push: thatis identicalto the methodwith the samename
at stackBehavior

Local methodsbehave like ordinary methods,but are only accessiblewithin the
contet of the codeof their surroundingmethod.

Local methodsminimize network accessn a distributedcontext. As parentobjects
canbe remote,calling methods‘inherited” from them, causesetwork traffic. Local
methodscan be usedto transportand co-locatethesemethodswith an object, thus
decreasingommunicatioracrosshe network.

! Not to be confusedwith innermethodsthosearenestedn expressions.



3.3 Concurrent objectsand synchronization

The original SELF definition seemsto supportprocessesand semaphoresHowever,
the descriptionin [ABC*95] is vagueaboutthe respectie modulesandfunctionality.
The SELF 4.0 implementationgor SolarisandMacOSseemonly to passthroughthe
operatingsystemsupportfor synchronization.

dSelfintroducesconcurreng implicitly with the mereexistenceof multiple virtual
machineghateachstartonethreadof control. Thus,evenwithout the ability to starta
threadwithin thelanguagedSelfneedsa synchronizatioriacility.

In the currentversion, dSelf usesa very primitive conceptto supportsynchro-
nization. Every non-primitive object understandshe primitive messagesLock and
_Unlock whicheachtake asargumentareferenceo anobjectthatwantsto obtainthe
lock. The commonschemeto obtaina lock on someobject (o) thusis (0) _Lock:
self

The additionalagumentseemssuperfluousat first. However, the dynamicinher
itancein dSelf makesit necessaryAssumethat objectsa andb both containa slot
data . A third objectc now refersto a asits parentin somemethodof ¢ alock to the
“inherited” data is obtainedIf the methodnow changeshe parentslotto pointto b,
thena subsequentinlock-messagestill reaches slotdata . This onenow belongsto
b andis not necessarilyocked.data of a will neverreceive anunlock-message.

While dynamicinheritances supportedn dSelf,andtheinconsistensituationcan
still beprogrammedtheadditionalparameteof _Lock and_Unlock allow it to check
whetherthe unlocking objectreally obtaineda lock before.If not, a runtime error is
raised.

The currentsupportfor synchronizationin dSelfis rudimentaryandnot complete.
We planto introducea completeconcurreng modelin a futureversion.

4 dSelfImplementation

The dSelf-Systenconsistsof a dSelf Virtual Machineand a compilet The compiler
translatesiSelfcodeto executablelava objects. ThedSelfVirtual Machinerecevesin-
putfrom theuserandreturnsthe outputof theexecuteccode.dSelfwasimplementedn
Java by usingRMI for thecommunicatiorbetweerobjectsthatarelocatedin different
dSelfVirtual Machines.

4.1 The Compiler

Thecompilerof dSelfwaswritten by usingthescannetgeneratodFlex [KleO0] andthe
parsefrgeneratoiCUP [Hud99. It is basedon the grammarasdescribedn [ABC*95]
with someminor extensionsandcorrections.

Thecompilerprovidestwo interfacespnefor thedSelfVirtual Machineandoneas
astand-along@rogramfor theuser Theinterfacefor thedSelfVirtual Machinemakesit
possibleto compilean expressiorfon-the-fly”. This generatesa Java objectwhich can
be executeddirectly by invoking a methodwithout a compile-link-gycle.

Theinterfacefor theusermakesthecompileraccessiblasaseparatdavaprogram.
A dSelfprogramis compiledto aJJava classthatcanbeloadeddynamicallyto arunning



dSelfsystemThemanualusageof thecompileris normally not necessarywWhendSelf
codeit to beread,theloaderfirst looks, if thereis a Java classfile with the samename
andnewer age.If thereis one,thenthis precompiledversionis linkedto the system|f

not thenthe scriptwill be loadedand compiled.The precompiledversionloadsmuch
fasterbecausé¢hereis noneedto scanandparsdts contentby thedSelfcompileragain.

4.2 ThedSelfVirtual Machine

The dSelf Virtual Machinerecevesthe input of the userandreturnsthe outputof the
program Currentlyit appearsn two possibleviews,thatcanbechoserby theuser The
first takestextualinputfrom aterminal. Thesecondview is aGUI asshavn in figure4,
thatwasrealizedwith the Swinglibrariesof Java. The GUI is more comfortablethan
the terminalview, becausét supportsmorefeaturedike a slot browseranda history
function,thatrepeatgreviousexecutednputs.

Fig. 4. Theuserinterfaceof dSelf

5 RelatedWork

Thereare severalimplementation®f SELF for variousplatformsavailable. However,
noneof theseaddsdistribution to the languageso we claim thatdSelfis the first ex-
tensionof SELF to supportdistribution. To our knowledge,thereis no referenceto



distribution conceptsn the original SELF literature.Also, thereis a body of work on
distributedOOPlanguageg[BGL98]), but still, noneof thesetakesadvantageof dele-
gationandclasslessnessdSelfdoes.

The family of Actor-languageg[AH87]), however, hasaspectssimilar to a dis-
tributed Self. Both asclasslessapproacheso OO, both usedeleggationand emplgy a
cloning mechanismHowever, in Actors, the default modeof interactionby message
passings asynchronouandthe buffer for incomingmessages explicitly represented
with the socalledmailbox.

Oblig ([Car9]) is a recently proposedanguagefor wide-areaprogramming.in
contrastto SELF, andthereforedSelf, Obliq is not delegationbased Messagesave
to be understoodyy oneof the methodsan objectcontains.Insteadof linking objects
by a parent,Obliq copiesmethodsduring cloning. While this still allows to express
inheritance-relationsf emphasizeshe autonomyof objectin a wide-areasetting.In
dSelf,this canbe expressedvith the help of local methods.

dSelf follows a slightly differentgoal. While delegationalso enhancedlexibility
wrt. distribution, theslightly lowerautonomyof objectsraisedlexibility of change. It is
possibleto changethe behavior of delegatingobjectsthemselfby changingthe single,
possiblyremote parentobject.In Oblig, onecanonly changehebehaior of aremote
memberof anobject.

Repo([Mac99) is anextensionof Oblig whichintroducegeplicationof objects.In
additionto the Oblig notion of remoteobjects,Repointroduceseplicatedobjectsthat
arekeptconsistenandsimpleobjectsthatarereplicatedbut canbecomeinconsistent.
dSelfcontainsno notionof replicatedobjectsbut this mightbeintroducedby extending
theassignmeninechanisnto slots.

6 Conclusionand Outlook

dSelf extendsSELF with distributed objectsandtransparentesolutionof remoteref-
erencesThis addsdistributedinheritanceanddistributedinstantiationto the language.
dSelf thus addsflexibility in programmingand executingdistributed object-oriented
programs.

The currentimplementatiorof dSelf doesnot containsomemechanismgroposed
for SELFE Amongsttheseare prioritized multiple inheritance visibility modifiersfor
slotsfor encapsulatiomirror objectsfor reflectionandamorecomfortablenitial dSelf
world including supportfor graphicalobjects.Theseissuesare subjectfor a reworked
implementation.

Conceptuallywe planto studythe extensionof dSelfwith the notion of processes
andtheir coordination Furtherflexibility of dSelfprogrammight begainedfrom intro-
ducingmobiledSelfobjects.

Oneinterestingareaof applicationfor dSelfcouldbeseenin Web-basedlistributed
workflow systemsHere,a workflow schemads representeih a parentobjectin some
methodandthe instancesf the workflow are objectsthat delegatethe lookup of the
next work itemto their parentChangego theworkflow schemahencanbedoneatthe
parentobjectwithout ary needto propagatet to the instancesAlso, the parentcould
well beexchangedfor examplewhentheflow of work hasto changedueto exception.



We believe, that it is worthwhile to understandhis as a dynamicreclassificatiorof
workflow instancesandthink thata distributed Self providesan attractve platformto
implementsucha mechanism.
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