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Abstract

The notionsof class,subclassandvirtual procedurearefairly well un-
derstoodandrecognizedssomeof thekey conceptsn object-orientegro-
gramming.Thepossibilityof modifyingavirtual proceduren asubclasss a
powerful techniquefor specializingthe generabropertiesof the superclass.

In mostobject-orientedanguagestheattributesof anobjectmayberef-
erenceso objectsand (virtual) proceduresin SimulaandBETA it is also
possibleto have classattributes. The power of classattributeshasnot yet
beenwidely recognized.In BETA a classmay also have virtual classat-
tributes This makesit possibleto deferpartof the specificationof a class
attribute to a subclass.n this sensevirtual classesareanalogougo virtual
proceduresVirtual classesremainly interestingwithin stronglytypedlan-
guagewherethey provide amechanisnior defininggeneraparameterized



classesuchasset,vectorandlist. In this sensehey provide analternatve
to generics.

Althoughthenotionof virtual classoriginatefrom BETA, it is presented
asageneralanguagemechanism.

Keywords: languagesyirtual procedureyirtual class,strongtyping, pa-
rameterizeatlass,genericsBETA, Simula,Eiffel, C++, Smalltalk

1 Intr oduction

The notionsof classandsubclassare someof the key languageconceptsassoci-
atedwith object-orientegorogramming.Classesupportthe classificationof ob-

jectswith the samepropertiesandsubclassingupportshe specializatiorof the
generabroperties A classdefinesasetof attributesassociateavith eachinstance
of the class. An attribute may be eitheran objectreferencgor just referenceor

short)or aprocedure.

In a subclasst is possibleto specializethe generalpropertiesdefinedin the
superclassThis canbedoneby addingreferencesnd/orproceduresHowever, it
is alsopossibleto modify the procedureslefinedin the superclassModification
cantake placein differentways. In Simula67 [4] a procedureattribute may be
declaredvirtual. A virtual proceduremay then be redefinedin a subclass. A
non-virtualprocedurecannotbe redefined. Thisis essentialljthe samescheme
adaptedby C++ [16] andEiffel [13]. In Smalltalk [6] any procedureis virtual
in the sensethatit canbe redefinedin a subclassand eventhe parameter®sf a
proceduranayberedefined.

In BETA [8] avirtual procedurecannotbe redefinedn a subclassbut it may
be further definedby an extendeddefinition. The extendedprocedures a “sub-
procedure’(in the sameway asfor subclasspf the proceduredefinedin the su-
perclass.This implies thatthe actionsof a virtual proceduredefinition are auto-
maticallycombinedwith theactionsof theextendedoroceduren asubclassThis
is the casefor all levels of subclassethat further definesa virtual procedure.In
SmalltalkandC++ it is the responsibilityof the programmeto combinea rede-
finedvirtual proceduravith thecorrespondingirtual procedureof thesuperclass.
Thisis of coursemoreflexible, sincethe programmercanignorethe proceduren

In Simulaasubclassnaydeclareanew procedurevith the samenameasa proceduralefined
in asuperclassThis doesnot have the effect of aredefinitionasin Smalltalk.



thesuperclassHowever, it is alsoa potentialsourceof errorsincetheprogrammer
mayforgetto executethevirtual procedurdrom the superclass.

Using the terminologyfrom [18] a classin BETA is structural compatible
with its superclassvhereasa Smalltalk classis namecompatiblewith its super
class. Behavioral compatibility canonly be obtainedby proving thatthe further
definitionsdo not not violate the invariantsof the superclassior a moredetailed
discussiorof virtual proceduresn BETA see[9].

SimulaandBETA areblock-structuredanguages.This implies that classes
and procedurescan be arbitrarily nested. l.e. in Simulaand BETA an object
may have classattributesin additionto referencesand procedures.In [10] the
usefulnes®f classattributesis discussed.

The subjectof this paperis the introductionof the notion of virtual clasg. A
virtual classis similarto avirtual proceduren thesensehatit maybeextendedn
asubclassVirtual classesreusefulfor defining”’parameterizedgeneraklasses
within a stronglytypedlanguage Examplesof suchclassesresets,vectorsand
lists. Decisionsaboutthe elementtype of suchclasseshouldbe deferredto the
subclassesf the generaklass.The notion of virtual proceduranakesit possible
to deferpartof the definitionof a procedurdo a subclassin the sameway a vir-
tual classmalesit possibleto deferpartof thedefinitionof thetype of references
(instancevariables). Virtual classegnay be seenasan alternatve to "generic”
typesasfoundin AdaandEiffel.

The notion of virtual classis introducedin the context of stronglytypedlan-
guagesThemodificationof avirtual classn asubclasshouldthenbestructurally
compatiblewith the definitionof thevirtual classin the superclassAs for virtual
proceduresavirtual classcannotberedefinedn asubclasshut its definitionmay
be extended.

Thenotionof virtual classhasbeendevelopedaspartof the BETA language.
It is a consequencef the unificationof classesproceduresfunctionsandtypes
into one generalabstractionmechanismthe pattern The implicationsof this
have beendiscussectlsavhere[8, 9]. As thereis only onelanguagemechanism
for classesandproceduresthenotionof subpattermppliesequallywell to classes
andprocedures.The notion of virtual patternwasdevelopedasa generalization
of the Simulanotion of virtual procedure.Sincea patternmay alsobe usedasa
class this generalizatiorwasdesignedo includethe notionof virtual class.

2The notion of virtual classintroducedherehasnothingto do with the notion of virtual class
definedin [17]



CC: class C (#  Decll; Decl2; .., Decln #)

Figurel: Classdeclaration

The notion of virtual classis, in this paper introducedasa generalanguage
mechanism.lIt is attemptedo presenthe ideaasindependenbf BETA aspos-
sible. The languageusedin this paperis a modifiedversionof BETA with two
kinds of patterns:.classesandproceduresin additiona certainamountof syntac-
tic sugarhasbeenadded.Theverytersesyntaxof BETA canoftenbeahindrance
for readersunfamiliarwith BETA. All theexamplesn the papercanbeexpressed
in BETA by asimplereplacemenof keywords.

The notion of virtual classwill be comparedwith genericsasfoundin Ada
andwith thetype systemof Eiffel includingthe simplegenerics.

Certainlanguageaspectf object-orientedanguageswill be ignoredsince
they areirrelevantfor this paper This includesthe notion of informationhiding.
Anotheraspecis thediscussiorof codesharingversusypes.Subclassings very
oftenusedfor codesharing;theterminheritanceunderlineghis. As pointedout
in [2], this usageof subclassingnay be conflictingwith definingtypes. We tend
to agreewith this. However, in BETA subclassings intendedfor modellingtypes
(or concepts).The Mjglner BETA System[5] includesfacilities for separatinga
classdefinitionfrom its implementation.

2 Classesand virtual procedures

In this sectionthe notationfor classesproceduresndvirtual proceduresvill be
presented.

2.1 Classand subclasses

A classdefinition hasthe form describedin Figure 1. It is a declarationof a
classCCwith superclass. (If nosuperclasss specifiedthe superclasss Object .)
Decll; Decl2; .. Decln aredeclarationf attributes. An instanceof CCwill
have theseattributesin additionto thoseinheritedfrom C. An attribute may be
eitherarefeence(to anobject),a (virtual) procedue or a (virtual) class



Window: class Stream

(# UpperLeft,LowerRight . @Point;
Label: ~ Text;
Move: proc (# .. #);
Display: virtual proc (# .. #);
#)

Figure2: Exampleof classdeclaration

In Figure2 an exampleof a classis given. Class Window is describedasa
subclasof classStream . In additionto the attributesinheritedfrom Stream , it
containstwo staticrefelencedpperLeft andLowerRight , onedynamicrefeence
Label , a procedureattribute Move anda virtual procedureattribute Display .

Thedynamicreferenca.abel maydenotenstance®f class Text andits sub-
classesA dynamicreferencanaydenotedifferentobjectsduringits life-time. In
this way they aresimilar to qualifiedreferencesn Simula,instancevariablesin
Smalltalk,andnonsimplevariablesn Eiffel.

A staticreferencedenotepart-objects.A staticreferencewill constantlyde-
notethe sameobjectduringthe life-time of the enclosingobject. Part objectsare
generatedogetherwith the generatiorof the enclosingobject. A Window object
will thushave two part-objectf classPoint .

Referencediave anassociatedtype” in the form of a classname. This class
namewill bereferredto asthe qualificationof thereferenceThereference.abel
is e.g.qualifiedby Text .

A refeenceassignmenhastheform

aTextObject[] -> aWindow.Label[]

which hastheeffectthattheobjectdenotedyy aTextObject  is alsodenotedoy the
Label referenceattributeof the objectdenotedy awindow. Thesourcedenotation
is anexampleof aremoteidentifier usedto identify attributesof objects.Remote
identifiersarealsousedfor denotingprocedureandclassattributes.

Asthoroughlydiscussedh [13], thedifferencebetweerireference’and‘value”
semantic®f assignmenandequalityis important.BETA hasbothforms. A value
assignmenhastheform:

aTextObject  -> aWindow.Label

5



PP: proc P
(# Decll; Decl2; .., Decln
enter In
do Imp
exit  Out
#)

Figure3: Procedurédeclaration

whichdescribeshata“copy”? of theobjectaTextObject  is assignedo awindow.Label .
As it may be seenthe syntaxclearly distinguishedbetweerreferenceandvalue
assignment.The box [] indicatesthat the referenceis assigned.In this paper
value assignments usedfor simple classedike Integer . Otherwisereference
assignmenis used.

2.2 Proceduresand subprocedures

A proceduredeclarationhasthe form describedn Figure 3. The procedurePP
is a subproceduref the procedureP. As for classespecll, Decl2,... Decln
describea setof attributesassociatedvith a procedureobjectin additionto those
inheritedfrom the superprocedureThe enterpart (enter In) describeghe in-
put parametersthe do-part(do Imp) describeshe actionsto be executedandthe
exit-part (exit Out) describeghe outputparametersA subprocedursvill have
enter/git liststhatarethe concatenationsf thelists from thesuperprocedurand
thelists specifiedfor the subprocedure.

In Figure4 threeproceduredeclarationsareshovn. OpenWritableRecord  is a
subproceduref OpenRecord andFoo is a subproceduref OpenWritableRecord

TheINNER constructenablegheactionsof the superprocedurs becombined
with the actionsof the main partof the procedure Considerthe following proce-
durecall:

someld[] -> Foo

An executionof Foo proceedssfollows:

3In [8] it is describedvhatis actuallymeantby “copy”



OpenRecord:  proc
(# ID: “Text; R: "Record
enter 1D[]
do ID] -> theDataBase.Open -> R[]
INNER;
R.Close
#),
OpenWritableRecord : proc OpenRecord
(# do R.Lock; INNER; R.Free #);
Foo: proc OpenWritableRecord
#
do someData[] -> R.put
#)

Figure4: Exampleof prefixed procedure

1. Aninstanceof Foo (aprocedure-objeci} created.
2. Theactualinput paramete(someld ) is assignedo thereferenceD.
3. Foo is executed:

(a) Executionstartswith theactionsof thetopmostsuperclass,e. OpenRecord .

(b) Executionof INNER in OpenRecord will imply executionof theactions
in thesubprocedurd,e. OpenWritableRecord

(c) Executionof INNER in OpenWritableRecord ~ will imply executionof
theactionsin Foo.

(d) After executionof theactionsin Foo, the actionsfollowing INNER in
OpenWritableRecor d andOpenRecord will be executedn thatordet

Executionof Foo implies thusthat the following sequencef actionsis exe-
cuted:

ID[] -> theDataBase.Open -> R]];
R.lock;
someData]] -> R.put;
R.Free;
R.Close



Record: class

(# Key: "KeyType;
Display:  virtual proc
(#
do Key.Display; INNER;
#)

#),

Person: class Record

(# Name: “Text; Sex: "SexType;
Display:  extended proc
#
do Name.Display;  Sex.Display; INNER
#)

#),

P: "Person

Figure5: Classeswith virtual procedures

2.3 Virtual procedures

A procedureattribute may be specifiedto bevirtual. This impliesthatits defini-
tion maybeextendedn asubclas®f theclassin whichit is virtual. Theextended
virtual procedurewill have the virtual procedurdrom the superclasasa super
procedure A virtual procedurghathasbeenextendeds still virtual in the sense
thatit canbefurtherextendedn subclasses.

Considettheclasseslefinedn Figure5. TheDisplay- procedureof aPerson- object
will beasubproceduref theDisplay- proceduredefinedin classRecord . Execu-
tionof P.Display ~ will imply executionof Key.Display, Name.Display,  Sex.Display
andpossiblymoresinceP is known to denoteat leastPerson- objects.

2.4 Classesasattrib utes

As mentionedabove an objectmay have class-attrilites. As anexampleof class
attributes considerFigure 6 which is the grammarexamplefrom [10]. Class
Grammar describeghe structureof grammarobjects. Part of the descriptionof
a grammaris the notion of symbolassociatedvith a grammar The classat-



Grammar: class

(#
Symbol: class Object
(# isTerminal: proc (# ..#);
isNonTerminal: proc (# .. #);
#);
#);
AdaGram: @ Grammar; S1,S2: @ AdaGram.Symbol;

PascalGram: @ Grammar; X1,X2: @ PascalGram.Symbol

Figure6: ClassGrammar

tribute Symbol describesthe structureof symbolsassociatedwvith a particular
Grammar-instance. In the exampletwo Grammar instancesare declared:AdaGram

andPascalGram . Eachof these Grammar objectshasan associatedymbol class
asanattribute. It is possibleto declareinstance®f theclass AdaGram.Symbol . In

theexamplethereferences1 andS2 denotesuchobjects.Similarly it is possible
to declareinstancef classPascalGram.Symbol , in the exampleX1 andX2. By

declaringSymbol local to Grammar it is possibleto distinguishbetweensymbols
from differentgrammarsS1, S2 andX1, X2 arenotinstance®f the sameclass.
Also a Symbol classhasno existencewithout a grammarobject. From a mod-
elling point of view this seemsntuitively correct.Fromatechnicalpoint of view,

aSymbol objectmayreferto (global) attributesin the enclosingGrammar object.

3 Virtual classes

The notion of virtual procedurentroducedabove resemblesimilar mechanisms
in otherlanguagesthe differencebeingthata redefinitionof a virtual procedure
is anextensionof the definitionof thevirtual proceduren the superclass.

In this sectionthe propertyof beingvirtual is appliedto classattributes,anda
morecomprehensie treatmenbf virtualsin generais given.



3.1 Locally qualified virtual classes

The specificationof a virtual classis completelyanalogougo the specification
of a virtual procedure.ConsiderFigure 7. The classGraph hasclassattributes
Node andLink which definethe elementf a graph.Node andLink arespecified
asvirtual classes.Subclassesf Graph may extend the definitionsof Node and
Link correspondindo specificdifferentkinds of graphs. Instancesof Node will
thereforealways have the attribute Connected , andinstancesof Link will have
the attributesSource andDest . As it may be seen the virtual procedureConnect
makesuseof theseattributes.

Notice that the classesNode in two differentinstanceof Graph are different
classesasthey havedifferentcontext. A Node objectfrom oneGraph objectcannot
becomepartof anotherGraph .

In the subclas®isplayableGraph , the definitionsof Node andLink have been
extended. This is reflectedin the extendeddefinition of Connect which hasan
additionalparameteiDL. The executionof Connect implies the generationof a
Link object(new Link ). ThisLink objectwill beaninstanceof theextended.ink
classandthe referencelL will denotethis instance. l.e. L.DispLine is a valid
expression.ThereferenceG.Root is known to denoteaninstanceof theextended
Node class.l.e. anexpressionik e DG.Root.DispSymb is valid.

Thedefinitionof TravellingSalesma  n is similar, but with differentextensions
of Node, Link andConnect .

3.2 Globally qualified virtual classes

Thereis a moregeneralform for declaringvirtual classegand proceduresjhan
thatpresentedofar. Thisis explainedfor classesn this paperbutit alsoapplies
to virtual procedures.

ConsiderthegeneraklassSet in Figure 8. Thevirtual classattribute SetType
definesthe type (or class)of the objectsthatcanbe memberof the set. SetType
is avirtual classwith the qualificationRecord . (SeeFigure5.) This meanghatin
subclassesf Set thevirtual SetType may beredefinedput now asextensionsof
Record andnotjustasanimmediateextensionof thevirtual definitionitself.

In aSet object,themembersnaybeinginstance®f Record andits subclasses.
The procedureDisplay displaysthe whole set. As the elementsof the setare
known to be atleastRecord -objects,they areknown to have aDisplay  attribute.

A referencdike Afinx]  is qualifiedby thevirtual classSetType . Thefactthat
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SetType will be Record or further extensionsof Record is usedin accessinghe
Display attribute. Sinceinstance®f Record haveaDisplay attribute,instance®f
SetType will alsohavethis attribute.

In the classPersonSet the membersarerestrictedto beinginstancesf class
Person . Thisis expressedby extendingthevirtual classSetType to beasubclas®f
classRecord . Thisimpliesthatareferencdike Alinx]  will correspondinghhave
its qualificationextendedo Person . Thismeanghatin thePersonSet subclas®f
Set thefollowing expressionsill bevalid: Allnx].Name andA[Inx].Sex

Themembersof aSet arerestrictedto beinginstance®f Record andits sub-
classesln practicea Set classshouldbe ableto includeany object. This maybe
obtainedoy replacingrecord by Object in thedefinitionof SetType . TheDisplay
procedurenustthenberemoved,sinceObject doesnot(in BETA) have aDisplay
attribute.

3.3 Virtual classeqand procedures)revisited

The examplesof virtual procedureshovn sofar have all beendefinedusingthe
syntacticform correspondindo locally definedclassesThis s like Simula,C++
andEiffel. As showvn in Figure9, a virtual proceduremay alsobe definedusing
aform correspondingo globally definedvirtual classesThe procedurenit has
avirtual procedureattribute qualifiedby OpenRecord . In the subproceduritw
Open is extendedto be OpenWritableRecord . This impliesthatexecutionof Open
will be an executionof OpenWritableRecor d. A virtual procedureusedthis way
correspondso aformal procedurgparameterTheconstrainiontheactualparam-
eteris thatit mustbe a subproceduref OpenRecord . It is, of course awvkwardto
have to declarea subprocedurdike Initw in orderto make a procedurecall. In
BETA it is possibleto describea singleobjectdirectly. In Bar, a call of asingular
procedureobjectis describeddirectly. This corresponddo a prefixed block in
Simula,which againis a generalizatiorof an Algol innerblock.

As canbeseenclasseandproceduresrecompletelyanalogousvith respect
to virtual attributes.In Figure 10, thedifferentformsfor declaringandextending
virtual attributesareshavn. The superclass/procedura of P is optional. In this
casesuperwill beObject . Theextensionof Qmaybespecifiedaseitheraglobally
definedclassor a locally definedclass. The meaningof fixed will be explained
later.
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4 Virtual classesand generics/packages

Thesimpleexampleabore on a generaketof objectsor Record objectsindicates
theuseof virtual classeas”type parametersbdf theenclosingclass.

In [12] aninterestingcomparisorbetweergenericityandinheritances given.
It is shawvn that,in generaljnheritancecannotbe simulatedby genericity Onthe
otherhandit is shavn thatgenericitycanbesimulatedby inheritance However, it
is concludedhatthetechniquedor simulatingso-calledunconstainedgenericity
becomesatherheavy. For this reasorunconstrainedenericityhasbeenincluded
in Eiffel.

In thissectionit will beshovn to whatextentvirtual classe€anreplacegener
icity. This will be doneby giving definitionsof a generalclassRing [13] with
attributeszZero, One, Plus andMult . TheclassRing is thenusedto definesub-
classe<omplex anda generalclassVector parameterizedby Ring . The Vector
classmayin turn be usedfor defininga ComplexVector class.

Thefirst versionof classRing is definedin a pure object-orientedstyle. By
this is meantthat operationdike a + b areasymmetrical. Using Smalltalk ter-
minology: the message b is sentto the objecta. The secondversionof class
Ring is definedin a functionalstyle Herethe + is definedasa function of two
amguments.

4.1 Pureobject-oriented definition of classRing

ThegeneratlassRing defineghevirtual procedurettributeszero, Unity,  Plus ,
andMult . In additionavirtual classattributeThisClass  (will beexplainedbelow)
isincluded.TheclassComplex is oneexampleof a subclas®f Ring .

A moreinterestingsubclasof Ring is the classVector . This classincludes
avirtual classattribute ElementType qualifiedby Ring . ElementType definesthe
classof the elementsof the vector i.e. the elementsof the vector have all the
propertieof aring. ClassComplexVector isasubclas®f Vector wherethevirtual
classElementType is extendedto be classComplex. (In this example a vector
consistf 100elementsBy usinga virtual procedureyielding anintegervalue,
it is straightforvardto parameterizéhe sizeof thevector)

Thevirtual classThisClass is usedto ensurethatthe algumentof, sayPlus ,
is alwaysof the sametype asthe currentclass.In Complex it is thereforeextended
to bea Complex, andin Vector it is extendedto Vector . If thereferenceA in the
definitionof Plus in classRing wasdefinedasA: ~ Ring , thenin the extensionof
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Plus in Complex thereferenceA mightreferto ary Ring object. An explicit check
will beneededo ensurehatA refersto aComplex object.In additionanoperation
likevi]] -> C2.Plus wouldbevalid. Insteadof explicitly definingavirtual class
like ThisClass , it would be morecornvenientto have a predefinechamefor this.
In [7] the name# this Ring is used. In the Smalltalk proposalin [3] the name
<self > is usedandin Eiffel thiswould correspondo like current

4.2 Functional definition of classRing

Eventhougha languages object-orientedhereis no reasonthat it shouldnot
supportthefunctionalstyle of programming Object-orientedanguagesreoften
criticizedbecaus@vensimpleexpressiondik e additionof two numbers,j have
to have theasymmetricaformj -> i.plus

In languageswith a packageconceptit is possibleto define packageghat
collect the definition of a type and the operationson this type. A packages
not a class,but rathera definition of a single object. A genericpackageon the
otherhandresemblesa class. This is very limited however. In object-oriented
terminology a genericpackagecanonly be usedfor creatinga singleinstance(a
package)lt is actuallyjusttemplategshatareelaboratedtcompiletime. It is not
possibleto addpropertiedike in subclasses.

It is possibleto modela genericpackageby a classwith virtual classand
virtual procedureattributesrepresentinghe formal typesand formal operations
of thepackage.

In Figure12 a functionaldefinitionof classRing is giventogethemwith a sub-
classComplexRing thatdefinesthe type complex andoperationson complex ob-
jects. The virtual classattribute playsthe role of the type. The operationson
thetype aredefinedin afunctional(symmetrical)way on instance®f classType.
ClassType is extendedin subclassesf classRing. To usea ComplexRing it is
necessaryo createaninstanceof it. In the exampleCRis suchaninstance.All
comple referencesand operationcalls arereferredto asattributesof CR Class
Ring andComplexRing maybe comparedo genericpackagesn AdaandCRmay
be comparedo a genericinstantiation.The next examplefurtherillustratesthis.

In Figure13 avectoris definedusinga functionalclass. The importantthing
to noticeis thattheelementypeof avectorring is notavirtual class.Insteadt is
describedy thereferenceactualElementRing . Thereasons thata VectorRing
instancemustbeparameterizely aspecificring, i.e. aninstanceof ElementRing .
Otherwisetheelement®of avectormayincludesaycomplex numberdrom differ-

13



entcomple rings. This doesnot seenright in this example.(However, it is pos-

sibleto modelthis if desired.)In the examplethe referenceactualElementRing

is givena valuewheninit is executed.(CRis the ComplexRing from Figure12.)

This is, however, not satishctory sinceactualElementRing ~ shouldnot change
value after the initialization. It shoulddenotethe sameComplexRing during the

life time of theVectorRing . This canbe obtainedoy makingactualElementRing

a “call-by-const™ parameteof classVectorRing . It may then be boundwhen

instantiatinga VectorRing  (or oneof its subclassesgndnot modifiedafterwards.
Sincesuchparametemechanismarewell knownit will notbefurtherelaborated.

4.3 Classattrib utesversustype attrib utes

It could be arguedthat the definition of ComplexRing doesnot demonstrateéhe
needfor or usefulnes®f classattributes. TheType attribute couldalsobedefined
usinga pure (record)type, asin Pascal. Suchrecordobjectscould e.g. only be
assignabl@andcomparablebut not have procedureandclassattributesasclasses
have.

However, by usingaclassattributeit is possibleo combinetheobject-oriented
style andthe functionalstyle. The Type classof ComplexRing may have a proce-
dure attribute Incr  that incrementsa complex numberby 1, seeFigure 14. It
seemanorenaturalto expresssuchan operationin anobject-orientedstyle than
in afunctionalstyle.

With the additionof theIncr it is possible,in additionto functionalexpres-
sionsto specifyevaluationdike

Cl.Incr;

4.4 Moreon extendingvirtual classes

In this section,the Vector classof Figure 11 will be further elaborated. As
showvn in Figure 15 aclassVectorOfVector — parameterizethy Vector is defined.
A new virtual classelm hasbeenintroducedto standfor the parameteof class
VectorOfVector . Theuseof fixed insteadof extend (cf. FigurelO)specifieghat
thisis thefinal extensionof ElementType , i.e. it is nolongervirtual. In generalt
is usefulto beableto specifythata virtual attribute cannolongerbe extended.

4«Call-by-const”wasusedin thefirst versionof Pascal.
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A noteon syntaxmay seemappropriatéenere. The syntaxfor definingandex-
tendingvirtualsin exampledik etheRing maybefoundtooheavy. Insteadausual
positionalnotationfor definitionandextensionof virtuals might beintroduced.

5 Virtual superclasses

It is oftendesirableto adda setof attributesto all classesn a subclassierarchy
Considetthehierarchyin Figure16. Supposehatwe wantto implementalibrary
of publications.For this purposewe wantto addan attribute ArcNo to all publi-
cations.This may be obtainedby addingthis attribute to classPublication . An-
otheralternatve is to createnew subclassesf Publication, Book andaAtrticle
Oftennoneof thesealternatvesareattracte. It maynotbefeasibleto modify an
existing class.Lik ewise,creatingseveralnew subclassess clumsy

By usingavirtual classasasuperclasg is possibleo describeanextensionof
all Publication  classesConsiderFigurel7. TheclassPubGen actsasagenerator
for instancesof Publicaton  andits subclasses.The procedureNew generates
theseinstances. The actualinstancesggeneratedare of classArcPub which is a
subclas®f GenType. GenType is avirtual classqualifiedby Publication

The subclassBookGen extendsthe definition of GenType to Book. The class
ArcPub of an objectdenotedby BG will then have Book asits superclass.This
meanghattheinstanceof ArcPub createdoy BG.New will have all attributesof a
Book in additionto theattribute ArcNo .

Objectscreatedby a PubGen objectcanbe usedasordinaryPublicaton  ob-
jectswithout knowledgeof ArcNo . In the context of a PubGen object,they maybe
usedasArcPub objects,.e. theattribute ArcNo maybeaccessed.

6 Conclusion

The notion of virtual classhasbeenintroducedasa generalizatiorof the corre-
spondingnotionfor proceduresin additionthe qualificationof a virtual andthe
mechanisnfor extensionof a virtual have beenintroduced. For both kinds of
virtual attributestwo differentsyntacticforms have beenintroduced:locally and
globally qualifiedvirtual classes/procedured.he qualificationand extensionof
a virtual ensureghatthe attributesof a virtual are maintainedin ary subclasses
wherethevirtual is extended.
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Theglobalform of specifyingavirtual classmakesit possibleto bind avirtual
classto a non-localclass. This makesit possibleto usevirtual classesasformal
type parameters.

Classesand proceduresare completelyanalogouswith respectto declaring
virtual attributes,recall Figure 10. In BETA classandprocedureareunifiedinto
oneabstractiormechanismthe pattern In all examplesthe keywordsclass and
proc maybedropped.By replacingvirtual , extended andfixed by<, <, and:
respectiely the resultsare BETA programs.The commontemplatefor patterns
hasthe form shown in Figure 3 without the keyword proc . Fromthisit follows,
thatclassesn BETA alsohave anaction-part(enter In do Imp exit Out) like
procedureskor a furtherdiscussiorof this thereaderis referredto [8].

As it maybeseenthenotionof virtual pattern(classandprocedurefaptures
the conceptof virtual procedureasknown from Simula,C++ andEiffel. In addi-
tion it extendsthe possibilitiesfor simulatinggenericityby meansof subclassing.
Also theglobalform of virtual patternamaybe usedto simulatehigherorderpro-
ceduresandclassesl.e. proceduresandclasseparameterizetly proceduresind
classes.Finally the notion of virtual class,in addition, givesa numberof new
possibilities.

The usefulnessof virtual proceduresare well known. Classattributesand
especiallyvirtual classattributesarelesswell know. Theseconceptshave been
usedfor severalyearsby BETA programmergandthey have clearlydemonstrated
their usefulnessn practice.For otherexamplesseg[11] and[15].
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Graph: class
(# Node: virtual  class
(# Connected: @boolean #);
Link:  virtual class
(# Source, Dest: " Node #);
Root: "~ Node;
Connect:  virtual proc
(# S,D: " Node; L: " Link
enter(S[],D[])
do new Link[] -> L[;
S[] -> L.source]]; D[]-> L.Dest[];
True -> S.Connected -> D.Connected,;
INNER
#);
#);
DisplayableGraph: class Graph
(# Node: extended class
(# DispSymb: “DisplaySymbol  #);
Link:  extended class
(# DispLine;:  “DisplayLine #);
Connect:  extended proc
(# DL: “DisplayLine

enter DL[]
do DL[]] -> L.DispLine[]; INNER
#),

Display: virtual proc (# ... #)

#),
TravellingSalesman ~ Graph: class Graph
(# Node: extended class (# Name: “Text #);
Link:  extended class
(# Distance: @ Integer #);
Connect:  extended proc
(# D: @Integer

enter D
do D -> L.Distance; INNER
#),

#),
DG: " DisplayableGraph;
TG: " TravellingSalesman  Graph

19
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Set: class
(# SetType: virtual class Record;

A: [100] ~ SetType; Top :@ Integer;
{A is an array of 100 references}
Insert....;
Remove: ..,
Display:  proc
(# do (for InxTop repeat
AlInx].Display
for) #);
#);
PersonSet: class Set
(# SetType: extended class Person #)

Figure8: GeneralSet class

Init.:  proc
(# Open: virtual ~ proc OpenRecord
do..; someld]] -> Open; ..
#);

InitW: ~ proc Init
(# Open: extended proc OpenWritableRecord — #);

Bar:
(#...

do... ;
Init#  Open: extended proc OpenWritableRecord  #);

)

Figure9: Virtual proceduresisformal procedurgarameter
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T. <proc/class>  TO
(# P: virtual  <proc/class>  A# .. #);
Q: virtual <proc/class> B;

#);
TT. <proc/class> T
(# P: <extended/fixed> <proc/class> # .. #);
Q: <extended/fixed> <proc/class> B1;
{alternative:}
Q: <extended/fixed> <proc/class> # ... #
#)

Figurel10: Schemdor declaratiorof virtual attributes
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Ring: class
(# ThisClass:  virtual class Ring;
Plus: virtual proc
(# A: "ThisClass enter A]] do INNER #);
Mult:  virtual proc
(# A: "ThisClass enter A[] do INNER #);
Zero:  virtual proc (# do INNER #);
Unity:  virtual proc (# do INNER #)
#);
Complex: class Ring
(# ThisClass:  extended class Complex;
LR: @Real;
Plus: extended proc
(# do A.->l.Plus; AR->R.Plus #);

Mult: extended proc (# .. #);
Zero: extended proc (# do 0 -> | -> R #)
Unity:  extended proc (# .. #)

#);

Vector: class Ring

(# ThisClass:  extended class Vector;
ElementType:  virtual class Ring;
R: [100] " ElementType;
Plus: extended proc
(#do (for i: 100 repeat

AR[i] -> RJi.Plus

for}#);
Mult: ... Zero: ... Unity:

#),

ComplexVector:  class Vector

(# ThisClass:  extended class ComplexVector;
ElementType:  extended class Complex

#)

C1,C2: @ Complex;

V1V2: @ ComplexVector

Cl.Unity;  C2.Zero; C1]] -> C2.Plus;
V1.Unity;  V2.Unity;  V1[] -> V2.Plus;

Figurell: Objectorienteddefinitionof classRing
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Ring: class

(# Type: virtual class (# #);
Plus: virtual proc
# X, Y, Z2 "Type

enter(X[],Y[])

do new Type[] -> Z[;
INNER

exit  Z[]

#),

Mult: .. Zero: .. Unity:

#)
ComplexRing:  class Ring

(# Type: extended class (# ILR: @Real #);

Plus: extended proc

(#do X! + Yl -> ZI; XR + YR -> ZR #);
Mult. .. Zero: .. Unity:
#);
CR: @ ComplexRing;
C1,C2,C3: "CR.Type

CR.Unity -> C1[; CR.Zero -> C2[;
(cap.e2n) -> CR.Plus -> C3]]

Figurel2: Functionaldefinitionof Ring
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VectorRing:  class Ring
(# ElementRing: virtual class Ring;
actualElementRing: "ElementRing;
Type: extended class
(# V: [100] “actualElementRing. Type #);
Init:  virtual proc
(# aRing: “ElementRing
enter aRing(]
do aRing[] -> actualElementRing]]

#),

Plus: extended proc

(#

do (for i 100 repeat
XV, Y-Vl )
-> actualElementRing.P  lus
-> ZV[i]

for)
#),
Mult: .. Zero: .. Unity:

#);

ComplexVectorRing: class VectorRing

(# ElementRing: extended class ComplexRing #);
CVR: @ ComplexVectorRing;

AB,C: @CVR.Type

CR] -> CVR.Init

Figure13: Functionaldefinitionof classVector
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ComplexRing:  class Ring
(# Type: extended class
# LR@ Real
Incr.  proc (# do I+1->I; R+1->R #)
#);

Figurel4: Comple with local Incr operation

VectorOfVector: class Vector
(# ElementType: fixed class Vector
(# ElementType: fixed class EIm #)
Elm: virtual class Ring;
ThisClass:  extended class VectorOfVector
#);
VectorOfVectorOfCo  mplex: class VectorOfVector
(# Elm: extended class Complex #)

Figurel5: ClassVectorOfVector

Publication: class Record

(# Author....; Title:...; Date:..#);
Book: class Publication # ... #);
Article: class  Publication

(# KeyWords: ..#);

Figurel6: Subclassierarchyof publications
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PubGen: class
(# GenType: virtual  class Publication;
ArcPub: class GenType
(# ArcNo: @integer #);
New: proc
(# RN: @integer; R: = ArcPub
enter RN
do new ArcPub] -> R][];
RN -> R.ArcNo
exit R[]
#);
#);
BookGen: class PubGen
(# GenType: extended class Book #);
ArticleGen: class PubGen
(# GenType: extended class Article  #);
BG: © BookGen; B: " Book; S: " Set

111 -> BG.New -> B[; ".)-> B.Author;
B[] -> S.Insert

Figurel7: Exampleof virtual superclass
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