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Abstract. While there are suitable type-systems for agbles must have a conforming type. Thus, types allow a

gregation that allow the exchange of objects and clagge-safe dynamic rebinding of references to different
es, the configuration of systems, and dynamic bindinghacts,

there are no type-systems for inheritance relationships.
Thus, maintenance of class libraries becomes difficiWthen using inheritance the changing of a base class of

or even impossible because changes in a class liblanyass s not intended. Object references are often
can cause changes in the inheriting classes in an appli-

cation program. Modeling inheritance with explicit an gngeq dynamically at run-time, while inheritance re-

parametrical bindings introduces a typed interface f@tionships usually are rfot

inheritance which allows type-safe changes in class lj- . . .

braries. Furthermore the approach opens new possit_g'illﬁv'ng a c-Ioser look at class libraries we can See cases

ties for composition and makes programming easier.in Which it is necessary to exchange classes within a li-
brary. These classes may be used by inheritance in ap-

plications. An exchange of classes may be necessary for
bug-fixing or improvement. In languages likdfel [2]

Inheritanceis a basic concept of object-oriented préJ-r C++ [3], library malntenancg pers?””e' cannot ex-
gramming and is, according to Wegner [1], intrinsic t%hange any classes of a class library in a type-safe way.

the definition ofobject-orientedLanguages without in- An addeq ne.-whmithodlm a Ilbrart))/ Iclass Cin alre;dyd
heritance are only callexbject-basedinheritance com- compromise inheriting classes (subclasses) if a metho

. I with the same name accidentally appears in a subclass.
poses new classes using already existing ones. Be&dés y app

inheritance another method for composition is usefhjs paper presents an approach to typed inheritance re-

This method isggregation In terms of object-orienta- |ationships which allows a type-safe exchange of class-
tion aggregation is the composition of objects by refels in class libraries.

ences between objects. References to objects are bound
to variablesdefined in objects. In chapter 2 we introduce a small object model upon

which our approach is based. Both methods of compo-
For aggregation there are type-systems which allow altion, aggregation and inheritance, are presented. Rea-
straction from the concrete object bound to a variab#ns for a typed inheritance concept are given. Chapter
Variables are typed and all objects bound to these v&shows the properties of inheritance and introduces our
approach to typed inheritance by modeling it with ex-
plicit bindings and aggregation. In chapter 4 we evalu-
ate our approach and emphasize some new possibilities,
Permission to copy without fee all or part of this material is granted that @, g. parametrical base classes. Chapter 5 concludes the

the copies are not made or distributed for direct commercial advantage,

the ACM copyright notice and the title of the publication and its date results.
appear, and notice is given that copying is by permission of the
Association for Computing Machinery. To copy otherwise, or to repub- 2. Here we do not consider any languages which allow dynamic in-
lish, requires a fee and/or specific permission. heritance relationships.

1 Introduction

1. This work is supported by thBeutsche Forschungsgemein-
schaft DFGn the Sonderforschungsberel8RB 182 Project B2
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2 Typed Inheritance [4]. Informally a typeA conforms to a typ8 when an
object of typeA can be used in every context where an

This chapter describes a small object model which igbject of typeB can be used.

troduces both composition methods, aggregation and

inheritance. Typed inheritance relationships are moji- Composition by Inheritance

vated. The connection between inheritance and

subtyping is explained at the end of this chapter. Inheritance in languages such @s+ or Eiffel is a
method for composition between classes rather than be-

tween objects. In fig. 2.2a a cla&8s& shown which in-
herits from a clasB. The usual view is th&includes
An object consists of named variabies reference to a|| properties of the base cl@®s represented in the fig-
another object (or to itself) can be bound to a variaklee as a circl® enclosed by a circl8

by assignment. Bindings can be variable or constant.

The composition of objects by bindings of references tq,) b.) c)
variables is calledggregation

In fig. 2.1 two object8 andC are bound to an objeat

i.e. A has a reference ®and one t&. These bindings ‘

2.1 Composition by Aggregation

may be variable and changed at run-time. This corre-
sponds to the concept of pointersdm+ and to vari-
ables irEiffel. Constant bindings are represented by ob-

ject declarations ifC++ and byexpanded objectm
Fig. 2.2  Different graphical representations of

Eiffel. inheritance relationships
Variable
Bindings The objects of clasShave all the internal properties of
an object of clasB. Thus, fig. 2.2a can be seen as a rep-
Object resentation of objects rather than classes: ojeon-
tains an objecB.
T f th . . :
3\//pe§ orthe Fig. 2.2b shows the relationship between cthaadB
ariables

more explicit. Clas$§’ refers to clasB by an ‘inherits-
from’ arrow. S is only a differential class representing
the difference betweedandB of fig. 2.2a. Thus, inher-
itahnce is a relationship between classes, or differential
ca}asses, represented as a thick arrow. Because the
graphical representation can also be interpreted for ob-
jects rather than classes, fig. 2.2b also shows an object

In fig. 2.1 the variables are typed. The types are rep@é-classS’ with a special relationship to an object of
sented by thick cross-beams. Each object has a type¢tBgsB. This is not a common view of inheritance, e.g.
bind an object to a variable, the object must have a typ# the same as i@++, but in an implementation it is
which conforms to the type of the variable. The types @&sy to find the special relationship between the objects:
the variables and objects are a kind of contract betw@@++ implementation creates for each object of class
client and server object. The typing of objects and vafi- an object of clasB which is inlined in the memory
ables allows a type-safe exchange of objects by rebigéithe object of clasS’.
';g' A new object has only to ha\(e a conforming typleﬁ fig. 2.2c the clas§’ is drawn as a normal class. Ad-
or conformance the contra-variant type-rule appllgs. . . i
itionally a typed interface is drawn as a cross-beam.

3. These are often calléustance variables There are no such typed interfaces in traditional lan-

Fig. 2.1  Bindings between objects — Aggregation

Bindings can be established at the creation time of
object. Such bindings are call@dtial. Objects which
are initially and constantly bound are calfgd/ate
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guages. Sometimes there are so-called interfaces fointhe following sections we assume that types have
heritance, e.g. iC++, but these interfaces cannot altheir own representation in our object model and that
stract from the definitions of base classes. Particulatype-based inheritance is independent of class-based in-
there cannot be two classes with the same or confoheritance. Type-based inheritance allows the composi-
ing interfaces, i.e. these interfaces are not useful for tyien of types from existing types, class-based inherit-
ing and do not support the exchange of base classeande allows the composition of classes from classes.
typed interface as shown in fig. 2.2c allows a type-safle separation of classes and types needs a mechanism
exchange of a base class, e.g. a class from a clasfticombining individually described types and classes.

brary. Therefore, each class decides of which type it is and de-
fines a projection from the signatures in its type to its
2.3  Why Typed Inheritance? own methods or variables. Inheritance between types

_ _ _ can be the basis for subtyping. Thus, subtyping is not re-
The introduction of typed interfaces for base classes ?Qféd to class-based inheritance.

subclasses allows a type-safe exchange of a base class

without the need of adapting or changing the subclass. _ ] o
Thus, the type of the inheritance interface is a kind 9f Modeling Inheritance by Explicit
contract between base and subclasses. Bindings

An exchange of base classes is necessary for maif@nodel inheritance by explicit bindings we have to

nance, e.g. for bug-fixing, in class libraries. In this cadgalyze the abilities of inheritance. We will show how

application programmers should not be forced i modelinheritance by aggregation and how a typed in-
change their programs when a library class is chang&iface for inheriting classes is created.

Recompiling or rebinding of the application should be

sufficient. This is only possible if there is a typed inteB.1 What is Inheritance?

face between base and subclasses. An improved k?aﬁe _ h h : ios f b
class in a library must be type-conforming to the inhe(?l-asg_tance as three Important properties for a sub-

itance interface of the prior class.

In addition to typed interfaces there is the possibility of The subclass ca.n use all acces§|ble compongnts 9f a
base class as in an aggregation relationship (fig.

determining the concrete base class on a per object ba- o - :
. . . 3.1a). In this figure a thin arrow is drawn from the

sis. The base class could be determined in an extra con-

. . - . . . subclass to the base class.

figuration phase similar to the aggregation relationship

in distributed systems as shown in [5]. » The subclass can define additional components —

methods and variables (fig. 3.1b). In this figure only
Using a typed interface for inheritance, an object can methods are shown to simplify matters.

bind to an object of its base class at creation time. This
binding can be procured by a name-server or broker
similar to the dynamic bindings of aggregation relation-
ships.

The subclass can define additional methods which
replace methods defined in the base class. This
means that all invocations of replaced methods are
redirected to the method in the subclass (fig. 3.1c).
In this picture a thin black arrow is drawn from the

base class to the subclass. The thin grey arrow indi-

Up to now, we have not considered the representation of cates the original binding of the thin black arrow —
types. Languages &++ andEiffel combine the con-  Withoutinheritance from the base class. The thin ar-
cepts of types and classes. The separation of both con/OW from the subclass to the base class shows that

cepts has meanwhile been largely accepted, see forfWe talk about classes in this section, although only the objects of
ample [6]. these classes use the mentioned properties.

2.4 Remarks to Types
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the subclass can access the old and replaced metbufferedport : class inherits port
ods by explicit invocations, e.g. by a keywstgper { Putchar : ()->()

as known fronSmalltalk[7]. Self Flush();

Usage Addition Replacement }

9 .ae Flush : ()->()
\ W { ..
while ...
}
)
b.) c.)

super .Putchar();

}

° Fig. 3.3  Aclass for buffered port objects — classic approach

a) To build a class which realizes a buffered output behav-
ior for a hardware port we want to use inheritance. The

~ag Inheritance <t Invocations ® Method classbufferedport(fig. 3.3) redefines and replaces the

Fig.3.1  Relationships from a subclass to a base class ~ MethodPutcharwith a buffering version. All characters
are inserted in a buffer. When the buffer is full an addi-
Inheritance does not mean here that all subclassest@jgal methodFlushis called which invokes the original
automatically subtypes, too. Subtyping has to be d&ytcharmethod to flush all the characters of the buffer.
scribed independently (cf. section 2.4). Therefore, the keyworsuperis used.

For a better understanding we demonstrate these three invocation of the methdelutline calls the method
properties in an example. Let us think about a gass  of classport and the subsequeRtitcharinvocations in
whose objects have the ability to service a hardwa®atline are directed to the new buffering method of
port. We can output some characters to the port. Theskassbufferedport

fore, the class defines a method naratthar For the

output of lines another method namedtline is de- 32 |nheritance by Aggregation

fined.Putlineis implemented by successive invocations

of Putcharto output every single character of a line. 1€ fig. 3.1 and thport example from fig. 3.2 and fig.
fig. 3.2 a strongly simplified description of the class-3 already give some hints on how to model inheritance

port is given in a fictitious syntax. The keywosdlfis by aggregation. The keywordglfandsuperare mod-

added to each method call for clarity. In most Ianguagfégd by explicit variables. The variatsaperis bound
0

there is no need to wriselfexplicitly at each call-state- ™. a private object OT the.base class. T_h's variable is ini-
ment tially bound at creation time of the object of a subclass

port:  class and the binding is constant he variableselfis initially
and constantly bound to the object of the subclass. Fig.
F_‘{_t‘ihar -0->0 3.4 shows an object of claBsn inheritance and aggre-
gation relationships. In fig. 3.4a the bindings for a sub-
putiine : 0->0 classSinheriting fromB are showf.
while ...
self .Putchar(); Because the variableelf is defined in the base class
} J even when an object of the base class is not in an inher-
itance relationship, it is necessary to define how this

Fig. 3.2 A class for port objects — classic approach ) . . .
variable is bound for the use of an object in an aggrega-

In the chosen syntax, names of variables and methgdsosening this constraint allows the modeling of dynamic inher-
are written on the left side of a colon, declarations gﬂ;ance_ rellati_onship;, t;_ut this isI nort] a tt)c_)poilf: Offthisbpfﬁper-_ o

L . . . For simplicity, in this figure only the binding for thelfvariable
definitions on the right. Dgclarqtlons of any formal pa- of the base class and not 8@fvariable of the subclass is repre-
rameters are left out for simplicity. sented.
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self self
Gl (9
self

self super anyname O super anyname
a.) Inheritance b.) Aggregation a.) Inheritance b.) Aggregation
Fig. 3.4  Explicit binding of selfand superin an inher- Fig. 3.5  Typed interface of the binding in an inher-
itance and in an aggregation relationship itance and in an aggregation relationship

tion relationship only. For this case the variable #&ows the objec® andB in an inheritance relationship
bound to the object itself. This situation is shown in fignd fig. 3.5b sketches the objektandB in an aggre-
3.4b. gation relationship.

The self variable of an object of the base class is vari-f’o”—t: type
ously bound depending on the aggregation or inherit  self:  parm port_t;
ance relationship the object is in. The binding is always  pychar : (1->();
initial and constant. Thus, it can be seen as a paramet_  Putline :()->();
for the creation of an object. J
port : class of type port_t

3.3 Typing self:  parm port_t = here ;

The typing of inheritance relationships has to cover si- PUtfihar :0->0

multaneously the bindings of tlsaipervariable of the

subclass object and tkelfvariable of the base class ob- Putline : )->(

ject. The type of theupervariable describes the inter- while ...

face of the base class object. This type can be extendk self.Putchar();

to describe the interface to inheritance. Therefore, th}

parametrical binding of theelfvariable is included into  rig 36  Typeport_tand classport with a parametrical

the type as a kind of publicly accessible variable. It is binding of the variable self

different from usual public variables because it is bound

at creation time and constant for the remaining lifetin§dur approach can now be demonstrated by using the ex-

of the object. ample from section 3.1. Fig. 3.6 shows the same exam-
ple with a special aggregation relationship instead of in-

According to the contra-variant type-rule a type with a{eritance. First of all a type for a port-object is de-

additional parametrical binding conforms if all othe¢:riped and nameabrt_t’. The clasport is defined to

methods and parametrical bindings conform. Thus, g8 of typeport_t The projection of names in the type to

improved library class can define additional methogge names in the class definition is here implicitly done

and additional parametrical bindings while maintaininganveen methods and variables with the same name.

a conforming type. Additional syntactical statements are necessary to allow

Fig. 3.5 is the same as fig. 3.4 but shows the types of%@"dt projections (renaming).

variablessuperandanynames a thick beam. The blnd'The clasport defines an additional varialdelf It is of

ing of selfin the base class object is attached to the type : . : .
. ] . pe port_t which means that it can bind every object
of the supervariable as a public variable, shown as

thin line from the beam to the binding arrow. Fig. 3.5aWe name types according to an old C tradition with a suffix ‘_t'.
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with a type conforming tport_t The keyworgarmin-
dicates that the binding is constant and initial and canhss a public variablgelfwhich has a different type than
set at the creation time of the object. The variable is p#€ correspondingelfvariable inport_t This is possi-

of the type Selfis defined with a default binding to thePle because the types s#lf conform and theelf vari-
created object itself. Therefore, the keywdrere is ables are read-only. Variables of a type corresponds to
used to name the current object. Contrary to the tra@if®ad and a write method. A read-only variable only

tional keywordself (e.g. inSmalltalR, hereis not af-

The typebufferedport_ttonforms tgport_t although it

has a read method.

fected by inheritance, batiways names the object inp, the claspufferedportve do not use a keyword to in-

which itis used. The definitions of all other componentgrit from classgort, but we define @upervariable,
of classport remain the same as in fig. 3.2.

Fig. 3.7

var : port_t = port.new;

A variablevar bound to a new object of clasport.

which is bound to a private object of clgsst. Privacy
is declared by the keywomtiv. Within the parentheses
the parametrical binding cfelfiin port is set tohere
which denotes the current object of claafferedport.

An object of clasport can be created in an aggregatiogecause objects of clagsifferedportdo not have a

relationship as shown in Fig. 3.7. Thelf variable of

method with the namButling, the naméPutlineis de-

the object is bound to the object itself according to tagyred inbufferedporreferring to théutlinemethod of

3.5b.

bufferedport_t :
{

type o> port_t
self : parm bufferedport_t;

Putchar : ()->();
Putline : ()->();

instead of a colon is used. This operator defines an alias
for the name at the right side.

The typeport_tserves here as a type for the inheritance
relationship between the classrgferedportandport.
It declares the parametrical binding of gwf variable

Flush : ()->(); ) . : .
} of port objects. The type of this variable indicates that
bufferedport - class of type bufferedport_t in an inheritance relationshjjort objects call methods
{ in the subclass just as they are defined in pge t In-
gﬁgér . PO b;ﬁﬁri‘:’p;gﬁf:ew(selffere " here). deedportobjects only call théutcharmethod viaself

}

Fig. 3.8

Putchar : ()->()
‘self.Flush():

}

Putline :- super.Putline;

Flush 1 0->0

while ...
super.Putchar();

Typebufferedport_tand classbufferedportusing a
private object of classport due to inheritance

Improved or changed versions of classt have to con-
form to typeport_t Than they could be used instead of
classport for the initial binding ofsuperin buffered-
port. This means that an improved version must not call
additional methods viaelf as those defined in type
port_t If this is necessary a second parametrical bind-
ing has to be introduced to the new class.

3.4 Repeated Inheritance

Up to now we have only considered two classes in an in-
heritance relationship, but classes can inherit from
classes which are subclasses in another inheritance rela-

For the class bufferedport we define a type tonship. Thus, there can be chains of subclasses. Our
bufferedport_twhich conforms to the typeort_t This approach to model inheritance by aggregation has not
is defined using the operator ‘0>’ which means ‘cogovered this case. In the example (fig. 3.6) there was a
forms to’. The operator ‘<o’ means conformance in tipgarametrical binding foself but it would not have the
opposite direction. desired effect for a subclassmifferedport Normally
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all subclasses in an inheritance chain have the sa@r& Smaller Types for theSelf Variables

bindings for their individuaselfvariable. The variables

are bound to the last subclass in the chain. This has téABefound at the end of section 3.3 wf variable in

modeled accordingly. Our example will only worl?Iassloort Is defingd with t¥pep°”—_'; but only the
whenbufferedportis the last subclass. Then, batf Putcharmethod is invoked viaelf This shows that the

type of theselfvariables could be smaller than the type

variables are bound to thefferedportobject. _
of the class where they are defined. A larger type con-

bufferedport : class of type bufferedport_t forms to a smaller type.
self : parm bufferedport_t= here ;
super:  priv port_t=port.new(self= self); selfport_t: type <o port_t
} { Putchar : ()->();
Fig. 3.9  Correction for repeated inheritance }
port : class of type port_t

For the general case the code of clagferedporinthe  {
example has to be changed as shown in fig.Sefis
defined as before, but the definitionsafperhas been '}
changed. Instead of binding tkelf variable inport to Fig. 3.10 Minimal type selfport_tfor selfin port and the
hereof bufferedporit is bound to the same object as the changed clasgport

self variable ofbufferedporf. Thus, self of port has _ )
even the same binding sesifof bufferedporwhenbuff- N our example we introduce a tygelfport_twhich

eredportis used as a base class for subsequent inh&fivers the minimal (smallest) type feelfin port (fig.
ance. 3.10). The typeport_tis declared conforming tself-

port_t The self variable gets the new type. The type
3.5 Multiple Inheritance port_thas to be corrected in the same way.

self : parm selfport_t= here ;

Multiple inheritance, i.e. inheritance with more than selfbufferedport _t: type <o bufferedport_t,
one base class, is easily described with our approac\{ 0> selfport_t
We use multiplesuper variables, one for each base = Putchar: ()->();

class, and they all have parametrical bindings for thei, Flush : 0->0;

self variables. The variables for the private base clas:

objects must have different names. There is no need 1?Uﬁer9dp°rt: classoftype  bufferedport t
call themsuper but the names can be chosen in an arbi-  self:  parm selfbufferedport_t= here ;

trary way. }

It is even possible to have two private base class objecFig. 3.11  Minimal type selfoufferedport_tor selfin buff-

of the same class, e.g. a window class inheriting twice eredportand the changed clasbufferedport

from a border class. This is not possibl€itt, for ex-

ample, because a subclass must name its base clapseglasdufferedportand the corresponding type must
rather than base class objects. Thus, a subclass can paushanged accordinglgelfbufferedport_is declared
only one base class object per class. conforming toselfport_tandbufferedport_is declared
conforming toselfbufferedport..fThese declarations al-
low the correct typing of the parametrical bindings of
superandself There are several statements in the code
of the example in which the declared conformance rela-

8. In the syntax of the setting of a parametrical binding (the assigienships are needed. They are sketched in fig. 3.12.
ment in parentheses) there has to be a name on the left side of the
equal sign which is valid in the base class — belf®f port— and
there has to be an expression using names of the defining clasg(aﬁ—t <o bufferedport_t ) ]
the right side — herselfof bufferedport needed to udeufferedporbbjects aport objects

S



selfport_t<o port_t It is possible to have more than one parametrical bind-
needed for the assignmenthadreto selfin port  ing for different ‘selflike” variables. These can serve

different purposes and the inheriting subclass can de-

cide which bindings are set by parameters and which are

left with their default bindings. The mechanism of para-

metrical bindings allows a subclass to control which

selfport_t<o selfbufferedport_t method calls of the base classes are invoked in itself.
needed for the parametrical bindingseffin port
to selfin bufferedport

selfbufferedport_«o bufferedport_t
needed for the assignmenthadreto selfin buff-
eredport

super

selfport_t <0 port_t
A A Fig. 4.1 M has a parametrical
(@) (8) base classand Y uses M
with B as private base
selfbufferedport_t <0 bufferedport_t class object

Fig. 3.12 Conformance relationships between . . . .
the introduced types Itis also possible to have a parametrical base class using

a parametricauperbinding in addition to theelfbind-
We can argue that the conformance relationshijpg (fig. 4.1). In this case treuperbinding has no de-
sketched in fig. 3.12 must be valid for all inheritance r&ault binding and has to be set at creation time. In fig.
lationships. The types of tlselfvariable are smaller or4.1 an objecM has a parametricauperbinding. An
equal to the type of the object in which they are definaxhjectY uses (creates) an objéétand an objeds. B is
This observation was made before by Cook in his theweated as a private base class objed#lfand bound to
retical approach to the semantics of inheritance [8]. the parametricauperbinding ofM. ThereforeB has to

be type-conforming to the type of teapervariable in
The conformance dfufferedport_to port_tis not nec- Fig. 4.2 shows the clagof objectY. The classn of
essary for the definitions of the clasbefferedporiand objectM is here a kind ahixinwhich is an abstract sub-
port. Thus, this conformance is not necessary for all ifzss. Further research is necessary to compare the pos-

heritance relationships and inheritance must not alwayijities of the aggregation approach withixin-based
cause type-conformance. Only the conformance kgreritance e.g. the approach of [9].
tweenselfbufferedport_andselfport_tis required.

y: class
4 Evaluation of the Aggregation Approach N o oy, Super=B )

}

] Fig. 4.2  Syntactic version of the clasgof objectY
Besides the type-safe exchange of base classes the ag-

gregation approach to inheritance has additional advgn-

. . . rk-join-inheritancecan be modeled in a similar way.
tages. It is possible to decide for each method c?n . S . .
lis is multiple inheritance with shared base class ob-

whether the call can be redirected to the last subclass |Q
. . ) ) : jects [10].
an inheritance chain (call v&elf) or not (call vishere).
In C++ the method declaration decides a possible redi- .
. . . 4.2 Composition
rection of method calls — when the keywaidual is
placed in the declaration all method calls are executedependent of inheritance, parametrical bindings can
via self and not viehere In Smalltalkthe programmer be used for composition beyond traditional inheritance.
cannot decide at all. All method calls are executed in fhieus, complex object structures can be defined by con-
last subclass. necting new objects with parametrical bindings.

4.1 Inheritance
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Composition of an object system is no longer done topic. | also want to thank all the other colleagues, espe-
two different mechanisms — inheritance and aggregaally of the PM project group, who helped to improve
tion. Instead, the programmer always uses aggregatioy understanding of the topic through many discus-

and adds parametrical bindings when needed. sions. Especially | want to thank Patrick R. Steyaert and
the OOPSLA reviewers for the valuable comments
4.3 Distribution from outside my group.

One side effect of the proposed approach is the easy dis-
tribution of objects in an inheritance relationship. The References

procer:fs of gllstnbutlc_)nl of ob:]ect_s n a? aggbr_e gatm:jr:jre?- P. Wegner: “Dimensions of object-based language
tionship using special mechanisms for object addre sign”; In:Proc. of the Conf. on Obj.-Oriented Progr.

ing is well known, e.g. using client and server stubgys. Lang., and AppkOOPSLA; N. Meyrowitz [Ed.]
The inheritance relationship is, in fact, an aggregatigrlando, Fla., Oct. 4-8, 1987); SIGPLAN Notices
relationship and, thus, distributable. 22(12); ACM, New York, NY, USA; Dec. 1987 — pp.

. N 168-182
Up to now, there have been no investigations of how to

distribute objects of base class and subclass. Now, &d-B- Meyer:Eiffel: the languagePrentice Hall, New

tribution is possible but certainly not always useful. York, NY; 1992
[3] M.A. Ellis, B. Stroustrup:The annotated C++
4.4 Syntactic Support reference manual — ANSI base documexddison-
_ _ ' _ Wesley, Reading, MasdJSA; 1990
With a suitable programming language it should be e 3{ L. Cardelli: “A semantics of multiple inheritance”;
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