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Abstract. Class-based inheritance is hormally seen dsyaassignment. Bindings can be variable or constant.
basic concept and a prerequisit of object-oriented prthe composition of objects by bindings of references to
gramming. This position paper states that class-baggdapies is calledggregation

inheritance is not essential for an object-oriented pro-

gramming language. Instead of class-based inheritanggig. 2.1 two object® andC are bound to an objeAt

aggregation, parametrical bindings, and aliasing canike a has a reference @and one t&. These bindings
used. Aggregation and parametrical bindings are bzﬁrl

concepts of an object model which are not only usef r%y be variable and changed at run-time. This corre-
for inheritance. Aliasing is syntactic sugar for forwarc®POnds to the concept of pointer€ir+ [2] and to vari-

ing of method invocations to other objects. ables inEiffel [3] Constant bindings are represented by
object declarations i@++ and byexpanded objecis
1 Introduction Eiffel.
According to the dimensions of Peter Wegner an object- I\Bl.‘"‘ri"."b'e
. ; . indings
oriented language has to have the notion of objects,

classes, and class-based inheritance [1]. This position

paper argues that class-based inheritance is not essential ©Object @

for an object-oriented programming language. Inherit- \

ance can be modeled by aggregation and parametrical Types of the @
bindings. Aggregation is the composition of objects by

references. Parametrical bindings are variables whichfig. 21
can be set at the object creation time.

Variables
Bindings between objects — Aggregation

Bindings can be established at the creation time of an

In the second chapter an object model is introducggiect. Such bindings are callirtial. Objects which
which forms the basis for our approach. The model sypz initially and constantly bound are calpgivate
ports objects, variables, and references to objects. Types

are independend from classes. The third chapter ekasses are not essential for our approach, but they are
plains how to model inheritance by aggregation. Chaged in the forthcoming examples. Thus, the object

ter four concludes. model has the notion of classes to describe objects of the
same shape. Then, classes are templates for object cre-
2 Object Model ation.

2.1 Composition by Aggregation 2.2 Typing

An object consists of named variables. A referencel_tgnguages a€++ andEiffel combine the concepts of
another object (or to itself) can be bound to a varialeyes and classes. The separation of both concepts has

1. This work is supported by thBeutsche Forschungsgemein- me_anWh”e been largely accepted, see in [4] for a moti-
schaft DFGIn the Sonderforschungsbere8RB 182 Project B2  vation.
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In the following sections we assume that types have Usage Addition Replacement
their own representation in the object model and that

type-based inheritance is independent of class-based in- g cie
heritance. Type-based inheritance allows the composi- \ \
tion of types from existing types, class-based inherit-

ance allows the composition of classes from classes.

The separation of classes and types needs a mechanism W

for combining individually described types and classe%.) b) 0 c) °
Therefore, each class decides of which type it is and de-

fines a projection from the signatures in its type to its _
own methods or variables. Inheritance between types‘"”he”t"’Ince

can be the basis for subtyping. Thus, subtyping is not reFig. 3.1  Relationships from a subclass to a base class
lated to class-based inheritance.

<3 Invocations @® Method

output of lines another method namiedtline is de-
fined.Putlineis implemented by successive invocations
of Putcharto output every single character of a line. In
3.1 Whatis Inheritance? fig. 3.2 a strongly simplified description of the class
l%ort is given in a fictitious syntax. The keywasdlfis
added to each method call for clarity. In most languages

3 Inheritance

To model inheritance by explicit bindings we have

analyze the abilities of inheritance. Inheritance has three . . .
. ) . there is no need to wriselfexplicitly at each call-state-
important properties for a subclass: ment

» The subclass can use all accessible components ofport:  class
base class as in an aggregation relationship (fig{

Putchar : ()->()
3.1a). In this figure a thin arrow is drawn from the o}

subclass to the base class. Putline : ()->()

» The subclass can define additional components - hile
methods and variables (fig. 3.1b). In this figure only self .Putchar();
methods are shown to simplify matters. }

» The subclass can define additional methods whichig_ 3.2
replace methods defined in the base class. This
means that all invocations of replaced methods ar®ufferedport : class inherits  port
redirected to the method in the subclass (fig. 3.1¢c)  Putchar : ()->()

In this picture a thin black arrow is drawn from the { Self Flush();

base class to the subclass. The thin grey arrow indi

cates the original binding of the thin black arrow —

without inheritance from the base class. The thinar-  Flush: ()->()

row from the subclass to the base class shows th: ¢ ‘while ...

the subclass can access the old and replaced met super .Putchar();

ods by explicit invocations, e.g. by a keywstper 3

as known fronSmalltalk[5].

A class for port objects — classic approach

Fig. 3.3  Aclass for buffered port objects — classic approach

For a better understanding we demonstrate these tHﬂe@e _chosen syntax, ngmes of variables and methods
properties in an example. Let us think about a glass are. vyrltten on the .Ieft side of a-colon, declarations or
whose objects have the ability to service a hardwzﬂ’%flnltlons on the right. Dgclargﬂons of any formal pa-
port. We can output some characters to the port. Thdfineters are left out for simplicity.

fore, the class defines a method namatthar. For the
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To build a class which realizes a buffered output behawon relationship only. For this case the variable is

ior for a hardware port we want to use inheritance. Theund to the object itself. This situation is shown in fig.

classbufferedport(fig. 3.3) redefines and replaces th8.4b.

methodPutcharwith a buffering version. All characters _ _ _ _
he self variable of an object of the base class is vari-

are inserted in a buffer. When the buffer is full an adt}i- v bound d gi h . inheri
tional method~lushis called which invokes the originalOusy ound depending on the aggregation or inherit-

Putcharmethod to flush all the characters of the buffe?.r_"_:e relationship the objegt s in. The binding is always
Therefore, the keyworsuperis used. initial and constant. Thus, it can be seen as a parameter

for the creation of an object.
The invocation of the methdelutline calls the method
of classport and the subsequeRtitcharinvocations in 3.3 Example

Putline are directed to the new buffering method %urapproach can now be demonstrated by using the ex-
classbufferedport ample from section 3.1. Fig. 3.6 shows the same exam-
ple with a special aggregation relationship instead of in-
heritance. First of all a type for a port-object is de-
The fig. 3.1 and thport example from fig. 3.2 and fig. scribed and namqmbrt_?’. The clasport is defined to

3.3 already give some hints on how to model inheritanse of typeport_t The projection of names in the type to
by aggregation. The keywordslf andsuperare mod- the names in the class definition is here implicitly done
eled by explicit variables. The varialdaperis bound between methods and variables with the same name.
to a private object of the base class. This variable is iAdditional syntactical statements are necessary to allow
tially bound at creation time of the object of a subclasgplicit projections (renaming).

and the binding is constdnirhe variableelfis initially port t - type

and constantly bound to the object of the subclass. Figg
3.4 shows an object of claBsn inheritance and aggre-
gation relationships. In fig. 3.4a the bindings for a sub-  Putchar : ()->();
classSinheriting fromB are showh. Putline :0->0;

self port:  class of type port_t
< {
self : parm port_t = here ;

Putchar : ()->()
{..}

3.2 Inheritance by Aggregation

self : parm port_t;

self super anyname

Putline : ()->()

{ ..
while ...
self.Putchar();

}

a.) Inheritance b.) Aggregation }
Fig. 3.4  Explicit binding of selfand superin an inher- Fig. 3.5  Typeport_tand classport with a parametrical
itance and in an aggregation relationship binding of the variable self

Because the variablkeelf is defined in the base clasd he clasgort defines an additional varialdelf It is of
even when an object of the base class is not in an infgge port_t which means that it can bind every object
itance relationship, it is necessary to define how thith a type conforming tport_t The keyworgparmin-
variable is bound for the use of an object in an aggre§igates that the binding is constant and initial and can be
set at the creation time of the object. The variable is part

1. Loosening this constraint could allow the modeling of dynam&:f the type Selfis defined with a default binding to the
inheritance relationships, but this is not a topic of this paper.

2. For simplicity, in this figure only the binding for thelfvariable Created object itself. Therefore, the keywdrere is
of the base class and not gefvariable of the subclass is repre
sented. 3. We name types according to an old C tradition with a suffix ‘_t'.
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used to name the current object. Contrary to the traalbles are read-only. Variables of a type corresponds to
tional keywordself (e.g. inSmalltalk, hereis not af- a read and a write method. A read-only variable only
fected by inheritance, balways names the object irhas a read method.

which it is used. The definitions of all other components _
of classport remain the same as in fig. 3.2. In the clasdbufferedportve do not use a keyword to in-

herit from clasort, but we define aupervariable,
which is bound to a private object of clgsst. Privacy
is declared by the keywomtiv. Within the parentheses
) _ _ the parametrical binding sElfin portis set to the same
An object of clasport can be created in an aggregatiogyiect aselfin bufferedportefers t8. This allows cor-
relationship as shown in Fig. 3.7. Theifvariable of qc¢ repeated inheritance frdmafferedport There, both

the object is bound to the object itself according 10 thgyariables are changed by a parametrical binding.
definition in the clasgort. This corresponds to fig.

3.5b.

var : port_t = port.new;

Fig. 3.6 A variablevar bound to a new object of clasport.

Because objects of clasmifferedportdo not have a
b _ method with the namButline the namédutline is de-
ufferedport_t : type o> port_t . . .
{ clared inbufferedporteferring to thé’utlinemethod of
self - parm bufferedport_t the object bound teuper Therefore, the operator ‘-’
instead of a colon is used. This operator defines an alias
for the name at the right side. Aliases are syntactic short

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

Flush : ()->(0); _
} hands for forwarding methods.
bufferedport : class of type bufferedport_t

self : parm bufferedport_t= here ; 3.4 Multiple Inheritance

super : priv  port_t= port.new(self=self);

Multiple inheritance, i.e. inheritance with more than
one base class, is easily described with the approach.
We use multiplesuper variables, one for each base
class, and they all have parametrical bindings for their
self variables. The variables for the private base class

Putchar : ()->()
‘self.Flush();
-

Putline :- super.Putline;
Flush : ()->()
{

‘while

objects must have different names. There is no need to
call themsuper but the names can be chosen in an arbi-
trary way.

supéf.Putchar(); ) ) ) )
It is even possible to have two private base class objects

} of the same class, e.g. a window class inheriting twice
Fig. 3.7 Typebufferedport_tand classbufferedportusinga  from a border class. This is not possibl€int+, for ex-
private object of classport due to inheritance ample, because a subclass must name its base classes
rather than base class objects. Thus, a subclass can have
For the class bufferedport we define a type only one base class object per class.
bufferedport_twhich conforms to the tymzort_tl. This
is defined using the operator ‘0>’ which means ‘co%-_5 Benefits
forms to’. The operator ‘<0’ means conformance in the
opposite direction. What are the advantages and disadvantages of the ag-
gregational approach to inheritance? An important ad-
The typebufferedport_tonforms toport_t although it vantage is the possibility of typing. Typed inheritance
has a public variableelfwhich has a different type than
the correspondingelfvariable inport_t This is possi- 2. In the syntax of the setting of a parametrical binding (the assign-

) ment in parentheses) there has to be a name on the left side of the
ble because the types sdlf conform and theelfvari-  equal sign which is valid in the base class — kelf®f port— and

there has to be an expression using hames of the defining class on
1. We do not introduce any notion for type-inheritance in this paperthe right side — herself of bufferedport
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relationships allow a type-safe exchange of base clag¢edando, Fla., Oct. 4-8, 1987); SIGPLAN Notices
in class libraries. This makes maintenance of class32(12); ACM, New York, NY, USA; Dec. 1987 — pp.
braries much easier and safer. See in [6] for further d&8-182

tails. [2] M.A. Ellis, B. Stroustrup:The annotated C++

reference manual — ANSI base documekddison-
A disadvantage is that the programmer has to decitfesley, Reading, Mas4JSA; 1990

which method calls are invoked \self and which via 31 B. Meyer:Eiffel: the languagePrentice Hall, New
here This corresponds to the decision o @rogram- York, NY; 1992

mer who has to define a methaitual or not.C pro- 141\ R. Cook, W. L. Hill, P. S. Canning: “Inheritance
grammers have to decide on a per method Basiall- s not subtyping”;Conf. record of the 17th Symp. on
talk programmers cannot decide at allSimalltalkthis  princ. of Progr. Lang— POPL, (San Francisco, Cal.,
is an disadvantage because programmers cannot pagr. 17-19, 1990); 1990 — pp.125-135

vent a method from redefinition in a base class. [5] A. Goldberg, D. Robson:Smalltalk-80: the

i . language and its implementatiorAddison-Wesley,
We believe that one advantage of the approach is ﬂ‘@ading Mass. USA: 1983

s7|m|Iar|ty t?] aggregbatlon. Thuz, mmdentml:jnhentancg .F. J. Hauck: “Inheritance modeled with explicit
[7] cannot happen.because it does not need a param Idings: an approach to typed inheritandeioc. of

cal binding and in our approach inheritance without Ui conf. on Object-Oriented Progr. Sys., Lang., and
ing a parametrical binding is aggregation only. Appl. — OOPSLA, (Washington, D.C., Sep. 26-Oct. 1,
1993); SIGPLAN Notices 28(10), Oct. 1993

Another interesting fact is that the approach outlin . L : :
g PP f@{M Sakkinen: “Disciplined inheritance”; IrProc.
0

how to distribute an object of a base class. All classeg 0t "=\ =~onf. on Object-Oriented ProgrECOOP,
the class hierarchy are used in an aggregational W@Yottingham, UK, July 10-14, 1989); Cambridge
For aggregation the distribution of objects is well und@imjyersity Press, Cambridge, UK; 1989 — pp. 39-56
stood and implemented in many distributed systems.

Thus, the distribution of inheriting objects seems to
come for free. Certainly it is not always useful to dis-
tribute these objects but it is possible.

4 Conclusion

This position paper showed how to model inheritance
by aggregation and parametrical bindings. A prerequisit
is a separate type system which is independent of class-
es. The modeling technique can be used in a program-
ming language without a lack of expressivity as shown
in chapter 3.

The approach has several advantages as typing of inher-
itance, full control of redefined method calls, elimina-
tion of incidential inheritance, and easy distribution.
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