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Abstract. While there are suitable type-systems for dmy modeling it with explicit bindings and aggregation.
gregation that allow the exchange of objects and clagsapter 4 concludes the results.

es, the configuration of systems, and dynamic binding,

there are no type-systems for inheritance relationships. .

Thus, maintenance of class libraries becomes difficglt ObPject Model

or even impossible because changes in a class library

can cause changes in the inheriting classes of an appll- Aggregation

cation program. Modeling inheritance with explicit an{i . . :
parametrical bindings introduces a typed interface or object consists of named variailea reference to

inheritance which allows type-safe changes in class3Rother object (or to itself) can be bound to a variable
braries. by assignment. Bindings can be variable or constant.

The composition of objects by bindings of references to

1 Introduction variables is calledggregation

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

An exchange of base classes is necessary for maifte-a nas a reference ®and one t&€. These bindings
nance in class libraries, e.g. for bug-fixing. In this Cagfay be variable and changed at run-time. This corre-
application programmers should not be forced &onds to the concept of pointer€int [1] and to vari-
change their programs when a library class is changggles ingiffel [2]. Constant bindings are represented by

Recompiling or rebinding of the application should hghject declarations i++ and byexpanded objects
sufficient. This is only possible if there is a typed integijffel.

face between base and subclasses. An improved base Variable
class in a library must be type-conforming to the inher- Bindings e

itance interface of the prior class.

heritance by explicit bindings allows an object to bind

to an object of its base class at creation time. This bind- Ti//pefs g{ the @
ing can be procured by a name-server or broker similar anables

to the dynamic bindings of aggregation relationships. Fi9-2:1  Bindings between objects — Aggregation

In chapter 2 we introduce a small object model upgirilndings can be established at the creation time of an

which our approach is based. Aggregation and its typiAgl€Cct- Such bindings are calleutial. Objects which

are presented. Chapter 3 shows the properties of inffsf: Initially and constantly bound are calprt/ate
itance and introduces our approach to typed inheritance

Using a typed interface for inheritance and modeling in- Object @\

1. This work is supported by thBeutsche Forschungsgemein-
schaft DFGn the Sonderforschungsberef8RB 182 Project B2 2. These are often calléustance variables
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2.2 Typing cations inPutline are directed to the new buffering

, . method of clasbufferedport
In fig. 2.1 the variables are typed. The types are repre-

sented by thick cross-beams. Each object has a type|ffg. 3.1 a strongly simplified description of the class-
bind an object to a variable, the object must have a tygyort andbufferedportare given in a fictitious syntax.
which conforms to the type of the variable. The typinghe keywordselfis added to each method call for clar-

of objects and variables allows a type-safe exchangth_f In most languages there is no need to veéiéex-
objects by rebinding. A new object has only to havepﬁcmy at each call-statement.

conforming type. For type-conformance the contra-
variant type-rule applies [3]. Informally a typecon-
forms to a type3 when an object of typ& can be used Putchar : ()->()
in every context where an object of typean be used.

port : class

Putline : ()->()
Types have their own representation in our object mode
and class-based inheritance is independent of subty self .Putchar();
ping. This decision is motivated in [4]. Class-based in-
heritance allows code-reuse. A type-based inheritanc
mechanism allows subtyping and “type-code”-reuse.
The separation of classes and types needs a mechani:  Putchar : ()->()
for combining both. Therefore, each class decides o ‘self .Flush();
which type it is. o

Flush : ()->()

bufferedport : class inherits port

3 Inheritance .
while ...

. . . . . super .Putchar();

Inheritance is class-based inheritance in the context ¢}

this paper. Type-based inheritance is out of the scope ¢

this paper. In our object model class-based inheritancFig. 3.1  Class for port objects — classic approach

is modeled by a special aggregation relationship [5]. For

a better understanding we demonstrate this by an exdfiNe chosen syntax, names of variables and methods
ple: are written on the left side of a colon, declarations or

definitions on the right. Declarations of any formal pa-

Let us think about a clag®rt, whose objects have theameters are left out for simplicity.
ability to service a hardware port. We can output some
characters to the port. Therefore, the class defineg. @ Inheritance by Aggregation

method name®@utchar For the output of lines another _ _
method nameButlineis definedPutlineis implement- 1€ €xample already gives some hints on how to model

ed by successive invocationsRaftcharto output every Nheritance by aggregation. The keywosedf andsu-

single character of a line. To build a class which realiZ&&" are modeled by explicit variables. The variahle

a buffered output behavior for a hardware port we wafi! IS bound to a private object of the base class. This
to use inheritance. The classfferedportedefines and variable is initially bound at creation time of the object
replaces the methd@utcharwith a buffering version. Of & subclass and the binding is constafibe variable

All characters are inserted in a buffer. When the buffe¢!fis initially and constantly bound to the object of the
is full an additional metho@lushis called which in- Subclass. Fig. 3.2 shows an object of cgs inherit- -
vokes the originaPutcharmethod to flush all the char-a8nce and aggregation relationships. In fig. 3.2a the bind-
used. The invocation of the methédtline calls the 3. Loosening this constraint could allow the modeling of dynamic
method of clasport and the subsequeRutcharinvo- inheritance relationships, but this is not a topic of this paper.
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self self
o Q
self

self super anyname D super anyname
a.) Inheritance b.) Aggregation a.) Inheritance b.) Aggregation
Fig. 3.2  Explicit binding of selfand superin an inher- Fig. 3.3  Typed interface of the binding in an inher-
itance and in an aggregation relationship itance and in an aggregation relationship

Because the variabkelf is defined in the base classhows the objec® andB in an inheritance relationship
even when an object of the base class is not in an infard fig. 3.3b sketches the objeXtandB in an aggre-

itance relationship, it is necessary to define how thjation relationship.

variable is bound for the use of an object in an aggrega-__ . .
. . . K ) Y port_t: type
tion relationship only. For this case the variable is{
bound to the object itself. This situation is shown in fig.

3.2b. Putchar : ()->();
Putline :()->();

self : parm port_t;

The selfvariable of an object of the base class is vari-

ously bound depending on the aggregation or inheritport:  class of type port_t

ance relationship the object is in. The binding is always{ self:  parm port_t= here :

initial and constant. Thus, it can be seen as a paramet
: ) Putchar : ()->()

for the creation of an object. {..}

] Putline : ()->()

3.2 Typing
while ...

The typing of inheritance relationships has to cover si- self.Putchar();
multaneously the bindings of tilseipervariable of the
subclass object and tkelfvariable of the base class ob- _. , .
) . ) . Fig. 3.4  Typeport_tand classport with a parametrical
ject. The type of theupervariable describes the inter- binding of the variable self
face of the base class object. This type can be extended
to describe the interface to inheritance. Therefore, ®ar approach can now be demonstrated by using the ex-
parametrical binding of treelfvariable is included into ample from section 3.1. Fig. 3.4 shows the same exam-
the type as a kind of publicly accessible variable. It jge with a special aggregation relationship instead of in-
different from usual public variables because it is bouRdritance. First of all a type for a port-object is de-
at creation time and constant for the remaining lifetimgribed and namqmbrt_t5. The clasport is defined to
of the object. be of typeport_t The projection of names in the type to

Fig. 3.3 is the same as fig. 3.2 but shows the types ofttrﬁ% names in the class definition is here implicitly done
variablessuperandanynameas a thick beam. The binol_between methods and variables with the same name.

ing of selfin the base class object is attached to the ty%i!d'_“‘?“a' §ynt.act|cal state.ments are necessary to allow
of the supervariable as a public variable, shown as %f(pl'c't projections (renaming).

thin line from the beam to the binding arrow. Fig. 3'3ﬂ1e clasport defines an additional varialdelf It is of

4. For simplicity, in this figure only the binding for thelfvariable type port_t which means that it can bind every object
of the base class and not gefvariable of the subclass is repre
sented. 5. We name types according to an old C tradition with a suffix ‘_t'.
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with a type conforming tport_t The keyworgparmin- The typebufferedport_tonforms toport_t although it
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 can be seen as a pair of
used to name the current object. Contrary to the tradiéthods, one for reading and one for writing the vari-

tional keywordself (e.g. inSmalltalR, hereis not af- able. The read-method has an output-parameter, the

fected by inheritance, balways names the object inVrite-method has an input-parameter of the variable-
e. This causes a type covering a variable to be not

which it is used. The definitions of all other componen . . . .
_ . conforming to a type covering a corresponding variable
of classport remain the same as in fig. 3.1.

with a different type (may be a larger type). A read-only
var : port_t = port.new; variable only has a read-method. Thus, the pqm t
Fig. 3.5 A variablevar bound to a new object of clasport.  conforms tdoufferedport_even when theelfvariables
have different types.
An object of clasport can be created in an aggregation _
. ) . P I gg g In the clasdbufferedportve do not use a keyword to in-
relationship as shown in Fig. 3.5. Thelf variable of

the obiect is bound to the obiect itself ding t tnerit from clasgort, but we define aupervariable,
€ object 1S bound 1o the object Itsell according o {ikiqn is bound to a private object of clgsst. Privacy

definition in the clasport. This corresponds to fig. < yaclared by the keywotiv. Within the parentheses

3.3b. the parametrical binding sklfin portis set to the same
bufferedport_t : type o> port_t object asselfin bufferedportefers t8. This allows cor-
self:  parm bufferedport_t rect repeated inheritance frdyafferedport There, both

selfvariables are changed by a parametrical binding.
Putchar : ()->();

putline &)f);ao? Because objects of clagmifferedportdo not have a
} ' method with the namButling the namédPutlineis de-
bufferedport - class of type bufferedport_t clared inbufferedporteferring to thé>utlinemethod of
B the object bound teuper Therefore, the operator -’
self : parm bufferedport_t= here ; . . . . .
super:  priv port_t= portnew(self=self): instead of a colon is used. This operator defines an alias

for the name at the right side.
Putchar : ()->()

‘self.Flush(); The typeport_tserves here as a type for the inheritance
relationship between the classegferedportandport.

’ It declares the parametrical binding of gedf variable

Putline :- super.Putline; of port objects. The type of this variable indicates that
Flush : ()->() in an inheritance relationshport objects call methods
hile in the subclass just as they are defined in pgre t In-

super.Putchar(); deedport objects only call th€utcharmethod viaself
} } A restriction of the type dfelfis possible and explained
in section 3.4.

Fig. 3.6  Typebufferedport_tand classbufferedportusing a
private object of classport due to inheritance

For the class bufferedport we define a type

bufferedport_thich conforms to the typeort_t This 6. In the syntax of the setting of a parametrical binding (the assign-

is defined using the operator ‘0>’ which means ‘con-ment in parentheses) there has to be a name on the left side of the
) ‘s : equal sign which is valid in the base class — belf@f port— and
forms to’. The operator ‘<0’ means conformance in thethere has to be an expression using hames of the defining class on

opposite direction. the right side — herself of bufferedport
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3.3 Type-Conformance for Inheritance bers to the port. To complicate the example we realize
. Putint by converting integral numbers to floating point
Improved or changed versions of clpsst have to con- y . g g gp

. . . _numbers and callingButfloatfor output. Thus, the type
form to typeport_t, but this conformance is not equiva-

. .of selfmust cover at least thutfloat method.
lent to the required conformance for typed aggregation

relationships. The typebufferedport_tconforms t0 The implementation defines a typert2_twhich is i-
port_t but the clasbufferedports not suited to replace onforming toport_t This is indicated by the operators
classport in the inheritance relationship betwegort . o ««c’ similar to ‘o>’ and ‘<o’. I-conformance in-
andbufferedport This is because the setting of the pay,qes a-conformance, too. Thus, objects of type

rametrical binding is used at creation time of the basg> { can also be used in aggregation relationships
class object. This setting violates the requirement Of@lBed with typeport_t

read-only variable. Thus we need two different relation-
ships of conformance one for aggregatiarcénform- The clasgort2 defines a parametrical bindirsglf for
ancg and one for inheritancé¢onforming. all the old code taken from clgssrt. A second parame-

trical binding calledself2 covers the new call d?Put-

Th(': prlet;:.or(;f.orma.ncde. rutleg ft())r ?ggregaktlon co(\j/er PRt The result is a class which can be used instead of
metrical bindings, indicated by trm keyword, as classport even in an inheritance relationship, a parame-

read-methods while type conformance rules for mhert'Fi'cal binding respectively. Then, only teelf variable

ance cover parametrical bindings as read- and write- . )
: IS set and theelf2variable remains set on the default
methods. A class which enlarges the type of s

binding might be a-conforming but cannot be i_Coﬁl_aluehere Object creations using classrt2 with type

forming Thus, a changed library class replacing an (ﬁgrtz_tset only the parametrical bindingsefif2which

one cannot change the typeseft sets the binding dfelfaccordingly.

fortz—t: type c>port t 3.4 Smaller Types for theSelf Variables
If: tt . . .
22”2; p",é‘,g?m ppogrt_Z_t; As found at the end of section 3.2 @elf variable in
Putchar : ()->(): classport is defined with typeport_t but only the
Putline : 0->0; Putcharmethod is invoked viaelf This shows that the
Eﬂ{:«?éét(;)'s_(l’(); type of theselfvariables could be smaller than the type
} of the class where they are defined. A larger type con-
port2:  class of type port2_t forms to a smaller type.
If : = self2;
gglfz : pg;TmpggﬁtZ_?:e " here : selfport_t: type <o port t

Putchar : ()->();
Putint : ()->()
{ port : class of type port_t
self2.Putfloal(...); self : parm selfport_t= here ;
Putfloat : ()->() }
{

Fig. 3.8 Minimal type selfport_tfor selfin portand the
y changed clasport

}

Fig.3.7 Typeport2_tand classort2 In our example we introduce a tygelfport_twhich

covers the minimal (smallest) type f&elfin port (fig.
Fig. 3.7 shows an extended version of cfass named 3.7). The typeport_t is declared conforming teelf-
port2. There are two method®utint and Putfloat port_t The self variable gets the new type. The type
which are able to print integral and floating point nunport_thas to be corrected in the same way.
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selfbufferedport_t: type <o bufferedport_t, The conformance dfufferedport_to port_tis not nec-

0> selfport_t essary for the definitions of the clasbefferedportand
Putchar : ()->(); port. Thus, this conformance is not necessary for all in-
Flush : 0->0; heritance relationships and inheritance must not always
bufferedport : class of type bufferedport t cause type-conformance. Only thg confqrmance be-
tweenselfbufferedport_andselfport_tis required.

self : parm selfbufferedport_t= here ;

}

Fig. 3.9  Minimal type selfbufferedport_tfor selfin buff-
eredportand the changed clasbufferedport

4 Conclusion

We introduced a concept to model inheritance by para-

The classufferedporand the corresponding type mudnetrical bindings. This creates a typed interface for in-
be changed accordingl@elfoufferedport_is declared Neritance relationships. The types of objects can be used
conforming toselfport_tandbufferedport_is declared for the typing of inheritance, but different conformance
conforming teselfbufferedport..tThese declarations al-relationships must be defined. The typing allows the
low the correct typing of the parametrical bindings efefinition of classes which can replace other classes
superandself There are several statements in the codsed as base classes in applications. A new class needs
of the example in which the declared conformance reta-be type-conforming due to inheritance. Thus, mainte-
tionships are needed. They are sketched in fig. 3.9. nance of library classes becomes more easy, because
application programs are not affected by type errors

< .
port_t<o bufferedport_t when library classes are changed.

needed to udeufferedporbbjects aport objects

selfport_t<o port_t
needed for the assignmentr@reto selfin port
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