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Abstract. While there are suitable type-systems for ag-
gregation that allow the exchange of objects and class-
es, the configuration of systems, and dynamic binding,
there are no type-systems for inheritance relationships.
Thus, maintenance of class libraries becomes difficult
or even impossible because changes in a class library
can cause changes in the inheriting classes of an appli-
cation program. Modeling inheritance with explicit and
parametrical bindings introduces a typed interface for
inheritance which allows type-safe changes in class li-
braries.

1 Introduction

An exchange of base classes is necessary for mainte-
nance in class libraries, e.g. for bug-fixing. In this case
application programmers should not be forced to
change their programs when a library class is changed.
Recompiling or rebinding of the application should be
sufficient. This is only possible if there is a typed inter-
face between base and subclasses. An improved base
class in a library must be type-conforming to the inher-
itance interface of the prior class.

Using a typed interface for inheritance and modeling in-
heritance by explicit bindings allows an object to bind
to an object of its base class at creation time. This bind-
ing can be procured by a name-server or broker similar
to the dynamic bindings of aggregation relationships.

In chapter 2 we introduce a small object model upon
which our approach is based. Aggregation and its typing
are presented. Chapter 3 shows the properties of inher-
itance and introduces our approach to typed inheritance

1. This work is supported by theDeutsche Forschungsgemein-
schaft DFG in the SonderforschungsbereichSFB 182 Project B2.

by modeling it with explicit bindings and aggregation.
Chapter 4 concludes the results.

2 Object Model

2.1 Aggregation

An object consists of named variables2. A reference to
another object (or to itself) can be bound to a variable
by assignment. Bindings can be variable or constant.
The composition of objects by bindings of references to
variables is calledaggregation.

In fig. 2.1 two objectsB andC are bound to an objectA,
i.e.A has a reference toB and one toC. These bindings
may be variable and changed at run-time. This corre-
sponds to the concept of pointers inC++  [1] and to vari-
ables inEiffel [2]. Constant bindings are represented by
object declarations inC++  and byexpanded objects in
Eiffel.

Bindings can be established at the creation time of an
object. Such bindings are calledinitial . Objects which
are initially and constantly bound are calledprivate.

2. These are often calledinstance variables.
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2.2 Typing

In fig. 2.1 the variables are typed. The types are repre-
sented by thick cross-beams. Each object has a type. To
bind an object to a variable, the object must have a type
which conforms to the type of the variable. The typing
of objects and variables allows a type-safe exchange of
objects by rebinding. A new object has only to have a
conforming type. For type-conformance the contra-
variant type-rule applies [3]. Informally a typeA con-
forms to a typeB when an object of typeA can be used
in every context where an object of typeB can be used.

Types have their own representation in our object model
and class-based inheritance is independent of subty-
ping. This decision is motivated in [4]. Class-based in-
heritance allows code-reuse. A type-based inheritance
mechanism allows subtyping and “type-code”-reuse.
The separation of classes and types needs a mechanism
for combining both. Therefore, each class decides of
which type it is.

3 Inheritance

Inheritance is class-based inheritance in the context of
this paper. Type-based inheritance is out of the scope of
this paper. In our object model class-based inheritance
is modeled by a special aggregation relationship [5]. For
a better understanding we demonstrate this by an exam-
ple:

Let us think about a classport, whose objects have the
ability to service a hardware port. We can output some
characters to the port. Therefore, the class defines a
method namedPutchar. For the output of lines another
method namedPutline is defined.Putline is implement-
ed by successive invocations ofPutchar to output every
single character of a line. To build a class which realizes
a buffered output behavior for a hardware port we want
to use inheritance. The classbufferedport redefines and
replaces the methodPutchar with a buffering version.
All characters are inserted in a buffer. When the buffer
is full an additional methodFlush is called which in-
vokes the originalPutchar method to flush all the char-
acters of the buffer. Therefore, the keywordsuper is
used. The invocation of the methodPutline calls the
method of classport and the subsequentPutcharinvo-

cations inPutline are directed to the new buffering
method of classbufferedport.

In fig. 3.1 a strongly simplified description of the class-
esport andbufferedport are given in a fictitious syntax.
The keywordself is added to each method call for clar-
ity. In most languages there is no need to writeself ex-
plicitly at each call-statement.

In the chosen syntax, names of variables and methods
are written on the left side of a colon, declarations or
definitions on the right. Declarations of any formal pa-
rameters are left out for simplicity.

3.1 Inheritance by Aggregation

The example already gives some hints on how to model
inheritance by aggregation. The keywordsself andsu-
per are modeled by explicit variables. The variablesu-
per is bound to a private object of the base class. This
variable is initially bound at creation time of the object
of a subclass and the binding is constant3. The variable
self is initially and constantly bound to the object of the
subclass. Fig. 3.2 shows an object of classB in inherit-
ance and aggregation relationships. In fig. 3.2a the bind-
ings for a subclassS inheriting fromB are shown4.

3. Loosening this constraint could allow the modeling of dynamic
inheritance relationships, but this is not a topic of this paper.

port : class
{

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

Putline : ()->()
{ ...

while  ...
self .Putchar();

}
}

bufferedport : class inherits  port
{

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

self .Flush();
...

}

Flush : ()->()
{ ...

while  ...
super .Putchar();

}
}

Fig. 3.1 Class for port objects – classic approach
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Because the variableself is defined in the base class
even when an object of the base class is not in an inher-
itance relationship, it is necessary to define how this
variable is bound for the use of an object in an aggrega-
tion relationship only. For this case the variable is
bound to the object itself. This situation is shown in fig.
3.2b.

Theself variable of an object of the base class is vari-
ously bound depending on the aggregation or inherit-
ance relationship the object is in. The binding is always
initial and constant. Thus, it can be seen as a parameter
for the creation of an object.

3.2 Typing

The typing of inheritance relationships has to cover si-
multaneously the bindings of thesuper variable of the
subclass object and theself variable of the base class ob-
ject. The type of thesuper variable describes the inter-
face of the base class object. This type can be extended
to describe the interface to inheritance. Therefore, the
parametrical binding of theself variable is included into
the type as a kind of publicly accessible variable. It is
different from usual public variables because it is bound
at creation time and constant for the remaining lifetime
of the object.

Fig. 3.3 is the same as fig. 3.2 but shows the types of the
variablessuper andanynameas a thick beam. The bind-
ing of self in the base class object is attached to the type
of the super variable as a public variable, shown as a
thin line from the beam to the binding arrow. Fig. 3.3a

4. For simplicity, in this figure only the binding for theself variable
of the base class and not theself variable of the subclass is repre-
sented.
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a.) Inheritance b.) Aggregation

Fig. 3.2 Explicit binding of selfand super in an inher-
itance and in an aggregation relationship
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shows the objectS andB in an inheritance relationship
and fig. 3.3b sketches the objectsX andB in an aggre-
gation relationship.

Our approach can now be demonstrated by using the ex-
ample from section 3.1. Fig. 3.4 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-
scribed and namedport_t5. The classport is defined to
be of typeport_t. The projection of names in the type to
the names in the class definition is here implicitly done
between methods and variables with the same name.
Additional syntactical statements are necessary to allow
explicit projections (renaming).

The classport defines an additional variableself. It is of
type port_t which means that it can bind every object

5. We name types according to an old C tradition with a suffix ‘_t’.
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Fig. 3.3 Typed interface of the binding in an inher-
itance and in an aggregation relationship

anyname

port_t : type
{

self : parm port_t;

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

}

port : class of type port_t
{

self : parm  port_t = here ;

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

Putline : ()->()
{ ...

while  ...
self.Putchar();

}
}

Fig. 3.4 Typeport_t and classport with a parametrical
binding of the variable self
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with a type conforming toport_t. The keywordparm in-
dicates that the binding is constant and initial and can be
set at the creation time of the object. The variable is part
of the type.Self is defined with a default binding to the
created object itself. Therefore, the keywordhere is
used to name the current object. Contrary to the tradi-
tional keywordself (e.g. inSmalltalk), here is not af-
fected by inheritance, butalways names the object in
which it is used. The definitions of all other components
of classport remain the same as in fig. 3.1.

An object of classport can be created in an aggregation
relationship as shown in Fig. 3.5. Theself variable of
the object is bound to the object itself according to the
definition in the classport. This corresponds to fig.
3.3b.

For the class bufferedport we define a type
bufferedport_t which conforms to the typeport_t. This
is defined using the operator ‘o>’ which means ‘con-
forms to’. The operator ‘<o’ means conformance in the
opposite direction.

var : port_t = port.new;

Fig. 3.5 A variablevar bound to a new object of classport.

bufferedport_t : type  o> port_t
{

self : parm bufferedport_t;

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

}

bufferedport : class of type bufferedport_t
{

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

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

self.Flush();
...

}

Putline :- super.Putline;

Flush : ()->()
{ ...

while  ...
super.Putchar();

}
}

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

The typebufferedport_tconforms toport_t although it
has a public variableself which has a different type than
the correspondingself variable inport_t. This is possi-
ble because the types ofself conform and theself vari-
ables are read-only. Variables can be seen as a pair of
methods, one for reading and one for writing the vari-
able. The read-method has an output-parameter, the
write-method has an input-parameter of the variable-
type. This causes a type covering a variable to be not
conforming to a type covering a corresponding variable
with a different type (may be a larger type). A read-only
variable only has a read-method. Thus, the typeport_t
conforms tobufferedport_t even when theself-variables
have different types.

In the classbufferedportwe do not use a keyword to in-
herit from classport, but we define asuper variable,
which is bound to a private object of classport. Privacy
is declared by the keywordpriv. Within the parentheses
the parametrical binding ofselfin port is set to the same
object asself in bufferedport refers to6. This allows cor-
rect repeated inheritance frombufferedport. There, both
self variables are changed by a parametrical binding.

Because objects of classbufferedport do not have a
method with the namePutline, the namePutline is de-
clared inbufferedport referring to thePutlinemethod of
the object bound tosuper. Therefore, the operator ‘:-’
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 classesbufferedport andport.
It declares the parametrical binding of theself variable
of port objects. The type of this variable indicates that
in an inheritance relationshipport objects call methods
in the subclass just as they are defined in typeport_t. In-
deedport objects only call thePutchar method viaself.
A restriction of the type ofselfis possible and explained
in section 3.4.

6. 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
equal sign which is valid in the base class – hereself of port – and
there has to be an expression using names of the defining class on
the right side – hereself of bufferedport.
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3.3 Type-Conformance for Inheritance

Improved or changed versions of classport have to con-
form to typeport_t, but this conformance is not equiva-
lent to the required conformance for typed aggregation
relationships. The typebufferedport_t conforms to
port_t, but the classbufferedport is not suited to replace
classport in the inheritance relationship betweenport
andbufferedport. This is because the setting of the pa-
rametrical binding is used at creation time of the base
class object. This setting violates the requirement of an
read-only variable. Thus we need two different relation-
ships of conformance one for aggregation (a-conform-
ance) and one for inheritance (i-conforming).

The type conformance rules for aggregation cover para-
metrical bindings, indicated by theparm keyword, as
read-methods while type conformance rules for inherit-
ance cover parametrical bindings as read- and write-
methods. A class which enlarges the type of theself
binding might be a-conforming but cannot be i-con-
forming Thus, a changed library class replacing an old
one cannot change the type ofself.

Fig. 3.7 shows an extended version of classport, named
port2. There are two methods,Putint and Putfloat,
which are able to print integral and floating point num-

port2_t : type  c> port_t
{

self : parm port_t;
self2 : parm  port2_t;

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

}

port2 : class of type  port2_t
{

self : parm  port_t= self2;
self2 : parm  port2_t= here ;

...
Putint : ()->()
{

...
self2.Putfloat(...);

}

Putfloat : ()->()
{

...
}

}

Fig. 3.7 Typeport2_t and classport2

bers to the port. To complicate the example we realize
Putint by converting integral numbers to floating point
numbers and callingPutfloat for output. Thus, the type
of self must cover at least thePutfloat method.

The implementation defines a typeport2_t which is i-
conforming toport_t. This is indicated by the operators
‘c>’ or ‘<c’ similar to ‘o>’ and ‘<o’. I-conformance in-
cludes a-conformance, too. Thus, objects of type
port2_t can also be used in aggregation relationships
typed with typeport_t.

The classport2 defines a parametrical bindingself for
all the old code taken from classport. A second parame-
trical binding calledself2 covers the new call ofPut-
float. The result is a class which can be used instead of
classport even in an inheritance relationship, a parame-
trical binding respectively. Then, only theself variable
is set and theself2 variable remains set on the default
valuehere. Object creations using classport2 with type
port2_t set only the parametrical binding ofself2 which
sets the binding ofself accordingly.

3.4 Smaller Types for theSelf Variables

As found at the end of section 3.2 theself variable in
class port is defined with typeport_t, but only the
Putchar method is invoked viaself. This shows that the
type of theself variables could be smaller than the type
of the class where they are defined. A larger type con-
forms to a smaller type.

In our example we introduce a typeselfport_t which
covers the minimal (smallest) type forself in port (fig.
3.7). The typeport_t is declared conforming toself-
port_t. The self variable gets the new type. The type
port_thas to be corrected in the same way.

selfport_t : type <o port_t
{

Putchar : ()->();
}

port : class of type port_t
{

self : parm selfport_t=  here ;
...

}

Fig. 3.8 Minimal type selfport_tfor self in port and the
changed classport
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The classbufferedport and the corresponding type must
be changed accordingly.Selfbufferedport_t is declared
conforming toselfport_t andbufferedport_tis declared
conforming toselfbufferedport_t. These declarations al-
low the correct typing of the parametrical bindings of
super andself. There are several statements in the code
of the example in which the declared conformance rela-
tionships are needed. They are sketched in fig. 3.9.

port_t<o bufferedport_t
needed to usebufferedport objects asport objects

selfport_t<o port_t
needed for the assignment ofhere to self in port

selfbufferedport_t<o bufferedport_t
needed for the assignment ofhere to self in buff-
eredport

selfport_t<o selfbufferedport_t
needed for the parametrical binding ofselfin port
to self in bufferedport

We can argue that the conformance relationships
sketched in fig. 3.9 must be valid for all inheritance re-
lationships. The types of theself variable are smaller or
equal to the type of the object in which they are defined.
This observation was made before by Cook in his more
theoretical approach to the semantics of inheritance [6].

selfbufferedport_t : type  <o bufferedport_t,
o> selfport_t

{
Putchar : ()->();
Flush : ()->();

}

bufferedport : class of type bufferedport_t
{

self : parm selfbufferedport_t=  here ;
...

}

Fig. 3.9 Minimal type selfbufferedport_t for self in buff-
eredport and the changed classbufferedport

selfport_t

selfbufferedport_t

<o
<

o
port_t

bufferedport_t

<
o

<o

Fig. 3.10 Conformance relationships between
the introduced types

( )

The conformance ofbufferedport_t to port_t is not nec-
essary for the definitions of the classesbufferedport and
port. Thus, this conformance is not necessary for all in-
heritance relationships and inheritance must not always
cause type-conformance. Only the conformance be-
tweenselfbufferedport_tandselfport_t is required.

4 Conclusion

We introduced a concept to model inheritance by para-
metrical bindings. This creates a typed interface for in-
heritance relationships. The types of objects can be used
for the typing of inheritance, but different conformance
relationships must be defined. The typing allows the
definition of classes which can replace other classes
used as base classes in applications. A new class needs
to be type-conforming due to inheritance. Thus, mainte-
nance of library classes becomes more easy, because
application programs are not affected by type errors
when library classes are changed.
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