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Abstract. Component-based software development processes have achieved a
great importance in the construction of software systems. Moreover, the devel-
opment of applications using reusable components can reduce time-to-market.
One of the main problems for developing software components is how they can
inter-operate in different and heterogeneous platforms or systems. To solve this
problem, several solutions have been proposed. From our point of view we be-
lieve that common platforms that make transparent the interoperability of com-
ponents are necessary. In this work we outline a platform so-called OVIBUS
that makes possible components interoperability between different technologies,
such as: CCM, COM+, EJB, etc., in order to improve component-based soft-
ware development.

1   Introduction

One of the most promising ways for building software systems is employing software
components [14] as building blocks but the existence of different component tech-
nologies makes difficult the integration of such components. Several component tech-
nologies and platforms have been proposed to make possible the interoperability be-
tween different types of component. In this way, Corba components model (CCM),
Sun’s JavaBeans, Microsoft’s COM+ [6] and more are examples of different tech-
nologies used today for building software systems. Nevertheless, all of these technolo-
gies have a low degree of heterogeneous scalability because all of these platforms
have been designed to inter-operate in a homogeneous environment.



In addition to this, if we want to employ reusable components based on other tech-
nologies, we must solve how these components can be used by the platforms men-
tioned above. In this way, several solutions such as wrappers, bridges, adapters or
connectors can be used to solve the integration problems.

In this work we propose a solution able to solve some of these problems but before
this we have to mention some additional aspects related to the heterogeneous
interoperability between some of the existing platforms, such as we describe in next
section.

2   Heterogeneous Interoperability Problems

If we want to make possible a heterogeneous interoperability between components
belonging to different platforms, we will need to solve several problems, such as inte-
gration, communication, introspection, type conversion, parameter adaptation, etc.
Related to this, some proposed solutions solve the problems mentioned above but only
between two existing platforms, such as: CORBA [13] with COM (CORBA-COM
OMG interoperability specification), Java with CORBA or EJB with CCM (CCM
OMG specification), COM with Haskell [10]. As we can see, such solutions are too
rigid because they don’t consider the communication or interoperability with more
than two platforms in a transparent mode for the user. Some of the interoperability
problems for which we want to provide an appropriate solution are the following:

2.1   Wrapping Problems

When we want to communicate two objects or components belonging to different
platforms, one way to do this is using a wrapper [8]. A wrapper is a software item
(e.g.: an object, a software component, a library, etc.) able to communicate with an-
other item belonging to a different system. This wrapper offers the same services and
resources offered by the original item (from now on we will use the term object in-
stead of item because we use objects to communicate different components).

If we want to build a wrapper object we can do this in three different ways (as we
know):

q The first way to build a wrapper is to build it manually. A software engi-
neer (e.g.: a programmer) builds the wrapper manually each time is
needed.

q The second way is using a bridge. A bridge is a program that facilitates
the interoperability between platforms. Then, the bridge builds a wrapper
for each component specified by the programmer. This process is carried
out manually.



q The third way is build the wrapper through an automatic process. In this
case, the system uses specific classes (we call to this a “wrapper fac-
tory”) for building a particular wrapper. This process is carried out with-
out the intervention of the programmer.

The first and the second forms to build a wrapper program are the most used ones but
they are not enough flexible because they don’t allow to add new objects dynamically.
The third way to build a wrapper seems to be the most powerful and flexible one but
from our knowledge we haven’t seen interoperability between different platforms
using dynamic wrappers. We have only seen dynamic wrappers but only applied in the
same platform [11].

2.2  Communication between Heterogeneous Objects
When we want to communicate heterogeneous object among different platforms sev-
eral problems arise in the communication problem. Some of these problems are the
following ones:

q Class Naming: this refers to the different ways to name classes by differ-
ent platforms because this can lead to an incompatibility situation when
two objects from different platforms want to use the services from the
other platform. This problem occurs because each platform has a differ-
ent naming service.

q Dynamic Method Invocation: this problem refers when we want to in-
voke objects belonging to different platforms. Each platform uses a par-
ticular way to invoke methods from the objects contained in the plat-
form. Then, if we want to achieve a successful degree of interoperability
we need to provide common invocation methods.

q Introspection: this refers to the ability of an object to observe and look
inside the classes of another object or even itself. Introspection is an as-
pect of reflection (“is the ability of a program to manipulate as data
something representing the state of the program during its own execu-
tion”) [2].

To solve some of the mentioned problems several platforms implements their own
solutions. For instance, interoperability between Java and CORBA uses heritage for
building the wrappers needed manually. Also, neither introspection nor dynamic invo-
cation is needed because they are performed in compilation time, so the programmers
need to know the name of the methods. Finally, Java has to use the CORBA Interface
Repository to know the name of the classes in order to reference CORBA objects. In
order to make more interoperable the variety of platforms, many of the services
needed by the communication processes should be unified. In this work, we have tried
to improve such problems by proposing an architecture that permits the communica-
tion of components among different platforms, such as we explain in next section.



3   OVIBUS: A Platform for Component Interoperability

In this work we have proposed a scalable and heterogeneous architecture, so-called
OVIBUS, to allow the interoperability between components of different platforms.
Our main goal is to communicate different components from one platform without
having knowledge about the other platforms. For instance, a CORBA programmer
who wants to use COM objects he / she wouldn’t need to know anything about COM.
This will permit a transparent communication process among several platforms. In
figure 1 we can see a global scheme of how the OVIBUS interconnects several plat-
forms to permit the communication between different objects.

Fig. 1. The OVIBUS platform for interconnecting different components. The dotted
circles represent system that can be plugged to the OVIBUS system. In the figure,
Oviedo3 represents the core of the system.

To achieve the proposed interoperability described in figure 1, OVIBUS uses a dy-
namic wrapping method to enable a virtual communication channel between
heterogeneous objects, such as is shown in figure 2.

Fig. 2. Interoperability process between CORBA and DCOM provided by the wrapper object.
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As we see in figure 2, we establish a virtual channel between CORBA and DCOM
objects through the wrapper object that are implemented dynamically by an object-
oriented integral system, so-called Oviedo3 [1]. To see this wrapping process with
more detail, we need to introduce some concepts describing how Oviedo3 [1] is im-
plemented.

3.1   OVIEDO3: An Object-Oriented Integral System

The Oviedo3 [1] system is composed by two subsystems: an object-oriented abstract
machine so-called Carbayonia and an object-oriented operating system so-called SO4.

Oviedo3 = Carabayonia + SO4

Carbayonia is a high level abstract machine1 that provides a basic object environment
upon the Oviedo3 [1] is built. The machine supports an object model with the follow-
ing features: object identity and abstraction, encapsulation, inheritance and generic
and aggregation relationships between objects and polymorphism. Also we have to
mention, that the main characteristic of Carbayonia is that we manipulate objects
through references to that objects.

The architecture of the Carbayonia abstract machine is composed of four parts so-
called areas (each area is considered as a singleton object [Gam1995]), which are:

1. Class area. Maintains the description of each class.
2. Reference area. Stores the references of any existing object.
3. Instance area. Stores the created objects.
4. System reference area. Contains the references with specific functions in
the machine.

In figure 3 we can see the four areas that form the Carbayonia machine.

Fig. 3. Carbayonia machine architecture.

                                                          
1 A high level abstract machine works directly with objects.
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Some of the preliminary advantages derived from using an abstract machine are:

1. Portability.
2. Everything is an object, so we can remove the existing impedance mis-
match between the applications, the operating system and Carbayonia.
3. Programming language independence.
4. Implementation of Operating System features.

For the purpose of this paper, we don’t consider necessary to describe the second part
of the Oviedo3 system, that is the SO4 system.

3.2   A Dynamic Wrapping Process for Heterogeneous Interoperability

To solve the interoperability problems between heterogeneous platforms and using the
OVIBUS with the Oviedo3 platform, we describe in this section how the wrapping
process is carried out. Our process provides a mechanism to generate dynamically
wrappers [7] applied to components in a given platform. For a new platform we would
need to repeat the same process. First we need to introduce some concepts.

Usually, a computational system is arranged in several levels but from the reflective
architecture viewpoint are organized in two levels, which are: the base-system level
which can be understood as a runtime level and a meta-system level that provides the
infrastructure necessary to interpret the code of the base-system level. In our case, the
meta-system is a simulator of the Carbayonia machine.

In figure 4 we can see an example of both levels describing how an integer number is
described in the Carbayonia system.



Fig. 4. The Integer class implementation in the Carbayonia architecture.

Each object in the base-system is implemented using two classes: TI* (instance) and
TC* (class). Both classes are derived from TInstance and Tclass respectively. In this
case, we have used TCInteger to implement the integer class and TIInteger to imple-
ment, as many instances of the Integer class are needed.

In figure 4, we have defined the need relationship to indicate that the Integer class
needs the existence of the classes associated to it. For example, if we want to imple-
ment the Integer class, we need TIInteger and TCInteger. In addition to this, the im-
plementation relationship provides visibility of a particular class in the base-system
level. The need relationship specifies how the wrapper for the Integer class is imple-
mented using both TIInteger and TCInteger classes. Usually one unique class com-
poses a wrapper, but in our proposal the wrapper is formed by the two classes men-
tioned before. This model allows us to interoperability between different platforms.
For example, if we want to implement the Microsoft Word.Application object in the
COM+ platform, we need to repeat the process described in figure 4 for that new
object, such as we can see in figure 5.
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Fig. 5. Implementation of the Word.Application component.

Figure 5 shows the usual way in which a wrapper is implemented manually. The
problem arises if we want to extend this to the rest of the objects. This would be a very
time and resources consuming task. To solve this problem we propose a solution that
makes possible the implementation of the wrapper dynamically and we can apply this
to all the components of a particular platform that need such solution. For example, for
the case of COM+ objects such as can we see in the figure given below, we have de-
veloped the TCAutom and TIAutom classes that dynamically create the instances
needed to wrap the component required.

Fig. 6. Dynamic Wrapping process for the Word.Application component.
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In fact, the behavior of the instances of the classes described in figure 5 for the
Word.Application component is equal to the behavior of the instances of the classes
described in figure 6, that is: TIWordAp and TCWordAp.

To show how the user (i.e.: a programmer) can easily employ components from dif-
ferent platforms in a transparent mode, the following code shows an example of how
the word.application component is used by the Oviedo3 objects in the same
way as it uses its own objects. A user of the Oviedo3 platform doesn’t need to know
anything about the COM platform.

INSTANCES

         b:bool;
         wd:word_application;
         s:string(’hola’);
         sYES:string(’SI’);
         sNO:string(’NO’);
         c:constream;

CODE

        wd.CheckSpelling(s):b;
        jfd b, labelYES;
        c.write(sNO);
        exit;

labelYes:

        c.write(sYES);
        exit;

ENDCODE

In this example we can see part of the Carbayon code which uses the “CheckSpelling”
method of the word.application COM component. The programmer defines the in-
stance “wd” of the class “word_application” in the same way that defines any other
instance. In this case, the class word_application is a COM component instead of an
Oviedo3 class. Once the instance has been declared, all the methods of components
can be used in the same way as the Oviedo3 class methods. The programmer doesn’t
need to know anything about COM except how the naming process is performed in
Oviedo3. This naming process uses the same name employed by the COM platform
but replacing the dot (e.g.: word.application) with a underscore (e.g:
word_application).



4   Application to Reuse

From the reuse viewpoint, interoperability between different platforms is a key aspect
to promote the development of reusable components [5] able to be used across several
platforms or systems. In the past, some proposal such as: megaprogramming [3],
COTS [4] or Kits [9], has been proposed to produce components to be used in the
construction of software systems as reusable building blocks. In this way, such com-
ponents don’t exhibit the property to be distributed across several platforms. Also,
how these components are incorporated in a particular software architecture is not an
easy task. From our point of view, the OVIBUS model using the Oviedo3 system
increases the degree of reuse because components developed under the Oviedo3 sys-
tem or any other one supported by OVIBUS, can be developed for reuse purposes in
different platforms.

In addition to this, other proposals use adapters [12] to reduce the interaction between
components as well increase the reuse level. In our work, the wrapping process can
also leverage the adaptation between components in several situations because the
component can be reused transparently by a different platform or system.

5   Conclusions

In this paper we have presented a model to permit the interoperability among hetero-
geneous platforms in a transparent mode. Our work improves some of the existing
problems associated to the interoperability between platforms or systems. In this way
the model presented here improves the interoperability problem because it permits not
only the communication between two platforms but also between more than two plat-
forms. Therefore, the scalability of the system is greater. Another conclusion we can
obtain from this work is that the communication process between components is per-
formed in a transparent mode. This is possible due to a dynamic wrapping process that
improves previous proposals. All of this implies that the reuse level using components
belonging from different platforms can be leverage because the effort to interact such
components can be reduced.

Although our results are promising, we have to take into account that the advantage of
using a dynamic wrapper produces an overload of the system in the interaction proc-
ess. Of course, a dynamic wrapping process would be the ideal solution but in real
situations we have to consider the system’s overload to achieve the right performance.

For a future work we would like to improve the performance of the dynamic wrapping
process. Another point is how to add dynamically a new platform to the OVIBUS
architecture without recompiling the Oviedo3 system. This is what we call dynamic
scalability.
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