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Abstract. We illustrate how to combine CORBA as a distributed sys-
tem with aspect-oriented programming (AOP) and the resulting positive
impacts. In particular, we focus on the question how AOP can be applied
to a CORBA application aiming at a better separation of concerns.
The paper shows with implementation examples a practical way to pack-
age the distribution issues of a CORBA application into separated as-
pects (with AspectJ). This supports the distributed application design
and leads to increased flexiblity.

1 Introduction

A system with distribution is characterized by a substantial amount of com-
plexity. When designing distributed applications additional issues compared to
centralized systems have to be considered. Some of these issues are fragmenta-
tion, replication, naming, concurrency, failure, configuration and communication
[25].

There are different approaches to manage this inherent complexity in dis-
tributed systems:

One way is to aim at transparency to build models which are very close to
those of centralized systems. Distribution related issues are hidden to the user
and the application programmer [3]. However, there are many cases where full
transparency is not desirable or reachable. In [9] it is even pointed out that
distribution transparency is impossible to achieve in practice.

In a fully transparent communication environment the application developer
has at best limited possibilities to influence the way of communicating or to
improve network performance, respectively. The flexibility to fully exploit com-
munication knowledge is restricted.

Other approaches aim at supporting the development of distributed applica-
tions by offering a process or method, respectively. In [25] a stepwise development
process is shown. The different concerns (fragmentation, replication, naming,
concurrency, failure, configuration, communication) are handled transparently
according to the idea of separation of concerns.

Besides transparency and the application of an appropriate software develop-
ment method, the usage of patterns[7], [2], [19], particularly those for distributed
systems as in [16] is an established means to ease and improve application design
[22]. Patterns provide architectural or design solutions for known problems.



Distributed application development can furthermore be simplified using a
framework. Examples for such frameworks are CORBA implementations [18],
[24] and ACE [23]. A framework is a semi-finished set of cooperating classes
which are the main components to create systems [6], [19], [20]. A developer
customizes the framework to a particular application.

Leaving fully transparent systems out of account due to their lack of flex-
ibility, there still remains in all approaches the necessity to inject additional
code into objects. Distribution issues like communication, naming, etc. are im-
plemented this way. This is one primary source of complexity in distributed
applications which can be addressed with aspect-oriented programming (AOP)
[13], [14]. AOP is a concept to achieve separation of concerns. Reusable objects
are designed and coded separately to cross-cutting code. An aspect weaver is
responsible for merging both design elements. AOP is one research area in the
field of generative programming [5], [4].

In the remainder of this paper we show how a CORBA environment can
be profitably combined with aspect-oriented programming. We take JavalDL
(together with the IDL compiler idltojava) [26] as an almost CORBA 2.0 [18]
compliant distributed object technology provided with the Java Development
Kit (JDK) 1.2. For the AOP part we use AspectJ 0.3betal [28]. This is an
aspect-oriented extension to Java developed at Xerox PARC. Aspect] 0.3betal
supports additional syntax to define aspects, separated from the Java class code.
Currently, the weaving output is pure Java which can be automatically compiled
with JDK.

2 Combining CORBA and AOP

When combining two technologies the question raises how one technology can
take advantage of the other. With AOP and CORBA systems there are multiple
answers to this question:

1. Applying aspects to cross-cutting issues of the problem domain
Aspect-oriented programming can be applied to application objects running
in a CORBA environment in the same way as in centralized applications.
Cross-cutting code resulting out of the problem domain is collected in aspects
(cf. figure 1)!. After the weaving process (e.g. with AspectJ) the resulting
pure Java application can run distributed in a CORBA environment that
supports the Java language mapping (e.g. JavalDL from Sun Microsystems
or VisiBroker from Inprise).

2. Implementing CORBA related code in distributed applications as aspects
Regarding a CORBA distributed application, both client and server are sup-
plemented with more or less code referring to ORB and Common Object

! Weaving should be regarded just as one phase of the compilation process [12].
Throughout this paper we present the weaving as a separate primary phase in order
to stress it.



Services (defined in COSS [17]) or even Common Facility (CF) functional-
ity. Program parts concerning distribution issues could be separated from
the original objects by means of aspects (cf. figure 1).

3. Distributing aspects using CORBA
Many objects can reuse the same aspect. In a distributed environment this
means that these objects could be distributed. Therefore, the reused aspects
have to be made available in the whole distributed environment. This in-
creases complexity since the suitable aspect has to be found in a network of
computing units. The emerging complexity caused by the need to manage
those distributed aspects could be handled by a kind of aspect repository sim-
ilar to an Interface Repository. This could help managing those distributed
aspects. Especially graphical tools could ease locating the aspects in the
network.
In figure 2 an Application at location C can find the appropriate aspects via
the aspect repository (e.g. Aspectl and Aspect2). With dynamic aspects as
proposed in [15], [11] the process of searching and choosing aspects can be
done even at run-time.

4. Using aspects to implement or extend a CORBA (like) system
In [10] a CORBA-compliant middleware architecture for distributed systems
is described. The idea of this adaptable and configurable middleware, called
AspectIX, is to extend CORBA to a more open and flexible model. In Aspec-
tIX a client may configure (even dynamically) functional and nonfunctional
properties of the objects semantics by means of aspects.

Section 3 concentrates mainly on the question in which ways CORBA related
code can be put into aspects (item 2). Since distribution related code has to
be injected into object code this is a major source of complexity. Therefore,
applying AOP to distributed CORBA applications this way addresses one of the
most urgent problems.

3 Aspects for CORBA Communication Code

In this section we want to work out in which ways aspects could be applied to ap-
plications using a CORBA-compliant ORB implementation for communication
purposes. The question is whether AOP can help to improve problem under-
standing, coding and reuse. The CORBA program parts have to be investigated
in order to find the possible positive impacts which aspects have on the resulting
CORBA code.

In the following a simple client/server application exchanging a string is
investigated?. With the simple example the impacts of AOP can be shown.

The implementation uses JavalDL as an almost CORBA-compliant imple-
mentation from Sun Microsystems and Aspectd 0.3betal from Xerox as an AOP
mechanism.

2 Both error handling and debugging functionality are classical examples for the usage
of aspects [28]. They are not regarded in this paper.
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3.1 The Client Side

The client can be coded almost as if it were a pure local client.
import App.*;

public class Client
{

static Interface_lName ref;

public static void main(String argsl[1)
{
try{

// Call server object and print result
String aString = ref.get();
System.out.println(aString);

} catch(Exception e) {
System.out.println("ERROR : " + e);
e.printStackTrace (System.out) ;

}

The variable ref holds a reference to the Servant. The servant implements
an interface called Interface Name which defines the get () operation. In the dis-
tributed version the interface is generated out of the .idl file. App is a package
containing the stubs generated with the IDL compiler idltojava or other appli-
cation specific packages in a local version.

Additional code for a local version is encapsulated in the following aspect:

VAL

* The ClientLocal aspect injects code before method main

* of class Client to run the Client locally.

*/
aspect ClientLocal {

advise void Client.main(String args[]){

static before {
try{
ref = new Servant();

} catch(Exception e) {
System.out.println("ERROR : " + e);
e.printStackTrace(System.out);

}

For the interaction with a server in the CORBA environment the communi-
cation and the name server issues are localized in a client communication aspect.
It is assumed that the corresponding server works with the COS naming service
[17] of JavalDL.

/%%
* The ClientComm aspect injects CORBA code before
* method main of class Client.
*/

import org.omg.CosNaming.*;

import org.omg.CORBA.*;

aspect ClientComm {



advise void Client.main(String args[]){
static before {
try{
// Create and initialize the ORB
ORB orb = ORB.init(args, null);

// Get the root naming context
org.omg.CORBA.Object objRef

= orb.resolve_initial_references("NameService");
NamingContext ncRef = NamingContextHelper.narrow(objRef);

// Resolve the object reference
NameComponent nc = new NameComponent ("Name", " ");
NameComponent path[] = {nc};
ref = Server_InterfaceHelper.narrow(ncRef.resolve(path));
} catch(Exception e) {
System.out.println("ERROR : " + e);
e.printStackTrace(System.out);
}

Now, the corresponding server may run locally or in the CORBA distributed
environment. For a locally running server (class Servant) the client has to be
woven with the ClientLocal aspect whereas a distributed server leads to the
need to weave with the ClientComm aspect.

3.2 The Server Side

Further advantages of AOP can be exploited if it is applied to the server code.
Whereas distribution issues were separated on the client side, the main advantage
considered on the server side is flexiblity. With AOP, the application developer
can combine the appropriate aspects into the server compilation process, which
results in a server with a special functionality.

In our example we demonstrate how a server can provide either a name
server or a file based (stringified object reference [18] stored in a file) function-
ality depending on the aspects chosen in the compilation process. Obviously, a
client using this functionality has to implement the corresponding code (at best
encapsulated in an aspect, as well).

The application can be divided into kernel code and some flexible, inter-
changeable code fragments packed into aspects as depicted in figure 3.

The Server is responsible for creating a Servant instance which serves the
request from the client.

import App.*;
import org.omg.CORBA.*; // CORBA specific classes.

class Servant extends _Interface_NameImplBase

{
public String get()
{
return "\n A String \n";
}
}

public class Server
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{

static Servant ref;

public static void main(String args[])
{
try{
// Create the servant
ref = new Servant();

} catch(Exception e) {
System.err.println("ERROR: " + e);
e.printStackTrace(System.out);

}

As shown in figure 3 there is an aspect implementing the CORBA related
code using the name server functionality:

VAL
* The ServerName aspect injects name server
* functionality after method main of class Server.
*/
import org.omg.CosNaming.*; // naming service.
import org.omg.CosNaming.NamingContextPackage.*;
import org.omg.CORBA.x*;

aspect ServerlName {
advise void Server.main(String args[]) {
static after {
try{
// Create and initialize the ORB
ORB orb = ORB.init(args, null);
orb.connect (ref) ;

// Get the root naming context
org.omg.CORBA.Object objRef

= orb.resolve_initial_references("NameService");
NamingContext ncRef = NamingContextHelper.narrow(objRef);



// Bind the object reference in naming
NameComponent nc = new NameComponent ("Name", " ");
NameComponent path[] = {nc};
ncRef.rebind(path, ref);
} catch(Exception e) {
System.out.println("ERROR : " + e);
e.printStackTrace(System.out);
}

The ServerString aspect implements the CORBA related code, as well. In-
stead of using the name server it saves a stringified reference into a file out of
which the client can extract the reference.

/%%
* The ServerString aspect injects stringified reference
* code after method main of class Server.

*/

import java.io.x;
import org.omg.CORBA.x*;

aspect ServerString{
advise void Server.main(String args[]) {
static after {
try{
// Create and initialize the ORB
ORB orb = ORB.init(args, null);
orb.connect (ref);

// stringify the ref and dump it in a file
String str = orb.object_to_string(ref);
String filename = System.getProperty("user.home")
+System.getProperty("file.separator")+"I0R";
FileOutputStream fos
= new FileOutputStream(filename);
PrintStream ps = new PrintStream(fos);
ps.print(str);
ps.close();

} catch (Exception e) {
System.err.println("ERROR: " + e);
e.printStackTrace(System.out);

}

The ServerComm aspect can be reused. It contains the code responsible for
waiting for a client request. This implementation is used both in a server working
with the name server and in the server using the stringified reference approach.

VAL
* The ServerComm aspect injects the wait for request
* code after method main of class Server.
* (must be inserted after ServerString or ServerName).
*/
import org.omg.CORBA.*;

aspect ServerComm {
advise void Server.main(String args[]){
static after {
try{



// Wait for invocations from clients
java.lang.0bject sync = new java.lang.Object();
synchronized(sync){

sync.wait () ;

} catch(Exception e) {
System.out.println("ERROR : " + e);
e.printStackTrace (System.out) ;

}

These examples show that aspects are a promising and powerful means to
achieve flexible programming by choosing and combining the necessary aspects.

Furthermore, an aspect can implement a non CORBA-compliant functional-
ity. When exchanging this aspect with a CORBA-compliant one an application
easily can be ported to a CORBA system. Besides this exchange of aspects
no further changes may be necessary if the CORBA related code is completely
concentrated into separated aspects.

There are other approaches aiming at a good separation of concerns. One
way would be to use abstraction, i.e. to encapsulate CORBA related code in
functions. This requires to insert an appropriate function call into the client or
server code. Unlike the aspect solution the developer is obliged to change this
call within the code when functionality has to be changed. With aspects, the
developer has a clearly separated and therefore flexible programming construct.
Moreover, a solution with aspects is orthogonal to the abstraction provided by
the functions.

4 Experiences with AspectJ in a CORBA Environment

JavaIDL seems to be a very promising and almost CORBA-compliant ORB
since it is integrated into JDK 1.2. According to Sun JavaIDL supports the
basic CORBA-compliant ORB interfaces as well as a COS Naming Service [26].
However, currently not all CORBA features are implemented in JavaIDL? and
it is available on a very limited number of platforms (Solaris and Windows NT).
It may be expected that the significance of JavaIDL will increase due to the fact
that Sun Microsystems has announced that it will support the porting of JDK
1.2 to other platforms (e.g. Linux).

Though all the distributed applications using JavalDL have been tested on
Windows NT 4.0, weaving with AspectJ 0.3betal is also possible on Linux if
appropriate JavaIDL packages exist.

Despite promising advantages there remain some minor problems:

Multiple existing aspects can be woven with application objects. This requires
the possibility to specify the order of the aspects that are woven into the ap-
plication code. The weaving priority in AspectJ 0.3betal is determined by the
aspect name. A language construct to express this order explicitly would ease
the aspect management.

% The Interface Repository, for example, is not yet implemented.
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In the case of an error during compilation, the error report of the compiler
refers to the woven file. The error information currently has to be manually
mapped back into the source code.

Our examples have shown how CORBA functionality can be extracted into
aspects. This concept of separating CORBA communication issues from the ap-
plication objects by using AOP leads to clear structured code. The programmer
can concentrate on the implementation of problem domain issues.

Furthermore, functionality concerning distribution can easily be reused if
placed into aspects (this was shown in section 3.2 with aspect ServerComm).

5 Conclusion

Our goal was to examine how AOP can be combined with CORBA. The work
focused on the question whether and how aspect-oriented programming can im-
prove distributed application development in a CORBA environment. It has led
to the result that packaging the distribution issues of a CORBA application into
separated aspects can support the application developer.

Aspect-oriented programming with AspectJ applied to a CORBA system
proved to be a helpful means to achieve both a kind of transparency by sepa-
ration of concerns and flexibility for the application programmer. CORBA re-
lated code can be extracted and encapsulated in aspects. When implementing
the objects concerning the problem domain the programmer is not confused
with distribution issues. Despite encapsulating distribution issues flexibility is
preserved. The application programmer can fully decide about CORBA related
issues when implementing the aspects. Furthermore, available aspects containing
CORBA related code may be exchanged easily.

Further work should be done to find a general way how all CORBA ORB
and COS related code could be placed into aspects. This could ease and im-
prove CORBA application development. Furthermore, the application of AOP
to CORBA system development (which is only touched in this paper) should be
investigated in detail. Especially the problem of semantically interacting CORBA
services may be addressed by AOP to support the CORBA system designer.

In this paper we concentrated on AOP via the application of AspectJ. A
variety of other AOP mechanisms exist (e.g. Composition Filters [27]). Each of
them may lead to improvements if used for CORBA applications or systems.

Moreover, a network wide (re)use of aspects should be supported. This may
be realized by additional tools similar to an Interface Repository for interfaces
in CORBA. Graphical tools could be helpful.

Dynamic aspects as proposed in [15], [11] could improve flexibility. Therefore,
aspects implementing specific CORBA functionality could be exchanged not only
at compile-time.

The examples in this paper show that a mechanism assuring the correct
combination of aspects is necessary. In section 3.2 we introduced the aspects
ServerString and ServerName for the remote communication between client and
server. We have to assure that only one of both aspects is chosen. Moreover,
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weaving the ServerName aspect requires that ServerComm is woven as well and
that the client is woven with an aspect containing the name server issues instead
of the stringified issues. Composition validation algorithms as proposed in [1]
for the composition of components may be useful to address this problem. The
concept of assertions [8] may contribute to a solution, as well.

Another open question is how to distribute objects. Effective distribution
strategies are needed to achieve goals like maximizing performance and mini-
mizing costs. There exist only a few guidelines for effective object distribution
[21]. When distributing aspects, a similar problem occurs. Further research in
this field is necessary.

Guidelines for good aspect design would be extremely helpful. Such guidelines
may be embedded into a software development method which considers the usage
of aspects.
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