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The work sketched in the sequel originates from a project of the University of Aachen
(together with K. Cremer) and the Aachener and Münchener insurance group and the
GEZ. Both companies have large, monolithic programs written in Cobol that should
be reorganized. A part of the application logic should move to the client machines or
additional server machines.
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Fig. 1. Towards Distributed Applications

As shown in Fig. 1, the underlying task is split into two subtasks. The first comprises
the transformation of existing code towards object based code. This is chiefly captured
by the work of Cremer [Cre99]. Here, we focus on the second subtask, the transition
towards distributed applications. Therefore we first sketch the problem of creating dis-
tributed applications in general.

The development of distributed applications is alleviated by tools that offer a suitable
abstractionof the communication between two disjoint program parts. This abstrac-
tion is close to the typical means of exchanging information in an imperative program-
ming language: a procedure call or a method invocation. These techniques are called
middlewarebecause they bridge the abstractions of the operating system’s API with
that of the programming language. Well-known middleware techniques comprise the
OMG standard CORBA, Microsoft’s DCOM and Java’s RMI. The use of such tech-
niques eases the development of a distributed application considerably. But there are
deficiencies:

– Middleware-specific code can not be isolated in a single module, it is spread through-
out the application code. This makes it difficult to adapt the program to another



middleware or a new distribution structure. Thus, programs developed in this way
might become futurelegacysystems.

– Middleware has certain restrictions; it is for example not possible to instantiate
an object in a remote address space. The developer has to ensure that an object is
created in the intended address space.

– There is no visual specification of the distribution structure.

In order to overcome these problems there are additional tools on top of the middleware
that allow for the specification of the distribution structure and the components inside
a distributed systems. But almost all of these approaches use a particular language for
specification of the components that form the distributed application. However, pro-
gram development seldom starts from scratch. This major requirement of the project
with the AM group and the GEZ limits the use of thea-priori approaches mentioned
above: they could not be applied to existing program parts. Thea-posterioridistribu-
tion of an existing program is not captured with the exception of general case tools
offering minimal distribution support (for example the generation of a CORBA inter-
face definition).

From a re-engineering point of view, the distribution of an existing application pro-
gram, comprises a sequence of suitable transformation steps, in order to achieve con-
formance with middleware prerequisites.

We developed a tool [Rad97,Rad00] that distinguishes two phases with different types
of transformations, persistent and transient. The effects of the former persists, whereas
the latter are applied (prior to compilation) to a temporary copy of the program. The
sequence of transient transformations can also be interpreted as a generation step. The
delegation of an instantiation request to a specific object is an example of a persis-
tent transformation, the binding of an object to a name service an example of a tran-
sient transformation. The distinction of these two kinds of transformations enables the
removal of program code that is middleware specific or depends on the distribution
structure.

Our approach is based on the enrichment of a UML [RO+99] like class diagrams en-
riched by distribution information. The class diagram can be derived from the source
code using reverse engineering techniques, the additional distribution information has
to be supplied by a developer. An algorithm employs this information and checks
whether distribution prerequisites are violated. The developer can now either recon-
sider the distribution structure or transform the application according to predefined
transformation rules. Let us take up the example of an object to which instantia-
tion requests could be delegated. This object is called a factory. A side effect of the
transformation is the conformance to certain design rules, also calleddesign patterns
[GHJV95]. Besides “positive” patterns like the factory, it is possible to interpret the
restrictions of the middleware as anti patterns, as characterized in [BMIM98].

The implementation of our approach employs the internal representation of the class
diagram as a graph.Graph testsfind places in a graph that conform to the given
subgraph pattern.Graph rewrite rulestransform a graph by replacing the subgraph
given in the left-hand side of the rule with the subgraph specified in the right-hand
side. The graph rewrite rule is accompanied by a source code transformation imple-
mented in Java. A prototype that is able toexecutethe graph rewrite rules can be



generated from a specification by means of theprogrammedgraphrewriting system
PROGRES[SWZ99]. Fig. 2 shows a screen dump of a prototype we have developed in
this project. Diamonds denote containment relationships, solid arrows denote invoca-
tions, and dashed arrows denote instantiations. Some nodes carry information from an
automatic analysis implemented via graph tests.

Fig. 2. Prototype a Distribution Tool
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