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Abstract.    Software evolution requires an intelligent planning of evolution and 
maintenance activities in an organization. Intelligent planning means integrating 
the long-term strategy of a product’s evolution with short-term maintenance ac-
tivities. This paper describes a successful example of software evolution in the 
context of the applied-research project APPLICATION2WEB. The paper describes 
experience in transferring technology into a small company to realize web ser-
vices based on a legacy system. The project covered all necessary activities in-
cluding reverse engineering, domain analysis, architecture analysis, and middle-
ware integration. 

1 Introduction 

Software evolution immediately starts when a software product has been shipped the 
first time. Software evolution, thereby, generally is the continuation of the product’s 
development. That is, software evolution subsumes a range of activities from realizing 
new or changed requirements down to fixing small bugs in the code.  The key differ-
ence between the development of a product from scratch and the evolution of a prod-
uct is that a developer must ensure compatibility with former releases of the same 
product. That is, the developer must fulfill the users’ expectation that the system im-
proves but everything that worked well before should still work in the same way the 
users are used to it.  
These constraints require an intelligent planning of evolution and maintenance activi-
ties in an organization. Intelligent planning means integrating the long-term strategy of 
a product’s evolution with short-term maintenance activities. If the long-term strategy 
is explicitly available, it enables the development team to streamline all evolution 
activities and thus keep product evolution as efficient as possible. Although simple in 
theory, defining a long-term strategy is an extremely difficult task because require-
ments and trends of the future must be anticipated in advance.  
In this paper we describe experience with technology transfer into a small company 
which led to the realization of web services based on a legacy system and to a partial 



redesign of components of the legacy system including activities in reverse engineer-
ing, domain analysis, architecture analysis and middleware integration. 
The remainder of this paper is structured as follows: in section 2, the project context 
where the technology transfer was made is introduced. In the following sections, the 
activities in modeling, reverse engineering, architecture and middleware are described. 
The results of these activities and experiences and lessons learned are described in 
Section 7, Section 8 concludes the paper. 

2 Project Context 

In this section we will introduce three things: first, the research project 
APPLICATION2WEB that defined the context in which the technology transfer hap-
pened, second, the company Sieda, and third, the goals of the cooperation. 

2.1 APPLICATION2WEB 

APPLICATION2WEB is a project funded by the German ministry of economics. The 
goal of the project is it, to give small and medium sized companies the possibility to 
offer and sell their products and services on the web in an efficient way and at reason-
able costs. In the project existing technologies and techniques should be exploited and 
extended to make it possible to companies to launch new applications with web func-
tionality based on their legacy products. So the goal of the project is to support com-
panies in the evolution of their old products and the realization of new planned web 
functionality 
The consortium of the project consists of two research institutes (Fraunhofer IESE, 
Kaiserslautern and Forschungszentrum Informatik FZI, Karlsruhe) and 8 small and 
medium companies (including SIEDA) as application partners. The participating re-
search partners (IESE, FZI) supported the respective application partners in applying 
the technologies that were useful in the respective context. This was done by: 

- Enabling the selection of the right technology with decision support in the 
company specific situation 

- Supporting the tailoring of technologies to the environment and the specific 
goals and problems of the company 

- Consulting during the application of the new technologies and methods 
- Supporting the packaging of the results 

These technology transfer steps were also performed by Fraunhofer IESE and Sieda 
and led to the results described in this paper. 

2.2 Sieda 

The company SIEDA – Systemhaus für intelligente EDV Anwendungen GmbH 
was created 1993 in Kaiserslautern and has a staff of 14 employees at the moment. 



The SIEDA GmbH is a specialist for the development of intelligent software for the 
solution of complex optimization problems in particular short-time manpower plan-
ning. Their main system “Orbis Dienstplan” (short Orbis) is a roster planning system 
with application emphasis in the public service. Contrary to most products available at 
the market it is specialized in planning by multi-layer models (e.g. with services 
around the clock). For intelligent planning constraint-solving techniques are used, as 
described in [1]. Apart from the actual planning also the performed services are en-
tered through the system and the data for the wage and salary statement can be com-
puted with consideration of tariff regulation. Fig. 1 depicts the overall process sup-
ported by the software. It consists of three major activities: planning of the roster, time 
registration, and analysis of the registered times with respect to the roster in order to 
generate input to an external payroll system.  

2.3 Goals  

The overall goal of the activities of Sieda within APPLICATION2WEB was to enable 
internet-based access to the roster software system. To do so the right components had 
to be identified to integrate the web functionality efficiently and cleanly. Thereby, the 
overall architecture of the system should stay unchanged as far as possible.  
Hence component-based technologies (with an emphasis on reuse and product line 
engineering) were in the focus of the collaboration between IESE and Sieda. The 
goals in more detail were: 

- Selection and redesign of central components: Central component of the ros-
ter software system should be selected, which allow an easy linking of a web 
interface to the existing system. 

- Integration of a web interface: A web interface should be planned, designed 
and integrated as supplementary and variable component.  

- Legacy Integration: Web interface and legacy system should be integrated. 
The functionality of the legacy system should be supported by the web sys-
tem 

- Reduction of the system’s complexity: Through redesign of a central compo-
nent, redefinition of the interfaces, and a reduction of coupling and cohesion, 
the overall complexity of the system should be reduced significantly.  

- Improvement of the system’s usability: Parallel to the web interface, parts of 
the existing user-interface should be redesigned.  

- Improvement of the system’s maintainability: All the above goals should con-
tribute to a decrease in overall maintainability. 

According to the web interface or web application there were two scenarios consid-
ered, personalized access and application service providing. With personalized access 
every employee should be enabled to individually interact with the system. The set of 
useful services ranges from scenarios mainly providing access to individual data (e.g. 
making monthly payments especially bonuses more comprehensible) to complex in-
teraction scenarios, such as exchanging working times and locations. In the ASP sce-
nario it should be possible to offer satellite stations access to the latest version of the 



roster and make an autonomous plan for the satellite stations. 
In the following sections we will describe the activities that were performed within 

the project. There were activities in the area of domain analysis/requirements model-
ing, reverse engineering, architecture stratification and integration of middleware.  All 
activities have a different focus but the same goal, the reduction of the complexity of 
the system with a concurrent integration of web functionality. 

3 Domain Analysis 

The goal of any domain-analysis approach is to identify and document require-
ments on a set of systems in the same application domain. In order to successfully 
introduce such an approach, the target organization must already master requirements 
engineering for single-systems according to our past experience [2].  
If this is the case, in an organization, there is typically either one requirements docu-
ment capturing the requirements on the “average” system, or a suite of requirements 
documents each capturing the requirements on different single systems. Domain 
analysis methods provide processes for eliciting and structuring the requirements of a 
domain, or product line. This can e.g. be done with a product line engineering ap-
proach like PuLSETM[3]. The results are captured in a domain model. A domain 
model must capture both the common characteristics of the products and their varia-
tions.  
The domain analysis-process we followed here consists of two steps, sub-domain 
identification and analysis of the selected sub-domain. The sub-domain identification  
step of our domain-analysis approach analyzes all existing request that determine the 
next maintenance and evolution activities in an organization. That is, initially input 
from maintenance, marketing, and application engineering projects is collected. On 
this basis, a prioritized list of good sub-domain candidates is compiled.  In the analy-
sis step, the sub-domains selected as subject of the domain analysis are then mapped 
to logical (potentially generic) components of the software. Thereby, a logical compo-
nent is somewhere between the theoretical, ideal component that exactly supports the 
sub-domain functionality and the set of existing physical software components, that 
actually realize the sub-domain’s features in practice. For each selected logical com-
ponent, the recursive modeling and refinement process of the KobrA method is ap-
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Fig. 1 Software-supported business process of the Orbis system 



plied [4]. This process concurrently models two aspects: on the one hand, the data 
relevant for or manipulated by logical components and, on the other hand, the activi-
ties in which the considered logical components are involved. The integration of the 
two aspects results in an object-oriented domain model that documents a domain’s 
(generic) data, behavior, and functionality 
From the marketing perspective, the need for providing system services via the Inter-
net was the main requirement for the next system generation (c.f. Section 2.3). The 
application domain defined by the process described above is of an average size and 
thus is too large to be analyzed as a whole in a single domain analysis step. Everyone 
who has ever studied German wage agreements can easily confirm this statement. 
Therefore, we selected accounting, the last of the three major process steps (c.f. Fig. 
1) of the Orbis system as subject of our domain analysis effort. In several recursions 
of the DNA process, further sub-domains of the accounting domain were identified 
and analyzed.  
In our context, we had to include web usage scenarios. Due to the latter realization, we 
decided to first analyze the accounting manager interface from the existing report 
writer’s point-of-view and later build a client on top of this initial interface definition. 

4 Reverse Engineering 

Web-enabling a client-server application efficiently requires a clear vision of the 
existing application and its future. In this project two ways were used to obtain this 
vision: reverse engineering the Orbis system and analyzing different architecture al-
ternatives for the future. 

Reverse Engineering Orbis 

The goal of the reverse engineering activities was to map the relations and depend-
encies present in the code onto the current conceptual architecture description and 
onto the alternative future system structure. The mapping to the current description 
assures that the transformation of the system does not start from an idealized abstrac-
tion of the system. The mapping to potential future system structure offers a first ap-
proximation of the effect of the new structure on the existing dependencies among the 
components, before the classes are re-factored or adapted to the new structure. 
 
Fig. 2 depicts the way to produce these two mappings. The first step was to extract the 
relations and dependencies (e.g. method calls, data usage) from the source code and to 
represent them in the flexible relational rsf format of the rigi tool [5]. The next step 
was to capture the current conceptual architecture, map classes and directory to the 
component of this architecture. The final step was to visualize and analyze the actual 
relations and dependencies of the code on this architecture description. The visualiza-
tion with rigi and applying a customized version of the reflexion model approach [6] 
allowed unexpected connections among components to be discovered incrementally 



and interactively, as well as the relationships behind these connections. The mapping 
of the future system structure proceeded in a similar way. 

Analyzing early Architecture Alternatives 

Choosing among potential architecture alternative to achieve business goals is often 
a difficult task, because of the number of interacting aspects to consider. To support 
this decision, we performed a customized version of architecture trade-off analysis 
method (ATAM [7]). The goal of this architecture analysis is to verify a software 
architecture against its requirements (functional and non-functional), that is, architec-
ture analysis aims at determining if, to what degree a software architecture satisfies its 
most important requirements and to identify risk and associated with the various archi-
tecture alternatives. 

In the concrete project context, we proceeded as follows:  
- First the architect produced a sketch of 4 different architecture alternatives.  
- Then we elicited the envisioned web versions of Orbis (personalized ac-

cess/ASP c.f. Section 2.2), the various stakeholders together with their per-
spective on the system, and a quality tree relevant to these applications.  

- Based on this quality tree and on the stakeholders’ perspective we generated 
the 25 functional and 33 non-functional requirements. The functional re-
quirements were captured through use cases. The non-functional require-
ments were formalized as different scenarios (e.g., usage, modification, us-
ability, deployment, and performance).  

- The scenarios and the use cases were then prioritized and the highest priority 
scenarios were applied to the various architecture alternatives. As a results a 
list of issues and risks were produced and the most appropriate alternatives 
were identified  
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Fig. 2 The mapping process during reverse engineering 



The architect identified architecture approaches, styles and patterns based on the sce-
narios and use cases gathered. These form a useful input for refining the architecture 
sketch into designs. 

5 Architecture Stratification 

The problem in describing the interaction between two components is that this sim-
ple idea can span a wide range of abstraction levels. At one end of the spectrum there 
are very high-level interactions between the user and the system, perhaps involving a 
significant proportion of the system’s processing elements (e.g., use cases). At the 
other end, there are most detailed interactions between operating-system objects. 
Some stakeholders of the system usually want to think in terms of high-level abstrac-
tions (e.g., architects, customers, managers), while others (e.g., implementers, testers, 
maintainers) need to deal with the lowest level that provides full details. Directly de-
fining the system at the most detailed level is therefore insufficient because it fails to 
provide one set of stakeholders with an appropriate view of how the system works.  

The principle of architecture stratification [8] provides a flexible and component-
oriented way of separating the description of distinct aspects of a system. The basic 
idea is to represent a community of components at several levels of architectural ab-
straction, each providing a complete description of the system, and each related to the 
layer above by explicit interaction refinement. The top level in this hierarchy repre-
sents the most abstract view with the most generic description of the interactions be-
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Fig. 3 Stratified Architecture Structure 



tween component instances. The bottom level represents the most detailed view, with 
the most detailed representation of the interaction relationships. 

In general, a complete stratified architecture is comprised of multiple strata as illus-
trated in [8]. Each stratum represents a refinement of the stratum above, and thus typi-
cally contains additional components and interactions that explain how interactions in 
the higher strata are realized. The abstraction levels in a stratified architecture range 
from a high level, analysis-like description of the system down to the most detailed 
implementation code. The highest level will be most useful for understanding the 
overall solution strategy. In the lowest stratum one will find the usual complex web of 
objects where it is hard to "see the forest for the trees". However, this is often the only 
appropriate level of abstraction to resolve realization details.  Depending on the appli-
cation domain, the same sequence of types of strata will be useful to structure a sys-
tem’s architecture according to its emergent (often non-functional) properties. 

Overall, stratification is important in every application domain, but is particularly 
critical for web-based applications that are inherently distributed, and thus embody the 
multi-protocol stacks and communication realization layers that are characteristic of 
distributed systems. Architecture stratification helps to separate the layers without 
introducing restrictions as to what lower level functionality is available to high-level 
components. Web-based applications also tend to be more heterogeneous than appli-
cations in most domains, and thus have a greater need for distinct levels of abstraction 
and interface wrapping concepts. Stratification offers a clean model for capturing 
different aspects of a system's implementation in a way that is not only compatible 
with component technology, but also lends itself to realization in the form of generic 
component frameworks. The ultimate benefit of the approach is therefore to enhance 
opportunities for maintenance and reuse. 

As a first step in architecture stratification, a component (preplanning, German: 
Vorplanung, c.f. Fig. 1) of the existing system was selected and analyzed in a case 
study. The preplanning component provides users with a calendar with their currently 
planned roster in which they can enter wishes for changes (e.g., vacation, certain shifts 
on certain dates). These wishes are then later taken into account when the actual roster 
is planned. The goal of the case study is to prepare this component for being accessi-
ble via the web. A read-only version of preplanning exists already (i.e., users can 
access their personal roster via the web). In the case study this version is to be ex-
tended for writing user access. 

The strata that were selected and modeled using the UML were: 
- Context: In this stratum the preplanning component context (i.e., the compo-

nents it interacts with) is modeled. This stratum was mainly chosen to com-
pletely understand and explicitly model the requirements on the preplanning 
component. 

- Top Layer: This stratum contains the description of the preplanning compo-
nent (i.e., identifies subcomponents and their interactions). 

- Persistence: This stratum identifies the components and classes of the top 
layer that are being made persistent and describes the mechanisms for doing 
that. 

- Communication: In this stratum, two alternatives for distribution preplanning 
are explicitly modeled (i.e., via http protocol or using Active Server Pages). 



6 Middleware 

The main requirement of the different planned web applications (c.f. Section 2.2) was 
the smooth integration of legacy business logic, which is available mainly in the form 
of native dynamic link libraries. Furthermore, the web application had to enable the 
management of user accesses and sessions. The former includes the definition of user 
accounts and groups as well as user authentication and authorization. 

Given these functional requirements it became necessary to set up a three-tiered ar-
chitecture as illustrated in Fig. 4. As shown above the middle tier assumed the respon-
sibilities of delivering and generating HTML as well as managing users and their 
sessions. Moreover the new middle tier should fulfill a set of non-functional require-
ments including scalability and ease of configuration and deployment.  

Given the company-specific situation the effort and especially the financial cost for 
setting up the middle tier was to be kept as small as possible. This has quickly led the 
architects towards open source solutions that have gained popularity lately because 
among other things they can be obtained free-of-charge and they provide a series of 
ready-to-use services (including user and session management). After evaluating a 

number of open source products it had to be decided between Apache and Zope. The 
latter appeared less appealing because it is based on Python, a programming language 
not familiar to the developers and because it uses proprietary technologies thereby not 
being compatible with many open standards. 

The Apache web server, which according to latest statistical information [9] is the 
most popular server, was therefore preferred. Apache has features for high-
performance, scalable HTML delivery and it provides a simple mechanism for manag-
ing users. 

One of the reasons for the big success of the Apache server is also the variety of 
Apache-based frameworks that cover a broad spectrum of different requirements for 
web applications. Tomcat is such a project, which was selected for generating dy-
namic web pages and for managing user sessions through the use of the Java language. 

The main requirement however, which, as mentioned before, was the legacy inte-
gration, had to be implemented from scratch. Since the dynamic HTML content is 
generated by Servlets, which are Java applications, it was decided to use the low-level 
JNI (Java Native Interface) API. To this end it was required to build the Adapter 
shown in Fig. 4, which is a native application providing the JNI-compliant view of the 
legacy libraries. 
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Fig. 4 Architectural tiers 



7 Results 

7.1 Overall results 

The main goal, to allow Internet based access to the roster software system of SIEDA 
was achieved. A web client  (called “Mein Dienstpl@n”) was implemented, based on 
the results of the domain analysis and supported by the architecture and reengineering 
efforts in APPLICATION2WEB. A snapshot of the web client can be seen in Fig. 5. With 
this web client a nurse can check via the intranet or internet which services she had in 
the last weeks, what services are planned for the near future and how the services she 
provided are accounted. The easy and fast integration of the new component showed 
the flexibility of the system. This “read-only”-Web client is only a first step towards 
more complex internet-based services for the roster software.  

The reduction of the overall system complexity through the described methods 
could not be proven by objective measures. This is one of our major goals of future 
activities within the project context. Maintainability was primarily improved through 
the reverse engineering an stratification efforts. Discovering the relationships behind 
the system’s components and documenting them could reduce maintenance effort. As 
far as the accounting domain and related data was concerned, the existing user inter-
face was redesigned. The concepts that were clarified during our analysis were also 
realized in the user-interface of the existing application. 
Fig. 6 shows the architectural evolution throughout the whole project that was sup-
ported by all our activities. 

To summarize, most of our goals were attained (selection and redesign of a central 

 

 
Fig. 5 A snapshot of the web client  



component, integration of a web interface, improvement of overall usability and main-
tainability) and evolution of the system was supported. 

7.2 Lessons learned 

Besides this project specific results and the achievement of the project goals there are 
also more general observations on the benefits and problems of technology transfer 
approaches in the areas of domain engineering, reverse engineering, architecture and 
middleware. 

For all parties involved it showed out to be useful and helpful to do domain analy-
sis for web-related purposes. Although the requirements on the web-interface were 
rather unclear at the beginning, the domain analysis we made helped in a very straight-
forward manner to clarify and realize the web interface. 

Another observation we made, which surely is not new and was made in many con-
texts already was that the people from IESE need a minimal amount of domain knowl-
edge to start with the selection and application of their approaches and domain knowl-
edge is not so easy to achieve. 

It was not easy to find the right domain to focus on for a domain analysis. Other 
domains represented in the roster system, like preplanning, time registration or report-
ing we could also have chosen as domains for the domain analysis. But by carefully 
and not ad-hoc selecting the accounting domain we could optimally prepare for the 
web-interface and reduce coupling and cohesion of the overall system. So, taking 
some time in selecting the right part of a system for a domain analysis, as generally 
there is not enough time to do a thorough analysis really pays. 

It is important to tailor/customize the approach that should be transferred to indus-
try. Practitioners should be able to learn new technologies based on the things they 
already know. So an incremental approach, starting with well-known technologies and 
integrating more and more new methods (like techniques for handling variability) is 
the right approach. 
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8 Conclusions 

In this paper we showed how technology transfer was performed with the purpose of 
the integration of web-functionality into an existing system. We described the sur-
roundings of the project, how we combined and applied several techniques and ap-
proaches to achieve the goals of the collaboration, and summarized the main results of 
the technology transfer.  

The goals of the project have been achieved in a straightforward and efficient way. 
Unfortunately, exact numbers and measures to document our success in an objective 
way was not possible due to the hard time- and budget-constraints. Hence, it was not 
possible to set up a measuring program to empirically prove our statements and ex-
periences. So when continuing our project and for further observations it is desirable 
to set up a small measuring program to collect some data and empirically validate our 
goals and thus enable other companies to repeat the results we retrieved in their con-
text systematically and successfully. 
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