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ABSTRACT 

 

Concurrent Engineering is a principle often implemented 
in product development processes in traditional engineer-
ing disciplines, e.g. the automotive industry. The advent 
of professional tools and standards supporting model-
driven development (MDD) enables the creation of a 
similar scenario in the software industry. MDD tools can 
in a way be compared to Computer Aided Design (CAD) 
tools, and standardizing the output formats of such tools 
facilitates the comparison and consolidation of individual 
engineering artifacts in a parallel development process 
with one common architecture. In software engineering, 
performing frequently recurring consistency checks of the 
modeled architecture and individual components, respec-
tively, can help prevent mismatches and inconsistencies in 
early stages of the software development cycle irrespec-
tive of the target platform, i.e. on a very high level of ab-
straction, when still not a single line of code has yet been 
written and adaptation is still cheap. This paper adum-
brates a software development process suitable for creat-
ing business application software and domain-specific 
software assets. The process is embedded into a concur-
rent, collaborative and component-based methodology 
enabled by advanced MDD techniques. 
 
Keywords: Model-Driven Development, Business Soft-
ware, Concurrent Engineering, Collaborative Software 
Engineering, Component-Based Development, and Busi-
ness Components 
 

1. INTRODUCTION 
 
Software development technologies, processes and related 
tool support have seen quite some innovations in the last 
ten to fifteen years. Aside from steadily raising the level 
of software development abstraction (from assembler via 

modern programming languages like C and Java to partly 
graphical modeling languages like the UML), the concept 
of software components emerged, allowing for the defini-
tion of coarse-grained and self-contained software mod-
ules subsuming smaller entities, like classes and interfaces 
in object-oriented languages (component-based develop-
ment, CBD). Those innovative approaches to raising the 
abstraction level in the development process and to in-
creasing the granularity of reusable software development 
units can be the starting point for the definition of new, 
improved software development methodologies aiming at 
higher degrees of productivity through platform-
independent, sustainable, and reusable software assets.    
Currently, well-established general process frameworks 
like the Unified Software Development Process (UP) [13] 
or the German V-Model’97 as well as tailor-made proc-
esses like e.g. Catalysis [8] and KobrA [2] already pro-
vide support for certain up-to-date focal points of soft-
ware development, i.e. architecture-centering or compo-
nent-based product line engineering in the latter case, but 
they lack a more comprehensive combination of the most 
promising principles suitable for achieving enhanced pro-
ductivity and quality, which we think are: 
• reuse and 
• collaboration. 
The C³-Process for business application engineering 
adopts and elaborates on many principles from the Busi-
ness Object Oriented Software Technology for Enterprise 
Reengineering (BOOSTER) approach [16], which in turn is 
based on best practices from the UP, SELECT Perspec-

tive [1], and the Catalysis Approach [8], among others. 
As BOOSTER constitutes the foundation for this paper, it is 
described in more detail in the following chapter, together 
with novel implications of MDD principles for the origi-
nal BOOSTER approach and business component modeling 
in general. C³ comprises the concept of inter-organiza-
tional collaboration alongside a virtual “software supply 
chain”, which is backed up by a “persistence mechanism” 



in the form of domain-specific repositories providing do-
main and component metadata. C³ also introduces concur-
rent software engineering techniques for both system ar-
chitecture and component design realized by means of 
MDD and XML Metadata Interchange (XMI) [18]. As 
components represent the focal artifact in the proposed 
process model, the name C³ is composed of the three ele-
ments described above: 
• Collaboration, 
• Concurrent Software Engineering, and 
• Component-Orientation. 
 

2. MODELING BUSINESS COMPONENTS 
 
Component-based development (CBD) aims at the modu-
lar composition of business applications by means of re-
usable, coarse-grained, self-contained, and marketable 
software building blocks. 
Reuse is one key to enhanced software process productiv-
ity and consistent quality. According to Biggerstaff and 
Richter reusability techniques can be divided into two 
major categories [5]: 
• composition technologies and 
• generation technologies.  
In order to increase software process productivity as a 
whole, we are intending to combine business software 
composition from business components and automatic 
code generation techniques from business component 
models, e.g. represented in a domain-specifically ex-
tended UML profile. That is, the proposed methodology 
tries to at least reduce the amount of platform-dependent, 
manually-coded artifacts produced in the process and 
reuse as coarse-grained software building blocks as pos-
sible. 
Business Components 

The concept of business components in enterprise appli-
cation systems is a means of flexibly supporting business 
processes and exploiting reusable software assets [11]–
either archived in-house or externally procured. 
Fig. 1 shows the different levels of component specificity. 
Components on the enterprise level capture critical busi-
ness logic of individual companies and are not likely to be 
shared in an open source environment. Domain-specific 
components, however, facilitate the establishment of a 
central domain repository archiving software assets. Gen-
eral business and system level components comprise 
standard functionality, e.g. customer management or 
components for printing etc. This classification of com-
ponents was inspired by the Object Management Group’s 
(OMG) Business Objects specification [17]. 
BOOSTER [16] as a business component-based approach 
to application system development considers the whole 
software lifecycle. Thus, the BOOSTER methodology con-
stitutes the foundation for the envisioned C³ software 
process, which is additionally integrates up-to-date as-

pects of model-driven component development and auto-
mated platform-specific code generation. The architecture 
of the current version of BOOSTER*Process is depicted in 
Fig. 2.  
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Fig. 1: Levels of Component Specificity 

 
BOOSTER*Core 

In addition to the process architecture the BOOSTER ap-
proach also includes a technical conceptual framework 
consisting of a business component metamodel (cf. sec-
tion 4) and the corresponding UML profile with special-
ized stereotypes, tagged values and constraints for busi-
ness component modeling and specification. At the time 
of conceptualizing BOOSTER*Core, OMG’s UML Profile 
for Enterprise Distributed Object Computing Specifica-
tion (EDOC) [19] was not yet available. Now, this stan-
dardized and accepted UML profile substitutes some of 
the basic ideas presented in the original BOOSTER* Core 
framework as introduced in [16]. 
Further extending the basic framework to semantically 
enrich the modeling capabilities to enable automatic code 
generation is the missing link to MDD within the 
BOOSTER approach. 
. 
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Fig. 2: BOOSTER*Process 

BOOSTER*Process 

In Fig. 2, the main activities in the BOOSTER*Process are 
depicted from a macro perspective. The two different 
kinds of arrows indicate a more or less significant flow of 
information between those activities. In [16], the main 
activities are further elaborated on and refined by hierar-
chically subordinated activities. In this paper, we particu-
larly focus on the elaboration of the application develop-
ment and component development activities, and that, in 
turn, especially in terms of process control and project 
management aspects as illustrated in section 5.   



3. COLLABORATIVE, CONCURRENT 

SOFTWARE DEVELOPMENT 
 
Collaborative Software Development Approaches 

Collaborative business processes, e.g. in supply chain 
management or enterprise resource planning contexts, 
become more and more the rule rather than the exception. 
Collaboration usually implies the involvement of at least 
two organizational units, either within or outside company 
boundaries. Current developments in the software indus-
try also foster these principles in software development 
processes. The rising complexity of modern business ap-
plication systems and ever shorter development cycles 
(time-to-market) create a very rough environment for in-
dividual software companies and development teams. 
Collaborative software development (CSD)–often syn-
onymously called global software development, distrib-
uted software engineering, or virtual software corpora-
tion–generally implies distributing software development 
activities over time, distance, or organizational borders 
[4]. In our approach, we mainly focus on remote, inter-
organizational collaboration. 
Concurrent Software Engineering 

Already well known from other engineering contexts, 
concurrent engineering or simultaneous engineering, re-
spectively, has yet been very successful in improving en-
gineering output quality and accelerating the overall 
process lead times in the manufacturing industry. Within 
the scope of product development processes supported by 
CAD and Computer-Aided Manufacturing (CAM) tools, 
concurrent engineering techniques involve multiple de-
signers working on the same end product subdivided into 
components in parallel. The individual component design 
models are synchronized at a single point of integration, 
coordinated by a case manager or case team, respectively, 
depending on the project’s size. Case workers are respon-
sible for the overall design process and frequently check 
the aggregated contributions for inconsistencies and abid-
ance by the overall product design, also emitting feedback 
to the individual design teams in order to prevent deviant 
components prematurely. Since the artifacts produced by 
individual and possibly remote design teams in concurrent 
development processes are integrated and combined at 
some point in time, concurrent development processes 
have to be seen as a special form of a collaboration sce-
nario. 
Transferring such a scenario to the software engineering 
domain requires the software designers to agree on a 
common set of design standards and data interchange 
formats [7]. Since we envision business software devel-
opment to be shifted to the next consequent level of ab-
straction, MDD and the related OMG standards briefly 
introduced in the following section potentially provide the 
properties required for a concurrent software develop-
ment process. 

4. METAMODELING, MOF, AND XMI 
 
In order to realize a collaborative, concurrent, and model-
driven software development process for business appli-
cations and business components, we need a set of com-
mon standards for software model representation. The 
advent of the OMG standards UML 2.0, the Meta-Object 

Facility (MOF), and XML Metadata Interchange (XMI) 
now paved the way for standardized computer-aided 
software design using semantically rich and formally 
specified UML models. The OMG subsumes their current 
standardization efforts in that context under the term 
Model Driven Architecture (MDA). However, using the 
MDA especially for developing business applications still 
bears many problems as discussed in [25]. The wide 
range of the business domain necessitates systematic ad-
aptations and extensions of the applied modeling standard 
(i.e. UML in the MDA context).  
Metamodeling 

The underlying motivation for metamodeling within the 
context of MDA is analyzed in [3], and the authors pre-
dict both a short-term and a long-term boost in software 
process productivity ignited by using software models as 
primary artifacts being developed by humans. Using 
models immediately raises the bar of abstraction in soft-
ware development itself, and in the long run software 
assets expressed in models provide extended reusability 
by capturing conceptual design and platform-independent 
solutions rather than technical implementations of busi-
ness problems [9]. 
Metamodeling in general constitutes the discipline of de-
fining models of models for certain purposes or domains. 
MOF as a metamodeling language (level M3 in Fig. 3, cf. 
[20]) provides a set of common model elements to build 
more specific metamodels upon, such as the UML meta-
model (M2 level) and related metamodels [23]. Usually, 
for most domain-specific modeling problems it would be 
inefficient to define an all new MOF-based M2-language, 
but rather reasonable to extend the UML metamodel for 
business purposes [24]. 
 

M3: Meta-Metamodel

M2: Metamodel

M1: Model

M0: Instances  

Fig. 3: MOF Layer Model 

UML Profiles 

Together with metamodeling techniques, extension 
mechanisms on the UML metamodel layer (M2) form the 
basis of domain-specific adaptations of the modeling lan-
guage. UML Profiles, for example, make use of the fol-
lowing extensibility concepts: 



• Stereotypes, 
• Tagged Values, and 
• Constraints. 
In essence, stereotypes are metaclasses and tagged values 
in UML 2.0 represent attributes of metaclasses. Con-
straints can be added, but existing UML constraints must 
not be loosened in any profile [22]. 
XML Metadata Interchange 

In order to guarantee interoperability of UML and MOF 
models designed by individual design teams, XMI pro-
vides a standardized Document Type Definition (DTD, in 
XMI 1.2 [18]) or XMLSchema (in XMI 2.0 [21]), respec-
tively, for describing model information in an unambigu-
ous formal manner. The standard thus facilitates the ex-
change, integration, and comparison of models generated 
by different tools in different organizations. 
MDD and particularly the entailed standards now provide 
the enabling information technology for our reengineered, 
concurrent software development process, according to 
the well-known principles of Hammer and Champy who 
emphasize the role of IT as an enabler for improving 
business processes [10]. 
 

5. THE C³ SOFTWARE DEVELOPMENT 

PROCESS 
 
Since the primary focus of this paper is on making use of 
MDD techniques and standards to boost productivity and 
quality in software development processes, these aspects 
will particularly be stressed in the following adumbration 
of the process. As the previous sections described and the 
working title of the process model implies, the three C’s 
(Concurrency, Collaboration, and Components) form the 
pillars of the envisioned process architecture. 
In Fig. 4 the overall collaborative development scenario 
for business components is depicted. The main feature of 
the overall architecture is the domain repository contain-
ing domain-specific metadata and components accumu-
lated by the business engineering and software develop-
ment projects concerning a particular domain (cf.  Fig. 1). 
XML database technology helps to realize those reposito-
ries and integrates XMI-based model specifications eas-
ily. The final frontier is then the automatic code genera-
tion from those XMI-based software and domain models, 
raising the level of abstraction for business software de-
velopment. 
For describing and explaining our methodology as a 
whole, we utilize Jayaratna’s Normative Information 

Model-based Systems Analysis and Design (NIMSAD) 
framework [14]. The framework structures a methodology 
in four major parts: 
1. problem situation (methodology context), 
2. intended problem solver (methodology user), 
3. problem solution process (actual methodology), and 
4. evaluation of elements 1-3. 

In design science, i.e. the section of information systems 
(IS) research dealing with the development of (business) 
software methodologies as problem-solving processes for 
organizations, the evaluation aspect is particularly 
stressed alongside with the fact that there has to be a rele-
vant problem situation in the first place in order to trigger 
methodology research activities [12]. 
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Fig. 4: Collaborative Development Environment 

Problem Situation 

Building applications for business purposes in a certain 
business domain, e.g. financial services, constitutes the 
context for our outlined C³ development process. In par-
ticular those business processes that need to be supported 
or enabled by the business application account for the 
problem situation and lay the basis for the business re-
quirements and use cases specifying the projected system.  
Intended Problem Solvers 

The primary methodology users are also depicted in Fig. 
4 and play major parts in our role model for the C³ proc-
ess: 
• Domain Manager: The domain manager is the desig-

nated gatekeeper of business domain information, i.e. 
components, patterns, and domain ontologies, which 
are stored, archived, and published on the domain re-
pository platform. 

• Project Manager: The project or case manager is the 
integral part in our intended concurrent software de-
sign process. He and his supporting tools make sure 
that the collaborative design effort among different 
teams produces a consistent end product and that 
feedback messages are issued in time to avoid subse-
quent misfit of individual components. 

• Application Architect: These software architects in 
the business application area have to transform the 



artifacts of requirements engineering and system 
analysis into a basic structure for integrating func-
tional software building blocks, i.e. components. 

• Component Developer: The job of the individual 
developer is to further elaborate on the semantic 
specification of a business component in the context 
of a given architecture and dependencies on other 
components. 

• Application Deployer: After the actual software 
components have been generated for a specific com-
ponent platform, they need to be deployed–and pos-
sibly be adapted–in the context of the overall busi-
ness application. The application deployer’s job is to 
get the application adapted to the intended business 
environment and eventually get it up-and-running. 

Problem Solution Process 

The fundamental steps of a software development process 
are expressed in terms of phases. As we want to focus 
especially on the actual concurrent component-based 
software development and model-driven design proc-
esses, in this paper preliminary phases like methodology 
engineering, domain engineering, business engineering, 
and requirements engineering are not further elaborated 
on. 
• Standardization Phase: The standardization process 

revolves around the domain metadata repository 
bearing component models and domain-specific 
metamodels and ontologies. The repository provides 
an interface to search for the domain software assets 
archived, which can then be downloaded onto the 
project repository that only contains those model 
elements vital for the business software system cur-
rently developed in this particular project. Vice 
versa, newly developed component models and do-
main-specific model elements can be uploaded and 
categorized for further reuse in future projects. 

• Software Development Phase: The core ideas of our 
concurrent development process for business soft-
ware are reflected in the model-based design process. 
Prior to distributing individual component modeling 
tasks to different teams, the overall application archi-
tecture needs to be defined, among other things as a 
basis for comprising consistency checks and compo-
nent integration tests. 

• Model Design: As indicated in Fig. 4, the component 
developers and development teams collaboratively 
work on one business application architecture repre-
sented in the XMI standard in one design database–
the project repository. This single point of integration 
enables frequently recurring consistency checks 
against the outlined architecture and among the indi-
vidual components. In fact, feedback messages are 
issued by the supervising project management team 
responsible for the overall design process (cf. Fig. 4). 

• Code Generation: Ideally, all facets of the specified 
business application can be modeled with UML or 

XMI means, respectively, on a platform independent 
level. If that is the case, platform-specific code gen-
eration tools are then able to transform the models 
into deployable software components following the 
Enterprise Java Beans or CORBA specifications, for 
instance. In practice, the goal of fully automated code 
generation is very hard to accomplish, and generating 
as much executable code as possible is a more realis-
tic aim, at the moment. 

• Application Deployment: After the generation stage 
and possible human code completion, the software 
components should be ready to be deployed on a 
given application server according to the modeled ar-
chitectural framework. 

Evaluation and Process Metrics 

A crucial aspect often neglected by software development 
methodologies is to measure the performance of particu-
lar instances of the process. For our approach a certain set 
of metrics seems appropriate to achieve this goal, com-
prising for example: 
• degree of component reuse 
• share in automatically generated code 
• overall project lead time from inception to deploy-

ment 
Those and other metrics have to be implemented in the 
collaboration support tools in order to realize online 
process control and benchmarking as well as post-project 
evaluation. 
Tool Support 

The efficient realization of our process heavily relies on 
appropriate tool support. XMI represents the basis for 
both design tool interaction and information interchange. 
The complete XMI-based model then also serves as the 
basis for automatic code generation and documentation. 
By implementing online performance measurement com-
ponents, the overall project progress can be analyzed and 
managed. 
Preliminary Proof of Concept 

As a proof of concept for our concurrent component 
modeling process we applied a very simple open source-
based architecture consisting of a conventional CVS 
(Concurrent Versions System) repository integrating the 
UML models in XMI format. Since XMI files, like stan-
dard XML files, are text-based the basic diff-function of 
CVS is applicable and supports the project manager in his 
reviews of the models. 
 

6. RELATED WORK 
 
As stated in [14] there are thousands of methodologies or 
process models out there on the market already. Generic 
object-oriented frameworks, like the V-Model, OPEN, 
and the Unified Process offer building blocks or process 
components for instantiating tailored process models for 
different organizations and software projects. All three of 
the approaches mentioned above strive for composition-



based reuse as a means of enhancing development process 
productivity and quality. MDD or code generation tech-
niques are not yet included in the set of default process 
building blocks. 
There are also more specific component- or reuse-
oriented methodologies, like SELECT Perspective [1], 
Catalysis [8], UML Components [6], and KobrA [2], 
where the latter is the only process model explicitly advo-
cating MDD. 
According to the state-of-the-art revealed by our investi-
gations there is no established methodology combining 
the discussed advantages of component-based, collabora-
tive, and concurrent software engineering in a model-
driven process. 
 

7. CONCLUSIONS 
 
Aiming at increased productivity, quality and flexibility in 
business application development, our methodology in-
troduces the combination of three main features–the three 
Cs: component-orientation, collaboration, and concurrent 
engineering. By implementing these principles we envi-
sion improved software process performance in terms of 
time-to-market, reuse, and automated code generation 
aspects. 
In order to verify the superiority and acceptance in real 
world development scenarios, we are planning to discuss 
and later implement larger parts of the C³ process in sev-
eral IT service companies in southern Germany. More-
over, a domain repository for financial service providers 
is intended to be established in cooperation with two large 
banks–also in southern Germany. Building code generator 
frameworks for different component platforms is pro-
jected as well. All those efforts are embedded in a large 
state-funded project called CollaBaWü, spanning three 
years of intensive research/industry collaboration and 
knowledge transfer. 
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