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Abstract

Complex and distributed systems are more and more
common. Hardware is going from strength to strength and
is embedded in high performance peer-to-peer networks
mostly. The task of a software engineer is to develop soft-
ware systems which are able to take part in these new pos-
sibilities. Hereby, the drawback is the simple fact that such
software systems and their modeling are getting more and
more complex.

If we are looking at the difficulties between customer
and developer teams, especially misunderstandings be-
tween both, then the challenge to model customer oriented
systems is even higher. For customers it is hard to under-
stand the frequently used terms, process models, and tech-
nological concepts. Developers have a hard time to un-
derstand domain specific processes and structures, and ex-
hibit a tendency to abstract concrete examples to higher
level constructs. These problems are especially hard to
avoid during the development of dynamic, distributed sys-
tems with multiple nodes and possibly asynchronous behav-
ior.

In our research we develop a customer-friendly refer-
ence model to demonstrate the aspects of dynamic dis-
tributed systems understandable to the customer. This
model presents and simulates the dynamic aspects of (dis-
tributed) systems without immediate abstraction from exam-
ples and allows for a stepwise generalization and evalua-
tion with help of the customer team. In its final version the
reference model will serve as a requirements statement for
the professional developer.

There are two issues we are going to discuss before we
introduce our approach. First, we shortly survey the situa-
tion in the distributed systems domain. Secondly we pin-
point the importance of customer centered modeling by re-
flecting on the usual success rate of software projects.

1 Modeling Distributed Systems

Modeling and designing software systems is a
widespread and well researched job profile. The modeling
of truly distributed systems is currently gaining interest and
will be the dominating development profile in the future.
However, its structure and work-flow have not been the
focus of major research efforts so far. In this paper we will
restrict our discussion to the distributed systems domain.

Most modeling approaches in this domain are based on
Petri Nets. Already at the end of the eighties the first
dedicated models for distributed systems were published.
Krämer [6] combines Petri Nets and abstract data types into
a formal, semi-graphical language, SEGRAS. Kindler [5]
also uses Petri Nets to achieve a modular design in a dis-
tributed structure. See also Object Petri Nets [18]. Many
others followed the same trade-off.

Petri Nets are abstract, formal models with strict rules
for static specification and dynamic behavior. Because of
this, Petri Nets are hard to understand for customers with
little experience in computer science. Thus, they should
be available to the developer, but strictly hidden from the
customer.

Another approach emanates from the Unified Model
Language (UML). Emmerich [1] represents UML-
notations, e. g. use case diagrams, class diagrams for
distributed object design. The major disadvantage is that
UML has not yet fully formal semantics, at least in most
of its notations. An online questionnaire [8], distributed
and evaluated by our team, shows again that object ori-
ented modeling is not easily understood by non computer
scientists.

Giese [4] brings together both approaches. He combines
object oriented modeling with Petri Nets in OCoN. How-
ever, the problem of possible misunderstandings between
the customer and developer teams is still prevalent. In our
opinion the logical conclusion must be to make sure that on
the one hand the model of a possibly complex, distributed
system is formal and provably consistent for the developer
team and, on the other hand, fully transparent and under-
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Figure 1. Success of software projects – Source [15, 16]

standable for the customer.
In the remaining portion of this paper we first discuss

the well known problems of software development projects,
with a special emphasis on the fact that in most all method-
ologies and tools the customer is not treated as a first class
citizen. We believe this point to be one of the decisive issues
in the development of distributed systems and will, there-
fore, offer a solution concept that integrates the customer
via a separate reference model that features different views
for different user groups. This will allow to integrate an
informal and example-based view for the customer with a
formal and type-based view for the developer. We conclude
our presentation with a look at our working status and a dis-
cussion of future work.

2 Success of Software Projects

As most developers are no doubt aware, often the devel-
opment of software is canceled in late phases or is retarded
for months. At regular intervals the Standish Group [13]
published a research report about the success of software
projects. Since the first release 1994 [14], every time about
70 percent of all projects miss their goals (Figure 1).

A study [10] on the state of IT project management in the
UK carried out by Oxford University in 2003 is alarming.
This study reported that only 16 percent of IT projects were
considered successful.

In connection with modeling of complex software sys-
tems not only technical problems cause projects to fail.
Mostly abstract and formal models, which provide a concise
and clean basis for the developer, are not easy to understand
by the customer.

Our online questionnaire [8] handed out to (local) small
and medium-sized businesses arrived at similar results.
Goals of the questionnaire were to get answers regarding
the state of art in practice. Which process models, meth-
ods and notations will be used? When, where and how arise
problems between customer and developer teams during the
development process? In addition it was important for us to

get an answer how the customer is integrated in the devel-
opment process. We got back 65 answered questionnaires
from 54 companies mostly with less than 50 employees.

As one conclusion of the questionnaire we got a feed-
back about difficulties during the development process (see
Figure 2). In addition to

(1) imprecise customer requirements and
(2) changes in requirements

also

(3) customers are not familiar with common
techniques in software engineering and

(4) developers are not familiar with customer’s
domain problems.

This causes major problems during the software develop-
ment process. The figure shows the percentage of partic-
ipants who have indicated choices of the question: What
do you think are reasons for difficulties during the software
development process?

10% 20% 30% 40% 50% 60% 70% 80%

(4)

(3)
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Figure 2. Reasons for deficiency in percent

Regarding the results of these studies we face two im-
portant points as success factors, as many others before:

1. User Involvement

2. Clear Statement of Requirements
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Methods which involve users and support understand-
ability, e.g. Participative Design [12] (STEPS [3], PIC-
TIVE [7], C.A.R.D. [17]) are not widely spread. Not all,
but most participative methods demand higher manpower
requirements, skilled personnel and more time. This is in-
volved with higher cost. Especially for small and medium-
sized businesses this turns out to be too expensive.

To analyze the second factor – clear statement of require-
ments – investigations resulted in three main communica-
tion problems, mostly occurring in early phases of the soft-
ware development process:

• Problems at the identification of requirements for sys-
tems to develop

• Misunderstandings because of different comprehen-
sion of terms

• Communication problems during the transformation of
informal customer requirements into formal require-
ments for developers

Distributed and web-based applications, especially gen-
eralizations of the dynamics of such applications, are tough
to comprehend for the customer and ask for well devel-
oped skills in abstraction and problem matching. This leads,
in turn, to the effect that the customer either needs lots
of attention to be guided, often on the basis of examples,
through the abstracted, type-oriented model or simply dis-
connects from the development process and is later-on most
likely disappointed with the results, causing project failure
or costly re-development efforts.

At Friedrich-Schiller-University Jena (FSU) we suggest
to develop a special reference model where the dynamics
and distributed properties of a system are made visible,
mostly on the level of concrete work-flow examples. We do
not want to develop just another new notation or tool, which
is not understandable to customers. We take an existing and
often used notation as a basis. On a level above that notation
we affix a customer-oriented and understandable additional
notation. Between both notations is an automatism which
translates the customer-oriented notation in the existing en-
gineering notation. Derived abstract and formal models re-
main available to the developer but are hidden from the cus-
tomer. In the sense of participative system design [12] the
customer is included directly into the requirements and de-
sign tasks, although technical complexity is hidden inside
a black-box and presented to the customer in a digestable
format. The end-user is modeled as the triggering entity of
example work-flows and gets the chance to edit and correct
these work-flows and its associated data structures directly.
Generalization is done in a stepwise fashion and makes sure
that the user-model remains concise and correct.

3. Proposed Solution

On the one hand we propose a new flexible approach in
the early phases of a development process. The reference
model creates a new way for a flexible interplay between
requirement analysis and system design. On the other hand
the reference model includes a new customer-oriented mod-
eling tool kit which explains the system considering exam-
ples of real world scenarios with animation. It should be
noted that our approach, based on a new view of customer-
developer interaction, does not replace existing life-cycles,
notations, or tool environments but is designed as an add-
on that improves end-user participation and model evalua-
tion. Furthermore, it is compatible with most technical ap-
proaches and internally based on well known notations and
tools, thus providing an interface to most life-cycles and de-
velopment processes.

3.1 Reference model as process model

The new flexible approach in the early phases of the de-
velopment process supports requirement analysis and sys-
tem design, not stepwise successive but rather in cooper-
ative interplay. The fundamental elements included in our
reference model can be seen in Figure 3. This figure reflects
the external, customer-driven view.

The reference model is composed of an outer and an in-
ner layer. The outer layer is simply a representation layer
(GUI). The inner layer is used to provide the customer with
a visual description of the inner mechanisms that drive the
system under development, based on examples presented
as animation sequences. This will help the customer to
understand why the system behaves in a certain way and
moves away from a pure black-box approach that offers a
GUI only. Please note that the description of the mechanism
has to be a simplified and example-driven model that does
not necessarily reflect the underlying technological solution
and that it may preceed this concrete technological solution
(that can be added-on in a later phase).

This model does not only show the inner processes of
the system to the customer but also involves the customer
actively in the early development of the system and can be
used for further analysis steps. With the help of the GUI
and the Mechanism, a horizontal prototype can be designed
in collaboration with the customer. A vertical prototype can
be designed to refine the mechanism further. The customer
can trigger (the visualization of) an inner process with GUI
elements of the outer process and observe the system’s in-
ner workings, from his perspective, by having a look at the
animation of the mechanism. Both prototypes help to iden-
tify in more detail typical work-flows (Dynamic Elements)
as well as entities (Static Elements) of the system.

When talking about entities and work-flows we really
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Figure 3. Customer-oriented reference model

mean entities, in the sense of instances, and not entity types
(the same holds for the work-flows). This allows us to
present the customer examples with traceable values, to
model multiplicities, copies, recurrences, variants, and un-
folded structures (e.g. trees), instead of generalized and ab-
stracted data structures (and flows). Therefore, the dynamic
generation, manipulation, and deletion of entities or sub-
systems, as well as the cooperation between (sub-)system
instances, can be modeled explicitely and are not reduced
to mere annotations in a (semi-)formal, IT specific nota-
tion that targets the type- instead of the instance-level. We
strongly believe that entities (instances) are better to be un-
derstand by the customer than classes. Thus, we name our
approach User Participation by EXample – UPEX [2].

During further iterations and refinement steps, in close
cooperation with the customer, the reference model is
slowly completed. With active customer participation the
system analysis can promote further. This can be done by
adding-on further examples and instances, e.g. to cover
more unusual situations, error-handling problems, external
interfaces, etc. Finally, a certain level of generalization can
be achieved, we believe by the customer team itself, by clas-
sifying similar entities and work-flows and adding them also
to the reference model. This will give the developer team a
chance to raise the level of abstraction, starting from the ba-
sis the customer team provided, to the usual level of abstrac-
tion employed in requirements and design models, and/or to
compare with already existing (internal, technology-driven)
models the developer team had already developed in paral-
lel.

3.2 Reference model as modeling kit

As mentioned before, we strive to utilize existing nota-
tions (and development processes) wherever possible to stay

compatible with the main stream in software systems devel-
opment techniques. However, these notations and processes
must suit our requirements, as outlined above. First explo-
rations [11], [9] have shown that most existing notations,
and especially development processes, do not fit the bill
right away. This is due to the fact that we think rather in in-
stances than on the type-level and that we target executable
work-flow specifications that provide for future generaliza-
tion.

Currently we look at UML and its extensions, simply
based on the fact that it forms a de-facto standard in the
field. However, we also want to check further notations,
like extended Petri Nets and work-flow systems, to form
the internal engine that will drive the future UPEX system.
We try to develop our “Static Entity-Structures” and “Work-
Flow-Structures” in such a way that the structures conform
to existing and widely used notations. For “Static Entity-
Structures” and “Work-Flow-Structures”, we work with real
world instances well known to customers. The entity types,
the abstraction of the entities (classes), are hidden for cus-
tomers as they are not so familiar with abstraction (see re-
sults of questionnaire). The classes are needed by the devel-
oper to find a model which is suitable to realize the software
system. So our reference model is used as a modeling kit to
elicit requirements and to create a (formal) model based on
customers needs.

To achieve this formal model which is consistent with
the customer’s needs (and not only with the documented re-
quirements) we simulate the behavior of the system using
a prototype approach on the outer level and, on the inner
level, we animate (business) processes realized within the
software system. Petri Nets as an abstract and formal ba-
sis for the developer are quite good for internal background
of our animation. The outside representation of an anima-
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tion should be an image-driven approach, e. g. business ele-
ments effected by an inner process are visualized using im-
ages, and their interplay is animated.

For a quick creation of an user interface we have looked
at paper prototypes and will develop a tool which handles
an easy web-based horizontal prototype without any busi-
ness functions behind. With the help of this prototype the
developer will be supported to find necessary interface el-
ements and to create navigation sequences for user work-
flows. The prototypical graphical interface will be replaced
incrementally by a final version realized by developers. So
early feedback by real users is supported.

3.3 Cooperative Development

The GUI (Representation) and Visualisation/Animation
(“Mechanism”) in Figure 3 show the customer a view of the
system. The Static- and Dynamic-Elements are further in-
formation for the customer, but not in such a clear animated
and prototypical way. Static Entity-Structures and Work-
Flow-Structures are notations for these elements which do
not use abstract elements (classes) but instances as men-
tioned before. These structures (notations) should be cho-
sen in such a way that they are conform with or trans-
formable with common notations like UML notations. With
the help of the GUI and the Visualisation/Animation the
customer can detect additional instances.

Consider for example the postal delivery in an institu-
tion. Normally the secretary writes a letter for the boss. In
abstraction we have two classes, secretary and boss. In our
reference model we do not speak in classes but in instances.
So we have two instances, Susan (secretary) and Jeff (boss).
In a first conversation the customer has explained this work-
flow as follows: write letter → boss signature → address
letter → stamp. In our animation the customer notes “print
job” is missed. Hence, the work-flow element “print letter”
has been added to Dynamic Elements and the animation can
be adapted. Now the customer remarks the technical em-
ployee is missing who manages the printer. So Joe, techni-
cal employee, can be added to the Static Elements. In a step-
wise development with the help of the animation and GUI
the Static- and Dynamic Elements can be composed. With
these two structures the developer can build a formal and
concrete model not only on the level of instances. In fur-
ther time it is considered to develop an automatism which
translates the Static- and Dynamic-Elements in a model de-
scribed with common notations.

4. Working Status

We have analyzed and evaluated existing notations and
tools for usage in the reference model as modeling kit. Ad-
ditionally we have developed a questionnaire which was

handed out to a number of local companies [8]. It explores
which development and process models are used in prac-
tice, especially in small and medium-sized businesses, and
what is regarded to be necessary and understandable, both
from a developer and user perspective.

The evaluation of the questionnaire will lead to refined
requirements for a mix of notations which can be used to
describe entities and work-flows customer-friendly and to
drive the UPEX as its internal engine. Based on this we will
have to refine the process of matching this type of reference
model to customary developer tools and notations, simply
to provide the capability to feed the results of the UPEX
approach into any standardized development process.

Combined with an augmented development process we
also propose the usage of a glossary of terms to avoid mis-
understandings. At the present time we work on a web-
based glossary which explains domain specific terms for
domain experts and lay people.

5. Future Work

In our future works we want to design the notations
“Representation”, “Static Entity-Structures”, “Work-Flow-
Structures” and “Mechanism” in customer understandable
diagrams. There we look to UML and the studies about in-
tuitive symbols.

An evaluation of the proposed reference model should
run in two cycles. After the first evaluation the results
will be integrated in the reference model and after a sec-
ond evaluation the reference model should be transfered in
well known life cycles and notations.
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