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Abstract

This article describes our conceivability of a software platform, which should facilitate collaboration,
coordination and communication within virtual-networked cooperations in the context of civil and building
engineering projects. These cooperations are characterized by highly dynamic structures and complex
heterogeneities, frequently leading to problems and conflicts among the participants of these cooperations. In
order to avoid these undesired consequences, we propose a component-based, distributed, and adaptable
software platform, which should cope with the described problems of networked cooperations. We argue that
such platform should support a decentral Peer-to-Peer architecture, that is, a network consisting of independent
hosts (peers) without a single server. Furthermore, we introduce awareness and coordination concepts, regulating
the collaboration of participants using the platform.

1 Introduction

Considering complex, to date building projects, one will certainly ascertain that the design
and execution are uncommonly carried out at a single place. Rather, a plethora of different
participants e.g. companies, engineers, or administrative agencies, which are geographically
distributed from each other, confederate into a networked, virtual enterprise or cooperation.
Within such an enterprise, all participants conduct the planing as well as the execution and
control of a building project cooperatively. A single participant is thus able to attend to a
couple of projects simultaneously, without being presented at all places.

These virtual cooperations are characterized by the following typical criterions, which can
actually reduce the potential synergy effects of these cooperations and, in consequence, give
rise to undesired problems and conflicts. As already mentioned, a set of different partners join
a cooperation. However, the size as well as the compilation of a cooperation varies while the
project proceeds, because participants join and leave the cooperation dynamically dependent
on their respective tasks. As a result of the distributed nature of these cooperations and due to
the fact that most of the partners prefer working independently, it is rather difficult to
establish a global coordination of all partners. What is more, partners are seldom aware of
what others are doing or which members actually constitute the cooperation at a definite time.
Furthermore, all participants usually have different views and interests within a building
project and insist of working on their own, specific data models, which fulfill their personal
demands and needs at a best possible rate. However, approaches to integrate existing data
models into one common, global model or mechanisms to transform data, are in the majority
of cases yet missing. Besides this heterogeneity on a data level, one can figure out other levels
of heterogeneities, namely on a technical and application level, respectively. From a technical
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point of view, one must take into account that partners possess different kind of hardware,
different operation systems or communication infrastructures. Additionally, they use various
software applications depending on their domain-specific role, e.g. CAD-systems or planing-
tools. The software compilation of a single participator can also vary depending on the status
of a project or because the participator is involved in some projects synchronously.

To put the aforementioned criterions in a nutshell, one can determine, that virtual
cooperations are characterized by highly dynamic structures (the environment of a
cooperation changes continuously) and complex heterogeneities. These characteristics
circumvent sufficient coordination and communication within the cooperation and, thus,
frequently lead to conflicts and misunderstandings among the involved participants. In the last
resort, these conflicts might even result to failures of complete projects. In order to avoid
these problems, it seems obvious, that such cooperations need an adequate information
technological support, that is a software platform, which facilitates collaboration,
coordination, and communication within cooperations. Exactly speaking, a platform must
manage with the explained dynamics and heterogeneities of virtual-networked cooperations.
The objective of our research is to design and implement such a platform together with an
appropriate coordination and awareness model, which unveils and coordinates the
collaboration of all participants using this platform'.

The rest of this paper is organized as follows: section 2 presents fundamental demands on a
platform with respect to the problems elaborated in this section. In the subsequent section the
current status of our implementation work is outlined. The last section summarizes the current
results of our work and suggests future work.

2 Design Principles

Starting from the problems of networked cooperations in the context of civil and building
engineering, figured out in previous section, we have derived a set of principal design
requirements for a software platform. Apparently, a possible platform has to be extendable
and adaptable in order to master with the dynamics, that is, the rapid and continuous change
of the environment within a building project. Precisely speaking, the platform must allow
integrating new project members dynamically and seamlessly during the progress of a
building project. By adding (or removing) new partners, all other, yet existing members
should be informed, accordingly. A single entrant should be capable of acquiring and
composing their applications within the platform according to their personal or task-oriented
requirements. Any member working with own (legacy) software tools should be able to
integrate these applications within the client environment (provided that these tools support an
open architecture allowing communication with external applications). Each client
environment is to be provided with a management console, which enables a participator to
adapt and extend their environment in a comfortable way. Dedicated members should have
the right to foster the entire cooperation by introducing completely new applications, or by
adding new members into the cooperation. For this purpose, the platform must possess a right
model, which explicitly defines the competencies of each member.

' This work is funded by the German Research Foundation (DFG) in the context of the Joint Research
Programme “Networked Cooperative Planning Processes in Structural Engineering”.
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The platform should tackle different kinds of complex heterogeneities of cooperations. Due to
the fact, that partners frequently use different kinds of hardware and software platforms,
various information and data models, we recommend to realise the platform with technologies
based on a combination of Java and XML technologies. Both technologies are platform
independent allowing mobility of data and services. Additionally, combined with a mediator
approach as in (Radetzki et al. 2000) the interoperabilities between various data models can
be bridged.

Software Components as Basic Technology

In order to provide such a highly flexible and adaptable software platform, we propose
software components as the basic technology. In the field of software engineering, software
components are often considered as the overall solution to build highly integratable and
reusable software systems. According to the definition in (Szyperski 1998), components can
be seen as self-contained units of composition, with contractually specified interfaces and
explicit context dependencies. Components are, or at least should be, independent to other
concrete components. Hence, the replacement or the addition of a component during runtime
does not affect the running system. By means of an event-based communication model,
components can communicate or interact among each other. This interaction among
components can even take place remotely across different machines, provided there is an
appropriate communication infrastructure, such like a CORBA ORB or simply a TCP/IP
network. A set of rules and specifications of how to realize a component is termed component
model. Prominent representatives of component models are Sun’s JavaBeans, the CORBA
Component Model (CCM) by the OMG, as well as the COM/DCOM approach by Mircosoft.
Several extensions of these models have been introduced, for instance the FLEXIBEANS
model by (Stiemerling 2000).

In our model, components can be divided in domain-specific and interdomain components.
Domain-specific or vertical components serve as concrete domain applications, e.g. a special
CAD application for architects. Interdomain or horizontal components offer domain-
independent functionality, for instance office tools. All components reside at the participator’s
machine and interact among each other and with components residing on other machines.
Additionally, the platform consists of general-purpose services e.g. persistence or transaction
services. Our segmentation among components and services is derived from the OMA
specification by the OMG (OMG 2001). Such developers, who are willing to implement their
own components, must obey a specific component model. However, users can also purchase
components from third party vendors. In order to support a broad range of different
component models, adequate bridges like JACOB (Adler 2000) must be provided.

Peer-to-Peer as networking technology

It was already pointed out in the previous section, that a couple of independently and equally
working participants usually confederate a cooperation. Hence, it is somewhat difficult to
determine a dedicated member, who is willing to act as the overall responsible, e.g. by
maintaining a dedicated server. Apparently, the conventional centralized client-server-
networking paradigm does not fit for an appropriate networking model for our purposes. We
therefore recommend the adoption of a decentralized organized network with a couple of
equal nodes (=peers) without a dedicated server. These networks are referred to as Peer-fo-
Peer (P2P) networks.
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The P2P technology is actually not new. The Domain Naming Service (DNS) of the Internet
for instance, is organized as a hierarchical P2P network (Minar et al. 2001). However, it has
regained high popularity due to the widely known file sharing systems e.g. like Napster
(Shirky 2001), Gnutella (Kan 2001). One crucial criterion for P2P is that, instead of strictly
decomposing the system into clients (which consume services) and servers (which provide
them), peers can elect to provide services as well as consume them (Gribble et al. 2001). In
contrast to centralized client-server networks, peers dynamically band together for a
temporarily restricted space of time, in order to fulfill a dedicated task. This model appears
appropriate for our intentions, since the composition of a cooperation usually changes during
the progress of a project, too.

Due to the fact that the amount of administration in P2P networks is somewhat reduced
(Gribble et al. 2001), users are relieved from superfluous and copious work. Considering
again our scenario discussed in this article one can realize that participants with higher
competencies could apparently more concentrate on their actual, domain-specific tasks. The
P2P technology however has also several drawbacks. Since the actual content of a network
remains at each single (potentially unreliable) peer of a network, data availability cannot be
guaranteed adequately. In order to obviate this, pertinent data replication and redundancy
mechanisms must be introduced, for instance like in the Freenet network (Langley 2001).

Awareness and Coordination Mechanisms

The design principles presented so far illustrate rather technical demands but make no
concrete propositions of how potential participants of a cooperation can coordinate their work.
In order to provide a seamless sequence of work within the cooperation, one has to define a
process model, which schedules the tasks of each entrant. However, due to the complexity of
problems the cooperation has to take care of, and due to the plethora of involved people, it is
almost impossible to declare a sound process model. Therefore, it is not our objective to
develop a (novel) process model for our platform. Our purpose is to provide auxiliary
mechanisms such like awareness which are based on top of a (given) process model.

Awareness is a quit popular research topic in the area of groupware systems. These systems
are usually deployed in an environment consisting of a group of people and which perform the
general role of supporting the cooperation within this group (Stiemerling 2000). An often-
cited definition of awareness can be found in (Dourish 1992): “Awareness is an
understanding of the activities of others, which provides a context for your own activity.”
With the introduction of awareness in groupware systems, each user is equipped with
mechanisms, with which he or she can be aware or informed of activities of other users
belonging to a common task or process. For example, if a user is opening a shared document,
a predefined set of users will be informed about all subsequent changes. This kind of
awareness is also called task-oriented awareness. Awareness can also be a foundation for
conflict recognition and resolution, respectively (cf. Wulf et al. 2001). In the field of
networked cooperations within the given context, where one has a high potential of conflicts
and problems among the members, it appears reasonable to have such conflict prevention
techniques. We therefore recommend having an awareness client in terms of an interdomain
component, which can be integrated by any other domain component. Thus, the entire system
remains flexible e.g. for that case, if new conflict resolution mechanisms should be integrated
at a later date.
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3 Status of Implementation
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distributed, component-based multi-user applications. The platform supports client-server
applications, which are distributed over a TCP/IP network. The EVOLVE server deploys all
server-sided components, which have no graphical user interface. In contrary, client-sided
components include user interfaces. These components reside in a so-called EVOLVE client,
which can either be a stand-alone application or embedded within a web page as a Java
Applet. A Client must first register to the EVOLVE Server. After, all necessary components
will be sent to the respective client, instanized and finally executed. This distributed client-
server application is depicted in the lower half of Fig. 1. The entire composition of
components can be adapted during runtime by means of a management console. All
components are based on the FLEXIBEANS component model. This component model is an
extension of the Java Beans component model with a set of new interaction styles. Most
notably, it enables components to interact remotely by utilizing the Remote Method
Invocation (RMI) technology of Java. Allowing non-FLEXIBEANS to join the platform we
based on an adapter-bridging approach realized in the OPALIS platform (Radetzki et al.
2000).

The upper half of Fig. 1 depicts our ongoing further development of the EVOLVE platform
providing a multi-server environment and P2P technology, respectively. Starting from the
EVOLVE server, a set of so-called server sessions can be generated and placed on arbitrary
machines within a network. These sessions actually include the same components as on the
original server. Clients can communicate and interact with any of these sessions,
subsequently. By spreading server sessions over the network one is able to establish virtual
networks, which could be assigned to a dedicated group. In order to coordinate the
collaboration among different virtual networks (or groups), we additionally offer session-to-
session as well as client-to-client communication. The later can clearly be indicated as P2P
communication.

In addition to this, we have yet developed certain concepts to realizing awareness within
distributed systems, particularly in groupware systems, e.g. (Wulf et al. 2001) and
(Rittenbruch 1999). Some of these concepts have been realized in a couple of prototypes. A
recent approach we pursue is based on agent technology. In this model, agents act on behalf
of an entrant and are capable of observing the activities of other participators and notify his

Alda, Radetzki, Bergmann, and Cremers



origin entrant about particular events accordingly. In situations of conflicts, the respective
agent could negotiate with other agents autonomously or semi- autonomously in order to solve
the conflict.

4 Conclusions

In this article we have presented general design principles for a software platform, supporting
networked cooperations in the context of civil and building engineering. This platform
incorporates the concept of software components with new Peer-to-Peer technologies. On top
of this, we have proposed approaches to coordinate the collaboration of participants within a
cooperation in terms of awareness concepts. We finally outlined our approaches towards an
implementation of these ideas. Here, the EVOLVE platform serves as the foundation platform
for further developments. We indicate these developments as the main part for our future
work in this project. Besides, we conduct research towards a more sophisticated interaction of
clients by grouping together entrants of a virtual network as one virtual client (or peer). This
allows hierarchical aggregation of clients, accomplishing the posting or the reception of
information to/from a group of clients simultaneously.
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