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Abstract 
Modem product development processes require increasingly the multi-disciplinary collabora
tion of experts but for the integration of specialized applications into a concurrent engineering 
environment mechanisms for coordinating sessions have to be established. 

We describe the architecture of a system of multiple agents supplying the functionality of a 
sieve for messages sent to a common database system. Several floor policies are provided in a 
interpretable way in order to achieve user acceptance on the one hand and to maintain coordi
nation of various applications in one session on the other hand. 
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1 INTRODUCTION 

The rapid technological change, the fact of diminishing product life spans and growing custom
er requirements are outlining conditions for modem product development which become more 
and more hard to please. Especially the communication and collaboration of experts of different 
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disciplines in the early phases of product development processes are important to guarantee the 
reduction of iteration cycles and therefore the time to market (Bullinger, 1995). 

Whereas concurrent and simultaneous engineering (CSE) systems like CONSENS (Bull
inger et a!., 1996) provide software platforms for the integration of different tools on the basis 
of a common product model (Koch eta!., 1994) there is no architectural support for collabora
tion in synchronous sessions in order to exploit all the information resources within an enter
prise to improve design decisions in stages where little knowledge about the product is 
available. 

2 PROBLEMS IN HETEROGENEOUS ENVIRONMENTS 

Because of the diversity of problems and skills of the engaged engineers user-adapted, special
ized tools with graphical user interfaces have to be still applied in order to increase the effec
tiveness in the development process- but considerations of concurrency control have to be taken 
into account now. So the meaning of coordination during sessions and therefore the problem of 
floor control is becoming important and the question for an architectural layer solving this prob
lem in a flexible and scalable way arises. 

Principally an approach which prevents simultaneous operations is not utilizing the potential 
of users working in parallel and therefore it is hampering the effectiveness of collaborative 
work. Synchronous CSCW -tools that are currently supporting nowadays product development 
processes like Whiteboards, Joint Editing or Joint CAD (Schumacher, 1995) use built-in coor
dination mechanisms like floor passing which coordinate the work of the users. These mecha
nisms consider the way users interact with the applications and are often designed to be as 
restrictive as necessary and as liberate as possible and are naturally strongly dependent on the 
interaction model. Although it is reasonable in some cases to limitate activity to a certain set of 
users this approach is too restraining for many other situations. Hence for the integration of tools 
with different user interfaces as described before there is the difficulty of combining different 
coordination mechanisms with different degrees of restriction in one session. 

3 COORDINATION APPROACH FOR COOPERATIVE SYSTEMS 

Cooperative systems are characterized by the fact that several users are interacting simultane
ously with one or more applications which have access on a common data set. In order to work 
coordinated with these cooperative systems group protocols are applied. In contrast to technical 
protocols which are supported by hardware or software solutions the category of social proto
cols where activity is coordinated by the participants themselves seem to be well suited. 

But especially when a latency of transmission appears and the number of session participants 
increases (Lauwers eta!., 1990) or the behaviour of the participants is getting to disinhibited 
because of the lack of a social presence (Procter eta!., 1994) the use of pure social protocols 
becomes inconvenient. On the other hand technical protocols used for the purpose of resolving 
interpersonal conflicts are criticized and the improvement of communication structures in order 
to increase the awareness of other participants is recommended by (Hughes, 1993 ). In addition 
to this there is the danger of human-computer conflicts which results in the frustration of users 
(Condon, 1993). 
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3.1 Design criteria 

In order to achieve a compromise on the use of technical protocols and the social acceptance of 
a coordination mechanism it is reasonable to provide several floor passing policies per session. 
The diverse mechanisms can be classified by the following criteria (Lauwers et al., 1990) like 
• the number of participants holding the floor simultaneously and therefore having access to 

write operations, 
• the rules for managing the floor and 
• the scope of the coordination mechanisms. 

Another requirement for a coordination layer is the need for scalability. Users must be allowed 
to enter or to leave a running session at any time without resulting in an inconsistent state of the 
session and the coordination layer. 

3.2 General architecture 

For the integration of different applications into a collaborative environment we planned a ,co
ordination layer" as an architectural support on the basis of floor policies. The coordination lay
er is designed to work as a sieve which is placed in between the applications and a global 
database system and is supposed to filter messages sent by applications in order to perform ma
nipulations of common data. These write-messages are passed to the database if and only if the 
coordination layer recognizes by the reason of the chosen floor policy and its current state that 
the application is allowed to manipulate data . 
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Figure 1 General architecture of a floor agent's components and the multiplexer. 

With the presumption of having a global database system available which is propagating 
changes to all application instances by itself it is on the one hand not necessary to broadcast 
messages to all participants and thus on the other hand it is needless for an application to be able 
to interpret these messages in order to actualize its state and data. Therefore the present realiza-
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tion of the coordination layer consists of a system of multiple floor agents with a replicating 
character which are bound to the applications and with each agent responsible exactly for one 
attached application process. The floor agents provides the interpreters for floor policies in or
der to make the usage of different mechanisms possible and the user interfaces to enable users 
to manage the floor. 

For the communication between the floor agents a multiplexer that serializes all messages in 
order to achieve an ordered delivery was implemented. The overall architecture of the applica
tions and the floor agents communicating via the message multiplexer is shown in Figure 1. 

Floor policy 
Due to the fact that several floor control mechanisms have to be taken into consideration we 
specify each floor policy within the coordination layer in a formal way in order to allow its in
terpretation by the floor agents. 

The different mechanisms are described in an object-oriented way in order to take advantage 
of similarities between floor control mechanisms (see Figure 2) and therefore there is a class 
hierarchy available as the agent's floor policy. The complete functionality of a floor control 
mechanism and its according user interface is encapsulated into one class. Hence when the floor 
agent decides to choose a certain policy just an object-instantiation of the relevant class is nec
essary. 

Figure 2 A class hierarchy for floor policies. 

Application plug 
For attaching an application to a floor agent it is necessary to build a wrapper that communicates 
with the application process. The floor agent supplies a write-enabled flag that has to be passed 
to the application. 
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Policy negotiator 
When instantiating a session of different tools the agents start a negotiation about the mecha
nisms that will be selected for coordination. Each agent is told about the subset of mechanisms 
its application can handle and the role of its current user. If there is a intersection found as a 
result the session can be started with the least restrictive mechanism used. A similar negotiation 
will take place if a new session member is invited but is not able to handle the current coordi
nation mechanism. If in order to keep a present session running an invitation is revised if the 
new negotiation is not successful. 

3.3 Realization 

A floor agent prototype is currently implemented with the object-oriented extension (Increment 
Tel) to the Tool Command Language (Tclffk) (Ousterhout, 1994) and the Tci-DP supplement 
for communication. An interpretable language was chosen because of the idea of describing the 
policies in a formal way in order to be able to switch floor passing mechanisms during runtime 
arbitrarily. Different examples like e.g. whiteboards or application sharing tools and the thought 
of moderating video-conferences led to the realization of the following classes: 
• In a free floor class there is no coordination at all and each user is allowed to write. It is the 

similar mechanism that is used in whiteboard or brainstorming applications. 
• The pre-emptive floor class is a specialization of the free floor class. It restricts the floor to 

just one user but everyone can grab it. 
• When using the explicit release class other user can't grab the floor until the user who is 

currently holding the floor releases it explicitly. 
• The explicit release w. FIFO-queue class extends the explicit release class with a waiting 

queue. 
• In the central moderator class there is one moderator who assigns the floor to one or more 

users. The moderator is privileged to revoke the floor as well. 

4 RELATED WORK 

Numbers of researchers proposed distributed problem solving technology for concurrent de
sign. A Distributed and Integrated Environment for Computer-Aided Engineering (DICE) on 
basis of a blackboard architecture was presented in (Sriram et al., 1992) and an approach for a 
Distributed Intelligent Design Environments (DID E) by applying multi-agent system technolo
gy was proposed in (Shen and Barthes, 1995). 

A realization of coordination in distributed environments built upon a Shared Interface-Ob
ject Layer (SOL) focusing on simple graphical interaction techniques is described in (Smith et 
al., 1994) and techniques of Cooperative User Display Agents supporting different views are 
explained in (Bentley eta!., 1992). 
Real-time groupware concepts like shared context, group window or telepointer are shown in 
GROVE (Ellis et al., 1991). The idea of a common ground as a basis for groupware was ex
plained in (Clark and Brennan, 1990) and most influence for the coordination layer is coming 
from the area of collaborative writing (Galegher and Kraut, 1994), (Sharples et al., 1993). 

A knowledge-based model for Human-Computer-Human-Communication regarding the ex
ample of cooperative authoring of hypermedia-documents that considers a Coordination Com-
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ponent based on a replicating CLOS implementation was researched in (Gunzenhiiuser et a!., 

1994). Replicated architectures for groupware themselves are presented in (Borghoff, 1995). 

5 FUTURE WORK AND CONCLUSION 

The coordination layer is a flexible way to ensure floor control in groupware applications and 

different applications can be integrated by implementing corresponding application plugs. Cur

rently we use the floor agents for the moderation of audio-/video-conferences as well. 

A main advantage is the potential adaptability to different organizational structures and roles 

and the support of different views but as a matter of fact we don't provide role models at this 

time. Because of the ongoing work concerning the project management and role models in the 

product development process itself descriptions of floor control mechanisms are not irrevocable 

and have to be redesigned. 
For the implementation of multiple sessions we will examine a cooperative transaction mod

el for groupware-support on the database level and the multiplexer for communication purposes 

will be replaced by a group protocol like the reliable multicast protocol (RMP) (Montgomery, 

1994) to guarantee order delivery and atomicity of messages. 
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