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Abstract 
Virtual Prototypes allow the product development process to concentrate on a fully digital 
basis. Unfortunatelly, most CAD environments do not support concurrent data access of 
several users. This makes it necessary to include refinement loops, an often time consuming 
process. 
In this paper, we define an CAD framework which allows coopertaive working of multiple 
users using different tools. This enables a new working paradigm, we call COOPERATIVE 
ENGINEERING. Instead of time consuming refinement loop iterations, intercative multi
disciplinary work is introduced. The benefits of this new working paradigm are manifold. 
Most important are the shortening of the design cycles and quality improvements due to 
the enhanced information contexts build by the shared sessions. 
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1 INTRODUCTION 

In the last decade, computer-aided (CAx) and computer-integrated (Cix) technologies 
had a strong influence on the product development process. Prototypes are needed for the 
feedback of evaluation experience back into the electronic design. 
Physical prototypes need a refinement loop of design, preparation and evaluation, step
by-step. Fully digital prototypes overcome this refinement as discussion and modification 
can take place at the same time. 
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Figure 1 Environment considered for Virtual Prototyping 
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This cooperative working (CSCW) is the next step for making the product develop

ment even faster and efficient. In contrary to most basic CSCW applications, an open 
environment with heterogeneous application (see fig. 1) has to be considered. 
Therefore, certain assumptions have to be made: 

• each user may use a different (specialized) application 
• virtual prototypes are more than a single digital files but rather a collection of data 

structures with overlapping contents 
• coordinating design activities has to create a common u understanding about objects 

and activities 
• frameworks have to glue existing applications by providing global services 

Therefore, this paper focuses on the definition of these advanced global services and their 
usage within existing frameworks to show the benefits of cooperative engineering. 

2 PROTOTYPING FRAMEWORK 

The Virtual Prototyping Environment is based on a framework and integrated applica
tions, as indicated in figure 2. The task of the framework is to offer libraries for the 
application development process and to provide a set of services for the applications du
ring runtime. 

The global services extending existing frameworks are: 

• Cooperative communication and conferencing 
• Multi-media documentation and mail 
• 2-D /3-D user interface 
• Distributed object oriented data management 

Cooperative Communication and Conferencing 

This service provides on the one hand an asynchronous broadcast and point to point 
message service for communication. On the other hand a synchronous communication 
service can be used for conferencing and handshake request. The asynchronous service 
is used by heterogeneous applications to exchange messages, thus informing each other 
about a special topic. Here it is important, that the applications are independent each 
application can select those messages individually which are considered important for the 
application and the kind of reaction. 
The synchronous service is also used to support applications in the area of CSCW. Here, 
the basic services like group management in a conferencing session are provided. 

Multi-Media Documentation and Mail 

Integrated documentation becomes an important part of the product development process. 
The framework provides support for integrated documentation and enables the handling 
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Figure 2 Extended Framework for Virtual Prototyping 

and exchange of multi-media objects and the conversion and integration of different for
mats. 

2-D/3-D User Interface 

The user interface system provides services necessary for the development of homogeneous 
2-D and 3-D user interfaces. Homogeneous user interfaces at the integrated applications 
raise the acceptance of the end users and help them working in the virtual prototyping 
environment. 
Together with the communication and conferencing system, these services enable and 
simplify the development of wrappers to transfer single-user systems into conferencing 
application. 

Distributed Object-Oriented Data Management 

The data management component offers all services for handling with objects of the 
distributed environment. The basic goals for the component are to hide the location of an 
object for the application and to enable a uniform working with transient and persistent 
objects. 
Advanced concepts, like working data bases for user session, enabling concurrent access 
to objects, and advanced check-in/check-out facilities are also topics of this service. 

These services are necessary to improve the virtual prototyping environment for the end 
user in several directions. First off all, they are the basis for a common look and feel of 
the applications, necessary for the acceptance of the end-user. 
With sharing the same data and sending information between, applications are not longer 
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isolated, they are an integrated part of a homogeneous product development environment. 
Thus, the different steps of the product development are not longer separated and the 
problems of data exchange between the different phases could be solved. 

3 APPLICATION DOMAINS 

The integrated applications cover all aspects of virtual prototyping and are grouped in 
application domains. The virtual prototyping environment consists of the following do
mruns: 

• Product Design 

This domain consists of the CAD-systems involved in the design of the product. These 
systems can either be geometry-based or feature-based. The purpose of this domains' 
applications is to create and modify the design entities of the product. 

• Simulation 

The simulations domain embraces applications for the physical simulation and also for 
the analysis of the product. 

• Virtual Reality 

The modeled products are put into the virtual reality domain to be presented and ex
aJRined in an advanced virtual environment. The virtual reality domain provides also the 
environment for the compound visualization of physical simulations or analysis results 
together with the correlated shapes of the design parts. 

• Manufacturing Process Design 

The domain covers all applications for the computation of the manufacturing process. 
Here, based on the designed and simulated product data, the data for the real manufac
turing process are computed. These domains will help to reduce the time for prototype 
development and will help to improve the quality of the last domain, Manufacturing. 

4 COOPERATIVE WORKING TOOLS 

The main task of the communication system is to deliver messages between homogeneous 
and heterogeneous application and/or fraJRework components throughout the environ
ment. Hereby, different scopes of the messages must be supported by the communication 
system, according to the purpose of the message. 
One basic requirement is the communication between heterogeneous applications. In con
trast to CSCW applications (computer supported cooperative work) where different in
stances of the same application exchange messages, communication between heterogeneous 
application means the communication between applications with different purposes. 



52 Perspectives for virtual prototyping 

Product Virtual 
Design Environments 

CAD VR 
System action System 

••lect ~ pick 

Create Visualize 

& & -- object --Modify 

~ 
Examine 

NURBS Triangles 

Figure 3 Similarities between domains 

For example the message exchange between a presentation application ,e.g., a Virtual 
Reality System, and a constructive application ,e.g., a CAD-System. Here, picking an 
object in the presentation system could lead to an corresponding action, e.g., highlighting, 
in the constructing system (see fig. 3). 
A basic requirement hereby is the common understanding of the objects and activities. 
This common understanding can be established by an application-independent message 
set, e.g., as used for desktop messages [Fra91b] or software development [Dig92]. 

ToolTalk Message Set 

Tooltalk [Fra91a] has defined a message set for Desktop services which unifies many of 
the window and process based informations, such as 

• Created/Deleted, 
• Iconified/Deiconified, 
• Mapped/UnMapped, 
• Modified/Reverted, 
• Quit and 
• Started/Stopped. 

These messages can be mapped to any kind of window system and window manager ma
king it an ad-on to existing software components. These messages are mostly broadcasted 
to all other applications in the local runtime environment. 
For applications performing Document and Media Exchange messages such as 

• Abstract , 
• Display and 
• Edit 

can be used to inform about multi-media objects and their usage. 
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Similar effort has been taken to unify message in CASE systems, based on the software 
development systems requirements. 
The CFI message set [CFI92] is a first step towards unifying messages for CAD systems. 
This can be taken as a basis for a the common understanding spanning several other 
domains. 
For virtual prototyping, these messages have to be generalized in a domain independent 
way. This can be done as many of these messages appear in similar forms also in other 
domains, e.g. select and pick in fig. 3. 
This strategy also results in requirements for the data management component of the vir
tual prototyping framework which has to keep track of the corresponding object instances 
in the different applications. e.g., a particular patch in the CAD's NURBS model and a 
corresponding triangle mesh in the VR system. 
Based upon a common topological structure, appropriate mappings have to be found 
to translate entity identificators, e.g, names or numbers, to other representation forms 
(JKSU94J. 
Considering the case, that the shape was made using NURBS, the simulation using FE 
rasters and the visualization using triangle meshes (see fig. 3), a mapping can be difficult. 
In any way, this mapping, based on the deltas to be applied, is much easier and far more 
effective than running the conversion several times and invoking a manual search from 
the scratch. 

5 SCENARIO 

Virtual prototyping in a distributed working environment is extending the basic meaning 
of having a prototype that no longer needs to be physically present to having a prototype 
that is not even represented as a single entity but rather as a collection of information 
that all together comprise the prototype. 
This situation is already common in every existing prototype development environment as 
different applications deal with different entities and formats. Up to now, the underlying 
framework can keep track about the used data types and formats but hardly ever takes 
care about the heterogeneous nature of the prototype. 
Basically, a virtual prototype is characterized as 

• comprised by several and even redundant informations, 
• partial information stored at different locations, 
• accessed by different users and applications, 
• consists of roughly the same topology but may have different structure, 
• entities may be handled differently but applications, 
• all of them represent the prototype, but through different views. 

The virtual prototype frameworks offers global services to meet these advanced require
ments of heterogeneous and open environments. They are globally available and no longer 
restricted to a single environment, but rather can link any application in every runtime 
environment of the virtual frame work that comprises the different sites involved (see fig. 
4). 
A major task to enable distributed interactive work based upon variable bandwidth net-
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work is a graceful message delivery, the main task of the communi"'ation server. Depending 
on the available network connections, an appropriate connection has to be established. 
Depending on the kind of message, e.g, frequency, message size (memos, images, video 
etc.), appropriate basic network services, have to be used. 
The network services can be 

• socket programs for specific applications 
• customized RPC calls 
• smnp (e-mail) 
• ftp 
• Xll client messages 
• ToolTalk 
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• other framework specific communication components 

The global communication service will select an appropriate line to the applications in 
the current session. Depending on the kind of message, e.g., broadcast messages or point
to-point request exchange, asynchronous or synchronous delivery, each connection may 
use a different transport mechanism (see fig. 5). 
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Figure 5 Server architecture 

Also the messages itself have to take care of this delivery situation. In a situation where 
a remote partner can only reached via e-mail, only very few messages should be send 
to inform about the final state. It would not make much sense, if every interaction is 
transmitted that way, except for an off-line session replay. A similar services can be used 
to obtain initial information for new participating members to an already started session. 
Besides the elementary inter-tool-communication (ITC) service, an inter-session-communication 
service has to be provided. Its task is to monitor all sessions and the usage of appropriate 
ITC modules (see fig. 5). 

The heterogenouity thus also reflects on the network structure of the participating app
lications. In fig. 6, a request message from application 1 in environment 1 is transmitted 
to its recipient, application 5 in environment 2, and vice versa the reply to it . Other app
lications may be passive listeners at either or other sites, each having it 's own connection 
to the local communication server of the local runtime environment. 
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6 CONCLUSION 

The virtual prototyping framework offers significant extensions to existing product deve
lopment frameworks in the areas of 

• concurrent and cooperative engineering, 
• open and distributed environments and 
e heterogeneous data activity and user environments. 

This advantages help decreasing the product development times (time-to-market) as well 
as customization times (time-in-market) for plain prototypes and mass production pre
paration. 
In times of rapidly increasing requirements for faster and cheaper development these 
factors can cut development costs before they arise, e.g. due to refinement cycles. 
The versatility of digital communication and data exchange help to make better use of 
machine and human capabilities in extending networkability towards cooperative working. 
Information translation is also essential in such system as it can consume serious amount 
of valuable human capital especially in open environments with multitudes of information 
types and formats. 
Graceful handling of network services and their bandwidths enables interactive coopera
tive work even with application which have never been designed for these goals. 
This shows the capabilities of an integrated framework which can be used with existing 
applications by add-on global services. 
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