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n all concurrent planning, effective collaboration among team members 
is the key to success, whether they are a group of physicians planning a 
medical procedure or a team of engineers designing a new VLSI chip. 

Numerous US government initiatives in Total Quality Management, Integrated 
Product Development, Concurrent Engineering, and the Virtual Enterprise, all 
emphasizing teamwork, demonstrate the acceptance of this idea. 

Concurrent Engineering (CE)’ is a systematic approach to integrated product 
development that emphasizes response to customer expectations and embodies 
team values of cooperation, trust, and sharing. Decision-making in CE proceeds 
with extended periods of parallel effort synchronized with comparatively brief 
exchanges between participants to produce consensus. 

While teamwork has been acknowledged as an effective approach, its wide-scale 
adoption has been impeded by the rigid hierarchical structures of most organiza- 
tions. There is also a dearth of tools for enabling real-time communication among 
team members working in a heterogeneous, geographically distributed environ- 
ment. 

To overcome the barriers of hierarchical structures, the notion of tiger teams has 
been proposed. These interdisciplinary human teams are physically collocated to 
enable concurrent product development. The concept was extended to virtualtiger 
teams by the DARPA (Defense Advanced Research Projects Agency) Initiative in 
Concurrent Engineering (DICE). A virtual (tiger) team consists of a geographical- 
ly scattered team of experts who use a computer-supported environment to 
collaborate over a network, as shown in Figure 1. 

Enabling technology 

Advances in database and networking technology, groupware, multimedia, and 
graphical user interfaces, and a precipitous drop in the cost of computing, all point 
the way to creating a truly collaborative environment to transcend the barriers of 
distance, time, and heterogeneity in computer equipment. The ideal collaborative 
environment would enable any team member to spontaneously communicate (and 
thereby collaborate) with any other member (or group). Figure 2 shows a layered 
architecture of different types of computer technology that must come together to 
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rlgure 1. HOW a couocarea numan team usmg a computer network (a) translates into a virtual team collaborarlou (a). 

provide such collaborative environ- 
ments. 

Activity layer. This layer represents 
the activities undertaken by CE teams. 
A team is involved in a continuous cycle 
of planning, implementing, monitoring, 
and improving the collection of activi- 
ties vital to the success of a given project.* 

Transaction layer. To understand how 
individuals work in an integrated com- 
puter-supported environment in large 
distributed organizations, consider the 
six fundamental activities performed by 
any member of the virtual team: look- 
up, compute, communicate, negotiate, 
decide, and archive. These simple trans- 
actions become powerful when per- 
formed in the context of a heteroge- 
neous distributed environment (see 
sidebar on page 14). 

Collaboration services layer. One can 
envision a variety of services to support 
fundamental CE transactions and the 
day-to-day activities of team members, 
These services can be categorized as 
those for collocation, coordination, in- 
formation sharing, corporate history 
management, and integration. 

Collocation. Lack of communication 
among geographically dispersed team 
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members is a major obstacle to cooper- 
ative work. Effective communication 
between members can be facilitated by 
enabling them to share applications. 
Multimedia desktop conferencing us- 
ing text, graphics, audio, and video is 
also needed. 

services provide computer support for 
group decision-making and negotiating 
solutionsoverageographicallydispersed 
network. In particular, common visibil- 
ity of activities and data, planning and 
scheduling of activities, notifying team 
members of changes, and managing con- 
straints across multiple perspectives are 
some of the needs to be addressed by 
these services. 

Coordination. Coordination is criti- 
cal for effective functioning of multidis- 
ciplinary product-development teams. 
These teams must influence each other 
so that a high-quality product is pro- 
duced within a short turnaround. These 

Information sharing. Information 
generated by an enterprise is stored in 
heterogeneous data formats and in 

Activity Layer 

Figure 2. Layered 
architecture of 
technologies that 
enable a virtual 
team. 
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various legacy databases scattered Corporate history management. In a 
across the organization. Information CE environment, it is desirable to elec- 
sharing involves developing common tronically capture the design intent and 
data representations and providing evolution of a product from conceptual 
transparent access to information in a design to retirement. Corporate history 
distributed heterogeneous system. Prob- is useful for designing future products 
lems arising in the management of rep- and documenting existing ones. Index- 
licated data, version and concurrency ing, linking, and storing various types of 
control, and change management in documents (design, manufacturing, spec- 
distributed databases are important ifications. etc.), and archiving decisions 
here. reached in meetings among designers 

CE transactions 

Any member of a virtual team needs the following transactions: 

Lookup: Information is scattered throughout an organization, stored in me- 
dia ranging from file cabinets to knowledge bases. Team members need an 
information server that provides a single point of inquiry for information. 
Work in the area of integrating heterogeneous data and knowledge bases is 
proceeding in this direction. 

Compute: The information gained by lookup or other means is subjected to 
computation to add value. The main obstacle for computation at will is the 
heterogeneous and distributed nature of the computing environment for soft- 
ware applications. A distributed yeflow pages coupled with a tool that dis- 
tributes the load among various computers would enable transparent com- 
puting, but it has not yet been implemented. 

Negotiate: Concurrent engineering is predicated on the ability of each virtu- 
al team member to negotiate with the group and reach consensus. This 
means that the evolving design must be visible globally and its ramifications 
to any member’s interest must be highlighted. Blackboard technologies and 
research on constraint management are potential enablers in solving this 
oroblem. 

Decide: During the course of product development, various decision-mak- 
ing tools will be required by different members of the team. However, most 
of the present decision-support tools are centered on a single perspective. 
Team members need advances in the area of group-decision support, de- 
sign assessment, and quality function-deployment fools to assist in group 
decision-making. 

Archive: The intellectual enterprise of a realized product should be cap- 
tured and subsequently exploited during the redesign or development of re- 
lated products. Considerable work is going on in conceptual structures for 
design rationale, efficient retrieval of corporate history, and the building of 
hypermedia-based electronic notebooks to substitute for the engineer’s cur- 
rent paper-based notebook. We believe that synthesizing all these ideas will 
result in viable tools for corporate history capture. 

are some of the problems that need to be 
addressed in this context. 

Integration. This service is the glue 
that holds all other services together. It 
also facilitates access to engineering tools 
and services in a transparent manner 
across the enterprise. To achieve this 
end, integration services comprise a num- 
ber of capabilities. They provide mech- 
anisms to describe what services are avail- 
able to users and in what form. They also 
provide mechanisms to exploit the com- 
munication infrastructure. Finally, these 
services provide “wrapper generator” 
tools that encapsulate existing tools and 
services for use over a network. 

Enterprise information model layer. 
The services discussed above rely on the 
availability of enterprise information. 
Access to such information is facilitated 
by enterprise information models, which 
characterize the product an enterprise is 
building, the processes it adopts to make 
such products, and the resources avail- 
able to the organization. Collocation 
services rely on knowing which comput- 
er facility is available to whom, that is, 
these services require a resource direc- 
tory. Coordination services rely on a 
process model of how teams work and 
how organizations chart team activities. 
Information services that provide ac- 
cess to heterogeneous databases rely on 
a model that tracks information storage. 
Corporate history-management servic- 
es need a model of the kinds of informa- 
tion that should be archived to facilitate 
reuse during product development. In 
addition to supporting collaboration ser- 
vices, organizations should develop mod- 
els to understand how companies cur- 
rently do business and how it can be 
improved. In fact, this particular need is 
leading to the development of a sepa- 
rate field. 

Network layer. Computer network- 
ing is the foundation for implementing 
the virtual team environment. This ker- 
nel represents advances in communica- 
tions technology and distributed com- 
puting. Examples include directory 
services, interprocess communication, 
and remote procedure calls. 

The CEphone 

One can visualize future support for 
concurrent engineering through a pro- 
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posed artifact we call the CEphone. Such 
a device could combine the capabilities 
of a number of commonly used commu- 
nication and computational devices into 
a single artifact. Just as one uses a phone 
to conduct day-to-day activities, the vir- 
tual team member would use a CE 
phone to carry out all collaborative trans- 
actions. This electronically networked 
artifact would combine the capabilities 
of an ordinary phone, a TV, a VCR, a 
videoconferencing facility, and a com- 
puter. In addition, the environment 
would be cognizant of the impact of 
evolving decisions and the overall goals 
of the project, alerting responsible team 
member(s) at appropriate times. Be- 
cause the environment sees the activi- 
ties of all team members, it would know 
more than any one member and thus 
could provide intelligent assistance to 
all members. 

The CEphone would essentially sup- 
port the CE transactions discussed 
earlier. Such a device will be the cor- 
nerstone for tomorrow’s dynamic orga- 
nizations and enable the development 
of virtual enterprises. These future en- 
terprises will operate in a global mar- 
ketplace, with participants collaborat- 
ing dynamically to produce goods and 
services. n 

Additional information 

The July 1991 issue of IEEE Spec- 
trum featured the subject of concurrent 
engineering, providing a perspective not 
restricted to computer-enabling tech- 
nologies. 

The Standard for Exchange of Product 
Data (Step) effort and the Computer- 
Aided Acquisition and Logistics Support 
(CALS) program of the Department of 
Defense promote electronic exchange of 
product information. 

The Open System Architecture for 
Computer-Integrated Manufacturing 
(CIM-OSA) is the focus of a project of 
European Strategic Programme for 
Research and Development in Infor- 
mationTechnology (Esprit). CIM-OSA 
includes an integration infrastructure 
and an enterprise model, thus enabling 
CE. 

An annual conference on CE and 
CALS takes place in June in Washing- 
ton, D.C. The first ACM International 
Conference on Multimedia will be held 
in Anaheim, California, in August 1993. 
Computer covered related topics in 1991: 
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multimedia information systems in Oc- 
tober and heterogeneous distributed 
database systems in December. The 
Concurrent Engineering Research Cen- 
ter (CERC) at West Virginia Universi- 
ty is organizing a second workshop on 
CE in April 1993 with IEEE Computer 
Society sponsorship. 

Readers can obtain CE-related infor- 
mation through CERCNet (a toll-free 
dial-up bulletin board service) and the 
Concurrent Engineering Research 
in Review newsletter from CERC. To 
gain Internet access to CERCNet, con- 
nect to babcock.cerc.wvu.wvnet.edu 
(129.71.14.1) andlogin to cercnet (low- 
er case). For modem access, dial l- 
800-331-3808 with settings 1200/2400 
baud, 8, N, 1, and log in to cercnet 
(lower case). 
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