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Abstract
In this paper, we discuss the requirements and design of a Database 
that can be used to support a Concurrent Engineering (CE) 
philosophy. We identify three fundamental support services that 
are of use in a concurrent engineering environment: distribution 
support, computer supported co-operative working support and 
database support. These requirements are modeled and applied in 
conjunction with the design and implementation of a concurrent 
engineering support Database. 
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I. Introduction
Concurrent Engineering (CE), or simultaneous engineering 
or integrated product development has been defined as: “... a 
systematic approach to the integrated concurrent design of 
products and their related processes, including manufacture and 
support. This approach is intended to cause the developers, from 
the outset to consider all elements of the product life-cycle from 
conception through disposal, including quality, cost, scheduling 
and user requirements” [30]. The capturing of data requirements 
to support this philosophy is large and complex. It encompasses a 
large number of wide ranging and disparate objects. For example, 
consider a design object which may contain many hundreds or 
thousands of sub-components in a hierarchical fashion. The same 
design object may have multiple views, i.e. different aspects 
of the information may be required by different application 
programs in the design and manufacturing cycle, for example 
in the production of a Bill Of Materials (BOM), calculating tool 
paths and performing engineering analyses. It can be seen then, 
that the data pertaining to a single product is polymorphic. In 
addition to this type of data, a concurrent engineering philosophy 
requires an integration of all functional areas including for 
example: sales, marketing, design and process planning. So a 
database designed to support this philosophy also needs to cater 
for supplier information, customer information, stock levels and 
production schedules to name but a few. One method of facilitating 
a concurrent engineering philosophy is through the application of 
“the Virtual Team concept” [28]. A virtual team is an integrated 
project team linked through the use of information technology 
and which usually has one designated person to champion the 
project and lead or guide the team. Fig. 1 shows an example 
structure and composition of a virtual team in which it can be 
seen that the various functional areas involved in the development 
of a product are linked through the use of a common product 
information model. A common information model consists of 
product model data, resource information and process information 
all intrinsically linked, i.e. a change in one item of data in the 
model may have an effect on other data items.
Various attempts have been made at modeling product data, resources 
and processes in isolation and more recently in combination by 
Molina et al. who decomposes a common information model into 

a Product Model which: “captures information related to a product 
throughout its life cycle” and a Manufacturing Model which: 
“captures all data related to process capabilities, characteristics and 
resources within an Enterprise” [15]. The integration of the three 
model aspects described above (product, resources and processes) 
and the implementation of a model to support this through the use 
of an object- oriented database is the subject of this paper.
Section II of this paper describes the background to the work 
that is currently being undertaken by the authors and others and 
puts this in the context of previous work in this field. Section 
III, discusses a set of requirements that can be used to support 
concurrent engineering and then describes services that are being 
built to satisfy these requirements. In section IV, we propose a 
model for supporting concurrent engineering and show how this 
model can be applied to a real life engineering scenario. Finally, 
a description of the current implementation of these models and 
some conclusions are given in sections V and VI.

II. Background and Related Work
Many current environments that support the process of software 
development rely on a logically if not physically centralized data 
database. This is based on existing operating system kernel design 
and services. In this framework, the operating system consists of 
the nucleus, itself a minimal set of requirements, and then built 
on top of it are layers of specialized services for example a file 
service, directory service [22].

Fig. 1: The Virtual Team Concept

A user process would then interact with the uppermost layer for 
its processing needs. A user request is then processed as required, 
by each layer in turn until it is completed. Adhering to this scheme 
of support a number of tools have also been built as self contained 
packages which may span one or more layers. Furthermore, just like 
the operating systems layers, firewalls are built-in between each of 
these services. These restrictions make them less amenable to be 
used for co-operative working. In addition, many of these support 
environments [24], comprise of many discrete components, are so 
tightly coupled that the user is not able to choose components in 
order to perform a given computation, but rely on one large and 
complex entity. In this scheme there is a hierarchy of usage and 
privileges. To allow the concurrent access of files, a capability 
must be communicated to the operating system, if the environment 
and operating system allow for it. For example, in the UNIX 
operating system the access control attached to a singly owned 
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file could be made to allow for a group of people to concurrently 
read it. However, the system does not provide for the management 
of the multiple access of this file which can lead to invalid data. 
In addition this shared access must be explicitly authorized by 
either the owner of the file or the system administrator which is a 
restriction on truly co-operative work where team members have 
a relationship of equals. These system restrictions make it quite 
hard for researchers and system developers to build co-operative 
support environments.
An alternative view of the support environments is to consider 
them as being made of a number of different components which 
are loosely connected as opposed to tightly connected to the kernel 
in a layered approach. Here again we see, rightly, an analogy with 
the evolution of operating systems design from a centralized to 
confederation of services which may be distributed or not, but all 
joined by a common theme for inter-working through message 
passing as a paradigm for communication. This method of 
communication which has been used extensively by the distributed 
systems community is being used as a method of integration for 
some support environments, for example the Software Factory 
project [6].
In this type of architecture number of components either integrated 
or self-contained are interconnected through a communication 
subsystem. The communication subsystem can be built as part of 
the component or more generally as communication manager as 
advocated by the widely accepted model for distributed systems [3, 
16]. This type of architecture has been successfully applied in the 
development of the COMBINE architecture [14]. The COMBINE 
architecture consists of Service Providers and Application Entities 
which communicate via a Collaboration Management Object. This 
distributed method of interaction uses message passing as the 
basic unit of communication but both the service providers and 
the application entities also have an associated communication 
object which, in addition to the message passing paradigm, has 
an abstraction of the underlying communications architecture. 
This abstraction includes both the communications protocols and 
network architecture. This may be necessary for communication 
with shop floor objects such as conveyors and robots. 
Within the last decade, object-oriented techniques have been 
used to manage the complexity that is required to accommodate 
a concurrent engineering philosophy. Efforts by the US Air Force 
Information Integration for Concurrent Engineering project (IICE) 
have resulted in an object-oriented design method, IDEF4, [13] 
that can be applied to model projects that follow a concurrent 
engineering philosophy. Object-oriented techniques have 
successfully been applied in the field of engineering in both the 
areas of modeling and implementation; Dori documents the use 
of object-oriented analysis to model engineering drawings [5] 
while Chen et al. describes the use of object-oriented techniques 
to produce a concurrent engineering system for features-based 
design [4]. In addition to this, the STEP (Standard for the Exchange 
of Product model data) protocol [11] has emerged as a useful 
component in implementing a common  information model. STEP 
is an attempt to provide a way of representing and exchanging 
product data so  that advanced application programs can interpret 
product model data directly without human intervention. It contains 
a set of generic resources for describing product models in terms 
including product description, product structure, geometrical 
and topological representation and shape representation amongst 
others. It also describes more specific definitions and constraints 
between the generic resources by means of an Application 
Protocol. 

Object Database Management Systems (ODBMS) have been 
shown to provide good facilities for the storage of engineering 
data. The use of ODBMSs in the Computer Aided Design (CAD) 
field has been extensively documented (see for example [8, 25]) 
and it is the authors’ opinion that OBDMSs serve the best method 
of providing a concurrent engineering database. 
In the authors’ current proposals for a concurrent engineering 
support environment, the CONCERT environment [9], we have 
identified three fundamental components that we consider important 
in the production and application of concurrent engineering support 
environments. These components relate to the areas of providing 
access to a central database, providing facilities for co-operative 
working and providing support for distribution. Although the 
efforts described above have addressed some of the problems, 
there has been relatively little effort applied to addressing an 
holistic view of supporting concurrent engineering. The following 
section will present such a model and further sections will describe 
a prototype implementation.

III. Supporting a Concurrent Engineering Philosophy 
To apply a concurrent engineering philosophy sometimes requires 
dramatic changes in working practices. Traditionally, product 
development has taken the following route1: initial concept, 
preliminary design and prototyping, production planning, product 
manufacture and concluding with product disposal. The production 
planners may not even see the initial design until perhaps 50% of 
the total cost of product development has been committed. Changes 
at this stage must be passed back up the chain to the relevant 
function incurring additional costs. A concurrent engineering 
philosophy attempts to run these functions in parallel to achieve 
dramatic reductions in lead times and total manufacturing time 
and to discover design errors at an earlier stage. To enable this, 
computer networks are utilized to effectively bring distributed 
team members together. Integrated project teams are 
formed that use information technology to concurrently access 
a common database. To accommodate this way of thinking, new 
models of the way in which engineers interact within a computer 
integrated manufacturing (CIM) are required.

A. Service Requirements
The authors’ proposals for a concurrent engineering support 
environment are shown in fig. 2. The CONCERT environment [9] 
identifies three core support services that are considered important 
in the production and application of concurrent engineering 
support environments. These highly co-operative components 
are the database support service, the computer supported co-
operative working support service and the distribution support 
service. People and resources are typically distributed within an 
organization. 
A technology enabled team can overcome distribution problems 
through the use of computer networks. The distribution support 
service provides a transparent interface to applications so that 
they can work seamlessly in a distributed computing environment. 
Design and development is inherently a co-operative process. 
Facilities to pro-actively support collaborative design and 
development can aid a concurrent
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Fig. 2: CONCERT (Concurrent Engineering Support) 
Environment

development process. The CSCW (Computer Supported Co-
operative Working) support service provides an interface for 
applications within a support environment so that they can use 
CSCW facilities to perform collaborative work. The Database 
is the single source 2 for persistent storage of all engineering 
data. This is not always limited to product designs but includes 
project tracking information, supplier and customer details and 
other information used throughout the life-cycle of the product. 
The database support service provides a consistent interface for 
applications within the support environment to store and retrieve 
persistent objects.
In modeling the requirements for these three services, we will 
build a framework on which engineering applications can be 
integrated to enable concurrent engineering. Each of the three 
support services is described in detail in the following section.

Fig. 2: The CONCERT (Concurrent Engineering Support 
Environment)

1. Database Support Service
The database support service provides a uniform method for 
applications to store and retrieve persistent objects. The client 
application can either issue a request for access to an object or 
to store a new object. 
The client application may even request that a given object be 
destroyed in which case the database support service would be 
called upon to perform any necessary consistency and referential 
integrity checking. The database support service is also responsible 
for maintaining version control of objects within the database.3 
Version control is needed when multiple versions of an object 
can exist. In an engineering environment, different versions of 
a design can exist during the development stage for example in 
the production of a product line based on one single common 
part with several product variations. An application of version 
control techniques in a concurrent engineering environment has 
been used to capture changes to a product model with the use of 
delta-files [10].

2. CSCW Support Service
The CSCW support service provides facilities to enable co-
operative working between team members in a computer-based 
engineering environment. These facilities provide methods for 
both synchronous and asynchronous communication between users 
within the environment. It is also utilized by the environment itself 
to notify users of any system-wide messages such as the locking or 
freezing of components within the database (for example during 
system maintenance or design reviewing periods). 
Typical requests from a client application are to obtain a list of 
users currently using the system or working on project, to send 
a message (or object) to a single user, to broadcast / multicast a 
message (or object) to a group / sub-group, to instantiate a multi-user 
conference and the sending of synchronous communication (see 
for example the UNIX talk and write commands) or asynchronous 
communication (e.g. electronic-mail or bulletin board). In the 
CONCERT environment we are applying the facilities of GroupKit 
[19] and utilising the CSCW models proposed by Greenberg and 
Marwood [7].

3. Distribution Service
Distributed systems have defined in terms of transparency and 
separation.
 ANSA defines eight categories of transparency that are significant 
in the design of distributed systems: access transparency, location 
transparency, replication transparency, failure transparency, 
concurrency transparency, scaling transparency, performance 
transparency and migration transparency [2]. The distribution 
support service is responsible for the control of these aspects 
and the categories that are of importance to our design are access 
control, failure control and concurrency control.
Concurrency control is necessary in an environment where 
multiple users require simultaneous access to a given object. The 
ethos of concurrent engineering requires that team members have 
simultaneous access to objects throughout the product life-cycle. 
Therefore, in a concurrent engineering environment the goal is to 
achieve maximum concurrency. Andrews and Krieger state that a: 
“semantic concurrency model combined with notification locks 
is an effective mechanism that supports concurrent collaborative 
work environments.” The concurrency control mechanism can 
use methods in the CSCW support service to notify users when 
conflicts arise [1]. 
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Access control is used to determine whether objects within 
the database are being accessed by valid team members. The 
distribution support service will check that the user is authentic 
and that they have the appropriate privilege for the operation 
they wish to perform. Failure control is important in a multi-user 
environment. As we stated earlier, the complex data requirements 
for concurrent engineering mean that applications may require 
multiple views of the same object. If a software application fails 
whilst changing a crucial design object which has multiple views 
we either need to be able to notify all relevant parties currently 
using these views so that they can take appropriate action or 
attempt to transparently reconcile each affected user by rolling 
back a transaction to some designated point. A model of the three 
support services showing requests made of the service from tools 
within the environment is shown in fig. 3. The level of co-operation 
between the support services is very high. For example, when a 
request to store an object is made to the database support service, 
the database service will consult the distribution service to ensure 
access privileges are valid and check to see if the object is being 
accessed concurrently. If this is the case then it will use the CSCW 
service to notify all affected parties of any changes made to the 
working object.

IV. An Object-Oriented Model of the Database 
Given the requirements for the three support services, we now 
present a model of the objects needed to provide a database to 
support concurrent engineering. The model (see fig. 4) contains 
the objects necessary for project administration and tracking, 
distribution support and CSCW support. For the purpose of project 
administration we introduce a project object. The project object 
contains details pertaining to the project such as the project title, 
start date, and a list of users who will participate in the project; the 
project team is composed of a project leader and team members 
(both of these are instances of the object type user.) In order to 
facilitate the tracking of personnel during a project we introduce 
the concept of a task. A task is performed by users in the team 
and a log of this is recorded in the database. This enables the 
project leader to monitor the progress of the team and ensure 
that the project schedule is adhered to. Any changes made to this 
information are also logged into the database to enable changes 
in the team or project leader to be tracked over time. This is 
especially important in the development of products which have 
a long life-cycle.
To support the concept of distribution, we note that each user 
will access the concurrent engineering system from a computer 
workstation. Each workstation has a corresponding network-
address that uniquely identifies it4. This address is used in the 
support of distributed processing (for example when a user runs 
an application program on a remote machine and views the output 
of the program in a window on their local workstation - the system 
needs to know the physical address of the user’s workstation so that 
it can display the output on the correct VDU) and in the support 
of CSCW (for the transmission of messages and communication 
between team members.) To enable user authentication within 
the system, each user has a set of access-rights. These access 
rights determine the privileges that a user has to perform certain 
tasks5. The privileges we must cater for include the creation, 
modification, destruction and reading of objects (configuration 
items). For computer supported co-operative working we identify 
two elemental objects: the conference and the message. Users can 
participate in real-time conferences where ideas are exchanged and 
results are immediate, or they can communicate via synchronous 

or asynchronous messages.
In order to perform a task, the user requires the use of a toll. The 
tool is an application program that performs a specific task at some 
stage of the product life-cycle. The tool will access configuration-
items and produce new configuration items (reports are an example 
of this). The configuration items will have an associated access-
protection which again is denoted by a set of privileges. This is 
necessary, for example, when design objects need to be frozen 
during a design reviewing stage. Note the concept of versions 
of configuration items and the fact that we can have versions of 
versions. When a tool requests a configuration item From the 
database, the correct version has to be delivered and a new version 
built when the item is returned.

A. Applying the Model to Support Manufacturing Data 
Management
The increasingly competitive global marketplace is leading UK 
manufacturing not only to utilize computer based technology but 
also to address systemic issues such as technology integration, 
operations streamlining, product quality and cost, information 
management and system development. A typical “technology 
enabled” product development environment could include 
Computer Aided Design (CAD), Computer Aided Process Planning 
(CAPP), Computer Aided Production Management (CAPM),
 and Computer Aided Manufacture (CAM) systems which are 
used in conjunction to design, to plan manufacturing and finally 
to manufacture a product.
A CAPM system such as Manufacturing Resource Planning 
(MRPII) is a large manufacturing database providing high level 
planning, capacity planning, and scheduling, purchasing and 
financial functions. MRPII systems hold master ‘part’, product 
structure and process route information that is used or created by 
CAD, CAPP or CAM systems. The component geometry created 
by CAD systems is input data for Finite Element Analysis (FEA) 
systems and tool path generation in CAM systems. Design for 
Manufacture (DFM), Design for Assembly (DFA) [27], Reliability 
and Maintainability [20] are tools used to support the product 
design process. CAPP systems provide tooling details for tool 
path generation in CAM systems and process routes for shop 
floor scheduling systems. The STEP protocol attempts to resolve 
some of these criticisms. STEP includes a data modeling language, 
Express, which is based on “entities” that are defined “in terms of 
data and behavior” [12] so STEP Express models exhibit object-
oriented characteristics.
Fig. 5, shows a selection of the applications used during a typical 
product cycle for manufacturing and the inputs and outputs needed 
to fulfill their function. It can be seen that each of these applications 
produces its output based on a fundamental input: the product 
data model (in this case the product data model is based on the 
STEP protocol.) The product model data is accessed through a 
data access interface (the STEP Data Access Interface) to ensure 
that only relevant data is provided to the requesting application7. 
Note that in many cases it is also necessary to include resource 
information (i.e. machine, tooling, and lead time) as for example 
in tool path generation and process planning. In our model (fig. 
4) we define the processes shown in fig. 5 as instances of the 
object type, tool. 
The outputs from these processes are defined as configuration 
items of which the sub-classes, report and STEP product data 
model are examples. All of the objects visible in fig. 5, (databases, 
process outputs and the processes themselves) should ideally be 
stored in a common data repository. It is possible that the various 
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outputs (tool path, process plan, BOM, etc.) could be derived from 
a product data model as and when they are needed. This product 
data model as and when they are needed. This however would 
be a very computation-intensive task even with today’s fastest 
workstations. We therefore propose the use of a “rich repository” 
to store both product model data and the computed (process) 
outputs along with a mechanism to determine whether or not the 
computed output is up-to-date (based on changes being made 
to the product model). The repository could either present the 
requesting application with the data or compute it on-the-fly and 
update itself automatically. This type of caching mechanism will 
increase the storage requirements of the repository, however the 
speed increases that can be gained from this approach could justify 
the extra storage. 

V. Implementation
Our initial prototype was implemented using a combination of 
C++ [21] and Tcl / Tk [18]. This proved a workable solution but 
we felt that it would be of greater value if we were able to scale-
up the size and spread of users that could access the information 
stored in the repository and communicate with each other. The 
Internet already provides us with an infrastructure to do this and 
so became the focus for our current implementation.
We are currently developing a prototype World-Wide Web (WWW) 
interface to the CONCERT environment which we have called 
The Concurrent Engineering Web Workbench. 
We have now chosen to use the Java [26] object oriented language 
and environment for development of the necessary classes and 
web pages since this has far greater flexibility than standard 
HTML and provides application developers with a method of 
creating truly dynamic objects capable of updating themselves 
in real-time. Java and the Hot Java WWW browser are currently 
available for the Solaris and Windows NT operating systems and 
it is currently being ported to Macintosh and Windows95 based 
platforms amongst others. It therefore gives us a good platform 
for prototyping and allows us to create truly portable applications. 
In this sense, we use Java / Hot Java to implement the portability 
interface within the environment. 

   
Fig. 5: An Engineering Environment
 
The Web server machine, a Sun Microsystems SPARC station 
4 operating under Solaris 2.4, is running NCSA’s HTTP web 
server software. The Java applications and applets are currently 
executed on Sun workstations operating under the Solaris operating 
system. The web server has been configured to restrict access to 
the information contained in the repository to a group of known 
usernames through the use of passwords. Increasing levels of 
access can be catered for in this way - the highest level of access 
is available to a user known as the CONCERT Administrator. 

This person has privileges to create and remove users and change 
user passwords and database contents. Some examples of the Java 
classes can be found in an Appendix at the end of this paper.

VI. Conclusions
For the repository we are using the freely available OBST 
object database management system [23]. We have not yet had 
the opportunity to evaluate the performance of this ODBMS or 
to determine the performance gains that can achieved by fully 
implementing the rich repository against the number of commercial 
packages that are available. 
Both the distribution support service and CSCW support service 
utilize a Client-Server Programming technique which draws 
on our experiences with previous work undertaken during the 
development of the COMBINE architecture [14]. Future work will 
concentrate on the issues of CSCW and distribution control and 
in particular on the effect that enforcing concurrency control has 
on the working practices of users within a concurrent engineering 
environment. We have observed that there is a distinct lack of 
Application Objects (see Object Management Architecture Guide 
[17]) for manufacturing / engineering, e.g. tools such as DFA, 
DFM, FEA, CAM and CAD based on an underlying STEP product 
model. Engineering software vendors seem reluctant to develop 
generic components that can be used to build modular applications, 
instead preferring to provide complete systems. If software 
development activities were concentrated on developing open 
components that could be linked coherently into an environment 
(much like the current trend with compound documents) we feel 
that this would greatly facilitate concurrent engineering software 
integration. We stress that integration is not simply the interfacing 
of separate engineering tools but rather the bringing together of 
these tools so that they are perceived, and behave, as one. 
This paper has described the authors’ attempt to address a holistic 
view of supporting Concurrent engineering. The CONCERT 
environment [9] addresses three services that are key components 
in the production and application of concurrent engineering 
support environments: repository support, CSCW support 
and distribution support. We believe that by considering these 
components in combination, the synergy that will be achieved 
will be more effective than in the case when the components are 
applied without integration.
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