The Design Co-ordination Framework:
key elements for effective product development

M M Andreasen
Dept. of Control and Engineering Design,
Technical University of Denmark, DK-2800 Lyngby, DK.

A H B Duffy and K J MacCallum
CAD Centre, University of Strathclyde, 75 Montrose Street,
Glasgow G1 1XJ, UK.

J Bowen
Dept. of Computer Science, UCC, College Road, Cork, Ireland

T Storm
Laboratory of Flexible Production Automation,
Delft University of Technology, Delft, NL

Abstract

This paper proposes a Design Co-ordination Framework (DCF) i.e. a concept for
an ideal DC system with the abilities to support co-ordination of various complex
aspects of product development. A set of frames, modelling key elements of co-
ordination, which reflect the states of design, plans, organisation, allocations, tasks
etc. during the design process, has been identified. Each frame is explained and the
co-ordination, i.e. the management of the links between these frames, is presented,
based upon characteristic DC situations in industry. It is concluded that while the
DCF provides a basis for our research efforts into enhancing the product
development process there is still considerable work and development required
before it can adequately reflect and support Design Co-ordination.

1. Introduction

Competitive advantage can be achieved by a number of different means [1].
Within the current market environment, enterprises are being required to become
increasingly responsive to changing and diverse customer needs, while being able
to introduce and deliver their products more efficiently and at competitive prices.
That is, manufacturing enterprises need to ensure:

e shorter time to market,

e improved quality and customer satisfaction, and

e competitive costs.
Over the past decade industrialists and academics have recognised the need and
importance of developing approaches to enhance competitive advantage within
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manufacturing companies [2-14]. For example approaches such as: Enterprise
Modelling which focuses upon the effective utilisation of the material use and
manufacturing process within a company's business environment and the total
integration of the enterprise [15, 16]; and Concurrent Engineering (CE) which has
been primarily directed at ways of performing tasks in parallel and has resulted in
a number of methods being developed as suggested by Vasilash [17], such as
simultaneous engineering, life cycle engineering, process driven design, team
approach, and design for manufacture.

In particular, the significance of the design process in determining the success or
failure of a product in the market place and hence influencing a company's market
strength is becoming increasingly more articulated [1, 18-20]. It is becoming more
apparent that there is considerable scope for substantial improvements and
efficiency gains within design. A survey carried out in the mid-80s suggested that
overall “effectiveness' of development engineering is around 4% [21]. The basis
for this statistic is that, on average, engineers reported spending around one third
of their time doing “real” design, of this only one third was spent solving the
“right” problems, and of this management have the right competencies for only
one third of the time (i.e. 1/3 x 1/3 x 1/3 = 4%). That is, a considerable amount of
time and effort is wasted by the lack of focus on the application and management
of design effort. This leads to the conclusion that the potential for improvement in
better productive use of engineering design resources is substantial - provided we
have the mechanisms to realise it.

Unfortunately Enterprise Modelling approaches do not directly address the issues
prevalent within Product Design Development and hence do not provide a means
or foundation upon which to optimise the design process. These approaches have
tended to concentrate upon global company functioning, strategy, overall business
development and have tended to be directed at providing a high level
director/managers' tool. Thus a major weakness of these approaches is that they do
not directly address the issues involved in the actual design activity of complex
and multi-disciplinary design projects.

An indication of the complexity of formalising the design process comes from the
large number of descriptions which exist in the literature and which attempt to
represent the essence of design [22]. What is interesting about these descriptions
is their variety as well as the fact that they emphasise different aspects, according
to the interpretation or findings of the author(s). They have also tended to model
design as a chain of activities and have not taken into account the many
complexities [23], life phase aspects [24] and business/enterprise issues [25] which
are essential considerations for conducting effective design. Consequently, in
recent years we have seen a trend which moves away from these “traditional”
models towards “Concurrent Engineering”.

CE research represents considerable global effort to shorten the design cycle time,
improve the design quality, or reduce product costs. Within Western Europe the
emphasis has been upon approaches which consider the product's /ife cycle issues
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[26-29] and the total integration of the market, design, and production functions of
a business [30]. Thus, European work has tended to concentrate upon shortening
the design cycle time by introducing and addressing life cycle issues earlier in the
design process in order to alleviate problems and define a better quality of product
by way of an integrated development process. In the United States of America
(USA), more emphasis has been placed upon co-operative working as typified by
the DICE (DARPA Initiative in Concurrent Engineering) program [8, 31]
workshops [32], books such as that entitled ‘Computer-Aided Co-operative
Product Development’ [33], and research publications [34-37]. In addition,
supporting information sharing [38, 39] and design management [40-45] are
currently topical issues in American CE research. While the research effort in
Europe has tended to concentrate upon life cycle issues, the USA emphasis has
primarily been upon enhancing integration and communications of human and
computer resources. However the ethos in both continents has been one of
attempting to follow the CE philosophy.

The design of complex products involves the co-ordinated organisation of multi-
disciplinary groups, activities and information which continually evolve and
change during the design process. Historically, different activities in the design
process have been kept separate and interact through informal and formal
communications, via paper medium or file transfers, resulting in considerable
effort going into the resolution of inconsistencies, conflicts, and uncoordinated
design activities. The design process is becoming increasingly and inextricably
linked to computational design tools and data models which invariably remain
disparate. Before multi-design tasks can be effectively organised and co-ordinated
within such a computer medium, there is a need to integrate the data of the product
model and the design tools in order to make effective use of the resources
available. Such an environment can provide not only a basis upon which to
develop multi-disciplinary design and dynamic project team organisations but also
consistent, co-ordinated and efficient product development.

A major shortcoming of the Concurrent Engineering view is the failure to
recognise that what is truly required is not for activities to be carried out in parallel
but for resources to be effectively utilised in order to carry out tasks for the right
reasons, at the right time, to meet the right requirements and give the right results.
That is:

the key to achieving optimal design performance, and hence design
productivity, is the effective co-ordination of the design process.

The authors of this paper have been involved in a working group of researchers
(CIMDEV) which was funded by the Commission of the European Communities
ESPRIT initiative from September 1992-1995, and subsequently as the Integration
in Manufacturing and Beyond (IIMB) group from September 1996-1999. The
group was initially formed in order to foster and develop collaborative links in
basic research for DEVices (i.e. software tools) for Computer Integrated
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Manufacture (CIM). Since its inception, a sub-group of CIMDEV has played a
leading role in the development of a key issue in design research - Design Co-
ordination (DC) - which has now been adopted by the wider European group as a
unifying concept for several areas of research, each examining different aspects of
this central theme [46].

The argument for Design Co-ordination (DC) is that, to optimise design, activities
should not necessarily be carried out “concurrently” but should be structured in
such a fashion as to achieve optimum performance (such as total life quality and
costs, cycle times, profitability, etc.). To achieve this, Design Co-ordination
focuses upon issues directly relevant to the optimisation of the design process.
Thus, the DC sub-group has formulated the following mission for the project:

— to achieve a quantum leap in the performance of the Product Development
Process.

With the principal goal.

— to develop a computer based environment which supports the effective
utilisation and integration of resources in order to optimise the design
process.

This paper presents a framework for the effective co-ordination of the product
design development process, the Design Co-ordination Framework (DCF). It is
based upon the cumulative experience of the authors working in the field and
discussions with a number of leading manufacturing companies. It is a hypothesis
of the key elements involved in Design Co-ordination and as such forms the basis
for discussion and a foundation to focus our research activities. Within the paper,
before describing the DCF, a general outline of Design Co-ordination is given.
Mechanisms for Design Co-ordination are then presented and the use of the
framework in design discussed. The paper concludes the DCF it requires more
thorough validation and will no doubt be subject to change and evolution.

2. Design Co-ordination

Design co-ordination may be seen as the activity of covering the need for co-
ordinating the design activity in itself due to its own complexity, and the need for
co-ordinating within complexities of activities, resources, goals and tasks of the
company.

Design may be viewed as human and creative problem solving and engineering
activities, market and commercial activities of product development, and planning
and strategy related management activities of product planning. Co-ordination
should bring these activities into a total organisational and commercial context
[47].
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The complexities which design co-ordination should cope with have been
identified in an earlier publication [48]: the complexity of the artefact, the design
activity, decision making, actors, aspects, knowledge and sources. Design Co-
ordination brings these parameters together and allows for the management and
control of the Co-ordination. One pattern of co-ordination is today well known and
has high effects: concurrent product development. Concurrency is obtained by co-
ordinating in accordance with creation of simultaneity, integration and providence
of the activities of designing [48].

Establishing an interactive Design Co-ordination system means to manipulate
important design factors like tasks, resources and design aspects related to the time
dimension of designing. Design Co-ordination may therefore be seen as four main
activities: decision making, controlling, modelling and planning/scheduling, with
respect to the mentioned factors, see Table 1 [48].

Activities | Decision | Controlling | Modelling Planning/
making Scheduling
Factors
Time V
Aspects N
Resources v
Tasks v

Table 1. Activities of design co-ordination related to design factors [48].

The complexities of the design activity mentioned above are dimensions or
parameters, which change state and structure during the design activity. The
artefact to be designed grows in complexity, gradually new resources are brought
in, new tasks are planned and a long row of different models support the synthesis,
analysis and documentation activities. Decision making plays a central role,
relating the organisation members with more or less influence on the artefact and
the activities.

3. Key Elements - A Set Of Frames For Design

Co-ordination
If we want to show or monitor the design activity and keep track of all the
important relations between the activity and the company, what key elements do
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we need? In this section we try to identify this set of frames, where a frame is a
model, showing the change of state or the change of relations.

Figure 1 shows a proposal for a set of frames for product development. The frames
reflect the authors and a number of industrialists believe to be the most important
aspects, but make no claim on completeness or correctness.

Each frame represents a particular aspect of design co-ordination, their state,
evolution and relations. They represent models of different aspects of design.
These models are not as yet matured in research or practise, because their role has
been mind-setting or explanatory rather than as explicit tools. Thus, some of the
models are new and find little support in the literature.

3.1 Model of Product Development - Frame 1

Product development is the activity which links need recognition to the
introduction to the market place. There exists many theoretical, normative models
in the literature (Eckels & Rozenberg [49], Pahl & Beitz [50], Hollins & Pugh
[51], Andreasen & Hein [30] and many more) and many companies use templates
or master procedures for their design activity (e.g. Lucas [52], Philips [53], Stork
[54]). The models are given many names, which adds to confusion: Total Design
[55], Product Introduction Process (PIP) [52], Integrated Product Development
[30, 56], Product Life Cycle [57].

The content of such models differs widely, from simple problem solving models,
via engineering design focused models, to models showing interrelated functional
activities of a company, leading to establishing a new business.

The nature of the models differ from theoretical (principal) and generic models,
procedural models (fitted to the company's normal standard activity, defining stan-
dard sub-activities and their sequences and relations), master plans (with detailed
planning schemes, but not fitted to the actual project) and actual plans on different
levels of scope and detail, i.e. showing the project strategy, the tactics or the
operational activity pattern.

Such models or procedures may be related to a company handbook or manual, ex-
plaining each activity (input, output, definition, responsibility, methods, tools etc.).
The handbook may be structured in accordance with the companies quality hand-
book, ISO 9000, or similar regulations.
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Figure 1: Set of frames for design co-ordination. Each frame symbolises a
monitoring model. Co-ordination means establishing, managing, and controlling
proper dynamic relations and inter-action between these frames.
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The DC support related to this model could be:
— support of planning
— use of generic activity decomposition patterns
— reuse of plan patterns from earlier projects
— communication of the plan to different involved partners

The frame would show the activity elements, milestones, patterns of activities,
relations, critical path, actors or agents involvement and event related links from
one activity to others. The time dimension and the scheduling is treated below
when discussing Frame 9.

3.2 Model of decomposition - Frame 2

Decomposition is the product breakdown into (functionally defined) subsystems,
each of which constitutes a design activity. There exist other types of design
activities, which cannot be precisely related to subsystems, so the decomposition
model is not a full activity structure model.

Pragmatic, experience based decomposition is made in many companies, as a
basis for activity planning and parallel design, performed by different individuals
or teams. Here there are only immature theories in literature [58], plus
mathematical, optimisation oriented decomposition styles [59, 60], which are not
applicable for general practise.

The entities of the decomposition may be identified and modelled in different
ways: as functional black-boxes, as structured elements with functional or spatial
relations, or as part structures with assembly relations [61].

As the design activity is progressing, new subsystems are identified in a mainly
hierarchical manner, and each subsystem is transformed from functional identifica-
tion, via conceptual design, into a detailed part structure (Frame 5).

Such a model could be required to provide:
— adefinition and overview of product subsystems
— an overview of alternative design routes and alternative solutions to
subsystems
— an overview of reuse areas of the product (known subsystems)
— an overview of design progress of each subsystem.

The frame is a hierarchical structure of units, where each unit represents a
subsystem by its identity, degree of classification, and where you have the
possibility to see an illustration (e.g. CAD drawing) of each subsystem, when
requested.
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3.3 Model of disciplines and technologies - Frame 3

Product development changes technologies and know-how into new business
possibilities. The R&D organisation has to gain new insights and ideas for use in
the design activity. The R&D organisation have to be multidisciplinary in
accordance with the needs of the product for creating mechanical, electronic or
software solutions or to create a control circuit, a man/machine interface,
optimisation of a fluid flow system etc.

It is necessary to divide the tasks of the design activity in accordance with the
disciplines, but also to integrate those disciplines in such a way as to achieve
overall optimal solutions. Seen from the manager of the design department it is
necessary to create continuous and professional development of each discipline
while the design projects need a limited professional contribution, e.g. for solving
a software problem related to some logic of the man/machine interface.

At present we see the discipline model as a “discipline content and distribution”
model of the artefact to be designed, but also the disciplines and expertise required
to develop the design. It is recognised however that this model needs considerably
further clarification and development

3.4 Product life model - Frame 4

Designing is closely linked to foreseeing product life phases, primarily the “use”
phases, but also establishment, maintenance and liquidation. The perception of
these phases or the product life scenario may be rather concrete and sure, due to
familiarity of existing products, or unsure and unknown. But in any case the desig-
ner's task is to fit the product to an imagined life scenario.

Each life phase may be seen as a system; the product interacts with this system and
the effectiveness of that interaction determines the performance and ease of
performing/surviving the actual phase. Such life phase systems could be
production, sales, transport, service or recycling systems [24]. The product
specification normally defines the range and focus of life concerns and raises the
need for a product life model for monitoring this range and focus and the need for
relating product life facts to the design activity.

The functionality related to a product life model could be to:
— support for defining or identifying product life range and focus
— support for reuse of product life scenario and data from familiar, earlier
products, established on the market place
— overview of design progress related to product life concern
— monitoring of product life aspects like cost, quality and environmental
effects.
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The monitoring of this frame could be supported by symbolic life phase/life cycle
models, related data views or focusing on selected life aspects like total life costs
[62, 63].

3.5 Synthesis Matrix model - Frame 5

The synthesis of the artefact is the core of the product development activity. Each
subsystem or larger parts of the product may be treated in a separate design activ-
ity. The design activity may be unstructured or captured in steps with defined
phase results like, for example, a concept. The literature and industrial practise
offer many different models of the design activity, more or less fitted to product
types and the type of industry, see Frame 1.

Adopting the concept of Concurrent Engineering we propose a parallel product
and production engineering process [30, 53, 64]. The phases are synchronised and
performed interactively and there are two results: a product and a production
result. The content of the production engineering activity may range from a fully
developed production system (e.g. a new automated assembly cell) to a
quantitative fitting (selection of tools, jigs and production flow pattern) of the
production system to the product.

Expanding this idea to other product life phases reveals a similar concept of
parallel synthesis. The range of life phases should be in accordance with the range
and focus of the product life model, see Frame 4. The output of each activity is a
definition of the life phase conditions and/or systems. Thus, not only should issues
involved in DFX be considered but also the X element but must also be designed
and evolved along with the product. That is, we must Design The X (DTX) in
order to ensure the overall business and product requirements are met.

The use of the synthesis matrix, i.e. the realisation of concurrent synthesis, could
be the following:

— support for planning

— support for reuse of plan patterns

— support for reuse of concurrency patterns

— monitoring of parallel design progress

— communication of the plan and progress to relevant participants (e.g.

partners or sub-contractors), showing updates and changes.

The frame representing the synthesis matrix could be a symbolic diagram or a
principal activity relation network, with links to the results or to intermediate phase
results and links between such results.

3.6 Life phase system model - Frame 6

As mentioned above, the concurrent system, identification or quantification of a
life phase system has as a result a contribution to the specification of the life phase
system and the life phase conditions. The responsible agents for the life phase (like
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the fabrication, assembly, transport or service department) need to receive these
explicit results for control, adjustment or as a specification for the future life phase
activity, like input for production preparation.

The need related to life phase system modelling is to model the different
contributions from the synthesis activities and to transfer these contributions to the
actual agent in their professional language. An example could be the transfer of
chosen assembly methods, sequences, gripper surface information etc. to the
assembly department, for contribution to the production preparation and the
establishment of the assembly system.

For example, the assembly department may use this model to:
— obtain insight to assembly related design results
— control the development of the life phase system
— evaluate consequences on considerations such as cost and lead time
— allow reaction (feedback) to the design activity
— allow further detailing and progression in production planning.

The number of agents “receiving” this type of monitoring should be in accordance
with the main focus of the design activity, mirrored in the product life model, see
Frame 4. Some agents are not departmental, like installation and recycling, and in
these cases the frame would serve the purposes of the design team.

The frame could reflect the assembly sequence contributions for each synthesised
unit and the system layout contribution. Many life cycle areas have not developed
characteristic models which again is an area requiring further consideration and
development.

3.7 Product development goal/result model - Frame 7

The product development activity is normally controlled by goal specifications.
The specifications define demands and optimisation criteria and specific required
elements or features of the solution, with the basic idea to capture the properties of
the ideal solution covering the perceived need.

Ideally seen this overall specification should be broken down into subsystem
specifications as the design activity progresses, allowing evaluation and selection
of best solutions for the subsystem. This breakdown should also ensure that
subsystems in a proper way contribute to the overall optimisation of the total
system.

State of the art of this area is not in accordance with this ideal situation. In some
branches of industry specifications are not used. In more developed companies you
find the breakdown of specifications only for sub-supplier deliveries or for choice
of materials or units like motors, gears etc. The QFD method (Quality Function
Deployment [65]) requires the breakdown of technical specifications from the total
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system via components to production processes and control operations, but no
theoretical basis exists. The existence of a goal structure is foreseen by Ropohl
[66] and some theoretical steps have been made [58].

As the design activity is progressing, the specifications are met and results may be
formulated, i.e. a solution specification may be formulated. This specification
reflects the decomposition model, and as the design progresses in detail, the results
sum-up to overall performance parameters of the system [58].

The goal structure relates to a degree the decomposition structure. The
specification elements (demands) cannot be related to the system elements
beforehand, unless the solution is already well known. So the relation between the
specification and the system elements is normally very complicated.

The aspects of DC that this model could provide support for are to:
— monitor the gradual elaboration of sub-specifications
— monitor the satisfaction of specifications and the obtained system
performance
— control the results of the design activity at its milestones
— allow dynamic adjustments and additions.

The goal/result model is an overview of the specification elements and their
relations to the decomposition structure. Each element within the goal structure
could reflect a full specification document and also show the obtained resulting
values.

3.8 Product development task model - Frame 8

The tasks of the team manager and the product development team may be formu-
lated in a business specification which defines the purpose and goal of a project
seen from a business point of view and act as a contract between the management
and the team.

Also individuals and functional units of the basic organisation has formulated tasks
to fulfil. Due to the nature of product development, where each new product
changes the conditions for all functional units, these units also have specific tasks
which are required to be performed in order to develop the product. Tasks of this
nature could be cost reduction, service rationalisation, reduction of order treatment
lead time, creation of data links to R&D, internal standardisation, ISO 9000
certification etc.

The defined tasks are more or less directly related to the product development
activity and the solutions may be complicated: When do I, as service manager,
interfere with the design activity for obtaining higher quality of the service
departments activities?
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Monitoring the task structure is complicated, but rewarding. There exist no theory
or practise, but we believe that the transparency created by a Design Co-ordination
system could allow the relations between the tasks and the product development
activities to be explicitly expressed. In this way important links between product
development and the basic organisation is established and may be managed.

3.9 Activity model - Frame 9

As outlined in Frame 1, many companies use a general master model of the
product development activity as a basis for establishing a plan for an actual
project. Where the model of the product development activity mentioned in Frame
1 serves the overview and monitoring of a set of activities (mainly showing
strategy and tactics plus milestone actions), the activity model serves the control of
teams and individual activities.

The DC support of an activity model could be the following:
support the creation and maintenance of the project plan under dynamic
changes
— support the reuse of plans from earlier projects
— communication of a common plan to all teams and agents involved in the
project.

3.10 Resource model - Frame 10

An important task in design management is the allocation of resources. What are
allocated are knowledge, skills and methods, carried by individuals, teams and
equipment.

There are no models of the resources structure in current use in practise. The
resources do not follow a hierarchy, they more likely reflect a network structure,
where some of the nodes are agents outside the borders of the company.

The support from the resource model could be:
— identification and overview of resources and their network
— support for resource allocation and the utilisation of earlier resource
allocations (experiences), related to the manager
— current and planned loading and allocations
— support for resource contributions seen from the agents point of view.

We consider that there is considerable effort and development required to
adequately model the available resources, and support their effective utilisation,
within the Design Co-ordination Framework (DCF).

3.11 Design history model - Frame 11

A design history model reflects central aspects of the product development
activity, such as decisions and their rationale, related to product oriented solutions,
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design strategies, plans, allocations etc. The use of such a design history could be
to:

— support documentation related to ISO 9000 etc.

— support reuse or any kind of insight obtained by previous projects

— allow learning from previous projects.

The design history model of the DCF is not in fact an active monitoring element,
but more a passive register, with the ability to replay and reuse particular aspects
of past design experience in order to optimise the co-ordination activity.

4. Mechanisms Of Design Co-ordination

In the previous section we proposed a set of frames, or monitoring models. We
consider that the frames in themselves are important contributions for monitoring
the design activity. In the following we will identify, how Design Co-ordination is
related to these eleven frames. The frames themselves do not reflect co-ordination,
but rather the elements involved in its support. Co-ordination relates to the
effective control and management of the inter-relations between these frames,
through appropriate DC mechanisms.

The need for co-ordination is related to the many complexities involved in design
and the dynamic changes of design management parameters. Identifying the
mechanisms of Design Co-ordination is partly a theoretical task, for setting up
principal mechanisms, and a practise oriented task, finding those mechanisms
which are important for an actual company in an actual situation.

A theoretical analysis could be an investigation of relations between frames
created by dynamic changes in the design activity. We could ask for example:
Where do we find the Design Co-ordination activity “decision making” in these
dynamic patterns? In Design Co-ordination decisions are made, concerning
artefacts, as part of synthesis and, about paths or “navigation” within the design
activity. You find decision making on many levels, creating a continuum from
strategic decisions down to detailed decisions of the designer. Therefore we find
no strict demarcation of DC decision making.

Clarifying the decision making activities may be done in a matrix of the eleven
frames, where it is noted, how a change in one frame could lead to decisions
related to the same or other frames, see Figure 2. The result is a complex pattern,
even if we only note higher level management oriented decisions, and the analysis
does not tell us anything about the importance of the decisions and the need for co-
ordination support
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Figure 2: Design co-ordination occurs when changes in one frame (vertical list)
propagate decisions about change in another frame (horizontal list). The crosses
mark the principal decision related links.

Another approach, also theoretical, would be to set up a semantic net of dynamic
changes. An example is shown in Figure 3, where two frames are related, namely
the “Model of decomposition” and the “Synthesis matrix” with focus on a unit
being designed. This analysis is very general and does not lead to a detailed
definition for development in say a computer based system.

In Figure 4 is shown a similar analysis linking the “Model of decomposition”,
“Goal structure” and “Activity model” based on the identification of a new unit in

the decomposition structure.
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Figure 3 Example of analysis of dynamic changes in the frame network. Here two

frames are related, namely the model of decomposition and the synthesis matrix
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to an identification of a new unit in the decomposition structure.
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A pragmatic/empirical approach would be to select a company, point out an actual
project and to let the participants identify their co-ordination problems and the
dynamic change-patterns in a prototype set-up of a computer based Design Co-
ordination Support System (DCSS). This prototype could, as the first simple
solution, be a white-board model of the frames and yellow “post-it” slips carrying
the dynamic changes.

5. Discussion

Appropriate and fully developed mechanisms and frames for Design Co-ordination
do not exist, either paper-based, in manual design today, or as computer-based
design support systems. Thus, a critical condition for Design Co-ordination
feasibility is that we are able to create frames which in themselves are of advantage
to the execution and management of design.

The set of frames shown in Figure 1 reflect the design activity by the following
frames: “Model of decomposition” and “Systems matrix model”, not by automatic
techniques, but as notes or indications from the design agents: Where are we?
What are we working on? What results are obtained?

The set of frames is a neutral, generic, structure and gives only benefits, if it is
utilised. It is well known from literature that a structured procedure and good use
of earlier solutions both create high efficiency and quality results. Properly
managed, the DCF could influence design in a very positive way, but will also
change the nature of design, by prescriptive patterns, by external control of
intermediate results, by monitoring progress against goals and tasks etc.

Some general principles concerning designing in a computer based DC Support
System (DCSS) has been identified as:

e Any type of design support shall be accessible at any time (functional,
conceptual or concrete). The DCSS should not dictate one design
methodology but be flexible for individual types.

e [t shall be possible to design the design approach. There are big differences
in designers individual approaches: experimental, reuse, trial-and-error,
mainly concrete or conceptual focused, with many/few alternatives, with
individual graphic stile etc.

e The DCSS shall be integrated with existing and new information structures
of the company.

e The DCSS needs to model the product structure (to be based on a product
model) in order to aid the design process and Design Co-ordination.
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From the paper it can be seen that Design Co-ordination is a complex task, based
on many different factors. Some of the task is related to each of the frames in
order to make them function as stand alone elements, while some is related to the
co-ordination of the framework data.

Some principles concerning the utilisation of the DCF through a support system
has crystallised during our discussions:

— Accessibility has to be able to be managed. The system should support
different agents with different roles and responsibilities in the design
activity

— The system should model relations between frames and, by allowing
different ways of reasoning about their consistency, support their
management.

— The system should allow reuse of any models or data of Design Co-
ordination.

— The system should allow interactive analysis of the interaction, evolution
and knowledge/activity-use to allow “design learning” and design
research.

— It would be attractive, if the system allowed animation of the design
activity, for example, for training purposes based on analysis of the design
activity. Similarly, it would be attractive if the system allowed simulation
and game playing.

— The system’s task is to integrate, model and manage (support management)
of the interaction between the DC frames.

6. Conclusion

This paper has presented a set of “frames” which are considered to be key
elements in the effective co-ordination of the design product development process.
The framework acts as a foundation upon which to focus our research efforts into
enhancing the product development process. It is based upon the author’s research
experience and discussions with industrialists. Consequently, it requires more
rigorous validation on a theoretical and practical basis. Having said this, it
highlights that there is still considerable work and research effort required before
the framework can adequately reflect and support Design Co-ordination.
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