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Abstract 
This paper is a report of the discussions of three working groups at the KIC-2 work
shop. The groups were assigned to discuss System Architectures, Representations, 
and Delivered Systems, and were charged with addressing topics from the point of 
view of Research Achievements, Research Issues, and Industry Needs. 
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1 KIC-OFF 

This paper is a report of the points raised and the conclusions reached by three 
working groups that were formed from the attendees at the KIC-2 workshop. The 
groups were assigned to discuss System Architectures, Representations, and Deliv
ered Systems. Each group was charged with thinking about their topic from the 
point of view of Research Achievements, Research Issues, and Industry Needs. 

Much of this paper will be based on the deliberations of the Architectures group, 
as this was the group of which the author was a member, and because it was 
observed that most of the points raised there were also discussed by the other 
groups. The issues from all three groups will be summarized in this paper. 

In order to characterize the achievements of the KIC field we will focus on the 
state of research ten years ago, and then contrast that with current research. The dif
ference should reveal the Research Achievements, i.e., which problems the field 
thinks are solved. The description of current research will also reveal the Research 
Issues, as this is what people are currently focussing on. Surprisingly, at first any
way, it also reveals the Industry Needs. 
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2 THE EARLY GAME 

By 1986, ten years ago at the time of writing, IFIP had already had two Working 
Conferences about knowledge-based CAD [Latombe 1978] [Gero 1985]. 

That early research was characterized by attempts to tackle small design prob
lems in a single domain (e.g., mechanical), from the point of view of a single 
designer. Research was mostly concerned with the detailed, parametric design of 
single components and simple assemblies, usually using routine design problem
solving. 

Many systems were rule-based, although there were some attempts, such as my 
own [Brown & Chandrasekaran 1985], that started to break away from general pur
pose reasoning to characterize the knowledge and problem-solving needed for 
design and configuration problems. Most systems were autonomous, responding to 
design requirements with no human in the loop. CAD systems were mostly wire 
frame, with some solid modelling capabilities starting to appear. 

3 ACHIEVEMENTS & RESEARCH ISSUES 

In the last 10 years, research has progressed quite far beyond the situation in 1986. 
Research is now concerned with large designs in multiple domains (e.g., mechani
cal plus electrical), and the large systems that design them. These systems often 
incorporate "legacy" systems, and treat design as part of the enterprise - using an 
open architecture, integrating with business systems, and involving physical distri
bution. 

The reasoning involved in these design systems is often quite mixed, due to the 
incorporation of real or· simulated teams where members have different points of 
view (representing different lifecycle issues, for example), as well as the explicit 
incorporation of multiple types of reasoning (e.g., requirements specification and 
checking, abstraction, problem decomposition, functional reasoning, etc.). 

Many systems concentrate on early design, especially given that a large amount 
of the product's cost can be locked in at the conceptual design stage. In addition, as 
routine design is quite well understood, most research now tackles non-routine 
design. 

CAD systems are now parametric, feature based, include attributes and con
straint checking. Some even include small amounts of intelligent reasoning. 
Achievements in the areas of geometric reasoning and representations have been 
quite strong. Research into features is very active, and their definition, their rela
tionship to function, their role in reflecting the designer's intent, and their depen
dence on viewpoint (e.g., manufacturing vs. assembly) are topics that produce 
much disagreement and discussion - and this workShop was no exception. 

There is recognition that designs need to be represented in more than one way, 
at different levels of abstraction, from different viewpoints. This might include 
product-process relations. A key research issue is the need for links across these 
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heterogeneous representations, possibly between modelers, to connect related infor
mation and data. 

Embedded knowledge-based reasoning has become quite common, and small 
expert systems are quite widely used, and have had a noticeable impact on the 
design community. Some effort is being given to the design of intelligent artifacts, 
that incorporate knowledge-based action, and knowledge about the artifact itself 
(e.g., for reasoning about diagnosis or repair). 

In addition, there has been recognition of the importance of: 
• the need for design rationale (design intent) capture and use; 
• the fact that both design knowledge and design data is changing over time; 
• the increased use of design-related data bases, brought about by larger designs, 

design reuse, and the use of legacy systems (that may have associated data 
bases); 

• the fact that design is often a discussion between people, with appropriate sup-
port required; . 

• the need to recognize inconsistency in designs and design infonnation; 
• the study of and comparison between design methodology across domains. 

This set of changes in research over ten years points to many achievements that 
have allowed the field to progress to these new topics. For example, routine para
metric design is considered to be a solved problem, and CAD systems are more 
properly thought of as solid modelers. 

This set of changes also indicates most of the current research topics. The move 
to bigger design problems, less-routine activity, a stress on earlier design stages, 
with large amounts of varied knowledge raises many research issues. The move 
towards distributed design and the integration of design systems into the existing 
business structure raises' many more. 

4 OURGOAL 

Research into design representation, reasoning and systems can, quite properly, 
have the goal of better understanding all aspects of design. However, design is such 
a practical area, that we need to have "satisfying the needs of industry" as one of 
our goals. 

The basic needs of industry - making products better, cheaper, and faster -
haven't changed much in ten years. However, there is now a recognition that the 
design process has an architecture, that can be examined and refined. Industry needs 
tools which match this architecture that can support both the design process and the 
individuals involved in it. The design process needs to be integrated into the enter
prise. In addition, the design process is seen as something that can and should be 
'instrumented' to assist with the management of qUality. 

Industry is becoming increasingly aware that knowledge is a key resource that is 
important to capture, keep and use. There's a need for design rationale capture to 
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allow explanations to be provided about existing designs, to guide new designs, and 
to allow easier redesign activities. 

Systems with embedded intelligence are no longer strange - although work 
explicitly labelled as Artificial Intelligence may still be treated with suspicion. 

Even though industry's basic needs haven't changed much, business organiza
tions and practices are changing, with more distribution of design teams and 
designs. Virtual prototyping has reduced the number of actual prototypes being 
made. There is increased use of existing parts, via catalogs, and existing systems 
(i.e., legacy systems), in order to maximize return on investment. Rapid prototyping 
(real, not virtual) needs to be more strongly tied to design systems. Such needs 
require open systems to ensure maximum flexibility. 

Design in industry is increasingly concerned with life cycle issues and impact 
(for example, as in "green engineering"). Design for manufacturability is more 
common now, and new "iIi ties" are appearing - it has been claimed that "the num
ber of 'ilities are growing". 

It should be clear that these observations about "industry needs", include many 
of current research issues that were discussed above. In addition, the systems deliv
ered have addressed some of these issues, with better integration via data exchange, 
increased use of features and product models, wide support for detailed design, and 
growing concern for supporting conceptual design. One explanation for this is that 
design researchers have been listening to industry, and vice versa. Clearly, this 
needs to continue. 

In summary, industry needs distributed, integrated, design systems. There is a 
strong correlation between industry needs and current design research. 

5 AFTER LOTS OF KIC-ING, WHAT'S THE SCORE? 

Ten years ago we were concerned with "IntCAD", with intelligence in the CAD 
system. Now we are focussing on "KIC", Knowledge Intensive CAD. KIC has 
knowledge of many types in many places, is concerned with product knowledge 
management, and its relation to lifecycle stages. 
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