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Design is the process followed to construct an artifact that is fit for purpose. A design is
an artifact capturing some essential qualities of a product to be constructed—in this context a
software intensive system. The key element of the design processes as well as design artifacts
is that they help solve the problem at hand—if design processes and artifacts help an analyst
achieve his/her design goals, it is a good process or artifact.! Thus, the goal of the research
community is to provide design theories, methods, and tools that help practicing designers solve
practical design problems.

Based on years of experience working with engineers in various critical systems domains (air
traffic control, flight guidance, munition fuzing, cardiac phasing, etc.) we offer the following
conjectures that will guide the remainder of the discussions and our recommendations for future
research directions.

Conjecture 1 No design process or design artifact will be universally accepted, nor universally
applicable; even closely related domains, such as avionics and medical technology, have justifiably
different and entrenched views of which design artifacts are useful and worthy of design effort.

Conjecture 2 Solutions to today’s and tomorrow’s design problems will rely on tool support to
increase productivity, reduce cost, improve reliability, or whatever the design goals may be.

Conjecture 3 To make progress in design research, practicing designers must evaluate proposed
solutions on practical design problems; if proposed theories, methods, and tools do not solve real
problems, they are of little or no value.

Since design is about solving real problems in industrial settings, the only way to evaluate
proposed research solutions is to put them into the hands of practicing designers so that they can
apply them on realistic problems and determine what actually works in their domain. To achieve
this, two general problems must be addressed. First, close collaboration between industries
involved the design of software intensive systems and the research community must be established
to facilitate technology evaluation and technology transfer. Second, the research community must
be able to provide their industry partners with well supported tools so that they dare to adopt
them in their design activities. To illustrate our point, we offer the following experiences from
our own work.

We have worked in several projects developing formal specification languages and accompany-
ing static and dynamic analysis tools. The work has been largely successful and some technology
transfer is taking place [4], but, largely, the industrial adoption of promising tools and techniques
has been small. Typical obstacles to successful collaboration are industrial comments such as
“We like what you are doing, but you do not have internal events like Esterel [1]”, “We like
SCR [3], can you work with that?”, and “We need analysis support for SCADE’ [2]’. Naturally,
these languages are all semantically equivalent and potentially useful language independent mod-
eling, analysis, and testing techniques are not evaluated for all the wrong reasons, and promising
collaborations do not materialize over the perceived “academic” nature of the supporting tools.
These requests could be accommodated, we could modify our tools and techniques to address
the concerns of each industrial partner, but we would spend all our time making superficial tools
changes without making any real progress on the real design problems.

In the programming language community many interesting concepts and language extensions
do not get exposed to developers where they can be evaluated and adopted. To make an extension
to Java, such as open-classes or aspects, researchers typically build a monolithic compiler extended
with a new feature. There is no reuse of a compiler infrastructure that would allow one to specify
the extension as a module that can be imported into a developer’s existing, and trusted, compiler.

We here use analyst in its broadest sense to include all software professionals involved in a design process.



This limits the idea’s exposure. In recognizing this problem, work on product family architectures
and generative programming aims to provide tools that domain experts can extend with domain
specific constructs. Robison [6] further argues that compilers be built in an extensible manner that
allow users to specify domain specific optimizations and import them into their compiler. Work
on extensible compilers has been done where expressive constructs, such as AspectJ-like aspects,
can be imported by the programmer into the compiler as a modular language extension [7]. These
notions of modularity and extensibility apply to tools beyond the formal specification tools and
compilers we used as examples here.

Any such tools infrastructure, be it for programming, specification, design, or work-flow lan-
guages, that allows for the type of reuse we seek should allow tools to be specified and constructed
in a highly modular manner since different components would need to be composed in order to
create specific tool artifacts. The components of an infrastructure must also be extensible so that
tools can be easily extended with features specific to a particular target domain. Components
must also be amenable to analysis so that one can statically determine component’s compati-
bility. Finally, these components must work at a fine level of granularity in order to provide
precise control over the tools being developed so that they can meet the demands of the target
domain. Eclipse [5] is an example of a powerful and well-used tools infrastructure, but the level of
granularity is, in our opinion, too coarse to address challenges we have faced in our collaborations
with industry.

What can the NSF do to help? Firstly, we assert that the research community must abandon
its reliance on tools developed largely by individual research groups. Instead, we must increasingly
work towards modular, extensible, and robust tools that can make the transition to industrial
use and allow research breakthroughs to be quickly adopted and evaluated by industrial users,
research peers, and students. Such an effort would necessitate research programs into how to build
such flexible environments for various design domains and design activities. Furthermore, the
various communities related to design must show real leadership so that researcher can organize
around tools infrastructure efforts that will provide the platforms for design research over the
next 10 years. Secondly, programs encouraging (or requiring) industry/academia collaboration
must be expanded (or established in areas where they do not exist). We cannot, unfortunately,
offer any solution on how to structure such programs. Possible programs may involve faculty
leave programs to join development organizations, industry sabbaticals in academia, as well as
more traditional project based collaborations. Any program must, however, encourage ownership
and commitment by the industrial partner so that new techniques can be put though realistic
design challenges and be used by practicing analysts to provide real design feedback on our work
so that we can make real progress in our design research.
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