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The “science of design: software-intensive systems” is an intriguing topic that has extraordinary
breadth. To broaden it dlightly further, it isimportant to add the word “engineering”, which The
Call for Position Papers doesn’t use in a substantive way. At its heart, the goal of engineering is
to design (and implement) artifacts that improve society, so there is an inherent connection
between the “ science of design” and “engineering.”

It is broadly documented why software-intensive systems differ from many other kinds of
engineered systems. Here | will focus on a single reason: the necessity for rapid change to meet
the evolving needs of users of these systems. And within that, Il argue a single point:
anticipation of change in software-intensive systems in inherently more difficult than in most
other kinds of engineered systems, and that this has challenging consequences to the design of
these systems.

Belady and Lehman [1] and Parnas [2] are among those who have documented the nature and
difficulties of change in software systems. The need for change arises primarily from evolving
needs of users, with these needs arising for reasons ranging from individual preferencesto
technologica improvements to social and economic shifts.

It iswidely accepted that the best way to accommodate potential changesisto effectively
anticipate them. Parnas’ work isfoundational in this regard: information hiding [3] and layering
based on the uses relation [4] provide principles for software system design given an anticipated
set of changes.

We have developed few methods for effectively anticipating change; this, of course, compromises
our abilities to design effectively.” | believe that one of the reasons for thisis that many software-
intensive systems are more general-purpose than most other engineered systems, and this makes
anticipating change much more difficult — and more important. A classic example of a program
written for a specific task that ended up being used much more broadly is‘make’ [5]; athough
the core principle hasn't really changed (“compare dates and execute a rule depending on the
result”), the ways in which ‘make’ has been extended and stretched and pulled are extreme.
Another example is spreadsheets, which are used in truly remarkable ways that their inventors
never anticipated: they are used not just for budgets, but also as small databases, as checkbook

! The recent work on Extreme Programming argues otherwise. In essence it asserts that we are unable to
effectively predict change, so instead one should at every point use the simplest possible design for a
software system. Then, once changes are needed, one should restructure the design to meet the needs. This
may indeed be a fruitful approach —and it certainly questions conventional wisdom — once it matures, but
it's still quite early and the outcome is unclear.

20One method that is widely accepted, at least in principle, is data abstraction. One key aspect of data
abstraction is to allow the representation of data to be changed by a module without required changes to its
clients. Thisisvaluable (although there islittle or no literature indicating how valuable), but regardiessis
not the only valuable kind of potential change.



registers, and much much more. And each usage puts different pressures on particular features,
encourages other changes, etc. And there are untold additional examplesin the software realm of
unexpected use. Contrast this with airplanes, for example: very rarely are thereradical changesin
the intended function, the basic size, the underlying infrastructure (for instance, airports), and so
forth. (Thewaysinwhich airplanes are implemented vary more significantly over time, but the
intended and basic usage does not.)

What are the conseguences of this observation with respect to design of software-intensive
systems? | seeat least two. First, we need to become more aggressive about understanding,
empiricaly, particulars about how software systems actually change over time. Thisisnot a
guestion of code churn —that’s an interesting, but different question — but rather a question of
how to understand and categorize and, thus, better predict, future needs that cause software to be
changed. Second, we need to look at thisin the context of the historical observation that much
software is used in unexpectedly general-purpose ways. This deeply complicates thisissue, and
thus requires insights and ideas beyond those currently in play.

However, improvements in our understanding of future changes, even if incremental
improvements, can lay the foundation for better design and for new kinds of design of software.
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