Richard N. Langlois
Department of Economics
The University of Connecticut
Storrs, CT 06269-1063
Richard.Langlois@UConn.edu
http://vm.UConn.edu/~langlois

Position Paper
Science of Design: Software-Intensive Systems

According to the call for position papers:

A design is the product of a process of designing of that desired artifact, system,
process. Moreover, the design itself is an artifact and is designed.

Yes. But what kind of process? What kind of artifact? From the classical engineering-design
perspective, one tends to think of the design process as a more-or-less self contained intellectual
endeavor pursued by an individual designer or a design team interacting with the physical world.
The resulting design is a more-or-less self-contained artifact sufficient to generate instances of the
“desired artifact, system, process.” But there are a variety of sociological perspectives, notably
the “social construction” school, that see the design process as almost entirely a matter of social
interaction, and the resulting designed artifact as preeminently a “social construct.” In some
formulations, indeed, one is left wondering whether the laws of physics (or relevant external
constraints in general) play any role at all in design. Clearly, any well-developed science of
design must take seriously the problem-solving character of the design process as well as
understand the ways in which that process reaches beyond the individual designer or design team.

Toward this end I advocate a perspective informed by evolutionary economics. Evolutionary
social science may in fact be a better term, since one of the main objectives of this approach is to
account for and to understand complex social formations like organizations and institutions.
Although the evolutionary perspective I’'m advocating dates back at least to the work of Adam
Smith, its present-day incarnation emerged out of the “invisible college” of economists and
kindred spirits who study innovation and technological change, and it has informed — and learned
from — a wealth of historical and analytical studies of the development of technology. Rather
than portraying social outcomes as the result of a process of optimization over known and given
variables, the evolutionary approach sees such outcomes as the result of the evolution of human
knowledge embodied in rules, routines, institutions — and artifacts.

On the one hand, the evolutionary approach connects firmly to the engineering-design
perspective. Important theorists of design like Christopher Alexander and Herbert Simon
illustrated their ideas with examples from both the design of artifacts and the evolution of
biological structures. There is good reason for this: evolution is a design process. And the
relationship between evolution and the problem-solving conception of design is quite clear. As
the late Stephen J. Gould put it, a non-tautological evolutionary explanation demands showing
how a structure meets “an engineer’s criterion of good design.” An evolutionary account thus
insists that designs are ultimately solutions to problems posed in part by the non-human
environment, even if those problems are often unarticulated and their solutions frequently non-
conscious.
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On the other hand, however, the evolutionary perspective is also social. It is social in the sense
that it is not inconsistent with accounts of human interaction and group cognition in the design
proces. More importantly, however, it is social in the sense that it directs our attention to the
ways in which human designers always rely fundamentally on “social” knowledge. Design is not
a self-contained process in which a designer creates design knowledge ek nihilo. Rather, design
is always tinkering: it is the recombination of existing bits of knowledge that were created in
other contexts and stored in forms that are sometimes explicit and sometimes tacit, sometimes
codified and sometimes embodied in practice or artifact.

One important area in which the evolutionary and engineering-design perspectives overlap is in
the theory of modular systems. Complexity is of course a central issue in the theory of design: as
Frederick Brooks famously pointed out, the benefits of the division of labor can be overwhelmed
by the costs of communication among autonomous units. The theory of modular (or
decomposable) systems suggests that a clever decomposition of the system can minimize
communication costs. From an evolutionary perspective, however, modularity has another
benefit: it allows rapid learning through the recombination of elements — and thus permits the use
of large amounts of design knowledge beyond the ken of any single design team.

Personal qualifications

Although I have inhabited an economics department for more than 20 years, my original training
was in physics (B.A. Williams 1974, physics and English literature; M.S. Yale 1975, astronomy)
and systems engineering (Ph.D. Stanford 1981, Engineering-Economic Systems). One of my
principal research tracks has been to theorize (that is, to think systematically) about organization
and technology. I was an early (and arguably influential) contributor to the literature on modular
systems, which has since burgeoned into a major research area in management and technology
studies. Another — complementary — focus of my work has been the economic history of
technology. I have written significant histories of such industries as computers, semiconductors,
semiconductor equipment, and software. My history of the microcomputer industry won the
Newcomen Award as the best article in Business History Review in 1992.
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