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In commercial software development
organizations, increased complexity of products,
shortened development cycles, and higher
customer expectations of quality have placed a
major responsibility on the areas of software
debugging, testing, and verification. As this issue
of the IBM Systems Journal illustrates, there are
exciting improvements in the underlying
technology on all three fronts. However, we
observe that due to the informal nature of
software development as a whole, the prevalent
practices in the industry are still immature, even
in areas where improved technology exists. In
addition, tools that incorporate the more
advanced aspects of this technology are not
ready for large-scale commercial use. Hence
there is reason to hope for significant
improvements in this area over the next several
years.

A lthough the complexity and scope of software
has increased tremendously over the past dec-

ades, advances in software engineering techniques
for producing the software have been only moder-
ate, at best. Software development has remained pri-
marily a labor-intensive effort and thus subject to hu-
man limitations. As Frederick Brooks explained over
a quarter of a century ago,1 there is a big difference
between an isolated program created by a lone pro-
grammer and a programming systems product. A
programming systems product “can be run, tested,
repaired, and extended by anybody . . . in many op-
erating environments, for many sets of data” and
forms a part of “a collection of interacting programs,
coordinated in function and disciplined in format,
so that the assemblage constitutes an entire facility
for large tasks.” Brooks asserted a nine-fold increase

in cost to develop a programming system product
from an isolated program (see Figure 1).

With the advent of the Internet and the World Wide
Web, the problems that were recognized a quarter
century ago as having “no silver bullet” for the so-
lution1 have been magnified. The challenges of de-
signing and testing distributed computing systems,
with distributed data and Web services, with the need
for coexistence of heterogeneous platforms, unpre-
dictable run-time environments, and so on, make the
already difficult problem even harder.

A key ingredient that contributes to a reliable pro-
gramming systems product is the assurance that the
program will perform satisfactorily in terms of its
functional and nonfunctional specifications within
the expected deployment environments. In a typical
commercial development organization, the cost of
providing this assurance via appropriate debugging,
testing, and verification activities can easily range
from 50 to 75 percent of the total development cost.
Thus we should consider what is involved in these
activities that make them so challenging and so ex-
pensive.

Since one of the goals of this special issue of the IBM
Systems Journal is to be accessible to the students of
software engineering at large, we define relevant ter-
minology and its implications (we include formal no-
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