INTRODUCTION

On an outside wall of the thirteenth century Town Hall in
Rothenburg-ob-der-Tauber, Germany hangs an equally old iron
standard used to measure the length of loaves of bread. Subject to
punishment were bakers who made their loaves too short—for
cheating their customers—as were those who made their loaves too
long—for raising unrealistic expectations. The goal of this chapter
is to provide general material about software engineering and soft-
ware engineering standards and to address the reader’s expecta-
tions regarding the usefulness of the standards.

Software Engineering

The Institute of Electrical and Electronics Engineers defines
software engineering, in IKEE Std 610.12, as:

(1) The application of a systematic, disciplined,
quantifiable approach to the development, opera-
tion and maintenance of software, that is, the ap-
plication of engineering to software. (2) The study
of approaches as in (1).

Most of the standards to be considered are practice standards
rather than product standards, concerned with the regulation of the
practice of software engineering rather than the interfaces of the
products produced.

Is it Engineering?

One could be excused for denying the premise of this book.
Software engineering is not among the 36 engineering professions
licensed in the United States. Furthermore, 48 states have laws
forbidding an unlicensed individual from advertising as an
“engineer.” The state of Texas has prohibited its universities from
offering master’s degrees in software engineering and the state of
New Jersey has considered legislation requiring the licensing of all
software professionals [Jones95].
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Nevertheless, in deference to common usage, this book will use
the term “software engineering”; readers may choose to view the
term as a statement of a goal or ideal rather than as a statement of
a fact.

Engineering can be viewed as a closed feedback loop as shown
in Figure 1. An engineering process consists of related activities
performed in response to a statement of needs and consuming re-
sources to produce a product. In order to manage or improve the
process, one must exert control. Control is a decision-making
mechanism that considers goals and constraints in the formulation
of action that is intended to direct or modify the process. The deci-
sion to take action is based on measurements, quantitative evidence
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Figure 1. A model of engineering. (Source: [SESC93].)

regarding the state of the process. Measurements can be made of
conditions inside the process, products of the process, and the satis-
faction of users of the products [SESC93]. We would expect soft-
ware engineering standards to contribute to the implementation of
such a model with respect to the development, operation, and main-
tenance of software systems.

Indeed, we will find standards related to the process, product,
and resources involved in the software discipline. We will find
standards describing the treatment of needs in software develop-
ment, not only as requirements and specifications, but articulating
less formal needs from more remote stakeholders. We will find
standards describing management plans, measurements, and ac-
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tions for the purpose of controlling the ongoing processes. Finally,
we will find methods to articulate goals and constraints, even in-
formal ones, to guide the managers.

So, even if the software discipline has not yet formalized the
empirical underpinnings of an engineering discipline, we will find
that, in many ways, it is acting as if it has.

Relationship to Other Disciplines

Software engineering occupies a position intermediate between,
on the one hand, the mathematical and physical disciplines of com-
puter science and technology and, on the other hand, the require-
ments of the particular application domains applying the findings
of the former to solve problems of the latter (Figure 2). The tech-
niques for the engineering of software can be viewed, in part, as
specializations of those of more general disciplines, such as project
management, system engineering, and quality management. Fur-
thermore, a software project must implement requirements im-
posed by cross-cutting disciplines like dependability (a term more
general than reliability) and safety. These contextual disciplines are
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Figure 2. Relationship of software engineering to other disciplines.
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important to the book because subsequent chapters will use them
as entry points for selecting appropriate software engineering stan-
dards.

Fundamental Principles

The engineering style of education deals with rapidly changing
technology by teaching fundamentals; students are provided little
choice regarding their curriculum. As a consequence, there is a set
of things that we can expect every engineer to know [Parnas95].
The teaching material is based on a common, principle-based body
of knowledge, codified by some more-or-less officially designated
organization, often enforced by licensing requirements.

Relating to the engineering style of education, Tom Gilb
[Gilb96] offers a definition of engineering that he credits to Billy
Koen:

Engineering is the use of principles to find designs
that will meet multiple competing objectives,
within limited resources and other constraints, un-
der conditions of uncertainty.

In other fields, practice standards can be traced to a body of fun-
damental scientific and engineering principles that constrain the
standards. A trivial example is that mechanical engineering stan-
dards are constrained by the three-dimensional geometry of physi-
cal objects. The codification of software engineering standards is
faced by particular challenges in this area. First, the subject of the
standards—software—is inherently intangible and unconstrained
by the common laws of physics. Second, the discipline is relatively
new, compared to other engineering disciplines, and many of its
important concepts remain immature. Third, there is not yet a
commonly accepted body of knowledge! that can serve as a founda-
tion, nor any body empowered to develop it [Abran96]. Finally, un-
like product interface standards, there are few market forces to
cause convergence on selected technologies.

This has caused some problems. Unfettered by any integrating
forces of principles or dominant products, most software engineer-
ing standards are ad hoc recordings of individual practices claimed
to be “best.” This is not bad when each standard is considered in
isolation, but when the standards are considered as a body, we find
them to be dis-integrated, capriciously different in detail, overlap-

There have been some attempts, though; [Davis95] is a catalog
of principles.
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ping and occasionally contradictory. These characteristics put the
erstwhile adopter of the corpus of standards into a difficult situa-
tion, because the adopters must themselves develop some mecha-
nism to rationalize, explain, and relate the various standards cho-
sen for implementation.

Part of the solution to the problem is the adoption of a frame-
work of vocabulary, key relationships and other constraints to
which each individual standard must adhere. In fact, IEEE Soft-
ware Engineering Standards Committee (SESC) and its interna-
tional counterpart, ISO/IEC JTC1/SC7, have taken steps in this
direction, efforts that are described elsewhere in this book. Perhaps
a more basic requirement is for the identification of a set of funda-
mental principles that would serve to explain and motivate the pro-
visions of the various standards. IEEE SESC is initiating this step.

Figure 3 shows a notional depiction of the role of principle
standards. The principles of software engineering would be re-
garded as selected, adapted and specialized from the principles of
engineering in general. The provisions of practice standards would
be motivated by the software engineering principles and would be
traceable to those principles. So-called “best practices” would be
viewed as the detailed implementation of the provisions of the prac-
tice standards. Viewed in the other direction, practice standards
would be regarded as descriptions of observed, effective best prac-
tices and the principles as abstractions of the practice standards.
The principles found to be relevant beyond the scope of software
engineering (perhaps those related to complexity, for example)
might be considered as general principles of engineering.
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Figure 3. Relationship of principles and practice.

In this model, we can view practice standards as existing in a
tension between the consolidating and integrating forces exerted by
the principles and the expansive and innovative forces exerted by
the recognition of new, effective practices.

IEEE SESC has initiated an effort to identify fundamental
principles for software engineering. A workshop at the 1996 Soft-
ware Engineering Standards Forum considered candidate princi-






