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FOREWORD

In this Guide, the IEEE Computer Society establishes for the first time a baseline for the body of knowledge for
the field of software engineering, and the work partially fulfills the Society’s responsibility to promote the
advancement of both theory and practice in this field. In so doing, the Society has been guided by the experience of
disciplines with longer histories but was not bound either by their problems or their solutions.

It should be noted that the Guide does not purport to define the body of knowledge but rather to serve as a
compendium and guide to the body of knowledge that has been developing and evolving over the past four decades.
Furthermore, this body of knowledge is not static. The Guide must, necessarily, develop and evolve as software
engineering matures. It nevertheless constitutes a valuable element of the software engineering infrastructure.

In 1958, John Tukey, the world-renowned statistician, coined the term software. The term sofiware engineering
was used in the title of a NATO conference held in Germany in 1968. The IEEE Computer Society first published its
Transactions on Software Engineering in 1972. The committee established within the IEEE Computer Society for
developing software engineering standards was founded in 1976.

The first holistic view of software engineering to emerge from the IEEE Computer Society resulted from an
effort led by Fletcher Buckley to develop IEEE standard 730 for software quality assurance, which was completed in
1979. The purpose of IEEE Std 730 was to provide uniform, minimum acceptable requirements for preparation and
content of software quality assurance plans. This standard was influential in completing the developing standards in
the following topics: configuration management, software testing, software requirements, software design, and
software verification and validation.

During the period 1981-1985, the IEEE Computer Society held a series of workshops concerning the application
of software engineering standards. These workshops involved practitioners sharing their experiences with existing
standards. The workshops also held sessions on planning for future standards, including one involving measures and
metrics for software engineering products and processes. The planning also resulted in IEEE Std 1002, Taxonomy of
Software Engineering Standards (1986), which provided a new, holistic view of software engineering. The standard
describes the form and content of a software engineering standards taxonomy. It explains the various types of
software engineering standards, their functional and external relationships, and the role of various functions
participating in the software life cycle.

In 1990, planning for an international standard with an overall view was begun. The planning focused on
reconciling the software process views from IEEE Std 1074 and the revised US DoD standard 2167A. The revision
was eventually published as DoD Std 498. The international standard was completed in 1995 with designation,
ISO/TEC12207, and given the title of Standard for Software Life Cycle Processes. Std ISO/IEC 12207 provided a
major point of departure for the body of knowledge captured in this book.

It was the IEEE Computer Society Board of Governors’ approval of the motion put forward in May 1993 by
Fletcher Buckley which resulted in the writing of this book. The Association for Computing Machinery (ACM)
Council approved a related motion in August 1993. The two motions led to a joint committee under the leadership of
Mario Barbacci and Stuart Zweben who served as cochairs. The mission statement of the joint committee was “To
establish the appropriate sets(s) of criteria and norms for professional practice of software engineering upon which
industrial decisions, professional certification, and educational curricula can be based.” The steering committee
organized task forces in the following areas:

1. Define Required Body of Knowledge and Recommended Practices.

2. Define Ethics and Professional Standards.

3. Define Educational Curricula for undergraduate, graduate, and continuing education.
This book supplies the first component: required body of knowledge and recommend practices.

The code of ethics and professional practice for software engineering was completed in 1998 and approved by
both the ACM Council and the IEEE Computer Society Board of Governors. It has been adopted by numerous
corporations and other organizations and is included in several recent textbooks.

The educational curriculum for undergraduates is being completed by a joint effort of the IEEE Computer
Society and the ACM and is expected to be completed in 2004.

© IEEE — 2004 Version vii



Every profession is based on a body of knowledge and recommended practices, although they are not always
defined in a precise manner. In many cases, these are formally documented, usually in a form that permits them to be
used for such purposes as accreditation of academic programs, development of education and training programs,
certification of specialists, or professional licensing. Generally, a professional society or related body maintains
custody of such a formal definition. In cases where no such formality exists, the body of knowledge and
recommended practices are “generally recognized” by practitioners and may be codified in a variety of ways for
different uses.

It is hoped that readers will find this book useful in guiding them toward the knowledge and resources they need
in their lifelong career development as software engineering professionals.

The book is dedicated to Fletcher Buckley in recognition of his commitment to promoting software engineering
as a professional discipline and his excellence as a software engineering practitioner in radar applications.

Leonard L. Tripp, IEEE Fellow 2003

Chair, Professional Practices Committee, [IEEE Computer Society (2001-2003)
Chair, Joint IEEE Computer Society and ACM Steering Committee
for the Establishment of Software Engineering as a Profession (1998-1999)
Chair, Software Engineering Standards Committee, IEEE Computer Society (1992-1998)
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The following motion was unanimously adopted by the Industrial Advisory Board
on 6 February 2004.

The Industrial Advisory Board finds that the Software Engineering Body of Knowledge project initiated
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and commends it to the IEEE Computer Society Board of Governors for their approval.

The following motion was adopted by the IEEE Computer Society Board of
Governors in February 2004.

MOVED, that the Board of Governors of the IEEE Computer Society approves the 2004 Edition of the
Guide to the Software Engineering Body of Knowledge and authorizes the Chair of the Professional
Practices Committee to proceed with printing.
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PREFACE

Software engineering is an emerging discipline and
there are unmistakable trends indicating an increasing
level of maturity:

¢ Several universities throughout the world offer

undergraduate degrees in software engineering.
For example, such degrees are offered at the
University of New South Wales (Australia),
McMaster University (Canada), the Rochester
Institute of Technology (US), the University of
Sheffield (UK), and other universities.

In the US, the Engineering Accreditation
Commission of the Accreditation Board for
Engineering and Technology (ABET) is
responsible for the accreditation of undergraduate
software engineering programs.

The Canadian Information Processing Society has
published criteria to accredit software engineering
undergraduate university programs.

The Software Engineering Institute’s Capability
Maturity Model for Software (SW CMM) and the
new Capability Maturity Model Integration
(CMMI) are used to assess organizational
capability for software engineering. The famous
ISO 9000 quality management standards have
been applied to software engineering by the new
ISO/IEC 90003.

The Texas Board of Professional Engineers has
begun to license professional software engineers.

The Association of Professional Engineers and

Geoscientists of British Columbia (APEGBC) has
begun registering software professional engineers,
and the Professional Engineers of Ontario (PEO)
has also announced requirements for licensing.

The Association for Computing Machinery
(ACM) and the Computer Society of the Institute
of Electrical and Electronics Engineers (IEEE)
have jointly developed and adopted a Code of
Ethics and Professional Practice for software
engineering professionals.'

The IEEE Computer Society offers the Certified
Software Development Professional certification
for software engineering. The Institute for
Certification of Computing Professionals (ICCP)

' The ACM/CS Software Engineering Code of Ethics and

Professional Practice can be found at
http://www.computer.org/certification/ethics.htm.
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has long offered a certification for computing
professionals.

All of these efforts are based upon the presumption
that there is a Body of Knowledge that should be
mastered by practicing software engineers. The Body
of Knowledge exists in the literature that has
accumulated over the past thirty years. This book
provides a Guide to that Body of Knowledge.

PURPOSE

The purpose of the Guide to the Software Engineering
Body of Knowledge is to provide a consensually
validated characterization of the bounds of the
software engineering discipline and to provide a
topical access to the Body of Knowledge supporting
that discipline. The Body of Knowledge is subdivided
into ten software engineering Knowledge Areas (KA)
plus an additional chapter providing an overview of the
KAs of strongly related disciplines. The descriptions of
the KAs are designed to discriminate among the
various important concepts, permitting readers to find
their way quickly to subjects of interest. Upon finding
a subject, readers are referred to key papers or book
chapters selected because they succinctly present the
knowledge.

In browsing the Guide, readers will note that the
content is markedly different from computer science.
Just as electrical engineering is based upon the science
of physics, software engineering should be based,
among other things, upon computer science. In these
two cases, though, the emphasis is necessarily
different. Scientists extend our knowledge of the laws
of nature while engineers apply those laws of nature to
build useful artifacts, under a number of constraints.
Therefore, the emphasis of the Guide is placed on the
construction of useful software artifacts.

Readers will also notice that many important aspects of
information technology that may constitute important
software engineering knowledge are not covered in the
Guide, including specific programming languages,
relational databases, and networks. This is a
consequence of an engineering-based approach. In all
fields—not only computing—the designers of
engineering curricula have realized that specific
technologies are replaced much more rapidly than the
engineering work force. An engineer must be equipped
with the essential knowledge that supports the
selection of the appropriate technology at the
appropriate time in the appropriate circumstance. For



example, software might be built in Fortran using
functional decomposition or in C++ using object-
oriented techniques. The techniques for software
configuring instances of those systems would be quite
different. But, the principles and objectives of
configuration management remain the same. The
Guide therefore does not focus on the rapidly changing
technologies, although their general principles are
described in relevant KAs.

These exclusions demonstrate that this Guide is
necessarily incomplete. The Guide covers software
engineering knowledge that is necessary but not
sufficient for a software engineer. Practicing software
engineers will need to know many things about
computer science, project management, and systems
engineering—to name a few—that fall outside the
Body of Knowledge characterized by this Guide.
However, stating that this information should be
known by software engineers is not the same as stating
that this knowledge falls within the bounds of the
software engineering discipline. Instead, it should be
stated that software engineers need to know some
things taken from other disciplines—and that is the
approach adopted in this Guide. So, this Guide
characterizes the Body of Knowledge falling within the
scope of software engineering and provides references
to relevant information from other disciplines. A
chapter of the Guide provides a taxonomical overview
of the related disciplines derived from authoritative
sources.

The emphasis on engineering practice leads the Guide
toward a strong relationship with the normative
literature. Most of the computer science, information
technology, and software engineering literature
provides information useful to software engineers, but
a relatively small portion is normative. A normative
document prescribes what an engineer should do in a
specified situation rather than providing information
that might be helpful. The normative literature is
validated by consensus formed among practitioners
and is concentrated in standards and related
documents. From the beginning, the SWEBOK project
was conceived as having a strong relationship to the
normative literature of software engineering. The two
major standards bodies for software engineering (IEEE
Computer Society Software Engineering Standards
Committee and ISO/IEC JTC1/SC7) are represented in
the project. Ultimately, we hope that software
engineering practice standards will contain principles
directly traceable to the Guide.

INTENDED AUDIENCE

The Guide is oriented toward a variety of audiences,
all over the world. It aims to serve public and private
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organizations in need of a consistent view of software
engineering for defining education and training

requirements, classifying jobs, developing
performance evaluation policies, or specifying
software development tasks. It also addresses

practicing, or managing, software engineers and the
officials responsible for making public policy
regarding licensing and professional guidelines. In
addition, professional societies and educators defining
the certification rules, accreditation policies for
university curricula, and guidelines for professional
practice will benefit from SWEBOK, as well as the
students learning the software engineering profession
and educators and trainers engaged in defining
curricula and course content.

EVOLUTION OF THE GUIDE

From 1993 to 2000, the IEEE Computer Society and
the Association for Computing Machinery (ACM)
cooperated in promoting the professionalization of
software engineering through their joint Software
Engineering Coordinating Committee (SWECC). The
Code of Ethics was completed under stewardship of
the SWECC primarily through volunteer efforts. The
SWEBOK project was initiated by the SWECC in
1998.

The SWEBOK project’s scope, the variety of
communities involved, and the need for broad
participation suggested a need for full-time rather than
volunteer management. For this purpose, the IEEE
Computer Society contracted the Software Engineering
Management Research Laboratory at the Université du
Québec a Montréal (UQAM) to manage the effort. In
recent years, UQAM has been joined by the Ecole de
technologie supérieure, Montréal, Québec.

The project plan comprised three successive phases:
Strawman, Stoneman, and Ironman. An early
prototype, Strawman, demonstrated how the project
might be organized. The publication of the widely
circulated Trial Version of the Guide in 2001 marked
the end of the Stoneman phase of the project and
initiated a period of trial usage. The current Guide
marks the end of the Ironman period by providing a
Guide that has achieved consensus through broad
review and trial application.

The project team developed two important principles
for guiding the project: transparency and consensus.
By transparency, we mean that the development
process is itself documented, published, and publicized
so that important decisions and status are visible to all
concerned parties. By consensus, we mean that the
only practical method for legitimizing a statement of
this kind is through broad participation and agreement
by all significant sectors of the relevant community.
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Literally hundreds of contributors, reviewers, and trial
users have played a part in producing the current
document.

Like any software project, the SWEBOK project has
many stakeholders—some of which are formally
represented. An Industrial Advisory Board, composed
of representatives from industry (Boeing, Construx
Software, the MITRE Corporation, Rational Software,
Raytheon Systems, and SAP Labs-Canada), research
agencies (National Institute of Standards and
Technology, National Research Council of Canada),
the Canadian Council of Professional Engineers, and
the IEEE Computer Society, has provided financial
support for the project. The IAB’s generous support
permits us to make the products of the SWEBOK
project publicly available without any charge
(see http://www.swebok.org). IAB membership is
supplemented with the chairs of ISO/IEC JTC1/SC7
and the related Computing Curricula 2001 initiative.
The TAB reviews and approves the project plans,
oversees consensus building and review processes,
promotes the project, and lends credibility to the effort.
In general, it ensures the relevance of the effort to real-
world needs.

The Trial Version of the Guide was the product of
extensive review and comment. In three public review
cycles, a total of roughly 500 reviewers from 42
countries provided roughly 9,000 comments, all of
which are available at www.swebok.org. To produce
the current version, we released the Trial Version for
extensive trial usage. Trial application in specialized
studies resulted in 17 papers describing good aspects
of the Guide, as well as aspects needing improvement.
A Web-based survey captured additional experience:
573 individuals from 55 countries registered for the
survey; 124 reviewers from 21 countries actually
provided comments—1,020 of them. Additional
suggestions for improvement resulted from liaison
with related organizations and efforts: IEEE-CS/ACM
Computing Curricula Software Engineering; the IEEE
CS Certified Software Development Professional
project; ISO/IEC JTC1/SC7 (software and systems

engineering  standards); the IEEE  Software
Engineering Standards Committee; the American
Society for Quality, Software Division; and an

engineering professional society, the Canadian Council
of Professional Engineers.

CHANGES SINCE THE TRIAL VERSION

The overall goal of the current revision was to improve
the readability, consistency, and usability of the Guide.
This implied a general rewrite of the entire text to
make the style consistent throughout the document. In
several cases, the topical breakdown of the KA was

© [EEE — 2004 Version

XiX

rearranged to make it more usable, but we were careful
to include the same information that was approved by
the earlier consensus process. We updated the
reference list so that it would be easier to obtain the
references.

Trial usage resulted in the recommendation that three
KAs should be rewritten. Practitioners remarked that
the Construction KA was difficult to apply in a
practical context. The Management KA was perceived
as being too close to general management and not
sufficiently specific to software engineering concerns.
The Quality KA was viewed as an uncomfortable mix
of process quality and product quality; it was revised to
emphasize the latter.

Finally, some KAs were revised to remove material
duplicating that of other KAs.

LIMITATIONS

Even though the Guide has gone through an elaborate
development and review process, the following
limitations of this process must be recognized and
stated:

¢  Software engineering continues to be infused
with new technology and new practices.
Acceptance of new techniques grows and older
techniques are discarded. The topics listed as
“generally accepted” in this Guide are carefully
selected at this time. Inevitably, though, the
selection will need to evolve.

¢  The amount of literature that has been published
on software engineering is considerable and the
reference material included in this Guide should
not be seen as a definitive selection but rather as a
reasonable selection. Obviously, there are other
excellent authors and excellent references than
those included in the Guide. In the case of the
Guide, references were selected because they are
written in English, readily available, recent, and
easily readable, and—taken as a group—they
provide coverage of the topics within the KA.

¢  Important and highly relevant reference material
written in languages other than English have been
omitted from the selected reference material.

Additionally, one must consider that

¢  Software engineering is an emerging discipline.
This is especially true if you compare it to certain
more established engineering disciplines. This
means notably that the boundaries between the
KAs of software engineering and between
software engineering and its related disciplines
remain a matter for continued evolution.



The contents of this Guide must therefore be viewed as
an “informed and reasonable” characterization of the
software engineering Body of Knowledge and as
baseline for future evolution. Additionally, please note
that the Guide is not attempting nor does it claim to

XX

replace or amend in any way laws, rules, and
procedures that have been defined by official public
policy makers around the world regarding the practice
and definition of engineering and software engineering
in particular.
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CHAPTER 1

INTRODUCTION TO THE GUIDE

In spite of the millions of software professionals worldwide
and the ubiquitous presence of software in our society,
software engineering has only recently reached the status of a
legitimate engineering discipline and a recognized profession.

Achieving consensus by the profession on a core body of
knowledge is a key milestone in all disciplines and had been
identified by the IEEE Computer Society as crucial for the
evolution of software engineering towards professional status.
This Guide, written under the auspices of the Professional
Practices Committee, is part of a multi-year project designed
to reach such a consensus.

‘WHAT IS SOFTWARE ENGINEERING?

The IEEE Computer Society defines software engineering as

“(1) The application of a systematic, disciplined, quantifiable
approach to the development, operation, and maintenance of
software; that is, the application of engineering to software.

(2) The study of approaches as in (1).”!

'WHAT IS A RECOGNIZED PROFESSION?

For software engineering to be fully known as a legitimate
engineering discipline and a recognized profession, consensus
on a core body of knowledge is imperative. This fact is well
illustrated by Starr when he defines what can be considered a
legitimate discipline and a recognized profession. In his
Pulitzer Prize-winning book on the history of the medical
profession in the USA, he states,

“The legitimization of professional authority involves three
distinctive claims: first, that the knowledge and competence of
the professional have been validated by a community of his or
her peers; second, that this consensually validated knowledge
rests on rational, scientific grounds; and third, that the
professional’s judgment and advice are oriented toward a set
of substantive values, such as health. These aspects of
legitimacy correspond to the kinds of attributes—collegial,
cognitive, and moral—usually embodied in the term
“profession.”

WHAT ARE THE CHARACTERISTICS OF A PROFESSION?

Gary Ford and Norman Gibbs studied several recognized
professions, including medicine, law, engineering, and

' “[EEE Standard Glossary of Software Engineering Terminology,” IEEE
std 610.12-1990, 1990.

= P. Starr, The Social Transformation of American Medicine, Basic Books,
1982, p. 15.
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accounting.” They concluded that an engineering profession is
characterized by several components:

¢ An initial professional education in a curriculum
validated by society through accreditation

¢  Registration of fitness to practice via voluntary
certification or mandatory licensing

¢ Specialized  skill
professional education

development and  continuing

¢ Communal support via a professional society

¢ A commitment to norms of conduct often prescribed in a
code of ethics

This Guide contributes to the first three of these components.
Articulating a Body of Knowledge is an essential step toward
developing a profession because it represents a broad
consensus regarding what a software engineering professional
should know. Without such a consensus, no licensing
examination can be validated, no curriculum can prepare an
individual for an examination, and no criteria can be
formulated for accrediting a curriculum. The development of
consensus is also a prerequisite to the adoption of coherent
skills development and continuing professional education
programs in organizations.

WHAT ARE THE OBJECTIVES OF THE SWEBOK PROJECT?

The Guide should not be confused with the Body of
Knowledge itself, which already exists in the published
literature. The purpose of the Guide is to describe what
portion of the Body of Knowledge is generally accepted, to
organize that portion, and to provide a topical access to it.
Additional information on the meaning given to “generally
accepted” can be found below and in Appendix A.

The Guide to the Software Engineering Body of Knowledge
(SWEBOK) was established with the following five
objectives:

1. To promote a consistent view of software engineering
worldwide

2. To clarify the place—and set the boundary—of
software engineering with respect to other disciplines
such as computer science, project management,
computer engineering, and mathematics

3. To characterize the contents of the software engineering
discipline

*  G. Ford and N.E. Gibbs, 4 Mature Profession of Sofiware Engineering,
Software Engineering Institute, Carnegie Mellon University, Pittsburgh,
Pa., tech. report CMU/SEI-96-TR-004, Jan. 1996.



4.  To provide a topical access to the Software Engineering
Body of Knowledge

5. To provide a foundation for curriculum development
and for individual certification and licensing material

The first of these objectives, a consistent worldwide view of
software engineering, was supported by a development
process which engaged approximately 500 reviewers from 42
countries in the Stoneman phase (1998-2001) leading to the
Trial version, and over 120 reviewers from 21 countries in the
Ironman phase (2003) leading to the 2004 version. More
information regarding the development process can be found
in the Preface and on the Web site (www.swebok.org).
Professional and learned societies and public agencies
involved in software engineering were officially contacted,
made aware of this project, and invited to participate in the
review process. Associate editors were recruited from North
America, the Pacific Rim, and Europe. Presentations on the
project were made at various international venues and more
are scheduled for the upcoming year.

The second of the objectives, the desire to set a boundary for
software engineering, motivates the fundamental organization
of the Guide. The material that is recognized as being within
this discipline is organized into the first ten Knowledge Areas
(KAs) listed in Table 1. Each of these KAs is treated as a
chapter in this Guide.

Table 1 The SWEBOK Knowledge Areas (KAs)

Software requirements

Software design

Software construction

Software testing

Software maintenance

Software configuration management
Software engineering management
Software engineering process

Software engineering tools and methods
Software quality

In establishing a boundary, it is also important to identify what
disciplines share that boundary, and often a common
intersection, with software engineering. To this end, the Guide
also recognizes eight related disciplines, listed in Table 2 (see
Chapter 12, “Related Disciplines of Software Engineering”).
Software engineers should, of course, have knowledge of
material from these fields (and the KA descriptions may make
reference to them). It is not, however, an objective of the
SWEBOK Guide to characterize the knowledge of the related
disciplines, but rather what knowledge is viewed as specific to
software engineering.

1-2

Table 2 Related disciplines

* Computer engineering ¢ Project management
. Computer science ¢ Quality management
¢ Management ¢ Software ergonomics
* Mathematics ¢ Systems engineering

HIERARCHICAL ORGANIZATION

The organization of the KA descriptions or chapters
supports the third of the project’s objectives—a
characterization of the contents of software engineering.
The detailed specifications provided by the project’s
editorial team to the associate editors regarding the contents
of the KA descriptions can be found in Appendix A.

The Guide uses a hierarchical organization to decompose each
KA into a set of topics with recognizable labels. A two- or
three-level breakdown provides a reasonable way to find
topics of interest. The Guide treats the selected topics in a
manner compatible with major schools of thought and with
breakdowns generally found in industry and in software
engineering literature and standards. The breakdowns of topics
do not presume particular application domains, business uses,
management philosophies, development methods, and so
forth. The extent of each topic’s description is only that needed
to understand the generally accepted nature of the topics and
for the reader to successfully find reference material. After all,
the Body of Knowledge is found in the reference material
themselves, not in the Guide.

REFERENCE MATERIAL AND MATRIX

To provide a topical access to the knowledge—the fourth of
the project’s objectives—the Guide identifies reference
material for each KA, including book chapters, refereed
papers, or other recognized sources of authoritative
information. Each KA description also includes a matrix
relating the reference material to the listed topics. The total
volume of cited literature is intended to be suitable for mastery
through the completion of an undergraduate education plus
four years of experience.

In this edition of the Guide, all KAs were allocated around 500
pages of reference material, and this was the specification the
associate editors were invited to apply. It may be argued that
some KAs, such as software design for instance, deserve more
pages of reference material than others. Such modulation may
be applied in future editions of the Guide.

It should be noted that the Guide does not attempt to be
comprehensive in its citations. Much material that is both
suitable and excellent is not referenced. Material was selected
in part because—taken as a collection—it provides coverage
of the topics described.

DEPTH OF TREATMENT

From the outset, the question arose as to the depth of treatment
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the Guide should provide. The project team adopted an
approach which supports the fifth of the project’s objectives—
providing a foundation for curriculum development,
certification, and licensing. The editorial team applied the
criterion of generally accepted knowledge, to be distinguished
from advanced and research knowledge (on the grounds of
maturity) and from specialized knowledge (on the grounds of
generality of application). The definition comes from the
Project Management Institute: “The generally accepted
knowledge applies to most projects most of the time, and
widespread consensus validates its value and effectiveness.”™

Generally Accepted

Established traditional practices
recommended by many organizations

Advanced and Research

Innovative practices tested and used only
by some organizations and concepts still
being developed and tested in research
organizations

Specialized
Practices used only for certain types
of software

Figure 1 Categories of knowledge

However, the term “generally accepted” does not imply that
the designated knowledge should be uniformly applied to all
software engineering endeavors—each project’s needs
determine that—but it does imply that competent, capable
software engineers should be equipped with this knowledge
for potential application. More precisely, generally accepted
knowledge should be included in the study material for the
software engineering licensing examination that graduates
would take after gaining four years of work experience.
Although this criterion is specific to the US style of education
and does not necessarily apply to other countries, we deem it
useful. However, the two definitions of generally accepted
knowledge should be seen as complementary.

LIMITATIONS RELATED TO THE BOOK FORMAT

The book format for which this edition was conceived has its
limitations. The nature of the contents would be better served
using a hypertext structure, where a topic would be linked to
topics other than the ones immediately preceding and
following it in a list.

Some boundaries between KAs, subareas, and so on are also
sometimes relatively arbitrary. These boundaries are not to be

* A Guide to the Project Management Body of Knowledge, 2000 ed., Project
Management Institute, www.pmi.org.
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given too much importance. As much as possible, pointers and
links have been given in the text where relevant and useful.

Links between KAs are not of the input-output type. The KAs
are meant to be views on the knowledge one should possess in
software engineering with respect to the KA in question. The
decomposition of the discipline within KAs and the order in
which the KAs are presented are not to be assimilated with any
particular method or model. The methods are described in the
appropriate KA in the Guide, and the Guide itself is not one of
them.

THE KNOWLEDGE AREAS

Figure 1 maps out the eleven chapters and the important topics
incorporated within them. The first five KAs are presented in
traditional waterfall life-cycle sequence. However, this does
not imply that the Guide adopts or encourages the waterfall
model, or any other model. The subsequent KAs are presented
in alphabetical order, and those of the related disciplines are
presented in the last chapter. This is identical to the sequence
in which they are presented in this Guide.

STRUCTURE OF THE KA DESCRIPTIONS
The KA descriptions are structured as follows.

In the introduction, a brief definition of the KA and an
overview of its scope and of its relationship with other KAs
are presented.

The breakdown of topics constitutes the core of each KA
description, describing the decomposition of the KA into
subareas, topics, and sub-topics. For each topic or sub-topic, a
short description is given, along with one or more references.

The reference material was chosen because it is considered to
constitute the best presentation of the knowledge relative to the
topic, taking into account the limitations imposed on the
choice of references (see above). A matrix links the topics to
the reference material.

The last part of the KA description is the list of recommended
references. Appendix A of each KA includes suggestions for
further reading for those users who wish to learn more about
the KA topics. Appendix B presents the list of standards most
relevant to the KA. Note that citations enclosed in square
brackets “[ ]” in the text identify recommended references,
while those enclosed in parentheses “( )” identify the usual
references used to write or justify the text. The former are to be
found in the corresponding section of the KA and the latter in
Appendix A of the KA.

Brief summaries of the KA descriptions and appendices are
given next.

SOFTWARE REQUIREMENTS KA (SEE FIGURE 2, COLUMN A)
A requirement is defined as a property that must be exhibited
in order to solve some real-world problem.

The first knowledge subarea is Software Requirements
Fundamentals. It includes definitions of software requirements



themselves, but also of the major types of requirements:
product vs. process, functional vs. nonfunctional, emergent
properties. The subarea also describes the importance of
quantifiable requirements and distinguishes between systems
and software requirements.

The second knowledge subarea is the Requirements Process,
which introduces the process itself, orienting the remaining
five subareas and showing how requirements engineering
dovetails with the other software engineering processes. It
describes process models, process actors, process support and
management, and process quality and improvement.

The third subarea is Requirements Elicitation, which is
concerned with where software requirements come from and
how the software engineer can collect them. It includes
requirement sources and elicitation techniques.

The fourth subarea, Requirements Analysis, is concerned with
the process of analyzing requirements to

¢ Detect and resolve conflicts between requirements

. Discover the bounds of the software and how it must
interact with its environment

¢ Elaborate system requirements to software requirements

Requirements analysis includes requirements classification,
conceptual modeling, architectural design and requirements
allocation, and requirements negotiation.

The fifth subarea is Requirements Specification. Requirements
specification typically refers to the production of a document,
or its electronic equivalent, that can be systematically
reviewed, evaluated, and approved. For complex systems,
particularly those involving substantial non-software
components, as many as three different types of documents are
produced:  system definition, system requirements
specification, and software requirements specification. The
subarea describes all three documents and the underlying
activities.

The sixth subarea is Requirements Validation, the aim of
which is to pick up any problems before resources are
committed to addressing the requirements. Requirements
validation is concerned with the process of examining the
requirements documents to ensure that they are defining the
right system (that is, the system that the user expects). It is
subdivided into descriptions of the conduct of requirements
reviews, prototyping, and model validation and acceptance
tests.

The seventh and last subarea is Practical Considerations. It
describes topics which need to be understood in practice. The
first topic is the iterative nature of the requirements process.
The next three topics are fundamentally about change
management and the maintenance of requirements in a state
which accurately mirrors the software to be built, or that has
already been built. It includes change management,
requirements attributes, and requirements tracing. The final
topic is requirements measurement.
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SOFTWARE DESIGN KA (SEE FIGURE 2, COLUMN B)

According to the IEEE definition [IEEE 610.12-90], design is
both “the process of defining the architecture, components,
interfaces, and other characteristics of a system or component”
and “the result of [that] process.” The KA is divided into six
subareas.

The first subarea presents Software Design Fundamentals,
which form an underlying basis to the understanding of the
role and scope of software design. These are general software
concepts, the context of software design, the software design
process, and the enabling techniques for software design.

The second subarea groups together the Key Issues in Software
Design. They include concurrency, control and handling of
events, distribution of components, error and exception
handling and fault tolerance, interaction and presentation, and
data persistence.

The third subarea is Sofiware Structure and Architecture, the
topics of which are architectural structures and viewpoints,
architectural styles, design patterns, and, finally, families of
programs and frameworks.

The fourth subarea describes sofiware Design Quality Analysis
and Evaluation. While there is a entire KA devoted to
software quality, this subarea presents the topics specifically
related to software design. These aspects are quality attributes,
quality analysis, and evaluation techniques and measures.

The fifth subarea is Sofiware Design Notations, which are
divided into structural and behavioral descriptions.

The last subarea describes Sofiware Design Strategies and
Methods. First, general strategies are described, followed by
function-oriented design methods, object-oriented design
methods, data-structure-centered design, component- based
design, and others.

SOFTWARE CONSTRUCTION KA (SEE FIGURE 2, COLUMN C)
Software construction refers to the detailed creation of
working, meaningful software through a combination of
coding, verification, unit testing, integration testing, and
debugging. The KA includes three subareas.

The first subarea is Software Construction Fundamentals. The
first three topics are basic principles of construction:
minimizing complexity, anticipating change, and constructing
for verification. The last topic discusses standards for
construction.

The second subarea describes Managing Construction. The
topics are construction models, construction planning, and
construction measurement.

The third subarea covers Practical Considerations. The topics
are construction design, construction languages, coding,
construction testing, reuse, construction quality, and
integration.

SOFTWARE TESTING (SEE FIGURE 2, COLUMN D)
Software Testing consists of the dynamic verification of the
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behavior of a program on a finite set of test cases, suitably
selected from the usually infinite executions domain, against
the expected behavior. It includes five subareas.

It begins with a description of Software Testing Fundamentals.
First, the testing-related terminology is presented, then key
issues of testing are described, and finally the relationship of
testing to other activities is covered.

The second subarea is Test Levels. These are divided between
the targets of the tests and the objectives of the tests.

The third subarea is Test Techniques. The first category
includes the tests based on the tester’s intuition and
experience. A second group comprises specification-based
techniques, followed by code-based techniques, fault-based
techniques, usage-based techniques, and techniques relative to
the nature of the application. A discussion of how to select and
combine the appropriate techniques is also presented.

The fourth subarea covers Test-Related Measures. The
measures are grouped into those related to the evaluation of
the program under test and the evaluation of the tests
performed.

The last subarea describes the Test Process and includes
practical considerations and the test activities.

SOFTWARE MAINTENANCE (SEE FIGURE 2, COLUMNE)

Once in operation, anomalies are uncovered, operating
environments change, and new user requirements surface.
The maintenance phase of the life cycle commences upon
delivery, but maintenance activities occur much earlier. The
Software Maintenance KA is divided into four subareas.

The first one presents Software Maintenance Fundamentals:
definitions and terminology, the nature of maintenance, the
need for maintenance, the majority of maintenance costs, the
evolution of software, and the categories of maintenance.

The second subarea groups together the Key Issues in Software
Maintenance. These are the technical issues, the management
issues, maintenance cost estimation, and software maintenance
measurement.

The third subarea describes the Maintenance Process. The
topics here are the maintenance processes and maintenance
activities.

Techniques for Maintenance constitute the fourth subarea.
These include program comprehension, re-engineering, and
reverse engineering.

SOFTWARE CONFIGURATION MANAGEMENT (SEE FIGURE 3,
COLUMN F)

Software Configuration Management (SCM) is the discipline
of identifying the configuration of software at distinct points in
time for the purpose of systematically controlling changes to
the configuration and of maintaining the integrity and
traceability of the configuration throughout the system life
cycle. This KA includes six subareas.

The first subarea is Management of the SCM Process. It
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covers the topics of the organizational context for SCM,
constraints and guidance for SCM, planning for SCM, the
SCM plan itself, and surveillance of SCM.

The second subarea is Software Configuration Identification,
which identifies items to be controlled, establishes
identification schemes for the items and their versions, and
establishes the tools and techniques to be used in acquiring and
managing controlled items. The first topics in this subarea are
identification of the items to be controlled and the software
library.

The third subarea is Software Configuration Control, which is
the management of changes during the software life cycle. The
topics are: first, requesting, evaluating, and approving software
changes; second, implementing software changes; and third,
deviations and waivers.

The fourth subarea is Software Configuration Status
Accounting. Its topics are software configuration status
information and software configuration status reporting.

The fifth subarea is Sofiware Configuration Auditing. It
consists of software functional configuration auditing,
software physical configuration auditing, and in-process audits
of a software baseline.

The last subarea is Software Release Management and
Delivery, covering software building and software release
management.

SOFTWARE ENGINEERING MANAGEMENT (SEE FIGURE 3,
COLUMN G)

The Software Engineering Management KA addresses the
management and measurement of software engineering. While
measurement is an important aspect of all KAs, it is here that
the topic of measurement programs is presented. There are six
subareas for software engineering management. The first five
cover software project management and the sixth describes
software measurement programs.

The first subarea is Initiation and Scope Definition, which
comprises determination and negotiation of requirements,
feasibility analysis, and process for the review and revision of
requirements.

The second subarea is Soffware Project Planning and includes
process planning, determining deliverables, effort, schedule
and cost estimation, resource allocation, risk management,
quality management, and plan management.

The third subarea is Sofiware Project Enactment. The topics
here are implementation of plans, supplier contract
management, implementation of measurement process,
monitor process, control process, and reporting.

The fourth subarea is Review and Evaluation, which includes
the topics of determining satisfaction of requirements and
reviewing and evaluating performance.

The fifth subarea describes Closure: determining closure and
closure activities.

Finally, the sixth subarea describes Software Engineering



Measurement, more specifically, measurement programs.
Product and process measures are described in the Software
Engineering Process KA. Many of the other KAs also describe
measures specific to their KA. The topics of this subarea
include establishing and sustaining measurement commitment,
planning the measurement process, performing the
measurement process, and evaluating measurement.

SOFTWARE ENGINEERING PROCESS (SEE FIGURE 3, COLUMN
H)

The Software Engineering Process KA is concerned with the
definition, implementation, assessment, measurement,
management, change, and improvement of the software
engineering process itself. It is divided into four subareas.

The first subarea presents Process Implementation and
Change. The topics here are process infrastructure, the
software process management cycle, models for process
implementation and change, and practical considerations.

The second subarea deals with Process Definition. It includes
the topics of software life cycle models, software life cycle
processes, notations for process definitions, process
adaptation, and automation.

The third subarea is Process Assessment. The topics here
include process assessment models and process assessment
methods.

The fourth subarea describes Process and Product
Measurements. The software engineering process covers
general product measurement, as well as process measurement
in general. Measurements specific to KAs are described in the
relevant KA. The topics are process measurement, software
product measurement, quality of measurement results,
software information models, and process measurement
techniques.

SOFTWARE ENGINEERING TOOLS AND METHODS (SEE FIGURE
3, COLUMNT)

The Software Engineering Tools and Methods KA includes
both software engineering tools and software engineering
methods.

The Software Engineering Tools subarea uses the same
structure as the Guide itself, with one topic for each of the
other nine software engineering KAs. An additional topic is
provided: miscellaneous tools issues, such as tool integration
techniques, which are potentially applicable to all classes of
tools.

The Sofiware Engineering Methods subarea is divided into
four subsections: heuristic methods dealing with informal
approaches, formal methods dealing with mathematically
based approaches, and prototyping methods dealing with
software development approaches based on various forms of

prototyping.
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SOFTWARE QUALITY (SEE FIGURE 3, COLUMN J)

The Software Quality KA deals with software quality
considerations which transcend the software life cycle
processes. Since software quality is a ubiquitous concern in
software engineering, it is also considered in many of the other
KAs, and the reader will notice pointers to those KAs
throughout this KA. The description of this KA covers three
subareas.

The first subarea describes the Software Quality Fundamentals
such as software engineering culture and ethics, the value and
costs of quality, models and quality characteristics, and quality
improvement.

The second subarea covers Sofiware Quality Management
Processes. The topics here are software quality assurance,
verification and validation, and reviews and audits.

The third and final subarea describes Practical Considerations
related to software quality. The topics are software quality
requirements, defect characterization, software quality
management techniques, and software quality measurement.

RELATED DISCIPLINES OF SOFTWARE ENGINEERING (SEE
FIGURE 3, COLUMNK)

The last chapter is entitled Related Disciplines of Software
Engineering. In order to circumscribe software engineering, it
is necessary to identify the disciplines with which software
engineering shares a common boundary. This chapter
identifies, in alphabetical order, these related disciplines. For
each related discipline, and using a consensus-based
recognized source as found, are identified:

¢ aninformative definition (when feasible);
+ alistof KAs.

The related disciplines are:

4 Computer engineering ¢ Project management
* Computer science ¢ Quality management
* Management ¢ Software ergonomics
. Mathematics ¢ Systems engineering
APPENDICES

APPENDIX A. KA DESCRIPTION SPECIFICATIONS

The appendix describes the specifications provided by the
editorial team to the associate editors for the content,
recommended references, format, and style of the KA
descriptions.
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APPENDIX B. EVOLUTION OF THE GUIDE

The second appendix describes the project’s proposal for the
evolution of the Guide. The 2004 Guide is simply the current
edition of a guide which will continue evolving to meet the
needs of the software engineering community. Planning for
evolution is not yet complete, but a tentative outline of the
process is provided in this appendix. As of this writing, this
process has been endorsed by the project’s Industrial Advisory
Board and briefed to the Board of Governors of the IEEE
Computer Society but is not yet either funded or implemented.

APPENDIX C. ALLOCATION OF STANDARDS TO KAS

The third appendix is an annotated table of the most relevant
standards, mostly from the IEEE and the ISO, allocated to the
KAs of the SWEBOK Guide.
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APPENDIX D. BLOOM RATINGS

As an aid, notably to curriculum developers (and other users),
in support of the project’s fifth objective, the fourth appendix
rates each topic with one of a set of pedagogical categories
commonly attributed to Benjamin Bloom. The concept is that
educational objectives can be classified into six categories
representing increasing depth: knowledge, comprehension,
application, analysis, synthesis, and evaluation. Results of this
exercise for all KAs can be found in Appendix D. This
Appendix must not, however, be viewed as a definitive
classification, but much more as a starting point.
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