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Foreword 

ISO (the International Organization for Standardization) and IEC (the 
International Electrotechnical Commission) form the specialized system for 
worldwide standardization. National bodies that are members of ISO or IEC participate in 
the development of International Standards through technical committees established by 
the respective organization to deal with particular fields of technical activity. ISO and IEC 
technical committees collaborate in fields of mutual interest. Other international 
organizations, governmental and non-governmental, in liaison with ISO and IEC, also 
take part in the work. In the field of information technology, ISO and IEC have established 
a joint technical committee, ISO/IEC JTC 1. 

The procedures used to develop this document and those intended for its further 
maintenance are described in the ISO/IEC Directives, Part 1. In particular the different 
approval criteria needed for the different types of document should be noted. This 
document was drafted in accordance with the editorial rules of the 
ISO/IEC Directives, Part 2 (see www.iso.org/directives). 

Attention is drawn to the possibility that some of the elements of this document may be 
the subject of patent rights. ISO and IEC shall not be held responsible for identifying any or 
all such patent rights. Details of any patent rights identified during the development of the 
document will be in the Introduction and/or on the ISO list of patent 
declarations received (see www.iso.org/patents). 

Any trade name used in this document is information given for the convenience of users 
and does not constitute an endorsement. 

For an explanation on the meaning of ISO specific terms and expressions related to 
conformity assessment, as well as information about ISO's adherence to the WTO 
principles in the Technical Barriers to Trade (TBT), see the following URL: Foreword — 
Supplementary information. 

This corrected version of ISO/IEC TR 19759:2015 incorporates the following corrections:

- corrupted paragraphs of text within the document have been replaced.

ISO/IEC TR 19759 was prepared by the IEEE Computer Society and was adopted, under a 
special “fast-track procedure”, by Joint Technical Committee ISO/IEC JTC 1, 
Information technology, in parallel with its approval by national bodies of ISO and IEC. 

© ISO/IEC 2016 – All rights reserved iv
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Introduction

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 fifteen software engineering 
Knowledge Areas (KA) providing an outline of topics. The descriptions in 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 books selected because they succinctly present the 
knowledge.

Publication of the 2004 version of this Guide to the  Software Engineering Body of Knowledge (SWEBOK 
2004)—adopted as ISO/IEC TR 19759:2005—was a major milestone in establishing software engineering as 
a recognized engineering discipline. The goal in developing this update to SWEBOK is to improve the 
currency, readability, consistency, and usability of the Guide. All knowledge areas (KAs) have been updated 
to reflect changes in software engineering since publication of SWEBOK 2004. Four new foundation KAs and
a Software Engineering Professional Practices KA have been added. The Software Engineering Tools and 
Methods KA has been revised as Software Engineering Models and Methods. Software engineering tools is 
now a topic in each of the KAs. Three appendices provide the specifications for the KA description, an 
annotated set of relevant standards for each KA, and a listing of the references cited in the Guide.

An 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 and Systems Engineering Standards Committee and 
ISO/IEC JTC1/SC7) cooperated in the project. 

The Guide is oriented toward a variety of audiences, all over the world. It aims to serve public and private 
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 the SWEBOK Guide, as well as the students learning the software 
engineering profession and educators and trainers engaged in defining curricula and course content.
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Software Engineering — Guide to the Software Engineering 
Body of Knowledge (SWEBOK) — Version 3.0

1 Scope 

This Technical report characterizes the boundaries of the software engineering discipline and provides topical 
access to the literature supporting that discipline.

2 Recommendations 

As a Technical Report, this document does not make technical recommendations. The information provided is 
that contained in the following publication (reproduced on the following pages), which is adopted as a 
Technical Report:

Guide to the Software Engineering Body of Knowledge (SWEBOK) V3.0, IEEE Computer Society

3 Revision of the IEEE Computer Society Publication 

It has been agreed with the IEEE Computer Society that ISO/IEC JTC 1/SC 7 will be consulted in the event of 
any revision or amendment of this IEEE Computer Society publication. Consultation will be accomplished by 
the existing Category A liaison relationship between SC 7 and IEEE Computer Society.

4 Publication 

The report of the IEEE Computer Society appears on the following pages.

TECHNICAL REPORT ISO/IEC TR 19759:2016(E)

PD ISO/IEC TR 19759:2016

ISO/IEC TR 19759:2016(E)
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FOREWORD

Every profession is based on a body of knowl-
edge, although that knowledge is not always 
defined in a concise manner. In cases where no 
formality exists, the body of knowledge is “gen-
erally recognized” by practitioners and may 
be codified in a variety of ways for a variety of 
different uses. But in many cases, a guide to a 
body of knowledge is formally documented, usu-
ally in a form that permits it to be used for such 
purposes as development and accreditation of 
academic and training programs, certification of 
specialists, or professional licensing. Generally, 
a professional society or similar body maintains 
stewardship of the formal definition of a body of 
knowledge.

During the past forty-five years, software engi-
neering has evolved from a conference catch-
phrase into an engineering profession, character-
ized by 1) a professional society, 2) standards that 
specify generally accepted professional practices, 
3) a code of ethics, 4) conference proceedings,
5) textbooks, 6) curriculum guidelines and cur-
ricula, 7) accreditation criteria and accredited
degree programs, 8) certification and licensing,
and 9) this Guide to the Body of Knowledge.

In this Guide to the Software Engineering Body 
of Knowledge, the IEEE Computer Society pres-
ents a revised and updated version of the body of 
knowledge formerly documented as SWEBOK 
2004; this revised and updated version is denoted 
SWEBOK V3. This work is in partial fulfillment 
of the Society’s responsibility to promote the 
advancement of both theory and practice for the 
profession of software engineering.

It should be noted that this Guide does not 
present the entire the body of knowledge for soft-
ware engineering but rather serves as a guide to 
the body of knowledge that has been developed 
over more than four decades. The software engi-
neering body of knowledge is constantly evolv-
ing. Nevertheless, this Guide constitutes a valu-
able characterization of the software engineering 
profession.

In 1958, John Tukey, the world-renowned stat-
istician, coined the term software. The term soft-
ware 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, and a commit-
tee for developing software engineering stan-
dards was established within the IEEE Computer 
Society in 1976.

In 1990, planning was begun for an interna-
tional standard to provide an overall view of soft-
ware engineering. The standard was completed in 
1995 with designation ISO/IEC 12207 and given 
the title of Standard for Software Life Cycle Pro-
cesses. The IEEE version of 12207 was published 
in 1996 and provided a major foundation for the 
body of knowledge captured in SWEBOK 2004. 
The current version of 12207 is designated as 
ISO/IEC 12207:2008 and IEEE 12207-2008; it 
provides the basis for this SWEBOK V3.

This Guide to the Software Engineering Body 
of Knowledge is presented to you, the reader, as 
a mechanism for acquiring the knowledge you 
need in your lifelong career development as a 
software engineering professional.

Dick Fairley, Chair
Software and Systems Engineering Committee

IEEE Computer Society

Don Shafer, Vice President
Professional Activities Board

IEEE Computer Society
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FOREWORD TO THE 2004 EDITION

In this Guide, the IEEE Computer Society estab-
lishes for the first time a baseline for the body 
of knowledge for the field of software engineer-
ing, 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 pur-
port 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 evolv-
ing 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 stat-
istician, coined the term software. The term soft-
ware 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 engineer-
ing to emerge from the IEEE Computer Society 
resulted from an effort led by Fletcher Buckley 
to develop IEEE standard 730 for software qual-
ity 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 assur-
ance plans. This standard was influential in com-
pleting the developing standards in the following 
topics: configuration management, software test-
ing, software requirements, software design, and 
software verification and validation.

During the period 1981–1985, the IEEE Com-
puter Society held a series of workshops con-
cerning the application of software engineering 

standards. These workshops involved practitio-
ners sharing their experiences with existing stan-
dards. The workshops also held sessions on plan-
ning for future standards, including one involving 
measures and metrics for software engineer-
ing 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 soft-
ware engineering standards taxonomy. It explains 
the various types of software engineering stan-
dards, their functional and external relationships, 
and the role of various functions participating in 
the software life cycle.

In 1990, planning for an international stan-
dard with an overall view was begun. The plan-
ning focused on reconciling the software process 
views from IEEE Std. 1074 and the revised US 
DoD standard 2167A. The revision was eventu-
ally published as DoD Std. 498. The international 
standard was completed in 1995 with designa-
tion, ISO/IEC 12207, and given the title of Stan-
dard 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 com-
mittee was “To establish the appropriate sets(s) 
of criteria and norms for professional practice of 
software engineering upon which industrial deci-
sions, 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.
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2. Define Ethics and Professional Standards.
3. Define Educational Curricula for undergradu-

ate, 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.

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

It is hoped that readers will find this book use-
ful in guiding them toward the knowledge and 
resources they need in their lifelong career devel-
opment as software engineering professionals.

The book is dedicated to Fletcher Buckley in 
recognition of his commitment to promoting soft-
ware engineering as a professional discipline and 
his excellence as a software engineering practi-
tioner 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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MOTIONS REGARDING THE APPROVAL 
OF SWEBOK GUIDE V3.0

The SWEBOK Guide V3.0 was submitted to ballot by verified IEEE Computer Society members in 
November 2013 with the following question: “Do you approve this manuscript of the SWEBOK Guide 
V3.0 to move forward to formatting and publication?”

The results of this ballot were 259 Yes votes and 5 No votes.

The following motion was unanimously adopted by the Professional Activities Board of the IEEE Com-
puter Society in December 2013: 

The Professional Activities Board of the IEEE Computer Society finds that the Guide to the Soft-
ware Engineering Body of Knowledge Version 3.0 has been successfully completed; and endorses 
the Guide to the Software Engineering Body of Knowledge Version 3.0 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 December 2013:

MOVED, that the Board of Governors of the IEEE Computer Society approves Version 3.0 of the 
Guide to the Software Engineering Body of Knowledge and authorizes the Chair of the Profes-
sional Activities Board to proceed with printing.

MOTIONS REGARDING THE APPROVAL 
OF SWEBOK GUIDE 2004 VERSION

The following motion was unanimously adopted by the Industrial Advisory Board of the SWEBOK Guide 
project in February 2004:

The Industrial Advisory Board finds that the Software Engineering Body of Knowledge project ini-
tiated in 1998 has been successfully completed; and endorses the 2004 Version of the Guide to the 
SWEBOK 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 Profes-
sional Practices Committee to proceed with printing.

Please also note that the 2004 edition of the Guide to the Software Engineering Body of Knowledge 
was submitted by the IEEE Computer Society to ISO/IEC without any change and was recognized as 
Technical Report ISO/IEC TR 19759:2005.
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INTRODUCTION TO THE GUIDE

KA Knowledge Area

SWEBOK Software Engineering Body of 
Knowledge

Publication of the 2004 version of this Guide to the 
Software Engineering Body of Knowledge (SWE-
BOK 2004) was a major milestone in establishing 
software engineering as a recognized engineering 
discipline. The goal in developing this update to 
SWEBOK is to improve the currency, readability, 
consistency, and usability of the Guide.

All knowledge areas (KAs) have been updated 
to reflect changes in software engineering since 
publication of SWEBOK 2004. Four new foun-
dation KAs and a Software Engineering Profes-
sional Practices KA have been added. The Soft-
ware Engineering Tools and Methods KA has 
been revised as Software Engineering Models 
and Methods. Software engineering tools is now 
a topic in each of the KAs. Three appendices pro-
vide the specifications for the KA description, an 
annotated set of relevant standards for each KA, 
and a listing of the references cited in the Guide. 

This Guide, written under the auspices of the 
Professional Activities Board of the IEEE Com-
puter Society, represents a next step in the evolu-
tion of the software engineering profession.

WHAT IS SOFTWARE ENGINEERING?

ISO/IEC/IEEE Systems and Software Engineering 
Vocabulary (SEVOCAB) defines software engi-
neering as “the application of a systematic, disci-
plined, quantifiable approach to the development, 
operation, and maintenance of software; that is, the 
application of engineering to software).”1 

WHAT ARE THE OBJECTIVES OF THE 
SWEBOK GUIDE?

The Guide should not be confused with the Body 
of Knowledge itself, which exists in the published 

1 See www.computer.org/sevocab.

literature. The purpose of the Guide is to describe 
the portion of the Body of Knowledge that is gen-
erally accepted, to organize that portion, and to 
provide topical access to it. 

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

1. To promote a consistent view of software
engineering worldwide

2. To specify the scope of, and clarify the place
of software engineering with respect to other
disciplines such as computer science, proj-
ect management, computer engineering, and
mathematics

3. To characterize the contents of the software
engineering discipline

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 world-
wide view of software engineering, was supported 
by a development process which engaged approxi-
mately 150 reviewers from 33 countries. More 
information regarding the development process can 
be found on the website (www.swebok.org). Pro-
fessional and learned societies and public agencies 
involved in software engineering were contacted, 
made aware of this project to update SWEBOK, and 
invited to participate in the review process. KA edi-
tors were recruited from North America, the Pacific 
Rim, and Europe. Presentations on the project were 
made at various international venues.

The second of the objectives, the desire to 
specify the scope of software engineering, moti-
vates the fundamental organization of the Guide. 
The material that is recognized as being within 
this discipline is organized into the fifteen KAs 
listed in Table I.1. Each of these KAs is treated in 
a chapter in this Guide.
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Table I.1. The 15 SWEBOK KAs
Software Requirements
Software Design
Software Construction
Software Testing
Software Maintenance
Software Configuration Management
Software Engineering Management
Software Engineering Process  
Software Engineering Models and Methods
Software Quality
Software Engineering Professional Practice
Software Engineering Economics
Computing Foundations
Mathematical Foundations
Engineering Foundations

In specifying scope, it is also important to iden-
tify the disciplines that intersect with software 
engineering. To this end, SWEBOK V3 also rec-
ognizes seven related disciplines, listed in Table 
I.2. Software engineers should, of course, have
knowledge of material from these disciplines
(and the KA descriptions in this Guide may make
reference to them). It is not, however, an objec-
tive of the SWEBOK Guide to characterize the
knowledge of the related disciplines.

Table I.2. Related Disciplines
Computer Engineering
Computer Science
General Management
Mathematics
Project Management
Quality Management
Systems Engineering

The relevant elements of computer science 
and mathematics are presented in the Computing 
Foundations and Mathematical Foundations KAs 
of the Guide (Chapters 13 and 14).

HIERARCHICAL ORGANIZATION

The organization of the KA chapters supports the 
third of the project’s objectives—a characteriza-
tion 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 rec-
ognizable labels. A two (sometime 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; 
the Body of Knowledge is found in the reference 
materials themselves, not in the Guide.

REFERENCE MATERIAL AND MATRIX

To provide topical access to the knowledge—the 
fourth of the project’s objectives—the Guide 
identifies authoritative reference material for 
each KA. Appendix C provides a Consolidated 
Reference List for the Guide. Each KA includes 
relevant references from the Consolidated Refer-
ence List and also includes a matrix relating the 
reference material to the included topics. 

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 included in the Con-
solidated Reference List provides coverage of the 
topics described.

DEPTH OF TREATMENT

To achieve the SWEBOK fifth objective—pro-
viding a foundation for curriculum development, 

ISO/IEC TR 19759:2016(E)

PD ISO/IEC TR 19759:2016
ISO/IEC TR 19759:2016(E)

Full document details: PD ISO/IEC TR 19759:2016

http://www.avadocuments.com/doc/pd-iso-iec-tr-19759-2016
http://www.avadocuments.com/doc/pd-iso-iec-tr-19759-2016


PD ISO/IEC TR 19759:2015

Introduction xxxiii

certification, and licensing, the criterion of gen-
erally accepted knowledge has been applied, to 
be distinguished from advanced and research 
knowledge (on the grounds of maturity) and from 
specialized knowledge (on the grounds of gener-
ality of application). 

The equivalent term generally  recognized 
comes from the Project Management Institute: 
“Generally recognized means the knowledge 
and practices described are applicable to most 
projects most of the time, and there is consensus 
about their value and usefulness.”2

However, the terms “generally accepted” or 
“generally recognized” do not imply that the des-
ignated knowledge should be uniformly applied 
to all software engineering endeavors—each proj-
ect’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 mate-
rial for the software engineering licensing exami-
nation that graduates would take after gaining 
four years of work experience. Although this cri-
terion is specific to the US style of education and 
does not necessarily apply to other countries, we 
deem it useful. 

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 relation-
ship with other KAs are presented.

2 A Guide to the Project Management Body of 
Knowledge, 5th ed., Project Management Institute, 
2013; www.pmi.org.

The breakdown of topics in each KA consti-
tutes the core the KA description, describing 
the decomposition of the KA into subareas, top-
ics, and sub-topics. For each topic or subtopic, 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. A matrix links 
the topics to the reference material. 

The last part of each KA description is the list 
of recommended references and (optionally) fur-
ther readings. Relevant standards for each KA are 
presented in Appendix B of the Guide.

APPENDIX A. KA DESCRIPTION 
SPECIFICATIONS

Appendix A describes the specifications provided 
by the editorial team to the associate editors for 
the content, recommended references, format, 
and style of the KA descriptions.

APPENDIX B. ALLOCATION OF STAN-
DARDS TO KAS

Appendix B is an annotated list of the relevant 
standards, mostly from the IEEE and the ISO, for 
each of the KAs of the SWEBOK Guide.

APPENDIX C. CONSOLIDATED 
REFERENCE LIST

Appendix C contains the consolidated list of rec-
ommended references cited in the KAs (these 
references are marked with an asterisk (*) in the 
text).
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CHAPTER 1

SOFTWARE REQUIREMENTS

ACRONYMS

CIA Confidentiality, Integrity, and 
Availability

DAG Directed Acyclic Graph
FSM Functional Size Measurement

INCOSE International Council on Systems 
Engineering

UML Unified Modeling Language
SysML Systems Modeling Language

INTRODUCTION

The Software Requirements knowledge area (KA) 
is concerned with the elicitation, analysis, speci-
fication, and validation of software requirements 
as well as the management of requirements dur-
ing the whole life cycle of the software product. 
It is widely acknowledged amongst researchers 
and industry practitioners that software projects 
are critically vulnerable when the requirements-
related activities are poorly performed. 

Software requirements express the needs and 
constraints placed on a software product that 
contribute to the solution of some real-world 
problem. 

The term “requirements engineering” is widely 
used in the field to denote the systematic handling 
of requirements. For reasons of consistency, the 
term “engineering” will not be used in this KA 
other than for software engineering per se. 

For the same reason, “requirements engineer,” 
a term which appears in some of the literature, 
will not be used either. Instead, the term “software 
engineer” or, in some specific cases, “require-
ments specialist” will be used, the latter where 
the role in question is usually performed by an 
individual other than a software engineer. This 

does not imply, however, that a software engineer 
could not perform the function.

A risk inherent in the proposed breakdown is 
that a waterfall-like process may be inferred. To 
guard against this, topic 2, Requirements Process, 
is designed to provide a high-level overview of the 
requirements process by setting out the resources 
and constraints under which the process operates 
and which act to configure it. 

An alternate decomposition could use a prod-
uct-based structure (system requirements, soft-
ware requirements, prototypes, use cases, and 
so on). The process-based breakdown reflects 
the fact that the requirements process, if it is to 
be successful, must be considered as a process 
involving complex, tightly coupled activities 
(both sequential and concurrent), rather than as a 
discrete, one-off activity performed at the outset 
of a software development project.

The Software Requirements KA is related 
closely to the Software Design, Software Testing, 
Software Maintenance, Software Configuration 
Management, Software Engineering Manage-
ment, Software Engineering Process, Software 
Engineering Models and Methods, and Software 
Quality KAs.

BREAKDOWN OF TOPICS FOR 
SOFTWARE REQUIREMENTS 

The breakdown of topics for the Software 
Requirements KA is shown in Figure 1.1.

1. Software Requirements Fundamentals
[1*, c4, c4s1, c10s1, c10s4] [2*, c1, c6, c12]

1.1. Definition of a Software Requirement

At its most basic, a software requirement is a 
property that must be exhibited by something in 
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order to solve some problem in the real world. It 
may aim to automate part of a task for someone 
to support the business processes of an organiza-
tion, to correct shortcomings of existing software, 
or to control a device—to name just a few of the 
many problems for which software solutions are 
possible. The ways in which users, business pro-
cesses, and devices function are typically complex. 
By extension, therefore, the requirements on par-
ticular software are typically a complex combina-
tion from various people at different levels of an 
organization, and who are in one way or another 
involved or connected with this feature from the 
environment in which the software will operate. 

An essential property of all software require-
ments is that they be verifiable as an individual 
feature as a functional requirement or at the 
system level as a nonfunctional requirement. It 
may be difficult or costly to verify certain soft-
ware requirements. For example, verification 
of the throughput requirement on a call center 
may necessitate the development of simulation 
software. Software requirements, software test-
ing, and quality personnel must ensure that the 

requirements can be verified within available 
resource constraints. 

Requirements have other attributes in addi-
tion to behavioral properties. Common examples 
include a priority rating to enable tradeoffs in 
the face of finite resources and a status value to 
enable project progress to be monitored. Typi-
cally, software requirements are uniquely identi-
fied so that they can be subjected to software con-
figuration management over the entire life cycle 
of the feature and of the software. 

1.2. Product and Process Requirements

A product requirement is a need or constraint on 
the software to be developed (for example, “The 
software shall verify that a student meets all pre-
requisites before he or she registers for a course”).

A process requirement is essentially a con-
straint on the development of the software (for 
example, “The software shall be developed using 
a RUP process”).

Some software requirements generate implicit 
process requirements. The choice of verification 

Figure 1.1. Breakdown of Topics for the Software Requirements KA
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technique is one example. Another might be the 
use of particularly rigorous analysis techniques 
(such as formal specification methods) to reduce 
faults that can lead to inadequate reliability. Pro-
cess requirements may also be imposed directly 
by the development organization, their customer, 
or a third party such as a safety regulator. 

1.3. Functional and Nonfunctional Requirements

Functional requirements describe the functions 
that the software is to execute; for example, for-
matting some text or modulating a signal. They 
are sometimes known as capabilities or features. 
A functional requirement can also be described 
as one for which a finite set of test steps can be 
written to validate its behavior.
Nonfunctional requirements are the ones that 

act to constrain the solution. Nonfunctional 
requirements are sometimes known as constraints 
or quality requirements. They can be further clas-
sified according to whether they are performance 
requirements, maintainability requirements, 
safety requirements, reliability requirements, 
security requirements, interoperability require-
ments or one of many other types of software 
requirements (see Models and Quality Character-
istics in the Software Quality KA).

1.4. Emergent Properties

Some requirements represent emergent proper-
ties of software—that is, requirements that can-
not be addressed by a single component but that 
depend on how all the software components 
interoperate. The throughput requirement for a 
call center would, for example, depend on how 
the telephone system, information system, and 
the operators all interacted under actual operat-
ing conditions. Emergent properties are crucially 
dependent on the system architecture. 

1.5. Quantifiable Requirements

Software requirements should be stated as clearly 
and as unambiguously as possible, and, where 
appropriate, quantitatively. It is important to 
avoid vague and unverifiable requirements that 

depend for their interpretation on subjective 
judgment (“the software shall be reliable”; “the 
software shall be user-friendly”). This is par-
ticularly important for nonfunctional require-
ments. Two examples of quantified requirements 
are the following: a call center’s software must 
increase the center’s throughput by 20%; and a 
system shall have a probability of generating a 
fatal error during any hour of operation of less 
than 1 * 10−8. The throughput requirement is at a 
very high level and will need to be used to derive 
a number of detailed requirements. The reliabil-
ity requirement will tightly constrain the system 
architecture. 

1.6. System Requirements and Software 
Requirements

In this topic, “system” means 

an interacting combination of elements 
to accomplish a defined objective. These 
include hardware, software, firmware, 
people, information, techniques, facilities, 
services, and other support elements, 

as defined by the International Council on Soft-
ware and Systems Engineering (INCOSE) [3].
System requirements are the requirements for 

the system as a whole. In a system containing 
software components, software requirements are 
derived from system requirements.

This KA defines “user requirements” in a 
restricted way, as the requirements of the sys-
tem’s customers or end users. System require-
ments, by contrast, encompass user requirements, 
requirements of other stakeholders (such as regu-
latory authorities), and requirements without an 
identifiable human source. 

2. Requirements Process
[1*, c4s4] [2*, c1–4, c6, c22, c23]

This section introduces the software requirements 
process, orienting the remaining five topics and 
showing how the requirements process dovetails 
with the overall software engineering process.
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2.1. Process Models

The objective of this topic is to provide an under-
standing that the requirements process

• is not a discrete front-end activity of the soft-
ware life cycle, but rather a process initiated
at the beginning of a project that continues to
be refined throughout the life cycle;

• identifies software requirements as configu-
ration items and manages them using the
same software configuration management
practices as other products of the software
life cycle processes;

• needs to be adapted to the organization and
project context.

In particular, the topic is concerned with how 
the activities of elicitation, analysis, specifica-
tion, and validation are configured for different 
types of projects and constraints. The topic also 
includes activities that provide input into the 
requirements process, such as marketing and fea-
sibility studies. 

2.2. Process Actors

This topic introduces the roles of the people who 
participate in the requirements process. This pro-
cess is fundamentally interdisciplinary, and the 
requirements specialist needs to mediate between 
the domain of the stakeholder and that of soft-
ware engineering. There are often many people 
involved besides the requirements specialist, each 
of whom has a stake in the software. The stake-
holders will vary across projects, but will always 
include users/operators and customers (who need 
not be the same). 

Typical examples of software stakeholders 
include (but are not restricted to) the following:

• Users: This group comprises those who will
operate the software. It is often a heteroge-
neous group involving people with different
roles and requirements.

• Customers: This group comprises those who
have commissioned the software or who rep-
resent the software’s target market.

• Market analysts: A mass-market product
will not have a commissioning customer, so

marketing people are often needed to estab-
lish what the market needs and to act as 
proxy customers.

• Regulators: Many application domains, such
as banking and public transport, are regu-
lated. Software in these domains must com-
ply with the requirements of the regulatory
authorities.

• Software engineers: These individuals have
a legitimate interest in profiting from devel-
oping the software by, for example, reusing
components in or from other products. If,
in this scenario, a customer of a particu-
lar product has specific requirements that
compromise the potential for component
reuse, the software engineers must carefully
weigh their own stake against those of the
customer. Specific requirements, particu-
larly constraints, may have major impact on
project cost or delivery because they either
fit well or poorly with the skill set of the
engineers. Important tradeoffs among such
requirements should be identified.

It will not be possible to perfectly satisfy the 
requirements of every stakeholder, and it is the 
software engineer’s job to negotiate tradeoffs that 
are both acceptable to the principal stakeholders 
and within budgetary, technical, regulatory, and 
other constraints. A prerequisite for this is that all 
the stakeholders be identified, the nature of their 
“stake” analyzed, and their requirements elicited. 

2.3. Process Support and Management

This section introduces the project management 
resources required and consumed by the require-
ments process. It establishes the context for the 
first topic (Initiation and Scope Definition) of the 
Software Engineering Management KA. Its prin-
cipal purpose is to make the link between the pro-
cess activities identified in 2.1 and the issues of 
cost, human resources, training, and tools. 

2.4. Process Quality and Improvement

This topic is concerned with the assessment of 
the quality and improvement of the requirements 
process. Its purpose is to emphasize the key role 
the requirements process plays in terms of the 
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cost and timeliness of a software product and of 
the customer’s satisfaction with it. It will help to 
orient the requirements process with quality stan-
dards and process improvement models for soft-
ware and systems. Process quality and improve-
ment is closely related to both the Software 
Quality KA and Software Engineering Process 
KA, comprising

• requirements process coverage by process
improvement standards and models;

• requirements process measures and 
benchmarking;

• improvement planning and implementation;
• security/CIA improvement/planning and

implementation.

3. Requirements Elicitation
[1*, c4s5] [2*, c5, c6, c9]

Requirements elicitation is concerned with the 
origins of software requirements and how the 
software engineer can collect them. It is the first 
stage in building an understanding of the problem 
the software is required to solve. It is fundamen-
tally a human activity and is where the stakehold-
ers are identified and relationships established 
between the development team and the customer. 
It is variously termed “requirements capture,” 
“requirements discovery,” and “requirements 
acquisition.”

One of the fundamental principles of a good 
requirements elicitation process is that of effec-
tive communication between the various stake-
holders. This communication continues through 
the entire Software Development Life Cycle 
(SDLC) process with different stakeholders at 
different points in time. Before development 
begins, requirements specialists may form the 
conduit for this communication. They must medi-
ate between the domain of the software users (and 
other stakeholders) and the technical world of the 
software engineer. A set of internally consistent 
models at different levels of abstraction facilitate 
communications between software users/stake-
holders and software engineers.

A critical element of requirements elicitation is 
informing the project scope. This involves provid-
ing a description of the software being specified 
and its purpose and prioritizing the deliverables 

to ensure the customer’s most important business 
needs are satisfied first. This minimizes the risk 
of requirements specialists spending time elicit-
ing requirements that are of low importance, or 
those that turn out to be no longer relevant when 
the software is delivered. On the other hand, the 
description must be scalable and extensible to 
accept further requirements not expressed in the 
first formal lists and compatible with the previous 
ones as contemplated in recursive methods.

3.1. Requirements Sources

Requirements have many sources in typical soft-
ware, and it is essential that all potential sources 
be identified and evaluated. This topic is designed 
to promote awareness of the various sources of 
software requirements and of the frameworks for 
managing them. The main points covered are as 
follows:

• Goals. The term “goal” (sometimes called
“business concern” or “critical success fac-
tor”) refers to the overall, high-level objec-
tives of the software. Goals provide the moti-
vation for the software but are often vaguely
formulated. Software engineers need to pay
particular attention to assessing the value
(relative to priority) and cost of goals. A fea-
sibility study is a relatively low-cost way of
doing this.

• Domain knowledge. The software engineer
needs to acquire or have available knowl-
edge about the application domain. Domain
knowledge provides the background against
which all elicited requirements knowledge
must be set in order to understand it. It’s
a good practice to emulate an ontological
approach in the knowledge domain. Rela-
tions between relevant concepts within the
application domain should be identified.

• Stakeholders (see section 2.2, Process
Actors). Much software has proved unsat-
isfactory because it has stressed the require-
ments of one group of stakeholders at the
expense of others. Hence, the delivered
software is difficult to use, or subverts the
cultural or political structures of the cus-
tomer organization. The software engineer
needs to identify, represent, and manage
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the “viewpoints” of many different types of 
stakeholders.

• Business rules. These are statements that
define or constrain some aspect of the struc-
ture or the behavior of the business itself. “A
student cannot register in next semester’s
courses if there remain some unpaid tuition
fees” would be an example of a business rule
that would be a requirement source for a uni-
versity’s course-registration software.

• The operational environment. Requirements
will be derived from the environment in
which the software will be executed. These
may be, for example, timing constraints
in real-time software or performance con-
straints in a business environment. These
must be sought out actively because they can
greatly affect software feasibility and cost as
well as restrict design choices.

• The organizational environment. Software
is often required to support a business pro-
cess, the selection of which may be condi-
tioned by the structure, culture, and internal
politics of the organization. The software
engineer needs to be sensitive to these since,
in general, new software should not force
unplanned change on the business process.

3.2. Elicitation Techniques

Once the requirements sources have been iden-
tified, the software engineer can start eliciting 
requirements information from them. Note that 
requirements are seldom elicited ready-made. 
Rather, the software engineer elicits information 
from which he or she formulates requirements. 
This topic concentrates on techniques for getting 
human stakeholders to articulate requirements-
relevant information. It is a very difficult task and 
the software engineer needs to be sensitized to the 
fact that (for example) users may have difficulty 
describing their tasks, may leave important infor-
mation unstated, or may be unwilling or unable to 
cooperate. It is particularly important to understand 
that elicitation is not a passive activity and that, 
even if cooperative and articulate stakeholders are 
available, the software engineer has to work hard 
to elicit the right information. Many business or 
technical requirements are tacit or in feedback that 

has yet to be obtained from end users. The impor-
tance of planning, verification, and validation in 
requirements elicitation cannot be overstated. A 
number of techniques exist for requirements elici-
tation; the principal ones are these: 

• Interviews. Interviewing stakeholders is a
“traditional” means of eliciting requirements.
It is important to understand the advantages
and limitations of interviews and how they
should be conducted.

• Scenarios. Scenarios provide a valuable
means for providing context to the elicita-
tion of user requirements. They allow the
software engineer to provide a framework
for questions about user tasks by permitting
“what if” and “how is this done” questions
to be asked. The most common type of sce-
nario is the use case description. There is a
link here to topic 4.2 (Conceptual Modeling)
because scenario notations such as use case
diagrams are common in modeling software.

• Prototypes. This technique is a valuable tool
for clarifying ambiguous requirements. They
can act in a similar way to scenarios by pro-
viding users with a context within which they 
can better understand what information they
need to provide. There is a wide range of
prototyping techniques—from paper mock-
ups of screen designs to beta-test versions of
software products—and a strong overlap of
their separate uses for requirements elicita-
tion and for requirements validation (see
section 6.2, Prototyping). Low fidelity proto-
types are often preferred to avoid stakeholder 
“anchoring” on minor, incidental character-
istics of a higher quality prototype that can
limit design flexibility in unintended ways.

• Facilitated meetings. The purpose of these
meetings is to try to achieve a summative
effect, whereby a group of people can bring
more insight into their software require-
ments than by working individually. They
can brainstorm and refine ideas that may be
difficult to bring to the surface using inter-
views. Another advantage is that conflicting
requirements surface early on in a way that
lets the stakeholders recognize where these
occur. When it works well, this technique
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may result in a richer and more consistent 
set of requirements than might otherwise 
be achievable. However, meetings need to 
be handled carefully (hence the need for a 
facilitator) to prevent a situation in which 
the critical abilities of the team are eroded 
by group loyalty, or in which requirements 
reflecting the concerns of a few outspoken 
(and perhaps senior) people that are favored 
to the detriment of others.

• Observation. The importance of software
context within the organizational environ-
ment has led to the adaptation of observa-
tional techniques such as ethnography for
requirements elicitation. Software engineers
learn about user tasks by immersing them-
selves in the environment and observing how
users perform their tasks by interacting with
each other and with software tools and other
resources. These techniques are relatively
expensive but also instructive because they
illustrate that many user tasks and business
processes are too subtle and complex for
their actors to describe easily.

• User stories. This technique is commonly
used in adaptive methods (see Agile Meth-
ods in the Software Engineering Models
and Methods KA) and refers to short, high-
level descriptions of required functionality
expressed in customer terms. A typical user
story has the form: “As  a  <role>,  I  want
<goal/desire>  so  that  <benefit>.” A user
story is intended to contain just enough infor-
mation so that the developers can produce a
reasonable estimate of the effort to imple-
ment it. The aim is to avoid some of the waste 
that often happens in projects where detailed
requirements are gathered early but become
invalid before the work begins. Before a user
story is implemented, an appropriate accep-
tance procedure must be written by the cus-
tomer to determine whether the goals of the
user story have been fulfilled.

• Other techniques. A range of other techniques
for supporting the elicitation of requirements
information exist and range from analyzing
competitors’ products to applying data min-
ing techniques to using sources of domain
knowledge or customer request databases.

4. Requirements Analysis
[1*, c4s1, c4s5, c10s4, c12s5] 

[2*, c7, c11, c12, c17]

This topic is concerned with the process of ana-
lyzing requirements to

• detect and resolve conflicts between
requirements;

• discover the bounds of the software and how
it must interact with its organizational and
operational environment;

• elaborate system requirements to derive soft-
ware requirements.

The traditional view of requirements analysis 
has been that it be reduced to conceptual model-
ing using one of a number of analysis methods, 
such as the structured analysis method. While 
conceptual modeling is important, we include the 
classification of requirements to help inform trad-
eoffs between requirements (requirements clas-
sification) and the process of establishing these 
tradeoffs (requirements negotiation). 

Care must be taken to describe requirements 
precisely enough to enable the requirements to 
be validated, their implementation to be verified, 
and their costs to be estimated. 

4.1. Requirements Classification

Requirements can be classified on a number of 
dimensions. Examples include the following:

• Whether the requirement is functional or
nonfunctional (see section 1.3, Functional
and Nonfunctional Requirements).

• Whether the requirement is derived from one
or more high-level requirements or an emer-
gent property (see section 1.4, Emergent
Properties), or is being imposed directly on
the software by a stakeholder or some other
source.

• Whether the requirement is on the product
or the process (see section 1.2, Product and
Process Requirements). Requirements on the
process can constrain the choice of contrac-
tor, the software engineering process to be
adopted, or the standards to be adhered to.
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• The requirement priority. The higher the pri-
ority, the more essential the requirement is
for meeting the overall goals of the software.
Often classified on a fixed-point scale such
as mandatory, highly desirable, desirable,
or optional, the priority often has to be bal-
anced against the cost of development and
implementation.

• The scope of the requirement. Scope refers
to the extent to which a requirement affects
the software and software components.
Some requirements, particularly certain
nonfunctional ones, have a global scope in
that their satisfaction cannot be allocated to
a discrete component. Hence, a requirement
with global scope may strongly affect the
software architecture and the design of many
components, whereas one with a narrow
scope may offer a number of design choices
and have little impact on the satisfaction of
other requirements.

• Volatility/stability. Some requirements will
change during the life cycle of the soft-
ware—and even during the development
process itself. It is useful if some estimate
of the likelihood that a requirement will
change can be made. For example, in a bank-
ing application, requirements for functions
to calculate and credit interest to customers’
accounts are likely to be more stable than a
requirement to support a particular kind of
tax-free account. The former reflects a fun-
damental feature of the banking domain (that
accounts can earn interest), while the latter
may be rendered obsolete by a change to
government legislation. Flagging potentially
volatile requirements can help the software
engineer establish a design that is more toler-
ant of change.

Other classifications may be appropriate, 
depending upon the organization’s normal prac-
tice and the application itself. 

There is a strong overlap between requirements 
classification and requirements attributes (see 
section 7.3, Requirements Attributes).

4.2. Conceptual Modeling 

The development of models of a real-world 
problem is key to software requirements analy-
sis. Their purpose is to aid in understanding the 
situation in which the problem occurs, as well as 
depicting a solution. Hence, conceptual models 
comprise models of entities from the problem 
domain, configured to reflect their real-world 
relationships and dependencies. This topic is 
closely related to the Software Engineering Mod-
els and Methods KA.

Several kinds of models can be developed. 
These include use case diagrams, data flow mod-
els, state models, goal-based models, user inter-
actions, object models, data models, and many 
others. Many of these modeling notations are part 
of the Unified Modeling Language  (UML). Use 
case diagrams, for example, are routinely used 
to depict scenarios where the boundary separates 
the actors (users or systems in the external envi-
ronment) from the internal behavior where each 
use case depicts a functionality of the system.

The factors that influence the choice of model-
ing notation include these:

• The nature of the problem. Some types of
software demand that certain aspects be ana-
lyzed particularly rigorously. For example,
state and parametric models, which are part
of SysML [4], are likely to be more impor-
tant for real-time software than for informa-
tion systems, while it would usually be the
opposite for object and activity models.

• The expertise of the software engineer. It is
often more productive to adopt a modeling
notation or method with which the software
engineer has experience.

• The process requirements of the customer
(see section 1.2, Product and Process
Requirements). Customers may impose their
favored notation or method or prohibit any
with which they are unfamiliar. This factor
can conflict with the previous factor.

Note that, in almost all cases, it is useful to start 
by building a model of the software context. The 
software context provides a connection between 
the intended software and its external environment. 
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This is crucial to understanding the software’s con-
text in its operational environment and to identify-
ing its interfaces with the environment.

This subtopic does not seek to “teach” a particu-
lar modeling style or notation but rather provides 
guidance on the purpose and intent of modeling.

4.3. Architectural Design and Requirements 
Allocation

At some point, the solution architecture must 
be derived. Architectural design is the point at 
which the requirements process overlaps with 
software or systems design and illustrates how 
impossible it is to cleanly decouple the two tasks. 
This topic is closely related to Software Structure 
and Architecture in the Software Design KA. In 
many cases, the software engineer acts as soft-
ware architect because the process of analyzing 
and elaborating the requirements demands that 
the architecture/design components that will be 
responsible for satisfying the requirements be 
identified. This is requirements allocation–the 
assignment to architecture components respon-
sible for satisfying the requirements. 

Allocation is important to permit detailed anal-
ysis of requirements. Hence, for example, once a 
set of requirements has been allocated to a com-
ponent, the individual requirements can be further 
analyzed to discover further requirements on how 
the component needs to interact with other com-
ponents in order to satisfy the allocated require-
ments. In large projects, allocation stimulates a 
new round of analysis for each subsystem. As an 
example, requirements for a particular braking 
performance for a car (braking distance, safety in 
poor driving conditions, smoothness of applica-
tion, pedal pressure required, and so on) may be 
allocated to the braking hardware (mechanical 
and hydraulic assemblies) and an antilock braking 
system (ABS). Only when a requirement for an 
antilock braking system has been identified, and 
the requirements allocated to it, can the capabili-
ties of the ABS, the braking hardware, and emer-
gent properties (such as car weight) be used to 
identify the detailed ABS software requirements. 

Architectural design is closely identified with 
conceptual modeling (see section 4.2, Conceptual 
Modeling). 

4.4. Requirements Negotiation

Another term commonly used for this subtopic 
is “conflict resolution.” This concerns resolv-
ing problems with requirements where conflicts 
occur between two stakeholders requiring mutu-
ally incompatible features, between requirements 
and resources, or between functional and non-
functional requirements, for example. In most 
cases, it is unwise for the software engineer to 
make a unilateral decision, so it becomes neces-
sary to consult with the stakeholder(s) to reach a 
consensus on an appropriate tradeoff. It is often 
important, for contractual reasons, that such deci-
sions be traceable back to the customer. We have 
classified this as a software requirements analy-
sis topic because problems emerge as the result 
of analysis. However, a strong case can also be 
made for considering it a requirements validation 
topic (see topic 6, Requirements Validation).

Requirements prioritization is necessary, not 
only as a means to filter important requirements, 
but also in order to resolve conflicts and plan for 
staged deliveries, which means making complex 
decisions that require detailed domain knowledge 
and good estimation skills. However, it is often 
difficult to get real information that can act as 
a basis for such decisions. In addition, require-
ments often depend on each other, and priori-
ties are relative. In practice, software engineers 
perform requirements prioritization frequently 
without knowing about all the requirements. 
Requirements prioritization may follow a cost-
value approach that involves an analysis from 
the stakeholders defining in a scale the benefits 
or the aggregated value that the implementa-
tion of the requirement brings them, versus the 
penalties of not having implemented a particular 
requirement. It also involves an analysis from 
the software engineers estimating in a scale the 
cost of implementing each requirement, relative 
to other requirements. Another requirements pri-
oritization approach called the analytic hierarchy 
process involves comparing all unique pairs of 
requirements to determine which of the two is of 
higher priority, and to what extent.
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