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ABSTRACT

Software Engineering, both as a discipline and as a profession, is at a critical point
in its development. The consensus in the software community is that the discipline is new
relative to the more fraditional engineering fields and thus, software engineering simply
is not yet fully mature. Achieving consensus within the software community on a "body
of knowledge" for Software Engineering is an important step, crucial to the evolution of
the profession toward professional status. Fundamental to this question is "what
constitutes a body of knowledge for a discipline such as Software Engineering?" Is
software design with all of it' s components (Computer Science, Programming,
Engineering, etc.) an engineering discipline? If not, what is lacking? To answer the
question, one must first define an engineering discipline based on the characteristics of
existing engineering disciplines, then determine the correlation of Software Engineering
to that definition.
A profession today is characterized by an organized and formalized body of
knowledge, training programs, accredited educational programs, codes of ethics and
usually licensure. Furthermore, an engineering discipline is based on well-developed
theories and foundations using proven methods and technology.
The various engineering disciplines have certain conunonalities and certain areas
of distinction. They share certain sciences in their respective bodies of knowledge. How
Can Process Models (such as CMM, ISO 9001, Bootstrap, Spice and SEPRM) provide
completion to the body of knowledge for software engineering? This research is centered
around the concept proposed by Wang and King (2001) and others that the modem
domain of software engineering includes three important aspects: development
methodology, organization and management. Software engineering process models
provide a fimdamental infrastmcture for organizing and implementing software
engineering. Formal process models not only improve software engineering projects by
formalizing process methodology, but also provide the rigor to Software Engineering
associated with measurement that is characteristic of all engineering disciplines.

CHAPTER I
INTRODUCTION

Software Engineering both as a discipline and as a profession is at a critical point
in its development. The concepts, principles, and methods for engineering software are
still neither well defined nor frequently agreed upon (Shaw, 1990). It has been more than
three decades since the first organized, formal discussion of software engineering as a
discipline took place at the 1968 North Atlantic Treaty Organization (NATO) Conference
on Software Engineering (Randall, 1979). The term "Software Engineering" is now
widely accepted by industry, goverrunent, and academia, but it does not have a welldefined and universally accepted professional content. The consensus in the software
community is that the discipline is new relative to the more traditional engineering fields
and thus, software engineering is not yet fully mature (Ford 96 & Gibbs, 2000; Wang &
Patel, 2000). In spite ofthe proliferation of software and growing numbers of software
professionals. Software Engineering has not been elevated to the level of an accepted
engineering science and recognized profession. The lack of consensus regarding software
engineering practice and the requisite competencies, creates confusion and has serious
consequences that make the evaluation, acquisition, and application of software
engineering knowledge difficult (Shaw, 1990). Achieving consensus within the software
community on a "body of knowledge" for Software Engineering is an important step,
cmcial to the evolution of software engineering toward professional status. There are a
number of efforts underway to formally define a body of knowledge for Software
Engineering. The ramifications of recognizing a "body of knowledge" affect critical areas
such as the development and accreditation of imiversity curricula and the licensing and
certification of professionals (Watts, 1995; Reed, 2000).
The purpose of a defined body of knowledge is to improve the understanding and
practice of software engineering by providing a systematic, concise, and complete
description ofthe software engineering discipline. Such an effort can assist organizations
in defining and improving the software engineering competencies of their employees,
help educational institutions define software engineering curricula, by classifying
academic and industrial research and development efforts, and provide a basis for

accreditation, certification, or licensure for Professional Software Engineers (Bagert,
Hilbiun, Hilsop, Lutz, McCracken & Mengel, 1999).
This research report describes the development of a body of knowledge in terms
of scientific and engineering principles and methodologies. It also introduces the
architecture selected for stmcturing this information, and discusses various uses for this
knowledge in the areas of academic, industrial, and professional practice. The purpose of
this research is to determine how Process Models (such as CMM, ISO 9001, Bootstrap,
Spice and SEPRM) can better define a body of knowledge for software engineering.

CHAPTER II
REVIEW OF THE LITERATURE

2.1 Efforts to Create a Bodv of Knowledge
Establishing and contributing to a " body of knowledge" touches many areas of
Software Engineering. There is a cmcial need to define the knowledge and competencies
required by software professionals, not from just the academic position, but also from a
legal standpoint. According to Mead and Tumer (1998), the issues associated with the
accreditation, certification, and licensure of software engineers are of grave concem to
the software engineering community. In response to media publicity surrounding
software disasters in safety critical fields, some state legislatures have considered
regulating software engineering (Saltos, 1986). The most notable recent software disaster
is the Therac-25 accidents. The investigation is documented in a muhi-page report in the
"lEE Computer" pubUcation (Leveson & Tumer, 1993). Between June 1985 and January
1987, the Therac-25 medical electron accelerator was involved in six massive radiation
overdoses. As a result, several people died and others were seriously injured. A detailed
investigation ofthe factors involved in the software-related overdoses and attempts by
users, manufacturers, and government agencies to deal with the accidents is presented.
The authors demonstrate the complex nature of accidents and the need to investigate all
aspects of system development and operation in order to prevent future accidents. The
authors also present some lessons teamed in terms of system engineering, software
engineering, and goverrunent regulation of safety-critical systems containing software
components.
Some professionals now believe that accreditation, certification, and licensure are
inevitable (Mead & Tumer, 1998). Yet, most professionals in the field argue that there is
no agreed-upon body of knowledge for software engineering on which to base
accreditation, certification, or licensure (Bagert, 2000; Gorlick, Notkin & Shaw, 2000;
Mead & Tumer, 1998). Consequently, this makes implementing them difficult, if not
impossible. In addition, it is not clear that these processes and the instraments to support
them are well understood within the software engineering community.

Presently, there are two major organizations leading the movement to ultimately
define a "software engineering body of knowledge" the SWEBOK (Software Engineering
Body of Knowledge Effort) (http://www.swebok.org) and the Australian Computer
Society (ACS) Core Body of Knowledge for Information Technology Professionals
(http://www.acs.org.au/national/pospaper^okptl.htin). According to the ACM Council,
the "core body of knowledge for software engineering" is a document that identifies the
software engineering concepts, facts, and skills that are expected to be mastered by
practicing software engineers (Gorlick, Notkin & Shaw, 2000). The most noteworthy of
organizations involved in defining such a body of knowledge is "SWEBOK" or
"Software Engineering Body of Knowledge" (Abran, Bourque, Dupuis, Moore & Tripp,
1999; El-Emam, 2001).
The IEEE computer Society and the Association for Computer Machinery had in
1993 created a Joint lEEE-CS and ACM Steering Committee for the Establishment of
Software Engineering as a Profession. The committee's task was primarily to "establish
the appropriate set(s) of criteria and norms for professional practice of software
engineering upon which industrial decisions, professional certification and education
curricula can be based." In 1998 a successor to the Joint Steering Committee was created.
This lEEE-CS/ACM Software Engineering Coordinating Committee (SWECC) was then
made responsible for coordinating, sponsoring and fostering all the various activities
regarding Software Engineering within the lEEE-CS and ACM's sphere of operation.
These included areas such as: standards of practice and ethics, body of knowledge,
curriculum guidelines, and exam guidelines. By early 2000 significant progress was
being made in several of these areas.
In 1999 and early 2000 a significant number of academic papers
promoting areas related to SE professionalism started to appear in major
computing joumals indicating that there was indeed a groundswell of positive
opinion in this area (Bagert, 2000, p. 1).
Then, towards the end of June 2000 ACM decided to withdraw from the lEEE-CS/ACM
Software Engineering Coordinating Committee (SWECC) and with this much ofthe
progress that had been made was thrown into question. The ramifications of this decision
are discussed in Chapter 5.

2.2 Quantitative Engineering Approach
Fenton and Pfleeger in their book "Software Metrics" (1997) discuss how
software design implements the fundamental mdiments of an engineering discipline. The
authors quantify and systemize the software design process to determine whether a design
is of high quality, if the requirements are consistent and complete, and if the software is
error free, at least sufficiently bug free for the application requirements. The authors
present a strong case for Software Design as an Engineering Discipline from the
perspective of software measurement.
Measurement provides objective information about, and visibility into,
project performance, process performance, process capability, and product and
service quality. Use of measures and other information allow organizations to
team from the past in order to improve performance and achieve better
predictability over time.
To improve the rigor of measurement in software engineering, we need
not restrict the type or range of measurements we can make. Indeed, measuring
the immeasurable should improve our understanding of particular entities and
attributes, making software engineering as powerfiil as other engineering
disciplines.
It is clear from other engineering disciplines that measurement can be
effective, if not essential, in making characteristics and relationships more visible,
in assessing the magnitude of problems, and in fashioning a solution to problems
(Fenton & Pfleeger, 1997, p. 7-9).
2.3 Emergence of Process-Based Software Engineering
Many companies and organizations define a standard set of measurements and
reporting methods, so that projects can be quantitatively evaluated, and compared and
contrasted. Early software development process comprises a complex set of interrelated
activities that ultimately produced software products.
Attempts at describing these activities and products are referred to as the Software
Development Life-Cycle (Scacch, 2001). A description ofthe software Life-Cycle
comprises a clear indication ofthe activities involved, the products produced, and their
relationships. Most software engineers and computer scientists are ofthe opinion that
earlier software life-cycle models like the "waterfall" model (Bass, Len, Clemens, Paul &
Kazman, 1998), "spiral" model, (Jacobson, Booch & Rumbaugh, 1999; Adeniyi, N.D;
Boehm, 1988) and others have proven somewhat limited because they hide important
process details cmcial to successful software projects (Weigers, 1999). These limitations

have resulted in a more process-oriented software engineering. The Software Life-Cycle
was one ofthe more successful eariy attempts at describing the activities involved in
developing a large-scale software product. OKE, Adeniyi provides some background on
early software development techniques in his paper on emerging software processes
(Adeniyi, N.D). This paper provides an excellent overview ofthe evolution of software
engineering from the early attempts to develop a process to the present day of software
process models that are providing software process improvement to many software
companies. The author expresses the opinion that the reason why software development
did not have the desired quality and productivity to match the increasing complexity of
software development projects was because developers did not capture the "essence" of
the software process adequately.
A process model is a generic description of a class of software processes. The
model is independent of a particular project, but it may be customized, or instantiated, to
produce a particular software process according to the needs of a particular project. The
software process is only a means to an end, the process only enables an explicit way in
which the process is engineered. It is dynamic, hence difficult to implement (Scacchi,
2001; Ferguson, 1997).
One way to engineer and control the evolution of such a dynamic entity is to
describe and define models of software processes, customize these tools; instantiate
processes ensuing from these models; interpret these processes and continually improve
them (Bames & Mitchell, 2003; Bass & Kazman, 1998).

2.3.1

Modem Software Process
The quality of a software product increasingly depends on the requirements to be

met by the software development process (Bames & Mitchell, 2003; Boehm, 1988).
Handling process characteristics extends the approaches to quality modeling for software
products. In addition to the identification of relevant process characteristics, the
measurement and evaluation/assessment of these relevant process characteristics is of
great importance. Therefore, it is the objective ofthe process methodology to examine
and design methods and procedures for representing, testing and evaluating/assessing
software processes and their models. The application of process models to improve

software development is highly controversial because the technology called "software,"
our mathematical, engineering, and scientific understanding of it, our ability to manage
its development successfully, and the state-off-the-practice are yet in their early infancy.
The Software Engineering Institute (SEI) at Camegie Mellon University in
Pittsburgh has developed a "maturity model" by which software development
organizations can be assessed according to their adherence to "good" software
development practices. The CMM and ISO9001 methods were introduced in 1987 with
the purpose of assessing the abihty of suppliers to meet their commitment and
requirements of their customers. In September 1987, SEI released a brief description of
the process maturity framework (Humphrey, 1987), which was later expanded in
Humphrey's book, "Managing the Software Process" (1989). Two methods, software
process assessment and software capabihty evaluation and a maturity questiormaire were
developed to appraise software process maturity. In the same year, ISO published the
9000 standard describing the key requirements for companies and organizations doing
business in the European community. In 1991, ISO released another standard, the
ISO9000-3 Guidelines for the AppUcations of ISO9001 to the Development, Supply, and
Maintenance of Software.
The Capability Maturity Model (CMM) is a framework of software development and
process management. Companies that implement the CMM want to improve their ability
to meet cost, schedule, and product functionality goals. The CMM defines five levels of
maturity based on process capability. Except for Level 1, each maturity level is
composed of several key process areas that indicate where the company should focus its
improvement. A company first evaluates which level it is currently functioning at, then
works toward advancing to the next level by mastering significant skills and process.
What is significant about the CMM model is the systematic breakdown of software
engineering activities and the analytical judgment that the model allows.
"Software Engineering Processes: Principles and Applications" (Wang & King,
2001) presents a comparative analysis of current process models and formally describes
their algorithms. SEPRM is developed by integrating major current process models and
standards such as CMM, ISO 9001, BOOTSTRAP, ISO 15504 (SPICE), and ISO 12207.

SEPRM identifies a superset of software engineering processes that is modeled in
3 process subsystems, 12 process categories, 51 processes, and 444 base process
activities (BPA's). The authors address a broad range of topics within process-based
software engineering and the fundamental theories and philosophies behind them. They
develop a software engineering process reference model (SEPRM) to show how to solve
the problems of different process domains, orientations, stmctures, taxonomies, and
methods. They derive a set of process benchmarks-based on a series of intemational
surveys-that support validation ofthe SEPRM model. Based on their SEPRM model and
the unified process theory, they demonstrate that current process models can be
integrated and their assessment results can be transformed between each other.
Similarly, the thmst of this research is specific to process models that improve
software engineering projects by formalizing process methodology. Formal process
models not only improve software engineering projects by formalizing process
methodology, but also provide the rigor to Software Engineering associated with
measurement that is characteristic of all engineering disciplines.
2.4 Process Variation and Applications
The term process has different meanings in the context of Software Engineering.
According to Booch, Jacobson and Rumbaugh (1999), a process refers to a concept that
works as a template that can be used over again by creating instances of it. Their concept
of a process is comparable to a class form, which can be used to create objects in the
object-oriented paradigm. A software development process is defined as a "complete set
of activities needed to transform users' requirements into a consistent set of artifacts that
represents a software product and later to transform changes into those requirements into
a new consistent set of artifacts" (Booch, Jacobson & Rumbaugh, 1999, p. 24). A
process, however, is a definition of a set of activities, not their execution.
They introduce the idea of a process relevant to a project, ft is the first implication of a tie
between Software Engineering and Project Engineering. The value-added result ofthe
process is a consistent set of artifacts, a base line that represents one application system
or a family of such systems that comprise a software product. It is their discussion of a

process in terms of workflows, development cycles and milestones that implies a nexus
with project engineering.

2.4.1

Personal Software Process
The Software Engineering Institute (SEI) has developed a Personal Software

Process (PSP) to address the need for process improvement in small organizations and
small project teams. It consists of a family of seven personal processes that progressively
inti-oduce data and analysis techniques. The engineers then use this data to determine
their own performance and to measure the effectiveness ofthe methods they use. The
basic premise is that improved personal process discipline can help to increase the
effectiveness of individual engineers. The personal software process provides software
engineers a way to improve the quality, predictability, and productivity of their work. It is
designed to address the improvement needs of individual engineers and small software
organizations. The PSP provides a defined sequence of process improvement steps
coupled with performance feedback at each step. This helps engineers to understand the
quality of their work and to appreciate the effectiveness ofthe methods they use.
Early experience with the PSP shows that average test defect rate improvements
often times and average productivity improvements of 25% or more are typical. While
the initial PSP work concentrates on the design, code, and test phases of software
development, the PSP principles can be applied to requirements specification, product
maintenance, test plarming, documentation development, or many other aspects ofthe
software process. The detailed design, code, and unit test phases were selected because
they are important development phases and they are most suitable for the small but
challenging classroom exercises (Humphrey, 1995; Weigers, 1999; Bass, Len, Clemens,
Paul & Kazman, 1998).
The goal of developing quality software can be achieved by focusing on the
improvement of both product quality and process quality. While the traditional focus has
been on product quality, there is an increased awareness ofthe benefits of improving the
quality ofthe processes used to develop and support those products. These processes are
key elements in understanding and improving the practice of software engineering, hi this
paper, existing objectives for the development and application of models of software

processes are restated, and current research sponsored by the IBM Center for Advanced
Studies (CAS) is discussed as it applies to furthering each ofthe objectives. A framework
is also presented that relates the research work to the various sectors of a software
process life cycle (Heineman, Botsford, Caldiera, Kaiser, Kellner & Madhavji, 1994).
"Process Improvement that Works" (Weigers, 1999), presents a concise overview
of software process improvement. It describes the process improvement life cycle, the
need to focus on the organization's current sources of pain, the importance of
communication, ways to organize for process improvement, and the need for both
strategic and tactical action plaiming. Pointers to other sources of SPI information are
also provided.
In "No Silver Bullet" (Brooks, 87), Fred Brooks explains that fashioning complex
constmcts is the essence of software development and explores the possibility that
technology or technique can be found to make software development fundamentally
easier. Brooks says basically that he sees no single development, in technology or
technique, that promises an order-of-magnitude improvement in programmer
productivity, software reliability, and software simplicity. Moreover, the very nature of
software makes the discovery or production of such a "silver bullet" unlikely, ever. No
breakthrough will do for software what has been done for hardware by electronics,
tiansistors, and large-scale integration. The reality is not that software progress is slow,
but that hardware progress has been so fast. In the past 30 years, not only have costs
come down by three orders of magnitude, but speed and capacity have gone up by six
orders of magnitude, and size has gone down by six orders of magnitude. In no other
technology has the improvement been so large and so quick. All software is an attempt to
implement some abstraction, a collection of capabilities desired by the client. Brooks
beheves that the hard part of building software, i.e., the essence, is the specification,
design, and testing ofthe abstraction and not the labor of constmcting the program and
testing its agreement to the abstraction, which is only the
accident. He considers syntax errors, and perhaps even logical errors in the code, in
getting the representation right to be insignificant compared to conceptual errors in
getting the abstraction right. Technology and methodology have focused on the process
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of consfructing and testing the program, i.e., the accident. If Brooks's belief is tme, then
software will always be hard to build and there will never be a silver bullet.

2.5 Licensing Software Engineers
In his book, "Professional Software Development" (2004), McConnell makes a
convincing case for licensing professional software engineers. He starts out by stating
that there's a lot of pooriy designed software out there, and it's costing companies and
taxpayers billions every year. He then goes on to clearly define the difference between a
programmer and a software engineer, a distinction that needs to be explicitly defined as a
separate career path from programming. A programmer writes source code. A software
engineer writes the specifications and requirements for source code. It's actually very
similar to the difference between a constmction worker and a civil engineer. After
defining exactly what a software engineer is, McConnell goes on to explain why they
need to be licensed.
Software engineering is the only engineering discipline where the engineer is
immune from liability and not bound to any code of ethics. He also makes it very clear
that only a small percentage of software engineers will need to be licensed (it depends on
the importance ofthe product). McCormell also dispels some ofthe myths about licensing
engineers (software changes too quickly, it will require too much paperwork, it limits
creativity, etc.). He dispels these arguments in a convincing way, by citing actual
evidence throughout the book. Obviously, something needs to be done to raise the quality
of software. Licensing isn't a cure-all, but it's a step in the right direction.
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CHAPTER III
THE SWEBOK CONTRIBUTION

3.1 Introduction
There have been many contributions to the body of knowledge effort for software
engineering. None, however, are as significant as the SWEBOK (Software Engineering
Body of Knowledge) efforts. One ofthe main premises ofthe SWEBOK project is that
the time has now come to define an engineering discipline that has been termed
"Software Engineering".
In 1999 and early 2000 a significant number of academic papers promoting areas
related to SE professionalism started to appear in major computing joumals indicating
that there was indeed a groundswell of positive opinion in this area. SWEBOK, however
is not just about maturity of science or quahty through software process improvement,
although these were critical areas for ACM and other critics, but also it is about
education, architectiue, licensing, and/or certification. Equally important is the fact that
there are both academic and industrial issues to be considered according to both the
proponents and opponents to SWEBOK. While industries and colleges have a common
interest in the education of students, university educators must consider the preparation of
students for the general life experience as important as meeting current industry
requirements.
3.2 The SWEBOK Project
The IEEE computer Society and the Association for Computer Machinery had in
1993 created a Joint LEEE-CS and ACM Steering Committee for the Establishment of
Software Engineering as a Profession. The committee's task was primarily to establish
the appropriate set(s) of criteria and norms for professional practice of software
engineering upon which industrial decisions, professional certification and education
curricula can be based (Bagert, Hilbum, Hilsop, Lutz, McCracken & Mengel, 1999). In
1998, a successor to the Joint Steering Committee was created. This lEEE-CS/ACM
Software Engineering Coordinating Committee (SWECC) was then made responsible for
coordinating, sponsoring and fostering all the various activities regarding Software
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Engineering within the lEEE-CS and ACM's realm of operation. These included areas
such as: standards of practice and ethics, body of knowledge, curriculum guidelines, and
exam guidelines.
The project comprises three successive phases: Strawman, Stoneman, and
fromnan. The Stiawman guide, completed within nine months of project initiation, served
as a model for organizing the SWEBOK guide.

3.2.1 Sfrawman Phase
The objectives ofthe Straw Man phase were to define the strategy to deliver what
is referred to as the "Straw Man version" ofthe Guide to the Software Engineering Body
of Knowledge and to gamer support in the computing profession for the project. The
main goal of this initial report was to propose a draft list of Knowledge Areas for the
Guide to the Software Engineering Body of Knowledge (SWEBOK). This report also
proposed a draft list ofthe disciplines that interact with software engineering. As its name
implies, this Sfraw Man version was intended to be challenged and to stimulate a
vigorous debate. Published in September of 1998, the Strawman Version defined how the
project would be organized into three public review cycles. The first review cycle
focused on the soundness ofthe proposed breakdown of topics within each Knowledge
Area (KA). Thirty-four domain experts completed this review cycle in April 1999. The
reviewer comments, as well as the identities ofthe reviewers, are available on the
project's website.
In the second review cycle, completed in October 1999, a considerably larger
group of professionals, organized into review viewpoints, answered a detailed
questionnaire for each "KA" description. The viewpoints (for example, individual
practitioners, educators, and makers of public policy) were formulated to ensure
relevance to the Guide's various intended audiences. In all, roughly 200 reviewers
provided 5000 comments. The identities ofthe reviewers, their comments, and the
disposition of those comments can be found on the project's web site. In the third review
cycle the coherency ofthe Guide as a whole was considered. Close to 3500 comments
from 378 professionals from 41 countries were received. These comments, as well as
demographic data about the reviewers, are also available at http://www.swebok.org.
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3.2.2

The Stoneman Version
The Stoneman version of SWEBOK defined ten categories of knowledge areas

for software engineering. They are: software requirements, software design, software
constmction, software testing, software maintenance, software configuration
management, software engineering management, software engineering process, software
engineering tools and methods and software quality. Each knowledge area is organized
into topics with two or three levels of breakdown. Knowledge items are identified in the
SWEBOK document by giving references to book chapters, referred papers, standards, or
other sources.

3.2.3 fronman Version
The final phase, fronman, began by monitoring and gathering feedback on actual
usage ofthe Trial version ofthe Guide by the various intended audiences for a period of
roughly two years. Based on the gathered feedback, development ofthe frorunan version
was initiated in the third year and would follow a development and review process. The
fronman phase contains two major sub-phases. The first sub-phase was implemented in
the 2002 and consisted of experimentation and trial use ofthe Guide, while promoting
and developing performance norms for software engineering professionals.
The second sub-phase, with a time table of 2002-2003, would involve further
development ofthe guide based on an extensive review (similar to the Stoneman review
process) ofthe feedback acquired from the first sub-phase (Gorlick, Notkin & Shaw,
2000; Randall, 1979; Reed, 2000; Abran, Bourque, Dupris, Moore & Tripp, 1999).

3.3 Knowledge Areas (KA's)
Knowledge Areas are the major components of a discipline, or sub-fields of study.
Related Disciplines are those that overlap or share a common boundary in terms of
content. In order to propose Knowledge Areas and Related Disciplines for "generally
accepted" knowledge and to do so based on recognized, public and verifiable sources of
information, it was decided that the tables of contents of general software engineering
textbooks, the curricula of undergraduate and graduate programs in software engineering
and the admission criteria for graduate programs would constitute the knowledge base. A
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total of 24 textbooks and 29 programs were examined (El-Emam, 2001; Abran, Bourque,
Dupris, Moore & Tripp, 1999).
For the purposes ofthe Straw Man version, a potential knowledge area had to be
mentioned in the table of contents of at least one quarter ofthe textbooks sampled to
qualify as a proposed Knowledge Area. The ISO/IEC 12207 standard on Software Life
Cycle Processes is used as the basis and vocabulary for the classification ofthe different
topics related to the life cycle. A number of other topics not related to the hfecycle were
also considered. In the SWEBOK Project proposal the following 10 Knowledge Areas
have been identified:
Software Requirements Analysis: The determination, documentation, and analysis of
the functions to be implemented in software.

Software Design: Definition ofthe basic stmcture ofthe system at the architectural
and detailed levels, division into modules, definition of interfaces for modules, and
choice of algorithms within modules.

Software Construction: Implementation ofthe software including detailed design,
coding, debugging, unit testing, technical reviews, and performance optimization. Has
components common to Software Design and Software Testing.

Software Testing: Activities associated with executing software to detect defects,
eliminate bugs and evaluate features. Testing includes test planning, test case design,
and specific kinds of tests including development tests, unit tests, component tests,
integration tests, system tests, regression tests, sfress tests, and acceptance tests.

Software Maintenance: Revision and enhancement of existing software, related
documentation, and tests.
Software Configuration Management: Identification, documentation,
and change control of all intellecttial property generated on a software project

15

including source code, content (graphics, sound, text, video), requirements,
designs, test materials, estimates, plans, and user documentation.

Software Quahty Analysis: All activities associated with providing confidence
that a software item conforms or will conform to technical requirements.

Quality engineering includes quality assurance plaiming, quality measurement,
reliability, testing, technical reviews, audits, and verification and validation.

Software Engineering Management: Plarming,ti-acking,and
controlling of a software project, software work, or a software organization.

Software Engineering Infrastmcture: Tool application and methodology
support, such as CASE tools, reusable code libraries, and formal methods,
including practices for adopting and disseminating tools and methods within an
organization.

Software Engineering Process: Activities related to improving software
development quality, timeliness, productivity, and other project and product
characteristics (Abran, Bourque, Dupris, Moore &Tripp, 1999; McConnell, 1999).

In addition to the 10 core Knowledge Areas there are 135 related Discipline
Knowledge Areas and these too are listed at the SWEBOK Site. The Industrial Advisory
Board agreed in Mont-Tremblant (El-Emam, 2001) that the objectives ofthe Guide to the
Software Engineering Body of Knowledge project are to:
•

Characterize the contents ofthe Software Engineering Body of Knowledge;

•

Provide topical access to the Software Engineering Body of Knowledge;

•

Promote a consistent view of software engineering worldwide;
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•

Clarify the place of, and set the boundary of, software engineering with respect to
these disciplines such as computer science, project management, computer
engineering and mathematics.

•

Provide a foundation for curriculum development and individual certification and
licensing material.
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CHAPTER IV
DEFINING SOFTWARE ENGINEERING IN TERMS
OF AN ENGINEERING DISCIPLINE

4.1 Introduction
How can Process Models (such as CMM, ISO 9001, Bootstrap, Spice and
SEPRM) provide completion to the body of knowledge for Software Engineering?
Fundamental to this question is "what constitutes a body of knowledge for a discipline
such as Software Engineering". To answer this question, one must first define an
engineering discipline, based on the characteristics of existing engineering disciplines,
then determine the correlation of Software Engineering to that definition. Software
Engineering, has some inherent differences from the other engineering disciplines.

4.2 Differences between Software Engineering
and Other Engineering Disciplines
How is Software Engineering inherently different from the other engineering
disciplines? The common approach to design in classical engineering disciplines is to
develop concrete designs from abstract concepts, that is, the final product is a physical
manifestation ofthe abstract design. Confrast that to Software Engineering where the
final software product is an intangible an invisible representation ofthe original design in
computer code that is a solution to a practical problem (Weyuker, 1988; Fairley & Tripp,
2002). The only tangible part of a software product is its storage media and/or possibly its
mn-time output. Another unique aspect of Software Engineering is that whereas each
branch of engineering focuses on specific domains. Software Engineering can be used to
model the domains of all branches of engineering, current and future. Moreover, it can be
used to model an unlimited set of domains that would not be considered engineering at all
- from mundane payroll systems, to gambling; from virtual realities (where the normal
laws of physics do not apply), to psychological themes, to things not even considered yet
(Humphrey, 1995).
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4.3 Developing Software Systems
In the real worid, software development is more of a design-intensive process
than a mass production process (Ferguson, 1987). The design activities include
specification, design, implementation, test, and maintenance; the production activities
consist of duplication and packaging. Since software engineering is more a designintensive process than a mass-production process, it follows that the development of
specific application software is mainly a one-time activity. The reason is that there are
fewer standard software applications or products that can be mass produced. Seldom is
COTS, or "off the shelf, shrink-wrapped wrapped" software a solution to a specific
complex problem. The point is, for specialized software development, the only artifacts
that can be standardized and reused significantly are mainly the engineering processes,
not the final products themselves as in other manufacturing engineering disciplines
(Humphrey, 1995). According to Wang and King (2000), the creation of conventional
physical products by the use of programmable and reconfigurable parts is a new and
quiet industrial revolution. The nineteenth Century industrial revolutions were oriented
on mass production by machinery and standardized process and components. The
development of soft systems is a revolution that transforms the information processing
and intelligent parts ofthe conventional physical products into software.

4.4 Defining Software Engineering
Engineering is the practical application of scientific knowledge through the use of
common techniques, components, tools, and methods of management. Specifically, like
other branches of engineering. Software Engineering has basic methods of
implementation which correlate with other engineering disciplines' methods and
practices. A critical characteristic of mature engineering is that the products buih from
these models are well-understood and predictable before they are produced (Bames &
Mitchell, 2003; Humphrey, 1987). Like other engineering disciplines. Software
Engineering (SE) uses formal models and methods of computing to develop requirements
and specifications for product development. SE emphasizes the building of large software
systems by integration of standardized components. Given requirements and flinctional
specifications, a large project is divided into manageable pieces that denote logical
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subsystems. A determination is then made as to whether new, existing, or reusable
software systems correspond to the needed pieces. The architectural design and
configuration specification defines the interconnection and resource interfaces between
system subsystems, components, and modules.

4.5 Practical Software Engineering Practices

4.5.1 System requirements and specifications
System requirements and specifications analyses identify the problems a new
software system will have to solve. Moreover, they define a system's operational
capabilities, desired performance characteristics, and the resources needed to support
system operation and maintenance. Software Engineering applies principles of computer
science, mathematics, and project engineering to establish the stmcture of software
before it is actually programmed. A detailed component design specification defines the
procedural methods through which the data resources within the system components (or
modules) are transformed from required inputs into provided outputs. Only after these
initial processes are completed are the preceding specifications codified into source code
implementations and their basic operation validated (Weigers, 1999, 2000).

4.5.2 Applied Engineering
Techniques such as prototyping identify and formalize the objects of computation,
their attributes and relationships. SE uses numerous software tools to provide assistance
in all activities of software development. These tools not only include the standard,
compilers, emulators, etc. for component implementation and debugging, but also CASE
tools and project management tools as well. SE adopts the processes of software
development as the basis for systematic management.
Documentation and other deliverables include packaging and rationalizing
recorded system development descriptions into systematic documents and user guides, all
in a form suitable for dissemination and system support (Weyuker, 1988).
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4-5.3 Software hitegration and Testing
Software integration and testing affirm and sustain the overall integrity ofthe
software system architectural configuration by verifying the consistency and
completeness of implemented system design modules. System performance is validated
against the requirements and system interfaces and module interconnections are validated
against the specifications. Deployment and installation provide directions for installing
the delivered software into the local computing environment, configuring operating
systems parameters and user access privileges, and mnning diagnostic tests to assure the
viability of basic system operation. Training and utilization provide the users with
instiaictional aids and guidance for understanding the system's capabilities and limits in
order to effectively use the system. Based on these principles and practices, it might be
argued that software engineering has become a discipline that is at the root ofthe
knowledge sti-ucture of most engineering disciplines (Wang & King, 2000).
4.6 Education and Other Issues
Many aspects of software engineering as currently practiced require specialized
skills developed over time similar to that of an artisan or craftsman. Although such skills
are necessary for the successful practice of software engineering today, they are not
sufficient to satisfy future demands of complex system software design. Factors that
require the need for professional engineering expertise include the size and complexity of
modem software intensive systems, the variety of skills necessary to build and maintain
these systems, the rate of technological innovation and the increasing demands for safety,
security, reliability, quality, and stakeholder satisfaction. More noticeable at the junior
college level, than at the 4-year university, is the tendency of administrators to limit
technical education to teaming a few vendors' product lines. The promise of lucrative
jobs upon completion of certification has inspired many young people to enter junior
colleges, however, their success rate has not been good. Some vendors are making their
certification tests more difficult due to the overflow of these certified professionals into
the labor market. (McConnell, 1999; Gunderly, 2001).
SWEBOK, besides laying the academic foundations, incorporates two important
elements into its body of knowledge fimdamental to software engineering: process
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engineering and project engineering. These knowledge areas will provide the formalism
required for an engineering discipline
Computer Science education has customarily drawn heavily from mathematics
and the acquisition of various programming language skills. Good software engineering
practice, in contrast, requires skills at a complex set of activities that involve the
intellectual abilities of plarming, designing, evaluating and revising. Similarly, Fred
Brooks provides the following advice: "We can get good designs by following good
practices instead of poor ones. Good design practices can be taught. Programmers are
among the most intelligent part ofthe population, so they can team good practice. Hence,
a major thrust in the United States is to promulgate good modem practice. New curricula,
new literature, new organizations such as the Software Engineering Institute, all have
come into being in order to raise the level of our practice from poor to good. This is
entirely proper" (Brooks, 1987, p. 19).
In the fall of 1998, the Educational Activities Board ofthe IEEE Computer
Society and the ACM Education Board appointed representatives to a joint task force
whose mission was to perform a major review of curriculum guidelines for undergraduate
programs in computing. This activity, named "Computing Curricula", and their
corresponding final reports, which are listed as volumes II-V for the areas of Computer
Science, Computer Engineering, Software Engineering, and friformation Systems, are in
varying stages of completion. The effort to create the software engineering volume is
referred to as Computing Curricula Software Engineering (CCSE). The CCSE steering
committee is under the guidance and direction of both the IEEE Computer Society and
the Association for Computing Machinery (Steelman Draft, 2001). The steering
committee contains members whose mission is to guide the constmction and detailing of
the educational knowledge areas, guide the partitioning of these topics into a variety of
academic classification schemes and implementations and oversee the stmcture and
content ofthe volume. Other members serve as representatives to the views and
perspectives of related professional groups: namely, the ACM, the ACM's software
engineering special interest group, the two-year and community colleges subgroup ofthe
ACM Educational Board, the Australian Computer Society, the British Computer
Society, and the Information Processing Society of Japan. As demonstration ofthe
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steering conmiittee's commitment to generate an intemational curriculum, several
intemational representatives also serve as members, hi its entirety, the membership ofthe
steering committee represents the countries of Ausfralia, Canada, Israel, Japan, the
United Kingdom, and the United States.
The steering committee also seeks guidance from an advisory board. CCSE
principles are based on service to the Intemational Community in terms of undergraduate
curriculum for Computer Science and related disciplines which includes the development
of a software engineering curriculum sensitive to changes in technology, and new
developments in pedagogy as well. Despite the fact that curricular requirements differ
from counti-y to countiry, CCSE is intended to be usefial to computing educators
throughout the worid. Similar to other liberal hitemational Ventures, the CCSE promises
every effort is being made to ensure that the curriculum recommendations are sensitive to
national and cultural differences so that they will be widely applicable throughout the
world. The involvement by national computing societies and volunteers from all
countries will be actively sought and welcomed. The CCSE steering committee was
responsible for the organization and coordination ofthe development ofthe Software
Engineering Volume. Development of this volume has been divided into groups: an
Education Knowledge Area group and a Pedagogy Focus Group. The Education
Kjiowledge Area Group is responsible for defining and documenting a software
engineering body of knowledge appropriate for guiding the development of
undergraduate software engineering curricula. The body of knowledge is called Software
Engineering Education Knowledge or SEEK. The Pedagogy Focus Group is responsible
for using SEEK to formulate guidance for pedagogy as well as course and curriculum
design to support undergraduate software engineering degree programs. As reported in
FASE, (Bagert et al, 1999), SWEBOK describes what knowledge a software engineer
who has a Bachelor's degree and four years of experience should have. SEEK describes
the knowledge to be taught in an undergraduate program in software engineering.
Although different in scope and purpose, there are many similarities between the two.
The initial selection ofthe SEEK areas was based on the Software Engineering Body Of
Knowledge (SWEBOK) knowledge areas and multiple discussions with dozens of SEEK
area volunteers. The Software Engineering Education Knowledge (SEEK) can be viewed
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as the education counterpart of SWEBOK, aimed at providing guidance for
undergraduate curricula. The current efforts of SWEBOK and SEEK perfectly fit the
Software Engineering fransition from an art to an engineering discipline (Bagert et al.,
2002)
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CHAPTER V
CRITICISM OF SOFTWARE ENGINEERING
AS AN ENGINEERING PROFESSION

5.1 Introduction
Most professionals agree, a profession today is characterized by a body of
knowledge, training programs, accredited educational programs, codes of ethics and
usually licensure. Wang and Patel (2000) propose that an engineering discipline is based
on well-developed theories and foundations using proven methods and technology.
Similarly, Dr. Fairley defines a profession as characterized by several attributes: a
recognized body of knowledge, accredited education programs, a code of ethics, an
impartial professional society, archival publications, and an objective certification
procedure (Fairley, et al., 2001). However, a number of studies and commentaries on the
state ofthe software engineering profession (Ford, 96; Gibbs, 94; Wang & Patel, 2000)
agree that the profession is not mature.

5.2 The State of Software Engineering as a Profession
In their study ofthe software engineering profession. Ford and Gibbs designate eight
infrastmcture components that can be used to evaluate a mature profession: initial
professional education, accreditation, skills development, certification, hcensing,
professional development, a code of ethics, and a professional society. In 1996, their
evaluation ofthe software engineering profession was low for all components except
"professional development." Although there has been progress in recent years, a
significant problem in advancing the state of Software Engineering "infrastmcttire
components" is the lack of a clear and comprehensive understanding ofthe nature and
content of this profession. Many ofthe classic problems of developing software products
derive from this essential complexity and its exponential increases with size (Brooks,
1987).
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5.3 Accreditation. Certification, and Licensing
Accreditation, Certification, and Licensing have similarities but significant legal
differences. Accreditation is not the same as certification and certification is not the same
as licensure. Programs are accredited and individuals are certified. A license conveys
official or legal permission to do or to own a specific thing. Licensing procedures are
typically implemented by governmental agencies. A license to do or to own a certain
thing is required when the activity or thing becomes a matter of concem to the interest of
public health, safety, or welfare. Governmental agencies that currently require some form
of Ucensure for software engineers include some govemmental agencies ofthe United
States, Texas, Canada, British Columbia, and Ontario. Whether the licensing of software
engineers will ever be a legal requirement, at this point in time, is a matter of speculation.

5.3.1 Accreditation of Education Institutions and Programs
The Accreditation Board for Science and Engineering (ABET) develops criteria and
accredits educational programs in engineering and computer science in the United States
and some intemational locations. In the United States, accreditation is used to assure
quality in educational institutions and programs. Accreditation is a voluntary, nongovernmental process of peer review. It requires an educational institution or program to
meet certain, defined standards or criteria. There are two types of accreditation ~
institutional and specialized. Institutional accreditors, such as those referred to as
"regional" accreditors, examine the college or university as a whole educational
institution. Specialized accreditors evaluate specific educational programs. Professional
accreditors, such as those for medicine, law, architecture and engineering, fall into this
category. The Accreditation Board for Engineering and Technology (ABET) is a
professional accrediting organization that accredits programs, not institutions (Fairley &
Tripp, 2002). State licensing boards and certification programs may require graduation
from an ABET-accredited program as the first step in the registration or certification
process for professional practice. The Computing Accreditation Commission
(CAC/ABET) is one of four ABET accreditation commissions. CAC is responsible for
accreditation of undergraduate programs in computer science and software engineering.
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5.3.2 Certification
Certification is an acknowledgment that an individual has demonstrated mastery
of a subject area or a set of skills. Certificates are issued by a certifying agency, based on
some objective criteria. During the past three years, lEEE-CS has developed a process to
certify software practitioners as Certified Software Development Professionals (CSDPs).
CSDP certification (www.computer.org/certification) includes five components: 1)
education: a bachelors degree, 2) experience: approximately five years (9000 hours)
spread over 6 of 11 specified areas with some of that experience occurring in at least two
ofthe past four years, 3) examination: 180 computer-delivered questions in a 3.5 hour
time limit, 4) review ofthe code of ethics: see above, and 5) recertification (Fairley &
Tripp, 2002). In order for certificate holders to maintain their proficiency in software
engineering as knowledge, methods, and techniques evolve, they must be actively
engaged in professional practice, seek opportunities to stay aware of and leam emerging
practices, and develop and enhance their skills throughout the duration of their careers.
Individuals can retain their CSDP certification by documenting educational activities,
publishing, presentations, technical/professional services, self-study, relevant
employment, and other activities.

5.3.3 Licensure
A license conveys official or legal permission to do or to own a specific thing.
Licensing procedures are typically implemented by govemmental agencies. A license to
do or to own a certain thing is required when the activity or thing becomes a matter of
concem to the interest of public health, safety, or welfare (Fairiey & Tripp, 2002).
Govemmental agencies that currently require some form of hcensure for software
engineers include some govemmental agencies ofthe United States, Texas, Canada,
British Columbia, and Ontario. Most other states do not hcense software engineers under
a Professional Engineer's registration, however this is changing. As discussed earlier, the
increasing number of safety-related applications that depend on software to operate is
prompting an industry debate about the licensing of software engineers. The most notable
recent software disaster, is the Therac-25 accidents. The investigation is documented in a
multi-page report in the lEE Computer (Leveson & Tumer, 1993, pp. 18-41). As a resuh.
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the national engineering council is considering recognizing Software Engineering as a
branch of engineering.
Another important frend is taking place in education, as discussed in section 4.6.
The beginning ofthe decade saw the merger ofthe Accreditation Board of Engineering
and Technology (ABET) and the Computer Science Accreditation Board (CSAB).
Previous to this union, software engineering was not part ofthe engineering accreditation
process in most universities. Details about the CSAB contribution to the education aspect
of a body of knowledge for Software Engineering is discussed in more detail in section
6.3. The subject of Licensing, however has become a contentious issue (Mead & Tumer,
1998). Many ofthe arguments against the Hcensing of software Engineers are based on
the contention that Software Engineering is a new field and is not yet mature to be
considered a tme engineering discipline. The question is often asked: "Is Software
Engineering an adequately defined discipline?" Mention is also made ofthe diversity of
the software field and that it would be almost impossible to abridge the complete span of
specialties that exist in one single discipline. Conversely, the proponents of licensing
argue that the only way to increase the quality of software produced by the Industry is to
evolve Software Engineering into a profession with all ofthe responsibilities thereof,
including licensing.
The importance ofthe Association of Computing Machines (ACM) in areas
related to computing is undisputed and therefore their concems and ideas require
consideration in a methodology to define a body of knowledge for Software Engineering.
The ACM, however is definitely against promoting the licensing of software engineers as
Professional Engineers (PEs). ACM's position is that the state of knowledge and practice
in software engineering is too immature to warrant licensing. Moreover, it felt licensing
would be ineffective in providing assurances about software quality and reliability
(Association of Computing Machines ACM, 2000). The ACM finally withdrew from the
lEEE-CS/ACM Software Engineering Coordinating Committee (SWECC) and with this,
much ofthe progress that had been made towards establishing a body of knowledge for
Software Engineering was thrown into question. (Bagert, 2000; Gorlick, Notkin & Shaw,
2000). See section 5.5.

28

5.4 Professional Societies
Software engineering is served by two professional societies: The IEEE Computer
Society (lEEE-CS) and the Association for Computing Machinery (ACM). lEEE-CS is
one of 36 special-interest societies ofthe Institute of Electrical and Electronic Engineers.
The IEEE Computer Society (www.computer.org) traces its origins to the 1946 formation
ofthe Committee on Large-Scale Computing ofthe American Institute of Electrical
Engineers (AIEE). The AIEE and histitute of Radio Engineers merged in 1963 to form
the histitute of Electrical and Electronic Engineers. lEEE-CS is dedicated to "advancing
the theory, practice, and application of computer and information processing
technology". ACM was founded in 1947 for the purpose of "advancing the skills of
information technology professionals and students worldwide" (www.acm.org). ACM
sponsors 34 special interest groups, including the special interest group for software
engineering (SIGSOFT), founded in 1985.

5.5 The ACM Requirements for a Bodv of Knowledge
The ACM is recognized as having some professional authority in the area of
Software Engineering. The ACM has an interest in software as it affects the public
interest (Gorhck, Notkin & Shaw, 2000). These concems include matters of safety,
economic and social consequences, and quality of life. ACM also has an interest in the
professional development of its members as the practitioners the science of computing.
This includes the development and maturation ofthe computing disciplines, both
theoretical and practical, including software engineering. The importance ofthe ACM in
areas related to computing is undisputed and therefore their concems and ideas require
consideration in a methodology to define a body of knowledge for Software Engineering.
The ACM, however is definitely against promoting the licensing of software engineers as
Professional Engineers (PEs). (Bagert, Hilbum, Hilsop, Lutz, McCracken & Mengel,
1999). Although many ofthe SWECC activities are still supported by ACM, the feeling
was that by having these projects remain under SWECC is not acceptable because by
association, they too are becoming viewed as support ofthe PE licensing mechanism for
software engineers.
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Other reasons the ACM gave in their assessment include the semantical issue of
the distinction between a "body of knowledge" and a "core body of knowledge". The
Committee reported as follows:
We understand the "core body of knowledge for software engineering" to
mean a document that identifies the software engineering concepts, facts, and
skills that are expected to be mastered by practicing software engineers.
SWEBOK states explicitly its intent to include only "generally accepted
knowledge" in its body of knowledge, (p. 2)
Report went on to say:
Although SWEBOK states that "generally accepted" knowledge is the
chief criterion for inclusion of material, the selection process for including topics
did not account for what is achievable good practice. The SWEBOK web site
describes how the knowledge areas were chosen for the initial SWEBOK. (p. 8)
Further criticism involved definition of roles within a software development effort:
SWEBOK does not distinguish among possible roles within a software
development effort. This does not reflect the most common practices in the field,
where these distinctions are common (although they vary from company to
company and project to project). Different roles require different skills, which
rely on different knowledge. Furthermore, not all roles (and indeed not all roles
currently called "software" engineering") involve responsibilities commonly
regarded as engineering responsibilities. SWEBOK has not addressed the notion
of bodies of knowledge for specialty areas, so it has not considered
representations of that knowledge. Indeed, SWEBOK is explicit in focusing on
generally accepted knowledge while not considering specialty areas in which
there are "practices used only for specific types of software. " (p. 9)
Finally, an implied "conflict of interest":
It is not yet clear whether SWEBOK would carry authority, although this
is clearly a central goal ofthe SWEBOK team as reflected in their literature as
well in their drive to include many organizations (including ACM) in the effort.
At the same time, our understanding is that the companies represented on the
SWEBOK Industrial Advisory Board must make substantial financial
contributions to the SWEBOK effort. Although this maybe of help to ensure that
SWEBOK is properly fimded, it almost certainly disenfranchises some companies
and significantly harms the potential authority that SWEBOK might otherwise
hold. The credibility and authority ofthe individuals who participate in the effort
will also have a significant effect on the credibility and authority ofthe product,
(p. 10)
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5.6 The ACM Position and Reasons for Withdrawal
In recent years, the efforts of the joint Software Engineering Coordinating Committee
(SWECC) have been perceived by the ACM as furthering efforts to license software
engineers. Two particular efforts were cited 1) communications with the State of Texas
relative to Texas' desire to develop a licensing exam for software engineers under the
general framework for professional engineers (PL's); and 2) the development of a firstdraft of a statement ofthe body of knowledge (SWEBOK) that all software engineers
would be expected to know. ACM's position is that our state of knowledge and practice
in software engineering is too immature to warrant licensing. Moreover, Council felt
licensing would be ineffective in providing assurances about software quality and
reliability.(Association of Computing Machines ACM, 2000). Then, towards the end of
June 2000, ACM decided to withdraw from the lEEE-CS/ACM Software Engineering
Coordinating Committee (SWECC) and with this, much ofthe progress that had been
made was thrown into question. (Bagert, 2000; Gorlick, Notkin and Shaw, 2000)

5.6.1 The impact ofthe withdrawal ofthe ACM
According to a Status Report from the Forum for Advancing Software
Engineering Education (FASE), (Abran, Alain, Bourque, Pierre, & Dupris, Robert, 2001),
over the past year, the Guide to the Software Engineering Body of Knowledge
(SWEBOK) has moved from a development mode to a trial mode in organizations across
the worid. The impact ofthe withdrawal ofthe ACM from the IEEE Computer
Society/ACM Software Engineering Coordinating Committee has been very small over
the last 15 months, after the withdrawal. The Guide to the SWEBOK was formally
conducted under the leadership of this joint committee. The project now formally
answers to the IEEE Computer Society Professional Practices Committee. The Report
went on to say that after the withdrawal, the Guide to the SWEBOK project activities
continued as planned including the very successftil public review cycles. The ACM had a
representative on the Guide to the SWEBOK's hidustiial Advisory Board up to May
2000. The ACM's participation on this Board was generally very minimal. The ACM
representative never brought to the attention ofthe Board its reasons for withdrawing
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from the Joint Committee, nor its concems regarding the Guide to the SWEBOK. (Abran,
Bourque & Dupris, 2001)
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CHAPTER VI
EVOLVING AN ENGINEERING PROCESS
FOR SOFTWARE ENGINEERING

6.1 Defining Software Engineering
as an Engineering Discipline
Section 5 defined an engineering discipHne based on a number of definitions in
the literature. The question is "how do process models compare to these descriptions?".
The first step is to look at process models analytically in terms of identifying engineering
practices, then gather data on their implementation to determine if they really do what
engineering practices are expected to do, that is, successfully develop software systems.
Unfortunately, a number of software development practitioners believe that software
development will always be a craft industry, a practice of highly skilled and highly
individualized artists, artisans, and artistry. In addition, the majority also believe that
software development management is immeasurable (Ford, 96; Gibbs, 94; Wang & Patel,
2000).

6.2 Importance of Measurement
The lessons of other engineering disciplines suggest that measurement must play
a more significant role in software engineering. Measurement is an important component
of an engineering discipline. It is also an essential tool in software process modeling,
because it is necessary to determine where improvement is needed and to what degree it
was achieved (Weigers, 1999). It is necessary in order to evaluate design, technique,
process and product. Much software-metrics work has lacked the rigor associated with
measurement in other engineering disciplines. Measurement is also becoming an
important part of software project management (Fenton & Pfleeger, 1997).
Software metrics apply a "text-book" engineering approach to software
development, providing that quantitative element to software engineering, that which its
critics say it is lacking. Recently, the focus has been on how to apply the theory of
measurement to software development in terms of process models (Fenton, Pfleeger, &
Lawrence, 1997).
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In that application, measurement has two basic uses: one for assessment, the other for
prediction. Examples of using metrics for assessment are: one, monitoring the
advancement of a project in order to take the appropriate corrective decisions, and two,
evaluating a software product or process. Often, when using measurement for prediction,
the value of some attribute ofthe project is described in terms of a mathematical model
which is often stochastic as opposed to deterministic. Predictive measurements can be
used for planning the resources and time needed for a software project, and predicting the
outcome of a project, in terms of size, quality or other attributes ofthe deliverables. In
both cases, software meti-ics can provide a quantitative support to decisions that were
previously taken on the basis of subjective factors only (Albrecht & Gaffhey, 1983). The
manager can now make the decision of which tool or language to use or ofthe kind of
process to adopt, using data from previous projects instead of relying only on intuition.
The researcher instead can use software metrics to demonstrate empirically that a certain
methodology is the best one, given certain conditions (Bohem, 1981). Measurement,
therefore can take place in all the different phases of software development: Requirement
Analysis, Specification, Design, Coding and Verification. Undoubtedly, measurement is
most usefial if carried out in the early phases. Typically, what is measured is any activity
related to software development, such as implementing a software process model, any
artifact produced during software development, such as deliverables, and resources,
hardware or software needed for the project (Weyuker, 1988).
Measurement is an important component of an engineering discipline. It is also an
essential tool in software process modeling, because it is necessary to determine where
improvement is needed and to what degree it was achieved (Weigers, 1999). Improving
the rigor of measurement in Software Engineering will not only improve the
understanding of software processes and attributes, but also,ftartherdefine the discipline
in terms of a "body of knowledge".

6.3 Documentation and Education Provide The Foundation
SWEBOK, and the Software Engineering Standards Committee ofthe IEEE
Computer Society, provide impressive documentation for a body of knowledge for
Software Engineering (Bagert, Hilbum, Hilsop, Lutz, McCracken & Mengel, 1999).
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Additionally, joumals, conference proceedings, and a number of textbooks fiirther codify
the software engineering body of knowledge. The ACM Council also affirmed its interest
in developing a core body of knowledge for software engineering, as long as licensing of
software engineers was not part ofthe effort. These research findings have discovered
that educators can expedite the definition and completion of a software engineering body
of knowledge by teaching process assessment and improvement in terms of both
academic and industiial issues, eariy in the student's educational career. Morgan and
Lowry propose that student projects should satisfy a confiuence of sponsor and course
objectives; "certain limitations inherent in the differing end objectives of industry and
tertiary education affect how students approach project work, avoiding reuse and
collaboration for academic submissions. Sttidents can be helped to become atttmed to
personal process assessment and improvement by the example of their lectiarers." (1996,
p. 497) Our educational institutions are now directly contributing to this "body of
knowledge" for Software Engineering. Now, as a result ofthe merger ofthe
Accreditation Board of Engineering and Technology (ABET) and the Computer Science
Accreditation Board (CSAB), CSAB serves as a participating body of ABET with two
members on the ABET Board of Directors. CSAB is the lead society within ABET for
accreditation of programs in computer science, information systems, and software
engineering, and is a cooperating society for accreditation of computer engineering. In
this capacity, CSAB has responsibility for the development of accreditation criteria and
for the selection and fraining program evaluators. Accreditation activities previously
conducted by the Computer Science Accreditation Commission (CS AC) are now
conducted by the Computing Accreditation Commission (CAC) of ABET. Within
ABET, the Computing Accreditation Commission is responsible for the accreditation of
programs in computer science and information systems, while the Engineering
Accreditation Commission is responsible for the accreditation of programs in software
engineering and computer engineering (Bellinger, 1998). CSAB is govemed by its Board
of Directors whose members are appointed by the member societies. The current
member societies of CSAB are the three largest technical, educational, and scientific
societies in the computer and computer-related fields. The member societies are the
Association for Computing Machinery, hic. (ACM), the Institute of Electrical and
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Electronics Engineers, hic. - Computer Society (lEEE-CS), and the Association for
Information Systems (AIS.) The Program Evaluator and Program Criteria Committee
(PEPC) is responsible for defining program criteria for ABET commissions for which
CSAB IS the lead society, appointing commissioners to ABET commissions for which
CSAB is the lead society, and nominating, training, assigning and assessing program
evaluators for those ABET commissions for which CSAB is the lead or cooperating
society. The CSAB Constitution and Rules of Procedure govem its operation.

6.4 Case Studies: The Field Reports
The intent of this research is to apply empirical methods in terms of surveys,
experiments and case studies to solidify the scientific foundation of software engineering.
The following case histories will provide practical examples ofthe appHcation of
engineering principles previously developed from the research..
A critical characteristic of mature engineering is that the products built from these
models are well-understood and predictable before they are produced. Evidence ofthe
success of process models improving organization, scheduling, quality and overall
business value of businesses and organizations is documented as early as 1994. To
obtain better data about the results of software process improvement (SPI), the Software
Engineering Institute (SEI), conducted a study of 13 organizations: Motorola, Bull HN,
GTE Government Systems, Hughes Aircraft Co., Loral Federal Systems, Lockheed
Sanders, Northrop, Schlumberger, Siemens Stromberg-Carlson, Texas Instmments, U.S.
Air Force, Thinker AFB Air Logistics Center and U.S. Navy Fleet Combat Direction
Systems Support Activity (Carieton, Herbsleb, Rozum, Siegel & Zubrow, 1995). These
organizations represented a wide range of maturity levels.
The range of application areas was also diverse, including telecommunications,
embedded real-time control, information systems, and operating systems. Data was
collected over a range of 9 years. The data showed an average productivity gain of 35%,
ranging from 9% to 67%. The early defect detection gain per year ranged from 6% to
25%., with an average of 22%). The yeariy reduction in time to market ranged between
15% - 23%, averaging 19% over a 9 year range. Finally the bottom line, the business
value (savings/cost of SPI) ranged from 4.0-8.8:1 with a median of 5.0:1. The resutts
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suggest that companies participating in process improvement based in this case, on the
CMM process, can realize a significant retum on their investment. The successftil
implementation of engineering practices as demonstrated in these case studies supports
the notion that Software Engineering is an engineering discipli
line.
6-4.1 Motorola Capability Maturity Model (CMM)
Motorola is known as a leader in applying Statistical Process Control (SPC) to
hardware design and manufacturing processes. A Motorola division in Scottsdale,
Arizona achieved Level 5 ofthe Software Engineering histittite's Capability Maturity
Model for Software (Daskalantonakis, 1992) in December of 1996. Motorola has shown
that CMM Level 5 organizations perform an order of magnitude better than Level 1
organizations, in terms of productivity, quality, and cycle time.
A Motorola Division in Boynton Beach, Florida used the PSP to achieve zero
defects in use over 18 software projects, removing over 76% of their defects before
testing began (Ferguson, 1997). Motorola established the software center in Cork in 1990
to develop analog switching software and GSM telecommunication systems. There are
now well over 400 staff involved in software development. The organization has had a
sfrong software process improvement program in place since 1993 (Fitzgerald & O'Kane,
1999). Motorola achieved level 4 on the CMM scale in 1997. This contributed to the
investment in the Cork development group and to its ability to perform effectively and
profitably despite significant and rapid growth. Motorola is providing greater emphasis
now on using SPI more directly to support the business objectives. In this way even
greater gains can be achieved from the use of SPI and leveraging off the progress made in
attaining CMM level 4 certification (Diaz, 1996).
Motorola's achievement of level 5 demonstrates success in engineering practices
involving distribution, analysis and review of measurement data, validation ofthe
metrics, and relating the data to goals and improvement actions. Motorola's success
suggests Software Engineering as implemented in this study is characteristic of an
engineering discipline.
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6-4-2 Hewlett Packard. Raytheon and NEC Succfisses
Hewlett Packard has saved more than $350 million dollars in software
development expenses from 1989 to 1998 by using the Software hispection Process
(Fagan, 1976), pioneered by Michael Fagan of IBM in 1972.
Raytheon has achieved an order of magnitude improvement in software
productivity from 1988 to 1996 by using CMM style software process improvement
(Haley, 1996).
NEC of Tokyo, Japan achieved a hundred to one defect prevention improvement
from 1984 to 1993, corporate wide, by using a software defect prevention process
(Kajihara, 1993). NEC's approach is a homegrown process based on large-scale
participation in quality circles. NEC also uses a sophisticated yet simple method of
process improvement through process simplification. The use ofthe CMM Model
illusfrates one aspect of a maturing engineering field by the use of measurements in it's
products and processes.

6.4.3 New World Commerce (formerly Cunav Technologies)
This is a software systems development and consulting company, which provides
IT resources and solutions to customers operating in a variety of application areas, with a
focus on web-based development. New World Commerce had approximately 20 staff
when they participated in the EU fimded SPIRE project (Spire Project and Handbook,
1998) that supported focused process improvement projects in small organizations. This
case study relates to their experience with SPIRE in 1998 and their experiences since that
date.
New World Commerce firstly achieved immediate benefits from the pilot projects
with the requirements process improvements. This was indicated from data they collected
for requirements-related rework and time/budget estimates. However, customers also
provided direct feedback on how impressed they were with improved ability to deliver
what they wanted. Similarly, the improvements in the project planning and tracking
processes (especially in relation to risk management and estimation) resulted in a
significant high risk project being delivered successfully.
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The success of New World Commerce supports the premise that process models
define Software Engineering by demonstrating a reliance on a stable technology base of
reusable assets, including requirements, designs, architecture, and software.
6.4.4 Silicon & Software Systems
Silicon & Software Systems have been providing design services in silicon,
software and hardware design since it was estabhshed in 1986. Within the software
division of approximately 100 software engineers (now 150 software engineers),
application areas include telecommunications, consumer electronics, Intemet and digital
broadcasting. The company embarked on an improvement program in 1994 (Kelly &
CuUeton, 1999). They initially achieved ISO9001 certification and then used two
approaches to CMM assessment. The initial approach used on two occasions was
effectively a facilitated self-assessment. This 'interim maturity evaluation' used a
questionnaire and consisted of discussions based on the questionnaire and guided by an
external consultant. The fraining value of these sessions was also described as excellent.
An extemal assessment based on the Process Professional Assessor for CMM assessment
method was then performed (this is similar to the SEI's CBA-IPI assessment method) S3
achieved level 2 on the CMM scale (with a number of level 3 Key Process Areas also
satisfied) in 1999.
A number of customers (including a CMM level 4 organization) have performed
audits/evaluations on Silicon and Software Systems recently and the resuhs have been
very positive and have vahdated the intemal improvements undertaken. They have even
found themselves in the position of being asked by customers to provide advice to them
on key process areas that have been seen to be highly effective! From an intemal point of
view, a significant change in attitude towards SPI has resulted in the company staff
raising numerous improvement requests - they now see what is possible and realize they
have the power to make change and improvement happen. The use of formal models and
methods of computing to develop requirements and specifications for application
software demonstrates the mdiments of an engineering discipline.
Requirement analysis and specification identifies the problems a new software
system is expected to solve, its operational capabilities, its desired performance
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characteristics, and the resource infrastmcture needed to support system operation and
maintenance.

6.4.5 AUied frish Bank (AIB)
Allied frish Bank has an IT department comprising about 300 personnel providing
IT systems and services to the rest ofthe bank. They embarked on an improvement
program in 1998. AEB have performed a number of benchmarking exercises including
detemiining productivity (function points/week), delivery rates (time taken from initial
request to delivery to production/fiinction point) and quality (defects/fiinction point). In
the words ofthe SPI program manager there has been a huge improvement in each of
these three measures. Also significant is the improved way in which people are working
together and co-operating

6.4.6 Some European Case Studies with Software Process Models
In Europe there has been quite a significant interest in Software Process
Improvement. Historically, the quality management system approach was ISO 9001
certification for many companies in Europe. Schemes such as the UK TickIT scheme
provided additional software emphasis to the certification. However, there was a growing
interest in incremental software process improvement based at least in part on the
significant uptake ofthe Capability Maturity Model (Paulk et. al., 1993) in the U.S.
Four case studies follow covering a diverse range of business domains, organizational
sizes and approaches to SPI. NewWorld Commerce (formerly Cunav Technologies),
Motorola Cork, Silicon and Software Systems and AUied Irish Bank. Assessment models
used include SPICE (ISO/IEC TR 15504) (Rout, 1995) and Software Engineering
histittite's CMM (Paulk et. AL, 1993). One organization also achieved ISO9001
certification.

6.5 Summary
These case histories are not necessarily about a body of knowledge for Software
Engineering, however, it is clear from these results that the challenge is to acquire and
develop systems that meet the user's needs given the usual performance, life cycle cost.
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and schedule criteria. The only way to meet this challenge is to apply classical
engineering techniques like software process models in all aspects of software
development. Anything less will only produce schedule slips, cost overmns, and systems
that do not meet user needs. Software process models when applied as demonstrated in
the previous case histories, elevate Software Engineering to the level of a tme
engineering discipline through the application of engineering principles typified by
process models.
An examination of process models through these case studies finds many ofthe
important concepts of engineering practice such as specification, requirement analysis,
design, test, prototype constmction, formal processes, documentation and project
management.
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CHAPTER VII
CONCLUSION

7.1 Introduction
The starting thesis of this paper was framed in terms of process models possibly
providing the definition and substance for completion and general acceptance of a
software engineering "body of knowledge", hiitial approaches to software engineering
focused on the technical aspects of software, such as programming methodologies,
software development models, automated software engineering and formal methods. The
research shows a frend now to the application of empirical methods in terms of surveys,
experiments and case studies to improve the scientific foundation of software
engineering. This research has examined Process Models in terms of approaches,
strategies, benefactors, benefits, solutions and costs.

7.2 The Process Model Approach to Defining A Bodv of Knowledge
The engineer practitioner applies established processes under reinforced standards
using defined best practices (Reed, 2000; Watts, 1995; Weigers, 2000). Similarly, this
research is focused on applying empirical methods in all areas of software engineering
using the process model approach.. The overall objective is to improve the scientific
foundation of software engineering through the acquisition of quantitative data regarding
process models, practices and techniques using the results from surveys, experiments and
case studies. As measurement is a necessary element to all engineering disciplines,
improving the rigor of measurement in Software Engineering will not only improve the
understanding of software processes and attributes, but also, further define the discipline
in terms of a "body of knowledge". "Whereas computer science provides the theoretical
foundations for building software, software engineering focuses on implementing the
software in a controlled and scientific way" (Fenton & Pfleeger, 1997, p. 9). They also
express the urgency for a software engineering body of knowledge:
It is clear from other engineering disciplines that measurement can be
effective, if not essential, in making characteristics and relationships more visible,
in assessing the magnitude of problems, and in fashioning a solution to problems.
As the pace of hardware innovation has increased, the software world has been
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tempted to relax or abandon its engineering underpinnings and hope for
revolutionary gains. But now it is time for software engineering to embrace the
engineering discipline that has been so successftil in other areas. (Fenton &
Pfleeger, 1997, p. 11)
The main concem of The ACM Council was software quality for public safety.
Using Software Process Improvement can improve the way that an organization
develops, maintains and delivers software systems to achieve real business benefits.
With capability evaluation, process improvement and the application of models such as
ISO 9001, CMM, SPICE and Bootstrap, organizations can achieve measurable quality
improvement. The research methodology is to introduce, examine and analyze
systematically indisputable evidence, in the form of examples, and case studies, proving
that software and software development management are indeed measurable, and thus
extremely manageable and confroUable. Furthermore, this evidence will confirm that an
exfremely sound, stable, and scientific understanding of software and software
development, indeed does exist, and has existed for some time, nearly three decades. The
research will also affirm the view that software is tmly an engineering discipline, though
practiced and taught as a craft.
This research demonstrates how software process - planning, evaluation and
modification of development activities based on metrics and measurement - when
integrated into the software body of knowledge will provide the necessary maturity
required of an engineering discipline.
7.3 Process Models Provide Definition and Completion
Instead of Organizations basing new development on a technology base of wellunderstood models, current software engineering practice tends to start each new
application development from scratch with the specification of requirements, and moves
direcfly into design and implementation. By contrast, disciplined software engineering
relies on a stable technology base of reusable assets, including requirements, designs,
architecture, and software. Therefore, to the question "how can process models better
define a body of knowledge for Software Engineering", the research suggests that
processes such as SEPRM, CMM, ISO 9001, SPICE, etc. are the key elements in
understanding and improving the practice of software engineering. Software engineering
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process systems provide a fundamental infrastmcture for organizing and implementing
software engineering.
The overall conclusion ofthe research is that because the quality ofthe process
impacts the quality ofthe software product, it is important to understand the relationship
between the process and the product. Current Process Models such as CMM, ISO 9001,
BOOTSTRAP, ISO 15504 (SPICE), and ISO 12207 are characterized by base process
activities (BPA) that provide a rigorous approach to Software Engineering. These BPA's
compare to the Knowledge areas described in the SWEBOK Guide. Software process
modeling, analysis, and simulation are best understood and practiced as part of an overall
engineering approach. The integration of process models into the software engineering
body of knowledge provides a systematic and rigorous approach to a unified engineering
process framework.
There is enough evidence in the software industry of projects that have improved
their overall quality by implementing processes based on the ISO 9000 or the SEI's
CMM. Case studies such as the ones presented in this paper are just a small subset of
organizations that have been able to reduce software bugs, improve schedule estimation,
and reduce software cycle.
7.4 The Software Engineering Discipline
Is Software Design with all of it's components (Computer Science, Programming,
Engineering, etc.) an engineering discipline. If not, what is lacking?
The various engineering disciplines have certain commonalities and certain areas of
distinction.. They share certain sciences in their respective bodies of knowledge. Pemse
some college catalog program descriptions and these similarities and differences become
apparent.
For example, the body of knowledge of Chemical Engineering includes
Chemistry, Physics, and Mathematics with varying degrees of emphasis. Mechanical
Engineering is based in Physics and Mathematics.
Further research also reveals some engineering disciplines evolve with technology
advances and time, to more exacting engineering fields. The body of knowledge for these
new fields of engineering is similar to the source but more narrower in scope. For
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example. Aerospace engineering derived from Aeronautical engineering, which has roots
in Mechanical engineering. The sciences, therefore, that define thefr bodies of knowledge
are overlapped.
This research is centered around the concept proposed by Wang and King (2001)
and others that the modem domain of software engineering includes three important
aspects: development methodology, and infrastmcture, organization and management.
The whole domain of software engineering is potentially covered by the processbased software engineering methodology. The discipline of software engineering applies
engineering principles to the development of computer software, ft includes theories,
tools and methods for systematic representation, design, verification, development,
production, validation, and maintenance of software products including programs,
prototypes, documentation, user interfaces, training, and evaluation. Software
engineering techniques are applicable not only to computer systems software but to all
engineering disciplines as well (Wang & King, 2001).
Clearly, process improvement, applying various process models, has added a new
dimension to Software Engineering. Process models provide a stmctured basis for
measurement, an integral element of an engineering discipline. Also, the implementation
of process models provide a new mathematical rigor to software engineering. There has
always been a relationship of software with mathematics and the use of mathematics in
solving engineering problems. Besides engineering and management discipline, software
engineers have been learning how to apply mathematical rigor and discipline to Software
Engineering in perfecting software process improvement through the application of
process models. These achievements include the formalizing of programming languages
and data types, formal verification, and formal specification and analysis.
Software Process Models help us to better understand software processes and to
plan and manage them more effectively. By using a large-scale process representation
that both consistently represents actual process behavior and can be refined to
progressively greater levels of detail, better understanding and more accurate confrol are
possible.
The research suggests that experience with these technologies gives rise to
enhancements, extensions, and incorporation of many new additional systems into
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software engineering. This paper represents indisputable evidence that an exttemely
sound, stable, and scientific understanding of software and software development, indeed
does exist, and has existed for some time, nearly three decades. This paper also asserts
the notion that software is tmly an engineering discipline, though practiced and taught as
a craft.
7.5 Possible hnpact on the Future of Software Engineering?
Finally, software process assessment and improvement initiatives by the software
indusfry are in response to low quality, high cost software applications. Process
improvement is a corporate and individual professional responsibility and concem. In the
near future, as more professionally educated software engineers become software system
developers, process improvement in terms of process models, will become more the
norm, resulting in increased client satisfaction. This aspect of SWEBOK was a major
concem in the ACM assessment (Bagert, 2000; Gorlick, Notkin, & Shaw, 2000). Critics
ofthe SWEBOK project might again want to examine related knowledge areas in terms
of their expectations for a Software Engineering "body of knowledge".
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