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ANALYSE DES PRINCIPES DU GENIE LOGICIEL D’UNE
PERSPECTIVE D’INGENIERIE

Kenza MERIDIJI

RESUME

L’ingénierie du logiciel a récemment émergé comme un nouveau domaine d'ingénierie et
continue d’évoluer. Le génie logiciel est une discipline dont I'objectif est la production de
logiciels de haute qualité, mais il manque de maturité par rapport aux autres domaines de
l'ingénierie traditionnelle. Les domaines traditionnels de l'ingénierie ont leurs propres
principes basés sur la physique, la chimie ou les mathématiques. Puisque le domaine du génie
logiciel n'est pas fondé sur les lois de la nature, il est plus difficile de comprendre I'ensemble
de ses principes.

Cette recherche sur l'ensemble des principes fondamentaux candidats contribuera a une
meilleure compréhension et, éventuellement, a l'enseignement des principes du génie
logiciel. En outre, elle aidera a améliorer le contenu du Guide SWEBOK du point de vue du
génie.

Ce travail de recherche a permis d’étudier la question du génie logiciel comme une discipline
du génie en utilisant les catégories de connaissances en génie de Vincenti, d’identifier des
principes fondamentaux a partir d’un ensemble de candidats, et enfin d’examiner l'absence de
description explicite et systématique de ces principes, et leur application, dans le Guide
SWEBOK.

Les deux principaux objectifs de cette étude sont 1’identification des principes fondamentaux
de l'ingénierie du génie logiciel a partir des 34 principes candidats et la description des
directives opérationnelles pour ces principes en utilisant comme base le contenu du Guide
SWEBOK.

Pour atteindre ces objectifs, la méthodologie suivante de recherches a été utilisée. Les
principales phases de cette méthodologie de recherche sont: l'analyse, d'un point de vue
- d’ingénierie, de la question du génie logiciel et de I'ensemble des 34 principes fondamentaux
candidats, 1'identification des principes de génie logiciel dans le contenu du Guide SWEBOK
- I1SO TR 19759, la description des lignes directrices opérationnelles sur la base du contenu du
Guide SWEBOK et aligné avec la norme IEEE 1362-1998 Concept of Operations (CONOPS)

Document.

Le résultat de cette thése est 1’identification d’un ensemble de neuf principes fondamentaux
du génie logiciel et la description de directives opérationnelles pour ces principes.

Mots-clés: Principes de génie logiciel, principes fondamentaux, Vincenti, perspective de
I’ingénierie.



ANALYSIS OF SOFTWARE ENGINEERING PRINCIPLES FROM
AN ENGINEERING PERSPECTIVE

Kenza MERIDJI
ABSTRACT

Software engineering has recently emerged as a new engineering field in a continuing
evolution. Software engineering is a discipline whose aim is the production of high quality
software, but lacks maturity compared to other traditional engineering fields. Traditional
engineering fields have their own principles originating from physics, chemistry and
mathematics. However, since the software engineering discipline is not based on natural
laws, establishing a set of principles is more challenging.

This research on the set of candidate fundamental principles will contribute to a better
understanding and possibly, to the teaching of the principles of software engineering and it
will help improve the content of the software engineering body of knowledge (SWEBOK)
Guide from an engineering perspective.

This research work investigated the issue of software engineering as an engineering
discipline using Vincenti categories of engineering knowledge; identified engineering
fundamental principles from a set of candidates; and finally investigated the lack of explicit
and systematic descriptions of these principles and their application, as in the SWEBOK
Guide.

The two main research objectives are the identification of the fundamental principles of
software engineering from the 34 candidates principles; and the description of operational
guidelines for these principles, based on the content of the SWEBOK Guide.

To achieve these objectives, the following research methodology was used. The main phases
of this research methodology are: the analysis, from an engineering perspective, of software
engineering and the set of 34 fundamental principles candidates; the identification of the
software engineering principles in the content of the SWEBOK Guide — ISO TR 19759; the
description of the operational guidelines on the basis of the content of the SWEBOK Guide
and aligned with the IEEE standard 1362-1998 Concept of Operations (ConOps) Document.

The main outcome of this research study is the identification of a set of nine software
engineering fundamental principles and the description of operational guidelines.

Keywords: Software engineering principles, candidate fundamental principles CFP,
Vincenti, engineering perspective.
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INTRODUCTION

Software engineering is defined as “The application of a systematic, disciplined, quantitative
approach to the development, operation and maintenance of software, the application of
engineering to software” (IEEE-Std 610.12 1990). Software engineering is somewhat
unusual as an engineering discipline because software does not exist in nature, unlike in
other traditional engineering fields where engineers observe natural laws and try to
understand them. Software engineers must observe software projects which are intellectual
products and not the products of nature. Figuring out the list of fundamental principles for

software engineering represents therefore a challenge.

“There are millions of software professionals worldwide, and software is a ubiquitous
presence in our society” (ISO-TR-19759, 2004). However, the recognition of software

engineering as an engineering discipline is still being challenged.

“Achieving consensus by the profession on a core body of knowledge is a key milestone in
all disciplines, and has been identified by the IEEE Computer Society as crucial for the

evolution of software engineering towards professional status” (ISO-TR-19759, 2004).

Software engineering, as a discipline, is certainly not yet as mature as other engineering
disciplines. As a new engineering discipline, in comparison to other engineering disciplines,

software engineering does not have yet a wide consensus on its engineering foundations.

This research aims to contribute to the maturation of the foundations of the software
engineering through: the analysis of the Software Engineering Body of Knowledge
(SWEBOK) (ISO-TR-19759 2004) from an engineering perspective; the analysis, from an
engineering perspective, of the set of the 34 candidate fundamental principles for software
engineering; and the implementation of operational guidelines of software engineering

fundamental principles, on the basis of the SWEBOK Guide.



Problem statement

Software engineering is not as mature as other engineering discipline, lacking well
recognized fundamental principles that contribute to the foundation of an engineering

discipline.

The research work in software engineering has focused on developing methods, techniques
and tools. Less work has been done on defining fundamental principles of software
engineering and much less R&D has been done to verify candidate fundamental principles.
Most of the authors who have proposed candidates for fundamental principles have proposed
individual opinions about these principles, and most have not carried out research to support

their proposals of candidate fundamental principles.

The content of each knowledge area (KA) in the SWEBOK Guide was developed by domain
experts and extensively reviewed by an international community of peers. This Delphi-type
approach, while very extensive and paralleled by national reviews at the ISO level, did not
specifically address the engineering perspective, nor did it provide a structured technique to
ensure the completeness and full coverage of fundamental engineering topics. Therefore, no
evidence was provided that had adequately tackled the identification and documentation of

the knowledge expected to be present in an engineering discipline.

An example of a structured research on the identification of software engineering principles
has been undertaken by Seguin who identified 34 candidate fundamental principles (Séguin
N. 2006). However, this set of candidate principles has not been analyzed from an

engineering perspective.

This thesis aims to analyse software engineering from an engineering perspective, analyse
the 34 candidates principles from an engineering perspective and provide an explicit and
systematic description of these engineering principles, and of their application, for example

in the SWEBOK Guide.



Thesis organization

This thesis contains nine chapters and seven Annexes. The current introduction outlines the

problem statement and the organization of the thesis.

Chapter 1 presents an overview of the literature review done on the fundamental principles

of software engineering.

Chapter 2 presents the research project definition with its research goals, objectives and
users of the research results. Chapter 2 also presents the detailed methodology designed to

tackle the research objectives, including the research phases and the research inputs.

Chapter 3 presents the analysis of software engineering from an engineering perspective.
This chapter presents the analysis of Vincenti's categories of engineering knowledge, a
comparison between traditional design vs. software engineering design and the application

of Vincenti categories of engineering knowledge to some of the SWEBOK knowledge areas

Chapter 4 presents the process for identifying software engineering principles. This chapter
describes the identification of engineering criteria from Vincenti and IEEE & ACM, the
application of these criteria to the 34 candidate fundamental principles, the corresponding
analysis and selection of fundamental principles and, a design and execution of an external

verification.

Chapter 5 presents the coverage of the software engineering principles within the content of

the SWEBOK Guide (ISO-TR-19759 2004)

Chapter 6 presents a description, from an operational perspective, of the software
engineering principles on the basis of the content of the SWEBOK Guide (ISO-TR-19759

2004): in this chapter, the description of these operational perspective are aligned with the



IEEE 1362:1998 Guide for information technology- Concepts of Operations (ConOps)
(IEEE STD 1362-1998) .

Chapter 7 presents a consolidated view of the engineering fundamental principle on software

measurement.

Chapter 8 presents the design of an evaluation procedure for the operational guidelines for
evaluation purposes and also presehts the evaluation of the operational guidelines for the
engineering fundamental principle on software measurement, as documented in the

SWEBOK Guide.

Chapter 9 presents the analysis of the SWEBOK “Software requirements” KA from an
engineering perspective with respect to the engineering fundamental principles. Throughout
this chapter, the Vincenti’s categories of engineering knowledge of the “Software

requirements’ knowledge area are mapped to the engineering fundamental principles

The Conclusion chapter summarizes the results of this thesis, its contributions and

limitations, the expected impacts and suggestions future work.
Finally, this thesis contains seven Annexes.

Annex [ presents the results of the mapping between the knowledge contained in the
SWEBOK Guide and the Vincenti’s categories of engineering knowledge for the “Software

requirements”, “Software design™ and “Software construction” knowledge areas.

Annex II presents the new breakdown of the knowledge contained in the SWEBOK Guide
for the “Software requirements”, “Software design” and “Software construction” knowledge

areas by categories of Vincenti’s engineering knowledge.



Annex III presents the mapping results between the engineering fundamental principles and

Vincenti and the IEEE & ACM engineering criteria.

Annex IV presents the detailed results related to the mapping of the set of the nine

engineering principles into the related knowledge areas of the SWEBOK Guide.

Annex V presents the detailed operational guidelines of the principles of software
engineering aligned with the IEEE Std 1362-1998 IEEE Guide for Information Technology

System Definition. Concepts of Operations (ConOps) Document.

Annex VI presents the mapping between the Vincenti’s categories of engineering knowledge
and the lists of engineering principles for the “Software requirements”, “Software design™

and “Software construction” knowledge areas.

Annex VII presents the program of the workshop the “Engineering foundations of software

engineering .



CHAPTER 1
SOFTWATRE ENGINEERING PRINCIPLES IN THE LITTERATURE

1.1 Introduction

Software engineering is a new emerging engineering discipline in comparison to traditional
engineering disciplines. Many authors have published on principles of software engineering,
Normand Seguin (Séguin N. 2006) has conducted a literature survey on the principles of

software engineering.

As an engineering discipline, software engineering should be analyzed from an engineering
viewpoint and should have a recognized set of principles: however, software engineering
does not have yet a set of recognized engineering principles and there is not yet agreement on

a well documented and established foundation from an engineering perspective.

This chapter presents the literature survey and is organized as follows: section 1.2 describes
related work undertaken on principles of software engineering that is, work published over
the last decade on the principles that have been proposed for software engineering. Section
1.3 introduces the identification of engineering knowledge types and characteristics. Section

1.4 presents other related works and finally section 1.5 presents a summary.

1.2 Candidates principles of software engineering

Davis 1995

(Davis A.M. 1995) published a book on “201 Principles of Software Development™ which
contains the first published collection of principles of software development. Davis proposed
a definition of the term “principle” and organized his 201 principles into categories; these
categories are composed of the different phases of software development in addition to

management, product assurance and evolution. Davis provided a definition for each of the



201 principles. He identified his 15 most important principles of software engineering in an
article published in 1994 “Fifteen principles of software engineering” (Davis A.M. 1994).

Davis did not provide any criteria for their identification nor did he provide a methodology.

Jabir, Moore 1998

Jabir is a surname given to a group of experts who participated in a 1996 to a workshop at the
IEEE Forum on Software Engineering Standards Issues where eight candidate principles

were identified.

Jabir er al. published in 1998 “A search for fundamental principles of software engineering”
(Jabir ‘et al. 1998). Jabir et al. explored the nature of software engineering as well as the
relationships between principles, standards and practices. Furthermore, Jabir et al. discussed
the characteristics and criteria for identifying fundamental principles and applied these

principles to the eight identified principles.

Dupuis et al. 1999, Bourque et al. 2002

In their paper “Fundamental principles of software engineering — a journey” published in
2002 (Bourque P.et al. 2002) identified a set of fundamental principles through a well
documented research methodology. Defining the relationships between principles, standards

and implemented best practices as illustrated in Figurel.l.

Furthermore, the following seven criteria were identified to select a candidate fundamental
principle:

e Fundamental principles are less specific than methodologies and techniques;

e Fundamental principles are more enduring than methodologies and techniques;

e Fundamental principles are typically discovered or abstracted from practice and should

have some correspondence with best practices;
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Figure 1.1 Relationships between principles, standards and practices
(Bourque P. et al. 2002)

e Software engineering fundamental principles should not contradict more general

fundamental principles, but there may be tradeoffs in the application of principles;

A fundamental principle should not conceal a tradeoft;

A fundamental principle should be precise enough to be capable of support or
contradiction;

A fundamental principle should relate to one or more underlying concepts.

The research methodology to identify their first set of candidate fundamental principles of
software engineering included two workshops, two Delphi studies composed respectively of
three and two rounds and a web based survey which was conducted over the internet among a
group of software engineering experts from the IEEE Technical Committee on Software

Engineering IEEE-TCSE — Figure 2.1
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Figure 1.2 Project steps of the study on fundamental principles in
(Bourque P. et al. 2002)

These studies resulted in a list of 15 candidate fundamental principles of software

engineering see Table 1.1.
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Table 1.1 List of candidate fundamental principles
(Bourque P. et al. 2002)

Identification Candidate fundamental principles
(A) Apply and use quantitative measurements in decision-making
(B) Build with and for reuse
Control complexity with multiple perspectives and multiple levels of
© abstraction
(D) Define software artifacts rigorously
(E) Establish a software process that provides flexibility
(F) Implement a disciplined approach and improve it continuously
(G) Invest in the understanding of the problem
(H) Manage quality throughout the life cycle as formally as possible
(D Minimize software component interaction
®)) Produce software in a stepwise fashion
(K) Set quality objectives for each deliverable
(L) Since change is inherent to software, plan for it and manage it
Since tradeoffs are inherent to software engineering, make them explicit and
e document them
N) To improve design, study previous solutions to similar problems
(0) Uncertainty is unavoidable in software engineering. Identify and manage it
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Baskerville, Ramesh, Levine, Pries-Heje, Slaughter 2003

In the article “Is internet-speed software development different?” Baskerville et al. (2003)
developed practices and principles for Internet speed applications. The purpose of this study
was to clarify how and why internet speed application practices were different from
traditional engineering practices. The methodology used was based on a two- phased study.
In this study, one note that the traditional software development principles defined by
(Bourque P. et al. 2002) do not overlap with the internet speed development principles, and
that internet speed development practices are compatible with agile principles. However,
there was no definition for the terms practices, principles and metaprinciples. Also, there
was no difference documented between principles and metaprinciples (Baskerville R. et al.

2003).

Ghezzi et al. (2003)

Ghezzi et al. published in 2003 a software engineering textbook “Fundamentals of Software
Engineering”. In their book, the authors described seven software engineering principles. The
authors also provided definitions and examples for each of their seven principles (rigor and
formality, separation of concerns, modularity, abstraction, anticipation of change, generality
and incrementality). The authors did not follow any methodology for the identification and
definition of these principles. The authors used their set of principles with examples to attain -
the quality objectives for design, specification and the management of software engineering

(Ghezzi C. et al. 2003).

Abran, Séguin, Bourque, Dupuis (2004)

(Abran A. et al. 2004) published a literature survey “The search for software engineering
principles: An overview of results”. where they reviewed the related research publications
from individual authors as well as collaborative work done on software engineering

principles.



Abran et al. came up with the key characteristics of the 1983-2002 publications on software
engineering principles. These key characteristics of the publications surveyed includes the
terms used by the authors, whether or not definitions were provided and the criteria for
identifying a principle, the number of proposed principles, the statement style and the source

of the proposed list of principles (expert opinions, literature, observation and historical data)

see Table 1.2

Table 1.2 Key characteristics of publications on software engineering principles

(in alphabetical order of authors)

(Abran A. et al. 2004)

Reference Terms | Definition | Criteria | Number Stz;:;rlxéent Source
. Historical d
Boehm (1983) Principle None Yes (2) 7 Rules istorica ) ata
analysis
Booch & Bryan .
p 5
(1994) rinciple None No 7 Concept Literature
Bourque al. (2002) | Principle Yes Yes (8) 15 Rules Expert opinions
Buschman et al.et | Principle/
N .
al. (1996) Techrique one No 10 Concept Literature
Davis (1995) Principle Yes No 201 Rules Literature
Ghezzi et al. ) Literature
Pri 1 Y N 7 i ’
(2003) rinciple es 0 Mix apinion
Lehman (1980) Laws None No 5 Concept Observat.lon,
analysis
Maibaum (2000) | Principle None No 3 Concept Opinion
Meyer (2001) Principle Yes No 13 Mix Opinion
Mills (1980) Principle None No 4 Concept Opinion
Royce (1970) Steps None No 5 Rules Opinion
Wasserman (1996) | Concept None No 8 Concept Qplnlon,
literature
. . Observation,
Wiegers (1996) Principle None No 14 Rules .
opinion

In addition, for each reference Abran er al. presented publication type, the basis for
discussion, an overview of the research methodology, supporting number of references and

the scope, as illustrated in Table 1.3.



(Abran A. et al. 2004)

Table 1.3 Classification of references (in alphabetic order)

13

Supporting
Publication Research
Reference Discussion number of Scope
type methodology
: references
Boehm (1983) Paper Empirical Implicit 49 Life cycle
Booch & Bryan L _
Book Theoretical Implicit 12 Construction
(1994)
Bourque et al.
Paper Empirical Explicit 11 Life cycle
(2002)
Buschman et al.
Book Theoretical - 10 Architecture
(1996)
Davis (1995) .Book Theoretical | Implicit/analytic 124 Life cycle
Ghezzi al. (2003) Book Theoretical Implicit 24 Life cycle
Implicit/
Lehman (1980) Paper Empirical . 13 Maintenance
observation
Maibaum (2000) Paper Theoretical - 11 General
Meyer (2001) Paper Theoretical - 10 Curriculum
Mills (1980) Paper Theoretical - 16 General
Royce (1970) Paper Theoretical - 0 Life cycle
Wasserman _
Paper Theoretical - 19 General
(1996)
Software
Wiegers (1996) Book Theoretical | Experimentation - engineering
culture

A key finding of this study is that the research work published on the search fundamental

principles to software engineering had not been based on a research methodology. to the

exception of Bourque ef al., but rather on personal observations and opinions.
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Normand Seguin 2006

Subsequently, (Abran A. et al. 2004), (Séguin N. 2006), (Séguin N. 2007) inventoried, from
the literature on software engineering principles, 308 principles proposed in the work of
individual authors - for instance: (Boehm B.W. 1983), (Davis A.M. 1995), (Wiegers K.E.
1996) - or in collaborative effort: (Bourque P. et al. 2002), (Buschmann F. et al. 1996),
(Ghezzi C. et al. 2003), (Dupuis R. et al. 1999), (Bourque P. and Dupuis R. 1997), (Dupuis
R. et al. 1997). To the exception of (Ghezzi C. et al. 2003), these authors have proposed only
nominative principles, without including either formal definitions or procedures for

implementing these principles.

To verify whether or not each of these 308 proposed principles was indeed a candidate
fundamental principle (CFP), a two-step verification process was used in (Séguin N. 2006),

(Séguin N. 2007):

Step 1: Identification of verification criteria

A. Five individual criteria were identified in (Jabir et al 1998):

e A principle is a proposal formulated in a prescriptive way;

e A principle should not be directly associated with, or arise from, a technology, a method,
or a technique, or itself be an activity of software engineering;

e The principle should not dictate a compromise (or a proportioning) between two actions
or concepts;

e A principle of software engineering should include concepts connected to the engineering
discipline;

e It must be possible to test the formulation of a principle in practice, or to check its
consequences.

- B. Two additional criteria across the full set of proposals were also identified in (Jabir et
al 1998):

e The principles should be independent, not deduced (Boehm B.W. 1983)

e A principle should not contradict another known principle (Bourque P. et al. 2002).
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Step 2: Analytical verification of each of the proposed 308 principles surveyed against these
criteria. In (Séguin N., 2006) it is reported that only 34 out of the 308 proposals met the full
set of criteria to be recognized as CFP. Table 1.4 presents the list of these CFP from (Séguin
N., 2006), in alphabetical order. However this set of 34 CFP still has not been analyzed from

an engineering perspective.

Table 1.4 Inventory of the candidate FP
(Séguin N. 2006)

No. Candidate fundamental principles — in alphabetical order
1 Align incentives for developer and customer

2 Apply and use quantitative measurements in decision making
3 Build software so that it needs a short user manual

4 Build with and for reuse

5 Define software artifacts rigorously

6 Design for maintenance

7 Determine requirements now

8 Don’t overstrain your hardware

g Don’t try to retrofit quality

10 Don’t write your own test plans

11 Establish a software process that provides flexibility

12 Give product to customers early

13 Grow systems incrementally

14 Implement a disciplined approach and improve it continuously
15 Invest in the understanding of the problem

16 Involve the customer

17 Keep design under intellectual control

18 Maintain clear accountability for results

19 Produce software in a stepwise fashion
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Table 1.4 Inventory of the candidate FP (continued)
(Séguin N. 2006)

No. Candidate fundamental principles — in alphabetical order
20 Fix requirement specification errors now
51 Quality is the top priority: long-term productivity is a natural consequence of high
quality
22 Rotate (high performer) people through product assurance
23 Since change is inherent to software, plan for it and manage it
Since tradeoffs are inherent to software engineering, make them explicit and
> document them
25 Strive to have a peer, rather than a customer, find a defect
26 Tailor cost estimation methods
27 To improve design, study previous solutions to similar problems

28 Use better and fewer people

29 Use documentation standards

30 Write programs for people first

31 Know software engineering’s techniques before using development tools

32 Select tests based on the likelihood that they will find faults

33 Choose a programming language to assure maintainability
34 In the face of unstructured code, rethink the module and redesign it from scratch
Yingxu Wang 2007

In his book “Software engineering foundations”, Wang stated that “Software engineering is
an immature and fast growing discipline which depends on multidisciplinary foundations
such as philosophy, computation, mathematics, informatics, systems engineering

management, cognitive informatics, linguistics and engineering economics™.

The author in his book tried to identify and explore the various knowledge and disciplines

that form the foundations.of software engineering. The objective of his study was to define a
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framework that integrates a set of software engineering principles. Wang inventoried the
principles of software engineering from different authors and among these, the work done by
Dupuis et al. 1999 (Dupuis R. et al. 1999). Wang inventoried a list of 55 principles of
software engineering from different authors. His methodology consisted next in the

elimination of the overlaps between these 55 principles: as a result, 31 principles remained.

Next, the author proposed what he referred to as a unified framework of software engineering
principles based on the mapping between each of the 31 proposed principles of software

engineering.

The fifty five principles inventoried from the literature and from which 31 principles were
derived were considered by Wang as engineering principles (Wang Y. 2007). But a key

question still remains: are these really engineering principles?
1.3  The identification of engineering knowledge types and characteristics
Vincenti 1990

In his book “What engineers know and how they know it”, Vincenti described different types
of engineering knowledge based on his study of the epistemology of engineering. Vincenti
analyzed five case studies in aeronautical engineering over a period of fifty years and
proposed six categories of engineering knowledge. Vincenti stated that this classification can
be transposed to other engineering domains (Vincenti W. G. 1990). His engineering
knowledge types are:

e Fundamental design concepts: contains “the operational principle of the device”;

e Criteria and specifications: allow the engineer to “translate general. quantitative goals

couched in concrete technical terms’;
e Theoretical tools: to support engineers work. These include mathematical methods and

theories involved for the design calculation;
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Quantitative data: used by engineers. This data is obtained based on empirical

- observation or calculated with mathematical models;

Practical considerations: are activities without formal codification:
Design instrumentalities: contain “the procedure, ways of thinking and judgmental skills

by which it is done”.

IEEE & ACM joint curriculum 2004

The IEEE Computer Society (IEEE-CS) and the Association for Computing Machinery

(ACM) published in 2004 recommendations, for the software engineering curriculum (IEEE

and ACM, 2004).

The IEEE and ACM SE curriculum includes (in its chapter 2) a list of seven engineering

characteristics. According to the IEEE and ACM, these seven characteristics are common to

all engineering disciplines. Table 1. describes these characteristics that can also apply to the

software engineering discipline.

Table 1.5 Engineering criteria
(IEEE and ACM, 2004)

ID.

" Engineering criteria

Engineers proceed by making a series of decisions, carefully evaluating options, and
choosing an approach at each decision point that is appropriate for the current task in
the current context. Appropriateness can be judged by tradeoff analysis, which balances
costs against benefits.

Engineers measure things, and, when appropriate, work quantitatively; they calibrate
and validate their measurements; and they use approximations based on experience and
empirical data.

(O8]

Engineers emphasize the use of a disciplined process when creating a design and can
operate effectively as part of a team in doing so.

Engineers can have multiple roles: research, development, design, production, testing,
construction, operations, management, and others, such as sales, consulting, and

teaching.
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Table 1.5 Engineering criteria (continued)
(IEEE and ACM, 2004)

ID. Engineering criteria
5 | Engineers use tools to apply processes systematically. Therefore, the choice and use of
appropriate tools is key to engineering.
6 | Engineers, via their professional societies, advance by the development and validation
of principles, standards, and best practices.
7 | Engineers reuse designs and design artefacts.
1.4  Other related works
SWEBOK guide 2004

The Guide to the Software Engineering Body of Knowledge (SWEBOK Guide), written

under the auspices of the IEEE Computer Society’s Professional Practices Committee, was

initiated in 1998 to develop an international consensus in pursuing the following objectives:

To characterize the content of the software engineering discipline;

To promote a consistent view of software engineering worldwide;

To provide access to the software engineering body of knowledge;

To clarify the place, and set the boundary, of software engineering with respect to other
disciplines;

To provide a foundation for curriculum development and individual certification

material.

In 2004, the IEEE Computer Society and ISO published a guide the software engineering
body of knowledge — the SWEBOK Guide (ISO-TR-19759 2004).

The SWEBOK Guide is subdivided into ten knowledge areas. Each knowledge area is

composed of topics and subtopics. Figure 1.3 illustrates the ten knowledge areas.
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KAO1 - KAO02 - KAO3 - KA04 - KAOS -

Requirements Design Construction Testing Maintenance

KAO06 - Software Configuration Management

KAO7 - Software Engineering Management

KAOS8 - Software Engineering Process

KAQ9 - Software Engineering Tools and Methods

KA10 - Software Quality

Figure 1.3 Knowledge areas (KA) of the SWEBOK guide
(ISO-TR-19759 2004) ,

The content of each knowledge area (KA) in the SWEBOK Guide was developed by domain

experts and extensively reviewed by an international community of peers.

The content of the SWEBOK Guide has many objectives. However, these objectives do not
include the identification of software engineering fundamental principles nor of their

operational guidelines.
Robert, Abran, Bourque 2002

In 2002, Robert ef al. published A technical review of the software construction knowledge
area in the SWEBOK Guide”. Robert et al. used (Vincenti W. G. 1990) classification of
engineering knowledge to identify the types of engineering knowledge contained in the
“Software construction” knowledge area of the trial version of the SWEBOK Guide. The
goal of this analysis was the identification of the weaknesses in the “Software construction”

knowledge area.

In conclusion, a new breakdown was proposed by Robert er al. for the “Software

construction” KA. The use of Vincenti’s classification helped in clarifying the missing parts
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of engineering knowledge in the “Software construction™ of the 2001 trial version of the

SWEBOK Guide (Robert F. et al. 2002).
Guay 2004

A comparative analysis was undertaken by (Guay et al. 2004) in “Comparative analysis
between the SWEBOK Guide and the fundamental principles of software engineering” to
evaluate the Software Engineering Body of Knowledge (SWEBOK) Guide with respect to its
coverage of the fifteen candidate fundamental principles identified by (Bourque et al.2002) in

“Fundamental principles of software engineering — a journey™.

The methodology consisted of three steps. The first step was the analysis of the composition
of the CFP that is, whether each CFP forms one part or can be decomposed into two different

parts.

The second step was the identification in the trial version of the textual descriptions that
corresponded to each of the fifteen CFP, within the content of the ten knowledge areas and

their level of description.

Finally, the third step built a visualization of the breakdown for the correspondence of the

different CFP within the SWEBOK Guide (Guay B. 2004).
IEEE STD 1362-1998 Concept of Operations (ConOps) Document
This IEEE guide illustrates the format and contents of the concept of operations (ConOps)

document: “A ConOps is a user-oriented document that describes system characteristics of

the to-be-delivered system from the end user viewpoiht” (IEEE STD 1362-1998).
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It is used for “software-intensive systems: software-only or software/hardware/people
systems” (IEEE STD 1362-1998). This standard contains the set of elements that should be

present in all Concept Operational document described as follow:

The operational concepts “indicate the operational features that are to be provided without

specifying the design detail” (IEEE STD 1362-1998).

The operational scenario “is a step-by-step description of how the proposed system should
operate and interact with its users and its external interfaces under a given set of

circumstances” (IEEE STD 1362-1998).

The operational capabilities are the capabilities of the system provided by scenario.

The operational impact defines the “impacts of the proposed system on the users, the

developers, and the support and maintenance organizations™ (IEEE STD 1362-1998).

The operational improvements provides “summary of the benefit to be provided by the

proposed system” (IEEE STD 1362-1998).

1.5 Summary

The principles of software engineering surveyed in this chapter summarized the pioneer
pursuits of software engineering principles in the last 19 years. Many researchers have
published on principles of software engineering from 1994 to 2007; Normand Seguin’s study
involved a range of authors covering a period of 33 years from 1970 to 2003. As a result, 308
principles were identified (among them the work done by (Bourque et al. 2002) from which
34 were identified as candidate principles (Séguin N. 2006). The selection process was
rigorous as each of the principles was analyzed through two steps with a number of

verification criteria.
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Software engineering is defined by IEEE as an engineering discipline; however, it’s lacks an
established foundation. Needing to be analyzed from an engineering perspective. Software
engineering lacks the description of the recognized principles. The candidate principles were
surveyed and analyzed by many authors; however, none of them tackled the issue of being
engineering principles or not. For these reasons, one should investigate the following
research issues:

® The lack of analysis of software engineering from an engineering discipline;

e Are these candidate principles indeed engineering principles or not ?

e The lack of the explicit and systematic description and the application of these software

engineering principles in the SWEBOK Guide



CHAPTER 2

RESEARCH OBJECTIVES AND METHODOLOGY

2.1 Introduction

The research methodology designed for this research work is qualitative. For the research
problem selected for this thesis, the problem addressed is not well understood: this can be
explained by a low level of maturity of the domain of study. And also, due to the originality
of the domain under investigation, there has been to date very little research work in the area

of describing principles of software engineering.

The research issues investigated in this thesis are defined as follow:
e [s software engineering an engineering discipline?
e Are these principles indeed engineering principles or not?

e The lack of explicit and systematic description of these engineering principles, and of

their application, for example in the SWEBOK Guide (ISO-TR-19759 2004).

To help structure the research topic, to approach the research problem and to carry out a
rigorous scientific investigation, an adaptation of the Basili’s framework for experimental
research will be followed. The Basili’s framework have proven efficient in software

engineering research (Basili V. et al. 1986).

This chapter describes the research project definition including: the research goal, the
research objectives, the users of research, as well as the research methodology and the

research inputs.
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2.2 Research goal

Software engineering lacks maturity compared to other engineering disciplines. The research
goal of this thesis is to contribute to the software engineering discipline from an engineering
perspective, through the identification of software engineering fundamental principles

(engineering FP) and the description of operational guidelines for these engineering FP.

2.3  Research objectives

The following two research objectives have been selected:

e Identification of the engineering fundamental principles of software engineering from the
34 candidates identified by (Séguin N. 2006);

e Description of operational guidelines for the engineering fundamental principles based on

the content of the SWEBOK Guide.

To achieve these research objectives from an engineering perspective, the following
approach was selected: analysis of Vincenti engineering knowledge and of the IEEE & ACM
engineering characteristics (IEEE and ACM, 2004), as well as the analysis of the content of
the SWEBOK Guide.

2.4 Research motivation

This research study on the set of candidate fundamental principles will contribute to a better
understanding and possibly, to the teaching of the principles of software engineering and will

help improve the content of the body of knowledge SWEBOK Guide (ISO-TR-19759 2004)

from an engineering perspective.
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2.5 Users of research

The results of this research will be used mainly by the software engineering research
community and specifically by the people working on the foundation of software
engineering. It may also provide teachers with teaching material for software engineering
courses. In addition, there is interest in the IEEE Computer Society for the two objectives
selected in order to better understand the scope of its standards, and of their foundations, as
indicated by the chair of the Computer Society’s Professional Practices Committee, Mr.

James W. Moore.

Ultimately, the result of this research will also provide help to all software engineers wanting

to develop software from an engineering approach.
2.6  Research inputs

The key inputs to this research are:

e The Vincenti’s classification of engineering knowledge based on five aeronautical case
studies (Vincenti W. G. 1990);

e The 34 candidate fundamental principles identified in (Séguin N. 2006);

e SWEBOK Guide (2004): The generally accepted body of knowledge in software
engineering - the SWEBOK Guide - (ISO-TR-19759 2004);

e [EEE & ACM Software Engineering Curriculum (IEEE and ACM. 2004).

2.7  Overview of the research methodology

This section presents an overview of the research methodology designed to pursue the

research objectives. This research methodology consists of eight phases as seen in figure 2.1.
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Phase 1: Literature survey
Phase 1 of the research methodology consists of surveying the literature on topics linked to
the software engineering principles, engineering knowledge and the SWEBOK Guide from

an engineering perspective.

Phase 2: Analysis of software engineering from an engineering perspective
Phase 2 of the research methodology consists of analyzing the concept of engineering
“design” and comparing it with the “design” concept in the SWEBOK Guide using the

Vincenti categories of engineering knowledge.

Phase 3: Software engineering principles: Do they meet engineering criteria?
Phase 3 of the research methodology identifies the engineering criteria and analysis of the

set of 34 CFP defined by Seguin from an engineering perspective.

Phase 4: Identification of the software engineering principles in the content of the
SWEBOK Guide
The research methodology for phase 4 identifies the software engineering principles within

the knowledge areas of the SWEBOK Guide.

Phase 5: Identification of the Operational Guidelines in the SWEBOK Guide
The research methodology for phase 5 proposes operational guidelines for the engineering

fundamental principles on the basis of the content of the SWEBOK Guide - (ISO-TR-19759
2004).

Phase 6: Development of a consolidated SWEBOK view for the Measurement

fundamental principle

The research methodology for phase 6 proposes a consolidated view for the measurement

fundamental principle.



28

Phase 7: Analysis of 3 SWEBOK KA from an engineering perspective with respect to
the engineering fundamental principles

The research methodology for phase 7 maps the Vincenti categories of engineering
knowledge to the “Software requirements”, “Software design”, “Software construction™

knowledge areas with regards to fundamental principles.

Phase 8: Evaluation of the operational guidelines in the SWEBOK Guide
The research methodology for phase 8 consists of the design and execution of an evaluation

procedure for the operational guidelines within the SWEBOK Guide for evaluation purposes.

2.8 Detailed research methodology

Phase 1: Literature survey
It is noted from the literature survey in chapter 1 that software engineering still lacks the

analysis of software engineering principles from an engineering perspective.

Phase 2: Analysis of software engineering from an engineering perspective

This phase of the methodology consists of following three steps:

e Step 2.1 Analysis of Vincenti's categories of engineering knowledge
This step identifies and analyzes the six Vincenti’s categories of engineering knowledge
(Vincenti W. G. 1990) to facilitate the understanding of these categories: fundamental
design concepts, criteria and specifications, theoretical tools, quantitative data, practical
considerations, and design instrumentalities.

e Step 2.2 Analysis and comparison between traditional design vs. design in software
engineering
This step consists of the mapping of the design concept in (Vincenti W. G. 1990) with the
design concept in the SWEBOK Guide (ISO-TR-19759 2004) Figure 2.1.



Figure 2.1: Research methodology — overview of phases
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Step 2.3 The application of Vincenti to some of the SWEBOK knowledge areas.

This step consists in showing how Vincenti's categories of engineering knowledge are
addressed in some of the SWEBOK Guide by mapping the knowledge contained in the
SWEBOK KAs to the Vincenti six categories of engineering knowledge.

Phase 3: Software engineering principles: Do they meet engineering criteria?

The second phase of the research methodology consists of the following steps:

Step 3.1 Identification of engineering criteria

Two sources were identified (Vincenti W. G. 1990) and (IEEE and ACM, 2004).

Step 3.2 Execution

The (Vincenti W. G. 1990) and (IEEE and ACM, 2004) engineering criteria are used as
inputs to this step to identify the CFP that map to engineering criteria;

Step 3.3 Analysis and selection

The results of the previous mapping are used in this step and are analyzed to finally select
the CFP that map to engineering criteria;

Step 3.4 Design of an external verification

The design and execution of an external verification to verify the previous output that is,

the CFP identified as conforming to engineering criteria.

Phase 4: Identification of the software engineering principles in the content of the

SWEBOK Guide —ISO TR 19759

The fourth phase of this research methodology presents the coverage of the engineering FP

that were retained and validated in the previous phase within the content of the SWEBOK

KA (ISO-TR-19759 2004) and includes the following steps:

Step 4.1 SWEBOK guide

Analysis of the content of the SWEBOK Guide with respect of the selected engineering
FP:

Step 4.2 Mapping FP

Mapping of each of the selected engineering FP to the content of the SWEBOK Guide
KA.



31

Phase S: SWEBOK guide - operational guidelines

This phase proposes operational guidelines for the SWEBOK Guide (ISO-TR-19759 2004).
This phase includes analysis of the content of the chapters of the SWEBOK Guide KA; and
description of the operational guidelines structured with (IEEE STD 1362-1998).

Phase 6: Development of a consolidated SWEBOK view for the measurement
fundamental principle
This phase consists of developing a consolidated view for the measurement fundamental

principles and designs a model for a consolidated view.

Phase 7: Analysis of a SWEBOK KA from an engineering perspective with respect to
the engineering fundamental principles

This phase consists in mapping between Vincenti’s categories of engineering knowledge
(Vincenti W. G. 1990), the lists of the engineering FP and SWEBOK KA (ISO-TR 19759
2004). Vincenti's categories of engineering knowledge are used as an analytical tool to map
each of the engineering principles that are present in the “Software requirements™, “Software

design” and “Software construction” KA with respect to engineering fundamental principle.

Phase 8: Evaluation of the operational guidelines in the SWEBOK guide
This phase consists of designing and executing a procedure to evaluate the operational
guidelines and is composed of design of an operational model and conduct the evaluation

procedure.



CHAPTER 3

ANALYSIS OF SOFTWARE ENGINEERING FROM AN ENGINEERING
. PERSPECTIVE

3.1 Introduction

The SWEBOK Guide, also adopted as technical report TR19759 by the (ISO-TR-19759
2004), has been selected to explore the following question: [s software engineering truly an

engineering discipline?

This chapter presents phase 2. An approach is proposed to investigate in a structured way the
content of the SWEBOK Guide to verify what engineering knowledge is included in this
Guide, and what could be missing. This approach is based on Vincenti’s classification of
engineering knowledge (Vincenti W. G. 1990). However, since this classification of
engineering knowledge had not, at the time of this investigation, been used to analyze other
engineering disciplines, it was felt necessary to carry out some structuring and modeling of
the criteria embedded within Vincenti’s work to render its use practical in the analysis of the

SWEBOK Guide (ISO-TR-19759 2004).

In particular, the engineering design concepts had to be probed further, since at first glance
there seemed to be a disconnect between the SWEBOK Guide concept of design and
Vincenti’s description of engineering design. Finally, Vincenti’s categories of engineering
knowledge (Vincenti W. G. 1990) are used to analyze a selection of three chapter’s of the
SWEBOK Guide: “Software requirements”, “Software design” and “Software construction”

KA.

This chapter is organized as follows: Section 3.2 introduces Vincenti’s engineering
viewpoint. Section 3.3 presents Vincenti’s classification of engineering knowledge types.

Section 3.4 presents Vincenti’s classification of engineering knowledge types models.



Section 3.5 introduces the design process. Section 3.6 presents the mapping results. Section
3.7 presents the analysis of the mapping results and in section 3.8 a summary is presented.

Annex I describes the mappings between the corresponding concepts for the classification of
engineering knowledge types and the related “Software requirements”, “Software design”

and in “Software construction™ KA.

Annex II presents the new breakdown of the “Software requirements”, “Software design”

and in “Software construction” KAs based on the categories of engineering knowledge.

3.2 Vincenti’s engineering viewpoint

3.2.1 Overview and context

As noted in chapter 1, (Vincenti W. G. 1990) in his book “What engineers know and how
they know it”, classified categories of engineering knowledge. Furthermore, Vincenti stated
that this classification is not specific to the aeronautical engineering domain, but can be
transferred to other engineering domains. However, he did not provide documented evidence
of this applicability and generalization to other engineering disciplines. In addition, no author
could be identified as having attempted to do so either. In this chapter, one proposes some
pioneering work on the use of Vincenti’s categorization of engineering knowledge as

constituting criteria for investigating software engineering from an engineering perspective.

The Vincenti categorization of knowledge (Vincenti W. G. 1990) was first used in a graduate
seminar in 2002 at the Ecole de technologie supérieure, Université du Québec, as an
analytical tool to tackle this issue by analyzing each of the SWEBOK KAs (ISO-TR-19759
2004) separately. The initial purpose of this approach was to gain insights into their content
and structure which, by definition, were expected to be of an engineering knowledge type.
While it was easy for graduate students at the Master’s degree and doctoral levels to use
Vincenti’s criteria to analyze the SWEBOK design KA and to propose a mapping to the

Vincenti’s categorization, this proved to be much more challenging for all the other KAs, to
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the point where some of these students questioned the relevance of the applicability of
Vincenti’s categorization to these other SWEBOK KAs and as a corollary to that, that these
other KAs did not necessarily constitute knowledge of an engineering type. The specific

vocabulary defined by Vincenti is presented in Table 3.1.
3.2.2 Vincenti’s categorization criteria

Vincenti provides a categorization of engineering design knowledge and the activities that
generate it. However, the divisions are not entirely exclusive; some items of knowledge can
contain the knowledge of more than one category. From Vincenti's definitions of each
engineering knowledge-type category (ISO-TR-19759 2004), a number of categories were
identified and have been listed in Table 3.2. A short description of each category is provided
in Table 3.3.

Table 3.1 Vincenti's vocabulary relating to engineering terms and concepts
(Vincenti W. G. 1990)

Engineering
Definitions
vocabulary
“Denotes both the content of a set of plans (e.g. in the design for a new
Design
s airplane) and the process by which those plans are produced™.
Normal “The general shape and arrangement commonly agreed upon to best embody

configuration |the operational principle”.

According to Edward’s constant that “what technological communities
Normal
usually do” comprises “the improvement of the accepted tradition or its
technology o _ L
application under new or more stringent conditions.”
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Table 3.1 Vincenti’s vocabulary relating to engineering terms and concepts

(Vincenti W. G. 1990) (continued)

Engineering ;
Definitions
vocabulary -
“The design involved in normal technology™.
N | “The engineer working with such a design knows at the outset how the
orma
device in question works and what its customary features are, and that, if
design
properly designed along such lines, it has a good likelihood of
accomplishing the desired task™.
“Normal design is evolutionary rather than revolutionary™.
Defines the essential fundamental concept of a device,.
Operational _ o ] ) o o
“How its characteristic parts... fulfill their special function in combination
principle ) ) _ )
to [sic] an overall operation which archives the purpose.”
“Denotes the process by which these plans are translated into the concrete
Production )
artifice™.
Operation “Deals with the employment of the artifice in meeting the recognized
need”.
“How the device should be arranged, or even how it works, is largely
Radical
unknown. The designer has never seen such a device before and cannot
design o
presume that it will succeed”.
“The knowledge used by engineers".
Engineering ) _ _ ' )
“Engineering knowledge has to do not only with design, but also with
knowledge ) _
production and operation”.
Descriptive _
“The knowledge of how things are”.
knowledge
Prescriptive

knowledge

“The knowledge of how things should be to attain a desired end”.
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Table 3.1 Vincenti’s vocabulary relating to engineering terms and concepts

(Vincenti W. G. 1990) (continued)

Device

generators, turret lathes, and so forth”.

“Systems are assemblies of devices brought together for a collective
Systems purpose. Examples are airlines, electric power systems and automobile

factories”.

Technologies | “Denote systems and devices taken together”.

“May exist explicitly only in the designer’s mind. They are unstated givens
for the project, having been absorbed by osmosis, so to speak, by the
engineer in the course of his development, perhaps even before entering
Concepts o . _
formal engineering training. They had to be learned deliberately by the

engineering community at some time, however, and form an essential part

of design knowledge™.

Table 3.2 Vincenti engineering knowledge categories and corresponding concepts

(Vincent1 W. G. 1990)

e About the design
e Designers must know the operational principle of the device.
design concepts e How the device works

Fundamental

e Normal configuration
e Normal design




Table 3.2 Vincenti engineering knowledge categories and corresponding concepts

(Vincenti W. G. 1990) (continued)

Engineering
knowledge
category

Corresponding concepts

Criteria and
specifications

Specific requirements of an operational principle

General qualitative goals

Specific quantitative goals laid out in concrete technical terms
The design problem must be “well defined™.

Unknown or partially understood criteria

This task takes place at the project definition level in the design
hierarchy.

Definition of technical specifications

Theoretical
tools

Mathematical methods and theories for making design
calculations

Intellectual concepts for thinking about the design.
Precise and codifiable

They come mostly from deliberate research.

They are not sufficient by themselves.

Quantitative
data

Specify manufacturing processes for production
Display the detail for the device

Data essential for design

Obtained empirically

Calculated theoretically

Represented in tables or graphs

Precise and codifiable

They come mostly from deliberate research.
They are not sufficient by themselves.




38

Table 3.2 Vincenti engineering knowledge categories and corresponding concepts (Vincenti

W. G. 1990) (continued)

e Theoretical tools and quantitative data are not sufficient.
Designers also need practical considerations derived from
experience.

e Practical considerations are learned on the job, and not in school
or from books.

e Practical considerations are rarely documented.

Practical e Practical considerations are also derived from production and
considerations operation.

e This knowledge is difficult to define.

e This knowledge defies codification

e A prototype must often be built to check the designer’s work.

e The practical consideration learned from operation is judgment.

e Rules of thumb.

e The practices from which these rules derive include not only

design, but production and operation as well.

¢ Knowing how

e Procedural knowledge

Design o
e Ways of thinking
instrumenta- .
o Skills based on judgment
lities

e Knowledge on how to carry out tasks

e Must be part of any anatomy of engineering knowledge




Table 3.3 Vincenti: engineering knowledge categories and description

(Vincenti W. G. 1990)

Engineering
knowledge Description
category
Fundamental |Designers embarking on any normal design bring with them

design concepts

fundamental concepts about the device in question.

Criteria and

specification

To design a device embodying a given operational principle and normal
configuration, the designer must have, at some point, specific

requirements in terms of hardware.

Theoretical tools

To carry out their design function, engineers use a wide range of
theoretical tools. These include intellectual concepts as well as

mathematical methods.

Quantitative data

Even with fundamental concepts and technical specifications at hand,
mathematical tools are of little use without data for the physical
properties or other quantities required in the formulas. Other kinds of
data may also be needed to lay out details of the device or to specify

manufacturing processes for production.

To complement the theoretical tools and quantitative data, which are not

Practical ) ) ) ]
sufficient. Designers also need less sharply defined considerations
considerations _ _
derived from experience.
Besides the analytical tools, quantitative data and practical
considerations required for their tasks, designers need to know how to
Design carry out those tasks.
instrumentalities | How to employ procedures productively constitutes an essential part of

design knowledge.
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3.3 Vincenti’s classification of engineering knowledge types
3.3.1 Relationship between the various categories

Since the categories are not mutually exclusive, it is important to understand the relationships
between them. An initial modeling of Vincenti’s categories of engineering knowledge
(Vincenti W. G. 1990) is presented in Figure 3.1. This figure illustrates that, in seeking a
design solution, designers move up and down within categories, as well as back and forth

from one category to another.

It can also be noted that three categories (theoretical tools, quantitative data and design
instrumentalities) are related in the following manner: theoretical tools guide and structure
the data, while quantitative data sugges<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>