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Preface
The Triptych Dogma

In order to specify software,

we must understand its requirements.

In order to prescribe requirements

we must understand the domain.

So we must study, analyse and describe domains.

Domains – What Are They ?

By a domain we shall understand a rationally describable segment of a discrete dynamics
segment of a human assisted reality, i.e., of the world, its solid or fluid entities: natural [“God-
given”] and artefactual [“man-made”], and its living species entities: plants and animals
including, notably, humans. Examples of domains are: rail, road, sea and air transport; water,
oil and gas pipelines; industrial manufacturing; consumer, retail and wholesale markets;
health care; et cetera.

Aim and Objectives

• The aim of this monograph is to contribute to a methodology for analysing and describing
domains.

• The objectives – in the sense of ‘how is the aim achieved’ – is reflected in the structure
and contents and the didactic approach of this monograph. The main elements of my
approach – along one concept-axis – can be itemized:

⋄⋄ There is the founding of our analysis & description approach in providing a base
philosophy, cf. Chapter 1.

⋄⋄ There is the application of ideas of taxonomy [see Item 41 on page 8], as in Chapter 4,
and ontology [see Item 25 on page 6], as in Chapter 5, to understand the possi-
bly hierarchical structuring of domain phenomena respectively the understanding of
properties of phenomena and relations between then.

⋄⋄ There is the notions endurants and perdurants – with endurants being the phenomena
that can be observed, or conceived and described, as a “complete thing” at no matter
which given snapshot of time [281, Vol. I, pg. 656], and perdurants being the phenomena
for which only a fragment exists if we look at or touch them at any given snapshot in
time [281, Vol. II, pg. 1552].

⋄⋄ There is the introduction of base elements of calculi for analysing and describing
domains.

⋄⋄ And finally there is the notion of transcendental deduction, cf. Chapter 6, for “mor-
phing” certain kinds of endurants into certain kinds of perdurants, Chapter 7.

Along another conceptual-axis the below are further elements of my approach:

⋄⋄ We consider domain descriptions, requirements prescriptions and software design spec-
ifications to be mathematical quantities.

⋄⋄ And we consider them basically in the sense of recursive function theory [351, Hartley
Rogers, 1952] and type theory [330, Benjamin Pierce, 1997].
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⋄⋄ That is, we do not consider rather appealing diagrammatic description approaches such
as for example Petri nets [343, 344, 345, 347, 348, Wolfgang Reisig]1.

An Emphasis

When we say domain analysis & description we mean that the result of such a domain
analysis & description is to be a model that describes a usually infinite set of domain instances.
Domains exhibit endurants and perdurants. A domain model is therefore something that
defines the nouns (roughly speaking the endurants) and verbs (roughly speaking the verbs)
– and their combination – of a language spoken in and used in writing by the practitioners
of the domain. Not an instantiation of nouns, verbs and their combination, but all possible
and sensible instantiations.

Doing Science Versus Using Science

We are not doing mathematics, we use it !
We must distinguish between doing mathematics and using mathematics. This monograph

uses mathematics to investigate the universe of domain science & engineering. My books
[42, 43, 44] teach their readers how to use simple mathematics to develop software, and, in
this monograph, to specifically develop domain models.

I use philosophy to underpin my approach. I do not philosophize. My source, Kai
Sørlander does and must. I cannot prevent domain modelers, e.g.., those who use the method-
ology of this monograph, from (“lightweight”) philosophizing, but I do not teach them to do
it.

Far too many computing science courses and scientists of computers/computing confuse
these two things, doing science versus using science. It is as if their teachers would rather
do mathematics than computing.

Relations to Philosophy

Rather unusual, this monograph contains what the author considers an important chapter,
Chapter 2, on Philosophy. Not a survey of philosophy topics that might be relevant to the
domain science & engineering researchers and scientists, but the promulgation of a rather
specific angle under which to pursue domain science & engineering studies. It is very much
inspired by the work of the Danish philosopher Kai Sørlander [366, 367, 368, 369, 1994–2016].

General

The claim of this monograph is twofold:

• that domain engineering is a viable,
• yes, we would claim, necessary initial phase of software development; and
• that domain science &2 engineering is a worthwhile topic of research.

1 In a recent technical report, [82], we present, following the method of this monograph, a domain description
of an example drawn from a Petri net like, i.e., Heraklit, description of a retailer system [162].
2 We use the ampersand ‘&’ to emphasize that domain science & engineering is one topic, not two.
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I mean this rather seriously:

• How can one think of implementing software,
• preferably satisfying some requirements,
• without demonstrating that one understands the domain ?

So in this monograph I shall

• explain what domain engineering is,
• some of the science that goes with it, and
• how one can “derive” requirements prescriptions

⋄⋄ (for computing systems)
⋄⋄ from domain descriptions.

But there is an altogether different reason, also, for presenting these papers in monograph
form:

• Software houses may not take up the challenge to develop software

⋄⋄ that satisfies customers’ expectations, that is, reflects the domain such as these customers
know it,

⋄⋄ and software that is correct with respect to requirements, with proofs of correctness
often having to refer to the domain.

• But computing scientists are shown, in this monograph, that domain science & engineering
is a field full of interesting problems to be researched.

Application Areas

Computers are man-made. They are artefacts. Physicists and engineers compute over do-
mains of physics and engineering designs, and their computations range mostly over
phenomena of physics. Manufacturing, logistics and transport firms as well as goods im-
porters/exporters, wholesalers and retail firms use computers significantly. Their domain is
mostly operations research. With domain science & engineering the domain (of possible
software applications) is now definable in terms of what the method of this monograph is
capable of handling. Briefly, but by far not exhaustively, that domain includes such which
focus on man-made objects, i.e., on artefacts, and the interaction of humans with these. In
that respect the domain science & engineering, when used for the purposes of software de-
velopment, straddles the aforementioned application areas but now, we claim, with some
firm direction.

Work in Progress

The state of this monograph reflects that it is ‘work in progress’. The first publications
indicating what is presented here were [56, 60, Summer 2010]. Since then there has been a
number of publications in peer-reviewed journals [73, 79, 77, 81, Years 2017–2019]. In the
period of submission of the most recent of these [81, Spring 2018], and during the writing
of this monograph, up to this very moment this Preface is being written, new research
discoveries are made. The way that these new research ideas fit well within the framework,
also in its detailed aspects, makes me think that the body of work presented here is stable
and durable. I have therefore decided to release the monograph now in the hope that it might
inspire others to continue the research.

Preface
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The Monograph as a Textbook

Many universities appear to teach their science students, whether BSc or MSc, only such
material for which there exists generally accepted and stable theories. I have over the years,
since 1976, when I first joined a university staff — then as a full professor — mostly not
adhered to this limitation, but taught, to BSc/MSc students, such material that yet had to
reach the maturity of a scientific theory. So, go ahead, use this monograph in teaching !

Specific

This monograph is intended for the following mathematics-minded audiences:

• primarily researchers, lecturers and PhD students in the sciences of computers and com-
puting – conventionally speaking: those who have few preconceived objections to the use
of discrete mathematics;

• hopefully also their similarly oriented, curious and serious MSc students;
• and finally, recent, and not so recent, practicing software engineers and programmers –

again open-minded with respect to new foundations for programming and formalisms.

At the end of most chapters’ ‘Problem Exercise’ sections, we suggest a number of anywhere
from engineering to science challenges: project-oriented domain analysis & description class-
project exercises as well as more individual research problems of more-or-less “standard”
degree of difficulty to plain challenging studies. The class-project exercises amount to rather
“full-scale” 4–6 student term projects.

Sources

This is a monograph of 11 chapters. Except for three (Chapters 1, 3 and 11), these chapters
build on the following publications:

• Chapter 2: Philosophy [80] 11–18

• Chapter 4: External Qualities [81, Sects. 2–3]3 47–106

• Chapter 5: Internal Qualities [81, Sect. 4] 107–153

• Chapter 6: Transcendental Deduction [81, Sects. 5–6] and [80] 155–157

• Chapter 7: Perdurants [81, Sect. 7] 159–204

• Chapter 8: Domain Facets [78, 55] 205–240

• Chapter 9: Requirements [69, 47] 243–298

• Chapter 10: Demos, Simulators, Monitors and Controllers [61] 301–311

Chapters 1–3 pave the way. They introduce the reader to a vocabulary of concepts

specific to computing science; to some fundamental ideas of philosophy – a new for any
treatise of our field; and to prerequisite concepts of discrete mathematics, of space, time

and matter, and of unique identification and mereology – also new for any treatise of our
field.

Chapters 4–7 form the real core of this monograph. It is here we develop what we
shall, unashamedly, refer to as both a science and an engineering, i.e., a methodology for
understanding the concept of ‘domains’ such as we shall define it. These chapters study and

3 [73] is a precursor for [81]
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develop calculi for the analysis of domains and for their description. At the same time

as presenting this study these chapters also present a method for actually developing
domain descriptions. This duality, the beginnings of a scientific, theoretical foundation for
domain analyser & describer, and the beginnings of a method for actual engineering devel-
opment, may seem confusing if the twin aspects are not kept clear from one another. We have
endeavoured to present the two aspects reasonably separated.

Chapters 8–10 are “bonus” chapters ! They contain some quite original concepts: domain

facets (Chapter 8) such as intrinsics, support technology, rules & regulations, scripts, license
languages, management & organisation and human behaviour ; requirements engineering

(Chapter 9) concepts such as the distinction into domain requirements, interfaces require-
ments and machine requirements, projection, instantiation, determination, extension and
fitting, and more – not quite the way conventional requirements engineering textbooks treat
the field; and demos, simulators, monitors and controllers (Chapter 10) are all concepts
that, we claim, can be interestingly understood in light of domain descriptions being devel-
oped into requirements prescriptions and these into software designs and software. These
chapters may, for better or worse, not be of interest to some computer scientists, but should be
of interest to software engineering practitioners and people who do study the more mundane
aspects of software engineering.

Some Caveats

This monograph uses the RAISE Specification Language, RSL [190, 187] for its formal
presentations and for its mixed mathematical notation and RSL informal explanations. We
refer to Appendix C for a résumé of RSL. [188, 179, 183] provide short, concise introductions to
the RAISE Method and to RSL. We refer to https://raisetools.github.io/ for Web-based
information about RAISE and the RAISE Tool Sets.

Equally relevant other specification languages could be VDM SL [92, 93, 164], Z [397], the
B Method notation [2], Alloy [262], and others. Also algebraic approaches are possible, for
example: CafeOBJ [168], CASL [135] or Maude [298, 133]. Lecturer and students, readers in
general, perhaps more familiar with some of the above languages than with RSL, should be
able to follow our presentations, but perform their exercise/term project work in the language
of their choice.

This monograph is the first in which domain science & engineering is presented in a
coherent form, ready for scientific study as well as for university classes. But it is far from
a polished textbook: Not all “corners” of describable, manifest and artefactual domains are
here given “all the necessary” principles, techniques and [language] tools necessary for “run-
of-the-mill” software development. We have given sufficiently many university courses, over
previous texts, and these have shown, we claim, that most students can be expected, under
guidance of professionals experienced in formal specifications, to contribute meaningfully
to professional domain analysis & description projects.

We have left out of this monograph potential chapters on for example: possible Semantic
Models of the domain analysis & description calculi [65]. We invite the reader to study
this reference as well as to contribute to domain science. Examples of the latter could, for
example, entail: A Study of Analysis & Description Calculi: on the order of analysis &
description prompts; on the top-down analysis & description, as suitable, for artefactual
domains versus bottom-down analyses & descriptions, as perhaps more suitable, for natural
and living specific domains, including humans; a deeper understanding of Intentional Pull,
et cetera.

Preface
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Christian Gram, Hans Bruun, (the late) Asger Kjerbye Nielsen, Hans Henrik Løvengreen,
Andrzej Blikle, Dömölki Balint, Jozef Gruska, Erich Neuhold, (the late) Douglas T. Ross,
Neil D. Jones, Ole N. Oest, (the late) Søren Prehn, Michael A. Jackson, Sir Tony Hoare, Hans
Langmaack, (the late) Gilles Kahn, (the late) Kesav V. Nori, Larry E. Druffel, Enn S. Tyugu,
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