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1. Introduction

In Knowledge Representation, the term "ontology" refers to any information artifact
that consists of an interpreted vocabulary to describe a certain domain and a set of explicit
assumptions regarding the meaning of the vocabulary words (Guarino [1998]). This is, by
now, a truism that sound ontological analysis clarifies the structure of knowledge within a
certain domain and enable knowledge sharing between different domains (cf. Chandrasekaran
[1999]). Other applications of ontologies in computer science involve: natural language proc-
essing, automatic extraction of knowledge from texts, organisational knowledge management
(cf. Studer et al. [1998])

Ontologies form a wide spectrum with simple catalogs and glossaries on one side and
rich logical theories on the other (Smith [2001]). When a sophisticated knowledge structure is
required, much richer systems are applied, which are called foundational (upper-level, top-
level) ontologies. Foundational ontologies are specialised logical theories not limited to par-
ticular domains. Thus, they comprise only very general concepts, e.g. the concepts of prop-
erty, event, process, etc. When applied to a particular problem, any foundational ontology
needs to be augmented with notions specific to the domain of interest. Indeed, these ontolo-
gies aim at providing a universal framework that can be tailored to any application domain; in
this way they deliver a reliable tool for information sharing and exchange in all areas.

Usually, it is claimed that the advantages in applying foundational ontologies cover (at
least) the following aspects:

* Foundational ontologies reduce the risk of misinterpretation of data and terminology

(Guarino [1998]).

* Foundational ontologies make information sharing more reliable (Guarino [1998]).
* Foundational ontologies contribute to interoperability of information systems (Guarino

[1998]).

* In the case of incompatible semantic models, foundational ontologies provide a plat-

form for meaning negotiations (Masolo [2003]).

On the other hand, ontologies are trustworthy only if based on a careful and detailed ontologi-

cal analysis, which must be coupled with a rigorous logical characterisation.



The following theory of artefacts is an ontological analysis of the engineering notion
of artefact (and related notions) that is partially formalised in the language of set theory. The
result is to be interpreted as a foundational ontology for engineering. As such, the theory is
capable to facilitate the construction of a model for any domain of technical artefacts.

The structure of this report is as follows. The next section is devoted to comparison of
different theories and models of technical devices from engineering design. Ins section 3, I
summarise one of the most mature philosophical theory of artefacts. Finally, I present my own

analysis.



2.

represent and reason about technical artefacts (devices, products, technical systems, etc.). In-
deed, there exist various approaches and theories in which the notion of artefact and the re-
lated notions are dealt with. Because detailed description of each of these systems is clearly
beyond the scope of this report, I present here only several classifications thereof. Thereby, I

intend to make it possible for ther reader to grasp a general picture of the field.

Artefacts in Engineering Design and Artificial Intelligence

It is most trivial to say that engineering design focuses on theoretical issues of how to

First, I will present some general classifications. The domain of engineering models of

technical artefacts may be organised along the following lines:

(1)

(ii)

(iii)

(iv)

)

with respect to the origin/motivation of a theory:

(a) purely technological,

(b) praxeological,

(c) logical, e.g.

with respect to the logical status of a theory:

(a) free text,

(b) structured text (definitions, axioms, theorems),
(c) formal language (variables, compositionality),
(d) axiomatic system (formal language+axioms).
with respect to the scope of a theory:

(a) general (i.e. applicable to any kind of artefact),
(b) domain-specific.

with respect to the methodological focus of a theory:
(a) pragmatic,

(b) apragmatic.

with respect to the conceptual depth of a theory:

(a) total (i.e. aim to grasp all relevant aspects of artefacts),
(b) partial (aim to grasp only some relevant aspects of artefacts).

Table 1 contains descriptions of some paradigmatic engineering theories of artefacts.

The abbreviations used are explained in Table 5 below.



ORIGIN LOGICAL STATUS SCOPE FOCUS DEPTH
technology | praxeology | logic | free text | structured text | formal language | axiomatic system | general | specific | production | product | total | partial
A-Design + + + T T
Axiomatic Design Theory + + + + +
CONGEN + + + + + +
DeKleer + + T T T
DwO + + + + +
EFDEX + + + + T
EngMath + + + T T
FBRL + +
FBS + + + + +
FR + + + + +
FTA + + + T
Functional Basis + + + T +
Galle + + + +
Gasparski + + + + +
Kitamura and Mizoguchi + + + + +
NIST Design Repository + + + T +
Pahl and Beitz + + + + T
Reconciled FB + + T T
Roy + + + + + +
Theory of Technical Systems + + + T + T
+
YMIR + + + T +

Table 1




It is a far from trivial observation that only some theories of artefacts contain models
of artefacts, i.e. abstract representations thereof. Among such theories we can draw three

types of distinctions:

(1) with respect to the number of dimensions of the model of artefacts postulated by a the-
ory:
(a) two-dimensional

(b) three-dimensional
() four-dimensional
(i1))  with respect to the logical power of the model postulated by a theory:
(a) purely representational (i.e. no inference rules)
(b) inferential (axioms+inferential rules)
(ii1))  with respect to the expressivity of the language of the theory:
(a) first-order logic
(b) set theory
(c) other languages

Table 2 shows how these distinctions work.



DIMENSIONS POWER EXPRESSIVITY

two three four representation | inference
CONGEN Fr/B/Fun + + classes (SHARED object model)
DeKleer S/B/Fun + + set theory and arithmetic
EFDEX B/Fun/M + + classes
EngMath S/B + mathematics (functional analysis)
FBRL B/Fun + natural language
FBS S/B/Fun + natural language + diagrams
FR (earlier) S/B/Fun + (elementary) set theory
FR (later) S/B/M/Fun + (elementary) set theory
Houkes and Vermaas S/Int + natural language
Kitamura and Mizoguchi (earlier) | B/Fun + + FBRL
Kitamura and Mizoguchi (later) S/B/Fun + + natural language+FBRL
Roy S/B/Fun + + classes
Theory of Technical Systems S/O/B/Fun + + natural language
YMIR Fr/S/B + natural language (language of network models)

Fr — form (shape, dimensions, internal spatial relations, tolerances, surfaces)
S — structure (ports, components, links, couplings, external spatial relations)

B — behavior
O —organ
Fun —function

M — mode of deployment (environment constraints, instructions of use)

Int — intention

Table 2




It is evident from these comparisons that only some theories attempt to provide a full
picture of artefactual entities. The majority of them focus on selected aspects of artefacts,
among which design enjoys a widespread popularity. Let me now classify engineering theo-
ries of design.

(1) with respect to the intended domain of a theory

(a) theories of designing

1. total

2. partial
- theories of conceptual design
- theories of detail design

(b) theories of design product
(i)  with respect to the illocutionary force of a theory

(a) descriptive (i.e. answer the question: what are actual designs?),

(b) proscriptive (i.e. . answer the question: what are good designs?)

(c) advisory (i.e. . answer the question: how to assist in creating designs?).



Intended domain

Illocutionary force

Process Result | Descriptive | Prescriptive | Advisory
Total Partial
A-Design conceptual design + +
Axiomatic Design Theory + +
CONGEN conceptual design +
DwO + + + +
EFDEX conceptual design +
Gasparski + +
Hilpinen authorship/
co-authrorship rela-
tions
Houkes and Vermaas + +
Hybrid Model + +
Kitamura and Mizoguchi conceptual design +
Pahl and Beitz + + +
Roy + +
Theory of Technical Sys- + + +
tems
YMIR + +

Another popular issue in engineering design is device functionality.

sent only two classifications:

Table 3

(1) with respect to the expressivity of a theory:

(a) taxonomies of function, e.g. Functional Basis

(b) models of functions:

- with the relation of being a subfunction of a function,

- with the relation of being a function of an artifact,

- with the relation of being achieved in a way,

- with the relation of being a function with respect to a view,

(i1))  with respect to ontological categorisation of functions:

(a) qualitative, e.g. Theory of Technical Systems

(b) relational, e.g. Pahl and Beitz

(c) procesual, e.g. FBS

(©) mixed

(d) other, e.g. abstraction of task.

Here I will pre-




Expressivity Categorisation
Taxonomy Model
Subfunction | Function of | Metafunctions | Achievement | View
CONGEN + + + + -
DeKleer what a device does
EFDEX + + + purpose
abstraction of behavior
FBRL + + + interpretation of behavior under a goal
FBS + + abstraction of behavior
FR + + + (intended) behavior
Functional Basis + + + change of flow
Houkes + -
Kitamura/Mizoguchi + + + ? -
(earlier and later)
NIST Design Repository + + + change of flow
Pahl and Beitz + + relation between input and output
change of flow
Reconciled FB + change of flow
Roy et al. + + + abstraction of task
Theory of Technical Systems + + + capability
task

YMIR + specification of behavior

Table 4
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