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Abstract 
It is an influential position in engineering design theory that one of the most important steps in 
conceptual design is the search for working principles. There is, however, no clear statement in the 
engineering literature about what a working principle is and how knowledge about working 
principles can be accounted for ontologically. We propose that dispositions are at the core of working 
principles, and thus that knowledge about working principles is knowledge about dispositions, their 
material bearers, and their triggers. Building on the engineering design framework developed by Pahl 
and Beitz, we suggest ontology design patterns for representing knowledge about working principles 
in a BFO-conformant manner. To represent trigger classes, we introduce the relation has trigger and 
its inverse trigger of, and discuss their limitations.  
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1. Introduction 

Engineering design theory seeks to describe the creative process in engineering development 
projects. One of the most important textbooks is the monograph of the German engineering 
professors Gerhard Pahl (1925–2015) and Wolfgang Beitz (1935–1998). Their book originally 
appeared in 1977 [1], has been revised and enlarged throughout several editions, and has been 
translated into eight languages, including English [2], and is now continued by other 
researchers in the field [3]. According to the Pahl–Beitz account, one of the crucial steps of the 
construction process is to find “working principles” (“Wirkprinzipien”) to implement the 
functions required for the intended goal. To implement the function to store energy, for 
example, a range of possible working principles are available: rotation of a flywheel, charging 
of an electrical battery, or heating water or even overheating water vapour ([2], p. 96). Pahl and 
Beitz distinguish between various kinds of knowledge that will be relevant to this purpose, 
among which are, most prominently, working material, working geometry, and working 
motions. It is not clear, however, how these can be represented in an ontology. The suggestions 
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in this paper rest on the assumption that dispositions are at the core of working principles, and 
that knowledge about working principles is knowledge about dispositions. The challenges 
involved in representing working principles as dispositions bring back, it seems, certain issues 
that have been discussed at length in philosophy. In the last decades, dispositions, tendencies, 
or powers have increasingly been acknowledged as explanatory entities in metaphysics and the 
philosophy of science [4–6]. In philosophy, dispositions are often described by means of ordered 
pairs of trigger types and realization types. Moreover, much discussion centred around the 
question of the categorical basis of dispositions.  

While the issue of the material basis of dispositions has recently been accounted for in BFO 
in an insufficient way only, there is still no means to represent the triggers of a disposition. This 
paper suggests extensions to BFO to address these two issues and also suggests ontology design 
patterns for working principles based on the Pahl–Beitz account. Doing so, it also contributes 
to the representation of dispositions within BFO, evaluating and extending it in light of the 
philosophical discussions.  

The remainder of the paper is organised as follows. Section 2 analyses working principles in 
light of the engineering design literature. Section 3 describes the BFO account of dispositions 
and the pattern suggested by Röhl and Jansen [7] for the representation of dispositions. Section 
4 shortly describes our method, exploring the difference between introducing classes and 
relations into an ontology and using more complex patterns to describe certain phenomena. 
Section 5 then presents patterns for representing knowledge about working materials, working 
shape, working size, working motions, and combinations of these. In Section 6, we evaluate the 
suggested patterns using competency questions. Section 7 discusses the trigger relation used, 
and Section 8 concludes the paper by pointing out some limitations of our present results.  

In this paper, class names are written in italics along with their corresponding namespaces, 
e.g., BFO:material entity. Upon the first mention of a class name, also its OBO ID is cited as a 
unique identifier within square brackets, e.g., material entity [BFO:0000040]. Additionally, the 
full IRI (Internationalized Resource Identifier) of a class, e.g., for BFO:material entity, 
http://purl.obolibrary.org/obo/BFO_0000040, is hyperlinked to the reference information within 
the square brackets. Relation names are written in bold, e.g., BFO:bearer of, when using the 
Web Ontology Language (OWL), but in italics, e.g., base_of , when using the legacy OBO format 
(see Section 3). We mostly refrain from citing the namespaces of rdfs:subClassOf and 
owl:equivalentClass. Lastly, the logical connectors are in small all-caps, e.g., NOT or SOME.  

2. Working Principles in Engineering Design 

There is a wide consensus in engineering design that the central step in the conceptual phase of 
the design process is the search for working principles. This is witnessed by the influence of the 
Pahl–Beitz approach on engineering guidelines in Germany on engineering design (VDI 2221 [8, 
9], VDI 2222-2 [10]) and biomimetics (VDI 6220-1 [11]), and by the continued international success 
of the textbook. Terminology is not uniform, though [12], and there are approaches like design 
thinking where it is not required to find working principles at all [13]. 

According to the Pahl–Beitz approach, engineering design starts with a functional analysis, 
breaking down the overall goal to be achieved into a system of subfunctions. In a second step, 
the engineer needs to figure out how these subfunctions can be set to work; this is the step that 
is described as the search for working principles. Working principles are to be sought for each 
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subfunction and then combined with the overall working structure of the device to be 
constructed. Normally, there might be several working principles available, which then have to 
be evaluated by the engineer for their compatibility and how well they match the requirements 
in terms of their causal efficiency, energy efficiency, cost efficiency, side-effects, and 
environmental friendliness. For instance, the function to store energy can be fulfilled by diverse 
working principles, such as charging a battery or stretching a metal string. There have been 
attempts to collect and systematise working principles in “solution catalogues”, which were, 
however, limited by the linear logic of the printed book [14, 15]. 

Despite widespread use of the term, there is hardly any ontological analysis of working 
principles that can be found in the literature. According to Pahl et al. [2], working principles 
are the causal principles that bring about the intended effects. Obviously, the term “principle” 
does not help an ontological analysis. More promising is to take up the causal aspect linked to 
working principles. In an ontological framework, dispositions are a typical locus for causal 
relations: an event e1 causing an event e2 can be analysed in terms of a mediating disposition d, 
in terms of e1 triggering d to realise itself in e2. Against this background, it looks promising to 
understand knowledge about working principles as knowledge about dispositions. Two remarks 
to clarify this suggestion are in order here. First, this does not mean that we want to equate 
working principles with a knowledge item, as working principles are something causally 
efficient in the world, and biomimetic researchers, for example, study living nature to discover 
new working principles to be transferred to technical solutions [16]. Second, we do not simply 
equate working principles and dispositions either, as knowing a working principle can also 
involve knowledge about other entities, like a shape, a material, or a movement. Our 
dispositional account thus also involves non-dispositional entities.  

Jansen [12] shows that the dispositional account allows to integrate the various ways that 
Pahl et al. [2] use to describe working principles: sometimes they use names, sometimes they 
give formulae for the laws of nature employed, and nearly always they use drawings or 
diagrams to describe the working principles in question. Often, they use all three methods in 
combination. Except for the proper names of working principles (like lever effect, the 
electromagnetic effect, the hydraulic effect, etc.), these ways to describe working principles can 
be translated into talking about dispositions [12]. References to laws of nature, for example, can 
in a first approximation be transformed into a characterisation of a disposition in terms of 
trigger and realisation processes. In the simplest case of a law that describes the dependence of 
the value of a certain dimension (say, y) on exactly one variable only (say, x), it is a law of the 
form “y = f(x)”. An object that is subjected to this law is, then, the bearer of the disposition to 
display a y of the value f(x) if triggered by x.  

In this paper, we will develop patterns for the representation of working principles 
knowledge based on this dispositional approach. Pahl et al. mention three “classifying criteria” 
or “facets” for working principles: working material, working geometry, and working 
movements ([2], p. 94). Knowing that copper conducts electricity is to know a working material, 
knowing that balls roll is to know a working geometry; and knowing that pushing a billiard ball 
with the stick makes the ball roll is to know a working movement.  

Bochtler [17] seems to conceive of these as three subtypes of working principles. This does not 
do justice to the complexity of some engineering solutions, as sometimes all three facets have to 
be combined to describe a given working principle. Also, it does not seem to be promising to think 
of “facets” itself as a coherent ontological category. Instead, we hypothesize that they have to be 
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construed as three aspects of working principles, i.e., as different types of knowledge about the 
dispositions involved. In a given case, it might be advisable to combine these varieties of 
knowledge with each other. As Pahl et al. put it, “a working interrelationship comes into existence 
through physical effects in combination with the chosen geometric and material characteristics” 
([2], p. 38). In fact, they need to be combined, as Pahl et al. point out: “Only the combination of 
the physical effect with the geometric and material characteristics (working surfaces, working 
motions and materials) allows the principle of the solution to emerge” ([2], p. 40). For example, 
for some cases it might be sufficient to know that copper is an electrical conductor in order to 
design a certain machine, i.e., it is a certain working material that is used. This is based on a certain 
disposition of copper, namely the disposition to allow the flow of electricity. However, if a high 
voltage current is to be transmitted, the copper cable in question has to have a certain minimal 
diameter, i.e., the working material has to be combined with a certain working size. This is because 
only copper cables with a certain diameter have the disposition to conduct high voltage without 
being destroyed. In both cases, it might also be pointed out that the lengthy form of a cable 
connecting the correct contacts is also presupposing a certain working geometry. Again, only 
such an apparatus has the disposition to transmit an electric current between the two contacts. 
Hence, various combinations of these aspects are needed to sufficiently describe a working 
principle. Each aspect requires a specific pattern for representing the knowledge involved. In the 
following, we will discuss the means to represent disposition patterns, which will be presented to 
represent these three aspects and their combinations (Section 4). 

3. Representing Dispositions 

The Basic Formal Ontology (BFO) is the top-level ontology that has been adopted by the Open 
Biological and Biomedical Ontology (OBO) Foundry ([18]; obofoundry.org). BFO contains 
BFO:disposition [BFO:0000016] as a subclass of BFO:realizable entity [BFO:0000017], which is, in 
turn, a subclass of BFO:specifically dependent continuant [BFO:0000020]. A sibling class of 
BFO:disposition is BFO:role [BFO:0000023]. In contrast to roles, dispositions are described by BFO 
as realizable entities that are ‘internally grounded’, i.e., grounded in the physical structure of 
their bearers [19]. This implies that gaining and losing a disposition requires a physical change 
on the side of the bearers. Realizable entities are connected via the relation has realization 
with types of processes.2  

To improve the representation of dispositions in earlier versions of BFO, Röhl and Jansen 
[7] suggested a pattern for the representation of non-probabilistic single-track dispositions.3 
Inspired by the philosophical literature on dispositions, they use four relations. In addition to 
inheres_in, has_realization, and has_participant, which all have counterparts in BFO, they 
introduce the relation base_of, which relates a disposition to the quality that grounds that 
disposition, as well as two versions for the trigger relation (Figure 1).  

 

2 BFO:function [BFO:0000034] is the only asserted subclass of BFO:disposition. This subsumption is questioned in [20] 
and has been defended in [21]. As we do not discuss the ontological representation of the functional analysis in this 
paper, we can stay undecided on this matter here.  
3 Multi-track dispositions have since been discussed by [22] and [23] as special types of mereologically complex 
dispositions.  
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Figure 1: The relations between the classes disposition, material entity, quality, and realization 
and trigger processes in the Röhl–Jansen pattern (our diagram based on [7]). 

Arp et al. acknowledge this idea of a physical base. They write that a disposition “exists 
because of certain features of the physical makeup of the independent continuant that is its 
bearer”, and continue that one “can think of the latter as the material basis of the disposition in 
question” ([18], p. 178). Some have identified the material basis mentioned by BFO with what 
philosophers have called the categorical basis of a disposition, i.e., as some “characteristics” or 
“some attribute or attributes of their material bearers that is non-dispositional in nature” [24]. 
The implementation in the current version of BFO, in contrast, follows a different approach. It 
contains a relation BFO:has material basis, but its range is BFO:material entity. As Toyoshima 
and Barton explain, “The material basis of a disposition is some material part(s) of the 
disposition bearer in virtue of which the disposition exists.” [25]. This approach is obviously 
motivated by examples like the receptor molecule as part of a cell membrane, or the disordered 
body structure that bases some disease. It is, however, not viable for all cases. The reason why 
a ball can roll is not a certain material part of it, but its shape; the reason why a snowman melts 
is its material. As engineers will have to deal with such cases, too, we will provide patterns for 
representing such cases in this paper.  

BFO documentation also acknowledges the idea of dispositions being triggered. In fact, the 
ISO document describing the BFO describes “processes triggering dispositions” as the basal 
causal relation ([26], p. 11). Röhl and Jansen [7] introduce two versions of the trigger relation: 
has_triggerD (relating a disposition type with a trigger type) and has_triggerR (relating a 
realisation type with a trigger type). Originally, the Röhl–Jansen pattern is based on the now-
deprecated OBO format, where relations directly connect classes. They define the two trigger 
relations as follows: 

 
D has_triggerD T := ∀x (x instance_of D → ∀y (x has_triggerD y → y instance_of T))  
 

R has_triggerR T := ∀x (x instance_of R → Ǝy y instance_of T & x has_triggerR y) 

In contrast, the syntax of the Web Ontology Language (OWL) demands a quantifier (e.g., SOME 

or ONLY) before the second-class term. Note that BFO:has realization and has trigger may not 
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be used with the SOME quantifier, but only with the quantifier ONLY, because there will probably 
be instances of the respective type of disposition that are not triggered and thus not realised.4  

The logical properties of these relations are not very informative, mainly due to the fact that 
their domain and range are disjoint. Therefore, they are all trivially irreflexive and asymmetric. 
Also, they are all trivially transitive, as the antecedents condition for transitivity (i.e., Rab & 
Rbc) is always wrong, and thus the criterial condition for transitivity (i.e., Rab & Rbc  Rac) is 
always true, although there are no transitive cases at all.  

4. Methods 

The ontology design patterns suggested here aim to comply with the Open Biological and 
Biomedical (OBO) Foundry practice rules (obofoundry.org). As suggested by the OBO Foundry, 
the Basic Formal Ontology (BFO) is adopted as a foundational ontology, providing both top-
level classes and formal-ontological relations. Two ways are employed to represent the Pahl–
Beitz framework for working principles. First, we will introduce new classes and relations 
according to the OBO Foundry rules, or import these from other OBO Foundry ontologies. This 
implies in particular that all new classes are to be related to a BFO top-level class. In general, 
we do not cover the domain classes that will be needed for the representation of working 
principles here, but use placeholders for these.  

While the introduction of new classes even in large numbers is a welcome way to enrich an 
ontological representation, new relations should be kept to a minimum and instead be 
represented by means of classes plus the relations available in BFO and the OBO Foundry 
ontologies. The only new relation introduced will be the relation has trigger and its inverse, 
trigger of. 

The second way, which we take for working principles here, is to describe Ontology Design 
Patterns (ODP). According to Gangemi and Presutti [28], ontology design patterns are 
standardised solutions for recurring representation challenges. They go beyond the 
introduction of new classes, as they normally involve several classes and typical relations 
between them, and are thus presented in a number of formal statements that have to be used 
together. In principle, these statements could be merged into a complex conjunctive statement, 
but for ease of implementation, we split up this conjunctive statement into less complex 
statements that can be added to an OWL file. 

5. Patterns for Representing Knowledge about Working Principles 

In the following, patterns are suggested for representing knowledge about working principles. 
As we said before (Section 2), stating a working principle may involve detailing materials, 
shapes, sizes, and working movements. We start with patterns for those cases, where 
information about one of these aspects is sufficient to describe the working principle, and then 
proceed to more complex cases where we have to combine various of all three of these aspects. 
This order is primarily due to didactic reasons, starting from the simple and proceeding to the 

 

4 A trigger relation is in fact included in the Unified Formal Ontology (UFO), where the domain of the relation is the 
class of situations (nemo-ufes.github.io/gufo, [27]). This is, however, not of much help for users of BFO, as BFO does 
not acknowledge situations as a kind of entities. 
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complex. Once the complex patterns are known, the simple patterns can be derived from the 
complex ones. Each pattern consists of a number of assertions to be included in a respective 
ontology. These assertions are presented in the form of schemata, including terms containing 
variables like “x”, “y”, “z”, “R”, or “T” to form placeholders for classes of the respective types. 
We implemented the patterns in the OWL using the ontology editor Protégé, and evaluated the 
patterns using competency questions (see Section 6).5  

We start with a list of general declarations to introduce our placeholder classes that are 
used in the following patterns and connect them to their respective top-level classes: 

 
portion of material subClassOf BFO:material entity 
 

portion of material x subClassOf portion of material 
 

process type R subClassOf BFO:process 
 

process type T subClassOf BFO:process 
 

disposition to R subClassOf BFO:disposition  
 

disposition to R BFO:has realization ONLY process type R 

 

disposition to R when T subClassOf BFO:disposition 
 

disposition to R when T BFO:has realization ONLY process type R 
 

PATO:shape subClassOf BFO:quality  
 

shape y subClassOf PATO:shape 
 

PATO:size subClassOf BFO:quality 
 

size z subClassOf PATO:size 

If one states a working material, this should be based on the knowledge that this material 
comes with the disposition searched for. As Pahl et al. write, “we need a general idea of the type 
of material […], for example, whether it is solid, liquid or gaseous; rigid or flexible; elastic or 
plastic; stiff, hard or tough; or corrosion-resistant” ([2],p. 40, italics in the original). A challenge 
is posed by the normal way to talk about materials, because they are normally referred to using 
so-called mass nouns. However, BFO does not contain any top-level category for stuff, and the 
OBO Foundry naming conventions explicitly state a preference for singular nominal forms 
([29], table 1, entry 2.3). To solve this problem, we use the prefix “portion of” to turn a mass 
noun into a count noun in the singular, e.g., “copper” and “water” into “portion of copper” and 
“portion of water”.6 We introduce a class portion of matter to collect these classes, which we 
introduce as a subclass of BFO:material entity. Alternatively, the material copper could be 
represented as an aggregate of copper atoms, but most materials in the real world are not pure 
aggregates of one kind of atom or molecule only; they will most certainly also contain some 

 

5 The OWL files for the patterns are available at https://github.com/BiomimeticsOntologies/WorkingPrinciple/.  
6 Regarding the class label, the prefix policy is followed by SDP:portion of organism substance [SPD:0000008]. In 
contrast, neither ENVO:environmental material [ENVO:00010483] nor its subclasses comply with the naming 
convention to use the prefix “portion” in their labels, yet it does describe its instances as portions of materials.  
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impurities. Hence, while a piece of copper does not need to contain only atoms that are copper 
atoms, a piece of copper needs to contain at least some copper atoms. In contrast, introducing 
stuff qualities like copper quality and then defining piece of copper as a piece of copper in which 
an instance of the copper quality inheres does not seem to bring with it any surplus for 
expressivity or reasoning power.  

The following pattern can be used in such a situation; all six subclauses have to be asserted 
in the respective ontology: 

 
(Wmat) portion of material x subClassOf BFO:bearer of SOME disposition to R 

If one states a working geometry (e.g., a shape or surface structure), this should be based on 
the knowledge that material objects of this shape have the disposition searched for. According 
to Pahl et al., the working geometry, i.e., “the arrangement of working surfaces (or working 
spaces)” ([2], p. 39), can be described with reference to its dimensionality (point, line, body, etc.), 
its shape (curve, circle, octagon, asymmetrical, etc.), its position (axial, parallel, vertical, etc.), 
its size (small, large, tall, low, etc.), and its number (undivided, divided, simple, double, etc.). For 
lack of better alternatives, we decided to use the respective Phenotype and Trait Ontology 
(PATO; [30]) classes for shape and size, namely PATO:shape [PATO:0000052] and PATO:size 
[PATO:0000117], which are imported with their subclasses under BFO:quality. While both 
PATO and Pahl et al. [2] use relative sizes, the biological perspective of PATO (increased, 
decreased, normal) does not easily fit to the technical perspective of Pahl et al. (small, large). In 
addition, in the technical domain it will often be important to represent absolute sizes (measured 
in meters or some other unit). The dimensionality is taken care of by the respective subclasses 
of PATO:shape. What Pahl et al. [2] call “number” seems to be a mixed bag of shape qualifiers 
(a divided sphere is a specific shape) and aggregate builders (two spheres are an object aggregate 
consisting of two parts with a specific shape). The following patterns can be used for these: 

 
(Wshape) object of shape y equivalentClass  

     (BFO:material entity AND BFO:bearer of SOME shape y)  
 

   object of shape y subClassOf BFO:bearer of SOME disposition to R 
 
(Wsize) object of size z equivalentClass  

     (BFO:material entity AND BFO:bearer of SOME size z)  
 

object of size z subClassOf BFO:bearer of SOME disposition to R 

These patterns may be used in combination with each other, if, e.g., a certain working principle 
requires combining a certain material with a certain shape, in a certain size. This would require 
using the following combined pattern: 

 
(Wcomb1) object with xyz equivalentClass (portion of material x AND  

     BFO:bearer of SOME shape y AND BFO:bearer of SOME size z)  
 

object with xyz subClassOf BFO:bearer of SOME disposition to R 

Alternatively, without using the defined class object with xyz, the pattern can be laid out in the 
following condensed way: 
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(Wcomb1*)  (portion of material x AND BFO:bearer of SOME shape y  
     AND BFO:bearer of SOME size z)   
      subClassOf BFO:bearer of SOME disposition to R 

The third and last aspect is the working movement (also called “working motion”). Working 
movements are, of course, instances of BFO:process. According to Pahl et al. ([2], fig. 3.18, p. 95), 
they can be characterized according to their type (translation, rotation, etc.), their ‘nature’ 
(regular–irregular, etc.), their direction (stated by means of the three Cartesian dimensions), 
their magnitude (velocity, etc.), and their number (one, several, etc.). According to our 
dispositional account, specifying a working movement means specifying a certain type of cause 
that will yield a certain intended effect. In our dispositional framework, working movements 
are best seen as types of triggers for dispositions that are realized (if they are realized) in the 
intended effects. We here present two patterns for this, which will be compared in Section 6: 

 
(Wmov) disposition to R when T subClassOf has trigger ONLY process type T  
 
(Wmov*) process type T subClassOf trigger of ONLY disposition to R when T  

Again, there might be a need to combine these patterns with the other ones. If, for example, a 
certain piece of material with a certain shape and size needs to be moved in a certain way, we 
can build either on (Wmov) or (Wmov*). Building on (Wmov), we arrive at the following 
combined pattern: 
 

(Wcomb2) process type T subClassOf BFO:has participant SOME  
     (portion of material x AND BFO:bearer of SOME shape y AND  
       BFO:bearer of SOME size z)  
 

   disposition to R when T subClassOf has trigger ONLY process type T  

For an analogue pattern building on (Wmov*), we arrive at the following: 
 
(Wcomb2*)  process type T subClassOf BFO:has participant SOME  

     (portion of material x AND BFO:bearer of SOME  
      shape y  AND BFO:bearer of SOME size z) 
 

  process type T subClassOf trigger of ONLY disposition to R when T 

6. Evaluation 

We evaluated the patterns using the competency questions displayed in Table 1. Entering (CQ1) 
and (CQ2) as DL queries returned the correct result, thus validating (Wmat), (Wshape), and 
(Wsize). (CQ3) delivered the intended results when used with (Wmov*). However, (CQ3) failed 
to return any results when used together with (Wmov), because the logical strength of the ONLY 
assertions is too weak. The (Wmov) axiom only says that if there is a trigger process, then it is 
of type T. This does not imply the converse, namely that, given an instance of T, that it does 
actually trigger a disposition being realised in a process of type R.  
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Given the result of the evaluation by means of these competency questions, it would thus be 
advisable to prefer (Wmov*) over (Wmov). There is, however, a serious problem with (Wmov*): 
It requires that disposition classes have unique trigger classes. It is, however, likely that there 
will be many cases where instances of one and the same trigger class can trigger instances of 
different classes of dispositions. This is a serious limitation of (Wmov*). 

Table 1: Competency questions used to evaluate the ontology design patterns 

 Natural language 
question 

DL query (Text in the Consolas font can be pasted into the 
DL Query tab in Protégé) 

CQ1 Which materials 
have the disposition 
to R? 

portion of material AND BFO:bearer of SOME disposition to R  

portion_of_material and 'bearer of' some 
disposition_to_R 

CQ2 Which material 
entities have the 
disposition to R? 

BFO:material entity AND BFO:bearer of SOME disposition to R 
'material entity' and ('bearer of' some 
disposition_to_R) 

CQ3 Which motion leads 
to R? 

BFO:process AND trigger of ONLY (BFO:disposition AND has 
realization ONLY process type R) 
process and (trigger_of only (disposition and 
('has realization' only process_type_R))) 

 

7. The Limits of the Trigger Relation 

The patterns introduced can be used to represent knowledge about the so-called working 
principles. They make a special relation that relates a disposition to its so-called categorical 
basis redundant. Hence, there is no need for the base_of relation suggested by Röhl and          
Jansen [7]. However, the pattern for the representation of a working movement (Wmov) 
requires the introduction of new relations, namely, has trigger and its inverse trigger of. The 
trigger is what directly, in an unmediated way, brings about the realisation of the disposition; 
it is the proximate cause. E.g., the breakability of the wine glass is realised, because a 
considerable force was exerted on it when it hit the floor. This is, in turn, being caused by other 
processes – the glass falling, Jim’s dropping the glass, Jim’s being clumsy, and so on, reaching 
back, possibly, till the Big Bang. These are, however, indirect, mediated, and non-proximate 
causes. The two relations can then be elucidated as follows:  

 A disposition instance d is triggered by a process instance p, if and only if p is the 
proximate cause of the occurrence of the realization of d.  

 A disposition type D has a trigger type T if and only if instances of T are the proximate 
causes of the occurrence of the realization of the instances of D. 

 A process type T is the trigger type of a certain disposition type D, if and only if 
instances of D are triggered only by instances of T.  

The definition from Röhl and Jansen [7] can be adopted to elucidate the OWL relations: 
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D has trigger ONLY T := ∀x (x instance of D → ∀y (x has trigger y → y instance of T))  
 

T trigger of ONLY D := ∀x (x instance of T → ∀y (x trigger of y → y instance of D)) 

So far, the introduction of has trigger and trigger of is unproblematic. The fact that they are 
standardly to be used with the ONLY quantifier restricts their power in reasoning. Moreover, it 
can be difficult to determine informative classes of trigger processes for which this relation can 
be stated. If too large classes are chosen, the resulting statement might no longer be informative. 
Consider the following sample statements:  

 
(Trig) a.  disposition type 1 subClassOf has trigger ONLY BFO:process 

b.  disposition type 1 subClassOf has trigger SOME process type 1 
c. disposition type 1 subClassOf has trigger ONLY process type 1 
d.  process type 1 subClassOf trigger of ONLY BFO:disposition  
e.  BFO:process subClassOf trigger of ONLY disposition type 1 
f.  process type 1 subClassOf trigger of ONLY disposition type 1 

Of these, statement (Trig.a) is trivially true, but quite uninformative. It would be apt for a top-
level ontology, but not for a domain ontology, for example, for engineering. In contrast, (Trig.b) 
is probably false. For it states that, for all instances x of disposition type 1, there is at least one 
instance y of process type 1, such that x has trigger y. As already mentioned in Section 2, it is 
most likely that some instances of disposition type 1 are not and might never be triggered. Hence, 
a statement of the form (Trig.c) is most appropriate to inform about the trigger class of a given 
disposition type. It states: For all instances x of disposition type 1, if x is triggered, then it is only 
triggered by an instance y of process type 1. The developer of a domain ontology using this 
pattern should thus search for the smallest complete class of triggers, i.e., the process class such 
that all possible trigger processes of the dispositions type in question fall into this process type.  

For trigger of, the problems are even worse. (Trig.d) is trivially true for any process type, 
and therefore uninformative. In contrast, (Trig.e) is false, as processes of different types can 
trigger a wide range of dispositions of various types. For the same reason, also (Trig.f) is most 
certainly false, for even instances of one and the same process type are likely to trigger various 
types of dispositions. A more adequate representation would thus be to relate the trigger class 
to a (possibly long) alternation of disposition types (e.g., disposition type 1 OR disposition type 2 
OR disposition type 3, etc.). 

8. Conclusion 

In this paper, patterns have been presented for the representation of knowledge about working 
principles in a BFO-conformant way. For this, patterns have been introduced that allow for 
representing the various varieties of knowledge about working principles distinguished by Pahl 
and Beitz: working materials, working shapes, working size, and working movement. It has not 
been necessary to introduce a new relation for representing the material basis of dispositions. 
Only the representation of working movements required a new relation, namely the relation 
has trigger, along with its inverse trigger of. 
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Pahl and Beitz have been our guides in the development of the patterns, and we derived our 
requirements from their framework. Their framework for engineering design is, however, 
heavily oriented on mechanical engineering. Possibly, other areas of engineering require 
different ways to describe their working principles. In this case, our collection of patterns might 
need to be extended.  

The patterns still need to be tested against actual data, which might come with more and 
different search requirements. However, even if the present CQs are not data-driven, they have 
already pointed to a serious restriction of their performance. Another serious restriction is that, 
so far, we only have a core structure for the patterns. In order to be useful, these patterns have 
to be combined with knowledge about materials, shapes, sizes, and processes, which requires 
specific and sufficiently detailed reference ontologies for these domains. For shapes and sizes, 
PATO contains a considerable branch that might be helpful to represent knowledge about 
working geometries, but these classes have been developed to meet the needs of biology, not of 
engineering. This is especially urgent for PATO:size, as its classes describe relative sizes 
(“increased”, “decreased”), and not the specifications necessary for technical parts. In general, 
these domain ontologies are not yet developed, or not yet sufficiently developed, and require 
more work in the future. 
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