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ABSTRACT

This paper sketches a possible route to overcomeptbblems of ambiguous use of the function
notion in engineering. Our method is to implemanictional descriptions in a formal language, viz.
Gellish English, which is standardized structuredjlish defined in STEPIib (based on ISO 10303-
221 (AP221) and I1SO 15926). Our main results addid. First, we provide a formal taxonomy in
Gellish English of three different and importanhses of the term function: the SE-function featyirin
in systems engineering colloquially characterizedre “actions carried out to achieve the system’s
objectives”; the KB-function, which is mainstream knowledge base architectures as “being the
performer of the activity,” and the C-function irnijpsophy as “the capacity of the performing
object.” Second, we show how to prune philosophaatounts of functions down to manageable
detail for practical engineering applications.
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1 INTRODUCTION

Although functional descriptions are abundant igieeering, their meaning is often ambiguous [1],
[2], [3]. This ambiguity leads to confusion, espdlgi if these descriptions are implemented in more
formal contexts such as in engineering knowledgedaln this paper we sketch a route to overcome
this confusion and present the results to whidbdtls. Our case is the implementation of functional
descriptions in Gellish English [4], which is standized structured English defined in STEPIib [5].
Doing so, we accept the different notions of fumetiand we incorporate details provided by
philosophical analyses only in so far this is neette make these notions precise for engineering
purposes. Our results are, first, a proposal of tmwnplement functional descriptions in knowledge
bases such as those expressed in Gellish Engleston8, we give practical characterizations of
several notions of functions, and an analysis ofv Hbese notions are related. Third, and more
methodologically, this paper shows how one carkestai workable balance between engineering and
philosophy when using a formal language to implemnfienctional descriptions in a knowledge base:
philosophy may provide for the conceptual foundatieeded to implement ambiguous engineering
understandings of functional descriptions; engimgecan conversely provide for criteria to prune
philosophical accounts to manageable detail.

We introduce, in section 2, four intuitive notioakfunctions used in engineering, (1) functions as
used in systems engineering, (2) functions as usekhowledge base systems, (3) functions as
capacities as analyzed in the philosophical liteegt and (4) functions as used in design
methodologies; the first three of these we will gider in more detail. In section 3, we present the
basics of Gellish English, which is a kind of stardized structured English defined by its dictignar
or knowledge base called STEPIib. Gellish enaledescribe individual objects as well as kinds of
objects, such as engineering products and procasseseutral, system independent and computer
interpretable way. It provides a common languagestorage of data in databases and for exchange of
data between systems. After this inventory, inieact we turn to the philosophy of technology. We
illustrate the disagreement among philosophers tatimi analyses of functions as capacities, and,
moreover, will show that the engineers’ analysighaf notion often lacks the precision and level of
detail of that of the philosophers. We consider praposals taken from the philosophy of technology
literature of how to analyze functions. We takecktin section 5, introducing our taxonomy of the
main three senses of the function concept in fo@allish English, and wrap up results in section 6.
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2 FUNCTIONAL DESCRIPTIONS

In section 1, we introduced intuitively four notowf function relevant for engineering. The first
function notion, we consider, stems fr@ystems Engineerir{§]. We will call themSE-functionsin
systems engineering, functions are discrete acti@egssary to achieve the system’s objectives [7].
We use verbs, sometimes in combination with a silise to express those functions. Examples are
the decomposition of the function afisaster contral such asblocking the road remove fire
extinguishing waterremove dangerous liquid&geep the flight route unblockedtc. We may state
these functions explicitly, or we may derive theronfi the requirements stated. In the end, the
functions will be performed or possibly accomplidhtbrough a combination of, among other things,
personnel, facilities, software, and the use ofimgent. What is most important, this use of the
function concept leaves out explicitly the undertyimaterial instantiation of the function, and
intuitively we may say that the SE-function stressiee activity that is involved when a task is
accomplished.

The second notion of function may be found in arg@s underlying formal languages used to build a
knowledge base. For instance, in Gellish Englisthefact is expressed as one or mogkations
between things, where things may be abstract thorgeven relations. Componeris a part of
composite, is an example of such a fact. An ordinary oristédct is something that is the case
without the occurrence of something that changas ghuation. Beside the static facts, the Gellish
language also covers dynamic factspocurrenceswhich are states in which a situation changes. An
occurrence, then, is described as an interactibneaes the things involved in the occurrence. Thus,
the expression of an occurrence requires the esipresf several facts, each of which describes the
role played by some thing in the occurrence. Ehgigtinvolved has its own contribution and should
be suitable for its role in the occurrence. Gellslvers both kinds of facts and uses two kinds of
elementary fact$o describe the roles that the related objectg iplahe facts: (1) the elementary fact
that something plays a role of a particular kindgifact), e.g., an engine plays the role of moaed,

(2) the elementary fact that such a role (of thatigular kind) is required by a fact, e.g. theerol
mover is required by a driving process. Returnimghte concept of function, we may observe that
when we talk about the function of something, weally do not point to what something is, but to the
role it fulfills in a particular occurrence. Moresy the term function is usually not used to réfea
role in a relation that expresses an ordinaryi¢3tédct. This interpretation of the term functienthe
reason why in Gellish English the term functiondme an indication of aubtype of a role in an
occurrence as opposed to a role in a relation expressingrdmary (static) fact. As it turns out, a
function is often a subtype of the role of a ‘penfier’, such as, for instance, a driver. We willereto
functions being subtypes of a role in an occurrexsteB-functionsfor knowledge base functions.

The third way to analyze the notion of function take from the philosophical literature on the sabje
of functions. There, functions are primarily contegkcto the role of aability or capacity if an object

or process has the ability or capacity to execateestask, then this ability has the role of a figrct
within the possession relation with its possesgomvell-known proposal to explain functions as
capacities, is that of Robert Cummins [8]. Accogdio this proposal, which we will discuss in more
detail in section 4, functional properties are alsvascribed to objects or processes relative toesom
capacity of some containing system. More precisélyctional ascriptions are relative, to an
analytical account of a decomposition of the conitgj system’s capacity into sub-processes, which
explain the capacity. For instance, according tonfdins we may claim that the heart functions as a
pump, provided we put it in context of an accoufrthe capacity of the circulatory system to tramspo
all kinds of substances such as food, oxygen, waste. Moreover, this account must hinge on the
pumping capability of the heart. Since this backgibis the usual one, it makes the statement “The
heart functions as a pump” sounds appropriate,raakies the statement “The heart functions as a
noisemaker” sound false, even without the backgit@aotount just mentioned. Thus, in contrast to the
use of the function concepts in systems engineeaitd) knowledge bases, function often refers in
philosophy to the role of aability or capacity if an object or process has the ability or cayafzir
some task, then this ability has the role of a fiemcwithin the possession relation with its posses
We will refer to this notion of function wit@-function

Finally, to encounter a fourth use of the functiooncept we could also have turned to design
methodology. There, functions are sometimes taidsepurposede.g., [9], [10]), which implies that
muchmeans-end reasonir{@1] is involved. We will not consider this meagiof the term separately
in the present paper since purposes are alreadyately accommodated in Gellish English.
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3 GELLISH ENGLISH

Gellish English is a structured subset of naturaglish that can be stored in standardized database
tables. It is an extension and combination of 8@ ktandards 10303-221 (AP221) and ISO 15926.
Knowledge paraphrased in Gellish English forms awdadge model that differs from conventional
data models in information science, because ofléxibility and general applicability of the Gellis
data structure. It is flexible because its appicascope and semantic expression capabilitiedean
extended without a modification of the data modad & is generally applicable, because it can be
integrated with embedded domain specific knowleftigen any discipline area. Although its terms are
from natural language, Gellish may also be calledudificial language that does not define its own
vocabulary. The Gellish English dictionary exterdstandard English dictionary in that it contains
additional knowledge that is expressed as compnterpretable relationships between the concepts.
This makes the Gellish dictionary a ‘smart dictignar knowledge base.

Let us turn to some core concepts used in Gelligligh. Any fact in the real world, or anything tha
is (thought to be) the case is expressed in Gedlésh relation or relationship that relates twonore
things, each of which has a particular role in télation. Note, by the way, that we use the terms
relation and relationship as synonyms. Consequeatly single fact is expressed in Gellish as a
binary, ternary or higher order relationship. Thilig core concept of the Gellish data structura is
relationship. For example, the fact: ‘the Eiffelir is located in Paris’ is a relation betweenEiféel
tower and Paris, whereas the relation type is@kthd ‘is located in’.

The Gellish data structure is intended to enabéeekpression of any kind of fact, at least in the
engineering world. Basically, it consists of a gémstructure for relations that is suitable to mgs
any kind of ‘fact’. That basic structure is presghin the next figure.

- specialization of
supertype

AN
<lassifier> <lassifier) <lassifier>

is classified as a is classified as a

is classified as a

a @) ho)

. o something I - role is role in N
anything has role > (ofrzlc;rtri]s:;r:ig in relationship relationship

Figure 1. The generic structure to express a fact

To interpret the meaning of an expression of a, facsuffices to consider some instances of the
structure of Figure 1. For example, the Eiffel towad Paris are two instances of ‘anything’ each of
which has its own role in a relationship of thedkiis located in’. When we convert the graphical
representation of the expression to a number @slim a Gellish Table, then the meaning of the
expression becomes computer interpretable, espeeibken that includes lines that classify ‘Eiffel
tower’ as a ‘tower’ and ‘Paris’ as a ‘city’, whitewer and city are standard concepts in the Gellish
smart dictionary.
The various kinds of relationships are standardimeellish and they are the core elements that
determine the expression power of the Gellish laggu The relation types form a specialization
hierarchy (subtype-supertype hierarchy) of relatigres. The relation types are further definedHgy t
kinds of roles that they require. For example sdoimary kinds of relationships with rather trivial
kinds of roles are:

« A composition relationship (A is a part of B), withe roles ‘part’ and ‘whole’,

« Aclassification relationship (A is classified a€g with the roles ‘classified’ and ‘classifier’.

e A specialization relationship (C is a specializatiof D), with the roles ‘subtype’ and

‘supertype’.

The kinds of roles determine the kinds of thingst @re suitable to play those kinds of roles, beeau
only specific kinds of things can play specific d&nof roles. For example:
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» Each ‘part’ role and each ‘whole’ role in a compiosi relationship can be played only by an
individual thing,
» Each ‘classified’ role in a classification relatgtip can be played only by an individual thing
and each ‘classifier’ role can only be played ljass (being a kind of thing).
Gellish makes a distinction betweerdinary relationships anelementaryrelationships. An ordinary
relationship is a complete relationship used toresp a complete fact. Examples of ordinary
relationships are the above mentioned composit@ationship and the classification relationship.
Elementary relationships are used to express tteenal structure within an ordinary relationship.
There are two kinds aflementaryrelationships to express actual facts:
¢ A ‘has as role’ relationship,
* A'is played by’ relationship,
and their two conceptual elementary counterpaaticaiships to express knowledge:
« A'‘requires as role a’ relationship,
* A ‘can be played by a’ relationship.
Any ordinary kind of relationship can loefinedby repeated usage of the two conceptual elementary
kinds of relationships. This is illustrated in Fig\2.

kind of thing

DN
<Gupertype > <supertype > <Supertype >

is a specialization of is a specialization of

is a specialization of

kind of kind of role can be played

o requires as role a (of something in by a kind of thing

Figure 2. Definition of a part of a kind of relationship

Figure 2 presents a structure used to expressi@itief of a part of an ordinary relationship. (ot
the similarity with Figure 1.) Such a structurerésjuired to define the parts of any ordinary kirid o
relationship. The two elementary kinds of relatidips (indicated in Figure 2 by the numbers 1 and 2)
express two elementary kinds of facts. The firsb mews of Table 1 show how those facts are
expressed in the Gellish language. Any ordiranary relationship requires two roles, a first role and
a second role, each of which is played by a thiis a full expression of a binary fact requires tw
partial expressions each of which conforms to Edur

Table 1
Fact id | Left hand term Relation type Right hand term
1 kind of relationship requires as role a kindalér
2 kind of role can be played by a kind of thing
3 A is a part of B
4 B is a whole for A

It is important to note thathe natural language phrase representing the kiridredationship
determines which kind of role acts as the firserahd which kind of role acts as the second riete.
example, assume there is a fact that can be expréssGellish by the assembly relation on row 3 in
Table 1, then that expression is equivalent toexmiesses the same fact as the expression on irow 4
Table 1. According to the above normal English eortion both expressions imply that objédhas a
role as part and objeBthas a role as whole in a relationship that issifi@sl as an assembly relation
which is also called a ‘part-whole’ relationship.
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Table 2

Fact id | Left hand term Relation type Right hand term
5 relation is a specialization of anything
6 relation requires as first role a relator
7 relator can be played by a anything
8 relator is a specialization of role
9 relation requires as second role a related
10 related can be played by a anything
11 related is a specialization of role
12 assembly relation is a specialization of refatio
13 assembly relation requires as first role a part
14 part can be played by a individual thing
15 part is a specialization of relator
16 assembly relation requires as second role a ewvhol
17 whole can be played by a individual thing
18 whole is a specialization of related
19 individual thing is a specialization of anything
20 is a part of is a synonym of assembly relation
21 is a whole for is an inverse of assembly refati

The most generic kind of relationship in Gellishsimply called ‘relation’ or ‘might be related to’.
That concept forms the top of the subtype-supertyiearchy (taxonomy) of relation types. The
definition of that ‘relation’ concept is defined @ellish by the seven expressions as presenteleon t
first seven rows of Table 2 (facts 5-11). The ordem relation type is defined in Gellish by the
cardinalities of the roles in the relation. An exdenof a lower level relation type is given on theer
rows of Table 2 (fact 12-19), which show the deiom of a (binary) assembly relation. The assembly
relation is defined to be a subtype of relation endistinguished from its supertype and from other
neighbor subtypes by the fact that it has particiylees of roles which together with their roleyges

are defined by two pairs of elementary facts, ezfclvhich pair is expressed conform Figure 2. The
structure of Figure 2 is a basic building blocld&fine or express any kind of fact, in other wortds:
express knowledge. Two of such building blocksrapiired to express a binary fact, three building
blocks are the basis for a ternary fact, etc.

To end this section we will look at some other e§akGellish phrases. Gellish enables the definiti

of synonyms for names of concepts as well as fonesaof kinds of relationships. For kinds of
relationships there are Gellish ‘phrases’ definedstandard synonyms. Synonyms are often the
preferred terms or phrases in a particular combextinguage. For example, standard synonyms are
defined in the Gellish dictionary as in fact 20Tiable 2. Gellish has also defined inverse Gellish
phrases that imply that the left hand and the tigimd related objects are inversed. Fact 21 ofeTabl
shows an example.

The following relation types are used to expresssfahat occur in the description of functions: the
possession of aspealation and thénvolvement in occurrenceslation, with its subtypegerformer

of occurrencerelation andsubject of occurrenceelation. Table 3 displays examples of usage ef th
Gellish phrases for those relations in a fact #tate that an engine has an ability to drive (apum
and is actually driving a pump.

Table 3
1 engine is a possessor of ability to drive  witlespossessoandpossessed
2 engine is a performer of driving a pump  with sgderformerandperformed
3 pump is a subject in driving a pump  with radejectandsubjecting

4 PRUNING PHILOSOPHICAL C-FUNCTIONS
In philosophy analyses of the concept of functicrevoriginally focused on the biological functions
and have only recently lead to also a systemagtyais of the technical counterpart [12], [13]. tBé
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various accounts of technical functions that tmalgsis has produced, we present two that stay clos
to engineering practices and on which functionsideatified with capacities of artifacts. The fiist
the account of Cummins [8], which we already disedlsin section 2. The second is the ICE-function
theory [14], [15]. A first look at the definitionsf these two accounts leads, however, quickly & th
conclusion that the precision provided by philogoptay hinder formalization, rather than facilitates
it. The definition of functions as given by Cummissas follows ([8], p. 762):

x functions as @in s (or: the function of x in s is {9 relative to an analytical account A of s's
capacity togjust in case x is capable gfing in s and A appropriately and adequately
accounts for s’s capacity by, in part, appealing to the capacity of xgm s.

The relevant definition in the ICE-theory is abadtribing technical functions, and reads ([1559):

An engineer e ascribes the capacitygas a function to the component c, relative toplaa to
compose ¢, £c”, ... in configuration k in order to obtain an artefactwith the capacity ta,
and relative to an account A, iff:

I. the engineer e has the capacity belief thiaas the capacity t@in the configuration k, and
the engineer e has the contribution belief thatlifas the capacity tg, this is due, in part, to
C’'s capacity tog

C. the engineer e can justify these two beliefthe basis of A; and

E. the agents d who developed the plan to compase.. in configuration k, in order to
obtain an artefact x with the capacity go have intentionally selected c for the capacityto
and communicated this plan to other agents u

The first definition is relatively simple and inthaces the additional notions of analytical accant
explanation to the analysis of functions: functiooalloquially put, are by this definition thosdes
(“to @) of itemsx that explain on the basis of some accounthy larger systemss) have specific
capacities (“to¢). Compared to the intuitive notion of functions aoles, this definition thus
introduces a constraint: a role that can countfasetion should be relevant to a capacity of agtor
process. But this constraint is made relevant body of knowledge: an account is needed to single
out those roles that are relevant. The introductidna constraint may be welcomed for our
formalization, but its relation to an account seéess attractive. In various philosophical analyses
functions the inclusion of these accounts are siomest motivated by a wish to include into the
analysis functions ascribed by types of knowledgiergnt to science and technology (say,
homeopathic knowledge or pre-Newtonian knowledd&jom an engineering perspective this
liberalism seems, however, redundant, suggestiag tthe accoun®A can be taken as by default
consisting of scientific and technological knowledwly.

The second definition of the ICE-theory introdugesurn an access of additional notions, and esen i
strictly speaking, not giving criteria under whitltan be said that items have a technical functiom
giving criteria when we arallowed to ascribdunctions to items. Compared to the first defonitiit
introduces an even stronger constraint: a role ¢hat count as a function of a component should
contribute to a capacity of the artifact of whithsi a partand be designed for this contribution. And
although also this constraint may be helpful focceomodating functions in formal languages, it is
again accompanied by a series of new conceptsdeah less helpful. In an attempt to single out only
the helpful elements, we again tried to limit thadditional concepts. We, for instance, suppretsed
references to engineers that ascribe the functgressuming that the ICE-theory can be interpreted
as being about components having functions and d¢sunaing that conditions | and C are
automatically fulfilled by successful designing.€eTtpruned” definitions we obtained in this way has
for Cummins’ account the form:

the function of x in s is t@just in case x is capable gfing in s and the capacity of x {@in s
contributes to s’s capacity .

and for the ICE-theory the form

the component ¢ has the capacitypas a function in artefact x with the capacityygiff: the
agents d who designed x included ¢ because thiwedlthat c has the capacity ¢gon x, and
they believe that the capacity gmf ¢ contributes to x's capacity ta
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In Figure 3 and Figure 4 we give the correspondiagrams.
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Figure 3. Cummins’ functions
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Figure 4. ICE functions

5 THE GELLISH TAXONOMY OF THREE FUNCTION CONCEPTS

With the intuitive explanations of various functiooncepts, and some knowledge of our formal tool
at hand, we will sketch in this section the outcafieur search for a formal definition of the fuioct
concept used in engineering. When looking for saidtefinition, we soon encountered two problems.
The first problem was the absence of a general ecmus within the engineering and design
methodology community about the content of theinctional descriptions as illustrated by the
different intuitive meanings we discussed in seco The second problem was the large gap between
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the level of precision between the engineering attarizations of functional descriptions and that o
philosophers. To illustrate this point, the ISO 882 orm, which sets the current standard for system
engineering, does not even define the notion ohatfon and therefore lacks the precision requined
formalization. As for the first problem, the lack consensus, our view is that it may be taken as
deplorable but it does not need to block formaiargtif the ideal of a uniform and general meaning
has to be abandoned, one still can formalize tfierdnt notions of functional descriptions as l@asy
they are carefully distinguished. In this sectiae, will develop a taxonomy of how the three funetio
concepts mentioned in the first section are relatethg the rigorous formalism of Gellish English a
an overarching framework.

As to the difference in detail of the engineeringgmsals and those of philosophers, we looked for a
pragmatic balance. This difference is understargjatil course, given the different aims of engineers
and philosophers. For engineers a general indicaifohow to use terms may guarantee colloquial
communication; for philosophers elaborated definisi are needed given their habit to challenge any
conceptual clarification by all kinds of problentatcounterexamples. Yet, when formalizing
functional descriptions for enabling more formahwounication in engineering, some but not all
details made available in philosophy are usefuhdge what is needed is that philosophical analyses
of functional descriptions are simplified down tdeaxel of detail reasonable from an engineering
perspective, and we discussed how to do that iprédous section.

As mentioned before, Gellish English distinguishesveen static facts and occurrences, i.e., dynamic
facts, whereas facts are expressed as relatiomgedettwo or more things. These things may be
material things but also immaterial things like edies or capacities. Thus the first flavor of
functions, the C-functions, may be appropriatelpressed as a fact, viz. one individual physical
object has the ability or the capacitygoFor example, a pump may be driven by an engkentas a
physical object. Of course the engine need not ywaerform this ability, but in the right
circumstances it may be able to perform this té¢&.may say that the physical object, the enging, ha
the capacity or C-function to drive the pump, ipedtive of that is the question whether the engine
and the pump are connected in a suitable way. llisBethe fact that a physical object has some
ability or capacity is expressed as a relation betwthis object and the capacity; and the relason
the possession relation. This state of affairseigicted as an arrow from the physical object to the
ability in case on the right hand side of Figur@be rectangle in the middle of this arrow quatifibe
relation to be one of possession. The hexagonaldmoxhe arrow at the side of the small circle
represents a first role (role-1) that is playedimyleft hand object. Thus the role of functionreeds
played by the physical object in the possessotioelaThe hexagonal box at the side of the arrow
point represents the role played by the objecthenright hand side. In our case, it indicates that
ability or capacity has the role of the C-functianthe possessor relation between the physicakbbje
and the ability. The boxes connected with theifegd and the hollow bullets above the five textdsox
mentioned already indicate the generic terms (theerypes) covering the concepts just explained.
Thus, the ability is a kind of (is a subtype ofjatity and the physical object is a kind of indivadu
thing. Furthermore, it should be noted that theu@efion as located in Figure 5, only is an outlifie
the capacity or ability function as defined by Cuimsn Here, we take a C-function to be a capacity or
ability used by the object to achieve a specifid.dn the previous section we saw how the complex
version of the C-function can be pruned into a $iiled version of the C-function that suits our
purpose to locate it in our taxonomy of functioomfulated in Gellish English.

To get grips on the KB- and SE-functions let ussiter the same example of a pump that is driven by
a physical object, the engine. The engine driviigump is a dynamic fact so the KB-function has to
be expressed in the Gellish occurrence “enginardyithe pump”. As the SE-function is an activity it
is also to be expressed in an occurrence. The iqoeatises, then, how to connect both functions
mentioned to the occurrence. Intuitively we sawt #n&B-function is expressed as being a (subtype
of) role in an occurrence. Often the subtype ispgbheormer role. The KB-function in our driving
pump example is to have the performer role of tivrd). More generally, we could say that the KB-
function is to have th& role of the action in the occurrence. This exdine location of the KB-
function in Figure 5. The KB-function is the penfugr subtype of the role of the physical object
engaged in the occurrence of driving a pump—anidideed the function is being the performer in the
action of driving. This function concept is appresible from the knowledge base perspective. When
a knowledge base is build, the specific objectyiag the roles already exist, or will come into
existence, and the task of the knowledge basedyugdo put all relevant descriptions of relatioms
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place. That is the reason for the KB-functions peifosely related to objects or things performing
tasks.

individua |
thing

SE- is involved KB- individual possessor is posses - quality
function in function thing possessor sed

performed is per - performer ahysiobiecty] < function > is possessor C-function ability
former of hearer-1 of function

is enabler
of

occurrence

()
driving a
pump

Figure5

We saw intuitively that SE-functions are activitigsat have to be carried out. Also from the
perspective of designers, the focus is more oratiiities that have to be carried out than on the
objects or systems that perform these activitigssT blocking the road, counts as an example of a
SE-function, or in our example of the pump, inigty, the action of driving the pump, is the SE-
function. More precisely, when an object is a perfer in an occurrence, then, the SE-function is the
“performed” subtype of the action’s role. This isarly indicated in Figure 5. The physical objecin
“performer of” relation with the occurrence, an@ tBE-function is the role of the occurrence, ttee,
action that is “performed”. Untying the knot of tterm function in engineering contexts, Figure 5.
shows how the three meanings of the term are niytated.

6 CONCLUSIONS AND RESULTS

The exercise to use Gellish English to disentattggeGordian knot of the various meanings of the
function concepts has led to three main resultst,Fusing the knowledge base language Gellish
English we singled out at least three different mmags of the term function in engineering contexts.
A C-functionis the possessed ability or capacity of the periiog objects, &B-functionis being the
performer of an activity, and &@E-functionis the performed action. In the engine-driving-thuemp
example the C-function is the capacity of the eadim drive a pump, the KB-function is being the
driver of the pump, and the SE-function is the peried driving of the pump.

Distinguishing between these three meanings willlibectly relevant to the ISO/IEC 15288 standard
on Systems Engineering. This standard states asiifose that it “establishes a common framework
for describing the life cycle of systems createdhynans” and makes extensive use of the terms
‘function’, ‘functional’ and ‘functionality’ (38 tines). Nevertheless it does not contain a definitibn
what a function is. The current analysis makesieitpihat these functional terms may mean in that
ISO standard, and resulted in a proposal for sudéfiaition in the next version of that standardist
may make the implementation of that standard inprgers less ambiguous.

Distinguishing between C-functions, SE-functionsd &B-functions is also beneficial to projects in
which engineers model their knowledge. For examtile, Dutch organization for Infrastructure,
Public space and Transport, CROW, uses the resutiar research when modeling their knowledge
and putting it in an object library. Distinctiontieen these concepts and their incorporation in the
training material resulted in less discussionstebalefinitions, less ambiguity and better computer
interpretable descriptions. Many functions weregiodlly defined as abilities of systems and
components (C-functions). For example, it was oafly specified that a sewer system has transport
of rainwater as its function. This transport ofnmaater wasdefinedas an ability of a sewer system.
However, after getting clarity about the variouages of the term function, it appeared that trartspor
of rainwater was not meant as an ability of a sesystem, but as an occurrence that needs to take
place, irrespective of the question whether a sey&em should be applied or not.

Second, we showed how the complex definitions otfien found in the philosophy of technology
literature, can be applied in engineering if prumesvn to the level of complexity appropriate for
implementation in formal languages.

To introduce the third result, we must realize thdtinctionality of knowledge bases that would be
very helpful for designers and system builders wdé the ability of making queries to the effect of
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finding out which combination of objects would fillisome on beforehand specified function. To
achieve the implementation of such queries, aleghconcepts will be included in the Gellish
language, taking SE-functions as the preferred mgaof function.

Our fourth result is that we not only singled duee different meanings of the term function, dsba
related these meanings at least for functions gséiphl objects in formal Gellish English (see satti

5 and in particular Figure 5). In principle thiswlg allow us to translate each of these three nmgani
say, aSE-function, into the other two, i.e., into a KBaflion and a C-function: if an engineer
describes in Gellish English the driving of a pulpgiving all the relevant relations as depicted in
Figure 5, then software that can interpret Gellistylish can easily generate the related KB- and C-
function of that pump. Whether this fourth resudtds in general, e.g., when functions of processes
activities are considered rather than those ofipblebjects, is a topic for future research.
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