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Abstract: Across many domains entities are described in terms of their functignality
i.e. in terms of functions, which are ascribed to them. We propaosentological
framework, called OF (Ontology of Functions), which provides gmessive formalism

to specify the central components of a function and to classify gasietsions of
function ascription. OF is an integral part of GFO; it uses heavily \arfatther
categories and axioms of GFO. The notion of function, its representaialization,

and ascription is considered as domain independent, being applézabks diverse
particular domains The results are directed towards a unified theory of functions that is
viable forthe domains of natural science, notably for biology, and for techyolog

1 Introduction

In the current paper, we present the approach to the notion of funehimh is
established by the Ontology of Functions (OF) [Bu06]. This ontologyrisdule of the
General Formal Ontology (GFO) ([He06], [He10]). OF is related to varioubefurt
categories of GFO and uses sevefdbFO’s basic axioms. Functions exhibit important
features of entities, and modeling of functions is a relevannigeh that is used across
many domains, including business modeling, software engimggexitefact design, and
biology. We adopt a common-sense understanding of the notion fohdion,
exemplified by saying that the function of a warehouse is to stmésg or the function
of the car is to transport people or goods. The functional modei ehtity focuses on
the purposes or goals, associated with it, instead of other aspects such gside ph
structure, behavior or its history.

Explicitly stated functions help to understand the modularization of an grsface
it is often driven by functional decomposition. In software enginge functional
description and functional decomposition are essential aspects, in particular in structured
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methods Modeling of functions often pertains to the question under what corgliion
function can be assigned to an entity. This perspective is motivatedebgyeed of
representing the functionality of entities, in particular of artifacts.

In OF, the ascription of a function to an entity is formally expresgeshdans of a
ternaryhasfunction relationHasFu(x,y,2 having the meaning that an entity x, called a
function bearer, has a functigndenoted byFu(y), in context z. This relation, the third
argument of which points to a context, corresponds to the notionnofida in the
interpretation of Cummins [Cu75], who observed that function ascrifgimativized to
a context. In his understanding, the context of the has-function relatsnan
epistemological character; it is an analytical account of a capability of some iantity
which an object under question is considered. The has-function relatioescon a
number of variants, namely as an actual, dispositional or an intemaedunction
relation. Often, to have a function means to realize (actually or potentiadlyjunction.
Therefore, one could identify the has-function relation with the realizeglation.

However, in this paper these both relations are distinguished; it is leotsib an
object has a function although it is not realizing that function. €akzation relation is
an objective, subject-independent, relation, observable in the world seeitéiusually
related to a goal achievement, whereas the relation of the has-functioideoets
independently from any realization, often involves an aspect of sulifgctivhe
intended has-function relation permits to handle yet another typenctidn ascription,
namely such which is not based on an actual or dispositional realiZatiprinstead,
originates from the intention of an agent.

Typically, functions are assigned to objects that execute realizations of fsn¢gan
in [ASO8]). A heart, for example, is playing the role of mping blood, and it is often
said to have a function of pumping blood. However, function bearersoarestricted to
objects executing a realization of functions, but can be also associateatéssms or
other entities. In €J00] the authors Chandrasekaran and Josephson emphasize the
difference between functions of objects and functions of procdséesiot only a heart
that may have a function of blood pumping, but also of the process of a heart’s behavior
may be said to have that function. In OF, the realization of a functiuot isecessarily a
process, but also could be a structarstate ora situation. Consider, for instance, the
structure of a battledress which realizes a function of a camouflage. Henpeopose
to draw the distinction not between functions of processes and famatfmbjects- as
introduced and elaborated by Chandrasekaran and Josephson- but ratresn bet
function realizations and their actors. Thus, in OF a function may béetdo a
realization and/or to the actor of a realization.
In summary, the ontology of functions OF is characterized by falig¥éatures:
o It is independent from any special domain, hence, it belongs to &ewep
ontology (in our case itis part of GFO).
o It provides a level of representation for functions, which is indeperident
any realization.
o It provides a theory for the realizations of a function.
o It provides a theory for the ascription of functions, based omarterelation
HasFun(x,y,z).
We believe that any top level ontology of functions should satisfy these cosditio
abbreviated by RRA (Representation-Realization-Ascription). The paper is devoted to
an explication of the RRA model.
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2 Basics of GFO

The ontology of functions OF, being a part of GFO, depends on vaitites and
axioms which are subsequently summarized. In this paper we restrict ta¢hhaathe
bearers of functions are material entities, though, our frameworlbeagxtended to
other types of entitiedn GFO the entities of the world are classified into categories and
individuals. Categories can be instantiated, individuals are not instantiable. GF® allow
for categories of higher order, i.e., there are categories whose instaadbemselves
categories for example the category “species”. Spatio-temporal individuals are classified
into continuants, presentials and processes. Continuants persishttinedcars, balls,
trees, ...), processes (temporally extended material entities that happerw,irfor
example a run), whereas presentials being wholly present at a timdtpisicar or this

ball at a time-point t). Continuants exhibit at every tipadnat of its life time a presential.
The corresponding classes/sets of individuals, denoted by the predicates Cont(x),
Pres(x), and Proc(x), are assumed to be pair-wise disjBirttcesses present the most
important kind of entity, whereas presentials and continuants are déroradthem
There are several basic relations which canonically connect processes, presedtials, a
continuants. The integration axiom of GFO states that for every continuhateéCexists

a process P the boundaries of which coincide with the presentialsjtexhiby C
([HeO06], [Hel10]). In comparison to other top level ontologies (as BFO [BBOLCE
[MBGO03], UFO [GW10]), GFO is the only ontology, used in practical applicatioms, fo
which the processes are the most fundamental category of spatiadaéimpéviduals,
whereas objects and their snapshots (presentials) depend on processes.

GFO provides several types of complex individuals as, for example, sitsiatio
situoids. These are parts of reality which can be comprehendet as a teolerienBP
1983. An example of a situoid is a football match with temporal extensiorspatial
location, which includes various entities such that a coherent whole is established.
Situations are restrictions of situoids to time points, for example, stsotapf a football
match. Situations and situoids are considered as individuals, the specifidatibicio
needs universals (in particular relational universals), associated to themsWie=ahat
contexts can be regarded as situoids.

Attributives are individuals that existentially depend on other entities as &earer
There is a variety of types of attributives, among them, qualities, roesstructural
features. The bearers of these attributives can be continuants, presentfascasdes.
Categories whose instances are attributives are called properties. Accordimg to t
different types of attributives (relational roles, qualities, structural featimdiwidual
functions, dispositions, etc.) we distinguish quality properties (or &itriproperties)
and role properties (extrinsic properties), and the role properties areiethsstb
relational role properties (abr. relational properties), social role properties (social
properties) etc. Attributives are considered, in a sense, as elementary or atomi¢ entities
the same holds for their categorial analogs/counterparts, the properties.tixésiman
be combined to more complex entities, called complex attributives. An individual
material object, for example, exhibits a bundle of attributives. The conéisgp
categories of complex attributives are called complex properties.
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3 Representation of Functions

In OF a function possesses a psychological entity as a componenentityiss an idea
or a thought which is directed to a goal in the future. Psychologititite belong to the
psychological stratum [Po01], being one of the four fundamentalogital regions
adopted by GFO. The elaboration of the psychological stratum is worlogness; it
uses result from Gestalt-Theorie and cognitive psychology, [Al0O1), JAIO3

This goal of a function can be understood as a set of situationathieged, and this
set is described by a category. These goals are imagined in the (foyeare, in a
sense, anticipated entities); hence, to achieve them, we must start evigxisting
present situations. These situations, we are starting from, are calledemaznts. On a
more abstract level, a function in OF relates initial situations, called requienten
situations to be achieved, called goals.

A similar approach is taken by Hartmann [Ha65] which can be summarized as
follows. A function exhibits three elements: the setting of a goal énftiture, the
planning of how to achieve the goal, resulting in an entity that is Epélachieving
the goal through causal means. Though, there is a difference haDkekinctions and
Hartmann’s approach. Functions in OF are specified on a level, being independent from
any realization.

The plan in Hartmann’s approach, the realization of which achieves the goal, belongs
in the OF-theory to the level of realization. Functions depend on a bearein and
Hartmann’s theory these bearers are entities that are capable of achieving the goal
through causal means. The connection of a function to a bearer isideteimthe OF-
theory by a functional item, being a relevant component of a function’s specification.

A functional item is a set of necessary conditions that an entity must sattsfyable to
achieve the goal within a realizatiofartmann’s approach describes the general
principle, called backward planning, how such a functional item edound.

The term function in OF exhibits various meanings which are made explfoll@ass.
A function f can be an intentional entity, called intentional function, specified by the
predicate IntF(f); a functiorf can be understood as a conceptual structure, called
conceptual function, and specified by ConcF(f); a function f can béndixidual
function, specified by IndF(f); finally, a function f can be understasda universal
function, specified by the predicate UnivF(f). There are relations betwesa different
interpretations of a function which can be expressed by logical formulaestipulate,
for example, the condition that an intentional function is representedcoynceptual
function, formally, ¥V x (IntF(x) » 3 y (ConcF(y)A repr(y,x)); and that the instances of
universal functions are individual functions, formaklyxy (UnivF(x) A y::x - IndF(y)).

Throughout the remainder of the paper we use the term functiteisense of a
conceptual structure, the term universal function as a concept, andnthdéridual
function denotes an individual. In the framework of GFO an individuattfons is an
attributive, a universal function is a concept, whereas a conceptual strucusgsiem
composed of concepts and sets.

Definition. A functionf is a conceptual structure CStréf)the following form:
Gtr(f)=(Label(f), Req(f ), Goal(f), Fltem(f)), where:
o Label(f) denotes a set of labels of function f, which are natural language
expressions, informally describing “to do something”.
o Req(f) denotes a concept, callagquirements, the instances of which are parts
of material reality, which must be present if the functias fo be realized.
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o Goal(f) denotes a concept the instances of which of are parts of material reality
being intended by some agent as a result of successful realizations of th
function f.

o FItem(f), called functional item off, is a system of necessary properties which
a bearer of f must satisfy to execute a realization of f.

The interpretation of a function f as a conceptual struct&tsfCraises the question
what a conceptual structure is and how it is classified within GFO. A comteptu
structure is a system composed of concepts and sets, and iseclagsifer the category
systemTo any function f, given by CStr(f), we associate a uniquely d@tethtoncept
UnivF(CStr(f)) the instances of which are individuals, called individuattfans. These
functions are called actual functions, according to definition 1 (sectipnlibdividual
functions are cognitive creations, used to interpret the world, simierlgntological
relations, the instances of which are relators [Lo200%¢ say that a material entity e is
preemptive for function f, denoted by preemptive(e,f), if e satisfiesdimditions of the
functional item Fltem{f The relation preemptive(x,y) connects the function y to a
material entity x. If the entity e has an actual function related to fifithere is an
instance of UnivF(CStr(f)) inhering in e, then e is preemptive.fah& converse is not
true; an entity e, being preemptive for f, does not necessarily passassial function..

The development of a conceptual function-structure (representing an ingkntion
function) involves various non-trivial steps. In the first step &tfan is often specifig
informally by a natural language expression of the form to do samgethence, a
function is informally represented using a verb and a noun, [Mi72].if&ance, the
function of an anti-burglar system could be specified by the fatigwstatement:
Prevent, detect, notice and react on unauthorized incident. In the secorfiesiepls
and requirements are specified. Requirements and goals are undeast@adts of
material reality, and in the framework of GFO they can be conceiveduasisils or
situoids or parts of them. For these sets of requirements and \geafsust create
concepts (a goal concept, and a requirement concept), the instances dhethihthe
former mentioned sets.

The construction of a functional itemascrucial and possibly the most difficult one.
We must find conditions to be satisfied by entities that endiden, according to our
belief, to act as a realizer of the realizations of the function. In artefact design th
creation of a functional item is probably included in the act of inventmbelieve that
there is a relation between function-item-construction and the topics, stuthedTiiPS
method (TIPS = Theory of Inventive Problem Solving), [AS84], [Al84].

In case of non-artefact entities functional items can serve as explanabons f
understanding the behaviour of these entities. We see here a relatiorrydahaation,
resulting in theories explaining real world phenomena, notably in thedfiédblogy.

In modern physics no functional aspects are present, because it is basedblawaus
But even physics might contain some (hidden) non-causal (and pennagisrial)
aspects; these are related to idealizations, for example the law of inertia.
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4 Realization of Functions

A function specifies of what is to be done, whereas the realization afdna exhibit
another aspect - it refers to a specificatioh@iva goal of the function comes to reality.
A realization of a function is an individual spatio-temporal entity whichaised on a
binary relation linking a function with an entity to be brought about. Intuitivek, call

an actual realization of the functioh an entity which results in an achievement of an
individual goal of f in the circumstances satisfying an individual requirement of f
hence, an actual realization connects an individual requirement of a fuhetitin an
individual goal of it.

The binary relatiorRl.«(X,y) has the meaning, x is an actual realization for the function
y. A category x is called an actual universal realization of a fungtiatenoted by
UnRl (XY), if every instance of s a realization of y, and furthermore, the instances
of x cover the requirements of the function.

The relation CausalLink(x,y,z) connects a realization x, and an gnbging a part of
reality, that satisfies the requirements of the considered functidnawientity fulfilling
the goal of thdfunction. Hence, x is an entity that causally connects the entities z; and
which can be briefly described by the condition that z is causeg by means of the
entity x. The relation CausalLink will be taken as a primitive relation. xay the
meaning that x is an instanceypfandy being an category.

The relation denoted by x @ y, has the intuitive meaning that an individusirg a
complex wholgfulfills the category y or the individual y in the sense, thahatance of
yis a part of x or y is a part of x. For example, the functical goods are located in
Berlin is fulfilled by every situation (being a whole), which contains agpétds the
situation of individual goods being located in Berlin. Formally,rdationRl.c(X,y), X
is a realization of the function y, is defined as follows:

(1) Rlaxe(xy) <> Fu v (u:: Req(y A vi:Goal(y) A CausalLink(x,u,v))

The relationUnRlact(X,y), X referring to a universal realization of the functigras the
intuitive meaning that for every individual requirement s of eydhexists an individual
goal t of y, and an individual realization u of x such that u agusonnects s with.
Since usually only parts of s and t are causally related by u the rdlatiRln.(X,y) is
formally specified by the condition (2):

(2) UnRlLe(Xy) <> Fuly) AV s (s:: Req(y)— Iwtu(t::Goal(y)A v@s A W@t A u::X
CausalLink(u,v,\))

To illustrate formula (1) take, for example, the function f: to trartsgoods G from
Peking to Berlin in time period T and a procesdransport of goods G by plane from
Peking to Berlin in time period T. Then, we can say that p is a cpusadss which
starts with requirements satisfying the corresponding conditiorisarfd which ends by
achieving the goal of f. In this sense, this process p easalted a realization of the
function f. The relation CausalLink(x,y,z) is a basic relation in thelogyoof causality:

z is caused by y by means of the mediating entity can be a process whose initial
boundary is y and end boundary is z. But it is also possibteytand z are presentials,
existing at different, though coinciding time-points; in this caseetitity X consists of
this pair (y,z), which is a direct causal link. Furthermore, y asahze also processes.
Direct causal links are treated in [Mi2g], and this theory is included into GFO.
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Often a realization is a complex entity which has a number of entities participating i
it. In certain situations some of these entities can be identified as thicéeexbcute the
function realization. The execution of entity y by entity x, denoted byithery relation
Exgxy), is understood as a causal influence that x has'.orFgr instance, to the
processp of blood movement, which is a realization of function f. to puniod
contribute the heart h, the blood, and the veins. However, the atlthéhheart h has in
the process p is different from the roles of veins and bloadelyait is the heart which
actually pumps blood and, thus, it can be said that the heaxebutes the realization p
of the function f. The inter-relations between the mentioned entities are segiap
the factExe(h,p), saying that the heart Bxecutes the process of blood movengent

An individual x executing a realization of a function fis called an actual realizer of
function fand is expressed by a relatiBa.(x,f). Formally,

(3) Rac(xy) <> Fu(y) A 3 q (Rlace(q,y) A Exe(x,Q))

We can describe entities not only due to their actual state of being a realizbto
function or executing such a realization, but also due to their capalbidiyirgy that. For
this purpose we introduce the notions of dispositional realizer, debhgt®dis,(r,f),
where r is a dispositional realizer of function f, and of dispositional realizatlenoted
by Rlaisp(X,f), where x is a dispositional realization of function f

For example, if we consider an arbitrary flight of a plane, it is intuitivgutiye
whether it could be used as an actual realization of the function of transpootation
In this sense, the process of flight is considered as a potential realaftids function,
but not as an actual one, since it does not actually realize this functibonlywould
do so. Hence, if we consider an individual process p of flightwhich no goods are
transported, then the formula 2 does not hold for p. Sinsaot an actual realization of
the function, but only a dispositional one. Thus, it is not the cas¢hh occurrence of p
leads to an achievement of the function’s goal, but, rather that there is another process Q
which is similar to p and which is an actual realization of the functidio imake this
precise, we augment the realization level of the function f by a similaiation
sim(x,y,z) which is defined for spatio-temporal entities x and y. Etation sim(x,y,2
has he meaning the entities x and y are similar with respect tautictioh z. For
example, the function to hit nails may be realized by a process of hitilgexecuted
by an actual realizer, being a hammer h. If an egtitysimilar to h then g could as well
serve as an actual realizer, though, at present, g might not be used amhbrealizer.
The function z must determine this similarity relatigsim(x,y,z), in particular, in our
example, z will exclude that an elephant e is similar to the hammer h, sietepaant
can never be used to hit nails the way a hammer does. This gymiédation is also
applied to realizations, and it is a difficult problem to specify the similaeigtion
between realizations which is appropriate for the function z.
A dispositional realization can, then, be defined as follows

(4) Rlaisp(X,y) <> Fu(y) A =Rlace(X,y) A Fu(sim(u,X,y) A Rlace(U,Y))

We consider an entity x to be a dispositional realizer of a functibthére is an entity z
being similar to x with respect to f such that z is an actual realizErGénerally we
asume that the relation sim(x,y,) is closed with respect to the functionalRtem(f),

Both the notions of achievement and execution aoagly related to the notion of causality and itsedf ar
important andare non trivial problems which however are out of the saafithe current paper and thus taken
here as primitive.
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hence, if x satisfies Fltem(f), and sim(x,ythen y satisfies Fitem(f), too. Furthermore,
we assume that any actual realizer of the fundteatisfies the functional item Fltem(f).

Then, x is a dispositional realizer of the functionifyx not an actual realizer of y
though there exists an entity z, similar to x with respect to yzamdn actual realizer of
y. From this follows that x satisfies all conditions specified by the functibel of v,
but it is not an actual realizer of y. Formally,

(5) Roisp(X,y) © Fu(y) A —Race(X,y) A 3 Z (sim(z,X,)) A Rac(Z,Y))

For example, if we consider an arbitrary plane, it is intuitive to jwdgsther it could be
used as a realizer of the function of transportation by evaluatingitsuptoperties as
e.g. capacity.

An entity, to which a function is assigned by means of the hatifun relation we call
afunction bearerThe ontology OF admits that functions can be ascribed, among others,
to processes, to objects, to situations, and to quality values.

5 Ascription of Functions

In this section we present an ontological analysis of the notion of fanaBoription
which is expressed by the relation HasFu(x,y,z) with the meaningntiitg x has the
function y in context z. The relation HasFu(x,y,z) is considered as a basic retat@n
has an intuitive, non-formal, meaning. The following sentences @ignthe HasFu
relation: an engine in context of a car has a function of generating rotaditign; a
hammer in context of a pile of papers on a desk has a functigrewénting them from
being blown by the wind; a heart in the context of a human body bafsiniction to
pump blood.

The context is understood in a broad sense, covering also contexts whibht e
spatio-temporal parts and surroundings. In this reading kexdganding in a room y can
be considered to have the room y as a context; a heart, being a part of adsothe
body as a context; an animal may have a niche as a context; a football ggrhavma
the stadion as a context. In all these cases the considered entity is a cdroparyart
of reality, which, in turn, is a temporal-spatial part. The relation betweeentity x and
a context is y expressed by HasCongex).

It turns out, that there are several versions of HasFu-relation and forf dhgse
relations HasF(x,y,z) we introduce the axiom : Hasfy,2 — HasFu(xy,z). The
family of HasFu-relations is classified into actual/dispositional has-funcétations
and in intended functions-relatiariBhe intended has-function relation is classified into
several further subcategories.

5.1 Actual and Dispositional Functions

We say that an individual is preemptive for the function f if a satisfies the functional
item of f. This satisfaction relation connects the function withaadr.

Definition 1 (Actual Function). An individual x has the function y as an actual function
in context ¢, denoted iyasFuac(X,f,C), iff X is an actual realization gf in c, or xis an
actual realizer ofyin c.
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(1) HasFuc(xY,2 <> Fuly) A HasContext(xga (Rlact(X,Y) v Ract(X,Y))

This is the most straightforward type of function ascription. For el@nman object
realizing some goal in a given context may be considered by some ageaieta
function to realize this goal. The above definition reflects the intuitmnte dual
character of function ascription - a function may be ascribed either to a realization o
a realizer. For example, not only a flying plane can be considered ecahiawction of
transporting goods, but also a process of flight.

Frequently, an item has a function ascribed although it does not actually rewlize th
function. For example, a plane waiting at the airport has a functiwarsporting goods
although it is not realizing it in this given situation.

We recognize several kinds of non-actual function ascriptions. Firsty,will
introduce the dispositiondlasfunction relation. Just as in the case of the actual has-
function, the dispositional has-function is defined both for realizstiand actors of
realizations (realizers).

Definition 2 (Dispositional Function). An individual x has the function y as a
dispositional function in context ¢, denoted by Haskx,y,c), iff x is a dispositional
realization of yin z or x is an actor of a dispositional realization dhyz.

(2) HasFuwisp(x,y,2 <> Fu(2) A HasContext(xzA (Rlaisp(X,y) Vv Roisp(X,Y))

If a flight from A to B is a dispositional realization of trangjiag goods, then it follows
that it has a dispositional function of transporting goods. Analogousliane peing a
dispositional realizer has a dispositional function to transport goods.

5.2 Intended Functions

The common and intuitivinterpretation of the statement “X has a function Fis “X was
designed to have a functior?.FThese intuitions are reflected by several approaches e.qg.
[B092]. However, from the statement that an item was designed to reafireera
function, does not follow that the item actually realizes this function or thasita
disposition to realize this function. As examples we consider broken desigmned
artifacts.

Therefore, function ascription, founded on the designer’s intentions, cannot be reduced
to the actual or the dispositional has-function relation and shouldns&leoed as a third
kind of function ascription.

On the other hand, if one agrees on function ascription based on a designer’s intention,
then the question could be raised why take only the designer’s intentions into
account. Apart from a designer, the process of artifact construction atdeeisother
parties that have an influence on the function of an artifact. Lietkesthe example of
software engineering process. Most typically, the process stahtsheitequirements of
stakeholders. On the basis of their requirements the softwéesigned by analysts and
architects and developed by developers. If software does not meet the stakeholders’
requirements, then we could say that it does not perform its fanttioay be the case
that software is ill-designed: intentions of designers do not reflecetherements, or
the software is illdeveloped: designers’ intention may meet the requirements but they
may be inappropriately implemented.

Therefore, it seems that not only the intentions of designers havdluemoe on the
artifact’s function, but other parties like stakeholders should also be included. Thus, the
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statement that the function of an item is what it was designed for sedmsoo narrow,
since the function of an item may be not what an item was designeoufonhat an
item was expected to do.

We introduce a third kind of function ascription, namely the internuesfunction
relation. This relation subsumes the intentions of designers, stakehalugrether
parties in the assignment of functions.

Definition 3 (Intended Function). An individual x has an intended function y in
context z, (x has y as an intended function in Zz), denoted by Bagkly,z), due to
some agent g who intends x to have the functionopntext z. Formally,

(3) HasFuhen(X,Y,2) <> 3qvr (Agent(q A Intent(q,¥ A IntCont(v,r,X,y,2A r::HasFu)

The relation Intent(a,i) has the meaning that an agent a intends icorttent of the
intention i is depicted by the predicate IntCarfia;...a,) whereR is an n-place relation
and g, . . ., @ are arguments of R. In the above definition the entity r is amicestaf
the has-function relation HasFu, interpreted as a category, hence r is a relai®j. [
Thus, herein the content of the beliefishas function y in context’z

Formula 3 has the drawback because it makes function ascription toalgemktoo
liberal. Not all agents, who intend an item to have a functlmye the power to ascribe
functions to items. The statement that an artifact has functida nbt treated equally
when expressedby an artifact’s designer or by a person having no particular knowledge
about the artifact.

This shows that not everygent’s intention should be considered when ascribing
functions to items but rather some agents are more reliable in ascribing fartbon
others. Some agents, or, to be more precise, some types ofagentre of particular
importance for the ascription of functions to artifacts. These aresrsifder designer
user and researcher roles. The role players of these roles are not disjeinhdtagent
can play several of them.

Each of these roles reflects a different interest in an artifact. A stdkehs an agent,
whose requirements should be satisfied by the artifact, and which mothate
manufacturing of the artifact. A function required by a stakeholdef anoartifact y
denoted by Stakeholder(x,y), is called a required function of an arifacts denoted
by the predicate Hasky(x,y,z) having the reading that x has a required function y in
context z.

Definition 4 (Required Function).

(4) HasFuwedx,y,2 <> 3qvr (Stakeholder(g)xn Intent(q,y A IntCont(v,r,X,y,z) A
r::HasFu.

A designer is an agent x that designed an artifact y, denoted by thessmpr
Designer(x,y). A function designed by a designer is called a designed functiofs and
denoted byHasFupesig(X,Y,2), having the reading: x has a designed function y in context z.

Definition 5 (Designed Function).

(5) HasFuesig(X,Y,2 <> 3 qur(Designer(q,X) A Intent(q,V) A IntCont(V,r,X,y,2 A
r::HasFu).
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A user x of an entity y, denoted by the relatldselx,y) , is an agent x, who uses an
artifact or some other entity y. A function intended by a user is callegbr function and

is denoted by the expressidfasFuuser(X,Y,2), having the reading: x has a user function y
in context z.

Definition 6 (User Function).

(6) HasFuuser(X,Y,2) <> 3 qvr(Use(q,X) A Intenfq,V) A IntCont(V,r,X,y,z) AT ::
HasFy.

Finally, a researcher ¥ agent x who examines an artifact or some other entity y. The
relation between a researcher x and an artifact y is denoted by the expression
Researcher(x,y). A function assigned to an item by a researcher is caledaached
function. The researched function is formally captured and denotedebyeldtion
HasFwedX,Y,2), having the reading: x has a researched function y in a cantext

Definition 7 (Researched Function).

(7)  HasFues(X,y,2 <> 3 qur(Researchéq,X) A Inten{q,V) A IntContv,r,x,y,2
AT HasFy.

The intended functions are only the matter of intentions of particular agettdo not
involve actual nor dispositional realization. Therefore, none of the abowdidn
ascriptions guarantees that the software really realizes any of thoserfanctio

An item has an intended function in a situation s iff it is intended te hdunction in
s. The question, then, is what does it mean that an agent intentisnato have a
function in a given situation? We distinguish three possibilities, aicgptd the three
kinds of thehasfunction which have been distinguished. In the first two casatean
has a function in a given context, because an agent intends that an itelty aealizes,
or has a disposition to realize the function in that context. In these casesnamtnds
an item to have an actual or resp. dispositional function. In thg ¢hse an agent
intends that an item has an intended, if only by some other agent, furicgice as an
example an archaeologist exploring an ancient artifact. The archaeologishavay
reasons to claim that the artifact was designed to perform a given funotibis case a
function that is assigned to an artifact is an intended-intended fungti® researcher
intends that a designer intended that the artifact should have a fuhictisnNote, that
the artifact may be wrongly constructed so that not only the artifaar restually
realized that function, but also it never had a disposition to realize it. Adigver,
does not disturb the archeologist’s claim concerning the intended function. The intended-
intended function is independent of an actual or a dispositional function.

6 Applications

The interpretation of what it means to apply a formal ontology (as ay}heeeds
further explanation. A theory can be applied to another theory, and ifttrexsdes are
located at the same level of abstraction, we call them horizontal applicatignsft&h
application of a theory is understood in the vertical direction, fiteenabstract to the
concrete. The idea of a network of application links between areafestdi levels of
abstraction was formulated in the programmatic paper of Mises [Mi21]. Misessclai
that in such a network every relevant level of abstraction must be presenyis¢hthe
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progress of science and its applications will be hampered. The ontoldgyaifons
(OF) is intended to be applied in horizontal as well as in vertical direction.

One aim of OF is the development of a foundation for central categoried whic
should be included in every top level ontology. An ontology of funstimust be used to
establish and formally axiomatize the domain specific knowledge of areabich
functions play an important role. We hold that foundational researcldstmecover and
introduce new ideas, whereas technical applications should be groundezdean and
well-established conceptual basis.

The hitherto applications of the OF pertain to the field aé-dmtologies [BLHO6]
and software and system modeling [BHL09]. In [BB8] it has been demonstrated how
to use the OF to represent the relation between biological processes and fundtiens
Gene Ontology [As00], for which no ontologically founded representatiomdbsm is
currently available. In [BHLO9] is presented the applications of OF for thiféicdéion
of basic notions used in system and software modeling such as fhahctio
decomposition.

7 Related Work and Discussion

There is a rich computer science literature on functions and functional modeling,
especially in context of functional device representation. The main assumftion o
functional device representations which contrast with the OF is that a function is
considered as a domain notion and not as a general one, and eftetienfis ascribed

only to physical objects or even technical devices (e.g. Functional Conoegbgy
(FCO) [KSNO02], [KMO04], Functional Representation framework (FR) [gh9
Functional Representational Language (CFRL) PG| The exception is the ontological
framework of Chandrasekaran and Josephsof7[CHowever, the direct application of

the notion of function - acceptable in device representation - to other domsifis in
oversimplification or in unnecessarydelogical assumptions.

Many works show a strong correlation between the notions of funatidrbehavior.

For example in FR, CFRL, FCO, Function Behavior State, see [UTTOUR5], the
notion of function is grounded in the notion ofhlagor which makes it impossible to
speak about functions independently of the behavior realizing it.

The definition of function in behavioral terms reduces its scope-taléed dynamic
functions involving actions and changes of the object on wihiei operate and raises
problems with the representation of passive functions [Ke89], whiematr related to
dynamic behavior. Moreover, it does not permit to speak abouidoadhdependently
of their behavioral realizations, which, however, is required in maogti®ns, e.g. in
the early phases of the design. Finally, functions defined in terimshafvior impose a
particular behavioral realization, which make them realization-dependent arehtprev
from handling alternative realizations.

In OF we do not restrict function bearer to any particular ontologicaltkimnsle.g. we
follow the intuitions of Chandrasekaran, Josephson [CJ97] that hobbjects but also
processes may have functions. For example, the process of boiliegmay have the
function to produce steam.

2 Hamming [Ha97] "In science, if you know what you are doirg, should not be doing it. In
engineering, if you do not know what you are doing, yowkhnot be doing it."
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The problem of conditions for function ascription in device representation diterat
is treated diversely. For instance, in Functiemnavior-Structure framework [Ge90],
[QG96] a function is considered as everything an object does, id][L&s intended by
a designer role of an entity, in [CJ97] as what an object does anténsled by a
designer or user to do, analogously.

OF is designed as a domain independent top level ontology. Other top-level ontologies
do not include the notion of function, or treat it cursorily, omhgscriptive Ontology for
Linguistic and Cognitive Engineering (DOLCE) [MBG] and Sowa’s ontology [So00]
lack a developed and established notion of function or any correlated ribtien.
Suggested Upper Merged Ontology (SUMBND2] introduces the hasPurpose relation,
which has the meaning that a physical thing has a desired or expectedepurpe
notion of a purpose is distinguished from the notion of an outcanieh does not need
to be expected or desired. The intended purpose in SUMO could be interpreted as a
function of an entity. However, purposes in SUMO are assigned to physjeatsoonly.

In Sowa’s ontology the concept of purpose is also present, however it is not considered
as a function but as the relation gluing an agent, his act and his intesicgrning that
act.

The Basic Formal Ontology (BFO) [BFOO06] provides a notion of funalieiimed as
“a realizable entity the manifestation of which is an essentialy end-directed activity of a
continuant entity in virtue of that the continuant entity being a spddifit of entity in
the kind orkinds of contexts that it is made for” ([BFO06 p.55]), where realizable
entities are “dependent continuants that inhere in continuant entities and are not
exhibited in full at every time in which they inhere in an entitygmup of entities”
([BFOO06] p. 53). From the above formulations one can concludentBt®
(1) a function is defined by the references to its manifestatiomeabzation which is a
teleological process and (2) function is a contextual notion. Hence, a fumcB&O is
a realization dependent notion. Additionally, only functions realized by peses
(activities) are handled. In contrast, a function in OF as such is definedemaienutly
from its realization by a conceptual structure and function realizationarestricted
to processes only. Neither is the notion of function in OF considesecbntextual.
Furthermore, BFO makes a rigorous restriction on the types ofeentithich can have
functions ascribed. These are organisms, certain tool-like productsgahisms,
intentionally designed artifacts, and certain kinds of social groupsstitutions. In
contrast, OF is more expressive making no restriction on function bearerscdhelse
enduring entities but also processes or even situations.

In [MKB12] ideas on a unified definition of function are discussedtl@none hand,
that paper comprises various notions surrounding functions, thwithhsomewhat
different notation, that have already been discussed in detail in [BuG6¢h(vihe
authors do not seem to be aware of), which leads to some similatite tapproach
presented here. On the other hand, there are also some differences. Foe,irigtan
[MKB12] there is no strict separation between a function as conceptuztusgrand the
realization of a function. Furthermore, in contrast to OF a realization is always
represented by a behaviour, being a process.
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8 Conclusions and Future Work

In the current paper we have investigated the notion of function ascragtirhave
introduced a number of notions that permit to model it not onlyaftfact systems but
also for natural systems. Several types of function ascription have beegnized,
among them the intended has-function, typical for artifacts, and the actlighan
dispositional has-function, founded on the notions of actual andsitigpal realizations
applicable to non-artifacts as well. The notions introduced permit to asaribgoins to
arbitrary entities, though we restricted to material entities, including material
continuants, material presentials, and material processes.

The presented above analysis is a part of OF which aims on proviffenrgework for
modeling functions and functional knowledge. The framework garized around the
following issues: how to model a separated function, how functions areelated and
organized into functional models, how functions can be related to non-fugctio
entities, and finally how functions can be incorporated into the broauetogical
framework. We expect extensive practical applications of our frameworKivarse
domains.

The clear understanding of function ascription permits for applyingo®Edfinition
and specification of biological functions, and their relation to other entitibfolagy.
Application of OF prevents errors, and helps in clarification of definitions.

According to our understanding the top level ontological analysis, aséheeported
in the current paper, can provide a foundation for conceptual modatidgsupport
knowledge engineers in construction of domain knowledge basesreSented in
[Gu05], they can be used for the development of UML profiles.

The analysis presented in the current paper pertain to the understahthiegnotion
of function relations which are the fundamental relations linking oostfonal entities
with functions. Thus the presented analysis are in our opinionpafrtamce for linking
of functional models with non-functional, e.g. behavioral or structoradlels.

The presented results require further work in particular the next task is the
development of a full axiomatization that specifies the considered relations and
categories. The current paper presents a fragmented axiomatization only.sTtefir
of this task is the explication of the primitive relations which are assuRmdthese
relations axioms must be invented and introduced. The remaining relaimhs
predicates are introduced by explicit definitions, many of them are alisadguced
and discussed in the present paper.
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