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Abstract. The FI theory  (φ-theory) or EE information theory is a philosophical theory (Cf. TEE-0), which 
means that it is about knowledge in  general. It clarifies the notion of (factual) knowledge and information. FI 
stands for Fact and Information. The foundations  part starts with the presentation and discussion  of the semi-
otic triangle as the basis for understanding information, followed by  the semiotic ladder, as a more sophisti-
cated framework. The semiotic triangle clarifies that information is a dyadic notion:  it is the inseparable com-
bination of content (the communicated thought) and form (the sign that serves to signify the thought). The 
main contribution of the semiotic ladder is that it  distinguishes between the semantics and the pragmatics of 
thoughts, and in doing so clarifies that a (elementary) thought consists of a fact  and an intention. Intentions 
correspond with commitments in the social world. The core of the FI theory is the semitic mill, refined into 
the ontological mill, which is a framework for understanding perception and conception. It explains how 
factual knowledge is created from perceptions of concrete things, directed by (fact) types, which operate as 
conceptual sieves. The first topic in the elaborations part, is the recognition that most of the types people use, 
are functional types. Regarding functional types, the important  outcome is that  they are inherently subjective, 
and therefore hard to define precisely. The second topic is the problem of sameness and change, illustrated 
with  the well-known paradox of Theseus. The third topic regards the composition and decomposition of 
things, based on the part-of relationship between things. The fourth topic is the duality of types, as opposed to 
the synonymy of signs. The fifth topic is the notion of type in  software. Most programming languages offer 
four ‘types’: integer, real, boolean, and string. The first three are true types, the fourth is only a sign ‘type’. 
The discussions part contains various contributions.
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Part A: foundations

A1  The semiotic triangle

The primary concept in the FI theory is communication1, defined as the sharing of thoughts between (human) 
minds. Because minds cannot communicate directly, an intermediary is needed to accomplish it. This intermedi-
ary is called information. So, information is a means for communication. If a subject S1 wants to communicate a 
thought with a subject S2, S1 has to ‘assign’ the thought to a sign that can be perceived and interpreted by S2. 
This makes information a dyadic notion: it has both content and form, inseparably connected. The process of 
performing a communicative act, in which S1 shares a thought with S2, is discussed in the PSI theory. Presently, 
we will only study the relationships between the thought, the sign, and the state of affairs that the thought refers 
to. Almost a century ago, Ogden and Richards published a framework to support this, known as the semiotic tri-
angle [Ogden & Richards, 1923]. Figure A1 exhibits on the left side a slightly adapted version of it. The differ-
ence consists of the replacement of “symbol” by “sign” (to allow also for non-symbolic signs), and of “symbol-
ises” by “signifies”. On the right side, an extended version is shown. It facilitates the transition to the semiotic 
ladder, which will be discussed later.

Figure A1  The adapted (left) and extended (right) semiotic triangle

Thoughts are things in our mind. They refer to concrete things (i.e. things outside the mind), called referents. 
A sign is a mark or a pattern of marks that has been assigned a special role, namely that it signifies a specific 
thought. Conversely, we say that the thought is expressed in a sign. For example, I could write down on a piece 
of paper the word “bread”. This may serve as a sign for me, like to remind me that I have to buy bread. Next, the 
sign needs to be inscribed in some matter (physical substance)  in order to be perceivable, as I do by writing 
down the word. An alternative way of inscribing the same sign could be a knot in my handkerchief. Lastly, al-
though the relationship between a sign and its referent is completely determined by their being connected 
through the thought, it is often also indicated separately: the sign is (also) said to denote the referent.

A2  The semiotic ladder

The semiotic triangle is a quite useful but also a quite simplified representation of the three core concepts in 
communication: sign, thought, and referent, and the relationships between them. Let us focus first on sign and 
thought and the signification relationship. This is at the core of the field of semiotics and of language philosophy. 
The language philosophical point of view is addressed in the PSI theory, here we will take the semiotic point of 
view. A well-know researcher in this field is Ronald Stamper, who proposed a more sophisticated framework for 
studying information, known as the semiotic ladder [Stamper 1973, Liebenau & Backhouse 1990]. It is shown in 
Figure A2, slightly adapted to our needs. In the semiotic ladder, the study of the content of information (the 
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1 The origin of “communication” is the Latin verb “communicare” which in the ancient times had a wider meaning. It also 
could be used for the sharing of goods. This explains derived words like “communion” and “community”.



thought)  is divided into semantics and pragmatics. Semantics is about the meaning of a sign or sentence in some 
language, thus the thought that it signifies (and consequently the object that it denotes), according to the vocabu-
lary of the language. Let us assume, as an example, that S1 conveys somehow, e.g. through face-to-face speak-
ing, the sentence “The cat sits on the mat” to S2. It is obvious to which state of affairs this sentence refers to; it is 
that a particular cat is sitting on a particular mat. Pragmatics then studies what S1 intends to do by sharing the 
thought with S2. Apparently (i.e., appearing from the syntactic structure of the sentence), S1 asserts to S2 that 
the represented state of affairs is the case, maybe in response to a question of S2 about where the cat could be.

The study of the form of information (like the above mentioned sentence) is also divided in two sub fields: 
syntactics and empirics. Syntactics is concerned with the structure of the sentence. This structure must follow 
particular rules, known as the grammar of the applied language. Regarding the example sentence, its structure 
follows the rules of the English language: <subject clause> <verbal clause> <object clause>. Empirics is about 
the way of expressing the components of the sentence, e.g. that they are coded in words that are constructed from 
Roman letters (instead of Cyrillic letters or Morse code, for example).

Figure A2  The semiotic ladder

Both the social world and the physical world do, strictly spoken, not belong to the field of semiotics. The 
physical world is needed because patterns and codes have to be inscribed as traces in substances. For example, I 
can write down the sentence “The cat sits on the mat”  on a white board or I can utter it by speaking. The top 
rung of the ladder, the social world, is the most interesting one for the PSI theory. There, the effects of commu-
nication on people in their quality of social individuals are studied, in particular how intentions are related to 
commitments.

A3  Things and objects

In his book ‘the furniture of the world’, Mario Bunge [1977] addresses the basic topic in ontology: what is a 
world and what does it consist of. Bunge defines a world as a collection of things, ‘untouched’ yet by mental 
abstractions. Although the term “world”  can be taken in a general sense, in EE it has got the particular meaning 
of the world of a system, as discussed in the DELTA theory. Think of the production world of an organisation, 
for example, as defined by the PSI theory.

The basic assumption in world ontology is that a world consists of distinguishable concrete things. A thing is 
said to have properties. Only through its properties can it be perceived; a thing without properties is no-thing. As 
an example, one may perceive a cloud in the sky. The cloud is a thing, of which the main properties are the per-
ceivable water drops or crystals. But, at some point in time, the cloud may evaporate. Because then, there are no 
perceivable properties anymore, we say that the cloud is gone. One rarely would say that the cloud is still there, 
only invisible. In most cases, however, it makes sense to consider the identity of a thing to persist, even if the 
thing has no more perceivable properties, in order to appropriately address the problem of sameness and change.

To exemplify this point, let’s have a look at the human body. Although the properties of a body may change 
dramatically during its lifetime, we are inclined to say that it is still the same body. Bunge’s solution to the prob-
lem of sameness and change, which we will adopt, is that the properties of a thing are possessed by a proper-
tyless kernel, which he calls the bare individual. In this bare individual lies the identity of the thing. Conse-
quently, this bare individual is no-thing. Only when it has at least one property, there is a thing, which has the 
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bare individual as its identity. In he sequel, we will call the bare individual of a thing its object, and we will con-
sider this object to bear the identity of the thing.

Figure A3 (left) illustrates the foregoing2. The referents we consider now are concrete objects, thus the identi-
ties of concrete things. They are represented in the mind by conceptual objects, which are the mental counter-
parts of concrete identities. The signs by which people signify conceptual objects (and denote concrete objects) 
are commonly called names. As an example, I could use the name “Charlie Chaplin” to denote the concrete ob-
ject [Charlie Chaplin], which is represented in my mind by the conceptual object Charlie Chaplin. Note that we 
are not (yet)  considering any property of the full-fledged thing < Charlie Chaplin >, only its bare individual. In 
other words, the thing we study could very well be not a person, but a car or a pet. 
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Figure A3  The adapted semiotic triangle for objects (left) and classes (right)

Because we are able to distinguish the things in the world, our mind can create conceptual objects that repre-
sent their concrete objects (and thus their identities). However, without further conceptual means to ‘color’ our 
picture of the world, it remains unintelligible. Let us therefore start to ‘color’ the world, to impose structure on it, 
in order to make sense of it. The first step in this process is something we did already as a child; it is called cate-
gorising or classifying. We observe similarities and differences between distinct things and accordingly put them 
into classes. That is how we learned to distinguish between dogs and cats, and distinct geometrical shapes. Fig-
ure A3 (right)  shows an example of applying the semiotic triangle to classes. The name “HUMAN” denotes the 
concrete class [HUMAN], which is the collection of the concrete objects of things that we distinguish as hu-
mans. It is represented in our mind by the conceptual class HUMAN.
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Figure A4  The adapted semiotic triangle for properties (left) and types (right)

In Figure A4 (left), the semiotic triangle is applied to the notion of property. The sentence “Charlie Chaplin is 
a human” signifies the thought that Charlie Chaplin is a human, which is a conceptual property of the thing 
called Charlie Chaplin. This conceptual property refers to the corresponding concrete property of the thing called 
Charlie Chaplin. In addition, one might say that the sentence denotes this concrete property. Figure A4 (right) 
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2 Throughout the document we will mention examples of objects, concepts, etc. by words or pieces of text as follows: signs 
are referred to by text between quotes, concrete objects by text between “[“ and “]”, concrete things by text between “<“ and 
“>”, and conceptual things by just plain text.



exhibits the application of the semiotic triangle to types. It conveys that the noun “human” signifies the thought 
in our mind that is evoked when we perceive the word “human”. Thoughts that are signified by nouns are com-
monly called types. Type is a crucial notion in conceptualisation, which we will discuss in more detail hereafter. 
In contrast to the notions of object, class, and property (Cf. Figure A3 and Figure A4 (left)), it is not possible to 
find a concrete counterpart to the conceptual one. In other words, there are no concrete types.

A4  Factual information

After the introductory exercises above, we are now able to focus on the core issues of the FI theory: what are 
facts and how do they come into existence? In answering these questions, we will adhere strictly to the distinc-
tions we have made between concrete and conceptual things. Concrete things are the things that we deal with in 
reality: the people we cooperate with, the car we drive in, the house we live in, but also the rental contract of our 
house, the insurance policy for our car, and the employment contract under which we earn our salary. So, con-
crete things can be material (house) and immaterial (rental contract). Conceptual things are things in the mind. 
For a large part they are representations of concrete things, but there are also purely abstract conceptual things, 
like sets and numbers. As an illustration, we can say in colloquial language that there are three apples in the bas-
ket, but “three” does not denote any concrete thing. Counting is a mental operation. In addition, considering the 
things in the basket to be apples is also a mental operation. But how do we have to understand this?

Let us have a closer look at how the mind operates in perceiving and conceiving the world. Figure A5 exhibits 
the so-called semiotic mill, in which figures A3 and A4 are integrated in one picture. The result is a framework 
for understanding how conceptual things are created from perceptions of concrete things, and how we can com-
municate about them by using proper signs.

Figure A5  The semiotic mill

The concept of type (or fact type)  is crucial in the conceptualisation process. A type is defined as a prescrip-
tion of form that our mind applies when we perceive concrete things. By the form of a concrete thing (once 
more: either material or immaterial)  is understood the collection of its properties. To be precise, a type prescribes 
the presence or absence of one or more properties, or, as Wittgenstein puts it: a type is a family resemblance 
[1958]. In applying a type, the mind puts, so to speak, its prescription of form as a template over the things in the 
world, and sieves out the ones that conform. Let us take as an example the type human, and assume that we an 
make a definite distinction between humans and non-humans. Let us next assume that there is a thing whose ob-
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level are constructed by means of generalisation, and the species level consists of specialisations of the genus 
level. For example, the family Felidae is a generalisation of the genus Panthera and other genera on the same 
level, whereas the species Panthera pardus is a specialisation of the genus Panthera. The individuals in all these 
classes are identified by the concrete identity they have got in the genus class.

Figure 2.5 Linnaean taxonomy levels

Although specialisation and generalisation are often said to be each others inverse, they are not, as becomes 
immediately clear from the examples provided. The inversion property only holds between subtypes and super-
types, but that is a tautological assertion. Thus, one can say that person is a supertype of student, but not that it is 
a generalisation of student (and some other types). Similarly, one can say that car is a subtype of vehicle, but not 
that it is a specialisation of it.

Part B: elaborations

2.8 Functional types
Corresponding with the distinction between the function perspective and the construction perspective on things, 
one can distinguish between functional and constructional facts and types. The type human, as discussed above 
and as exhibited in Figure 2.4, is typically a constructional type; it is based exclusively on the properties of 
things. The proper conceptualisation of functional types is in principle less easy because they are affordance 
types. As an example, Figure 2.6 exhibits the conceptualisation of things of the type sit-on-able. As we know 
from the TAO theory (function-construction theory), sit-on-able defines a relationship between subjects and ob-
jects, for example between the subject <Charlie Chaplin> and the object <this chair>. The combination of the 
two conforms to the prescription of form of the type sit-on-able, resulting in the creation of the fact that this 
chair is sit-on-able for Charlie Chaplin. This is a predication of the conceptual object that consists of the combi-
nation of (the conceptual object of) Charlie Chaplin and (the conceptual object of)  the chair. The conceptual ob-
ject represents its own concrete object.

The relevance of the distinction between affordance (function)  and thing (construction)  for the information 
theory is twofold. On the one hand, most fact types that people apply in everyday life are functional. Quite obvi-
ously so, because, as said, people are primarily interested in what they can do with a thing and not so much in 
what it objectively is. On the other hand, it is hard (if not impossible) to define functional fact types as precisely 
as constructional ones. This is also quite obvious, because functions are basically subjective, even though they 
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that it is a specialisation of it.

Part B: elaborations

2.8 Functional types
Corresponding with the distinction between the function perspective and the construction perspective on things, 
one can distinguish between functional and constructional facts and types. The type human, as discussed above 
and as exhibited in Figure 2.4, is typically a constructional type; it is based exclusively on the properties of 
things. The proper conceptualisation of functional types is in principle less easy because they are affordance 
types. As an example, Figure 2.6 exhibits the conceptualisation of things of the type sit-on-able. As we know 
from the TAO theory (function-construction theory), sit-on-able defines a relationship between subjects and ob-
jects, for example between the subject <Charlie Chaplin> and the object <this chair>. The combination of the 
two conforms to the prescription of form of the type sit-on-able, resulting in the creation of the fact that this 
chair is sit-on-able for Charlie Chaplin. This is a predication of the conceptual object that consists of the combi-
nation of (the conceptual object of) Charlie Chaplin and (the conceptual object of)  the chair. The conceptual ob-
ject represents its own concrete object.

The relevance of the distinction between affordance (function)  and thing (construction)  for the information 
theory is twofold. On the one hand, most fact types that people apply in everyday life are functional. Quite obvi-
ously so, because, as said, people are primarily interested in what they can do with a thing and not so much in 
what it objectively is. On the other hand, it is hard (if not impossible) to define functional fact types as precisely 
as constructional ones. This is also quite obvious, because functions are basically subjective, even though they 
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ject we signify by “Charlie Chaplin”, and let us study the thing < Charlie Chaplin >. To illustrate that things are 
objects with properties, the thing in Figure A5 is drawn as a disk with protrusions.

When putting the template of the type human on it, we conclude that the thing conforms to the type. Conse-
quently, a fact is created in the mind that represents this conformity: Charlie Chaplin is a human. In Figure A5, 
this process is indicated by the line labelled “conforms to”. The created fact is called an instantiation of the type. 
It represents the property of <Charlie Chaplin> that he is a human. Formally (logically), the fact is a predication 
of the conceptual object Charlie Chaplin. As we have seen above (Figure A3, left), this conceptual object refers 
to the concrete object [Charlie Chaplin]. The conceptual objects of similar facts (i.e., facts of the same type), 
constitute a class of which each of the conceptual objects is a member. Let us call the class of objects that are 
predicated by facts of the type human, HUMAN3. This class then is called the extension of the type human. Con-
versely, the type is called the intension of the class. So, HUMAN = {x | human(x)}.

Because in ontological modelling we are interested in concepts, not in signs (names, nouns, sentences, we 
omit the corresponding parts from the semiotic mill, ending up with the ontological mill, as shown in Figure A6.

A fact of some type starts to exist when the form a thing conforms to the type, or when a new type starts to 
exist, to which a thing conforms. An example of the first way is that a caterpillar turns into a butterfly, and thus a 
new fact of the type butterfly starts to exist. An example of the second way is that one ‘invents’ the type pet.

A fact of some type ends to exist when the form a thing does not conform anymore to the type, or when a type 
ends to exist. An example of the first way is that a caterpillar turns into a butterfly, and consequently the fact of 
the type caterpillar ends to exist. An example of the second way is that one decides the type propaedeutic student 
to be obsolete.

Figure A6  The ontological mill

It is important to maintain the distinction between the world we are observing and our knowledge of this 
world. As Mario Bunge puts it, a world is not a collection of facts, pace Wittgenstein, but a collection of things 
[Bunge, 1977]. However, we add to it that our knowledge of these things, and thus our (factual) knowledge of 
the world consists of facts [Wittgenstein, 1922]. This factual knowledge is fully constituted and explained by the 
‘green square’ in the middle of the picture.
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A5  The creation  of types

There are two ways to create types. The first one is by declaration. It means that one introduces a type in a con-
ceptual schema (Cf. the MU theory [TEE-5]), independently of any other type. Normally one starts devising a 
conceptual schema with several declared types. As an example, one could start to conceptualise the world of a 
university by declaring the (unary) types person, study program, and admission, and the (binary) types ‘admis-
sion has admitted person’ and ‘admission has admitted program’. Commonly, one would choose these types as 
types to be declared, of which the instances have an ‘independent’ existence in the considered world, as well as a 
‘natural’ way of identification. Persons and study programs are candidates for being introduced through declara-
tion because they have an independent existence. Moreover, persons can conveniently be identified by their first 
name, surname, etc., and study programs by their program code. As is explained by the PSI theory [TEE-3], the 
proper candidates for being declared, are the entity types that occur as placeholders in the product kinds.

The other way of creating types is called construction. It means that one defines a type based on one or more 
other types. For example, one could define the type student as a person who is the admitted person in an admis-
sion. As another example, but now in the business world, one could define the type regular customer as a cus-
tomer who places at least ten orders per year. Both examples are specialisations, as will be discussed hereafter. 
Constructed types are commonly also called derived types.

A6  Specialisation, generalisation, and aggregation

There are three different ways of constructing types: specialisation, generalisation, and aggregation. By speciali-
sation one defines a new type as a subtype of another type. We have seen already an example above, namely the 
definition of the type student. The definition is “a student is a person who is the applicant in an admission”. Be-
cause they are persons, students can be identified by their surname and forename. Commonly, universities also 
use student numbers to do so. However, student numbers do not identify students but admissions. Only because  
an admission regards exactly one person, can student numbers be used to (indirectly)  identify students. Note also 
that if a person is admitted to two programs, there are two student instances corresponding with the same person 
instance. In accordance with the ontological mill (Figure A6), a student is created as soon as the form of a person 
(in casu the property of being admitted to a program) conforms to the type (which prescribes the need to be ad-
mitted). As soon as this is not the case anymore, the student stops to exist.

By generalisation one defines a new type as the union of the extensions of two or more existing types (which 
may be declared or defined). To exemplify generalisation, let us start from the types car, motorbike, and scooter. 
We can then define the defined type vehicle as the intension of the class that equals the set-theoretic union of the 
extensions of car, motorbike, and scooter. Formally: VEHICLE = CAR ∪ MOTORBIKE ∪ SCOOTER. Typi-
cally one does not devise separate identifications for vehicles. Instead one would identify a vehicle by its car 
identification if it is a car, by its motorbike identification if it is a motorbike, etc.

By aggregation one defines a new type as the cartesian product of (the extensions of) a number of other types. 
Thus, if the type T0 is the aggregation of the types T1, T2, ... Tn, then every instance of T0 is a tuple (a1, a2, ... 
an), such that a1 is an instance of T1, a2 of T2, etc. As an example, the price of a product generally depends on 
the product kind, the supplier and the date. Then, it may be conceived as an attribute of the cartesian product of 
(the extensions of) these types, commonly expressed as PRODUCT KIND * SUPPLIER * DAY.

A7  The subtype relation
Types that are defined by means of specialisation or generalisation, are ordered through the subtype relation; this 
relation is transitive. It means that if T1 is a subtype of T2, and T2 is a subtype of T3, then T1 is also a subtype 
of T3. A type T1 is said to be a subtype of a type T2 if the extension of T1 is a proper subset of the extension of 
T2. Conversely, the type T2 is called a supertype of the type T1. By applying this relation, trees (or lattices) of 
types are created. Well-known examples of the subtype relation are the taxonomies in biology. Figure A7 exhib-
its a part of the taxonomy for animals. For every level, except the lowest, it holds that it has (direct) subtypes. 
Similarly, for every level, except the highest, it holds that it has a (direct) supertype.
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Figure A7  Biological taxonomy

In building a taxonomy, only one type has to be be created by declaration. In the biological taxonomy in Fig-
ure A7, the genus level would probably be the best candidate for being declared, because its individuals have a 
natural way of identification. The other types in the taxonomy then are constructed types. There are two ways to 
do this: specialisation and generalisation. The levels above the genus level are constructed through generalisa-
tion, and the levels below this level are constructed through specialisation. For example, the family Felidae is a 
generalisation of the genus Panthera and other genera, whereas the species Panthera pardus is a specialisation of 
the genus Panthera. The individuals in all these classes are identified by the concrete identity they have got in the 
genus class (it is not accidental that only an instance of the type genus is drawn in the picture!)

Lastly, although specialisation and generalisation are often said to be each other’s inverse, they are not, as 
becomes immediately clear from the examples provided. Inversion only holds between subtypes and supertypes. 
Thus, one can say that person is a supertype of student, but not that it is a generalisation of student (and some 
other types). Similarly, one can say that car is a subtype of vehicle, but not that it is a specialisation of it.

Part B: elaborations

B1 Functional types

Corresponding with the distinction between the function perspective and the construction perspective on things 
(Cf. the TAO theory), one can distinguish between functional and constructional facts and types. The type hu-
man, as discussed above and as exhibited in Figure A4, is typically a constructional type; it is based exclusively 
on the properties of things. The conceptualisation of functional types is in principle more complicated because 
they are affordance types. As an example, Figure B1 exhibits the conceptualisation of things of the type sit-on-
able. As we know from the TAO theory (function-construction theory), sit-on-able defines a relationship between 
subjects and objects, for example between the subject <Charlie Chaplin> and the object <this chair>. The com-
bination of the two conforms to the prescription of form of the type sit-on-able, resulting in the creation of the 
fact that this chair is sit-on-able for Charlie Chaplin. It is important to note that this is a predication of the con-
ceptual object that consists of the combination of (the conceptual object of) Charlie Chaplin and (the conceptual 
object of) the chair. The conceptual object refers to its own concrete object.
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Figure B1  Conceptualisation of functional types (1)

The way out is to devise sub types of chair that are sufficiently specific for being conceived constructionally 
(Cf. Figure A6). Figure B2 shows the conceptualisation process of an instance of the chair model Chaplin. The 
type ‘chair model Chaplin’ can be specified precisely enough from the construction perspective, in order to de-
cide whether a thing conforms to the type or not, like it is possible for the type human (Figure A6). From the 
TAO theory we know that chairs of the model Chaplin offer the function or affordance sit-on-ability to most hu-
mans. Note, however, that this sit-on-ability of the chair doesn’t play a role in the conceptualisation process in 
Figure B2.

Figure B2  Conceptualisation of functional types (2)
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B2  Sameness and change

Above, we have already mentioned the problem of sameness and change. The general questions are: When does 
a thing change? and: If a thing changes, is it still the same thing (only changed)? In order to illustrate the prob-
lem, let us have a look at the paradox of Theseus, as formulated by the Greek philosopher Plutarch:

The ship wherein Theseus and the youth of Athens returned from a long journey was preserved by the Atheni-
ans by taking away the old planks as they decayed, putting in new and stronger timber in their place. In the end, 
all parts of Theseus’ ship are replaced. The philosophical question,  as formulated by Plutarch, is this one: is the 
ship the same ship or not?

The key to an appropriate solution of the problem of sameness and change, exemplified by the paradox of 
Theseus, is to recognise that every thing has a concrete object, which is its concrete identity, next to having its 
properties. So, even if all the parts of the ship are replaced by other (similar)  ones, it is still the same ship. This 
argument is supported by the distinction between matter-constant (the ship is composed of the same part in-
stances) and form-constant (the ship is an instance of the type ship), as proposed by Simons [1987]. When the 
first plank is replaced, the ship is already not the same matter-constant ship anymore. The form-constant argu-
ment preserves that it is still a ship of the same type because the whole thing keeps conforming to the type ship 
(even when all parts are replaced). However, our argument goes further: Theseus’ ship does indeed still conform 
to the type ship, but, in addition, it has kept its identity. This holds even if it would not conform to the type ship 
anymore, as a butterfly keeps its identity after having transformed to being a butterfly from being a caterpillar.

Thomas Hobbes added the next extension to the paradox:

Assume that all parts are replaced and that the ‘old’ ship is rebuilt by assembling the ‘old’ parts. Then which 
ship is Theseus’ ship?

The solution to this extension is that we are now confronted with two concrete ships, each of them having its 
own concrete identity. Whether only one of them or both must be considered the legal property of Theseus, is 
dependent on the prevailing law. It is not an ontological topic.

B3  Composition and decomposition

A binary fact type that shows up in many conceptual schemas (Cf. model theory) is the part-of relation. Some 
modelling approaches even have a separate symbol for it. The part-of relation is transitive, which means that if 
P1 is a part of P2, and P2 is a part of P3, then P1 is also a part of P3.  In this way tree-like structure of parts are 
built. In such a tree, a part P0 is called the composition of the parts P1, P2, ... , Pn if P1, P2, ... , Pn are a part of 
P0. On their turn, each of the parts P1, P2, ... , Pn may be a composition itself. Conversely, the P1, P2, ... , Pn are 
called the decomposition of P0. So, the complete decomposition of P0 consists P1, P2, ... , Pn, as well as the 
parts of which these are composed, etc., down to the lowest level. Mereology [Simons 1987] teaches us that 
there are various kinds of part-of relations, between which one should carefully distinguish.

A well-known example of a composition tree is the Bill of Materials (BoM) in manufacturing. It is a tree 
structure of (elementary) parts and (sub) assemblies. The top level assembly is the end product. Figure B3 exhib-
its a part of the BoM of a car. Going up the tree is called composition and going down the tree is called decom-
position. Note that in Figure B3 the type car and all the other types must be considered as sufficiently specific for 
the BoM as shown. So, think for example of a particular car model, like KIA Sportage, because the decomposi-
tion of this type of car differs from other car types, e.g. from the Tesla model III.
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Figure B3  The (partial) composition of a car

A composite thing has its own identity, in addition to the identities of its components. The only practical prob-
lem regarding the identity of material composite things (like cars and their sub assemblies), is that it is often hard 
to label them physically, that is inscribing names on them (Cf. section A3). But that is ontologically a non-issue. 
Another example of a composite thing is the human body. Labelling a human body and its parts is even more 
demanding.

B4  Dual notions

Many pairs of notions appear to be dual, which means that they mirror each other. Well-known pairs of such 
notions are addition and subtraction (mathematics), multiplication and division (mathematics), conjunction and 
disjunction (logic), and input and output (systems theory). Also in enterprise engineering, there are such pairs. 
Examples are debtor and creditor, and purchase and sale. To illustrate how dual notions are precisely related to 
each other, we use Figure B4. It is a combination of a contracted part of Figure A5 and its mirror image. The 
exhibited picture applies to the business relationship of two companies, one in the role of buyer and the other in 
the role of seller.

Figure B4  The dual concepts purchase and sale

The same ‘business thing’ (upper part)  appears to conform to two types, namely to the type purchase for the 
buyer (left side), and to the type sale for the seller (right side). Consequently, there is the conceptual object pur-
chase 31424, and the concrete object [purchase 31424] to which is refers. Similarly, there is the conceptual ob-
ject sale 1618, and the concrete object [sale 1618] to which is refers.

©2014 Jan L.G. Dietz TEEM pictures slide 5 

car 

body wheels engine lamps 

doors chairs cylinders valves 

©2014 Jan L.G. Dietz TEEM pictures slide 6 

enterprise 
organisation 

operational 
organisation 

management 
organisation 

facilities 
organisation 

actor facilities organisation 

physical production 
facilities organisation 

housing facilities organisation 

Constructional decomposition of any organisation 

Examples of actor facilities tasks: employee recruitment, training and rewarding; robot procurement and maintenance 
 
Examples of physical production facilities tasks: machine procurement and maintenance, tools procurement and maintenance, 
material supply, energy supply 
 
Examples of housing facilities tasks: procurement and maintenance of buildings, working places, and meeting places 

FACT 

TYPE 

is an instance of 
<

 

CONCEPTUAL CLASS 

is the intension of -> 
 

<- is the extension of 

is a predication of 
> 

<
 

is a m
em

ber of 

THING 

[Charlie Chaplin] 

HUMAN 

CONCRETE OBJECT 

CONCEPTUAL 
OBJECT 

human 

 <Charlie Chaplin 
is a human> 

CONCRETE CLASS 

[HUMAN] 

FEATURE 

<Charlie Chaplin> 

Charlie Chaplin 
is a human 

Charlie 
Chaplin 

The ontological mill 

The duality of concepts 

is an instance of 
<

 

sale 

<thing> 

[sale 1618] 

sale 
1618 

is
 a

n 
in

st
an

ce
 o

f 
>

 

purchase 

[purchase 31416] 

purchase 
31416 

TEE-1	
 FI theory - Extended Summary version 2.3	
 page 11



B5  Miscellaneous elaborations

In the current practice of information systems and software engineering, there exist several peculiarities that the 
FI theory is able to clarify. Whereas they go often unnoticed, these peculiarities sometimes cause confusion and 
even malfunctioning. Some of them are discussed hereafter.

The first peculiarity concerns the layout of (paper an electronic) forms. Here is an example for illustration:

! Name: ! ! Charlie Chaplin
! Date of birth:! 16-04-1889
! Address:!! Mekelweg 4
! Postal code:! 2628CD
! City:! ! Delft
! Phone Nr.:! 0031152787822

The general understanding of such forms is that the left column contains (names of) fact types, and the right 
one an instance of the corresponding fact type. For example, “City” is a fact type (name), and the corresponding 
fact instance(name) is “Delft”. Only the first line of the form is different; it serves to identify a particular entity 
where the facts belong to. Nevertheless, something like “Person name” would be a better signifier then “Name”.

The peculiarity is that the type name in the left column is sometimes a correct fact type name, but sometimes 
it is a name type name. “Address”, and “City” are fact type names, but “Date of birth”, “Postal code” and “Phone 
Nr.”  are name type names. For example, “2628CD” is not the name of a postal code, but a postal code (thus a 
name) itself. This inconsistency can be solved by mentioning in the first column either fact type names or name 
type names. In the first case “Date of birth” then must be replaced by “Day of birth”, “Postal code” by “Postal 
area”, and “Phone Nr.” by “Telephone connection”. In the second case, “Address” must be replaced by “Street 
name and house number”, and “City” by “City name”.

This analysis shows also that a lot of necessary information, like the exact name type names that one is sup-
posed to apply, is missing. It means that defaults are assumed, but defaults are not always known.

There is a related careless blurring of the distinction between sign and thought (Cf. Figure A1) that pervades 
almost all programming languages, as well as almost all software and information modelling languages. Most 
programming languages offer only these four basic value types: real, integer, boolean, and string. The first three 
are true value types, the fourth one is only a way of constructing alphanumeric character strings, which normally 
serve as names. Real numbers, integers, and boolean values have a conceptual meaning; they belong to the realm 
of thoughts. Strings, however, are only syntactic constructs; they belong to the realm of signs. To illustrate this, 
Figure B5 (taken from Wikipedia) shows an example of the Class Diagram of UML (Universal Modelling Lan-
guage), a modelling language for object-oriented  software. As one can see, it allows for the value type “dollar” 
but not for the value type “person”. Instead, persons appear to be strings. This may not be the intention of the 
modeller, but it is what the diagram says.

Figure B5  Example of a Class Diagram in UML

Unfortunately, also information modelling languages suffer from this carelessness, whereas there is now no 
excuse (programmers might say in defence that the programming language they have to use does not allow them 
to model things properly). Figure B6 shows a small information model in ORM (Object Role Model) that one 
can find on the internet. The problem is with the syntactic type “PhoneNr”. It should have been the entity type 
“Phone connection”, with the name class “PhoneNr” between brackets, like the other entity types.
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Figure B6  Example of an ORM diagram

A convincing example of where such carelessness can lead to is the so-called Y2K problem (the year 200 
problem). Fixing this problem has cost worldwide an amount in the order of magnitude of a billion US dollars. 
This amount was charged by ICT companies to their clients to save them from serious consequences, but the odd 
thing is that the problem was caused by the ICT professionals in the first place. They presented this problem as 
one of necessarily saving space when storing dates. By omitting the first digits “19”, one would only need 6 dig-
its to store a date (in the Gregorian calendar). However, the real cause of the Y2K problem is that these ICT pro-
fessionals failed to make a clear distinction between sign and thought (Cf. Figure A1). The 48 bits that were used 
to store the ‘stripped’ dates (i.e. calendar names)  should properly have been used to store an integer value, repre-
senting a day on the time axis. Only a few system software manufacturers do this and thereby act(ed) truly pro-
fessional (and caused no Y2K problem). Among them are Apple, Burroughs (nowadays Unisys), and DEC.

Part C: discussions

Many researchers in artifical intelligence, like Guarino [2009] and Guizzardi [2005], solve the problem of same-
ness and change (Cf. section B2), by assigning the identity of a composite thing somewhat arbitrarily to one of 
its components. Regarding the human body, they consider the human brains as the component that bears the 
body’s identity: as soon as the brains are replaced, it is not the same body anymore. With respect to cars, they 
choose a particular part (mostly the body of the car or the motor block) to bear the car’s identity. Although one 
can very well live with such choices in practice, they are not satisfactory from an ontological point of view.

6 

In this university academic staff are classified as professors, senior lecturers or lecturers, and each 
professor holds a “chair” in a research area. To reduce the size of our problem, we have excluded many 
details that in practice would also be recorded (e.g. office phone and faxNr). To save space, details are 
shown here for only four of the 22 academics in that department. The data are of course, fictitious. 
 In verbalizing a report, at least one instance of each fact type should be stated. Let us suppose that the 
designer for this part of the application suggests the following fact set, after first declaring the following 
reference schemes: Dept (name); Professor (name); SeniorLecturer (name); Lecturer (name); Quantity 
(nr)+; Chair (name); Degree (code); University (code); HomePhone (phoneNr). The “+” in “Quantity 
(nr)+” indicates that Quantity is referenced by a number, not a character string, and hence can be operated 
on by numeric operators such as “+”. For discussion purposes, the predicates are shown here in bold. 
 
f9 Dept ‘Computer Science' has professors in Quantity 5.  
f10 Professor ‘Codd EF' holds Chair ‘Databases'.  
f11 Professor ‘Codd EF' obtained Degree ‘BSc' from University ‘UQ'. 
f12 Professor ‘Codd EF' heads Dept ‘Computer Science'. 
f13 Professor ‘Codd EF' has HomePhone ‘965432'. 
f14 Dept ‘Computer Science' has senior lecturers in Quantity 9. 
f15 SeniorLecturer ‘Hagar TA' obtained Degree ‘BInfTech' from University ‘UQ'. 
f16 Department ‘Computer Science' has lecturers in Quantity 8.  
f17 Lecturer ‘Adams A' obtained Degree ‘MSc' from University ‘OXON'. 
 
 As a quality check for Step 1 we again consider whether entities are well identified. It appears from 
the handbook example that within a single department, academics may be identified by their name. Let us 
assume this is verified by the domain expert. However the complete application requires us to handle all 
departments in the same information system, and to integrate this subschema with the directory subschema 
considered earlier.  
 Hence we must replace the academic naming convention used for the handbook example by the global 
scheme used earlier (i.e. empNr). Suppose that we can't see anything else wrong with facts f9-17, and 
proceed to expand the draft schema diagram to include this new information (this is left as an exercise for 
the reader).  
 This leads us to Step 3 of the CSDP: check for entity types that should be combined, and note any 
arithmetic derivations. The first part of this step prompts us to look carefully at the fact types for f11, f15 
and f17. Currently these are handled as three ternary fact types: Professor obtained Degree from University; 
SeniorLecturer obtained Degree from University; Lecturer obtained Degree from University.  
 The common predicate suggests that the entity types Professor, SeniorLecturer and Lecturer should be 
collapsed to the single entity type Academic, with this predicate now shown only once, as shown in Figure 
3.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 Extra fact types needed to capture the additional information in Figure 2 
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